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Supersonic Combustor Performance
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Abstract: Through strict comparison tests in the clean and H,0/CO, vitiated air, the effects of H,O and
CO; species on fuel ignition, flame stability, stable combustion performance and combustion mode in the kero-
sene—fueled dual-mode supersonic combustor were studied. The tests were carried out in the direct—connected sc-
ramjet facilities based on the clean air resistance heater. The conclusions are as follows. (1) The kerosene fuel
ignition is restrained by the presence of H,O in the vitiated airstream. When the content of H.0 is above 11%, re-
liable ignition cannot be achieved. (2) Compared with the clean airstream, the flame stability is reduced in the
vitiated airstream. CO, has more influence on the flame stability than H,O of same mole fraction. (3) At fuel—off
state, the wall pressure distribution along the flow direction in the vitiated air almost coincides with the clean air
and there are little differences partly. (4) Both H,O and CO, have a certain inhibitory effect on the combustion.
The wall pressure in the vitiated air is lower than the clean air and this drop of pressure, which is up to 12%, in-
creases with the rising of vitiation levels. Moreover, CO, also has a greater impact on wall pressure drop than
H,O of same mole fraction. (5) The vitiation changes the mode transition point of the combustor. Supposing the
combustor working at the scramjet mode in the clean airstream, it will transit to ramjet mode in the high level viti-

ated airstream with the same fuel gas equivalent ratio likely.

* WriRHEER: 2013-11-26; 1EiTHHS: 2014-03-11,
EE£WMB . vl Tl R#RHE RS (2012KJ01004)
EEBIN: Br 52 (1980—), B, Hid-, BEmFsEst, WFeaison@ s & itl. E-mail: chenliang@nwpu.edu.cn



254 {1

20154

Key words: Vitiation effects; Scramjet; Kerosene fuel; Dual mode; Experimental

1 35

Mo 8BRS T AT R R vh R &
AL ARG 0 = KB AR F By, v st i 3 50 B A
OB RN LAl 1 VR o R R b R & S BIL b T it 56
LR B0 1 A HL A LS B AT TR AR AT
T AR AR R SR A R g ), e HR SR R
I SR E R A RS o TE A A Ay X
h BR b i AR BT SR 8 R AT BTz N TR
PUCAT Eh R A 4 ~ 7 (B IR vh K sh B T i 0 i 45
HJ2 8 SR B A 2 A& b & = 4R DL HL0 T COL
F, [ B — s B a7 IS e A ), X
by Y 4] 43 B A7 AE BOAE T IR 50 s A 4 AR, DA T B
AR TR A S AR B E R S Ty T R AR . AR
T4l 25 SOR I, X 88 22 ) 23 7 b 1T 3K 56 AU e A
Nt 56 455 R G sh 2o B v A AN 1 ) B R A 2
Wi, BT U A S e RN T e sy B R BLAE N
AN D5, — 2 KU 5 A S A 4 L 1 3K 56 R I AR 1
i 25 F S CAT R B ARAS IR BAE A R i 4l or Al
B IR #S R RTRE S BN 200 RN K 5
LT AR R A i, e &5 & sh pLbE g . I
o R A T AR B e O A RO B AL A R
SEMEA (RSB ERIEEL KEETR) .
S KO TR E RIR e R AR G g B AL e AR X gt
SUR DO B/ RCE A B K O IS N N 2 GRS
A4 B Y T ST A R T X R e T AR A R M B Y
MBI SY o X RURE 2SR b & s LR B =
15 Yl S N 1 5 R R BRAE LR JLAS 7 T - (1) X R B
5 ORI KON R R 1 R i I L A ORI K
o 8 100 5 52 5 (2) Ko AR 2 e ok AR 1 R w5 (3) kit
BRbe = B ST R B RE I R (4) X &
BIAIL HE BELAF 1 7 18T A 5% 1

