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I. Introduction

The FIRE code is a one dimensional, one fluid, two temperature
lagrangian hydrodynamics code used to simulate the response of cavity gases
in inertial confinement fusion reactors. It uses separate plasma and
radiation temperatures to model the energy transfer in the cavity gas and uses
real opacities and equations of state produced in tabular form by the MFP
code. Given the initial temperature distribution produced in the gas
by the target debris and X-rays, FIRE computes the heat flux and overpressure
at the first wall as a result of the cavity gas response.

The simple two temperature model is more applicable to the cavity gas
response than the standard one temperature model of codes such as CHART-D.

It is also much less expensive to run than a full multifrequency group

treatment of the radiative transfer.



II. Units and Zoning Conventions

The FIRE code uses the following units:

Length -- cm
Time -- second
Mass -- gram
Energy -- Joule

Temperature -- eV

Finite difference indexing is done as follows:

Time indexing: (n+1) A
(n+1/2) B

(n) C

(n-1/2) D

(n -1) E

(n -3/2) F

(n-2) G

(n - 5/2) H

(n-3) I.

Spatial zone indexing:
. -2 |
J-2 J-1 J J+1

Zone boundary quantities have integer indices while zone centered quantities
have half-integer indices. In the FORTRAN program each zone is indexed by the

index of its outer boundary. Hence the center zone has index J=2.



ITI. Llagrangian Coordinates

The FIRE code uses lagrangian coordinates, meaning that the zone
boundaries move with the fluid at its local velocity. The "lagrangian mass"
defined as

) §-1

dmn_ = p(r)r dr (I11-1)

is used in place of dr in the difference schemes (8=1 planar, 6=2 cylindrical,
6=3 spherical coordinates). The most accurate finite difference treatment is

obtained when equal mass rather than equal Ar zoning is used.



IV.

Equation of Motion

The equation of motion is written in Tlagrangian coordinates as

3 3
5t~ - Vg7 (Pa) (1v-1)
3 5-1 3

Wy s (P+q) (Iv-2)

where V is the specific volume of the gas (1/p), P is the total pressure

P

hence

where

(P +PR)

» and q is the von Neumann artificial viscosity.

The explicit finite difference equation used to solve (IV-2) is given as

uq+]/2 - uq'1/2

n
g I =Sy, e+ aq™ 2 mm (1V-3)
Atn J J J Oj
n
(V2 2 012 8Ty et g™ 23t an ) (1v-4)
N j | it N 0
aph = pl _ph n-1/2 _ q-]/Z _ n-1/2
Pi = Pis2 = Py A4 Gasz - G-z
n = (Am0 + Am )/2
05 j+1/2 05.1/2
At = (Atn+1/2 + Atn—]/z)/2
.n=1/2
n-1/2 _ n
95172 0 when Vj-]/2 >0
(IV-5)
/5 q—1/2 _ q—1/2 .
= (UJ Y- ) when V1712 < ¢
=172 j-1/2

j-1/2



New radii are then computed as

r"+] - rq + ur]+]/2 Atn+1/2 .

i it (1v-6)
From these, new specific volumes are computed.

Equations (IV-4) and (IV-6) and the new specific volumes are computed
in HYDRO. The artificial viscosity is computed in QUE and new number

densities corresponding to the new specific volumes are computed in NUMDEN.



V. Energy Transfer Equations

Energy transfer is represented by two coupled diffusion equations for

the plasma temperature and the radiation specific energy. These are given

as
oT oT oP
¢ R (Sl By Wy (v-1)
vp ot Bmo p or BTp tp R p
oF oE
R_9_ ,6-1, "R 3 §-1 _
3t om (r Kr 37 ) - PR m_ T U - dg* Jp (v-2)
] 0
where
CVp -- plasma specific heat at constant volume
Kp -- plasma conductivity

JR -- radiant energy/gram absorbed by the plasma

Jp -- radiant energy/gram emitted by the plasma
ER -- radiant specific energy
KR -- radiation conductivity.

The absorption and emission terms are defined as

CE
- R . . L.
JR = I;TTEjTET where %] is the radiation Planck mean free path, and

3o = ey )(59T4)=WB—)4OT4

P X Tp=Tp) lep p 17T
Note that for JR the Planck mean free path is evaluated as a function of
different plasma and radiation temperature while for Jp, the Planck mean free

path is evaluated for equal plasma and radiation temperatures.



Equations (V-1) and (V-2) are solved simultaneously using a fully

implicit finite difference scheme. The finite difference equations are

n+1 n
T -7 2 pd-1
VPy_1/2 i-1/2 15%—]/2 = I : L O o
j- A At aeT o Py Pj-
: 0512 _I;.y_fi j+1/2 j-1/2
k'K
i P
oy 8-1 : 1
RS QA s BN R AR AL
T j-172 " Ti-3/2 P To172 37172 P5.9/2
j-1+ -1
K K"
Pi-1 Py
+ Wp En+.I "]

. R. " Y. T
Jj-1/2 7j-1/2 j-1/2 pj-]/Z

En+] - gn §-1
Ri-tzz Rz .3 al L
a™1/2 Mo, 1yp | o5+ oy w20, Ririzz Ry
E:l' Ejﬂ‘ ??__;L
. &, Fr,
S T
6-1
S R T ) (v-4)
et ] F AL 20 i-1/2 i-3/2
" K'J- a—
R R R,
-1 J-1 J~1



5-1 5-1
BT T S - B LS
TV, B R.
- mR ESH + W TnH
j-1/2 “j-172 Pj-172 Pj-/2
where +
A = el - A R
Y'J Y'J_I_-l Y'J r Y'J Y'J_-I
n+1/2
4O(Tp. ) Vj-]/2
" = 1 C “ = 7 j-1/2
Ricizz TR Tolii2 Piae MI0R = Tdsiqy2

These difference equations can be rewritten in matrix form as

n+1 n

0 0.

