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- o

M = degree of saturation W/Ws dimensionlessl

"3 = relative humidity , dimensionless

C‘tqcla = constants in Eq.(1) and (2)

h = enthalpy of moist air,per unit mass of dry air

p = total pressure of moist air

Pw = partial pressure of water vapor in moist air

Pws = ‘pressure of saturated pure watepr

R = universal gas constant, 8.31441 kd/kg ‘K

Ra = gas constant for dry air

t = dry-bulb temperature of moist air,°Celsius

td = dew point temperature of moist air,°Celsiu9

+ ¥ = thermodynamic wet-bulb Eemperature of moiat air,
‘Celsius

T = absolute temperature, Kelvin

v = volume of molist a}r, per unit mass of dry aip

w = humidity ratio of moist air, mass of waterr per
unit mass of dry air

Wsa = hﬁmidiby ratio of moist air at saturation

ws® = humidity ratio of moist air at saturation at

thermodynamic wet-bulb temperature
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Water vapor saturation pressurs

3 mFudas -100 Gy 0 °C

In(Pws)

mFuda

In(Pws)

aQ
]

Q. o a o o o o o o o a o
- - - - v o N ® 0 + w » [
w - ] - o]
|

=]
1

Pws =

+ CT* 4+ Cc 1n(T)
(-3 7

0 fv 200

= C/T+C +C T+C T
=] 9 10 11

°c

+ C In(T)
13"

-5674.5359
6.3925247
-0.9677843
0.62215701
0.20747825
0.9484024
4,1635019
-5800.2206.
1.3914993
-0.04860239

X

X

X

X

10~
10°
10
10°

0.41764768 x 10~

-0.14452093 x 10

6.5459673

log'

saturation pressure, Pa

absolute temperature,

(K = °C

a

&

4

-7

+ 273.15)

2

+ C

(2)

2 3
c /T + C2 + CST + C. T + CsT

t a2

T

2



Humidity ratio ,

W

3

5.5

w =
%3o

Ws =
{Lay -

Ws =
tﬁa P,Pw.Pws

ot

Wa
0.62198 Pw

P - Pw
0.62198 Pws

P - Pws

(2501 - 2.381t")ws” - (¢ - %)

2501 + 1.805¢ - 4.186t"

Begree of saturation , n

Relative humidity

-

Specific volume

L N2 Ra =

|
[}

= Pa.
= ,oC
W / Ws (dimensionless)
Pw / Pws
M

I - (1 - u)(Pws/P)

RaT (1 + 1.6078 W)

P

B314.41 / 28.9645

K ’ P

287.055
Pa.

(3)

(4)

(5)

(6

(7)

(8)

(9)

J/kg K
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Enthalpy , h

h = t + W (2501 + 1.805 t) (10)
A .o -]
($1h)] t = dry—-bulb temperature ( C)

h = kd /7 kg dry air

Partial pressure of water vapor in moist air s Pw

%39 Pws(td)

Pws(td) = Pw = (PW)/(0.62198 + W) (11)

Table 1. Standard Atmospheric Data for

Altitudes to 2000. m.

Altitude , m. Pressure kPa.

-500 107.478

0 101.325

500 98.461

1000 89.874

2000 : 79,495

¥ -
TuTusunsuil458n1 5 U eumuan Taufo31 pressure

a4 . - % v o 4

Lﬂaﬂuuﬂaotﬁut%atﬁu (linear) NUAAL B9 waddnlsvuanlag

(Hauan 1o Tuudas g g
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g (4 w o
vumaunﬁiﬂﬁuqumauumuao moist air

Situation No.1 G@iven: Dry-bulb temperéture (t)

Wet-bulb temperature ")

Alt itude
To Obtain Use Comments
P. Table 1. Numerical approx.
Pwsi(t") (1) or (29 : Sat. press. for temp t°
ws" 4) Using Pws(t )
w (5)
Pws(t) (1) or (2) Sat. ovress. for temp t
Ws (4) Using Pws(t)
M (6) Using Ws
(8) Using Pws(t)
(9)
h (IQ)
Pw (11
td (1),(2) with Requires trial-and-error
(11) " or numerical splution

met hod
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Situation No.2 Given: Dry-bulb temperature (t)

Dew point temperature (td)

