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Theoretical Performance of Hydrazine-Chlorine Trifluoride
Hypergolic Propellant System

By
Akira Iwama, Kiroku YAMAZAKI
and Ken KIKUCHI

Abstract: The results of calculation for the theoretical performance and various
thermodynamic data of hydrazine-chlorine trifluoride hypergolic propellant system have
been described. The calculation was performed with the parametron computer, PC-1
at the Faculty of Science, University of Tokyo.

The results obtained were summarized as follows;

(1) The theoretical performances of N:Hz~CIF: propellant system were obtained,
and the maximum theoretical specific impulse was 247.6sec. at mixture ratio
of 1.9 (Pc=20atm.).

(2) A diagram for determination of the combustion temperature was obtained and it
could be applicable even in the case of taking account of heat loss.

(3) The chart concerned to specific volume, heat capacity, ratio of specific heat
and mean molecular weight of combustion products at various tempeatures and

mixture ratios was presented.
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1. #

b ET Y V-7 o EERHEFI ORI OV TRESNICEEEH D25, (REL
RSN ELE L CHAEAMEO LKA HEL T 2B LES, BIZINDORERS
N BUEE K & DRE T 5 e S, PSR ERRE Th ¥ HEER ORI A <
NoH, ERECory b - v Yy RBRHTHCLEREBEE L XTI TR, £2T
EREZur g b LYYV RRHT AL ERERERHET A2 I LB, T B,
DX HEREOLO TEMRRATHERED HVERROMEFCLPHEEEATY S
L BEFHEBCL DI & Lic. A LACHKERED T 2 o Y ETFHREPC1L O
FELEREI B 0.3 ms, FH 3.4ms, BE 12.1ms, IEAE S12 FTa&MOmSE
BT IC SR D E 4D D 8 AT XD TR A O L DA A L 7

il

2. BTEHE
Tt 4 AR O HEE L L TR O REFEC L 28D 2 SR OTIXDOET S
FUORMFBEROBROEMRED DN E L bNDEA, IR HEIRERL, &
ELABUCRE L 1] #5320 L UREMERD S Z L 200 TREEOHRTEO S
WCHEBORIMEL TR H 2K 7.
2.1 & %z
HEIZHIc - TERD X 5 IIRFE L 1.
(1) HEMRH ATHEETETHD.
(2) FERBIUAERRMCERXLRCOWTHRRFUAMILYT 5.
(3) (¥FRISEFERBIEL TWD.
(4) RIS RICH L TEER X T 5.
(5) 7 AN TRIGIERSE L T 5.
(6) #pesn
HEEE  298.16°K
BRIEE T 20 atm.
(7)) AROEAZLIRET , ZVHE DK T BBEES ADBET I E—FT 5.
2. 2 {L2FEXLHEREX
N.HCIF; &bty 2 szt HE, HClL, Ny, N, Cly, Cl, Fo, F, He, H 2343 2% &
Z25N05. EFCZIOMIILBEADOH ANETETHAINHMET DH 2 O THEELK

V.
BERFAADOROBEREAE L.
(Ho) = (H)+2(Hz) + (HC) +(HF) (1)
(Fo)=(F)+2(Fy)+(HF) (2)
(Clp) =(CD)+2(Cly) + (HCD) (3)
(No) =(N)+2(Nz) (4)
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SH,==H (H)/(Hy) =a*K, (5)
%Fz = F (F)/(Foi=atK, (6)
%az —ql (CD)/(CL) =K, (7)
TNo = N (N)/ (Nt =aiK, (8)
HF == —21—H2+%F2 (Hob (FQY/(HR) =K: (9)
HCl == S HA2Cl (Ho)k(Cloi/(HCD =K, (10)

2. 3 HERELURKE
FRAEDT, FTOELEERETHERDLTLDLL, o=H)YHF) Lisx,
TNCOEBE Z OB TR, ROFRARLD.

(Fp)=Ks?/a? 1y
(F) =a*K,Ks/x (12)
(Ng) — 4(N0> +aK42gK4 {8a(N0)}% <13)
(N) =a*K,(Np)# (14)
(HF) = (Fo) —2(F) — (F) (15)
(Hp) =2*(HF)? (16)
() =a*K 2 (HF) an
“““*:%igfﬂaK¥K¥+2a%(HQHQK¢+aL>+8Kf«noﬁ
—[@KsKe+ (H;)i]} (18)
(CD =atK;Ks(HCl)/(Hy)t (19)
(Cly) = (HCI)®Kg?/(H;)* (20)

X AD LT 20) 2 (D~ ZART,
fila, ©)=(Ho) = (Fo) = (Cl) —2(Hz) +2(Clp) +-2(F>) — () +(CD+(F)=0 (21
HERCT ZWEEARRRRE SRR Lopt 3 & 3,

f2(a, x):a~< 97?1 5 )(22.414)(1/&)2 m=0 (22)
@D, (22) FLU (H)YHF) %R T2 a 310 2 A A/EREZ, LD
EREMo T LA ER NS, 5L,
2im=H)+(F)+(CD+N)+(Hy) +(F)+(ClL)+(N)+(HCD+(HF)  (23)
ZIZTR CDB LT (22) OFTHBER L BB Z EIEFCENTHHIND,
Fla, ©)=f1]+1f2] (24)
F(a,z)<e (25)
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Fig. 1 Diagram for Determination of Combustion