%5-1/2 (-j—1/2 ) ~g-1/2) N ij(-+1/2 T Z5-1/2

n+1 n+l

35185072 - &5-3/2
where
o, =/C
25-1/2 7| vpy_y /0
0 1
Tn+'l
+ .
8512 2| Pa-12
En+1

Rs_1/2

) -

en"'] en+] )
(V-5)
en+] _ en+1
Yi-1/2 Z5-172 ~ 25-1/2 25-172
fMoi-1/2 (1-6)
Atn+1/2
(v-7)



2r§']
a, = — 0
=J Ar.  Ar
_d+v 3
+ -
K K
Py Pj
(v-8)
2r§']
0 —L
A, ArT 20ER.
J. 3, j
k¥ ok TR
R. M. j
j j
- = (P )V, 0 m
Lj-1/2 p'T j-1/2 _ 95-1/2
(V-9)
-1 -1
0 AT B I B
wp - U)R
P j-1/2

where all quantities without a superscript are evaluated at (n+1/2).

This matrix equation (V-5) can be written as

n+] +B n+] C n+l D

Ry-12850172 F Bio1/285012 7 G501/285-3/2 = Byo1s2 (v-11)
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where
Ai-172 = 8
Bia2 T %2t 4 G a2 T
Ci-172 = 25 (v-12)

- n
Dy 172 = %5172 85292

Equation (V-6) is solved by assuming a solution of the form

n+1 n+1l
85972 = o2 G T E

55-1/2 (V-13)

where

-1
Ej-172 = g2 - Soiz2 * Eyogga)” * By (V414

* E.

= _]*
Biov72 = @joay2 = Ciope * Eyeazad ™ @y * G172 * Eiozyl) -

At the inner boundary

_ -1
Erje = By * Ay
Fyyo = (By oy * D
-1/2 =1/2) =1/2
At the outer boundary
n+l _ Antl
Oomax + 172 = &.c. (v-16)

The final solution of the equations (V-13) is done in ENERGY. The matrices

and vectors

[[=]
noo

» C, D, E, and F are computed in ABCDEF. The coefficient

9

matrices a,

[Les

n-<

» and w are computed in MATRIX. The boundary condition is
determined in TEMPBC. The physical coefficients used to compute, a, a, v,

and w are discussed in the next section.
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VI. Coefficients for Energy Equations

Numerous coefficients, often dependent on temperature, are used
by the FIRE code in the solution of the energy flow equations.

Plasma Conductivity

+ 2 _1/2
K= =CON(1) T T /(4 + 7. )Anh,
pj pj pj+]/2 Jj+1/2 j+1/2
- 2 1/2
K~ =CON(1) T° T /(4 + 2. 1 ,0)enh,
pj pj pj-1/2 j-1/2 j-1/2
Radiation Conductivity
+_C 4
KRj =3y T CON(2) %5000/V540/0
KRj = CON(2)%5_1/9/V5 1/
where %(np, Tp, TR) is the Rosseland radiation mean free path.
Radiation Flux Limit
o = oT? = CON(3)T,"
Rj Rj

Plasma Absorption

C
w T TroTy - CON(B/ A (TR.T);

Plasma Emission

g V
W = - = CON(7) V. 5 ,o/% (T =T ).
pj_]/2 %1 TR Tp j=1/2"71Y'R p’j-1/2
The plasma and radiation conductivities are computed in KAPPA. The
radiation flux Timit is also computed in KAPPA. The plasma emission and

absorption coefficients are computed in OMEGA. The XnA term is computed in
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LLAM. The charge state, Z, and the radiation mean free paths, %, %] (Tp,TR)
and l](Tp = TR) are computed along with the plasma specific heat and
other equations of state quantitites in E0S. This is discussed in the next

section.
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VII. Equations of State

A total of 8 equation of state quantities are computed in FIRE. These
are
PR -- radiation pressure
TR -- radiation temperature
Ep -- plasma specific internal energy
Cvp -- plasma specific heat
Pp -- plasma pressure
(Pp)T-- temperature derivative of plasma pressure
VA -- average charge state
L --  Rosseland mean free path
%] -~ Planck mean free path
The radiation pressure is
P =l_E_R_=ﬂ'.(_)'_T4
R 3 »p 3c 'R
- 4
PR = CON(10) * TR
j-1/2 j-1/2
The radiation temperature is computed from the specific energy using
To = (B /CON(6) /¥y )"
j-1/2 j-1/2
The plasma pressure is given as
P = CON(9)(1 +Z. ;,,) *n * T
Pi-1/2 120 M7 Pay2
The temperature derivative of the plasma pressure is
(P ) = CON(12) * n. *
P Ty 172 i5.1/2
97
W+ Z. ., + (55) *T )
3-1/2 = BT 05 972 Pio1y2
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There are 4 equation of state tables used by the FIRE code. These
tables provide
Z=17(n, Tp) Charge
E =E (n,Tp) Specific Internal Energy

=
|
=
—
=3
—
—

R) Rosseland mfp
Planck mfp

and are generated by the MFP code. The tables for Z and E are two dimensional
while the tables for 4 and 2] are three dimensional. To interpolate in these
tables we use logrithmic interpolation. That is, all of the quantities are
interpolated using linear interpolation of these logarithms. Hence the
tables give

log Z(log n, log Tp) etc.