Altitude
To Obtain Use Comments
P. Table 1. Numerical approx.
Pw = Pws(t ) (1) or (2) Sat. press. for temp td
W (3)
Pws(t) (1) or (2) Sat. press. for temp t
Ws (4) ' Using Pws(t)
M (6) : » Using Ws
p (8) Using Pws(t)
v kQ)
h (10
. (4),(5) with Requires trial-and-error
(1) or (2) or numerical solution

met hod
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Situation No.3 Given: Dry-bulb temperature (t)

Relative humidity (g)

Altitude
To Obtain Use Comments

P. Table 1. Numerical approx.

Pws(t) (1) or (2) Sat. press. for temp &

L (3

Ws 4) Using Pws(t)

M (6) Using Ws

v (9

h 1)

td (1),(2) with Requires trial-and-error
(11 or numerical solution

met hod

v" (4),(5) with Requires trial-and-error

(1) or (2) or numerical solution

met hod
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(ForsFanTusunsadeidugos  name.ExE uwf) - winl0sw

13043

?lease select your situation (1,2 or 3) from.

SITUATION No.1 GIVEN:Dry-bulb temperature (t) C.
Wet-bulb temperature (t#*)C.
Altitude (m.)

SITUATION No.2 GIVEN:Dry-bulb tempnerature (t) C.
Dew point temperature (td)C.
Altitude (m.)

SITUATION No.3 GIVEN:Dry-bulb temperature (%) C.

| Relative humidity (%)

Altitude (m.)

Ak

I

Please put your sgituation and press RETURN

¢ - p
AnuulFldamTsiaFoounna »xx  udimudaa  key RETURN
[ ' .
NUUIBYTING TR 877

Your situation is  £%% <——-- (a1 1atRL511H)

Input your data , please

[ a v 3 ' o 1 o a
ntutiioTusunsuoudonadnen qnnéﬂ%nWﬁ Taﬁagantﬁuqso
g d o o [-4 v
(4171 dudnufae key RETURN Aarlddmounonusisar Linlaan
EXAMPLE1 - 3
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Please select your situation (1,2 or 3) from.

SITUATION No.1 GIVEN:
SITUATION No.2 GIVEN:

SITUATICN No.3 GIVEN:

Dry~bulb temperature (t) C.
temperature (t*)C.

Wet~bulb
Altitude
Dry-bulb

Altitude

(m.)

temperature (t) C.
Dew point temperature (td)C.

(m.)

Dry-bulb temperature (t) C.
humidity (X)

Relative
Altitude

(m.)

Please put your situation and press RETURN = 1

Your situation is 1

Input your data , please

Dry-bulb temperature (tc) C. 40
Wet-bulb temperature (t*) C. = 30
Altitude over sea level (m.) = o
Pressure (Pa.) = 101325.000
Sat. press. for temp. t* = 4295.020
Humidity ratio at sat. for t* = 0.027532
Humidity ratio = 0.023243
Sat. press. for temp. t = 7471.478
Humidity ratio at sat. for t = 0.049514
Degree of satutation = 0.469423
Relative humidity (%) - = 48 .853607
Specific volume = 0.920311
Enthalpy for temp. 40.0 (C.)» = . 99.81
Partial press. of water in moist air= 3650.086
Dew point temperature ias (C.) = 27.20

——
g -

@l
pedan

—r—— )

Pa.
kgnw/kga
kgw/kga
Pa.
kgnu/kga .

m~3/kg dry air
kJ/kg dry air
Pa.
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C>EXAMPLE?2
Please select your situation (1,2 or 3) from.

SITUATION No.1 GIVEN: Dry-bulb temperature (t) C.
. Wet-bulb temperature (t*)C.

Altitude (m.>
SITUATION No.2 GIVEN: Dry-bulb temperature (t) C.
Dew point temperature (td)C.

. Altitude (m.)
SITUATION No.3 GIVEN: Dry-bulb temperature (t) C.

Relative humidity (X)
Altitude (m.)

Please put your situation and press RETURN =2

Your gituation ia 2

Input your data , please

Dry-bulb temperature (tc) C. = 40

Der point temperature (td) C. = 27 .2
Altitude over sea level (m.) = 0
Pressure (Pa.> = 101325.000
Sat. press. for temp. td = 3650.678
Humidity ratio ' = 0.023247
Sat. press. for temp. t = 7471.478
Humidity ratio at sat. for t = 0.049514
Degree of saaturation = 0.469502
Relative humidity (%) = 47 .865044
Specific volume = 0.920317
Enthalpy for temp. 40.0 (C.) = 99.82

The wet-bulb temperature (C.) = 30.00

e
Pl

Pa.
kgw/kga
Pa.
kgw/kga

m~3/kg dry air
kd/kg dry air



5-13

C>EXAMPLE3
Please select your sgsituation (1,2 or 3) from.

