LA'8642'M ) a7

‘ anual
X o 2

[

HYDROX:

A One-Dimensional Lagrangian

Hydrodynamics Code

DO NOT CIRCULATE |
: PERMANENT RETENTION
3 REQUIRED BY CONTRACT

PP
: M LOS ALAMOS SCIENTIFIC LABORATORY
Post Office Box 1663 Los Alamos. New MexLL

niversity of California
|




- e

' An Affirmdtive-Astion/Equal Opportunity Employer

Y

DISCLAIMER

This report was prepused as an of work sp d by an agency of the United States Govern-
ment. Neither the United States Government nor any agency thereof, nor any of their employces,
makes any warranty, express or implicd, or assumes any lcgal liability or responsibility for the accus-
acy, completeness, or usefulness of any inf ion, app , product, or p disclosed, or rep-
resents that its use would not infringe privately owned rights. Reference herein to any specific com-
mercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute ot imply its endotsement, tecommendation, ot favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed herein do not nec-
essarily statc or reflect those of the United States Government ot any agency thereof.

UNITED STATES
DEPARTMENT OF ENERGY
CONTRACT W-7405-ENG. 36




LA-8642-M
Manual!

uUc-32
Issued: March 1981

HYDROX:

A One-Dimensional Lagrangian

Hydrodynamics Code

Milton Samuel Shaw
Galen K, Straub

i

553

Il

i

]

—_——
_——

|



ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



iv

CONTENTS

ABSTRACT e cevevseoooocoseeaososscesessocsossosscosoosecsosssanccesssss « 1
I. INTRODUCTION ¢ o ecccecccecassosassssassssossessscsscsssscscscscscssss 2
II. HYDRODYNAMIC EQUATIONS OF MOTION voveeeeeecnosonconncnsencenoess . 6
A. Conservation of Mass ce.vevveenn.. Cececsesessctcasserannnns . 6

1. Planar Geometry..... ecsccecssccns Gecccesseccsssessssscenes 7

2. Cylindrical Geometry ......ceeee.. Cetecsesscssenetasrsanan 7

3. Spherical GeOMELTY vuveveeeeeeeeeeecnennsencsesnanssnss «e 8

B. Conservation of Momentum...... Geccccccssseeccanser sttt sanas 8

1. Planar GeOMEeLTY ..uieeeeeeceeeeeeeeenaoeacsesesnasssoncns 8

2. Cylindrical Geometry ......... eseessen Ctetececsaceeannnns 10

3. Spherical GeOMELTY v.veeeeeeesensoeessacssccnnsns ceccsccs 12

C. Conservation Of ENEIBY «eeeeeeseeceecesceoccoccnceoaescnsanse 16

1. Planar Geometry..... Gecececsscsareenetssssssetssseccennn 16

2., Cylindrical GeOMELTY ..ueeeeecececececeseacanasasasesnases 18

3. Spherical GeOMELTY .vuieeeeeeeeeoeeoeroesosseasnnnnannsss 20

4. The Internal ENETBY .....vveessecnnncennnceennncocnnnenns 22

D. Summary of Equations ....cuocverrssssssscscccccccaseccccncannns 23

E. Finite Difference EQUations ...ceeeeeeesecscecooceencocsannes 25

1. Expansions of a Function on a Lagrangian Lattice «...e... 25

2. Space and Time Grid cveeeeerncssecossosseosssoncecccosannns 28

3. Momentum EQUALION «veveeeessrcscecosstsoesococoncasansannses 31

4. Energy EqUation ceveeeeseescessocecoooccecccassanacecssos 32

5. Kinetic and Internal Energies tveeeeeeeceecccecacacssanns 34

6. Conservation Properties for the Difference Equations .... 37

IITI. TINPUT AND OUTPUT cceoosoeccncasssoasscsccsoosscsossoococscsecncscss 41
A. Namelist Input for the Input File DATA .tvvveeevreennnnnonnons 42

1. NameliSt INP ceeseeecesasssscacssssssccsscssoscsccscccnancs 43

2. NamelisSt SU ceueeeceosooossosssssssssssssesscecccccsssssass 45

3. Namelist ESC ceeeeeecenossnoenonnssssnscansssoscccscasonnes 47

4. Namelist BURN toveecesceseossoscsscsssoscoccsccsccnccnoes 50

B. Outpult FileS ceeeceesceescecscessasssasssascsssssssnsssnsss oo 32

1. DOUT ceeeeeeessssssssssnsnsossssssssssssssaasaes teessseenne .. 52

2. XOUT cocecoceascoscasossssssassssssosssossssoecsecescesscne 56

3. OUTPUT ceccecsceessossasossaasossasososssossasoseoscccooocscces 58

4, GASSIN tvvcesssssssessssssnnns PR R 60

5. DUMPO ceeeeeeeeeeeeceeesnoooososssssssssssssssssssssssnnns 62

C. Graphics ceceeecececeececccceoeccccccccccccesssassssssssssssss 63

IV. HYDROX DESCRIPTION BY SUBROUTINES ccvccssecssacssacssacssacssccss 66
A. Summary Descriptions of the Subroutines eceeeecececsscscececses 66

B. Chart of the Relation Between Subroutines .......ccccveveeens 74

C. Variables in Common Blocks Not Already Described eeeeecececee. 75

D. Annotated Subroutine Listings and Detailed Notes «e.ecevsesas 79

1. HYDROX-MAIN v eeennocescccccncnssoeasasnnnassssaaannnnas 79

2 SETUP cccecceccccccscccscccssascsssccsscccsssscossssscssscscs 84

3 SSU teessseassoaassssasosoassssssssassssssssasssssscsascsa 91

R 71 93

5 BRSU ¢ eeeveeeeeanoeceanoeasasseeesanseeesanssnsssnsnoss 96

6 CLR ccccceccoscsososososssssscsccccsosccscasssssssssssscscscssssscss 98




10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.

35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49,
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
6l.

62.

RSTORE ceceeeeeecessssssescasscscccsoocccososssssssssssssss 101
EOSDSK teeeeeeesccsscoassassessesesssassassasssossasassas 104
4 5 () 106
RBLDUP eeveeeccenoceesseosssosccoosscsscsasscessssnssses 109
RPOLY ceveeceascccsasscconsscossssccscssssacssscccsns eesessssee 111
RSESAME ¢ ciccescccsssccsssccsossssccsssssssessscscsccsssssascse 113
JMNMX cocceescccssscccocscossasscsssssssossscosssassscscsasascs 115
31500 117
GASIM ..cceecsecsasscsoscsssassossascsossoscssoossossoscsossoss 119
BLDSM tcccevececsscesocccsssssosssscsssssccsssacssssacsss 123
PRNT ceeeecccccccsocccocoocosoososscssssscscssssssssssssssss 126
ESUM ttvereseeeossesessossesosssessssosssessossscsssesascnsss 129
WDUMP teceosecscoscssossassossassassassassassassassasnsocs 132
RDUMP cocceoecsccsaossacsassacssassassossassossassossasscss 135
OUTGAS ccceseecesssecssscsesssccssssscsssssssssscscssssscscs 138
TJCONV tccceececcesccncssccoasssacosssscasssscosssscscncsascscs 143
DIFEQ o evesoeessannncssscsssassssesssasssssssasanansesss 146
HYDRO ceceeeecesooosssossssssssssssasssccsssssssscsscsccsscscse 148
STNX s ceeseseocseosecasssosssosssssssscossscosssasssnnas 154
FEOS cveeeceeseocesssecosssscesssscossssacssssssssssssscssssss 157
PTEOS ccceecesscccccscssoscsssssossssccscasssccsssssacssssscscs 160
(0 162
USUP teeseenseenoscsessccssssasssesssssossssscssnsssnsas 164
GAS teveeresscessseesssasscsesssososssasssessssssssansecs 169
SSBGAS tccseesessecssacssassasssassassossassecssecssssssasse 173
MIX ecececcesccoscsosssocossssoscsssssosssssscsansassanns 176
LFB ceveeeesccesssessscoscssssscsssssassssssscsssssnssns 183
BEQST ¢ eeeseecocsessocaosocsassacacsnssnassancanaansos 187
BLDUP teceocceocssoeosccoscsosssocsssscsscsosssoosscnnsoss 192
23150 00 - J 196
1710 ) 199
VISC ¢eeseeescenossoeesssossssnssssssssossssssasssssssnsse 202
BURN +cccescceosscossssasacensssesnsosasssessscosssassoss 204
ARH ¢ eeesenescenssscessssosssasssesssssssssasasassssonss 206
CJ ceveeesocceosesessssssssssssoesssssasssassscossaasssss 208
SSB e ecescccesccosssscssccesstssssoassacsesstassscesacnns 211
FOREST o occeossocescsscascsnsssensssosassesssaasssasssss 215
FPT ¢oecerecacacscsesasacscsossasassssossasscsesssscsscascscs 221
FFL coveeecoccescsoosssascasassseosssasassassscasssannns 223
GLTW vt eeeeoeeaseosscssassassessaassossossosssesscsscsoscs 224
BNDRL ceveeecocscsaososscsesososcassoesososcscsacsscscsascss 230
SL eeeeesscocessssseascsssssosssssacassosasscasossscscasssas 234
SPLTCHK ¢¢ccececcocscscsccccccoscosooosesscscscscccccossscscccsscss 237
SHFT veesseeccsscsscesassassccssacsssecssessessecsscsososcssscs 239
SPLIT cccoceccosscscccosscsssssssssssssssssssssscsssssssscss 241
EPP veeeecocceeoocacossososcsososscsasasossaosassssassssnss 244
DELT «cecccocecccoososessscssssesssssnsasossssosssaassss 249
C covesesosscsnonsssnsstsssssnsasossasesosssesaaccassssanssos 253
CUSUP tecevscnennscnnssasssns Ceeessecsecesstecsssaans e 255
CBLDUP c¢ccoeeecsceoosccescsossasssasasaasssasssssssssnsse 259
CPOLY ¢ coeesesescsassssossesossssascsosossscsscscassssccs 262
CSES ¢ cececcscccscossossaossacscssassssssassesssossssoscoscssss 265
RLEOS ccteeececsosccosssssccscsssaosscsscccasscccscssssscscses 267
RL ceoeceososescescsassssesassassssssossossosscsscsssscsscscses 269
© ceccecccccecscssasescsssesssssssssssssscsssstsssoannns 274



vi

E. SESAME Equation-of-State Subroutines «...cccceeeecssescacecnns 280
1. MATCHK cccccccocssconosssnsassscoscsscsosoccocoesossenassssas 281
2. TABFCH soceccsoecocecscaasooocassssasoosssoseoccccnossscssa 282
3. INBUFR ccccocecccessoecessecassasassocssosscoscosssceasscccsss 284
4, DPACK coceococceccescasosssessosssesssessoscssocscsssnsascsss 285
5. ISRCHEK s eccooecoocescessccasascssssessscesoooosceccssccsss 286
6e TALAINTP cocoeccecceccasesosassasossssssosososcssacscnscssssssas 287
7. GETINV socecctoeecocessosasooasasssssosassosseocccooossscss 291
8. RATFNL ttcccecoccesecsosooonossssasssscscasossoscocccsocssss 293
O, TADATI o eccecesceassseasesscssooscscssocscssaen  ceeesecsnne 295
10, TAURTPE ¢ ecccecescasocsosssosssosssososesossoccsoscsasensassssnse 298
11, INV30L cccvocescecccccssoeassooasssasssascsosssoecescocescs 300
12, TLEOSA ccccccesesarssscscsesesosossssoecsesesessnsnnssssesss 302
13. PERTCRB ccoccecccsessosoenasassssosccsssassococsssnsssessa 304
V. SAMPLE PROBLEMS ¢ccccececeesososoasassossossscossssacacacoosscnnsnse 306
A. 1 mm Al Impacting 9404 Using the Forest Fire Model .......... 306
B. 0.5 mm Al Impacting 9404 Using the Forest Fire Model «....... 309
C. 3 cm 9404 in the Buildup Model Pushing 1 cm of Al ........... 311
D. 5 cm Comp. B in the C-J Volume Burn Model Pushing

1 cm of Al with a SESAME Equation of State ¢ceeececesscsacees 313
VI. HMLB AND SESAME EQUATION-QF~-STATE LIBRARIES ....cceceeeessccoccnn 315
A. HMLB toiieeeecooesensoosonecessssssscccssscssccescosscnsocnoanss 315
1. Materials in the HMLB HOM EOS Library cecceeessecssscsses 316

2. Cross—Reference Table Between HYDROX Variables and
SIN Variables fOor BMLB civieereecscrcssoscssosencccoccconsse 316
3. Listing of the EOS Constants in HMLB .....ccccveevcenncen 319
B. Using the SESAME Option in HYDROX .....ceeeeececcecccacnncnnn 348
1. TInitial State Calculation scsveeeeseccsscsccecccecscccnsse 348
2. Density and Energy Scaling ¢.cceceesrcscessscsccccccccnnse 348
3. Foams and Phase Transitions .¢.cceeceescssssscsssscssonsss 349
4, Interpolation Option cveeeeerssssscseeeesosesccencacannns 351
5. Table of SESAME Materials im SES2L .cvvvvivenrnncncancnsns 351




‘ HYDROX: A ONE-DIMENSIONAL LAGRANGIAN HYDRODYNAMICS CODE*

by

Milton Samuel Shaw and Galen K. Straub

ABSTRACT

HYDROX is a one-dimensional Lagrangian hydrodynamics
computer code written in FORTRAN for the solution of prob-
lems with plane, cylindrical, or spherical symmetry. A
user may request automatic problem zoning, rezoning, and
automatic time step controls. Equation-of-state libraries
for HOM and SESAME are available. Input to HYDROX is by
way of NAMELIST and output may be sent to several differ-
ent disk files, including a file that is directly readable
by the interactive graphics code GAS. A restart capability
is also provided. This document is intended to serve as
more than just a manual for problem setup; information has
been included on the derivation of and differencing schemes
for the equation of motion, detailed notes on each sub-
routine, sample problems, and HMLB and SESAME equation-of-
state libraries.

*Los Alamos National Laboratory Identification No. LP-3052.




