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ABSTRACT

The main objective of this project was to evaluate the performance of a desiccant-

evaporative cooling (DEC) system operating in the ventilation (once-through) mode.

An accurate data acquisition system was installed on a small DEC test installation

located in the School of Mechanical Engineering, University of the Witwatersrand,

Johannesburg. 111eDEC system was extensively tested to fully evaluate the overall

system and each of its components. A mathematical model of the DEC system was

developed and computer simulations were done for each of the experimental tests.

Most of the experimental results followed the theoretical predictions but there were

some deviations between the measured and simulated values that revealed points of

interest including:

• The effect of air leakage that reduced performance by approximately 46 per cent.

.. Water carryover from t1le return air spray chamber into the sensible heat

exchanger reduced performance by up to 45 per cent.

• The moisture removal capacity of the experimental DEC system was 26 to 39

per cent lower than that of a new system because of desiccant (lithium chloride)

degradation and air leakage.

Other experlrnental findings included:

• 111eDEC system typically operated at a COP of 0.23 and supplied 0.16kgfs of

air with a coollng capacity of 1.2 kW, when the ambient air conditions were the

same as the room air conditions. These performance parameters decreased with

increasing dry-bulb temperature and humidity ratio of the ambient air. The DEC

system provided no cooling at ambient conditions typical of South African

coastal summer conditions.

.. Performance was found to be relatively insensitive to changes in desiccant wheel

speed.

• Unbalanced flow between supply and return air improved performance by 15 to

38 per cent.

• A method of using single blow tests to maximise the energy efficiency of the

desiccant wheel was developed.
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The feasibility, operability and practical limitations of using DEC systems

throughout South Africa were investigated. Johannesburg was found to be the region

in which DEC systems would perform the best.

An alternative DEC arrangement was recommended based on the experimental

findings that balanced flow DEC systems have low regenerating efficiencies. TIle

recommendation involves the use of an additional heat exchanger that would

significantly improve performance and simplify the control of the DEC system.
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CHAPTER 1

INTRODUCTION

1.1 Emergence of Desiccant Cooling

TIle purpose oE air conditioning is to provide a physiologically comfortable

environment for people, or to provide a specific ail' quality for an industrial process.

TIlls is done primarily by adding or removing heat from the conditioned air to control

the temperature and by adding or removing water vapour to control the humidity of

the air. In conventional air conditioning units, vapour compression refrigeration is

used to cool the air below its dew point to remove sensible heat as well as to condense

and remove moisture. Desiccant-Evaporative Cooling (DEC) systems are an

alternative to vapour compression systems and use desiccants to remove moisture and

use evaporative cooling to remove sensible heat.

'The vapour compression systems are very reliable and have been used almost

exclusively for air conditioning systems, since the 1930's, when Chlorofluorocarbons

(Cf'C's) and Hydrochlorofluorocarbons (HCFC's) were developed for use in the

refrigeration industry. However, in recent years, the use of vapour compression

systems has become less favourable, because of the environmentally harmful effects

of the refrigerants used. In June 1974, Professor Sherwood Rowlands and Dr Mario

Molina of the University of California at Irvine proposed a theory that CFC's would

ultimately cause the depletion of the ozone layer, which protects the earth against

harmful levels of ultraviolet radiation from the sun (Anderson, 1987). CFC's also

contribute to the greenhouse effect, which could result in global warming and

climatic change. Extensive studies and research, confirming these factors, resulted in

the European Economic Community and 24 other nations signing the Montreal

Protocol, on 16 September 1987, in Canada. The aim was to cease the production and

importation ofCFC's .ter 1 January 1996 and eventually phase out the use ofCFC's

(Anderson, 1987). TIle production ofHCFC's is also being phased out and production

will cease in developed countries after 2030 in accordance with the Vienna Protocol
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of 1996 (Edwards, 1996). This date could be brought forward depending on future

international agreements.

Desiccant-Evaporative Cooling (DEC) air conditioning systems have consequently

received more attention in recent years, since they are environmentally friendly and

only use water and air as working fluids. DEC systems also have the advantages of

being able to use low-grade heat as the main energy source: to drive the process, as

opposed to the large amounts of electrical energy used by vapour compression

systems, to drive the mechanical compressors. Another advantage is that one of the

possible modes of operation uses only ventilation air, which could solve the 'sick

building' problem, commonly found in tightly sealed buildings, At present, DEC

systems generally have a higher initial capital cost, lower performance and are less

reliable than vapour compression systems. However, Increased research and

development over the last 20 years has resulted in significant improvements inDEC

systems and they could be a viable alternative, or supplement, to vapour compression

systems in the future.
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1.2 Desiccant-Evaporative Cooling Systems

A schematic diagram of a basic DEC system, operating in the ventilation mode, is

shown in figure 1.1 below.

ANlBIENT 1
AjR---7j ROTARY

I DESICCANT
EXHAUST WHEEL
AIR

DRY' BULB TElVIPERI\TURE

FI GUH.E 1.1: Schematic diagram of a DEC system operating in ventilation mode.

"The possible DEC operating modes are described in detail in Chapter 2. The

ventilation mode will be described here as an introduction to the basic principles of a

DEC system: "Theprocess ail' (ambient air) is passed through one half of a rotating

desiccant whee! (1-2:' e water vapour is absorbed by the desiccant. The dry air is

then sensibly cook 1 1. a heat exchanger (2~3) and evaporatively ceoled in a spray

chamber (3~4). This cool, dry nil' is then supplied to the room to offset any sensible

and latent heat loads (4~5).A second air stream (room air), is evaporatively cooled in

a spray chamber (5~6) to provide a cold sink for the heat exchanger, where the air is

heated (6~7). An auxiliary heating device (7~8) further heats it and this very hot air is

then used to regenerate the desiccant in the other half of the rotating desiccant wheel

(8~9). This moist and hot regeneration air is then discharged outside.
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1.3 Objectivesof the Study

TIle main objectives of the study were as follows:

(1) To carry out tests on a DEC experimental installation to evaluate the following:

(a) Performance of the complete system under varying operating conditions.

(b) Performance of individual components of the system.

(c) Effect of different operating conditions on performance,

(2) To develop a simple mathematical computer model to simulate the DEC process.

(3) To run simulations using the mathematical model and compare these theoretical

results with actual test results, to identify deviations.

(4) To do a stud) on climatic conditions ill South Africa and together with the test

results, determine the feasibility and practical implications of using DEC systems

inSouth Africa.
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CHAPTER 2

I£VIE\V OF DESICCANT-EVAPORATlVE COOLING (DEC)

SYSTEMS

The basic components of a DEC system are described in section 2.1 and the different

operating modes are described in section 2.2. The theory concerning DEC systems is

described in the literature review (chapter 3) and is also illustrated in the sensitivity

analysis (chapter 4.5),

2.1 Components of DEC Systems

The various components of the DEC system are described in the following sections.

2.1.1 Rotary desiccant wheel

A.EA:1'IvaT10,..
Alj:f HE4T£R

/~ CCNTtf'iUOU~lI ..Y
"" AOTATIi~G

Of:SjCr:A~T SEC
CiIlw",t£l..

FIGURE 2.1: Sche.natic diagram of'a rotary desiccant Wheel (ASHRAb, 1996)

Desiccants are materials that have a very strong affinity for water. This project is

concerned only with rotating wheels containing solid desiccants (see figure 2.1), but

other options available are stationary beds of solid desiccant subjected alternately to

process air and regencrntillg ail' sth':lUlS, by witching val-es. Another process



involves spraying liquid desiccant into the process air stream and then regenerating

the liquid in a separate unit.

In practice solid «esiccant wheels a.e made of an inert matrix such as cellulose. in

which is embedded a desiccant such as silica gel, zeolite or lithium chloride. The

wheel is divided in two halves by seals. to enable the process air to pass through one

half while the regeneration air passes through the other half. The matrix is constantly

rotating between the air streams so that both processes occur on a continual basis.

When the process air passes through the narrow parallel passages of ihe matrix, the

water vapour in the ail' is adsorbed or absorbed by the desiccant. 111is is

approximately a constant wet-bulb temperature orocesr. Adsorption is a process,

usually in solid desiccants, where water vapour is drawn into pores in the desiccant

and held onto the surface by weak intermolecular forces. Absorption is a similar

process, usually in liquid desiccants, but involves the formation of a chemical bond

between the desiccant and water. Both processes only occur if the vapour pressure of

the air exceeds that of the desiccant. In the regeneration process, the air is heated to a

temperature sufficiently high to cause the vapour pressure in the desiccant L exceed

that in the ail' and the water is relea When the water vapour is adso.hed or

absorbed, i;condenses onto the desiccant surf ,;e and releases energy to the ,lif, .',;j,d

the heat OfSOIptio11, which is equal to the latent heat of vaporisation oftb" water, plus

a 11l1' ~h smaller heat of wetting, This results in an increase (., air temperature and

decrease in moisture content. 111e opposite occurs during the regeneration, where

energy equal to the heat of sorption is =moved from the ail' to release the water

vapour. Some heat, stored in the matrix during regeneration, is transferred to the

supply air stream during dehumidification. This can cause both processes to deviate

from a constant wet-bulb temperature process.

2.1.2 Sensible heat exchanger

'111C desiccant wheel removes moisture Xi_IBl the process air and the heat exchanger

remov cs sensible heat, to complete the process of air conditioning. Most systems use

rotary heat exchangers (regenerators), because of their compactness and low cost
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relative to the heat transfer capability. The heat exchanger is important not only to

remove sensible heat from the process air but also to heat up the regeneration air and

thereby reduce the amount of regeneration energy required. 111e heat exchanger

efficiency should ther« :-re be high to increase the cooling capacity and reduce the

energy consumption of the system.

2.1.3 Evaporative spray chambers

The purpose of the evaporative spray chamber on the pl'OCeHSail' side is to adjust the

sensible heat ratio of the process air. 'TIle spray chamber cools the air by direct

evaporative cooling, which is approximately a constant wet-bulb temperature process

provided that the evaporation rate is high and the water temperature is close to that of

the air wet- bulb temperature. If the efficiency is zero, then vel"! dry and moderately

cool air is supplied. If the efficiency is 100 per cent, then colder (but less dry) air is

supplied.

TIle purpose of the spray chamber on the regeneration air stream is to cool the air by

direct evaporative cooling to provide a cold sink for the heat exchanger. TIle

efficiency of this spray chamber should therefore be as high as possible to maximise

the cooling capacity of the system.

2.1.4 Auxiliary heating device

TIle heating device supplies energy to heat the return air to regenerate the desiccant

wheel. The heating device can consist of electrical heaters, gas burners, solar

collectors, or any other source of waste 1)1' primary heat energy, The regenerating

temperature required is mainly dependent 011 the inlet cond tions of the process air

and I.. "\~as low as 45 or. '.'hemaximum temperature limit usually depends all the

bon.hng material used in the desiccant wheel to bond the desiccant to th =tatrix and

is usually less than 200 -c
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2.2 DEC Operating Modes

There are two main modes of DEC operation: The ventilation and the recirculation

modes. There are two variations of each of these two modes. called the ventilation

credit and make-up ail' modes. 111en there are an almost unlimited number of

combinations and more complex improvements of these modes. of which only the

Dunkle cycle and refri,g.;ration assisted cycles will be described. Fil';iJ~r, the DEC

system can also be operated using only the two stage cooling feature, or UJ changing

the operating parameters to allow heating and humidification in winter mode.

2.2.1 Ventilation mode

The ventilation mode is described in the introduction and a schematic diagram of a

DEC system, operating in the ventilation mode. is shown in figure 1.1. Ambient air is

dehumidified. sensibly cooled. evaporatively cooled and supplied to the room. The

room exhaust air is used to cool the process air and to regenerate the desiccant wheel

(Collier et al, 1982). The following equations describe the main performance

parameters of'this mode, where the numbers are defined by figure 1.1:

CC =MAs·(Hs-~)

Q ""MAldHs-H7)
COI':=CC/Q

(2.1)

(2.2)

(2.3)

2.2.2 Ventilation credit mode

This mode is the same as the ventilation mode, but the amount of ventilation air

supplied is equal to the fresh air requirement due to the building code or user

requirements. '1110 heat load of the ventilation ail' is taken into account in the

ventllation credit mode (Collier et al, 1982). The performance parameters arc the

same as tor the ventilation mode, except for the cooling capacity, which is given by:

(2.4)
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2.2.3 Recirculation mode

This mode is shown in figure 2.2. Room air is circulated in a closed loop. It is

dehumidified, sensibly cooled, evaporatively cooled and then supplied back to the

room. Ambient ail' is used to cool the process air, to regenerate the desiccant and is

then exhausted hack outside. 111is mode usually has the advantage of a smaller

moisture load on the desiccant wheel, but has the disadvantage of a higher cold sink

temperature and no fresh air supply (Collier et al, 1982). The performance parameters

are given by:

CC =Mf...s·(Hl'·H.I)

Q =MAR·(H8~n1)

COP=CC/Q

(2.5)
(2.6)

(1.7)

[G~ j 2'-~_-J3~~'-:::L4Desiccant ~- ' Heat ·~v Cha!nb_'!£.J _.
9 Wheel 8 Hellt 7 6 5
- In ut - Exchanger .--'Spray Charnbe!l'-- ._ __ l~ __ ~ ]

DRY·BiJLS TEMPFlt,\.TL1lli

FIGURE 2.2: Schematic diagram of a DEC system operating in the recirculation

mode.
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2.2.4 Make-up air mode

111is mode is shown in figure 2.3. Ambient air is dehumidified, sensibly cooled,

evaporatively cooled and supplied to the room, as with the ventilation mode. Ambient

air is also used to cool the process air and to regenerate the desiccant, as with the

recirculation mode. This creates a positive pressure inside the room and room air is

exhausted by leaking outside through openings in the building. All advantau, of this

mode is that it prevents dust Ingress from outside, but the cooling potential of the

exhaust air is wasted (Collier et al, 1982). l11Cperformance parameters are given by:

CC =MAg·(Hroom-H.t)

Q =MAR·(Hll·-H7)

COP=CC/Q

(2.8)
(2.9)
(2.10)

F'I:;URg 2.3: Schematic diagram of a DEC system operating in the make-up air

mode.
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2.2.5 More complex cycles

The ventilation, ventilation credit, recirculation and make-up ail' modes lise only the

basic components of a DEC system. By adding more components, one can improve

tll\" performance of the system at the expense of complexity and cost. An almost

unlimited number of variations can be designed, but only the Dunkle cycle and the

refrigeration-assisted modes are described here.

2.2.5.1 Dunkle cycle

The Dunkle cycle is shown in figure 2.4. It is similar to the recirculation mode, but

uses the room air to provide a lower cold sink temperature, as in the ventilation mode.

This additional cooling capacity is at the expense of higher moisture loading 011 the

desiccant, which therefore requires more regeneration energy. Generally, the Dunkle

cycle performs better than the basic DEC modes, hut requires all additional heat

exchanger (Collier et al, 1982).

:FIGURE 2.4: Schematic diagram of the Dunkle cycle.
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2.2.5.2 Refrigeration assisted DEC cycle

TIle refrigeration-assisted cycle is shown in figure 2.5. The combination of DEC

systems with conventional vapour compression refrigeration, has many advantages:

(1) TIle refrigeration condenser heat can be used to regenerate the desiccant.

(2) The process air can have a dew point below 0 -c after dehumidification. The

refrigeration unit can therefore cool the ail' to low temperatures without the risk of

ice buildup on the cooling coils.

(3) TIle humidity ratio and dry-bulb temperature, of the process air, can be made

lower than for any other DEC or conventional ail' conditioning system. This

means that smaller equipment and ducting are required, which means lower initial

capital cost of the system.

FIGURE 2.5: Schematic diagram ofthe refrigeration assisted DEC cycle,
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2.2.6 Two stage evaporative cooling

The two stage evaporative cooling mode is S110V\l11 in figure 2.6. When the humidity

ratio of the outside air is less than that in the room, then evaporative cooling alone

could provide sufficient cooling, depending on the latent and sensible heat loads. The

room exhaust air is directly evaporatively cooled in a spray chamber (4~5)anc ;~used

to cool the supply air in a heat exchanger (1-2 and 5~6). The supply air is further

cooled in a spray chamber (2-3), by evaporative cooling, to adjust the sensible heat

ratio of the supply air. The nor, system shown in figure 1.1 could be operated as a

two stage evaporative cooling system by providing bypass ducts around the desiccant

wheel. Alternatively, the desiccant wheel could be kept stationary without being

regenerated, in the case of desiccants inwhich deliquescence does not occur (such as

silica gel). The performance equations are:

CC =MAs·(H.t-H3)

Q =0
COP(thel'mnl) ""CC/Q ""infinite

EER~" CC/(elcctrical energy used)

(l.ll)

(2.12)

(2.13)

(2.14)

FIGURE 2.6: Schematic diagram ofa two stage evaporative cooling cycle
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2.2.7 Winter mode

One of the possible configurations of the winter mode is shown in figure 2.7. When

the room requires heating and humidification (such as in winter), then the winter

mode can be used. The speed of rotation of the desiccant wheel is increased from

typically 0.25 revolutions per minute, to approximately 10 revolutions per minute.

The return air is passed through the desiccant wheel, which acts as an enthalpy

exchanger and transfers heat and moisture from the return air to the supply air stream.

The supply air is further heated and humidified (in the spray chamber). The DEC

system shown in figure 1.1 could be operated in the winter mode by keeping the heat

exchanger stationary, adding all auxiliary heating device, and by not supplying water

to the return air spray chamber. Other possible configurations of the winter mode

include using a sensible heat exchanger (if the heat capacity of the desiccant wheel is

insufficient) between the heater (in figure 2.7) and the desiccant wheel.

o 1
U -~ Desiccant
T, !Wheel
~ :'-6"'----...)'
D
E

DRY-BliLB 'rnMPERATIJRE

F1GUM 2.7: Schematic diagram of'a DEC system operating in winter mode.
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CHAPTER 3
LITERATUM REVIEW

3.1 Mathematical Models of Desiccant Wheels

The heat and mass transfer in the desiccant wheel (sometimes referred to as an

enthalpy exchanger) is a complex process that is described by four non-linear

coupled hyperbolic simultaneous partial differential equations, Several methods

have been developed to solve or simplify these equations, to predict the performance

of the desiccant wheel,

Bullock and Threlkeld (1966) developed one of the first mathematical models

based on numerical solutions. The theoretical performance predictions compared

well with the experimental results.

Banks (1971) described the process of heat and mass transfer in a desiccant wheel,

in terms of characteristic potentials and specific capacity ratios in heat transfer alone.

This method was used by Close and Banks (1971) tn develop a model for the silica

gel-water-air system. The characteristic potentials and specific capacity ratios were

presented as plots on a psychrometric chart. The chart 'vas used for predicting the

behaviour of the system. TIle predictions were compared to measurements taken

from a real system and were found to provide a guide to the behaviour of the system.

Maclalne-Cross and Banks (1972) solved the non-linear coupled hyperbolic

simultaneous partial differential equations by replacing the former dependent

variables of enthalpy and humidity ratio, by characteristic potentials and specific

capacity ratios. Assumptions were made to simplify the model and theoretical

predictions compared well with results from more accurate finite difference

solutions.

Holmberg (1979) applied numerical methods of the finite-difference type to predict
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the steady-state performance of a silica gel desiccant wheel.

Mathipraksam and Lavan (1980) linearized the governing equations for the

desiccant wheel. by making certain approximations. These linearized equations were

solv- 1 for a silica gel desiccant wheel.

Jurinak and Mitchell (1984) used a finite difference model to investigate the t;~rect

of various matrix properties on the dehumidifier performance.

Banks (1985) predicted the performance of the desiccant wheel by an analogy

between heat and mass transfer and heat transfer alone. Approximate non-linear

expressions for the combined potentials, used in the analogy, were derived for silica

gel.

Van den Bulck et al (1985) modelled tne desiccant wheel with infinite transfer

coefficients using the method of -haracteristic potentials and the shock wave

method. This was used ill an Effectiveness-Nf'U (Number of Transfer Units) model

that calculated the performance of the desiccant wheel more rapidly than other

models.

Rau et al (1991) developed a finite difference model to predict the heat and mass

transfer in rotary heat and mass exchangers using lithium chloride as the desiccant.

The isotherms (If lithium chloride exhibit discontinuities and therefore conventional

numerical methods could not be used to solve the system.
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3.2 Factors Affecting DEC Performance

C_:.ier et al (1982) grve an overview of DEC systems, including the following

items:

(1) For most desiccants, the heat of adsorption/absorption is only 5 to 10 per cent

greater than the heat of condensation/vaporisation of water. This means that the

sorption process is approximately a constant enthalpy prOCC3S.

(2) The ideal desiccant has an isotherm where the critical temperature (T~) is equal

to the temperature of the dehumidified air leaving the desiccant wheel (point 2,

figure 1.1). The critical temperature is the minimum temperature required to

regenerate the. desiccant (point 8, figure 1.1). The large deviation cf the 1••hinm

chloride solution isotherms from the ideal behaviour means that the regeneration

temperature must be raised much higher than the dehumidifier outlet temperature,

This is illustrated by the isotherms given in figures 3.1 and 3.2.

(3) TIle desiccant isotherm depends on factors such as desiccant particle size. This

means that a specific wheel can be designed to yield a variety of adsorption isotherm

shapes using the same desiccant material.

1~'...-'---------r--'

AU Tt.:'''IlI)~'~lur('5 :. Ttf \

. :hd
10 15 ;0 2~ :!I)

W.~t!r -I.1PO" PIl"S:lU1e Imm Hg)

!
~ !Oil
go

!

Ter~ minimum regeneration temperature

FIGUUE 3.1: Adsorption isotherm for the "ideal" desiccant material (Collier et al,

1982).
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FIGURE 3.2: Adsorption isotherm for lithium chloride solutions (Collier ct al,

1982).

Jurinak (1983) found that unbalanced flow (larger ratio of supply air to exhaust ail')

could increase the COP by 10 to ~5per cent in the ventilation mode and by up to 50

per cent ill the recirculation mode .

•Iurlnak (1984) used a finite difference model to determine the effect of six matrix

properties on performance:

(1) The desiccant sorption isotherm shape was found to have the greatest effect on

performance.
(2) The nusimnm water content of the desiccant was found to have the second

greatest effect,

(3) Desiccants with the smallest heat OfS011)tiol1 performed the best.

(4) A high thermal capacitance had n detdmental impact on dehumidlficntlon,

(5) The matrix moisture diffusivity was investigated hut had little effect 011

performance.

(6) Sorption isotherm hysteresis was found to impair dehumidifier performance.

Epstein et al (1985) found that the addition of inert material to the desiccant wheel
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matrix improved performance, provided that the heat e;~chat,~)r performance was

greater than about 85 per cent (to recover the heat carryover in the desiccant wheel).

TIle optimum mass fraction of silica gel in the matrix was found to be 0.2.

Charoensupaya ami Worek (1988) investigated the effect on performance of the

follov ing matrix characteristics:

( I) A longer channel length improved performance.

(2) TIle optimum mass fraction of lithium chloride to the total matrix mass was

found to be 0.1. Different optimu.n fractions were found for other desiccants,

Van c~n Bulck et nl (1988) found, from experimentation, that the maximum COP

could be achieved with a regeneration temperature of 65 to 85 !Ie. '111e following

optimal control strategy was proposed:

(1) Vary the exhaust air flow in direct proportion to the supply air flow rate. The

exhaust ail' flow rate should be maintained at 60 d) 80 per cent of that of the supply

air for optimum performance.

(2) The wheel speed of rotation should be kept constant, since it has litl]., .ct on

performance.

(3) Keep the regeneration temperature between 8:; and 100 (Ie, since '(he COP is not

affected much by onerating variations ill this range and the COP is ncar its

maximum.

Collier and Cohen (1988) examined methods of improving the performance of

DEC systems and described the following:

(i) TIle addition of inert heat capacity to the desiccant matrix can optimise the COP.

However, this requires a larger desiccant wheel because of tile additional matenal

and requires a larger heat exchanger tc recover :il.;: additional heat transferred to the

supply air stream.

(2) Staging the regeneration process yields the best improvement ()fCOP.

(3) The flow in the heat exchanger should be balanced but should be unbalanced ill

the desiccant wheel.

'n10 overall conclusion was that staged regeneration with no inert material gave the
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optimum COP, which increased from 0.80 to 1.10.

Holmberg (1989) predicted the minimum temperatures at which condensation and

frosting would occur in rotating desiccant wheels. TIle temperatures arc lower than

in sensible heat exchangers, because moisture is removed and the dew point

lowered, Condensation must be avoided with hygroscopic <t~siccants such as lithium

chloride, since the desiccant will run out with the water.

Collier (1989) investigated the effect of matrix properties on the performance of a

DEC system. The following was found:

(1) An increase in matrix heat capacity always decreases the cooling capacity.

However, no general statement can be made concerning the COP.

(2) TIle heat and mass resistance is not influenced appreciably by the desiccant type.

Collier et <11(1990) investigated various factors that influence DEC performance by

means of computer simulations based 011 a desiccant with a type 1M isotherm shape

(similar to that of lithium chloride) with the following findings:

(1) A reduction of the desiccant mass fraction in the desiccant wheel from 1 to 0.5

only reduced the COP slightly.

(2) The quantity of desiccant moisture uptake at saturation (100 % relative humidity)

had no effect on COP but a smaller moisture uptake decreased the cooling capacity.

(3) An increase in dry-bulb temperature or humidity ratio decreased the COP in the

ventilation mode.

(4) At ARI conditions (see nomenclature for definition), a COP of 0.91 to 1.07 was

obtained in the ventilation mode and a COP of 0.7'5 to 0.90 was obtained in the

recirculation mode. 'I1,c ventilation mode performed better in dry climates and the

recirculation mode performed better in humid climates.

(5) An increase in regenerating temperature increased the cooling capacity, but the

COP remained relatively constant.

(6) The degree (If staged regeneration was the second most influential parameter

affecting performance, oiler the isotherm shape.
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Worek et al (1991) investigated various factors affecting DEC performance (for

desiccants in general), with the following findings:

(1) The COP was insensitive to changes ill regenerating fraction, for a desiccant

moisture loading greater than 0.2.

(2) The sorption time (inversely proportional to wheel rotational speed) is strongly

dependent on the moisture loading and the desiccant isotherm shape.

(3) '111etype 1M isotherm (similar to that of lithium chloride) gives the best COP.

(4) The heat exchanger has a significant effect on performance. A reduction in

efficiency from 93 to 87 per cent reduced the COP from 1.09 to 0.81.

ASHRAE (1996) describes many of the relationships between the operating

parameters ill solid desiccant systems. These relationships arc illustrated graphically

for a silica gel system in figures 3.3 to 3.7:

'FIGURE 3.3: Effect of supply ail' velocity on humidity ratio of dehumidified air
{ASHRAE, 1996}.
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FIGURE 3.4: Effect of humidity ratio of supply air OIl humidity ratio (If

dehumidified air (ASHRAE, 1996).

FIGURE 3.5~Effect of'regeneration temperature OIl humidity ratio of dehumidified

air (ASHRAE, 1996).
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FIGURE 3.6: Effect of humidity ratio of supply air on dry-bulb temperature of

dehumidified air (AStIRAE, 1996).

FIGURE 3.7: Effect of regeneration temperature on dry-bulb temperature of

dehumidified air (ASHRAE, 1996).

Pesaran and Heiden (19!'4) investigated the effect of ambient pressure on DEC

performance using computer simulations. As ambient pressure decreases from 1.0 to

0.8 atm the thermal COP increases by 8 per cent for both fixed-mass and fixed-

volume flow rates. The cooling capacity deceased by 14 per cent tor the fixed-

volume flow rate but increased by 7 per cent for the fixed-mass flow rate.

Menon (1996) did random tests 011 a DEC system (the same system used in this

project), Although the results were inconclusive, they indicated that DEC and two

stage evaporative cooling systems could be viable 11.11' air conditioning,



3.3 Desiccant Degradation

Pesaran and Penny (1991) simulated the effect of airborne contaminants and

thermal cycling, on desiccants. The results showed a decrease ill cooling capacity

and COP of 10 to 35 per cent. This degradation can be compensated for, to some

degree, by increasing the rotational speed of the desiccant wheel.

Belding et at ~1991} investigated several factors affecting performance of desiccant

wheels. One of these factors was desiccant cyclic ageing. TIle results showed that

1110stdegradation occurred early in the life of the des iccant and could be described

by an exponential decay function (see figure 3.8). The experiments also showed that

lithium chloride deliquescence occurred as low 8:i 15 per cent relative humidity.

This only occurred above SOpel' cent relative humidity for all other desiccants.

I m K ~ U " " ~ « " ~ ~
Relative HumIdity. %

FIGURE 3.8: Ageing characteristics and projections for a typical desiccant

(Belding et al, 1991).

Pesaran (1993) experimented with five desiccants, including lithium chloride to

determine the extent (If the degradation due to exposure to cigarette smoke and

thermal cycling. The moisture absorption capacity decreased by 'W to 70 pel' cent

OWl' (U1equivalent period of4 to 8 years of'field operation (see figure 3.9).
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FIGURE 3.9: Capacity loss of silica gel exposed to cigarette smoke (Pesaran,

1993).
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3.4 Feasibility Studies

Cohen and Slosberg (1988) did performance simulations to evaluate the potential

of DEC systems tor economical space conditioning. "TIle results showed that the

ventilation mode had the best overall COP.

Nelson et nl (1978) did a feasibility study of a DEC system using solar energy. The

computer simulations showed that energy requirements for the ventilation mode,

were approximately half that required for the recirculation mode. The results of COP

versus regeneration temperature are shown in figure 3.10 below. A control strategy

was proposed that involved varying regeneration temperature and both spray

chamber efficiencies.

FIGURE 3.10: COP for ideal systems as a function of regenerating temperature, for

July 1955 in Miami (Nelson et al, 1978).

Marciniak et al (1991) tested a DEC system in a quick service restaurant in

Houston, Texas. Off-the-shelf equipment was used and the system generally

operated satisfactorily and maintained the room design conditions. However, the

system frequently failed due to problems associated with the controls and gas

burners. The system was found to he more unreliable and expensive than

conventional air conditioning units commercially available and of the same capacity.

Clausen (1995) presented a model for evaluating the feasibility of evaporative
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cooling in South Africa. He found that evaporative cooling could reduce the cooling

requirements of existing conventional plants by up j' 10 per cent.

Stiesch et al (1995) investigated the feasibility of enthalpy exchangers for use in the

USA. The results showed that significant cost saving could be achieved with both

enthalpy exchangers and sensible heat exchangers.
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CHAPTER 4

MATHEMATICAL MODEL OF A DEC SYSTEM

4.1 Mathematical Model

'The purpose of developing this siu.ple mathematical model of a DEC system was to

provide a mean.', of predicting the performance of the system with reasonable

accuracy based on easily obtainable information. The model uses manufacturer's

catalogue information and the accuracy depends on the accuracy of this information.

This model calculates two moist air properties, at each point in the process, from

which the remaining properties and performance parameters can be calculated. TIle

equations to calculate these moist air properties were taken 11'0111 ASHRAE (1994)

and Jones (1973). TIle: ambient air conditions, room air conditions and regeneration

temperature or heat input arc usually known and the other Information can be

calculated from the processes tl at occur in each component of the system.

4.1.1 Desiccant wheel

The manufacturer's information usually gives the dehumidifier outlet conditions

(see appendix F), from which the regeneration outlet conditions can be calculated,

This information can then be used to calculate operating efficiencies, or alternatively

the ail' conditions can be calculated if the efficiencies are supplied by the

manufacturer, TIle definition of the desiccant wheel efficiencies depends on the text

consulted. For the purposes of this project, the performance of the desiccant wheel

can be described by three efficiencies:

EDI~l ""efficiency of moisture removal

EDH2 :;::efficiency of heat transfer

ERG =. efficiency of'regeneration
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4.1.1.1 Efficiency of moisture removal (EDEl)

EDH1 ::::(Wt-WZ)!(WI-W2I) (4.1)

w.iere W21 (see figure 4.1) is the humidity ratio at a point at which he wet-bulb

temperature of the inlet air (TWBl) intersects the relative hun .dity of the

regeneration air (RHs). This is approximately the lcwest humidity rat. o that can be

obtained by the slJr.piy air leaving the desiccant wheel, for the gi Ten operating

conditions (if the air is allowed sufficient time to .each equilib ium with the

desiccant, and if110 heat carryover occurs). The exact value OfW21 VI ·jes depending

on the characteristics of the desiccant used, but the definition given here is a gnod

normalising parameter (Jurinak, 1983). The efficiency of moisture emoval BDB!

can be calculated from the humidity ratio WI (ambient conditions: humidity ratio

W2 (from ca'alogue data) ani} humidity ra.io W21 (by the method shown in figure

4.1).

__·~t3~~~ tJ--~ ROTARY ._,!PRA\' .' R
SENSIBLE ~!!L__ 0
BEAT ---~ 0
~'vCtJ'A~'GER SPRAY ~ lI/~"'"".=. CHAl"ABER ''--_- 6 -.--- ___.J 5

-=~~-------....-~.-
TDP.21 TDB2

DRY BULB TEMPERATURE

FIGURE 4.1: Method of determining the ideal bmi:iity ratio \' 21 and ideal dry-

bulb temperature TDB21. (Note: This figure is based on tho 'entilat!on mode

described in figure 1.1).
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4.1.1.2 J~fficiencyofheat transfer (EDH2)

ED1I2 :-.::(TDBz-TDB1r)/(TDBs·TDB2I) (4.2)

whore TDlb (see figure 4.1) is the dry-bulb temperature if 110 heat is transferred to

the supply all' from the matrix of the desiccant wheel. i.e, the dry-bulb temperature at

the intersection of the wet-bulb temperature TWBI all.., humidity ratio W2. The

efficiency of heat transfer hDH2. can be calculated from 1DB21 (see figure 4.1),

TIm:! (from catalogue data) and TDBs (regeneration temperature),

4.1.1.3 Regeneration efficiency (ERG)

1111s is a measure of'the amount of regeneration heat (Q) used to evaporate the water

vapour during regeneration i.e. the ratio of latent Leat increase to regeneration heat

supplied (see figure 4.1 fc- numbering).

(".3)

The humidity ratio WI!.'" W7 which can be calculated (equations 4.11 and 4.27).

The regeneration heat input Q can he measured 01' calculated (set: section 4.1.5).

The humidity ratio \Vt)can be calculated (from cquatio1l4.4).

4.1.1 A Linking dchumidiflcatlon and regeneration processes

The following equations represent the heat and mass conservation between the two

processe- in the desiccant wheel (see figure 4.1 for numbering):

Moisture transfer:

Heat transfer:

(Wt-W2)·MAs·: (W'I-\Vs)·MAR

(TDUl-TDIhr)·MAs:::: (TnI191-TDB9)·MAn

(4.4)
(4.5)

Where TDB'l1 is the dry-bulb temperature if'no heat is transferred from the return air
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to the desiccant wheel, i.e. the dry-bulb temperature at the intersection of the w et-

bulb temperature T\VBz; and humi . ratio W'). This method is similar to that for

determining the dry-bulb temperature TDB~1(see figure 4.1 ).

4.1.2 Rotary heat exchanger

The heat exchanger efficiency (EHX) is the bigger of the following (5C~ figure 4.1

for numbering):

Efficiency of heat transfer to the supply air:

EHXs:: (TDB2-TDB3)/(TDth-TDBf) (4.6)
Efficiency of heat transfer to the return air:

EHXR:::: (TDB7·TDB6)1(TDB2-TDB6) (4.7)

EHXs and EIIXR can be obtained fh)111 catalogue information for given mass flow-

rates of'thc supply ail' and return air. 'TIIemoist ail' properties at points j and 7 (see

figure 4.1) can then be calculated by rearranging equations 4.6 and 4.7:

TI>H,) '''' TUB2 - EHXs·rJTmz-TnHIJ~

TIm? ""Tl)Hb + EHXil{fDlh·Tl\Hr,)

\Vl"" \\'2

\\"::::\\,,,

(see 4.U.l i~lr\\i and TDIU

(SCI}'l, 1..; for \V" and '1J 'IU

(4.8)

(,1.9)

(.1.HI)

(4.11)

As the heat exchanger rotates, air Hi the matri: ...1:' I\U.' k.j over fimu

the next in hoth d;\\;ctiollS. '1his ail' mixing wy,

exchanger because its rotatlonal speed was 4(; !imc:,

wheel The volume of air I.Hlyowr in the

only n:\h ,he heat

,!Jan tl:at 1\1'1", ,l..:;sl(:,,'::nt

cr was 1'.11:1 : ••. d to h;'

.].1



Mass flow-rate of carryover to supply air stream: Meg:;::O.OI384/SV 6 (4.12)

Mass flow-rate of carryover to return ail' streem: MeR:::: 0.01384/8V2 (4.13)

Where SV ""specific volume of the air.

The ail' properties, calculated in section 4.1.2 therefore had to be recalculated to

allow for the air mixing (superscript RC denotes recalculated value):

wlC =[W3·(MAs-MCs)+W6·MCsJIMAs
\Vlt~:"-,,[W,.(MAR-MCR)+Wz.MCR]/MA {

Hlc =IH3·(lVIAs-MCs)+«H6+H7}/2).MCs]/MAs
Rf'H7 ';:.[H-,.(MAn-MCR)+«H2+H3)/2).MCR]IMAR

TDIhRC :;::(fIle ••2501.wlc)/(1.005+1.84.wlc)
'fIm,uc '"lIhue -2501.wlc)/(1.005+1.84,W7nc)

(4.14)

(4.15)

(4.16)

(4.17)
(4.18)

(4.19)

The remaining moist air properties were then calculated from these values.

4.1.4 Spray chambers

'illC user can set the efficiency of both spray chambers, by increasing the water flow

rate and nozzle discharge pressure. The efficiency can be as high as 100 per cent.

Sec figure 4.1 for numberlng,

(see note below)

(4.20)

(4.21)

(4.22)

Therefore:

TWB(;= TWBs (see note below)

(4.23)

(4.24)

(4.25)

Note: if the temperature of the spray water is dose to the wet-bulb temperature of
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the air and the evaporation rate is high, then the evaporative cooling is virtually a

constant wet-bulb process (Jones, 1973).

4.1.5 Regeneration heaters

WS=W7 (no moisture gain in heaters)

(4.26)

(4.27)

Q :::MAn.(1.805).(TDBs-TDH,)

If the regeneration temperature TDEs (see figure 4.1 for numbering) is given, then

the regeneration heat input Q can be calculated, or vice versa.
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4.2 Sensitivity Analysis of Mathematical Model

4.2.1 Results of sensitivity analysis

A DEC simulation program was written based on .: e t ••athematical model (sections

4.1.1 to 4.1.5). This computer program is described in section 5.3.3 and is given in

appendix D. 'Ihis section (4.2.1) gives the results of s': nulations to test the

performance sensitivities of the DEC system to variations in the following operating

parameters:

• Efficiency of supply air spray chamber (EVs).

• Efficiency of'retum air spray chamber (EVR).

• Rea, exchanger efficiency (EHX).

• Dry-bulb temperature of ambient air (TDBI).

It Humidity ratio of ambient air (W I).

TIlC simulation results are given in tabula, form and. a brief summary of the main

observations (from the results) is given below each table. 'DIe findings and general

trends from the sensitivity analysis are discussed in section 4.2.2.
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TABLE 4.2.1: Variation of efficiency of supply ail' splay chamber (bV s)
EV~(%) --_ O' 20 _._- . 40 . 60' --- ~18Ir~--~rioo~---'1
...-...._._....-. --_._-_ .__ ._"-.-._--_._----~--..... . --.!--''"~
TDB.\ (1)(;) 19.9 18.3 16.7 15.1 3.:) 11.9

Note: See figure below for numbering (from figure l.I),

111e following trends were observed with increasing EV s :

(1) The dry-bulb temperature TDBI decreases and humidity ratio WI increases.

(2) All other parameters remain (;0I1st.1I1t, except for a very small decrease ill CC
In,oling capacity in ventilation mode) and TCe (cooling capacity in ventilation

credit mock), due to water enthalpy gain.
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Note: Sec figure below for numberlng (from figure 1.1).

The following trends were observed with increasing INIt:

(1) A snnll decrease in moisture removal capability (slnce humidity ratio W2 is

hig'tcr), due 11' rcdi, :cd regeneration efficiency (ERG), because I)f the higher

vapour pressure ill thu regcncrat ion (IiI' (higher Inunidity l"ltio Wei),

(2) The dry-bulb tempe . ~~:reTDB[J decreases ami humidity ratio \Vii increases.

(3) The regeneration heat input Q required increases slightly (to achieve the same

relative humidity \)1' the regenerating air) but cr.oling capacities CC and TCe

increase more (low,'!' cold sink) which results i,l increased COP and '[COP.
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Note: See figure below for numbering (from figure 1.1).

TIle following trends were observed with increasing EHX:

(1) 'The regeneration heat input Q required decreases, since more energy is recovered

by the heat exchanger.

(2) The cooling capacities CC and TCC increase, since 111m\! heat is removed from
the supply air.

(3) '111e COP and T(V)P increase, because of (1) and (2) above.
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TABLE 4.2.1: Variation of dry-bulb temperature of ambient air (TDBI).
-: ---~----~- -~~~-,---~-
WI (grkg) ~10 15

.:rDB, ('C) _~'--ilTiC 12- -36 i~ !24__ ~28f! 36~
W2 (gtkg) 5.6 6.0 6.3 6.8 7.2 8.5 9.0 9.4 i ,.8 10.4

W,:_W,(gfkg) 4.4 4.0 13J __,.:....:~B_c~:_~~.~5.2 f'!-
EDHl (%) 61 59 59 56 55 61 60 59 59 58

EDH2(%) 17 -17 17 -19 20-~'8 19 20 20 22

ERG (%)-- 30 30 30 28 27 51 51 51 52 "5T-
Q (kW) 5.79 5.39 5.00-'4.60 4.22 5.13 4.74 ",.35 3.99 3.63
~.. - 1---- _. _~ 1-::-:::--
CC (kW) 2.63 2.45 2.29 2.0 I 1.83 1.47 1.21 1.04 0.82 0.52

~COP -_- E46 Q.46 0.46 0.44 0.43 0.29 '0.26 O.2flo.20--0]4

Tc~W) _ 1.6s"iI,;·'2.6T 3.03 3.51~_~:6-2.96-,_3.44 3.89 4.2_5_
!COP (\~ 0':0 0.5~66 __0.83__~::~ ~~j~~_~.9~~
Note: See figure below for numbering (from figure 1.1).

The following trends were observed with increasing TDl31:

(1) The moisture remove 1 capability (\V 1-W_,) and efficiency of moisture removal

FI 1 decrease since the rclvtive humidity lUIt is lower.

(2) More moisture is removed for a higher humidity ratio W I for the same dry-bulb

temperature IDBI,

(3) 111C efficiency of heat transfer in the desiccant wheel EDH2 Increases, since the

difference between the dry-bulb temperatures TJH3gand TDB! decreases for the

same amount of'hent transferred.

(4) The regeneration heat Q decreases, since the dry-bulb temperature TIm,

b:~l'cascs and more heat is regained by the return air.

(5) The cooling capacity CC decreases, becansc the humidity ratio \\'! iIlGI'(;a3CS and
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the 10 per cent of the heat not recovered by the heat exchanger increases (higher

dry-bulb temperature TDB2).

(G)'TIlecooling capacity Tee increases, since the increase in the heat recovered by

the heat exchanger, IS included in the cooling calculation,

(7) COP decreases only slightly, because of (4) and (5) above,

(8) TCOP increases, because of(4) and (6) above.

(9) A lower humidity ratio WI results in higher ce and COP, but lower TeC and

TCOP.

TAHLE 4.2.5: Variation of humidity ratio of ambient ail' (WI).
TDB;(OC)"-124- -------
W7(glkg)'~-r8 ~
'[DB;("cY"
."..._ ......._-----
W2 (glkg)

Note: See figure below fer numbering (from figure 1.1).

111C following trends were observed with increasing humidity ratio WI (reasons are

the same as for table 4.2.4):
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(1) The moisture removal capabinty (WI-W~) and efficiency of moisture removal

EDHl increase.

(2) 111eefficiency ofregeneration ERG increases.

(3) The regeneraticn heat input Q decreases and the dry-bulb temperature TDB!

increases.

(4) CC and COP decrease and are lower for higher humidity ratio WI.

(5) TCC and TCOP increase and are higher for higher humidity ratio W t.

4.2.2 Discus; 10nof sensitivity analysis

4.2.2.1 Spray chambers

The efficiency of the supply air spray chamber did not affect the performance oi'the

DEC system, but only changed the sensible heat ratio of the supply air to the room,

The efficiency of the return air spray chamber had a significant effect on cooling

capacity and COP. An increase in spray chamber efficiency decreased the cold sink

temperature of the neat exchanger, which resulted in more heat being removed from

the supply air.

4.2.2.2 Heat exchanger

TIle efficiency of the heat exchanger had :\ very large effect all performance (more

significant than the efficiency of the supply air spray chamber). An increase in heat

exchanger efficiency resulted il' more heat being recovered from the supply air,

which increased the cooling capacity and COP. Tile recovered heat also reduced the

amount ofregeneration energy required, which further increased the COP.
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4.1.2.3 Ambient air conditions

An increase in the d ,.fb temperature of the ambient air (1'DBl) 1'1 duced the

cooling capacity and COP ill the ventilation mode, but increased t re cocling

capacity and COP in the ventilation credit mode. The same trends were c bserved for

en increase in the humldny ratio of tho ambient air (WI).

TIle reason for these trend- is that the dry-bulb temperatrre and humidi: Yratio of the

supply air reavmg the desicc -nt .vhecl is h;;;ho1' in both cases This n .eans that the

er ,<':ny of the supply alr leaving the heat exchanger is higher, since the efficiency

o~ at exchanger does not change .ignificantly. These factors redr ce the cooling

capacity and COP in the ventilation mode. However, a greater qua itity of heat is

removed in the heat exchanger, which increases the cooling capacity md COP in the

ventilation credit mode,

An increase in the dry-bulb temperat.rre of the ambient air reduc- s the absorption

capability of the desiccant wheel (less cooli 19 of the wheel) w .ich results itt a

higher humidity ratio of the supply air lea"it'~~ the desiccant whee. The supply air

temperature leaving the desiccan- wheel is also higher ail l\ .esu of the inlet air

temperature being higher,

An increase in the humidity ratio of the amnient air results in me ~moisture being

absorbed lrol11the air. However, despite the increcse in moisture r< noval efficiency,

the humidity ratio of the all' leaving the desiccant wheel is "hit) h~hler. TIle dry-bulb

temperature of'the supply air leaving the desiccant wheel is also It ~lel'(more latent

heat converted to sen; .• ~ heat),

4.2.2.4 Desiccant wheel

The three performance parameters of the desiccan: wheel: effie. :!lCYof moisture

absorption (EDHl), efficiency of'heat exchange ill the desiccant v. ieel (EDH2), and

efficlency of regeneration (ERG), are strongly dependent on the regeneration
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temperature. However, the manufacturer's information (sce appendix F) was only

available for a regeneration temperature of 70 0(' and simulations were therefore not

possible for the performance paramete ...~of the desiccant wheel.

The following performance trends would be expected:

• An increase in efficiency of regeneration (ERG) should increase COP since Jess

re~enel"ltion energy would be 1squired,

• An increase in the efficiency of heat transfer in the desiccant wheel (EDH2)

should reduce cooling capacity since more heat is being car-led over to the

supplyair.

• An increase in the efficiency of'moisture absorption (EDH!) shoukl increase the
cooling capacity,
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CHAPTERS
EXI)ERIMENTAL ARRANGEMENT OF DEC TEST SYSTEM

.6., basic desiccant-evaporative cooling test system was installed at the School of

Mechanical Engineering, University of the Witwatersrand, Johannesburg, in 1995,

and some random tests were done (Menon, 1996). A German company,

Klingenburg, manufactured the main components of the system and a local South

African companv, Aero Duct, installed the overall system. An instrumentation and

data acquisition and reduction system was installed as part of this project, The

complete test system is shown in figure 5.1.

FIGURE 5.1: DEC test unit
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5.1 Main Components of the Test System

5.1.1 Rotary desiccant wheel

TIle Klingenburg SEeo 800 desiccant wheel is a cylindrical structure with small

corrugated parallel passages. It is made of cellulose impregnated with Ii.hium

chloride. TIle wheel is 200 mm long and has a diameter ofiOS 111m. It is belt driven,

by a 3-phase, 34 W, 50 Hz motor running at 1300 rpm. The desiccant wheel was

supplied with a 174 nun diameter pulley. which rotates the wheel at 0.24 rpm. A

second pulley, with a diameter of 87 mm, was made up to reduce this speed to 0.12

rpm.

5.1.2 Rotary heat exchanger

The :{Jingenburg RRT 800 rotary compact heat exchanger has the same dimensions

as the desiccant wheel, but is made of'thin corrugated aluminium sheets. It rotates at

l l rpm and is belt driven by a 3-phase, 90 W, 50 Hz, 1350 rpm motor.

5.1.3 Spray Chambers

1110 supply and return air spray chambers (manufactured by Klingenburg) were

identical. Each had a reciprocating pump, driven by a 550 W motor, to supply tap

water to the spray nozzles. TIle pump pressure Was set by means of a frequency

control box, which controlled the motor rotational speed, TIle maximum allowable

pressure was 90 bar. Each spray chamber had two 0.17 mm nozzles that sprayed a

fine aerosol mist. The internals of the spray chamber were designed to provide

turbulence and to provide acoustic resonance, which improves the evaporation

efficiency. Mist eliminators were situated at the exit to remove any remaining water

droplets from the air stream.
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5.1.4 Fans

111esupply air and return air centrifugal fans were identical. Each fan had a 220 V,

50 Hz, 8 A variable resistance controller with which to set the rotational speed and

hence air flow rate.

5.1.5 Regeneration heaters

There were four 1.8 kW electrical heaters to heat up the return air for regeneration.

5.1.6 Inlet air pre-conditioning system

In order to test the DEC system at different ambient conditions, it was necessary to

control the inlet air conditions. This was done with two 1.8 kW electrical heaters

and a humidifier. The Electro-Vap EL-9 humidifier was capable of supplying a

maximum of 6 kilograms of steam per hour, despite being rated at 10 kg/hr. A

problem with the humidifier was that the steam output was not constant, but

dropped slightly as cold water was added to the boiler ar.d then slowly increased

until more water was added.

The humidifier and heaters alone were not sufficient during the winter months and a

further modification was done to increase the inlet ail' temperature and humidity:

The exhaust air ducting was changed to discharge the hot humid air at the inl.et of

the supply air duct. This modification, together with the heater and humidifier, was

sufficient to simulate any ambient conditions.



5.2 Data Acquisition and Reduction system

5.2.1 Overview

Aspirated psychrometers were used to measure the air properties at various points in

the process (see figure 5.2). Sample points were installed that used small computer

fans to draw an average air sample from 16 to 24 points (depending on the size (If

the duct) across the cross-section of the duct. This ail' sample was passed over two

temperature sensors, one to measure the dry-bulb temperature and the other, covered

with a wetted cotton wick, to measure the wet-bulb temperature. The analogue

signal from these temperature sensors was converted to a digital signal using a PC

30 NO card. A software program read the digital voltages and convert them to

tempe-ature values, which could be used to calculate the ...ir properties and

performance. parameters. Hyg. otransmitters, that measure relative humidity, were

used to check the accuracy of aspirated psychrometer readings at low relative

humidities. A Med..1\II-500micromanometer and pitot tube were used to measure air

flow rate and a Fluke multimeter was used to measure electrical power consumption

of the components of the DEC system.

FIGURE 5.2: Air sampling device including aspirated psychrometer and radiation

shield.
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5.2.2 Temperature measurement

A third year student installed all instrumentation system in 1996, as a laboratory

project. This ~. ·,temused thermocouples but was useless because of false readings,

due. to excessive electrical noise and various other problems such as static electricity

grounding through the thermocouples. All these problems were solved at tne start of

this project but the best accuracy that could be obtained with the thermocouples was

within 0.5 °C. TIllS was insufficient to satisfy the minimum requirements of 0.3 ~C

accuracy specified by ASI·IRAE 41.H986. Precision integrated circuit (IC)

temperature sensors (LM 35's) were then used and after calibration, resulted in ~

precision of 0.1 °c and accuracy of 0.2 °c for the 18 sensors (see appendix A). This

accuracy was only achieved by installing a low pass filter on each LM 35, to filter

out electrical noise and to offset the capacitive load of the wiring. 'TIle electrical

noise was further filtered in the data reduction software program, where a sample of

100 measurements was statistically analysed to get the mean value and confidence

limits. The calculated error was incorporated in the en-or analysis software program.

The sampling devices from the third year project (figure 5.2) were slightly modified,

to co aply with ASHRAE 41.1-1986 and were reused for this project. Radiation

shields were installed on the 5 sample points near the regeneration ail' heaters and

the desiccant wheel to avoid incorrect readings due to radiation from hot surfaces.

The relative humidity of the hot regeneration air (point 8, figure 1.1)Was too low for

accurate measurement by the aspirated psychrometers or the hygrotransmitters, The

calculated humidity ratio value upstream of the heaters (point 7, figure 1.1) was

therefore used together with the measured dry-bulb temperature of point 8 to

calculate the properties at point 8. 111is is acceptable since no air leakage occurs

between these points and the humidity ratio remains constant.

5.2.3 Hygrotransmitters

Aspirated psychrometers can only be used accurately from 20 to 100 pel' cent

relative humidity. Insufficient wet-bulb depression occurs below 20 pCI' cent relative

humidity and the errol' increases as the relative lnunidity decreases below 20 per
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cent. Two Delta Ohm lID 8907TCI150 hygrotransmitters (see appendix E) were

used to measure the relative humidity in such cases and the necessary correction was

then applied to the wet-bulb measurement.

Tl,e hygrotransmitters have a capacitor made of a polymer desiccant that gives a

co iain capacitance reading depending on the moisture content of the desiccant,

which is in tum dependant Oil the relative humidity. While using the

hygrotransmitters, it was found that the relative humidity reading was only accurate

at a humidity ratio of 14 glkg. 111is was probably due to different desiccant

characteristics at different air humidity ratios, The hygrotransmitters were therefore

calibrated at different humidity ratios and actual values were interpolated from these

curves to give an accuracy of approximately one per cent relative humidity. The

calibration curves are given in appendix: A.

5.2.4 Computer hardware

An Eagle Technology PC30 analog to digital card (sec appendix E) was used in a

486 computer to convert the analog signals from the temperature sensors into digital

signals. The PC30 card also had support softwr.e that could be used with the Turbo

Pascal programming language. A software program was written and developed for

data acquisition and analysis (see section 5.3.1).

5.2.5 Air flow measurement

The "Log- Tchebycheff" method was used to measure the ail' flow rate as shown in

figure 5.3 (ASHRAE 41.2-1987 and BS 1042: Section 2.1-1983). Differential

pressure traverses were carried out at one cross-section in the supply ail' duct and

one cross-section in the return air duct. The pressure di." entlals were measured

with a pitot tube and micromanometer, The micromanorneter used was a MedM~

500, which has a resolution of 0.1 Pascal and range of 0 to 500 Pa, The flow rate in

the return duct could also be calculated from the measured electrical power of the

regeneration heaters and the air temperature increase after heating.
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FIGURE 5.3: The "Log-Tchebycheff" method of air flow rate measurement

(ASHRAE 41.2·1987).

5.2.6 Electrical power measurement

TIle electrical current and voltage for each of the two-phase fan motors, pump

motors and heaters (regeneration heat input) were measured using a Fluke

multimeter, The electrical power consumption for each case was calculated by

multiplying the measured voltage and current.
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5.3 Computer Programs

The "owing three computer programs were written in Turbo Pascal for the

purposes of this proje ~:

5.3.1 Data acquisition and processing program

This program is given in appendix B. 'TIle PC30 analog to digital card had support

software that could interface with the Turbo Pascal programming language. A

softw. ~program was written and developed for fhta acquisition pUl])OSeSto do the

following;

(a) The temperature measurements in the form of binary output from the PC30

card were read.

(b) The binary readings were converted to voltage values.

(c) The actual temperature values were calculated from the voltages using

calibration data. A statistical sample of 100 measurements was collected for

each temperature sensor. Ihe average was used as the measured value and

the standard deviation Wf.S used in the error analysis in the process

calculations. Thn improved the accuracy by a factor of five.

(d) All of the moist air properties were calculated for each step in the process

using these measurer; Jry-bulb and wet-bulb temperature measurements. The

calculation method and formulae were in accordance with ASHRAE 41.6-

1994.

(e) The pr acess changes and performance parameters were calculated.

(f) An error analysis was done on all measurements and calculations. This was

done in accordance with ASHRAE GDL2-19S6 RA. The important error

value'; were printed together with the nominal values of the results and can

be seen in any of the results in appendix H.

(g) The mathematical model described in section 4.1 was included in this

program. The process was simulated with the in;nt variables being the

measured ambient and room conditionr, air conditions at point 2 (fig. 1.1),
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measured heat input and calculated efficiencies of the heat exchanger and

both spray chambers. This was done to identify deviations that were not

included in the mathematical model.

(h) All results were displayed immediately on the computer screen in the form

of tables and a psychrometric chart. This enabled vne to detect any problems

or inaccuracies with th- \..rem immediately.

(i) The results were then pnnted if requested.

