a considerable amount of sulphur vaporizes
escaping from the system before the reaction
sets in. In the system (potassium chlorate,
sulphur, glue), however, the capture of sulphur
by glue takes place so as to activate sulphur
before its vaporization increases appreciably,
and glue itself becomes enveloped by the
captured sulphur. As a result, along each
combustion rate curve the reaction appears
first between potassium chlorate and sulphur,
and after the whole sulphur has been used
up there, the oxidation reaction of glue
Since such a process was found
commonly in the case of some carbon-conta-

follows.

ining substances used instead of glue and
in particular it reveals itself most impres-
sively in the case of active carbon, itis
inferred that the force of capturing sulphur is
nothing but the attracting one of carbon
atoms in those carbon-containing substances
which has come to work on sulphur as the
result of activation,

Supplemental :

Some of the above results was further
examined as follows. (Experimental) (i) The
X-ray diffraction patterns show that in the
mixture of sulphur and a carbon-containing
substance such as active carbon, coal, char-
coal, starch or glue an interaction is induced

between the two components by the heat-
treatment at relatively low temperatures (120
~250°C). This interaction was identified with
the capture of sulphur by the carbon-contain-
ing substance. (ii) The types of combustion
reaction inferred in the above analysis was
verified by the chemical analysis of the com-
bustion residues, (iii) The activation of
sulphur resulting from its being captured was
ascertained by that the ignition temperature
of potassium chlorate-sulphur reaction was
lowerd markedly by the active carbon pres-
ent in the system without participating in the
reaction explicitly.

(Theoretical) The vaporization of sulphur
preceding the reaction of the system (potas-
sium chlorate, sulphur) was approximated
as its sublimation at the temperature inducing
the reaction, since the rise in temperature
is supposed very rapid in its activation step.
This assumption was verified by that the
temperature giving the vaporization of sulphur
at the ratio of potassium chlorate to sulphur
1.2 and 1.5 where the two types of reaction
between them was completed respectively was
found, by some calculation, epual to that of
the decomposition of potassium chlorate,
provided this decomposition brings about the
reaction of the system.
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ZZEBeT, B, CoREMNINENRO IINE
EEEQLT, SEALMBEHsZLZEAMNLLT,
¥ TR~ 2B KROBFEC DV TRL, IFEE
BUEOERFEARLT, AROLEFERA, BN
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T E L,
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Esligh o MEEORE L 2 5ERATFEFFL, 0
HMEAEZHBRELHT, FHEEEERREGADLD

Vel. 23, No. &. 1942

Bedizix, RO & I ENREERGE
EROLFELETTHH - LER/LTYVS,

“vlr o MESRREORBRATR (EEmRE)”
R TI, L3RRS RA S IRREEKIC OV TR
<, K THMMBOEMRIBICOVC, STERIRGE
SERELT, L OMERREREGEY, R
M L UBMERER G LRSI L OBEE S
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BE SRR HEE L RTEN T OMOEREE KD
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“ul o MEHBREORBNTE (I
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27 4 S v Y EROGHBME RV T Y v
7 vA v (singlegrain) BIRNOKEBHIORA L
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LERRTVS,

2 MEFRS
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Bltkw’r » MESROBRBRAIAL RN 5L, #E
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W, Wilid bRk 3 AR R o Mgk SRz
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R T 3 7% SRR O
P8 5 ) N @»
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A, BBRoN ATHRTTR Ap, HEFORE
RER As LTI, ERHOMASETHD, 321
Tix, A/Ap OEBZHWT, 3.2.2 TiX, L/D®
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X, AdAp ORE HIEEPTIEREXZZLT
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RETERO e » MHAEEER, N/G L N/C %
ERET 5 YT v— Rl T, BEBLAIL LT
ECL, Bt#lE LT DEP, Higf= R U@L L
T CB SARANEHATVT, £ 46 ® No. 108X
U No. 9 SoRIMBOHEEESEICERSATY
7%, SEHREESICTIRVERYZ, TEER
S LTERALEN - BUERREBL AR, £
ZCEROESIOMI: DNT, KS0, 277V V@B
B|EGTIZ MY 7L+ BEREL, No 25 BXU
No. 26 T2 R LTZoMEEBE L X 5 LRA
1.

