$19% H1W mOE ¥ OB ¥ W) Vol. 19, No. 1
2005 4F 3 A CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Mar. » 2005

XEHS . 1000-5773(2005)01-0071-09

BEFUHNRIENES RENRHRIENX
8

OV 5P R AR5 BT . dE st 100088)

WEBEABREZSHORSTURAAGBEEF-FHWS T RN B HTY
ATBORFHME, UWERFW LA RBENENEEAS TR EAOAHENELT R, OIS T
B.OERATHRESHAMERRSANERS R IGERESLREFRRE. W TES
BHERBRE . AL ELEHER > TEAMEIERNLARTEE AT ERAAL AR S
AE), HEER Q2 F AL N Morse %1 Mie #8H F .4 H T W HEESH Amn
Aol AR TA A RS, X NS T BTN HEFAman, DWSF ., A TNT
W {D,oo) EHBEA HETHHENHETA man.ONAFT RSB n=1F[=1/3, B, T
BEERARHEEEFA A TR, CERTHRANEELNER W, AT Rw
EERESB(p. D T) ERHEATEAEN LR LA FAHNEFA IS T RZRE LN
BERFEMMA TR,

KB -MAFTEEN B R
RESEE. 0381;0414. 12 T EEERIDAD . A

1 5 §

15245 (Secondary Explosive) B8 25 F= W E [ S =Y 5 B 7= 69 W AHTR A W, 1T DL 9 H A9 5
HE 7 -1 2l 25 J7 Bt CRET iR oA 79 A 1) HE ST 9 25 O ) AR e b o A 3RS L WA 0 HE S 9 28 O R s ™
Ytk o - 43 7 A AR SR B HE R AR L 20 T AN Gz 3 o 58 2 V-3l . DUKR S 72 W) 43 T B 1% 45 00 ot 2
HZH MR PI AR HET (e ST B M TARSE TNT A PETN 784 F 3 24 %5 B2 1 458 2 F 45
JE S DL R e 1) s R S R S A AR R A5 R S S A5 SR A B AR AR LS . 3 R B WA Y HE
AT BRI R RS T I S IR

SCHRLL 2 ] B B9 PIAH B9 HEF- Co s ) 2807 B B DL — 2 0 B S5 i it e o 2 5 it 2. X R A
25 BG4 o A 00 S 1) 25 J7 e TR A 34 21 11 HE e A TG L P REI0U5 T g 30T (0 331 1 PR R % LE P RE S5 98
Fe) B R K 3R 2 L 7 Al B0 48 5 7 W 1 T ) BB B G i 5 k™ o O T L R (o b A A 5
Yy R B A L EERIE Y LN RE 58 IR R AR A . A AR RE G A 25 7 G 1 2 S 4 R T 3 1Y e
Bk U, I 1T SE 50 BHE 0 8 TR B O v R 45 R PR W) I Y8 U N RE 598 I pR R R A

2.1 FWHEHNHEYSAFRE
J K 25 ) B T R ST S E AT IR G . R R ARG SR M Ay O IR X T
M CVHUN R O 4 s 3 280 A K 25, DA JLR S5 Wy A il 4 B 037 B A0 — i 8 2577 9 (HL O

« IR B 2004-01-04; {EE B EI: 2004-05-09
EERBN . BN A940—) , B 058 5, TN H IR R Y B A 5T
E-mail: ychlaoli@163. com



