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1. Introduction

The Large Blast/Thermal Simulator (LB/TS) is a facility for testing military equipment
in the blast and thermal radiation environment produced by tactical nuclear weapons. The
facility is located at the White Sands Missile Range, New Mexico. The LB/TS is the
world’s largest shock tube and is specially configured and operated to produce high fidelity
simulations of ideall nuclear blast waveforms.2 :

Beginning with the initial concept and through the design phase of the LB/TS, it was
necessary to develop software tools that would be used in estimating the facility’s size and
performance requirements for meeting the anticipated blast testing objectives. After con-
struction, additional utilities were needed to support facility characterization and regular
test operation.

This report describes several of the utility programs that have been developed at the U.S.
Army Research Laboratory (ARL) and its predecessor organization, the Ballistic Research
Laboratory (BRL). The purpose of this document is to transition use of these tools to the
Defense Nuclear Agency (DNA), the U.S. Army Test and Evaluation Command (TECOM)
and their contractors who support the LB/TS.

Source listings of the computer programs described in this report are provided in the
appendices, along with example calculations. To obtain a diskette of these programs, contact
the authors at

Director

U.S. Army Research Laboratory

ATTN: AMSRL-WT-NC, Mr. Stephen J. Schraml
Aberdeen Proving Ground, MD 21005-5066

2. Ideal Blast Waveforms

Because the LB/TS was designed to simulate ideal nuclear blast waves, it is useful to
have a tool that will produce static and dynamic pressure histories associated with the
detonation of a weapon over an ideal surface. One such code used by ARL is BLAST,
that calculates pressure histories using the modified Freidlander equation and blast wave
parameters predicted by the Reflect-4 code that are tabulated for a 40 kT reference blast
wave.3 The form of the modified Freidlander equation used is

P(t) = Prmaz * (1 — t/ppd) % e=ct/PPd 0

in which p is the pressure at a particular point in time, ¢ is the time, pnq, is the amplitude
of the incident shock, ppd is the positive phase duration of the blast, and c: is the decay
constant of the wave. The resulting blast wave is scaled to the desired weapon yield by
Sachs’ scaling.!




The BLAST program accepts as input the peak static overpressure at the observation
point, the yield of the weapon, the ambient pressure, the ambient temperature and the num-
ber of records desired in the resulting waveform. Using this input, the program calculates
the height of burst (HOB) of the weapon, the ground range from the weapon to the obser-
vation point, the arrival time of the shock wave at the observation point, and the static and
dynamic pressure histories as a function of time. The code numerically integrates the static
and dynamic pressure histories to produce static and dynamic pressure impulse histories,
that are also included in the output.

A source code listing of the BLAST program and an example of its use are provided in
Appendix A.

3. Ideal Blast Yield

As described above, the BLAST program will produce ideal static and dynamic pressure
waveforms for a specified weapon yield. The inverse of this process is to specify the blast
conditions recorded at an observation point and determine the yield of the weapon that
would produce those conditions in an ideal blast scenario. This is the function of the YIELD
program. Like the BLAST program, it uses blast parameters determined by the Reflect-4
code and Sachs’ scaling to fit a tabulated reference blast wave to the data specified by the
user. The ambient conditions, incident static overpressure, and static and dynamic pressure
impulses are provided by the user. Using this information, the code determines the weapon
yields required to produce the provided impulses for the given incident overpressure.

A source code listing of the YIELD program and an example of its use are provided in
Appendix B.

4. Normal Shock Waves

For cases involving ideal blast in the free field, the blast front can be treated as a normal
shock wave in a perfect gas. By assuming that air is a perfect gas with a ratio of specific heats
~ = 1.4, the normal shock wave equations? can be employed to determine the properties of
the air on either side of the leading shock. The Mach number behind the shock can be .

determined from 41 )

2+l )
2y p v

in which the 2 subscript refers to the shocked air, and the 1 subscript refers to the ambient

air. The static density of the shocked air can then be determined from the Rankine-Hugoniot

equation

2 _
g =

p2 _(y+tlp+(y— Lp: . ' (3)
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The stagnation pressure of the shocked air is obtained from the static pressure and Mach
number behind the shock from the Pitot equation.

)7/ (v-1) @

P, ( y—1 5,
— =14+ —M.
P2 2 2

The SHOCK program, listed in Appendix C, is an interactive Fortran 77 program that
prompts the user for the ambient conditions and the strength of the shock (based on pressure
or velocity), then computes the shock wave parameters based on the equations above. These
parameters are often needed when blast experiments or numerical simulations are being
designed.

5. LB/TS Driver Initial Conditions

As previously stated, the LB/TS is a specially configured shock tube. All gas-driven
shock tubes consist of a high pressure gas reservoir, called the driver, that is connected to
an expansion section. The shock wave is formed by the sudden release of high pressure gas
from the driver into the expansion section. The driver system of the LB/ TS consists of nine
cylindrical drivers that feed into a half-cylinder expansion section. Each driver has an interior
diameter of 1.83 m. The volume of each driver can be adjusted, and the maximum available
volume of all nine drivers is 583 m®. The downstream ends of each driver converges to an
interior diameter of 0.91 m and end at a double diaphragm system. The expansion section
has a diameter of nominally 20 m, with a cross-sectional area of 163 m2. The expansion
section is 170 m in length, with the test section located 101 m from the upstream end of the
expansion section.

Flow is initiated by simultaneously rupturing all the diaphragms. The shocks from the
nine drivers empty into the expansion section and coalesce into a single, planar shock. The
driver gas, which travels at a slower speed than the shock wave, empties into the expansion
section and expands to fill the larger cross-sectional area of the tunnel. This expansion causes
the density of the gas to increase. The interface between the leading edge of the driver gas
and the shocked expansion tunnel gas is referred to as the contact surface. In order to create
a high-fidelity, ideal nuclear blast simulation, it is necessary to initially heat the driver gas
so that when this expansion takes place, the density is constant across the contact surface.

The positive phase duration (PPD) of a blast wave depends on the time required for the
driver gas to empty from the driver system. When long duration blast waves are required,
the driver emptying time may be extended by restricting the available flow area of driver gas
into the expansion tunnel. The LB/TS has been configured with baffle plates that can be
positioned at the diaphragm to perform this task. In addition to extending the PPD of the
blast wave, the presence of the baffle plate also reduces the amplitude of the incident shock
at the test section.

ARL has employed computational fluid dynamics (CFD) analysis and small scale ex-
perimentation to generate empirical relationships between driver gas pressure, temperature




and throat baffle size for proper operation of the LB/TS. Given an appropriate combination
of these parameters, the facility will produce a shock wave of a particular amplitude, with
density matching across the contact surface between the driver gas and the expansion tun-
nel gas. These relationships between driver system and blast wave parameters wave been
incorporated into a computer program called PTUBE.

The PTUBE program can be operated in a forward mode or a backward mode. When
used in the forward mode, the user supplies as input the ambient conditions, the driver
pressure, and the baffle size. The program then determines the proper driver temperature
to use for matching density across the contact surface, and the expected incident shock
overpressure at the test section. In backward mode, the user supplies the ambient conditions,
and baflle size, and the desired shock overpressure at the test section and the code determines
the proper driver pressure and temperature to create that environment.

A listing of the PTUBE program and examples of its use are provided in Appendix D.

6. LB/TS RWE Function Generation

When the leading shock of the blast wave reaches the downstream end of the expansion
tunnel of the LB/TS, a disturbance is created by the abrupt area change from the tunnel to
the surrounding atmosphere encountered by the shock front. For shocks with locally subsonic
flow behind them, this disturbance causes a rarefaction wave to form at the downstream end
of the expansion section that travels upstream, against the direction of the blast flow. The
rarefaction wave has a lower pressure on the downstream side than exists on the upstream
side and consequently creates an acceleration of the fluid in the expansion section. When
this effect reaches the test section, the static pressure decreases and the dynamic pressure
increases due to the fluid particle acceleration and the fidelity of the ideal nuclear blast
simulation is destroyed.

There are two methods that can be used to eliminate, or delay the arrival of the rarefac-
tion wave at the test section and thereby preserve simulation fidelity. The simplest approach
is to increase the length of the expansion section so that the rarefaction wave does not reach
the test section until after the period of interest of the simulation is completed. This method
is easy to implement on small scale shock tubes, but much too costly on a facility the size

of the LB/TS.

The alternative to lengthening the expansion tunnel of the shock tube is to employ a
device which will modify the flow in such a way as to make the expansion section appear
to be infinitely long. This device is referred to as a rarefaction wave eliminator (RWE) and
is an essential component of the LB/TS. To eliminate the formation of a rarefaction wave
as the flow passes from the expansion tunnel to the surrounding atmosphere, the fluid is
choked by use of an area reduction to accelerate the flow in the reduced area, equalizing the
static pressure of the flow to the ambient pressure of the atmosphere. Because the LB/TS
produces a decaying blast wave, the conditions that must be satisfied to match the flow
pressure to the ambient pressure change continuously with time. A device that performs

4




this task is referred to as an active RWE because it operates in real time in order to modify
the decaying blast wave.

RWE operation is based on the assumption that the flow through it is considered to be
the one-dimensional, isentropic flow of an inviscid, ideal gas through a simple, converging
nozzle.? For isentropic flow through a converging nozzle to reach sonic velocity in expanding
from a stagnation pressure of Py; to a static atmospheric pressure of p.,, the ratio pe,/Po;
must be larger than the critical ratio given by Equation 5, which is obtained by setting the
value of M2, equal to 1.0 in Equation 4.

e A

Poo

Po: (;%) h ®)

If the ratio of specific heats, v, is equal to 1.400, this critical ratio is 0.528282. If the
result of Equation 5 is greater than 0.528282 the flow will remain subsonic at the exit of the
RWE converging nozzle. In this case, the rarefaction wave is eliminated by accelerating the
fluid such that the static pressure of the flow exiting the RWE will be equal to the ambient
pressure. If, on the other hand, the pressure ratio of Equation 5 ratio is less than 0.528282,
then with the proper RWE setting the flow will choke and become sonic at the exit of the
RWE converging nozzle. In this case, no disturbance will travel upstream into the flow to
disrupt the fidelity of the simulation.

These are the two cases to be considered in determining the open area at the exit of
the RWE converging nozzle. In one case, the flow remains subsonic and in the other, the
flow becomes sonic at the RWE exit. The case in which the flow remains subsonic will be
considered first. The Mach number at the inlet to the RWE is assumed to be the undisturbed
local Mach number behind the shock. Using the definition of stagnation pressure, Fo; and
solving for the flow Mach number at the RWE inlet, M; yields Equation 6.

w67

If p; and P,; are the static and stagnation pressures, respectively, at the RWE inlet, then
the Mach number at the inlet, M;, can be calculated using Equation 6.

For isentropic flow, the stagnation pressure remains constant through the converging
nozzle. Therefore, the stagnation pressure at the RWE exit, Py, equals Pp; (the known
inlet stagnation pressure). For the rarefaction wave to be eliminated, the static pressure at
the RWE exit must match the atmospheric pressure, p.,, which is also known. Therefore,
Equation 6 can be modified and used to determine the Mach number at the RWE exit, M,
as a function of Py; and p. as shown in Equation 7.

e[z
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The relationship between Mach number and area ratio for an isentropic flow is given by
Equation 8.

é_(Mi) 24 (v — 1)M?| D 8
A \M./ {2+ (v - 1) M?

In Equation 8, A; is the known inlet area to the RWE. A, is the RWE exit area that will
produce a match between the static pressure of the exiting flow and the atmosphere.

For a decaying blast wave simulation, the static and stagnation pressures at the inlet of
the RWE change with time. As long as these pressure histories are known, an RWE open
area history can be found by repeated calculations using Equations 6, 7, and 8.

For the second case, in which the ratio p.,/ Fy; is less than 0.528282, the flow at the exit
plane of the RWE is sonic, thus M, = 1.0. Equation 6 is still used to calculate M;, but since
M, is known Equation 7 is not used. In this case, Equation 8 simplifies to Equation 9.

A

e (9)

24+ (=)M?

For a decaying blast wave simulation with an initial p.,/FPo; ratio less than 0.528282,
Equation 9 is used from the start of the calculation until the value of this ratio reaches
0.528282. When this point is reached, Equation 8 is used for all subsequent area ratio
calculations in the history.

In reality, the RWE on the LB/TS is not a simple converging nozzle. Rather, it is an
array of flat plates that are rotated with time to change the available exit flow area of the
expansion tunnel. The rotation of the plates is accomplished by driving a rack to which the
plates are connected. The motion of the rack is induced by a hydraulic actuator, controlled
by computer controlled servo. Based on the design of the RWE, a table of values relating
the open area ratio, plate angle, rack position and servo voltage were derived. This table is
incorporated into a computer program that generates a command signal for the RWE which
is executed during a test.

To create an RWE motion command signal for a given test, it is necessary to have a
prediction of the decaying blast history in the expansion section. These predictions are
obtained through numerical simulation of flow in the facility with CFD codes. The code
which was developed for generating LB/TS RWE functions is presently designed to read
station history data generated by the BRL-Q1D codeS or the SHARC code.” The code can
be easily modified to accept input from other sources.

The LB/TS RWE function generation code is written in Fortran 77 and interactively
prompts the user for pertinent information. A listing of this program is provided in Ap-
pendix E.




