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The computation of the plant loads involves the
determining of moist air properties. These properties
are determined wusing the equations of statistical

mechanics, in conjunction with the best experimental
results, to yield accurate evaluations of the
properties of dry air and water vapour{J). These

equations were developed by taking into account the
forces between like molecules, in terms of wviral
coefficients, and between unlike molecules in terms of
interaction <coefficients and are used in subroutines
in the program as follows:

Sub Prop (Patm, Tdb, Rh, W, Hdb, SVOA)

This subroutine determines the humidity ratio (W),

et..alpy (Hdb) and specific volume (Svoa) of moisturwe:
given the atmospheric pressure (Patm), dry bulb
temperature (Tdb) and relative humidity {Rh)y.  Tha

relationships are as follows:

oY 427319 b o W ARy B e RN e e (1)
PRe. = {10 (30.59° 081 =+8,.8 LN (T)

+ 0.0024804 X T =« JIQE IL/D)) i vus . (2)
Ps MCRNCR BEE i R AR ks e ek ST WO €3}
Z = -0.00000662 * Tdb3-0,000194 * Tdb2+

1:8375 % Tdb + 2800.82

W 0. 82198 * 15004 * Pa/

EPREM = L VRSN B e T e G AT (4)
RaB =1 D08 > WAL $ W WG i O PR e e e (5)
Svoa = 2.870085 *« P & {3 & LG0T L WNILPAEM Liviaa (6)
where
T = absolute temperature (K)

Pss = vapour pressure of stcam air water up to 100 °C
(rars)

Ps = partial pressure of dry air (bars)

- d8-

B BEA. a2 o

e




Sub Humid (Patm, Tdb, Twb, Rh)

This subroutine calculates the relative humidity (Rh) of
moisture air given the atmospheric pressure (Patm), dry
bulb temperature (Tdb) and wet bulb temperature (Twb) (3),
The equations are:

Ps R o 7 Tl s R B - Tt ) o 0 TR et N (7)
Rh o BRAPHR. b i RS R RN NETE RN R e e b R e (8)
where

Pws = vapour pressure of steam over water at the wet

bulb temperature (bars)

m
il

0.000666 if Twb ) = 0 or 0.000594 if E { O

Sub Relhumid (Patm, W, Tdb, Rh) i

This subroutine determines the relative humidity given

the atmospheric pressure, humidity ratio and dry bulb
temperature. An iterat.ve procedure is necessary for this
routine. The initial es-"imate is Rh = 0.8. The algorithm
is 1

REPEAY

Fow PR

Ps = W * (Patm - 1.004 * Ps)/(0,62198 * 1,004) .... (9)
ERROR = ABS (P - Ps)/Ps

Rh = Ps/PSSE

UNTIL ERROR ( 0.0001

where Ps and Pss are as before
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Sub Wet-bulb (Patm, Tdb, Rh, Twb)

This subroutine determines the wet bulb temperature (Twb)
given the atmospheric pressure, dry bulb temperature and
relative humidity. An iterative solution is necessary for

this subroutine. The subroutine uses equation (9) in a
rearranged form solving for the dry-bulb temperature for
estimates of wet-~bulb temperature until a bracket

stranding the known dry-bulb temperature 1is located(u '

W = (2501

e db
2501 »

2,381 Twb) * Wub -
"

(T
805 Tdb - 4.186 Twb

3G (10)

where

Wwb = humidity ratio at the wet-bulb temperature

W = humidity ratio at the dry-bulb temperature.
The subroutine makes use of the interval-halving
method (%) to determine the wet-bulb temperature. The

subroutine computes the dry-bulb temperature initially
for gquesses of wet-bulb temperature until a bracket is
located stranding the known dry bulb temperature. This
bracket is the last two calculated values. The interval
halving method is then used to obtain greater accuracy.

