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SECTION |
INTRODUCTION

The FBRTRAN IV program DAWNA solves the set of partial differential equations
governing the flow on the axis of symmetry between the blast wave and the Mach
disc of a muzzle blast field. A complete description of the method of solution
of the governing equations and statement of the boundary conditions is given

in Reference (1). Program DAWNA is a revised edition of program DAWN pre-
viously described in Reference (2). The two main refinements included in
program DAWNA are the following:

1) An initialization technique has been developed that allows the
computer program to self-start without the use of empirical
relationships (such as the initial locations of the flow dis-
continuities).

2) An acoustic analysis which enables the continuation of the blast
field calculation to very late times.

Besides the major analytical refinements presented above, various other mod-
ifications have been included in the present computer code which minimize
possible souices of numerical error as well as making the program more con-
venient for .he user. The more pertinent of these include the use of auto-
matic grid subdivision, a streamline trace for the determination of the pro-
perties upstream of the Mach disc and the option of choosing the units of
both the input and output parameters.
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SECTION 11
PROGRAM STRUCTURE

The main program acts an as executive routine which calls the principal sub-
routines, as follows. Subroutine INDATA is called once to define the finite
difference grid and initialize the dependent variables. Subroutines SHECK,
CONTACT and INT PT are called sequentially to advance the solution from time

t to time t+At. The dependent variables are then reinitialized, printed and
the above sequence repeated. This loop is terminated when the selected number
of time steps have been completed, at which time the final solution can be
written out in TAPE12 (at the option of the user) and the program execution

is stopped.

Subroutines SHBCK and CENTACT accomplish the solution at the two shocks and the
contact surface by the method of characteristic technique described in Refer-
ence (1). The three surfaces of discontinuity are identified by the indices

1, 2 and 3 which refer to the Mach disc, contact surface and blast wave, re-
spectively. Subroutine INT PT accomplishes the solution at the interior grid
points by the finite difference algorithm devised by MacCormack (Reference 3).
Within subroutine INT PT the index K=1 denotes the solution between the Mach
disc and contact and K=2 denotes the solution between the contact and the

blast wave. The indices L#fP=0 and 1 refer to the first and second iterates

of the MacCormack algorithm,

The subroutines associated with the acoustic wave computation are called from
subroutine ACPUS which only returns control to the main program at the com-

pletion of the run. °

The functions of all the subroutines are summarized in Table |. The main
program variables are identified in Table I1I.
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TABLE |
SUBROUTINES AND FUNCTIONS

DESCRIPTION

Calculates flow properties on the centerline of the super-
sonic jet exhaust plume from the muzzle exit conditions
and the centerline Mach number at the location of the Mach
disc.

Calculates the position and velocity of the contact sur-
face and the flow properties on both sides of the contact
surface.

Sets the flow variable< on the upstream side of the blast
wave to the specified amblent (i.e., "infinity") condi-
tions.

Reads the Input data and defines accordingly the finite dif-
ference grid and the initial values of the dependent vari-
ables.

Computes the new finite difference solution at the interior
grid points and the new location of the grid points at each
succeeding time step.

Locates the intersection of a characteristic surface and a
time plane, and performs the necessary interpolations of
variables from the solution at the grid points.

Determines the pressure, speed of sound and Mach number
at the muzzle exit as a function of time from a spline-fit
of the corresponding tabular input data. -
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" DESCRIPTION

Writes the final time step on TAPE12 for restarting the
calculation (see Section 111(B) for an explanation of
the restart capability of the program).

Reinitiallizes the arrays in which the new solution at
time t+At will be stored.

Calculates the position and velocity of a moving shock
and the flow properties on the downstream side of the

shock. The index K in the calling sequence is used to
denote the Mach disc (K=1) and the blast wave (K=3).

Performs a spline-fit of tabular data (see Reference 4).

Uses the spline-fit coefficients to interpolate data at
arbitrary values of the independent argument. (First

and second derivatives of the dependent variable are also
calculated, but not used in the present program.)

Computes the maximum allowable time step, At, based on
the Courant, Friedrichs and Lewy criterion.

Interpolates data when adding or deleting a grid point.

Determines the initial location and fluid properties of
the Mach disc, contact surface and blast wave.

Calls the various subroutines associated with the integra-
tion of the acoustic wave equation.

Performs the integration of the acoustic wave equation using

8 fourth-order Runke-Kutta method.

k-
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DESCRIPTION

Subroutine which evaluates the derivative used in the

Runge-Kutta integration.
Dummy subroutine called from subroutine INTIA.
TABLE 11
PRINC IPAL PROGRAM VARIABLES

DEFINITION

Number of grid points in region 1 (i.e., from Mach
disc to the contact).

Total number of grid points (including points on both
sides of both shocks and the contact except for the free

stream side of the blast wave)

Axial distance (in feet).

Natural logarithm of pressure (in psf).
Gas velocity (in fps).
Entropy (in ff&secz-ok)
Speed oé sound (in fps).
Gas density (in slugs/ft’).

Velocity of surface of discontinuity.

Ratio of specific heats for regions 1 and 2, respectively.



FORTRAN NAME

cPt, CP2

RJET

XME

PE

At
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UINF
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RH INF

TIME

TIMEF

KK
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DESCRIPTION

Specific heat at constant pressure for regions 1 and 2,

respectively.

Radius of gun bore.

Muzzle exit Mach number.

Muzzle exit pressure (in psf).

Sound speed at muzzle exit (in fps).
Ambient pressuré (in psf).

Ambient gas velocity (in fps) (usually 0.0).
Speed of sound in ambient gas (in fps).
Ambient gas density (slugs/ft3).
Current time (seconds).

Final time (seconds).

Maximum number of time steps.

Current number of completed time steps.

Interval in the number of time steps between printing

of complete flow field solution.

-

Index for option to write final solution on TAPE12.
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FERTRAN NAME DESCRIPTION
oT Time Increment.
1} 4 Increment in axial distance.

Definition of other program variables should be self-evident from the context

of their usage.



A. PUNCHED CARD FORMAT

Card
Number Format Columns
1 15 1-5
15 6-10
15 11-15§
i5 16-20
IS 21-25
15 26-30
Is 31-40
i5 41-45
15 46-50
2 £10.0 1-10
€10.0 11-20
E€10.0 21-30

T™ 184
SECTION 111

DESCRIPTION OF INPUT

Descrlgtlon

starting step of run

final step of run

print interval

output file creation index (0 - no output file

created; 1 - output file created on TAPE12)

restart indicator (0 - initial program submittal;

1 - program reads initial step from TAPE10)

option for moving origin of coordinate system

(0 - fixed region; 1 - moving origin)

input unit index - specifies the units of the

input (0 - metric; | - english) %y
output unit index - determines the units of the

output (0 - metric; 1 - english; 2 - non-dimensional)
acoustic wave index (0 - normal program operation;

1 - only acoustic wave calculation performed)

starting time of run (seconds)

final time of run (seconds)

multiplicative factor on maximum time step cal-
culated from stability theory-(recommended value

is 1.0)



T™ 184

Card
Number Format Columns Description
2 £10.0 31-40 multiplicative factor on minimum grid spacing
as determined by Initial number of grid points
(recommended value is < 1.0)
E10.0 b1-50 multiplicative factor on minimum grid spacing
to determine maximum grid spacing (recommended
value Is > 2.0)
3 E10.0 1-10 radius of gun bore (m or ft)

£10.0 11-20 coordinate system index (0 - planar; 1 - cylindri-
cal; 2 - spherical)

E10.0 ~ 21-30 ratio of distance from muzzle to origin of co-
ordinate system to the distance from muzzle to
the Mach disc

If the restart indicator s equal to one on card number 1, card number 4 is

not required.

4 15 1-5 last data point in region 1 (shown as IRl in
Figure 1)
15 6-10 last data point in region 2 (shown as IR2 in
Figure 1)
E10.0 11-20 specific heat ratio in region 1
£€10.0 21-30 Specific heat ratio in region 2
E10.0 31-40 specific heat at constant pre;sure in region
| (mz/secz K or fti/sec? °R)

.9-
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Card
Number Format Columns
4 €10.0 41-50
5 E10.0 1-10
€10.0 11-20
E10.0 21-30
E10.0 31-40
6 t5 1-5
7 There are '""INUM" of the
properties.
7a €10.0 1-10
€10.0 11-20
€10.0 21-30
€10.0 31-40
8 5 1-5

™ 184

Description

specific heat at constant pressure in region

20 ZOR)

2 (mzlsec K or ftz/sec

ambient pressure (N/m2 or Ib/ftz)
ambient gas velocity (m/sec or ft/sec)
(typically 0.0)

ambient speed of sound (m/sec or ft/sec)
blast wave Mach number at which acoustic

wave analysis commences

INUM-number of points in table of muzzle exit

properties (maximum of 25 points)

following cards describing the muzzle exit

time (seconds)
pressure (N/m2 or |b/ft2)
speed of sound (m/sec or ft/sec)

Mach number

INUMP-number of points in table describing
the plume centerline Mach number distribu-

tion
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ard

umber Format Columns Description

9 The following cards describe the plume centerline Mach number dis-
tribution. A maximum of 35 points are allowed. Input the location
of the point (2Z) followed by the centerline Mach number (ZMCL) for
that point. 1Input 4 pairs to a card and continue on the next card
until all "INUMP" points have been input. A sample of the first
ca:d is shown below:

9a E10.0 1-10 Z2(1) - axial distance from muzzle in bore

radii
E10.0 11-20 IMCL(1) - plume centerline Mach number at
distance 2Z(1) from nozzle

E£10.0 21-30 22(2)
E10.0 31-40 IMCL(2)
£10.0 41-50 22(3)
£10.0 51-60 ZMCL(3)
E10.0 61-70 2z(4)
E10.0 71-80 ZMCL (&)

If the acoustic wave index

requi red.

10

£10.0 1-10
E10.0 11-20
£10.0 21-30

is equal to zero on card 1, card number 10 is not

the location of the contact surface (m or ft)
the location of the blast wave (m or ft)

the initial time step to be used by the Runge-
Kutta integration routine (usually taken to be
the final time step obtained by the stability
requirements of the finite difference portion

of the program) (seconds)
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Card
Number Format Columns Description
10 E10.0 31-40 the constant in the Mach disc equatiou

printed out at the last finite difference

step

€10.0 41-50 . the constant in the blast wave equation
printed out at the last finite difference
step

£10.0 51-60 the constant in the velocity curve fit

printed out at the last finite difference

step

B. Restart Capability - The program possesses the capability of

using a solution previously stored on disk or tape to initialize the neces-
sary variables at each grid point. To create such a file, the output file
creation index (card 1) must be set equal to one (1). When the final time
step is reached the necessary variables are output on TAPE12 and may be

saved by the appropriate use of control cards.

To make use of this file, the restart indicator (card 1) should be set equal

to one (1). With the exception of card 2 which must be changed to correspond e
to the time step saved on the file and card 4 which must be omitted, the pro-
gram input deck is the same. The variables are then read from TAPE10 and are
used for the initiation of the program. At the completion of this run, the
variables can again be output on TAPE12 if desired. Care must be taken to
assure that the files and tapes correspond to the desired input and output
data. Typical control cards that illustrate the use of the restart capability
are shown In Figure (2). .
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CREATION OF OUTPUT FILE

JOB CARD
CHARGE CARD

REQUEST(TAPE12,*PF)

ATTACH(LGO, DAWN,CY=1, 1D=ATLXXX)

MAP (PART)

LGO.

REWIND (TAPE12)

CATALOG (TAPE12,NAMESTEPXXX,CY=1, I D=ATLXXX)

EOR
RESTART USING OUTPUT FILE
JOB CARD
CHARGE CARD
REQUEST(TAPE12,*PF)
ATTACH(LGO,DAWN,CY=1, ID=ATLXXX)
MAP (PART)

ATTACH(TAPE10,NAMESTEPXXX,CY=1, |D=ATLXXX)
REWIND (TAPE10)

LGO.

REWIND(TAPE12)

CATALCG (TAPE12,NAMESTEPXXXX,CY=1, 1D=ATLXXX)
EOR

FIGURE 2. CDC SCOPE 2.1 OPERATING SYSTEM CONTROL CARDS ILLUSTRATING THE USE
OF THE PROGRAM RESTART CAPABILITY )



™ 184
SECTION 1V
DESCRIPTION OF OUTPUT

A. Output Format - The first page of the program output prints a

narrative which informs the user of various input parameters such as the
initial and final time steps, print interval, free stream properties etc.
On the second page of output, the input values of the muzzle exit conditions
and the plume centerline Mach number distribution are printed out in tabular
form. The units of the input variables are specified by the input unit in-

dex as described previously in Section |11,

On the following pages of the printout, starting with the initial step, the
fluid dynamic properties are printed at each grid point. As a convenience

to the user the locations of the Mach disc, contact surface and blast wave

are speciflied in the output by the letters MD, C and BW respectively. At
intermediate time steps where a complete output is not desired the velocity

and position of the discontinuities are printed. The program has the capability
of printing out the fluid variables in either metric or English units or in a
non-dimens ional form. The output unlf index described in Section |11 controls
which unit option is used. A table illustrating the unit option is contained

in the following sub-section.

The form of the output for the acoustic wave computation is similar to that of
the finite difference portion of the program except that only non-dimensional
output is used. When the program reaches the time for switching to the acoustic
analysis (i.e., when w(3)/a“ :_1.10), the final finite difference time step is
output along with the necessary parameters for resubmitting an acoustic wave

run,
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STEP - total number of steps taken

TIME - total elapsed time (seconds)

Qutput Unit Index
Description 0 1 2
Z axial distance meter feet /0
P pressure N/m2 lb/ft2 P/P_
v velocity m/sec ft/sec U/a_
2 20 2 20
3 entropy m /sec” K ft“/sec” "R (s-s__.)/c
ref’ v
A speed of sound m/sec ft/sec a/a_
RH density kg/m3 slug/ft3 o/o,
TEMP temperature % R T/T
MACH Mach number - - -
w(1) velocity of Mach disc m/sec ft/sec w(1)/a_
w(2) velocity of contact m/sec ft/sec w(2)/a_
w(3) velocity of blast wave |m/sec ft/sec w(3)/a_
z2(1) location of Mach disc meter feet 2(1)/0
2(2) location of contact meter feet 2(2)/D
Z(3) location of blast wave meter feet 2(3)/0

C. Sample Input and Output
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MUZZLE BLAST ANALYSTIS

. STARTING STEP = 0 - - o A ——

— .- -FINAL STEP = 0 S e U [ J
PRINT INTERVAL = 10 : =
STARTING TIME = o, SEC, R

B FINAL TIME = «30000E=02 SEC, R B Y —

LAST PT, REGION NO, 1 & 7 - —_rx e ——
LAST PT, REGION NO, 2 = 13

——— _MOVING COORDINATE SYSTEM OPTION =  0- - - et
. RADIUS OF THE JET =  ,91300E<02 FT, W i e i
~— . FLOW INDEX 3 2 = SR
_ _ ORIGIN OF SPHERICAL SYSTEM & ,400E¢00 TIMES RJET oo _ .
. FREE STREAM PRESSURE = e21200E404 LBS/FT/FT . T
FREE STREAM VELOCITY = 0, F1/8EC —
——— _FREE STREAM SPEED OF SOUND 8  ,11200E+04 FT/SEC- -

