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Application of e N method in three-dimensional hypersonic

boundary layers

YU Gao-tongy LUO Ji-sheng
(Department ‘'of Mechanics.,

School of Mechanieal Engineering, Tianjin Universitys Tianjin 300072, China)

Abstract; A simple algorithm of-saddle-peint method (SPM) in e N method was presen-
ted by using internal wave theoryi-and distribution of N was computed on a model made up
of plate; cone and cylinder at\the cases of 30— 45 km altitudes, Mach number of 10, attack
angles of 0°and 10°. \The\results and conclusions show that: as the altitude increases, the
transition position moves downstream, and the transition area becomes smaller and even dis-
appears. On the plate part (windward side), the transition possibility in 10° attack angle ca-
ses is bigger than that in 0° attack angle cases, and the transition area is larger too. But on
the cone part (leeward side), the transition possibility in 10° attack angle cases is less, and
the transition area is smaller, even inexistence. And the transition positions of these two se-

ries of cases are different.

Key words: three-dimensional flow field transition prediction; eN method;
saddle-point method; direction of wave packet movement;
linear theory of stability
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Table 1 Working parameters on cylinder part
BB /km S Tl /() Re (w/Re)/10°
30 0 58219 2.4~4.3
35 0 39189 3.3~6.1
40 10 58219 0.5~1.9
45 10 39189 1.0~3.1
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Fig.5 Contour of N on cylinder part
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Table 2 Working ‘parameters of 0° attack angle
on flat part

i & /km W/ Re (w/Re)/10°
30 0 58219 1.2~5.2
35 0 39189 2.0~5.9
10 0 26693 3.0~7.5
15 0 18574 5.4~17.8
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Fig. 6 Contour of N of 0° attack angle

on flat part
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Table 3 Working parameters of 10° attack angle
on flat part

BB /km /() Re (w/Re)/10°
30 10 5822 8.6~27.5
35 10 5225 9.6~30.6
40 10 5339 11.3~48.7
45 10 2477 40.4~133.2
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Fig. 7 Contour of N of 10° attack angle-on flat\part
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Table 4 Working parameters of 0° attack angle

on cone part

15 & /km W/ Re (w/Re)/10°
30 10 7762 7.7~25.8
35 10 5225 11.5~38.3
40 10 3559 116.9~64. 6
45 10 2477 20.2~92.9
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Table 5 Working parameters of 10° attack.angle

on cone part

15 B /km YAA /() Re (w/Re)/10°
30 10 7762 3:1~15.5
35 10 7838 4757~23. 6
40 10 5339 676~41.2
45 10 2477 16.1~52.5
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Fig. 9 Contour'of N of 10° attack angle

on con€ part
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