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ABSTRACTY

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 Me~hanical Engineering, University of the Witwatszsrand,
Johannesburg. The DEC system was extensively tested to fislly evaluate the overall
system and each of its componeids. A mathematical model of the DEC system was
developed and computer sitmilations 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:
o The effect of air leakage that reduced performance by approximately 46 per cent,
+  Water carryover from the retwmn 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 Jower than that of a new system because of desiccant (lithium chloride)
degradation and air leakage,

Qther experimentel findings included;

» The DEC system typically operated at a COP of 0.23 and supplied 0.16 kgfs of
air with a cosling 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 ternperatze and humidity ratio of the ambient air, The DEC
system provided no cooling at ambient condifions typical of South Afvican
coastal summer conditions,

» DPerformance was found to be relatively insensitive to changes in destccant wheel
spaed.

+ Unbalanced flow between supply and retum air improved performance by 15 to
38 per cent,

+ A method of using single blow tests to maximise the energy efficiency of the
desiceant wheel was developed,



The feasibility, operability and practical limitations of using DEC systems
throughowt South Afiica were investigated. Johannesburg was found to be the region
in wihich DIIC systems would perform the best.

An aliemative DEC amrangement was recommended based on the experimental
findings that balanced flow DEC systems have low regenerating efficiencies. The
recommendation involves the use of an addifional 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 Desiceant Cooling

The purpose of air conditioning i3 to provide a physiologically comfostable
environment for people, or to provide a specific air quality for an industrial process.
This is done primavily by adding or removing heat from the conditioned air to control
the temperam and by adding or removing water vapour to contro] the humidity of
the air. In conventional air conditioning wmits, vapour compression refxigeration is
used fo 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 systerns and use desiccants to remove moisture and
use avaporative cooling to remove sensible heat,

The wapour compression systems are very reliable and have been used almost
exclusively for air conditioning systems, since the 1930's, when Chlorofluorocartons
(CFC*s) and Hydrochlorofluorocarbons (HCFC's) were developed for use in the
refiigeration industry. However, in recent years, the use of vapour compression
systems hias become less favourable, because of the environmentally harmiful effects
of the refiigerants 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 protecis the eatth against
harmful levels of uliraviolet radiation from the sun (Anderson, 1987). CFC's also
contribute fo the greenhouse effect, which could result in global warming and
climatic change, Extensive studies and research, confirming these factors, resulted in
the European Economic Commmnity and 24 other nations signing the Montreal
Protacol, on 16 September 1987, in Canada. The atin was to cease the production and
importation of CFC’s ter 1 January 1996 and eventually phage out the use of CFC’s
{Anderson, 1987), The production of HCFC's is also being phased out and production
will cease in developed countries after 2030 in accordance with the Vienna Protocol



of 1996 (Edwards, 1996). This date could be brought forwarl depending on future
international agreements.

Desiccant-Evaporative Cooling (DEC) air conditioning systems have consequently
received mere attention in recent years, since they are environmentslly 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 compregsors. Another advantage is that one of the
possible modss of operation uses only ventilation air, which could solve the ‘sick
building® problem, commonly found in tightly sealed buildings. At present, DEC
systems generally bave a higher initial capital cost, lower perfoumance and are less
reliable than vapour compression systems. However, inereased research and
development over the last 20 years has resulted in significant improvements in DEC
systems and they could be a viable alternative, or supplement, to vapour compression
gystems in the future. :



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.
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FIGURE 1.1: Schematic diagram of 2 DEC system operating in vemtilation mode.

The possible DEC operating modes are described in detail in Chapter 2. The
ventilation mode will be dereribed here as an introduction to the basic principles of 2
DEC systerm: The process aiv (ambient air) is passed through one half of a rotating
desiceant whee! (1-2) » - ¢ water vapowr is absorbed by the desiceant. The dry air is
then sensibly coole 11 & heat exchanger (2-3) and evaporatively ccoled in a spray
vhamber (3-4). This cool, dry air 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 lalf of the rotating desiccant wheel
(8-9). This moist and hot regeneration air is then discharged outside.



1.3 Objectives of the Study

The main objectives of the study were as follows:

{1) To carry out tests on 8 DEC experimental installation to evaluate the following:
(a) Performance of the complete systern vader 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 comaputer model fo simulate the DEC process.

(3) To run simulations using the mathematical model and corapare these theoretical
results with actual test results, to identify deviations.

(4) To do a study on climatic conditions in South Africa and together with the test
results, determine the feasibility and practical implications of using DEC systems
in South Africa.
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CHAPTER 2
FEVIEW OF DESICCANT-EVAPORATIVE 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 (chapier 4.5).

21 Components of DEC Systems

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

2.1.1 Rotary desiccant wheel

e
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FIGURE 2.1: Sche.aatic diagram of 1 rotary desiccant wheel (ASHRAL, 1926)

Desiccants are materials that have a very strong affinity for water. This project is
concemed only with rotating wheels containing solid desiceants (see figure 2.1), but
other options available are stationary beds of solid desicoant subjected altemately to
process air and regenerating air stwowms, by switehing val,ss. Another process



invotves soraying liquid desiceant into the process air streami and then regenerating
the liquid in a separate unit.

In practice solid cesiccant wheels a.¢ made of an inert matiix such as cellulose, in
which is embedded a desiccant such as silica gl zeolite or lithiuvin chloride, The
wheel is divided in iwo halves by seals, to enable the process air to pass through one
tialf, while the vegeneration air passes through the other half. The mateix is constantly
rofating between the air streams 50 that both processes ocenr on a continual basis.
When the piocess air passes through the narrow parellel passages of ihe mawix, the
water vapour in the air is adsorbad or absorhed by tie desiccant. This is
approximately o constant wet-bulb temperature rucess. Adsorption is a process,
usually in solid desiccants, where water vapour is drawn itio pores in the desiceant
and held onto the sucface by weak intermolecular forces, Absorption is a similar
process, usually in liquid desiceants, but involves the formation of a chemical bond
between the desicuant 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
temnperature sufficiently high to cause the vapour pressure in the desiccant to exceed
that in the air and the water is releas ! When the water vapour is adso.bed or
absorbed, iz condenses onto the desiccant swef e and releases enerpy to the air, ated
the heat of sorption, which is equal to the Jatent heat of vaporisation of {he water, plus
a puh smaller heat of wetting, This resulis §o an increase ¢ air temperature and
decrease in moisture conient. The opposite ocours during the regeneration, where
ciergy equal to the heat of sorption is >moved fiom the air to refease the water
vapour. Some heat, stored in the matix during regenerstion, is transferved to the
supply air stream duing dehumidification. This can cause both processes to deviate
from a constant wet-bulh temporature process.

2.1.2 Sensible heat exchanger
The desicennt wheel removes moisture il the process air and the heat exehanger

removes sensibls heat, to complete the process of air conditivning. Most systems use
rotary heat exchangers {regenerators), begause of their compactness and low cost



telative 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. The heat exchanger
efficiency should ther- »te be high to increase the cooling capacity and reduce the
enargy consumption of the system.

2.1.3 Bvaporative spray chambers

The pupose of the evaporative spray charaber on the process air side is to adjust the
sensitle heat ratio of the process afr. The smay chamber cools the air by direct
evaporative cooling, whick is approximately a constaat wet-lulb temperature process
provided that the evaporation rate is high and the water tempzrature is close 1o that of
the air wet-bulb temmerature. If the efficiency is zero, then very dry and moderately
cool air is supplied, If the efficiency is 100 per cent, then cclder (but less dry) air is
supplied. '

The purposc 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. The
efficiency of this spray chamber should therefore be as high as possible to maximise
the cooling capacity of the system.

2.14 Auxiliary heating device

The heating device supplies energy to heat the retuen air to segenerale the desfcomnt
wheel. The heating device an consist of electrical heaters, pas bumners, solar
colleetors, or any other sourve of waste or primary heat energy. The regenerating
temperature requited is mainly dependent on the infet cond:tions of the process air
and ©.. . " as low as 45 °C. The maxinum temperature limit usaally depends on the
bon./mg material used in the desiceant wheel to bond the desiceant to th -watrix and
is usually less than 200 °C.



2.2  DEC Operating Modes

Thete ate two main modes of DEC operation: The ventilation aud the recirculation
modes. There are two variations of each of these two modes, called the ventilation
credit and make-up air modes. Then there are an almost unlfimited number of
combinations and more complex improvements of these modes, of which only the
Dunkle cycle and refiizeration assisted cycles will be desctibed, Fipily, the DEC
system cah also be operated using only the two stage cooling feature, or vy changing
the opetating parameters to allow heating and humidification it 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 miode, is shown in figure 1.1. Ambient air is
dehumidified, sensibly cooled, evaporatively cooled and supplied to the room. The
oo exhaust air is used to cool the process air and to regenerate the desiceant wheel
(Collier et al, 1982), The following equations describs the main performance
patameters of this made, where the numbers are defined by figure 1.1:

CC =MAg(HsHy) @
Q =MAg(Hy-Hy) @2
COP=CCIQ 23

2.2.2 Ventilation credit mode

This mude is the sane as the ventilation mode, but the amonnt of ventilation air
supplied is equal to the fresh air requirement due to the building code or user
requirements, The heat load of the ventilation air 5 trken into sccount in the
ventitation credit mede (Collier et al, 1982). The performance parameters are the
same as for the ventilation mode, except for the cooling capacity, which is given by:

CC=MAu{H;-Hy) (24)



2.2.3 Recirculation mode

This mode is shown in figwe 2.2. Roowm air is citculated in a closed loop. It is
dehumidified, sensibly cooled, evaporatively cocled and then supplied back to the
room. Ambient air is used to cool the process air, to regenerate the desiceant and is
then exhausted back outside. This mode usually has the advantage of a sinaller
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 = MAg(HEL) (2.5)
Q@ =MApHsH) " (2:6)
COP=CC/Q en
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FIGURE 2.2: Schemati~ diagram of a DEC system operating in the recirculation
mode,
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2.24 Make-up air mode

This 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 afso used to cool the process air and to regenerate the desiceant, as with the
recireutation mode. This creates a positive pressure inside the room and room wir is
exhausted by leaking outside fhrough openings in the building, Aa advantag. of this
mode is that it prevents dust ingress from ouwtside, but the cooling potential of the
exhaust air is wasted (Collier et al, 1982). The performance parameters are given by:

CC =MAg(Houmcts) (2.8)
Q ~=MAgr{HrH) 29
COP=CCIOQ (210

Hinat IH“‘ 5 = o
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FILSURE 2.3: Schemaiic disgram of a DEC system operating in the make-up air
mode.
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2.2.5 More complex cycles

‘The ventifation, ventilation credit, recirculation and make-up air modes use only the
basic components of a DEC system, By adding more components, ohe can improve
thn, performance of the system st the expense of complexity and cost. An almost
unlimited number of variations can be designed, bt only the Dunkle cycle and the
reftigeration assisted motdes are deseribed here.

2.2.5.1 Dunkle cycle

The Dunkle cycle is shown in figure 2.4, It is similar to the recirculation rode, but
uses the room air to provide a lower cold sink temperature, as in the ventilation mode.
‘This additional cooling capacify is ot the ¢xpense of higher moisture loading on the
desiccant, which therefore requires more regeneration energy. Generally, the Dunkle
cycle performs better than the basic DEC modes, but requires an additional heat
exchanger (Collier et al, 1982),
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FIGURE 2.4: Schematic dingram of the Dunkle cycle,



2.2.5.2 Refrigeration assisted DEC cycle

The refrigeration-assisted cycle is shown in figre 2.5, The combination of DEC
systems with conventional vapour compression refrigeration, has many advantages:

(1) The refrigeration condenser heat can be used to regenerate the desiceant.

{2) 'The process air can have a dew point below 0 °C after dehumidification. The
refrigeration unit can therefore cool the air to low temperatures without the rsk of
ice buildup on the cooling coils.

(3) The humidity ratio and dry-bulb temperature, of the process air, can be made
lower than for any other DEC or conventional air conditioning system. This
means that smaller equipment and ducting are required, wiich means lower initial
capital cost of the system.

Q11 2 3 4
3 ) Desiccant T [ Refigeaion 3 &
5 B Feed ‘?m‘“ﬂw"saychmmsc’
1 M
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j Condenser

HUMIDITY RATIO
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FIGURE 2.5: Schematic dingram of the refrigeration assisted DEC cycle.
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2.2.6 Two stage evaporative cooling

The two stage evaporative cooling mode is shown in figure 2.6. When the humidity
ratic 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 2 spray chamber (4-5) ang *» wsed
to cool the supply air in o heat exchanger (1-2 and 5-6). The supply air is finther
cooled in a gpray chamber (2-3), by evaporative cooling, to adjust the sensible heat
ratio of the supply air, The DU system shown in figure 1.1 could be operated as &
two stage 2vaporative cooling system by providing bypass ducts around the desiccant
wheel, Alternatively, the dJesiccant wheel could be kept stationary withowt being
regenerated, in the case of desiccants in which deliquescenwe does not occur {such as
silica gel). The performance equations are:

CC =MAs(HeH3) (11)
Q =0 (212
COP(thermal) = CCHQ = infinite (2.13)
EER = CC/(electrical energy ased) 2.14)

oL L 1R

v Heat 3 Spray Charaber b3

§ ool Bchanger o 5 Sicey G -0

I

D

E

o
HEMIDITY RATIC

DRY-BILB TEMPERATURE

FIGURE 2.6: Schematic diagram of 2 two stage evaporative cooling cycle
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227 Winter mode

One of the possible configurations of the winter reode is shown in figure 2.7, When
the room requires heating and humidification (such as in winter), then the winter
mode can he used. The speed of rotation of the desiceant wheel is increased from
typically 0.25 revolutions per minute, to approximately 10 revolutions per minute.
The vetwrn air is passed through the desiccant wheel, which acts as an enthalpy
exchanger and transfers beat and moistere from the retumn air to the supply air stream.
The supply air is firther 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 hest
exchanger stationary, adding an auxiliary heating device, and by not supplying water
to the return air spray chamber, Other possible configurations of the ‘winter mode
inclnde using a sensible heat exchanger (if the heat capacity of the desiccant wheel is
insufficient) between the heater (in figure 2.7) and the desiceant wheel,
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FIGURE 2.7: Schematic diagram of 2 DEC system operating in winter mode,
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CHAPTER 3
LITERATURE REVIEW

3.1  Mathematical Models of Desiccant Wheels

The heat and mass transfer in the desiceant wheel (sometimes referred to as an
enthalpy exchanger) is a complex process that is described by four non-linear
coupled hyperbolic simultancous partial difterential equations. Several methods
have been developed to soive 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) desctibed 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} to devolop 2 model for the silica
gel-water-gir system. The characteristic potentials and specific capacity ratios were
presented as plots on a psychrometric chart. The chart was used for predicting the
bebaviour of the system, The predictions were compared to measurements faken
from a real system and were found to provide a guide to the behaviour of the system.

Maclaine-Cross and Banks (1972) solved the non-linear coupled hyperbolic
sitnitaneous 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 weli with reswits from more accurate finite difference
golutions,

Holmberg (1979) applied numerical methods of the finite-ditference {ype 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 wheal, by making certain approximations. These linearized equations were

salve2d for a silica gel desiccant wheel,

Jurinak and Mitchell (1984) used a finite difference model to itvestignte the v.fect
of varions 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 tie desiccunt wheel with infinite transfer
coefficients using the method of ~haracteristic potentials and the shock wave
method. This was used in an Effectiveness-NTU (Number of Transfer Units) model

that caloulafed the performance of the desiccant wheel more rapidly than other
models,

Rau e¢ al (1991) developed a finite diffarence model to predict the heat and mass
transfer in yotary heat and mass exchangers using lithium chlotide as the desiccant.
The isotherms of lithivim chloride exhibit discontinuities and therefore conventional
numerical methods could rot be used to solve the system.



3.2 Factors Affecting DEC Performance

C_lider et al (1982) gnve an overview of DEC systems, including the following
items:

(1) For most desiccants, the heat of adsorptionfahsorption is only 5 to 10 per cent
greater than the heat of condensation/vaporisation of weter, This nieans that the
sorption process is approximately a constant enthalpy process.

(2) The ideal desiccant has an isotherm where the critical temperature (T, ) is equal
fo the temperature of the dehwmidified air leaving the desiccant wheal (point 2,
figore 1.1}, 'The critical temperature is the minimum temperature required to
regenerate the desiccant {point 8, figure 1.1). The large deviation of the lihinm
chloride sofution isotherms from the ideal behaviour means that the regeneration
temperature must be raised much higher than the debwmidifier owilet temperature,
This is illustrated by the isotherms given in figures 3.1 and 3.2,

(3} The desiccant isotherm depends on factors such as desiccant particle size, This
menns that a specific wheel can be designed {o vield a variety of adsorption isotherm
shapes ysing the same desiceant material.
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FIGURE 3.1: Adsorption isotherm for the "ideal” desiceant material (Collier et al,
1982).
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FIGURE 3.2: Adsotption isotherm for lithinm chloride solutions (Collier et al,
1982).

Jurinak {1983) found that nnbalanced flow (larger ratio of supply air to exhaust air)
could increase the COP by 10 to 15 per cent in the ventilation mwde and by up to 50
per cent in the recirculation mode.

Jurinak (1984) used a finite difference model to determine die effect of six matrix
properties on parformance:

(1) The desiceant sorption isotherm shape wos found to liave the greatest effect on
performance.

(2) The nusinum water content of the desiecant was found 1o have the second
greatest effect,

{3) Desiceants with the smyallest heat of sorption performed the best,

(4) A ligh thenmal capacitonce had a detiimental impact on debumidification.

{3) The matrix moisture diffusivity was investipted bnt had Litde effect on
prrformance,

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

Epstein et o (1985} found that the addition of inert material to the desiceant whee)



19

matrix improved performance, provided that the heat excharg,or performance was
greater than about 85 per cent (o recover the heat carryover in the desiccant wheel).

The cptimum mass fraction of silica gel in the matrix was found to be 0.2.

Charoensupaya and Worek (1988) investignted the effect on performance of the
foliowing matrix characteristics:

(1) A longer channel lengih improved performarice.

(2) The optimum mass fraction of lithium chivride fo the total matrix mass was
found to be 0.1. Different optimu.n fractions were found for other desiccants.

Van den Bulek et al (1988) found, from experimentation, that the maximum COP
could be achieved with a regeneration temperature of 65 to 85 °C. The following
optimal control strategy was proposed:

{1) Vary the exhaust air flow in direct proportion to the supply air flow rate. The
exhaust air flow rate should be maintained at 60 .0 &0 por cent of that of the supply
air for optinmm performance.

{2) The wheel speed of rotation should be kept constant, since it has lith,: .2t on
performance.

(3) Keep the regencration tempetature between 85 and 100 °C, sinee the COP is not
affected much by onerating variations in this range sud the COP is near its
maximum,

Colliex and Cohen (1988) examined methods of improving the porformance of
DEC systerus and deseribed the following:

(i) The addition of inert heat capacity to the desiccant mateix can optimise the COP.
Fowever, this requives a larger desicoant wheel because of the additional mutera
and requires a larger heat exchanger to recover the additional heat transferred to the
supply air stream,

(2) Staging the regeneration process vields the bast improvement of CQP,

(3) The flow in the hewt exchanger should be balanced but should be unbalanced in
fhe dusiczant wheel,

The overall conclusion was that staged regenvration with no fnert material gave the



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, The temperatures are lower than
in sensible heat exchangers, because moisture is removed and the dew point
lowered, Condensation must be avoided with hygroscopic dvsiccants such as lithium
chioride, sivce the desiceant 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 mairix heat capacity always deceeases the cooling capacity,
However, no general statement can be made concerning the COP.

(2) The heat and mags resistance is not infisenced appreciably by the desiceant type,

Collier ot ul {1990) investigated varlous factors that influence DEC performance by
means of computer simulations based on a desiceant with a type 1M isotherm shape
(similar to that of lithium chlgride) with the following findings:

(1) A reduction of the desiceant mass fraction in the desiccant wheel from 1 t0 0.5
only reduced the C'OP stightly.

(2) The quantity of desiccant moistore 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 temperaiure or vmidity ratio decreased the COP in the
ventilation mode.

{4} At ART conditions (see nomenclature for definition), 2 COP of 0.91 to 1.07 was
obtained in the ventilation mode and a COP of .75 to 0.90 was obtained in the
recirculation mode. The veatilation mode performed better in diy climates and the
recirculation mode performed better in humid climates.

(5) An increase in regenerating temperature incrensed the cooling capacity, but the
COP remained relatively constant.

(6) The depree of staged regeneration was the second most influential parameter
affecting performarce, sfter the isotherm shape,



Worek et al (1991) investigated various factors affecting DEC performance (for
desiceante in peneral), with the following findings:

(1) The COP was insensitive to changes in regenerating fracticn, for a desiccant
moisture loading greater than 0.2,

(2} The sarption time (inversely proportional to wheel rotational speed) is strongly
dependent on the moisture loading and the desiceant isotherm shape.

(3) The type 1M isotherm (similar to that of lithitun chloride) gives the best COP,

() 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 in solid desiccant systems. These relationships are illustrated graphically
Tor a silica gel system in figures 3.3 to 3.7
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FIGURE 3.3: Effect of supply air velocity on humidity ratio of delnunidified air
{ASHRAE, 1996).
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dehumidified air (ASHRAE, 1996),

Pesaran and Helden {1904) 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 por cent for the fived-
volume flow rate but increased by 7 per cent for the fixed-mass flow rate.

Menon (1996) did random tests on a DEC systent (the same system used in this
praject), Although the tesults were inconclusive, they indicated that DEC and two
stage evaporative cooling systenss could be vishle for air conditioning.
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3.3 Desiccant Degradation

Pesaran and Peany (1991) simulated the effect of airbome contaminants and
thermal cycling, on desiccants. The results showed a decrease it 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 ai {1991} investigated several factors affecting performance of desiceant
wheels. One of these factors was desiccant cyclic ageing. The results showed that
niwost degradation oceurred early in the life of the desivoant and could be described
by an expenential decay function (see figure 3.8). The experiments also showed that
lithivm chloride deliquescence occurred as low #: 15 per cent relative humidity.
This only oceurred above 30 per cent relative hvmidity for all other desiccants.
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Pesaran (1993) experimented with five desiccants, including Yithium chloride to
determine the extent of the degradation due to exposure to aigarette smoke and
thermal cycling, The moisture absorption capacity decreased by 30 to 70 per cent
over an equivalent period of 4 to 8 years of field operation (see figure 3.9),
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3.4 Feasibility Studies

Cohen and Slogberg (1988) did performance simulations to evaluate the puténtial
of DEC systems for economical space conditioning. The results showed that the
ventilation mode had the best overall COP.

Nelson et al (1978} did a feasibility study of a DEC system using solar energy, The
computer simulations showed that enerpy 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 temperatire and both spray
chamber efficiencies.
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FIGURE 3,10: COP for ideal systems as a fiction of regenerating temperature, for
July 1955 in Miami (Nelson et 21, 1978).

Mareiniak st at (1991) tested & DEC system in & quick service restavrant in
Houston, Texas, Off-the-shell equipment was used and the system generally
operated satisfactorily and maintained the room design conditions. However, the
system frequenily failed due to pfoblems associated with the controls and gos
bumers, The system was found to be more unteliable and expensive than
- conveitional air conditioning units commercially available and of the same capacity.

Claasen (1595) presented a model for evalualing the feasibility of evaporative
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cooling in South Afiica. He found that evaporative cooling could reduce the cooling
requirements of existing conventional plants by up - 30 per cent.

Stiesch et al (1995) investigated the feasibility of enthalpy exchangers for use in the
USA. The resulis showed that significunt 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 ceveloping this situple niathematical model of a DEC system was to
provide a mean: of predicting the performance of the system with reasonable
acouracy based on casily obtamable information. The model uses manufacturer’s
catalogus information aﬁd the accuracy depends on the accuracy of this information.
This mode! calculates two moist air properties, at each point in the process, from
which the remaining properties and performance parameters can be caleulated, The
equations to caleulate these moist air properties were taken from ASHRAE (1994)
and Jones (1973). The ambient air conditions, roorn air conditions and regeneration
temperature or heat input are usually known and the other information can be
calculated from the processes that oceur in each component of the systein,

4.1.1 Desiccant wheel

The manufacturer’s information usually gives the dehwmidifier outlet conditions
(see appendix ¥), from which the regeneration outlet conditions can be calculated.
This information can then be used to caleulaie operating efficiencies, or altematively
the air conditions can be calculated if the efficienies are supplied by the
manufacturer, The definition of the desiceant wheel efficiencies depends an the text
consulted. For the purposes of this project, the performance of the desiccant whee!
can be described by three efficiencies:

EDL1 = efficiency of moisture removal
EDH2 = efficiency of heat transfor
ERG = efficiency of regeneration



4.1.1.1 Efficiency of moisture removal (EDH1)
EDH1 = (W-W2)/{W1-Wa) (4.1}

wiere Wa (see figure 4.1) is the humidity ratio at a point at which he wet-bulb
temperatwre of the inlet air (TWB) intersects the relative hum dity of the
regeneration air (RHzg). This is approximately the lcwest humidity ral. o that can be
obizived by the supply «ir leaving the desiccant wheel, for the gf /en operating
conditions (if the air is allowed sufficient time to seuch eguilib m with the
desiccant, and if no heat carryover ocorms). The exact value of Wa vi es depending
on the characteristics of the desiccant used, but the definition given here is a ghod
normalising parameter (Furinak, 1983). The efficiency of molsture emoval EDH]
can be calculated from the humidify ratio W (ambient conditions} . hamidity ratio
W2 (from ce’'alogue data) and humidity radio Wa (by the mefliod shown in figure
4.1}

3 4
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5 TOB, DB,
IRY BULB TEMFERATURE

FIGURE 4.1: Method of determining the ideal humidity ratio ¥ 2 and ideal dry-
bulb temperature TDBau. (Note: This figure iz based on the -rentilation mode
desaribed in figure 1,13
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4.1.1.2 gfficiency of heat transfer (EDH2)
EDH2 = (TDBTDR1)/(TDBs-TDBx) (4.2)
whore TDBx (see figure 4.1) is the dry=bulb temperature if no heat is transferred fo
the supply air fror the mateix of the desiceant wheel, i.e. the dry-bulb temperature at
the intersection of the wet-bulb tempersture TWB; ana humidity ratio Wa. The

efficiency of heat transfer EDH2 can be calculated from TDBy (see figure 4.1},
TDBa (from catalogre data) and TDBg (regeneration temperature).

4.1.1.3 Regencration efficiency (ERG)

This is & measure of the amount of regeneration heat (Q) used to evaporate the water
vapour during regeneration i.e. the tatio of latent Leat increase te regeneration heat
supplied (see figurs 4.1 for numbering),

ERG = 2501.{W¢-Wy}.MAR/Q (L3)
The humidity ratio Wa = W7 which can be saleulated (equations 4.11 and 4.27).

Tha regencration heat input Q can be measured or calenlated (see section 4.1.5).

The humidity ratio Wy can be calgulated (from equation 4.4).

4.1.1.4 Linking dehumidification and regeneration processes

The following equations represent the heat and masy conservation between the two
processe~ in the desiccant wheel (see figure 4.1 for numbering):

Muiscure transfers  (Whi-Wal MAs =2 (We-Ws)-MAR (4.4)
Heat transfer: (TDB2-TDBa)-MAs = (TDBa-TDBs)- MAx 4.5

Where TEBq i the dos-bulb temperature i no heat is tramsferred from the return air
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to the desiccant wheel, i.e. the dry-bulb ternperature at the intersection of the wat-
bulb temperature TWBg and humi - ratio W, This method is similar to that for
determining the dry-bulb temperature TDBx (see figure 4.1).

4.1.2 Rotary heat exchanger

The heat exchanger efficiency (FHX) is the bigger of the following (se2 figure 4.1
for numbering):

Efficiency of heat transfer to the supply air:

EHXs == (TDB:-TDB:Y/{TDB-TDB:) 4.6}
Efficiency of heat trensfer {o the retum air;

ENXg = (TDB+TDBo)/(TDB:-TDB¢) 4.7)

BHX< and EHXxa can be obtained from catalogue information for given mass flow-
rates of the supply air and return air. The moist air properties at points 3 and 7 (see
figure 4.1) can then be calenlated by rearranging equations 4.6 and 4.7

TDR;s = TPB:2 - FAXa(TDB-TDEg) (4.8)
TDB7 = TDBy + EH Xy DB TDB.) 4.9
Wi=We  (seed L) fr W and TDB:) (.16
Wo=Ws  (seod ] for W und Ti58) @11

4.1.3 Aircarryover in heat exchanyer

As the heut exclianger yotates, aiv m the mateix 1 vaviod ever fiom o air steoasl o
the next in both dircetions, This afe mixing wos sheaiticont only wih the heat
exchanger hecavse its rotational spoed was 40 fmes S iban ot of B Jogicomt

wheel. The velumme of air vavyover i the Bea csclooaor was valentsiod to be

VOISt oo the wheel vl and rotation:! = - . therefore (s fimre 1.0

tor prambosilgs)



Mass flow-rate of carryover to supply air stream: MICs = 0.01384/8V; (412}
Mass flow-rate of carryover to return air streem: MCi = 0.01384/8V2 .13
Where 8V = specific volume of the air.

The air properties, calvulated in section 4.1.2 therefore had to be recalculated to
altow for the air mixing (superscript RC denotes recaleviated value):

WiRC W3 (MAs-MCsy+Ws- MCs] MAs (14
W = W (MAR-MCR)+W2MCr]/MA ¢ {4.15)
HRC =[Hs (MAs-MCe)H{(HtH)2) MCsl/MAs (4.16)
H7"C = [Hy(MAR-MCo)H(Hz+H)2)-MCrI/MAR @1
TOERC = ~2501.W;R)/(1.0054+1.84. W35 @18)
TDBA" < {(HC <2501 W) /(1,005+1.84. W) (4.19)

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

4.14 Spray chambers

‘The user can set the efficiency of both spray chambers, by increasing the water flow
tate and nozzle discharge pressure. The efficiency can be as high as 100 per cent,
See figme 4.1 for numbering.

EVz = (IDB:-TDB)/(TDB»TWR;) {#.20)
Therefore:  'TDB; =TDB3 - EVe.(TDB:-TWR)) {4.21)
TWB:=TWB) (sce note below) 4.2
EVi: = (IDBs-TDB/(TDBsTWBs) (4.23)
Therefore:  TDEs=TDBs ~ EVr.(TDBsTWBs) (1.24)
TWB; =TWBs {sce note below) {4.25)

Note: if the temperature of the spray water is close to the wet-bulb temperature of
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the air and the evaporation rate is high, then the evaporative couling is virtually a
congiant wet-bulb process (Jones, 1973).

4.1.5 Regeneration heaters

Q = MAn(1.805)}{TDB:-TDR) {4.26)
Wi=W> (no moishure gain in heaters) 4.27)

If the regencration temperature TDBs (see figure 4.1 for numbering) is given, then
the regeneration heat input Q can be calenlated, or vice versa,
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4.2  Sensitivity Analysis of Mathematical Model
42,1 Results of sensiivity analysis

A DEC simulation program was written based on "¢ .oathematical 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, This 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
pasameters:

» Efficiency of supply air spray chamber (EVs).
« Efficiency of return air spray chamber (EVr).
& Hea cachanger efficiency (EHX).

»  Dry-bulb temperature of ambient air (TDB:).
» Humidity ratic of ambient air (W),

The simulation results are given in tabula: form and a brief summary of the main
observations {from the results) is given below each table. The findings and general
trends from the sensitivity imalysis are discussed in section 4.2.2.
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TABLE 4.2,1: Variation of efficiency of supply air spray chamber (EVs)

EVs (%} 0 20 40 60 i 20 100
TDB: (°C) 1199 18.3 16,7 15.1 135 i1.0
Wilgky) | 737 8.03 .68 934 9.09 10.63
EDHI (%) | 56 56 156 56 56 56
EDH2 (%) | 19 19 19 19 I'1o 19
ERG (%) | 28 8 28 28 28 23

QW) 460 1460|460 | 460|460 {460
CCwW)  |203 | 203 202 1202200 2.01

COP 0.44 044 | 044 0.44 0.44 044
TCC (kWY [3.05 (3.8 1.04 3.04 3,03 3.03

TCOP 0.66 0.66 0.66 0.66 166 0.66

m——

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

Azt L 3 i :
N1 Dpcispant 'm Hest "“]é.‘!'_“lihii“}'l‘.’ﬂ"' roarg
Eghanst, | wheel D Exchanger | I8 ik

. _: oot get | g['pm' chamh—eﬂ-?

The following trends were observed with increasing EVy :

{1} The dey-butb temperature TDB: decreases and Inmidity ratio W increases,

(2) All other parameters remain constant, except for & very small decrease in CC
feooling capacity in ventilation mode) and TCC (evoling capacity in ventilation
credit moda), due to water enthalpy pain.
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TABLE 4.2.2: Variation of'efficicoey of return air spriy chamber (EVr).
EVe (%) |0 0 30 60 80 U0

W gk | 6.6 aa 6.7 6.7 AR
TDBs (°C)  |230 1215 1202 8.8 1747 e

Wb L1l 11L60 (1227|1285 11347 T Tiaet

EDHI A |54 |55 55775 56 156
EDHZ (%) |18 1 107 g 19 19
ERG (%) {31 30 |29 2% (8 28

— e —— — [op.

Q (kW) 4437 1447 150 145 136 T Tag0
CC (kW) 1.20 130 T153 1168 1.83 2.01

CopP 027 7 TTEAT T Tesy T T3 T oA 0.44
TOCEWY 12227 T Ra 286 1200 285 [3.03
CTCOP 050 0.54 037 a0 1062 0.66

Note: See figure below for numbering (from figure 1,1),

3
S T T
nml‘._}* athmees L-#IEE?EY thmn‘{igﬂ.@;

Arivient 1 'I;\w-ﬂﬂ-: -»3--
A Ll
Y r reorn

iy Pl e

T SN

The following tremds wure observed with fnercasing EVa:

(1) A sl decrease in moisture removal capability (since humidizy ratio W is
higher), due te redued repeneration efficiency (ERG), beeause of the higher
vapour presse i the regencration air (higher humidity ratio We).

{23 The dry-burdb tempe . v TDBs docrenses sind Iumidity vtio W increases.

{3} The regenceation heat input Q revuired increases slightly (to achieve the same
relative humidity of the ropencrating air) but cooling capacities CC and TCC
inerease more (fower cold sink) which results i increased COP and TCOP,
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TABLE 4.2.3: Variation of heat exchanger efficiency (EHX).

EHX (%) |0 20 40 &0 %0 100
EDHI (%) | 56 56 56 56 56 13
EDHZ (%) |19 19 19 |19 19 0
ERG (%) is 17 19 2 35 31
Q (W) 853|765 678|541 5403 4.16
CCRW)  [-1.80  [-1.01  [-0.11 |672 160|245
coP 022 013 002 012 032 0.59
TCC (&Wy | -0.88 | 0.02 0.91 174 {262 |348
TCOP 010|000 0.13 0.30 052|084

Note: Sce figure below for numbering (from figure 1.1).

Apbient 2 - 3

g.i; e szumtcm ::at Heat sy b room
Exnausk, || whes Exchanger | Fray chamber o

E -k-,; ? gt : Spray chambet 5

The follow.ng trends were observed with incrensing BHX:

(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, siuee more heat is removed from
the supply air,

(3) The COP and TP increase, because of (1) and (2) above.
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TABLE 4.2.4: Variation of dry-bulb temperature of ambient air (TDB1).

W1 (gke) t0 15

TDB; °C) {20 124 |28 [32 |36 |20 |24 |28 |32 |36

Wz (g/kg) 56 160 |63 168 (72 [85 |90 [94 {28 |104
TDR:("C) | 37.5[40.3:43.0 (4581484 |42.1 448475500523
Wi-Wa (kg) {44 {40 |37 [32 |28 (65 160 [56 [52 |46
EDHI %) (61 [59 159 [56 {55 [61 [60 |59 59 |58

EDH2(%) |17 |17 |17 [19 {20 {18 J19 |20 {20 |22

ERG (%) 30 |30 [30 (28 (27 |51 [51 |51 [52 [S1

Q kW) 5.79 1539|500 | 460 {422 | 5,13 | 474 | 435 | 399 | 3.63
CC (kW) 26312451229 (201 11.83 | 147121 11.04 | 0.82 1 0.52
corp 046 | 0.46 | 0.46 | 0.44 [ 043 1 0.29 | 0.26 [ 0.24 | 0.20 | 0.14
TCC kW) 1,68 12,16 | 2.65 1 3.03 | 3.51 [ 2.56 | 296 3.44 | 3.89 | 4.25
TCOP .29 (0.0 | 0.53 } 0.66 | 0.82 | 0.50 § 0.62 { 0.79 { 0.97 | 1.17

Note: See figure below for numbering (from figure 1.1),

Ambient 1 2 3 oo 4
AT Deiceant | = {Hear [P LSRLSY, ChaIBt o

Eghaust, {whedl ieat| g, e
& _J“E_-.-_—m 5 fput Euchasger ZI Spray Chﬂm?

roem

The following trends were observed with inereasing TDHR;:

(1) The moisture removel capability (W1-Wa) and efficiency of moishire removal
Ei 31 decroase since the relstive humidiiy RH) is lower,

{2) More moisture is semoved for o higher humidity ratio W for the same dry-bulb
temperature TS,

{3} The efficiency of heat tansfer in the desiccant vheel EDH? fncrenses, since the
difference between the dey-bulb wemaperatures THBg and TDB; decrenses for the
spme amount of hent transferred,

(4) The regeneration heat Q decveases, since the dry-bulb temperatme TDHB:
ircreascs ad more heat i3 repained by the veturm air,

(5) The cooling capacity CC decreases, beeause the lwmnidity ratio W increazes and
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the 10 per cent of the heat not recovered by the lieat exchanger increases (higher
dry-bulb temperature TDB:).

(6YThe cooling capacity TCC increases, since the increase in the heat recovered by
the heat exchanger, is included in the cooling caleulation.

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

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

(9) A lower Inmidity ratic W results in higher CC and COP, but Jower TCC and
TCOP,

TABLE 4.2.5: Variation of humidity ratio of ambient air (W1).
DB (C) |24 36
Wilgkgy 18 10 [12 |14 [16 |8 10 (12 |14 |16
TDB: (C) |3827]403 [422 44 [45.7 464|485 {503 (519 [532
Wa(gkg) |50 [60 |72 {83 (95 [59 172 [84 {97 |11
Wi-Wz (k) [ 3.0 |40 [48 [57 165 [21 [28 |36 |43 |49
EDHI (%) |56 |39 |59 |60 |61 |55 [55 |57 |58 |57
EDH2(%) |17 [17 {18 118 |19 [18 f20 (21 |22 {23

ERG (%5 21 |30 {38 147 |56 19 127 (36 46 |55

QW) | 509|539 | 5.02 | 4.86 | 461 | 4.51 | 4311 3.05 1 352 | 3.53
CCawW) 283 245 (107 [1.52 1102 [ 236 1 1.63 [ 1.35 [0.83 | 0.28
cop 0.50 | 946 1 0.38 | 031 | 0.22 | 0.52 [ 0.44 | 0.34 [ 023 | 0.08
TCCEW) | 173 12.16 | 2.49 [2.86 | 3.07 {3.22 13.51 [ 3.85 [ a15 [4.42
TCOP 030|040 045 [0.55 [ 0.69 | 0.71 | 0.83 | 0.7 | 1.12 | 1.25

Note: See figuve below for numbering (from figure 1.1).

Ambien1 2 3 _.
e ccireant [ —fijeq  |{Saray e

Eahangt,{whoel _Eeﬂ. Tchanger [ [ Rl
ar <y -;. P z Soray chamber -

The following trends were observed with increasing humidity vatio W1 (reasons are
the same ns for table 4.2.4%:
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{1) The moisiure remeval capabiity (Wi-W2) and efficiency of moisture removal
EDHI increase,

(2) The efficiency of regeneration ERG increases.

{3) The regeneraticn heat input Q decreases and the diy-bulb tetaperature TDB
increases,

{4) CC and COP decrease and are lower for higher humidity ratio W1,

{5) TCC und TCOP increase and are higher for higher humidity 1atio W1,

422 Discusrion of sensitivity analysis
4221  Spray chambers

The efficiency of the supply air spray chamber did not affect the performance oi'the
DBEC system, but only rhanged 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
femperature of the neat exchanger, which resulted in more heat being semoved from
fhe supply air.

4222 Heat exchanger

The efficiency of the heat excinger had a very large effect on performance (more
significant thon the efficiency of the supply air spray chamber). An increase in heat
exchanger efficixmcy resulted in more heat being recovered from the supply air,
which increased the cooling capacity and COP. The rezovered heat also reducad the
amount of regeneration energy required, which further increased the COP.
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4223 Ambient air conditivns

An increase in the & - -l temperatore of the mabient air (TDB1) sduced the
cooling capacity and COP in the ventilation mede, but increased tie cooling
capacity and COP in the ventilation credit mode., The same trends were ¢ bserved for
n fnercase in the botaidisy ratio of the ambient air {Wh).

The reason for these trend- is that the dry-bulb temperatyre and humidi' y ratio of the
supply air icaving the desiceat wheel is higher in both sases This neaus that the
er ainy of the supply a'r leaviny the heat exchanger is higher, sinve the efficiency
of - uteschanger does not change _ignificantly, These factors redi ce the cooling
capacity and COP in the ventilation moede. 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.ire of the anabient air redue s the absorption
capability of the desiccant wheel (less cooli g of the wheel} w ich resulis in a
higher bumidity ratio of the supply air leavirs the desiceant whee . The supply air
temperature lesving the desiceon wheel is also higher as # sesu of the iglet air
semnperature being higher,

An increase it the humidity ratio of the ampient air yerults in me 2 moisture being
absorbed rrom the air. However, despite the increase in moisture r¢ dovel efficiency,
the humidity retie of the air leaving the desiocant wheel is also g er. The dry-bulb
temperatura of the supply air Jeaving the desfecant whee! is also b fuer {more latent
lieat converted to sen. .2 heat),

42.2.4 Desiccant wheel
The three performance parameters of the desicean: wheel: effici incy of moisture

absotption (EDH1), efficiency of heat excliauge in the desiccant w el (RDH2), and
efficiency of regeneration (ER(G), are strongly dependent on the regeneration



temperature, Howeaver, the manufacturer’s information {see appendix F) was only
available for a regencration teraperatine of 70 °C and simulations were therefore not
passivle for the performance paramete. 5 of the desiceant wheel.

The following performance trends would be expected:

s An incrense in efficiency of regeneration (ERG) shouid increase COP since less
revenerition energy would be s xquired,

¢ An increase in the efficiency of heat transfer in the desiccant whee] (EDH2)
should reduce cooling capacity since more heat is being car-icd over to the
supply air.

» Anincreage in the efficiency’ of moisture absorption (EDH1) shaidd increase the
ccoling eapacity,
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CHAPTER 5
EXPERIMENTAL ARRANGEMENT OF DEC TEST SYSTEM

A basic desiccant-evaporative cooling test system was installed at the School of
Mechanical Engineering, University of the Witwatersrand, Johaunesburg, in 1995,
and some random tests were done (Menon, 1996). A German company,
Kilingenbwyg, manufactured the main components of the system and a local South
Afiican company, Asro 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

The Klingenburg SECO 800 desiccant wheel is a cylindrical structure with small
cotrugated parallel passages. It is made of cellulose impregnated with lidhium
chiorids. The wheel is 200 mm long and has a diameter of 705 mm. If is belt driven,
by a 3-phase, 34 W, 50 Hz motor running at 1300 rpm. The desiccant wheel was
supplied with a 174 mm diameter puliey. which rotates the wheel at 0.24 1pm. A
second pulley, with a diameier of 87 mm, was made up fo reduce this speed to 0.12
pr.

5.1.2 Rotary heat exchanger

The lingenburg RRT 800 rotary compact heat exchanger has the same dimensions
a5 the desiccant wheel, but is made of thin corrugated aluminium sheets. It rotates at
11 rpm and is belt driven by a 3-phase, 90 W, 50 Iz, 1350 rpm motor,

5.1.3 Spray Chambers

‘The supply and return aiv spray chambers (manufactured by Klingenburg) were
identical. Fach had a reciprocating pump, driven by a 550 W motor, to supply tap
water to the spray nozzles, The pump pressure was set by mieans of a frequeney
control box, which controlled the motor rotational speed. The maximum allowable
pressure was 90 bar. Each spray chamber had two 0.17 1mﬂ nozzles that sprayed a
fine aerosol wmist. 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 alr stream,
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5.1.4 Fans

The supply air and return air cent:ifugal fans were identical. Bach fan had a 220 V,
50 Hz, 8§ A variable resistance controHer 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

T order to test the DEC system at different ambient conditions, it was necessary fo
control the inlet air conditions, This was done with twa 1.8 kKW 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 stemmn output was not constant, but

dropped slightly as coid water was added to the boiler ard then slowly increased
until mare 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 air temperature and hurnidity:
The exhaust air ducting was changed to discharge the hot nimid air at the inlet of
the supply air duct, This modification, together with the heater and humidifier, was
sufficient to simulate any ambient conditions.
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52 Data Acquisition and Reduction system
5.2.1 Overview

Aspirated psychrometers were usad 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 ftom 16 to 24 points (depending on the size of
the duct} across the cross-section of the duct. This air sample was passed over two
temperature sensors, one to measure the dry-bulb temperabice 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 digitsl signal using a PC
30 A/D card, A software piogram read the digital voltages and convert them to
temperature values, which could be used to calculate the wir properties and
performance parameters. Hyg stransmitters, that measure relative humidity, were
ugsed to check the accuracy of aspirated psychrometer readings at low relative
hummidities. A MedM-500 micromanometer and pitot tube were used 1o 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 nspirated psychrometer and cadiation
shield.
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5.2.2 Temperature measurement

A third year student installed an instrionentation system in 1996, as a laboratory
project. Thus . stem used thermocouples but was useless because of talse readings,
due to excessive electrical noise and varions other problems such as statis electricity
grounding through the thermocouples. All these problems were solved at the stavt of
this project but the best acouracy that could be obtained with the thermocouples was
within 0.5 °C. This was insufficient to satisfy the mininum tequirements of 0.3 °C
aceurscy specified by ASHRAE 41.1-1986. 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 nolse and to offset the eapacitive load of the wiring. The electrical
noise was furiler filtered in the data reduction software program, where a sample of
100 measarements was statistically analysed to get the nmean value and confidence
limits. The caloulated error was incorporated in the error analysis software prograra.
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 fthe 5 sample points near the regeneration air heaters and
the desiceant wheel to avoid incorrect readings due to radiation fiom hot surfaces,
The relative humidity of the hot regeneration air (point 8, figure 1.1} was too low for
acourate measurcuent by the aspirated psychrometers or the hygrotransmitters, The
calculated humidity ratio value upstream of the heaters (point 7, fipure 1.1) was
therefore used together with the measured dry-bulb temperatare of point 8 to
caloulats the properties at point 8. This is aceeplable since no air leakage ocuurs
between these points and the humidity ratio vemains constant,

52.3 Hygrotransmitiers
Aspirated psychrometers can only be nsed accurately from 20 to 100 per cent

relative humidity, Insufficient wet-bulb depression occurs below 20 per cent relative

humidity and the error increages as the relative humidity decreases balgw 20 per
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cent. Two Delta Ohm HD 8907TC/150 hygrotransmitters (see appendix F) were
used to measure the velative humidiiy in such cases and the necessary correction was
then applied to the wet-bulb measarement.

The hyprotransmitters have a capacitor made of a polymer desicoant that gives a
tetain cupacitance reading depending on the moisture content of the desiceant,
which is in tum dependant on the relative humidity. While using the
hygrotransmitters, it was found that the relative humidity reading was only accurate
at a humidity ratio of 14 g/kg. This was probably due to different desiccant
characteristics at different air humidity ratios. The hyarotransmitters were therefore
calibrated at different humidity ratios and actual values were interpolated from these
curves fo 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 apalog to digital card (see 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 suppori sofiwe.e that could be used with the Turbo
Pascal programming language. A softwate program was written and developed for
data acquisition and analysis (see section 5.3.1).

52.5 Air flowmeasurement

The “Log-Tchebycheff” method was used to measure the air flow rate as showa in
figure 5.3 (ASHRAE 41.2-1987 and BS 1042: Section 2,1-1983). Differential
pressure traverses were curied out at one cross-section in the supply air duct and
one cross-section in the return air duct. The pressure di.” entials were measured
with a pitot tube and micromanometer. The micromanometer used was a MedM-
500, which has 2 resolution of (1.1 Pascal and range of ¢ to 500 Pa. The flow rate i
the retwn duet could also be calentated from the measurad electrical power of the
regencration heaters and the air teraperature increase affer 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 measinrement

The electrical current and voltage for each of tue 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 curcent.
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53 Computer Programs

The

“owing three computer programs were wiitten in Turbo Pascal for the

purposes of this proje =

5.3.1 Data acquisition and processing program

This program is given in appendix B. The PC30 analog te digital card had support
software that covld interface with the Turbo Pascal programming langeage. A
softw. s program was writlen and developed for "ata acquisition purposes to do the |

following;

@)

)
(©

LY

{

(2)

The temperature measurements in the form of binary output from the C30
card were read.

The binary readings were converted to voltage veiues.

The actual temperatwre values were caloulsted from the voltages using
calibration data, A statistical sample of 100 measurements was colleoted for
each temperature sensor. The average was used as the measured valus and
the standard deviation was wsed in the error analysis in the process
calculations. Thiz improved the accuracy by a factor of five,

All of the moist air properties were calealated for each step in the process
using these measured Jry-bulb and wet-bulb temperatuwe measuremnents, The
calculetion method and formulae were in accordance with ASHRAE 41.6-
1994,

The prscess changss and performance parameters were caleulated.

An ervor analysis was done on ail measurements and celoulations. This was
done in accordance with ASHRAE GDI2-1986 RA. The important error
values were prinfed fogether with the nosminal values of the results and can
be veen in any of the results in appendix H.

The mathematical model describad in section 4.1 was included in this
program. The process was simulated with the inyut 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 th2 heat exchanger and
both spray chambers. This was done to identify deviations that were not
included in the mathermatical model.

()  All resulis were displayed immediately on the computer screen in the form
of tables and a psychrometric chart. This enabled une to detect any problems
ot inaceuracies with th» +-tes: immediately,

(6] The resulis were then priated if requested.

§.3.2 Program to calculate ait 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 Lrogram that calculated the volumetric air flow rate and emor of
measirement using the methods described in section 5.2.5. The resultant values
were then used as input o the data acquisition and analysis program described in
section 5.3.1.

5.3.3 DEC simulation program

This program is given in appendix D, This program used the mathematical model
described in chapter 4 to simulate the DEC process. ‘The model was used in the
sensitivity anglysis in section 4.2, was uwsed 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 dey-bulb temperature and humidity ratio of the air at
poinis 1 and 5 {fig. 1.1) were entered a= input. The DEC process can therefore be
simulated in both ventilation and 1z .- vilation 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 manufachwer (see appendix F), The spray
chamber efficiencies were also =ntered as inpuf and couic >~ specified by the user to
be anywhere Setween 0 and 160 per cent.
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CHAPTER &
EXPERIMENTAL PROCEDURE AND TEST RESULTS

Al of the experimental results are given in appendix H. The analysis of these resulis
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
pominal values since the inclusion of the error analysis would unnecessarily
complicate the analysis. However, a good understanding of the error and accuracy of
the resulis can be obiained by looking at a few of the tast results given in appendix H.
The main purpose of the error analysis was to provide the experimnental range of
measurement that cowld be compared with simulated values to determine deviations,

‘This chapter contains an analysis of the following experimental results:

» Tho supply and return air flow rates were varied to investigate the effect of air
leakage (section 6.1},

+  Single blow fests wure done to investigate the heat and mass transfer processes
within the desscnt wheel (section 6.2).

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

» The efiiciency of the return air spray chagiber with unbalanced air flow (section
6.3).

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

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

« Tolet air conditions and regeneration temperatures (section 6.3).

+ Desiccant wheel speed aid unbalanced supply and retum air 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, vement

6.1.1 Experimental Procedure and results

The numbering refesred to in this section (6.1.1) is defined in ihe figure below
(extracted from figure 1.1),

Ammbignt 1 p——— 2 3 i
] Dmcm'_'t'——b-—_ Hear ray chatnber

Exhaugt | wheel sahi [ Buchanger | IS T andher e
awr 9 g |T 6 Sy 5

foom

It was nbvicus from the beginning that air leakage past the desiccant wheel zud heat
exchanger seals could be significant, compared to the total flow rate. This o nld be
determined simply by placing one's hand near the seals and feeling the large ¢ uantity
of air escaping through the seals. All that was required for the purposes of this project
was an order of magnitudz estinuate {20 to 30 per cent accuracy) of the leakage, so
that any deviations in experimental results, dug to 'eakage, could be identified.

