JE 3 %0 29 K B by /RDX R & 0 3R O 5 SR B 5 1 1) 52 g 297

NEHS: 1006-9941(2018)04-0297-07
[E Xk 5a 8 /RDX B & 40 58 s AR IR i 1 B =2 Tl

AT, B, TRET, RAZT, Hokk', BRRT, ARE

(1. i K TR, W fui 310027; 2. FEMRFAHLER, kT %L 710025)

O OE: R AMBERS (RDX) SR [ A 0] 45080 0 20 4 R S0 R 2 RE AL R o AU b R RO R A KSR G 3T T AR K )
(0.1,0.4,0.7,1.0,1.3 MPa) T #K 5 H /RDX IR A HF i (1 87 SRR R 50, SR v 18 42 524X 0068 20 A0 IR ASCRT S 2F S i AU A 52 T
FE R RAbE T AR o 25 R BRSO AEAE — I 0 B2 AR R Y B, KR KO R TR W B R B ) B N TR B B R
FER MR B A B O KR . EH @ T8 R G R CRES . 88 BRET 1 A8 S I BR P 5 B (HL 3 w8 1 0 3 O K e
H—EWAMEIER . R Fw, 28 % By B A 5 Kk CEE B WA, 50K HE SR B ) S 3 A FE T STIR AR, B R T ORE S B A CHE SR R (R
1004 ms, s @i BN 1239 °C, R FE 2 1.3 MPa B, B 5h 19 5 KBS B[R] 45 48 2 319.2 ms, S iR EEFH i & 1441 °C, W T

FEGLIRPEAN 58 42, A e IR BERT () B i, 0 280 ms. FE T TR AT, B 2R RERABE AT ) B 0 9 T T

KB AR BERS(RDX) 5 0 btk T
HESES: T)55

XEkERERD: A

DOI: 10.11943/j.issn.1006-9941.2018.04.002

1 5]

il

] A i 308 700 0 Ay T A K 355 2 3 WL G 3 0 TR 7R
SR 23 A K S 4R 0 )32 o B L B R T 4
SRR AR RP M EE R . R, B Wk
2 o [ A A R 300 0 7 T B B SR R B RER )
ERE R UL 4 R R R S A Ay AT TR B BT

EDR

FESRUE) 12 MM A AR B, % BE (2.70 g - em ™) Rk be
#.(1670.59 kJ - mol™ ) &, #¥E 4 1 (0.88 g(0O,) - g')
%, =9 JC 7 0 %, Bt bk ) iz g T AR A
Ha TSR HURL AR B BRORS RE L, AR R A R
RIS TR, AR B 2o i) 2R TR R AT TR U
2 IS O R AR R Ak 2 R R SE 4
Mench %7 J] Alex (45K 5753 -5 ) 38 23 BOAR [ 1 4fe
R TR B RS R S, A B A SR R A

RS (RDX) /2 20 20 [l {4 4 2k 551 2 5 A 8
5 B AR 2 — , BRAB AE 7 AR B LL vh g [ ), JLAF-
R A% S PERUE . Volkov 257 Fi F# I 43

W BH: 2017-10-15; {E[E B HF: 2017-12-14

PEEBI A : S48 (1995-) %, Wi, 2N F S AR 9T

e-mail: 2513572353@ qqg.com

BEBREAN: XL (1965-) 5, 842, 105, BENFHEET 5 4R
PREIESY . e-mail: jzliu@ zju.edu.cn

CHINESE JOURNAL OF ENERGETIC MATERIALS

F AL AR R KT 1 RDX g rh &80T WA 32 %2
A 2 O X, I T kK RDX 289 H, (H,0
S A 10 Pl R VR BE Sy A I L . ARSI RE SR
CO,BOL R KB I LB FE T RDX S Bl XK 4 o 571
B KRR, e BRAR B AL 4 B2 26 PR, RDX 25 4 % e
T TR 8 558 A S B T 5 W A5 /0N T 24 R R A g
SEKCHE SR IR E] il RDX 57 2 18 388 0 i 9 Sl 4

