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v tot available for HN: Hydrazinium nitrate
seokeless propellants HP: Hydrazinium perchlorate

Al: Alumimm RC: Nitrocellulose

Ali: Arwonium nitrate RG: Nitroglycerin

AP: Amwoniu= perchlorate NP: Nitronius perchlorate

0BP: Dibutyl phthalate NsP: Nitrosyl perchlorate

OEP: Diethyl phthalate P85 Polybutadiene

HAK: Hydroxylammonium . PE: Polyethylene
nitrate PU: Polyurethane

HAP: Hydroxylammonium ROX: Cycrotrimethylene-
perchlorate trinftramine

HON: Hydrazinium dinitrate Ta: Triacetine

HOP: Hydrazinium diper- Tet: Tetryl
chlorate THETH: Trimethylolethane-
HMX: Cycrotetramethylene trinftrate
tetranftramine THT: Trinitrotoluene

:Typical 0B and PUZAN propellants.
(N30, ),{N205):0x1dizors used in hybrid rocket.
Fig. 1 Oxygen balance and heats of formation
of the solid propellants and their in-

gredients



Table 1 The major sources of the smoke generated from the solid rocket propellant
and the measures taken to get the smokeless propellant.

SOURCES

FOR SMOKELESS PROPELLANT

1. Light metal oxide particles, combustion pro-
ducts of metalic fuel used as comoustion sta-
bilizer and ballistic modifier for the propel-
lant.

2. Soot, due to imperfect combustion and py-
rolysis of the hydrocarbons used as propellant
binder.

3. Heavy metal oxide particles, combustion pro-
ducts of metalic compounds used as combus-
tion catalyzer for the propellant.

4. Halogen acid mist, condensation of the water
in the ambient air by halogenated hydrogen
formed from perhalogenated oxidizer.

Prohibit to utilize metal fuels as propellant
ingredients.

Improve the oxygen balance of the propellant

Decrease the concentration of the metal con-
taining combustion catalyzer

Substitute the halogenfree oxidizers, such as
nitrates and nitramines, for halogenated oxidizer.

AHEER WUF DB L&) 234 ¥— & LTH
#riX AN ofiE v AR ATHS HMX L8
AL B LTHEMTCE 5\ b5 CMDB #3EM
PU-AN %Dz v#Hy » MEREL D 3 S AT
RETS,

coB&irz o CMDB TtsEo LR i 3¢
Licfi, REEDCHEEHELTy, ChEFFL
Tt e REHEAE R O RERIBONERR L MR LT
BERMiboTdd,

2. HMEE
BEHRCHERA LAY 7o 75 A0 BEIL Fig.2 iz
7R~F 4+~ FCRT, #HE#ERL=rr A r ~ R
(UF NC &3), =+e=2) )y LTBHOR
&# (BT NG-sol Li2¥), #XURIEM AN, ¥
iz HMX o=Z@go0ah6ififlihs s l, Th
BRTHA L T3HARSATROARDOTRTOMARK LA

PROPELLANT FORHMULATION
COMBUSTION PRESSURE

EQUILIBLIUH CONSTANT

HEAT OF FORMATION oy
JANAF Thermo- PRESSURE
Chemical Table. BALANCE

ADIABATIC FLAME TERPERATURE F_—I
EQUILIBRIUN COMPOSITION

{ -
OXYGER | | CO¥3USTION | I SPECIFIC l
BALANCE TEMPERATURE 1MPULS CONCENTRATTON

COXPUTED FORMULATIONS : 1. NC(12.63N)— HG~sol(20£5$Ta }—HMX
2. NC(12.6%N)~1G-s01 (2052 Ta ) — AN
3. KC(12.28N)—NG-s01( 20% Ta)—AN
4. KC(12,2%K)—NG-s03( 20% DEP)—AN

Fig. 2 Flow chart of performance calculation

Table 2 Heats of formation used in the

calculation

Substance 4H ;(kcal/mole) Reference
AN —87.27 6,7
DEP —196 6,8
HMX 17.92 6
NC(2.2%N) —157 6,8
NC(12.6%N) —160.2 6
NG —90.75 6
TA —291 6
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Fig. 4 AN-CMDB smokeless propellants; NC: 12.6%N, Combustion pressure: 70ATM.,
Triacetine contents in NG-sol: as indicated.
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Fig. 5 The cffect of combustion pressure on the performances of the smokeless CMDB
propellants; NC: 12.6 %, Triacetine contents in NG-sol: 20%, Combustion
pressure: as indicated. Smoke slightly decrease as pressure increase.