I. INTRODUCTION

HYDROX is a one-dimensional Lagrangian hydrodynamics computer code .

written in FORTRAN for the solution of problems with plane, cylindrical, or
spherical symmetry. The code may be compiled with up to 20,000 spatial cells
on the CDC 7600 series computers and a potentially higher number on the CRAY-1.
Versions of the code are available on both the above-mentioned machines as
well as the VAX—ll.*

HYDROX draws heavily upon the features incorporated in the SIN hydro-
dynamics code,1 but also includes several automatic features that simplify user
interaction. The user may request the following options: automatic problem
zoning, rezoning, and automatic time step controls. HYDROX has been written

to reference equation-of-state (EOS) libraries for certain EOS types: HOM,1

the Barnes EOS form,2 SESAME tables,3 and reactive equations of state using
HOM., Eight-parameter polynomial EOS's are also available to the user,

The features of SIN for treating explosives were directly adapted into

HYDROX. These include Arrhenius reaction kinetics, C-J volume burn with
buildup, and Forest Fire.z'—7 Material descriptions for plasticity and spalla-
tion are also included.

Input to HYDROX is by way of NAMELIST and output is sent to several
different disk files. In addition to printer listable files, HYDROX writes
a random access data dump file that is directly readable by the interactive
computer graphics code GAS.8 This file may also be read for cell quantity
data and additional information processing. Other dump files may also be
written for problem restarting.

HYDROX was written to serve the dual purpose of being the core of a

production code for engineering design problems and also a research code

for single precision (32-bit) arithmetic and ten times slower for double-

*Execution times for the VAX-1ll are about seven times slower than the CDC 7600 .
precision (64-bit) arithmetic.
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for the study and modeling of dynamic flow problems. By using the same code
‘ for both types of problems, improved physical descriptions that are being

developed are most readily available for design studies. For this reason,

we have allowed the user to select options such as extremely small spatial

zones or time steps to minimize any numerical error in describing the physics

of the dynamic flow. When a highly accurate numerical solution is not needed

for a particular portion of a calculation, the user may choose a faster option.

The remainder of the introduction contains a table of consistent sets of

units for HYDROX and some useful conversion factors. Section II of this

manual discusses the equations of motion in plane, cylindrical, and spherical ge-

ometries as well as the accuracy of the finite difference equations. Section III

contains input and output information. Section IV is composed of a subroutine-

by-subroutine description of the physical models represented in the code and

a listing of each subroutine annotated for ease of understanding. Section V
‘ contains a short selection of sample problems that illustrate procedures for

problem setup and output. Section VI discusses the use of the equation-of-state

library HMLB for use with the HOM EOS and the SESAME tabular EOS library.

CONSISTENT SETS OF UNITS FOR HYDROX

Time us s s
Length cm cm meter
Mass g g kg

3 3 3
Density g/cm g/cm kg/m
Energy 1012 ergs erg joule
Energy density Mbar cm3 /g ergl/g joule/kg
Pressure Mbar dyne/ cm? Newton/ n?

The preferred set of units is in the first columm. EOS libraries contain
dimensional constants that are consistent only with this set of units. In us-
‘ ing any other set of units the user must make sure they are consistent with

internal subroutines that also contain dimensional constants.



Useful Conversion Factors

1 kilobar = 109 dynes/cm2

1 megabar = 103 kilobars = 1012 dynes/cm2 = g/cm usz
Mbar cm3/g = 1012 erg/g

1 gigapascal = 10 kilobars

1 cm/us = 10 km/s

1 electron volt = 11604.7 K

Avogadro's number = 6.02252 x 1023/mole

6

Boltzmann's constant = 1.38054 x 10_1 erg/K

Planck's constant = h = 1.054494 x 10-27 erg s

Atomic mass unit = 1.66043 x 10—24 g/amu

o = 0.529167 x 1078 cm
_ =11
Rydberg = 2.17971 x 10 erg

Bohr radius a

1 Rydberg/ag = 147.103 Mbar
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II. HYDRODYNAMIC EQUATIONS OF MOTION (In collaboration with B. L. Holian)

In this section we try to give an intuitive derivation of the hydro- .
dynamic equations of motion by considering the appropriate volume element
and applying the conservation laws of mass, momentum, and energy. The only
completely rigorous manner to derive the equations of motion is to consider
the full tensor properties of the stress and strain, and then make the appro-
priate coordinate transformations corresponding to the symmetry of the
problem.

To obtain the appropriate partial differential equations we must consider
both Eulerian and Lagrangian coordinates. Eulerian coordinates are a spatially
fixed coordinate system sometimes called a laboratory frame of reference.
Lagrangian coordinates move through space with the body that they describe
and may be thought of as labels for mass points. One may easily transform all

quantities from Eulerian to Lagrangian coordinates and we usually visualize

a mass element in an Eulerian system, calculate the desired quantities, and
transform the results to a Lagrangian system. For a hydrodynamics computer
code, the most useful form of the equations is a hybrid of Eulerian positionms
and velocities used to describe Lagrangian mass points.

A. Conservation of Mass

In order to satisfy the law of conservation of mass, we merely require
that the mass of a volume element remain constant even though its shape may

change. That is
Mass = pV = constant, ’ @B

where 0 and V are the density and volume of the mass element respectively. In

the following,

r = Lagrangian position,

(2)

R = Eulerian position.



At time t = to we pick the Lagrangian and Eulerian coordinates to be equal,

as well as the length of a mass element:
r(to) = R(to) H Gr(to) = GR(to) . (3)
At some later time t, the demsity is p(t) and
r(t) = r(to) and r(t) + Sr(t) = r(to) + Gr(to) (4)
are unchanged with time. The Eulerian coordinates become
R(t) # R(ty) and G6R(t) # SR(ty) - (5)

1. Planar Geometry

In Fig. 1 we illustrate a mass element with planar symmetry. The volume

of this mass is dV = OR Ay Az * and its incremental mass is

Am'

i}

p(t) SR(t) Ay Az (Eulerian),
(6)

fo 8r Ay Az = constant (Lagrangian).

Am' . , .
Defining the mass per unit area as Am = Z;ﬁ&;’and going to the infinitesimal

limit, we have
dm=de=podr ’ (7)

where dm is also a mass per unit area.

2. Cylindrical Geometry

In cylindrical coordinates the mass elements may be written:

dm'

Po T dr d6 dz (Lagrangian),

(8)
p(t) R dR d6 dz (Eulerian).

*

OR and Or are used to denote finite distances for the volume elements, while
dR and dr denote infinitesimals. Although not strictly correct, SR and &r
may be interchanged with dR and dr by taking a limit where SR and 8r go to zero.

7




We can define a mass per unit length dm = dm'/dz and, assuming cylindrical

symmetry for the problem, integrate over 0 to get
dm = 21rp0 r dr = 2mp(t) R dR . 9)

3. Spherical Geometry

In spherical coordinates the mass elements may be written

r2 dr sin 0 d0 d¢ (Lagrangian),

dm = dm' = Po
(10)
= p(t) RZ dR sin0 dd d¢ (Eulerian).
Integration over 6 and ¢ gives
2 2
dm = 4np0 r” dr = 4mp(t) R drR . (11)

B. Conservation of Momentum

To determine the net momentum flux through a mass element at any time, we

use Newton's equation of motion in the form:

force in the R direction _ FR _ auR
t

unit mass dm 3 (12)

I
[+

where up = velocity in the R direction.

1. Planar Geometry

Figure 1 shows a planar mass element subjected to a stress o, in the posi-
tive direction and a stress cr-+A0r in the negative direction. Since stress

is defined as the force per unit area, then

Fp =0, Ay Az . (13)

The net force acting on the volume element is FR - FR+6R’ giving




l AY
' AZ

o ! (o, + Ac,)
r — | - 0‘,— o.r
J I
7
7
7
R R+3R

Fig. 1.
A planar mass element subjected to a stress 0, in the positive
direction and a stress Oy + A0y in the negative direction.
The cross—sectional area that these stresses act upon is Ay Az.




BuR ) FR - ER+6R ] Or Ay Az ) (crfFAcr)Ay Az
ot dm' p SR Ay Az p SR Ay Az
(14)
o1 1%
p 6R 1im SR*0 p SR °
or
P _1%% 15
at p R
Transforming to the Lagrangian variables dm = Po dr by using the relation
po dr = p dR, we have
8u> 1 30) (80)
EYs = - N = =lan s (16)
ot - fo or ¢ om N

where (Bu/Bt)r denotes the acceleration of a single Lagrangian mass point
with coordinate r and the stress gradient is evaluated at constant time t.

2. Cylindrical Geometry

For a system with cylindrical symmetry, we must include the contributions
to the stress from the 6-direction as well as the r-direction. Figure 2 shows
a mass element in cylindrical coordinates subjected to the stresses crr and

Orr + Acrr in the radial direction, and stresses +0ee and ~Og8 in the angular

direction. We need only worry about the components of ¢ in the radial direc-

06 ra

tion because the net force in the O-direction at the center of the mass point

is
F, = 40,, cos g-GR Az - 0o,, cOS g-GR Az =0 (17)
0 00 2 66 2 *
In the radial direction we have
F, =mu, = pR 6R A0 Az 1
R R R (18)
AB
=0 R sin AO Az - (0rr + Acrr)(R + 8R) sin AB Az + 20ee sin 7?-6R Az
AB

1o = 0. S8R sin A8 Az - Acrr(R + 8R) sin AO Az + 20ee sin TT'SRAZ




—(oc. +Ac )

rr rr

(R+3R)sin A8

%e sin A8/2

Fig. 2.
A mass element in cylindrical coordinates subjected to the stresses Opp
and ~(COpr + A0py) in the radial direction and to +0gg and -0gg in the
angular direction.
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Because mass = pR R AB Az, we have

b = - %r sin A9 _ Ac,, (1 + 6_R> sin A9 2099 sin £6/2
R R AB SR R AD R AB

In the limit as &R, A® goes to zero, gi%§é§-+ 1 giving

o o0 o

« _ __rr "'rr 08
pug = R 3R + R + O(SR) + 0(A8) ,
where 0(x) = order of x.
Thus,
o0 Opn = O
. _ rr 66 rr
PR =~ 3rR ¥~ =R ' (19)
To change to Lagrangian coordinates, we use dm = Po T dr = pRdR = dr =
dm/pR, giving
<8uR> _ _R<acrf\ + (S99 = Trg) (20)
dt r Bm/t PR ?

where ( )r denotes that we are considering a single Lagrangian mass element
(constant r or dm), and the up is the velocity measured in the Eulerian refer-
ence frame.

3. Spherical Geometry

A spherical volume element is shown in Fig. 3. The spherical case is
slightly more difficult to visualize because Ad is measured in the x-y plane
and the arc length swept by a rotation in ¢ must be projected up to the volume
element. We have introduced the quantity A¢' (not equal to A9) to help avoid
confusion. As in the cylindrical case, there are componenté in the radial

directions from 066 and 0¢¢, but no net force in either the O or ¢ directionm.
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—(R+38R)sin6A¢

(R+5R)sing A¢

Fig. 3a.
A spherical volume element subjected to the stresses ORr and -(Ogg + ACRR)
in the radial direction, +0gg and -Ogg in one angular direction, and
+0¢¢ and =0 in the other angular direction. Note that Ad # A¢'.
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(b)

R+3R

(R+8R) Ag'

+c;¢

Rsin8 A¢=RA$'

(c)

Rsin8 A¢

Fig. 3b,c.
(b) The stress 4044 and —O¢¢ acting on the spherical volume element
depend on the angle A¢' and not om its projection in the x-y plane, A.
(c) For thg O0-direction, the stresses +0gg and —Ogg are dependent only '
upon Af.

14



Consider first the stresses c¢¢ acting on the volume element as shown in

Fig. 3b. The net force in the radial direction from the stresses acting on

each side of the volume element is

1
(c¢¢ sin 20" 4L ¢ Gin égz'—) R 6R A9 = 20y, sin éf—-R SR A0

2 (oTo) 2

(21)

with 0¢¢ acting on an area R 6R A6. By requiring the arc length swept by the

Ad rotation to be the same as the Ad' rotation, we have

RAG' = R sin O AD

Ap' = sin O AD
or making Eq. (21)
20¢¢ sin[) sin © AP R SR AD

The net force in the radial direction from the 066'3 is

20ee sin %?-R SR sin 0 Ad

The net total force in the radial direction is

Fp = O R? sin 6 A8 A¢ - ©,, +80_)(R + §R)Z sin 6 A8 Ad

+ 20,, sin [} sin 0 A¢] RSR A6 + 20,, sin ég-R SR sin 6 A¢
o 00 2

FR FR aUR FR

Py = = p =
unit mass pR2 sin 8 A8 Ad 9% RZ §R sin 6 AO Ad

In Eq. (25) we again take the limit of small A® and Ad :

—_— -
sin 2 2 s

sin[*% sin 0 A$] > % sin 0 A

(22)

(23)

(24)

(25)

15



Thus,

du Ac 2 o o
_R_ _ 2 , SR\ _"rr 28R , (8R) oo 8o
Y °rr(R+2 6R<1+R+R2 >+R+R ’

or, taking the limit as SR goes to zero,

BuR acrr

_ 1 _ 2
Pae = -5t R(°¢¢ + 0y 20,.,) + O(8R) + O(&R")

Because of the spherical symmetry, o,, = o,., and if we neglect terms of order

ol 06
S8R and higher, our result is
Ju a0
R ___rr _2 -
P %t =~ 3 RCrr T %0 - (26)

To go to Lagrangian coordinates we use dm = pR2 dR, and obtain the acceleration

equation for the mass point labeled with the coordinate r:

EEE) . Rz(aorr) .\ 2(0gg = Opy) (27)
r

ot om ¢ pR

C. Conservation of Energy

We wish to calculate the increase in the total energy of a mass element
during some time At due to the work done by the stresses in the radial direc-
tion. The stresses in the angular direction do no work on the mass element
because there is no motion in the angular directions.

1. Planar Geometry

A planar mass element is depicted in Fig. 4 at times t and t + At.
Letting AE be the change in energy per unit mass = p6R Ay Az, we can write

(energy = force x distance):

16




U(R) A.t

R(t)

R(t+At)

U(R+SR)At

R+38R R(t+At)
+ 3R (t+At)

Fig. 4.

