241

-
d

R

N O ] MARCH 1965 |+ ="

NOLTR 62-168

DASA-1518

ONE-DIMENSIONAL HYDRODYNAMIC CODE
FOR NUCLEAR-EXPLOSION CALCULATIONS

G- p
et ,.z — A éij _'(i
Ol o 8 T Y
o N A .
Lo f . 3' 4

JR—

bibawiiohic $. O 75/
7.

UNITED STATES NAVAL ORDNANCE LABORATORY, WHITE OAK, MARYLAND

NOLTR 62-168

DDC

JUND 1985
T

wd
DDC-IRA £

ARGIIVE GORY

b

x







EOLTR 62-168 DASS-1518

UHE~-DIMERSIOHAL HYDRODYHAMIC CODR FOR RUCLEAR-EXFLOSIOH CAICULATIORS

Prepared by:
D. Lehto
M. Lutzky

ABSTRACT: A cne-dimonsional hydrodynsmic finite-differsnce cozputer
cods (WUXDY), which evolved from the M. Wilking E0-CODE of the Uniwersity

of Californie Rediation Laboratory, is describsd and epplied to tbs

celeulstion of the shookwave from a nuclesr explosion. FORTRAN IV
listings are given.

PUBLISHED MARCH 1965

Air-Ground Explosions Diviaion

Explosions Ressarch Dopartzont

U. S. FAVAL ORDFAXCE LABORATORY
VHITE OAK, SILVER SFRIKG, MARTLALD

i



NOLTR 62-168

ONE-DIMENSICNAL HYDRODYNAMIC CODE FOR NUCLEAR-EXFLOSICE CALCULATIONS

A number of requests have bsen received by this Laboratory for
complete dstalls of the one-dimensionsl hydrodynemic code used :or
the nuclear-sxplosion celculatlions of references 3 and 4. This
report has bsen prepared to satisfy these requests. The FORTRAN IV
listings givea in the appendices should be sufficient t{o enable the
moader to duplicate this code, if he so desires.

This version of the WWNDY code has been written explicitly for publica-
tion; it is not the version actually used for references 3 and 4. &
number of errcrs may have escepsd detection of the authors in the
print-outs of this report. The suthors welcome notification of any
serrors found.

Support for development of the WUNDY (ref. 1) code for nuclear explo-
sionsg vas provided by the Defense Atomic Support Agency through
Nuclear Weapons Ressarch Subtask 01.003 (Task NOL-181),

R, E. ODEKNING
Captain, USN
Cormmander
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1, IFTRODWCTION

This report describss the ome-dimsnsional hydrodynamic code, WUHDY,
that 4s being used st the Kavel Ordnance Laboratory for nuclsar-explosion
calculations.

The first FORTRAN version of WUNDY, written by ¥W. Walker (ref. 1),
was bassd on the KO-CODE of the Un ‘vaity of Californie Radiation
Leboratory (ref. 2). Several vex::~us of WURDY now exist at this
Laboratory. The one deecribed in thia report has been used in the

calculation of some of ths hydrodynemic aspscts of nucleer explosions in
eiz (ref. 3, 4).

2. DESCRIPTIOF OF THE WUNDY CODE

opsral arties: A ono-dimensionsl hydrodyrsmic code is
basically quite airzple. It 13 the refinemsnts *hat meke it ssem lengthy.
Many options ers ususlly includsd; for example, picme, cylindrieal and
spherical gymmetries are ususlly included in the same coda. Fostures like
a variabls, internally calculated tims step are desirable. Special
computations are often included, suck as the x-ray deposition of FUFF
(refs. 5, 6, 7, 8). Equations of astate can bscome quite lonmg. The imput
sxd output routines ususlly occupy a good deal of space.

VUNDY as given Lere is in cgs units. It handles only pure hydro-
dynamice (no rediative transfer, comduction, etc.) in plane, cylindrical
or sphericel geometry. The geometry of the code is collected into a
single accessibls place where it can be modified for calculations
requiring area to be some function of redius other then A=cr™ with
n=0, 1, or 2. Shocks ars handled by the artificial viscosity mothod.
WUBDY hes 300 zones, divided among as many as 30 different regicne or
msterisls, Ths version describsd in this report is written for clarity
rathar than for meximum computing efficiency. For exasmple, constants of
proportionality (e.g., pi) are retained even though they would eventually
cancel out. Thus, in spherical geometry, the “mass® of a zons is slways
the actual number of grams of material in that zons.

A model of the earth's atmosphere (ref. 9) is included as a subroutine
and can be used to furnish initial embisent atmespheric conditions.
Calculations can be performed for shockwave propagation in an arbitrary
direction from an explosion at an arbitrary altitude of burst (e.g., the
shockwave propagation down to the ground from e high altitude explosion
can bs calculated). The component of the earth's gravity along the
calcuisted ray is included in the equations of motion.

The problem is esdvanced from

tirs tB to timatn"l tbe ususl fimite difference equations (refs. 10,
11, 12, 13):
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where = distance from origin

= velocity of interface

= gpecific volume of zone

= pressure in zone

= artificial viscosity in zone

=pt*gq

= internal energy in zone

= equation of state constant = i.4 for ideal air

= agcceleration of gravity component

R L0 o & X

>
w3

= ares of interface J at time n,= kﬂ(xg)a for sphere

5

- o b Ny (.0 s
-1/2 volume of zone j-1/2 gn[ﬁxj) -(xJ_l) i for sphere

4 Y/ v -
Atg = timestep = 1/2 (At}4’/3 + \13 l’/2)

m = mass of zone

These equations are discussed in the references. this material will
not be repeated here. The equations for p and e are for & ganma-
law gas, & = pv/(Y-1).

(1)

(2)

(3)

(4)

(5)
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2.3 Injtialization: A problem is initislized when each interface
has besen assigned a position and velccity, each zone betwsen interfaces
has been assigned & masss and internal energy, and all of the control
variables have been specified. Most problems are completely initialized
by a deck of about 18 cards., The first two cards contain letitering to be
printed on the output. The next four cards contain the control variables
(printing frequency, type of geometry, etc.). These are followed by a
group of cards (one for each region) describing sach region of the problsm
(a region is ususlly a group of zones of the same material). The
dimsensions, velocities, densities, mmbser of zones in each region, etc.
are given on these cards, The normal input deck ends with ten cards
giving some additional data (directicn of celculated ray, altitude of
burst, etc.).

In some cases one wishes tc give inltial datae for interfaces or
zones individually rather by regions. For example, in a moving-piston
problen, the piston woulc be introduced by giving the first interface a
velocity. This is done by additional cards following the normal imput
deck.

Additional input can also be read from tape. Special input
calculations (e.g., in high explosive problems, the initial conditions
in the detonation wave) can be made by other programs and written on
tape that WUNDY cen read. WUNDY can also write its cwn tape from any
record of which the problasm can be resumed later,

2.4 BRezoning: The computer time required for a problem is about
proportional to the number of zones that are being calculated and about
inversely proportional to the width of the smallest zone in the problem.
Four types of rezoning have been used in reducing computing times. A
general rezoning routine that contains all four of thess methods as
special cases could probably be devised.

The first type of rezoning becomes alerted when the timestep
begins to decrease appreciably. In some problems this decrease is due
to excessive compression of a zone that does not lis in the region of
interest. This rezoning method (REZ1l) seeks out the zone causing the
small timestep and removes it by combining it with an adjacent zone.

A second type of rezoning (RE22) waits until a disturbance
(usuelly the main shockwave) reaches the outer boundary of the problem
and then moves this boundary out by a factor of 2 in distance., It then
combines pairs of adjacent zones to releass enough zones to fill the new
extra region of space out to the new boundary. This allows the same
number of zones to cover an indefinitely expending space, at the cost
of resolution lost by meking the zones larger. This 1s the type of
rezoning used in the calculations of references 3 and 4.
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A third type of rezoning (REZ3) keeps down the total number of
zones required for a problem by having fairly large zones everywhere
except in the region of interest (ususlly the main shockwave). The
shockwave is kept supplied with fine zones by subdividing large ambient
zones a3 the shock approaches and then recombining them into large zones
when the shock has passed., This scheme is now in uss on nearly every
problem.

A fourth type of rezcning (REZ4) replaces the zones of the
first (fireball) region by a smaller number of zones, In some problems
the first region holds down the timestep needlassly long after the
shockwave has moved away. In these cases the problem can be mads to
run faster by a factor of two or three by replacing the spent fireball
by just a few large zones.

2.5 Sypmary Routineg: Two subroutines have been included to
provide data in addition to the normal output. Subroutine OUT2 prints
tables of the shock location, pressure, etc. as a function of time.
This output is useful in preparing shock front pressure versus distance
curves and shock front radius versus time curves., Subroutine OUT3
prints tables of the pressure, density, particle wvelocity, dynamic
pressure, etc. versus time at fixed distances (compared to the ncrmal
output, which gives quantities versus distance at fixed tipes). This
output is useful for predicting the pressure-time records, etec. at
fixed gage locations., An option is included for collecting data at
points moving in straight-line trajectories near the explosion,

2.6 Equatjons of State: Two equations of state are included in
the 1listings of Appendix B. One (EQS1l) is for an ideal gas of constant
gamma. The other (EQS2) is an approximate equation of state for real
air, based on reference 14. These can be used as patterns for preparing
equations of state for other materials. The essential things to be
calculated are the pressure, internal energy, anc an approximate sound
speed (needed in calculating the timestep). The temperature and gamra
may be calculated if desired but are not needed elsewhere in the
program.

3. USING THE COIB

3.1 Ipitial Condjtions for Nuclear Explosion Froblems: Cne
approximation to a nuclear explosion that has been found useful (refs.

3 and 4) is a wniform sphere of highly heatcd air that is allowed to
expand hydrodynamically intc the surrounding ambient air,
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The energy of the explosion (adjusted, if desired, for early
losses by thermal radiation) is assumed to be uniformly distributed
vithin a sphere whose radius in meters can be taken as roughly

W 1/3
R, = 4.251 (5-;) , (6)

where W is the energy within the sphere in kilotons and p, is the
ambient pressure in atmospheres. Ry is roughly the radius at which
radiative expansion gives way to a shockfront at the periphery of
the firehall. The properties of the main shockwave are not strongly
dependent on the choice of initial sphere size (ref. 4). Deviating
from the above value by even a factor of 5 does not effect the main
shock seriously, provided that one does not use the computed shock-
wvave values until the initial sphere has about doubled {ts radius.
Some time is needed for the energy to be fed into the shockwave.

The weapon mass is usually negiected in these calculations.
It is usually fairly small compared to the mess of air within the
initial sphere. Actual details of the weapon expansion can be
included if the initial configurations and equations of state for
the weepon materials are incorporated.

The energy to put into the initial hot-air sphere is Jjust

E(erg/gram) = 4.185 x 10*° W E—-—éka——- + By (7)
-3"!‘7 Ros (o]

where W is again the energy in kilotons and p is the air density

within the fireball (ususlly assumed to equal ambient density).

Eo is the energy of the wivient air before the explosion; it is usually
negligible.

The continuous actual probler. must be divided into zones
for the finite difference solution. If these zones are made small,
the proolem will run slowly. If the zones are made larger to meke
the problem run faster, the results will be less accurate. When
the 2zones are too larye, the shock tends to have too high a pressure
and to travel too fast. A useful compromise between computing time
end accuracy has besn found to be a zone size, in the ambient air
ahead o” the shock, of roughly

1/3
ax = 1.0 (4/p,)  meters. (8)
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3.2 Other Problems: This code is, of course, not restricted to
nuclear explosion calculations. The main adaptations for nuclear
explosion use are the ARDC stmosphere, the rezoning routines, and
the summary routines. Given appropriate equations of state, the
code can be used for a variety of one-dimensional problems, e.g.,
high expleosives in vecuum, air, water, or any medium wvhose equation
of state is known.
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APFENRDIZ &
Exsmple: 1 Kt Exploeion at Sea Lewel

The probler rust bte divided into zomos and regions and initial valuss
must be asaigned %o x, u, e, end density (1/v) for each zoms. It is
convenient to divide this problem imto three uniform regions as shown in
ths figuxe below: the firsball, a rogiom of fine szcmes for the shockwave
to nove into, apd an outermost extensive xegion of coares somes which will
bs subdividsd into fins sonea &s the shockwave moves ouf.

Equation (6) gives a fireball radius of R,= 4.251 msters. Equation
(8) givos ons meter as & suitable zoms sise in the fins sons region. Let
thexe b ton fino zonss per cosrse zome and uge 30 fins sonss. Then region
2 i3 30 moters thick and the radiue of ita outer boundary is 34.251 maters.
Tho large sones in the third regiom ere 10 meters thick. Using 200 of them
would give & problem boundaxy of 2034.251 msters, which is far enough to
contain the phenomana of intersat. Theese nusbers need not be so exact;
35 petors and 2000 masters are close enough.

The initial internal energy in the firebsll, from squation {7), is
1.062x1014 erg/gram. Ths interngl energy of the embient eir, cslculatsd
from e = pv/(¥-1), is 2.068x107 erg/gran.

4 sactor of this problen appears as follows:

fixed outer

boundary of
problen

(Fine air zones)

(Coarse air zones)

A-l
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THE DATA FOR THIS PROBLEM MIGHT BE AS FOLLOWS-

CARD 1
CARD 2
CARD 3 NPROB
K
MURIN
MUREX
IMAX
I1ARDC
INTAPE
INCODS
NQUIT
NPR
NTAPE
JCALC
CARD 4 KOUT2
KOUT2A
Kourae
KQUT3
KOUT3A
KCUT4
KREZ1
KREZ2
KREZ3
KREZ3A
KREZ38B
KREZ4
CARD 5 NC(12)
NC(11)
CARD 6 NC(13-24)
NC(17)

CARD 7A 11

NEQST (1)
GAMMAI (1)
NZONES(1)
ouTBDY (1)
EINIT(1)
VINIT(1)
DINIT(1)
CINQ(L)

AINQ(1)

ZONING(1)

WUNDY CODE CALCULATION FOR 1 KT AT SEA LEYELe

UeSeNeOel e 3-1-65 1 KT AT SEA LEVEL.
1160 (ARBITRARY PROBLEM NUMBER)
3 (SPHERICAL GEOMETRY)
2 (ORIGIN IS FIXED}
2 (OUTER BOUNDARY OF PROBLEM IS FIXED)
3 ({(THREE REGIONS)
0 (ARDC ATMOSPHERE NOT USED)
0 (NO DATA INPUT FROM TAPE 18)
0 (NO EXTRA DATA INPUT FROM CARDS)
4000 (STOP PROBLEM AT CYCLE 4000)
50 (PRINT AFTER EVERY 50 CYCLES)
0 (DO NOT WRITE TAPE 18)
20 (START WITH ONLY THE FIRST 20 ZONES ACTIVE)
4 (USE 8 POINTS TO GET EXTRAPOLATED PRESSURE)
10 (STORE SHOCK FRONT DATA EVERY 10 CYCLES)
C (NO INTERACTION BETWEEN OUTZ AND 0QOUT3)
4 (GATHER P-T DATA AT & DISTANCES,s S(l1-4))
10 (GATHER P-~T DATA EVERY 10 CYCLES)
4000 (PUNCH CONTINUATION CARDS AT CYCLE 4000)
0 (REZ1 NOT USED)
0 (REZ2 NOT USED)
10 (USE 10 FINE ZONES PER COARSE ZONE)
30 (USE A TOTAL OF 30 FINE ZONES)
41 (OUTER INTERFACE OF LAST FINE ZONE)
2 (REDUCE REGION 1 TO 2 ZONES AT TIME TREZO)

1

ALL
1

1

ALL ZERO EXCEPT-

(PRINT OVERPRESSURE RATHER THAN ABSOLUTE PR)

ZERO EXCEPT~
(PRINT INTEGRAL OF D(DX) RATHER THAN ZONE MASS)

(DATA FOR REGION 1 FOLLOWS)

2 (USE REAL AIR EQUATION OF STATE, EQS2)
le4 (NOT USEDe EQS2 COMPUTES GAMMA FOR EACH ZONE)
10 (USE 10 ZONES IN THE FIREBALL)
42541 (OUTER RADIUS OF REGION 1)
1e062E+14 (INTERNAL ENERGY OF MATERIAL IN REGION 1)
Oe (START WITH ALL FIREBALL ZONES AT REST)
«001225 (USE AMBIENT SEA LEVEL DENSITY)
2.0 (THE CHOICE OF CINQ AND AINQ IS AN ARTe THESE
0.2 VALUES HAVE GIVEN SATISFACTORY RESULTS)
Oe (USE ZONES OF UNIFORM WIDTH)
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CARD 78 11 2 {DATA FOR REGION 2 FOLLOWS)

CARD

CARD

CARD

CARD

CARD

CARD

CARD

7C

10

11

12

13

NEQST(2) 2 (USE REAL AIR EQUATION OF STATEs EQS2)
GAMMAI(2) 1le4 (NOT USED)
NZONES(2) 30 (USE 30 ZONES IN THE FIRST AIR REGiON)

ouTBDY(2) 3500 (OUTER RADIUS OF REGION 2 IS 35 METERS)
EINIT(2) 2.068E+9 {ENERGY OF AMBIENT SEA LEVEL AIR)}
UINIT(2) Oe (START AT REST)

DINIT(2) «001225 {SEA LEVEL AMBIENT DENSITY)
CINQ(2) 240
AINQ(2) 0.2
ZONING(2) O

SAME AS CARD 78 EXCEPT-

Il 3 (DATA FOR REGION 3 FOLLOWS)

NZONES(3) 200 (USE 200 ZONES IN REGIOWN 3)

QUTBDY(3) 24E+5 ({CUTER BOUNDARY OF PROBLEM IS AT 2000 METERS)

COSPHI Os (NOT USED SINCE I1ARDC=Q)

HOBKM 0« (CENTER OF EXPLOSION 15 AT SEA LEVEL)

WK1 Oe (NOT USED)

BLANK1 Oe (NOT USED)

BLANK?Z2 0« (NOT USED)

ZONSI2Z Oe (NOT USED)

T O¢ (START WITH TIME=0,)

TREZO «01 (REDUCE REGION 1 TO 2 ZONES AT 401 SECOND)
DTMIN(2) 0« (USE BUILT-IN VALUE OF 1.E~10 SECONDS)
DTRATE Oe (USE BUILT~IN VALUE OF l.4)

STABIL 0« (USE BUILT-IN VALUE OF 0.801)

ucuT 0» (USE BUILT~IN VALUE OF 1.E-8 CM/SEQ)
TLIST(1-6) ALL ZERO (PRINTING IS CONTROLLED BY NPR)

S(1) 1800 (COLLECT P-T DATA AT 18, 38y 90+ AND 250 METERS)
St2) 3800,

S(3) 9000

St4) 25000

S(5) Os (NOT USED)

S(6) Os (NOT USED)

5(7-12) ALL ZERO (NOT USED)

BLANK EXCEPT FOR 0 IN COLUMN 5 (NO MORE PROBLEMS FOLLOW)

e AR e g YA e o

et i o e =

syt s A enen w e

O

e e AT P T =
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THE DATA CARDS FOR THIS PROBLEM MIGHT APPEAR AS FOLLOWS-

3DATA
WUNDY CODE CALCULATIOM FOR 1 KT AT SEA LEVEL.

