
Error
acceptable?

Check that calculated 
Tadp does not exceed 
specified coil limit.

Tdb-T3> 
Tdiff ?

Set Tadp to coil limits

I SUBEND I

Figure A 2 .1 : (font)



The computation of the plant loads involves the 
determining of moist air properties. These properties 
are determined using the e q u a t i o n s  of statistical 
mechanics, in conjunction with the best experimental 
results, to yield accurate evaluations of the 
properties of dry air and water vapour ^  . These 
equations were developed by taking into account the 
forces between like molecules, in terms of viral 
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)

ThxS subroutine determines the humidity ratio (W), 
et.alpy (Hdb) and specific volume (Svoa) of m o i s t u r e : 
given the atmospheric pressure (Patm), dry bulb 
temperature (Tdb) and relative humidity (Rh). The 
relationships are as f o l l o w s :

I-S^^t i o n s

T * Tdb + 273.15 ...................

Pss = (10 (30.59 051 - 8.2 Ln(T)
* 0.0024804 x T -  3142. 31/T ) )

Ps = Rh * Pss .........................

( 1 )

= -0.00000662 * T d b 3 - 0 .000194 * Tdb2+ 
1.8375 » Tdb + 2500.83

W 0.62198 * 1.004 * PS/ 
(Patm - 1.004 * P s ) ........................  (4)

Hdb * 1 . 005 * Td b + W * Z ........................  (5)

Svoa = 2.87055 * T * (1 + 1.607 * W)/P a t m  ....... (6)

where

T * absolute temperature (K)

Pss * vapour pressure of steam air water up to 100 °C
(uar •? )

Ps * partial pressure of dry air (bars)



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) 3̂). 
The equations are:

Ps * Pss - * E * (Tdb - Twb) .................  (7)

Rh * Ps/Fws .............................................  (8)

where

Pws = vapour pressure of steam over water at the wet 
bulb temperature (bars)

E « 0.000666 if Twb ) * 0 or 0.000594 if E ( 0

Sub Relhumid (Patm, W, Tdb, Rh)

This subroutine determines the relative humidity given 
the atmospheric pressure, humidity ratio and dry bulb 
temperature. An iterative procedure is necessary for this 
routine. The initial estimate is Rh * 0.8. The algorithm 
i s :

REPEAT

P K P s
Ps « W * (Patm - 1.004 * P s )/(0.62198 * 1.004) .... (9)

ERROR = ABS (P - Ps)/Ps

Rh - Ps/PSS

UNTIL ERROP. ( 0.0001

where Ps and Pss are as before
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Sub W e t - b u l b  (Pat.m, 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 d r y - b u l b  temperature for 
estimates of wet-bulb temperature until a bracket 
stranding the known dry-bulb t e m p e rature is located

w * i 2i£I I I J.Tdb - Twbj_
2501 + 1T 8 0 5 Tdb - 4.186 Twb'" .....  (10)

where

Wwb «* humidity ratio at the w e t - b u l b  temperature
W * humidity ratio at the d r y - b u l b  temperature.

The subroutine makes use of the interval-halving  
method ($) to determine the v * t - b u l b  temperature. The 
s ubroutine computes the dry-bulb temperature initially 
for guesses 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 
Twbb * Twb 
Twb » Twb - 8

T-new - (2501 * (Ws-W) + Twb * (4.186 * W - 2.381 * Ws 
+ 1)) / (1.805 * W+l)

END DO

Set T 1 * Twb 
Set T 2 = Twbb

DO WHILE |T -new -Tdb | or T.new - Tdb | /Tdb ( 0.001 
T 3 * (T 1 + T 2 ) / 2

Determine T.new

IF T-new ) Tdb 
Set T 2 ■ T3

ELSE

Set T 1 * T 3

END IF

Set Twb - T 3

END DO
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SUB RETURN 1N0P1.ANT, N2^ VEC PLANT _(*_K Rh J* L j_ 12
I*ii bs. l L e.l lilt T * m
This subroutine deter m i n e s  the return air temperature and 
humidity for each plant based on the average room 
conditions of each zone.

92^£5B At, §T*??t toama x, I'Oamii^ toasu* ,
PATM, TOA l*ix l*li *!.Qt ifii §¥9* 1*1

This subroutine determines hourly dry-bulb temperature 
(Toa (*)) by approximating a sine curve through maximum 
and minimum passed temperature values (Toamax, T o a m i n ) . 
Subroutine humid is called to calculate the outdoor 
relative humidity (Rh) and subroutine Prop is called to 
calculate the hourly humidity ratio ( W O A ) , enthalpy (HOA) 
and specific volume (SVOA) for the d r y - b u l b  temperatures.

The hourly outdoor d r y -bulb t emperature is determin ed 
using

TOA = TOAM - T0AM2 x SIN (15 ): (J + 3)*Cf)

W H E R E :

TOA * Outdoor dry-b u l b  temperature peaking at 3 pm

TOAM * Average outdoor temperature

* (Tosmax + T o a m i n )/2

T O A M 2 = Average difference of the m a x .1 mum and mini m u m  
outdoor dry-b u l b  temperature.