5.3.2 Program to calculate air flow rate

This program is given in appendix C. Dynamic pressures were measured using a

pitot tube and micromanometer, The measured values were recorded and entered

into this computer .t',ogram that calculated the volumetric air flow rate and error of

measurement using the methods described in section 5.:t.S. The resultant values

were then used as input to the data acquisition and analysis program described in

section 5.3.1.

5.3.3 DEC simulation program

This program is given ill appendix D. This program. used the mathematical model

described in chapter 4 to simulate the DEC process. The model was used ill the

sensitivity analysis in section 4.2, was used to simulate the operation of DEC

systems in appendix G and was also incorporated in the data acquisition program

described in section 5.3.1. The dry-bulb temperature and humidity ratio of the air at

points 1 and 5 (fig. 1.1) were entered ?'Y Input. TIle DEC process can therefore be

simulated inboth ventilation and If; , colation modes by entering the appropriate air

conditions. The air conditions at point 2 (fig. 1.1) and the heat exchanger efficiency

were read from charts supplied by the manufacturer (see appendix F). TIle spray

chamber efficiencies were also entered as input and COUI"~ ~~, specified by the user to

be anywhere between 0 and 1(,:)per cent.
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CHAPTER(i

EXPEIUMENTAL PROCEDURE AND TEST RESULTS

All of the experimental results are given in appendix H. The analysis of these results

is given in this chapter together with a description of the experimental methods used

to get the results, and a description of the main findings. The values given here are

nominal values since the inclusion of the error analysis would U11111~CeSSal'i1J'

complicate the analysis. However, a good understanding of the error and accuracy of

the results can be obtained by looking at a few of the test results given in appendix H.

The main purpoc;~ of the error analysis was to provide the experimental range of

measurement that could he compared with simulated values to determine deviations.

This chapter contains an analysis of me following experimental results:

• Tho supply and return air flow rates were varied to investigate the effect of air

leakage (section 6.1).

", Single blow tests W/Ae done to investigate the heat and mass transfer processes

within the des.t;<'~t wheel (section 6.2).

The following variables were varied to investigate their effect on overall system
performance:

• The efficiency of the return air spray chamber with unbalanced air flow (section
6.3).

• The efficiency of the return air spray chamber with balanced air flow (section
G.4).

• The efficiency of the supply air spray chamber (section 6.5).

.. !n1et air conditions and regeneration temperatures (section 6.S).

.. Desiccant wheel speed aad unbalanced supply and return au' flows (section 6.7).

Some of these results were compared to the catalogue data to identify deviations

(section 6.8).
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6.1 Air Leakage and Flow rate Meas. +ement

6.1.1 Experimental Procedure and results

The numbering referred to in this section (6.1.1) is defined in the figure below

(extracted from figure 1.1).

It was obvious from the beginning that air leakage past the desiccant wheel 2 ud heat

exchanger seals could be significant, compared to the total flow rate. This c mld be

determined simply by placing one's hand near the seals and feeling the large ruantity

of air escaping through the seals. All that was required for the purposes of this ,)roject

was an order of magnitude estimate (20 to 30 per cent accuracy) of the leakage, so

that any deviations in experimental results, due to leakage, could be identified.

A series of tests was cwried out with combinations of the maximum and minimum

supply and return air flow rates. The air flow rates were measured for the supply side

at point 2 and for the return side at point 9 (see figure above) for each test. The static

pressure was measured at every point in the process, as well as in the desiccant wheel

and heat exchanger casings. All of these measurements were done both with the

inspection doors of both wheels open and closed. This was done to provide more

information, since the leakage magnitude and direction changed in each case.

Most of the results given in this section are for the inspection doors closed, since this

case is relevant to the remaining experimental results, The results for the inspection

doors open were used only for additional information in rietennini.ng leakage and are

therefore given in appendix HI. The following results were obtained:

(1) All of the air flow rate measurements are shown in table 6.1.1.

(2) All of the static pressure measurements are shown in figure 6.1.2.



(3) The differential static pressures, across the air leakage paths, are shown in figure

6.1.3 fill' the inspection doors closed and figure H1.l for the doors open (both

calculated frcm the information in figure 6.1.2). Figure 6.1.1 shows the sealing

arrangement and air leakage paths tor the desiccant wheel, with the inspection

doors closed. The sealing arrangement is identical for the heat exchanger, but the

air leakage path directions are different.

i:t) These differential pressures were used tt) estimate the magnitude of the air

leakage flow rate, through each leakage path. This information is shown in figure

6.i.4. 'These results are also summarised in table 6.1.2 and table 6.1.3, The same

information tor the doors open is given in figure H1.2 and tables Hl.1 m.d Hl.2.

Tne following method was used to estimate the leakage flow:

i\h b~kage :,"A,Cd' ~(1..I'd!;IV)

'vV11t'fi::
(6.1)

A= seal gap area through which leakage OCCtlrS (based on average gap of 3 mm and

wheel diameter of705 mm)

A"'-'2.115.10.3 m2 for direct leakage across air streams

A"" 3.322.10-3 m2 forperimeter leakage into/out of'wheel casin!:.~

CF coefficieut ofdischarge= 0.7 (from the shape of the seal gap, it was estimated to

~l\~bl!t'veen thaI tor a venturi (± 0.9) and that ('f an orifice (:!: 0.5»)

IJ ' f ressure ll;fiercntial in Pascal (figuri.~s6.1.3 and HI.!)

SV:·' specific volume '~'L()5m3ik~t,(GM,slU'cd 011day of test)
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TABLE 6.1.1: Measured supply and return air flow rates for various flow
combinations .

•A ~ it'" r:.esir:cantwheel casing",

~

'"I

~:;]
r--- f - l ---.-- :~ / - ,Supp~rur -J ,L=_ ) Rotary ~ dl~L-=:::::--_l I__lll Desiccant
C:.-._ j. Wheel ~etum rur-?L':: '('''''''__-?' duct ,001£-----.-.~-_:_-[E--~~-.

A L-- J-~
Note: (1) A1'l'OWS show leakage path, when inspection doors weee closed.

(2) Shaded po-tion represents the seals.

FIGURE 6.1.1: Diagram of sealing arrangement for the desiccant wheel.
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Note: values are shown for both inspection doors closed and for both inspection doors open (i.e. CLOSED';')PEN)

SF = supply air flow rate
RF := return air flow rate

FIGlJRE 6.1.2: Static pressures measured at various air flow rate combinations (pascal).
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Note: 1)values are shown for both inspection doors closed. See figure Hl.l for values with both doors open.

2) Positive differential pressure is in direction of arrows shown (see figure 6.1.1 for details on air leakage paths).

FIGURE 6.1.3: Differential pressure at various air flow rate combinations, L.'1Pascal (r.!"c:ulatedfrom figure 6.1.2).
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FIGURE 6.1.4: Leakage air flow rate at various air flow rate combinations in litres/sec JnrIt' alcu. l from fig. 6.1.3).

SF es supply air flow rate
Rf '" return air flow tale
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TABLE 6.1.2: Estimated supply and return air flow rates at desiccant wheel (with
both inspection doors clcsed).

TABLE 6.1.3: Estimated supply and return air flow rates at heat exchanger (with
both inspection doors closed).
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6.1.2 Main findings

The more significant findings described below are discussed in section 7.1. 111e

numbering referred to in this section (6.1.2) is defined in the figure below (extracted

from figure 1.1).

The total amount of air that leaked out ofthe supply ail' duct was 42 to 50 per cent of

the original inlet ail'; compared with 2 to 13 per cent leaking into the supply duct.

The following is a description of the leakage quantities and directions (see figure

6.1.4 tor details).

POINT 1:. TIle leakage path directions were:

(a) Directly into point 9.

(b) Into the desiccant wheel casing and from there into points 8 and 9.

Between 22 and 26 per cent of the initial supply air leaked into the exhaust air stream

from r .•.int 1. '111isleakage had no effect 011 the process at point 1 but had significant

effect at points 8 a1V1 9.

POM, The leakage path directions were:

(a) Dht;,C1;~'into point 8.

(b) Into the desiccant wheel casing ar.·1 from there into points 8 and 9.

(e) Directly into point 7.

(d) Into the heat exchanger casing and from there into points 3 and 7.

Between 24 and 33 per cent of the dehumidified supply ail' leaked into the exhaust

airstream from point 2. This leakage resulted in a significant loss of dehumidified

ail', that had increased the moisture loading and regeneration requirements of the

desiccant. 111e cooling capacity and COP were decreased by 24 to 33 per cent, by the

leakage at point 2 alone.
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PO.frlT 3: The leakage path directions were:

(a) Generally from point 6 directly into point 3, although with the case of maximum

supply air flow and minimum return air flow, the leakage was in the opposite

direction.

(b) From the heat exchanger casing (mixture of air from points 2 and 6) into point 3.

The magnitude of the leakage into point 3 was between 3 and 29 per cent of the

supply air flow through the heat exchanger. Most of the leakage air came from point

6 and therefore had an enthalpy close to that of the room air. TIle reduction in

cooling capacity and COP of the final mixture at point 3 was therefore between 3

and 29 pel' cent. A small portion of the air that leaked in at point 3 carne from point

2. This ail' bypassed the heat exchanger and was not sensibly cooled and thereby

decreased the efficiency of the heat exchanger and contributed to the decreased

cooling capacity.

!:QlliI.4_! No leakage.

POINT 5: No leakage.

PQINT 6: The leakage path directions were:

(,1) Directly into point 3, except in the case of minimum return air flow and

maximum supply air flow, when the leakage was in the opposite direction,

(b) Into the heat exchanger casing, when the return air flow rate was high, but from

the casing into point 6, when the air flow rate was low.

The leakage out of point 6 (0 to 20 per cent of initial return air flow) was a loss of

cooling potential, which reduced the effectiveness of the heat exchanger and cooling

capacity. In the case when leakage into point 6 occurred, the dry-bulb temperature

was increased which also decreased the cooling potential of the air at point 6.

fOINT 7: TIle leakage air path directions were:

(a) Directly from point 2 into point 7.
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(b) From the heat exchanger casing (mixture of air from points 2 and 6) into point 7.

Most of the leakage into point 7 came from point 2. This was probably beneficial to

the process, since hot dry air was mixed with the return air steam before being

heated for regeneration purposes. However, a small portion of the leakage came

from point 6 and had not been heated in the heat exchanger. 'This reduced the benefit

of the leakage from point 2.

pOJJ'l'T 8: The leakage path directions were:

(a) From point 2 directly into point 8.

(b) From the desiccant wheel casing (mixture of air from points 1 and 2) into point 8.

111e leakage air (12 to 56 per cent of the heated regeneration air) cooled down the

regeneration air temperature and thereby had a significant influence on the

regeneration process. TIle experimental tests (in appendices H3 to H6) were based

on a flow combination that would have resulted in a leakage flow of 17 per cent. The

decreases in regeneration temperature would have depended on the temperatures at

points 1 and 2. With TDBI'=30 "C and TDB2=46 °C, a regeneration temperature of

70°C would have decreased to 65 DC. This did not reduce the regeneration energy

input and only influenced the regeneration process,

POIl':lT 2;. The leakage path directions were:

(a) From point 1 directly into point 9.

(b) From the desiccant wheel casing (mixture of ail' from points 1 and 2) into point 9.

The magnitude of leakage air was 52 to 153 per cent of the regenerating air flow

through the desiccant wheel. This leakage had no effect on performance, but had a

great effect on the measured pC(',!1el'ti;;: at point 9. '111is can be seen in all of the

experimental results in appendices II3 to H6 where the more accurate simulated

values of'point 9 can be compared with the measured values.
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6.2 Single BlowTests

The numbering referred to in this section (6.2) is defined in the figure below

(extracted from figure 1.1).

6.2.1 Experimental procedure and results

The purpose of the single step tests was to determine the air outlet conditions, from

a specific part o+'the desiccant wheel a' .ated through the dehumidification and

regeneration cycles.

6.2.1.1 Regeneration single blow tests

The procedure for executing the regeneration single step test was to stop the return

air fan and run the supply air fan, with the desiccant wheel rotating. Sufficient time

(30 minutes) was allowed for the desiccant to reach equilibrium with the supply air.

The regeneration heaters were then allowed 10 minutes to warm up before starting

each test and the supply air fan and desiccant wheel were stopped (after the 10

minutes), The return air fan was started (with the electrical heaters on), together with

a computer program, modified from the one shown in appendix B. The desiccant

wheel inlet and outlet return air conditions were measured and the properties

calculated at regular l itervals, using the program. Two regeneration single step

tests, at different r en -rationtemperatures, are shown in figures 6.2.1 and 6.2.2.

6.2.1.2 Dehumidification single blow tests

The procedure for executing the dehumidification single step tests was to stop the

supply air fan and run the return air fan, with the desiccant wheel rotating. The

regeneration heaters were switched on and sufficient time (30 minutes) was allowed
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for the desiccant to reach equilibrium with the regenerating air. The ambient air

conditions were measured by placing the sampling device for point 2 outside the

building. These inlet conditions were entered into a computer program similar to

that used for the regeneration single step tests and the samphug device was then

returned to its correct position. This same sampling device was then used to measure

the air conditions at point 2 and accurate air property differences were therefore

obtained. TIle return air fan, regeneration air heaters and desiccant wheel were

stopped and the supply air fan was started, together with the computer program. The

outlet air conditions (point 2) were measured and the properties calculated at regular

time intervals. Two tests were done for different ambient air conditions, with

approximately the same regeneration temperatures (figures 6.2.3 and 6.2.4). These

results are also given in figures 6.2.5 and 6.2.6, for comparison between the two

tests.
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6.2.2 Main findings

The more significant findings described below are discussed in detail ill section '.'.2.

6.2.2.1 Regeneration single blow tests

111e results for two regeneration single step tests rIfe b~.en in graphical form in

figures 6.2.1 and 6.2.2. The regeneration temperatures were different ill each case,

but the inlet all' conditions were similar. 'TIle following observations were made,

from these graphs:

(a) The increase in humidity ratio (W9~W8) in the regeneration ail' reached a

maximum value after approximately the same time period, in both cases (see

sections 7.2.1 (a), (b) and (c)).

(b) The magnitude of the maximum W9-W8 value was lower with the test with the

lower regeneration temperature. This was expected since the vapour pressure in the

desiccant was lower and less moisture was evaporated.

(c) The dry-bulb temperature (TDB')) curve, in both cases, was almost a mirror

image of the W9·Wg curve and reached a minimum value at the same time as W9-

W s reached the maximum value. This was a result of the sensible heat In the

regeneration air being converted to latent 110at.

(d) The outlet temperature (TDB9) was higher for the test with the higher

regeneration temperature (TDBg).

(e) The graphs for both tests were similar. '111is showed that the regeneration process

was similar t01' different regenerating temperatures (see section 7.2.1 (d»).



6.2.2.2 Dehumidification single blow tests

The results for two dehumidification single step tests are given in graphical form in

figures 6.2.3 to 5.2.6, 1110 regeneration temperature was approximately the same III

both cases, but the inlet air conditions were different. The following observations

were made, fror i these graphs:

(a) The maximum W,~W2 value was higher with a higher humidity ratio (WI) of the

inlet air. This was expected, since the vapour pressure of the ambient air was hib,lcr

and the absorption potential at the desiccant was greater.

(b) The maximum Wt-W2 values were reached at approximately the same time for

both tests (see section 7.2.2 (a).

(c) '111egraphs both have curves of similar shape (see section 7.2.2 (b)).

(d) The dry-bulb temperature (TDB;.) decreased almost from the start of the process

(see sectic n 7.2.2 (c»).

(c) 1111l posit on of the breakthrough point (when the desiccant becomes saturated

and turns to liquid) in the Wl~""V~curves was not sharply defined (see section
7.2.2(d»).

(f) The WlbVl:~ curve was negative during the first 30 seconds of the process (.:;ee

section 7.2.2 ':0»).
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6.3 Efficiency of Return Air Spray Chamber (EVn) with

Unbalanced Ail' Flow

'TIle numbering referred to in this section (6.3) is defined in the figure below

(extracted from figure 1.1).

6.3.1 Experimental procedure and results

Two sets of tests were done to evaluate the performance characteristics of the return

air spray chamber. TIle first was at a return air flow rate (MAR) of98 gls (unbalanced

flow with supply airl and the second at 146 gls (balanced flow). The results given in

this section are for the unbalanced flr IV tests (sec section 6.4 for balanced flow test

results).

In the tests only the water flow rate to the spray chamber was varied and the other

operating parameters were kept constant at the following values:

MAs"-""146 g/s (supply air flow rate)

EV s 100 % (efficiency of supply ail' spray chamber)

'11:e room air condition was kept constant, but the ambient au conditions varied

slightly during the period of testing. 'n10 range of these operating conditions are given

below:

IDSI "-,20.3-23.4 '\,' WI'" 8.51)-10.5<' g/kg (ambient conditions)

TDBs '" 23.1-24.0 l'C
EVR ,~,0·,100 %

W:;" 9.80wlO.33 g/kg (1'O0 ..,} conditions)

The test .till:; 101' unbalanced flow are given ill tables 6.3.1 and 6.3.2. Significant

variations are shown graphically in figures 6.3.1 to 6.3.6.



TABLE 63.1: Perfonnance parameters for variation of efficiency of retur., air sprav chamber (EVRl.{MAR=98 g1s\

TEST TFRR EDHl! EDH2 (ERG(%)! EHXs !EHXR l EVR ICC(kW) ICOP~---TTCC(kW)I' TCOP I
NO. (gls) (%) 1(%) I IV{ 1Sim 1(%) i(%) 1 (%) ,f-M I Sim t M !Sim 1M ISim ~M I Sim-1

,__ ::--+-::--:--_+' __ -"-_ , , ,J. ' ! I __j'

["H3!l O~09 38 1 12 ! 13 i 30 !,66 IS8 135 I 0~69 \ 0.67 10.19 0.18 10.37 0.35 10.10 IOJol
'-=~-i--:--:=--+-:----f---+-- ~+! ---:--t-' -:--_+1 ---! J I j • h :
1H3i2 0.77 39 ( 10 j 10 ; 29 ~67 i 88 (50 'I' 0.83 i 0.87 1023 10.24 ,,0.491 0.53 0.13 -10.14 I
, I' , I I I ' , , !! I'ii' , 1 . - ' , - f ' ,
( H3f3 1.09 40 : W 1 8 'I' 27 : 67 'I' 88 I 67 ! 0.94 ! 0.95 l,' 0.26 I 0.26 I 0.74 I,',0.75 \ 0.20,i 0.20 j
I :' - I ! I 1 ' I! I _J__ I
IH3f4 1.43 41 ! 12--TI 1 ! 28 I 70 -1 83 ; 90 I 0.90 I 1.14 I0.24 ! 0.31 1,1, 0.75 ! 0.99 l 0.20 i 0.27 I
f-=c:-:-:c---t-:--:-::---=-,---!-:---+-:-._'i-.,.....,--I.-- (I ii' , f I I
1H3!5 1.61 37 III 14 j26 ! 70 f 86 ! 98 : 0.94 l 1.11 ; 0.26 I 0.30 10.85 I 1.01 ! 0.23 ; 0.28 (

!H3!6 1.89 40 ~.!10 ;"6; 2,8 173 1,,83 ! 99 !,' 1.00 '1.

1

1.21 ! 0.27 !0.33 11.02 II! 1.23 ; 0.28 ; 0.34 ;
. . ~ r )__ .~ 1 ! r 1 '-----;- ! l '. I i ~

! H317 2.06 41 ! 12 IJ'7 123 l 76 j 81 II' 101 I 0.93 ! 1.28 t 0.25 I, 0.35 I 0.93 I 1.28 I:' 0.25 I 0.35 j

L .. I ~ ~ ! . t I' ! -L-. '~.; 1:
1IBi8 2.42 38 I 10 -----n ! 26 !76 185 ! 100 ~ 1.32 1028 10.36 10.94 j 1.~4j' 0.26 i 0.341, , , . " ,\ I . ' ' I

! H3f9 2.65 37 11: 10 - :3 i,25 i 76 I 86 i 11.36 l10.29 i 0.31 ;,,0.90 j 1.20 10.25 I 0.331
t til t' '. I i 1 1 '

j H31l0 2.84 41 ( 10 1-4 I 24 174 I 89 1.82 I 0.37 I' 0.50 110.56 11.02 10.15 i O~28 \
I I! Ii; i

-J



TABLE 6.3.2: Prom-ltv changes for variation of efficiency of return air spray chamber (EVg) (MAR=98g/s)

! TEST j EVR ITDBl IWI ! fDBz I.• WZ IHz-HI iW1-Wz IW6-WS -, FRR ITFRR ,I PPR ~W3-WZ (gIkg)J %EV .1 TDB6 IINO. I (%) ! (0C) I (g/kg) I ("C) I(gIkg) ! (kJ1kg) II' (g/kg) I (gIkg) ,1 ((js) ! (gis_l i (bar) M ISim t (%) I (0C) !
! H3ill

l 35 120.3 ; 10.59 ! 32.6 i 7.58 14.8 . 3.01 I 0.86 0 0.09 i 0 0.33 J 0.34 --- ! 20.5
I ,,' , : I ' ·1 I
( H312 150 121.3,! 10.10 132.7 7.18 142 ! 2.92 11.46 10.62 \ 0.77 ".2 I, 0.65 ! 0.42 . 19 ~

) H3f3 167 122.4 ! 9.57 132.7 6.88 ! 3.7 12.68 12.21 10.87 11.09 10 10.89 0.47 120 117.6:

f H3!4 190 ! 22.7 ! 9.85 .134.3 \7.06 14.7 !2.79 ! 2.84 I 1.15 ! 1.43 . 20 1.28 0.55 ~ \ 16.01
fH3J5j93 L22.5 110.15 j33.4 1,.54 14.5 12.62 13.12 11.30 11.61 ; 30 lLlI j 0.53 119 n (1504 1

I H3i6 .1 99 .,.1, 22.9 I 1037 l 33.5 1 7.54 I 3.6 I 2.83 3.14 ! 1.58 I
i-- I I I , ! If; I

IH3f7 i 101 I 23·4'i1 10.26 i 34.7 I'7.43 i 4.4 " 2.83 3.18 I· 1.74
" : I .! l' I
1 H3ig 1100 123.4 110.01 133.6 17.43 13.8 ! 2.58 3.19 12.10

IIDi9 I WI t 23.1 19.86 ! 33.2 17.36 13.9 12.50 13.48 ! 2.31-
f 113!1O I iCO1}3.1_L8.50 _ 133.2 ! 6.10 14.1 ! 2.40 ri65 12.4 I I

i 1.89 140
12.06f50
2.42 160

I
) 2.65 70

!
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1
80

!
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FIGURE 6.3.1: Change in humidity ratio of supply air across sensible heat

exchanger versus water flow rate.
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6.3.2 Main findings

The more significant findings described below are discussed indetail in section 7.3.

The test results are given in tables 6.3.1 and 6.3.2 and figures 6.:.i to 6.3.6. The

following observations were made:

(a) TI,e results of the tests on air leakage (see sections 6.1 and 8.1) showed that there

was little or no air leakage into the supply air duct for the given flow combination

(MAR""98 gls and MAs""146 g/s). However, there was significant leakage into the

return air duct.

(b) Figure 6.3.6 showed that there was some fluctuation in the inlet air conditions.

111i5had a significant effect on the results and complicated the analysis.

(c) During the tests, water was visually observed to be dripping from the joints in the

return air ducting, between the spray chamber and the heat exchanger. TIle demister

at the exit of the spray chamber therefore did not remove all the water droplets from

the return air stream (see section 7.3 (b»).

(d) The change in evaporator efficiency (EVR) is shown in figure 6.3.2. TIle

efficiency increased with increasing spray water flow rate until a flow rate of

approximately 2 gis, when the efficiency EVR was 99 per cent (effectively 100 per

cent). A further increase in flow rate maintained EVR at 100 per cent.

(e) 111ecooling capacity for the ventilation credit mode (Tee) was less sensitive to

changes in inlet conditions and provided more reliable information concerning the

trends inperformance parameters (see section 7.3 (a) and (c)).
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(f) The . )oling capacity in the ventilation mode ee generally followed the same

trends (see figure 6.3.5) as the cooling capacity in the ventilation credit mode Tee

(see section 7.: (d).

(g) Figure 6.3.3 shows the heat exchanger performance trends. The supply and return

air Mass flow rates were constant for this set of tests and the heat exchanger

efficiency should also have remained constant. The efficiency of heat transfer to the

supply air (EHXs) and to the return air (EHXR) was constant until spray chamber

efficiency EVR was 67 per cent. At this point EHXs increased and EHXR decreased

(see section 7.3 (e),

{h) The regeneration efficiency ERG also changed significantly in these tests (see

figure 6.3.4). 111emeasured values Were lower than the simulated values, be ...ause of

air leakage from points 1 and 2 into point 9. This gave a false measurement of the

true condition of the regeneration exit air at point 9 and resulted ill a false calculation

of the measured regeneration efficiency. The simulated values are more accurate ill

this case. 111e reduction in desiccant loading (represented by Wl~W2) because of

changes in inlet air conditions caused a general reduction i,l regeneration efficiency

inboth measured and simulated values.

0) When water carryover occurred, only the spray chamber end of the heat

exchanger was visually seen to be wet (see section 7.3 (f).
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(j.4 Efficiency of Return Ail' Spray Chamber (EVR) with Balanced

Air Flow

The numbering referred to in this section (6.4) is defined in the figure below

(extracted from figure 1.1).

6.4.1 Experimental prrcedure and results

::~vo sets of tests were done to evaluate the performance characteristics of the return

ail'SI)1'.I)' chamber. '11m first was at a return air flow rate (MAR) of 98 gil> (unbalanced

flow with supply air) and the second at 146 gj" (b .•lanced flow), 'DIe resvlts given in

this section are for tIle balanced flow tests (see section 6.3 f':l1' unbalanced flow test

results).

In the tests only the water f1(\'W rate to the spray chamber was varied and the other

operating parameters were constant at the following values:

.i'.1A~,~~146 gls (supply air flow W!I.~)

EV t' 100 !% (efficiency of supply ai" spray chamber)

The rcom ail' conditions wen: kept relatively constant, but the ambient air conditions

varied slightly during the l;:riod oftesting, The range of these operating conditions

arc given below:

TDBI ""22.4-24.4 "c w, ,. 7.96-10.S0 glkg (ambient conditions)

TDBs'~ 21.4-22.1 -c
EVR ." 0·98 0/0

11lC test results forunbalanced flow are give., in tables 6.4.1 and 6.4.2. Significant

W" 8.86-1O.C4 g/kg (room conditions)

variations arc snown graphically in figures 6.4.1 to 6.4.3.



:.rABLE 6.4.1: J~erfomla11ceparametets for variation of cfficiencv of return air spray chamber reV R).jJ\.i.A.3"" 147 gis)

fffi:2OTi.02 i 39

; 'fES~ TFRR EDHI IEmn ERG(%) IEHXs TEHX~ IEV~ !CC (kW) ! CJP TCe (kW) ITCOP
:_N( (g/s) (%) I (%) M! Sim i (%) ; (%) I(%) l M~_-+-:-S-::im-:--+I-::l\-,Ic-::--+!-::S~im:-::-+-:c-:-:,---1!-:--:-:-+' -::-:-:-1--:--:-:-:::'--l

i
i!BillO.l)2 46 !11 16123 i85 !82 !7 10.71 0.90 !0.13 1.. 0.17
, I J I J itt

1H3112 0.76 43 t n rs i 23 .~86 \ 80 27 I0.63 0.80; 0.12 I,0.15 10.92 ! 1.09 I 0.17 ! 0.21 i
! '!.; I , !:! -L ':
!H3/13 LO; 36 i 12 18 ; 19 ! 86 ! 81 !43 I 0.68 0.68! 0.13 I. OJ3 i 1.23 ! 1.22 ! 0.23 0.23 •
, ! l!!! I! i \ '~_~~ ..__ !

'H3!14 1.43 44 ! 10 15 122 ! 85 ! 82 ! 60 1 0.89 1.13 I0.17 i 0.:': t 1.19 i IA4 : 0.22 i 0.27 '
j ! j ~ 1 ~ t 1 ~_ 1 ~

H3ii5 1.59 41 1:;1 15 ! 21 : 85 183 ! 73 ! 0.77 0.99: 0.15 !0.191 1.35 10;;-.'0.:;.3"1 :1.]9 i
f !. 1 f 1 ~ }} 1

: rD!I6 1.95 51 111 loT 19 185 ! 83 1in I L24 1.88 O.2}! 035 ! 0.83 'I' 1.47 a.l(;i 0.28 '
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TABLJ.'_:.6.4.2: Property ch1mges for variation of efficiency of return air spray chamber (EVd(MAJe 147 gis)

ITEST EVR TDBI !WI HrHl [WI-WZ iWo-Ws ! FRR I TFRR ! PPR IW;;-Wz(glkg) ! %EV rfDB;~~~!W(,~W1 i

~NO. (%) ("C) ! (glkg) (kJ1kg) I(gIkg) I (g/kg) !i (gIs) I(gls) If (bar) IMl Sim I(%) I ('C) i (glkg) !
, I \' , ! I ! _ I '

I H3fll 7 22.4 19.92 4.3 13.38 j 0.15 lO ! 0.02 10 ! 1.18 i 034 ! -- i 21.6 ! 3.64 1
ilH3/12 27 22.5 110.42 45 ;3-.30 ! 0.78 10.641 0.76 12 ! l.00 10.32 , 16 120.0 -,-!_3..~-:-O_-t

I H3/13 43 23.4 110.80 5.0 12.81 ! 1.18 ---j 0.89 ! 1.07 10 1~O.3Q i 17 118.8 i 3.16 I
1 H3114 60 23.3! 9.92 3.7 13.15 ! 1.75 11.17 11.43 IZO--! 1.38 I 0.-44 i i8 117.4 ; 4.68 !
1 H3ilS 73 23.7 110.43 ,12 13.02 12.18 11.26 11.59 130 IU9! 0.41 121 116.4 14.37 !
I H3/16 83 23.9 17.96 4:4 i 2.73 ! 2.38 11.59 j 1.95 ! 40 12.57 i i 18 I 15.8 I 7.04 _J
1 H3ll7 89 23.7 I 10.39 3.9 1 3.43 12.69 I 1.76 ! 2.16 150 I 1.94 t! 0.50 119 115.3 I 5.36 !) I I I !, L ! j I j

r H3118 94 23.9 i9.95 3.5 i 3.00 ! 2.90 2.13 ! 2.57 60 ! 1.82 10.51 117 15.0 15.53 .

_rH3119 97 24.4 19.61 3.2 ! 3.11 12.94 2.33 !2.77 ~ ! 2.05 10.57 ! 16 14.8 16.15--1
tH3120 98 23.3 I 9.46 3.4 i 2.50 I 3.09 i 2.56 ! 3.02 I 80 _l!.32 ! 0.46 I 15 13.8 \4.98 _j

eeo
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WATER FLO\YRATE (gis)

FIGURE 6.4.1: Cooling capacity in ventilation credit motte and return nil' spray

chamber efdoiency versus water flow rate.

WArEn :FLOWIV\'l'E (g/s)

FIGURE 6.4.2: Change in humidity ratios of s\lpply air across deluunidifier and

return air across spray chamber.
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:FIGURE 6.4.3: Change in humidity ratio and dry-bulb temperature in return air

spray chamber.

6.4.2 Main findings

111Cmore significant findings described below are discussed in detail in section 7.4.

The test results are given in tables 6.4.1 and 6.4.1 ond figures 6.4.1 to 6.4.3. The

following observations were made:

(a) The results of the tests on ail' leakage (see sections 6.1 and 7.1) showed that there

was leakage into the supply air duct at point 3, maiuly from point 6, for the given

flow combination. (MAR""147 gls and MAs''''146 !:Vs).There was also leakage into the

return air « at point 7 mainly from point 2.

(b) Table 6.4.1 showed that there was fluctuation in the inlet air conditions. This had

a significant effect OIl the results and complicated the analysis. TIle large fluctuation
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in inlet conditions was a result of unsteady flow from the humidirier that was used to

increase the moisture content Of"1t~dry winter I

(c) No evidence of water carryover from the spray chamber could be visually

observed for this set of tests.

(d) figure 6.4.1 S110\\I"5 the spray chamber efficiency as a function of the water flow

rate. The maximum efficiency of 98 pel' cent was only achieved with the maximum

flow rate of 3.09 'gjs, compared with 1.61 gls required for the unbalanced How tests

to also achieve 98 per cent. However, the root 1 conditions -vere drier and the return

air flow rate was approximately 50 per cent higher for these 1:alanced flow tests. The

shape of the efficiency EVR curve was the same a3 for the unbalanced flow tests, as

expected.

(e) Figure 6.4.1 also includes the trends of the cooling capacity tor the ventilation

mode (TCC). The cooling capacity TCe generally increased with increasing spray

chamber efficiency EVR (see section 7..1 «(1) and (b).

(1) TIle ventilation mode cooling capacity (CC) also generally increased with

increased efficiency EVR but large fluctuations in these values were observed (see
section 7.4 (c)).

(g) Dry-bulb temperature IDB6 decreased ~iSthe change in humidity ratio Wo-Ws
increased. This was expected since sensible heat in the air was converted to latent
heat.
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6.5 Efficiency of Supply Air Spray Chamber (EVs)

The numbering referred to in this section (6.5) is defined in the figure below

(extracted from figure 1.1).

6.5.1 Experimental procedure and results

A set of tests was done to evaluate the effect on performance of the efficiency of the

supply air spray chamber. The air flow was balanced and was approximately 150 gls

for both the supply and return air and all operating parameters were kept constant,

Only the flow rate of the water to the nozzles of the spray chamber was varied to

change the efficiency of the spray chamber. TIle results are given ill tables 6.5.1 and

6.3.2 and figures 6.5.1 and 6.5.2.



1'ABl ;:6.5.1: Performql1ceparameters for variation of the efficiency of the supply air spray chamber (BVs)

iTEST I EDH! ! EDID !ERG (%) IERXs I' EHXR I EVs IEVR ! ec (kW) ! cOP ITee (kW) , rcoe I
;' J ~ L.._,~ ,~ , I _ ,!,' ,\! NO. I (O{,) 1(%) i M ! Sim I (%) !. (%) 1(%).1 (%) M Siro! M I Sim 1M Sim iM !Sim !
!H41l 135- !9 113! 16 180 ! ~9 117 i 87 L01! 1.05 I0.18 ! 0.19 11.40 1.44! 0.25 I 0.26 !
! H4!2 ! 35 ! 9 ! 15 ! 15 ; 80 I 9G I'30 J 87 I 0.96 1.02! 0.17 I 0.18 1 1.35 11.42 I 0.24 : 0.251! 'I I' I! I! I ., J

[_I-I4f3 135 ! 8 _l!6 I 16 ! 79 ! 91 156! 89 ! 1.15 , 1.13 I 0.21 ! 020 11.48 1.46! 0.26 I 0.26 !

IiH4f4 133 i 8 ! 19 115 179 ! 92 ! 73 f8s 11.06 10.98 10.19 10.17 11.50 J' 1.42 I 0.27 i 0.25 !
, , 1 1 I ' , -4- I_!,

I H4!5 133 17 120 i 16 ! SO i 89 189 189 i0.72,.70 !,0.13 10.12 11.68 I 1.66, 0.30 I 0.30 I
j H4!6 ; 33 19 i 18 ! 15 I 80 !90 ! 93 ! 89 0.86 0.87! 0.15 ! 0.16 1 1.50 11.52 ! 0.27 !0.27
!-; 1 ! I I, I I j , I . I I I ! ~
f H4/7 135 ; 9 ! 16 ! 16 ; 80 190 197 190 I 0.87 11.02 ; 0.16 I 0.18-1.36 11.51 I 0.24 I 0.27 !

oe
'Jl



TABLE 6.5.2: Property changes for variation of t..~eefficiency of the suppiy air spmy chamber mysl

ITEST iE.Vs1i roB, IW, HrH, iW,-W, 'W~W,(gIkg) I FR,! . TFR, " PPs ITDB:rTDB4(bC) i%EV IINO. ! <".) I rC) I(g1'''' (kJ1kg) i~ M I (gI,) ,(g1') (bar) IM I Sim (%)IH4!1 i 17 ! 24.7 9.57 3.8 12.41 0.49 I 0.56 2 . 1.3 1.4 13

.
1H4f2 i 30 I24.8 I 9.69 I3.6 12.:7 1 0.88 il. 0.71 0.58 I 0.71
L- .. t t. I. : ..I H4!3 ,56 24.8 9.50 13.i I~.40 i I.42 ! 1.03 0.82 1.03 .

I H4f4 ! 73 124.2 19.65 13.2 1234 '1.96 1.31 1.02 131 .

IfH4!5 ! 89 ,25.3 10.21 I 3.0 12.39 2.44 1.63 1.26 1.63
j , .. j

IH4f6 193 I24.7 p:S6 I' 3.6 l2.37--12.55 11.76 " 1.38 .[.76~ !97 1 24.6 )9.66 i3.5 12.41 12.75 I 1.91 1.50 11.lJI-l--:-:--:----t-:--

(XI
0\
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6.5.2 Main findings

TIle 'findings described below are discussed in detail in section 7.5.

The results are given in tables 6.5.1 and 6.5.2 and figures 6.5.1 and 6.3.2. TIle

following observations were made:

(a) The spray chamber efficiency on the supply air side (EVsJ increased with

increasing spray water flow rate (figure 6.5.1).

(b) TIle cooling capacity in the ventilation mode (CC) and in the ventilation credit

mode (TCC) remained almost unchanged for changes in efficiency INs (i.e, no

change in performance of the DF.C system), TIle fluctuations were due to

fluctuations of inlet air conditions.

(c) Dry-bulb temperature TDB6 decreased and humidity ratio W6 increased with

increasing efficiency EVs. as expected.

(d) The ratio of water evaporated to spray water supplied (%EV) was between 13

and 23 pel' cent. Tne percentage increased with increasing spray pressure, probably

because the droplets were smaller and more total surface area was available for

evaporation.
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6.6 Inlet Air Conditions and Regeneration Temperatures

The numbering referred to in this section (6.6) is defined ill the figure below

(extracted from figure 1.1).

6.6.1 Experimental procedure and results

Tile inlet air conditions and regeneration temperatures were some of the most

important operating parameters that determined the DEC performance characteristics.

It was therefore important to test the system for a wide range of ambient conditions

and regenerating temperatures.

Most of'the tests were done during the winter months of June and July 1997 when the

ambient ail'was cold and dry. The heaters and humidifier at the inlet to the supply air

duct were insufficient to simulate summer conditions. A modification was therefore

done to change the exhaust ail' du.ting so that it discharged near the inlet of the

supply air duct. The hot moist air from the regeneration process was therefore added

to the supply air. A spray nozzle was also inserted into the discharge end of the

exhaust air duct 10 further increase the humidity ratio and decrease the dry-bulb

temperature, when required. This modification together with the two heaters c....id

humidifier at the supply air inlet tabled one (0 rimulate a wide range of ambient air

conditione, The only limitation was that the condition of the supply air was

determined to some extent by the outlet condition of the exhaust air. 'TIle sensitivity of

the heater and bumidifier controls was also very limited.

A series of tests was ..~ ried out where as many combine till' ..; as possible of the inlet

air conditions and regeneration temperatures were tested, The limitations of the

equipment (described above) limited the possible combinations. The test numbers,
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inlet air conditions and reg-aeration temperatures for .ach test are shown 011 a

psychrometric chert in figure 6.6.1.

The test results have been ShO\\11 in this section in the following categories to

illustrate different trends:

(a) TIle C-ollowing shows the effect 011 performance of similar regeneration

temperatures with different inlet air conditions: Tables G.G.ln and 6.6.1h show all

the results in appendix HS ill order of dcscendi.ig regeneration temperature.

Tables 6.6.2a and 6.6.2h show the corresponding process changes for the same

results. The dehumidification process for tests et different ranges of regeneration

temperature are shown in figures 6.6.:'. to 6.6.6.

(b) Table 6.1 ./ and figures 6.6.7<1and 6.6.7b show the effect on performance of

different regeneration temperatures with similar inlet air conditions.

(c) Table 6.&.4 shows the effect on pe.formance of'keeping the dry-bulb temperature

of the inlet air TDBIconstant while varying the humidity ratio W,.

(d) Table 6.6.5 shows the effect on performa: e of keeping tho humidity ratio of the

inlet air WI constant while varying the dry-bulb temperature TDB1•
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IAfsLE 6.6.1a i'ertol111ance parameters of tests tisted in order of descending r~generation temperature (WElll

(see table 6.6.2a for "'rresponding process changes for these tests)

~TEST i TDBs i EDl-H EDH2 IERG ('!.~) IEHXs IEHXR I Q ,.! ec (kW) ICOP ITee (kW) ITeop
i,' NO. I ("C) IIi (%) (%) !1\1 ; Si~ (%) ! (%} (,(k'W) IM ISim ! 1\1 ! Sim ! 1\1 1,"Sin! !I M ISim

: ' , ! I I ! j I I . . !
! H5!22 ! 93.8 ! 32 21 I, 47 ! 26 1, 85 ',i 77 I,. 7.683 i -190 i -2.3& 1-0.25 .! -0.31 • 3.68 I 3.20 I 0.48 i 0.42 J
_Hs!23: 91.6 i 32 18 0121 ! 84 r81 i 7.683 j -0.91 1-1.14 . -0.121-0.1513.09 2.86 I0.40 ! 0.37 I
\ H5!7 1 90.9 i 31 22 ~67 ! 24 , 84 ! 7!J 17.683 I -2.51 : -2.84 I -0.331-0.37 I 420 3.88 I 0.55 IO.5~
!H5!24 19!16 128 3 115 j19 L84 179 17.683 1-0.17

1

1 -0.181-0.02 i -0.0": 1,3.88 13.87 10.51 ! 0.50 !
! H5l21 I 87.7 i 26 30 I 61 I 28 ! ;;4 i 74 15.763! -2.20 ,-3.06 ! -0.38 ! -0.53 I 3.58 ! 2.72 I 0.62 ; 0.47 i
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TABLE 6.6.1b Performance parameters of tests listed inorder of descending regeneration temperature (IDBs}

(see table 6.f 2b for corresponding process chang-s for these tests)

[TEST iroo;- ;EDH:lTEDH2 1_ERG(%) EHXs EHXR! Q j CC(kW) ICOP I TCC(k\V) I TCOP
i_N_'O_. ! (oq i (%) ! (%) ~1\tI! ~i~ (%) (%) ! (k\V) 1M! Sim iM _ Sim IM ~ -1-'-:"1\-:"1-_---,-! -Sl-:-'m----i
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TABJ.-E 6.6.2a Piocess changes of tests listed in order of descendinzregeneration temperature (T1')Bs)

(see table 6 6.1a for corresponding performance xJarameters for these tests)
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TABLE 6.6.2h Process chances of'tests listed in order of descending regcnerat:t)U tempelaturc iTDB;;}

(see table GAl b lor corresponding performance parameters for these tests)

TEST ! TDEt RHs! TDB! IWI ImB2 !w, !Hz-HI IW1-Wz ITDPzl TDBG lTD&; ! TD~m I TDB! IW3-WZ I
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BAROMETRIC PRESSURE 82.50 kPa
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FICIJRE 6.6.2 Dehumidification precesses (1-1) oftests '.vithregeneration temperature IDBs of 55 ± 5 ~C



PSYCHP0METRIC CHART: ALTITUDE 1700m BAROMETRIC PRESSURE 82,50 kPa
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FIGlJRE (},6.3 Dehumidification processes (1-2) of tests with regeneration temperature TDB3 of65 ± 5°C



PSYCHROMETRIC CHART: ALTIWOE 1700m BAROMETRIC FRESSURE 82,50 kPa
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FIGURE 6.6.4 Dehumidification processes (1-2) of'tests 'with regeneration temperature 1DBg of75 ± 5 (lC



BAROMETRIC PRESSURE 82,50 kP2
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TAPLE 6.6.4 Comparison of 4 grOUPS of2 tests at similar dry-buib temperature IDBI but different humidity ratio W!

TEST ITDBa
NO. iC'C)

Tee
(kW)

TDBI rWI I EDHI I EnID I ERG IQ
("C) i (gIkg) I (%) I (%) I (%) i (k\\')

H5/6 I 57.8 ! 23.0 i 17.36 I 43

20

17

TCOP IHz-HI ,WI-VIz

(kJJkg) I (gIkg)

-o.;...

5.3 3.19

39 0.52 4.2 4.203.842 I -0.73 I -0.19

HS/2 I 54.7 I 21.5 ! 13.55 I 41 3.786 I -0.32 ! -0.08 I 1.69 I 0.45-31



TABLE 6.6.5 Comparison of 4 groups of2 tests at similar humidity ratio Wj but different dry-bulb temperature TDB!

TDBs ITDBI 1WI I EDH1 I EDH2 I ERG IQ ! cc
("c) ! ("C) I (gikg) ! (%) I (%) I (%) I (kW) ,(kW)

cop I Tee I TCOP 'I' lI2-HI !W1-W2

(kW) I (kJf.t<g) (gIkg)

TEST

NO.

H5/6 ! 57.8 1 23.0 I 17.36 I 43 17 39 3.842 I -0.73 I -0.19 4.2 4.20

ov.
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6.6.2 Main findings

The more significant findings described below are discussed in detail in section 7.6.

The numbering referred to in tills section (6.6.2) is defined in the figure below

(extracted from figure 1.1).

'The results summarised in section 6.6.1 are described in this section in the following

categories:

(a) S'milar regeneration temperatures at different inlet air conditions.

(b) Similar inlet air conditions at different regeneration temperatures.

(c) Changing humidity ratio of inlet air with constant dry-bulb temperature.

(d) Changing dry-bulb temperature of inlet air with constant humidity ratio.

6.6.2.1 Similar regeneration temperatures at different inlet air conditions

Tables 6.6.1 a and 6.6.1b show the tests in order of descending regeneration

temperature. Tables 6.6.2a and 6.6.2b show the corresponding process changes. TIle

dehumidifying processes for tests at various temperature ranges are shown in figures

6 6.2 to 6.6.6. The following observations were made from the tables:

(a) The efficiency of heat transfer to the supply air (EHXs) was very stable at

approximately 84 per cent. However, the efficiency of heat transfer to the return air

(EHXR) was unstable and varied from 68 to 83 per cent. The most probable cause

was radiation from the regeneration heaters (see section 7.6.2 (e)).

(b) In most of the tests, the dew point temperature at point 2 was greater than tile

dry-bulb temperature at point 6 (see section 7.6.1 (aj).
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(c) Air leakage into point 3 was observed by comparing the measured and simulated

changes in humidity ratio W3-WZ (see section 7.6.1 (b) ).

(d) The difference between the return air temperature at point 9 and at point 7 was

between 30 and 60 (Ie tal' most tests within practical operating conditions {see

section 7.6.1 (c) and (dj),

(e) TIle cooling capacity in the ventilation mode (CC) was negative (heating not

cooling) for most tests (see section 7.6.1 (e) .

(f) The cooling capacity in the ventilation mode (ee) and corresponding eop were

generally higher lor lower ambient dry-bulb temperature IDBl and lower ambient

humidity ratio WI (see section 4.2.2.3, page 40 for reasons).

(g) The cooling capacity in the ventilation credit mode (Tee) and corresponding

TeOp were generally higher for higher ambient dry-bulb temperature TDBI and

higher ambient humidity ratio WI (see section 4.2.2.3, page 40 for reasons).

The following observations were made from figures 6.6.2 to 6.6.6:

(h) For a specific regeneration temperature, the dehumidification process ends at

approximately the same relative humidity RHz. Ambient conditions at lower relative

humidities RHI were dehumidified to only a slightly lower relative humidity Rlh
(see section 4.1.1.1, page 29 for reasons).

(i) A higher regeneration temperature resulted inmore dehumidification and a lower

relative humidity RH2 (see section 7.6.2 (aj),

0) More moisture was removed from ambient ail' with a higher relative humidity

RHI (see sec,·tion4.2.2.3, page 40 for reasons).
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(k) The dehumidification process lines on the psychrometric charts in figures 6.6.2 to

6.6.6 were approximatel;' parallel, tor the same regeneration temperatures. This was

applicable for all ambient conditions (see section 7.6.i (0). Lines that were not

parallel were exceptions and probably represented faulty wet-bulb measurements at

point 2 (usually a result of sudden dust contamination).

6.6.2.2 Similar inlet air conditions at different regeneration temperatures.

Eight groups of two tests at similar inlet air conditions but different regeneration

temperatures are given in table 6.6.3. The dehumidification process for each of these

tests is shown in figures 6.6.7a and 6.6.7b.

The following observations were made for increasing regeneration temperature:

(a) The moisture absorbed (Wj-W2) during dehumidification increased (see section

7.6.2 (a)).

(b) The moisture absorption efficiency EDHI increased in some cases and decreased

inothers (see section 7.6.2 (bj).

(c) The heat transfer efficiency of the desiccant wheel (EDH2) generally decreased,

contrary tc the expected increase (see section 7.6.2 (c)).

(d) The regeneration efficiency ERG increased in some cases and decreased in others

(see section 7.6.2 (d)).

(e) The efficiency of heat exchange L the return air mrxR increased (section

7.6.2(e)).

(f) 1110 cooling capacity in the ventilation mode CC and corresponding COP

generally increased with higher regeneration temperature (section 7.6.2(£)).
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(g) The cooling capacity in the ventilation credit mode TCC and corresponding

TeOp generally decreased with higher regeneration temperature (section 7.6.2(f).

6.6.2.3 Changing humidity ratio of inlet air with constant dry-bulb

temperature.

Foul' sets of two tests 'with similar dry-bulb temperatures TDBI and regeneration

temperatures TDBs but different ambient humidity ratios WI are given in table 6.6.4.

The following observations were made for increasing ambient humidity ratios WI:

(a) The amount of'moisture removed (W!-W1.) increased (see section 7.6.3 (a».

(b) An increase inmoisture absorption efficiency EDH! was initially expected but

this was not always the case (see section 7.6.3 (bj),

(c) The regeneration efficiency ERG increased (see section 7.6.3 (cj),

(d) The cooling capacity in the ventilation mode ec and corresponding COP

decreased with increasing humidity ratio WI (see section 4.2.2.3, page 40).

(e) The cooling capacity in the ventilation credit mode Tee and corresponding

TCOP increased with increasing WI (see section 4.2.2.3, page 40).

6.6.2.4 Changing dry-bulb temperature of inlet air with constant

humidity ratio.

Four sets of two tests with similar humidity ratios WI but different ambient dry-bulb

temperatures TDE! are given in table 0.6.5.
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The following observations were made for increasing dry-bulb temperature TDB1:

(a) The moi..are removed from the air W1- W2 decreased (see section 7.6.4 (a».

(b) TIle heat transferred to the supply air H2-H1 decreased (see section 7.6.4 (b)).

(c) The regeneration efficiency ERG decreased (see section 7.6.4 (c)).

(d) The cooling capacity in the ventilation mode ec and corresponding COP

decreased with increasing dry-bulb temperature TDB; (see section 4.2.2.3, page 40).

(e~ The cooling capacity in the ventilation credit mode Tee and corresponding

reop increased with increasing dry-bulb temperature TDBI (see section 4.2.2.3,

page 40).
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6.7 Desiccant Wheel Speed and Unbalanced Air Flow

The numbering referred to L."1this section (6.7) is defmed in the figure below

(extracted from figure 1.1).

6.7.1 Experimental procedure and results

The following two sets of tests were done to investigate the effects on performance,

of unbalanced air flow, and of changing the rotational speed of the desiccant wheel:

(a) Balanced flow was maintained in the heat exchanger but some return ail' was

vented downstream of the heat exchanger in the return air duct (point 7) which

resulted in unbalanced flow in the desiccant wheel. Fou- tests were done at two

different regeneration temperatures for two different wheel speeds (0.24 rpm and

0.12 rpm). The results are giver, in table 6.7.1.

(b) Balanced flow was maintained throughout the system and 12 tests were done at

different regeneration temoeratures and inlet air conditions, for two different

wheel speeds (0.24 rpm and 0.12 rpm). TIle results are given in table 6.7.2.



TABLE 6.7.1: Unbalanced flow at different regeneration temperatures and different desiccant wheel speeds

ITEST! TDBs I TDBJ IWI
NO. i ("C) [ ("C) (gIkg) 1(%)

TeOI' [Q IHz-HI 1 Wl-W2! TDB9Sim

(kW) (kJ/kg) i (g/kg) -TDB,

H6!3* I 88.4 I 26.6 I 17.47 128 5 23 -0.47 I -0.08 I 2.34 I 0.41 5.676 12.8 3.66 39.8

Notes:

(I) * = small pulley wheel (rotational speed of 0.12 rpm)

(2) IDB9Sim == simulated TDB9

,...
IV



TABLE 6.7.2: Variation of regeneration temperature and inlet air conditions at different desiccant wheel speeds

TDBs

(C)

TEST
NO.

TDBI

("C)

EDH! I EDH2 I ERG I ecw,
(gIkg) (%) (%) (%) I (kW)

COP ITee I rcoe
(k"\/\;)

Q

(kW)

Hz· HI !W1-W:
(kJlkg) (gIkg)

TDB9Sim

-TDB7

("C)

w

34.6 I 17.16 I 23 -0.19 I 3.05 I 0.40 I 7.566 I 1.1

(1) * ::;:small pulley wheel (rotational speed 01'0.12 rpm)

(Z> TDB9si!1 == simulated TDB9

2.68 40.7
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6.7.2 Main findings

6.7.2.1 r~\hmced flow at different regene-at'on temperatures and

different inlet air conditions

The test results arc summarised ill table 6.7.2.

(a) 'The amount of moisture removed (Wl'W,) and moisture removal efficiency

EDHl were slightly lower for the slower wheel spee 1(see sectio117.7.l (aj).

(b) TIle amount of heat transferred (lh-Hl) and heat transfer efficiency EDH2

decreased for the slower wheel speed {see section 7.7.1 (b).

(c) 'The r-generatlon efficiency (ERG) decreased with slower wheel speed (see

section 7.7.1 (c).

(d) TIle cooling capacity ann COP were virtually the same for both wheel speeds, for

both the ventilation and ventilation credit modes (see section 7.7.1 (d)),

6.7.2.2 Unbalanced Howat different regeneration temperatures

These results are summarised in table 6.7.1.

(a) The observations from section 6.7.2.1 were also applicable to these tests.

(b) The regeneration efficiencies ERG for these tests were significantly higher than

those for balanced flow in table 6.7.2 (see section 7.7.2 (bj).

(c) Comparing tests H6!2 (unbalanced flow) with HG!8 (balanced flow) the

performance of the unbalanced flow test was significantly better, in both ventilation

and ventilation credit modes (see section 7.7.2 (c)).
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6.8 Test Results versus Catalogue Data

Simulations were done based on the operanag parameters of two experi ental

tests and information supplied by the manufacturer concerning the performance of

the desiccant wheel, These simulation results and the results of the experimental

tests are shown in table 6.8.1.

Table 6.8. t: Comparison of test results with simulations based on catalogue data.
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CHAPTER 7

DISCUSSION OF TEST RESULTS

Due to the large quantity of experimental results, the main findings and observations

were briefly described together with the experimental results (chapter 6). This

chapter discusses only the most important of these findings as well as those findings

that require further clarification or discussion.

The numbering referred to in this chapter is defined in the figure below (extracted

from figure 1.1).

7.1 Air Leakage

The effects of air ieakage were investigated in detail because of the significant

influence on the other experimental results,

The results of the air leakage tests assisted in the interpretation of the experimental

results given ill appendices H3 to H6. It also provided some interesting information

concerning the hidden adverse consequences of air leakage (see section 6.1.2 for

details).

These consequences included:

(a) Decrease in supply air flow rate and hence cooling capacity.

(b) Each individual process was degraded by the mixing of the processed air with

the leakage air.

(c) 111~performance of each component in the system was affected by changes in

flow rates,

(d) The parasitic power requirements were increased. This was especially applicable

to the f..'U1S.
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TIle air leakage that affected performance most was at points 2 and 3 (figure 1.1).

'nIC cooling capacity (CC) was reduced by 24 to 30 per cent, because of leakage of

dehumidified air out of point 2. TIle cooling capacity of the supply air was then

either reduced or increased, depending on the air enthalpy at point 3, by 3 to 29 per

cent, by leakage of return air into the supply air. The overall influence on

performance (increase and/or decrease of cooling capacity) for most test results in

appendices H3 to R6 was approximately 46 per cent. The influence on COP and

cooling capacity was probably even greater, because of effects such as the decrease

in regenerating temperature, decrease in heat exchanger effectiveness and non-

optimal air flow rates. Itwas not possible to quantify the influence 011 performance

due to these effects.

The individual dr leakage values given in figure 6.1.4 and tables 6.1.2 and 6.1 3,

were only estimr es, but were sufficiently accurate for determining the effect of the

leakage on the process and performance of the system. The estimates of air leakage

were found to be reasonably accurate, from the following observations:

(1) TIle return air flow rate at points 7 and 8 (figure 1.1) was calculated from the

measured air temperature rise after heating and the measured electrical power

consumption of the heaters. '111ecalculated value for most of the tests was

0.165m3/s compared with the estimated value of 0.162 m3/s.
(2) Several random air flow rate measurements were made at point 4. These

measurements were within 10 per cent of the estimated flow rate for point 4.

