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Abstract: Both experimental and numerical investigations have been conducted to investigate the effects of
unmatched pressures on the spatial development, pressure distribution and self-similarity of the supersonic—sub-
sonic mixing layer. PIV technique is employed to measure the spatial distributions of the mixing layer in conjunc-
tion with the standard k—w turbulence model considering the effect of compressibility adopted to simulate the flow
characteristic of mixing layer. The Mach numbers of the supersonic and subsonic streams are 1.32 and 0.11, re-
spectively. Five different pressure ratios of 0.82, 0.95, 1.11, 1.22 and 1.47 are considered to investigate the pres-
sure dependence of flow characteristics. Results show the unmatched pressures have little effects on the growth of
mixing layer. When the pressure ratio is larger than 1, the mixing layer exhibits a wave-like shape and a row of
alternate low pressure and high—pressure regions are developed along the streamwise direction. As the pressure ra-
tio increases, the non—dimensional velocity in the mixing layer does not change , the non—dimensional total pres-
sure decreases while the turbulent intensity increases. With the inviscid flow assumption, an analytic model is
proposed for the prediction of wave nodes characterizing the distribution of the pressure waves.
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Table 2 Coordinates of expansion-compression pattern

Location Coordinate Location Coordinate
h
x, =0 Xp =
A % . B tanu,
Ya= yp=0
. = h y=x-tanf + h
B, =
B, tan(,u2 - 0) C t.sm(,u5 + 0)
y =x- lan(,u,i + 0) -————h
Yp, = ) tanu,
Y —
Xp c . xp +x, | Yo, T 2x0f Y
D tanu, C X, = ———
2 of by -
;=0 Ye, = Ye
Yp =
!xn, = Zx()f Xy (xo = Xop
D, 0 Xop— X
- r ~ Y
Yo, o= =
Dy Yo = Yc Lan 6
cc,

y/mm

-10 10 30

Ma 02 0.6 10 14
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50 70 90 110
x/mm

(a) =1.22
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(b) ==1.47
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Fig. 16 Comparison of the analytically predicted wave pattern with the numerically predicted Mach number and pressure
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