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Research on Coupling of Pulsating Flow and Corrugated Channels for Heat

Transfer Enhancement and Genetic Algorithm Optimization
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Abstract: In order to obtain the channel enhanced heat transfer technology with good energy sav-
ing effect, the enhanced heat transfer performance mechanism and flow characteristics under the
coupling effect of the corrugated channel wall profile and the inlet pulsating flow were studied.
The flow and heat transfer phenomena in three kinds of corrugated channels under the sinusoidal
pulsating flow were compared and analyzed. The results show that under the studied Reynolds
number range, the arc channel has the lowest flow resistance, the sinusoidal channel has the best
heat transfer enhancement effect, and the Bezier channel has both moderate heat transfer en-
hancement and flow resistance improvement. When the Reynolds number is 5 000 or 10 000, the
comprehensive performance of the Bezier channel is significantly better than that of the other two

kinds of channels, relatively improved by more than 20%. When the Reynolds number increases
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to 20 000, the comprehensive performance is only slightly smaller than that of the arc channel.
The addition of the wall structure excites a high turbulent kinetic energy region near the wall,
which enhances the heat and mass transfer between the fluid near the wall and the mainstream,
and the high-temperature fluid near the wall is periodically transported to the mainstream. Fur-
thermore, with the Bezier channel featuring excellent comprehensive performance selected and the
comprehensive performance evaluation criterion chosen as the objective function, a fast and accu-
rate optimization method of the wall profile based on the genetic algorithm is established. The op-
timization results show that the Bezier structure tends to be arranged to the right and rear is con-
ducive to the improvement of comprehensive performance, and the improvement of the optimal
channel reaches 38.7%. The change of the channel structure affects the distribution position and
intensity of the secondary vortex, which further improves the temperature distribution on the
downstream side and alleviates the problem of local overheating.

Keywords: genetic algorithm; Bezier curve; corrugated channel; pulsating flow; heat transfer en-

hancement

B Tl i i 9 1 BE B T R s 2 4 B AL L B
AR T | A 8 G e BGEAR IR) BEURR T BIR i 4% 45
SR R TR R DRl b i R BN L R T
RE AV 20K B A B 58 N 5% T e £ 2 T [m] s Y
HERT

VB i AL e ok 2 R B2 b i — 2%l i S
T 0 s 1k St IR G LA K Sl A A A R
IO DT 20 2 i AL R R S 22 T o Al 4 AL B
F8 ) IS g A1 ) R B A5 T A A Tk S
BIE G EREET LRI T 5 AR SR
X B 2 He A e i A A BRI L 29 2R 3R T bk 3l 3 AT A
BB R RICR IR B RERHE B H Y. kSR AR
FRERA T L BEAT 1 28U 9T . & B 24 4% 3 71 K
KT 1y APk B2 . e pt e 2 2 Hon
Tk Bl S HON I B S0RE 38 I 7 B A B AR Y
SEMAHL] 1 A5 R WL BT F 5 T BT L ik sl
WA 10 Ha I e 38 TH o L T 25 5 1R RE 45 A 7E
5 Hz Wt k3 69 51 A 1) 37 3 i A 3R 3 25
Jilr s 425 TS B0 S B, BRI A A
e ad f L P2 TH B A LR G I RE

it 5 G A i G A A BT ok £ TR 2R A Bk
AE. T I ABIN &, AT R G ERRBRE /A
AR R R AR SR Ajeel U BB BT R
TR AL B ARG R R 3 S I SORE S TE A
LA ARG Fe 2 45 PR BE A A o 1 2 15 280 0 g Jo2 R 4
MR Z . AR AR OGN T I S BE S G v ) A 0%
I 5 K0 X 55 B BE Y R L BIE Y R IR R A o
A A BT R A AT AR AT B4 B P E . Bhowmick
SRR = BRI AE 5% R i R 2 LR I IR

http: // zkxb. xjtu. edu. cn

F18) Y S0 RE 3 T8 T Je B F 5%, 45 R % B B R 5 3 A
AN [ B BRI A K AR AR R A B ¥R A A R
PR, Ma SV EERIL T R AL A T s
SCIE 5% 9% SCHR i B B AT R g L 45 R 3R BT A
Bl 324° B M RE A5 B o5 A . Dk SUREE G 1 B 2k
FOEE A R AT B A A 4 0 A 2F A PR BE R A B
S, HEAT 1 A Ak R R3S 43 R I 3 25 A Vi BB
w1,

