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Boundary Layer Bleeding in Scramjet Engines”

Noboru SAKURANAKA*L Muneo IZUMIKAWA*!, Tohru MITANT'1, Sadatake TOMIOKA™ |
Kan KOBAYASHI*! Tetsuo HIRAIWA®L and Syuuichi WATANABE™

ABSTRACT

Airframe-integrated scramjet engines swallow the boundary layer developed on the airframe of spaceplanes.
Thevefore scramjet engines must be tested under conditions of boundary layer ingestion in ground testing. The
ingestion promotes engine stall (or "engine unstart") in combustion tests. In order to prevent boundary layer
separation in the inlets apd extend the engine operating range, boundary layer bleeding was examined in our Mach
4 and Mach 6 engines in the RJTF. Bleeding of air inflow in the engine of about three percent extended the opera-
tion range of the equivalence ratio from 0.3 to 0.8 and doubled the net thrust. Details of designs of the bleeding
device and the bleed air cooler are described and the characteristics observed in the engine tests are reviewed.

Improvements in engine performance and the design of the Mach 6 bleeding device are discussed.

key words: scramjet, boundary layer bleed, engine testing

i3 =2
EEHHER LR V2 —DTF A ey hE U U UVBRBRE TR, ThETYy oy CITFMERKT) 4. M6, M8&LF
DAL FGAYzy hm U P VRBEERL TS, THETOERTH, REREEHEIN L, MEBEENS BB DIZHY,
BRI DA H S ERERHSEASHEL, PR ER L, DT DNl E A D%ﬂ\*\mk}\ﬁsiﬁ%ﬁ
FCEREMEREEAREL, BRI L D v DurikEesRAl. 2y P VRBORKE, MATEx vV RNERE
DI%ITHI NS F 5 200g/s DR & 2 BYBRBEIEIC X VD, JRENK & HEN A HERDFIC LT & o, ERMERBRTiEo v
FE B D0.6%(30g/s) DA CHABNGEIE 24 B 1 £ O, AR TEL. DT, KRB L zoEREHEO
ML 2 ORECH RIS TE . ERMRICE VAN ET UV UERSEECOWTHREL, L&A
o BRI BT AEREERE T WV THRETT B R IO R 2 TLE O B F I LB A R I AR AL O ER
HIZoWTE RS,

1. [FL®HIC B EE T U VRRARIToTE .

X??fvxy%iyyy@%wm@@@&@w,% BERBRARIZ LD A > Ly N TOSERBREENE
HEEEICEZLFEREZR AT, 0T P Wah, =P UMMEERFREIND. EREZTV A
@%iﬁ%fi IR ALAmOREREICED FO5E ARG CHER LB AERET S, vy (LITM
RBRIAL B ERET D XEN D 5. FHHERINILE &%?5%%@f‘féx\?ykﬁéiyyyﬁﬁf
L/é?»—oww/z\y1\1/\//.:;&%5@%%%(RJTF)%:+* I, BVVALIE IS B0 4T HRIAE & 25 DI L,
Wb, SERERL AL B EHRET 5 7o ORI LR ﬁﬁ%%ﬁ%fiégwmeifiVVV@%@LtV
F5lemiE &L, TOHNA uaaECi/\//ﬁ@F}i‘{ﬁ%ﬂﬁ INETOR LU URB TR L VU VURBEINRREA

* ﬂzﬁi 16FE2H26H ST (veceived 26 February, 2004)
*1 BEWH AR FHEERir ke X —

(Space Propulsion Research Center, Institute of Space Technology and Aeronautics)
*2 g resz e BT IRV (Japan Aero Space Technology)

This document is provided by JAXA.



2 T 2T FE O RO R FEBE Fe Y JAXA-RR-03-023

Table 1 Conditions of wind tunnel, boundary layer and bleeding in engines

flight Mach PO TO Meg d99 d1 d2 Mbld | P2)air |P2)comt{ Pamb
unit Mpa Kelvin kg/s mm mm mm g/s kPa kPa kPa
M4(w/o strut) 0.86 870 6.7 35 11.7 1.785 200 40 100 13.2
M6(1/5H-strut)] 4.8 1500 5.8 47 19.7 2,67 30 30 130 5.9
M6(5/5H-strut)| 4.8 1500 499 47 19.7 2.67 30 50 150 5.9
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Fig. 1 Boundary layer ingestion, boundary layer bleed and two-staged injection of Hg in the M4 engine
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Table 2 Design of cooling performance

A B c | D E | F | ¢ H
Ma(porous plate+ radiator) |M6(porous plate+ radiator)
2—staged 3—staged reference

unit porous plate M4-radiator | porous plate M8-wat. heater wat. heater
tt1 bleed rate g/s 20x10° 20 x 102 3.0x10' 3.0 x 10" 7.0
bleed rate kg/s/hole|  38x10*  sox10” 1.3x10%  soxi0” 30xi10%  70x10°
area/hole m?/hole | 0.00000962 0.0135] 0.0000126 0.0191 0.0191 0.0191
total flow area m2 0.00513 0.0135 0.00301 0.0191 0.0191 0.0191
No. of holes - 530 1 240 i 1 1
cooling length m 20x107%  85x1072  55x107°  55x10° 83x107%  28x10°
hydro. Dia. m 0.0035 0.00243 0.004 0.00607]  0.00607 0.00607
pressure in hole kPa 40 40 21 21 21 100
ave. Temp. K 370 870 1100 600 800 1000
density ke/m" 160x10'1 180x10 685x10°%  122x10'11.22x10" 348x1g”
velocity m/s 244x10%  995x10'1  150x10°  1.20x10'| 1.20%10 1.05
viscosity Pa-s 387x107°] 387x107°  446x10°| 305x10°1305%x10° 421x107°
Re - 2.2x10 9.3x10° 8.9x10° 3.1x10%  31x104  53x10
RePr{d/x) - 24.8 16.5 2.38
Nu - 2710 2.3 2.0 5.0 47 44
chara. cooling x* m 0.0831 0.0488 0.08 0.0687 0.072 0.0131
d(T) decay rate 0.79 0.25 0.5 0.45 0.32 0.12
entrance temp. K 870 748 1100 702 702 1500
temp. decreased K 122 330 398 194 240 1610
exh. Temperature K 748 418 702 508 452 490
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Fig. 3 Arrangement of boundary layer bleed device in the M4 engine without strut
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Fig. 5 The porous plates (without cooling) for the M4 engine
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