■ (Toamax - T o a m i n )/2

CF « Radian lactor
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SUR VENT (NOPLANT, PLANT (*)_ N Z ± In (*)_± R i * l x VEC (*2.i 
VGA

This subroutine determines the mini m u m  fresh air quantity  
(Voa) required to comply with government regulations and 
to m a i ntain adequate oxygen levels in the zones. 
V e n t i l a t i o n  rates aie 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 of 12 litres/s 
person and 1.66 1itros/square metre of floor area unless 
otherwise stipulated by the user.

5^® T d b i R h ± Shfj, H2± Radg,
Mess a g e  £

This subroutine calculates the room apparatus 
p s y o h r o m e t r i c  values (moisture content (W g ) , enthalpy 
(Hg) and temperature (Radp)) given the coil temperature 
diff e r e n c e  limit (Tdiff), a tmospheric pressure (patm), 
room d r y -bulb temperature (Tdb), room enthalpy (Rh) and 
sensible heat ratio factor (Shf).

The room moisture content and enthalpy are calculated 
first using equations (2), (4) and (b ). 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 
d r y - b u l b  temperature to the moisture content (Wg) at the 
room sensible heat ratio line at the same dry-b u l b  
temperature exceeds 1 (i.e. when U * Wg/Wssg ) 1, see 
figure A 2 .2 . 1 below)

HUM ID

Figure A 2 .2 .1 - Grapnical illustration of room
apparatus dewpoint temperature state



mm
m

The following equations are used:

Hg = Hdb - 1.0048 * (Tdb-Tg)/Shf ...........

Wg = (Hg - 1.0048 * Tg)/(2501 + 1.84 * T g )

Wssg * as per egn (4)

U = Wg/Wssg 

WHERE

Hg = Saturated enthalpy

Hdb = Room enthalpy value

Shf = Room sensible heat factor

Tg = Saturated dry-bulb temperature

Wg = 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 U ) 1 
Tl * Tg 
Tg = Tg-10 
U = Wg/Wssg 

IF U < 1 AND (Tdb 
MESSAGE AND RETURN 
END REPEAT

T 2 = Tg
REPEAT UNTIL ERROR < 0.0001 OR COUNT = 20

T 3 = (Tl 4 T 2 ) /2 
Tg = T3 

IF U > 1 THEN
T 2 =■ T 3

ELSE
T 1 * T 3

END IF
ERROR = ABS (1-U )
Radp - T3 
END REPEAT

T g ) ) Tdiff THEN PRINT
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S U P  C O N S V O L __ | T r a n  1*1*. H f m .  T d i f f ^  X ± P a t m ,  V s u p x M s u p ±

R l o a d ^  T d b o n ± T u r b o n ^  T d b o f  f ^  T w b o f f ^  H o n ^  H o f T s u g ^  

T r e t ,  A d o t ,  W a d p , H a d p ± W o n ^  W o f S v s u g |

T h i s  s u b r o u t i n e  d e t e r m i n e s  t h e  p e a k  c o o l i n g  p a r a m e t e r s  

f o r  t h e  g i v e n  o u t d o o r  a n d  r o o m  c o n d i t i o n s .  T h e  p r o g r a m  

t e r m i n a t e s  if a c o o l i n g  c y c l e  is n o t  r e q u i r e d .  U s e  is 

m a d e  i n i t i a l l y  o f  s u b r o u t i n e  R a d p  t o  d e t e r m i n e  w h e t h e r  

t h e  e f f e c t i v e  s e n s i b l e  h e a t  f a c t o r  ( E s h f )  i n t e r s e c t s  t h e  

s a t u r a t i o n  c u r v e  o n  t h e  p s y c h r o m e t r i c  c h a r t .  T h e  m e s s a g e  

" N O T "  is r e t u r n e d  if t h e  E s h f  d o e s  n o t  i n t e r s e c t  t h e  

s a t u r a t i o n  c u r v e .  If t h e  c u r v e  is i n t e r s e c t e d  b u t  t h e  

t e m p e r a t u r e  d r o p  a c r o s s  t h e  c o o l e r  c o i l  e x c e e d s  t h e  

a l l o w a b l e  v a l u e ,  t h e  m e s s a g e  " L I M I T "  is r e t u r n e d .

T h e  s u b r o u t i n e  s e q u e n c e  is a s  f o l l o w s :

T e r m i n a t e  if T s h < ^  0 o r  G t h  ^  * 0 o r  E s h f ^ > =  1 . 0  o r  

E s h f  0 

C a l l  R a d p

E X I T  I F  M E S S A G E  = " L I M I T "  O R  " N O T  "

E L S E

M s u p  = T s h  / ( 1 . 0 0 4 8  * ( T r m  - T s u p ) * ( 1 - x ) ) .........  (13)

E N D  IF

D e t e r m i n e  w h e t h e v  o u t d o o r  v e n t i l a t i o n  f l o w r a t e  e x c e e d s  

t o t a l  f 1 o w r  a t e .