72 = JE 7] it Es 1 B19 %

CO, Ny Oy FA 28D 2H A5 o O RN E 25 19 0 2R 2H i, IS 5 40 3 19 o 2 40 80 5 A8 ™ 1 1 -1 24 JBE R
i ] 5K L JF HoA R
AT WAE R TR IR T AL T 2R TR RS < 23 1 T A AR SR A HE R AE T 2 T AR RGE B
SE A2y, T DL AR (0 58 HE R - s A 5 RO A
p=pe +RT/p,v, D
ey =€ T ety (2)
KPR A EEG poevo BT 3518 ET) N BE L FERFRFNIR B 5 T AR o bp &5 9% 5l ik 20 7 18] /9 HE
FAEM: TR T ARz s ik o T 0230 Ths g ik iz m T8 Y e RSP P H BE IR
J b, ABRE PIAH ] A 3 s ) A B P IR O ) p AR T AR AR,
257 ) A s — R, Sl BEAME M A A0 45 2R A A AR R AT TR ARG DU
Dot =Pesol T Pl =P (3
ool =Cesol T €100l €]
K AR sol bt Jg TS W) . KA REBRE » peo F eca T HELRGINZ  pra S era T E
B BRIV, T poo 5 e WLAR T RE Y PR
PR RGW IR AR A0 p AT . RGBT A T S o 2 R A4 R B 10 A U YR
YW LL N EE e FIHLIAT v T R
e =T e; T Tl (5)
V=X Vg T g0l Vol (6)
APz, 5 a0 B S Wy A 2557 0 0 B e 0 MO A AR E v W R, 33Xt 2 R
Y 0 WIAH B HEF- P 2505 7
A WA B HESF- 9 25 07 B LA 23 W0 B SR 2 S 52 it 42, DA 20 AR I HEE (o o B8 5 Y . DLtk
Y807 REARSEAF B TNT FI PETN 75 4 Flt ¢ 25 %25 J2 R (0 45 0 R0 TR L DA Al i T 6 1 0 0 56 5
BB AE L S A A AR . X R WA R HEE A O R SRR S TR
2.2 FWHMHEEA.m.2.0FFENSEH
AR A R A TR SRR T4 Y LG PN BE Y T Y R B R kX AT (T SRR U I A A JRR T,
BB 0 5k O 7 A8 S BRI v e 4 R 8 1 A B TR L A 6 A R HE P A T R (2) 2R
(DR HEE e (o) FIRTE po (o) I REUE .
43 F 18] B AH ELAE 5 ] Morse 3R HoHE R 35104

p=DBe ™ D)
Xpor MO THEBE.BSe AHRSE, WK LID Y575 LT K F & Mie 300 R 30 4
¢=B//r“, (8)

KB 5o HHESE o BUEKL, WA T — i ek KR 5 Sy 1 85 ok 85 5 R ol B0 A o =X, DN A
i ve LN RE>
e =Avy""! e D)

K Anom ML AMB T ESE., HEWNSTAT AL .2 50 F VR 1/3 BB, B B, n]
T AR R B S YRV TR

P =An— 1+ mlv)vy" e 10
M QO AT LLE L AT n=0 1120, 0F H & ARE R D5 %, & H N RE AN T 22 BIr LAS 2R T 48 20 ek
Bl R ek B 22 T 2 S B S B AT L Y A5 i KR e AN BE R BRI JIK TR R L AE TE 2 A R
fHo W L3R po (o) B e (o) I RIBASF BIRA DR )X B EHET (A, DV T, B
R =1 [=1/3 i, W (9 R T Morse i HEFs T 5 1115 24 £ = 0 C[R] Iy 26 AR A =00 I, WX iy T
Mie # BRI, 75 Avmn ML A DB TERSECD A 5 m WIRIE 8L YIRS 80 47— i
BIROE S BOE R AE B n 5 1 XTI BOJR K 25 0B S W O R B9 (E . =T o 5 0 0 0 Ut 408,
AR AR AR S S 0 B R R E



551 2R SR T BV HE N RE 5 Ve T Y BR BR IA 73

3 ABRSRIBHEBRENSAESH 5

3.1 Eig
31,1 ALEBREAHRAIDAFTRAKA Sm

HEHMRNEZG TR — 2 2B o) TR R S ECEE D R xC 5 7 25 10 T8 5 & (BB R p) A
IR Q.U R N SRR R SO A BBUE n 51 R 1/3 BRSO E W T E R Y
(P AR B HE - CA s n s O TR 5 2SR SE IR =R A RIS A 5 m

