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Abstract; The internal drag of cavities in tandem is investigated in a constant area scramjet engine on a direct-
connected test stand. Cavities with depths of 10, 15 and 20 mm. and length to depth ratios of 5 and 7 are
adopted to investigate the effect on its drag of different combinations, sequences, distances and numbers of
cavities with different fuel injection schemes and equivalence ratios. Results reveal that, for a known fuel injec-
tion scheme the more cavities are installed in tandem, the higher is the internal drag; combination of cavities
with higher drags leads to higher total drag; fuel injection scheme and equivalence ratio have great impact on
combustor drag; with low equivalence hydrogen combustion will increase the internal drag; the drag of hydro-

gen combustion is higher than kerosene combustion with equal equivalence ratio. For certain suitable fuel injec-

tion schemes, multi-cavities may also produce a positive force.

Key words: multi-cavity combustor; scramjet; cavity flame holder; drag

1993 4%, ] % i b e i 25 Kk 3l HLOF X BT
(CTAM) 23 i T 2R T AR S 488 o & Sl AL
JERRE AR IR E M e — R B MR LK
AV 7R 36 3 e X A i Y AR R e R
T [T s KK R e BB T R . S ok 35 1B A5 ZE T IR X
BT TR (4 SR BH IS 558/ K/ K IR 8 /¥ ) — Ak
AR FEATBFSE , UE W 1 M0 2 R A AR R
HUR e KRR e % B AT DL R R 4 v P I Bl
HORE I R BE KR . X BB ST R E B T M AR
R T R T B AT BB P (A T KM R E
a B2 s E B H .

T H N R DS 3 N 23 MR 23 1 KRR =
PR, B AR & 3h AL ME fE. M. R. Gruber™ |
R. A. Baurle™™ | A. Ben-Yakar™ . X. Zhang™ #1 T

Wi B 2008-12-02; f&ITHH: 2009-05-12
E&£MA: HEKAREFEE4 (10902124)
BIWAEE : %4 E-mail: scramjetpan@ hotmail. com

) A kg B 111 BEL ) B 5 A A A B REAT T
FE G A AW ¢ U R L TR G R T e L g
R AR AL Mk BEL /N T WL T A AT RE AR
HNIEHETT .

XEFIE L Prs 9 CIAM RAT /R 5 ik % 3l
PLA AL AP = NS 3 A IET . X Fh 2 A
M1 21 5 (AR 08 = P BEL 1) 22 A LS, iR DL AT
(LE{SI8

#h

Vo, —— T

. m—> "o ey —

1 CIAM i 56 & s AL b 2 o i ™
Fig. 1 Schematic of combustor of CIAM!"
AR SN TR 1M s R B A N T SR T A5 T AR
o0 3 0F [P (] A A P R 08 2 oA BL R AT 1 400 28 T
TN M 2 G S R E P BEL A AR AL AR



%1

R AEE A v TR 2 BB 2 11 I R AR B = BT AT 5T 71

1 e e o Sl ik

FEE B RE 2 H R K2 D3 Bk R & B
BT ASCIR A RS . T 2 R IR R G 2
SRR R S g B I R R

/

DA R £ AE B AL I R AL . 25 A B EE R A
B AATT 20, DA AR R IR 4R
ST R 230, MBEEA DKM R ki
BB Ma.. =2.64, Wi T,=1 483 K, fiJE p, =
1. 65 MPa,#ili T=724 K,#[E p=76. 3 kPa,

FoX e S (=1 mm)

P

~——— P ) 2

I . N .

Btk

HEJ el s W BS BN 1

K 2

25 1(2=3 mm)

BHL 045 R G R

| ( “A/72@=3 mm) I @ IRy _’
| =
| ) ey o

Fig. 2 Schematic of drag test system
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Fig. 3 Control scheme of drag test



