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A Study on Cross Type Heat Exchanger Using Element Method
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ABSTRACT

A thermal analysis method taking into account energy balance in each elements of heat
exchanger was introduced. This method has a merit in predicting the temperature field over
the heat exchanger in detail. To verify this method, the results were compared with the pub-
lished ones. The thermal analysis of the radiator in vehicles was also conducted and the results
were compared with experimental ones. It is concluded that this method can be used in thermal
analysis with relatively small error. When the velocity profile of inlet air is not uniform, the
outlet temperature of cooling water is higher than that of uniform velocity profile.
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Table! Flow conditions and properties of
air and water for intercooler
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Table 2 Comparison of results for intercooler

oudlet temper outlet temper- total heat
ature of water ature of air transfer rate
Kays and
London's 27.7 (C) 26.7 () 2.20 x 10°
result (kcal/hr)
Present | 27.74(T) 25.50 (T) 2.22 x 1¢f
result (kcal/hr)
Relative
error 0.14% 4.7 % 091 %

Table3 Flow conditions and properties of
air and gas for regenerator

Air Gas
Mass flow rate(kg/s) 243 24.7
Inlet temperature(T) 175 430
Free-flow arca(m?) 1.85 0.929
Viscosity(Pa s) 2.85 x 10} 3.02 x 10°®
Specific heat capacity(kJ/kg K) 1.05 1.08
Density(kg/m’) 5714 0.578
Heat conductivity(W/m C) 0.0427 0.0535
Total heat transfer area(m®) 1531

Table 4 Comparison of results for regenerator

outlet temper- outlet temper- |  total heat
ature of gas ature of air ransfer rate
Kays and
London's 247 (T) 366 (T) 4.19 x 10¢
result(kcal/hr)
Present 248.5(¢) 364.6 (C) 4.16 x 10°
result (kcal/hr)
Relative
error 0.61 % 038 % 0.72 %

Air Water
Inlet mass flow rate (kg/s) 25 50
Relative humidity (kg/kg) 0015 -
Inlet temperature (T) 127 15
Free-flow area(m?) 0.038 0.773
Viscosity(Pa s) 1.99x10° | 976x10%
Specific heat capacity (kJ/kg K){ 1.02 4.18
Density(kg/m*) 273 998
Heat conductivity(W/m T) 0.028 0.6
Total heat transfer area (m?) 4240

Fig.4 A direct—type gas turbine regenerator
for a open—cycle plant®’
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Tableb Geometry data and inlet conditions
for radiator
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Ident. Dimension(mm)
Width 418
Radiator Height 300
Depth 32
Pitch 13
Louvre Height 0.289
Length 10
Fin Height 13
Flow area of a tube(mm?) 21.6
Shape of a tube 2mm x 13 mm, elliptic
Inlet temperature of water(C) 95
Inlet temperature of air(T) 35
100

18t tube

Temperature of water (C)
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Fig.6 Temperature profiles of 1°* and 2™
tubes
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Fig.7 Heat transfer rates versus air flow
rates varying water flow rates
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Table6 Effects of velocity profiles on heat
transfer rate

Case 1 Case 2 Case 3
Heat rans- | 2.111 x 10* 1.960 x 10° 1962 x 10*
fer rate (kcal/hr) (kcal/hr) (kcal/hr)
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