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NUMERICAL STUDY OF THE HIGH-SPEED BYPASS EFFECT ON THE AERO-THERMAL
PERFORMANCE OF A PLATE-FIN TYPE HEAT EXCHANGER

Jun Seok Lee, Minsung Kim, Man Yeong Ha and June Kee Min’

School of Mechanical Engineering, Pusan National University

The high-speed bypass effect on the heat exchanger performance has been investigated numerically. The
plate-fin type heat exchanger was modeled using two-dimensional porous approximation for the fin region.
Governing equations of mass, momentum, and energy equations for compressible turbulent flow were solved
using ideal-gas assumption for the air flow. Various bypass-channel height were considered for Mach numbers
ranging 0.25-0.65. Due to the existence of the fin in the bypass channel, the main flow tends to turn into the core
region of the channel, which results in the distorted velocity profile downstream of the fin region. The boundary
layer thickness, displacement thickness, and the momentum thickness showed the variation of mass flow through
the fin region. The mass flow variation along the fin region was also shown for various bypass heights and Mach
numbers. The volumetric entropy generation was used to assess the loss mechanism inside the bypass duct and
the fin region. Finally, the correlations of the friction factor and the Colburn j-factor are summarized.
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Table 2 Reynolds number and Mach number for the velocity

Velocity(m/s) Mach number Reynolds number
100 0.29 61529.81
110 0.32 67682.80
120 0.35 73835.78
130 0.38 79988.76
140 041 86141.74
150 0.44 92294.72
160 0.47 98447.70
170 0.50 104600.68
180 0.53 110753.67
190 0.56 116906.65
200 0.59 123059.63
210 0.62 129212.61
220 0.65 135365.39

Table 3 Detailed design space for the bypass height study

Table 1 Coefficient of porous media approximation for the present Bypass Height(Hc)(mm) Bypass ratio(Hc/Hy)
study 525 21
425 17
Coefficient Values 325 13
1/a 3.1720E+06 225 9
(03 2.0336 115 5
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Table 4 Predicted aero-thermal performance according to bypass

height and Mach number

Mach Siric Sheat Bejan
number| HoHF Spieot Swao | Shicot Shmo | Number
21 0.5334 0.4666 0.4666

17 0.5485 0.4691 0.4622

0.29 13 0.5742 0.4731 0.4548
9 0.6248 0.4802 0.4409

5 0.7568 0.4936 0.4073

21 0.8432 0.5334 0.1568

17 0.8639 0.5485 0.1559

0.59 13 0.9015 0.5742 0.1542
9 0.9753 0.6248 0.1514

5 1.1890 0.7568 0.1466
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Table 5 Coefficient of / + Re at 2 dimension correlations

HyHr A B C D
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Table 6 Coefficient of / + Re at 2 dimension correlations
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