PITe i L Him L&k otk oabei iz
RIETESIZOVTBYSZ LTS,

3. 3. 1 DNT

TR A F 24 MotT, 3 30% BlLEo N/G
S LAV EEMERTHoxA, Zhi 20% B
Bl LR DNT oiREg+s Lz, BRe
FREMMUTEM, HUAESCHRNOET LEVS
A+=4 PBRTULNE, ¥4 <A MHBEETHY,
% DR (detonation) ¥ FAT 5 b 0 T, KL
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vy MESBIAVT N/G SHRER LT DN
T2@ATHE, F141+<4 roBa LRI N/C
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BMBEREE LSS, Lad DNT 2 TNT o B
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BRItz s L vibh Ty 3,

3 3 3 RT7YREME )
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ETESEHMBHD, n a BIU S D/RASVE
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4 2. 3 HEMESLUSE

BRBoiix, X s Y —-SBRORES
EHVWCTA MV AV A—Z R VREL 0SS
7, RolEtovuy57, BIUF— FBKAER
Bz BB XUCES - R RS L,

4 2 4 EHWBLUAEOEERSE

1) REEHE

SEREHE hFT CREShIZ TV Ko 5HhE
HEAVT, ENRESE (MESX, RXENE N
300kg/em?®) 2T, &K 150kg/cm? £ CHNEL v 7
7 v 7 IRIMELTRIET 3,

(2) #EhBESE

b b L ERBENZ, BB0RL2<FURE
ZRARRF v A, Iy 27 v 72— E
FA MRSy PI4T35, ICREER (RERE
HER, Kids—, RESY 23 ITHAH) M
DY, MES Y v RIZTHRK 20 2 E0iEHOR
E&fTR o, NWiihx, BiRAXENRNTRK 20
FroboThs, HRBHOBERFRAL bOL
L, RBSRTHRIZBALLEF» A2 ot—REOE
FORMBIZOREBBRER Y ), ESORELRTR
9e

4. 3 IRBER

4.3 1 ARgmitngy by UMIC X RER

(1) #iER No. 24 OitEsER

oI, RREBIVHICRE LR L
OHBO D OFIZEBORCBERTH D,

R X hiXiER Ky X 1500 F, Ki(As/Ap)
IX80RIFChav TRz BRsE L v, & it Ko s
E{BE¥TIOLITIZAS F¥ » 7 1 (chuffing)
ERIT., B3z Zof#ERRRESB LAEF T
MEERKRE, BEIBRELESEERED TH
MBI  THAET) Lip 1IERIZH.

(2) #EHEDE No.25 DR

REsERic T hid, Zoikffo P~t(F~t) h—
FTIRERRBE LENERL, ©— 7 0HWERL
H—IBBLNT, HIRE VT & SR KNI
T No. 24iclL Kn 4 Kr bHMIcEFoh Ky
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Bel, Ip ik 206 (PIIE 80kg/cm®T) T 4 MEv il
ERLI,

(3) ¥t No. 26 ORBESR

BBz X3 L, Zofeliix Ky # 500 0LE,
Praen # 60kg/em?® DLEiz Lzv ek Lizyy, P~t
H=—F DO — 7 i2HEER No. 25 LRz, Ki/
Ky Ol ZRKELTHZEHTRET, LhrbkEhKs
TEBIZRFELEBSDT K T35 2 L R 0X
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3, EOoTHREE KT LE3HREELS, L3
IE—HPAEEZ R Ly IRBIIRTE vy
5ZLRR, BEEORELXEL T3 0ENEL, FH
REMHRH 3 LR, MHEED Ly KBV LD
OO ALRATH D,
4 3 2 BEHLUCRERQyry bIVDUICE
FYet

