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Estimation of Scramjet Engine Drag with CFD
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Abstract

Using an unstructured grid, we solved a unreactive, internal flow in a scramjet engine under the M4, M6 and M8

flight conditions. The drag coefficient of internal flow was calculated to be 0.114 which indicates that only one third of

total drag measured by a wind tunnel testing was produced by internal flow.

The pressure drag derived by the

computation agreed within the deviation of 7% with that found in the experiments although the calculated frictional drag

was higher than that found in experiment by about 25%.

The pressure drag decreased as increasing Mach No. The

frictional drag was not strongly affected by Mach No. Therefore the engine drag mainly consisted of frictional drag at

M6 and M8 condition in the tested engine.
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Flight condition

Flight Mach No. - 4 ] 8
Altitude km 20 25 35
[Flight dynamic pressure___kPa 62 64 26

Free stream condition of calculation

Inlet Mach No. - 34 545 6.7
Total pressure MPa 0.86 45 10
Static pressure kPa 13 511 27
Total temperature K 900 1500 2600
Static temperature K 271 216 273
Velocity m/s 1120 1610 2220
Reynolds No. - 230E+07 1.89E+07 9.52E+06
Unit Reynolds No. 1/m |.10E+07 9.01E+06 4.53E+06
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COMPONENTS EXPERIMENT CFD _DEVIATION(%)
inner flow Cdp Cdf total Cdp Cdf total Cdp Cdf total
inlet 0.193 0.015 0.208 0.185 0.018 0.203 4.3% 17.0% 2.6%
combustor -0.009 0.007| -0.002] -0.009 0.007 | -0.002 0.4% 6.0% 26.5%
div. and nozzle -0.126 0.018{ -0.108] -0.118 0.023 | -0.094 6.9% 26.2% 13.7%
cowl 0.006 0.006 0.007 0.007 13.4% 13.4%
total(inner flow) 0.058 0.046 0.104 0.058 0.056 0.114 0.5% 18.7% 9.0%

outer flow
outer side wall

0.032 0.029 0.061

cowl 0.011 0.011 0.022
total(outer flow) 0.043 0.040 0.083
TOTAL 0.101 0.086 0.187
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