A|144, A43, pp.13-22, 2009. 12 / 13

E-71A 24

[e]
-3
Semi-Implicit ¥ 7ol

=

& " o

IMPLEMENTATION OF A SECOND-ORDER INTERPOLATION SCHEME
FOR THE CONVECTIVE TERMS OF A SEMI-IMPLICIT TWO-PHASE FLOW ANALYSIS SOLVER

H.K. Cho,* H.D. Lee I.K. Park’ and J.J. Jeong®

A two-phase (gas and liquid) flow analysis solver, named CUPID, has been developed for a realistic
simulation of transient two-phase flows in light water nuclear reactor components. In the CUPID solver, a two-fluid
three-field model is adopted and the governing equations are solved on unstructured grids for flow analyses in
complicated geometries. For the numerical solution scheme, the semi-implicit method of the RELAP5 code, which has
been proved to be very stable and accurate for most practical applications of nuclear thermal hydraulics, was used
with some modifications for an application to unstructured non-staggered grids. This paper is concerned with the
effects of interpolation schemes on the simulation of two-phase flows. In order to stabilize a numerical solution and
assure a high numerical accuracy, the second-order upwind scheme is implemented into the CUPID code in the
present paper. Some numerical tests have been performed with the implemented scheme and the comparison results
between the second-order and first-order upwind schemes are introduced in the present paper. The comparison
results among the two interpolation schemes and either the exact solutions or the mesh convergence studies showed
the reduced numerical diffusion with the second-order scheme.
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Nomenclature

Specific heat

Distance vector

Internal energy

Energy diffusion term
Interfacial drag force term
Gravity acceleration
Enthalpy
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<42 (Nuclear Thermal-Hydraulics)

Interfacial heat transfer coefficient
Superficial velocity

Conductivity

Interfacial momentum transfer term
Mass flow rate

Number of faces in a cell

Number of nodes on a face

Pressure

Interfacial heat transfer term

Wall heat transfer term

Wall heat flux

Entrainment or De-entrainment rate
Time

Temperature

Velocity

Volume

Width
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X Non-condensable gas quality
Y Dimensionless elevation (y/H)

Greek Letter

Volume fraction

a
X Interface drag factor

T Vapor generation rate
n Fraction of vapor generated from droplets
o} Slope limiter

&) Convective quantity

p Density

T Shear stress

m Volume flow

Q Total mass transfer rate
Subscripts

d Droplet

DE  De-entrainment

E Entrainment

g Gas

i Interface

n Inlet

k =glor d

/ Liquid

m Mixture

m Mean

n Non-condensable

” Node

sat ~ Saturation

v Vapor

w Wall

wall  Wall
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Fig. 1 Face value evaluation for upwind scheme
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Fig. 2 Frink’s Pseudo-Laplacian weighting method
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Fig. 7 Radial void fraction distributions at the exit

5
o
32
K

g Az laste] 44
Fig. 6 44 Aol

o
o o,

oo 2 oo

i H
T
3 ox

12
o
° 3 W
2

=

2
N
o
o
ofl
o

i
o
>,

N

PN

J

R

&

zjl
Y

[o
il
¥
ol
e
o,

z
o
1o
N

ey

rir

s,
I
lo
i

2
R
rlr
> o
o
N N
ox kU

rd
=2
>

o
N
el
o

N

S

e

xR

Jo 2

offl

=2

f U o
X -
g
ﬂF
N
o
e rlo
4
%0,
o

W

o

rE

toby

)

3

3

rlr

o
ol
o
f
1o
Ho
ofl
Yl
o

N
£
e
re
-4
=,
2
=
Lok oy

Mo 4y rot O rlr M R o2 A
= 2
> »

ofN
&ﬂ o>
o
S~
>
oo
of
ol
2
N o
o
fitl
)
2
U
¥
pasa

F Ul 7 Al g
XH% JOﬂ/‘H =
=)

I N

(=)
M wo
o

E HE i
P
il ot

e o?i ]

2o
3
o
v
pul
i,
ga
ni



20 / BRBMFH S 55 A

0.08
1st-order upwind
—1+— Coarse mesh
c —— Fine mesh
O g4 Znd-order upwind
'ﬁ = Coarse mesh
@ A Fine mesh
-
[T H
@ 0.04- =]
£ /
=
o
> 002
7]
1]
O]
O_OO_MMM‘_*‘“L

07 0.8 09 1.0
Y

Fig. 8 Axial void fraction distributions along the center line

(a) Coarse meshes: 263 cells
cells

(b) Fine meshes: 3702

Fig. 9 Meshes for the phase separation

24 AFE WS W] A% A8 BAZA S
o A Bl A4S molaslty, 4 vel Ade w8
A Holgks 23 FAZE Bl oIs) e A Az
2, e ollBoR olSav] 71t hgon s B

5 @Y oidk

A AL ALt 9L Jk2 1 om, AR 1 m A
Aoz, 27l J)E gl 052 B-37) ERHIZ A9A
Stk ARE ARt ) Fel <la) SA olFS] AR
W, e SRE A4 Seher] B B el
0 AEHom 4 Ret amsly, Ade) FUel £

(@ t=0's (b) t=2 s

1
I0_88889
0.77778
- 0.66667
- 0.55556

[ 0.44444
£ 0.33333

0.22222
011111
0

Fig. 10 Transient void distributions

(c) t=45s

T Ay ddS 2odsta g

gt ol fr
il
N
ot
N
b
o
1o,
*

>
s
z
N
o

odt
2,

& AR A= %“'TE'%' A3} Besle] u
F & (counter-current flow) 2 27 frEolA w4

Fig. 9% Alktell AR&-gt AxE Yehiw, 23670 2 370271

A3 Wyl 22t A §uo] 5 47k

3 d
Wol o|Bsh: £EE ANHoR 7 4+ gov), 1

o 4k ANE ARt 7 Al diel 14 ASE 2
S

5ol thal A

el A
1 ogre

(28)



714 28 15 XS A Semi-Tnplicit #HH¢] iRl gk 27 Fe= &

A1494, A43, 2009. 12 / 21

1.0
Analytical Sclutions
—nitial State ;
——t=10s :
S 981 —t=20s
'(ﬂ} —t=30s
—t=45s
O o6
[V
[1}] P iy
£
S 0.4 4
o Calcuation Results
:> j by +4 Aet=10s
% 0.24 H H ) S-t=20s
s . t=30s
o ; i _ T t=45s
0.0 £ T — T T
0.0 0.2 0.4 0.6 0.8 1.0

Y

Fig. 11 Axial void fraction profiles at the center line
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