IF Twb<@ THEN E=.0200534
5250 Ps=Pss-Patm#E={(Tdb-Tub’
5260 Rh=Ps/Pus

5270 SUBEND

A
o

5280 !

e ]

5300 !

5310 SUB Radp(Tdiff,Patm,Tdb,Rh,Shf,Wg,Hg,Radp Messages)

532 ! Subroutine for determining the apparatus dew-point temperature.
G230 | EFARAMETERS ARE

5340 ! Tdiff cooler coil maximum temp differential

5354 ! Shf sensible heat factor

fod e Radp apparatus dew-poini temp

e370 1 8 89 e bracket variabies for Radp

53¢ ! 2 average temp of bracket

5390 ! Tg dry-bulb temp iteration variable

5400 ! Wg moisture content for temp variable corresponding to
5419 ! the Shf line

542 ! Wssg saturated mcistura content for dry-bulb temp Tg
5430 ! U=Wg/Wssg roisture content ratic

5442 !

5450 ! Check for unacceptable relative humidity.

5460 IF Rh<=.1 THEN

5470 BEEP 900,.1S

5480 PRINT “Unexpacted error found : rh ¢ 12 % LINE 320@"

5430 sTOP

5500 END IF

5510 T=Tdb+273.1

5520 Pss=(10"(30.53051-8.2+L0
5530 Ps=Rh+Fss3

85-.0 W=(18,.0165/28.9664 )#1,0048+Fs/(Patm-1.0048+Ps)

5550 Z=-.00000662+Tcb"3~-.000194+Tdb"2+1.8375+Tdb+2502.82

0

(T)/L0G(10)+.0024804»T-3142.321/T7))+10

S560  Hdb=1.00S+Tdb+WeZ . |
| 8570 Tg=Tdb g"

o580 ! Set initial temp guess equal to dry-bulb temp. ?

5590 ! Start search for temp bracket. é

S60Q  REPEAT ;

5610 Ti=Tg

5620 ! Detarmine moisture contents - saturated and on Shf line. Correct d

5630 ! moisture content i3 when both are equal. , 3

5640 G0SUB 606¢

S650 IF U<l AND (Tdb-Tg)>Tdiff THEN

SEE62 Radp=Tdb-Tdiff

SE70 Message3="NOT"

S680 ! PRINT "Sat line not intersecied by sensible ratic line (room or effe

ctive)"

5650 ! | ¥

5700 T=Radp+273.15
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5720
5740
5750
5760
577

5780
5790
5800
5810
58202
5830
5840
5850
58692
Se7¢
5880
5880
5800
S810
$320
58302
58402
5950
586Q
5870
5880
5980
65000
£Q10
6020
6030
5040
0S¢
6060
6070
5080
5ese
5100
6110
6129
6130
5140
6150
6160
6170

Pssg-(10”(30.59051-8.2-L06(T)/LOG(10)+.0024804»T—3142.31/T))*10
Wg=(18.016/28.9664)+1.0048+Pssg/(Patm-1.0048+Pssg)
7=-,00000662+Radp "3-.000194+*Radp"2+1.8375+Radp+2500.83
Hg=1.005+#Radp+W*Z
GOTO 140
END IF
UNTIL U>1

! Bracket has now been located. Iterate until an acceptable error
| limit is reached.

T2=Tg
REPEAT
Count=Count+l

Tl L B T,
T3e(TIHTS ) 2

Tg=T3
GOSUE EQTQ
IF U>1 THEN
T2=T3
ELSE
Ti=T3
END IF
Error=ABS(1-U)
UNTIL Error<.0001 OR Count=Z20
Check 1f coil temp difference exceeds tolerated value. If s then
: set apparatus dew-point temp egual to ‘he limit.
IF (Tdb-T3)>Tdiff THEN
! PRINT “"Supply air temp differential > specified”
Radp=Tdb-Tasi{ff
Tg=Radp
GCSUB 6070
Message$="LIMIT"
ELSE
Radp=T3
END IF
60T0 6140
1
Tg=Tg-10
Hg=Hdb-1.0048#(Tdb-Tg)/Shf
Wg=(Hg-1.0048+Tg)/(2501+1.85+Tg)
T=Tg+273 .15
Pssg-(10"(30.59051—3.:-LOG(T>/LOG<10)+.0024804*T—3142.31/T))-10
Wssg=(16.016/28.9664 )+1.0048+Pssg/(Patm-1.0048+Pssg)
U=Wg/Wssg
RETURN
SUBEND
!
|
SUB Return(Noplant ,Nz,Vec(*),Plant(*),Rh(#) , T3(#),L,Tret(*),Rhret(*))
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Subroutine to determine the plant average return air temperature
and humidity.

