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Influence of combustion performance of swirl on solid fuel

ramjet about carbon black
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(1. School of Mechanical and Electrical Engineering,
North University of China, Taiyuan 030051, China;
2. School of Mechanical and Engineering,
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Abstract: In order to study the influence of swirl flow and carbon black added propellant
on the combustion performance of solid fuel ramjet, pure polyethylene and carbon black add-
ed polyethylene were used as solid fuel, and experiments with combustion were conducted in
both swirl-flow and non-swirl-flow of different port diameters of fuel grain. And the working
performance parameters were calculated based on the parameters obtained from experiment.
The results indicated that compared with pure polyethylene (PE), the addition of 5% carbon
black could increase the regression rate, characteristic velocity and thrust. In the working
conditions of swirl-flow, the temperature and pressure of afterburning chamber were higher
than those of non-swirl-flow, besides, the stability of combustion was also enhanced. Mean-
while, the increase of port diameter of fuel grain enhanced the combustion stability and effi-

ciency of SFR], but decreased the regression rate.
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AR SN FE K S LA b8 28 4 AL e It 5iR B L)

S i S5 oA X e Sl LR B R 1 S o B L A Case [EMMRE s d/mm dy/mm s, /(kg/s)

P % 2S5 6 0 AN ] 25 45 N AR AN ) i O oi B2 1 PE 0 70 40 0.3
LR Ik JE e HE R 4 24> TR SFR] 4T T 2 PE 0.4 70 40 0.3
RO HARSER Tl gk 1, 3 PE-C 0 70 40 0.3

Ho PE F1 PE-C 43 548 32 R & FE 4 PEC 0.2 70 40 0.3
e D I 2 4 B R 5 V0 1 TR 20 [ AR R L R T 5 PEC 0.4 170 10 0.3
WEMEH s Fow . d, M do 3 RARRGHEANRE 6 PE-C 0.6 70 40 0.3
HAENR, R RS ARERE, LRt 7 PE-C 0.4 60 10 0.3
WA I GE B AR d, = 28. 2 mm, [& K 8RR K B 8 PE-C 0.4 80 40 0.3
Ly=280mm, 9 PEC 0.4 90 40 0.3
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Fig.4 Pressure profiles of after burning chamber
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Table 2 Working performance parameters of SFRJ
Case RRLN Y s s Ami/kg 7 /(mm/s) A/F C* /(m/s) F/N
1 PE 0 0.173 0.1398 34.682 1063. 783 149.9573
2 PE 0.4 0.199 0.1606 30. 151 1100.011 163.4414
3 PE-C 0 0.202 0.1607 29.703 1107.108 166. 1388
5 PE-C 0.4 0. 290 0.2265 20. 690 1192. 848 199. 8485




1538 i

¥

3

DA %35 %

K O R AT AR TTE TR ik R
(R TN AT 2 R S 4 i 14, 9 %0 LRI L0 F L 7
T S AT A R R T 29. 1%, Ui B AR i T
T il SN TR JR R 1) 5 ) B Sk R, (R, FEE
TR It T 000 T+ ke 2B 199 U8 Jin i AR A1 38 32 4 331
PETF 4. 1000 8. 4%, HE Ty 4 S E2 T 10. 806
22.3%.,

3 LR B X R B AR E
R BN K BE B R T

P9 4 LIE 3 E T MR ISR . 26
LSOO BT T T 31 A KR T
I AR MR . L S B
S e 2 5 38 Bl R 3 9380 7 00
W T 40 51 AT L T ) 408 04
B

0.8
0.7F
0.6 {
<
a
S 05y
g
é 0.4
4 —=—Case 3
03 —e—Case 4
—v—Case 6
0.1F
0 5 10 15 20
t/s

PO A [l g At 5 E kbR = s 55 £

Fig. 9 Pressure profile of different swirl intensities

B 10 JiF 7 b S TR) T O 5 J3E 4 b 8% 9 43 A7
F AT, 45 T 050 24 i A9R o 35 7 25 X3k 3 de K
(B 6 15K i DX s/ N O e e BRI
L JCE 7 56 S ) 0 T A . (B AR TR R B
AV T T T R R 1Y T T 3 T e R R = A T

Jr 1 ¥ 3l » H. 25 4985k 249 7 198 58 2 0K o H BB 2.
THE RIS . 3 a2 B4 Y J PR 3 T A
7 AR 0 T 2R MR R 7 ) 32 A 1 BE T, HLAE
DY s B PR T 22 5 R == U S B
TR DTS BOPR T 7 o by T O 56 B2 3 S 2
ol e B O T N R T A S LA R A AE
R B » T B 5L 1 AR R S A T Ak
ol . B RIE I 56 B 23 76 88 68 %5 R Ui A T E Dok »
1R 2% B8 B0 T A P2 (8 R J5 3 AR o AR, i) 22 12
FA A Hh TR ORI A B IR R AE . T
A0 T R SR R /) i 5 B2 AR g B4R ey
L.

030
E 0251
E
3 020
s
§ 0.15
g 0.10 —s—Case 3
E) —e—Case 4
0.05 + —a— Case 5
—v— Case 6
0 1 1 1 1 1 1
0 50 100 150 200 250 300

x/mm

P10 S [ i O 56t J3E AR 224 S A9R oy 2k

Fig. 10 Local regression rate of different swirl intensities

A5 A S AL AR BE L AR 0 S 56 i
FHAR SE 2 O A R ié it 3 B R SFRI TAREMERES
BOEAT TiF R B RS RNk 3 s, i T
TR V- S5 K R O SR R 2 W O I A R R
8 AL 56 JRE 1D 4 58 o 5 AT 56 B MU AE FE . AT 3 B
2R ERRAR . EL B 36 e U 5 B2 1 19 i 2E R 4
T2 B 5 RSP T I S BEZ T . WA AE B
TR e rp L HRBE RCR AN R S HL T AR R
REAH e T TC e L OLY A e It

®3 FEBEREER SFR) TEHESH

Table 3 Working performance of SFRJ in different swirl intensities

Case RNy s Amy/kg 7/(mm/s) A/F C* /(m/s) F/N
3 PE-C 0 0.202 0.1607 29.703 1107.108 166. 1388
4 PE-C 0.2 0.272 0.2132 22.059 1161.621 188. 4477
5 PE-C 0.4 0. 290 0.2265 20. 690 1192. 848 199. 8485
6 PE-C 0.6 0. 305 0.2378 19.672 1232. 444 214. 3439
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Table 4 Performance parameters of SFRJ with different fuel port diameter

Case EiRrN Y S d,/mm A/ mm Ami/kg 7 /(mm/s) A/F C* /(m/s) F/N
5 PE-C 70 15 0. 290 0.2265 20.6900 1192. 848 199. 8485
7 PE-C 60 10
8 PE-C 80 20 0. 301 0.2082 19.9336 1203.979 203.9981
9 PE-C 90 25 0. 315 0.1953 19. 0476 1215.713 208. 9637
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