This method works reasonably well for smooth data. So, in general we

%+l 41, mtl
have 2 dimensions
k - TR
L m* . L1, mx* Lo Tp
L, i+ m-n
m 1, m P

A(fmtl) - ACkm) ()

A(,m*) = A(%,m) + np(m+1) . np(m) PP

ALRH1,mH1) - ALTm) (o)

np(m+1)‘- np(m) p P

A(X,m**) = A(%+1,m) +




x>
]

A(k,m*) + AT

(T)-

15

Tp(%))

o = AlHTm**) - A(%,m*)

T TR ST

In 3 dimensions this becomes the following

K, &+1] k+1, %41
m-plane
Kk, k+1,%
Kk, &+1 k+1, %+1
m+1 - plane
k% k+1,%
Ako) = Alk,x) + Rt = M) (r -1 (0))
p P
Alk,4%*%) = A(K+T,%) + _((#(%{1;%‘*1)_{_"(%%(”,%)) (Tp - Tp(x))
P p
A = Ak,%%) + A (Tp - Tp(K))
A_ = A(k+1,£**) - A(k,z*)

T (TR(k*T) - Tp{k))

In three dimensions we do this

Am+1 so the final result is

twice, for m and m+1. This gives us Am a

nd
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A - A
- m+1 m _
AR 2 DTN () USRS
Y p
Note that we also want to find g$?-= CV . If we go back to our 2-D general
Y

interpolation and recall that we are actually computing

Tog A(1 , log T
og A(log ny» 109 p)

then

3FE _dlog E 3E dlog T

3T 3log T. 9dlog E5 T
p 1081, °log

5E dlog E E

oT dlog T T_
p 2% T p

A11 of these quantities except TR are computed in EOS. The radiation
temperature TR is computed in ENERGY after solving for the radiation

specific internal energy.
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VIII. Energy Conservation Check

At the end of each time step a check is made to insure that the difference
equations are conserving energy. This is done by integrating the energy
equations (the first law of thermodynamics) for the plasma and radiation.

These are given by

Ep + va = Sp + QPR + QDP (VITI-1)

ER + PRV = SR - QPR + QDR - QRL (VIII-2)

where

. (T _LE )
QP - §~—-r6'] K p’r
X Bmo X or

After integration over space and time these equations take the form

n+] ntl _ o 0 n+l n+l _ -n+l n+l .t VIII-3
e *T ep * T HHT+ Epp Fo - Wy G ( )
ntL o n+l n+1] n+l n+l n+l n+l _
e =ep t Hp' ' - Epp - Fp - Wy 4Gy - Eny (VIII-4)
en+1 + Tn+1 I Hn+1 _ Fn+1 _ wn+1 _ EEE] (VIII-5)
Each of these terms are given as follows
JMAX n+l
e2+1 -5 (EX) Amg (VIII-6)
J=1 j-1/2
2 JMAX 2
RS DR TR S AR 1)
JMAX-1/2 J i
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JMAX ntl/2
WL = WD e ™ V2T (s ) - (VIII-8)
=1 XITVET05
n+1 JMAX . nt+1/2
n n+l1/2 -
E.. =EN + At 2 (Qup ). Am (VIII-9)
RP RP j=1 RPj-1/2 oJ._]/2
JMAX-1
GE+] - GE + at"V2 7y q+1/2(r6-1)n+1/2(*) (VIII-10)
EE
I:PRn+1/2 _ PRn+1/2] + Atn+1/2 S;AQZ (r5-1)3;A§2 [PR _ PR 1/2
j+1/2 j-1/2 JMAX+1 JMAX-1
where x = p or R
JMAX .
n+l _ .n n+1/2 n+1/2
Eo, = E_ + At I (Q, )" Am (VIII-11)
RL r j=1 RL'j-1/2 05_1/2
ntl _ n n+t1/2, nt1/2, 8-1 n+1/2 ntl/2 (VIII-12)
Wy o = W 80 g 0 ) gmaX Peamax )
F2+] - FQ + Atn+1/2 axn+1/2 (TQ+]/2 _ Tn+1/2 ) (VIII-13)
JMAX JMAX+1/2  XgMAX-1/2
The physical definitions of each term are
ep,eR -- total internal energy of the plasma and radiation at (n+1)
T -- total kinetic energy of the plasma at (n+1)
Hp’HR -- total source of energy to the plasma and radiation up to (n+1). These
are zero in the FIRE code at this time.
ERP -- total energy exchanged from the plasma to the radiation up to time (n+1).
E -~ total radiant energy lost from the plasma through some pure loss

mechanism. Not used in FIRE at this time.
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W ,WR -- total work done on the outer boundary of the plasma by the plasma
and radiation up to time (n+1). These are zero in the FIRE code

because the outer edge of the plasma is contained by the first wall.

Fp’FR -- total energy conducted to the first wall from the plasma and
radiation up to time (n+1).
GR -- work done by the plasma on the radiation to maintain the one fluid-

two temperature approximation.

