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Generalization of Logarithmic Mean Temperature Difference Method
for Heat Exchanger Performance Analysis

Motoaki UTAMURA ", Konstantin NIKITIN" and  Yasuyoshi KATO "

Abstract

A generalized mean temperature difference (GMTD) method for heat exchangers is proposed. In the analysis of the
performance of heat exchangers logarithmic temperature difference (LMTD) method has been widely used. This
method, however, limits its application to those heating media with constant physical property. In turn GMTD method
allows analysis with physical property distributed in an entire heat exchanger. Temperature profiles of the heat
exchanger taken as function of heat load in place of axial position, mean temperature difference is evaluated
numerically. It is mathematically demonstrated that LMTD method is an extremity of the GMTD method in the case of
constant physical property. The GMTD method is applied to a hot water supplier with supercritical carbon dioxide as a
heating media which is attracting attention as energy saving tactics. The hot water supplier operates under the condition
of pseudo critical point of carbon dioxide where specific heat behaves anomaly. Incorporating GMTD method averaged
overall heat transfer coefficient and subsequently formula of local Nusselt number are successfully derived for
microchannel heat exchanger while formal application of LMTD method is found to give poor results i.e. two times less

value with a larger error.  This proves the validity of GMTD method.

Key Words: Logarithmic mean temperature difference method, Generalized mean temperature difference
method, Overall heat transfer coefficient, Super critical carbon dioxide, Heat exchanger,
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Fig. 1 Fluid temperatures in a counter-flow heat
exchanger.
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Fig. 2 Temperature difference profile under constant
physical property.
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Fig. 3 Behavior of physical property of carbon dioxide in pseudo critical state.
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Fig. 4 Temperature profile in heat exchanger with
distributed physical property.
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Fig. 5 Temperature difference profile reduced from Fig.
4.
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Fig. 6 Operability and heat exchange capability.
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Table 1 Experimental conditions.

CO, side Water side
min max min | max
Press. (MPa) 9.5 12.6 ~0.25

Flow rate(kg/h) 26.8 81.1 17.4 50.4
Temp.(deg C) inlet 99.2 120.4 4.3 27.6
outlet 19.4 45.6 84.9 93.4
Heat load(W) 1604 4628 1604 4628
Reynolds No Inlet 7351 19773 110 587
‘| Outlet 1832 9960 510 1627
Inlet 1.03 1.05 5.74 11.43
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Fig. 13 Comparison of calculation with experiment.
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