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FOREWORD

“This ré‘port summarizes the results of a study mrformcd”by Caywood-Schiﬂcx Division
of A.T. Keamey, Inc. under U.S. Air Force Contract F33615-73-C-2078. The work was

~_<onducted between 1 July 1973 and 31 March 1974, under the direction of the Air Force
~ Aero Propulsion Labomtory, with Mr., WGandec (AFAPL/SFH) actmx as Proj;ct,

Engmeer

‘ "~ Work was sponsored by JTCG/AS as p.m of the 3-year TEAS (Test and Evaluanon‘
© Aircraft Susvivability) program. The TEAS progran was funded by DDR&E/ODDT&EL. The

effort was conducted under the direction of the JTCG/AS Vulnerability Assessricat Sub-

‘group, as part ‘of TEAS element 5.1.6.6, Development of Models Jor Assessment. q{ the
' ,bemmbwn of Am:qut Fuel Systems. '

, A study was conducted to develop a dynamu. model of the vulnerabxhty of an anrcnft |
" fuel system to threats posed by hostile weapons. Improvement was achieved in tmatmg fuel

system vulnerability. Fusther development of the fuel system model is recommended.

'DISCLAIMER

" { Estimates in this report are not to be construed as an official
- | position of any of the Services or of t.hc Jomt AMC/NMC/
| AFLCIAFSC Commanders.

NOTE.

Information and data coatained in this document are based |
] on reports available at the time of preparation, and the re-
sults may be sub:ect to change. ‘
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— This report presents the results of a study to develop

dynamic ‘model of the vuincrability of an aircraft fuel system to

the threats posed by hostile weapons. A Monte Carlo model was

developed to. calculate the probability of hit along segments of a

specified flight profile at cach point where a specified weapon

system could pose a threat to the fuel system. An Air Force devel-

oped computer model (Well-Stirred Fuel Tank Model) is used to

compute fuel state in cach fuel tank under study at increments

along the flight path. These are used as inputs to the Monte Carlo
model.

Given that a hit takes place, the probable trajectories (liquid-
air, Liquid-liquid, and air-air) are calculated, and the probabilities
of lethal outcomes (explosion, internal fire, external fire, leak) are
computed. The model ranks the most likely events, and a hazard
index is gencrated which portrays the most important threats to
the fuel system on the specified flight path. ‘

The resulting model gives an improved measure of the impact
of fuel state on the vulnerability of a fuel system on aircraft
vulnerability. It does not incorporate consideration of the effects
of fuel slosh, vibration, or vent geometry. Further refinement and

* development is recommended.

\

\

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Dete Entsred)




B

L ':‘-'“'-r-smm R

R i ks SR

introduction. ....... e PP
Purpose
Background

JTCG/AS-74-VO11

CONTENTS

WSFT Program . ........ e et e e .

General
Inputs Required
Qutput
Inherent Assumpttons and Limitations . . ..

Vulnerability Model
Utility

...................................

------------------------

..............................................

.......................................

Inputs . .. .............. e et
Weapons . ......... e e e e .
Alrcralt o e e i e

Program Qutput
Coordincte System and Azimuth-Elevation Convention . .

Trajectory . .ooviiin i
Geometry of Solid Shot Encounter
Geometry of Fragmenting Warhead Encounter ..

Probability of Fragment Damage to Fuel Tanks

........................

........................................................

.....................

...............................

‘Applications . ....... et

Conclusions
Appendix: Program Listing and Sample Case

.....................

---------

Figures:

1.

-

oo

3.

Example of a Set of Inputs for WSFT Program
Example of WSFT Program Normal Ou;put Report ..
Moving Coordinate System . ...
4. Static and Dynamic Fragment Emission

.....

...............................

Tables:

1.

2. Fuel Tank Vulnerability Model (Report 1) ..

Variable Names and Definitions

.....

.....................

3. Fuel Tank Vulnerability Model (Report 2)

R ey AL

------

...........

..........................

TS

T IR LI ot - I g




-

et

TEST

1:5"% LA R R T R R o
Bt e T ik

JTCG/AS-74-V-011

- INTRODUCTION
l’UR POSE

This re pmi ‘presents the results of an exploratory study to develop 4 dynamic represen-
tation.of the vulnicrability of an aircraft fuel system to hostile threats.

¢

BACKGROUND

- Some analytical studies use gross aggregation in representing the vulnerability of an
aircraft fuel system, Typically, a fixed percentage of fuel is assumed, empty and external

fuel tanks ignored. and the wide variation in probability of a reaction within the various

kinds of fuel tanks is compressed to a single probability of fire given a hit. Also, distinction
in hazard between liguid fuel and tank ullages, influence of tank wall and liquid temper-
atures on the ullage composition, tank overpressure caused by internal fires, and cftect of
venting are largely ignored. ‘Analyses conducted under these simplifying assumptions are
valid, and study results are reliable and important; but more precise representation is
required for test planning, fuel system design, and detailed examination of the fuel system
vulnerability area. The greater accuracy of a dynamic fuel system vulnerability model will be
beneficial in future aircraft development studies because delineation of specific vulnerabil-
ities and more precise measurement of previously identified vulnerability will be possible

In performing this background study. the WSFT (Well-Stirred Fuel Tank) computer
program, developed for the Air Foree by Dynamic Science, Inc., was considered the most

~accurate representation of internal fuel state. The WSFT program does not consider tinc

hostile threats; therefore, a vulnerability model was constructed to combine the WSI~T

prog,ram fuel states with anticipated thrcats

WSFT PROGRAM

| GENERAL

The WSFT program, which is an integral part of the fuel vulnerability model, was
developed under a prior AFAPL study!. The program determines the fuel-to-air ratio in the
ullage space of a fuel tank as a fun<tion of time for a particular input mission profilc and
describes ‘the state of fuel and vapor space in fuel tanks, accounting for mass and energy
transport due to:

(1) fuel evaporation

- (2) venting effects .
(3) heat transfer between ullage, tank walls, and liquids
(4) outgassing as dissolved air is removed from the liquid as the aircraft climbs.

The program does not consider interaction of a fuel tank and an ignition source, such as in
an incendiary projectile. The fuel vulnerability model developed in this study combined the
interaction of threat and fuel tank.

lAir Force Acro Propulsion Laboratory. Analvsis of Aircraft Fuel Tank Fire and Explosion Hazard, by T.C. Kosvic,
L.B. Zung, M. Gerstein. Wright-Patterson Air Force Base, OH, AFAPL, March 1971. 75 pp. (AFAPL-TR-7i-7, publication
UNCLASSIFIED.)
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INPUTS REQUIRED

Busic inputs required by the WSET program are:
1. Altitude profile of aircraft

154

Liquid temperature history

Skin and structure temperature

Vapor pressure relations of liquid fuels

Ullage volume and ¢xposed surfage area 'schedule

Vent size

R

Internal heat transfer coefficients between ullage and tank structure.

Standard FORTRAN IV NAMELIST is used for all input data to the WSFT program.
The variable list and definitions for the input data under the NAMELIST name DATA are
presented in Table 1. An example of a set of inputs to the program is provided in Figure 1.

OUTPUT

The normal output of the WSFT program is a report for each print time throughout
the mission profile. Each report describes the state of the fuel and vapor space at that
particular time in terms of air and fuel partial pressures, fuel vapor pressure, fuel-to-air ratio,
and mass and mass flux of fuel vapor that has been vented, evaporated, outgassed, or

condensed. In addition to these parameters, the altitude, speed, and amount of fuel used are

printed out. An example of the printout of this report is shown in Figure 2. The WSFT
output parameters used for the vulnerability model were the fuel-to-air ratio and the
amount of fuel used as a function of time. Tables of fuel-to-air ratios and the percent of fuel
remaining in each tank as a function of time were generated. These tables were stored on
magnetic tape and used as input to the fuel vulnerability model.

INHERENT ASSUMPTIONS AND LIMITATIONS

The WSFT program assumes 4 homogenous mixture of fuel vapor and air. The mixing
of air and vapor is assumed to occur rapicdly with no appreciable difierence in fuel-to-air

~ ratio within the ullage volume. The prograin is particularly applicable for shallow tanks or

tanks where ‘e ratio of ullage volume to iiquid fuel surface is small. It was considered
beyond the scope of this study to develop a new model which would incorporate the
concept of a stratifiad ullage space of different fuel-to-air ratios.

The effects of vibration and slosh on the fuel-to-air ratio are not included in the WSFT
program. One of the inputs required is the liquid temperature history of the fuel in the tank.
This information must be provided by the user; it is important because aerodynamic heating
or cooling may have a significant influence on the temperature of the fuel and heat sources
within the aircraft. These factors should be considered in the development of more sophis-
ticated models for determining fuei-to-air ratios.

2
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Table 1. Variable Names and Definitions.

corresponding to fuel
temperature table

Name Definition Units
SDATA Ident of data block "
RGAS Universal gas constant ft-lbm/lb-mole °R
EMWA Mass of air tbm/lbm-mole
EMWF Mass of fuel Ibm/Ibm-mole
CPA . Specific heat of air BTU/Ibm °R
CPF Specific keat of fuel BTU/lbm °R
“TA ‘Temperature of the ullage °F
HIJ) Hj heat transfer film BTU/ft2 hr °R.
coefticient 4
J=1, to fuel surface
J=2, to side of tank
J=3, to top of tank
20G Set equal to one
nv Diffusion coefficient
CDELTA Characteristic length for
evaporation :
KTANK Set equal to zero
GALO Initial volume of fuel
BETA Bunsen coefficient
CONI1 Outgassing coefficient
CON2 Solution coefficient
TVENT If TVENT=0, incoming air will be
calculated from altitude
and Mach number schedule
If TVENT#0, all incoming air
will have temperature=TVENT
TFQ,1). Table of time values
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Table 1. Variable Names and Definitions (Continued).

Name Definition Umits

TF(1,2) Table of fuel temperatures at %
times corresponding to TE(L1)

TSIDE(1,1) Table of time values hins
corresponding to tank side
temperature table

TSIDE(1,2 Table of tank side temperatures . °F
at times corresponding to TSIDE(L,1)

TTOP(1,1) Same as TSIDE except applies.