7. Passive RWE Setting

Sometimes, it is useful to obtain the initial RWE open area ratio required to eliminate
the rarefaction resulting from a step shock of a given amplitude. This is often used for tests
that may occur when the RWE area does not change with time. An interactive computer
program was developed for this purpose. It employs the same theory as described above,
but only applied to the incident shock. This program is listed in Appendix F.
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A sample input file for the BLAST program follows:

82.74 31.85 84.9439 288.71 100

in which the data describe, from left to right, the peak static overpressure at the observation
point in kilopascals, the yield of the weapon in kilotons, the ambient pressure in kilopascals,

the ambient temperature in Kelvins and the number of records desired in the resulting
waveform. The resulting output is listed below:

PRESSURE HISTORY FOR A 12.0-PSI/0031-KT IDEAL BLAST WAVE WITH 193.23 METRE HOB
AT AMBIENT CONDITIORS OF (P=) 84.94 KPA AND (T=) 288.71 KELVIN
RANGE FROM GROUND ZERO = 926.69 METRE ** SHOCK ARRIVAL TIME = 0.8022 SECONDS

SIDE-ON OVERPRESSURE HISTORY DYNAMIC PRESSURE HISTORY

PEAK SIDE-ON OVERPRESSURE = 82.74 KPA PEAK DYNAMIC PRESSURE = 25.33 KPA
TIME PRESSURE  IMPULSE TIME PRESSURE  IMPULSE
0.00000E+00 0.10000E+01 0.00000E+00 0.00000E+00 0.10000E+01 0.00000E+00
0.81026E-02 0.97276E+00 0.66128E+00 0.13409E-01 0.93091E+00 0.32788E+00
0.16205E-01 0.94617E+00 0.13045E+01 0.26818E-01 0.86649E+00 0.63310E+00
0.24308E-01 0.92020E+00 0.19301E+01 0.40227E-01 0.80646E+00 0.91718E+00
0.32410E-01 0.89485E+00 0.25385E+01 0.53636E-01 0.75049E+00 0.11816E+01
0.40513E-01 0.87010E+00 0.31301E+01 0.67045E-01 0.69834E+00 0.14276E+01
0.48615E-01 0.84594E+00 0.37054E+01 0.80454E-01 0.64973E+00 0.16565E+01
0.56718E-01 0.82236E+00 0.42646E+01 0.93863E-01 0.60444E+00 0.18695E+01
0.64821E-01 0.79934E+00 0.48082E+01 0.1072TE+00 0.56224E+00 0.20676E+01
0.72923E-01 0.77687E+00 0.53365E+01 0.12068E+00 0.52293E+00 0.22519E+01
0.81026E-01 0.75494E+00 0.58500E+01 0.13409E+00 0.48630E+00 0.24232E+01
0.89128E-01 0.73353E+00 0.63489E+01 0.14750E+00 0.45218E+00 0.25826E+01
0.97231E-01 0.71264E+00 0.68337E+01 0.16091E+00 0.42040E+00 0.27308E+01
0.10533E+00 0.69225E+00 0.73046E+01 0.17432E+00 0.39080E+00 0.28685E+01
0.11344E+00 0.67236E+00 0.77620E+01 0.318773E+00 0.36324E+00 0.29966E+01
0.12154E+00 0.65294E+00 0.82063E+01 0.20114E+00 0.33757E+00 0.31156E+01
0.12964E+00 0.63400E+00 0.86377E+01 0.21454E+00 0.31367E+00 0.32261E+01
0.13774E+00 0.61552E+00 0.90565E+01 0.22795E+00 0.29143E+00 0.33289E+01
0.14585E+00 0.59749E+00 0.94631E+01 0.24136E+00 0.27072E+00 0.34244E+01
0.15395E+00 0.57989E+00 0.98578E+01 0.25477E+00 0.25144E+00 0.35130E+01
0.16205E+00 0.56273E+00 0.10241E+02 0.26818E+00 0.23350E+00 0.35954E+01
0.17015E+00 0.54599E+00 0.10612E+02 0.28159E+00 0.21680E+00 0.36718E+01
0.17826E+00 0.52966E+00 0.10973E+02 0.29500E+00 0.20127E+00 0.37428E+01
0.18636E+00 0.51373E+00 0.11323E+02 0.30841E+00 0.18682E+00 0.38087E+01
0.19446E+00 0.49819E+00 0.11662E+02 0.32182E+00 0.17337E+00 0.38699E+01
0.20256E+00 0.48304E+00 0.11991E+02 0.33523E+00 0.16087E+00 0.39266E+01
0.21067E+00 0.46826E+00 0.12310E+02 - 0.34864E+00 0.14924E+00 0.39793E+01
0.21877E+00 0.45385E+00 0.12619E+02 0.36204E+00 0.13842E+00 0.40281E+01
0.22687E+00 0.43980E+00 0.12918E+02 0.37545E+00 0.12836E+00 0.40735E+01
0.23497E+00 0.42610E+00 0.13209E+02 0.38886E+00 0.11901E+00 0.41155E+01
0.24308E+00 0.41274E+00 0.13490E+02 0.40227E+00 0.11032E+00 0.41544E+01
0.25118E+00 0.39972E+00 0.13762E+02 0.41568E+00 0.10224E+00 0.41905E+01
0.25928E+00 0.38702E+00 0.14026E+02 0.42909E+00 0.94735E-01 0.42239E+01
0.26738E+00 0.37464E+00 0.14281E+02 0.44250E+00 0.87760E-01 0.42549E+01
0.27549E+00 0.36258E+00 0.14528E+02 0.45591E+00 0.81279E-01 0.42836E+01

—
N
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.28359E+00
.29169E+00
.29980E+00
.30790E+00
.31600E+00
.32410E+00
.33221E+00
.34031E+00
.34841E+00
.35651E+00
.36462E+00
.37272E+00
.38082E+00
.38892E+00
.39703E+00
.40513E+00
.41323E+00
.42133E+00
.42944E+00
.43754E+00
.44564E+00
.45374E+00
.46185E+00
.46995E+00
.47805E+00
.48615E+00
.49426E+00
.50236E+00
.51046E+00
.51856E+00
.52667E+00
.53477E+00
.54287E+00
.56097E+00
.55908E+00
.56718E+00
.57528E+00
.58338E+00
.59149E+00
.59959E+00
.60769E+00
.61680E+00
.62390E+00
.63200E+00
.64010E+00
.64821E+00
.65631E+00
.66441E+00
.67251E+00
.68062E+00
.68872E+00
.69682E+00
.70492E+00
.71303E+00

O OO OO0 O0O0DO0OO0OO0DO0DO0OO0OO0DO0DIVOOO0OOO0O0OOO0COO0OO0OO0OO0DO0O0DO0OOO0OO0COOOO0ODO0ODOOO0OO0OO0OOOOOO0OOO

.35082E+00
.33936E+00
.32819E+00
.31731E+00
.30670E+00
.29637E+00
.28630E+00
. 27650E+00
.26694E+00
.25764E+00
.24857E+00
.23975E+00
.23115E+00
.22278E+00
.21463E+00
.20670E+00
. 19897E+00
.19146E+00
.18414E+00
.17702E+00
.17009E+00
.16334E+00
.15678E+00
.15040E+00
.14419E+00
.13815E+00
.13228E+00
.1265TE+00
.12102E+00
.11562E+00
.11037E+00
.10527E+00
.10031E+00
.85495E-01
.90814E-01
.86267E-01
.81851E-01
.77561E~01
.7T3395E-01
.69351E-01
.65424E-01
.61613E-01
.57913E-01
.54324E-01
.50841E-01
.47463E-01
.44187E-01
.41009E-01
.37929E-01
.34943E-01
.32049E-01
.29244E-01
.26527E-01
.23896E-01
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.14767E+02
. 14999E+02
.15223E+02
.15439E+02
.15648E+02
.15850E+02
.16046E+02
.16234E+02
.16416E+02
.16592E+02
.16762E+02
.16926E+02
.17083E+02
.17236E+02
.17382E+02
.17523E+02
.17659E+02
.17790E+02
.17916E+02
.18037E+02
.18154E+02
.18265E+02
.18373E+02
.18476E+02
.18574E+02
.18669E+02
.18760E+02
.18846E+02
.18929E+02
. 19009E+02
.19085E+02
.19157E+02
.19226E+02
.19291E+02
.19354E+02
.19413E+02
.19470E+02
.19523E+02
.19574E+02
.19621E+02
.19667E+02
.19709E+02
.19749E+02
.19787E+02
.19822E+02
.19855E+02
.19886E+02
.19914E+02
.19941E+02
.19965E+02
.19988E+02
.20008E+02
.20027E+02
.20044E+02
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.46932E+00
.48273E+00
.49614E+00
.50954E+00
.52295E+00
.53636E+00
.54977E+00
.56318E+00
.57659E+00
.59000E+00
.60341E+00
.61682E+00
.63023E+00
.64363E+00
.65704E+00
.67045E+00
.68386E+00
.69727E+00
.T1068E+00
. 72409E+00
. T3750E+00
.7T5091E+00
.76432E+00
.TT7TT73E+00
.79113E+00
. 80454E+00
.81795E+00
.83136E+00
.84477E+00
.85818E+00
.87159E+00
.88500E+00
.89841E+00
.91182E+00
.92523E+00
.93863E+00
.95204E+00
.96545E+00
.978B6E+00
.99227E+00
.10057E+01
.10191E+01
.10325E+01
.10459E+01
.10593E+01
.10727E+01
.10861E+01
.10995E+01
.11130E+01
.11264E+01
.11398E+01
.11532E+01
.11666E+01
.11800E+01

O OO0 0000000000000 O0OCOCO0DO0OO00O0OO0O0C0ODODOOCOO0OODO0OO0OO0ODO0O0OOOO0ODO0OO0O0CO0OO0O0ODO0OO0ODODOO0ODOOO

.T5259E-01
.69668E-01
.64477E-01
.59656E-01
.55181E-01
.51028E-01
.47173E-01
.43597E-01
.40280E-01
.37203E-01
.34350E~-01
.31704E-01
.29252E-01
.26980E-01
.24875E-01
.22924E-01
.21118E-01
.19446E-01
.17898E-01
.16465E-01
.15140E-01
.13914E-01
.12781E-01
.11733E-01
.10765E-01
.98699E-02
.90437E-02
.82810E~02
.757TT0E-02
.69275E~02
.63285E-02
.57T763E-02
.52675E-02
.4T988E-02
.43672E-02
.39700E-02
.36047E-02
.32688E-02
.29602E-02
.26767E-02
.24165E-02
.21778E-02
. 19589E~02
.17585E~02
.15749E-02
.14070E-02
.12535E~02
.11133E-02
.98839E-03
.86875E-03
.7T6251E-03
.66585E-03
.57800E-03
.49826E-03

O OO O0OO0O0OCOO0OOO0O0DO0O 00000000000 O0OO0DO0OO0OO0DO0OO0OO0O0OO0OO0OO0OO0ODO0DOCO0ODO0OO0OO0OO0D0DODOCOO0OO0OOO

.43102E+01
.43348E+01
.43576E+01
.43787E+01
.43982E+01
.44162E+01
.44329E+01
.44483E+01
.44626E+01
.44T757TE+01
.44879E+01
.44991E+01
.45094E+01
.45190E+01
.45278E+01
.45359E+01
.45434E+01
.45503E+01
.45566E+01
.45624E+01
.45678E+01
.45727E+01
.45773E+01
.45814E+01
.45853E+01
.45888E+01
.45920E+01
.45949E+01
.45976E+01
.46001E+01
.46023E+01
.46044E+01
.46063E+01
.46080E+01
.46095E+01
.46109E+01
.46122E+01
.46134E+01
.46144E+01
.46154E+01
.46163E+01
.46171E+01
.46178E+01
.46184E+01
.46189E+01
.46195E+01
.46199E+01
.46203E+01
.46207E+01
.46210E+01
.46213E+01
.46215E+01
.46217E+01
.46219E+01
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.72113E+00
.72923E+00
.73733E+00
.74544E+00
.75354E+00
.76164E+00
.769T4E+00
.T7785E+00
.78595E+00
. 7T9405E+00
.80215E+00

O O OO0 O0OO0OOOQOCO0OO0

.21347E-01
.18880E-01
.16492E-01
.14180E-01
.11944E-01
.97812E-02
. 7T6895E-02
.56672E-02
.37128E-02
.18242E-02
.00000E+00

O OO OO0 OO0 0O OO0

.20059E+02
.20073E+02
.20084E+02
.20095E+02
.20103E+02
.20111E+02
.20117E+02
.20121E+02
.20124E+02
.20126E+02
.20127E+02

O O O OO0 O0OOO0 OO0

14

.11934E+01
.12068E+01
.12202E+01
.12336E+01
.12470E+01
.126085E+01
.12739E+01
.12873E+01
.13007E+01
.13141E+01
.13275E+01

OC OO OO0 O0OO0O OO0

.42597E~03
.36052E-03
.30137E-03
.24798E-03
.19989E~03
.15665E-03
.11785E-03
.83119E-04
.52111E-04
.24503E-04
. 00000E+00

OO O OO0 O0OOOO

.46221E+01
.46222E+01
.46223E+01
.46224E+01
.46225E+01
.46225E+01
.46226E+01
.46226E+01
.46226E+01
.46226E+01
.46226E+01
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PROGRAM BLAST

*% *%k Xk * %k k¥ XKk * %k * %k k% * Xk %% k%

THIS PROGRAM CALCULATES IDEAL PRESSURE HISTORIES USING THE
MODIFIED FRIEDLANDER EQUATION AND BLAST-WAVE PARAMETERS
PREDICTED BY THE REFLECT-4 CODE AND SCALED TO THE GIVEN
WEAPON YIELD BY SACHS’ SCALING.

DATA FOR STATIC AND DYNAMIC PRESSURES AS WELL AS IMPULSES
ARE TABULATED VERSUS TIME.