Temperature.
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T
X e—dF3/RT (26)
JAYAR R
nAr+ng Ao+ ngAs+ - - =myBy
+mgBe+msBs+ -+ €0
755 BB T
K= (B (By)me-(By)™s: - -
(ApDr-(Ag)ra-(Ag)mse -
(28)
THzbh, ZZT
Kp:e‘ 4F5/RT (29)
THdNb
_ /1.2181\mitmatmyer e —ni—ng—nge -
AZQ T )
XK, (30)

THz b5,
T TCRBNIE T A & T
> m(Hype— Hags.16) =>\m(—A4H7y)
—Q;ﬁ(—dkﬁ)+Q] (3D

278 % 80N 28K T #3KD 5.
it DIm(Hre—Hags16) & 2 )m
(—AH‘?')—[§71(~AH})+Q] X

AU E RO TRBERE T 23k
. ZORFERLLLDOAKL TH
L. BHABGTLVRDONICH X
% VHETTE, hE, HEKEX2
~ 53T

I Q WET S AUEEO SN
HAERE 25°C LOVEVDTET w4k
HHEDOHERBE T ADEFRL 5.
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PRTEIIF R (1o, p) \ZTHRIZIRY, 7 AN MR 25°C 120D % TCOLME i
ET2LERHY, —fUHERIIRD L 312N,

298.16
Q:HXST CpdT+nyx-(4Hy) (32)
JRET AR BEATRE SNAULHHEN Ly B —BUTEBRBOBEALRA I LY kR
5.
24RT, | P.\«—1/«
Lp=4/ 282 1y (Ze .
’ \/g(fc—l)M [1 (7:) J (33)

BADREHIINT DS, MUty RBE, FHSFE, 7 RAREFICOVWTHELT

0 .
STV = =
' /[ 1/

/// 20.00—] \\: = \

I~

~3

[
T
/.
\\
\\
™~
/!)24 ™~

N N \\ \\A”-/R‘

R

M

2
1@7{

N NS
R
/
b
1/
/)
V
/)

\\‘\\\ g,

5 ~N
A3

~

N
~
22.00 P~
\\
N
~N

21.00

20.00 P~ S o

~

\g

18.00 |- ~

™~
\\
NN \\ ™~ \\
Mean Malecular Weight (97/mole), M

18.00 ™ AN

X
/
4
/%@
/l

v/
’ / 1700 =P AN
v/ 4 B
,
Vi / 16.00 b
// o
/ 3
! [
,000 3500 4000 1500555 3500 4,000
Combustion Temperature (°K) Combustion Temperature (°K)
Fig. 2 Specific Volume vs. Combustion Fig. 3 Mean Molecular Weight vs. Combustion
Temperature and Mixture Ratio Temperature and Mixture Ratio

This document is provided by JAXA.



184 BT A% L 4E W 7R T B ' 3H W3 E

=== _ :
MR, 100\ 1 8.700
MR 12—\
MR. 14 W
MR. 1.8 T—\\
MR 18—} | | 8.600
M.R. 20 \
N\
8700 =t 3
— 8500 -2'
3 ~ \\\\ MR 20 <
) R.2. .
o N NN . MR, 1.8 41— o
o 0800 SO MR 5400 S
s T~ NI MR. L4 1% &
< NN MR, 1.2 1/l -
S NI MR 10 ®
~ NN il R
¥ 8300 ANIANAN ]/ PR
2 —1 A \\\\ mi E
E I NN L\ N E
K LN \\\ NN <
= 0 N \N W z
'S MR. 22— ;\\ ) o
g MR. 24 ISR LY.\ { ©
o MR. 26 SR +
S 8300 M.R.28 - > A&\ \ 2
@ O MR.30 . ]
* MR 32 EVAN 8.100
AR
8.200 T
o\ 8.000
ANAN\Y
A\
8.100 \\Q\‘
\
) i B \
3,000 3,500 4,000

Combustion Temperature CK)

Fig. 4 Heat Capacity vs. Combustion Temperature and Mixture Ratio
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M Ratio of Specific Heat, #  Specific Impulse (sec), Isp.

Mean Molecuiar Weight (§7/mole)

Specific Volume (1/kg), a
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131 13%d 3,600 ) L= R/G, )
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" ¥, TP v-=7 o EEZ

AAHTCIBRRD D > B ETORE A THENVHETED LR - T D, &
&z, BEHE 1.8 T 100 kcal/kg DEIEL A H AEE LN 1 L 0 i E T,=3, 32
‘K, I3 L0 FE5TE M=21.29, {5 kv kit «=1.297 LskHbh, HAEIR
(33) #HWT Lp=242.1 BH&kdDSHNB.

4. @ B

a @ HEEH kg BVICHET B AR [1/kg]
Cp : FEIEHE [cal/mole’K]
AF° . HHTFAX [keal/mole]
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M

(1]
L2]

(3]

H :
AHy
AH,

N R B

EIDIERE [m/sec?]

I 7L [keal/mole]

H B [keal/mole]
Z5H, [keal/mole]
HHES [sec]
T
AP
ERF 5 TR [gr/mole]
AR E L

RIGHRE L

MABEZE RS [atm]

77 AEH [1-atm/mole°K]
BE [°K]

eE b

e FRIC X ZEnZhiees, / Lo, Bk X OBrsr =7.

5 X ik

aHEOW, SRS, FE A HEROERMETED T uT T v ID —Fike F0
AEBl H~F % Tk 63 [11], 1886~1890 (1960).
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