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ABSTRACT

A study was conducted to analyze the effect of boundary layer bleeding on the performance of the
intake by multiple bleeding holes in the ramp and isolator of a scramjet intake. In this study, the
presence/absence of bleeding holes, porosity and the degree of concentration of bleeding holes were
used as variables, and 7 configurations including baseline(no bleed holes) were tested. As a result,
compared to the baseline, the boundary layer bleeding configurations expanded the starting range of
an intake and improved performance indicators. The configuration that showed the best performance
was 1 mm in diameter and 10 mm in width with the lowest porosity. It is judged that it would be
advantageous to distribute the bleeding holes more evenly rather than centrally or to place them on

the side walls where the boundary layer is expected to develop.

= =

2IAYAE AR FUT DL Aol Tl OF T MAAL ol F B AAF MEe] F
Yol Aol mAE GFe BASRE ATE FANGL ¥ AP AAF WE T 4/7, 0F
%, 291 RAEE WS sgon, AAF NE PASCI2IY) 23 7 94 AdSAn. 2
BHoE AEFY ol AAF ME FFE AT 99 Y L ANEA 4 AE} AHEAG
A HBED AR 2T vl 5 ANAA 45 BAYS W b T 4TS B gL
GEE7t 4 3 AE 1 mm 10 mmE AAF ME FFel 4 zle] FUT Al Fel
e FASAY WHAEE FY AFZHG FEH ARAAY AAZ BB o dYHE =
Mol Wjx3He o] frel® Hos wewt

Key Words: Scramjet Engine(2=Z A E <MX), Intake(FYT), Pitot/Static Rake(TE/¢d ol3),
Total Pressure Recovery Rate(}® 2]4-&), Mass Capture Ratio(&7] E2E)

Received 29 May 2023 / Revised 3 December 2023 / Accepted 8 December 2023
Copyright © The Korean Society of Propulsion Engineers
pISSN 1226-6027 / elSSN 2288-4548

[o] =& I=0Fes 02335 FAIEHETS)(20235.24.~26,
epnickmeb AFEE) WEEES WAl 5 - 1Y A9

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
Jlicenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.6108/KSPE.2024.28.1.029&domain=http://journal.kspe.org/&uri_scheme=http:&cm_version=v1.5

30 O[FA[ - Aol ol x| O[ME - 25& - & T AIFIFEIHE A
LM B 1 ATREX e A el A wist 6744
Bote & A YT AAF wE &2 o0
F25% FHNA FEste 2TAPAE A Asta FJT2 7E2=ERL AR FUIT F1
FdTE 4 AZE AXEA o8 A ! € "ol 2o E AXA e BEAIFA A=
4% 49 s BASr] dstd A9 4 Ass AAEEE PoH, ol &
22 A2 E AA FUVE ST oo wet A& Astr] AT ZAE AY] olE FAAL
FAT9 Zolrt dRkAQl Ao Hste 11 F A2 FF Aoz dFe vk A2l I 9
e FHDT BAZS #E5 IAW el uwhet = &3l ¥ [3], diverter[4] T3 WA |
AREE o7t AW AATY wEx v £ ol &3 o F TAVIBIER AAFE wiE, Al
o B3 2IWAE QX ALV|E FYEHE olgte ATV FHEHAUTH
fr2e W9 o wdA A FE elA T FRFFT¢-TFATELE 2TPAE AW FY
23 AAFTE FEE FAsHA Hol AAA 79 WHE {2 oo oF F& wiAsta
dX A& Asltsts 8%le] B 4 ot we} olE AAZE WMEIE 9 o WE HF W
A AAZS FRAoZ H|Ed TYTFE & 35 A7ty Aok oF F uiA f/ 50 gE
A== 379 B2HE &48 29 FYTF A F4TY Hdes vustr] gt oF & 4|
o] 7bed wite] A, & d4&AY ¥ A AstA 2 71EFY FATY Wi =8 AA
g =¥ F d= 7I<o] d8sith o &AE] Ao wE FFH E st A
BATE WEs F2E5E 37 F94 F o W& d% W3l I8 w57 A mE
A71#He AsE Mds] AF A7+ oY ol 4 &4 dFE FIsAT6]. B =wede
FE AFE0°] Utk NASAE= CCE (Combined 7128 FATd °F EE WXSIAE A
Cycle Engine)-LIMX(Large-Scale Inlet for Mode FTHTY Aol ofEA WIlsl=AE A A

Transition Experiments)?} ##ste] 234 &=
A FAT 4% 21 ATE FAA.
NASA GRC®| 10x10 foot FFlA nlat 3, 4%

2 2 g AAAHANA 8 2 ZTyHaz Ax

7l 235 BAsta AR AASE vE (¢
= "W=E, 1L, 29 5 137 &0 9A) € F4
frgd AT T & AF Ao, & BE ut
olgf 22 A RE Ho] oRE ATEHY
oH1l. €& JAXAE EIRl 7|9 E3AtolE X
116.3 50 69.3

i
]
|
|
)

NEgY FUATE v 62 2z AAW
T 4=¥ FUTE AF &F 238, UE 4=
2318 AA dA WA AR fdHe 38
< Aol AAF MEE AT OF L 7

g © - mm \WJ

Fig. 1 Wall static pressure locations of the test model [Side viewl.



