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11.3 m Heat Exchanger Analysis

TABLE 11.2 Representative Values of the
Overall Heat Transfer Coefficient

Fluid Combination U(W/m? - K)
Water to water 850-1700

Water to oil 110-350

Steam condenser (water in tubes) 1000-6000
Ammonia condenser (water in tubes) 8001400

Alcohol condenser (water in tubes) 250-700
Finned-tube heat exchanger (water 25-50

in tubes, air in cross flow)

determination of the overall coefficient. For example, if one of the fluids is a gas
and the other is a liquid or a liquid—vapor mixture experiencing boiling or con-
densation, the gas-side convection coefficient is much smaller. It is in such situ-
ations that fins are used to enhance gas-side convection. Representative values
of the overall coefficient are summarized in Table 11.2.

For the unfinned, tubular heat exchangers of Figures 11.1 to 11.4, Equation
11.1 reduces to
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where subscripts i and o refer to inner and outer tube surfaces (A; = #D,L,
A, = @D, L), which may be exposed to either the hot or the cold fluid.

11.3
lleat Exchanger Analysis: Use of the
0 Mean Temperature Difference

To design or to predict the performance of a heat exchanger, it is essential to
relate the total heat transfer rate to quantities such as the inlet and outlet fluid
temperatures, the overall heat transfer coefficient, and the total surface area
for heat transfer. Two such relations may readily be obtained by applying
overall energy balances to the hot and cold fluids, as shown in Figure 11.6. In
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Ficure 11.6  Overall energy balances for the hot and cold
fluids of a two-fluid heat exchanger.

particular, if ¢ is the total rate of heat transfer between the hot and coldfi
and there is negligible heat transfer between the exchanger and its surro
ings, as well as negligible potential and kinetic energy changes, applicatiof
the steady flow energy equation, Equation 1.11e, gives

q = (i — ino)
and

q =i, ~ i)
where i is the fluid enthalpy. The subscripts & and c refer to the hot and cold!
ids, whereas i and o designate the fluid inlet and outlet conditions. If the fi

are not undergoing a phase change and constant specific heats are assuf
these expressions reduce to

q = 1o (Thi = Tho)
and
g = mccp,c(Tc.o I Tc.i)

where the temperatures appearing in the expressions refer to the mean
temperatures at the designated locations. Note that Equations 11.6 and 117
independent of the flow arrangement and heat exchanger type.

Another useful expression may be obtained by relating the total heat i
fer rate ¢ to the temperature difference AT between the hot and cold fi
where

AT=T,-T,

Such an expression would be an extension of Newton’s law of cooling, i
overall heat transfer coefficient U used in place of the single convection ¢0
cient h. However, since AT varies with position in the heat exchanger, itis!
essary to work with a rate equation of the form

q=UAAT,

where AT,, is an appropriate mean temperature difference. Equation 11.9
be used with Equations 11.6 and 11.7 to perform a heat exchanger analysis:
fore this can be done, however, the specific form of AT,, must be establis
Consider first the parallel-flow heat exchanger.