BRIEH ey » by Ouid, hBlul » b (ME
220mm) A0 6SmmDHEH#EE No. 9 & No. 25 L
ORI ET S BN L 0T, 90~365 BEEOIERIC
B Kr o4 cRB R Ty, YoBNEK 2L
FohdhlviZl, TibbEoBREBREE
PETFHIMEVS OV TRBREHEELY, £
DR No. 9 Tix, Kr* 200 fECHLIMHESR
MY, WREEXERKY EFohicv, —F
No. 25 Gix Kr # 2710 BEELE Foh3, K2,
No. 9 1% 400 PIFTD Ky TEMENGHBEFL TL %95
A3, No. 25 12 Kn 200 SeRmiciiit 5, LlLE %
Bat+sic, Kiz»>vTh, KvizovTd No. 25
BREVEEATEEZRET S5, No 9 0RE IR
o ) L [ et

BRGNS SEEREIRE X L TAH 5 &, No.
9 X—-ERALTH, EOBRRERDSBRELTICE
TH3LB0REELTLEIRGBE VA, No. 25
TR—EMN KT 5 & B sERic MR R 3 5
D, EfiZF v o7 45 (chufing, [H/EAB) %
TFhHMfmBs 5,

CHiny o bz Py i, KHiny v b (330
mm) JH 100mm FoHEH£EE No. 25 22w T REY
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L=, .

(1) BREIVIUICEBi#E#ERK No.o ORBE

2

ORI ERELERORRLELTEAL b D
T, %%, Z® No. 9 @ {itiz No. 10, No. 22 &5
BEHER TN, Mhb N/G fRixH { 34~
38% ©, 212 ECL, DEP 55X U CB ¥ & &,
K:S0., 277V VR XU DNT S a8 Liswv
DT, B L MYEER K& »oN, BRRE
izkiu, Zo No. 9 LAMIEE X K & { Puonx/
Proan 1% 2.3~4.7 BETHoMr, ¥, Ky 23400
UT CiaER it LT LE>TRE LYY, T4
bt Ky % 400D LIz +3 2 LBRERTTORMET
3, —F Lp 12 200 PIT (NE 80kg/cm? T) T
KU EVOT No. 9 BRTOBELY, KRR
fELIfEdEE No. 25 LB b E a2 bh
3,

IRKEBaE



(2) BRBIUVCHIVSUIzL DR No. 25
oRBRER

RESSRIZ XD &, 0.076~0.91 iz b= B HEED
Ky/Kx HizHL T, 3 No. 25 iXiEkoiEd
FizK L Pmax/Pumean iZ/NTHIHEEN/N X V2 2
BB hi,

4 4 ¥ B

VEnRBRRE L LIz LTHER oiEfta No. 9,
No. 10 &, $FHoBRIE L4 No. 24, No. 25 5
LU No. 26 LER»OBGMOHRTE Z L 2 T
-

4. 4 1 FHMMOMIGEIRE & AE & ORI

BERORITHE P LIROEERE r & o [fizix (DX
OBRENRD S,

20}

?r (mm/sec)

Preru (kg/cm?®)
4.2 r—Pmean Curve (20°C)

® No. 24 r=0.94P* @ No. 25 r=1. 50P*
® No. 26 r=1.18P** @ No. 10 r=0.34P°7
® No. 9 r=0.307%%

BHARDO r~P R, B420X5124), F
HEEnIL, R 42 0LBITHB,

® 42 HFHUMOEHERK

42z xif, NG aHEROKRERB=FVY
L3RR, EHIBM n RREVHiicd 523, No. 24
X No. 10 383X No. 9 XY N/G 4HENRE-D
IZnix No. 10 X 9/hC, No. 9 L RRETHED
X, No. 24 D&HI S KSO, & 2577 Y By
OHRTHILERXLAS, No 25 BXU No. 26
D n BRSOk, N/G GHENATHIENY T
BAHERREOSE T 2BMYOUBRTH S, R
F IR~ 23k n 1L 0.7 Wi (JPN 22 0. 69,
JP 20.71) THHEBFALAT 2Dz, No 25
BIXENo. 26 Dnix 0.46 LU 0.42 THERDY
DX VRSIMZAE Y,

4 4 2 HHBWMOREE Ky EORR

Ky LHELOMIZIX, BROLRIC (4) RoBHEMS
b3,

o} /

g 8 8

Pmcan (kg/sz)

a
=3
T

i

2(')0 ! 4‘00 61;0 . é”.l&
Kx
B8 43 Pmean—Ky Curve (20°C)
® No. 24P=3.6X 108K 288
® No. 25P=1.6X107¢Ky!-83
® No. 26P=1. 1X 1074 Ky1-7?
@ No. 10P=6.8X 101K y¢3!

