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Table 1 Contribution of HMX and CL-20 to the energetic level of the binder system
No. AP/ % CL-20/% HMX/% Al/% I,/N-s- kg™ [/kg-m™? s T/K ¢*/m-s™! OB
6001 9 57.72 6 2548.2 498.1 3192 1588 0.569
6002 9 57.72 6 2596.2 528.5 3493 1607 0.621
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Table 2 Effect of AP content on the energetic characteristics

of the formula system

No. 6002 603 604 605 606 6061 608 609
X A o3 3 i/ %

AP 9 8 6 5 4 2 1 0.1

CL-20  57.7 58.7 60.7 61.7 62.7 64.7 65.7 66.7

Al 6 6 6 6 6 6 6 6
AE I 45 1E S 5

I/N-s-kg™ 2596 2597 2598 2599 2599 2600 2601 2603
I/kg-m™ +s7'528.5 528.9 529.7 530 530.4 531.1 531.4 532.5
T./K 3493 3493 3494 3494 3494 3494 3494 3494
OB 0.621 0.617 0.608 0.603 0.599 0.59 0.586 0.582
C*/m-s™' 1607 1608 1609 1611 1612 1614 1615 1616
WA e 2 B gt 1K S 3443 7 &k (MUGC \MUGCE) /g + mol ™'

MUGC  23.98 23.9323.84 23.7923.7423.65 23.6 23.54

MUGCE  24.5924.5324.4224.36 24.3 24.1824.13 24.05
FERBE = & B/ kg - mol

Al,O,  1.1061.1061.107 1.107 1.107 1.108 1.109 1.109

CO 12.3812.5612.93 13.11 13.3 13.67 13.8514.03
CO, 2.199 2.15 2.05 2.01 1.96 1.86 1.81 1.77
HCl 0.667 0.593 0.445 0.371 0.297 0.143 0.074 0.007
H, 4.31 4.38 4.51 4.59 4.66 4.8 4.87 4.93
H,0 6.217 6.09 5.83 5.7 5.57 5.3 5.17 5.06
N, 9.356 9.45 9.64 9.74 9.84 10.0210.1210.22
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Al/% 8 6 5 3 1 0.1
I,/N-s- kg™ 2535 2505 2489 2453 2416 2398
Ip/kg-m’2 -571497.3 487.3 482.1 471.2 460.1 454.9

T./7K 3108 3017 2971 2878 2783 2739

OB 0.494 0.508 0.515 0.528 0.542 0.548
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Table 3 Effect of Al content on energetic performance of
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propellants containing HMX and CL-20,respectively (AP =10% Jlable 5 Effect of PbCO, content on energetic level of the binder syst

CL-207% 53 >4 N mpts  Oap/a0  cL20/% AV/% PhCO,/% I,/N-s- kg T./K

Al7% i ! 6 soh 2 o ! 66.7 6 1.9 2603 3494

I/N-s-kg'' 2587 2578 2568 2548 2524 2SIl o . o1 2637 3526

I/kg-m” <5278 524.3 520.6 313 504.8) 500.6 ., g Lo 5620 3568

T/K 3482 3446 3411 3338 3266 3229 g X 2636 3583

OB 0.579 0.588 0.597 Q615 0.633, 0.643 g 0.01 2655 3600
HMX/ % 53 54 55 57 59 60
AV% 8 7 6 4 2 1

S PEERN 6% KT, HETHMNL 9% —
0.1% ,FHLE H KR Ay 2 603—2 637 N« s - kg ™',
FCoh sl e AL 34 N - s - kg ™' SR8 S TR B 0
AT 28 K JFAEEERE I AC™ 321 m « s M4R5
PR H] 8% , WL 711712718 19 %5 4 41 X e
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[,/N-s- kg™ 2548 2531 2517 2488 2455 2437
Ip/kg-m’2 +571500.4 495.7 491  481.1 470.7 456.3
r./K 3194 3151 3108 3019 2929 2884

0B 0.536 0.544 0.551 0.565 0.58 0.588
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Table 4 Effect of Al content on energetic performance of

propellants containing HMX and CL-20,respectively (AP =0.1%)

No. 350 351 357 353 355 356 ZAER R IR, T H AR A A, X CL-20/PbCO,

CL-20AHN 62.4, K% 65.4 67.4 69.4 70.3 XL A AR A R R RE R A RZ BB S .l AR

A% LSRN S 5 3 1 0l SR A e A0 P B 9 4 SRR 4, BRI A e
I,/N+s-kg' 2592 2571 2560 2535 2509 2496 .
I/kg-m”+s"531.2 523.5 519.5 SI1.1 502.3 498.2 JEANHE AT

T./K 3475 3400 3363 3287 3211 3177 — UK, NEPE S 58] B AT g i w5 I 15 71

0B 0.54 0.55 0.565 0.582 0.599 0.607 PERE AT W FE A5 0 BT & A K e 4 4, i H 7 45

No. 350+ 351 357x 353% 355 356 B =, BT G S PR PR B SR R AU A

HMX/ % 62.4 64.4 65.4 67.4 69.4 70.3 ﬁutk%g}fjj*gﬁﬂg%ﬁ@ﬁé, 2 i~ NEPE i 9 5 8 5%
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Energetic Characteristics of NEPE Low Signature Propellant
Containing Hexanitrohexaazaisowurtzitane ( CL-20) as Oxidizer

WANG Shen', TAN Hui-min', JIN Shao-hua', LIU Yun-fei', SHENG Si-yuan®
(1. Begjing Institute of Technology, Beijing 100081, China;
2. Seventh Institute of Airforce, Beijing 100085, China)

Abstract; The present work puts forward a new way to improve the energetic level as well as low signa-
ture characteristics of NEPE propellant, by introducing the high energetic ingredients CL-20 to the original
formulas. The effects of different composition on the regulated formula are analyzed with the computer
program based on the minimum free energy principle. The results show that CL-20 is a prominent energetic
oxidizer in the high performance formula design.

Key words: hexanitrohexaazaisowurtzitane ( CL-20); NEPE composite propellant; low signature; specific

impulse
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