— 8 — IRARGR0



TENRE LTRSS 2 2aiex, kithEHD
ARETD EFHLTEI 2oV,

BBRENO LR & ichFn TR B 55080T
%, MPOBERBKREEO LR L MBI THIAR,
RBEOey v b CURRENDO LRI, A A~}
BOH/PML > ThIRDDOTRP L LTRIEEIHE
Fosfim, LRI AORBLESTBIMOER LY,
RENPFHIGESS D Ce o BRI B s ko
Bpoififsc s,

3.4 NC o@#f, NGsol o[@FfIHWIZ X 58
EADEY FIRS 2 iz NC oSRiT 12.6%
b 12.2% iir o eihs, WiewPie Ta 160
=FA78v—1t+ (LIF DEP :323) i 8W L
BEOHTIEERE Fig.6 2R3,

AhoBE SBEIET T2, NC ofiRIELE
FFoLafEA7 v A LERADHNILEEELRDS
DCEREDETRICHSTHEEOET LS,

Ta % DEP iZET5 2 L2 &AW
ISR URBAT Vv AOETR A L boiiEy
{EIEIBET O TRAIBFAOBIRIIERB L VRH T
VAR RN CRIAHLENRD S,

4. REHERICKIBOURE

COTERT LT, #4tr, FIUHRA

5=/ 0x-B ()
L JhGsol: 152 Ta

TR 3 o BN LB TEE(LHEMEELRAME L, HEEH
DI N L,

#nEome kAR TTiibh T v 5 HASS
PUZ AT - R EROGRECRE T 5 4
OB LN, AR, BiHCHWCFRE
B0 T, Wikic & 5 BT R 5 Xk EI He-
Ne v—+~ (%3t 63287 1)) 1.5mw, RA B R
5 B Lz,

Fig.7 it oW Db 0RO & B
DRIHY R ALK Lz, ZOFITIRAKIKITOWTIZ
HRAOMBIL L TR TWIRWD, SKFRCSROE
AL LSNBHNIREG 90% ME L, ERBRHED
ONEFHE 27% CERXBHMTRoh 3 K E R EHIL
HMmk & nERRTOHMC s d0oTh s, B
BLTHIZARAFL AR, BITBVALY272-D
BEro o HRERRMNMT S, CoFeRTLHRE
B M LCEE L Y » FEEET AR
BMKE, VALY 22—t oW LHEEELRSOR
BARRIhART RS e,

Table3 2 KT Uit & PElRO—FETDH
B, FRIC X DB RE AR T v Ak
LTkY, il A~C & D, g1 E L F

OISR OB L AR T v AR 20HERIE

T

LA onen(3)
W07 hss01:25% Ta

AN

c (°K)
1Gsol:20% Ta

Te(°k
KGsol :(25:2 Ta

= 1
glmﬂﬁﬁﬁ

AN
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Fig. 7 Smoke measurement test; Instrumentation lay-out (top) and typical reciever
: output (extinction rate) with thrust trace (bottom). Io, I; Incident and trans-
mitted light intensities, respectively.

Table 3 Smoke measurement test data

Propellant A B c D E F
NC 12.6%N 12.6%N 12.2%N 12.2%N —_— —_
NG-sol/DB 49% 52% 51% 50% 17%(PU) 16%(PU)
DEP/NG-sol 21% DEP 22% DEP 15% DEP 20% Ta 17%(N-Gu?)
Oxidizer 7% HMX 14% HMX 10% HMX 26% AN  76% AN 59% AN
Catalyst 6% 6% 3% 2% 7% 8%
Ox-Balance —36 —-35 =31 -20 -25 -35
e — “am——
Smoke(caled.)  2ppm 2ppm lppm 1ppm Sppm _— —_—
L—1/1a(%) 32 25 43 27 6 7 85
P(kg/em) 40 100 35 70 100/60° 33 90
F (kg) 18 80 16 121 271/148 17 15
”'7 éo;n;;)sitc propellant. 2 Nitroguanidine. 3 Designed for dual thrust.
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Performance evaluation on smokeless CMDB propellant

by Nobuo Tsujikado* and Nobuo Fukazawa*

The elimination of the smoke exhausted from the rocket motors is usually desired.
doublebase propellants with Halogen-free oxidizer such as ammonium nitrate and
HMX so called CMDB propellant, were most suitable for realizing the smokeless
propellants. Performances were widely calculated in connection with the propellant

formulation and combustion pressure. Smoke measurement tests were also conducted
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with the laser illuminator and reciever on several tentative smokeless propellants. The
results of the tentative tests and the theoretical calculations were compared and dis-
cussed. It was found that ammonium nitrate- and HMX-CMDB propellants were pro-
mising for high performance smokeless propellant. A critical value on the propellant
oxygen balance for taking in “smokeless” was also obtained.

(*The Third Research Center, Technical R & D Institute, Japan Defense Agency 1-

2-10 Sakaecho, Tachikawa, Tokyo 190)
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