A series of tests was canded out with combinations of the maximum and minimum
supply and return air flow rates. The air flow vates were measured for the supply side
at point 2 and for the retum 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 desiceant whee!
and heai exchangey casings. All of these measurements were done both with the
inspection doors of both wheels open and closed, This was done fo provide mote
information, since the leakage magnitude and direction changed in each case,

Most of the results given in this section are for the inspestion doors closed, since this
case is relevant o the remaining experimental resulis. The results for the laspection
doors opea were used only for additional information in determining leakage and are
therefore given in appendix k1. The foflowing results were obtained:

(1) All of the air flow rate measutements are shown in table 6.1.1.
(2) All of the static pressure measurements are shown in figure 6.1.2.



54

(3) The differential static presstures, across the air lzakage paths, are shown in figure
6.1.3 for the inspection doors closed anid figure H1.1 for the doors open (both
calenlated ficm the information in figure §.1.2). Figurs 6.1.1 shows the sealing
arcangement and air leakage paths for the desiccant wheel, with the inspection
doors closed. The sealing arrangement is identical for the heat exchanger, but the
air Jeakage path directions are different,

i4) These dilfarential prossures were used io estimate the magnitude of the air
leakage flow rate, through each leakage path. ‘This information is shown in figure
6.1.4. These resplts ave also summarized in table 6,1.2 and table 6.1.3, The same
information for the doors open is given in figure 1.2 and tables H1.1 arnd H1.2.

Tie following method was used 1o estimate the leakage flow:

Al Joskage = A-CpEP OV) 6.1
Where

A= seal gap area through shich leakage ocours (based on average gap of 3 mm and
whe=] diameter of 705 mu)

A=2,115.10® m® for direct leakage actoss air streams

A=3,322.10° m’ for perimeter leakage into/out of whee] casing

Ci= coefficient of discharge = 0,7 (from the shape of the szal gap, it was estitanted to
b betveen that for a vertturi (3 0.9) and fhat of an orifice (+ 0.5))

Fy+ i rassure dHferential in Pascal {fipures 6.1.3 and H1.1)

SV specific vokme =1.05 m/ky {siuasured on day of test)
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TABLE 6.1.1: Measured supply and return air {low rates for various flow

combinations.

[FLOW COMBINATION | Supply flow at point 2 Refum flow at point 9|

| (fig. 11) (tit 25/s) (fig. 1.1) (litre: =)
CLOSED | OPEN CLOSED OPEN |

1 [ MAX SF & MAX RF | 207 300 268 164

2 | MAXSF & MINRF | 210 37 177 86

3 | MINSF & MAXRE | 159 295 246 146

4 [MINSF& MINRF | 216 308 162 61

SE = sum;ffgif tiow rate
RF = rebum air flow rate

OPEN = Bot" inspection doors open

CLOSED = Both inspection doors closed.
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Noter (1) Arrows show leakage path, when inspection doors were closed.
(2) Shaded po-tion represents the seals,

FIGURE 6.1.1: Diageam of seafing arcangement for the desiecant wheel.
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FIGURE 6.1.2: Static pressures measured at various air flow rate combinations (Pascal),
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FIGURE 6.1.3: Differential pressure at various air flow rate combinations, in Pascal (rvenlated from figiwe 6.1.2).
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TABLE &.1.2: Estimated supply and retum air flow rates at desiccant wheel (with
both inspeciion doors closed).

FLOW COMBINATION | Supply air flow (litres’s) | Return ait flow (liftes/s)

in- |leak | leak |out- {in- | leak ! leak | out-

let {out |in let jlet |ouwt |in let

MAXSF&MAXRF |315 {108 |0 207 {169 99 1268

i 0

2 MAXEF&EMINRF (338 |128 [0 210 173 |0 104 {177 |
3 | MINSF&MaAXRF |254 |95 150 162 |0 84 | 246
4 |MINSF&MINRF 1328 |1i2 |0 216 {64 |0 98 1162

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

TABLE 6.1.3; Estimated supply and return air flow raies at heat exchanger (with
both inspection doors closed).

'FLOW COMBINATION Supply air flow (litres/s) | Return air fiow (litres/s)

in- jleak |leak | out- |in- |leak | leak | out-
iet |out !in let |let jout [in |let

MAX SF & MAXRF 207 {24 |40 [223 {184 [37 [22 169

1
2 |MAXSF&MINRF [210 {41 |5 174 7 0 66 |73
3 |MINSF&MAXRF [159 (16 |41 1184 [199 [43 |6 162

4 |MINSF&MINRF [216 |36 |17 [197 |30 [0 144 &4

S¥ = supply air flow rate
RF = return air flow rate




6.1.2 Main findings

The more significant findinps described below are discussed in section 7.1. The
numbering referved to in this section (6.1.2) is defined in the figure below (extracted
from figore 1.1).
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‘The total amount of air that leaked out of the supply air duct was 42 to 50 per cent of

the original inlet air, compared with 2 to 13 per cent jeking into the supply duct.

The following is a description of the leakage quantities and directions (see figure
6.1.4 for details).

POINT 1; The leakage path directions were:
(8} Directly into point 9.
(b) Into the desjecant wheel casing and from there into points 8 and 9,

Between 22 and 26 per cent of the initis} supply air leaked into the exbaust adr siream
from ¢ int 1. This leakage had no effect on the process at point 1 but had significant
effeci: 2t points 8 and 9,

POIN ; The lenkage path directions were:

(z) Divectiy into point 8.

\b) Into the desiceant whee! casing an-! from there into points 8 and 9.
{c) Directly into point 7.

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

Between 24 and 33 per cent of the dehumidified supply air leaked into the exhaust
air stream from point 2, This leakage resulted in a siguificant loss of dehumidified
air, that had increased the moisture loading and repeneraiion requirements of the
desiccaut. The cooling capacity and COP were decreased by 24 to 33 per cent, by the
leakage at point 2 alone.
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POINT 3: The leakage path directions wete:

{a) Generally from point 6 directly into point 3, although with the case of maximum
supply air flow and minimum refurn 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. The reduction in
cooling capacity and COP of the final mnixture at point 3 was therefore between 3
and 29 per cent. A small portion of the air that leaked in at point 3 came from point
2. This air bypassed the heat exchanger and was not gensibly cooled and thersby
decreased the efficiency of the heat exchanger and contributed to the decreased
¢ooling capacity.

POINT 4: No leakage.
POINT 5: No leakage,

POINT 6: The leakage path directions were:

(¢) Directly itito point 3, except in the case of minimum retun 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 ocotrred, the dry-bulb temperature
was increased which also decreased the cooling potentia) of the air at point 6.

POINT 7: The leakage zir path directions were:
(@) Directly from point 2 into point 7.




{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 prosess, since hot dry air was mixed with the retum air steam befre being
heated for regeneration purposes. However, a small portion of the leakage came
from point § and had not been heated in the heat exchanger. This reduced the benefit
of the leakage from point 2.

POINT 8: The leakage path directions were!
(2) From point 2 directly into point 8.
(b) From the desiccant wheel casing (mixture of air from points 1 and 2} into point 8,

The leakage air (12 to 56 per cent of the heated regeneration air) cooled down the
regeneration air temperatre and thereby had a significant influence on the
regeneration process. The experimental fests (in appendices H3 to H6) wete 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 tempsratures at
points § and 2. With TDB;=30 °C and TDB;=46 °C, a regeneration temperature of
70 °C would have decreased to 65 °C. This did not reduce the regeneration energy
input and only influenced the regeneration process.

POINT. 9; The leakage path directions were:
(2) From point 1 directly info point 9,
(b) From the desiccant wheel casing (mixture of air 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 desiceant wheel, This leakage had no effect on performance, but had a
great effect on the measured promertiz : at point 9, This can be seen in all of the
experimental results in appendices H3 to H6 where the more avcurate simulated
values of point 9 can be compared with the measured values,
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6.2 Single Blow Tests

The numbering referred fo in this section (6.2} is defined in the figme below
(extracted from feure 1.1).

éﬁnh—kn;']— Dresiceant 2 Heat ‘g'@“_aﬂwl';“
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6.2.1 Experimental procedure aad results

~ The purpose of the single step tests was to determine the air outlet conditions, from
a specific part of the desiccant wheel ar  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 «ir fan, with the desiccant wheel rotating. Sufficient time
(30 minutes) was ailowed 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 end the supply air fin and desiccant wheel were stopped (after the 10
minutes), The 1atum 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 retum air conditions were measumed and the properties
calcoiated af regudary © atervals, using the program. Two repeneration single step
tests, at different 7~ .n ration temperatures, are shown in figures 6.2.1 and 6.2.2,

6.2.1.2 Dehumidification single blow tests
The procedure for executing the dehwmidification 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 sud sufficlent time (30 minutes) was allowed



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 sampl:ag device was then
returned to its cotrect position. This same sampling device was then vsed to measure
the air conditions at point 2 and accurate air property differences were therefore
obtained, The refurn 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 62,3 and 6.2.4). These
resulis 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 desuiibed below are discussed in delail in section 7.2,
6.2.2.1 Regeneration single blow tests

The results for two regeneration single step tests are given in graphical form in
figurcs 6.2.1 and 6.2.2, The regeneration temperatures were different in each case,
but the inlet air conditions were similar. The following observations were made,
from these graphs:

{(2) The incresse in bumidity ratio (We-Ws) in the regeneration air reached a
maxinwm value afier approximately the same time period, in both cases (see
sections 7.2.1 (a), (b) and {c)).

{b) The magnitude of the meximum Wo-Ws velue was lower with the test with the
lower regeneration temperature, This was expected since the vapour pressute in the
desiccant was lower and less moisture was evaporated,

(c} The dry-bulk temperature {TDBo) curve, in both cases, was almost o mirror
image of the WsWs curve and reached a minimum vatue at the smme time as Wo-
Wi reached the maximum value. This was a result of the sensible heat in the
regeneration air belng converted to latent heat,

(d) The outlet tempersture (TDBo) was higher for the test with the higher
regeneration temperature (TDB3).

() The graphs for both tests were similar. This showed that the regeneration process
was similar for different regenerating temperatures (see section 7.2.1 (d)).
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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. The regeneration tempergture was approximately the same 1n
both cases, but the inlet air conditions were different. The following observations
were made, frora these graphs:

(&) The maximum Wi-W2 value was higher with a higher Lumidity 1atio (W) of the
inlet air. This vas expected, since the vapour pressure of the ambient air was hiy aer
and the absorption potential at the desiceant was greater,

{t) The maxinnmm Wi-W2 values were reached at approximately the same time for
both tesis {see section 7.2.2 (a)).

(c} The graphs both have curves of similar shape (see section 7.2.2 (b))

() The diy-bulb temperature (TDB;) decreased almost from the start of the process
(see secticn 722 (¢) ).

{e) The posit.on of the breakthrongh point (when the desiccant becomes saturated
and turns to liguid) in the W1i-W- curves was not sharply defined (see section
7.2.2(d)).

() The W1-W> curve was negative during the first 30 seconds of the process (see
section 7.2.2 (e)).



6.3 Efficiency of Return Air Spray Chamber (EVg) with
Unbalanced Air Flow

The numbering referred to in this section (6.3) is defined in the ligore below
(extracted from fipure 1.1).

bient 3 2 3 oy chambar e

Desiceasi [™7-% o jHeat p5+{Spray charber s

m:wheel 4? Ezchange: - Soray chmnherl—:—s
3 lopt

ar Y

6.3.1 Experimental procedure and results

Two sets of tests were done to evaluate the performancs characteristics of the return
alr spray chamber. The first was at a retumn air flow rate (MAg) of 98 gfs (unbalanced
flow with supply aix) and the second at 146 g/s (balanced flow), The results given in
this section are for the unbalanced flr w tests {se: section 6.4 for balanced flow test
resulis),

In the tests only the water flow rate io the spray chamber was varied md the other
operating parameters were kept constant at the following values:

MAg= 146 gfs (sapply air flow rate)

BV = 100 % (efficiency of supply air spiay chamber)

The room air condition was kept constant, but the ambient a. conditions varied
slightly during the period of testing, The range of these operating conditions are given
helaw:

DB, =20.3-23.4 Wy = 8,59-10.5° g/kg (ambient conditions)
TDBs=23,1-24,0°C Wee9,80-10.33 wkg (roows conditions)

BV = 0-100%

variations ate shown geaphically in figures 6.3.1 10 6.3.6.



TABLE 6.3.1: Performance parameters for variation of efficiency of retur. air sprav chumber (EV) (MAr=98 gfs)

TEST | TFRg | EDHI | EDH2 | ERG (%} | EHXs ; EHXy { EVg | CC (kW) |COP TCC (kW) | TCOP
NO. ifghs) (%) (%) M [Simi(%) (%) {(%) M {Sim (M !Sim (M {Sim |M |Sim
H3/1 1009 138 12 13 130 166 83 35 1069 {067 |0.19 |0.18 [037]035 [0.10 |61
832 (077 (39 10 10 {29 {67 88 50 1083 {087 {023 {024 [049]0353 [0.13 (0.4
H33 {109 [40 10 8 {27 |67 [T 67 1054 1095 1026 ;026 | 0741075 | 020 | 020
H3/4 1143 141 12 11 128 17 83 90 1050 [1.4 {024 1031 {0.75{099 {020 {027
W5 (16l 37 11 4 (26 |70 86 98 1054 111 {026 030 1085]1.01 023 {028
H3%6 139 40 10 5 128 {73 83 5 1100 {121 |027 |033 {102 |123 1028 | 034
H37 1206 (41 12 7 128 17 81 161 j093 128 1025 1035 [0.03 1128 ;025 1035
H38 (242 |38 10 3 j26 176 85 100 §1.02 {132 {028 {036 {094 124 | 0.26 {034
H39 (265 |37 10 3 125 176 85 101 107 [ 136 {029 1037 [090{120 {025 7;033
H3/10 {284 |41 10 4 (24 174 89 100 1136 [182 037 |050 1056102 [0.15 {038

L



TABLE 6.3.2: Property changes for variation of efficiency of refurn air spray chamber (EVa) (M Ap=08g/5)

TESY | EVr | TDB; | 'W, TDB; | W; H-H; | WrW, | WeWs  FRp | TFRg ! PP | WrWa(g/kg) | %EV | TDB;
NO. (%} |(C) (&%) |(C) :lgks) Glike) |{ghe) |((@he) (%9 (@2 [Ga){M {Sim (%) {(O)
: H31 (35 203 11059 1326 (758 (48 3.0 0.86 G 6.0% ;0 033 {034 e 28.5
LH32 150 212 11000 1327 (.18 142 292 146 0.62 {077 |2 .65 1042 19 192
H3/3 {67 1224 1957 {327 (688 37 2.68 221 087 1109 110 G.89 1047 20 17.6
H3M4 190 1227 985 (343 (7206 (47 219 284 115 1143 20 1.28 1055 20 16.0
H3¥5 198 (225 11005 1334 1754 145 2.62 3.1z 130 160 130 LII {053 19 154
H36 9% {229 11037 {335 1754 (3.6 283 314 i58 1.89 (40 1.39 {054 16 154
H37 101 1234 [1026 | 347 I 743 |44 2383 3.18 174 1206 |50 1711 [0.56 i6 154
H3/8 160 1234 {1001 §336 ;743 {38 2.58 319 210 [242 ;60 160 1056 13 154
Hs3/o {101 1231 1986 332 736 |39 2.50 348 230 1265 170 1.66 ;057 I3 155
H310 j:00 231 (850 1332 (610 (4.1 240 3.65 247 1284 8 239 1067 113 139
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FIGURX 6.3.1: Change in humidity ratio of supply air across sensible heat
exchanger versus water flow rate.
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FIGURE 6.3.2: Cooling capacity in ventilation credit mode versus water flow rate.
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FIGURE §.3.3: Heat Exchanger efficiencies versus water flow rate.
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FIGURE 6.3.4: Regeneration efficiency and change in humidity ratic of the supply
air across the debumidifier versus water flow rate,
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FIGURK 6.3.5: Cooling capacity in ventilation mode versus water flow rate
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FIGURE 6.3.6: Dehumiditier inlet and ouflet humidity rafios and outlet dry-bulb
temperature TDE, versus water flow rate.
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6.3.2 Main findings

The more significant findings described below are discossed in detail in section 7.3.

The test results are given in tables 6.3.1 and 6.3.2 and figures 6.2.1 1o 6.3.6. The
following abservations were made:

(2) The results of the tests on air leakage (see sections 6.1 and 8.1) showed that there
was little or no air jeakage into the supply air duct for the given flow combination
(MAg=98 afs and MAg=146 /s). However, there was significant leakage into the
return ajr duct.

(b) Figure 6.3.6 showed that there was some fluctuation in the inlet air conditions.
This had a significaat effect on the results and complicated the analysis.

{c) During the tests, waier was visually observed to be dripping from the joints in the
return air ducting, between the spray chamber ﬁnd th:2 heat exchanger. The demister
at the exit of'the spray chamber therefore did not remove all the water droplets from
the retum air stream (see section 7.3 (b)).

{d) The changc in evaporator efficiency (EVR) is shown in figute 6.3.2. The
efficiency increased with increasing spray water flow rate until a flow rate of
approximately 2 g/s, when the efficiency EVy was 99 per cent (effectively 100 per
cent), A finther increase in flow rate maintained EVy at 100 per cent.

(@) The cooling capacity for the ventilation cradit mode (TCC) was less sensitive to
changes in ialet conditions and provided more reliable information concerning the
trends in performance parameters (see section 7.3 (a) and (¢)).
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(f) The . soling capacity in the ventilation moda CC generally followed the same
trends (see figura 6.3.5) as the cooling capacity in the ventilation credit mode TCC
(see section 7.2 (d)).

{g) Figure 6.3.3 shows the heat exchanger performance trends, The supply and retum
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 tvansfer to the
supply air (EHXs) and to the ratun air (EHXg) was constant until spray chamber
efficiency EVy was 67 per cent, At this point EF X increased and EHXy, decransee
(sez section 7.3 {&)).

{h) The regeneration efficiency ERG also changed significently in these tesis (see
fgure 6.3,4). The measured values were lower than the simulated values, becanse 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 resvited in a fulse caloulation
of the measured regeneration efficiency. The siomulated values are more accurate in
this case. The reduction in desiccant loading (tepresented by W1-Ws) because of
changes in inlet air conditions caused a geperal reduction in regeneration efficiency
in both measured and sienulated values,

() When water carryover occwrred, only the spray chamber end of the heat
exchanger was visually seen to be wet (see section 7.3 ().
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6.4 Efficiency of Return Air Spray Chamber (EVg) with Balanced
Air Flow

The ntunbering reforred to in this section (64) s defined in the figure below
(extracted from fipure 1.1).

Amb‘m]_ 2 3 : " i
ot Dasiceant -'-Tﬁat ~Heat >-T8nray chamber] -1 —

Esh wheat Exchanpar | e |

o %E e Lopusl Ehang! raJSp.ay ﬂhamh—eﬂ-q-’,

6.4.1 Experimental precedure and results

Two sets of tests were done to evaluate the performance characteristics of the retum
air spray chamber, The ficst was at a retur air flow rate (MAR) of 98 /s (unbalanced
flow with supply air) and the scoond at 146 g/u (b kawced fiow). The resnlts given in
this section are for the balanced flow tests (see sectiou 6.3 for unbalanced flow test
resulfs).

In the tests only the water flow sate to the spruy chamber was varied and the other
oprrating parameters wers kepi constant at the following values:

MAg = 146 ofs (supply air flow rate)

BV == 100 % (efficiency of supply air spray chamber)

The r¢om air conditions were kept relatively constant, but the ambient air conditions
varied slightly during the poried of testing, The ranpe of these operating conditions
are given below:

TDB; = 324-244 °C Wi 7.96-10.80 p/kg (ambient conditions)
TDBs=21.4-22.1 °C Wi = 8.86-10.04 wke {room conditions)

EVg = 098 %

The test reaults for unbalanced flow are give:: in tables 6.4.1 and 6.4.2. Significant
variations are shown praghically in figures 6.4.1 10 6.4.3.



TABLE 6.4.1: Performance narametess for variation of efficiency of retiun air sprav chamber (EVR) iMA»=147 g/s)

[ 1S TFRx [ EDHI | EDH2 | ERG (%) | EfiXs | EHXg | EVa | CC (kW) Cap TCC &W) | TCOP |
INC O HeR) 1%y (%) (M [Sm [ 1(%) () M Sm |M [Sm (M [Sm|M | Sm |
§“H'§f11 062 146 11 16 |23 185 |82 7 10.71 1080 {013 {0.17 1037 {081 013! Q.17
I H3/12 | 0.76 | 43 11 ig |23 186 |80 27 {063 1080 (012 [0.15 1092 | 1.09 | 0.7 |03
H313 1107 |36 12 18119 18 |81 451088 ;068 1013 013 | 123 {122 023 0353
[H34 143 1M 10 15 122 (8 &2 6 1080 113 017 |01 T1i9 | 144 1057 T027 |
3715 | 159 14l il 115 131 188 |83 73 1077 1099 1035 1619 135 (151657529
TG 1195 |51 010 (8 |5 §5 1124 |18 1023 [035 |083 | 147 516|038 |
[H3717 | 206 |47 16 i6 .23 |85 |80 89 1083 126 |0.06 {021 135 178|925 %0.34
IH3/18 (257 |44 {13 (21 14 (83 94 1088 {128 {016 |64 [1.30 {17004 {032
THS/19 | 277 {47 137121 (85 18l 97 11.10 {150 (021 (028 | 142 183 67734
H320 I 302 139 EIEREIE 98 {108 120 1020 023 1159 [L7: i'éi—’.« ; :"0 3z

B



TABLE 6.4.2: P changes for variation of efficiency of retum afr Vi) (MAR=147 g/s)
TEST {EVg (TDB; |W; |HxHy | WW; | WeWs [FRg | TFRg | PPy | WeWal(ghg) | %EV [ TDB; ! WeW:
NO. [ 1€O lgng {00 [@ke (@i (@9 @9 (e [M S (e (O | @k
H3I1 17 (224 1992 |43 338 [ui5 |0 002 [0 118 {034 |[— 216 |3.64
TH¥12127 [225 11042 145 1330 107 o064 076 100 {032 {16 (200 (3.0
[H3/13 143 (234 1080 |50 281 1118 |08 1107 {10 1048 (030 17 188  i3.15
H314 160 1233 1992 137 1315 [175 (117 (143 {20 (138 (044 (18 [174 [468
H315 173 (237 (1043 142 (502 {218 (126 159 {30 (119 jod1 [21 164 1437
T2/16 | 83 1239 1796 144 278 1238 1159 {195 140 (257 {066 |18 158 |7.04
{H3/17 189 1237 {1039 |38 {343 12690 [176 216 [S0 194 (050 ]19 [153 |536
H3/i8194 1239 1995 ;35 300 1290 {213 1257 (60 {18 1051 {17 {150 |553
H3/19 197 244 961 132 {311 1284 1233 277 |70 {205 1057 {16 |148 |6l5
H320 {98 {233 1046 134 (250 1300 (256 (302 180 1132 1048 |15 133 |498

§E)
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642 Main findings
The wiere siguificant findings deseribed below are discussed in Jetail in section 7.4.

The test resuliz axe piven in tables 6,4.1 and 6.4.2 snd figures 6.4.1 10 6.4.3. The
following observations were made:

(a) The results of the tests on air leakage (see sections 6.1 and 7.1) showed that there
was leakage into the supply air duct at point 3, maialy from point 6, for the given
flow combination (MAg~147 g/s and MAs=<144 p/s). There was also leakage into the
teturn air w4 2t point 7 mainly from point 2.

(b) Table 6.4.1 showed that there was fluctuation in the inlet air conditions. This had
a sipnificant effect on the results and complicated the analysis, The large fluctuation
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in inlet conditions was a result of unsteady flov: from the unidirier that was used 10
increase the moisture content of *4¢ dry winter

{c) No evidence of water carryover from the spray chamber could be visually
observed for this set of tesis,

(& Tigure 6.4.1 shows the spray chamber effiviency as a function of the water flow
‘rate, The maximum efficiency of 98 per cent was only achieved with the maximum
flow rate of 3.09 g/s, compared with 1,61 g/s required for the unbalanced flow tests
1o also achieve 98 per cent, However, the roor conditions “vere drier and the return
air flow xate was approximately 50 per cent higher for these talanced flow tests, The
shape of the efficiency EVy curve was the same as for the unbalanced flow tests, as
expected.

{e) Figare 6.4.1 also includes the trends of the cooling capacity tor the ventilation
mode {TCC). The cooling capacity TCC generally increased with increasing spray
chamber efficiency EVy (see section 7.4 (2 and (b)),

{(f) The ventilation mode cooling capacity (CC) also penerally increased with

increased efficiency EVj buf large fluctuations in these values were observed (see
section 7.4 (c) ).

(g) Dry-bull temperature TDBg decreased ss the change in humidity ratio W-Ws
increased. This was expected since sensible heat in the air was converted to Jatent
heat.
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6.5 Efficiency of Supply Air Spray Chamber (EVs)

{extracied fronx figure 1.1).
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The numbering referred to in this section {6.5) is defined in the fipure below

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 approzimately 150 g/s

for both the supply and return air and all operating parameters were kept zonstant, |
Only the flow rate of the water 1o the nozzles of the spray chamber was varied to

change the efficiency of the spray chamber. The results are given in tables 6.5.1 and

6.3.2 and figures 6.5.1 and 6.5.2.




TAB! ©6.5.1: Performance parameters for variation of the efficiency of the supply air spray chamber {EVs)

| TEST | EDHI | EDHI | ERG (%) | BiiXs EfXy |EVs |EVz |CC@EW) | COP TCC (kW) | TCOP

NO, i) (%} M [Sim [(%) ¢ (%) |(%) M [Sm |M |&m |M |Sm [M |Sim
BT (35 |9 13 116 |80 %9 17 {8 1101 [1.05 |018 {019 | 140 {144 {025 | 026
"4z 135 19 15 |15 180 95 30 {8 1096 |1.02 |6.17 |GI8 | 135 |14z |024 | 025
a5 {35 |8 16 |16 |79 o1 56 189 [1.15 |1.13 {021 {020 {148 |146 | 056 1026
"4 |33 |8 19115 |1 ) 73 |88 {106 1098 [0.19 017 |1.50 | 142 [027 | 025
s 133 |7 20 116 |80 39 85 189 1072 1070 1.3 {012 | 1.68 | 166 1030 {0630
46 132 190 i§ [i5 |80 90 93 180|086 |087 015 0.6 {150 |1.52 {027 {027
AW7 {35 19 6 116 |80 90 97 1906 1087 | 102 1016 |0.18 | 136 | 151 10.24 | 027

5B



TABLE 6.5.2: Pro changes for variation of the efficiency of iy air spray chamber (EVe)
TEST {EVs {TDB, [Wi [H H, |We-W: | WeWa{ghs) [¥Rs | TFRs | PPs | TDBTDB,(C) | %EV
NO. [{(%) {0 |(ghy) [(ike) (kg M jSim [(g5) '{g [(ar) M Sim | (%)
H41 117 1247 (957 3.8 241 049 1056 (049 (056 (2 13 14 i3

H42 130 1248 1969 (36 227 688 |071 [058 ;071 |10 2.1 2.3 18
H4/3 156 (248 1950 3.1 z40 [42 {1063 (082 (103 (20 4.1 4.4 2t
a4 |73 1242 1965 132 234 186 131 [1.02 131 130 5.1 154 22
HA/5 189 1253 (1021 i3.0 2.39 244 (163 |126 (163 (44 3.8 6.2 23
H4l6 |93 (247 {986 |36 237 255 |1.76 | 138 |1.76 |51 |63 |68 2
W4T 97 1246 19466 (335 241 275 (191 {150 [191 60 63 72 21

98
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6.5.2 Main findings
The 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 6.5.2. The
following observations were made:

{(s) The spray chamber efficiency on the supply air side (EVyj increased with
increasing spray water flow rate (figure 6.5.1).

(b} The cooiing capacity in the ventilation mode (CC) and in the ventilation credit
mode (TCC) remained almost unchanged for changes in efficiency EVy (ie. no
- change in performance of the D¥C system). The fluctuations were due to
flucivations of inlet air conditions.

{c) Dry-bulb temperatwre TDBg decreased and humidity ratio Wy increased with
increasing efficiency EVs, as expected,

{d) The ratio of water evaporated to spray water supplied (YEV) was bhetween 13
and 23 per cent. Tne percentage increased with increasing spray pressure, probabiy
becanse the droplets were smaller and niore total surface area was available for
evaporation,
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6.6 Inlet Air Conditions and Regeneration Temperatures

The numbering refetred to in this section (6.6) is defined i the figure below
{extracted fiom figure 1.1).

Ambient 1 2 -

3 4 -

Desiceant |- —~{Heat *@Wﬂr;}mm
e

T vhed Siaput BACHANGST |«fSprey o]

~%

-
6.6.1 Experimental procedure and results

The inlet air conditions and regeneation temperatures were some of the most
important operating parameters that determined the DEC performance characteristics.
It wwas therefore important to test the system for a wide range of ambient conditions
and regenerating temperatures.

Most of *he tests were done during the winter wonths of June and July 1997 wher: the
ambiznt air was cold and dry. The heaters and humidifier at the inlet to the supply air
duct were insufficient to simplate summer conditions. A modification was therefore
done 1o change the exhaust air duv.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
exhaugt air duct 1o finther increase the humidity ratio snd decrease the dry-bulb
temperatuce, when required. This modification together with the two heaters sad
humidifier at the supply air inlet 10bled one ;o simulate a wide range of ambient air
conditions, The only limitation was that the condition of the supply air was
determined to some extent by the outlet condition of the exhaust air. The sengitivity of
the heater and humidifier controls was also very limited.

A seties of tests was ... ried out where as many combivs tio-a as possible of the inlet
air conditfons and regeneration temperatures were tested, The limitations of the
equipment {described above) limited the possible combinations. The test mumbers,
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indet air conditions and regeueration tetnpecures for cach test are shuwn on @
psychromettic chert in figure 6.6.1.

The tost results have been shown in this section in the following categories to
iflusteate different trends:

{a) The ‘ollowing shows the offect on performance of similar regeneration
temperatures with dafferent inlet air conditions: Tables 6.6,1a and 6.6,1b show all
the results in appendix 15 in order of descenduiy rezeneration temperature.
Tables 6.6.2a and 6,6.2b show the correspoading process changes for the same
results, The dehumidification process for tests ot differcnt ranges of regeneration
temperature are shown in fipures 6.6.2 ta 6.6.6.

(o) Table 64- . and figures 6.6.7a and 6.6,7b show the effect on performance of
differcat regenesation temperatures with similar inlet air conditions.

{c) Tabie 6.t.4 shows the effect on pe.formance of keeping the duy-bulb teraperature
of the inlet uir TDB; constant while varying the humidity ratto W).

{d) Table 6.6.5 shows the effect on perforimar e of keeping the humidity ratio of the
inlet air Wy constant while varying the dry-bulb temperatute TDB .
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TABLE 6.6.1a Performance parameters of tests iisied in order of descending rageneration temperature (TDBg)

{see table 6.6.2a for ~respending process changes for thesc tests)

"TEST ; TDB; | EDH! | EDH2 | ERG (%) | ERXs [EHXp | Q CC&Wy | COP TTCC (kW)Y | TCOP 7
{¥0. [cO) (& o) M [Sim (% (@6 |&W) M [Sm [M [Sm |M [Sm |M | Sm
HIR 138 |52 13 (47 1% 18 77 7683 1190 | 238 | 025 | 031 | 368 1320 | 048 | 042
B5723 1916 |32 118 {31 |21 84 81 7683 1091 | -1.14 | -0.12 | 015 | 3.00 | 2.86 | 040 | 037
[&7 1909 131 32 147 124 184 7 7683 | -2.51 | -2.84 | -0.33 | -0.37 | 420 [ 388 | 055 | 051
HSo4 (0086 (38 13 5 19 |8 79 7683 |-0.17 | -0.18 | -0.02 | -0.07 | 3.88 1387 | 051 | 0.50
H521 1877 126 130 |61 128 184 | #4 5763 | -2.20 | -3.06 | 0.38 | 053 | 3.58 {272 | 062 | 047
H520 1839 121 135 162 (21 184 7 5763 | -2.04 | 328 | -0.35 | 0.56 | 328 {208 {057 036 |
B8 (84 |5 %14 55 131 (84 7 1382 |-1.76 | -2.03 | -031 | -036 | 418 1391 | 075 [ 069
HEm (818 126 1% |3 123 (84 |70 S711 |22 | 2.82 | -039 | 049 | 431 , 371 1076 | 065
THEI9 (812 115 52 144 |15 &2 79 5763 | -0.50 | 136 -0.09 | -024 | 224 {138 [039 | 0.4
THSA0 {797 {36 (36 |58 |30 1% 3 5711 |-136 | -1.76 |-0.24 | 031 (345 |3.05 | 060 | 053
sS4 (712 137 118 |25 116 |8z 83 7566 1040 1030 {005 004 1098 1080 |0.13 0.2
525 {767 {31 (8 73 118 (84 75 5763 1-0.07 {022 { -0.01 | -0.04 | 3.15 |3.01 055 | 032
HA1 712 (46 (30 (% |32 |8 7 5711 1057 |-0.74 | 0.10 | -0.13 | 238 | 222 | 042 10.39




TABLE 6.6.1b Performance paraieters of tests listed in order of descending regeneration temperature (TDBg)
{see table 6.6 Zb for corresponding process changs for thege tests)

['TEST | TDB; | EDHI | EDHZ | ERG (%) | EHYs |EHXx [Q | CC(oW) | COP TCC (kW) | TCOP

%Nﬂ. ?:?"C) i(%}\ (%) (M TSm 1) (%) |GW [M [Sm |M [Sm |M |Sim |M | Sim
FEAGE 8% 4 %15 H 7 3510 | 088|168 | 033 10441358 {277 1693 (072
H17 (676 (20 |28 |68 ;20 88 & 3847 | -185 | 289 | 048 | -0.75 [ 400 | 256 | 104 | 077
Heig 612 (29 (3% (84 136 % 70 3842 | 178 | -271 | -046 {071 |3.13 | 219 081 | 0.57
FZ 643 |30 |(#  |B (& & 3 3.842 |-1.17 [-1.59 | 030 [ -0A1 | 3.18 1276 | 0.3 | 072
WE (60 |2 |7 [# |15 K 77 5842 |-0.89 |-130 | 023 | 034 {371 1330 ;097 | 086
W5 636 14 |2 131 |26 14 7 5576 1049 {049 {005 | 008 : 686 {083 10.15 103
H515 (632 40 (18 |68 (44 |84 &0 3.842 1-159 | 234 | 041|061 {376 1302|058 1678
B4 607 36 15 |38 |18 (% 70 3842 | -003 | -0.10 | -001 | -0.03 | 332 | 3.24 | 086 |08
576 | 0.5 (36 110 |52 i34 & % 3207 | 0.04 |-001 | 0.01 |-000|229 |225 |0&0 | 0.39
56 158 145 |17 148 |30 [& 7% 5842 | 0581073 | 0.05 | -0.19 | 2.15 | 201 | 056 | 052
(HS3 547 A1 {20 136 |31 & 75 786 | -0.18 | -0.32 |-0.05 | 008 | 1.83 {169 | 048 | 045
B EEIE B A A ) 1905 1235 | 3341120 | -1.75 1479 1313 1251 | 196
N %49.? 32 120 ERENE 74 37% {024 {027 1006 {007 | 106 | 1.09 [ 038 |09

L

£h



TABLE 6.6.2a P:iocess changes of tests listed in order of descending regensmation temperature (TIDBs)

{see table 6.6.1a for corresponding performance parameters for these tests)

[ TEST | TDB; | Rily | 1DB; | W, | 1DB: |Wa | Hzbhs | WrW; | KDP; | TDB; | TDB: | TDBysn | DBy | WaWa(ghe) |
(NO. (00 (00 10O ek (00 @k |G |@ke |0 |0 (0 |-TDB, 1TDB; |M | Sim

' ) 89

B3 1938 |3 323 (2121 [566 2126 {102 (595 (225 1187 [481 |71 85 |-1.87 | -0.49
H/33 916 (3 (321 (2080 1524 (1618 |86 481 182 [178 456 |744 68 | -0.50(-048
'HS/7 1909 12 1383 2666 | 604 2118 |88 547 1225 [176 (478 {761 126 |-1.37 ; -0.61
%}15;24 906 13 [4N8 [ 1668 [525 |1242 113 435 {142 [173 (452 1833 (76 [058 02i

"R eI 14 19T (040 (516 2457 | 137 1483 [248 | 197 (474 {537 |96 |-324 |-6.71
%Hs..fzo HBo 13 1995 2878 (546 12507 (165 1371 1251 |96 1454 (574 00 [ -4.24 1-870
15"8 24 3 1423 2131 |55 |17.77 {47 35+ 1197 ;169 444 1678 113 |-0.82 | -0.35
TRAS® [8LE |3 ]300 |2485 [562 12088 |77 {dadl |222 [169 | 445 643 117|217 {-4£3
THS19 ; 812 14 981 3083 (494 [ 1820 | 156 1SEL 1200 192 1420 1580 65 12d8 615
HH16 (777 14 [349 [1069 {4959 ;15{4_&_ 7 u’_ 185 1162 1407 {623 92 [-t4r}-02 3
H5% 1772 |3 1158 1078 | 39 E?.-'l? %9.9 337 165 132 304 {598 135 1042 102

HY25 {767 |4 (360 [1565 462 {1271 |28 [284 143 [171 NG ‘o.m_”"éii{.”
AsIT 712 4 1226 gm:zg 42.:--.15.'-:.02 FAT 1327 (148 153“;; 358 513 78 fL-o.:!q -:.:‘.01':

1343



TABLF 66,21 Process changes of tests lsted in order of descending regeneraiion tempetature {TDBg)

{sze table £.6.1h for corresponding performance parameters for these tests)

TEST | TDB: | RH; | TDB; | W, TOB: ' W: B-H; | W-W. | TDP: i TDB; ;: TBB; | TDBy, | TDB; : W;-'W, |
NO. {00 (% iC0 sk (0 |Gy |03k @k {(O (€O [CC |-TDB; |-TDB | (ke) “
H56 (678 |8 1380 12085 1492 (2008 165 167 1217 194 407 [543 [85 265530
H7 676 |8 [384 3671 (505 2447 (68 (224 |248 [197 (407 |523 |98 |-3.85 |06 |
H518 (672 18 {384 2748 (488 | 2342 1108 1406 1241 |193 1400 [443 {88 |-3.30 047
H512 [643 (7 1303 |2261 (470 1797 |55 |46 |199 |i77 1375 1457 105 |-145 036
H55 1640 17 [398 | 1644 [454 |1474 [14 170 168 | 150 [385 1564 |69 {-Li6 | -0.i5
A 636 |6 B9 [Tieh |36 (741 (78 (387 |71 |138 (275 (456 |37 1061 |028
515 632 (€ 208 |246 (458 | 1970 |41  [495 |213 |171 (370 1450 |88 | 256 04|
HS/4 | 607 |7 (386 | 1347 |423 1122 [-10 1196 |127 |162 |347 |35 |78 | 040 | 0.17
536 1595 17 1308 (1433 |385 (1382 (24 [250 1134 |164 133 1480 |54 1031 |07
5% 1578 19 1230 11736 1375 {1506 142 1420 157 1155 [323 1417 152 1-029 003
HSZ 547 |19 (215 |1355 |346 [ 1005 |53 1315|110 {140 [203 1396 |53 |-Gl | 0.0%
|53 [333 |13 |39 [2730 |468 | 2431 799 1246 | 183 1381 |- & |87 |398)-08
f:s/; 7 711 140 {1191 {289 {796 .57 (396 |76 |131 |247 |330 |42 | 055 020
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FIGURE 4.6.3 Dehumidification processes (1-2) of tesis with regeneration temperature TDB: of 65 5 °C
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FIGURE 6.6.x+ Dehumidification processes (1-2) of tests with regeneration temperature TDBg of 951 5 °C



TABLE 6.6.3 Comparison of 8 groups of 2 fess at similar inlei air condition but differsnt x.zeneration temperatures (TDB5)

G| TEST | TDB, | TDB, |W, |EDHIEDH2 [ERG [EHE; [EHX: [Q [CC TCC | TCOP | M, |W;- | TDB;-
RING (G (0 (kg 1% (%) (%) [ (& |(%) |E&W) | EW) kW) (lkg) | ' W2 TDB;
ghe) | (C)
Sliazfeone AT 595 (8%
M0 Lﬂ 1 e
54| 124
224 |98
a0 {117
295 {87
472 |81
3% 02
4B T8
170 | 68
527 178
436 {52
397 L7
1386
330 157
271 153

L



BAROMETRIC PRESSURE 82,50 kPa

ALTITUDE 1700m

102

Gy AW 40 WYHDGTIN B3d IINOFDNN AdTYHINT
T & g § 8 8 2 g 8
s ‘x\\\\_\\\.\\\\\\H\\x\\\\x\s\.\\x\\.\\\\\\\\\x\‘
iy AHD WYRDOTH B2 d JHNLSION 24&004..!...9»5& AL

— &
M B m& B S B h;m m m a
M = .M ety *n._.\ s o
. - - o e -}
by Y 2 o =ty A it
T e 7 rs ; )
[ oust N . 4 i
?ﬁwf s e e T B
"] s = F r
e, \VNAQ Mo e A - e | - B
v% b - =T I F i .
L [ A
- q » ¥ - =i L - :
Y g anl ol el =il = 7 H o I
- 7
o i 3 ¥ Lty a3 T O P
CIE - 3 . - ¥ 2
[k - [ r m
- -y A il JLEE" b
_— T - o r _M 3
: - e =
ol s "W el B WY 71 n. 0 oy i
et S, W..nﬂn.«l..l; = p e B Tl L v o W e W I\- 8
oy oy =) %. ot x A
L) 70 K 1} 3= L]
i Wy A .
s nﬂm Y 24 Bl m
-
S g o AL ol o=
’ h A ” [t
e PN v = ol i O o £ -
e O I Mo 0 o i TR A o
: A ] e e <
i =2y &) I, alul..l._ ey i
= 7. e & - I+
v o ki "~ _— i -H.—|1 et A ' r
S I L\nJ- - T |
) - Sl -y g
= .m.a b u...-.% aihe =
Fi LN A -«£
- 7 al n e e 4 5. o B L =
i o et N
- ‘u\a&nﬁﬂh s b 1 l
. - 4 o 3o < Ll =
O =y B ; 3 k] -
L =1
£ | Y :
= 4 z d .z L m_m
1 e 1
. J - Lo uﬁn ..\ o 2 - ” =
X, .....\ £ ; > s - m
y = : oy 7
: * L = w,o Ui
= -t
e s RO X
" -
Ey ol e g - "Iyl -m-u
< - = L u._‘ g e e Hal
o ot w el ' VI
) A A
I h 1t s LY v
: - §
I 5y £ A" W) ¢
e, o o 3
y ;
. \
Fed> . 2 8
...u..u_\ A v
N A g Sy 7 A=
i s i )
-
E FE 5 4
- - 3 o
g : 2
o %
2 2 g Sy T
W
Ty & D X
A 3 3
3_1_&_8 =3 ey
Un -
E..w&m.g = A oy
) e
Oy, & LT
cr_.-z.u w
>

dification processes (1-2} for groups of'two tests at similar inlet air conditions but different regenerating temperatures.

CE L4411

FIGURE 6.6.7a Deh



BAROMETRIC PRESSURE £2,50 kPa
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FIGURE 6.6.7b Dehumidilication processes (1-2) for groups of two tests at similar inlet air conditions but different regenerating temperatures



TABLE 6.6.4 Comparison of 4 groups of 2 tests at similar dry-buib temperature TDB; but different humidity rafio W,

TEST [TDB; | TDB; | W, | EDHI | EDH2 |ERG | Q CC [COP |TCC | TCOP |H-H, |W-W:
No. |{CC) {-m @ (W [ |ew it'kW) W) W) kg | @)
TsN0 {777 _'34.9 19.69 ;2& T2 120 5711 |-1.76 |-031 305

H5/25 {767 '

-

101

547




TABLE 6.6.5 C

ison of 4

af 2 tests at i

idfty ratic W) but di

EDH1 | EDH2
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[ERG Q
} )

cC

cop

0.52

S0l
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6.6.2 Main findings
The more significant findings described below are discussed in detail in section 7.6.

The pumbering referred to in this section {6.6.2) is defined in the figure below
(extracted from figure 1.1).

a1 2 3 §
A e veiowat | m—(tiear |#{Biray chamber} ¥

b, Jvhed ,,E*_ Rchange | [Sigy chome-o ]

¥

-]

The results summarised in ssction 6.6.1 are described in this section in the following
categories:

(2) S milar regeneration temperatures at different inlet air conditions,
(b} Similar inlet air conditions at different regeneration temperatures,
{¢) Changing humidity ratio of'infet air with constant dry-bulb teruperature,
{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 6.6.1a 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. The
debumidifying 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 miost probable cause
was radiation from the regeneration heaters (see section 7.6.2 (e)).

{b) In most of the tests, the dew point temperatire at point 2 was greater than the
dry-bulb temperature at point 6 {see section 7.6.1 (a)).



(c) Air leakage into point 3 was observed by comparing the measured and sirulated
changgs in humidity ratio W3-W; (see section 7.6.1 {b)).

(d) The difference between the return air tempesature at point 9 and at point 7 was
between 30 and 60 °C for most tests within practical operating conditions (see
section 7.6.1 (¢) and {(d)).

{&) The cooling capacity in the ventilation mode (CC) was negative (heating not
¢ooling) for most tests (see section 7.6.1 (¢)) .

(f) The cooling capacity in the ventilation mode (CC) and comesponding COP were
generally higher for Jower ambient dry-bulb temperatare TDB) and lower ambient
humidity ratio W} (see section 4.2.2.3, page 40 for reasons).

{g) The cooling capacity in the ventilation credit mode (TCC) and corresponding
TCOP were generally higher for higher ambient dry-bulb temperature TDB, and
higher ambient humidity ratio W; (see section 4.2.2.3, page 49 for reasons).

The following observations were made from figures 6.6.2 to 6.6.5;

(b} For a specific regeneration temperature, the dehumidification process ends at
approximately the same relative humidity REL,, Ambient conditions at lower relative
humidities RH, were dehumidified to only a slightly lower relative humidity R,
(sec section 4.1.1.1, page 29 for rensons).

(i) A higher regeneration temperature yesutted in more delunnidification and a lower
relative bumidity R (see section 7.6.2 (a)).

(i) Moare moisture was removed fiom ambient air with a higher relative humidity
RH; (see section 4.2,2.3, page 40 for reasonis).
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(k) The dehwanidification process lines on the psychrometric chaxts in figures 6.6.2 to
6.6.6 were approximatel: parallel, for the same regeneration temp aratures. This was
applicable for all ambient conditions (see section 7.6.1 (£)). Lines that were not
parallel were exceptions and probably represented faulty wei-bulb mearurements at
point 2 (usually a result of sudden dust contamination).

6.6.2.2 Similer inlet air conditions at different regeneraiion ternperatures.

Eight groups of two tests at similar inlet air conditions but different regeneration
ternperatures 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:

{2) The moisture absorbed (W-W,) during dehumidificution increased (see section
7.6.2 (a)).

(b) The moisture absorption efficiency EDHI increased in some cases and decraased
in others (see section 7.6.2 (b)),

(c) The heat transfer efficiency of the desiceant wheel (EDH2) generally decreased,
contrary fc the expected incrensa (see section 7.6.2 ().

{d} The regeneration efficiency ER(G increased in some cases and decreased in others
(see section 7.6.2 (D).

(e) The cfficiency of heat exchange i the refumn air EHXg incieased (section
7.6.2(e)).

(D The cooling capacity in the ventilation mode CC and comesponding COP
generally incrensed with higher regeneration temperature (gection 7.6.2(f)).
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(2) The cooling capacity in the ventilation credit mode TCC and corresponding
TCOP generally decrensed with higher regeneration temperature (section 7.6.2(f)).

6.6.2.3 Changing humidity ratio of inlet air with constant dry-bulb
temperature,

Four sets of two festy with similar dry-bulb temperatures '{DB( and regeneration
temperatutes TDB; but different ambient humidity ratios W are given in fable 6.6.4.

The following observations were made for increasing ambient humidity ratios Wy:
(a) The amourt of moisture removed (W;-W-) increased (see section 7.6.3 (a)).

(b) An increase in moisiure absorption efficiency EDH] was ipitially expected but
this was not always the case (see section 7.6.3 (b))

{c) The regzneration efficiency ERG increased (see section 7.6.3 (c)).

(d) The cooling capacity in the ventilation mode CC and cormresponding COP
decreased with increasing humidity ratio W (see section 4,2.2.3, page 40).

(¢) The cooling capacity in the ventilation credit mode TCC and corresponding
TCOP increased with increasing, Wi (see section 4.2.2.3, page 40).

6.6.24 Changing dry-bulb temperature of inlet air with constant
humidity ratio.

Four sets of two tests with similar humidity ratios W but different ambient dry-bulb
temperatures TDB, are given in table 6.6.5.
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The fpllowing observations were made for increasing dry-bulb temperaiure TDB,:
(a) The moi..are remeved from the air Wi-Wa decreased (see section 7.6.4 (2)).
{b) The heat transferre;lto the supply air F>-H; decreased (see section 7.6.4 {b).
{¢) The regeneration efficiency ERG decreased (see section 7.6.4 (c)).

(d) The cobling capacity in the ventilation mode CC and corresponding COP
decreased with increasing dry-bulb temperature TDB; (see section 4.2.2.3, page 40),

(¢! The cooling capacity in the ventilation credit mode TCC and corresponding
TCOP increased with increasing dry-bulb tempersture TDB, {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 in this section (6.7) is defined in the figure beiow
(extracted from figure 1.1}

Anbisny 1 2 3 4
SF— > Desiceant |—>——{Heat  [Lopray chamber|->

Exhaust | wheel _K,E“* Exchanger | IEoray chamberi<|
ar 5
g ]

Too0m

2

6,7.1 Experimental procedure and resulis

The following two sets of tests were done to investizate the effects on performance,
of unbalanced air flow, and of changing the rotational speed of the desiceam wheel:

(a) Balanced flow was maintained in the heat exchanger buf some retumn air was
vented downstream of the heat exchanger in the refum air duct (point 7) which
resulted in unbalanced Bow in the desicoant wheel. Foy- tests were done af two
different regeneration femperatures for two different wheel speeds (0.24 xpm and
0.12 rprmy, 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 temneratures and inlet air conditions, for two different
wheel speeds {0.24 rpm and 0.12 xpm). The results are given in table 6,7.2.



TABLE 6.7.1: Unbalanced flow st different repeneration femperatures and different desiceant wheel speeds

TEST | TDE; | TDB; | W, | EDHI | KiDBZ | ERG [CC | ZOP ]ch TEOP | Q HyH;, | W W,
NO. (€ [CO (@) (& ((® [o® W] W) &W) | (i) | (g/kg)

P ey

. . . .1_ i -?J_. g;&;ﬁ“._, 7} "-':':.
H6i2 [914 (247 [1806 [33 |13 1290 |-045)-0.08[231 [041 15676 |75 1476 (282 |

Ho/3* 884 (266 |[1747 |28 5 23 047 1-008 | 234 041 {5676 |28 L3,66'

Notes: _
(1} * = smal] pulley wheel (rotational speed of'0.12 mpm)
{2) TDBogirs = simulated TDBy

ZIt



TABLE 6.7.2: Variation of repenermticn temperature and inlet air conditions at different desiccant whee] speeds

TEST [TDPB; | TDB; |W, |EDHI|EDH2|ERG |[CC [COP [TCC
NO. Q) [CO | @ke) |(R) (W) (%) |&W) | (kW)

TCOor

Q
EW)

H:H;
(i¥kg)

Wi-W;

84.53

Notes:
(1) * = spualt pulley wheel (rotational speed 0f 0.12 rpm}
(=} TDBgsiy = simulated TDBy

£it
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6.7.2 Main findings

6.72.1 TRolanced flow ai different regenevation temperatures and
different inlet air conditions

The test results are summarised in table 6.7.2.