(3) "n all of the results in appendices H3 to H6, .he measured point 9 (figure 1.1)

fell between the simulated point ') and a point between points 1 and 2 011 a

psychrometeric chart. The ratio of the distance between these points

corresponds well with the air-mixing ratio of the leakage air with the return air

at point 9. See tests H3/9 (balanced flow) and H6/2 (unbalanced flow) for

typical examples.
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7.2 Single Blow Tests

Only a few single blow tests are included in the results to illustrat the PI" ss that

occurred in the desiccant wheel. 111eresults are :10t accurate in reg.ons where the air

properties changed rapidly, because of the slow respor 'i the aspirated

psychrometers. However, despite not being accurate, tL

these tests was very useful.

... -ided by

7.2.1 Regeneration single blow tests

The results for two regeneration single blow tests are given in graphical form in

figures 6.2.1 and 6.2.2. TIle regeneration temperatures were different in each case,

but the inlet ail' conditions were similar. TIle following was observed from the

results:

(a) 'The increase in humidity ratio (W9-WS) ill the regeneration air reached a

maximum value after approximately the same time period. in both cases (although

the maximum value was greater with the higher regeneration temperature). This

was because the heat capacity of the wheel and convection heat transfer coefficient

were constant, and therefore the same amount of time was required to preheat the
matrix. The time required for the increase in matrix: temperature (matrix temperature

minus TOB,) to reach the same proportion of the original temperature difference

(TDBs-TDB\) was a function of the convection heat transfer coefficient and heat

capacity, but not of the original temperature difference. The reasons for this are

described in references concerning transient heat conduction (Incropera and De Wjt,

1985). The preheat time would therefore be a function of factors that influence the

heat transfer rate such as the regeneration air flow rate. This was a very important

observation, since the regeneration efficiency is determined by the total amount of

moisture removed (see equation 4.3, page 30). which is influenced by the time taken

tor W9-WS to reach the maximum value. Therefore the regeneration efficiency

depends on the regeneration nil' flow rate (which mainly determines the convection

heat transfer coetncienn and the heat capacity of the desiccant wheel.
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(b) The W9-WS curve values were proportional to the regeneration efficiency, since

the regeneration heater power was constant during each test (see equation 4.3, page

30). 111(;)1e£Orethe maximum regeneration efficiency can be achieved by fixing the

rotational speed of the desiccant wheel to give a regeneration period that gives the

maximum average value ofW9-Ws over that

this optimum period is described below:

.d, A method of approximating

Figure 7.1 shows that the maximum cumulative average value of a sine curve

occurs at an angle of 133.6 degrees, which is 1.484 times the angle at which the

maximum value occurs (i.e, 90 degrees). This maximum cumulative average value

is equal to 0.7246 times the maximum amplitude of the sine wave. 111e W9-WS

curves hi the regeneration tests could be approximated by sine curves and the

optimum regenerating period was therefore 1.484 times the period at which the

maximum value occurred.

i - ... ~Sine (aI1gle) ---4-··Average cumulative sine over period
\_ --,_. -_ .. _.---,'-_ .. - __ -_,._- ----- - ~'.-. -, -_ --'-~--'- ~..-.-- ..-_

1.2

1 ,..- ...................

~O.8 /

i~:~iy
o 20 40 60 80 100 120 140 160 180

Angle (degrees)

Figure 7,1: Instantaneous and average cumulative sine values over a range of

angles.

All example of this method is illustrated in figure 7.2 for regeneration single blow
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test number H2/2. 'TIle measured curve was approximated by the equation:

W9~W8=: 3.92+2.22.sin(90,t/62)

Where t ""time period (seconds)

(7.1)

The method described here is only an approximation of the optimum regenerating

period but should be sufficient for most practical purposes. One can determine this

approximate optimum wheel speed by doing only one regeneration single blow test.

6,5 I
6 !

~
~ 5.5-co 5
~
0-,

~

3.5
0 9 20 30 51 62 73 83 94 105 116

Time (seconds)

Test no.: H2/2 Optimum regenerating periocl=1.484x62=92 seconds.

Optimum wheel speed""60/(2x92)""O.32 rpm.

Figure 7.2: Example of : method to estimate the optimum regenerating period for a

given desiccant wheel and regenerating air flow rate.

(c) The estimated optimum rotational speed of 0.32 rpm (in figure 7.2) compares

well with the actual rotational speed of'the wheel of 0.24 rpm, 11lCupward deviation

of the W9-WS curve from the sine curve after 100 seconds and relatively flat nature

of the cumulative average curve after the maximum point indicates that the

experimental wheel was operating neal' the optimum rotational speed. Several

experimental tests were also done with a smaller pulley wheel that reduced the

rotational speed of the desiccant wheel to 0.12 rpm. This resulted in a lower energy
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efficiency of the desiccant wheel (see sections 6.7 and 7.7) as was predicted by the

above results.

(d) The graphs for both tests were similar. This showed that the regeneration process

was similar for different regenerating temperatures (i.e. no significant deviations). It

should be possible to do a series of more accurate single blow tests at different

operating conditions and fit equations to the curves to describe the regenerating

process under any operating conditions. This information would be more accurate

than that calculated by finite difference models, since the isotherms for lithium

chloride depend on the wheel manufacturing process and can only be determined

accurately by experimentation (Collier et al, 1982). This would provide a simple and

accurate method of predicting the regenerating process, which could be used in a

control system to optimise performance.

7.2.2 Dehumidification single blow tests

TIle results for two dehumidification single blow tests are given in graphical form in

figures 6.2.3 to 6.2.6. The regeneration temperatures were similar in each case, but

the inlet ail' conditions were different. The following was observed from the results:

(a) The peak WI-W2 values were reached at approximately the same time for both

tests. The reasons were the same as those given in section 7.2J (a) for the

regeneration single blow tests: approximately the same amount of time WaS required

to cool the matrix before the maximum dehumidification rate was achieved.

(b) The graphs both have similar curves, which indicates that several single. blow

tests could be done at different operating conditions and equations fitted to the

curves. One could then get equations to describe the dehumidification process as

functions of the operating parameters as described in section 7.2.1 (d).

(c) The dry-bulb temperature (TDB2) decreased almost from the start of the process,
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mainly as a result of the cooling of the desiccant wheel after regeneration but also

because the rate of moisture removal decreased after an initial peak The small

increase at the beginning was probably a result of the slow response of the sensor to

the step change in temperature. TIle TDBz curve values was higher in the test with

the higher Wj-W2 curve values. This was a result of more latent heat being

converted to sensible heat as moisture was absorbed.

(d) The position of the breakthrough point (when desiccant becomes saturated and

turns to liquid) in the Wl-W1 curves was not sharply defined and it was not clear if

that point occurred in the tests at all. However the flattening of the Wl-W2 curve

after 300 seconds in figure 6.2.3 and approximately 400 seconds in figure 6.2.4,

indicated that these might have been the breakthrough points for tne test operating

conditions.

(e) TIle Wl-W2 curve was negative during the first 30 seconds of the process. This

was most likely a result of the slow response of the wet-bulb measurement in the

aspirated psychrometer. However, the regeneration process is a non-equilibrium

process and some moisture would still be given off at the start of the

dehumidification process, while the wheel W(1S still hot and the vapour pressure

within the desiccant was higher than in the cooler inlet air.
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7.3 Efficiency of Return Air Spray Chamber (EVR) with.

Unbalanced Air Flow

TIle test results are given in tables 6.3.1 and 6.3.2 and figures 6.3.1 to 6.3.6. The

following was observed from the results:

(a) The return air spray chamber efficiency (EVR) increased with increasing spray

water flow rate until a flow rate of 1.89 gis, when the efficiency EVR was 99 per

cent (effectively 100 per cent). A further increase in flow rate maintained the

efficiency EVR at 100 per cent. The performance of the DEC system improve" .vith

increasing EVR efficiency (CC, TCC, COP and TCOP all generally increased) as

predicted by the simulations in section 4.2 (lower cold sink temperature). However,

with an increase in spray water flow rate even before 100 per cent EVR efficiency

had been reached, the system performance began to decline. This was a result of

water carry-over from the return air spray chamber into the sensible heat exchanger.

(b) During the tests, water was visually observed 10 be dripping from the joints in

the return air ducting, between the spray chamber and the heat exchanger, The

demister at the exit of the spray chamber therefore did not remove all the water

droplets from the return air stream. Some of this water was carried over into the heat

exchanger. This is well illustrated in figure 6.3.1 where the humidity ratio of the

supply air increased (with increasing spray water flow rate) as it passed through the

heat exchanger. There '.'. o air leakage into the supply air duct and the only source

of moisture was frc ·'1 \., water carryover, TIle simulated values of the change in

humidity ratio W3-W2 also increased slightly but this was due to the simulation of

air carryover by the matrix as it rotated between the supply air and increasingly

moist return air. TIle measured and simulated changes in humidity ratio (W3-W2)

were initially (zero water flow rate) equal and this represented the effect of air

carryover. However, as the spray water flow rate increased, the difference between

the measured and simulated values increased as more water was carried over into the

heat exchanger from the mist eliminator. The slight fluctuations in the measured

W3-W2 curve corresponded to changes in dry-bulb temperature TDB:! and humidity
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ratio W7. (see figure 6.3.6), which influenced the rate of water evaporation in the

heat exchanger.

(c) TIle cooling capacity for the ventilation credit mode (TeC) was less sensitive to

changes in inlet conditions and provided more reliable information concerning the

trends in performance parameters. The TeOp varied in proportion to cooling

capacity Tee since the regeneration heat input was constant in this set of'tests,

'The measured and simulated cooling capacity Tee followed the same increasing

trend as EVR, until EVR was 67 per cent, A further increase in water flow rate

caused the measured cooling capacity Tee to increase more slowly than the

simulated value. The difference between the measured and simulated values

followed the same trends as the measured change in humidity ratio W3-W2 values in

figure 6.3.1. 'This implies that the decrease in measured cooling capacity TCe was a

result of the water carryover, The heat exchanger is the component that reduces the

enthalpy of the supply air to provide cooling. All other processes are approximately

constant enthalpy processes. The inadvertent evaporative cooling in the rotary heat

exchanger (approximately constant enthalpy process) resulted in less sensible heat

reduction and hence Jess cooling. After the efficiency EVR reached 100 per cent, the

cooling capacity Tee decreased. This was partly becatls€; there was no more

sensible cooling (minimum cold sink temperature had been reached) and more direct

evaporative cooling. It was also a result of changing inlet air conditions, as was

shown by the simulated values of '; .iling capacity Tee. A maximum reduction of

45 per cent in cooling capacity Tee was observed because of tile water carry-over.

(d) The cooling capacity i..11 the ventilation mode (CC) followed the same trends (see

figure 6.3.5) as for the cooling capacity in the ventilation credit mode (TCC), with

the same reasoning (see (c) above). However, the increase in cooling capacity CC

over the last four data points was a result of changing inlet air conditions, as is

shown by the simulated values of cooling capacity ce. The measured cooling

capacity CC values were actually decreasing in relation to the simulated values.
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(e) The supply and return air mass flow rates were constant for this set of tests and

the heat exchanger efficiency should also have remained constant. The efficiency of

heat transfer to the supply air (EHXs) and to the return air (EI1XR) was constant

until efficiency EVR was 67 per cent. At this point efficiency EHXs increased and

efficiency EH.XRdecreased. These changes occurred at the same point at which

cooling capacities ce and Tee deviated from the simulated values. The efficiency

EHXs increase could have been explained by the evaporative cooling in the supply

air stream, due to the water carryover. The efficiency EHXR trends were more

difficult to analyse and although efficiency EH.XRgenerally decreased, the effects of

air leakage at points 6 and 7 could have contributed to the unstable trends of

efficiency EHXR. This was seen from the trends of the efficiency EH.XRwhich were

similar to the trends of the ail' conditions at point 2 (figure 6.3.6) which was the

.ource of air leakage into points 6 and 7. EH.XRwould not necessarily be influenced

much by water carryover in these tests: little evaporative cooling would have taken

place in the return air side of the heat exchanger, since the ail' was already highly

saturated. The supply air mass flow rate was also 50 per cent higher than the return

air flow rate and even if some evaporative cooling took place in the supply air, there

would still be sufficient energy available to heat up the return air. Onl; a small

decrease in efficiency EliXR would have been expected due to water carryover.

(f) When water carryover occurred, only the spray chamber end of the heat

exchanger was visually seen to be wet. The other side was dry, which implied that

the narrow channels of the matrix acted like a demister to remove the water droplets

near the flow entrance. The high rotational speed of the heat exchanger would not

have allowed sufficient time for the water to be blown all the way down the

channels before being blov 1back in the opposite direction and evaporated bj thi::

supply air stream.

(g) The water carryover from the spray chamber only occurred outside a certain

range of return air flow rates (this range was not determined in the tests). When the

velocity was low, then fine droplets followed the air path and passer through the

demister instead of contacting the plates. When the velocity Was high, the water on
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the demister plates was blown off in the form of big droplets. The effects due to high

velocity could only be determined visually by bypassing the return ail' back into the

room at point 7 to increase the flow rate, since the tim was not able to provide a high

enough flow rate.



127

7.4 Efficiency of Return Air Spray Chamber (EVR) with

Balanced Air Flow

TIle test results are given in tables 6.4.1 and 6.4.2 and figures 6.4.1 to 6.4.3. TIle

following was observed from the results:

(a) TIle cooling capacity TCC generally increased with increasing spray chamber

efficiency EV R. "This was expected since the lower cold sink temperature removed

more sensible heat from the supply air stream. 111e measured values of cooling

capacity TCC were lower than the simulated values, because of air leakage (see (b)

below).

(b) TIle evidence of moist air leakage into the dry supply air stream could be seen in

figure 6.4.2 where the measured values of the change in humidity ratio W3-W2 were

higher than the simulated values. This meant a moisture gain in the heat exchanger,

even when no water was being supplied to the spray chamber. The only source of

moisture gain was by ail' leakage from point 6 (compare figure 6.4.2 to the

unbalanced flow results in figure 6.3.1 where no air leakage occurred). The

fluctuations in the measured change in humidity ratio W3-W2 were a result of

changing inlet air conditions (sec table 6.4.2). TI1Cgeneral shape of the measured

change in humidity ratio W3-W2 curve was almost an' ':>1' image of the measured

cooling capacity TCC curve,

(0) The ventila: ion mode cooling capacity (eC) also generally increased with

increased efficiency EVR, but fluctuations in inlet air conditions and gil' leakage

caused large fluctuations in fhese values (see table 6.4.1). The cooling capacity Tee

"altl"·' were more stable since they were less dependent on fluctuations in inlet

condi.lons and were therefore a better lndicaf ',,'1 of increase in performance due to a

higher EVR efflcieucy,
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7.5 Efficiency of Supply Air Spray Chamber (EVs)

TIle results are given in tables 6.5.1 and t;.5.2 and ligures 6.5.1 and 6.5.2. TIle

following was observed from the results:

The results followed the predictions of the simulations in section 4.2: The spray

chamber efficiency 011 the supply air side (HVs) increased with increasing spray

water flow rate. The cooling capacity in the ventilation mode (CC) and in the

ventilation credit mode (TCC) remained almost unchanged for changes in efficiency

EVs (i.e, no change to performance of system). The fluctuations were due to

fluctuations of inlet air conditions. Dry-bulb temperature 1DB6 decreased and

humidity ratio W 6 increased with increasln g efficiency EVs.
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7.6 Inlet Air Conditions and regeneration Temperatures

The results in section 6,6 are discussed ill this section in the following categories:

(a) Similar regeneration temperatures at different inlet air conditions,

(b) Similar inlet air conditions at different regeneration temperatures.

(c) Changing humidity ratio of inlet air with constant dry-bulb temper=ure.

(d) Changing dry-bulb temperature of inlet air with constant humidity ratio.

7.6.1 Similar regeneration temperatures at different inlet air conditions

(a) In most of the tests, the dew point temperature at point 2 was greater than the

dry-bulb temperature at point 6. 111is meant that condensation probably occurred ill
the heat exchanger while cooling the supply air. This had an effect on the

performance parameters. The magnitude of this effect could nUL be determined

because of air leakage that complicated the analysis.

(b) The extent of air leakage (into point 3) was observed by comparing the measured

and simulated changes in humidity ratio W3~W2 of the supply ail' as it passed

through the heat exchanger. The significant effect of this ail' leakage on cooling

capacity and other performance parameters can also be seen in the tables by

comparing measured values with simulated values (i.e, calculated values without air

leakage). The change of humidity ratio '"'lI3~W'2was significantly greater in cases

where dew point condensation occurred (see point (a) above). The simulated value

of the change in humidity ratio W 3-W2 included the small effect of air carryover in

the heat exchanger matrix.

(c) 'l11C difference between the return air temperatures at points 9 and 7 represented

heat that could have been recovered to reduce the regeneration energy requirements.

This temperature difference was between 30 'c and 60°C for most tests within

practical operating conditions. A temperature difference of 83 l1Cwas calculated for

one test. but those ambient conditions would not be expected in practice. The
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simulated value of the dry-bulb temperature IDB9 was used in the calculations to

eliminate the significant effects of air leakage at that point. 'This energy wastage was

a result of the fact that lithium chloride requires regeneration temperatures TDBs

much higher than dry-bulb temperature TDB2 because of the shape of the isotherms

(see section 3.2, page 17, Collier et al, 1982). Recommendations have been made in

chapter 8 concerning methods to recover this energy.

(d) The large amount of energy wasted in the exhaust air stream (see {c) above) was

one of the reasons for the low regeneration efficiencies that were in the order of20

per cent (based on simulated values). This meant that only 20 per cent of the

regeneration energy was used to evaporate the moisture in the desiccant. This

represents a significant opportunity to improve the energy efficiency and

performance of the DEC t ~;Jtsystem.

(e) The cooling capacii in the ventilation mode CC was negative (heating not

cooling) for most tests. Most of these tes.s were for ambient conditions that would

not normally be expected in practice. However, the cooling capacity CC was st.ill

negative for many tests where the ambient conditions were typical of summer

conditions in South Africa. The test system was therefore unable to provide

sufficient cooling under these conditions.

(f) The dehumidification process lines Oil the psychrometric charts in figures 6.6.2 to

6.6.6 were approximately parallel for the same regeneration temperatures. This was

applical ue for all ambient conditio!' 5. 111ereason for this is that the dehumidification

process deviates slightly from a constant wet-bulb temperature process because of

the heat carryover in the matrix: of the desiccant wheel. TIle quantity of heat that is

carried rver to the supply air stream is approximately proportional to the difference

between the inlet dry-bulb temperature IDBI and the regeneration temperature

TDBs. This results in the dehumidification process lines Oil a psychrometric chart

remaining approximately parallel for different ambient conditions (but similar

regeneration temperatures).
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7.6.2 Similar inlet air conditions at different regeneration temperatures

(a) The moisture absorbed (WI-W~) during dehumidification increased with higher

regeneration temperature. Higher regeneration temperature meant deeper drying of

the desiccant which increased the moisture absorption potential (also see section

4.1.1.1, page 29).

(b) The moisture absorption efficiency EDHl increased with higher regeneration

temperature in some cases and decreased in others. No general statement could be

made since efficiency EDHI depended 011 whether the regeneration temperature had

been increased closer or ",way from the optimum regeneration temperature for the

given set of operating conditions.

(c) The heat transfer efficiency of the desiccant wheel EDH2 generally decreased,

with higher regeneration temperature contrary to the expected increase. This was e,

result of the small increase of heat transferred (H:~.HI). In some cases the enthalpy

difference Hz-Hi decreased, but these cases were a result of differences in inlet air

conditions (discussed in more detail ill (d) and (e) below). TIle ccsiccant wheel was

not a perfect sensible heat exchanger: the increase in regeneration temperature TOBs

was partially balanced by an increase ill dry-bulb temperature TDB2 (latent heat

converted to sensible heat) because of the increase ill moisture absorbed (WI-W2).

This resulted in a smaller increase in heat transferred than would have been the case

ttl a sensible heat exchanger,

(d) The regeneration efficiency ERG increased with higher regeneration temperature

in some cases and decreased in others. This depended on the increase ill desiccant

moisture loading in relation to the increase ill regeneration energy.

(e) TIle efficiency of heat exchange to the return air EHXR increased with higher

regeneration temperature. This was most likely a result of radiative heat transfer

from the regeneration heaters that were situated 30011111\to 500 mm from the heat

exchanger. ThJ air leakage was not the cause, since II decrease in the dry-bulb
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temperature difference TDB2-TDB7 corresponded with an increase in efficiency

EHXR. If air leakage was the cause of increased efficiency EHXR the opposite

should have happened. The decrease in dry-bulb temperature difference TDB2-TDB7

could only have happened as a result of an increase in dry-bulb temperature TDB7.

The ducting between the heaters and heat exchanger was also observed to get very

hot which indicated that radiative heat transfer was significant. The increase in

efficiency EHXR also corresponded with an increase in regeneration energy input.

(f) An increase in regeneration temperature resulted in more heat carryover (from

return air to supply air) in the matrix of the desiccant wheel. A portion of this heat

was not regained by the sensible heat exchanger and represented a loss of sensible

cooling. However, a higher regeneration temperature also resulted in more moisture

removal, which reduced the latent heat of the supply air. Generally, a higher

regeneration temperature reduced the enthalpy of the air relative to the room air

conditions, but provided this additional cooling less efficiently. A higher

regeneration temperature therefore generally resulted in a higher cooling capacity in

the ventilation mode CC, but lower cooling capacity TCC and reop in the

ventilation credit mode.

7.6.3 Changing humidity ratio of inlet air with constant dry-bulb

temperature

(a) The amount of moisture removed (WI-W2) increased with increasing humidity

ratio WI. '111eincrease ill humidity ratio WI meant an increase in vapour pressure

and hence an increase in desiccant potential to absorb moisture.

(0) An increase ill moisture absorption efficiency EDHI with increasing humidity

ratio WI was initially expected but this was not always the case. At a higher

humidity ratio value a higher desiccant loading WI-W], is required for the same

EDHl value (see section 4.1.1.1, page 29). The efficiency EDBl therefore

decreased in some tests despite an increase in moisture absorbed (W 1-W2).
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(c) The regeneration efficiency ERG increased with increasing humidity ratio 'N1

because more moisture was absorbed (Wt-W2) and hence more moisture evaporated

for the same amount of regeneration energy supplied.

7.6.4 Changing dry-bulb temperature of inlet air with constant

humidity ratio

(a) The amount of moisture removed from the air (Wt-W2) decreased with

increasing dry-bulb temperature TDBI. The efficiency of moisture removal EDHl

also decreased. The higher dry-bulb temperature TDB! meant that the desiccant was

not cooled as much with resulting higher desiccant vapour pressure and lower

potential to absorb moisture from the supply air (also see section 4.2.2.3, page 40).

(b) The amount of heat transferred to the supply ail' H2-I-iJ (heat carryover ill matrix)

decreased with increasing dry-bulb temperature TDBJ because the temperature

difference between the supply and return air streams was less. That also explained

the generally lower heat transfer efficiency of the desiccant wheel EDH2.

(c) The regeneration efficiency ERG decreased with increasing dry-bulb temperature

TDBI because less moisture was absorbed and therefore less was evaporated during

the regeneration process for the same regeneration heat input.
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7.7 Desiccant Wheel Speed and Unbalanced Air I~Io""

7 .7.1 Balanced flow

(a) The amount of moisture removed (WI-Wl.) and moisture removal efficiency

EDH! were slightly lower for the slower wheel speed. The single blow tests in

section 6.2 suggested that the slower wheel spe-d could improve these parameters,

since the effect of the initial cooling period would have been smaller (see figures

6.2.3 to 6.2.6). However, the air in these tests was significantly more moist than the

inlet air in the single blow tests and the amount of moisture removed was also more.

This meant that the desiccant wheel would have been saturated faster and the

moisture removal (Wt-W2) potential would have decreased faster. This would have

resulted in a reduction in the average amount of moisture removed (WI-W2) and

decrease in moisture efficiency EDHl for the slower wheel speed. However no

general statement could be made concerning an optimum rotational speed since it

depends on desiccant moisture loading and heat transfer characteristics of :he

desiccant wheel. The decrease in moisture absorption capacity was small in these

tests since lithium chloride maintains a high absorption potential even after

becoming saturated and turning to the liquid phase.

(b) The amount of heat transferred (H2"HI) and heat transfer efficiency EDH2

decreased for the slower wheel speed. This was expected since the rate at which heat

was being carried over in the matrix was less.

(c) 1110regeneration efficiency ERG decreased with the slower wheel speed. 111is

was expected from the analysis of the single blow tests (see section 7.2). The

desiccant loading was greater since the average moisture removal (Wl"W2) was only

slightly less than for the faster wheel speed, but the dehumidification cycle was

approximately twice as long. This increased the moisture removal peak in the

regeneration cycle (see figures 6.2.1 and 6.2.2) but reduced tile moisture removal

rate at the end of the cycle. The average moisture evaporation rate was therefore

less.
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(d) The cooling capacity and COP we., virtually the same for both wheel speeds, for

either the ventilation or ventilation credit modes in table 6.7.1. TIle CC and COP

values were slightly higher for the faster wheel speed in table 6.7.2 but this was a

result of slightly more beneficial inlet ail' conditions as was indicated by the

corresponding TCC and TCOP values that were lower. The reason for these similar

performance characteristics was that although the faster wheel speed resulted in

higher EDHI and ERG, it also resulted in more heat transfer to the supply air (Hz-

HI). Approximately 16 per cent of this heat was not recovered by the sensible heat

exchanger which represented a reduction in cooling capacity of approximately 0.14

kW for the faster wheel and only 0.05 kW for the slower wheel speed, at 90 DC

regeneration temperature. This eliminated any benefit from improved moisture

removal efficiency EDHI and regeneration efficiency ERG for the faster wheel.

(e) These findings agreed well with Van den Buick et al (1988) who found that tho

rotational speed of a desiccant wheel had little effect on performance, 111eY

proposed a control strategy in which the desiccant wheel was maintained at :'.

constant rotational speed.

7.7.2 Unbalanced flow

TIle effect of unbalanced flow in the: desiccant wheel was briefly investigated by

four tests at different regeneration temperatures and two different desiccant wheel

rotational speeds. These results are summarised in table 6.7.1. The following

observations were made from these tests:

(a) The observations from section 7.7.1 were also applicable to these tests.

(b) The regeneration efficiencies ERG for these tests were significantly higher than

those for balanced flow in table 6.7.2. This was because the regeneration process,

when viewed on a psychrometric chart, moved higher up the wet-bulb temperature
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line, for unbalanced flow (MAR.(W9-WS) = MAs,(Wl-W2)). This resulted in better

utilisation of regeneration heat and lower dey-bulb temperature TDB9.

(c) Comparing tests H6/2 (unbalanced flow) with H6/8 (balanced flow) the

performance of the unbalanced flow test was significantly better, in both ventilation

and ventilation credit modes. Both tests had similar inlet air conditions and

regeneration heat input and only the regeneration air flow rate in the desiccant wheel

was different. The COP of the unbalanced flow test was 38 per cent higher than the

balanced flow test and the Teop was 15 per cent higher, with the same percentage

increases in cooling capacity. The difference between the increase in TCOP and

COP was a result of small differences in air inlet conditions that increased the

difference in COP and decreased me difference in TCOP. The actual increase would

have been at the same value, between 15 and 38 pCI' cent for both COP and TeOp

for identical inlet air conditions.

(d) Jurinak (1983) found that unbalanced flow improved COP by 10 to 15 per cent

in the ventilation mode. These results were slightly lower than the results obtained

in this project but his DEC system was probably better optimised and the benefits of

unbalanced flow were therefore less.
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7.8 T" ,.t Results versus Catalogue Datu

Some information concerning the performance of the desiccant wheel was supplied

by the manufacturer (see appendix F), but was for a limited range of inlet air

conditions and specifically for a regeneration temperature of 70 °e. O:11ytwo or the
experimental tests were within the limits of this information. The comparisons of

these tests with simulations based on the manufacturer's information are shown in

iable 6.8 L The moisture removal capacities (WI-W2) measured were 26 per cent

and 39 pes cent lower than predicted by the manufacturer's information, TIle extent

of dehumidification was generally very low for all the tests compared with the

manufacturer's information. 111efollowing are possible reasons for this lower than

predicted performance:

('.) The manufacturer's information was based on slightly different operating

conditions: the rotational speed of the desiccant wheel in the catalogue was 58 per

cent greater than that of the test wheel and the supply air flow velocity was 2.:; mls

instead of 1.0 mls in the tests. These factors would have affected the moisture

removal characteristics of the catalogue wheel, but the test wheel should have

performed better. The quantity of air that would pass through a specific part of the

catalogue wheel during the dehumidification cycle was less for the test wheel. 111is

would have resulted in a smaller desiccant loading and higher average moisture

removal capability (WI-W2), which was 110t tl. case, It was therefore unlikely that

the operating differences were the cause (/'reduced performance of'the test system.

(b) 'Die air leakage could have effected the performance since the leakage into point

S reduced the regeneration temperature (70°C) by approximately 5 "c (see section

7.1). One of the tests in tabi, ,8.1 was at a regeneration temperature of 76.7 °C,

which should have compensated for the air leakage, however the moisture removal

capacity of the test unit was still lower than the simulated values.

(C) '111emost likely causes of the reduced moisture removal capacity were airborne

contaminants and thermal cycling as described by Pesaran (19'-3). He reported that
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desiccant degradation of30 to 70 per cent was common over a period of4 to 8 years

with mrch of'the degradation occ.uring in the first year of operation, The test system

had been in intermittent opemtion for almost two year:'> and some desiccant

degradation must have occurred,

(d) 1'11(,1'ewere 110 fllters ,;, the 'nlets to either the supply or return air fans and it is

possible that fine dust could have accumulated in the cellulose matrix to reduce the

area 1'01"mass transfer, Some dust was observed ill the ducting and some of this dust

must have collected in the desiccant wheel matrix.

(e) Another very likely cause of reduced moisture removal capacity was over-

saturation of the desiccant, During the summer months of'February and March 1997,

abnormally high rainfall was experienced in Johannesburg and the air was very

humid. The details of the manufacturing process of the desiccant wheel were not

known. but lithium chloride (UCI) becomes saturated and liquefies at approximately

15 pel' cent relative humidity. The cellulose matrix probably acts as an emulsifying

agent anti keeps the tiCI in the solid matrix. However, LiCI can absorb several

times its 0\\,11 weight in water and the desiccant wheel standing stationary and

exposed to very humid air would have resulted in a slgnificans increase ill water

content ill the matrix. Much of the LiCI solution could haw diffused to the bottom

of the matrix lind deprived much of the wheel of the original concentration, Tests

showed that large I,iCl crystals (5 to 10 nnn diameter) liquefy completely within 10

hom'S and small crystals would liquefy and absorb large amounts of water even

qulcser. The over saturation and desiccant {Of'S could therefore have occurred within

a few hours. Holmberg (1989) recommended that dew point condensation should be

avoided with lithium chloride systems because the lithium chloride dissolves into

tnd runs out with t11(, condensate. Belding ct al (1991) also found that deliquescence

of lahinm chloride occm. air relative humidities as low as 1S pel' cent,

(t) The most likely cause of reduced moisture adsorption t~apacity was probably (l

combination (If points c, d and e above.
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7.~) General Observations

7.9.1 Efficiency of sensible heat exchanger

The efficiency of the sensible heat exchanger was 84 per cent for most of the

experimental tests. This was close to the value of 87 vel' cent read from the

catalogue information in appendix F. However, the catalogue information shows

that efficiencies above 90 per cent are possible with certain flow rate combinations.

Choosing the correct flow rates could therefore significantly improve the

performance of the entire system as is illustrated in table 4.2.3 where the COP

almost doubled when the heat exchanger efficiency was increased from 80 to 100

per cent. The importance of the heat exchanger was also described by Worek et al

(1991) where tests showed that the COP reduced from 1.09 to 0.81 as the efficiency

reduced Irom 93 to 87 per cent.

Several researchers such as Van dell Bulck et al (1991) have proposed control

strategies that vary the supply and return air flow rates mainly to maximise the

performance of the desiccant wheel. However, this could reduce the efficiency of the

heat exchanger and thereby reduce overall performance, This can only be prevented

by using a very sophisticated and expensive centro! system to take this factor into

account. This type of control method is not recommended.

7.9.2 Performance of the DEC test unit

'Ihe DEC test unit performed poorly compared to the results published by other

researchers. Collier et al (199{J) measured COP values of 0.91 to 1.07 in the

ventilation mode at ARI conditions. 'TIll: test unit provided little to no cooling at

these operating conditions. 'I11C reason ,,)1' this is a combination of several factors

including :,it' leakage, possible desiccant degradation and non-optimal operating

parameters. These factors have already been discussed in detail.
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7.9.3 Sources of experimental errol'

Most of the sources of experimental error concerning the equipment used arc

described in chapter five but the following are further sources of error observed

during the experimental tests:

(a) TIle aspirated psychrometers were generally very accurate and within 0.2 °c
accuracy for the dry-bulb temperature and 0.3 "C for wet-bulb temperature

measurements, DIe cotton wicks were replaced once a week and were washed 4

to 8 times a day with distilled water. Surgical gloves were used when handling

the cotton wicks. The requirements of Asm~.AE 41.1-1986 and ASHRAE 41.6-

1994 were fulty complied with. However, there were instances when sudden

dust build-up occurred on the cotton wicks at sample points 1, 2 and 9 nearest

the inlet of the supply air. This often occurred within ? few minutes and was

quickly noticeable by the shift of results displayed 011 the computer screen.

These results were then discarded. Any slow build-up of dust was also

noticeable by the difference between the simulated and measured values that

were displayed on the computer screen.

(b) Unsteady operating conditiom sometimes influenced the measurements and

results. This occurred ill the mornings 01' late afternoons when the outside

ambient conditions changed rapidly. 111e humidifier in the inlet air duct also

supplied a fluctuating steam load. These unsteady operating conditions were

present to some degree in all of the tests and resulted in slightly non-equilibrium

conditions being measured. This factor was taken into account in t~leanalysis of

the results and has been mentioned in the relevant sections of this report.
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7.10 Feasibility and Operability of DEC systems in South Africa

DEC systems are generally not economically feasible at present. They require higher

air flow rates than vapour compression systems to produce the same amount of

cooling. This requires larger equipment that is generally more expensive than other

systems commercially available. The energy efficiency is also low which means

high running costs. However, research over the last 1S years has resulted in an

improvement of thermal COP from below 0.5 to above 1.2. More complicated DEC

cycles using additional components and improvements, such as staged regeneration

and unbalanced flow have the potential to achieve even better performance in the

future. I••creased interest in DEC systems could also reduce the initial capital cost of

such systems and they could become more competitive in the neal' future,

A study was done to determine the average monthly performance parameters of a

DEC system operating in the ventilation, ventilation credit and recirculation modes

in the 12 different climatic regions of South Africa (see appendix G). The purpose of

the study was to determine the operational limitations, optimum modes of operation,

practical considerations and possible future feasibility of such systems in these

climatic regions.

TIle recirculation mode would perform best in the coastal regions and in Ladysmith

and Pnalaborwa, The ventilation mode would perform best in most inland regions.

Two-stage evaporative cooling could generally provide sufficient cooling in the

desert climatic regions including Upington and Beaufort West. Johannesburg was

the region in which DEC systems perform the best with a minimum COP of 0.40 in

the ventilation mode in summer, The COP approaches infinity during winter when

the DEC system should be operated in winter mode. These results were based on the

basic DEC system with balanced flow and significantly improved performance

could he expected with better optimised systems.
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CHAPTER 8

CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions

All of the objectives of this project were met (see section 1.3). An accurate data

acquisition system was installed 011 the DEC test unit, An extensive set of tests was

then carried out to fully evaluate the DEC system and each of its components. A

mathematical model of the DEC system was developed and computer simulations

were done for each of the experimental tests. Most of the results followed the

theoretical predictions but there were some deviations between the measured and

simulated values that revealed several points of interest. The more important of these

are summarised below:

• TIle air leakage between airstreams at the desiccant wheel and the rotary heat

exchanger was extensive. The total amount of air that leaked out of the supply air
duct into the return ail' duct was 42 to 50 pel' cent (depending on the flow rate) of

the original ..ir supplied by the fan. Approximately 2 to 13 per cent of the return

air leaked into the supply duct. TIle leakage reduced the cooling capacity and

COP by approximately 46 pel' cent under normal operating conditions. TIllS

leakage was a characteristic of this specific prototype test. unit and IS 110t

necessarily typical of other DEC systems.

• Increasing the spray chamber efficiency in the return ail' side increased the

cooling capacity and COP. However, water carryove- I'''!)mthe spray chamber

into the heat exchange, occurred when tbe air velc,«, was outside a certain

range. 111e cooling capacity and COP were significantly reduced by up to 45 per

cent when this happened, When the return air velocity was low, small droplets

were carried through the demister with the air. When the nil' velocity Was high,

water that had settled on the demister plates was blown off in the f01111 of large

droplets. 111is observation is important for DEC control systems that vary the

return air now rates to maximise performance.
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• TIle moisture removal capacity of the DEC test system was 25 tc 39 per cell+

lower than that specified for a new wheel by the manufacturr. Thi; Wl'<! "v.

likely because of desiccant degradation because of pollution. dust thermal ageing

and occasional over-saturation. The air leakage also reduced the performance of

the desiccant wheel since the temperature of the regeneration air was decreased.

Other findings included:

• The single blow tests well illustrated the process that occurs at a specific point in
the desiccant wheel as it passes through the dehumidifying and regenerating

processes. A significant observation from these test results was that the heat

capacity of the desiccant wheel and velocity of the regeneration air determine the

time required to reach the maximum rate of regeneration. 111ewheel rotational

speed to give the maximum average regenerating rate can be determined from

one regeneration single blow test for a given wheel and regeneration ail' velocity.

The energy efficiency of the desiccant wheel is at a maximum at this rotational

speed. Unfortunately the significance of this observation is minimised by the

following findings:

• Changing the desiccant wheel speed of rotation had little effect 011 overall

performance. This was because the improved dehumidifying and regenerating

efficiencies with a faster rotational speed were offset by the increased rate of'heat

carryover of'wh'ch 16 per cent was not recovered by the sensible heat exchanger.

Performance is therefore relatively insersitive to rotational speed of the desiccant

wheel.

• The time required to reach maximum dehurmdifying potential can also be

determined from one single blow test. However, this process is dependent on the

inlet air conditions and the optimum rotational speed could not be determined

only from one single blow test.



144

• 'TIlemost important of the recommendations made in this report involved the use

of all additional heat exchanger (see section 8.2,1.1. page 146), This DEC

arrangement would automatically optimise performance and increases the

cooling capacity of the system by a factor of at leas! four. The COP would be a

minimum of 1 with expected COP approaching 2 for normal operating

conditions in summer, The control strategy would also be significantly

simplified.

" Increasing the spray chamber efficiency ill the supply air side had little €Jfect on

performance and only the sensible heat ratio of the air was changed. As with the

spray chamber in the return air side up to 100 per cent efficiencies were

measured. TIle evaporation rates were also high with 13 to 23 per cent of the

spray water evaporating into the air

• The tests in which the inlet air conditions and regeneration temperatures were

varied provided a different perspective of the same results published by other

researchers. However, the results illustrated the low regeneration efficiencies and

energy wastage typical of balanced flow DEC systems. This lead to two

recommendations for the performance improvement of DEC systems.

• Unbalanced flow ip 11m desiccant wheel with balanced flow in the heat exchanger

increased both the cooling capacity fondCOP by }5 to 38 per cent.

The operability of DEC systems in the 12 climatic regions of South Africa was

investigated by simulations using the mathematical model. The recirculation mode

would perform best in the coastal regions and in Ladysmith and Phalaborwa. The

ventilation mode would perform best in most inland regions. Two stage evaporative

cooling alone could generally provide sufficient cooling in the desert climatic regions

including Upington and Beaufort West. Johannesburg was the region in which DEC

systems perform the best with a minimum COP of OA·O in the ventilation mode in

summer, The COP approaches infinity during winter when the vEe system should be

operated in winter mode. These results were based on the basic Dx~C system with
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balanced flow and significantly improved performance could be expected with better

optimised systems.

The initial capital cost and running costs for DEC systems are higher than for other

systems commercially available at present. DEC systems are generally not

economical at present but this could change in future with ongoing improvements in

performance,
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8.2 Recommendations

8.2.1 Improvements to DEC systems

The main reason f01 the low performance of DEe systems is that much regeneration

energy is wasted in the exhaust air. "Therecovery or optimum use of this energy is

the area of greatest potential improvement in the performance and energy efficiency

of DEC systems. The following are suggestions and recommendations for such

improvements.

8.2.1.1 Additional heat exchanger

High regeneration temperatures are usually required to increase cooling capacity.

However tlus usually results in a decrease in COP because more energy is lost in the

exhaust air. It is also difficult to optimise the regeneration temperature for a given set

of operating conditions and energy is then lost. This was illustrated in most of the

tests where the difference between the temperature of the regeneration air leaving the

desiccant wheel and the temperature of the air before being heated was 30°C to

60 °C, which represents a significant waste of energy that could have been

recovered. Figure 8.1 illustrates a recommendation of using a secondary heat

exchanger to recover this energy. This system would also simplify the control

system since the cooling capacity could then be controlled simply by changing the

regenerating temperature. The heat input would be varied to keep the regeneration

temperature ,,+ the required level. Most heat not used for regeneration would be

recovered by the secondary (additional) heat exchanger and the regeneration

efficiency would be maintained at a maximum at all times no matter what the

regeneration temperature. The regeneration efficiency would equal the efficiency of

the secondary heat exchanger (80 to 90 per cent). This represents a significant

improvement in energy efficiency since the regeneratica efficiency for most of the

experimental tests was approximately 20 per cent. All other operating parameters

would be constant including air flow rates and wheel rotational speeds.
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Many researchers such as Collier and Cohen (1qSlJ) found that the addition of inert

heat capacity to the desiccant whe ,1, timises COP. This inert heat capacity has the

same function as the secondary heat exchanger described here since it recovers some

of the heat that would otherwise have been lost in the discharged air. However, the

use of additional heat capacity results in a larger desiccant wheel and a larger main

heat exchanger to recover the heat carryover. The cooling capacity is also reduced

because of the lower desiccant absorption potential, The recommendation described

here eliminates the need for inert heat capacity in the desiccant wheel and would

enable manufacturers to increase the desiccant mass fraction in a desiccant wheel to

increase the capacity of a given wheel size. The size of the main sensible heat

exchanger could be reduced since most of the heat recovery would occur in the

secondary heat exchanger.
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FIGURE 8.1: Recommendation for an additional heat exchanger.
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8.2.1.2 Using the regeneration air twice

When two or more DEC systems are being used then the exhaust air from one

regeneration process can be reused in the second wheel. This recommendation is

illustrated in figure 8.2. The amount of additional heating required would be C.at

used to evaporate the moisture in the previous regeneration process. The

regeneration efficiency in the first process would therefore be 100 per cent compared

to 20 per cent typically obtained in the experimental tests. Several wheels could be

placed in series to decrease the humidity ratio of the process air with intercooling

between each stage. This type of system would be most effective in humid climates

and could provide process air at a very low enthalpy that would reduce the process

air flow rate and the size of ducting and other equipment. 'This recommendation

would only be feasible for special applications and the recommendation in section

8.2.1.1 would still be the first option.

DRY·BULB TEMPER..I\.'J.'U!ill

FIGURE 8.2: Recommendation for the multiple use of regeneration air.
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8.2.2 Recommendations for future work

Any further research projects using the existing test unit should include the

following modiflcations:
(a) Improving the sealing arrangement in the desiccant wheel to reduce air leakage.

(b) Installing dust filters at the inlets of both fans.

(c) Replacing the humidifier with a unit that supplies a more constant flow of steam.

(d) Consider replacing the desiccant wheel (if sufficient funding is available)

(e) MIAlizy the ducting to include facilities for rr.ore accurate air flow rate

measurement.

The following two projects are recommended for future research into DEC systems:

• Section 7.2 mentioned doing a series of single blow tests at different operating

conditions to get empirical solutions to the governing equations for the

performance of the desiccant wheel. These equations could be used in a

mathematical model to simulate the actual performance of the experimental DEC

test system.

• The recommendation in section 8.2.1.1 to install an additional heat exchanger

could be tested and evaluated. 'TIle recommended DEC configuration is

relatively insensitive to the condition of the desiccant wheel (see section 8.2.1.1)

and the existing desiccant wheel could be reused for this project,
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AI)PENDIXA

CALIBRATION RESULTS

'1111) calibration results for the LM 35 temperature sensors aud the hygrotransmitters
arc given in this appendix.
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TABLE A3: Calibration of'Fluke nmltimeter to read TWB,~.

Calibration equation (from table A:~): TWD" ("C) "' (measured mV .., 5.3)110.013
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TABLE A4: Results of experiments to check accuracy of'the calibration equations.
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Figure A.l: Calibration results for the DELTA OHM, model HD 8908TC/150
hygrotransmitter (serial no. AMW 299) tor different air humidity ratios.

-'la-vv=8glkg -fr-W=11glkg -:~- W=14g/kg

12
10
8

2
0

6 8 10 12 14 16 18 20
Actual relative humidity

Figure A.2: Calibration results for the DELTA Om·i, model HD 8908TC/150
hygrotransmitrer (serial no, AMU 739) for different air humidity ratios,
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APPENPIXB

DATA ACQUISiTION AND PROCESSING COMPUTER

I'ROGRAM

This appendix is a printout of the computer program that was used for data

acquisition during the experimental tests (see section 5.3.1).



_-- -~------------------~--------

(* variables for error anaysis: *) EMAS" EMAR. VAS. E'IA.S. VR. ECC,ETCC,

l'IWGRAM DEC;

("'Tbis program does the following,

*(1) Reads binary 011tPUtfrom PC30 AID card and converts to voltage.

*(2) Converts voltage to temperature value, using cali oration data.

*(3) Calculates all moist air properties at the measured points.

*(4) Calculates changes for each step in the process

*(5) Calculates performance parameters.

*(6) Docs a complete error analysis of all measured and calculated values.

*(7) Simulates the mCaSU1\!U process using a mathematical model.

*(8) Displays all results in tables and on a psychrometric char..

*(9) Prints results, if'requested.")

uses

crt, graph, des, printer;

var
bh : intege.; e hoard handle *) t, 1. J, 72, yy, xx : integer; (* dummy variables *)

EQ. EEHXR, EEILXS, EEVS, I·.E\'R, ECOP, ETCOP, EEER, ETEER, EEDHl, EEDII2,

EERG, ,;,\V2, ENOR. ENOE : real;

EHT:ARRAY[1 ..9] OF REAl.; EW:ARRAY[1 ..9] OF REA'.;

ETDB:ARRAY[L9j OF REAL; ElV B:ARRAY[I ..9] OF REAL;

ECHTOT:ARRA Y[1..81 OF REAL: ECW:ARRA YI 1..8] OF REAL;

DESCRIP: strillgpS): y.m,mm,d,d(rN,h,$,slOO; integer; (* date. time *)

VAS~ARRAYt1..4] OF REAL; 1*supply nil" flowrate inn/Is *)

VR:ARIM.Y[l..41 OF REAL; (* return air flow rate in 1113/5 *)

MAS:ARRAY[1..4] OF REAL; (* supply air flow rate ill kg/s *)

MAR~ARRAY[1..4] OF REAl., (* return air flow rate in kg/s ")

NOH:ARRAY[1..4] OF I~EAL; (~heat input ill kW*)

NOE:ARRAY[L.4] OF HEAl,; (* total electrical energy input in kW ")
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TWSC:ARRAY[l ..4] OF REAL; (* temp of supply water to spray chambers")

FRS:ARRA Yf.1..4] OF REAL; (*wat~'r 110w·rat.e to supply air spray chambers")

FRR:ARRA Y[ 1..4] OF REAL:{*water flow-rate to return air spray chambers")

PPS:ARRAY[1..4] OF REAL; (*press. of water to supply air spray chambers")

PPR:ARRAY[1..4] OF REAL; (*press. of water to return air spray chambers")

W2:ARRA Y[1.A] OF REAL; (* max. possible humidity ratio for pt 2 *)

CC:ARRA Y[1..4] OF REA.L; (* cooling capacity in kW (basic vent. mode)")

CC:ARRAY[1 ..4] OF REAL; (* cooling capacity in kW (vent. credit mode)")

Q:ARRAY[1..4] OF REAL; (* regen. heat supplied in kW ")

COP:ARRA Y[1..4] OF REAL; (* COP for basic vent. mode *)

TCOP:ARRA Y[1..4] OF REAL; (* COP for vent. credit mode *)

EER:ARRA Y[1..4] OF REAL; (* electrical eff. ratio to. basic vent. mode *)

TEER:ARKAY[1..4) OF REAL: (* electrical eff. ratio for vent. credit mode")

EDHl :ARRA.Y[1..4] OF REAL; (* cff. of dehumidifier (moisture removal")

EDH2:ARRA Y[1.A] OF REAL; (* eff. of dehumidifier (heat transfer)")

ERG:ARRA Y[1..41 OF REAL; (* efficiency of'regeneration *)

EHXS:ARRAY[l ..4] OF REAL; (* eff of heat exchanger (supply air)")

EHXR:ARRA Y(LA] OF nl~AL; (* efficiency of heat exchanger (return air)*)

EVS:ARRA Y[1..4] OF REAL; {* eff of supply air spray chambers "j

EVR:ARRA Y[1..4] OF REAL; (* eff of'return air spray chambers *)

A:ARRA Y[O..15,1..3] OF LONGINT;(* averaged voltages in microvolts *)

CL:ARRA Y[O..1S] OF LONGlNT; (* confidence limits in microvolts *)

TDB:ARRA Y[1..9,1..4] OF REAL; (* dry bulb temp. DC *)

TWB:ARRA Y[1..9,1 ..4] OF REAL; (* wet bulb temp. °c *)

RH:ARRA Y[1..9, 1..4] OF REAL; (* relative humidity (frac) *)

PSDB:ARRA Y[1..9,1..4] OF REAL; (* sat, press. at TDB kPa *)

PSWB:ARRA Y[1..9,1..4] OF REAL; (* sat. press. at TWB kPa *)

PA:ARRA Y[1..9,1..4] OF REAL; (* air pressure kPa *)

·V:ARR.\ Y[l..Q,l..4]OF REAL; (* humidity ratio kg/kg *)

SV:ARRA Y[1..9,1..4] OF REAL; (* specific volume lll"/kg *)

U:ARRAY[1..9,1..4] OF RL~AL;C* percentage saturation ~o*)
HT:AI'RAY[1..9,1..4] OF REAL; {* total specific enthalpy ail' kJ/kg *)

TDI': \RRAY[LI).1..4] OF REAL; (* dew point temperature "c *)

PW:ARRAYl1..9,1..4] OF REAL: (* vapour pressure kPa *)

CIlTOT:ARRAY[1..S,I..4] OF REAL; (* change of total sp, enthalpy kJ/kg *)
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CW:ARRAY[1..S,l..4] OF REAL; (* change of humidity ratio kg/kg *)

FUNCTION psat(f:real);real; (* calculates sat. pressure for given '1 *)

Val' Z: real;

begin T:""T+273.16; Z:"'(2S.S90S1+0.0024S04*T -3142.31ff)*ln(10)-8.2*Ill(T);

PSAT:"'-' 1OO"'cxp(Z);

end;

FUNCTION tsat(P:real):real; (* calculates dew point temp. oC *)

var z.real:

begin

ifP<O.OOl TIlliN P:"'O.OOl, Z:="lll(P);

ifp>O.6112 then (* ie. TDP>O oC *)

tsat:= 6.54+(14.526*z) '·(0.7389*z*z)1 (O.09486*z*z*z)+(0.4569*(exp(O.1984*.4)))

else tsat.= 6.09+(12.608*z)~«(.' t959*z*z);

end;

PROC.EDURE tablep; (* prints results ill tabula!' form *)

begin

writelntl.S'l',' '); writclll(LST,' ');

\\Il'iteln(LST: THE FOLLOWING INPUT WAS ENTERED:');

writeln(IBT,' ****"'*******************"'********"'***');

wrltelrulst,' TWB[2] (oC):', TWBI2,l]:6:2);

writclntl.S'I',' SUPPLY AIR FLOWRATE (m3/s1 nom : ',VAS[1}:S:3 ):,

writelntl.S'I',' min: ',VASt2]:5:3).