A planar mass element at time t (solid line) and t + At (dashed

line).
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o, Ay Az u(R) At - (0} + AUf)Ay Az u(R + &R)At

AE = PSR Ay Az ’

cru(R) - (01:"' Acr)u(R + &8R)

We may expand u(R + SR) about R:

u(R + 6R) = u(R) +(g—;)5R 4 oenn

Substituting this result to first order in SR into Eq. (28), we get

Ac_u
BE) _ _ x _ _ (3uw) _ du
p(Bt) SR °r(aR) A"r(aR‘ y (29)
Taking the limit as &R -+ O,
(2) - - u(&) L (2
P\at 3R rlaR

In the 1limit S8R - 0, then Acr =+ 0.

Using dm = p dR, we can write

BE\ _ _ 3
(B_t T T wmO 0

where the ( )r expresses the fact that we are considering a single Lagrangian
mass element.

2, Cylindrical Geometry

The calculation for cylindrical geometry proceeds in the same manner as
the planar case except that the unit mass element = pRSR A8 Az. The angular
stresses To0 and the axial stresses Oys do no work because motion is permitted
in the R direction only. Figure 5 shows the appropriate mass element at times

t and t + At.
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R(t)+8R
U(R+ BRIA! < (1+3R(1)

R(t+At)+SR(t+Aft)

U(R)AtS
R(t+At)

Fig. 5.
A cylindrical mass element at times t (solid lines) and t + At (dashed lines).
The angular stresses, +0gg and -0gg, do no work because motion is permitted
‘ in the radial direction only.
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The change in energy per unit mass is again calculated by considering

the distance the forces acting on the mass element move.

g5 - +oirR(t)A8 Az [u(R)At] - Gjrr + Acrr)(R + SR)A® Az[u(R + SR)At]

PR S8R AB Az
9E _ o u(R) ) ©,,+40, ) (R + 8R)u(R + &R)

Using u(R + 6R) = u(R) + (Qu/3R)SR + +--, we obtain

. d §2.+ 0 . §2)§§_+_Aorru(R) +_A0rru(R)
rr 3R r\3R/ R SR oR

RN
rr rr oR/ R

0(1) +0(1) + O(@R) + 0(1) + 0(0,.,) + O(Ao.) + O(AC . 6R)

@
=

30 u(R)

Qo
(23

s (31)

In the last equation we have written the relative order of the terms for Eq.
(31). Keeping only the leading'order terms we have, after taking the appro-

priate limits,

pg_f=—3°rr Orr aR) ( )%

Using dm = pR dR or 3R/9m = 1/pR, we write

9E) _ _ 9
8t>r dm (crruR) ’ (32)

for the Lagrangian mass element labeled by r.

3. Spherical Geometry

A spherical mass element is shown in Fig. 6 where a unit mass is
pR2 SR sin 6 A6 A¢. In the same manner as for the planar and cylindrical
cases, the change in energy per unit mass due to the work dome by the radial

stresses is

20



U(R+SR)At ¢

‘ U(R)At

A spherical mass element at times t and t + At. The two sets of stresses in the
‘ angular direction do no net work and are not shown here.
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dE =

- (RAB) (Rsin 6 Ad) [u(R)At] - (crr + Acrr) (R+SR)AB (R+ SR) sin 6 A¢[u(R +SR)At] ‘

oR% 6R sin 6 A9 Ad

or, rewriting, the rate of change of energy is given by

2 2
E crrR u(R) - (crr + Acrr) (R + SR)“u(R + 8R)

P ar =
ot RZGR

Qo

Using u(R + 6R) = u(R) + (3u/3R)SR + -+ , we may obtain

R
+ao_[1+ 28R, (8R)")2m
Ir R R (BR

Keeping only the leading order terms, our result becomes

20__u 90
OE _ _ rr rr Ju
T { R “( 3R ) * "rr(ak)}

Again, %0 and c¢¢ do no work because of the requirement that there be no motion

20__u 0__GRu 2 Ac 2
9E _ Y rr rr 28R SRY"|f3u rr 28R SR
3t ~ { R 2 +°rr[1+ R +(R)](3R)+ SR [1+ R +<R)]“

in the 0 and ¢ directions. To write in a Lagrangian form, use dm = pR2 dR to

get 1/pR = R 9R/9m, and

JE\ _ 9 .2
<ﬁ)r = -3 (R uO’rr) . (33)

4. The Internal Energy

For some calculations, it is more convenient to work directly with the
internal energy than with the total energy. The internal energy, I, may be

determined from
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E=%u2+1 R

where the first term in this expression gives the kinetic energy. Equations 30),

(32), and (33) may be written in the combined form

oE d-1

. _ 0 -
<§E)r == m R )

where d = 1, 2, or 3 for planar, cylindrical, or spherical geometry, respectively.

We now wish to obtain the time rate of change of the internal energy. Thus,

3¢ ‘
3E) _ (2u), (drY _ _ a-1(°%r) (5 _aa
<8t> = “(at>+ <3t>r uR ( 5w ) crr(am uR )t

t

In analogy with the above expression for the conservation of total energy, we

may write the conservation of momentum relation as

30 (Cqg — 0._)
(gg - _Rd-1< arr) +d-1) 06 rr
r /e PR

Using this expression allows one to write

d-1
9T} _ _ JuR u(d - 1) _
<3t>r 0rr( om >t + PR (crr 066)

D. Summary of Equations

In this section we shall summarize the equations obtained by the applica-
tion of the comservation laws of mass, momentum, and energy on a one-dimen—

sional Lagrangian mass element under stress.
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Conservation of mass requires

dm = pdR = podr (planar),

= 2mpRdR = 2mp.rdr (cylindrical), (34)
0

= 4mpR2dR = lmporzdr (spherical).

Conservation of momentum gives

(2) -- L&) . (""_r) (planar),
at r or dm

Po t t

30 (Cpan = 0.)
= - R( rr) + 09 Ir (cylindrical), (35)

om A PR

©pn = 0.,)
_ Z(BOrr) + 2-—J%i———455— (spherical)
= =« R\ PR
om ¢

Conservation of energy gives

oFE o
(at : = (Uru) (planar),

3 . .
ol (OruR) (cylindrical), (36)

= _ 9 2
=~ (oruR ) (spherical).
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‘ E. Finite Difference Equations

In the present section we will present the procedure for evaluating the
differential equations for fluid motion on a finite Lagrangian space-time grid.
We begin with a general discussion of Taylor series expansions of known func-
tions and then use these results for the fluid equations. At the end of this
section the conservation properties of the difference equations are discussed.
For simplicity we give only the results for plamar geometry.

l. Expansions of a Function on a Lagrangian Lattice

Consider some function f(r) of the Lagrangian coordinate r on a grid of
Lagrangian points as shown in Fig. 7. The distance between the j~% and j#s
boundaries is called rj for cell j. The function f(r) evaluated at the center
of the cell is written fj and the same function evaluated at the j+s boundary
is written £, ,.
j¥s
‘ Assume that the values of f(r) are known at the cell center and we want
to calculate spatial derivatives of f at cell boundaries; that is, we know
fj, fjil’ fjiZ’ +*+ and we want to calculate (Bf/ar)j+%. Because j+Hs is the
boundary between cell j and cell j+l, we will need to use fj and fj+1 to
determine the derivative. To do this, we make a Taylor series expansion of
our function about the point j+s.
2 2

- oty T3 1) (T o0
5= fym - (Br .2 Tl 2 (2 +o@y (37)
jHs dr "y

where % rj is the distance from the cell center to the boundary and O(rg) indicates

that the next term in the expansion is of order r?. Similarly, we may write

N TaY Tivl L1 52¢ (rj+1 2 r o ) (38)

J+HL T T35 or s 2 2\,,2 2 j+17

\OT /s .
: jHs
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fi-as2 fi-iv2 fi+1/72

fiez/2
fj-l fj fj+|
j-3/2 -2 j+1/2 j+3/2
CELL j-I CELL j CELL j+l
Fig. 7.

A function f evaluated on a Lagrangian coordinate
system in one dimension. Integer values of the

subscript denote cell centers and half-integer values
denote cell boundaries.




Subtracting Eq. (37) from Eq. (38), we obtain the desired result:

£ - f of

2
41 "5 T Br>+li(rj i) o,

j+1 - £y

3
(Br 4+ 4(r + rj)

+ 0(xr) . (39)

If we multiply Eq. (37) by rj+1’ Eq. (38) by rj, and add, we get

_ 3
Tyafy * iy T Tt t Tif T O
f.+r.f.
+ i+l
fj%giij”j +0(rd . (40)
j j+1

This result gives us the value of a function at the boundary between two cells

knowing only the values at the adjacent cell centers.
To obtain the derivative of a function at the cell center, we make a

different expansion:

2
2 r
- tIANR] 1a_f(_1) 3
£ fj+(gr) , +5( - +oay
j or /.
J
2 r . \2
- 1/3°¢ __-1) 3
fj_;i ) +§( 23 +0(rj),
or
3
Subtracting,

_ [of 3
fj 5y fj_;2 = EE)j rj + O(rj)
or

&) LT O (41)
Br‘j T J

27




The results of this section (Egqs. (39)-(41)) will be used to obtain ‘

the finite difference form of the equations of motion. As will be seen, we
will have information about different quantities at different Lagrangian
positions (cell centers or boundaries) and must use the results of this sec-
tion to evaluate the function or its derivatives where they are needed.

2. Space and Time Grid

In writing down the finite difference solutions for the differential equa-
tions of motion, we must make some decisions about where in the space-time
grid the various dynamic and thermodynamic quantities should be evaluated.
Any choice we make will not be unique. Figure 8 illustrates the space~time
grid we will be using. Cell j has boundaries at j#!s and we associate with the
center of the cell the demsity (or volume), mass, stress, total energy, and

internal energy.
1

Vj = volume of cell j (V = o)

Mj = mass of cell j (Lagrangian variable)*
P5 = density of cell j

Oj = stress of cell j

Ej = total energy of cell j

o
[

internal energy of cell j
We locate the positions, R, of the cell boundaries at j*!s as measured in the

laboratory coordinate frame. This also locates the velocities at the bound-

aries.
R.j_*_l/2 = position of one boundary of cell j
BR.%%
uj+% = __%E_ = velocity of one boundary of cell j
*
Mj is equivalent to the differential mass element dm introduced in Sec. IIIL.A; ‘

that is, dm = Mj.
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TIME

n+l n+ | n+|

r. r. r.
j-1/72 j+1/2 j+3/2
M e - ¢
n+1/2 n+1/2 n+l/2
ui-l/2 “j+|/2 “j+3/2

+1/72
t" 4 — —¢

r" /o o o 3/
¢ i ot12 f i+
j-1/2 j+1/2 j+3/2
CELL j CELL j+I
DISTANCE -
Fig. 8.

Space~time grid for the evaluation of cell quantitiés as used
in HYDROX.
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The choice of the time grid is slightly more difficult and we introduce

the notion of a "half time step" to avoid confusion. By inspection of Eq. (39)
of the previous section, assuming that we replace the spatial variable j by

the time variable n, we see that knowing a quantity at time t = n and t = n+l
allows a straightforward determination éf derivatives at t = n#s. The same
argument applies for quantities known at t = nts and t = nt34 when we need to
evaluate derivatives at t = n+l. Thus, we make the following choices at integer

values of n (indicated by a superscript):

n n n n n n
Ryngr Vg Pys 00 Eyp Iy

At half-integer values of n we choose

n+s
uj_*_li

The mass of cell j, M,, is a constant in time and does not need the time

superscript.

The velocity is given by

n+s Rn+1 n

oty _ (RYT? _ Ny T Ry 2
U+ (at)j'*‘li AR o)

(O(Atz) means order of At squared; not to be confused with At? meaning the
value of the time step for the nth cycle) which can be rewritten to give the
position of the cell boundary at t = nt+l, knowing the position at t = n and

the velocity at t = nts:

n+l n n+l

n 3
Rj-i-lz-Rj%'Fuj#zAt + o(At™) . (42)

The volume of a cell can be calculated from a knowledge of the boundaries

and the relation ‘

30 dm =op r(d-l) dr ,



where d is the dimemsion (1, 2, or 3). Integrating both sides over a single

cell of mass Mj’ density pJ., from RJ'-% to RJ._%, we get

R.
- s @-1) . Pifad d
S f 24 ar - G - §-s)

Ry-y

Using Vj = pgl, we obtain for t = n

G 3 - ()]

3. Momentum Equation

We want to write
(). -6
ot r \om ¢
in finite difference form, or more specifically, evaluate
a_u)n - a_o,)n

For the left-hand side, we make Taylor series expansions of the velocity in

time about t = n:

n n 2 o az
o _ on au) Ae® (é u> @ADL oeacd
+

u =u -~

s 3+ ot /. 2 3.2 8 ’
JTs t j'*'li

n% = s\t A" azu>n (At“)2 3

u, = u, -(— + - 0(At™)

j+s s Bt)j+% 2 (atz " 8

Subtracting and solving for (au/Bt)?_Hi, we .get
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nts un—li

n u, .
(B_U) = Jdts  ivs - i oAty . (43)
jHs At

For the stress derivatives, expand c;.l and c;.l_'_l about the point j+s and denote

the Lagrangian incremental spatial variable dm by MJ.:

n M
n n ilej i+l 2
&= +(—) Loty
j+1 its om 445 2 +1
bl M
n_n _ (3 _J 2
%5 = G - (am),, 7+ 00
]t

Subtracting and solving for (Bc/am)?#i, we get

3o\ 031_'_1 B 03‘1
~{= =~ + o(aM) . (44)
dm [y %(Mj_'_l + MJ.)

where AM = Mj+1 - Mj' Our final result obtained from Eqs. (43) and (44) is

s n-¥ n n

u, -u g, - 0.

i+ . it _ %(1-31 i*i{ y + o) + oty
At Jj+l k|

which can be used to obtain the velocity at t = nts by knowing the stresses at

t = n to O(AMAt) in the cell size and O(At3) in the time step.

n n
ot _ ol 917 %n n ., 0(AMAL) + O(AED) .
uj-i'li uj-i'li + %(Mjﬂ_ ¥ Mj) At + O( t) (At™) (45)

4. Energy Equation

The energy equation is

9E) _ _ 9
.Bt)r om (ou)
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In finite difference form, we will want to evaluate this equation at t

= n#s
for mass element Mj:
9E n+s __fou nHs
ot /., om /.
J J
For the left-hand side, we make a Taylor series expansion about t = nHs:
+s 2
+Hs - n
nt+l _ n+15 - 3°E (A7)
Ej —j +at) 2+< 2) 8 + o(At™)
ot~ /,
ntks 2
n_ ot EVTE AR aE (at™) 3
E, = E - (== —_—+ ——a—— - 0(At™)
3 3 ot /. 2 8
j Bt
h
Subtracting and solving for (BE/ZBt:)gl 2, we get
n+l n
nts E, - E
N Lk o) (46)
ot n
3 At
For the right-hand side, we note that the mass element dm = M., the jth
Lagrangian coordinate. Expanding cu, we get
o,
ns M, 2 \"
n+s n+s dgu i d ou __]_
(Wi = (] + Bm) 5 +<32> +o(M3) ,
j m .
+5
nts M, 2 \"F -
nts _ /3ou 4, [3%0u g 3
(cu)j_;é (ow)’ am). : +( 2> & + o)
h| om j
Subtracting and solving for the quantity of interest, we get
Sou n+s (cu) - (o u)n-i-‘;: 2
om )J Mj * O(Mj) “7)
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We still have the task of evaluating (ou)?ﬁ:. This can be written as ‘
oHs _ oths otk

(0u) 15 = O Yy o
and u;l:j; is calculated from Eq’. (45). For the stress, we shall approximate

the time evaluation by

n n+l

o. + 0
n+s = R i S b +0 At2
s 5 Ac™)
n l/ ntl n n
= R 4+ — . -— . =3 + 0
3% 2(°J+‘4 °J+’i) 4 T OAB)
0?:.1]; will be evaluated later from the equation of state using the results for
Vt.l+1 and It.l+1.
J ]

To evaluate the stress at the cell interface, we use Eq. (40):

M, cn + M.on

n _ j+1°3 j i+l 2
o = + 0(My) (48)
J+s My + M, j
We can now write the result using Eqs. (46)-(48):
n+1 n n n n n
o I N [MJ‘+1°J * Mj°j+1]un+*s ) [Mj"j—l + Mj—l"i]u‘}#s
AER Mj Mj + Mj+1 3+ Mj—l + M. 53
+0() +0(ke) 49)

This equation can then be used to solve for EB.H-]‘.

