B

e 0 VR M MR B e i S RS AL 3 1Y BB AL 1011

NEHS: 1006-9941(2017)12-1011-07
BN QBRI e e 3t T 32 Rk I M 37t 37 WO B E AR 0L

+/— 1 N 2
BRA, 24N
(1. HEBEBIRFHEFR, LA BE 210094; 2. GBI AFRFESH H TEF K, LA wx 210094)

M OE TSR BE AR RO B e S RE VAL VR KR e A S R R R ) T ML, B T AR B g B AN s Oy AR L T
Tt X R TP WL Bl S5 AR PR A AR AL T (B A R R B B ¥ AR R TR R A NI S o T R RS R A T a2 Bl Y GB
B ATSE TR L RS 7 LB AR B B A A R AE 3 AT TR GE S TR X U S A R R S e ML A . AR A RE WA S R
BRI, BT W R T2 A A P DR R T, 24 2 Y 5 3 MR T 1) 9B 1) A SR I Y K e 2 il 1 g 49K R, O ) B4 1)
R ZEH oK Kelvin-Helmholtz ARAg 2 200, 0 B B8 i 47 B 498 68 & A B 77375 3 A8 10 it O, 9 2 0K 02 T 1) T 1) 7 Jo o ., 40 o 10

Kelvin-Helmholtz AN FaGE RO , $2 i85 8 56 5% RE IR o8 i 1k 3 e 0BG 1 T A5 2R 5 SR B W) (5 500

KR A EREWR s T AR s MR BERR E N s B
HESZES: TKOT+1; TJ012.1 NEIRERG: A

DOI: 10.11943/j.1issn.1006-9941.2017.12.007

1 5]

il

A 21 a5 B FS A e R R R
TR hnaa U], 5 SR A M 2 e 18 S0 I 5 Y R
F Rz — AR be & b 0 MR AR K T 2 Bk s
U B2 8y (Taylor) 75 i, 25 s 78 W A4 9 B K 5 4 2 3
UM o e SO R M 5 A DU &5 A T B ) T e A
P AR TR e R e P In) B — A ff ok, DR LA ok
5 2 52 Br W o

2% 25 AR A 1 R e AS e [ R AR % 3 24 1
T BN R DG ME LIAR [ AR & 5 25 — FEAE R e s AR rh
TRRFIR AT 7 R o T WA R 5 24 1 i PR R i
R A T e i e 2 A TE A R de e M i
T EL A AR BE o [ P A0k o 2 X VAR A A I8 e % i
FEHEAT T — SR, Talley' ' #2146 i 4 78
Wk e 2 ok 4R o 2o Tt o i1 R 24 3R, Knapton 7 4ty 40
BRI T A R R B T I SR £ AL
IR TT IR o X BB A I RO R e B A R SR R ) 49k
Bk L B TR HG 9R R Be AS Ak U T LS T — 2 IR
o BEXF 2R S o B R B AR M 4 HIL B, Despiri-
to'*' | Adams" AR AT R T EBRIE  SL I bF

Wi BEH: 2017-04-13; €@ BAH: 2017-07-06

ESTB: HRHARFILE Y (51506094)

TEE B ZEIMIM (1981 ) , 2o, PRI, 3% A= 35 BB A R a1 T 4 Joe 4 s
HLHEBFFT . e-mail; mss0322@ hotmail. com

CHINESE JOURNAL OF ENERGETIC MATERIALS

FE ST T R e X R R KR e #f o e ) B
I T A WA /AT )| B e s (T

5 B A B 8 5 SR A AR TR H o 9 T A5 % A 1
WA 52 S 7 A5 o e AR A T A Ak B TE A R A R
IR GRS E P B TR A T BL O3 T A7 AR — L8R
2o T HL, AR R B IR A A g Hs A e A R A
IN3CH2 W afE B AR, DR M 2 A e B PR A ) T SRR R
ATAETEC A WFFC Al b, 4620 % % T Ji Il 19 AR S i
PAETY i 0] R ) A AL AN Ak 2 S i T Y
ik, X5 Fluent BPFHEAT T 2 0OJT A, B X 15 43 24 A0
Z R YRR T TR, i TR ke A e
RO 8 25 S5 R WA AR B e o o R ) 52 ) S i 3 2 B
PARITNINES RIS NE