M 20 22 60 47 AR A HE 4, X6 PR 4 i #5072
2| A b T IR 36 T HLO/C 0,75 YLk N, BIF 58 % 647 T
R BEIE A3 M RECE T B AFSE o Mitani 570K
H,O 7£ /N F 1000K , 0.1MPa 5 {4 {5 1] 411 ] Ho— Avir 5
oKL IX R I HLO S B0 AR Rl 4 80 AR -
O 15 K BRAT S B2 %85 A1 ¢ s (HAE KT 1000K F , i1 T
A ) IR By 7 2 R TR A BRI 22 HLO X A
I IR 5 e A0 ) A RS A T B 4R
Ho— 0, 25 K ISR B i) o ) B, HLO R 38 38 Ha-Air R
S5 1 JE IR KO 5 R R — i 24 S EL Y L0

il

N P RN £ ¥ B L S e Wt 1 B k2 Qi
M, NI A TR . R e RS R R
W, T G 20 3 X 200 i K e BEL WA 5505 e 4 4y 2
T3 AL R AH 5% o Chinitz 287 B9 F0R KOG
S5 R HL0 X B ZURRRE A5 KR R B [ £ 5% 1)
o AR T B AR &M LS B — et 4s e . 5N,
FHEG , HL0 43 F i B, b T i S00E Y B A AR L OF
HHL0 5K A A28 R0 R R R 1Y B A, 243l SRR R
WR 2 Sh LR b - i I BE FORIAE ST B AIKT 0, — A
h CO AN M, X Ho— Adr 55 K HE 3R 38 7 A 2577 4k i
ER M H R T A K AT REHI S5 T BIORN
R R F Ho- Adr KA RME . 5 N M,
CO, 43 5t BT K Wk AR 1 i ik <036 % L it A AR L R
CO, BRI A28 F0 o R T 1Y B A, o SRR B R &
Sh AL IR 5% SF- 115 5 BE R R ) B A X T Rk b
AT, CO.MAEBDZES HO — &M, Hit
H,0+CO, 1Y Z5 & 52 Mt J& AT OG89 7 T, 4 Ak
KA TR T AT TEAR BLRRA B9 VE T OB T HAR B T
A A BEAE7E AU ) A P AR T BETE B AR Y ARl
S-SR TSR R B U5 Y 0 A TE BR AR T R R
B E AR . P LE R, DL B R 2B gE
S50 AR B X SRR R vh K& sh HL X TR S
BB ASBE—ME T8, H AT = R G HF5E

oy — 7, BT R B E 4 M BRI AR
sh ik T A S 2R E R B H AT
Sk 1k 75 G0N A G BV A A AN BB 1 A ST, AT
oA A 4 i A DR SRR B B S A B A
W 5% 3 TC 75 B A ol 52 AT 56 04 75 G RO A B
R VAR 45 Fh 5 Gl 50 1 A5 AR A I BHE o AR X Bl
BN, A ARy M Gk H E AT B 56 2 AN ] K
B B o F B, H R SR T 4 0TS 0 O R B R R
& B HLFE AN [ ke G B 16T LR 56 i oY

1 T 2t s AR 50 RE S BRI X Bt a8 i 5 A
P SR 6 HR S R A EL A IR HE . H R Ok
B b an B A 78 vp & sh LI 50 152 & T R A ik
B, 26 [ 4T JE K 2= O R B X6 Bk 5 AT R A%
XF LA B, BSR4 s A (E RO $A s H BE in
) G Y 25 SOk P 7E UG L EE B S 500 W B R SR AT
XF R g, A LU R B e s R T s
B o 20 tH22 90 4F AL, H AR M B iFF 58 A 5L AE b R &
LI B B A B AT T BT R A 6.0 R A T AR
LR R & S AL BE AL A b S I E R X



36t 2

H.0/CO, 75 YR REHMIOR BT 25l P b 2 5 IR A5 255

KK FR S TR R SAE SRR G 0O v s AT T A
FORRRE S ¢ A AN 22 ) NS 7 D N 1
TR BT X AR BHRE 75 R P 5 T R T Al s ORI
T H,0/CO, 75 e 258 SR I T B % ik gs , F o T
V5 Y 4153 o R 56 5 BE TR 7 BSEAS B R (0 B
15 30 35 Je WK 27 2l s SOR i g0 FE Al b, B AR
A6 K27 R T A SR B A Ty 2 X AR ] R 58 2 A 7Y
i — I oY T S AT E A R L kst
Pl 3 30 BF 5 0 02 X SV K S HLTIT R TG T
S THBR R R R v e B WL T B 3 56 BF g B R RS A
ONFF SRR

