984 g, AR
.
2 L% ﬂ:[: Hse |

2.1 XWHSR

S M SR T =R R K2 R, 4 i BLMT
Ba(NO,), 1 ZrH, /PbO,y = Z i 4y, Hor , MT A5k
I T =R T, MT Bl e (B B Z4)
4381k 45 © 55 55 1 45 61 : 39, ZrH,/PbO, /& k 24
w4 1 BT i L (ZrH, 2 PO, ) 2 40 1 60, 1
SU W N g B e b IS0 [ S I3 i A S € o
30 mm M2 34 mm FlE 32 mm 5 K E N E T R
RURER B I i A 1 A 6 A mEAL, fLAR d
6.5 mm 5:# 8 mm, i B T LR AT K B
FEMRSEE PR,

32

1 unit: mm

1 A ERE R

Fig.1 Schematic diagram of base-bleed igniter
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Table 1 Design parameters of 7 igniters

igniter Zlilfr::jter/mm component mass ratio EZ:SI?; agent
1# 8 MT 45 : 55 20

2# 8 MT 55 : 45 20

3* 8 MT 61 :39 20

4% 6. MT 55 : 45 20

5* 6. MT 61 :39 20

6" 8 Ba(NO,;), - 20

7* 6.5 ZrH, /PbO, 40 : 60 80

2.2 LBEE

F K LA o B R TR A b, SER A 7
LR AR R AR S K2 SRl 5 T
WERS £ K 28 (2000 K) AL P2 92 0 WU R S5 %
TR, SR FH T (R 7 45 (HSC) 1t st 5 L e 3 4k e
BRI A G0 5 R TR B 2T A 4R 1% A (1T,
SC7000 , Flir Systems) 1fs Wl 4% 4 i 1 o 4 1L 1 OF 2 73
JCHERE B 75 [ 43 7
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Fig.2 Schematic diagram of experimental system
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a. combustion evolution of the first type of igniter (5%)
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b. combustion evolution of the second type of igniter(7%)
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Fig.3 Evolution process of combustion for igniters in the atmosphere
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Fig.4 Curves of change in combustion flame height and jet

expansion angle with time for igniter |
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(LED) it AFAFRALE N o 306 IF 4R mzk ik, S i —
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TEDN 2 45 2K GE 3R A (] B8 30O 2k T R s
260 W - cm™ | AN L B 43 S0 oG in 2k 45 5
[ AR BRBE GRS IR T R AR I AL B R (5 5 R TE
THEALE . e CREMARR R 06 KOG E 5 5 8O R1 a6
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AR} o i R B A 5 il 2 (SE IR RE G ol S5, FRER
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Fig.3 Photoelectric signal of solid fuel ignition process
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Table 2 Combustion performance parameters of igniter 1*—6"

No. 1# 2# 3# 4% 5* 6"

t/s 0.96  0.80 0.56 1.36 1.28 1.30

H/cm  25.856 25.056 20.096 47.200 31.616 43.136

0/(°) 44.6  57.2 61.0 34.4 49.8 59.0
REEA AT K G H FUER B S ik i o X

I BEFR) 5 A RE I, B G DL TR ARAT A T ek KR
I 3 790 KT RR B AT RO BE 4 U SR R KR R TR
BISHTR o 5 v, r o s Kk EL 55 4 a5 498 T ) L
N RK BB, dy R RHEZGRE AR, H O R HEZ A &
JE o SRV RN T & 58 - R B i 4 2 R T

S, SHESEFITAR Sy 2 o 5 R, 4 KA L
P I8 4 H=H,—h, W K AR O T € G
F A s
-0
_51 _T"do( H_h) _H—h_H_rtan(ﬂT)
¢ _?0_ 'n'doHo - H, - H,
H—rcoti
=——— (0<f<m) (1)

£ BT 1, N B AT Ak T BB, T 2 /)
L R TR S ) PN AR A T A 4 R B A 5 L
R e o B KRR SR BE, T AR I
6] 5 K AR A F 2 1 t/é %%ﬂ?, t/¢ BN, K
JCEL I R R RE AT o B RS M HE B 2 A X
Zikk, KTl d,=41.5 mm, 5 H, =100 mm, I
19~ 6" S CHLI 5 TRV 3R F & N3k 3 iR, 4
T MT i H 3% HL M R Bt L o R i i) B
o T Lh Ba(NO, ), 1K 251 67 4k H 8k 4
A RO R I, B BRI TR] A A G, BOfel R R AR
FOK P RE RS o

