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Abstract

In the engineering applications of air conditioning, cooling and
drying processes, psychrometric properties of moist air are usually
needed and have to be calculated repetitively. In doing so with the
traditional chart method, it usually takes time throughout the whole
process and only a less degree of accuracy can be obtained. Many
complex equations for the related thermodynamic properties have been
proposed by several researchers in the past literature, but few of them
were systematically organized as a convenient and useful program that
can be used everywhere. Bakker-Arkema in 1974 was the first to group
all these equations into subroutines, which can be CALLed on a large
digital computer. Unfortunately, the root-search technique he used
requires a lengthy calculation and more iterations are needed to obtain
a final solution. Besides, not everyone in the field of thermodynamics
is so familiar with the use of large digital computer and hardly . feels




- free to employ it in practice,

The purpose of this study is to work out a software which can be
RUN on current personal microcomputers, such as Apple II4+ and IBM
PC/XT. A root-search technique has been built in the program in a very
simple manner that once two of the psychrometric variables are specified,
all other properties will be shown immediately, either in English or

Metric system unit.

Since the software packages are designed to be more interactive,
users would quickly acquaint with their commands and usage without

need of any auxiliary materials.

It would be a very handy and useful

tool for students in training or researchers and engineers who are working
on a subject related to these properties.
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TR FREG MR~ ARG » %
ETHREFALXRBT ZIEHEERER - B30
e RORIAE (B | 4 th 22 %47 B (Psychrometric
Chart) &7 - RHBEGEHE :

1) EREE (Dry-Bulb temperature, DB)

2) REREE (Wet-Bulb temperature, WB)

3) HEEE (Relative Humidity, RH)-

4) BEERE (Dew Point temperature, DP)

5) {EHMEEE (Absolute Humidlty, AH)

6) KA (Specific Volume, SV)

7) #45 (ENthalpy, EN)

8) fUfZXISEE (Saturation vapor Pressure,
PS)

9) KB E#(Latent Heat of vaporization,
HL)

10) &S E (Vapor Pressure, PV)
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12301.688
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In(P. /R)=A+BT4%%'1"_ -&9;1‘84—1;1‘ )

#H Keenan and Keyes (1936)
491.69< T <959.69
Hp
R=3206.18 :
A=-27405.5
B=54.1896
C=-0.045137
D =0.215321 X104
E=-—0.462027X10-8% -
F=2.41613
G =0.00121547
T : EREE» °R
P, : fIFZRREE » Psi

N
1nP.=31.9602—'§37—°,'F—36—°§ ~0.46057InT

#%H Brooker (1967)
255.38< T <273.16

®
2 SLETH
n(p,/R)=2AFBTACTADT AT . 3

#%® Keenan and Keyes (1936)
273.16< T <533.16
Hrp
R=22,105,649.25

=—27,405.526
B =97.5413
C=-—0.146244
D =0.12558%10-3
=—0.48502X10-7
F =4.34903
G=0.39381X10-2
T : ZREBE °K
P, : IRZRRE P

RKIRBZ MIAIKREEE —100°C (—148°F) =
0°C (32°F) HENR - | '

In(pwe)=Cy/T+C24Cy+ T+Cy T?+
CsT+Ce-Tét Celn(T) I

oo :
C,=—5674.5359
C,=6.3925247
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C;=—0.9677843x10-2 e
Cy=0.62215701 X 10-¢
Cs=0.20747825X 10~
Co=—0.9484024 X102
C7=4.1635019

BT 2R E 0°C(32°F) &= 200°C (
392°F) HEAR :

1n(pws)=Cs/T+Cs+Cyoe T +Cyy+ T2+

Cizo T CraeIn(T) weeeerrsassenne 2c
e o ‘
Cs =—5800.2206

Cs =1.3914993

Co=—0.04860239

C11=0.41764768x 104
Cpa=—0.14452093 X 10-7
C,;=6.5459673

ERAHERP

In=log.

Pee=7REE » Pa(1Pa=0.000145psi)
T={E%REE » °SK(°K=°C+273.15)

2 WREE RIS NER)
#H :

T —459. 69=§Ai[ln(10p.jl .................. 4a

#H Steltz and Silvestri (1958)
0.09<p,<680 '
Aoy
A=35.1579
A,=24.5926
A,=2.11821
Ay=-0.341447
A=0.157416
As=—0.0313296
A¢=0.00386583 .
A7=-—0.249018 X 10-*