TTOP(1,2) to top of the tank '

ALT(1,1 )‘ Table of times corresponding hrs

: to altitude schedule table

ALT(1,2). Table of altitudes at times KET
corresponding to ALT(1,1)

GALDOT(1,1) Table of time values hrs
corres] onding to fuel usage

GALDOT(1,2) Table of fuél usage at times gal/hr

. corresponding to GALDOT(1,1)

EMINF(1,1) Table of time values hrs
corresponding to flight
Mach number schedule

EMINF(1,2) Table of flight Mach numbers None
at times corresponding
to EMINF(1,1)

PVAP(1,1) Table of temperatures corresponding °F
to fuel vapor pressure

PVAP(1,2) Table of fuel vapor pressure psia
corresponding to PVAP(1,1)

TO Initial time for start of hrs
integration

TMAX Final integration time hrs

DT Time step for integration hrs

DTPRNT Print time interval hrs

AV Area of the vent ftd

DELHF Heat of formation of fuel BTU/lbm

4
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Lable 1. Variable Names and Definitions (Continued).

Name Definition

Units

ULLGH Ullage length ft
ULWID Ullage width ft
ULHT Ullage height ft
S End

SDATA
RGAS=1545, -
EMWA=28.966,EMWF=72,
CPA=0.24,CPF=0.49,
TA=60, '
HJ=3%2,
ULLGH=10.0,ULWID=10.0,ULHT=0.55,
DELHF=1,
Z20G=1,
AV=0.16,
DV=Q.3,
CDELTA=0.01,
KTANK=0,
GALO=5573,
BETA=0.16,
CON1=1000,CON2=0,
TVENT=70,
TF(1,1)=0,1,2,3,4,5,6,7,8,9,10,11,12,
TF(1,2)=60,60,58,48,48,45,15,18,20,25,110,130,120,
TSIDE(1,1)=0,12,TSIDE(1,2)=70,70,
TTOP(1,1)=0,12,TTOP(1,2)=70,70,
ALT(1,1)=0,.1,.3,.5,1,4,5,6,8,8.3,12,
ALT(1,2)=0,8,20,22,22,20,18,20,22,.25,.25,
GALDOT(1,1)=0,8.3,8.31,10.3,10.31,12,
GALDOT(1,2)=0,0,2779,2779,0,0,
PVAP{1,1)=17,41,67,96,129,166,PVAP(1,2)=.25,.60,1.1.2.0,4.0,8.0,
EMINF(1,1)=0,.5,12 ,EMINF(1,2)=0,.85,.85,
TO=0,TMAX=11 DTPRNT- 2%,D7=001%

* A header card must be present for each run on the WSFT program. The subsequent data
cards contain the variable nsmes and corresponding values required by the model. The data

is punched on ¢urds beginning in column two.

Figure 1. Example of a Set of Inputs for WSFT Program.

d Sl RS i b daien e R L S LA T e e o ok bt U e B B n i ;

¥
;{
{
!
;
i
t
i E

PTSr rEE
. e 3

S 3 o ARG T L6 I F O BT ot 2

T
s
g .
%"
3 3
x5
id
§ -2
2
: 3
1
£ g
T2
i
1 5
3
2
7 2

$

B i SR il SO R Y st R B) ..oc

Y




‘js0day wndinQ [eutioN werdosd L4SM Jo djduexq -z andig

10-3Y98LE 10+398v1C [eloL
0 0 pasuapuc)
‘0 10+39029G° passebinQ
L0-30CvSe - 10+3¥9L61° palelodenl
1038629 10+32.566"- Paluap
ayysbn .
= i:p_.“ ﬂn_as_ sbnys “ssei
Q
z
<
5 (1u/1e6) ‘0 ‘0 pasn suoj(en 0
< (/e ‘0 (£¥) Z0+30055’ awnjoA
Y (4u/4 ) 00+300Z16" (d,) €0+306525 aimesadwa |
& {4u/ysd) 20+3GLLST (s5d) £0+39L€16 ainssaid
- (34/Y4) £0+3£9999- (1) G0+300512° apmn|y
3AljeAla( anjea
3
: juadsad-ssew |210Y
w A 10+3612EC = o1ies jpny-iy Lv89°L-= lcu13 uonesbaiug
W £0+398¢EL = ainssaid 1odea [an4 (quel ojuy aAlisod) (1y/Y) G809°L = A1I120J9A JUB A
£0+3vevEL = aunssasd (enjsed (an4 00058° = Jaquinu yoey
= ainssasd jerued sy 00SL°L = siy awiny

£€0+3288LL

—




JTCG/AS-74-Va) i

VULNERABILITY MODEL

.

UTILITY

The vulnerability model was designed to ascertain the most hazsidous phises of a
designated tlight protile, given a specific aizoratt and a specified set ot hostile weapons, It is
mtended tor use in support of Lboratory sesting, both to reduce the namber of tests
required and to eliminste unnecessury tests,

INPUTS

Tou prepare tor model runs, it is necessary to have input information ‘o severai catego-
ries (L., mission, weapons, snd aircraft). See the Appendix for program listing and sample
L.

In addition to the input from the WSFT program, the vuinerability model requires
input ntonmation regarding ignition and dewonation probabilitics as functions of residual
penetrstor energy, and hydraulic ram probability as a function of impact kinetic energy. It
4o Tequires g geometric deseription ot the iuel system and the hostile weapons under
vonsideration.

Miss)

The light profile must be selected; whicis includes altitude, velocity, and time of the
target aircraft during the period when hostile weapons may be expected.

Weapons

The modd) wili accept any mixture of kinetic energy penetrators or fragmenting war-
heed weanens i a sector of attack determined by a range of permissible azimuth and
clevation wngles for cach hostile weapon system.

KINETIC ENERGY WEAPONS. The parameters « ‘hich characterize the kinetic energy
penetrators (¢.g., ball, AP*, and API-) are: mass of the penetrator, time of incendiary
ignition and incendiary bumout (relative to initial contact), muzzle velocity, drag
coefficient, and a table of mil aiming errors as a function of target velocity. For each shot,
the azimuth and elevation angles are taken from uniform distributions within the prescribed
limits for the firing weapon system. The probable aiming error is calculated from the table
of mil errors. A particular Dy (miss distance) is chosen from a normal distribution
characterized by this probable error. A point is chosen at random on the circumference of a
circle having a radius equal to the DM and lying in the plane perpendicuiar to the relative
velocity vector, This point and the relative velocity vector determine the trajectory. If the
trajectory intersects any of the fuel tanks, a hit is said to occur on that tank. If a hit takes
place, the geometry of the situation and the conditions within the fuel tank determine
whether a particular damage mechanism occurs.

* Atmor-piercing and armor-pietcing incendiary.
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%RA(,MFNTNG WARHEAD WEAPONS. The parameters which characterize the frag-
. mc.nung warhead “weapons are: (1) awrage fragment mass, (2) fragment static ¢mission

awelocity, 435 fragmént slowdown constant, (4) static fragment Spray limits, ¢5), awerage static /
fmsmcgi dmsxty[g.ter w:x (6) muzzle welocity of pmijectle, (7% slowdowr constant of - pro--
;ectde (8) ai sy sigma, .md 9y fuzmg sigma. For each shot, a trajctory i chosmi as \mh

“the wodid shot ucapons using the aiming sigma in place of -the iabk of mil errorsi A by '
point is chcsen along the, tnjectory from o normal dmnbuuon using the fuzing sigma. For
. &ach foel task;: the travel-tisie: squatwn of the "ragmepts ls~$0§ved ‘using an iterative proce»,
N dure:. ’l’he expu.ted numt;;:t oi hn;s on'each tznk is: calcuﬁated t.tns number md the '

L | e e

The', tasget aitiraft s 1anks. , | ‘
. -pzraﬂelepzped chataciernized by the coordmatcs of its center, and by, xrs hngth wid,lh and’
Jeight,, Constints,. which mpst be: supplicd by the user, aré stored; ﬂpy represent, for'the
aspect of ‘vach’ tank, whether au extemal ignition source is present, and the distance of that

.aspect from the skm of the aircraft. The target is further Characterized by the target velocity | i
and by the cnergy vels{.n.guued to pmduce peuettahonzof each iuelhnk a;nd bydmuh&

S Thcxe ‘are mo reports gsmerawd by thc: pﬂbmm; Report
for each tank as a function of time. {See. Table 2). Report 2.is a summaxy ‘of each pon-zeto
hazard incident. /See Tabie 3.3 It snows the fuel state at the #isie of the incident, summa- . -
. Tizes the probable trajectories through the tank if impect ‘occurs, and prcsems ‘probabilities " ..
of nc effect, leak, extemal fire, Lostructive ram,.and internal ﬁte[exploslon . These proba»ﬂ A
- Tnlities are caleulatsd s m; averdge over several Monte Carlo triaks for€ach combiniation of: = ;.
0 fuel tank, weapon, and time intervals resulting in a non-zero Py (probabhility of ahityon the | -
fu? tank.. A sun;maxy oiall Reportz ontputs s madc mwngmg ha,wds m dgscendmg TR
‘«'mer o T Lo

'

0 por sobd shiot weapons, the probabth:s of liquid and vapor exit are g;\en On the o ‘ (
basis of all these probabilitics, a hazard index is calculated; which-indicates, oni a scale of .
", Zero thirough one) i n:kmvc lzkehhood oi lezhz! damase occumng to thr axrcraft asa result o

ofthiseasoupter, UL . P

e j"‘COORD!NATl: svsrm AM) Azmtml va,mom couvwnox S AR

The coordinate. system used in this model has its ongm at the cmter of gramy of thc .

taspet aircraft; therefore, it is a moving coordinate systemi. The X axis is positive in the

.. ditection of tnwel {See Figure 3.) The Y axis is positive in the dixcction of the left wing,
ami the Z axis is posmve in an upward direction.

_ In the analysis, the orientation of certain vectors: mth respect to certain axes is some-. . o
times expressed in terms of dirtction cosines and in ferms of azimuth-elevation; thus, Sk

vonversion between these terms is G aired. The sign convention for azmmth—elevauon needs

definition because all users do not nse identical conventions.
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F i
¢ _§ ¥ 3
- ?25 .
| p o
F _ ' Figure 3. Moving Coordinate System.
¢k |
ﬁz Consider the X, Y. and Z axes and the VSH (shell velocity) having direction cosines

2 By, py, and py. The El (clevation angle) is the angle between the vector and the XY plane.
! %’Ei It is considered positive if the vector has an upward component, and negative if it has a
;l:_., . downward component. The Az (azimuth angle) is the angle between the projection of the
ol vector on the XY plane and the negative X axis. It is considered positive if the vector hus a ]

b component in the -Y direction. !