AR UK R R RDX HLBRIR & )5, R A &
BT S R SR B, 7R 2 AT B BB R ) X
R AR R AT A KRR e 1 o g B A R
ZLAMINR ARG 25 68 AR 58 1 R il 09 KRR PR FTR
Bk B, VRAN T TR S Y SR T B L N R Bl i
REAE , BF 58 205 2R — 25 DA I A 9 3 500 4 2 1) S g
HLERA (5 4 5

2 KIERSY

21 LBMEAER

S 36 (05T AR 0 0K 5 R ) T B T K RS REAT R
NE] O RAAOBIR o ARFRRIAR 80 nm, SN M R B
IR 74% . RDX iy Se 4 575 A, E K BHE
LS DTS BE s 42 Frifit, hfide 117.8 wm SR
A EER AR E AR, A H S SU-70 37 & S5 1 il il
Bi (SEM) WL T RDX B OUIE S, i 1 fros . kA
F th RDX A ARFR A KL

A Re At A 2018 F #26% %44 (297-303)



298

FRAK K, XVEE, FMEM, FHIE, BRokir, Ree, HRE

SU70 3.0kV 10.1mm x2.00k SE(M)

1 RDX HEdh 4 4ifi v B2 6 1R
Fig.1 SEM image of RDX

WK M A RDX B R B i L6 (17 2 3) 7247
BERE AL 34T HLAOIR &, 4845 RDX T & 43 50k
15% ML gl o BRI 5 mg A 5t 35 5] HEFRTE 45 Fr
b TSR DT T B RO AR BR SE
2.2 ZWEHEMAE

TE A B B 0 RO UK R B S B0 AE B R T RIS
M R ROETHR SR & 3T S A W HAR
aErgnE 2 R

heating system cooling system

B2 R ROETHE A KSR B S R B
T—3eds, 2—%HXML, 3—iiit, 4—KH,
b—WhbEEE , 7—TIFER , 8—ILEFOLIRAX, 9— i E AL,
TO—XEA PR AL, 11—H5 4L

Fig.2  Structure of medium-pressure condenser temperature
ignition experimental bench

1—Condenser, 2—Cooling fan, 3—Flow meter, 4—Water
tank, 5—Gas cylinder group, 6—Combustion chamber, 7—

Lifting platform, 8—Fiber optic spectrometer, 9—High speed

camera, 10—Two-color infrared thermometer, 11—Computer

IR E R — B YF 10 kW 1R IREKIE ROt
AR R IR FI G BB ¥ DL 0 ROk e b kit 17
R ROICHBRO AL TR — M A Be % P i R

Chinese Journal of Energetic Materials, Vol.26, No.4, 2018 (297-303)

i LT R AR R RABR E THUER O A o g B 4G
8 T ROGARCL ST A I B A SR D
AT BRSO A AL . SROG A o E IR B = B R AR
LR e 25 8 B A A 9 HIK A

AT A 2 AU e AR Y R B
BRBE S N JEF1(0.1,0.4,0.7,1.0,1.3 MPa) , #1055
M YA 4 BE R O 2320 1726, 1 B R Ny
400 fps; B LT AN IR AT 3 75 L Ky 600 ~ 1800 °C,
KAL) B R R 10 ms s 358 56 £F 635 A 10 411 480
HHy 8 ms /M, BE AN 1000 T, Ay AR IE 52 50 1 4
PR, AR AT 3~5 HERE I,