Ae=0.684016 X105

N

T-—255.38=:§=§Ai(ln (0.00145P;))! ------4b

#HB Steltz and Silvestri (1958)
620.52<P,<4,688,396.00
Ap=19.5322



A;=13.6626
A;=1.17678
Ay=-0.189693
A=0.087453
As=—0.0174053
- As=0.00214768
Ar;=-0.13843% 10-3
As=0.38x10"°
oo o
T : WEREE » °R GEHD » °K (AHD)
P, : fF7RREE » psi (XH) » Pa (AHD
% P, UL Py A » TREEERE
SENEE (RRIBWEE)
B -
7= 32~150°F &N :
t4=79.047+30.5790a+1.8893a% - ++e0evues 5a
{ER 32°F B :
t,=71.98+24.873a+0.8927a%+ssssssserress 6a
I ‘
EO0~T0°CEEN :
ta=—235.957—1.8726a+1.168902 ++erereee 5b
#E—60~0°CHERA :
te=—60.45+7.0322a+0.3700a2--++++++++- 6b
ta: BRSERE » °F (ZEH) »°C (&%)
a={n(Pv)
P, : RS K ¢ in-Hg (3E#) » P. (&)
4.FRE
HEXLARE : -
t =ApB+CIn(P)+D ooveevereercransenTa
3hA,B,C,D BREURBEA RAAFIZFIRE (
P) z@ERSWT :
FH - -
#Bkhe V. Chau, (1980)
(a) 0.0886<p,<14.6%6psi (32°F <
t <212°F)
A =0.93016617 % 102
B =0.22179961
~ C=0.12818107 x 10?
D =0.87034683X 10!
(b) 14.696<P,<680.0 psi. (212°F
< t <500°F) '
A =0.43816284 X 10?

‘B=0.29545748
C =0.21868439x 10?
D =0.56272667x 102
T ¢ 8 ASHRAE ZEA&FE (1977)
(a) 2.29%10-3<P,<0.0886 psi
(—100°F < t <32°F)
A=0.1844049x 10?
B=0.1171117
C=0.5561646 % 10!
D =—0.9335884 B
(b) 0.0886< p,<14.6%6psi (32°F<
t <212°F) ’
A=0.9229778 X 102
B=0.2226883
C =0.1288743 X 10?
D =0.9415002x 10
(c) 14.696< p,<680.0psi (212°F<
t <500°F)
A=0.4411702x 102
B =0.2949225
C=0.2177737x10% °
D =0.5598708 102
&l -
#@ khe V. Chau, (1980)
(a) 0.6105< p,<101.33kp.(0°C<
t <100°C)
A=34.20975
B =0.2203603
C=7.048104
D =—27.22600
(b) 101.33< p.<4694.0kp.(100°C<
t <260°C)
A=13.66825
B =0.2959410
C=12.20140
D=-9.979682
N 5B ASHRAE EAFM (1977
(a) 0.00016<p,<0.61074 kp.(—73.3°
S oc<t<0)
A=82,44543
B =0.1164067
C=3.056448
D=—76.34573
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(b) 0.61074<p,<101.34kp,(0°C<
t <100°C)
A =33.38269
B =0.2226162
C=7.156019
= —26.39589
(¢) 101.34< p,<4688.5kpa(100°C<
t <260°C)
A =13.85606
B =0.2949901
C=12.10512
D =-—10.03128
Hrp -
P, : SUFIZKISEE » Psi (GE4D) » kP, (AFD
t : fFNRE » °F (R 2 °C(AHD
SARIFRIRB Z Btk ,
FH -
Pob—Po=B(Tap—T) seeccercrrrricrnnennns 8a
#5EBrunt (1941)

B= 0.2405(Pswt—Patm) (140.15577P/Patm)

0.62194h;,

Hrp e

Powy : IRERBER 2 SRR R

Py EKESRE

T : WIREEE

T ERRE

P RRE(E

hee : ZRBEH (HHER 14a~16a R3E >
H Tw<492°R B » L hyy BUR)

2%l
Pows—Py=B/(Tup—T) rrreeersersesrcransroses 8b
#H Brunt (1941)
A
, 1006.9254(Pswb—Pm)(1+0.15577P1::m)
Bl=—-o 0.6219407,
% T.w<273.16 » 255.38< T <533.16 B§L
h';y Eia h'y,
6. R RIRIREE -
.
twr=tap+ (b1 (De)3+4 b2 (D) 2+ by(De)]
e,D b ¢ 3: ................................. 9a

#%8 Khe V. Chau (1980)

Hep o

by~bs : HE (ERZ)

te  : BERRE  °F

tw RREE> °F

D =taw—tap * °F

tan - :EEERIRE 0 °F

R_FRIGHRIEE (B 0°F~500°F) > BER
B (H0°F~150°F) Z&IR 7 #5 » E 2 Pivs o
HoAHFANF BB B TRER ¢

40 C 82C 300 C 280 C
i05 F 180 F 149.F 500 F
2 >
[
s »
o C .
32 F -
- -
/1\ 2 3 4
oOF
;18 ¢ ¥ R @ B (Dry Bulb Temperature )