{a) The amount of moistnte removed (W)-W) and moisture removal efficiency
EDHI1 were slightly Jower for the slower wheel spee 1 (see section 7,7.1 (a)).

(b) The amwunt of heat transferred (Flo-F) and heat transfer efficiency EDH2
decrensed for the slower wheel spead {see section 7.7.1 (b))

{c} The rgeneration efficiency (ERG) decrensed with slower wheel speed (see
section 7.7.1 ().

{d) The cooling capaciiy and COP were virtually the same for both wheel speeds, for
both the ventilation and veatilation credit modes (see section 7.7.1 ().

6.7.2.2 Unbalanced flow at different regeneration temperatures
These resuits are summuavised in table 6.7.1,
{a) The observations from section 6.7.2.1 were also applicabls to these tests.

(b) The regeneration efficiencies EKG for these tests were simnificantly higher than
those for balanced flow b table 6.7.2 (see seciion 7.7.2 (b)),

(©) Comparing tests H6/2 {(unbalmeed flow) with H6/§ (balanced flow) the
performance of the uwnbatanced flow test was significantly hetter, in both ventilation
and ventilation credit modes {see section 7.7.2 (¢)).
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6.8 Test Results versus Catalogue Data

Simulations were done based on the operatiag parameters of two experis cntal
tests and information supplied by the manufactuzer concering the performance of
the desiccant wheel. These sinuulation results and the results of the experimental
teuts are shown in table 6.8.1.

Table 6.8.1: Comparison of test results with simulations based on catalogue data.

Parameter Y Test H5/25 Test H6/7
i Measured | Simulated | Measured | Stmulated

TDBs (°C) 6.7 767 70.5 70,5
TDB; °C) 36.1 36.1 29.6 29.6
W) (ke 15.65 15.65 10.21 10.21
TDB: ("C) 46.2 33.0 35.0 44.8
Walkg) 1271 10.36 7.50 6.53
WiWs (wkey | 294 479 271 3.68
B Gdikg) |28 302 2.7 6.05
EDHI (%) 31 51 42 35
EDHZ (%) g 17 8 19
ERG (%) T ¥ i7 57
Q (kW) 5,763 4.35 5676 437
CCEW) 032 0.20 0.63 0.84
COP (fraction) | -0.04 0.04 0.11 0.17
TCC kW) | 3.0i 343 2.34 2.56
TCOP (fraction) | 0.53 0.71 0.41 0.53
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CHAPTER7
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 figore 1.1).

iomt 1 2 3 4
T e T T e
Eaar%hggg_;mel _; n;:t - Exchanger _E[—"—spﬂ,, ;:'mm_%_

7.1 Air Leakage

The effects of air ieakage were investigated in detail beoause of the significant
influence on the othey experimental results,

The results of the air Ieakage tests assisted in the interpretation of the expetimental
results given in appendices H3 to H6. It also provided some interesting information
concerning the hidden adverse consequences of air leakape (see section 6.1.2 for
details),

These consequences included:

(7) Decrease in supply air flow rate and hence coofing capacity,

{h) Each individual process was degraded by the mixing of the processed air with
the feakage air.

(¢} The performance of each component in the system was affected by changes in
flow rates.

() The parasitic power requirements were increased. This was especially applicable
to the fans.
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The air leakage that affected performance most was at points 2 and 3 (figure 1.1).
The cooling capacity (CC) was reduced by 24 to 30 per cent, because of leakage of
dehumidified air out of point 2. The 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 H6é 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. It was not possible to quantify the influence on performance
due to these effects.

The individual siv leakage values given in figure 6,1.4 and tables 6.1.2 and 6.1 3,

were only estim: ' 25, 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 accusate, from the following observations:

{1} The retum air flow rate gt points 7 and 8 (figure 1.1) was calculated from the
mensured air temperature rise after heating and the measured electricsl power
consumption of the heaters, The calculated value for most of the fests was
0.165 m®/s compared with the estimated value of 0.162 m’/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, e measured point ¢ (figure 1.1)
fell between the simulated point 9 and a point between points 1 and 2 on a
psychirometetic chart. The ratio of the distance between these points
corresponds well with the atr-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 resulfs to 1llustrat. the pre s that
occurred in the desiccant wheel, The results are ot accurate in regruns whers the air
properties changed rapidly, because of the slow respor.. = -« - the uspirated
psychrometers. However, despite not being accurate, #; ~sided by
these tests was very usefill,

7.2.1 Regeneration single blow tests

The results for two regeneration single blow tasts are given ir graphical form in
figures 6.2.1 and 6.2.2. The regeneration temperatures were different in each case,
but the inlet aiv conditions were similar. The following was observed from the
zesults;

() The increase in humidity ratic (We-Ws) in the regeneration air reached a
maximum value after approximately the same time period, in bath cases (atthough
the maximum value was greater with the higher regeneration temperature), This
was baeause 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 TDB,;) to reach the same proportion of the oiiginal temperature: difference
(TDBe-TD/By) 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 teansisnt heat conduction (Incropera and De Wit,
1985), The preheat time would therefore be a function of factors that influence ihe
heat tuansfer rate such as the regenetation aiv 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 thime taken
for Woe-Wy to reach the maximun value. Therefore the regeneration efficiency
depends on the regenevation air flow rate (which mainly determines the convection
heat transfer coefticient) and the heat capacity of the desiccant wheel,




119

{b) The Wi-Ws cwve values were proportional to the regeneration efficiency, since
the regeneration heater power was constant during each test (see equation 4.3, page
30). Therefore the maximum regeneration efficiency con be achieved by fixing the
rotational speed of the desiccant wheel to give a regeneration period that gives the
maximum averapge value of Wo-Ws over that wl. A methed of approximating
this optimum petiod is described below:

Figure 7.1 shows that the maximum cumulative average value of a sine curve
aceurs at an angle of 133.6 degrees, which is 1,484 times the angle at which the
maximumn value occurs (i.e. 90 degrees). This maximum cumulative average value
is equal to 0.7246 times the maximum amplitude of the sine wave, The We-Wy
curves in 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 oceurred,

| - Sine (angle) —&—Average cumuiative sine over period |

Sine (angle)
o o0 o o

R

e g g gy

0 20 40 60 30 100 120 140 160 180
Angle (degrees)

Figure 7.1: Instantaneous and average cumulative sine values over a range of

angles.

An example of this method is iHlustrated in figure 7.2 for regeneration single blow
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test number H2/2. The measured curve was approximated by the equation:

Wo-Wy = 3.92+2.22.8in(90-1/62) (71)
Where t = time period (seconds)

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
aprroximate optimum wheel speed by doing only one regeneration single blovy test.

{~#~Measured —4—3.92+2.22,5in(90.time/67) —&— average cumulative eqn. value |

]
0 S 20 30 51 62 73 & 94 105 11§

B8 oo et s e e e i i g
Time {secopds)
Testno.: H2/2 Optimum regenerating perjod=1.484x62-02 seconds.

Optimum wheel speed=60/(2x92)=0.32 rpm.
Figure 7.2: Example of - method to estimate the optimum regenerating period for a
given desiceant wheel and regenerating air flow rate.

{¢) The estimated optimum rofational speed of 0.32 rpm {in figure 7.2) compares
well with the actual rotational speed of the wheel of 0.24 rpm. The upward deviation
of the Wo-W3 curve from the sine curve after 100 seconds and relatively flat natare
of the cumulative average curve after the maximum point indicates that the
expetimental wheel was operating nesr the optimum sotational speed. Several
experimental fests were also done with a smaller pulley w}._wel that reduced the
yotational speed of the desiceant wheel to 0.12 rpm. This resulted in a lower energy



efficiancy 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 fo do a series of more accurate single blow fests at different
operating conditions and fif 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 anly be determined
accurately by experimentation (Collier et al, 1982). This would pravide a simple and
accurate method of predicting the repenerating process, which could be used in a
control system fo optimise performance,

7.2.2 Dehumidification single blow tests

The results for two debwmnidification single blow tests are given in graphical form in
figores 6.2.3 to 6.2.6. The regeneration temperatures were similar in each case, but
fhe inlet air conditions were different, The following was observed from the resuls:

() The peak W1-W2 values were reached at approximately the same time for both
tests. The reasons were the same as ihose given in section 7.2:1 {a) for the
regeneration single blow fests: 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 dehwnidification process as
functions of the operating parameters as described in section 7.2.1 {d).

{¢) The dry-bulb temperaizte (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 afler an initial peak, The small
increase at the beginning was probably a result of the slow response of the sensor to
the step chanpe in temperature, The TDB: curve values was higher in the test with
the higher Wi-Ws curve values. This was a result of more letent heat being
converted to sensible heat as moisture was absorbed.

{d) The position of the breakthrough point (when desiccant becomes saturated and
turns to Hauid) in the W1-Ws curves was not sharply defined and it was not clear if
that point occurred in the fests at all. However the flattening of the Wi-Ws curve
after 300 seconds in figure 6.2.3 and approximately 400 seconds in figure 6.2.4,
indicated that thesc might have been the breskthrough points for the test operating

{¢) The W1-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
agpirafed psychrometer, Flowever, the regeneration process is a non-equilibrium
process and some moistwe would still be piven off at the start of the
dehusnidification process, while the wheel was 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 (EVy) with
Unbalanced Air Flow

The test resulis 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:

(2) The rewurn air spray chamber efficiency (EVR) increased with increasing spray
water flow rate until a flow rate of 1.89 gfs, wher the efficiency EVr was 99 per
cent (effectively 100 per cent). A fumilier increase in flow rate maintained the
efficiency EVg at 100 per cent, The performance of the DEC system improve., with
jncreasing EVy efficiency (CC, TCC, COP and TCOP all generslly increased) as
predicted by the siulations in section 4.2 {lower cold sink temperature). However,
with an increase in spray water flow rate even before 100 per cent EVy efficiency
had been reached, the system performance began to decline. This was a result of
water carry-gver from the yeturs. air spray chamber into the sensible heat exchanger,

(b) During the tests, water was visually observed to be dripping from the joints in
the return air docting, 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 siream. Some of this weter was carried over into the heat
exchanger, This is well iflustrated in figure 6.3.1 where the lamidity ratio of the
supply air increased (with increasing spray water flow rate) as it passed through the
heat exchanger, The:e - o air leakage into the supply air duct and the only source
of moisture was frc1 1w water carryover. The sirnulated values of the change in
humidity ratio Ws-W: 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
maoist retumn gir, The measured and simulated changes in humidity ratio (W3- Wa)
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
Wi3-Wa eurve corresponded to changes in dry-bulb temperature TDB; and humidity
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ratio W (see figure 6.3.6), which influenced the rate of water evaporation in the

heat exchanger.

(c) The cooling capacity for the ventilation credit mode (FCC) was less sensitive to
changes in inlet conditions and provided more reliable information concerning the
trends in performance parameters, The TCOP varied in proportion to cooling
capacity TCC since the regeneration heat iput was constant in this set of tests,

The measured and simulated ccoling capacity TCC followed the same increasing
frend as EVg, until EVr was 67 per zent. A further increase in water flow rate
caused the measured cooling capacity TCC to increase more slowly than the
simulated valus, The difference between the measured and simulated values
foilowed the same wends as the measured change in humidity ratio VW3-Ws values in
figure 6.3.1. This implies that the decrease in measured cooling capanity TCC was a
result of the water carryover, The heat exchanger is the compenent 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 enthulpy process) resulted in less sensible heat
reduction and hence Jess cooling. After the efficiency EVR reached 100 per cent, the
cooling capacity TCC decreased. This was partly becauss there was no more
sensible cooling (minimum cold sink temperature had been reached) and more direct
evaporative cooling. Jt was alo a result of changing inlet air conditions, as was
shown by the simulated values of « »ling capacity TCC. A maximumn reduction of
45 per cent in cooling capacity TCC was observed because of the water carry-over.

{d} The cooling capacity in the ventilation mode (CC) foliowed the smme rends (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 daiz points was a result of changing inlet air conditions, as is
shown by the simulated values of cooling capacity CC, 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 (EHNs) and to the return air (EHXR) was constant
unti! efficiency EVR was 67 per cent. At this point efficiency EHXs increased and
efficiency EFXy decreased. These changes occurred at the same point at which
cooling capacities CC and TCC deviated from the simulated values. The efficiency
EHXs increase could huve 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 afthough efficiency FHXr generally decreased, the effects of
air leakage at points 6 and 7 could have contributed to the unstable trends of
efficiency EFXgr. This was seen from the trends of the efficiency EHXr which were
similar to the trends of the air conditions at point 2 (figure 6.3.6) which was the
-Jurce of air leakage into points 6 and 7. EHXg would 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 air was already highly
saturated, The supply air mass flow rate was also 50 per cent higher than the refurn
uir 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 retum air. Onl; a small
decrease in efficiency EFXr would have been expected due to water carryover,

() When water carryover occurred, only the spray chamber énd 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 ot
have allowed sufficient time for the water to be blown all the way down the
channels before being blov 1 back in the opposite direction and evaporated by ibe
supply air strean.

{2) The water carryover from the spray chamber only occurred outside a certain
range of retun air flov rates (this range was not determined in the tests), When the
velocity was low, then fine droplets followed the air path and passed throngh the
demister instead of contacting the plates. When the velocity was high, the water on



the demister plates was blown off'in the form of big droplets. The efteets due fo hiph
veloeity could only be determined visually by bypassing the retum air back into the

room at point 7 to increase the flow rate, since the fan was not able to provide a high
encugh flow rate.
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7.4 Efficiency of Return Air Spray Chamber (EVR) with
Balanced Air ¥low

The test results are given in tables 6.4.1 and 6.4.2 and figures 6.4.1 to 6.4.3. The
following was observad from the results:

(8) The cooling capacity TCC generally increased with increasing spray chamber
efficiency EVy. This was expected since the lower cold sink femperature removed
mote sensible heat from the supply sir stream. The measured values of cooling
capacity TCC were lower than the simulated values, because of air leakage (see (b)
below).

{b) The 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 vatio Wa-Wa were
higher than the simulated values, This meant a moisture gain in the heat exchanger,
event when no water was being supplied to the spray chamber, The only source of
moisture gain was by air leakage from point 6 {compare figure 6.4.2 to the
unbalanced flow results in figwe 6.3.1 where no «ir leakage occwrred). The
fluctuations in the measured change in humidity ratic W3-W2 were a result of
changing inlet air conditions (see table 6.4.2). The general shape of the tneasured
change in humidity satio W3-W2 curve was abmost 2 1 * ar image of the measured
cooling capacity TCC curve, '

(c) The ventilaion mode cooling capacity {CC) also generally increased with
increased efficiency EVe, but fluctuations in inlet air conditions and air leakage
caused larpe fluctuations in these values (see table 6.4,1). The cooling capacity TCC
valurs were more stable since they were less dependent on fluctuations in inlet
codizions and were therefore a better indicati-n of increase in performance due to a
higher EVr effciency.
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7.5 Efficiency of Supply Air Spray Chamber (EVs)

The results are given in tables 6.5.1 and 6.5.2 and figures 6.5.1 and 6.5.2. The
following was observed from the results:

The results followed the predictions of the simulations in section 4.2: The spray
chamber efficiency on the supply air side (EVs) 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 (ie. no change io performance of system). The fluctustions were due to
.ﬂucwations of inlet air conditions, Dry-bulb temperstine TDBs decreased and
hunidity ratio We increased with increasirg efficiency EVs.
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7.6 Inlet Air Conditions and regeneration Temperatures

The results in section 6.6 are discussed in this section in the following categories:

(a) Similar regeneration temperatures at different inlet air conditions.
(b) Similar inlet air conditions at different regeneration temperatures,
() Changing humidity ratio of inlet air with constant dry-bulb temperure.
(d) Changing dry-bulb temperatiwe 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. This meant that condensation probably occurred in
the heat exchanger while cooling the supply air. This had an effect on the
performance parameters. The magnitude of this effect eould nut be determined
because of air leakage that complicated the analysis.

(1) The extent of alr leakage (into point 3) was obzerved by comparing the measured
and simulaved changes in humidity ratic Wi-W2 of the supply air as it passed
through the heat exchanger, The significant effect of this air Jeakage on cooling
capacity and other performance parmneteis can also be seen in the tables by
comparing meastred values with simulated values (i.e. caloulated values without air
leakage), The change of huidity ratio Wa-W2 was significantly greater in cases
where dew point condensation occurred (see point (a) above). The simulated value
of the change in humidity ratic W3-W; included the small effect of air carryover in
the heat exchanger matrix.

(¢} The difference between the return air temperatures at points 9 and 7 represented
heat that cauld have been recoverad 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 °C was cateulated for
one test, but those ambient conditions would not be expected in practice. The
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simulated valuz of the dry-bulb temperature TDBy was used in the calculations to
elitn!iate the significant effects of air leakage at that point. This eneryy wastage was
a result of the fact that lithivm chloride requires regeneration temperatures TDBg
much higher than dry-bulh temperature TDB; because of the shape of the isotherms
(see section 3.2, page 17, Collier et al, 1982). Recommendations have been made in
chapter 8 conceming methods to recover this encrgy.

{d) The large amount of energy wasted in the exhaust air stream (see (¢) above) was
one of the reasons for the low regeneration efficiencies that were in the order of 20
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
vepresents a significant opportunity to improve the energy efficiency and
performanice of the DEC t 15t systens,

(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
ot norinally be expected in practice. However, the cooling capacity CC was still
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 dehwmidification process lines o the psychrometric charts in figures 6,6.2 {0
6.6.6 were approximately paraliel for the same regeneration temperatures. ‘This was
applicatsie for all ambient conditior 3. The reason for this is that the dehumidification
process deviates slightly from a constant wet-bulb terperature process because of
the heat carrycver in the matrix of the desfecant wheel, The quantity of heat that is
carried cver to the supply air siream is approximately proportional to the diffetence
between the inlet dry-bulb temperature TDB:1 and the regenerstion temperature
TDBs. This results in the debnmidification process lines on a pgychrometric chart
remaining approximately parallel for different ambient conditions (but similar
regeneralion temperatures).
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7.6.2 Similar inlet air conditions at ditferent regeneration temperatures

(a) The moisture absorbed (W)-Wa) during dehumidification increased with higher
regeneration temperature. Higher regeneration temperature meant deeper drying of
the degiccant which increased the moisture absorption potential (also see suction
4.1.1,1, page 29).

() The moisture absorption efficiency EDH] increased with higher regeneration
temperature in some coses and decreased in others. No general statement could be
made since efficiency EDH1 depended on whether the regeneration temperators had
been increased closer or away from the optimum rageneration temperature for the
given set of operating conditions.

(c) The heat iransfer efficiency of the desiccant wheel EDH2 generally decreased,
with higher regeneration temperature contrary to the expected increase. This was o
result of the small increase of heat transferred (Ha-Fi), In some cases the enthalpy
difference Hx-Hy decreased, but these cases were a result of differences in inlet gir
conditions (discussed in more detail in (@) and (&) below). The cesiccant wheel was
not a perfect sensible heat exchanger: the increase in regeneration temperature TDBs
was partially balanced by an increase in dry-bulb temperatire TDB: (latent heat
converted fo sensible heat) because of the increase in moisture absorbed (Wi-Wa).
This resulted in a smailer increase in hent transferred than would have been the case
in a sensibie heat exchanger.

(d) The regeneration efficiency ERG increased with higher regeneration temperature
in sowne cases and decreased in others. This depended on the increase in desiccant
rgoisture loading in relation 10 the increase in regeneration energy.

(e} The efficicnoy of heat exchange to the return air EHXR increased with higher
regeneration temperature. This was most likely a result of radistive heat transfer
from the regeneration heaters that were situated 300mn: to 500 mm from the heat
exchanger. The air leakage was not the cause, since a decrease in the duy-bulb
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temperature difference TDB2-TDBy corresponded with an increase in efficiency
EHXg. If air leakage was the cavse of increased efficiency EHXR the opposite
should have happeued. The decrease in dry-bulb lemperature difference TDB>-TDBs
could only have happened ns a result of an increase in dry-bulb temperature TDBs.
The ducting between the heaters and heat exchanger was also observed to get very
hot which indicated that radiative heai transfer was significant. The increase in
efficiency EHXn also corresponded with an increase in vegeneration energy input.

(1) An Increase in regeneration temperature resuited in more heat carryover {from
retum air to supply aix) in the matiix of the desiccant wheel, A portion of this heat
was not regained by the sensible heat exchanger and represented o loss of sensible
cooling. However, a higher regeneration temperature aiso 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 termnperature therefore generally resulted in a higher cooling capacity in
the ventilation mode CC, but lower cooling capacity TCC and TCOP in the
ventilation credit mode.

7.6.3 Changing humidity ratio of inlet air with constant dry-bulb
temperature

(8} The amount of moisture removed (W1-W;) increased with increasing humidity
ratio W, The increase in humidity ratio W1 meant an increase in vapour pressure
and hence an increase in desiccant potentis] to absorb moisture,

(1) An increase in moistoye 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 W1i-Wh is required for the same
EDH1 valve (see section 4.1.1.1, page 29). The efficiency EDH1 therefore
decreased in some tests despite an inerease in moisture absorbed (W1-Wa).
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(c) The regeneration efficiency ERG increased with increasing humidity ratty Vi
because more moisture was absorbed {(W)-W2) and hence more moisture evaporated

for the same arnount of regeneration energy supplied.

7.6.4 Changing dry-bulb temperature of inlet air with constant
humidity ratio

{#) The zmount of moisture removed from the atr (Wi-W2) decreased with
increasing dry-bulb temperature TDB1. The efficiency of moisture removal EDIH1
dlso decreased. The higher diy-bulb temperature TDBy meant that the desiceant 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 transfetred {o the supply air Ha-Hi (heat carryover in matrix)
decreased with increasing dry-bulb temperature TDB1 because the temperaiure
difference between the supply and return air streams was less. That also explained
the penerally lower heat transfer efficiency of the desiccant wheel EDHI,

(¢) The regeneration efficiency ER( decreased with increasing dry-bulb temperature
TDB! because less moisture was nbsorbed and therefore less was evaporated duting
the regeneration process for the same regeneration heat input,
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7.7 Desiceant Wheel Speed and Unbalanced Air Flow
7.7.1 Balanced flow

{(a) The amount of moisture removed (W1-Wz) and moisture removal efficiency
EDH]1 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 parametexs,
since the effect of the initial cooling period would have been smaller {see figures
6.2.3 t0 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 (W1-W2) potential wounld have decreased faster. This would have
resuited in & reduction in the average amount of moisture removed (Wi-Wa) and
decrease in moisture efficiency EDHI for the slower wheel speed. However no
general staterent could be made concerning an optimum rotational speed since it
depends on desiccant moisture loading and heat transfer characteristics of ine
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 (E1-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 mairix was less,

(c) The regeneration efficiency ERG decreased with the slower wheel speed. This
was expected from the analysis of the single blow tests (see section 7.2). The
desiceant loading was greater since the average moisture removal (Wi-Ws) was only
slightly less than for the faster wheel speed, but the dehumidification cycle was
approximately twice as long, This increased the moistire removal peak in the
regeneration cycle {see figures 6,2.1 and 6.2.2) but reduced the moisture removal
1ate at the end of the cycle. The average moisture evaporation rafe 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 venfilation credit modes in fable §.7.1, The CC and COP
values were sliphtly higher for the faster wheel speed in table 6.7.2 but this was a
result of slightly more beneficial inlet air 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 EDH1 and ERG, it also resuited in more heat transfer to the supply sir (-
I4y). 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 °C
regeneration temperatwre, ‘This eliminated any benefit from improved moisture
removal efficiency EDF1 and regeneration efficiency ERG for the faster wheel.

() These findings agreed well with Van den Bulck et af (1988) who found that the
rotational speed of a desiccant wheel had little effect on performance. They
proposed a coutrol strategy in which the desiccant wheel was maintained at
constans rotational speed.

7.7.2 Unbalanced flow

The effect of unbalanced flow in the desiccant wheel was briefly investigated by
four tests at different regeneration temperatures and two different destccant wheel
rotational speeds, These resulis are sumumarised 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.(Wo-We) = MAs{W;-W2)). This resulted in better
utilisation of regenexation heat and lower dry-bulb temperature TDBs.

(c) Comparing tests H6/2 (unbalanced flow) with H6/8 (bulanced flow) the
performance of the wnbatanced fow test was significantly better, in both venfilation
and ventilation cradit modes. Both tests had similar inlet air conditions and
regeneration heat input and only the regeneration air flow rat: in the desiccant wheel
was Jifferent, The COP of the unbalanced flow test was 38 per cent higher than the
balanrced flow test and the TCOP 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 the difference in TCOP, The actual increase would
have been at the same value, between 15 and 38 per cent for both COP and TCOP
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 resulis were slightly lower than the results obtained
. in this project but his DEC system was probably better optimised and the benefits of
unbaianced flow were therefore less.



7.8 T+.iResults versus Catalogue Data

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 °C. Only two of the
experimemal tests were within the limits of this information. The comparisons of
these tests with simulations based on the manufhcturer's informaticn are shown in
table 6.8 1. The moisture removal capacities (W)-Wha) measured were 26 per cent
and 39 pes cent lowes than predicted by the manufrcturer's information. The extent
of dehumidification was generally very low for all the tests compared with the
manufactarer’s information, The following are prssible reasons for this lower than
piedicted performance:

(<} The manufacturer’s information was based on slightly diffsrent operating
conditions; the rotational speed of the desiccant wheel in the catalogus was 58 per
cent greater than that of the test wheel and the supply air flow velocity was 2.5 m/s
instead of 1.0 m/s in the tests, These factors would have affected the moisture
removal characteristics of the catalogwe whee], 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 dehwmidification cycle was less for the test wheel, This
wonid have resulted in a smalle: desiceant loading and higher averape moisture
removal capability (Wi-Wz), which was not fli 2ase. It was therefore unlikely that
the operating differences were tha cause o reduced perlormance of'the test system.

(b) The air leakage could have affected the performance sincs the leakage into point
8 reduced the regeneration tempesature (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 compensaied for the air leakage, however the moisture removal
capacity of the test unit was still lower than the simulated values,

{c) The most likely causes of the reduced medsture removal capacity were airbome
contaminants and thetmal cycling as described by Pesaran (1943). He reported that
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desf.sant degradation of 30 to 70 per cent was eommon over a period of 4 fo 8 years
with mveh of the degradation oceurring in the first year of operation. The test system
had been i intermittent operation for almost two years and some desiceant
degradation must have ocourred,

(d) Thire were no filters o the lnlets to either the supply ox retum air fans and it is
possible that Sne dust could have accurnulated in the cellulose matrix to reduce the
area for mass tronsfer, Some dust was observed in the ducting and sorae of this dust
must have collected in the desicennt wheel matrix.

(e) Another very likely cause of reduced moisture removal capacity wos over-
saturation of the desiceant. Durinyg the suminer months of Februsty and March 1997,
abnormolly high rainfall was experienced in Johannesburg and the air was very
humud, The details of the manufacturing process of the desiceant wheel were not
known, but lithivm chioride (LiC1} becomes snlwrated and liquetics at approximately
15 per cent relative humidity. The cellulose matrix probably acts as an emulsifying
agent and keeps the LiCl in the volid matrix. However, LiCl can absorb several
times its own weight in water and the desiccant wheel standing stationary and
exposed 10 very humid oiv would bave resulted in a sipnifican: increase In water
content in the nuitvix. Much of the LiC1 solution could have diffused to the bottom
of the matrix and deprived much of the wheel of the oddiinal conceniration. Tests
showed that lavge LC! erystals (5 to 10 mm diameter) liguefy completely within 10
bours and small crystals would liquely and absorb large amonnts of water even
quici.er, The over saturation and desiceant loss could therefore have ovowrred witldn
a few hours. Holmberg (1989) recommended that dew point condensation should be
avoided with lithivm chloride sysiemns because the lithivm chloride dissolves into
wid rums out with the condensate. Belding et al (1991) also found that detignescence
of Lithinm chloride neeis: :4 air relative limidities as low as 15 per cont.

{(f} The most Ekely canse of reduced modstire adsorption capacity was probably o
combination of points ¢, d and e ahove.
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7.8 General Observations
7.9.1 Efficiency of sensible heat exchanger

The efficiency of the sensible heat exclanger was 84 per cent for most of the
experimental tests. This was close to the value of 87 per cent read from the
catalogue information in appendix F, However, the cataiogue information shows
that efficiencies above 90 per cent are possible with certain flow rate combinations.
Choosing the corect 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 beat exchanger efficiency was increased from 89 ¢ 100
per cent. The importance of the heat exchainger was also described by Worek et al
{1991) whare tests showed that the COP reduced from 1.09 to (.81 as the efficiency
reduced from 93 to 87 per cent.

Several rasearchers such as Van den Bulek ot al (1991) have proposed control
steategivs that vary the supply and retuni air flow rates mainly to maximise the
performance of the desicoant wheel. FHowever, this could reduce the efficiency of the
heat exchanger and therely reduce overall performance, This can only be prevented
by using a very sophisticated and expensive coniro! system fo take this factor into
account. This type of control method is not recommended,

7.9.2 Performance of the DEC test unit

The DEC test unit performed poorly compared to the results published by other
researchers, Collier et al (1990) measured COP values of 0.91 to 107 in the
ventilation mode at AR conditions. The test unit provided little 10 no cooling at
fhese operating conditions. The reason .ar this is a combination of several factors
including siv leskage, possible desiceant depradation and nob-opitimal operating
parameters. These factors have already been discussed in detail,
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7.9.3 Sources of experimental etror

Most of the sources of experimental error concerning the equipment used are
desctibed in chapter five but the following are further sources of error observed
during the experiental tests:

(a) The 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
measurens:nts. The 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 ASHRAE 41.1-1936 and ASHRAE 41.6-
1994 were fully complied with. However, there were instances when sudden
dust build-up oceurred on the cotton wicks at sample points 1, 2 and 9 pearest
the inlet of the supply air. This often occurred within & few minutes and was
'quickly noticeable by the shift of results displayed on the computer screen.
These results were then discarded. Any slow build-up of dust was alse
noticeable by the difference between the simulated and measured values that
were displayed on the computer screen.

(b) Unsteady operating conditions sometimes influenced the measurements and
results. This ocoumed in the mornings or late afternoons when the outside
ambient conditions changed rapidly, The 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-equilibrivm
conditions being measured. This factor was iaken into account in the analysis of
the results and hag been mentioned in the relevant zections of this report,
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7.10 Feasibility and Operability of DEC systems in South Africa

DEC systems are generally not economicaily feasible at present. They require higher
aiv flow rates than vapour compression systems to produce the same amount of
cooling. This requires larger equipment that s generally more expensive than other
systemns commercially available, 'I'he.energr efficiency is also low which means
high running costs. However, research over the last 15 years has resulted in an
improvement of thermal COP from below 0.5 to above 1.2, More somplicated DEC
cycles using additional components and improvements, such as staged regeneration
and unbakinced flow have the potential to achicve even belter performance in the
future. Increased interest in DEC systems could also reduce the initial capital cost of
such systems and they could become more competitive in the near 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 Aftica (see appendix G). The purpose of
the study was {o determine the operational limitations, optimum modes of operation,
practical considerations and possible future feasibility of such systems in these
climatic regions.

The recirculation mode would perform best in the coastal regions and in Ladysmith
and Phalaborwa. The ventilation mode would petform best in most inland regions.
Two-stage evaporative cooling could generally provide sufficient cooling in the
desert climatic regiens including Upington and Beaufort West. Johannesburg was
the region in which [DEC systeins perform the best with a mininnn COP of 0.40 in
the ventilation mode in swnmer, The COP approaches infinity during winter when
the DEC system should be opewnfed in winter mode. These results were based cn the
basic DEC system with balanced flow and significantly improved performance
could be expected with better optimised systems,



142

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 on 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
wete done for each of the experimental tests. Most of the results followed the
theorstical 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;

The air leakage between air streams at the desiceant wheel and the rotary heat
exchanger was extensive. The total amount of air that leaked out of the svpply air
duct into the retaen air duct waos 42 to 50 per cent (denending on the flow rate) of
ihe original air supplied by the fam. Approximately 2 fo 13 per cent of the return
air leuked into the supply duct. The leakage reduced the cooling capecity and
COP by approximately 46 per cent under normal operating conditions, This
leakage was a characteristic of this specific prototype test unit and 15 not
necassarily typical of other DEC systems.

Increasing the sptay chamber efficiency in the refum air side increased the
cooling eapacity and COP. However, water carryover ™om the spray chamber
into the heat exchanger occurtad when the air velo:i, was outside a certain
range. The cooling capacity and COP were significantly reduced by up to 45 per
cent when this huppened. When the return air velocity was fow, small droplets
were carried throuph the demister with the air. When the 2ir velocity was ligh,
water that had settled on the demister plates was blown off in the form of large
droplets, This observation s important for DEC contvo] systems that vary the
returen air flow rates to maximise perfornames.
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¢ The moisture removal capacity of the DEC test system was 24 tc 39 per cerf
lower than that specified for a new wheel by the manufactur.x, Thic wee "
Tikeiy because of desiccant degradation tecause of poliution. dusi. thermal ageing
atd occasional over-saturation. The air leakage also reduced the performance of
the desiceant wheel since the tempetature of the regencration air was decreased.

Cither findings included:

» The single blow tests well iliustrated the process that ocowrs at a specific point in
the desicoant wheel as it passes through the dehumidifying and regenerating
processes. A significant observation from these test resulls was that the heat
capacity of the desicennt wheel and velocity of the regeneration air deterrrine the
time required {o reach the maximum rate of regeneration, The wheel ro‘ational
speed to give the maximum sverage regenerating rate can be determined from
one regeneration single blow test for a given wheel and regeneration air velocity,
The energy efficiency of the desiccant wheel is at a maximum at this rotational
speed, Unfortunately the significance of this observation iz minimised by the
following findings:

« Changing the desiccant wheel spead of rofation had little effect on overall
performance, This was because the improved dehumidifying and regenerating
efficiencies with a faster rotationsl speed were offset by the increased rate of heat
carryover of which 16 per cent was not recovered by the sensible heat exchanger.

Peformance is therefore retatividy insersitive to rotational speed of the desiccant
wheel,

» ‘The time requited fo reach maximum dehumidifying poiential 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 fram one single blow test. '
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e Increasing the spray ckamber 2fficiency in the supply air side bad little effect on
performance and only the sensible heat ratio of the air was changed. As with the
spray chamber in the retumi air side up to 100 per cent efficiencies were
measured, The evaporation rates were also high with 13 to 23 per cent of the

spray water evaporating into the air

¢ ‘The tests in whick the inlet air conditions and regeneration temperatires were
varied provided & different perspective of the same results published by other
researchers, However, the resuits illustrated the low regeneration efficiencies and
energy wastage typical of bulanced flow DEC systems. This lead to two
recommendations for the performance improvement of DEC systems,

» The most important of the recommendations made in this report involved the use
of an additional heat exchanger (see section 8.2.1,1, page 146). This DEC
amangement would automatically optimise performance and increases the
cooling capacity of the system by & factor of at least four. The COP would be a
minimum of 1 with expected COP approaching 2 for normal operating
conditions in sommer. The contro! sirategy wounld also be significantly
simplified,

» Unbalanced flow i» the desiccan: wheel with balanced flow in the heat exchanger
increased both the cooling capacity and COP by 15 to 38 per cent.

‘The operability of DEC systems in the 12 climatiz regions of South Afiica was
investigated by simulations using the mathematical model. The recirculation mode
would perform best in the coastal regions and in Ladysmith and Phalaborwa. The
vestilation mode would perforn 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 way the region in which DEC
systems petform 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
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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 ai present. DEC systems are generally not
economical at present but this could change in future with ongeing improvements in
performance.
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82 Recommendations

8.2.1 Improvements to DEC systems

The main reason for the low performance of DEC systems is that much regeneration
energy is wasted in the exhaust air. The recovery 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 {o increase cooling capacity,
However tlus usually results in a decrease in COP because more energy is Jost in the
exhaust air, It is also difficult to optimise the regeneration temaperature 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
desiceant wheel and the temperature of the air hefore being heated was 30 °C to
60 °C, which represents a significant waste of energy that could have been
recovered. Figure 8,1 illusirates & recornmendation 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 chaaging the
regenerating temperature. The heat input would be varied fo keep the regeneration
temperature * the required level. Most heat not nsed for regeneration would be
recovered by the secondary (additional) heat exchanger and the regeneration
efficlency would be maintained at a maximum at all times no mater 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 researchiers such as Collier and Cohen (1923) found that the addition of inert
heat capacity to the desiccant whe '« timises COP. This inert beat capacity has the
same fhanction 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 Jarger desiccant wheel and a Iarger main
heat exchanger to recover the heat carryover. The cooling capacity is also reduced
because of the lower desiccant absorption potzntial. The recommendation deseribed
hers eliminates the need for inert heat capacity in the desiceant wheel and would
enable manufacturers to increase the desiccant mass fiaction in g desiccant wheel to
increase the capacity of a given wheel size. The size of the msin sensible heat
exchanger could be reduced since most of the heat recovery wonld scour 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 mote DEC systems are being used then the exhaust air from one
regeneration process can be rensed in the second wheel. This recommendation is
illustrated in figure 8.2. The amount of additional heating required would be f.at
used to evaporate the muoisture in the previous regeneration process. The
regeneration effiviency in the first process would thetefore be 100 per cent compared
to 20 per cent typically obtained in the experimental tesis, 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 recommendstion
would only be feasible for special applications and the recommendation in section
8.2.1.1 would still be the first option.
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FIGURE 8.2: Reccromandation for the fnultiple use of regeneration air,
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8.2.72 Recommendations for future work

Any further tesearch projects usizg the existing test unit should include the

following modifications:

{2) Tmproving the sealing arrangement in the desiccant wheel to reduce air Jeakage.

(b) Installing dust filters at the fnlets of both fans,

{c) Replacing the humiifier with a unit that supplies a more constant flow of steam.

(d) Consider replacing the desiccant wheel (if sufficient funding is available)

() Mudify the ducting to include facilittes for rore sccurate air flow rate
measurement.

The following two projects are recommended for futuce research into DEC systems:

s Section 7.2 mentioned doing a series of single blow tests at different operating
conditions to get empitical solutions to the goveming 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 recopunendation in section 8.2.1.1 {0 insta)l an additional heat exchanger
could be tested and evaluated. The recommended DEC configuration is
reiatively msensitive to the condition of the desicoant wheel (see section 8.2.1.1)
and the existing desiccant wheel could be reused for this project,
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APPENDIX A

CALIBRATION RESULTS

“The calibration results for the LM 35 temperature sensots and the hygrotransmitters
are given in this appendisx.



TABLE Al: Calitracion measurements of LM35 temperature sensors in microvoits over a temperaturs range.

: Sensor | PU30

. Temperature measured with a calibrated thermomieter 'C)

:  Chennel TR T2 Tom 1845 (138 1167 2033 | 2385 |83 | 3134 [ 3536 [ 3948 | 4540 | 3043
T, 6 (874 | 36030 | 5805 | 104760 | 46N | 17026 | 212968 | 248570 | 296997 | 324780 | 365698 | 410131 | 468920 | 1850
TTWBy T30 1306307 TOGRT{ Gu2b2 | 14104 ( 170678 | 206836 | 243017 | 291015 | 518350 | 358986 | 402670 | 463377 | A0S
IR TTIR UHL [ 7408 et | 1055y | TG | 2096 | 24506 | 0955 | 5es2 | 6s01 | iedn | Gaedls | 51584
TS TG T e TR | TR0 | 158 | ST | D0551E | S | 363 | 407593 | 4663 | SIS
FERETTE TORE | S TR TR | e | TR | 219605 | 245657 | 296108 | B3R | 3e5sel | 410204 | 4eaass | ST
IR 3 BRI e | 9% | THR6 | Y993 | 10T | S9R3RS | 795592 | S3ATI4 | 361087 | AWGSHE | 467675 | 5135 |
T, TE R R T ;;343041 171752 | 207397 | 24067 | 201943 | 319726 | 359814 | 403320 | 462557 | 512206
] TITEET | 17609 | 211767 | 247680 | 295483 | 323476 | 363092 | 407959 | 466475 | S1616%

T 133155 | 167602 ; 202807 | 239355 | 286409 | 315111 | 354907 | 309121 | 458120 | 67935

TTG55 [ 196515 | GNI98T | 208510 | 205578 | 50316 | 363980 | 40844 | 466821 | 516672

TR | 176342 | 212084 | 348559 | 293605 | 34365 | 364160 | 408456 W78 | 709

iG99 ; 176635 | 212475 | 2AKD4D | 295005 | 524107 | 364673 | 400301 | 468286 | 51730

A ;’;423’-‘.2 172802 § 207715 | 244092 | 292382 | 319653 § 359790 103369 | 462133 § 512206

; 126315 | 176171 | 212031 | 248412 | 205654 | 323099 | 363111 | 407983 | 467016 | 316552

QRS _;652’3.‘3 éﬁﬁﬁfﬂ 139233 | 168530 ! 205004 | 241552 § 288696 I3l'1’04l 357343 | 401484 | 900593 | 510424

(T 6975 | 99195 | 14003 169726 { 205615 | 241706 | 200307 | 317/49 | 358520 | 40207 %45;2&4 510252

181



TABLE A2: Calibration equations obtained from results in Table Al,
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Sensor | PC30 Temperatuie("C) = (measured microvolts - AOYAL
Channel X i

OB, |0 6949 1022699
TWB |1 11843 10178.87
TDB; 2 5457 | 10206.61
TOB; |3 6736 10177.00
TWE; |4 7732 10203.59
iDB; |3 6351 1031131
TWB; |6 3577 10185.98
TDBs |7 6868 - 710180.03
TWBs |8 131 10155.73
TDBs |9 3573 10201.81
TWBs | 10 6756 1019854
DBy |11 7120 10196.93
TWB; ] 12 3183 10172.12
OBy {13 7000 10183.08
TDB, |14 -691 10316.56
TWHy |15 478 10201.15

TABLF, A3: Calibration of Fluke multitoeter to 1end TWE».

Measured Temperature ('C) | Voltage (nv) read

vsing calibrated Thermometer 3 from fluke multimerer |
30.61 2122

32720 12380

2332 2379

e 2463

35,00 556.0

3538 I BT S

26.13 T 3673 “’
EX N o ]

Calisration cquation (from table A3): ’I‘WB,; (°C) = (measvred mV - 5.3)/10.023

T,

e .
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TABLE A4: Results of experiments to check accuracy of the calibeation eguations.

Sensor PC30 Temperatures (°C) mersured using 1LM35 sensors and
Charnel data acquisition sysiemn,
TDR, 0 2109 26.70 565 43.04
TWB, 1 2,10 26,68 35.63 43.04
TDB; 2 2195 2666 35,71 43.00
TDB; 3 2198 2667 3574 43.01
TWB; 4 212 26.67 35,75 43.10
" TDB, 5 22.00 26.67 35.73 43,03
TWB, 6 22,05 26,62 1 33,66 4307
TDR; 7 21.98 26.71 35.61 42,99
TWE; 8 2206 2660 35.60 4301
TDB; 9 2194 2665 3572 43.04
TWB; 10 2197 26,57 3553 42.89
TDB; 11 21.98 26.06 35.70 43.06
TWB; i2 2,10 26.60 35.66 43,00
TDB; 13 2201 26.73 35.79 43.09
TDB, 14 2203 26.67 3551 42.86
TWB, 157 12200 26.66 35.63 43.05
TWB; Fluke mu: | 2202 26,70 35.65 43.07
Temperatare (°C) 220 36.7 357 430
measured by calibrated
thermoneter
Max. positive deviation: | 0,12 0.03 0,09 0.10
" Max., negative deviation: | 0.05 0.13 0.19 0.14
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-y =fighkg —aWe11gtkg —¢~W=1dglkg

Measured relative humidity

6 8 10 12 i4 - 16 18 20
Actual relative homidity

Figure A.1: Calibration results for the DELTA OHM, model HD 8908TC/150
hygrotranswmitter (serial no. AMW 299) for different air humidity ratios.

|- Wetghg ——Wetighg —r—W=t4ghy

Measured relative humidity

Actual relative hunnidity

Figure A.2: Calibration results for the DELTA OIM, model HD 8908TC/150
hygrotransmitter (serial no, AMU 739 for different alr humidity satios,
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APPENDPIX B

DATA ACQUISITICN AND PROCESSING COMPUTER
PROGRAM

This appendix is a printout of the computer program that vvas used for data

acquisition during the experimental fests (see section 5,3.1).



PROGRAM DEC;

{*This propram does the following:

*(1) Reads binary ontput from PC30 A/D card and converts to voltage.
#{2) Converls voltage to temperaure value, using calioration daa.

*{3) Calculates all moist air properiies at the measured points.

*{4) Calculates chinges for cach step in the process.

*¢5) Caleulates performance purameters. _

*{63 Does a complete error analysis of all measured and calealated valnes.
¥(7) Simulates the measured process tsing a mathematical model.