\\Titc!n(LST; max: ',VAS[3)5:3);

wrltelnfl.S'I',' RETURN i\IR FL )WRATE (m3/8) nom: ',vRIl ]::;:3);

writelnfl.S'I',' n..n : '.VR[21:5:3);

'''Titcln(LST,' max: ',VR[3]:5:1):

writcln(LST,' REGENERATION ENERGY INPUT (K\V): NOR[1]:5:3);

writeln(LST,' fLEe. ENERGY (EXL. REGEN) (KW): ',NOE[1]:5:3);

Wliteln(LST: SPRi\Y \VATERINLET 1EMP. (oC): ',T\Wql]:3:1);

writeln(LST,' SUPP. AIR SP. en, WATERFLOW RATE (g/s) :"FRSII1:'i:2);

writelntl.S'I',' : PUMP PRESSURE (bar) :',PPSP]:3:0);

wl'itelll(LST,' RET. AIR sr. en, :WATER FLOW RATE (pis) ·',FRR[l]:4::.));
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writdn(LST,' : PUMP PRESSURE (bur) :',PPR[11:3:0);

reaom; writeln(LST,' '); writeln(LST,' '); writeln(LST,' '); \\Titcln(LST,' ');writeln(LST,' ');

\\Titc(LST,' RESULTS OF DEC TEST (sheet 1 of2) ');

writeln(LST.' DATE: ',d,'-',m,'-',y);

writelnfl.S'l',' ****************"** T1r-.1E:',h,'H"mm);

writeln(LST,' '); writeln(LST,' TEST NUMBER: ',DESCRIP); writeln(LST,' ');

writeln(LST,' OPERATING PARA.METERS (MEASURED AND ENTERED AS

INPUT)');

writeln(LST,' ------------------------------------ NOM. r llN. MAX. ');

IVl'ite(LST,' Supply air flow rate (g/s)> lOOO*MAS[l):'):OJf1C'J" )'AS[21:8:0);

writeln(LST,1000*MAS[3]:8:0);

write(LST,' Return air flow rate (gls)= ',1OOO*MAR[1]:6:0, 1000*MAR[21' 8:0);

\\Titeln(LST,lOOO*MAR[3];8;O);

writeln(LST,' Regen. heat input (kW)= NOR[1]:6:3,NOR[2]:8:3,NOR[3]:8:3);

writeln(LST,' Elec, energy (exol, reg.) (kW)= ',NOE[lJ:6:3,NOE[2J:8:3,NOE(3]:8:3);

writelnfl.S'I',' Spray chambers: water T (oC)=

',TWSC(1):6:1,TWSC[2]:8:1,TWSC(3]:8:1 {,TWSC(4]:6:1});

\vxiteln(LST,' Water flow rate (8 S/CH) (gIS)=

,FRS[l]:6:2,FRS[2]:8:2,FRS[3]:8:2{,FRS[ 4]:6: I});

wrltelnfl.S'I',' at pressure (bar)= ',PPS[1]:6:0,PPS[2]:8:0,PPS[3]:8:0);

writelnfl.S'I',' Water flow rate (R stCH) (g/s)«

',FRR[lj:6:2,I;RR[2]:8:2,FRR[3]:8:2{,FRRI4]:6: I});

vritclnfl.S'I','
Ivxiteln(LST,' ');

writelr.{LST,' PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO ');

wrltelnu 81',' -------------------------------.._-_.-------------••-.--------_.----.--') ;
\\Titeln(LST,' ST END H (kJ/KG) W (g/kg) ');

at pressure (1',\1')"" ',PPR[1]:6:0,PPR[2]:8:(),PPR[3]:8:0);

\\Titdn~LST,' PT PT NOM. WN. MAX. Sllv[. NOM. MIN. MAX. rOM. '):
for I:'" 1 to 8 do begin

wr;te{LST,I:15,(I+l):3,CHTOT[I,1]:7:1,CHTOT[I,2]:6:1,CHTOT[1,3]:6:1,

CHTOT[l.4]:6:1);

\>TIteln(LST,CW[I,l]* 1OOO:8:2,CW[I,2]* 1OOO:6:2,CW[I,3 J' 1000:6:2,
CW[I,4]* 1000:6:2);

end;

\\l'iteJn(L8T,' '); writt~ln(LST,' PERFORMANCE PARA]\1ETERS (CALCULATED) ') ;
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writeln(LST,' ------------------------------- .-- NOM. MIN. MAX SIM. ');

writcln(LST.' Dehumidifier cff.(W) (%) EDIIl""',

1O(l*EDHl [11:5:0,100*[ OH 1[2] :6;0, 1OO*EDHl [3J:6:0, 1OO*EDHI [4]:6:0);

writelntl.ST,' Dehumidifier cff.(Q) (C/o) EDH2"",

100*EDH2[11:5:0,100*EDH2[2]:6:0,100*EDH2[3]:6:0.100*EDH2[4]:6:0);

\\1"iteln(LST,' Regeneration eff. (%) ERG=',

1OO*ERG[ i]:5 :0, 100*ERG[2 ]:6:0,1 00*ERG[3] :6:0, 100*ERG[ 4 J:6:0);

writelnrl.S'I',' Regen. heat it.put (kW) Q =', Q[1]:5:2,Q[2]:6:2,Q[3J:6:2,Q[4]:6:2);

writeln(LST,' Heat Exch, eff. (SUP) (%) EHXS=',

100*EHXS[1]:5:0,lOO*EHXS[2]:6:0,100*EHXS[3J:6:0,lOO*EHXS[4]:6:0);

writeln(LST,' Heat Exch, eff (RET) (%) EHXR=',

1OO*EHXR[ 1]:5:0, 1OO*EHXR[2] :6:0.1 OO*EHXR[3] :6:0, 1OO*EHXR[ 4 J :6:0);
write1n(LST,' "up. air spr. ch, eft:(%) EVS'"",

1OO*EVS[ 1]:5 :0, 100*EVS[2] :6:0, 100*EVS[3] :6:0, 100*EVS[ 4] :6:0);

",. (LST,' Ret. air spr. ell. eff.(%) EVR:.o',

100*EVR[1],5:G,lOO*EVR[2]:6:0,100*EVR[3]:6:0,100*EVR[4]:6:0);

writeln(LST,' FOR VENTILATION MODE: '); \vriteln(LST,' Cooling capacity (kW)

CC ::', CC[1]:5:2,CC[2]:6:2,CC[3]:6:2,CC[4]:6:2);

writelnfl.SI',' Coeff of performance COP""',

COP(1]:5:2,COP[2]:6:2,COP[3]:6:2,COP[4]:6:2);

writelnfl.S'I',' Electricity eff. ratio EER=',

EER[I ]:5:2,EER[2]:6:2,EER[3]:6:2,I -:::R[4]:6:2);

writelnfl.S'I',' FOR VENTILATION CREDIT HODE: ');

writeiu(LST,' Cooling capacity (kW) TCe =',

TCC[1]:5:2,TCC[2]:6:2,TCC[3]:6:2,TCC[4]:6:2);

writeIn(LST,' Total Coeff ofperf TCOP""',

TC()P[1):5:2,TCOP[2]:6:2,TCOP[3]:6:2,TCOP[4]:6:2);

writeln(LST,' Electricity eff ratio TEER""',

TEER[1]:5:2,TEER[2]:{I;2,TBER[3]:6:2,TEER[4]:6:2);

READLN; write1n(LST,' ');

\vrltcln(LST,' '); writelml.S'I',' '); writcln(LST,' '); writelnrl.S'I',' ');

write(LST,' RESULTS OF DEC TEST (sheet 2 0[2) ');

writeln/LS'I',' DATE: t,d,'~',m,'-',y);

writelnff.S'T,' ******************* TIME: ',h,'H',mm);
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writcln(LST,' '); writelnfl.S. ',' MOIST AIR PROPERTIES AT MEASURED POINTS

IN PROCESS');
writeln(LST,' ••••••• '.-' •••_••-••_'-' •••-.- •. ..... J) ; writelntl.S'I',' '};

writeln(LST,' NOMINAL Iv1Et\SURED VALUE~: ');

writelnu.S'I',' PI TDB 'fWB TDP PW W RH U SV H');

writeln(LST,' (oC) (oC) (uL) (kPa) (g/kg) (%) (%)(m3/kg)(kJlkg/);

for 1:== 1 to 9 do

writelnrl.S'Ll: 15,TDB[i, 1J:6: 1.rwsn, 1] :6: 1,T,)PfI, 1]:6: 1,PW[I, 1]:6:2,

W[l, 1]* lOOO:7:'.:.,RH[i,lF' OO:':·.O,l.(I,I]* 1OO:4:0,.:V[I,i]'7:3,HT[l, 1}:7;2);

writehul.S'I',' 'J; wrltel-ul 3T,' VALlIES FOR TDB & W FROlv1 ERROR ANALYSIS &

SIMULATION: ');

wrltelnrl.S'I',' (UNIT S A,:,ABOVE)');
writeln(LST,' PT 1 2 3 4 5 6 7 8 9');

'''Titeln(LST,' TDB(MlN) ',TDB[1,2]:S:l, TDB[2,2]:5:1,TDBf3,2]:5:1,

TDB[4,2]:S:1,TDB[5,2]:5:1,TDB[6,2]:S:1,TDB[7,1]:5:1, TDB[8,2]:5:l,TDB[Q,21:5:1);

-writeln{LST,' TDB(MAX) ',TDB[1,3]:5: 1,1'DB[2,3):5: 1,TDB[3,3J:5; 1,TDB[4,3]:S; 1,

TDB[: "S:1,TDB[6,::S]:5:1,TDB[7,3]:5:1, TDB[8,3]:5:1,TDB[9,3]:5:1);

writeln(LST,' W (MIN) "W[l.2]*lOOO:5.1,W[2,2]*1000:5:1,W[3,21'" :000:5:1,

W[4,2]* 1000:5: 1, W[5,2}* 10'JO:5:1,W[6,2]*1000:5: 1,W[7,2]" JOOO:3: 1,

W[8,2]* 1000:5:1. W(9,2]*10CO:S:l);

writeln(LST,'W (MAX) ',W[l,3]*1000:5:1,W[2,3]*lOOO:5:1,

W[3,3]* 1000:5:1,W[4,3]* 10dO :5:1,WP,3]* 1000:5: 1,W[6,3]* 1000:5: 1,

W[7,3] ~1000:5: 1,W[8,3]* 1000:5: 1,W[!:I,3]* 1000:5: 1);

writ~lll(LST,' TDB(SIM) ',TDB[l ,4]:5: 1,TDB[2A];S: 1,TDB[3,4}.5: 1,TT)B[~,4]: 5: 1,

TDB[5,4 ]:5: 1,TDB[6,4 ]:5: 1,TDB[7,4 ]:5: 1,TDB[8,4 ]:5: 1,TDB[9,4] :5: l);

writelnil.S'I',' W (SIM) ',W[ 1,4]* 1000:5: 1,W[2,4]*1000:5: 1,W[3,4]* ~OOO:5:1,

W[4,4]* 1000:5: 1,W[5,4]* 1000:5: 1,W[6,4]* 10(\():5: 1,W[7,4P 1000:5: 1,

W[8,4J*1000:5: 1,W[9,4]* 1000:5:1);

end;

Pl~OCEDURE presult; (* choose to print results *)

var xx.inreger;

begin clrsc.'; wTitdn('ENTER l=PRINT RESULTS, 2'-"{'ONT.'); readlntxx);

if'xx=l then tablep else xx:"'2;

end;
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PROCEDURE psychart; (* displays psyehromatric chart showing process *)

val' grdrlver, grmode, grerror, x, y: integer; P, GG, T : real;

begin
grdrive. =detect; initgraph(gl'drivcr,grmode,"); grerror.=graphresuh; if grerror-c-grok

then writelnt'graphies errori'igrapherrormsglgrerrorj) else

begin

setcolortgreen); .noveto(0,380); lineto(600,380); (* draws axes *)

Uneto( 600,110); moveto(250,420); setcolor(5); outtext('DBT (oC)'); rnovetof 595,40);

outtextt'W'); moveto(592,GO); outtext('glkg');

end;

setcolor(5); for I:~'Oto 8 do (* displays 'fDB increments O~ horizontal axis *)

begin T:==!O*I; putpixel(I*7:5,385,5); moveto(I*75,390);

case Iof O:outtext('O'); l:outtext('lO'); 2:outtext('20'): 3:outtext('30'); 4:outtext('40');

5:outtext('50'); 6:\hlttext('60'); 7:onttext(,70'); 8:outtext('80'): end;

end;

for 1:=0 to 6 do (* prints humidity ratio increments on vertical axis *)

begin GG:""5*1; putpixel(602,31l0.I*45,5); moveto(605,380·1*45):

case Iof O:outtext('Q'); 1:outtext('5'); 2:outtext('10'); 3:outtext('15'); 4:outtext('2.0');

5:outtext('25'); 6:outtext('30'); end;

end;

setcolorffi); moveto(0,340);

for I:~=Oto 14 do (* draws saturation curve *)

begin T:~2"'I; P:"'psat(l,); GG:~O.622*P/(82.5·P); X:"'-'I*15; Y:':r'oooJ(380·G*9000);

line!o(X,Y); end;

setco!or('l); !inc(O, 100,30, 100); outt~~xtxy(33, 1OO,'inlct'); setcolor(5); line(O, 110,30, 110);

onttextxy(33,110,'l'oom'); setcolol'(9); Iinc({l, 120,30, 120); outtextxy(33, 120,'olltlet');

setcolon 12); linc(O, 130,30,130); 01.ltt~li.txy(33,130,'silllulated');

sctcolor(7); (* plots measured point 011 chart *) A:'-'·OlUlll(7.5>tcTDI~[1J);

Y:'~l'oUI1d(380·W[1, 1]*9000); movcto(X,Y):outtext('1 ');

for 1:""2 to 9 do

begin case I of2,3,4:setcolor(7); 5:setc\)loz{5); 6,7,8,9:sctcolor(9); end:

X:"!otlllt!(TT)B[I,1)*15/2); Y""fOund(380 -W(I,lJ*9000); lillctO(X,Y);
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case I of 2;oultextxy(x,y,'2'); 3:outtextxy(x,y,'3'); 4:outtextxy(x,y,'4');

5:outtcxtxy(x,y,'5'); 6:outtextxy(x,y,'6'); 7:outtextxy(x,y,'7'); 8:outtextxy(x,y,'8');

9:outtextxy(x,y,'9'); end; end;

setcolon I:!); (* plots SI:vrULATED point on chart *) X:'=round(7.5*TDB[1, 1]);

Y :""l.'OtUld(380-W[1, 1]*9000); moveto(X,Y);Otlttcxt(, 1');

for 1:""2 to 9 do begin X:"'rOlUld(TDB[I,4] *15!2); Y::=rouud(380 -W[I,4]*9000);

lineto(X,Y); case I of 2:outtextxy(x,y,'2'); 3:outtextxy(x,y,'3'); 4:outtextxy(x,y,'4',;

6:outtextxy(g,y,'6'); 7:outtextxy(x,y,'7'); 8:outtextxy(x,) ,'8'); 9;outtextxy(x,y,'9'); end;

end; readln;

closegraph

end;

PROCEDURE tableD; (* displays results in tabular form *)

begin clrscr;

\\Tite('RESULTS OF DEC TEST I); write(,DATE: ',d,'-',m,'-',y);wl'itdnt' TIME:

',h,'H',mm); writeln(,*************"*****');

writeln('PURPOSE OF TEST:' ,DESCRIP); writeln('OPERATING PARAfv1ETERS');

writcln('----------- -------'); writelnt'Supply air flowrate "" ',MAS[1]:4:2,' kg/s');

wrltelnt'Retum air flow rate '" I,MAR[1]:4:2,' kg/s');

writclru'Regen, heat input "" ',NOR[1]:4:3,' kW'); writeln;

writcll1('MOIST AIR PROPERTIES AT MEASURED POINTS IN PROCESS');

wri teln('------------ .-- •• -.---.-.-.-.---------------< ....---' );
\\-Titeln('PT TDB TWB TDP PW W RH U SV H');

wrltelnt' (oC) (oC) (oC) (!:Pa) (g/kg) (%) (%) (m3Ikg) (kJ/kg)');

for I:"" 1 to 9 do

wl'itdn(I,TDB[I,l ]:7: 1.TWB[I, 1):6: 1,TDP[I, 1]:5: 1,PW[I, 1]:7:2,W[I, 1J* 1OOJ:ll:2.

RH[I,l]* 1OO:5:0,U[I,1]* 10f);6:0,SV[I,l]:8:3,HT[I, 1]:8:2); readln; clrscr;

,,,Titeln('PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO ');

writeln(, .-- -..... ---------------._---------------------' ) ;

wTitdn('ST END h (kTlKG) W (g/kg) ');

writelni'P'I' PI NOM. r-.lIN. MAX. SIM. NOM. MIN MAX. SIM. I).

fer I:"" 1 to 8 do begin

writc(I: 1,(I+ 1):3,CH10T[I,1]:7:1,CHTOT[I,2];6: I ,CllTOrlI,3]:6: 1.CHTOT[I,4j:6: 1);

wdtclll{CW[I,l]* 1OOO:8:2,CW[i:,2]* 1OOO:6:2,CWII,3]* i0(IIJ:6:2,C\V[I,4 J* lOOO:6:'?,);

cud; readln; elrscr;
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writelll('PERFORMANCE PARAMETERS (CALCULATED) ') ;

writeln('---------------------- NOM. MIN. JVf~u(. SIM. ');

writeln(,Dehumidificr eff.(\V) (%)

EDHl=', 1OO>i<EDHl[1]:5:0,lOO*EDTIl [2]:6:(J, lOl)*EDHl [3):6:0, 1~O' EUHl [4]:6:0);

writelnt'Dehumidifier cff.(Q) (%)

EDH2=', 100'~EDH2(11~5:0, 1OO*EDH2[2}:6:0,1 OO*EDH2[3 ]:6:0, 100*EDH2[ 4 ]:6:0);

writelnt'Regenerauon eff. (%)

ERG=:',lOO"ERG[l]:5:0,lOO*ERG[2]:6:0,100*ERG[3]:6:0,lOO*ERG[4]:6:0);

writdn(,Regen. heat input (kW) Q =:',Q[1]:5:2,Q[2]:6:2,Q[3]:6:2,Q[4]:6:2);

writeln(,Heat Exch. eff. (SUP) (%)

EfLXS""',lOO*EHXS[l]:5:0,lOO*EHXS[2]:6:0,lOO*EHXS[3]:6:0,IO0*EHXS[4]:6:0);

writeln('Heat Exch, eff. (RET) (%)

EHXR=',100*EHXRfl]:5:0,100*EHXR[2]:6:0,lOO*EHXR[3]:6:0,1OO*EHXR[4]:6:0);

writelru'Sup, air spr, ch, eff.(%)

EVS~",1 OO*EVS[l]:S:O, 1OO*EVS[2]:6:0, 1OO*EVS[3]:6:0, 1OO*EVS[ 4J:6:0);

writelnt'Ret, air spr, ch, eff.(%)

EVR=',lOO*EVR[1]:5:0,lOO*EVR[2]:6:0,100*EVR[3]:6:0,lOO*EVR(4):6:0);

wnteln('FOR VENTILATION MODE: ');

writeln(,Cooling capacity (l~W) CC ""',CC[1]:5:2,CC[2]:6:2,CC[3]:6:2,CC(4]:6:2);

writelnt'Coeff of performance

COP;:"COP(1):5:2,COP[2]:6:2,COP[3]:6:2,CO!>[4]:6:2);

writelni'Electricity eff ratio EER"",EER[1]:5:2,EER[2]:6:2,EER[3]:6:2.EER[4]:6:2);

writeln('FOR VENTILATION (,REDff MODE: ');

writelni'Cooling capacity (kW) TCe ""',TCC[1]:5:2,TCC[2]:6:2,TCC[3]:6:2,

TCC[4]:6:2);

writelnl'Total Coeff of perf. TCOP""',TCOP[1]:5:2,TCOP[2]:6:2,TCOP[3]:6:2,

TCOP[4]:6:2):

writelru'Electricity eff. ratio TEER"'" ;mER[! ]:S:2,TEER[2]:6:2,TEER[3]:6:2.
TEER(4):6:2); readln;

end;

PROCEDURE result;

var xx.lnteger;

begin clrscr; repeat psychart; tableD;

writeln(,ENTER l'''SEE PSYCH. CHART AGAIN, 2"CONT:)~ readlntxx);
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until }x=2;

end;

PROCEDURE process; (* calculates changes in process conditions and

overall performance parameters *)

var El1,E2') '21,E2:real;

begin MAS[l]:=VAS/SV['.,l];

EMAS:=MAS[l]*(EVASN AS); (*error of SV small compared to VAS"')

MAS[2];=MAS[1]-EMAS; MAS[3]:~"'MAS[1]+EMAS; MAR[1]:'-"VR1SV[9,1];

EMAR:=MAR[l)*(EVRENR); ("'error ofSV small compared to VR*)

IvLAR[2J::=lVIAR[I]-EMAR; MAR[3]:=MAR[lJ+EMAR;

FOR 1:""1TO 9 DO begin

ERT[l] :=(HT[l,3 ]-HT[I,2])/2; EW[I] :"'(W[I,3]- \,,, [1,21)/2;

ETDB[I]::=(TDB[I,~}-TDB[I,2])/2; ETWB[I]:""CTWB[I,3]-T\VE[l,2])J2;

end;

FOR I.=1 TO 8 DO begin

ECRTO I[!] :""sqrt(EHT[I+ 1]*ERI[I+ I ]+EHT[l) *ERnl]);

CETOTl!' 1]:=RT[I+ I, I]-HT[I, 1]; CHTOT[I,2]:=CHTOT[I, 1]-ECHTOT[I];

ClrrOT[I,3):=CHTOT[I,1}+ECHTOT[I];

ECW[l1 :""sqrt(EW[I+ 1]*EW(I+ I ]-:~EW[l]*EW[I]);

C\V[I, 1):=W(l+ 1,1]-W[l, I ]: CW[I,2] :=CW[I, 1]-ECW[l] CW[I,3] :=CW[I, 1FECW \1];

end;

E 1:~EclrroT[ 4]leRTOT[ 4,11; E2 :""E}"1A.SfMAS[1];

CC[I ]:"'(CRTOT[ 4, I])*!v1AS[I]; ECC:"'Cq 1]*sqrt{E 1*El +E2*E2);

CC[2]:""CCP}-ECC; (,C[3]:=CC[I]+ECC;

Ell:~.sqrt(EHT[1]*EHT[l]+HIT[4]*EHTl4]);

El :"'Ell/(I-lT[1,1]-Ifr[4,1]); E2:=EMAS/MA~[l];

TCC[l]:"'(Hr[1, 1]-HT[4,1])*MAS[1]; ETCC:"'TCC[ l]*sqrt(El *E1+E2*E2);

TCC[2]::=TCQl]-ETCC; TCC[3 ]:=TCC[1 ]+ETCC;

El:=ECHroT[7)l(CHTOT[7,l]); E2:=EMARlMAR[1];

Q[1]:=CHTOT[7,1]*MAR[1]; EQ:=:Q[I]*Sq11(El¥El+E2~E2);

Q[2}:""Q[l}-EQ; Q[31:'"(~[l]+EQ;

Ell:""sqrt(ETl)B[7]*ETDB~7]+ETDB[6]*ETDB[6]);

El:=Ell/(TDB[7,lJ-TDB[6,l]); E22:'='sqrt(ETDB [2]*ETDB[2}+ETDB [6]*ETDB[6]);

E2:""E22/(TDB[2,l] ..TDB[6,1]);
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EHXR[l]:=(TDB[7,1]-TDB[6,1])f(TDB[2,1]-TDB[6,1]);

EEHXR:=EHXR[lJ* sqrt(El *El+E2*.L!-),

EHXR(2]:=EHXR[ 1j-EEHXR; EHXR[3]:""EILXR[ 1]+EEHXR;

Ell :=sqrt(ETDB(2]*ETDB[2]+ETDB[3]*ETDB(3J): El:==E11/(TDB[2,1]-TDB[3, 1]);

E22:=sqrt(ETDB[2J*ETDB[2]+ETDB(6J*ETDB[6]); E2:=E22!(TDB[2,1]-TDB[6,1]);

EHXS(1]::o(TDB[2,l]-TDB(3, IJ)f(TDB(2,1]-TDB[6, 1]);

EEHXS:=EHXS[ 1]*sqrt(El *E1+E2 *E2)~

EHXS(2]:""EHXS(1}EEHXS; EHXS.3]:""ErIXS[1]+EEHXS;

El1:=sqrt(ETDB(3J'i'ETDB[3]tETDB[4J*ETDB[4]); El:=El1/(TDB[3,1]-TDB[4,1]);

E22:==sqrt(ETDB[3J*ETDB[3]+ETWB[4]*ETWB[4J); E2:""E22/(TDB[3,1] ..TWB[4,1);

EVS[i]:"'(TDB[3,1]-TDB[ 4, 1])/(TDB[3, l]-TWB[ 4,1]);

EEV8.=EVS[1]*sqrt(El *El+El:'E2);

EVS[2]::=EVS(1]-EEVS; EVS[3]::.:EVS[1]+EEVS;

E11:==sqrt(ETDB[5]*ETDB[5]+ETDB[6J*ETDB[6]); El :==Ell/(TDB[5, 1]-TDB[6, 1]);

E22:==sqrt(ETDB[5]*ETDB[S]+ET'NB[6)*ETWB[6]); E2:=E22/(TDB[S, l]-TWB[6, I});

EVR[1]:=(TDB(5,11·TDB(6,l])!(TDB(S,1)-TWB[6,1));

EEVR:=EVR[lJ*sqlt(El *E1+E2*E2);

EVR[2]:=EVR( 1]-EEVR; EVR[3]:=EVR[1]+EEVR;

E 1:=ECCICC[l]; ENOR:=(NOR[3 ]-NOR[2])/2;

E2:""ENORfNOR[l]; COprl]:=CC[l}1NOR(1];

ECOP:=COP(11*sqrt(El*El+E2*E2);

COP[2]:~COP[1]·ECOP; COP[3]:=COP[1]+ECOP;

El:=ETCCrrCC[l]; ENOR:"'(NOR[3]-NOR[2])/2j E2:"'ENORINOR[I];

TCOP[l]:""TCq:,]INOR[l}; ETCOP:==TCOP[1]*sqrt(El*El+E2*E2);

TCOP[2]:"-"TCOI'[1]-ETCOP; TCOP[3]:=TCOP[1)+ETCOP;

E 1:""EeC/CC[l], ENOE:=(NOE[3]-NOE[2])/2;

E2:=ENOE/NOE[l]; EER[l]:=CC[l]lNOE[1];

EEER:=EER[11~sqrt(El*E1+E2*E2);

EER[2]:=EER[ '[]-EEER; EER[3]:=EER[1 ]+EEER;

E1 ::o=ETCCITCC[l]; ENOE:=(NOE[3]-NOE[2))/2;

E2.=ENOEINOE[1]; TEER[lj:""TCC[l]INOE[ll;

ETEER:=TEERfl]*sqrt(El *E1+E2*E2);

TEER[2]:=TEER[1]-ETEER; TEER[3]::,-TEER[1}+ETEER;

E 1:=ECW[ l].ICW(I, 1]; EW2:=(W2[3]- W2[2])!2;

E22:=sql't(EW[1 J*EW[1 ]+fW2*EW2); E2:"=E22/(W[1,1} W2[1]);
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EDHl [1]:==(-CW[l, I]V(W[ 1,l]-W2[1]); EEDHI :=lmHI [1]*sqrt(El *E 1+E2*E2);

EDHI [2):=EDHl [l]-EEDHl; EDH1[3]:=EDHl[1]+EEDHI;

Ell:=EC'N[8]/CW(8,1); E22:=EMARiMAR[IJ;

El:=2501 *CWf8,1]*MAR[1]*(sqrt(Ell *Ell+E22*E22»;

Ell :=E 1/(2.50 1*CW[8, 1]*MAR[l]): E22:=ENORINOR[ 1];

ERG[I]:={2S0l *CW[8,1]*M.I\R[1J)/NOR[I];

EERG::=ERG[I]*sqrt(Ell *E11+E22*E22);

ERG[2]:"=ERG[i]-EERG; ERG[3]:==ERG[1)J·BERG;

EDH2[1]::=CnfOT[1,1]/(CHTOT[1,1]+(TDB[8,1]-TDB[2,1])*(1.005+W[2,1]*1.805»;

EDH2[2]:""CHTOT[1,2]!(CHTOT[1 ,2]+(TDB[8,3]-TDB[2,2JJ*( 1.005+W[2,3]* 1.8(5»;

EDH2[3] :~::CHTOT[1,3]/(CHTOT[1,3 ]+('fDB [8,2]- TDB [2,3 ])*( 1.005+W[2,2)* 1.805»;

end;

PROCEDURE map2;

var WS:REAL;

begin

PSDB [1,1'11:=PSAT(TDB [1,J]); PSWB [1,1] :=PSAT(TWB [1,J));

WS:=0.622*PSWB[I,J}/(82.5-PSWB[I,J]);

W[I,J]:""1(250 1-2.381 *TWB[I,J])*WS-l1DB[I,J]- TWB[I,J]))/(250 1+1.805*TDB[I,J]-
4. 186*TWB[I,J]);

end;

PROC.EDURE map 1;

var T,?,2,WS,WT:rcal;

begin

PSDB[I,J]:= PSAT(TDB~I,J]); W[8,J]:=W[7,J]; PW[I,J]:""(W[I,J]*82.5)/(W[I,J]+0.622);

TDP[I,J]:"-isat(PW[T,J]); T:=TDP[I,J]-l;

repeat T:'-='T+2; TWB[I,J]:""'T; PSWB[I,J]:==psat(T);

WS:=0.622*PSWB[I,JV(82.5-PSWB[I,J]); WT:"'(2501-2.381 *"lWB[I,J])*WS-

(TDB[I,J]';TWB[f,J]))/(250 H 1.805*TDB[I,J]-4.186*TWB[I,J]);

Z::;~W[I,JJ-WT; until 2<0.0 ;

repeat T:""T-O.1; TWB[I,J]:""T; PSWB[I,J]:~"'psat(T);

'WS:""O.622 *PSWB[I,Jj/(82,S-PSW B [1,J)); WT:={ (2501-2.3 81 *TWB fr,J])*Ws-

(TDB[I,JFrWB[IJ]))!(250 1+1.S05*TDB[I,J]-4.1116*TWB[I,J]);
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Z:=W[I,J1-\\,T; until 2>0.0 ;

end;

PROCEDURE maxw; (* calculates wax. possible humidity ratio ofpt 2 *)

vat T,1',Ps,WS,WT,RH2,PSDB2,PSWB2,Z:real;

begin T:=TWB[1,J]; PSWB(1,J]:""psat(TWB[l,J]);

WS:=O.622*PSWB[1,J]I(82.5-PSWB[1,J]);

repeat T:""T+:t;

WT:=«2501-2.381*TWB[1,J])*WS-(T-TWB[1,J]))/(2501+1.805*T-4.186*TWB[1,J]);

P:""(WT*82.5)/(WT+0.622); Ps:=PSAT(T); RH2:=PlPs; Z:==RH(8,J]-RH2;

until Z>O.O ;

repeat 1':=1'-0.1;

WT:=«2501-2.381*TWB[1 ,J])*WS-(T-TWB[1,J])/(250 1+1.805*1'-4. 186*TWB[1,J]);

P:=(Wf*82.5)/(WT+0.622); Ps:=PSATCf): RH2:=PlPs; Z:=RH[3,J1-RH2;

until Z<O.O ;

W2[J]:=WT;

end;

PROCEDURE moisteqns; (* equations for moist air properties *)

begin

PW[I,J]:==(W[I,,J]*82.5)I(W[I,J]+0.622);

l<H[I,J]:"'PW[I,J]/PSDB[I,Jj;

SV[I,J]:=287*(TDB[I,J]+273.16)/«82.5.PW[I, J])* 1000);

U[I,J]:=RH[!,Jj*(82 ..5.PSDB[I,J))/(82.5-PW[I,J]):

TD1'[I,Jj:""tsat(PW[I,J]);

HT[I,JJ:=(l.005*TDB[i:,J])+ W[I,J]*(250 1+1.805*TDB[I,J));
end;

PROCEDURE simulation;

var M3,M7,M9,H2:real;

begin writeln;

{writeLN('EHXS[ll"' ',EHXS[!]:4:3,' enter EHXS[4] ');r(:udln(EHXS[4]);

'\\TiteLN('EHXR[l]"" ',EHXR[1]:4:3,' enter EHXR[4] ');readln(EHXR[4J);

writeLN('EVS[lJ= '.EVS[1):4:3,' enter EVS[4] ');readln(EVS[4));

'\TitcLN('EVRrl1~' ',EVR[1]:4:3,' enter EVR[4J '):reudln(EVR[4]); Rl':ADLN; }
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EHXS[4]:=EHXS[l]; HXR[4]:ceEHXR[1]; EVS[4]:==0; EVR[4J:=oEVR[1J;

MAS[4J;='MA8[1]; IVIAR[41:"'IvIAR[1]; Q[4):""NOR[1); NOR[4]::=NOR[1];

NOE[4):=NOE[1]; TDBL1,4J:~"'TDB[l,l]; TWB[l,4]:=TWB[l,l];

1:=1; J:=4; map2; moisteqns;

TDB[5,4]:=TDB[5,1]; TWB[S,4]:"TWB[S,l]; I:=5;J:==4; map2; moisteqns;

TDB[6,4]:=TDB[5,4]-EVR[4J*(TDB[5,4]-TWB[5,4J); TWB[6,4]:=TWB[5,4];

1:=6;J:'-'"4; map2; moisteqns;

{TDB[8,4]:=TDB[8,1]; (*first estimate") RB[8,4]:=RH[8,1];} ZZ:=O;

repeat

W[2,4]:""W[2,1]; (* calculates point 2 for constant wbt process")

TWB[2,4]:c::TWB[1,4]; PSWB[2,4]:=psat(TWB[2,4]);

PW[2,4]:=W[2,4]*82.5/(W[2,4]+0.622);

TDB[2,4 ):=( (PSWB[2,4 ]-PW[2,4])/(82.5*0.000666»+ Tv" B[2,4];

1:=2; J:=t; map2; moisteqns; H2:=HT[2,4];

TDB[2,4]::=TDI!(2,1]; (*actual point 2*) TWB[2,4]:=TVVB[2,1];

1:::=.2;J:=4; map2; moisteqns;

TDB[7,4J:=TDB[6,4]+EHXR[4]*(TDB[2,4]-TDB[6,4]); W[7,4J::::W[6,4];

TDB£3,4]:=TDB[2A]·EHXS[4J~(TDB[2,4]-TDB[6,4]); W[3,4]:=W[2,4];

J :==4;I:=3;lllUp 1;mcisteqns;

I:=7 ;mnp 1;moisteqns;

M3::::"0.01384fSV[6,4]; (*air carryover") M7:""O.01384/SV[2,4];

W[3,4]:""(W[3,4]*(MAS[4J-M3)+W[6,4]*M3)IMAS[4];

W[7,4J:~c(\v[7,4]*(MAR[41-M7)+W[2,4]*M7)IMARr4];

HT[3,4]:"-"(HT[3,4]*(MAS[4]-M3)+«HT[6,4]+HT[7,4])l2)*M3)/MAS[4];

HT[7,4]:=(HT[7,4]*(MAR[4]-M7)+«I:D,[2,4]+Hf[3,4])/2)*M7)!MAR[4];

TDB[3,4]:==(IU[3,4]-2501 *W[3,4))/( 1.005+ 1.84*W[3,4});

TDB(7 A]:""'(HT[7,4]-250 1*W[7 ,4])/( 1.005+ 1.84*W[7 ,4]);

J :""4; 1:=":;map l;moisteqns;

1:"';7minp 1;moisteqns;

TDB[8,4]:::=TDB[7,4]+(NOR[4]1(MAR(4]*{1.005+1.84*W[7,4]));

J:=4;1::;.:8; map ijmoisteqns; ZZ:"'ZZ+l;

until 22=-'1;

W[9,4):""W[8,4]+(\v[1,4]-W[2,4])*(.MAS[4]lMAR[4]); TWB[9,4]:=TWB[8,4];

PW[9,4]::=:W[9,4]*32.5/(W[9,4]+O.6~2); PSWB[9,4]:""pslIt(TV.'B[9A]);

TDB[9,41""«PSWB[9,4]-PW[9,4])/(82.5*O.000666)+TWB[9,4]
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-(MAS[tl ]IMAR[4])*(IIT[2,41-H2)f( 1.005+ 1.84*W[9,4J)); J:"'4;1:=9; mapl ; moisteqns;

TDBl. -=lDB[3,4]-EVSf4J*(TDB[3,41-TWB[3,4J); TWBf4,4]:""TWB[3.4];

I:=4;J:=4; map2; moister s;

maxw; J:=4;

for 1:""1 to 8 do begin CHTOT[1,4}:=HT[I+1,4]-HT[1,4]; C\V[I,4]:=W[I+l,4)-W[IA];end;

CC[4]:""(HT[5,4]-HT[4,4])*MAS[4];

TCC[4]:=(HT[1,4]-HT[4,4])*MAS[4];

Q[4]:=(HT[8,4]-HT[7,4])*MAR[4];

COP[J]:=CqJ]f(NOR[J]+O.OOOl);

TCOP[J] :=TCqJ ]/(NOR[J]+O.OOO1);

EER[J]:=CC[J]/(NOE[.l]);

TEER[J}:=TCC[ ,]/(NOE[4);

EDHl[J]:==(W[1,J)-W[2,J])/(W[1,J}-W2[J]+O.OOOOOl);

EDH2[J] :=CHTOT[ 1,J]f(CHTOT[ 1,J]+(TDB[8,J]- TDB [2,J])*( 1.005+ W[2,J] * 1.84»;
ERG[J]:=(250 1*CW[g,J]*:tvlAR[J])/(NOR[J]+O. 0001);

end;

PROCEDURE moistairprop; (* calculates all moist air properties at

measu points *)

begin

for J:=1 to 3 do begin for Ii=I to 9 do begin case I of 1..7,9:map2;

8:mapl; end; moisteqns; end; maxw; end;

end;

PROCEI>UID~ addinfo; (* input operating parameters")

var TV2,rh8:real;

begin

repeat writeln(,ENTER THE FOLLOWING: :'); writeln('*'~******************');

write(,FLUKE .MM. VOLTAGE FOR TWB[2] (mV; :'); readln(TV2);

TWB[2, 1]:"-'(TV2-6.4)/1 0.05844;

writeln('SUPPLY AIR FLOWRATE (m3/&) nom.min.max :');

readln(V AS[l ]);readln(V AS(2]);readln(V AS[3]);

wl'itcln(,RETURN AIR FI,OWRATE (m3/s) nom.min.max :');

readln(VR(1]);readln(VR(2]);rcadln(VR[3]);
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writc(,REGENERATION HEAT INPUT (KW):'); readln(NOR[I]);

\\Tite(,ELEC. ENERGY (EXCL. REG) (KW):'); readln(NOE[I]);

"'Tite(,SPRA Y WATER INLET TEMP. (oC) :');readln(TWSC[I]);

\\l'ite(,SUPPLY AIR SP. CR.: WATER FLOW RATE ('i!/s) .'); readln(FRS[l]);

\\Tite(' : PUMP PRESSURE (bar) :');readln(PPS[l]);

\\Tite('RETURN AIR SP. CR.: WATER FLOW RATE (g/s) :');readln(FRR[I]);

writet' : PTJMP PRESSURE (bar) ;');readln(PPR[l]);

TWB[2,2]:.:=TiVB[2,1]-0.3; TWB[2,3]:=TWB[2,lj+0.3;

{VAS[2]:=VAS[l} ~O.9;VAS[3]:=VAS[1]* 1.1;

VR[2}::.o:VR[1]*O.9, VR(3):=VR[lrL1;}

NOR[2]:=NOR[1]*0.96; NOR[3]:=NOR[I]* 1.04;

NOE[21:=NOE[1]*0.96; NOE[3]:=NOE[ 1]*1.04;

PPS[2]:=PPS[1]-'2; PPS[3]:=PPS[1]+2;

PPR[2}:=PPR[1]-2; PPRf3]:=PPR[I]+2;

FRS[2]:=FRS[1]*O.95; FRS[3];.=FRS[lJ* 1.05;

FRR[2]:=FRR[I]*O.95; FRR[3]:=FRR.[1]*1.05;

TWSC[2]:=TWSC[1]-O.2; TWSC(3]:=TWSC[I]+0.2; writeln;

writeln('ENTER l=redo input, 2=cont.');read1n(zz);

until zz=2

end;

PROCEDURE tempconv; (* (1) gets voltages from binary input (2) calculates and

displays the average, confidence limits and std. deviation of these voltages,

(3) converts voltages to temp. values *)

var uvolts, vv : longint; zz,I,J,r:int:",<;l'; s,ss:real; bin:word;

begin

repeat (* reads voltages *) for J:=1 to 100 do begin for 1:==0to 15 do

begin

r:=EDR._ADINBINONESAtv1PLE(bh,I,bin); ifr<O then Pi;, .'~~l'or(r);

EDR_ADINBINTOVOLTAGFbh,I,uvolts,bin); V[I,J]:=uvolts;

del'ly(3); end; end; clrscr;

'WTiteln(,MEASURED VOLTAGES (ALL VALUES IN MICROVOLTS),);

writelnf', ,------------~---');
writelnf'ch average confidence con.lim standard');

writeln(,no. voltage Iimitf+r-) (%) deviation');
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tor 1:=0 to b do (* statistical analysis *)

begin A[I, 1] :==O;vv:"'O;s:=O;ss:==O;SD[l]:=0;CL(l1 :=0 ;ZCL[I] :=0;

for J:=I to 50 do vv.= vv + \,[1)]; Arl,l]:= vv div 50 ; (* average voltage *)

for Ji=I to 50 do begin s:=sqr(A[I,l]-V[I,J]); ss.=tss+s); end;

SD[I]:=round(sqrt(ss/50);; (* standard deviation *)

eLfI]:== SD[IJ div 5; (* confidence limits *) ZCL[l]:= lOO*CL[Il / f.[I,11;

writeln(I:2, A[l,1]:9, CL[I]:9, ZCL[J):10:2, SD[I]:9):

A[I,2]:=A[I,lJ - eLll]; A[I,3]:=A[I,1] + CL[I];

readln; end;

(* calibration equations")

TDB[l,l]:= (A[O,]] - 6949)/10226.99;

TWB(1,l]:= (A[l,l] - 1843)110178.87;

'IDB[2,1]:= (A[2,1]- 5457)f10206.61;

IlJ.8[3,1]:=- (A[3,]] - 6736)110177.00;

TY1B[3,1]:= (A[4,1] -7732)/10203.59;

TDB[4,1]:= (A[5,1] - (351)110211.31;

TWBi4,1]::;: (A[6,l} - 2577)/10185.98;

TDB[5,1]:= (4.[7,1] - 6868)/10180.03;

T'WB[5,1]:= (A£S,l] + 121)110155.73;

TDB[6,1]:= (A[9,1] + 6628)/10201.81;

TWB[6,1]:"'- (A[lO,l)· 6756)/1019'5.54;

TDB(7,1]:= (A[ll,l] -7120)/10199.93;

TWB[7.1):== (ArI2,l) - 3183)f10l72.12;

TDB~8,1]:o== (A[B,I] -7000)110183.08;

TDB[9,1]:= {A[l4,l] + 691)/10210.56;

TWB[9,1]:= (A[l5,1}- 478)/10201.15;

TDB[1,2]:= -0.2+ (A[0,2] .6949)/10226.99;

TWB[l,2]:= -0.3+ (A[l,2] - 1843)/10178.87;

TDB[2,2]::.: -0.2+ (A[2,2] - 5457)/10206.61;

TDB[3,2]:= -0.2+ (A[3,2] - 6736)/10177.00;

TWB[3,2]:= -0.3+ (A[4,2} -7732}/10203.S9;

TD13[4,2):= -0.2+ (A[5,2] - 6351)/10211.31;

TWB[4,2]::=: -0.3+ (A[6,2] - 2577}/IOlS5.98;

TDB[5,2]::=: -0.2+ (A[7,2] - 6868)/10180.03;



TWB[5,2];~ -0.3+ (A[8,2] + 121)/1( S.73;

TDBl6,2]:~ -0.2+ (A[9,2] + 6628)/10201.81;

TWB(6,2]:"" -0.3+ (A[10,2] - 6756)/10198.54;

TDB[7,2]:= -0.2+ (A[ 11,2] - 7120)110199.93;

TWB[7,2]:= -0.3+ (A[12,2] - 3183)110172.12;

TDB[8,2J:= -0.2+ (A[13,2] -7000)/10183.08;

TDB[9,J.]:= -0.2+ (A[14,2] -:-691)110210.56;

TWB[9,2j:"'-' -0.3+ (A[15,2] - 478)/10201.15;

TDB[1,3):~ 0.2+ (A[0,3) - 6949)/10226.99;

TWH[1,3]:= 0.3+ (A[l,3] - 1843)/10178.87;

TDB[2,3]:= 0.2+ (A[2,31- 5457)fl0206.61;

TDB[3,3]:= 0.1+ (A[3,31- 6736)/10177.00;

TWB[3,3]:= 0.3+ (A[4,3] - 7732)/10203.59;

TDB[4,3]:= 0.2+ (A[S,3]. 6351)110211.31;

TWB[4,3];= 0.3+ (A[6,3] - 2577)/10185.98;

TDB[5,3]:= 0.2+ (A[7,3] - 6868)/10180.03;

TWB[5,3]:= 0.3+ (A[8,3}'" 121)fl0155.73;

TDB[6,3]:= 0.2+ (A[9,3] + 6628)/1020181;

TWB[6,3]:= 0.3+ (A[10,3] - 6756)/10198.54;

TDB[7,3]:= 0.2+ (A[ll,3] -7120}110199.93;

TWB[7,3]:= 0.3+ (A[12,3] - 3183)/;'0172.12;

TDB[8,3):= 0.2+ (ArB,3] -7000)/10183.08;

TDB[9,3J:=- 0.2+ (A[14,3] + 691)/10210.56;

TWB[9,31:= O.3-t (A[15,3] - t:!78)/I0201.15;

wt:t",,,,; writeln('ENTFR l=REPEAT ,2=CONTIEXIT;: readlnizz); until zz=Z

end;

("'MAIN PROGRAM*)

BEGIN

clrscr; repeat

tempconv; (* get temperatures fron. binary input")

writeln: wtiteln(,ENTER l=exit, 2=cont'); readlntyy); ifH""2 then

begin repeat

addinfo;(* input operating parameters")
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moistuirprop(" calculate moist air P:'uj;'l'ties*)

process;(* calculate changes ill each SLp of proce-s" 1

simulation; (* simulated process ' \

result; (* displays results and psychrometric chart")

presult; (* prints results, ifrcquestcd+)

\vriteln('ENTER 1"'REPEAT (NEW MA ~S FLOW), ::!'-~cont'); readlntyy); until yy""'2;

end

else yy.=l ; writeln; \witeln('ENTER l"'REPEAT, 2-;:EXIT'); readlntzz); until zz=Z;

END.
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APPENDIXC

COMPUTER PROGRAM TO CALCULATE AIR FLOW RATE

This appendix is a printout of tlw computer program that was used to calculated the ail'

flow rates from pitot tube and micromanometer pressure measurements (see section

5.3.2).
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PROGRAM FLOW;

var P:ARRAY[L5,1..6,1..3] OF PEAL; {pressure kPa}

V:ARRAY[1..5,1..6,1..3] OF REAL: {velocity m/s}

SV:ARRA Y[1..3] OF REAL; {specific volume m3/kg}

Q:ARRA. Y[l..3] OF REAL; {volumetric flow rate m3isj

A:ARRAY(1..3] OF REAL; {area rrr'}

VA:ARR.'<\' Y(1..3] OF REAL; Z, I, J, K : INTEGER;

BEGIN repeat

writeln; writef'enter spec. vol.: '); readlu(SV[l]); writet'entcr area : '); readtn(A(!]);

SV[21:=SV[1] - 0.001; SV(3]:~"'SV[1] + 0.001;

A(2):""Afl]*O.98; A[3]:""A[1]*1.02; writeln;

FOR J:""1 TO 6 DO begin

FOR 1::=1TO 5 DO begin

\\riie('enter row', J,' pt', I,' '); readhl(p[I,JJ]);

P(I,],2]:=O.99*P[I,J,1]·O.OS; PlI};3]:=1.01 *P(1,J,1]+0.03;

n; P[I,J,2] <= 0 'UlliN P[I,J,2}:=O.0 ELSE P[I,J,2]:==P[I,J,2);

end; end;

FOR Kr=l TO 3 DO begin VA[K]:O'O;

FOR J:"'1 TO 6 DO begin

FOR 1:"-'1TO 5 DO begin

V[I,J.K]:""sqrl(2*P[I,J,K]*SV[K]); VA[K]:=VA[K]+V(I,J,K];

end; end;

VA[K):=VAr<]i30; Q[K):""VA[K]*A[K];

end;

Writchl('q nom. (m3{s) '" ',Qrl]:4:3); writelnf'q min. (m'/s) '''' ',0.98'1*Q(2):4:3);

\,titelll('q max. (m'/s) 00 'J.013*Q{3]:4:3); writeln;

writet'enter l=end, 2.;q-cpc:lt');readlntz): until 2-"'1:

END.
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APPENDIXD

DEC SIMULATION COMI)UTER pROGRAM

This appendix is a printout of the computer program that was used to simulate a

desiccant-evaporative cooling (DEC) system (see section 5.3.3).
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PROGRAM SIMllL;
(* This program simulates the PCl'l0l111anCCora DEC system and disp' iys J1cl'f(1!11' 1ih;~parameters. based

on entered opcratlng parameters *)

uses crt.graph.dos;

var t, I, J. zr, yy, xx: integer; (" dummy variables *)

J:-.1AS:REAL; (* supply air How rate in kg/s *)

MAR: REAL; (* return air flow rate in kg/s *)

NOR: REAL; (" heat input *)

NOE: REAL; (* total electrical energy input *)

PAT:REAL; (*atmospheric pressure")
W2: REAL; (*minimum. possible humidity ratio for pt 2 ")

CC: REAL; (* cooling capacity in kW {basic vent. mode)")

TeC: REAL; (* cooling capacity in kW (vent. credit mode)")

Q: REAL; (* regen. heat supplied in kW *)

COP: REAL; (* COP for basic vent, t- iode *)

TCOP: REAL; (* COP for venttilauon credit mode *)

EER: REAL; (" electrical efficiency ratio for basic vent. node *)

TEER; REAL; (* electrical efficiency ratio for vent. credit mode")

EOI-Il: lmAL; (*c111ci<.ncyof'dehumidifler (moisture removal")
EDH2: REAL; ("'efficiency of'dehumldifier (heat transfer)")

BRG: REAL; (* cfficlency ufregencration *)

EHXS: REAL; {"'cfficie:n,;y of'ncat exchanger (supply ail)"')

EHXR: REAL; (* efficiency of heat exchanger (return air)" I

EVS: REAL; (*eflicicncy O1'5\1[1ply air spray chambers <0)

EVR: REAL; ("'effidcncy ofreturn ail' spray chambers *)

TD13:ARRA Y( 1..9J OF REAL; (* dry bulb temp. oC *)

TWB:ARRA Y[I ..9] or REAL; (* wet bulb temp. oC *)

RH:ARRA Y[1..9) OF REAL; (* relative humidity (fine) *)

PSDB:ARRA Yfl ..9) OF REI" L; (* saturation pressure at TD13 kP'1 *)

PSWB:ARRA Y[l ..9} OF REAL: (* saturation pressure at TWB kl'a *J

PA:ARRA Y[I ..9) OF REAL; (* air pressure kPa *)

W:ARRA \'[1 ..9] OF REAL; (* humidity ratio kglkg *)

SV:Alill A.Yt1..9j OFRE\L: (* specific volume m3l1g'")

U:ARRAY[I ..9] OF REAL; (* percentage saturation % *)
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HT:ARRA Y[L9J OF REAL; (* total specific enthalpy ai" lJ/kg *)

TOP:ARRA Y[l ..9] OF REAL; (0< dew point temperature oC *)

PW:ARRA Y[1 ..9] OF REN~; (* vapour presswc kl'a *)

CHTOT:ARRA YI 1..81 OF REAL; (* chang: of tot a! sp. enthalpy kJlkg *)

CW:ARRA Y[J ..8J OF REAL; (* change of humidity ratio kg/kg ")

FUNCTION psal(T:l'cal):rea!; \* calculate

var Zi real;
begin

T::~:j+273.1 (':.

Z::~{:;1I..)9051 +O.0024804*T-3142.31ff)*ln(1 0)-8.2*ln(T);

uion pressure for given T *)

P3AT:"'lOO*exp(Z);

end;

I;'lINC'nON tsat(P:real)!rcalj (* calculates dew point temp. oC *)

var z.real;

begin

ifP<O.OOl thenP:~'O.OO1; z::4n(p);

i[I'>O.6112 then (* ie. TOI'>O oC *)

rsat;= 6.54+( 14.526*z)+(0. 73 89*z*z)+(O.09436*z*z*z)+(Q .4569"( exp(O .1984 *z»)
else tsat;= 6.09+(12.608*1.)+(0.4959*1.*z);

end;

:t'ROCEDlIRE psycharq (* displays psychromauic chart showing process *)

var grdriver, grmode, grerror: integer; x.y.lnteger,

begin

grdriven=detect; initgraphtgrdriver.grmode,"); grerror.=graphrcsult;

if grcnor-c-grok then \'1'itel11('graphics errorzgrapuerronnspfgrerrorj)
else begin

setcolortgreen); mow!o(O,380); 1i1'.~to(60(),380);(* draws axes *)

linetQ~600,110); m(\VelC~2S0,420); s"t~olor(S); outtext('OBT (0(')');

1ll0VC10(595,40)j outtexu'W'); movcto(592,60); oultext('gikg');

end;

setcolor(.5);

for 1:"0 to S do (* displays TDII increments 0<1 horlzomal axis+)

begin
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T;=l{}"<I;

putpixcl(I*75,385,5);

moveto(1*75,390);

case I of

D:outtext('D');

5:otlttext('SO');

end;

1:outlext(' 10');

6:outtext('60');

2:outtext('20'):

7:outtext('70');

3:outtext('30');

8:outtex1('80');

4:otlltext('40'):

end;

for I:9> to 6 do (* prints humidity ratio ;ucremcnts on vertical axis *)

begin

GG:=~5*I;

case I of

O:outtext('()');

5:outtext('25');

end:

plltpb{Cl(602,380-I*45,5); move!o(605,380-I*45);

1:ollttext('5');

6:outtext('30');

2:outtext{'1 D');

end;

3:outtext('J5'); 4:ou!text(,20');

setcolor(6); moveto(O,340);

for 1:9> to 14 do (* draws saturation curve *)

begin

T:=2*Ij P:~sat(T); GG::-oO.622*Pf(pAT·P): X:=I*15j Y:=rotUld(380·GG*9000); lineto(X,Y);

end;

setcolor(7); lin~(O,! 00,30, 100); 011ttextxy(33,l OO,'inlet');

sctcolor(5); tine(O,110,30,ll 0); ol1ltextxy(33,11 O/room');

setcolor(9); lin<~t(),120,3D,120); Olutextxy(33,120,'cuth,t');

seleolor(7); (" plots measured point on chart *)

X:"'l'otlllel(7.5"'TDB[ 1j): Y:4'ound(380· W[l ]*9000); moveto(X,Y);outtext('I');

for I:"1 to 9 do begin

case r of 2,3,4:setco!or(7); 5:sctcolor(5); 6,7,8,9:setcolor{9); end;

X:"'-round(TDD[I]*15l2); Y:9'OlWd(380 .W[I1*9000}; Jineto(X,Y):

case I of 2:outlcx!1I:y(x,y,'2'); 3:ol1ttcxtxy(x,y,'3'); 4:oultextxy(x,y,'4'}; 5:outtex!xy(x,y,'$');

6:outtextxy(x;Y,'6'); 7:outtexL'cy(x,y,'7'); 8:ol1ttcxtxy(x,y,'8'); 9:outtextxy(x,y,'9'); end; end;

readln; c10segmph
end;
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PROCEDURE tableD; (* displays results in tabular form *)

begin clrscr;

\\titeln(,MOIST AIR PROPERTIES 'J:
\\Titeln('---·--···---······.···· ••••. ·----.··--·-' );

\\11teln('PT TDB TWn TDP PW W RH U SV H');

\~Titeln(' (oc) (oC) (oC) (kPa) (gll,g) (%) (%) (m3/kg) (kJikg)');

for I:"" 1 to 9 do \',riteln(I,TDB[I}:7:1,TWB{I]:6:1,TDP[I]:6:1,PW[I]:7:2,

W[I]*l 0[)O:8:2,RH(I}*1 OO:5:0,U[I]* lOO:6:0,SV[I]:8:3,HT(I]:8:2); readln; clrser;

\\riteln('l'ERFORt\.fANCE PARAMETERS (CALCULATED) ');

wnteln('-··-·· ..•·•••·•••••··• ');

writelnt'Debumidifier eff.(W) (%) EDHl =',1OD*EDHI :.'5:0);

writelnt'Dehumidifier eff.(Q) (%) EDH2"",lOO*EDH2:5:0);

mite1n(,Regeneration eft: (%) ERG"",lOO*ERG:S:O);

\mteln('Regen. heat input (kW) Q "",Q:5:2):

writelnfHeat Exch. eff. (SUP) (%) El-IXS"",l OO*EHXS:5:0);

writelnCHeat Exch. eff. (RET) (%) EHXR==',l OO*EHXR:5:0):

\mtelll('Sup. airspr. en, eff.(%) EVS=-"lOO*EVS:5:0);

write1n('Ret. air spr, ch. cff.(%) EVR==',lOO*EVR:5:0);

,,,ritell1('FOR VENTILATION MODE: ');
writelnr'Coollng c(lpacity (kW) CC "'"CC:5:2);

wliteln('Coeff. of'perfbrmance COP~~"C()P:5:2);

\'l'iteln('Electricity eff. ratio EER=-',EER:5:2);

'\llteln(,FOR VENTILATION CREDIT MODE: ');

\\ritcln('C(1oIing capacity (kW) TCe "",TCC:5:2);

mite1n("fO(<ll Coeff. ofpcrf. TCOP~',TCOP:5:2);

wrhdn('Ekctlicity eff ratio TEER""',TEER:5:2); readln;

PROCEDURE result,
var xx; integer;

begin clrscr;

repeat psycharr; tableD; \\Titc1I1('ENTER 1"'SEE PSYCH. CHART AGAIN, >CONT.');

rLadll'(xx); until ;.;;.;,<1;
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end;

PROCEDURE mapz;

var WS:REAL;

begin

PSDB[I]:'" PSAT(TDB[Ij);

PSWBilj:=P~AT(TWB[I]);

WS:"'{).622*PSWB[Ij'(PAT-PSWB[IJ);

W[1]:=«2S0 1-2.381 *1 WB[I])*WS-(TDB[IJ-TWB[ 1]»).1(2501+1.805*TDB[I]-4.186*TWB[ I]):

end;

PROCEDlJRE map1;

var T, P, Z, WS, WI: T!aI;

begin

PSDB[I]:"" PSAT(TDB[I]);

W(8):=W[7];

PW[I]:",{W[I)*PAT)'(W[I)+O.622);

TDP[I]:==tsat(PW[IJ);

T:o:.TDP[I]-l;

repeat

T:=T+2;

TWB[I]:=T;

PSWB[I]: opsal(T);

WS:"'{).622*PSWB[I]/(p AT -PSWB[I]);

WT:",{(2501-2.381"TWB[I])*WS-(TDB[Il-TWB[I)))!(250 1+1.805*TDB[I]-4.186*TWB[I]);

Z:=W[IjWT;

until 2.<0.0 .

repeat

T:"·T-C'.l;

TWB[lj:"""'T;

PSWB[I]:=--psa!(T);

WS;"'{).62Z*PSWB[IJ!{PAT-PSWB[IJ):

WT:",«25C 1-2.381"TWB[I])*WS-(TDBll1-T\"'B[I]))!(~50 1+1.805*TDB[I]-4. I 86*TWB[I]):

Z:=W[I]-WT;

until&"'0.0 ;
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end;

PROCEDURE maxw; (* calculates max, possible humidity ratio of pi 2 *)

var T ,P.Ps,WS, WT,RH2,PSDB2,PS\VB2,Z:real;

begin

T::=:wB[I);

l'SWB[ 1):"'Psat(TWB[l]);

WS:=0.622*PSWB[1]/(pAT-PSWB[1J);

repeat
T:==T+2;

WT:-:{(2501-2.381 *TWBII ])*WS-(T -TWB[l ]))/(2501 +I.S05*T.4.186*TWB[I]);

P:=(Wf*PAT)/(WT+O.622);

Ps:=PSAT(T);

RH2::PlPsj

Z:=RH[8]-RH2;

until Z>O.O ;

repeat

T:='T-O.l;

VlT:=«2501.2.381*TWB[J])*WS-(T-TWB[1]))/(2501+1.805*T-4.186*TWB[1]);

P:=(WT*PAT)f(WT +0.622);

Ps:=PSAT(T);

R.H2:=PlPs;

Z:==RH[8]-RH2;

until Z<O.O;

W2:==WT;

end;

PROCEDUltr: moisteqns; l* equations for moist air properties *)

begin
PW[I]:-"(W(I]*PAT)!( W[1]+0.622);

RII[I]:=PW[I1IPSDB[Ij;

SV[iJ::=287*(TDBfI]+273.16)l«PAT-PW[I])*lOOO):

U[I]::=RH[I]*(PAT·PSDB[I])l(P iW-PW[IJ);

TDP[I]:==tsat(PW[I]);
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HT[I]:=(1.005*TOB[IJ)+ W[I]*(250 1-..1.805 "'TOB[I]);

end;

PROCEDURE slmulation;

val'M3,M7,M9,TDB2:real;

begin writeln;

\~ritcLN('enter EHXS (FMC.) ');rcadJn(EHXS); writeLN('enter EHXR (FRAC.) ');readJn(EHXR);

writeLN('enter EVS (FRAC.) ~;readJn(EVS); writeLN(,en!er EVR (FRAC.) ');readln(EVR);

writeLN('enter MA$ (KG/S) ');readln{MA'S); writel.Nt'enter MAR (KG/S) ');readJn(MAR);

writeLN(,enter TDBI (oe) ');readln(TDB[I)); writel.Ni'enter WI (GIKG)');readln(W(l]);

W[l J:=W[ 1J/l (l1){); \vriteLN('enter TDB5 (0(') ');readJn(TDB[5));writeLN('futer W5

(GIKG)')jreadln(W[S]); W[5]:=W(51flOOO; writcLN('enter TDB8 (oC)');rcildln(TDB[8])j

vvriteLN('enter TDB2 (oc) ');readln(TDB[2]); writel.Nt'enter W2 (GIKG),);readln(W[2]);

W[2J:=W[2]fJ 000;

{PAT:=82.5; NOE:=l; EHXS:=-il.84; EHXR:=O.84; EVS:=l: EVR:'"il.95; MAS:""1;

MAR:=1; TDB[8]:=70; TDB[l}:=23; wnj-uoro, TDB[2j:=38.2; W(2]:=O.0048;}

1:=1;map 1;moisteqns;
mB[')]:~23, W[5]:=O.010; I:=5;mapl;moisteqc.s;
TDB[6J:=TDB[5]·EVR*CDB[5]-TWB(5])j TWB[61:=TWB[51; I:=.(i;map2;moisteqns;

(" calculates point 2 for consent wbt precess")

TWB[2J:"'TWB[1); P:"WB[2]:=psat(,£WB[2]); PW[2]:'"W[2)*P AT/(W[2]+O.622);

TDB2:=«PSWB(2}-PW[2)!(PAT*O.000666»+ TWB[2); I:'=2;map 1;moisteqns;

TDB[71:=-TDB(6]+EHXR*(Tl)B[2]-TDB[6]); W[7]:=W(6]; I:=7;mapl:moisteqns;

TDB[3]:=TDB[2}-EHXS*(TDB[2]-TDB[6]); W[3]:=W[2]; 1:=3;mapljmoisteqns;

M3:'''{l.01384/SV[6]; ("'dir carryover") M7:=O.01384/SV[2j·
W[3]:"'(W[3]*(M!\S-M3)+W[6]*M3)/MAS; W[7J:'"'(W(7]*(MAR.M7)+W[2]*M7)1MAR;

HT[3):=(ID[3]*(MAS-M3)+«HT(6]+HT[7])f2)*M3)fMAS;

HT[7]:={IIT[7]*{MAR·M7)+«HT[2]+HI'[3])f2)*M7)/NIAR;

'IDB[3]:=(HT(3]-2501 *W[3J)I(1.005+1.84*v, [3]);

TDB[7J:=(HT[7]-250l *W[7J)/(l.OD5+ 1.84 "'W[?]);

I:"'3;map I ;moisteql,s; I:=7;mu!Jl;moistcqns; I:""8;map 1anoisteqns;

W[9j:-=W[8]+(W[1]_W[2])*(MASIMAR); TV.lB[9]:""1WB~d]; PW[9]::=W[9)*PAT/(W[9]+O.622);

PSWB[9J:=p~:aI(TWB(9]);

TDB[9J:;:«PSWB[9J-P\V[9])!O)AT*O.000666»+T\VB[9H(MASIMAR)~(TDB[2]·TDB2»;
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I:~;map 1.meisteqns;

TDB(4):=TDB[3]-EVS*(TDB[3]-TWB[3]); TWI3[4J:=TWB[3); I:=4;map2;moisteqns; maxw;

for 1:"'1 to 8 do begin CHTOT[I]:"'IlT[I+l]-IIT[I]; C\v[I];=W[I+l]-W[I): end;

CC:-=-{IIT[5J-HT[4])*MAS; TCC:",(HT[1]-IfI'[4J)*MAS; Q:="(HT[8]-HT[7j)*MJ\R;

COP:=CC/Q; TCOP:=TCC/Q; EER:=CCINOE; TEER:~TCCINOE;

EDIll :=(W[ 1J-W[2))/(W[1]- W2);

EDH2:=CHTOT[1}/(CHTOT[I]+(TDB[S]-TDB[2J)*(I.O(J5+W[2]*1.84»;

ERG:=(250 1*CW[8J*MAR)/Q;

end;

("MAIN PROGR-\_M*)

BEGIN

repeat

clrscr;

simulation; (* simulated process *)

result;

writeln; writeln('ENTER 1:=REPEAT, 2"'lli'XIT'); readln(zz)

until ZZ"'2;

END.
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APPENDIXE

SPECIFICATIONS FOR INSTRUMENTATION

This appendix contains specifications for the following instrumentation and

equipment:

(1) MEDM 500 microprocessor manometer (micromanometcr),

(2) Humidity sensor HD 8907TC/150 (hygrotransmittcr).

