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Abstract : The high-temperature , high-pressure , partially reacted jet ejected from the deflagration launcher
undergoes secondary reactions with the ambient air when entering the initial the chamber, generating
intense thermal shock and ablation effects on the launcher. To mitigate the adverse impacts, the influence
of secondary reactions on the deflagration launcher and projectile interior ballistics was investigated in this
paper. Thermodynamic properties of the launcher’s deflagration products were calculated using the
minimum free energy method. The chemical reaction mechanism of secondary reactions within the initial
chamber was described based on the finite-rate/eddy-dissipation model. The projectile’s motion was
simulated via a dynamic mesh layering technique, establishing a secondary reaction flow model in the
initial chamber with moving boundaries. The validity of the model was verified through comparison with
experimental data. Research results indicate that chambers experiencing secondary reactions exhibit faster
temperature rise rates and higher peak temperatures compared to non-reaction chambers. As O, in the
chamber depletes , temperatures gradually decrease. The energy released from secondary reactions enables

the projectile to achieve greater acceleration in shorter time intervals while maintaining peak acceleration
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levels briefly. Consequently, the projectile attains higher velocity and greater displacement within the

equivalent timeframe. Expanding the initial chamber volume can alleviate excessive projectile loading by

reducing acceleration growth rates and peak acceleration magnitudes. These findings provide theoretical

foundations for the design of deflagration launcher and interior ballistics performance.
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Table 1 Species mass fractions of inlet

H,0 co o, H, N,

0.157 0.104 0.029 0.108 0.602

FUFIA FRAR B SR fiff 42 1 J5 s, SR T Coupled
SRR - RS IO, 1 AR B A Bl i D A
1 KRS B B, LAGRAIE A2 68 fAG B RS E 1, T
Tiikiiz i R 22 A 2R Al — Bl KU R AL

2 HEFEWIE

2.1 4§ T K ML IE

BRI — RS 3 (R B A B 5 s
BARUBEYIAR G . A R4 T A% TC M B0 AIE , #E ST 3
R LR RA% A RS B 12.4 7, MAE B A
8.1 J7, Mt € A2 J7, iEHUE 1 H m 5 o R
DU, 43 50K A% B FTRIAS € 7E 5 ms 10 ms 15 ms .,
20 ms A Z 4 5 5 R A SEAT X L, ARG R 22 465




102 [ iB ¥ Eild %3148
RANER 2 R, LREH BT RCE TR B ®3 RETR
EIRE, SRR B TR R 54— K% Table 3 Testing conditions
53T CH, #U4 2R SR CH, ¥k
Fz2 MELEEMRXER J£1/MPa JE71/MPa 12/ mol FI 4/ mol
Table 2 Results of grid independence test 0.57 3.37 0.728 0 0.123 1
15¢
t/ms (Pp=Pa)/Ps (P(:_P/l)/PA
5 0.011 -0.018
10 -0.004 -0.030 1.0F
15 -0.012 -0.046 §
20 -0.006 -0.037 5
0'5 |- S| .y
2.2 HEAENWIE —Figf
T RAEH )7 5 1 TR R PR 2 0 -
0 0.01 0.02 0.03 0.04

ZH IR SIS B A T IR UE . e R ER S R
DT A8 s LR R AL TR R 3, me 5 58 pl G 55
R SR 25 #% FST800-G3100 A7 | H: i i 424
BRI R B AMEE I DURIE IR 50 B K )
RIS AT LA i 8 er B i st B IR % R
SRR AL, TR R ) % 8% SRR 5 i T AR L4
fike K B I AF S e R s . IS TR 3 BT
7, B3 SR LA 5 S 56 rp A [ B R] S 5 A
FESRAGXTEL, 53 SN RS R m S KA
S A IR — 3 AN TR [ SR G 1R 25 AN
i 5% , & B SCHEEST B T R R AT AR
|

IRJE/K 300 840 1380 1920 2460 3 000

0.06
0.04
0.02
£ 0
-0.02
-0.04

-0.06 | ; . ’ . .