UaSeNReOoloe 3-1-65 1 XT AT 5EA LEVEL.
1166 3 2 2 3 0 0 0 4000 50 0 20

& 10 0 4 10 4000 0 0 1¢ 30 41 2

0 0 0 o) 0 0 0 0 0 0 i 0

0 0 0 0 ) 0 0 0 0 ¢} 0 0
1 2 Ted 10 442510042 1.0620+14 Oe 1422500~3 2e Y4
2 2 le4 3¢ 3500e¢ 2+06800+9 Oe¢ 122500-3 20 2
3 2 leh 200 2400000+5 20678649 Os 1e22500-3 2s o2

Oe Da Qe Qe O O

Qe 201 D Ce Qe De

GCoe Oe Co Co Qe Qo

18G0. 3800, 90G0. 250000 Oo Oe

Qe e Oe Qe Ce Qe

0

THE RUNNING TIME FOR THIS PROBLEM IS 20 MINUTES CN AN IBM 7090

R VPR

<,

Oe
Os
Qe
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Soms of the posaible modifications of this problem are as followa:

1)

2}

EINIT

The program will calculats its owm fireball internel emergy if
(1§ao. and VET is positive (here, WKT=1.).

To caloulets upward from ths explosion rather than horizontally, sat
JARDC=2 to order ths ARDC subroutine to provide the amblent conditions
in regions 2 snd 3 and set COSPHI=l. to indicate sn upward ray. To
cslculate upward at a 45 degres angle, set COSPHI=,707, atc. The ARDC
subroutine can of course bs used for homogeneous rms, if desired., If
IARDC were 2 in section 1) above, EINIT(2), EINIT(3), DINIT(2), and
DINIT(3) would be supplied by ARDC and could bs zero in the input carda.

3) To calculate downward from 1 KT at 20 km altitude of burst, set

4)

WKT=1., IARDC=2, COSPHI=-1., and HOBKM=20,

I£ taps 18 was writtsn during a problem (e.g., setting NTAPE=500
to cause a record tc be written every 500 cycles) the problem cen be
continued later from any record of this taps. Use the sama data cards
as originally used to run the problem except for setting HQUIT to somes
new cycle number to stop on and INTAFE=3 (or whatever record number

is desired).

5} To celculate one megaton rather than one kiloton, change the OUTBDY

6)

velueg and WKT. To use the scaling criteria given here (Sachs scaling)
sinply multiply the OUTBDY walues for oms kiloton by ten. Actually,
for a homogeneous calculation (COSFHI=0.), the 1 KT results could be
used directly for any yisld by applying the proper scaling factors

to all quantities in the output. It is generally more conwenient,
however, to re-run the problem for each different yield. The results
for nonhomogeneity rums (COSPHI non-zero) do pot Sachs scals and each
yield and altituds of burst must be calculated sepsrately.

To caleulate the pressure incident on the ground from an air burst,
proceed as in 3) above but adjust the zoning so OUTBDY(3) equals the
distance to the groumd. The shockwave will reflsct from this rigid
boundary as f rom the ground, but the problem will become meaningless
soon after reflection because the spherical symmetry will force the
shock to converge back on the origin rather than behave as a trus
reflected shock apparently originating from a focus beneath the
ground. Calculation of refiscted shocks and Mach stems would require
& two-dimensional code.
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APPENDIX B
LISTINGS FOR WUNDY HYDROCODE

GLOSSARY OF DIMENSIONED QUANTITIES

REGION INDEXs RUNS FROM 1 10 30 OR 31
ZONE INDEX» RUNS FROM 1 TO 300 OR 301
NORMALLY READ IN AT START OF PROBLEM
NOT NORMALLY READ IN BUT CAN BE READ FROM CARDS BY GENSUB

COEFFICIENT IN LINEAR ARTIFICIAL VISCOSITY TERM
ARBITRARY LETTERING TO BE PRINTED AT STARTe.

ALIST(12~24) ARBITRARY LETTERING TO BE PRINTED ON EVERY OUTPUT CYCLE.

B8(J)
CtJ)
CING(D)
D(J)
DINITID)
DTMINIL)
(2)
(31
DTZJLI
DUDT(J)
DUMMY ( J)
OWAS(J)
E(J)
EINIT(I)
EINTC(I)
EKIN(Y)
ENTOT(I])
EWAS(J)
F(J)
GAMMATI (1)

GAMMA U J)
GRAMS (J)
INTERJ(T)
JINCGI)
NC(1-24)
NC(1)
NC(2)
NC(3)
RC{4)

NC(5)

NC(6)
NCt(T3

NOT USED.

NOT USED.

COEFFICIENT IN QUADRATIC ARTIFICIAL VISCOSITY TERM.

DENSITY (G/CC)o

INITIAL VALUE OF D FOR ALL ZONES IN REGION 1

TIMESTEP CENTERED AT TIME N-1/2

TIMESTEP CENTERED AT TIME N+1/2 o

TIMESTEP CENTERED AT TIME N

TIME STEP ASSOCIATED WITH ZONE Je

ACCELERATION OF INTERFACE J.

AUXILIARY VARIABLEs USED BY GENR WHEN READING CARDS.

VALUE OF D(J) AT PREVIOUS TIME STEP.

INTERNAL ENERGY OF ZONE J (ERGS/GRAM).

INITIAL TOTAL INTERMAL ENERGY OF REGION 1

TOTAL INTERNAL ENERGY OF REGION I

TOTAL KINETIC ENERGY OF REGION 1

TOTAL ENERGY (INTERNAL + KINETIC) OF REGION I

INTERNAL ENERGY E(J} AT PREVIOUS TIME STEP.

NOT USED.

GAMMA FOR REGION . IF GAMMAJ 1S CALCULATED FOR EACH

ZONE BY EQSTs IT SUPERCEDES GAMMAIL.

GAMMA FOR ZONE Js (EQUATION OF STATE CONSTANT).

MASS OF ZONE J (GRAMS).

NUMBER OF THE INTERFACE FORMING INNER BOUNDARY OF REG .

AUXILIARY VARIABLEW USEV BY GENR WHEN CARDS ARE RtAD.

LOGICAL FLOW CONTROL VARIABLESs NORMALLY ZERO,

=1 LIMIT THE RATE OF Q GROWTH (VERY RARELY USED).,

NOT USED.

NOT USED,

= SUPPRESS ENERGY CHECKe FOR USE IN PROBLEMS WHERE
ENERGY IS NOT CONSERVED (teGes MOVING PISTONS)e

=1 LEAVE QUT GRAVITY TERM (FOR TESTING SIZE OF GRAVITY
EFFECT ON NONHOMOGENEITY PROBLEMS).

=1 PRINT NC(6) TIMES PER DECADE IN TIMt,

=1 USE SPECIAL Q (FOR PROBLEMS WITH SEVERE MOTIONS NEAR
THE ORIGIN)»

(G/CCle
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NC(8) =1 SUPPRESS TRIGGERING OF REZ3 ON P CHANGE,

NC(9}) =0 PUT 0UTZ2 OUTPUT ON TAPE 6. =22 TAPE 26.

NC(10) =0 PUT QUT3 QUTPUT ON TAPE 6. =29 TAPE 26,

NC(11) = PRINT OVERPRESSURE RATHER THAN ABSOLUTE PSle
NC112) =] DUMP THE MEMORY CORES AFTER PROBLEM IS DONE.
RC(13) = CALL SUBROUTINE FIXX EVERY CYCLE.

NC(14) =0 PUT REZONING COMMENTS ON TAPE 6. =2, ON TAPE 26,
NC(15) = USE NC(15) STEPS OF ONE CYCLE IN OUT3.

NC(16) =1 PRINT BEFORE AND AFTER EACH TIME REZ3 IS USEDe
NCL1T) = PRINT CUMULATIVE GRAMS/SQ CM INSTEAD OF PDYN.
NC(18) = DO NOT CARRY MAX Q SEARCH IN OUTZ INTO REGION NC{1l8le
<(19) =1 PRINT LIST OF ALL TAPE 18 QUTPUT,

NC{20~24) NOT USED.
NC(25-40) INTERNAL FLAGS FOR LOGICAL FLOW CONTROL.

NC(25) =] CALCULATE ONLY THE TIMESTEP IN HYDR (RARELY USED),
NC(26) NUMBER OF ACTIvi. LOCATIONS IN OUT3,
NC(27) NOT USED.

NC(28-40) NOT USED.

NEQST (1) NUMBER OF EQUATICON OF STATE TO BE USED IN REGION 1.
NZONES(I) NUMBER OF ZONES IN REGION 1.

ouTBDY(I) INITIAL X-COORDINATE OF OUTER INTERFACE OF REGION l.

P(J) PRESSURE BEFORE Q HAS BEEN ADDED (DYNE/SQ CM)e
PDYN(J) DYNAMIC PRESSURE (PSI)s

PQ{J) PRESSURE (MEGABARS) =P(J)+Q(J)

PSI(J) PQ(J) IN PSI UNITS.

PWAS(J) VALUE OF P(J) AT PREVIOUS TIME STEP,

Q(J) ARTIFICIAL VISCOSITY CONTRIBUTION TO PRESSURE

S{L) SPARE INPUT QUANTITIESe OUT3 USES SOME AS DISTANCES
SOUND(J) SOUND SPEED IN ZONE J.

TEMP(J) TEMPERATURE (KELVIN).

TLIST(1-8) PRINTING TIMESs RARELY USEDe USUALLY=0.
PRINT EVERY TLIST(1l) SECONDS UNTIL TLIST(2)5 IS REACHED,
THEN PRINT EVERY TLIST(3) UNTIL TLIST{4) IS REACHED, AND
THEN STOP THE CALCULATION. WRITE TV TAPE EVERY TLIST(5)
SEC UNTIL TLIST(2) AND EVERY TLIST(6) THEREAFTER.

ued) INTERFACE VELOLITY (CM/SECOND)

UINIT(]) INITIAL VELOCITY OF ALL INTERFACES OF REGION 1.
X(J) COORDINATE OF INTERFACE (CM)e

XAV(J) COORDINATE QOF CENTER OF ZONE (CM),

Y(J) NOT USED.

Z(J) Z(1-30) ARE READ IN BUT NOT PRESENTLY USED,.

ZONING(I) TYPE OF ZONING IN REGION 1.
=0e USE ZONES OF EQUAL WIDTH THROUGHOUT e
=POSITIVE. LET THE RATIO OF SIZE OF OUTERMOST ZONE TO
INNERMOST ZONE IN 1 BE ZONING(I) AND FILL I WITH ZONES OF
GEOMETRICAL PROGRESSION IN WIDTH.
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GLOSSARY OF NON~DIMENSIONED QUANTITIES

= NORMALLY READ IN AT START OF PROBLEM

AREA

BLANK1
BLANK2
BLANK3
COSPHI

DTRATE
EINSUM
EKSUM
ESTART
ETOTAL
GACCEL
HOBKM
i
IARDC

I1DENT
IMAX
INCODS

INTAPE
J
JCALC

JCALCL
JCALC2
JOT
JLAST
JLAST1
JMAX
JMIN
JMH
JPH
JUTEST
K

KOuT2
KOUT2A
KouT28

AREA OF INTERFACE J (SQUARE CEMTIMETERS)«

NOT USED.

MOT USED.

NOT USED.

COSINE OF ANGLE GIVING DIRECTION OF RAY BEING CALCULATED,

MEASURED FROM ZENITHe +1le FOR UP, Qe FOR HORIZONTAL,

-le FOR DOWN, ETCe USED FOR MULTIPLYING GRAVITY TERM In

NONHOMOGENEOUS ATMOSPHERE CALCS FOR GETTING ZONE ALTITUDE.

RATE AT WHICH TIMESTEP IS ALLOWED TO BUILD UP (USUe leé)oe

TOTAL INTERNAL ENERGY IN ENTIRE PROBLEM,

TOTAL KINETIC ENERGY IN ENTIRE PROBLEM.

TOTAL ENERGY IN ENTIRE PROBLEM AT BEGINNING (ERGS).

TOTAL ENERGY IN ENTIRE PROBLEM AT CURRENT TIME (ERGS).

COMPONENT OF GRAVITY ALONG RAY BEING CALCULATED(CM/SECSQ).

ALTITUDE OF CENTER OF PROBLEM (KILOMETERS)

REGION INDEXs RANGES FROM 1 TO IMAX.

SET UP WITH ARDC ATMOSPHERE IN REGIONS IARDC TO IMAX.

=0 DO NOT USE ARDC AT AlLL,

USED FOR IDENTIFYING SUBROUTINES WHEN BEGINNING FROBLEM,.

NUMBER OF REGIONS IN PROBLEM (UP TO 30).

=0 NO EXTRA DATA CARDS TO BE READ IN GENRe

=1 READ TYPE | CARDS.

=2 READ TYPE II CARDS.

READ INITIAL CONDITIONS FROM RECORD INTAPE OF TAPE 18.

ZONE INDEX. USED IN SEVERAL PLACES.

NUMBER OF LAST INTERFACE CURRENTLY BEING CALCULATED IN EACH

SWEEP, EVERYTHING BEYOND JUCALC 1S ASSUMED 7O BE INACTIVE,

=JCALC~1

=JCALC~2

INDEX OF ZONE CONTAINING SMALLEST TIME STEP.

NUMBER OF THE LAST INTERFACE IN THE PROBLEMe (UP TO 301}

=JLAST-1

OUTER INTERFACE OF LAST ZONE OF REGION BEING CALCULATED.

OUTER INTERFACE OF FIRST ZONEt OF REGION BEING CALCULATED,

INDEX OF CENTER OF ZONE WHOSE OUTER INTERFACE IS Je

INDEX OF CENTER OF ZONE WHOSE INNER INTERFACE IS Je

SOME INTERFACE OUTSIDE THE INITIALLY ACTIVE REGION.

PROBLEM SYMMETRY.

=1 PLANE

=2 CYLINDRICAL

=3 SPHERICAL

=0 DO NOT CALL OUT2e (USUALLY 4 WHEN QUTZ IS USED.)

=L PREPARE A LINE OF SUMMARY EVERY L-TH CYCLE.

==1 READ IN TRAJECTORY DATA RXsRYsSPEED IN OUT3,

=0 USE S(L) LIST AS R(L) DISTANCES IN OUT3,

=L (1 TO 8) LET OUT2 LOCATE FOR OUT3 THE R(L) WHEREL DESIRED
OVERPRESSURE LEVELS S(L) OCCUR AND LET CUT3 ACCUMULATE
P-T DATA AT THESE DISTANCES.
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KOuT3

KOUT3A
KOUT4
KREZ1
KREZ2
KREZ3
KREZ3A
KREZ 38
KREZ4

KUTOFF
L
MAS

MUREX

MURIN

N
NCYCLE
NDOALL
NGEOM

NPR
NPRINT
NPROB
NQST
NQUIT

NRECRD
NTAPE

NWRITE
STABIL
T
TREZO
ucuT

usae
voL
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NUMBER OF DISTANCES (OR OVERPRESSURESs IF NC(8) POSITIVE)

IN OUT3e OUT3 IS NOT USED IF KOUT3=Q,

STORE A LINE OF DATA FOR EACH DISTANCE EVERY KOUT3A CYCLESe

=] USE OQUT4.

=1 USE OUT1,.

=l USE REZ2 BEGINNING WITH REGION L.

=0 OMIT REZ3. =L USE L FINE ZONES PER LARGE ZONEe

= TOTAL NUMBER OF FINE ZONES.

J INDEX OF INTERFACE BOUNDING OUTERMOST FINE ZONEs

=0 DO NOT USE REZ4s IF NON-ZERC, REDUCE REGION 1 TO KREZ4
ZONES WHEN TIME TREZO IS REACHED.

=] TROUBLEe PRINT AND THEN STOP THE PROBLEM,

GENERAL SUBSCRI1PTs USED IN MANY PLACES.

=0 NORMAL PRINTOUT,.

=] PRINT ZONME MASSES INSTEAD OF DYNPS! (USED INITIALLY
AND AFTER REZONING).

TYPE OF QUTER BOUNDARY {INTERFACE JLAST) ON PROBLEM,

=] FREE SURFACE.

=2 RIGID wALL.

=3 BOUNDARY MOTION TO BE SPECIFIED BY SUBROUTINE 80Y2.

TYPE OF INNER BOUNDARY (INTERFACE 1) ON PROBLEM.

=] FREE SURFACE.

=2 RIGID wALL,

=3 BOUNDARY MOTION TO BE SPECIFIED BY SUBROUTINE BDYl.

NOT USED.

