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Fig.1 Experimental system of pasty rocket engine

1—-control system, 2—propellant tank, 3—tansport pipeline,
4—igniter, 5—pressure sensor, 6—computer, 7—nozzle,
8—combustion chamber, 9—pasty propellant, 10—piston,

11—hydraulics
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Table 1 Pasty propellant flow and pipeline size
d/mm n v /mm - 57!
14 2 150.6

144.1
4 24 144.1

Note: d is channel diameter; n is number of transport channel; v is flow veloci-

ty of pasty propellant
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Fig.3 Velocity of grain burning surface
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Fig.4 Burning surface of propellant in initial stage
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Fig.5 Burning surface of propellant in ending stage
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Fig.6  Experimental and calculated curves of pressure chan-

ging relationship with time
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Table 2 Results of interior ballistic parameters between ex-

periments and calculation

method d Peq Prm fe b b L
/mm  /MPa  /MPa /s /s /s /s
14 2.77 3.88 0.11 0.36 0.55 0.67

experiment 8 3.27 4.10 0.09 0.25 0.63 0.63
4 3.15 4.62 0.08 0.14 0.80 0.50
14 2.71 3.77 - 0.17 0.81 0.60

calculate 8 3.20 4.27 - 0.27 0.74 0.53
4 3.02 4.68 - 0.12 0.82 0.45

Note: d is channel diameter, p.q is equilibrium pressure, p,, is initial pressure
peak, t. is ignition delay time, t; is initial combustion time, ¢, is stable

burning time, t, is residual burning time
T A g R 35 (8] 9 AN (7] 3 BT 32 500 400 i
B P AN (5], (845400 B 438 1 1 RS [], S BBUR B 2 % )
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Fig. 7  Calculated curves of pressure changing relationship

with time at different initial packing quantity of propellant
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Fig. 8 Calculated curves of pressure changing relationship

with time at different diameter of duct
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Table 3 Calculated results of p,,,t, and t, in different diameter

of transport pipeline

d/mm Pn/MPa t /s t,/s

20 3.4 0.39 0.70

14 3.9 0.27 0.38

10 4.3 0.19 0.27

8 4.9 0.13 0.21
5 & i

(1) B PR 590 K 5 e sh BLAR E AR 7 v,
PR R SR A9 T L B TR RO o A BF ST H B T A Y
T TR M R R R Sl B R P S B TR
HHRHRZENT 5.7%,

(2) K958 2200 iy T 3 e {1 I 0 4 2 590 90 Ao 3 AR
A R4 O, 00 46 HE B I — 1, W00 i s g
RGN T 42.8% o KBRS, I IR/ B AR A 3 5

CHINESE JOURNAL OF ENERGETIC MATERIALS

0 HE B

(3) Fifi i 32 & 38 FL AR W/, & 3 LA G B4 be it [a)
4 R AR 58 BT 1] A5 1, i iz 4% 3 L2 08/ 60% , %1 4
BRI [H] K A% 24 48K b Bk 1) 43 331 °F 34 8 /)N 66. 5% |
26.1% o 3838 24 U/ B A 2 700 A0 4 HE B i SR
18 TE FLAR SRRt , T A AR A & B AL A K R BER B
TE BRBERT [R]

S E Lk

(V] DR, EUHE R K H R S LTS st ()], fb2t el 5
#> TFEL, 2004, 2(4): 32-35
SHEN Hai-qin. Researchprogress of pasty propellant rocket en-
gine [J]. Chemical Propellants & Polymeric Materials. 2004, 2
(4):32-35.

(2] JHsPok, FBNE, MBS R K 2000 KRR BT
SE[)]. k&, 2008(5): 1-5.

ZHOU Shou-giang, ZHENG Ya., JU Yu-tao, et al. Design
and simulation of multiple igniting system for pasty propellant
rocket [J]. Initiators & Pyrotechnics. 2008 (5): 1-5.

[3] Kukushkin V. State and prospects of solid propellant rocket de-
velopment[J]. Aiaa Journal, 1993, 92 3872.

[4] Kukushkin V, lvanchenko A. The pasty propellant rocket en-
gine development [J]. Aiaa Journal, 1992, 93: 1754.

[5] Natan B, Rahimi S. The status of gel propellants in year 2000
[J]. International Journal of Energetic Materials& hemical Pro-
pulsion. 2002, 5(1-6).

(6] WL, £f8, WMy, 4. BRI I 70 43 25 480 il ) e e S (B F 5
[J]. #EgER AR, 2014, 35(5) . 701-707.

CAO Qi, FENG Feng, WU Xiao-song, et al. Numericalstudy
on pressure loss for gel propellants supply pipeline[ J]. Journal
of Propulsion Technology. 2014, 35(5): 701-707.

(7] B2pal, sk, JAIRGRTE. SR o k50 25 48 Il ol 48 1 A B fE

BT, BRKETEAR, 2011, 34(6) : 739-744.
XIA Xue-li, QIANG Hong-fu, ZHOU Zhi. Numerical experi-
ment research on flow property of gelled propellants in pipe -
bendingpipe[ J]. Journal of Solid Rocket Technology. 2011,
34(6): 739-744.

