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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 pressure-time 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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BEEAEEETSI SHoO= FuTva—WEEKT
ZIVEBREFRVTERAL 70~96% OB THYT =
et v7zarizi, TOREKT ZIVEHIHEAS
LLTED LT LABKEESE LTHEHTS, =t
THa—-VORKIWRTERROATH 2, =+
axZF )= D2-=taFu, )= >l-=pu?
RSN =)V S22 bR =-SF )=y >2= bR -2
=SB )= >3-=fu 2-Ry ¥ )=, TAFNV
{LERBE A0 E LTH 5 15 p-kvzx
Wk BROHMERBD bhnhot, BEKbiiEDsy
BIZIZRT) L hofedl, = bedA—viEX7 ¥
VRENOIRFY = RFIVRRE Wi D T7 ZIVER
T AFIVEHMK X LTERT B 26 h
Do
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. # B
a-= burA v 1 L ORBRIZMLASERRHESHRT
VHHIECRROMELOR D 5. 1) f~=ku TV
2= VORREKD P D096 5Lt Wieland, Sakell-
arios? AEMHEEY YRk =tuexFLLy ¥ 2
T Y, Buckley & Scaife® | X7 7 VL H
TRAEGFE2 TS, 2) THFNV= buTiha—
53R, Schmidt & Rutz® 3= fu 7 va—bi
TEFUMELLTRIZAFREE Tt v 7 4% 2
TS REEEEEACSDOTCHENIAHD = Fexs
LVYDOABIRIIREE AV, XT:F=bu7iba—
WETVHY LRER oL L LTS E
BZWEDO L H B, 3) ru=buliF T DR
s, MWEAV-CRERT3L=tnt L7 1088
T 2 REABICES T 3.2 10 xz—FUh ClE
By~ AR a3 EMAEH LT &
20, HvFvzaro=teil, TV I
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—30° CEHEREEASEIL=brd vy onL
LRV ZMHAOMETI R INCL S, o=
b e {LiEREET T oL BRI U= hui5 7
AYOTNAVHEIR L= e LT ¢ VR Y v —
BEOTHEOLEEERTYS, = FrTPva—h
b=tbed vz EART 5 HE D R 2)
ThaH, HEMEENRESCLALREeOTEED
it 1) oFERRLHRELWEEZILADS, =
B P a—)voBKRL LTREMERRY V RU Y —
¥, BR, BRRUEK7 ZVBEENENTHD,
EKBE, BLEMRITIBMEIO I & HEBUKFIL 4R
THIXVT 4 ERRBEESTMRLENS O BU TR

et vz e iZRAEFERILEYy, BRTHIRED
BUSHoA vy 4 VOBRENTH S, HERARED
rbplas=ted vy 4 v OoRGENHTIRED
FlENRD D, PIT, A7 4 VEREBWT= a7
a—VoRkE, EVHOKERUMEE oS E RN
Lo THN+3.,

2. RBRRUER

2 1 B >3

= huTa—V itk ATIVFE F (UL TFFA)
¥ RT7 LT FeF (UTAA) L=tutdy
(NM),= ez (NE), XiZ 1-=bueFu,tv
(NP) & @A SHEAR L LT, FfHEgHRLAL

v, BIZEK7 ZVRRREAKNY mild CHERTS= L OOEFIRIROmML TH ok,
Bl = bt Tra—notR
= F TNV =N I # B K/EC |k & DP "R g g
= btuwxy s —p(Ne) FA+NM 93~ 4/6 mm D=1, 300 1. 4391
I~=bwe ¥ u ) —n (1-N.p) AA+NM 89~90/7mm D=1, 1910 1. 4372
2-=bw 7 usts~—~n (2-Np) FA+NE 85~ 6/6 mm 1. 1841 1. 4334
3=te-2-7 % 7 - (3-N.b) AA+NE 83/8mm 1. 1296 1. 4320
2-=pbu-l-7 4 7 - n (2-N.b) FA+1-NP | 102~4/10mm 1. 1332 1. 4330
3= pu-2-Rv ¥ /- (3-N.p) | AA+I-NP | 102~4/10mm 1.0818 1. 4352
2-=tuFelArhobRr= buTioba—bAL B 160~180° {2 [:4F 5, MK L= budL7 4

bhaPUBRFBHEAFE L v THIAL,
K7 VBRI L SRS 2L L b o 2 v
7.

