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Numerical Experiment of Turbulent Flow in a Rod Bundle using
Anisotropic Turbulence Models
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Abstract

Numerical experiment of turbulent flow in a rod bundle using various anisotropic
turbulence models has been performed. The anisotropic models used in this study are non-
linear quadratic and cubic k- e models, and differential Reynolds stress model(RSM). The
numerical experiment was conducted for fully developed turbulent flow in triangular and
square rod bundles. The anisotropic models predicted the turbulence-driven secondary flow
in the subchannel of rod bundle well but showed large difference in the magnitude depending
on the model. They resulted in more accurate distributions of mean axial velocity and wall
shear stress than standard k-e but their large differences were also noted. As for
turbulence structure in the rod bundle, turbulence intensities in axial, radial and azimuthal
directions were reasonably predicted in large flow region, but the very high azimuthal

intensity in rod-gap region could not be predicted by any anisotropic model.
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Model C., Ci C Cs
Speziale(1987) 0.09 -0.1512 0.0 0.0
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1.25+S+0.9W 1000 + S° 1000 + S* 1000 + S*

S W (strain rate) (vorticity)



Launder-Reece-Rodi Navier-Stokes

(RSM)
t e
m_i_u ﬂtu =- ik&- M-i-gredu-Pij sla(;éteim&-ktjmh*-tkmm??
oM I Tk 3 & & "W, "X, K, 6
2
Tyt Moo & o T e
fit J1TX k" 9x; k ™ & "X, g
P - LRR % Rotta 17
(wall reflection)
w | k312
P ={0125= ? +2rkg, % 0015(R - D)
i s % en
U. .
i :timL'|'t ij’ i = lim W, im W,
™ ™ 9, %
n RSM(LRR)
C,=18,C,=060,C,=0.11C, =0.18
3.
3.1
Fig. 1 Carajilescov-Todreas”
(P) (P/D)  1.123 Figure 2  Hooper-Wood”
P/D 1.107
1/6 1/8 CFD ,
(diagonal) (gap) (symmetry)
(no-slip)
2
25 x 45( ) 25 x 50(
V") 15-20( ) 20-50(

(10)

(11)

(12)

(13)

(14)

(D)
2x3



3.2

419)

CFX-4

(residual)

27000(

Figure 2.

SIMPLE

)

Spacer H

k-e

(wall function)

207600(

0.001%
(Vo)

CFX-4

SIMPLEC

(25 x 45)

i LT 7777
R AT 77

T ay.avary

2777
SRR FAZZF AL T %5

(25 x 50)

CFD CFX-

(under-relaxation)

10™



4.1
Figure 3 2
Gap 2
2 0.8%(Speziale), 0.6%(Myong-Kasagi),
0.1%(Shih et al.), 0.15%(Cubic) 1.3%(RSM) . Carajilescov-Todreas
2 0.67% . Speziale Myong-
Kasagi 2 Shih et al. Cubic
RSM(LRR)
Figure 4 MOSA3D 19)
. Shih Quadratic k- e Craft Cubic k-e
k-e Gap
Speziale Myong-Kasagi Quadratic k-e
Gap
CFD MOSA3D ,
RSM(LRR) k-e Gap
Figure 5 Gap
k-e Cubic k-e
. Shih Quadratic k-e Cubic k-e
. Speziale Quadratic k- e
Myong-Kasagi Speziale
RSM(LRR) Gap
Figure 6 Gap(g=0)
(g=30) . Shih Quadratic k-e
Cubic k-e k-e
Speziale Myong-Kasagi Quadratic k-e
g=25
. RSM(LRR) 0=25

(9=30)



4.2

Figure 7 Quadratic/Cubic k- e RSM(LRR)
2
Gap 2 .2
1.1%(Speziale), 0.9%(Myong-Kasagi), 0.18%(Cubic) 2.2%(RSM)
. Shih Quadratic Cubic 2
2 Carajilescov-
Todreas” (P/D=1.123) 0.67% Vonka?
(P/D=1.3) 2 0.2%
2 P/D=1.107
Speziale Myong-Kasagi Quadratic 2
Gap(g=0) (g=45) (mean flow)
Fig. 8 . Cubic
Gap
. Shih Quadratic Cubic Myong-
Kasagi Quadratic (Speziale )
Gap 10% ,
RSM(LRR) k-e Gap
Figure 9
Gap(g=0) . Cubic k-e
k-e
(Shih Quadratic ). Speziale Myong-Kasagi Quadratic k- e
Gap 15% q=37
RSM(LRR) Gap 5%
g=30 (g=45)
Figure 10 Gap Gap
u¢, ve¢, we ,
U
Speziale
(we)
Myong-Kasagi (ut)
Gap
(ve) . Cubic