SITUATION No.1 GIVEN: Dry-bulb temperature (t) C.
Wet-bulb temperature (t»*)C.
Altitude (m.)

SITUATIGN No.2 GIVEN: Dry-bulb temperature (t) C.
Dew point temperature (td)C.
Altitude (m.)

SITUATION No.3 GIVEN: Dry-bulb temperature (t) C.
Relative humidity (%)
Altitude (m.)

]
w
2
3

Please put your aituation and press RETURN

Your situation is 3
Input your data , please

Dry-bulb temperature (tec) C. = 40 & Gp(,
Relative humidity (%) = 48.85 am
Altitude over sea level (m.) = 0 —_—
Pressure (Pa.) = 101325.000

Sat. vapor pressure of pure air = 7471.478 Pa.

Partial pressure of water vapor Pu = 3649.817 Pa.

Humidity ratio W : = 0.023241 kgu/kga
Humidity ratio at saturation = 0.049514 kgw/kga
Degree of saturation = 0.469387 ’
'Specific volume = 0.3206309 m~3/kg dry air
Enthalpy for temp. 40.0 (C.) = 99.80 kd/kg dry air
‘Dew point temperature c.) = 27 .20 ‘

"The wet—bulb'temperature (C.) = 30.00
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fd PSYCHROMETRICS

* CALCULATION *
» WITH *
* COMPUTER *
* IBM or COMPATIBLE *
* created by *
» »
* Mr. Poollarp Manenil *
* ) *
[T R TS ST T SEEEE S L2 R R 2 04

#include <stdio.h>
#define AVERG(A,B,C,D,E) ((D-B)X)®(E-A)>/(C-A)) + B

#define WSS(PWS,PA) (0.62198 * PYS / (PA - PWS))
#define W(T1,WS,T2) ((2501-2.381%T1 )I*HS-(T2-T1))/(2501+1.805*T2~-4.186*T’
#define DOS(W,WS) (W/7WS)

#define REHU(MU,PW,PA)> MU%100/(1-(1-MU)I*(PW/PA))

#define VOLM(T,W,PA) 287 .055*T*(1+1.6078*H )/PA

#define ENTH(T,W) T + W*(2501 + 1.805%*T)

#define PW(PA,W) PA*W/(0.62198+W)

#define PAR(P,F) (P*F/100)

#define PP printf Pa.\n")

#define PR printf ¥ kgw/kga\n’)

#define PV printf (¢ m~3/kg dry air\n™)
#define PH printf (™ ' kJ/kg dry air\n™)

VAZ XIS R 2SS 2L R S L g

* SITUATION *
IZ S ST FE S SRS S L L 4
main()
<
‘int situg

crt_cls();
printf ("Please aelect your situation (1,2 or 3) from.\n\n\n\n

\n');

printf ("SITUATION No.1 GIVEN: Dry-bulb temperature (t) C.\n");

printf (¢~ Wet-bulb temperature (t*)C.\n");

printf (™ Altitude (m.>\n");

printf ("SITUATION No.2 GIVEN: Dry-bulb temperature (t) C.\n")J;

printf (" Dew point temperature (td)C.\n");
Lprintf Altitude (m.)\n");

printf ("SITUATION No.3 GIVEN: Dry~bulb temperature (t) C.\A");

printf (v Relative humidity (ZZ)>\n");

printf ¢ Altitude (m.)\n\n\n\n\n")>j;

printf ("Please put your situation and press RETURN = ");

gcanf ("Ad” , &situ); :

crt_cls();
printf ("\nYour situation is Zd \n”,situ);

if (situ == 1)
head1();
else if (situ == 2)
. head2();
else if (situ == 3)
head3( >;
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» Header # 1 *
*******************/

head1()

<

acanft

extern float log()j;
float tc , tw , altd , paj;

float t1,t2,td,tl,tk,wa,asp;
float h,hutl,;hu2,hura,dg;
tloat rh,vol,pw,phaj;

int exit();

printf ("Input your data , please \n\n");
printf ("Dry-bulb temperature (tc) C.
("Af” y&te s
printf ("Wet-bulb temperature (t*) C.
acanf ("Zf”,&tw); )
printf ("Altitude over sea level (m.)
scanf ("Zf",&altd);
alti(altd,&pa);
if (tw >= te)

<

printf ("

exit(7);