#(8) Displays all regults in tables wnd on a psycluotnetric chari,

*(9} Prints results, if requested.™)

nses
cit, graph, dos, printer;
var

bh :intege.s (% board hindie *) 1,5 J, 22, ¥y, ot < integer; (* dumny variables *)

{* variables for error anaysis: ™) EMAS, EMAR, VAS, EVAS, VR, EViiE, ECC, ETCC,
EQ, EEHXR, FEHXS, EEVS, FFVR, ECOP, ETCOP, EEER, ETFER, EEDH1, EEDI2,
BERG, EW2, ENOR ENOE : real;
EHT:ARRAYT L. 9] OF REAL; EW:ARRAY{1.0] OF REA™;
ETDB:ARRAY[1.%] OF REAL; BTV B:ARRAY[L..9] OF REAL;
ECHTOT:ARRAY[1..8] OF REAL: EC'W:ARRAY[1..8] OF REAL;

DESCRIP : stoingf35h  ymanm,d dowh,s,s100 ; dmteger; (* date, tine *)

VASARRAYIL4] OFREAL; t* supply air flow rate in m¥%s )
VIGARRAY[1.4] OF REAL; (* retorn air flow rate in m¥/s #)
MASARRAY[1.4] OF REAL; (* supply air flow rate in kg/s %)
MARARRAY[L.4] OF REAL; {* retwm air flnw rate in kg's *)
NOR:ARRAY[L.Y] OF REAL; (* heat input in kW)
MOR:ARRAY{L.4] OF REAL; (* total eleeteical enctpy input in KW #)




TWSC:ARRAY[1..4]
FRS:ARRAYIL.4]
FRR:ARRAY][1..4]
PPS:ARRAY([1.4]
PPR:ARRAY[1.4]
WLARRAY(L.4]
CC:ARRAY]1.4]
CC:ARRAY[1.4]
Q:ARRAY([1,.4]
COP:ARRAY[1.4]
TCOP:ARRAY[1.4]
EER:ARRAY[L.4]
TEER:ARRAY[1..4]
EDHL:ARRAY(1.4]
EDH2:ARRAY[1..4]
ERG:ARRAY[1..4]
EHXS:ARRAY1.4]
EHXR:ARRAY[L.4)
EVS:ARRAY(1.4]
EVR:ARRAY[1..4]
A:ARRAY[0..15,1,.3)
CL:ARRAY[D..15)
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OF REAL; (* temy: of supply water to spray chambers*)
OF REAL; (*water fow-rate to supply air spray chambers*)
OF REAL;(*water tlow-rate to return aie spray chambers*)
OF REAL; {*press. of water to supply air spray chambers*)
OF REAL; ("press. of water to return air spray chambers*)
OF REAL; (* max, possible humidity ratio for pt 2 %)

OF REAL; (* cooling capacity in KW (basic vent, mode)*)
OF REAL; (* cooling capacity in kW (vent. credit mode)*)
OF REAL; (* regen, heat supplied in kW *)

OF REAL; (* COP for basic vent. mode #)

OF REAL; (* COP for vent. credit mode *)

OF REAL; (* electrical eff, ratio fo- basie vent. mode *)
OF REAL; (* electrical eff. ratio for vent. eredit mode*)
OF REAL; (* eff, of dehumidifier (moisture removal*)

OF REAL; (* eff. of dehumidifier (heat transfer)y*)

OF REAL; (* efficiency of regeneration *)

OF REAL; (* eff. of heat exchanger (supply air)*)

OF "EAL; (* efficiency of heat exchanger (retven air)*)
OF REAL; (* eff. of supply air spray chambers *)

OF REAL; (* eff. of return air spray chambers *)

OF LONGINT;(* averaged voltages in microvolts )

OF LONGINT; (* confidence limits in microvolts #)

TDB:ARRAYT1..5,1..4] OF REAL; (* dry bulb temp, °C *)
TWB:ARRAY(1.9,1.4] OF REAL; (* wet bulb temp. °C %)
RH:ARRAYT[1..9,1..4] OF REAL; (* relative humidity (frac) *)
PSDB:ARRAY(1..9,1..4] OF REAL; (* sat. press. at'TDB kPa %)
PSWB:ARRAY[1.9,1..4] OF REAL; (* sat. press. ot TWB kPa )
PA:ARRAY[1.9,1..4] OF REAL; (* air pressure kPy *)
WARRAY[LA,14)OF REAL: (* humidity ratio kp/ke *)
SV:ARRAY[1.2,1.4] OF REAL; (* specific volume m'fkg *)
:ARRAY{1.9,1..4] OF R&EAL; (* percentnge saturation % %)
HI'ARRAY[1.9,1.4] OF REAL; {* totol specific enthalpy air klkg *)
TDP:ARRAY[1.9,1.4] OF REAL,; (* dew point tempexatare °C +)
PW.ARRAY]L.9,L.4] OF REAL: (* vapour pressure kPq #)
CHPOT:ARRAY[1..8,1..4] OF REAL; (* change of total sp. enthalpy klkg %)
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CW:ARRAY(1..8,1..4] OF REAL; (* change of humidity ratio ka/kg ¥)

FUNCTION psat( T:real)meal: (* ealeulates sat, pressure for given T *)

var Z:real;

begin T:=T+273.16;  Z:=(28.59051+0.0024804*T-3142.31/T)*In(10)-8.2%In(T);
PSAT=100%exp(Z);

end;

FUNCTION tsat(P:real):real; {* calenlates dew point temp. oC *)

var Z:real;

begin

i P<0,001 THEN P:=0.001, z=In(P);

ifp»0.6112 then (* fe. TDP=0 oC %)

gt 6,544 14.526%2) H{0.7389%2%2)4 (0.09486% 2% 2* 23 +{0.4569*(exp(0.1984% 2)))
else  tsat== 6,094+(12.608%2) (0. 4959*%2%2);

end;

PROCEDURE tablep; (* prints results in tabular form *)

begin

wilteln(E.ST,' ) welteln(LET, ),

writelo{LST,' THE FOLLOWING INPUT WAS ENTERED?);
wﬁmm{I‘S'r; ek bk ot 5 ol gk Lt L2 ] L % *A‘ﬂ**');
writelaflst, TWB[2] {0C): ", TWB|2,1]:6:2);

writel(LST,' SUPPLY AIR FLOWRATE (m3/s) nom : \VAS[1]:5:3);

writeln(L8T) min : \VAN}21:5:3),
writeln(L.8T max ! \VAS[3):5:3)
writeln(L.ST,' RETURN AIR FLOWRATE (m3/s) nom : \VR|1]:5:3)
writeln(LST,! nun 3 LVR[215:3)
writeln(LST, max ; WR[3]:5:3)

writeln(LST, REGENERATION ENERGY INPUT (RW) : NOR[11:5:3%
writeln{LST, ELEC, ENERGY (EXL. REGEN)  (KW):NOE[1}:5:3)
weiteln(LST, SPRAY WATER INLET TEMP,  (oQ) < TWSC[I]:3:1);
wiiteln{LET,! SUPP, AIR SP, CH.: WATERFLOW RATE (s) ~FRS[11:4:2);
writeln(LSL : PUMP PRESSURE (har) .PPS{L]:3:0)
writeln(LST, RET. AIR SP. CH. : WATER FLOW RAFE (p/s) ~FRRI1J422);
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writeln(LST, ' : PUMP PRESSURE {bar} :PPR{1]:3:0);

reacun; writeln{LST,' ); writely(LST,’ "); writeIn{LST,'); writeln{LST,’ );writeln(LST.");
write(LST, RESULTS OF DEC TEST  (sheet 1 of 2)}");

writeln(1.ST,! DATE: 'd,"\m,\yh

“.-ﬁteln(LST" R ikl Rk o A ek TIME: "h,'H"m);
writeln(LST, ; writeIn(L8T,' TEST NUMBER: ', DESCRIP); writein(LST,'");
writeln(LST ! OPERATING PARAMETERS (MEASURED AMD ENTERED A8
INPUTY)

writeln(LST,' NOM. TIN. MAX. ')
‘write(LST,' Supply air flowrate  {g/sy= 1000*MAS[1]:5:0, 1009  1AS5[2):8:0%
writeln(LST,1000*MAS{3]:8:0);

write(L.ST, Retuwrn air flowrate  (g/s)=", 1000¥*MAR]1]:6:0,1000*MAR{21-8:0);
writeln(LST,1000*MAR[3]:8:0);

writeln(LST, Regen, heat input (kW)= NOR[1]:6:3, NOR[2):8:3,NOR[3]:8:3);
writeIn(LST,' Elec. energy (excl. reg.) (kW)= ""NOE[$]:6:3,NOE[2]:8:3,NOE[3]:8:3);
writeIn(LST,! Spray chambers: water T (oC)=

L TWSC{1]:6:1, TWSC[2]:8: 1, TWSCI31:8: 1 ., TWSC[4):6:1} )

writeln(LST, Water flow raie (8§ S/CH) (g'sy=
JSRS[13:6:2,FRS[2}:8:2,FRS[31:8:2{,FRS[4]:6:1});

writeln(LST, at pressure  (bar)=",PPS[11:6:0,PPS[2]:8:0,PPS[3:8:0);
writeln(LST,' Water fiow rate (R S/CH) (g/s)=
LERRTL6:2, FRRE):8:2 FRR(31:8:2{,FRRI4]:6:1});

writeln(L.ST, atpresswre  (bar)=",PPR[11:6:0,PPR[2]:8:0,PPR[3}:8:0)%
writeln{LST,' ;

writeln(L.ST,' PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIOC ")
writeln(i ST, : Y3
writeln(LST, ST END H (kIFK®) W (gks) %

writsln/LST,' PT PT NOM., MEN. MAX, SIM. NOM. MIN. MAX. ©M.;
for =1t 8de bepin
write(LST,I:15,(7+1):3,CHYOT]L1):7:1,CHTOT{1,2}:6: 1, CHTOT{L, 31:6:1,
CHTOT{LA1:6:1);

writeln{L.ST,CW[L1]*1000:8:2, CW(I,2]*1000:6:2,CW[1,31*1000:6:2,
CWILAT*1000:6:2);

end;

writelnf ST 1); writeln(L.ST. PERFORMANCE PARAMETERS (CALCULATED) % ;
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writeln{L.ST,' - NOM. MIN. MAX SIM.");
writeln(I.8T,' Dehumidifier eff{W} (%) EDI1-",

H00*EDH1[17:5:0,100%F D¥1[2]:6:0,100*EDH1{3]:6:0,100* EDH1{4]:6:0);
writeln(L.ST, Dehumidifier eff{Q) (%) EDH2=,
100°EDH2[1]:5:0,100*EDH2[2}:6:0,100*EDH2[31:6:0,100*EDH2[4}:6:0);
writeln(LST,' Repenerationeff. (%) ERG,
100*ERG[1]:5:0,100*ERG[2]:6:0,100*ERG[3]:6:0,100¥ERG[4]:6:0);

writeln{LST! Regen. heatingut (kW) Q =, Q[1]:5:2,Q[2]:6:2,Q[3}:6:2,Q[4]:6:2);

writeln{L.ST,' Heat Exch. eff. (SUP) (%) EHXS=,
100*EHXS[13:5:0,100*EHXS(2]:6:0,100*EHX8[3):6:0,100* EHX S[4]:6:0);
writeln(LST,! Heat Exch. eff. (RET) (%) EHXR=~,
100¥EHXR[1]:5:0,100¥EHXR [2]:6:0,1 00*EFIXR[3}:6:0, 1004 EHX R [4]:6:0);
writeIn(L.ST,’ 3up. air gpr. ch, eff(%0) EVS=,
100*EVS[17:3:0,100*EVS[2]:6:0, 160*EVS[3]:6:0,100*EVS[4]:6:0);
w(LST,'Ret. air spr. ch, eff;(%) EVR=,
100¥EVR[1].5:6,100%BVR[2]):6:0,100*EVR[3]:6:0,100*EVR[41:6:0);
writeln(LST,’ FOR VENTILATION MODE: "); writeln{LST,' Cooling capacity
CC =, CC[1]:5:2,CC[2}:6:2,CC[3]:6:2,CC4]:6:2);

writeln{L.ST," Coeff, of performance COP=,
C()P{1]:5:2,CDP{2}'.6:2,COP[3]:6:2,(10P[4];6:‘.1);

writeln(LST,’ Flectricity eff. ratic  EER~,
EER[1]:5:2,FER(2]:6:2,EER[3]:6:2,] SR[4]:6:2);

writeln(L.8T,' FOR VENTILATION CREDIT MODE: );

writeln{l.ST,' Cooling capacity (&W)TCC =,
TCC[1):5:2,TCC[2):6:2,TCCI3]:6:2, TCCI41:6:2);

writein(L.3T,! Total Coeff. of perf. TCOP=',
TCOP[1):5:2,TCOPR):6:2, TCOP[3L:6:2, TCOP[4]:65:2);

writeIn(L.ST, Electricity eff. ratic ‘TEER~,
TEER[1]:5:2,TEER]2):6:2, TEEER[3}:6:2, TEER[1}:6:2);

READLN; writeln(L8T,' %;

writehu(LST, ) writeln{LST,' "% write({LST ' "); writeln(LST,'");
write(LST,' RESULTS OF DEC TEST (shect 2 of 2} ')

writeln{L.8T," DATE: ".d,~m,"-,¥);

writela(L.ST, * bbbt TIME: L1, mm);

(kW)
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writeln{LST,' " writeln(LS " MOIST AIR PROPERTIES AT MEASURED POINTS
IN PROCESS":

writeln(L.ST,' - M 3 writeln(LST,' ")
writeln{LST,' NOMINAL MEASURED VALUES: %

writelnQ.3T,PTTDB TWB TDP PW W RH U SV H

writeln(LST,' (0C) (0C) () (kPa) {g/kg) (%6) (%)} m3/ke)(klke))s

for I=1t0 9 do

writeln(L5T,1: 15, TDB,11:6: 1L, TWBIL11:6: 1, E2PIL 11:6: 1, P WL, 1 1:6:2,

WL 117 1000:7:2 RHL, 115 100:50,U (L T1*100:4:0, VL1 17:3, HT (1,11 7.2)
wiiteln(LST, "5; writeln(I 5T, VALUES FOR TDB & W FROM ERROR ANALYSIS &
SIMULATION :7);

writeln(LST,! (UNITS As ABOVEY);

wiiteln(LST, FT 12345678 9

writein{LST,' TDB(MIN) “¥DB[1.2}:5:1, TD1R[2,2]:3:1, TDB]3,2]:5:1,
TDR{4,2]:5:1,TDR(5,2):5:1,TDB[6,2]:5:1,TDB[7.2]:5:1, TUB[R2]:5:1,TDB[9,.21:5:1);
writeln(LST, TDBMAX) TDB{1,3):5:1,TDR[2,3}:5:1,TDB[3,3):5:1,TDB[4,3}:5:1,
TDB{F ™5:1,TDB[6,31:5:1,TDB[7,3):5:1, TDB{S,3]:5:1,TDB[9,31:5:1);

writeln(LST,) W (MIN}) “W[1,2]*1000;5.1,W{2,21*1000:5:1, W{3,2f* . 060:5:1,

Wi, 21%1000:5:1, W[5,2]*1090:5:1,W[6,21*1000:5:1,W[7,2]* 10080:1: 1,
W{B,2]%1000;5:1, W[9,2]*10C0:5:1);

writeln(LST,'W (MAX) ', W[1,31*1000:5:1,W[2,3]¥1000:5:1,
W13,37%1000:5:1,W[4,37*1000 :5:1,W15,3]* 1000:5: 1, W[6,31*1000:5: 1,
WE7,31*1000:5:1, W8,31*1000:5: 1, W[Y,31*1000:5:1);

writeln(1. ST, TDB(SIM) ', TDB{1,4]:5:1,TDBI2.41:5:1, TDB[3,4].5:1,TDB[* 4]:5:1,
TDBI54):5:1,TBI6,41:5:1,TDR[7.41:5:1, TDB[8 41:5: 1, TDB[9,4):5: 1);

writeln{LST, W (SIM) ', W[1,4]*1000:5:1,W[2,4]*1000:5: 1, W[3,4]*.000:5:1,
WI4,41*1000:5:1,W{5,41*1000:5:1,W[6,4]*1000:5: 1, W[ 7,4T1*1000.5:1,
WB.47+1000:5:1,W[0 41*1000:5:1);

end;

P2*OCEDURE presult; (* choose to print results *)

var xx:infeger;

begln clrsery writcln{(ENTER 1=PRINT RESULTS, 2=CONT."; readin(xx);
if xw=1 then tablep else xxw=2;

end;
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PROCEDURE psychart; (* displays psychromatriz chart showing process *)

var prdriver, gunnde, prerror, %, y integer; P, GG, T i real;

begin

grdrive, =detect; inftgraph(grdriver,grmode,"); grerror:=-graphresuli; if gresror<>grok
then writeln('geaphics errord,grapherrormsg(grerrar)) else

begin

setcolor(preen) moveto(0,380); tineto(600,380); (* draws axes ¥)
Tineto{G00,110%; moveto(230,420); seteolor(5); outtext(DBT (eC)'); mavete(595.40);
outtext('W'); moveto(592,60% outtexi(ghkg);

end;

seteolor(5); for =010 8 do (* displays 't DB increments on horizondnl axis *)
begin  Te=10*1; pulpixel(I*75,385,5); moveto{I*75,390);

case I of D:outtext('0"); L:oubtext('i0%; 2:outtext{"20°); J:ouftext('30"); 4:outtext('40');
S:outtext('50"); Gouttext{’60"); Tiotttext{'70"); S:outtext{'80"): end;

end;

for Ii=0 10 6 do (* prints humidity ratio increments on vertieal axis #)

begin GG=5%1; putpixel(602,380-1%45,5); moveto{605,380-1*45);

case I of (iouttext("0"); lioutfext("s"); 2:ourtext(’10'); J:quttext('15Y; 4:outtext{"20');
5:outtext(25'); G:outtext(30% end;

end;

sotcolor(5); moveio{0,340);

forI=0to 14 do (* druws saturation curve *)

begin T=241; Pri=psat(T); GGr=0.622*P/(82.5-P); X:=*15; Viound(380-G*0000);
HoetoUY);  end;

sateolon(7); line(0,100,39,100); onttextxy(33,100,4nlet); seteolor(5); line(0,110,36,110);
outiestey(33,110,room'); setcolor(9); 1ine{(.120,38,120); outtextxy(33.120,'outlet':
seteolor{12); line(0,130,30,130); outtextxy33,130,simulated";

seteolor(7); (* plots measured point on chart ¥y Ar=round(7.5*TDD[1.1]):
Yo=round{380-W{1,1]1*90060% moveto{X, Y ):outiext('1");

fork=2 t0 9 do

hegin case [ of 2,3,4:seteolor(7); Swweleolor(5); 6.7.8,9:setcolon(9); end:
Xerounu{TDBIL11*15/2); Y=round(380 -W[1,17*9000): lucto(X,Y);
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case lof Qoultextxy(x.y,2'% Jiouitextxy(x.y,' 3% douttextoy(x,y.'4);
S:outtextxy{x,y,'s); Gouttextxy(x.y,'6'): Tiouttextxy(x.y,'7"); S:outtextxy(x,y,8');
Qroutiextxy(x,y, 7' end;  end;

seteolor(12); {* plot» SEMULATED point on chart *) Xr=round(7.5*TDR[1,1]%
Yi=round(380-W{1,17*2000); moveto(X,Y)jouttext('1");

forI:=2109do egin X=round(TDB[LA]*15/2); Yi=round(380 -W[1,4]1*9000);
lineto(X,Y); caselof 2:outtextxy(xy.2"); Jiouttextxy(X,y,37; d:outtextxy(x,y,' 4
Grouttextxy(x,y,6'): Trouttexbey(x,y,'7); S:outtextxy(x,y,'8); S:outtextuy(x,y, ') end;
end; readin;

closepraph

end:

PROCEDURLE tableD; (* displays results in tabular form *)

begin  clrsery

write(RESULTS OF DEC TEST  %); weite('DATE: \d,\m,"\yywriteln{’ TIME:
LI, H mm); witelntoese sk o %

writeln(PURPOSE OF TEST:\DESCRIPY; writeln(OPERATING PARAMETERS";
writglnf s e ; writein('Supply air flow rate ="' MAS[1]:4:2,' kg/s":;
writeln{'Return ais flow rate = MAR[1]7:4:2. kg/s);

writeln(Regen. heat jnput =" NOR[1]:4:3,' KW"); writeln;

writeln{'MOIST AIR PROPERTIES AT MEASURED POINTS IN PROCESS'");
writeln(' ')

writeln(PT TDB TWB TDP PW W RH U SV H}:;

writeln(  (0C) (oC) (oC) (Pa) (gfke) (%) (%) (md/kg) (kVkg))s

for I=1t0%do
writeln(L,TDB[L1]:7:1, TWB{L,1]:6:1, TDP{L1]:5:1,PWI, 11:7:2,W[I,1 1*1000:3:2,
RH[L11*100:5:0,U{L1]*100.6:0,8V[L1}:8:3, B T[,1]1:8:2); readln; clrsce;
writeln{’PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO"):
writehn(! 3%

writeln{'ST END L {kI/KG) Wigks) %

uwriteln('PT PT NOM. MIN, MAY. SIM. NOM. MIN. MAX. SIM. "y

for I~ 1to8do  begin

write(I: 1,(1+1):3,CHTOTL1 17 L CHIOTL21:6:1,CHTOTIE3:6: 1. CHTOT{LA:6:1);
writeIn{C W1 17*1000:8:2,CW}L,2)* 1600:6:2,CW[E3]* {00 2:6:2 CWILAF 1000:6:2);
end: readln; elrser; '
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writeln{PERFORMANCE PARAMETERS (CALCULATED) " ;
WItEIN (e e NOM. MIN. MAX, SIM.");
writeln{'Dehumidifier eff.(W) (%)
EDHI=",100*EDH1[1]:5:0,100* ED L4 [2]:6:0, I00YEDH1}3]:6:0,100" EDH1[4]:6:0);
writeln{'Dehumidifier eff.(Q) (%4)
EDH2=, 100"EDH2[11:5:0,100*EDH2{2}:6:0,100*EDH2[3]:6:0,1G0*ED H2[4]:6:0);
writeln("Regencradon eff. (%)
ERG=,100*ERG[1]:5:0,1004ERG{2]:6:0,100*ERG{3}:6:0, 1 00ER G[4):6:0);
writeln{'Regen. heatinput (kW) Q=,Q[11:5:2,Q[2]:6:2,Q[31:6:2,Q[4}:6:2);
writeln{"Heat Fxch. eff. (SUP) (%)

EHXS=, 100*EHX5[1]:5:0,100*EHX8[2]:6:0,100*EHX S[31:6:0,100*BERX 8[4]:6:0);
writeln{'Heat Exch, eff, (RET) (%)

ERXR=, 100"EHX R] 1]:5:0, l,00*EHXR[2]:6:0, 100*ELIXR[31:6:0,1 00*EHXR[4]:6:0);
writeIn{'Sup, air spr. ch. eff.{%)

EVS=, I00*EVS{1):5:0,100*EVS[2]:6:0,100*EVS[3}:6:0, 100" EVS[4]:6:0);
writeln{'Ret. air spr. ch. eff.(%)

EVR,I00*EVR[1]:5:0,100*EVR{2]:6:0, I00*EVR[3]:6:0,100*EVR{4]:6:0);
writeln{’FOR VENTILATION MODE: 7);

writeln('Cooling eapacity (kW) CC =" CC[1]:5:2,CC[2]:6:2,CC[31:6:2,CC{d):6:2):
writeln('Coeff. of performance
COP=\COP[1]:5:2,COP[2]:6:2,COP[3]:6:2,C0P[4}:6:2);

writeIn(Electricity off. ratio  BER="\EER[1]:5:2,EER[2}:6:2,BER[3]:6:2 EER[41:6:2);
wiiteln(FOR VENTILATION CREDIT MODE: %

writelo{'Cooling capacity (kW) TCC «=\TCC[1]:5:2,TCC[2}:6:2, TCC[3]:6:2,
TCC[4]:6:2);

writeln('Total Coeff, of perf.  TCOP=\TCOP[13:5:2,TCOP[2):6:2,TCOP|3}:6:2,
TCOP[4):6:2%

writeln(Electricity eff, ratic  TEER=,TEER[1}:5:2,TEER]2}:6:2, YEFR[3}:6:2,
TEER[4]:6:2); readin;

end;

PROCEDURE result;

var xx:intepers

begin  clrser; wepeat psychart: tableD;

writeIn{(ENTER 1=8EE PSYCH. CHART AGAIN, 2=CONT.}; readin(xx);



165

wntil 3 %=3;

end;

PROCEDURE process: {* calewlates changes in process conditions und
overall performance parameters )

var EI11,E2” 31,B2iyeal;

begin  MAS[1]=VAS/EVIL I}

EMAS:=MAS[1*{EVAS/VAS); (*error of BV small compared to VAS*)
MAS[2]:=MAS[1]-EMAS; MAS[3]:==MAS[1HEMAS; MAR[1]=VR/EV[9,1];
EMAR:=MAR[1J*EVRE/VR); (*error of SV smal! compared to VR¥)
MAR([2):=MAR[1}-EMAR; MAR[3]:=MAR[1+EMAR;

FOR I=1 TO S DO begin

EHT{I]=(HT{L3]-HT1,2])/2; EW[I]:=(W[L3]-W]1.21)22;
' ETDR[I:=(TDB{L2TDB[L2]Y2; ETWB{I}={TWB[1,3]-TWB[12]¥2;

end;

FORI=1TOSDOD begin

ECHTOTE ) =sqrtEHT{H 1 BT+ L +ER T *EHE[I]);
CHTOT[L.11:=HT[+1,13-BT{L1}; CHTOT[,2:=CHTOTL1]-ECHTOT{I};
CHTOTIL3]:=CHTOT{L1+ECHTOTII];

ECW(I]=sqri{ EW{I+ 1P EW[I+ 1 ]FEWPFEWL):
CWIL1=W{i+1,1)-WiL1T: CW([L2[:=CWI[LI}ECW]I} CW{L,3]:=CW[L1]J+BECW;I];
end;

El=ECHTOT4YCHTOT{4,1}; F2:=EMASMAS[1]:
CC[11=(CHTOT4,1]*MAS[1]; ECC=CCI1]*sqrt{E1*E1+E2*E2);
CCI2]=CC FECC; CC[AT=CC{I+ECT;
E1l:=sqrti(EHT[1J*BET[ I HEHT[4]*EHT4]);

BL:=B1AHTILI-TT4,1]); E2:=BEMAS/MASI1);
TCC[1J=(HT[1,1}-HT[4,1]*MAS[1]; ETCC:=TCC[1*sqprt(E1*E1+E2*ER);
TCC[2]}=TCCI1]-ETCC; TCC[3]:¥TCC[1]+ETCC;
EL=ECHTOT[7TJ/{CHTOT[7,1]); E2:=EMAR/MAR]1];
Q[I=CHTOT[7,11*MAR[1}; EQ:=Q[11*sar(E1*EI+E2%E2);
Q[21=QUIEQ; QI3]=QlINEQ
El1:=sqri{ETDB[7*ETDBI7HETDB[6]*ETDB[6]);
BL=E1ATDRB[7.1-TDBI6,1]); E22:=spttETDR2P*ETDB[2+ETDB[6]*ETDB[G]);
E2:=F22ATDB[2,1-TDBIG,11);
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EHXR[11:=(TDB[7,1]-TDB(S, 1])!(TDB[2,1]-TDB[6, 1§}

EEHXR:=EHXR[ 1] sqr(E1*E1+E2%, ),

FHXR{Z2][:=EHXR([1}-EFHXR; EHXR[3]:=EHXR{ [ ]+ EEUXR;
E11:=sqr(ETDB[2*ETDB2#ETDB3PETDB{3]); E1=E11/(TDB{2,1}-TDB[3,1));
E22:=sqrt(ETDB2*ETDR2Z[+ETGBI6I*ETDB{6]); E2:=E22/(TDB[2,11-TDB[6,11;
BHXS(1}:=(TDB{2,1 FTDB{3, 1)/(TDB[2,1]-TDB6, 1])
EEHXS=EHXS{I*sqri(E1*E1+E2*E2):

EHXS[2]=EHXS[1} EEHXS; FHXS, 3}=ErIXS[I+EEHXS;

E11l:=zqri ETDBR[3J*ETDR{31+ETDBAFETDBAD; El=E11/(TDB{3,1j-TDB[4,1]);
E22:=sqri{ETDB{3[*ETDB{3+ETWB[4]*ETWB[4]); E2:=E22/(TDB[3,1}-TWB[4,1]);
- EVS[1L=(YDB[3,11-TDB[4,IDATDB[3,1-TWEB4, 1,

EEVS ~EVS[I]#sqri{E1 *E14+EL " E2);

EVS[2]:=EVS[1]-EEVS; EVS[3]-==-EVS[IHEEVS;

Ell=sqr{ ETDB[S]*EIDBSHETDB{6*ETDBI6)): E1:=E11/(TDB[5,1}-TDB6,1]):
F22:=5qrt(ETDB[S]*ETDRIS|+ETWRI6"ETWB{6]); E2:=E22/(TDB[5,1-TWB[6,17};
EVR[1}:=(TDB[5,1]-TDBL6, 1 (TDB(5,1]-TWB[6,13)
EEVR=EVR[1]*sqr{E1*E1+F2*E2);

EVR[21=EVR[1}-BEVR; EVR[3}:=EVR[1}#EEVR;

E1=ECC/CC[1]; ENOR:=(NOR[I}-NOR[Z]}2;

E2=ENOR/NOR[I]; COP[I=CC[1/NOR[1];

BCOP=COP{1 *sqri(BIVBI4E2*ED);

COP[2]:=COP[1}-ECOP; COP[3}=COP[{I}HECOP;

E1ETCC/TCC[1]; ENOR:=(NOR[3}-NOR[2])/2; E2:=ENOR/NOR[1};
TCOP{1=TCC:INOR{1}; ETCOP=TCOP[11*sqri{E1*E 1+E2*E2);
TCOP[]=TCOF{1]-ETCOP; TCOP{31:=TCOP[1]+ETCOP;

E1:=ECC/CC[1]; ENOE=(NOE[3}-NOE[2])/7;

E2:=ENOEMQE[1}; EER{11:=CC[1YNOE[1};

EEER=FER[1}*sq:i{E1*E1+EJ*E2);

EER{2}:=EER[1}-EEER; EER[3]:=EER[1}+ERER;

El=ETCC/TCCI1): ENOE:=~(NOE[3)-NOE[R]Y2:

2, =ENOEMNCE[1}; TRER[1 }=TCC[1YNOE[1);

ETEER=TEERI 1 [*syrt(E1*E1+E24E2)y;

TEER[2:=TEER{1}-ETEER; TEER[3}:=TEER]1HETEER;

E1=BCWIJ/CW1,1]; EW2=(W2[3]-W2[2]/2;

RI2=sqet(BWII PEW[I H-EW2AEW2); E2:=E22/(W[1,1}- W2I1]);
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EDHI[1]=(-CW]1, W[ L1}-W2[1]); EEDHL=EDHI[1]#sqri(E1*E1+E2VE2);
EDHI[2]=EDHI[1}-EEDH] ; EDHI[3):=EDH{1}+EEDH!;

El1:=ECW[S//CWI8,1]; E22:=EMAR/MAR{1];
E1L=2501*CWIR,1*MAR[I]*(sqri{ B 1*E1 1 +E22#E22));
E11:=E1/(2501*CWI8,I1*MAR[1]: E22:=ENOR/NCR[1]);
ERG[1]={2501*CW[8,1]*MAR]I]/NOR{1};

EERG:==ERG[1]*sqri(E1 1¥E114E22%E22);

ERG[2):=ERG[1i}-EERG; ERGI3]:=ERG[1)“EERG;
EDH2[11:=CHTOT[1,] W(CHTOT{L,1 }+(TDBI8,11-TDB[2,1)*(1.005+W[2,11*1.805));
EDHZ[2]:=CHTOT[1,2}{CHTCT] 1,21 +{TDB[8,3]-TDB{2,2*{1.005+W[2,3]*1.805));
EDH2[3=CHTOT[1,3J(CHTOT{1,3]+{TDB{8,2]-TDB[2,3])*(1.005+W[2,2]*1.805));
end;

PROCEDURE map?2;

var WS:REAL;

begin

PSDB{1,Jji=PSAT(TDB[LIY); PSWBILI:=PSAT(TWB[LII:
W8:=0.6122+PSWB[LI/(B2.5-PSWBILI);
WILIJ=A(2501-2.38 *TWB{LI])* WS-(1DBILL - TWB[LI]D)/(2501+1,805*TDR{LI}-
4,186*TWBILI:

end;

PROCEDURE map};

var T2, WS, WT:real;

begin

PSDB{LI= PSAT(IDBILID; W(8J1=W[7.J); PWILI:=(WILI*82.5)(WILJ}+0.622);
TDPIIE=tsat(PWLI): T=TDP[J}-1;

repeat  Ti=T42; TWB[LI]=T: PSWBILI]+psat(T);
W8:=0.622*PSWBILI/(82.5-PSWBILI]Y WT==((2501-2.381%1 WB{LID*WS-
{TDBLI-TWBILIDM(2501+1.805*TDR[LI]-4. 186 TWBILJ]);
ZeeWILI-WT; until Z-<0.0

repeat  T=T-0.1; TWB[LI]=T; PSWB|LI]=psat(F);
W8=0.622*PSWB[LIB2.5-PSWBILIT: WTi=((2501-2.381*TWB[LI]*WS-
(TDB{LI-TWBLIDY(2501+1.805*TDBLI-4. i 86*TWBILID,
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Z=W[LII-WT; until Z=0.0;

end;

PROCEDURE maxw; (* calculates wuax. possible humidity ratio of pt 2 #)

var T,/,Ps,WS,WT,RE2,PSDB2, PSWH2, Ziveal; |

begin T:=TWB[LJ]; PSWEB[LJ]:=psat{TWB[1.1]);
W8:=0.622*PSWB[1,]]A(82.5-PSWRB{ 1.1}

repeat Tr=T+2;
WT:={(2501-2.381*TWB|[LI)*WS(T-TWB[LJ1)/(2501+1.805*T-4,186*TWB{1.J])
P=(WT*32.5)(WT+0.622); Ps:=PSAT(T); RH2=P/Ps; Z:w=RH{8,I]-RH2;

until 2>0.0 3

repeat T=T-0.1;

WT:=((2501-2.381#TWB[1,]1)* WS-{T-TWB[1,J]))/(2501+1.805*T~4.186*TWB{1,11);
P=(WT*S2.5Y(WT+0.522); Ps=PSAT(T): RE2:=P/Ps; Z:=RH[3JI-RH2;

until Z<0.0 ;

W2L=WT;

wnd;

PROCEDURE moisteqns; (* equations for moist air propetties *}
besgin

PWILIB=(WILI[*52.5)(W{LJ}+0.622);
KH[LI):=PWLIV/ESDBILI;
SV{LI=287*(TDRLI}273.16)/((82.5-PW[LT])* 1000);
UL3]=REMLYI*$2.5-PSDB[1J]V(82.5-PWILI);

TP =tsat(PWILID;
HT[LI:=(1.005*TDBL I+ WILIPH(2501+1,805*TDBIL,7));

end; '

PROCEDURE simulaton;

var M3,M7.M9,H2:yeal;

begin  writeln;

{writeLN(CEHXS[1}= \EHXS8[1]:4:3,' enter EHXS[4] );readln(EHXS[4]);
writeLNCEHXR[1]= \EHXR[1]:4:3,' enter EHXRI4] *)ireadin(EHXR[4D);
writeLNCEVS[1]=BVS[1]:4:3, enter EVS[4] Yireadln(EVS[4];
writeLNCEVR[1]=EVR{1]:4:3, enter EVR[4] hreadli(EVR[4]); READILN; }
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EHXS[41=EHXS{1}; HXR[41=BHXR[1); EVS[4l:=0; EVR4]:=EVR[1];
MASHL=MAS[1]; MAR[4]=MAK[1]; Q[4}:=NOR[1}; NOR[4]}:=NOR[1};
NOE[4]:=NOE{1); TDB{141=TDB[1,1]; TWB[1A4]:=TWB[1,1};

T==1; J=4; map2; moistegns;

TDB[5.4]=TDBI{5,1}; TWB|54}:=FWB[5,11; I:=5;1:=4; map2; moisteqns;
TDB[6.4}:=TDB]5 A-EVR[41*(TDB{5.41-TWB[5,41); TWB[6,45=TWBI[5,4];
1:=6:F:=4; map2; moisteqns;

{TDB[8,4]:=TDR[8,1]; (*first estimate®) RU[8,4):=RH[3,1}; } ZZ:=0;
repeat

Wi2,47==W[2,1T; (* caleulates point 2 for constant wht procegs®)
TWBIZ,4)1:~TWB[1,4]; PSWB{2,4):=psat(TWB[2,4]);
PW[2.41=W[2,4]*82.5{W[2,471+0.622);

TDB{Z,41:~((PSWBI2 A]-PW[2,41(82.5*0.000666))+TWR{2,4];

E=2; Je=4; map?; moistequs, H2:=HT[2,4];

TDB[2,4]:=TDE[2,1]; (*actual polst 2%) TWB[2,4]=TWB[2,1];

1:=2; i=4; map2; moisteqns;

TDB[7 4]=TDB{64+EHXR[4]*(1 DB[2,4}-TDB[6,4]); WiTAl:=W[6,4);
TDB[34]:=TDB{2 ALEHXS{4] TDB[2,4)-TDRI6,4]); WI3.4):=W[2.41;
Ji=4; I=3map;moisteqns;

L:=T:mapl;moisteqns;

M3:=0.01384/SV[6,4L; (*air carryover*) M7:=0.01384/SV[2.4];
W3AL=(W[3A]*(MAS[4]-M3)+ W(6.4]*M3yMAS[4];

W7 AR(WIT A (MAR[A]-MT R W2 AT M7)/MARI4];
HI[3,4T=(HT[3,4]*(MASA-M3IyH{(HTT6 A1 R [74])/2) M3 )MASI4);
HT[7,41:=(HTI7 4" MARMA-M7 (T2 41HT[3,41/2)*M7YMAR[4];
TDB{3,4):=(1]3,4]-2501 *W{[3.41)/(1.005+ 1.84*W[3,4]x
TDB{7.41:=(HT{7,41-2501*W{7,41/(1.005+1.84*W[7.4]):

Ji=4; I:=" ;nap ]l ymoisteqns;

I=7;mapl;moisteqns;
TDBIR4]==TDB{7,4]1-(NOR[4(MAR[41*{1.005+1.84*W[7 AD));
T=4;0=8; mapimoisteqns; ZZ=2Z+1;

. until ZZ=1; _

WIO,4%=W[B 4} (W14 W2 AN MASHYMAR[4]); TWR[O,4}:=TWB[8,4};
PW9,4]=W{9,41*82.5/(W[9,4]+0.622); PSWB[D4l:=psat{TWBI9.4]);
TDB[941=((PSWRE[Y.4]-PW[I ADA82.540.000666))+TWB[0,4]
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{(MAS[AYMAR[AN*(HT[2.4]-H2)/(1.005+1. 8% W[9,41)), Je=4;1:=0; mapl; moisteqns;
TDB{. ~TLB[341EVS{4]%(TDB[3,4}- TWB[3,4]); TWB[4,4]=TWB[3.4};
L=4;T:=4: map?; moiste, 3

maxw;  J=4;

for I:=1 to  do begin CHTOT[L4}:=HTH 1,4 HT[L4); CWILA)=WI+1,4}-W[I,4J:end;
CCA]=(HT]5 A1 HT[4,4]*MAS4];

TCC[4}:=(H T[4} HT[4 AN MAS[4);

QI43:=(HT[8 4-HT[7 4] MAR[4];

COP[TJ:=CCIJ{NOR[T}+0.0001);

TCOP[I}=TCCHNORI}H0.0001);

EER{I}:=CCIJ(NOEL);

TEER[S}:=TCC[ JNCE[4]);
EDH[Y]=(W[1T-W[2,IDW]L,I-W2[3}+0.000001);
EDH2(3]:=CHTOT[1,JJ{CHTOT[1,/1+(TDB{8,J1-TDB[2,1])*(1L005+W[2,]]*1.84));
ERGI}=(2501*CW]S,J]*MAR[IT/NOR[T}+0.0001);

end;

PROCEDURE eoistairprop; (* caleulates all moist air properties at
meast: ! points ¥}

begin

forJ=lt0o3do begin forL=1to9do begin caselof 1.7.0:map3;
S:mapl; end; moisteqns; end; maxw; ead;

endd;

PROCEDURE addinfo;  (* input operating parameters)

var TV2 thi:real;

begin

repeat writelo(ENTER THE FOLLOWING: ); writeln("&¥wikantsasbabnriiny,
write{FLUKE MM, VOLTAGE FOR TWB{2] (mV} }; readln{TV2};
TWB[2,11:=(TV2-6.4)/10.05844;

writeln('SUPPLY AIR FLOWRATE (in3/s) nom.minmax ')
readio(VAS[1])readlnf{VAS[2]);readln{VAS[3]);

writeIn{RETURN AIR FLOWRATE (m3/s) nom,minmax )
readIn(VR[1]xreadin(VRI2D);teadn{VR{3]):
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write(REGENERATION HEAT INPUT (KW):"); readln{NCR[113;
write(ELEC. ENERGY (EXCL. REG) (KW):); readin{NOE[ 1)
write{('SPRAY WATER INLET TEMP. (0C} ):readin(TWSC[1]);
write{"SUPPLY AIR SP. CH.: WATER FLOW RATE (g/s) :'); readIn(FRSTI1);

write(’ : PUMP PRESSURE (bar) :");readin(PPS[1]);
write/RETURN ATR SP. CH.: WATER FLOW RATE (g/s) :");readin(FRR[1]);
write(’ + PUMP PRESSURE (bar) ")readln{PPR{1]);

TWRB[2,2]:=TWB[2,1]-0.3; TWB[2,3]:=TWBI[2.1]+0.3;
{VAS[?1=VAS[1]10.9; VAB[3]:==VAS[1]*1.1;
VR[2}:=VR[1]*0.9, VR[3]=VR[1]*L.L;}
NOR[21:=NOR[1]*0.96; NCR[3]:=NOR[1]*1.04;
NOE[2]:=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; PPRI3]:~=PPRI1]+2;
FRS[2}:=FRS{11*0.95; FRS[3]:=FRS[1]*1.05;
FRR[2]:=FRR[1]%0.95; FRR{3]:=FRR[1]*1.05;
TWSC[2I=TWSC[1]-0.2; TWSC[3):=TWSC[1]+0.2; writeln;
writela(ENTER I=redo input, 2=cont.”)readin(zz);
until zz=2

end;

PROCEDURE tempeonv; (* (1) gets voltages from binary input (2) calculates and
displays the average, confidence limits and std. deviation of these voliages.
(3) converts valtages to temp. valuss *)

var uvolts, vv : longint; zzIYrint2ior; sssreal;  binsword;
begin

repeat (* reads voltages *) for Ji=1 to 100 do  begin for I:=0 to 15 do
begin '
r=EDR_ADINBINONESAMPLE(bhLbin); ifr<0 then piiciesvor(s);
EDR,_ADINBINTOVOLTAGE bh,Luvolis,bin); VILI}=uvolts;

delay(3); emd; end; clrser;

writeln(MEASURED VOLTAGES (ALL VALUES IN MICROVOLTS));
writeln(' %
writeln{'ch average confidence condim standard’);

wiiteln{'no. voltage limit(+/+) (%) deviation');




forI:=0to 15 do (* statistical anelysis *)

begin AL 1]=0;vvi=0;5:=0;85:=0;SD{I}:=0;CL{I}:=0;ZCL[1}:=0;
for Je=1 to 50 do vvi=vv + VILI]; AlL1}:=vvdiv 50 ; (* average voitaps *)
for J;=1to 50 do bepin s=sqr(A[L11-VILJ]); ss={ssts); end;
SB[} =round{sqrt(ss/50)} (* standard deviation *)
CL[I}:==SP] div5; (* confidence limits *) ZCLI]:= 100*CLII / A[1.1];
writein(h:2, Af1,1]:9, CL[1]:9, ZCL[N):10:2, 8D{I}:9):
AfL2=A[LLY - CL{T; A[L3%=A[L 1]+ CLI);

readln; end;

(* calibration equations*)

TDB{1,1}:= (A[D,1] - 6949)/10226.99;

TWBIL11~ (A[1,1]-1843)/10178.87;

TDB[2,1]:= (Af:1]) -~ 5457)/10206.61;

TLH[3.11= (A[3,1]-6736)/10177.00;

TWB[3,1]= (Al4,1] - 7732)/10203.59;

TDB{4,1T= (A[5,1]- 6351)/10211.31;

TWB{4,1]= (A[6,1] - 2577)/10185.98;

TDB{5,17:== {4[7.1] - 6868)/10180.03;

TWBIS5,1]:= (A[8,1}-+ 121)/10155.73;

TDB{S, k= (A]9,1]+ 6628)/10201.81;

TWB[6,1]:= (A[10,1]- §756)/10198.54;

TDBI7,11= (A[11,1] - 7120)/10199.93;

TWBI7,15:= (A]12,1] - 3183)/10172.12;

TDBIg,11= (A[i3,1] - 7000¥10183.08;

TDRBIO,1]= (A[14,1] + 691)10210.56;

TWB[9,11== (A[15,1] ~478)/10201.15;

TOB[1,2)=-0.2+ (A[0,2] ~ 6949)/10226.99;
TWB[1,2]= 0.3+ (A[1,2] - 1843)/10178.87;
TD3([2,2]~ -0.2+ (A]2,2] - 5457)/10205.61;
TDB[3,2)=-0.2+ (A[3,2] - 6736)/10177.30;
TWB[3,2):= -0.3+ (Al4,2] - 7732)/10203.59;
TDB{4,2):=-0.2+ (Al5,2] - 6351)/10211.31;
TWB[4,2]= -0.3+ (A[6,2] ~ 2577)/10185.98;
TDB{5,2):=-0.2+ (A[7.%] - 6868)/10180.03;
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TWBI[S,2]= 0.3+ (A[8.2] + 12110 5.73;
TDB[6,2):= -0.2+ (A[9,2] + 6628)/10201.81;
TWB[6.2}= 0.3+ (A[10.2] - 6756)/10198.54;
TDB[7.2]5= 0.2+ (A[11,2] - 7120)/10199.93;
TWB[7,2]:= -0.3+ (A[12,2] - 3183)/10172,12;
TDB(8,2j:= -0.2+ (A{13,2] - 7000)/10183,08;
TDB[9,2]= 0.2+ (A[14,2] + 691)/10210.56;
TWB[0,2):= 0.3+ (A[15,2] - 478)/10201.15;

TDB[1,3}:= 0.2+ (Af0,3] - 6949Y10226.99;
TWB[13]:= 0.3+ (A[1,3] - 1843)/10178.87;
TDB[2,3%= 0.2+ (A[2,3] - 5457)/10206,61;
TDB[3,3]= 0.2+ (A[3,3] - 6736)/10177.00;
TWB[3,3]:= 0.3+ (A[4,3] - 7732)/10203.59;
TDB[4,3]= 0.2+ (A[5,3] - 6351)10211.31;
TWB[4,3}:= 0.3+ (A]6,3] - 2577)/10185.98;
TDB[5,3k= 0.2+ {A[7,3] - 6868)/10180.03;
TWB5,31:= 0.3+ (A[8,3]+ 121)/10155.73;
TDB[6,3]:= 0.2+ (A[9,3] + 6628)/10201 81;
TWRI6,3}:= 0.3+ {A[10,3) - 6756)/10198.54;
TDB{7,3]= 0.2+ (A[11,3] - 7120)/10199.93;
TWB[7,3%:= 0.3+ (A[12,3] - 3182)/i0172.1%;
TDB8,3]:= 0.2+ (A[13,3] - 7000/10183.08;
TDB[O.3)=0.2+ (A[14,3] + 691)/10210.56;
TWEI9,3]:= 0.3+ (A[15,3] - 478)/10201.15;
wiitein; writeln{ENTFR 1=REPEAT ,2=CONT/EX!T% readin(zz); until zr=2

end;

(*MAIN PROGRAM#)

BEGIN

clrser; repent

tempeonv; (* get temperatuzes fron. binary input*)

writeln: writeIn{ENTER I=exit, 2=cont); readinf{yy); ifyy=2 then
begin- repeat

addinfo;(® input operating parameters®)
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moistairprop;(* calculate moist air prujurtias®)

process;(* caleulate changes in each stp of proce~s*)

simulation; {* simulated process ™

result; (* displays vesults and psychrometric chart*)

presult; (¥ prints results, if requested™)

writeln(ENTER 1=REPEAT (NEW MASS FLOW), 2=cont); readb(yi); until yy=2:
and

else yy:=1; writzln; writein{ENTER 1=REPEAT, 2=EXIT"); readn(zz); until zz=2;
END.
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APPENDIX C

COMPUTER PROGRAM TO CALCULATLE AIR FLOW RATE

This appeadix s a printout of the computer program that was used to calculated the air
flow rates from pitot tube ond micromanoweter pressure measurements (sce section
53.2).
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PROGRAM FLOW,;

var P:ARRAY]1.5,1.6,1..3) OF REAL; {pressure k¥a}
V:ARRAY(L.5,1.6,1..3] OF REAL: {velocity m/s}
SV:ARRAY[1..3] OF REAL; {specific volume m*/kg}
Q:ARRAY[1..3] OF REAL; {volumetric flow rate m¥s;
A:ARRAY[)..3) OF REAL; {arca m®}
VA:ARRAY[1.3) OFREAL; 7,1, K:INTEGER;

BEGIN repeat

writeln; wwrite{"enter spec. vol.: "); readin(SV{1]); write(entcr area
SV[21=SVIL] - 0001; SV[I]=SVIL]+0.001;

ADRB=A[I1*0.98 AD=A[L*102; writeln;

FORJL=1TO6DO begin

FORI=1TOS5DO begin

write(enter row', I,' pt!, 1’ " readlnfF{LY1])
PILI21=0,99*PILL1]0.05; PIEL3L=1.01%P{L),1]+0.05;
W PILY2) <=0 THEN P[1J,2}=0.0 ELSE P[LI2}=P[LI 2}
end; ends

FORK:=1TO3DO begin VA[K]=0;

FOR J=1 TOGDD bogin

FORI=1TOSDO  begin

VLK =sqrt*PILIKI*SVIKY;  VAIK)=VAKIVILIK]
end; end:

VA[K}=VA[XF30;  QKE=VAKI*AIKE

end;

: ') readin(A[1]);

writebnf'q nom. (ne'fe) =" Gf134:3); writein{'q min. (/) = 0.937*Q[2):4:3);

writeln{' max, (n¥/s) =, 1.013*Q)3]:4:2); writeln;
write{'enter I=end, 2~repeat’); readlufz): until #==1;
END,
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APPENDIX D

DEC SIMULATION COMPUTER 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 SIMUL;

* This program simulates the performance of'a DEC system und disp s perfor e parameters, based
on entered operating paramigters *}

uses ertpraphydos;

var i1, J 2, yy, xxtivteger;  (* dumviy variables *)

MAS: REAL; ¢* supply air flow rate in ke/s *)

MAR: REAL; {* return air flow rate inkgfs *)

MOR: REAL; (*heat input *)

NOE: REAL; (* total cleciicat energy input *)

PAT:REAL; (*atmospheric pressune®)

W2: REAL; (* minimmen. possible nmidity ratio for pt 2 %)

CC: REAL; (* cooling capacity in KW (basie vent. mode)*}
TCC: REAL; (* cooling capacity in KW (vent, credit mode)*)

Q: REAL; (* regen. heat supplied in KW %}

COP: REAL; (* COP for basie vent, riodz *)
TCOP: REAL; (* COP for venttilsiwon credit mede *)

EER: REAL; (* electrical efficiensy rutio for basie vent, mode )
TEER: REAL; (* electreal efficiency ratio for vent, credit mode®)
EDH1: REBAL; (*efficincy of delmmidifier (moisture removal*)
EDH2: REAL; (*efficiency of dehuraldifior (heat tansfer*)

BRG: REAL; (* efficiency of regencration *)

EHXS: REAL; (®efiicicncy of neat exchanger (supply air)*)
EHXR: REAL; (* efficiency of heat exchanger (retwm airy*y

EVS: REAL; (*efficiency of supply air spray chamburs *)

EVR: REAL; (efficiency of retumn air spray chambers *)

TDBARRAY[1.5] OF REAL; (* dry bulb terap, o ¥}

TWB:ARRAY[1..9] OF REAL; (* wet bulb temp, of* %)

RIGARRAY[L..9} OF REAL; (* relafive humidity (fiac) %)
PSDE:ARRAYTL.G] OF REAL: (* saturation pressive o TDB kPa #)
PRWEARRAY]1L.Y] OF REAL; (* saturation pressure at TWB kPa ¥)

PAIARRAY([1..9] OF REAL; (* nir prossura KPa ¥)

W:ARRAYTL.9) OF REAL; (* humidity ratio kg/kp *}

SV:ARP AYE1.9] OF REAL; (* specitie volume mn3fkg *)

TEARRAY[1.9] OF REAL: (* percentage saturation % *)
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HT:ARRAY[1..9] OF REAL; {* mial specitic enthalpy air kg *)
TDP:ARRAY][1.9] OF REAL; (* dew point temperature o *)
PFWARRAY]L.9] OF REALS (* vapour pressne kDa *)
CHTOT:ARRAY([1..8] OF REAL; (* change of total sp. enthalpy kifkg ¥
CW:ARRAYIE.8] OF REAL; (* change of humidity ratio kgfkp ®)

FUNCTION puat(Tsreslireals (* catculate tion prossure for given T %)
var Z:real,
begin
TeF4273.16
Zo-{2% 2905140002480 4* T-3142 33U T In{10)-8.2*In( T);
BIATw=100exn{7);
end;

FUNCTION tsat{P:realyreal; (* calenlates dew point temh oC *)
var 2veal;
begin
i P<0.001 thea P=0.001; z=In(P);
ifP>0.61 12 then (*ie. TDP>0oC¥)
1sat= 6,54+(14.526%2)+(0.7389* 2721 H{0.09486% 2¥2*2) HOAT67%(exp(0.1984¥5)))
else  tsat= 6.00H12.608%2)+(0.4959*2%2);
end;

PROCEDURE psychart; {* displays psychromatric chart showing process %)

var prdviver, grmode, grerror; inteper; %, wviinteper; P.GG,Tureal:

begin

prdrivers=detect; initgraph(grdiiver,grmode);  gretror=praphroesudt;

if grenoropmok  twn writeln{'graphics errory, graphetrotmsg{prertor))

clse  bepin
seteolon(green); moveto(D380);  Lineto(600,380); (* draws uxes %)
linetofGO0,110) movei{230420)%  setcolos{Sk  oulext{DET (o)
moveto(505,40)  outimd{"W');  moveto{592,60%  outtexs{'py')y

end;

seteolor(Sk

forL={to 8 do {* displays TDB fireremeits oi hordzontal axis )

begin
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T=16%;

puipixel(1¥75,385,5);

moveto{i*75,300%;

case 1 of

Oouttext(0; Tiondiess{'10"; 2routtext("207; 3:ouitess{30); Frourtext(40";
Souttext(50);  Gloutexi(60  Tioutea(70); - Souttexi(80%  end:
end;

Fr I=0to 6 do (* prints humidity ratio ‘ncretnsnis on vertical axds )
begin
GG=5%;  puipixel(602,380-1*45,5);  moveto(605,380-1%45);
case Iof
O:outtext{0); Trouttexi('s; Ziouttext("10%; 3wouttext{'15; 4:outtext(*20%;
S:outtext('25"; Grouttext{307; end;
end;

setcolor(6);  moveto(0,340);
forl==U1o 14 do  (* draws saturation curve *)
begin

=% Pepsa(T) GGROG2*PAPAT-PY;  Xe=I*15; Yirownd(380-GG*OD00); Jineto(X,Y);

end;

setcolor{ 7); Yine{0,100,30,100); outtextxy(33,100,inlet;

seteotor(5); line{0,110,30,110}; oultexney(33,110, room’);

seteolot(9); Yine(0,120,30,120}; outtextey(35,120,'cutlat’);

seteolot(7x (* plots measuged peint on chart *)

Xeround(7Z54TDB{1Y)  Yrround(380-WIMO000):;  moveie(X, Yhouttexi('1™;

forT=21t09do  hegin

caselof  23dwmetcolor(?);  Sseteolor(S)  67.89setcoloy(®y  ends

Xe=round(TDBII*E5/22);  Yisroumd(380 -W[I|*5000%  lineta(X,Y):

caseIof Zouttexixy(xy,2); Stouttextvy(xy,'3); Jouttextsyieyd'h Souttexlay(sy,'S)
Govttextxy(xy'6); Touttextxy(xy,7)  Souttextxyfxcy,5Y; Souttextxy(sy,9)end;  end;

veadly  closegraph

end;
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PROCEDURE fablel; (* displays resulis in tabular form %)
begin  chisen
writeln{"MOIST AIR PROPERTIES *);
writeln(” Y
wiitelo(PT TDB TWB TDP PW W RH U 5V HY
writeln{' {(aC) (oC) (0C) (kPa) (g/kg) (%) (%4) (m3/kg) (kI/kg)y
for I=1t09do writeln(, TDBJI}:7:1,TWRBI):6:1, TDP{I):6:1 PW[I1:7:2,
W 1060:8:2, RE[F]*100:5:0, U1} *100:6:0,SV{1}:8:3,HT[1]:8:2); readin; «leser;
writeln{ PERFORMANCE PARAMETERS (CALCULATED) " ;
WL ermrrerrrrme - %

vatteln(Debumidifier (W) (%) EDHIS,100¥EDH1:5:0);

writeln{'Detumidifier eff(Q) (94} EDH2<,100*EDH2:5:0);
writeln(Regeneration off. (%) BRG=",100*ERGS:0%
writeln(Regen, heatiopur (kW) Q=,Qui5:2);
writeln{Heat Exch, eff. (SUP) (%) FIXS=, 100*BHNS:5:0;
witeln{'Hleat Bxch, ¢ff (RET) (26) EHXR=, 100*EHXR:5:0);
writeln{'Sup, air spr. ch, eff (%5} EVS=,1003EVS:5:0);
writeln{Ret, air spr. ch, ¢f5(38) EVR=,L00PEVR:S0),
wrieln{FOR VENTILATION MODE: ;

writalaCCooling capacity (KW} CC=,CC:5:2),
waiteln('Coeff. of performance COP=,COP:5:2);
writth{Eleckicity off wtio  EER="EER:5:2);
writeln{FOR VENTILATION CREDIT MODE: );
writeln{'Ceoling capacity (kW) TCC=\TCCi5:2);
writeln("Total Coeff of perf.  TCOP=TCOM5:2);
wiiicln{Blectricity off mtio  TRER=TEER:5:2): readim
ok

PROCEDURE result;

var xx: fnfeger;

begin  cleser;

repest  psychart  tableD);  wiiteln{ENTER 1=SEE PSYCH. CHART AGAIN, 2=CONT.");
readiofey;  antil e
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end:

PROCEDURE map2;

var WSREAL;

bepin
PSDB[I}:= PSAT(TDRI));
PSWB{I=PSAT(TWBII);
Was0.622%PSWRIIMPAT-PSWBIT):
W[I]:‘=((2501-2.381*.l'WE[I])*W&{'!’DB[I]—TWB[I]))’@S{}I+1.805“TDB[I]-4.136"TWB[1]);

end;

PROCEDURE, ninjs1;
var T, B, Z, WS, WT; real;
bepin
PSDB[M= PSAT(TDB);
WIBL=W[7];
PWUL=(WPATHW{I]+0.622);
TOPY)=tsat(PW[I];
T==TDP[N-1;
repeat
T=T42;
TWB[I}=T;
PESWBI[I]=+psat(T};
WS:=0.622*PSWER/(PAT-PSWB[I]);
WT=((2501-2.38 1" TWR{I*WS(TDB{i}-TWBI}(2501+1.805*TDB{I}-4.186* TWBIL:;
Z=WILWT;
] 2400,

izpeat
T=T01;
TWEi}:=T;
PSWR({{]=psal{T);
W5=0.622*PSWB[IAPAT-PSWEII)
W‘I‘:—"{(ZSGI—Z.381"‘TWB[Ij}*WS—(TDB[I]-TWB[I])}f{:SOl+l.305“"I‘DB{!]-4.I B6*TWB(l]);
Z=WIFWT;
until 7200 ;
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end;

PROCEDURE maxw; (* calcufates mox. peasible humidity rasio of pt 2 %)
vir T,P.Ps,WS,WT,RH2,PSDB2, PSWB2,Zireal;
begin
T=TWB[1);
PESWR[1 |=psat(TWB[I])
WS=0.622*PSWB[[|{PAT-PSWB[1]):
repeat
TeT42;
WI'={(250E-238 1 TWRIHFWE-(T-TWB[1 DM(2501+1.805¥T-4, 186 TWB[17);
P=(WIPATYWTHL622);
Pe=PEAT(T);
BH2=PPs;
Z:=RH[8]-RHY
usiil Z-0.0

Tepeat
T=T4,1;
WT=((2501-2 381 TWB{1 ] *WS-(T-TWB[1 ))(2501+1.805%T-4.186*TWB[1]):
P(WTPATIKWTH.622);
Ps=PSAT{T);
BRH2=P/Pg;
Z=RH{8]-RH2
vt Z=<0.0 ;

W2=WT;
end;

PROCEDURL moisteqqns; (* 2quations for moist air properties *)
bagin
PWIL(WIII*PATV(WILH0.622);
RH:=PW[I/PEDLB[L);
SV[i]:=28 1 TDBJ273.16)((PAT-PWTI]*1000);
UpI:=RH[[P*(PAT-PSDB{IDAPA-PWIID;
TOR{I:=tsat(PWII]):
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HI[={L.005*TDB[IIHWII*{2501+1.805*TDBII]);
end;

PROCEDURE simulation;

war M3,M7,M9, TDB2weak;

begin  writeln;

writeLN('enter EHXS (FRAC.) Yreadin(EHXS); writeLN(enter EHXR (FRAC.) Yreadln{EHXR);
writeLN(enter BVS (FRAC.) Nireadin(EVS); writeLNCenter EVR (FRAC.) ‘Yireadin(BVR);
writeLN{'enter MAS (K.G/5) DxeadinfMAS); writeLNCentat MAR (KG/S) "jreadin(MAR),
writeLN(enter TDB1 {oC) Yreadin(TDB{1]);  writeLNCenter W1 (KG) hreadlo{W[il;
WIE=WI1V1000;  writeLNCenter TDB5 (0C} );readin{TDB[5]);writeLN(enter W5
(GRG)yreadln(W[S]y; WSE=W[3}/1000; writelN(enter TDBB (0C) jireadin{TDB[Z]);
~writeLN('enter TDB2 (0C) Yreadin(TDBIRY), writelN(enter W2 (G/KG))readt{ W[2]);
WI2k=WI2)/1000;

{PAT=825;, NOE=l; FHXS=0.84; EHXR=0.84; EVS~=) EVR=005 MAS:==1;
MAR=1; TDR[8l=70; TOBM}=23; WI=0010; TDB[21=38.2; W{2}=00048;}
IPl;mapi;miﬁteqns;

TDRB[5125; WI5):=0,010; Ii=5;mapl;moisteqrs;
TDB{E)=TDBLS}-EVR*("DB[5]-TWB(S]x ~ TWB6]=TWB[5}; I:=6;mnp:5;molsteqm;
{* calentotes point 2 for consant wht process™)

TWB[2E=TWB[1]; PLWRI2=psat(iWB[2]) PWI=W[2]*PATAWIZH0.622);
TDBZ((PSWB{ZMPW2MPAT*0.000666))+TWB]2];  I~2;naplimoisteqas;
TOR[TI=TDBISHEHRRYIDBE2I-TOB[6]);  W{Ti=W{6): L~7;mapl:moistequs;
TDB[3]=TDR2}-ERXS*IDR[2]-TDB6Y,  WI3):=W[2]; L:=3;map]molsteqns:
M3:=0,01384/5V[S]; (*aircaryover') M7~0.01384/8V[2]:
WEk=(WBMAS MIH WIS MIMAS;  WETI(WITP (MAR-MT)W[ZPPMTYMAR;
HI[3)=(HT{3(MAS-M3}H{{HT[6[HTT[7])2)*M3)/MAS;

HIT=HT[ T MARMTHETRZRHI[3]Y2)* MTYMAR;

TR I=HTI3)-2501 *W3DALON5HLB4* % T3,
TDBL7E=(HT7]-2501* WTNA LO0S+1.84W 71

L=3meplmeisiequs; I=7;maplimoisteqnyy  Ie<BimapTimsistegns;
WI9):=WS[H{(W[\ - W2[*(MAS/MAR), TWBI9]=TWB{8), PWIl=W[OPPATAW[OIH0.622)
PSWB{S):=psat(TWB{9]y
TDB{FL={(PSWB[9]-PW[F]VPAT*).000668) H TWBIYHIMAS/MAR)(TDB[2)-TDBE2));



185

I=9;mapl;moisieqns;
TDR{AL-TDR[3-EVSXTOB3-TWR[3];  TWRMI=TWB[3); I=dmapXmoisteqns; maxw;

‘forl=ito8do begin CHTOT[[=HT[+HIN); CWII=WHH}FW]; ends
CO~HTES)HTAPMAS;  TCC~HT{IFHI[4]MAS;  Q=(HTIS]HT[7))*MAR;
COP=CCAY;,  TCOP=TCCKY; EER=CCINOF;  TEER=TCC/NOE;
BDHL=(W{1]-WZAW[1]}-W2),

EDH2:=CHTOT[1 {(CETOT[11+(TDB[R]-TOB[Z[*(1 005+ W[21*1.84));
ERG=(2501*CW([S[*MARYQ;

ends

(*MAIN PROGRAM*)
BEGHN
repeat
cirser;
simulation;  (* stmmlated process *)
resulty
writeln;  wreiteln{(ENTER, I=REFEAT, 22EXIT"); readin(zz)
ugtil z2=2;
ENL.
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APPENDIX E

SPECIFICATIONS FOR INSTRUMENTATION

This appendix contains specifications for the following instrumentation and
equipment:

(1) MEDM 500 microprocessor manometer {micromanorseter),
(2) Humidity sensor HD 8907TC/150 (hygrotransmitter).

