LA BN HAAe] A AT

A, FAE (FEHEn)

ABSTRACT

The main purpose of igniter is sure ignition of main propellant at desired ignition delay times.
Since ignition mechanism of solid rocket propellant involves so many complicated physical and
chemical phenomena, it is almost impossible to predict ignition behavior with pure analytical
means. In this study, one dimensional and unsteady ignition transient phenomena in solid rocket
was analyzed by finite volume method. In analysis, assumption was made that ignition occurs
when propellant surface temperature reaches to it’s auto-ignition temperature.

LA &

2 AN2"aM ¥y FH3r)zl AR
H| & AF3] v A N 3o 27189
Ade F3rie wAE o] Wr) g ol 3
718l FAHHJIE W A/F H3re 4A
€ AL vj¢ F838.

AS7AY A7l AAe i3] ZEHQA
847 F71 "ol o]FA] gtoy old U
AT AN 7] YelMe FFAIE A4
HQl dAvudes HawA A7 b 34
3] 87He Boket € 4 U
FZAZE A3t YA oluE HhY-S A}
43 AN FFE EFo] FAA A A
gxo] AHEAexd sgstolok slsein =
¢ AZexd =93 AL odsA B3
¢ 2%A dstE AxEA dasid "o
KKKuox %8¢ HE® 150 d71=e] A3d
43 wdd EYFRdS Hasn old i
FEHL AYsie =82 BT Sge
nF FAA 2] A3} i o] BIE 8%
ol doz FAYL A3 4% g3
v 2do] olA7A] FPHA g3 AL Ve
e Bolak &4 drt

ol21F AWt AL E 1Y HHL $3)
P AL A Bobs gez B dpdi
£ A%zr)y d4E #9sE7] Ado 13219,

H A4 deoln A= dAde Axd
o Reznt F33 JIet P AP B
AAsE =93to SFsnA do. =2 da
AUe #5852 7IA DAL FEIE o)
ez HAsteY.

2. A

2-1. 7F3 A8}
(1] 948 X3e 14 2 A9 Bx
vl A9 A9} FLE. [2] dana
ZF AR ALAgn MRSk, IR
9 5w 7t29] 2x9 gy 3 [3] dF
3G AFS vrAAFE APAL FHLPO
(4] 34 aE0e FA 3= gedn
B3 QAR ZAA AA gziQe] Ha @
o= Wetted perimeter ratio2 A-43d [5] &
AA 2L 4 exd THsA 3 "o
I AP [6] oA HRgYez ¢gHe
T3 vle] 7 Ay $H5-A factorR A
T [7] =E5ddA e dAd &4 i
2-2. AR 4
* 01 BIXAl(Continuity Equation)

379 A 9] A4l oF Age 7 A
Aol Al wl g 4-s AAHHESIT two phase
2 rolM Hestd g3 2ol "t

-139-



2 QIA + d Q( u;A
at dx
= (rmp,,—Ql)'r'b+ Mg A
anA + an uzA

ot ox
= (7 0p — @) 7rb

o7l &3 22 g s
v = —-“/-,'- (volume fraction)

Qi=rio, ntn=1

FAA9 @4 45 FAA47 WA 2
AoE e Be 4942 s

r=r, + a,G" D" exp(&-é-&'-)

+ 252 YHA{(Momentum Equation)

vt Alee 4] nlR3APAL nyYsA AL
€332 Two phase flowslA2] Drag forcex
PeAQ) HAPHozRE FrHol U APy
< A3
QA | 34 (Quu

Su\y _ r:r)
- nm+ )5 )}— ~n A

— Tty Py — Quyrb+ Afy(uy — u)

d A
A |y 24 (0,

0
= (2py + A3) uz) } = ‘VZA%,%
- Qzllz)’b"’Afz](uz - u,)
71X PP o) FrIME ANR g BF
7h2oAle] g dig te] RAYA P

FAR.
P= pR Tlf(Pl)

QaTtast nAARAole] By Rolel A
Qlo] H+= Drag forces Spaldingdl <13 @¥®

9 thedg Agd.

