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A Numerical Study aimed at Accurate Flow Simulation near a Turbine Blade Surface
with Cartesian Grid Approach and Virtual Flux Method
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In this study, we examined accuracy of the flow simulation over a turbine blade on Cartesian grid using virtual flux
method. In the simulation, we used 2-dimensional compressible Navier-Stokes equation for governing equation and set
Hodson’s linear cascade for the simulation model. Furthermore, we used multi-block method for more accurate and
more efficient simulation. We evaluated accuracy of the simulation by comparing pressure coefficient distribution,
Mach number distribution, and velocity distribution near a turbine blade’s surface. As a result, we could simulate the
flow around a turbine blade in shorter calculation time using virtual flux method and multi block method than that of
the simulation without multi block method. However, the results of pressure coefficient distribution and Mach number
distribution vary from the results of the simulation without multi block method. Therefore, we consider even further
about periodic boundary condition and boundary conditions between fine block and coarse block.
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Fig. 1 Schematic diagram of Virtual Flux Method.
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Fig. 3 Simulation model for shock tube analysis.

Table 1 Computational conditions for shock tube analysis.

Number of grid points 202 x 42
Grid resolutions Ax = Ay = 0.005
Time interval At = 0.0005
p =1.000
[High pressureside] u = v = 0.000
Initial conditions p = 1.000
p =0.125
[ Lowpressureside] u = v = 0.000
p =0.100
a a
Lower and upper L=0 E=0
boundary conditions u, v : slip condition
Left
boundary condiitions p=1.000,u=v=0.000,p =1.000
Right
boundary conditions p=0.125,u=v =0.000,p = 0.100
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Fig. 4 Simulation model for Rayleigh’s problem analysis.

Table 2 Computational conditions for Rayleigh’s problem analysis.

Number of grid ponts

403 x 51 (Fine block)
202 x 177 (Coarse block)

Grid resolutions

Ax = Ay = 0.005 (Fine block)
Ax = Ay = 0.010 (Coarse block)

Time interval

At =1.0x107*

Reynolds number

100

Initial conditions

p =1.000,u = v = 0.000,p = 1.000

Lower
boundary conditions

ap _ dp _
an_O' Bn_o

u=0.01,v = 0.00

FEES - D07-4
Upper boundary p=10, p=1.0
conditions Z_: —o, S_Z _o
bou;fi:r?/n:o:gir:ons Periodic boundary conditions
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Fig. 5 Density distribution for the whole domain.
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Fig. 6 Pressure distribution for the whole domain.

u : x-axial velocity
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Fig. 7 x-axial velocity distribution for the whole domain.
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Fig. 8 Density distributionat y = 0.1D.
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Fig. 9 Pressure distributionat y = 0.1D.
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Fig. 10 x-axial velocity distributionat y = 0.1D.

FHEAERD D, x/D = 0.85FHTICEEE W, x/D = 0.70HL
\CHHREREE, x/D = 0.25~0.5012BW TR N TV 5D
ZENRDNY, EMEIC R THERE S BEA—EL TS, 2
ZT, y = 0.1DITHIT DEENAR, FI150A6, KUY FmdEsy
DN TENENEERIR L DFEERDD &, HETIL 0.04%,
JEFT7CHE 0.06%, x J7TAIEEE Tl 0.01% & EEANC /LT b EHRAER
EHERRTI LS —BLTWh EEZ DL, DT LD, E
fErEr e« 2 b= 25RO OBFEIST SR Ea— R
TN AER CE T D Ll TE 5.
3. 2. 2 LAY—REEILFIOVIEEZRANV:=EM)

IR Figs. 11, 12 |ZFNEAVRRSCFHE = 2.5, 5.0 TOH
WEIROx FIRE A% ~d. 77, Figs.13, 141232 h
HEYRSEHERE = 2.5, 5.0 TOx/D = 1.01231F Dx TS

wINY

001

. 0.00

0.0 0.5 1.0 1.5 20
x/D

Fig. 11 x-axial velocity distribution at ¢t = 2.5 for the whole domain.
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Fig. 12 x-axial velocity distributionat ¢ = 5.0 for the whole domain.
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Fig. 13 x-axial velocity distributionat ¢ = 2.5 on x/D = 1.0.
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Fig. 14 x-axial velocity distributionat ¢t = 5.0 on x/D = 1.0.
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Fig. 15 Model for the simulation with single block method.
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Fig. 16 Model for the simulation with multi block method (Case 1).
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Fig. 17 Model for the simulation with multi block method (Case 2).
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Table 3 Number of grid points and grid resolutions for each case.

Single  C=100 401 x 64 (Ax = Ay = 0.010)

block C=200 801 x 124 (Ax = Ay = 0.005)

82 x 64 (Block1l, Ax = Ay = 0.010)
Casel 281 x 127 (Block2, Ax = Ay = 0.005)
Multi 182 x 64 (Block3, Ax = Ay = 0.010)

block 83 x 64 (Blockl, Ax =Ay = 0.010)
Case2 401 x 127 (Block2, Ax = Ay = 0.005)
143 x 64 (Block3, Ax = Ay = 0.010)
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(b) Single block (C=200).
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(d) Multi block (Case 2).

Fig. 18 Pressure coefficient distributions for the whole domain.
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Ma : Mach number
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Fig. 19 Mach number distributions for the whole domain.
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Fig. 20 Pressure coefficient distributions on the blade surface.
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Fig. 21 Mach number distributions on the blade surface.
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Fig. 23 Mach number distributions on the blade surface.
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Fig. 24 \elocity distributions near the blade surface.
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Table 4 Calculation time for each case.

Single block (C=100) 2h47m6s
Single block (C=200) 10h31m16s
Multi block (Case 1) 6h20m10s
Multi block (Case 2) 7h5m1i2s
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