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AR TH IMNER MER BRAHFE KRAE Ix #HEL

(AL R A S TR ST, JE5T 100094)
(2014 4E 9 A 17 HICE; 2014 4F 10 A 11 HWEMEHH )

ZA LA SN )15 R M BUE SRR LR SRS TR R T 5. (&5 Newton 2R SRS
JIREVFECHCR D79k, ArE BB AN 2, Ja & tH AR R A B R st 2 5 AT aa i e AR
ZEHGE I Newton A€ RENS SRAFUCSIR. Dk, ASCE R BAT K B S S vE A N B3 (imbed ding
method) SRAFIR G YPIRETT e, HIEA BAR B 5 NRAS L, KA R 10T S YIRS T7 BN 2 il (K R 5 1)
WET LML E, MBIRATTREH, MIRAS N 0 ESIAALE] 1 I, N TT R4 fE i 20 il IR & IR
BITRE MR S A N RS R IR S VPR TT R IR, RN T R2 2 7T 1 Newton vEIEAURAE, AT #6402y LA
IRAZHON E AR M 3o T R4, AT 5 1 el BRI T ST iR IR IR S AT SR 2 PRI )22k
AR A, Maxwell 2RI J7 R IR T 155 77 RV P2 i 10k N 2 B0 18 1 e 3% A5 o A o 3R M 2L 7 ot 1 e Ak
HARRRR. MRS BT R T AR A R

KRR JRAEW), IRE T, ERE, Maxwell 72

PACS: 47.40.Rs, 47.20.-k, 47.51.4a, 05.70.Ce

1 5 =

WETTRER MY R R G H BR85S
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P2 BER AR AR =P iR 4 BT e 2
T2 oS AN o 7 0 TR A BT A £ AR R
AR P v SRS R M S B AR RS R A 1
HL R U T 2 R T R IR S UL
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T EATAEMNE— . SRIGIRAWIRE TR 1 &
577 v A B B Newton 325 1571118:20-221 (o
T 5T R R BN Newton-Raphson 725, [ P # STk
¥ Newton 2 3K fift VR & W0 IR 45 77 F2 1 FE AR A &
O - B RE (B RS - RO ) 143 2022 R, R
LM Newton i E#CA e RIBR: (i B2 BARIR B,
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KA AR WA JR it 2123 =200 i e i
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XA B AR MR, ELPRit A IEA 2 s ek
E A Ty ) A0 s 0 A, RS X 2k AR R Y AR A i
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17 1 BRI, A B AR A B LRAIE Newton J7 ¥ FTUSCSK
P 12125291 ik Bildh, X 2 21 0y (MR AIRES, AR 1A
DA PR B A A T (723241

2K H Newton 14~ BE 15 RIS S, wT DA%
T At 2L AT R B AT S P B SR A A e M O R
20 B3 =25) 0 AR SOR FIX — 8 BE R IR N TR AR R
EYPIRETTHE, BPRHR A YIRS 7 FR IR B — TR ik
NARLE 5 FE L v 23201 i NS HON 1)
RN AR 77 R 20 B Oy Pl SR IR & RS T
T, BRANZHON 0 IR BL R R N FE L 1 7 R 24 7] A
TR MERDIEAT SRR, IR AN S HN 03 L2 3]
LIy, S0y 0 I RE ) kN 21t 7 A2 41 1) i e
SEHLATAL N N 1T L) RN JE S PR DT R
. DRI, RV i NS8O N7 1a) BRER RN
et TT R B, AT AR 2R S MRS TR
fift. PR NG AT R AL R AR NS HU0 5 A
BT TR, T AT L Sl 7 R A 0] R
T ST IR SRR IR S5 34T KA. 1E
S, VT LA AS [F) o R LR A R AR

2 MEMRETE

N T IS, SR A 4 IR S .
SR, AT AMEHET 21 =Fh DL _E2H 75 20 B
REY). B RA Y 2053 18] 1 s 77 R0 I B AH 55,
D) ) 7 BV 5 S TT LA B B S A A TR S
PR A 7 A [2-7,11,13,15,16,20—22],