CYCLE NUMBER. EACH CYCLE IS ONE COMPLETE SWEEP THRU MESH.

=] CALCULATE ALL ZONES WHETHER ACTIVE OR NOT.

SPECIFIES WHAT IS WANTED FROM SUBROUTINE GEOM {QeVe)e

=1 CALCULATE AREA, =2 CALCULATE VOLUME,

PRINT OQUTPUT EVERY NPR CYCLES {(USUALLY ABOUT 25).

=] FORCES PRINTING AFTER CURRENT CYCLE.

ARBITRARY PROBLEM NUMBER.

=NEQST (I,

TERMINATE THE PROBLEM WHEN NCYCLE REACHES NQUITe.

{WUNDY WILL DO ABOUT 2000 CYCLES FOR 40 ACTIVE ZONES IN

ABOUT 10 MINUTES ON THE 7090)

NUMBER OF RECORD ON TAPE 18, (1=FIRST RECORDs ETCe)e

WRITE TAPE 18 EVERY NTAPE CYCLES (USUALLY 500)

=0 DO NOT USE TAPE 18,

FORCES WRITING OF TAPE 18 AFTER CURRENT CYCLE.

STABILITY CONSTANT (USUALLY ABOUT 0e8)e

CURRENT TIME (SECONDS).

CALL REZ4 WHEN TIME TREZO 1S REACHED,

SET ALL INTERFACE VELOCITIES LESS THAN UCUT EQUAL TO 0.

USE UCUT=1,E~2 IF UCUT=0e IN THE INPUT.

SQUARE OF INTERFACE VELOCITY,.

VOLUME OF ZONE BOUNDED BY INTERFACES J AND u-1

g,
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WKT

ZONS12

MAIN
GENR
HYDR
OUT1
oUT2
QUT3
oUT4
REZ1
REZ2
REZ3
REZ4
ARDC
GEOM
EQST
EQS1
EQS2
£EQS3--12
BDOY1
BDYZ2
FIXX
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FIREBALL ENERGYs KILOTONSe IF THIS IS NON-ZEROs PROGRAM
SUPPLIES VALUES FOR ANY OF THE FOLLOWING IF THEY ARE
ZERO IN THE INPUT~~
NZONES(1-3)0UTBDY ({1~3) s TREZOsDINIT(L) »EINIT(L1)

AMBIENT ZONE SIZE (METERS) FOR 1 KT AT SEA LEVELs USED
BY PROGRAM WHEN IT SETS UP ITS OWN ZONING BY SACHS
SCALINGe (PROGRAM USES o5 IF ZONSIZ=0s)e

LIST OF SUBROUTINES

HANDLES MAIN LOGICAL FLOW.

READS INPUT AND INITIALIZES THE PROBLEM,.

COMPUTES HYDRODYNAMIC MOTIONS AND NEXT TIMESTEP.
PRINTS NORMAL OUTPUT ON TAPE 6 AND WRITES TAPE 18
ACCUMULATES DATA ON MAIN SHOCK FRONT POSITIONs ETCe
ACCUMULATES PRESSUREs ETC VS TIMt DATA AT FIXED POSITIONS,
PUNCHES CARDS FROM WHICH THE PROolLtM MAY BE CONTINUED.
REMOVES EXCESSIVELY COMPRESSED ZONESe

EXPANDS RANGE OF PROBLEM oY FACTOR OF TwWOe

KEEPS FINE ZONES IN SHOCKe

REZONES FIRST REGION AT TIME TREZOe

CONTAINS ARDC MODEL ATMOSPHERE.

DESCRIBES PRObLEM GEOMETRY.

CONTROLS ACCESS TO EQUATIONS OF STATE.

EQUATION OF STATE FOR GAMMA LAW GASy E=PV/(G=1l).
APPROXIMATE EQUATION OF STATE FOR REAL AlRe

RESERVED FOR OTHER EQUATIONS OF STATE.

SPECIFIES MOTION OF INNER INTERFACL.

SPECIFIES MOTION OF OUTER INTERFACE.

USED FOR MAKING SPECIAL CHANGES DURING A RUN,

NOT INCLUDED IN THESE LISTINGS.

UNUSED SUBROUTINES MAY BE REPLACED BY DUMMY DECKSy EaGes

$IBFTC BDY2

LIST4REF

SUBROUTINE B0OY2
NULL=0
RETURN

END
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STANDARD COMMON STATEMENT

COMMON AINQ(30} sALIST(26) +B(300) +C{300)
1,CING(30) 20(300} sDINRIT(30) »DTMIN(3} »0TZJ4¢300)
2+0UDT(301) »DUMMY(301) »DWAS(3005 +E(300! sEINIT(30)

3+:EINT(30) sEKIN(30) +ENTOT(30) +EWAS(300) sF(300)
49GAMMATI (3057 +»GAMMAJ(300)9GRAMS(300) »INTERJ(31) +JIN{301)

5sNC(40) sNEQST(30) JNZONES(30) »QUTBDY(30) sP{300)
6+POYN(300) »PQ(300} sPSIL300) sPWAS(300) +Q(300)

T951(24) s SOUND(300Q) +TEMP(300) #TLIST(8) sU(301)
82UINIT(30) +X(301) s XAV(300) sY(301) 92(301)9ZONING(30)
COMMON AREA +BLANK] BLANKZ29BLANK3sCOSPHI sDTRATE +EINSUMEKSUM
1sESTART+ETOTAL s GACCEL yHOBKM 51 » IARDC +IDENT oIMAX »INCODS
23 INTAPE»J o JCALC »JCALC19JCALC245JDT s JLAST HJLAST1 o JMAX
39JMIN s JMH » JPH s JUTEST K sKOUTZ »KOUT2A,KOUT2E »KQOUT3
4oKOUT3AKOUTS +KREZ1 sKREZZ2 +KREZ3 oKREZ3A4KREZ3ByKREZ3C 4KREZ4
5sKUTOFF oL 2 MAS yMUREX o+MURIN oN oNCYCLE s NDOALL s NGEOM
6 9 NPR sNPRINTNPROB oNQST sNQUIT +NRECRDSNTAPE #NTVRECHINWRITE
TsSTABIL,T »TREZO sUCUT sUSQ s VOL sWKT sZONS12
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20

22

25
26
27

28
29
30

31

MAIN PROGRAM

LISTHREF DD
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NOL ONE-DIMENSIONAL HYDRODYNAMIC CODE,
THIS PROGRAM IS SET UP FOR CM~GRAM-SECOND UNITS.

INSERT STANDARD COMMON CARDS BEFORE COMPILING

IDENT=0
CALL GENR

BEGIN IDENTIFICATION SECTION.

WRITE(6+5)

FORMAT(40HIMAIN PROGRAM

IDENT=1

CALL GENR

CALL HYDR

CALL QUT1
IF{KOUT24GT&0)
IF(KOUT3.GT40)
IF(KOUT44GT.0)
IF(KREZ14GT+0)
IF(KREZ24GT40)
IF(KREZ34GT«0)
IF(KREZ44GT40)

IF(NC(13)eGTe0) CALL FIXX

CALL GEOM
DO 22 I=1,IMAX
NQST=NEQST(I)

CALL EQST
CONTINUE
IDENT=0

CALL
CALL
CALL
CALL
CALL
CALL
CALL

ouTte
ouT3
QUT4
REZ1
REZ2
REZ3
REZ&4

VERSION

END IDENTIFICATION SECTION.

PRINT INITIAL CONDITIONS.

NPRINT=1
MAS=1
CALL QuT1

BEGIN MAIN CALCULATION LOOP.

CHECK IF PROBLEM IS COMPLETED YET.
IF(TeGESTLIST(4)) GO TO 50

IFINQUIT)Y 50928427
IF(NCYCLE.GE«NQUIT) GO TO 50

STOP PROBLEM IF ZERO TIMESTEP OCCURS.
IF(DTMIN(2)eGTcOe) GO TO 31

WRITE(6+30)

FORMAT (18HOTIMESTEP 1S BAD.

GO TO 50

T=T+DTMIN{2)

NCYCLE=NCYCLE+1
CALL HYDR

)

3

3~ 1-65
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50
51

57
58

59
63
60
61

62
99
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CALL OUT1 HAIN
RESET CALCULATE-EVERY-ZONE-REGARDLESS INDICATORe.
REMOVE THE FOLLOWING STATEMENT [F ALL ZONES ARE TO BE CALCULATED
THROUGHOUT THE PROBLEM.
NDOALL=(
IF(KOUTZ2.GT.0) CALL OUT2
IF(KOUT3.GT20) CALL OUT3
IF{KOUT4.GT-0) CALL 0UT4
IF(KREZ1.GT40) CALL REZ1
IF(KREZ2+GT+0) CALL REZ2
IF(KREZ3.GT.0) CALL REZ3
IF(KREZ4+GT40) CALL REZ4
IFINC(13).6Te0) CALL FIXX
GO T0O 25
END MAIN CALCULATION LOOP

WRITE(6451) *
FORMAT (40HO NORMAL END REACHED IN MAIN ROUTINE )
NPRINT=1
NWRITE=1
CALL 0OuTl

SETTING NQUIT NEGATIVE CAUSES FINAL PRINTOUTS.
NQUIT=~]
IF(KOUT2.GT.0) CALL 0OUTZ2
IF(KOUT3.GT.0) CALL 0OUT3
IF(KOUT4,GT«0) CALL QUT4
IF(NC(13).GTe0) CALL FIXX

WRITE END-OF-FILE ON TAPE 26 (1F USED).
IF{NC(9)eEQe2sCReNC(10)0EQe2) END FILE 26

PRINT TERMINATION CONDITIONS.

WRITE(6+58) *
FORMAT(33H1PROBLEM CONDITIONS AT END OF RUN)

WRITE(6+59) IMAXsKREZ3By JCALCHNRECRD *
FORMAT({6HOIMAX=124+10H KREZ3B=1310H JCALC=13410H NRECRD=[3)
WRITE(6+60) (NZONES(L) oL =15 IMAX) *
WRITE(6363) NCYCLEST *
FORMAT (BHONCYCLE=1548H TIME=1PE1ll4+3)

FORMAT { BHONZONES=1514)

DO ANOTHER PROBLEM IF NEXT=1
READ(5462) NEXT *
FORMAT (15
IFINC({12)eGTo0) CALL PDUMP(AINQ({1)9+20NSIZ91+AINQ(L1)9ZONS1Z52)
IF{NEXT+EQsl) GO TO 1
sTOoP

END

o v e oy e i
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$IBFTC GENR LISTHREF
SUBROUTINE GENR
C INPUT GENERATOR GENR
C
RRBRE INSERT STANDARD COMMON CARDS BEFORE COMPILING LA L
C

1 FORMAT{12A6)

2 FORMAT(1215)

3 FORMAT{129139F6e391494E104593F542)

4 FORMAT(6El10Qe4)

5 FORMAT(53H1 PRINTOUT OF INITIAL CONSTANTS )

6 FORMAT(1HO+12A6)

8 FORMAT(96H0 NPROB K MURIN MUREX IMAX [ARDC INTAPE
1 INCODS NQUIT NPR NTAPE JCALC )

9 FORMAT(1218)
10 FORMAT(96HO0 KOUTZ KOUTZ2A KOUT2B KOUT32 KOUT3A KOUT4 KREZ1
1 KREZ2 KREZ3 KREZ3A KREZ3B KREZ4 )
11 FORMAT(96HC NC(1) NC(2) NC(3) NC({4) NC(5) NC(6) NC(7)
1 NC(8) NC(9) NC110} NC(11l) NC(12))
12 FORMAT(96HO NC(13) NC{1l4) NC{15) NC(16) NC{17) NC(18) NC(19)
1 NC(20) NC(21) NC(22) NC(23) NC(24))

13 FORMAT(105H01 NEQST GAMMA NZONES ouTsbY EINIT
1UINIT DINIT CINQ AINQ ZONING )

14 FORMAT(I129179FT7e3518+1P4EL4e590P3F64e2)

15 FORMAT(S6HO COSPHI HOBKM WKT BLA
1NK1 BLANK2 ZONSI2 )

16 FORMAT(96HO T TREZO DTMIN(2) DTR
1ATE STABIL ucuTY )

17 FORMAT(1P6E1645)

18 FCRMAT(10HOS(L) LIST)

19 FORMAT(1SHOPRINTING TIMES)
20 FORMAT(5(I49E1043))

C
IF(IDENTeNEs1) GO TO 30
28 WRITE(6+29) *
29 FORMAT(40HOSUBROUTINE GENR VERSION 34 3= 1-65 )
RETURN
C
30 READ(5,41) (ALIST(L)sL=1+12) *
READ(5y1) LALISTI(L)sL=13,24) hd
READ(54+2) NPROB +K sMURIN sMUREX »IMAX »IARDC hd
1 INTAPESINCODSsNQUIT sNPR sNTAPE 4JCALC *
READ(5+2) KOUT2 sKOUTZ2AsKOUT2BsKOUT3 sKOUT3AKOUT4 *
1 KREZ1 »KREZ2 sKREZ3 +KREZ3AWKREZ3BsKREZ4 *
READ(5,42) {NC(L)sL=1412) *
READ(54+2} (NC(L)sL=13+24) #*
READ(5+3) (TTsNEQST(1)9GAMMAT (1) sNZONES(I)»OUTBDY(I)2EINIT(I)y #
1 UINITUD)oDINITCI) 9CINQUI)sAINQITI) 9 ZONINGII) al=1oIMAX)#
READ(S+4) COSPHI sHOBKM s WKT vyBLANK]1 9BLANK24ZONSI2Z *
READ(5,y4) ToTREZOSDTMIN(2) s DTRATE +»STABIL»UCUT *
READ(544) {TLIST(I)s1=1+6) »*

B8-9




[a¥aXa!

aNaXaXnRaNalaXa

NOL TR 62-168

READ(Ss4) (S(L)sb=1ly22) »
KUMBAKX =1
WRITE(645) *
31 WRITE(6+6) (ALIST(L)sL=1412) »
WRITE(646) (ALISTI{L)sL=13,24) *
WRITE(6+8) .
WRITE(6+9)  NPROB oK yMURIN oMUREX sIMAX »1ARDC "
1 INTAPE o INCODS NQUIT oNPR  JNTAPE »JCALC »
WRITE{6+10) *
WRITE(6s9) KOUT2 oKOUT2A KOUT2BoKOUTS »KOUT3A,KOUT »
1 KREZ1 sKREZ2 +KREZ3 ¢KREZ3A;KREZ3B,KREZ24 »
WRITE(6+11) *
WRITE(6+9) (NCIL) oL=21,12) %
WRITE(6+12) »
WRITE(6+9) INCIL)sL=13+24) »
WRITE(6313) *
WRITE(6914) {1 sNEQST(1)9sGAMMAI{1)sNZONES(1)+sOUTBDY{I)sEINITII), #
1 UINITCI)sDINITUI) oCINGII) sAINQ(L) s20NINGII) 9l=1yIMAX)®
WRITE(6315) »
PRINT ZERO INSTEAD OF HOBKM AND WKT.
ZERO’“OQ
WRITE(6e17) COSPHISZERO +ZERO »BLANKLsBLANK2+:ZONSIZ *
WRITE(6+16) »
WRITE(6317) ToTREZOsOTMIN{2) sDTRATE »STABIL »UCUT 3
WRITE(6419) »
WRITE(621T) (TLISTIL)»L=196) *
WRITE(64+18) »
WRITE(6+17) (S(L)eL=1412) 2

GO TO (32483)+KUMBAK

MAKE VARIOUS ADJUSTMENTS OF THE [INPUT,
VELOCITIES LESS THAN UCUT WILL BE SET TO ZERO,
32 IF(UCUT.LE«Ds} UCUT=,01
IF{DTMIN{2)eLE«Oe) DTMIN(2)=1eE~10
36 DTMIN(3)=DTMIN(2)/2¢
IF(DYRATEOLE.OO, DTRATE=1.4
IF(STABIL.LE«Do) STABIL=4801
IF{1ARDC.LE.0) IARDC=31

THE SECTION FROM 475 THRU 501 IS USED ONLY FOR AUTOMATICALLY
SETTING UP UNIFORM HOT-AIR~SPHERE EXPLOSION CALCULATIONS.
IT 1S BYPASSED IF WKT=0.
WKT 15 YIELD IN KILOTONS.
ZONSIZ 1S 20NE SIZE FOR 1KT/SL AND IS ABOUT 5 TO 1.
THE FOLLOWING SECTION (475 THRU 501) REPLACES ZEROES IN NZONES,
ouTBDYs EINIT,y AND DINIT(1) BY SACHS SCALED VALUES.
475 IF(WKT+LE«Os) GO TO 50
479 HOBCM=HOBKM#1,E+5
CALL ARDC(HOBCMyPRATIO»TRATIOSDRATIO)
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THIRD=14/3, GENR

RSCALE=(14/PRATIO) #%#THIRD

WSCALE=WKT%x#THIRD

EAMB=zPRATIO*1401325E+6/(DRATIO#] ,225E-3%,4)

IFLZONSIZoLEeDe) ZONSIZ=45

ZS1Z2E=ZONS12%100»*RSCALE#WSCALE

IF(OUTBDY(1)eLEWDe) OUTBDY(1)=4254 1 #RSCALE®WSCALE

IF{NZOMES(1)eLEWQ) NZONES(1)=10

IF{NZONES(2)+LELO) NZONES(2)=30

IN2=NZONES(2)

IFIOUTBDY(2)oblEeQe) OUTBDY(2)=ZS12E%#ZN2+0UTBDY{ 1)

NZ3LIM=299-NZONES(1)~-NZONES(2)

IF{NZONES(3)1eGTe0) GO TO 4890

NZONES{3)1=NZ3LIM

GO T0O 490

IF(OUTBDY(3)+GTe0e) GO TO 496

IN3=NZCNES(3)

INELL=KREZ3

DX3=2S1ZE#ZNELL

IF{OUTBDY(3)+GTe0e) GO TO 492

OUTBDY(3)=DX3#2ZN3+CUTBDY{(2)

GO TO 496

SIZE3=0UTBDY(3)}~-0UTBDY(2)

NZ3=S12E3/DX3

IF(N23.LENZ3LIM) GO TO 496

NZONES(3)=NZ23

WRITE(64495) NZ3sNZ3LIM »

FORMAT{33H REGION 3 HAD TO BE ADJUSTED FROMsI&4,3H TOs6H ZONES)

IF{TREZO«LEWsOe) TREZO=4QL#RSCALE#*WSCALE

IF(DINITE(1)eLEwQe) DINIT(L)=DRATION,001225

IF(EINIT(1)eGTe00) GO TO 50

EINIT(1)=WKT*4,185E19/(4,1887902%0UTBDY(1)*##3%#DINIT(1)) +EAMB
END SPECIAL INPUT CALC SECTION.