INPUT PARAMETER LIST
PS0 - SHOCK OVERPRESSURE, KILOPASCAL

YIELD - WEAPON YIELD, KILOTON

PAMB - AMBIENT PRESSURE, KILOPASCAL

TAMB - AMBIENT, ATMOSPHERIC TEMPERATURE, KELVIN
IMX - NUMBER OF DATA LINES ON OUTPUT (MAX = 301)

THIS PROGRAM CALLS SUBPROGRAMS DVDINT AND BASER4;

THE FOLLOWING CONNOTATION IS USED IN THIS PROGRAM

* %

G1 = GROUND RANGE, G5 = POSITIVE-PHASE DURATION

G2 = SHOCK ARRIVAL TIME, G6 = PEAK DYNAMIC PRESSURE

G3 = PEAK SIDE-ON OVERPRESSURE, G7 = DYN~-PRESSURE DECAY CONSTANT
G4 = STAT-PRESS DECAY CONSTANT, G8 = DYNAMIC-PHASE DURATION

k¥ %k %k Kk Kk %%k *k * ¥ k% %%k k¥ Kk Kk

DIMENSION G1(60),G2(60),G3(60),G4(60),G5(60),G6(60),G7(60),G8(60)

COMMON/IDEAL/ PP(301),QI(301),QQ(301),SI(301),TT(301),TQ(301)
COMMON/SANCA/ HI(60,8)

EQUIVALENCE (G1(1),HI(1,1)),(G2(1),HI(1,2)),(G3(1),HI(1,3))

+ ,(G4(1) ,HI(1,4)),(G5(1),HI(1,5)),(G6(1),HI(1,6))

+ , (G7(1) ,HI(1,7)),(G8(1),HI(1,8))

PARAMETER (WT=40.,BH=208.48)

(1) READ INPUT AND SELECT BLAST-WAVE PARAMETERS

READ(*,*,END=99) PSO0,YIELD,PAMB,TAMB,IMX
S1 = PAMB/101.325

S2 = (YIELD/WT/S1)%x%0.333333

S3 = S2xSQRT(288.15/TAMB)

PMX = PS0/S1
CALL DVDINT (PMX,RNG,G3,G1,60,4,IER)
RNG = RNG*S2
CALL DVDINT (PMX,TAS,G3,G5,60,4,IER)

15

*ok

000130
000140
000150
000160
000170
000180
000190
000200
000210
000220
000230
000240
000250
000260
000270
000280
000290
000300
000310
000320
000330
000340
000350
000360
000370
000380
000390
000400
000410
000420
000430
000440
000450
000460
000470
000480
000490
000500
000510
000520
000530
000540
000550
000560
000570
000580
000590




C
C
Cokek
C

Cx

TAS = TAS#*S3
CALL DVDINT (PMX,CI ,G3,G4,60,4,IER)
CALL DVDINT (PMX,PPD,G3,G5,60,4,IER)

PPD = PPD%*S3
CALL DVDINT (PMX,QMX,G3,G6,60,4,IER)
QMX = QMX*S1

CALL DVDINT (PMX,CIQ,G3,G7,60,4,IER)
CALL DVDINT (PMX,QPD,G3,G8,60,4,IER)
QPD = (PD*S3

(2) DEFINE PRESSURE AND IMPULSE VS TIME
TT(1) = 0
TQ(1) =0
PP(1) = 1.
QQ(1) = 1.
SI(1) =0
QI(1) = 0.
DO 20 N=2,IMX-1,1
TAU = REAL(N-1)/(IMX-1)
TT(N) = PPD*TAU
TQ(N) = QPD*TAU
PP(N) = (1.-TAU)*EXP(-CI*TAU)
QQ(N) = (1.-TAU)*EXP(-CIQ*TAU)

SI(N) = SI(N-1) + 0.5%PSO*(PP(N-1)+PP(N))*PPD/(IMX-1)

QICN) = QI(N-1) + 0.5*QMX*(QQ(N-1)+QQ(N))*QPD/(IMX-1)
20 CONTINUE

TT(IMX) = PPD

TQ(IMX) = QPD

PP(IMX) = O.

QQ(IMX) = 0.

SI(IMX) = SI(IMX-1) + O.5*PSO*PP(IMX-1)*PPD/(IMX-1)
QI(IMX) = QI(IMX-1) + O.5%QMX*QQ(IMX-1)*QPD/(IMX-1)

(3) - TABULATE DATA

IWY = YIELD

PSI = PS0/6.8947572

HOB = BH*(YIELD/WT)*%0.333333
IPp =1

1 =1

12 = 49

IF (IMX.LT.49) L2 = IMX
WRITE(*,31) PSI,IWY,HOB,PAMB,TAMB,RNG,TAS
WRITE(*,32) PSO,QMX

30 WRITE(%,33) (TT(I),PP(I),SI(I),TQ(I),QQ(I),QI(I),I=L1,L2)
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000600
000610
000620
000630
000640
000650
000660
000670
000680
000690
000700
000710
000720
000730
000740
000750
000760
000770
000780
000790
000800
000810
000820
000830
000840
000850
000860
000870
000880
000890
000900
000910
000920
000930
000940
000950
000960
000970
000980
000990

001000

001010
001020
001030
001040
001050
001060
001070




IF (L2.GE.IMX) GOTO 40

LP = LP+1
L1 = L2+1
L2 = MINO(IMX,L2+52)

WRITE(*,34) LP
WRITE(*,32) PS0,QMX
GOTO 30

40 CONTINUE
GOTO 10

99 STOP

31 FORMAT(1H1/T5,’PRESSURE HISTORY FOR A’,F5.1,°-PSI/’,14.4,

’-KT IDEAL BLAST WAVE WITH ’,F6.2,’ METRE HOB’

/T11,°AT AMBIENT CONDITIONS OF (P=) ’,F6.2,’ KPA AND (T=) ’,
F6.2,? KELVIN’ /T5,’RANGE FROM GROUND ZERO =’,F8.2,

> METRE #**x SHOCK ARRIVAL TIME =’,F8.4,’ SECONDS’ /T5,78(’=’))

+ ¥ + 4+

32 FORMAT (1HO,T9,’SIDE-ON OVERPRESSURE HISTORY’,
+ T52,’DYNAMIC PRESSURE HISTORY’
+ /T4,’PEAK SIDE-ON OVERPRESSURE = ’,F6.2,° KPA ?,
+ T47,’PEAK DYNAMIC PRESSURE = ’,F6.2,’ KPA’
+ /T9,’TIME’,T20,’PRESSURE  IMPULSE’,T50,’TIME’,
+ T61,’PRESSURE  IMPULSE’ /T4,39(’-’),T45,39(’-’))

33 FORMAT (T5,E11.5,2X,E11.5,2X,E11.5,4X,E11.5,2X,E11.5,2X,E11.5)

34 FORMAT (1H1,T77,’PAGE’,I2)
END
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001080
0010380
001100
001110
001120
001130
001140
001150

1001160

001170
001180
001190
001200
001210
001220
001230
001240
001250
001260
001270
001280
001290
001300
001310
001320
001330
001340
001350
001360
001370
001380




SUBROUTINE DVDINT (XI,YI,XD,DD,KT,N,IER)

C k% *

Cxx THIS SUBROUTINE DOES DIVIDED-DIFFERENCE INTERPOLATION. BE SURE

* L 2.3 * % *k kk

%%

* %

* %k

*k

&k

%k

%k %k

C THAT THE ARGUMENTS HAVE BEEN TABULATED IN DESCENDING ORDER.
C THE SUBROUTINE IS CALLED FROM SUBPROGRAM IMPULS.

IF ((XI-2%XD(1)+XD(2)).GE.0..0R.(XI-2*XD(KT)+XD(KT-1)).LT.0.)

c
Cxx 1/0 PARAMETER LIST:
C (I) XI = ARGUMENT FOR WHICH FUNCTIONAL VALUE IS DESIRED.
C (0) YI = NAME OF THE RESULT.
C (I) XD = (1D) ARRAY OF X-VALUES.
C (I) DD = (1D) ARRAY OF FUNCTION VALUES.
C (I) KT = NUMBER OF VALUES IN XD AND DD ARRAYS. :
C (I) N = NUMBER OF POINTS TO USE IN EACH INTERPOLATION.
C (0) IER = ERROR FLAG SET = 111 WHEN ARGUMENT NOT IN TABLE.
c AT LOWER END: IF (XI.LT.XD(1))
C AT UPPER END: IF (XI.GT.XD(KT))
o
C %k k% kK %k * %k &% kk k%
c

DIMENSION XD(KT), DD(KT), U1(16)
c
C
C¥x 1. INITIALIZE:
C ______________
c

IER = 0

L1 = (N-1)/2

L2 = N/2

L3 = KT-L2+1

L4 = L1+2

L5 = KT-N
c
c
Cxx 2. FIND ENTRY INTD TABLE
C ________________________
c

+ GOTO 100
c

40 L5 = L5/2

JI = L4+L5

IF (XD(JI).GT.XI) L4 = JI

IF (L5.GT.1) GOTO 40
c

50 IF (XI.GT.XD(L4).0R.L4.EQ.L3) GOTD 60

c

18

*%k

*k

YI = DD(1)
YI = DD(KT)

¥k

Xk

*k

&k

%%k

002970
002980
002990
003000
003010
003020
003030
003040
003050
003060
003070
003080
003090
003100
003110
003120
003130
003140
003150
003160
003170
003180
003190
003200
003210
003220
003230
003240
003250
003260
003270
003280
003290
003300
003310
003320
003330
003340
003350
003360
003370
003380
003390
003400
003410
003420
003430
003440




70

80

90

C
C
Cokek
C
C
100

L4 = L4+1
GOTO SO

[
RN
n

L4-1

L5 = L4-L1

DO 70 I=1,N
U1(I) = DD(L5)
L5 = L5+1
CONTINUE

L = (N+1)/2

YI = U1(L)

L2 = N-1
U2 = 1.0
DO 90 J=1,L2
L5 = L4-1L1
L3 = N-J
DO 80 I=1,L3
M = L5+]

U1(I) = (U1(I+1)-U1(I))/(XD(M)-XD(L5))

L5 = L5+1
CONTINUE
IF (JU.EQ.1) THEN
U2
Ju =2
JI = JI-1
ELSE
U2
Ju=1
K = K+1
L =1L-1
ENDIF
YI = YI+U2%U1(L)
CONTINUE
RETURN

4. ERROR EXIT

IER = 111

IF (XI.LT.XD(1)) YI = DD(1)

U2%(XI-XD(JI))

U2%(XI-XD(K))
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003450
003460
003470
003480
003490
003500
003510
003520
003530
003540
003550
003560
003570
003580
003590
003600
003610
003620
003630
003640
003650
003660
003670
003680
003690
003700
003710
003720
003730
003740
003750
003760
003770
003780
003790
003800
003810
003820
003830
003840
003850
003860
003870
003880
003890
003900
003910
003920




C

IF (XI.GT.XD(KT)) YI = DD(KT)
PRINT 110, XI,XD(1),XD(KT)
RETURN

110 FORMAT (1H ,T7,’ARG. NOT IN TABLE XI= ’,E12.6,°

+ ?

END

XD(KT)= ’,E12.6,2X,6HDVDINT)

20

xD(1)= ’,E12.6,

003930
0039240
003950
003960
003970
003980
003890
004000
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BLOCK DATA BASER4

*k *% *k k% Kk *k %k %k *% %k Kk k%

THIS SUBPROGRAM SPECIFIES THE REFERENCE DATA BASE FCR 4 40 KT
NUCLEAR BLAST WAVE, BASED ON REFLECT-4 CODE COMPUTATIONS.

ek

ARRAY DIMENSIONS: HI(60,8)

ORGANIZATION OF DATA ARRAY:

COL (1) = GROUND RANGE IN METRE (GR)

COL (2) = TIME OF SHOCK ARRIVAL IN SECONDS (TA)

COL (3) = STATIC SHOCK OVERPRESSURE IN KILOPASCALS (OP)
COL (4) = STATIC-OVERPRESSURE DECAY CONSTANT (CIS)

COL (5) = POSITIVE-PHASE DURATION IN SECONDS (TP)

COL (6) = MAXIMUM DYNAMIC PRESSURE IN KILOPASCALS (DP)
COL (7) = DYNAMIC-PRESSURE DECAY CONSTANT (CIQ)

COL (8) = DYNAMIC-PRESSURE PHASE DURATION IN SECONDS (TQ)

NOTICE:
THE IMPULSE MAY BE OBTAINED BY INTEGRATING THE MODIFIED
FRIEDLANDER EQUATION, P(T) = PMAX*(1-T/PPD)*EXP(~-CI*T/PPD)
WITH THE HELP OF A LIBRARY SUBROUTINE, OR

THE INTEGRATED EQUATION, I = PMAX#PPD*(EXP(-CI)+CI-1)/CI**2
MAY BE USED. '

%k %k % %k %k %%k *% *k %k *k * %k k% %%k

COMMON/SANCA/ HI(60,8)

DATA(HI(01,J),J=1,8)/354.5, .2829, 690.21, 2.7355, 0.302, 1177.1,

+ 77.279, 4.455/

DATA(HI(02,J),J=1,8)/365.1, .2949, 655.16, 2.7213, 0.311, 1010.6,

+ 69.516, 4.468/

DATA(HI(03,3),J=1,8)/377.3, .3092, 620.34, 2.7502, 0.322, 840.88,

+ 61.402, 4.482/

DATA(HI(04,J),J=1,8)/390.2, .3246, 585.82, 2.7786, 0.334, 692.83,

+ 54.640, 4,498/

DATA(HI(05,J),J=1,8)/402.6, .3397, 550.91, 2.7309, 0.344, 614.83,

+ 52.992, 4.518/

DATA(HI(06,J),J=1,8)/415.5, .3559, 517.24, 2.6845, 0.355, 555.50,

+ 51.935, 4.550/

DATA(HI(07,J),J=1,8)/431.6, .3766, 482.97, 2.6743, 0.369, 496.75,

+ 52.243, 4.647/

DATA(HI(08,J),J=1,8)/449.6, .4004, 447.95, 2.6683, 0.386, 439.09,

+ 52.900, 4.713/
21

* %k

001410
001420
001430
001440
001450
001460
001470
001480
001490
001500
001510
001520
001530
001540
001550
001560
001570
001580
001590
001600
001610
001620
001630
001640
001650
001660
001670
001680
001690
001700
001710
001720
001730
001740
001750
001760
001770
001780
001790
001800
001810
001820
001830
001840
001850
001860
001870
001880




+

+

+

+

+
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+

+

+
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+

+

+

+

+

+

+

+

+

+

+

DATA(HI(09,J),J=1,8)/468.

