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Working Characteristic Analysis of a Scramjet Engine with Sidewall and

Ramp Compression by CFD
by
Masatoshi KODERA

ABSTRACT

A scramjet engine model with sidewall and ramp compression (called “E2R™) indicated better engine performance than a conventional
sidewall compression type engine under the Mach 8 flight condition in the firing tests at Ramjet Engine Test Facility (RJTF) of NAL. In
this study, 3D CFD analysis including chemical reaction was applied to the internal flows of E2R corresponding to the firing tests in order
to clarify the working characteristics of the engine in detail by using Numerical Space Engine (NSE). CFD results showed good agreement
with the RITF experimental ones, especially in terms of the amount of combustion. Comparative studies were made on the two cases with
and without the ingested boundary layer into the engine inlet by CFD. At a moderate fuel equivalence ratio, the large-scale subsonic region
was formed around the step from the isolator to the constant-area combustor section because of the separation of boundary layer on the
ramp wall in the both cases. Under this condition, the flow structure in the constant-area combustor section was clearly divided into the fuel
rich zone within the separated boundary layer near the ramp wall and the fuel poor one near the cowl side. Therefore the mixing and com-
bustion zones existed around the free shear layer of the separated boundary layer. This fundamental characteristic was independent of the
ingested boundary layer. As a result, the effect of the ingested boundary layer on the mixing and combustion efficiencies was small. CFD
results confirmed that the inlet / combustor interaction was weaker without the boundary layer ingestion. It was showed clearly by the mu-
tual analyses between CFD and experiment that the removal of the ingested boundary layer was effective in the enlargement of the fuel
equivalence ratio without engine unstart and the maximum thrust increment from no fuel condition, not in the improvement of the combus-
tion performance.

1. REHIC

WZEFHEEMTEA T3, FRRTEHES AT LH#
EI P OBEMFEENZAI S LAYz b 2D
WFHEZ 1 0ERTH TS, EBICHTZAYy—ILET
NI 2REL, HMATHERORA T 2 5
THD, FLAZzy PIT U RABRE (RITF) ICTH
MaABRETOLWI D P OMERLIUERICET AT — Y21
BLTEE. SFTRALEI-ZEEE B 1lLiCREH
LHEDIZHENICTIIMEIC L > TEHKEEEZTORETH
D, ZNIZALTy b ERFNSBEOXEEZTI SR
BhCED 1), FORBKBEURY I EEZLEZEZ &
2L, BEEADOIRENZERIT Y v NEEFICH
BREE, KORWI P oMREEEEANT I EEBELT
E7=[1][2)-

Fig.1: Basic configuration of scramjet engine tested in RJITF
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Fig.2: EZR engine configuration
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Table 1: Numerical conditions

Parameter Vitiation air stream Hydmgen fuel
Static pressure, kPa 1.55 Variable
Static temperature, K 330 190
Mach number 6.7 1
Velocity, m/s 2549 1186
H, mass fraction 0 1
0, mass fraction 0.255784 0
H,O mass fraction 0.193013 0
N, mass fraction 0.551203 0
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Fig.3: Wall pressure distributions along the ramp wall centerline
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Fig.4: Mach number contours in x cross-sections around C.C.
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Fig.5: Contours of local equivalence ratio (¢ ) in x cross-sections
around C. C.
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