—————SPECIFIC HEAT RATIO (REGION 1) =1,25 S ——— . WL Em N -
— - SPECIFIC HEAT RATIO (REGION 2) =1,40 i SR -
— SPECIFIC HEAT AT CONSTANT PRESSURE(REGION 1) 3 9507,) FInad/SECx42=DEG.R
SPECIFIC HEAT AT CONSTANT PRESSURL (RFGION 2) & 6006,0 FTn22/SEC*42=DEG,R
BARREL EX'IT PRESSURE = «12981E+07 L_BS/FT/FY PR —rra e e s

. _____BARREL EXIT MACH NO, &  .10000E401 .. — _ _
BARREL EXIT SPEED OF SOUND =  ,42u93E+04 FT/SEC '

FIGURE 4. FIRST PAGE OF PROGRAM OUTPUT -
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STEP 21095 TIME = ¢30000E=02
240D P RMO-- \
mMD e 39490E+01
—————18401E¢03 - ,10000E+03 - —,310000E+01.- 0O, .
018568L+03 «10006E+0} «10011€E+01 «20501E=02
—e18738E+03 «10016E+01 «310024E+0) . ,42083E=02
010912E+03 e10032E+01 o10040E+0} 64911€=02
—————e19088E+03 _,310053E+03.- ,100061E+¢0) .. 8915002 . ——
e19268E+03 «10081E+01 «10085E+01 e 11U96E=01
— -01945S2E+03 «103117E¢01 o10113E¢01. ., 14252E~-0) .
0196368E+03 «10159E+01 o10146E+01} e 17204E=01
—_—e19029E+03 -,10207E¢01 o) 0182E¢0) —,20381E=0). .
+20023E903 010260£4¢01 «10220E¢01 023811E=0}
——————e80221E¢03 .- ,10316E¢0) ,10258E¢0) - ,2752UE~0) ...
80U23E+03 «10374E+01 «10296E¢01 e 31547E=01
— +20630E+03 -0 10432E+01 e30333E¢01 - ,35899E=01 - ~ -
+20840E+03 «10492E+01% «10369E+01 0 30539E-01
+21055€+03 - ,10553E+01 0 1040SE*0) —-,45406E=01 - - —
0@1274E+03 o10617E+0} e10442E+0} 0 S0438E=01
—e@lU497E403 -.- 10684E*01 .- —-,10482E401 --—-,55575E=01 -
0€1726E+03 «1075S4E+0} «10525L+01 «60755€E=01
+21959€+03 «10830E+01 010572E+0} 9695970E+01 - .
Bw 022198E¢03 e10910€+01 «10623E+01 e 71290E=0}

-END .CONDITION _MET

FIGURE 7.

TYPICAL OUTPUT OF ACOUSTIC WAVE ANALYSIS
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PROGRAM DAWNA(INPUT,QUTPUT,PUNCH, TAPESSINPUT, TAPE6GSOUTPUT,
1TAPE10, TAPEL2)

COMMON/A/2(200),P(200),U(200),RH(200),5(200),A(200),n(3)
COMMON/B/ZN(200) ,PN(200),UN(200), RHNj;ﬁO);SN(ZOO)plN(ZOO)c*NCS)

COMMON/D/ IR(2)yGAM,xJ,CP,DZ,0T
COMMON/F/RJET ) XME,PE,AE,PINF,AINF,UINF,RHINF

COMMON/G/KK,LL, 0, TIME, TIMEF
COMMON/TIPU/Z 1PUNCH

COMMON/22ERO/2ZERO, IMOVE ,022ERD/DTZZER,FACT
__COMMON/GA/GAM] ,GAM2,CP) ,CPR

COMMONIBLASI/IBWoBWCDN SPEED,RJET2
MMO

COMMON/UNTTS/IUNIT, TUDUM, TUNQUT, JUOUT,FTME ,PUNIT ,DEGRK ,RHUNTT
COMMON/BWANAL/BAMACH

DATA HY/2H  /i)H2/2HMD/ ,H3/2H C/onb/72HBW/
D1s0,0

CALL INDATA
FACINFECP24 (GAM2=1,0)/GAM2

FACT23FACINF
FACTISCP1»(GAM]=],0)/GAM]

3 CONTINUE
IRI=IR(Y)

IRIPZIR1+1
JRE=IR(2)

IR2PEIR2¢1
1F(KU,GE,xK) GO TO &

IF((KO/LL)»LL NEL,KO) GO TO S
4 CONTINUE

WRITE(6,7) KO,TIME
7 FORMAT(IH, 10X, #STEP 3a,]0,]10X,#TIME =2,E13,5,3X,4HSEC,,//)

WRITE(6,8)
8 FORMAY(Gl'ltllXo*Z*;ISX.*P*ollx'iU¢;ISX:tStolSX-'lsljzx.tRH'o

L111XyaTEMPA, 10X, 2#MACHR)

l11s1R(2)+1 — _L

FOUMSAINF « TIME
00 9 I=§,11

FACREGEFACT]
IF(1,6T,1R1) FACREGEFACT?2

HSEH1
IF(1,EQ,1,0R,1,6Q,2) M52MH2

IF(1.,EQ,IR1,0R, 1, tb'xnlp) FIIT}
1F(1, GE,IRZ) HS:Ha

60 TO(22,24,26),1V0UT
22 CONTINUE ) -
IS8T (T)AFTIME
_PSSEXP(P(I))#PUNIT
USsU(])#b IME
ASSA(])wF TME

RSERH(I)#RHUNIT
SSES(I)eF TME##22DEGRK

TEMPE (PS/ (RS*FACREG) ) /FTYE##2/DEGRK

60 70 S0 _ -

T 24 CONTINUE
2582(1)

PSSEXP(P(I))
usSsu(l)

ASsA(])

-23-
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RSsRM(]) .
3§S=8(1) .
TEMP=(PS5/(RS#FACREG))
GO Y0 S0

26 CONTINVE
2532(1)/RJIETD

PSEEXP(P(1))/PINF

USSUCI)/ZAINF

ASEA(L)/AINF

RSSRH(I)/RHINF .
TEMPE(PS/RS)#FACINF/FACREG

1F(1.GT.JRY) GU TO 30

8$5=GAML#(S(]1)=5(1))/CP}
€0 Y0 40 e
30 CONTINUE
- 953GAM2#(S(I1)=S(IR2P))I/CP2
40 CONTINUE
S0 CONTINUE

XMSzU(1)/7A(1)
MRITE(H,10) 1,HS,25,PS,U5,855,A5,RS, TEMP, XMS .
2000 FORMAT(8X,S5E14,5)
9 _CONTINUE —
10 FORMAT(IS,1xA2,8E14,5)
nRI1TE(6,12)

12 FORMAT (/)
IF(KQ,GE.XK) GO 10 6 - e
WRITE(6,21)
e R) FORMAT(11X*N (L) *]OXaw(2)#10XeW(3)nl0XxZC1)10XO2(2)210X0Z(3)n
J10X#TIME#, 11X, DTx)
S _CONTINUE

2182(1)/RJETR
o d2smI(]IR1)/RJETE
2382 (IR2)/KJLETZ
1F(23,67,1.90) -
18WCONE23 2(1,0°(AINF/W(3))na2)*SART(ALOG(ZS ))
IF(23.67.1.0) BANTCONSTIME®]  OE+Q6¢(RJET2/AINF)»(Bws IN®

1SGRY(ALOG(Z3))=23)»1 ,0E+006
ZMDR0 692 XME*SURT (GAML#PE/EXP(P(2))) S
GO T0(32,34,36),10007

32 CONTINUE . L ... ..
WIOUMENW (1) *FTME
waOUMEW(2) #F TME
W3IDUMERW(3) #F TME
210UMEZ (1) #F TME _ _ SIS
Z2DUMSZ(IR])»F TME

o 230UMmMEZ(IR2)*FIME il

60 10 38

}C ;QN!]NQE
wiDUMsEK(])
We0UMsw () .
w3bUMzN(3)
Z10umM=7(1) . U O
Z20uMeZ(IR])

_230uMsZ(IR2)

GO T0 38

36 _CONTINVE
Wi0UMSN(L) /AINF

=24~ S - S




n20UMEN(2) /AINF
WIDUMENW(3) /AINF

Z10UM=Z (1) /RJETR
220UMz2 (IR})/RJIET2

38

Z30UMSZ (IR2)/RJETR
CONT INUE

1§ |

WRITE(6,11) WIDUM, w2DUM,W3DUM,Z10UM,Z20UM, Z30UM, TIME, DT
FORMAT(SX,8E14,5,2F8,2)

IF(18n,EQ,0) GO 10 14
___LLacLloum

~ ZCON=Z(IR1)
ZBnzZ (1R2)

RCYEZ(IR1P)=FOUM
SGN2SIGN(1,0,RCT)

00 &0 l'lRlp  IR2
RCT=2Z(1)=FOUM

SGN1=SIGN(1,0,RCT)
1F (SGN,EQ,SGN1) GO 10 S9

IRCT=]
IRCTME] =]

RCTMSZ(IRCVM)OFDUM

TERMM'(Z(IRCTM)/RJtTZ)tQZt(RN(IRCYM)/RHINF =1,0=U(IRCTY)/SPEED)
RATRCTSRCY/(RCT=RCTY)

RHORCTETERM+RATRCT o (TERMM=TERM)
60 10 70

59

CONTINUE
SG"&8GN1

60

CONTINUE
RHORCT=1,0

70

CONTINUE
WRITE(6,1000) CONMD, BNCON, RHORCT

1000

FORMAT(//+1XyoTHE CONSTANT IN THE MACH DISC EQUATION IS»,E13,S,
1//791%¢2THE CONSTANT JN THE BLASY wWAVE EQUATION ISe#,E13.5,

1//7,1X,#THE CONSTANT IN THE VELOCITY CURVE FIT ISa,t13,5)
CALL ACOUS(ZCON,28n,DT,CONMD,RHORCT)

14

CONTINUE
CALL SETN

CALL STEP
CALL SHOCK (1)

CALL SHOCK(3)
CALL CONTCT(2)

CALL INT PT
IF(IMOVE,EQ,0) GO TO 20

20

IZEROSZN(l)tFACT
DIZERUSAN(I)#FACT
DTZZERE(N(1)en(1))/DT
CGNY INUE

I1xIR(2)¢]
00 1 I=j,11

4

I)ERHN(])

z (

P (]

u (1

8 (1)=S N(1)
A (

RH(

vo

e 1=1,3
-25-




e w(l)swN(l)

KQsk0+1

TIMEZTIME DT
A(3I/AINF) LE BWMACH) JBwz]

IF(18w,EQ,0) GO TO 3
ALL M MELP A MEXIT)

CONMD2Z(1)/(XMEXITASQRT(GAMI#PEXIT/PINF))/RJIETR
LLDUMELL

LiLs)
- GO 10 3

6 CONTINUE
IFCIPUNCH, NE,U) CALL PUNCH

StToP
END

v
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SUBROUTINE CL(IT1,BT)
COMMON/A/2(200),P(200),UC200),RH(200),5(200),A(200),0(3)

COMMUN/B/ZN(200),PN(200) ,UN(200),RHN(200),SN(200)AN(200),aN(3)
COMMON/D/IR(2) AN, XxJ,CP,D240T

COMMON/F/RJET s XME,PE, AL, PINF,AINF,UINF,RHINF
COMMON/GA/ GAM],LAM2,CP1,CP2

COMMON/G/KK)LL, KU, TIME, TIMEF
___COMMON/MCL/ZZ(35),ZMCL(3S) EMCL(35), INUMP

COMMON/INLIT/PM(25),AM(25),XMM(25), TM(25)

__CUMMON/DEBUG/ IDEBUG s
DIMENSION Z4(1)9AM(1),0XM(1),02XM(])
OATA mAX,ERRVAL/1,0,001/

. JTtR=0

2€20,0

RAT10z0,5

JP(BT.,EG,0,0) uUn(])sU(])

TINIT=TMEDT
ISR ALIGD]

20

IF(IDEBUGLEW,6) ARITE(6,1) IT1,2E,RATIO,TIME,UT,TIN]IT, T},87
CONTINUE

TOUMS=RATIONTINIT#(1,0=RATIO)#T}

CALL_MUZZLE(TOUMS,PE,AE, XME)
VE=0,S5x(XxMERAESUN(]))
TOUMPETIN]T=(IN(1)=2E) /UL

ERRS(TOUMS=TOUMP) / TOUMS
____ _1FCIOEBUG,EQ,6) WRITE(6,1) ITER,TOUMS,TOUMP Pk, AL, XME,)UE,ZN(1),ERR

IF (TOUMP,LT,T],UR, TDUMP,GT,TINIT) GO TO 100

ITERSITER]

JFCITER,GT,20) GO TQ 200

— _JF(ABS(ELRR),LT,ERRVAL) GO TO 300 __

100

1000 FORMAT(1X,*STREAMLINE IN SUBROUTINE CL IS UUT UF BOUNDSa)

RATIO=(T1=TOUMP)/ (11=TINIT)

60 70 20

CONTINULE
NRITE(6,1000)

CALL EX]T

200

2000

_CALL EXIT

300

CONTINUE
WRITE (6,2000)

FORMAT(1X,#T700 MANY ITERATIONS IN SUBROUTINE CLw)

CONTINUE
GAMSGAMY

— ALIBINCL)/RIET Y,

1=}

G1=2GAN=],

XME 2= XME # XME
Fiz],+Giaxmte/e,
G3SGAM/G)

6u=1,/6)
IM(1)s221

CALL SPLINT(ZZ,2ZMCL,INUMP, 2V, MAX,XM,DXM,D2XM,EMCL)

___XMCL=EXM(])

XMCL2EXMCLARMCL
F2=y ,+GiexmCL2/2,

PPER(F1/FR)xr(s
_RHRE=(F1/F2)eeGY
"PNC])=PPEPL




M 184

PHEZGAMaPE/AE/AE
RHN (1) =RHRE *RHE

ANCI)=SURT (GAMRPN(I)/RHN(I))
CUN(1)=XxMCL*ANC]) S
SNCI)=S(1)+CPIx((ALOG(PN(I))=P(1))/GAMI=ALUG(RHN(I)I/RH(1)))
PN(1)2ALUG(PN(]))

1 (IDEBUGEU0) WRITE(6,1) IoPNCI)oRHMCT)ANCI),UNCL),85N(1),

C1S(1),P(Y).RHCYL) P r— —
RETURN
1 FURMAT(115,9E13,5) - ==
eEND
-28-
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SUBROUUTINE CONTCT(R)
COMMON/A/Z(200),P(200),U(200),RH(200),8(200),AC200),0(3) _

COMMON/8/2ZN(200),PN(200),UN(200), RHN(200),SN(200),AN(200),AN(3)
CUMMON/C/21(200),P1(200),U1(200),RHI(200),55(200),A[(200)

COMMON/D/1R(2) »GAM,XJ,CP,DZ,0T
COMMON/E/BT, AL

COMMON/GA/ GAMY,GAm2,CP1,CPR
COMMON/ZZERQ/22ERU, IMOVE,DZZERD,DTZZER,FACT

1s]lR(1)

171=1 -
ALz},

870,

ANCK)EN(R)
_ UNCI)EANCK)

CUNCIe1)EUNCT)
@ INCI)SZ(1)+(AL* w(K)+BTaAN(K))2DT

1 In(Ie1)z2N(T)
Uiswh(K)

ves=ul
GAMEGAMY

CPECP}
__CALL LPUINT(I,1,401,1)

T GAMEGAM2
CP=CP2

CALL LPOINT(I¢1s1.s%1s2)
__ RNEZN(1)=22ERO
"R3221(1)=2ZLRO
R2221(2)=22ERD

A1SGAMIR (AL/AT(1)+BT/ANCT))
BIzGAMRa(AL/AL(2)+BI/AN(]I+}))