V=(1-M)Vi+AV,
E=(1—-M\E;+ \Es,

Vi=Vilp,T) i=12,
E;,=FE;(p,T) i=1,2, (1)

H vV, E, p M T 5 B9RSWII LA L EE. &
TRV, A NS 2 BB, A0 < A < 1;
1— ANRNAN TR S Fhr 1A 225 9%
o3 VAT A S BE & iR (1) IR 3, 4 sy
SIS 1. By 20PRS TR, A (1) &H 9
AR R e o 3 AR, AT DL — e
S 6 A, B ) RUE R TRAE 4 B IR AT L
75V HEC A B8 B DL 4143 578 4 O\ T SR HAR 4
. AR = (V, E,\p, T,Vi,Va, B1, E) ",
FIREEEf = (f1, fo,+ fo)

=V -V,
fo=E - E,,
fz=A—Ag,
fa=V —=(1=-0)V1 = AV,
fs =E—(1=A)E| — AE;,

foe=Vi=Vi(p,T),
fr=Va=Va(p,T),
fs = E1— Ei(p,T),
fo=FEs— Ey(p,T), (2)

Horp BAR T FoRFFEMEE, Ths“g” RRGE
IR E. WVREPIRATTRE (1) T T =

f(z)=0. 3)

13K H Newton ¥4 J AR TEANGEAS R ARG 1 7

2 (3) B INE, W RAR B RSE B W s

IR NIEHEAT SR AR 25201 5l 3HRA S %t € [0,1],

W b RN B FE— R N ARG 1t 7 R4 :
F(z,t) =0, (4)

He F(x,1) = f(x), M4 F(x,0) = 07 LL=
TG VR A 2t A . — b L A R A8 P R NV ORI ik
BUEIHE, RO R SNE, BERT,

F(z,t) =tf(x) + (1 -t)g(z), ()

Hrg(x) 2RO MPIIEZ R & 7E#M )%
HORE X Bl TR RR O I BN EOEY, BIAE = 0
IR — AN SR R I3 M, e = 10
X T HJOOE B E. X HE 1 — A 8 F A
to=0,t1,te, -ty =1, (4) XPIffEx = z(t): FH—
AN AN FIAE B A 45 RAF 2 20 () = 2 (tio1),
t; = TIFRIAS 20 5 n) @ (3) XM, 248, Newton
RV E RN AEZR T R AL (4) () — Py 2
WA S E A AE XA [0, 1] B BN — 513 1 7
Bl {to = 0,t1,ta, - t, = 1}, NKRME B P 2(t;),
K TR 45 R (1) AE 9 BT A 46 P
B xo(t;), t; = 1 I RIS J5 e 25 A

SR, AR SR SR F B 20 iR 3 A7 SR At 12324 xf
(3)—(5) LR ASHCA HE R H#AT M, 175385
AL TT L (4) W R T T R4

T3, (&),
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M, B AR g = (91,92, ,90) :

91:V7V07
g2 = E — Ej,
93:)\—>\0,

ga=V — (1 =X)Vi — AVx,
gs =F — (1 =X Ey — \Ey,

g6 = V1 — Vo,
g7 = Vo — Vo,
gs = E1 — Eno,
g9 = B2 — Eso, (7)

Vo = (1= Xo) Vio + AoVao,
Eo = (1 - Xo) E10 + Ao E2o,
Vio = Vi (po, To) ,
Eio = E; (po, To)
Horb xo A JE T XA [0, 1] fH L, po AT 73 58 %
IRV BUE. K (2) R (7) AR (6) K

4

3

i=1,2, (8)

V=V, -V,
E = E, — E,
A=A — Ao,

=), oo
- <Z‘T/>M [E— (E —El))\] }

=3 {-(B), oo
(), e}

. 1% ) aV; .
Vi = Vi(p.T) +1 + T
#.T) <ap)mp (w)m

— Vi0 1= 1727
. oF; OF; .
b m (%) e (2 1
( ) Op T oT A
- EiO 1= 17 2, (9)

