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Thermal Performance Characteristics of

Closed Circuit Cooling Tower

Kyung-Hyun Min

Department of Refrigeration and Air Conditioning Engineering,

Graduate School, Pukyong National University

Abstract

The experiment of thermal performance about closed circuit cooling tower
was conducted in this study. An closed cooling tower is a device similar to a
general cooling tower, but with cooling tower replaced by a heat exchanger.
The test section for our experiment has the process that the cooling water
flows from top part of heat exchanger to bottom side in the inner side of tube,
and spray water flows gravitational direction in the outer side of it. Air contacts
its outer side of that as it counter—flows.

The heat transfer pipes used in this experiment are bare tube type and fin
tube type both having an outside diameter of 15.88mm. In order to cut down
expenses for water resources and operation, fin tube is compared with the
existing bare tube. The heat exchanger type is the one consisting of seven
rows and fifteen sections.

In this experiment, heat performance of the cooling tower is caiculated by
summing overall heat transfer coefficient of between the process fluid and
sprayed water and volumetric overall mass transfer coefficient of between
sprayed water and air.

In the case of the heat exchanger with Fin tube, it showed 16.16% higher
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cooling capacity on the wet-mode and 29.65% higher cooling capacity on the
dry-mode. On the wet-mode, it also showed 30% cooling capacity throughout

the system.
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NOMENCLATURE

Effective cross section area of cooling tower [m?]
Effective interfacial area [m®/m’]

Specific heat at constant pressure [k]J/kgK]
Tube diameter [m]

Flow rate of air [kg/h]

Humidity ratio [kg/kg]l

heat transfer coefficient [kW/m°K]

Specific enthalpy [k]J/kgl

Volumetric overall heat transfer coefficient [kW/m®Ai]
Overall mass transfer coefficient [kcal/kg]
Flow rate of spray water [kg/h]

Nusselt number [-]

Prandtl number [-]

Cooling capacity [kW]

Reynolds number [-]

Thermal resistance [m*K/kW]

Surface area of tube [m’]

Temperature [K]

Thickness [m]

Overall heat transfer coefficient [kW/m?K]
Volume of heat exchanger [m®]

Flow rate of cooling water [kg/hl

Effective height of cooling tower [m]

Flow rate of cooling water per unit breadth [kg/ms]
Thermal conductivity [kW/mK]



Subscript

1 Inlet

2 ¢ QOutlet

G Air

i : Inner

L : Spray water
LM : Log mean

Mean
Outer

m
0
w : Cooling water
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test section (@ constant temperature bath
cooling water circulation pump
spray water circulation pump & fan ® data logger

cooling water flow meter ® spray water flow meter

SECHTNS

Fig. 3.1 Schematic diagram of an experimental apparatus
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Fig. 3.3 Photograph of tube bundle in heat exchanger
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(a) Bare Tube

(b) Fin Tube

Fig. 3.4 Photograph of tube using heat exchanger
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Fig. 3.5 Photograph of spray nozzle

Fig. 3.6 Photograph of circulation pump
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Fig. 3.7 Photograph of diaphragm valve

Fig. 3.8 Photograph of sirocco fan

_16_



Fig. 3.9 Photograph of constant temperature bath

ter

1momas

3.10 Photograph of portable cl

Fig.
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Fig. 3.11 Photograph of U-type manometer

Fig. 3.12 Photograph of flowmeter
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Table 3.1. Experimental conditions
Flow Rate [kg/h] 800 ~ 2300
Process Fluid

Inlet Temperature [T] 37
Spray Water Flow Rate [kg/h] 600 ~ 1100
Velocity [m/s] 10 ~ 4.0
Air Inlet Dry-bulb Temperature [T] 5~ 33
Inlet Wet-bulb Temperature [T] 3~ 32
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Fig. 3.13 Photograph of spray water nozzle

Fig. 3.14 Photograph of flowed-down spray water
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Fig. 4.1 Heat balance between spray water and air
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Fig. 4.2 Temperature profile in heat exchanger
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Fig. 4.3 Heat transfer coefficients between spray water and outer

tube surface
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Fig. 4.4 Mass transfer coefficients between spray water and air
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Fig. 4.5 Mass transfer coefficients between spray water and air
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Fig. 4.6 Volumetric overall heat transfer coefficients
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Fig. 4.7 Volumetric overall heat transfer coefficients
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Fig. 4.8 Cooling capacity of cooling water to wet-bulb

temperature
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Fig. 4.9 Cooling capacity of cooling water to wet-bulb

temperature
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