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Abstract. Low Reynolds number k—& turbulence model is gained by modifying the standard k—&
turbulence model, it applies to the whole fluid region. This case was studied six low Reynolds
number k—egturbulence model and standard k—e&turbulence model in FLUENT14.0 for numerical
calculations near-wall shear flow,through comparing the speed, thus it is concluded that low
Reynolds number k—¢ turbulence model is more accurate than the standard k—& turbulence model.In
the low Reynolds number k—& turbulence model, LS, YS model compared to several other model,
calculated value and actual value deviation is bigger.

Introduction

For the near-wall boundary layer flow and jets,early turbulent is based on Prandtl mixing length
model assumptions and Boussinesq eddy viscosity hypothesis.Subsequently, Kolmogorov and Rotta
proposed turbulence model is based on partial differential equations, due to restrictions of the
computer technology leads to the equation can not be solved. A lot of turbulence models have been
developed based on these two assumptions, and they have been widely used in a variety of flow
forecast.Researchers have proposed a wide variety of two-equation model, three models of which
the most widely used is the k—& model, the k—@ model and the k—»—SST model.

The low Reynolds number k—eturbulence model is obtained by amending the standard
k—e& turbulence model ,and fit most flow calculations.

Features of low Reynolds number turbulence is affecting of the molecular viscosity to flow
relatively increased.it not only affects the transport mean flow, and directly and indirectly affect
various turbulent processes.In view of the industrial process is that the most common low Reynolds
number turbulence occurs in the near-wall region, and therefore focuses on the low Reynolds
number turbulence following the near-wall region.

In the vast majority of high Reynolds number turbulence, need considered low Reynolds number
turbulence thickness near the wall zone does not exceed 2% of the system cross-sectional
dimension.In the near-wall region, production rate of the turbulent kinetic energy k and turbulent
Kinetic energy dissipation rate creaches a maximum, approximately it’s on the local
equilibrium;Average flow velocity and temperature of the second derivative is large, which means
all traffic gradient is large;Parallel to the wall shear stress may be a constant ,and equal to the wall
stress z,,.In addition to these facts, by simple analysis, but also provide some interesting features
near-wall region of turbulence.

Numerical Methods

This example is the application of seven different turbulent models to simulate the near-wall
shear flow.FLUENT14.0 is used as the RANS solver for numerical investigations.Flow field
consists of rectangular cross-section and smooth groove wall,and a plate at the entrance split into
two imports. The flat is from the wall b=0.005m(inletl:v=2m/s ,inlet2:vma=10m/s ),Working
medium is air(p=1.225kg/m? 1;=1.7894x10°kg/m-s).The channel length is 0.41m, width is 0.15m,
height is 0.1m(Sampling line 1,-g=0.03m,position shown in Fig. 1, in mm).
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Detailed grid independence study was conducted in order to ensure accurate results.The grid
“m0”,initially, total number of cells was taken as 2302800.Then, refine the mesh to give several
other grids.By calculating different grid, obtain different results, and comparison.Figure 2 shows the
effect of the grid independence on the velocity variations. As can be seen, in a certain range, the
velocity of the impact of the distribution grid is weak[10].This study focuses on the low Reynolds
number turbulence stage, therefore, the results given by the intersection of data from the distance
between the two beams ranging 5mm to 250mm eight observation line.From the first grid node at
the wall y*=4~9 (y"=yu./v,u. is friction velocity),That y" meet the criteria of low Reynolds number
turbulence models.
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Fig. 1 The flow path geometry diagrams
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Fig. 2 Effect of grid refinement on self-similar velocity profile
The continuity and momentum transport equations as long as Reynolds stress closure equations
are solved for the computational domain.
Continuity equation:
o,

=0
OX; )
Momentum equation:
DU, __10P, 0f aU; oo @
Dt pOXi  OX | OXj

Where linear eddy-viscosity model uses the relationship between stress and strain as follows:

— oU; dU;
uu; = 2/3ks; _V{aTI+_JJ (3)

i X

Where v ,it is by solving a set of turbulent transport equations resulting eddy viscosity.
Low Reynolds number turbulence model solution based on the turbulent kinetic energy and its
dissipation rate transport equation, as follows:
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Where f,, f1, f2,2,D and E are vary with the given models , which f,, f; and f, are the local
turbulent model damping functions, z and ¢ is related,D and E is an additional source term,Py s the
turbulent kinetic energy produced items.Eddy viscosity in the k—emodel is defined asw
:C#f#kzle.cy is a constant and f, is damping functions.In Equation (5) T is the length of time of
turbulence , 7 is isotropic dissipation rate [7].