Hr

1=(%), 57),, - (3),, (5r)
Ip ) pa \OT ), \ Op ) p \OT p,)\’

AR N R AW HRES (R % H 7 & 2 [EE)
WA TR ARE, 50 IR S HEg ) DLl %41

Ir M RIS HOR 1 X e R E. HiRASH N 1Y,
(9) FAERD A 5] (3) IR, 4 (9) dhE

dx

2~ ha) (10)
T ™ I ™, T RUR FH SR Sl o0 7 RE AL B
TEAENBEACK M ¢+ I () 2+t SEBRiE S, W46
ARl 1O B DL B R Euler 3R HY, TS 31
TS TE A 2 e B T B 20 22200,

wnJrl(O) — "+ (tn+1 o tn) h(wn)’

1
n+l(m+1) _ .n - tn+1 ¢
x x” + 5 ( )

X [h (™) +h (:B”H(m))}
m=0,1,2,-- . (11)

3 5

Fo A [F) 40 53 Jo3 5 BU A8 VR 16T A ) 5 R0 8 AH 1Y
Yialw, XA FREE R 4w LR AL RE
M PRGNSR, WH S UM 2 N
B, 4l LA AR <17 f<2” KoR, FHRETTFER
H Gruneisen £ 3:

p=b;CpT + ¢i(ei),

E; =p/bi+0;(e;) i=1,2, (12)

y
|

3
o1 = Z Bpet + (pr1 — b1CviTr — By)

n=0

x exp (b1 Vy1€1),
4
91 = ZAnE?/blv
n=0

w2 = — baCyoTra + 3K rohe (1 + a12h2)
x (14 2hy)"?,
02 = Erg — baCy2TraVioes
+ 3V,o Krpoh3 (3/2 + arzhs)
— 3/b2Krr2ha (1 + aizhs)
x (1 + 2hy)"?, (13)
e, =1 - Vi/Vis, ha = 0.5 [(1 )3 ],
by = I;/Vei, Iy FICv; 75 3N & H 50+ B
Gruneisen R BRI % 25 L3 prg, Triy Erg, Vi Al
Koy 53 NS H o MEHESZ J R T iR JE B
WHE. LA MR E; A, M1 B, N> 14
IR RLH £ AH ISR B2 E E SCHR [26] F0[27).

064702-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 64, No. 6 (2015) 064702

HRH RS MR ARSI 5 TR #,
PRI, TSR P B RE AT 0 AT 4 6 500 23 7 T
Apo =0 GPaMIT = 298.15 K, &S witH
RIAE R R Z IO 1078, Fldess E KR S YIHAE V,
FILL A BE By LA IR 20 BRI AT UG Ao FH T3
Jet TEAE Ay LS E Jy p FURZE T /R TR 1.
THRA R BB B ARG, (BRI T A
AR RV FE S BB A TR A YPIRE T R
SRR A 2.

R HBR AV

5 Vg/Vo Eg/Eo Mo Ag  p/GPa T/K

1 098 10 0.2 0.2 1.26669815 375.14076794
2 094 20 0.2 0.2 3.56842580 427.24869061
3 090 30 0.2 0.2 5.88055558 419.81680422
4 098 10 0.2 0.4 599774383 228.45735439
5 094 20 0.2 04 822144522 145.08758860
6 090 30 0.2 0.4 10.48924699 1.21736998
7 098 10 0.5 0.6 3.37145008 312.57600535
8 094 20 05 0.6 558802039 266.82019211
9 090 30 0.5 0.6 7.84987133 161.52521012
10 098 10 0.7 0.8 3.20767645 299.54930302
11 094 20 0.7 0.8 5.41548469 240.02598245
12 090 30 0.7 0.8 7.67809604 121.18073695

4 % ®

AR ST A4 KL Bl 70 2 B LR P 1 H A T
FODYR, BRI RN R TIET SRS
MIELE, 2 R AR & 00 NEE H & 07 2OR g fig
HAPE TR L R BORIE AR S YIRS
TIPS BNR AP R L A e 4153 T 23 O A £
kS %