I
!
6200 ! PARAMETERS ARE
6210 ! Nz number of zones
622 ! i zone return air dry-bulb temp
Lo | Tret plant return air dry-bulb temperture
G240 ! Rhrat plant return air relative humidity
Bese |
6260 FOR P=1 TQ Noplant
6270 Rhret(P)=0
6280 Tret(P)=90
£292 Count=0
6300 ! Add the return relative humidities and temperatures for zones
6310 ! served by each plant.
6320 FOR K=1 TO Nz
6330 IF Vec(P)=Plant(K) THEN
£340 Trat(P)=Tret(P)+T3(L,K)
6352 Rhret(P)=Rhrat(P)+Rh{L,K)
6360 Count=Counttl
6370 END IF
63890 NEX: K
B398 1 Calculate the average.
5400 Tret(P)=Tret{P)/Count
6410 Rhret(P)=Rhret(P)/(100*Count’
5420 NEXT P
6430 SUBEN
£440 !
5450 !
5460 '
6473 SUB Prop{Patm,Tdb,Rh,W,Hdb,Svoa)
B480 | Subroutine for determining the psycnrometric states of moisture
6490 | content (W), entalpy (Hdb) and specific volume (Svoa).

6500 T=Tdb:273.1

€510 Pes=(10"(30.59051~-8.2+L0G{T)/LOG(10)+.0024804+T-3142.31/7))#10
6520 Ps=Rh#*Pss3

6530 W=.521S8+1.004*Ps/(Fatm-1.004+*Ps)

6540 7=-.00002662+Tdb"3~.000194*Tdb"2+1.8275+Tdb+2500.83
8550 Hdb=1.20S+*Tdb+W+Z

86560 Svoa=2.87055+T#(1+1,607+W)/Patm

857@ CSUBEND

6580 !

6590 {

6600 i

6610 SUB Plant(Noplant,Vec(#*),Startp(+*),Endp(*) ,Pdiff(*))
6620 ! Subroutine of requesting plant ccoler coil maximum temp
6630 | differential and starting & ending plant operating hours.
5640 ! PARAMETERS ARE : b
; -76-
s’ !
ft
| o M e mm




i
P—

i
3

6650 ! Startp plant starting operating hour
6660 ! Endp plant ending operating hour
8670 ! Paiff cooler cotl maximum temp differential
6680 !
6690 FOR P=1 TO Noplant
: 5700 DISP "Enter plant starting hour,plant switching off hour for plant "V
y ec(P);
6710 INPUT Startp(P),Endp(P)
872 DISP "Enter ma.imum temp differential for plant "iVec(P);
8730 INPUT PALFE(P)

£740 NEXT P
675@ SUBEND

D o A et e ,,n;..,-;! !,I ; iu,m,mm___whwmﬂ_,A

8760 !

877 !

§78¢ !

§790 5UB Bypass{Noplant,Vec(*),Bypasai*))

6800 ! Subroutine ®or reguesting cooler coil by-pass factors (Bypass:.

g§319 FOR P=. TO Noplant

6820 INPUT "By-pass factor",Bypassi{P!

6830 NEXT P

5649 SUBEND

5850 ! A
6860 ! 5
5870 : |
§880 SUB Fanduct(Noplant,Vec(*),Fsupi(*),Fret(»)) 1%
€880 Subroutine for requesting supply (Fsup) and return (Fret) fan %
5320 ! heat gains. %
219 | Parameters are : |
§920 ! Fsup - supply fan temperature gain (deg ¢) |
g9323 ! Fret - return fan temperatures gain (deg ¢) !
65940 ! Z1 - estimated supply fan total pressure

63850 ! 22 - estimated return fan total pressure ]
6360 FOR P=1 TO Noplant |
8370 IF Vec(P)=0 THEN 7050 a
5380 DISP "Enter esiimated SUPPLY FAN TOTAL pressure (Pa) for plant "iVec(P %
i |
53302 INPUT Z1 |
7000 Fsup(P)=21/1046 ﬁ
7010 DISP "Enter astimated RETURN FAl: TOTAL pressure (Pa) for plant "iVec(P _g
)3

7020 INPUT Z2 |
7030 Fret(P)=22/1046 e |

7049 NEXT P
7050 SUBEND

7060 !

7070 !

7080 ! N
7090 SUB Relhumid(Patm,W,Tdb,Rh)

7100 ! Subroutine for determining relative humidity (Rh).

