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1. INTRODUCTION 

The work reported here was done at the Ballistic Modeling Division of the Ballistic Research 
Laboratory, (BRL) in support of theoretical and experimental efforts througout the BRL. The 
objective of this work was the refinement and maintenance of the Eulerian, hydrodynamics 
code, BRLHELP', at the state of the an, for application to problems in both basic research and 
experimental studies. This objective was approached through the analysis of calculations of 
problems of current interest, and of the applicability of various models in BRLHELP to these 
problems. 

The HELP^ code, an evolutionary antecederu of BRLHELP, has been used, for some time, 
as a predictive tool in warhead mechanics, and intermediate and terminal ballistics. Tts use is 
limited, however, by serious problems with the accuracy and robustness of some of its models. 
BRLHELP is devoid of most, if not all, of these problems. It has been modified to calculate 
internal energy accurately^, has more robust treatments of certain numerical problems inherent 
in the old HELP code, and has temperature available as an output variable for metals and alloys 
via the BRLGR AY* equation of state. 

2. BRIEF DESCRIPTION OF MODELS 

Detailed descriptions of the mathematical and numerical models in BRLHELP can be found 
inRefererxes 1-3. A brief description is given here. 

BRLHELP is a two-dimensional, Eulerian hydrodynamics code. It describes unsteady 
multi-material problems, treats material strength as an elastic-plastic phenomenon, and 
incorporates a multiphase EOS for metals. 

The code uses massless tracer particles to define material interfaces and free surfaces. These 
particles are placed along surface boundaries and move with the local material velocity. This 
Lagrangian-like description provides an accurate definition of the material interfaces and free 
surfaces without sacrificing tlie ease of treatment of extreme distortion by the Eulerian model. 

Input to the code consists of an initial geometric configuration, initial values, explosive 
loading parameters, material properties, and desired editing features. 

The geometry package can describe any configuration decomposable into straight lines, arcs 
of circles, aixl arcs of ellipses. The high-explosive detonation model can treat multiple 
explosives, multiple detonation poims, and the presence of wave shaping devices. Sliplines may 
be employed at material interfaces to allow different materials to develop velocities 
commensurate with their material properties, rather than a common interface velocity. 

/. Josepli Lacetera. Janet E. Lacetem. James A. Schmltt, The BRL 7600 Version of the HELP Cod^ BaUlstlc Research La- 
boratories Report: ARBRL-TR-02X9, Jan 80.    (AD  #A082804) 

2. Laura J. Hagprnan, et al., 'HELP. A Multi-material Rilerian Prof^amjbr Com/giessible Muid and Elastic-Plastic Flows in 
Two Space Dimensons and Timt, Systems, Science, and Software Report TR-76-45-BK2, Apr 1976. 

3. Jama A. Schmitt, Truncation Error Tana in the Kinetic Energy Cdculation in the HELP Algorithm and Their Conse- 
quence^, J. Comp. Phys. Vol 35, No 2. Apr 19S0. 

t 

4. Joseph Lacetera 'BRLGRAY: The Ballistic Researdt laboratory Version qfthe GRAY Equation t^fStatf. ARBRL-TR- 
02258. Aug mo.    (AD  #A091246) 



Output includes pressure, density, material velocity vectors, specific internal energy, and 
deviaioric suess components as functions of space and time. Temperature of metals and alloys 
is also available when BRLGRAY is chosen as the equation of state. 

3. APPLICATIONS 

BRLHELP is a necessary numerical tool for the performance of optimization and 
prefabrication studies for materials and geometries proposed in shaped-charge warhead desigtL 
It has the capability of modelling the collapse of the liner and the formation and development 
of the jet and the slug. It provides information which can be used to determine jet-tip velocity, 
collapse velocity and collapse angle, liner position as a function of time, stretching rate of the 
jet, and strength effects. 

The HELP code had been used with success in predicting jet-tip velocities arxi liner collapse 
for a variety of geometric designs^"^. However, HELP overestimated the internal energy in the 
collapsed portion of conical shaped-charge liner materials. This overestimation led, in some 
cases, to unreasonably low estimates of jet densities'. Because of this an artificial bound on the 
internal energy in metals in shaped charge problems was installed in the Tillotson' EOS in an 
attempt to maintain a more appropriate jet density. Without this bound, the jet tip exhibited 
internal energies so high and densities so low as to imply vaporization 

In BRLHELP, these problems have been alleviated. Internal energies are calculated quite 
accurately, and the artificial bound on internal energy in metals in shaped-charge liner problems 
has been removed. Calculations are performed without artificial constructs and physically 
reasonable results are being obtained, iixiluding experimentally verifiable metal temperatures. 

4. UPDATED VERSIONS OF THE BRLHELP CODE 

All of the input to BRLHELP, except for an alphanumeric header card, has been converted 
to the NAMELTST format 

The NAMELIST iiqjut streams are called: 

OPTNS, START, RUN, GRID, MTRL, GEOM, SLIP, aixi DETN. 

In the HELP code input variables located in the first 150 words of blank common are called 
Z-variables because they follow Z(l), the first word of blank common, arxi therefore can be 
referenced as Z(I). A set of control parameters are first r^d using the NAMELIST: OPTNS. 
The Z-variables are then read using the NAMELISTs: START and RUN. 

5. J. T. Harrison, "Comparison Between the Eulerlan Hydroctynamic Computer Code (BRLSC) and Experimental CoUapse qfa 
Shaped Charge Liner^, BRL Memorandum Report ARBRL-MR-02841. Jun 1978 (AD #059711), 

6. Janet E. Laceiera and William P. Wdters, Theoretical and Experimentai Studies of Hemispherical Shaped-Charge Linerf, 
Transactions of the 25th Cor\ference of Army Mathemaicians, ARO Report 80-1. Jan 1980. 

7. A. Kiwan. and A. Arbudde, "Study of liner Collapse, Jet Formation and Charaaeristicsfiom Impidsive Shaped-Charge Sys- 
tem^. BRL Report No. 2028, Nov 1977 (AD #051342). 

8. J. H. Tillotson, "Metallic Equation of Slate for Hypervdocity Impaoi", General Atomic Report No. GS-3216, Jul 1962. 
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The fatal enor caused by pure cells overemptying has been corrected using coding 
generated by Janet Lacetera'. This coding is discussed in Section 6 of this report Pressure 
iteration problems, inherent in old versions of the code, are discussed in Section 7 and a new 
mass-weighted average pressure scheme is discussed in Section 8. A call to a subroutine called 
BRLEOS has been installed in the old subroutine EQST, in place of equation-of-state coding, to 
allow access to the BRLEX)S code system'" which includes BRLGRAY, the three-phase EOS for 
metals. 

There have been several versions of BRLHELP active on the BRL 7600. They are cycles 
14 through 23 of the permanent file BRLHELP, with ID=CMCHYDRO. They differ as 
follows: 

CY-14 BRL 7600 version of UMVAC-1108 HELPl 
CY—15 Cycle 14 modified for accurate energy calculation^. 
CY=16 C^le 14 with complete NAMELIST input 
CY«=17 Cycle 15 with complete NAMELIST ir^sut 
CY=18 Cycle 17 with OVERMT correction and temporary pressure iteration correction 
CY=19 Qrcle 18 with FTN compiler modification 
CY«=20 C^cle 19 with mass-weighted average pressure for mixed cells. 
CY-21 Cycle 20 with most of EQST functions uansferred to BRLEOS 
CY=22 Cycle 21 with remaining EQST functions added to BRLEOS. 
CY=23 Cycle 22 with temperature map for metals. 

Cycles 14 through 22 have been retired. 

A listing of the jobstream which created cycle 17 of BRLHELP, after cycle 16 had been 
created, is shown in Reference 1. Listings showing the jobstreams for creating later cycles are 
shown in Appendix A of this report. 

5. DISCUSSION OF INPUT 

A. Caixibilities and Limitations 

The problem generator allows the user to generate material interfaces which are composed 
of straight line segments, or portions of circles or ellipses, with the foUowirig limitations: 

1. The number of material packages in a calculation is limited only by the dimensions of the 
material arrays. 

2. A single cell can contain any number of material interfaces and any number of distinct 
materials. 

3. Different material packages can contain the same material with different initial coixlitions 
(velocities, energies, densities). 

4. A package can be divided into any number of spatially distinct subpackages. 

9. Janet Laceera, Ballistic Research Laboratory. Aberdeen Proving Ground Private conrnmnicaion 

10. Joseph Lacetera and William Buchheister, 'BRLfVFF and the BRLEOS Code Systenf. Ballistic Researdi Laboratory In- 
terim Memorandum Report No. 655, Aug 1979. 