28 HM1s 2024, 2.

BAS HEs HEE

~3YNE AF FYTY M5 B4 31

B FdTe A WA F=zek ARy
el & 19845 wiAsde. o &2 =2d
4 (Centerline) & FAHoZ 33t 989= T4
H3oh Al 1A AzoE F0 6Y, AEFelE
T 1682 74 wAEAY. T3 4L 10
mmZ Zth. AAF ¥E & sidele HiE A

£ 3712 78, ZAFsta AY W (B AS
= ZHCIE)E nAY wf EHstd QXS +
UEF st AW sietol= 101 wj#o] #
z2td ¢ RS wgA g sy AT wWE
HB = AR 2d 9] Ro HXA| g

olgA AAZF WiE E& A WA WAz A
g wixEE 71E FYA XA ZA3
d 9y AgEe 34 5 gloh BEkA Fig.
13} o] F WA Pz HIfol] 17]4(ibs),
Agq el AFRE= fola Fo #Hola =
2B BYstE T NN AFEE
Aol 270 2(ib26l, ib26r)Ed FGAoAM =/
$ 20 mm 91%]) 23 ZSH(side wall)oll 471
o ¥ Aoty FAHES FUIete ol& Hes
R S A FHEL
10 mm Eoj Stoll 283
2 5 14 MAHA Fud. 4 5 Eo HA
ARE BAS e AW
oh k) 2704 (swl, sw2)
S HlE AW T A AA AW L
Hel 2714 (sw3, swd)E F WAL} Al
H e Sl X3t

oy v Hx

¢

22 AT Wi ZH0lE

2 A4 A Wee 3@ AS s
9 AF)e AEEF T AR etk AA
= WE &9 AEL 1.0 mm, 1.5 mm, 2.0 mm
2, 33 FL 10 mmeF 5 mmE AAEE
Fig. 2& ¥zt 24 10 mmE H 83 AAT 4l
2 FHolEY FTYAHAE FALE HAvE UE
W Yo, Fig. 32 ¥zt 114 5 mme| AEA
Z & EdolEolth F 67FA ¥4 tiste
gt =24 AA olFoR AV 4 HAss
TE3ta, AAZ MES AT FFE dsto
TIPS o FYTF Heol oEA W=
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Fig. 4 Schlieren visualization window in diffuser.

VSN —_—

Fig. 5 Back pressure control system modification.
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Fig. 6 Baseline plate(No bleed hole).
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Fig. 8 Normalized wall static pressure of the intake according to the back pressure controller position.
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Table 1. Unstart location and back pressure ratio according to configuration.

) ) ) span 10 mm span 5 mm
Configuration | Baseline
P1mm |15 mm| & 2 mm P1mm |15 mm| & 2 mm
BPC location | -1.1 mm -3.3 mm -3.3 mm 33 mm | -204 mm | -2.80 mm | -3.3 mm
P./P; 3.79 6.05 5.99 6.82 4.23 5.99 5.90

P. : average wall static pressure at isolator exit(ib26r, ib26l), P; : wall static pressure at isolator entrance(sw1)

Table 2. Total pressure recovery rate according to configuration.

span 10 mm span 5 mm
Configuration Baseline
P1lmm |[P15mm | P2mm | P 1 mm ¢ 15 mm| d 2 mm

+13.7 mm 0.41 0.46 0.43 0.36 0.44 0.40 0.37

+3.7 mm 0.31 0.33 0.33 0.32 0.31 0.31 0.31
BP; -1.3 mm 0.24 0.25 0.27 0.25 0.25 0.26 0.26

location
-2.3 mm 0.23 0.27 0.27 0.26 0.25 0.26 0.26
-3.3 mm 0.22 0.27 0.27 0.25 0.24 0.24 0.26
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Table 3. Isolator exit Mach number according to configuration.

. . . span 10 mm span 5 mm
Configuration Baseline

P1Tmm [O15mm|[P2mm |1 mm|d 15 mm| P 2 mm

+13.7 mm 212 2.34 227 227 222 2.10 211

+3.7 mm 1.51 1.77 1.68 1.68 1.56 1.51 1.53

BP; -1.3 mm 0.99 1.25 1.07 1.07 1.05 1.09 1.02

location

-2.3 mm 0.89 1.27 1.08 1.08 1.00 0.98 1.02

-3.3 mm 0.81 1.19 1.19 1.19 0.88 0.86 0.89
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