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Abstract

Algebraic Reynolds Stress (ARS) model is applied in order to analyze the turbulent flow of
wall-attaching offset jet and to evaluate the predictability of model. The applied numerical schemes are
the upwind scheme and the skew-upwind scheme. The numerical results show a good prediction in the
first order calculations (i.e., reattachment length, mean velocity, pressure), however, slight deviations in
the second order (i.e., kinetic energy and turbulence intensity). Comparing with the previous results
using the k- & model, the ARS model predicts better than the standard k- ¢ model, however, slightly
worse than the k- ¢ mode! including the streamline curvature modification. Additionally this study can
reconfirm that the skew-upwind scheme has approximately 25% improved predictability than the upwind

scheme.
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Table 1 Values of constants in ARS model

Constant | Value | Constant | Value } Constant | Value

Cy 1.8 Cey 1.92 C 0.25

C, 15 Cy 05 C. 0.15

C, 0.4 C’ 0.3 4 0.4

Ca | 144 7 06 | €, 009
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Table 2 Boundary conditions for the flow geometry
~Variable U v k e P uiu .,
Boundary /
Jet inlet 3
xe/Dl :eo Exper. 0 Exper. k'’ /(—% Cp D) Exper.
Free Surface v ok de _ duu;
Y/D = 97 0 gy =0 ay =0 ay 0 Pam 3y 0
Exit 8uU _ v _ 3k _ e _ . dui; _
wo-m | ax " o =0 o =0 2z 0 ax °
X/D=0 0 Wall Fun. Wall Fun. Wall Fun. -
Wall
Y/D=0 Wall Fun. 0 Wall Fun. Wall Fun. - 0
Table 3 Analytic results and comparison with the previously analytic results
Charact- Potential Core Reattachment c
Scheme! Grid {scM? | PDM?Y | Length (X/D) (X/D) Tteration | ~0 " Remarks
Model Xc” | Erro” | Xg | Error” gence
Stlf"ld:rd Upwind [55x37| X | X | 219 | 42% | 534 | 299% | 590 |0.001 % | Reference (11)
Modified Uowind  |55x371 0 | X | 269 | 299% | 532 | 209% | 600 |o003 o | Reference U
k-e MOCUP

Mkoq}f;ed Upwind | 5x37| X 0 210 | 46 % | 491 | 35% | 620 |0.002 % | Reference (11)

Mkocilf;ed Upwind |55x37| O | O | 192 | 49% | 447 | 40 9% | 610 |0.002 % | Reference (11)

Sandard | sew-upwind [55¢7) X | X | 275 | 2% | 685 | 9% | 710 [0004 % | Reference (12

Modified | oy pwind [55x37| O | X | 266 | 30 % | 722 | 4% | 690|000 o | Reference (1)

K - e MOCSK

Modified , . . -

k - ¢ Skew-upwind | 50x37 X ¢} 2.19 42 9% 6.02 20 % 690 0.002 % | Reference (12)

l\'isq?f;ed Skew-upwind | 55%37 | O 0 280 | 26% | 68 | 9% | 690 |0.001 % | Reference (12)

v
ARS Upwind 5537 X X 253 | 339% | 525 | 30% | 700 |0.005 % | ARSUP
ARS Skew-upwind | 55%37 | X X 449 | -18% | 738 | 2% | 80 0005 % | ARSSK
A
Note 0 : Application X @ Non-application

1)

2)

4) Mean velocity in potential core :
— Xexp—Xnum 10000,

5) Error= et x 100(%)

SCM ¢ Streamline Curvature Modification
U = 0.99;

(Xexp @ Experimental result, Xnum :

Scheme for momentum equation (Upwind scheme is used for other equations,)
3) PDM : Preferential Dissipation Modification

Numerical analysis result)
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Fig. 8 Dissipation rate distribution
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