>
puwsCtu,&tt1)3
hut = WSS(t1,pad;
hura = W(tw,hul ,tec);
pus(te,&t273;
hu2 = WSS(t2,pad;
dg = DOS(hura,hu2);

rh = REHU(deg,t2,pa);
tk = te + 273.15;

vol = VOLM(tk,hura,pa?’;
h = ENTH(tcshural;

PW = PW(pa,hural;

fntd(pu,tw,&td); -

printf ("Pressure (Pa.>

printf ¢”\n\n\nSat. press. for temp. t#*
PPj v

printf ("Humidity ratio at sat. for t#*
PR3

printf ("Humidity ratio

PR3 ’

printf ("Sat. preass. for temp. t
PP; ' ) : _
printf ("Humidity ratio at sat. for t
PR3

printf ("Degree of satutation

printf ("Relative humidity (Z%%) -
printf ("Specific voiume
PV; -

printf ("Enthalpy for temp.
PH; »

printf ("Partial press. of water in moist
PP;

printf ("Dew point temperature is

Z4.1f (C.)

(C.)

#*#%* Dry-bulb > Wet-bulb temp.

vv);
c');

v');

*%¥#\n\n\n");

%Z10.3f\n" ,pa’;
= Z10.3f",t1);

Z10.6f",hut);
Z10.6€" ,hura);

%10.3£",t2);
Z10.6fF" ,hu2);
%£10.6f\n";dg);
%Z10.6f\n",rh);

%Z10.6f",v0ol);

%10.2F",te,h);

Z10.3fF",pw);

Z6.2f\n"",td>;
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* Header # 2 *
*******************/

head2()
¢
float tec , td , tk , pas
float altd,tt1,t2,hura,hul,dg,rh,vol,h,tus

int exit()s;

printf ("Input your data , please \n\n");

printf ("Dry-bulb temperature (tc) C. = ");

scanf ("%Xf”,&tc);

printf ("Dew point temperature (td) C. = ")

scanf (“Zf",&td);

printf ("Altlitude over zea level (m.) = "3

scanf ("Zf",&altd);
altiCaltd,&par;
if (td >= te)
<
printf (* *** Dry-bulb temp. > Dew point temp. #***\n\n\n");
exit(7)3;
b
pus(td,&t1);
hura = WSsS(t1,paJ;
pus(te,&t2);
hut = WSS(t2,pad;
dgz = DGSChura,hutl s
rh REHUC(dg,tl,pal;:
ti te + 273.15;
vol vaiMitk,hura,pads;
h ENTH(tc, huraj;
tw = (tec + td)/2;
fntuw(hura,tec,&tw,pa,td);
printf ("Pressure (Pa.> = Z10.3f\n",pa)’;
printf ("\n\n\nSat. press. for temp. td = Z10.3fF",t1);
PP; '
printf ("Humidity ratio = %10.6f",hura);
PR; _
printf ("Sat. press. for temp. t = Z10.3fF",t2);

PP

printf ("Humidity ratio at sat. for t = Z10.6f",hul>;
PR;

printf ("Degree of saturation = Z10.6f\n",dg);
printf ("Relative humidity (ZZ) = %10.6f\n",rh);
printf ("Specific volume = Z10.6f",v0ol);
PV;

printf ("Enthalpy for temp. Z4.1Ff (C.) = Z10.2f",te,h);

PH;
"printf ("The wet-bulb temperature'_(c.)

i

1l

H

it

%Z10.2fF\n",tw);



head3()

$

extern
float
float
2>
printf
printf
acanf
printf
scanf
printf
scanf
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. * " Header » 3 *
*******************/

float log();
te,td,tk,twyrh,pa,phas;
altd,tt,t2,huy,hut,dg,vol,hs

(" Input your data , please \n\n");
("Dry=-bulb temperature (tc) C. =
("%f",&te )

("Relative humidity (XX)

("%Af" ,&rh);j;

("Altitude over sea level (m.) =
("Xf",&altd);

alti(altd,&pa?’;
pus(te,&t1);

t2
hu
hut
dg
tk
vol
h

PAR(t1,rh);
WSS(t2,pals
WsSS(t1,pad;
DOSChu,hul);
tec + 273.153
VOLM(tk,hu,pa);
ENTHC(tc,hu);

tntd(t2,te,&td);

fntu(hu,tc,&tw,pa,td>;

printf ("Pressure (Pa.)

printf
PP;
printf
PP;
printf
PR3
printf
PR3
arintf
printf
PV;
printf
PH;3
printf
printf

(*"\n\n\nSat. vapor pressure of pure air
("Partial pressure of water vapor Pu =
("Humidity ratio W _ . =
("Humidity ratio at saturation =

("Degree of saturation e
("Specific volume =

("Enthalpy for temp. A4.1F (C.)

