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Table 1 Performance parameters of HADNMNT and some energetic materials

compd. p" /g em™ AH /K - molT @) T2 /K M,> C*/m-s 1,7 /N-s kg LP/N-s-dm™
HADNMNT 1.87 299.40 1.167 3462 27.45 1609.0 2639.8 4936.4

RDX 1.82 61.550"] 0.667 3277 24.27 1645.0 2608.9 4748.2

HMX 1.90 75.02L1%] 0.667 3269 24.28 1642.0 2604.1 4947.8

CL-20%) 2.04 415.5 0.800 3586 27.36 1638.0 2673.3 5453.5

AP 1.95 -290.45 2.666 1433 27.92 990.3 1550.3 3034.2

ADNI?J 1.82 -149.80 2.000 2096 24.80 1282.1 2008.5 3614.3

Note: 1) density; 2) enthalpy of formation; 3) oxygen balance; 4) chamber temperature; 5) ralative average molecular mass of products; 6) characteristic veloci-

ty; 7) specific impulse; 8) density impulse.

R 2 HADNMNT {1 xf HTPB i ik 1 (9 i 1 454 B e 7= 9 1Y

Al

Table 2 Effect of HADNMNT content on energy characteristics and combustion products of HTPB propellant

content/% energy characteristics . _, mole fraction of combustion product /%

HADNMNT AP ? T./K M, ILN-s-kg'  C ™ "Ho co, co o, N, HCl

0 85 1.413 3005 30.10 2331.3 1430 40.53 10.09 0 13.93 10.81 21.00
10 75 1.321 3150 29.95 2407.9 1471 39.35 12.53 0.02 11.27 14.34 18.31
20 65 1.238 3270 29.73 2475.2 1507 38.02 14.90 0.12 8.58 17.89 15.56
30 55 1.162 3372 29.45 2533.7 1538 36.42 16.98 0.51 6.04 21.43 12.86
40 45 1.092 3459 29.14 2584.4 1566 34.60 18.64 1.30 3.87 25.00 10.40
50 35 1.028 3536 28.80 2630.2 1593 32.38 19.36 2.92 2.27 28.45 7.99
60 25 0.968 3606 28.46 2671.1 1619 29.91 19.14 5.36 1.27  31.75 5.66
70 15 0.913 3671 28.10 2708.4 1641 27.35 18.29 8.31 0.67 34.91 3.38
80 5 0.861 3733 27.74 2743.3 1665 24.76  17.04 11.58 0.34 37.93 1.13
85 0 0.837 3764 27.57 2760.0 1676 23.46 16.30 13.28 0.23 39.38 0
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Fig.1 Effect of HADNMNT content on the specific impulse of

HTPB propellant
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Fig.2 Iso-impulse trigonal figure of the HTPB/HADNMNT/
RDX/Al propellant

4 & HADNMNT A9 25 1% W E i it F gk 245

it &
4.1 & HADNMNT HY 214 S E #E i3t 71

T GO PR U A R b, R HADNMNT
A5 B BB K 25 RDX X 4k i 351 B8 & 4 Pk 19 52 il
2B R ARG CMDB i o 0 1 J7 (et 4380 87 ik
(NG, & AR 12.6%)25% , fits Ak H il (NG)33% ,RDX
31% ,DINA 3. 5%, H Al B %] 7. 5%, {5+ NC . NG,
DINA K HAth B 77 19 & 5 A28, #| Ff HADNMNT % 25
B RDX,CMDB #f i Il s it Mg 51 T8 3 .

i 3 nl 1,5 RDX M b, HADNMNT HA& &
L B i RN AT A BB IE 5 HADNMNT 5 i 3
LS R Hh 0,679 34N E 0. 763, {75498 b2 W i 58
a3 BRE R H,O . CO, B & 3 m, N, Az Bt 1
I AR M, /ISR BE 3G i, AR [ B ER b B R, T AR
KA F T 8w 4 3F 7)) Be . Xk, B 7
HADNMNT {1 k& fg 4 43 B A RDX B, Ffi &
HADNMNT & £ 38 i, #2850 59 B8 Lo op FURRAE 28 B2 1
P . HADNMNT 58 2 B Mt RDX J&5 , #E 3 7 (1 1, Fil
C* L3 kM 2522.9 N - s - kg™ I 1576 m - s 4%
R R T 91.3 N -s- kg ' fl42 m-s™',

A e A 2015 % #2344 %94 (865-870)



868

KA, R, R, XK, HBsE, A, T, kB

%= 3 HADNMNT & &t x) CMDB #fE i 1 68 1 P g A9 52 g
Table 3

Effect of HADNMNT content on energy characteristics of CMDB propellant

content/% ® energy characteristics P mole fraction of combustion product /%
HADNMNT  RDX T./K M, I, /N« s~ kg™ H, H,0 co co, N,