## 3% Hugoniot JrfE N

e*eo:%p(vof’u) 1D

b TAR 0 PRI B TR IE W RS T AYME se—eo NERE WA LN BE 5 1E HOIRS T A% KE 25 19 L
B 22 500 9 IE FOIRZS T B 285 89 EUAR R, IR o =1/ 0000 MARIE 25 BRI 0G2E 2585 5 . K P AH B9 4
FCA v DS T AR LD 3, 0 20 g — 2y B P 00 2 9 R v 1 5 2 B0k 380, AT 4

1D
2 (k4 1)

Koy WREF YT Y HE BRI ., cv =24 cvoe T 2ot cvoa s o sev oy Sevow S RHES Y
BPIT WS BN vy —ena/ T v —ena/TsQ RS ERIREA B,
$& 2% Hugoniot T REAIH ) CJ &1FH

(32), = (13

dv Vo — U
A F AR H 2R Hugoniot iRk S, ¥ (12) 23R 15 ) Hugoniot M2 & S AR E Ty Co) R
A (DX, 7] 14 Hugoniot M4k E & MM E 1 £ KX pu = pu (v, FEHIEF] (6) X, 1] R T 4L
Dp/d0)y» FERGEBEARA (13) 3K, IF FUKE 22040 i %) — S0 1y 3 a0 FH A R 24 1 SR VE AR SR S BOR RO, il 4%
P«  RT R RT/mu,
T, BT e Uy ;JFZ/T
A ply =dpo/dose =d ey /dT .
TE CI & WA T p=p;» TG py FIAEKEZS AR 35 280 Rom DK (D XS R
P +RT/pyv, =p,D*/(k+1) (15)

B 2y o st oy Fley s LU K 25 (9 AR 2 B8 (oo WD k(B p) R QL) LT Q'L 7T i1 Q. 1B 1E
R FA BCE n 51 1/3 WA EEREC W iy R (12) 20, A XM (15) 2, 7T DR 1348 55 7=
P A B HEE (A on  DWIS T RIS A 5 m UK C] BHEIR T,

3.)1.2 AAHEBEATHRELAREBRRBAATHEFTREK 51

O — R K e P R R IR R S BB B A (D.po ) A pyrpo ) AT w00 ) ZH Y
75— 2 T 2 4 30, D) AT FH SR 5 HEE (A wm s D WIS 5 B0 g 0T G 6 AR 25 1 25 7 W T L 1 2
Bon 50, MR RETERE], — BRI (D, oo ) SR 5 0 fET I B S A5, (pyo0 ) BUHEA R Z T
{T)sp0  BURHT IR Z .

Xof T — A K 24 R U AT LAk LA R 2 B R R AR R R B R — AR L 3 11
BT FE AL MR S S8 e n 510 1/3 RSB B | BT o PIAR B9 HEF- (A,
man DY TR S 2R S P R A B ECA 5 m s IF LT LUK B ATE T 45
BT RS .

YA RS H 2 S5 BT T E R SRIZ MR KE G e & Fh R 25 % B N R S8k, 48 LR BT 9 HET
(A,man DY ITFEACA Hugoniot J7 2 (11) 5 Al 15 5]

zpeq +ovT =Q . + (12)

— oD’ (14

xgecng;T:Q'er%p(vo — ) (16
i E R E A Hugoniot fT4e &5 S IRE Ty (o)A F (D, 715 Hugoniot M4k 4 4



74 = H L7 i 2 Eild %19 %

M S FRIEX pu=pu (o) FHHEEN (6, ARG RE I p/90)w  FIEEAUA CJ 26048 (13, IFf 1
WH A

— b
kY Vo + p/cg B RTH R ] RTH//lg"Ug a7

Te Tt Y oy toy Ty
AR (DR A6 XA QD) XL R, WA SR 2R TE & R R 2% o0 B CT BT
i~ HORTR o) FIREE T, . ¥ py 5 o AT B EBOC R X, ARG 4R D
D=v,/p/Cvo—0) (18)

A X THUE M —2H n 5 0 BH 7] LORIS & R 255 5 o0 FIVIRE S8 D RE p, FIERIR T, .