¥ ‘ '
Y The relations between the direction cosines and azimuth-¢levation can be derived by
‘ - resolving the unit Vg into its components along the coordinate axes. The magnitude of the ~
‘ F ~Z axis component is |sin El |, while the projection in the XY plane is |cos El}. The latter 4
g component may be projected on the X axis to yield cos El cos Az and on the Y axis to %
S yield |cos El'sin Az|. Thus, the unit vecior has components along the X, Y, and Z axes §
T ) whose magnitudes are |cos El cos Az|, |cos Elsin Az|, and |sin El|. Taking the sign ¥
3 f’? ' conventions into account: : B £
T g

§ ux = -cos El cos Az M |
§ py = -cos Elsin Az
i ,
w uz =sin El
%ﬁ ] .
fg';g" These equations permit calculation of the direction cosines if Az and El are given.
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TRAJECTORY
For a single shot, it is assumed that Az and El ure umtormly distributed between the

limits AzMIN, AzMAX. EIMIN. and ElMax. El is found by sdu.tmg an ru (r.mdom
number) umfomxly dlbtﬂbuttd between zero and onc and u;mg itin:

El= luva + ru(l:lM AX- EleN) | ' @y
Az is found by selccting another ry, for use:
Az=AzyN l‘u(ALMAx AZMIN) . , o )
The du-ectnon cosines py. my, and p 2 can be calculated from equations (l), (2), and (3).

The VSH has magnitude VSH and is expressed in equation (6), where 1, i andfc.
represent the unit vectors in the X, Y, and Z directions, respectively. The VT (target
velocity) has magnitude VT, is in the X direction, and appears in equation (7):

VSH = Vsiiuy 1+ Vsyuy I VSHug k - 3 (6)
vr=vri | ST (o)
- The ‘VR (relative velocity) has magnitude VR, and is defined and evalué'ted as follows:

- - - g ¥ 't

v =\fv2 2 S
VR'WSH’ZVSIiVT“X+VT » O

Let A, B, and C ke the direction cosines of VR with respect {o the X, Y, and Z axes.

v .V ‘ - :
_VsHux- VT
A ——L—-—VR | (10)

VSH uy
VR

B= an

VSH #z

The Dy is the closest approach distance of the trajectory to the aim point which in
this case, is the center of gravity of the target. The method used to choose a value for Dy
depends on the weapon type.

12




“given by

| The Ep (probable aiming error expressed in units of linear measure) can be calculated from:

" trajectory for a single shot.

JTCG/AS-74-V-011

For the weapons with fragmenting warheads, an o, (aiming sigma) is an input. The
value of DM is chosen randomly from a normal distribution having mean zerv and standard
deviation g A.

The solid shot weapons are characterized by a table of mil errois as a function of target
velocity. The Ep (probable aiming error expressed in mils) can be found for any VT by
interpolation in this table. Let the altitude of the target be H, and the Rg (slant mnge) is

‘Rs=H/sin () - o - | . (13)

Ep=0.001 Rg Epy o - (1)

For normal disiribution, the Ep is equal to 0.675 standard deviation units. Thus, for the
aiming error: :

ar=Epl0675 | Cas)

Given the aiming error, the D) defines the radius of a circle in the plane perpendicular to
the VR and centered at the aiming point. The following procedure chooses a point (Xg, Yo,
Z,) at random on the circumference of the circle. This point and the VR defines thé¢

Select an ru umformly distributed between zero and one. Let ¢=2rry. A,B,and C
are the direction cosines of VR as caiculated from equations (10), (11), and (12) IfC+#1,
let:

A

V=t aTeeT
sin ¢ = JTaf—B?

Then, : ‘ :
= |Dp| [Ccosé cos  +sin ¢ sin ] | {16)
= |Dy | [-C cos @ sin ¥ +sin ¢ cos Y] an ,‘
IfC=0, | | §
Zo = |DM | cos | (18) H
Otherwise, | o X
Zo = (-AXg - BY)/C (19) 1
: i
13

e et -
f ok B, o, 0




JTCG/AS-74-V-011

If C = 1, the following equations apply: -

IR G 1

i Xo= |DM| cos ¢ N o (20
E} Yo= |DM|sin ¢ | Lo - | Q@b
£y _ ‘ | ‘

K Zo=0 ' B (22)

E,t
]
N
.

" ‘GEOMETRY OF SOLID SHOT ENCOUNTER

For solid shct weapons, a hit is said to occur if the trajectory intersects any fuel tank.
Consider the case of one tank having dimensions LT, WT, and HT, and centroid located at
(XcG, YeG, and ZcG). For a given trajectory there are, at most, three faces of the tank
through which it is possible for the shell to enter. These can be determined from the
direction cosines ot the VR as shown:

<0 ‘ =0 >0
Front No intercept with fron¢ or rear ‘ Rear
Left No intercept with side Right
Top No intercept with top or bottom Bottem

The procedure for determining whether a hit occurs is to find the coordinates of the .
points which represent the intersection of the trajectory with those planes (taken from
Table 2) in which the faces of the tank lie. These points are examined to determine whether
“they fall within the bounds which form the faces of the tank. For example, the planes which
contain the top and bottom fuces of the tank are parallel to the XY plane, and their
equations are, respectively: '

Z=17cg+HT/2 (23)
Z=12cG-HT)2 ‘ \ (24)

The equation of the trajectory s:

X-Xa.Y-Yo_Z-Zo R
A B T (25)

Let (XN, YIN, ZIN) be the intersection point of the trajectory with whichever plane, (23)
or {24), is encountered by the shell first. Then, using Table 1 and equations (23) and (24):

LIN = Zeg + HT/2, <0
ZIN=ZcG - HT/2, (>0

14
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Substituting tnis value of Zpp into equation (25):
XIN=A/C(ZIN-Z0) + Xo
YIN=B/ICAZIN-Zo) + Yo

If C is equal to zero, the trajectory is parallel to the top and bottom faces and the point
(XIN. YIN, ZIN) does not exist. This point indicates a hit on the top or bottom face of the
tank if the following conditions are satisfied:

XCG - LT/2< XIN € X¢G + LT/2
YCG-WIT2ZKYINSY(CG + WT/2

If a hit is not found on the top or bottom face, the sides and the front/rear faces are
checked by a procedure similar to the above. If a valid entry point is found for one of the
three possible faces, the other three faces are checked to determine the exit point. Based on
the percent of fuel remaining, it is determined wiether the entry and exit points are above
or below the fucl.

GEOMETRY OF FRAGMENTING WARHEAD ENCOUNTER

The method of treating the fragmenting warhead is to determine the burst point and

“solve, using an iterative procedure, the equation which relates distance and time traveled for

the fragments. Having solved this equation, and knowing the fragment density, it is possible
to calculate the expected number of hits on a tank and the probability of a kiil.

The standard deviation of the fuzing error along the trajectory is oF. The aiming point
for this type of weapon is not assumed to be the center of gravity, but is input as (XFysE,
YFusk, and ZFysg). The error along the trajectory due to fuzing is taken from the point
of closest approach to (XEysg. YFUSE. and Zgysg). This error, DF, is chosen at random
from a normal distribution having mean of zero and standard deviation of. For a burst
point located by X*, Y*, Z*:

X* =Xo + YFUSE * DF (ux - VT/VSH)
Y* =Y+ YFUSE + DF ny
L* =1y + ZFUSE + DF pz

The explosion of a static fragment warhead yields a characteristic spectrum of
fragment mass, angular density, and emission velocity. The explosion of a moving fragment
warhead alters this spectrum by virtue of the velocity of the velocity of the projectile. It is
necessary to determine the interaction of this altered spectrum with the target. The
relationship between speed and direction of the projectile, and the speed and direction of an
emitted fragment are derived using Figure 4. The VE.(fragment emission velocity) and the
angle @ arc those observed in a static explosion: while, through vector addition, Vo
(observed fragment velocity) and angle ¥ occur in a dynamic explosion.

15
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Figure 4. Static and Dynamic Fragment Emission.

The law of cosines applied to Figure 4 yiclds a quadratic equation for Vq:

Vo= Vg cosy \ﬁVSH cos 7)3 + V% - V%H

If Vg < VE, as is usually true, the negative root leads to a negative velocity which is ruled
out. Thus, cquation (26) is valid and emission velocity is single-valued for a given 4 when
VSH £ VE:

Vo= Vgycosr+ \/‘VSH cos NP+ VE- vy (20)

->
Another relationship results from Figure 4 by summing vector components in the VGH
direction:
Vg cos vy - VgH
VE

cosf = (27)

The fragment ballistics must be considered. A stationary x, y, 2z coordinate system is
employed. This coordinate system is defined to coincide with the X, Y, Z system at the t=0
(time of the explosion). The explosion point in the x, y, z system is at (x*, y*, z*), where:

x* = X*
y*=Y*
2* = 2

16
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The target4is represented by a set of fuel tanks, and the location of each tank is
designated by the coordinates of its center of gravity. It must be determined whether each
tank is hit by the fragment spray, and if so, what the expected number of hits will be.