2. 2 RikAE

MBLLZEAKT ZVELIT(P. A= LaT)iva
— & E/MNIRTHI R 2213 127 5 2 arh T
WEMHY 140~160° 2infh+ 5, #1305, TiRAM
R, TB—IT 30 HHIZ 30~40 2 WRE T
MEEIT S, Wi 80~100mmHg B ORETIZE

B2 l-=tuFal)—LoRARED -2 bueRrofR

LAUKERICHBEII LT, A6 KNG LKLY
Wy hEM~EREERRNTS. ML 2-=kr7
vl A v7 4 URABRLHVERZRAEORK
WEME KSRV EL TS, ZhhoBAIRROD
MERETRMALBERKE AV 7 1V EABICH
HEESHMNBELY,

23 8% R

23 1 l-= a7 uro4m: RMER TR
R 217U,

Np@ | PA@ |z re | F B * = R F | ERE
i 16 (mmHg) () %) | )

53 60 0.80 180~ 190 68 68 90. 1 100

35 25 0. 50 185~ 190 48 55 80. 1 "
35 37 0.73 180~190 68 50~ 70 95.0 "
35 37 0.73 ~190 64~ 69 40~ 80 67,3 "
52.5 7.7 0. 10 170~ 175 94 100 4.0 0
52.5 15.5 0.20 175~ 180 72~ 90 52~ 67 75.8 83
105 77 0. 50 ~180 80~ 100 53~109 83.3 88
105 154 1. 00 170~ 180 80~ 90 55~ 70 88.0 80
37 50 0.92 160 165 9.5 —_

30 30 0.68 160 170 96.0 —

30 50 113 150 170 96.0 —
20 (294) IRAFERESEE



2 3 2 2-=burluR o8

;I 2-=buFol )~ AORKk -2 e ROER

e

2Np(®) | PAG | enri | W H & = R B ERA
(0 (mmHg) () %) | ()

53 30 0. 40 170~180 55~68 50~64 82.8 100
3.5 5.6 0.12 | 180~185 89~92 55 78.5 100

3.5 11 0.25 180~187 . 90~92 50~58 88. 1 89.0
3.5 150 0.33 180~186 70~25 31~58 60.0 100
52,5 29.6 0. 40 180~ 188 75~76 40~54 80.5 100
31.5 22,2 0.50 180~ 184 90~92 50~58 86.2 100

31.5 46.0 1.00 180~ 185 90~93 48~51 76.6 70. 4
105 154 i 1.00 180 132 48~64 71.6 -

2-= br 7 B RSARLPLTVOTRISHE bic
FMEETLESHRAE LV, 23,1 LERIZLT

Thofiff, WL 50~72% TETF L,

23 3 =brZFLYOAR
MWés by /) —LoRARISZ=toxFL L08R
- DR fithiod
# i
N.e(g) ' PA (g) = v K R m®
| (mmHg) | (O (%)
06 X 1490~150 | 150 68.5
3l } 52 ; 1.40 80~ 82 140~ 155 76.0
12 19.5 1.00 70~150 | ~170 62.5
2.5 55 1.00 500 ' ~140 77.0
20 : 33 | 1.00 60~ 90 ' ~150 65.6
92 ﬁ 74 | 0.50 ~150 | ~140 70.0
2.3 4 2-=pu-2-7FLD8K
®S I=tbu-2-F5 /) =NOBRKICEZ-=u-2-FF L OER
| R i -
3-N.b (@) PA( | = 2 it T 0o
| (mmHg) | (O | » (%)
0 | 50 1.0 | 100~120 | 160~200 450 51.5
40 50 1.0 55~ 50 | 180~190 480 51.0
2 25 , 08 46 190 320 2.0 |
‘ ‘ ~ {p-trzvan
0 | 51 Lo 67~ 52 195 300 3.0 (At
0 6 | LS 55~ 65 190 250 54.0
40 | 25 0.5 54 185 120 —
2.3 5 2-=te-1-7F 08K
®o 2-=tu-l-Fy ) —AORKIZEB2-= Fo-I-T 7 > OBR A
R v K -3 !
2-N.b(g)| PA® | = » It ®oo® z 0o M
| (mmHg) | () @ |
23.8 30.8 1.0 75~95 | 160~170 | = — 0.3 !
31.5 20.0 0.5 75~95 180 — 71.0
36.0 23.0 0.5 73~80 10 185 65.3
36.0 12.0 0.25 | 73~80 199 | 225 76.8
40.0 50.0 1.0 70 185 130 88.8
: fp-brx= 2
40,0 50.0 1.0 60~10 195 350 123 (AT
Yol. 23, No. 6. 1982 (295) 21



2 3 6 3-=hwu-2-Ry ¥ /DK

TV 0.8~1.5, RIS E B 170~200°, BLESESIN
TE 3308 ORGETREREGETR2EN= bt
V74 yOEBRRBOShizh ok, XREKAELT
FAKBEREAV TR S#RYS, Av 7V RER
T30HTCHICROREE LE,

