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Abstract: This paper optimized the design parameters of the offset strip fin in a heat exchanger. To decrease the
pressure drop and increase heat transfer, the performance factors such as j/f, j/f'*, and JF, which could be used to
estimate the pressure drop and heat transfer simultaneously, were employed as the criteria for optimization. In the
present study, STDQAO, PQRSM, and MGA were used for solving the constrained nonlinear optimization problem.
The JF factor and heat transfer performance of the optimized offset-strip fin were greater than those of the reference
offset-strip fin by 36% and 280%, respectively.
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Fig. 1 Schematic of offset strip fin
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functions and optimization methods

Objec-

tive Method a o v Result
STDQAO 1.05 0.01 0.045  0.447

Jif PQRSM  1.05 0.01 0.045  0.455
MGA 0.1 001 015 0742

STDQAO 0.  0.06 0.048  0.038

Jif? PQRSM 0.1 006 0048  0.089
MGA 0.1 005 0.15  0.089

STDQAO 0.1  0.06 0.048  1.203

JF PQRSM 0.1 0.06 0.048  2.787
MGA 0.1 005 0159 2790

o]

)

=
-

&R A FPe ol i nke ot A)F
) ju S fg B O1EIAO AT ol
A& Aol 2 UARS wolnw goss) 4
AgNE BAGEE FE A,

0
r

w
w

L
-]
1z

M o o
ne
=
o 0]0
~,
rlr
r2
ol
o

||\
rlo

= %ﬂﬂﬂ
w3719 As AP Table 2
frgo] w9 A7) wjitol] A
Soll A At} b
ol disiAgE 24 A
El= Fig. 2 o] HERAS]
fol 4 71¢] 22 FAE
A HA sfe] Fu)
7H HH/] g@\ AE
< oA
7
=l .Wg
IR = 1A 7Vé§ﬂ% o, 3pit
2 0.0175 kg/s o]th. ZF A
| AA =Y 7} Ade] A7)+
==4 &@\ /\Ea -dol /\qx]g‘—
53] Ald Eol7F 3 mm &2 A|gH
Hez 3 01(h)9‘r 3 FA(He TS 3 mm ot}
upeba] 2 “I“7}ﬂ7]' AR 3 Zol(h=3-H= A&
o7 AXEER 3 ol AA QlxtolM A9t

o~
e
o

=)
o
)
&
%
rlo
wn
oo

T o pg lo

S
N\ 2

N

=

%
e

1 m

w0 A ox

it

oo Mo
2

@ 12 ofr
>,

N N
o

el
m

flo v
[Wlic/

do g et [ o
o

|\

2
rlo
inA
-
fru

r
)
| 2

nj
°
o)
M

I
==
i

ot 12
oty

(ot
r&E .
oo
fot
o
kﬁ
iuj

é
O

ééml‘}

N
S
:>|4£
it [

go (Mo = 2

T
)

i
z ° o
Iz =
SOL

ot Jo 2 ¢

£ of
N
ft
FTE
jﬂ
_EL

oo 2 N N
NI
oy 2
o o 2
(o
o Q‘E
rlo ML
S
ﬂHN' :
Ry
_n

Of (E 2 10 O o gl & H fpoh T 2 10 ufl 3

2
rot
it
iy

m Hir

Table 2 Operating conditions of fuel cooler

Inlet Mass flow
Working fluid temperature
€C) rate (kg/s)
Diesel (fuel) 95 0.1571
o,
50% ethyleneglycol 80 4327
(coolant)

fuel tube

Fig. 2 Flow path of fuel side in a fuel cooler
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Table 3 Range of design parameters for optimization

Design variables Lower limit Upper limit
(mm) (mm)
X s 1 5
X t 0.1 0.5
X3 / 1 10

Table 4 Optimization results

Method ol f e Aw AP
(mm) (mm) (mm) JreAfinget  (Pa)

Reference 3.3 0.3 1.5 1.0 1 197.0
STDQAO  1.56 0.1 1.0 1.17 2.01 320.4
PQRSM 145 0.1 1.0 1.21 222 362.8
MGA 1.0 0.13 55 1.36 2.79 399.8

Atk AA 8 2L dHGEFE 255 F£1,
Ge gelge dm 2o shipe] Aol 400
Pa o]slofof gt} w3k 3 WA o] gk & =4
< itk A & dF o] AAE & Az HEol
golA @ A Wl g g @ 2
7F Y AM A dH-el dig 52 A9 st
A ol AFE JF o AAGLL 27
st7] 9 Ao dughdH ()l j 5w AL
2 0F B4 948 A9 5, 5k S04
L o

JF A5 ARgstal, 4% FUdME jdm =

>

AREBEATE ol A =33
S

A7t nAE W A
7 j ol axgsset @
oth. wehi] 2 Ao

A WSk o gt @S ol gatel thed) 2

to maximize JF, jAgn,

subject to 1.0<x;55.0
0.1<x,<0.5
1.0<x;<10.0
Xy+h=3

Ap <400 Pa

0.05< #<0.35

A slol] kA 74 A W

ol wehj 2 7= %

7] Wgtel wel ;o9

=

(15)

X1, X2, X3 9] tﬁﬁfoﬂ EH

2 e 2 9 2ol =
asteldy, ube] @ =
VA I e S I

0.044
406
0.036
0.4
- -
0.028 | loa
0.020 0.0
0.20
0.028 |
0.026
H{0.14
~  0.024| ~
40.08
0.022
0.020
1 1 1 1 0.02
0.1 0.2 0.3 0.4
X,, mm
0.032
|l
H0.16
0.028 |
H{o.12
0.024 |
~ ~
40.08
0.020 F
0.016 H40.04
1 " 1 1 1 " 1 "
1 3 5 7 9 11
Xx,, mm

Fig. 3 j and ffactors according to design parameters

A2 @ @ dole] Wl s AREE e
w WEol w9 itk o ¥ el weh g
H7b 2 Wt Awkale] A9 vhgu Ag 3
7to] 7z} Hhmo) wRold. T4 =A< Y %
s@e Fig 4 9 wol Azt Ast A dol7t
Hars astgon, A doluth A3 Al
g Azea @ AL FANESE o dal
o] Z7katgint.

