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Optimal Design Variables of a Parallel-Flow Heat Exchanger

by Using a Desirability Function Approach
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ABSTRACT: The heat and flow characteristics in a parallel-flow heat exchanger were ex-
amined numerically to obtain its optimal design variables. A desirability function approach
was introduced to optimize its performance with respect to the design parameters over the
design domain. By varying the importance of heat transfer and pressure drop which are out-
put variables, the optimal values of the design parameters are examined. As a result, the us—
age of the desirability function is very effective for the optimization of the design variables in
a heat exchanger since the changes of optimal values are physically appropriate by varying
the importance of each output variable.

Key words: Desirability function(¥t&% #4*), Parallel-flow heat exchanger(% & Qg 7]),
Response surface method(¥t8- %8 %), Optimal design(H 34 A)
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Table 1 Dimensionless geometric parameters of a base model

D L Ly L, R w W H, H, H,
1.00 10.79 0.28 011 1.72 1.60 1.33 1.72 13.07 0.86
L (2) FEFAE ddoln, EAXE EXA2H

(a) Top view

Louvered fin

Passage(flat tube)
Upper header
Inlet Outlet [ —
*

—
th 1 th 2
pa pa \ Lower header

(b) Front view

Fig. 1 Schematic of a parallel-flow heat ex-
changer.

9ol Fuile]l AYTBA(L,)oR RFH5o
F719 gAge stk E ATA9 Mgy
< QuEy] Wiejn, & F4(F7NEH)L AA=
Aoz A g

22 Nuj A A=A

AY4EY Yo 9 2 $F SHE FAHo=
2437 e Ae® sHEe thest 2T,
(1) 339 Bg3el, MFEH BF FIolt

YRE o)F3E B ARt

Q) FRTL dAFZ(UP F¥o] A2 F
AYe, 2 WE FAL wE&sio

919 AL Hestd WYPF ) YR
A5 e F29 AupiAAS YeiE o
&3z ol Zolgt &&= 747 g9 ¢
FAE(DW)T FUEE(u,,)2 FAA8Q9

aU;
3—X,- = 1)
oU;U; 3 2
P+4K
0X; ToX, 3
! 5 (1 2
+ax,{(ﬁ+”‘)( )}
dKU;
aX; aX{
(3)
+u'S—E
OEU; _ 4 1 + 9
X, ~ 90X, 3
@
{clu,s C,
26U; 3 1 . v\ 38
Bufiudiud? S 4 —t
aX, — X, l( Pe * ag)aX,.} ®

FH AR AlRE FAZAL Table 29 89
Ho} vt s IV AFHom 44
2S A @& ogddojlmz dd AAZAL R
o5, &S duie] 2= FHHA g
F Aol AWy @AY o3 oS3 o] ALt
sHA Tt

flo

Table 2 Boundary conditions

Inlet W=W,, Kn=0.01, Ey=0.018 65=1
Solid wall U=V=W=0 ‘g{f =0, a—"’ 0 (header)
OE
Outlet fianA [ Wda, an =0, 45 =0, an =0




5%

enb

Ouat = Nuo AXF1 ©)

Nu,, & AAA ddoz 74 f2 93 F
71el A 9] Nusselt 0] 3, AXE @wHz} ¥w u}
2 4F Az e AgolH, Gy, 0 2 3
AdH w2 AF ZA FAFAA S 2xzolth

23 $xlsl Y

gAY A g o)ikEEtrl fE FENEYL A
&3t Ao AR 14 FHE4
22 AEY, olg wAIE A FAdH(numeri-
cal diffusion)& 34A19]7] 3 24 FFA=
FA3%L datad. =23 FAUNA L £EE A
A37) A8 FFEFARRA A HEFuE HET
u Ay HYE AMSEte v siz ¥ A& A (non-
staggered grid system)olA AL R}
.2 gasst gagdE 24 FERE P A
S5 giadse Huygd vHugez
¥ 5 o9 AFEFE o7l A JuyYe
2 &< ¥ (implicit method)22 s, v Axn
e AgPoNA & (explicit method)22
A 28kl o}