0.14 0.16 0.18 020 022 0.24

z/m
(a)t=10 ms

HREE/K 300 840 1380 1920 2460 3 000

0.15 0.25 0.35 0.45 0.55
z/m
(c)t=30 ms

t/s
3 m mRENEEXRBERMXTLL
Fig. 3 Pressure comparison of calculated

and experimental results at monitor m
3 HBRUESHSH

3.1 DR RRNIRERRNE
Kl 4 S AT 2000 25 2 R = R B, b 1
AR R IR L T SR E NS LR
VAN UE R SESITYE N CS I N Sy 7 N 7St/ 9~ VA )
WIAEERE K,
T e

HREE/K 300 840 1380 1920 2460 3 000

-0.06
0.14 0.18 022 026 030 034
z/m

(b)1=20 ms

HREE/K 800 1240 1680 2120 2560 3 000

= 0 )’
-0.02
-0.04
-0.06

02 03 04 05 06 07 08
z/m

(d)r=40 ms

B4 B/ RTXRRFEEEXE

Fig.4 Temperature comparison with and without secondary reaction



52 4

RTE, AR MR ) R SOSET PY SEIE FR R AT S 103

M 4 XFE AT DLE & R N IR E
BIERAR TR R WP A ZERE, 7€ 10 ms
BF 21, R SR DX 3R 5 3 L R R AR RN 1Y)
DX 3 K24 1300 K, T s ek X385 114 i Pl Y S B
K 7E 20 ms BFZ, S KRR 2E29°0 1 000 K £ 475 7E
30 ms 140 ms BFZ1, 553515 400 K F1200 K A2
Ao EEETW RIS AR
FEACR , B s 0 el i 7= A ) K R 2 ff Ak
SN XS IR BE i — 2 T, X R A YRR AN
AU ffi Ak 2 SOy DX 1T, T LA 1E T 3 i
%P EUE B X IR B TR

KT H—LHRBES KRR, ES
FAEIE 2] 0, it oA, KL 4 518 5 (9% AT
VA, 7E 10 ms B2, 9045 5 19 5 i DX 380 0E 2 AR
0, Tk, BEAE &S 0w R S R R s it
AWIAE SRS HONEE , (AW A =HE T
T Z R EN O, AR, SRR OV
NG R EFHEAR TR, 7E 20 ms B X, 0, 19
FEIRS B P A S IR TR B

L[ T

O, 0 0.044 0.088 0.132 0.176 0.220

0.08
0.06
£ 0.04
0.02
1 | 1 1 J
0.14 0.6 018 020 022 024
z/m
(a)t=10 ms
0,0 0.044 0.088 0.132 0.176 0.220
0.08
0.06
£ 0.04
0.02
| | | | 1 |
014 018 022 026 030 0.34
z/m
(b)1=20 ms
E5 O0,8ENf

Fig. 5 Distribution of O, content

3.2 RIS 3EIE RS0

MIEL 4 95t HE R LA AR [ s 2 35 — 0 S i
SRPRSRFE AL AS LU TE RO B B, O T S M
MBRIFSE U SN X PR LT (4 S A SR BE I Ak
EOULIN R AR B0 RN TG R O L R — IR 5E
AN H PR E A R SR AN 6 TR

0.6

— FRIRE
s
o4l —YsE AR
£ 03l
= 03
02r
0.1 L
-,-w"""“rﬁ“\ I ]
0 0.01 0.02 0.03 0.04
t/s
(a) SARLRS AL LI 28
301
— kb
251 --- TWRIRRE
| s
g 15F
5
10|
S5r Pt
Gl I I ]
0 0.01 0.02 0.03 0.04
t/s
(b) SRR LR A T 2
1000 — B
P — YR
001 ﬂﬁgu‘\mﬁbh‘ A
----- — R SEAHBE
T 600f
S 4001 7 [
200/ S
I I I |
0 0.01 0.02 0.03 0.04