2. REEREE SRR & EERGRES BN
HAA9a,9b2 18 ~ BB o #§H Khe v. Chau. 1980

‘ t* =at a--|—bt2 Fctapt d ceeneerninniienian 10a
dp dp dp
A
a =-0.11756x10"3
b =--0,32646x10"2
¢ =-0.19195
d =445.345
* .
t. =7ERERS2 FHEZ IREEE » °F
to=BRRE » °F

K
tuv=tay+ (by(De)*+ (b2(De)?+ bs(Dy))
e"’5°,+"4"(ltdpl)b6 ........................ 9b
e
bi~bs : BB (BH=)
tap,tep, tan: °C
Di=tg—ts 2 °C
E=2H-BH ¢ MTAEH:
t:b = at:p+ bt:p+ctdp+ ..................... 10b
A :

a=-0.38799x10-3 -
b =—0.26394x 101

¢ =—0.76378

d =0.28894x10-3

t Rte 2B °C
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£ AA%aPRE 2 FEARMEARE (4D

Zone 1 2 3 4
0<=Tdp<=32°F 0<=Tdp<=32°F 0<=Tdp<=32°F 0<=Tdp<=32°F
T*db<=Tdb<=
0<=Tdb<=T*db 180°F| 180<=Tdb<=300°F | 300<=Tdb<=500°F
bl 0.904803E-6 0.554717E-5 0.232489E-5 0.864159E-6
b2 —0.333017E-2 —0.31434E-2 —0.204027E-2 —0.116780E-2
b3 0.831231 0.84224 0.746559 0.615543
b4 - —0.239490E-4 0.593269E-5 0.624943E-5 0.392047
b5 ~—0.808793E-2 —0.863032E-2 —0.883485E-2 —0.824950E-2
b6. . - 1.130519 1.082753 1.074474 1.070437
Zong 5 6 7
32<=Tdp<=105°F | 32<=Tdp<=105°F | 32<=Tdp<=105°F
| 32<=Tdb=180°F 180< =T'db<=300°F | 300< =Tdb<=500"F
bl 0.737013E-5 0.249546E-5 0.844289E-6
b2 —0.353885E-2 —0.204326E-2 —0.110977E-2
b3 0.827522 . 0.707415 0.572561
b4 0.389627E-5 0.18247E-5 0.897368E-6
b5 —0.260113E-2 —0.200086E-2 —0.153339E-2
b6 1.404192 1.442215 1.475598

Txdb fEZEHMAR 102

%8 Khe V. Chau (1980)
#= ARDBRE 2 FEAMEL RBUE (A5

Zone 1 2 3 4
—~18<=Tdp<=0°C | —18<=Tdp<=0°C | —18<=Tdp<=0°C | —18<=Tdp<=0°C
—18<=Tdb<=T*db| T*db<=Tdb<=82°C| 82<=Tdb<=149°C | 149< =T db<=260°C

bl 0.125896E-6 0.118282E-4 0.509257E-5 0.192236E-5
b2 ~0.476257E-2 —0.370293E-2 —0.243035E-2 —0.143934E-2

b3 - 0.463702 0.578023 0.519673 0.441919

b4 0.679164E-3 —0.325391E-4 —0.388462E-4 ~—0.215822E-4
b5 0.120197 0.302971E-1 0.287864E-1 0.255032E-1
b6 0.547492 0.878100 0.897871 0.904967

Zone 5 6 7
0<=Tdp<=40°C 0<=Tdp<=40°C 0<=Tdp<=40°C
0<Tdb<=82°C 82<=Tdb<=149°C | 149<=Tdb<=260°C

bl 0.157853E-4 0.571141E-5 0.200000E-5
b2 —0.413278E-2 —0.257305E-2 —0.146300E-2
b3 0.587189 - 0.525065 0.441100

b4 0.560380E-4 0.293342E-4 0.146200E-4
b5 —0.197368E-1 —0.165536E-1 —0.137500E-1
b6 0.115724E4-1 0.118502E+1 0.120600E+1

T*db fHzEHMAR 10b
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M »
0.6219P,
AH_P“m-—-Pv ..... s ; 1ia

459.69< T <959.69°R
Pv‘<Patm

2 : v ,
_0.6219P,
AH=F = 11b

255.38< T <533.16°K

P, <Patm L

Foe

AH :EHRE

P, :Z&ESE o psi GEH) - P. (RHD

Pum : R4 » 14.7psi (&R
1.01X10°P. (A

T : EEREE - °R (D K (&)

