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Accurate prediction method of flow coefficient for 2D curved surface

variable inlet
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Abstract: In order to meet the flow requirements of Mach number range of modal trans-
lation (incoming Mach number 2. 2—3. 2) for the 2D curved surface variable inlet, in view of
three adjustment schemes of cowl translation, rotation and translation + rotation, based on
theoretical analysis and the flow field of the reference inlet, an accurate prediction method of
flow coefficient was proposed, and verified by numerical calculation, and the overall per-
formance was obtained. The results showed that their flow coefficients were exactly equal to
the predicted values and did not require repeated trial-calculation, which met the design ex-
pectations and could be extended to the axisymmetric inlet. In relation to the reference inlet,
the flow coefficient and compression efficiency increased simultaneously as the cowl moved
forward. The total pressure recovery coefficient of the exit was equal and the pressure ratio
was increased by 14. 6% at incoming Mach number 2. 5. Under the condition of reducing the

same flow coefficient, the backward movement of the cowl made the pressure ratio and com-
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pression efficiency lower, the total pressure recovery coefficient of the exit was basically e-

qual and the pressure ratio was reduced by 12. 9% at incoming Mach number 2. 5, while the

rotation of the cowl further reduced the pressure ratio by 9. 1%, and the performance of cowl

back movement scheme was better.
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combined cycle engine; hypersonic inlet; variable geometry;

flow coefficient; accurate prediction; numerical simulation
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Fig. 1 Aerodynamic configuration of 2D curved surface

reference inlet (Inlet 1)
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Table 1 Different flow conditions

Ma.. KATEE /km R /Pa il /K

3.0.,3.2 20 5529. 3 216.7

2.5 18 7565. 2 216.7

2.2 16 10352. 8 216. 7
O T -

(@) Ma,=3.2

HE | [T | .
Ma 036 1.01 1.66 232 297

e ..
//

(b) Ma,=3.0

[ a——

Ma 029 084 139 193 248

(¢c) Ma, =25

[ -
Ma 026 074 122 170 2.18

(d) Ma, =22

B 2 RIE Sk i T bk 40 Aot 35 o S TE R S 5 1
Fig. 2 Flow field structure of the reference inlet with

different incoming Mach numbers
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Table 2 Overall performance of the reference inlet

Ma.. (2 Oth Prh/[)o Marh Oe Pe/Po Mae

3.2 1.000 0.912 3.88 2.24 0.877 3.61 2.25
3.0 0.969 0.932 3.69 2.09 0.896 3.40 2.11
2.5 0.845/0.950 3.16 1.72 0.921 2.87 1.75

2.2 0766 0.960 2.94 1.46 0.934 2.57 1.53
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Fig.3 Schematic diagram of flow coefficient calculation
for cowl forward translation scheme (Ma.. =2.5)
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Fig. 4 Schematic diagram of flow coefficient calculation

for cowl forward translation scheme (Ma.. =2. 2)
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Table 3  Overall performance of the inlet with forward cowl

Ma.. @2 ow  pu/po May 6.  p/po Ma.

2.2 0.821 0.959 3.57 1.32 0.936 3.03 1.42

2.5 0.904 0.951 3.64 1.63 0.921 3.29 1.66

3.0 1.000 0.916 3.98 2.03 0.881 3.65 2.06
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Fig. 5 Flow field structure of the inlet with forward cowl
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Fig. 6 Schematic diagram of flow coefficient calculation

for cowl backward translation scheme (Ma.. =2.5)
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Table 4 Overall performance of the inlet with backward cowl

Ma.. ©2 Oth plh/f)ﬂ Ma\h Oe De /Po Mau

2.5 0.786 0.951 2.70 1.82 0.920 2.50 1.85

3.0 0.909 0.934 3.29 2.17 0.897 3.04 2.18
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Fig. 7 Schematic diagram of flow coefficient calculation

for cowl rotation scheme (Ma.. =2.5)
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Table 5 Overall performance of the inlet with rotation cowl

Ma.. @2 ow  pu/po May 6. p/po Ma.

2.5 0.786 0.950 2.39 1.90 0.920 2.24 1.92

3.0 0.907 0.938 2.92 2.25 0.902 2.71 2.26
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Fig. 8 Flow field structure of the inlet with rotation
cowl (Ma..=2.5)
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Fig.9 Schematic diagram of flow coefficient calculation
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Table 6 Overall performance of the inlet with rotation

and translation cowl

Ma.. @2 on  pw/po May, 6. p/po Ma.

2.5 0.727 0.948 2.12 1.97 0.918 1.95 2.00

3.0 0.843 0.936 2.64 2.31 0.899 2.40 2.33
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Fig. 10  Flow field structure of the inlet with rotation
and translation cowl (Ma.. =2.5)
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