5. Kinetic and Internal Energies

We shall define the internal energy Ij by the relations
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Ej = Ij + = 2 Uy (50)
EN =10 + l(u“'l’)2 5
377 T2\ ' 1)

To calculate un+%, we expand about j to get

k|

+Hs M
n+% nHs uy 2 2
j'*‘li u +(3m)j 3 +O(Mj) s
n+15 n+15 du’ n#zfil 2
Adding gives
T 5 ) oo

Substituting the result in Eqs. (50) and (51), combining with Eq. (49), and

solving for In+1

j we get
o+l oty (-l | n-b)
=g (jv * uj-%) gl t “j-sz)

n n n
e [MJ"j-l M “1—1"3] ot [Mj+1°j 0 +1] nt
M, M) M 3%~ M

+ 0(M§At) + o@t?y . (52)

This result is the expression used for the SIN difference equationms.
For the HYDROX difference equation, the change in intermal energy is
calculated from the results of Sec. 4 above. In planar geometry, the time

rate of change for the internal energy I is given by
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dI) _ _f3u
Bt) = =5 (33)
r t
n+l .
We can evaluate Ij by using a Taylor series expansion at t = n:
iR LY (31) +o(at?)
k| h| 5
which can be written, using Eq. (53), as
n+l ™ n nfsu 2
I = - At + O(At . 54
e cj(am>j (ae?) (54)
The derivative in Eq. (54) can be readily evaluated from Taylor series ex-
pansions about t = n and j:
n n :
n-i-'lfi n At f5u 2
=u,, + ———{——- + 0(At") (55)
+ . ’
Y+ jHs 2 \3t 4
n n
n-% n At (Bu) 2
u =u,, - —(5- + 0(At™) (56)
+s ’
¥ it 2 \3t iy
n n, Y fou\? ﬁ AN 3
uj‘*"li = uj + 2 a—m). + ’—2) + O(MJ,) , (57)
h| om
3
2 n
M n M 2
n _ n__jfou J Y | 5o
o, = o z(am). + 8( 2) 00r)) . (58)
j om /.
J
Adding Eq. (55) and Eq. (56), we get
ntls 2
4 + . 5
J Hs ~ (J'*‘I'i J+‘/ oA (39)

Subtracting Eq. (58) from Eq. (57) leads to
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) - _1_j__1_ +oody . (60)

Combining Eq. (59) and Eq. (60), we get

+ O(M ) + o(At ) I (61)

(a_u):'mL S+ el - i - n%) 3

m J s * U T Yyay T Yy

Inserting Eq. (61) in Eq. (54), we have the HYDROX difference equation for

internal energy:

At"oT
ntl _n " " n+% n-b _ n+% o0 - ) 2
g '3 M, ( Sya T J'i"l»ﬁ Ui T Ugay ) T OBET) +00M)

One can, at the expense of iterating on the equation of state, get a result
for the internal emergy with error O(At3) provided the velocities are cal-
culated to O(At3). The error in Eq. (45) reduces to O(At3) for the special
case of all Mj's equai. Future versions of HYDROX will include this iterative

difference equation as an option.

6. Conservation Properties for the Difference Equations

In this section we shall investigate to what degree our difference
equations conserve momentum and energy. To do this we sum the total momentum
and energy of the system at two different times and compare the results. At

t = nts, the total momentum is
nts n+%
(Mu) Z (M M) o

where N is the number of cells., Using Eq. (45), we have
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(Mu)n*%

-l
= (Mu)? 2 4+ Atn(cg -

N
1
§§(Mj+nj+l +Z 2" (o}
N
= (Mu)™” tnz (& j+1) + O(At ) + 0(AMAL)
=0
= 0™ 4 AP - o) + (] - o+t (R

+ O(At3) + O(AMAt)

N+1) + O(At ) -+ O(AMAt)

n n
oN) + (cN - Ol

o34y + 0(at”) + o(amAr)

But the J = 0 and j = N+l are effectively boundary cells that give free surface

boundary conditions such that M, and M = 0 and 08 =g

n
0 n+l

conservation of momentum result,

nts

o)™ = ()™ 4 0(at3) + 0(AMAL)

The total energy at t = ntl is

Using Eq.

n+1 }E: n+l

j=1

(49), we have for the SIN difference equations:

N+1

N n
(ME)n+l _:E: M En + Atn [?jcj -1 + Mj-lcj] n+ks [ j+10j + Mjcj+l
et 573 Mj+Mj 1 j=k Mj+Mj1
2.
+ O(MjAt )

When the summation over j is performed, the first term is just the total

energy at t = n. In the second term, let k = j-1 such that

I

n+s
Y345

= 0 giving our




N N-1
)IRID DR RN
i=1 k=0
In a similar manner to the conservation of momentum calculation above,. all
terms cancel between the two summations except the k=0 term in the first
summation and the j=N term in the second. Again, free surface boundary con-

n n _
ditions give effective values of M0 MN+1 0 and 00 0N+1 = 0 to obtain

ol ME)® 4+ oM.AL2)

(ME) 5

Similarly, for the HYDROX difference equations, the conservation of

total enmergy can be evaluated. The change in internal energy is given by

. N
AMI) -Z M, (1;‘+1 )

h|
§=0
- j j 2
j;o M o, ZMj + O(MjAt ) +oary)

which can be rewritten as

AMI) = —Z (c - j+1) (j+15 *”z)At + O(MjAt ) + o(M )

The change in kinetic energy can be written as

N|

. N
bt =30 Jou e [655) - (50) ] oopen
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which can be rewritten, using Eq. (45), to get
N " .
1 2) _ n_n \1lfnts  n-
A(2 Mu“) = E (cj 0j+1) 261j+1§ + uj !)At + O(MJ.AMAt)

j=0

The total energy is them conserved to O(MjAtz) + O(Mg) + O(MJ.AMAt).
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‘ III. INPUT AND OUTPUT

The input file for HYDROX is a namelist read file called DATA. HYDROX
creates the following output files.
DOUT -~ a summary of all material and EOS constants for the entire problem
XOUT - the cycle print file
OUTPUT - a summary of material energies plus records of zoning, spalling,
EOS errors, void closures, and restart dumps
GASSIN ~ random access graphics file ready to be processed by the LTSS
utility GAS (LTSS-523)
DUMPO - a dump file for restarting a problem
Section A describes the variables for the input file DATA. Section B
describes the output files. Section C tells how'to process the GASSIN file
for graphical output.
‘ Defaults
The default value for all parameters listed in the namelist statements

is 0 unless otherwise specified.
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A.

Namelist Input for the Input File DATA

Problem input to HYDROX is handled through the file DATA. The structure

of the file is given by:

42

PSINP Parameters for problem control

P$SU Parameters for Material 1

PSESC  EOS constants for Material 1

PSBURN Reactive EOS constants for Material 1

P$SU Parameters for Material 2
PSESC  EOS constants for Material 2

PSBURN Reactive EOS constants for Material 2

Repeat SU, ESC, BURN for each material

Required

Required

Required only if ME ¥ 0
in the SU namelist

Required only if IBRN # 0O
in the ESC namelist or in
data read from a library

Required
Required for ME # 0

Required for IBRN # O




1. Namelist INP

NM = number of material regions.

TIALPH = 1,2,3, for plane, cylindrical, spherical geometry (default = 3).

LABEL = up to 80 characters of Hollerith data to be used as a label on
the printout. Also, the first 30 characters will be used as a
label on the GAS plots. |

TEND = ending time (if NI is large enough). For TEND = 0, no check for
TEND is made.

NI = maximum # of cycles the problem may run (default = 10000).

NDF = type of difference equations used. 1 = HYDROX, 2 = SIN (default = 1).

ND = approximate # of cells in the problem if the automatic zoner is
used (default = 180).

MSFF = flag to use Multiple-Shock Forest Fire (MSFF = 1) instead of the
usual Forest Fire (default).

PRINT and GASSIN Dump Controls

NP = print every NP cycles. For NP & 0, no check for cycle print is made.

NG = GAS dump every NG cycles. For NG € 0, no check for cycle GAS dump
is made.

TP = tl,Atl,tz,Atz,---,Atn_l,tn; print every Atl Us from t, to t,, every
At2 from t, to t3, etc. (must end with tn, not Atn). For At < 0,
no check for time prints is made.

TG = same as TP except for GAS dump instead of print.

Automatic Time Step Parameters

NDELT = 0 for automatic time step control; 1 for At = DTO of the last
active material region.
DTICF = automatic time step control parameter; At = DTCF* AX/C for all

materials (see SU namelist).
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Active Cell Control Parameters

NADD

add NADD new cells when the last cell becomes active.

;

# of cells used initially (for NADD < 0, all cells are used).

Piston Boundary Conditions

UI = initial piston velocity for HE initiation (no piston if UI = 0).
UF = final piston velocity for HE initiation.
RO = initial radius for piston.

UII = same as UI except for inside piston rather than outside pistom.

UFI = same as UF except for inside piston rather than outside piston.
Restart Control Parameters
MMl = minimum region # for which data will be read in (default = 1).

Used primarily for a restart in which regions NM1 to NM are changed

or added. If NMl = 1 for a restart, no new data is read in except ‘

for that in the INP namelist.

IDMP = restart the problem at the IDMPth dump. If IDMP = 0, initialize
problem from the data set.

IV = see SU namelist. Used in INP namelist only for restart with NM1 > 1
where IV(¥M1-1) is set. (Default = -1.)

NDUMP = make a restart dump every NDUMP cycles. After MXDUMP (set in
parameter statement, usually = 30) dumps, the code will stop.
(Default = 10,000.)

TD = same as TP except for restart dumps.

SESAME Interpolation Option

IFN = 0 for rational function algorithm (default), 1 for bilinear

algorithm.




2. Namelist SU

EOS Specifications

IEOS = type of EOS: 1 = HOM, 2 = buildup, 3 = 8-parameter fit, 4 = SESAME
(default = 1).

MAT = EOS number in library for that type of E0S. A library is not
searched if MAT = 0.

ME = 0 for no changes in library values, 1 for library values changed by
the ESC (and sometimes BURN) namelist(s). ME must be 1 if MAT = 0.

Initial Positions and Velocity

g

outside radius for this material region (default = RO for the first
region; default = R2 of the previous region for other regioms).

R2 = inside radius for this material region (required).

f

uo initial velocity for each cell in this region.

Zoning
NCI = number of cells in this region (must be at least 2 if used).
DR1
} for NCI = 0 (default) and DR1 > 0, NCI and DR (for each cell) are
PR computed using DR1 and DR2. DRl is the cell size for the outside
cell of the region and DR2 is approximately the cell size for the
inside cell of the region. The cell size varies linearly with cell
number and DR2 is adjusted so that an integer number of cells is
required. For NCI = 0 and DRl < 0, an automatic zoning scheme
(described in SETUP) is used.
NOSPLT = 1 calculates and allows rezoning; <0 doesn't even check for

rezoning.

Voids

IV = void index for the interface between this material and the next: -1
no void (the two materials are ''glued together" so that under temsion

they remain in contact), 0 = open void, +1 = closed void (which

becomes an open void under tension)(default = -1). 45
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Time-Step Controls
DTO = maximum allowed time step when this material region is the last ‘
active region. If DTO < 0, it is replaced by DTO for the first
region (which should not be 0). (Default = 1.)

DTCF = Automatic time~-step control parameter for this material only;

At = DTCF* AX/C. (see DELT for details, default = 0.5).

Active Cell Control Parameters

UT = absolute value of the velocity that must be exceeded before the

-1
cell becomes active (default = 10 0).

GAS_Dump
IJK = GAS dumps. Include every IJK'th cell (default = 1).




‘ 3. Namelist ESC - Read Only if ME # in the Immediately Preceding
SU Namelist

ROW = initial density.

VO = initial volume.

PO = initial pressure.

XISP = pressure at which a closed void opens.

IE = initial region # (default, IE(I) = I).

Q

pressure at which viscosity is turned on (otherwise noise can make
the problem unstable in regions where nothing should be happening)
(default = 10_10).

TO = initial temperature (for IEOS = 4 and TO # 0, ZI (see below) is
calculated using density and temperature as given quantities).

ZI = initial specific internal energy for all cells in a region.