. RSM(LRR) - -

k-e
Figure 11 Gap
. Figure 10 Gap
. Speziale (u¢)
. Gap
(wt) . Myong-Kasagi
Cubic
RSM(LRR)
Figure 12 2
Gap
. Shih Quadratic Cubic
Speziale Myong-Kasagi
. RSM(LRR)
yly™>0.6
Gap Speziale Myong-Kasagi Shih Quadratic
Cubic
RSM(LRR)
5.
1) 2 k-e
2) Speziale Myong-Kasagi  Quadratic k- e Shih Quadratic k- e
Cubic k-e 2
3) Myong-Kasagi
Speziale 2

4) (RSM) k-e

Gap



5)

Gap

u

Uo

U, (frictional velocity)

y

Y.y

i kronecker delta

m

r

S :Se Prandtl

q

6.

1) Carajilescov, P. and Todreas, N. E. (1976). “ Experimental and analytical study of axial
turbulent flows in an interior subchannel of a bare rod bundle;” J. Heat Transf., Trans.
ASME, pp. 262-268.

2) Vonka, V. (1988). “ Measurement of secondary flow vortices in a rod bundle,” Nucl.
Engng. and Des., 106, pp. 191-207.

3) Rowe, D. S., Johnson, B. M., and Knudsen, J. G. (1974). “ Implications concerning rod
bundle crossflow mixing based on measurements of turbulent flow structure;” Int. J. Heat
Mass Transf., 17, pp. 407-419.

4) Eichhorn, R., Kao, H. C., and Neti, S. (1980). " Measurements of shear stress in a square
array rod bundle,” Nucl. Engng. and Des., 56, pp. 385-391.

5) Hooper, J. D. and Wood, D. H. (1984). “ Fully developed rod bundle flow over a large

range of Reynolds number,” Nucl. Engng. and Des., 83, pp. 31-46.



6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)
19)

Rehme, K. (1992).“ The structure of turbulence in rod bundles and the implications on
natural mixing between the subchannels,” Int. J. Heat Mass Transf., 35(2), pp. 567-581.
Slagter, W. (1982). “ Finite element solution of axial turbulent flow in a bare rod bundle
using a one-equation turbulence model,” Nucl. Sci. Engng., 82, pp. 243-259.
Lee, K. B. and Jang, H. C. (1997).“ A numerical prediction on the turbulent flow in closely
spaced bare rod arrays by a nonlinear k-e model,” Nucl. Engng. and Des., 172, pp. 351-
357.
Lemos, M. J. S. and Asato, M. (2002). “ Simulation of axial flow in a bare rod bundle using
a non-linear turbulence model with high and low Reynolds approximations; 10th
International Conference on Nuclear Engineering, Arlington, VA, USA, April 14-18.

, , (2002). “

Speziale C. G. (1987).“ On Non-linear k-1 and k-e models of Turbulence; J. Fluid Mech.,
178, pp. 459-475.
Myong H. K. and Kasagi N. (1990)" Prediction of anisotropy of the near wall turbulence
with an anisotropic low-Reynolds-number k-e turbulence model; Trans. ASME J. Fluids.
Eng., 112, pp. 521-524.
Shih T. H., Zhu J. and Lumley J. L. (1993). “ A realizable Reynolds stress algebraic
equation model,” NASA Tech. Memo 105993.
Craft T. J., Launder B. E. and Sugar K. (1996)." Development and application of a cubic
eddy-viscosity model of turbulence,” Int. J. Heat and Fluid Flow, 17, pp. 108-115.
Launder B. E., Reece G. J. and Rodi W. (1975). “ Progress in the development of a
Reynolds stress turbulence model,” J. of Fluid Mech., 68, pp. 537-566.
Launder, B. E. and Spalding, D. B. (1974).“ The numerical computation of turbulent
flows,” Computational Methods in Applied Mech. and Engng., 3, pp. 269-289.
Rotta, J. C., (1972). Turbulente Stromungen. B.G. Teubner, Stuttgart.
AEA Technology (2001). CFX-4.4, Oxfordshire, UK.