These integrations are done in ECHECK.
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IX. Time Step Control

After each time step the next time step is determined so that a set of

stability and accuracy constraints are maintained. This is determined by

n+3/2 _ . n+1 n+1/2 n+1
At = MaX[Atmin’ M1n(Atmax, K]/R] ’KZ /R (IX-1)
n+1/2 n+1 ntl1/2 ,,nt+l
K3 /R 4 At /R4 )]
where
n+l _ n+l n+1 1/2 n+]/2
ntl _ n+1 n n+1
R2 = ng[(vj—l/Z Via2)V5o,2] (1X-3)
RIT = Max[(Tpt - Th TRV (1x-4)
J j-1/2 j-1/2 j-1/2
RA = Max[(TT o rtl/2 (1X-5)

i Pi-w2 Pjaz2 Pi-1ze

and the input parameters K], K2, K3, and K4 determine the severity of the
constraint. The default value for these is 0.05. The time step determination

is done in TIMING.
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X. Computer Code Description

The FIRE code is written in FORTRAN to be run on any mainframe computer.

It is written in a top-down modular programming style as shown in Fig. X-1.
Variables

A11 real variables are implicit double precision giving about 14 decimal
places of accuracy on an IBM or UNIVAC computer. It is important to note
that all real constants are specified with the "D" scientific notation
(i.e. 1. > 1.D0). This is necessary to insure that all calculations are
performed in double precision since the IBM FORTRAN G and H compilers will not
define constants as double precision unless the "D" notation is used. This
seriously affects calculations that are expected to be in double precision.

Variable names are designed to correspond to this documentation with the
following conventions used to identify their meanings.

i) The last two letters indicate whether the variable is zone centered
or on a zone boundary and also indicate the time level.

1 -- zone boundary

2 -- zone center
n+l

n+1/2

>

n-1/2

=
1
)

n-3/2

=
i
N

n-5/2

]
i
N i S R N

=
|
w
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i1) The first 4 or less letters indicate the physical quantity being
represented.
R -- radiation quantity

N -- plasma quantity

Thus TR2B(J) is the radiation temperature in the center of the Jth zone at

n+1/2’ and U1D(J) is the fluid velocity on the Jth zone boundary at

n-1/2

time t
time t A1l variables necessary to the computation are contained in
named common blocks. The variables are grouped such that a subroutine will
find most of the variables that it needs in fewer than all of the common's.
We list all of the variables (by common block) along with their meaning
and units. ATl vectors have dimensions of 53 which allows for 50 spatial

Zones.

Common Blocks

COMMON /T IME/
NTA "]
2y T8 "1/2
3) e t"
4y 0 t"1/2

)

5) pTB** At"t1/2
)y oTc At = (at™1/2 4 m""1/2y ) (sec)
) pTD  Ath-1/2

) DTE a1 = ("2 4 =372y )0

) OTF  ag"™3/2

10) 076 At"2(at"32 4 at"5/2y )5

)

DTH  a"~57/2



12) o1 at"t3/2
13
14
15
COMMON/TEMPER/
n+1
1) TN2A (Tp)j_]/2
ntl/2
2) TNZB (Tp)j_]/z
n
*
3) TN2C (Tp)j_”2
n-1
4) TN2E (Tp)j_”2
n-2
5) TN2G (Tp)j_]/z
n-3
6) TN2I (Tp)j_]/2
ntl/2
7) TN1B (Tp)j
n+l/2
8) Tisezs /{1 )T*1/2
n+1
9) TR2A (TR)J._]/2
n+1/2
10) TR2B (TR)i 475
11) TR2C* (T)"
j-1/2
n-1
12) TR2E (TR)J._]/2
n-2
13) TR2G (TR)323/2
14) TR2I (T,)""3
R’j-1/2

24

, the new time step

) TMAX* Max problem time for the simulation
) DTMIN** Min allowed time step
) DTMAX** Max allowed time step

Plasma temperatures (eV)

(eV)]/z

Radiation temperatures (eV)
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15) TR1B (TR)2+]/2
16) TRSQ2B /(1) T/ (ev)!/2

17) TBC** temperature boundary condition (eV)

COMMON/CNTROL/
1) CON** - real constants used in FIRE

2) TGR@W** - max percentage that At can increase in one cycle

w

TEDIT** - time at which output freq. switches from I0(1) to I0(11) (s)

S

GEOFAC - a geometry factor; 1, 2w, 4w

[S]

TSCC** - Courant condition time step control

()]

TSCV** - AV/V time step control

~

TSCTR** - ATR/TR time step control

o

R2 - worst case for AV/V

10) R3R - worst case for ATR/TR

11

)

)

)

)

)

)

)

) R1 - worst case for Courant condition
)

)

) R3N - worst case for ATp/Tp
)

)

)

12) T1
13) T2

temporary vectors to be used for any purpose
14) T3 within a subroutine

1

o

) T4

16) IDELTA**- 1 = cartesian, 2 = cylindrical, 3 = spherical
17) IDELM1 - 0 = cartesian, 1 = cylindrical, 2 = spherical
18) NCYCLE - time cycle index

19) NMAX* - max number of time steps

20) JMAX*- max number of spatial zones



21)
22)
23)
24)

26

JMAXMT - JMAX-1

JMAXPT - JMAX+1 used for indexing
JMAXP2 - JMAX+2

ISW** - control switches

ILUNIT - output units for flux quantities

JCOUR - zone # of Courant condition worst case

JSPVOL - zone # of AV/V worst case

JRTEMP - zone # of ATR/TR worst case

JNTEMP - zone # of ATp/Tp worst case

INDEX - a vector used for output indexing

IZONE - zone # of worst case of Courant, AV/V, AT/T

ITYPE - 1 - Courant, 2 = AV/V, 3 = ATR/TR, 4 = ATp/Tp worst restriction
IITYPE - 0 = physical, -1 = minAt, 1 = maxAt

IEDIT** - output cycle frequencies

IIZONE - zone # of worst case if the At is Atmax or Atmin

ICOND - primary time step constraint

ICOND2 - secondary time step constraint if primary is Atmin or Atmax
NVMAX - time step of maximum compression

