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Table 1 Comparison for physical properties of kerosene ,CH, .C,H, .C,H, and acetylene-ammonia

parameters kerosene CH, C,Hg CyHyg acetylene-ammonia
formula CiaHyyzs CH, CyHg C3Hg Co.4778 H2.7611 No. 7611
molar mass 168.94 16.043 30.07 44 19.16

liquid density/g-cm'3) 0.830 ~0.836(20 °C)0.42(-164 °C) 0.55(-88 C) 0.58(-44.5 °C) 0.68(-45 C)
boiling point/°C 188 ~270 -161.6 -88.63 -42.1 =33

freezing point/°C <-60 -182.5 -183.03 -187.6 -79

viscosity/mPa - s 1.6(2°C) 0.123(-162 °C) 0.00915(20 °C) 0.211 (boling point) 0.1378(20 °C)

saturated vapor pressure/KPa

critical temperature/°C 389 -83
critical pressure/MPa 2.17 4.6
Specific heat/) - kg™ - K™' 1980 3480
coking temperature/°C 287 676.8
flash point/°C 43 -188

processing properties normal temperature low temperature

26.664(-175.55 °C)

101.325(-88.6 C) 53.32(-55.6 C) 1722.5(25.0 °C)

32.3 96.8 111.06
4.82 4.25 11.16

3645.3
=135 -104

low temperature low temperature low temperature
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Fig. 1  Characteristic velocity for acetylene-ammonia propel-

lant with different content of acetylene
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Fig. 2 Specific impulse for acetylene-ammonia propellant

with different content of acetylene
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Fig. 3 Adiabatic combustion temperature for acetylene-

ammonia propellant with different content of acetylene
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Fig.4 Adiabatic combustion temperature of different propel-
lant at different excess-oxidizer coeffient( )

1920
1890 ‘
1860 ‘
1830 -

1800 [

| —m— LOx/acetylene-ammonia
" —e— LOx/rocket kerosene

[ —a— LOx/RP-1 —&— LOx/CHs
1740 - —— LOx/CHs —»— LOx/CaHs

characteristic velocity / m- s!

1770

0.70 0.75 0.80 0.85 0.90 0.95 1.00
excess-oxidizer coefficient

Bl 5 RTRIA SR BT A k50 4 45 R A 8
Fig.5 Characteristic velocity of different propellant at different o

L I AR Sy e A 2 7)1 B 1Y T S S8, TR AU B4
TEFRCHE R /N S 1 HE 7 R R B 1Y e RN
SHHL A A A 56 5 7 B, ELOR (R e TR e R B A4
SOP R R LI DL IR R . 6 4t T A
FHEHE T 2H A5 A0 T8 I 25 A B L vh BE o 1 A8 Al 2
RS RS A O A R H,O . CO, |, 7E & I IR BT
(IRARSAEFRET) ,H,0.CO, 4o i H, .CO i
O, .1 O, X 5#EH N, TE#RIH H, .CO BEE R A
FECIHT R B 3 BUR Se g R G BEAIR, S B vh e
BERJE W BT L R B AE R AR «=0.85 £ 4
W, e B . Ay T H/C R T HE R
BEH/C A /Ny 55 H, (CO By &3 i, i
INGF TR YR A BERCR . LO/ SRR
HHEHGMLL, T HARGE ™ W) BA BAR A - 70 1
i (22.456) ol o LO,/HHBe i #R B 7 W) o B
A BARR P07 75 (23.563) , LR Z o

# 20 a=0.85Wf,LO /L P E S H B HfE k5 41
G IS FLAS L p SIS R AR B B R A AR 2
AE AR LA 00 B 2 e of R HE G R AE
BEHER R LO /L E >LO, /CH,>LO,/C,H,>LO,/
& He A

2014 % #2224 %24 (161-164)



164

AR, PULRE, KRS, TS, MR, R, A%

C,H,>LO, / kil >LO,/RP-1, LO,/Z ¥ & H it
Has bl 372.6323s, FL RIS A FH Y LO /K i
M (BRI L AS Hnf ol 358.7041) 15 14 5,2 3.88%
2 B A 1 7R B AR A 0 o R S o

375

370 -
365 -

360 -

e /A— i >
355 | / .
350 L —m— LOy/acetylene-ammonia  —v— LOx/CH4 °
—e— LOx/rocket kerosene —<— LOx/CoHs
—»— LOx/CHg

—a— LOx/RP-1
345 L :

0.70 0.75 0.80 0.85 0.90 0.95 1.00
excess-oxidizer coefficient

6 [ SRR BT A5 A R A 1 L b
Fig.6 Specific impulse of different propellant at different «
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Table 2 Calculated performance for different propellant at a=0.85

propellant mixing ratio I;/s C*/m-s™
LOy/acetylene-ammonia  1.6581 372.6323  1892.964
LOy/rocket kerosene 2.9278 358.7041  1798.661
LO,/RP-1 2.8766 356.7953 1787.888
LO,/CH, 3.4000 368.2269 1861.784
LO,/C,H, 3.1731 367.7455 1849.319
LO,/CyH, 3.0906 364.0421 1829.109

Note: I, is vacuum specific impulse; C* is characteristic velocity.
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Calculation of Thermodynamic Properties for a New Propellant Acetylene-ammonia

HAN Wei, SHAN Shi-qun, DU Zong-gang, YU Xin-li YAN Ke, WU Jin, FU Quan-jun

(Xi'an Aerospace Propulsion Test Technique Institute, Xi'an 710100, China)

Abstract: By the minimum free energy method, the thermodynamic properties of the acetylene-ammonia propellant with different
content of acetylene, and six propellants of liquid oxigen(LO,) with acetylene-ammonia, rocket kerosene, CH,, etc were calcu-
lated and analyzed. Results indicate that the acetylene-ammonia propellant with acetylene content of 25% is best in aspect of the
specific impulse and security. When the ratio of the chamber pressure to nozzle exit pressure is 180 : 1, and ratio of the nozzle
exit area to nozzle throat area is 35 : 1,the theoretical equilibrium specific impulse of LO,/acetylene-ammonia is 372.63 s, which
is higher than that of LO/rocket kerosene.
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