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Abstract: The open source CFD toolbox OpenFOAM was used to simulate convective heat transfer of RP-3 flowing
in a vertical tube under supercritical pressure. Heat transfer deterioration (HTD) in the initial heating region was
studied. Two types of low-Reynolds number turbulence models (k-e-v>-f and k-w SST model) were used in the
simulation. Numerical results were compared against the experimental data to examine the accuracy of turbulence
models in predicting HTD under large wall heat fluxes. The flow field and temperature field were analyzed to
propose a mechanism for explaining HTD. The effects of property variations and buoyancy forces were also
investigated. It was concluded that the k&~ SST model was incapable to predict HTD. The k--v’-f model was able to
qualitatively describe the rapid increase of inner wall temperature in the initial heating region. The buoyancy forces
caused by density variation and gravity is the main cause of HTD.
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Table 1 Parameters of simulation

W p q T; G
T /MPa /kW-m2 /K /kg'm2-s!
1 5 300 473 1572.7
1I 5 400 373 1572.7

111 5 500 373 1572.7

v 5 550 373 1572.7

10 1000 1.0x10° 4 0.20

o[ 900f Density _H9.0x10" Jo1s

\ —-—--Isobaric specific heat capacity .
800 ko - - - Dynamic viscosity 4 8.0x10"

8 00k Y T~ Thermal conductivity 15 0x10% ] 0.16
v [ 600 sox10® 4
w6} £ 500 +olon F
®or feﬂ 5.0x10 é' B —.E
2 [ =S40 q40x10" X 49 =
8] : =

300 3.0x10™
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1 RP-3 #4 (p=5MPa)
Fig. 1 Thermophysical properties of RP-3 (p=5MPa)

2 HrAE

2.1 55
FL 2 SR PN T R AR TR 5 A )
W, ARICRH o XK gE ARG 0 T7 kAT Ak
P TR BB, S zin) A 4
Faas I,
] At P A S PR 48 ) D7 R 9 ST S A
T -+
/16—2+¢=0 (D

i



Ref, 2 AFERSREAER, §RHNATE.
AR T, SR

0
2 (pu)=0 2)
Ox,
ZhE IR
5 op o ou,
—(puu,) = ———+ [+ p, ) —]+
%wwﬂ . axj[(ﬂﬂl)axj]pg
(3
AN E
9 0 u o oH
L (puH) = A2
ox, (P H) ox, [(Pr Prt)axl.]
(4)

A&, p REEE, w5 w3 moN s 1R
JESMATE, ¢ NEIIINEE; H NRERIE,
Pr 5 Pr oy il o135 B ORI I8 BRR R
AKXH Pre=0.85, BeE e 28 1 E JIEDh A
R PEREROI . S IA h pe, B8 SOBAE R —1
g
2.2 mmiRE

I T TR AR P 3 P I BE X 3
YT, SRAFREHA AT BE X i3z xF T A0 St 52
e EE. KUk, RS AR TR I
T DT AL BEE R TRV T ). A
SO BRI B I TR AR A AT, F B2
(I Re # RANS Jiii iy s k-e-v2-f BERUOIAT k-0
SST HERIR0), fog-y?-f BRI U0 R
k $ig i e

puk)
o,

i

Ll 2 S G- pe
Ox, o, Ox,

1

(5
¢ Hinis i i
6(/63:,-8) _G.A +C]?€) C£2pg+aix,.[(”+§_; 2_;]
(6)
X, PR BN REA I Gy NPT 7042 BT,
KHT XEREY #R% (Generalized — gradient
diffusion hypothesis, GGDH) %21, HE: 7
TR

B, =—puu,—- 7

T
G, =—pC pg —uu, — (8
£

V2 HRIE TR

o(purv’) o U OV Ve
Apu ) O pyy OV —6pYE (9
o agK”+k)&ﬂ+pM' P
SRR 5t T A2
oo f 1 Vo2 P
AN o | LA My NI S PRARN G (D!
o UG -GS
k-e-v2-f B AR i UK B XA
= pC V7T, (1)

Kb, BT 5 LR E N S5 SR,

k-o» SST AT AR
k e g
d(puk o Ok .
@l)=@+_{W+ny_}ﬂpM)ﬂ2)
(3)6,. axi axi
o Hiiz iR
o(pu,0) _
ox,

1

0 0w
apSz _IBIOCO2 + [(/’l+o-wll’lt) ]
Ox, ox,

1 0k Ow
Yooy, oy,
Ah, P =min(P,104 pko),
o oo,

P =y
g ﬂ'@x.(ax. ox

+2(1-F)po, (13

) o
J J i

k-co SST F I i vt Al B 58 LU

o, Gk (14)
M ax(do, SF,)

k-co SST BRI 1) 5 %0 o 32 Aah 5
g=¢F +¢,(1-F) (15)
RERE P LT

4
k)" 4po,k
F, = tanh< { min max(( ,,) ,5020‘/), ,OO',,Jzz
poy yo CD,y

(16)

A, CD,, =max 2p0w2l%a—w,10"° A5
o Ox, Ox,

@Dy 5NN k-co BRBIFIRRAE k-e BERL RS, VEI

S RPN,
2.3 WERE
B TH A TR SRR ) AR

OpenFOAM (JRAS 2.4.0.) SR 7 FE4LHEAT
K. bR A RATIE . &)
i BEE TR IER H QUICK #5820, HAR&
iz 77 R T AR IUR H — Bl KU = SRA
SIMPLE ByEAH & ) 5 EREG . Y& KREE



B ZE/NT 1075 AR T BRI

THRIRST 5B RA — 5, n#kg b
U1 B A BB DL GRAIEE N I I B R B 78 4y
RIS BAE MR IREE o AR BE X 3% R
SR AAE, Ko IR AR TR P i A XA AT I 2 . A
SCHTAE THE L) i 2 BETH] AT 55 — AN i A
y™<0.5,

THIAFFRBEW T BN ES)
IRFRIAIR DU S RE T A A F, B AMES
Ui 3B B A RIS AV B3 S FE
NN Rk Py PR = Kt ICID AL v e a2
AL B & s R AR N E, fEE R
RETH Ab - i /i 46 PF R 2 B

THECRT AT A TE R T . B k-0
SST AR 1 5 THLHATUHE, =Rt 5577
F RS E B4 72000, 108000 & 216000, it
HIMBHEWF: K5 MPa, FifiiisE 1572.7
kg/m?-s, NI 473 K, #Ii%E 300 kW/m?,
BE TR B 241 3 EMK TR R ST
EIRRIT . 1% T T X (ERER S
i 14900-45000), PN RER TR Bh 7 18 #10
Fro tHESE KN, UMEECE NS 108000 K T
Zu DUl T H A R SR EE TS, IR
EH R THHENEER SR EIERT A R L, B
UE T ARSI S 5UE 7k IER T

R2 RAPEELLRFHRE
Table 2 Wall boundary conditions in the fluid
region
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zeroGradient
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zeroGradient
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3 zeroGradient /
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Fig.2 Comparison of calculated inner wall temperature

against the experimental data using different meshes
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Fig.3 Comparison of calculated inner wall temperature
using different turbulence models against the experimental
data
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Fig. 4 Comparison of calculated heat transfer coefficients

using the k-¢-v?-f model against the experimental data
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