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Table 1 Calculation results of D, and LP1846 propellants
by balance constant method
item LP1846 D,
CO, 5.424350 4.487209
CcoO 0.006031 4.233603
H,0 31.00367 32.48278
quantities of propellant gas H, 0.000022 0.000024
/mol -+ kg" N, 2.202242 6.297518
H 0.000000 0.001460
OH 0.000117 0.001042
(0] 0.000007 0.000001
0, 0.024660 0.000002
NO 0.066906 0.066224
n/mol - kg ™! 38.7280 47.56986
M, 25.82111 21.02171
r 1.184635 1.202405
T./K 2327.44 2135.36
I,/N s kg ™! 2157.99 2264.12
C*/m - s 1341.04 1416.00

Note: n,mass of propellant gas; M, ,average molecular mass of propellant
gas; r,specific heat ratio of propellant gas; T ,isochoric adiabatic
flame temperature; I, theoretical frozen specific impulse; C*,

characteristic velocity.
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Table 2 Combustion and energy characteristics of D, propellant
HAN/% dioxane/ % H,0/% I,/N-s-kg™'  C*/m-s"! T./K M, 0,/%
1 54.92 10.08 35.00 1994. 65 1249.56 1734.04 21.86 ~0.0149
2 59.15 10. 85 30.00 2040.33 1276.73 1836.81 22.22 ~0.0044
3 60. 80 11.16 28.04 2057. 30 1286. 83 1876.77 22.37 -0.0018
4 63.30 11.70 25.00 2270.36 1415.17 2275.73 23.56 -0.166
5 67.60 12.40 20.00 2120.25 1342.38 2037. 88 22.98 -0.005
6 71.82 13.18 15.00 2154.82 1345.08 2135.94 23.38 -0.0161
7 59.15 15.85 25.00 2183.01 1365.21 2018.45 21.38 -9.089
8 59.15 20. 85 20.00 2303. 86 1441.11 2167.49 20.59 -8.17
9 59.15 22.85 18.00 2343.53 1466. 32 2212.45 20.30 -21.81
10 64.15 15.85 20.00 2191. 86 1370. 08 2085. 00 21.94 -7.42
11 60. 80 19.20 20.00 2264. 12 1416. 00 2135.36 21.02 -14.625
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Fig. 1  Structural schematic figure of the regenerative closed bomb
1—tail rod of piston, 2—clamped nut, 3—fixed nut,
4—Iliquid room body, 5—dish spring, 6—buffer washer,
7—-elastic washer, 8—O-type sealed ring, 9—sealed ring,
10—Y-type sealed cride, 11—liquid room, 12—piston,
13—sealing washer, 14—combustor,

15—manometric sensor, 16—combustor body
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Fig.2  p-t curves of D, with low and high loading charge density
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Properties of HAN-based Underwater Monopropellants

LI Zhi-liang, MA Zhong-liang, XIAO Zhong-liang, ZHANG Xu-zhu
( Department of Chemical Engineering, North University of China, Taiyuan 030051, China)

Abstract: The composition of burning gases and energetic properties of hydroxylamine nitrate (HAN) based underwater monopro-
pellants were calculated by balance constant method, D, with formula of HAN/dioxane/water =59.15/10.85/30. 00 were burned in
the liquid regenerative closed bomb,and the effects of different charge densities on combustion properties were analyzed qualitative-
ly. The energetic characteristics and surface wake of D, propellant were analyzed and compared to that of LP1846 and OTTO-1I pro-

-1
and

pellant. The results show that the specific impulse and characteristic velocity of D, propellant come up to 2343.53 N - s + kg
1466.32 m - s ' respectively, higher than LP1846's 2157.99 N - s - kg™', 1341.04 m - s ' and OTTO-I's 2038.52 N - s - kg '.
Moreover, the water-soluble gas products of D, propellant come up to 77.7% of the total molar mass of gas products, therefore, the

surface wake of D, propellant is smaller and concealment characteristic is better than that of OTTO- II propellant.

Key words: physical chemistry; propellant; hydroxylamine nitrate (HAN) ; balance constant method; dioxane
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Combustion Energy Determination of Lead Salt of 4-Hydroxy-3,5-dinitropyridine
and its Catalysis for RDX-CMDB Propellant Combustion

ZHAO Feng-qi, GAO Hong-xu, HU Rong-zu, SONG Xiu-duo, GAO Yin, LI Shang-wen
( National Defense Key Laboratory of Combustion, Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The constant-volume combustion energy A U (4HDNPPb, s, 298. 15 K) of lead salt of 4-hydroxy-3, 5-dinitropyridine
(4HDNPPDb) was determined as ( —7385.82 +3.14) J - g' at 298.15 K by a precise rotating bomb calorimeter. The standard
molar enthalpy of combustion A(,Hf,(4HI)NPPb,s,298. 15 K) and standard molar enthalpy of formation A‘Hfl<4HI)NPI’b,s,298. 15K) of
4HDNPPb were calculated to be ( —4499.63 +1.92) kJ + mol " and ( —796.65 +2.32) kJ - mol ™", respectively. Moreover, the
catalysis of composite catalyst system,4HDNPPb/energetic copper salt mixture or 4 HDNPPb/non-energetic copper salt mixture on
the combustion of RDX-CMDB propellant was investigated. The results show that composite catalyst, 2.5% /0.5% -o (4HDNPPb) /
@ (2HDNPCu) mixture or 2.5% /0.5% -w (4HDNPPb ) /w ( ¢-Cu, copper phthalate) mixture,has higher catalytic efficiency in cata-
lyzing RDX-CMDB propellant combustion and enables the pressure exponent of the propellant to be less than 0.3,

Key words: applied chemistry; lead salt of 4-hydroxy-3,5-dinitropyridine ; energetic catalyst; combustion heat; RDX-CMDB pro-

pellant
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