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Abstract: This study carried out experiments to investigate the combustion behavior of n—decane at Mach
2.03 and stagnation temperature between 800 and 1100K using a supersonic combustion with two serial cavities
flame holder. All experiments were performed in the direct—connect supersonic combustion facility with regenera-
tive storage air—heater. n—decane with ambient temperature was directly injected into a supersonic crossflow up-
stream of the first cavity. CH chemiluminescences was performed along with measurements of the combustor wall
pressure. Two flameholding modes of n—decane, flame held with two cavities and flame held with one cavity were
identified by the location of a rise in wall pressure and the CH chemiluminescence emission. The flame held with
two cavities was stabilized through the interaction between the jet wake and a recirculation zone in the cavity. On
the other hand, the flame held with one cavity was stabilized through the interaction between the separation of
boundary layer, which was induced by shock wave, and a recirculation zone in the cavity. As the stagnation tem-
perature decreased, the flame held with two cavities turned to one cavity until it couldn’t be stabilized. The tran-
sition temperature from flame held with two cavities to one cavity and the flameholding temperature of n—decane
were 876K and 842K, respectively. The result of the one—dimensional analysis show that the combustion efficien-
cy and stagnation pressure recovery coefficient are higher when the flame held at two cavity.
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Table 1 The PLC time sequence

Time/s Controlled object On/Off
0 Fuel On
22 Igniter On
35 Igniter Ooff
7 Fuel Ooff

Table 2 Experimental condition parameters which are kept

almost constant

Parameter Value
Isolator inlet Mach number 2.03
Isolator inlet stagnation pressure/MPa 0.77+0.5
Inflow mass flowrate/(kg/s) 2+0.01
Fuel injection pressure/MPa 3+0.1
Fuel mass flowrate/(g/s) 37.2+1.1
Equivalence ratio 0.277+0.07

3 HBRERSH

3.1 SRimSIEXIEREIREE TR R

7 S S WL 5 BE T A Bl 1) B9 0 A ok A
JEmRME LT o A — YK PLC B $5 1 A4 38 58 L B
55 Os 1Y BE TR BCHR AF 1% T 00T B9 v8 25 i 3 1Y BE T8 o
A, UK A A= 5 O AT 22 I AT — I 220 A BE T 408 £
oh R T Y ) BE s 3 A R 37 A I 22 Y BE R A
HEATRT HE o A SR AR R — il i 37 B 2 AR I 1 BE
1T He 7 73 A A1 WY 64 BT T AR )

R F AN [ ok it R T SR 00 25 R, R B T Rl
T RS U b B T PR T oA N 3 TR o #E IR R
Tt A L v B T AU 0 A0 5] 3 () A RE TET R ) 43
A E I — A B 25 0 — B X ) N RO T A
Lo T2 25 Uil b BE T R 3 A WY i T BT R b =
PR ek A T 5 T LA R T A A RS I M BE
1 43 A 35 A BH G 28 BK, S BOBLOAR IR o AR SCOKE X
Fauke 1ok e i 35 SCoh UM A& A 28 (Mode 1) o 24
o it AR R B — R DX [R) P, R A £ E] G ] 3
(b) By ML B0 BE He 43 A7 - DA BE — il o) 57 8 HF 45 )5 19— B¢
DX A PN, 25 T 0 AR 5 08 25 0 3 B R AT I A T v
Ut BB By 5 (AU i — A Tl 7 Ak B R A A
AR, R ER . AR SOKE X R R I b i o e
SC R R AR X (Mode 2) o 24 2 B R T

4

Mode 1: Case 2
e e —=Cold
2 3l / \ —e— Flame-holding
VA
o /
= f
$ 2k / \‘—'/ﬂ\\

\
3 f \
= T LN
g 1 ‘.VW\/-\( - e o,

r ~

2 N Fuel ¥ Y\' -

1 1 1 1 1 1
0 200 400 600 800 1000 1200

Axial distance/mm
(a) Mode 1
4
| Mode 2: Case 11

£ - Cold
ﬁ 3r -*- Flame-holding
& |
£
|
3| L
% '&.,4\ 3 b S /'