52.368, 4.733/

DATA(HI(10,3),J=1,8)/488.

50.772, 4.745/

DATA(HI(11,J),3=1,8)/511.

49.122, 4.765/

DATA(HI(12,J),J=1,8)/538.

47.365, 4.824/

DATA(HI(13,J),J=1,8)/553.

46.707, 4.893/

DATA(HI(14,J3),J=1,8)/570.

45.284, 4.908/

DATA(HI(15,J3),J=1,8)/583.

44.119, 4.911/

DATA(HI(16,3),J=1,8)/599.

42.725, 4.910/

DATA(HI(17,J3),J=1,8)/614.

41.329, 4.909/

DATA(HI(18,7J),J=1,8)/631.

39.927, 4.913/

DATA(HI(19,J),J=1,8)/650.

38.719, 4.947/

DATA(HI(20,J3),J=1,8)/662.

37.942, 4.947/

DATA(HI(21,J),J=1,8)/672.

37.117, 4.928/

DATA(HI(22,J),J=1,8)/683.

36.228, 4.904/

DATA(HI(23,7J),J=1,8)/697.

35.156, 4.874/

DATA(HI(24,3),3=1,8)/710.

17.151, 2.501/

DATA(HI(25,J),J=1,8)/723.

13.492, 2.044/

DATA(HI(26,J),J=1,8)/739.

12.173, 1.904/

DATA(HI(27,J3),3=1,8)/757.

11.112, 1.800/

DATA(HI(28,J),J=1,8)/773.

10.401, 1.736/

DATA(HI(29,J),J=1,8)/793.

9.001, 1.571/

DATA(HI(30,J),J=1,8)/815.

7.9576, 1.454/

DATA(HI(31,J),J=1,8)/835.

7.3794, 1.400/

DATA(HI(32,J),J=1,8)/860.

6.9488, 1.374/
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001920
001930
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002110
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002190
002200
002210
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002280
002290
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002310
002320
002330
002340
002350
002360




DATA(HI(33,J),J=1,8)/891.7,
+ 6.5063, 1.350/
DATA(HI(34,J),J=1,8)/918.1,
+ 6.2561, 1.347/
DATA(HI(35,J),J=1,8)/955.3,
+ 5.9932, 1.353/
DATA(HI(36,J),J=1,8)/992.2,
+ 5.6584, 1.341/
DATA(HI(37,J3),J=1,8)/1039.,
+ 5.3987, 1.348/
DATA(HI(38,J),J=1,8)/1089.,
+ 5.1998, 1.365/
DATA(HI(39,J),J=1,8)/1149.,
+ 4.9788, 1.382/
DATA(HI(40,J),J=1,8)/1217.,
+ 4.7662, 1.398/
DATA(HI(41,J),J=1,8)/1260.,
+ 4.5368, 1.388/
DATA(HI(42,J),J=1,8)/1306.,
+ 4.4825, 1.413/
DATA(HI(43,J),J=1,8)/1357.,
+ 4.3289, 1.416/
DATA(HI(44,J),J=1,8)/1411.,
+ 4.1743, 1.423/
DATA(HI(45,J),J=1,8)/1475.,
+ 4.0918, 1.447/
DATA(HI(46,J),J=1,8)/1548.,
+ 3.9617, 1.461/
DATA(HI(47,J),J=1,8)/1633.,
+ 3.7906, 1.469/
DATA(HI(48,71),J=1,8)/1732.,
+ 3.6360, 1.484/
DATA(HI(49,J),J=1,8)/1849.,
+  3.4870, 1.505/
DATA(HI(50,J),J=1,8)/1990.,
+ 3.3651, 1.527/
DATA(HI(51,J),J=1,8)/2166.,
+ 3.1368, 1.542/
DATA(HI(52,J),J=1,8)/2400.,
+ 2.9593, 1.574/
DATA(HI(53,J3),J=1,8)/2704.,
+ 2.8287, 1.611/
DATA(HI(54,J),J=1,8)/3183.,
+ 2.6993, 1.876/
DATA(HI(55,J),J=1,8)/3823.,
+ 2.2476, 1.726/
DATA(HI(S6,J),J=1,8)/5068.,
+ 1.9634, 1.905/
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DATACHI(57,J),J=1,8)/5924., 14.922, 5.523, .36010, 1.874, 0.110, 002850

+ 1.9454, 1.960/ 002860
DATA(HI(58,J),J=1,8)/7254., 18.756, 4.137, .27151, 2.072, 0.062, 002870
+ 1.6035, 2.113/ 002880
DATA(HI(59,7]),J=1,8)/8250., 21.639, 3.447, .22038, 2.240, 0.041, 002890
+ 1.0797, 2.305/ 002800
DATA(HI(60,J),J=1,8)/9110., 24.138, 2.999, .18924, 2.407, 0.034, 002910
+ 1.3186, 2.443/ 002920

- 002930
END 002940
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Appendix B: YIELD Program Listing and Usage
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A sample input for the YIELD program follows:

1 84.944 288.71

82.738

4.62 4.62

in which the data describe, from left to right, a case number, the ambient pressure in kilo-
pascals, the ambient temperature in Kelvins, the peak static overpressure at the observation
point in kilopascals, the static overpressure impulse at the observation point in kilopascal-
seconds and the dynamic pressure impulse at the observation point in kilopascal-seconds.

The resulting output is listed below:

SIDE~-ON SIDE-ON SIDE-ON
OVERP. IMPULSE YIELD
(kPa) (kPa-s) (kT)

1 82.74 4.62 0.39

DYNAMIC DYNAMIC
IMPULSE YIELD
(kPa-s) (xT)

4.62 31.85

The case described here illustrates the fact that the static and dynamic pressure im-
pulse provided in the input are not required to correspond to the same weapon. Any two
independent impulse values may be used, and the program will produce a weapon yield for

each.

The YIELD program also employs the DVDINT and BASERA4 routines that were listed

in Appendix A.
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C kkkskok skakokokok skkokokok kkokskok kol skokskokok okl skokokkok kkkokok kakokkok kokokokok
C
PROGRAM MAIN

c
kokokokok  ogskokok dkokokskk dokokdkk ddeokokakdk kkokkk skkokdkck okdkokdkok kdkkokk skdkokokk okdkkokk

Q

COMMON/RSLT/ PPF,WYQ,WYS,PPD,PS0,QIM,QPD,QPF,QS,QSF,SIM,TAR
COMMON/AREV/ NMAX ,MMAX,JMAX,JM1,DT,TAU,SMU,GAMA,GAMI,CN

* ,PRAT ,TRAT ,PAMB, TAMB, TICK,NXK

LOGICAL ERROR

REAL YIELD(20,5)

INTEGER I,J,K

OPEN(1,FILE=’yield.in’ ,STATUS=’0LD’)
OPEN(2,FILE=’yield.out’ ,STATUS=’NEW’)

WRITE (2,200)

200 FORMAT (8X,’SIDE-ON’,3X,’SIDE-ON’,3X,’SIDE-ON’,
3X, ’DYNAMIC’,3X, ’DYNAMIC’/
9X,’0VERP.’,3X,’IMPULSE’,5X,’YIELD’,
3X, 'IMPULSE’,5X, ’YIELD’/

10X,’ (kPa)’,3X,’ (kPa-s)’,6X, ’ (kT)’,
3X,’ (kPa-s)’,6X,’ (XT)’/)

+ + + + o+

I=0
2 READ (1,*,END=5) ITEST,PAMB,TAMB,PSO,SIM,QIM
I=1I+1
CALL IMPULS(1,ERROR)
WRITE (2,250) ITEST,PS0,SIM,WYS,QIM,WYQ
250 FORMAT (1X,I4,5F10.2)
GOTO 2

5 CONTINUE
CLOSE(1)
CLOSE(2)
STOP
END
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C  *xx *k * %k k¥ %k *%k k% %k **k k¥ %k *%k k% *%k

Q

SUBROUTINE IMPULS (I,ERR)

*¥k %k *k *k Kk * %k %k kk %k * %k kK %ok k%K Kk

Qa0

Cx* THIS SUBROUTINE FINDS THE TIME OF SHOCK ARRIVAL AT XSTA(I),TAR,

QOO0

THE PEAK SHOCK OVERPRESSURE, PSO, AND THE POSITIVE-PHASE DURATION,
PPD. IT DETERMINES THE STATIC AND DYNAMIC IMPULSES, SIM AND QIM,
USING SIMPSON’S RULE OF INTEGRATION AND CALCULATES THE EQUIVALENT
NUCLEAR WEAPON YIELD FOR BOTH IMPULSES, WYS AND WYQ.

Cxx I/0 PARAMETER LIST:

C I - INDEX OF OUTPUT STATION

C ERR - ERROR FLAG FOR MMAX < 33

C

C*x THIS SUBROUTINE CALLS SUBPROGRAM DVDINT, AND

c IS CALLED FROM THE MAIN PROGRAM.

c

Cxx THE FOLLOWING CONNOTATION IS USED IN THIS SUBPROGRAM

C G1 = GROUND RANGE, G2 = SHOCK-ARRIVAL TIME,

C G3 = STATIC OVERPRESSURE, G4 = STATIC-OVERPRESSURE IMPULSE

C G5 = POSITIVE-PHASE DURATION, G6 = PEAK DYNAMIC PRESSURE

C G7 = DYNAMIC-PRESSURE IMPULSE, G8 = DYNAMIC-PHASE DURATION

C

C  *% %% *k k% Kk *k *ok *k %% %% A,k *% Kk *k

C

LOGICAL ERR

DIMENSION G1(60),G2(60),G3(60),G4(60),G5(60),G6(60),G7(60),G8(60)
COMMON/SANCA/ HI(60,8)

COMMON/RSLT/ PPF,WYQ,WYS,PPD,PS0,QIM,QPD,QPF,QS,QSF,SIM,TAR

EQUIVALENCE (Gi(1),HI(1,1)),(G2(1),HI(1,2)),(G3(1),HI(1,3))
+ ,(G4(1) ,HI(1,4)),(G5(1),HI(1,5)),(G6(1) ,HI(1,6))
+ ,(G7(1),HI(1,7)),(G8(1),HI(1,8))

COMMON/AREV/ NMAX,MMAX,JMAX,JM1i,DT,TAU,SMU,GAMA,GAMI,CN
+ ,PRAT ,TRAT ,PAMB,TAMB, TICK,NXK

COMMON/LENG/ XDPH,DTHR,XDR4,XSTA(6) ,DDR4,DVNL,RWEL ,REFL,DREF
+ ,AREF ,VOLD,PI4TH

COMMON/STATN/ POUT(6000,6) ,SIMP(6000) ,PDYN(6000,6) ,QIMP(6000)
COMMON/STATO/ VOUT(6000,6) ,ROUT(6000,6) ,TAW(6000) ,ARIX(6000)

PARAMETER (KT=40,DIFF=.1E-11)
CONTINUE

c

c

Cxx (1) INITIALIZE VARIABLES

c
c2 =o0.
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023720
023730
023740
023750
023760
023770
023780
023790
023800
023810
023820
023830
023840
023850
023860
023870
023880
023890
023900
023910
023920
023930
023940
023950
023960
023970
023980
023990
024000
000350
000360
024020
024030
024040
000110
000120
000240
000250
000430
000440
024080
024100
024110
024120
024130
024140
024150




Cxx

Cokk

Cokek

PPD =
PPF =
Qs =
QPD =
QPF =
QSF =
TAR
WYQ =
WYS =

w

O OO O OO OO

|
(%Y
o
o

COMPUTE WEAPON YIELD

S1 = PAMB/101.325

S2 = (1./S1)*%0.333333 #SQRT(288.15/TAMB)
S3 = S2%51

C2 = PS0/s1

SIDE-ON OVERPRESSURE IMPULSE(S3):
CALL DVDINT (C2,RTX,G3,G4,60,4,IER)
IF (IER.LE.100) WYS = KT*(SIM/RTX/S3)**3
IF (IER.GT.100) WYS = 0.0
DYNAMIC-PRESSURE IMPULSE(S3):
CALL DVDINT (C2,RTX,G3,G7,60,4,IER)
IF (IER.LE.100) WYQ = KT*(QIM/RTX/S3)*x3
IF (IER.GT.100) WYQ = 0
RETURN
END
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024180
024190
024210
024220
024230
024240
024250
024260
024270
024340
025070
025080
025090
025100
025110
025120
025130
025140
025150
025160

025310
025320




Intentionally Left Blank
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Appendix C: SHOCK Program Listing
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Program shock

This program calculates air shock parameters using shock velocity,
ambient temperature and ambient pressure.
The program will alternmatively calculate shock parameters using
shock overpressure and ambient temperature and ambient pressure.
Real M2F
Print*,"Type in ambient temperature,Til, in deg.C."
Read*,T1
Print*,"Type in ambient pressure,P1l, in kPa."
Readx*,P1