1F (IMOVE kW, 0) GO TO 200
AascAma.xJ.(AL-(ux(;)-Dlttnu _J/R1+BT2(UNC1)=D2ZERD ) /RN)
AusAydsDT

_ BUSGAMRaxJw (AL*(UI(2)=DZZERD _ )/R24BTA(UN(I+1)=DZZERD ) /RN)
B4sBUDT
GO0 Y0 210

200 AU (ALAUJ(1)/R14BTaUNCI)/RN)SOTaXJaGAMY
Bu2(ALRUI(2)/R2+BToUN(I¢1)/RN) axJ2GAMR2DT
T 210 PCiEPI(1)=(Ul=Ul(1))aA1=Al
_PC23Pl(2)+(uc~=Ul(2))eb1=B4_
TAPC1ZEXP(PCY)
APC2=t XP(PC2)

ERa (APC1=APC2) 7 (APCTFAPC) 2,0
_ IFCABS(ER) LT,1,k=04) GO 10 7
TIT1ElTey
1FCITY,LE,15) GO T0 777
WRITEC6,111)
111 FORMAT(S5X, 270U YANY ITERATIONS IN SUBROUTINE CONTCI®)

STOP
777 IF(111,67,2) GO 10 14

BET1=nN(2)
BRI ZER
BET1=BET
BET=]1,01~BET

G0 TU 1S
14 DUMZBET)=ERL* (BETeBET1)/(ER=ERY) _
ERIZER

-29- A
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BET1=BET
BET=DUM

15 wN(K)=BET
INCIISZC(I) e S (W(R)+ANN(K))2DT

6o 10 1
7 PNC(I)=PCY

PN(1+1)=2PN(])

UN(I+1)zUu2

. S~Cl)sSscr) o
SN(I+1)=S(1+1)
CRSALOGIRHCT J)=P(] )/GAMY

RHN(L1  )=PN(] ) /GAV1«(SN(I )=S(I ))/CP1+CK

UN(I)=Ug —

. REN(I)=EXP(RWNCI)) o BN

CKEALOG(RH(I+1))=P(I¢1)/GAM2
__REN(I#1)SPN(]1+1)/GAVRe(SN(I+1)eS(le1))/CP2eCK

RHN(I#1)SEXP(RHN(]¢1)) '

AN(]1)=SGRT(GAMIaEXP(PN(]I))/RHN(]))

AN(]*1)2SORT(GAMxEXP(PN(I*1))/RANC]I*1))
_ 1F(BT,67,0,) GU TO 9 _
B7s,5
ALs,5 - ~ _ R
IT1=}
GO 10 2

9 RETURN
END e
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SUBROUTINE FS

COMMON/B/ZN(200) ,PN(200) ,UN(200),RHN(200),SN(200),AN(Q00),AN(3)

COMMON/D/IR(2) »GAM,XJ,CP,DZ,0DT
COMMGN/F/RJET o XME , PE,AE, PINF, AINF o UINF , RHINF

COMMON/GA/ GAM},GAM2,CPL1,CPR
IsIR(2)+1

PN(])EPINF
UNCI)=UINF

RMN(I)SRHINF

_SN(1)=0, . _ . S
AN(I)=ZSQRT(GAM2aPN(I)/RHN(]))
PNC])=ALUG(PNC]))

RETURN
END

a i
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SUBROUTINE INDATA
__COMMON/A/2(200),P(200),U(200),RH(200),S(200),A(200),n(3)

~ COMMON/B/ZN(200) ,PN(200) ,UNC200),RAN(200),SN(200),AN(200),AN(3)
COMMON/D/IR(2))GAM,XJ,CP,DZ,0T —
COMMON/F /RJET ) XME ) PE, AE,PINF, AINF, UINF ,RHINF
COMMON/G/RK,LL, D, TIVE, TIMEF

COMMON/DZ/0ZNIN, DZMAX
COMMON/DTSTAB/DTSTAR
COMMUN/IPU/ IPUNCH
COMMON/GA/ GAV{,GAM2,CP1,CP2 o
COMMON/F TT/ENP(25), EMA(25) ) EMM(25), INUM
COMMON/INTT/PM(25), AM(25) ,XMM(25) , TM(25)

COMMON/MCLZZ2(35),2ZMCL(35),MCL(35), INUVP
COMMON/2ZERD/IZERKO, IMOVE,D22ERD,DTZLER,FACT
COMMON/PRAT/PRAT

COMMON/DEBUG/1DEBUG
COMMON/BLAST/1bwa,WCON,SPLED,RJET2
COMMON/BWANAL /BAMACH

COMMOIN/UNTITS/ZTUNET, TJOUM, TUNDUT,, TUUUT,F TME, PUNIT,DEGRY,RHUN]T
DIMENSION TD(1),PDC1),0P0(1),D2PD(L)
VIMENSIUN H3(2),H4(2),H5(2),H6(2) ) HT(2)
DATA HYI/4HRJET/,m2/04M2C1)Y7
"DATA IDEBUG/0/

DATA FACP,FACA/1,0,1,0/

DATA FIME,PUN]IT,DEGRK,RHUNIT/0,3048,47,8802568,1,8,515,379/

DATA HB/UHSEC,/ - . :
DATA H3(1),HE(L) s HSC(T),HE(1) HT (1) /73HY, 9NN/ Man2 s OHY/SEC ,
110HMau2/SECH%,BH2=DEG,K / -

DATA H3(2),HU(2),H5(2),16(2),HT(2)/3HFT,,9°LBS/FT/FT,bnFT/SEC
1,10MFTaa2/SECx,BH22eDEG, R/

c!t.lttit.ﬁlittttt.ﬁtﬁﬁt*tQiﬁ.ﬂit.tittiﬁ*ltﬁli'*tllﬁiﬂﬁtitiﬁ!tﬁﬁil.i.lti

c READ INPUTS —
CA R R AR R AR R AR R R AR R RN R R AR R AR RN ARSI ANANARRAR R R R R AR RN A AR AR AR R AR AR AR A AR

_READ(S,1)  KOpKK,LL,IPUNCH, IRSTRT, IMOVE, IUNIT, TUNOUT, I8N
TUDUMZIUN]T T+
TUOUT=TUNOUT #]

MOUMEHM]

1F(IMOVE ,EQ,1) HDUMEH2 N
READ(S,2) TIME, TIMEF,DTSTAB,DZMIN,DZMAX
READ(S,2) RJET,XJ,FACT

1F(IUNIT,EQ,0) KJETZRJET/FIME
IF(IRSTRT.GT.0) GU TO 8

READ(S5,3) IR(1),IR(2),GAM],GAM2,CP,CP2
IF(IUNIT,EQ,1) GU TO 8
CPLECPI/F TME*#2/DEGRK
CP2sCPR2/FTMEa2/DEGKK
8 CUNTINUE
RtlD(SoZ) pINF UINF.AINF,BVMACH
[P (TUNTTLEGL1) GU 10 11
PINFEPINF /PUNIT
UINFEUINF/FTVE
AINFEAINF /76 THE
FACPEPUN]TY
FACAZF TME

11 CONTINUE
_READ(S,1) INUM —
00 10 Isg,INUM
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READ(S5,2) TM(1),PM(1),AM(]),xMM(])
IF(1.EG,1) TM]I=T™M(1)

TM(I)STM(])eTM]

—_ IF(IUNIT.EQ.1) GO 10 10

PM(1)=PM(1)/PUNLT
AM(I)=AM(I)/FIME

10 CONTINUE
CALL SPLINE(TM,PM, INUM,EMP)

CALL SPLIMNE(TM,AM, INUM,EMA)

. CALL SPLINE (1% XMk, INUM, EMM)
CALL MUZZLE(TIME,PE,AE,XME)
READ(S,1) INUWP

READ(S5,2) (ZZ(1),ZMCL(1),12]1,INUMP)
1F(18n,EQ,0) GO 10 7 g2 =

READ(S,2) 2CON,28¢r,0T,CONMD,BNCON, RHORCT

o IF(IUNIT.ER.1) GO T0_1 _ =

8w ZbBn/F TME
2CONS2CON/EF IME

7 CONTINUE

e JFCIRSTRT,LG6T,0) GO YO 300

9 CONT]INUE

___RHINF2GAMR#PINF/AINF/AINF I
SPEEDO=AINF

RQ;IZ:RJQT*Z.

IF(1Bw,EQ,1) CALL ACQOUS(ZCUN,Z8W,DT,CONMD,RHORCT)

e JFCJUNITLEQ.1) GU TD 320 P

CPIDUMZCPI2aFTMER 222 DEGRK
____CP2DUM=CP2#F TMEa 2 2% DEGRK _

PEOUMSPERPUNIT

AEDUMEZAESF TME

RJOUMSRJE TaF TME

e PJOUMSPINF2PUNTT ——

VIDUMBUINF #F TME
AJOUMSAINF =F TME — o

GO 70 325
320 CONYINUE

CPIDUMECP]
__CP20YMm=CP2 e
PEDUNEPE
___AEDUM=AE__ .
RJDUMZRJE T
PIDYMSP [ NF

VIDUMSUINF
AJOUMEBAINF =~ ) I

325 CONTINUE
AR R R R AR AR AR R R AR AR AN R R R R AN A AR AR AR AN RN AR IR AR O R AR R AN NN E R AN AN R AR AR ARAR

c wRITE INPUTS
CRNARAR R A N R AR AR RN R R AR A AR AR R R AR RN RN AR R RO ARRARRAN AR R AR ARAR A ARARARARRN

WRITE(6,10632)
WRITE(6,200) KOyKK,LL, TIME,H8, TIMEF ,HB, IR, IMOVE

JeXJ+,5
__WRITE(6,201) RJDUM,HI(1UDUM),J)FACT,HDUM_
WRITE(6,202) PIOUM,HU(IUDUM),ULOUM, HS(IUDUM)"IDUM HS(1UDU%)

MRITE(6,206) GAMY,GAM2,CPIOUM,HO(JUDUM) N7 (JUDUM) ,LP2OUM, A6 (1UDUM)

1/ HT (IUDUM) 4
WRITE(6,207) PEOUM,HU(TUDUM) ) XME,AEDUM, HSCJLOUM)
WRITE(6,205)

S §
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WRITE(6,204)
INUM@SINUM

TF (INUMP, LT, INUMQ) lvumuzxwuup
_ DO 326 ISIrINUMQ

TPOUMMYZPM(T)aFACP
ADUMMYZAM(I)4FACA

326

307

WRITE(6,500) T~(1),POUMMY,ADUMMY,XxMM(T),2ZZ(1),2ZMCL (1)

CONTINUE

INUM@SINUMGe]
IF (INUMeINUMP) 307,308,309

WRITE(6,501) (ZZ(1),ZMCLCI) s I31NUMY, INUMP)

60 T0 308

309

327

CONTINUE
0O 327 I=INuUMU, INUM

 PDUMMYSPM(])aFACP

ADUMMYZAM(]) «FACA
WRITE(6,502) TM(1),PDUMMY,ADUMMY, XYM(1)
CONTINUE

jos

12

C!.ﬁi*tﬁtﬂ'tliilﬁtttﬁiﬁ.ﬁtit.*'tﬁitiﬁltti’iitttilttttti.t'tﬁtttllllﬁt.t‘

c

CONTINUE
D0 32 I=1,INUMP

12(1)222(1)+1,0
CONTINUE

INITIALIZE FLOn PROPERTIES

CRR MR R R R R R A AR R R AR AR R R AR AR A RN AR R AN RN R AN R RO R ARANRARARANANR A RRRRAARRARAA N AR

__CALL INIT -

CALL SPLINE(ZZ,ZMCL,INUMP,EMCL)

IF(IRSTRT,6T,0) GO TD 342

IRI=IR(1)
IR11=IR 1+

IR21=IR(2)4+1

T JR6E[R2e]

IR2zIR(2)

IRUZ K=} T
IRSzIR1+2

P2sEXP(P(2))

PIRIZEXP(P(IR1))
CK=ALOG(RH(1))=P(1)/GAM]

DO 330 1=3,IK4

RAT =FLOAT(]=2)/FLOAT(IK]1=2)

CZ(1)S2(2)¢(Z(IR ) =2(2) ) 4RAT

UCI)ZU(2) $(UCJRTI)eU(2) ) 4RAT

S(I)ERAT*ALUGLO(S(IR1)/S(2 1))
S(I)E10,#25(1)
s(1)ss(2  )*s(l)
P(1)2P2+(PIR1=P2) ¢KRAT

RH(I)SALOG(P(1))/7GAM =« (S(])=S(1))/7CP1+Cn

WHCI)SEXP(RH(TL))

ACI)ESOURT(LAMIAP(]1)/RH(I))
P(1)=ALOG(P(]))

0 CUNTINUE

P22EXP(P(IK11))
PIR2=EXP (P(1R2))
CREALOG(RHINF)=ALUG(PINF)/GAM?

DO 340 1=IRS ,IRG
RAT =FLOAT(1=IR11)/FLOAT(IR2=IR1}])
Z(f)!l(lﬂll)o(Z(lRZ)-Z(lRll))*;:l
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U(I)sUCIRI1) ¢ (U(IR2)=UCIR11))2RAT
S(I)sRAT«ALOGIO(S(IR2)/S(IRLL))
$(1)=10,245(1)
—S(1)eSCIRL1)I*S(1)
P(1)zP2+(P]R2=P2)#RAT
RH(I)=ALOG(P(1))/GAMR=(S(T1)=S(IR21))I/CPSCK

RH(I)=EXP(RH(1))
A(1)zSQRT(GAMR#P(])/RH(]))

P(1)=ALOG(P(]))
340 _CONTINVE . e
342 CONTINUE
RETURN

300 CONTIMUE
R R AR AR RN AR R R R AR R AR AR RN AN AR TR TR RO NR R AR TN RS
c READ RESTART VARIABLES
R AN A AR AR R AR RN R AN AR R AR AR AR ANR RN R R R AR AN R R AR R AR AN AR R AR N RARNANAANRR AR
READ(10) IK(1),IR(2),GAaM1,GAM2,CPL,CP2
READ(10) (w(N),N=1,3)

»
»
»
'»
'w
»

RRRRRRRRRANRRAREA

READ(10) ZLERDU,D2ZERD,DTZLZER
1121R(2) +1
READ(10) (Z(1)oPL1),UCI),RH(L),S(I),AC1)0I21,110)

e e JOUMIZIR (1) = —
I0UMRe]IR(2)
2DUMIz(2(I0bUML)=2(2))/FLOAT(1DUMl=2)

Z0UMR2(Z (1DU12)=Z (IDUML))/FLOAT(IVUMZ=]IDUML=])
__ D2MINSDZMINSAMINL (ZDUV]L,20UMR) * (0,999
D2ZMAXZDZMAX®DZM]IiNe]) 4001
G0 10 9 -
1 FORMAT(1415)
2 FORMAI(BE10,0)

3 FORMAT(215,4E10,0)

e 22 FORMAT(4ELS5,0) -
203 FURMAT(8E12,4)

1632 FORMAT(1M1/////14X8M U 2 2 L E B L A ST ANALYS] Ses/)
200 FORMAT( 9X,#STARTING STEP =ald4//9X,#FINAL STEP 2al4//9X#PRINT