(8] WR&GWI, MoR7s. 4 1 W M A itk 50 A PERE IV AL ()] #ff itk 4
A, 1998(1): 102-106.

CHEN, Zhi-gang, YANG Rong-jie. Evaluation on performance
of metalized gelled propellant[ J]. Journal of Propulsion Tech-
nology. 1998(1): 102-106.

(9] JaAspii. MR KSR IV L2 WA AR [D].
H: MR, 2009.

ZHOU Shou-giang. Reseach study on the multi start technology
of pasty propellant rocket engine [ D]. Nanjing : Nanjing Uni-
versity of Science and Technology,2009.

[10] ke, Biht, AKS. BRIV [)].
A, 2004, 25(2) . 173-175.
SHEN Tie-hua, YANG Jing-xian, SUN Qing-man. Experimen-
tal investigation of pasty propellant rocketengine[J]. Journal of
Propulsion Technology. 2004, 25(2): 173-175.

(V1] SRS, BAE. M Sl LG B X0 KK B 280 4 1) 5% i BF 5
[J]. MR kHiFE A, 2009, 32(3) : 262-265.
ZHANG Sheng-yong, MAO Gen-wang. Effect of structure pattern
of pasty propellant ramjet motors on combustion efficiency [ ] ].
Journal of Solid Rocket Technology. 2009, 32(3): 262-265.

2017 % #25% £ 124 (1025-1030)

St



1030 MONE, BREE, A, AKAE, #ikY
(121 SRFEAN. 7 WA e K H L L TR BT [D]. Miat: B (157 BRZE. [T A shHL% 4E WA N a5 ()], #0822 40
SUHL T k%, 2009. 2013, 25(2) : 39-43.
ZHANG Jia-xian. Reseach on the working process of pasty pro- CHEN Jun. Research on one—dimensional two-phase internal bal-
pellant rocket engine[ D]. Nanjing : Nanjing University of Sci- listics of SRM[]]. Journal of Ballistics. 2013, 25(2) : 39-43.
ence and Technology, 2009. [16] RWett, B4, EHR. B AS RAPEHIM]. Jogt: £ T
(131 KB, sRMED. 7 ORAMEE R KRR DR P S B 5 ()] b Rt 2010 69-72.
[ A ki B AR, 2003, 26(2) : 30-32. WU Xiao-song, CHEN Jun, WANG Dong. Principles of solid
ZHANG Ming-xin, ZHANG Shen-yong. Experimental study on rocket engine [ M]. Beijing: Ordnance Industry Press, 2010
the ignition and combustion characteristics of pasty propellant[}]. 69-72.
Journal of Solid Rocket Technology, 2003, 26(2) : 30-32. [17] FEZ, ek, MREDG. B ZIPLAERI)]. fdek
[14] XZAe, ¥, MRS, % BRI bR R 3L — ok be A RBIERR, 2012, 33(3) : 37-42+47.

g [)]. HEdEHOR, 2012, 33(2) : 227-231.
LIU Ai-hua, CUI Jin-ping, SUN Zhen-hua, et al. Experiment

TANG Hong,HE Hui-zhu,CHEN Guo-guang. Integrated design
for solid rocket engine[)]. Journal of North University of Chi-

onprimary combustion of pasty propellant ramjet[ J]. Journal of na, 2012, 33(3): 37-42+47.

Propulsion Technology, 2012, 33(2) . 227-231.

Ignition Characteristics of Pasty Propellant Rocket Engine

YE Xiao-bing, CHEN Xiong, SHAN Xin-you, ZHOU Chang-sheng, QIN Zhen-yang
(School of Mechanical Engineering ,Nanjing University of Science and Technology ,Nanjing 210094 , China)

Abstract: In order to study the ignition operating characteristics of the pasty propellant rocket engine, the burning surface change
model of pasty propellant was built, and regression equations of pasty propellant were deduced in each stage. The calculating
procedure was programmed and the transient pressure of combustion chamber under different transport pipeline diameter and pasty
propellant initial accumulation was calculated. Also, the ignition tests were carried out successfully based on a pasty propellant
rocket launch test system, and the ignition characteristics of the rocket engine in each working stage were analyzed. Results show
that the data calculated by the procedure are in good agreement with the experimental and the maximum absolute error are 5.7 %.
When the pasty propellant initial accumulation doubled, the initial pressure peak increases by 42.8% . Under the same condition,
as the diameter of the pipeline decreases by 60% , the initial combustion time and residual combustion time decrease by an
average of 66.5% and 26.1% . The initial pressure peak can be decreased and stable burning time can be increased by reducing
the initial packing quantity of pasty propellant, in addition, the stable burning time can be increased apparently by reducing the
diameter of transport pipeline.

Key words: pasty propellant; regression model; rocket engine; ignition characteristics
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