(IL 3. 4)
RYvLv2ry~BERBET v =v L2 RHEERO
PRBEZE S P I 3 13 3 R 5 o B 0 okl e I D 52 22

& | w-E W &
HARL R OHE- L " OB N

Effect of Burning Rate Depressants on the Combustion Stability
of Polyurethane~Ammonium Perchlorate-Based Propellants

By

Akira IwaMma, Syoichiro Aovaci, Teruo Sorue and Kiroku YAmAzAKI

Abstract : Test firings of solid propellant rocket were made to study effects of some
halides available as the burning rate depressants on the combustion stability. It was noted
that polyurethane~ammonium perchlorate-based propellant grains containing these
additives caused acoustic combustion instability as the operating pressure increased above
a critical value for the motor slender ratio more than 17.

The main type of the oscillatory combustion to which these composite propellants are
susceptable is the longitudinal mode. Observed frequency of an illustrated pressure oscilla-
tion was approximately 340 c/s, where there occurred abnormal combustion in SSR 3/4
size motor (the grain of 100mm ¢x1,700mm L). However, there has been no occurrence
of such an unstable combustion in a motor employing the grain of length to diameter
ratio less than 11 at the fixed grain diameter of 100mm even in the case of higher
content of the burning rate depressant. Addition of another halide depressant with mild
effect to the propellant increases a critical value of the operating pressure above which

the motors become unstable.

B =

B R R O M EEMEMEE LTHFREZA oA BREEERE BRI RTE
mr, NEary be— 2B ERBEERICE > TRIELE. ChOORMBESDARY Y
VA V~BERERT ve=y s RMEERR, =—20 LD B 17T QLo BKa, fBES
BEIRRAMASE, TENMARERBARETICENRB S, TORPRRER
Ohoy bE—2QEFARELTEIESHEDOE— FTH3. SSR34E~4% (Fv4v
+# 100mm@gXx1,700mmL) KHWT, FEEREELC L SOFARHOAREIR
¥ 340c/s THot. LirL, SSR1/2 $XU 1/4 = — 2 TRVEELZMHI MG O B2 R
DLTH, REEBBRRELLTL. T, PHHRLLBHBLI B O S VLE
BAMAEERE, FEERELXRETIRAEHEIBLRET S.

This document is provided by JAXA.



1966 £ 6 BN O o SRR w7

1. # El

ARIS-SSR &z, ERFo kS oy vy b - e— 2 2HREZCE S, #HERICHL
THHENDBE L, POBREEENE LS BNSDEEKR L. chicc ki, EFLIEE
MOMADIC OO TR EMA IR, BREEEOMEIZIRST CNTV B u ) VR
BeREMSIME A BERA UL, 2o—22HEFI~NRNT 5 E218E L.

ZD#%H#EHE 512, Dickinson[2] 5 RBEEDOMEEITIL > TNEZ EER 7. ROKRIC
SN, XS BB A HEERICINZ 3 &, EERBENT CRREBEORET S
BZNSHRID, BECBT AMBREETHA0NED, HEABTHTROENSIEEAT
FEREFRSLEDCETHS. FEHE, ARIS FHE (19634) Db LREEEETIIEEMREE
ORENUITLURZREBREN, T Horton[3]5 4, BHMREEEBEMREOHERICONT, 7L
A VIREROTEY FI v YARAERKT 5 &, BRBEBOHBSREREEICHT 2EHLAZ
BN ERNRTND. TNODORRIT, e s VRBEMBEER N2 DICREZZEELL 5
DODTRHBH, TE—ZARICHBOU & HEEEZL3FRROMBRESE, HEFZ VA YHIBORE
Frevrskon bz Lo EEBBRIICE LiEnhiE, +oERELS 22 E8bhh-o
1z,

COWRER, IREBEELZT ST 0 2B 50D, RS &R e OB RE Rl
TEHHNEZD > TLEINIZSDT, MEMEOBRIBHRAZE LT, {€¥y bE—4& SSR
1/4~3/4 44 X+ =—& (EEXZ L4 Y DFE 100mm, £ 550~1,700mm) il Bk
SHERIC & BEBIM A & MERE O RIS S Tz

2. EBREBRIBREH
BIREZ, A7V F e N—F K 4] TRRSIN—EDOREMELZELR) T L& v~

osf
/><
05f X
_ 4 /
; x— A 5EE | MmO | KUTL5 [NHCLO | AL
£ 04‘_ T o | Kicw| 22 78 | —
5 o4l o |kiz | 22 78 3
o lki2 | 2 78 5
o |kiz2 | 2 78 7
% — A | K23 20 70 —
o |Ks3 | 30 70 | —
0.3 X | Ke3 | 30 70 | —

0.2 ! L ! ! !
20 30 40 30 60 70

FERES (kg/cm?)
BLIR BB ozhR

This document is provided by JAXA.



708 FAARFFHMETER RS ®2H W25 (B)

BERBRT v e= v ARMEEX OBMEERE Z/RYT. DWTNOMREEMES o ¥ Y (LEWT,
BRBEEEOENIEHIZIZZRUTH S0, ULhr L, ZORIRICEHNLBZODOERALNS.

