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EQUATION OF STATE OF FLUIDS. I. NITROMETHANE

George E. Duvall

I. Introduction

The following technique is obtained from Lysne and Hardesty, J. Chem.
Phys. 59, pp 6512-6523. It presupposes that the following information is

available, all at ambient pressure:

1. Variation of sound velocity with temperature:
Ci(T3) = ag + bty (1)
2. Variation of specific volume with pressure:

Po= (V) =a, -bt, (2)

3. Variation of specific heat at constant pressure:

cpi =a_+ b, (3)

The Tinearity of these functions is not required by the computations. In the
above equations, ti is degrees celsius and Ti is degrees Kelvin. From these
it is possible to construct functions for calculating entropy, S, and internal

energy, e, at ambient pressure.

S; = a In(T,/T ) + b (T, - T) (4)

bg
-

Here To is a reference temperature at which Si and e, vanish, P; is ambient

(T, = 1.3° « pi vy = Vi) (5)

e. = aS(Ti - T i 0

1 0

pressure, V.. is specific volume at (Pi’ TO).

0



The underlying concept is a mapping from P, V, e space to P,V, Ti space
where Ti is the initial temperature of a Hugoniot Curve which goes through
the point P, ¥, e.

Implementation of the concept requires the information contained in
Egs. 1-3 plus a Hugoniot P-V relation which includes the temperature of the
reference point at ambient pressure, Ti“ This may be represented by the

equation
The theory is developed as follows: The R-H equation is
e = ei(Ti) + L(p + Pi)(vi - V)

Differentiation gives

de = %(Vi - V)dP - %(P-+Pi)dv + BidTi

dVi dei

= L e S

where B, s(P + Pi) . * a.

Differentiation of Eq. 6 gives
dP = %g- dy + %i_ dT.
T; jly 1
and
BTi aTi
AT Epe=d dPF + —=] d¥
i aP v v D

(6)

(7)

(8)
(9)

(10)



where

With Egs. 8-12 it

respect to P and V:

The adiabatic deri

Also

Then

W

BTi) (/)T
Wl T Tt T ' b

is possible to calculate the derivative of e with

¥ 2 (aP/aTi)V
oe =_P—ﬁ+—31.__ (14)
5V P p (BV/&)Ti)P

vative of p with respect to v can then be calculated:

(3e/8‘u’)D + P

9P = - _ (15)
o " (BE/dP)V

3P _ ,,‘Cv (16)
aT V (§e/E}P)V

ﬂl I . (17)
oV T N g (BE/JP)V

The derivatives of P in Egs. 16 and 17 represent two-thirds of what is

required to calculate P

For such a process

> V, and T for any process described by the equation

]

de = adV + bdp (18)
i [aﬁ] b
av . _ Gy (19)

ap o [aT]
P+ a Cv[g;]P



and

) 8 (20)

The other third of the problem is determination of Cv‘ Cp is assumed known

on the ambient isobar and CV can be determined there. The question is whether
or not CV can be extended into regions of high pressures. The problem. is
equivalent to determining the derivative of (as/BT)P or (as/aT)V along the

curve described by Eq. 19. For example

d (28 __S+825+8258Vr_il
P( T} avaT [“ET'T'.‘, V3T (9Tjp | dP (21)

Although Lysne and Hardesty describe a numerical proceudre for extending CV to
pressures above ambient, it is not clear that their scheme is theoretically
sound. Without going deeply into the question,. one can examine it by attempting
to calculate entropy, S, on the curve given by Eq. 19. The equation for S

becomes:

C [ :
dS _ “v aT T dv P dv
ar “T’“[[T]V ¥ { av]P dP] * {aT} dp 22)

Since Cv must be known in order to calculate dS/dP, the prospects for extending

Cv off the ambient pressure line do not look promising. The options appear

to be

1. Assume CV or Cp constant

2. Use some kind of atomic model for cooperative vibrations,
e.g., Einstein or Debye solid, and simple quantum harmonic
oscillators for intramolecular vibrations.