PR n 50 WAA B iEH FR Ik, R RIS R 2% B o, T IIRSESEC B D,
PRI py FIERIR T . ¥R AR S EORIR A 5 S0 5 508 A0 8 IR 2, o X iy 7 P 4 22 [] 3 22 die /)
HIABLH n 5 ¢ BIALG, B2 i KE 2595 25 - W M PR B HEE (A sm o n, DS T RS E. AU L, #&1{R
FE XA TR 0 5 L EE T A MR R .
3.2 HEHER

TNT ({Dp, ) SR EAE R pyopo Al FEEIRAL 0] R0 52 HEF- (A sm s n s DI TR BB n
51, TNT B{D.p,; LI EHGH R Fh B2 8% ET 0Y AMEZR TR K B 3 . H{p o0 A 2L
it 20 2 FH P AR A HE S () 0 25 5 RRAG B4R 2 (10 2 X T T BR R AR B R AE . i T AR Y
HET- Cle s ) W3S 5 AR A A5 20 10 08 o B0 (8 5 S 90 (L A0 A A AR A0, R e 38 ey A oA 0 P 1) O A 3
(B A 2 R ERA 1Y SCTE et B[R] 2 JE R OK B AR I A SE 30 5l . I 8 AE R 1

TNT W HMERESHERN: po=1.4502 g/cm®. D=6.494 9 km/s, p; = 17. 41 GPa" fl Q. =
5.91 kJ /g™, bR 5 0 R A 35 R JEBR K ELAR T A B L AR N b e ARG AR Q. R TR IV B
KEBES .

R1 =18 /=1/3HEEDSEEp HWERESIKE
Table 1 Experimental and calculated data of D and p; for n=1 and [=1/3

Experimental data Calculated data Error
po D b D b T, |AD/D| [Api/ i
/(g/cm?) /(km/s) /(GPa) /(km/s) /(GPa) /(K) /CY) /%)
1. 632 6. 94 22.8 7.06 22.9 1954 1.72 0.23
1. 625 6.93 22.6 7.04 22.6 1972 1.55 0.12
1. 624 6.93 22.5 7.03 22.6 1974 1.51 0.43
1. 609 6.91 22.1 6.99 22.1 2012 1.13 0. 08
1.563 6. 84 20. 6 6. 85 20.7 2126 0. 08 0.42
1.513 6. 69 19. 2 6. 69 19. 2 2246 0.01 0. 04
1.441 6. 46 17. 2 6. 47 17.2 2412 0. 10 0. 25
1. 636 6.95 22.9 7.07 23.0 1944 1.75 0. 36
1. 570 6. 85 20.9 6. 87 20.9 2109 0. 25 0. 00
1.534 6.76 19. 8 6.76 19. 8 2196 0. 06 0.06
1. 447 6. 48 17.3 6. 48 17.3 2399 0. 08 0.12
1. 301 6.02 13.6 6.03 13.6 2717 0. 10 0. 20
1. 201 5.70 11.4 5.71 11.3 2919 0.13 0. 81
1. 051 5.22 8.5 5.22 8.4 3200 0.02 1.72
0. 901 4. 74 6.1 4.72 5.9 3453 0.41 3.08
Average 0. 59 0.53
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Table 2 Errors between experimental and calculated data of D for variable values of » and / %
l

! 1/3 2/3 3/3 4/3 5/3 6/3 7/3
0/3 0.90 1.92
1/3 0.79 1.66
2/3 0.68 1.37 2.61
3/3 0.59 1.08 1.93 3. 64
4/3 0.70 0.79 1.38 2.35 4.02 7.04
5/3 0. 84 0. 66 0. 81 1. 41 2.45 3. 87 6.07




76 = H L7 i 2 Eild %19 %

3.3 AHENHEHETE(A,n)MERE

Bt DL FARBRE T n=1 M [=1/3 A MESELREZ U0 A HEE (Asman DT
SR, W ¥ HE T p P IS g — 301, P AR B0 HESE (A mun, DB T BB K048 T ik, RIBT, X
FEWAME M 25 4 25 7= W) 4% 1 18] (4 AR LA L AT JH Morse O AliiR . B m BT HEE (A vmn D ST 18
Z OGO XTHEE K