(3) P 30 analog to digital card.

{4) LM 35D temperature sensors,

(5) Calibration certificate for Fluke therntomneter.
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- Specifications of MEDM 500 Microprocessor Manometer

Pressure range

Velocity range

Volume range

Max overload

K factor range

Duct tetnperaure temperature
Duet absolute pressure range
Area input range

Memory size

Accuracy of displayed reading
Qutput facility

Temperature operating range

0-- 500 Pa
0--288mfs

0-999.9 ms

5000 Pa

1-2.99

0-699°C

70140 Pa

0.00001 tn 99.9999 m*
80 Prussure, velocity or volume readings
+1 % of reading

0-1 mA on each range
0--40°C



Specifications of the Humidity Sensor HD 8907TC/150

(hygrotransmitter)

HYGROTRANSNITTER HD BO?TO, HO 8807TY,
HD BSRTTCr150, WD BOGTT 7350

GHARACTERISTICS SHARED BY THE VARIOUS MODELS:

~*H3800" capacitive humidity sensar.

- Qutpid O+ 20 mA, 4 + 25 A, 0 « 10V with Seigction by ntaans of a
jumgey.

- Ty 0wire canneclion.

- Fransmitiar power supply 220 Yas {on request 24 Vac}

- Tha brangmiltera (that ig sensgre and siactanics) are inferchangeatio
with Other ransmitiers

- Moded KD 880TO, HD 8507V s an anbloe relative hursidity 1tan-

smilter

+ Modets HD BEO7TC/150, HD 8907TC 350 are rafahve humidity tran-
amiltors the sensor of which is separate fram e elgatranic part and
s vonnodted to it by maansofagabls L= 1.5 m,

- Tha sinaors are ftted at the cnd of 2 stanf2ss sttel Wwhe and ane
protected seainst duat and diet by a siaintess steat Mk,

SENSOR

Tha hurmidity sensor s o condanser the figleotic of which is a hygro-
seo0ic polymor. As Ihe distectic conytant for water i argung 80, a
shong varialion of canacily is obtaines with tha variation of the humis
ity contant of tis polymer. The partoular atvantsga of this type _of
sengor are goed lineanty, insenasitivity 1 @vperature vanakions, briof
response dine and foilg e, When using, ¢hock the compatibility
of the sersor with the aimosphate jn which it s inserted. The
sonagr 1as a tamparary fack of precigion i condensation tyrms anits
surlage {the value transmitted is higher than g wotual value due W
aninraase of its real caphcity).

SIGNAL TRANSMISSION

The elestraic circuit i dosigned in such o way that there i3 a lingar
increass of the abserbed current 23 humidity ingeasas. For this
sonos of rangmittors the connochiam us+s cniy 3 wires, The absotbed
cerront is propantinadt to the rolative humidity, The fine (osistange

tlans not miluenea precision of measuremant. IF the valtage au
{0 .. 10 V) i selecied, you must remember Mat the ransmilier's
pul impedange is 500 oht £ 0.2% a0 the eogeiver musl have & |
impedange.

In the prasence of cables ansmitting streny currgrts or mach
that provoke glecromagnetic; disturbancas, tha transmitlar connec
cables must be taid in a saparate chanael or at a certain distana
thiat thva disturbances are sereaned.

INSTALLATION

Procision of measurement does not dapend on the positien ol
Transmittar. However it 1$ atvisable to 42 [ha trangmitter in such a
Ut tha sansar is fasing downwards 50 as to minimize the scoum
fion of gust on the fiter. The tratismitter must not be installed in
immediate vielily of a spurce of haat, as the Yaating of the air &
to & darease of the relative hurmidity {with Hhe same amount of w
vapour present Cloae 10 Uoors or draughts. .

ASSEMBLY
Tha electrouics are haused in a ghurdy plastic container (degre.
protestion 10 65}, When the 5 is opencd four kales are antose

“wehich alfow the baso of e ransmitter 1o be fixed diraotly 1 tha s

‘The pasitinn of the holes 1s 5O x 188 mm. For the slecic connec
thare are a cable elimp and two larmingls that ean take leads vi
diametar of up to 3 mm. Versions WO 8007TCH 50 and
8207TC/350 may be fixad to tha woll by menns of a 142" sliding ;
oectar. Attention: the gensor and the electronles hava the s
sarial numbeor, they sannot be interehangad with other trans
tors.

TECHNICAL DATA
Ralative humidity
Weasuring range: B% RH... 85% AH,
Pracision: + 2% R H, in the temperature sange fram 1010 50°C
Tomperature influencs: zaro, batwean -20'C ... 30°C, neglig:
betwaen 40°C .. 80°C
r?cérgfrg; tomporature; 30°C .. 805G (temporanily for briaf pering:
o A0 C).
Ausorplion: & ma, 4 mA, 0V 20% B, 20 mA, 10V 2100% RY.
Hesponsa tino &t 53% varkation:

without filter: 6 soconds

with ity 4 minglos

Waorking femparature;
Piobe. 20 .. +80:0
Elactronivs: 050 . +50°0
Supply voltaye:

220 Vag, on fequest 24 Vae
Absorplion: (VA

The HD 8307 T... saries of ransritiers oy be connoated ta the
toawing DELTA OHM nabrumonts:
HO 4048, HD 048: Rolutive humidiy Indicatar < -+ 20
in the measuring ronge s HLH.,100% SH.
HD 4049, HD 949: Helalive humigity ON/OEE regul
d -+ 20 A, in the renuiation range 0% ALH.... 1005 M
HD 50022: Dual remuitalon; Input lemperatun, signal §
PI1G0 sansor; adjustmant range -50 to +200°G, relg
fumidity 4 + 20 mA in the adipstment ra
6% RM... 1005 ALH, QNAOFE reguifation and poutral zc
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Specifications of the PC 30 Aaalog to Digital Card

Supplier
Input channels
Input voltage range

Conversion type
Resolution

Max A/D throughput
Inprt itpedance
1inearity

Offset

Power requirements

Analog inputs:
Total system: accuracy
Differential non-lincarity

Input ranges

Eagle Technology

16 single ended

Monopolar: 010V

Bipolar; £ 5 Vor+ 10V
Successive approx A/D ~onverter
12 bits

20 k2

22k

0.025 % (11 bits)

- Adinstable to zero

B00mA @ +5VDC

+1LSB
+or-%LSB
SViodsvV
Jto 10V
“i0Vto+10V
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Specifications for LM 35D Temperature Sensors

Nabonal
Sermiconductor

LM35/LM35A/LM35C/LM3SCA/LM3SD
Precision Centigrade Temperature Sensors

General Deseription

Tre 1LMA5 sedun Ao pracisicn intogratod-irauil tonpora-
urd aunisars, whosa oulput voliago Is iinearly proponionst to
o Calsiug [Contiprad) lompariturs, Thi LWMIS thus has
an advankagé over ingys semperatrs sensors saliorated in*
¥alvin, 23 the usar is Aot tdquirad 1o sublract  lmga can.
slant voltage from fls output o obfain gdmanient Gonti-
grada gcaling. The LIS dooy mot regules Bny oxtbm! cali-
bralion or imming 1o provids fypicil accuracios ol &30
at room temparug and %00 over & ull ~B5 to < 950G
{omperaturd eango. Low ¢ool lo assurad by vimming and
caiibration at the waler favel. Tho 10435 1aw Gutput imped.
gnce, ingar qulpul, ghd reckse inhorom salibeglion make
imeracing Yo readoul or s ol circuiby eipeclally aasy, It
con ba used wilts singlo 1 .or supplivs, o with plus knd
finus supplia. Ag it drawe anly BD wA Iromits sonpiy, It has
vary low sell-haating, lass t5an 0,1°C in glifi ale, The LA35 T8
rated to oporate guer A - 55 W+ 1500 Yemparatura
range, whlle the LMISC F.omalod for & 40" 10+ 410°0
eange (10" with imare: © acturasy). The LM35 setlos iz

avaltalile paskaged it hermetic TOMB ranaisior packagay,
wrinily tha LK3EC j9 alen availshls in the plastic TOO2 ot
giatar paskagd

Features

w Calibtated diagtly i * Calsivs {Contigrado;
u Linear 4 100 nivAC 2otk faotor

x 0.5°C ageuracy guaranteoatlo fal © 25'C)
¥ Raled for il 55 13 +150°C ranga

m Suitablg tor remote spplications

® Lewr cost dug to walerlevol iimming

a Qparatos from 4 10 30 volia

® Lass than 50 pA cusrent dipin

® Low soli-heallng, 0.0RG In slil air

m Honfnoarity only 405G tygleal

m Low Impadanso quipul, 0.1 Q1 for 1 mA lcad

Gonnection Diagrams Typical Applicatlons

TQ-43

Mutol Gan Packepe®
W
lm:ll )
W e

EariM Y TLEst 1

*3at0 9 CONAACNGA 13 Fagatie Ila W

Qrdyr Huntbor LW3ISH, LMAGAH,
LMASCH, IMISCAH gr LMILOH
Sen BE Package Numbsr HO3H

TO92
Plagdic Paskage

e,

AL

!
U T ES U2

Orcler Nuralyar LASISCEZ or LMIEDZ
Saw N3 Paekage Number 2004

TLHEIR-)
FICUSE t, Basit Cantigeade Tamperaiure
Sensor [+ 2'C 1o +1S0'CY

0
[ Thoest Ry = —Vgd
Luzs Yot Nz + 150 MY 48« 1D
.‘._l._. s w o PR o] at 2258
= - BEG I aL = B0

k5
LT 4

FIGUAE 4. Ful-Ranga Centigeads Temparzature Rengar

&1
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Electrical Characteristles o 15 muole & (Lontiuog

_ L3S LM356, LM35D
Voated | Dwslgn Teatud | Dewlgs | Unh
Farimatar Conditiars Typloat | Limit 1 umit | Typesl | i | wmi | ey
) Hole i} | {Hote 5) (Mot 4) | {Heln B} -
Asguracy, Tae +25'G 20,4 1.0 204 FAR] L
LMEE, LM35C Taw - 100 +0.5 £05 E AT G
{Nate 7y Ta=Thax 08 15 404 118 e
Ta “TM'..'!!_ %06 1.5 +0.0 120 ‘G
ABTUTACY, Taw +25'C *06 xt5 'C
LM35D Tar=Thax 04 +24 "
{Nota 7y Ta= Taing =04 =00 <
Monfnba:'ty TS TasTiax +0.4 0.5 x2 0.8 k]
{Naie 8}
San or Cain TS TARThAR +10.0 | +8.8, +40.0 RO T meg
{A ga Slapt & 102 - 10,2
Lead Freguiation Ta= ¥25'C *0.4 &0 £0.4 +2.0 v
{Nate 3) 0%l 51 mA T&mﬂTﬁSTyﬁx 0.5 5.0 6.8 &0 ;mimh
Linu Regulaton Tar T80 0.0 £0.1 ®0.01 ETA Y
{Nole 3} 4yaNg s +0.02 02 *0,02 2 [
Quinkcant Curmos Vg +BY, +25C 66 80 &6 20 Mo
{Note 8) V5= 5V 105 158 81 1B ] uh
Vo= + 30V, + 250 0.2 &2 £0.2 42 A
Ygo + 0¥ 158,8 181 21.5 44 ko
Ghanga of AysVasaoy, 428 | 0.2 0 62 a0 e
Chulascant Current 4V1Vg L3OV o8 a.0 0.8 2.0 L
(Mot d) i
Tampazature +0,99 L. 5 i RN +07 | paC |
Goalficiont of !
Cuisseant Cutiant ;
Mintum Teinpesature | In gl of 415 +2.0 +1.5 +20 %
Iot Rated A ¥ Figurd 1,1 »0 ]
Long TemBlabiity | Ty=Tiaaw b 008 *0.04 e
1000 haors h

Nots 2: Regulaion ip megauie! gt congtant becion Wnpaiaioy, S3ing Fulag Inng win a 10w duty cysie. ChAnzas 1o Swizut don &2 rRastrg #Man ety |
COMUNE by madtiptylng v internd Ry pation by e army devlatariae.

Yoora & Tayiud Limlic are guasantoed aed 100% e in preduciion,

Hale B Coniges Linnile e Guarantons (haf EOL1G0% piscusien Lasted) Sw $hn tndicated Inmpasatuin and Fup,ly watiego FRRgeL THaks itk a9 mgl et e
caledine pulgrog Ruidity lvls.

Hota & Spacifeations ln Satdlace apgly Gver e 3l saled Wamperatan range.

et P ACS sy G N0 L0 T o Db U Ot o divd 195 Lmes B dovien's Gane

W TR (g in T,

e 1 Harkaaainy b dabend we e -onia'ion ol U gul el eitagoaes

Haege.

Hate & Ontuseard cutiont |3 dotirmd b thw clrsil of Sieae 1.
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CERTIFICATE OF CALIBRATION

NATIONAL CALIBRATION SERVICE
APPROVED LABORATORY
No 306

LV

(/”‘vs

Thig gertitizate is issued in accordange with the
ennditians of the tpproval grantad by the Nationa)
Catibration Service. It is a norrect racord of the
measuraments misde. This certiticate may not be
repraduced ofher than in full except with prlor writ-
ten approval of the issuing laboratory,

TECHNOLOGY RESEARCH AND INVESTIGATIONS
TEMPERATURE METROLOGY LABORATORY

Date of igsue §-5-a%

Cenificate il {0264

Head of Laboratory

I WU
t‘uﬁl f’l‘hﬂ“\\ LL I

Page tof 2 pages.

The values in s gerbficate sre corzoet of the tima of cabhralion. Subsaausally the ascuracy vl gopond on
sueh lattors s tha gare esecuicd in handling und use of the dovics, and thy freguancy of us, Roealkration
chotld b preforned after a pangd S0 chogen to rhoute I the inbiuna af's Accutacy temaing within th gasiraed
(AT EN - .

iy,

Ié

-

et et R
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T ESKOM - TEGHNOLOGY RESEARGH AND INVESTIGATIONS
NLA CERTIFICATE OF CALIBRATION

Citibration ol & : Digat Themomater

Calibrated for + Liskam TR

Cartificata vumber  + 9705T284
Dale of calibeation - SISET

Serial imber : BGR524Y

Instrurent rar.ge Qo BrC

Tyre : Flukis 52 KA digital thermameter with SV 5695243
+ coupled Lo 4 type K themowoupte.

Prcedars ymbar  : 305-1003

Luboratory temp TERE

Hatvidity 1%

Referance stondards : Fiuka 21384 digital thermemetsr BN 2620007

The aecuracies of the relerence standuzds are
traceable ba the National Measuring Slandards,

Reference Indicated
Temaperalure Ruading Correcticn
b t] ha s b+
00 G2 92
193 19.4 .2
294 294 a0
386 W5 o.n
45 436 00
594 598 -1
656 -1k 0.2
05 T8 0.3

Thw uncertalnly of meisweremuent fs ++0.8°C, estimated for a 95% confideice lavel
Recommanded re-calibration date: 57598

Gomments ; The cgrmaction should be added to the tndicaled temperature i omder
1 o olitain the truc enperalure.
Caliorated by 1 P D Bhimma Headd of Jaboratory.
Checked by : M Mathiesan oL RO
Poge 2 of 2 pagea.

Frivito Bag X40475, Clewalard, 2022, Tel (041) GZB-5311 or {011) 6265325

ESKOM
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APPENDIX F

EQUIPMENT PERFORMANCE DATA

This appendix contains the manufacturer’s performance data for the desiccant wheel and
sensible heat exchanger,
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FIGURE F.1: Desiccant wheel outlet air conditions for specific inlet air conditions
{Klingenburg, 1997a).
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APPTNDIX G
OPERABILITY OF DEC SYSTEMS IN SOUTH AFRICA

Gl Overview

Part of the scope of this project was to do an assessment of the feasibility ¢ DEC
systemns in South Aftica, This appendix G gives the following results:

{A) A general survey was done concerninyg the climatic variations in South Afuca
throughout the year. These results are given in section G2. The results give a
general indication of the air conditioning requitements i South Afiica
coneerning dehnmidification and cooling,

(b) Simulations of DEC systems operating in various modes in all 12 climatic zeglons
of South Aftica at different times of the day throughout the year, were done based
on average weather data. The simulations used the manufacturer’s information
(see appendix F) for the desiccant wheel, The purpose of these sinmlations was to
determine the operability, performance and practical implications of operating
DEC systemns (balanced flow, non-optimized) in South Afiica, The weether data,
simulation results and 5 brief discussion of the results, for euch of the different
climatic regions is covered in sections G3 to G14 (see table G2.1 for a list of the
regions and the relevan: sections).



G2 General Survey

1

TABLE G2.1: Climatic zones of South Afica and represemative eities.
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FIGURE G2.1: Chmatic zones of South Afvica (Weather Butean, 1960).

ZONE CLIMATE cny I
W | Namaguatand and North- | Desert Upington G3
wester: Cape

M | South-western Cape Wister rain Cape Town | G4
A" | Southe.n Coastal Beit Rain all seasons Port Tilizabeth | GS |

SE | Sowfi-eastern Coastal Belt | Warm. Sunmerrain | East London | G6

L ! Zostern Constal Beleund | Subtropical, Suramer rain | Durban G7

Zululand

D | Drakensberg Escarpmers | Warm. Summerrain | Ladysmith G8

L | Lowveld Hot steppe. Summer ain | Phalaborwa j G9
IET Northem Trarsvan! Hot steppe, Smumer rain | Plotersburg | G10

H ! Highveld Warm. Sumimer rain Johamesburg § G11

SN | Norther Steppe Steppe. Summer rain Bloemiontein | G12

5S | Southern Sweppe Cold steppe, Autunn rain | Queenstown | G13

K {Karoo Desert Renufort West | GIA |

N Yt Py eI, N
— o S s [



TABLE G~ : Months when average dry-bulb temperature or humid~y ratio exceeds room conditions

r_‘\-iﬁ"s)'ﬁ-l Jpinzton Cape Town ! Port Elizabeth East London Durban } Ladysmith

B |14 (20 (08 (14 |20 108 |14 |2 {08 |14 [20 |68 |14 |20 {08 |14 120
BN T 0T (T W W W (W |TW W (W AW (W [TW [IW [TW |[W | TW | W
FEB  IW |TW [TW (W [1TW W W |TW |W |W [TW |W [TW |TW |[TW |W |TW | W
MAR W TW [TW W TW IW |W [TW |W W [TW |W |TW |TW [TW |W |TW |W
APR T W W (W (W W W W W W W W W T |
MAY T W W W W (W | TW | W

o W W
¥iis VW |
EAUG ! WTW W |
SEP | T | W W WOW W iW W T T
ioc*r T T W oW (W [W W (W W W (W T

™oV T 1T (W W |W |W |W W [W |W |W Iw |TW W |W |IW |W
'DEC T T (W [TW (W (W [TW[W [W (W [W [TW [1W |V |% [TW|W

3 I

T= Ambient dry-bulb temperature exceeds that in room of 23°C.
W= Ambient homidity ratio exceeds that in room at 50 % relative humidity.

The calenlations were based on averege monthly climatic data at the specified times of *he day (08h00, 14h00 and 20h00).
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TABLE. G2.2b: Months when average dry-bulb temperature or humidity ratic exceeds room conditions

MONTH | Phalaborwa Pietersburg Johannesbur:; Bloemfontein Queenstown Beaufort West
98 (14 [20 108 |14 |20 |08 |14 J20 (98 |14 120 {08 |14 J20 108 |14 |20

JAN TW (TW |TW IW (TW |W |W |TW |W |W [TW |TW W |TW ;W |W T [T

FEB T™W [TW |TW [W [TW [W (W [TW iW W |TW |W [W [TW (W [w T |T
ROIW TW |{TW [W [TW [W (W |W |W [W |IW |W |W |TW |W T T

APR W ITW (W (W T W 1] T

MAY W |[TW (W

JUN T i

UL T

| AUG T _ ;

SEP W OiTW W T T

oCT W TW [ TW T T T

NOV W OITW [TW (W TW W W T T W T

{ DEC TW {TW [TW |W (TW [W W [TW [W |W T QT |7 JIW W T T

T=Ambient dry-bulb temperatuxe‘exceeds that in room of 23 °C,
W= Ambient humidity ratio exceeds that in room at 50 % relative hamidity.
The calculstions were based or: average monthly climatic data at the specified times of the day (08h00, 14h00 and 20h00).
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G3  Upington (Namaqualand and North-wesiern Cape)

This region has a desert climate and is generally hot and dry except in February and
March when the average humidity ratio is slightly higher than that in the roon: (see
table G3.1). All of the air conditioning requirements could probably be met with
only evaporative ccoling, although dehumidification could be required if room latent
loads are high. The ventilation mode generally performs slightly better than the
recirculation made throughout the year but the ventilation credit mode performs the
best during the middie of the day in the summer months (see table G3.2). The best
strategy would be o operate year round in the veatilation mode, which would give
relatively high COPs throughout the year (minimunt of 0.34 in ventilation mode),

TABLE G3.1: UPINGTON average monthly weather conditions (Weather Bureau,
1997).
| MONTH | 08H00 14H00 20H00
TDB[RH|W |TOB[RH|W [TDB[RITW
JAN 233 |46 190 [336 [21 |87 |312 |22 |84
FEB 225 |54 ]102 [325 126 (96 1297 (29 |97
MAR  [2027161 | 100 [30.6 |28 | 9.6 |26.7 {34 |97
APR 154 169 |82 1266 (20 |82 [213 140 |84
MAY  [100 |68 |58 {231 |27 |64 |163 |39 |63
JUN 63 {68 146 {166 129 [54 125 |40 |51
UL 56 165 142 197 127 [50 |[126 (34 |47
AUG |76 |58 |43 |216 |23 [50 |153 |27 |48
SEP 120 152 754 (254 120 [55 200 (23 [54
OCT 173 (47 {65 [281 [19 |63 [238 |21 |63
NOV {210 |8 (75 |30 V18 {71 133130 170
DEC 220 [43 {84 13207118 {78 300 |10 |76
Note: (1) Elevation: 836m  (2) Weather office no,: 03174741

(3) Zone: W (Namagualand and Northwestern Cape)

(4) Climate: Desert

{5) Room conditions: TDB= 23 °C, RH= 50 %, W~ 9.6 gk




TABLE G3.2: DEC simulate® ~. “brmance parameters for UPINGTON

! Month | Ventilatior mode Vertilation eredit mode Recirculation mode

 CC kWikg) copP CC (kW/kg) CoP CC (kWkg) COF

08 T14 [20 108 i« |20 {08 [M4 20 {08 [14 J20 ;08 14 20 o8 [i4 [20
JAN' 114371112 1128 1040 [037 {040 [ 134 [ 197 [181 [037 {065 [0.56 | 138 1107 [ 115 1039 [ 630 |033
FEB {126 {102 [109 (035 {034 1034 [13.6 [199 [ 180 ;038 {066 {057 [ 133 1104 1113 1037 |029 {032
MAR (138 [108 | 119 |037 [034 1035 {120 {186 | 160 | 032 {059 | 047 | 141 |11.0 122 | 030 | 031 |034
APR 147 | 160 042 | 042 148 {112 042 1030 133 | 150 037 1042
MAY | 187 210 049 1049 07 {58 028 | 0.14 158 184 044 1050
1;.]UN
 JOL o
AUG i
| SEP _
OCT | 204 |17.3 {187 [0A9 |0A8 {049 |68 | 141 {111 (0.6 |039 |029 [179 | 142 | 153 |049 | 030 | 044
HOV | 17.7 | 150 | 164 {046 {045 {046 {103 | 168 | 141 | 027 | 630 | 040 | 158 | 128 |139 | 044 [036 | 039
DEC {155 {133 |144 1042 1042 {043 [123 {188 | 164 [0.33 {059 |04 [144 {iL§ {128 | 040 | 033 | 0.36

(2} The calcnlations were based on average monthly climatic data at the specified times of the day (08500, 14500 and 20h00).
(3) Blank spaces are where ambient TDB < 16°C or W < 4 g/kg (unlikely that cooling or dehumidification would be required).

NOTE: {1} The performance parameterls are fora halanced flow DEC system operating with Tyga= 70 °C, EVr= 95 % and EHX= 84 %.

EXi 1
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G4 Cape Towr (Seuth-We

This region has ¢ winter rainall climaie that is very cold in w'. * -+ but can become
hot and humid in summier (see table G4.1). Cooling and dehumidification is required
in the swmmer months. The recirculation mode (minimum COP=0.28) perfornis
beiter than the vantilation mede throughout the year although the ventilation credit
mode performs better during she middle of the day in sumuner (sec table G4.2} The

r'f}

best strategy wourld be 1o operate continuously in the recisculation mode.

TABLE G4.1: CAPE TOWN averape monthly weather conditions (Weather Burean,

1997
MONTH | 081100 14E100 F0H00
TECB]RHIW |IDB|RH|W |TDB|RA|W
JAN 196 |74 1107 {247 Y51 {107 | 201 {73 {108
FEB 187 |79 | 108 | 252 |51 [11.0 |19 175 {112
MAR 1168 |85 1103 1242 152 105 [186 |79 {107
APRT [T {80 190 [220 |58 (05 {165 (82 |97
MAY 11i2 |89 {75 [192[60 187 {141 {84 |64
TUN 96 |87 [65 |173 |61 178 (122 |8 197
JUL 67 |89 163 |165 |60 |76 [11.8 |85 174
AUG 193 |8 [65 1169 |50 |75 1124 8178
SEP 1A [87 (7.5 180 {58 |79 [136 181 (%0
OCT 147 |79 {83 202 {53 [83 [183 |78 183
NOV 176 |72 |91 |22 |52 {92 [|172 |76 |93
DEC 190 173 {100 (235 [32 {104 | 189 |74 {103

Note: (1) Elevation: 42 m

(3)Zone: M

{2) Weather oifice no.; 00211790
{Southwestern Cape)

(< Chimate; Winter rain




TABLE G4.2: DEC simulated performance pamameters for CAPE TOWN

¢ Month | Venilation mode Veniilation credit mode Recirculation mode
CC (Wikg) Cop CC (kWika) coP CC (w/ike) coP
08 14 20 08 14 20 08 14 20 08 14 20 08 14 i 20 0t i4 20
JAN 105 {87 1104 [020 1026 1029 {119 jI153 (125 1032 ;045 |034 123 1307 1120 (634 ;030 | 033
FEB 10.7 { 8.1 96 1029 1024 1027 1114 §160 {125 {031 {048 ;035 1126 {101 [11.8 [ 035 028 032
MAR ;123 {92 ;109 {032 1027 {029 {97 147 {112 1025 {043 [030 1136 {109 ;126 1037 1030 1035
: APR 1i6 {133 032 1034 125 189 034 1023 iz3 142 0.34 |} 0.3%
MAY 1406 (.36 2.0 0.25 13.% 038 ¢
A 16.0 0.40 79 0.19 152 0.41
JOL i6.3 .40 6.9 .17 157 043
AUG 16.6 0.41 71 017 15.7 0.43
SEP 157 Q.39 83 21 15.0 0.4]
ocT 143 .37 10.2 0.27 139 0.38
NOV (139 ;120 {136 1036 {033 {035 [ 92 122 190 (023 {033 {023 |142 1126 1142 1039 }035 |0.39
DEC 1118 [103 {114 1431 {029 03¢ {111 141 (100 {030 {040 {029 {1120 {115 {128 {035 [ 0.32 | 035

NOTE: (1) The performance parameters are for a balanced flow DEC system operating with Tegg= 70 “C, EVr= 95 % and EHX=84 %.

(2) The calculations were based on average monthly climatic data at the specified times of the day (08h00, 14h00 and 20000,
(3) Blank spaces are where ambient TDB < 16°C or W < 6 g/kg {uulikely that cooling or dehnmidifeation would be required),

e



G3

‘This region has rainfall {n all seasons with a mederate climate throughout the year
although the summers can become humid (see table G5.1). The recirculation mode
generally performs the best (minimum COP=9.26) with the veniilation credit mode
performing better in summer {see table G5.2). The best strategy would be to operate
in the recirculation mode.

TABLE G3.1: PORT ELIZABETIH nverage monthly weather conditions (Weather

205

Port Elizabeth (Southern Coastal Belt)

Bureau, 1997).
MONTH | 08100 ~ T I4TH00 207100

TOB [RH [ W {1DB | RH | W | TDB | RH | W
JAN 211176 [155 | 242 |61 [124 [200 |80 1128
FEB {207 |82 [126 {242 {64 | 128 {207 |85 |13.0
MAR  |19.3 |85 1.1 [234 |64 |124 | 198 |85 | 125
APR 166 |85 [ 101 |21.9 [62 [10.8 {178 |85 [109
MAY 136 |83 T&1 [206 {56 91 |156 |82 |92
JON 11251168 |194 |52 |80 [13.9 |79 {81
JUL 65 181166 |88 |53 |78 |36 17 179
AUG {120 (82 172|185 |57 |81 [139 {82 |83
SEP 143 [80 {83 {187 |61 |89 |150 |82 {90
OCT 164 [77 |93 196 [63 |97 (162 |82 |96
NOV 184 {75 103|210 {65 [106 |176 |82 | 106
DEC 202 |73 114 1230 (61 |11.6 | 196 |80 [1L.8
Note: (1) Elevation: 60m  (2) Weather oflice no,: 00351795

(3) Zone: A (Sowthern coastal belf)

{4) Climnate: Rain all seasons

(5) Room conditions; TDB= 23 °C, RIi= 50 %, W= 88 p/kg




TABLE G5.2: DEC simulated performance parameters for PORT ELIZABETH

i Month ] Ventilation mode Ventilation credit mode Recirculation mode

CC (kWkg) COoP CC (KWrkg) COp CC (kW/kg) cor

08 % 14 i 20 08 14 20 08 14 20 08 14 20 08 14 20 a8 14 20
JAN 73 139 167 1021 018 1020 1147 1168 {147 1043 [ 052 | 043 {105 |96 |105 {029 {027 [ 029
FEB [72 i56 65 (021 {017 10.19 {145 ;170 {148 . 042 {053 {043 1107 {94 1105 (030 (026 [ 0.29
MAR 186 (65 {78 024 1020 {022 1132 {161 §13.9 (037 {042 {040 [116 {99 110 1032 {027 |030
APR 1128 {96 1LY {033 1027 {029 {95 136 111 1024 1038 1020 :13.8 | 116 | 127 (038 (032 1035
MAY 13.0 ] 0.35 113 0.30 13.2 0.36
JUN 15.1 0.39 o4 0.24 145 J.40
JUL 15.7 040 89 022 14.8 040
AUG 153 0.39 8.9 0.22 146 0.40 |
SEP 13.9 036 9.7 025 14.0 038 :
OCT ;140 1123 (137 {035 (033 [035 i86 [1L1 {88 [022 ;1030 |022 [145 {132 {143 {040 036 | 0.30
NOV 1113 1183 ;115 9.31 020 ;030 {1009 1129 13105 1029 (036 | 028 {130 J1L9 1132 1636 | 033 | 036
BEC . 94 180 (89 :026 1024 :025 {131 {152 113.0 {037 f045 {036 1116 :10.8 | 11.6 (032 (030 {032

(2) The calculations were based on average monthly climatic data at the specified times of the day (08h00, 14k00 and 20h00).
(3) Blank spaces are where ambient TDB < 16 °C or W < 6 g/kg (unfikely that cooling or dehumidification would be required).

)
NOTE: {1) The performance parameters are for a balanced flow DEC system operating with Treg= 70 °C, EVg= 95 % and EHX= 84 %.

ane
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36 East London (South-Bastern Coastal Belt)

This region has a warm climate with summer rainfall (see table G6.1). The
recirculation mode geperally performs the best (minimam COP=0,25) with the
ventilation eredit mode performing befter in summer {see table G6.2). The best
strategy would be to operate in the recirculation mode.

TABLE G6.1: EAST LONDON average nionthly wenther conditions (Weather

Bureau, 1997).
MONTH | 08HE0 14100 20H00
TOB K [W |TDB[RH[W [TDB[RH[W
JAN 217 {78 130 1240 71 1136 |212 |85 [134
FER 214 |81 (132 [282 |72 [138 [213 |87 |33
MAR  [202 |83 |124 |235 |72 | 133 204 |87 {131
APR 177 181 1103 1223 |66 | 115 | 184 {85 |11
MAY | 150 |6 |81 [212 {58 195 [163 |80 |92
YON 128 |70 |65 [198 {52 {80 |145 [75 (7.7
JUL 124 |70 |63 [ 196 |52 |77 |142 |77 177
AUG 135 |73 |70 194 158 [83 (146 {80 |83
SEP 154 |76 [84 ~ D4 |65 [95 |[158 |83 {93
oCT 3175 {96 1198 |60 | 104 | 168 |83 |10.
NOV 1927175 1108 {210 {72 1115 [182 |85 [113
DEC 209 [75 [11.0 [228 [70 1126 1200 |84 | 124

Note: (1) Elevation: 125m  (2) Weather office no.; 00595729

(3) Zone: SE  (South-eastern Coastal belt)
(4) Clipate; Warm Summer rain

(5) Room conditions: TDB= 23 °C, RH= 50 %, W= 8.9 g/kg




TABLE Go.2; DEC simmlated performance parameters for EAST LONDON

Month | Venalation mode Ventilation credit mode Recirculation mode

CC (xWikg) COP CC (kWikg) COP CC (KWikg) CoP

08 ‘ i4 120 108 i4 126 08 4 120 08 i4 |20 08 14 20 OR 14 720

JAN 165 144 (58 (019 (014 1017 [156 1174 (154 1046 {055 {046 {104 {92 [10.1 ;029 | 026 ;028

FEB 64 {40 (54 (018 103 {016 {154 {17.7 161 {046 (056 1049 {101 {90 (58 ;028 |0.25 }027

MAR 180 {50 ;67 [072% {016 1020 {140 [168 {147 {040 {052 1043 {112 {95 {187 (031 1027 {030

APR 121 :186 105 [032 025 1028 {103 [ 145 {116 (027 {042 [G31 134 110 126 1037 1030 {035

80¢

MAY 122 {144 033 |03 11.5 {83 032 ] 021 129 | 14.8 0.35 | 040
JUN 152 0.39 9.6 0.25 14.5 0.40
JOL 15.7 0,40 92 0.23 14.8 0.40
AUG 143 0.38 9.6 0.25 143 059
SEP 12.8 034 10.7 028 135 0.37

OCT (136 }1L4 [13.0 1035 1031 1633 [95 1120 (9.7 (024 1032 025 {142 {126 ;140 {039 {035 [ 038

NOV |i09 (91 1105 {030 {026 ;028 ;:1.8 {137 {107 [ 032 (039 1032 {126 [ 115 {126 {035 {032 ;035

DEC {84 |66 [81 024 {020 1023 {139 |i58 |[13.9 ;040 {047 ]040 {113 {141 |11.2 {031 | 028 |0.31

NOTE: (1) The performance parameters are for « balanced flow DEC system ap:rating with Treg= 70 °C, EV=95 % and EHX= 84 %.
(2) The calculations were based on averaye ronthly climatic data at the specified times of the day (08h00, 14h00 and 20h00).
(3) Blank spaces are where ambient TDB < 16 °C or W < 6 g/kg {unfikely that cooling or dehumidification: would be required).



G7  Durban (Bastern Coastal Belt and Zululand)

This region has a sub-trapicél climate with summer rainfall. Dehumidification is
required yeer rovnd with cooling required dwing most of the year (see table G7.1).
The recirculation mode performs significantly better than the ventilation mode (se
table G7.2). The ecirculation mode has a relatively low minimum COP of 0.20 and
the ventilation mode provides litile or no cooling in .wnmer, The best strategy
would be to operate in the recirculation mode, although 2 second DEC unit conld be
used to coot ihe 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 canditions {Weather Bureau,
1997).

MONTH | 08HO00 14H00 20H00
TOB|RH|W |TDB |[RH |W |[TDB [RH|W
JAN 243 |77 | 149 |26.6 [69 | 159 [240 |83 1157
FEB 243 |78 [151 [ 268 |69 | 159 1244 (82 158
MAR 1233 |79 |144 {265 |67 {153 237 (& |153 |
APR 206 179 (122 1251 164 [133 |21.7 182 134
MAY 173179 (07 [2357(50 [113 [190 |8 (113
JUN 139 |77 176 (221 {52 |93 (164 |80 |93

YL 137 178 176 {217 |53 {94 {165 |80 [9.3
AUG 160 |78 1s.s 219 [59 1101 |181 180 104 |
[ SEP 188 177 1104 [221 165 |11.2 [123 |82 114

OoCT 204 (74 1113 1226 168 [12.0 (200 (&2 1121
NOV 219 |74 (125 1238 (69 1133 (213 |83 132
DEC 236 [74 (140 256 |68 |347 |220 |82 1147
Note: (I)Elevation: ¥m 12 Weather pffice no.; 02408088
(DZone:E  (Eastern Coastal belt and Zuluisnd)

{#) Climate: Subtropical Summer rain

(5) Room conditions: TDB= 23 °C, RH= 50 %, W= 8.8 g/k+




TABLE G7.2: DEC simulated performance pamameters for DURBAN

’ Month | Ventilation mode ‘E Ventilation credit made Regireulation mode

‘ CC (kWkg) cop | CC (:Whkg) cop j CC &KWk | cop B
; 08 (14 {30 ‘08 ;'14 ;20 aos ‘14 120 {08 4 (20 f03 (14 20 ;08 (13 20
TIAN [1T (-10 108 1006 f-o 037003 >186 208 1103 1061 [073 106% {82 (7.0 |76 [625 1020 [022
%FEB L7 -8 (87 1ags 003|002 186 {208 186 {061 {73 {063 f;sz 70 177 1023 Tonn 022
IMAR |33 05 714 o0 [0.02 1605 178 [206 [ 186 [057 ;072 [061 (88 176 |82 [A25 1021 1023
[APR (79 144 (53 (022 |61 016 (143 1120 1757 1041 {058 047 1111 [0 100 (031 1625 1028
M. ¥ 1:, iss 98 1032 ? 28 027 93 1154 1221 [024 046 1033 {141 {108 {125 {039 036 034
JON 1120 1139 1833 (035 | 123 185 w54 021 2.8 1148 035 | 64
I'EUL (120 1139 _;5_0.33 7635 | 1123185 034 §0.21 | E;_!.'Z.S 143 835 | 041
TAUG | 149 [109 [1L6 037 (031 [031 {78 [130 | 166 [0I9 /037 (0378 154 {122 | 133 | 042 034 | 0.37
TSEP T4 (85 95 1031 D36 636 112|143 134 (03 042 [034 1130 |14 (122 036 05 [0H
@Gcr T 76 183 {027 .03 ‘924 ;5132 154 {136 {037 {046 {039 1115 (108 [ 1°4 | 035 1630 ’;03:
@Nov 76 145 155 1621 .15 ’018 *1«3 i7.2 51<4 045 1034 [046 105 {97 103 629 027 !020 :
[DEC 40 120 27 |03 {037 T 0.00 11?3 119.6 ;176 056 1066 1056 9.1 |82 188 =a*5 023 lnzt

H
I\OTE- {1 The perfbﬂnancr.. paramaiers are for‘. bq’ancea dow DEC system Op"rahllg wnh Trrs=T0 °C, EVr= 95 % and EHX~ 84 %

{23 The caloulaticns were based on average monthly climatie data at the specified times of the day (08100, 14h00 and 201003
{3) Blank spuces are where ambient TDB < 16 °C or W < 6 gfke {uniiiely that cooling or dehumsidification: v ould be requirad).

174
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GR  Ladyswmith (Drakensberg Escarpment)

Tiis region has a wam climate with summer rainfall (see table G8.1), The
recirculation mode generally performs the best (minbium COP=0.30) with the
ventilation credit wode performing better in summer (sce table (38.2). The best
strategy would be to operate in the recirentation mode.,

TABLE G8.1: LADYSMITH average monthly weather conoitions (Weather Bureau,
1997),
MONTH | 08H00 141100 20H00
TOB{RH[W [IDBIRH]W |TDB[RH|W
JAN 306 |81 [ 134 {281 |48 {130 [2207 171|132
FEB 196 |84 113371274 [ 46 |13.1 | 220 {67 | 132
MAR [ 180 |86 |124 [264 |44 121 [207 {65 |119
| APR 1427188 |99 {243 [37 |97 1180 15 {01
MAY P97 183 176 {319 [30 |73 145 130 768
N 50 (84 {50 104 129 (60 [11.3 147 |54
JO1. 55 |78 [49 197 {98 163 |124 |44 |54
CAUG (9.5 (75 [607 1916 (a1 163 114547 162
SED 3017 18l T {35778 (173 182 77
OCT 166 176 |97 1050 |41 191 1185 161 |65
NOV 186 |76 T1iA 1260 136§ 108 1197 Tes T100
e
Note: (1) Blevation; 1578 m ) Weather offiee e 030045452

(NZone: DD (Drakensberg Escarpment)

{4) Climate: Wavm, Sutmmer ran.

sl Ll

02 76 1125 Ta70 T4 {13 1314 166 1120
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TABLE G8.2: DEC simulated performance parameters for LADYSMITIH

Month : Vemilation mode { Ventilation credit mode Recirculation mode
f CC (kWikg) CoP CC (kWrke) cor CC (kW/kg) Tcop

j o8 14 120 108 [14 [20 (08 [i4 [20 {08 [i4 {20 |08 (14 [20 |08 [14 |20
%JAN 52 169 190 1037 |023 |037 | 154 | 200 | 161 | 045 |0.67 048 | 125 | 104 | 122 (035 | 030 {035
FEE 198 "0 |9C |028 023 (027 {147 | 194 |16 |043 | 0.64 | 048 [12.8 {104 |12.2 [ £.36 |03C | 035
IMAR 118 5 1105 1033 1020 [033 (128 {175 [ 140 1535 1056 | 040 1150 [113 [134 1035 033 | 038
TABR 140 {172 040 | 044 146 198 042 | 025 137 | 162 039 | 0.45
MAY 187 049 10.7 078 162 045

JON 1.7 053 7.9 0.19 18.1 050

| JOL ; 121D 052 82 0.20 17.8 0.49

AUG 12077 052 96 024 170 047

[SEP 175 | 19.7 047 | 048 | 123 | 80 033 | 020 154 [ 175 033 1049
f;ocr 1767 1146 {162 102 042 1042 194 |144 [ 104 {024 1041 027 1162 | 140 [ 156 1045 {039 |044
"NOV | 134 [11.6 1135 1036 035 |037 1119 1167 | 124 032 1050 |04 | 145 | 125 | 142 [ 041 | 035 | 040
DEC 1105 |84 (103 1031 {037 [032 1144 [ 191 | 149 |04l 1062 (043 {130 [ 110 [128 {037 | 031 | 036

NOTE:{1) The ;:erfonnance parameters are for a balanced flow DEC system op

(2} The calculations were based on average monthly climatic data at the specified times of the day (08h00, 14h00 and 20h00).
{3) Blank spaces are where ar > 20t TDB < 16°C or W < & g/kg (unlikely that cooling or dehumidification would be required).

crating with Taze=70 °C, EVe= 95 % and EHX= 84 %,

(™
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(G9  Phalaborwa {Lowveld)

This region has a hot climate with summer rainfall (see table G9.1). Cootling is
required year round and dehuridification is required for most of the year. The
ohservations and recommendations are the same as for Dwrban, 1he ventilation
mode provides little cooling in summer and very high regenerating femperatines
would be required 1o increase the cooling capacity. The recirculation mode performs
best with 8 miniinum COP of 0.20, which is also relatively low. The ventilation
credit mode has a maximem COP of (.86 (see table G9.2). Evaporative ¢ooling
could be used alone during the winter months, since it is relatively dry but still hot

during these months,

TABLE G9.1: PHALABORWA average monthly weather conditions (Weather

Bureau, 1997).
MONTH | (8H00 141100 20100
TDB[RH|{W |TDB [RH W |TDBRH[W
TAN 237 |82 155 305 |51 [151 267 |63 [151
FEB 231 185 |154 [ 298 {52 [149 {260 |65 |14.8
MAR | 222 |86 | 148 [2037150 | 144 {251 |64 | 143
APR D8 |87 [127 [27.6 {49 | 125 {224 |66 |123
MAY (165 {85 [100 263 |42 (103 {195 [62 |98
N 132(82 19 1240 |30 |84 [17.0 |58 |79
UL 130 (827178 1239 (30 '82 [19.1 |56 |78
A6 TE TR T T as Ta e T T5 63
SEp 187 {77 {105 {275 142 [166 {222 |52 |99
oCT 207 {76 Y118 (281 |46 | 117 | 237 |55 1113
NOV 221 |77 {1337 289 |50 {134 | 248 |61 1317
DEC 233 |7 1145 2087151 1145 (259 |63 [142 |

ik

A e e e e

(2) Weather pifice na; 06812667
{4) Climate: Hot Steppe. Sumumer rain.
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TABLE G9.2: DEC simulated performance parameters for PHALABORWA

; Month | Ventilation mode i Ventilation ovif mode : Recirculation mode ‘
CC {kWhkg) COP . CC (kWikg) COopP CC (kWrkg) COP

! 08 114 20 108 1. 26 108 |14 [20 Jo8 ji4 [20 jo8 [14 20 03 1M 20
JAN 123 {02 |17 008 {001 | 006 ;190 {229 |205 |0.63 |86 J0.71 {89 | 7.1 |80 {035 ;020 {023 |
FEB (25 108 27 1000 1003 {009 |18 [224 1200 |061 082 |0.68 189 (74 (86 1025 {021 |64
MAR [40 20 138 {043 (007 1012 |74 121.7 | 189 {035 | 077 1062 195 |77 |89 027 1022 025 |
PAPR 185 59 82 1024 1019 1024 [ 141 [19.1 |55 {040 [062 {646 [11.8 {95 [1L2 1033 {027 [031

MAY 341 1100 1154 1036 {0630 (036 {94 {163 1113 {024 {049 1030 | 148 {113 {137 041 1 031 ; 0.38

}
i
i

N 4.1 1172 039 G4z | 131 177 6.36 | 0.1y 132 1161 | 037 | 044 ¢
: i 3 e
L (145 ;174 040 043 129 {79 0.35 1019 135 {161 0.37 1044
1ALG 124 {154 636 {040 14,5 | 100 042 :0.26 124 1148 ¢ E 034 1041

lf‘:.i':.P 125 191 123 1033 :028 {034 ;114 j173 [132 030 ;053 {037 {135 {107 {129 {057 [ 030 |0.36
OCT i96 4§69 (92 1627 10221027 1138 ;185 [155 (039 {059 {045 {121 198 [i13 |034 {027 |03}

¥ !