2 HEEE

2.1 EFRRR

R i 2 e 35 R TR MR A 48R o A o e 4 75X
BEAT < 5 JCHR SIS TR AR W MR R R R 1 Taylor =8
e TR SRS BERAA , (2 2 MR R O R T A
I I8 A B A R ) R T HfE S Lz B, O
b KT R R AR A0 (R

(1) WA 1 KA 5 REMAR MR e ™ W) H A
R TR 08 1880 B 0 BRAVE 5 5

(2) & BB AR A 7] e 46 5

(3 )RR WA 22 41 oy FRAE SUIE

bt A A 2017 4% #25% £124 (1011-1017)



1012

FEMAL, A KR

(4) AR B 7% S 3k o AU 2 T -0 58 Bt i, R e
A7 BB AE AR P R AT 5

(5) MR et 4o e 220 W5 T ) WY 20
2.2 A

2.2.1 #=HIAR
AR M 2o AR Pl - R B R, B B R fE

AR5 BRSORN M HIRE , R VOF (Volume of Flund)
75 %t Taylor 23
VO A U B g A o Oy AR A R

5;+v (pv) =m (1)
5E(pu>+V-<mw>=—Vp+V-<T> (2)
*%Uf)+V'HpE+PM]=V(kND+% (3)

A, KB kg - M7 v B, m - s m
SRR R 5 A e IR kg - m” - s
p HIES Pa; r WIS kA E AR T MR,
Ki k, BT 2, W - m™ - K5 S, fig 2 VR W,
kg« m™ -7 WFR(T) ~(3) 4L 5 FR 4L, il it
S B 4% VAR 43 R 6 A T AT A 30 L 95 o) R o ot
R 5 5 A A R R A B o VAL o S R R
MIAFAE R BLH0 A L 55 41 L S fle ERRE TR 45 M1 2
Al &

A T SRR, SR ke R RO
R RS b TR AR R 1 R A S B LG
TR P A, T 0 A A S R O AR e o
S,

2.2.2 BhASUhERMER

ErREMUIR IR B BE G2+ 4 B 2% L 5 T & RE MR K
Y 55 g O TIF 9 22 1 AR B R T B 36 R IR A
T2 S 45 = A B B S AE AA R 5 Ak 2
R4 9 46 B B IR B T AL AN AR O,
REMIRZE B NS B B IR, o BE WA (R 78 7%
TE UM VR B 43 S L A IR 443 9 it

SRR 2 Rl TRt X
r.n=p15A (4)
f*%ﬁ@%ﬁw L kg - M7y s R 2k
ELom e AH S RETR A R 25 R T AR, m®, AT
WW%%EL%%&%ﬂo$ﬁﬁ*%T%ﬁﬂ%
SRR SR R R T L 2 R 1 L B
s=up" (5)

Chinese Journal of Energetic Materials, Vol.25, No.12, 2017 (1011-1017)

H’ﬂf%%ﬂ%ﬁ iz gl i o -

X, u R R, m - MPa™" - s n SRR B,

p R T, MPa, u, Fl n ik 8 P Rk AR L B AR F
BB LR T YRR R e ( HAND) 25 9 R R 1

LP1846, T H HAN | = 2 B i i fR & ( TEAN) F1 7K 4%

63.2:20.0 : 16.8 KA IR, Hdb e ik

W

7NH,OHNO, +(C,H,OH) ,NHNO, +10H,0 ——
6CO,+32H,0+8N, (6)

TEC A LP1846 H IS IL T , & XL T —Fh 455
i%*’téﬂ%,/ﬁ;%?itj‘j Co,1a75H2.002475 0.5 ’}:%}‘?é o R
BT A R KRB o i, A R Q, il i Hess &
(S
Qr =( ZXih?)R
Ao x Fn 435102 B 4 R A B 1 JEE
AU AR MRS o L
h! =E. +JTscpdT (8)

iﬁﬂlﬂ,Eth%éﬁE,J kg TOASHIRIE K ¢, N
#LE J g - KT,
*%1&?52/\%?}”%& SR I IR 45

fiyiz 7571‘1?“
*(PY/‘)*'V' (vai):_v' Ji + R, (9)

I, Yo 25 d o i S 3 B, 2 G 0 R B A R
R R s -FE HORE RT3, B B 10 & ) Fick &

_(Znih(f))P (7)
IRGTHL, Yl

R W 2R AR AT R R S T 4 B
AR 2 IR A A e A
Ky 8 Y, (10)
RT2 )
b, R AR $,8.314 ) - mol™ - K5 M,
ok R OE = g8
2.2.3 HERBS5HREHE
BT 5 528 55 R e, BT X SRk [ 17 ] H i A g%
ATV

