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Numerical study on supersonic combustion
of kerosene- air premixed flow
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Abstract: A numerical study was conducted for the supersonic combustion of premixed kerosene air flow ignited by a highr
temperature hot gas as the pilot flame. Many factors, which have mportant influences on supersonic combustion, were systematically
explored. These factors include the temperature, pressure, equivalence ratio of the supersonic premixed flow, and the pressure
matching relations between the premixed flow and the hot gas. The results show that with the rise of the static temperature or the static
pressure of the premixed flow, the compression wave induced by ignition intensifies, resulting in an increased highest temperature and
an expanded flamespreading angle. When the equivalence ratio of the premixed flow is exactly stoichiometric, the combustion tem-
perature reaches the highest. When the static pressure of the premixed flow is higher than that of the hot gas, the ignition distance is
shorten, compared with the static pressures matched cases. On the contrary, when the latter is higher than the former, the ignition
distance is prolonged. Moreover, the flame spreading angle is larger in the norrmatched cases than that of the matched case. Be
sides, auterignition occurs in the boundary layer at the lower wall in many cases.
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Fig. 1 Schematic of supersonic combustor

Table 1 Parameters at entrance of supersonic combustor

Mass fraction
CoHs | Oy CO; | Ho0 | N;
Air 0.0977 | 492 | 2.09 — 10.2330] — [0.0520{0. 7150
Hot gas | 0.1731 | 1772 | 1.25 [0.1059{0.0103}0. 1205]0. 1566]0. 6067
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Fig.2 Wall pressure comparison of
calculation and experiment

3 YRR g X 5

AR SCHSEAN B 0 BB R DR SCHR[ 7) H ) 7S S R e
a8, JLEE R T B LA ST S AR L P 3 B . i R A
B N = BE D 55mm, W & A 70mm, ke b
T BETH LAAH R M EE 95K, 24 500mm. 3R [ W 75 3R
FeE ) AR TAE AT B LG, B ERREEAS
IR R TR SR &, RUBR T HB B A TR R

4 HESRSSH

AT 17 FpAS[F B TOLREAT 15, rp i
1 NS L0, PR =3 D28k 2 fros.



B2sHE Fol

Bt = TR SRR P AR B T 103

Table 2 Parameters at entrance of supersonic combustor ( case No. 1)

, i pi/MPa T/K " - Mass fraction
lase ow ) ) Ma
'[P.JMP&) ( T./ K) CppHos CaHas 0> CO, H-0 N2
1. 0666 1300
C - _ _ _
Premixed flow (0.100) (801) 2.2 1.0 0. 0642 0.2180 0.7178
No. 1
(. 30935 2000
Hot gas (0. 100) (1604) 1.4 0. 0248 0. 0500 0. 1950 0. 0798 0. 6504
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Fig.3 Schematic of computational
model and grids (200 x 55)
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Fig.4 Contours of static pressure, case 1
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Fig. 6 Contours of static temperature, case 1
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Fig. 5 Contours of density, case 1
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Fig.7 Contours of Mach number, case 1
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Fig. 8 Contours of mass fraction of C;; Hy, case 1
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Fig. 9 Contours of static temperature
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Table 3 Pressure at entrance of supersonic combustor

) pfMPa  (p./MPa)
Caze )
Premixed flow Hot gas
No. 6 (. 53330 (0. 05000) 0. 15468 (0. 05000)
No. 7 0. 79995 (0. 07500) 0.23201 (0. 07500)
No. 8 1.33325 (0. 12500) 0. 38669 (0. 12500)
No. 9 1. 59990 (0. 15000) 0.46403 (0. 15000
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Fig. 10 Contours of static temperature
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Table 4 Pressure at entrance of supersonic combustor

p/MPa  (p . /MPa)
Case
Premixed flow Hot gas
No. 10 1.59990 (0. 15000) 0.30935 (0. 10000)
No. 11 1. 06660 (0. 10000) 0. 46403 (0. 15000)

Fig. 11 Contours of static pressure, nomr reacting
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Fig. 12 Contours of static temperature, reacting

XL 10, #AB = FHARRRE & T Lk
R, XS R 4R, e =N D AR T
] A% 3R B RN, RHEOE S iR RSB IRE F E
FEREEANRESEETHRMEAEEE.
I ERURAS R E 7 T A T, AN, TR AR
WHIE 15 2 T et G it & . Bk, T
10 H3E K BB T B B A% .

MR, Lo, RS LSRRENET R
ERPRIR A, B E N DAL S T A AR SRR A
B, KPR m iR RS B IR R PR, BUEIREE N T
WL T 29 T, S8 KOs 5 2R HE AR HE AR 2
JE5#%.

rE 12 A7 WL, AL 10 A0 11 7E SEST RS =8 HY 1
P FEERIIAFZ NIRRT B 8. HIEFE AT §eR, b
A KIGTERR B = N AL 1%, TER e =t DR TR % 1
BRI R, SEGARENE, R BN iR
JEF s, BB T & KA, NITERCE #X .

4.4 HELLMEM

VR DO 12~ 17 WF 50 T 245 LU P pA e 1Y
SZI, SRR SN 1AL TLTR AU ) 24 B bE AN 2541 4 1)
BRI 5 s, ERSHSE T 1 M.

Table 5 Equivalence ratio of premixed flow

Crise ® Mass fraction
i CaHas CsHy 0, CO- H,0 Na

No. 12 [0.0] 0. 0000 == 0.2330 = = 0. 7670
No. 13 [0.3] 0.0202 == 0. 2283 = == 0.7515
No. 14 [0.6] 0.0395 == 0.2238 — = 0. 7367
No. 15 |0.8] 0.0520 == (). 2209 — == 0. 7271
No. 16 [1.2] 0.0761 = 0.2153 — = (. 7086
No. 17 [1.6] 0.0989 —= 0. 2099 —: == 0. 6912
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Fig. 13  Contours of static temperature
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