5. The material in each package must be homogeneous. 

6. The grid boundaries do not act as free surfaces. The code assumes that a package that 
extends to the edge of the grid is infinite in that directioa 

7. The grid must have at least three rows and/or columns. 

8. A calculation can be made in cylindrical or rectangular coordinates. 

9. The top and right grid boundaries are transmittive. The left boundary is reflective (z-axis 
in cylindrical coordinates). The bottom bouncJary can be either wansmittive or reflective. 

B. Edit Control Parameters and Z-Variables 

Edit control parameters are read using the NAMELIST: OPTNS. The Z-variables are then 
read using the NAMELISTS: START and RUN. These are defined below. 

NAMELTST OPTNS: (Edit control parameters; it should be noted that 
the first three of these parameters suppress diagnostic print and 
should be used with cautioa) 

IFLGST:        -0,     default 
—1,     suppresses message "SUM OF FRACS NOT EQUAL TO TOTAL..." 

IPMADJ:       -0,     default 
—1,     suppresses message "EVACUATION OF MATERIAL N..." 

ITPHSE:        -0,     default 
-1,     suppresses message "MASS EVAPORATED DUE TO ROUNDOFF..." 

NPRTOP:      -0, default 
«=1, suppresses edit of sliplines 
-=2, suppresses long edit on last cycle 
—3, combines effects of (1) and (2). 

TIMMAX The maximum time in CPU seconds (decimal) that the code will 
use in the calculation. 
For NPRTOP -2 or 3 TIMMAX should be about 4 seconds less 
than the jobcard time; otherwise TIMMAX should be about 10 
seconds less than the jobcard time. 
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NAMELTST START 

PK(1): Problem identifier (numeric) 

PK(2): '     Restan cycle number 

PK(3):     — 0    for startup run; 
—-1     for restart without short edit print of restan cycle; 
—-2    for restart with short edit prim of restan cycle. 

NAMELTST RUN 

Contains all Z-variables not contained in NAMELTST START. 

C. Cell Dimensions 

Tr^jut data which define ceil dimensions are read into NAMELTST GRTD. Dimensions of 
cells, in the area of interest, should not vary by more than 10%, nor should large aspect ratios 
(e.g. dx/dy > 2) be used near the region of interest. 

D. 

Initial Conditions 

Tn order for the material tracer particle routine to function, the flag of the cell in the bottom 
left corner of the grid, MFLAG{2), and the material code number must be defined. Tf the cell 
is a puie cell of material N, set MFLAG{2)—N; if it will be an interface, then set 
MFLAG{2)=-1; if it wUl be a void cell, set MFLAG{2)=0. (Tn the case of MFLACi(2)--l its 
value Nwll be set > 100 after the interfaces are processed by CALFRC and VOLFND.) 

MFLAG{2), material code numbers (listed in BQST), internal energy (ergs/gm), and radial 
and axial velocities (cm/s) are all read into NAMELTST MTRl^ The equation-of-state 
constants are defined in EQST and COMDIM. Variations to the initial conditions would require 
modifications to FILGRD. The initial density RHOTN may be different than the material's 
normal density RH02L, defined in COMDTM. 

R Strength Constants 

Shear yield strength and tensile strength of each material package are also read into 
NAMELTST MTRL^ Tf a material has no strength, AMDM(N) must be set to 1; the shear 
yield strength constants will be set to zero automatically if not read into MTRL. 

11 



F. Material Tracer Partidea 

Material package boundaries are described by a series of straight lines and/or arcs of cirles, 
and/or arcs of ellipses. Input is read by TSETUP into NAMELIST GEOM, and is defined 
below. Data is read into GEOM for each segment, and is read in an order that places the 
package to the left of the segment. Tracer particles are not placed along package boundaries 
that are also grid boundaries. 

LT:     —1 straight horizontal line; 
— 2 straight vertical line; 
— 3 straight diagonal line; 
— 4 arc of circle 
— 5 arc of ellipse 

(LT must be negative for last segment of a package or subpackage; 
LT must equal 100 after all boundaries have been defined.) 

MPN:       Material package number (void — NMAT + 1) 
NPTS:      Number of points to be placed along line or arc 

XIS: starting X-coordinate 
YIS: starting Y-coordinate 
X2F: final X-coordinate 
Y2f: final Y-coordinate 
THl: starting angle of arc 
TH2: terminal angle of £irc 
SLA: X-coordinate of center of circle; or eccentricity parameter A 

in equation of ellipse 
SLR Y-coordinate of center of circle; or eccentricity parameter B 

in equation of ellipse 
XCEN: Xg in equation of ellipse 
YCEN: Yc in equation of ellipse 
XR: radius of circle 

Equation of ellipse: 

X-Xc^      Y-Y/ 

A2      "^      tf 
-1 

An arc which begins parallel to the positive X-axis and ends parallel to the positive Y-axis 
has a starling angle of 3.14159 and a terminal angle of 1.57080. 

LT < 0 signals TSETUP to generate a dummy tracer particle with coordinates (-1000,0) to 
mark the end of a tracer string for a package or subpackage. 

The segments must form a continuous boundary except where they intersect the grid 
boundaries. Note also that each interface is described by two identical sets of tracer particles, 
so the number of tracers specified along an interface must be the same for each package 
although generated in opposite directions. 

Generally, there should be at least two tracers per cell edge. In regions of great distortion 
tracer particles may become sparse; however, activating ADDTCR (see Z-variable NADD) 
helps to ensure that the tracer particles do not become too sparse. The Z-variable NTPMX 
limits the number of tracers for a given package boundary. NTPMX should equal the sum of 
the tracer particle arrays TX and TY. 

12 



G. Sipiine Endpuints 

If sliplines are being generated (NOSLTP—0) SETUP reads data defining slipline endpoims 
into NAMELTST SLIP. Each material is specified as a master, slave, or neither. All of the 
SLTP variables can be read in a single SLTP stream. These variables are defined below. 

MASTRD       — N if package (of material N) is a master 
— 0 if package is a slave 

NSLAVD        = N if package is a slave 
= 0 if package is a master 

>ffiGMD — index of first tracer panicle of the slipline for master 
— 0 for slave 

NBGSD          — 0 for master 
■= index of first tracer particle of the slipline for slave 

NENDMD      = index of last tracer particle of the slipline for master 
= 0 for slave 

>JENDSD       = 0 for master 
= index of last tracer panicle of the slipline for slave 

Sliplines can be redefined on a restart, with NOSLTP = 
restart 

'0; otherwise, set NOSLTP—1 on the 

H. Hi^ Explosve Detonation Points 

SETUP reads data defining primary and secondary initiation points inu) NAMELTST DETN. 
These are defined below. 

TDET 

NDETS 
XDETS 
YDETS 
TTME 
XMTN 
YMTN 
XMAX 
YMAX 

= 1 for primary initiation point 
— 2 for secondary initiation point 
= 0 for end of initiation point data 
— material package number of high explosive 
— X-coordinate of iiutiation point 
— Y-coordinate of initiation poiiu 
— delay time if any 
= left X-coordiiute of search area 
= lower Y-coordinate of search area 
= right X-coordinate of search area 
-= upper Y-coordinate of search area 

The first five of these variables are read iiuo DETN once for each initiation point TTME 
corresporxis to the delay time if any for primary initiation points. The secondary points must 
be read in the order in which detonation will occur. The remaining variables are read into 
DETN once for each detonation point to define a search area for the code to determine 
detonation times. 

A card: $DETN TDET—0$ must be read in problems without explosives. 

13 



I. Restarts 

Restarts require only the NAMELISTs OPTNS, START, and RUN unless NOSLIP—0 in 
which case NAMELTST SLIP is also read. 

On restarts NAMELIST RUN allows the user to redefine any of the Z-block variables. 
However, on runs which terminated on TIMMAX it may not be neccessary to change any 
variable including TSTOP or ICSTOP, depending on whether the specified values were reached 
during the previous rua 

6, PURE CELLS OVEREMPTYING 

Subroutine TPHASE determines \Niiether a pme cell has overemptied by checking the sign 
of the variable AMX(K), where AMX(K) is the total mass in the Kth cell Previously, a 
negative value of AMX would trigger an error exit. The current coding conserves mass locally 
while setting the mass of the Kth cell to zero. Thus the code is allowed to continue in the case 
where the overemptying is caused by small numerical error during a stretching condition. 

Tn anticipation of some other problem causing the overemptying, a diagnostic message is 
printed at the time of the recovery. 

