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Abstract Background: The computational fluid dynamics (CFD) simulation of thermal-hydraulic characters is
essential to ensure the safety in designing and operating a nuclear reactor. To obtain reliable results, a suitable model
must be chosen. For the pebble bed reactors, the complex geometries of the core make it difficult to establish a precise
model for CFD simulation, especially for the molten salt reactor (MSR)-one of the most hopeful GIV nuclear power
system. Purpose: This study is aimed to valid the porous media model used in pebble beds thermal-hydraulic
simulation, including the Pressure-Drop formula and the Convection-Heat-Transfer formula. Methods: The fluent
model of an orderly-arranged pebble bed was built, and the SST-turbulence model was chosen to simulate the molten
salt flow inside the bed. Results: In a large range of fluid Reynolds numbers, the linear pressure drop of the flow was
obtained, and also was the Nusselt numbers for convection heat transfer between sphere surface and the salt fluid.
Conclusions: The data was fitted to format new formulas. For the pressure drop, simulation result much differs in
both of the KTA (Kerntechnischer Ausschuss)-formula and the Ergun-equation. However, the Nusselt number from
simulation is more close to the KTA-formula and the Wakao-formula. Modification of the traditional formulas is

needed obviously, and new formulas fitted from KTA-formula is much more close to the simulation results, both for
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the linear pressure drop and the Nusselt number.

Key words Pebble bed reactor, MSR, CFD simulation, Porous media model
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Fig.1 Schematic of the pebble bed arranged in order.
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Fig.2 Schematic of the bed grid.

T cell WIFRZ MR RE, B cell b FA
P4 R I 2R AR %, THEK(6):
AP P-P
AP _4-6 (6)
L L
s B cell @M &), Pas P4 cell KT,
Pa; LA cell fEJIAIJT MHKFE, m.

R1 PRI IEE X HE
Table 1 Data of grid-independent verification.

4% % H 2t R Y Nu Y-Plus

Cell number  Pressure drop ~ Nusselt wRME

/10° /Parm™! number Max value
of Y-Plus

8.52 13632 509.21 53

11.51 11962 464.86 1.5

14.36 12100 466.95 1.1

SFF cell WIKSFY Nu %5, iHEI0E0(7):

_h-d,
A

Q

h=

» Nu (7

T,-T,
Ref: g ABRFEEMAMELE, Wm?: T4 cell
Wﬁ%*ﬁﬁﬁ,w;i#ywHW%%%¥ﬁﬂ
B, °C. ‘

22 hREH

WESEVITE AR R, BRI G R
&, 2% TMSR-SF1 Wit %k, EAHEEYITER
sl BAASHON: B p=1986 kg'm; Fh7)
R 1=0.008 55 Pa-s; 5 E A ¢=2390 J-(kg'K) s
MEZE )=1.1 W-mK) .

NS, AL FEER R N R, SR A Bk
T3 S B s A RO g G AT P AR G AR A
SRIIFEMA, RN IE EL B T SRt s Bk (1) 3 S1 AR
BREE S PR A ER AR IR, ] 3 Bros.

450
400 |
350 |
300 |
3 250 |
< I
200
150 L —u&— Constant Wall Temperature
L —e— Constant Surface Source
100 | —A— Constant Volume Source
50 " 1 " 1 " 1 n
0 5 10 15 20
Re/10°

B3 Seif BN S AL 25 R

Fig.3 Simulation result of the flow past single sphere.
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Fig.8 Convection of molten salt flow in packed bed.

HE 7 w40, EREHESRYS Ergun AU
KTA AXH LB 0w/, H Re #0K, fmZE#K.
Hrp, 5 Brgun A X HIRZE N 30%3Z 816N E] 60%,
M5 KTA A\ HIR ZE R ETE 50%.

K 8, NulBf Re 1AL 3A 5 Wakao A%
HIERYIE, 2RI 10%-20%208; 15 KTA
PR e I TIOAE 22 S 80K, (H SR AR # 4
FRTE 25% /5 4

BT FRBE R, XA AR T A IE,
JEBEFIXT I Nu #B 3 15 2 T A LA .
FERE IR A RN, it CF sk, AR
BHAT RN, EXESRBEATIEIE, Rt
KTA H Ergun J& F# 7% A A0 2 :

)

B )M FHE L, UG R RLR B FIEEE
Ao Nu NN HELAAHE, BRMAEBEAR
(10)~(13).

KTA JEFEEIE:

AP (5984 2.65
+

I-¢1p
IR 0.1 3 ——|u|u,.
L e [ Re j g D2 (10)

1-¢

I-¢
Ergun [EFF&IE:
2
% : 436.5% S+ 0.54%@% (1D
Wakao XL AE IE .
Nu=20+0.44Re"" Pr'” (12)

KTA XA Ik

Nu = 0.95 1;: Re"™ + O.OZSZT—:ReO'SG (13)

K 9. 10 23BN EREFIGHR S Nu (L&
R

080604-5



2016, 39: 080604

15 40
—e— CFD Result 1
—A— Fitting in Ergun 135
—v— Fitting in KTA ¢
B Error of Fitting in Ergun / 130

0 == Error of Fitting in KTA o 155

Error/ %

Re /10°

B9 HUIUERPR NS Ehiftsh AL FEALL 1 22
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