Using this procedure for one tank, consider a tank located at point (XCG, YCG, ZCG)-
At t=0, the tank coordinates in the stationary system are (x, ¥, z) = (XCG, YCG, ZCG)- The
tank is moving in the +x direction; therefore, the hit point occurs one time-of-flight later at
point (X, v, 2) = x}i, YCG, ZCG)- At this point the fragment has traveled a distance L,
where:

xg=XcgtvTt (28)
L=Vixy-x*)2+(Yog - y*)? +(Zcg - 2*)2 (29)

The direction cosines, with respect to the x, y, z axes, of the line from explosion point to

hit point are 8x, By, and fz:

lg’(___le-‘x‘l : , : (30)
ﬁy=Y0Ly‘ i C (31)
Lozt SCY))

Z

With the di.ection cosines of each vector known, the angle v (Figure 3} » given by
taking the scalar product of the vectors:

cosy = py By + py By + 1z B Gn

The distance-time relationship, which describes the fragment travel, can be derived. By
equating the inertial and drag forces for geometrically similar bodies, it can seadily be shown
that the logarithmic derivative of velocity with travel is proportional to the air density, and
inversely proportional to any characteristic length of the body. The proportionality
constant is determined by the drag coefficient, the mass density of the body, and the
geometrical shape. Thus, for fragments having some characteristic mass spectrum, 2 sea level
slowdown constant (k) may be introduced whose value will be independent of mass:

dinV_ . p
dL m!/3

where V is the velocity of a fragment after traveling a distance L, p is the reiative air density,
and m is the fragment mass. This may be integrated at constant drag coefficient to yield the
velocity-distance equation for fragments, where V, is the initial fragment speed:

In(V/Vg)=-k p L/m}/3

17
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This equation is integrated once more to obtain the desired result:
B Vot = eBL-1 (34)
where

The criterion for a hit and all corresponding properties are determined by simultaneous
solution of equations (26), (28), (29), (30), (31), (32), and (34). No analytic solution to
this system has been found, but an iterative numerical solution can be employed.

The numerical method is the Newton-Raphson technique. The formulation of this
method, as applied to fragments, has been tested and found to give rapid convergence even
with inputs which were known to be troublesome by previous methods. The Newton-
Raphson method obtains the roots of F(t) =0.

The classical method takes the Jth estimate of the root tJ and extracts the (J+1)
estimate t(J+1) by means of equation (35):

J+1) = ¢(J) . F(t))
t(3+1) = t(J) F(TJ_)_ 39

The procedure is repeated until successive estimates are considered to differ negligibly.
Application of this method to the fragment bailistics required suitable choice of F(t). The
travel-time relation (34) is chosen and rewritten as the F function:

Ft)=In(1+BVgt)-BL (36)

Differeatiation yiclds the time derivative:

Vo +Vgt -
°o__29 -L] 37

Ho= B[m

The two time derivatives in equation (37) must be evaluated from the other relations that
must be satisfied.
Differentiation of equation (26) at constant VE yields:

v [ -Vo VsHsiny 1,

© =| Vo-VsHcosy | 38)
Differentiation of equation (28) yields:
XH = VT 39)
Differentiation of equation (29), and use of (30) and (39) yields:
L=px VT (40)

18
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It can be seen that while L is known in terms of non-derivatives \"o is known in terms of 7.
Thus, to complete the evaluation of equation (37), it is necessary to calculate 7.

Differentiation of equations (30), (31), and (32), and using (39} yields:

By X"-r—fl‘—L- 41)

By = -‘-3{— | | (42)

b=t 43)
Differentiation of equation (33) and employing (41), (42), and (43) gives:

,§,=LC°S7'“" VT 44)

L sin 4

The final results are obtained by eliminating L and 7 between equations (37), (38), (40),
and (44):

F(t) = B Vo * Vo By V 45)

O=B 1TrBvy " (

. Vo VsH V .

Vo = [ 0 ?.H T] [ Hx 6x0087] 6)
Vo - VgH cos v

Thus, the Newton-Raphson method for fragment ballistics employs the system of
equations (35), (36), (45), and (46).

The method used to determine the hit point of a given fuel tank for a fragment of a
given mass is:

a. FEstimate time-of-flight (t).
b. Calculate hit point coordinate (x}) from equation (28).
¢. Calculate fragment travel (L) from equation (29).

d. Calculate direction cosines (Bx, By, and Bz) of fragment velocity from equations
(30), (31), and (32).

e. Calculate dynamic fragment emission angle () from equation (33).

f. Calculate dynamic fragment emission velocity (V) from equation (26).

19
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g Caiculate F(t) from (26) and Vo from equation (46).

h. Calculate !':(t) from equation (45). If F(t) '< 0, there is no hit point and the
fragment has missed the fuel tank.

i. Make new estimate of time-of-flight (t) using equation (35). If the new t<0, score a
miss; otherwise, compare with the previous value of t. Jf two successive values are in
agreement (e.g., result in a difference of less than 0.5 foot in the hit point), the process is
considered to have converged and the most recent valuc of t is saved as the solution.
Otherwise, iterate again at step c.

It is important to make a good estimatce of the time-of-flight for step a. The method used for
the first estimate is to take the analytic solution for the case of zero fragment slowdown.

The distance-time relationship for the zero slowdown case is:
L= Vot } ' “47)

With a substantial amount of algebraic manipulation, ¢quation (48) is combined with (26),
(28), (29), (30), (31),(32), and (33) to yicld:

Kit2+Kat+K3=0 ’ (48)
where

Ki-VR-VE
vt )
K2=-2VsH [(""'VS—H) {XCG - x*) +py (ch-y'*)wy,(lcc;-Z‘)]

K3 = (XCG - x*)2 +(YCG - y*)? +(Z(G - 2*)2

The solution to this equation is:

t:-KL+ 5—2—) - K—3
2Ky 2K} Ky

The smaller positive value of t from the above solution is used as the initial estimate for the
iterative procedure.

When the iterations have been found to converge for a particular fuel tank, the value of
cos @ is determined from equation (27). This value is compared with the limits of the static
fragment spray, If the value lies outside these iimits, the shot is scored as a miss. If cos 0 lies
within the bounds of the static fragment spray limits, it is necessary to calculate the
fragment density resulting from the dynamic explosion.
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! The model assumes that the fragment deasity resulting from a static explosion is
uniform between the fragment spray limits. Let § be this deasity expressed in fragments per
steradinn. As a result of the rotation of veiouty vectors duc to the projectile motion, the
fragment density in the static case at angle 8 is not equal to the dynamic density at angle .
This effect may be calculated using the geometry of Figure 4.

d The solid angle subtended by the conical shell between 6 and 0 + d6 is dwg:

:d6} [2x VEsin @
duog -9 [xVesind]_ . inoa0
vé
¢ Similarly, the solid angle of the conical shell between y and y+d is dewny:
Vo dy) [ Vo sin
dwy =[ 2 'l.L 2 7]-‘- 2 siny dy
v§

’ Assuming that adjacent rays satisfy the geometry of Figure 1, the number of fragments
in each of these conical shells is the same; thus, E is a measure of the change in fragment
density, where:

" dw siny d
dwg « 0 d@
y
§DYN =& E (50
To calculate the value of §pyN, E must be derived for use in equation (50).
’ The speed ratio G is defined as:
\Y
G=VE
VsH

Elimination of V, between equaticas (26) and (27) gives:

cw27+Gl.]=g£gs—eLl.cm7

cos 7y

Squaring and rearranging terms yields:

(1 +G cos 6)2
(G2+2Gcos@ +1)

C“Z‘y:

21




: Furthcr sunphﬁcatmn results bv ehmmaxmg oS Y bcctwcen equwﬁns (Sl) and (52). Based . ‘
B ‘-'c‘n the geometry of the sxtu:mon. xtas mml;,tded that E is non-qiégative. -

| E (}Z{C + cos 8[ o : , .'(53) |
, ,, ,' B (GZfZGLo.sBi- 1)3P - ‘ \\;" o St |
'._'_PROBABILITY OF FRAGMENT DAMAGE TO FUI:.LTANKS : T

" of three faces that can be hit due to one explosion. ldcnnncauon of the three faces can be
o aducved by the use of relative veloutxes. .

“The striking fragment, target, and relative VNET velocities can now be expressed:

e S sl (8 €55 b b

d'y G smﬂ(l+Gcos&)‘(:+cosO)‘
| .--';_49 cz»*(sm‘ﬂ() +"Gc¢=0+1)2

- G‘-(l-fG'wSO)(G/fcosB)
' 1‘(-‘-**”(:4:0&6‘* i)"

The. fuel tank is treated as a reuangular pamlleiepxped therefore ther“ are a maximum

V}u’[ { fragment speed at the time of the hit} is toumd to be:
| er VoeBL 1

S > ., B ~+ -
VHIT = VHIT Bx 7+ VHIT By T+ VHIT 6
Vr=vp
- 5 - -> -
VNET = VHiT - VT = (VHIT 8x - VI) i1+ VHIT By ) + VHIT B2 K

-
The VNET (net striking speed) is the magnitude of the velocity VNET:

VNET =V4’ﬁn -2VT VHITBx * V%

" i
g

‘;
o

i
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¥

The signs of the VT components identify the struck aspects as follows:
he sip NET .

<0 - =0 >0

vﬁz " Top: No strikes on top or bottom Bottom
By Left No strikes on sides " Right
Bx - VT Front No strikes on front or rear . Rear

VHIT

The number of fragment hits on each of the three aspects remains to be calculated.
Calculation of the fragment density in target coordinates appears tedious and possibly

~ difficult. Therefore, the approximation is made that the number of hits can be calculated on

a static target. This should be an excellent approximation if VHIT >> VT.and probably not
100 bad for most cases to be encountered. Usmg the static target concept, Table 2 is

¢
c\y

Consxder a static target placed in a constant density pulsed beam of particles emitted

" from a static point source. To be definite, consider the right-left aspect only. The actual area

of the aspect is Ay while the area component normal to the beam is A |. The solid angle
viewed by the point source is approximately Ay|By |/L2. If the separation L is qmte small,
this will give a large overestimaté of the solid angle but this is not important since kﬂl will
be achieved for small L. Thus, the number of hits on the aspect is §pyN AylﬁyllL From
this and equatxon (50), the following result is generalized for the it!l aspect:

EA;{IBi]

nj==p (54)

where nj is the number of hits on the ith aspect.

If N is the total number of fragments emitted by the warhead, the probability that a
fragment selected at random scores a hit on the ith aspect is:

i
Pi=-ﬁ'-

Considering each fragment to be independent of other fragments in hitting a fuel tank, the
PH based on the appropriate three faces can be formulated by:

1 .
1-Pg = [](].pi)N = n(l-pj) C pi) (-nj)
three
faces

~le Mz 2t

three
faces
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where the approximation is good only for pj << 1. Substituting from equation (54), the
final form is:

A
Ppy=1t-e¢ ELZ
three ) (3%5)

faces
Similarly, the PR (probability of a hit below the fuel level) and the PAf (probability of a
hit above the fuel level) can be calculated from:

5. SAlGil
Ppr=1-e ELZ (56)
. EATlgy |
Pap=1-e  ELZ : , (57)

where Ai' represents that portion of the ith aspect area which is below the fuel level, and A'i'
represents that portion of the ith aspect area which is above the fuel level.