3. Guess



II. Equations for Nitromethane

Lysne and Hardesty measured Hugoniot (US, Up) values for three different

initial temperatures and fitted them to a curve having the form

1
U (T.) = C(T.i)[(SU)2 + 25(6 + B)U + 52] o G (1)

where Ti is initial temperature at ambient pressure, S and B are constants,

G is a linear function of Ti’ and C(Ti) is sound velocity at ambient pressure

Pi and temperature Ti' When Eg. 1 is combined with the jump conditions for mass
and momentum, a Hugoniot P-V relation which depends on Ti is obtained:

(V. - v)c2
P(V,Ti) B B W et [Za2 + 2a2v ag - a, - a3} (2)

i (a V)2 2
where
a; = 1 -850 - ) (3)
a, = 1+3B28 -y - (4)
a, = a;(1 - 26/C) (5)

Values of the parameters given by Lysne and Hardesty are

S = 1.68 (6)
B = 0.0262 cm/usec | (7)
6(T;) = 0.1 -2.7 x 10‘4(Ti - 273), cm/usec (8)
C(T,) = 0.1417 - 4.28 x 1074(T, - 273), cm/psec (9)
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1.5392 - 1.4 x 10‘3T1, g/cc (10)

1.55 x 107°

o
—
—4
p—
1]

+ B.TF x 10‘97i, Mbarcc/g°K (11)

From these the internal energy can be calculated:
= 5 -5 =9 2
ei(Ti) = 1.55 x 10 (Ti - 244.2) + 3.085 x 10 (Ti - 244.2)
- Pi(vi - Vio)’ Mbarcc/g (12)

where vio = 0.83520 co/y

Derivatives of Vi and e, are required:

dv.
N - =S
T, 1.4 x 10 Ve (13)
de; -5 -9
=~ = 1.55 x 107° + 6.17 x 1077(T. - 244.2)
dTi i

~1.4 x 1073 Pivf (14)

Equation 2 reduces to a familiar result for small values of n =1 - V/Vi:

2 ( &
PP, = %Tﬂ'[1 - S(GC+ 5 n]
i L J

z ﬂC_Z_[1 +_2_Swn +O(n2)] (15)

From Eq. 15 1imiting values of derivatives are obtained as n - 0:



3.2
S = tax 7t (16)
1V
| L 2

.i

Specific heat is approximated by the equations

C(TuT) = Ci(T) + (6 - 61 - expl=(T - TIR(TOT  (18)
where

Cyi(Ty) = 1.16 x 107 + 2.320 x 10_9(T1-244.2)

+ 5.9925 x 10']1(Ti - 284,2)2 (19)
o (T.) = 1.80 x 10°2 + 2.07 x 10°8(T. - 244.2)
valT; : : ; :

-1 2

- 4,081 x 107(T, - 244.2) (20)

R(T,) = 130 + 0.38316(T, - 244.2)+ 4.4409 x 10_4(T1 _oa4.2)?

(21)
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IIT. Computational Procedures and Program

The program Tisted in Appendix A consists of a principal subroutine,
EOSNTR, to be called from MAIN and secondary subroutines called from EOSNTR.
It is written explicitly for Hugoniot P,V,T calculations, but it can easily
be modified for other applications. Variables transferred from MAIN are

PO, VO, TO, the reference state into which the shock is running,

p The incremented value of pressure for which new values
of Pand T will be calculated

V,T The "old" values of specific volume and temperature
DP  The pressure increment

MM A control index which provides for initializing procedures
in EOSNTR.

Variables transferred to MAIN from EOSNTR are DV and DT, the calculated
increments in V and T.

The program is separated into BLOCKS; their functions are described below.

Block 1
Values of Pi and Ti are set. DELTI and DELV are increments in Ti and V
used to estimate (aP/aTi)V and (aP/aV)T_. V; is computed for the initial T,.
i

T., V. and Pi are restricted to the subroutine.

jr 7y
Block 2

Pressure corresponding to the transferred values of V is calculated.
This should differ insignificantly from the transferred value of P. The

calculated value is stored as P1 and used as the base for estimating derivatives.



P2 is centered between P and P + DP; it is used for calculating some

derivatives.

