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(B-mail: liyourong@cqu.edu.cn)

1 . N TR EEAE A P-R-B ARSI A Sk RE, SR A PR RE N B AN 58 e LKA
8 ¥4 7K 1] Poiseuille-Rayleigh-Bénard (P-R-B) XJiliiAT 7 =4EHUEARN. . SRR, MEXEFES
3G, Rayleigh-Bénard ks, FAA% B BIE SHOS s A AMHIER . RO K EBFY
Nusselt (Nu) %{b# Rayleigh HOFEH B8 &5 b R 3G T3 m, B6 25 2450 B PR 388 K ae /s o B T ih R I
2517 5 A RAA P-R-B X TE /0 K R B AR e B

K3#iA): Poiseuille-Rayleigh-Benard X, #EREBESH, WA, £#, BUEHEDL

0 RIS

TR, _EAARACEREZ, ZiREESRE - mAMEE, KFREEN
W2 RAERHR, XMRBIHFR A Rayleigh-Bénard (R-B) X iit. WIRBEANEZILAEE—
ANE B A RSN, WFRA Poiseuille-Rayleigh-Bénard (P-R-B) X}ift. P-R-B Xt il @
T 7ERBHAEAEINES . BT ICas IV A . ARG AR b 1l # EB B R J2 AL 22 SRR D TR
(CVD) Z5 TP AE =i R H )32 B FH T 4% 52 K3

XA P-R-B XL, A& R T EMR KV )Z N P-R-B XA 78, Nicolas 'igh4T
TR RS SRR . TR, KT P-R-B AHR A 7T 1 B4 b TR 58 i L A IR
W, fERBEEMN 2R LR e TS T HEE R . Mergui 5520 2< P-R-B
SHIE FR N )R M AR 1 S R R EAT T S R B T3, R, DN RNR LR DN AL
ANVEE BT R A 2 N T AR R, IR T ) i L X O e, RS E iR
RN R R T o8 = b o0, T Ho— @ 2. Benderradji S5PL I SEIG AN EUE AU
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Turbulent flow topology optimization for
coupled flow-thermal problems

Wang Dingbiao Zhang Haoran Wang Guanghui

(School of Mechanical and Power Engineering Zhengzhou University Zhengzhou 450001)

Abstract: The real flow conditions of fluid in heat exchangers are mostly turbulent flows while most of the
current scholars study the topology optimization of heat exchangers under laminar flow conditions. In this paper
the RANS (Reynolds time-averaged) x- turbulence model is used for topology optimization of the flow-
thermal coupling problem and the topology structure temperature field velocity field and objective function
values are compared and studied under different Re (Reynolds number) to demonstrate the feasibility of
considering turbulent flow in the flow-thermal coupling topology optimization problem.

Keywords: Flow-thermal coupling; Turbulent flow; Topology optimization; RANS x-w model
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Table 3 Detailed parameters of collector used in experiment

MR AAVEF K (m) 4.06
W HVE A2 (m) 0.07
WA A (m) 0.05
A AR T A (m?) 240X 103
W FAE PR SR A B2 (m) 3.0X10°
W HE IR A335 P22 Bk R RN
Y SO BEIT I B8 (m) 5.76

igﬁ%/ﬁ:ﬁuﬁ 4 ﬁﬁﬁ7 Ei‘% 4 l:l:‘ Pin %u&;-\\%A D}:Ejj, Tin ﬁu&%\\%ﬁ)\ﬂfﬁg, Esun y\j
KPBHARIERE; CR NG JURIIRAAEL; M W RE N2 380 5T ) i R &
® 4 LKA

Table.4 Experimental conditions

St P, (MPa) T (K) E_(Wm) CR Mkg/s)
1 6.0 5575 838 45 0.73
2 6.0 5663 766 45 0.51
3 6.0 573.0 627 45 0.56
4 6.1 598.1 761 45 0.62
5 6.0 607.3 635 45 0.55

BANEE RS SR RS B AR 5 Fse R Tvaxexps  Tinbxp NI PRGN T
AR R AT BRI s Tviax Num > TvtinNum AR SRR P 2 20 T 14 i v A AR I
WAL o NMXRE.

R 5 SKIGEHE 5 REEE Hx

Table.5 Comparison of numerical results with experimental ones

At 1 2 3 4 5
Ttax.Exp 635.5 604.7 635.5 649.1 647.0
TMax.Num 641.9 609.0 648.0 669.8 649.0

o 1.01% 0.71% 1.97% 3.2% 0.3%
TMin Exp 593.6 571.4 604.3 616.6 612.2
TMtin,Num 603.7 587.1 610.7 623.9 612.7

o 1.70% 2.74% 1.40% 1.19% 0.08%
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Fig.5 Structure diagram of absorber tube
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Fig.6 Temperature distribution of the absorber tube
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Fig.9 Comparison of Nusselt number and friction factor under different number of baffles
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Table.6 The PEC of absorber tube under different number of baffles
PrifimR L Nu/Nuo ffo n PEC

0 1 1 72.51% 1.00

1 1.152 1.09 72.57% 1.124



2 1.367 1.17 72.65% 1.302

3 1.453 1.24 72.92% 1.356
4 1.531 1.35 73.28% 1.393
5 1.588 1.48 73.53% 1.387
6 1.621 1.66 73.24% 1.368
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Fig. 1 Schematic diagram of the computational domain
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Table 1 Physical properties of materials
BN S R S K A
SHEAEBAL(Wm/K)  0.61 237