The probability of a leak is considered to be equal to the Pgf. The PEF (probability
that an external fire occurs given that a leak exists) is calculated from:
PEF = PBFDEF (58)

DEF is a degradation factor which is dependent upon the altitude at which the encounter
takes place and the temperature of the fuel in the tank:

0.3 H>60,000, or H<10,000 and T<0, or T>45
DEF = 0.3(T/45) H>60,000, or H<(10,000 and 0<T<45
0.3(1.2-.00002H) 10,000<H<60,000 and T<Q, or T>45

0.3(T/45) (1.2-.00002H) 10,000<H<60,000 and O<T<45

where T is the fuel temperature in degrees Fahrenheit, and H is the altitude in feet. This
relationship for the degradation factor is based on limited data for wet hit test results?

The PERE (probability of an internal fire/explosion) is considered to be zero unless the
fuel-to-air ratio in the ullage space is within the flammability limits for the particular fuel
being used. If the fuel-to-air ratio lies within the flammability limits (e.g., 0.013 to 0.08 for
JP-4), this probability is given by:

PFE = PAFDFE (59)
where

.00000769m”2 VNET H<10,000
DFE = , \

.00000769m”2 VNET (2.5c --0009AH) 110,000

This relationship was derived by fitting curves to data supplied by BRL.

2Ballistic Research Laboratory. Fragment Firings Against Aircraft Fuels at Simulated Altitude, by W.R, Harris.
Aberdecen Proving Ground, MD, BRL, October 1953. (BRL TN 828, publication UNCLASSIFIED.)
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é ~ The last type of damage mzchanism which is considered by the model is damage due to ;
? hydraulic ram. This mechanism is treated from an energy density standpoint. if the energy 2
by density of the fragment spray on a particular fuel tank is above a threshold value, ram is said ‘
to occur on this tank for this explosion. The energy density of the spray is calculated from

i the relationship: 3
MRS z
} Eran = mVﬁET] K i
AM 2 LELZ
- APPLICATIONS ;
Y & %
v The model can be used to examine variations in the type and intensity of threat as the

mission profile changes. The vulnerability characteristics of the aircraft vary with time,

{ maneuver history, threat, and threat exposure. For example, aircraft which penetrate and/or

2 deliver ordnance at low altitude may be exposed to a greater variety of hostile weapons than

% high altitude bombers. Any given weapon system may be exposed to a wide variation in

1 lethal threat as its flight profile is changed. Exercise of the model will reveal the relative
severity of the threats and indicate petential phases for laboratory testing.

In the case of a large bomber, for example, it is not immediately obvious whether
concemn should be directed at air-to-air missiles in the cruise-out phase, or at light AAA
weapons in the low altitude approach. At high altitude, ullage spaces tend to be oxygen-

L poor and quite cool, which inhibits propagating fires. At low altitude, the fuel-air mix,
particularly immediately following descent, may reach near-optimum flammmability, and
even an otherwise minor threat may become lethal. Aerodynamic heating late in a low
altitude phase may produce flammable mixtures.

T PRt A S LYY

CONCLUSIONS

The vulnerability model presents a system for studying the dynamic interaction
it between fuel state and hostile threat. Previous systems have studied the fuel system statisti-
@ cally, with dynamic treatment of we ons only.

Theie are several limitations in this model. Ullage spaces were assumed to be homoge-
neous. The effects of vent geometry, slosh, vibration, and splash caused by impact were not
treated. There was no integration of the fuel system into the aircraft structure (masking and
shielding by other components). Secondary ignition sources were only crudely treated. Tank

] geometry was limited to rectangular shapes. Round breakup and ricochet were not treated.

R R T 4 ik

I

This project was exploratory in nature. The results achieved represent an improvement
in treating fuel system vulnerability. Vulnerability can now be calculated as a function of
the mission style, as opposed to the single point computations previously possible. This
represents a large increase in the realism of vulnerability computations.

25

Sl Rl AL R AR I AR e e e e e, i el ]



JTCG/AS-74-V011

Appendix

PROGRAM LISTING AND SAMPLE CASE




JTCG/AS-74-V-011

WSFT PROGRAM

JOBUSFT CM5000U7160+101004P6 ¢
FIN(OPT=0)
L60¢aes e TNRL)
ATALOG(TNK1 s TNKI«RP=10RNZY)
9 END OF KRECOKRD
PRUGRAM MALIN{INPUTsOUTPUT sTAPESSINPUT +TAPE6ZOUTPUT«TAPET)
COMMON/TITL/CID(L2)
COMMON/STIR/ RGAS +LMuAJEMWF +CPRAICPF o HJU(3) JULLGHJULWID JULKHT
10ELHF ¢ ZOG 4AV ¢CP ¢EMM s UV ¢ CUELTAJKTANK s GAL V¢ TVENT
COMMUN/EULIN/ UDUMMY (9) sEMTAZ+EMVEMOGEMEVEMCOWVGAL
COMMON/OUTHAS/BETA+CONL +CON2 e RHOLIQEMUISD +SUMMDOEMDDOT
1oVLIGEMUISLMUISE
COMMON/LIMLTS/TO TRAXUT « TPRNT ¢OTPRNT s TIREM16
COMMON/TABLS/TAB(10042+6)¢ NTAB(B) NSAVE(S)
COMMUN /FILE7/ FAR(250) «FLEFT(250) ¢FTEMP (250) +HT(250)4VT{250)
1ITPRINTGALX ¢ TINC :
DIMENSION HUR(B)
DIMENSION TF(10002) s TSIDEC(100+2)«TTOP{10042) «DUM(L)

s ¢ALT(10042) ¢ GALUOT(100+s2)s PVAP(100¢2)¢ EMINF(100+2)
EQUIVALEWCE (TAB(14142) o TF(Lle}) )

s «(TABt14103) o 1SI0Et1e1) )

[ 3 ¢(TABLLe2o&) « TYOP(141) )

$ s(TAB(19145) o ALT(1.1) )

$ s{TABLLe1e6) o GALDOT(101) )

$ W(TABCL1eleT) o PVAP(1,41) )

$ +(TABU141s8) o EMINF(141) )

s w(LUMLL)y TAB(14141) )
NAMELIST/DATA/RGAS ¢EMWA EMWF cCPACPF e TATHJJULLGHULKWID,

3 ULHY ¢OELHF ¢ 206 ¢ AV UV CUELTAJKTANK ¢ GALOWBETA +CON1 ,CON2

- v IVENI

$ WTFeTSIUL «TTOP+ALT ¢ GALDUT «PVAP +EMINF

$ sTULTHAX JLUT W DITPRNY !

DATA HUR/1IH HTF «SHTSIUL J4HTTOP ¢ 3IHALT+ G6HGALDOT ¢ 4HPVAP
1 SHEMINF /
00 5 I=1+.1600
DUM(L)= «992,1
S CUNT INUE
ITPRNT=0
IPRT=0
50 READ(5+900)C10
960 (ORMAT(12A6)
IFCEOF(5))1000.10
10 REAU(S.UATA)
TINC=UTPRNT
GALOSGALOD
TIME=TU
TPRNT= TU +DTPRNT
DY= AMIM1I(DVY+DIPRNI)
TOL = AMAX1( .0001*UT+1,0E~8)
WRITE(6¢910)
910 (ORMAT(1H1+20Xe12HINPUT TABLES )
U0 7% 1=2,8
WRITE(6+4920) HDR(I)
920 (ORMAT(1HO+25X+10HTABLE (OKR + A6/)
NSAVE (1)=}
DO T4 u=1,100
IFC TAB(Jelel) s£Qe™992e1 +ANDe TAB(J+2¢1),EQ,=-992.1)60 YO 75
RRITL{O+930) JeTABLJoLlel) e TAB(J2+1)
230 (ORMAT(15X+1542E1747)
NTAB({1)=Y

28
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SUBRUUTINE LINLI(XeToN'ARG:YARGINSAVE)
LIWEAR INTERPOLATIUN ROUTINE

DIMENSIUN X{1)» Y1)
NN=N

HV=ARG

IF (XV.GE.X(NN))GO TO &0
JF{XVeLEXL1))GO YO %0

Jz= NSAVE
IF(J oLTe 1 J0Rs J «6Te NN} J=)
K= SIGN(1l,0e(XV=RK(V)))

JSJ+R
IF( (XVeX{J) )& FLOATI(K) ) 3043045
IFIKEQoe=1)usd+}
ISJ~}

INTERPOLATION CALC

HeX(J)eX{I)
UX=XVeXtd)
DY=Y(JI=Y (1)}
YARG= Y{(i) + DXsDY/H
NSAVE=1
RETUNRN
YARG=Y (J)
NSAVE=Y
RETURN
YARG=Y (NW)
RETURN
YARGZ=Y(1)
RETURN

END

T WEFTERITET TS Y .

LINI
LINT

LINT .

