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Generalization of Logarithmic Mean Temperature Difference Method
in Heat Exchanger Performance Analysis
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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
length, 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, Nusselt number
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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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Fig.7 Configuration of mesochannel heat exchanger.

Fig.8 ICaER /L — 7 2R 9, MHEAIEEBRIICIR A S, Wik
DA DR & ZRNRSIRE, WwE, ENENET 5, Ei
W, WFROAY MR & KREE 5 2, KO HOEENFT
EMEIZ 725 K DI R LIRFE O EE I U7z, BRI
ERIE U, B EOBANT v 2 OE S 3 %L LT,

Expansion 11.8MPa Water
Cooler 2 Valve  30° C 25° C
\T,F

Heater 1

:ﬂow rate meter; :diff. press. meter; @ :thermocouple; @ :press. meter

Separator

Fig.8 Flow diagram of supercritical CO, experimental loop.



Fo BRI OENEEERE Lz, & 1IEFERSM 27T,
BEH O Fig3 (OR LI ERRHPA T 5 0 7 — A DOF&MFZEINL
7o MIMEEDIRREEIC L 0 LA ) VRS, 77T > S AVBUE,
EBRr—ZADHIR 5T, BmMNICBWVWTRELEZLLTWD,
DX D IR TR FEMBER 2 ERIICR D, EhE
FENZRFTEMBER L TE BRI DO R A KD 7=,

Table1 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] 1204 4.3 27.6
outlet 19.4 45.6 84.9 934
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
Prandtl No. =5 tiet 206] 289 189] 210
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Fig.9 Comparison of GMTD and LMTD.
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Fig.10 Heat conductance by two methods.
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