3 HR5WR

3.1 HRIGR N IA T SR 4R AE

el 3 B il KR 08 o i v K E S B sl I 20 Y R
P, BE A5 22 PERAEAE SR BE A S KR I . F I 3l L,
Bt F 3 B9 T R, A it Je KRR N 0 B AR S B 3 T
KA SR JSE S o U T S 4R R o TR 3@ D TR R Y
B KHRDE KNG | KN K J AR P 9%, A e JE dge /DN, T
DEEE PNy SuPQ VN R LR s P S O T
H o R R i A i e Ak KR A A A LR
A HeJETAS P B ORI B 11 €000 55 5T 4 55 1) B
A Je o X — B G R R IA U  RDX AR R BE I B
T H SR B AR B 48 K B ORE 1 T, 94 oK 58 B0RL 72 |
T Ay b e e A4k 2 A i R AR R KRR e . B 3b
90.4 MPa "I 1) e RRRBE JCHE I ERE A it 28 6 S D
B WS H A K IR R R i 3R A T PR
AT BUORE Y X0 B O S T e
S EIX— I ARAE T KOHE 1) 8 A O - R
BARR TR E/NHEIE . £ 0.7 MPa J IR, #E i Y
KRR IR AE 1) b e Jie vy A e B T R R 3l AR
BERZURR LA, W 3¢ iR . MR kg m =
1.0 MPa il 1.3 MPa it ¥ b A B ORI 2. {H il
MR 8 e v A B S S, RORE 1 g A R Y
b R 32 B BRI BV & SO O IR 2 i A2
/N ERIE LY, W 3d FE 3e fron. dE—
XTH R B, 1.3 MPa Z% P T AR il A B IR 9 11 00 X8
HEIALN T 1.0 MPa T 9 U Ik BL, 2R 0108 2 42 5
JE 1A R T IR J Jo , R 8 1Y T 2 38 KO i
7 — R B AR

Bl 4 IR EOGCEIFIRIG 2.4 s RE S S SO
iR H A TR AR A R AR AT K A A — A T
R S ANGRR B o AEIX— BB, Bl AR I 2218 TR 3L
St

www.energetic-materials.org.cn



JE 3 %0 29 K B by /RDX R & 0 3R O 5 SR B 5 1 1) 52 g

299

HAEMIASS . ARIESCER 11 ], RDX A Ak 2 fiff Al K
ZIAFAE Bl Iy 2 SR HLAE IR R B X — SE R 5 ]
o iU, FLA G P R 2 R 1) RDX,
A ALFEF A3 i 72 ) NO Hl NO, &5 i iy, AT L
pUE =<2 EINS Rib e e SR PN b oeu Ny A e N SRR E

a. 0.1 MPa b. 0.4 MPa

B 3 AR ERBE IR Y R OR KA
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Fig.4 Combustion flame images at different time
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Table 1

mixture samples surface

The maximum temperature of nano-aluminum/RDX

pressure/MPa maximum temperature/°C
0.1 1239
0.4 1296
0.7 1361
1.0 1369
1.3 1441
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RDX s Ja , g 7= By in NO F1 NO, K 85 11 #E
FeAs N VOH 25 [ i o fE R a9 5 SO i — 28
OrFT A B, S H A% 1F R O B WL B B 2 CN A

CHINESE JOURNAL OF ENERGETIC MATERIALS

OH A S MFR TS . i FASHEE S FFE G R m
I P B BIAE 1200°C LL B (R 1), & T RDX fy B 1%
SRR ET LK e B RDX &4 T RO WA 4k F
CN Fl OH [ H FERFAE G5 19 J5 A 3 22 4F T 8 it RDX

M TR PR R 0 & e, R s
ik 85% , A itk AT DL FH 94 2K S5 by 9 A K A R B[R] 1R g
R TR A% B i A A K HE 3R B ) R 4 R RR BRI R) . 7
FAEB A BB AIO [ R 3 19 R AE D6 3% b, 4 F
486.3 nm Ak i FEAE G I B 5 B B K, T AR 95 13X — {7
BRI 6% B 2 A B SRR S ok HE R
B [RDF 1 4 FE R 08 B ] ) LR B . 0] 22 4 52 36 B3
W EBCEHE, SR mE 7 fis.