Print*,"Is shock calculation to be based on velocity? If Yes,type
+ 1. If no,type 0"
Readx*,V

If(V.EQ.1)Then

Print#*,"type in baseline length,D, in meters."
Read*,D

Print*,"type in elapsed time,TM, in seconds."
Read*,TM

W1=D/TM

A1=331.6+.6069%T1

Wil=W1/A1

P21=(7*W11%x2-1)/6

Else

Print#*,"Type in the shock overpressure in kPa."
Readx*,PS

A1=331.6+.6069%T1

P21=(PS+P1)/P1

Wi1=((6%P21+1)/7)*x0.5

Wi=W11xA1

Endif

PS =(P21-1)*P1

U21 =(W11-1/W11)/1.2

U2=U21%A1

A21=((P21%(6+P21))/ (1+6%P21))**.5
A2=A21%A1

M2F=U21/A21

T21=A21%%2

G21=P21/T21
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Q21=.7*P21% (M2F) **2
R2=Q21*P1

cTotal head pressure ratio for M2F<1 is:
P021A=P21%(1+.2%M2F**2)**3.5
PstaghA=(P021A-1)*P1

cTotal head pressure ratio for M2F>1 is:
P021B=166.92% (M2F**2/ (7T*M2F**2~1) ) ¥*2 . 5%P21
PstagB=(P021B-1)*P1
P12=1/P21
P52=(8-P12) /(6*%P12+1)
T52=P52* (6+P52) / (6+P52+1)
W21=W11*(2*%P21+5)/(6+P21+1)
DP5=(P52*P21-1)*P1

Print*, "Baseline length,D, =",d,"meters"
Printx, "shock travel time,tm, =",tm,"seconds"
Print*, "ambient temperature,Ti,=",tl, "deg.c"
Print*,"ambient pressure,P1,=",p1,"kpa"
print*,"ambient sound speed,Al,=",al,''m/s"
print*

print*, 'shock wave speed,W1,=",wi,"m/s"
print*,"shock Mach No.,Wii,=",yi1
print*,"shock pressure ratio,P21,=",p21
print*,"shock overpressure,Ps,=",ps,"kpa"
print*,"flow velocity ratio,U21,=",u21
print#*,"flow velocity,U2,=",U2,"m/s"
print*,"sound speed ratio,A21, =",a21
print*,"sound speed,A2,=",A2,"m/s"
print*,‘temperature ratio,T21,=",t21
print*,"flow Mach ne.,M2,=" ,m2f
print*,"density ratio,G21,=%,g21
print*,"dynamic pressure ratio,Q21,=",q21
print*,"dynamic pressure,2,=",Q2,"kPa"

if(M2F.1t.1.)then

print*,'total head pressure ratio,P021,subsonic,=",p021a
print*,'total head overpressure,P02,=",Pstagh,"kPa"

else

print*,'"total head pressure ratio,P021,supersonic,=",p021b
print*,"total head overpressure,P02,=",Pstagb,"kPa"

end if

print*,"reflected temperature ratio,T52,=",t52
print#*,"reflected shock Mach no.,W21,=",w21
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print*,"reflected shock overpressure,Pr,=",dp5,"kpa""
end
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Appendix D: PTUBE Program Listing and Usage
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The PTUBE program can be used to design LB/TS experiments by using it in the
backward mode. This is accomplished by specifying the ambient conditions, the throat
baffle size, and the desired incident shock overpressure at the test section. The code then
uses this input to determine the proper driver gas pressure and temperature to produce this
shock. The following example input demonstrates the use of the NAMELIST 1/0 feature
of Fortran 77 to define the input. In this example, English units are defined. Thus, the
pressure is in psi and the temperature is in degrees Fahrenheit. The baffle size is specified
as the percentage of available flow area in the throat. Here, 100% implies that no baffle is
used; the full throat area is available for gas to exit the driver. The other valid option for
the variable units is SI.

$input
mode = ’backward’
units = ’english’
pamb = 12.32
tamb = 60.0
baffle = 100
shock = 12.0
$end

The output of this case is listed below. One can see that, regardless of the units specified
in the input, the code produces output in both English and SI units. If SI units are specified,
then temperature is provided in degrees Celcius and the pressure is in kPa.

Results Summary

~Throat Baffle Size = 100 %
Ambient Pressure = 84.944 kPa
Ambient Pressure = 12.320 psi
Ambient Temperature = 15.556 deg C
Ambient Temperature = 60.000 deg F
Driver Pressure = 3439.355 kPa gauge

Driver Pressure 498.833 psi gauge

141.349 deg C
286.428 deg F

Driver Temperature
Driver Temperature

82.738 kPa gauge
12.000 psi gauge

Shock Pressure
Shock Pressure

Normal Program Termination

Program Stopped!
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The next example illustrates use of the PTUBE program in forward mode. Here, the
ambient conditions and the driver gas pressure are specified in order to determine the proper
driver temperature and expected incident shock overpressure at the test section.

$input
mode = ’forward’
units = ’english’
pamb = 12.32
tamb = 60.0
baffle = 100
pdrv = 400.0
$end

The resulting PTUBE output is as follows.

Results Summary

Throat Baffle Size = 100 %
Ambient Pressure = 84.944 kPa
Ambient Pressure = 12.320 psi
Ambient Temperature = 15.556 deg C
Ambient Temperature = 60.000 deg F

Driver Pressure

2757.920 kPa gauge
Driver Pressure i

400.000 psi gauge

Driver Temperature = 119.750 deg C
Driver Temperature 247 .550 deg F

Shock  Pressure = 69.389 kPa gauge
Shock  Pressure 10.064 psi gauge

Normal Program Termination
Program Stopped!
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OO0 0000 000 000000000000

(]

program ptube

a code for use with the dna large blast/thermal simulator
and the arl probative tube

this program determines combinations of driver pressure,

driver temperature, throat baffle size and shock overpressure,
based emperically on experimental and computational research.

the code can be used in two ways:

1. the user gives the code the desired driver pressure
and the baffle size being used, and the code predicts
the shoch strength in the expansion tunnel and also
determines the required driver temperature for density
matching across the contact surface.

2. the user gives the code the desired shock strength
in the expansion tunnel and the baffle size being used,
and the code determines the proper driver pressure and
temperature to use to produce that environment.
include ’data.h’
read input data
call readin
convert enlish units to si
if (units.eq.’e’.or.units.eq.’E’) then
call english
else
tamb = tamb + 273.15
endif
normalize data
call normal
find the baffle data to use
call fndbaf

calculate driver pressure or shock pressure

if (mode.eq.’f’.or.mode.eq.’F’) then
call forwrd
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elseif (mode.eq.’b’.or.mode.eq.’B’) then
call bakwrd

else
write (*,%) ’Invalid value of variable named mode’
call stopit

endif

calculate driver temperature

call temper

write out results

call write

write (*,x) ’Normal Program Termination’

call stopit
end
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OO0 0 00 0 0 0000000000000 0O0O00O0O0O0.O0

10

20

subroutine readin

t!.s subroutine reads the input data using namelist
ar - checks the validity of the values

description of input variables

mode = ’f’ or ’F’ for forward calculation
predict shock strength given driver pressure
(input variable shock is ignored)
= ’b’ or ’B’ for backward calculation
predict driver pressure given shock strength
(input variable pdrv is ignored)

units = ’e’ or ’E’ for english units
’s’ or ’S’ for si units

pamb = ambient pressure (in psi or kpa)

tamb = ambient temperature (in deg f or deg c)
baffle = baffle size

shock = shock strength (in psi or kpa)

pdrv = driver pressure (in psi or kpa)

include ’data.h’

namelist /input/ mode,units,pamb,tamb,baffle,shock,pdrv
character fname*20

open input file

write (*,*) ’Enter the name of the input file.’
read (*,’(a20)’) fname

open (10,file=fname,status=’0ld’,err=10)

goto 20

write (*,*) ’Unable to open that file’

call stopit

continue

read namelist input
read (10,nml=input,err=30)

goto 40
40




30 write (*,%) ’Error reading namelist input’
call stopit
40 continue

check validity of some input variables

if (mode.ne.’F’.and.mode.ne.’f’.and.

1 mode.ne.’B’.and.mode.ne.’b’) then
write (*,%) ’Invalid value for variable named mode’
call stopit

endif

if (units.ne.’E’.and.units.ne.’e’.and.

1 units.ne.’S’.and.units.ne.’s’) then
write (*,%) ’Invalid value for variable named units’
call stopit

endif

if (pamb.1t.0.0) then
write (*,x) ’Negative value for variable named pamb.’
call stopit

endif

if (tamb.1t.0.0) then
write (*,%) ’Negative value for variable named tamb.’
call stopit

endif

if (shock.1t.0.0) then
write (*,*) ’Negative value for variable named shock.’
call stopit

endif

if (pdrv.1t.0.0) then
write (*,%) ’Negative value for variable named pdrv.’
call stopit

endif

newbaf = 0.0
do 50 i=1,nbaffs
if (baffle.eq.baffls(i)) then
newbaf = baffle
endif
50 continue
if (newbaf.ne.baffle) then
write (¥,*) ’The baffle you have specified is not supported.’
call stopit
endif
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return
end
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subroutine english

this subroutine converts the input data from english units
to si units so the calculation is done consistently

include ’data.h’

pamb = pamb *6.8948

shock = shock*6.8948

pdrv = pdrv *6.8948

tamb = (tamb-32)/1.8 + 273.15
return

end
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subroutine normal
this subroutine normalizes the input data
include ’data.h’

prat = (pdrv +pamb)/pamb
srat = (shock+pamb)/pamb

return
end
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subroutine fndbaf

this subroutine checks to see that the baffle specified in the
input data is supported by the program
if a baffle is found, the arrays dpr and spr are defined

include ’data.h’
logical found

found = .false.
do 10 i=1,nbaffs
if (baffle.eq.baffls(i)) then
found = .true.
endif
continue

if (found) then
if (baffle.eq.100) call assign(npoints,dpr100,spri00,dpr,spr)
if (baffle.eq. 90) call assign(npoints,dpr090,spr090,dpr,spr)
if (baffle.eq. 80) call assign(npoints,dpr080,spr080,dpr,spr)
if (baffle.eq. 70) call assign(npoints,dpr070,spr070,dpr,spr)
if (baffle.eq. 60) call assign(apoints,dpr060,spr060,dpr,spr)
if (baffle.eq. 50) call assign(npoints,dpr050,spr050,dpr,spr)
if (baffle.eq. 40) call assign(npoints,dpr040,spr040,dpr,spr)

else
write (*,%*) ’Baffle specified in input is not supported!’
call stopit '

endif

return
end
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subroutine assign (n,in1,in2,outi,out2)

this subroutine assigns the values of two 1-d arrays to two others

real inl,in2
dimension ini(n),in2(n),outi(n),out2(n)

do 10 i=1,n
out1(i) = ini1(i)
out2(i) = in2(i)
continue

return
end
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subroutine forwrd

this subroutine calculates the shock strength based on driver pressure

include ’data.h’
find interval that target driver presure falls in

if (prat.lt.dpr(1)) then
write (*,*) ’Value of pdrv is too smalll’
call stopit

endif

if (prat.gt.dpr(npoints)) then
write (*,*) ’Value of pdrv is too large!’
call stopit

endif

do 10 i=2,npoints
if(prat.gt.dpr(i-1).and.prat.le.dpr(i)) then
call interp(dpr(i-1),spr(i-1),dpr(i),spr(i),prat,srat)
return
endif
continue

write (*,%) ’No interval found in subroutine forwrd!’
call stopit
end
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subroutine bakwrd

this subroutine calculates the driver pressure based on shock strength

include ’data.h’

find interval that target shock presure falls in

if (srat.lt.spr(1)) then
write (*,*) ’Value of shock is too small!’

call stopit
endif

if (srat.gt.spr(npoints)) then
write (*,*) ’Value of shock is too large!’
call stopit

endif

do 10 i=2,npoints
if(srat.gt.spr(i-1).and.srat.le.spr(i)) then
call interp(spr(i-1),dpr(i-1),spr(i),dpr(i),srat,prat)
return
endif
continue

write (*,%) ’No interval found in subroutine forwrd!’
call stopit
end
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subroutine interp (x1,y1,x2,y2,xint,yint)

this subroutine performs a linear interpolation

given independent variables x1 and x2

and the associated dependent variables yi and y2

and the input value of xint, the value of yint is found
xint must fall between x1 and x2

yint = y1 + (xint-x1)*(y2-y1)/(x2-x1)

return
end
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subroutine temper

this subroutine calculates the driver temperature
based on shock strength

include ’data.h’
trat = 0.476053%srat+0.495974

return
end
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subroutine write
this subroutine writes the results to standard output
include ’data.h’

try to open old file called ptube.out
if it exists, delete it and then open
new file called ptube.out

open (11,file=’ptube.out’,status=’old’,err=60)
close (11,status=’delete?)
open (11,file=’ptube.out’,status=’new’)

write (11, 5)
write (11,6) baffle

stor = pamb

write (11,10) stor
stor = stor/6.8948
write (11,11) stor

stor = tamb - 273.15
write (11,20) stor
stor = 1.8%stor + 32.0
write (11,21) stor

stor = (prat-1)*pamb
write (11,30) stor
stor = stor/6.8948
write (11,31) stor

stor = tratxtamb - 273.15
write (11,40) stor

stor = 1.8%stor + 32.0
write (11,41) stor

stor = (srat-1)*pamb
write (11,50) stor
stor = stor/6.8948
write (11,51) stor

write (*,*) ’Results written to file ptube.out’
close (11,status=’keep’)

format statements
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format (1x,’Results Summary’/)

