International Journal of Engineering & Technology7 (4) (2018) 235-2580

International Journal of Engineering & Technology

Websitewww.sciencepubco.com/index.php/IJET
doi: 10.14419/ijet.v7i4.6698

SPC Research paper

| nvestTlgmatkxar gy bBfaFdmoecead nbDEeE
Cooli ng Tower

Fadhil Abdulr azzaq Kareem'*, Mustafa J. Al-Dulaimi %, Noor Samir Lafta®

! Institute of Technology Baghdad, Middle Technical University, Baghdad, Iraq
2Department of air conditioning and Refrigeration Engineering Technologies, Al Esraa university collage, Bagttdad
*Corresponding author Enail: Mustafa@esraa.edu.iq

Abstract

The performance of a forced draft wet cooling tower was investigated experimentally and the calculation was performgitidy appl
second law of thermodynamics (exergy analysis). The mathematical model was developed by using engineering equatiog)solver (EE
software. The results show that the chemical exergy of air increases from the bottom to the top of the cooling toweraltlesettagy

of air decreasefrom bottom to the top of the cooling, the exergy of water decreases from top to the bottomaalititgetower. The

exergy destruction decreases from bottom to the top of the cooling tower, and the exergy efficiency decreases fronbationo ofie

the cooling. The exergy destruction tends to increase as the inlet wet bulb temperature increases aelgy efficiency decreases.

As waterair flow rate ratio increases the exergy destruction increases while the exergy efficiency decreases. The resultsheiiew that t
is an inverse proportional He/een exergy destruction and exergy efficiency.
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N. Bozorgan[5] presented a mathematical model to analyze the
exergy of acounter flow wet cooling tower . The obtained results
showed that the water makes more exergy than air. The results
Cooling towers are commonly used in large thersyatems, such also showed that the water exergy decreases from the top to the
as industrial power generation units, refrigeration and airieondbottom of the cooling tower, while the exergy of air increases
tioning plants, chemical and petrochemical industries to dissipat®em the batom to the top of cooling tower.

process heat. The heat absorbed from such systems is dissipatachtgn et al [6] investigated the heat and mass transfer mechanism
the atmosphere using the cooling towEe heat is dissipated by and performance characteristics of counter flow cooling towers
convection between drops of water and external air and also iising a detailed theoretical model. In this model, an approximate
evaporation of small water droplets so that heat and mass trangfguation was used to calcidatet air enthalpy. This equation was
occurs in cooling tower [1]. Exergy analysis is a valuable tberm obtained from the thermodynamic properties of saturatedatir
dynamic strategy for evaluating andgroving the efficiency of vapor mixture. To obtain proper results calculating accurately the
the systems so the exergy efficiency and exergy destruction, it qaoperties of wet air appears to be essential.

be used to optimize the economic performance of the systems [Rhalifa [7] proposed a mathematical el based on Merkel tbe

T. Muangnoi[3] used the exergy analysis to indicate exergy angy with some simplifications to analyses the exergy of a counter
exergy destruction through theating tower. The model of the flow Induced draught cooling tower. The result showed that-exe
analysis was compared with experimental data. The results shgy of water decreases from the top to the bottom of the cooling
that water exergy increases continuously from bottom to top of thewer, the thermal exergy of air decresdrom the bottom to the
cooling tower. Also it is noted that the exergy of the air increasesp of the cooling tower while the chemical exergy of therair i
continuously from bottom ttop of the cooling tower. The results creases from the bottom to the top of the cooling toAdso, the
show that the highest exergy destruction is located at the bottegsults showed that the exergy destruction increases from the bo
of the cooling tower, and finally the amount of exergy absorbed lygm to the top of the cooling towe

air is smaller than that supplied by watér Ataei[4] introduced a Q. S. Mahdi 2016 [8] in this study the performance analysis on
mathematical mdel to predict the performance of a counter flowthe cooling tower depended upon the second law of thermodyna
wet cooling tower using exergy analysis. The amount of exergys, a prototype of the cooling tower was manufactured with ¢
supplied by water is larger than that absorbed by air. The exergycity of 9 kW, the result shows that the exergy destruction was
corresponded to convective transfer decreases from bottom to tpended on the inlet wet bulb temperature as the wet kb te
top of the coling tower while the amount of that corresponding tgerature increase due to increase in the exergy destruction and this
evaporative heat transfer increases from the bottom to the top. H#fect on the exergy efficiency, as the wet bulb temperatire i
results showed that the exergy of air via convection has been w#sase due to decrease in the exergy efficiency, and it isnshow
an increase from the bottom to the top of the cooling tower whetigat the exergy destruction was directly proportional to water flow
the exergy of air via evaporation was decreasing from the bottamite, air flow rate, and inlet cooling water temperature whereas.