JINVERVAL =x]4//9XxxSTARTING TlmMe =aE13,.5,2X%X,44,

e/7/79XsFINAL TImb =2ab13,5,2X,A4,7/9%
__3#LAST PT, REGION NU, § =3¢]4//9X,%LAST PT, REGION NO, 2 =2l4//
4 9xaMOVING COURDINATE SYSTEM DPTION =2x]15/)

o 201 FORMAT(  9x#RAD]IUS OF THEk JET 22E13,5,2X,A3,//9x
§1*FLOW INDEX =#12//9Xa0RIGIN UF SPHMERICAL SYSTEM =aE]0.3,% TIMES #
144,/7)

202 FURMAT( OX,2FREE STREAM PRESSURE =2t 13,95,2XsA9,/7/9%,
_J#FREE STREAM VELOCITY =eE13,5,2X040, _  //9%X,oFREE STREAM SPEEV OF

1 SOUND =#k13,5,2X,A6,7)

205 FORMAT(IH1//7/7138x2MUZZLE EXIT CONDITIONS«19XePLUME CENTERLINVE MACH
I NUMBER/)

204 FORMAT(SX*#TIME*OX#PRESSURE *dXaSOUND SPHOXAMACH® | 6X#X/REGXAMACHR)

206 FURMAT(9XaSPECIFIC HEAT RATIO (REGIUN ) 3#bFd,2,//9xaSPECIFIC HEAT
1 RATIO (REGION 2) maFU,2,//,)9%,*SPECIFIC nEAT AT CONSTANT PRESSURL
2(REGION 1) 3‘0‘7 10210‘10"80
3 /7 29%eSPECIFIC HEAT AT CUNSIANV PRESSURE(REGION
42) s#,F7, 1,2X,A10,48,7)

207 FORMATiggxlgpANQ_L EX]T PRESSURE 32k 134,5,2%,A9, /79X, *BARREL

§ EXIT MACH NO, 32E13,5//9X«BARREL EX]T SPEED OF SOUND s#E}13,5,2X

cohb) , - T ., S—1
9S00 FORMAT(WE12,4,8Xx,2t12.4) 35
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501 FORMAT(S56X,2E12,4)
502 FORMAT(UEL2,4)

. END
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SUBRUUTINE INT PT

COMMON/A/2(200) ,P(200), utzop).antzool,stzoo) A(200) ,w(3)

COMMON/B/ZN(200) ,PN(200),UN(200))RHN(2C0),SN(200),AN(200),AN(3)

COMMON/C/21(200) ,P1(200),U1(200),RHI(200),51(26G0),A1(200)

COMMON/D/IR(2) s GAM, xJ,CP,DZ,0T
COMMON/E/BT, AL

COMMON/GA/ GAMI1,GAMZ,CP1,CP2
COMMON/ZZERD/ZZERV, 1 MOVE, D226 R0,DTZ2ER, FACT

ALE,S
__B1=,5

K2}
GAVZGAM]

CPsCP}
NCL=2

NCMIR(1)
88 CONTINUE

NCL1=NCL+1
NCM]SNCMe1

MENCM+]
DO 20 I=NCL,NCM

U Itl)=u (1)
P 1(l)=P (I)

S I(I)=s (1)
A I(1)=A (1)

20 RMI(I)sRAH(I)
Ox=1,/FLOAT(MNCMeNCL)

LooP=0
—_ DEL=ZN(NCM)=ZN(NCL)

DO=1,/DEL
8 xl=z0,

IF(LOOP ,tw.1) GO TO 30
WNKERW(K)

T WNKPER(K+L)

T30 wWNKERN(K)
WNKPZwN(Ke])

31 CONTINUE
DO 1 I=NCLI,NCMY

XIsxIeDx
_NM1s]elLO0P

NPJ=NM]+}
EE=OV*EXP(PI(I))/RAHICI)

CC=DOa(UI(I)¢(X]m] ) nANK @X]anNKP )
__FF=0D#GAM

TTPXE(PI(NPL)=PI(NM])) /DX
UXS(UI(NPL) Ul (ivM])) /DX
Sx=(SI(NPI)eS]1(NM]1)) /D2
R1=2Z2(1)

IF(LOOP,6T,0) RIZZN(])
R1ER1=Z7ZELRO

URELISUI(I)=FLOAT(IMOVE)*DZZERD
PT2e (CCePX#FFrUX ¢ XJaGAMRUREL]/R])

" UT=e(CCAUXGEE*PX)
STEe(CCaSX

INCI)SIN(NCL) ¢X]12DEL
IF(LOOP,EG,1) GU T0 7

WP~(1):PI(I)0P!*D!
s | i
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UNCI)SUI(1)+UTRDT
2 )+S12D1 -
: 10= 1
o JF(UN(I)LY,0,) lU3et
CALL LPOINT(1,0,,10,M)
SN(1)=S1(M)

CK=ALUG(RH (1))=F (])/GAM

RHEN(I)SEXP(RHN(]1))
ANCI)=SQRT(GAM#EXP(PN(]))/RAN(])) See e
GO 70 2

7 PNCI)= Sa(FPLC(1)+P(1)¢+PT*DT)

KRHN(1)=PN(])/GAM=(SN(1)=S (1))/CP+CK S

UNCI)=,S«(UI(1)«U(I)+uUT2DT)
C . _SN(1)=,.5*(SI(])+S(1)¢S1+DT) I
I0= 1
= JE(U.'\‘(I_)_.L110.) IO'-"L N N, S —
CALL LPOINT(1,0,,10,M)
SN(1)=Si(m)

CREALUG(RH (1))=P (1)/GAM
RHUN(])=PN(])/GAmM=(SN(])=S (1))/CPesCK
RHN(I)SEXPC(RMN(]I))

__ANCI)=SORT(GAMNEXP(PNCI))/RANCT)) I

2 CONTINUE

1 CONTINUVE

IF(LOOP,EQ,1) GU 10 10
DO 3 JIsNCL,NCM ST -
U I(I)=u N(T)
P MIYSP NCY) Sy
S I(1)sS N(])
A J(I)=A N(])

RHI(I)ERHN(])
.3 CUNTINUE S S S R
LOOP=}
... 6010 8 S . S L
10 IF(K,EQ,2) GO TO 66
2K+

NCL=NCMe )

NCMZIR(2) = ‘ .
GAMSGAM?

CP=CP2 . R
60 T0 88

66 FETURN

eEND
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SUBROUTINE LPOINT(N,DOPT,10,M)

COMMON/A/2(200),P(200),U(R00),RH(200),5(200),A(200),w(3)

COMMON/B/ZIN(200) s PN(200) ,UN(200),RHN(200),SN(200),AN(200),AN(3)
—_—  COMMON/C/Z1(200),P]1(200),01¢R00),RH]IC200),5]1(200),A1(200)

COMMON/D/IR(2),GAM, XJ,CP,DZ,0T

COMMON/E /BT, AL

KJ=1}
I1F(OP1,€Q,0,) KJEO

FIOSFLOAT(]0)

4 K=]le]0
E1=6T+(UNCI)*OPT*AN(]))

__1=N S

EMIRSALA(U(I)+0PTRA(LI))¢E

__EMILSALA(U(K)+UPTRA(K) ) +EL .
2B (2(1)+2(x))/2.

___K]1P=0

88 CUNTINUE
RATZ(Z8=2(1))/(Z(x)=2(1))

IF(ARS(RAT).LE.1.) GO TO 1

___WRITE(6,111) -~

111 FORMAT(5X,«CHARACTERISTIC SHOT BACK 1S QUT OF RANGE IV SUBROUTINE

e ALPOINT2) I -
WRITE(6,113) 1,K,1U,28,2(K),2(1)

113 FORMAI(s [,K,10,26,2(%),2C)n315,3E13,4)

1 EMISEMINGRATA(EMIL=EMLIR)
28128 o L
2B=ZIN(])=tM1nDY
—— o JF(KJ,67,0) GO TO 2 .
IF(FIOx2(1)=FLlU*2B) 3,2,2
3 KJ=|

10=«10
GO 10 4 .
e COUNTINVE
e TESTZ=ABS((28=287)/(2(1)=2(X))) -
IF(TESTZ,LT,,01) GO TO 86
K]Pzk]lPe}

IP(KIP,LE,15) GO Tu 88
o WRITE(&,112) -
112 FORMAT(S5X, #7100 MANY JTERATIONS IN SUBROUTINE LPOINTe)
ST0P -
86 CONTINUE
Z1(v)=28

U 1(M)ZU (1)¢RATR(U (K)eU (1))
 SI(M)SS(I)+RAT#(S(K)=S(I))
P I(M)SP (1)+RATR(P (K)=P (1))
CKSALOG(RH(I ))eP(] )/GAM .
RRI(M)ZPI(M)/GAMe (ST (M)=S(1))/CPeCK
RHI(M)ZEXP(RH]I(M))

AT(M)SSGRT (GAM®EXP (PI(M))/RHI(M))
RE TURN o
END .




[ RPN T . -
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SUBROUTINE MUZZLE(TIVE,PE,AE,XME)
o COMMON/ZINIT/PM(25),AM(25) s XMM(25),TM(25) _ -

COMMDN/FIT/EVP(2S),EMA(2S)EMM(25), INUM
. DIMENSION TD(1),PD(1),0PD(1),02PD(})

MAX=1
ID(1)=sTIME

CALL SPLINT(T™,PM,INUM,TD,MAX,PD,DPD,D2P0,EMP)
PE=PD (1)

CALL SPLINT(TM,AM,INUM,TD,MAX,PD,DPD,02PD,EMA)

_AE=PO(1) I R, T
CALL SPLINY(TM, xMM, INUM,TD,MAX,PD,DPD,02PD,EMM)

xME=PD(])
RETURN
END_ - SR ——
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SUBROUTINE PUNCH
COMMON/A/7(200),P(200),U(200),RH(200),5(200),A(200),W(3)

COMMON/D/IR(2) yGAM, XJ,CP,DZ,0T
COMMON/GA/ GAM],GAM2,CP1,CPR

COMMON/ZZERO/Z2ERD, IMOVE,DZZERD,UTZZER,FACT
WRITE(12) IR(1),JR(2),GAM1,GAMR,CP],CP2

WRITE (12) (W(N),N=1,3)
wWRITE(12) 2Z¢RO,DZ2ERQ,DVZZER

118]R(2)+1

__WRITE(12) (201D ¢PCILeUCI) o RHCID e SCULAC) d80 1)

" RETURN
END
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SUBROUTINE StTIN ]
o _COMMON/A/Z(200),P(200),U(200),RH(200),5(200),4(200),n(3) _ - :
COMMUN/B/ZZN(2V0) ,PN(200),UNC200),RN(200), SV(&OO)-AN(BOO)oNN(SJ
COMMON/D/ZLIR(2) yGAM,XJ,CP,0Z,01 -
112IR(2)+1
0O 1§ I=1,.11
A N(1)=a (1)
P N(1)=P (]) i o=
U N(l)su (1)
S N(I)=S (1) R R e
RANCI)=RH(])
1 Z N(I)=Z (1) -
oU 2 I=3,3
@ WN(I)=w(l) _ _ .
RETURN

_END -
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SUBROUTINE SHOCK(K)
COMMON/A/2(200),P(200),UC200),RM(200),8(200),A(200),w(3) _ ———

COMMGN/B/ZN(200),PN(200) ,UN(200) ,RHN(200),SN(200),AN(20G0), AN(S)
COHMQQ!;LALQZOQ)¢gljgogl,yl(200)¢RHI(200)oSlﬁQﬁO)phl(ZOO)

COMMGN/D/TR(2) GAM,XJ,CP,DZ,0T
_COMMON/E /BT, AL

COMMON/GA/ GAM)1,GAM2,CP1,CP2
COMMON/ZZERO/ZZERO, 1MOVE,0ZZERQ,DTZZER,FACT —

COMMON/DEBUG/ JDEBUG
_COMMON/BLASI/Z18n,Br.CUN,SPEED,RJETR X
REAL MREL,MREL1,MREL2

1=}

Msy

IF(K,EQ,3) GO 10 3 =
GAMSGAM]

CPa(CPi .
1s} a

Nzg

DPT'.IOO
60 70 4

3 CONTINUE
_____GamzGAM?
CP=CPR
I2IR(2)+])

N2IR(2)
___UPT=1,0
4 CONTINUE

___G2=GAM+y, -

Gl:GAM-x.

AL=),

B7=0,
CWN(K)IN(K)
MRELE(U(I)=n(K))/A(])
10s0PT
LeEN=IFIX(OPT) ).
IFLAG=0

STEP=0,r2
 1FLGM=0
2 CONTINUE
IF (ABS(MREL) oLEL1,0,AND,IT,GT,2) IFLGME]
IFCIFLGM.EQ.1) MREL3SIGN(1,0,MREL)

INCI)ZZ(1)#(ALRA(R) +BTRAN(K))#DT

T ZNCNYEZNCT)
_ 1F(K,EG,3) GO TO &
T CALL CL(IT1,BT)
WNC(K)ZUN(T) =MREL®ANCT)
60 10 5

6 _CUNTINUE

CALL FS
IFCIBW,EQ,0) WN(K)ZUN(CI)=MREL#AN(])

ZDUMEZN(N) /RJETR
IFCIBRW,EQ,1)VN(K)BSPEED/SQRT(1,0=BnCON® (SQRT(ALOG(ZDUM ))/20UM ))
1F(16n,EQ,) AND,BT,EQ,0,0) GO TU 8

S CONTINUE

VISUN(])eWN(K)
_RMISRHN(]) - -
P1aPN(I) x
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XM1sV]1/AN(])
XML XMLnxXM]

V12=622XM12/ (G1aXM12+2,)
yesvi/vie o

RH2=RHl1 V)2
PRsALOG( (2, *GAM*XM]2eG]1)/G2)4P]

U2sVe+WN(K)
APR=EXP(P2) e

IFCIFLGM,EU,Lt) GUL TO 7

.I.EL.IE.N.EO.I.AND."~.tG.3) 60107 ——
CALL LPOINT(N,OPT,ID,M)

AGZGAM/ (AL *AT(J)+BTxAN(N))

IF (IMOVE,EQ,0) GO TO 200
o _A7=GAMaxJa(AL*(UL(1)=027ERO___)/(21(1)=ZZERQ)_ S
1 +BT#(UN(N)=DZZERU )/ (IN(N)*ZZERO))

_A7=A7=DY : S
GO 10 210
200 A7sXJxGAMSDTa(ALUI(1)/(21C1)=22ERU)+BT*UN(N) /(2N (N)=2Z
1ERD))
210 P2S=PI(1)=0PY*A6® (U2=yI(1)) o
P2S=pP2S=A7
__AP2S=EXP(PPS} I -

ERRUR= (AP2<AP25)/ (AP2+AP2S)#2,0
LF (I0EBUGL,EW,2) NRITE(6,10) 1T,1.N

, IF (IDEBUG,EW.2) WRITE(6,20) MREL,ZNCI),ZN(N),ANCK)UN(L),ANCI),
—AV1RhL, Py XML e S
IF(1DERUG,EQ,2) WRITE(6,20) XVY12,V1i2,Vv2,RN2,P2,V2,AP2,46,A7,P28
. IF(IDEBUG,EV,2) WRITE(6,20) AP2S,ERRUR,XJ - R —
IF(ABS(ERROR) ,LT,1,E=04) GO TO 7
S1=SJGN(1,,ERROR)

SSTEP=SIGN(1,,STEP)
o _JF(ABS(MREL) ,Lt,1,05,AND,ABS(STEP) NE,0,08) STEP=20,0025+SSTEP
1T=2]1T+}
. 1F(1T7,67,75) GO T0 110 roa
IFCIT,67,2) GU TO 4o
S0 CONTINUE

MRELI=MREL
ER1=ERROR S - e
S2281
_MRELSMREL¢STEP
GO 10 2

40 CUNTINUE

IF(S1,NE,S2,UR,IFLAG,EQ,1) GO TO 4S
1F(ABS(ERRUR),LE,ABS(ERY)) GO 'O S0
STEPz2=-8STEP
GO 10 50 _ . . . . R
110 CONTINUE
nRIVE(O,111) Ky,MREL,U2,RH2,P2
111 FPORMAT(9X,«TOU MANY JTERAT]IONS IN SUBROUTINE SHUCK%,2X,akz=x,1S5,2X,
JAMRELE®,E13,5,2X,2U22%,E13,5,2Xg*RH2Z%,E13,5,2%,4P222)E]3,5) _

sTcP - i
120 CONTINUE Ly — i — N =
WRITE(6,121)
12] FORMAT(SX,*ABSULUTE VALUE OF MACH NUMBER IS LESS THAN ONE+)
CALL EXIT

5 CONTINVE S e
MREL2EMREL I =ERI~ (MREL=MRELL )/ (ERROR=ERY)
-4k~




™ 184

MREL 1 SMREL
ERi{2ERROR

MRELE=MREL2
IFLAG=]

60 10 2
7 _UN(N)EU2

RHN(N)ZRN?
PN(N)=P?

