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Abstract

Effect of regional temperature variation on the aptum flow rate of coolant in a
water-cooled condenser was studied. Optimum floweraf water in condenser was
determined through minimization of the total opefahal cost function, obtained
through integration of the cost concept into fluilow theories. The coolant inlet
temperature was varied while running the computesde, developed in C ++ for the
problem, to yield optimum cooling water flow rateompatible with a range of
climatological data in Nigeria. Results obtainedydnd to be in agreement, showed a
proportionate increase in the optimum cooling watflow rate with increase in the
cooling water inlet temperature.
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1.0 Introduction

A steam condenser is a closed vessel, which rexé#ieexhaust steam from the turbine or enginedgti, condensed it and
delivers the condensate to the feed pump. Kurmemesl that cooling water from a cooling tower ohnest sources pass
through the condenser tubes and the steam condenties outside of the tubes [1]. Condensers caadly be classified
into jet or surface type. A common example of stefaondenser is the shell and tube type showngniFiThis equipment
is designed primarily to maintain a low pressureasoto increase the expansion ratio of steam dn, increase the
efficiency of the steam power plant. To achieve,tiiiis essential that the temperature differdmetsveen the inlet vapour
and outlet condensate be as large as possible [1-3]

The logarithmic temperature difference dependshentémperature of the water. Increase in the gyamitivater will cause
a reduction in the necessary amount of heat traaséa. This leads to a reduction in investmentfexedl charges. However,
increase in the quantity of water will lead to gher cost of water and pumping. An optimum flowerabrresponding to the
least total operational cost, therefore, existsalgsis of heat transfer theories, governing theraten of heat exchangers
such as condenser has been carried out [4-6].dunttion of the concept of cost into thermo-fluicblplems has also been
reported [4]. The optimum water flow rate can le¢edmined through minimization of the total costdtion, obtained from
a combination of theories of fluid and heat flowdaost analysis [5, 7].

Climatological records vary with regions. Even iopgical region, some variation is observed in tl@dydmaximum and
minimum temperature of different location [8]. Irgdria, for instance, The ambient temperaturesAkure, Ondo State
Nigeria has been recorded over certain periodsinary, 1998 the mean of which was 302.26 K. Otbsearchers have
reported that while Ikeja in Lagos State has a mearmum temperature of 296 K in January, 2001, ifeman maximum
temperature for llorin, Kwara State for the samenthpis 306.5 K [10]. This results in different aietit temperatures for
water. Hence, variation exists in the coolant inksnperature into a condenser. Thus, in regionf Wit climate, the
temperature difference between the inlet watertbadutlet vapour tends to be small. This obviolnsly to be compensated
for by an increased coolant flow rate; thereforggasting a variation in the optimum cooling watenfrate in a condenser
for different climatic regions.

In this work, a computer program is developed in-@er determination of optimum cooling water floate in a condenser,
using the least cost approach in the analysiseopthvailing flow problems, with variation in theatant inlet temperature.
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2.0 Materials and Method
2.1 Formulation of Problem
The general equation for heat transfer acrossfacm the design of heat exchangers is giveblas [

q = UAATm ................................ (1)

where: g = heat transfer per unit time, (W)

U = overall heat transfer coefficient, (W™
A = heat transfer area, {n

ATm = the mean temperature difference, (K)
For flow of coolant in condenser, the temperatuffegnce driving force, i.e. the logarithmic tematre difference, has
been expressed [4] as:

ATm=—127T0 @)

Tv—Tl
In
TV_TZ
where: Ti1 =inlet temperature of the cooling water, (K)

Tv = the condensation temperature of the vapour, (K)

T2 = exit temperature of the cooling water from camsig, (K).
In the cooling water, the rate of heat transferyret time is:

q= me(Tz —T1) ........................... (3)
where: M = flow rate of cooling water, (kgf$
C» = specific heat capacity of cooling water, (JKYK
Combining equations (1) and (2)'
%v T2

U(T-Ty)

A=qloged ——~—==| e, (4)

Let Cw = cost per unit mass of cooling watetk\) and
t = operational time of the condensaryear, (syf).
The cost of cooling water includes any cost dupumping, which is directly proportional to the ambof water supplied.
Hence, the annual cost for cooling water can beessed as:

Acw =Cwmt (5)
Substituting for m from equation (3);
= S ©®)
Co(T2-Th)
The fixed charge for heat transfer equipment ha® lexpressed [4] in the form;
Fc=CnAK <+ (7

where: Cn = installed cost of the condenser per square-noétitee transfer area—(h>)
K+ = fixed charges including maintenance, expresseafeaction initial

Cost for completely installed equipment.
Combining equations (4) and (7)

.
Fe = CrgKr In }£T2
2—TO
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