_ Am v, exp(— mvy?) + RT_ 19
3 HeUs
e, =Aexp(— muvy*) +z 20

UL K L 17 A R T AH B HE T CA ) IS T 2 XTT%—?‘#VE?EEUE,/\Eaﬂﬁ—éﬂﬁﬁﬁj{ﬂ&_lrﬂﬁﬁ
/ﬁﬁ%ﬂ/iﬁ( i 1R J7 85, B AT i AR B HEE (Ao BT RS A Smmc MHE—H2ARK
HETHBRESE.Z R ERX T PETN P TAETS 458, R4 ] LUA W& R & T HOR i E 241
AS5m.

FOHK O OXMDOKXE I I H e BEER N HE B AW HE 7] 1%

pP=p T+ TV (e — x4eq) 21)

X g Vg

A y =2, R/ pp ov o BLEETE po M LS B AT B — T 5 3 LL N BiE e B H (200 X225 4730
B —30, DLE Y RBUE v A E B S BB B HEE (A ) IS TR p=p (v ) B
BHR. RIG TSR0 T S s BRI, B A B AR 1, A ESR AR P A 1 HE
(A ) W37 T 1) 55405 7%

po=po+ o (22)
Lg
e, Jzkeg—l-f"uE (23)

K CNFERIT RS
PSR =0 JWL P2 J7 A AR R P BRSO I R ) AR N UL B R AR, 1E'E,L_Ji
BemSEmr RSl EPCe x,= DR HEEAME L B, E ] DU S — A A B R 2 25 05 # . AR
B LE A RE S v T2 il I8, OF B —TAR A S T n=1 M =1 R, n=1 F1 [=1 r*/ﬂ‘FE’J
Y LN RE S v T AN 81 ) 5 25 AR 20 1 1) AR EL A B Morse 3509 HE e 35T 1 pR BOE 2R AR
A T LA R 22 5 56 K500 0 ARG 56 o PR b s A P 2 2 R R 7 2 A el

4 FARBENHEFE(An)MESHTELAERBERSH

BiEBE H e (NMD IR 22 S 80 p . D, T SEB 5 241, SRt ml LUR SR B 2 HE - (A smsn, DB T5
BB E 51, 7EHE RGPS A ST RERE N TRE "W, XPETHEAR
L R—E, REERSAFME .

NM 1) i 15 22 5260 B AR OR 2 76 JOBR R ELAR T M50 o (R 2 NI J2: 76 58 5 L HL I 7 R i) L B 7
BAMA I KE LGSR T, & A AR S SRR SR 1 L T 3 A S5 A58 A T L 22 1 T A S 6 50HE T LA
NAETCIR R B4 N ARG i8S . R B AT 3 T R A 36 AR A HE P (A ) W) 25 07 B2 5 018 S 1 48
IS TR, NM BSRIEESH p. D, Ty LB 41 9I7E %R 3 1,

ST M LR E BBk N p = 1.132 g/cm®, D =6.29 km/s, p; = 11.5 GPa""™* fil Q. =
6. 78 kI /g IR Q. R TR R KIS (. 2 B LRk B AT SR AR AR I HES (AL ) )
BHBRSE A=2341. 98 W HUHAL ,m=7.5139 W BN, AR5 . B (1) 2R (160 204 % 1 B 37 72
WA TFEHBETT p, AT LSRAFAHRL 0 AR o FNREE T, FRA A5 10 25 AR (18) 2, AT 45 A 1z 119 4



1 2R SR T BV HE N RE 5 Ve T Y BR BR IA 77

D, XFEE R IS WA TE SR 3 . 3 IR TR 0 BB 5 S5 (8 22 ) Y R X i 2
1) 246 XL S DA B Tk 1) BV (B 5 S 0 (B 2 25, fe S — AT 40 R T S 3448, 43 31k 0. 36 %0 T 309 K.