1D

format (1x,’Throat Baffle Size =’, 1i9,’

format (1x,’Ambient Pressure =?,£9.3,’ kPa’)

format (1x,’Ambient Pressure =’ ,£9.3,° psi’/)
format (1x,’Ambient Temperature =’,f9.3,’ deg C’)
format (1x,’Ambient Temperature =’,£9.3,° deg F’/)
format (1x,’Driver Pressure =’ ,£9.3,’ kPa gauge’)
format (ix,’Driver Pressure =’,f9.3,’ psi gauge’/)
format (1x,’Driver Temperature =’,£9.3,’ deg C’)
format (ix,’Driver Temperature =’,f9.3,’ deg F’/)
format (1x,’Shock Pressure =’ ,f9.3,’ kPa gauge’)
format (i1x,’Shock Pressure =’ ,f9.3,’ psi gauge’/)
return

end
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subroutine stopit
this subroutine is called to stop the program
write (*,*) ’Program Stopped!’

stop
end
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A listing of the file data.h that contains the common blocks and parameter definitions
for the PTUBE program.

character*l mode,units

common /char/ mode,units

integer baffle

common /vars/ pamb,tamb,baffle,shock,pdrv,
1 prat,srat,trat

" integer baffls
parameter (nbaffs = 7)
dimension baffls(nbaffs)
data baffls /40,50,60,70,80,90,100/

parameter (npoints = 6)

dimension dpr040(npoints),spr040(npoints)
data dpr040 /1.000, 31.500, 69.000,124.500,180.000,232.500/
data spr040 /1.000, 1.568, 1.902, 2.269, 2.635, 2.954/

dimension dpr050(npoints),spr050(npoints)
data dpr050 /1.000, 30.000, 66.750,120.250,173.750,226.250/
data spr050 /1.000, 1.582, 1.948, 2.351, 2.740, 3.098/

dimension dpr060(npoints),spr060(npoints) .
data dpr060 /1.000, 28.500, 64.500,116.000,167.500,220.000/
data spr060 /1.000, 1.596, 1.993, 2.433, 2.846, 3.241/

dimension dpr070(npoints),spr070(npoints)
data dpr070 /1.000, 27.000, 62.250,111.750,161.250,213.750/
data spr070 /1.000, 1.610, 2.039, 2.516, 2.951, 3.385/

dimension dpr080(npoints),spr080(npoints)
data dpr080 /1.000, 25.500, 60.000,107.500,155.000,207.500/
data spr080 /1.000, 1.623, 2.085, 2.598, 3.056, 3.529/

dimension dpr090(npoints),spr090(npoints)
data dpr090 /1.000, 24.000, 57.750,103.250,148.750,201.250/
data spr090 /1.000, 1.637, 2.130, 2.680, 3.162, 3.672/
dimension dpr100(npoints),spri00(npoints)
data dpri00 /1.000, 25.000, 51.800, 99.000,142.500,195.000/
data spri00 /1.000, 1.651, 2.176, 2.762, 3.267, 3.816/

common /arrays/ dpr(mpoints),spr(npoints)
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program rwe

this program calculates the correct area ratio between the
expansion section of a shock tube or blast simulator and the open
area of a rarefaction wave eliminator located at its

downstream end. in the calculations the rwe is assumed to be

a simple converging nozzle open to the atmosphere at the
downstream end. the flow behind the shock is assumed to be a
one-dimensional, steady, isentropic flow of a perfect gas.

include ’areas.h’

include ’const.h’

include ’hist.h’

set basic gas parameters for calculations

call setup

generate angle, actor, aend and area arrays from end vent geometry

call endvnt

determine type on input file to be used
call appropriate subroutine based on response

1 = pressure history from qild station file
pressure history from sharc replot file

write (*,%) ’ Enter type of input file being used:’

write (*,*) ’> 1 = pressure history from qid station file,’
write (*,%) ’ 2 = pressure history from sharc replot file,’
write (*,%) ’ or any other integer to stop program’

read (*,*,err=10) input

if (input.eq.1) then
call qid

elseif (input.eq.2) then
call sharc

else

stop

endif

generate rwe area ratio history from flow data
call flow

generate the end vent control function history
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call func

place limits on end vent control function
call limits

create a linear closing function

call linear

write results to output files

if (dbugon) call debug
call write

stop
end
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subroutine setup
include ’const.h’

set basic gas parameters for calculations
treat air as an ideal gas with constant gamma

set ambient temperature and pressure equal to
white sands conditions as defined by dna
pressure in pascals

temperature in kelvins

data pi/3.1415927/
data gamma/1.4000/,rair/287.04/,pt/84944.0/,tamb/288.71/

alpha = (gamma+1)/(gamma-1)

delta = (gamma/(gamma-1.0))

gn = (gamma-1.0)/2.0

calculate ambient sound speed (al) in meters per second

al = sqrt(gamma*rair*tamb)

return
end
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subroutine endvnt

this subprogram defines the relationship between the ‘actuator position
louver angle and open area for the end vend of the LB/TS RWE

description of variables

nend = number of data point in end vent calibration
atunl = area of expansion tunnel (square meters)
actor = actuator displacement (inches)

angle = louver angle (from horizontal in degrees)
aend = end vent open area (square meters)

area = end vent open area ratio

lvdt end vent lvdt signal (volts)

include ’areas.h’

define expansion tunnel cross-sectional area
data atunl/165.0/

define lvdt voltage for calibration

data 1vdt/ 0.671, 1.020, 1.462, 1.841, 2.210, 2.590,
2.960, 3.450, 3.840, 4.260, 4.690, 5.200,
5.700, 6.280, 6.970, 7.860, 8.930,10.000/

define actuator displacement for calibration

data actor/ 1.205854, 1.833042, 2.627360,
.~ 3.308461, 3.971591, 4.654489,
5.319416, 6.199995, 6.900864,

7.655646, 8.428399, 9.344920,
10.243470,11.285788,12.525787,
14.125206,16.048103,17.971000/

define end vent louver angle for calibration

data angle/ 0, 2, 4, 6, 8,10,12,14,16,
18,20,22,24,26,28,30,32,34/

define end vent open area for calibration

data aend/ 139.260,130.569,121.888,
113.228,104.600, 96.014,
87.481, 79.011, 70.614,
62.301, 54.082, 45.966,
37.964, 30.085, 22.340,

59




O

5 14.736, 7.285, 0.000/
calculate area ratio for end vent
do 10 i=1,nend

area(i) = aend(i)/atunl

10 continue

return
end
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subroutine qid

this subroutine reads brl-qid station data from
the file specified by the user, calculates
local sound speed and local mach number

and stores the values in the array called val

include ’const.h’
include ’hist.h’

character junk*132,qidfilex15
get filename from user and open the file
write (*,*) ’ Enter the name of the brl-qld station file:’
read (*,’(a15)’) qldfile
open (10,file=qldfile,statuss’0ld’,err=10)
skip header information at top of file
write (¥,%) ’ Information found at top of brl-qid station file’
do 20 i=1,7
read (10,°’(a132)’) junk
write (*,°(a132)’) junk

continue

read the station data

iter = 1

isat = 0

sat = 0.0

pmax = 0.0

read (10,%,end=40) val(iter,1),val(iter,3),rho,temp,val(iter,8),
val(iter,2),val(iter,4),val(iter,7),crit

find maximum static overpressure and assume it is
the shock front. store the peak into pmax,

the shock arrival time into sat

and the index into isat

if (val(iter,3).gt.pmax) then
pmax = val(iter,3)
sat = val(iter,1)
isat = iter

endif

convert static overpressure to absolute static pressure
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val(iter,3) = val(iter,3)*1000 + pt

convert absolute stagnation pressure to stagnation overpressure
val(iter,2) = val(iter,2) - pt/1000

calculate local mach number

val(iter,5) = val(iter,8)/val(iter,7)

increment counter and test to see that
iter does not exceed maxiter

iter = iter + 1
if (iter.le.maxiter) then
goto 30
else
write (*,*) ’ the number of points in the station data file’
write (*,%) °> is greater than the parameter maxiter.’
write (*,*) ’ increase maxiter and recompile the code.’
stop
endif
continue
iter = iter -1
write (x,%) 2
write (*,%*) ’ Number of records in brl-qid station data =’,iter

write (*,%) ’ isat=’,isat
write (*,*) ’ sat=’, sat
write (*,*) ’ pmax=’,pmax

close (10,status=’keep’)
return

write (#,%*) ’> error opening brl-qid station file’

stop
end
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subroutine sharc

this subroutine reads sharc station data from the file named

replot, calculates stagnation pressure, mach number,
local sound speed and dynamic pressure and stores the
values in the array called val

include ’const.h’

include ’hist.h’
dimension rho(maxiter),u(maxiter),v(maxiter)
character junk*72
open sharc station data file ’replot’

open (10,file=’replot’,status=’0ld’,err=10)
read header information
read (10,*) iter,nsta,prob,xsta,ysta

read (10,’(a72)’) junk

read (10,’(a72)’) junk

test to be sure iter is not greater than maxiter

if (iter.gt.maxiter) then

O 0 00

0o o0 o0 0 00

write (*,*) ’ the number of points in the history file’
write (*,*) ’ is greater than the parameter maxiter.’
write (*,*) ’ increase maxiter and recompile the code.’
stop

endif

read data from replot file, find shock arrival time
convert to si units and prepare data for area subroutines

isat = 0
sat = 0.0
pmax = 0.0

do 20 i=1,iter
read (10,*) val(i,1),val(i,3),rho(i),u(i),v(i)

find maximum static overpressure and assume it is
the shock front. store the peak into pmax,

the shock arrival time into sat

and the index into isat

if (val(i,3).gt.pmax) then
pmax = val(i,3)
sat = val(i,1)
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isat = i
endif

convert units from replot file into si units

from overpressure in dynes per square centimeters
to absolute pressure in pascals

val(i,3) = val(i,3)/10.0 + pt

density in grams per cubic centimeter
to kilograms per cubic meter

rho(i) = rho(i) * 1000.0

velocity in centimeters per second
to meters per second

u(i)/100.0
v(i)/100.0

u(i)
v(i)

calculate absolute velocity, sound speed and local mach number

vsqrd = u(i)**2+v(i)**2

csqrd = gamma*val(i,3)/rho(i)

sqm = vsqrd/csqrd
if(sqm.1t.1.0e-02) sqm=0.0

val(i,b) = sqrt(sam)
val(i,7) = sqrt(csqrd)
val(i,8) = sqrt(vsqrd)

calculate dynamic pressure in kilopascals
val(i,4) = gamma*val(i,3)*sqm/2000.0
calculate stagnation overpressure in kilopascals

val(i,2) = val(i,3)*((1+gmksqm)**delta)
val(i,?2) (val(i,2) - pt)/1000.0

20 continue
close (10,status=’keep’)
return

10 write (*,*) ’ error opening sharc history file named replot’

stop
end
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subroutine flow

include ’areas.h’
include ’const.h’
include ’hist.h’

generate array of rwe open area from input data
find max rwe open area in the array (aramax)

hold rwe open area to the setting for shock arrival
for all times prior to shock arrival

this flag determines which area ratio subroutine is used
method = 2

if (method.eq.1) then

call areal (pt,al,val(isat,1),val(isat,3),
1 val(isat,7),val(isat,8),aramax)
endif

if (method.eq.2) then

ps1l = val(isat,2)*1000+pt

call area2 (psi,val(isat,5),aramax)
endif

do 10 i=1,isat
val(i,3)=(val(i,3)-pt)/1000.0
val(i,6)=aramax
10 continue

do 20 i=isat+l,iter

if (method.eq.1) then
call areal (pt,al,val(i,1),val(i,3),val(i,7),val(i,8),ratio)
endif

if (method.eq.2) then

psl = val(isat,2)*1000+pt

call area2 (psi,val(i,5),ratio)
endif

val(i,3)=(val(i,3)-pt)/1000.0

val(i,6)=ratio

if (ratio.gt.aramax) aramax = ratio
20 continue

return
end
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subroutine areal (pl,al,t,p2,a2,u2,ratio)
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this is the main computer program to compute the area setting
for the reflection eliminator to produce no reflected wave except
for the transient spike, or to obtain the reflected wave strength
when the area setting of the reflection eliminator is specified.
the four special cases under consideration are summarized below:

flat-topped incident shock wave with a given pressure ratio,
specified in the input data file called in, which results in
no wave reflection except for the transient spike (note that
only one value of the final area setting will be returned to
the user in the output data file called out for each input),

same case of a flat-topped incident shock wave as in case a,
but this time it is is repeated for the case of a reflected
wave with a given pressure ratio in terms of a percentage of
the incident shock pressure ratio (greater or less than zero
for a reflected shock or rarefaction wave, respectively),

flat-topped incident shock wave with a given pressure ratio

and a specified area setting for the reflection eliminator,

which are given in the input data file called in, for which

a reflected shock or rarefaction wave will in general occur

and the strength of this reflected wave will be computed and
put in the output data file called out,

incident blast wave with a time varying signature for which
the pressure, sound speed, flow velocity and gamma are given
as a function of time in the input file called in, which now
produces no reflected wave (the same number of values of the
output as input will be returned to the user in the output
data file called out).

for each type of reflection eliminator run the first line in the
input data file in must have the initial or atmospheric pressure
and sound speed, in units of pa (n/m2) and m/s.




data pi/3.141592654/
radin = 0.0

radout= 0.0
width = 0.254
g = 1.400

compute the jump in flow properties across the reflected shock or
rarefaction wave to state 3, if a reflected wave actually exists.

numrw=0

30 numrw=numrw+1
p3=p2
a3=a2
u3=u2
m3=u3/a3

for outflow (from the channel through the reflection eliminator),
m3 and p3-pl are both positive, and the following coding is used.

if (m3.1e.0.0 .or. p3-pl.le.0.0) goto 50
pcrit=p3*((2.0+(g-1.0)*m3*m3)/(g+1.0) ) *x(g/(g-1.0))
if (pcrit .ge. pl) then

pj=pcrit

mj=1.0
else

pj=pil

mj=sqrt (((pcrit/pj)**((g-1.0)/g)*(g+1.0)-2.0)/(g-1.0))
endif

aj=a3*(pj/p3)**((g~1.0)/(2.0xg))

uj=mj*aj

areaj=(m3/mj)*(p3/pj)**((g+1.0)/(2.0%g))
taud=(g-1.0)*m3*m3/(2.0+(g-1.0) *m3*m3)
tauj=(g-1.0)*mj*mj/(2.0+(g-1.0)*mj*mj)
zeta=tauj/(1.0-tauj)
cO=pi/(pi+2.0-5.0%zeta+2.0*zeta*zeta)
eta=7.0*tauj+1.0/(1.0+12%tauj)
a=(2.0%eta-1.0)*(1.0-c0)
b=2.0%(1.0-eta)*(1.0~c0)
cds=cO+ax(tauld/tauj)+b*(tau3/tauj)**2

cd=cds
numcd=1
40 z=-45.0*radout*cd/(areaj*width)

if (abs(z) .gt. 78) z=78.0%*z/abs(z)
omega=1.0-exp(z)
cdprev=cd
cd=cds+omegax*(1.0-cds)
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if (abs(1.0-cdprev/cd) .1lt. 5.0e-05) goto 100
numcd=numcd+1
if (numecd .1t. 20) goto 40
write (x,%) ’ failure of cd iteration in subroutine areai’
stop

for inflow (through the reflection eliminator to the channel), m3
and p3-pl are both negative and the following coding is employed.