LEAVE OUT GRAVITY IF NC(5) IS POSITIVE.
GACCEL=0.
[IFINC(5)eLEe0) GACCEL=COSPHI*¥9804616
DO 54 L=25,40
NCiL)=0
NCYCLE=0

NRECRD=0
JOT=0
XUTOFF=0
FORCE CALC OF ALL ZONES ON FIRST PASS IN HYDR,
NDOALL=1
MAS=1
TFITLIST(1)eEQeOe) TLIST(1)=14E20
IF{TLIST(4)+GTe0e) GO TO 61
DO 60 L=2+6
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TLISTIL)=1.E20
TUIST{7)=T+TLIST(1)

CALCULATE REGION INTERFACE NUMBERS,
INTERJ(1)=]
DO 63 1=1«IMAX
INTERJUI+1)=INTERJ(I)+NZONES(])
CONTINUE

INITIALIZE VARIOUS QUANTITIES.
JLAST=INTERJ(IMAX+])
JLASTLI=JLAST~1
TFLJCALCLER0) JCALC=ULAST
JCALCI=JCAaLC-~1
X{1)=0.

U(1)=0+
Q(1)=D,
DTZJt1)=0.

CALCULATE INITIAL D AND E FOR EACH ZONE

DG 76 1=1,IMAX
JMIN=INTERJ(])+1
JMAX=INTERJ(1+1)
IF(ZONING(1)} 67467465
XIN=0UTBDY(1~-1)
XouUT=0UTBOY (1)
LL=NZONES(])-1

ZLL=tLL
ZONFAC=ZONING(1)#*{1,/72LL)
SUM=1,

TERM=1,

DG 66 L=1:LL
TERM=TERM#*ZONFAC
SUM=SUM+TERM
ZST1ZE=(XOUT=XIN)/SUM
DELFAC=1,

GO TO0 70

DNZONE=NZONESI( 1)
IF{leLELY) GO TO 69
DELX=(OUTBDY(1)~0UTBDY(1-11)/DNZONE
GO TO 70
DELX=(OUTBOY(1)-X(1}))/DNZONE

BEGIN LOOP FOR ZONES WITHIN REGION 1.
DO 75 J=JUMIN,JUMAX
JMH=2J=1
ClJ)=UINIT(])
IF({ZONING(I).LE.O.) GO TO 72
X{J)=X{J=1)+DELFAC*2S]2E
DELFAC=DELFAC®#ZONFAC
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GO T0O 720 GENR

X{J1=X{J-1)+DELX

Q(J)=0.

P{J)=0.

DT2UtU)=0.

IF(1.LT.TARDCY GO TO 74
USE ARDC ATMOSPHERE BEGINNING WITH REGION IARDC

ALTCM=COSPHI#(X{J)+X{J=1)}%:5 +HOBKM#].,E+5

CALL ARDC(ALTCM,PRATIO,TRATIOLDRATIOQ)

DIJMH)=DRATIO*.001225

E{JMH)=PRATIO®*1,01325E6/D{JIMH)/ 44

GO TG 75

DtUMHI=DINITI(IT)

E(UMHI=EINITI(T)

CONTINUE

CONTINUE
BEGIN AUXILIARY INPUT SECTION

IF{INTAPELLF.C) GO 7O 146
READ BINARY TAPE 18 IF INTAPE [S POSITIVE,
START PROBLEM FROM RECORD NUMBER INTAPE OF TAPE 18.

NSKIPA=INTAPE~1

IF{NSKIPALLEsQ) GO TO 81

REWIND 18

DO 80 JJ=1,NSKIPA

READ (18) *

READ (18} *

READ (18) To{DTMIN{L) oL =193) sNCYCLESNRECRD 9 JLAST 9 JCALC 9 JCALCLp #

1 KREZ3B,IMAX.NPROB *

JCALCI=UCALC-]

JUAST1=JLAST~]

READ (181 (NZONES(T) o INTERJUI+1) s 1=19IMAX) o XIJLAST I+ UIJLAST )y #

TUXTLYsUIL)Y9DILYsE(LYsQUL)Y 4yPQUL) 2 TEMPLL ) oDTZU(L) oL =]l yJLAST])
N18=18

WRITE(S2145) INTAPE,N18
113}
READ TYPE 1 CARDS IF [INCODS =1,
IF(INCODS.NEL1) GO TO 199
NAMELIST /LIST1/ BesCoDsDTIMINIDTZJIsDUDT oDUMMY 9D AS yEWEWASsF »
1 INTERJ»JININCINEQSToNZONESsPsPQsPWASsQeTEMPsUsX9Y el

2 BLANK3 4 IMAXyINCODSyJUCALCyJLAST »JUTESTyKREZ38B
3 NCYCLESNPRINT ¢NPROB¢NRECRDNWRITE WY

»
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147 READ(S,L1IST]) #*
GENR
READ TYPE 2 CARDS IF INCODS=2,

199 IF(INCODS,NEJ2) GO TO 810
200 READ(5,201) LaX(L)sULL)oDIL) o E(L) 4Q(L) *
<01 FORMAT(14,4E1447,1€12.5)

IF(L.LT4300) GO TO 200
202 WRITE(6+203) *
<03 FORMAT(38HOINITIAL CONDITIONS READ IN FROM CARDS)

END AUXILIARY [NPUT SECTION

810 KUMBAK=?
WRITE(6+82) *
82 FORMAT(29H1INPUT DATA AFTER ADJUSTE ANTS)
GO TO 31
83 DO 84 L=1,JLAST]
CWAS(L)=D(L)
EWASIL)Y=E(L)
84 CONTINUE

DO 87 1=1,1MAX
1=1
NQST=NEQST(])
JMIN=ZINTERJ(I)+1
JMAX=INTERJ(]1+1)
DO 86 J=JMINyJIMAX
J=J
JPH=U
JMH= -1
85 NGEOM=?2
CALL GEOM
GRAMS (UMH) =D ( UMH ) #VOL
EQST PROVIDES PUIISE(J) s TEMP(J)9GAMMAJ(J) s ANP SOUND(J)
NQST=NEQST ()
CALL EQST
PO(JMH)=P(JMH)+O(JMH)
86 CONTINUE
87 CONTINUE

88 EINSUM=0,
EKSUM=0,
ESTART=9,
DO 90 I=1,IMAX
EINT(1)=0,
EKINEI)=0,
JMIN=INTERJI(1)
JMAX - INTERJ(I+1)-1
DO 89 J=UMIN, UM, X




89

9C

NOL TR 62-168

JPH=

USN=(U(J)#%2 +UlJ+1)1%%2)%,5
FINT(I)=EINTIV)+F (JPH) #GRAMS({ JPH)
EKIN(IV=EKINC(T) + 4 S*USQ#GRAMS (JPH)
CONTINUE

EINSUM=EINSUM+EINT (17
EKSUM=EKSUM+EKIN( T
CONTINUF

ESTART=F INSUM+EKSUM
ETOTAL=ESTART
JCALC1=JCALC-]
JLAST1=JLAST~1
JUTEST=JCALC

RETURN

END

GENR
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$IBFTC HYDR LISTREF
SUBROUTINE KYDR HYDR
C
faflabuidd INSERT STANDARD COMMON CARDS HEFORE COMPILING LA A A
C
IF(IDENT.NE.1) GO TO 203
201 WRITE(6+202) *
202 FORMAT(4OHOSUBROUTINE HYDR VERSION 3, 3~ 1«65 )
KU=0
RETURN

C CALCULATE ONLY THE TIMESTEP IF NC(25)=1 (NOT NOW USED).
203 IF(NC(25).GT«0) GO TO 260

C CALCULATE MOTION OF FIRST INTERFACE
205 J=1
JPH=1
MURIN=MURIN
GO TO (206+207-208) sMURIN
206 NGEOM=1
CALL GEOM
DUDT(1)=~PQ(JPH)/GRAMS(JPH)/2+ * AREA
GO TO 210
207 DUDT(11=0.
GO TO 210
208 CALL BDY1
210 U(1)=U(1)+DTMIN(3)*DUDT (1)
X(1)=X(1)+DTMIN(Z2)*U(1)

C BEGIN MAIN HYDRODYNAMIC LOQP
211 JDONE=0
DO 250 I=1,IMAX
I=1
JMIN=INTERJ(I) +1
JMAX=INTERJ(1+1)
DO 240 J=JMIN,JIMAX
J=J
JPH=J
JMH=J-1
C CALCULATE LAST INTERFACE SEPARATELY
IF(JeLT4JLAST) GO TO 216
212 MUREX=MUREX
GO TO (213+2146+215) +MUREX
213 NGEOM=]
CALL GEOM
DUDT(J)=PQ(JMH) /GRAMS (JMH) /24 #AREA
GO TO 220
214 DUDT(J) =0,
C GACCEL TERM CAN CAUSE MOTION OF LAST INTERFACE EVEN WHEN DUDT=0.
C FIX THIS BY TEMPORARILY SETTING GACCELxQ.
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GSAVE=GACCEL

GACCEL=0.

GO TO 220
CALL BDY2

GO 10 220

NGEOM=1
CALL GEOM

DUDT(J)=(PQIIMH)~PQ(JPH) )/ (GRAMS({UMH) +GRAMS (JPH) ) #2 s ®AREA-GACCEL

ADVANCE U FROM TIME N-1/2 TO TIME Ne+l/2
U{J)1=U(J)+DTMIN(3)#DUDT (U}

ADVANCE X FROM TIME N TO TIME N+1
X(JY=X{Jy+DTMIN(2)%U{ J)
NGEOM=2

CALL GEOM

PWAS({JUMH) =P ( JMH)
EWAS(JUMHY=E ( UMH)
OWAS { UMH} =D (JUMH)

ADVANCE D FROM TIME N TO TIME N+l
DU{JUMHY=GRAMS ( UJMH) /VOL
IFLUCUTWLE-Qe) GO TO 226

SET VELOCITIES LESS THAN UCUT EQUAL TO ZERO
IF(ABSIU(JY oL TLUCUT) UtJI=0,

NDCALL=1 FORCES CALCULATION OF EVERY ZONE IN THE PROBLEM.
1F(NDOALLLEQs1) GO TO 231
IF(JelLTeJCALC=4) GO TO 231
IFLUCJ) oNESDs) KUz~
KU=KXU+1

CALCULATE ARTIFICIAL VISCOSITYs Qe
SAVE PREVIOUS VALUE OF @
QWAS=Q ( JMH)
IF(ABS{(D{JIMH) ~DWAS(JIMH) ) /DWAS(JIMH) ) eGTe2eE~8) GO TO 2320
D(UMH)=DWAS({ JMH)
GO TO 238
JF(D{JUMH) . LE.DWAS(JUMH) )} GO TO 238
VOLSUM=1,/D(JMH)+1 . /DWAS{JMH)
XO1F=X(J)y=X{J=1)
IFINC(7).GT40) GO TO 2323
USUAL FORM OF VELOCITY GRADIENT.
UGRAD=U(J-1)-U(J)
IF(UGRAD.LT+0s) GO TO 238
GO TO 2324
ALTERNATE FORM OF VELOCITY GRADIENT,
UGRAD=XDIF/DTMIN(3)1%#(1.~DWAS(JIMHI/D(JIMH))
IF(CINQ{]1sLEOs) GO TO 234
QUIMH) =2 (#CINQ (1) *%2%UGRAD*#2 /VOLSUM
IF(AINQ(I)eLEL.Os) GO TO 239
GO TO 235
QUJIMH)Y=0,

HYDR
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235 QLIN=AINQ(I)*UGRAD/VOLSUM*SOUND(JMH )2 HYDR
237 QUJIMHI=Q(IUMH)+QL IR
GO 70 2395
238 QtJUMHI=0,
DO NOT CALCULATE MORE ZONES [F THE LAST & ZONES KAD ZERO Ue
KU COUNTS THE CONSECUTIVE ZONES OF ZERO U.
239 NQST=NEQST(1)
CALL EQST
PQLJIMH )Y =P { UMH ) +Q ({ UMH)
IF{JUTEST.GELJ) GO TO 240
1F(MDOALL.EQs1) GO TO 240
IF(XULLTWs) GO TO 240
KU=n
JCALC=J
JCALCl=J=]
JMAX=Y
60 T0 251
240 CONTINUE
250 CONTINUE
END MAIN HYDRUOYNAMIC LOOP

NEXT STATZMENT 1S REACHED ONLY WHEN ALL ZONES WERE CALCe
IF(NDOALL.EQGeY) GO TO 251
JCALC=JLAST
JCALC1=JLAST-1

RESET GACCEL TO ITS PROPER VALUE
251 GACCEL=GSAVE

BEGIN TIMESTEP CALCULATION

260 DO 280 I=1,1MAX
1=1
JMIN=INTERJ(])+]
JMAX=INTERJ{I+1)
DO 275 JS=JUMINsJIMAX
JMH=J-1
IF(JeGToJCALCY GO TO 281
262 UDIF=ABS (UtJ)~Ul(J=-1))
DENOM=SOUND(JMH) +4*¥CINQ( ) ®22%UDIF +2+#AINQ(1)#SOUND(JMH)
STABIL !S5 A STABILITY CONSTANT (ABOUT +8)e
DTZJIIMNH)=STABIL*{X(J)=X(J=1))/DENOM
275 CONTINUE
280 CONTINUE

FIND ZONE WITH SMALLEST TIMESTEP.
281 JDT=1
DO 283 J=24,JCALCH
[FIDTZJI(J) L TeOTZJLIDT)) JDT=Y
283 CONTINUE
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DTNEW=DTZJ(JDT)

SAVE PREVIOUS VALUE OF TIMESTCEP

284 DTMIN(1Y=DTMIN(2)Y

NEW TIMESTEP WILL BE USED TO ADVANCE X

DO NOT LET DTMIN(2) EXCELW ULTRATE TIMES PREVIOUS TIMESTEP,
DIMIN(Z2)=AMINI(DTNEW,DTRATEXDTMIN(L 1)

AVERAGE OF OLD ANV NEW TIMESTEPS WILL BE USED TO ADVANCE Ue
DTMIN(3)1=(DTMIN(2)+DTMIN(LIY) /2,

END TIMESTEP CALCULATION

299 RETURN
END

8-19
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ouT1 LISToREF

SUBROUTINE OUTL
INSERT STANDARD COMMON CARDS BEFORE COMPILING LA A 4

DATA NOUGHT ¢MCYsNTYMES/030+0/

IF(IDENT.NE¢1) GO TO 324

WRITE(6+302)

FORMAT(40HOSUBROUTINE QUTY1 VERSION 3, 3= 1-65 )

INC6=NC(6)

TFACTR=10e%% (14 /ZNCO)

ROUGHT=0

RETURN

FORMAT(1H1 41 7HPROBLEM NOL WUMNDYs1542H 412A6}

FORMAT(I541P6E13e592E8¢15E94¢29E1245)

FORMAT(164+1P3E1445:17)

FORMAT({119H0 J X(J+1) UtJ+l) X CENTER ODENSITY ENERGY

PRI QtJ} TOTPSI OR ZONE MASS TEMP bTzJ GAMMA )

FORMAT(119H M CM/SEC ™ GM/CC ERG/GHM
DYNE/SQCM DYNE/SQCM OVERPSI GRAMS KELVIN SEC )

FORMAT(119HO J X(J+1) UtJ+1) X CENTER DENSITY ENERGY

PR QLN TOTPSI OR DYNPSI CR TEMP 0124 GAMMA)

FORMAT(119H CM CM/SEC CM GM/CC ERG/GM
ODYNE/SQCM DYNE/SQCM OVERPSI G/5Q CM KELVIN SEC }

FORMAT( 78HOREGION MATERIAL NZONES GAMMA K-ENERGY
1-ENERGY TOT ENE )

FORMAT(15+218+4E1545)

FORMAT(164E1545)

FORMAT(55H CYCLE TIME(SEQ) NEXT TIMESTEP TOTAL ENERGY J0T)

FORMAT(S0H1THE FOLLOWING DATA HAVE BEEN WRITTEN ON TAPE 18-

)

€
)

FORMAT ( 53H1 x#wu® ENERGY CHECK *%%#3)
FORMAT(1441P1E124541PSE10e3+1P1EQe251P3E10e3s1P1EGe2+0PF542)
FORMAT(116HO J X U D

Q PQ TEMP DTZJ
FORMAT(14,1P8E144+5)
FORMAT (16}

GO DIRECTLY TO PRINTING IF TROUBLE HAS OCCURRED.
IF(KUTOFFeNEsQ) GO TO 346

TAPE 18 IS WRITTEN HERE IF-
1) NCYCLE=0s OR
2) NTAPE CYCLES HAVE PASSED SINCE LAST WRITINGy OR
3) NWRITE IS POSITIVE.

