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Cold-flow Numerical Simulation with Overset Grid Method
utilized in Design Process of Aero Engine Combustor
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Numerical simulation was utilized in the developing process of Rich-Lean type aero engine combustors for small
aircraft, which was conducted in the framework of JAXA TechCLEAN project. To apply the numerical method to the
screening process of combustor design, we used a cold-flow simulation code UPACS with overset grid method. In
this report, the method was applied to a single-sector combustor with practical geometry and verified by experimental
data of mass flow and pressure loss. Then the method was utilized in the development process of the aero engine
combustor; in the screening process which compares combustor geometries and in the investigation of the difference
between full annular and multi-sector combustors. Obtained technical knowledge through the development process is

reported in this paper.
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Experimental model

(b) 3/16 multi-sector combustor (MSC)
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Dilution air holes
Inner liner casing

Exit

MSC2

Mmh<:>-ﬂ

Pre-@ser />/ 1
robe \ -

Fuel nozzle

Fuel

lean
region
'\XT Probe

Effusion cooling
air holes

Combustion air holes
Cowl

(d) Design concept of target combustor

Fig. 1 Target aircraft combustor models and calculated region with schematic sectional drawing.
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Table 1 List of calculation and experimental combustor models with configuration parameters.

(Shaded cells show parameters modified from previous model.)

caloulation Liner conl Air hole size(mm) and number (st.: staggered) Experimental model

mode Conbust ion Dilution Cool ing Msc FAC
Single-sector Calculation Model
Stht L1 C1 ¢ 10.2x4 ¢ 9. 4x6 MSC1
Sth2 L1 C1 ¢ 10. 2x4 ¢ 11. 4x6
S1h2c2 L1 C2 ¢ 10. 2x4 ¢ 11.4x6
S1h2c3 L1 C3 ¢ 10. 2x4 @ 11.4x6
S2h2 L2 C1 ¢ 10. 2x4 ¢ 11.4x6
S2h2st L2 C1 ¢ 10.2x4 st. ¢ 11.4x6
S2h3st L2 C1 ¢ 10.8x4 st. @ 11.4x6 & 3. 5x4 MSC2 FAC1
S2h3stcool L2 c1 ¢ 10.8x4 st. ¢ 11. 4x6 ¢ 3. 5x4 ¢ 3. 3x46 MSC2 FAC1
S2hdst L2 C1 ¢ 10.2x4 st. (Trans.) ¢ 10. 9x6 ¢ 3.5x4 FAC2
Multi-sector Calculation Model
W2h3st | L2 (x3) | ¢l $10.8x4 st. 6 11.4x6 3. 5x4 NSG2
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Fig. 2 Setup of combustor calculation grid and interpolation layer along overset boundary.
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Fig. 3 Setup of combustor calculation grids of SZh3stcool
including effusion cooling air holes, shown with
distribution of total pressure on combustor liners.
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Fig. 4 Comparison of total pressure loss for experimental models
and calculation model S2Zh3stcool.
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Fig. 5 Distribution of overall discharge coefficient of effusion
cooling air holes. (-i: inner liner, -o: outer liner.)
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Fig. 6 Transition of combustor configurations shown with
calculated total pressure.
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Fig. 7 Effect of combustor configuration on total pressure loss of
model combustors, shown with experimental values.
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Fig. 8 Comparison between multi-sector and ideal full annular configurations.
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Fig. 9 Comparison of mass flow ratio distribution between multi-

sector and ideal full annular combustor models.
(-c: combustion air holes, -d: dilution air holes.)
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Fig.10 Comparison of mass flow ratio among multi-sector and
ideal full annular combustor models.
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Fig.11 Comparison of total pressure loss among multi-sector
and ideal full annular combustor models.
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