("Dew point temperature (C.)»
("The wet-bulb temperature (C.)

it

");
");

");

Z10.3f\n",pa);
= Z10.3f",t1)3

Z10.3fF",t2);
%10.6f",hu);
Z10.6f",hul);

Z10.6f\n",dg); -
%10.6€",vol);

Z10.2f",te,h);

Z6.2f\n",td);
210.2f\n",tw)}
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* Find PRESSURE from altitude *
***********************************/

alti(altd,pa)

float altd , *paj;
e

float 1lej;

le = ~500;
if ( (altd <= 0) && (altd >= le) )

#*pa = AVERG( le , 107478 , 0. , 101@%5 s altd);
else if ( Caltd > 0) && (altd <= 500) )

*pa = AVERG(O0. , 101325 , 500 , 95461 , altd);
else 1if ( Caltd > 500) && (altd <= 1000) )

*pa = AVERG(S00 , 95461 , 1000 , 89874 , altd);
else if ( (altd > 1000) &% Caltd <= 2000) )

*pa = AVERG(1000 , 89874 , 2000 , 79495 , altd);

else errt();

Ve s 22 22 &S s R 2 2L s R R R S R B FRE PRI

* FIND DEW POINT TEMPERATURE »*
AR R TSR RS S 2 E T AT T T R

fntd(pu,tw,td? ,
float pwWw,tin,*td;

<
extern float fabs();
float tdi1,twl,t3,cc;

td1 = -60.;

twi = tw;

*td = (tw + td1)H/72;
do

¢
pua(*td,&t3);
cec = t3 - pwW;
iIf (cc >= 0)
<
twi = *td;
*td = (*td « tdi)H)/2;
M
if (cc < 0)
¢
td1 = *td;
*td = (*td + twl)d/2;
>
) while (fabs(cc) >= l1e-2);
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* DEFINE FUNCTION *
***********************/

pua(ti,t2)
float til,*t2;

(

float clyc2,c3,c4,c5,¢6,¢c7,c8,c9,¢c10,cit,ci2,ct3;
float t,ti;

extern float 1log()
2xtern float exp()

cl
c2
c3
c4
cHS
c6
c7
cd
c9
c10
cl11
cl2
c13

t =

.
H
H

-5674.5359;
6.3925247;
-0.9677843e~-2;
0.62215701e~6;
0.20747825e-83;
0.9484024e-12;
4.1635019;
-5800.22063
1.3914993;
-0.04860239;
0.41764768a-4;

h

il

it

]

il

1]

= -0.14452093e~7;
= 6.5459673;
ti « 273.15;3 "/* Absolute temperature */

if (ti <= @)
( .
cl/t + g2 + c3#%E + ca4*tRt + cORLHRLHEL + coORLHLHRL AL

t1 =
+ c7*log(t);
*t2 = exp(tl1);
3 .
else

{ ) .

t1:7 = eB/7t + ¢ + clO¥E + cli*t#t + cl2%c*t*t + c13%log(t);
*L2 = exp(ttl);
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/************************************

* FIND WET-BULB TEMPERATURE »

22 XSS S LS SR RS RS SSld E g

fntwChura,tec,tw,pa,td)
float hura,tc,pa,td,*twu;

<
extern float fabs();
float t1,hh1,hh2,cp,tct,td?;
tet = tes
td1t = td;
do
(4
pHU3(*tw ,&t1);
hht = WSS(t1,pa);
hh2 = W(*tw,hhl,tc);
cp = hh2 - hura;j
if C(ep >= 0)
<
tel =ty
*tw = (*tw + td1)/2;
>
if (ep < 0)
<
tdit = H*tw;
*tw = (*tw + tecl1)/2;
>
> while (fabs(cp) >= le-6);
)
/**********************
* #% ERROR ** »
LA S S S22 S S RS R RS e
2rr1()

<
’ int exit();

crt_cls();

printf ("\n\n\n\n\n"); :
printf ("*******************************************%**************f“);

printf ("\n\nThe altitude define for -500 to 2600 m. only ");

printf ("over sea level\n”);
vy -
printf ("*********************************************************** )’

axit(7);
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