IF(NTAPEJ.LE.O) GO TO 335
NTYMES=NTYMES+1
IF(NCYCLELEQeQ) GO TO 329

ouTl
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NWRITE POSITIVE FORCES WRITE TAPE 18 UNLESS NTAPE=0e 0UT1
IF(NWRITE«GT«0) GO TO 329
NTYMES COUNTS THE CYCLES SINCE THE LAST TAPE WR1ITE.
IF(NTYMES.LT.NTAPE) GO TO 335
329 NTYMES=0
NRECRD=NRECRO+1
JLAST1=JLAST-1

WRITE(18) To(DTMIN(LY 9L=193) sNCYCLE sNRECRU s JLAST s JCALC»JCALCL o #

1 KREZ3B,s IMAXNPROB *

WRITE(18) {NZONES{I)+INTERJCI+1) 1= IMAK) s X{JLAST)»U(JLAST )y *

TEX(LYsUCL I oDIL ) sE(L ) sQUIL T »POIL)Y o TEMPIL) »UTZU(L ) »L=1+JLAST]) *

NWRITE=Q

IFINC{19)aLTs1) GO TO 335

WRITE(64316) #®

WRITE(6+330) *
330 FORMAT(73HO T NCYCLE NRECRD JLAST JCALC JCALCY KKE

1238 IMAX NPROB )

WRITE(64332) ToNCYCLE sNRECRD 9 JLAST s JCALC o JCALCY 9KREZ3B s IMAX, *

1 NPROB *
332 FORMAT(1HQO,1P1E1445,817)

WRITE{6,331) (DTMIN(L)sL=143) *
331 FORMAT(10HODTMIN(L)=1P3EL16.47)

WRITE(64333) (NZONES(1)91=14IMAX) *

333 FORMAT{11HONZONES(I)=2015)
IMAX1=IMAX+1
WRITE(64+334) {INTERJ(I)sI=14IMAX])
334 FORMAT{11H INTERJ(1)=2015)
WRITE(6+319)
WRITE(64320) (Lo XILYoULL)sDILY s (L) (L) oPULL) s TEMP(L) 9OTZJI(L )y
1 L=1,JLASTL)
WRITE(65320) JULAST s X(JLAST )Y yU(JLAST)

*

& ¥ ¥k %

335 IF(NPRINTGT«0) GO TO 341
IF(NCYCLE«GTW5) GO TO 338
336 MCY=MCY+1
GC TO 341

PRINTOUT OCCURS HERE IF L}ITHER-
1) NPR CYCLES wERE CALCULATED SINCL THE LAST PRINTOUTs OR
2) SOME SUBROUTINE HAS SET NPRINT=1, OR
3) NCYCLE 1S LESS THAN 55 OR
4) TIME TLIST{7) HAS BttN RtALntDs OR

5) TROUBLE HAS OCLJRREU (KUTOFF=1),

338 [F(TGESTLIST(7)) GO TO 3400

MCY COUNTS THE C(YCLES SINLE THE LAST PRINT
339 MCY=MCY+1

IF(MCYSLT«NPR) RETURN
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IFINC(5)) 340434043410 ouTl
TLIST(T)=TLIST(7)#TFACTR

MCY=Q

GO TO 346

MCY=0

RPRINT=0

QUTDT=TLIST(1}

IFCTLIST{7).GELTLIST(2)) OUTDT=TLISTI(3)

TLIST(T7)=T+0UTOLT

CALC TOTAL INTERNAL AND XINETIC ENERGY IN EACH REGION.
EINSUM=0.
EKSUM=0.
ESUM=(Q.
DO 355 I=141IMAX
EINT(!)=0.
EKIN{I}=De
JMIN=INTERJ(I)
JMAX=INTERJ(I+1)~]
DO 350 J=JUMIN,JIMAX
JPH=J
USQ={U(J)##2 +U{J+]1)%#%2)%,5
EINT(I)=EINT(I) +E{JPH) #GRAMS (JPH)
EKINCII=ZEKINI{L) +45%USQ#GRAMS {JPH]}
PDYN(JPH) =+ 5%#D (JUPH) ¥USQ#*14,50382E~6
CONTINUE
EINSUM=EINSUM+EINT(])
EKSUM=EKSUM+EKIN{ ]}
ETOTAL=EINSUM+EKSUM
ETENTH=«1#ESTART
SUPPRESS ENERGY CHECK IF NC(4)=1
IFINC(4)4EQal) GO TO 360
IF{ABS (ESTART-ETOTAL)-ETENTH) 360436049358
TERMINATE PROBLEM IF TOTAL ENERGY CHANGES TEN PERCENT.

WRITE(65317) *
KUTOFF=1

WRITE161303) NPROB (ALIST(L)sL=13424) »
WRITE(64315) »
WRITE(6+305) NCYCLE s ToDTMIN(2) sETOTAL »JDT *

JPRINT=JCALC-1
NC(17)=1 CAUSES PRINTING OF CUMULATIVE MASSES (GRAMS/S5Q CM
BETWEEN ORIGIN AND X) IN PLACE OF POYN.

IF(NC(17).LE.0) GO TO 3639

IF(NCYCLE.EQeO) JPRINT=JLAST-1

PDYN(1)=D(1)*(X(2)=X(1))

0O 3631 JUPH=2+JPRINT

PDYN(JPH)=PDYN(JPH=1)+D (JPH) # (X (JPH+1)=X(JPH))

B8-22
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GO TO 366 ouTtil
MAS=1 CAUSES PRINTING OF ZONE HMASSES IN PLACE OF PDYN.
3639 [F(MAS.LE.0) GO TO 369
JPRINT=JLAST-]
364 DO 365 JPH=19JPRINT
365 PDYN{JPH) =GRAMS (JPH)

366 WRITE(6306) #
WRITE(64307)
MAS=Q
60 T0 370

369 WRITE(6+308) #*
WRITE(64+309) »*

370 IF(NCYCLE.EQeQ) JPRINT=JLAST-1
DO 361 J=1,JPRINT
XAVIJ)=(X{J)+X(J+1) ) %45
361 CONTINUE
DO 371 L=1sJPRINT
371 PSI(LI=PQIL)*14450382E-6
IFINC(113)) 377537743710
CALC OVERPRESSURES IF NC(11)=1 (3710 THRU 375).
3710 DO 375 L=1,JPRINT
IF(IARDCWGE.31) GO TO 372
ALTCM=COSPHI* (X(L)+X{L-1))%s5 +HOBKM*]1.ES
CALL ARDC(ALTCM,PRATIOSTRATIOSDRATIOQ)
PRAMB=PRATIO®*14.696
GO 70 373
372 PRAMB=PQ(JLAST-1)1%14450382E~6
373 PSI(L)=PSI(L)~PRAMB
IF(ABSIPSI(L) ) ¥1eE+3.LT+PRAMB) PSI(L)=0s
375 CONTINUE
377 WRITE(64+318) NOUGHT + X (1) sU(1) *
JSTART=1
DO 385 11=1,IMAX
JQUIT=JSTART+NZONES(I1)-1
IF(JQUITSLTLJPRINT) GO TO 380
IF(JSTARTSGELJPRINT) GO TO 386
379 JQUIT=JPRINT

380 WRITE(6+318) (LaX{L+1)sUlL+L1) o XAVILY sDILISE(L) sPQIL) 9Q(L) » *
1 PSI(L) sPDYN(L)yTEMP{L)sDTZJIL) »GAMMAJIL oL=JSTARTJGQUIT) *
WRITE(6+381) *

381 FORMAT(1H )
JSTART=JQUIT+1

385 CONTINUE

386 WRITE(6+312) *
DO 390 I=1,IMAX
ENTOTUI)=EKINCT)+EINT(])

390 CONTINUE

391 WRITE(6»313) (L oNEQST (1) sNZONES(1)+»GAMMAT(I)»EKIN(IISEINT(I)o

1 ENTOT(I}1s1=1yIMAX) *

*
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405
4050

406

399
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LOCATE ZONE JOMAX WHICH CONTAINS MAX Qe ouTl
QNAX=O.
JOMAX=0
0C 393 J=1.+JCALC
IF{QUJ) e LE4QMAX) GO TO 393
QMAX=Q(J)
JOMAX=J
CONTINUE
IF{JOMAXL4EQ.0 GO TO 399
IF{JQMAX:GELJLAST-2) GO TO 399
INTERPOLATE WITHIN 20Nt JUMAX FOR LETTER @ LOCATION.
QFRAC=(QUJQNMAX 1 =0 tJUMAX=1) ) 7 (G (JGMAX) ~Q(JQMAX+]1)1+]1.E~15)
XQMAX=( X {JOMAX )Y +X (JUMAX+]1 ) #QFRAC) /7 {WFRAC+] W)
WRITE(6+398) JAMAX , XIMAX *
FORMAT({23HOMAXMUM G IS Ih ZONE.14486H AT X=»1PElle4)
FIND MAXIMUM PRESSURE.,
JPMAX=JQMAX
DO 405 J=1,J4CALC
IF(PQ(Y YeGToPQJUPMAXY)) JUPMAX=J
CONTINUE
XPMAX=XAV{JPMAX)
WRITE(6+406) JPMAXs XPMAX *
FORMAT(23H MAXIMUM PSI 1S IN ZONE,14s6H AT X=s1PEll44)
STOP PROBLEM IF TROUBLE HAS OCCURRED.
IF(KUTOFF+EQeQ) RETURN
IFENC(12)1e06Te0) CALL DUMP(AINQ{L1)sZONSIZs14AINQ{L1)9ZONSIZ2)
STOP
END

B-24
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C
HEERR
C
C

701

702
7100

704

705
706

710

715
716

USUALLY
KOut2 = ¢
KOUTZ2 =+1
KQUT2 =+2
KOUT2 GR+2
Kouyt2a =
KouTtzZg = L
X0uT28 = 0
NC(9}
NC(18)

NOL TR 62-168

LISTsREE
SUBROUIT INE OUTZ

KOUTZ2=6s KOUTZA=10s KOUTZB=0s NCI9)=0.NC{18)=]a

THIS PROGRAM NOT USED.

OMIT £XTRAPOLATION OF PRESSURE.

INCLUDE EXTRAPOLATED PQ I[N OUTPUT,

BASE THE EXTRAPOLATION ON KOUTZ POINTS PER GROUP.
PREPARE A LINE OF OUTPLT tVERY KQUTZ2A-TH CYCLE.

USE S(1 THRU L} A5 OVERPRESSURES AND FIND THE DIST-
ANCES AT WHICH THEY OCCURs WHEN A PRESSURE S(N) IS
REACHED, REPLACE S(N) BY THE DISTANCE AND INCREASE
NC(26) BY 1. (THESE DISTANCES ARE BEING FOUND FOR
USE BY 0UT3).

OMIT THE S{(L} SECTION,

=0 PUT OUT2 OUTPUT ON TAPE 6,
=2 PUT QUT2 OUTPUT ON TAPE 26,
DO NOT CARRY MAX Q@ SEARCH INWARD INTO REGION NL(18)

DIMENSION MSY(50)sTAIM(50)sMJI(50) s XPMAX(50)s0VPQ(300)+JBACKIS0)

sCVPQEX (501 s AMBPSI(50) sOLPOR{50) s XQMAX (501 s OYPMAX(50)

INSERT STANDARD COMMON CARDS vEFORE COMPILING EERER

DATA NUFSED/OG/

I1F(IDENTeNEL1) GO TC 7100

WRITE(65702)

FORMAT{50HOSUBROUTINE OUT2 VERSION 3, 3~ 1-65 TAPE 64286 )
[F(NUFSED.EQe.1234) GO TO 710

XMAXG=Co

QHUGE=1.

ICOUNT=0

MO0O=0

NPTS=4

NC(261)=0

IF(KOuUT2-2)

NILE=4

GO TO 706
NILE=KOUTZ2
NILEZ=2*NILE
SNILE=NILE
RETURN

NUFSED=1236

71057045705

ICOUNT=1COUNT+1
IF(NQUITLLTL.0) GO TO 716
IF(ICOUNT LT<KOUT2A) RETURN
ICOUNT=0

8-25
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NONN

720

721

722
723

.26

728

729

7301
7302

7303

1304
7365
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LOCATE ZONE JQMAX WITh WIGHEST Q. out2

QMAX=0.
JOMAX=]
NC18=NC(18)
JBEGIN=INTERJ(NC18+1}
JCALCLI=JCALC-1
DO 721 J=JUBEGIN,JCALCL
IF(QUJ) LELQMAXY GO TO 721
GMAX=Q(J)
JAMAX=Y
CONTINUE
INTERPOLATE WITHIN ZONE JQMAX FOUR BETTER Q LOCATION.
USE MIDDLE OF ZONE IF JQMAX 1S$ AT &DGE OF PROBLEM,
IF(JQMAX.LEL1) GO TO 723
[F(JAMAX LT ¢ JLAST=1) GO TO 725
XMAXO=(X(JQMAX+1 )} +X{JQMAX) I %o 5
GO TO 726
QFRAC={Q{JGMAX ) =Q(JAMAX=1) )/ (QIJIUMAX) -Q(JAMAX+]1 J+1eE~15)
XQWAS=XMAXQ
XMAXQ={ X{JQMAX)+X {JOMAX+]1 ) *UFRAC)/ (QFRAC+]1 4]
IF(XMAXQeGE«XQWAL) GO TO 726
XMAXQ=XQWAS
GO ", 732
MOO=MOO+1
XGMAX (MOD) =XMAXQ
MSY (MOO}=NCYCLE
TYAIM(MOO)=T
M. (MOO ) =JOMAX
CALCULATE AMBIENT PRESSURE AT LOCATION OF MAX Q.
IF(TARDC~31) 729,128,728
AMBPSI (MOO)=PQUJUCALC~1)%*14450382L~0
GO TO 7301
ALTCM=COSTH]I *XQMAX (MOC) +HOBKM* 1,E5
CALL APDC(ALTCMyPRATIOSTRATIOLDRATIO)
AMBPSI {MOU)=144696%*PRATIO

SEARCH FOR LARGEST OVERPRESSURE.

CALCULATE OVERPRESSURES. (THRU 7305).

DO 7305 L=JBEGIN,JCALC]

IF(IARDC=31) 7303,7302,7302

AMBPR=PGQ(JCALC-1)*14,50382L-6

GO TO 7304

ALTCM=COSPHI* (X(L+1}+X (L)) *5+HOBKM¥*] ,ES
CALL ARDC(ALTCM,PRATIOSTRATIOHLURATID)

AMBPR=144696*PRATIO

OVPGQ(L)=PU(L}*#14.50382E~6 -AMBPR

CONTINUE
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730

735

732

739

740

741
742

743

745

748

NOL

PGBIG=0OVPQ(JBEGIN)
JPQMAX=JBEGIN
DO 735 J=1,JCALCL
IF(OVPQ(J1oLE.PQBIG) GO TO
PQBIG=0VPQU)
JPQMAX= L
CONTINUE
JOSAVE=JOMAX-JP QA X
MAXIMUM OVERPRESSURE WAS
JSAVE IS NUMBER OF ZONES
[F{JPQMAXeLEoJOSEGIN) GO TO
IF(JSAVE.LTL24) GO TO 739
XPMAX({MOO)==0,
OVPMAX (MOU) = =0,
OVPQE X {MQU)==-Q.
JBACK MO0 =0
GO TO 7005

TR 62-168

FOUND IN ZONE JPQMAX,

BACK FROM MAX Q TO MAX OVPQ,

732

XPMAX(MOO)= (X ({JPOMAX)+ X (JPOMAX+1))%,5

OVPMAX (MOO) = PQBIG
JBACK(MOO)=JSAVE

TEST IF eXTRAPULATION uvtESIRED

[F(KOUT2.LT,2) GO 10 753

CALCULATE EXTRAPOLATEDL OVERPRESSURE oY EXTRAPOLATING P VS X DATA

TO THE POSITION OF MAXIMUM Q.

[F(JIPQMAX=JUBEGINCOT4NILEZ)
OVPQREX(MOQ) = -0,

GG 10 753

SUMA=Q.

SUMb=0.

DO 745 JU=1sNILE
JJ=JPQMAX+ 1Y
SUMA=5UMA+QVPQ(JI)
SUuMb=SUMB+X(JJ)
CONTINUE

bUMC=O.

SUMu=Oo

DO 748 JU=14NILE
JJI=JPOMAX=-NILE+1-J
SUMC=SUMC+0OVPQ(JJ)
SUMD=zSUMD+X (JJ)
CONTINUE
PAV1I=SUMA/SNILE
XAVi=sSuMg/sNILL
PAVZ2=5SUMC/SNILE
XAV2=SUMD/SNILE

00 TO 743

SLOPE={PAVI]~-PAVZ)/(XAV]I-XAV?)

ouTt2
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TERCEP=PAVZ2~-5LOPE*®XAV2 ouT2
QVPQEXIMGO) =SLOPL* XWMAX {MOU )+ TERCEP

C

C SPECIAL OPTION FUR TRIGGERING LUT3 AT uvESIRED PRESSURE LEVELS,.

C KOUTZ2u=NUMBER UF PKESSURE LEVELS. RreAD I ON S CARDSe

753 [F(KOUT2B) 7005>+7005,7000
7000 NLOC=NC(26) +1
IF (OVPQEX(MOO)) 7005:+7005+7001
7001 IF(OVPUEX(MOO) «OGT«SINLOC)) GO TO 7005
S{NLOC+12)=AMBPSI (MOO)
7002 SINLOCH=XUMAX(MOU)
NC(26)=NLOC
IF(KOUT2BLESNLOC) KOUT2Z2b=0

PRINT WHEN 50 LINES OF DATA hAVE beEN STURED OR IF NQUIT IS
NEGATIVE (INDICATING COMPLETION OF PRUGRAM)

a¥a¥aXal

7005 IF(NQUITLLTL0) GO TO 761
756 1FH(MOO.LT.50) RETURN
761 IF{NC(9)eGTe0) GU TO 7610

WRITE( 64762) *
WRITE( 657620) *
WRITE( 64763)
GO TO 764

7610 WRITE(264+762) *
WRITE(261+7620) *
WRITE(£69763) *

762 FORMAT(17H1SHOCK FROUNT UATA )
7620 FORMAT(1HO»31Xs42HEXTRAPULATLL VALUES VIRcCTLY READ VALUES

763 FORMAT(119K (CyCLt J JBaCk TIME X{MAX Q) MAX OVP Xt
1MAX OvVP) MAX OVP  SLCGPc AMBPS] )
C MOO=NUMBER OF LINES OF DATA STORED.