IUNIT - cm2, radian-cm, sterradian for § =1, 2, 3

JVMAX - zone # of maximum compression

TSCTN™ ATp/Tp time step control

I0* - output frequency vector

IOBIN**- output freq. of binary output



COMMON/HYDROD/
1) UID ug']/z fluid velocity (cm/s)
2) ugr* 1172
J
4) DR2B Ar?f}fg zone widths (cm)
5) DR2A Ar?f}/z zone widths (cm)
6) RIC  r"
J
7) RIB r?+]/2 radius (cm)
8) RIA 1
J
9) RSIC (rj")5’1
10) RS1B (r?+]/2)6']
11) RSIA (r?+])6']
n
12) PR (PR)5 5
13) PR2B (PR)?flfg radiation pressure (J/cm
n+1
14) PR2A (PR)j-1/2
n
15) PN2C (P)T o
16) PN2B (Pp)gf};g plasma pressure (J/cm3)
n+1
17) PN2A (P,
18) P2C P§-1/2 total pressure (J/cm3)

19) P2A

27

n+1
Pi-1/2

3
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n
23) v2c VJ._]/2

ntl/2
24) V2B VJ._]/2

n+1
25) V2A VJ._]/2

26) VO initial specific volume

27) COMPR VO/V compression

28) VDOT2B V;t};g time derivative of sp. volume (cm3/g-s)

29) DMASS?2 Amo Lagrangian mass
j-1/2

30) DMASST Am_ = (Amo + Amo )/2
J j=1/2 j+1/2
nt+1/2

32) @B g5 )5

33) VMAX max compression

34) TAVMAX time of maximum compression (s)
n+l/2
j-1/2

n+1
36) VOL2A  zone volume j-1/2 (cm

(cm3)

35) VOL2B  zone volume
3
)

COMMON/ESCOM/
1) ER2C EE radiation specific energy (J/g)
3-1/2
2) ENT2B (Cv )n+]/2 plasma specific heat (J/eV-g)
p j-1/2
3) ER2B E"V2 (a/g)
j-1/2
4) PNT2B (Pp)Tgf};g temperature derivative of plasma pressure (J/cm3—eV)
n+1

5) ER2A (EP)j-1/2 radiation specific internal energy (J/9)



EN2A
DE2A
DN2A
DE2B**

DN2B*

IT28B

Z2B**

) 2SQ2B

15) VBC**

16) AD

17) AT

—

9) B

——i

20)

)

)

)
18) BD

)

)EBC

)

21) TN2AL
22) TR2AL

23) DN2AL

24) KEOS
25) LEOS
26) MEOS

ATW2B* AJ 172 average ion atomic weight
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(Ep)g+}/2 plasma specific internal energy (J/g)

n+1

(ne)j—l/z
n+l

(ni)j-1/2

ntl/2
(n e)J 1/2

n+l/2
("i)j-1/2
n+1/2

electron number density (]/cm )
ion number density

electron number density

ion number density

(amu)
temperature derivative of average charge

n 1/2
J -1/2

n+1/2 2
(Z32172)

specific volume boundary condition (cm3/g)

average charge (esu)

average squared charge (esu)2

coefficients defining the grid for the equations of state

radiation specific energy boundary condition
n+1
Pj-1/2
n+1
)
j-1/2

Tog (ni"+1 )
j-1/2

Tog (T

Tog (TR

- vectors used for indexing into the equation of state tables
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COMMON/ESCOM1/

1) ZTAB - Z(Tp,np) Plasma charge state

2) ENTAB- Ep(Tp,np) Plasma sp. int. energy (J/g)
3) RMFTAB-k](Tp,TR,np) Planck mfp (cm)

4) ROSTAB-K(Tp,TR,np) Rosseland mfp (cm)

COMMON/COEFF/

1) ROSS2B - (%)gt};§ Rosseland mean free path (cm)

2) KANMIB - (K;)2+1/2 Plasma thermal conductivity (J/cm-eV-s)
3) KANPIB - (KF)M+1/2
PJ
4) KARMIB - (K&)§+]/2 Radiation thermal conductivity (J/cm-eV-s)
5) KARP1B - (Kr)"*1/2
J
6) OMP2B - (mp)gf}jg Plasma emission coefficient
n+1/2 . ..
7) OMR2B - (wr)\]._]/2 Plasma absorption coefficient
8) RMFP2B - (%])gf}jg Planck mean free path (cm)
n+1/2

9) RMFT2B - (%) Planck mean free path for T,=Tq (cm)

Jj-1/2

, ntl/2 .
21) LAMN2B - (%n/\m.)j_]/2 Spitzer log A
22) FLIMIB - radiation flux limit - oT% - (J/cm?-s)

23) RFLUTB - diffusion flux (J/cm’-s)



COMMON/COEFF 1/
1) BET12B - (31)““/2
j-1/2
2) BET22B (32)“+1/2
j-1/2
ntl/2
3) AL112B (“11)j—1/2
n+l/2
4) A1222B (a22)j-1/2
ntl/2
5) OML12B - (w, -1/2
) n+l/2
6) OM222B - (w,, by
nt+l/2
7) GM112B <Yll)j—1/2
ntl/2
8) GM222B (YZZ)j-1/2
9) AALLIB - (a,.)"1/2
1173 .
n+l/2
10) AA221B (azz)j
. ntl/2
11) OM122B (wlz)j—l/Z
n+l/2
12) OM2128B (le)j_l/2
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Beta Vector