7110 T=Tdb+273.15

41
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7120
7130
7140
7150
7160
7170
7180
AL 7190
7200
7210
722

23

7240
7250
7263

29"
Vit

7280
7299
7300
7310
7320

o &
LA

7340

7350
7360
7370
7380
7399
7400
7410
7420
74320
7440
7450
7460
7470
7480
7430
7500
7510
7520
7539
7540
7550
7560
7570
7580

T

ates.

Pss=(10°(20.59051-8.2+L06G(T)/L0OG(10)+.0024804*T~-3142.31/T))*10
| Set initial partial pressure.
Ps=.8+Pss
REPEAT
P=Ps
Ps=W*(Patm-1.004+Ps)/(,52198+1.004)
Error=ABS(P-Ps)/Ps3
Rh’PS/PSS
UNTIL Error<.000!
! Print message if unrsalistic humidity value is found.
IF Rh{=0 OR Rh>1.0@S THEN
PRINTER IS I
BEEP 200,.5
PRINT "FOUND UNEXPECTED ERROR IN SUBROUTINE RELHUMID"
PRINT "RH=";Rh
STOP
END IF
SUBEND
{
|
|

SUB Consvol(Trans(e).Hrm,Tdiff X ,Patm,Vsup ,Msup,Rload,Tdbon,Tubon,Tdbaff,T
wboff ,Hon Hoff,Tsup,Tret ,Adpt,Wads ,Hadp,Won,Woff,Svaup)

! Subroutine for determining the plant max. refrig. psychrometric st

If heating is reguirsed, subroutine ends.
PARAMETERS ARE

!

|

! Rah room sensible heat

! Rlh recm letent heat

! Tsh total room sensible load

! Tlh total room latent lcad

! Gth grand total load

! Eshf effective sensible heat factor
: Teoa outdcor air dry-bulb temp

! Hoa cutdocr air entalpy

| Woa outdoor air moisture content

! Mca ocutdoor air mass flowrate

! Trm zone air temp

! Wrm zone moisture content

! Hrm zone enthalpy

! Hret return air enthalpy

! Svrm rone specific volume

! Svsup supply room temperture specific volume
! Rh zone relative humidity

! X cooler coil bypass factor

| Tret return air temp

! Vaup plant supply volume flowrate (m"3/s)
! Msup nlant supply mass flouwrate

! Rlcad plant refrigeration load

s

4

S S T VAN

2

4 E__ PRI VISP SRR O SR

./;,&..N*rﬂ




Tdbon on coil dry-bulb temp

Twbon on coil wet-bulb temp

Hon on coil entalpy

Won on coil moisture content
Tdbof f off coil dry-bulb temp
Twhoff off coil wet-bulb temp

Woff off coil moisture content
Hoff of f coil entalpy

QOash outdoor sensible heat (kW)
Qalh outdoor latent haat (kW)
Fssh supply fan heat gain (kW)
Frsh return fan heat gain (kW)
Wado coil dew point moisture content
Hadg coil dew point enthalpy
Patm atmcspheric pressure

Trans(l)=Trans(l)/1000
Trans{(2)=Trans{2)/1020Q
Rsh=Trans(1l)
Rlh=Trans(2)
Teca=Trans(3J)
Hoa=Trans(4)
Woa=Trans(S)
Moa=Trans(E)
Trm=Trans(7)
Wrm=Trans(8)
Svrm=Trans({ 3}
Rh=Trans( 10}
Faup=Trans(!l
Fret=Trans(l
Meszsaged=""
Qash=1.,0048+(Toa-Trm)#X*Moa
Dalh=Mca+2SQ1+*(Woa-Wrm)*X
Fssh=RahsFsup/l1
Frah=Rsh«Fret/!
Tsh=Rsh+Cash+Fssh
Tlh=Rlh+0alh
Gth=Tsh+Tlh
IF Tsh<=0 OR Gith<=0 THEN 8800
Eshf=Tzh/Gth
|

Exit subroutine if heating is required
IF Eshf>=1 OR Eshf<@ THEN 8800
CALL Radp(Tdif¢,Patm,Trm,Rh,Eshf,Wsup,Hsup,Tsup,Messages)
IF Message$="NOT" OR Message$="LIMIT" THEN

Rload=0

Tdbon=02
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3080
8080
8100
e110
8120
8130
8140
8150
816@
8170
glee
8180
8200
821
8220
823
8240
8250
8260
827
3280
2290
87300
8310
832¢
8330
2240
8350
8360
8370
8380
8390
2400
2410
8420
£430
5440
8450
8460
8470
8450
8490
8500
8510
8520