LINI
LINI
LINS
LINI
LIN]
LINI
LINS
LINY
LINT
LINI
LIN)
LINI
LIN]
LIN]
LINI
LINI
LINI
LINI
LINI
LINI
LINI
LIN]
LIN?
LINI
LINT
LINI
LINI
LINI
LINI
LINI
LINI

X RN XIR XN ¥

T
%
I
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35 I+(ABCUDET) LEW. Qo) GO TO 50 LESK0062
c COMPUTE UETERMINANT : LESK0063
IR TRC IR LESK0064

‘40 UET = UET#A(L+1)8S(1) LESK0065
c HACK SUBSTITUTE LESK0066
S0 AL = A(NWN) LESKO0067
00 70 us1.M LESK0068
wE LESK0069

" X(NeJ) = A(NJUIZAL LESK0070
IF(N JEd, 1} GO TO 70 LESKO0071

VO 65 L=24i LESK0072

K = M=l LESK0073

A2 = AlKvK) LESKOO74

IF (ABC(A2) JLE. 1.U=30) GO TO 110 LESK007S

B = A(Kedy) , LESK0076

LL = Ke1 LESK0077

VO 60 L=LLN LESK0078

60 B = BeA(K L)eX(LoJ) LESK0079
65  X{(Kyu) = B/A2 LESK0030
70 CONTINUE LESK0081
LA = 0 LESK0082
RETURN LESK0083

100 LA =1 LESK0084
RETURR , LESK008S

110 LA = =2 LESK0086
RETURN » LESK0087

END LESK0088

REAL FUNCTION LIN(ARGN)

COMMON/TABLS/TAB(100+2¢6) v NTAB(8) «NSAVE(8)

CALL LINR(TAB(1le1leN)+TAB(1¢2¢N)+NTAB(N) 1ARGsY HSAVE(N) )}
LINS Y

RETURN

END
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SUBKOUTINE LESK(AsXsSoNLeMLeNIXIDET LAY LESKO0002
DAIMENSION A(NIXel) o X(N1Xel)eS(N1IX) LESKO0003
c THIS ROUTINE 1S A SINGLE PRECISION LINEAR EQUATION LESK000&
C SOLVER, LN ORDER TU CONVERT TO CUMPLEX OR DouaLE- LESK000S
c PRECISION, REMOVE THL FULLOWING CARU, . LESKD006
ABL(DET) = ABS(UET) LESKO007
C THEN. IF QOUBLE=PRECI3ION IS UESIREDs REMOVE LESK00O08
C THE COL 1 ¢ In EACH UF ITHE NEXT TWO CAROS. LESK0009
C DOUBLE PHRECISIUN AsX+SeUETIASeAL1A24R,4B LESKO0010
c ABC(UET) = DABS(DET) LESKO0011
[ IF INSTEAD COMPLEX IS UESTIREU, REMOVE THE COL 1 C LESKQO012
c IN EACH OF THE NEXT TWwO CARUS, ) LESKO0013
C COMPLEX A X+DETvAL AR LESKOOLN
c AYC(UET) = CABS(DET) . LESK001%
nNo= Nl LESKO016
M= M1 LESKO0O0YI7
MN = Nel LESKOOl18
NM = NeM . LESKOO019
c GET SCALE FACTYORS LESK0020
U0 10 I=14W LESK0021
S(1) = ABC(A(I«l)) LESK0022
DO 5 J=Llen LESKOD023
DA = ABC(A(L4J)) LESKO)24%
IF(LDA JLEs S(I)) GO TO 5 LESKOO025
S(l1) = DA ' LESKOO26
5 CONTINUE : LESKO0027
IF(S(I) +EWUe 0.) GU TO 100 LESK0028
10 CUNYLINUE LESK0029
c SCALL ROWS LESK0O030
DU 19 LI=14N LESKD031
AS = 14/8(1) LESK0032
DO 15 JUS1.NM LESKO0033
15  Allsd) = AS®A(I+J) : LESKO0034
c START THIANGULARLZATION PROCESS LESK0035
1IF(N +E£€. 1) GO 10 35 LESK0036
NO = N= } LESKO0O037
DU 30 L=1.HO LESKOO38
K =1 LESK0039
DA = ABC(A(Ll D)) LESK0040
U0 18 J=1.N LESKO0O&1
DB = ABC(A(J41)) LESKO0042
IF (Ut +LE, DA) GO TO 18 LESKOO43
K=o LESKOO44
UA = UB LESK0045
18  CONTINUE . LESKOO046
IF(UA .EQG, 0.} GO TO 30 LESKOO4T 3
1FIK JEW. 1) GU T0 22 LESKOO4S Y
DO 20 J=14NM LESKOO49 §
8 = AlKWJ) LESKO00S50 i
AlKRed) = A(I4J) LESKO0052 g
26 A(l+wJ) =8 LESKO0S52 i
DET = =VDET LESKD0S3 ¥
22 IL = 141 LESKOOS4 g
U0 29 J=IIN LESK0059 ¥
« R = AlJel)/A(141) LESK0056 K
- 00 28 K=I1I.NM LESK0057 P
28  AlJIK) = ALJK)I=RA(I4K) LESKO058 &
i 29  CONTILNUE LESK0059 ’
; 30 CON [ INUE LESK006D .
IFLABCCA(NIND) oLEe 1.D-20) GO TO 110 LESKO061 b
1 i
N ] :
s 3
31
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SUBKOUT Ine ANITLL
COMMUNZLIMITS/ZTULTMAX DT+ TPRINT+ODTPRNT «TIME M16

COMAGH/STIN/ ROAS JEMWAJEMWF «CPAVCPF o (3 ) +ULLGH WULWIDWULHT
1DELHF ¢ ZOG e AV CPoEMUIWV CUELTAKTANK sGALO o TVENT
CUMMUN/ZEULLIN/ QUMMY (93 4EMeTAsZoLMVEMOGIEMEVEMCOWVGAL
CUMMUN/OQUIGAS/BETA+CONL 1CON2 ¢RHULLQEMULST 2 SURMDO «EMDLOT
1eVLIWCEMOIS L MLISE

Reat L1

NAMELIST/CKINPY/ RUASEMUAEMuF +CPACCPF e TAHY

1 ULLOGHULWAD JULHY ¢DELHF ¢ 206 ¢ AV oUV JCUELTAKTANK (GALD

SUMMUQ = Y0

€My = Q.

EMEV = 0.
EMUG = 0.
EMCU = V.
GAL = 0.

TA = VA +459.7

IF(RTANK LEQ, 1) GO TO 100
V 2 ULLOGHsULWID®ULHTY

GO YC 20U

100 V = 3,141592698 ULWID#2s23ULLGH/4, =GALO#231./1728.

200

ALYSLANTTILIME +5)

ALT = ALT#1000.0

CALL ATMUS(ALTTALTsPRDUMMLUMYDUMRZ)

TEs LINI(TIME W 2)

PvAP = LINU TF+7)

TF = TF +459,.7

PPFUEL = PVAPS1G4,

PPALR = PR « PPFULL

RHU = (PPFUELSEMWF + PPAIRSEMWA)/{RGASSTA)
EM = RHUsV

2 = PPAIRSEMHA/ (RHOSRGAS#TA)

VLIGU = GALU#231,/1728,

EMWOG = EMWA

EMUISYU = (BETA®EMWUGHVLIWQSPPALIR)/(+T9T*453,%2116.224)

WRITE(G+CRINPT)

RETURN
END
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SUBKRUUTIWE LULER
COMMUN/LIMLITS/ 10 TMAX JUT o TPRNT ¢DTPRNIT JTIMEWMLE

DIMENSION X{9) «XDOTHY)

COMMON/ZEULLINYZ AUOT o X

CUMMON/0UTOAS /UL TA«CUN] +LON2 sRHOLLQJEMUISO«SUMMUDEMDOOT
LoVLIQsEMUTS EMUISE

OU 1U I = L9

X¢i)= XtL) + XuUT(L)eDT
CUNTINUE

SUMMLU = SUMMDO  + EMDUUTs DI

RETUKN
END

SUBRUUTINE FUNCT
COMMUN/STIR/ RGASEMWAEMWF ¢CPACPFHI(3) JULLGH ULWID'ULHT o
LUELHF ¢ Z0G o AV ¢CP ¢ EMW UV +CUELTA R TANK ¢GALO « TVENT

COMMUN/EULIN/ MDOT«TDOY+200Ty MDOTVy MDOTOGs MOGTEV. MUOTCD,VDOT-
16ALDOT
2EMy TAVEIEMYV «EMUGLEMEV EMCD V1 GAL

COMMON/ETC/ ALToAJ(3) o TJL3) oRHOVPR«PPAIR+PPFUEL +PPFLQS

1 AMACH UALTUT,PUOT +OF MASRAY JUVENT

COMMUN/OUTOGAS/BETAsCON1 +CONZvRHOLIQ«EMUISO¢SUMMDOEMODOT
1.VLIGEMUISEMULSE
COMMUN/ZLLIMLITS/TO TMAX JUT+TPRNT JDTPRNTTIME M16

REAL MD.T MOOTV.MOUTEV.MOOTCD.MUOTOG +MASRAT

NAMELIST/ANS/ TIME+ALT« MDUT4TOOT 2007y MODUYV, MOOYOGe MCOTEV,
1 MUOTCU VOOT +GALUOT EM TAGZEMVEMOGWEMEVEMCDVGAL +PR«PDOT,
2PPAJRPPFUEL « PPFLQS +UVENT ( UF ¢ MASRAT

CALL EULER
TIME=TIME+OY
CALL OERIV

RETURN
ENU

33
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ELZ = ELH3G/60
omo2 = 0.0
(X s Wm0
Cc CHLCK TMS SLUPE AND CALCULATE PRESSURE
IF (ELH LEW, 0,0) 60 TU &
C NON = ZEKO SLUPEL PRESSURE EQUATION
A(4) = PM(JIs(TM(J)}/THS)se (GMRS/ELH)
GU Tu 9
[ ZERU SLOUPE PRESSURE EQUATIUN
S Al4) = PH(JISEXP(GMRS*(HG (W) =H)/TNS)
G0 Tu 9
C THMS LINEAR WITH Z. SEARCH MATRIX
6 DO 7 I = 2414
J =1+ 8
K =1 -1
IF (ZM(I) +6E, 2) O YO 8
7 CUNTINUE
o CALCULATE TMSe SLOPE. AND STUFF
8 ELZ = (TM(JU+1l) = TM{J) I/ (LM(K41) « ZM(K))
TMS = THM(J) + ELZ2%(Z =~ ZM(K))
DMUZ = (WM(KIL) = WM(K))/(ZM(Kel) = ZM(K))
£n = WhMiK) ¢ UMDZ*(Z = ZM(K))
ZLd = 2 = TMS/tL2
[ PRESSURE EQUATION FUR TMS LINEAR WITH &

AlY) = PM{JISEXP(GMRS/EL2${RU/ (RO+2L2Z) ) *#28( (2=-2M(K))®
(ROSZLZ)I/(RUSZ)I/(RO+ZM(K)) = ALOG(TMSH(RUO+ZM(K)
V/TRLJI/ZIRO+Z) DY) )