AN(N)SSORT (GAM*AP2/RH2)

SN(N)SSN(T)+CP((PN(N)=PN(I))/GAMeALOG(RHN(N)/RNN(T)))

T IF(BT.GT,0,) GO TU 9
8 CONTINUE

87=x,5
ALE,S

1Tz}
JFLAG=0

STEP=0,02
1FLGM=0

GO T0 2
9 RETURN

10 FORMAT(31415)
20 FORMAT(10813,5)

END
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IM 184

SUBROUTINE SPLUINE(X,Y,N,EM)

___DIMENSION Xxtn), Y(N)

~ DIMENSION SH(25),6(25),EM(25)

DATA SB(I)pb(l)/-O 5,0,0/

NO=Ne |
1F(NO,LT,2) wO_TU 20

00 10 l=2:NU
Az (X(I)=x(1=1))/6,

C = (X(I+l)ex(I))/s,
WE 2, (AeC)eanSH(l=])
$B(I1) = C/w

F2 (YCIl)=v (1)) /(X(Ied)wx (1)) =V (l)=Y(I=1))/(X(1)=X(l=1))

10
eo .

30

G(I) = (F=aau(Ie1))/n

EM(N) = G(N=1)/(2,+SB(N=1))

00 30 I=z2,N
K 2 Neje]

EV(R) = G(K)eSU(K)REM(Ke+])

RETURN

eEnND
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SUBROUTJINE SPLINT(X,Y,NyZ,MAX,YINT,DYOX,DY20X,EM)
DIMENSION X(N),Y(N),Z(MAX),YINT(MAX),DYDX(MAX),DY20X(4AX) R

OIMENSION EM(25)
DATA SRw/0/ S

INTEGER SRw

II1 = SRw
0O 140 ]=),MAX
Ke2 —

IF(2(1)=X(1)) 70,60,90

CYINT(D)=Y (1) — S
SK = X(K)ex(kel)

GO 70 3130

IF(Z(1),GE (182X (1)e,12X(2))) GU TO 120
_WRITE (6,1000) 2(1) S
SRih = lb

60 10 120 I

KsN
IF(2(1),LE (1, 1nX(N)m JaX(N=]))) GO TO 120

WRITE (6,1000) 2(1])
SRW = 16

90

60 T0 120
IF(Z(1)=Xx(K)) 120,100,110

100

YINT(I)=Y(K)
SK 2 X(K)=Xx(K=1)

110

120

60 TU 130
AREK+]

"TIF(K=N) 90,90,80

_CONTINUE ~
SK & X(K)eX(k=1)
YINT(I) 2 EM(Rol)a(X(K)=Z2(1))2n3/6,/SK ¢EM(K)*(2(])eX(Xef))nr3/b,

130

140

*/SKe(Y(K)/SK =EM{K)INSR /64)8(2(])ex(Kel))e(Y(Kel)/SK e<EA(Km])
_#2SK/6 ) (X(K)=2(1)) L e
ovoxtx)s-tmcn-n)-(x(n)-Z(x))--a/a 0/75K <¢EM(K)r(X(Kej)oZ(1l))nre2/2,
#/SRE(V(K)=Y(K=1))/SK eo(EM(K)=EM(R=]))aSk/6, - = ==

DY20X(1)SEM(K=1) 2 (X (K)=Z(1))/SKPEM(R) A (Z (1) =X (Ke1))/SK
CONTINUE

c

S

1000

MXA 3 MAXO(N,MAX)

IF(SRn,EW,16) WRITE(6,1010) NoMAX, (X(T)oY(1)o2Z(1), YINTCI)oJYDOX(1),
+0Y20X (1), I21,MXA)
SRw = 111

" RETURN

FORMAT (S4MH SPLINT USED FUR EXTRAPDLATIUV. EXTRAPOLATED VALUE = ,

1010

+614,6)

FOR&AT (2X,21HNU, OF POINTS GIVEN =,13,30H, NO, OF INTERPOLATED PO
*INTS loISIIOXale 19X, 1HY, 16X, 1HXe INIERPOL.oQX.llHV oI wTERPOL oo
+8X, 14HDYDX=INTERPUL, 6%, 1SHOV20X=INTERPOL ./ (6E20,8))

enND
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SUBROUTINE STEP
e COMMON/A/Z(R00),P(200),U(R200),RH(200),9(200),A(C200),0W(C3)
COMMON/D/IR(2) s GAM,XJ,CP,DZ,0T
COMMON/G/ZRKpLL KO, TIVE, TIMEF
COMMON/DZ2/ DZMIN,DZvAX
COMMON/GA/ GAMY,GLaMP,CPL,CP2

COMMON/DOTSTAB/DTSTAB
DT =1.E406 _—
(£ 31
nCL=2
MCMzIR(Y)
S CONTINUE

DZ=(Z(NCM)=Z(NCL))/FLOAT(NCHeNCL)
IF(DZ,GT,DZMIN) GN_TO 10
IF(NCL,MEL2) GO TU 20
IF(IR(1)4Lted) GO TOLO
GAM=GAMY

cP=CPy

CALL INTER(1,1IR(1),=1)
_IRC1)IsIR(1)=)
NCMSIR(1)
_GUG 10 S » e e S e S
20 GAM=(AMD
cPsCP2

IF(IR(2)=IR(1),LE,3) GO TO 10
CCALL_INTER(IR(1) 2 IR(2)e=t) =
NCMEIR(2)
6010 5_ = . __,
10 CONTINUE
IF(DZ,LT.DZVAX) GO 10 490

IF(IR(2),GE,199) GO 10 4o
. JP(NCL,NE,2) GO YO 30
GAM=2GAMY
cpsCPY
CALL INTER(1,1R(1),+1)
JR(1)=1R(1)¢}

NCMZIR(1)
. GUTOS
30 GAMZGAMR
CPaCPe. - e i
CALL INTER(CIR(1),IR(2),+1)
NCM=IR(2)

60 10 S
- 40 CONTINUE _ R P T SRy S == -
DO 7 IsNCL oNCM
uts 1) o o
Als A(l)
XMIEAHS (U /AL1)¢),

DT1=D2/7A1/xM} 3
___JF(DT},L7,07) DT=DT} - o _
T CONTINUE
JF(K,EQ,2) GU TO & L _ = W . -
IF(IR(2)=]K(}), ,LE,2) GU TO 8
KEkel

NCL=NCM4 Y
_._NCmM=1R(2) PRS- ey ——
GO 10 S




8 CONTINUE
DT=DT2DTSTAB

TISTIME+DTY
IFCIT,LI TIMEF) RETURN -
DTIETIMEF=T]IVE
KKsk0
RETURN
.. ____END




IM 184

SUBROUTINE INTERC(CILI,1F,IOPT)
CQ_EON/ﬂ/Z(EOO)oP(eOO)gu(EOO):PHLBQQ):5(200):A(290)Jw(3) -
COMMON/B/IN(200) ,PM(200) ,UNC200),RHN(200),5N(200), AN(200),AN(3)
__ COMMON/O/IR(R2)GAM,xJ,CP,0Z,0T _ ._
COMMON/F/RJET , XME , PE, AE,PINF,AINF,UINF, RHINF

I111=11+1

__IFN=TF¢JQPT

I1e=11+2

Jis]llt

_lbun=y I . -
IF(IF,.tu, IR(?)) ICU“‘IR(Z)'!

PO 1 I=l12,1FN

RATZFLUAT(1=111)/FLOAT(IFN=]I1)

,Zﬂ(lliltllii’(Z(lf)'Z(lll))!RAI e U= S—

00 10 J=JI,1F

JusJ R . i
IF(Z(J)=ZNCD)) 10,3,2

10 _COrT]INUE .

IPCZ(IF)+,0001,67,2NC1)) GO TO 3
WRITE(6,100) e

100 FOKMAT(x EKRUN IN SuBROUTINE "INTER#)

3

_Ss10P __ e
U NCDISU (DU
S _N(])=S (JU) -

_J1=du

2

P N(I)=P (JU)
A N(J)=A (JU) _—
RHN (1) ZRH (JU)

60 10 1
JusJu=1

RATS(ZN(I)=L(JL)) /7 (2(JU)=2(JL))

CUNCI)2UCIL )+ (U(JU)=U(JL) ) #RAT b—— s r .

HHN(I)SRH(JL) + (R (JU)=RH(JL) ) arAT

_PeskXxP(P(JL)) e .

PNCD) = on(EXP(P(Ju))-Pa)tRAI

SN(]1)3SCIVUM) ¢CPa((ALOG(PN(]))=P(IDUM))/GAM=ALOG(RHN(I)/RA(IDUM)) )

ANC1)=SQRT(GAMAPN(]I)/RHN(I))
PNECI)SALOG(PNCT))

JizJgu
1 CONTINVE = R _
2FielF el
IR212JR(2) ¢+ 1
D0 4 1=1F1,IrR2!)
Jele+lOPT D ey v - ) - m—
2 N(J)=2 (1)
U n(JIsU (D)
S N(JI=S (1)
P N(JIZP (1)
A N(J)sA (1)
4 RAN(J)=RH(I) I
TTIR(2)=IR(2)+1UPT

CIR21zIR(2) +1 ) L

00 S I=]i2,IR21
2 (1)=2 N(1)

U (I)su n(1)
S (1)=8 N(1)
P (1)eP N(I)

-50-
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A (I)=A NCD)

3 S RH(I)SRKN(]) T
RETURN
END

- > o o
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SUBROUTINE INIT
. COMMON/A/2(200),P(200),U(200),RH(200),5(200),A(200),w(3)

COMMUN/B/ZIN(200) ,PN(200),UNC200),RHIN(20D),SN(200),AN(200),AN(3)
. COmMMON/D/IR(2),GANM, XJ,CP,DZ,DY R

COMMON/F/RJET ) XME, PE, AE,PINF , AINF, UINF, RRINF

COMMN/GA/ GAM),GAM2,CP1,CPQ

CUOMMON/DZ/02ZMIN,DEIMAX

__COMMON/F JT/EMP(25) yEMA(RY) g EMV(29), JNUM . S
COMMON/INIT/PM(25),AM(259),XMM(25), TM(25)
COMMON/MCL/ZZZ(3S5),2NCL(39),EVCL(39),vuve I -
COMMON/G/KK,LL, <), TIVE, TIMEF
COMMUM/27ERO/ZLZERD, JMOVE ,DZZ2ERD,DT2ZER,FACT

COMMON/DEBUG/IDEBUGL

DIMENSION ZM(1), X (1),DXxM(1),D2XM(1) .

DAYA TSTEP,ERRvAL,MAX/),E¢03,0,008,1/

DATA TJuMP/1,2/ - N
Cttﬁtttti*tiit'lattﬁntﬁttktttﬁtttittﬁittﬁtitiliittttﬁttttiittttihtttitt‘

C SUBROUTINE INVIT INITIALIZES ALL POLwTS UPSTREAM AND DIANVSTREAM yf

C THE OISCONTINULTIES

AR AN N A N AN R AR AR AP AR A R A A AR R A R AR AR N R R AN AN AN ANR AR AR A AR AR PR R AR A RN AR AR R AR AR
DMINSRJET
JOUMSINT(XJ¢],5)
JMz JDUM-|
GlzGAMl=1,0

G3=GAM1/61
Gu=1,0/61
GS=GAMI+1,0
G6=GAMRe1,0
G?7=GAM2+1,0
IR1=1R(]1)

IRIP=IR]¢1
Ike=1k(2)
IkeP=IR2¢1
2272 (1)*RIET=RJIET
TINITZTN(L) ¢ (TMOINUM)=TM(1) )/ TSTEP
ITERT =)

IF(IMOVE,EU,1) GU TD 4
CZZERU=FALTERJET
DZZ2LR0U=0,0
DYZZER=0,0
4 CONTINUE
1 (IMOVE EQ 1 o AND FACT  E0,0,0,AND JOUM NEL1) TJUUMP=3 .0

S CONTINUE
Ti=TM(]) _—
CALL MUZZLE(T1,P1,A1,XxM1)
UtsxMysay
12=TINT
CALL MUZZLE(T2,P2,A2,xM2) e

PYesxM2ahA2
CDELT=TINIT=TM(1) o S
I1TERZ=
2L0v.22E I
ZUP=ZE ¢ Ul=TINIT
10 COMNTINUE S

IMD=Z2L0n+0,2%(ZUP=ZL0W)
CA R AR AR R A RAR AR AR AN AN R AR AR SRR AN RN R AR AN AR R AR ARNRAANRRRRARRRARNR AR RS

c OETEKMINE MACH NUMBER AT MACH DISCePUINT 1
-52-
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Cll.tiitt.iﬁﬁti!lt.ttttti!ii.tli.ttt'i..t‘tti..tﬁﬁ.ﬁt.ttttttﬁhttit'ttt.t

___IM(1)=ZMD/RIET+1,0
CALL SPLINT(Z2Z,2ZMCL, INUMP,2ZM,%AX,XM,0XM,D2XM,EMCL)
XMMDEXM(1)

Ctiiﬂﬁt.titttt.t.ittttittttﬁQtltt.tl'ﬁ..'itlt...itﬁ.ﬁtttﬁ..t.tttt..tt.li

c

LOCATE ORIGIN OF STREAMLINE A7 MUZ2LE EXIT

AR AR R R AR AN R R AR AN R AR R AN R A AR AR AR R AR A S AR A AN R A NN AR AR AR R A A RN R ARARAANANRRRR RN

20

ITERS=Y

RATI0=0,5S

CONTINUE o
TOUMSERATIURTINIT¢(],0=RATIQ)AT]
UBESRATIURU2+(1,0=RATIQ) U}

TOUNPEVIN] 1= (ZMD=2E) /UL
ERR=Z(TDUMS=TDUMP)/TDUMS
IFCTOUMP,LT,T1,0K,TOUMP,GT,TINIT) GO 10 650
1F (ABS(ERR),LT,ERKVAL) GO TO 300
ITERSSITERS+]

IF(1TERS,6T,20) GO TO 200

200

HATIU-(1IGYDUMP)/(Tl-TINIT)
6O 10 20

“CONTINUE
IF(IDEBUG.EQ,3) WRITE(6,2000)

2000 FORMAT(1X,*#100 MANY JTERATIONS FOR LOCATION OF STREAMLINE IN SUBRO

JUTINE INITH)

