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Characteristics of Closed Circuit Cooling Tower
with Variation of Tube Diameter
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**College of Engineering, School of Mechanical Engineering, Pukyong National University,
Pusan 608-739, Korea
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ABSTRACT: This paper presents experimental result of characteristics about Closed circuit
Cooling Tower having a rated 2RT. The experimental apparatus has been set-up with a
conventional type system. The test section is heat exchangers of cooling tower that consist
of different vertical tubes, 15.88mm with 10 rows and columns and 19.05 mm with 8 rows
and 12 columns.

The main results were summarized as follows : The values of heat and mass transfer
coefficients of cooling tower operating with two paths are higher than these with one path.
Cooling capacity per unit volume using 15.88mm tubes are higher than 19.05mm tubes.

Key words : Closed cooling tower(2¥ 2 WZtgl) Spray water(:t%57), Heat transfer
coefficient(@ A =2 A1), Mass transfer coefficient(E 2 A A=)

71 8 M o X Absolute humidity, [kg/kgpal
A Area, [m’] W : Cooling water flow rate, [kg/s]
D Tube diameter, [m]
G Air velocity, [m/s] a2 ZXt
h Heat transfer coefficient, [W/m?-K]
i Enthalpy, [k]/kg] I'  : Flow rate of spray water per unit
k Mass transfer coefficient, [kg/m®-s] breadth, [kg/m-s]
L Spray water flow rate, [kg/s]
m Mass flow rate, [kg/s] RSP
q Rate of hear transfer, [W]

Saturated condition
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Table 1 Experimental conditions

Heat exchanger

Tube diameter 15.88 19.05 [mm)]
Transversal pitch 31.8 38.1 [mm]
Row pitch 39 46 [mm]
. . WO0.318-1.0.6 | W0.305-L.0.6
Dimension HO36 HO525 [m]

; Flow rate [kg/hl| 1560
Cooling water Inlet temperature [C] [32~50
Spray water |Flow rate [kg/h]| 1080

Air Velocity [m/s]|1.0~35
Inlet wet-bulb tenp. [C]  [24~29
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Fig. 3 Heat transfer coefficient A as a function

of flow rate of spray water per unit
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Fig. 4 Mass transfer coefficient k as a function
of Reynolds number

path, Two paths®] #Ee°] Nitsu 579 a3}

vl % JX|eh= Aeke YeERaL ok

One path®.t} Two paths¥ ¢ SHALA S
x

gro] S@be Bilorw, o= A%

2
2o 319 Bolgwel Fhw A Ao 4
7Z45le] Aok 72z Rea7} of 6800"‘ 7
Two paths¥ 7
= s EY ljr

o} 37 A7 %
A% k %e vhet

ol

oft &l

S
A

] %

=
=
=44

iV

o

1560 kg/h
1080 kg/h

15.88 One path w
15.88 Two paths L
19.05 One path
19.05 Two paths

eronm

Mass transfer coefficient k [kg/mzs/ms]

Air velocity [m/s]

Fig. 5 Mass transfer coefficient k per unit

volume as a function of air velocity

27000

24000 1 1560 kg/h

15.88 One path W
G 3 mis

15.88 Two paths
19.05 One path
19.05 Two paths

21000 |

eronm

18000

15000

12000

9000

\\

6000

T

Heat transfer coefficient h | Wim’K im?]

Spary water flow rate [I/min]

Fig. 6 Heat transfer coefficient A per unit

volume as a function of spray water

flow rate
Aol duglr|e] zo|7t A ow AX Yiw
=79 F79 AUFE 50] 15.88mm #7 9
A4nr) 2ol st BAARAS k ghel Z7t @

Holgt AyztEo] Xt} 7]1‘3521 3m/s € AF
19.06mm #4H° Two paths®t One path:=
15.88mm ¢} Two paths®} One pathBE.t} oF 71.1%,

60.2% =2 S HAth

Fig. 6% T Mgt e d9AAT e
Hap FRgel dHGAT B S YER AL
15.88mm #7 Two pathsite]l 7 =& e
HEtlew, o= %57 AFA = 2%
5 Ho] FeHoA FHFRe W dHEEo



15.88 One path
15.88 Two paths
19.05 One path
19.05 Two paths

160

o onm

140

120

100

80 [

Cooling capacity [kW/m3]

1080 kg/h

60 - 3 mis

40

Cooling water flow rate [I/min]
Fig. 7 Cooling capacity per unit volume as a

function of cooling water flow rate
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