C CALCULATE SOUNU SPEEU AND DERIVATIVE

9 A(l) = 49,022164%SURT(TARS)
AL2) = 0.S3ELZ/TMS
c CALCULATE UENSITY, DERIVATIVE, AND PRESSURE UERIVATIVE
A(b) = GMRSSA(N)/GUO/TMS
A(T) = = (ALE)sG/A(H) + ELZ/TMS)
A(D) = = A(6)eG
c CALCULATE TEMPERATURE . DERIVATIVE. AND LEAVE
A(8) = EMesTMS/wWNO
A(9) = (EMsELZ + TMSDMDZ)/uMO

= A(8)

AlY)

A1)

A6 = Atle)

AD=A (D)

RETURN

END

~N -
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SUBRUUTINE ATMUS(AS+ABsA4sALAbBIAD)
THIS ROULTINE CALLULATFS ATMOSPHLRIC PROPERTIES OF THE
US STANUARU ATHUSPHERE + 1962 +ASSUMING AN INVERSE SQUARE
GCRAVLITATIONAL FLELU, THIS ASOUMPTION YIELLDS UDATA THAT
AGREES WITH THE CUESA UOLUMENT WITHIN 1 PER CENT AT
ALL aLTITUULS UP TU 700 KILUMLTERS (2296588 FEET). THE
UATA IS ARKHANGELD IN THE ATMUSPHERE ARRAYs Ae AS

A(l) = CSs SPLED UF SUUNUs FT/SEC

117050 ¢0CS/708) e SOUND UERLVETIVES 1/F7

2y GEOMETRIC ALTITUUESs FT (GIVEN)
Py PRESSURE. LB/FTZ

DP/UZy PRESSURE DERLVATIVE. LB/FT3

RRUy DENSTITYe SLUGH/FTS

(1/7KHO) (LR1O/DZ )y LENSLITY DERIVATIVE. 1/FT

Ty TEMPERATURE s UEG HANKINE
= UT/U2+ TLMPERATURE DERIVATIVE. DEG RANKINE/FT
VARLOUS CONSTANTS USLOD

EARTH RADIUS

SPECIFIL HEAT RATIVU FUR AR
SEA LEVEL VALULS
LGRAVITATIUNAL ACCLLERATION
MOLECULAR WL IGHT 28.9644%

GOsMO/Re 0,018743418 DEG RANK/FTY
DIMENSLON  A( 9)oHU (IO +2i(14) oMM (I4)+TM(23)PM(22)

20890855 FT
1.4

32.1740484% FT/SEC2

ceocnnncoccococococonNnaocacon
>
13
LI T T T L TR [ 1

c SET AKKAYS ANYU CUNSTANT VvALULS
(JATA GU'HI“UORO'GMRS/52017“0“5“.28.96““|20°9055500!
060187834187 RG/=1b80%ev0,0
W 36UB941696170010498740154199,¢170604,42003314
2991860929110 047¢£M/72952764 4328084,
ToUB92 e ¢393T010e¢4921264¢5249344¢557783.4623360,,
754593, 4984252411312336.:1640420,+1968504,+
2296588,/ WM/ 28,9644 ,28.88+128,%6
2BeUT02009202606602604425485¢2447¢22:66119,94
17.94¢16.,84416417/
UATA 1M/577417¢518¢67¢389.97¢389.97¢411.57
A 487417487217 085Ue770325,17¢325e17e379617¢469.17
689417417290 1741999,17¢2179,17¢2483141702791.17
0529501705889.170“551017'“663017!“66‘.17/.?"/
3711,U839¢211642165:472.67563.114.34314,
18,128355¢2.31621784142321972,3.,80302796-01+
2.16713520=02¢3.,4313478L~03¢6,27T73411E=084¢1+53490
GIE -4 1002624 212E«05+1,05618U6E=05:¢7,7063076E=06,
58267151 =0603,5159854E~06¢1,4520255E-06+3.92905
GSE=UT18.4050242E~08¢2.2835256E~08¢7,1875452E-09/
# A(3) = AS
[ CALCULATE Gy 2+ ANU CHECK
22 = Al3)
6 = GUS(HU/IRC+Z))eeg
1F (2 o1, 295276.0) 6 TO 6
C TMS LINEWR WITH GEUPOTENYIAL. CALCULATE H AND SEARCH
h KUsZ/(RU+Z)
vy 3 1 esly
J = -1
b IF (WG(I) WGeoe H) 6O TO &
3 COMYLINUE
C CALCULATE TMS SLOPL«TMSs AND SET MOL WT STUFF
4 ELH = (TM(J+1) = TM(U))I/(HG(J+1) = HGI(J))
TS = TM{J) ¢ tLH*®(H - HG(Y))
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Al241) = 1./EM
Al2¢2) = 1o/TA
Al243) = EMWS (). /ENWA ~ 1,.7ENWF)
Al2+4) = 0,0
Al341) = Le/tm
AL342) 2 1./7TA
A(3e¢3)IS(GAMBA/CP IO (CPACPF=RGAS®(1,./7EMA=3,/EMWF))
Al3s4) = <LPVYSTY/E
Al8e¢l) = 10
Al4+2) = 0ol
Al4s3) = 040
AlSi4] 2 =)0
Y(1) = MDUTOOLRZOL/EM

Yi2) = PUQT/PR+ VLOT/Y
HTRANS = Q.
DU 300 I= 143

300 HTRANS = HTRANS ¢ RJIIISAJ(IIITJI(I) = TA)
Y(3) = ( MOOTEVSLPFSTF ¢+ MOCTURSCPOUGSTF = MOUTCUS{CPFeTA=
1 ULLHF) + RTRANS)/E
Y(4) 3 ADOTEV + MDOTO6G - MUOTCL

CALL LESK (CoX1DUMMY ¢4ale400eLA)
1F(MUOTY ,td, 0,) GO TU 375
IF( HOUTVLZPDOTV) 350438504875
350 NCYC = NCYC +1
IF  (HCYC oLEe 10) GO TO 140 N '
WRITE(64900) )
STLUP
375 1F (LA.t4,0) GO TO %00
WHRITE (64800)
sYOP
400 CUNTINUE
800 (ORMAT (3Q0HLUE((ICLENTY MATRIX 1S SINGULAR)
900 (UORMAT(30HVLNTING CALCULATLAON LS CYCLING)
RETURN
ENU

36




JTCG/AS-74-V-G11

LING M(1)e®)

LING ML) o)
TJi3) LInG M(1)42)
PVAP LING TFe7)
DU 160 I = 1.3

100 TJI) = TJlL) ¢ 439,.7

. 75 TJti)
f TJi2)

CALCULATL #UOTOb, MUOTCVU, MUGTEV

neon

MUOTICL =00
RHURY PRSEMG
PPALR 2%HHORT/ERNWA
PPFURL PR = PPAIK
PPFLGS = PVAPS1l44,
3 IF (PPFLGS .Gi. 0U,998PR) GO TO 120
MUOTEV =0.0
PPALGS = PR - PPFLAS
IFCABS(PPALR-PPALQGST LTe1l,~10) GO TO 130
PAM = (PPALR = PPALGS)/ALOG(PPAIR/PPALGS)
CKG = UDVSPR/ (HGASSTASPAMSCUELTA)
MUOTEV SAJ(3)*CKGS(PPFLUS = PPFUELL )sEMWF
GO TU 130
 } 120 WRITE(6465)
65 (ORMAT(///7/28H(UEL BOILING MDOTEV CONSTANT)
C TEMPORARY CALCULATION OF AMOUNT OF UISOLVEDGAS
130 EMWUG = EMWA
VLIO = (GALO-GAL)®#<31,/1728.
ERUISE = (BETASEMWUGSVLIQ SPPAIR)/(o7973453,32116.224)
EMUIS = EMUISO - EMOG - SUMMUC
IF(EMULS LT, O ) WHITE(G55)
) 55 (ORMAT($0AMUUNT O( DISSULVED GAS 1S NEGATIVE®)
CON = CON1
IFLILMUIS=EMDTSE) «+LTe Q¢ ) CON = CON2
MUCTOG = CON=(EMDIS<EMUISE)
EMUOOT = EMUIS*GALUOT$231./VL1Q1728,
IFC TIME LtQ, TO ) MUOTV = PDOT
180 IFLAUOTV L0E. G.0) 60 TO 150

VESTING

L4
aon

CcPyV
TV TA
v rd
EMWV = LN
60 70 200

cpP

"nan

FILLING

s
[gNaNal

1%. CPV= CPA .
TV= TALT*(1le+ SURT(0.72)%0,25AMACH62) o
IFLTVENT 61, O4) TV = TVENT .
ZV = 1,0 :
EMUyY = EMwA 1
200 RHUV = PRsEMWV/(RGASsTV)
) MUOTYL = MUOTV

c
Al(lel) = 2/LN
A{l+2) = 0.0
A(le3) = 1.0
Atle4) = «ZV/EM
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; SUBKOUTIHE OLRIV

, COMMUN/ZLIMITS/TO TRAK+UT « TPRNT(OTPRNT 4 TIME «M16

: COMMON/STLIR/ RGAS (EMWA L MWF s LPASCPF sHU{3) yULLGHULWID +ULHT ¢
' LULLHF ¢ 206G 4AV 4CP oMM UV ¢CUELTA JKTANK ¢ GALO 4 TVENT

. COMMON/EULLN/ MUOT«TUOT +ZDOTs MDOTV. MUOTOG. MDOTEVe MUOTCU,VDOT,
i 1GALLUT

i . ZEMeTAeZ oMV (LMIGLMEV EMLD eV e GAL

: CUMMUWZETCZ ALYAJLS) ¢ TU(3) s RHUV +PR¢PPAIR +PPFUEL +PPFLUS ¢

; 1 AMACH eUAL TUT (PUOT OF sMASKAT sUVENT
COMMON/QUTLAS/BETASCONL s CON2 1RHOLIQ ¢ MU LSO ¢ SUMMLO o £ MOLOT
1evLlWebMUISEMUISE

KEAL L1INsH1)

REAL MUDT ¢MUOTV sMOUTEV «MUOTCU ¢MUDTOL yMUOTVL

i DIMENSION ACGe4) oY (4)oCl4e5) o X (4) JDUMMY (&) :
EQUIVALENWCE (AsCle §Y2C(17))s (Xe MUOT)s (TJI3)eTF)

NAMLL IST/0tU/ PPALUS AJoTUIRHOV (CP¢DALTUT ¢CPV TV 2V EMHV2:200T
MAMELIST/ZCOLF /A Y +HTRANS

¢
o
H
[
A
]
1
kY
2]
H
4

NCYC = 1

®(1)= TIME

AMACH = LIN(F(1)+8)

CP = (1l.=2)%CPF + L*CPA

bl = 1,/7( Z/ERNWA ¢ (1.~2)/EMuF
GAMMA = 1l./(1e~HGAS/ (EMWSCP*T78.))
£ = LMaCPxTA/GAMMA

CPOG = (1, = ZUG)sCPF + ZUGACPA
ALT = LIN(M{1)+5)

ALT = ALT#1000.0

DELY= U

IF( TIME +UT ,GE., TMAX ) DELT ==01
TPURLY = TiMig +DELT

gl ALT1 = LIN( TPDELT5 )

ALT1 = ALT1%1000,0

! LALTUT = (ALT1 = ALT)/UELT

b CALL ATMUS (ALT TALT«PR4DUMM(DUMI (DPUALT)
PUOT = UPDALTSUALTUT

i GALUOT = LIN( M(1)46)

< VDOT = GALDOT»231.71728.