=



536 I

3000

2000 -

Ap, Pa

1000 -

—_
8]
W
EN
W

400

300 -

Ap, Pa

200 -

100

400

300 -

Ap, Pa

200 -

100

11

—_
W
(%,
3
o

Xx,, mm

Fig. 4 Pressure drop according to design parameters

AEAL ol gatel A(15)9 AR EA
STDQAO, PQRSM, MGA & =3 JF 9} jdp,

S T
Aol HAZ = 3 7S Table 4 9 o] IS

>

o]

i

=
T

o} HA 3t ol
MGA 7} 7+ §-35t
75% MGA Hth @& A5 3 IS AHa
2 Hgou A Slg7E Al
] 9- & &2 o]20tl. STDQAO & WHE Al 314=
PQRSM Ht} @Won ¢ v A5 %
AA o] a& 2 FErt 7HA
MGA & &8 d& 34 2EF 29 A
& 71 Aol nls JF = oF 36% FEAIZ e
AT UElE jdg, 2 oF 2.8 1) S7FsklTh

4. B E
BomRe 2RSS S de AdAS Fa
= 270 AelA da, A HAAE 9% F3lho
AN Az Y] FA 2EFH 3 P o
3 HAs=s s
Ao A5S YebdE AA= i iR JF S Y

wag o, it JF e FAE A4 G4 ey
o Aatsts Qg wztesh 2 JF 7F A v
Axz o Agaoct.

A A2 % A Dok Sl e o

v fasginh whde] 3 FAe Wste] we
S s Wl U det. P 2
A e Aatge Azt Aelek A dolr} SE
s5 pasiglon, @ Aelng A Ade o
et 3 FAe FANASE e Faigol
71k

AF3)l Al

e

o}k

S o]&3le] STDQAO, PQRSM % MGA
5 Fa Ho HAH PSS EUh STDQAO ¢

o A5 HA st 7Iol7] el
MGA 7} 7V 958 5o HAAHS ==35181
k. MGA oAl Aldkst HAgke 71E o nl)
JF = °F 36% FEAE o, 985S HEdE
JAm < °F 2.8 W) S7FeRiTh

=7

o] =2 2009 U=
ALdor gariaage] =
T-¢](No. 2009-0072371).

(1) Vanderplaats, G. N., 1984, Numerical Optimization
Techniques for Engineering Design with Applications,
McGraw-Hill, New York.



A 2EH 3 HA A 537

(2) Madsen, J. I. and Langyhjem, M., 2001, “Multifidelity
Response Surface Approximations for the Optimum
Design of Diffuser Flows,” Optim. Eng. Vol. 2, pp.
453~468.

(3) Rodriguez, J. F., Renaud, J. E., Wujek, B. A. and Tappeta,
R.V,, 2000, “Trust Region Model Management in
Multidisciplinary Design Optimization,” J. Comput. Appl.
Math. Vol. 124, pp. 139~154.

(4) Hong, K. J.,, Kim, M. S. and Choi, D. H., 2001,
“Efficient Approximation Method for Constructing
Quadratic Response Surface Model,” KSME Int. J. Vol. 15,
No. 7, pp. 876~888.

(5) Park, K. and Moon, S., 2005, “Optimal Design of Heat
Exchangers Using the Progressive Quadratic Response
Surface Model,” Int. J. Heat Mass Transfer, Vol. 48, pp.
2126~2139.

(6) Fadel, G M., Riley, M. F. and Barthelemy, J. M., 1990,
“Two Point Exponential Approximation Method for
Structural Optimization,” Structural Optimization, Vol. 2,
No. 2, pp.117~124.

(7) Kim, J. R. and Choi, D. H., 2008, “Enhanced Two-Point
Diagonal Quadratic Approximation Methods for Design
Optimization,” Computer Method in Applied Mechanics
and Engineering, Vol. 197, pp. 846~856.

(8) Krishnakumar, K., 1989, “Micro Genetic Algorithms for
Stationary and Non-Stationary Function Optimization,”
Intelligent Control and Adaptive Systems, Vol. 1196, pp.
289~296.

(9) Kays, W. M. and London, A. L., 1984, “Compact Heat
Exchangers,” McGraw-Hill, New York.

(10) Yun, J. Y. and Lee, K. S., 2000, “Influence of Design
Parameters on the Heat Transfer and Fluid Friction
Characteristics of the Heat Exchanger with Slit Fins,” Int. J.
Heat Mass Transfer, Vol. 43, No. 14, pp. 2529~2539.

(11) Webb, R. L. and Kim, N. H., 2005, “Principles of
Enhanced Heat Transfer,” Taylor & Francis, New York..

(12) Joo, Y. S., Kong, D. H. and Lee, K. S., 2009, “Thermo-
Flow Analysis of Offset-Strip Fins According to Prandtl
Number,” J. of SAREK, Vol. 21, No. 6, pp. 340~346.