Block 3

Specific heat at constant volume is calculated for the old values of

Ti and T from Egqs. II.18 to II.21.

Block 4

(BP/BTi)V is estimated as the difference ratio

P(V,T, + dT.) - P(V,T.)
: ] 1 = DPHDTI

dT.
i

Block 5

(aP/BV)Ti is estimated as the ratio

P(V + dV,T.) - P(V,T.)
: l = DPHDV

dv

Block 6

DVDTI = (BV/BTi)p - (BPH/aTi)W/(BPh/aV)Ti

Block 7

dvi/dTi = DVIDTI
and

dei/dTi = DEIDTI

are calculated from Egs. II.13 and II.14.
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Block 8

BI = B, is calculated from Eq. I.9.

-

DEDPV = (ae/aP)V is calculated from Eq. 1.13, and
DPDVS = (aP/a‘u’)s is calculated from Eg. I.15.
Block 9
DPDVT = (aP/BV)T is calculated from Eq. I.17.
DPDTV = (aP/aT)V is calculated from Eq. I.16.
DVDTP = (BV/BT)P = - (BP/BT)V/(BP/BV)T
Block 10

DV is calculated from Eq. 11.19 with
a=-(P+P0)/2; b= (VD -V)/2
where

7

11

. PO; TO =70
DT is calculated from Eq. II.20.

VT and TT are temporary storage for the "new" values of V and T.

Block 11
The Hugoniot P-V equation, Eq. II.2 is solved for the "new" value of

Ti which corresponds to the new P and V. New values of T3 and Vi are stored.
A Tisting of output for the principal Hugoniot centered at 293°K is given

in Appendix B.



APPENDIX A

PROGRAM LISTING OF EOSNTR

(Statements 0.01 to 0.17 comprise a calling program for the computation

shown in Appendix B)



0,G5  $JOB
0,01 PI=1.02E-6

¢.02 TI=291,
YI=VOL{TI
P=p1

g 1=11

.1 Y=yi

a fif=1

1. bP=t.E-3

g bG 2 d=1,10G

H P=P+fp

=

CALL EOSHTRIPIVI,TIHH.P.V. T, 0P, 04,01
Y=U+ny

T=T+07T

WRITE(A,1)'P=",P,"Y=" V.7 T= T
CONTIRUE

STOP

IH T 1Dy 2D s

(I Tl T

A e B e ed RO
[

el e BT e Bk Dy el o e e e g e G
e
=g

]
3
i
m
X
[ o]
(7]
i
q
0
T3
=
=
o
o |
St
4
-
o
L
by
-
-
=]
o
-
s |
=

i i ,
=5 = iy g ]
I, Ha
L Pl
L Tl
i BELTI = 1,
t GELY = 00,001
t fifi=2
1.8 PYE= 1. /41,5392 - 1.4E-3 8 TD)
% PL=PHITI, VI, ¥
3 P2={P1+P}/2,
= GPHTIT,TI

ok
i
"

114, FY = PHITI, VI, Vi

129, IPHDY = (P - PLI/D

130. DYDTI=-CFHOTI/DPHDY

149, BYIDTL = {L4E-3R(VIED)

140, DEIDTI = 1.55 E-5 + &.17E-9 1 (7] - 244.2)
170, BEISTI = DEIDTI - PI & 1,4E-3 {Viid)
180, BI = 0.5 % (P2 # PI} & DVIDTI + DEIDTI
190, DEDPY = {VI-41/2. +

218, DPUU% = DPLVS + LV ¥ T/(DEDPYRHZ)
219. DPOTY = CV/REDPY

0. DVRTP = - DPDTV/DPIVT

23t, OV = 0P & {2, % 0¥ - (VO - V1 ¢ DPDTY)