0 31 0.679 2969 24.98 2431.6 1534 14.26 21.61 25.87 18.70 19.56
3 28 0.686 3000 25.13 2441.4 1539 13.57 22.12 25.50 18.94 19.87
6 25 0.694 3030 25.27 2451.0 1544 12.88 22.62 25.11 19.19 20.18
9 22 0.702 3058 25.42 2460.5 1549 12.21 23.11 24.70 19.48 20.50
12 19 0.709 3086 25.56 2469.7 1554 11.54 23.59 24.27 19.78 20.83
15 16 0.717 3112 25.70 2478.7 1558 10.89 24.05 23.80 20.11 10.89
18 13 0.726 3137 25.84 2487.6 1562 10.24 24.49 23.32 20.47 21.48
21 10 0.734 3160 25.97 2496.1 1566 9.61 24.93 22.80 20.85 21.82
24 7 0.743 3182 26.11 2504.5 1570 8.99 25.34 22.25 21.26 22.16
27 4 0.751 3203 26.24 2512.5 1573 8.39 25.74 21.68 21.69 22.51
30 1 0.760 3222 26.37 2520.3 1575 7.80 26.12 21.07 22.16 22.86
31 0 0.763 3228 26.42 2522.9 1576 7.60 26.25 20.86 22.32 22.97

4.2 Al & E3F& HADNMNT (1 25 1% W E ¥ i3 7 19
A

o] 2 700 TR A R RE BRI R LR B
F) R 1 AR, B R 0 R0 R T DT R 3 4 e BRI L
S RIE R B, SR RRIR R AR A S
HADNMNT i) CMDB # i 77 i) B8 5 4 P 52 g A At o
K b3 00 Ak #E R B 5 . S AR AR (NC, & A &
12.6%)25% , f§ 1L H i (NG) 33% , HADNMNT
31% ,DINA 3.5% , HiAb B 7.5% . FIFH Al ¥y & &
Bt HADNMNT, 2 22 7 3 A | & & Al B XF %
HADNMNT iy CMDB #f i 5 g & PF 58 /9 5% ), 45
GITFH 4

Fz4 Al FEXT CMDB i 3 71 fig 5 1% e 1% 5%
Table 4

e 4 T OL TR AR AR B A AL 5 X 7 AE 414
HADNMNT f 3 FE o B2 Al Ak 3 3 ) o (1
WA, T, IR WA M, RIS, 1, 1 C7 34
S R N B8 . Al B 20%,
HADNMNT 35§t 1% , 275 HE 31 50 69 52 5 1L uf
2598.5 N - s - kg™, AL 4 8 ALK A RE HE
LRI C BT R M. iR B 1
g AL BB R A BRI B AL A
FR TR B MO RE B s 0% Al o B 2 I, R 5t
I B G IR 6 15 4 10 R O 2R T WL I
AL B B30T B 3ok 2 #0000 80 e AR
A AL O, A 4 AR IS L TR 4 346 390 T2 7 o

Effect of Al content on energy characteristics of CMDB propellant

content/% energy characteristics . _, mole fraction of combustion product /%
HADNMNT Al @ K M, I N-s kg O, H,0O co CO, N, Al, O,
31 0 0.763 3228 26.42 2522.9 1576 7.60 26.25 20.86 22.32 22.97 0
27 4 0.718 3347 27.26 2553.4 1582 9.44 24.02 25.95 16.98 21.57 2.03
23 8 0.675 3467 28.14  2576.2 1586 11.85 21.19 30.64 12.03 20.12 4.12
19 12 0.634 3582 29.06 2590.5 1589 15.08 17.46 34.67 7.71 18.61 6.26
15 16 0.596 3686 30.01 2595.9 1589 19.35 12.56 37.73 4.31 17.05 8.46
11 20 0.559 3758 30.97  2598.5 1585 24.85 6.58 39.91 1.84 15.47 10.73
7 24 0.524 3732 31.81 2580.4 1562 30.41 0.11  41.30 0.02 13.79 12.81
3 28 0.491 3540 32.40  2464.0 1502 30.24 0.01 40.93 0 11.32 11.46
0 31 0.467 3318 32.73 2381.3 1441 29.82 0.01 40.66 0 8.43 10.70
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Computational Investigation of Energy Characteristics of Propellant Containing Hydroxylammonium 2-Dini-
tromethyl-5 -nitrotetrazolate

ZHANG Min, Bl Fu-giang, XU Cheng, LIU Qing, GE Zhong-xue, WANG Bo-zhou, WANG Wei, ZHU Yong
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Under the standard condition (ratio of chamber pressure to exit pressure (p.:p,) is 70/1), the energy parameters of
HTPB and CMDB propellants containing hydroxylammonium 2-dinitromethyl-5-nitrotetrazole ( HADNMNT ) were calculated by
minimum free energy method. The density impulse of the HADNMNT monopropellant is 4936.4 N - s - cm™ , which is higher to
that of the RDX and lower to HMX and CL-20. Replacing AP with HADNMNT in HTPB propellant can increase specific impulse by
428.7 N + s - kg™'. The iso-impulse trigonal figure of the HTPB propellant is drawn out, and the relationship between specific im-
pulse and ingredients was discovered. The impulse of HTPB propellant is up to 2778.9 N + s - kg™, when the mass fractions of
HTPB, HADNMNT, RDX and Al powder are 10%, 60% —62% , 14% -16% and 14% —-15% , respectively. Replacing RDX with
HADNMNT in smokeless CMDB propellant, the specific impulse increases to 2522.9 N - s - kg™'. Moreover, the specific impulse
of CMDB propellant can be remarkably improved through adjusting the mass fractions of HADNMNT and Al powder. The impulse
of CMDB propellant reaches 2598.5 N - s - kg™, when the mass fractions of NC, NG, HADNMNT, Al, DINA and Al powder
are 25% , 33% , 1%, 20% , 3.5% and 7.5% , respectively.

Key words: hydroxylammonium 2-dinitromethyl-5-nitrotetrazolate (HADNMNT) ; oxidizer; high energy propellant; energy char-
acteristics
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