The modification (TDENT OVERMT) is shown as part of the UPDATE ir^ut stream in 
Apperxiix A. 

7. PRESSURE ITERATION PROBLEMS IN OLD VERSIONS OF HELP 

For cells containing more than one material, the old HELP code determined cell pressure 
by an iteration procedure. The densities of the separate materials in such a cell were varied, 
with specific internal energy held constant, until the partial pressures converged to a common 
value. The procedure was divided into a pre-iteration calculation, to ensure that the cell was 
filled exactly, followed by the iteration calculatioa 

For the mixed cell it was required that the partial pressures satisfy 

Pi(Pi,Vi)-P(p,V) 

where P(p,V) is the cell pressure. 

In the iteration process, the Vj were varied until the Pj were within a specified tolerance of a 
common pressure. 

Unfortunately, the pressure iteration routine often failed to converge in cases where the 
component material pressures were initially approximately equal, but the relative cell volumes 
were quite different 

14 



OM reason why the convergence routine failed is that the JWL" EOS has a pressure 
maximum which is potentially hazardous va such a pressure iteratioa The EOS may be called 
during the iteration process with a pressure above this maximum. Such an occurrence would 
cause failure to converge. To avoid this, the variable RHOMAX was defined in a DATA 
statement in subroutine CDT as the maximum density to be allowed for an HE during the 
pressure iteratioa (RHOMAX—9 for Comp B.) However, this procedure itself often caused 
the convergence routine to fail. 

Temporary coding allowed recovery by restoration of the initial values of masses and 
pressures in the component materials. The values for the material which occupied the largest 
volume in the cell were then taken as the mixed cell values. Consequently, a warning message 
was primed indicating pressure iteration failure and recovery. Material pressures for each 
material, before and after the iteration attempt, were also printed. This coding allowed the 
study of mixed-cell conditions \\^nich led to pressure iteration failure. 

Table 1 shows output from an actual calculation in which the pressure-iteration failure 
recovery was invoked. Pressures, before and after iteration, are shown for three consecutive 
calculational cycles. The pressures for each material are approximately equal before iteration, 
and pressures and densities for one or both materials are varied, with the pressures diverging 
during the iteration process. 

TABLE 1 
Pressure Iteration Failure Recovery Data 

CY 
1055 

Pi 
115.9 
121.9 

Pi 
2.25E+14 
2.49E+14 

P2 
8.66 
8.66 

P2 
2.24E+14 
2.24E+14 

P\IPi 
13.38 

1056 115.8 
127.9 

2.25E+14 
2.75E4-14 

8.66 
9.56 

2.24E+14 
2.47E+14 

13.37 

1057 115.8 
133.8 

2.25E+14 
3.01E+14 

8.66 
8.66 

2.23E+14 
2.23E+14 

13.37 

;;. E. Lee. M. Finger. andW. Collins. 'ML Equation qfSate 
Coefficients Jbr High Explosive ^. Lawrence Livermore Laboratory. 
UCID-I6I89. Jan 1973. 
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Table 2 shows the masses and mass ratios, at S cycle intervals, for the two materials 
During the period shown, material 1 is passing out of the zone and material 2 is occupying an 
increasing portion of the total cell volume. 

TABLE 2 
Masses and Mass Ratios in Mixed Cells 

CY m. m2 mi/m2 
1055 6.67E^ 8.59Er02 7.76&03 
1060 5.42&04 1.06E^1 5.11E-03 
1065 4.04E-04 1.25B^1 3.23E^3 
1070 2.68E4)4 1.42&01 1.89E-03 
1075 1.10&04 l.SlE^l 7.28E-04 
1080 6.50E^5 1.54E^1 4.22E^ 
1085 3.34Er05 1.55E-01 2.15E-04 
1090 3.86Er06 1.55E-01 2.49E^5 

Qearly, the initial pressure of material 2 at the beginning of the process is, to a good 
approximation, the correct mixed-cell pressure. First, the two material pressures are 
approximately equal arxi second, material 2 occupies a dominant ponion of the cell volume. In 
such a case the iteration process itself is urmecessary to perform. Furthermore, it is apparent 
from the extremely high densities of material 1 that the iteration construct had been driving the 
material densities to ur^jhysical values, well before the failure to converge had indicated a 
problem. 

Further studies wth 3-maierial mixed cells led ro the conclusion that a mass-weighted 
average pressure for mixed cells was the more efficient approach. The codii]g \\iiich invokes 
the new average pressure calculation is discussed in the next section. 

16 



8. MASS-WEIGHTED AVERAGE PRESSURE FOR MIXED CELLS 

Before calculating an average pressure for a mixed cell, a cell filling calculation is necessary 
because, in general, the masses at the beginning of the calculation, do not exactly fill the cell 
since ceil masses are changed in the TPHASE portion of the previous calculational cycle. 

The code computes component material pressures Pj from component densities pi while 
holding the specific internal energies E( constant The pi are then varied by one percent to 
compute new Pj and constant energy compressibilities: 

APi 
Q'' 

Api 

New volumes are calculated using 

AV,        ^P 

« 

The Pi are then equated to l/Vj where the total cell volume is 

V-ZVi 

After the cell filling, the mass-weighted average cell pressures are computed directly from 

where 

and 

p = Ps 
Ws 

Ps = 'ZPinii 

Ws = I>i 
where the mj are component masses. 
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9. FTN COMPILER ERROR 

The current FTN OPTl compiler at the BRL computer site does not treat certain 
NAMELTST variable addresses correctly. Apparently, certain three letter variable addresses are 
not known to have the same address by the NAMELTST package and the rest of the code. In 
pariiciilar, values of the parameters RMU(I), the rigidity moduli of the materials, the UUR(I), 
initial radial (or x) velocities, and WA(T), initial axial (or y) velocities, read as non-zero into 
the location reserved for them by NAMELTST, remained zero lo the rest of the code because 
the variables of the same name known to the rest of the code had different addresses. 

For the duration of this compiler residing on the BRL Cyber system, corrective coding 
(TDENT MAY80FTNE), shown in Appendix A, is neccessary for avoiding this problem. 

10. BRLEOS CODE SYSTEM 

Tn old versions of HELP the subroutine EQST performed thermodynamic calculations using 
the Tillotson equation of state for metals and composites, the JWL equation of state for explo- 
sives, and an ideal gas equation of state for gases. 

Tn the new version of the code, subroutine EQST is used to initialize certain EOS data aixl 
call subroutine BRLEOS. I3RLE0S ircludes all of the EOS coding of the old EQST plus calls to 
the BRLGRAY equation of state and the BRLPUFF equation of state. 

Applications of the EOS's are listed in Table 3 and material index numbers are listed in 
Table 4. 

TABLE 3 
Equatbn of State Applications 

EOS Application Type 
BRLGRAY Metals/Alloys Mixed-Phase 

Solid-Liquid-Vapor 
Tillotson Metal s/Composites Joined Compressed-Expanded 
Gamma-l^w TdealGas P=[y-l]pE 
JWL Explosives P(E.p) 
BRLPUFF Metals/Phenolics Joined Compressed-Expanded 
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TABLE4 
Equation-of-State Material Indices 

Index Material EOS 

1 Aluminum 
2 Iron 
3 Copper 
4 Tantalum 
5 Uranium 
6 Magnesium 
7 Berylium 
8 Titanium 
9 Tin BRLGRAY 

10 Stainless 
U Niobium 
12 Nickel 
13 Molybdenum 
14 Lead 
15 Thorium 
16 Tungsten 
17 Gold 
18 RHA 

101 Tungsten 
102 Copper 
103 Iron 
104 Aluminum 
105 Berylium 
106 Titanium 
107 Kickel 
108 Molybdenum 
109 Thorium 
110 Lead Tillotson 
111 Chj 
112 Granite ■ 

113 Andesite 
114 Wet Tuff 
115 Dry Tuff 
116 Oil Shale 
117 Dolomite 
118 Limestone 
119 Halite 
120 Ideal Gas Gamma-Law 
121 CompB 
122 TNT 
123 Octol 
124 PBX9404 rwL 
125 LX-14-0 
126 Hivelite 
227 Aluminum 
228 Plexiglas BRLPUFF 
229 Fused Quartz 
230 Quartz Phenolic 
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The EOS constants for materials 112 to 119 were gi-ven by Evans and Harlow'^ and it should be 
noted that the constants in the Tillotson EOS for the materials Granite and Andesite are valid 
only for pressures less than 150 kbar. 

I- ' . 