244, o= DY/ PO £ DPDTY + 2, % OV § DPBYS
234, YT =¥+ DY

=, IT = DF/DPDTY + DV/DVDTP
TMT=7T+0

317, RETLRN
118, EHD

i
K
i

=3

pak
o
rry
=2



£
]
e (o]
4rd-
[ v
T -
P e
L] Lo
! £l =t — o
(N} -l —i o 8 b et
| el - 1 — Lt
k= =1 b Lt
= W [
o] vmet . [
& e o - 1Lt
— —t - —— =t [N
oaf [ (450 e "
et - — vt e p{ =t
=N o fos o (= L =t
=1 " . Q. - o o —
% i = g oyt ' I Lo ¢
o B oo At emd b LLE — b Bt fro il S N ) e . ]
L R T == EDy R et b [ = £ 1
s b = ] g [ ] o = — E_1 et
n [ A e —_— 0 M oA b M oaen ic — 5 [
" R e R | T e — — 22 [ el It fos . =] b e
bt i net ey aB 1o Bt oo £ == Il n - B a2 [TH ]
= Ll e K il o= B T W =3 Eea et Ll = ] fri=
(SN =S~ ] — B B b gl PP < T S T o Lol L. v P
e A T (=] I
I ey e L )
[ S R ) L0 I O o | LSS S S
1 g .
bl - " - - h - L] e L bt - . " - w“ b " " - . L - - " " " =
Lo R ] VNS amef Dot B Lo MR ) R 3o ST e T o ST o o R S KT SR L B oS e R S e e R o T e " TR
U i v o 3 [ o B = (R ] s o owge WD LB O oS e 1 o S i T e o s S M B OC I S = S
O S B [ = LR S S R S S LA L B o T R B S i A S

i

H

X

E-11 4

23

JE-9 R 0+ 599

e}
P
4

e dalal

1
¥

/1 + {CVA - CVIY 1 (1, -

.

{6

0. + 38316 T X+ 4.4905E-4 1 R

R=1

SPHT

RETURH

FUNCTION vALITD)

790,
got.
1.
12,

780,
-
a
g
o
=



L
-t

[ex]

$HATA

18,



APPENDIX B



POR20E-02
ﬁﬁﬁF

O, PEOOLO0E
G, 14001 00E
G, 1HO0100E
O. 1600100E
O, L FO0100

1. 18GOO9SE

DPE

SO r‘ ?L
. 2400098E
O, 2E000FRE
i, 2HODDYBE—~DT

2TLO0OYRE

nﬂﬁ@ k

» PEE
. ATOOODAE

[ -ﬂfi- GOnne4E

J'-J"?’-‘-l-l"

1, 5;&1&1&;‘?&

-
L1

e
T

L T L B

P

O
g
o

o~

.
it

Qﬁﬁn¢¢[

. Ty
Pl
"

JP2E

PTE

”HUHUQ*E

O BA4OPEEAE
81178?*_

i, I;}L)’ I\__JF

L e
LS PP s
0,491
0. HR4

g e gy vy g

S EERTEOE
0. HZ47971E

aE144845E
0, &HZ82 7228
0, &REDONSE
0, &2225RLRE
T, &1941 79
(1, 51 H&RZ0E
1, a0
el 14550
i, fwi:‘-?(’)"""f;\E

i
55 -

kT3

u
in

1
0 o i

-
i

el en
S} B

-,
-

&

-

it

. BTRLE

Iy ??3A;71w

O, 572247QE

O, S709500E

0, 54F48245
ey

0. Ee81458E
0, SHABIE4E
G,qchﬁﬁuug
0, 5484292
;ﬁ!:ll—

0. 5341 8522E

) Bl

s

-
—

-
DI
P
:
g,

-
T

i
i

i}
o
-

2

o
o

¥

o~
et
=
[ ]
e

2

-
i3
-

b

L

"

AL
-
foet

3

- -

Dl T

|
s

]

-
g
=

B

-
L
e
it

-
T ]
o
e £y
!

