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Simulation of Turbulent Flow in a Triangular Subchannel
of a Bare Rod Bundie with Nonlinear £k — € Models

Hyon Kook Myong

Three nonlinear k— € models with the wall function method are applied to the fully
developed turbulent flow in a triangular subchannel of a bare rod bundle. Typical predicted
quantities such as axial and secondary velocities, turbulent kinetic energy and wall shear stress
are compared in details both qualitatively and quantitatively with both each other and
experimental data. The nonlinear k— € models by Speziale[l] and Myong and Kasagi[2] are
found to be capable of predicting accurately noncircular duct flows involving turbulence-driven
secondary motion. The nonlinear kK — € model by Shih et al.[3] adopted in a commercial code is
found to be unable to predict accurately noncircular flows with the prediction level of secondary
flows one order less than that of the experiment.

Key Words: Nonlinear k— € model(¥ 28 k— € 2 9), Turbulence-driven secondary flow (&

2 of7|5lE olAH-%), Anisotropy (Hl549HA), Subchannel(¥4=2), Rod Bundie(% th
4h) Simulation(<F 2] 8] 4})

1. A =2 $%(secondary flow)e] At FHelrp o

oA FEF S HWEH -;f-wer-,E"ﬂ Hl& 1% olat=

AHZ4Z(LMFBR)S HSA+2@WR) 5 FWHSZ Wi Ho, dRdAUAE LA
3 2o Axzd AedE ddg Rgwe B L, FHE HE °“‘§}§ Fol ARHoz ¥
Tk abolo] WAE Azt T Az wA® ¢gd BX5 HIAIIE T FEF A

=)
2 Qg ndg. we, olge oA
wa) AN we 494 2 FAA4A

Bslo] grouh, v A4y ey
=2

%i

BE 7HAE ¥4 2(sub-channeDE o ¥opwr  EA

o Hygoz WAt z2 4% Fguw T

o] 93 o (noncircular duct)?l ol ¥ 477 =

F%3 wad $%59 Aedx g FEel W e
o

Fd 54 dds Fode w42
gl Abe] 2o n Sl g ofrlgE ojx  FEC W@ AT HlaH Ho{4-17].
da3te ¥ rhd(bare rod bundle)®l 473

B2 HalAl  Trupp and  Azad[ll],
* 20039 32 179 H=F Caragjilescov and Todreas{12] ¥ Bartzis and
» A, TA FAERTER Todreas[13]E Ad %2 #iddeoz AFsHHL



A8A A2%. 2003. 6

NAYk— edFRde 4 Frhee 4249 #5420 YFEFF £4344 9

Symmetry line for one rod

Typical
ubchannel

ean velocity
line

NN

P/D = Aspect ratio

Fig. 1 Fuel bundle geometry with triangular
array of bare rods.
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Fig. 2 Measured contour plots for axial
velocity and turbulent Kkinetic
energy [13].
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Fig. 3 Predicted contour plots for axial
velocity and turbulent kinetic
energy (Linear model).
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Fig. 4 Predicted contour plots for axial
velocity and turbulent Kinetic
energy (SZL model).
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Fig. 5 Predicted contour plots for axial
velocity and turbulent kinetic
energy (MK model).
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Fig. 6 Predicted contour plots for axial

velocity and turbulent kinetic

energy (SP model).
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13 T N S ——
1.2
11
£ 10 MK model
-~ ——- SP model
2 09r 7 - SZL model
2 osty/ - = Linear model
0.7 ¢ B
06| g=30, P/D=1.123, Re=2.7 x 10°*
05 s ; -
00 02 04 06 08 10
riy?

Fig. 8 Axial velocity distributions.

ot &3] v wstr] Y8 Fig. 7% Fig. 8 6=0
% O=3000 4] WAYFoze] Y SERE
29203 A 2% dedd. gaz
1Az 2%a4 AEE @ EABG e,
£ ageld 7tea Fagusd AgE 7 2
e HRo2iH BAAAA Y A
golxz, yhe& B wAdgoeR
A&z a7 Az

de SEEYIL ¥R

g B i

22 o "a ol Ag ARG WESR o £5¥ 5L sx Utk wH, SP 2y
ArHH, o] T ao] AN HERFFANSG MK LU Fe fzdddAs 2gdsud
2o) Aze 24U fFAAR ol AHE A4 i A d3sa Yo, AWHOE ojaf
o 2% d¥S 1 UL VHHAOL 4F Bl ¥ SuvE wmA F A5y A
sa gleh 2 d &tk F dgmdel Ase wwg

A7, 7 wuY 2dol dE dAZAEE B W olAfFon A F& FRIGIAE F=



A8B A 23.. 2003. 6

HAZk— edfrde o3 Fride 449 ezl UFHE FAHY 13

1.5 y

MK:nodel ‘ ’ B
141 ___. SP model 4
13} ——em- SZL model
12| — == Linear mode! =
ol B et
P
1.0 e
0.9 v -
0.8 === pD=1.123 Re=2.7x10* |
07 0 15 20 2

0 5 10 15 20 25 30
6

Fig. 9 Wall shear stress distribution.
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