® No. 9P=3.9Xx10"°Kx*-8

HEMEAROKyENERE 430D T, I/1-nk
Kyig¥r M55 8L, F0lizBR4 30 L BVIZR D,
;4.3 #HiERo Ky i

it W | NG atimw) | Enmg @ i R | N/G &t (%) | Kn % L
No. 24 39,2 0. 69 No. 24 39.2 3,23
No. 10 38.0 0.77 No. 10 38.0 4,31
No. 9 34.0 0. 69 NO. 9 34.0 3.23
No. 25 27.5 0. 46 No. 25 27.5 1. 85
No. 26 22.5 0. 42 No. 26 22.5 .73
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Ky=Av/A: T, —fT¥RbED A R—RL#EXT
BRensd Ky it ds i35, #-oT Kv i 1/
1—n AUNES WHEMIEE, MREBEHIRBETR As 02T
BH2TH, AEPRRETESNMEVL WS 2
Likis, MROEHRHEE N/GafTR o H5 v
B RUFHEAREE Ky §851/1—n28 K C b 525,
K:SO,, 277V RS2 44+ 3 No. 24,No. 25
BIC No. 261%, 202 +T5 N/G 0B 0Bz
X, Ev Ky f58% R,

4. 4 3 mﬁw Pmnx/Pmonn & AJ/AP &M

B3&T ’
(Po)ea/ P eq=@(AL[Ap)-rsevveererrnees 10

AEBE Peq BHELEBCHARSVOT, ST
T Pmean b0 TR BLET S,

4 Pmax/Prmosn=Pr, A/A(=K1/Kn)=J & B
&, P L J Lok IiwSrs7esey bt
5k, BbhR IS, M4 42 R T RIC,
J=0, Pr=1h 555881 5088enY, TS0
EBRRRD (13) RCHLbIIS,

[

1

03

0.6

4.4 P.~J Curve
(Test Engine: A and B, Tempera.

ture: 20°C)
Propellant No. 24No. 25&0. 26! No 10No. 9
Symbol ® O ® © O
T - LN a3)

J Ry rB XUHEEROBMENREFIC LI LD
T, BIMEHAZOHBIZ L2 TRESLOT, HHiX
ZOBEEERKEERIL LTS, M44X0RHE
HFEOEEEH BIIFR 1. 408z 3,

N/G &HR 39~34% o {it#3E No. 24, No. 10
BEU No. 9 OELHEBIX 28~11 TREVHR,
N/G 4HR 27.5~22.5% T, RX77Y B

16

Kn

T 44 BEBROTERK

N/G & # # (%) B
No. 24 39.2 28
No. 10 38.0 15
No. 9 34.0 1
No. 25 21.5 3.5
No. 26 22.5 3.3

Tz KSOy 212 b Y 72 F > 24458 No. 25
B XU No. 26 OTHEFKE Bk 3.5~3.3 TIEHITA
v, o

4 4 4 BEEEEORECEET SERE

R bF v v 7 4 VRS TRERICAREL -
H¥, Ky L Kricl LT vy FLTRAR 4.5
ORjicEle, Krix Ao b Ap O K ThHEhbE
HEEoXNEbbDbTLELLN, KrkRE(L
haieEREALLey v NI HIKR L & 3,
4.5 RXhf, ZERIZBRE L 5 5 Kr oREgig,
No. 26 #3fK, K¢ No. 25, No.9 31 tf No. 10
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B 4.5 Kx~Kr Range of Stable
Burning
Propellant ENo. 24!No. 25No. 26’1110:7 10;No; ;
symol | @ | o ® |0 | O
IRABHREE