Table 1 Low Reynolds number k—¢ models and their model constants

Model C, Ca C. Ok o,
SKE 0.09 1.45 1.92 1.0 13
AB 0.09 1.44 1.83 1.0 1.4
LB 0.09 1.44 1.92 1.0 1.3
LS 0.09 1.44 1.92 1.0 13
YS 0.09 1.44 1.92 1.0 1.3
AKN 0.09 15 1.90 1.4 1.4
CHC 0.09 1.44 1.92 1.0 13

Table 2 The damping functions used in the Low Re. turbulence model

Model f, fy f,
SKE 1.0 1.0 1.0
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Seven turbulence models, namely those of Standard k—& ( SKE, Launder and Spalding (1974))
[8], AB ( Abid (1991)) [3], AKN ( Abe et al. (1994)) [6], CHC ( Chang et al. (1995)) [1], LB ( Lam
and Bremhorst (1981)) [4], LS ( Launder and Sharma (1974)) [2], YS (Yang et al. (1993)) [5].

Each model coefficients, damping functions, and near-wall correction functions are listed in
Table 1-3.

Table 3 Additional terms and wall boundary conditions for Low Re. Turbulence models

Model D E Wall B.C.
SKE 0 0 Wall functions
2
AB 0 0 Ew= 1{%}
oy
2
k
LB 0 0 = V{a_zl
oy
2 2.2 -
LS 21{%] 2\/1/t {%] W 0
oy
2
2 2k
YS 0 vy oy £y = V[a_ZJ
oy? o
vk 2
AKN 0 0 e = v[ ]
w oy
2
CHC 0 0 Ew = V[%J
oy
2 12 yu
NOteiRet:k— ,Rey:yk Y =—£ 'Ug=(V5)O‘25*E:g+D'
ve 1% |4
Analysis

Figure 3 is a comparison of six low Reynolds number k—gturbulence model and the standard
k—gturbulence model along the flow of the velocity calculated and experimental data[11].From the
figure we can conclude that the SKE,YS model and experimental data slightly different, other
models are in good agreement with the experimental data.At the x/b=1,5,10,15 ,in turbulence
generation stage, seven kinds of k—gturbulence model results with the experimental data large
deviations.At the x/b=1,5,in the seven kinds of k—¢turbulence models speed reduced slower than
the experimental values, while at x/b=10,15,in the seven kinds of k—g¢turbulence models speed
reduced faster than the experimental values, indicating in the seven kinds of k—g turbulence models
simulation of the junction of two jets are biased.In the vicinity of the wall, the results of six low
Reynolds number k—g turbulence model is better than the SKE model results, mainly due to the low
Reynolds number k—gturbulence model reduces the viscosity near the wall, and enhance the
molecular viscosity, and lead to the results closer to the experimental value. In YS model maximum
speed is higher than the calculated values of other models and the experimental values, you can see
the role of the damping function, and due to the reduced rate of dissipation, high speed than the
experimental values.

Overall, calculated value of the low Reynolds number k—g turbulence model near the wall than
standard turbulence model is more accurate;in the low Reynolds number k—gturbulence models,
SKE,LS and Y'S model compared with several other model,and the precision is low; Several models
simulation and actual fluid meets the accuracy requirements, with engineering value
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Fig. 3 Comparison of calculated and experimental data for each model in the speed U at
(x/b=1,5,10,15,20,30,40,50)

Summary

The calculation example is focus on low Reynolds number conditions, different turbulence
models (SKE, AB, LB, LS, YS, AKN, CHC model) and two wall treatment for the near-wall shear
flow forecasting and assessment.By comparing the simulation results with the experimental data to
validate the turbulence model consistent with the degree of reliability with real physical flows.And
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by comparing the turbulence model of the calculated value of other physical quantities, to assess the
advantages and disadvantages of each model.Table 1-3 summarizes the differences between the low
Reynolds number turbulence two-equation model with the standard high Reynolds number
turbulence two-equation model in FLUENT14.0, we can see the way of modification and the
specific formula is various; as a result of the inspection scope widely enough, it is difficult to say
that a better form.Nevertheless, it can be seen from the study, the role of molecular viscosity of the
relative enhancement in low Reynolds number k—¢ turbulence.it be used to calculate the boundary
layer problem, and compared to the standard k—e&turbulence model in the wall is calculated
accurately.But the low Reynolds number k—e&turbulence models in the wall of the calculation
requires more mesh nodes, so the computing time than using wall function about an order of
magnitude.Therefore, in the case of calculating insufficient resources, standard turbulence model is
applicable.
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