NOV {66 {38 {59 1020 {013 1019 {161 [205 {177 {049 1070 1055 ;106 {86 (98 1030 ;024 l’ﬂ.?.‘?,i

} DEC :42 {314 (36 0,14 1005 1042 {180 {219 1193 057 1079 {063 |98 |77 189 1057 037 [0.35
NOTE: {1} The performance parameters are {or a balapced flow DEC system operating with Trpg= 70 °C, V= 95 % and EHX= 84 %4,
{2} The calenlations were based on average monthly climatic data st the specified times of the day {08h00, 14h00 and 20L00).

{2) Blank spaces are where ambient TDB < 16°C or W < 6 g/icg (unlikely that cooling or dehumidification would be required).
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G10  Pietersburg (Northern Transvaal)

This region has a hot climate with summer rainfall. Cooling and dehumidifieation
are required during the six months around summer (ses table G10.'). The
recireufation mode (minimum COP=0.32) performs batter than the ventilation mode
(minimum COP=0.26) although the difference in performance is small (see tadle
G10.2). The ventilation credit mode performs better in the summer months with a
maximum COP of 0.61. The best strategy would be to operate in the recirculation
mode although the ventilation mode is acceptable if more ventilation air is required.

TABLE G10.1: PICTERSBURG averaze monthly weather conditions (Weather

Bureau, 1997).
MONTH | 08H00 14100 201100

TOB [RH [W | IDB [RH [W | TDB |RH [ W
JAN 362 177 1134 | 265 |48 120 1227 |64 |134
FEB | 195 |80 |132 [26.0 {49 [128 |31 67 [ 133
MAR 1827183 [12.5 [253 [47 [11.9 [30.7 |68 |124
APR 151 {835 1105 1234 {45 00 [180 {67 |10
MAY 111 |82 |78 {216 {38 |78 (149 160 |70
JUN 75 |80 |59 [189 (35 |a2 [119 |5 |62
JOL 73 179187 {187 (33 |ed [123 51 |58
AUG 1027775 167 [212 33 [68 (150 [48 |66
SEP 147 |69 |83 | 241 |34 |70 (183 148 199
OCT 176 |69 199 [245 |41 |96 (1957155 168
NOV 190 172 [ 114 1250 [d6 [ 112 [208 |62 |11.3
DEC 200 |74 {125 12590 [48 {122 219 |64 |17

Note: (1) Elevation: 1230

(3) Zope: NT  (Morthem Transvaal)  (4) Climate: Hot steppe. Summer rain.

e w8 T S e
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TABLE G18.2: DEC simulated performance paramsters for PIETERSBURG

anmh Ventilation mode Venttietion credit nx Recirculation mode

CC (kWikg) cop CC (kWikg) COP CC (kWkg) COP

08 114 (20 (68 114 120 {08 (14 135 08 f14 20 (08 {14 (20 [og li4 120 |
AN 197 81 187 1078 {026 1027 |52 [188 | 168 [0AF 1661 1051 | 128 [1i1 [120 1036 (033 [0.34
FEB | 104 3190 1030 (627 1627 (147 1184 T1657042 (035 (040 (132 | 114 (123 {037 033 | 035
MAR {115 | A {112 1633 1032 1032 1130 1173 [ 147 036 {053 {042 | 140 {120 {132 {040 ;034 {037
APR .43 1153 (046 | 045 142 {112 040 | 029 141 {155 1040 1043
MAY 132 048 119 0.2% 16 045 | ;
JUN 217 6.53 76 0.19 182 051 !
TFUL 221 854 77 0.1 183 051 |
AUG 20.0 51 9.8 .25 16.9 YS
SED 173 {194 | 1047 1048 | 127 190 0.35 | 022 f152 171 50.43 =3
OCT 1162 | 143 [156 (042 [041 1042 | 102 [ 149 {107 1026 | 043 {031 {160 {138 {152 | 045 {039 | 043 |
NGV {135 {115 | 125 [637 | 034 [035 {127 | 164 | 138 [035 | 049 | 039 | 144 |12.6 | 138 | 040 | 036 | 0.39
DEC | 113 9.6 {103 [032 {030 {030 [ 143 {179 {158 |0.41 |056 {047 | 135 | 11.7 | 126 |038 {033 iu.sﬂ

| b3 3
NOTE: (1) The periormance parameters are for 4 balanced flow DEC system operating with Tree= 70 °C, EVa= 95 % and EHX= 84 %,

2} The caleuiziens wers based on average monihly climatic data at the specified times of the day {08h00, 14500 and 20h0C).
(3; Blank spaces are where ansbient TDB < 16°C or W < 6 gfkg (unlikely that cooling or dehumidification would be required).

- iy
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G11 Johannesburg (Highveld)

This region has o 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 beiter than the ventilation mode (minimum COP=0.35)
although the difference in performance is small (see table 11.2). The ventilation
credit mode performs only marginally better in the suramer menths with a maximum
COP of (.50, Ths best strategy would be to operate in the recirculation mode
althoush the ventilation mode is acceptable if more ventilation air is required.

TABLE G11.1: JOHANMESBURG average monthly weather conditions (Weather
Burean, 1997).
MONTH | 08H00 14H00 20H0G
TOB [RH|W |TDB |RH |W |1TDB |RH | W
JAN 179 |78 | 124 |24.1 |50 [123 [ 199765 | 120
FER 177 [80 [ 121 [23.6 |50 [119 | 184 |65 [11.7
MAR {160 |80 113 [228 148 [ 109 {183 |63 |i0.8
APR 133 179 |92 1200 |46 [90 1153 161 |88
MAY 103 |71 |68 |181 |37 |66 {124 |51 |64
JUN 67 [70 153 [153 [34 [55 |94 [47 {51
UL 68 168 (52 [159 {31 |50 [99 |42 43
AUG 195 164 |57 (185 (28 |35 1127 {38 |52
P 133 |62 |71 [2197129 166 |164 |38 [65 |
oCT 154 |67 |87 |226 |38 [85 [176 |50 |81
NOV 167 |73 104 [228 |46 [10. (183 |62 |10
DEC 177 |74 | 114 [238 147 {112 [192 (61 [11.0
Note: (1) Glovation: 1694 m () We:ther office no.: 04763990
(3 Zone: H  (Highweld)  (4) Climate: Warm. Bummier rain.

PR AT



TABLE G11.2: DEC simulated performarnce parameters for JOHANNESBURG

Month ; Ventilation mode Ventilation credit mods Recirculation mode

CC (kWikg) COP CC (xWikg) Tcor CC (kWikg) cop

08 |14 120 108 114 {20 {C8 |14 20 108 114 [20 (08 |14 {20 (08 14 |29
JAN 1141 {117 [ 139 {039 [0.55 {039 {129 {166 |13.8 (035 {050 {039 {156 {13.8 {150 {045 {040 | 043
FEB | 148 [128 |14.7 1040 {038 ;041 {120 | 162 !13.3 {032 | 048 1037 | 159 | 141 [ 156 |046 | 041 | 045
MAR |164 | 146 | 165 | 043 1042 044 | 105 | 146 |11.6 1027 ;042 {031 | 167 | 150 | 164 | 048 | 043 | 047
[ APR 187 0.49 11.1 029 17.0 04>
MAY | 533 0.56 76 018 195 055
FON
JOL
' AUG
| SEF 1219 | 240 0.56 | 0.57 102 |64 0.26 | 0.15 182 | 203 0.52 | 0.58
oCT | 186 | 21.0 050 | 052 123 186 033 {021 16.7 | 18.7 D48 | 0.33
NOvV 1177 157 1177 {046 [044 (046 [ 102 1142 (108|026 {040 {028 [173 {153 |17.0 |0.50 | 044 [ 049
IDEC {154 ?13.6 157 | 042 | 0AC | 0.42 §11.s 157 {123 [032 {046 |033 [ 162 | 144 | 159 |0.45 | 042 | 0.46

i H A
NOTE: (1 The performance parameters are for 2 balanced flow DEC system operating with Teee= 70 °C, EVy=95 % and EHX= 84 %.

{2} The calcul. tions were based on average - onthly climatic data at the specified times of the day (0800, 14h00 and 20h00).
(3} Blank spaces are where ambieat TDB < i¢ L or W <6 grke (unlikely that cooling or dehurnidification would be required),

Bl



G12  Bloemfontein (Northern Steppe)

‘This region has a moderate climnate that can become very cold in winter. Cooling and
delumidification are only required in summer althonph cooling is also required
during the middle of the day in spring (see table 12.1). The ventilation mode
{minimum COP=0.34) generally has marginally better performance than the
yecivrculation mode {minimum COP=0.34), The ventilaiion credit mode has the best
performance in summer with maximum COP of 0.59 {see table 12.1). The best
sirategy would be to use the ventilation mode. Alternatively the recirculation mode
would alsy be acceptable.

TABLE :12,1: BLOEMFONTEIN éverage nionthily weather conditions (Weather

219

Bureau, 1997).
MONTH | 08HOO 14H00 20H00

TOB [RE{W |TDBIRE'W |[TDBIRH|W
JAN 207 169 [11.8 [29.1 {35 1105 [ 240 {46 | 104
FEB 189 177 1120 1273 {41 [113 {223 {55 |112
MAR 163 |82 |10.8 |257 [41 1104 [198 |58 |104
APR 113 {88 83 [222 140 (84 [152 )62 |84
MAY [54 188 |56 [193 134 {63 ;107 [56 |59
JUN 09 {88 [44 {161 |33 [52 {70 {58 |47
JOL 06 [85 |44 (167 29 [49 175 (45 [43
AUG 40 |77 145 [190 127 150 [108 138 |46
SEP 108 {66 ]60 [230 126 {60 |[156 135 |57
oct 154 (64 T30 1248 |29 |73 1183 141 |71
NOV 185 164 196 (267 [31 |83 {207 |43 {83
DEC 203 j64 1108 [285 130 192 (230 {41 |90

Notr: {1} Elevaiion: 1351 m
3 fone SN (Nosthern Steppe)

() Weather ofiice no.; 02613161
{4) Cliwate: Steppe. Summer rain,
(%) Room conditions; TDB~23°C, Ri¥ 50 %, W= 10.2 g/kg




TABLE G12.2: DEC simulated performance parameters for BLOEMI ONTERN

Month : Ventilation mode Ventiiation credi. mode Recirculation mode

CC (kW/kg) cop CC (kW/kg) COP CC (kWikg) cop

08 14 120 |08 14 120 108 (14 (20 (08 14 (20 {08 {14 {20 |08 14 20
JAN | 126 | 1L | 136 1036 | 036 1039 | 14.3 | 185 |15.1 |040 {059 | 044 | 13.8 (121 | 139 {039 | 635 | 039
FEB {127 1108 {128 1035 |]034 {037 {131 [180 |347 [ 036 1056 ;042 | 144 | 121 | 13.8 | 041 [0.34 [ 039
MAR {157 1128 |152 (041 {038 {041 ;104 {161 {124 1027 (048 1033 {160 [133 {150 {045 {038 {042
APR 17.5 0.47 12,1 0.32 158 045
MAY 218 0.53 3.1 .20 183 0.51
JUN
JUL
AUG
SEP 212 0.54 106 027 172 0.48 |
OCT 185 {209 .50 1051 128 183 35 1020 156 | 180 044 1050
NOV 158 [ 160 {182 {044 1046 [047 | 10.7 [ 145 [11.0 1028 [ 043 [029 | 161 142 164 045 [CA0 | 046
DEC LI4.2 4.0 1161 {039 [043 044 {129 1171 1133 {036 (032 {037 1147 1133 | 150 | 04] ; (.38 1042

(2) The calculations were based on average monthly climatic data at the specified times of the day (08h00, 14h00 and 20h00).
(3) Blank spaces are where ambient TDB < 16 °C or W < 6 g/kg (unlikely that cooling or dehumidification would be required).

i
NOTE: (1} Tt performance parametzrs are for a balanced flow DEC system operating with Tri.o= 70 °C, EVe= 95 % and EHX= 84 %.

ULl
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G153 Queenstown (Southemn Steppe)

This region has a mrderate climate with auturmn rainfall {see table 13.1). The
recirculation mode (minimum COP=0.33) is marginally better i summer but the
ventilation mode (minimum COP=0.30) is better in winfer, when air conditioning is
not required (see table 13.2). The performance of the ventilation credit mode is high
in summer (mmcwvwm COP=0.56), The best strategy would be to use either the
recirculation or ventilation raodss, depending on ventilation requirements,

TABLE G13.1: QUEENSTOWN average monthly weather conditions {Weathet
Bureay, 1997},
HMONTH | 08HO0 14400 20100
TDB (RH|W |TDB |REIW |TDS[REI(IW

JAN 184 |80 (1.7 [27.5 144 [113 (205 |72 |121
FEB 173 |85 {118 [26.6 |47 |11.8 [206 |7« [12.5
MAR 156 |8 |11.1 1250 (48 (110 1192 ;71 {114
APR 115 |87 |83 [222 j44 |90 |16] |66 |9.0
MAY 77 |83 [35 (195 {42 [e2 1133 {359 |68 |
JUN 51 |79 147 1170 140 |59 |108 (55 |57
JUL 50 |74 (44 |173 |36 [56 |115 [48 |53
AUG (70 |7 |50 [189 135 [57 [133 |48 |57
SEP 105179 167 213 |38 [68 |154 |57 |71
OCT 133 180 182 ;226 |43 (81 |i6) |66 |86
NOV 155 (80 196 245 143 {92 {176 {72 {102
DEC o |78 |10.7 1268 (42 (103 [196 |71 ;113
Note: (1) Elgvation: 1094 m {2) Weather office no.: ¢123654A0

{3) Zong: 88 (Southern Steppe)  (4) Climate: Cold <teppe. Anturmn rain.

(5) Room conditions: TOB= 23 °C, RH= 50 %, W= 10.0 g/kg

i . et




TABLE $13.2: DEC simulated performance parameters for QUEENSTOWN

Niorth | Ventilation mode Ventilation credit mode Recirculation mode i
CC (kWikg) CcOoP CC &kWikz) COP CC (xW/kg) cop
08 714 120 108 [14 (206 (08 |14 20 {08 {14 |20 {08 {14 |20 108 |14 20
AN 1125 7101 1113 {035 1032 102 {123 1180 {140 1034 | 056 {040 1142 {117 | 134 ]040 | 033 {039
FEB {130 154 1107 1035 1030 {031 | 117 | 177 | 146 {031 [0.55 {042 | 145 | 107 {151 | 031 033 037
MAR | |11 | 31 €34 {035 AR 048 1033 § 126 142 736 | 0.10
APR | 158 118 1 T Ga3 [045 125 i34 034 1621 148 [ 17.0 042 | GAT |
MAY | 263 0.50 83 0.22 173 048
JUN | i
JUL i
FALG T
"SEP 193 0,50 93 0.25 168 0.47
YOCT 17.1 {186 046 |0.46 | 119 |80 032 1020 154 | 173 043 1048
“'io.r 146 154 | 041 | 040 141 [ 104 040 | 027 146 1156 1039 104
PDECT 1148 [ 121 [13.0 {039 [037 {036 | 111 [ 163 [128 [ 029 051 1035 %15.1 126 | 140 1042 0301039 |
NOTE: (1) The performance parameters are for a balanced flow DEC system operating with Treg~70 °C. EVe= 95 % and EHX= 34 %.
£2) The calentations were based on average monthly clirmatic data ai the specified times of the day (08hC9, 1433 and 20h00).

{3} Biank spaces are whare ambient TDB < 16°C or'W < 6 gkg (unfikely that conling or debummidificetdar: <

(7 e required).

¥
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Gi4 Beaufort West (Karot)

This region bus a desert climate and is generally dry and hot (sec table 14.1). The
ventilation mode {roinimum COP=0,36) performs better than the recirculation mode
(minimum COP=0.33). The ventilation credit mode (maximum COP=0.53) performs
only slightly better than the ventilation mode during the middle of the day in swnmer
(see table 14.2). The best strategy would be o 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 room latesf loads
are high then the veutilation mode tan be used.

TABLE G14.1: BEAUFORT WEST average monthly weather conditions {Weather
Bureay, 1957,

MONTH | 08H00 14%100 20H00
DB [RH |W | 1DB [RH |W |1DB [RH W
IAN 93167 [100 [208 |26 | 8.6 |274 [27 180 |

FLB 187 |69 [10. [2927 130 [93 262 {34 |01
U [165 174 |93 (269 133 189 (235 (38 |86
APR 130 {70 [7.1 (236 |32 (73 [188 |42 |71
MAY | 100 |65 {52 (208 {29 159 |146 |4z |5.5
JUN 78 165 |46 1176 133 |51 1122 [46 50
JUL 65 |65 |40 {170 {32 {48 [11.6 (44 |43
AUG 180 |65 [44 [187 |31 {48  [130 {40 {46
SEP 112 |68 |38 [216 [29 |56 164 {41 158
OCT 145 |68 |72 1239 {31 67 [1927]30 |64
NOV (163 |66 |82 1262 |26 |73 |219 |35 169
DEC 187 764 192 [287 |26 |78 1255 (31 {74
Note: (1) Elevation: 842 m (2) Weather oiﬁ;:c__n_{l.; 00921716~
Ry Fons K (Kavoo) {4) Climate: Desert
{3) Root conditions: TDB= 23 °C, RH= 40 %, W= 0.6 g/kg




TABLY G14.2: DEC simulated performance parameters for BEAUFORT WEST

Montk ; Ventilation mode Ventiiation credit mode Recireulation mode

CC (KWig) COP GC Wik COP EC (Wikg) COP

08 T14 T20 08 Ti4 120 |08 |14 |20 |08 [14 |20 |08 |14 [20 |08 |14 |20
TAN U141 1158 T148 [038 030 1043 | 114 [ 172 | 152 [030 {052 |044 | 144 {122 | 133 |0.40 | 034 | 037
FER 1142 [ 117 1133 1037 | 036 1039 |11.0 | 172 | 153 | 020 |053 |044 [147 |11 |128 | 041 033 | 036
MAR 163 | 134 | 150 | 041 039 | 041 185 | 156 | 129 |022 1046 10.36 | 160 | 128 | 14.1 | 044 | 036 | 039
APR 72 {19 546 | 047 120 |84 032 | 621 150 168 042 {046
MAY |
TN ;
JUL o
AUG
SEP | - ]
OCT 151 | 201 043 | 049 16 181 031 | 020 153 1171 042 | 047
NOV 1170 1163 124 044 1545 | 048 (81 | 136 | 104 030 | 038 027 |168 | 142 | 158 | 046 1039|044
DEC ™ [ 157 | 146 |162 | 041 [043 |0.45 |103 158 131 {027 [046 036 |152 | 128 | 142 047 |036 |039 |

NOTE: (1) The performance parameters are {or a balanced flow DEC systern operating with Tres= 70 °C, EVR= 95 % and EHX= 84 %.

(2} The calculations were based on average monthly climatic data at the specified times of the day {08h00, 14h00 and 20500).
{3) Blank spaces are where ambient TDB < 16°C or W < 6 gfkg {unlikely that cooling or dehumidification would be required).
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APPENDIX H1
AJR LEAKAGE RESULTS

Tae results piven in this appendix are from air leakage tests with both inspection
doors open. These results are similar to those with both inspection doors closed which
are given in section 6. (since that specific case is relevant to normal operating
conditions and the experimental tests in appendices H3 to H6).
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Note: 1) values are shown for both inspection doors open. See figure 6.1.3 for values with both doors closed.
2) Positive differentia] pressnre is in direction of arrows shown.
FIGURE HL1.1: Differential pressure at varicus ait flow rafe combinations (caiculated from fig. 6.1.2),
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(1)~ MAX SF & MAX RF SF = supply air flow rate

(2y-MAX SF & MIN RF RF = tetum air flow rate

(3)= MIN SF & MAX RF

{4y~ MIN SF & MIN RF

Note: 1} values are shown for both inspection doors cpen. See figure 6.1.4 for values with both doors closed.
2) Positive leakage airflow is in ditection of atrows,
FIGURE H1.2: Leakage air flow rate af various air flow rate combinations (calculated from fig. H1.1).
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TABLE H1.1: Estimated supply and return air tlow rates at desiccant wheel (with

both inspection deors open).
FLOW COMBINATION | SF (litres/s) TRE (litres/s)
in- |leak |leak { Out~ {in- |leak | Len | out-
let [out |in let f{let jout [kin {let
1 | MAX SF&MAXRF [ 450 | 150 |0 |300 | 150 {39 |53 |164
2 |MAXSF&MINRE [480 {153 |0 |337 |53 (24 |57 |8
3 |MINSF&MAXRF [428 | 133 |0 | 295 | 140 {40 |46 [146
4 [MINSF&MINRF (448 {140 |© [308 |34 |25 [52 |61

SE = supply air flow rate
RF = return air flow rate

TABLE H1.2: Estimated supply and return aiv flow rates at heat exchanger (with

both inspection doors open).
FLOW COMBINATION | SF (litres/s) RF (litres/s)
in- |leak |lesk |out- |in- |leak j leak | out
et tout fim flet Jlet jout Jin | let
1 | MAXSFE&MAXRF 1300 1104 (17 1213 (226 {91 115 150
2 IMAXSF&EMINRF (2327 |105 | D 222 |68 |48 {33 |53
3 |MINSF&EMAXRF 1295 |74 {19 {221 (223 [93 |10 |140
4 IMINSF&MINRE {308 8 |0 22 152 |40 122 134

SE = supply air flow zate
RF = retorn air flow rate




APPENDIX H2

REGENERATION AND DEHUMIDIFICATION SINGLE BLOW
TESTS

The 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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TESTNUMBER: H2/1

RESULTS OF REGENERATION SIVGLE BLOW TEST
ERERERFRFS AR ER RN b ARk kR Rk k%
DATE (d.m,y): 16- 5-1997

TIME {h,m} : 16-42

supply air flow rate {(kg/s8}: 0,158

TIME W9-W8 MW  TDB{%] W[9®] RH[92] TDB[8] W[B] RH[&]

{s)} (a/kglig/s}l (oC) (g/kg} (%) {oC) (2/kg)}

g 2.44 0.3% 36.1 8,75 16,3 J56.1
21 2.52 o0.400 38.8 B.82 16.7 57.1
32 2.63 0.42 38.7 8.%90 1&.9 §7.5
43 2.80 0©0.44 38.7 8.9% 17.1 57.6
54 2.B5 0.45 38.9 95,03 17.0 357.56
65 2,79 0¢.44 39,1 8.87 16.7 57.5
77 2,71 0.43 3%.3 8.8% 16,3 357.3
ge 2.67 Q.42 39.5 8.84 16.1 357.0

101 2.64 0.42 39.7 B8.75 13.7 56.9

112 a4.60 {¢.41 35.8 8.73 15.6 56.8
123 2.58 0.41 39.% ¥.69 15.3 56.7
134 2.55 0.40 40.0 8.64 15.3 56.6
145 2,54 0.40 30.1 8.64 15.3 56.3
157 2.53 0.40 40,1 B8.64 15.3 56.4
168 2.48 0.39 40.1 8.57 15.1 56.3

6,31
6.31
6.286
6.19
6.18
6.18
6
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TEST NUMBER: H2/2

RESULTS OF REGENERATION SINGLE BLOW TEST
EEEERERERREAREERFFE I LSRR TR S RF R R AR FRFFH

BATE (dim,¥): 16~ §~1997
TIME (h,m} : 16-19

supply air flow rate (kg/s): 0.158

PIME $TO-W8 MW TDBIO9) wW[9] RH[92] TDB{Ss] WI[S)] RHI[S]
{s} (g/kgiig/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 €.7% 47.5 11.21 13.4 B8l.5 6.23 1.8
30 5.53 0.87 46.8 11,75 14.6 83.6 6.22 1.5
40 5.93 0.9%4 46.4 12.12 15.3 85.0 6.19 1.4
il 6.09 0.96 46.3 12.26 15.6 B83.6 6.17 1.4
62 6,14 0.97 46.5 12.31 15.5 B86.4 6.18 1.3
13 8.00 0.95 4€¢.8 12.17 15.1 86.7 6.17 1,3
83 5.77 0,81 47.4 11.93 14.4 87.0 6.16 1.3
94 5.53 0.87 47.9 11.89 13.7 87.3 6.15 1.3

105 J.36 0,85 48.5 1i.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
133 4.96 0,78 50,2 11,12 1t.6 87.7 6.16 1.3
150 4.97 .79 50.6 131.13 11.4 87.6 6.16 1.2
210 .62 0.73 52.3 10,79 10.2 87.1 6.17 1.3
241 4.63 O0.73 352.7 10.79 10.¢ 86.7 6.14 1.3
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TEST NIIMBER:  H2/3

RESULTS OF DEHUMIDIFIER SINGLE BLOW TEST
EERERRSRERRREE AR ERR RN A R R kSR R R RS E R
DATE {d,m,¥i: 19~ 5-1997

TIME {h,m,8): 13~29-20

regen TDB {(oC): 75.4
W {g/kg): 5.86
RH {(%): 2.0

supply TDB {(oC): 19.1
W (g/kg)}: 5.15
RH {%): 31.0

supply air flow rate (kg/s): 0.244

TIME W1-w2 MW THBR[2] wi2] RH{2]

{(8) (z/kg) (z/s) {oC) (g/kg) (%)

131} -0.65 -~0.16 31.9 5.80 16.1
20 -0.47 -0.12 32.8 5.62 14.9
30 -0.25 =D.06 33.2 3.40 14.0
11 ¢.13 0,04 33.0 5.00 13.1
51 (.48 0.12 32.4 &.67 12.7
62 0.70 0.17 31.7 4.45 12.6
71 0.80 g.18 0.9 4.35 12.8
82 Q.88 0.21 30.1 4,27 12.2
9z 0.86 0.21 22.4 4.20 .8
162 0.84 0.21 28.7 4,31 4.4
112 0.82 0.22 28.1 4.23 t14.6
122 0.88 0.21 27.5 4.27 15.3
132 0.86 0.21 27.1 .29 15.8
142 0.80 0.19 26.7 4.3 15.4
152 0.76 ¢.19 6.2 4.39 17.0
162 G.69 .17 25.8 4.46 17.7
172 0.68 0.17 25.5 4,47 1 0
182 0.66 0.18 25.2 4.49 18.4
152 0.63 0.15 24.9 4.52 18.8
202 0.63 0.15 24.7 4.52 19.1
214 g.61 06.13 24.5 4.54 19.4
224 0.58 0.14 24.3 4.57 19.8
235 0.57 0.14 24.1 4.58 20,1
246 0.53 ¢.13 23.9 4.60 20.4
258 0.355 0.14 23.7 4,60 20.6
357 .36 0.09 22.8 4.79 22.7
459 .41 0.10 22.1 4.74 23,4
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TEST NUMBER:  HIA4

RESUILTS OF DEHUMIDIFIER SINGLE BLOW TEST
REREEREERAERFE AR IR RERR AR KT E Rk FER G H AR

DATE (d.m.y)}: 16~ 5-1997 TIME (h.m,s8}: 11-17-19

regen TDB {oC): 73.6
W {g/kgl}: B,50
RH (%): 3.0

supply TOB {oC}): 17.0,
W (5/kg): 8.00
RH {%): 53.0

supply air flow rate (kg/s): 0.240

TIME  Wi-w2 MW TDB[2] W[z} RH[2}
{s) tg/kg) (g/s) {oQ) (g/ke) (%)

30 -0.24 -0.086 40.8 8.24 14.0
44 0.23 ¢.05 4G.4 7.77 13.5
39 0.93 0,22 3,.9 7.07 13.3
71 1.23 0.29 37.86 6.77 13.7
83 1.39 0.33 36.4 6.61 14.3
v 1.41 0.34 25.0 6.59 i5.4
112 1 43 0.34 4.1 6.57 16.1

123 1.47 0.35 33.1 6.33 16.9
138 1.46 ¢.35 32.3 6.54 17.7
149 1.42  0.34 31.6 65.58 18.6
160 1.43 0.34 3i.0 6,37 19.2
172 1.48 0.36 30.4 6.51 19.7
214 1.43 0,35 28.¢4 6.55 22.23
234 1.34 G.32 27.1 6,66 24.3
319 1.33 0.32 25.6 6.67 26.6
38€ iJ16 0.28 24,5 6.84 29.2
484 1.29 0.51 231.3 6.71 30.9
£32 1,08 0.26 22.9 6.92 3a.4
153 .91 0.22 21,3 7.08 36.4

880  0.74  0.18  21.1 7.26  38.1
1136 0,88 0.21 20.0 7.12  39.9
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APPENDIX H3

EFFICIENCY OF RETURN AIR 5PRAY CHAMBRR

The results in this appendix are the computer printouts of two sets of tests w
investigate the effect that the officiency of the ret m ai* spray chamber had on
overall DEC performance. Both sets of tests varied the water flow reie ‘o the
raturn pir spray chamber to change the efficiency of the spray chamber, One set of
tasts was done with a retutn v flow mie of approximately 3,10 kg/s (teste H3/1 to
H3/10) and the other set was with a return air fiow rate of approximately 0,15 kg/s
(tests H3/11 to H3/20). .n both sets of tests all other operating paramsters were
kept constant, including the supply air flow rate (0.15 ke/s).

The more important resulls of these tests are given in tubular and graphicar form
in section 6,3 (unbalauced flow) and section 6.4 (balanced flow).



RESULTH OF RhEL TEST (sheut |
RAELRRERE R kR kT RAE L

TEST MNUMBER: H3I/)

OPERATING PARAJETERS {MLABURLED ANDY LNTEREGD AS

. A P A e Ak bk T A A W R

supply air flow rate {gls)=
Boturn air {low rate (afsl=
Regen . heast input (kW=

Elec. enercy {exec.. reg.} L[kWi=
Spray chawievs: woter T (oC)=
Water flow rate (& S/CH)Y (g/s)=
at pressure {boyi=
Water flow rate (R 3/CH) lg/si=
at pressure {brTi=

PROCESS CHANGES OF ENTHALPY AND

of 2}

DATE:
TIME:

S T e e e G e e il - v Y S e S T e e e A i

8T END H (KkJ/KG)

PTOPT  MOM. MIN. MAX. SIM.
L 2 ‘1-8 3.4 513 ""o‘
2 3 ~7.4 ~B.8 -8.0 ~7.2
3 4 .0 ~1.4 1.4 =-90.1
4 5 4.7 3.2 6.1 4.5
3 a6 -0.7 -~2.2 0.3 0.1
6 7 8.0 7.5 10.06 4.3
7 8 7.1 3J3i.4 3IB.8 27.1
8 9 -28.2 ~29.9 -26.5 ~8.9

PERFORMANCE PARAMETERS {CALCULATED)

Al e T e el ey Mol ok b e ey e el

Dehumidifier eff.{(W} (%) EDHI1=
Dehunidifier off.(Q} (%) EDH2=
Regeneration eff. {%) ERG=z
Regen. heat input LkW) Q =
Heat Exch. eff. {(BUP) (%) EHXS=
Heat Exch, eff. {(RET}) (%]} EHXR=

Sup. air spr. ah. eff. (% EVE=
Ret, air spr. ch. eff. %) EVR=
FOR VINTILATION MODE:

Conling capacity (W) ¢©C =
Coeff. of perfcrmunce CoPs
Electricity ef]. ratio EXK:=
FOR VENTILATION CREDBIT MQDE:
Cooling capauity (kW) TCC =
Total Soeeff. ol perf, TCOE=
Bleciricity ¢ff. ratio TEER:

Jufi-1097
i8I142

IMNPUTY

NOM. MIN, MAX.
147 137 156
9 {3 108
3.870 3,534 J.817
2.380 3,28% 2.475
14.2 19.0 19, 4
1.47 1.40 1.54
27 55 59
0. iM) 0.00 0,00
() 2

HUMIDITY RATIO

woilg/ke)

MM, MIN., MAX. SIM.
~3.00} ~3,46 -2.56 ~3.0%
0.33 -0.10 9.75 0.34
4.24 3.B0 4,67 4.286
-1,8%0 -2.33 ~1.45 ~1.493
0.86 0.40 1.31 1.3
=0.76 -1.25 ~0.27 =-0.4%
0.00 -0.53 0.53 0.00
1.99 1.45 2.54¢ 4.4%
NOM. MIN. MAX. 8§IM.
38 32 44 39
12 9 15 12
13 10 17 30
3.67 3.329 4.04% 3,67
66 63 70 6d
88 85 91 Y
a9 a4 113 99
35 H 39 35
.69 0.47 ¢.8%0 0,87
0.1%9 0.13 0.25 0.18
0.29 ¢.20 0.38 0,28
G.37 0,15 0.59 0.35%
0.10 .44 0.1 0,10
0,16 0,06 0,25 0.15



REEULTE OF DEC TEST
FEFERFEEBRFAFFORERE

{sheet 2 ot

)

-

}

DATE:
TIME:

S-b-]997
18H42

MOIST AIR PROPERTIES AT MEASURED POINTS IN PROCLSS

“M""---“ﬂnﬂuﬁﬂqwnn——“ﬂmﬁ——ﬁw-mﬂ—ﬂwﬂm”ﬁﬂ_uhﬂ_ﬂ“qﬂ“n

NOMINAL MEASURED VALUES:

T oTHS
{oC]
1 2.3
2 3.
3 24.5
4 14,90
F 23.3
5 20.5
Tl
8 67.4
g 34.8

TWB

{ol}
14,7
16.3
14.0
13 L] g
i5.4
15.2
17.9
26.6
20.2

THE
(o)
11.8
6.9
7 L)
13.
11,
1a.,
11.
11.
14,1

Ly tn by oLy

PW
{kPa)
1,38
0.9%
1.04
1,38
1.34
1.458
1,35
1.25
1.61

W
(g/kgl
10,59

7,58

7.91
12015
10,25
11,1t
10.35
10.35
12,34

KE u
58 57
20 19
32 33
89 99
47 46
60 o0
30 29
5 3
29 27

VALUES FOR TDB & W FROM ERKROR ANALYSIS &
{UNITS AS ABOVE)

sV
(%) (%) tm3/kg) (kI/kg)
1,038 47.32
1.077 52.13
1,049 44,78
1,019 44.80
1.G48 49,47
1.040 48.74
1.076 57.75
1.204 94.84
1.093 66.64

1]

SIMULATION :

BT 1 2 3 4 5 i) 7 G 9
TDB{MIN} 20,1 32.3 24.3 13.8 23.1 20.2 30.9 67.1 34.6
TDB {MAX ) a0.6 32.8 24,7 14.3 23.5 20,7 31.3 67.6 35.0
W O(MIN) 10,3 7.3 7.6 t1.83 9.9 10.8 10.0 10,0 12,0
W (MAX) 10,9 7.9 &.2 12.5 10.6 11.3 10.7 16,7 13.7
PRSI W 20.3 32.6 24.7 14.1 23.3 20.35 30,9 67.1 47,2
W O{8I.} 10.6 7.6 7.9 12.2 10.3 li.d 10.9 10.9 15.4
POSITION OF SAMPLING PODITS
ANT HEAT PO AYCHAMBERF—4 =l
SIDE _Fw;umma]' EXCHANGER
{ROOM
83— {EATE w7 log 6 —{SFRAY CHATIBE 5 ~—
Esxsxmgmlcmr ALTITUDE 1700m  BAROMETRIC PRESSURE 62,5 kPa
: l-m_ h!‘ A3 K ]
1 5k R ANELN, 1 &ﬁp:ﬁ: ‘S
- i T 1 I = \m’
¥R 5 NPT A S
gm b + K T ¥ ﬁ L EQ
* R T . | t [; nl 1 : PN 7 § :im
- b h W Ay i E g
N R S
g 5 HF T¥1-¥"1 .§ ¥ YEA TS, 530w
a ] q X o T
£ i R n R
g T . bngnig 3.
2. 1 T T1e % \’”E
s? 3 T= Fy k‘ Hg 3 g
) B ] TALEANEDATIATR ”,“§?W%
4 i'l [ Lt R 1 i Hi 2 5 5
1w a CNAL RN ) §§uu
Iy 1AES 1 1T - g
3 S : 1 LR AN AT RN N
o : " + : ~
\n 5 R l’l}s;lt‘ H‘li% T %H'M_iu ﬁ{ L6 N “-:‘m
l"awuﬁi :Eu::m!u;stga‘.:l ® m = " * % = ® “‘::I e
\\\\\\Q\\.\\.E?‘\\\\\\\\ Q\*'\\&\\kﬂ\h\ :.Q\*-\\S‘*-.E

ENTRALRV IO E PER mm‘-m QF DAY MF
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RESULTS OF DEC TEST {sheet 1 of 2} DATE: 3-6-1497
I EEE T EET TR P T TIME: i8H30