1 ')KV/& . \&0/%
£ VAL
z L Fuel

1 1 1 1 1
0 200 400 60 800 1000 1200

Axial distance/mm

(b) Mode 2
4
L Failure: Case 16
-+ Cold
3r ~+- Flame-holding
2 -

b AN

L Fuel

Oﬁ.—hj’._-'?—/._/.}

0 20 400 600 800 1000 1200

Axial distance/mm

Normalized static pressure

(¢) Failure
Fig.3 Three kinds of normalized wall static pressure

distributions



398 Bl TEZS R R BRI 2 ORGP B 5T 111
H—lREZR RS RY5 ST 0 BE R 2016 BN or A A R B R CH*JE , U8 W 1 Ab 19 B8 B e B R

B 3Ce) s, Wi JL-T- A, %A B 0 T, 1 A
I e R o R s O UL

B4k THmEmERgI. @ik
I — R G, e 245 20T DL E 2% B AR T
14 i AP I 3 UL 2l 847K, LA K B U 2 UL HR e v R U
TR 837K o AR SO 3 1 S AR S-S5 (5 SR Ik AL
B If SRR R I B TR BV IE 2% e BRI A I L Ok AL A
Tk 842K TR It 45 1) T 1E 28 HE b BLIMT AR A
AT 0 o A1 IR 882K, LA B % A Ay BA U1 s B A A
) o o TR 876K o AR SUHE L F B RS I AR A
AR 3 40 1 s 5430 B2 o 879K

1100

. ® Mode 1
% 3 = Mode 2
5 4 Failure
s e — Transformation temperature
2 1000 o — - Flamcholding temperature
£ .
]
8 *e
‘a L
& 900F .
% 879 o
é 842 -------mm oo o7 < i
E 'y
800 .
1 3 5 7 9 11 13 15
Case

Fig. 4 Results of experiments

32 REERHTEH S

10 Koot P, AR SO B I CH L 7 HR B 5
B ARG SEAT T HE S . CH S J B 0 MR) 76 R B 1k
7 R i AR P A B T AL SR L A LT A
HE U PR, CHU* 3 P ( T8 Rl 0 o 0 AR B 2
L % A 00 67 T DA e S I 397 1 R B B IRt
T 98 ok 2 1 AR o AR 3.1 o 0 4 T 1L
T 7 S A TR B B, — 3t b BT R R A
TR R B« 0 1 Ak B 1 R A
2. A ST R 50 T s T A S T
(Case2.6.10. 11) AT A EL, 4 3 24 3 U A~ T 050 3t 11
He S, S 3k A T80 R T ek 20 B T 6
ST 6 U] g F 7 B CH 355 0 T8 F 40k 3 e 5 5
F {32 B B 85 55 — 4~ L 41 BT VS 2mm , R 16 P o 9 o
FRUT. T e 5 A W L5 L o
FURE 05 ) 098 43 45

% He CH* S R F B 43 A4 1 1L 75 80 < B 25 o
Y HT L T 4 25 0 0 B R S — 302 U B FE AR T
5 g g h CHESE G 4 5, BB 7E 2 9 o 0k B
3, 0 5 BB T 59 R O T 5 76 I8 90 2 7 T LA E

T N, BT LAAH IO A ab b BE T 93 A 23 1 BRI A

Table 3 Experimental condition parameters of four cases
(case2,6,10,11)

Case 2 6 10 11

Stagnation temperature/K 1054 952 882 876
Isolator inlet Mach number 2.03 2.03 2.03 2.03

Isolator inlet stagnation 0831 0777 0738 0715
pressure /MPa

Inflow mass flowrate /(kg/s) 2.02 2.02 2.03 2.02
Equivalence ratio 0.272 0278 0275  0.278
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Fig. 5 Normalized wall static pressure distributions of four

cases
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Table 4 Combustion efficiency of four cases

Case 2 6 10 11
Equivalence ratio 0.272 0.278 0.275 0.278
Ts/K 1054 952 882 876
TJ/K 1570 1472 1401 1263
T../K 1649 1612 1541 1542

Combustion efficiency/%  80.6 8.7 78.7 58.1
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Fig. 7 Ma number distribution of four cases at cold field
and flame-holding field
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Table S Stagnation pressure recovery coefficient of four

cases

Case 2 6 10 11

0.831 0.777 0.738 0.715

Inlet stagnation pressure/MPa

Outlet stagnation pressure/MPa ~ 0.341 0.320 0.303 0.250
Stagnation pressure recovery
coefficient/%

41.0 41.1 41.1 35.0
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