O, 311E740FE OF
ﬁ,ﬁﬁﬁ”ﬂ@ﬁF

L, s+’7"~h—;;_,_j [:
0, 4346745
0. 4445 T0O&F
O, 45245908 O3
0, 4503242E O3
0L 4581 A58E

TS Ardoteinly

O7EES

R
B, L iﬂSCPF
Gy, SERIETEE
3801&%

I ST

BB

[

o
&

& 5

G, 5

o, 5

O s

E ¢

£
ir-

r.
i

AODDREE

UnvéquﬁiJI
N TETIETE
ua7é]81#fE
T, FFOATALE
0, 7791 58%9E
ﬁnf4;8"iﬁ?
0, 7TALL1AGE
0, BOEIANE

i o
0, 8141782E
O TEOOOTE




o SO )E‘:ﬂ- -3

q AHHODOE3E-0 1
Fr= 0. H700087E-01

” Unmsﬂ“”atc_ul

Figs ﬁ=q1UUU69L—UL
= 0, BEO00LTE~D]
Riles O, BROOOAAE-OT

D BAGOOARE -]

e GO ?'-..JlJLhJ TE=i ]1
O, S 1O005AFE-01
GOELE-OL

& JLuﬁLE-
I AGMNERTENS T OMS
FILE4TRHRE=E

a,f55ﬂ1145

DuﬁqL‘E4BE
G, 53417719E
0L S409517E
O, BAO 1 G4TE
i, SESZaYLE
B "".5,3, A85HE

Ed

0 BEES 8&!
O, BE446391E
EEEON19F
«L

e S
(. B&TEOIIE
O, 87 64RT7EE
0. 88E4912E
0, A94R

0. PPTH4E5IE O3
0. 10047Z7E 04
G, 10140732 04
DEAREAE 04
ZEOTE D4

O, 10R9517E
s HQQH47F




APPROXIMATIONS TO THE HUGONTOT P-¥ CURVE OF FUSED QUARTZ

George E. Duvall
Department of Physics

Washington State University

Pullman, Washington
99164-2814

Internal Report
82-06
Shock Dynamics Laboratory

December 7, 1982



Approximations to the Hugoniot P-V Curve of Fused Quartz

George E. Duvall

1.  The Hugoniot Uss Up relation has the form
Ug = a+bu+ CU2 + du3 H(T)
Then

2

= 3 4
= + +
p PyaU pobu PoCU + podu (2)

A direct relation between P and YV 1is desired. There are various measures

of V in common use; two are

7= 1= V/VO (3)

x = (V/v) -1 (4)
A form frequently used is

P o= ax + axt + xS + axt (5)

The jump condition for mass conservation can be written as

- 12 (6)

The coefficients of x in Eq. (5) can be obtained in several ways:

a) Use equations (1), (2), and (6) to calculate P and x, with U as a parameter.

Fit the resulting values to Eq. (5) by least squares. This is the simplest



procedure, but care must be taken to insure that the resulting curve goes
through P =0, x =0. This can be done by weighting the (0,0) point

very heavily.

b) If a suitable least squares program is not available, a fairly good
determination of the coefficients can be made graphically through successive

approximations, i.e. if (y,x) are the given values, proceed as follows:

i) plot y vs x and draw a straight Tine through

the data. This gives

ii) plot y - E x2 and again draw a straight

Tine. The result is

Yo = ¥y t+ BX (8)

etc.

This procedure works well for a parabola. Increasing care is required as

higher order terms are introduced.

c) The coefficients in (5) may be determined analytically. With P' = dP/du

and u' = du/dx, the coefficients in (5) are



) %5 = (P'U') (9.1)
x=0 u=0
d2p
= ?édxz = L(P"U'2 + Pp'U") (9.2)
X= u=0
= 1 dSp = 1 nt i3 TINRERLL gt a 2
= hgxT = Y(P"uU'? + 3pP"™U'U" + P'U"M) (0.3)
x=0 u=0
.dh_p = 1 |:>iV thog wippe2n nypn2 e ard o} 4)
fou gy Au(PUMY + BPRUTRLY & gpngee o gpiyign 4 prytyy (R
X= u=
With P given by Eq. (2),
Po = P> Pg = 2obs Pt = 6o C, PV = 24 d, (10)
where
Po - (P )u=0, etc.