23 6 =buPA-LEEKT FIVERE ODRIS

I—= brT R )~ UE B O R ED 2-AFIV
2-=pu-Fulrt—-ivt PA L% 0.5 &E)N
SORMEBE 217 5 A ah ot s, B

Bo#FIZoORTE L KEDOMITFMC BIH S &
B0 185~195° Ty 5 BMIRIE R HIT Ik R Bcc
ABEM L. RISHESHT 3 L REMERAGH
7‘:0

;}IC p- My ANk BB 28 BRATHERERT
o7zt 175°C, 7 Bl cRBaEiERAbh. T
I B RBAES S HITT 5 LIBAE 9, SFH/ 2,500
D= traRY) ZRFVTHB, TOLORY40° THK
{E LB oFRBEI XL LiF 3. RIERZKROHAL
Thsrd,

CH; CO CHS CHa
| N/ '\ | I
#HOH,C—C—CH,OH+ | 0 — HOH,C—C—CH,[—-00C  COO-CH,—C—CH,
CH, co” cl{, 2"*—- S NO; a-l

—00C  COO H+(n—1)H,0
N_/

2 37 =bbuF v 4 rDRMRART bV
FERTRELEEIRE= bet vy ¢ > OFRMEER

= baTha—VoRKENFSIRROBUZLRS,
=puxFlyd2-=tur vl ) —)y>l-=bn

BHEXREOWL ThHk, TR ) =Dz tu=l=-F 8 ) =)y >2-= b r-2-
- TE)=>3-= burF /)~
7 =tedryvoRisEirst(cm™)
— _ REECRE—R TNV 2—voFRREKS T
N L F - i u(C:C) vas(NO;) D:(NOg) Ve
=tuzsLy 1,635 | 1,520 1,355 i) =he7a—vics}LRKT S VERRER
l-=pusay | 1,660 (1,510 1,345 {esereRe Fig 1IZRLE,
2-=puS o Ry 1,525(1560) 1,345
2-= pm-2-FF 1,677 1 1,517 1,340
2-=pbp-l-FF 1,525(1550){ 1,345
FHR CFEREE 1,519+6 1,347+5
~~
B 2=heFuy B2z ha-l-7Frn O
wW(C=C) o®IAIx |,700cm™! P LoFizor =
FINoI HATES THELYFVL, X o
1,700cm™! ik »(C=0) oHERIR O T 575
BOTHEI,
®
3. BRRUSE . o R T S N A S
= reXv7 2 Y OEHPE, BARUBRKSEY Mole ratio (P. AJ/CN. A. ]
MR&kEomL THotk, .
curve ]. nitroethylene,
B8 =butr 7 OlE, A BARSMN II. l-nitropropene,
- L B H A | BAREN M. 2-nitropropene
FeAvoa> | Zo | e mm)| (sec) IV. 2-nitro-2-butene.
=buxFL Y 70 38/ 80 60~100.
I-=bu7usy | 90~9 |64~5/28 180 Fig. 1 Yield curves of nitroolefins by the
2-=puFely 82 66~9/140, 100 debydration of nitroalcohols.
§-= : "-f-: [ 50;54 65/ 28 ‘2*50 Fig. | ofigg 1, I &W—\7Va— o BK
—-= b u=l-75
et o T4/ 8 200 Th ) TVHERDEERPEIRALE D b hx
- <Je v _— —_— .
v, —Hilg I, V =R 7V=—Vobiktd
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B0, TWVHOBDRZ LY T VT 4 v ~DRILBIXRK
DF3FANEHS B O, VIR I, O 2kl
TRAFERNLOTEDOERLIELXLLD, KIS
thEREREL CHHER SRR 3 W ERD LN
ROBRER= FeTa—v0{ZTHOk, RL=

ATV B0TT7 ZVRTAFIVHGEL L TERt
BBREFELLS. T LTXBKRAIRIFRER
EDBEh30T P.A RBARIL LTIV LA
KEERENZ AL O TH B = b Tz~ VDHP.A
X ABKRIROMEBLZ ERTEL I,

baPF—ivt P.A 2= baRY zx?w»:;‘{_r,
\ A
—CI—I—CHOH + K/\ R—(I3H—(lIHOOC COOH
No2 R' o’ NO, R’ e
RISHBER o
R—CH-CHOOC  COOH — RC=CH+RO+ | 0
NO; R’ e NO, R’ co”
Z 2 CHhiERRED TREETHLIZA VT 1>~ 1947, 1471~2

LARTHLELDBNS, 3) J. Boileau, Y. Runavot; Mém. poud. 34, 39~
L) BARIER R AFIVERISOHMEEL LTH 40 (1952)

WHRTWS p- Ml AWk RO BRRBH S
Wi, DULANREET & . (RSEV6) zh
i P. A MEHCpEHIc BTy BN L 3 LR s
h3.