3. 35
3.1 A& 3y

243 #AHL Fig.2¢ Zo] 89 4 Ut}
SA EAQ AE 93 HdAQRAEEF)S 7@
AN H9E AAsIqor @) 4 HAY
o] e 71833 ¥4 2 AF tsHE 2
glste dAdAU. 2 F UYA Y Y (design of
experiments)2 F3 A&¥HoE AYPL I
AE APHASS 93}l o] AFPFHAAM L
A AF9 FANYCFD) 2L o438 x4

& #3591, o] HHARE o83 AA
QAto] wE ¥k¢FH(response surface)S A
9t doj wrgEHo AYANEL A=
BAEtE QER #9387 A8 3538 I8
2, o] BHEEAL AL g BEx FFE AN
¥ F E UEE F5E T AAAQAESY FH
&e 9A 9o

Define Problem
(design variables and
their ranges)

Modeling for anumerical analysis

!

Sensitivity analysis

|

» Design of experiments

|

Numerical experiments using
the CFD analysis

|

Generate response surfaces
for H, P

!

Validation theresponse surfaces

l Yes

Calculate desirability functions
for H, P

l

Calculate overall
desirability function

!

Perform optimization

|

End

Fig. 2 Flow chart of the optimization process.
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036 S X < 0.36
(f) Vertical location of outlet

Fig. 3 A detail of design parameters in this study.
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Table 3 Sensitivity analysis

JF factor

Content Range - Difference Order
Max Min
Xy Inflow angle —30°~30° 1.011 0.974 0.037 2
X, Outflow angle -30°~30° 1.014 0.979 0.035 3
X3  Horizontal location of inlet —-1.85~1.85 1.000 0.991 0.009 4
X, Horizontal location of outlet —1.85~1.85 1.044 0.989 0.055 1
X Vertical location of inlet —0.36~0.36 1.002 0.999 0.003 6
X5 Vertical location of outlet ~-0.36~0.36 1.002 0.997 0.005 . 5
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Table 4 Design of experiments

Point Natural units Coded units Response
Xy X, Xy % % %3 H P

1 —18 —30° —-30° -1 —1 —1 1.040 0.996
2 18 -30°-30° 1 -1 —1 0972 0969
3 —-18 30° —30° -1 1 -1 1043 1.024
4 18 30° -30° 1 1 -1 0987 1.022
5 —-18 —-30° 30° -1 -1 1 1031 0992
6 18 —30° 30° 1 -1 1 0963 0971
7 —18 30° 30° -1 1 1 1041 1.018
8 18 30° 30° 1 1 1 0942 1.009
9 -18 ¢0° 0° -1 0 0 1.046 1.005
10 18 0° 00 1 0 0 099 099
11 0 —-30° 0 0 -1 0 0981 0970
12 0 30° 0 0 1 0 099 1.023
13 0 0° —-30° 0 0 -1 1012 1.019
14 0 0° 30° 0 0 1 0979 09%
15 0 0°c 0 0 0 0O 1000 1.000
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Fig. 4 Comparison of the H, P using RS with
that using CFD.
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Table 5 Desirability function

Heat vs. Optimization result - . Overall desirability
- - Desirability function .
pressure Input variable Output variable function
x;=-0.999 (—1.85)
H=1.034 (1.035 .
1:1 x9 = —1.000 (—30.00°) ( ) ?)323 0.764
x3=0.711 (21.33°) P=0.988 (0.986) ’
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x; =1.000 (1.85)
H=0.978 (0.980 .
1:3 x2=—0.976 (—29.29°) ( ) 0349 0.769
P=0.969 (0.967) 1.000

x3=—0.630 (—18.91°)
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