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A Study on Flow Characteristics of the Inlet Shape for the S-Duct
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ABSTRACT

Aircraft needs an inlet duct to supply the airflow to engine face. A fighter aircraft that
requires low radar observability has to hide the engine face in the fuselage to reduce the
Radar Cross Section(RCS). Therefore, the flow path of the inlet duct is changed into
S-shape. The performance of the aircraft engine is known to be influenced by the shape
and the centerline curvature of the S-Duct. In this study, CFD analysis of the RAE M 2129
S-Duct has been performed to investigate the influence of aspect ratio of inlet geometry.
The performance of the S-Duct is evaluated in terms of the distortion coefficient. To
simulate the flow under adverse pressure gradient better, k-o SST turbulence model is
employed. The computational results are validated with the ARA experimental data. The
secondary flow and the flow separation are observed for all computational cases, while the
semi-circular geometry has been found to produce the best results.
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Fig. 1. RAE M 2129 S-Duct geometry
Table 1. RAE M2129 Shape parameters . o . .
Fig. 2. Definition of inlet-geometry aspect ratio
Parameter | Value(m) Description
Dot 0.1288 Throat diameter
D, 0.1440 Highlight diameter
Dy 0.1524 Engine face diameter
Xy 0.4839 Engine face position (a) AR(L,1) (b) AR(1,0.5) () AR(1,0)
L 0.4572 Duct length
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Fig. 3. Aspect ratio of inlet geometry
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b: width of section
S: area Of section
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Fig. 4. Definition of the engine face distortion
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where,
Pt,/ :mean total pressure at engine face
P, :mean total pressure at inlet free stream

Pt{/(e) 2 mean total pressure at engine face § section

Q.; : mean dynamic pressure at engine face
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(a) Full domain

(b) Engine face

(¢) Duct internal flow domain

(d) Cowl lip
Fig. 5. Computational grid

Table 2. Flow condition of LMFR

Test Case3.2(DP3537)
Total Pressure H, = 29.865inHg
Total Temperature T, = 293K
Flight Mach number M, =021
Throat Mach number M, = 0.412
Capture Area 23.245in°
Capture ratio 1.457
Angle of Attack 0°
Incidence Angle 0°
AAZRAE FAoH, AR JFH tigh A
zHAo® AYxAS FAYG HE YR =#HH
R

of disie A&ZA(no-slip condition)S 1
b AAME AAZALS Table 201 YR,
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Fig. 6. Grid dependence test results
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Table 3. Hydraulic diameter for inlet shape
(upperA,RIower) Perimeter D, Viniet
(1,1) 0.4046 0.1288 | 137.30

(1,0.5) 0.4183 0.1246 | 137.71

(1,0) 0.4769 0.1093 | 137.90

(0.5,1) 0.4183 0.1246 | 137.93
(0.5,0.5) 0.4524 0.1152 | 138.33
(0.5,0) 0.5781 0.0901 | 138.62

0,1) 0.4769 0.1093 | 138.23

(0,0.5) 0.5781 0.0901 | 139.04

Table 4. Performance about inlet shape

AR Pressure DC60
(upper, lower) Recovery

1,1) 0.9920 0.2125
(1,0.5) 0.9920 0.1608
(1,0) 0.9915 0.107
(0.5,1) 0.9921 0.1337
(0.5,0.5) 0.9921 0.1268
(0.5,0) 0.9916 0.0888
0,1) 0.9920 0.0910
(0,0.5) 0.9919 0.1187
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