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Fig. 1. Geometric model and grid diagram.
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FER S @, y, 2 71 Lo, PO TIR Y
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Table 1.  Grid independence verification.

Grid No. (ELRISY Ji 9 B T./K A& AL w2 /%
1 100 21 310.2 407.7x10* -3.71
2 100 41 316.0 82.6x10* —-1.88
3 100 81 321.3 169.8x10* -0.26/0.23
4 100 121 322.1 261.4x10* 0
5 40 81 328.7 156.3x10* 2.08
6 70 81 326.1 163.1x10* 1.29
7 130 81 322.0 176.5x10* 0
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Fig. 2. Model verification: (a) Heat flux varies with T\~ T}, (b) Ry, varies with heat flux; (c) heat flux varies with wall temperat-

ure; (d) heat transfer coefficient varies with heat flux.
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Iz i BETE AL A SRR 08, P EUL IG5, I
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W SR [+

3.2 FEEAKXEHEE

PR R R IR R AL AL, o BB I A2
SR ) i G R RIS
AT U B 3 AN —, AR SO SR B A T2
78 & IX Case A, Case B, Case C #l1 Case D P47
PR T A0S RN BT r 7 oA WnE 3 s, |
AT R ENT v 5 s )S, S FE T r 7 )8
B, WGY & PR i B0 () e B RN 4% BE AR AL AN
REFIWT T, SR

PR AL B A PG T L R AR S 3 Fh O
3, 7E AL B AL T X WAL FAR 2 A
WIS AR T, A, JEHI Y T <
Tt BHEITT LR X AN, T T > T, B
YA N, SBT3, T DAA
SCHE I A TR AR I e (Qeon/ Q) FHEIMAR
22 BE T B K23 (B FE B 7 1) 28 A0 R ff o I B
AW, Hh G Qo W (10) 20, S
QW (11) 5, B 4 BTG Q. THRRER.

Ti_1—1T; A
Gt <ri_1 + ;) AIAG, (10)

Qcon(i) = Aave

Ty —Ti-1
Ai + Ai1
ave — 1
B RIRACN
Qi = qwdAIAS, (12)

X, 6 RS FRE; g, MR L, kW /m? Al
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(a), (b) Case A, ¢, = 87.73 kW/m? (c), (d) P = 10 MPa, T}, = 288 K; 6 = 90°

Fig. 3. Temperature and density change in r direction under different working conditions: (a), (b) Case A, ¢, = 87.73 kW/m?

(c), (d) P =10 MPa, T}, = 288 K; 6 = 90°.

(i, 5=1) =%
(i-1,5-1) %
Wall T ;
LT v |
<3 \ i
. |
iAr
< ; i
Wire I

~~o I/
(-1
(i, ) "<t

B4 Qu THHE MK —4Em B

Fig. 4. Two-dimensional diagram of @, computing grid.

AT CO,TEWIE S P = 6 MPa, ¢, =
233.33 kW/m?, 6 = 90°H}, I [ Qn/ Q. K
BE v, SRERECN U 7 AR AR A 5(a) BT
R, D WL SCHR [32]. ARSI L Quon/ @,
i r I ZEH/NE T = T BRI RIRIG
W FRH IR T CO, FE G A P = 10 MPa,
Gy = 233.33 kW/m2, 0 = 90°I, FHGE L Quon/ @,
R vp FIVERBNUE r AL AN 5(b)
FIER, Quon/ @ 1 77 0] B M REAR UM /IME. M 2,
i M SR N TSRS L S, 2 e > v B Quon/ @

HE RS, RBUBIG A T4 i r o m g1k
MES TG (P =6 MPa) 24, A A2 I
B Qeon/ Qu TEMIFMRBE T T-WA T ASALAFAE S
Bk, TR Quen/ @ AFTE—"M ryy B rp 19395
X, B PR R A FUR S TR W R AR B\ R Lk
ARAR Y TG FEAE SR AT Y X RN S AR L
SHA, WG TS TG Quen/ Q TEHT r 517
AR RS Lb & B AR I A 8 A XA 7 — 4 X i)
WEN [Ty, Ty, 3 T < Ty, BEAZERIX (liquid-like,
LL), Ty, < T < Ty WA 2548 10 B IX
(two-phase-like, TPL), T > Ty AKX (vapor-
like, VL), 5 Wang %5 P4 8 1Ifi 5t = X AR HUFN Ban-
util?? F2E S TR AR R A AR X R [T, T4
WAL T Ty W2 S AR R AR
XYY T > Ty B2 B g 2 A 22K
JE, T LAASSC LA L s T A 8 3] o A 22 1 T B
RS

K6 P=6MPafil P =10 MPa 3% &
K, i TEAMT, CO, #n ez inHE 5 7,
717 %% R 1 T s sl /S, I B Ak 1) iz
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Numerical simulation of fluid-structure coupled heat transfer
characteristics of supercritical CO, pool heat transfer”

Yu Bo-Wen!  He Xiao-Tian?  Xu Jin-Liang D1
1) (Beijing Key Laboratory of Multiphase Flow and Heat Transfer for Low Grade Energy Utilization,
North China Electric Power University, Beijing 102206, China)
2) (Key Laboratory of Power Station Energy Transfer Conversion and System, Ministry of Education,
North China Electric Power University, Beijing 102206, China)

( Received 11 December 2023; revised manuscript received 17 March 2024 )

Abstract

The heat transfer of supercritical pseudo-boiling has been preliminarily studied, but the definition of gas-
liquid interface is still not unified. The fluid-structure coupling numerical simulation of heat transfer
characteristics in supercritical CO, pool is carried out by using laminar flow model. Platinum wire is the heating
element, with diameter d = 70 pm. The heat flux density g, is in a range of 0-2000 kW /m?, and the pressure P
is in a range of 8-10 MPa. Multi-scale mesh is used to model the heating wire, and simulation values accord
well with the experimental data. The results show that due to the increase of the circumferential average
Rayleigh number Ra,,, of the heating filament with g, the characteristic of the natural convection zone is that
h increases with ¢,. The temperatures of the four characteristic working conditions in the evaporation-like zone
show a downward trend along the r direction. Through analogy with subcritical heat transfer and by calculating
the thermal conductivity ratio Q../@, the supercritical is divided into three regions, T < Ti is liquid-like
region (LL), Ty, < T < Ty is two-phase-like region (TPL), T > T is vapor-like region (VL). The rule is the
same as that of x partition according to supercritical pseudo-boiling dryness. According to the curves of average
thermal conductivity A,,. and thermal resistance Ry versus heat flux ¢, determined by calculating thermal
conductivity ratio, the variation law of heat transfer coefficient s with ¢, in evaporation-like region can be well
explained, as ¢, increases, the thermal conductivity thermal resistance R increases, and the heat from the
heating filament is difficult to transfer to the fluid outside the vapor-like membrane, leading the heat transfer
coefficient h to decrease when ¢y < ¢, < qc, and a significant increase in \,,, when ¢, > ¢c, and the recovery of
heat transfer when h rises again. In this paper, a new method of determining the gas-liquid interface of
supercritical pool heat transfer is proposed. This method can effectively explain the heat transfer mechanism in
the evaporation-like zone, and provide a theoretical basis for developing supercritical pool heat transfer in the

future.
Keywords: supercritical, pool heat transfer, fluid-structure coupling, numerical simulation
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