11. SAMPLE CALCULATION 

A. Sample Input 

The jobstream corresponding to Sample Problem 2 of Reference 1 is shown in Appeixlix R 
As the first input card indicates, this calculation is of a copper, hemispherical liner loaded with 
unconfined Comp B. 

After the edit control parameters and Z-variables are read, the new NAMELIST input 
begins. The grid that is specified has 60 by 200 square cells of .05cm dimensioa The next 
card specifies that the cell in the bottom left corner of the grid is a pure void cell. The rest of 
the MTRL ir^ut specifies material 1 as copper and material 2 as Corap R 

The GEOM ii^iut begins with the specification of an arc of a circle (LT—4) bounding 
material 1 with 300 tracers. The starting angle is PI and the terminal angle is PT/2. The center 
of the circle is at (0.0,6.35) with a radius of 1.905. The next segment is a horizontal line going 
from (1.905,6.35) to (1.7907,6.35) with 50 tracers. The description of the liner is completed 
with an arc (LT=-4) of radius 1.7907 corresponding to the inner radius of the liner. 

The remainder of the GEOM input bounds the Comp B charge (MPN=2) and the void 
(MPN-3). 

In this problem a slipline is placed along the interface between the liner and the explosive. 
The SLIP iiqjut is straightforward. The indexing begins with the master material on the left 
starting with the first tracer particle of the master material, counting up to the last master traca- 
particle on the interface (300), counting back along the interface with the slave material on the 
left starting with the first slave tracer (301) and ending with the last slave tracer on the 
interface (600). 

For this explosive configuration, both a primary and secondary detonation point are 
required. They are placed at (0.0,2.54) and (1.82,5.62), respectively. Zero delay time is 
specified in both cases. The search areas specified, for the code to calculate cell detonation 
times, have lower left and upper right corners: (0.0,2.54) and (2.159,6.35), and (0.0,5.59) and 
(2.159,6.35), respectively. Less overlap would be desirable but the computing time involved is 
not significant What is important is the placement of the secondary initiation point which 
allows it to "shine" on the ponions of the explosive not covered by the primary point. 

12. M. W. Evans andF.H. Hartow. The Particle-ln-Cdl MethodJbr 
Hydrodynamics Calculation^, Los Alamos Scientific Laboratory 
Beport LA-2I39, Nov 19S7. 
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B. Semite Output 

Appendix C contains the output for Sample Problem 2 run on HRLHELP, cycle 23. The 
first page shown is part of the dayfile. A copy of a user-library, LIBCMC, containing the 
BRLEOS codes is attached, along with the main program library BRLHELP, and the 
MTXEDPHASEBOU>rDARY data tape required by BRLGRAY. This was a short run, using 
867.305 JOB seconds (corresponding to TIMMAX—900). The output was stored, for later use 
on a restart, on a permanent disk file called CXJHEMT. 

The first page of actual code output lists the edit parameters. The r»ext page shows the 
problem identification (read on the header card) and the geometry package irx:luding definition 
of the slide-line endpoints. This is followed by a description of the explosive package on two 
consecutive pages. The Z-variables are printed next, followed by a general description of the 
problem grid 

The material in package 1, G Copper, is copper described by the BRLGRAY EOS. The 
material in package 2, J Corap B, is Comp B described by the JWL EOS. Next comes the 
strength constants and a description of the grid. This takes several pages of output concluding 
with the cpll-coordinates of the tracer panicles for each material package. 

The compression map at cycle 0 shows the compression values of both the metal liner and 
the explosive (mixed-cells are indicated by asterisks) to have the symbolic value Z Z in this 
case has the value of 1.0 where in general the value of Z is given as a range of values, for 
example from .980 to 1.026. The display of mixed and pure cells, shown rcxt, shows the metal 
liner as material 1 and the explosive as material 2, with mixed cells denoted symbolically with 
the letter M Note that the void is considered as a material for computational purposes. 

The next page shown is the end of the cycle 0 printout and the beginning of the regular 
cyclic printout This continues until it is time for a tape dump and printout at a specified time 
or cycle, or at the end of the calculaiioa In this case the next tape dump was at the specified 
time of 2.0 /tis ^\+iich occurred at cycle 69. 

The next page shown is the pressure map at 2.0 /xs. The detonation wave has not quite 
reached the metal liner, and the BRLGRAY EOS has not yet been called for a pressure and 
temperature calculatioa When the shock wave does hit the liner and the EOS is called for the 
first time, it prints out a set of input (ESTCON) and calculated (ECONS) equation-of-state 
constants. This occurs during the regular cyrlic printout 

The last page of output shown is the temperature map. Temperatures in the liner range 
symbolically from E to H, indicating temperatures from 416 to 832 degrees Kelvia The Q's 
and the R occurring along the explosive/metal interface are transient values which have little 
effect on the calculatiorL 
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12. SUMMARY 

The HELP code has been shown to be an excellent tool for shaped-charge liner optimization 
studies; however there have been some nagging problems for its users. Two of these have 
been addressed These are the fatal errors caused by. (1) over-emptying of pure cells and (2) 
the failure of the pressure iteration routine to achieve convergence for certain mixed-cell 
situations. A cycle 23 version of BRLHELP is now available which alleviates these problems. 
The overemptying of pure cells has been convened to a non-fatal condition and pressure 
iteration failure for mixed cells has been eliminated by employment of a mass-weighted average 
pressure scheme. 

A call to the BRLEOS code system has been installed in place of the old EQST subroutine to 
allow access to a variety of equations of state including RRLGRAY which provides temperature 
as an output variable. A problem with the Fbnran compiler on the RRL Cyber 176 has been 
circumvented. 

Input to the BRLHELP code has been changed to the NAMELTST format. Interpretation 
of input decks is thereby less cryptic and modifications to old decks less prone to error. 

13. RECOMMENDATIONS 

BRLHELP should be considered for more extensive use, at the BRL, in predicti\'e studies. 
Its new capability, via BRLGRAY, to produce temperature as an output variable should prove 
most useful to researchers uying to determine the state of shocked materials. Its new 
robustness should prove the code to be especially useful in prefiring analyses, wiiere use of the 
code can save considerable expense by avoiding trial and error experimentatioiL 

/;. E. Lee, M. Finger, andW. Collins. 'JWL Equation of State 
Coeffcientsfor Hif^i Explosve ^, LawTenae Livermore Laboratory, 
UCID-161FS9. Jan 1973. 

12. M. W. Evans and F.H. Harlow, The Partlcle-ln-Cen Method for 
Hydrodynamics Calculation^, Los Alamos Scientific Laboratory 
Report LA-2139. Nov 1957. 
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LCTRA,STOFZ,T200.     UPDATE TO BRIiJELP; CY=17 TO Cy=18 
ACCOUNT{MD440) 
REOUEST(B,   *PF) 
GETPF(A,ERLHELP,CY=17,ID=CMCHyDR0)        :-• 
UPDATE(F,P=A,N=B) 
FTN {I=COMPILE ,I>0 ,PL=55000 ,rCM=I) 
CATALOG (B ,BRLHELP,CY=8, ID=CMCHYDRO) 
*EOR 
*IDENT OVERMT 
*D TPHASE.687,TPHASE.689 
C      *** IF PURE CELL OVEREMPTIED CCNSEPVE MASS LOCALLY *** 
C      *** AND ZERO OUT OVEREMPTIED CELL. *** 

1000 IF   {AMX{K))   1010,1070,1015 
1010 CCNTINUE 

WRITE(6,1310)   I,J 
KKA=K-IMAX 
WRITE(6,1350) I,J,K,MFLAG(K) ,AMX(K) ,AIX(K) ,U(K) ,V(K) ,DETIM(K) , 

1 MFLAG{KKA) ,AMX (KKA) ,AIX{KKA) ,U(KKA) ,V(KKA) ,DETIM(KKA) ,ETH 
1350 F0RMAT(3I5,/I5,5E12.5,/I5,6E12.5) 

AMX (KKA)=AMX(KKA)-AMK(K) 
AMX(K)=0. 
GO TO 1060 

*IDENT LACITERA 
*I CDT.12 

DIMENSION DNSAV(4),PRSAV(4),XMSAV(4) 
*I CDT.71 

I»!SAV(L)=0. 
PRSAV(L)=0. 
XMSAV(L)=0. 
VMAX=0. 
PMXVL=0. 