300

CALL EXIT
CONTINVE .
PESRATIO*P2+(1,=RATID)*P]
_AEZRATIO®A2+(1,=RATIO) A}

XMEBRATIO®XMR¢ (1 ,oRATIN)#XM]

AR R AR AR R RN R AR AR R AN AR R R R R R AR RN R SR AN P ARNN AR AR AR AR AN AN A RANRARRARRAARS

c

OETENMIME PROPERTIES AT POUINT

Ctiilttti.i*tti.ttt'tttttttii.tit"ttt*..iti.ﬁiititﬁIttitttttt'tttﬁitttt

FI121,040,54G1axMERRQ
_FR221,040,54G1#xMMD#n2
PPE:(F!/FZ)ﬁtGS
RHREZ(F1/F2) #*Gu

P(1)=PPEPE

RHESGAM] «PE/AL/AE
"RH(1)=RMHRE#RNME
A(1)=SORT(GAMI#*P(1)/RH(1))
U(1)=xmMMDaA(])
WITERZU(])=1,10%A(})

15

IF(IMOVE,.EQ,0) GO 10 1S
TZEROSZMDSFACT
DZZEROSWITER#FACT
D12ZER=0,0

CUNTINUE
1F(IDEBUG,EQ,3)

TIwRITE (6, l) PtoAE, XME,P(1),RH(1),AC(T),U(1),WITER

Cﬁll.*iit..!tﬁﬁﬁititit!iitittttit'Qttl!i.it.t.t...ﬁlitﬁ*iQtlitﬁ.!.ti.ttt

e

AR AR AR AR R R R AR A AR N R A AR AR AR AR AR R A AR RANR R AN A AN AR AR R AN AARAR R AN AR

DETERMINE PROPERTIES AT POINT 2

XMPT121,10
X13(2,4GAM1axMPT1442=G1)/GS

P(2)=x]2P(1)
FXIZ2(G5+X1461)/(G1eX]1+GS)
UC2)SWITERS(U(L)=WITER)/FX]

- . : -53- -
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RH(2)3FXIaRn(}1)
CONSMDZRh(2)#U(2)* (ZMD=ZZERD) # & JM
IF(IDEBUG.EU,3)
AWRJTE(6,1) XMPTL, x1,P(2),FXI,U(2),RH(2) SN

Cﬂ.iittti*llitﬁittﬁﬁlﬁi'liﬁi.ﬁtiii.t'.t..tﬁttﬁ.ttii'iitﬁitﬁt.ttﬁii'ttﬂtt

c OEYERMINE BLAST wAVE PROPERTIES
AR AR A R AR R AR AN R AR R A RN R AR AN R AR R R AR A AR AR AN R AR R AR AN RN AN RN RRA R AR RN RRANE AR
__X1BwzP(2)/PINF S e —

FxIl=(G7tXIBw¢ub)/(2 2GAM2)
_VSBASSURT(HXT) ¢GAMRAPINF/RHINF)
FX12=(CT7ax1Bii+G6)/(GHX]BAGGT)

RH(IR2)=FX]2*RHINF

UDUM2=VSBu=VSBN/FXI1?2

__{SHK=Z2E+VSBARDELT

CONSBWSRH(IR2) #UDUMR# (ZSHK=ZZERN) # #JM
A A AR R A A R AR A MR A R R A AR AR AR AR AR RN R A A RN R A AN AR NP R AR R RN R A A AR R RN RN R R R AN R a RO
c DETERMINE PRUPERT]IES AT MD SIOt OF CONTACT

c‘ﬁ.itiit*ti!tiittltttﬁhttfi..ti*tﬂitﬁiﬁiiiﬁtﬁii'tit.iiﬁtiitﬁit.tti!t&{!

CONST=CONSMD*DELT/KH(2)
60_70 (102,10¢,100),J0UM -
100 CONTINUE :
_4CB0,52(ZMD¢ZSNK)
ITERZC=)
30 CONTINUE

YOUMZSZCan3e2 4 22ERURZCAR242ZERUR#242C=CUNST
_DYOUMEZ ,0#Z2Cn22=d,042ZEROAZC+ZZERQure

ZCOUM=ZZC=(YDUM/DYDUM)

_BERRZC=(2C~2CDUM)s2C

IF(IDEBUG,EQ, 5 WRITE(6,3) l!ERZC.ZC ZCDU* YDUW DYDUW'ERRZC

JFCITERZC,GT,20) GO _ 10 49

JITERZC=ITERZC+1
_IF(ABS(ERRZC),LE,ERRVAL) GO _TD S0
2C=ZC0um
GO 10 30
40 CONTINUE
IFC(IDEHUGL,EQ,3) wRITE(6,5000)

5000 FURMAT(1X,+TO0 MANY JTERATIONS FOR CONTACT POSITION IN SUBROUTINE
FINITw) )
GO T0 650
101 CONTINUE
ZC=(22£RU¢SURI(ZZtROﬁ*Zoa *CONST1))/2,0
GO_T0 50

102 CONTINUE
__ZCECONST
S0 CONTIANUE
~uCt1=2C/LELT
PCi=P(2)
KHC I 2RM(2) R N
R R A A AR AN AR AR AR AR R AN NS RN R R AR R R R ARA N R R AR AR R A AN R AC AR AN NN R A AR RARR AR
€ DETERMINE PROPENTIES AT Bw SIDE OF CONTACT B
C'itittﬁtﬁittﬂttﬁtttitﬁnt.lttﬁﬁtitttttttttttlnttil!tﬁttttttittattitttttn
 PC2=PCY
uCe=ucC!
RHC2=CONSBwW/ (UC2* (2C=22ERQ) v JM)

R R R AR R AN A AR R R AR R AR AR I AR AN A AR R A AN N R AN AR AR N ARAA RN AN AN N RN RRRRAAORAAA

c CHECK SOLUTION USING DENSITY AT bw SIDE OF CONTACT

AN R N A AR R AR AR AN NN R AR P AN AR AN AR AR AR AR AR AR AR AR N RN A R AR A RN AR R AR R AAAARARANS

-s -



I1TERZ=ITERZ2¢+} PH-184

ERROR=(RH(IR2)*RHC2) /RH(]IR2)

IF (10EBUG . EQ,3)
IRRITE(6,3) ITERZ,XIBw,VSBW,RN(IR2),RHC2,ERROR, ZMD, ZC, ZSHX

IF (ABS(ERROR) ,LE,ERRVAL) GO 10 700
IF(IT1ERZ2,6T7,20) GO TO 600

IF(ERROR,GT,0,0) GO YO S00
__2L0w=zZmD

60 10 10
500 CONTINUE
uP=ZMD
GO YO 10

600 CONT]INUE
3 _JF(IDEBUGL,EQ,3) WR1TE(6,3000)
3000 | FURMAI(IX:'TOU MANY 1TERATIONS FOR SHOCK VELOCITY IN SUBROUTINE IN
o 11Te) -
650 CONTINUE d
JITERT=ITERT+]

IF(ITERT,GT,20) GO TO 675
TINITETJUMP*TINIT

60 10 S
675 CONTINUE

"WRITE(6,4000)
4000 FORMAT(1Xx,*TOU MANY I1TERATIONS IN SUBROUTINE INIT FOR THE INITVIAL

ITIME STEP#)
CALL EXIT B
700 CONTINUE
 1F(2C4LT,2M0,0R,2C,GY,2SHK) GO TO 600 .
TIF(ZMD,GE . DMIN) GO 10 750
TINITSTJUMPATINIY

GO 10 S

750 CONTINUE
c.iitlt!i*t.it.ttitti.ilﬁtttt.iﬁﬂt.itﬂ..i.ttti.tlﬁl!ﬁ'tﬂﬁ.i.t.tiii.ittti

C  DETERMINE ALL FLOW PROPERTIES AT THE DISCONTINUITIES
Ct.'*ili.itt.Q..ﬁt.iﬁiittllii.ﬁﬁ'.iﬁt...t...ittltﬂt...l‘.t.tﬂltiiiiit.tt

TIMESTINITY

W(1)EWITER
_2(1)=3ZM0 - B
8$(1)20,0
AC1)=SORT(GAMI#P(1)/RH(1)) o
P(1)2ALOG(P(1))

2(2)=2(1)

s(e):S(j)ocplt((ALUG(P(ZJ)-P(l))/GAM]-ALUG(RH(Z)/RH(I)))
A(2)ZSGURT(GAMI«P(2)/RH(2)) - e
P(Z):ALOG(P(Z))

2(1Kky)=2C R

S(1Kk1)=S(2)

P(IH1)sALOG(PCY)

RH(IR1)=RNCT

U(IRE)=zUCT _ —
ACIR1)=SORT(GAMIaPCL/RNHCY)

w(2)=zuCt
Z(IR2P)=ZSHK
P(IR2P)=ALOG(PINF)

UCIR2P)=UINF
RH(IR2P)SRMHINF
SC(IR2P)=0,0
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A(IR2P)=SQRT (GAM22PINF/RHINF)

wW(3)=ySBw .

Z(IR2)sZ (1R2P)

P(IRR)=P(2) —

V(IR2)=UDUM
SCIR2)=CPP2x((P(IR2)=P(IRPP))/GAM2=ALOG(RH(IR2)/RHINF)I)¢S(JR2P)

ACIR2)SSQART(GAMR#EXP(P(IR2))/RH(IR2))
ZCUIRLIP)IZZ(IR])

P(IRIP)=ALOG(PC2)

___VCIRLIP)=UCR o
RHCIRIP)SRH(]IRR)
SC(IRIP)=S(IR2)

A(IRIP)=SGRT(GAMZ2xPC2/RHC2)

_IDymizsIR(L) : — e =,
IbuMe=zl1R(2)

Z0UMLE(Z(1DUM))=2(2))/FLOAT(JDUM]=2) N B
20Uv2=(Z(1DUM2)=Z(10UML))/FLOAT(IDUN2=]DUM]=1)
DZMIN=DZMIN®AMINL(ZDUMY, ZDUMP) 20,999

DZMAX=0ZMAX®DZMIN®] 001
RETURN
1 FORMAT(J0E13,5)
_2 FORMAYT(1415) Ll 2
3 FORMAT(115,8k13,5)
END




h o
SUBROUTINE ACOUS(ZCON, 28w, DT CONWD; RAORCT)
c.....*..'*.......‘...‘.tﬁ...'........'..'....'...............ﬁ...ﬁ.....

c VAR(1) IS TIME
c VAR(2) 1S Z

A A R A A A AR AR AR RN R AR AR A AR AR R R A AR N AR AN AR A AN R R AR AR AR ARAR AR ARRRARRNNRA NS
COMMON/F/RJE T, XME,PE, AE,PINF, AINF,UINF,RHINF

COMMON/G/KK,LL, KO, TIVME, TF INAL

COMMON/GA/GAMY ,GAM2,CP1,CP2
COMMON/BLAST/1Bw,BnCON, SPEED, RJET2

COMMON/KUTTA/ CUVAR(2),VAR(2),C1,DER(2),11

DIMENSION ERRVAL(1),ELT(1),ELEL(1),ELER(])

DIMENSION RFIT(20),PFIT(20),RHOFIT(20),RFITU(20),UF1T(20)

ODIMENSIUN EMFITP(20),EMFITR(20),EMFITU(20)
OIMENSION XOUM(1),YDUM(1),0YDUM(1),D2YDUM(])
DATA IFIT,1DUM/20,1/
N DATA (RFIY(I)vlzlpZO)/-549_,_0_0:9_5.00'00100‘35.Qg_'_}(_)‘,p_g__'al.__S: 325‘.0_L
©22¢5¢220,0,217:5,=15,0,°12,5/,)=10,0,=7,5,

1
2 ©5,09°2,590,0,2,5¢5,0,7,5/

D‘t‘ (PFXI(I)al‘loZO)IO.Op'O.150'0.200-0.42"0.020'0.’5:-0.909
'J1039'31200‘1.530'10900'2.35L1g1830'39220

©3,40,22,90,°0,60,4.30,13,0023,1/
DATA (RFITU(1),1%1,20)/=50,0,=42,5,235,0,227,5/,222,5,=17,5,=15,0,_

.‘2 50.10 00.7 SO'S 00..0.00.2.50.l.°000500

_25053,5,4,5,6,0,7,57

N)|o=

LV

DATA (UFTT(I)s0181,20)/0,090404904095,0,162,042290430,0+35,0,41,
) 0,52,0, 65:0 1700,825+0,91,0,97,1,0,0,955,
e 0,755,0, 5500.005.'0 725/

DATA HOL3/2H /,HOLZ/ZHBN/.HOLI/ZHMD/oHOL“/&H ¢/

-

EXTERNAL DERSUB,CHSUB
00 8 Iri,IF1T

RHOFIT(1)3PFIT(1)/GAM
8 CONTINUE

CALL SPLINE(RFIT,PFIT,IFIT,EMFITP)
CALL SPLINE(RFIT,RHOFIT,IFIT,EMFITR)

CALL'sﬁLlwt(nrxtu.UFxr Irlt EMFITU)
IMD=0

Nsi

JTEXT=0 _—

NTE])
__ELT(1)=TFINAL

SPEC=0,0

Cl=DY

CIMAX=20,0 ‘
_ ELEL1(1)=20,001 — S
- ELE2(1)=0,0

__VAR(1)=TIME - S

VAR(2)=28Bw
1150

3 CUNTINUE
CALL INTIACII,NyNT,CI1,SPEC,CIMAX,)IERR, VAR,CUVAR,DER,ELEL ELER,ELT,
T LERRVAL,DERSUB,ChSUB, ITEXT)
RowmewL- o - o o -
GO TU(1,19202),1ERR
1 CONTINUE

TF (KO,GE ,AK,OR ,VAR(1) ,GE,TFINAL) GO 10 5
IF((KOILL)'LL NE.rO) GO TO 150 o
'S CONTINVE 57




IM 184

WRITE(6,1000) RO,VAR(1)

. TDUM=VAR(])
I0uUM=VAR ()
AR R AR A AN AR R R R R R R AR AR RN AR R R AR AR A AR A RN AR AR AR AN AR R AR NN R AR F A AN N A AN A AR AR RN

c CALCULATION OF THE VACH DISC LOCATION -

CRRAR AR RN N A RN RN AR R AR R AR R AP R A AR R AN R AR R AR R AR R AR ARAANRRAARNANARARRANAANRAARAR

1IF(IMD,EQ,1) GO TU &
_ CALL MUZZLE(TOUM,PE,AE,XME) -
PRAYZPE/PINF
_1F(PRAT,GE,0,0) GO 70 7
IMD=1y
60 10 6

7 CONTINUE
_IMO=CONMDAXME*SGRT (GAMI*PRAT) —
IF(ZMD,LE,1,0) ImD=1

6 CONTINUE —— P
Cititittﬁ.tiﬁlﬁ*ﬁﬁtii.tﬁitﬁittiﬂ'iﬁit.it'ti.lﬁttt..hiﬁtﬁi'ﬁkﬁﬁtt.ttﬁtiﬁi
CALCULATION OF YHE ACQUSTIC wAVE PROPERJIES
Citﬂtiﬁitltttttlittlitttitﬁttiﬁtitiﬁittttttﬁtattttat*tttttttttntttﬁtattt
i _WRITE(6,4000) o
IFCIMD,EQ,0) wWRITE(6,10) HOL3,ZMD
___HOL=HOLY — —

00 100 I=3,20
RATIO=FLOAT(]=1)/19,0

RODUMZZCON+RAT 102 (ZDUM=ZCON)

___XDUM(1)=(ROUM=SPEEDATOUM) /(RJET2*ALOG(ROUM/RJETR))
IF(XDUM(L),GE,RFIT(3)) GO 10 20

__ PRESS=1,0 - —_ .
RHO=1,0
UVYAL=0,0

GO 10 30
20 CONTINVE
CALL SPLINT(RFIT PFIT, IFIY:XDUM:IDUM YOUM, DYDUM,D2YDUM,EMFITP)

CALL SPLINT(RFIT,RMOFIT, IF1T,XDUM, 1DUM, YDUM, DYOUM, D2YDUM, EMF 1 TR)
RHOZYOUM(]) *RJETR/ROUMS] L0

CALL SPLINT(RFITU,UFIT,IF17,XDUM,1DUM, YOUY,DYDUM,D2YDUM, EMFITU)

UVALZRHO=1,0=YOUM(])*(RJET2/ROUM) #224RHURCT
30 CONTINUE

JIFC1,EQ,20) HOL=HOLZ _

ZOUMMYZROUM/RJET?