ChoDhdbd - &b K AZ I3 ARIS-SSR HE%E®E L, HEEHFIC
RMENBC LT ot —F, HBBO X S ICBBEZE®RSET T3 &0 5 BIFER ks
KB BDT, FOBEEZBCERCE ST, T Ki XD HBHZHESTHN K iT
EZBHLEWE ST, ONITRBEREENSEELZ T 5 B0 k.

9, PHERELT, WE 10mm, #E 54mm, EX# 160mm OWFEMER S LA
v O] BEEIN, BLIRICRT LI, HERKEFERERED OB KRIKD Shlk.

1000}
500 TUA oot

800} A Y-5 °

N

o

(@]
T

3001~

200 ] ! 1 1 I R :
30 40 50 60 70 80 90 100

R | Polkg/cm®)
F2X FHREEESD SHRRKE OB&

W1%E HESS VLY ORS

& g —2FES Y-1 Y2 Y3 Y4 Y5 Y6
BEXBRTVE=T A 75% 75 75 75 75 75
® Y v oLv ooV 25 25 25 25 25 25
7Y I =9 Ak 7 7 7 8 8 8
Mok M B K 2.0 2.5 3.0 0 1.5 2.0
m ok O K 0 0 0 3.0 0 0

ORI ESE, B1lEICRT Y4, Y5 07 v VRO, AAWES T SER
OHER L4 VARIEL, 3/4 4 XBERT— 2 O EBEERZEZTIRWD, #Hh, EER

This document is provided by JAXA.



1966 4£ 6 A BE/NEl oy MSEE 709

BEE I D30, MR RE A L.

BABEAEy /Ty ELTR, OTAF—VR (GEEE KK 85, BERK
20ke) 2V, MAGEHRHBBESRTHIEL, BlA Y os 37 (Fun/ x—2EHEREK
2ke) W& T —FICEE L.

CNOOMBEREEIZ F2RICRTEY TH 5. Ko MEMBIRINES 3 Micksin Ui
HeFER L B-3-1 BXU B-3-2 =—2TREMHEIBETLTNBEDIZ, REZEMEEE

® 2%k SSR(B) MEERGH—ER

\ J XA | )RR TJV—R| 7Y —=R] H K
= = BROBE |7 LA BRBER | o— MR |\ ve—L i | =V FL | —ME | — FAE | BRED
ERH (VLA 4 X d: mE A | VvE S| E Ar Ly Dreak

(mm) (cm?) (cm?® (em) | (kg/cm?)

B-1-1|39-8-4| Y-5| 3/4 29. 92 7.03 No. 3 13.11 17.52 105.7
B-1-2 [ 39-8-4 | Y-5| 3/4 32.27 8.17 No. 3 13.11 17.52 82.5
B-2-1 | 39-8-11| Y-4 | 3/4 32. 84 8. 46 No. 3 13.11 17.52 94.6
B-3-1(39-9-7 | Y-3| 3/4 34,90 9.56 No. 3 13.11 17.52 88.0
B-3-2 | 89-9-7 | Y-3| 3/4 33.04 8.57 No. 3 13.11 17.52 84.3

BTN B NESA | PN [ e | papes (EERORLERE L
Pmax ) Pmin . pmeemZ ta Iy ﬁ%ﬁtﬁ (%JJF;H) (HES%%@) (SeC) ;‘ﬁg‘%
(kg/em?) | (kg/cm?) | (kg/cm?) (sec) (sec) Kr

initial final

x5

B-1-1 — — — 0.47 1.58 1.86 418 764 —
B-1-2 58.8 55.4 45.6 0. 55 4.25 1.60 367 671 216
B-2-1 72.0 78.6 64.8 0.51 4.35 1.55 347 630 218
B-3-1 46.3 38.7 36.4 0.65 6.00 1.37 309 553 205
B-3-2 47.1 41.0 36.5 0. 60 5.74 1.53 344 617 | 209

OO0 O0 X

BLUOEAERBEORENDEINI D, / XA — 0D RF TR BTN %2 T
T oThHB. B-2-1 =— 23 FHMBED B E L, HWHEIBRKEOD, HIRERENS
W DICRBER B IMER I T 3.

BB OIRMBZ TN, BEEHESENL, R—&4TcRESE3ROEEENZ
URENS. CCTHBEERADRIBMIBEELR S Uz R D BSIREE 25, HhA
STAREEMRBEZHE LN EN S ETHS. Y-5 DS v4 vA2HERL B-1-1
T—213, B3IN (a) WRT X DICRBEEBHER LT, ki 0. 64sec ITRBYMABEL D
CLTw3a. ORI OHERNT S E, MEEME Ki ORINES 2.5825 1.5AEZT
b, MLk EET L2 5RITREVWERDN S, B-1-2 BXU B-2-1 £—4& T
BN BEEE ) - BRIE tailoff 3, Y-2 /LA vARUSHTRIEES 2184 X
DHEHEL, BEBRIERPOPEED, WHEHZEAT 2, BREPEBOBLICE->TRLU &
SEBEOHINIIARZET XL,

B-1-1 £— 2 THRONIBBEENRDOWB L B 4N IR, RERELHEINS &
X3, DI A~LEH A4 IV TERE-EVALO UL ERIEOCEHEHNREDEINTH
3. b LlEe— FOFEHRBEKNETNE, RIMBIROEURTEDINS.

