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Thermal and Flow Analysis for the Optimization of
a Parallel Flow Heat Exchanger
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Abstract

The present paper examines the thermal and flow characteristics of a parallel flow heat
exchanger and investigates the effects of the parameters on thermal performance by defining the
flow nonuniformity. Thermal performance of a parallel flow heat exchanger is maximized by the
optimization using Newton's searching method. The flow nonuniformity is chosen as an object
function. The parameters such as the locations of separator, inlet, and outlet are expected to have
a large influence on thermal performance of a parallel flow heat exchanger. The effect of these
parameters are quantified by flow nonuniformity. The results show that the optimal locations of
inlet and outlet are 19.73mm and 10.9mm, respectively. It is also shown that the heat transfer
increases by 7.6% and the pressure drop decreases by 4.7%, compared to the reference model.
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Table 1 The geometry conditions (unit : mm).
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Fig. 1 Schematic diagram of PFHE (reference model).
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Table 2 7 and S, used in Eq. (1).
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Conservation 1 0
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Table 3 Passage number of reference model and models 1~7 in each paths.

Path number 1

2 3 4

Model

Passage number (number of tubes)

Reference model 1~9(9)
Model 1 1~8(8)
Model 2 1~9(9)

Model 3~7 1~9(9)

10~17(8) 18~22(5) 23~27(5)
9~15(7) 16~21(6) 22~27(6)
10~17(8) 18~23(6) 24~27(4)
10~17(8) 18~22(5) 23~27(5)
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Fig. 3 Flow distribution rate of reference model in each path.
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Table 4 Flow nonuniformity and heat flux ratio of reference model and models 1~7.
Model (path, Lin*, Low*) Path number 1 2 3 4
Reference model Flow nonuniformity (x10°) 0.04 3.34 4.10 1.16
(9-8-5-5, 13, 11) Heat flux ratio 1.31 0.89 0.87 0.96
Model 1 Flow nonuniformity (x10°%) 0.01 0.86 9.43 1.23
(8-7-6-6, 13, 11) Heat flux ratio 1.43 1.13 0.71 0.89
Model 2 Flow nonuniformity (X 10°%) 0.04 42.30 48.62 1.38
(9-8-6-4, 13, 11) Heat flux ratio 1.88 0.34 0.31 0.93
Model 3 Flow nonuniformity (X 10% 4.15 1.30 0.03 0.26
(9-8-5-5, 3.675, 11) Heat flux ratio 0.74 0.93 1.26 1.07
Model 4 Flow nonuniformity (X 10°%) 0.85 0.70 3.36 0.16
(9-8-5-5, 22.315, 11) Heat flux ratio 1.05 1.06 0.76 1.13
Model 5 Flow nonuniformity (x10%) 10.54 2.65 0.003 0.57
(9-8-5-5, 34.965, 11) Heat flux ratio 0.73 0.95 1.31 1.09
Model § Flow nonuniformity (x10% 0.02 1.29 4.19 4.73
(9-8-5-5, 13, 4.215) Heat flux ratio 1.51 0.99 0.84 0.80
Model 7 Flow nonuniformity (x10°% 0.08 2.60 9.91 2.45
(9-8-5-5, 13, 27.8) Heat flux ratio 1.33 0.91 0.83 0.91
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Table 5 Comparison of the flow nonuniformity, nondimensional outlet temperature, and nondimensional

pressure dorps in all models.

Flow nonuniformity

Model(path, L,*, Lou*)

Nondimensional Nondimensional

{(X10%) outlet temperature Pressure drop
Reference Model | 98 0.500 100.0
(9-8-5-5, 13, 11.0) ) ’ :
Model 1 2.59 0.504 105.3
(8-7-6-6, 13, 11.0) - ?
Model 2 23.56 0.531 116.5
(9-8-6-4, 13, 11.0) h ‘ '
Model 3 1.82 0.502 96.7
(9-8-5-5, 3.675, 11.0) :
Model 4 1.14 0.492 100.4
(9-8-5-5, 22.315, 11.0) ’ : '
Model 5 4.41 0.528 99.8
(9-8-5-5, 34.965, 11.0) '
Model 6 2.04 0.503 97.4
(9-8-5-5, 13, 4.215) ) )
Model 7 3.09 0.503 109.4
(9-8-5-5, 13, 27.800) ' ' ’
* T unit (mm)
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