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Flow Distribution Characteristics in a Multi-Pass Heat Exchanger

Min-Soo Kim®', Soojin Kang®, Kwan-Soo Lee'

*Graduate School, Department of Mechanical Engineering, Hanyang University, Seoul 133-791, Korea

School of Mechanical Engineering, Hanyang University, Seoul 133-791. Korea

ABSTRACT: This paper numerically investigates to evaluate the performance according to
the number of passes and the inlet/outlet diameter in a multi-pass multi-branch heat
exchanger. A JF factor is used as an evaluation characteristic value to consider the heat
transfer rate and the pressure drop simultaneously. It estimates the performance according to
the number of passes and the inlet diameter of the reference heat exchanger. When the ratio
of the inlet diameter to the header height is about 0.5, the optimum number of passes is
selected along with the inlet diameter.
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(a) Exterior of a multi~pass heat exchanger
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(b) 4-pass heat exchanger
Fig. 1 Schematic diagram of a typical
multi-pass heat exchanger
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Fig. 2 Various pass arrangements for the heat

exchanger (inlet diameter : 30 mm)
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Table 1 Boundary conditions

m,=0.02115 kg/s. T =T ,=5TC

Inlet of the
5 C Kk

fil‘l k ,‘,,=0.0l U' in

in & T 0.05D,, °

Inlet of thel m ,=0.004 kg/s, T =T ,=-30T

multi-pass ] C k*
k fn:O'Oluzin yE T 3

heat exchanger 0.06D,,

Qutlet

Contact region| ¢

wall ™

v wull: w wallz 0
between flud aT | 5T

and solid

du, du; 2 du;
(v ij) err= Werr aXi an )

(2) ;1A 49 (solid region)
< (fin), A (baffle), B(wall)e] A HF-
Mol Ax WA AL o1 o,

k,—5 =0 (10

A G Zds 3 sidstr] Hated] HEF A
A &

Table 1| YelY AT},

A FIN) R AT AEFD w2 AsE v
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99l 20 T 50 mmolA 5 mmztEd o ® HEHAH
onf Qe 79 AVE ZA Tk w2
e AR Agoew Jz:F7F HH HF
Heg AT 2o upg} &4l 2, 4, 6, 8, 12 9]
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Table 2 The performance of heat exchangers

D(mm) N DIH [ (W) 4pPa) JF

2 0.167 1043 99.0 0.54
4 0.333 1117 130.5 0.62
20 6 0.5 117.7 122.2 0.64
8 0.667 121.0  201.6 0.58
12 1 1249 6104 0.49
2 0.208 1034 37.0 0.76
o5 4 0.417 1117 45.7 0.34
6 0.625 117.3 68.8 0.79
8 0.833 121.0 150.0 0.78
2! 0.25 104.2 18.6 1
30 4 0.5 111.8 27.1 1.02
6 0.75 117.4 51.2 0.88
8 1 120.8 134.1 0.71
2 0.292 104.2 10.6 1.25
35 4 0.583 1114 19.3 1.18
6 0.875 116.6 49.9 0.91
2 0.333 1046 6.9 1.52
40 4 0.667 112.0 15.8 1.32
6 1 116.4 49.9 0.94
45 2 0.375 105.5 5.1 1.75
4 0.75 112.4 14.3 1.36
50 2 0.417 106.5 4.2 1.89
4 0.833 112.4 13.7 1.39

* 1 reference heat exchanger
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Fig. 3 JF factor with respect to the ratio of
the inlet diameter to header height
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(3) Header width
X,=10

X,=%0 !

S

: (1) Inlet location

(4) Separator
locati --—--~l~-—.\',=2|s
X, =190=-=-}-

(2) Outlet location

Fig. 4 Ranges of the design parameters
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Table 3 Ranges and levels of the normalized

design parameters

Design Normalization
parameter —1l{lower) O(ref.) + 1(upper)
X1 145 mm 180 mm 215 mm
Ko 25 mm 60 mm 95 mm
X3 20 mm 50 mm 80 mm
X4 50 mm 120 mm 190 mm

24 132
20 .,.J-’""-».A 124
,-8""~

" -

&z, -t t
Roqsl 118 g
12 "o {om

} ~—
\0\0
0oy
08y | . , 400
1 0 1

Fig. 5 JF factor and flow distribution uniformity with

respect to the inlet location
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Fig. 6 JF factor variation with respect to the design

parameters other than the inlet location

- 741 -



Table 4 The sensitivity of the design parameters

Range JF factor

(mm) Max Min

Content

Difference Order

Inlet 1457215 2.018 1.672 0.346 2
Outlet 25795 1.941 1.771 0.170 4
Header
width

Separator 507 190 1.905 1.657 0.248

120780 1.983 1.145 0.838 1
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