1 "
Values of Uo’ Uo’ etc.

are obtained by successive differentiations of the

mass jump condition, as in Appendix A. With Ug given by Eq. (1), these are

i
UO
Ug'
Uiv

0

Substitution of Egs. (10)

= a Uz = 2a(b - 1) (17.1)
= 6a[(b - 1)% + ac] (11.2)
= 24a[(b - 1)3 + 3ac(b - 1) + a’d] (11.3)

and (11) into Eq. (9) gives



o = pa® (12.1)

1) (12.2)

w
]
g
@]
s1]
=]
—
nNo
o
]

y = pa’[(b - 1)+ 2b(b - 1) + 2ac] (12.3)

1)% + 3b(b - 1)2

O
n
©
u
]
™
—~
o
]

1) + 2abc + 2a2d] (12.4)

+
(93]
3]
0

—
o

i

Determination of the coefficients of a power series in this fashion is often

less satisfactory than least square fitting or alternative analytic methods.

1]

In this case the function fits very well near x =0 = u, but falls off
toward the upper range of validity of Eq. (2). This is shown in the following

table, where coefficients for fused quartz have been used.



Analytical Fit to P(x) for Egs. (1)-(6) for Fused Quartz

TABLE I

a = 0.59755 b = -3.3398 c = 45,132 = -188.88 Py = 2.204
o = 0.786973 B = -6.04364 vy = 80.0818 = -1G13.38
U Ug
cm/usec cm/usec X P1 kbar R? kbar
.001 0.59426 0.168561 x 10'2 1.30973 1.30973
.01 0.56848 1.79058 x 10'2 12.5292 12.5092
.02 0.54730 3.79293 x 10"2 24.1247 23.4272
.03 0.532875 5.96569 x 10“2 35.2336 29.6064
.04 0.52408 8.26308 «x 10'2 46.2029 21.7012
P, is calculated using Egs. (1), (2), (4), and (6).
P2 is calculated from Egqs. (5) and (12).
The above constants give P in megabars with U_ and US in cm/usec,

Po

in g/cc.




2. When U. and U, are linearly related, the relation between P and X

S P
or P and n can be obtained exactly from Eq (6).

« 4 . 13,1
L, o= _an (13.2)
1-"bn
2
o u
_ _ 0
P = poUSU = 5
p_a’n
= T%ffgﬁyf (14)

Let US deviate from linear dependence on U, say

Us = a + bu + y(u) , (15)
Let
u o= ug + u} (16)
where
y = 8 (17)
0 1 - bn
Then
p_u? p
= 9 = _0 (42 + 2
p - - (u0 2u0u] + u]) (18)
and
UO + UT
US = a + buo ¥ bu'l + w(uo + U']) = _'.n_' (19)

Because of Egs. (13) and (19),



u

1 _ dy C
e bu1 + w(uo) e u; + (20)

u
0
u w(u_)
0¥ \Yo

uy = < (21)

1 a uo(dw/du)0 |

Substituting this into Eq. (18) and retaining only terms of first order

in Uy gives

2 2
o U 20 _u *y(u,)
p - 00 0’0 ‘o (22)
n nla - uo(dw/du)ol
where
2 2
fo% o PN (23)
n (1 - bn)?

Eq. (23) represents a perturbation of the Hugoniot P-V curve from its
normal form corresponding to a linear US-UP relation. Again, taking fused

guartz as an example

p(u) = cu? + du?

(dy/du) _,

0

2
2cuO + 3duO

Then Eq. (22) becomes

2 I
- 2N . Zpouo(c + duo) i
2 (1 - bn)? n(a - 2cu - 3du8) B

_——
—_—
—

I
a

+ P2 (24)



TABLE II

Perturbation Hugoniot for Fused Quartz

Same Constants as Table I. P1 from Table I

X P.l Pé ) Pé ) Py
0.168561 x 1072 1.30973 1.30953 1.97 x 107} 1.30973
1.79058 «x 10-2 12.5292 12.3497 017873 12,5286
379293 = 10_2 24.1247 22.8425 1.2639 24.1064
5.96569 x 10_2 35.2336 31.3909 37223 35.1132
8.26308 x 10_2 46.2029 38.1415 7.62715 45.7687




This simple calculation produces a remarkably good fit, as seen in
Table II. Even at 46 kbar the error is only slightly greater than one

P
percent.