‘ HOM Parameters (IEOS = 1)

Library = HMLB

Cl ) Cy

of U. = Cy + SU
s1) s S P
c2

S2 'second set of constants that are switched to when the volume is <SWV.
SWv

VMN = VMN < volume < SWV the volume is set to VMN in the EOS calculation.
GAMMA = Griuneisen Yy (constant for HOM).

ALP = thermal expansion coefficient a used for HOM EOS in tension.
FS,GS,HS,SI,SJ = HOM parameters for the solid temperature fit (F,G,H,I,J).
CV = specific heat of the solid.

GC = array GC containing the HOM GAS constants (A,B,C,D,F,K,L,M,N,0,Q,
‘ R,S,T,U,Cy, and 2).
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XI. = thermal heat conductivity coefficient (not currently used).
XMU = 4 = shear modulus.

YO = 2/3 Y,.

PLAP = PLAP (see EPP).

TMLT = melt temperature at normal density.

IMC = melt constant for linear function of specific volume.

HOM Parameters for Reactive Materials

IBRN = type of burn: 0 = no burn, 1 = Arrhenius, 2 = CJ, 3 = gharp shock,

4 = Forest Fire. 5 = FF (temperature), 6 = FF (internal energy),
7 = gamma-law Taylor wave. If IBRN # O, the BURN namelist is read.
W0 = initial burn fraction. Default = 1 - all solid, no products.

HE Buildup EOS (IEOS = 2)
Library = HMLB

BUA = A

where, for the detonation products, Yy = A + B/X and
BUB = B g

X = distance from the detonation point, with the
B " Ymax

constraint vy S vy ax’
BUDV = D n
BUR = shift in effective distance of run.

BUD = region over which the '"break" in Yy is smoother (default = 0.2).

8-Parameter Polynomial Fits (IEOS = 3)

CF = 8-parameter EOS constants (see POLY).

SESAME EOS (IEOS = 4)
Library = SES2L

SR = density scale factor (default = 1).
ES = energy shift (Mbar - cm?/g).
Al,A2,A3 = ramp parameters with a ramp pressure given by P =

MIN{A1*(p/ps - 1), A2%(p/ps - As)}.
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IRV = reversible (0)/irreversible flag (1).
EM = "melt" energy. For XI(J) > EM, a flag is set to turn off the
ramp for that cell for the remainder of the problem.

Barnes EOS - Used with HOM

A,BR,BA,VBO,VBSW = constants used in Barmes EOS.

Spall Parameters - Used with HOM

SP = SPA in SIN (coefficient for the gradient spall pressure).
USP = ultimate spall pressure.

Viscosity Parameters

NV = viscosity type: O = "real," 1 = PIC (default), 2 = Landshoff.

XV = viscosity coefficient (default = 2.0).
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4, Namelist BURN - Read Only if IBRN # O in the Immediately Preceding

ESC Namelist

Z = frequency for Arrhenius burn.

E = activation energy for Arrhenius burn.

VCJ = CJ volume for CJ burn.

PCJ = pressure at which W is set to O for Forest Fire burn.

DWDT = Forest Fire constants (up to 20).

PM = pressure below which dW/dt is assumed to be 0 for Forest Fire burn.

ND = # of Forest Fire constants.




SAMPLE DATA DECK

PSINP LABLL=SOMSYMMETRIC PLATE IMPACT Cu/Cu

1ALPR=1,

TEND=4.

1p=0., Y., 4.0,

;ezo., 0.5, 2., 0.1, 4.0,

PSSU IEQS=1, MAT=4,
R1=10., R2=9.,
uo=-0. 030,
NCI=100

$
PSSU 1EQSS1, MAT=4,

NCi=100,
$
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B. Qutput Files

In this section we present sample listings of the output files DOUT,
XOUT, and OUTPUT. Two additional output files are also created during the
execution of HYDROX: GASSIN for use by GAS, and DUMPO, a restart dump file.

1. DOUT. The file DOUT is written after the input namelists have been
read and the problem has been set up. DOUT provides a means of checking and
verifying the problem input. A sample DOUT listing is given in the following
pages. The variables in the namelists INP, SU, and ESC are printed in the
order they appear. See Section VI.A for a list of variables. Arra& variables
are printed for all values of the array indices. Since many of the variables
are dimensioned for the number of materials allowed, there can be many zeros.
In the sample there were only 2 materials in the calculation, but HYDROX was

compiled to allow 20.




SINP

NN

ul

UF

RO

IALPH
NDF

NI

NP

NG

NG

NAQOO

NHAX

TENO
TP(L1)

TP (&)

TP(T)

TP(10)

TP(13)

TP(16)

TP(19)

T6(1)
T6(e)

T6(7)

76(10)

76(13)

T6(16)

T6(19)

NOELT

ull
UFI

LABEL(L)
LABEL(8)

NNl

IONP

Iv(l)

Iv(8)

IV(15)
Iv(22)

IvV(29)

IV(36)

IV(43)

IV(50)

IvV(57)

IV(64)

Ivirl)

Iv(78)
1v(é85)

tviv2)

Iviy9)

NOUMP

TO(1)

TO(4)

0(7)

T0(10)
T0(13)

TO(16)

T0(19)

IFN

NO

OTCF(1)
OTCF(&)
OTCF(T)

SAMPLE DOUT LISTING

Begin Namelist INP

2
0.
0.
0.
1
1
10600
¢}
0
0
2ul
4.00GL0G0000000E+00
0.
Ce
0.
0.
0.
0.
0.
'
1e0000CLUOCUO00CE-OL
0.
[ 23
0.
0.
0.
0
0.
Ge
SOBH24008  So0es LS
0
1
0
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
1co0co
0.
0.
0.
Ge
0.
Ge
0.
0
18¢

50 GUVOCLLLOOLUCE=L]
5.C0ULULGO0UOLOE-CL
2400000LU0LGCV0E=V]

1.0000000000U0CE +00

$.0000000000000E-21
4+G0VGLOGLUOOLIE +00

Ce
Lo
Ce
O.
Ue
0.
0.
Qe
0.
Ce
0.

S465080008

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1
0.
Ge
0.
0.
Ce
O.
Ce

-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

£e00000ULCOLO0UE-JL

5eC0LOUCO0000UCE=U]
5L0CCLO00V0000U0E=I]

4.0000000000000E +00

200000000L000000E +00

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
Q.

0

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1
0.
0.
Je
Je
0.
Oe
0.

540000C00000C00E-GL
5+00000000000C0E-01

-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

5.0600000000000€E-01
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-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1



OTCF(1¢)

OTCF(13)
OTCF(le)

OTCF(19)

$ENO

$SU -

oT0( 1)

0T0(4)

oT0(7)
0TG(10)

0T0(13)

o10(1¢)

0T0(19)

NUSPLT(1)

NOSPLT(8)
NOSPLT(15)
NUSPLT(22)
NOSPLT(29)
NOSPLT(36)
NOSPLT(43)
NOSPLT(50)
NOSPLT(57)
NOSPLT(64&)
NOSPLT(71)

NOSPLT(78)
NOSPLT(85)
ROSPLT(92)
NOSPLT(99)
vl

e}

IV(15)

vzl

Iv(29)
Iv(36)

IV(43)

IV(50)

IV(57)

IVI64)

IVIi71)

Ivi7s)

v(85)
IV(92)

IvV(99)

IEOS (1)

IEOS(8)

IEOS(15)

MAT(1)

MAT(8)

MAT(15)
ME(L)

ME(8)

ME(15)

uo(i9)
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540ULCLVOLCCOUVE=CL
£ «000GLOVULOLOOE=0L

" £.0000L00CCCUOYE=0L

£400006000C000CE-01

5. 00ULUOUOO0UCCE=-UL
5+00C0000UC00000E=V]
%+ L00CG0000000V0E-0L
5+C0U0V00CU00000E-01

End Namelist INP
Begin Namelist SU

1.0C0CLCGLOCCOGUE +00

1.000U000C00CO0E +00

1.0000000000000¢ +00

1,00000U0C00ULOE*0O

1.CO0ULCG0000C00E+00

1.00GCCOCO0000UE £ 00

1.0000C00000000E +00

0 0

0 0

0 0

0 0

7] 0

0 [}

0 0

0 0

0 9

0 0

] 0

0 0

0 0

0 0

0 0

-1 -1

-1 -1

-1 -1

-1 -1

-1 -1

-1 -1

-1 -1

-1 -1

-1 -4

-1 -1

-1 -1

-1 -1

-1 -1

-1 -1

-1 -1

1 1

i 1

1 1

4 4

] 0

(7] 0

1 L

0 b}

(7] 9

deUCCILOOGUOGLBLE*CO

846CYLCOOGUOLLIRE *GUL

=340L0C0UGOC000000£-02
Ge
Ce
Ge
Ue
Ge
Ge

1.000G00000Cu";CE +90
1+¢00000000000CE +00
1.000C0000L0U0O0E +00
1.000000000000L0L +00
1.600000000000GE +00
1.000000000000LE* 20
1.60G0CLLO0LOOGE +00
[}
[V}
0
0
0
0
0
0
0
0
0
0
0
0
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
1
i
1
4
0
0
1
0
]
Ge
0.
0.
Ge
Ce
Ue

Ue

[-X-X-¥-F-F-¥-N-R-¥-N-¥-N-X-)

UBUBUBURUSUBUBUSUSLUEUSUSUSU
L Y ey

COOOOO I g

5+0006G0CGLUL0000E-0L
$¢0000000000000€-01
500000000000000E~01
5¢000000000000CE-01

1.0000000000000E +00
1.0000000000000E +00
1.0000000000000E +00
1+6000000000000E+00
1.00000000G0CO0E +00
1.0000000000000E +00
1.0000300000000€ +00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
1
1
1
0
0
0
0
0
0
0.
Qe
Je
Ge
0.
Je
Ue

coobooo00000000

NSO RURURLUEUSURUNU
el o e ol o o

CO0000O0r -~

[-X-X-X-¥-N-N-X-N-N-X-X-N-¥-.)

UNUBON RO BUEUNUBUSUSUSURL
Ly S e Y

COOCOCOO e




NC1
(L3}

0Rr2
ur i)

urt (4)

ut(?)

ur(10)
uri(is)

ut(le)

ut(lie)

OTCF(1)

OTCF (&)

OTCF(7)

OTCF(10)

OTCF(13)
OTCF(16)

OTCF(19)

SENO
$ESC -

C1(1)

Cli(s)

i
€1(10)

C1(13)

Citle)

C1(19)

s1(1)

S1(4)

S1(7)

sitlio)
$1(13)

S1(ls)

$1(19)

c2(1)

c2(4)

c2(7

C2(10)
c2(13)

C2(le)

€2(19)

s2(1)

S2(4)

$2(7)

s$2(10)

S2(13)

s2(l1e6)
$2(19)

Suv(l)

SWVi4)

SWV(?)

SWV(10)

Suvil3)

SWV(l6)

SWV(19)
VAN(1)

VHMN (&)

VHN(T)

VMN(10)

VMN(13)

VMN(16)

VHN(19)

100

0.

0.

1e00CULVUGOCVOVOE=10
10000000000000~10
1.00uG00COGOULO0E-LC
1.0000CUVOCGOCO0E-10
1eLULOLCCLLLLOVE-L0
1400GLOUIUCCOUCE=-L0
1e0IVUCLLUCOGO0E-10
5+UVLOLGU000G00E-0L
5+000C000VLO000E=0L
500006000000CG00E-01
5. 0000CCOVGCUOCOE=0L
£e00ULCLO00OCOOE-OL
5000G0CGOCOGLLLLE=GL
5e000GGOLO0CO000E-0L

1.60C0C000020C0E-10
1.00C000000000LE-10
1eu00LOCO0000UCE-10
16 COUCLOOCOUOCOE-10
1.00000C000000CE-10
1.0000000000000E-10
1.0000000000000E-10
9000000C0000000E-01
£e00OCGLO0000000CE~QL
£+00000CG00300CE-U1L
5+ 00U00CC000000L=-V]
£.066000V000000E-01
$000G000000000E-01
5.00000C0000000E=-I1

End Namelist SU
Begin Namelist Esc®

3.9556000000C000E-01

1.CULLG000GOCUCE=U3

*
Not all variables in the ESC namelist are printed here since each variable is

3.95400C0000000=01
0.
0.
0.
0.

Ge
14497C000000000L +G0

1eUG0CLLOVI00000E=03
0.
0.
Ge
Ce

1.00000C0000C0GE-10
1.€000000000000E-10
1.0000000000000E-10
1.0000060000000€-10
1.0000000000000€-10
1.0000000000000E-10
14000000000000GE-10
5¢G00000000000GE-01
5.0000000000000E-01
540000000000000E-01
5.0000000000000E-01
540000000000000E-01
5+0000000000000E-01
5.0000000000000E-01

3.9580000000000E-0L

printed for all materials (20 allowed in this case) before going to the next

variable.
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2. XOUT. XOUT is the print file containing the cell dumps as controlled
by either the NP or TP parameters in the INP namelist. Besides giving the
cell quantities, the kinetic and internal energies by material and the problem
totals are given at the beginning of each dump. This is the same information
on material energies and problem totals that is contained om the OUTPUT file.

A partial listing from a sample problem is given on the following page.
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Q SX Y4

ERGV: 3.16237€-03

= 2.354826~06
= 2,92689€-03

8.23730E-04 TOTAL KlN%TIC EN

SAMPLE XOUT LISTING

317
4.10028€-04 KINETIC ENERGY

4.13702E~04 KINETIC ENERGY

v

=
-

NAL ENERGY:

=03 INTERNAL ENERGY
v

1.26326E-02 CY(LE=

ENERGY= 3, 34059€
3.986106-03 TOTAL INTER

1 ENERGY= 6,45511E-04 INTERNAL ENERGY=

4.00455€+00 0T1=

SYMMETRIC PLATE IMPACT Cu/CU
J 1EOS MAT

TOTAL ENERGY=

MATERIAL
MATERIAL 2

TIME=

2888828282222888388888833888888388888388

IR R TN TR RSN R I I L IR A IR IR AR A 0 K A T A A ¢

CEEEEE R SR S s s

T EEEEEEE N I N
= = = = = = = = = = = = = = = = =

RARRARARAARAAARRAAARANRRARAARARRAAARR
R SATE SR I R SR SRS S S E e

® 6 0 0 6 6 0 6 06 6 06 0 0 6 06 6 6 6 6 06 0 86 06 06 6 6 0 06 6 060 06 06 0 0 0 00
N = = = = = ™ = = = = = ™

3 B S RS RRaRRRRERE

SERRRRRRRRIRRIRRNES ety
L A R
mmmm mmwmmmyma 0 PSP
S¥ER SSRERKCER My ogm g ¢
BIXT A PERD- DI mE 25 8 <
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3. OUTPUT. The file OUTPUT contains a summary of the problem energies ‘
plus various other information about what happened during the problem execution.
The following list contains the information that may be written to OUTPUT.