H llaﬁllbﬁ'ﬁ!ﬁ'l:ﬁ :

P""(OPESIZ{IE—I:-K‘H)— B B (o)

8.1 (%ﬁﬁﬁ&i@ﬁﬁ@é@?&&)

HH .
_ 53.35xT
SV=114(P..—P))

459.69< T <959.69°R
P, <Poim
NG
287T

SV=p .-,
255.38< T <533.16°K
P.<Patn

Hr e

........................... 12a

................................. 12b

SV @t » f13/1b (R » m¥/kg (&HD

i 12a & 12b RAB TR :

SV-144:(Putn—Po) . .
T= 53.35 ' 12¢
Pv—Pagm 53.35.T - ..-......12d

THLSY
9 BRI (i@ﬁﬁ@?@ﬁ@%ﬂﬁﬁ@&’ﬂ@&)

- PV lllllllllllllllllllllllllllllllllllll
R —FP:‘ e 13a
#h EXA@
Po=P RH cceevtrinninniiiiiiiiiiiniiniiemn, 13b
= P,
P.= RH 13c

1053 (EEEAEB)

¥EH - N

- R EBR
h;;=1220.844—0.05077 (T —459.69) ---14a
459.69< T <491.69 ‘

\ #%H Brooker (1967)
PR BB '
hsg=1075.8965—0.56983(T —491. 69
491.69< T <609.69
hy=(1354673.214—0.9125275587T2)!/2 16a
609.69< T <959.69

B Brooker (k%)

ALl
A EER
hyg=2,839,683.144—212.56384(T —255. 38)
.................................... 14a
255.38< T <273.16
' #%H Brooker (1967)
R BB :
hy=2,502,535.259—2, 385. 76424 (T —
273.16) ceerseeernsssssennissinniiniiiianansns 15b
273.16< T <338.72
hee=(7,329,155,978,000—15,995, 964.08
T2V2Z tivveeriirnicenriinsanesissnessneenens 16b
338.72< T <533.16

# B Brooker (KF%)
LA (RE ~ B EHRE TR
B«
h =0.2405(T —459.69) —H(143, 35-+0.485
(491.69—T4))+h’ H+0.48H(T—Ts)

e sesetenes pesssssasenes 17a
459.69< T4, <491.69 -
h =0.2405(T —459. 69)+H(po—491 69)

+h H+0 A4BH(T —Tey) woroesveee 18a

491. 69<po <671.69
B : .
h=1006.92540(T-273.16)-H ([333,432.14-

2030.5080(273.16-T4,)J+h. H+
ig

. 1875,6864H(T-"Tp) seeseereserereesneres 17b
255.38< T4, <273.16



h =1006.92540(T-273.16)+4186.8H(T4 . . h=t+W(2501-}-,\1j.805t)(kj_/;kg)‘7,, ST

_273.16) +h’ H+18756864H(T Ta) 19b
..................... Lc.-‘[ol'uotnnn‘ltlsb . ﬁqﬁ: e e e eee Y _v ""7' Rl
) . P : o BT OWVAS e
27316 < Tp<37316 | w zzg; OGR4 °C 54
MR 17,18 BEHETES » E.ﬂ‘ﬁiﬁﬂﬁ% )
: 84 » BTU/Ib s K] ke (5
51 LFRAERS » A A T S AR » M) - Kk )
@Eﬁﬁ@ﬁﬁb%*kf’ﬂ"’*%ﬁﬂﬁ%ﬁ LA'FED%%E ‘ T ERHERE
MR ER o | | ST
w0 3 1 T4 » AR TTAMER LT R A
h=0240t+ W(1061+0.444¢)(Btu/Ib)--19a  Hyui B DREEM o LT 4 Fe8b 4 AT A0 1A
g | I o . Bee- R I A E MR L 2 -
CASE 1: Bmigmkiie DB » RipifE WB . o .
jz ﬁ | & m : ﬁ% ,-’ ;)* A . E) l
WFVAAEE PSOB) . . . eanlada U YOORRYSxmER
RS PV (HL,PS, WB,DB) eqn 8a %Ll eqn i4a, 15a, 16a;j€ HL(WB)
HHRE RH (PS, PV) : ©. eqn 13a v
$25MmiE DP(PS, PV) - eqn 7b o | o
‘#®m HL (DB) 0 eqn M4a, 153, 16a th DB 2REBEEML s
ERE AH (PV) T eanla ‘
_ﬂ:w sv (DB PV) R eqn 12a
" #ux% EN (DB, DP, AH, HL) ... eanlia :
MR B ﬁﬁ?(ﬁﬁiﬁﬁﬁ%&& P WERES 2 A%
CASE 2: CAMRER DB EHEE RH o
R " A f '
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