(3) PC 30 analog to digital CU1'd.

(4) LM 351) temperature sensors.

(5} Calibration certificate for Fluke thermometer.
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Specifications of MEDM 500 Microprocessor Manometer

Pressure range

Velocity range

Volume range

Max overload

K factor range

Duct temperaure temperature

Duct absolute pressure range

Area input range

Memory size

ACCUf;iCY of disl':ayec1 reading

Output facility

Temperature operating range

0-- 500 Pa

0-28.8 m/s

0- 999.9 m3/s
5000 Pa

1-2.99

0-699°C

70-140 Pa

0.00001 to 99.99991112

80 Pressure, velocity or volume readings

± 1% of reading

o -1 mA on each range

0-40oC



Specifications of the Humidity Sensor HD 8907TC/150

(hygrotransmitter)

HYGROTHANSMITTER HD B907TO. ,jf') 6907TV,
HD 8907TC1150. HO 8907T:'/350

CHARACTERISTICS SHARED BY THE VARIOUS MODELS:
• "H500(....cap3.:itiv8 humidit,' sensor.
• OutPlIt 0 20 mAo ~ , 20 rnA. 0 .•. 10 V witt) selecuon by O'1Oan3 of <1
Jumper

~Two-wire connection.
• Transmitter power ~Wlp!y 220 Vac (01 'aquast ~,4Vac)
..The transmnters (that is sensor anrl (fGctl'{Jnics) are intc:rchangeatll0
'.'Jith other trcnsmutors

• MDcl"1 liD a90nO. HO 890lTV is a~ cntJic,c re!:llivc humidity nan-
smitter

·Ivlodtlls HD 8G07TCI15(J, HD 8g0ne 350 am r01i.\!"lc humidity tran-
smitters the SCrlSO!" of VJhich is separate from \11Heloctronic part and
is connected to it by m'''lnS 01 a CI\b!;) l. " 1.511\.

..Ttv,: S011S0rs are fitled a! tho ontl nf a stainless stcci tube and arc
protected ,,'pinst dust ,mrJ dirt by u s;lin!ess St'2cl flit"r.

SENSOR
Tho humidity sensor jrj ;'j condenser tl,,) (~ich:chic of 'iNhidl is H hygro-
SCOQic POIYIl10r. As tile cii01ectric CQn,,\lI1\ lor Welter IS around 80, a
strung vmirJlion of c:apcCi\y is obt,Jinc:~ \I,;ith tht1 \,'(wiatioll of tho humt ..
dily content of this pO!:irncr. ,no rk\lt.~uICI·uuvanwga or tnis typo of
sr;n:)or am good jlneari~.y, inSCO:;itivity t.) tempcr~1tum v3nntioDS, brlef
r8SP0i1r,c1 time .'1r1(l IOiiq IHe. When using, check the compatibility
of It,c sensor \Viti, the atmosphere In which it is Inserted. The
Mm50r nas a 18mporary laCk of procisicn If concensauon torms on its
surface (the value transrnitteu i~l higl10r than lho ,,~tual vatue due to
an ~nreac·Q o! its real cap\'lcity)

SIGN~\L TRANSMISSION
Tho ele,-:;tr<)nlc circuit is d\:slOr1ed in S.~)::!)a WJY ttl,1t there, i;;;; a linear
mcrv,]';o of tlw ,lbsorbmj current :),J llcirniliit'l inc.cases For this
~j~~rH;:',of trdnGmin':~r.~,tho connocti(Jn us-;;~only 2. \'~'ir(:s. Th0 absorbed
-GUHlmt is propOftll)l1tll to the rc!atl'Ji-: \-h,lffiiciity, Tl,f~ line rcsi~lti._lnce

2·

(10f):; not inflc!t:f1CC preci:3km of rrrt1aS[Jremt1ot. If HffJ volraae au
(0 .. 10 Vi i,; s<)i£)ciecl. yOli nPlSt terl1E;mller lilat !llC trilnsmiiror'5
put imped.lncc' is 500 ohm ± O.2~.,so the receiver must hav8 a I
lmpc;rLin(;o
In tho presence of cables transrni!ting strong currents or macn'
that provoke clectromagn8!Jc (11';Jturbances, the transmitter conner
cables m'Jst be laid in a separate chan;l,)! or at a certain d1St,lf1CI
that tile disturbances are screened.

INSTALLATION
"rGeislon of measurement docs not d8pend on the position 01
transmitter. HDwevor It is (1,\visnbh:l to Itt tho transmtuer in such a
tllat th'J sensor Is far.inn downwards so as to m.mnnzo the accurn
tion nl dust on the lilter. Tho trnnsmiUer must not be inst,1!!cd in
imrnocliatl) Vicinity' of 9 source of htlnt, a" the '1Qating of tho air Ie
to a docrcas,' of !ttl) rci;,tIVC humidity (\~ilh tile samo amount of IV
vapour pres!;n!) do;,() to doors or draughts .

ASSEMBLY
Til" etcctroiucs are nousen in a cturdy plastic conta.ner (d8gre
protection If' 65). When tho lid IS opened four f1C>1(:$are accos:
,~hich allow tho base or thi) tr"nsmitter to be f'xed directly to the \
1 he posrnon of the holes is 50 x W8 mm. :'or the elec!riC COfJl1l)(
thero are a cable cl,lmp and two terntlnats tilat can take lea Ii" \'/1
diameter of up to 3 rnm. Versions HD 69(17TC!150 and
li907TCI350 may be fixed to the' Willi by rneans of a 1/2" sliding:
nector. Attentton: thl) sensor and the p.lectronles have the '",
serial number, they cannot be lntuchangp.d with other trans
tors.

TE;CHNICAL DATA
Relative humidity
Measuring rango: 'i% R.H.... 95% R.H.
Precision: :02'\, R H. in tho temporaturo r(1tKji) from 10 to (jfre
Turaperarure influ8nc~: zero. between ·io 'C ... 40 C. neglig
O()M')()rI 40 'C ... 80 C
Wor~ir:!l !c'mp()la~urc: ·20 C ... t80'C (t2mpor;lrily lor briel pcrrod
loDO C).
Absorption: (lmf" 4 mA, O'J 2,0'0 R.H., ~'OrnA, 1OV:' lOas:, RH.
HecponS0 tuno at G3~o varlatlon:

Witt'lout filtnr; H seconds
with flitnr: 4 rnmutes

Working iernpflroture:
P;obC1: ·20 ... +00 C
EI,lctroniCZ: G'G ... t50 C
Supply voltoll~:
:,20 Vile, on re·quost:!4 VaG
Absorption: tVA

1'l1r' fiD S90iL. sorlos 01 tr;insmittcrs l1l~y hI) c')I1I\cr:tcd to mo
10wingDELTA OH:J' !n5trurncnt;;:

HD .. 0<18, HD 040: H8!Jtivo humidity indir;otar <, I 20
in tile rno:J"t'ring mnoo OS., HH ... ll10% RH.
HD 4049, flO 0,19: R0!<llivc humidity ON/OfF rogul
<I + 20 rnA, in tho reO\llntion rang,) 0':;' R H .... 100% R.H
HD 50021:1: Dual fC[)ulil!or; Input t('fnpC'futUl~ signal f
PI100 sensor: adJllstment rilnflo ·tiO 10 +200'(;. rota
hUlllllhty 4 -: ::-0 mA In tho udjustmont re
OCv Fl.H ... lQn·:" R.II. ON/OFF w[lliiatiOn and neutral zc
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Specifications or tile PC 30 Analog to Digital Card

Power requirements

Eagle Technology

16 single ended

Monopolar: 0 -- 10 V

Bipolar: ± 5 V or± 10 V

Successive approx ND "Ol1VCl'tel'

12 bits

20kHz

22 k.0

0.025 % (11 bits)

Adjustable to zero

800mA @ +5 V DC

Supplier

Input channels

Input voltage range

Conversion type

Resolution

Max AID throughput

Input impedance

Linearity
Offset

Analog inputs:

Total system accuracy

Differential non-linearity

Il1PUt ranges

±1 LSB

+ol'-%LSB

-5 Vto+5 V

Oto lOV

-lOVto+lOV
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Specifications for LM 35D Temperature Sensors

--"--~ .. -~-------.-.- ...-.~.-. ._. _. ------_. 'j
~National
~ Semiconductor
LM35/LM35A/LM35C/LM35CA/LM35D
Precision Centigrade Temperature Sensors

General Description
Tho LM35 sorlos (1'0 prccisicn IntoQ'aIGd·cr,euil I~mpor,\.
luru sensors, wnoso oulpul voHago is liMarl)' propOllionnllO
It,o COlsius (Conli91"do) I~rnp~'alllrc, ThO kM35 Ihus has
an adv~nla90 ovor Iincar temperature sonscrs ~3Iib,at"d in •
Kclvln, 113 the user is not required 10 sublraCI a larqu con-
slanl \<lltago Irom {Is output to obtaln cCn-;olni>JnlConti·
grJdJ scalinq, Tho lM~5 dODSnOI roquira any o.tornJI cali·
b'alion 01 trimming 10 pr()vid~ Iypical accuraclos 01 ±V,e
at room tumporature ~nd ±;;"C over a lutl --5510 + 150'0
temperature lango. Low cost to assured by trimming and
cauorauon at Ihe wator lovel. ThOLM3S's Ic,woutput tmped-
nnco, linear output, and precise inhol<'nt calibration make
inlerfacing to readoul or CO 101circuitry e lpoclal\y easy, II
can bo IIsed with singlo r "or supplios, 01 wilh plu~ and
rnlnus SUpplIQ~,As it draw' Jnly eo ,,1\ from lis supply, 11h3S
vary low self,hoaling, Inss fh1n 0.1'0 In r,lill air. Thry LM35 Is
raled 10 operate over (1 - ~5' 10 + 15Q'C tampera!urs
rango, while Ihe lM3",': ralod for a -40' to + 110'0
tange ('-10' with lm"tC' accuracy), Th\) LM3!; sorlea Is

B'{.:lilabto paCkaged in hermetic TO.46 IrOiuist()f PJCK;J;v~,
\')hilfJ lha LM:35C IS also 3I/Qi~ab!oIn U10ptastlc rO·92 t~J'·
sistor p3CkJg~

Features
• Calibrnlod direclly In ' Colsius (Contigradv/

unoar of, 10,0 mV"C sa110 factor
O,5'C accurJcy guaranlsaablo (~I '0 2ti'C)
Raled lor full -55' I~ + 150'0 rango
Suilabl~ 101remote appllcailans
Low cost due to wafcr·levollrimming
Operatos flom 4 to 30 vails
Less than 60 "A current ~r~ln
Low s~lf·hGatin9,Q.Moe In ~till air
Nonllnonrity only ±WO ttplcaf
Low lmp',d3nco output, 0.1 n for 1 mA fcad

Connection Diagrams
TO·46

Metnl Can Packaae'

;~
.~:;I

EDnQMjl~

Typical Applications

,VI

~._CU!IU'I
~o"'V+w,O"'v ...c

';:.'
TUH.'e~l~·l

FIGURE 1, !lotiO Clinllgrad" 'ram"aralure
Sensor ('1-2'C 10 .)0 lS0'C)OrdQr Numbor I.M35H, LM3SAH,

Ul3SCH,I.MJGCAH or LM1l;OIl
Se. tlS PM'aSa Number H031l

TO·92
rl""He Packoge

Orue; Number LM35C% or I.M350:l
SOl NS PaCkage Number Z03A

6.--v;"9F
.-.•V,

1L1tlf~510,4

fiGURE 2, Full·Ranga Centigrade TempGratur~ ~lflW



ACCUrdCY.

'.M35. LM3SC
(Note 7)

Load Regulation r...·' l-25'C :1:0.4
J!:!_;\8 3)O~:L';'. m~ "TMIN';TA~;TI~IS._ :1:0.5

tina Regula,lon TAr. +25'C

.J!:!~~L_ .. 4V~V8~30V , ...,,"",~__

Qulesoent Currellt VS""+5V, +25'0 66 eo
(NotoS) VS·" +SV 105

VS·· +30V. +~5'C 56.2 62
Vst"';#+~ ___ 1011.5

Changeo! 0.2 2.0
r'lulescent Currant O.!I
(~:ota3)

iSS

3.0
0.2
0.11

2.0
:),0

161

Temperature ------1+ 0.3;

Coefficlont of =~.Quiescent (:urron\

Minimum Temper.alure In ci,euil 01 . . + 1.6
_!:rRalod.~~raGY ._ .!':~~~. ._, _
longTormSlabihty TJmlMAX.lor I :1:0.08

______ ~..__ .__ lOCO hour~ _ •• ,_.__ _ __

+0.30 _ .~~] W:J
'1-1.5 +20J~~l
:1:0.06 ~J'C'_ .J.....______'I

Holt 3: Ril~~llbCT'II n~u,,,,rt,j tt caesuru r,'r,,;lion. h)fnp.:,!~",. \.I'1;!l~ J:\ltn tntir1Q wltl\ • low !!lJ~'e,c: •. Cil1~w:')S III C'J1;\I\~\,IQ to ~i)l',:r.g tHe(!s ~!'!1
tIJrtoput'1'j by tm,;Jti;:!~\I'\~ til' mtllnal C!!n:pr.flc"l. bl'.h1 UlI'tT111 ttsil:'!\~'.
Hat. 4: TMt"d l.!mitl all \jl'2.rolnl~.d e!~ 100% testeJ In rrl;<!uclien.
Hot. 5: e.,;gn IJmiIS art C;iJarlnlitOcf(t:~itOI 'C!J~ pr\,)c!\.-:t,cn til$!Gd} over UHI!m;l'i;;:at~dHHnp&raluto. lnj l~pl"!/"':'Ha;'l rlr.~u" TniJn lirn:1$ita (\;I ..h·! 1;

UIC\j!llt QI.II.O~."l1olqUl1jrj lIVi:'

Hot' I: Spo.;;r;cat:oCllln bcldllCI 'P~\i' cvor In) fun 'ilod tamper'l,lle rango
H~" 7:Ac:cutl'::yls OQ!\i1.;;ilU UI' ~1iHQt' bet\'ll'ol'\ ttl, Qijl~~' 'Woltllil" and 10m·.d'c Lrl'l!s.lha d,)V\ce', C"" \C11T1~.r'\'.I,H', a\ Sp.C.:iiIJ ccr.d.tiOf'lJ Cit ~;;1!1~~, ~'.".'
and t&:nptfaMI (.lpt .... d ill ·Cl.
Hot' .: ttO!'llil'!liUliyl. d,l\ntd at \hI t:tllill.'!vn 01 thl Ol.lljl\.l\".r:\11lolQ·V'lluI.tlmptfltuti (;,\1\'(1 'l"I"t'i 11".,t:esl·lil'U':~ht \I!'a, oJ'JIJrIhl,l dcv en u.~~j lw~;"I'JI
IAAil··
Not •• : thlitsc.tn\ (\.IUI",ls r.1!i1lil'lld In tnt Circuit of Fi;uII ,.
Hol. 10: "A.tJ$e;lul,M•• 1tr,um ".tl,r.glll!;J\Cllt lim!lt bl),ilM ""rIch dim •• " 10 \hi d.,,;.:. m(l.l v;;;\jr. C:C 1M AC .It;tI;cIl '~.Ci~.;afoOl (!~ N I~; I .'.,
()Pth.U~g m. d."ic~ b"iClriJ It\ fal~ OPfri1iOQ con,Mions, Sa·) NQtll 1.
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Calibration Certificate for Fluke Thermometer

ESKOM

CERTIFICATE OF CALIBRATION
NATIONAL CALIBRATION SERVICE

APPROVED LABORATORY
No 306

Ttli!, certiti~'1t8 in issued in accordance with the
ccmdltiOrJGof the approval granted by the National
C~libraton servrce, It is a correct record of tho
measurements made. This certificate may not be
reproduced other than in full except wlth prior writ-
ton approval of the issuing laboratory.

TECHNOLOGY RESEARCH AND INVESTIGATIONS
TEMPERATURE METROLOGY LABORATORY

Head of Laboratory

P(l:lO 1 of 2. p~ges,

Till) vaiues in l:1iS Cf!ftl!'CC.V: ur.~ correct nt thi} tirr.e of CiJll~t,)tiL'JI\. Sul)'5t:'QU:jntl1' UhJ n::;cl,lr:\cy 1.,'/;11 d._:pt:'f1d un
$uc-h f~V:'or3 ~I::;: u.o care oJt('c\J(t1d in h;mdltnt] and U:-;') of th~)doviet', ami till) frequency of us'). Rl!r::ll:~fatlon
~hO\Jl(j Cd pf~rf(inm,d aftN a PCliod uo ch~~;~fmto f'l1sure Hl:1~till." in!Jtrtllth'I,t'rJ -:\ccur,lGy rern.uns \'iHhi!1 U"le~c~;ir(~(i
limIt:;,

.-..J

~
I

"1
I::
I



~
~
NLA
Calibration of a
Calibrated for
Certificate number
Date 01 ~alibration

Serial number
Instrument rar.qe
Ty~e

Procedure number
Laboratory I~mp
Humidity
Reference <tandards
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ESKOM· TECHNOLOGY RESEARCH AND INVESTIGATIONS

CERTIFICATE OF CALIBRATION

; Digila! Thermometer
i Lskom TRI
: 9705T264
. 5/Si97

: 6695242
: otaso'e
: Fluke 52 KlJ digital thermometer with SiN 5695242
: coupled 10Utype K thcrrnccouple.

: 306-1003
: 2~.5·C
:34%
: Fluko 2180A digital thermomeler SIN 2620007

The accuracies of the reference standards are
traceable to the National Measuring 5tandards.

~eference Indicated
j"emperalurc Reading Correction
,_:'£:_- -~ __ 'C}__

0.0 -02 02
19.3 19.5 -0.2
29,4 29.4 0.0
39.S 39.5 0.0
4H.6 49.6 0.0
59.4 595 -0.1
ss.s 69.7 .Q.2
79.5 79.8 -0.3

The uncertainty of measurernunt is +/-O.5'C, esti'l1(lted for a 95% confidence level.

Comments

Recommended re·caUbrilt!ondato: [:15JB8

; The correction 5!'culd be adder! 10 1110 inJi(<ltcd temperature In order
: to obtain the t~JC :emperalure.

Cahbrat?u by

Checked by

:OOllhimmn H,)",l of labordtory

,\\ (~c»~\:1..'~-"-: M Mathieson

Prjy~t~ Bag X40175, Cleveland, 2022.

Page 2 of 2 pageo.

Tel (011) 629·5111 or (011) U211·5325

ESKOl'r'l
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APPENDIXF

EQUIl)lVlENT PERFORMANCE DATA

This appendix contains the manufacturer's performance data for the desiccant wheel and

sensible heat exchanger.
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Ail' velocity= 2.5 mls

rotational speed= 21.9 rev per hour

Regenerating temperature :=. 70 "C

XRcE"" XTrE

where XReE"'" humidity ratio of h'gen. air

XTre'lmmidity ratio of inlet air
If XReE not equal to XTrE then subtract O.05(XRc[; - XTrl))from the outlet air humidity ratio

FIGURE F.l: Desiccant wheel outlet air conditions for specific inlet air conditions
(Klingenburg, 19970).



Inlet air
Flow-rate

11}J

50 -

196

Recommended working range

1,0

1':; .-,

D,S

2 3 4 5 rn/s

-1---;,-'--'--'-'''-- --,--....--l~r--r-r-r---r,.-rTT'T'T'-fTT-'
30 ':0 50 60 70 80 90 1(10 130 1';0 Pa

FIGURE F.2: Performance chart for the sensible heat exchanger eRRT GOO)

(Klingenburg, 1997b).
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APpP:IDIXG

OPERillILITY OF DEC SYSTEMS IN SOUTH AFRICA

01 Overview

Part of the scope of this project was to do an assessment of the feasibility (n~DEC

systems in South Africa. 111isappendix G gives the following results:

(11) A general survey was done concerning the climatic variations in South Afuca

throughout the year. These results are given in section 02. The results give a

general indication of the air conditioning requirements itt South Africa

concerning dehumidification and cooling.

(b) Simulations 0fDEC systems operating in various modes ill all 12 climatic regions

of South Africa at different times of the day throughout the year, were done based

011 average weather data. The simulations used the manufacturer's informatlon

(see appendix F) for the desiccant wheel. 111epurpose of these simulations was to

determine the operability, performance and practical implications of operating

DEC systems (balanced flow, non-optimized) in South Africa. The weather data,

simulation results and a brief discussion of the results, for each of the different

climatic regions is covered in sections G3 to G14 (see table G2.l for a list of the

regions and the relevan: sections).



General Survey

TABLE G2.1: Climatic Z)llCS of South Africa and representative cities.

l~NI~:~~:~:::~a;Nm;h~..~:~~'21:- -I~~~~:~ll==l~~··!

i M' 'Soutll::-\\~~st;mCap~~~"---, Whiter l'ai~l-..---'~,-.-"~, Cape Town -_ G4 I

~~~l;~~;~t~~~i;;~f~f!~E~~~·~~r~~:h~~~I
I Zululand t
\,1')" Dl:aI(~;lsGergEsct\i:i;lnellt-' 'W~il~U:-suilm~errain.... 'LaclY;;luitK-"- '(fir"
'r:-' To\vveIT---"" ,_,-~---_, 'I'" II()t'steppe','Sttilm1cr:'riiill" . ''IJfh1f,1hoi~a'-' G9--.-
'NTI"~Jolil;~'ln';I~ill;~va;;r'-'--'~.Tlot'S'tepi;;:'Sll;ll~llern~il\--'P~'~;l;t;l,g" '" .•,(110'
fe- 'J:iigi;velc('_····_-_· __·_... \Vm·iil~s\uil;;l;;n·ahi--~-- Joii[ulnesblitg~''GIT'

t
-i~~~~:ti~~:~t-=-=:-~.~~::;~~~~;~~;;.:!:~~~~;~;.,g:1
K~-tKarot)" .....··-"~..-~·~----Ifieseli"-"'" ._. _..","'_-.' .... -Beruifort\Vcst -.
,__.J.., -._,_~..__.'"",,_,_,__,_,,_..L.__,_....,, ,,__. .,..._..".._,_"",'...__...~.._._..__.~ ..""..~ ",,,

FIGIHm G2.1: Climatic zones of'Soutl: Africa (Weather Bureau, 1(0),



T WLr:: C"" : ~f.)nL'l1swhen average dry-bulb temperature or humid'.y ratio exceeds room conditions
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T""Ambient dry-bulb temperature exceeds that in room of23 "C.

OCT T,
!NOV

.nsc

\v==Ambient humidity ratio exceeds that in room at 50 % relative humidity.

TI,e calculations were based on average monthly climatic data at the specified times of'-he day (08hOa, 14hOO and 20hOO).



TABLE G2.2b: Months when average diy-bulb temperature or humidity ratio exceeds room conditions
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I APR !W I TW I VI IW IT! W! I I II I. I I I : I' TL '.!!! I! .'!. I.

1 MAY t w inv IW! 1 I j ! I I I 'II I 1

1

: ! I L__~---;,',
JUN I IT! I' I i I I j' • I I l~, i, i

i I,! I I I-----l- --l- i \ . I I : :
j!-iJU--JL--'~_'I- IT: ! I I I I ! I 'I 1 I I I I ! I JI
, ,!,., I" i "I,.
iAUG-r IT! t I I I ,,--t- !! I !, 1
i : { 1; 1 \ I \ I ~ ! I r I I
iSEP !WjtTW !W j iT I I 1 I Ii T I ! I,. _L! I
! OCT : VI . TW f TW!. r T Ii! I, T -r------!, I I I, [1 ; :
: - I I! I Ii! ! ! I I! I I I

iNDY I.W .!TW tTW IW in\' iw I'w i I I T ,'I, ',T Iw,w -r--i,l i 1
J '.' I I i J__ r i I I L-'
.1DEC ITW I. TW ITW I W ITW \j w II W IITN IIW I' W T 'I' T I '] I'TW t W 1 i TIT i

, ! , I ' : . , '. . I I I . : ,...J
T= Ambient dry-bulb temperature exceeds 1113tin mom of23 °C,

l.)s

\V= Ambient humidity ratio exceeds that in room at 50 % relative humidity.

The calculations were based on average monthly climatic data at the specified times of the day (08hOO, 14hOO and 20hOO).
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G3 Upington (Namaqualand and North-western Cape)

This region has a desert climate and is generally hot and dry except in February lind

March when the average humidity ratio is slightly higher than that in the room (see

table G3.1). All of the air conditioning requirements could probably be met with

only evaporative cooling, although dehumidification could be required if room latent

loads are high. The ventilation mode generally performs slightly better than the

recirculation mode throughout the year hut the ventilation credit mode performs the

best during the middle of the day in the summer months (see table 03.2). The best

strategy would be to operate year round in the ventilation mode, which would give

relatively high COPs throughout the year (minimum of 0.34 ill ventilation mode).

NOV 31.0 18 7.1 27.3 7.0

..D~:~_,...~ _i:-:~'=~~.~~~4..~~~:".=~~J~~~~.~.~.~?L::J.~6._
Note: (1) E!~i~iQ!E 836 m (2) JYl~L~~h_erofUeclJ9.,; 03174741

(3) z.Qne; W (Namaqualand and Northwestern Cape)

(4) £Unlll.!Q; Desert

(5) RQ.mn.f!lmiitiQI}s.;11>13'''23 ee, RIl" 50 %, W""9.6 !1/kg



TABLE G3.2: DEC simulate" ". 'ormance parameters fer UPINGTON

IMonth 1 Ventilation mode !Ver:.tilationcredit mode IRecirculation mode - -- --- --- !
; CC (k\vrkg) COP ICC (kW/kg) ! COP ICC (kW/kg) ICOP i

\ 08 ! 14 120 (18 i 14 20 -'1 08 i 14 120 108 114 ! 20 .108 114 120 ) 08 I £4 ! 20 !
~,N ! 14.3 t 11.1 ; 12.8 0.40 i 0.37 0040 113.4 119.7 jl1801 I 0.37 I 0.65 .1 0.56 -I:l3.8 i 10.7 I 11.9 I 0.39 I 0.30 1 0.33 i
j 't , + { I ,_ .. 1 ti ffiB ; 12.6 1 10.2 110.9 I 0.35 ! 0.34 0.34 I 13.6 j 19.9 I, 18.0 j O.3~ !0.66 I 0.57 I 10.4 11.3 I 0.32 !
fMAR--, 13.8 ! 10.8 I 11.9 I 0.37 j 0.34 0.35 i 12.0 ;18.6 : 16.0 ! 0.32 I0.59 I 0.47 . 1LO 12.2 I 0.39 ! 0.34 )
i t . f i' I I I I 1 lit

114.7 i 16.0 f i 0.42 0.42 l : 14.8 . 11.2 I' !0.42 ! 0.30 ( I 13.3 ; 15.0 ! I 0.42 I
• : I· I.: !--:-=-+- t .! I I
f 18.7 j 21.0 ! i 0.49 0.49 I i 10.7 1 5.8 Ii 1 0.28 ! 0.14 ! I' 18.4 I \1 0.50 I

1 'J 1 ~ I l .' I I
r:::JT"1 ., I I I (I i
I '-'1'< : iiI Iii I 'i !

: : I' ;. l ' I IJL1 ill i . I, , ,
: J ; _1 ~ 1 I' j .•. l' .--<--------1

~j\UG .~ f; . f r t 1 I '
j: r l J; i .L. 1 j

1 SEP "I 1 i! I I! I j I i
i f r t· t j 1 i 1

i OCT -20.4 117.3 118.7 I 0.49 I 0.48 0.49 ! 17.9 114.2 I 15.S l 0.49 0.39! 0.44 j
'--i "'-'O-V-+, -1--'r: , 150 1'1: 4 . o AI: 1 04S 046 ' 158 I 128 ! 139 I. 044 '0"'6 i. (l ~9 .
'. 1; <Ii . ,~ioo j [, .. f.· 1v.. ~ ...,.t...,v '. .. _ .... t !. .. ,. ~ I .. • .1 • .:> ~ _:J. ;
: ' : ! 1 t -l-!! I j' ; . ! ;___: I
IDEC 115~ '13~ \·14.!1 '04"7104') 04~ 1}'13 /1"8 1164 ;O~" 059 !049 144 1~16 I 1')'> \(}40 l o ....'"'I~:O~6-~1L ['_ i .j I •. !. ~ i • ~ • _, I _. I 6. • I .~.. I . 1.1. I ._.0 ;. \ •.'-1 i '-'__j

NOTE: (1) The performance parameters are for a balanced flow DEC system operating with TREG= 70 DC, EVR= 95 % and EHX==84 %.

jll.PR

MAY
I"

S

('2) The calculations were based on average monthly climatic data at the specified times of the day (OShOO, 14hOO and 20hOO).

(3) blank spaces are where ambient TDB < 16Cc or W <6 g/kg (unlikely that cooling or dehumidification would be required).
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04 CapeTcw- (Scuth-W .. t

This region has ( winter rainfall climate that is very cold in w' "r bnt can become

hot and humid in summer (see table 04.1). Cooling and dehumidification is reuuir ed

in the summer mouths. The recirculation mode (minimum C(1P"'O.28) performs

better ':11al1 the ventilation merle throughout the year although the ventilation credit

mode performs tetter during the middle of the day ill summer (sec table G4.2). TIle

best strategy would be to operate continuously ill the recirculation mode.

TABLE G4.1: CAPE TOWN average monthly weather conditions (Weather Bureau,

1997}.
M()N'I}I 08] lOO ---'-~114HOO'-~--'-T20HOO------

JA~ ~: ~t~r~;;l::{::7 :'~~i:+:~~l
.FEB~.~.-!~'r 79~tT~.:!~:;tl .• _ll~ 19.9 ~7.rlll.2

f.~~R..__j.' 1.~.'.'..'8 85 ho.J_, '''~ i .52 ~.'5.....r'6 79 10.:_~~--i~"Hf9.0 122~ .5=.! 0.5 :65 82 ~H
!~·~~t1~~::~~~.~~_.~~~J~~~..*~~
~l~(j-~~~ ~:~.1~::]~::I~:~~:~.,~_.:~:=i
t;f1~,f~;i!~*j~:~;l~~~~
Note: (1) lilevajlon;, 42111 (2) lY.!?athcr office 110"';' 00211790

(3) Zrrnc; M (Southwestern Cape)

Hf.lin1'!tQl Wintl!1' rain

(5) R~!!_lmsoll(Ii.tl91}S 'IDH:~ 23 "C, lUI"" 50 %, W"" 8.S g/kg



TABLE G4.2: DEC simulated perfonnance pa~meters for CAPE TO\VN

1 Month I Vemilation mode IVeniilation credit mode I Recirculation mode !
! CC (kWlkg) --jOSP ,I CC (kWlkg) ICOP ~l CC (KW/1cg) .1 I COP 1

~ I 08 114 120 ! 08 jI4 ! 20 I08 114 ; 0& j 14 j20 !08 ! 14 120 iOg R4 IwJ
I JAN ! 10.5 ~8.7 110.4 I 0.29 ! 0.26 1 0.29 I 11.9 12.5 I 0.32 0.45 I 0.34 112.3 I 10.7 I 12.0 ! 0.34 I 0.30 I 0.33 I
t I I i I <j" I I I I I I

; FEB 110.7 I 8.1 ! 9.6 10.29; 0.24 '
f , 1 ~ t I

: MAR 112.3 ! 92 l1O·91
1

0.32 ~2
: APR! i 11.6 ! 13.3 i 0.32
i .. } ii'!MAY j I 14.0 I ! ! 0.36
,~JlJN_ I 1-16.0 I I i 0.40 T---~ ~l"--' 0.19 ·1· ! '115.2 I I 10.41.1
\ • I I , I I 1 . j . t_. ! I I I ..
1 rr lL i : '6" ) , , -.• (\ I I ' 0 17 l I 1'i'" I I 043' I
~AJUU..G l ! 1!6'6~! I : Uo':"!:: ! 10'17 I I i 1-5'7' I - --l.1--+-1-o·-43--i!----I!~ ": i - f I l·q;, t I· ... . J - .) j
'SEP f ' I" 7 I! 0 "0 I . I 83 I 0 '"'I 1041 I II ~ {-t. If" ~;).r j I' i v- I. ; ..oW j ,,' 1 •: , ! I ,I , , , __ )

1 OCT i 114.3 I !10.2 'I l 0.27 038 ; !
~ 1 I t

NOV ! 13.9 12.0 I 12.2 ! 9.0 I 0.23 0.33 12.6 14.2 0:35 ro.391
t J I . I 1

DEC _ il1.8 103 ! 14.1 !_ 11.0 I0.30 ! 0.40 12.8 0.35 0.32 I 0.35 !

~7 111.4 ! 16.0 112.5 L0.31 I 0.48 !0.35 112.6 -110.1 i 11.8 ',----1

0.35 I 0.28 I 0.32 j
10.29 19.7 114.7 111.2 ! 0.25 0.43 0.30! 13.6 10.9! 12.6 0.37 0.30 I 0.35

10.34 ! 112.5 18.9 ! I 0.34 0.23! i 12.3 ! 14.2 ·0.34 0.39
'r ' 0.38j__! 109 ' I 0.26 ! I 113.9 I 1I/. I I

_j__--,-~-' ~_~. __ . _____ .• ____________________ .1 ~ __ I ----i LJo....

NOTE: (1) TIle performance parameters are for a balanced flow DEC system operating with TPEG= 70 "C, EVR= 95 % and EHX==84 %.

(2) The calculations were based on average monthly climatic data at the specified times of the day (08hOO, 14hOOand 20hOO).

(3) Blank spaces are where ambient TDB < 16 DC or W < 6 glkg (unlikely that cooling or dehumidification would be required).
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G5 Port Elizabeth (Southern Coastal Belt)

This region has rainfall in all seasons with a moderate climate throughout the year

although the summers can become humid (see table G5.1). 111e recirculation mode

generally performs the best (minimum COP""u.2o) with the ventilation credit mode

performing better in summer (see table G5.2). 111e best strategy would be to operate

in the recirculation mode.

TABLE GS.l: PORT ELIZABETH average monthly weather conditions (Weather

Bureau, 1997).

MONTH::0 =-~-·~~r~~~~;H;'w-
~AN--'2jT 76l::'liCi 6T ii2.6
r_--~-I---·-L- ._ .--------f-.-+----- .-.-+-~..-j
FEB 20.7~2. 1:2.6 ! 242 64 12.8 20.7 85
I---._--f.-.- _~_j_-_.-.i--_ -_ ---.-t-----t-.....,.--+-
MAR 19.3 85 11.:.1 i Tt4 64 12.4 19.8 85

APR 16.6 t85FO-C12C9 62 10.8 17.8 85

!-~ Y _-{}3.~..' ~!.4~~--20.6 56_ :1 15.~ 82-+--
JUN i 11.2t~l I 6'8~~9.4 52 8.0 13.9

}_~~_.=~rl_0~~t~1~·}·~!~_I~8_ 5~J 7.8 13.-6
AUG 12.0 l82 "h.2 18.5 57 8.1 13.9 82

82
82

DEC I 20..2 73 11.4 123.0 61 11.6 19.6f8o__ "_L_~~."_. . ~ ~_
Note: (1) m~vatiqrr; 60m (2) :Weather office no.: 00351795

(3) £.&11e: A (Southern coastal belt)

9.0

9.6

(4) Clinillt.Q.;,Rain all seasons

(5) !~.Q9mcon0itiOll~ TDB"'-23 -c, nn- 50 ~-O.W"'"8.8 g/kg



TABLE GS.2: DEC simulated perfcnmmce parameters for PORT ELIZABETH

J Month L~entiJation mod~ IVentilation credit mode JRecirculation mode 1
\ I CC (kWlkg) ! cOP 1 CC (kWlkg) COP 1 CC (kW/kg) I cOP 1

: r-osTi4 120 J08 i 14 120 108 j14 120 '08 14 20 08 ,'14 1
1
20 108 114 120 !

~ {1_!! I "~

1 JAN ! 7.3 15.9 l. 6.7 I 0.11 ! 0.18 10.20 I 14.7 T~4.7 0.43 0.52 0.43 10.5 9.6 110.5 10.29.10.27 I 0.29 ~

.I FEB 17.2 I 5.6 I.'.6.5 10.21 10.17 10.19 !' 14.5 17.0 14.8 0.42 10.53 0.43 10.7 9.4 11O.5! 030 '0.261 0.29 I
t ~ if! It. .

!MAR i 8.6 !6.5 ! 7.8 10.: I0.2~ i 022 13.2. 16.1 13.~ 1037 . 0.49 0.:0 1I1.6L :11.0 I032.l0::_~0~~ I
! APR '.'12.8 .1 9.6 I. 11.1 I. 0..)3 I 0.2; ! 0.29 9.:> ! 13.6 , 11.1 I024 0.38 0._9! 13.8 I 11.6 ,12.7 I 0.381 0..)", I O..)~ I
' I I I I! ill I, I i- !
l_:1AY J....., _ 113.0 i 0.35 ! ! 11.3 0.30 1 ! 13.2 ! I 0.36 I i
i JL'N! 115.1! I ! 0.39 I I iM I I 0.24 , .. 14·sr-n 0.40 I I

i JUI. I i 15.7 J j i0.41)I I 18.9 I 10.22 ;n .. I 114.~ 0.401 :

; ! 15.3 '. . 10.39: I 18•9 I I 10.22 I ! 14.6 I I 10.40 I -1• I: I! I I j

f SEP l ! 13.9 II II I 0.36 ! I ! 9.7 i ! 10:25 I· 114.0 i j 0.38 i1-- I I. ! ! I I Iii t , I
1 OCT ! 14.0 I 12.3 113.7 ! 0.35 ! 0.33 I 0.35 ! 8.6 ! 1L1 IS.8 ! 0.22 I 0.30 0.22 14.5! 13.2 114.3 I 0.40 I 0.36 0.39 i
I NOV 111.3 110.3 111.5 I 0.31 I 0.29 I 0.30 110.9 112.9 I iO.S I 0.29 i 0.36 0.28 13.0 11.9! 13.2 ! 0.36 I 0.33 0.36 i

1 DEC 19.4 T8.o r 8.9 I 0.26 I 0.24 I 0.25 I i3.l 115.2 113.0 _to.37 : 0.45 0.36 11.6 10.8 111.6 i 0.32 I 0 30 0.3: I
NOTE: (1) TIle performance parameters are for a balanced flow DEC system operating 'with TREG=70 DC EVR""95 % and EHX= 84 %.

(2) TIle calculations were based on average monthly climatic data at the specified times of the day (08hOO, 14hOOand 20hOO).

(3) Blank spaces are where ambient TDB < 16°C or W <6 g/kg (unlikely that cooling or dehumidification would be required).

1->
Cc-
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36 East London (South-Eastern Coastal Belt)

This region has a warm climate with summer rainfall (see table G6.1). The

recirculation mode generally performs the best (minimum COP==0.25) with the

ventilation credit mode performing better in summer (see table G6.2). The best

strategy would be to operate in the recirculation mode.

TABLE GG.1: EAST LONDON average monthly weather conditions (Weather

Bureau, 1997).

IM~~fH I~:i~tv_-14HOO 20HOO

IDB RHj-W' IDB RH W

JAN 21.: 78 13.0 24.0 71 13.6 21.2 85 13.4
r.im-- c-c

_.
21.4 81 13.2 24.2 72 13.8 21.3 81 13.8

--1--._-M'<\'R 20.2 83 12.4 23.5 72 13.3 20.4 87 13.1-_. --- ' , -APR 17.7 81 ! 10.3 22.3 66 11.5 18.4 85 11.2

MAY 15.1 :'6 8.1 . 21.2 58 9.5 16.3 80 9.2
I-==-=""~-- - --JUN 12.8 70 6.5 19.8 52 8.0 14.5 75 7.7

6.3'- 19.6 ' ~'I--'JUL 12.4 70 52 17.7 14.2 77 7.7

AUG 13.5 73 7.0 19:4- 58' -8.3 14.6 80 8.3

SEP 115.4 76 8.'1 ?.4 65 9.5 15.8 83 -.---
9.3~~~_- ~+f -.-~

~rT •3 T6 19.8 69 10.4 16.8 83 10.1
-y-- 19.i--75. 10.8 21.0 72 liT 18.2 85 ----:--11.3

L?EC- 20.9175_L::9 22.8 ~ 12.6 20.0 84 12.4~._. ,_ ...... _ :__h_._______

Note: (1) Elevation: 125m (2) Weather of[rcc :Q9_,_~00595729

(3) Zone: SE (South-eastern Coastal belt)

(4) Qimate: Warm Summer min

(5) Room c(mdition-,~TDB~ 23°C, RH'" 50 %, W"" 8.9 g/kg



TABLE G6.2: DEC simulated performance parameters for EAST L01'l'DON

!Month IVenulation mode IVentilation credit mode IRecirculation moue !
I rCC (kW/kg) -reOP ! CC(kW/kg) COP I CC(kW/kg) COP I
1 r 08 I.• 14j, ! 20 08 14 20 108 J4 I. 20 108 ]4 12°, 108 114 po lOR ! 14 i 20 ifL . ! . I ! I!
I JAN I 6.5 ! 4.4 15.8 0.19! 0.14 0.17 15.6! 17.4 !-15.4 0.46 0.55 I 0.46 ! lOA 19.2 10.1 i 0.29 ! 0.26 II 0.28, i til I I \ 'I

1 FE. B 16.:i_ji 4.0 I 5.4 I 0.18 ! 0.13 0.16 15.4 I 17.7 16.1 0.46 0.5. 6 I 0.49 ! 10.1 9.0 9.8 0.28 I 0.25 I 0.27 1,__ L·i .J_ i .,!
i MAR ,8.0 I 5.0 ! 6.7 I o:n II. 0.16 . 0.20 I 14.0 16.8 14.7 0.40 0.52 I O.Jf3 I 11.2 9.5 !C.7 0.31 I 0.2'711 0.30 I
~! i • I {i -:c-!
1APR !I 12.1 If 8.6 10.5 I..0.32 i 025 i. O.2i> ! 10.3 14.5 11.6 0.27 0.42 I G.31 ! 13.4 11.0 12.6 0.37 0.30 I 0.35
L_ __j ! Iii IiMAY I i 122 114.41 10.33 10.36 11.9 83 0.32 1 0.21 I 12.9 114•8 I 10.35 i 0.40
L~! i 15.2 I I 0.39 I I 9.6 I 0.25 ! I 14.5 I I 0.40 I 1

iJULI ! 15.1 I I iOAilr-i .92 023 1 I 14.81 i 10.40i J
! AUG! ! 14.8 1 0.38 I I 9.6 I -h:25 I I 14.3 l I ! 0.:9 I 1

! SEP I 112.8 [ I ! 0.34! 1 10.7 . 0.28 I ! 13.5 i ~' ! 0.37 i I
-t- __J_ ,-- I J! ~CT ! ~3.6 !IIA I n.~ 0.35 O.~i 0.33 I ~.5 I ~2.0 9.7 o.~:!O.J~ '0.25 ! 14.2 ~!2.6 ! 14.0 0.3~ 0.~5! 0.38 1

! NOV ! .0.919.1 110.:> 0.30 D.£.6 0.28 I n.s I :3.7 ! 11.7 O._,~ . 0.391 0.32 112.6 ! ll.5112.6 i 03, ,032 I 0.35~tu·9 I 15.8 I 13,9 0.40! 0.47 ! 0.40 j 11.3 I 10.1 J 11.2 I 0.31 i 0.28 ! o.~

'";;>C.Q

NOTE: (1) The performance parameters are for t! balanced flow DEC system operating with TREG'" 70°C, bV R= 95 % and EHX= 84 'Yo.

(2) The calculations were based on average monthly climatic data at the specified times ofthe day (08hOO,14hOOand 20hOO).

(3) Blank spaces are where ambient IDB < 16 CC or W < 6 glkg (unlikely that cooling or dehumidification would be required).
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G7 Durban (Eastern Coastal Belt and Zulu land)

This region has a sub-tropical climate with summer rainfall. Dehumidification is

required year round with cooling required during most of the year (see table G7.1).

The recirculation mode performs significantly better than the ventilation mode (see

table G7.2). TIle recirculation mode has a relatively low minimum COP of 0.20 and

the ventilation mode provides little or no cooling in . ummer, The best strategy

would be to operate in the recirculation mode, although a second DEC unit could be

used to COOl the ventilation air since the COP in the ventilation credit mode is

generally high (maximum COP of 0.78).

TABLE G7.1: DURBAN average monthly weather conditions (Weather Bureau,

1997).

!MONTH 08HOO '---'_14HOO

TOB RH W

26.6 69
69
67
64

S9

JAN

(J) Zo.ns:; £ (Eastern Coastal belt and Zululand)

(4) Climate:, Subtropical Summer min

(5) Ri).,9l1lcQ1}ditio!!s_;,TDB"" 23 (Ie, RH"" 50 ~,'O,W= 8.8 g/ko:-:



TAilLE G7.2: DEC simulated performance parameters for DURBAN

Month Ventilation mode

CC(kW!kg) COP CCO~~Wikg)

Recirculation mode !
COP' CC (kWikg) -1 cOP ------,

Ventilation credit mod"

08 14 20 08 p
"I ~
J.• f 0.23 O.~I)

::0
J.Al·i : 0.22

FEB 7

I-O~21 0.23MAR 13.3 i. 0.5
--.---~-

.APR ! 7.9 •4.4

:rvHY 8.5

Jl1~ 12.0

JUL ED
AUG 14,9 10.9

: 1.4
~~....,~
"J.';..... (}28

.»

13.9

0.31 7.8 13.0 106 0.19 0.37 (128
'--- -~---j--(J-~. ."'\j~-::-;--'" .f',.., i '{.., ~A ",) A . i"'r J ',It? ".,,S.. ,9.5 0.-,., 0 ... 6 13... 6 , ~•.:.. 1-->..3 L."t. D•.:> ,0.'"1-_ u.3 -r

'-~--,.---i---,i---' ---~'-"
(jCT 9.5 7.6 f 8.3 0.27: 0.23 0.24 13.2 Z5.4 1 13.6 (0.37 ; 0.46 0.39

'; f·

'NuV ---,.--i-4-Q-"-'---n- "'''1;--"0'- (lIS l"~ l"'~ 1-4 '0<<: '/\-1 ....~6 10- q- 1U'" ','9 ---+-------1
'_', i !~'V .~..~ ; ~#> u..~ ; ..~~ J,.... _~"', I~L- '~ ... ;,' .'f-•./ t t,.•• :'r4 U.t.t IJ ..) ..... / .... ~ t __

DEC 4.0 : 2.0 •2.7 0.13 (W7 O.lJ9 I7.S 19.6; 17.6 10.56 j 0.66 0.56 9.1 8.2 8.8 0.25 n.23
;f

SEP l' A;i ~~''1:

0.27 0.29

NOTE: n nile performance parameters are for a balaneeo .1ow DEC system operating with TR1zG=70 "C. EVR""95 '% and EE{"" 84 ~c.
The calculaticns were based on average monthly climatic data at the specified times of the day (OShOO.14hOOand 20l:001.

Blank spaces are where ambient IDB < 16 CC or ,\V< 6 gfkg (unlikely that cooling or dehumidification v,auld be required).
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08 Ladysmith (Drakensberg Escarpment)

Tuis region has a warm climate with summer rainfall (see table G8.1). The

recirculation mode generally performs the best (minimum C(WAJ.30) with the

veutilation credit mode performing better in summer (see table 08.2). TIle best

strategy would be to operate ill the recirculation mode.

Lnl':='~_:"" 1:t~.2.,,:·,7~~.",:,l:~~_1:"~:(~._,4~tl~·.~:~l:1·(:.166_tl?:2••1
Note: (1) .Eh,Y_i1tion; H)78m !~) I/5!{lthl:o:T.(lflir(·11l1.,: 03(\O~.s,n12

(3) f.SmQ;D (Drakensberg Escarpment)

(4) ,~]i~llat.\!:Warm. Summer rain.

(5) B.Qs}.m.9.Q!llii1i9lJS:TDB~;23 "e, lUi'"' 50 %, W '.0



TABLE Gg.2: DEC simulated performance parameters for LAl)YSMITH

rMonth ~Ventilation mode IVentilation credit mode IRecirculation mode --I
r CC (kWikg) i COP i CC (kW/kg) I COP I CC (kW/kg) ! COP I
i 08 l 14 120 I08 i 14 20 I, 08 r 14 20 08 08 ! 14 I 08 I 14 I 20 !

c-----+:~- 1 t j J . . I 1 ----i- ...
; JA1~ 19.2 I 6.9 i 9.0 j 0.27 r0.23 0.27 115.4 120.0 116.1 i 0.45 ! 0.48 ! 12.5 110.4 I 12.2 1 0.35 :0.30 0.35 I
,1FEB j9.8 ; -.0 ! 9.0 10.28; 0.23 0.27; 14.7 ! 19.4 ! 16.1 10.43 10.64 10.48 112.811°.4 112.2 C.36 i 0.35 i
! MAR 111.8 1 9.1 i 11.5 I 0.33 I 0.29 0.33 112.8 117.9 ! 14.0 ! '1:iS II 0.56 jo.40 I 13.9 111.3 II 13.4 ! 0.39 I 0.32 ! 0.38 !
I-A DR ' 149 ' "7"} , i 0 AD 0 AA i I' '46 '98 i - - • 042 J 0 ')5 ! i I" 7 16? I i 0"'9 I'04';1•"~.... !.' I ! 1 ... l ;..... ."t"t, i 1. !. fl' I .~ j;)"_ I i';):' - i
: MAY , 18.7 I ! ! 0.49 ! 10.7 i ! 10.78 , i, 16.2 j ! 0.45 1 I
~~UN !21.7 I ! I 0.53 ! ! 7.9 r I I 0.19 ! ~1~ __ J o5Oji
i JUL : 21.1) \ i 1 0.52 ! I 8.2 I : i 0.20 I j j 17.8 I i I 0.49 I I

J ,I ; !"! I I I I I
: AUG! ! 20.7 I ; ! 0.52 ; : 19.6 I I . 0.24 ! j 117.0 II 1 10.47 I,

1 ~ I I 1 r ; lIT I j t
'17'<:; : 19~ I 104'7 r 048 I I 1"'~ i 80 I 0"3 IO?f\ I i ]5,,1 '17" I 1043 10491: ••. -: ./! ! . r s f': I a;» j' i •., I ._\; ! . t ! . ._ Ii' [ U, I

_ ! I ,I I" I j I, i:
O.....T i,'- :'4' 6 '16"} '04" 104') iO"" '94 i144 104 ;0"" 104! 10271162 f140 '1"6 i045 IO~9 1044 il~ ! IO.j .i 1. i.._! • _ , • _ • ..,._ :. ". ., ._'1' I .. 1 I' , • I . , •. '. i'"'' I

j I j 1 f ; i Til j !! I
! NOV ! 13.4 i 11.6 ,13.5 ! 0.36 I 0.35 ! 0.37 i 11.9 1 16.7 12.4 i 0.32 i 0.50 i 0.34 ! 14.5 12.5 14.2! 0.41 I 0.35 ! 0.40 I
; ; l ~ t ; ; ~ ;! f! I: i 1
:DE'~ '111(: '84 '10" '031 iO"}- '0-::'') 11441191 149 '041 '06"} 1043 ;130 110 n.s 'O~7 'O~I IO~6!I C I ..J.';.I I· I .7 I' ,._1 t .~- .' _. t • •• I. 'I" - I' I' " ._. ii ." I •• , I ,_, I
f I ii' } f i ! ': _ 1·· i .. t

NOTE: (1) TIle performance parameters ate for a balanced flow DEC system operating with TREG=70 °C, EVR= 95 % and EHX= 84 %.

(2) The calculations were based on average monthly climatic data at the specified times of the day (OShOO, 14hOOand 20hOO).

~
I'"

SEP

(3) Blank spaces are where at .~·~ntTDB < 16°C orW <{)g/kg (unlikely that cooling or dehumidification would be required).
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G9 Phalaborwa (Lowveld)

'111is region has a hot climate with summer rainfall (see table Ci9.1). Cooling is

required year round and dehumidification is required for most of the year. The

observations and recommendations are the same as for Durban. '1he ventilation

mode provides little cooling in summer and very high regenerating temperatures

would be required to increase the cooling capacity. The recirculation mode performs

best with a minimum COP of 0.20, which is also relatively low. 'TIle ventilation

credit mode has a maximum COP of 0.86 (see table G9.2). Evaporative cooling

could be used alone during the winter months, since it is relatively dry but still hot

during these months.

TABLE G9.1: PHALABORW A average monthly weather conditions (Weather

Bureau, 1997).

:~:]~~:~:::~~~.~;~-i.;~:f.f:;8:1-
FEB 23.1 15.4 52"- i4':i)- -26]) '65'- 14~8-
MAlr~-" '22.2~'86-' '14.8 '-29.3- 50 - T4.4'- -25~1' 6.1"~--~-
Apiz-"~ TIie 87'" "12.7·- 12.3

"MAY-"'~ 16~5-''8'5-' lO.(r" '42' "Tb~f' 19.T '62-- ''):8"'-
'J'ffN'-'-" lii- 82" . ,;.9" _,-_. -3'ij"lfr-' '17:0-- '58"' ;;:,)"
"iDL .-.__. 'TiT' 82:- "7:8.._·~~.9 31)'" 8~i""~rfr''Str" '7:ff~
~-- , "-_".".,-~."'---I"'-~'" ._._-+ .._ _--- -, ~ .
~~~,•.__I..~:~~..j.~~..~;f-.~~~.~~~~6' ~~~-ci~l::~-I
0C'f-- "zoOt 7611:8-' '2S:f 46- 'Ti5 -2lTi;,S-fT.3··;~~=~;}=tH[~];I~~••~:~;;I~~t;·t~:E
Note: (1) m~_Y,llifl!!! 427111 (2) )¥(,f!tll~U)tli£.Q.I)t1c; 0681266C7

(3) Z.Q~l£;L (Lowveld) (4) rl!!m!tt,:~Hot Steppe. Summer rain.
(5) 1{{)Qm_£.m ..1_4iti~)n~:'1DB ·23 \'C, RH 50 ~<I,We', <).2 g/kg



TABLE G9.2: DEC simulated performance parameters for PHALABORWA

Month Ventilation mode

CCi}~W/kg)

IRecirculation modeIVentilation C"'c;Jlt mcce

. ICOP fCC{kW,lkg}--rcop. _ .
108 : _14_~i 20 108 1... 20 i 08 ! 14 !20 ! 08 14 pO L08 14 '12D 08 ! 14 i 20

·!-J-A-N-7-·"_'L~""'" fQ? ~-;-::---rI"7r008 001 00' ;190 ;"'~9 '''0'<:: :063 no' 107~ '89 71 '°0 0"'::; 10"0 ~··O·'~ ~
.; ) ";',j I .- .l • J ;. • • )0 i" I ..c. l";' ._,. I' -.aQ , ., 1 I' ,. O. ..:._}.':' I ._J i

f--_ ___;f----t ,i '----{,! !. j , _ . ..............t

FEB 12.3 i 0.8 ! 2.7 l 0.09 0.03 0.09 1 18.F 122.4 ;20.0 I 0.61 0.82 1 0.68 18.9 7.4 i 8.6 0.25 10.21 ; 0..!4 l
MAR 14.0 12.0 \3.8 10.13 0.07 0.12 117.4 i 21.7 I 18.9 I 0.55 0.77! 0.62 19.5 7.7 ! 8.9 0.27 i 0.22 10.:51

_;.._r I __j_ I If! I I _-L ' .
r-A-P-R-__"·-o-~-.:':;9182 '0')4 019 0"'41"4< '5- '040 '06" '046 '!118 95 tIl') 0 ..... '0"''' .o.s 1" '0.;): •• .:. ;..... .l ....! 1 .1 .) l' i' - ! . . l' ! •. ~ ..);) r ._, ! ..). J
l",...,-, "4' 10' '1"'4 '0"'6 U"'O 0"'6 '94 '113 '0"4 '(\49 '0"'0 1"48111" '1"'~ 0411113110"'8', ""L~1 ; i' .1 .1 i :J. ! ..) ..) .J.;:) i . I" I .- ! 'J. • •.) !!.. ..) I :.1./ • i .... I··j !, ,; . . ! I I t I

irrT'>r, T14' 11-') 1 O"{9 :0''': 1131 !7- ; --ro·''6 i-OIll i '1"':/ 161 :0"'7 lOLl.' r; .H,)l'i, 1.1, I.... i. ., .... _, 1..,.1 I r • .) I ., i. I :J._ ! . . , .» , , .. 'f ,
"I ! ~ 1 ~ I i r • I i _ _:

( JFL I I 14.5 ~7.4 ; 0.40 1).43: ! 12.9 17.9 I ! 0.35.l0.!9 I ! 13.5 ! 16.1 i O~3_7_t_O._4~1
l,yrG i '1"411':;' I 0-6 '04f1, ]145 "00 I 104'1 '0?6 I 11"4 J148 '0"'4 '041!
i A"\."'" . I ;. .. ~.. t ...,.."'1' I ...,) t ,. U 1 $ II> t l.... I }" ,.;.. i_ ~- - t I...... I" ; ....1 i ,. ... I

I i ! I If; I \ , I r

'C"'"P _""r-:-l-"--~'--:-()""'l-;--! -1....- ..- ....' 0--':('" f\?8 I n".i '114 117" I·.....r030 105" 1037 ! I'" - ! 107 11"00 ...·7 (P"'U· ~O"'r..
! JC ; "",.) i...-.. ~ z;» r .oJ~ \J........ I u,..) _ !... I ~..:J 1"..£ J.. ~- *.) i.. I ....)..~ , .}.. I ~.7 •.) : 'J,.;j I .-'v
, 1 ~ 1 _ ',i i 1 ! ~ f I I. ! J
OCT 196 l69 !'J? iO")'! 0"" '0'>7 '1"81185 'IS" 'O"910~Q IO~S 1121 \98 Ill'" '0"4" 10"7 iO""1 j~ I' i,' .'_ , ._, .....- 1 .- ! -". I . i .,.!.j , .'::>':1 I .. i • i . .j ! ._' 1 .... : .j, i

i ~D'~E~CV; 46.~ ! 31.·~ ! :.'6~ ! ~).21·40 ~.~~, OO.~~! l]~'Oi ! ~01'95 i ~97.~ ! °O·~97 ! °0·•....7:°9 11°O''::>6-~-P,O;6 1187'~ 1
9

8
'9
8 I °O·~~ i l01,~: ! °O'~~ J

; i ....... ! _q. ::J.. !. " u....._' , .of ~ ( o. i..:..... {J •..) J .) I . . I .. 1..-1' t' -". 1 ~ ..J ~. i.~ I ! .-- ' ._:"

f f ! f ,-t l_ , _L_ ~ f f 1 1

KOTE: (1) The performance parameters are illr a balanced flow DEC system operating with TpEG"" 70 °C, EV [::=0 95 % and EID{= 84 SiO.