AR SCAE LAY b Tl A 2 A BE I 4 1 3% =050 &
B S RGP s RN i < B SR 3 o N S A O
JHE SR U 2 R R R e I Al v s ROR T R
H,0/CO, 5 9 25 5ok i &t ik 5, #F 98 H,0/C0, 75 4
X R e 2 A5k L KRR E B AR S BR R R R Y R T
A AL A A X AR S, X5 MR 4 A A R TR

2 EEXTEIRLE

2.1 TSI IR Ry SRR EET

T PFA H,0/C0, 75 Yo 25 SN be =5 M g 1) 5%
Wi, SR JH 7 o 4 2 e 23 Srp g =78 I HL0, COL 41 47
I S T 2 ke B RUR B H s e s (R
H,O, CO, P Ff £ 235 Ye 20 43 ) o 75 Je Xt il 40 R 40
BT B A % A R G, 7 A B I AAES
FGE £ Wt 4 22 ) 3 i 1 /K 28 S HE R R g8 R Ak ik
HEN R G AR ARG CRE R A WET Y RGN
SR TR o K i R 4% S AR R
RO AEWUE R R IREER WA
1 H,0/CO, 75 G i 3 25 <o A T 753 % 1Y H,0/CO,
5 Yy 20 3 LS BN 3R AR 2 T R ORGIR i 7s g ik
5 25 3, HaO 76 1 A TR & 4% 30 i — >0 37 19 4 s
A FHOMME R RIR T I RAERIERIRA
FuikEm s <. B 2R E T HO0/CO0, 75 ik 15 %5 X
B A B FR A SRR AN S AT AT AR 5, RS
Ab T 2l 25 SO T B IR A 5 6 T HL0/C0, 75 P a8
SORFR KR, B e IR A A% L = A Fa e 19 4l
s SOR AR A IRl HL0, COL AT 0,453 43 Mk
2H 53 WS, e 2 AE WA A A ST R Y T Y

2HERT . XA LAAE A — a5 R 4 b T e gl
s ORI S H.0/C0, 15 G 25 0K I 1) 1 3% U BE 4%
FXF B T T REEFWORMIRE ., X
P I 3 ok Y B 3% 2K A MR R R B AN &) 3 T
IR o ERIROBUIMIRE AR Ry ok AR E B T AR
TR R BE T 9 S A B T R R S B
AR AT U M N kAR R AR SR
MZE

Bypass cooler

Air
—

Water

Resistance heater
it heater

NZ
B, U -
Air - [ Mixe __ Exhaust
fars =7 D_—»
| h 4

i

to N, 4 Fuel

Fig.1 Schematic of the comparative experimental system
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Fig. 4 Courses of the ignition of kerosene with pilot H,
Table 1 Experimental results
Equivalent ratio Combustion state
Test No. Air stream T/K p./kPa -
H, Kerosene H,  Kerosene with H, Kerosene
EO1 Clean 830 811 0.25 0.54 | | |
E02 Clean 842 824 0.20 0.67 [ | || |
E03 Clean 840 810 0.25 0.73 [ | || |
E04 4.8%H,0 821 810 0.20 0.54 [ | || |
EO5 5.8%H,0 826 817 0.20 0.53 [ | || |
E06 8.6%H,0 840 795 0.25 0.54 [ | || |
E07 11.3%H.0 840 812 0.20 0.52 [ | O O
EO08 11.5%H,0 808 808 0.20 0.53 [ | | O
E09 11.8%H,0 840 802 0.25 0.54 | | U]
E10 5.3%H,0 839 825 0.25 0.74 [ | | |
Ell 8.3%H,0 850 821 0.25 0.74 [ | | |
E12 3.5%CO0, 845 815 0.20 0.51 [ | | |
E13 4.5%CO0, 803 790 0.20 0.52 [ | | |
E14 4.3%CO0, 839 820 0.20 0.73 [ | | |
E15 6.2% CO, 825 819 0.25 0.73 [ | | U]
El6 4.5%H,0+4.3%C0, 835 822 0.20 0.53 [ | | |
E17 8.0%H.,0+3.7%CO0, 831 828 0.20 0.53 [ | | U
E18 4.6%H,0+4.5%C0, 840 821 0.20 0.67 [ | | |
E19 5.2%H,0+4.7%CO0, 845 811 0.20 0.73 [ | | |

B Represents combustion [] Represents flameout
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Fig.5 Combustor wall pressure comparison at fuel-off state
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Fig. 7 Combustor wall pressure comparison of experiments with clean and CO, vitiated airstream
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