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Numerical gudy on super sonic combugtion
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Abdgract: A numericd gudy was conducted for the supersonic combugion of premixed keroseneair flow ignited by a high
tenmperature hot gas as the pilot flame. Many factors, which have inportant irfluences on supersonic combusgion , were sysemeticaly
explored. These factors include the temperature, pressure, equivaence ratio of the suypersonic premixed flow, and the pressure
meatching relaions between the premixed flow and the hot gas. The results show that with the rise of the gdic temperature or the datic
pressure of the premixed flow , the conpresson wave induced by ignition intensfies, resulting in an increased highes tenperature and
an expanded flame- oreading ange. When the equivaence raio of the premixed flow is exactly soichiometric , the combugtion tem
perature reaches the highes. When the gatic pressure of the premixed flow is higher than that of the hot gas, the ignition digance is
gdorten, compared with the gatic pressures matched cases. On the contrary , when the latter is higher than the former , the ignition
digance is prolonged. Moreover , the flame gpreading ande is larger in the rorrmatched cases than that of the matched case. Be
ddes, auto-ignition occurs in the boundary layer a the lower wal in many cases.
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Fig-1 Schematic df super sonic combustor
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Table 1 Parametersat entrance o supersonic combusor
2.1 Mass fraction
How ps/MPa | T¢/K| Ma
] C2H4 02 (I)z Hzo NZ
. . Air 0.0977 | 42 [2.09| — [0.2330] — ]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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Table 2 Parametersat entrance o super sonic combustor (case Na 1)

pt/MPa T/K Mass fraction
Case How Ma [}
(ps/MPa) (To/K) CpHxs CoH, 0, o, H,O N,
1. 0666 1300
Premixed fl 2.2 1.0 | 0.0642 — 0.2180 — — 0.7178
emixed flow (0.100) (801)
No. 1
0.30935 2000
Hot 1.4 — — 0.0248 | 0.0500 | 0.1950 | 0.0798 | 0.6504
s (0. 100) (1604)
Hol pas -|,:_'_f =55 (2)
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Fig.3 Shematic o computational ) ’
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Level 1 3 9 13 17 21 25 20 Level 1 3 5 7T 9 11 13 15 17 19
Presaure/Pa: 68200 72862 77524 82186 86848 91510 96172 100834 Density/(kg/m’): 0.14 0.17 021 0.24 0.27 0.31 0.34 (.38 041 044
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(a) Non—reacting (a) Non—reacting
Level 1 5 9 13 17 21 25 29 Level 1 3 5 7 9 11 13 15 17 19
Pressure/Pa: 90600 99621 108641 117662 126683 135703 144724 153745 Density/kg/m’): 0.14 0.20 025 030 0.35 0.40 045 0.50 0.55 0.60

Fig.4 Contours d datic pressure,case 1 Fig.5 Contours o density,,case 1
Level 1 4 7 10 13 16 19 Level 1 5 9 13 17 21 25 19
Temperature/K: 744.00 040.74 1137.47 133421 1530.95 1727.68 1924.42 Mach Number 093 1.13 134 1.54 1.74 1.94 2.14 234
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Fig.6 Contours df datic temperature,case 1 Fig. 7 Contours d Mach number ,case 1
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Level 1 3 5 7 g 11 13 15 17 19
GiaHzs : 0.000 0,007 0.014 0.020 0,027 0.034 0.041 0.047 0.054 0.061

(s} Non-reacting

Level 1 3 5 7 ¢ 11 13 15 17 19
G5 H;;:0.000 0.007 0.014 0.020 0.027 0.634 0.041 0.047 0.054 0.061

(b} Reacting
Fig.8 Contours o massfraction of Cp Hx ,case 1

Level 1 3 5 7 ¢ 11 13 15 17 19
Temperature/K: 591 787 982 1178 1374 1569 1765 1961 2156 2352

() Cased
level 3 5 7 9 15 17 19
Temperature/K: 692 888 1083 1279 1474 1670 1865 2061 2257 2452
—p———]

{b) Case3

11 13 15 17 19
peratu:ull( 895 1174 1454 1733 m13 2292 2572 2851 3131 3410
et

(c) Cased

Level 1 3 § 7 95 11 13 15 17 19
Temperature/K: 997 1303 1608 1914 2219 2525 2830 3136 3442 3747

Fig.9 Contours d datic temperature
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Table 3 Pressure at entrance o super sonic combustor

Cose ' py/MPa__(ps/MPa)
Premixed flow Hot gas
No. 6 0.53330  (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 1.50990 (0. 15000) 0.46403 (0. 15000)
, 6 9 2,
2.5 35 4.5 ,
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0.15MPa  ( 9,

11 13 15 17 19
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{c) CaseB
Level 1 3 5 7 9 11 13 15 17 19
Temperature/I: 793 1067 1342 1616 1891 2165 2440 2714 2088 3263

3

S =
s 15
. 3T -J;ﬁe;-rls
3 SO =T

{d) Cased

Fig. 10 Contours o datic temperature
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Table 4 Pressure at entrance o super sonic combustor 12 , 10
Cae : p/MPa__ (ps/MPa) ,
Premixed flow Hot gas
No. 10 1.59990 (0. 15000) 0.30935 (0.210000) ’
No. 11 1.06660 (0. 10000) 0.46403 (0.15000) ’ !
4.4
12 17
5 , 1
g Table 5 Equivalence ratio of premixed flow
{(b) Casell -
Mass fraction
Cae | @
. . . CpHx | GHy O, 687} HxO N2
Fig 11 Contours d datic pressure, nonreacting
No. 12 [0.0[ 0.0000 — 10.2330 — — 1 0.7670
No. 13 [0.3| 0.0202 — | 0.2283 — — | 0.7515
12 10,11 No.14 [0.6| 0.0395 — | 02238 — — | 0.7367
1 6 (b) No. 15 0.8 0.0520 — | 0.2209 — — |o72n
No.16 [1.2| 0.0761 — | 0.2153 — — | 0.7086
' ( No.17 |1.6] 0.0989 — 0. 2099 — — 0. 6912
10) , ; , (
11) , 10,11 , 12
1, £ 4.5 ; 13 15 ; 16,17
13
Level 1 3 S5 7 9 11 13 15 17 19 12
Temperature/K: 793 1060 1327 1594 1861 2128 2395 2662 2929 3196 d d
N 6(b) :
o a0 13,14 ,15 16,17
Leve! 1 3 17
Temperature/K: 793 1062 1331 moo 1s7n 2139 z-ma 2677 2946 3215
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Fig.- 12 Contours o datic temperature, reacting
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level 1 3 5 7 5 11 13 15 17 19
Temperature/K: 688 868 1048 1229 1409 1589 1769 1949 2130 2310
1% =

(a) Casel2

level 1 3 5 7 9 11 13 15 17 19
Temperature/K: 763 912 1088 1265 1441 16517 1793 1969 2146 2322
17 3

(b} Casel3

Level 1 3 5 7 & 11 13 15 17 19
Temperature/K: 762 941 1119 1298 1477 1656 1834 2013 2192 2371
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Level 1 3 5 7 & 11 15 15 17 19
Temperature/K: 778 961 1145 1328 1515 1505 (872 206, 224! 2428
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Level 1 3 5 7 9 11 13 15 17 19
Temperatre/K: 808 999 1189 1380 1571 1762 1952 2143 2334 2525 .
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level 1 3 5 7 9 11 13 15 17 19
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Fig. 13 Contours o datic temperature
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