*I CDT.82 
rFSAV(L)=RHO(L,M) 
XMSAV(L)=XMASS(L,M) 

*I CDT.129 
PRSAV(L)=PRS(2,L) 
IF(VMAX.GT.VDL(L)) GO TO 120 
VMAX=VOL(L) 
PMXVL=PRS(2,L) 

*D CDT.246 
NK=260 
VZRITE(6,560) NK 

*D CDT.249,CDT.250 
GO TO 314 

*I CDT.283 ' 
301 CONTINUE 

*D CDT.301 
NK=310 
WRITE(6,560) NK 

*D CErr.305,CDT.306 
314 DO 315 L=1,NMAT 

XMASS(L,M)=XMSAV(L) 
r»IS(l,L)=DNSAV(L) 
PRS(1,L)=PRSAV(L) 
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ICTRA,S'IMFZ,T200.    UPDATE TO BRMELP; CY=17 TO Cy-=18 
ACXX)UNT(MD440) 
PECOEST(B,  *PF) 
GETPF {A,BRIiffiLP,CY=17, nXMCHYDRO) 
UPDATE(F,P=ft,N=B) 
FTO (I«CCMPILE, L=0, PI>55000, ICM=I) 
CATALOG (B, BRIHEIP ,Cy=8, ID=CMCHYDRO) 
*EOR 
*IDENT OVERMT 
*D TPHASE.687,TPHASE.689 
C  *** IF PURE CELL OVEREMPTIED CONSERVE MASS LOCALLY *** 
C  *** AND ZERO OUT OVEREMPTIED CELL. *** 
1000 IF (AMX(K)) 1010,1070,1015 
1010 CONTINUE 

WRITE{6,1310) I,J . 
KKA=K-IMAX 
WRITE(6,1350)  I,J,K,MFIAG(K) ,AMX(K) ,AIX(K) ,U(K) ,V(K) ,DETIM(K), 

1 MFIAG(KKA) ,AMX(KKA) ,AIX(KKA) ,U{KKA) ,V(KKA) ,DETIM{KKA) ,ETH 
1350 FCRMAT(3I5,/I5,5E12.5,/I5,6E12.5) 

AMX (KKA) =AMX (KKA)-AMK (K) 
AMX{K)=0. 
GO TO 1060 

♦IDENT LACITERA 
*I CDT.12 

DIMENSION DNSAV(4),PRSAV(4),XMSAV(4) 
*I CDT.71 

DNSAV(L)=0. 
PRSAV(L)=0. 
XMSAV(L)=0. 
VMAX=0. 
PMXVL=0. 

*I CDT.82 
DNSAV(L)=RHO(L,M) 
XMSAV(L)=XMASS(L,M) 

*I CDT.129 
PRSAV(L)=PRS(2,L) 
IF(VMAX.Gr.VDL(L)) GO TO 120 
VMAX=VOL(L) 
PMXVL=PRS(2,L) 

*D CDT.246 
NK=260 
WRITE(6,560) NK 

*D CDT.249,CDT.250 
GO TO 314 

*I CDT.283 
301 CONTINUE 

*D CDT.301 
NK=310 
WRITE (6,560)  NK 

*D CDT.305,CDT.306 
314 DO 315 L=1,NMAT 

XMAES(L,M)=XMSAV(L) 
DNS(1,L)=DNSAV(L) 
PRS(1,L)=PRSAV(L) 
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IF(PRS(l,L).Gr.PMIN)  PSUM=1 
315 PAV=PMXVL 

*CCPY CDT,CDT.303,CDT.3O4 
GO TO 301 .    * 

*D CDT.439 

560 F0PMAT(1H1,*PRESSURE ITERATICN FAILURE, RECOVERED AT CDT 
1 LINE NUMBER*,15) 

LCTRA,S'mFZ,T200.     UPDATE TO BRIiiELP;  CY=18 TO CY=19 
ACCOUNT(MD440) 
REQUEST(B, *PF) 
GETPF (A, BRIiiELP, ID=CMCHYDRO) 
UPDATE(F,P=A,N=B) 
FTN (I=COMPII£,L=0,PL=55000, ICM=I) 
CATALOG(B,BRIUELP,ID=CMCHYDRO,RP=999) 
*EOR 
*IDENT MAY80FTOE 
*D GE0M.7 

1       CZERO,  STKl, STK2, STEZ, TEMP, AMDM 
*I GEOM.IO 

DO 100 IRMU=1,4 
100 RMU(IRMU)=TEMP(IRMU) 

C *** THIS  CCDING NECESSARY TO AVOID OPTl COMPILER ERROR *** 

LCTRA,SIMFZ,T200. UPDATE TO PRLHELP; CY=19 TO Cy=20 
ACCOUNT(MD440) 
REQUEST(B, *PF) 
GETPF (A, BRLHELP, ID=CMCHYDRO) 
UPDATE (F,P=A,N=B) 
FTN (I=COMPII£, L=0, PL=55000, ICM=I) 
CATALOG (B,PPIiffiLP,ID=CKCHYDRC,RP=999) 
*EQR 
*IDENT CELIf ILL 
*YANK lACITERA 
*D CDT.78 
*D CDT.95,CDT.162 
C 
C    *** COMPUTE 1W0 DENSITIES FCR 
C    *** EACH MATERIAL IN CELL USING 
C    *** (1) DENSITIES FRCM LAST CYCDE 
C    *** (2) THOSE DENSITIES INCREASED BY ONE PERCENT 
C 
*OOPY CDT,CDT.99,CDT.129 
*COPY CDT,CDT.130,CDT.141 

IF (VL(L).Gr.O) GO TO 170 
VL(L)=0.0 
XMJ^SS(L,M)=0.0 

170 CONTINUE 
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*IDENT PCfiLC 
*D a7r.l63,316 
*CDPy CDT,CDT.163,CDT.176 
*COPy CDT,CDT.184,CDT.224 
C 

C    *** MASS WEIGHTED AVERAGE PRESSURE 
P(K)=PSUM/WSUM 

C 
*COPy CDT,CDT.308,CDT.316 
*IDENT LCTSEP80 
*D INPUT.75,INPUT.76 
G 

CALL SETUP 
C *** CNLy TO READ SLIP LINE DATA AND RETURN *** 
C 
*B SETOP.13 
C 

C *** IF RESTART READ SLIP DATA AND RETURN *** 
IF(PK(3).LT.O) READ(5,SLIP) 
IF(PK{3).LT.O) RETURN 

C 
*D GEOM.6,MAY80FTOE.I 
C 

NAMELIST/MTRL/      MFLAG,  MAT,       RHOIN,  SSIEN,  UURX,  WAY 
1 CZERO,    STKl,     S'IK2,    STEZ,    RMUI,     AMDM 

*D MAY80FTOE.2,MAY80FmE.4 
DO 100 1=1,4 
UUR(I)=UURX(I) 
VVA(I)=WAY{I) 

100 RMU(I)=RMUI(I) 

C *** THIS CODING NECESSARY TO AVOID OPTl COMPILER ERRORS *** 
C *** DETECTED BY JOE LACETERA DURING PERIOD MAY-SEP 1980 *** 
*I SETUP.11 

DIMENSICN UURX(4), WAY (4), RMUI (4) 

ICTRA,STMFZ,T100.  UPDATE TO BRIiffiLP; CY=20 TO CY=21 
ACCOUNT(MD440) 
REQUEST(NEWPL, *PF) 
GETPF (OIDPL,BRLHELP, ID=CMCHYDRO) 
UPDATE(F,N) 

CATALOG (NEWPL,BRIHELP, ID=CMCHYDRD) 
EXIT. 
*EOR 
*IDENT EQSTEOS 
*D BRL76.6 

1 TAPE10,TAPE1) 
*I E0ST.6 

COMMCN/EOSTEOS/XAMDM (4) ,XEMIN,XGAMMA ,XROEPS ,XMFK 
*I HELPC0M.71 o,iu.u:A 

I£VEL 2,  PLWP,PLWC,PVOL,ALPSV 
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*D E0ST.11,E0ST.234 

XAMDM(MFK)=AMDM(MFK) 
XEWIN=EMIN 
)flSAMMA=GAMMA 
XROEPS«ROEPS 
XMFK=MFK 
ENERGY=AMAX1(ENERCT,0.) 
CALL ERLEOS(ENERGY,RH0W,PRESUR,1WPTR,CS,IV,N) 

*D MEMEXFND.l 
COMMCN/MXCELL/ RHOZ(130),CNAUT{130),MAT(130),SAMMY(4,800), 

*D INPUT.8 
DIMENSION MNAME(130) 