Diagonal Elements

Diagonal Elements

Diagonal Elements

Diagonal Elements

of Alpha Matrix

of Omega Matrix

of Gamma Matrix

of "A" Matrix

OFF Diagonal Elements of Omega Matrix



COMMON/ COEFF2/
1) E11 - (Ell)
2) E12 - (Elz)
3) E21 - (E21)
4) E22 - (E,,)
5) Fl1 - (Flj
6) F2 - (F,)
7) B1l - (B,)
8) B12 - (B,,)
9) B21 (8,,)
10) B22 - (B22)
11) b1 - (Dl)
12) p2 - (D,)

32

All Elements of the "E" Matrix

" Both Components of the "F" Vector

All Elements of the "B'" Matrix

Both Elements of the '"D" Vector




COMMON/ECKCOM/
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1) TIA - (T)?+1 kinetic energy of fluid (/)

2)
3)

20)
22)
23)
24)

GGGE2A -
HHHRZ2B -

HHHNZB -

EEEC2A -

EEER2A -

EEEERO

EEEENO -
EEEEER -
EEEEEN

TTTTTIT -

HHHHHR
HHHHHN

EEEEEC

GGGGGE -

WWWWWR
WWWWWN -
FFFFFR

FFFFFN -

WWWWN - (w
FFFFR - (f

p
WWWWR - (wR)n+

)

)

e
(H

(G )gf}/z radiation-plasma work to maintain one fluid (J/2)

)n+1/2
R"j-1/2

radiation source (J/ =)

(H )n+]/2

p

c

r

j-1/2 plasma source (J/ 1)
(E )?f}/z radiation-plasma energy exchange (J/ 7 )

(E )?f}/z energy lost purely to radiation (J/ 3 )

ER total initial radiation internal energy (J/ i)

o

Ep total initial plasma internal energy (J/i7)

0
n+l
(Eg)

(Ep)n+1
(T)n+1
(g

o,

c

(Ge)n+1

(WR)n+]

(wp)n+1

(FR)n+1

(F )n+1

—

ntl
p

ntl
R

)™

total radiation internal energy (J/ iJ)
total plasma internal energy (J/ i)
total fluid kinetic energy (J/ (7 )

1 total radiation source (J/;7 )

total plasma source (J/ c7)

total radiation plasma exchanged (J/:37 )

total work done to maintain one fluid (J/:7)

total work done on radiation (J/i7)

total work done on plasma (J/ (7 )

total radiation heat lost across outer boundary (J/i7)
total plasma heat Tost across outer boundary (J/;.7 )
total work done on radiation on last cycle (J/i7 )

total work done on plasma on last cycle (J/:7)

total radiation lost at outer bd. on last cycle (J/i7)



FFFFN
HHHHR

HHHHN

EEEEC
GGGGE

EHLHS

ETLHS
ERRHS

ENRHS

ETRHS

PSAVE

41) TSAVE

NPMAX

42)

43) NSAVE

44) NFMAX

45)

where Ois §
8=1
§=2
§=3

total
total
total
total

total
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plasma energy lost at outer bd. on last cycle (J/:7 )
radiation source on last cycle (J/ i)

plasma source on last cycle (J/i7)

radiation plasma heat exchange on last cycle (J/i7 )

work to maintain one fluid on last cycle (J/i77)

left side of plasma energy balance equation (J/ (7 )

left side of total energy balance equation (J/r3)

right side of radiation energy balance equation (J/ c7)

right side of plasma energy balance equation (J/iJ)

right side of total energy balance equation (J/{7)

PMAX - Maximum pressure at the wall (J/cm3)

TPMAX - Time of maximum pressure (s)

FMAX - Maximum radiation heat flux at the wall (J/cmz—s)
TFMAX - Time of maximum heat flux (s)

FSAVE - Heat fluxes at first wall (J/cmz-s)

Pressures at first wall (J/cm3)

Times of heat fluxes and pressures (s)

Time step of max. pressure

Index into FSAVE, PSAVE, and TSAVE

Time step of max. heat flux

0

2
cm

cm-radian

NDUMMY - Rounds out the common block to an even number of words

steradian

where * means mandatory input variable

** means input variable with a default value
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Subroutines
The subroutines in FIRE each perform a specific function that usually
closely relates to this documentation. Each subroutine is listed with a

brief description of its purposes.

ABCDEF - computes the A, B, C, D, E, and F matrices and vectors used to
solve for the energy transfer.

ARBENE - computes an arbitrary energy input to the plasma or radiation.
Currently not used.

CLEAR - sets all common blocks to zero before the start of a calculation.

DUMP - writes all common blocks to unit 2 at the end of a calculation.

ECHECK - computes the integral quantities used to evaluate the degree to
which energy is conserved in the calculation.
and then T,.

R R
EOS - computes the equation of state quantities.

ENERGY - computes Tp and E

HYDRO - solves the equation of motion for the fluid velocity, and then computes
new radii, 4r's, zone volumes and specific volumes.

INITIA - Reads NAMELIST input and calls other initialization routines.

INIT] - sets variable default values before reading input.

INIT2,4,5 - computes initial conditions and writes a summary of the initial
conditions to unit 6.

KAPPA - computes plasma and radiation thermal conductivity and the radiation
flux 1imit.

LLAM - computes Spitzer's log lambda.

MAIN - calls other routines to form the loop for one time step.

MATRIX - computes a, g, y and w matrices for use in the energy transfer

calculation.
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NUMDEN - computes number densities from the specific volume.

OMEGA - computes the plasma emission and absorption coefficients.

