BNARER FRBGHRAF RXE, #EB8%. 2% op.68~79, 19397 12
Cheju National Univ. R.I.I.T Jour.. Vol .8, No.2, pp.68~79, 1997. 12

rptks XM%‘: F&53A Prandtl 7}
A vzl 3k

l_

*
oA

Effect of Prandtl Number on Turbulent Heat Transfer
in Flow Fields through Rod Bundles

Sin Kim*

ABSTRACT

The turbulent heat transfer in rod bundles which are commonly adopted in nuclear

fuel bundles is analyzed with A— & 2-equation model. For the precise prediction of
the turbulent flow field, an anisotropic eddy viscosity model is used. When the
analysis of the temperature field, the effects of various parameters such as geometry,
Reynolds and Prandtl numbers are reflected. Especially. the calculation is made for
Prandtl number from 0.01 to 10.0 in order to analyze the effect of Prandtl number of
coolant on the heat transfer in rod bundles. The numerical results show that in small
P/D geometries low Prandtl number makes severe changes of the surface temperature
along rod surface. Because such severe temperature changes may cause damage to
the fuel integrity., it is recommended that the Prandtl number effect on the rod
surface temperature variation should be considered during the conceptual design of
TR (Transmutation Reactor) in which liquid metal is expected to be used as a

coolant.

Key words : Turbulent heat transfer, Rod bundle. Prandtl number,

Liquid metal coolant
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NOMENCLATURE

a,, a, velocity coefficients

Ag turbulent model constant
b shape factor
B,.C,,Cq,C, turbulent model
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constants

D rod diameter

Dy hydraulic diameter

D, turbulent model constants

fa.fa, fu damping factors used in
Lam-Bremhorst low-
Reynolds number
k—e¢e model

g gap size

k turbulent kinetic energy

n anisotropic factor

Nu Nusselt number

p pressure

P/D pitch-to-diameter
Pe Peclet number
P, turbulent kinetic energy

production rate

Pr Prandtl number
y radial coordinate
Re Reynolds number based on

hydraulic diameter

Str Strouhal number
T Temperature
U; mean velocity of 1 direction

u;u; Reynolds stress

x; coordinate of i direction

y normal distance from the wall

Zpp hypothetical path length of flow
pulsation

Greek

é centroid-to-centroid distance

o Kronecker delta

3 dissipation rate of turbulent

kinetic energy
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7} azimuthal coordinate

v molecular kinematic viscosity
Vi anisotropic eddy viscosity

0 density

Ok, Gz, O Prandtl number for

turbulent kinetic energy
and its dissipation rate,
and turbulent Prandtl

number
Ty wall shear stress
ave average
1,7 Cartesian index (1 for normal

to the wall, 2 for parallel to the
wall. 3 for axial direction)

w wall
+ nondimensionalized variable
overbar representative value
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