to the top of the cooling tower. On the other hand, the water exahis research applies exergy analysis to investigate therperfo
gy decreases from the top to the bottom of the tower. mance of a forced draft wet cooling tower in Iragi clienaThe

1. Introduction
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research investigates the impact of inlet air wet bulb temperature .
(WBT) and the ratio of water mass flow rate to air mass flow ray substituting and simplifyingquations the total heAN can be
(L/G) ratio on the performance of such towers. written as

v~ z

2. Mathematical model AN

z E E (8)

Figure 1 shows the schematic diagram of theiegdlower. The Also, the total heat transfer can be written as
water flows downward and the air flows upward. The following

assumptions are considered when the cooling tower is modeled:AN , z# z A 4 9)
1) The cooling tower is divided into 100 CV for thermal and
mass analysis Substituting eq (9) in ), the following equation can be written
2) Steady and local uniform (uniform at each erssctional
area) flow oz (10)
3) The Heat transfer from the tower wall to the surrounding is
neglected . .
4) The Heat transfer from pump and fan to the water and airWhere E E is the arithmetianean enthalpy difference in
neglected the control volume. In order to calculate the dry bulb temperature
5) The changes in potential and kinetic energies are neglectedf the air inside the cooling tower, the inlet conditions of the e
6) The crosssectional area dhe tower is constant tering air must be known. The balance of the rate of sensible heat
7) The specific heats of water and dry air specific heats ateansferat any section of the cooling tower permitécaéation of
constant. the air outlet [9]

8) One dimensional temperature variation, i.e. temperaturghe sensible heat balance can be written as
change in vertical direction.

_ vz zA4 EzA) A B bt (11)
Water in Air out
My Tusis B Mgao, DBT,,
l T BT oo Solve for4 ;
W,y + dw, B % B B B
o ha+ di, 4 _ (12)
4 aH Where% is equal to the— from eq (10) divided by 2*G
1 The cooling tower was divided into 100 control volume; the- go
T erningequations of the cooling tower device wdesign in EES.
"r““'_:':“ Mar ha, Wa The total exergy of the humid air can be divided into thermal e
v ergy and chemical exergy. For steadgte psychometric process
without the effect of kinetic and potential energy, and neglecting
Muos Tuwor Mo ma;, DBT;, the change of pressure through the coolingeto the thermal
WBT;, haj, .
1 Wy exergy of the air can be represented as(J
Water out Airin
Fig. 1: Control Volume of the Model. ANz Yy Y YzQnzaeL
ow; O R ¢ <
The mass balance of control volum¢3sbs]: T p2wnz Vg Y YZwnzae—
A, "R (1) And the chemical exergy of the air can be representfiis

And the energy balance of the control volume is: Vv gy 8tk
~ o o 8 z
"ZAE L z# 24 Ay 24 @ O@n OZT sy zyzg g8 ¢ )
h
Re 8

]
Substituting eq (1) into eq (2)
By neglecting of the mechanical exergy of water, the total exergy

"ZAE L zH 24 "zAYzHg 24 (3) of water could be expressed as [4]
The change of air enthalpy in the control volume is 0 O "™l Rz ORZ Ys Y Yzonz
AE —zH z4 AyzH z4 (4) ae— Y2 YzaeY'o (15)

THee total exergy destruction represents the differences between the
exergy inlet and the exergy outlet whialcludes thermal and
chemical exergy of air and exergy of water [11]

The total amount of heat transfer between air and water can
written as dunction of latent heat and sensible heat a8]{7

AN AN AR G .. - o
Ow g BO wy BOw j (16)

The latent heat can be calculated from [7]: o ) )

AN E zEzAlz 5 ) (6) The exergy efficiency is the ratio between the exergy out and the
exergy in of the coolingower represent the actual performance of

And the sensible heat can be calculated as [7] the cooling tower [, [10], [11]

AN EzAl1z 4 4 (7)



International Journal of Engineering & Technology

2577

The constant values of air and water vapour are used [5]:

on PSIMREQ® ,Of p& X QIQ® 00
TP DD 'Y pding pQRIEQD Y
™ o0 QY .