1) AR A7 SNSRI IR, H 2 it g R
SPE 77 RS BRI RI LE N e, 1 E % 450 iR
BOR, BORRRGYIIRETTRE. XX Fhise
Y TIRBYILLA RILE A RE LS #5473 5T 70 4
i, JEU B, VRS YRS T RE T DR P)iE
2 1 AR LR T R 1 BB B AT SRR 12927 AR
KRR NN 0 3200 SR AL O s i T3 RE 4 (9)
MUK AR AL Andrews B Jes (9) UM TR 22
PERPRH e A AR I R, B A SR R e T it
BRI ERS AL R IR

2) M &7 AR P IR, BB R S WIRETT

R 5 4173 o B o3 B A T RE A8 T U e By
FERS & 1E — M R — AR AR 1 R AREOT 2
B V020 (R Ty R 2 I AR B 1 IRy LA
HUTT LML oy TR, B o -REOT
RGN —AF Y TTRE (9) 3K (BE S5t 8
I 1E)). oo 7 TR & RS 5 R B S T
(P S, Bl AT E = —pV IR
SR I, AT DR s AR RE B A T R RO
e

. . Kg oF oV
p:a2 p_|_ 2 - -
SATT Ve, \OT ), NN ),y
(o) (3) ]
ar ), \ox), 1"
-t (), ()
p " VCAL\Op ) \ON ),

) (@),

Hrhp = 1/VRHREVHIEEE; asx, Cpxr, IhH
Ko\ 50 0l N “OR 857 IRE T IR G VI 55 i AR R 5
H. R G Gruneisen 2 50 45 I 44 FR 5 =
(14) AT L Maxwell 718, H Hayes B 5651
AN$R &R b AR RR, R 22 AR
1, A U B R

. . Op i
D= a?s‘,xp + (8)\> A (15)
E,V
T = Ep_ <8T> )'\’ (16)
P N/ gy

(15) 2 i Kirkwood 1 Wood 1 4% 5] A\ $#id 5 & 1
ST RR IR A5 .

AT LAAR A 46 7y ot 5 0 H Ak ik =0 HAR % 20
& KRR 7 ot IR S PR S 7 A2

1) G 5 & 41 7 JoT 5 43 Hi Bt 1) v AE 1 2 0 =X
s — AR EEEL A TT 1R, nHiiR 2 T ARl
FHAZ I FE A Clausius-Clapeyron AHAS R R 211 ik
24 9% 2% 1) Wilkins S W 26 R B00RE 1Y (R B (7] 2 %
15 ) A Chapman-Jouguet P AR B B8 [ B 2 bR
Kok A2 18] & SbhRl b AR R AL 0 i 0 B
(2R 2 DR ST AN R 1 R 5 8 A
B St AN B FE AR 7 rh S T S E 1 2 AL TR
R E A R IE RS D20 AR A YPIRAS 5 2
RERT LR A AERE & 77 2, n] LR RS 77 AT
R 21.24],

2) 1 % 41 4y Jo & 3 5 B I TE] 98 A 1 R GE
N —HE WM TR, WA 28 Ak E - i
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s AR AR ik AR 1 Hayes B8 P, b FE 2R & M
Lee-Tarver f& %! F1 Johnson-Tang-Forest (JTF)
B2 (60810 38 2 V8 A AR A T FE L AUR R & 7
XATR M. KA LIK, Lee-Tarver fl JTF 25505
T8 AR 3R F0 0 24 4 AR A R T AR R &R
7 AT T O8] SRIMTIX N & — Fh e 1 oF 5
75 20 TR AR UE B 5% R AR I 4H 00 1 s = o SO
18K T 0, B 25 IR i FE 25 sk i R i # &
R T A A SO E# 4 DO,

BN E 2, KA TT %, 8k BUE 478
R A TT AR, AT LK R AN [ ) 3 I R R &
/RN IR SO EE S PN R e
(7™ X Maxwell 77 f2. TR G YARETT R B
(9) 2k (14), (15) F1 (16) 2AH EE T HAEZ LT
(1) X, BA 7 My L, RS
T 3 R FE B8 R N 2 s 1) i3 AL 2 — >
Maxwell 77 B85 6] () st B 78, EATE L 1 73 4 ke
2y RSO 22 TR A 4 sk v o AR A Y0 A 7 V5 A 1)
fifh (4650122160 R, AR SCARNGA T — AR AE
RAEYPRS TR TR, IR T XA
Tii—E L L