50 if (m3.ge.0.0 .or. p3-pl.ge.0.0) goto 90

gg=(g~1.0)/2.0
a3=sqrt(ai¥al-gg*u3+*u3)
mflux=g*p3*u3/ (a3*a3)
z=((g+1.0)/2.0)**((g+1.0)/(2.0%g-2.0))*mflux*al/(g*pl)
perit=p1*(2.0/(g+1.0))*x(g/(g~1.0))*(1.0-(1.0-2)**2xg/2.0)
if (pcrit .ge. p3) then

mj=-1.0
else

kcycl=0

mj=-sqrt((p1-p3)/(p1-pcrit))

z=mflux*al/ (gxp1l)

60 2zz=mj-z*(1.0+gg*mj*mj)**((g+1.0)/(2.0%g-2.0))
£E=p3*(1.0+gg*mj*mj)**(g/(g-1.0))-p1*(1.0-g*zz*22/2.0)
fp=g*p3*mj*(1.0+gg*mj*mj)**(1.0/(g-1.0))+g*pl*zz*(1.0-(g

+ +1.0)%(2/2.0)*mj*(1.0+gg*xmj*mj)**((3.0-g)/(2.0%g-2.0)))
prev=mj '
mj=mj-ff/fp
kcycl=kcycl+1
if (abs(mj-prev) .1lt. 0.001) goto 70
if (kcycl .1t. 30) goto 60
write (*,%) ’ failure of mj iteration in subroutine areat’
stop

endif
70 areaj=(z/mj)*(1.0+gg*mj*mj)**((g+1.0)/(2.0%g-2.0))
cds=0.5+mj**2/8.0+(2.0-g) *mj**4/48.0

+ +(2.0-g)*(3.0-2.0%g) *mj**6/384.0
cd=cds
numcd=1

80 z=~45.0*radin*cd/(areaj*width)

if (abs(z) .gt. 78) z=78.0%z/abs(z)
omega=1.0-exp(z)
cdprev=cd
cd=cds+omega*(1.0-cds)
if (abs(1.0-cdprev/cd) .1t. 5.0e-05) goto 100
numcd=numcd+1
if (numcd .1t. 20) goto 80
write (*,x) ’ failure of cd iteration in subroutine areal’
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the two cases when p3-pl and m3 have the opposite signs, there
no reflection elimination, and the reflection eliminator area

simply set to zero.

areaj=0.0
cd=1.0

areae=areaj/cd

if (areaj .1t. 0.0)
if (areaj .gt. 1.0)
if (areae .1t. 0.0)
if (areae .gt. 1.0)

until we figure out
our rwe we will use
ratio=areaj

return
end

areaj=0.0
areaj=1.0
areae=0.0
areae=1.0

who cd relates to
areaj as the rwe area. (sjs)
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subroutine area2 (psl,zmach,ratio)
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this subroutine calculates the rwe open area as a function of the
ambient pressure, stagnation pressure at the input to the rwe and the

O 0 00 0 0 0000 0000

oo o o0

0

mach number at the input of the rwe

pt = ambient pressure

psi = stagnation pressure at the input to the rwe
psit = psl/pt

zmach = mach number at the input to the rwe

mt = mach number at the rwe exit plane

ratio = required rwe open area ratio

real mt

include ’const.h’

calculation of the isentropic mach number at the downsteam
end of the rwe (mt)

psit = psi/pt
if (ps1t.1t.1.0) then
ratio=0.
return
endif
if (psit.ge.1.892936) then
mt = 1.0
else
mt = ((2.0/(gamma-1.0))*(psit**(1/delta)-1.0))**0.5
endif

calculation of rwe area ratio (ratio)

ratio = (1.0/mt)*((2.0+(gamma-1.0)*mt*%2.0)/2.0)**(alpha/2)*
+(zmach)*((2.0+(gamma-1.0)*zmach**2.0)/2.0)**(-1.0%alpha/2)

return
end
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subroutine func

include ’areas.h’
include ’const.h’
include ‘*hist.h’

calculate:
1. end vent actuator displacement (inches)
2. end vent louver angle (degrees)

from rwe open area history by interpolation

this routine assumes side vents are passive and subtracts off residual
open area of side vent when calculating end vent louver angle

if (aramax.gt.area(1)) then
aside = aramax-area(l)
if (dbugon) then
write (*,*) ’ Maximum required rwe area greater’
write (%,*) ’> than available end vent area.’
write (*,*) ’ Required side vent area ratio=’,aside

vrite (*,%) ’ Required side vent area =’ Jaside*atunl
endif
else
aside = 0.0
endif

do 20 i=1,iter

calculate required end vent area as the difference between
the required open area and the side vent area
if end vent area falls below zero, set equal to zero

val(i,17) = val(i, 6)
val(i, 6) = val(i,17) - aside
if (val(i,86).1t.0.0) val(i,6) = 0.0

find end vent louver angle, actuator piston displacement
and lvdt voltage for this end vent area ratio

call lookupl (val(i,6),val(i,9),val(i,10),val(i,19))
20 continue
calculate: '
1. end vent louver angular velocity (radians per second)

2. end vent actuator piston velocity (inches per second)

do 30 i=1,iter
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if (i.eq.1) then
val(i,11) = (pi/180.0)*(val(i+1,10)

1 (val(i+1, 1)
val(i,12) = (val(i+1, 9)
1 (val(i+1, 1)

elseif (i.eq.iter) then
val(i,11) = (pi/180.0)*(val(i ,10)

1 (vali , 1)

val(i,12) = (val(i , 9

1 (val(i , 1)
else

val(i,11) = (pi/180.0)*(val(i+1,10)

1 (val(i+1, 1)

val(i,12) = (val(i+i, 9)

1 (val(i+i, 1)
endif

30 continue

return
end

.12

val(i ,10))
val(i , 1))
val(i , 9))
val(i , 1))

val(i-1,10))
val(i-1, 1))
val{i-1, 9))
val(i-1, 1))

val(i-1,10))
val(i-1, 1))
val(i-1, 9))
val(i-1, 1))

/

/

/

/
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subroutine lookupl (a,b,c,d)

this subroutine finds the actuator position, louver angle

and lvdt voltage to generate a given rwe open area ratio.

the first value, a, in the subroutine statement is the required

open area ratio. the last three values are the actuator displacement,
louver angle and lvdt voltage respectively, which are returned values.

include ’areas.h’

if (a.ge.area(1)) then
b = actor(l)
c = angle(1)
d = 1lvdt(1)
return
endif

do 10 i=2,nend
if (a.le.area(i-1).and.a.gt.area(i)) goto 20
if (a.eq.area(i)) then
b = actor(i)
¢ = angle(i)
d = lvdt(i)
return
endif
10 continue
20 continue

d lvdt(i-1) + (a -area (i-1)) =*
+ ( 1vdt(i)- 1vdt(i-1)) /
+ (area (i)-area (i-1))

O
1]

angle(i-1) + (a -area (i-1)) *
+ (angle(i)-angle(i-1)) /
+ (area (i)-area (i-1))

actor(i-1) + (a -area (i-1)) *
+ (actor(i)-actor(i-1)) /
+ (area (i)-area (i-1))

o
1]

return
end
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50

subroutine limits

this subroutine limits the motion, velocity and acceleration
of the final rwe control function

include ’areas.h’
include ’const.h’
include ’hist.h’

real mult
real knee
data knee/3.0/,vellow/27.8/,velhi/83.4/,accel/2000/

eliminate reversals in direction

this section of code searches the end vent actuator displacement
history and searches for hill-valley pairs and then creates
a new actuator function with no reversals in direction

copy unlimited actuator piston displacement array values
into limited actuator piston displacement array without modification

do 10 i=1,iter
val(i,13) = val(i,9)
continue

find a hill-valley pair

do 30 i=2,iter
npairs = 0
if (val(i,13).1t.val(i-1,13)) then
npairs = npairs + 1
ihill = i-1
do 40 j=ihill+1,iter-1
if (val(j,13).gt.val(j-1,13)) then
ival = j -1
goto 50
endif
continue
goto 75
endif
continue
continue

calculate a plateau value and
smooth through this pair

if (npairs.ne.0) then
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60
61

62
63

64

70

75

if (dbugon) then
write (*,*) ’ pair found at:’
write (*,%*) ’ ihill =’,ihill
write (*,%) ’> ival =’,ival
write (*,%) * °

endif

plateau = (val(ihill,13) + val(ival,13)) * 0.5
find first point before ihill which exceeds plateau

do 60 i=1,ihill
if (val(i,13).ge.plateau) then
iplatl = i
goto 61
endif
continue
continue

find first point after ival which exceeds plateau

do 62 i=ival,iter
if (val(i,13).ge.plateau) then
iplat2 = i
goto 63
endif
continue
continue

set all values between iplatl and iplat2 to plateau

do 64 i=iplatl,iplat2

val(i,13) = plateau

continue
go back and look for another pair

goto 20
endif
continue
limit actuator piston velocity and acceleration
this section of code limits the actuator piston(velocity to

27.8 in/s for displacements which are < 3 inches and
83.4 in/s for displacements which are > 3 inches
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it also limits the actuator piston acceleration/deceleration to
2000 in/s**2 for the entire stroke

do 80 i=1,iter
calculate new piston velocity history based on reversal limitation
if (i.eq.1) then

val(i,14) = (val(i+1,13) - val(i ,13)) /
(val(i+t, 1) - val(i , 1))

elseif (i.eq.iter) then A
val(i,14) = (val(i ,13) - val(i-1,13)) /
(val(i , 1) - val(i-i, 1))

else
val(i,14) = (val(i+1,13) - val(i-1,13)) /
(val(i+1, 1) - val(i-1, 1))
endif ’

find velocities which exceed limits

if (val(i,13).1lt.knee.and.val(i,14).gt.vellow) then
val(i,14) = vellow

elseif (val(i,13).ge.knee.and.val(i,14).gt.velhi) then
val(i,14) = velhi

endif

find changes in velocity which exceed acceleration limit

if (i.eq.1) then
val(i,15) = 0.0
else
val(i,15) = (val(i ,14) - val(i-1,14)) /
(val(i , 1) - val(i-1, 1))
if (abs(val(i,15)).gt.accel) then
if (val(i,15).1t.0.0) then

mult = -1.0
else
mult = 1.0
endif
val(i,15) = mult * accel

val(i,14) = val(i-1,14) + val(i,15)*(val(i,1) - val(i-1,1))
if (val(i,14).1t.0.0) val(i,14) = 0.0
endif
endif

reconstruct piston displacement history
based on limited velocity and acceleration
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if (i.eq.1) then
val(i,13) = val(i,9)
elseif (i.eq.iter) then
t2 = val(i ,1)
ti = val(i-1,1)
val(i,13) = val(i-1,13) + val(i,14)*(t2-t1)
if (val(i,13).1t.val(i-1,13)) val(i,13) = val(i-1,13)
else
t2 = (val(i+i,1) + val(i ,1)) * 0.5
t1 = (val(i ,1) + val(i-1,1)) * 0.5
val(i,13) = val(i-1,13) + val(i,14)*(t2-t1)
endif

calculate area ratio and lvdt voltage
for rwe function with restrictions

call lookup2 (val(i,13),val(i,16),val(i,20))
build total area ratio function
val(i,18) = val(i,16) + aside
80 continue

return
end
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subroutine linear

include ’areas.h’
include ’const.h’
include ’hist.h’

this subroutine generates a linear rwe closing function
the rwe open area is held constant until shock arrival,
closes linearly between shock arrival and the minimum

open area and then holds constant once reaching the minimum

loop through restricted actuator position history
and find point of maximum extension (fully closed)

actmax = 0.0
do 10 i=1,iter
if (val(i,13).gt.actmax) then
ippd = 1
actmax = val(ippd,13)*1.0001
endif
continue
aramin = val(ippd,18)