Number of zonmes in each material, EOS type and number, vpoAr for the
and outside cell.

Error messages for materials not in an EOS library.

Time, At, cycle, and energy sums by material and problem total (same
as in XOUT).

Record of any dump written or read for a restart.

Record of any spalling.

Record of any HOM iteration errors for a mixture of solid and gas product.
Record of void collapses or openings.

Record of any iteration failures for high-velocity void collapses.

A sample OUTPUT file is listed on the following page. Information about

EOS errors, spalling, etc. is listed only if they occur.
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SAMPLE OUTPUT LISTING

VpoAr
Mate~ # EOS Outside Inside
xrial Zones Type # _ Cell Cell
1 100 1 4 2.984E-02 2.984E-02
2 100 1 & 2.984E-02 2.984E-02
TINE= 0. oT=  1.00000€+00 CYCLE=
MATERIAL 1 ENERGY= 3,97630E-03 INTERNAL ENERGY=

MATERIAL 2 ENERGY=
TOTAL ENERGY= 3,9763

INTERNAL ENERGY=

TIME:  1.263266=02 DT=  1.26326E-02 CYCLE=

MATERIAL 1 ENERGY= 3.976306-03 INTERNAL ENERGY=
MATERIAL 2 ENERGY= 0. INTERNAL ENERGY=
TOTAL ENERGY= 3.976306-03 TOTAL INTERNAL ENERGY=

TIME= 2.52653E-02 DT= 1,26326€E~02 CYCLE=

MATERIAL 1 ENERGY= 3,98155€-03 INTERNAL ENERGY=
MATERIAL 2 ENERGY= 1,35924€-06 INTERNAL ENERGY=
TOTAL ENERGY= 3,98291€-03 TOTAL INTERNAL ENERGY=

TIME= 1.01061€+00 DT= 1,26326E-02 CYCLE=

MATERIAL 1 ENERGY= 3,15778E-03 INTERNAL ENERGY=
MATERIAL 2 ENERGY= 8,27660E-04 INTERNAL ENERGY=
TOTAL ENERGY= 3,98544E-03 TOTAL INTERNAL ENERGY=

TIme= 2,00859€+00 DT= 1,26326E~02 CYCLE=

MATERIAL 1 ENERGY- 2.32025€-03 INTERNAL ENERGY=
MATERIAL 2 ENERGY= 1,66530E-03 INTERNAL ENERGY=
TOTAL ENERGY- 3.985555-03 TOTAL INTERNAL ENERGY=

TIME= 3.00657€+00 OT=  1,26326E-02 CYCLE=

MATERIAL 1 ENERGY=: 1,48288E-03 INTERNAL ENERGY=
MATERIAL 2 ENERGY= 2.50313E-03 INTERNAL ENERGY=
TOTAL ENERGY= 3,98601E-03 TOTAL INTERNAL ENERGY=

OUMP 1 AT CYCLE 317, TIME= . 40045€+ 01
TIME= 4,00455€+00 DT=  1,26326E-02 CYCLE=
MATERIAL 1 ENERGY= 6.45511E-04 INTERNAL ENERGY=

MATERIAL 2 ENERGY= 3.34059€-03 INTERNAL ENERGY=
TOTAL ENERGY= 3,986106-03 TOTAL INTERNAL ENERGY=

=03 TOTAL INTERNAL ENERGY= O

0

0. KINETIC ENERGY= 3,97630€-03

0. KINETIC ENERGY= O,

o TOTAL KINETIC ENERGY= 3,97630€-03
1

0. KINETIC ENERGY= 3,97630€-03

0. KINETIC ENERGY= 0.

0. TOTAL KINETIC ENERGY= 3,97630€-03
rd

1.86438€-05 KINETIC ENERGY= 3,96290€-03
1.776453E-16 KINETIC ENERGY= 1, 35924E-06
1.86638E~05 TOTAL KINETIC ENERGY= 3,96426E-03

80

4o 426471E-04 KINETIC ENERGY= 2.71531€-03
4. 26922€-04 KINETIC ENERGY= &4, 00738E-04
8.69393e-04 TOTAL KINETIC ENERGY= 3, 1160‘5-03

159

8.69209€-04 KINETIC ENERGY= 1, 451045‘0'*
8.53659€-04 KINETIC ENERGY= 8,11641E-04
1.72287€-03 TOTAL KINETIC ENERGY= 2.26268€-03

238

7.91617€-04 KINETIC ENERGY= 6.91463E-04
7.95195€-06 KINETIC ENERGY= 1,70793E-03
1.58661€-03 TOTAL KINETIC ENERGY= 2,39940e-03

317
4.10028€-04 KINETIC ENERGY= 2,35482€-04
4.13702€ KINETIC ENERGY= 2,92689

£-03
8.23730€ TOTAL KINETIC ENERGY= 3. 16237€~(3
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4. GASSIN.

GASSIN is a random access file written in the MAGEE Movie

format for direct processing by the graphics utility GAS (LTSS-523). The

structure of GASSIN consists of a file index that is 10033, words long and

dumps for each specified problem time.

60

File Index
Disk Address Word
0 1
1 2
2 3
3 4
4 5
5 6
6 7

Contents

Integer giving the number of words in the index
Integer giving the number of dumps in this file
Disk address of the last word in this file
Problem dump time for the first dump

Disk address for the first dump in this file% '
Problem dump time for the second dump %2

Disk address for the second dump in this file

Repeat dump time, disk address for each dump




‘ Data Dumps

Each data dump consists of two parts. The first 100 words contain informa-
tion about the data in the dump. The data begins at word 101 after the beginning
of the data dump and is packed three HYDROX cell variables per word (see GAS
writeup). The contents of the first 100 words are as follows.

(I = integer, F = floating point, H = Hollerith. Omitted numbers are not used.)

Word Contents
1 Dump Time (F)
2 The number of zones for the problem (I)
3 1 (I)
4 Not used
5 Number of packed words per cell = 4 (I)
? Number of cell variables per word = 3 (I)

‘ 16 Number of fraction bits in the packing format = 14 (I)
1% Number of exponent bits in the packing format = 5 (I)
8% Date (H)

96 Problem label, first 10 characters (H)

91 Problem label, second 10 characters (H)
92 Problem label, third 10 characters (H)

93 First value of the cell number = 1 (I)

94 1 (I)



5. DUMPO. A restart capability is provided by the writing and ‘

reading of the dump file DUMPO. The frequency of dumps may be selected by
either specifying the problem time or cycle number. The problem geometry
may also be changed, adding or deleting zones, materials, equation-of-state
parameters, or anything capable of being specified in the original problem
setup. A description of the control variables is given in the "Restart
Control Parameters" of Sec. III.A.l, Namelist INP. Further details are pro-
vided in the descriptions of subroutines WDUMP and RDUMP of Sec. IV, HYDROX

Description by Subroutines.
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C. Graphics

The graphical output file GASSIN is written in a random access MAGEE
movie format for processing by the LTSS utility GAS (LTSS-523). GAS allows
the users to make plots of all cell quantities as a function of distance or
any other cell variable. In addition, timé plots of cell quantities and contour
plots in position-time (X-t) space can be made. GAS can be run as an interactive
utility or through a controller.

The variable numbers used by GAS and their corresponding HYDROX quantities
are given by:

Gas

Variable 1 2 3 4 5 6 7 8 9 10 11 12
Number

Cell region

*
Quantity index r u v I P SX SZ EE T 4
(or W
if u=0)
*The variable EE contains energy sums in cell quantities in the following order:
1l to ML-1 total energy for regiom 1 to ML-1
ML total energy for the problem plus work done on pistons

ML+l to 2*ML-1  internal energy for region 1 to ML-1
2*ML total internal energy for the problem

2*ML+] to 3*ML-1 kinetic energy for regiom 1 to ML-1

3*ML total kinetic energy for the problem
4*ML+1L work done on the outside piston
4¥MLA4-2 work done on the inside piston

ML is set in a parameter statement and is usually 21, the number of allowed

materials plus one.
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The sample GAS plots on the following page were generated by the

commands listed below.
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GAS!GASSIN!YES IME

DC,3,4!SR!DU,1!

DU, 2!MP!

cv,3,7!SrRIDU,1!

DU, 2IMP!

END

Initialize GAS and enter the MESH plot mode

Plot the particle velocity vs radius and allow
GAS to select a rectangle to plot the data; the
dump at time = 1 Us was specified

Plot the particle velocity vs radius at time =
2 Uus and overlay it on the previous graph

Plot the pressure vs radius for time = 1 Us

Plot the pressure vs radius at time = 2 lUs and
overlay it on the previous graph

Terminate the execution of GAS
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IV. HYDROX DESCRIPTION BY SUBROUTINES

This section contains the most detailed information about the inner
workings of HYDROX. Part A contains a summary description of each subroutine
and Part B contains a logical flow diagram. Part C contains further informa-
tion about each subroutine by first giving an annotated FORTRAN listing and
then giving detailed notes on local variables, relevant physical models, and
numerical algorithms.

A. Summary Description of the Subroutines

MAIN

Calls routines to set up the problem.

Contains the main cycle loop of the code which checks whether to add
cells, print, make a GAS dump, make a festart dump, or end the problem; calls
subroutines to rezone if necessary, determine the time step, and run one hydro
cycle.

SETUP

Controls the setup of the problem, reads INP namelist, checks for a
restart dump, calls other routines to read the rest of the namelists data
from EOS files, initializes all of the cell quantities except pressure,
writes out all variables in all namelists to the file DOUT.

SsU

Reads the SU namelist and copies material data to region I+l. In order
to keep the namelist variable names the same as those used in the code and
at the same time avoid requiring region number subscripts in the input, region
number one (i.e., no subscript) is used in the namelist. The data is then
copied to region number I+l where I is the actual region number. After all

data is read in, every variable associated with regions has all of its data

shifted down by one to the proper region. See subroutine RSTORE.
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ESSU
‘ Reads the ESC namelist (equation-of-state constants) and copies material
data to region I+l.
BRSU
Reads the BURN namelist (various burn constants) znd copies material data
to region I+l.
CLR
Resets region 1 data to the default values.
RSTORE
Shifts region I+l data back to I (where it should be) for each region I.
EOSDSK
Switching routine that assigns units for EOS files and calls routines to
read them. Data from EOS files can then be overridden by namelist reads.
RHOM
‘ Reads EOS file HMLB to get HOM EOS data.
RBLDUP
Reads EOS file HMLB to get data for the buildup EOS and burn model.
RPOLY
Dummy routine because a library is not provided for the eight-parameter
fit constants.
RSESAME
Reads data from disk for SESAME materials.

JMNMX

Sets indices to determine the minimum and maximum cell numbers for each
material. Also sets indices for the last region with a cell turned on and

the last cell turned on.
HEI

‘ Calculates the total internal energy of a region of solid HE relative to

the enmergy of its products at infinite expansion at T = 0, 67




GASLM

Finds limits for the region in which two of the analytic fits in GAS are ‘

reasonable.
BLDSM
Calculates the y for each cell using the buildup model. The transition
from constant Ymax to the Y = A + B/R form is smoothed out with a parabola

which joins both curves, leaving the first derivative continuous.

PRNT

Makes a cycle printout including time, At, cycle #, region and total
energies, and cell quantities for active cells.
ESUM
Calculates kinetic, internal, and total energies for each region and for
the whole problem.

WDUMP

Writes a restart dump (all of the necessary data to restart the problem
at a given cycle). Inactive regions may be replaced with new setup informa-
tion so that two different problems that start out the same may be restarted
at a time before they differ without completely rerunning the problem.

RDUMP

Reads the restart dump and stores all of the data in the appropriate
locations.
OUTGAS
Makes a GAS dump to file GASSIN which includes most cell quantities.
GASSIN may be postprocessed to give on the Tektronix/film/fiche any cell variable
as a function of any other cell variable (e.g., pressure vs-radius) at a given
time, time plot a cell variable for a given cell, r-t plots of interfaces, cell

positions for each cell, contour plots of a cell variable in r-t space, etc. ‘
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ICONV

Takes a 60-bit floating point word and converts it to a 20-bit floating
point word.
DIFEQ
Switching routine to determine the type of difference equation scheme to
be used in the main hydro cycle. Default is HYDRO.

HYDRO

The main hydro cycle using the HYDROX difference equations. New values
of radii, velocities, specific volumes, specific internal energies, and stress
deviators are calculated. Subroutines are called to get new pressures, tem—
peratures, and artificial viscosities.

SINX

The main hydro cycle using the SIN difference equations. New values of
radii, velocities, specific volumes, specific internal energies, and stress
deviators are calculated. Subroutines are called to get new pressures, tem—
peratures, and artificial viscosities.

EOS

Switching routine to call the appropriate equation of state. The spalling

and elastic-plastic treatments are also called if turmed on.

PTEOS

Controls calls to EOS subroutines with energy and volume as input rather
than region # and cell #.
HOM
Switching routine for deciding which type of EOS is used for a cell for
the HOM EOS (e.g., determines whether a material is a solid, gas, or mixture).
usup
USUP EOS allows for two USUP fits with a phase change. At high.density

the Barnes EOS is used. In tension, the Gruneisen EOS with the P=0 line as

the standard curve is used. 69



GAS
Calculates the EOS for gases using analytic fits to the results of the
BKW code. By special choice of constants, a y-law gas EOS may be calculated.
SSBGAS
Calculates the pressure and specific internal energy for a cell that has
just been burned using the sharp-shock burn method. The pressure and specific
internal energy are calculated on the Hugoniot for the HE products at the given
volume.
MIX
Calculates pressure and temperature for a mixture of solid and gas where
temperature and pressure are assumed to be in equilibrium. The equations of
state for the solid and gas are described more fully in USUP and GAS, re-
spectively.
LFB
A two-point iteration scheme to find the zero of a function of one
variable. The iteration is a slightly modified form of the secant method.
This method is faster than Newton-Raphson iteration for the case where the
time required to evaluate the derivative is longer than 0.44 of the time
required to evaluate the function.
BEQST
The Barnes EOS is used for the high-pressure region where the USUP fit

becomes unphysical.

