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1. Eddy dissipation/finite rate
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Figure 1- Schematic of DLR scramjet
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Table 1- Air and fuel inlet conditions of DLR scramjet

Fuel inlet Air inlet
Ma 1 2
U(m/s) 1200 730
T (K) 250 340
P (bar) 1 1
y 1.40 1.39
Species mass fractions H,: 1.0 0,: 0.232
N.: 0.736
H,0: 0.032
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Figure 2- Boundary conditions of DLR scramjet
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Figure 3- Grid topology of the two-dimensional case
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Figure 4- The distance of different cross sections used for velocity validation from the inlet
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Figure 5- The comparison between the simulation results and experimental data for axial velocity in different cross sections
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Figure 6- The comparison between simulation results and experimental data for pressure on the upper wall
YU 51920 53 5Lad gl (AR Lo3T SWoools b (g3lunnis gyl dummlie 5 JSCi

sools chawgie sl aulrs gl cwl ool ailne  (oriw el 5 Jol> mls Gl lawsin sl aalsl jo

Jgaz jo ez slaas )s ailoads dulie (gjluad glaloges jo ol blie L L (loges ;o o550 bli) il

S sl Sk w2 g ol sl asiin laa Ojsed oo it ablie (o ey sl U as s ailend 03,41 ¥
g g0 5353 Sy rbog o il wlo 5l 58 Aol b mlis 4 4z bl oud il gladie )z o ol

HLd g (A ety (s Likel S (gl U o yo -Y Jgur
Table 2- error percentage for the validation results of axial velocity and pressure s
u,x =120mm | u,x =167mm | u,x =199mm | u,x = 275mm P
Error percentage 8% 2.7% 2.2% 1.5% 10.2%
Average error in all cross sections: 3.6%
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1. Prandtl Meyer
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3. Mach Wave
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Figure 7- Density contour for the non-reacting case
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Figure 8- Pressure contour for the non-reacting case
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Figure 9- Mach number contour for the non-reacting case
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Figure 11- Axial velocity contour and stream lines near zone B
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Figure 14- Grid independency study for temperature and velocity profile at the outlet of the nozzle
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Figure 15- The comparison of pressure contour of a) reacting case with b) non-reacting case
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The numerical simulation and analysis of a prototype scramjet (DLR) in
reacting and non-reacting conditions
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In this paper, the combustion process in a prototype scramjet (DLR) is numerically simulated and studied. To
that end, the scramjet is initially simulated and validated in the non-reacting condition. The results show that
the method used has the ability to predict the fields of velocity and pressure with appropriate accuracy. Then,
the same scramjet is simulated and validated for the reacting case by considering one-reaction model. The
results of these two simulations illustrates that the maximum distance of subsonic area from the strut is 141
mm in the reacting case while this distance is only 22 mm in the non-reacting case. the waves pass through

the jet region with a slight deviation in the non-reacting case while they are reflected after hitting the jet
region in the reacting case.

Keywords: Supersonic combustion, Scramjet, Numerical Simulation, Turbulent flow

£