ICC(kWlkg)
r - -

i COP

!.,J

....

(2) TIle calculations were based on average monthly climatic data at the specified times of the day (081100,14hOOand 201;.00).

(3) Blank spaces are where ambient TDB < 16"\ ...or W < 6 gfkg (unlikely that cooling or dehumidification would be required).



G 10 Pietersburg (Northern Transvaal)

This region has a hot climate with summer rainfall. Cooling and dehumidif'cation

arc required during the six months around summer (sec table G IO.1). The

recirculation mode (minimum COP:=-O.32)performs beth)!' than the ventilation mode

(minimum COP'~O.26) although the difference in performance is small (see table

G 10.2). The ventilation credit mode performs better ill the Slimmer months with a

maximum COP of 0.61. 'TIle best strategy would be to operate in the recirculation

mode although the ventilation mode is acceptable if more ventilation air is required.

TABLE G 10.1: PIETERS BURG average monthly weather conditions (Weather

Bureau, 1997).

,MONTII' osrio.?_ ~-·-~·--~·~p~i.~~.O_~~~_.·~=~·~~!~~~~···•.•.__.~I
~JAN -- ~~_~~I. ::.4I~~~~~;i~9~~~:~~~4

MAY-- TCe 82'- -;ff~-'lT6 e3~8··'7.8-;~1~960-i"J.ir-"

~~~~_=I~~~'~r-i:~~~:~~~~-=I~~:'-:~:~r:
li~-~~i~~~~~.~r1fiJf.~Tjn:f
l~i'~l~~~~~H~:~l~b~:..•~i~:H~~~~~f1i-
Note: (1) Eleyation: t:no m (2) ~Ysgth~r.qm<;_g_nQ:'!0677802A:3

(3) Zmw; NT (Northern Transvaal) (4) £.1imqt~.:Hot steppe. Summer rain.

(S) R\:I.!lm£QntJi1i_Qll!:i'TDB~' :!3 °C, RH~ SO 0/0, W=o HU gik~~



TABLE G 19.2: DEC simulated performance parameters for PIEIERSBURG

1 Month 1Ventilation mode I Ventilation credit mode IRecirculation mode
'! : I .~

:,CC (kW/kg) ICOP - ICC (kW/kg) I COP I CC (kW/kg) I COP !
i \ 08 114 120108 i i4 ;:30 ! 08 Ii41':J 108 114 120 ! 08 ! 14 !12~ 108 114 \20 i
',1 JAN i 9.7, ',3.! ! 8.7--ro.28 ! 0.26, i 0.27 ! b,-':; ! 18.8 J_16.8 ! O..H, i 0.61 10:51 1'12.9 ! 11.1 ; 12.0 10.36 ! 0.32 j0.34_j
i FEB---:~O • ,~-r---9 j '0 ~(j I 0 ~7 '0-;-;:;-' 1 < 7 I 1o 4 I '-6" '04'\ "'__"'J 0 <;9 ! 040 13 ') I' 1- 4 I" ')... i 0 "7 i 0 3" I 00.3\~
: H'A~R ! ~l': ";~~'4: 1'1', ~:.~~ : fl'~') +-o·~~: 1:'0 ·1 1:'" II :,1'7.) ; r,·...-6 I O'~5" !O'?~ ! 14'-0 "l~'O I :-3~ o'~n :-0'''4'' IO·~·7_J:,l"'<l1 1 i 1- ,. "co I ,- iV'_'') : 'J.;)... I ..).. I s. I' - I,.) ,,7, ) U,_, : • _, I ,'f~. i - I' _. !..~ ,I" ,"tv I ._, " .o 1

GiPR ---, -- ;4.3! 15~3 I I 0.40 i OAt, l -- 14,2 I' 11.2 1,1 0.40 ! 0.29 I' j !4JI' 15.5 I i 0.401 0.43 i
i .! i : ' ! --l- I I . I I I , i

i MAY i --'--;-8.-2 i l ! 0.48 ~. 111.0 ! I r 0.29 I : i 16.1 I -1- i 0.45 I i
j 1 :::; 1 tiL ! I : I ,:

,0JLJ'Nl- ,2;:7-r--r~j 0.53 i i 17.60 1 ! ! 0.19 I I 18,2 I ; 110.51 I ~
~_ t I .---J . t L t ~ -+-~_ -il_~-+ __ ~II----r----'----+
'U'L :"'~i i ;0-4 i 17- II,OI( I "85 I I()'-li J U i : L.l", : I ,,),, j I' j I I . - j' I 1. ! ! .)
I ·_i ~ t ! j __L~~, , ~--+- '"""__ -+1 ...,.....,.-+------4
"AL"G; , '"'00 : : . (\ -1 { (l8' I ' 02'" j ; 169 ' i . 0"- i Ii 'i i -vv • ; ! J,',). _ ' I 'J, 1 ! !. " ! I I' I ..- I I
'sF!) I ,'7', t 19 ,f! ; 04'7 ! 0 "8 ' I 1'1 -'-101) -I , 0 '"'5 i 02'" r-- 15" 11'7 < I' -~} 1'"' ~040 I
I ~-~.! ! 1. ,- ! .,.... i !. I I .'4 'I I ,_./ ; 7. \ l' .a I . - I I - ,,,- i •. 01, ) l •..,.;) • ,u I

!-n-r-'T--:-' 7~' -,.., ; 1 - 6 I 0 4~ i f\ 4 i : 0 ,1'11' 10'1 [7-;-;:;-!9 -1-1-'"-t-O "). j 0 4~ ! 0 "1 'I It; 0 :1 1~ 0 ~5-2~i-' 0-,4-"'-:-0-"'-9--: ,-, .-,,,-it J....., : !U._J f 1'-?":1 ! _.). f ~. L. I' \1. :.. j a.""'_ •..:;., i 14.. I ~J! •.-0 t ~ ....., I.' • ..) . 0., j.e- j J.... I ... J ~,..I".j I \}.~(-..,i
~ __ ~ i J ~ , ; f , -_~_j__ __L_ . . I if! i______J

i, NO,V 1 13.5 i 11.5 i 12.5 i,: 0.37 ! 0.34 ,I 0,35 f 12.7 116.4 i, i3.8 ! 0.35 i 0.49 I 0.3, 9 114.4 I 12.6 113~ 0.40 i,1 0.36 I,0.39 !
iprc' '1~3 196 li()" il\.;.:;--r;:; ..O 1(:~O :'1"" 1''''Q 1"5810"1 10"6-10'17 1'1"5 r~l'" 1-1'1(' 'O"R_ 'O~-:;;-:-U~-:;-r.!1 t.n: 1 '" -~ :. j:': ".:; j v.~u I \}.~". ., L1.. ..11 j: t~~~~,I 1/ .. ." i 1.. 1 .-r I ~-' 1 '" :j ». ! .... : ( _ .....) i , ...)1;". \ ._,_.... i .,)\.) 1
L, . l ) ;' I t --l.. I· ! I _~.1.' ~ __

NOTE: {1) The pertormance parameters are fora balanced t10wDEC system operating with TREC=70 °c, EVn= 95 % and EHX=:c84 ~O.

L)

'"

The calcuiatlons were based on average monthly climatic data at the specified times of'the day {08hOO, 141100 and 20hOO).

(3~Blank spaces are where ambient TDB -: 16 -c cr W <, 6 gfkg (unlikely that cooling or dehumidification would be required).
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G11 Johannesburg (Highveld)

ThL>region has a warm climate with summer rain. Cooling and dehumidification are

only required in summer (see table 11.1). The recirculation mode (minimum

COP=0.40) performs better than the ventilation mode (minimum COP"'O.J5)

although the difference ill performance is small (see table 11.2). The ventilation

credit mode performs only marginally better ill the summer months with a maximum

COP of 0.50. The best strategy would be to operate in the recirculation mode

although the ventilation mode is acceptable if more ventilation air is required.

(3) lm~~!H (Highveld) (4) .rJin1!!!Q; Warm. Summer rain.



TABLE Gll.2: DEC simulated performance parameters for JOHANNESBURG

iMonth Ventilation mode
i

rVentilation credit mClli;:---·~-- ----I Recirculation mode

~

3~
I--I

5 i

.J I,'.0.
47

1'

Ot' iI .. - :
~ .
i 0.55 I I

l----. HI i
i !

,J
ce

CC (kW/kg) I COP ICC C.(Wlkg) reop CC (kW/kg) ! COP
08 114 ! 20 I 08 114 120 ! ';8 114 120 ! 08 I 14 20 08 14 20 I 08 14 I

JA.1'"\ 14.1! 11.7Ti3.9 i 0.39 10.35 10.39 (12.9 116.6 113.8 0.35 1050 0.39 15.6!1 13.8 15.0 10.45 0.40 0.4
I , I , I I I i

FEB 14.8! 12.8 114.7 1 0.40 ! 0.38 i 0.41 ! 12.0 I 16.2 ji 13.3 . 0.32 I. 0.48 0.37 I 15.9 14.1 15.6 'I 0.46 l 0.41 0.4
I ' ! I , , I 1 t +--_!

MAR 16.4 114.6 Il6.5 I {).43 ! 0.42 I 0.44 110.5 114.6 111.6 0.27 I 0.42 0.31 116.7 15.0 1

PR' i 18 '7 I I 0 49 ! : i l l 1 I I 10 ')9 ! I 1- 0 i u "t I u "to
.. I ' . «r I. '..' i ! I 1. i I I'- I I .1. I

'i I: -t-__j.__~I_-+ __-+t --f-----j-, ---I'----+-Ii ;-"1AY ! I =3.3 ! ! 0.56 i ! 17.6 I I ! 0.18 ! 119.5 ; I
i Jlj'N 1 I i I I I I 1 I·. ! I I
I I ! i ! I ! i· I I

pUL,. 1 I I~ I ! I I I I I I
I AUG --I -. i! i : I I i I I) I I I ,

1')'9 ....40 J 10"6 'OS""' I i mz !64 I 0')6 ,01" f 182 ')031 10~') 10"8!I _1. L..! I'''' i . I i I·k !. 1 ._! . - ! . ~. i ! .xz I ._ i
; 18.6 21.0! I. 0.50 i 0.52 I 112.3 !8.6 I i 0.33 I 0.21 I 116.7 18.7! I 0.48 r 0.53 I

INOV i 17~ : ]";7 177 104'- 104' '(}46 ! 102 i 14 .... 108 iO?6 040 0'18 '7" '153 170 10<;:0 '0441'049 '
, ! • 1,.1 i "_.. ... i . U ! ."T :. ,_. I ."- .. 1'- . ... I 1 .J I . I . 'I' .,/ i· _ i"

: DEC i 15.8 ! 13.6 15.7 1 0.42 I 0.40 '0.42 -: 11.8 115.7 12.3 I 0.32 0.46 I 0.33 /16.2 114.4 : 15.9 ; 0.46 -f0A2JM6
NOTE: (1 The performance parameters are tor a balanced flow DEC system operating with TRF.G'" 70 °C, EVR'" 95 % and EHX'" 84 %.

(2) The calcul, tions 'were based on average _.'::mthlyclimatic data at the specified times of'the day (08hOO, 141J00and 20hOO).

! : 1
I l I
1 i 1

I "]
~I __ J

I SE1'

OCT

(3) Blank spaces are 'where ambieat TDB < iv C or W <6 g/kg (unlikely that cooling or dehumidification would be required).



219

G12 Bloemfontein (Northern Steppe)

'Glis region has a moderate climate that can become very cold in winter. Cooling and

dehumidification are only required in summer although cooling is also required

during the middle of the day in spring (see table 12.1). 'D1C ventilation mode

(minimum COP'-"O.34) generally has marginally better performance than the

recirculation mode (minimum COP=-'O.34).TIle ventilation credit mode has the best

performance in summer with maximum COP of 0.59 (see table 12.1). The best

strategy would be to use the ventilation mode. Alternatively the recirculation mode

would alsa be acceptable.

(4) ~1iIf!!~~Steppe. Summer rain.



TABLE G 12.2: DEC simulated performance parameters for BLOEMf ON fEIN
f MonL1. iVentilation mode ,.Ventilation credi. mode IRecirculation mode ~-- -_ 'j
I ! !I CC (kW/kg) ICOP ~-~ I CC (kWikg) ! COP . ----1

! 14 120 i 08 j14J2ol 08 ! 14 120 108 ! 14 )20 1

118.5 115.1 rliAo !0.59 I0.44 11~1! 13.9 ! 0.39 I.· 0.35 i 0.39]
-=-=--f-::-:-::-+--:-::c~!-:--:-::-+-:-13:-.-:-1--t-cl:-;8-::.0-+1-:-14:-.7I 0.36 ! 0.56 I 0.42 14.4 ,12.1 13.8 I' 0.41 I..0.34 ! 0.39 I

10.4 16.1 j12.4 ! 0.27 0.48 i 0.33 16.1 13.3 115.0 ,0.45l 0.38 ! 0.42 1
I ' I , ,

I ! 12.1 I 0.32 ! i 15.8 I I 0.45 i 1
-1--::--:-+--1---+-:-::-::-+----+1 --hi 'I " I 1 !

I
I I 8.1 -- 0.20 ; j 18.3 . i 0.51 1 I

i I . Iii
'------..+--- I I!· Ii ! i -T~I

1 I I I r--+- I • I ---t~. -t--~!
I J ! I! ' I !! iii

'AU'" , ' . ,----r- I I ~----t
! 'v I ! I I --1 !! j 1 ! I I .-=--~ i

!sEP; 121.2 i 'I ,!! 110.6 I i).27 I ! I· 17.2 I 10.48!-\ I I '! ,I I: I I I I

i OCT! : 18.5 120.9 ! I 0.5~_.51_1 ,.12.9 18.3 __j__3S- i 0.20 I 115.6 118.0 j . 10.44 t_0._50j

!NOV I' b.g , 16.0 1 0.46 ,'0.47 I 10.7 .: 1.4.9 11 1.0 0.28! 0.43 0.29 i 16.1 II14.2 116.4 I 0.45 I C.40 1 0..16 !

roEC Ii 14.2 ! 14.1 I 16.1 II039 I 0.43 I 0.44-112.9 ; 17.1 . 13.3 . 0.36 0.52 fJ.37 j__li 14.7 ! 13.3 115.0 ! 0.41 i 0.38TO.42 'i . ' f _ ! I , I _-,-I_~

NOTE: (I) 11>'0 performance parameters are for a balanced flow DEC system operating with TRLG'" 70 "C, EVR= 95 ~.'Oand EB_]{=84 ~O.

(2) The calculations were based on average monthly climatic data at the specified times of the day (08hOO, 14hOOand 20hOO).

(3) Blank spaces are where ambient IDB < 16DC or W < 6 g/kg (unlikely that COOJil1g or dehumidification would be required).

t..J.
lJ,~
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G13 Queenstown (Southern Steppe)

This region has a moderate climate with autumn rainfall (see table 13.1). Tl-e

recirculation mode (minimum C()P:=0.33) is marginally better it' summer but the

ventilation mode (minimum COP:::0.30) is better in winter, when air conditioning is

not required (see table 13.2).TIle performance of the ventilation credit mode is high

in summer (maximum COl:'=0.56). The best strategy would be to use either the

recirculation or ventilation modes, depending on ventilation requirements.

TABL£ G13.1: QUEENSTOWN average monthly weather conditions (Weather

Bureau, 1997).
rr:;10Nlli 08HO:-O~-----'-"""14-H:-O-O---'--'--2-'O-:H""'OO--'---_-

-1DB--r--RH--r-W--+-TD-B' "--RH---r-W'---+-1-D-~-;-r-RH-,-'-W--

72 12.1
-1----

'IL. 12.5
7Ai-4 18.4 80
FEB 17.3 85

MAR 15.6 86

APR 11.5 87

MAY 7.7 83
-jUN-- Tt- 79

11.7 27.5! 44 11.3 20.5

1l.S 26.6 47 11.8 20.6

1Ll 25.0 48 11.0 19.2 I 71 11.4
l....-._.I--_f-- __ -I-__ -I-_'-I-_--l

8.3 22.2 44 9.0 16.1 66 9.0

5:;; 19.5 42 6.9 13.3 59 6.8-4~-~---~~--_f__---~--- .-4.7 17.0 40 5.9 10.8 55 5.7
'-==-- -- -,,-~--
~_~.O 74 ~'~_~~7.3 36 'i.6 .11.5 48 5.3
AUG 7.1 7'1 5.0 18.9 35 5,7 13.3 48 5.7
-SEP ------10:5"79 6.7-- 21.3 38 6.8 15.4 57-7:1--
~6cf.-~2!~-J80__..::_.,-=-~,6_:.:._ 8.1 I~:_ 6~ 8.6

!~~ 15.5 80 9'~_~:_L:':_,,_9.2,17.6 72 10.2

DEC_ 17.u 78 10.7 1~6'~142I 10.3_~~~ _~ 1l.~_
Note: (1) !,.levatio_ffi1094m (2)Weather oftice»o.: 0123654AO

(3) z.QD.~SS (Southern Steppe) (4) ~Jjmate: Cold steppe, Autumn rain.

(5) Rooms..QQ.4ilions:TDB:=:23 -c, RH'" 50 %, W= 10.0 g/kg



1','BLE G13.2: DEC simulated performance parameters for QTJE3NSTO\VN
MOuth f Ventilation mode Ventilation credit mode !Recirculation mode -~------_

. CC{kW/kg) i COP ,. -fcc (kWlkg) - 1 cor -----1
108 ' i 14 i 20 l08 ! 14 120 108 I 14 120 i ~g I.' 14 120 108 114 120 \ 08 114 120 I

j ; " ' ) " i I ! ! t !! I,,' I
lJAti 112.9 ;10.1111.3 j0.35 10.3210.:'2112.5118.0 114.0 I0.34Iio.S610AO \·14.1l11.7 !I3.4 10.40 ;0.331°.391
, I -'---+-! ~" _ I ., I '_._. I Ii}
[FE-S r is.o 1r-,4 1}07 .o.ss 1""0 'O~l 111"" '177 11"6 iO~I i05':; Ion 114" 1'17 :'-:'1 !ntl IO"~ 10"7 i! . 1 ~. _~:___l__~d ! ..l_ ! ".J I .;) i ./! . 1 'T. i _'_' j . _ t d_ l_:::_j_ ~~"" ! iJ .•• I .J.) , .., !

\ TYfAR i I I L5 l 13.1 i i 034 ! 0.% : I 16.1 I 12.8 !0048 ! 0.35 j ! i.2.6 I 14.2 1 I 1).36 ! 0:10 !
f f ~ r :_" .. ~ ~ _ __._;__ ' !! f ' I 1. I \ ~ ~~

! APR! i lS.h 1 in',; : 10.43 i 0045 I ! 12.5 ; ::5.4! ! 0.34 !&.21 i 114.8 i 17.0 I i 0.42 iGAl i
, . ii' ! ! ; I I!! t 1 , L '
r:;:- rf ,\ "{}' '\ I "'O"'_ l , r· 0 ",11. ; ~ I 8. o '\ ~ 0' "2 t ~ f 17" I r---!' 0-4S-'f-----l,'_'"~_'lft._J_'__ _l;'U j ! i .~L' 1 I 1.0 I L'- I 1 I' .. j ._!_~,_·_L_j
j JPN. f' ;,;;"" ~ , !.., t }

\ vt i' ~' 1 III l ~ 1 i 1 ~ I \' : !
; 1'('L .: -t i ; . t J -+-- + . t, --f~-__-·_-l '''---';
1:., r ' ',! ~ ; j i ! j I 1;., It
~ i} 1 i' • i I 1 i i .1--,' - i !.. 1 J II -r- I 1. • ~-···~-I -~, - ---1,

" .'! l I!! 'i'i 1 t ~ ,'. • ~ I t I :

i SEP i i 19.8 1 -~1--! 0.50 ! 1 19.9 I I I'0.25 ! 'I' 116.8 I ! \ 0:47-\--1
r:=-::::::--+-~-! :! :} '. I ! " ~___ _ _ I ~ . 1 f
'OCT' ! 171 I IS 6 : , 0 4 ~ ! 046 ' 1 r t 9 I 8 () I I '..,.~ '0"'0 ! ' 154 ! 173' i 0 4~ T~O4·Q: ~.: !.> 1 . 1 l"o !.; ; .L I' 1 I U ,1L j ."- I 1. I . I, '. _, 1 I. o I,

.L- __ -+-_!·__ ~_J.. 1 : . f I f It. t.. . f j i '

',' 1>J.(J'1 j ! 14.6 11. 15.4 i, ; 0.41 l 0.40 I (14.1 ~10.4 i \0..40 I0.27r:114.0! 15.6 I : 0.39 i C.44
, , " I ! 1 '! I; i --l f I ; I

'DEC---I'18 'II?l 113010"(' !fi37 1036 "111 116~ !'l';810?Q 'O~'-Y-03-5 '-1'1 i}"6 '1,!O 10'''' 'O..,.,-i-O~'"; . ~ 1'1. -., •• I .:17 ,v. ,. ! • l··u -. I .~- I .- I !. I _'. • _. ! ,.~., ,I .'T_ , .j J l •. ,., 1
j , ! I { fIr ;) . r f 1 I I __j

NOTE: (1) TIle performance parameters are for a balanced flow DEC system operating with TREG",,70°C £\-'E"" 95 % and EHX=: 34 %.

AlJO

(2) TIle calculations were based on average monthly clircatic data at the specified times of'the day (OSbCO,!<lJ;{) and 20hOO).

(3) Blank spaces are where ambient TDB < 16°C or W < 6 g/kg (unlikely that .::.oolillg or dehumidificsticr :;",;i.1be required).

1-..)

'",.;;
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G14 Beaufort West (Karon)

Tnis region l'us a desert climate and is generally city and hot (sec table 14.1). The

ventilation mode (mini-rum COP"'O.36) performs better than the recirculation mode

(minimum COP"'0.33). 111eventilation credit mode (maximum COP"'O.53) performs

only slightly better than the ventilation mode during the middle of the day in summer

(see table 14.2). 111e best strategy would be to use only evaporative cooling, since

the average humidity ratio is almost always below that in the room and evaporative

cooling can supply all sensible cooling needs. Alternatively, if the mom late-it loads

are high then the ventilation mode can be used.



TABLE G14.2: DEC simulated performance parameters for BEAUFOItT \-VEST

1 Month lVentilation mode --L:'entiiat~on credit mode Recirc~lation m~de ~ ~

! ; CC (kWJkg) ICOP ! CC (kWlkg) I COP CC (kWikg) i COP _j

, I08 ! 14 ! 20 i08 : 14 120 Io~ 14 i20 08 14 20 I08 -T 14 120 ! 08 114 ~~J
nAN I 14_1 1'2-8 114.8 'C 38 I0.39 I0-43 i 1L4 11.2 152 030 0.52 0.44 14-4 11221133 0.40 I034 I037__1IFEB ! 142 i 11.7 i 13.3 I0.37 i 0.3610.39 111.0 111.3 I 153 0.29 0.53 I 044 14.1 11L9 112.8 0.41! 0.33 O.3~J

!MAR ! 16.3 ! 13.4 115.0 f 0.41 1 0.39 10.41 11 8.9 15.6 12.9 0.22; 0.46 0.36 16.0 112.8 i' 14.1 0.44 I 0.36 I 0.39 I
I - . I ! ~. 1.--1--:-1
1 APR r 117.2 1~9.1_L__ J 0.46 i 0.47 I 12.0 8.4 10.32 .0.21 I _j15.0 j16.8 1 10.42 ! 0.46 I

!lv'LAYi. I f i- ! P I i 1+' I I I. I I·!: I I r I t f • • - ! ~_I J! I: l' • ---r- ! I
1.iJUN J._. I I I ! : I I I i I I t +-I__L I I _j
1JUi' i I I I ' . i I I I I I ,--+ ; ,
i;L! I I I -t--: !! I. ! I It!
(.'AUG It-! I I ! 1 I i I I.. T---t--;-T, I j
I \ I I I I! . -- I I
I i! :~ I II SEP f ! . ! I ,I I 1 ' i ; r---- i

. . ' I 1-! I. • . J I
r OCT! ! 13.1 120.1' !O.4S i 0.49 I 111.6 8.1 I 10.31 0.20 15.3 17.1 1 10.42 10.47 IlNOV 111.9 I 16.2118.4 I0.44 !0.45 1()AsJ 8.1 i 13.6 10.4 020 0.38 021 16.8 14.2 15.8! 0.46 ! 0.39 I0.44I
i DEC I is.7 114.6 ! 16.2 ! 0.41 I 0.43 ,'OA5 .1 10.3 15.8 13.1 0.27 0.46: 0.36 15.:2 12.8 14.2! O.4~ 1 0.36 I 0.39 I
, .__!___ ! I --' I Ii'· ,
NOTE: (1) The performance parameters are for a balanced flow DEC system operating with TRE;:;"" '10°C,EVR==95 % and £HX= 84 %.

(2) TIle calculations were based on average monthly climatic data at the specified times of the day (08hOO, 14hOOand 20hOO).

(3) Blank spaces are where ambient TDB < 16°C or W < 6JY1;:g(unlikely that cooling or dehumidification would be required).

I..)
IJ
+-
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APPENDIXHl

AIR LEAKAGE RESULTS

Tne results given in this appendix are from air leakage tests with both inspection

doors open. These results are similar to those with both inspection doors dosed which

are given in section 6.1 (since that specific case is relevant to normal operating

conditions and the experimental tests in appendices H3 to H6).



(1) 276 (1) 145 (1) 145 (1) 87

(2) 275 (2) 139 (2) 139 (2) 92
(3) 228 (3) 117 (3) 117

(4)
(1) 267 (1) 73 (1) 50 I (1) 61
(2) 273 (2) 107 (2) 101 (2) -27
(3) 218 (3)45 (3)23 (3) 76
(4) 233 (4)74 (4) -3

(2) 2 (2)32 (2) 38 (2)65 '"'"0-(3) 10 (3) 72 (3) 94 (3) 147
(4) 2 (4)36 (4)41 (4) 67

(1)= Wu'\X SF &MA.XRF SF = supply air flow rate
{2}=h'lAX SF &MIN RF RF == return air flow rate
(3.-= r\-UN SF &W.X RF
(4)= MIN SF & l\1IN RF

Note: I) values are shov»n for both inspection doors open. See figure 6.1.3 for values with both doors closed.

2) Positive differential pressure is indirection of arrows shown.

FIGURE HI.l: Differential pressure at various air flow rate combinations (calculated from fig. 6.1.2).



(1)41 (1)31

(2)40 (2) 32

(3)28

(4)28~ rn .(1)171> ~. ~ ,
(2) -1 !

(3) 19
r(--
(4)-4

(1)56 (1)41

(2)56 (2)40

(3) 51 (3)36

(4)36

(1)35 F '" \ (1) IS (l) 15

(2) 35 (" ')? (2)22,~)~-

(3)32 (3) 14 (3) 10

(4)33 (4) 19 (4) 18

(2) 5 (2) 19

(3) 11 (3)29

(4) :; (4)20

Or :MAX SF & IvIAXRP SF := supply air flow rate
(2F 1vIAXSF & MIN RF RF := return air flow rate
(3)"" 'Mll-lSF &WlAX RF
(4F WUNSF & II.lIN' RF

(2)21

(3)33

(4)22

(2)27

(3)41

(4)28

t..l
:->
_1

Note: I) values are shown for both inspection doors open, See figure 6.1.4 for values with both doors closed.

2) Positive leakage airflow is in direction of arrows.

FIGIIRE H1.2: Leakage air flow rate at various air flow rate combinations (calculated from fig. H1.1).
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TABLE HI.I: Estimated supply and return air How rates at desiccant wheel (with

both inspection doors open).

----------~---~-~--- ----- RF (litres/I FLOW COMBINATION SF (litres/s)

leak II<!ak 'Otlt:-1-':---in- in- I leak

let out in let let out
f-. -

~MAX SF & ~X RF 1450 150 0 30!) 150 39
r_----r-2 !MAX SF & MIN RF 480 153 o 327 53 24

f---------e ~95- 140-~o3 MIN SF & :tY1AXRF 428 133 0

~ MINSF&MINRF j'448- 140 0 308 34 25

-s)-~---l
Len'T out- I
k in let I
53

SF = supply air flow rate
RF ::-:return air flow rate

TABLE H1.2: Estimated supply and return ail' flow rates at heat exchanger (with
both inspection doors open).
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APPEl'I'DIX H2

REGENERATION A.1\lDDEHUMIDIFICATION SINGLE BLOW'

TES'I'S

TIle results given in this appendix are the computer printouts from the regeneration and

dehumidification single blow tests. These results are presented in graphical form in

section 6.2.
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TEST NUMBER: H2!l

RESULTS OF REGENERATION SP'GLE BLOVJ TEST
****************************************
DATE {d,m,y}: 16- 5-1997
TIME (h , m ) : 16-42

supply air f I(1''1 rate (kg/s): 0.158

TIME W9-WB MW TDB[9] W[ 9] RH[9] TDBf8] W[8] RH[ 8]
(s ) (g/kgl (g/sl (oC) (g/kg) (% ) (oC) (g/kg) (~~l

9 2.44 0.39 39.1 8.75 16.3 56.1 6.31 5.0
21 2.52 0.40 38.8 8.82 16.7 57.1 6.31 4.8
32 2.63 0.42 38.7 8.90 16.9 57.5 6.26 4.6
43 2.80 0.44 38,7 8.99 17" ! 57.6 6.19 4.6
54 2.85 0.45 38.9 9.03 17.0 57.6 6.18 4.6
65 2.79 0.44 39.1 8.97 16.7 57.5 6.18 4.6
77 2.71 0.43 39.3 8.89 16.3 57.3 6.18 4.6
89 2.67 0.42 39.5 8.84 16.1 57.0 6.17 4.7

101 2.64 0.42 39.7 8.75 15.7 56.9 6.10 4."1
112 2.60 0.41 39.8 8.7.3 15.6 56.S 6.13 4 ~I• I

123 2.58 0 41 39.9 IL69 15.5 56.7 6.11 4.7
134 2.55 0.40 40.0 8.64 15.3 56.6 6.09 4.7
145 2.54 0.40 40.1 8.64 15.3 56.5 6.09 4.7
157 2.53 0.40 40.1 8.64 15.3 56.4 6.10 4.8
168 2.48 0.39 40.1 8.57 15. 1 56.3 6.08 4.8
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TEST NUMBER: H212

RESULTS OF REGENERATION SINGLE BLOV) TEST
~************.*************.************
liATE (d,m,y) : 1(;- 5-1997
TIME (h ,m) : 16-19

supply air flow rate (lrg/sl: 0.158

TIME ~;9'-W8 MW TDB[9] W(9] RH(9J TDB[&) W[ 3) RH[8]
(s ) (g/kg)(g/s) (oC) (g/kg) (% ) (oC) (g/kg) (%)

9 4.42 0 70 48.5 10.64 12.1 77 .8 6.22 1.9
20 4.98 0.79 47.S 11. 21 13 .4- 81.5 6.23 1.6
30 5.53 0.87 46.8 11.75 14.6 83.6 6.22 1.5
40 5.93 0.94 46.4 12.12 15.3 85.0 6.19 1.4
51 6.09 0.96 46.3 12.26 15.6 85.6 6.17 1.4
62 6.14 0.97 46.5 12.31 15.5 86.4 6.18 1.3
73 ti.OO 0.95 4(:..8 12.17 15. t 86.7 6.17 i ,3
83 5.77 0.91 47.4 11. 93 14.4 87.0 6.16 1.3
94 5.53 0.87 47.9 11. (~9 13.7 87.3 6.15 1.3

105 5.36 0.85 48.5 11.51 13.1 87.5 6.16 1.3
116 5.25 0.83 49.1 11.44 12.6 87.6 6.18 1.3
128 5. 12 0.81 49.7 11.30 12.1 87.6 6.17 1.3
139 4.96 0.78 50.2 11. 12 11. 6 87,7 6.16 1.3
150 4.97 0.79 50.6 11. 13 11.4- 87.6 6.16 1.3
210 4.62 0.73 52.3 10.79 10.2 87.1 6.17 1.3
241 4.65 0.73 52.7 10.79 1.0.0 86.7 6" 14 1.3



TEST NUMBER: ill!J
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RESULTS OF DEHUMIDIFIER SINGLE BLOW TEST
**********~*****************************DATE (d,m,y}: 19- 5-1997
TIME (h,m,s): 13-29-20

regen TDB (DC): 75.4
W (g/kg): 5.86
RH (%): 2.0

supply TDB (DC): 19.1
W (g/kg): 5.15
RH (%): 31.0

supply air flow rate (kg/s): 0.244

TIME
(s)

10
20
30
41
51
62
71
82
9Z

102
112
122
132
142
1'12
162
172
182
192
202
214
224
235
246
258
357
459

WI-W2
(g/kg)

-0.65
-0.47
-0.25
o 15
('.48
0.70
0.80
0.88
0.86
0.84
o 9')
0.88
0.86
0.80
0.76
0.69
0.63
0.66
0.63
0.63
0.61
0.58
0.57
0.55
0.55
0.36
0.41

MW
(g/s)

-0.16
-0.12
-0.06
0.04
0.12
0.17
0.19
0.21
0.21
0.21
0.22
0.21
0.21
0.19
0.19
tJ.17
0.17
0.16
0.15
0.15
()• 15
0.14
0.14
0.13
0.14
0.09
0.10

TDB[2]
(oC)

31.9
32.8
33.2
33.0
32.'1-
31.7
'10.9
30.1
29.4
28.7
28.1
27.5
27.1
26.7
26.2
25.8
25.5
25.2
24.9
24.7
24.5
24.3
24.1
23.9
23.7
22.S
22.1

W[ 2]
(g/kg)

5.80
5.62
5.40
5.00
4.67
4.45
4.35
4.27
4.29
4.31
4.23
4.27
.... 29
4. :i!j
4.39
4.46
4.47
4.49
4.52
4.52
4.54
4.57
4.58
4.60
4.60
4.79
4.74

RH[2]
(%)

16. 1
14.9
14.0
13. 1
12.7
12.6
12.8
l ? ...,

.8
.'1. 4
14.6
15.3
15.8
16.4
17.0
17.7
1~~ 0
18.4
18.8
19.1
19.4
19.8
20.1
20.4
20.6
22.7
23.4

----------,,--------------
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TEST NUMBER: JI2i4

RESULTS OF DEHUMlDIFIER SINGLE BLOvJ TEST
****************************************
DATE (d,m,y): 16- 5-1997 TIME (ll,Ill,S): 11-17-19

r e g e n TDB (oc i : 73.6
W (g/kg) : 8.50
RH (~o) : 3,0

supply TDB r oc: : l7.n
W C,g/kg} : 8.00
RH (%) : 53.0

supply air flow rate (kg/s): 0.240
TIME WI-W2 !\(W TDB[2] \\f[ 21 RH[2)
(s) (g/kg) (g!s) (oC) (g/kgJ (%)

31) -0.24 -0.06 40.8 8.24 14.0
44 0.23 0.05 40.4 7.77 13.5
59 0.93 0.22 3 J. 9 7.07 13.3
71 1.23 0.29 37.6 6.77 13.7
83 1. 39 0.33 36.4 6.61 14.3
99 1.41 0.34 35.0 6.59 15.4
112 1 43 0.34 .14.1 6.57 16. 1
125 1.47 0.35 13.1 6.53 16.9
138 1.46 0.35 32.3 6.54 17.7
149 1.42 0.34 31.6 6.58 18.6
160 1.43 0.34 31.0 6.57 19.2
172 1.49 0.36 30.4 6.51 1g. 7
214 1.45 0.35 28.4 6.55 22.~
254 1.:14 o 'l? 27.1 05.66 24.3.Vh

319 1.33 0.32. 25.6 6.67 26.6
.l8E i.16 0.28 24.5 6.84 29.2
484 1.29 0.31 23.3 6.71 30.9
632 1.08 0.26 22 :) 6.92 34.4
753 0.91 0.22 21. :~ ".09 :16.4-
880 0.74 0.18 21.1 7.26 38.1
1136 0.88 0.21 2().O 7.12 39.9
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APPENDIXH3

EFFICIENCY OF RI':TVRN AIR 3p!"AY CHAMHVR

'I11e results in this appendix are the computer printouts of two sets of tests 1.0

investigate the effect that the efficiency of the ret m at' spray chamber had on

overall DEC performance. Both sets of tests varied the water flow rate -e the

return air spray chamber to change the efficiency of the spray chamber. One set of

tests was done '.'lith a !;!tUl11 ',IiI' flow tate of approximately 0.10 kg/s (tests 1-1311to

H3!10) and the other set was with a return air flow rate of approximately 0.15 kg/s

(tests H3/11 to H3/20). ,)1 both sets of tests all other operating parameters were

kept constant, including the supply air flow rate (0.15 kg/s).

The more important results of these tests arc given in tabular and graphical form

ill section 6.3 (unbalanced flow) and section 6.4 (balanced flow).



RESULTS OF DEC TEST
~*********~*******t

(sheet I of 2)

TEST NUMBER: H3/1

!lATE: 5-tl-l ')')7

rHll,' 18l!42

';,IIM;tTED ,-\:\ll i:NTE£:Ell AS
Nm!. MI~;.
147 137Supply air tIow rate (g/,:;;):::

Return nil' flow rate (g/sl=
Regel:. heat input (kW):::
Elcc. e ne r cy ( ex c , reg.) (kW):::
SpC1Y c!J;lJl: « rs t wr.t e r T (oC):::
wat or flow ra t e (~ S/eHl (g/s)=

at pressure (bu.l=
Water flow rate (R 3/CHI (g!s)=

at pressure (brr)=

99
3.670
2.3S0
19.2
1.4"

57
0.00

o

'10
:1.5,;;1
2.285
1 9 • ()
1. 40

55
0.00

o

PROCESS CHA'iGES OF ENTHALPY AND HDIIDITY RATIO

81' END n (k"f /KG )
PT PT NOM. MIN. MAX.
L 2 4.8 3.4 6.3
2 3 -7.4 -S.8 -6.0
3 4 0.0 -1.4 1.4
4 5 4.7 3.2 6.1
5 6 -0.7 -2.2 0.3
6 7 9.0 7.5 10.6
7 8 J7.1 35.4 38.8
8 9 -28.2 -29.9 -25.5

SIM.
·1-.8

-0.1
4.5
0.1
9.3

37.1
-8.9

W (g/kg)
N('M. MIN.

-3.01 -3.46
0.33 -0.10
4.24 3.80

-1.90 -<2.35
0.86 0.40

-0.76 -·1.25
0,00 -0.53
1.99 1.45

PERHlRMANCE PARAMETERS (CALCULATED)
---------------------- NOM.Dehumidifier eff.(W) I%} BDlll= 38
Dehumidifier eff. (Q) 1%) EDU2= 12
Regen0ration eff. (%) ERG= 13
Regen. heat input (kW) Q = 3.67
Heat Exch. cf r • (SUP) ('.'q EHXS= 66
'ieat Ex ch , e f f , (RET) (;'5) EUKK:: 88
;')uP. air s pr . ch , eff. p'~) EVS~~ 99
Ret. ai.r spr , ch . eff. \%) EVR= J5
FOR V3N1'ILATJOF MODE:
Cooling capa c i t y (kW) CC - 0.69
Coeff. of perfcrmancD COP= 0.19
Electricity eff. ratio EER= 0.29
FOR VENTILA1IJ~ CREDIT MODE:
Cooling capacity (kW) Tee - 0.37
Total soerr. or perf. Teop= 0.10
ElecLricity eff. ratio TEER= 0.16

MIN.
32
9

10
3.29

63
85
94
31

0.47
O. 1.1
0.20

0.15
0.04
0.06

MAX.
--2.56
0.75
4.67

-1.45
1.31

-0.27
0.53
2.54

MAX.
44
IS
17

4.04
70
91

103
J9

0.90
0.25
0.J8

0.59
0.16
0.15

,,;PC)' )
Mi\J{ •
IS\!
10i)

3. S 17
2.475
19.4
1.54

59
0.00

2

S I~(.
-3.01
0.34
4.26
-1.93
1. 13

-0.49
0.00
4.47

SUI.
39
12
ao

3.67
66
88
99
35

0.67
0.18
0.28

O. :J5
o , 10
O. 15
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RUTLTS or DEC TEST
*******************

t s he c t .2 01 2) DATE: 5 - 6 - 1 £) q 7
TIME: loH42

i'<101ST AIR PROPLRTIES AT :'!E.1SlTRED POINTS IN P)u)CESS----------------------------------_ ..--------------
NOMINAL MEASURED VALUES:
PT TDB 'fWB T1>P PW W H.li U SV II

(oC) (oC) (oC) (kPa) (g/kg) ('foJ (%)(mJ/kg)(kJ/kgJ
2ll. 1 14.7 11.8 1.38 10.59 58 57 1. OJ8 47.32

2 3.2 • ,> 16.3 6.9 0.99 7.58 20 19 1.077 52.15
3 24.S 14.0 7.5 1. 04 7.91 34 33 1.049 44.78
4 14.0 13.9 13.9 1.58 12.15 99 99 1.019 44.80
S 23.3 15.4 11. 3 1.34 10.25 47 46 1.048 49.47
':i 20.5 15.2 12.5 1. 45 11. 11 60 60 1 .O'fO 48.74
.. :11. 1 17.9 11 .5 1.35 10.35 30 29 1.076 57.75,
8 67.4 26.6 11.5 1.25 10.35 5 3 1.204 94.84
9 34.S 20.2 14.1 1.61 12.34 29 27 1. 093 66.64

VALUES FOR TDB & W FROM EF.ROR ANALYSIS & SIMULATION
(UNITS .AS ABOVE)
PT 1 2 3 4 5 6 7 (~ 9...,

TDB(MINJ 20.1 32.3 24.3 13.8 23.1 20.2 30.9 67.1 34.6
TDD(MAX) 20.6 32.8 24.i 14 . .3 2.3.5 20.7 31.3 67.6 35.0
W (W"iJ 10.3 7.3 7.6 11.3 9.9 10.S 10.0 10.0 12.0
W (Mf\X) 10.9 7.9 8 '")12..5 10.6 11 . l 10.7 10.7 12.7.~
TDB I.':;i ' \ 20.3 32.6 24.7 14. 1 23.3 20.5 30.9 67.1 47.2
W (SI,,) 10.6 7.6 7.9 12.2 10.3 11.4 10.9 10.9 15.4



237

RESULTS OF DEC TE~T
*******************

(sheet

rEST NUMBER: H3/2

OPERATl~G PARAt-IETERS

of 2) DATE: 5-6-J I)();

TDIE: r snao

(MEASURED AND ENTERED AS INPUT)
NOM. MIN. MAX.
147 138 156
99 90 108

3.670 3.523 3.817

Supply air flow rate (g!s)=
Return air flow rate (g/s)=
Regen. heat input (k\l.l:.:
Elee. energy t exc l. r eg .) (kW)=
Spray chambers: water T ((lC)=
Water flow rate (S S/CH) (g/9)=

at pressure (bar)=
Water flOW rate (R S/CH) (g!s)=

at pressure Ibarl:

'L412 2.316 .2. 508
19.2 19.0 19.4
t .4i 1.40 1. 54

57 55 59
0.62 0.59 0.65

2. 0 4

PROCESS CHANGES OF' ENTHALPY AND HUMIDITY RATIO----------------------------------------------
51' END H (kJ/KG) w (g/kg)
PT PT NOM. MIN. MAX. SIM. NOM. MiN. MAX. SIM.
1 2. 4.2 2.8 5.6 4 .) -2.92 - ~. 36 -2.48 -2.92.~
2 3 -7.5 -8.9 -6.0 -7.8 0.65 J.22 1.08 0.42
3 4 -0.1 -1.5 1.3 0.0 4.0) 3.58 4. <14 4.17
4 5 5.7 4.3 7.1 5.9 -1.64 ...:.07 -1.21 -1.57
5 6 -0.4 -1.9 1.0 O. 1 1.46 1.00 1.91 1.63
6 7 9.9 8.3 11.4 10.2 -0.89 _.1.38 -0.40 -0.61
! 8 37.9 36.3 39,6 37.1 0.00 -0.51 O.S1 0.00
8 9 -30.5 -32.3 ""28.7 --7.8 1.51 0.96 2.07 4.33
PERFORMANCE PARAMETERS (CALCULATED)---------------------- NO~l. MIN. MAX. s rn ,
Dehumidifier e f'f". (W) (%) EDH1= :'19 33 46 40Dehumi.difier eff.{o) \ ~~;;) EDH2= 10 7 14 11Regeneration eff. (% ) ERG= 10 6 14 29Regen, heat input (kW) Q = 3.75 3.37 4.14 3.67Heat Exch. eff. (SUP) \ %) EUXS:.: 67 6'l 70 67
Heat Exch. eff. (RET) (%) EHXR:.~ B8 85 91 88Sup. air spr. eh. eff.(%) EVS= 99 94 104 99Ret. ail' SPl'· eh. eff.(%) FVR:~ 50 46 55 50FOR VENTILAT:ON MODE:
Cooling capa c ity (kW) CC '" 0.83 0.62 1.05 0.87
Coeff. of performa.nce cop= 0.23 0.17 O•• :9 0.24El(~ctrici ty eff. ra.tio EER:.:0.35 0.26 O. ';<1- 0.36FOR VENTILATION CREDIT '.10DE:
Coo ling c apa c i ty ( k\\,) Tec = 0.49 0.28 0.71 0.53Total Co e f f , t)f perf. 'rCOP= 0.13 n.os O. i 9 0.14
Electricity e ff, ratio TEER= 0.20 0.12 0.2:> 0.22
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RESULTS Uj »i«: TEST
****~****~*tt*~**i*

t s he e t :l 01 2) 11,\'1E: :;"(i-ll)'}~'
TIM!:: \;:;HJO

--------------------------------------------------
(0CI
r'') 1 ...
~• .t to .. I

NOMU:I,L 1.n~AsmZEDVi'Uf,.:
1''1' 'IDB TWB 'I'Dl·' I/W w

(i'! 1
10.

2. 32.7
3 23.7
4 13.7
5 d.3
(1 19.2
7 31.1
8 68.1
9 34.S

I Ji ~ )

14.7
,(..0
1 j •t.
lJ.5
15.4
15.2
is. 2
26.9
20.1

("C)
1 1. j
6.1
7.4-

.iJ
11.
LL

(kPn
1.32
0.91-
, ')3 -.83

11. 135
.21

12.1
14.0 t; ,

Fon 1TIB & W FR~ fRRv~ ~~
~,sABOVE)

1 2 .1 4
21.0 32.4 23.5 13.4
21.5 32.9 23.9 13.9
9.8 6.9 7.5 11.6

10.4 7.5 8.1 12.1
21.3 32.7 23.9 13.6
10.1 7.2 7.6 11.8

VALUES
(ONIT8
PT
TDB(MINl
TDB(MAX)
W (MIN)
W (MAX)
TDB( SIM'
W (SP.)

RH U SV H
( :':) ( '\;) ( Ill] / kg) ( t.J / kg I
s~ 51 1.041 47.01
19 ,.8 1.076 51.21
35 34 1.04-6 43.76
99 99 1.017 43.66
47 46 1.048 49.34
68 68 1.036 48.89
11 30 1.077 58.77
5 3 1.208 96.71

29 28 1.092 66.19

·IS & SIMULATION

23. !
23.1

6 7 8 9
19.0 30.S 67.9 34.3
19.5 31.3 68.3 34.7
11.3 10,4 10.4 11.9
1:1.0 11.1 11.1 12.7
19.3 30.S 66.9 48.4
11 S 11.2, 11.2 15.6

9 • ~l

10.S
23.3
10.2

2 --__'O-!Ht::Ar~3 -t5PR;{j' CHA.\jUE'RJ--4=E
EXCH,\.'-:G£R RO<)~i

6 --&'R'A? CIlA.\lflElUc-·$

ALTITUDE 17QOm BAROMETRIC PRESSURE 82,S kPa
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RESULTS OF DEC TEST
***s***************

(sheet 1 of ~;l

13ST NUMBER: 83/3

DATE: 5-6-19"-
TIME: ISH1.1

OJ'I'RATI NG l'ARA:,!LTERS (MEASl,RED AND ENTERED '\S INPUT)
NOM. MIN. MAX.
147 138 IShSupp\y air flow rate (g/s):::

Return air flow rate {g/s):::
Regen. heat input (kW)=
Ele<;, energy ( e xc l . reg.) (kW)=
Spray chambers: water T (oC):
Water flow r: (S S/CH) (g/s):::

at ~essure (bar):::
Water fl,); rate (R S/CH) (g/s)::::

at pressure (bar):::

9(J 90 lOS
3.670 3.533 3. S 1 ?
2.457 2.359 2.555
19.2 19.0 19.4
1.47 1.40 1.54

57 55 59
0.87 0.83 0.91

10 8 I'

PROCESS CHANGl'~SOF ENTHALPY AND HUMIDITY HATIO
ST END 11 (kJ/KG)
PT PT NOM. MIN.
1 2 3,7 2.3
2 3 -8.1 -9.5
3 4 -0.6 -2.U
4 5 6.4 5.0
5 6 -0.0 -1.5
6 7 10.9 9.3
7 8 37.4 35.7
8 9 -29.7 -31.5

MAX.
5. 1
6.7
o 7

81M.
3.7

-9.0
0.2
6.S
0.1
11.5
37.2
-6.9

if.3
1.5

12.5
39.1

-28.0

W (g!kg)
NOM. MH:. MAX.

-2.68 -3.11 -Z.26
0.89 0 48 1.30
3.57 3.17 3.93

-l.SS -1.9~ -1.11
2.21 1.'75 2.66

-1.05 -1.55 -0.56
0.00 -0.54 0.54
1.14 0.60 1.69

PERFORMANCE PARAMETERS (CALCULATED)
---------------------- NOM.
De hum id i f ie r e f'f . (Wl ("~l EDlll::: 40
Dehumidifier eff.(Q) (%) EDH2= 10
Regen~rntion eff. (%1 ERG= S
Re gen . he a t input (kW) Q = 3.69
Heat Exch. eff. (SUP) (%) EHXS~ 67
Heat Exch. eff. (RET) (%1 BHKK: 88
Sup. air apr. eh. off.(%) FVS= 98
Ret. air spr. eh. eff. (%) EVR= 67
FOR VENTILATION MODE:
Cooling c apac i t y (kW) CC''' O.lJ4
Coeff. of performance COP:::0.26
Electricity eff. ratio EER= 0.38
FOR VENTILATION CREDIT MODE:
Cooling capacity [kW) Tee = 0.74
Total Coeff. of perf. Teop:::: 0.20
Electricity eff. ratio TEER= 0.30

MIN.
33
6
4

3.31
65
85
93
(i2

0.72
0.20
0.29

0.53
0.14
0.21

MAX.
·~6
13
11

4.07
70
90

103
72

1. 15
0.32.
0.4'7

0.95
0.26
0.39

::lIM.
-2468
0.47
3.96

-1.52
2.25

-0.67
0.00
3.99

SIM.
40
10
27

3.67
68
88
98
67

0.95
0.26
0.39

0.75
0.20
0.31
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RESULTS 01, DEC TEST
*******************

(sheet 2 of 2) DATE: 5-6-1997
TIME: 181113

MOIST AIR PROPERTIES XI' MEMitJRED POINTS IN PROCESS--------------------------------------------------
NOMINAL MEASURED VALUES:
1''1' TDB TWB 1'1)1' PW W RH U sv H

(oC) (oC) (oC) ( k Pa ) (g/kg) ('i:i) (%)(m3/kg)(kJ/kg)
22.4 '4.6 10.3 1. 2S 9.57 4() 43 1.0i-4 46.79

2 32.7 15.8 5 •.5 0.90 6.88 18 17 1.07G 50.51
3 22.5 13.2 7.3 1. 02 7.77 37 36 1.0',2 42.41
~ 13.1 12.9 12.8 1.48 11 .34 98 98 1 .014 41.78
5 23.1 1.5.0 10.6 1.28 9.80 45 44 1.047 48.16
6 17.6 15.0 13.7 1. 56 12.00 '7 >, 77 1.0J1 48. 1 ,+I I

7 30.9 18.2 12.3 1. 43 10.95 32 31 1.0'16 59.02
8 67.3 26.8 12.3 1. 43 10.95 S 3 1.205 96.39
9 35.4 20.2 13.8 1.57 12.09 27 26 1.094 66.64

VALUES FOR TDB & W FROM ERf{OR ANALYSIS & SIMU:"ATION
(UNITS AS ABOVE)
PT 1 2 3 4 5 6 "} 8 9