BLDUP

Calculates the equation of state to be used with the buildup burn model.
The EOS is that of a y-law gas but the Y is not necessarily the same for all

cells in a given material.
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SPEOS
Determines whether a cell should spall by using the gradient spall model.
As a special case, a constant spall pressure may be specified.
POLY
An eight-parameter fit to the equation of state that is basically a
polynomial in two variables divided by a linear function in one of the vari-
ables. The two variables are related to specific volume and speéific in-
ternal energy.
VISC
Computes the viscosity for all cells using either 'real," PIC, or Landshoff-
type viscosity.
BURN
Switching routine to determine type of burn to be used.
ARH
Calculates the decomposition due to an Arrhenius rate law for region I.
cJ
Calculates the decomposition of a detonating HE using the CJ burn model.
SSB
Calculates the decomposition of an HE using a sharp shock model. All of
the HE is burned at the shock front.
FOREST
Calculates the decomposition using the Forest Fire burn model. This model
is appropriate for cases that require a non-negligible distance of run to
detonation for the given input shock strength.

FFT

The Forest Fire rate is calculated as a function of temperature.
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FFI
The Forest Fire rate is calculated as a function of specific internal
energy.
GLTW
An entire region of explosive is burned using the gamma-law Taylor-wave
description.
BNDRL
Calculates several special boundary conditions such as an applied piston.
SL
Does all the bookkeeping required to create a spall.
SPLTCHK
Checks whether rezoning is required in a region and if so calls subroutines
to do the rezoning.
SHFT
Shifts all cells with cell # 2 J up by N. Used when new cells are created
in the middle of the problem; e.g., for spall and rezoning.
SPLIT
Splits N cells starting at cell #J into two cells. All cell quantities
are linearly interpolated and conservation of mass is explicitly required.
EPP
An elastic —perfectly plastic model with the von Mises yield model and an
optional correction term to put shock data fit equations of state on the
hydrostat.
DELT
Calculates the time step to be used. The time step may be input data or

may be evaluated from several criteria in order to keep the problem numerically

stable.

c

Switching function subroutine to pick the appropriate sound speed subroutine.




CUSUP
Calculates the sound speed for a USUP EOS with constant Grineisen Y.
CBLDUP
Calculates the sound speed for a buildup EOS in cell J.
CPOLY
Calculates the sound speed at specific volume VC, pressure PC, and specific
internal energy XC for the eight-parameter fit EOS in subroutine POLY.
CSES
Calculates the sound speed for a SESAME EOS.
RLEOS
The Rayleigh line in P-V space is used as an equation of state for the
initial compression of the two cells touching an interface that has just become
a closed void when the relative velocity of the two surfaces was large.
RL
Calculates parameters for the Rayleigh line EOS. This primarily consists
of iteration to find the interface velocity which sends shock waves into both
materials with the same final pressure.
G
Given a value for the interface particle velocity, UV, the difference in
the corresponding Hugoniot pressures of the two bounding cells is calculated.
PH
For a given specific internal energy, the volume on the Hugoniot and the

Hugoniot pressure are determined.

Subroutines Needed for the SESAME Tables

The following subroutines are used in conjunction with the SESAME EOS
tables and are described in Sec. IV.E: MATCHK, TABFCH, INBUFR, DPACK, ISRCHK,

T4INTP, GETINV, RATFN1, T4DATI, T4RTPE, INV301l, T4EOSA, PERTCR.
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B. Chart of the Relation Between Subroutines

o

MﬁIN
| I I ' I I I
SPLTCHK PRNT* OUTGAS* GLTW* WDUMP DE?T
I o c
ESUM* ICONV* JMNMX* DIFEQ |
CUSUP CBLDUP CPOLY CSES
HYDRO SINX
I | | | o
EO0S BN?RI RLEOS  VISC BﬂRN
RL | | | P T
| ARH CJ SSB FOREST FFT FFI GLTW*
G
|
PH  SSBGAS JMNMX*
PTEOS
[
SL EPP SPEOS HOM BLDUP POLY T4EOSA*
I
SPLIT [ [ | T4DATI
PRNT* OUTGAS* SHFT GAS MIX USUP
LFB BEQST A
ESUM* ICONV* RATFN1 T4INTP
I
SETUP

|
o ]

SSU ESSU BRSU CLR RSTORE EOSDSK RDUMP BLDSM HEI T4RTPE

T4EOSA%**

RHOM RBLDUP RPOLY RSESAME

GASIM GETINV

I
I | ! I |

TABFCH MATCHK DPACK PERTCB INV301

INBUFR
ISRCHK RATFN1

*Subroutines that appear more than once.

**Subroutines that appear more than once and subroutines called by this subroutine are
shown elsewhere on the chart.
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‘ C. Variables in Common Blocks Not Already Described

/CELL/

R = outside radius of a cell (cm).
U = velocity (cm/us).
V = specific volume = 1/p (cm3g).

XI = specific internal energy (Mbar—cm3/g).
P = pressure (Mbar).

SX

stress deviator in the X-direction (Mbar).

SZ = stress deviator in the Z-direction (Mbar).
EE = energy sums, see ESUM.
T = temperature (K) or y for Buildup EOS.
Q = artificial viscosity (Mbar).
XM = mass in grams per unit length or solid angle.
‘ IFLAG = flags associated with a cell.
W = mass fraction of undecomposed explosive (i.e., W = 1 for all
solid, W = 0 for all gas).
/OVL/ See INP namelist.
/M1sc/
TIME = time (us).
ICYCL = cycle #.
DT = time step (us).
NCL = last cell # + 1.
JA = TALPH - 1.
BU = current outside piston velocity (cm/us).
BUI = current inside piston velocity (cm/us).

F2,F3 = geometry—dependent coefficients used in the calculation of

‘ the specific volume of a cell.
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/BRNS/ See BEQST for details.

A=A,
BR = b_.
r
BA =Db_.
a
VBO = Vo.

VBSW = volume below which BEQST is used instead of USUP.
/ EOSN/ See SU namelist.
/NSPLT/ See SU namelist.
/SPC/ See ESC namelist.
/POLYC/ See ESC namelist.
/GAS/ See OUTGAS for details.

FI

index for GAS dumps.

DI = array for all cell variables (equivalenced to R).
/LEV/
DMPNO = dump # = time (see OUTGAS).
/BUX/ See ESC namelist.
/ES/ See ESC namelist.

/RLC/ See RLEOS, RL, G, and PH for details.

RC =R .
Cc
RP = R_.
P
RLV = Rl'
_ L
PH1 PH
DVl = AV1
DV2 = AV2

/PWORK/ See BNDR1l, ESUM,
PW = work done by the outside piston (if used).

PWI = work done by the inside piston (if used).




JS = spall indicator. Whenever JS # 0, a new void is created at
the outside radius of cell JS.
/INIT/ See SU, ESC namelists.

JMIN

minimum cell # for this region.

JMAX = maximum active cell # for this regiom.
DRO = initial Ar for the innermost cell of the region.
/USUPC/ See ESC namelist.

/BRND/ See BURN namelist.
/GASC/ See ESC namelist.

/FGHIJC/ See ESC namelist.
/ucic/
UCJ = CJ velocity.
JJ = cell {# being burned in SSB.
NMAX = last cell currently active.
RCJ = radius of the cell being burned in SSB.
DCJ = CJ detonation velocity.
/voID/
INTX = type of interface: 1(u; = My, = 0), 2(uy = 0, Upyy # 0),
3Cup # 0, Uy =0), 4Qup F Uy, #0), SMyp =up, #0).
JV = cell # of the artificial cell used to describe a void between
region I and T + 1.
IV = see SU namelist.
NNV = # of voids.
/MNMX/
KMAX = maximum cell # for a region.
KMIN = minimum cell # for a region.

NMC = # of regions currently active.
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/XCOM/ See SU, ESC namelists.
/INTORD/ See INP namelist.
/EOSCOM/ See ESC namelist.
/XEO0S/
IX = region #.
/SESDAT/
DC = array for SESAME tables.
/S2DIR/
LCMX = # of words in DC.
NREG = # of regions allowed.
LCFW = word # in DC that begins data for region I.
/SESIN/
II = region #.
IDT = data type.
RPT4 = demsity.
XIPT4 = specific intermal energy.
IBR = 0 to output P and T; 1 to output P; 2 to output T.
IFL = 0 allows for a ramp; 1 requires use of tables.
/SESouT/
PPT4 = P, 3P/3p, OP/JE.

TPT4 = T, 3T/dp, 9T/3E.




D. Annotated Subroutine Listings and Detailed Notes

PROGRAY HYDROX(INOUT,OUTPUT,DATA,TAPES=DATA,NDOUT,TAPEG6SNNUT, MAIN 2
+X0UT,»TAPEB=XOUT,TTY,TAPE9=ITY) M8 IN 3
PARAMETER (MCL=500,ML=21,NGC=19,MLGCaNGC*ML,MLOWDT=20%M, PARAM 2
+NUMVY=10,MOL= ( (NUMV+1)/34¢1)%MCL+10D,NDW=20,NCF=8, PARAM 3
+MXDUMP=30,NDXo2%¥MXDUMP+2,MTAB=1,NTABsMTAB*3742 PARAM 4
+sNSMe4y NWPMe372B,NSD=NSMENWPM+132,ML2=100) PARAM 5
COMMON/CELL/R(MCL) sU(MCL)pV(MCL)»XI(MCL), MCELL 2
+P(MCL)Y»SX(MCL)»SZ(MCL)HEE(MCL)Y »T(MCL)»Q(MCL)Y» XM(MCL),TFLAG(MCL) MCELL 3
+oM(MCL) MCELL 4
LEVEL 2,R MCELL 5
COMMON/NVL/NDFsNIpNPyNGo TEND) TP (ML) »TG(ML))UT,UF,UTTI,UFI,NADDs)NM, MCELL 6
+IALPHONDELT,LASEL(B))NDUMP,IDMP,NM1,TD(ML),TJK MCELL 7
COMMON/MISC/TIME,TICYCLADTH)NCL)IA»8U»BUISF2,F3,JS MCELL 8
LEVEL 2, TIME MCELL 9
COMMON/ INIT/DTO(ML Y » XMUCML) » YO UML) s XL UML) s XV(ML)IINVIML)I,VA(ML),P0 INIT 2
(ML) TO(MLI,RAW (ML) JMINCML2)Y s JMAX(ML2)»IBRN(ML)»PLAP(ML),DRO(ML), INIT 3
+MAT (ML) UD(ML) »UT(ML)pDTCF(ML) »QO(ML) »TMLT(ML)»TMC (ML) INIT 4
COMMON/USUPC/CLIML) »S1(ML)Y»C2(ML)»S2(MLY»SHV (ML) »VMN(ML), us 2
+GAMMA (ML) ALP (ML) us 3
COMMON/RRND/Z(ML)Y»E(ML)»VCI(ML)»DOWDTINDWIML)»PCI (ML) »PM(ML)H)ND(ML) BRC 2
+9MSFF 8RD 3
COMMON/GASC/GC(NGC ML) GC 2
COMMON/FGHTJIC/FS(ML)»GSIML)»HS (ML) »SI(ML)»SJ(MLYCV (ML) FG 2
COMMON/UCJC/UCJI»JJI»NMAX,RCI»DCY uc 2
COMMON/VNID/INTX(ML2)»JVIML2) o IV(ML2) »NNV vb 2
COMMON/MNMX/KMBX(ML2), KMIN(ML2),NMC MN 2
COMMON/BRNS/7A(ML)»BR(ML)»BA(ML),VBO(ML),VBSW(ML) 8RN 2
COMMON/EOSN/TENS(ML) pME(ML) EN 2
COMMON/NSPLT/NNSPLT(ML2) . NSP 2
COMMON/SPC/SP(ML)I,USP(ML) SPLC 2
+»XISP (ML) SPLC 3
COMMON/POLYC/CF(NCF,»ML)»PS(ML) PLC 2
COMMON/GAS/FI(1003),DI(MQL) GS 2
LEVEL 2,FI GS 3
COMMON/LEV/DMPNO GS &
LEVEL ?,DMPND GS 5
COMMON/BUX/8UA»BUR,BUMAX »BUDV (ML) supP 2
+»BUR»BUD RUP 3
COMMON/FS/TE(ML2) s NME ESM 2
COMMON/RLC/RC(ML)Y,RP(ML)»RLV(ML)»PH1,DV1,DV2 RLC 2
COMMON/PUNRK /PW,PW [ PWORK 2
TIME=Q, Startatt=20 MAIN 264
CALL SFTUP Set up the problem MAIN 25
ISS=0 MAIN 26
D0 B8 I=1,NM MAIN 27
R spsoas
{::}35252367263480870 8 1 Initialization for sharp-shock burn only ::;: gg
JIsJMIN(T) MAIN k1
ISS=I MAIN 31
NMAX=JJ MAIN 32
CONTINUE . MAIN 33
CALL J“NMX(NMAX) Initialize indices for min. and max. cell # in each region MAIN 34
IF(IDMP ,NE.O)GO TO 10 Skip to 10 if a restart MAIN 35
NMCT=sNM(C MAIN 3¢
NMC=NM MAIN 37
JMTs JMAX (NMCT) MAIN 38
JMAX(NMCT)=KMAX(NMCT) MAIN 39
RCJI=0, MAIN 40
DO 9 Is=1l,NM MAIN 41
IF(IBRN(TI).FQ.7)CALL GLTW(I) Do any gamma-law Taylor wave first MAIN 42
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123

10

15

:E(RE:JN:.G.."O.YGRN(I).NE.S)GO T0 9
Je J

n More setup for
3:51\753236 e sharp shock burn
DT=(R(JJI)=-R(JJ+1))/(DCI*4)
UCJ=~E(I)
CONTINUE
CALL ENS Initialize P,T for all cells
JMAX(NMCT)sJMT
NMCsNMCT
CONTINUE _
MG=Q
TMP=sTP(1)
TMG=TG(1)
TPMX=TYP
TGMXsTU(R
ITP=Q
ITG=0
TMD=TD(1)
TOMX=TMD
ITD=0
MP=Q
MD=D _
ICYCL=0
CALL PRNT  Printout of initial conditions
8UsUI
BUIsUII
PWs0,
PWI=0,
CALL OQASSIAN(3,6HGASSIN,O0»0) GASSIN = file for GAS dumps
IF(NADD.LE.CINADN=S
CALL OUTGAS GAS dump of initial conditions
D0 20 IT=1,NT Main do loop of the code. NI is the maximum # of Hc'les
ICYCL=TY allowed
MPsMP ¢]1
MGsMG+1
MD=MD+1
IF(IBRN(NMC),FQ,3)G0 TO 123 Except for sharp-shock burn
IF(NMAX,EQ.NCL-1)60 TC 123 or for all cells active

Setup for print, gas dump, restart dump
Keyed to certain cycle #'s and times

Initial piston velocities and work

JMCsJMAX(NMC) Check to see if the last
IF(ABS(U(JMC)-UO(NMC)) LT .UT(NMC))IGO TO 123 active cell is moving
NMAXSNMAX4NACD

IF(NMAX.GT.NCL-I)NHAX-NCL-I] ,ﬂf S°’ta.dd NA??