*D HELPE0.18,HELPE0.36 
C 
c 
c 
C MATERIAL PROPERTY DATA STATEMENTS 
C 
C MATERIAIf 1-18 ARE ERLGRAY EOS METALS 
C 
C MATERIAIS 101-119 ARE TILLCTSON MATERIALS 
C 
C MATERIAL 120 IS IDEAL GAS 
C 
C NOTE - IDEAL GAS REFERENCE DENSITY RHOZ(120) IS THE 
C NORMAL DENSITY OF AIR.  THIS VALUE MUST BE 
C CHANGED FCR OTHER GASES. 
C 
C EXPLOSIVE 121 IS COMFB 
C EXPLOSIVE 122 IS TOT 
C EXPLOSIVE 123 IS OCTOL 
C EXPLOSIVE 124 IS FBX 9404 
C EXPLOSIVE 125 IS LX-14-0 
C EXPLOSIVE 126 IS HIVELITE 
e 

DATA (RH0Z(K),K=1,18) / 
1 2.70,    7.87, 
2 1.75,    1.85, 
3 8.58,    8.86, 
4 19.17,    19.24, 
DATA (RHOZ(K),K=101,119) / 

1 19.17,    8.94, 
2 4.51,    8.86, 
3 .90,    2.70, 
4 2.30,    2.80, 

DAIA RHOZ(120)7.001293/ 

DATA (RHOZ(K),K=121,126) / 
1    1.717,   1.630,   1.821,   1.840,    1.835,    1.89/ 
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8.94, 16.65, 19.08, 
4.51, 7.28, 7.91, 

10.22, 11.36, 11.68, 
7.84/ 

7.87, 2.70, 1.85, 
10.22, 11.68, 11.36, 
2.70, 1.97, 1.70, 
2.70, 2.20/ 



DATA (CNAUT(K),K=101,119)/ 
1 4.01E5,  3.95E5,  4.03E5, 5.27E5,  8.06E5, 
2 4.78E5,  4.63E5,  5.15E5, 2.13E5,  2.03E5, 
3 2.89E5,  2.58E5,  2.58E5, 2.24E5,  1.63E5, 
4 3.49E5,  5.51E5,  3.85E5, 3.37E5/ 

*D CDI.15,Cnr.22 
GAMGAS(120) = GAMMA 

DATA (GAMGAS(K), K=121,126)/2.706,2.727,2.830,2.850,2.841,1.24/ 
DATA (RHOMAX(K), K=121,126)/9.0, 8.5, 9.5, 11.0, 9.5, 9.5/ 

C 
*D DETIME.7,DETIME.18 
C 
C    EXPLOSIVE 121 IS CCMPB 
C    EXPLOSIVE 122 IS TOT 
C    EXPLOSIVE 123 IS OCTOL 
C    EXPLOSIVE 124 IS PBX 9404 
C    EXPLOSIVE 125 IS LX-14-0 
C    EXPLOSIVE 126 IS HIVELITE 
C 
C    DETVEL IS THE DETCNATION VELOCITY 
C 

DATA DETVEL(121) /7.98E5/ 
DATA DETVEL(122) /6.93E5/ 
DATA DETVEL(123) /8.48E5/ 
DATA DETVEL(124) /8.80E5/ 
DATA DETVEL(125) /8.83E5/ 
DATA DETVEL(126) /.381E5/ 

*D ADDENG.8,ADDENG.12 
DATA (DENGY(K),K=121,126) / 

2    4.95E+10, 3.68E+10, 5.27E+10, 5.54E+10, 1.02E+10, 4.20E+10/ 
C EXPLOSIVE 121 IS CCMPB 
C EXPLOSIVE 122 IS TOT 
C EXPLOSIVE 123 IS OCTOL 
C EXPLOSIVE 124 IS PBX 9404 
C EXPLOSIVE 125 IS LX-14-0 
C EXPLOSIVE 126 IS HIVELITE 
*D INPUT.10,INPUT.16 

DATA (MNAME(K),K=1,18)/ 
1 lOHG ALUMINUM,lOHG IRON,10HG      COPPER,10HG TANTALUM, 
2 lOHG    URANIUM,10HGMAGNESI»!,10HG BERYLIUM,10HG TITANIUM, 
3 lOHG TTO,10HG    S-STEEL,10HG    NICBIUM,10HG      NICKEL, 
4 lOHG MOLY,10HG LEAD,10HG    THORIUM,lOHG TUNGSTEN, 
5 lOHG GOrD,10HG RHA/ 

DATA (MNAME(K),K=101,124)/ 
1 lOHT TUNGSTEN,lOHT  COPPER,lOHT    IRON,10HT ALUMINUM, 
2 lOHT BERYLIUM,10HT TITANIUM, lOHT  NICKEL,lOHT    MOLY, 
3 lOHT 'mORIUM,10HT    LEAD, 
4 lOHT POLYMERS,lOHT GRANITE,lOHT ANDESITE,10HT WET TUFF, 
5 lOHT DRY TUFF,10HT    OIL,10HT   SHALE,lOHT DOLCMITE, 
6 10HTLIMESTONE,10HT  HALITE,lOH IDEAL GAS,10HJ  COMP B, 
7 lOHJ     'INT,10HJ   OCTOL,10HJ     PBX,10HJ    9404/ 
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DATA MNAME(125) /lOHJ LX-14-0/ 
DATA MNAME(126) /lOHJ UIVELITE/ 

*D INPUT.99,INPUT.107 

C        PRINT INITIAL CCNDITIONS 

WRITE(6,390) 
DO 60 L=1,NMAT 
MN=MAT(L) 
WRITE (6,400) L,RHOZ (MN) ,RHOIN (L) ,SSIEN (L) ,UUR (L) ,WA (L) ,MNAME (MN) 

60 CONTINUE 
*D ERL76.90 

400 PORMAT(I5,2FI3.3,9X,1PE11.4,5X,1PE1I.4,5X,IPE11.4,A10) 
*I EDIT.240 

305 CONTINUE 
*D N0EDPRT.8 

ICTRA,S1MFZ,T200.     UPDATE TO ERUffiLP; CY=21 TO Cy=22 
ACCOUNT(MD440) 
REQUEST(B, *PF) 
GETPF(TA,PLCMCEOS,ID=CMCeOG) 
UPDATE(0,P=TA,N=TEMPL) 
GETPF (A,BRIiiELP, ID=CMCHYDRO) 
UPDATE (F, P=A ,M=TEMPL,N=B) 
FTN (I=COMPIIZ, L=0, PL=55000, ICM=I) 
CATALOG (B ,BRIiffiLP, ID=CMCHYDRD,RP=999) 
*EOR 
♦COMPILE BRIEOS 
*EOR 
*IDENT ECSTEOSCR 
*D ECSTEOS.45,ECSTEOS.47 

5 lOHT DRY TUFF,10HT OILSHAI£,10HT DOLOMITE,IOHTLIMESTONE, 
6 lOHT  HAUTE/ 

C 
DATA MNAME(120) /lOH IDEAL GAS/ 

C 
DATA MNAME(121) /lOHJ  COMP B/ 
DATA MNAME(122) /lOHJ     TNT/ 
DATA MNAME(123) /lOHJ   OCTOL/ 
DATA MNAME(124) /lOHJ PBX 9404/ 

*IDENT EOSEET 
*D CDT.12 

DIMENSION RHCMAX(130), GAMGAS(130) 
*D DETIME.5 

1DETVEL(130) 
*D ADDENG.4,ADDENG.6 

DIMENSION DENGY(130) 
*D i:«TIME.I32 

IF(N.GT.120.AND.N.LT.200) GO TO 105 
*D ra:TIME.135 

100 IF(MAT(M).I£.120.OR.MAT(M).GE.200) GO TO 120 
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*D IETIME.212 
IF(MAT(MFK).Gr.l20.AND.MAT(MFK).LT.200)  GO TO 190 