FEST NUMBER: H3/2

OPERATING PARAMETERS (MEASURED AND ENTERED AS IKPUT)

~~~~~~~~~~~~~~~~~~~~~ NOM. MIN, MAX.
Supply air flow rate fp/s)e 147 138 155
Returen air {flow rate {g/s)= 3 94 108
Regen. heat input {kwi= 3.67C 3.523 3.817
Elec. energy lexcl. reg.} {kW)= 12,412 2.316 2.508
Spray chambers: water T (eCl= 18,2 1.0 19,4
Water flow rate (8§ S/CH) {(g/fs)= 1.47% 1.40 1.354

at pressure {har)= 57 55 35
‘Water 1low rate (R 5/CH) (E/8)= 0.62 0.59 0.65

at pressure fbar)= 2 0 4

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO

S ey L L Tk Tk e A ek gt Bk ok el 1k oy ke oy oo oy o Tk oy ey e g B i ey ok ey bl o ey e o e e . B

ST END H {kJ/KG) w (g/kg)

BT PT NOM. MIN. MAX. SIM. NOM. MIN., MAX. SIM,
1 2 4.2 3.8 3.6 4.2 =-2.92 -3,36 ~2.48 -2,923
2.3 -7.5 -8.% -8,0 -7.8 0.658 3.22 1.08 0.42
3 4 ~3.1 =1.3 1.3 0.0 4.01 3.58 4.44 4,17
4 3 5.7 4.3 7.1 5.9 ~1.64 2,07 -1,21 ~1.457%
5 & .4 ~-1.9 1.0 0.1 l.46 1,00 1.91 1,63
6 7 9.9 8.3 1i1.4 10.2 -0.89 -1.38 -0.40 ~0.,6]1
7 8 37.9 36.3 3%.6 37, 0.00 ~0.51 0.51 0.00
8 9 ~30.85 ~-32.3 -28.7 7.8 1.51 0.96 2.07 4.33

PERFORMANCE PARAMETERS (CALCULATED)

------------------------ NOM. MIN. MAX. SIM.
Dehumidifier eff. (W) (%) EDHl= KR 33 46 40
Dehumidifier eff.{Q) (%) BDH2= 10 7 14 11
Regenaration eff. {%) ERGs 10 6 14 29
Regen. heat input { kW) = 3,75 3.37 4.14 3,a87

Heat Exch, eff., (SUP} (%) EHXS= 67 64 70 67
Heat Exch. eff. (RET) (%) EHXRs 38 RS a1 88
Sup. air spr. ch. eff.(%) EVS= 49 94 104 949
Ret. air spr. c¢h. eff.{%) FVR= 50 46 55 50
FOR VENTILATION MODE;

Cooling capacity {kw) c¢C = 0.83 0.62 1.05 0.87
Coeff. of performance CoP= .23 0,17 29 0,24
Electricity eff. ratio EER= (.35 0.26 0.44 0,36
FOR VENTILATION CREDIT MODE:

Cooling capacity (kW) T¢C = 0,49 0,28 ©0.71 0.53
Total Coeff. of perf. TCOP= 0.13 0.08 ¢0.19 0.14

Electricity eff. ratio TELER= 0.20 0,12 90.23 0.22
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l

=

DavtE:
TIME:

Eape LHYT
LLHIO

TEST {nhwet af 2}

&k k&

RESULTS 0f DEC
FEETFEE F R R

AOST AR PROPERTIES AT MEARURED POINTS IR FROCESH

—.l-l-lﬂnn—_—n-uh.-.—un—lmv‘m--lm-lu—ﬂ-\-n»»pl—--—u.u-H-—-Mmﬂ"lduw“.b-lnﬂ-w

NOMINAL MEASURED Vi UE.:

PT TDB TWH TDF Y L RII i BV H
{oC) 1.} (e} (kPa. (/01 %) (%1 Ima/key(kI/kg)
1 41,2 13,7 tl.] 1.32 1o0,.:+ §z §1 1,041 47.01
2 32,7 6.0 8,1 0.94 7.1% 19 08 1.076 31,21
3 023.7 td.e 7.4 * 43 ~.83 35 34 1,046 43.706
4 13.7 13.5 13.° : 11 85 99 99 1.01% 413.66
5 3.3 15.4 11. ,21 4% 46 1,048 49.34
6 19.2 15.2 13. T G 68 [.036 48.89
7 31,1 18.2 12.: 11 30 L1.0¥7 58,77
8 68.1 26.9 12.1 5 3 1.208 96.71
9 34,5 20,1 14.0 .- 20 28 1,042 66.19
VALUES FoR TDB & W FR. - ERRu' aan «18 & SIMULATION :
[UNITS AS ABOVE}
»T 1 2 3 g T ] 7 8 9
TOB(MIN) 21.0 32.4 23,5 13.4 23.) 19,0 30.8 67,9 4.3
TDHR{MAX) 21,5 32.9 23,9 13.9 23.% 19,5 31.3 68.3 34.7
W (MIN) 9.8 6.9 7.5 11.6 9.% 11.3 10.4 10.4 11.9
W {MAX) 10.4 7.5 8.1 12.1 10.3 12.0 11,1 11,1 12.7
TOB(&INY 21.3 32.7 23.9 13.6 23.3 19.3 30.8 66.9 48.4
W (81N 10.1 7.2 7.6 11.8 10.2 11 8 1?.2 11.2 15.6
POSITION OF SAMPLING POINTS

ﬁﬁtﬁ:jﬁﬁﬁﬁ?‘ . X 3 AT SRR~
SIDE CHIMIDIFER T !
a9 L-%-*r——E*. e PR CT TR w5

PEYCHROMETRIC CHART:
[ 1 -

iRDOM

ALTITUDE 1700m  BAROMETRIC PRESSURE 2.5 kPa

: T TS ¥
- i 1 iXitlid
i 1 , m}," ; 'F ‘Nl. W I‘\..
S e, o
A 2 3 ¥ 1 T AD By i S 'ki’: I
) h i I \ i +
) EXE Th th 3 P e 1
,‘? T ToT i 3 KA EY g
- " ¥ T t NSRRI ¥
-1 l ¥ ¥ A = s
: : h it Ripdrgs 8T8
fe TR v g T T PR
> ALK RN A B L AR AT L F NI
: o4 iR BAIN 37 -
§o ATy i TP R AR e XY
£ 5 A A Y Cecipier s R
§ o TR A NG
§ T 2 ot s » d '-""-‘Li:.:“ i
H ELiagNaLE F3 A I eRCARAY Aty s 8
. \ : Pyt v . | e el
k i $ 1 BE BN L ALY ettt L o g g g
a ) N R RO 1 PSS s ~ B
. N 1 e e A
4 ARE L) pe’ " TR
N ; " N L Al I~ 3
S Al : : TR N
PR ' FHHTHE : ¥ M ‘H "
= : v i P Py
“ : 1 TN _ Ntk S
e T i~ ™ i < e Y A~ R I A I T
CAY BLLA FEWPERKIURE 1 C1 ~l
Y
n [ by
"N‘-N\f\'\\x\ ~ ® P . by
‘?ummmmmm95:\!:?&35&3»'611:?4“:1” R A N
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RESULTS OF DEC TEST (sheet 1
BEETRENRREF R LRI EEE

TEST NUMBER: H3/3

of 2}

DAT
TIME:

E: S~p-1ue7

184§ 3

OPERATING PARAMETERS (MEASURED AND ENTERED as INPUT)
MIiN.

e P T e s W 1y

Supply air flow rate {g/si=
Return air flow rate {g/siz
Regen. heat input (kW)=

Flec. energy (excli. reg.}) (kWi=
Spray chambers: water T (oC)=
Water {low oy {8 s/cu) Ig/s)=
&L ‘essure {bar)=
Water fiow rate (R S/CH)} {g/s)=
at pressure {har)=

PROCESS CHANGES OF ENTHALPY AND

ST END H (kJ/KG)
PT PT  NOM. MIN. MAX. SIM.
L]

12 3.7 2.3 5.1 3.7
2 3 -8.1 -9.§ 8.7 -9.0
3 4 ~0.6 -2.0 o7 0.2
4 5 6.4 5.0 7.8 B.3
3 6 -0.0 -1.3 1.3 .1
& 7 10.5 9.3 12.5 11.5
7 8 a7.4 35.7 39.1 37.2
§ 8 -29.7 -31.5 -28.0 -6.9

NOM.
147
a4y
3.e70
2,437
19.2
1.47
57
0.87
10

3.

138
QG
3a3

2.359

|
1

0!

9.0
40
35
83

3

HUMIDITY RATIO

A . b - v oy o b ks i ek el TS B A AN s W P R

woig/
NOM.
-2.68
0.39
3,57
~i.35
2.21
~1.05
0,480
1,14

PERFORMANCE PARAMETERS {(CALCULATED}

A R Al el Wy BAA B i Bk W R ot R Mg o e e B

Dehumidifier eff.(W) (%) EDHl=
Jehumidilfier eff. . {Q) (%)Y EDH2=
Regeneration eff, (%} ERGs
Regen. hert input kW) Q =
Heat Exch. efl. [SUP) (%) EHXS=
Heat Exch. eff. (HET} (%) EHXR=
Sup. air spr. ch. eff. (%) Fvs=
Ret. air spr. ch., eff.(%) EVR=
FOR VENTILATION MOD:

Coonling capacity (kW) ¢ =
Coeff. of performance COoP=
Bleciricity eff. ratio EER=
FOR VENTILATION CREDIT MODE:
Cooling capacity (kW) T0C =
Total Coeff. of perf. TC:OP=
Electricity eff. ratio THER=

NOM.
40
i0

8
3.69
67
38
a8
67

.94
0.26
G.38

0.74
0'2
Q.30

ka)
MIN.
-3.11
0.1%
3.17
~}l.9%
1.75
~1,558
~-0.54
g.60

MIN.

33

G

4
3.31
65
84
93
62

MAX.
—2026
1.30
3.498
"1-11
2,66
-0.356
0.354
1:69

MAX.
16
13
11

4.07
70
2L

103
T2

1.15
B.32
0.47

0,85
.26
.39

MAX,
156
198

3.817
2.5855%
19.4
1.54
39
0.51
12

5IM.
-2.68
0.47
.96
-1.53
2.23
0.00
3.9%9

SIM.
490
10
27

3.67
63
£8
98
67

0.95
0.26
0.3%

0.75
0.20
0.31



RESULTS

Qv

DEC TEST

EE Y L R

{shevt

i

-

of

21

DATE:
TIME:

S-6-1997
18412

MOIST AR PROPERTIES AT MEASURED POINTS IN DPROCESE

_.......——-.—....----..-__.-...--._-...-«-..-_—....—_..—...-......—...‘_..-.-..__._,..‘......,—....__‘

22.5
13.1
23.1
17.6
30.9
67.3
35.4

SR IO e W

VALUES FOR TDB & W FROM ERROR ANALYSIS &

MEASURED VALUES:

1TWB

(oC)
14,86
15.8
13.2
12.9
15.0
15.40
18.2
26.8
20.2

TDHRE
{oC)
10.3
5.5
7.3
12.8
10.6
13.7
12,3
12,3
13.8

(UNITS AS ABOVE)

PW
{kPa}
1,28
chu
1.02
48
.28

W
(g/kg)
9.5%
6.588
7.7
11.34
$.80
12.00
10,493
10,95
12.09

RH u sV H

%) (%Y {(m3/kg)ikI/ kel
46 43 1,044 46,79
18 17 1,076 50.51
37 36 1.0s2 42.41
g3 98 1.014 41.78
45 44 1,047 48.16
7% 17 1.031 48.14
az 31 1.076 59.02
3 3 1.205 96.39
27 26 1.094 66.64

SIMULATION

PT 2 3 4 3 6 7 g ]
TDR{MIN) 22,1 32.5 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} 9.2 6.6 7.5 11.1 9.5 t1.7 10.6 1C.6 11.7
W (MAX}) 9.4 %,3 5.1 11.6 10.1 12,3 11.3 11.3 12.5
TOR(EIM) 29.4 32,7 223.7 13.0 23.1 :7.7 30,5 66.8 50.0
W O{SIM} 0.6 6.9 7.4 11,3 ©.8 12.0¢ 11.4 11.4 15.4
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RESULTS OF DEC TEST {sheet 1 of ) DATE: J-0~1R97
N I IILT: TIME: 17UHS87
TEST NUMBER: H3/4

OPERATING PARAMETERS {MEASUREL AND ENTERED AS INPUT)

“““““““““““““ T e N(JM- i\'IINo MAX.
Supply air flow rate {g/slis i46 137 155
Return air flow rate (g/s)= 95 59 108
Regen. heat input (kW)= 3.670 3.523 3,817
Elec. energy f(exe¢l. reg.) (KWl= 2,486 2,387 2,585
Spray chambers: water T {oC)= i9.2 19.0 19.4
Water flow rate (S B/CH) (g/s)= 1.47 1.40 1.54

at pressure {bar}= 37 55 39
Water flow rate (R S/CH! (g/s)= 1.15 1.0 1.2%

at pressure {bari= 20 18 22

PROCESS CLANGES OF ENTHALPY AND HUMIDITY RATIO

e Bk BAR ek o B R o o ok e oy A el oy g o e e ik g e e e o e b e e g g o e B A el g e s g .

8T END H (kI/KG) : w {(g/kg)

PT PT HNOM. MIN. HAX. SIM. NOM. MIN. MAX., SIM.
1 2 4.7 3,2 6.1 4,7 -2.79 -3.24 ~2,35 -2.79
2 3 -9.8 ~i1.2 =-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 3,80
4 5 G.2 4.7 7.6 7.8 -1,33 ~1.99 ~1,12 -1.,12
5 & -0.1 ~1.6 1.4 0.2 2.84 2.3% 3.29 2.91
6 7 i2.2 10,7 13.9 13.2 ~1.28 -1.78 -0.78 -0.77
7 B 37.1 35.4 38.9 37.2 0.00 -0.55 0.55 0.00
& 9 ~28,7 -30.8 -26,9 -B5.7 1.60 1.902 23,18 4.14
PERFORMANCE PARAMETERS (CALCULATED)}
---------------------- NOM. MIN. MAX. 8IM.
Dehumidifier eff.(W) (%) EDHl= 4] 34 48 42
Dehumidifier eff.{Q) (%) EDHZ= 13 ] 16 12
Regeneration eff. (%} ERG= 11 7 15 28

Regen. heat input (kw} Q= 3.66 3.28 4.04 3.67
Heat Exeh, eff. (SUR) (¥} EHXS= 70 a8 72 70
Heat Exch. eff. (RET) (%) EHXR= 83 81 85 53
Sup. air spr. ch., aff.{(%) EVS= o0 93 106 99
Ret. air spr. ch. eff.(%) EVRs a0 84 96 90
FOR VENTILATION MODE:

Conling capacity {kWl CC = 0.%90 0.68 1.1i 1.14
Coeff. of performatce COP= 0.24 0,19 0,30 0.31
Elegiricity eff. ratio EER= 0.36 06.2% 0.45 0.46
FOR VENTILATION CREDIT MODE:

Conling capacity (kW) TCC = .75 0.54 0,96 0,99
Total Cueff. of perf. TCOP= .20 0,15 0,26 0.37

Electricity aeff{. ratio TEER= 0.30 0.32 0.39 0.40



RESULTS OF DEC TEST {sheet 2 of 2) DATE: 5§
EEREBRMR AR FRE AR RER TIME: 1

MOIST AIR PROPERTIES AT MEASURED POINTS IN PROCESS

———— ,...._...—._...—-...-—_.—._......-—-_...-.-a-..--.“-.-.......-._.._,_......,.—-...-.......—....

NOMINAJL MEASURED VALUES:

PT TDB W8  TDP rw w RH [§} sv

{oC} ({oCi ({oC)} (kPa} (z/kg} (%} (% )tm3/kg)(kJ/Ln
22.7 14.9 10.7 1.29 9.85 47 46 1,043 47.84
34.3 16.4 5.9 0.93 ;.06 17 16 1.082 52.32
21,4 13.3 8.3 1.09 §.34 43 42 1.03% 42.72
13.3 13.2 13.2 1.52 1:.64 100 100 1.015 42.71
23.1 15.2 1i1.1 1.32 10,09 47 46 1.047 48.86
16.0 15.2 14.8 1.68 12,93 93 92 1.027 48.76
31.1 18.8 13.2 1.52 11.65 34 32 1.078 61.06
67.3 27.1 13.2 1.52 11.65 3 4 1.207 98.17
35.3 20.9 15,2 1.72 13.25 30 29 1,096 69.44

[ R W I R L

VALUES FOR TDB & W FROM ERROR ANALYS31S & SIMULATION :
(UNITS AS ABOVE)
BT 1 2 3 4 3 6 7 8 9

TDB{MIN) 23.5 34,0 21.2 13.0 22.9 15.8 30.9 67.1 35.1
TDB(MAX) an.9 34.5 21.7 13.5 23.3 16,2 31.3 67.3 35.35
W (MIN) 9.5 6.8 8.1 11.4 9.8 12.6 11.3 11.3 12.8
W (MAX) ip.2 7.4 8.6 11.9 10.4 13.2 12,0 12,0 13.7
TDB{SIM) 25,7 34.3 21.7 12.7 23.1 16,0 30.8 67.0 48.2
W (SIM) 0.0 7.1 7.6 11.2 10.1 13.0 12.2 12,2 16.4
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RESULTS OF DEC TEST {sheet 1 af 2) DATE: 5-6~1997
LERERER R F R RS R R R E TIME: 17H4t

TEST NUMBER: H3/5

OPERATING PARAMETERS (MEASURED AND ENTERED AS INPUT)

————————————————————— NOM. MIN, MAX.
Supply air flow rate {g/s})= ldo 137 156
Return air flow rate {g/s)= 98 589 107
Regen. heal input (kwi= 3.670 3.323 3.817
Elec. energy (exel. reg.) (kW)= Z.509 2,409 2,609
Spray chambers: water T {oCl= 19.z 192.0 19.4
Water Tlow rate (5 S/CH) {(g/s5)= 1.47 1.40 1.54

a2t pressu.e {bar)= 57 55 59
Water flow rate (R S5/CH) (g/fs)= 1.30 1.2} 1.386

at pressure (barl= 30 28 3z

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO

s B i g Ak Bk A R 4 7 N ek AR Ak PR el B T Y SR R Al e L ey B T Tl k. oy e e o e g et A sy et ok e

ST END H (kJ/XKG) W (g/kg)

PT PT NOM, MIN. 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 -il.4 -8.6 ~-11.2 1.11 0.69 1.53 0.53
3 4 -0.2 -1.6 1.2 =0.1 2.88 2.57 3,39 3.26
4 5 6.4 5.0 7.8 7.8 -1.48 -1.92 -1.03 -1.18
5 6 0.0 -1.5 1.5 .2 3.12 2.65 3.59 3.18
G 7 12.9 1.3 14.5 13.5 -1.17 -1.69 ~-0.65 -0.75
7 8 37.8 36.0 39.5 37.3 0.00 -0.556 0.56 0.00
8 ¢ -30,8 ~32.6 -28.9 -8.4 0.87 -0.01 1.15 3.89

PERFORMANCE PARAMETERS {CALCULATED)

—————————————————————— NOM, RIN. MAX. SIM.
Dehumidifier eff. (W) (%) EDHi= a7 31 44 38
Dehumidifier eff.{Q) (%) EDH2= il 8 15 12
Hegeneration eff. %) ERG= 4 -0 3 26
Regen. heat input {kw} Q= 3.1 3.33 4.10 3.a67

Heat Exch. &ff. (8UP) (%) EHXS= 70 68 T2 70
Heat Exch. =ff. (RET) {%) EHXR= 86 84 88 86
Sup. air spr. ch. eff.(%) EVEs 100 a3 106 130
Ret. air spr. ch. eff.{%) EVR= 98 91 104 98
FOR VENTILATION MODE:

mnoling capacity {kW}) ¢Cc =0.94 0,72 1,16 1.11
:eff, of performance CoP= 0.26 0,20 0.32 0.30

Liectricity off. ratio EER= 0.37 0,29 0.46 0.44

FOR VENTILATION CRERIT MODE:

Cooling capacity {EW) T0C = (.85 0.63 1.06 1.0%

Total Coeff. of perf. TCOP= 0,23 G,17 0.29 0.28

Electricity eff. ratio TEER= 0.34 0.25 0.42 0.40



HESULTS OF DEC TEST {sheet 2 oif 2] DATE: 5-6-1947
R RRR R RS kR TIME: 17841

MDiST AIR PROPERTIES AT MFA&URPD POINTS IN PROCESS

NOMINAL MEASURED VALUES:
PT TDB TWH TDP Pw W RH U SV H
{oC) (oC) ({oC} ({(kPa) {g/kg) w) (%) (m3/kgy{kI/ke)

1 22.5 15.%1 11,2 1.33 10.15 49 48 1.045 48.43
2 33.4 16.3 6.8 0.99 7.5¢ 19 1% 1.079 52.88
3 20.8 13.3 8.8 1.13 8.65 46 45 1.037 42.86
4 13.2 13.2 13.2 1.51 11.63 100 100 1.018 42,65
5 23.1 5.3 1'.2 1.33 10.13% &7 46 1.048 49.06
6 15.4 15.3 15.2 1.72 13.27 938 98 1.025 42,08
7 3¢.9 19.0 13.8 1.57 12,10 33 34 1,078 £1.99
8 o7.7 27.5 13.8 1.57 12.10 6 4 1.208 98.75
g 36.3 20.§8 13,5 1.65 12.67 27 26 1.098 685,957

VALUES FOR TDB & W FROM ERROR ANALYSIS & SIMULATION
{UNITS AS ABCVE)
PT 1 2 3 4 5 6 7 8 a

TDB{MIN) 22,3 33.2 20.6 13.¢ 22.9 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 36.3
W (MIN) 9.8 7.2 8.4 11,7 6.8 12.9 11.7 11.7 12.2
¥ {MAX) 10.5 7.8 8.9 11,9 i0.5 13.6 12.5 12.53 13.1
TDB{SIM) 22.5 33.4 21.1 12.8& 23.1 15.5 30.5 66.8 48.8
W (SIM) 10.2 7.5 8.1 11,3 10,2 13.3 12.6 12.6 16.3
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RESULTS OF DEC TEST
REERFERFFERFFRERAED

[sheet 1

TEST WUMBER: H3/6

ot 21} DATE:

TIME:

d-6-1997
17H22

OPERATING PARAMETERS (MEASURED AND ENTERED A% INPUT}

P o e bk b A et L s b

Supply air flow rate (g/s)=
Return air flow rate {g/s)=
Regen. heat input {Lw)=
Elec. energy {(excl. reg.} (kW)=
Spray chambers: water T {oCl=s
Water flow rate (8 S/CH) (g/s})=

at pressures {barj=
Water Tlow rate (R 8/CH) (g/s)=

at pressure {bar)=

PROCESS CHANGES OF ENTHALPY AND

Rl et g e e ek e e B P ol B T T A e,

8T END H (KJ/KG)

PT BT NOM. MIN, MAX. SIM.
1 2 3.6 2.2 3.0 3.6
2 3 -10.0 ~-11.§ -8.6 -11.8
3 4 0.5 -1.9 0.3 ~0.1
4 5 6.8 .4 8.3 8.3
3 B 0.0 ~1.4 1.3 0.2
6- 7 12.5 10.8 14.1 13.2
7 8 37,1 35.4 38.9 37.3
8 9 -29%.5 -31.3 -27.7 -6.9

PERFORMANCE PARAMETERS (CALCULATEID)

t ra b ok el b e . e At Pt

Dehumidifier eff.{W) {%) EDH1=
Dehumidifier eff.(Q) (%)} EDH2=
Regeneration eff. {%) ER"=
REegen. heat input (kW) Q =
Heat BExch. off. (8UP) (%) EHXS=
Heat Exch. eff. (RET} (%) BEEXR=
Sup. air spi. ch. ¢ff. (%)} EVS=
Ret. air gr~ ch., 2ff.{X} EVR=
FOR VENTILATION MODE:

Cooling capacity {(kw) CC =
Coaeff. of performance Cop=
Electricity eff. ratio EER=

FOR VENTILATION CREDIT MODE:

Cgoling capacity {kW) TCC =
Total Coeff. of perf. TCORz
Electricity eff. ratio TEER=

NOM. MIN. MAK.
146 137 136
98 8y ius
3.670 3.523  3.817
2.534 2,433  2.835
19.2 19.0 19.4
1.47 1.40 1.54
37 55 5y
1.58 1.50 1.66
40 38 42
HUMIDITY RATIO
W (a/kg)

NOM. MIN. MAX., SIM.
~2,83 ~3.26 -2.41 -2.83
1.39 0.97 1.81 0.54
2.61 2,20 3.02 3.09
~1.30 -1.74 -0.86 ~0.93
3,14 2.88 3.60 3.18
-1.23 -1,73 ~-0.73 ~0.77
0.00 -0.54 0.54 0,00
0.82 0.24 1.40 4.21
NOM. MIN. MAX. SIM,
40 34 47 41
10 [ 13 10

& 2 9 28
3.65 3.27 4.03 3.7
73 71 76 73
83 81 86 B4
09 g2 106 099
99 53 106 99
1.0 0.78 1.22 1.2t
0,27 0.21 0.33 0.33
¢.39 0.31 0.48 0.48
1.02 9.81 1.24 1.23
0.28 U.22 U.34 0.34
¢ 0 0.32 0.49 Q.30



RESULTS OF DEC VEST (sheet 2 ab 2 DATE: S-6-1997
R EEREEEEEE EEEE LA R TIME: ITVH2D

NOIST AlR PROPEPTIES AT MEASUAED POINYS IN PROCESS
NOMINAL MEASURED VALUES:

PT TDH TWEB e W W RI 8] oV i
(oG} loC) {ou) (KPal tz/kg) (%) (SHmd/Ke){kJ/ke

.5 1e9.0 13 1.58 12,15 46 35 1.077 61.74
66.7 237.3 13.9 1.58 12.15 g 4 3,205 98.87
~r.g 2p.9 14,8 1.69 12,48 29 27 1,098 69.36

1 uucg 15.4 11.5 1,35 10.37 48 48 1.047 48.42
P N 16.6 6.8 0.99 7.54 19 18 1,080 3F3.02
K] 20.2 13.3 9.3 1.17 §.93 4y 49 1,035 42,97
4 13.2 13.1 13.1 1,50 1i.54 %9 49u 1,015 42.42
s 23.1 15.4 11,3 1.34 10,23 47 46 1.048 49.25
& 15.4 15.3 15.3 1.74 13.38 100 100 1,023 49.29
7 .9

8

L4

VALUES FOR TDB & W FROM ERROR ANALYSIS & SIMULATION :
(1N TS AR ABOVE)
vi 1 2 3 4 5 6 7 4 9

THH{MIN} 22,7 33.3 20.0 13.0 22.9 15.1 30.3 66.5 353.7
TOBR{MAX) 23,2 33.8 20.4 12,4 23,3 15.6 30.8 66.9 J6.1
w {MIN} 10.1 7,2 B.o 11.3 9.9 13.1 11,8 11.8 12.3
v (MAX) 10. 7.8 8,2 11,8 10,6 13,7 12.5 12.8 13.4
TDB{SIM) ...,.9 33.5 20,5 12.7 23.1 15.4 30.2 46.4 44,1
W (8IM) 10.4 7.5 8.1 11,2 10.2 13.4 12,7 12.7 16,9

o Al
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RESULTS OQF DEC TEST (siteet I of 2} DATE: 3-6-1997
P ET T EEEFTEE EET T TIME: 17810

TEST NUMBER: H3/"

OPERATING TARAMETERS (MEASURED AND ENTERED AS INPUT}

------------------ NOM. MIN, MAX.
Supply air floew rate {g/u)= Y 137 153
Return air flow rate (g/fe)= 98 3Y 107
Regen. heat input (kw)= 3.670 3.5823 i.817
Elee. envrgy (excl. reg.) (kW)= 2.563 2,460 2.6866
Spray chambers: water T {oCi= 19,2 19.0 19.4
water flow rate (8 S/CH) {g/s)= 1.47 1.4¢ 1,54

at pressure (barls= 37 35 50
Water flow rate (R S/CH) (g/si= 1.74 1.65 1.83

at pressure {barl= 50 48 52

PROCESS CHANGE: OF ENTHALPY AND HUMIDITY RATIO

ST END H (KJ/KC) W {s/kge)
PT PT NOM. MIN. MAX. SIM. NOM. MIN. MAX. SIu.

1 2 4.4 z.0 5.8 4.4 -2,.83 -3.28 ~2.37 -2.83
2 3 ~10.7 -13.1 ~9.3 ~13.2 1.71 1.28 2.13 0.36
3 4 ~0.0 ~1.4 1.3 0.1 2.65 3,25 3.06 3.17
+ 3 G.d .0 7.8 3.8 ~1.47 -1.89 -1.04 ~0,84
s 6 -0.0 ~1.§ 1.5 0.2 J.018 0 2,72 3.63 3.21
6 7 13.7 1&.0 15.3 13.1 ~l.08 ~1.50 -0.50 -0.80
7 8 36.7 34.9 38.4 37.4 ¢.00 ~0.55 0.53 0.00
8 9 -28.0 -2%,9 -26.1 -~7.9 1.08 (.48 1.68 4.21

PERFORMANCE PARAMETERS (CALCULATED)
---------------------- NOM, MIN. MAK. SIM,

Dehumidifier eff.(W) (%) EDHI1= 41 34 18 41
Debhumidifier eff.{9Q) (%) EDH2= 12 5 15 13
Regeneration etf. (%) ERG= 7 3 11 28
Regen. heat inpuat (kW) Q= 3.59 23.22 3,97 3.6%
Heat Exch. eff. (8UP) (%) EHXS= 76 74 78 76
Heat Exech. eff. (RET)Y (%) EHXR= B1 7 84 81
S5up. air sor, ch. ¢ff.{%) EvVSs 100 92 108 100
Ret. air spr. ch. eff.{%) EVR= 101 94 167 100
FOR VENTILATION MODE:

Cooling capaclity (kW) ¢ = 0,93 0.72 t.i5% 1.28
cogeff. of performance Cobs 0,28 0,19 0.31 0.35
EBlectricity eff. ratio EER= 0.36 0.28 0.45 .50
FOR VENTILATION CEEDIT MODE;:

Cooling capacity (kW) T€C = 0,93 0,71 1.14 1,28
Total Coeff, nf perf. TeoPs 0.5 0,19 0,3F 0,35
Electricity e¥f. ratio TEER= 0,36 0.28 0.45 0,50



RESULTS OF DEC TEST
EEAEERELRERERFEF R
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{sheet 2 of 2} DATE:

T

S5-0~-1497

TME: 17H10

MOIST AIR PROPERTIES AT MEASURED POINTS IN PROCESS

--..--—«.-...w....._.w—.__—r--.-“-._—...—.M.._a..-.-..-...-._..-_-«..,‘Hh.,..—...._..---—-

NOMINAL MEASURED VALUES:

PT TDR

{el)
23.4
34.7
2L.0
13,4
23.2
15.4
al.1
66.8
36.9

5 00 wF Oh G T by

TWH Dy

(o) (o)
15.5 11.3
6.8 .9
10,4 9,6
13.4 13.4
15.5 1i.4
15.4 1§8.3
19.4 14,3
27.5 14.3
21.5 15.3

W
{kPa)
1034
0.97
1.149
i,83
1.35
1.75
1.63
1.61
1.76

W
ia/ked
10.26

7.43

G.14
11.79
10.33
13.50
12.50
12,50
13.58

RH u sV H
{5n) (m)im3/kghikI/ke)
47 46 L.04% 49,60
18 17 1.084 53.93
51 51 1,035 43.25
100 100 1,016 43.23
47 46 1.048 49.61
100 100 1,026 48.60
s 35 1.080 63.23
[ 4 1.207 99.923
28 27 1,102 T71.94

VALUES FOR TDB & W FROM ERROR ANALYSIS &
{UNITS AS ABOVF}

PT

TDB{MIN)
TDE (MAX)
W (MIN)
W (MAX)
TDB{SIM)
w (SiM}

OUT ESICCANT
DEHU\!IDIHER

3 6

1.5 10,0 13.2

23.2 15,3

3 4
19,7 13.1 23.0 15.1
20.2 13.6 23.§ 3.0
8.9 1

9.4 12.1 10.7 13.8
20,3 12.06

8.0 1

1.2 10.3 13.3

EAT
1 EXCHANGER

SIMULATION :

7 3 9
30.9 66.6 35.7
31.4 87.1 37.1
12.1 12.1 13.1
12.9 12.% 1+4.0
30.8 67.2 43.9
12.7 12,7 15.9

E;XQMIBIQ_CH&EL ALTITUDE 1T00m  BAROMETRIC PRESSIUIRE 82.5 kPa
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RESULTS OF DEC TOST {sheat 1 of 2} DATE:
FkhkkREREF BN G R AR E TIMIE;

TEST NUMBER: H3/8

S=6=1997
16052

OPERATING PARAMETERS (MEASBURED AND ENTERED AR INPUT)

~~~~~~~~~~~~~~~~~~~~ NOM . HIN.
Supply air flow rate tgfs)= 146 137
Return air flow rate (g/s)= 93 )
Regen. heat input {kwi= 3.67D 3.323
Elec, enerpgy (excl. reg.) {kW)= 2.5399 2.4495%
Spray chambers: water T {oC)= 19.2 19.0
Water flow rate (5 S/CH) (g/s)= 1.47 1.40

at pressure {bar}= 37 33
water flow rate (% S/CH) (eg/s)= 2.1Q 1.99

at preassure tbar)= 60 g

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO

R 4 s ke WA kb e vy ot e e e e v e b o ey el e e et el e e e o A e e e T

8T END H (kJI/EG) W {g/ks)

PT PT NOM. MIN, MAX. B3IM. NOM. MIN.
2 3.8 2,3 5.3 3.8 ~2.58 ~3.02
3 ~9.9 -11.3 ~5.§5 -12.,2 1.60 1,18
} 0 =0.3 ~1.7 1,0 -0.0 2.556 2.16
5 7.0 5,6 #.4 9.0 -=1.31 -1.75
6 0.0 -1.5 1.5 0.2 3.19 2.71
7 13.2 11.6 14.9 13,4 ~1,06 -1.58
8 38.0 36.2 3%.8 37.5 0.00 -0.57
9 -29.9 -31,8 -28.1 -7.0 0.5t -0.09

PERFORMANCE PARAMETERS (CALCULATEDL)
~~~~~~~~~~~~~~~~~~~~~~ NOM. MIN.
Pehumidifier of F.{W) (%) EDHl= 18 3t
Depawmidifier eff. {Q) (%} EDH2= 10 i
Ropgeneration eff. (%) ER3= 3 -1
Regen. heat input {kw} Q=3.72 3,33
HBuat Exch. eff. (8UP) (%) BHXS= 7 73
Heat Exch, eff. {(RET} { ; RHXR= R3 a3

{

{%)

3222333&&’-3? [

Sup. air spr. ch. eff. EVS=z a9 92
Ret., air spr. ch., eff.
FOR VENTILATION MODE:

EVR= 100 94

=

i

Cooling capacity (kW) ¢ = 1.02 0.80
Coeff. of performance cops= (0.28 0.22
Electricity off. ratio EER= 0.3% 0.31
FOR VENTILATION CREDIT mMODE:

Caoling capacity (kW) TCC = 0.94 0.73
Total Coeff. of perf. TCOP= 0.26 Q.20

Electricity eff. ratio TEER= .36 0.2

MAX.
J-Ol
2.96
-0,88
3.66
"0153
0.57
1.11

MAX.
45
13

4.11
78
B7

107
106

1.24
6,34
0.48

1.16
0.32
4.45

MAX.
136
107

3.817
2.703
19,4
1.54
59
2.20
62

SIM.
-2.58
.58
3.08
-0.79
J.21
“0;30
.00
J.85

SIM.
39
10
26

3.67
76
K8
99

160

.32
0.36
g.51

1,24
0.34
0.48
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RESULTYE OF DEC TEST {sheet 2 of 2} BATE: 5-4-1997
Sk REFHEERERRRESRRKE TIME: L6HS2

MOIST AIR PROVPERTIES AT MEASURED POINTS IN PROCESS

e e o b L B P e A Lt e PR g o ik P e B M P e U R T AR L e S T

NOMINAL MEASURED VALUES:

T TR TWhH 1Toe PW Ww RH u 5V )31
{oc) {oC) (oC)} (kPa) {g/kg) ) (33 {m3/kg) (kJ/kg)
23.4 15.3 11,0 1.31 10.0% 45 43 1.048 48.99
33.6 16.3 6.6 0.97 7.43 1# 18 1.080 52.78
1.8 13.3 9.4 1.18 9.3 51 50 1.034 42.8%
13.2 13,2 13.1 1.51 11.59 100 100 1.015 42.34
23.3 15.4 11.4 1.34 10.28 47 46 1.048 49.52
15.4 15.4 15.4 1.75 13.47 100 100 1.026 49,54
30,9 19,2 4.2 1,61 12.41 36 35 1.079 62.76
67.9 27.7 14,2 1.61 12,41 J 4 1.210 100.76
37.5 21.3 14.8& 1.68 12.92 26 25 1,103 70.83

W00 IO A e LD L e

VALUES FOR TDB & W FROM ERROR ANALYSIS & SIMULATION :
(UNITS AS ABOVE)
PT 1 2 3 4 5 6 7 8 9

TRB(MIN) 23.2 33.3 19.6 13.0 23,0 1§.2 30.7 67.6 37.2
TR IMAX ) 23.6 33.8 20.1 13.4 23.5 15,6 31.1 68.1 27.7
W (WIN) 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
TDR{SIM) 23.4 33.6 20.2 12,5 23.3 15.5 30,4 66.% 50.4
W (5IM) 0.0 7.4 $,0 11.1 10.3 13.5 12.7 12.7 16.6

EOQUITION ¢ -AMELING POINTS

— jre——
OUT$—1 —»{DESICCANT 2 ofHEAT . }—3 =~{5FRAT CHAMBER}—4
SIDE L_ Eh"L%{IDIFIEﬂ . E‘mm:aﬁa ‘.1 ROOM
8~ HEATER b~ 7 6 —(SPRAY CRANMAT Rl 5 —

——

I
ESYCHROMETRIC CHART: ALTITUDE 1700m BAROMETRIC PRESSURE 82.5 kPa
B Pty
x : IR T EVAGARRERK NIE N 20) - >
Z RN
g L A ARY T Tl X kd_ t;f“'# g T
v v ALY : K 3 A 1] R 1 . X
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RESULTS OF nLEC TESRT fsheet 1 of 2} PATE: 5~6~1997
FhmERERRE PR RS kR TiME: 1eH29

TEST NUMBER: H2/9

OPERATING PARAMETERS [MEASURED AND ENTERED A5 INPUTI

-------------- e NOM . MIK, MaX.
Supply air flow rate (g/s5)= 147 137 156
Return air flow rate {g/sl= 94 84 107
Regen. heat input (kW)= 3.8670 3.323 3.817
Elec. enerpgy {(excl. reg.) {(kWi= 2,807 2.503 2.711
Spray chambers: water T {oC)= 1.2 19.0 14.4
Water flow rate {5 S/CH) (g/s)= 1.47 1.40 1,54

at pressure {bar)= 57 §5 59
Water flow rate (R S/CH) {(g/s}= 2.30 2,18 2.41

at piressure {bur)= 76 68 72

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO

ke e e v Ak e e v v A B e e B e sy Loy e R e Lk Ay e e iy At i B Al A ok g AL ey

ST END H (kJ/KG) W (a/ksg)

PT PT NOM. MIN. MAX. S8IM. NOM. MIN., MAX. BIM.
2 3.9 2.4 5.3 3.9 -2.50 ~2,94 2,08 -2.50
2 3 ~-9.4 ~10.8 ~8.1 ~12.,0 1.66 1.24 2,08 0.57
b I -0.6 -1.9 0.8 -0.1- 2.47 2.06 2,87 3.04
4 5 7.3 5.9 8.7 9,3 -1.32 ~1.75% ~0.88 -0.80
F 6 0.6 -0.9 2.1 0.2 3.48 3,02 3.93 3.33
6 7 12.9 11.3 4.5 13.1 ~1.0F ~1.56 -0.54 -0.8Q
7 8 38.3 36.4 40.0 37.4 0.00 ~0.56¢ 0.56 0.00
&8 9 =-30.7 -32.,5 -28.9 -7.4 Q.39 ~0.19 0.96 3.73

PERFORMANCE PARAMETERS {CALCULATED)

—————————————————————— NOM. MIN, MAX., SIM,
Dehumidifier off, (W) %) EDHi= 37 30 44 35
Dehumidifier 2ff.1Q) (%) EDHI= 10 § 13 10
Rezeneration eff, {%} ERG= 3 ~1 6 25

Regen. heat input { kW) g = 3.75 3.76 4.14 3.67
Heat Exch. eftf. (S5UP} (%) BHXS= 16 T4 T8 76
Hegt Exch., eff. (RET) (%) EHXR= 86 B3 88 86
Sup. air spr. ch. eff.{%) EVS= a0 652 FIH 99
Fet. aivr spr. ch., eff. (%) EVRs 10} 94 107 100
FOR VENTILATLION MODE:

Conling capacity {kw) ©C = 1.07 0.85 1,39 1.36
UCoeff. of performance Cop= 0,29 0,23 0.35 0,37
Blectricity eff, ratio EER= 0.41 0.33 0,50 0.52
FOR VENTILATION CREDIT MODE:

Conling capacity (kW) TCC = 0,80 0.6% 1.12 .20
Tetal cveff, of perf. TCOPp= 0,23 0.19 0.3t 0.33

Eleptricity eff. ratio ‘TEER= 0,35 0.2 0,43 (.48



RESULTS OF DEC TEST {gheect 2 of 21 DATE: 5~-6-1997
HEE kA kR kk bRtk TIME: 16H2D

MOIST AIR PROPERTIES AT MEASURED POINTS IN PROCESS

o e vy o o Ao P o o o T e Bk o B e e, e B e Al e A A S —— b iy ——

NOMINAL MEASURED VALUES:
PT TDLB TWB TDE PW W RH U 5V H
(oC) (o) (o) {kPa) (g/kgl (%) (wy{mi/keg}{kJ/ke)
1 23.1 15.1 10.7 1.29 .86 45 45 1.047 48.34
2 33.2 18,3 6.5 0.97 7.3 19 18 1.078 352.2
3 19.8 13.3 9.4 1.138 5.02 51 50 1.034 42,76
4 13.1 13.0 13.9 1.30 11.49 90 49 1.014 42,17
5 23.5 15.4 11.2 1.33 10.17 46 45 1,049 49.48
6 15.5 15.6 13.6 .77 13.65 101 101 1.02a6 30.10
7 30.7 19.3 14.4 1.64 12,60 37 36 1.078 63,03
g 67.9 27.7 14.4 1.64 12.60 (] 4 1,210 101.25
9 37,0 2.2 14.9 1.6%9 i2.99 27 25 1.101 70.52

VALUES FOR TDB & W FROM ERROR ANALYSIS & SIMULATION 3

{(UNITS AS ABOVE)

PT {i 2 3 4 5 & 1 8 9
TDB(MIN)  22.9 33.0 19.6 12.9 23.3 15.3 30.4 67.6 36.8
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 13.3 12.2 12,2 12.6
W  (MAX) 10.2 9.7 9.3 11.8 10.3 14.0 13.0 13.0 13.4
TDB(SIM)  23.1 33.2 20,0 12.4 23.5 15.4 30.2 66.6 50.0
W (SIM) 9.9 7.4 7.9 1.0 10.2 13.5 12.7 12.7 16.4
POSITION OF SAMPLING POINTS
SESTECART T

OUT-f= 1—&‘
SIDE
| I

? HEAT
IDEHUMIDIFIER) XCHANQER
P i

-~ 3 ~+{EFRAY CHASMBER}— 4
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LW ALTITUDE 17001 BAROMETRIC PRESSURE 82.51Ps
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RESULTS OF DEC TEST {sheet 1 of 2)

EESE I EE IS L E LS T

TEST NUMBER: H3/10

DATE:
TIME:

5-6-1997
i6H12

OPERATING PARAMETERS {(MEABURED AND ENTERED AS INPUT}

Supply air flow rate
Beturn air flow rate
Regen. heat input
Elec. energy {excl. reg.)
Spray chambers: water T
Water flow rate (8 S/CH)}
at pressure
Water flow rate {R 3/CH)
at pressure

PROCESS CHANGES OF ENTHALPY AND

ST END H {kJ/KG)
PT PT NOM. MIN. MaX,
4.1 2.7 5.5

2

3

4 -1.1 -2.4 0.3
5 g.3 7.8 10.7
6 0.2 -0.6 2.4
7 13.3 11.6 14.9
8 40.8 39.0 42.8
9 -37.2 -39.1t -35.3

00 ~] G th B fa b e

(e/s)=
{g/s)=
(kW)=
(kWi=
{oC)=
{g/s)=
{bar)=
{g/s)=
{barl=

SIM.
4.1

~-6.9 -B.3 ~-5.5 ~11.0

"0:1
12.4

0.2
13.0
7.3
~7.7

NOM.
147
98
3.670
2.674
19.2
1.47
57
2.47
80

M

IN.
138
59

3,523
2.567
18.0

1

2

40
55
.33
78

HOMIDITY RATIO

Pl ok ML e il okl kg Bl Sk R oy o Bl ok o ok S ek ke Tk ke ek Ml e ok e e i A L B B Al L el e ek 2

W o(g/
NOM.
-2.40

2,39

2.69
~-0.90

3.65

-1.02

0.00
-0.63

PERFORMANCE PARAMETERS (CALCULATED]}

A Bl AL Bl R Bt L el ol ol ey Ll o e gt i) R g e o

Dehumidifler eff (W) (%)
Dehumidgifier eff.{Q) (%}
Regeneration eff. (%)
Regen. heat input (kW)
Heat Exch. eff., (5UP) (%)
Heat BExch., eff. (RET) (%)
Sup. air spr. ch. eft. (%)
Ret, air spr. ch. eff.(%)
FOR VENTILATION MODE:
Cooling capocity (kW)
Coaeff. of performance
Electriciiy efl. ratio

EDH1=
EDH2=
ERG=

=

EHX3=
EHXR=
EVE=
EVR=

eC =
CoP=
EER=

FOR VENTILATION CREDIT MODLE:

Cooling capacity (kW)
Total Coegff. of perf.
Electricity eff. ratio

TCG =
TCOP=
TEER=

NOM.
41
10
-4

4.01
74
89
a9

100

1.36
0.37
0.51

0.586
g.15
a.21

kg)
MIN.
-2.82
1.97
.28
-1.34
3.18
~1.54
-0.57
~-1.24

MIN.

33

2

-0
3.60
72
87
92
94

1.13
0.31
0.42

0.38
0.10
0.13

MAX.
“1098
2.80
3.10
"0-47
4.11
~0.50
0.57
~0.07

MaX.
156
107

3.817
2.781
19.4
1.54
9
2.59
&2

SIM.
"'2.40
0.70
3,57
-0.09
3.45
~1.00
.00
3.59

SIM.
43
11
24

3.67
74
89
949

100

1.82
¢.50
0.68

1.02
0,28
0.38



RESULTS OF DEC TEST
FERERLLRRFRERNRIERE

{sheet

2 of 2% DATE:
TIME:

A3-6-1907
16112

MOIST AIR PRUPERTIES AT MEASURED POINTE IN PROUKESS

__........-....-....,..-.——.---....._.__n_-.-...-..—......_..._..._.,-—--....--_._.__.._—--m»-n—

NOMINAIL MEASURED VALUES:
TDP

PT TLEB

(al)
23.1
32.2
20.4
12.7
24.0
i5.9
J1.3
70.9
Je.4

W30

TWB

{aCt
14.0
15.3
13.0
12.6
15.7
15.9
19.%
28.5
20.6

{oC]

PW
(kPal
1.11
0.80
1.11
1.46
1.34
1.81
1.638
1.68
1.59

VALUES FOR TDB & W FROM EXROR ANALYSIS &
{UNITS ASB ABOVh)

PT

TDB({MIN)
TDR{MAX)
W (MIN)
W {MAX)
TDB(SIM)
¥ (SIM)

POSTION OF SAMPLING POINTS
OUT -1 TCCANT 2
SIDE DEHUMIDIFIER
9 8 —{EETER > 7

2

2? 9 33.0
23.3 33.4
8.2

8
23.
8

P
o~ o

3.
B
33
6

-
.
-

HN-]:-O&

3

T
T 000 DD
o0 o 00 ba =T 1

1
i
1
1
1
1

w RH U 3V H
tg/kg) (%) (%) (m3/kg){kI/kg)
8§.50 39 39 1.045 44.83

g.10 16 15 1.076 #48.906

R.48 46 46 1.035 42.07
t1.17 99 9% 1.012 41,01
10.27 45 44 1.051 50.27
13.92 100 100 1.038 51.16
12.90 37 35 1.08! 64,43
12.90 5 3 1.222 105.2¢0
12.24 26 25 1,008 68.01

SIMULATION :

4 5 8 7 ] ]
2.5 23.8 15.7 31.1 70.7 36.2
3.0 24,2 16.1 31.5 71.2 36.6
0.9 9.9 13,6 12,5 12.5 11.8
1.5 10.6 14.3 13.3 13.3 12.7
1.7 24.0 15.7 30.8 67.1 50.6
0.4 10,3 13.7 12,7 12.7 16.3

P VR

EH;\N&ER

B&EEEQMEIRI_C&BI ALT[TUDE 1%00m BAROMELRIC PRESSTIRE 82.9 kPa
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RESULTS OF DEC TEST {sheet 1
EBRERRERBERERB LR R

TEST NUMBER: H3/'1

of 23}

DATE:
TIME:

4=6~1097
18H10

OPERATING PARAMETEL S (MEASURED AND ENTERED AS INPUT)
MiN.

Supply air flow rate {g/s)=
Return air flow rate {g/s8l=
Regen, heat input (EWl=

Elec. energy {(excl, reg.) (kW)=
Spray chambers: water T {oCl=
Water flow rate (8 S/CH) {(g/si=
at pressure {bari=
Water flow rate (R S/CH) (g/s5)=
#t pressure {bari=

PROCESS CHANGES OF ENTHALPY AND
ST END H (kJ/KG)

FT PT NOM. MIN., MAX. SIM,
1 2 4.3 2.9 5.8 4.3
2 3 -8.8 -10.2 ~7.4 -10.6
3 4 ~-0.5 ~1,8 0.3 0.0
4 5 4,9 3.5 6.3 6,2
5 6 ~-0.2 -1,6 1.3 0.0
6 7 11,2 9.7 12.8 10.2
7 8 38,0 36.4 39.7 36.2
8 9 -21,1 -23,0 -19,2 =-5.9

NOM.
146
147

5.317
1.768
19.2
1,69
5%
0.00
a

3.

137
138
104

1,697
i9.0

1
0

.61
57
.00
¢

HUMIDITY RATIO

A et Tl ek i kit bk gl o e g o bk e S . e B e o B by e e ) e e ot v e e P e By e e P

W {z/
NOM.
-3.38
1.18
3.51
"I . 60
0.15
~0.04
0.00
2.2%9

PERFORMANCE PARAMETERS {CALCULATED)

o 4 ot oy B ik e By ok e

Dehumidifier eff. (W} (%) EDHl=
Dehumidifier eff.{Q) (%) EDH2=
Regeneration eff. {%) ERG=
Regen. heat input { kW) Q=
Heat Exch. eff. (8UP) (%) EHXS=
Hecat Exch., eff. (RET) (%) EHNAR=
Sup. air spr. ch. eff.(%} ERVS=
Ret. air spr. ch., eff. (%) EVR=
FOR VENTILATION MODE:

Cooling capacity (kW) CC =
Coeff, of performarce COPp=
Electricity eff. ratio EER™
¥OR VENTILATION CREDIT MODE:
Cooling capacity {kW) TCC =
Total Coeff. of perf. TCOP=

Electricity eff. ratio TEER=

NOM.
46
1i
16

J.588
85
82
99

7

6.71
0.13
0.40

0.71
0.13
0.40

kg}
MIN.
-3.82
0,75
3.50
-2.03
~,29
-0.52
-0,51
1.69

MIN.

39

7

12
5.1%
32
79
94

3

0.50
0.09
0.28

¢.30
0.09
0.28

MAX.
-2.93
1.60
#.3%
~1.17
0.59
0.45
0.51
2.90

Maa,
52
14
20

6.00
88
83

103

14

)

0.52
0.17
0.52

0.493
0.17
G.53

Max.
155
156

5.530
1.839
i9.4

1.77

al

0.30

7

&

SIM.
-3.38
Gl34
4,40
~1.25
0.22
"‘0-32
0.00¢
3.335

SIF.
16
12
23

5.32



RESULTS OF DEC TEST
P PEET T R T EL L L L S

{sreet

3

DATE:
TIME:

4-6-1997
13110

of

2)

-

MOIST AIR PROPERTIES AT MEASURED POINTS IN PROCESS

I e———— Y R ke

NOMINAL MEASURED VALUES:

PT TDB TWB TDP P W RH u 5V H
(aC) (oC) (oC) {kPa) tg/kg) (%) (%) {md/kedY (kI / kg
1 22,4 14,9 10,8 1.3 $.92 48 47 1,045 45.75
2 35.1 16.3 4,8 0.8a 6.85 15 14 1.084 52.10
3 23.5 13.5 7.2 1.01 7.72 3% 34 1.045 43.31
4 13.4 13.3 13.2 1.5t 11.64 ga 94 1.016 42.83
5 22,1 14.9 11.0 1.31 10.04 49 48 1.044 47.73
6 21.6 14.8 11.2 1,33 10.19 52 §1 1.042 47.306
7 32.6 18.2 11.2 1.32 1€.15 27 26 1.081 38.78
g8 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 12.43 18 17 1.123 15.72

VALUFES FOR TDB & W FROM ERROR
({UNITS AS ABOVEI

vT 2 3 4

TDB(MIN) 22.2 34,9 23.3 13.2
TDB (MAX) 22.6 35.4 23.8 13.6
W (MIN) 4.6 6.2 7.4 11.3
W (MAX} 0.3 6.9 B.0 11.9
TDB(SIM) 22.4 35.1 23.9 13.0
w {SIM} 9.9 6.5 6.9 11,3

SH\E ESICCANT
Fsmrmman EHA.\GER
amﬁﬁfﬁﬁwd

ANALYSIS & SIMULATION :
5 6 7 8
21.% 21.4 32.4 69.6
22,4 21.8 32,9 70.0
9.7 9.9 9.8 9.8
10,4 10.5 10.3 10.5
22,1 21.6 32.4 67.8
10.0 10.3 9.% 9.9

9
43.2
43.6
12.0
12.9
33.5
13.3

fHEAT * 13 --EERAY CHATHERl—4 ]

ROOM
=6 —{SPRAY CHAVDE w5 -]
mmm ALTITUD: 1700m Bmommcmassums 825 kPa
50
: 7 R TITRTT
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i _ k TR S
g e . R It 3
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RESULTS OF DEC TEST (sheet 1 oif 2} DATE: d4-6-1997
Fhrnd P wakkkr Rk E FIME: i7Ha3
TEST NUMBER: H3f12

QOPERATING PARAMETEKRS (MEASURED aND ENTERED AS INPUT)

-------------------- NOM. MIN. MAX.
Supply a:ir flow rate {g/si= 145 136 158
Return air {iow rate {g/s= 147 138 155
Repen. heat input {kW}l= §.317 3.104 5,530
Elec, energy {(excl. reg.) 1kWl= 1.804 1.728 1.872
Spray chambers: water T (oC}= 15.3 19.1 19.5
Water flow rate {8 S8/CH) (g/s]= 1.649 1.614 1,77

at pressure {bar}= 59 37 61
Water flow rate (k S/CH) (g/s)= 0.64 D.61 0.67

at pressure (par)= 2 D 4

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO

e e o ALk T e P R A Al B Ll R T

ST END B (kJ/KG) W {g/kg)
PT PT NOM. MIN. MAX. SIiM. NOM. MIN. MaX. sl

i 2 4.5 3.1 6.0 4.3 -3.30 -4.76 -2.85 -3.i40
2 3 -=10.7 =-12.1 -9.3 -12.0 1.60 0,57 1.43 0.32
3 4 ~0.1 =~-1,35 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
3 6 ~-3.0 ~1.4 1.4 0.0 0.78 0£.35 1.21 0.50
6 7 11,7 10.2 13.2 11.4 ~0.31 -0.77 0.16 ~0.31
T B 38.2 35.6 39.8 36.3 .00 ~0.,50 0.50 ©.00
8 9 =-19,7 -21.5 -17.8 =8.2 2.55 1.96 3.14 3.28
PERFORMANCE PARAMETERS (CALCULATED)
---------------------- NOM. MIN. MAX., SIM.
Dehumidifier eff. (W)} (%)} EDHIl= 43 a7 49 45
Dehumidifier eff.(Q) %) EDH2= 11 § 15 12

Regeneration eff, {%) ERG= 13 13 22 23

Regen. heat input (kW} G = 5.60 5.1% .02 5,32

Heat Exch., eff. (B3UP} (%) EHXS= 86 83 85 86

Heat Exch. eff. (RET) (%) EHXR= 3¢ 73 83 80
‘0"

Sup. air spr. ch. eff.(%) EVs= 89 g4 1058 Q9

Ret. air spr. c¢h, eff.{%} EVR= 27 2z 31 27
FOR VENTILATIO. MODE:

Cooling capacity {kF¥) CC = 0,63 0.42 0,83 0.50
Coelf. of performance CoP= 0.12 0.08 0.18 0.15
Electricity eif. ratio EER= 0.35 (.23 0.456 0.44
FOR VE. ' TILATION CREDIT MODE:

Cooling capacity (%W) TCC = 0.92 0.70 1,13 1.09
Total Coefl. ol perf. TCOP= 0.17 0.13 0.21 0.21
Electricity off. ratio TEER= 0,31 0.39 0.83 0.61



RESULTS OF DE TEST fshect & oof 1) DATE: 4-~6~1007
RmhhARERFERRRR R AL b TIME: 1784

MOIST AIR DPROPERTIES AT MEASURED POINIS IN PROCESS

o i wa o at e T B AT w Rt e ah B a STh Rp e TR b e A sk TR e SR e e

NOMINAL MEASURED VALUESN:

PT TDR TWH he W W RH v 5% It
1oC)  (oC)  fot)  {(kPa) (e/ks) (9] (n)(m3/kg HkJ/RE)D
23,5 15,3 1l.6 1.3 10.42 5o 49 1.046 $9 67
35.2  16.7 6.0 0.493 7.12 16 13 1,083 53.59
22.2 13.3 7.9 1.06 §.12 40 3% 1.041 42.91
13.3 13,2 13,2 1.32 11.64 9% 09 1.015 42.77
21.9 14,7 10,7 1.29 9,84 44 48 .03 47.06
20.0 14.7 11.8 1.39 0.2 59 59 1.037 47,08
32.2 18,2 li.4 1,35 1¢.r1 28 % 1.080 58.76
69.6 27.0 11.4 1.35% 10.31 3 3 1.212 96.99
3$3.9 232.8 14,7 1.67 12,87 '8 17 1.126 77.33

WO St =l o tn b o s

VALUES FOR TDB & W FROM ERKROR ANALYEIS & SIMULATION 3
{UNITE A% ABOVE}

BT 1 2 3 4 3 6 7 8 g
TDB{MIN) 27,3 34.9 31.9 13.1 21.7 1%.8 32.0 a9.3 43.7
THB{MAX) 22,7 35,4 22.4 13.5 22,2 20,2 az.d 69.8 44,1
W [MIN) 16.1 é.% 7.1 11.4 9.3 10.3 10.0 10.0 12.4
W (MAX) 1.8 7.4 8.4 11.9 10.2 10,9 14.7 J0.7 t3.3
TDR{SIM) 51,8 35,2 22,5 12,9 21.9 30,0 31.9 67.4 $3.0
woO(81M) .4 7.1 7.4 11,3 9,8 10.8 10.3 i0.3 13.¢6
POSTT.ON OF SAMPLING POINTS
OUT ] ~a{DESICCANT  } wTAEAT 3 - GPRAY CHANIT R 4
I DEHTMIDIFIER XCIM.\GER' ! ROOM
Jev 5] e T PR
PEYCHROMELRIC CHART: ALTITUDE 1700m  BAROMETRIC PRESSIRE 82,5 kPa
L Ak F M LR Al 4 .
. T TS 3
A ) M rirer o
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RESULTS OF DEC TEST
PR TR O R R

{sheet |

TEST NUMBEK: H3/i4d

OPERATYNG PARAMETERS (MEASURED AND ENTERED AS

ot M e Bl it gy ki ok o e e ik S e k.

Supply air flow rate (g/si=
Return air flow ratc {g/s)=
Regen. heat input (KW}
Elec. energy (excl. rec.) (kW)=
Spray chambers: water T (of)e=

Water flow rate (S8 3/CH)} {(E/fs)=

at pressure {bar)=
Water flow rate (R S/CH) (g/sl=
At pressure (bar)=

PROCESS CHANGES OF ENTHALPY AND
ST END H (kKJ/EG)

of 2}

NOM.
£43
146

§.317
1.845
15.0
1.09
38
.89
10

MIN.
136
137

J.104
1.971
13.8
1.61
57
0.83
8

HUMIDITY RATIO

e e el vy ik T e e Bk ey ] el AL e et o A el M R Py Wb e A B A S T R A T

W {o/kg)

PT PT  NOM MIN, MAX. S8IM. NOM. MIN. MAX.
I 2 5.0 3.5 6.3 3.0 -2.81 ~3.28 =-2.35
2 3 -i3.3 ~14.6 -11.8 ~13.3 0.4 0.04 0.892
J 4 ~0.2 =~1.6 1.2 =0.1 3.13 2.7% 3.54
4 3 4,7 3.3 G.1 4.7 ~1.63 =-2.06 ~F.21}
3 & ~.1 =1.8 1.3 el 1.18 0.74 1.62
6 7 t2.6 11,0 14.2 12.06 -D.42 ~-0.92 0.08
7 8 3.4 36.7 40.2 36.3 0.00 ~0.858 0.53
8 9 -149.,§ -21.4 -17.6 =-7.0 2.38 1.9%7 3.19
PERFORMANCE PARAMETERS {CALCULATED}

7 e e NOM. MIN. MAX.
Dehumidifier eff.(W) (%) EDHI= 36 3o 42

Dehumidifier eff.(Q) (%) EDH2= 12 g 16

Regeneration eff. (%) ERG= 18 il 22

Regen. heat inpuat (kW) Q= 3.6 35,2 6.05

Heat Bach., eff. {(8.%.) (%) LHXS= 3o 83 23

Heat Exch. eff. ' LT) (%) BHXR= 81 78 53

Sup, air spr. ch., eff.(%) KLUS= 1 83 i08

Ret, air spr. ¢h, eff.{%} LVR= 43 38 48

FOR VENTILATION MODE:

Cooling capacity {kW) QC = 0,68 0.48 0.89

toeff. of perfoermance CoOP= 0,12 0.0 0.17

Electricity eff. ratio FER= D.37 0,36 0,48

FOR VENTILATION CREDIT MODE:

Coalinz eapacity (RW) TOC = 1,23 1,00 1.453

Toetal Couff. of perf. TCOPs 0,23 0.19 6,27

Electrivity eff. ratio TEER= 0.66 §.54 0.79

DATE: 4-6~1997

TIME: L7H2I

INPUT)

MAX.
158
133

3.530
1.919

19.2

L.77
61
23
12

Q.

SIM.
-2.81
0,30
3.32
"1064
1,25
~-0.28
0.00
2.79

SiM.
13
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{sheel 2 of 2

i BATE: 4-6
TIME: 17H

~1997
21

MOIST AIR DPROPERTIES AT MEASRURED POINIS IN PROLCESS

o g b3 v et B ek Rt e s AR T e T L L A el ol P R T e e R ——

NOMIKAL MEASURED VALULL:

pT LLn TWEB Thp Pw W RH ¥ sV H
foC) {o0) {oCY  (kDad (z/kgl) (%) SHmdske) ikI/ke)
1 23.4 15.9 12.1 1.41 10,80 49 48 1.050 51.03
3 33 17.4 7.7 1.03 7.8 18 17 1.087 56,00
3 21.2 13.3 8.3 1.11 85.47 44 43 1,038 42.79
4 13.2 13,2 13.2 1.51 11.6v 99 8Y 1.015 42,539
5 21.9 14.7 10,9 1.30 0.96 50 49 1.043 47.29
& 18.8 14,7 12.6 1.45 11.!4 67 66 1.034 47.18§
7 33,1 18.4 12,0 1.40 10,72 29 28 1.080 0,75
8 9.7 27,2 12.0 1.30 10.72 3 3 1.213 98.20
9 44.1 23.1 15.2 1.7% 13.30 19 17 1.127 78,69
VALUES FOR TDB & W FROM ERROR ANALYSIS & SIMULATION :
{UNI'TS AS ABOVE)
PT 1 2 3 3 5 6 7 8 9
TOB{MIN] 23.2 35.1 21.0 14.0 21.6 18,6 31.9 69.3 43.9
TDB (MAX) 23, 7 35.6 21.4 13,5 22,1 19,0 32.4 69.9 44.4
W (MIN) 19.5 7.7 8.2 1i.3 9.7 10,8 10,3 10.3 12.8
W {MAX) 1.1 8.3 8.2 11,9 10,3 11,5 1.1 13,1 13.8
TDB(SIM] 23.4 35.3 21.6 13.3 #1.9 18.8 31,9 67.3 53.4
w o {85IM) 10.8 8,0 $.3 11.6 10.0 11.2 10.9% 10,9 i3.7
POSTTION OF SAMELING PORETS
T gy L L
SIDE RHUMRDIFHR) o exchanoe] MBERT ’13003.1
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TEST NUMBER: Histd

isheel
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1

of 1)

DATE:
TIME:

defi- 1997
LGHAS

OPERATING PARAMETERS {MEASURED AND ENTERERD A5 INpOT)
MIN,

AL S A A L LT en b el ey e

Supply air flow rate
Return @¢ir flow rate

Regen., heal input
Eliec. energy texcl., reg.i}
Spray chambers: water T

Water flow rate (8 S/Cil)
&t pressure

Water flow rate (R &/CH)
at pressure

{g/s)=
{efsis
{kW)=
(kW)=
(oQ)=
{g/s)=
tharl=
{g/a)=
{bar)=

PROCESS CHANGES OF ENTHALPY AND

R bkt ek L WL N Al ok B B Y A ol et By ek AR Y . iy 78 ey o 9IRS ety b ey e e i e e v v

NOu.
146
147

5.317
1.874
19.0
1.69
59
.17
20

137
138

. 104
1.79%
18.8

1.

1.

Gl
57
11
ig

HUMIDITY RATIO

8T END H (kJ/KG) win/
T PT NOM. MIN., MAX. SIM. NOM,
1 2 3.7 2.3 5.2 3.7 -3.15
2 3 -11.6 -13.,0 ~-10.2 ~13.5 1.38
3 4 «-3,3 ~1.6 1.0 =-4.0 2.89
4 5 6.1 3.7 7.5 7.8 ~1.34
5 6 ~D,1 -1.3 1.4 .1 1.75
b 7 13.4 11.8 15.0 13.4 -0,51
7 8 J8.5 36,7 40.3 36.Z2 .00
8 g "21-4 "'2:”4 _1915 -504 2:15
PERFORMANCE PARAMETFRS { CALCULAYTED)
---------------------- NOM.,
Dehumidifier eff. tWJ (%) EDHI= 444
Dehumidifier ef£.(Q) (%} EDH2= i0
Regeneration eff. (%)  ERG= 13
Regen. heat input (kW) = 5,66
Heat Exeh. eff, {SUP) (%) EHXS= 85
Heat Exch. eff. (RET) (%) EHXk= 81
Sup. air spr. ch. eff.(%) EBVgs 99
Ret. air spr. ch. off.{(%™) FVR= 60
FOR VENTILATION MODE:

Cooling capacity (kW) ¢C = 0.8%9
Coefi. of performance Cob= 9,17
Electricity eff. ratio EER= Q.47
FOR VENTILATION CREDIT MODE:

Cooling cuprtity (kW) "¢ = 1,19
Poial Coeff. of perf, TEOP= .22
Electrieity ef¥, ratio TEER= 0.64

kg)
MIN.
-3.59
0.98
2.50
~1.76
1.3¢
-1.02
-0.56
1,53

MIN.
a8

&

10
5,33
- c!
§0
92
55

0.68
0.13
0136

0.97%
a,18
.52

MAX,
~2.71
1,79
3.28
-0.92
2.19
"‘0 .01
U.56
2.77

MAX.
51
13
i9

00
57
83

105
65

1.10
0.21
0.59

1,41
0.27
0.75

MAK.
183
1536

5.530
1.949
iv.2

SIM.
-3.15
D.44
3.40
"Dqgl
1.80
~0.41
0.00
3.13

SIM'
46
10
az

5.31
85
a2
99
G0

1.13
G221
.60

1.444
0.27
0.77
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BESULTS OF DEC TEST (shueet 2 of 23 DATE: 4-bB-149y?
Rk REFE R Rk Rk R kR TIME: 16HSE

MOIST AIR PROPERTLIES AT MEABURED POINTS IN PROCESS

e s are e o i 48 e A 2 i kR o ks T e R M T e B ek B R T e o S S

NOMINAL MEASURED VALUES:

P THR TWE TP PW W Ly U 5V H
{oC’t (o) {oC} (kPa) {g/kod (03 (i m3/ke) iR/ k)
23.3% 15.2 10.8 1.29 g.92 435 44 1.048 48.63
34.8 16.4 5.3 0.8% 6.%77 16 15 1,083 52.37
20.0 12.6 8.0 1.07 2.15 46 45 1,033 40.78
12.6 12.5 12.4 .44 11.04 9% gy 1.012 40.48
21.8 14.5 10.5 1.27 9,70 4% 48 1.042 46.56
{7.4 14.5 13,0 1.4y 11.45 7 75 1.029 46.48
31.8 18.5 12.3 l.43 10.93 30 a6 1,080 59.92
9.4 27,2 12,3 1,43 10.93 3 3 1,213 98.42
43.1 22.7 15.0 .70 13.08 20 18 1.123% 717.00

- AR T I SR

VALUES FOR TDB & W FROM ERROR ANALYSIS & SIMULATION
{UNITS A3 ABOVE)

PT 1 2 3 4 5 b 7 3 4]

TDB{MIN} 23,1 34,5 19,8 12,3 21.6 17.2 31.6 9.1 42.8

TRB{MAX} 23 085 35.1 20.2 12.8 22.0 17.6 32.0 G9.6 13.3

W {MIN) 0. 6.5 7.9 l0.8 9.4 11,1 10.5 10,3 12.6

W (MAX} 10.2 7.1 8.4 11,3 10.0 11.8 1.3 11.3 13.8

TRBISIM) 23.3 34.8 2W.5 12.0 21.8 17,4 31.3 06,8 53.0

W (SIM) 9.9 6.3 7.2 10.6 9.7 11.5 11,1 11,1 14.2

POSITION OF SAMPLING POINTS

QUT-}—=1 FRICCANT w{fEAT b3 YO

smsl ibmmnmfteai ] ! igglgmcm SRR CH SIEER— 4 RODM
9 8 —[HEATE w7 R AR 7 p ST I
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RESULTS OF DEC TEST {sheet | of 2; DATE: 4-(=1987
LR TR R PR ET L LTRSS TIME: (¢ .
TEST NUMBER: H3/13

OPERATING PARAMETERS (MEASURED AND ENTERED AS INPUT)

———————————————————— NOM. MIN. MAX,
Supply air flow rate {grss)= 145 136 135
Return air flow rate tg/s)= 147 138 1558
Regen. heat input (kW)= 5.317 5.104 5.530
Elec. energy lexcl. reg.) (kWi= 1,897 1.821 1.973
Spray chambersg: water T (oC}= 19.2 19.0 19,4
Water fiow rate (8§ 8/Cil) (g/si= 1.89 1.61 1.77

at pressure {bar)= 39 57 61
Water flow rate (R S/CH) {(g/fs)= 1.28 1.20 1.32

at pressure [var)= 30 ag 32

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO

i vt s el e Tk s T e e B o L B ek Tk Sk ey e T el Sy e v e e

4T FEND H (kJ/XG) W (g/kg)
pT PT NOM. MIN. MAX. BSIM. NOM. MIN., MAX. SIM.

1 2 4.2 2.7 5.7 4.2 ~3,02 -3.48 2,57 ~3.02
2 3 ~13.4 ~14.8 -12.0 -14.9 1.1% 0.76 1.61 @.41
3 4 ~0.0 =1.4 1.3 -0.1 2.60 2,20 3.00 2.98
4 35 3.3 3.9 6.7 6.8 -1.59 -2.,02 -1.16 -1,20
5 6 -0.1 ~1.6 1.3 Q.1 2.18 1.74 2,63 2.23
6 7 3.0 13.4 6.6 14.7 -0.43 -0,93 Q.07 -0.39
7 8 38.6 36.9 440.3 36.3 0.00 -0.55 0.55 0.00
8§ 9 -21,2 -23.1 ~1%.3 ~5.%7 2.12 1.52 2,72 3.40

PERIORMANCB PARAMET“RB {CALCULATEL: }

———————————————————— NOM., MiN. MAX. 81M.
Dehumidifier eff.tw: (%) EDHl= 41 34 47 42
Debhumidifier eff.(Q} (%) EDH2= 11 7 14 11
Regeneration eff. {%) ERG= 18 10 19 21

Regen. heat input {kW} Q= 5.66 5.23 6£.08 §.31
Heat Exch. cff. (8UP} (%) EHXS= 35 83 87 35
Heat Bxch, eff. (RET) (%) EHXR= 83 81 85 83
Sup, air spr. ch. e¢ff. (%) EVS= 9g 91 106 98
Ret. oir sapr. ch, eff.{%) EVR= 73 G8 19 73
FOR VENTILATION MODE:

Cooling cepacity (kW) ¢CC = Q.77 0.5¢ 0.98%8 0.99
Coeff, of performance COP= 0.15 0.11 0.19 0.19
Electricity eff. ratio EER= 0.41 0.30 0.52 0.52
FOR VENTILATION CREDIT MODE:

Lawling capacity (kW) TCC = 1,38 1.12 1.57 1.5%
Total Coeff. of pert. TCOP= 0.25 0.21 0.30 0,29

Electricity eff. ratio TEER= 0.71 0.59 0,33 0.83
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RESULTS OF DEC TEST tsheet 2 of 2} DATE: 4-6-1097
EREAEEnERRIRBERFLRE TIME:; 16H43

MOIST AlR PROPERTIES AT MEASURED POINTS IN PROCESSH

o e i e i ok o L o R Yo e v B R o o o ok R v 1y S i B LA L g A gk e e R A

NOMINAL MEASURED VALUES:

PT TDR Twi TP Pw W RH 1 SV H
{ol) {oC) (oC) (kPal (g/kgd (% HrHim3/RgytkJ/ke)
23.7 15.7 t1.6 1.36 10.43 46 46 1,050 50.35

32.1 18.9 12.8 1.48 11.33 31 30 1,081 61.30
69.7 27.5 12,8 1.48 11,33 5 3 1,215 49.%0
42.7 23.1 15.4 1.75 13.47 20 1§ 1.126 78.68

1
2 35.4 17.0 6.6 0,97 7.41 17 16 1.086 354,52
3 19,2 12.7 8.7 1.12 8,59 50 50 1.031 41.1!
4 12.8 12.7 12.6 1.46 11,19 9% 99 1.013 41.08
5 2l.% 14.5 10,3 1.25 9.60 48 47 1,042 46,39
6 16.4 14,4 13,4 1.53 11.78 82 82 1.020 46.29
7
8
9

VALUES FOR DB & W FROM ERROR ANALYSIS & SIMULATION @
{UNITS A8 ABOQVE)

pT 1 2 3 4 § 1 7 8 g

TDB(MIN) 33.5 35.1 19.0 12.6 21,7 16.2 31.9 69.5 43.3
TDB(MAX) 23,9 35.6 19.4 13.0 22,1 18.6 32.3 70,0 43.9
W {MIN) 10.1 7.1 8.3 10.9 9.3 11,5 11,0 11.0 13.0
W (MAX) 10.8 7.7 8.9 11.5 9.9 rz2.p 11.7 11.7 13.9
TOB{SIM2 23.7 35,4 19,7 12.3 21.9 16.4 31.7 67.1 34.0
w lSIM} 10.4 7.4 7.8 10.8& #.6 11.8 11.5 11.5§ 14.8

o ESICCANT »JHEAT =3 -SRIV CHAMBERE-- 4
SIDE Emmmran_ CHANGER) ROOM
8~ {IE T~ 7 6 ~~{EPRAVCHANDE b3

PSYCHROMETRICCHART. ALTITUDE 1700m BAROMETRIC PRESSURE 82.5 kPa
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RESULTS OF DEC TEST {sheet [ of 2) DATE: 4-6-~-1987
BRFEREREE SR kR TIME: J6H23
TEST KUMBER: H3i/16

OPERATING PARAMETERS (MEASURED AND ENTERED AS INPUT)

————————————————————— NOM. MIN. MAX.
Supply air flow rate {g/s)= 146 137 155
Retwrn air flow rate ig/sl= 147 1338 135
Regen. heat input (kW)= 5.317 5.104 5.330
Elec., energy {excli. reg.}) (kW)= 1,922 1.845 1.999
Spray chambers: water T {oCi= 19.4 19.2 19.6
Water flow rate {8 S/CH) {g/s5)= 1.69 1.61 1.77
: at pressure {(bar}= 5% 57 61

water flow rate (R S/0™) {g/fs)= 1.59 1.51 1.47
at pressure (bar)= 40 38 43

PROCESE CHANGES OF ENTHALPY AND HUMIDITY RATIO

I e e e e e sy i oy ey e A i e b el Bk M ke ik ke A e A Y T -

ST END H (kJ/KG) W {g/kg)

PT PT NOM. MIN. MAX. S8IM. NOM. MIN., MAX. BSIM,
1 2 4.4 3.0 3.8 4.4 -2.78 ~3.20 -2.37 -2.78
2 3 ~i0.1 ~11.4 +-3.8 ~-14.4 2.37 2,18 2.97 0.66
3 4 0.1 -102 1 4 "011 2.86 2-46 3425 3068
4 = 8.5 T.1 g.8 12.9 ~0,77 ~1.17 ~0.36 0.32
3 6 -0.3 ~1.7 1.1 0.1 2,38 1.95 2.R1 2.50
6 7 14.9 13.3 16.5 14.5 -0.65 -1.1le =-0,15 -0.62
7 8 3g.5 36.3 40,2 36.3 0.00 =0.55 0.35 0.0
8 9 -23,5 -24.,4 -20.6 -6.2 1.50 06.91 2,10 2.78

PERFORMANCE PARAMETERS (CaLCULATED)
~~~~~~~~~~~~~~~~~~~~~~ NOM. MIN, MAX. SINM.
Dehumigifier eff.(W) (%) EDHl= 51 42 Sy 53
Dehumidifier eff.(Q) (%} EDHI= 1 8 L4 12
Regeneration eff., (%} ERG= 10 6 15 19
Regen. heat input (kW) G = 5.6 5.22 6.07 5.31
Heat Exch. eff. {8UP) (%) EHXS= 85 52 87 85
Heat Exch, eff. (RET) (%) EHXP= 83 31 85 33
Sup. air spr. ch. eff,(%) EVS= 100 93 107 100
Ret, air spr. ch. eff.{%) EVR= 83 77 90 83
FOR VENTILATION MODE:

Cooling copacity (kw) ©C = 1.24 1.p2 1,45 1.88
Coeff. of performance coP= 0,23 0.19 0.27 0.35
Elzctricity eff. ratio EER= 0.64 0.53 0.76 0.98
FOR VENTILATION CREDIT MODE:

Cooling capacity (kW) TCC = 0.83 0.62 1.03 1.4%
Total Creff. of perf. TCOP= .16 0.12 0.19 0.7%

Electricity eff. ratio TEER= 0.43 0.32 0.54 0.77
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REBULTS OF DEC TLET {sheet 2 of 2} DATE: 4-6-1997
EEEEREREEEA KRS R R AR TIME: 16H23

MOTST ALR PROPEKTIES AT MEASURED POINTE IN BRDCESS

..........—....—.——_.w......-.-—--u-.......-..._.--..-.....—..._—..—.-—..u—._—--m-..u—--——-

NOMINAL MEASURED VALUES:
PT DB T¥B  TDP W W rRE U SV il
{oC) (o€} (o€} (kPa) (g/kgl (%) (%)(m3/kp)tkJ/ke)

1 23.%9 13.8 7.6 1,04 7,96 35 34 1.047 44,26
2 35.2 15.2 1.5 0.838 5.38 12 1t 1.082 48,63
3 18.8 11.8 7.2 1.02 7.75 47 46 1.028 38.52
4 11.8 11.8 11.8 1.38 10.61 100 100 1.008 3B.59
5 22,0 14.7 10.7 1.28 9.84 4% 48 1.043 47.06
¢ 15.8 14.5 13.9 1.39 12.22 89 B8 1.025 46.77
7 31,9 18.9 t3.t L,51 11.57 232 31 1.081 61.65
8 &9.4 27.5 13.1 1.51 11.57 g 3 1.214 100.16
g 43.7 22.9 15,0 1.70 13.07 1% 17 1.126 77.66

VALUES FOR ‘TDB & W FROM ERROR ANALYSIS & SIMULATION :
{UNITS AS ABOVE)

BT 1 2 3 1 5 6 7 8 9
TOB{MIN] 23.7 34,9 18.8 11.6 21.7 15.6 31.7 69.2 43.3
TDB(MAX) 24.1 35.4 19.0 12.0 2.2 16.0 32.1 69.6 43.9
W (MIN) 7.7 4,9 7.5 10.3 9.5 11.9 11,2 11,2 12,6
W IMAX) .3 5.5 8.0 10.9 10.% 12.5 12.0 12.0 13.3
TDB({SIM) 23.9 35.2 19.3 10.2 22,0 1§.9 31.6 66.9 §3.9
W {(SIM) 8.0 5.2 5.8 9.5 9.8 12,3 11.7 11.7 14.5
POSITION OF SAMPLING POINTS
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RESULTS OF DEC TEST {sheet 1 of 2} DATE: 4-6-1987
dkh ek bRk bk Rk E by TIME: 15HSY

TEST NUMBER: H3/17

OPERATING PAR  .1ERS (MEASURED AND ENTERED A8 INPDT)

———————————————————— NOM., MIN. MAX.
Supply air flow rate lgfs8)= 145 136 153
Return air flow rate {g/s)= 147 138 156
Ragen. heat input {kWi= 5,317 5.104 5,530
Elec. energy {execl. reg.) (kWj= 1.951 1.873 2.029
Spray chambers: water T taC)= 18.9 18.7 19.1
water flow rate {8 8/CH) {(g/s)= 1,69 1.61 1.77

at pressure {bar)= 59 57 61
Water {low rate (R 8/CH} lg/fs)= 1.76 1.67 1.85

at pressure (barl= 50 48 3%

PROCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO

It o L e Bk iyt e e ek T Y U WL R A A T B T S T e v et ol A et L S ek ek W A e Y g

ST END H (kEJ/KG) W (g/kg)

PT PT NOM. MIN. MAX. SIM, NOM. MIN. MAX. BIM.
i 2 3.9 2.4 3.4 2.9 -3.43 -~ 88 ~-2.97 -3.43
2 3 ~13.0 -14.4 -11.6 -16.1 1.94 1.%1 2,37 0.50
3 4 -0¢2 -1¢5 112 _001 2‘28 1-87 ? 53 2496
4 5 5.7 4.3 ol 8.7 -1.54 -l 96 ~-1.12 -0.79
5 6 -0.1 -1.3 1.3 0.1 2.69 2.25 3.12 2.75
6 17 15.1 13 ° 16.6 135.8 -0.82 -1.31 -0.33 ~-0.47
7 8 38.5 36.7 40.2 36.2 0.00 ~0.54 0.54 0.00
8 9 -2t.3) -23.2 -19,5 -~5.4 2.27 1.86 2.87 3.39

PERFORMANCE PARAMETERS {CALCULATED)

---------------------- NOM., MIN. MAX. BIM.
Dehumidifier eff. (W) (%)} EDHi= 47 40 53 49
Dehumidifier eff.{(Q) (%} EDH2= 10 é 14 11
Regeneration eff. (%) ERG= 16 11 20 23

Regen. aeat Iinpui (kW) Q= 5.64 5.22 6.07 5§5.31
Heat Exch. eff. (SUP) (%) EHXS= 85 83 81 85
Heat Exch. eff, {RET) (%] EHXR= 80 7€ 82 80
Sup. air sapr. ch. eff.(%)} EVs= 99 g0 108 g9
Ret. air spr. c¢h. eff.(%) EVR= 89 82 b5 89
FOR VENTILATION MODE:

Cooling capacity (kW) CC = 0.83 0.62 1.04 1.26
Coeff. of performance Cok= 6.16 0.12 9.20 ¢.24
Electricity eff. ratio EER= (.43 0.32 0.53 0O.65
FOR VENTILATION CREDIT MODE:

Cooling capacity (kW) TCC = 1,35 1,13 1.58 1.78
Total Coeff. of perf. TCOP= 0.25 0.21 0,30 0.34

Electricity eff. ratio TEER= 0.68 0.58 0.81 0.91



RESULTS OF DEC TEST
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DATE:

4~6-1997

IME: [5059

MOIST AIR PROPERTIES AT MEASURED POINTS IN PROCESS

A ke e ek ek S s o i s v L A o it P ok TR o L e S ek 7 g el B S B )y R

NOMINAL MEASURED VALUES:

PT TDB
{ol}
23.7
36.1
18.35
12,7
22.1
15.3
3z2.0
0.5
13,0

WO 05~ O LA R L B s

TWB  TLF PW

{of} {oC} ({kPa)
15.7 1t.5 1.33
16.9 5.7 0.91
12.7 9.2 1.16
12.6 12.6 1.46
14.5 10,4 1.26
14.5 [4.1 1.60
18.9 131.0 1.350
27.5 13,0 1.50
23.1 15.7 1.73

W
(g/ke)
10.39

6.96

8.90
11.17

3.63
12.32
11.50
11.50
13.77

RH
(%
46
15
55
99
47
g2
31

5
a1

[3)
(%)
45
14
54
&9
47
92
30

3
19

)

VALJES FOR TDB & W FROM ERROR ANALYSIS &
(UNITS AS ABOVE)

PT i 2 k|
TOB{MIN) 23.5 35.9 18.3
“DB {MaX) J4.0 35.3 18.7
W (MIN) 10.t 6.6 8.6
W (MAX) 16.7 7.3 8.2
TOB{SINM) 23.7 3u.l 19,0
W (BIM) 10.4 7.0 7.3
POSITION OF SAMPLING POINTS

5
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4
12.4 21
1.9

3
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22.3

10,9 9.3

8.9

2 HWEAT . =3
XCHANCER
8 —{HEATE B 7

6
15.1
15.¢
1Z2.0
12.6
15.4
12.4

5V H
(m3/ kg {kJI/ kg
1.050 5@.26
1.088 54,13
1.029 41.12
1.012 40.93
1.063 46.635
1.u23 46.36
1,081 61.63
1.214 100.09
i.124¢ 78.75

BIMULATION :

7 8 9
31.8 69.3 42.38
32.3 69.8 43.3
11.1 11,1 13.3
11.9 11.9 14.2
31.7 67.0 33.2
11.9 11.9 15.3
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RESULTS OF DEC TEST (sheet |
FREEE R e Rk R E R R A

TEST NUMBER: H3/16

of 2}

DATE:
TIME:

4~H~1097
ISH30

OPERATING PARAMETERS {(MEASURED AND ENTERED AS INPUTI
MIN.

M A e e e ek A e e

Tupply air flow rate (/5=
Return air flow rate {g/s)=
Regen. heat input (kW)=

Elec. energy {excl, reg.; (kWl=
Spray chambers: water T {oC)=
Water flow rate {8 8/CH} (g/s}=
at pressure (bar})=
Water {low rate (R 8/CH) (g/s}=
at pressure tbari=

PROCESS CHANGES OF ENTHALPY AND

8T END H {RJI/RG)
PT PT NOM. MIN. MaX. SIM.

1 2 1.5 2.1 3.0 3.5
2 3 -12.§ -13.% -11,1 ~15..
3 4 0.0 -1.3 1.3 0.1
4 5 6.0 4.6 7.4 5.7
5 8 ¢.1 -1.3 1.6 0.1
6 7 14,9 13.4 16.5 13.5
7 & 38.1 36.4 39, J6.3
8 9 -20.7 ~2%.6 -18.8 -5.4

NOM,
ld4&
146

5.317
1.987
18.9
1.69
59
2.13
60

127
+38

5.104

ll

uoe

18.7

1.

61
57

2.G2

33

HUMIDITY RATIO

A A L At Ak i B S T P Sk N S Y L T T e ek Tk T e ey e ek ey ok By ot sk Bk ek

PERFORMANCE PARAMETERS |{CALCULATED)

T T T T ok At BA e h

Debumidifizr eff. (W) {%) EDHi=
Dehuriddifier eff.(Q) (%) EDHZ=
Regeueration eff. (%) ERG=
Regen. heat input {kW} Qg =
Heat Exch. eff. {(8UF) (%} EHXS=
Heat Exch. eff. {RET} (%) EHXR=
Sup. air spr. ch, eff.(%) £Vs=

Ret. air spr. ch. eff.(%} EVR=
FOX VENTILATION MODE:

Cooling capacity {kW} cCC =
Cpeff. of performance COP=
Electricity eff. ratio EER=
FOR VENTTLATION CHREDIT MODE:
Copoling capacity (kW) TCC =
Total Coeff. of perf. TCOP=
Electricity eff. ratio TEER=

W (g/kg)
NOM. MIN.
-3.00 -3.44
1.%2 1.40
2.32 3 94
-1,52 -1.93
3.90 2.46
-0,84 ~1.33
0,00 ~0.53
1.83 1.22
NOM. MIN.
+4 37
9 G
13 8
5.58 J.18
24 32
83 51
101 92
g4 37
0.52 0.6&7
0.16 0.13
0.44 0,22
1.30 1.08
0.24 0.20
0.65 0,54

MAX.
“2156
2.23
2.71
-1.11
3.34
~0.25
0.53
2.44

MAX.
30
13
17

86
85
110
10u

1.08
0.20
G.55

1.52
0.29
Q.77

MAX,
155
LES

5.530
2.066
18.1
1,77
61
1.24
62

STM.
-3.00
0051
2.94
-0.83
2.91
-0.48
¢.00
2.9%

BIM.

1.28
0.24
0.64

1.70
0.32
0.36
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RESULTS OF DEC TEST fsheet 2 af 2} DAFE: d-6- 1947
FEEERRRRE LSRR AR LS TIME: 153H30

WOIST AIER PROPERTIES AT MEASURLD POINTS IN PRGOERS

[ P e R o M R P e W A I g i o D S e S b e

NOMINAL MEASURED VALUES:
BT T TWh TR Py W Rii 4] av il
(o) (ot} {oC) (kPa) (zikgl (5} (o {md kel (ke /ke)

i 23.9 15.4 0.9 1.30 9,05 44 43 1.050 4Y.34
2 34,9 0.3 S.6 0.491 .94 1o 15 1.084 52,85
3 18.1 2.5 9.0 1.18 ¥.76 55 55 1,028 40.40
4 12.4 12.4 12,5 b.44 11,00 101 vl 1,011 4p.d2
5 22.0 14.5 10.3 .25 9,57 41 '6 1.043 d6.42
6 150 14.5 (4.2 l.od 12,47 93 95 1,022 46,54
7 31.s 18.9 13.2 1,51 1t.ed 33 Ji 1,060 61.4938
8 G8.7 27.4 13,2 1,31 11,63 3 A 1,212 49,6l
9 44,0 23,2 15.4 1.753 13.40 19 17 1.127 78.8%

VALURSE FOR TDB & % FROM ERROK ANALYSIS & SIMULATION :
(UNITS AR ABOVL)

Pr ! 2 J 4 N & 7 ] 9
TDE MTN] 23.7 34.7 7.9 12.2 21.8 14.7 31.4 B8,5 43.7
TDR (MAX] 34,1 35,1 18.3 12.6 22,2 15,2 31.8 69,0 44,2
W {MIN} 9.6 6.6 8.5 10.8 9.3 12,2 11,3 11,3 13.0
W [MAX) 10.3 7.5 9.0 11.4 9,9 12,8 12.0 12,0 13.9
TOB(SIM) 23.9 34.9 18.6 11.4 22,0 15.0 31.2 66.6 53.7

¥ 18IM) 0.9 6.9 7.5 10.3 9.6 2.5 12.0 13.0 13.0
QU1 ‘:'Eﬁsrc' CANT | ) wJHEAT =

Su Emmunmﬁul IEXCIL&.\'GER ) — i ROOM
19 T (1 A 2 o . 6 —{iPRAY CTIANEE 5 oo

PSYCHROMETKIC CHART:  ALTITUDE 1700m  BAROMETRIC PRESSURE 8.5 KPs

By S9N T TEE i
UL WA Y W T TR LA NRVRES I TRL T B N 2y 3 o N
BNl N RHEIR I TR &
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W ‘,HH VIS A SISIANRE 3 5§ gq 3
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s LAV LE 1 LR G T o A
* o | } LI o Xy | b T
F ELASETE T iiivieeh SRR R
AL UL £ I EAEEL ERNRAY -
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RESULTS G DREC TEST

LEEEEEEL BEE LTS

(sheet 1

TEST NUMBER: pasiy

DPERATING PARAMETERS

ki M R bk ek R Wk e g bt e b

supply air flow rate (gfsi=
Return air flow rate (g/ul=
Regen. hest inpot (kW=
£lec, energy fencl., rag.) KW=
Spray chambers water T (oC)=
Water flow rate (8 S/CH) (gfsl=

4t pregsure tbariz
Water flow rate (B §/CH)Y (g/fs)=

at pressure {bar}=

of 2}

HATE:
TiMb:

b JORT
15012

{MEARURED AND ENTERED A8 INPUT)

NuM. MIN, AN,
L4 136 §58%
147 133 156

3.317 §.104 5.530

1.9495 1913 2,073

15.9 18.7 19,1

L.69 1.6l 1, 7%

a9 57 al

2.33 2,21 2.45
70 6l 72

PROCESS CHANGES OF ENTHALPY AND HUMIDI™Y RATIQ

8T END H (kJ/KG}

PT PT NOM. MIN., MAX. BIM.
1 2 3.2 1.8 +.7 3.2
2 03 ~12.6 ~-13.9% -11.2 ~15.8
a4 0.4 ~=1.9 1.9 Q.0
4 3 7.3 6.2 5.9 10.3
3 6 0.1 ~1.4 1.5 4.1
6 7 4.7 13.1 16.3 5.4
T 8 38.2 36.4 39.9 Jd6.2
&8 9 -21.,3 -23.2 -189.4  -4.7

PERFORMANCE

Debumidifier eff. (W) (%) EDHl=
Dehumidifier eff.(Q) (%) ELH2=
Roepenervation eft. (%) ERiga
Regen., hoeat ianput [ kW) Q =
Heal Exch. efl. (SUP) (%) BHYS=
Hoat Fxch, eff, (RET) (%) BHXR:
Sup. wir sepy. ch., off.(m BYY.-
Ret, air sor. ch. off. (%) EVR=
FOR VENTILATION MODE:

Cuoling capacity (EW) o =
Coeff. of perforwanes COPs
Blecty ity eff, r.utin Eillx

FOR VENJILATION CREDIT Moy

Counling capacity {EWY e -
Tatal Ceefi. af pery, TONPs
Electricity off. ratio ThER=E

W o(r/ky)

PARAMETERS {CALCULATED]

NOM. MIN.
-3.11 -3.55
2.05 1.64
2.20 1.81
-1.03 -1.45
2.94 2.49
~0, 93 ~1,44
.00 -0.54
1.91 1.30
NOM. MiN.
A 10

a 5
13 3]
5,60 5.1y
g 33
it Ty
10H} ni
a7 K H
{.1u1 0,89
.21 ©.1
.35 9.44
[.4% 1,30
n.27 0,32
0D.71 0,060

MAX., SINM.

-2.606 “3011
2.46 0.57
2,89 2,97

~.62 ~0.3)
J.38 2,96

~0.44 ~0.54
.54 0.00

.52 3,08

HAX.  BiM.
A5 Ay
1 4
14 1

B.03 5 1ty
u7 U
B 51

104 B
t.o! i.80N
[V (S
0,66 0,75
Lo 1.83
0.31 0,34
d.od u.92
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TIWVE: 15H

DATE: 4-6-

1997
12

MOIST AIR PHOPERTIES AT MEASURED POLNTS 1IN PROCESS

—“-ﬁﬂ""-—ﬂ—ﬂhunﬂ‘—ﬂﬂhﬂ*-“‘nhﬁﬁ“u_m—n-ﬂm-wﬂw“b”“u

NOMINAL MEASURED VALUES:

ProTOBR TWH THe
(o) {oC) (0C)
1 24.4 15.3 10.4
2 35,4 16.3 4,7
3 17.9 12,2 8.7
4 12.0 12.0 12.0
5§ 22.00 1a.8 10.3
G 14.8 14.6 14.3
7 31.4 18,9 13.3
8 8.6 27.4 13.3
9 43.0 23.1 135.6

VALUES FOK TDB & W FROM ERROR ANALYSIS &

{UNITS AS ABOVE}
1

W
(ki*a}
1.26
0.85
1.12
1.40
i.27
1.65
1.53
1.53
1.77

W

{a/kg)
9.61
6.51
8.56
10. 45
9,72
12,66
11.72
11,72
13.63

-

RI I sV i
(W} R md/ kg (RI/Re
41 4+ 1,951 48,44
15 ¢ 1.084 352,32
35 54 1,026 39.86
100 ¢ 1,009 39,23
48 47 1,043 46.76
98 93 1.022 46.83
33 32 1.078% e6l1.52
S 3 1.211 99,69
an 19 1.i24 78.38

SIMUOLATION :

PT 3 3 4 5 & 7 8 9
TDE{MIN) 44,2 33%.1 17.7 Li.8 24.7 14,35 31.2 68.4 42.8
TDB{MAX) 24.6 35.6 18,1 12,3 22,2 15,0 21.6 68.4 43.2
W IMIN) 9.4 5.1 8,3 10.5 9.4 12,3 11.3 11.3 13,2
W (MAX) 9.0 6.8 8.8 11,0 10.0 13.0 12,1 13.1 14,1
TDB{8IM) 24,4 35.% 18.4 11.1 22.0 14.8 31.1 66.3 83.¢9
woo{F M) 9.6 6.5 7.1 10,1 9.7 12 7 12.1 12.1 15.2
BOSITI M OF SAMPLING.POINTS
E‘Eﬁ"m : O e
41D ‘(ClL*\.\GER
e JR T g i DR

PSYCHROMETRIC.CHART: ALTITUDE 1700m  BAROMETRIC PRESSURK, 82.5 kPa
- -
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RN LT SR et gy .
L3 tﬁ X1 AN N ; 3y e
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RESULTS OF DEC TEST {sheet | of 2) DATE: d-p~10G7
EERHEEREERR R R Rk Rk TIME: 14158
TEST NUMBER: H3/20

OPERATING PARAMETERS [MEASURED AND ENTERED AS INPUT)

——————————— e e NOM. MIN. MAX.
fupply air flow rate {gf/sl= 147 137 i36
Return air tlow rate {g/si= 147 138 156
Regen. heat input (kW)= 5.317 5.104 5.530
Elee, encrgy lexcl. reg.) (kW)= 2,062 1.980 2,144
Srray chambers: water T {oC)= ~ 18.9 18.7 9.1
Water flow rate (8 S/CH) (g/s)= 1.69 1.61 1.77

at pressure (bar)= 59 a7 61
Water flow rete {R S/CH)} (g/s)= 2.56 L 2,69

at pressure {bar)= 30 78 82

PPOCESHR CHANGES OF ENTHALPY AND HUMIDITY RATIO

5T END H (kJ/RG) W lg/ke)

PT PT NOM. MIN. MAX, SIM. NOM. MIN. MAX. §5IM.
3.4 1.4 4.8 J.4 2,50 ~-2,94 -2.06 ~2.50

-13.,2 -14,6 -11.% ~14.9 1.32 0.92 1.72 0.46
-1.0 =-2.3 0.3 =~0.1 1,78 1.41 2,18 2.43
7.3 6.0 8.7 8.2 -1.20 -1.39 ~0.81 -0.99
0.1 -~1.3 1.5 0.1 3.09 2,67 3.50 3.10
13.3 11.8 14.8 14.0 -0.84 ~1.32 ~0.37 ~0.44
38.2 3s.5 39.83 36,1 0.00 ~0.52 0,52 0.00

-20.2 ~22.0 ~18.3 ~4.8 1.28 0.80 1.97 2.30

-

Do ~1th B by
w60 - o tn B L kS

PERFORMANCE PARAMETERS {CALCULATED])

——————————————————————— NOM. MIN. MAX. SIM.
Dehumidifier eff. (W) (%) ¥DHI= 39 3l 46 41
Dehumidifier ef{.{Q) %) EDH2= 9 5 13 10
Regeneration etf. {%} ERO= 10 3 14 17
Regen. heat input { kW) Q= 3.81 5.19% 6.03 5.31
Hent Exch. eff. (SUP) {%) BHXS= 83 83 an 33
Heat Exch. eff. (RET) (%) EHXI= 79 77 81 7
Sup. air spr. ch. eff. (%) EVE= 9y 89 in7 133
RBet. air spr. ch. eff. (%)} EVis 9% %1 104 a3
FOR VENTILATION MORDE:

Cooling capaciiy (kW) CO = 1.08 ©0.88 1.2 1.2
ttoaff. of performance 2or= .20 0.16 0.24 0.23
Electricity eff., ralin FER= 0.52 0,42 U.62 0.538
FOR VENTILATION CREDIT MODRE:

Cooling gepacity (kw) TGu = 1,53 1.37 1.3 1.71
Total €oeff, aof port. TCOP= 0.3 0,26 0.34 0.3z

Electricity eif. ratio TEER= 0.77 0.6 0.89 0.33
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RESULTS OF DHC 'l‘I'S'I‘ {sheet ? al 2} PbATEL: d-b-1997
PEET ST PR ETE SR LR LT TIME: 14HSH

MOIST AIR DPROPERTIES AT MEASURED POINES IN PROCESS

NOMINAL MEASURED VALUES:

FT TDR TWH THE Pw W )il i 5V H
{o€1 {oT) (o) (kPa) (g/ke) (9) (y(m3/keHkI/ke)
23.3 4.8 io.1 1.24 9.46 43 42 .47 47.50
32.5 15.9 5.7 0.91 B.Y45 18 17 1.077  50.87
16.6 11.3 .2 1,08 n.h3 &7 BT 1,021 37.64
F1.2 ti.@ 1.0 1.31 lu. U6 99 ub 1.605 J3&.64
21,4 13.7 a,r l1.lo S.86 46 45 1.039 43.99
i3.8 13.7 13.6 1.55 11,94 95 938 1.018 44.08
28.9 17.8 12.5 L1.4°% tI.10 36 35 1.070 5%.38
66.1 26.7 12,5 L.43 11.10 0 4 1.201 495,34
43,0 232.4 14,3 1.62 12,49 1% 17 1,122 95.36

O O~ O L e G O e

VALUES FOR TDB & W FROM ERROR ANALYSIS & BIMULATION @
(UNITS A5 AMOVE])

Pr 1 2 3 4 3 6 7 & 9
TEB(MIN) 23,1 33,7 16.4 11,0 21.2 13.6 28.7 65,9 42.7
TDI(MAX) 3.6 53.1 16,8 11.5 21,6 b4.1 39.1 66,003 43.2
W {NMIN) 9,1 6.7 $.0 9.8 8.6 11.6 10.7 10,7 L2.0
W (Max) 9.8 7.3 8.5 10.3 9.1 12.2 11.5 11,5 12,9
TDB{SIM) 75,3 32.9 17.1 10.9 21.4 13.9 28.6 63,5 52.8

w (SIM} g 3 7.0 7.4 9.8 8.9 12.0 11.5 11,5 14.9

ol asrcca.\r WA 3 R CHAMBERE—4 =

SIDE EHUMID NCHANGER ) ] ROOM
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APPENDIX H4

EFFICIENCY OF SUPPLY AIR SPRAY CHAMBER

The resulis in this appendix are the computer printouts of seven tests (H4/1 t©
P17y that were done to investigate the 2ffect that the efficiency of the supply air
spray chamber had on overall DEC pe:formance. The airflow was balanced and
was approximately 0,15 kg/s for both ihe supply and refurn air and all operating
parameters were kept constant. Only the flow rate of the water to the nozzles of
the spiay chamber was varied to change the efficiency of the spray -.amber.

The .more important results of these tests are given in tabular and graphical form
in gection 6.5,
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RESULTS OF LDEC TEST vsheet 1 oof 1) DATE: 6B~ 1987
ER FEE R CIME:D P3H14
TEST KNUME °:; H4/i
ODERATTNG PARAMETERS (MPASURED AND ENTEPLD AR INPUTY
1 v o e B e ) v NOM. i, Max.
Supply air flow rate tefal= 146 ra7 135
feturn air flow rave (z/s)= 146 137 134
iegen, heast input tkWl= §.o08 3,354 5,832
Tiec. energy fexcl. reg.) (kWl=  1.233 1.181 1.282
Spray chambers® water T fgCi= 13.8 18,a 19.0
Water flow rate (8 S/CH) (g/s)= .49 0.47 .51
at pressure [bariz pd & 4
wWiter flow rale (R S/CH) {g/s)= 1.58 1.50 j.0u
at pressare {barl= 40 RES 42
PROCESE CHANGES OF ENTHALDPY AND HUMIDITY BATIOD
85T u {ka/RG) W {s/ks)
PT A, MIN. MAX,  SIM. NOM, MIK. MAX, SIM.
1 2 3.8 2.4 3.3 3.0 cdadt o w2.L6 =1.87 =2,41
2 03 «13.4 ~14,8 ~12,1 ~13.6 U.83 0,42 t 23 .47
i I | 0,0 =15 1.3 -0.1 .G 0,11 0.88 0.32
4 & 6.9 5.6 %.3 7.2 .42 ~0.00 0,84 4,75
5 ~3,1 -3,% 0.3 0,72 2,97 2.34 3.41 3.33
6 7 i6.4 14,8 (5.0 15,5 ~3. %4 ~0,93 0,05 -0.44
7 6 40,9 38.2 4i.8 38.75 .00 ~0.855  0.55 0.00
B & =21.4 -23.4 ~1%.4 ~5.,7 .O8 B34 2,62 2.42
PERFORMANCE PARAMETERS (CALCULATEDN
e b NOd,  MI¥, MAX,  STM.
Deghumidiiier ff. (W) (%) EDHl= 48 ay 42 27
Dehumidifier eft, (O} w1 EbH2w ) 6 13 10
Repgeneratian eff. (%) FRO= 13 & 13 i¢
Begoea. heat input (LKW 0~ 5,83 5.39 3,26 5.6¢
Hent Bxch. eff, (SUP) (%) Eiiss 5y 18 82 a0
Heat Excb, eff. {RET) (21 Piik= 89 ¥ 91 Hy
Sup. air spr. ch., eftf. (%) EVS= 17 i3 32 ]
let, aiv spr. ch, eff. (X EVis u7 52 62 27
FOR VENTILATION MOBIE:
Cooling cupucity {kw) CC = 1.91 Q.80 §,%* 1.05
Covtf, of performance coP: 0,18 0.14 0,22 0,15
Elzctricity eff. ratio EEH= 0.82 Q.63 1.00 0G.85
FCR VENTILATION CREDIT MOBE:
Coaling capacity CRWY 100 = p.40 1,18 1.63 1.4
Total Couff. of perf. TCQP= .8 DL231 0.2% BL26
Eipctricity eff. ratio TEEP= 1.14 0,95 j.32 1.1%



RESULTS OF DEC TEET
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{sheet 2 of

2}

-

I

WMk b~6-1907

TIME: 13114

MO1ST AIR PROPERTIES AT MEASURED POINTS IN PROCESS

[ ——— e adaninl ke n s dd e e o b bk Bl ek e ek AR e T P

NOMINAL MEASURED VALUES:

PT TDR

{oC)
24,7
34.35
19.3
18,0
231.38
15.4
32.4
T71.4
45.6

[Tl . T R

TWR Thp
foC) [(oC)
15.4 14,3
ita. 6 6.1
12.2 7.7
12.2 8.5
14.58 9.2
i4.1 13.5
19.0 13.9
27.8 12.9
33.5 15.4

By
(kPal
1.25
0.94
1.03
ltll
1.16
1.55
1.49
1.49
1.74

w
{g/kel
9,57
7.10
7.99
8.48
8.90
11.57
11.43
11.43
13.41

5V H

Shim3/ke)tki/kg)
1,052 49,22

KH U
(41
40 39
17 16
47 d6
54 33
39 39
89 83
a1 2v
4 3
18 8

VALUES FOR TDB & W FROM ERROR ANALYSIS &
(UNITS AS ABOVE)

pT

TDB(MIN)
TDB(MAX )
¥ (MIN)
W (MaX)
TDRISIM)
w (SIM}

1 2 3 4 5
24.5 34.3 19.1 17,8 23.6 15
25.0 34.8 9.5 18.3 24.0 I3

2.3 6.9 7.7 8.2 8.6 11
9.9 7.5 8,3 8.8 9.2 12
24.7 34,5 20.0 18,6 23.8 15
.6 7.2 7.6 8,1 8.9 12

QUT| LSICCAN
SIDE nsmnmm..nL Emmem
3——*‘?

1.083 53.00

1.030 39.e62
1.027 39.62

1.048 46,55
1,023 45.47

1.083 &1.86

1.221 101.85

1,133 8§9.46

SIMULATION :

7 8 9

32,2 71.2 45,
32,7 71.6 45.
11.0 t1.0 12,
11.8 11.8 13,
32,1 69.5 37.
11.8 11.8 14.

{SFRAY CHAMPE. 5 =

BSX.CHB..MEIBLC.QH&RI ALTITUDE 1700m  BARUMETRIC PRESSURE 82.5 kPa

4
8
g
8

9
2
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RESUL1S OF DEC TEST {sheet 1 of 2} DATE: 6-a-14u7
T T PR P E T EE T L S TIME: 13HIO

TEST NUMBER: H4/2

OPERATING PARAMETERS (MEASUREL ANB ENTERED AS INPUT)

~~~~~~~~~~~~~~~~~~~~~~ NOM. MIN.
Supply air flow rate (&8s 146 137
Return air flow rate le/s 146 137

5.608 9.384
1.288 1.236
18.8 1§.86
nD.58 0.535

]
)
Regen. heat input (kW)
Elec. energy {excl. reg.) (kW)
Spray chambers: water T {al)
Water flow rate (8 S/CH) (g/s)
)
}
}

Wit W

at pressure {bar 10 3
Water flow rate (R 8/CH) (g/s 1.58 1.50
at pressure {bar 40 38

™icCESS CHANGES OF ENTHALPY AND HUMIDITY RATIO

e ek M . S e AU i e B L ek ALY A A B kM A il e e e

ST END H (KJ/KG} W (g/kg)
PT PT NOM, MIN. MAX. SIM. NOM. MIN. MaX,

1 2 3.6 2.1 3.1 3.6 ~2,37 -2,82 -1.92
2 31 -13.0 -14.4 =-11,6 ~13.3 0.83 0.41 1.24
3 4 g.1 -t,2 1.4 . 0.0 .88 0,30 1.27
4 5 6.6 8.2 F.9 7.0 -Q.05 =-0.48 0.35
§ 6 -0,7 =2,3 0.7 0.2 3.04 2,60 3.48
6 7 6.0 14.5 17.6 15.4 ~0.43 ~-0.23 0,07
7 8 J9.8 38 1 41.5 38.4 .00 ~-0,85 0,535
8 9 -21.4 ~23.4 ~19,5 =3.8 2.25 1.6% 2.88
PERFORMANCE PARAMETERS { CALCULATED}
----------------------- Hosl,  MIN,  MAX.
Dehumidifier eff. (Wl {%) EDHi= 33 28 41
Dehumiditier eff,{(Q) %) BDEI= 9 5 12
Aggensration efl. {5 ERG= 18 16 14
Regen, heat input (W) = 5.8 5.38 6.25

Heat Exch, eff. (SUP} (%} iHX§= 84 78 82
Heat Exch. off. (RET) (%) EHUXE= 90 &7 0z

Sup. air spr. ch. eff. (%) EvVie an as s
Ret. air spr. ch., eff.(%) «VE=x By 82 G
FOR VENTILATION MODL:

Cooling capacity (kW) <¢ = ¢.96 .75 1.17
Ceeff. of performance copP= 0,17 Q.13 (.21
Electricity eftf. ratio EEB= 0.74 (.88 0.9
FOR VENTILATION CREDIT MODE:

Cooling capacity (EW) 1¢C = 1,38 (.13 1.58
Total Coeff. of perf. TCOP= 0.24 0.20 0.28
Electricity eff. ratio TEER= 1.03 0.87 1.23

MAX.
i58
153

§.832
1.340
1.0
0.61
12
1.686
42

. SIN.,
'—2137

0.46

0.93
0.27
3.30
-0.43
0.60
Z. 37

SIM,
A
i
13
61
80
aq
A0
57

LEr

0. 1?
a.,79

1.4%
.28
i,10
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DATE:
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G~

MOIST ALR PROPERTIES AT MEASURED POINTS IN PROCESS

i o I  EA e S Rk Py e T T kT AL e R g ey e

NOMINAL MEASURED VALUES:
TRR

PT TDB

{ol)
24.8
34.2
19.4
17.3
23.9
i5.6
32.3
71.1
44.6

10 G0~ Ch LR L3 b

TWB

toC)
15.3
16.6
12.4
12.4
14.6
14.3
19.1

27.8

23.3

{oC
i0.
6
7.
9
9
13.
13,
130
15.

)

o

Bl

o4

9

4
v

7
1
1
8

Pw
tkPa)
1.27%
0.96
1.07
1.18
1.17
t.56
1,51
1.51
1.80

W
{a/ke)
9,69
7.32
8.14
9,03
8.97
12.02
11.59
11.59
13.84

RH

{%)

41
18
47
60
40
88
KF|

5
19

U

40
ty
47
59
39
83
30

3
17

VALUES FOR TDB & W FROM ERROR ANALYSIS &
(UNITS AS ABOVE}

T

TDB{MIN)
TDB{MAX}
W (MIN)
W [(MAX)
TDBR(SIM)}
W {8IM)

1

M
7
34,
7

3

4‘,
24.5 34.0 19.2.1%7.1
25.0 34.5 19.6 17.6

WS

ROSITION OF SAMPLRNG POINTS

e

SICCANT
" HNIDIFIER

fi]

8‘8

_»m
N 15
En
*
dw
&
g
E e 1= b
] n
§
Pt
. 4
£ :
i
8 2
ﬂ‘.‘ i
ES
G
ln‘
)
Ep
N
Q 5 i 1] 2

o-1997
[34HI0

5V H
}IM1/kg}{kJ/kg3
1,053 49.55
1.082 53,17
1,031 40.14
1,025 40,28
1,043 46.84
1.024 46.0.
1.082 62.13
1,220 101.94
1.130 80,52

SIMULATION :

7 8

32,1 70.9
71.3
£1.2
12,0
69.3
11.8

2.5
11.2
12.0
3.9
11.8

9

4%.3
44.8
13.3
14.3
58.0
14.2
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RESULTS OF DIC TEST {sheet | of 21 DATE: .-6-~1997
PRERAFERERABARREARE TIME: 13H33
TEST NUMBER: H4/23

OPERATING PARANETERS {MEASUREL AKND ENTEREL AS INPUT}

——————————————————— qOM. MIN., MAX.
Supply air flow aate {g/s)= 146 137 156
Return ajir flow rate {e/s)= 1446 138 155
Hegen., heat input (kW= 5.608 3.384 5.832
Blec., energy fexcl. reg.} {kWi= 1.334 1.271 1.377
Spray chambers: water T {oC)= 18.8 18.6 19.0
water flow rate (3 S/CH)Y (g/8)= D.82 0.78 0.86

At pressure {bar)= 20 18 22
Water flow rate (R 3/CH) {g/s)= 1.38 1.50 1.66

at pressure {bar)= 40 38 42

PROCESS CHANGES QF ENTHALPY AND HUMIDITY RATIG

T ik i o, Tk o = e b v e o i T ek e e Ak L e LAl e S s

5T END H (RJ/KG) W (g/kg)

PT PT NOM. MIN. MAX, SIM. NOM. MIN. MaX. SIM.
1 2 3.1 1.6 4.8 3.1 ~2.40 ~2.83 ~1.96 ~-2.40
2 3 -12.6 -14 0 -15§.3 ~13.0 0.88 0.47 1.29 U0.49
3 4 -0.6 =~ 0.7 -8.0 1.42 1.04 1.81 75
4 5 719 b2 932 7-7 “Onuu ”0-54 0-20 “0.1.
5 o ~0.3 -1.9 .9 0.2 3.03 2.58 3.47 3.21
6 7 13.9 12,3 15,5 15.4 ~1,38 «1.78 -0.78 -0.46
7 8 39.9% 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
PERFORMANCE PARAMETERS (CALCULATED)
~~~~~~~~~~~~~~~~~~~~~~ NOM. MIN., MAX. SiM.
Dehumidifier eff. (W) (%) FDHl= as 28 42 37
Dehumidifier eff.{Q) (%) EDH2= 8 4 1t 8
Regeneration eff. (%) ERG= i€ i2 20 16
Regen. heat input (kW) Q=5.84 5.41 6,28 5.61
Heat Exch. eff. {8UP) (%) EHXS= 79 77 81 79
Heat Exch. eff. (RET) (%) EHXR= 91 89 93 91
Sup. air spr, ch. eff.(%) EVS= 56 51 61 s

Ret. air spr. ch, eff.{%) EVR= &9 83 94 50
FOR VENTILATION MODE:

Cooliny capacity (kW) ¢ = 1,15 0.%3 1.36 1.13
Coeff. c. performance CoP= 0.21 0.17 0.24 0.20
Electricity eff. ratio BER= 0.87 0.70 1.03 0.85
FOR VEMTILATION CREDIT MODLE:

Cooling capacity (kw) To = 1,48 1.25 1.70 1.46
Total Co#if{. of perf. TCOP= 0.26 0.22 0.31 0.26
Electricity eff. ratio TEER= 1.12 0.94 1.29 1.10
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DATE:
TIMY

6-6-1937
13H33

MOIST AIR PROPERTIES AT MEASURED POINTS IN PROCESS

ot e o o . ik ek 4% o i Sk A i b kT e iy Ml B Pk T A s B e R

NOMINAL MFASURED VALUES!:

i iy

ENTHALPT {XACIO0ULE PER KILCKIRALTOF DAY MR,

BT TD W8 TDPR W W RH U BV H
{oC) (o)} flof (kPa) (&/kg) (%) wrim3skei(kJ/7kgl
1t 24.8 15.3 10.2 1.24 g,50 4f 3% 1.032 49.11
2 33.8 16.3 5. 0.93 7. w9 18 17 1.080 32,19
3 19.3 12.2 7.6 1.04 7.97 47 46 1.030¢ 3I2.58
4 15.2 12.6 10.0 1.23 .36 71 71 1,018 39.00
5 231.4 14.6 5.7 1.20 9.17 42 41 1.047 486.36
5 15.4 14.4 13.9 1.79 12.20 gt 90 :.024 46.36
7 32.1 18.6 (2.3 1.42 10 92 L0 28 1.98:. 60.24
§ 7i1.1 27.6 1z.3 1.4z 10,92 4 3 1.219 100.1F§
9 43,92 23.1 15.3 (.74 .39 19 17 1.127 78.67
VALUES FOR TDB & W FROM ERR. ANALYSIS & SIMULATION :
(UNITS AS ABOVE)
PT 3 2 3 4 3 6 7 5 9
TDR(MIN) 24.6 33.6 19,0 15.0 23,2 15.2 31.8 70.9 43.7
TDHH (MAX) 25,0 34.1 19.5 15.4 23.6 15.6 32.4 1.3 4.1
W (MIN} 9.2 6.8 7.7 9.1 8.9 11.9 10.3 16.5 12.9
W (MAX) 9.8 7.4 &.2 9.7 9.5 12.5 11.3 1.3 13.9
TRB({SIM) 24.8 33.8 19.8 19.4 23.4 15.6 31.7 69.0 58.2
W {(SIM)} g.5 7.1 7.6 9.3 9.2 12,4 11.9 11.9 14.3
POSTITON OF SAMPLING POINTS
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