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Experimental study on the thermal performance of a cooling tower

o] B &=* & - HF Z F ghx
H. C. Lee, K. H. Bang, M. H. Kim

Key words : Cooling tower(32}%), Thermal performance(®4d%), Wet-bulb temperature( &

%), Relative humidity (At &%)

Abstract

The thermal performance of cooling towers is affected mainly by the velocity, temperature

and humidity of the entering air, In this paper, the effects of these variables are

experimentally investigated for both counter-flow and cross-flow cooling towers. The cool-

ing performance is reduced by up to 50% as the relative humidity of the entering air is in-

creased from 40% to 80%. The higher air velocity and lower coolant flow show better cool-

ing performance. The coolant loss rates in the present experimental conditions are in the

range of 0.4 to 1.7%

-

a, [ GHHAGT 2EALEE, m/m
C, 44, J/keK
DT : B9 d+2x=8} 72%0)e] xjo)(range), C
G 37 BHRE, ke/s
h Dgd, J/kg
CEY AR, ke/ls
RH : &d=le 3719 Bulss, %
T &5 KEE=T
U 235 ADA 4 (overall mass transfer
coefficient), kg/sm
V134 A3, m
* g oitistad

* g ot
733 s

Vail : %olglg]‘—\:‘ %7]9‘] Tgﬁ'-’é"—E’ m/S
SHEX}

a T 27

bw,w . & (bulk water)
in Y7t (inlet)
out : Z&7(outlet)

.M B

WrAgeld el 2ULS ol8she] WAFE
2, 3o AN, 9F - :
AT AN AAEE & AASI= vl 71835
AMEE3 ot olEE WHAES Ad 509d F
ok 723 s 9WM Wet/Dryd So 2



B4y 4% 5

o] M ATH~ n|Zeo] Y5283 (ASHRAE)
o= Watgel digk £3}(Section 8.6) & F1
ALAL 717t g ARE He] aPstn
Act.

aev, FYdAe A2 APTR FolA ¥F
2o a7t FF3 ULz E7Et old of
g AA Zlee] AP wiS- vloksty, 2 A3
7o) 7lg AY E= 939 AAE =9dte 7
o ot & ¢ Uk weA, ZF 88 §
o W& JAge] 4A FHo] EFEIIL, ®
7beEe 34" A Hrt g A3 &4 718
=l @& &AAE 7igsty] ol Aol

HZ #8749 AU BEe wE JAFe v
Fo duiA] duje] B& F4 R ol& 38 V&
NS vfe- Fasith ABael 2 129 P
TAdA B3 tFe] Y5 FEshe ¥AE
o] HA A 4 $HdVE §9¥& u$ dasty
AIFSIL B 4 Ut B3 WAH e aeF-Hw
Ytz g 9 ¥As 2= Ao Ve 2
F2 9= AFsld oA big- e st 7

& 2| shjolrt.

4gg nsts dele A R 2FEd. 3
HAE 3719 B9 2&xeo)d 9% B z
(sensible cooling)°o]xl, FHA= B2 ZA|9
Zugdd 9t ¥z (latent cooling)oltt. wat
A FYEE B¢ frdEe Y el wet 3
A%, & Y 2AA(range)7t A FHeAck Pzt
g d%s JYehle dzrzA, YZ4e ¥AF
=, ¥AF 27 37] §TEA AEE
(approach) 2 W¥Z+4=9] &4E 5& & & U
ol2{g Ygre] 3 Aeol Fad HFRE
PEE 7Y 2, % % =9 B /%

olct.

4ol ¥4 A7

89

yage g3 377 A4dH HdEsd 4& 2d
=AY AE=4 g9ugr](direct heat exchang-
er)o] YFoich. AHF HF InPAlo Fog¢ @
g 7lt2e LR o dudat Fdd 9
g gago] Ut Figle &3 719 AldA
dALELE Mdyes HAgFa . BN
37129 AHGE EIAAGAs) dHBAT
AAH(analogy) & ol&3td A& Al EdEE
do7)E 7% (driving force) & 3 3719 A
guzielz sz 4e] ool A1) 2ol Yo
A Hep.o

Ua,dV(hs,—h.) =LC,dT.,
=Gdh, (1)

A1) B3 37l AT Aol oY +F
2o oaiA AEH FFo] |7} A& A 2
I E Bo] ¢ I e JUehiE ejth
A(1)9] g Faede duwtdos tgn e
7H3E& 7122 .

i) BoA Frize EFALGY dg A
B AJghch.
water inlet air outlet
Tw.in Taout
hbw.in ha,oul
water-air
film
da Bulk air
—>
Ta+dT, hat+dha

water outlet air intlet
Tw.out Ta.in
hbw.ou( ha,in

Fig.1 Heat and mass transfer relationships
between water, interfacial film, and air



90 o] &3 - vkt

2 A(l)e BEE U A@)9 (3 I
& o
Ua,V Cp
= [t @)
Ua,V _ 1
e 3)

A7A (@& B7l 4FRFS wat spEA
B9 2xdislel wet g9 dvIEUR TR
Hsle] vz 3719) dgvgho] Waly] Wl 3
A AR ¥ 47 9o ol wAHes £A3
e zsgzﬂogzsq 7bs8he}. 0
2 AFoNE 34 Az e 93
o} 54& 437 fstd 34" 44
Pt ¥3 12889 me) WAGS A%