*D EETIME.218 
IF(MAT(L).Gr.l20.AND.MAT(L).LT.200)  GO TO 190 

*D DETIME.235 
IF(MAT(L).Gr.l20.AND.MAT{L).LT.200) GO TO 173 

*D M:TIME.245 
IF(MAT(L).Gr.l20.AND.MAT{L).LT.200)  GO TO 176 

*D DETIME.256 
IF(MAT(MFL).CT.120.AND.MAT(MFL).LT.200)  GO TO 181 

*D DETIME.261 
IF(MAT(L).Gr.l20.AND.MAT(L).LT.200)  GO TO 181 

*D ra;TIME.272 
IF(MAT(MFL).Grr.l20.AND.MAT(MFL).LT.200)  GO TO 185 

*D ES;TIME.276 
IF(MAT(L).Gr.l20.AND.MAT(L).LT.200)  GO TO 185 

*D ra:TIME.365 
IF(MAT{MFK).r£.120.QR.MAT(MFK).GE.200)  GO TO 170 

*D ra:TIME.393 
IF(MAT(L).r£.120.QR.MAT(L).GE.200)  GO TO 360 

LCTRA,S'IMFZ,T200.    UPDATE TO BRIflELP; Cy=22 TO CSf=23 
ACCOUNT(MD440) 
REQUEST(B, *PF) 
GETPF (A ,BRIiIELP, ID=CMCHYDPO) 
UPDATE (F,P=A,N=B) 
FTN (I=COMPII£, IM), PL=55000, I£M=I) 
CATALOG (B ,BRLHELP, ID=CMCHYDRO,RP=999) 
*EOR 
*IDENT GEOMCR 
*D (E0M.15 

30 WRITE(6,370) XlS,yiS,X2F,y2F 
*IDENT IMPOCTSO 
*I HELPOOM.83 

CO^WCN/TGRAY/TGRAY, TXG(12000), TRS(4) 
I£VEL 2,     TGRAY, T)G,      TRS 

*D E06T.3,E0ST.6 
C *** INITIALIZE SCME BRIGRAY PARAMETERS AND CALL BRI£OS 
C 
*B E0ST.32 

TGRAY=0. 
*I ECST.32 

TGRAY=TMPrR 
*B CDT.23 

*1 CDT.60 
T}G{K)=TGRAY 

*I PCALC.12 
TRS(L)     =TGRAY 

*I PCALC.35 
TSUM=0. 

*I PCADC.54 
TSUM=AMAX1 (TSUM,TRS (L)) 
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*I PCALC.58 
C 
C *** MAXIMIW lEMPEPATURE FCR ANY METAL IN TOE MIXED CELL 

ra3(K)=TSUM 
*D MAP.7 

DIMENSICN WSMAX(6), AI£{4I), XUM(41), VAUJE(41) 
*I MAP.71 
C *** TEMPERATURE 

DO 75 J=1,JDL 
DO 75 1=1,IDL 
K=(J-1)*IMAX+I+1 
M=IAES(MFIAG(K)) 
N=MAT(M) 
IF(N.GE.IOO)  TXG{K)=0. 
IF(N.GE.100) GO TO 74 
IF(TX3(K).EO.O)  T)a3{K)=300. 

74 COJTINUE 
75 WSMAX (6)=AMAX1 (WSMAX(6) ,ABS (TXG (K))) 

PRINT *,"1MAX=",WSMAX(6) 
*I MAP.139 

GO TO 230 
C 
C *** TEMPERATURE 
C 

225 J=JDL 
IF (WSMAX (NPROP).I£.0)  GO TO 460 
WRITE(6,535)  CYCLE,T 

226 DO 228 1=1,IDL 
K=(J-1)*IMAX+I+1 

228 PRDP(I)=T5G(K) 
*D MAP.234 

GO TO  (90,120,150,180,210,226) NPRDP 
*D MAP.242 

GO TO  (470,110,140,170,200,225,470) NPROP 
*I MAP.259 

535 FORMAT(1H1,4X,15HTEMPERATORE ,1X,6HCYCLE=,F8.1,4X,5HTIME=, 
*1PE11.5,IX,7HSEC0NDS//) 
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LCTIL,STMFZ,T10 00,P0. 
iiCCOUNT (ND440) 
RECUEST(TAPE7,   *PF) 
GETPF(LIECMC,LIBCMC , 
GETPF(A, ERLHELP, 
GETPF(TAPEl, MIXEDPHASEBOUNDAFY, 
LIBRARY (LIBCMC) 
EDITLIB. 
UPDATE (F,P=A,N=E) 
FTN(I=CCMPILE,L=0,PL=55000,LCM=I) 
RFL(160000) 
LGO. 
CATALOG(TAPE7,CUHEMI,ID=CMCKYDR0) 
EXIT. 
*ECR 
LISTLIE(*,LIBCMC) 
*EOR 
*EOR 
SAMPLE 
$OPTNS 
$START 
$RUN 

SAMPLE PROBLEM 2: CU HEMISPHERE LACETERA 

ID=CMCEOS) 
ID=CMCHYDRO) 
ID=CMCEOS) 

$GRID 
$MTRL 

TIMMAX=900, 
PK(2)=0, 

OE-06, PRDELT= 2, 
KUNITR=7, 
LVISC=1, 

NMXCLS=800 
NLINER=1, 
IMAX=60, 

NDUMP7=1, 
IGM=0$ 

DY=200*.05$ 

IFLGST=1,  IPMADJ=1, 
PK(3)=-0$ 

OE-06, 

PROBLEM 2:C0PPER HEMISPHERE LOADED WITH COMP P 
NPRT0P=2, 
PK(1)=1, 
TST0P= 6 
KUNITW=7, 
NOSLIP=0, 
NMAT=2, 
CYCPH3=-1, 
MAPS=1, 
IPR=100, 
NFRELP=100, 
CVIS=-1, 

DX=60*.05, 
MFLAG(2)=0, 
MAT(1)= 3,  RHOINa)=8.94, 
MAT(2)= 121,  RHOIN(2)=1.717, 
CZERO(1)=2.35E+09, STKl(1)=6.95E+10, STK2(1)=5 
STEZ(l) =5.30E+09, RMUI(l) =4.55E+11, AMDM(1)= 

AMDM(2)=1 

UNCONFINED 
ITPHSE=1$ 

NTRACR=5, 
NSLD=300, 
JMAX=200, 

IPCYCL=0, 

NTPMX=900,      REZ=0 

DMIN=100, 

11 = 3 12 = 53 

50E+10, 
.9785, 
0$ 
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$GEOM LT=4,   MPN=1,   NPTS=300, 
TH1=3.14159, TH2=1.57080, 
SLA=0.0,   SLB=6.35,   XR=1.905$ 

$GEOM LT=1,   MPN=1,   NPTS=50, 
X]S=1.905,   Y1S=6.35,   X2F=1.7907,   Y2F=6.35$ 

$GEOM LT=-4,  MPN=1,   NPTS=300, 
TH1=1.57080, TH2=3.14159, 
SLA=0.0,   SLB=6.35,   XR=1.7907$ 

$GEOM LT=1,   MPN=2,   NPTS=100, 
X1S=0.0,     Y1S=2.54,   X2F=2.159,    Y2F=2.54$ 

$GEOM LT=2,  MPN=2,   NPTS=200, 
X1S=2.159,   Y1S=2.54,   X2F=2.159,    Y2F=6.35$ 

$GEOM LT=1,  MPN=2,   NPTS=50, 
X1S=2.159,   Y1S=6.35,   X2F=1.905,    Y2F=6.35$ 

$GEOM LT=-4, MPN=2,   NPTS=300, 
TH1=1.57080,  TH2=3.14159, 
SLA=0.0,   SLE=6.35,   XR=1.905$ 

$GEOM LT=4, MPN=3,  NPTS=300, 
TH1=3.14159,  TH2=1.57080, 
SLA=0.0,  SLB=6.35,  XR=1.7907$ 

$GEOM LT=1,     MPN=3,     NPTS=50, 
X1S=1.7907, Y1S=6.35,    X2F=1.905,   Y2F=6.35$ 

$GECM LT=1,      MPN=3,    NPTS=50, 
X1S=1.905,  Y1S=6.35,    X2F=2.159,   Y2F=6.35$ 

$GEOM LT=2,      MPN=3,    NPTS=200, 
X1S=2.159,  Y1S=6.35,    X2F=2.159,   Y2F=2.54$ 

$GEOM LT=-1,     MPN=3,    NPTS=100, 
X1S=2.159,  Y1S=2.54,    X2F=0.0,     Y2F=2.54$ 

$GEOM LT=100$ 
$SLIP MASTRD(1)=1,    NSLAVD(1)=0,       NBGMD(1)=1, 

NBGSD(l) =0,    NENDMD(1)=300,     NENDSD(1)=0, 
MASTRD(2)=0,    NSLAVD(2)=2,       NBGMD{2)=0, 
NBGSD(2)=301,   NENDMD(2)=0,       NENDSD(2)=600$ 