t/s
(c) A fin st g A Al th 2k

6 SRR HIE B £k

Fig. 6 Interior ballistic curves of the projectile

MR AL R 5 B2 i 2T LUA L 7E 20 ms
WTEARRIEES, SZAOA AN RS Y52 i
PR SR A I ) PN AR A SR N E ol Tk MR A
S SRR N A R A TR RO AR T RE R,
SEUNEEELE T BRI I 2 I (R 5 O BL AR, g
JEAESE I A N 5 AE e R AEL R . T, i TR0
N0, IHFEH, oz gl b JC — U B Y B
JENZN i3] 25 2 9 T it T e, SRR 5 328 st /)
A TERRRR S K He e SEA ST 2025, il CH, 58
GIRBE, A2 CO, FH, O, BAKER K 56 7 W) e [R] Jot
TP BT D S B A N AR R
SIS, A BRI RS T

P 7 S A [ 2 2 4 LT A Jon i 8 A8 A KL
o ATRUR M 97 KA B AR, aT LA g U i
B T RRAR — W SN I R JE (s i 1
THg AR, EL R A R WA fie KN 5%



104 Gl B & e 5537 4%
1000 —a 20 mm perform via finite-rate model in a cross-type two-stage gasifier [ J].
200 - —— 30 mm International Journal of Heat and Transfer,2013,57(2) :558-566.
—— 40 mm [6] JIANG Yi,MA Yanli, WANG Weichen, et al. Inhibition effect of
”ﬂ: 600 - —— 50mm water injection on afterburning of rocket motor exhaust plume[ J].
i\i, w00l Chinese Journal of Aeronautics,2010,23(6) :653-659.
(7] SEF X AT 2MW, 5. FTF King BRI & 015 R
200 PRI T]. B THA ,2014,37(2) :209-213.
‘ ‘ ‘ ‘ FENG Xiping, LIU Yang, REN Quanbin, et al. Simulation of fuel-
0 0.01 0.02 0.03 0.04 rich gas combustion with the King model [ J]. Journal of Solid
ils Rocket Technology,2014,37(2) :209-213. (in Chinese)
E7 ANEYIEZEKE TR0 EE 2% (8] sl W Schfe, 4 AL A, HYGE ZRBAGE R G I LB A (E
Fig.7 Acceleration curves of projectile body WEFELT]. PR 65440, 2019,39( 1) (143~ 146.
under different initial chamber lengths SHI Zengkai, XI Wenxiong, JIN Xing, et al. Numerical study of
methane auto-ignition mechanism in secondary combustion [ J].
4 %;Eil:l Journal of Projectiles, Rockets, Missiles and Guidance, 2019,
39(1) :143-146. (in Chinese)
BENT TR RN NS s B R R (9] Z(RR\, SR HHE, Thkoh. MR MR Xk P i
HUE R Realizable ke TR A7 PR/ e A
.~ N . . N . LI Renfeng, LE Guigao, MA Dawei. The influence of combustion
ﬁﬁ*% ﬂu&iﬂizjjﬁ}}%'zjjW*ﬁ%}‘iﬂtﬁ%}]?&%#{kﬁ@ product prfperties onggas-ejection interior ballistic and load charac-
G AEAT T RUERA,, 38 5 5 S = B a X L ik teristics [ J]. Acta Armamentarii,2016,37(2) :245-252. (in Chinese)
T AR RS [10] IV, K35, oA, 5. FRIBRATA AL % — Vel
R B T I 200 4 i O E A 22 PRI % L2019, 36(6) 10241052
HU Xiaolei, LE Guigao, MA Dawei, et al. The influence of annular
1300 K ZEE ’ Eﬁﬁiﬂﬁ%bn ‘H%O Y-F t=20 ms cavity on secondary combustion of gas-ejection initial cavity[J].
AFZ1,0, B, WA =R R B, T R Acta Armamentarii,2015,36(6) : 1024-1032. (in Chinese)
LR B o Ao (O