This document is provided by JAXA.



710 RARFEFHMZE RS w2k w25 (B)

100}t ok
R tVJ (@) B=1-1 _toor (b) B-1-2
‘“g 80 e
ER | E
= o0y =
R i R
4 o E
& ool =
O_ 1 ! i 1 ! 1 1 ! | 1
0 1 2 3 4 5 6 7 8 9 10
B R (sec)
100
£ 80
S
£ 60
=
4 40
& 20
!

S
(@]
T

(e) B-3-2

B R (sec)
83 PRIgE I 7~ P e

- 0O.1sec -
= Pmin=128 Pmin=260
£ P:=105 P.=78 . AP=87 AP=115
Saoop || —
E OO ! N 4 rmadii L 4 )
0032 00r8 0644 0620 1.5
t (sec)

BAXK REEMBEE R4 L 7€ — 2 ORMEE J7-F5 R hiR

S VRGRITC |, :
p=tk (1)

L: 2—2EX, R': FREHR Te: MERE CK), r£: BN 2 K

CORICRDOEEHE LB RmMEL],
L=1,680mm, ¢g=09.8m/sec?, R'=3.62kg-m/kg°K, Tc=2,980°K, XU £=1.234

This document is provided by JAXA.



711

1966 4 6 A Bk N E Yy -

ERAULT, f=340cps Lk 5N 5. KEREIZHK 308cps TH B 5, HEHIL—HL,
COMBERHIT, RIFMOE— FTHLEMESNS. 8, COEBRERICOVTRE
DFELVEHENH 5[6].

T, BREMRESECSBOVEATS, SKEFr -2 Xvp oRUOBTLEEDOL & D
ELEBONBNR A 788, EHEBEOHITREL: (B3N (b~@). ZOERIZA
KED) ZvAa— bhoROEMTEEDYa v 2 Itk 3bDTHSE[7]. Y-2 KTH
SSRIABXV 12 94 XDe— 2 ZHEAT AR TR EEMERIRELRZL. T18b
B, BEMRBEZE—420 LID 317 2C 2 1258 CRET2DTH 5. E5XIT, 1/4 44

T | oimeems | BEEOER | 20— &) sug
SSR 14 =—4% 597 1170 13.9 Y—1
SSR 12 =—% 508 1008 15.2 Y—2

100} SSR 1/4 £—4
_. 80H
i‘lg 1
§60~
= i SSR 1/2 E—~#
@40[
&
20}
O ! 1 1 1 ! 1 1 I 1
0 1 2 3 4 5 6 7 8 9 10 11
R (sec)

FOK SSR1/2 BLU 1/4 &— & OEAEEE I -Fyfhiz

XE 1294 Xe—27T, FHFREMN 1,000 DI EDONISD ST LOEHBITE T 2 REEFE -
REMEZRT. 12 94 XhoRERREOZENS LN, tal-off BRELLHPTHS. B-3
-1 & B-3-2 =—4Tid, MEemhiE K, 2¥iciimlz Y-8 RO 7 v 4 btk
Y-2 kD7 v A v X OBRBEBS BN > TREEL 185 S0 A 0.

3. E

¥

(1) Mheems Ko ORMEL Y-2 MK 2.5 o5 2.0 LTIKKES LTH, HH0IEH
K3 0FLHPLTH, MREEZEESKBICEDLS ERZEL SN, LT, REMKR
BEDOBFILICIIBIOFBRERD Z2NETH 5.

(2) Ki KOBRERSEOPE K 2T 2 EREREOR ST 50, ABICRE
BN 72D, MUk DUEIZETT 3. ULhL, BRERZELSHRAREENRZEL G
3. :

This document is provided by JAXA.



712 RARFFEMEFTRE weHm w25 (B)

- (3) Ky 28T VvA v THSSRIZ 44 XPTOE— 2 IcHERTARBOEEREDS
Z i3I0, .
1963 £6 53 B #EHD

2 & X ®

[1] B#3, 40-21359

21 L.A. Dickinson and F. Jackson: Fifth Agard Colloquium, pp. 531-550, Pergamon Press (1963)

-£3]1 M.D. Horton and D. W. Rice: Combustion and Flame, 5, 1, pp. 21~28 (1964)

4] #EM W%, LWBRA, B W5E, EWE—, LA zH: Tk, 65, 8, pp. 1218~1219 (1962)

£5] WiEss, B W, E0&E—m, HQ0RE, K £, B M5 MHER 3, 6(A), pp
381~389 (1963)

(6] & &: BaRERBMRE, RKEES[I.2.3]

£7] =W, SWE—8, AXLEHE WLBRS: AXSB0ER - HEELRAZERELOEHEKD
WT, REHESLI.3.5]

This document is provided by JAXA.