AnFol ds Waske F2 ¢
dohse ¢ YAse &4 Y=g

Mo

o o ox

3|

_]l)(n o

X rE 8 -l) ofr
fe}
o
4 %
)lv‘l

2.1 AEEXR|
Wz Gsel dE R el B d9%

o WMEE BHT F U ARINE 2 A}

ta
Hood otz butterfly

heat valve

\.exchanger
T #F3]"  flow control to
valve steam  constant temp.
supply  bath
!
v

] z

water__

supply =

L—‘
J:‘ -

Fitll i B
.o <«
T5 H1F2 {
3
louver
wemy frOM
constant temp.
bath

TN

i
|
l

‘waler
dran AL heatar,

solar'n)i" o +41,H2:Humidity senser
valve, ;i U9F 1 Turbine flow meter
L. AF2,F3 : Air velocimeter

}

T1~T7:RTC

T4 witer. pump
reservoi]

| ) |

blower

Fig.2 Schematic of experimental apparatus

ark. B AFAA MNFEE Fig.2o vebd wh
e F8 FARRE 2Ry
a8 R, §4 o7] 255 2HEE 9’]
T F71EA7, dadr] ¢ g2 Folvh
Zoige olade 73t 11]3}5}“’°“1,
W150x D200 x H400mn Z71e] AVZ} Adz, uf

B Fig.3st 28 A7} ’E}%}Q‘ﬂ A
oh ALSE A WA S AR Fz A

5= Fetad AZe FARE AHEEoH,
Fig.3ollA B%o] vldFHe] 22 g A3 U453
o] & 83& 7R e Aol mojidg
o] A@E =77t W150 X HA00mmQ) Aol
453 g3 Foj7t 20mmd FHAE 1071E )
gyt =3 ARF (cross flow) s} 3FE
(counter flow)& 25 RASHZ] $iste] 23R
SH o EF(slot) g A olmadRe A
SIEE AAEIY FrleEel e wRe
AEE 3tgct. HEFA BE FFske 71+
Bbo] =3l 2719 58 golZo €% 1A
4mn 27| =EHE st ARSI
wagez #4 z+e(in-
duced draft cooling tower) & 2A}3H] QA 2
45718 3719 £790 LAsLen, Wicls
olgatel $UBNe) fEe 22
9] &= 2EE 98 5deo=z A H-

43

o3

= ZiE 394

Fig.3

Photographic view of fill



DA AN FFsE #5718 TR,
o AxE FEAl FAd w2} sl
oz 37| ¥9%s 2HsA

)xhs-]b’i 001 “E‘%-’]

th aglm €A A7 S SHge
A Zutp} "ol (entrainment) 2 3 %9}

Fe A8y Qlstd w8l 22 Af
:—l%‘—‘?—s’% 247] Atoldl ettt

t-Dry& o] Wzgeg AR Hsto #4
7194 drz 23 93NJ= F27 A
3] %’-719—} AQEz FEHe 229
A717] st FHo R
AndrE AAsA. A7N F&8
' WAse F4E Usd 3 Y
REA EfE ] BEEe 71 A

o 5 E

3R
o
2
-{o

w

£ N ope o oo
N

2718 S+ %Eé’béﬂﬂ(humxdxty sensor) &
Agste] +2%9 FgEE EZAstAT. Fig.2e]
AERA AFEd] 2 FHFFAES X7 e
Aok zZt ANEe FAgS HolHYEIZA
(data acquisition system) ¢! Keithley 500A %} ©
olBlxg] ZE1de] VIEWDACS o|83ste PC
oA EA 2 Agskach

Ay

2 49 78

2.2

SARE FUTNY A%, 2E
Wrse) 4% 2 eE 23
3l

)
o oy

~ oz

o

.8m*/ming) £%7)¢ AdvE
7194 AR fEFE 19r7~]°}°d°"4 =5
371 38 FaA gtoz ui&std
Haspetdoh 371 FYToll

%Fﬁ;oﬂ,
St
£ g
ol-,]°{Fl

ax oy

£

FUste] 24712 Hym, L4vldA &
LR fAHUA Bz g st APRE
2o SN 2 FF fel=E k] 34 9]
FAHE AV BE O FeolE
A oA A5z SEoketh
qRe 23487 A5 BE

gatged 344 &8
SEEEET
; slob

Bl 408 $UHZE olgatd A+Ee]
13

Al
(=2 -

£ fuow

T
mlm

o

oF
= rb

é

=75

CE l

ne
>,
ol
u

2}
1 &)
n

4o fo E
) _]l)l'
N

N

#o b + Ju

> o

ok
o H
ol
4
m)-

e ¢
ol g
mlo o, o

Y
_?L
38
k)

ox My ki o to oX
o
e
o
B
U
=2
x
lo
o
o

& 1o
to ot o 8
w

o

qr

L
Jo

N,
o
241
v}

3 2ol disjA Z 2dus

F3stgict. & A¥d
2 133x %7191 A
of g Yz ¥ny
T R gFee 2 27, vlzstglch
BAGNA B4 AAEE HdNE BAH
s gz A y&e DT7} dUAAE ofvigict.

«

%T—::"\_E% 37°
&
H

10.00
Opened : Cross flow Air velocity
i Filled : Counter flow —+r— VE=20m/s
8.00 —<a— V=25 mis
: —E3— ve3onms
4 .\\
- .
5 6.00 S S~
~ s R
S S T
- - -
\\\ ‘\\\
4.00 — B e
SR = _
i \\"‘K:\‘-U ~ o e
T
2.00 —
L ‘ L ‘ Al I A l ¥
30.00 40.00 50.00 60.00 70.00 80.00
RH(%)

Fig.4 Effect of air velocity and relative humidi-
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