I F  M s u p  <  M c a  t h e n  M s u p  = M o a ; M r e t  = 0 

D e t e r m i n e  o n  c o i l  star.es.

H o n  = ( H r e t  * M r e t  + H o a  * M o a ) / M s u p  ..................... (14)

T d b o n  = ( H o n - H r e t ) * ( T o a - T r e t ) / ( H o a - H r e t )  + T r e t  ... (15)

W o n  = ( H o n - H r e t ) * ( W o a - W r m )  / ( H o a - H r e t )  + W r m  .......... (16)

D e t e r m i n e  o f f  c o i l  s t a t e s

T d b o f f  = A d p t  + X * ( T d b o n - A d p t )  ...........................  (17)

W o f f  = W a d p  + X * ( W o n - W a d p i  

C a l l  R e l h u m i d



C a l i  W e t - b u l b  

A d d  s u p p l y  f a n  h e a t  g a i n s  

D e t e r m i n e  r e s u l t i n g  o f f  c o i l  s t a t e s  

C a l c u l a t e  r e f r i g e r a t i o n  l o a d

R l o a d  = M s u p  * ( (H o n - H o f f ) - 4 2 . 1 1  * ( W o n - W o f f ) )

Sub C jTrans A* JLa - Wo f f ̂  Des - to f f wb^ Des-cag^

Td bo f f ̂ T wboff^ H ° n i Noff^
Rload^ Twbon

T h i s  s u b r o u t i n e  d e t e r m i n e s  t h e  p a r t i a l  l o a d  o p e r a t i n g  

s t a t e s  f o r  t h e  c o n s t a n t  v o l u m e  f l o w r a t e  p l a n t  o p e r a t i n g  

o n  a c o o l i n g  a n d  d e h u m i d i f i c a t i o n  w i t h  r e h e a t  c o n t r o l  

c y c l e .

T h e  o f f  c o i l  c o n d i t i o n s  d e t e r m i n e d  b y  s u b r o u t i n e  c o n s v o l  

a r e  f i x e d .

T h e  s u m m a r i z e d  s u b r o u t i n e  l o g i c  is as  f o l l o w s :

\

F i n d  w h e t h e r  c o o l i n g  o r  h e a t i n g  is r e q u i r e d .

I F  R s h  ^  0 t h e n  h e a t i n g  is r e q u i r e d .

C a l c u l a t e  m a s s  f l o w r a t e  f o r  t h e  g i v e n  v o l u m e  f l o w r a t e  by 

d e t e r m i n i n g  t h e  s p e c i f i c  v o l u m e s  at t h e  r o o m  a n d  

s u p p l y i n g  t e m p e r a t u r e s .

R E P E A T

M s u p  = V s u p  * 2 / (Sviti + S v s u p w )  ............................  (19)

U N T I L  E R R O R  <  . 0 0 1  O R  C O U N T ^ I O  

E L S E

C o o l i n g  c y c l e  is r e q u i r e d .

C a l c u l a  e m a s s  f l o w r a t e  b a s e d  o n  t h e  de i g n  o f f - c o i l  a n d  

r o o m  t e m p e r a t u r e  s p e c i f i c  v o l u m e s .

M s u p V s u p  * 2 / ( S v s u p  + S v r m )

C a l c u l a t e  r e t u r n  a i r  s t a t e s ,  T r e t ,  H r e t ,  H o n ,  W o n ,  T d b o n .  

R h o n ,  T w b o n

D e t e r m i n e  w h e t h e r  r e f r i g e r a t i o n  is r e q u i r e d .

I F  t h e  r e s u l t i n g  r o o m  t e m p e r a t u r e  is w i t h i n  1 . 5 °C o f  

d e s i q n  t e m p e r a t u r e .  If s o  t h e n  e x i t .

I



M l

D e t e r m i n e  

r e q u i r e d .

D e t e r m i n e  w h e t h e r  h e a t i n g  o n l y  is  r e q u i r e d .

I F  s o  d e t e r  i n e  w h e t h e r  p r e h e a t  is r e q u i r e d  t h e n  e x i t .  

D e t e r m i n e  w h e t h e r  c o o l i n g  is r e q u i r e d .

If R s h  ^  0 c o o l i n g  i s  r e q u i r e d .

C a l c u l a t e  o f f  c o i l  c o n d i t i o n s  T d b o f f ,  T w b o f f ,  H o f f .  

C a l c u l a t e  s u p p l y  a i r  c o n d i t i o n s  T s u p ,  H s u p .

w h e t h e r r e h e a t  i n  t h e  c o o l i n g  c y c l e  is

If T 1 T s u p  r e h e a t  c y c l e  is r e q u i r e d .

C a l c u l a t e  r e h e a t  q u a n t i t y  a n d  r e s u l t i n g  r o o m  t e m p e r a t u r e  

E L S E

D e t e ’m i n e  r o o m  c o n d i t i o n s  i o r  t h e  d e s i g n  o f f  c o i l  s t a t e s .  

£ N D  IF
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