iv) =bedL7 D BEERTRT VI~
WBrHDF VT 4 ORBFE—J/TVa—-hrb0Lor
BLTHEYRETH S, WEksRTREEECHE
250, HHEIBPTIINTLABLLT,

v) =budv7 1y OFMEEBR I O K vas
(NO;) DFE#IL 1,519+6em™ T, = bu7iba—
WEG= Fest57 ¢ o OFHM 1,550em™! iz <
T Y EBZMIR Th T 5, v(NO) b FRic
40~45em~! EFFEMicFh TR Y, 2hboTh
X C=C Lk NO; LodiEiiz k3L 0 THAS5,
W(C=C) DM IXTEH DA VT 1 L Ofli L T4 ¥ED
s 4D

ZhoOERETFRSIZYYBEBHHLTLKEES
BEB, HFRZTAERCO»LENLET,

X B
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of Nitroolefins

by Tadataka Yamashita and Keiho Namba

Nitroolefins (nitroethylene, l-and 2-nitro-
propene and 2-nitro-2-and-1-butene) were

Yol 23, No. 6. 1962

synthesized from corresponding nitroalcohols
and phthalic anhydride with yields of 70, 90

(297) 2



~96, 82, 50~54 and 74% respectively. The
rate of dehydration of nitroalcohls were in
the following order: nitroethanol>2-nitro-
propanol > L-nitropropanol >>2-nitro-1-butanol
>2-nitro-2-butanol (3-nitro-2-pentanol). In’
the dehydration of primary nitroalcohols, the
decrease of molar ratio (phthalic anhydride/
nitroalcohol) was not affected on the yields

of nitroolefins,

It was deduced that phthalic anhyride did
not show the behavior of dehydration agent,
but of dehydration catalyst.
infrared absorption bands of nitroolefins were

Characteristic

as follows :
das(NO2)=1,519+6cm™!,
ds(NO2)=1, 347+5cm™?

INRBEED 2 2 YERITOWTDOERIEE

# # Y

. &% B

BRRTiks 2 2 o —BFRET A OFKITE T OB
RRXERIVBABIHTEY, F4EESHLTES
B, INEOBIRIZ OV TOREIIR Y Bdidiv,

%z PETN, RDX opntketig ic ik 5/ %
B * 5 —EHBET AR KR 2V CRERTR
v, THAROBE, BHoBRSzo%, 2, 3 oM
REBroTlTiz#HET 5,

HOEERRMBOBED X F LRk (UTFAZ—F

HBATA~NDOHFKEAF L HRERET) BB LR
IZR 5512, MUEROREIIERITO A VN, HiR
REHLTVB5THS,

2 % B

X Fig. | 28+ @E Y o, Wk 48 5ecm B
9em DK FFAEBRELL, 757 KRR
T, F¥REHE@LE, 3 aodulighigic b e
L, 6 SRAESTCRIBLTAZ v ~OMKERA
Too (A F2%:940.2) BHAREFME LTS Bho
HKERTERDL, 0/5 EPITRM KR E R D B

wm

L
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am] ° “y,
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Bl % &

$hpyt% 3m/m R 4m/m, BE lm/m ORY x=F
VAL FIREEEE L. L 0T, REREHIEL
T 50cm, FHRELEIEZARAET 2 - 3HMT
HouM e TED R,

3. FRBINT IBLOEBERORER

PETN, RDX, iz NaCl, NaHCOs, KNO;, Na;
SiFg, KI, KCIO;, #iv7 284D % #HREALT,
Wi 3m/m ORY =FLUEILR®, 2ho 2 ¥
vl kBEERR, TOKRERIRBIT S, X
PETN, RDX RU#HnLAEFORERXR 20D
T Do Fei. 2 RiFEmERDLBM, 272 BAkD
BGRERLELDOTH S,

F}1 FRBgToHcoHBORE

BEGT P |t | sx#
PETN o % 0.94 .| 5080 5/5
PETN+NaOl 10% | 0.99 4910 2/4

” ” 20% | 1.04 4600 1/5

” ” 30% | 1.0t 4070 0/5

” NaHCO; 10% | 1.00 4940 2/5

” ” 15% 1. 00 4700 0/5

” 0 20% 1.02 4490 0/5

” KNO; 10% | 1.05 5280 3/3

” ” 20% ¢ 1.10 5120 2/4

” ” 30% | 1.16 4870 0/5

” Na;SiFs 20% | 1.18 4810 2/2

” 30% | 1.18 4810 0/5

” KI 20% | .15 4840 3/4

30% | t.21 4580 0/5
PETN+KCIl, 20% | 1.10 5170 4/4
” n 30% | 1.22 5240 2/2
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