REVIRESTTRE (1) A 1 & p) R R S
TR, AASORT 3¢ 197 B R B BRI 0 S AR R A B8
RV RSN s v T wb X (8% AT S vl TR s
AAHEAER, ARG LRG0, PRI A 6 2 i
BNCHE L. A, W TR ZIRE B, 7R
(1) FI&5 30 AR T 5210 ) 76 2 I M Rl b o
FHAR N 24 10 2 R AN RS 78 PR S BIE 0 0, 7 72
(1) o)z A i (612= 19071 s b SR F ]
TR AR N E — M IS A IpE, B s YE
TEBZ IR AW 1 9256 Hugoniot U4 « ] A7 7E %44y
i) Hugoniot 248 (& B0 T, #L R 44 3% Fifr i 22
JiRE T B, AR SO IR AT S R R
TR, B8RSR E T, — TRy
T ARSI BB TT R0 TR SRS TT 1R (1) BIsR g
Kty e, ST AR T (1) XM A TR
TS RA TR S, TR SIS 2%, i
209 IR AH ELAE FH AV A R A T 7 B8

RN T7 25 0 — iR e 5 Y RS B S
RI7, AT LSRR AR — 0P R HE Ltk U7 AR
(4H) 25=251 R, b F R T 2 AR A VE N R A
PR ZS 75 R 280 R N D7 VR BT S RE 0 A B b
A RIER. TR A Sch By —EW)

HEXEREEYWIRE TR A, MA
TSI TAE.
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Calculation of equation of state of a material mixture”
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Abstract

The problem of calculating the equation of state (EOS) of a material mixture often comes from fluid-dynamical
system containing multiple materials. Generally, the EOS of a material mixture is a system of nonlinear equations which
are usually solved by the tabular method and the Newton iterative method. However, the former has poor accuracy,
and the later has a finite radius of convergence and hence will converge only if the initial guess is sufficiently close to the
final solution. So, a procedure different from the above two method is presented for calculating the EOS of a material
mixture whose constituents are in pressure equilibrium and temperature equilibrium. An imbedding method is used to
determine the constituent partial thermodynamic variables subjected to the constraints that the total volume and energy
of mixture and the constituent mass fractions are specified. The imbedding method has a large radius of convergence,
introducing a parameter defined in the interval [0, 1] and a system of imbedding equations which is linearly composed
of the to-be-solved EOS of a material mixture and the easy-to-solve EOS of a material mixture. While the parameter
changes continuously from 0 to 1, the imbedding method continuously changes the solution of the to-be-solved EOS
which the easy-to-solve EOS of a material mixture is continuously converted into. The system of imbedding equations
can be changed into a system of ordinary differential form by taking the parameter as independent variable, easily solved
by a matured computational method such as trapezoidal rule. By using thermodynamic formulae, two equations in the
generalized Maxwellian form are obtained, relating respectively the pressure rate and temperature rate to the strain rate
and the constituent mass fraction rate. Finally, the computational method is verified by calculating the EOS of various

mass fractions of lead and tin mixture.

Keywords: equation of state, material mixture, iteration algorithm, equation of Maxwellian form

PACS: 47.40.Rs, 47.20.-k, 47.51.4-a, 05.70.Ce DOI: 10.7498/aps.64.064702

* Project supported by the Science and Technology Development Foundation of China Academy of Engineering Physics
(Grant No. 2013A0201010) and the National Natural Science Foundation of China (Grant No. 11272064).

1 Corresponding author. E-mail: zhouhq@iapcm.ac.cn

064702-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/abstract/abstract7209.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract7209.shtml
http://dx.doi.org/10.7498/aps.64.064702

	1引 言
	2混合物状态方程
	3算 例
	Table 1

	4结 论
	References
	Abstract