— L S N N — gl J]. I BRI ,2014(2) :23-26.
TE@HT‘“ETJ WZE?%EHI%{EWJE ’ ,fi ﬁ%‘; gﬁ,fzk?{ﬁ@ E(J HTJ‘ GAO Kai,ZHOU Chengkang, DENG Ke, et al. Influence on missile’s
I‘ETJ lj‘] ﬁ(ﬁ%ﬁkﬂg ﬁj_g% 'fj$z o movement of post-combustion in concentric canister launcher [ J ].
?fj(%}];’é‘i%?éﬁiq , ﬂ‘ 1 M%gﬁ&kbnﬁgiﬂﬁg Missiles and Space Vehicles,2014(2) :23-26. (in Chinese)
; \ - \ Pran = [12] SAMSER, AR 2R, 55, R BABE XTI LI P 353 5% i)
B?  ELIRVRNIR SRR, AT LU~ BB R SHRAUETRITL)]. LB, 2020,32(2) :67-73.
§$,ﬁgﬁﬁﬂj{l§/g I\E‘IHLEO HU Xiaolei, GUO Jiayi, LI Renfeng, et al. Three-dimensional
%%iﬁﬁ numerical simulation of secondary combustion influence on gas-
ejection interior ballistics[ J]. Joumal of Ballistics,2020,32(2) .
(1] BREETT. Wy BUMATE BRI P b et A 52 [ D], T 67-73. (in Chinese)
AR TR, 2019. [13] JEIAT. ZAMm IR AR = M. bt ER Tl e, 2002,
CHEN Yufang. Study on the characteristics of methane no-premixed ZHOU Lixing. Multiphase turbulence reaction of fluid mechanics[ M ].
flame in the high-temperature environment [ D ]. Guangzhou: Beijing: National Defense Industry Press,2002. (in Chinese)
Guangdong University of Technology,2019. (in Chinese) [14] BRAR. MmRATUR JOG R IR A FEROR R S — L ik [ D], B
(2] BRIEZ. ok sy Nt EBUER S S80I [ D], B I JE TR, 2020.
1 e Tk R, 2017. CHEN Yongliang. Further development of the eddy dissipation
CHEN Yajun. Numerical simulation and parameter design on model for turbulent non-premixed flame [ D ]. Xiamen: Xiamen
missile gas-ejection interior ballistic [ D ]. Ma’anshan; Anhui University,2020. (in Chinese)
University of Technology,2017. (in Chinese) [15] F3E. P0G ACSh B BI85 BT S R L[ D). 5. 1
(3] kot b R, aRARER, 5. R A K5 LR A Wt 3 e P HUHTORE,2017.
FE[I]. BARKHFH A ,2008,31(1) :19-23. DU Yao. Dynamic analysis and optimization of open cylinder
ZHANG Guangxi,ZHOU Weimin,ZHANG Gangchui, et al. Study on pneumatic ejection device [ D ]. Nanjing: Nanjing University of
characteristics of flow field in exhaust plume for SRM[ J]. Journal of Science and Technology,2017. (in Chinese)
Solid Rocket Technology,2008,31(1) :19-23. (in Chinese) [16] TAWEE:  SRmE 2R 5. AT RS NS -5 2

[4] GALITSEYSKIY K B. Modeling afterburning of high-speed
turbulent jets [ J ]. Combustion, Explosion, and Shock Waves,
2006,42(2) :125-130.

[5] LUANY T,CHYOU Y,WANG T. Numerical analysis of gasification

UCRBEBLA T [T]. HHE~A4R ,2014,26(4) : 76-81.
HU Xiaolei, LE Guigao, LI Renfeng, et al. Study on secondary
combustion of jet-flow and air inner tube of gas ejection launcher[ J].

Journal of Ballistics,2014,26(4) ;76-81. (in Chinese)