WRITE(0,10) HUL,ZDUVVY,PRESS,RHO,UVAL

HOL=HULY
100 CONTINUE. . S
IF (KO ,GE KK OR,VAR(1) ,GE, TFINAL) GO TO 4
150 CONTINUE
60U TO(3,3,4,4),11
- 2_CONTINVE

WRITE (6,2000) IERR
. _CALL EXIT B
4 CONTINUE _
WRITE(6,3000)
STOP
10 FORMAT(1X,A2,4E13,5)

1000 FORMAT(1H1,10X,#STEP S#, 14, 10K, #TIMt =%,E13,5,/7)
2000 FORMAT(//,4X,26HINT| NON=CONVERGENCE, 1ERR3,12) o
3000 FORMAT(//,1Xo 3 THEND CONDITION MET)

-58-
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4000 FORMAT(9X,3H2/0, 10X, 1HP, 12X, IHRHO, 10X, 1MU)
END
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SUBROUTINEINTIACITI, N,NY,Cl,SPEC,CIMAX,]JERR ,VAR,CUVAK,DER,ELEL,
__ JELER2,ELT,ERRVAL,UEFSUB,CHSUB,ITEXT)
aankanaans DOCUMENT DATE (Be0)=68 SUBROUTINE REVISED 0BeOje6B aasssans:
DIMENSIUN S1VAR(20),SELEL1(20),ELEL(20),ELE2(20),DER(21),

i FOERV(21)+SDY(20),SDY1(20), YINCR(20) ,ERRVAL(20),ERVOVA(20),
QELT(10),SELT(13),ELMINC(20),STEP(3)

DIMENSION VAR(21),COVAR(21)
INTEGER TEX(15)
INTEGER CODE,TPSH, SUMHAF ,STEP, TEST, DCODE
_REAL K1 _ R
C BEGIN INITIALIZATION
1IF_ (11 ,G6T, 0) GO 13 520

1 TP=0
__SSPEC=SIGN(SPEC,CI)
T SCIMAXZSIGN(CIMAX,CI)
__VAR1z VAR(1) =
T1F (c1 .EQ, 0.,0) GC TO 151
JF _(SSPEC ,EG, 0,0) GO TO 7

IF (ABS(SCIVAX) ,GT, ABS(SSPEC) ,OR, SCIVAX ,EQ, 0,0)
 1SCIMAXZSSPEC
C TEST 10 SEE IF VAN IS ZERO
IF(ABS(VAR1),GT,1,0E=11)60 10 2
TP=SSPEC
GO 10 7 )

e IF ((VAR]1/SSPEC) ,GT, 1,E=13) GO 10 4

_3 ki30,0 R
60106

4 Ky=g,0

6 TPsVAR3§=AMOD(VARY,SSPEC)
IF(ABS(TP=VAR1) LT,.,1,E=}12)K}3},0

TPETP+K ]| aSSPEC

_1F (ABS((TPeVAR1)/VARY) LT, 1,k=11) TP = 1P ¢ SPEC

c TEST FOR DIRECTION IF INTEGRATION

1 kim0 o
1F (C1 JLT, 0.0) KiEel.0
CIKECleK]

CIMAXKESCIMAX®K]
TPRETPaxy
VARKEVAR] 2K}
C  SET UP STURAGE FUR INTERNAL USE
“NPIZNed
NELT= 1 -

__NHAF=z0

T NTSENT
SUFRAF =0
LOUP=0

00U 91 I=1,3

91 STEP(1)=0
___1ERR=} -

D0 8 1=1,NPY
8 CUVAR(I) =sVAR(I) . : ppe— e
00 101 I=1,N
101 SELEI(I)=ELEL(I)

IF (NT ,EQ, 0) GO 70 13

NTMiENT=]
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ELTKEKI#ELT(L)
DO 9 I=1,NTM]

ELTK23K1#ELT(I+])
1F (ELYK ,LT, ELIX2) GO 109

GO 70 So00
ELTK=EL TR

CONTINUE
ELTKEK1#ELT(NELT)

IF (VARK LT, ELTK) GO 1011}
IF_(NELT LEQs NT) G0 TO 13

NELTENELT+]
6O 10 10

60 1012

13 NELTL=0
1200 14 I=1,N__
14 RELMINCI)=SELELI(1)/328,0

JF _(NT LEQ, 0) GO 10 996

NELTLSNT=NELT+)

~995 SELT(1)=ELT(I)
996 CALL DERSUB (11,CUVAR,DER,N,VAR)

00 995 I=),NT

1F (1] .EO, 4) GO_T0 120

DO 15 1Is1,N

15 FDERV(1)=DER(]I+])

1=}
TESI=0

300 TEX(])=0

00 300 I=1,15

TEX(1)=}
1Ex(2)=1

kK321
IF_(ITEXT) ©35,63,635

c

151 wRITE (6,1000)
_ 1000 FORMAY (//§1H C1 18 ZERQ)

ST0P
ENO OF INJTIALIZATION

e VARKEVAR(])#K]

%20 113}
_— TPSH=20__

LTSH=0

CIxksClsK{
SiEVARKAC]IK

IF (SSPEC ,EQ, 0,0) GO TO S&5

KKE§
IF (MELTL,.EG, 0) GU TU 11
IF (ELTKpTPK),lb!lALj?__

16 CVsELIN

CUDE=]

17 CVETPK

60 T0 18

COOEse

IF (CV-SI)?O:ZO:IQ

20 IF (NELTL ,EQ., 0) GO 10 S4O
_ JF(ABSC(ELTK=TPK)/CY) LT,,1E=11)GD TO S50 _

-61-

IF (CUDE ,tW, 1) GO TO 545

19 JF(ABS((CVeS1)/CV),GE,,1E=11)6G0Q TO 535




IM 184

5S40

OX=TPeVAR(1)
TEX(S5)=1

TP=TP+SSPEC
TPKETPAK]

TPSH=1
60 TU S60

550 |

_ _TPR=TPeK]

SHORT INTERVAL DUE TQO BOTH
TPETP+SSPEC

TEX(6)=1

TPSH=1
GO TO 545

530

IF HERE Cv 15 LIKELY ZERO
IF(S1,LT,=1,0k=12)G0 TO 535

IF (CODE ,EQ, 1) GU TO SSO

JF (NELTL ,EQ, 0) GD 70 S40

1F (ABS(ELTK) (LT,1,0E=12)G0 TO 550
GO 10 540

c

__525 IF(ABS(REMAIN) GT,,1E=11)G0 TO 96

94

_IF(ABS(ELTK),GE,1,E=12)6G0 TO 28

SPEC 1S5 Z2ERO

IF (NELTL ,EQ, 0) GD TD S65

IF(S1,LT,=1,0E=12)G]D TO 565
GO 10 545

¢

21
22

545

S2ZELTK=S1
IF(S2) S45,545,22 S
TF(ABS(S2/ELTK) ,LT,1,0E~12)G0 TO 545
GO TO 565 , s
SHORTINTERVAL IS DUE TO ELT BLOCK
DELT= SELT(NELT)

TEX(4d)=1

_ Dx=DELT= VAR(1)
T REMAINZC) »DX
REMAIK REMAIN.KI
LTSH=}
NELT=NELT+]

NELTLESNELTL=]
JFONELTL.EQ,0)G0 TO 560
ELTKERIaSELT(NELT)

GO0 10 Se0

S6% 0Xx=2C1

Tex(3)=1

96 IF (NELTL (EG, 0) GO 70 98

6O 10 Se0

IF (ELTK LT, (VARKeREMAIK)) GO TO 9¢

98 Dxs=REMA]N

1EX(7)=1
REMAINZO,0

_ 535 OxsCl

C

GG 7O S60

TEX(3) =1

_ TESTEY o e

60 TO 555

=
c

560 TEST=0

BEGIN RUNGE=KUTTA



555 DO 24 I=1,N
24 SIVAR(I)= VAR(1+}])

575 CUVAK(1)=VAR{l)
276 DO 2S5 I=1,N

SOY(I)=DER(I+}1)
25 CUVAR(I+1)=SIVAR(]I)¢(DX+DER(I¢1))/2,0

CUVAR(1)=CUVAR(1)+DX/2,0
CALL DERSUB (Il,Cuvar,DER,N,VAR)

IF (11 .ku, 4) GO TO 120
580_00_26_1=1,N

SOY(I)=SDY(1)+2,0%DER(I+1)
26 CUVAR(J+1)=S1VAR(])¢(DX#DER(I*1)) /2,0

CALL DERSUB (11,CUVAR,DER,N,VAR)
— IF (11 .Eu,. 4) GO 7D 120

585 DU 27 I=1,N
e SPY(1)=SDY(J) 2, 0%VER(LIY)
27 CUVAR(I+1)=SIVAR(I)+Dx%x0ER(I+})
CUVAR(1)sSCUVAR(]1)+0DX/2,0

CALL OERSUB (11,CUVAR,DER,N,VAR)
2£0, 4) GO 10 120

___1F (11X
7590 DO 90 I=1,N
S SOY(1)=(SDY(])+DER(I¢1))/640

90 CONTINUE
1F_(LO0P) 28,28,29

28 DO30 I=§,N
i - PAS @S LT L @ D EN—

YINCR(I)=0,0
.30 DER(I1+1)sFOERY(])

DXx=0X/2,0
LOgP=1

G0 T0 S75

£
C LOUP wAS NOT ZERU
¢

29 DO 31 I=zi,N
31 YINCR(I)=YINCR(])¢SDPY(])

IF (LOOP LEQ, 2) GO TO 33
D0 32 1=z} N

SIVAR(1)=VAR(I+1)+DX#YINCR(I)
.32 CUVAR(I+1)=SIVARC(]I)

CUVAR(1)=VvAR(1)+DX
LOUP=?

CALL DERSULB (11, CUVAk DER,N,VAR)
e IF (11 4EG, 4) GO TQ f0
60 T0 S76
33 LOUUPED
HE2,0%0X
DO 34 Is1,N

ERVOVH(I)=(YINCK(])/2,0-SDY1(1))/15,0
ERRVAL(J)SH2ERVOVHI(])

34 SIVAR(I)=SIVAR(I)+DX#SDY(I)+ERRVAL(I)
SIVAR HOLD THE APPROXIMATE ANSWERS )

o0

IF (SCIMAX) 36,35,36
36 JF(ABS(SCIMAX=CI), LT,1,0E=12)GO TO 38
35 JF(ABS(H=C]) GT,1,0E=}2)GO 72 38
-3-



38
605

40

- DCODE=1

DCODE=0
G0 T0 605

CONTINUE
120
I=]+1

1F (I ,GT, N) GD TO 4S
IF_(ABS(S1VAR(])) LT, tLE2(1)) GO 10 40

RELERZARS (ERRVAL(I)/S1VAR(I))

IF (RELER ,GT, SELEI(I)) GO TU 615
IF (RELER ,GT, REL™IN(I)) DCODE=1
GO TO 40

4s

610

42

43

CONTIINUE

IF (DCUDE=1) 610,620,610
CONTINULT

_IF (SSPEC)ul,u42,4]
IF (SCIvax)ul,u43,4)
Cl1=2,0#+C]

— — —_— ———————

4y
4q

TEX(8)=1
NHAF ENHAF =
GO T0 620
1F (2,0#48S(CI) ,LE, ABS(SCIMAX)) GO TO 43
CI=SCImAX

TEX(8)=]

c
C
615

" HALF INTERVAL
 NHAF SNHAF +]

GO TO 620

TEX(9)=1
NVARS ] ¢}

a7

1F (NHAFeB8)u7,47,505

IF (LTSH LEQ, 0) GO YO 48
TEST=}

LTISHEQ

NELTENELT=1
NELTLSNELTL+]

48

T TP=TP=SSPEC

ELTRSK1#SELT(NELT)
REMAIN=0,0

IF (TPSH kv, 0) GU TO 49
TEST=1

TPREK1»TP

49

998

50

999 LX=DX/2,0

TPSH=0

IfF (SSPEC  NE, 0.0) GO TO 998

TEST=0

IF (ABS(Cl=2,02DXx) ,G67, 1,E=12)G0U TO 1100
Clz0x

CIKsK1+C]
00 S50 I=1,N )
SIVAR(])=VAR(I+])
DER(I+1)=FDERV(I)
SOYI (1)=YINCR(1)=SDY(])
YINCR(1)=0,0

99

KKk3s2
1F (ITEXT ,tQ, 1) GO TO 637
LOOPE
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1100

GO 10 575 TR T84
CONTINUVE

IF (NHAF ,GT, 1) GO YO 999
NTSENTSe]

IF (NTS ,GT, 13) GO TO 998
ACYSVAR(1)+C]

ACVK=ACVeK]
IF _(NELTL LEQ, 0) GD TO 1102

1101

NLT=NELT
ELTRISSELT(NLT)*K]

IF (ACVR LT, ELTRY) GO TO 1103
NLT=NLT+]

1102
1103

IF (NLT ,tQ, NTS) GJ TO 106

GO _10 1101 - —

SELT(NELT)=ACY
6Q 10 1105 =

NLTPLIENLT )
JENTS

1108

SELT(I)sSELT(I=])
JIFC 1 LEQ, NLTP1) GO TO 1106

lsle}
GO_70 1108

1106
1105

SELT(NLT)ZACV
NELTLENELTL+]

TEX(9)=0
___TEX(10)=)

ELTK=K)1aSELT(NELT)
GO_T0 999

POUBLE PRECISIJON UPDATING

620

LooP=0

DHeNH
00 S1 I=1,N

PHIZERVOVH(I)+YINCR(1)/2,0
DPHIEPHI]

51

__IF (11 ,EQ, 4) GO 72 120

CUVAR(I¢1)=VAR(I+1)¢DH#DPHI
__CUVAR(1)=VAR(31)+0H

CALL DERSUB (l1,CUVAR, DER N.VAR)
"CALL CHSUB(II,CI,VAR,CUVAR,DER)
1F _(I11e2) 54,600,121

121
54
S7

TEST=0
00 57 I=1,N
FDERV(I) DER(I®1)

 SUMMAF=SUMHAF ¢ NHAF=STEP(1)

STEP(1)=STEP(2)
STEP(2)=5TEP{3)

STEP(3)=NRHAF
NHAF =0

63
59

1ERR=1

IF (SUMMAF=8) 63,063,510
00 59 I=1,NP)
VAR(]1)=CUVAR(I])

501

TEX(12) =1

Kk3=4 - ot

IF (1TEXT ,EW, 1) GJ TO 637
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S8 IF (TEST Lk, 1) GO TO 520
120 RETURN — S SO B
c

,Ag___jmuﬂuli. INTERVAL S
_600 JEST=0

NHAF=2Q
o lI=y o SO, .
OxsCl
o TEx{11)=1} ) ; - -
KK3z3 ’
1F (JTEXT L EQ._ 12 60 TO 636 _

70 CIxsClaxy
. DO _60 I=1,N e B
DER(I+1)=FUERV ()
60 CUVAR(I)= VAK(]) _ _ S
CUVAR(N+L)= VAR(NT)
IF (T1PSH_LEQ, 0) GO 10 61

TP2TP=SPLC
__JPKre]Pak] . , S S S m—
T1PSH=0
61 IF (LTSH ,EG, 0) GO 10 555 _ - S
NELT=NELT=]
REMAINZ0,0 -

NELTLENELTL+]
ELTK=SELT(NELT) o] e I R—
GO 70 S55%

636 WRITE(6,183) VAR(]1),0X S S N —
G0 10 1oe

639 IF(TEX()1),EQa)) WRITE(S,171) VAR(1)

IF(TEX(2)EQ.1) WRITE (6,172) Cl,CIvAX,SPEC
637 JF(TEX(3).EQ.1) _wRITE (6,173) : R
IFCTEX(4)(EG,1) WRITE (6,174)
- IFCIEX(S) (£Q@e1) wRITE (6,175)
IFCTEX(6)JEQ 1) WRITE (6,176)
JF(TEX(7).EQ 1) WRITE (6,184)

11X

p ¢

IF(TEX(8) EUs1) wWRITE (6,177) CI

JFCTEX(9),EWqa1) WRITE (6,178) NVAR, CI == .