BRI pe, /m¥K) 418X 106 2.376X 10

P p (kg/m?) 1000 2700
WA o (kgmi/s) 0 1010
IBENHREE v (m?/s) 10 —
PRI Q(W/m?) 108 108
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pa=21"1 (1.8)
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Find vy = (71,72, 7,)
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Fig. 3 Mesh-independent validation of 2D topology optimization solver
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Fig. 5 Schematic of the change of the optimization result with the iterative process when f =5
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Fig. 1 Schematic diagram of in-situ pyrolysis of tar-rich coal
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Table 1 Chemical reaction kinetic parameters

W (°C) E (kJ/mol) A(min™) R?

300-600°C 72.35 414.6 0.9902
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B AMUEE S (SiGe) AR [21]45 P A Ab B8 (BiTes) FEA%[22,23], SiGe HLARAE Ay i #4446
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RO AL B R A — A BEHE D]
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a a a
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=1 MEEME R [22,35,36,37]

Lp YyEE: i e
BIAE-625 L 8440 kg-m
WG K5
bl #h s K5
W % W 3900 kg-m
RS 30 W-m-K-!
A 850 J-kg!-K!
AR wE 8960 kg-m
LRSS 397 W-m-K-!
b 318 J'kg!-K!
HaLBH 0.0172pQ'm
P-SiGe BT 2936 kg'm
G5 6 (a)
FEfEE S 6 (b)
FE DU T R 3 6 (c)
N-SiGe BT 2936 kg'm
G5 6 (a)
FEfEE S 6 (b)
FE T R 3 6 (c)
P-Bi,Te; R 7642 kg-m
L 4.848x10-572-0.03327+6.949 W-m-K-!
HaL BH % -1.3348%10472+0.1757-29.56puQ-m
FE VLo A -4.5312%10°73+0.001272+0.87127-27.09 pV-K-!
N-Bi,Te; R 7642 kg-m’
L 3.07x10-572-0.020317+4.722 W-m!-K-!
LB 2R -1.6384x104T2+0.16817-26.1uQ-m
FE VLo A -1.6797x10-573+0.022272-9.356 T+1054.8 pV-K-!
fit s il RP-3 " -0.0017%+0.01077+899.14 kg-m"
L 2x10572-0.00597+0.1298 W-m™!-K-!
e 1.60717> +182.46T+1567 J kg -K!
B TR 1x10672+6x1057+0.0001 kg-m!-s"!
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2.6 BRENX
AW CLBIE BT R E (M) OVRARER, THEWE:
M = puSc (13)

Herb, e MISe 73l N VST AL Y- 450 o R R A A T AR . A 2R 2 s A B4 S5 4 14
AT AR TR VR RE CAE SCHER[20] 115 2UBGAE, PRI BEHE R 1) M1 5% 8 7R Bl (V) S5 2 4
TIRNBHA AR SCRIER . Y 1 RAE R REVE SR & A T U7 S A0V 2L RERT BE B4 2%
R, PR IRER RN

ATy = Toye — T; (14)
AE = MC,ATy (15)
AE
Ae = C, ATy = — (16)
Ae
Ry = o (17)

X (4)-(17)g T s Bl RP-3 il $A B I8 I8 IR LA REE AR . AT, N LS4 A
MG ImE S R . BAN, AE FlAe s3RNREE SILEEE MG &, TTLMF Y RP-3 7E
R I TR A0 B 5 B A S 32 B A s TE R R R . Ry 9Ae 5 Quy IV ELAE, RAELTT
MEE, L, QuyN RP-3 MHVHE. thsh, fEMHEEBIRERNH T —%34, Ak
‘F:

Pout = Wy (18)
7 _ 4n
K= ATeL (19)
e =~ (20)
dn

P Py AV 73 0l 9 FA RS ER (R D i LR R R At o 58 S T S5 R 3 38 (R) SRR AE 74
AR R ERE . AR ()72 Poue S5 BB (q,) P L. P RAT 45 ) T BEAL
Ho—NEWE R RE R, KT RERE N — 2 HUE LT

m=ypV (©2))
ps = Tmax (22)
By = =max (23)

KQDF, i AR R % B S T R PR ARG B . PONELTIR, $2B0E %
(Pax)5 m WILLAE TS, BEAh, N T RAELUR EEE AN PFBR IR H 8, &€ X TR
i Z2F(Br), WAQ3)FTIR.

2.7 Mg &%

W& Z 48 H Fluent Meshing $UAT o W1 7 Fr 7, 43 i) X5 It A4 J80R ] 4380 4E 7% Poly—Hexcore
WA, Z IS F G0 R DALE CRAETHERS BE I R  Jak /D XA i . L 7 () ()T BAE HE, %
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ARG UE 43 J01) N2 FH << 2R S o =8 Sl A5 7 88 T 1) X 9 A ARG AR R A R FR T R e
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IR IE R E, W R PR
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pr="e (26)

Ky
Cr =1+ 10.3(2D,/®)3 (27)
B =[1+ (Dy/L)*3] (28)
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PR, B Le BASALTE IR K, I 83T 1000 mA B, Bl ook o 5, S8UR A HE .
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