, (2002), “ 3 y

2002 ( ), pp.2614-2619.



T

.01Uo
(max 0.8%Uo)

T T

!

0.002Uo
(max 0.1%Uo)

!

0.002Uo0
(max 0.15%Uo

Figure 3. 2

Standard Shih et al. Cubic

Speziale Myong-Kasagi Speziale(MOSA3D) Myong-Kasagi(MOSA3D)

Figure 4. (U/Uo)



Experiment Standard Speziale Cubic RSM(LRR)
Figure 5. (k/U0°x10%)
1.3
P/D=1.123, Re=2.7x10"
1.2
1.1
E
<; 1.0 ~——— Standard ke
3 - - --Quad.(Speziale) k-e
Quad:(MK) k-e
——————— Quad.(Shih et al.) k-e
0.8 = Cubic k-e
------- RSM(LRR)
0.7 B Experiment
0 10 20 30
q
Figure 6.

0.01Uo
(max 1.1%Uo)

77

W7
AN

(max 2.2%Uo)

Figure 7.

0.01Uo
(max 0.9%Uo)

0.005Uo0
(max 0.18%Uo)

2 2 (

) Speziale, Myong-Kasagi, Cubic(Craft et al.), RSM(LRR)



1.0

q=0
./l
/./
0.8+ /' -----------------
° n—N ,/-"’ P
) PR
~ 7 -
5 PRt
s .7
06F /.- — Standard k-e
. - - - - Quadratic(MK) k-e
j Cubic(Craft) k-e
572 RSM(LRR)
0.4 [ ) —M@— Experiment |
0.0 0.2 0.4 0.6 0.8 1.0
riy"

u/u

—— Standard k-e
- - - - Quadratic(MK) k-e
Cubic(Craft) k-e

————— RSM(LRR)
—ml— Experiment

0.6 L L 1 1 |

0.0 0.2 0.4 0.6 0.8 1.0
riy®
Figure 8. Gap(g=0) (q=45)

14

1.2 AT
a5 \

€ 537 X
3 1.0 5
: ” "/,-/ — Standard k-e
08} P ===+Quad.(Speziale) k-e
B Quad.(MK) k-e
0.6k R N Cubic(Craft) k-e
' RSM(LRR)
—Mm— Experimen
0.4
0 10 20 30 40 50
q(deg)

Figure 9.



t

(u v whlu

(u' v ,w)u

2.0

1.0}

g=0

EXP. Speziade

u-—m—- — L
vV —@— ----
WA

05 L L L L L

0.0 0.2 0.4 0.6 0.8 1.0

2.0
=0
y gAataast
\.7.\I7I7I\./I
1.5
L0 exp cubicke "< i ieg®
[ B SRR
u —m—
VvV —e— ----
WA e
0-5 1 1 1 1

Figure 10.

EXP. Myong-Kasagi

t

(u,v' ,whlu

EXP. RSM(LRR)

2.0 u-—m- —
' Ve~ ----
g=0
= 15
2
>
=)
1.0 ____
0-5 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
yly?
Gap(g=0)



2.5 2.5

2

q=45 EXP. Spezide q=45 ' EXP. Myong-Kasagi
U _m u
z z
4 3
.>— .>"
s 3
05 1 1 1 1 1 05 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
L% yiyn
25
q=45 EXP. RSM(LRR)
U —m
= 2
3 2
= >
=) 2
0.5 L L L L L 05 L L L L L
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
4% A
Figure 11. (g=45)
3 : 3
— Speziale _ qZO q:45 — Speziale
- My_ong-Kasagl - - - -Myong-Kasagi
------ Shlh etal. - /.,./l N ------Shih et al.
S Cubic(Craft) R A Cubic(Craft)
= RSM(LRR) i\ RSM(LRR)
_; —m— Experiment < —m— Experiment
3 E
E 1 2

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Figure 12. Gap(g=0) (g=45)



	분과별 논제 및 발표자