2 i a4 %31 %
ﬁ
s e R
i ﬁ‘ﬂ —e— DISL5A45
rR
24—
i 01 23 456738 9101 R
3 B s 1)/ _ wa =L 0" wy
@ B DI:FO_FI D. :FH_; Dwz:Fo_sz DwrF 5
Ay D=FoF, e F,
Rl e | |
I
L : | | | |
20— | I I | |
L8 | I |
l‘f; Stage 1 : Stage 2 | | l |
— i |
i | | | , |
1.8 L I I T T B ’ T ST N T S ST A NN W T N
2 3 4 5 6 7
I ) /s
B4 #hbe s BT R 2
Fig. 4 Typical drag sequence in test
[F] 1 90 I 0 s A [m] 4 3 B B AR 58 25 PN 1) BEL O 72
_ e fl 3ot -/ UL LB 0 205 rom, 50
E SR
7E—~—§tageg LT VIEH .
F —— Stage : N .
°F = Stoged (1) fEV i B B (Stage 1), T E M BV B D
I Sna i PV AU TR H L /D 2145 191 6 By o 204 1
& n . 7 —
a4E i BEL 77 5 B TR it 1 B g A8 AR R AR TR]
3 (2) TEE Y7 By Bt (Stage 2) . A HHT &
2 KA BB RECH BN . EE 2R M
| foatetpedtmpet e TE € et KPBERZ W, 2R % U Oy D10L7A45 I, T i U]
002 04 06 08 1012 141 I A SR B R, L B R N RE S 15
‘ . [MT s s R B8 TR X IR R 8 5 FHL /N,
5 0 B B B ) e RIBRHCR BB - R B 2
Fig. 5 Wall pressure distribution of each test stage 0.06 [
: ——a— DI5L5A45
/. Do N pu. N7 =) N e N [ 4
SN . WRBE IR ) 5 M L 3, — B U , B TV
Be (Stage 4) BHRORL Y & M B (IR R B8 % ) B 0.04 -
15 5 B AN R S LB B B (Stage 5) AR & H A
R R e . B R AR SRR TR S 002
TRV B ] B 2 0 TR I S AR N R T
BT . BEE M A R R R R R A ol
Jo I 450 R R 77 3 A 23 AH N & A= AR A . I
2 RIRLER 5 AT g S S
1 2 3 4 5 6
Stage
21 ARRRASER 6 AR R ML
Fig. 6 Drag comparison with different downstream cavities

B 6 B T ElEME Ry D20L5A45 B, 54 A



%1

R AEE A v TR 2 BB 2 11 I R AR B = BT AT 5T 73

(3) 7 K AE JE 55K 5 1 P % A B Bt (Stage
3) s b3 TMTJE A PR A K AR JE AR L S IR E A
e By i — 20 T B, Ala MR ) 22 LA S
BAASTR Uit T ¥4 A BEL T 728 Ak KL AR (]

() AT RETZ 1 5 OC M a1 — i & B
Bt (Stage 4) JRREY & LU/ BRI, T T
T AR o XoF ke i s 48 D A T 55 5 ok U 2 i AR
A R B ) 2 3E T Y Wi B g . R, b RE T A
SR AE LU VIR FE RE X8 RIS RE R Ui A A
PRI b i M B S 3 K R AT SRS A
A TR BE T 3 K

(5) TEE MBI B (Stage 5) #0824 & L 14
KGR e X IR R 2 A B, B/
Ui T 3 AL Sy I 75 3 9 v g 3l sk R L T s BEL
/N

(6) 7 . 1 R 8 i B (Stage 6) il 32
LA DX A3 A AE T T I i RE B3 A /T I I
i () 3= 3 P T D TV R s ) v T R RE R T
A TEHETT

K7 WoR TR FMUE Sy DISLSA45 B, B4 AN
() b9 THT R i o 79 THT R e B 9 BEL O R . A |
EL A ESSE 6 Fia ik AR . 44
[T 9 BEL 3 28 A R A 5 B T A 1 BHL g 728 A R0 A
FEAR— B0 1A M BHL 3200 S J7 00 32 2R
PRI A3 A 2 . Horpr, B M Oy D20L7 A45
B A I B B A BRSO RO R L B
BN, TE VW B, b iR M D20L5A45 i
D20L7A45 [a]BH 7 22 88K AR AE — it S0 R EL T
PRBE I BE RLBH 77 2248 /0N o T D15L7A45 [U fiss 78 4%
e B 5 A T 2 0 B R . 3 AT RE S A [ ]
JEs 2 & 5 A e 2T BE T 1Y BB I AR A SR AN [

0.06 [

r ——a— DISL7A45

[ —a— D20L5A45
0.04 - —<— D20L7A45

0.02 [

Cp

oL
-0.02 |

-0.04 [

-0.06 L

Stage

7 AN ) i U REL ) LA

Fig. 7 Drag comparison with different upstream cavities
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