764 DO 790 J=1,MOO
IF(JeLTe5) GO TO 781
[IF{JeGTMO0O=5) GO Tu 781

CALCULATE LOGARITHMIC SLUPL CF uVEehPKRESSURE VS DISTANCE CURVE
USING 4 POINTS ON BACH SIvu UF vtSIRtu PUINT,

[aNaNaNa)

766 PSUM1=0.
PSUMZ=0,
XSUMi=0.
XSUM2=0.
00 780 JJu=1ls4
JM=J~JJ
JP=U+JJ
IF 1OVPMAX(JM) LLEe QOe) GO TO 781
IF (OVPMAX(JP}) «LEe 0QOe¢) GO TO 781
779 PSUM]1 = PSUM]1 + ALOGlO(OVPMAX(JM))
PSUM2 = PSUM2 + ALOGLIO(OVPMAX(JP))
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XSUML=XSUM1+ALOGLO( XQMAX(JM) )
XSUM2=XSUM2+ALOG1 O ( XUMAX(JP))
780 CONTINUE
DLOGP=P SUM1-PSUM2
DLOGX=XSUM1~XSUMZ
DLPDX=LLOGP /DLOOGX
50 10 782
781 DLPDX=0.
782 DLPDR({J}=0ULPUX

IFI(NC(9)+GT40) GO TO 788
WRITE( 6+789) MSY(J);MJ(J)prACK(J)’TAIM(J)QXUMAX(J)oUVPQEX(J)o
1 XPMAX (J) s OVPMAX (J) sOLPDR(J) s AMBPST (J)
GO TO 790
788 WRITE(26+789) MSY(J),MJ(J),JUACK(J)oTAIM(J)'XQMAX(J)pOVPQEX(J)v
1 XPMAX (J) s OVPMAX(J) sDLPUK(J) s AMBPSI (J)
789 FORMAT(1H 9lé,lb;I“glPZEld.Dp19ti0.3¢1PElQ.591PE10.3;0PF703’
1 1PE14.5)
790 CONTINUE
M00=0
799 RETURN
END

out2
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$IBFTC CUT3 LISTIREF
SUBROUTINE 0QUT3 ouT2

THIS SUBROUTINE PREPARES SUMMARY SHEETS OF Py Uy DENSITYs AND
DYNAMIC PRESSURE VERSUS TIME AT UP TO 8 DISTANCESs S(1-8).
IF KOUT3=0» THIS SUBROUTINE [S NOT CALLED.

USUALLYs NC{10)=0s NC({151=0,» KOUT3=0 OR 4, KOUT3A=10 .

NCi{10) =0 PUT OUT3 OUTPUT ON TAPE 6,
22 PUT QUT3 QUTPUT ON TAPE 26.
NC(15) =WHEN SHOCK ARRIVES, STORE DATA EVERY CYCLE INSTEAD OF

EVERY KOUT3A CYCLES FOR NC(15) CYCLESe WUSE 150 IF 0 »
KOUT3 = NUMBER OF POINTS AT WHICH P VS T 1S DESIRED (FROM 0 TO 8)
KQUT3A= STORE A LINE OF DATA EVERY KOUT3A-TH CYCLE.

[F KOUT2B IS NEGATIVE,

THIS SUBROUTINE COMPUTES THE MOTION (RADIAL DISTANCE FROM BURST
CENTER VS TIME) OF THE POINTS AT WHICH PT DATA ARE BEING TAKEN,
AT THE BEGIWNING OF THE PROBLEM, THIS SUBROUTINE EXPECTS TO READ
DATA CARDS FOR RA, Rbs AND SPEEDs THESE CARDS ARE TO BE PLACED
AFTER THE REGULAR INPUT.

DISTANCE (CM) TO NEAREST POINT ON (STRAIGHT-LINE) TRAJECTORY.
DISTANCE (CM) ALONG TRAJECTORY MEASURED FROM NEAREST~-TO-BURST
POINT IN VIRECTION OF MOTIONe (JeEes ONCOMING OBJECT HAS
NEGATIVE RXs OBJUECT GOING AWAY HAS POSITIVE RXel

SPEED = SPELED(IM/SEC) OF OBJECT ALONG TRAJECTURY.

RY
RX

a¥ala¥aXaXaNaXaNaNa¥aXaNalalaNakea¥aXakaNalaNaRaNaXa)

DIMENSION RY(8)sRX(8)sSPEED(8) sRXINIT(8)sDIREC(160)sRL(160) ouT3
19POPSI(160)sDENSTY(160)TAIMI160)sR(8)sMM(IB)yNCYKLE(160) ouT3
2sAMBPSI(8),0VPSI(160)UPT(160)sMSTORE(8)+MCOUNT(8)NUFL(8) ouT3

<
HRREE INSERT STANDARD COMMON CTARDS BEFORE COMPILING HERRE
C

DATA NONCE/O/

C
IF(IDENToNEL1) GO TO 804
801 WRITE(64+802) *
802 FORMAT(55HOSUBROUTINE OUT3 VERSION 3, 13- 1-65 TAPE 6426 )
RETURMN
C
< THIS SECTION (804 THRU 8) 1S USED ONLY ONCE.

804 IF{(NONCE-1234) 805+807,805
805 DO 806 LOC=1,KOUT3
MM(LOC)=0
NUPH=150
IFINC(15)4GT«0) NUPH=NC(15)
NUFL (LOC) =NUPH
MSTORE(LOC) =KQUT3A
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806

190

(oA ) I ~ g VN )

807
808

810
812

814
815
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MCOUNT(LOC) =0

CONTINUE

NLINES=160/K0OUT3

IF(NLINES.GT«50) NLINESsS5Q

NONCE=1234

KPT=KOUT3

NPT=KOUT3

IF(KQUT2B) 1+9+899

IF(IARDC+GT430) GO TO 6

DO 10 L=1.,KOUT3

RILY=5(L]

ALTCM=COSPHI*R (L} +HOBKM#] ,ES
CALL ARDCIALTCMsPRATIOSTRATIOSDRATIO)

AMBPSI(L)=14+696*PRATIO

CONTINUE

GO 70 807

READ(5+2) (RY(L)sL=14NPT)

READ(Ss2) (RXINIT(L)+L=14NPT)

READ(552) (SPEED(LIsL=1sNPT)

FORMAT(1P6E1045)

IFINC(10)eNEL2) GO TO 7

WRITE(2693) (RY({L)sL=1+NPT)

WRITE(2654) (RXINIT{L)sL=1NPT)

WRITE(26+5) (SPEED(L}sL=1sNPT)

GO TO &

WRITE(653) {RY{L)sL=1sNPT)
WRITE(6+4) (RXINITI{L)»L=14NPT)
WRITE(645) {SPEED(L) sL=13sNPT)
FORMAT(7H RY =1PBE144+5)

FORMAT(TH RX =1PBEl4.5)
FORMAT(TH SPEED=1P8El4.5)

DO 8 L=1,8

AMBPSI(L)=PQIJCALC ~1)¥%14.50382E-6
RIL)=S(L)

CONTINUE

GO TO 807

DATA 1S STORED FOR LOCATION LOC EVERY MSTORE(LOC) CYCLES.
MCOUNT(LOC)=NUMBER OF CYCLES SINCE LAST PRINT FOR LOCATION LOC.

IF(KOUT2B) 812+812,808

BYPASS OUT3 UNTIL OUT2 HAS SET NC(26) NON=-ZERO.
KPT=NC(26)
IF(KPT.LE.0) RETURN
IF (NUFL{LOC)+EQ.NUPH) MSTORE(LOC)=1
DO 890 LOC=1sKPTY
MCOUNT(LOC)=MCOUNT(LOC) +1
IFINQUIT.LT.0) GO TO 815
IF(NCYCLE.LT+5) GO TO 890
IF {MSTORE (LOC) «GT 4MCOUNT(LUC)) GO TO 890
MCOUNT (LOC) =0

SEEK DATA TO PUT IN LINE KK.
KK=MM(LOC) +1

B~ 31
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8390
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KKSLOC=NLINES* (LOC~-1)+KK
IF(KOUT2B) 816+833,832
RX(LOCI=RXINIT(LOCI+SPEED(LOC) »T
RRR=SQRT (RY{LOCj##2+RX(LOC)#*2)
RILOC)=AMINI (RRRsX(JLAST-11})

GO TO 833

R(LOC)=S(LOC)
AMBPSI(LOC)=S(LOC+12)

FIND ZONE JJJ IN WHICH DESIRED R LIES.

JJIJI=JLAST-1

DO 835 L=2,JLAST
IF(X(L)eLTRILOC))Y GO TO 835
JJdJ=L-1

G0 TO 836

CONTINUE

PHRAC=(R(LOC)=X(JJJ1 )/ {IX(JJI+1)=X(JJJY)
UPT{KKSLOC)Y=ULJJJ) + PHRACH (U(JJI+1)-U(JII))
NABOR 15 THE NEARER OF THE TWO ZONES ADJACENT TO JJJe
IF(PHRACsLT40e5) GO TO 838
NABOR=JJJ+1
GO TO 839
USE ZONE 2 AS NABOR IF JJdJ=1 ,
IFtJJJeLE.1) GO TO 837
NABOR=JJJ-1
CTR=(X(JJIJ+11+4X(JJJ)) /2
CTRADJ= (X (NABOR)+X(NABOR+1))/2.
FRAC IS INTERPOL FACTOR FUR QUANTITIES DEFINED AT ZONE CENTERS
FRAC=(R(LOC)-CTR) /(CTRADJ-CTR)
PQPSI(KKSLOC) ={PQIJJJI+FRAC*{PG(NABOR)=PQ{JJJ) ) ) *14450382E=6
RL (KKSLOC) =R {LOC)
IF(KOUT2B) 8390+8400+8400

CALC NET PARTICLE VELOCITY INCLUDING THAT DUE TO STA MOTION.
UTRAJ=SPEED (LOC)-UPT(KKSLOC) #RX(LOC)/RILOC)
UNORM=UPT (KKSLOC) *RY(LOC) /R (LOC)

UPT(KKSLOC)=SQRT (UTRAJ*%x2+UNORM#*%2)

CALC DIRECTION COSINE OF FLOW WITH RESPECT TO TRAJECTORY.

DIREC 1S COSINE OF ANGLE BETWEEN STATION DIRECTION OF MOTION AND

DIRECTION OF PARTICLE MOTION.

DIREC=1 IS HEAD-ONy DIREC=0 IS SIDE-ONy ODIREC=-1 IS TAIL-ON.
DIREC(KKSLOCI=UTRAJ/UPT tKKSLOC)

NOTE THAT THE TRAJECTORY IN THIS FORMULATION REMAINS A STRAIGHT

LINE THROUGHOUT THE PROBLEM. IF DESIRED, THE TRAJECTORY COULDL Bt
MADE TO VARY ACCORDING TO CALCULATED FORCES ON THE STATION.

DEN.JIJ=D(JUJ)

ouT3
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DENNAB=D (NABOR) our2
DENSTY({KKSLOC)=DENJJJI+FRAC* (DERNAL=-DENJII)
TAIM(KKSLOC)=T
OVPSI(KKSLOC) =PQPST(KKSLOC~AMBPSI (LOC)
IF(ABS (OVPSI(KKSLOC))~+0001%AMBPSI(LCC)) 840+840+841
840 OVPSI(KKSLOC)=0.
841 NCYKLE(KKSLOC=NCYCLE

PRINT WHEN NLINES LINES OF DATA ARE STORED FOR A GIVEN R.
NQUIT NEGATIVE MEANS PROBLEM 1S DONE AND EVERYTHING IS PRINTED,.
MM{LOC) IS THE NUMBER OF LINES OF DATA STORED SO FAR IN LIST LOC.

MMELOC)=MM(LOC) +1
NUFL(LOCY IS NUPH UNTIL THE SHOCK ARRIVES.
NUF=NUFL{LOC)
IFINUF) 846484504842
842 IF(NUF.LT,NUPH] GO TO 845
843 IF(OVPSI(KKSLOC)) 889.:889,844
8464 MSTORE{LOC}=1
845 NUFL{LOC)=NUFL(LOC)~1
IF(KOUT2B) 846128451,8451
8451 RY{LOC)=5(LOC)
GO TO 846
8450 MSTORE(LOC)=X0UT3A
NUFL{LOC)==-1

846 IF(NQUIT) 8484+847,847
847 IF(KK.LT2NLINES) GO TO 890

PRINTING IS FORCED WHEN 848 1S REACHED.,
848 IF{(NC(10)eNE+2) GO TO 850

8500 WRITE(264851) LOoC *
WRITE(26+852) AMBPST (LOC) *
WRITE({26+8521) SPEED(LOC) *
WRITE(2648522) RY{(LOC) *
WRITE(26+853) *
GO TO 8530

850 WRITE( 6,851) LOC *
WRITE( 64852} AMBPSI(LOQC) #
WRITE( 6,8521) SPEED(LOC) *
WRITE( 6+8522) RY(LOC) *
WRITE( 64853) *

851 FORMAT{10H1 STATION.I2)
852 FORMAT(25H AMBIENT PRESSURE(PSI)=31PE1245)

8521 FORMAT(25H SPEED(CM/SEC) =31PE1245)

8522 FORMAT(25H PERI~BURST DIST(CM) =,1PELl2.5)

853 FORMAT(106H0 CYCLE TIME PS1 OVPSI DYN PSI
1 DENSTY PART VEL DIREC COS RADIAL R )

8530 DO 860 LM=1,KK
LMSLOC=NLINES* (LOC-1)+LM
DYNPSI=oS*DENSTY (LMSLOC)*UPT(LMSLOC) *#2%#14,4,50382E-6




C

-
-
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IF{INC({10)sNES2) GO TO 8540 oUT3
8541 WRITE{26+854) NCYKLE(LMSLOC) »TAIMILMSLOC) yPQPSTILMSLOC)y OVPSI (LM*
1SLOC) sDYNPST»DENSTY LLMSLOC) sUPT(LMSLOC) yDIRECILMSLOC) »RLILMSLOC) #
GO TO 860
8540 WRITEL 6+854) NCYKLE{LMSLOC) »TAIM(LMSLOC) PQPSI(LMSLOC) s OVPSI (I M=
1SLOC) sDYNPST +DENSTY ILMSLOC) yUPT(LMSLOC)sDIRECILMSLOC) yRLILMSLOC)
854 FORMAT(1H +16,1P8E12.3)
860 CONTINUE
889 MM(LOC)=0
END PRINTING.
890 CONTINUE
END STATION (LOC) LOOP,
899 RETURN
END




$IBFTC OUTS
SUBROUTINE 0OUT4
PUNCH CARDS WHEN CYCLE XKOUT4 IS REACHED.

C
C

* %% %%

C

89

90

1 FORMAT(12A86)

1

1

2 FORMAT(1215)

1

INSERT STANDARD COMMON CARDS BEFORE COMPILING

NOL TR 62-168

LIST4REF

IF{IDENT.NE«1) GO TO 90

WRITE(6+89)
FORMAT(50HOSUBROUTINE QUT4 VERSION 3, 3- 1-65 PUNCH CARDS)

RETURN

TF(NCYCLE.NE+KOUT4) RETURN

KOUT4=0
INCODS=1
PUNCH 1.
PUNCH 1

PUNCH 2,
PUNRCH 2,

PUNCH 2,
PUNCH 2»

PUNCH 3

PUNCH 4,
PUNCH 4,
PUNCH 4,
PUNCH &»

(ALISTIL)sL=1412)
(ALIST(L) sL=13+24)

NPROB K sMURIN HSMUREX 4IMAX 1ARDC
INTAPE S INCODSsNQUIT sNPR +NTAPE »JCALC
KOUT2 »KOUT2A+KQUTZ2BsKOUT3 LKOUT3AKOUTA
KREZ1 +KREZ2 +KREZ3 KREZ3A,KREZ3B,KREZ4
{NC{L)ebL=1412)

(NC(L)sL=13,24)

L2222 ]

OUT4

- »

* &k K & & B

(1 oNEQST{I)+sGAMMAI (1) sNZONES(I)sOUTBDY (L) sEINIT(I)y #
UINITUI) oDINITCI) »CINQUI)SAINQUI)»ZONING(I) pl=1oIMAX)®
3 FORMAT(I12413,0PF64391431P4EL1Qe390P3F5,2)

COSPHI yHOBKM s WKT s BLANK1 sBLANK 2+ ZONS12Z
TeTREZOSDTMIN(2) +DTRATE 4 STABIL »UCUT
{TLIST(1)s1=1,46)

{(S(Lisl=1,12)

4 FORMAT(1P6E1043}
PUNCH 5sNCYCLE
5 FORMAT(15H $LI1ST1 NCYCLE=s15410H, INCODS=2S8)

91

ZERO=0,

JLASTI=JLAST-1

PUNCH 91,
PUNCH 91,
N300=300
PUNCH 91,

(LaXILYsUIL)sD(L) »E(L)Y QL) yL=19JLASTY)
JLAST s X(JLAST)YsULJLAST) 9 ZERO4ZERO,y 2ERO

N300sZERO»ZERO+ZEROZERO4ZERO

FORMAT(1441P4EL144791P1EL245)

NULL=0
PUNCH 2
RETURN
END

NULL
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SIBFTC REZ1} LIST+REF
SUBROUTINE REZ1
REMOVE SQUASHED ZONE

THIS SUBROUTINE CUTS RUNNING TIME BY COMBINING THE ZONE WITH THE
SMALLEST TIME STEP WITH THE ADJACENT INNER ZONE, UNLESS THIS
WOULD RESULT IN THE REMOVAL OF AN INTERFACEs IN WHICH CASE THE
ZONE 15 COMBINED WITH THE ADJACENT OUTER ZONE. REZONING WILL
NOT OCCUR I[N REGIONS OF LESS THAN 6 ZONES OR IN REGIONS BEYOND
REGION KREZl. KREZ1 SHOULD BE SET SMALL ENOUGH SO NONE OF THE
FINE ZONES OF RE2Z3 ARE INVOLVED. (REMOVING ONE OF THE FINE
ZONES WOULD FOUL UP REZ3).