OHT, No.24 IXfihCh 5,

¥k Kn & Kr EERBALTEARLBS, TE
BT SBEAILCHR, LYV RELELETCHD L
VA5, TOMELVRD L, REEET 5 EH
1, No. 26 33X No. 25 BB EET, No
10 XU No. 9 BZizk¥, No. 24 L%
EEICZLW AL ER 2, DLEofETIX,
IR0 N/G, N/C o 31i#B LU #E#E o R
BE Te DRESONFEL AB—FL, EHoFLY
LOR Ki 8XU Ky K& FTHZLNCETY,
LRIZABET 5 BERP, WEERZ L v-Himaidh
BLEIXLNS,
CA 4S5 BHEMOLEHD Ty

Te &IREBE, M 2RI AOFES T, r
DK, ¥4 &IE?JV)M:"QL@» R Rk, Pe %
I XVEERE, P ¥ENELE LS, HiEN Lpidk
Koz s

-+ =ty 3
i 5 5 -0

& Ly OERH WIE 80kg/em? L] F ¢ 200sec L)
7!:'('3‘9'37‘:& LTRESIRESHT S L, M460L

240

0 3 ' Y 30 160
Prcan(kg/cm?)
4.6 ILip~Pmean Curve
® Required 1,p
® Permitted PPressure

" Propellant  |No. 24No. 25No. 26No. 10No. 9
@0 |e®|e|D

Symbol

3D T, [ESOkg/cm? Ti, #iiSk No. 26 1% 200sec
PITF, No.9 ix 200sec HT, MhbEXIZAXTR
4], —J No. 24, No. 10 33 X U* No. 25 ixfahd
200sec LLETHEREFSICHRT S,
BEAEPE—EIC L Sie, 2T 5 LR
TRMbr bR2ZECHD, Lp RERTHIZEAT
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DeEibh, AEROMRLEOLEY THOM,

Lp 12k (15) KoM BT RE OHAEEM O 14
bh 341K (total impulse) DRESEH6H b T
DT, MEOHLERTLIOTHS,

= L _JF-dt oo
Lo= ="~ (15)

Lo, fEHBLBAELEGYicnry by
T AKOSRERN T N4, HEEROMNHIE
k4D Kr # b 4esahdhidiony, Iy
BIU K HEEx 2048, HE#£E No 24 12,
AN K #AE SRV DO TRT, —JiNo. 26
K RRECHRDD Lp 1M E { TLELRT
THD, No. 91k Ky bRESWMAS, Iy A&
{IECOTARTTCH S, Noo 10 1k Lip 1T KE VA3,
Ki # RECTA VMY L, Ky ofiEb®
VOTARIENITH S, ik, 5 MBOERETHh, 200
sec PLEo Lip #3L, Kr RKE{DN, Ky LI
VR hY 501, No. 25 oZThs, 2T
No.25 (X, 1R42, R C-BMEHELRIZE b
PR N PP 5 ¥ (N

4. 4. 6 L T U

SEONBMRERATILERLDOLEYI TH S,

T 46 EMFEROBN

r
(.
N/G (%) 39.2 380 340 27.5 225
N/C (%] 57.5 53.9 5.9 55.5 58.0
DNT (%) —| = 10.5 2.5
ey s .

ﬁ;ﬂ?}?’)/%)(%gfl? | o5 05
K:SO, (%) 1.5 —| L5 —
BEMS (%) 1.8 81 10.11 4.5 165

l
o 100. 0: 100.0‘ 100. 0‘ 1C0. 0‘ 100.0

Te (C)| 3580 2830; 2560; 2szsi 2310
V17 (V&) | 59.83) 53,20 50.60 50.25 48,06

S (-kgt/cm?) 11057. 19980. 9340. ;9110. l8550.