$DETN IDET=1,  NDETS=2,  XDETS=0.0,  YDETS=2.54, TIME=0.0$ 
$DETN IDET=2,  NDETS=2,  XDETS=1.82, YDETS=5.62, TIME=0.0$ 
$DETN IDET=0$ 
$DETN XKIN=0.0,  YMIN=2.54,  XMAX=2.159, YMAX=6.35$ 
$DETN XMIN=0.0,  YMIN=5.59,  XMAX=2.159, YMAX=6.35$ 
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• •»     10/06/80     SCOPE   2.1.5     B   R   L     VIP.   Oil     •••       11/06/80 80311 

JTS  DEVICES   no/  */PF   FLS«377K  FUL-ITSOK  MXS-300K   NXL.130JK  NX».130SB 

HH.nn.ss CPU SECOKD SP.ICIM 
OS.J'.Ze.HFA. •* BP.L  rnS/8E   l.J  t*o<»  VEP.  007 lO/OiS/80 

16.08.32   00000.005   HF2. -LCTIL* ST'1FZ/T1000,P0. S*M»n.E   PROBIEH   H   CU HEHISPHEUE   LACETERA 
16.08.32 03093.006  JIB. -ACCIU'ITCID***! 
16.08.33 00010.028   JOS. -REQUEST!TAPE7#   •PF) 
16.08.33  00000.032 JOB. -GETPF (LIBCMC*LIBCMC/ IP-CHCEOS) 
16.08.33   00000.033   JIB. -GET<>F(A> BRLHEL"/ ID'CKCMYDRnt 
16.08.33   00003.03*   JOB. -GETPF(TA»E1#   "lIXEOPMAIEDnUHDARY,   ID-C«CEOS» ' 
16.08.33   00093.015   JOB. -LIBRARYCLIBCIC) 
16.08.33   00000.Ol'   nfZ. J1262   -   STAGE   PF   ST-MFZ   LFtl-LIBCHC 

14.08.33   30030.C03   NFI. -SJACP*STMFZ»T100/P7000. ATT/CAT/PRC  SPOT   JOB 
16.08.33   03000.00*   JQB. -ACCTJIIT tCS***)   SYSTEM   JOB   5JACP 
16.08.3*   00000.02'  LOD. -PFCQflV.        CALL   ATTACM/CAT/PURCE   UTILITY 
16.33.3*   00030.033   IF:. PF6*6  -  PFHACRn  -  ATTACH     -   LIBCMC     -   LIBCHC 
16.08.3*   30000.036    IFZ. »F25*   -  CYCLE        10   ATTACHED   FROU   $11.SYSTEM 
l(>.0e.3*   000)0.038   IFZ. Ji262  -   STAGE   PF   SPOT        LFM-PF76C 
16.38.3*   00030.052   HFZ. JM262   -   STAGE   PF   SPOT        LFt>PF76C 

16.0".35   00330.0*1   LHO. -EDITLIB. 
16.OP. 37   00000.OfO  HSR. Fli^TRA'l   LIBPAr.Y   508 05/27/no 
16.0<».37  00300.0-'3  USR. STIP 
16.0". 37   00000.073  USR. 0*2100        FIHAL   EXECUTnN   FL. 
16.09.3'   03000.0'*   USR. .01*   CP   SECOtlDS   EXECHTIOtl   TIME. 
16.0".37   03330.0'*   LID. -UPDATE(F,'.A, tUB) 
16.0".37   03300.088   MFZ. JM262   -   STAGE   PF   ST-MFZ   LFH-A 

16.0".36   00000.003   MFZ. -SJACP. STMFZ.TlOO, P7000. ATT/CAT/PRG  SPOT   JDP 
16.0".38   03030.00*   J3B. -ACCTJ'IT (CS*** 1    SYTTEM   JOB   SJAC 
1S.3".*C   303DJ.027   LTJ, -PFCl'IV.        CALL   ATTACH/CAT/PliPCf   UTILITY 
16.0".*0   30003.033   MFZ. PF6*6  -   PFHACRO  -  ATTACH     -   A -   BRLHELP 
16.0".*0   00000.036  MFZ. PF25*  -  CYCLE        23   ATTACHEr   FROM   SH-SYSTEM 
16.0".*0   00000.038   MFZ. JM262   -   STAGE   PF   SPOT        LFM.PF?6C 
16.0".*2   00000.087   'IFZ. J'1262   -  STAGE   PF   S^OT        LFti.PF76C 

16.10.*3   033)*.3"8   JSR. 'IPTATE   CnfloLETED 
16.10.*3   0000*.0°9   L3D. -FTM(I-COMPILE/L-O/PL-55000#LCM-I) 
16.17.*7   O00;".*55   USR. 25.3*'  CP   SECOtlDS   COMPILATIOH   TIME 
16.17.*7   0&32'>.*;6   JIB. -RFL(:603&0) 
16.1'.?0   0002".*f6  LID. -LGl. 
16.25.*e   0032?."'.3   MFZ. LD610  -  FLS   REQUIRED   TO   LOAD  -  00*3770  0U.C06 
16.25.*f   33329."66   MFZ. LD603  -   EXECUTIOM   IHITIATED   OS.EXP 
16.25.*S   0002"."66  'JSR. FTRTRAM   LIBRARY   518 0"/30/80 
16.26.00   000*3.506   MFZ. J 1262   -   STAGE   PF   ST."IFZ   LFILTAPEl 

16.26.00   30030.003   MFZ. -SJAC. STMFZ»'100» P7000. ATT/CAT/PRG   SPOT   JOB 
16.26.00   33030.00*   JOB. -ACCTIHT (CS***)   SYSTEM   JOB   SJACP 
16.26.02   00000.02'  LOD. -"FCTIV.        CALL   ATTACH/r AT/nuPGE   UTILITY 
16.26.02   03000.033   'IFZ. PF6*6   -   PFIIACRT  -   ATTACH     -   TA'El        -   MIXEDPHASEBOUMOARY 
16.26.J2   000)1).03S   'IFZ. PF25*  -  CYCLE        19   ATTACHED   FROM   SH-SYSTEM 
15.26.02   00000.038   MFZ. JM?62   -   STAGE   PF   SPOT        LFf>PF76C 
16.26.02   00000.0*5   MFZ. JH262   -  STAGE   PF   SPOT        LFH.PF76C 

17.3*.06  C3B"7.272   USP. EXIT 
17.3*.06   000"7.2r2   USR. 16"010        FI'IAL   EXECUTin'l   FL. 
17.3*.06   00BO7.2'3   USR. 867.305  CP   SECQHDS   EXECHTIOM   TIME. 
17.3*.06   008"7.276   JOB. -CATALaG(TAPE7,CUHEMI,ID'CMCMYDROI 
17.3*.06   00897.281   MFZ. PF060  -  CYCLE 3   CATALOGED   OH  SM.SYSTEM 
17.3*.06   03B97.28Z   JIB. -EXIT. 
17.3*.06   w31"7.2B*    IFZ. JMO',  -   MAXIMU1  USER   SCM 160000B   WORDS 
17.3*. 06   03C"'.2P,5  MFZ. JM16'  -  MAXIMUM  USER   LCM 651000B   WORDS 
17.3*.00   J08"7.285   MFZ. JM170  -  MAXIMUM  JS*IO  LCM 2Z3B   BUFFERS 
17.3*.06   00097.205   MFZ. R'1"0  -  MAXIMUM  ACTIVE   FILES B     . 
17.3*.06   00B"',285    IFZ. F. 1771   -   TE'i/cLTE   CALLS *B 
17.3*.06   00897.ZB5   >1FZ. R1-'7Z   -  DATA   TRAMSFER  CALLS 193,B76 
17.3*.06   00C97.2B5   MFZ. RM7'3   -   COtlTPOL/POSITIDHIMG  CALLS 1»002 
iT.it.n/,  n^DOT.jnfc  MTT. oH'-t  -  OH  n»T«   fDjiirrrp   r»iir ^n.a^•^^ 
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in the mail.  Your comments will provide us with information for 
improving future reports. 

1.  BRL Report Number  

2.  Does this report satisfy a need?  (Comment on purpose, related 
project, or other area of interest for which report will be used.) 

3.  How, specifically, is the report being used?  (Information 
source, design data or procedure, management procedure, source of 
ideas, etc.) 

4.  Has the information in this report led to any quantitative 
savings as far as man-hours/contract dollars saved, operating costs 
avoided, efficiencies achieved, etc.? If so, please elaborate. 

5.  General Comments (Indicate what you think should be changed to 
make this report and future reports of this type more responsive 
to your needs, more usable, improve readability, etc.)  

6.  If you would like to be contacted by the personnel who prepared 
this report to raise specific questions or discuss the topic, 
please fill in the following information. 

Name: 

Telephone Number: 

Organization Address: 