if (dbugon) then
write (*,*) ’ rwe reached minimum opening at:’
write (*,%) ’ time (s) > ,val(ippd, 1)
write (*,*) ’ area (%) ’ Jaramin

endif

loop through restricted actuator position history again

if time is before shock arrival, hold comstant at max open
if time is after min opening, hold constant at min open

if time is between shock arrival and

do 20 i=1,iter
if (i.1lt.isat.or.i.gt.ippd) then
val(i,21) = val(i,13)
val(i,22) = val(i,16)
val(i,23) = val(i,18)

val(i,24) = val(i,20)
else
val(i,21) = val(isat,13) + (val(i , 1) - val(isat, 1))
¥ (val(ippd,13) - val(isat,13))
/ (val(ippd, 1) - val(isat, 1))
call lookup2(val(i,21),val(i,22),val(i,24))
val(i,23) = val(i,22) + aside
endif
continue
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return
end
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subroutine lookup2 (a,b,c)

this subroutine finds the rwe open area and lvdt voltage
given an actuator piston position. the first value, a,
in the subroutine statement is the input piston
position, the second value, b, is the returned

rwe end vent area ratio and the third value, c,

is the returned restricted lvdt voltage signal

include ’areas.h’

if (a.eq.actor(1)) then
b = area(l)
c = lvdt(1)
return

endif

do 10 i=2,nend
if (a.gt.actor(i-1).and.a.le.actor(i)) goto 20
if (a.eq.actor(i)) then
b = area(i)
¢ = lvdt(i)
return
endif
10 continue
20 continue

b = area (i-1) + (a -actor(i-1)) *
+ (area (i)-area (i-1)) /
+ (actor(i)-actor(i-1))

c = lvdt (i-1) + (a ~actor(i-1)) =*
+ (1vdt (i)-1lvdt (i-1)) /
+ (actor(i)-actor(i-1))

return

end
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subroutine debug

this subroutine writes the vectors 1 though maxvals
to separate output files for debugging purposes

for normal use of the code, output produced by
the write subroutine is used

include ’hist.h’
character filename*6

do 10 j=1,maxvals
write (filename,’(a4,i2)’) ’rwe.’,j+10
open (11,file=filename,status=’new’,err=40)
do 20 i=1,iter
write (11,30) val(i,j)

continue

close (11,status=’keep’)
continue
format (1x,e13.5,1x,’,?)

return
stop program if rwe output file already exists

write (k,*x) * 2
write (*,%) ’ Unable to open new file ’,filename

write (*,%) ’ Delete rwe output files and run program again.’

write (¥,%) ’> Program stopped.’
stop

end
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subroutine write

include ’areas.h’
include ’const.h’
include ’hist.h’

parameter (nfile = 4)
character*8 outname(nfile)
data outname/ ’rwe.pres’,’rwe.area’,’rwe.disp’,’rwe.lvdt’/

this subroutine write the results to the output file rweout.dat
open output files

do 5 i=1,nfile
open (10+i,file=outname(i),status=’new’,err=30)
5 continue

write header information at top of file

do 6 i=1,nfile .
write(10+i,50)pt/1000.0,tamb-273.15,sat,pmax,aramax*100,aside*100

6 continue
write column headers

write (11,41)
write (12,42)
write (13,43)
write (14,44)

write history data

do 10 i=1,iter
write (11,21) val(i,1),val(i, 3),val(i, 2),val(i,4)
write (12,22) val(i,1),val(i,18)*100,val(i,23)*100
write (13,22) val(i,1),val(i,13),val(i,21)
write (14,22) val(i,1),val(i,20),val(i,24)
10 continue

return
format statements

21 format (4(ix,e11.4))
22 format (3(1x,el11.4))

50 format (2x,’SUMMARY OF RWE OUTPUT DATA’//
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2x,’Ambient Pressure (kPa) =’,ell.4/
2x,’Ambient Temperature (C) =’,el1.4/

2x,’Time of Shock Arrival (s) =’,ell.4/

2x, ’Shock Overpressure (kPa) =’,eil.4/
2x,’Maximum RWE Open Area (%) =’,ell.4/
2x,’Required Side Vent Open Area (%) =’,ell.4/)

DG W N =

41 format ( 2x,’RWE PRESSURE DATA’//

1 14x,’Static’,6x,’Stagnation’,2x, *Dynamic’/
2 2x,’Time’,8x,’0verpress’,3x, ’Overpress’,3x, ’Pressure’/
3 2x,’(s)’,9x,’(kPa)’,7x,’ (kPa)’,7x,’ (kPa) ’/)

42 format ( 2x,’RWE AREA DATA’//

1 14x,°RWE’,9x, Linear RWE’/
2x,’Time’,8x,’0pen Area’,3x,’Open Area’/
3 2x,’(s)?,9%,2 () ?,9%,° (A /)

43 format ( 2x,’RWE ACTUATOR DATA’//

26x,’Linear’/
14x,’Actuator’,4x,’Actuator’/
2x,’Time’,8x,’Position’,4x,’Position’/
2x,’(s)’,9x,’(in)’,8x,’(in)’/)

W N

44 format ( 2x,’RWE LVDT DATA’//

26x,’Linear’/

14x,’LVDT’,8x,°LVDT?/
2x,’Time’,8x,’Signal’,6x,’Signal’/
2x,°(s)’,9x%,’(volts)’,5x,’ (volts)’/)

D WN -

stop program if rwe output file already exists

30 write (*,%) * °
write (*,*) ’ Unable to open new file ’,outname(i)
write (*,*) ’ Delete rwe output files and run program again.’
write (*,*) ’> Program stopped.’
stop

end
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A listing of the file areas.h that contains the common block and parameter definition
to allocate storage for the end vent data lookup table for the PTUBE program.

parameter (nend = 18)

real lvdt

common /areas/ actor(nend),angle(nend),aend(nend),

1 area(nend), lvdt(nend),
aramax,atunl,aside,aramin,ippd

84




A listing of the file const.h that contains common block definitions to allocate storage
for constants used by the PTUBE program.

common/const/gamma,alpha,delta, gm,rair,pt,tamb,al,pi
logical dbugon

c
c only one of the following two lines may be used
c comment out the one which is not wanted
c

data dbugon/.true./
c data dbugon/.false./
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A listing of the file hist.h that contains common block and paramter definitions to
allocate storage for the RWE history data in the PTUBE program.

parameter (maxiter=5000)
parameter (maxvals= 24)
common/hist/iter,val(maxiter,maxvals),isat,sat,pmax

the array val is assigned the following parameters:
val(i,1) = time (s)
val(i,2) = stagnation overpressure (kPa)
val(i,3) = static overpressure (kPa)
val(i,4) = dynamic pressure (kPa)
val(i,5) = mach number
val(i,6) = end vent open area ratio [no restrictions]
val(i,7) = local sound speed (m/s)
val(i,8) = flow velocity (m/s)
val(i,9) = actuator displacement (in) [no restrictions]
val(i,10)= louver angle (deg) [no restrictions]
val(i,11)= louver angular velocity (rad/sec) [no restrictions]
val(i,12)= actuator piston velocity (in/sec) [no restrictions]
val(i,13)= actuator displacement (in) [restricted]
val(i,14)= actuator piston velocity (in/sec) [restricted]
val(i,15)= actuator piston acceleration (in/sec**2) [restricted]
val(i,16)= end vent open area ratio [restricted]
val(i,17)= rwe open area ratio (end and side vents) [no restrictions]
val(i,18)= rwe open area ratio (end and side vents) [restricted]
val(i,19)= end vent lvdt signal (volts) [no restrictions]
val(i,20)= end vent lvdt signal (volts) [restricted]
val(i,21)= linear function actuator displacement (in)
val(i,22)= linear function end vent open area ratio
val(i,23)= linear function rwe open area ratio (end and side vents)
val(i,24)= linear function end vent lvdt signal (volts)

00 0 000000 000000000000 O0O0O0O0a00
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Appendix F: RWEAREA Program Listing
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Program RWEAREA

This program calculates the correct area ratio between the
expansion section of a shock tube or blast simulator and the open
area of a rarefaction wave eliminator located at its

downstream end. In the calculations the RWE is assumed to be

a simple converging nozzle open to the atmosphere at the
downstream end. The flow behind the shock is assumed to be a
one-dimensional, steady, isentropic flow of a perfect gas.

This Program Creates an Output File **(rweout)** which can be
used for Printing the results.

REAL MT, M1

CHARACTER*10 QUEST

CHARACTER*10 QUEST2
OPEN(1,file=’rweout’,status=’0ld’)

Print*, "Enter the Ratio of Specific Heats (GAMMA)"
Readx*,GAMMA

Print*, "Enter the units used for pressure; PSI or'",
" kPa or atmos"

Read*, QUEST

Print*, "Enter the Ambient Pressure (PO)"

Readx,PO

Print*," Enter the shock overpressure (PS)"
Read*,PS

IF (QUEST.EQ."PSI".OR.QUEST.EQ."psi") THEN

PT = PO*(6.895E+3)

P1=(6.895E+3)* (PS+P0)

ELSE IF (QUEST.EQ."kPa".OR.QUEST.EQ."XPA".OR.QUEST.EQ."kpa") THEN
PT = PO*(1.0E+3)

P1=(PS+P0)*(1.0E+3)

ELSE IF (QUEST.EQ."atmos".0OR.QUEST.EQ."atmos.") THEN
PT = 101.33E+3%P0

P1=(101.33E+3) % (PS+P0)

ELSE IF (QUEST.EQ."ATMOS".OR.QUEST.EQ."ATM0S.") THEN
PT = (101.33E+3)*P0

P1=(101.33E+3)*(PS+P0)

ELSE

PRINT#*,"Error in the pressure units; Try again"

GOTO 10

ENDIF

ALPHA = (GAMMA+1)/(GAMMA-1)

BETA = (GAMMA-1)/(2.0%GAMMA)

DELTA = (GAMMA/(GAMMA-1.0))

+

Calculation of the Mach number behind the shock (M1)
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P1T = P1/PT
M1 = (P1T-1.0)/(GAMMA*(BETA*P1T*(ALPHA+P1T))*%0.5)

Calculation of the stagnation Pressure behind the shock (PS1)
PS1 = P1x((2.0+(GAMMA-1.0)*M1%*2.0)/2.0)**DELTA

Calculation of the isentropic Mach number at the downsteam
end of the RWE (MT)

PS1T = PS1/PT

IF (PS1T.GE.1.892936) THEN

MT = 1.0

ELSE

MT = ((2.0/(GAMMA-1.0))*(PS1T**(1/DELTA)-1.0))*x0.5
ENDIF

Calculation of RWE area ratio (RWEAR)

RWEAR = (1.0/MT)*((2.0+(GAMMA-1.0)*MT*%2.0)/2.0)**(ALPHA/2)*
+(M1)*((2.0+(GAMMA-1.0)*M1%x2.0)/2.0)*%*(-1.0%xALPHA/2)

Output Section

WRITE (1,2)
2 FORMAT(/"* * * * * * * * * * * * * *"/)
PRINT*, “"Ratio of Specific Heats (GAMMA) = " GAMMA '
WRITE (1,5) GAMMA
5 FORMAT(/2X,"Ratio of Specific Heats (GAMMA) = ",F12.4)
PRINT*, "Atmosphereic Pressure (P0O) = ",P0O,QUEST
WRITE (1,15) PO,QUEST
15 FORMAT(/2X,"Atmosphereic Pressure (PO) = ",F12.4,1X,A10)
PRINT*, "Incident Shock Overpressure (PS) = ",PS,QUEST
WRITE (1,25) PS,QUEST
25 FORMAT(/2X,"Incident Shock Overpressure (PS) = " ,F15.5,1X,A10)
PRINT*, "Mach Number Behind the Incident Shock (M1) = " ,M1
WRITE (1,35) M1
35 FORMAT(/2X," Mach Number Behind the Incident Shock (M1) = ",F12.4)
IF (QUEST.EQ."PSI".OR.QUEST.EQ."psi") THEN
PS1 = PS1/(6.985E+3)
ELSE IF (QUEST.EQ."atmos".OR.QUEST.EQR."atmos.") THEN
PS1 = PS1/101.33E+3
ELSE IF (QUEST.EQ."ATMOS".OR.QUEST.EQ."ATM0S.") THEN
PS1 = PS1/101.33E+3 ,
ELSE IF (QUEST.EQ."kPa".OR.QUEST.EQ."KPA".OR.QUEST.EQ."kpa") THEN
PS1 = PS1/(1.0E+3) ‘ .
ENDIF
Print*, "Stagnation Pressure Behind the Incident Shock (PS1) = ",
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+P51,QUEST
WRITE (1,45) PS1,QUEST
45 FORMAT(/2X,"Stagnation Pressure behind the Incident Shock (pS1) =",
+F12.4,1X,A10)
Print*, "Mach Number at the Throat (MT) = ",MT
WRITE (1,55) MT
55 FORMAT(/2X,"Mach Number at the Throat (MT) = ",F12.4)
Print*, "Ratio between the Expansion Section Cross Area and the"
PRINT*,"RWE Open Area Necessary for Proper Operation'
PRINT*," (RWEAR) = " ,RWEAR
WRITE (1,65) RWEAR
65 FORMAT(/2X,"Ratio between the Expansion Section Cross Area and"/
+5x, "the RWE Open Area Necessary for Proper Operation'/
+5X,"(RWEAR) = ",F12.4)
WRITE (1,2)
Print#*, "Calculate RWE area ratio at another shock overpressue 7"
Print*, "Answer yes or no"
Readx, QUEST2
IF (QUEST2.EQ."yes".OR.QUEST2.EQ."YES".OR.QUEST2.EQ."Yes") THEN
GOTO 10
ELSE
CLOSE(unit=6)
ENDIF
STOP
END
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