Twbon=0
Tdbof =0
Twbof f=0
Hon=0
Hof f=0
Maup=0Q
Usup=0
GOTO 8e0e
END IF
Adpt=Tsup
Wadp=Wsup
Hadp=Hsup
Msug=Tsh/(1.0048+(Trm=Tsup)=*(1-X))
IF Msup<Mca THEN
Msup=Mca
Mrat=0
ELSE
Mret=Msup-Mca
END IF
|
| FIND ON PRELIMINARY ON CCIL STATES
Tret=Trm+Fret
Z-~.®0000652-Tret‘Z-.OOQXSA-Tret'2+1.8375°Tret+2500.83
Hret=1,005¢Trat+Wrm*l
Hon=(Hret*Mret+Hoa*Moa)/Msup
Tdbon=(Hon-Hret )*(Toa-Treat )/ (Hoa-Hret)+Tret
Won=(Hon-Hrat )*(Woa~Wrm)/(Hoa-Hret )+Wrm
| FIND AND FIX OFF COIL STATES
Tdboff=Adpt+X+! Tdbon-Adpt)
Wof f=Wadp+X*(Won-Wadp)
CALL Relhumid(Patm,Woff,Tdboff ,Rhoff)
CALL Wet_bulb(Patm,Tdboff,Rhoff,Tuboff)
Z--.000005820Tdboff‘3-.0001940Tdboff”2*1.8375*Tdboff+2500.83
Hoff=1,005+Tdbof f+Woffel
!
|  RECALCULATE REMAINING VALUES TO REDUCE ERRORS
' .
|  FIND SUPPLY STATES
Wsup=Woff
Tsup=Tdboff+Fsup
T=Tsup+273.!
Z--.OOOOOGGZOTSup”E-.0001940Tsun"2+1.83750Tsup+2500.83
Hsup=1.005«TsuptWoff*l
Svsup=2.87055T#(1+1.607+Wsup)/Patm
|
|  FIND ROOM STATES
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Trm=Rsh/(1.0048+«Msup )+Tsup
T=Trm+273.15
Hrm=(Rsh+R1lh)/Msupt+Hsup
2=-,00000662*Trm"3-.000194*Trm"2+41.8375+Trm+2500.83
Wem={Hrmn=1.00S+Trm)/2
Syrm=2.87055+T+(1+1.607+Wrm)/Patm
Usup=Msup+(Svsup+Svrm)/2
CALL Relhumid(Patm,Wrm,Trm,Rh)

|
I  FIND FAN RETURN STATES
Tret=Trm+Fret
T=Tret+273.15
2=-,00000662*Tret 3-.200194%Trat "2+1.8375«Tret+2500.82 5
Wret=Wrm
Hret=1,005+Tret+WratsZ A

-]

{ FIND ON COIL STATES
Hon=(Hret*Mret+Hca*Moa )/Msup
Won={Hon-Hret)*(Woa-Wret )/ (Hoa~Hret )tWret
Tdbon=(Hon-Hrzt)*({Toa-Tret)/(Hoa-Hret )+Tret
CALL Relhumid(Patm,Won,Tdbon,Rhon?
CALL Wet_bulb(Patm,Tdbon,Rhon, Twbon)

!
| CALCULATE REFRIGERATION LOAD
Rload=Msup*( (Hon-Hoff )-42.11#(Won-Woff))
Trans(7)=Trm
Trans(1@)=Rh

SUBEND
!

!
!
SUB Wet_bulb(Patm,Tdb,Rh,Twb)
! Subroutine for determining the wet-bulb temperature.
! Check for unrealistic humidities.
IF Rh>1 AND Rh<1.005 THEN
Twb=Tdb
GCTO 9240 | SUBEND
8900 END IF ,
8910 ! Calculate moisture ccntent at dry-bult temp.
8920 T=Tdb+273.15
8930 Pss=(10"(30.59051-8.2+L0OG(T)/L0UG(10)+.002480L4*»T-3142.31/T7))+10
8940 Ps=Rh+Pss
8950 W=,62198+1.004«Ps/(Patm=1.004+Ps)
8960 Twb=Tdb
8g70 ! Set initial wet-bulb temp and search for a bracket.
8980 Twbb=Tdb-8
8990 REPEAT LY
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9000 Twbb=Twb

9019 GOsSUB 9280

3020 UNTIL T_new<Tdb \

3030 ! Bracket has been located. Iterate until an acceptable value 1is

3040 ! found.