SET Twbb = Tdb - 8

DO WHILE T new { Tdb
Twbh = Twb
Twb = Twb - 8

T.new = (2501 * (Ws=W) + Twb * (4.186 * W = 2,381 * Ws
SRR L Rk RO T W L)
END DO

Set Tl = Twb
Set T2 = Twkb

DO WHILE |T-new ~Tdb | or |T.new - Tdb | /Tdb {( 0.001
o e RO i B R R o B

Determine T.new

IF T.new ) Tdb
Set T2 = T3

ELSE

Bat T1 = T3
END IF

Set Twh = T3

END DO
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This <subroutine determines the return air temperature and
humidity for each plant based on the average room
conditions of each zone.

SUB Oatemp (L, START, END, TOANA X, TOAMIN, TOASU',

PATM, TOA (*), HOA (*), WOA (¥), Svoa (¥) ~— =

This subroutine determines hourly dry-bulb temperature
(Toa {*3) by approximating a sine curve through maximum
and minimum passed temperature values (Toamax, Toamin).
Subroutine humid is <called to calculate the outdoor
relative humidity (Rh) and subroutine Prnp is called to
calculate the hourly humidity ratio (WOA), enthalpy (HOA)
and specific volume (SVOA) for the dry-bulb temperatures.

The hourly outdoor dry-bull temperature is determined
using ;

TOA = TOAM = TOAM2 x SIN (15 » (0+3)*CE)
WHERE:

TOA = Qutdoor dry-bulb temperature peaking at 3 pm

TOAM = Average outdoor temperature
= (Toamax + Toamin) /2
TOAM2 = Average difference of the maximum and minimum
outdoor dry-bulb temperature.
= (Toamax - Toamin)/2
CF = Radian factor

R
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SUB VENT {NOPLANT, PLAFT (*) NZ, In (*), R (*)
VOA (*))

——— ——————

VEC 1)

This subroutine determines the minimum fresh air quantity
(Voa) required to comply with government regulations and
to maintain adeguate oxygen levels in the 2zones.
Ventilation rates are calculated according to the number
of occupants and the zone surface area; the selected rate
is then the larger of the two.

The program assumes ventilation rates onf 12 litres/s
person and 1.66 litres/square metre of floor area unless
otherwise stipulated by the user.

SUB RADP (Tdiff, Patm, Tdb, Rh, Shf, Wg, Hg, Radp,
Message )

This subroutine calculates the room apparatus
psyrhrometric values (moisture content (Wg) , enthalpy
(Hg) and temperature (Radp)) given the coil temperature
difference 1limit (1d4iff), atmospheric pressure (patm),
rocem dry-bulb temperature (Tdb), room enthalpy (Rh) and
sensible heat ratio factor (Shf).

The room moisture content and enthalpy are calculated
first wusing equations (2), !(4) and (5). The program then
assumes saturated temperature values until a bracket
stranding the acceptable saturation temperature is
located. A temperature bracket is formed when the ratio
of the saturated moisture content (Wssg) at the iterated
dry-bulb temperatnre to the moisture content (Wg) at the
room sensible heat ratio 1line at the same dry=-bulb
temperature exceeds 1 (i.e. when U = Wg/Wssg ) 1, see
figure A2.2.1 below)

& IMOISTURE
CONTENT

———n

DRY BULB

Figvre A2.2.1 - Graphical illustration of room
apparatus dewpoint temperature state
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The following equations are used:

Hg =

Wg =

Hdb ~.1.0048 *

(Hg - 1.0048 * Tg)/ (2501 + 1.84

Wssg = as per egn (4)

u =
WHERE
Hg =
Hdb =
Shf =
Tg =
Wg =

Jg/Wssg

{PAb=TGILBBE (wuvy

Saturated enthalpy

Room enthalpy va
Room sensible he

Saturated dry-bu

lue
at factor

lb temperature

Humidity ratio at Tg on the Shf line

Wssg = Sacurated humidity ratio at Tg

The

interval-halving method is then used to determine the

Radp temperature within the acceptable relative error.