CALL JYNMX (NMAX) éw active cells

CONTINUE

CALL SPLTCHK Check for rezoning

CALL DFLT  Check time step

TIMEsTIME+DPT Increment time step

IF(W(3).LT.0,02) AU=UF ] Use final piston velocity when the

IF(WINCL=3)4LT.0,02)BUI=UFI 3rd cell in has burned

CALL DIFEQ Main hydro done here

IF(NP.LELOYGO TO 15 7
P .

:ii: sLTNPIGO TO 15| rpock for print every NP cycles

CALL PRNT

CONTINUF

IF(NG.LF.D)GN TO 16

n
:Z:gG.LT.NG)Gﬁ T0 161 Check for GAS dump every NG cycles

CALL OUTGAS

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN




16

27
17

28
18

19

39
29

20
999

CONTINUE -
IF(TP(2).LF.0,)G0 TO 17
IF(TIMELLT,TMP)GO TO 17
TMP=TMP4TP(2)

TOM
;:;I::;tT' X161 To0 27 Check for print on time interval
ITPsITO+2
TP(2)=sTP(ITP)
TPMXsTO(TTP¢1)
CALL PRNT -
CONTINUVE
IF(TG(2)sLF.04)GO TO 18
IF(TIMELLT.TMG)GO TO 18
TMGsTMG+TG(2)
IF(TMG.LT.TGMX)IGN TO 28
TMG=sTGMX Check for GAS dump on time interval
ITG=ITG+2
TG(2)=sTG(ITG)
TGMXsTG(ITG+1)
CaLlL NUTGAS -
CONTINUE -

MDE T
{;::g?LT:N:GSL‘;’gn 201:9 Check for restart dump every ND cycles
MD=0
CALL wDUme
CONTINUE
IF(TD(2).LF.0.)GN TO 29
IF(TIMELLT,TMD)GN TO 29
TMO=sTMD+TN(2)

;:é::g;l;f.?onxmn T0 39 Check for restart dump on time interval
ITD=ITD+2

TD(2)=TD(ITD)

TOMX=sTD(ITN+1)

CALL WwDuMP

CONTINUF

IF(TIMCEGF TFNDANDSTEND «GT40.)G0 TO 999 Stop for t > TEND £ O
CONTINUE
CONTINUE
CALL whywme
CALL PRNT
STOP

END

-

] Make a last restart dump and print

MAIN
MAIN
MAIN
MAIN
MATIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
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1C4
105
1C6
107
10¢e
109
110
111
112
113
114
115
116
117
11¢
119
120
121
122
1212
124
125
126
127
128
129
13¢
131
132
133
13¢
135
136
137
138
139
140
141
142
143
144
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HYDROX ~ MAIN

Calls routines to set up the problem.

Contains the main cycle loop of the code which checks whether to add
cells, print, make a GAS dump, make a restart dump, or end the problem; calls
subroutines to rezone if necessary, determine the time step, and run one
hydro cycle.

Local Variables

MP,MG,MD = # of cycles since the last print, GAS dump, restart dump.
TP, TMG,TD = time at which the next print, GAS dump, restart dump will
be made.

ITP,ITG,ITD

index for which t,At to use.
TPMX, TGMX, TDMX = time at which a switch is made to the next At.
II = cycle #, do loop count.

JMC

JMAX(NMC) is the last cell currently turned on.

JMT = temporary storage of JMAX(NMC) so that it can be changed for the
call to EOS.

NMCT = temporary storage of NMC.

Notes

The sharp-shock burn uses its own method for adding a cell every four
cycles as the shock goes through the material (see SSB).

The algorithm for printing, etc., every N dumps is: initialize an index
M to 0, increment by 1 each cycle. When M = N print, etc. and reset M to O.

The algorithm for printing, etc., on tl,At1,°°° is: initialize a parameter
T to t,. When the time is = T print, etc. Reset T to T + Atl unless

1

T + Atl > t2. Then set T to t2

The common blocks should be all kept in MAIN even though they are not all

and increment by Atz, etc.

used. This is due to the fact that the restart dumps are keyed on the first




location in one common block and the last location in a different common
block. The order in which the common blocks are stored is, therefore, important.
By including all the common blocks required for a restart dump in MAIN, their

order in storage will be that required by WDUMP and RDUMP (q.v.).
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SUBROUTINE SFTUP

PARAMETER (MCL®50N,ML=21sNGC=19,MLGCeNGC*ML,MLDWDNT=20%ML,
+NUMV=10,MQL=((NUMV+1)/341)*MCL+100,NDW=20,NCF=8,
+MXDUMP®30,NDXs2%MXDUMP+2,)MTAB=1,NTAB=MTAB%*3742
+9NSMe4yNWOMa3 728, NSDsNSM*NWPM+132,ML2+100)

COMMON/CELL/ZR(MCL) pU(MCL),VIMCLY,XI(MCL),
+P(MCL)»SX(MCL)»SZ(MCL)EE(MCLY»T(MCLY»Q(MCL)pXM(MCL),TFLAG(MCL)
+sW(MCL)

LEVEL 2,R

COMMON/OVL/NDFsNI»NPyNGy TEND» TP(ML)I»TG(ML)Y»UI,UF,UTT,UFTI,NADD,NM,

+IALPHONDELTHLAREL(8)»NDUMP, IDMPSNML,TD (ML), I JK
COMMON/MISC/TIME,ICYCL,DTHNCL»IA,8UsBUI»F2,F3,JS
LEVEL 2,TIME

COMMON/INIT/DTO(ML Yo XMUCMLY»>YO(ML)I» XL (ML)YoXV (ML), NV(ML),VO(ML),»PO0
(ML) TO(MLY sROW(ML ) p JMIN(ML2)» JMAX(ML2),)IBRN(ML),PLAP(ML),DRO(ML),

+MAT (ML) UO(ML))UT(ML) pDTCF(ML) »QO(ML) »TMLTIML),TMC (ML)
COMMON/USUPC/CI(ML),»SL(ML)»C2(ML)»S2(ML),SWVIML)I,VMN(ML),
+GAMMA (ML) »ALP(ML)

COMMON/BRND/Z(ML)Y» E(ML),VCI(ML) »DWDT(NDWIML)»PCI(ML),PM(ML),ND (ML)

+sMSFF

COMMON/GASC/GCINBCHML)

COMMON/FGHTJC/FSIML)Y»GSCML)»HS (ML) »ST(ML)»SJI(MLICVIML)

COMMON/UCJC/UCI»JJI»NMAX,RCIHDCY

CCMMON/VOID/INTX(ML2)pJV(ML2)» IV(ML2)»NNV

COMMON/MNMY/KMAX(UL2)pKMIN(ML2)»NMC

COMMON/BRNS/A(ML)»BR(ML)»BA(ML)Y,VBO(ML)pVASW(ML)

CCMMON/EQSN/IENS(ML),ME(ML)

COMMON/NSPLT/NDSPLT(ML2)

COMMON/SPC/SP(UL),USP(ML)
+oXISP (ML)

COMMON/POLYC/CF(NCF,ML)»PS(ML)

COMMON/BUX/BUA,BUB ,BUMAX »8UDV (ML)
+»8UR,BUD

COMMON/ZES/TIE(ML2)s NME

LEVEL 2,0C

COMMON/LCMC/DCINSD)

COMMON/XCN“/R1,P2,DR15DR2,)W0»NCI»DR»2ZI

COMMON/ INTNPRN/IFN

COMMON/FOSCOM/SRIML)IESIMLI»ALIML) »A2 (ML) »AI(MLISEM(ML) IRV (ML)

NAMELIST/SU/DTO,NOSPLT IV, IEOS,MAT,ME»R1»R2,UOHNCI
+9DR1,D22,UTH»PTCF, T JIK

NAMELIST/FESC/C1sS15C2552»SHVoVMNyGAMMA, ALPyA,BR,BA)VRO,»VBSH)
+FS»GS»HSH»STIHSI»CVHGCHSPHUSP,CFPS»BUA»BUB,RUMAX,8UDV,TMLT,TMC,
+XMU»YO0r XLsXVyVO0,PD,TO»ROWSPLAPIBRNS)NV,%0,21
+9SRIESIALIA2,A3)EMyIRVHBUR,BUDHXISP,Q0,IE

NAMELIST/RURN/Z,F»VCJ»PCJI»DWDT,PMpND

NAMELIST/IND/NM,UT,UF,RO» IALPH)NDFsNI,NPyNG,NADDINMAYX)
+TEND» TPy TGHNPELTHUII)UFISLABEL)NML, IDMP,IV,NDUMP,TD, IFN
+»NO,DTCF
+9)MSFF

DATA NM1/71/7,IDMP/0O/sNNV/O/pNDUMP/10000/,TD/ML%*0,/

DATA NMyUI UFsRO»IALPHINDFsNISNPyNGyNADC)NMAX,TEND» TP, TS
+oUII»UFI»LABFL/053%04535151000054%0504sML*0esML*¥0,»2%0,»
+8%]10H /

DATA DTO»XMU»YOsXLsXVsVOsPO»TO»ROWSPLAPSIBRN)NV,NNSPLT, IV
+5U0,Q0, TMLT, TMC
$/MLEL oo ML¥O o sML¥D o pML¥C ) ML*2, sy ML*¥0 s ML*¥1.F~10,ML*0.>»
SMLEQ o pML*DpMLHO)MLEL ) ML2%0pML2* =1, ML*¥0epML*EL1E~10oML*0spML %0,/

DATA R1,R2,40,ZIsNCI/2%0es1e90450/

DATA AsBRyBA,VBO,VOSW/ML*¥0esML*¥0espML*0,pML*¥0esML*0,/

SETUP
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99

15

20
30

50

DATA IFOS,)MAT,ME/ML*1,ML*0,ML*0/

DATA C15S15C25sS2,SWVsVMNGAMMAALP/MLEQ,MLEOsML*0,ML*0,ML*0),
+MLEQ, ML %0, ML %D/

DATA ZyEpVCJIpPCI»PMyND/ML*Qy ML*O, ML*O,ML* O, ML*0,ML*0/

DATA FS»GSsHS»STIsSJIpCV/ML*¥0esML*0esML*0osML*¥0osML*¥0, oML *0,/
DATA SP,USP/ML*D,,ML*0./

DATA GC/MLGC*0/

DATA DNDT/MLODWDT*0/

DATA IFN/O/

DATA SR,ES,A1,A2,A3,EMpIRV/ML*]1, ) ML*¥00pML*¥0,»ML¥0,pML*0,pML*1000.

+pML*0/

DATA UT/ML*1.E~10/,N0O/18B0/,DTCF/ML*0.5/

DATA MSFF/0/

DATA XISP/ML*D./

DATA 8UD/.27

READ(5, INP) Read INP namelist

IF(IDMP,EQ.N)RN TN 99  Check whether to use a restart dump
CALL RDOUMP(IDMP) Read 1st dump after cycle IDMP

READ(5»INP) Make any necessary changes in INP variables
IF(NML,EQ.1)RETURN  If no new materials are added, setup is complete
CONTINUE

DO 1 IsNM]1,NM

IE(I) =]

SRDRsRN/NN Default value used in automatic zoning

kR1=*R0 Default value for Rl

IAsJALPH=-1

Jsl J = cell #

IF(IDMP NE.N)JI=KMAX(NM1~-1) For a restart with new materials added, do
F280.5 setup only for the new materials
F3s=0.

IF(IANEL2)50 TN 15| Geometry factors

F2=1,./3.

F3s=]1,

CONTINUE

IF(IDMP,EQ.0)R(1)=R0O Set piston radius to RO unless a restart
DO 10 I=sNM1,NM

CALL CLR  Set default values for region 1

CALL SSU(I) PRead SU namelist

IF(MAT(I+1),NF,0) CALL EOSDSK(I) For MAT # O-read EQS data from disk
IF(ME(I+1) FQ.,0,AND.MAT(I+1)NE.O) GO TO 30 More data?
CALL ESSUCI) Read ESC namelist

IF(IBRN(I+1).,E0.0) GO TO 30

Call 8R'SU(TI) Read BURN namelist

R(J+1)srR1 Outside radius for region I

IF(ZINECDS)IGN TO 50

IF(TO(I+1)eEQe0eeNMRJIEOS(I+1).NEL4)GO TO 50 Calculate Ip for
II=1¢1 input T in SESAME
CALL T4RTPE(I,1,DC,RONM(II)I,TO(II),PP,ZI,IFL)

CONTINUE

IFL=64%1 Region # flag
IF(DTO(I’l)oLEQOQQURoDTO(I’l)050010)070(101)'070(2)
IF(DOTCF(T+41)oLEeOeeORDTCF(I+1)eEQe0s5)DTCF(I¢1)=0T E(2)
UGJ+1)=Un(T+1) Initial velocity for the region
JMIN(I)=J+l

DS=0.

IFI(NCIJNE.0,)G0 TO 12

IF(DR1.LE«DLIGO TN 14

NCI=2%(R1-22)/(NR1+DR2)

DS=2%(R1~R2-NCT*OR1)/ (NCI*(NCI-1))| Variable zone size
DRsDR1

SETUP
SETUP
SETUP
SETUP
SETUP
SFTUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETULP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP