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An Efficient Numerical Simulation Technique for Wall Turbulent Flows
Making Use of Near-Wall Flow Property at High Reynolds Number
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DNS results performed a afew different Reynolds numbersindicate that the pressure gradient in the wal norma direction ismuch
smdler than thosein tangentid directions within about 10 viscous unitsof thewdl.  This near-wall constant pressure property thet
is rdated to the blocking effects of solid walls, is made use of in developing an efficient numerica smulation technique for
Navier-Stokes equations.  Calculations have been performed with different mesh szes for channd flow test case and results are
seen to agree very wel with the conventional DNS results and yet the technique leads to maximum computetiona saving of 80%

compared with the conventiona DNS.
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Fig. 1 Flow configuration of open-channel flow.
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Fig. 2 Instantaneous pressure profiles.
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Fig. 3 Profiles of RMS pressure gradient fluctuations.
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Fig. 4 Arrangement of positions of velocity components and pressure.
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Fig. 5 Boundary condition for scalar potential @.
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Fig. 6 Velocity correction at corrector step.
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Table 1 Cell arrangement in x2 direction.
Runl Run2 Run3 Run4 Run5
Np iNviLH [Np!Nvi LH [NpiNvi LH [NpiNv!iLH |[NpiNv:LH
Layer | 1:8:67 |1:81: 67 P8 167 | -1 -t
Layeril | - & - & - | - @ -1 - 51141343 | - | - | -
Layer 1l | 64 i 64 | 180 | 56 | 56 | 173.3 | 48 | 48 1 166.6 | 20 : 20 198.0 | 32 | 32 i 180
Layer IV | - : - &+ - - - - - 5 114 1343 - &+ - 1 -
Lajer V. | - + -1 - | -1 -1 - 118167 tgier | - 1o 1.
Total 64 164 1180 | 57 1 64 + 180 |50 i 64 : 180 | 32 i 64 : 180 | 32 i 32 i 180

Np; Number of pressure cells, Nv; Number of velocity cells, LH; Layer height in viscous unit
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(d) Run4 (e) Runb5
u,*<-3.0; blue or dark-gray, u,*>3.0; red or light-gray, p*<-3.0; white
Fig. 7 Instantaneous flow structure in terms of high-speed, low-speed and low pressure regions
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(c) Run3
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(¢) Run4 compared with Runl
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(c) Run4 compared with Runl (e) Run5 compared with Runl
Fig. 8 Mean velocity profiles.
g 3 T T T T ‘ T T T T T ‘ T T T T T g 37
+ +rms 4,0 ,m ;Runl(conventional DNS) + +rms 4,0 ,m ;Runl(conventional DNS)
S 0,0,0 ;Run2 S 0,0,0 ;Run3
g "2 Solid lines; KMM (channel) g -2 Solid lines; KMM (channel)
: Dash lines YN (open-channel) : Dash lines YN (open-channel)
N N A
S S
e~ 1 e~ 1
+ +
ZH N 3‘_' 5l
0 " 180 0 " 80
2 2
(a) Run2 compared with Runl (b) Run3 compared with Runl
g 3 T T T T T ‘ T T T T T ‘ T T T T T g 37 T T T T ‘ T T T T T ‘ T T T T T
+ +rms 4,0 ,m ;Runl(conventiona DNS) t o +trms 4,0 ,m ;Runl(conventional DNS)
S 0,0,0 ;Rund =] L 0,0 ,0 ;Runs
g -2 Solid lines; KMM (channel) g -2 Solid lines; KMM (channel)
= Dash lines, YN (open-channel) = Dash lines YN (open-channel)
N A= N =
S S
g -1 g -1 g
: — AL N : — l‘ 2
S 0 4 T T S 0 . T N
0 60 x* 120 180 0 60 x* 120 180
2 2
(c) Run4 compared with Runl (e) Run5 compared with Runl
Fig. 9 RMS fluctuations.
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Fig. 10 Budget for turbulent kinetic energy.
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(c) Run4 compared with Runl (e) Run5 compared with Runl
Fig. 11 Budget for normal Reynolds stress in x, direction (near no-slip wall).
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Fig. 12 Budget for normal Reynolds stress in x, direction (near slip wall).
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Fig. 13 Triple velocity correlations.
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Table 2 Comparison of cost performance.

Runl | Run2 | Run3 | Run4 | Run5
Casel 1 1.70 1.57 0.80 0.42
Case2 1 0.80 0.58 0.22 0.17
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