6 17 ~6" ik B KA LM AE A

Fig.6 Flame infrared thermal images of igniter 17-6"
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Fig.5 Schematic dlagram of ignition to propellant
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Table 3 Ignition performance evaluation of igniter 1*-6"
No. 1 2" 3" 4" 5* 6"
& 0.588 0.611 0.616 0.559 0.599 0.614
t/¢ 1.63 1.31 0.91 2.43 2.14 2.12
2.3.2 EESHENE

L6 g 17 ~ 6" S K AR KA MR Be 1 K 21 4b

AR o il T LN RAR AN 3 T 2O AR 2 i 5, R
WA LRI IXOR BEA 4, BT UGS T 500 °C 9
JEIX S, e, A K BBRBE U T 14 i e iR JEE XA
AL AL DI, B8 5 B hORE T RE B, K R
WYL ELAR I E AN 25 W N I BE R/ (E 22 58 T I v
FE o 6" R IR KA IR B B, KM R R OR

6" K LR e ARG S B 1 KA TR BE TR 4 TR

Fa 1 ~6" IR SO

Table 4 Combustion flame temperature of igniter 17-6"

No. 1# 2% 3# 4* 5% 6"
T/°C 2132.6 1956.4 1812.8 1956.4 1812.8 3243.3
1999.29 3239.50
1835.40 2932.20
1672.62 2627.30
1509.31 2324.52
1346.54 2023.95
1183.14 1724.51
1017.67 1426.57
850.43 1127.23
678.85 821.95
499.42 499.42
# u L) # . L)
5 6 =

e
o))
oo
X
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3.2 RREEIAENE

Deyong "' $i& Hi 19 J i 2l 1 2 HLIR AL AT 18 25
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Table 5 The kinetic mechanism of reactions for MT composi-

tion
K=AT exp( —E/RT)
step -
reactions A/mol - cm - s - K b E/) - mol™
1 C,F,+M=2CF,+M  7.82x10"° 0.5 2.33x10°
2 Mg+CF, =MgF,+C  4.00x10" 0.5 8.37x10*
3 2C=C, 1.80%10?% -1.6 0.0

KWy GE = b R Ak HLBE R A B M, 4 B L
Deyong' "' i H g HLER AN =25 WAL HLER T35 T 3745 K
H 0.1 MPa T4 5¢ A Bt Pk 0 2% (PSR) A B2 4%
(v B2 AR Al A 7 R . IR 7 LA B =B AL
T R A3 9 R AR 4 BORE T A 19, AR A AL LR
& fe A
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Fig.8 Computational domain and boundary conditions
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Temperature distributions in x-z and y-z sections in

combustion field for igniter 5

7 //\\\
e ™~ 30
1000 K \\ &
> 20
2200 K < a 15 N
> 10

B 10 57 Kk H AR — 4k i A (i T
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x-z section in combustion field for orifice diameter as 6.5 mm
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field for igniter 3" and 5°

Distribution of centerline temperature in combustion
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Combustion

Combustion Flame Expansion Characteristics of Base-bleed Igniter in the Atmosphere

MA Long-ze, YU Yong-gang

( School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract. The range and longitudinal intensity of base-bleed projectile are closely related to the working performance of igniter.
The combustion expansion characteristics of igniter with different orifice diameters(6.5, 8 mm) for five kinds of ignition agents,
magnesium/polytetrafluoroethylene (MT) (Mg/PTFE 45/55, Mg/PTFE 55/45, Mg/PTFE 61/39), barium nitrate (Ba (NO,),)
and zirconium hydride/lead oxide (ZrH,/PbO, 40/60), were investigated in the atmospheric environment by using high-speed
camera system and infrared thermal imager and then the flame temperature field distribution of seven kinds of igniters was
measured. On the basis of experiment, the cell-centered finite volume method based on internal nodes was applied to three-
dimensional numerical simulation of the combustion jet field of MT igniter. The distribution rule of combustion characteristic
parameters of the igniter in the atmosphere under different mass ratios of MT and orifice diameters of the igniter was analyzed. The
experimental and numerical results show that ZrH, /PbO, igniter will destroy the “parallel layer” combustion law of base bleed
propellant. The ignition area effective factor is proposed to represent the significant degree of the propellant ignition area, and is
combined with the ignition time to synthetically evaluate the ignition performance of the igniter. It is found that the MT igniter with
mass ratio of 61 : 39 and orifice diameter of 8 mm is the best. The maximum flame temperature region of igniter is located above
the potential core of the nozzle. The smaller the magnesium content in the range of 0. 45 -0. 61 is, the higher the flame
temperature in the combustion field of the MT igniter. When the magnesium content is constant and the orifice diameter of igniter
is 6.5 mm and 8 mm, the larger orifice diameter has the stronger heat convection in the combustion field, the higher center axial
temperature and the greater temperature gradient.

Key words: base-bleed igniter; combustion jet; expansion characteristics; ignition performance; finite volume method
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