ERER INSERT STANDARD COMMON CARDS bEFORE COMPILING LA L

R Na¥alakaXaaNekaYaXaXa!

IF(IDENT,NES1} GO TO 403
401 WRITEL6+402)
402 FORMAT(55H0SUBROUTINE REZ1 VERSION 3, 3~ 1-65 TAPES 64 26

TBIG=0.
RETURN
C
C TBIG IS LARGEST TIMESTERP USED THUS FAR IN PROBLEM.

403 IF(KREZ1+EQsl) GO TO 404
IF(NCYCLEL.EQ-KREZ1) GO TO 412

404 IF(DTMIN(3).LE.TBIG) GO TO 406
TBIG=DTMIN{(3)
RETURN

406 IF{DTMIN{3),GT«0.7*1TBIG) RETURN

ZONE JDT HAS SMALLEST TIMESTEP
DETERMINE REGION THAT CONTAINS ZONE JDT.

sl aNalal

412 NJ=JDT
DO 420 1=1,1MAX
IF(NJ-INTERJ(I+1)) 41894194420
418 NJREG=!
GO TO 425
419 NJUREG=I+1
GO TO 425
420 CONTINUE

g REGION{NJREG) CONTAINS ZONE(NJ)s»IF REGION{NJREG)ICONTAINS
C LESS THAN SIX ZONES,REZONING 1S NOT CARRIED QUT

¢ 425 IF(NZONES(NJREG)LT.6) RETURN

g IF NJREG EXCEEDS KREZ1ls REZONING IS NOT CARRIED OUT,

z IF{NJREG,GT.KREZ1) RETURN

REZ1

~ r

NN N

~
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C TEST TO DETERMINE WHETHER ZONE(NJ) 1S BOUNDED ABOVE BY A REGION REZ1
C INTERFACEIF IT IS5 SET NJ=NJ+1
C
426 DO 427 1=1,1MAX
IF(NJJEQINTERJIINY GO TO 428
427 CONTINUE
GO TQ 429
RJ=NJ+1
C
429 NPRINT=1
MAS=1
CALL OUT1
L=NJ-1
IFINC({14).EQeN) GO TO 4295
WRITE(264+430) L«NJsNJIREG *
C WRITE TAPE & ALSO.
4295 WRITE(6,430) LsNJINJREG *
430 FORMAT(33HO REZ1 IS ABOUT TO COMUINE ZONESsI4s4H ANDsiG,
1 10H IN REGION,13)
C
C COMBINE ZONE(NJ) WITH ZONE(NJ-1) NOTE THAT L+1=NJ
C WNEIGHT Dy Ey AND P ACCORDING TO MASS
C
DMT=GRAMS{L)+GRAMS{L+1)
X{NJ)I=X(NJ+1}
J=NJ
HGEOM=2
CALL GEOM
D{L)=DMT/VOL
E(LY=(E(L)*GRAMS({LI+E(L+]1)#GRAMS{L+1))/0MT
PIL)={P{L)®GRAMS(L)I+P{L+1)¥GRAMS({L+1))/DMY
QIL)=(Q{LI+Q It +1) )% .5
GRAMS (L) =OMT
PQIL)I=PIL)+Q(L)
C
C RELABEL ZONES BEYOND ZONE NJ.
C
JLAST2=JLAST~2
DO 440 L=NJs+JLASTZ
XtLy=X(L+1)
JIL)sU(L+1)
DtLI=D(L+1)
E(LY=E(L+])
QULI=Q(L+1}
GRAMS(L)=GRAMS(L+1)
C PQsyDUDTSDTZJI 9 TUMPGAMMAY WILL BE RECALCULATED ANYWAY IN MOTION
C AND ARE A( JSTED HERE ONLY TO MAKE THE NEXT PRINTOUT CONSISTENT.

PQIL)=PQ(L+1}
DUDT(L)=DUDT(L+])
DTZJ(L)I=DTZJ(L+1)

E~37
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TEMP(L)=TEMP{L+1) REZ1
GAMMAJ{L ) =GAMMAJ(L+1]
440 CONTINUE
X{JLAST1)=X{ JLAST)
UCJLAST1)=UCJILAST)
DUDT(JLAST1)=DUDT (JLAST

NN

CALC INTERJ AND SET SOME CONSTANTS
NZONES(NJREG)=RZONES(NJREG) -1
DO 445 I=NJREG,IMAX
INTERJ(I+1)=INTERJ(I+11~1
445 CONTINUE
JLAST=JLAST]
JLASTI=JULAST2
JCALC=JCALC~1
JCALCY=JCALC~-]
NPRINT=1
MAS=1
CALL OUT1
IF(KREZ3B=-NJ} 499+490+490
490 KREZ3B=KREZ38-1
499 RETURN
END

B8~-38
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$IBFTC REZ2 LISTsREF

* %% %

X XaXaXaXaXalaXnNa

501
5¢2

510

515

516

518

520

521

annn

522
523

SUBROUTINE REZ2

REZ2

TH1S SUBROUTINE OOUBLES THE RANGE OF X, WHILE KEEPING THE NUMBER

OF ZONES IN THE PROBLEM THE SAMEe PAIRS OF ADJACENT ZONES
ARE AVERAGED AND REPLACED BY ONE LARGER ZONEe.

1€ REZ2 1S USED, THE MAXIMUM NUMBER OF ZONES PERMITTED IN THE
PROBLEM 15 299 RATHER THAN 300¢

FIRST KREZ2-1 REGIONS ARE NOT SUBJECT TO REZONING.

INSERT STANDARD COMMON CARDS BEFORE COMPILING LA A AL

IF{IDENT.NE.1) GO TO 510

WRITE(6+502)

FORMAT ( 40HOSUBROUTINE REZ2 VERSION 3y 12-10~64 }
RETURN

JLAST4=JLAST~4
IF(ABS{U{JLAST41) «LTLUCUTY RETURN

NPRINT=1
MAS=1
CALL OUT1
WRITE(6:516)
FORMAT{ 35HOREZONING BY RE22 IS ABOUT TO OCCUR)
L2=0
ISTART=1
NiX=KREZZ-1

DO NOT DO ANYTHING TO THE FIRST NIX REGIONS.
IF(NIX) 52155219518

DC 520 I=14NIX

L2=L2+NZONES(I])

CONTINUE

LA=L2+]

LB=L2+2

ISTART=NIX+1

DO 550 1=1STARTIMAX
NZHALF=NZONES(1)/2
1F (NZONES([)=2%NZHALF) 52295224531

PQ AND DUDT WILL BE RECALCULATED ANYWAY IN MOTION
AND ARE DONE HERE ONLY TO MAKE THE NEXT PRINTOUT CONSISTENT.

IF(I=-1) 59995234524
L1=1

L2=NZHALF

LA=]

LB=2

GO 7O 525

8-39
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524 L1=L2+1
L2=L2+4NZHALF
LA=LA+2
L8xLA+]
525 NZONES(1)=NZHALF
COMBIME ZONES LA AND LB TO FORM 20NE L.
X{L1)=X(LA)
UlL1)=U(LA)
DUDT(LLi=DUDT(LA}
DO 530 L=L1l,L2
DMT=GRAMS (LA} +GRAMS(LB)
X(L+1)=X{LA+2)
UGL+1)=U(LA+2)
DUDT(L1J5=DUDTILA+2)
JzL+l
NGEOM=2
CALL GEOM
D{L}=DMT/VOL
E(L)=(E(LA}#GRAMS (LA} +E(LB)*GRAMS(LB))/DMT
PIL)=(P(LA)*GRAMS (LA) +P(LB)*GRAMS(LB))/DMT
TEMP(L)==0e
DTZ2(L)Y==00s
QIL)I=(Q(LA)I+QILB) 1 ¥,5
GRAMS (L )=DMT
PQ(L)=P{L)+0O(L}
GAMMAJ (L )= {GAMMAJ (LA) +GAMMAJ(LB) )#,5
IF(L=-L2) 52645309530
526 LA=LA+2
LB=lLA+1
530 CONTINUE
GO TO 550

COMBINE THE FIRST THREE ZONES OF A REGION HAVING AN ODD NUMBER
OF 2ONES.

531 IFt1-1) 59945359537
535 IF(NZONES{1})=1}) 599,548,536
536 L1=1

L2=1

LA=1

LB=2

LC=3

GO TO 538
5§37 IF{NZONES(1)~1) 5994538045370
5380 L1l=L2+1

L2=L2+1

LA=LA+1

LB=LB+1

GO TO 550
5370 L1=L2+1

RE22
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L2=L1 REz2
LA=LB+1
LBxLA+}
LC=LA+2
538 DMT=GRAMS(LA}+GRAMS(LB)Y+GRAMSILC)
- X{L1+1)=X(LA+3)
UL1+13=U(LA+3)
J=zL1+]
NGEOM=2
CALL GEOM
D(L1)=DMT/VOL
| UtL1)=U(LA)
DUDT{L1)=DUDT (LA}
QILII={QILAI+Q(LBI+QILCY)I /3,
E(LI)I=(E(LAY#GRAMS(LA) +E(LB)I®GRAMS(1.8) +E(LC)}#GRAMS(LC))/DMT
P{L1I={P(LAY®GRAMS(LA) +P(LBI*GRAMS(LB) +P(LCI®*GRAMS(LCY)/DMY
TEMP(L1)==0e
DTZJtL1)==0Ds
GRAMS{L1)=DMT
PQILII=P(L1Y+Q(L1)
GAMMAJ(L1)=({SAMMAJ( LAY +GAMMAJ (LB)+GAMMAJ(LC)Y /3,
NZONES(Iy=NZHALF
IF{NZONES(T1)=1) 54135414540
540 Ll=L1+1
L2=L1+NZHALF=-2
LA=LC+1
LB=LC+2
GO TO 525

AN PO AN RSN ot o i

541 L2=01
LA={C~1
GO TO 550

i 548 L1=1
; L2=1
LA=0
LB=1
560 CONTINUE ]

CREATE A NEW REGION (IMAX+1)se NEW REGION BEGINS WITH ZOME LMEW.
1TS INNER BOUNDARY IS INTERFACE LNEW.

[a¥aXaXal

LNEW=L2+1

NZONES( IMAX+1)=JLAST~LNEW

XCONST=X(LNEW=-11-X(LNEW=2)

C USE ARDC AMBIENT CONDITIONS FOR NEW 2ONES IF ARDC 1S USEDe.

JLASTI=JLAST-]

X(LNEW)=X{LNEW=1)+XCONST

IF(1ARDCeGEW31) GO TO 561

555 DO 560 L=LNEWsJLAST1

B-41
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564

571

572

573

599
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X(L+1)=X(L)+XCONST

ALTCM=COSPHI®* (X(L)+X{L+1)) +HOBKM*]14E+5
CALL ARDC(ALTCMsPRATIO+TRATIOSDRATIO}

DIL)=DRATIO¥*,001225

E(L)=PRATIO®1,01325E6/D(L /¢4

CONTINUE

GO TQ 563

ZONE JLAST! STILL CONTAINS AMSIENT DATA FROM BEFORE REZONINGe
DO 582 L=LNEW,JLAST1
DCLYI=DIJLASTY)
E(L)=E(JLAST])
XtLyeX{L=-1)+XCONST
CONTINUE
DO 564’ L=LNEWsJLAST1
PQILI=POI{ILAST])
TEMP{L)=~(Q.

GAMMAJS(L)==0e

DTZJ(L)==0¢

Q{Li=0e

UILY=UCJILAST)

CONTINUE
X{JLASTY=X({JLAST1)+XCONST

DO 572 L=LNEWsJLAST]
NGEOM=2
J=l+1
CALL GEOM
GRAMS(L)=D({L)*VOL
CONTINUE
NEQST{ IMAX+1)=NEQST (IMAX)
CINQUIMAX+1)=CINQ(IMAX)
AITRQ(IMAX+1)=AIRQ( IMAX)
GAMMAT ( IMAX+1)=GAMMATI { IMAX)
IMAX=IMAX+]1
CUTBOY( IMAX ) =X (JLAST!
JUTEST={JUTEST~LZONES)/72+LZONES
DO 573 I=1,IMAX
INTERJI{1+41)=INTERJ(I)+NZONES(])
TLIST(11=2,5%TLIST(1)
TLIST(3)=2.5#TLIST(3)
TLIST(5)=2.,5%TLIST(5)
TLIST{8)=2.5%TLiIST{6)
NPRINT=1
MAS=1
CALL OuTl

RETURN

END
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$IBFTC REZ3 LIST+REF

SUBROUTINE REZ3 REZ3
THIS SUBROUTINE MAINTAINS FINE ZONES IN THE SHOCK FRONT.

#unnkCAUTION*#x%e REZ3 CANNOT BE USED IN SAME PROBLEM WITH REZ2.

REER INSERT STANDARD COMMON CARDS OBEFORE COMPILING LA A0l

a2l Xa¥ala

EQUIVALENCE {NELLyKREZ3 )+ (NANCYSKREZ3A) s (NCLASKREZ38)

NELL = NUMBER OF FINE 2CNES PER LARGE ZONE.

NANCY =TOTAL NUMBER OF FINE ZONESe

NOLA =0UTER INTERFACE OF OUTERMOST FINE ZONEs

NOREEN= NUMBER OF ZONES BACK FROM NQOLA FOR MAKING REZONE TEST.

[aNaNalatala)

IF{IDENTeNEs1) GO TO 603
601 WRITE(6+0602) *
602 FORMAT(55HOSUBROUTINE REZ3 VERSION 3, 3=~ 1-65 TAPES 64 26 }
MZCAN=0
NOREEN=3
RETURN

603 NORA=NOLA~-NOREEN
C TRIGGER REZONING IF ZONE OF MAX Q IS AT OR BEYOND ZONE NORAe
C FIND WHERE QMAX [S.
JMAXQ=1
QMAX=0.
DO 605 J=1,JCALC
IF(Q1J)eLE.QMAX) GO TO 605
604 QMAX=Q(J)
JMAXQ=J
605 CONTINUE
IFt JMAXQeGEoNORAY GO TO 607
1F NC(B)=0s TRIGGER REZONING IF PQINORA) EXCEEDS PQ(NORA+1)
BY 20 PERCENT,
IF(NC(8)eNELO) RETURN
1F{PQINORA) eLTe1e2%¥PQ(NORA+1)) RETURN

[a¥a)

607 JSTART=NOLA-NANCY
JEND=JSTART+NELL~1
C PRINT BEFORE AND AFTER EACH REZONING IF NC(16)=1l.
IFINC(16)eNEL1) GO TO 611
608 NPRINT=1
MAS=1
CALL ouT1l

C FORM ONE LLARGE ZONE FROM FIRST NELL FINE ZONES
611 ZNELL=NELL
PTOT=0.
GTOT=0.
TOTIE=0.
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620

634

635

640
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TOTKE=0,
DO 620 J=JSTARY»JEND
PTOT=2PTOT+P(J)
GTOT=GTOT+GRAMS{J)
USQ=e5% (U{J)##24U(J+])) ##2)
TOTIE=TOTIE+E(JI*GRAMS(J)
TOTKE=TOTKE++5%USQ#GRAMS ( J)
CONTINUE
TOTE=TOT Z~TOTKE
GRAMS(JSTARTI=GTOT
X(JSTART+1}=X{JEND+1)
J=JSTART+1
NGECM=2

CALL GEOM
D{JSTART)=GRAMS{JUSTART)/VOL
P{JSTART)=PTOT/ZNELL
Q(JISTART =0,
PQIJSTART) =P (JSTART)

ADJUST INTERNAL ENERGY SO AS TO CONSERVE TOTAL ENERGY.

JPNELL=JSTART+NELL

EKJST= {U{JSTART ) ##2+U( SJPNELL ) ##2 } XGRAMS (JSTART } /4.

E1JST=TOTE~EKJST

E(JSTART)=ETJST/GRAMS(JSTART)

RELABEL EXISTING FINE ZONES

JENDP=JEND+1
NOLA1=NOLA~1

DO 635 J=JENDPsNOLA1
JINEW=J-NELL+1
X{JINEWI=X(J)
UTJINEW) =U( D)
D(JUNEW)=D(J)
PIUNEW)Y=P ()
Q{JINEW)Y=Q(J)
ECINEW)I=E(J)

GRAMS (UNEW) =GRAMS (J)
PQ{JINEWI=PQ(J)
CONTINUE
JNEW=NOLA-NELL+1
X{JINEW)I=X(NOLA)
UCJINREW)=UINDOLA)

DIVIDE MEXT LARGE ZONE INTO NELL FINE ZONESe
NOLA STILL REFERS TO THE LARGE ZONE ABOUT TO BE DIVIDED.

