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NUMERICAL STUDY FOR THE FULL-SCALE ANALYSIS OF PLATE-TYPE HEAT EXCHANGER
USING ONE-DIMENSIONAL FLOW NETWORK MODEL and ¢-NTU METHOD

Minsung Kim,' June Kee Min” and Man Yeong Ha'
'School. of Mechanical Engineering, Pusan Natl Univ.

“Rolls-Royce Technology Centre in Thermal Management, Pusan Natl Univ.

Since a typical plate heat exchanger is made up of a huge number of unitary cells, it may be impossible to
predict the aero-thermal performance of the full scale heat exchanger through three-dimensional numerical simulation
due to the enormous amount of computing resources and time required. In the present study, a simple flow-network
model using the friction factor correlation and a thermal-network model based on the effectiveness-number of
transfer units ( £-NTU) method has been developed. The complicated flow pattern inside the cross-corrugated heat
exchanger has been modeled into flow and thermal networks. Using this model, the heat transfer between
neighboring streams can be considered, and the pressure drop and the heat transfer rate of full-scale heat
exchanger matrix are calculated. In the calculation, the aero-thermal performance of each unmitary cell of the heat
exchanger matrix was evaluated using corrvelations of the Fanning friction factor f and the Nusselt number Nu,

which were calculated by unitary-cell CFD model.
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Fig. 1 Typical configuration of cross-corrugated cross-flow
heat exchanger using symmetric profile; (a) matrix
and (b) unitary cell used in CFD calculation
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Fig. 2 Flow phenomena inside intercooler heat exchanger:
() Spiral flow and (b) Linear flow
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Fig. 3 Definition of unitary cell used in the network
analysis; (a) the diamond-shaped unitary cell and
(b) the configuration of node and branch in a single-
layer heat exchanger
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Fig. 4 Network topology for cross-flow arrangement:
(@) HP side and (b) LP side
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Fig. 5 Network topology for counter-flow arrangement:
(a) HP side and (b) LP side
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Fig. 7 Fanning friction factor and Nusselt number with variation of Reynolds number (8 = 90°, P/H = 2.2): (a) HP side and (b) LP side
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Fig. 12 Distribution of the Nusselt number on the bottom plate of
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