& 3 FAE R IS S SR A A AR AR . 5O 2 ] i GRS R AR I CT s TR S
SRR R S5 T R R AT B W S O R A AR B0 5 1 AR SCR (2 )b, CT s 10 15 I B0 {1 B 2 S 56 1, 9
P2 AP IR S (A 2 AN CJ S5 Fr— Ao R B 5 R A G . AR KL CT A 8 I A9 BRI L S2 58
B 140 KL 3X il A 5 i A GBI Q. R A TR A B KIS (E A G . R A B KB IE 1 2 5 R FH 1]
PR SRE AR SRR P W R ALy L SRR R 0T S R A SRR A RAT 0 Y 2L 43 A G 1S B A
TR KR EAE T RE WA s AR R, B2 2N T COVH, it 415, 13X 20 88 il 15 H L AL 518
B (4 BB R O f o SRR SR R UL O B (B = SE IR AE Y AT b, 1 BR H T T EORR BAE A A R e
il A5 T B 1 HE A 140 K DUJ 5 AR % R 3R A BEOS () L SE I P 2 203 Ko X 15 22 (8 5 ek
L2 Xf B A 206 K 40300, [RVRE AT DA B 87 W) A 85 7F 3400~3 944 K [ & A4 TIE LKl R .

I NM W3R E S p D, Ty 5250 50 20 X6 I e 48000 46 30 32 BT, I AH B9 HE T CA L m)D) W28 5 B 2 1A
MR E TSR,

£3 NMEEZSHUHNIRESERE

Table 3 Experimental and calculated data of strong detonation of NM

Experimental data Calculated data Error
P Dy Tesp D.. T |AD/D., | AT
/(GPa) /(km/s) /(KD /(km/s) /(K) /%) /(KD
11.5 6.29 3400 6.29 3540 0. 00 140
23.8 7.05 7.08 4048 0. 37
27.1 7.32 3944 7.34 4 250 0.24 306
29.0 7.49 4023 7.49 4375 0. 05 352
32.1 7.73 4184 7.72 4590 0.07 406
33.3 7.87 4351 7.82 4676 0.70 325
35.0 8. 00 4475 7.94 4801 0.72 326
Average 0. 36 309
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Expressions of Cold Specific Energy and Cold Pressure
for Detonation Products

LI Yin-Cheng
(Institute of Applied Physics and Com putational Mathematics ,Beijing 100088 ,China)

Abstract: The gas product of detonation of a secondary explosive can be described by a liquid equation
of state that describes interaction between the molecules as strong repulsive and all outer heat motions
of the molecule as free translations. The solid product carbon can be described as the rigid body. Then,
a two-phase repulsive-translation equation of state of detonation product (two-phase R-T EOS for
short) has been obtained. The two-phase R-T EOS using a known isentropic composed of two sections
and through the CJ point as a reference curve has been named two-phase R-T (%£,7) EOS and used to
estimate the detonation and strong-detonation parameters of some explosives. The theory and experi-
ment values of detonation parameters are in good agreement. The expressions of specific energy and
pressure that describe strong repulsive interaction between molecules (cold specific energy and cold
pressure for short) are necessary in order to estimate detonation temperature directly and convenient-
ly. The expressions of cold specific energy and cold pressure with uncertain parameters A,m,n and [
were obtained with reference to repulsive terms of the Mores and Mie potential expressions,then the
two-phase R-T EOS characterized by the cold specific energy and the cold pressure was named two-
phase R-T (A,m,n,l) EOS. With experimental {D,p,} data of TNT,the parameters n and [ were de-
termined,namely, n=1 and [=1/3, because the error between calculated and experimental data is
minimum (0. 59 %) in this case. The two-phase R-T (A,m,n,l) EOS of n=1 and [=1/3 was named
two-phase R-T (A,m) EOS for short. A test of the two-phase R-T (A,m) EOS with the experimental
parameters of strong detonation for Nitromethane was performed. The average error between calculat-
ed and experimental data of detonation velocity and temperature are respectively 0. 36% and 203 K.
The latter can be explained as without consideration of melting of graphite. Therefore a conclusion
that the two-phase R-T (A,m) EOS is a proper equation of state of detonation product was obtained.
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