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PERFORMANCE ANALYSIS OF THE TURBULENCE MODELS
FOR A TURBULENT FLOW IN A TRIANGULAR ROD BUNDLE

W. K. In", T. H. Chun' and H. K. Myong’

A computational fluid dynamics(CFD) analysis has been made for fully developed turbulent flow in a
triangular bare rod bundle with a pitch to diameter ratio (P/D) of 1.123. The nonlinear turbulence models
predicted the turbulence-driven secondary flow in the triangular subchannel. The nonlinear quadratic k-&
models by Speziale[l] and Myong-Kasagi[2] predicted turbulence structure in the rod bundle fairly well.
The nonlinear quadratic and cubic k-& models by Shih et al.{3] and Craft et al.[4] showed somewhat weaker
anisotropic turbulence. The differential Reynolds stress model by Launder et al.[5] appeared to overpredict
the turbulence anisotropy in the rod bundle.
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This paper presents a computational fluid
dynamics(CFD) analysis of the turbulent flows in a
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triangular bare rod bundle by using several
nonlinear k—¢ models and a Reynolds stress
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2. NONLINEAR TURBULENCE MODEL

The values of the four empirical coefficients in
the quadratic relationship are provided in the
references.[1-3] The coefficients for the cubic
model by Craft et al.[4] are given as

In order to improve the weakness of the isotropic
eddy viscosity assumption used in the standard
k—¢ model, the nonlinear quadratic or cubic
relationships  for the Reynolds stresses were

proposed as follows:
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Here, Sand Qare the non-dimensional strain rate
and vorticity, respectively.

A more complex version of the RANS turbulence
model is the differential Reynolds stress model
(RSM). It is based on exact transport equations for
the individual Reynolds stresses derived from the
Navier-Stokes equations. The exact differential
equations describe the behavior of the Reynolds-
stress tensor ¢, and the dissipation rate ¢ for an

incompressible ~ fluid.  The  pressure-strain
correlation in the RSM uses the Rotta model for a
slow pressure strain and the well-known LRR
model for a rapid pressure strain.

3. NUMERICAL METHOD

The present analysis simulated the experimental
study of the axial turbulent flow in a triangular rod
bundle by Carajilescov and Todreas.[6] Only the
1/6 triangular subchannel of the bare rod bundle
was modeled by using a flow symmetry to reduce
the size of the computational model. Fig. 1
illustrates the triangular rod bundle and the
computational grid. The ratio of the pitch to rod
diameter(P/D) is 1.123.

The optimal grid is 30x30 in the radial and
azimuthal directions, respectively. Since this study
simulates the fully developed flow, only two grid
cells were used in the main flow direction. The grid
size in the nondimensional wall unit(y') was
calculated to be 15-20, which is the closest distance
from the rod surface. The conventional wall
functions using a universal law of the wall were
applied to specify the turbulence in the near-wall
region. The calculations were performed at
Reynolds numbers, based on a bulk mean velocity
and a hydraulic diameter of 27000.

4. RESULTS AND DISCUSSIONS

Fig. 2 shows the velocity vectors indicating the
turbulence-driven secondary flow in the subchannel
of the rod bundle. They show the secondary flow
from the center of the subchannel to the gap due to
an anisotropic turbulence. The maximum secondary
velocity was estimated to be 0.8%(Speziale),
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Fig. 2 Turbulence-driven secondary flow:
(a) Speziale, (b) Cubic (¢c) LRR

0.6%(Myong-Kasagi), 0.1%(Shih et al.), 0.13%
(Cubic) and 13%(LRR) of the bulk mean
velocity(Uo), respectively. An experiment[6] has
reported that the secondary flows were less than
0.67 percent of the bulk mean velocity. The
nonlinear quadratic k—¢ models by Speziale and
Myong-Kasagi are judged to predict the secondary
velocity reasonably well.

Fig. 3 compares the contour plots for the
normalized axial velocity. The axial velocity
predicted by the cubic nonlinear k-g¢ model
appears to decrease more rapidly from the center of
the subchannel to the gap region. The Speziale and
Myong-Kasagi models show a more accurate
velocity distribution but still a lower velocity in the
gap region. The RSM by LRR predicted the
velocity in the gap region well but a lower value in
the center of the subchannel.

Fig. 4 compares the distributions of the turbulent
kinetic energy showing a local peak in between the
center of the subchannel and the gap. The standard



VoL.10 No.1 /65

Fig. 3 Distributions of axial velocity (U/Uo):
(a) Experiment, (b) Standard, (c) Speziale,
(d) Myong-Kasagi, (¢) Cubic, (f) LRR

and cubic k-&¢ models showed similar predict-
tions which are somewhat higher than the
measurement. The nonlinear model by Shih et al.
also showed a distribution similar to the cubic one.
The predictions by the Speziale and Myong-Kasagi
models agree with the experiment reasonably well.
The LRR model shows a higher turbulent kinetic
energy and a small variation between the center of
the subchannel and the gap.

Fig. 5 shows a comparison of the wall shear
stress distribution along the rod surface. It shows an
increase from the gap (6=0) to the diagonal

(8 = 30) . The nonlinear Shih et al. model and the

cubic k-¢ model indicate almost the same
results which are slightly better predictions than the
standard k —¢. The Speziale and Myong-Kasagi
models resulted in predictions showing a peak at
6 =25 and a rapid decrease near the diagonal. The
LRR Reynolds stress model predicts the peak at
6 =20 . The peak to peak variation of the wall shear

®

Fig. 4 Distributions of turbulent kinetic energy
(k/Uo* x10%):
(a) Experiment, (b) Standard, (c) Speziale,
(d) Myong-Kasagi, (¢) Cubic, (f) LRR

Fig. 5 Wall shear stress distribution along the rod

stress is estimated to be 43%(Standard), 34%(Shih
et al. and Cubic), 25%(Speziale and Myong-
Kasagi), 17%(RSM) and 20%(Experiment) of the
mean value, respectively.
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5. CONCLUSION

A CFD analysis has been performed to compare
the predictions of the nonlinear turbulence models
for an axial turbulent flow in a triangular rod
bundle and the following conclusions can be made.
(1) Nonlinear turbulence models predicted the

secondary flow in the subchannel of the rod
bundle well but showed a large difference in the
magnitude of the secondary velocity.

(2) The quadratic .models proposed by Speziale
and Myong-Kasagi predict the turbulent flow
characteristics in the rod bundle fairly well. The
Reynolds stress model by Launder et al
overpredicts the turbulence-driven secondary
flow and the turbulent kinetic energy.

(3) The nonlinear turbulence models need to be
evaluated further for their prediction
performance of a detailed turbulence structure
in a rod bundle.
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