3050 Tl=Tuwb
3060 T2=Tuwbb
3070 REPEAT

9080 T3=(T1+T2)/2

3030 Twb=T3 :
3100 ! Relative error is used for Tdb< >0, else absclute error is used.

9110 60SuUB 9290 i
2120 IF Tdk<M0 THEN

2130 Error=ABS{T nrew-Tdgh )/Tdb

9140 ! PRINT CHR$(129):"! ERROR "iErrori:CHR$(128)

9150 Bt

915@ Error=ABS{T_new-Tch)

9170 PRINT CHR$(128):"2 ERROR ":Error;CHRS(122)

3180 END IF

9190 IF T_new>Tdb THEN

200 T2=T3 3
9210 ELSE

922 Ti=T3

9230 END IF

3242 UNTIL Error<.001
9250 Twb=T3

250 GOTO 9349

9270 i

3280 Twb=Twb~8

8290 T=Twb+273.1

3300 Pus=(10°(30.59051~8.2+L0G(T)/LOG(10)+,0024804+T-3142.31/T7))+10

4510 Ws=.B2i%€+1.0045Pwa/{Patm-1,004*Puws)

9320 T_new'(ZS@l'(Wa°w>+Tub'€4.185'U‘2.381'W5+1))/f1.805‘U+1)
9330 RETURN

9340 SUBEND

gase !
9360 !
837¢ |
3380 SUB Cv_pload(Trans(').Des_woff.Des_toffub,Des_cap,Des_toffdb.A,B.Usup.Patm
.Rload,Tdbcn.Tubon.Tdbcff,waoff.Hon.Hoff.Msun.Xl.XZ.Hload)
93%0 ! Subroutine for determining the partial load psychrometric states.
9400 ! PARAMETERS ARE :
9410 ! Rsh room sensible heat
9420 | Rlh room latent heat
9430 ! Tsh total room sensible load
9440 ! Tlh total room latent load
9450 ! Gth grand total load L
94€0 ! Eshf affective sensible heat factor
“8%«
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Toa
Hoa
Woa
Moa
Trm
Wrm
Hrm
Hret
Svem
Svsup
Rh
X
Tret
USUD
Msup
Rlcad
Tabon
Twbon
Hon
Won
Tdboff
Twbeff
Woff
Hoff
Qash
Calh
Fsup
Fret
Wadp
Hadp
Patm
Des_tondb=A3
Des_svsup=B

Rsh=Trans(i)
Rlh=Trans(2)
Toa=Trans(3)
Hoa=Trans(4)
Woa=Trans(G)
Mca=Trans(G)
Trm=Trans(7)
Wrm=Trans(8)
Svrm=Trans(9)
Rh=Trans(1@)

Fsup=Trans(12)
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Des_trm=Trans(!l)

outdoor air dry-bulb temp

outdoor air entalpy

outdocr air moisture content

cutdoor air mass flowrate

zone air tzmp

zone moirsture content

zone enthalpy

return air enthalpy

soné specific volume

supply rcom temperture specific volume
zone relative humidity

cocler coil bypass factor

raturn air temp

plant supgly volume flowrate (m"3/s)
plant supply mass flowrate

slant refrigeration leocad

on coil dry-bulb temp

on coil wet-bulb temp

on coil entalpy

cn coil moisture contant
off coil dry-bulb temp

of f couil wet-bulb temp

off coili moisture content
off coil entalpy

cutdoor senszible heat (kW)

outdoor latant heat (kW)
sugply fen temp gain
return fan temp gain

il dew point moisture contant
il dew point enthalpy
mospheric pressurs

co
cQ

.
at

Trans(1)=Trans(il)/1000
Trans({2)=Trans(2)/100%

~B3=-

oy

> '"“1? 3 ‘,rl TR

= o o) T =

ot

Shuta RS













g N

1

e T T S T U e o)

REFERENCE

ASHRAE Handbook - 1981 Fundamentals

ASHRAE Handbook - 1980 Systems

ASHRAE Handbook - 1982 Applications

A. da Silva &

A. Cohen - "Calculating solar loads of
computer for airconditioning®
final year dissertation.

C.F. Gerald - "Applied Numerical Analysis"

Environmental Engineering in South African Mines -
The Mine Ventilation Society of South Africa
Carrier System Design Manual

W.P. Jones - "Air Conditioning Engineering", Second
Edition: Edward Arnold Limited, 1973

" ‘ L A Tl‘l Y -

o

L —

i P

SIS LS

-

|

s

i S N



Author Da Silva AJ
Name of thesis A computer program for assessing the hourly and peak refrigeration loads of an airconditioning constant
volume flow plant 1987

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.