1100
1000
900
800
700¢
600
500
400
300
200

0.0 0.3 0.6 0.9 1.2 =5
pressure / MPa

—=— gnition delay time
—e— combustion time

time / ms

B 7 M0 AR KT R B ] AR A A )

Fig.7 lIgnition delay and combustion time of samples

M7 JTLAE B TR 789 T, R il B K HE
SRR TR SR T DR WAV < K- S N s YOS 131N
il K, O 1004 ms, 1.3 MPa 25 /R 1 [ 0 KO 35
[l fe i, 9 319.2 mso R 0 32 = A7 B T 48 b 1Y
0 Q= VS N S i AN B S ORI 3 58 S Sl N IR
Wi s 7 8 H 0T 98 /1 LA A i B AR R A8 /N (7336 ~
560.8 ms) o H JK R RE S Y 4E R R BE I 8] B, R
A 280 ms, X2 R R BE AR B B N S A, AR
ZHEBA S I 5a R o SV T R
AEAT R L il O AR 58

XERE TR B K I TE SRR AE (3.1) B9 N2, ML
AlO i 1k U DA H B 28 38 B i R AL 1) o A S JHE e JE B
B, A L Pl e RARCTT B o B 2591 2R I A8 O M 3
BB B, T O R B B e S R b i AR
BIHCEE TS RN 2 fioR . iR 2 AT LA T A
F 37T KoK S e st I i o B9 B B4 /N T 50%, BIV KO
K BE R 22 8] BT/ Tk g 2B B B I AE
TR I A i SR A BR B U R (3253 K L E A

A Re At A 2018 F #26% %44 (297-303)



302

FRAK K, XVEE, FMEM, FHIE, BRokir, Ree, HRE

(2323K) "7 Bl KM R R SRR S AL I L
VIS B W 25 T 26 A0 R T, — A AR BELRR TORE S
5 A7 46 il D B2 8 A K R TR T 4 T
AR I i 4

®2 KR EDBEEA R R L
Table 2 Proportion of the flame development phase through-

out the combustion process

self-sustaining flame proportion of flame

pressure | devel devel

IMPa urning evelopment evelopment
time/ms time/ms time/%

0.1 280.0 84.8 37.2

0.4 733.6 176.0 24.0

0.7 682.4 112.0 16.4

1.0 602.4 103.2 17.1

1.3 560.8 101.6 18.1
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Effect of Pressure on Condensing Ignition and Combustion Characteristics of Nano-Aluminum /RDX Mixture

YUAN lJi-fei, LIU Jian-zhong, WANG lJian-ru, XU Tuan-wei, CHEN Bing-hong, LIANG Dao-lun, ZHOU Jun-hu
(1. State Key Laboratory of Clean Energy Utilization , Zhejiang University, Hangzhou 310027, China; 2. Institution of Aerospace Science and Technology Corpo-
ration, Xi'an 710025, China)

Abstract: Aluminum Powder and RDX are important metal fuels and energetic oxidants in the field of solid propellants. The ignition
test of nano-aluminum/RDX mixture samples at different pressures(0.1, 0.4, 0.7, 1.0 MPa and 1.3 MPa)was carried out using a
medium-pressure condenser heating experimental bench. The high speed photographer, two-color infrared thermometer and fiber
optic spectrometer were used to study the combustion process.Results show that there is a significant heat evaporation stage before
ignition. The duration of the flame development stage is less than that of the recession stage. Increasing pressure can effectively in-
crease the combustion strength, but too high pressure will inhibit the flame development. As the pressure increases, evaporation
stage and ignition overlap and ignition delay time is shortened. Based on the experimental conditions,the ignition delay time was
1004 ms at 0.1 MPa, and the maximum temperature was 1239 °C. At 1.3 MPa, the ignition delay time was reduced to 319.2 ms,
and the maximum temperature increased to 1441°C. At 0.1 MPa, samples burn incomplete and the self-sustaining burning time is
the shortest. When the pressure is higher than 0.1 MPa, the self-sustaining burning time decreases with increasing pressure.

Key words: nano-aluminum; hexogen(RDX) ; ignition; combustion characteristic; pressure
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