EhfEk a | 0.69 0.76 0.69 0.46 0. 42
Kp.-mml-l—" 3.230 417 3.23 n8s 173
TERK B |28 |15 |1 | 35| 3.3

[No. 24No. 10No. sNo. 25No, 26

REOCHE®

R |

% 1 ptl|eo 20 180 7o |00
;ﬂ:;’ Kil® m|o o |o o |o
# 4 |8 1220 l180 270 [300
k‘é _

+ £ mhso [s00 's00 ;500 900
g Kyl F R (110 [350 [400 200 500

& {40 150 l200 300 l400
(M E80kg/cmi D
#2e)

$eie ) Lip(sec)

237 215 200 206 {188
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UTRA 6 Lo ¥R RT3,

(1) SBREHRGBIR No. 24

No. 24 1x N/G {57835 39% M OM =% T
HLOTHHEN Ly X7 v 25, EHiER » 3 XUHE
EWY BIXKT, QiR 3EBIzRd, Kr b
K& M FBHERI. GRS 30 CHHIzE
v,

(2) ZE3itEE No. 10

No. 10 ix N/G {475h° 389% THIMIFT RIVE
T Lp IZE5VAS, n BYXU B I KCREIzB/ETD
BB L K bNSVvoT, EEEHr Yy & Mol
MERTRIN, vliro FREAEE LTIRRANT
5D,

(3) ZERiiE No. 9

No. 9 i N/G 4R 34% T Lip b 5544,
n BIU B RRKCEEREST>EEIRE L, K
LARELENAEVOT, ZHLEREHey » MoEH
SERTHRIMN, No. 10 & ey » FHHEMEEL
TRAEYTH S,

(4) BR{EMER No. 26

No. 26 {2 N/G 51384 22.5%, DNT 2.5
% T, n b B LT, WHIZBEETSRAEIRLLS,
Ki b RESHN AN, BfVFT Lp BMEXICH
FHRMEERTE R,

{5) B No. 25

No. 25 ix N/G 347 27.5% THEMILEVIZ
b FEHAENNG 6 o DiX, ROt
TIRAHRECEVEILMEMA L Ty oz K LNo.
25 TRAEMESHETHBE DNT 24 LAN,
N/G GHRtORE & KRB EL>THEAENERL
boiszibhs,

ERTREMLPAIDOY, n b B LATRE
RS AEIEL, K b kE{lth3oik, =
N+ 5 DNT oRinipis, 277 Y BB
OE iR () BTHS & U K80, osaslns
KEBOBAERTHI LZAOGND., THDOLELE
No. 25 {2 H 59 DERIZ NV TRLEMIZ BV
BTHHLEXLND,

Hh &M E

ABFEETOICHNEY, PHEGEERERboH
SIRELEBILARE, EREREBAS TSR
R BEBOREXRT IR TH S,

ERAERICEM Ly O B UESRIIGEE
OERIZEESTT Y o AEGH, BAMEL S CIeH
HAI=#o@Eahiz XY RELELOT, AHBEO
Wiz 7"y » 2 HYRRAFF 2 & I LB S0
HWEHic ks, TTiRBGHERCEBESIzXL
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The Burning of Propellant for Rocket (I)

by Susumu Aikawa

In general, the most efficient type of the
solid propellant rocket motor is one which
has a burning pressure-time curve of rectan-
gular form ; pressure is constant during
burning. Therefore, it is desirable to reduce
initial peak pressure as low as possible.

However, the pressure-time curve of the
double base propellant manufactured in the
past in Japan had initial peak pressure, which
we had been unable to eliminate. Conseque-
ntly, to obtain the flat pressuretime curve
without initial peak, the author studied the
theory of the burning of solid propellant, and

investigated the causes of the initial peak.
And appropriate compositions of the propel-
lants and design and environmental conditions
of rocket motors without initial peak pressure
were derived theoretically.

Standard static tests were conducted on
several compositions of propellants at various
conditions to confirm the aforementioned ana-
lysis, and the design criteria to eliminate
initial peak pressure of solide double base
propellant rockets was obtained.

(Res. & Dev. Institute Hq., Defence Agency)
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