Determine W
Hdb
Tg
REPEAT UNTIL
v 1 §
Tg
U
TPl e 1Ayl
MESSAGE AND RE
END REFEAT
T2 =

" ac

¢ S|

Tg

Tg-10

Wg/Wssg
BD (T4 . =0 Tg)
TURN

Tg

) Tdiff THEN PRINT

REPEAT UNTIL ERROR {( 0.0001 OR COUNT = 20

T3 =
Tg =
IF U ) 1 THEN
Te =
ELSE
Tl =
END IF
ERROR = ABS (1
Radp -~ T3

END REPEAT

(Tl-# T2]/2
T3

T3
73

=)
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SUP CONSVOL__(Tran (%), Hrm, Tdiff, X, Patm, Vsup, Msup,

iisad:_—iassaj*_igzﬁon, -Tasaff:-_fcboffL Hon, Hoff, Tsup,
Tret, Adpt, Wadp, Hadp, Won, Woff, Svsup)

This subroutine determines the peak cooling parameters
for the given outdoor and room conditions. The program
terminates if a cooling cycle is not required. Use is
made initially of subroutine Radp to determine whether
the effective sensible heat factor (Eshf) intersects the
saturation curve on the psychrometric chart. The message
"NOT" is returned if the Eshf does not intersect the
saturation curve,. If the <curve 1is intersected but the
temperature drop across the cooler <coil exceeds the
allowable value, the message "LIMIT" is returned.

The subroutine sequence is as follows:

Terminate if Tsh £ 0 or Gth € = 0 or Eshf 2 = 1.0 or
eshf £ 0

Call Radp

EXIT IP MESSAGE = “"LIMIT" OR "NOT "

ELSE

BEupew . 8N /410048 % (TEm e PERPETLLI*X) ) vaiavia (13)
END IF

Determine whether outdoor ventilation flowrate exceeds

total flowrate.
IF Msup < Mca then Msup = Moa; Mret = 0

Determine on coil states.

Bofi = (Hret ¥ Nret + Hoa ™ HOoB)/MIBD i ivin esnieie (14)
Tabon = (Hon-Hret)* (Toa=Tret)/ (Hoa-Hret) + Tret ... (1%)
Won = (Hon-Hret)* (Woa-Wrm)/ (Hoa-Hret) + Wrm ....... (16)
Determine off coil states

FANOTE S - RADY % N T LPABOR=RAPL) s v sl A (179

Woff = Wadp + X * (Won-Wadp)

Call Relhumid
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Call Wet-bulb

Add supply fan heat gains

Determine resulting off coil states
Calculate refrigeration load

Rliocad = Msup * ((Hon=Hoff)=¢2.11 * (won=-Woff)) ..... (18)

o o . . . . . o o . o, s . s .

This subroutine determines the partial load operating
states for the constant volume flowrate plant operating
on a cooling and dehumidification with reheat control
cycle.

The off coil conditions determined by subroutine consvol
are fixed.

The summarized subroutine logic is as follows:

Finé whether cooling or heating is r;quired.

IF Rsh 4‘0 then heating is required.

Calculate mass flowrate for the given volume flowrate by
determining the specific volumes at the room and
supplying temperatures.

REPEAT

MEOp ‘= Veup t 2/(8vm + SVEBUPW) iyl didibel e el T
uNTIL ERROR & .001 OR COUNT) 10

ELSE

Cooling cycle is required.

Calculae mass flowrate tased on the de.ign off-coil and
room temperature specific volumes.

Msup = Vsup * 2/(Svsup + Svrm)

Calculate return air states, Tret, Hret, Hon, Won, Tdbon,
Rhon, Twbon

Determine whether refrigeration is required.

IF the resulting room temperature o withdn 1.8 0%
design temperature. If so then exit.

-0 -
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e e 2. 4

Determine whether heating only is required.
IF so deter;rine whether preheat is required then exit.
Determine whether cooling 1s reqguired.

If Rsh 2 0 cooling is required.

Calculate off conil conditions Tdboff, Twboff, Hoff.
Calculate supply air conditions Tsup, Hsup.

Determine whether reheat 8 the 206lint cvola 48
required.

G SN i

o

If Tl P Tsup reheat cycle is required.

Calculate reheat gquantity and resulting room temperature

? e

AANERE R T

ELSE i

Determine room conditions :or the design off coil states.

END 1IF

A
|
j
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