IFCTEX(10),EG,1) wRITE(L,185) NVAR, DX
__JFCTEX(11)4EG,1)  wRITE(6,183) VAR(}), Dx -~

IFQTEX(12),EG,1) WRITE(6,179) VAR(])

TFCTEX(14) gEU,l) AR1TE (6, 181)
 IFVTEX(15),6041) ARITE(6,182) _ e
102 DO 320 123,13
320 TEX(I)=0
GO 10 (120,99,70,58) ,Kk3
17} PORMAT (33n INITVIALJZATION STARTS Al VAR(1)=,E16,8/)
172 FORMAT (4n C13,E15,8,9H  CIMAX=,E15,8,8M  SPECS,E15,8/)
173 FORMAT (37H DX IS THE FuLL COMPUTING XNIERVAL Cls)
174 FORMAT (28 DX IS A SHORTENED INTERVAL ,»EL1S,8,25H DUE 10 & CRITIC
1AL VALUE/)
175 FORMAT (28M DX IS A SHORTENED INTERVAL ,E15,8,21H OUE T0 A SPEC

JALUE/) ]
176 FORMAT (28K DX IS A SH0ORTENED INTERVAL ,E15,8,39H OUE TO BOTH A !

JPEC AND CRITICAL VALUE/)
177 FORMAT (27H CI HAS BEEN LENGTNENED TO ,E16,8/)
-66- Sams
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178 FORMAT (Sh VAR(,12,32H) HAS CAUSED Cl TU 8E HALVED T0 ,E16.8/)

179 FORMAY (27H VAR(})) HAS BEEN_UPDATED TD,E16,8,/)

180 FORMAT (31H ERROR RETURN=ELT NOT MCNOTONIC/)

181 FGRMAT (S%H ERROR RETURN=HAVE MALVED 9 TIMES OVER LAST 3 INTERVALS
17)

182 FUORMAT (45H ERROR RETURNeHAVE HALYED 9 CONSECUTIVE TIMESZ) -

183 FORMAT (31H INTERVAL RECOMPUTED AT VAR(1)=,E16,8,9n wlln DXx=s,El6,8
17) o

184 FORMAT(25H DX 1S SHORTENED INTERVAL,E16.8,28H DUE TO A PREVIOUS EL

17 _VALUE/Z)

185 FORMAT(SH VAR(,12,32H) HAS CAUSED DX T BE HALVED TO ,E16.8,38H BU
11 MOT C1 SINCE C1 ALREADY SHORTENED/)

500

1ERR=?
TeEx(13)s1

TEST=0
GO _10 63

505 IERR=E3

1EX(19)=}

TESTED
GO 10501

510

IERR=Y
TEST=0

TEX(14)=1
GO 1O 63

END
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___COMMOUN/BLAST/ 184w, BCON, SPEED,RJIET2

SUBROUTINE DERSUH
__COMMON/KUTTA/ CUVAR(2),VAR(2),CI,0eR(2) 1) e
COMMON/F/RJET ) XME, PE, AL ) PINF , AINF ,UINF,RHINF

ROIST=CUVAR(2)/RJET2
DER(2)=AINF/SQORT ()1 ,0=-BwCON/(SORT(ALOG(ROIST))*RDJST))

RETURN

END X e .
¢
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SUBROUTINE CHSUB
RETURN

G END




T™M 184
REFERENCES

Ranlet, J. and Erdos, J., '"Muzzle Blast Flow Field Calculations,' ATL
TR-217, Final Report Prepared under Contract No. DAADO5-74-C-0784.

Erdos, J. and Kalben, P., ''Description of FORTRAN Program DAWN for
Analysis of Muzzle Blast Field,'" ATL TM-178, December 1973 (submitted to
BRL under Contract No. DAAD05-73-C-0038).

MacCormack, R., '"'The Effect of Viscosity in Hypervelocity Impact Crater -
ing," AIAA Paper No. 69-354 (1969).

Katsanis, T. and McNally, W., "FORTRAN Program for Calculating Velocities
and Streamlines on a Blade-to-Blade Stream Surface of a Tandem Blade
Turbomachine,' NASA TN D-5044 (1969).



DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization
12 Commander 1 Commander

Defense Documentation Center
ATTN: DDC-TCA

Cameron Station

Alexandria, VA 22314

Director
Defense Nuclear Agency
Washington, DC 20305

Commander

US Army Materiel Development
and Readiness Command

ATTN: DRCDMA-ST

5001 Eisenhower Avenue

Alexandria, VA 22333

Commander

US Army Materiel Development
and Readiness Command

ATTN: DRCDL

5001 Eisenhower Avenue

Alexandria, VA 22333

Commander

US Army Materiel Development
and Readiness Command

ATTN: DRCDE-W

5001 Eisenhower Avenue

Alexandria, VA 22333

Commander
US Army Aviation Systems
Command
ATTN: DRSAV-E
DRSAV-EQA, CPT Schrage
DRCPM-AAH, G. Smith
12th and Spruce Streets
St. Louis, MO 63166

Director

US Army Air Mobility Research
and Development Laboratory

Ames Research Center

Moffett Field, CA 94035

71

US Army Electronics Command
ATTN: DRSEL-PD
Fort Monmouth, NJ 07703

Commander
US Army Missile Command
ATTN: DRSMI-R
DRSMI-RDK
Mr. R. Becht (4 cys)
Mr. R. Deep
Redstone Arsenal, AL 35809

Commander

US Army Tank Automotive
Logistics Command

ATTN: DRSTA-RHFL

Warren, MI 48090

Commander
US Army Mobility Equipment

Research § Development Command

ATTN: Tech Docu Cen, Bldg 315
DRSME-RZT
Fort Belvoir, VA 22060

Commander
US Army Armament Command
ATTN: P. Ehle
E. Haug
Technical Lib
DRSAR-RDG, J. Blick
Rock Island, IL 61202

Commander
US Army Armament Command
ATTN: Rodman Laboratories
S. Thompson
S. Burley
Rock Island, IL 61202



DISTRIBUTION LIST

No. of
Copies Organizatigﬂ
4 Commander

US Army Frankford Arsenal
ATTN: Mr. T. Boldt
SARFA-U2100
Mr. J. Mitchell
SARFA-U3100, S. Fulton
L4100-150-2

Mr. C. Sleischer, Jr.

Philadelphia, PA 19137

Commander
US Army Frankford Arsenal
ATTN: SARFA-U3300
Mr. S. Hirshman
Mr. A. Cianciosi
SARFA-MDS-D 220
F. Puzycki
C. Rueter
Philadelphia, PA 19137

Commander
US Army Picatinny Arsenal

No. of
Cogies Organization

4 Commander
US Army Watervliet Arsenal
ATTN: Tech Lib
SARWV-PDR-S
Dr. F. Sautter
SARWV-PDR-AMM
Dr. J. Zweig
SARWV-RDD-SE, P. A. Alto
Watervliet, NY 12185

1 Commander
US Army Jefferson Proving Ground
ATTN: STEJP-TD-D
Madison, IN 47250

2 Commander
US Army Harry Diamond
Laboratories
ATTN: DRXDO-TI
DRXDO-DAB, H. .J. Davis
2800 Powder Mill Road
Adelphi, MD 20783

ATTN: SARPA-DR-D, S. Wasserman
SARPA-DR-V, Mr. A. Loeb 1 Commander

Mr. D. Mert:z
Mr. F. Friedman
SARPA-D, Mr. Lindner
Dover, NJ 07801

Commander
US Army Picatinny Arsenal
ATTN! SARPA-V, E. Walbrecht
Mr. S. Verner
SARPA-VE, Dr. Kaufman
SARPA--Fr-M-MA
Mr. E. Barrieres
SARPA-PA-S
Mr. W. Dzingala
Dover, NJ 07801

US Army Materials and
Mechanics Research Center

ATTN: DRXMR-ATL

Watertown, MA 02172

1 Commander
US Army Natick Research
and Development Command
ATTN: DRXRE, Dr. D. Sieling
Natick, MA 01762

1 Director
US Army TRADOC Systems
Analysis Activity
ATTN: ATAA-SA
White Sands Missile Range
NM 88002

72



DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization
1 Commander 4 Commander
US Army Research Office US Naval Surface Weapons Center
ATTN: CRD-AA-EH ATTN: Code 031, Dr. K. Lobb

P.0. Box 12211
Research Triangle Park
NC 27709

Director

US Army BMD Advanced
Technology Center

P.0. Box 1500, West Station

Huntsville, AL 35807

Commander

US Army Ballistic Missile
Defense Systems Command

Huntsville, AL 35804

Commander

US Naval Air Systems Command
ATTN: AIR-604

Washington, DC 20360

Commander

US Naval Ordnance Systems
Command

ATTN: ORD-9132

Washington, DC 20360

Commander and Director
David W. Taylor Naval Ship
Research § Development Center
ATTN: Tech Lib
Aerodynamic Lab
Bethesda, MD 20084

Commander
US Nayal Surface Weapons Center
ATTN: Code GX, Dr. W. Kemper
Mr. F. H. Maille
Dr. G. Moore
Dahlgren, VA 22448

73

Code 312, Mr. R. Regan
Mr. S. Hastings
Code 730, Tech Lib
Silver Spring, MD 20910

Commander
US Naval Weapons Center
ATTN: Code 553, Tech Lib
Cod=2 6003
Dr. W. Hazeltine
Code 511, Mr. A. Rice
China Lake, CA 93555

Director
US Naval Research Laboratory
ATTN: Tech Info Div
Code 7700, D. A. Kolb
Code 7720, Dr. E. McClean
Washington, DC 20330

Commander

US Naval Ordnance Station
ATTN: Code FS13A, P. Sewell
Indian Head, MD 20640

AFRPL/LKCG (Dr. Horning)
Edwards, CA 93523

ADTC (ADBPS-12)
Eglin AFB, FL 32542

AFATL (DLDL)
Eglin AFB, FL 32542

AFATL (DLRA, F. Burgess;
Tech Lib)
Eglin AFB, FL 32542

AFWL (DEV)
Kirtland AFB, NM 87117

ASD (ASBEE)
Wright-Patterson AFB, OH 45433



DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization
2 Director 1 Advanced Technology Laboratories

National Aeronautics and
Space Administration
George C. Marshall Space
Flight Center
ATTN: MS-I, Lib
R-AERO-AE, Mr. A. Felix
Huntsville, AL 35812

Director

Jet Propulsion Laboratory
ATTN: Tech Lib

2800 Oak Grove Drive
Pasadena, CA 91103

Director

National Aeronautics and
Space Administration

Langley Research Center

ATTN: MS 185, Tech Lib

Langley Station

Hampton, VA 23365

Director

National Aeronautics and
Space Administration

Lewis Research Center

ATTN: MS 60-3, Tech Lib

2100 Brookpark Road

Cleveland, OH 44155

Director

NASA Scientific and Technical
Information Facility

ATTN: SAK/DL

P.0. Box 8757

Baltimore/Washington

International Airport, MD 21240

AAI Corporation

ATTN: Dr. T. Stastny
Cockeysville, MD 21030

74

ATTN: Dr. J. Erdos
Merrick § Stewart Avenues
Westbury, NY 11590

Aerospace Corporation
ATTN: Dr. T. Taylor
P.0. Box 92957

Los Angeles, CA 90009

ARO, Inc.
ATTN: Tech Lib
Arnold AFS, TN 37389

ARTEC Associates, Inc.
ATTN: Dr. S. Gill
26046 Eden Landing Road
Hayward, CA 94545

AVCO Systems Division
ATTN: Dr. W. Reinecke
201 Lowell Street

Wilmington, MA 01887

Calspan Corporation

ATTN: Mr. G. A. Sterbutzel
P.0. Box 235
Buffalo, NY 14221
Technical Director

Colt Firearms Corporation
150 Huyshore Avenue
Hartford, CT 14061

General Electric Corporation
Armaments Division

ATTN: Mr. R. Whyte
Lakeside Avenue

Burlington, VT 05401

Martin Marietta Aerospace
ATTN: Mr. A. J. Culotta
P.0. Box 5387

Orlando, FL 32805



DISTRIBUTION LIST

No. of
Copies Organization
1 Northrop Corporation

Aircraft Division
ATTN: Dr. A. Wortman
3901 W. Broadway
Hawthorne, CA 90250

Winchester-Western Division
Olin Corporation
New Haven, CT 06504

Sandia Laboratories

ATTN: Aerodynamics Dept
Org 9320, R. Maydew

P.0. Box 5800

Albuquerque, NM 87115

S§D Dynamics Inc.
ATTN: Dr. M. Soifer
755 New York Avenue
Huntington, NY 11743

Guggenheim Aeronautical
Laboratory

California Institute of
Technology

ATTN: Tech Lib

Pasadena, CA 91104

Franklin Institute
ATTN: Dr. Carfagno

Dr. Wachtell
Race § 20th Streets
Philadelphia, PA 19103

Director

Applied Physics Laboratory
The Johns Hopkins University
Johns Hopkins Road

Laurel, MD 20810

No. of
Copies Organization
1 Massachusetts Institute of

75

Technology
Department of Aeronautics
and Astronautics
ATTN: Tech Lib
77 Massachusetts Avenue
Cambridge, MA 02139

Ohio State University
Department of Aeronautics

and Astronautical Engineering
ATTN: Tech Lib
Columbus, OH 43210

Polytechnic Institute of
Brooklyn
Graduate Center
ATTN: Tech Lib
Dr. G. Moretti
Farmingdale, NY 11735

Princeton University
Forrestal Laboratories
ATTN: Dr. M. Summerfield
Princeton, NJ 08540

Southwest Research Institute
ATTN: Mr. Peter S. Westine
P.0. Drawer 28510

8500 Culebra Road

San Antonio, TX 78228

Aberdeen Proving Ground

Marine Corps Ln Ofc
Dir, USAMSAA
Cdr, USAEA
ATTN: A. Flatau, SAREA-DE-W
Bldg E3516



