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ABSTRACT

In order to improve the performance of the air breathing engines, it is important to
maximize the total pressure recovery through air intake. In this study, we investigated
whether the Oswatitsch method, which guarantees the maximum pressure recovery for
supersonic intake, is effective at hypersonic speed by compressing the intake air with the
same intensity at each ramp. The non-linearity of the shock wave normal Mach number at
each ramp stage was analyzed by comparing the compression ramp angle and the number
of ramp to the inflow Mach number in terms of compressible thermodynamics and the
operation limits of the inlet. Based on this analysis, the Oswaitisch technique yields valid
conditions not only in supersonic but also hypersonic flight regime.
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Nomenclature
M : Mach number ) : compression ramp angle
m : shock number n : total pressure recovery
P . static pressure
F, : total pressure Subscripts
T . static temperature n * normal component
X : X coordinate f : front of shockwave
y 1y coordinate b * back of shockwave
Greek symbols t : property of entire intake
a : shock wave angle m : number of shockwave
yé; : compression angle 7 . first shockwave
y . specific heat ratio 2 : second shockwave
P : density 0o : free stream
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Table 1. Comparison of Mach number between
Oswatitish‘s and analytic results for two
intake-ramps at altitude 20 km

Normal Mach Number

M Max Oswatitsch Error (%)

Ajnl A/[n2 ]Ljnl ]‘/['VLQ ]L[rzl AInQ

3 1.364 1.336 1350 | 1.3%0 1.02 1.03
4 1.487 1442 1465 | 1465 1.52 1.53
5 1618 1.553 1586 | 1.586 | 201 2.04
6 1.759 1.658 1709 | 1709 | 295 2.9
7 1.902 1.764 1833 | 1838 | 372 3.79
8 2.045 1.867 1957 | 1957 | 449 461
9 2.198 1960 | 2081 | 2081 5.63 5.80

10 2.355 2045 | 2203 | 2202 | 694 7.16

1 2511 2128 | 2323 | 2323 | 813 8.39

12 2,674 2200 | 2441 | 244 9.56 9.86

13 2.834 2.271 2557 | 2557 | 1083 | 11.16

14 3.007 2326 | 2671 | 2671 1258 | 1290

15 3.167 2.389 2782 | 2782 | 1381 14.12

16 3.326 2450 | 28% | 28% | 1499 | 1529

17 3.504 2489 | 3000 | 3000 | 1682 | 17.02

18 3672 2535 | 3105 | 3105 | 1824 | 1835

19 3.846 2573 | 3209 | 3209 | 1986 | 1983

20 4.020 2607 | 3310 | 3310 | 2145 | 2124
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Fig. 6. Deviation of 1t ramp angle between
Oswatitish‘s and analytic results for
two intake-ramps at altitude 20 km
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two intake-ramps at altitude 20 km
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Fig. 11. Difference of Oswatitsch criteria

at supersonic region (Mach = 4)
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