TDB(MIN) 2:.2.1 32.S 22.3 12.9 22.9 17.4 30.7 67.1 35.2
TDB(MAX) 22.6 33.0 22.8 13.3 23.4 17.9 31.1 67.6 35.7
W (MIN) 9.3 6.6 7.5 11. 1 9.5 11.7 10.6 10.6 11.7
W (MAX) 9.9 7.2 8.1 11.6 10.1 12.3 11. 3 11.3 12.5
TDB(SIM) 22.4 32.7 22.7 13.0 23.1 17.7 30.5 66.8 50.0
W ( SUI) 9.6 6.9 7.4 11.3 9 p 12.0 11.4 11.4 15.4.u

BAROMETRIC PRESSURE 82,S kFa
..j.

, .

30 05 .!) -IS 50 ~S:
DRy aULB TEM~E:R""TUliE I"C,
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RESULTS Of DEC TEST
*****8****~********

(sheet 1 of 21 DATE! 5-6-1997
TL\!E: 1711:;~'

TEST NUMBER: H3/4

OPERATING l'ARMIETERS (:,IEASUFED AND ENTERED A~ INPUT)

Supply air flow rate (g/sl~
Return air flow rate (g/s)=
Regen. heat input (kW)=
Elec. energy (axel. r eg .) (kW):::
Spray chambers: water T (oC)=
Water flow rate (S S/CH) (g/s)=

at pressure (bar)=
Water flow rate (R SICHI (g/s)=

at pressure (barl=

NOM. Z-IIN. MAX.
146 137 155
99 S9 108

3.670 3.523 3.817
2.486 2.387 2.585
19.2 19.0 19.4
J. 47 1.40 1.54

57 55 59
1. 15 1- q 1.21

20 18 22
PROCESS CilANGES OF ENTHALPY AND HUMIDl TY RATIO---~------------------------------------------
51' END H CkJ/KG) W (g/kg)
p'I' 1'1' NOM. MIN. MAX. SIM. NOM. MIN. MAX. SIM.
1 2 4.7 :1.2 6.1 4.7 -2.79 -3.24 -2.35 -2.79
2 3 -9.8 -11. 2 -8.4 -11. 4 1.28 0.87 1. 69 0.55
3 4 -0.0 -1.3 1.3 -0.0 3.30 2.90 3.69 3.60
4 5 6.2 4.7 '1.6 7.8 -1. 55 -1. 99 -1.12 -1.12
5 6 -0.1 -1.6 1.4 0.2 2.84 2.39 3.29 2.91
6 7 12.3 10.7 13.9 13.2 -1.28 -1.78 -0.78 -0.77
7 8 37.1 35.4 38,9 37.2 0.00 -0.55 0.55 0.00
8 9 -28.7 -30,6 -26.9 -8.7 1.6t 1.02 2.18 4.14

PERFORMANCE PARAMln'ERS (CALCULA'fED )_--------------------- NOM. MIN. MAX. SIM.
Dehumidifier e rf . (W) (% ) EDH1= 41 34 t~8 42
Dehumidifier eff.(Q) (%) EDH2= 12 9 16 12Regeneration eft'. ( %) ERG= 11 7 15 28
Regen. heat input (kW) Q =: 3.66 3.28 4.04 3.67
Heat Exch. eft'. (SUP) (% ) EHXS= 70 68 72 70
Heat Exch. eff. (RET) ( %) EHXR= 83 81 85 83
Sup. air spr. eh. eff.(%) EVS= 99 93 106 99
Ret. air spr. eh. eff.(~'~) EVR= 90 84 96 90FOR VENTILATION MODE:
Coo ling capacity (kWl cc " 0.90 0.68 1. 11 1. 14
Coeff. of performance COp::: 0.24 0.19 0.30 0.31
Ete(;uicity cff. ratio EER;::0.36 0.27 0.45 0.46
FOR V'~NTILATION CREDIT MODE:
Cooling c apa c i t y (kW) Tec - O.7S 0.54 0.96 0.99
Total Co c f f . of perf. 'reop= 0.20 0.15 0.26 0.27
E l e c t r ic I ty eff. ratio TEER= 0.30 0.22 0.39 0.40



242

RESULTS OF DEC TEST
*******************

(sheet 1 of 2) DATE: 5-fi'llJCJ7
TIi-IE: 171157

MOIST AIR PROPERTIES AT MEASURED POINTS IN PROCESS
_____ ......... ... _. 0- ... _ .......... __ .... --,-- -----~-' -- ........ ---

NOMINAL MEASURED VALUES:
PT TDB TWB TDP PW W RH U SV H

(oC) (cC) (oC) (kPa] (g/kg) (';,j) (%)(m3/kg)(kJ/kg]
22.7 14.9 10.7 1. 29 9.85 47 46 1.045 47.84

2 34.3 16.4 5.9 0.93 1.06 ' - 16 1.082 52.52~ /

3 21.4 13. J 8.3 1.09 8.34 43 42 1.039 42.72
4 13.3 13.2 13.2 1.52 11.64 100 1(,0 1.015 42.71
5 23.1 15.2 11.1 1.32 10.09 47 46 1.047 48.86
6 16.0 15.2 14.8 1.68 12.93 93 92 1.027 48.76
7 31.1 18.8 13.2 1.52 11.65 34 32 1. 078 61.06
8 67.3 27.1 13.2 1.52 11.65 5 4 1.207 98.17
9 35.3 20.9 15.2 1.72 13.25 30 29 1. 096 69.44

VALUES FOR 'fDB & W FROM ERROR ANALYSIS & SIMULATION
(UNITS AS ABOVE)
PT 1 2 3 4 5 6 7 s 9
TDB(MIN) 22.5 34.0 21.2 13.0 22.9 15.8 30.9 67.1 35.1
TDB(MAX) 22.9 34.5 21.7 13.5 23.3 16.2 31.3 67.5 35.5
W (MIN) 9.5 6.8 8.1 11.4 9.8 12.6 11.3 11.3 12.8
W (MAX) 10.2 7.4 8.6 11.9 10.4 13.2 12.0 12.0 13.7
TDBiSIM) 22.7 34.3 21.7 12.7 23.1 16.0 30.8 67.0 48.2
W ( S IlIi) 9.9 7. 1 7.6 11.2 10. 1 13 .0 12.2 12.2 16.4

3 -!SPRAY CHo\.\WEitl- 4=E
ROOM

6-@WCHA.\IBER\-.t-$

ALTITUDE 1700m BAROMETRIC PRESSURE 82.5 kPa
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RESULTS OF DEC TEST
*******************

(sheet 1 of 2) DATE: 5-6-1997
TIME: 17j141

TEST NUMBER: "3/5
()PERATING P.\RAME'!'LRS (MEASURED itND ENTERED AS INPUT)
-------~.--------.-.~ .• - NO}'l. MIN. MAX.
Supply air flow rate Ig/s)= 14b 137 150
Return air flow rate (g/s)= 107
Regen. heat input lkW)= 3.817
flee. energy (excl. reg.) (kW): 2.609
Spray chambers: water T (oC)= 19.4
Water flow rate (S S/CH) (g/5)= 1.54

at preSSUle (bar)= 59
Water flow rate (R S/CH) (g/s)= 1.36

at pressure (bar l= 32

98 f"COJ
3.670 3.523
2.509 2.409
19.2 19.0
1. 47 1.40

57 55
1. 30 1.23

30 28
PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO----------------------------------------------ST END H (kJ/KG) W (g/kg)
P'1'PT NOM. NIN. MAX. SIM. NOM. MIN. MAX. SIM.
1 2 4.5 3.0 5.9 4.5 -2.62 -3.06 -2.18 -2.62
2 3 -10.0 -11. 4 -8.6 -11. 2 1.11 0.69 1. 53 0.53
3 4 -0.2 -1.6 1.2 -0.1 2.98 2.57 3.39 3.26
4 5 6.4 5.0 7.8 7.6 -1.48 -1. 92 -1.03 -1.18
5 6 0.0 -1.5 1.S 0.2 3.12 2.65 3.59 3.16
G 7 12.9 11.3 14.5 13.5 -1. 17 -1.69 -0.65 -0.75
'"i 8 37.8 36.0 39.5 37.3 0.00 -0.56 0.56 0.00I

8 9 -30.8 -32.6 -28.9 -8.4 0.57 -0.01 1. 15 3.89
PERFORMANCE P.I'"RAMETERS(CALCULATED)---------------------- NOM. [.:IN. MAX. SIM.
Dehumidifier eft.IW) (I. ) EDHl= 37 31 44 38
Dehumidifier eff. (Q) ( ''0 ) EDH2= 11 8 15 12
Regeneration eff. l%) ERG::: 4 -0 3 26
Regen. heat input (kW) Q = 3,71 3.33 4.10 3.67
Heat Exeh. eff. (SUP) (% ) EHXS= 70 68 72 70
Heat Exch. eff. (RET) (%) EHXR= 86 84 88 86
Sup. air spr. eh. eff.(%) EVS= 100 93 106 100
Ret. air spr. eh. efi'.{%) EVR= 98 91 104 98
FOR VENTILATION MODE:
r"'oling capac ity (kW) CC = 0.94 0.72 1.16 1. 11
err. of performance Cop= 0.26 0.20 0.32 0.30

:,...ect 1icity eff. ratio EER= 0.37 0.29 0.46 0.4'l
FOR VENTILATION CREDIT MODE:
Coo 1ing capacity ( kW) T~C ::: 0.85 0.63 1.06 1.01
Total Co e ff , of perf. Teo};'= 0.23 0.17 0.29 0.28
Electl'icity eff. ratio TEER= 0.34 0.25 0.42 0.40



RESULTS OF DEC TEST
*******************

(she~,t 2 of 2) DATE: :; tl-lCJ97
lIME: 171141

~IOiST AIR PROPERTIES AT MEASURED pr)INTS IN PROCESS--------------------------- ----------------------
NOMINAL MEASURED VALUE5:
PT TDB TWB 'I'DI' PW W RH U SV II

(oC) (oe) (oC) (k.Pal (g/kg) {;~01 (%)(m3/kg)(kJ/kg)
1 22.5 1 C" 1 11. 2 1.33 10. 15 49 48 1. 045 48.43

... J .....

2 33.4 16.5 6 Q 0.99 7.54 19 18 1.0~9 52.8S.v
3 20.8 13.3 S.g 1. 13 8.65 46 45 1.037 42.86
4 13.2 13.2 13.2 1. 51 11.63 100 1(,0 1.015 42.65
5 23.1 15.3 11 .2 1.33 10. 15 47 46 1.048 49.06
(1 15.4 IS.3 15.2 1.72 13.27 98 98 1.025 4S.08

7 30.9 19.0 13.8 1.57 12.10 35 34 1.078 61.99

8 t)7.7 27.5 13.8 1. 57 12.10 6 4 1.209 99.75
9 36.3 20.8 14.5 1. 65 12.67 27 26 1.098 68.97

VALUES FOR TDB & W FROM ERROR ANALYSIS & SUIULATION
(UNITS AS ABOVE)
PT 1 2 3 4 5 6 7 8 9

TDB(MIN) 22.3 33.2 20.6 13.0 £2.9 15.2 30.7 67.4 36.0
TDBIMAX) 22.7 33.6 21.0 13.4 23.4 15.6 31. 1 67.9 36.5
W (MIN) 9.8 7.2 8.4 11. -; 9.8 12.9 11. 7 11. 7 12.2-
W (MAX) 10.5 7.8 8.9 11. 9 10.5 13.6 12.5 12.5 13.1
TDB(SIM) 22.5 33.4 21.1 12.~ 23.1 15.5 30.5 66.8 48.8
W (SUi) 10.2 7.5 8.1 11.3 1(.\.2 13.3 12.6 12.6 16.5

PSYCllBOIl1EI.'>TC CHART: V1'ITUDF l",OOm B::.! _ "" AROMETRIC PRESSURE 82.5 kPa

o '

,35. <4Q
ORY e~'LB TE"U::E~ATUr.l£ rC)
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RESULTS OF DEC TEST
*******************

(sheet 1 of 2) DATE: 5--6-1997
1'11'.1£: 17H22

TEST NUMBER: H3/6

OPI~RATI NG PARAMETERS (MEASUH.ED AND ENTERED AS INPUT)
-------------------- NOM. MIN. MAX.Supply air flow rat~ (g/s)= 146 137 156
Return air flow rate (g/~)= 98 BY lOS
Regen. heat input (kW)= 3.670 3.523 3.817
Elec. energy (exel. reg.) (kWI= 2.534 2.433 2.635
Spray chambers: water T (oC)= 19.2 19.0 19.4
Water flow rate (8 S/CH) (g/s)= 1.47 1.40 1.54

at pressure (bar)= 57 55 5~
Water flow rate (R SieHl (g/s)= 1.58 1.50 1.66

at pressure (bar)= 40 38 42
PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO----------------------------------------------ST END H (kJ/KG) w (g/kg)
PT PT NOM. MIN. MAX. SI/11. NOM. MIN. MAX. SUI.
1 2 3.6 2.2 5.0 3.6 -2.83 -3.26 -2.4f -2.S3
2 3 -10.0 -11.5 -3.6 -11.9 1.39 0.97 1.81 0.54
3 4 -0.5 -1.9 O.g -0.1 2.61 2.20 3.02 3.09
4 5 6.8 5.4 8.3 8.3 -1.30 -1.74 -0.86 -0.93
5 6 0.0 -1.4 1.5 0.2 3.14 2.08 3.60 3.18
6 7 12.5 10.8 14.1 13.2 -1.23 -1.73 -0.73 -0.77
7 8 37.1 35.4 38.9 37.3 0.00 -0.54 0.54 f),00
8 9 -29,5 -31. 3 -27.7 -6.9 0.82 0.24 1.40 4.21
PERFORMANCE PARAMETERS (CALCULATED)---------------------- NOM. MIN, MAX. Sq.!.
Dehumidifier eff. (W) (%J EDHl= 40 34 47 41Dehumidifier eff.(Q) (% ) EDH2: 10 6 1 :i 10Regeneration efr. (% ) ERI': 6 2 9 28Regen. heat input (kW) Q : 3.65 3.27 4.03 3.67
Heat Exch. cU. (SUP) ~%) EHXS= 73 71 76 73
Heat Exch. eft'. (RET) ( r;,) Et:XR:::: 83 81 86 84Sup. air spr. ch. cI'f.(~~) EVS= 99 92 106 99
Ret. ail' srT" ch. eff.(%) EVR= 99 93 106 99FOR VENTILATION MODE:
Cooli.ng capacity (kW) cc : 1.00 0.78 1.22 1.21Coeff. of performance cop= 0.27 0.21 0.33 0.33
Electricity eU. ratio EER= 0.39 0.31 0.48 0.48
FOR VENT ILAT 1'.m CREDIT MODE:
COOling capacity (kW) TCC :: 1. 02 0.81 1.24 1.23Total eoeff. of perf. Teop::.: 0.28 0.22 0.34 O. J4
Electrici t y eff. ratio TEER~ o .1) 0.32 ().4l) 0.49
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RESULTS OF DEC 'l'EST

*********** t*'~' *
( s IIe c 1 :: ,1 I ::l DATE: 5 "'il-- 1')II;'

TIME: l~'n. ~'

NOIST All" PROPEFTIE6 AT i,fEASliltED POINTS IN PIWn;;S

Nm.lINAL MEASlIRED VALUES:
1''1' TDll TWD 'I'D!' PW W 1m lJ cv II

(oC) (DC) (m: ) (kPa) (g/kgl (;";I (";) (lid/kg) (kJ/kg 1

22.9 15.4 11. 5 1.35 10 . .!"! 48 4 ~~ 1.047 ·+9.42
:; 33. :l 16.6 6.8 0.99 1&54- J lJ 18 1.080 53. U2
J :.W.2 13.3 9.3 I. 17 8.93 49 49 1.OJ5 42.':1'1

4- 13.2 13. 1 13. 1 1.50 11.54 :If) 9 ~J L 015 42.42
s 23. 1 15 .·1 11. 3 1,34 10.24 ·n 46 l,048 49.2:3

6 1:3 .4 15.3 15.3 1.74 13.38 100 100 1.025 '~-9. 29
7 30.5 19.0 1.1. 9 1. 5S 12. 1;) ,l() 35 1.077 61.74
8 6(1. -, 27.3 13.9 1.58 1r, 15 (1 4 1.205 98.87

r w'

l\ ' " .9 20. \1 14.8 1 .69 11.()1) 2'J 27 1.098 69.3(;

VALUES FOR '1'1)13 & W FROM ERROl!. ANALYSIS & SIMULATION :
(UN. rs M, ABOVE)
1'i 1 ::>. J 4- S (l 7 ti 9

11)1)( [InN) 22. " 33.3 :W.O 13.0 22.9 15 • .1 30.3 66.5 35.'7
,[DlllMAX) 23.2 33.8 20.4 lJ. -+ 23.3 15.6 30.8 66.9 36. !
W (MIN) 10. 1 '7 .2 B.b 11 . J 9.') 1J • 1 11.8 11.S 12.5
VI (MAX) 1()• "1 " . 8 ~')•• 2 , 1. g ]O.\) D.-1 12.5 12.5 13. -I( • ,
TDl) (I) IM} 22.9 33.S 20.5 1 ) '7 23. 1 15,4 30.2 66.4 4!).1~.
W ( SIM) 10.4 7.5 8. 1 11 • :! 10.2 13.4- 1.2. 7 12.7 16.9
POSITION Of SAMELlliG P( 'llil'S

£~JlJ:\.OMF.'l1lli:.rll'AlU: ALTrnmE 1700m BAROMETRiC PRFSSllHE 82.S kPa
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RESULTS OF DEC TEST
*******************

( s he o t 1 of 2)

TEST NUMBER: H3/-

DATE: 5-6-1997
T IME: 1 II! 10

supply air flew rute (g/~)=
Return air flow rate (gh:):::
Regen. heat input (kW)=
Elec. e n e r gy ( e x c l . reg. l (kW)=
Spray chambers: w~ter T (oCI~
Water flow ratE (S S/CH) (g/s)=

at pr~ssure (bar):
Wato~ flow ratl (~ S/CH) (g/s)=

at pressure (bar)=

(MEASUHED AND ENTERED AS INPUT)
NOM. MIN. MAX.
,J6 137 15j
98 ~9 107

3.670 3.523 3.B17
2.563 2.460 2.666
19.2 19.0 19.4
1.47 1.40 1.54

57 55 59
1.74 1.65 1.83

50 48 52

OPERAT I NG ., \RAMETERS

PR0CESS CHANGE~ O'~ ENTHALPY AND HUMIDITY RATIO

8T END H (kJ/KG)
PT PT NOM. MIN.
1 2 4.4 2.9
2 3 -10.7 -1:.1
3 4 -0.0 -1.4
4 5 6.4 5.0
5 6 -0.0 -1.5
6 7 13.7 1~.O
7 8 36.7 34.9
8 9 '-28.0 ,<~(1.9

MAX..
5.8

-9.3
1.3
7.8
1.5

15.3
38.4

-26.1

SIM.
4.4

-13.2
0.1
8.8
0.2

13.7
37.4
-7.t)

PERFORMANCE PAF.AMETERS (CALCULATED)

EDH1:
EDIl2:.:
ERG:::
Q :::

EHXS=
EllXR=
EVS",
EVR=

W (g/kg)
NOM. MIN. MAX..

-2.83 -3.28 -2.37
1.71 1.28 2.13
2.65

-1.47
3.n;

0.00
1.08

NOM.
41
12
7

3.59

100
101

2.25
-1. 89
2.72

+L, 50
-0.55
0.48

MIN.
34

76
.3. 22

74
79
n
94

Dehumidifier eff.(W) (%)
Dehumidifier eff.(~) (~)
Regeneration otf. (%)
ke gen , he a t input (kW\
Heu t Exch. er r . (SUP) (%)
Heat Exch. eff. (RET) (%)
Sup. nil'."SOl'. ell. off.(%)
Re t , air 31'1'. ell. eff.(%)
FOR \tENT 1LJ.T 101'; MODE ~
Cooling capacity (kW) CC:: 0.9.3
Coeff. of performance cop::: 0.25
Electricity eff. ratio EER= 0.36
paR VLNTILATION CF.EDIT MODE:
coolillg capac i t v (kW) 'rcc « 0.93
Total Coe ff, of perf. TCOf'= o.~s
Electricity e f. ratio TEER:: 0.36

ttl

0.72
0.19
0.28

0.71
0.19
O.:W

3.06
-1.04-
3.63

-0.30
0.55
1. Ci8

3

MAX.
48
15
11

3.97

84
lOS
107

1 1;;
o • J 1
0.45
1 • 14
0.31
0.45

SIM.
-2.8J
0.56
.3.17

-0.84
3.21

-0.80
0.00
4.21

SIM.
41
:12
28

.3.67
7 fj
81

100
100

1.28
0.35
0.50

1.28
0.35
(J.50
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RESULTS OF DEC TEST
**************~**8*

( s hc et -r or ;1,) II AT E: ::;- ~)- I (j 9 7

TIME: liHI0

MOIST AIR P!WPERTIES AT NEASt!RED POINTS IN PIWCl~.sS--------------------------------------------------
NOMINAL MEASURED VALUES:
1'T TDB TWll TDP l'W W lUI U SV H

(oC) (oC) (oC} (i(Pa) (g/kg.) (',',:,) (%)(m3/kg)(kJ/kg)
23.4 \ 5 • 5 1L 3 1.34 10.26 47 4b 1.049 49.60

2 .34.7 1('.8 6. :) 0.97 7.43 18 1'i 1.084 53.95
3 211.() 1, .4 (1.6 1. 1<) 9.H 51 51 1.035 43.25
4 13.'t 13.4 1:3.4 ; .53 11. 79 100 10{) 1.016 43.23
5 23.2 15.5 11.4 1.35 10.33 4 '/ 46 1.048 49.61
6 15.4 15.4 15.5 1.75 13.50 100 100 1.026 '~9.f;O
7 31. 1 19.4 14.3 1 • (lJ 12.50 36 35 1. 080 63.25
8 66.8 27.5 14.3 1.6.3 12.50 6 4 1.207 99.93
9 36.9 21.5 15.5 1.76 13.5B 28 27 1.1{)2 71. 94

VALUES FOR TDll & W FROM ERROR ANALYSIS & SIMULATION :
(UNITS AS ABOVE)
1>'1' 1 2 3 4 5 6 '1 8 9
TDB( MIN) 23.2 34.5 19.7 1:1. 1 2:1.0 15. 1 30.9 66.6 35.7
TDB(MAX) 23.6 34.9 :1.0.2 13 .6 2:1.S 15.6 31.4 67.1 J 7. 1
w (MIN) 9.9 7.1 8.9 11. s 10.0 13.2- 12.1 12.1 1). 1

W (MAX) 10.6 7.7 9.4 12. 1 10.7 13.8 12. !} 12.9 1'l .0
TDB(SIM) 23.4 34.7 20 • .3 12.6 23.2 15.5 30.8 67.2 4:3.9
W (S IM) 10.3 7.4 S.O 11.2 IO.3 13.5 12.7 12.7 l6.9
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RESULTS OF DEC T~ST
* :;:*' * * * * * '"'":;::;::;::;:* :!: " * *

(shel!t 1 of 21 DATE: 5-6-199';
TIME: 16H52

TEST NUMBER: H3/S
OPERAT r NG PARMlETI~RS (~IEAS{JRED AND ENTERED AS INPUT)
-------------------- NOM. MIN. MAX.Supply air flow rate Ig/s)= 146 137 156
Return air flow rate (g/s)= 107
Regen. heat input (kW): 3.817
Elee. energy (axel. r eg ,) (kW)::: 2.703
Spray chambe r s : water T (oC)::: 19.4
Water flow rate (S S/CH) (g/s)= 1.54

at pressure (b ar )» 59
Water flow rate (R SICHI (g/sl= 2.20

at pr es su r e (barl= 62

98 89
3.670 3.523
2.599 2.495
19.2 19.0
1.47 1.40

57 55
2.10 1.99

60 58

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO-- ._._----- --- ...~--......... ----- .... ------------- ..... -- -_-_--_-
ST END II (kJ/KG) w (g/kg)
PT PT NOM. MIN. MAX. SIM~ NOM. MIN. MAX. SIM.
1 2 3.8 '? ~ 5.3 .1.8 -2.58 -3.02 -.:,.13 -2.58~ • .:l

2 J -9.9 -11. J -3.5 -12.2 1.60 1. 18 •.L 01 0.56
3 4 -0.3 -1.7 loO -0.0 2.56 2.16 2.96 3.08
4 5 7.0 5.6 8.4 9.0 -1. 31. -1.75 -0.88 '-0.79
5 6 0.0 -1.5 1.5 0.2 3.19 2.71 3.66 3.23
6 7 1:-1.2 11.6 14.9 13.4 -1. 06 -1. 58 -0.53 -0.80.,

8 38.0 36.2 39.8 37.5 0.00 -0.57 0.57 0,00I

8 9 -29.9 -31. 8 -28.1 -7.0 0.51 -0.09 1.11 3.85
PHRFORMANCE PARAMETERS (CALCULATED)---------------------- NOM. MIN. MAX. S1M.
Dehumidifier e f f . (W) (%) EDHl= 38 31 45 39
De nuuri d i f' ie r e ff , (Q) (?n ED1l2;:-: 10 {.) 13 10
RegeJlcra t ion eft'. (~~) 1m.}", ~ --1 'J 26
Regen. heat input (kW) Q = 3.72 3.33 4.11 :L 67
Hunt Exch. eff. (SUP) (%) EHXS= 7(> 7.1 78 7(i
Heat Rxch. e f f. (RET) (;1) ElIXR= 85 i) ,) R7 !{S() .1

Sup. nil' spl'. ell. eff.(%) EVS= 99 92 107 99
Ret. ail' spl'. ch. e rr , «~:,) EVR:.: 100 94 106 lOO
FOR VENTILATiON MODE:
Cooling c apac i ty (kW) cc .. 1.02 O.SO 1.24 1.32Goeff. of performance cop::: 0.28 0.22 0.34 0.36
Electricity \~1'1' • ratio EER:::0.39 0.31 0.41-> 0.51
FOR VENTIl.ATION CREDIT M>DE:
Coo l ing cupuc i t y (kW) Tce :;: 0.94- O.?3 1 . 16 1. 24
Total Co e ff , of perf . TCOP= 0.26 0.20 O •.n O.J4
Electl'idty cff'. ratio 'rEEl{::: 0.36 0.28 0.45 0.48
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RESULT~ OF DEC TEST
*******************

(sheet :2 of 2> !lATE: 5-(i-i997
TIME: 161152

MOIST AIR PROPERTIES AI MEASURED POINTS IN I'I~OCESS------------------------------._-------------------
NOMINAL MEASURED VALUES:
PT TUB TWB TlW PW w IU! u sv H

loC) (oC) (oC) (kPu) (g/kg) I:';'I (~)(m3/kg)(kJ/kg)
23.4 15.3 11.0 1.31 10.01 45 45 1.048 48.99

2 33.6 16.5 6.6 0.97 7.43 J:} 1I' 1. 080 52.78o

3 19.8 13.3 9.4 1. 18 9.03 51 50 1.034 42.8';
4 13.2 13.2 13 .1 1.5 J It. S9 100 100 1.015 42.54
5 23.3 15.4 11.4 1. 34 10.28 47 46 1. 048 49.52
(, 15.4 15.4 15.4 1. 75 13.47 100 lOO 1.026 49.54
7 30.9 19.2 14.2 1. (j 1 12.41 36 35 1.079 62.76
8 67.9 27.7 14.2 1. 61 12.41 6 4- 1.210 100.76
') 37.5 21.3 14.8 1.68 12.92 26 25 1.103 70.83

VALUES FOR TDB & W FROM ERROR ANALYSIS & SIMULATION :
(UNITS AS ABOVE)
PT 1 2 3 4 5 6 "7 :-; 9
TDB(MIN) 23.2 33.3 19.6 13.0 23.0 15.2 30.7 67.6 3'" ,(. u

TDBIMAX) 23.6 33.8 20.1 13.4 23.5 15.6 31.1 68.1 37.7
W ( t.!I!\l) 9.7 7. 1 8.7 11.3 10.0 13.1 12.0 12.0 12.5
W (MAX) 10.3 7.7 9.3 11.9 10.6 13.8 12.8 12.8 13.4
TDB(SIM) 23.4 33.6 20.2 12.5 23.3 15.5 30.4 66.9 50.4
W (S1M) 1o . I} 7.4 S.O 11. 1 10.3 13.5 12.7 12.7 16.6

2 --~""'HEAT ~3 _l~PRAYCHA'illifiiJ-4 -r-
Xt:HA.">GER IROOM

6 (SPR\YCIiA\I!ffiD.- s-L--

ALTITUDE liOOm BAROMETRIC PRESSURE 82.S kPa

-.
00 ,:,~

"-.a
"-

" .. "~ " ~""'" -, '"_ " .~, " ...... ~" ~ .. " ....... " " ~~ -; »; ", ~""" 2
PEn ~1l..(!Gru.M or. DRv "Ifll
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RESULTS OF DEC TEST
*****~*************

(shet.'t 1 or 2) DATE: 5-6-1(J<J7
TIME: 16H'~9

TEST NUMBER: H3/9

OPERATING PARAMETERS (;,IEASUlZEll AND r:NTERED AS INPUT)
-------------------- NOM. MIN. MAX.Supply air flow rate (g/s)= 147 137 156
Return nir flow rate (g/sl~ <)H 89 107
Regen. heat input (kW)= 3.670 3.523 3.817
L Iec. energy (axel. reg .) (k\V)= 2.607 ~l.503 2.711
Spray chanfuers: water T (uCI= 19.2 19.0 19.4
Water flow rate (5 BleB) (g/s)= 1.47 1.40 1.54

a t pressure (ba r)» 57 5S 59
Water flow r at e (R SieHl (g/s)= 2.30 2.10 2.41

at pressure (bur): 70 68 72
PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO----------------------------------------------
ST END Ii (kJ/KG) w (g/kg)
1'1' PT NOM. MIN. MAX. SIM. NOM. MIN. MAX. SIM.
I 2 3.9 2.4 5.3 3.9 -2.50 -2.94 .. 2.05 -2.50
.2 3 -9 .•t -10.8 ~iL 1 -12.0 1.66 1. 24 2.08 0.57
J 4 -0.6 -1.9 0.8 - O. 1 2.47 2.06 2.87 .1.04
4 5 7.3 5.9 8.7 9.3 -1.32 -1.75 -C.88 -0.80
5 6 0.6 -0.9 2.1 0.2 3.48 3.02 3.93 3.33
6 7 12.9 11.3 14.5 13. 1 -1.05 -1.56 -0.54 -0.80
7 8 38.2 36.4 40.0 37.4 0.00 -0.56 0.56 0.00
8 9 -30,7 -';12.5 -28.9 -7.4 0.39 -0.19 0.96 3.73
PERFORMANCE PARAMETERS (CALCULATED)---------------------- NOM. MIN. MAX. SIM.
Dehumidifier e f t, (W) ( %) mm1= 37 30 44 38
De hum id Lf Le r -rr , rQ) (% ) EDH2:::: 10 6 13 10
Regeneration eff. (% ) ERG:.: 3 -1 6 25Regen. heat inpu t ( kWl Q :: 3.75 3. :-:6 4.14 3.67
lIeat Exch. eft'. (SUP) l%) EHXS:::: 76 74 78 76Heat Exch. eff. (RET) (%) ElIXR= 86 BJ 88 86
Sup. ail' spl'. eh. ef!'.(;',)) EVS:: 99 92 1()I.i 99
Ret. nil' SPl' • ell. cff. (% ) EVR", 101 94 107 100
FOR VENTILATION MODE:
Cooling capacity (kW) cc := 1. 07 (l.SS 1.29 1.36
Co e ff . of pe r f ormance cop:: 0.29 0.23 0.35 0 ..37
Electrici ty eff. ratio EER::: 0.41 0.33 0.50 (L 52
FOR VENTILATION CREDIT MODE:
Coo 1 i rrg cup a c i t y (kW) Tee ::: 0.90 0.69 1. 12 1. 20
Total coeff. of perf . TCOP= 0.25 0.19 o.:n 0.33
111e c t r ic i ty eft'. ratio TEER:::: 0.35 0.26 0.43 0.46
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RESULTS OF DEC TEST
*******************

( she e t "J o f 2 I DATE: 5-0-1 C)C)7

TIME: 16H2\}

MOIST AIR PROPERTIES AT MEASORED POINTS IN PROCESS--------------------------------------------------
NOMINAL MEASURED VALUES:
1''1' '1'D13 TWB TDI' PW W lUi U SV II

(oC) (oC) (oe) (kPa) (.g/kg) (~; ) (%)(mJ/kg)(kJ/kg)
1 23.1 15. 1 10.7 1.29 9.86 45 45 1.047 48.34
2 33.2 16.3 6.5 0.97 7.36 19 18 1.(PS 52.21
3 19.8 13.3 9.4 1. 1S 9.02 51 50 J .034 42.76
4 13. 1 1::.0 13.0 1..50 11. 49 99 99 1. 014 42.17
5 23.5 15.4 11.2 1. 33 10. 17 46 45 1.049 49.48
{1 1S. 5 15.6 15.6 1.77 13.65 101 101 1.026 50.10
7 30.7 19.3 14.4 1.64 12.60 37 36 1.078 63.03
8 67.9 27.7 14.4 1. 64 12.60 6 4 1.210 101.25
9 37.0 21.2 14.9 1. 69 12.99 27 25 1. 101 70.52

VALVES FOR TDB & W FROM ERROR ANALn:lS & SIMULATION
(UNITS AS ABOVE)
PT 1 2 3 4 5 6 I 8 9
TDB(MIN) 22.9 33.0 19.6 12.9 23.3 15.3 30.4 67.6 36.S
TDB(MAX) 23.4 33.4 20.0 13.3 23.7 15.7 30.9 68.1 37.2
W (MIN) 9.5 7.1 8.7 11.2 9.9 1.3. 3 12.2 12.2 12. G

w (MAX) 10.2 7.7 9.3 11.8 10.5 14. () 13.0 13.0 13.4
TDB(SlM) 23.1 33.2 20.0 12.4 23.5 15.4 30.2 66.6 50.0
W (S 1M) 9.9 7.4 7.9 11.0 10.2 13.5 12.7 12.7 16.4

PQSIIION Q~JNTIi
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RESULTS OF DEC TEST
*******************

(sheet 1 of 2) DATE: 5-6-1997
TIME: 16H12

TEST NUMBER: a3/10

OPERAT I NG PARAMETERS (MgASURED AND ENTE~',EJJ AS I NPUT I
-------------------- NOM. MIN. MAX.Supply air flow rate 19/s)= 147 138 156
Return air flow rate (g/s)= 98 89 107
Regen. heat input (kW)= 3.670 3.523 3.817
Elec. energy (exel. r eg ,} (kW)= 2.674 2.567 2.781
Spray [~dmbers: water T (oC)::: 19.2 19.0 19.4
Water flow rate (S S/CH) (g/s)= 1.47 1.40 1.54

at pressure (bar)= 57 55 59
Water flow rate (R S/CH) (g/s)= 2.47 2.35 2.59

at pressure (bar): 80 78 82

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO----------------------------------------------
51' END Ii (kJ/KG) W (g/kg)
PT PT NOM. MIN, MAX. SIM. NOM. MIN. MAX. SIM.
1 2 4.1 2.7 5.5 4.1 -2.40 -2.82 -1.98 -2.40
2 3 -6.9 -8.3 -5.5 -11.0 2.39 1.97 2.80 0.70
3 4 -1.1 -2.4 0.3 -0.1 2.69 2.28 3.10 3.57
4 5 9.3 7.8 10.7 12.4 -0.90 -1.34 -0.47 -0.09
5 6 0.9 -0.6 2.4 0.2 3.65 3.18 4.11 3.45
6 7 13.3 11.6 14.9 13.0 -1. 02 -1.54 -0.50 -1. 00
7 8 40.8 39.0 42.6 37.3 0.00 -0.57 0.57 0.00
8 9 -37.2 -39.1 -35.3 ..7.7 -0.65 -1.24 -0.07 3.59
PERFORMANCE PARAMETERS (CALCULATED)---------------------- NOM. MIN. MAX. SIM.
Dehumidifier e f f' , (W) (% ) EDH1::: 41 33 48 43
Dehumidifier eff.(Ql 1%) EDH2= 10 7 13 11
Regeneration eU. ( %) ERG= -4 -0 -8 24
Regen. hea.t input (leW) Q : 4.01 3.60 4.42 3.67
Heat Exch. ef1'. lSUP) (% ) EHXS= 74 72 76 74
Heat Exch. t:ff. (RET) (%) EHXR= 89 87 91 89
Sup. uir spr. ch. e ff, (%) EVS= 99 92 105 99
Ret. air spr. ch. e ff. (%) EVR= 100 94 106 100
FOR VENTILATION MODE:
Cooling capacity (kW) C'C = 1.36 1. 13 1.59 1.82
Coeff. of performance cop::: 0.37 0.31 0.43 0.50
Electricity off. ratio EER= 0.51 0.42 0.60 0.68
FOR VENTILATION CRImI'!' MODE:
Cooling capacity ( kW) 'Tee = 0.56 0.36 0.76 1.02
Totlll co e if . of perf. TCOP= 0.15 0.10 0.21 0.28
Electtici ty ef1'. ratio 'rEEK= 0.21 0.13 0.29 0.38
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RESULTS Of DEC TEST
*********'*********

(sheet 2 of 21 DATE: 5-6-19C)7
TIME: Ifilll:?

MOIST AIR l'IWPERTIES AT MEASURED POINT::: IN PROCESS--------------------------------------------------
NOMINAL MEASURED VALUES:
1'1' '1'1)B TWB TDE' PW W RH u S" II. ,

(oC) (oCI (oC) (kPa) (g/kg) (%) (%)(m3/kg)(kJ/kg)
1 23.1 14.0 8.6 1. 11 8.50 39 39 1.045 44.83
:2 33.2 15.3 3.8 0.30 6.10 16 15 1.076 48.96
3 20.4 13.0 8.5 1. 11 8.48 46 46 1.035 42.07
4 12.7 12.6 12.6 1.46 11. 17 99 99 1.012 41.01
5 24.0 15.7 11.3 1. 34 10.27 45 44 1.051 50.27
6 15.9 15.9 15.9 1.81 13.92 100 100 1.028 51.16
7 31.3 19.7 14.8 1.68 12.90 37 35 1.081 64.43
8 70.9 28.5 14.8 1. 68 12.90 5 3 1.222 105.20
9 36.4 20.6 14.0 1.59 12.24 26 25 1.098 68.01

VALUES FOR TDB & W FROM ERROR ANALYSIS & SIMULATION
(UNITS AS ABOVE)
PT 1 2 3 4 5 6 7 8 9

TDB(MIN) 22.9 33.0 20.2 12.5 23.8 15.7 31. 1 70.7 36.2
TDB(MAX) 23.3 33.4 20.7 13.0 24.2 16. 1 31.5 71.2 36.6
W (MIN) 8 ') 5.8 8.2 10.9 9.9 13.6 12.5 12.5 11.8

• w

W (\IAX) 8.8 6 ••~ 8.8 11.5 10.6 14.3 13.3 13.3 12.7
TDB(SIM) 23.1 33.2 20.6 11. 7 24.0 15.7 30.S 67.1 50.6
W (SlM) 8.5 6.1 6.8 10.4 10.3 13.7 12.7 12.7 16.3
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RESULTS OF DEC TEST
*******************

(sheet

TEST NUMBER: H3!11

of ;2) DATE: 4-'6-1997
TIME: ISI-110

Supply air flow rate (g/5)=
Return air flow fate (g/s)=
Regen. heat input (kW)'"
Elec. energy (excl. reg. I (kW)=
Spray chambers: water T (oC)=
Water flow rate (S S/CHl (g/81=

at pressure (baT):
Water flow rate (R S/eH) (g/s)=

at pressure (bar):

(MEASURED AND ENTERED AS INPUT)
NOM. MIN. MAX.
146 137 155
147 138 156

5.317 5.104 5.530
1.768 1.697 1.839
19.2 19.0 19.4
1.69 1.61 1.77

S9 57 61
0.00 0.00 0.00

002

OPERATING PARAMETbl.S

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO----------------------------------------------
ST END H (kJ/KG) w (g/kg)
PT PT NOM. MIN. j,IAX. SIM. NOM. MIN. MAX. SIM.
1 2 4 • .3 2.9 5.8 4.3 -3.30 -3.82 -2.93 -3.33
2 3 -8.8 -10.2 -7.4 -10.6 1. 18 0.75 1. 60 0.34
3 4 -0.5 -1.8 0.9 0.0 3.91 3.50 4.33 4.40
4 5 4.9 3.5 6.3 6.2 -1.60 -2.03 -1.17 -1. 25
.5 6 -0.2 -1.6 1.3 0.0 0.15 -0.29 0.59 0.22
6 7 11.2 9.7 12.8 10.2 -0.04 -0.52 0.45 -0.32
7 8 38.0 36.4 39.7 36.2 0.00 -0.51 O. :'i1 0.00
8 9 -21.1 -23.0 -19.2 -5.9 2.29 1. 69 2.90 3.35
l?ERFORMANCE PARAMETERS (CALCULATED)---------------------- NOM. MIN. MA;"". SU',
Dehumidifier eff.(W) (% ) EDlI1= 46 39 52 46
Dehumidifier eff.(Q} (% ) EDH2= 11 7 14 12Regeneration eff. { %} ERG= 16 12 20 ~,3
Regen. heat input (kW) Q = 5.58 5.17 6.00 5.32
Hea.t Exch. eff. (SUP) ( ~b) EHXS= 85 82 88 86
Heat Exch. elf. (RET) (~~ ) EHXR= 82 79 85 82Sup. air spr. ch. eff.(S'S) EVS= 99 94 103 99
Ret. air spr. ch , eff.(S'S) EVR= 7 3 12 7
FOR VENTILATION MODE:
Coo 1ing capacity (kW) CC = 0.71 0.50 0.92- 0.90
Coeff. of pe:<formance COP= 0.13 0.09 0.17 0.17
Electricity eft'. ratio EER-: 0.40 0.28 0.52 0.51
FOR VENTILATION CREDIT MODE:
Cooling capacity (kW) TCC = 0.'11 0.50 0.93 0.91
Total Coeff. of perf. TCOP:: 0.13 0.09 0.17 0.17
Electricity eff. ratio TEER= 0.40 0.28 0.53 O.SJ
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RESULTS OF DEC TEST
*******************

DATE: 4 _.b _. J. 9 CJ '7
r I ME: l:m 10

MOIST AIR PROPERTIES AT MEASURED POINTS IN PROCE5S--------------------- -----------------------------
NOMINAL MEASURED VALUES:
PT TDB TWD TDP PW W RH U SV Il

(oC) (oC) (oC) (kPu) (g/kg) (%) (%)(m3/kg}(kJ/kg)
1 22.4 14.9 10.8 1 ..10 9.92 4 (' 47 1.045 47.75

"
2 35.1 16.3 4.8 0.86 6.55 15 14 1.084 52.10., 23.5 13.5 '1 '1 1 .01 7.72 35 34 1.0,\5 4.L 31, .~
4 13.4 13 • .} 13.2 1.51 11.64 9(\ 9Y 1.016 42.85
5 22.1 i.:: .9 11.0 1. 31 10.04 49 48 1.044 47.73
6 21.6 14.8 11.2 1 .33 10.19 52 51 1.042. 47.56
7 32.6 18.2 11. :1. 1.32 1C • 15 27 26 1. 081 58.78
8 69.8 27.0 11.2 1. 32 10. 15 4 3 1. 212 96.79
9 43.4 22.5 14.2 1.62 12.45 18 17 1 .123 75.73

VALUES FOR TDB & W FROM ERROR ANALYSiS & SIMULATION
(UNITS AS ABOVE)
PT 1 2 3 4 5 6 7 8 9

TDB(MIN) 22*2 34.9 2:1.3 13.2 21 .~: 21.4 32.4 69.6 43.2-
TDB(MAX) 22.6 35.4 23.8 13.6 22.4 21.8 32.9 70.0 43.6
W (MIN) 9.6 6.~ 7.4 11.3 9.7 9.9 9.8 9.8 12.0
W (MAX) 10.3 6.9 8.0 11 .9 10.4 10.5 10.5 10.5 12.9
TDB(SIM) 22.4 35. 1 23.9 13.0 22.1 21.6 32.4 67.8 53.S
W (SIM) 9.9 6.5 6.9 11. 3 10.0 10.3 9.9 9.9 13.3

rosmoN Qf SAMPLllli! i'0J..illi
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RESULTS Of DEC TEST
*******************

<sheet 1 of 2) DATE: 4-6-[ Y'\ i
I'IME: i 7H43

TEST NUMBER: H3/12

Supply alf flow rate (g/s)=
Return air itow rate (g/s)=
Regen. heat input (kWJ=
Elee. energy (ex cl, reg.) \kWj=
Spray chambers: water T (oC)=
Water flow rate (S ~/CHl (g/sl=

at pressure (b ar le
Water flow rate (1. S/CH) (g/s)=

at pressure (bar)=

(MEASURED ~ND ENTERED AS INPUT)
NOM. MIN. MAX.
146 136 15~
147 138 155

5.317 5.104 5.530
1.800 1.728 1.872
19.3 19.1 19.5
1.69 1.61 1.77

59 57 61
0.64 0.61 0.67

2 0 4

OPERATING PARAMETERS

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO-------------_-------------_----------------_.-
ST END II (kJ/KG) W (g/kg)
PT PT NOM. MIN. MAX. SiM. NOM. :!IN. MAX. ,:> d.
1 2 4.5 3. 1 6.0 4.S -3.30 -3.7n -2.85 -3.30
2 3 -10.7 -12. 1 -9.3 -12.0 1.00 0.57 1.43 0.32
3 4 -·0.1 -1.5 1 ..2 0.0 3.52 3.10 3.93 3.89
4 5 4.3 2.9 5.7 5.5 -1. 79 -2.21 -1. 38 -1.48
5 6 -0.0 -1.4 1.4 0.0 0.78 0.35 1. 21 O.SO
6 7 11.7 10.2 13.2 11.4 -0.31 -0.77 0.16 "-0.31
7 8 38.2 36.6 39.8 36.3 0.00 -0.50 0.50 0.00
8 9 -19.7 -21.. 5 -17.8 -6.2 2.55 1.96 3.14 3.28
PERFORMANCE PARAMETERS (CALCULATED)---------------------- NOM. MIN. MAX. SUI.
Dehumidifier eff. (W) (%) EDH]:: 43 37 49 44
De hum id i f ier eff. (Q) (',~ ) EDH2= 11 8 15 12Regeneration eft'. 1% } ERG= 18 13 22 21
Regen. heat input (kW) Q = 5.60 5.19 6.02 5,32
Heat Exch. eff. (SUP) ( ~o) EHXS:: 86 83 88 86
Heat Exch. eff. (RET) (:0) EHXR::: 80 7a 83 80
t)up. air spr. ch. e f f. (%) EVS= 99 94 lOS 99Ret. air spr. ch. eff.(%} EVR= 27 '''l'" 31 27...~
FOR VENT IL/,T I0;1 MODE:
Cooling c a pa o i ty ( 1<".') CC = 0.63 0.42 0.83 O.GOCoeff. of performance COP= 0.12 0.08 0.16 0.15El~ctricity eff. ratio EER= 0.35 0.23 0.46 0.44FOR vr. TILATION GRbDIT MODE:
Coo I iI~g capacity (xW) Tee = 0.92 0.70 1. 13 1. 09
Total Coeff. oT perf. Teop::: 0.17 0.13 0.21 0.21
Electricity ~ff .. ratio TEER:::0.51 0.39 0.63 0.61
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1,!Esm:r:-;01' [lIT TIST ( !; II~c l ' n f .:) DATE: 4-b-1qO-
IDlE; l/'H,Ll

M01ST AIR l'lWl'ERTIES AT ~IL.\S!;[\LD l'oIN'IS 1;1; !'[!OCESS--------------' ----- -------- ---------------
Nml INA!,
PT TDB

(oC)
22.5

'J 35.2
3 22.2
4 1.1. J
5 21.9
(; 20.0
i J2. 2
8 69.6
9 1<1. q

,llEASURFD "',ALLiES:
TWB T1)I' PW
I~C) IOC) (kPu)
1.3 11.6 1.36
1b.7 6.0 0.93
13.3 7.9 1.06
13.2 13.2 1.32
14.7 10.7 1.29
14.7 11.8 1.39
H;'2 11.4 1.35
27.[ 11.4 1.35
22.8 14.7 1.67

w
(g/k;, )
10. ,U

12
S. 12

lUI
(":.l
.50
III
40
99
,~~)
59
28

l' S \' l!
("" l (m3lkg) (kJ Ikg)
4') 1. 04{> ,~l) .l)7
15 1.08,5 S.1.!'1J
Jf) 1.041 42.91
99 I.01S 42.77
48 I.()·t.) 47.06
S'J 1.037 47.05
Y,',' 1.080 58.76
3 1.212 96.99

17 1.126 77.33

I1 .64
9.84

10 • 6~'2
10 •.~ 1
10.31
12.87 1""

VALUES FOR TPB ii" W FImM n.IWR ANALY:~IS & SIMLJL,'\TION :
(UNIT~ l\.~; ABOVE)
PT 1 2 :1 4- 5
TDil(MIN) 22.3 34.9 21.9 13.1 21 7 19.3
'IT>B{MAX) :?2.f :15.4 22.4 13.522.2 30.:::
W (MIN 1 1(1 • 1 6 • g 7 .~; 1 1 • 4 9 . 5 1 () • :1
W (MAX) 10.S 7.4 8.4 11.9 10.2 10.9
1~B(SIM) 22.5 35.2 22.5 12.9 21.9 20.0
W (SIM) 10.4 7.1 7.4 11.3 9.S 10.6

7 8 '}

32.0 69.3 4:3.7
32.469.84·Ll
10.0 10.0 12.4
Id.7 10.7 13.3
31.9 67.4 53.0
10.3 10.3 13.6
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RESPL'I';';OF DEC TEST (sheet 1 of 2)

TEST NUMBER: 83/13

DATE: 4-6-1997
TIME: 1"/H21

OPEI~AT .TNG PARAMETERS (MEASl!RED AND ENTERED ;\S iNPUT)
---..- ...--.~---- ....--- ...--- N\)~l. MI!\ 0 ~!AX.
Supply air flow rate {g/sJ= 145 136 155
Return Blr flow rate (g!s)= 146 137 155
Regen. heut input (kW)= 5.317 5.104 S.~30
Elee. energy (exc l, reg.) (kW)= 1.845 1.771 1.919
Spray chambers: water T (oCI:: 19.0 18.8 19.2
Water flow rate (S S/CH) (g/sl= 1.69 1.61 1.77

at pressure (bar)= S9 57 61
Water flow rate IR SICHI (rls)= 0.89 0.85 0.93

at pressure (bar)= 10 8 12
PROCI~SS CIL\NGES OF ENTII.t".LPY AND HUMIDITY RATIO

W (g/kg)
N01"'1. MIN.

ST END H (kJ/KG)
Ff PT NOM MIN.
I 2 5.0 3.5
2 3 -13.2 -14.6
3 4 -0.2 -1.6
4 5 4.7 3.3
5 (l -0. 1 - 1.6
6 7 12.6 11.0
7 8 38.4 36.7
S 9 -19.5 -21.4

MAX.
6.5

-11.8
1.2
6.1
1..1

14.2
40.2

-17.6

SIM.
5.0

-13.3
-0.1
4.7
, • 1

12.6
36.3
-7.0

-2.81
0.48
3.13
-1. 63
1. 18

-0.42
0.00
2 ..58

prmFOR!<lANCE PARAMETERS (CALCULATED I
--.---".---------- ------ NOM.
Dehumidifier eff.(~) (%) EDHl~ 36
DehUMidifier eff.lQ) (%1 EDH2= 12
Regeneration etf. (~~)ERG::: 18
Regen. heat input (kWI Q = 5.63
Heat Exch. eff, (S.'.) (%) l:UXS::: 8·)
Heat Er.ell. off. ' tTl (%) EUXR= 81
Sup. air SPl'. ell. eff. (%) EVS= 99
Ret. air spr. ch. eff.{%l EVR= 43
FOR VENTILATION MODE:
Cool ing c apa c i t y (kWl CC _. 0.68
Coeff. of pc!formance COP:::0.13
Electricity cff. ratio EER= 0.37
FOR VENT I LA'!' I ON CR;m I 'rMODE:
Coo 1 in~s cup ac i ty (kWI Tee .. 1.23
Total Coeff. of perf. 'reap= 0.23
Llectridty efr. ratio 'rEER::.:O.I.)[)

-J.28
0.04
2.72

'-2.06
0.74

-0.92
-0.55
1.97

MAX.
-2.35
0.92
3.54

-1 . 21
1.62
0.08
O.SS
3.19

MIN. MAX.
30 42
9 16

13 22
5.~O 6.05

83 88
78 83
93 10:;
J8 48

0.4S 0.89
0.09 0.17
0.2(; 0.48

1.00 1.45
0.19 O.;~7
0.:;40.7'.1

SIM.
-2.81
0.30
J .32

-1.64
1. 25

-0.28
0.00
2.79

SIM.
.l7
13
1~l

5.3;:
86
81
99
43

O.6S
0.1 J
0.37

1.22
0.23
(J.6(l
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RESULTS ur DEC TEST
*****~*************

r s ho e t .2 of 21 DATE: 4-"(>'1997
TIME: 17HZI

MOIST AIR PROPE~TIES AT MEA5URED POIN1S IN PRuCESS
_ ..... _,. .~_ .• .~ _ .... __ . -. __ .... _ ..... .~ .. -.. """ ..... H'<>-""~ _ - -..-"""

t:O:>!lNAL MEASllRED \'1\LlJL~;:
1''1' 'fDB TWB TDP I'W

loCI loCI (oCI (kPa)
23.4 15.9 12.1 1.41

.2 33.3 17.4 7.7 1.05
3 21.2 13.3 8.5 1.11
4 13.2 13.2 13.2 1.51
5 21.9 14.7 10.9 1.30
6 IS.8 14.7 12.6 1.45

32.1 18.4 12.0 1.40
8 69.7 27.2 12.0 1.40
I) 44.123.115.21.71

Vi lUI
( g/k)!) (~:.)
10.80 49
7.98 IS
~.'~7 44-

11.60 99
9.96 50
11.:.4 67
10.72 29
10.72 5
13.30 19

VALUES FOR TDB 8: W FROM r:;mWR ANALY SIS &
(ON1TS AS ABOVE)
PT 1 2 :3 <+ 5 6
TDB(MINI 23.2 35.1 21.0 IJ.O 21.6 18.6
TDB(MAX) 2:3.735.621.413.5 2:!.1 19.0
W (MIN) 10.5 7.~ 8.2 11.3 9.7 10.8
W (MAX) 11 • 1 8 • J S • 8 1 1 • 9 1n • 3 1 1 • 5
'[DB(SIMl 23.4 35.3 21.6 13.3 n.9 18.8
W 181M) 10.8 8,0 S.3 1!.6 10.0 11.2
~lJID1~ QF SAMP_t.LN"G.EQll~FS

II SV 11
(~)(m3/kgl(kJ/kgl
413 1.O;'iO 51.03
17 1.087 56.00
43 1.038 42.79
gC) l,OIS 42.59
49 1.043 47.29
66 1.034 47.15
28 1.030 59.75

.3 1. 213 98.20
17 1.127 78.69

SIMULATION !

789
31.9 69.S 43.9
.32.4 69.9 44.4
10.3 10.3 12.8
11.1 11.1 13.8
31.9 67.3 53.4
10.9 H1.9 D.7
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.she e t 1 of 2)RESULTS OF DEC TEST

TEST NUMBU<: H3/14

DATE: 4-·6··1LJC)7
TIME: 1(,H5~;

Supply air flow rate (g/s)=
Return air flow rate (g/sl'"
Re gen . heat input (kW)=
Elec. energy (ex c l. reg .) (kW)'"
Spray chambers: water T (oC)=
Water flow rate (S S/eH) (g/s)=

at pressure ,bar}=
Water flow rate II S/CH) (g/s)~

~t pressure (bar)::.

(~.lb\SUI~ED AND ENTErmD :\:Oi Il\'l '1,'1' 1
NOM. ~!IN. i,tAX.
