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Table 1  Effects of RDX content on energy of CMDB propellants

content/% property parameters
No- rox OB r o Te
/g« cm /N -5 kg™ /K #

R-1 0 0.671 1.673 2366.6 2782.4 25.79
R-2 10 0.670 1.691 2397.0 2840.8 25.67
R-3 20 0.669 1.709 2427.2 2897.7 25.55
R-4 30 0.668 1.727 2457.1 2953.1 25.43
R-5 40 0.667 1.744 2486.7 3006.8 25.31
R-6 50 0.665 1.762 2516.0 3059.0 25.18
R-7 60 0.664 1.779 2545.1 3109.6 25.05

Note: OB is oxygen balance, I, , T., M, is theoretical specific impulse,
combustion temperature, and burned gas average molecular

mass.
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Fig.1 Effects of oxidants contents on the specific impulse and

combustion temperature of CMDB propellants

i1 1 AT, B CL-20 1 RDX ¥ im &2 i3 i, CL-20
1 RDX £ e Bt U HE 4 790 998 b Ui B2 R 39 L o ) A4
AR 10.39 5.45 F14.11.2.97 18] CL-20 42 =6k
PR TR
3.2 CL-20 #{4rEXUAX RDX 3t CMDB ##Fl gt =M

EA:0p=A

JBESE CL-20/RDX it XKL HE F 70 g o, % CL-20
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3 3 CL-20/RDX 4 A X vle P WU HE 15 5] i 12 1Y) 52 il

T2 CL-20 & 5728 Ak xot oo Pk X3 4 0 57 BE 12 10 52 i) Table 3  Effects of CL-20/RDX contents on energy of CMDB
Table 2 Effects of CL-20 content on energy of CMDB propellants propellants
content/% property parameters content/% property parameters
No. I T, No. I T
RDX oB O\, v <M, RDX CL20 OB - P ‘ )
/g - cm /N -s- kg~ /K /g - cm /N s - kg /K
C-1 0 0.671 1.674 2366.6 2782.4 25.79 A-1 50 0 0.665 1.762 2516.0 3059.0 25.18
C-2 10 0.679 1.707 2410.8 2905.6 26.07 A-2 45 5 0.669 1.770 2522.5 3088.3 25.36
C-3 20 0.687 1.740 2454.1 3023.2 26.34 A-3 40 10 0.675 1.778 2528.8 3117.3  25.55
C-4 30 0.696 1.775 2496.0 3133.2 26.60 A-4 30 20 0.685 1.794 2541.0 3173.6 25.92
C-5 40 0.706 1.808 2536.1 3234.5 26.83 A5 20 30 0.695 1.810 2552.7 3227.6 26.29
C-6 50 0.717 1.842 2575.3 3323.9 27.04 A6 10 40 0.706 1.826 2564.2 3277.6 26.66
C-7 60 0.729 1.876 2612.9 3402.7 27.22 A7 0 50 0.717 1.842 2569.9 3301.2 26.85
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Table 4  Effects of Al content on energy of CMDB propellants

with CL-20
content/% property parameters
NO- clao Al OB P, ko » e M,
/g - cm /N «s - kg /K

B-1 45 3 0.688 1.857 2610.7 3422.6 27.28
B-2 45 5 0.669  1.874 2641.3 3508.5 27.47
B-3 45 7 0.651 1.899 2670.9 3595.8 27.66
B-4 45 9 0.632  1.921 2700.1 3683.4 27.84
B-5 45 11 0.613  1.943 2728.9 3769.0 28.03
B-6 45 13 0.595  1.964 2757.1 3848.0 28.23
B-7 45 15 0.577 1.986 2782.3 3913.4 28.42
B-8 45 17 0.558 2.007 2806.2 3946.4 28.62
B-9 45 20 0.530 2.039 2804.8 3910.3 28.88
B-10 45 23 0.504 2.086 2705.9 3798.7 29.25
B-11 45 25 0.486  2.090 2628.7 3664.7 29.40
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Effects of CL-20/RDX/AIl content on energy of CMDB propellants

No content/% property parameters
) Al RDX CL-20 OB p/g - cm > I, /N« s kg™ T./K M,
M-1 5 45 0 0.626 1.822 2597.2 3277.9 25.77
M-2 5 35 10 0.636 1.822 2607.5 3333.7 26.14
M-3 5 25 20 0.645 1.838 2617.7 3386.8 26.52
M-4 5 15 30 0.655 1.854 2627.4 3437.6 26.90
M-5 5 5 40 0.664 1.870 2636.9 3485.5 27.28
M-6 5 0 45 0.669 1.878 2641.3 3508.5 27.47
CHINESE JOURNAL OF ENERGETIC MATERIALS N K 2012 % % 20% %1% (67-70)