OUT, OUT1 - writes output to unit 6 at the end of specified time cycles.

POINT - finds pointers into the equation of state tables.

QUE - computes the artificial viscosity.

QUIT - wraps up the calculation at the end.

SHIFT - shifts values of variables at {n+1) to variables at (n) at the
end of a time step.

TABLE2 - interpolates in the equation of state tables using pointers.

TEMPBC - computes the plasma temperature and radiation specific energy
boundary conditions.

TIMING - computes new time step and determines whether the calculation is
over.

TXTRAP - extrapolates temperatures to (n+1/2) for coefficient evaluation.

UNREAD - reads in the common blocks from unit 4 at the beginning of a
restarted calculation.

WBIN - writes binary output to unit 8 for postprocessing.

Input/Output Units

The FIRE code uses 6 different I/P units. These units are listed along
with their specific function.
Unit # Function
2 FIRE writes all COMMON blocks to this

unit at the end of a calculation to
allow a restart.

3 FIRE reads the equation of state tables
from this unit.
4 FIRE reads the COMMON blocks from this

unit at the beginning of a restart
calculation.
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Unit # Function
5 FIRE reads the NAMELIST input from
this unit.
6 FIRE writes lineprinter output to this
unit.
8 FIRE writes binary output to this unit

for postprocessing into plots.

Storage Requirements and Execution Time

FIRE requires about 40 K words of core storage on a UNIVAC 1110 computer
and executes at a rate of approximately 3-5 msec/zone-cycle.

Adding a Variable to FIRE

When adding a variable to a COMMON block, the COMMON block length (set in
INIT1) must be changed so that DUMP and UNREAD will write and read the correct
number of words for a restart. Notice that the lengths are measured in
double words. Hence this must be changed if a CDC machine is used in single

precision.
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XI. Input Manual

The FIRE code reads NAMELIST input (&INPUT) from I/9 unit 5. The variables
that must be inputted are given in Table XI-1. The variables with default
values are given in Table XI-2. Theyneed only be inputted if another value
1s desired. Table XI-3 contains definitions of the integer switches used
to control the code. Table XI-4 lists the real constants used by the code
that can be changed by input. Table XI-5 gives the intermediate output
vector that allows all internally computed quantities to be outputted for
debugging. Table XI-6 lists the I/0 units used by the FIRE code. Below is

an example of the input for a typical calculation.

Example 1:
LATHPUT  IMAN=S10.
HMAEE=1 0000
THAS=Z2.D-2
DREE=10. D0 S, 8300 4. a00 2, 2200 2. 6700 2. 2800

1.9900 1, 73001, 8300 1. SO0 1.S2300s 1. 5aD0s 105200
1Al ATDN L 2alba 2, DAD0s 2. 2700 2. Shia 20 V200
L2100 3 FI00ed, 2003, 200 S, S500

P 200 AL RE00 F o FaI0 2, S20 0«9, A 00 10, 2200
11,4800 125700 1 2. FFT0 15, 0200 16, ST DD

15,0400 13, 7300, 21,5500, 24,5400« 16, 32300 14, Ve
12,4300 12 3800 11 el D0 L0 AR n0a 10, 2V D03, 7200
D.ERD0E, 5200

ATWZE=S0%=23 300,

TEC==, -5

THZZ=11+3, 2002308, Sh~2y
TREC=11+2, 300 335, S0~
DHEE=1.134013«43+1 . 27D S

TO0==¢S00

TOBIM=510,

T OS2 =511

LEMD
The next example is the input for a restart of this calculation to allow it to

run to 40 msec instead of 20 msec.

Exanple 2:
LIMFPUT IRZ=1s &EMD
LIMPUT THAX=4,D-2
LEMT
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At the end of the first calculation the COMMON blocks were written to unit 2.
This file or tape must be attached to unit 4 for the restarted calculation
to read the COMMON blocks. When done, the restarted calculation will

write its COMMON blocks to unit 2 again.

The Tast example is a simple calculation to allow a test of the code.

Example 3:

LIMPUT  IMAXE=1 0
HMAX=2010.
THR¥=2. D=2
TRZE=10e10, [
ATWER=10%4 0, Tifls
TH2C=10eS0, [l
TR2C=1 050,00,
IHZE=10e1 . 5T D1 S
I0=3e51x 111

SEMD

The output from this calculation is given next.
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Variable

JMAX

NMAX
TMAX
10

DR2B
DN2B
TNZC
TR2C
ATW2B
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Table XI-1

Input Variables

Default

Value

Description

Number of spatial zones 3 <
JMAX < 50

Maximum number of time steps
Maximum problem time (s)

Output frequencies
I0(1) -- hydrodynamics

I0(2) -- energy

I0(3) -- mfp's and # densities
10(4) -- short edit

I0(11) same as I0(1)-(4) except
I0(12) after time TEDIT

I0(13) (see TEDIT description)
10(14)

Ar of each zone (cm)

Ion number density (cm'3)
Plasma temperature (eV)
Radiation temperature (eV)

Atomic weight (amu)
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Table XI-2

Optional Input Variables

) Default
Variable Type Value Description
IDELTA I 3 Geometry = 1 planar
= 2 cylindrical
= 3 spherical
DTB R 10712 Initial time step (s)
DTMIN R 10" 1+pTB Minimum time step (s)
DTMAX R 10'2*TMAX Maximum time step (s)
TSCC R 5 x 1072 Time Step Controls - Courant
TSCV R " AV/V
TSCTR R " ATR/TR
TSCTN R " AT /T
pp
TEDIT R 0 If TEDIT # O then before time
TEDIT I0(1) - (4) are used and
after IEDIT I0(11) - (14) are
used as output frequencies.
IOBIN I -1 Binary output frequency written
to unit 8 for postprocessing.
TGROW (R) 1.5 Time step is allowed to increase
no more than TGROW * DTB on each
successive cycle.
TBC (R) 2.5 x 107 Temperature boundary condition (eV).
VBC (R) 0.1 Specific volume boundary condition
(cm3/g).
UiB (RV) 0 Initial velocity (cm/s).
IRS (1) 0 Restart calculation flag

0 Normal calculation
1 Restarted calculation.



Variable

ISW

CON

IEDIT

ROSS2B

RMFP2B

RMFT2B

Type
(1v)

(RV)
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Table XI-2 (cont.)