Fy = 118){2 u(1+0.15 Re, ™™
2

stAsE 489 URAE A84T de

)(uz—ul)

#HAHE Og14E AEEA
D
Yl = 6‘3/7 ()
1.28 RWS T.1% (D, )%
Y, = 05
10 Pll th
/= 0.449 (D, X)*!

(In (Y, + Y)}?

* OfiL4X| 2y 4{(Energy Equation)

ait(AQlel) + ;—x{A( Quie

x 3T Jdu, A
TNT, or )} = —nbP=3,

+ ulfwle - Q1Pw + ¥ p,,brh,l
+ O —Qbrh+t ';13' Ton Ppr 1l 7
- -%-u%r,-,l "2’.‘"'1\ +AF21Z¢2+ ”iwAh,‘

ait(AQzez) + %{A( Qz Uy €9

x2 T auzA
e, 8x)} —nPgy

+ 0 — Py, + 7pp Puwbrhy

—Qbrh+ -é— Y Pperb+ AFyu

HFdae Ase el 4842 AHesd
o

Y3 = Toafs (Xseg Dh)—O.Ol
he = 156310 P70 ¢, (B ) we v,

-140 -



3. X =0 FAH=H

* X 7|Z=Z2(Initial Conditions)

pi(x,t=0) =
u;(x,t=0) = 0
Ti(x,t=0) = T}

* HA|Z=21(Boundary Condition)
- IA|IFZA S| 1% HAZU(X=0)
o u Ti) _ 0
ox
- 2| L EET ZA=AUEX=L)
+ Subsonic Flow

P = Patm
P = Pam
T = Tom

- Supersonic Flow
9P _ 9% _
wr ~ 0z =0
2-4. Simple LogicOll 2|3t XHE4|
* oZBIMAM (Continuity Equation)

dgA dduA
gt + g:cl = Tordorrl

+ Yig rri,-gmA - ¢rb

320;

($p — $DASZE + (Auc)(dp— $e) +
=(Au,)(p— dw)Scdr + Spdp
Phase 1 : 7} A

S,_‘ = A Ppr rb + Yigt ”‘;,'gmA
Phase 2 : x| X}

sc = rmﬂz p,,.rb

A3t o3 2o

ar = ui+1 Aiv

ay = u; A;

ap = ap + aw + ap — spdx
b= Scdx + a% ¢}

% = L5

ap¢p = apdg + awdw+ b

—‘3—,*‘- + ax[ A{pug
—(2,&3);%}] =5

(g ¢3) L0 4
A (2p+2)

+ A (pu). — A (¢pr— ¢£)
F A (pu), — Dt D) (g

= Sch + Sp¢pdx

Phase 1:
Se = —t,Py+ Afnuy + ne
S, = —Afy — Qrt
Phase 2 :

Se = Afauy + r2ey
Sy = —Afy— Qert
* O[L{X| 2 A|(Energy Equation)

2 (pAd) + L (Aou

_ X 34\ _
Co 0% )}‘5

(¢ ¢P) ppAPAx

3 a4 x_ $p—¢5
+ A,,(pu)e(qﬁp ¢e) — A, C., dr
+ A, (pu),(dp— dw) — A, cx ¢de¢w

-141-



= S.dx + spppdx

3. 2% R HE
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X 1. Properties of combustion gas.

W Name Value
R | Gas constant 290.85 m%/s?-k°
W | Moelcular weight 28.21
W | Viscosity 1.82 kg/m-s
k | Conductivity 0.026 J/s-m-k°
Y | Specific heat ratio | 1.136
Cv | Specific heat of gas | 2138.6 m%/s*-k°
C» | Specific heat of gas| 2429.45 m%/s*-k°

H 2. Properties of solid proplleant.

e Name Value

P | Density of solid 1758 kg/m’

kee | Conductivity of solid | 0.026 J/s-m-k°
Cie | Specific heat of solid | 0.3 cal/g-k°
Tt | Flame temperature 3533 k°

T, | A% A3 2= 540 k°
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