70

BB, BILT, REEF, WK

PR 8 CL-20 45 55 ey 19 807 5 22 40, B CL-20 5 1119
bl | IR NP SO S TR i el ) NI S ST B R N
AL 9 78 70 KA BE AN RE R I BB, I HL AL i) 38 Jon Hf
E 7R PR SR8 AL, A7 R T SOAH S0 A i) A9 i S 5 AR
(ELARBEI0, AT 3 0 A 22 I BE . 7E AL B LA & CL-20
AR A T, A % 1) B ik I B 19 2 1 o

T

(1) 5 RDX #f Lk, CL-20 A K1 & #& s CMDB
e E ) (0 5% BE | L vl DA R BB R R

(2) A ALKy R] R g B 8 7 CL-20 e XAk
HESE AR R BB &L, (E AR B AL S 8RR &,
P A BB T 0,53, &) Al TEiE s 2R, 5%
M) {4 % e o 19 B o

(3) TEfi Al HEHE I 7 (Al & 58 5% ) 1,
CL-20%% 48 RDX J&, AT 4 K 4wy #f 35 500 (9 te o, 24
CL-20%8 it 45% I}, bl i 2641.3 N+ s - kg ™'
(269 s) , %ML 7 8 1 e 46 T 2009 Rl S5 B i AR HE E
FIFA

SE Xk
(V] Bk, Xt e. maeit ® G IM]. duat. E=p7 Tk i
#1,2005.

OU Yu-xiang, LIU Jin-quan. High Energy Density Compound
[M]. Beijing: National Defence Industry Press,2005.

[2] Ra, X =« Wb r, 4. & CL-20 (9 NEPE [ {3 #F 7] i1 ¥

Rel)]. KIEZ2EH,2006,29(4) : 44 -46.

SONG Hui-bing, LIU Yun-fei, YAO Wei-shang, et al. Properties

of NEPE solid propellant containing hexanitrohexaazaisowurtzi-

tane[ J]. Chinese Journal Of Explosives & Propellants,2006,29

(4): 44 -46.

B, XGRS L 2% 130, 4. SRk R R A AR CL-20 7E [ &

HEHEF AR AL ] S ,2002,21 (2) ;57 - 60.

CHEN Pei, ZHAO Feng-qi, LI Shang-wen,et al. Abroad on the

high energy density material CL-20 in the study of solid propel-

lant[J]. Winged Missiles Journal ,2002,21(2): 57 -60.

Lobbecke S,Bohn M A, Pfeil A et al. Thermal behavior an stabil-

ity of HNIW ( CL-20) [ C] // Proceedings of 29th International

Conference of ICT,Karlsruhe,1998.

[5] Parr R G,Yang W. Density-functional theory of atoms and mole-
cules. Oxford Univ Press. 1989.

[6] Patil D G,Brill,T B. Thermal decomposition of energetic materi-

[3

[

[4

[

als 59. Characterization of residue of Hexanitro2 hexazai
sowurtzitane. Combustion and Flame,1993(92) . 45 —48.

TR EER, &, 5. & CL-20 1y NEPE & 7K F 50 g & 45
PERARFFAEAE S R[], & RERF KL, 2001,9(4) : 145 ~149.
WANG Shen, TAN Hui-min,JIN Shao-Hua,et al. Energetic char-
acteristics of NEPE low signature propellant containing hexanitro-

[7

[

hexaazaisowurtzitane(CL-20) [ J]. Chinese Journal of Energetic
Materials( Hanneng Cailiao) ,2001,9(4) : 145 —149.

[8] foakm, R u il TG, 45. CL-20 I &5 R A 49 A0 135 5 ¥ 0 700 14 B
WIERL)]. Ab2E 4 R30S % 4 7418, 2009,7 (6) : 48 -50.
DAl Zhi-gao,WU Jing-han ,XIANG Li,et al. Preliminary study of
properties of high energy and low signature CL-20 based solid
propellants [ J ]. Chemical Propellants & Polymeric Materials,
2009,7(6) : 48 —50.

Calculation and Analysis on Energy Characteristics of Composite Modified Double-based Propellant Containing CL-20

JIN Xi, WANG lJiang-ning, SONG Xiu-duo, XIE Bo
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract. With the help of REAL software,the energy characteristics of composite modified double-based propellant containing different
ratio of CL-20,RDX and Al were calculated using least free energy method. The effect of hexanitrohexaazaisowurtzitane (CL-20),RDX
and Al content changing on the energetic characteristics of the propellant was studied. The results show that with increasing the CL-20
content,the theoretical specific impulse, combustion temperature, oxygen balance and average molecular weight of combustion gas
increase significantly. With adding more aluminum the energetic parameters of the propellant increase,but Al content should be suitable
to ensure the coefficient of oxygen balance higher than 0.53 ,otherwise energy parameters of the propellant will be reduced.

Key words: physical chemistry; hexanitrohexaazaisowurtzitane(CL-20) ; composite modified double-based( CMDB) propellant; energy
characteristic; specific impulse
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