Default

Value

Description

See Table XI-3 for definitions
of these switches.

See Table XI-4 for the definitions
of these numerical coefficients.

See Table XI-5 for the definitions
of these intermediate output
frequencies.

Rosseland mean free path must
be ingutted if ISW(12)=1 or
ISW(15)=

Planck mean free path must be

inputted if ISW(12)=1 or ISW(14)=1.

Planck mean free path for Tp = Tp

must be inputted if ISW(12)=1 or
ISW(14)=1.



ISH

10
11
12

13
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Table XI-3

Control Switches

Description

0 NonTinear coefficients are evaluated using
a temperature extrapolation to Tn+1/2 n
1* Nonlinear coefficients are evaluated using T

10* Number of constant time steps used at the
beginning of a calculation

Not used
Not used

20* Frequency of tabulation of overpressure
and heat flux at the first wall

0* Hydrodynamic motion is computed

1 No hydro motion - allows a pure temperature
diffusion problem

0* No energy input

1 Energy is added to the system using
subroutine ARBENE

Not used
Not used
1* Frequency of time step calculation
Not used
0* Equation of state tables are read from
unit 3
1 Ideal gas equation of state is used
RMFP2B, RMFT2B, and ROSS2B must be
inputted via NAMELIST

Not used
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Table XI-3 (cont.)

ISW Description
14 = 0* Planck mean free path is computed

from tables
1 Planck mean free path is computed as

a constant

15 = 0* Rosseland mean free path is computed
from tables

= 1 Rosseland mean free path is inputted

as a constant

16 Not used

17 Not used

18 Not used

19 0* Normal calculation

1 If TR < CON(29) then ROSS2B and RMFT2B
cannot be less than CON(31)

*Denotes the default value.



CON

10
11
12
13
14
15
16
17
18
19
20

1
1

2175 x 10

.12 x 10

.602 x 10°
.567 x 10°

.602 x 10~

.403 x 10°

.403 x 10°
.5778 x 10°

Table XI-4

Real Constants Used in FIRE

Default

2

x 1010

X 1010
19

6

19

19

19
6

Description

Plasma thermal conductivity
Radiation thermal conductivity
Radiation flux 1imit

Small term to avoid zero divide in
flux limited radiation conduction
term AA2218B

If non-zero then it is used as a constant
value of Tog A. Normally log A is computed.

Not used

Plasma emission term (radiation)
Plasma absorption term (radiation)
Plasma pressure

Radiation pressure

Not used

Plasma pressure derivative

Not used

Plasma specific heat

Plasma specific internal energy
Radiation specific internal energy
Not used

Ion shock heating term

Not used

Not used
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Table XI-4 (cont.)

CON Default Description

21 1.414 Artificial viscosity

22 Not used

23 Not used

24 Not used

25 Not used

26 Not used

27 Not used

28 1.0 If the ratio of radiation energy entering a

zone by diffusion to the energy initially
in the zone is greater than CON(28) then
the radiation temperature of the zone from
whence the radiation comes is used to
compute the mean free paths in this zone
(up-stream averaging).

29 1.5 If ISW(19) = 1 then the radiation mean free
paths in zones with TR < CON(29) can be
no greater than CON (31).

30 Not used

31 1.0 See CON(29)
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Table XI-5

Description of the Intermediate Output Switches in IEDIT

IEDIT Subroutine Variables
1 ABCDEF A11, A22, B11, B12, B21, B22, C11, C22,
D1, D2, E11, E12, E21, E22, F1, F2
2 MATRIX AL112B, AL222B
3 MATRIX OM112B, OM122B, OM212B, OM222B
4 MATRIX GM112B, 6M222B
5 MATRIX AATT1B, AA221B
6 MATRIX BET12B, BET22B
7 Not used
8 TXTRAP TR2B, TN2B
9 Not used
10 OMEGA OMR2B, OMP2B
11 KAPPA KARM1B, KARP1B, KANMIB, KANP1B,
LAMN2B, FLIMIB
12 Not used
13 Not used
14 HYDRO U1B, R1A, R1B, DR2A, DR2B, RSIA,
RS1B, V2A, V2B, VDOT2B
15 QUE Q2B
16 TEMPBC T(1) > T1(9), TR2A (JMAXP1),
TN2A (JIMAXP 1)
17
18
19 NUMDEN DN2B, DE2B, DN2A, DE2A
20

21
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Table XI-6

Input-Output Units

Unit # Function

2 FIRE write all COMMON blocks to this unit at
the end of a calculation to allow a restart

3 FIRE reads equation of state tables from this
unit

4 FIRE reads the COMMON blocks from this unit
at the beginning of a restarted calculation

5 FIRE reads NAMELIST input from this unit

6 FIRE write lineprinter output to this unit

8 FIRE writes binary output to this unit for

postprocessing into plots.
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