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Design Optimization of Plate Heat Exchanger with Staggered Pin Arrays
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Abstract

The design optimization of the plate heat exchanger with staggered pin arrays for a fixed volume is performed

numerically. The flow and thermal fields are assumed to be a streamwise-periodic flow and heat transfer with constant

wall temperature and they are solved by using the finite volume method. The optimization is carried out by using the

sequential linear programming (SLP) method and the weighting method is used for solving the multi-objective problem.
The results show that the optimal design variables for the weighting coefficient of 0.5 are as follows; S = 6.497 mm, P =

5.496 mm, D;= 0.689 mm, and D,=2.396 mm. The Pareto optimal solutions are also presented.
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Fig. 1 Schematics of heat exchanger with staggered pin
arrays and computational domain

Vp(x,y,2) ==B(y)+Vp(x,y,2) (2)

212)9] 9o WA, FHA 2 Ay <t
g o) 2 F7] e Fajolth. gk A

%%91 Z7] A Aad 3k 2oyt FHEx

S w=3 wj7hx] EE o Z A AR Th

‘?:‘01]/‘1 AFe 7Mool 72 A, &

A3 oluH A A e] WA e T 2,

off
oft
.

o] 7|4 § i Kroneker-2E}o]™, j =20]HA [ o]t}
FNAA =G BE, KA Feizl o
B A exE vy exd FIa HEw
Ueah 22 A 228 =y
_T(xayaz) Tw (4)
IZJ(O)_TW

A71M T, = H{W x|, 7,(0) = Yol
FeA

Aqews ouer. A4 Y5 e 2
& B Nusselt 5 ©]&sto] A5 4= Ut}
hD,
Nu=—" 5
. ©)

i

Sulstel, o5 @ AelHe FaEA (5]
@ veht qu.

BAZA . F71490 EAZ dXs] A=
AT (y=0)lA AFFEE&I A7t Fof
Aot shEd], o] AFlAME 27t o, =2.5x107

7)

kg/s ¢ T,=353K = 3lqlth. ¥ A xHS &
o q}gﬁ AHZAL, 2= ALow AR

APt & om(T,=290K ), (2

£ rr Jo K

[\
[\
ﬁ

2
o

x4

A QFZ’:Zj(constraint)g Zt= vAdy A
[e)
=3

Nk HH AAREAE o

Find X = { X, X, Xy} (6)
to minimize or maximize F(X) @)
subjectto  g;,(X)<0 for j=1M (8a)

XF <X, <XY for i=1,N (8b)
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Table 1 Objective functions, design variables, constraints,
and side constraints

Objective function Ap , Nu

Design variables D,,D,,S,P

Constraints 3S+D, <X, P+D,<Y

D,<S, D,<P,D <D,
> 5 1/2
Dy<| P2 +(s/2) |

Side constraints [mm] 0<S<10, 0<P<12

0<D, <8, 0<D,<8

Table 2 Geometric parameters of the baseline domain

Parameters values
X ( width of the channel ) 31.00 mm
Y (length of the channel ) 12.12 mm
Z ( height of the channel ) 0.98 mm
S ( pin spacing ) 7.00 mm
P ( pin pitch) 6.06 mm
D; ( pin diameter atz = Z) 1.40 mm
D, (pin diameter atz =0 ) 3.80 mm
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E S8, " 7HA ZFsAel uiE HA AR
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Ap; Nu,

A7IA Ap, € Nu, = Z2H2F 71EEE dig x7)
ot el G E oo, Z+7F 148.77 Pa ¥} 19.14

Table 3 Pressure drop and Nusselt number between
optimal and baseline models

Nu/ Nu, Ap/Ap,
Optimal model 2.38 1.42
Baseline model 2.89 2.07

(D, )< Table 4
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Table 4 Optimum values and corresponding objective
functions

Objective

Design variables functions

), / , Dl D2 S P Ap Nu

02/0.8 | 1.166 4364 8506 4.946 | 166.09 23.12

03/0.7 | 0902 4.052 7.125 5962 | 143.12 2191

04/0.6 | 0501 3.862  6.165 4496 | 12921 19.99

05/0.5 | 0.689 239 6497 5496 | 101.75 15.73

06/04 | 0744 2074 5999  5.691 96.28  14.55

0.7/03 | 0.568 1.354 6.166 5467 | 86.15 12.28

0.8/0.2 | 0.102  0.835 5825 4.823 | 7798 10.50

Initial

Value 1.4

3.8 148.77
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