3. Description of the cooling tower

The cooling tower used in this investigation is shown in Figure 2.
The dimensions dthe test rig are 0.2 m in length, 0.2 m in width
and 0.8 m in height. The cooling tower is filled with 12 cartons
packing fills; the height of each one is 5cm. The water flow is
induced by using a centrifugal water pump. The flow meter is
calibrated with aeference flowmeterThe spray nozzles aresdi
tributed equally in order to ensure uniform spreading of water on

the packing fills. The spray nozzle is a piece of pipe with 4 holgg the present work, the exergy analysis is employed to investigate
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Fig. 3: Thermocouples Calibration

. Result and discussion

of diameter 2 mm. The flow of air is induced by using a blowestfect of inlet air wet bulb temperature (WBT) and tagio of

and a dampeis used to control the flow rate of the air through tthater mass flow rate to air mass flow rate (L/G) on the perfo

rig. The flow rate of air is measured by using a manometer on thfance of a forced draft wet cooling tower.

sides of an orifice. The orifice is manufactured according to thﬂgures 4, 5 and 6 present the effect of inlet air wet bulb temper
British standards.The manometer is calibrated with referencqure (WBT) and the ratio of water mass flow rate to air mass flow
digital manometer. The orifice is fixed after a certain distan%te (/G on the chemical exergy of air. The results show that the
from the blowerA flow-meter fixed on the discharge pipe of thechemical exergy of air increases upward from the bottom to the
pump is used to measure the flow rate of the water. Six thermop of the cooling Tower. This is because the chemical exergy of
couples of type K are used to measure the temperatures. Faiiris strongly affected by air moisture and the moisture increases
thermocaiples are used to measure the air dry bulb and wet bylBward. Also it can be seen that the chemical exergy ofnair i
temperature at the inlet and outlet, while two thermocouples afeases with the increase of inlet air wet bulb temperature (WBT)

used to measure the temperature of the water at the inlet and ouyled. the ratio of water mass flow rate to air mass flow. rahis

The Calibration of thermocouples are shown in figure 3. Tfee relcan be attributedo the increase in thermal exchange causes by

tion between the reference temperature and that of thermocoupdggaporation.

is linear which indicates there is no or a very small d@rrdhe-

high humidity so that a flexible duct connected to the tosier

mocouples reading. The exhaust air from the cooling tower has i o 0 08
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Fig. 2 The Test Rig.
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Fig. 4: Chemical Exergy of Air for (WBT=1%C).
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Fig. 5: Chemical Exergy of Air for (WBT=2¢C).
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Fig. 6: ChemicalExergy of Air for (WBT=22°C).
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This because any increase in (WBT) of inlet air causes an increaate to air mass flow rate (L/G) increase.

in enthalpy poteitial betwesn the saturated steam and the su

roundings. Also the increase in (L/G) leads to higher heat transfer. *
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Fig. 7: Thermal Exergy of Air for (WBT=12C).
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Fig. 8: Thermal Exergy of Air for (WBT=28C).
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Figures 1011 and 12 present the effect of (WBT) of inlet air and
perature (WBT) and the ratio of water mass flow rate to air magsitio of water mass flow rate to air mass flow rate (L/G) on the
flow rate is shown in figuref/-8] and[9]. The thermal exergy of exergy of water. It is clear that the exergy of water decreases
air tends to decrease upward from the bottom to the top of tHewnward from top to the bottom of the cooling tower. This is
cooling Tower. It can be noticed thide thermal exergy of air is because the temperature of flowing flow water is higher at the top
directly proportional with inlet air wet bulb temperature (WBT) of the cooling tower than at the bottom. Also the exergy of water
and the ratio of water mass flow rate to air mass flow rate (L/Gncreases as (WBT) on inlet air and the ratio of water mass flow
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Figures[13-14] and[15] present the effect of (WBT) of inlet air o 0 o
and the ratio of water mass flow rate to air mass flow rate (L/G) ) )
. . . - bl eV, 7
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Fig. 18: Exergy Efficiency for (WBT=25C).



