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Study and numerical calculation on the new design method for
supersonic_mixer-of sloped lobed shape

HAN-Dong"*, LI Y quan’
(1. China Aerodynamics Research-and Development Center, Mianyang 621000, China;

2. College of Energy and Power Engineering, Nanjing University of Aeronautics and
A stronauties, Nanjing 210016, China;
3. Information T echnology College, Nanjing Agriculture U niversity, Nanjing 210095, China)

Abstract: A'ccording to the mixing feature of two supersonic flow streams, a new design
method of supersonic mixer of sloped lobed shape was presented based on the concept of
lobed nozzle. T he principle of design is to achieve high efficient mixing at low flow loss. A fi
nite volume method was used to solve the three dimensional compressible viscous Navier
Stokes equations, and the turbulence model was k€ model. T he numerical simulation for un-
der-expansion, optimum- expansion and over- expansion situation has been completed. T he cal-
culated results show that the vortex and saddle shape shock wave caused by the jet can im-
prove the mixing efficiency at a special angle between the top of the inside passage and out-
side passage. The flow condition of the two supersonic flow streams in the mixer meets the
design requirements. The result of underexpansion, optimum-expansion is satisfactory, but

the result of over-expansion is not good enough.

Key words: aerospace propulsion system; scramjet; lobed nozzle; mixer; supersonic

flow
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Fig. 1 Normal lobed nozzle mixer ’ ’
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Fig.2 Scheme of supersonic mixer with sloped lobed shape
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Table 1 Parameter of calculation conditions
; €2 )
pi/p2 Ma, Ma, TV 7T5
1 197606 1.0 3.071 13925 14 ) (
2 10-672 1.0 2.712 2.886.6 ’
3 5.939 1.0 2.270 12374
, k€ , I"/10°K
2 4y ‘
1. 929, 1 '
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Fig. 3 T otal temperature distribution of
3 5 various sections of mixer ( condition 1)
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Fig. 4 Total temperature distribution of

various sections of mixer (condition 2)
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Fig.5 Total temperature distribution of

various sections-0f mixér (condition 3)
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Fig.6 Static pressure distribution of

various sections of mixer (condition 1)
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Fig. 7 Static pressure distribution of
section of slope top (condition 2)
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Fig.8 Static pressure distribution of

section of slope top (condition 3)
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Fig. 9 Velocity vectors of section of 12 ( 1)

slope top (condition 1)
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Fig. 12 Static pressure distribution of

symmet rical section of mixer ( condition 1)
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Fig. 13 Static pressure distribution of
K symmetrical section of mixer ( condition 2)
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Fig. 11 Static temperature distribution of
various sections of mixer (condition 2) 14 ( 3)
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Fig. 14 Static pressure distribution of

symmetrical section of mixer ( condition 3)
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