WA R AL RE S EUE T R TR G X —
B GIR TR A 56 . AT T IR 38 S5
PLARAS DL AR A 7R AL B8 1 i 42 6 T L % 270 1
7] R A A I R R 4 e, HLARAR AR AR, Hop
18t A2 B 1 ST Sy L FH S B ) R0 4 JR 4 R G Y
SRR TR N DU Bk, Wang 5500 02 iE £
IR BT AR R B8 A b R AR S e AR
o i AL OGR4 = T 110% M1 101% . Yan
LR R T RA M 2 BbR AL, AR T B
Y T4 N 2% [ AR 1 AR A B 1 B o 45 SRR B
Z HbR AL BB 1] DLAT 48 /5 38 25 %6 1 5 3% 1) %
Moon %7 R 3848 S0 2 A6 T a5 25 8 1 5
T, 5A N R B 6N % A LA
)R IABEAE R RS T REALT 77 % W R AT
BEAR T 65% . wtfL Sk 7e 1 ik oF 5% iy A Ak ok 72 v
873 PG R g 4 P RE L A B BIF S N B PR A A
HARAS TR ARG R

25 L P I  7E I 5% ik SORE G B LA b A
E— 204t D1 SE IR B SORESE B 1 BT R, ILEE
IRENZ S 5l E— T T i BB A2k —




122 W % oz M

PN

857 %

AT R 2 AR W BeE A, R R R S
WG S8 B AL L S B 25 B PR B ITAN 16 45
DA 3 T A 8 RE R 42 4R I R L A SO Y
T KSR T 3 2858 38 19 M 4 AL Bt AR L it — 20
FFH DL ZE IR it B BRI 45 & st AL vk, Sl T
Xt DL 2 /K i TE RE I Y 2 A4 o DU D Ak L 3R T 2R
A PERE AR AR S OL A4 I S BE G TE , D B A Y RE A
e 2 R A IR

feay

A EE T B H

>
L L L

1 BE 5 ik

YR R

3 el SUHE L IR A0 PR 1 B B T
24 o i A 0 10 A JLA S K (PR 1 o DA SIS g
{5« IR S 09 3 76 63 e Ol by 11 [ 2
BRI 3 4 E KB, R 046 S5 28
= SR

1.1

SRE RN

(a) 4 Ryl 1A

(1) ARC (@) SIN (3) BC
() JR T 45 44
Bl 1 3 28k SURE E B TR B A
Fig. 1 Physical model schematic
A1 B AR JUAT A S Bl 2 s 4 L@ bric i oy DE R th 4y 4 A4
Table 1 Channel model geometric parameters Pt AR I 22 4R i 2 22 B, Hoh 0.3 )
B ﬁﬁﬁ“m“ Vs IR 1.2 B A A L =
_REA 5L FE/R M A ORI LU F S0 B 4t
MBI R L . x(m) = 2o (1 —m)* + 2,3m(1 —m)* +
#E/H HIER BE Lin = Low 30 ,
x:3m* (1 —m) + xsm® [@D)
WE SR H 16 , ,
W i 4 S g y(rn):y()(lfm) er]Sm(l'—m) -+
AR 49 3 L 2 yeSun (L= m) o yom @

ABF5E O E T B 9K B (ARC) . IE 9% % B
(SIN) 1 D1 ZE/R BY (BC) 1% 3 2K 38 , Jo SCH 4 b i
325 A RE I AL NI 2 BT R,

3
})’7.
2 L
I -
"(’)u
£ P,
=
=t
,2 -
3}k o P,
—ARC —=SIN —=BC
_4 1 1 | 1 1 1 1 |
0 1 2 3 4 5 6 7 8
X/mm

P2 A R B2 R R

Fig. 2 Schematic diagram of channel wall structure profile
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Table 2 Base case trial results(Re=10 000,A=0.5, f=10 Hz)
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Fig. 4 Numerical model verification results
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Table 4 Optimal BC channel parameters in different generations
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1 (0.6 mm, —1.9 mm) (5.8 mm,2. 4 mm) 204. 559 0.029 4 1. 325
2 (1.5 mm,—1.9 mm) (5.4 mm,1.4 mm) 195. 473 0.023 6 1. 361
3 (1.5 mm, —2. 3 mm) (6.4 mm,1.4 mm) 203.553 0.026 0 1.372
20 (1.6 mm, —2. 4 mm) (6.7 mm,1.0 mm) 201.581 0.02 45 1. 387
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