S AR A T, P R B 2 A A S R 25 S R 3R
e

PL 3 G B BR i i SRR e 32 O 91, A DX e K it B
BEEIE N FroR o AR X FRBLEL , ab R 2R,
ad 4 i S 1 5, be Dy iR B, e 2k BOA Rk be R
T2 5 o B DX D] ) O 0 R A

Xt T ALY A2 Bl 7R B AR RS be i R AE
X J7 1) ) 32 7 5% F 8% S ALIE Bl B RE R

Bl R ki WWwWw. energetic-materials. org. cn



e A R IR B A 3o AR SR SN 3 1 (A AL

1013

du _LppdS

at = e, (11)
Kb, u MBS S HE, m - 575 p WKL S, Pay
m R HILG i kg AR TE AR, m* s @ it KR
B AR B R 5 R TR T R B R
J1(30 MPa) i}, SILIT Wiz 8l B 15 24T, i
G Q08 AT BHRR 1 — JZ= A A 2B e 2 3l i R i A R T
X2 )2 S AN U 3R 4T 248 1 1SR

R RRESWIRAES

Table 1 Geometries of combustion chambers and loading pa-
rameters

D L l m
'Lcyhpaember n /rl\m /]mm AD/L /Bm ‘/Ug . cm™ /gp
cylinder 0o 11 60 0.0 0.6 1.003 2.45
stepped-wall 3 5 20 0.2 0.6 0.993 2.47

Note: n is the step number of combustion chamber, D, is the diameter of the
first step, L, is the length of the first step, AD/L is the ratio of the diam-
eter increment to the length for every step, [ is the length of barrel,

w is the loading density of liquid propellant, m is the projectile mass.
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Fig.1 Computational domain and meshes generation
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Table 2 Physical and chemical properties of LP1846

p/kg - m™? f/) - kg™ ¥ c,/) - kg™ - K
1420 8.99x10° 1.222 2.52x10°
k,/W «m™ - K™ w/kg - m™ s o /N-m™
0.40 8.84x107* 6.69x107?

Note: p is the density, fis the impetus, y is the ratio of specific heats, c, is the
specific_heat capacity, k,is the thermal conductivity, u is the viscosity, o

is the surface tension.
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Fig.4 Streamlines and temperature contours in the cylindrical

combustion chamber at 0.80 ms and 1.60 ms
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stepped-wall combustion chamber

Contours of gas-phase volume fraction in the 3-step
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stepped-wall combustion chamber at 0.80 ms and 1.10 ms

Streamlines and temperature contours in the 3-step
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Simulation of Gas-liquid Reaction Flow Field for Combustion and Propulsion Processes of Bulk-loaded Energetic
Liquid

MANG Shan-Shan', YU Yong-gang’
(1. School of Science, Nanjing University of Science and Technology, Nanjing 210094, China; 2. School of Energy and Power Engineering, Nanjing University
of Science and Technology, Nanjing 210094, China)

Abstract: To investigate the action mechanism of combustion chamber geometries on the stabilities of combustion and propulsion
processes of bulk-loaded energetic liquid, based on theory of hydrodynamics and component transport equation, a two-
dimensional axisymmetric model for gas-liquid two-phase flow and combustion was established. Numerical simulations for the
chemical reaction flow fields in the cylindrical and multi-stage stepped-wall combustion chambers were conducted. The
distribution characteristics of temperature, velocity, pressure, as well as volume fraction were studied via tracking of the expansion
of gas cavity and movement of burning surface. The influence rule of combustion chamber geometries on the evolution processes
of flow fields was analyzed. Results show that gas cavity formed after ignition and combustion of energetic liquid expands rapidly
in the liquid, when the combustion gas cavity penetrates the liquid and develops to projectile bottom, the burning surface along
the axial of the combustion chamber grows rapidly, the Kelvin-Helmholtz’s instability effect occurs due to the tangential velocity
difference between gas and liquid, whereas stepped-wall combustion chamber is helpful for inducing radial turbulence, slowing
the axial expansion velocity of gas cavity, suppressing axial Kelvin-Helmholtz’s instability effect, and enhancing the stabilities of
the combustion and propulsion processes of bulk-loaded energetic liquid. The calculated results are in good agreement with the
experimental data.

Key words: energetic liquid; turbulent combustion; combustion stabilities, numerical simulation
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