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Table 1 Propellant compositions used

in this study.
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i (%) %) (%) %)
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Fig. 1 Burning rate characteristics of double-base
propellants with and without LiF.
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Fig. 2 Flame structures of double-base propellnats
with and without LiF.
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Fig. 3 Thickness of dark zone with and
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Table 2 Reaction time in dark zone with and without LiF .

P r Lg Td 144

RN (atm) (m/s) (m) (K) (s)
A 15 2.6x10°3 7.0x10-3 1100 8.72x10-3
30 3.9x10-3 1.8x1073 1100 2.99%x10-3
B 15 4.9%10-3 1.1x10-3 1200 6.36x10-3
30 5.9%x10-3 2.5x10-3 1200 2.52x10-3
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Table 3 Overall order of chemical reaction with

and without LiF
ERANHELER(A) R4k HEE 3R (B)
m 0.58 0.27
d —2.01 -2.03
k 2.59 2.30
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Fig. 4 Combustion wave structure of doubble-
base propellant.

i Fig. diom+3E 0 Th B, B cIREEE
AHOMEERLFig. 512+, BEGHEOREER
IOBOhERRRNBRET,RU' -7 /- itk
BEE T, % Fig. 6 12+, 28 (LiF) iimz X » T8
BAMREIRE LI (#530K), #—2 /-
HHBREAHI0KH e > T3 Ehbns,
MR TON T v 2 L ) GHL HBHRT~D
7 4= FR, 7358 MBERTMCORBALY RO,
BARMTOH- T v RiZEKRTHEII S,

pp * Cpr(Ts—To) = 2,(dTldx)s* +p,-r- Qs (9)
(dTldx)s*= (dTidt)s*! r a9

ST IREE(15%10%ke/m’) , CizH# (1.3

IRk



2000
w | —_
=== ¥C / LiF
1500
" 50 = b0 -
M
Y looo g
E L
0 B
I T S T N R 8 ! !
-0.3 0.2 0.1 0 0. 0.2 0.3 0.5 0.5 100 200 300
t sec T <
Fig. 5 Temperature profiles in the combustion Fig. 7 DTA and TG results for NC and
wave of double- base propellants with and NC/ LiF (2/1).
without LiF at 0.8 MPa.
1500 BRRERECRET 5 RICAQs (2MFEE S 0.7MPa iz
~ B THERA T250k)/kg, HEER B ©275k]kg »
K T BEORMZ L D Qs bEFAEC L TLHI &N
1000 - 5 ) o 3.5 BAHBISE
" ~ BRERErR5Ry, ohicLiFoBhict o &
] [~ ‘ ‘ T A~ — AREROERS RAENELLCVvB 2 &
g B Dbt d (RIRR S RO A — K v 0\RE), £2T,
s00 |- —go—b—pt—g-o ZOLIFC X 3 RS RARDOE Y E~ 510,
- Ts NCRULF %ML NCoOAF R B~
: o A (Fig. 7)o NCiLiFZHmMLA-Z LI YNCOR
N s BOBC—27MWERLTED, LIFANCOBRSRA
0 | T U BB ELTCBILERLTGS, BL, AF
0.2 0.3 05 07 1 ROERL VT OFAREYARICT S Lix el
PRESSURE, P MPa Motz
Fig. 6 Burning surface temperature (Ts) and dark 4 £ B
:;;e temperature (Td) with and without LiF 0 & 7 1~ — A SR OMRBER 12 5 5 Rb i

fERIZ ST ToER B R,
1. LIF# 7 R—R§ERED AR~ =1 S R

KIkgK) , ritMEEEE (misec), L itSMA0MES SRk LTFAT 5.

H(8.4x10-k)/m sec K), (dT/dt)s* iz SHOBE 2. HFAN—ARERCHEMIILLIFIZ, A5

DL EN Y (Kisee), WdTidy)st GioREgy BRELVGHIEABE B TThAZ bz

(K/m), QsiiMRERMCORAR(kJ/ke) ¥HT. CELT 5z LizfeuA, LiF O Fia MR
WMBEENO0.TMPa o s 2 MMEXT LOJHOBE HT, BRLTEETS LItk ), KELBRRN

iR (dTldx)s* 2 HEHERA TLIX10K/m, ##EEB F& L TERTS,

©2.5x105K/m & i (LiF) oFEmiz & b OB K 3. LiFRMACEAL, SURcRUCHTRICHY

BiEHIKEIe-Tkh, SHIORBERT~7 4 — FiL2R, 74 v /- YORGHELNASES, £

Foly 2T BOMEHAMMULTV B L V25, S, OER, S, LMERT~DOBIDKA MM LT A —

Kogyd Kayaku, Vol. 50, No. 5, 1989 —407—



SA—vA MREERFIER ST,
4. MRXHERTHHAHORCAB I LIF 2 HEmL
TLRECEERTH LK, 2.3~2.60ffikmT,
X m’

1) Kubota, N. and Hirata, N. : Twentieth Sym-
posium (International) on Combustion, The Com-
bustion Institute 1984.

2) AN, ®"R, B, ARH: BEYEMLL.S 7
n~— AHGERDORGEERE, THRAERBSSOTE

LM EH, pp. 65~66, 1981.

3) Lengelle, G., Bizot, A., Duterque, J., and

Trubert, . F. : Steady—State Burning of

Homogenecous Propellants, Fundamentals of
Solid Propellant Combustion (K. K. Kuo M. Sum-
merfield, Eds.) , Progress in Aeronautics and
Astronautics, Vol. 90, Chap. 7, pp. 361 ~407,
AIAA, 1984.

4) Kubota, N. : Survey of Rocket Propellants and
Their Combustion Characteristics, Fundamentals
of Solid Propellant Combustion (K. K. Kuo and
M. Summerfield, Eds.) , Progress in Aeronautics
and Astronautics, Vol. 90, Chap. 1, pp. 1~52,
AlIAA, 1984,

Combustion Mechanisms of Double-Base Propellants Containing LiF

by Satoshi Sakamoto* and Koichiro UCHIYAMA**

The addition of lithium fluoride (LiF) to Double-Base Propellants increases the burn-
ing rate about twofold within some burning pressure ranges. The super rate effects of LiF
were investigated in a chimny type strand burner with video recording and fine thermocou-
ple technique. The added LiF shows no chemical change throughout the propellant combus-
tion processes. It acts on the solid phase decomposition process, and generates the gaseous
species fraction which is different from that of the noncatalyzed propellant. Subsequently,
the reaction rate in the fizz zone is increased and the heat flux feedback from the fizz zone
to the burning surface is increased. This increased heat flux produces the observed “super

rate burning”.

(*Propulsion System Research Center, Daicel Chemical Industries, Ltd., 805
Umaba, Ibogawa-cho, Ibo-gun, Hyogo 671-16, Japan.
**Chemicals & Explosives Laboratory, Nippon Oil & Fats Co. Ltd., 82 Nishimon,
Taketoyo-cho, Chita-gun, Aichi 470—23, Japan).

THKE