3. Modified Series Expansion

The success of the perturbation calculation described in the preceding

section suggests a series expansion in the parameter

y = an/(1 - bn) ' (25)

With US given by Eq. (1), the mass jump condition, Eq. (6), becomes

(1 +2z)g = z(A+ Bq + Cq® + Dq?) (26)
where
z = by/a, q=au, A=2a%b, B=1, C=c/ab, D =d/a%b
Hugoniot pressure is now expressed as

P o= a'y+B'y> +y'y® + 'y (27)

The coefficients o', R', y', 6', are determined in the same manner as
&, B, Y, & 1in Section 2. The derivatives of q with respect to z are
obtained from Eg. (26) in the manner described in Appendix A. The derivative

of U with respect to y are obtained by a simple transformation. With



10

ug = (du/dy)y=0, we have

u' =1, ut = p, u"' = 6c/a, ulv = 24d/a (28)

Q
|
©
oY)
“
™
1]
©
o
w
=<
]

2poc,

o
I

2p0(d + bc/a) (29)

Pressures in fused quartz calculated from the same values of x wused in
Tables I and II are given in Table III. The result is considerably better
than that obtained from expansion in x (p2 of Table I), but not quite as

good as obtained from perturbation calculation of Table II.
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TABLE III

Hugoniot pressures calculated from Eqs. (27) and (29), kbars.

Pressures in kilobars. Pél) > P£4) are the contributions of

P. from Table I.

individual terms in Eq. (22). 1

X Pgl ) Péz) P£3) Pé‘” P, P,
0.168561 E-2 1.31689 | -7.4x10° | 2.0x107% [ -3 x107® | 1.30073 1.30973
1.79058 E-2 | 13.0753 -0.7255 0.1947 3.2 x 1072 | 12.5128 12.5292
3.79293 E-2 | 25.630 -2.787 1.466 -0.467 23.842 24.1247
5. 69 E-2 | 37.293 -5.902 4.517 -2.092 33.8157 35.2336
8.26308 E-2 | 47.864 -9.723 9.55 -3.392 44.299 46.2029
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APPENDIX A

Derivatives of Particle Velocity

The mass jump condition is

(1 +x)u =

where x = (VO/V) - 1. Denote dUS/du by

by successive differentiation,

u+ (1 + x)u'

1]

2u' + (1 + x)u"

3u" + (1 + x)u™

where
A =
B =
Continuing,
(1 + x)uiv + 4" =
A' =

So,

(1 + x)ulV + gy =

xUS

13

(1)

Ué, du/dx by U'. Eq. (1) gives

US + xUéu'

ST u:2+n||
ZUSu x(USu Usu )

moo12 Pt ni '3
3USU + 3USu ¥ x(US u

L2 3U§u'u" # Uéu”')
A + xB

1 12 [T
3US u'c + 3Usu

USululE! + 3U§U|U” + Uéu"' ’

A' + B + xB'

L L e e b an
3US u'? + 9U5u u" + 3USu

i 13 ] ] 1] I 1t
3US u'c + 9USu u" + 3U5u

(2)

(3)

4 Ug'u'3 + 3U§u'u” + Uéu"' + xB'
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(-l + X)Uiv + 4“"' - 4U“'UI3 e -|2Unuau|| + 4Uiu™ + XBI (5)
S S S

Values of the derivatives are required at x = 0 where u = 0. Denote these

by subscript "o". Then,

from (2) u o= USo (6)
from (3) u; = 2Ué0u6 - 2u6 = 2uc')(Ué0 - 1) (7)
from (4) ug' = 3U§0u62 + 3U8(U§0 -1 (8)
from (5) uév = 4Ug;u63 + T2UEOUSU; + 4U3'(Uéo = 1) (9)

. 2 3 - ] - ] = " -
With Ug = a+bu+cu” +du”, Ugy =a, Ugy =Db, Ug 2¢, Ugy = 6d,

0

6a(b - 1)2 + 6a’c,

Then, u'

a, Ul! == za(b _ -[)’ ulll
0 0 0

. : (10)
u;" = Blaf(h = 1) + Zuelh - 1} # a2d]



