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RANS calculation and DES analysis of massively separated flows

for six typical vehicles
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Abstract: A new method for flow field calculation in engineering combining RANS
(Reynolds averaged Navier-Stokes) with DES (detached eddy simulation) was proposed,
and was applied to the flow field calculation of six kinds of vehicles, such as the first genera-
tion of manned spacecraft Mercury, the second generation of manned spacecraft Gemini, the
first probe of human that reached over Mars, cruise missiles that posses large quantity of ex-
perimental data (with the incoming Mach number from 0. 50 to 2 86), Waveriders with
large volume efficiency, CAV (common aero vehicle) with high lift-drag ratio, etc. During
the flow field calculation, the divided-zone technology was adopted, which means employing
the RANS method during the calculation of the whole flow field, but employing the DES a-
nalysis method only in the zone characterized by large-scale separation or severe separation.
The numerical simulation of 63 cases of the six kinds of typical vehicles finished in this paper

suggests: although employing the DES method only in the severely separated zone is not
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DES exactly, the numerical results (including results of aerodynamic force and aero ther-

mal) of the flow field obtained in this way agree with the experimental data well and the effi-

ciency of the flow field is higher than that obtained in the way applying DES in the whole

flow field.
Key words: RANS(Reynolds averaged Navier-Stokes) ;
DES(detached eddy simulation); Mercury capsule; Gemini capsule;
Fire-[I probe; Waverider; CAV (common aero vehicle)
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Table 1 Comparison of calculated values with wind tunnel experimental data

Ma «=0° a=4° «—=6 «=8 «=10°

0 0. 220 0. 370 0. 520 0. 610

¢ —0.004 0. 222 0.357 0. 464 0. 570

> 0. 020 0. 030 0. 050 0.079 0.110
“ 0. 024 0. 036 0. 056 0. 080 0.13

‘ 0 0. 240 0. 360 0. 500 0. 610

¢ —0.009 0. 236 0.363 0.492 0. 604

b 0. 047 0. 061 0.081 0.112 0.151

“ 0.051 0. 065 0. 086 0.117 0.156

—0.020 0.170 0. 260 0. 340 0. 430

¢ —0.013 0. 164 0. 250 0.333 0. 424

20 0.051 0.063 0.076 0.098 0.125

“ 0.051 0. 062 0.077 0.097 0.125

—0.010 0. 140 0. 210 0. 280 0. 350

¢ —0.009 0.132 0. 201 0. 269 0. 336

0 ‘ 0. 047 0. 057 0. 068 0. 087 0.107

“ 0. 048 0.057 0. 069 0.086 0.108
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