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A numerical study for optimizing the thermal and flow performance in the
channel of plate heat exchanger with dimples
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ABSTRACT

The optimum dimple shape and arrangement in the channel of a plate heat exchanger with
staggered dimples are proposed in this study. Four important geometric parameters are
selected as design variables, the pressure drop and heat transfer characteristics are examined
in the channel of plate heat exchangers. The optimization is accomplished by minimizing the
global criterion function which consists of the correlations of Nusselt number and pressure
drop. The optimum geometric parameters were found at the dimensionless dimple distance (L)
of 0.272, the dimensionless dimple angle (8) of 0.44, the dimensionless dimple volume (V) of
0.106 and the dimensionless dimple pitch (G) of 0.195. It is found that the heat transfer and
pressure drop of the optimum model are increased by approximately 227.9% and 32.9%,
respectively, compared to those of the base model.
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Fig. 1 The physical model for the present
study.
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Fig. 2 The schematic diagram of the
computational domain.

& ov] I X%E Table 1o ¥A3H%
o 2 2de 4% S4E 47y s
E 2 -

model
Geometric parameter Dimension
X (width of the channel) 31.00mm
Y (length of the channel) 12.12mm
Z (height of the channel) 0.98mm
L (dimple distance) 7.00mm
G (dimple pitch) 6.06mm

B (dimple angle) 39.2°

D (dimple diameter at the
symmetric plane)

D (dimple diameter at the
bottom)

1.40mm

3.80mm
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Fig. 3 The comparison of the friction factor
and Nusselt number for the present
study and Choudhury’s result.

Hetgt 9o 44 F4AEE LR 8
A AL 24 FSHFER AHEFHAUTH
FHdEL Augd vHages s ¢ Q&
o ARge GA A (implicit) 2 A st v3
nge AN A H(explicit) 22 34
. £x9 4¥9 435 Jd34E ndda ¢4
el WAL I Y o4Y 7z g2 2
g3 A2 WY (pressure based predictor/multi
-corrector method)S AH&38lF T oux] ¥4y
9] AdE 14 47 X2 (upwind scheme)o] A}
S5k A A BAE E7) 94 ALE
AYJAA AL S22 e gL AMEE
Hom o] @ AzHEel o]itste ¥AA Eulery
£ AHE3

2 AT H4d YL AFE7] A3
Al Choudhury$} KarkiVe] #i4 Zze} ulms}
v} Fig. 35 & AFA A8 FAHHS
ol &3t FuTA (N3} 4T 2dL 59 3
HzAst04 F 5, 2 Reynolds o 3§k ul
ZA 49 w9 Nusselt 49 ¥]E Bl g Aol
gAA & & A%l wAASF 9} Nusselt &+
At 4%l M2 & dXdn gloy,
ol B AT LT X3 Ao g
£ RaFEr)

24 = X3 JIY

HE9 FAAAE HAg ) A48 F AR

g dfF AdAFAANA AA A (coefficients
of determination)7} 0.99°14 HEE A= M3}
39 Nu/Nuwst fRe/(fRedosl TAAE e
oJEg EXFFE AAIAT. ¢ AAui 24
o] EXFgr Aoz o8 94FL BA
2@AF7] JAAM Rio"7F AL oF BHY
F 7149 A9 71&¥ ¥ (global criterion method)
< AMEEd 2789 RS i(X), =128 O
7 Zo] F4A HAQ 71EEF FXE HESS
H FX)7F 271 8 o FH9 Xgko] dojAth

A 2
F(X)= g{ 1 );()Xf)( XV s

Az

g(X)<0 , j=12,-,m

q71 Xi'e A@gzzstdA 4o EHIFS
LX), £(X)E MdFoez Hidteld T o)
k. 284} Nusselt 9] A9 o gho] E45 2
Hzdol Ha, ut@AAgFY HA$e FALFE 3
Hzdel He 4vdE 53 7L 37 9E
o AHgFAdgslad T EAFSFEL AH 4
(15)°] A& v g gy H& HH3A
"3t F 717 A ¢/t 9438 EAE SRR
& 3lodol iy, B =FdAMEe Agd HAH3)
Z2aYd HL&37] $8 Nusselt 9 BA4
d & Fatd F A A4 BF ZHYFY
ol A4t 2 w Aol HEF WPy
A9 71ENHA o8 wEA JEHFE H2
ety A3 AFAUAA 33 EE(golden
section method)® w4 WY& o] 2 W
W92 Hgago HFIARE o) 43td HAF
st A Fold o8 ARELS FAld ¥3)
AFIEA T d4-F S dgz e A
2 A RE XA HAAE Qoo ==
49 gAoly & Aol gk weA 2 a7
dME QA FLAL HME o ¢AdE &
&S AHsta At AR FLEE
o)d A7 AGA Nusselt s wp@AF
9] HglEo]l & £A&Z FAsA=Y L, 8, V,

c2o2 YEyt 53 L& B, V, G H3
Wt Eo] 2u) o] AA E/HE 54 F &
FHE FE AAYE & F AU aezzE W



HE0] e Y Qudr] NS 447 43 705

A 71EREE MMt LE HAAHEE 45 Lo
g o] &3 B g EdFHT 5L WY B
wmE TEHAT. F F HAHYE o8 Vel o
g EHT EAE Ytz VouE TR T
A0 2 Lo, Bopy Vor® ©1 83 Gol tig &
%5 EAE 48R GpE TIHAYG 2
e dAEE WMEATIEAN ERHEFE AT
A2 HARE o= THE Hasy] A9 9
A7l AAE AAE YHA ARE 2o FH
SR 2 gez vy TS HHsn ¥
}A71A &S BRI Blady o $& ERFF
A7 e o e AARES A2E VE
2z Aol v 99 AAS WEdE PEE
A+g-at .

£ Re=1000, Pr=4¥ wo)s &4 &
ntZdAl4o] v fRe/(fRe)o} #HT Nusselt
9 H Nuw/NwoE JeriAS. 9714 (Reost
Nw2 52 =#HE& 7HAx2 F3487F 09 vy &
Ha FPAD(EE0] ' AP)elAe wlEA
9 #H¥ Nusselt F2 o &2 Ztzt 963
7549 0]},

e

o

3.1 Lo ol e RS SA P N

Fig. 4% 71Z29¢ o83 LY 9¥& 24
@ Aotk HARE Ta7l A 2yHez 7}

10} 410
AO 8 - / - 8
) 4
& o7 3
%— 6 o A 46 E
(o)
E \o_o/o A/‘(! o
4r ’ 414
&
s
7/
A
2t NS 42
0.20 0.22 024 026 0.28
L

Fig. 4 Friction factor and Nusselt number
vs. dimple distance.
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Fig. 5 Friction factor vs. dimple angle.
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Fig. 6 Nusselt number vs. dimple angle.
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Fig. 7 Friction factor vs. dimple volume.
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Table 3 The optimum values of each

parameter
Parameters Values
L 0.272
B 0.44
v 0.106
G 0.195

Table 4 The comparison of the friction
factor and Nusselt number between
optimum model and base model

fRe /(fRe)o NU/NUO

Optimum model 7.011 7.297
Base model 5.275 2.225
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Fig. 11 Friction factor and Nusselt number
vs. Reynolds number.
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