JOONE=NOLA+1
UAMB=U(NOLA+1)
DAMB=D (NOLA)
PAMB=P (NOLA)
EAMB=E(NOLA)

XSI1ZE={ X (NOLA+1)~X{NOLA))/ZNELL

REZ3
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ADJUST INTERPOLATION IF NOLA+1 IS LAST INTERFACE IN PROBLEM. REZ3
IF(NOLASGE+JLAST-1) GO TO 642
NYMPH=NOLA+1
GO TO 643
NYMPH=NOLA~ 1
X1A={X{NOLA)+X(NOLA+1)) /2.
X1B=(X{NYMPH) +X(NYMPH+1)i /2
X1D0=X1B-X1A

JBEGIN=NOLA-NELL+2
DO 660 J=JUBEGINsJDONE
J=J
JMN= =]
X{J)=X{J=1)1+XS1ZE
UtJi=UAMB
IF(TARDCWLTe31) GO TO 6431
P{JMH)=PAMB
D{JMH)=DAMB
E{JMH)=EAMB
GO TO 6450

INTERPOLATE WITHIN THE LARGE ZONE IF ARDC IS USEDe
DINT=D{NYMPH)
PINT=P(NYMPH}
EINT=E(NYMPH)
X1C=X(J}-XS12E/26
X1R=(X1C=X1A}/X1D
D(JUMH)=DAMB+(DINT~DAMB ) #X1R
P(JMH)=PAMB+(PINT~PAMB) #X1R
E(UMH)=EAMB+(EINT~-EAMB) ®#X1R
Q(IMH) =0,
PQ(JMH) =P ( JMH)
PST(JMHY=PQ(JMH}*#14,50382E-6
TEMP({UMH) =0,
DTZJ(JIMH)=DTZJS(NOLA)
GAMMAJ ( JMH) =GAMMAJ (NOLA)

NGEOM=2

CALL GEOM
GRAMS (UMH) =D (UMH) #VOL
CONTINUE

ADJUST NZONES AND INTERJ.
NELL1=NELL-1

NLAST IS INNER BOUNDARY OF FINE ZONES.
NLAST=NOLA~NANCY
DO 1020 I1=2,IMAX
IF(NOLASLTSINTERJ(II)) GO TO 1020
IF(NLASTeGECINTERJIIIY}} GO TO 1020
INTERJIIT)=INTERJ(I])=-NELL]
NZONES(II)=NZONES(II)+NELLL
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NZONES(1I-1i=NZONES(II-1)=-NELL1 REZ3
1020 CONTINUE
C
661 NOLA=SNOLA+1
MZIOAN=MZOAN+1
IF(NC(14)¢EQeO) GO TO 665
WRITE(26+566) MZOANSNOLAGJNCYCLE *
GO TO 6660
655 WRITE(6+5566) MZOANSNOLA 9 NCY( #*

666 FORMAT(25HOREZONING BY REZ3s M2u~N=I3,6H NOLA=I398H NCYCLE=]4)
6650 JF (NOLA~JLAST) 6696679667

667 KREZ3=0
IF(NC(14)eEQe0) GO TO 6670
WRITE(26+668} *
C WRITE TAPE & ALSO.
6670 WRITE{6:668) *

668 FORMAT(36HIFINE ZOMES HAVE REACHED OUTER WALLe /53H0 KREZ3 IS NOW

1 ZERO TO PREVENT FURTHER USE OF REZ3.
659 IF(NC{16jeNEel) RETURN
670 NPRINT=]

MAS=1

CALL OUTI]
699 RETURN
END
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$IBFTC REZ4 LISTeREF
SUBROUTINE REZ4 REZ4

C REZOKE FIRST REGION
C
C THIS SUBROUTINE REDUCES THE NUMBER OF ZONES IN REGION 1 TO XRE2&
C ZONES AT TIME TREZOG. REGION 1 OFTEN KEEPS THE TIMESTEP SMALL AFTER
' C ALL PHENOMENA OF INTEREST HAVE MOVED OUT INTO OTHER REGIONSs THIS
’ C ROUTINE PERMITS THE PROBLEM TO RUN FASTER IN SUCH CASES.
C
EERES INSERT STANDARD COMMON CARDS BEFORE COMPILING wRRRN
C
IF{IDENTWNEL1) GO TO 403
401 WRITE{(69402) *
402 FORMAT{40OHOSUBROUTINE REZ& VERSION 3, 3~ 1-65 )
NDONE=0
RETURN
C
C DO NOT PROCEED UNTIL T HAS REACHED TREZO.
403 IF(TeLT+TREZO) RETURN
C DO NOT PROCEED UNLESS PROBLEM HAS SPHERICAL SYMMETRY.
IF(KeNEe3) RETURN
C DO NOT PROCEED IF KREZ& 1S NOT LESS THAN NZONES(1l)e

IFINZONES(1)eLEeKREZ4] RETURN
405 EKIN1=0.
PTOT=0.
GTOT=0.
TOTIE=0.
TOTKE=0.
| JSTOP=NZONES(1)
‘ ZN=NZONES{1)
: NPRINT=1
i MAS=1
i CALL OUT1
’ WRITE(69415) JSTOPSKREZ4 s NCYCLE *
i 415 FORMAT(3THOREGION 1 IS ABOUT TO BE REDUCED FROMy1493H TOsl4y15H 20
INES AT CYCLEs15)
DO 420 J=1sJSTOP
PTOT=PTOT+P(J)
GTOT=GTOT+GRAMS (J)
USQ= 5% (U J) ¥%24+U(J+] ) %¥#2)
TOTIE=TOTIE+E(J)*GRAMS(J}
TOTKE=TOTKE++5*%USQ*GRAMS (J)
420 CONTINUE

ETOT1=TOTIE+TOTKE
ITI=INTERJ(2)
XXX=X{111])

ZZZ=KREZ4
SI2E=XXX/7222
VOL1=401887902#XXX¥%#%3

B~47




430

450

460

NOL TR 62-168

CAV=GTOT/VOL1 REZ4
PAV=PTOT/2N

DO 430 J=1-KREZ4

X{J+1)1=X(J)+S1ZE

VOLUME=4,1887502% (X{J+]1)#%#3=X(J)*#%3)

GRAMS (J) =DAV#*#VOLUME

P{J)=PAV

Q(J)=0.

UEJr=ULJSTOP)I %X (J) /XXX

D(J)=DAYV

DTZJ{J)==0,

TEMP(J)=-0,

PQ(JI=P(J)
ECINI=EKINI+(U(J)I%%24U(J+1 ) #%2)RGRAMS(J) /40
CONTINUE

ADJUST E TO CONSERVE TOTAL ENERGY IN REGION 1 o
EINT1=ETOT1-EKINL
EPERG=EINT1/GTOT
DO 440 J=1,KREZ4
E(J)=EPERG

RELABEL REST OF ZONES
JSTART=KREZ4+]
JC=JSTOP-KREZ4
JEND=JLAST=JC
NZONES(1)=KREZ4
DO 450 J=JSTARTSJEND
JW=Jd+JC
X{J)=X(JUW)
UiJd)i=UlJW)
DUUSY=D(IW)
E(J)=E(JIW)
Q(J)=Q(IW)
PQ{J)=PQLIW)
GRAMS !t J)=GRAMS (UW)
GAMM: ¢+, J)=GAMMAJ(JUW)
DTZJ(N) =DTZJI(IW)
DUDT (.J)=DUDT {UW)
DWAS(J)j=DWAS(JW)
EWAS(J)=EWAS{JW)
PWAS(J)=PWAS(JW)
TEMP(J)=TEMP {JW)
CONTINUE

IMAX1=1MAX+1

DO 460 I=2,1MAX]1
INTERJ(II=INTERJI(I)=JC
JLAST=JLAST=JC
JLAST1=JLAST-1
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JCALC=2JCALC~JC
KREZ3B=KREZ38B-~JC
NPRINT=1
MAS=1
CALL OuUTl
PREVENT FURTHER USE OF THIS ROUTINE BY SETTING KREZ4=(C.
KREZ4=0
499 RETURN
END
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$IBFTC ARDC LISTsREF

[aKa¥a¥aXaXaaXal

100

101

102
103

104
105

106
io7

108
109

110
111

112
113

114
115

116
117

119
120

SUBROUTINE ARDC(ALTCMsPRATIO»TRATIOSDRATIO) ARDC
REFERENCE

MINZNERs ReAe AND RIPLLEY» WsSes THE ARDC MODEL. ATMOSPHERE

19564 AFCRC TN-56-204+ AD-110233, DEC 569 UNCLASSIFIED.
ALTCM=ALTITUDE IN CENTIMETERS
PRATIO=RATIO OF AMBIENT PRESSURE TO SEA LEVEL PRESSURE (1 ATM),
TRATIO=RATIO OF AMBIENT TEMPERATURE TO SEA LEVEL TEMP (288416 K)o
DRATIO=RATIO GF AMBIENT DENSITY TO SEA LEVEL DENSITY{.001225 G/CC)

ALTZ=ALTCM/1004
ALTH=6356T6600%ALTZ/(635676640+ALTZ)
IF{ALTHeGT11000s) GO TO 102

TEMP=288416~0,0065*ALTH
PAMB=14,696178/(2884160/128841560-0s0065*ALTH} }%#%5,25612218
GO TO 118

IF(ALTHaGT4250004) GO TO 104

TEMP=216466
PAMB=3428254528/(10%#{06068483253E~3#(ALTH=1100040}))
GO TO 118

IF(ALTHeGTo47000+) GO TO 106
TEMP=216066+0,003#(ALTH=2500040}
PAMB=0436094654/((141¢660+3.0E~-3%ALTH)/216466)%#11,38826473
GO TO 1i8

IF(ALTHeGT 4530004} GO TO 108

TEMP=282466
PAMB=0e0174686/(10e*%#{060524926823E~3%(ALTH=4700040)))
GO TO 118

IF(ALTHeGT«79000+) GO TO 110

TEMP=2282466-0,0045% (ALTH=5300040)
PAMB=8440408E~3/((282.66/TEMP)#%7,592176)

GO TO 118

IF(ALIHeGIe90000e) GO TO 112

TEMP=165466

PAMB=1¢46198E=~4%#EXP (-0e0341647942% (ALTH~79000¢0)/165466)
GO TO 118

IF(ALTHeGT+105000.) GO TO 114

TEMP=165+:66+040040% (ALTH=9000040)
PAMB=145519E~5%(16%466/TEMP ) %#%#8,541198

GO TO 118

IF(ALTHeGT4160000s) GO TO 116
TEMP=225.6640,02#(ALTH-10500040)
PAMB=1e04442E=6%(225,66/TEMP)%#]1,708239

GO TO 118

IF(ALTHeGT«170000s) GO TO 119
TEMP=1325,66+0601%(ALTH~16000060)
PAMB=5014015E=8%(1325.66/TEMP ) #%#3,4164794

GO 10 118

IF{ALTHeGT4200000¢) GO TO 121

TEMP=1425466+0005% (ALTH=17000040)
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PAMB=% e 0654 =8%(1425:66/TEMP ) #%#6,832958
GO TO 118
121 TEMP=1575066+00035% (ALTH~20000040)
PAMB=2¢0595E~8#(1575666/TEMP) #%9,761369
118 TRATIO=TEMP/288416
PRATIO=PAMB/ 144696178
DENSAM=342365427L~4#PAMB/ TEMP

C DENSAM IS IN UNITS OF SLUGS PER SQUARE INCH PER FOOT.
) DRATIO=DENSAM/ 0000165
5 RETURN
' END
|
I
t
|
g B-51
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SIBFIC GEOM LISTeREF

C

3% 9% %%

C

10
11
12
13
20
21
22

23
99

SUBROUTINE GEOM

INSERT STANDARD CUMMUN CARDS BEFURc COMPILING

1Fr (IDENT.NEel) GO TO 9
WRIJE(6+6)

NOL IR 62~-168

FORMAT{40HOSUBROUTINE GEOM VERSION

RETURN

o T R
s e o —p, s = e TR T 2

CALC AREA OF INTERFACE J OR VOLUME OF ZONE J-1

NGECM=NGEOM

GO TO (10920) sNGEOM
K=K

GO TO (11512+13)sK
AREA=1,

GO 70 99
AREA%642831853%X(J)
GO 10 99
AREA=124566372%X(J) #%2
GO T0 99

K=K

GO TO (21922923)9K
VoL=XtJ)-XiJ-1)

GO TO 99

VOL=361415927T*(X(J) #%2~

GC TO 99

YOL=4,1887902%(X(J) #%3~

RETURN
END

X{J=1)#%2)

X(d=1)%%3)
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$IBFTC EQST LISTHREF
SUBRQUIINE EQSI

C
*HREE INSERT STANDARD COMMON CARDS BEFORE COMPILING LA Al

AN EQUATION OF STATE MUST CALCULATE P(J)s E(J)s AND SOUND(J)
ANDs IF DESIREDs TEMP(J) AND GAMMAJ(J).

[alaNalel

NQST=NQST
GO TO (192933435969 T79899910911912)9NQST
1 CALL EQS1
——m GO TC 100
2 CALL EQS2
GO T0 100
3 CALL EQS3
GO 10 100
4 CALL EQS4
60 T0 100
5 CALL EQSS
GO TC 100
6 CALL EQS6
GO 70 100
7 CALL EQS7?
G0 TO 100
8 CALL EQSS8
GO TO 100
9 CALL EQS9
GO 10 100
10 CALL EQLO
GO T0 100
11 CALL EQ11
GO TO 100
12 CALL EQ12
100 RETURN
END
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$IBFTC EQSL LISTHREF

C

c
C

¥* %% %%

[aXaXaXa)

101
102

103
8§00

90

211
212

220

SUBROUTINE E@s1l £QS1
EGUATION OF STATE FOR GAMMA~LAW GASs E=PV/(G=1l}e
INSERT STANDARD COMMON CARDS BEFORE COMPILING  #a#as

AN EQUATION OF STATE MUST CALCULATE Py Es AND SOUND.
iIF DESIREDs IT MAY ALSO CALCULATE TEMP AND GAMMAJ.

IF{IDENTeNEL1) GO TO 800

IF(NOMORE<EQe71) RETURN

WRITE(62102) *
FORMAT(4CHOSUBROUTINE EQS]1 VERSION 3, 3= 1-65 }

RGAS%2487043E+6

NCMORE=T1

RETURN

GAMMA=GAMMAL (1)
BEGIN ENERGY ITERATION.

GA=GAMMA-1,0

GB= (GAMMA+1,)/GA

Visls/D(UMH)

V2=1./DWAS(JMH)

VB=V1=-VZ2

VC=GB#V1-V2

PIJMH) 2 (2 ¥EWAS(JMH} =(PWASIJIMH)+2.%Q(JMH) j*VB)/VC

PVaP{UMH} /D (JMH)

E(JMH) =PV/GA

TEMP { JMH) =PV/RGAS

GPV=GAMMA*PY

IFIGPV) 21142119220

WRITE(69212) JMHoE(JIMH) sD(IMH) oP (IMH) 9 GAMMA

FORMAT(18H1##%#%#STOP [N EQS1/6H ZONE=14/8H E(JMH)=1PEl4¢5/8H D(JMH

11=1PE14+5/8H P(JMH)=1PE14%4+5/8H GAMMA =1PEl4.5)

KUTOFF=1

MAS=1
CALL QUT1

SOUND(JMH) =SQRT (GPV)

GAMMAJ ( JMH ) =GAMMA

RETURN

END
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$IBFTC EQS2 LiISTaREF
SUBROUTINTC EQS2
C
C APPROXIMATE EQUATION OF STATE FOR REAL AIR (VARIABLE GAMMAS,
C
labotodd INSERT STANDARD COMMON CARDS oEFORE COMPILING *HRRE
C
DATA RGAS/2.87043E+6/
C
IF(IDENTeNES1) GO TO 800
IF(NOMORE«EQe73} RETURN
101 WRITE{(6,102)
102 FORMAT(45HOSUBROUTINE EQS2 VERSION 3, 3~ 1-65 AIR L

NOMORE=173
103 RETURN
C
C CHANGE ENERGY FROM ERG/GRAM TO MBAR CC/GRAMs

800 ENERGY=E{(JMH}#1.E-12
DENRAT=D{JUMH) /74001225
IF(ENERGYeGTe0e) GO TO &
202 WRITE(69212) JMHSE(JIMH) :D(JMH} 9P (JIMH}) 9 GAMMA

212 FORMAT{18H]#*#%%STOP [N EQS2/6H ZONE=14/8H E(JMH)=1PE14¢5/8H D{JMH

1)=1PE14¢5/8H P{JMH)=1PE144,5/8H GAMMA =1PEl4+5)
KUTOFF=1
MAS=1
CALL OQuUT1
ST0P
4 IF(ENERGYeGT«04003} GO TO 204
2 GAMMA=144
3 GO T0 90
4 ELOG=ALOG1O(ENERGY)
IF(DENRAT) 202+2025205
205 DLOG=ALOGIO(DENRAT)
6 IF(ENERGYeGTe0+015) GO TO B8
7 GAMMA=-,071533#EL0G+1.,21953
GO TO 90
8 IF(ENERGY«GTe0405) GO TO 10
9 AG=-4172124
BG=1+03606
CG==-0338509
DG=4732590
GO TO 80
10 IF(ENERGYeGTe0e3) GO TO 12
11 AG=-.109233
BG=1.11789
CGx=4106663
DG=1403423
GO T0 80
12 IF(ENERGY«GTe20e) GO TO 14
13 AG=.0411205
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16

80
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22

221

999
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8G=141965

CG=,0137068

DG=140972

GO T0 80

IF{ENERGYaGT«70e) GO TO 16

AG=427569

8G=.891132

CG=,452383

DG=o 43348

GO TO 80

GAMMA=,086588#ELOG+1424024

IF(GAMMA4GT¢1e667} GAMMA=1,667

GO T0 90

GAMI=AGRELOG+BG

GAM2=CG*ELOG+DG

GAMMA=GAM1=(14=-DLOG)/ T e *(GAML=GAM2)
CALCULATION OF AN EFFECTIVE GAMMA NOW COMPLETED.

BEGIN ENERGY ITERATION,
GA=GAMMA-1,0
GBx=(GAMMA+14) /GA
Vizle/D{JMH)
V2=1s/DWAS(JMH )
BVaV1-y2
VC=GB#V]-V2
P{IMH)z {2, #EWAS(JMH )~ (PWAS( JMH )+ 2, *Q( JMH) ) #DV )/ VC

PV=P{JMH} /D (IMH)
E(JMH)=PV/GA

TEMP (UMM} =PV/RGAS
GPV=GAMMA#PY

IF(GPV) 20252025221
SOUND(JMH) =SGRT(GPV)
GAMMAJ { JMH ) sGAMMA
RETURN

END
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