1~6 137 1~5
147 138 156

5.317 5.104 5.530
1,874 1.799 1.949
19.0 1S.8 i9.2
1.69 1.til 1.77

59 57 61
1.17 1.11 1.2.3

20 18 22

OPERAT I Nt] P:\l{A~,lETERS

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO
ST END II (kJ/KG)
PT PT NOM. MIN. MAX. SIM.

2 3.7 2.3 5.2 :).7
2 3 -11.6 -13.0 -10.2 -13.5
3 4 -0.3 -1.6 1.0 -0.0
4 5 6.1 4.7 7.S 7.S
5 6 -0. 1 -1 .5 1.4 I). t
6 7 13.4 11.8 15.0 13.4
~ 8 38.5 36.7 40.3 36.2
8 9 -21.4 -23.4 -19.5 -5.4

PERFORMANcn PARAMETERS (CALCULA'fED 1

W !g/kg)
NOM. MIN. MAX.

-3.15 -3.59 -2.71
1. 38
2.89

-1.34
1. 75

·'0.51
O.()O
2.15

NOM.
EDUl::: 44
EDH2= 10
ERG::: 15
Q = 5.66

EH..li.S"" 85

Dehumidifier eff.(W) C%l
Dehumidifier eff.CQI (%)
Regeneration eff. (%)
Re gen , heat input ( kw)
Heat Exch. eff. (SUP) I~}
Heat Exch. eft'. (ImT) U~)
Sup. 8i~ spr. eh. off.(%1
Ret. air spr. cll. eff.(~)
FOR VENTILATION MODE:
Coolin~ capacity (kW) CC - 0.89
Coerf. of performance COP~ 0.17
Electricity eff. ratio EER= 0.47
FOR VENTI LATlfJN CREDIT MODE:
Cooling capacity (kW) ~cc = 1.19
'I'ot a l COl'ff. of perf. TeOp::: 0.22
Electricity eff. ratio TEER:::0.64

EHXR=
EVS=
EVR::.:

O.9g
2.50

-1.76
1.30
-1. 02
-0.56
1.S3

MIN.
38

10
5.23

82
99
60

G.GH
o . 13
0.36

0.97
0.18
().52

1.79
3.28

-0.92
2.19

-0.01
0.56
2.77

MAX.
51
13
19

6.09

eo
92
55

85
lOS
6S

1. 10
0.21
0.59

1. 41
0.2.7
0.75

sat.
-3.15
0.44
3.40

-0.91
1.80

-0.41
0.00
3.13

SUi.
46
10
22

5.31
P'1,.J I 85

82
99
60

1.13
u,~n
0.60

1. 4
O. 7
O. 7
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RLSULTS OF DEC TEiiT
*$$*~**************

( s h c f.' t :: II f 2 I !MTE: 4-6··1')')7
TIME: 1(lH5~';

~jOIST AIR P[WPEHTlIS AT ~.IE:\SIlIUJ) !JUHas IN 1'1:OCESS--------------~-----------------------------------
NOMINAL MEASUlum VALUES:
P'1' 'lOB TWll TDP p\V W l\1I l' S\' !I,,'

(oC) (oC) (oCl (kPa) (g/K!!1 (:' ) (P,',) !m.1/Kl!l (kJ/kgl

23.3 1:; • 2 10.8 1.29 9.92 45 4·~ 1.()4~ 48.65
2 34.8 16.4 5.3 0.89 6.77 16 15 1.083 52.37
.) 20.0 12.6 8.0 1. 07 8.15 46 45 1.033 40.78

4 12.6 12.5 12.4 1.44 11. 04 99 99 l.OU 40.48
5 21.8 14.5 10.5 1. 27 9.70 4(j 48 1. 042 46.56
(') 17.4 14.5 13.0 1.49 11.45 75 75 1.029 Hi.48
7 31.8 U:;. 5 12.3 1. 43 10.93 JO 29 1.0RO 59.92
8 69.4 27 • :2 12.3 l. 4:1 10.93 5 J 1. 213 98.42
9 43.1 22.7 15.0 1.70 13 .08 20 18 1. 12 J 77.00

VALUES FOR TDB & W FROM ERROR ANALYSIS & SIMULATION :
(UNITS AS ABOVE)
PT 1 2 3 4 5 (l 7 8 9

TDB(MINl 23. 1 J4. \J 19.8 12.3 21.6 17.2 31. (1 b9.1 42.8
TDB(MAXI 23.5 35.1 20.2 12.8 22.0 17.6 32.0 69. (, 43.3
W (MIN l 9.6 (l.S 7 ..9 10.S 9.4 11. 1 10.5 10.5 12.6
W (MAX) 10.2 7. 1 8.4 11.3 10.0 11.8 11. J 11.3 13.6
TL'B( SIM) 23.3 34.il 20.5 12.0 21.8 17.4 .11.5 66.S 53.6
W (S 1M) 9.9 6.8 '7.2 10.6 9.7 11.5 11. 1 11 • 1 14.2.

l§IT.ll.1~..Q~mIRI9C;UW: ALTITUDE 1700m BAROlvlliTRIC PRESSURE 82.S kPa
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RESULTS OF DEC TEST
*************t*****

(sheet 1 or 2/

TEST NUMBER: 03/15

DATE: 4'"C-1997
T~ME: l' .

Supply air flow rate (g/5)=
Return air flow rute (g/s)=
Regen. heat input (kW)=
Elee. energy (ex c l, r eg , ! (kWl-::
Spray chambers: wuter T (oC)=
Water flow rate (S S/eIl) (g/s}=::

at pressure (bar}:::
Water flow ratc (R SICH) (g/5)=

at pressure (bar}:::

(MEASURED AND ENTERED AS INPUT)
NOM. MIN. MAX.
145 136 155
147 138 155

5.317 5.104 5.530
1.897 1.821 1.973
19.2 19.0 19.4
1.69 1.61 1.77

59 57 61
1.26 1.20 1.32

30 28 32

OPERA"!' ll':G PARAMETt:RS

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO
',1' END Ii (kJ/KG)
1'1' PT NO~. MIN.
1 2 4.2 2.7
2 3 -13.4 -14.8
3 4 -0.0 -1.4
4 5 5.3 3.9
s 6 -D.l -1.6
6 7 15.0 13.4
7 S 33.6 36.9
8 9 -21.2 -23.1

MAX.
5.7

-12.0
1.3
6.7
1.3

16.6
40.3

-19.3

8IM.
4.2

-14.9
-0.1
6.8
0.1

14.7
36.3
-5.7

W (g/kg)
NOM. NIN.

-3.02 -3.48
1.19 0.76
2.60 2.20

··1.59 -2.02
2.18 1.74

-0.43 -0.93
0.00 -0.55
2.12 1.52

PERFORMANCE PARAMET.ERS (CALCULATEU)
---------------------- NOM.Dehumidifier eff.(W) (%) EDH1: 41
Dehumidifier eff.{Q) (%) EDHZ= 11
Regcnsrntion e f' f, (%) ERG= 15
Regen. heat input (kW) Q = 5.66
Heat Exch. eff. (SUP) (%) EUXS= 35
Heat Exch. df. (RET) (;0) EllXR= ID
Sup. air apr. eh. afr.(%) EVS= 98
Ret. air spr. ch. eff.(%) EVR= 73
FOR VENT I LA'IION MODE:
Cooling c~pacity IkWI CC - 0.77
Coeff. of performance coP: 0.15
Electricity efr. ratio EER= 0.41
Ff)R VENT ILAT ION CRED I'1 MODE:
(. )01 i n g c apa c i ty (kW I Tee - 1.35
Tatal Coerr. of perf. TeOPe 0.25
Electricity eff. ratio TEER: 0.71

Mj,N.
34
7

10
5.23

:33
81
91
68

0.5G
0.11
0.30
1. 12
0.21
().59

MAX.
-2.57
1.61
3.00
-1.16
2.63
0.(,7
0.5:-
.'1 ""-j
~:'." i Od

MAX.
47
14
19

6.08
87
85

106
79

0.98
0.19
0.52

1.57
0.30
0.83

srx.
-3.02
0.41
2.98

-1.20
2.25

-0.39
0.00
:l • 00

SIM.
42
11
21

5 .. 11
U5
83
98
73

0.99
{).19
0.52

1.57
0.29
0.83
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RESUI~S OF DEC TEST
******8************

I):\TL~ 4-6-1997
T I ME: 1 f>fI4 J

MOIST t\lR PI{Ol'ER'I'IESAT ~IEASlJ!~EIJ POINTS IN PROCESS--------------------------------------------------
NOMINAL MEASURED VALUES:
PT TDB TWB TDP PW W xn U SV H

(oC) «(lCI (nC) (kPal (g/kgJ ( ';~) (S)(mJ/kg)lkJ/kg)
23.7 15.7 11. 6 1.36 10.43 46 46 1.050 SO.35

:2 35.4 17.0 6.6 0.97 ? . <j, 1 17 16 1.086 54.52
3 19.2 12.7 8 ..7 1. 12 8.59 50 50 1.031 41 .11
l~ 12.8 12. 7 12.6 1.46 11. 19 99 99 1.013 41.08
5 21.9 14.5 10.3 1. 25 9.60 48 47 1.042 46.39
6 16.4 14.4 13.4 1.53 11.7S 82 82 1.026 46.29
7 32.1 18.9 1") '.~ 1.4:3 1 1 .35 31 .10 1.0:::1 61. 30..... u

8 69.7 27.S 12.8 1.48 11 .35 S .l 1.215 99.90
9 43.7 23.1 15.4 1.75 13.47 20 18 1. 126 78.68

VALUES FOR TDB & W FROM ERROR ANALYSIS & SIMULATION

(UNITS AS t\HOVEI
PT 1 :2 .3 4 5 (j 7 " 9(J

TDB(MIN) 23.5 35.1 19.0 12. (1 21.7 16.2 31.9 69.S 43.5
'l'Dll(MAXl 23. ') 35.6 19.4 IJ.O 22.1 16.G 32.3 70.0 43.9
W (MIN) 10. 1 7. :i 8.3 10.9 9.3 11.5 11.0 11.0 13.0
W (MAX) 10.S 7.7 8.9 11.5 9.9 12. 1 11. 7 11. 7 13.9
TDB{ sn~~ 23.7 35.4 19.7 12.3 21.9 16.4 31.7 67.1 54.0
W (SIM) 10.4 7.4 7.8 10.S 9.6 11.8 11.5 11.5 14.5

~QMETRTC.cJ:lbBI: ALTrnmE 1700m BARO!l.1ETRlC PRESSURE 82,S kPa
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RESULTS OF DEC TEST
*****************~~

(sheet

TEST NUMBER: H3/16

of 2) DATE: 4-6-1997
TI ~IE : J 6 H2 3

Supply air flow rate (g/5)=
Retnrn air flow rate (g/sl=
Regen. heat input (kWI=
Elee. energy (exc l, re.g,) (kW)=
Spray chambers: water T (oCl=
Water fl ow rate (S S/eHI (g!s)::

at pressure (bar)=
Water flow rate IR S/c") (g/':l)=

at pressure (bar j=

(MEASURED AND ENTERED AS INPUT)
NOM. MIN. MAX.
146 137 155
147 138 155

5.317 5.104 5.530
1.922 1.845 1.999
19.4 19.2 19.6
1.69 1.61 1.77

59 57 61
1.59 1.51 1.67

40 38 42

OPERATING PARAMETERS

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO----------------------------------------------ST END II (kJ/KG) W (g/kg)
PT PT NOM. MIN. MAX. SIM. NOM. MIN. MAX. SIM.
1 -, 4.4 3.0 5.8 4.4 -2.7S -3.20 -2.37 ·-2.73'-

::: 3 -10.1 -11. 4 -8.8 -14.4 2.57 2.18 2.97 0.66
3 4 D. 1 -1.2 1.4 -0.1 2.36 2.46 3.25 3.68
4 :5 8.5 7.1 9.8 12.9 -0.77 -1.17 -0.36 0.32
5 6 -o.a -1.7 1.1 0.1 2.38 1. 95 2.81 2.50
6 I 14.9 13.3 16.5 14.5 -0.65 -1.14 -0.15 -0.62
7 8 38.5 36.8 40.2 36.3 0.00 -0.55 0.55 O.CO
S 9 -22.S -24.4 -20.6 -6.2 1. 50 0.91 2.10 2.78

PERFORMANCE PARAMETERS (CALCULATED)---------------------- NOM. MIN. MAX. 31M.
De hum iu i f ie r eff.(W) ( %) EDH1= 51 42 59 53
Dehumidifier eft. (Q) (%) EDH2:: 11 8 14 12
Regenera.tion c f f, ( III \ ERG::: 10 6 15 19,",
Regen. heat input (kW) Q = 5.65 5.22 6.07 5.Jl
Heat Exch. eft' • (SUP) \ ?n .EHXS= 85 ,,::'1 ? 87 85o~
Heat Exch. eff. (RET) (%) EUXP= 83 31 85 83
Sup. ail' SPl'· ch. e f'f, (%) EVS= 100 93 107 100
Ret. air spr. ch. e ff , n';) EVR= 83 77 90 83
FOR VENTILATION MODE:
Coo 1 in g c ap ac l ty (kW) CC :: 1.24 1.02 1.45 1.88
Co e ff . of performance COP= 0.2] 0.19 o ')M 0.35t ~!

EL~ctrici ty eff. ratio EER= 0.64 0.53 0.76 0.98
FOR VENTILATION CREDIT MODE:
Cooling capacity (kW) TCe ::: O.g3 0.62 1.03 1.47
Total C~\eff. of perf. '{'cop:: 0.16 () • 12 0.19 O. 1:'
Electrici ty eff. ratio TEERo~ 0.43 0.32 0.54 0.77
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RESULTS OF DEC TEST
******************t

DATE: 4-6-1997
TIllIE: 16H2J

MOIST AIR PROPERTIES AT MEASURED POINTS IN PROCESS--------------------------------------------------
NOMINAL MEASURrD \'ALUI':S:

PT TDB T\VB TDP PW W RH U 51! H

(oC) (oCl (oC) (kPa) (g/kg) U~) (%)(mJ/kg)(kJ/kg)
1 23.9 13.8 7.6 1.04 7.96 35 34 1.047 44.26

2 35.2 15.2 1.5 0.68 5.18 12 11 1.082 48.63
3 18.S 11.8 -, ") 1. 02 7.75 ·n 46 1.028 38.52I. _

4 11.8 11.8 11. 8 1. 38 10.61 100 100 1.008 38.59
5 22.0 14.7 10.7 1. 28 9.84 49 48 1. 043 47.06
() 15.8 14.5 13.9 1. S9 12.22 89 88 1.025 46.77
7 31.9 18.9 13.1 1. 51 11. 57 32 31 1.081 61.65
8 69.4 27.5 13. 1 1. 51 11. 57 S 3 1.214 100.16
9 4·3.7 22.9 15.0 1.70 13.07 19 17 1.126 77.66

VALUES FOR TDB & Vi FROM ERROR ANALYSIS & SIMULATION
(UNITS AS ABOVE)
PT 1 2 J 4 5 6 7 8 9

TDB(MIN) 23.7 34.9 18.6 11. 6 21.7 15.6 31.7 69.2 43.S
TDB(MAX) 24.1 35.4 19.0 12.0 -":.2.2- 16.0 n.1 69.6 43.9
W (MIN) 7.7 4.9 7.5 10.3 9.5 11.9 11.2 11. 2 L~.6
W :MAX) 8.3 5.S 8.0 10.9 10.1 12.5 12.0 12.0 1.).5
TDB(SIM) 23.9 35.2 19.3 ~O.2 22.0 15.9 31.6 66.9 53.9
W ( SIM) 8.0 5.2 5.8 9.5 9.8 12.3 11. 7 11.7 14.5

rosmQN OF,SAMPLlNQPQINI~

BAROMETRIC PRESSURE 82.5 kPa
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RESULTS OF DEC TEST
***$***************

(sheet 1 of 21

TEST NUMBER: 83/17

DATE: 4-6-1997
Tn-IE: 15H59

Supply air flow rate (g/s)=
Return air flow rate (g/s)=
Regen. heat input (kW)=
Elcc. energy (excl. r eg i ) (kW)=
Spray chambers: water T !oC)=
Wat~r flow rate (S S/CH) (g!s)=

at pres surA (bar)=
Water flow rate (R SIeHl (g/5)=

at pressure (bar):::

(MEASURED AND E;\TERED AS INPUT)
NOM. MIN. MAX.
145 136 15~
147 138 156

5.317 5.104 5.530
1.951 1.873 2.029
18.9 18.7 19.1
1.69 1.61 1.77

59 57 61
1.76 1.67 1.85

50 48 52

OPERATING PAR ,1 ERS

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO
51' END H (kJ/KG)
PT 1'1' NOM. MIN.
1 2 3 9 2.4
2 3 -13.0 -14.4
3 4 -0.2 -1.5
4 5 5.7 4.3
5 6 -0.1 -1.5
6 7 15.1 13-
7 8 38.5 36.7
8 9 -21.3 -23.2

MAX. S 1M.
5.4 .1,9

-11.6 -16.1
1.2 -0.1
7. 1 8.7
1.3 0.1

16.6 15.6
40.2 36.2

-19.5 -5.4

W (g/kg)
NOM. MIN.

-3.<U =;» 88
1. 94 1. 5 1
2.28 1.IP

-1.54 ··1.96
2.69 2.25

-0.82 -1.31
0.00 -0.54... ")~
i... '""J

PERFORMANCE PARAMETERS (CALCULATED)
---------------------- NOM.Dehumidifier eff.(W) (%) EDH1= 47
Dehumidifier eff.{Q) (%) EDH2= 10
Regeneration eff. (%) ERG= 16
Regen. ~eat input (kW) Q:: 5.64
Heat Exch. eff. (SUP) (%) EHXS= 85
Heat Ex ch . dr. ~RET) (;;~)EnXR= 80
Sup. air apr. ch. eff.(%) EVS= 99
Ret. air spr. ch. cff.(%) EVR= 89
FOR VENTILATION MODE:
Cooling capacity (kW) CC:: 0.':>3
Coeff. of performance COP= 0.16
Electricity eff. ratio EER= 0.43
FOR VErfl'ILATION cnsnrr MODE:
Cooling capacity (kWI Tee = I.J5
Total Coeff. of perf. TCOP= 0.25
Electricity eff. ratio TEER~ 0.69

1.56

MIN.
40
6
11

5.22
83
7C;
90
82

0.62
0.12
0.32
1.13
n.:!.!
0.58

MAX.
-2.97
2.37
~~•~)8

"1.12
3.12

-0.33
0.54
2.87

MAX.
53
14
20

6.07
87
82

lOS
95

1.04
0.20
0.53

1.58
0 • .30
0.81

SIM.
-3.43
0.50
2.96

-0.79
2.75

-0.47
0.00
3.39

SHI.
49
11
23

5.31
85
80
99
89

1. 26
0.24
0.65

1. 78
0.34
0.91
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ReSULTS OF DEC TEST
****,~********~****

( S tIC' e t 2 o r 2) DATE: ;.J.-()-1997
TIME: 15H59

MOIST AIR PROPERTIES AT MEASURED POINTS IN PROCESS--------------------------------------------------
NOMINAL MEASURED VALUES:
PT 1'1)13 'fWB 'I'DI' 1'W W RH LJ SV 11

(oC) (oC) (oC) (kPa) (g/kg) ( ~~) (%)(m3/kg)(kJ/kg)
1 23.7 15.7 11. 5 1.35 10.39 46 45 1.050 50.26
2 36.1 16.9 5.7 0.91 6.96 15 14 1.088 54.13
., is . 5 12.7 9.2 1. 16 8.90 55 54 1.029 41.12
.J

4 12.7 12.6 12.6 1.46 11. 17 99 99 1.012 40.93
.5 22.1 14.5 10.4 1. 26 9.63 47 47 1.043 46.65
6 15.,) 14.5 14. 1 1.60 l2.32 92 92 1.u23 46.56

7 32.0 18.9 1:1.0 1. 50 11.50 31 30 1.081 61.63

8 '.9 . .5 27.5 13.0 1. 50 11.50 s 3 1.214 100.09
9 'f3.0 23.1 15.7 1.79 13.77 21 19 1.124 78.75

VAVJE5 FOR TDB & W FROM ERROR ANALYSIS & SIMULATION
(UN {TS AS ABOVE)
PT 1 2 3 4 s 6 7 8 9
TDll(MIN) 2.3.5 35.9 18.3 12.4 21.8 15. 1 31.8 69.3 42.S
','DB(MAX) ,'4.0 36.3 rs. 7 12.9 22.3 15.( 32.3 69.8 43.3
W (MIN) 10.1 6.6 8.6 10.9 9.3 12.0 11. 1 11. 1 13.3
W (MAX} 10.7 7.3 9.2 11.5 9.9 12.6 11.9 11.9 14.2
TDB(SIM) 23.7 3b.! 19.0 11.6 22.1 15.4 31.7 67.0 53.2
W ( SIM) 10.4 7.0 7.5 10.4 9.6 12.4 11.9 11. 9 15.3

"

'tJ \N 8S 9() .....:::

::::00
,~ "'<. :::

..... , -, ,', ............................
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RESULTS OF DEC TEST
****~************.*

(tiheet 1 of J)

TEST NUMBER: 83/18

DATE: 4-{)-1997
TIME: 151130

OPERATING PARAMETERS (MEASURED ANT) ENTEREI) AS I"PUT 1

&upply air flow rate (g/sl=
Return air flow rate (g!s)=
Regen. heat input (kW)=
EleC'. energy (excl. reg .) (kW)::
Spray chambers: water T (oCI=
Water flow rate (S S/CH) (g!s)=

at pressure (bar)=
Water flow rate (R S/CHl (g/s)=

at pressure (barJ=

NO~I. MfN. ~IAX.
14f- 1~7 155
146 13S 1.:;"

5.317 5.104 5.530
1.987 1.90(:; 2.066
18.9 IS.7 19.1
1.69 1.61 1. 77

59 57 61
.;.13 2.02 2.24

60 5S 62

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO
ST END H lkJ/KG)
PT PT NOM. MIN.
1 2 3.S 2.1
2 3 -12.5 -13.9
3 4 0.0 -1.3
4 5 6.0 4.6
5 6 0.1 -1.3
6 7 14.9 13.4
78 38.136.4
8 9 -20.7 -22.6

MAX.
5.0

-11. 1
1.3
7.4
1.6

16.5
39.8

-18.8

S1M.
3.5

-15. ,
0.1
8.7
0.1
15.5
36.3
-5.4

W (g/kg)
NOM. MIN.

-3.00 -3.44
1.82 1.40
2.32 1 94

-1.52 ·'1.93
2.90 2.46

-0.84 -1.33
0.00 -0.53
1.83 1. 22

PERFORMANCE PARAMETERS (CALCULATEJ))
---------------------- NOM.De~umififiar eff.(W) (%) EDRI: 14
De hun id Lf i e r e f f , (Q) (%) EDH2= 9
Re geuera t ion e f f. (%) ERG= 13
Regen. heat input (kW) Q - 5.58
Heat Exch. eff. (SUP) (X) EHXS= 84
Heat Ex c h . e f f , (RET) (%) EHXR= 83
Sup. air spr. ch. eff.(%) ~VS= 101
Ret. air spr. ch. eff.(%) EVR= 94
POi.{VENTILATlON MODE:
Cooling capa c i t y (kW) CC = 0.r.3
Coeff. of perforffiance COP= 0.16
Electricity eff. ratio EER= 0.44
FOR VENTILATION Cl{EDIT MODE:
Cooling capacity (kW) TCC = 1.30
Tatal Coeff. of perf. Teop= 0.24
Electricity ~ff. r~tio THER= 0.65

MIN.
37
6
8

J.16

0.67
(\ . 13
0.33

1.OS
0.20
0.54

MAX.
"2.56
2.23
2.71

- ~. 11
3.34

-0.35
0.53
2.44

82
81
92
87

MAX.
50
13
17

6.00
86
85
110
io»

1.OS
0.20
(/.55

1.52
0.29
0.77

SIM.
-3,00
0.51
2.94

-0.S3
2.91

-0.48
0.00
2.99

SIM.
4S
10
21

5. J 1
R4
8.3
101
94

1.28
0.24
0.64

1.70
0.32
0.86
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HE~mLTS OF l)Ee TG,i'
************$******

DAlE: '1 (, l'}W,'
TIME: l:1f1JO

,,:OI51' Ali' 1'!U)PElnIl~S AT ML\SUIU,D ['OINTS li'l P[,!c·(ESS

NO)'.! I NAL MEASmn'lJ VALUE:?:
1'1' TIll! 1W1l 'I'DI' PW W xu U sv II

( (Ie) (0(') (oe) (l;.Pa ) (~ul,:g) ( t: ) (":,) (m3/kg.) ( leI/kg)

23. () 15 .4 10.9 1 .JO 9 ..~)!S 44 43 1 .050 ,~().34

~! 34. 9
,
l' .-5 5 6 0.91 (..94 1(; 15 1 .084 52 8\'c\.'\

.) 18. 1 12" I' q .0 1 15 B "/ 55 55 1 • II2.:, 40 .40
,I , .. r tl

4 12 4 12.4 P " 5 1 .44 11 (1) 101 lO1 1 · ()11 ,10.42..
5 22.0 14.5 10 • .} 1 .25 lJ • S7 ·n ' ti 1 .043 46.42
(I 15 o 14- . ;, 14 :2 1 C',l 12.47 9:; 95 1 . n22 46 • 54

)~

j' :11 . Ii 1:L 9 13 .2 1 .51 1 1 .hJ 33 J 1 1 , ()tW til .48

8 68 .7 27 .4 1J ..2 I .5 I 11 63 S 3 1 212 99.61
9 44.0 23 • :2 15 .4 1 75 13. ·ttl 19 17 1·127 78.g9

VALUES FOR TOll & W fROM ERROR ANALYSIS & SIMULATION :
(UNITS AS AlIOVE)
1''1' J 4 s I) 7 g

14.7 31.4 (i8.S
15.2 .11.8 69.0
:;.:.~~ 11.3 11.3
12.8 12.0 12,U
15.0 31.2 66.6
12.5 1.2.0 12.0

43.7
44.'>.
13.0
1:3.9
:; 3" 7
15.0

'l'DL:M~N) 'J ' 7 3·t . 7 17.9 12 • .: :! 1 • (',\.... ..1 •

TDB(l\1AXl 2,1, • 1 JS, 1 It:,3 12.(1 22.2
W (MIN) 9. () 6. (, 8.5 IO.g 9.J
W (~IAX ) 10.3 7 • .3 tl.O 11.4 9,9
TDB(SIM) 23.9 J4.'J 18.6 11 .4 22.0
W {SIM) ~) .() 6.9 7.5 10 .. ~ ~). 6

£QfJllQ.l:LQE~t\Ml1JNfr~

Oij:.r. 1
Sill"_, 9

~, , ~I,
tr.ft:.~;;y tK,l(.J:(-·t1lf ~'f

f)



271

1MT E: ,t·, 1() ':,'-:
'C Im, : I :i!ll ::

RESt1I:r:; 0,' DEC TEST

TEST NU[llBER: H3/ 1q

OPERATING PARAMETEIUi [;\!EAS(JI~ED AN]) ENTERED AS 1i',,!'liTI

H~ppl; air flow rate (g/~)=
Return air flow cate Ig/~l=
Re g e n . IH~a t inpll t (kW I '"
fn(~c. enCl'';:: ~e:.\:l. f')~.l (kW)"'
Spray chauilierb' watur T (oC)=
Water flow rute (S S/CD) (g/5)=

at vressure tbarl=
Wa t e r flow rate (R SieHl (g/s)=

at pressure (bar)=

NU,),1. m1~. ;,!A:~•
14~, 136 15S
147 I 38 15 (J

:; 317 5. 104 5 530
1 995 1 .915 2.07:,
18. 9 18. 7 19. 1
1.69 1 .61 J 77

S9 57 51
2. 33 :: 21 ,~ .45.

70 68 7 ~:.

PROCESS CHANGES OF ENTHAl.PY AND IItJMIDI'I'Y RATIO

:'iT END :d (kJ/KG) W {g:/Iq~)
PT 1''1' NOM. MIN. MAX. !3IM. NOM. I-IIN. jl,lAX. S I ~l.
1 :: J • ~J 1 <' 4.7 ~ ,') -3. 11 '·J.55 -,2.66 -3. 1 1. \-) ,) .~
,"\ 3 -12.6 "13.9 -11 • 2 -·15.8 .~. 05 1. 64 2.46 0.5"/
J 4 "0.4 ·-1.'/ n.ll 0.0 ':.20 1.81 2.59 2.97
4 5 7.5 6.2 8. 9 10.3 -1 .0.1 -1 .4-5 -().b2 ··0.33
5 6 O. 1 -1.4 1 5 O. 1 2.94 2.49 3 • ~i~'~ ~. 9fi
6 '"' 14. 7 13. 1 16.3 1S. 4 .. [). (lei -1 • ,:J,.; -0.44 -(i.54,
7 " 38.2 36.4 39.9 .16. =~ (l.OO -0.54 0.54 0.00\)

S 9 -21 • :1 -2;), .:: -19.4 ,_4. 7 1 .91 1 .30 ;~. 5 ,,~ _'{ ..Og
PERFORMANCE PARAMETERS (CALCllLATED I

NOM M t N . LAX
Eml 1

, ". ·H) .;; ::'';.-
EllH2::; <l 5
ERn,; 1 .1 q ~;
Q .. 5 60 S 1,. t) 0 J. ,)

EIIXS" ~:":5 l:' .~i " n
1;"l

EUXR,: ? q " :;0

EV:-; 100 I) 1 [ (J :';

EVf: 'I 'J \l (l.~

Dehumidifior eff.{W) (~l
DehumidifiGf eff.tQ) I~)
Regeneration e ff. !(',;j
R~:gt1(l. he a t input (kW)
Heat. Ex c h . «rr. (SUP) (','~,)
Heat Exch. e r r . {l;ETI ('."J
S uP • air :.•p1'. C 11. (;n.(',':,)
Re t.. n i r ep r, ch. " f L (','.',l
FOR Vl::l'n'l LATl ON MOLlE:
Goo 1 ing Citpac i ty , kw 1 CC"
Coc ff. t,f pe r fo rtaau c e ('CH>,"
l':1~'ctl i t y e tt. r"ti" 1';LR~'
FOR VI'::'i r 1LA'!, iON CFJ;n I T Ml):ll::
COl)ling capacity (1.W1 'fIT
Total CtA'ff. ot ]1<.')'1. Tt,'Opc;
E 1e L' t r icit y (:t 1. tnt i l) T l, 1-:l{Co'

I,ll!
l} ::

1 10 \) (1(' 1>,\,_,

II -) 1 0 , 0 ,.
II :''is 0 .f.) 0 ell
! ,

1 :!.O I \ .}.,

o 2 (l ;~.: 11 .J 1
(I _'.-r

1 (\ (,0 U ,\. ,

1.S\)
It._'

"o. ::;

1, SJ
0.:14
0.92
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1,ESlJLTS Of IlLC TE:>']'

*~************~****
(:i!lf.)(·t 2 "f 2) DATE: 4-6-1 (1')7

T j(.'E: 1:; HI 2

~IOIST AIR PROPERTIES AT MEASPRED POlNTS IN PIWCESS-------------_._----------------------- ----------
No}lINAL MEASllRED VALUES:
1''1 'iDB 'fWD TDP PW W It!! r_' sv II

(oCl (nC) (oC) (kPa .J (g/kg) ( ~',; J (~)(m3/kg)(kJ/kVI
24.4 15.3 10.4 1. 26 9.61 41 'll 1.()51 4g.~J~~

2 ;15.4 16.3 4.7 D.SS 6.51 15 !.t 1 084 52.23
3 17.9 I? " 8.7 1. 12 8.!'6 55 ') ,t 1.026 39.6(1

4 12.0 12. o 12.0 1.40 10. /" 100 .'.(I
, 1.009 39.23.'

5 22.0 14.6 10.5 ' ?- 9.72 48 47 1.043 1}6. 7(;
1.. _I

6 14.8 14.6 14.5 1.65 12.6b 98 98 1.022 46.83
7 31..4 18.9 13.3 1.53 11. 72 33 3 ') 1 .079 61. 52

8 68.6 2'1.4 13.3 1.S3 11.72 S 3 1. 211 99.69
(} 43.0 23.1 15.6 1. 77 13.63 20 19 1.124 78.38

VALUES FOK TDB & W FROM ERROR ANALYSIS &
(UNITS AS ABOVE)
PT 1 2 3 4 5 6
TDB(MIN) 24.2 35. 1 17.7 11.8 .'.1.7 14.5
TDB(MAXl 24.6 35.6 18. 1 1" ~ 22.2 15.0_.J
W (i\1INl 'oj, :\ 6, /, 8.3 10.5 9.4 12.J
W (MAX) 9.9 6.8 S.8 11.0 lO.O 13.0
TDB( s rx: 24.4 35.4 18.4 11. 1 22.0 14.8
W (::. \\) 9.6 6.5 7 • 1 10. 1 9.7 12 7

SIMULATION:
789

31.~ 68.4 42.8
31.6 68.8 4.3.2
11.3 11.3 13.2
12.112.1 [4.1
11.166.3 53.9
12..1 12.1 15.2
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RESULTS OF DEC TEST
*******************

( s he e t of 2)

TEST NUMBER: H3/20

DJ\'I'E: 4~()-1()fJ7
TIME: 141I58

OPERATING PARAMETERS (MEASURED AND ENTERED AS INPUT)
-------------------- NOM. MIN. MAX.~upply air flow rate (g/sl= 147 137 156
Return air flow rate (g/sl= 147 13M 156
Regen. heat input (kW)~ S.317 5.104 5.530
Elee. energy (e xc l. reg.) (kW)= 2.062 1.980 ::.144-
Spray chambers: water T (oC): 18.9 18.1 19.1
Water flow rate (S SjCH) (g/&I= 1.69 1.61 1.77

at pressure (bar)= 59 57 61
Water flow rute IR S/CH) (g/s)= 2.56 2.43 2.69

at pressure (bar)= 80 78 82
PDOCESS CHANGES OF EN1~ALPY AND HUMIDITY RATIO

MAX.
4.8

-11. 9
0.3
8.7
1.S

1,L 8
39.8

-113.3

W (g/kg)
NOM, MIN.

•. 2 • 5 0 - 2 • 94
1.32 0.92
1.7B 1.41

-1.20 -1.59
3.09 2.67

"0.84 -l.n
0.00 -0.51
1.~H 0.80

ST END H (k.T /Ke;)
PT PT NOM. NIN.
1 2 3.4 1.9
2 3 -13.2 -14.6
3 4 -1.0 -2.3
4 5 7.3 6.0
s £' 0.1 -1..3
6 7 13.3 11.8
7 8 38.2 36.3
8 9 -20.2 -22 0

SIM.
:1.4

-14.9
-0.1
8.2
0.1

14.0
36.1
-4.8

PERFOHMANCf, PARAMETERS (CALCULATED)
---------------------- NOM.
nehum id i r ie r e ff, (W) (?o) EDH1:::: 39
Dehumidifier «r r , (Ql (%) EDH2= 9
Regeneration eif. (%) ERG= 10
l~egen. heat input (kW) Q.- S.61
Heat Exch. e r r , (SUP) {~l;} EHXS:~ 8S
Heat Exch. eff. (RET) (%) EHXR= 79
Sup. nir spr. eh. eff.(%) EVS= 98
Ret. air SJf. ch. eff.(%l EVR= 98
FOR VENTILI\TION MODE:
Cooling capacity (kW) CC = 1.08
Coaff. of performance COP", 0.20
Electri~ity eff. ratio EER= 0.52
FOR VENTILATION CREDIT MODE:
Cooling cc nnc i ty (kN) TCe .., 1 ~,
Total Co e f f , of po r f. TCOP" o . 0
Electricity err. ratlo TEER= O. 7

MIN.
31
5
5

5.19

0.88
0.16
0.42
1. 3'7
0.26
0.66

MAX.
·'2.06
1.72
2.16

-O.Sl
3.50

-0.37
0.52
1 • C)7

S:l
77
89
91

MAX.
46
1.3
14

6.03
~:g
81

107
104

1.2g
0.:4
o . 62

0.34
0.89

SIM.
-2.50
0.46
2.43

-0.99
3.1.0

-·0.44
0.00
2.50

81111.
41
10
17

:;.31
85
79
9B
98

1. 20
0.23
0.58

1. 71
0.3",
O.lD



RES{lLTS OF DI';C TEST
*******************

( :ih e e t ) u J 2) DATE: ·i··b·l9'17
TfME: 14H:,:;

---~------------------------------------- ---- -_-
r.;mIINAL ME.\SUlU::D VALUES:
PT TDB TWB 'I'DI' PW W nn U SV II

(oC) (oC) (oC) (kPa) (F /kl!) ('i,;) (%I(mJ/kgl(kJ/kg)
23 ..1 14.8 10. 1 1.24 !) • ·1·b 43 42 I .047 ·~I • SO

:2 32.9 15.9 5.7 0.91 (>.96 IS 17 1. 07 7 50.87
.1 16.6 11. 3 \~ " l.Og H.2S 5 ~' ~"' I .021 37.64", "' ... ' I

4 11.2 11. 1 11 .0 1. 31 lU.U6 99 ')9 1.OOS 36.64
5 21.4 13. 'I (1 ) 1- Ib ..,,) '<.' ~ ,~6 45 i.OJ') 43.99~.~ o • t.) o
(1 13.8 13.7 1J. 6 1. ,,5 11 .94 98 93 1.018 44.08
7 28.9 17.8 12.5 1.4": 11 10 36 35 1.070 5', .38
8 {>(i, 1 26.7 12.5 1.45 11. 10 6 4 1 .201 95.54
<) 43.0 2;!.4 14 .. 1 1.62 12.49 19 17 . 1 '1') 75.361 • ....
VALUE~ FOR TDB & \V FROM ERROR ANALYSIS & S 1MULA'!'tON
(UNITS AS Al\OVEJ
PT 1 2 3 ·l 5 6 7 s 9
TCB(MINI :':3. 1 32.7 16.4 ILl) 21.2 13.6 38.7 65.9 42.7
'[D3(MAX) 23.6 33.1 16.8 11.5 21.6 14. I 2lJ.l 6('.3 43.2
W (MIN) 9.1 6.7 8.0 \l.S 8.6 11.6 IO.7 10.

"
1;': .0

w (MAX) 9.S 7.3 8.6 10.3 9.1 l' ,)11. S 11. :1 12.9-'~
TDB(SIM) "3.3 32.9 17. 1 10.9 21.4 13.9 28.6 63,8 52.8
W (SUvI) ~J , :5 7.0 7.4 1).0 ~L~) 12.0 11 .5 P.S 14 .0

ro"SI'UQNOFSM1ELl1:K'P9~

l.:B,Y£ljB.ffi...iEIRIC C!.k\&I: ALTITUDE 1700m BAROMETRIC PRESSURE 825 kPa
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APPEJ\DIX H4

EF}1'ICIENCYOF'SUPPLY AIR SPRAY CHAMBER

TIIC results in this appendix are the computer printouts of seven tests (H4/1 D

F117) that were done to investigate the effect that the efficiency of the supply ail'

spray chamber had on overall DEC performance. The airflow was balanced and

was approximately 0.15 kg/s for both the supply and return air and all operating

parameters were kept constant. Only tile flow rate of the water to the nozzles of

the splay chamber was varied to change the efficiency of .he SPILl) .'••amber.

TIlt:' .nore important results of these tests arc given in tabular and graphical form

in section 6.5.
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RESUi .1'5 OF DEC TEST
***** *************

I ~;h e l! t 1 \) f "J) P:\TE: 1)"(1-1 (j()'i

'; 1~lE : :.ll! 14

TEST NUMB ': 114/1
OPERATiNG PA!{,WFTEI,S (\IL\Sl'EEI> AND ENTI:TU

Supply air 1'10\\ ra t e I.r/dl:.:
!'c' t u r II (l i r f lor: r n t e ( g / ~;) ;::
~(.'p:en. heat input ([:W);::
Et()c. energy (ex c l . r e.g , ! (kWJ='
Spray chamb~r~' nater T (vCI=
Water tI ow rate r s S/ell) (g/s)::

at pressure (barl=
Water flow rate IR SICHI (giG):

at nreSSJre (bar)=

NOI·I.
146

,<S ixrut:
r!ltJ. :L\\.

146
1.17
137

155
154

1.2JJ
IS.X
() • ,J. 9

S.Jg4
1.1P

19. (J

O.5!

l.SS
40

O. '17
o

1. ',0
..18

1
'-\

• bt,
4 ~~

PRr)CI','~S CHANGES OF ENTHALP'i AND HUMIDITY R!\Tl 'J.. .... _- .......... __ ........ ' .. .,.....,.. _ '""" .. ~ ... _ ... ,...,.. k_-'"" __ ....... _~ ~" • .,.. _ ~''' .... "M ,-.._' ... _ ..... ·
ST -" ( I:;,,/K(; l \V ( g/kg)
PT .\JM. MIN MAX. S1M. xo». :>'11 r: r"AX. SIM.

I 3 (\ 4 :; .l ) ,. 2 .41
_,

1 ,,6 _. 1 I""" ,_ :2
'1· 1" ., · ·p . ·J I .

2 J - 13 .4 - !4 c -12 1 ,-1 J 6 (l 8J 0 42 1 23 0 47.o
;3 <i ·~O 0 -~ J 1 J -0 1 (! 49 (I 1 1 0 i3S () 5:~· ,
4 " 6. 1J 5 b g 3

.., 2 0 42 --0 00 0 0,1 U 75.' . .' i) ~t'

s tl ",,", 1 1 --2 5 0 3 n ") 2 97 2 ..S4 J ·n J .... "). · . ..L.1-

6 7 16 4 14 .8 IS (J 15 ·(i -() '~4 ·-0 .93 0 ·(15 "0 44,. 40 0 38 '1 41 ~ 38 ;; tI 00 -0 5S o 55 0 00.. . · · .
8 c' -2 1 4 -23 .4 ··HI 4 ,5 I ~JS 1 34 2.C -, ) 42.1 l',..., .,.

PERFORMANCE PARi\METElU; (CALCULATEI1)
"'-' ""."" - ..... ~... - .... - ...... ,', >".' ~'" ~."'""'" .'_."'" ~~ - •• ,.-.. - ... NOM. V·j 1 !,~• MAX. STlIL
Dchumidi ~icl' cft' (Wl C'i,) EDII 1~; ~iS 29 42 ::~7
De hum idt f i(r eft' ((n ('" ) EDllJ-'" ') 6 13 to. in

Regenerat ion ,,;'ff ('''' ) ERG" 1:1 <I 17 1(. ,,' · .
Rl)r~C,1. lie [\t input ( kWl (l :~83 5 "'In ) 26 5 (1.1 " ·Ht:a t l;,xch e I r ( SUP ) (',;) EJ:\.:.~~~;. so ,1(:' 82 80. Ii)

Hen t !;xc['. eft' (RET 1 ( I EH:m" 8 ~J (:, .., 91 \1 (,

" .' ., .,'
Sup. a.l r SPl' . ch. eff ('~ ) svs- 17 1.1 ::U !7
Ret ai ).~ :3Pl ch. eft (~.\) l':\'R:·~ ~, 'J ,"J !l;'! '-)"1. "-_\ I f,J .. , I) •

FIJR VENTI LNl'ION i,10Di; :
Cool inv GUIH\G j ty ( kW) cc - 1 ·Dl 0 80 .I ·2 ~? 1 .05
C()~ff of p<: r f o rm.inc e COP~'! () · is 0 14 (I ·2 ~'?, 0 19
1':1 :ct r ic i ty cit' rat io EEI{"' 0 ('" (l 6;; 1 00 0, 8'"t) -l.J , .)

Fe R VENTILATION CREDIT MODE:
Cool ing ('apaci ty ( kWl '!'ct.~ 1 4(1 1 1 " . 6J 1 4·t.. . " "'1 o t a 1 COI.,ff o f pe r f TeoI'''' 0 ·;5 0 21 0 29 {1 26
E~I)Ctl'i " i ty e rr rat io l'Elm"" J 14 0 9;; .I ·32 1 1'i
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R8SULTS OF DEC TES1'
~********~*********

(sheet ~ of 2J OATh: b-6-1(l97
TIME: l.31114

MOLn AIR PRUPERTIES Xi MEASURED POINTS 1N 1'1WCESS--------------------------------------------------
NOMINAL MEA.SUf:ED VALUES:
1''1' TDB TWIl I'DI' PW W lUI 11 OSV H

(oC) (oC) (oC) (kPa) {g/kg) (t,) (%)(mJ/kg)(kJ/kg)
24.7 1;;.4 10.3 1. 25 9.57 40 J9 1.052 49.22

:2 34.5 ill.6 6.1 0.94 7 .1() 17 l Ii 1. 083 53.06
.3 19.3 12. z 7.7 1.05 7.99 47 ·~6 1.030 39.62
4 18.0 12.2 8.S 1. 11 8.48 54 53 1. 027 39.62
5 23.8 14.5 9.2 1• 16 8.90 39 39 1.043 46.55
6 15.4 14. 1 13.5 1.S5 11.87 89 88 1.023 45.47
7 32.4 19.0 i2.Q 1.49 11. 43 31 29 1.083 61. 86
8 71.4 :n.s 12.9 1.49 11. 43 4 .3 1.221 101.85
9 45.6 23.5 15.4 1.74 13.41 18 16 1.133 W).46

VALUES };OOR TDB & W FROM ERROR ANALYSIS & SIMULATION :
(UNITS AS ABOVE)
PT 1 2 .3 4 5 6 7 8 9
TDB(MIN) 24.5 34.3 19. 1 17.S 23.6 15. 1 )2.2 71.2 45.4
TDB(MAX) 25.0 34.8 1:) • 5 18.3 24.0 15.0 n.7 "11.6 45.8
W (MIN) 9.3 6.9 7.7 S.2 8.6 11.6 11.0 It-O 12.9
W (MAX) 9.9 7.5 8.3 8.8 9.2 1 'J 'J 11.8 11.8 13.9_.4 ..
TDB(SIMl 24.7 34.5 20.0 18.6 23.8 15.7 32.1 69.lj 57.9
W ( SHf) 9.6 7 '1 7.6 IL 1 8.9 12.2 11. (3 11.8 14.2.-

ALTITUDE 1700m BAROMETRlC PRESSURE 82,5 kPa
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RESUL1S OF DEC TEST
*******************

(sheet 1 of 2) DATE: 6-11-1'1(17
TIME: i3HIO

TEST NUMBER: "4/2

supply air flow rat~ (sl=
Return qir flow rate Ig/s)=
Regen. heat input (kW)=
Elec. energy ( exc l . r e g , ) (kW)=
SprbY chambers: water T (cC)=
wa t er flow rate (S RICH) (g!s)=

at pressure (bar)=
Water flow rate (R SieHl (g/s)=

at pressure (bar)=

(MEASUIU:!' ,\ND ENTERED AS I NPUT I
NO~. MIN. MAX.
H6 13; 155
146 137 155

5.608 5.384 5.832
1.238 1.136 1.340
18.8
0.58

10
1.58

_.~O

OPERATING PARi\METER~

13.6 19.0
0.55 0.61

8 12
1. 50 1.66

38 42
l"_~,:}CESSCHANGES or ENTHALPY AND HU.MlDlTY RATIO

tiT END H (kJ/KG) W (g/kg)
PT PT NOM. MIN. MAX. SIM. NO:'!. MIN. MAX. SIN.
1 2- 3.6 2.1 5.1 3.6 -2.37 -·2.82 -1.92 -2.37
2 3 -13.0 -14. 'i- -11.6 -13.3 0.83 0.41 1.24 0.46
3 4 0.1 ··1.2 1.4 0.0 0.88 0.50 1.27 0.93
4 S 6 6 5.2 7.9 'i.0 ·-0.05 -0.46 0.35 0.27
5 G -0.7 -2.2 0.7 0.2 3.04- 2.60 :1. '~8 3.:"-'
6 7 16.0 14.5 17.6 15.4 ·-0.43 -0.93 0.07 -0.43
'7 8 39.8 38 1 41.5 38.4 0.00 -0.55 0,55 0.00
3 9 '~21 .4 ··23.4 -1 ~l.S -5.S 2.25 1 .6:2 2.88 :::'.37

PEl~FOHMANCg PARAHETlmS (CALCULATED)
----" ----------------- Nrr-'·!. MIN. MAX. SIM.nlC'humidifier erf. (\V) UG ) EDH1::: .15 28 41 In
ne humi d i f Le r e f f . (Q) (%) EDH~::: 9 :; 12 ()
;,~q;eTlI~)":...t ion efr. ( :':, ) ERG:::: 15 1o 1~) 15
Re ge n , heat input (kWl Q ::: 5 181 5Q3g 6.25 5 ·l'l
Heat Exch. eff. {SUP) (% ) lmXSo, 80 78 o ? 80l~J .,..

Heat Exc.:h. eff. (FET) (?n Ell X R:::: 90 87 (12 90
Sup. ail' I,pl'. cll. erf. n'~) EVS", 30 2S .14 :Hl
Ret air spr. ell. «r r . (% ) "VRO! (\M 82 s i S7. I) (

FOR VENTILATION MODE:
Cool ing capacity (kW) cc '" 0.96 0.75 1 17 1 · tJ:~
cceff' of pe r fo rrnan CCl cop::: O. 17 O. ; .3 0.21 O. 1')
Electricity eff. ratio EER:;- O. 74 O. ~\' O.Ql (1, 79"_, \.)

fOR VENTILATION ClUmIT MODE:
Cool ing capacity ( I-;W) Tee .. 1.JS 1 1:) 1 .58 1 ·,l;:Tot:\! ('ooff, of pe r f Teap:: 0 .24 O. 20 0.28 O. 25
El'~ctrici t y l~ff . rat io TEER::: 1 .05 0.87 1 23 1 1 (I
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RESULTS OF DEC TEST
*******************

(sheet;; oj 2) DATE: 6-(>-1997
TIME: 1.3111()

MOIST AIR PROPERTIES AT ~,1EASiJRED POINTS IN 1'1:OC!';SS----------------------------------------_ .._-------
NOMINAL MEASURED VALUES:
PT TDB TWB TDP PW W lUI u sv H

iOC) (oC) (oC) (kPa) (g/kg) 07\) (%)(m3/kg)(kJ/kg)
1 24.8 15.5 )0.5 1. 27 9.69 41 40 1.053 49.S')

2 J4.2 16.6 6.4 0.96 7.32 18 17 1.082 53.17
3 19.4 12.4 7.9 1. 07 8.14 47 47 1.031 40.14
4 17.3 12.4 9.4 1. 18 9.03 60 59 1.025 40.28
5 23.9 14.6 9.4 1. 17 8.97 4ll 39 1 • 0 4 ~~ 46 84·
6 15.6 14.3 13.7 1.56 12.02 88 88 1. 024 46.0,

7 32.3 19. 1 13.1 1.51 11.59 31 30 1.082 62. tj

8 71.1 27.8 13.1 1. 51 11. 59 5 .1 1.220 101.94
9 44.6 23.5 15.8 I.SO 13.84 19 17 1.130 80.52

VALUES FOR TDB & W FROM ERROR ANALYSIS & SIMULATION
(UNITS 1\8 ABOVE)
pel' 1 2 3 J 5 6 7 8 9
TDB(MIN) 24.5 34.0 19.2 17 .1 23.7 1.5.4 32.1 7().9 44.3
TDB(MAX) 25.0 34.S 19.6 17.6 24.1 15.8 32.5 71.3 44.S
W (MIN) 9.4 7.0 7.9 8.S 8.7 11.7 11.2 11.2 13.3
W (MAX) 10.0 7.6 8.4 9.3 9.3 12.3 12.0 12.0 14.3
TDB(SlM) 24.S 34.2 20.0 17.7 23.9 15.9 31.9 69.3 58.0
W (SIM) 9.7 7.3 7.8 8.7 9.0 12.3 11. S 11.8 14.2
ro.mIlQN OF SMJPLING POINTS
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RESULTS OF DEC TEST
****.********~*****

(sheet 1 cf 2) DATE: e,-6-1997
TIME: 1.3I1JJ

TEST NUMEER: 84/3

supply air flow rate (g/s)=
Return air flow lute (g/s)=
Regen. heat input (kW)=
Elec. energy (excl. reg. I (kW)=
Spray chambers: water T (oC)=
Wa~er flow rate (S S/CH) (g/s)~

at pressure (bar)=
Water flow rate (R S/CH) (g/s)=

(MEASURED AND E~rEREL AS INPUT)
~OM. MIN. MAX.
146 137 156
146 138 155

5.608 5.384 5.832
1.32·} 1.271 1.377
18.8 18.6 19.0
0.82 0.78 0.86

20 18 22
1.58 1.50 1.66

40 38 42

OPERATING PARAMETERS

at pressure (bar:=
PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO----------------------------------------------
ST END H ('kJ/KG) W (g/kg)
PT PT NOM. MIN. MAA. SUI. NOM. MIN. MAX. SUi.
1 2 3.1 1.6 4.5 3.1 -2.40 -2.85 -1.96 -2.40
2 3 -12.6 -14.0 -11 .3 -13.0 0.88 0.47 1.29 0.49
3 4 --0.6 0.7 -0.0 1.42 1.04 1.81 1. 75
4 5 7.9 b • .J 9.2 7.7 ·..0.22 -·0.64- 0.20 ·-0.16
5 6 -0.5 -1.9 0.9 0.2 3.03 2.58 3.47 3.21
6 7 13 .9 12.3 15.5 15.4 -1.28 --1.78 -0.78 -0.46
7 8 ,~9. 9 38.2 41.6 38.3 0.00 -0.54 0.54 0.00
8 9 -21.5 ·-23.4 -19.6 -4.8 2.47 1.85 3.08 2.40

PEPFORMANCE PARAMETERS (CALCULt\TED)---------------------- NOM. ~tIN. MAX. S1M.
Dehumidifier e r r . (W) (% ) EDH1= 35 28 42 37
Dehumid iPer eff. (Q) (~" ) EDH2= 8 4 11 8
Regeneration cft', (%) ERG:: If 12 20 16
Regen. heat input (kW) Q :: 5.84 5.41 6.28 5.61
Heat Exch. eff. (SUP) (%) EHXS= 79 77 81 79
Heat Exch. ef f. (RET) ( ,)1 \ EHXR::: 91 89 93 91II) I'

Sup. air spr. eh. eff.(%) EVS= ~i6 51 61 Sf,;
Re t • air spr. eft. eff.(%) EVR= 89 i!3 94 89
FOR VENTILATION MOnE:
Cooline capac i ty (kW) cc :: 1. 15 O.! 3 1. 36 1. 13
Coeff. r.. performance Cop::: 0.21 ().17 0.24 0.20
ElectricitY efi". ratio EEI{::0.87 0.70 1. 03 0.85
FOR VE~1"lLATION CREDIT MODE:
Coo ling capacity ( kW) ~r\:'>" .:: 1.48 1. 25 1. 70 1.46
Total ce-rr , of perf. 'W,'oP:: O.2li o ) " 0.31 0.26
Electrici ty eff. ratio TEER::: 1. 1.: 0.94 1.29 1. 10
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RESULT1:i OF DEC TEST
***************~***

(shu:.t 2 of 2) DATE: 6-6-1997
T Hm : 1 .< tI J J

MOIST AIR PROPERTIES AT .,IEASlJR1';[) .:'OlNTS TN PROCESS---------------------------------------
NO~!INAL MEASURhD VALUES:
PT TDB TWB TDP PW Vi lUI U SV II

(oC) (0(') ( or (kPu) (g/kg) (%) (%)(m3!kg)(kJ/kgl
24.8 15. J 10.2 1.24 9.50 40 39 1.052 49.11

2 33.8 16.3 .5 • !; 0.93 7 L,g 18 17 1.080 52.1°
J 19.3 1" .) 7.6 1.04 7.97 47 46 1.030 39.58

w' w

4 15.2 12.0 10.0 1.23 9.39 71 71 1.018 39.00
5 23.4 14.6 (,.7 1. 20 9.17 42 41 1.047 46.86
6 15.4 14.4 13.9 1.:"9 12.20 91 90 !.('24 46.36
7 32.1 18. () 12.3 1.42 10 92- ,,0 28 1 . 08 t 60.2.',

S 71.1 '27.6 1~:.3 ! .42 10.92 4 J 1.219 100.15
9 43.9 23.1 15.3 1.74 ' . 39 19 .-, 1 . 12 ~ 78.67~ I

VALUES FOR TDB & tV FROM ERR, ,,,,NALYS IS & SI~1ULATION
(UNITS AS ABOVE)
PT 1 2 3 4 5 6 7 1) 9
TDB(MIN) 24.6 33.6 19.0 15.0 23.2 15.2 31.9 70.9 43.7
TDB(MAX) 25.0 34.1 19.5 15.4 23.6 15.6 32.4 71.3 44.1
W (MIN) 9 ? 6.8 7.7 9.1 8.9 11.9 10.5 10.5 12.9.~
w (MAX) 9.8 7.4 8.2 9.7 9.5 12.5 11. 3 11.3 1:3. 9
TDB(SIM) 24.8 33.S 19.8 15.4 23.4 15.6 31.7 69.0 58.2
W ( S 1M) 9.5 7 • 1 7.6 9.3 9.2 12.4 11. 9 11.9 14.3