TF( RTANK LEGs 1) 6O YO S0

C
C RECTANGULAR TANK
C CALC Ad &5 ¢« T 8 = T0P +» 2= 4 SIUES + 3= FUEL SURFACE
c

ULHT = V/(ULWIU#ULLGH)

AJ(1) = ULWID®ULLGH

AJ(2) =2,#ULHT*(ULWID + ULLGH)

AJ(3) = AJ(1)

60 TOo 75
C
c CYLINURLICAL TYANK = AXIS HURIZONTAL
C 1 = TOPs 2 = 2 CIRCULAR SIUESs 3 = FUEL SURFACE. DIAMETER = ULWID
Cc

50 GALNUW = (GALO = GAL) *= 231./1728,

THET = 8+#GALNOW/({ ULWIU*#2%ULLGH)

AJ(1) = (36414159269 ~ THET/24)% ULWIUSULLGH

AJ(2) = ULWID®*2sTHLT/&,

AJ(3) = ULWID*ULLOH®SIN(THETY/24)
o
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: 4 CUNTINUVE
i 75 CONTINUL

B CALL INITIL
- CALL DERILV
! CALL PHINT

ENTER INTEGRATION LOOP

» s
ann

B Mle= @
100 Mles M16+}
CALL FUNCT
1F U LIPRT LtQ, 0) GU TO 200

LASY TiIME STEP WAS Tu PRINT STATION

ao0On

150 TIME= TPRNI
CALL PRINT
TPRNT= TPRNT + DIPRNT
IF(TLME.GE.THAX) GU TO 1001
Di= LISy
IPRT=0
200 CONTINUE
CHECK FOR PRINT STATION

[ 23
(3]

CK= TIME + OT+ 7J0L
LF(TIME.6T,TMAX) 6O T0 1002
IF{ (K +6T+ TMAX) IPRNT=TMAX
IF{ CK JLT, TPRNT) GO YU 100
IPRT=1
UTSV= DY
b3 OT= TPRNT- TIML

IF( UT JLE. TOL) GO TO 150
GO TO 100

1000 S1UP

1001 GALX=GAL(O

. WRITE(T7)(FAR(I)e1=1¢1253)

GO0 TU 90
END

T MRS Ty - A TS el p———
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JTCG/AS-74-V-011

SUBROUTINE PRINT

COMMUN/TITL/CIOD1)
COMMUN/LIMATS/TO s THAX sOT «TPRNT JUTPRNT«TIME W M16

COMMON/STIK/ RGAS JEMWAEMWF ¢ CPACCPF eHU(3) sULLGH¢ULWID JULHT ¢
LDELHF ¢ZOG+AV ¢CPoEMW UV CUELTAKTANR ¢ GALO 4 TVENT

COMMON/ZEULIN/ MDOT«TUOT +200T+ MUOTVe MOOYOGs MOOTEVe MDOTCU.VDOT,
16aLDOT,
2EMeTAVZEMVIEMUGVEMEV EMCD WV« GAL

COMMON/ZETC/ ALTsAJ(3) ¢TJ(3) sKHUVPRPPAIRPPFUEL «PPFLUS

1 AMACHhUALTUTPUUT+OF yMASRAT s UVENT

COMMUN/OUTOGAS/BETACOMNL +COH2RHOL1Q+EMDLIS0+SUMMUOEMDDOY
1eVLEIQWEMULISEMCISE

COMNON /FILET7/ FARI250) ¢FLEFT(250) +FTEMP(250) +HT(250) VT (250)
1ITPROT ¢GALX ¢ TINC

REAL M(1)

REAL MUOT ¢MUUTV ¢MDUTEV«MUOTCUMDOTOGyMASRAT

M(1)= (lvE

UVENT = MUOTVZ/ (RHUV®AV)

UF = 2/(le=2)

EM1 = PRAEVILMW/ (RGAS*TA)

MASRAT= (1.=EM1/EM)*100.

WRITE(64100)(C1O(I)01=2012)

WRITE(64500) “(1)PPAIR+AMACHPPFUEL JUVENT yPPFLQAS +MASRAT +OF
WRITE(6+4600) ALTDALTOT+PRePDOTTA(TDOT oV VOUT+GAL«GALDOT
WRITE(64700)EMVsMOUTY ¢EMEV ¢+MUOTEV ¢+EMUG«MDOTUG +EMCO+MDOTCOEMIMDOTY
LTPRNT2TTPRNT +1

FARCITPRNT )=1,0/0F

FLEFTUITPRNT)IZ100,0%(1.0-GAL/GALD)
FTEMPCITPRET)IZSTI(3)«459,7

HT(ITPRNT ) =ALT

VT(LTPRNT )SAMACH

100 (URMAT(ANL///733X0 1240677777771

500 (UKMAT(2UX+20H TIME £ 613,5¢27X+23HAIR PARTIAL PRE
15SURE =+E13,.5//7

2 2UXe20H MACH NUMBER Se G13.5¢27X+23HFUEL PARTIAL PR
3ESSURE =+E13,5//

4 20Xs2UH VENT VELUCLTY =, G13.5¢27Xe23HFUEL VAPOR PRES
SSURE =+E13.5/7/

(3 2UX+2UHINTEGRATIUN ERROK =4 613.5¢27Xe23H AIR=FUEL RAT
710 =+E£13,5/
a4 2UK+18ATUTAL MASS~PEHCENT)

600 (ORMAT(//65% ¢SHVALUE +16X+10HUERIVATIVEZ/
39X¢12H ALTITUUE +10X1E1345010X4E13.5/
3YXel2H PHRESSURE +1UXIEL13¢S5¢10XeE1345/
39X ¢ 12HTEMPERATURE +10X1E13e5¢10XsE1345/
39X 12H VULUME  +L0XeEL13+5¢10X+E13.5/
39%+12HGALLUNS USED s 1UX'EL3e54J0XvEL3S)

W&o

700 (URMAT(//64X ¢#HMASS 1 L9K ¢ YHMASS (LUX//
1 4UX41UH VENTEU 9310X+E13.5¢10X+E1345/
2 YUX4LUHEVAPURATED+10Xe£13.5+10X0E1345/
3 4UX41UHCUTGASSEDL +10Xe¢E1345910X0E1345/
U QUXVIUPNCONDENSED +10XeE13,5010XeE134%5/
S 4UX41UH TOTAL  +10X+633e5+1GX0E13,5)
NAMELLST/ZUOLAS/EMDLIS0 « SUMMUUCEMUDOT VLIV EMDISERUISE
RE TURN




PRI L 2 R e ke s - e e e e et e A e o p———— s S )

JTCG/AS-74-V011

INPUT DATA FOR WSFT B-1 FORWARD FUSELAGE TANK TEST CASE

, 9 END OF KECUKD
¢ 9 END OF RECORD
: TEST CASC FOR EEMNENNEE FUSELAGE TANK
$DATA

KRGAS=1545,
EMWAS28.966 L MUF=T2,
CPAZ0,24+CPF=0,49,
TA=604
HJ=3%2
L 4 ULLGHZ10¢0,ULWIU=1004ULHT=0455
DELHF =1
206=1,
AV=0.16.
OV=0.30
COELTA=0401
KTANK=0Q 4
GALU=5573,
4 BETAZ0.16
COII1=1000+CUN2=0
TVENT=TU,
TFL101)=Ce1v20e304¢506¢708:9010611,412,
TF(142)260:60¢58+4B8e48+45+15¢18¢20025¢110¢1304220+
TSINDE(L141)=0¢12¢TSINDE(1¢2)=70470
TTOP(142)=0¢1241TOP(1+2)=370470
ALT(101)2000d0ed30e501el95¢64818e30120
ALT(102)2008¢20122¢22120018020422042540254¢
GALDOY (101)=0080e3¢8031410,3+10.31412+
GALDOT(102)=0000277942779¢040 0
PVAR(1.1)= 17091'67096112901660PVAP(1'2)=-35|060|101'2-0|“0006000
EMINF (1411204450112 ¢EMINF(102)=000851485¢
TO=0+TMAX=11 OTPRNT=,25¢0T=.001$
9 END OF RECORD
9
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PATH TAPE CREATOR PROGRAM

FVLeCMIUOOUUTZ20+101004P6,
FV14CM100000¢T200101004P6,
ATTACH(TAPE7+TNK1)
REQUEST «TAPEG «#PF
FIN(R=3)
LGO,
CATALOG{TAPE61BLA+RP=999+RN=1)
9 R
PROGRAM MALN (INPUTsOUTPUT s TAPES=INPUT «TAPEG6«TAPE7 +TAPES + TAPED,
1TAPEL1O0«TAPEL11TAPEL2+TAPE13TAPEL4 TAPELS,TAPELS)
COMMON /SAVE/ HT(250) «VT(250) +FAR(250430) +FLEFT(250010) ¢
IFTEMP(250410) +GAL(10) +NTANKS «NTPU4TINC
COMMUN /FILET/ FA(250) FL(25U)oFT(250)H(250) V(2502 ¢+NTP1GALXTIN
INTEGER GAL
READ(5+100U)NTANKS
READ(7)(FA(I)+1I=141253)
DO 1 IS14NTP
HT(I)=H(I)
VT(L)Isvil)
FAF(1el)=FAC(L)
FIEMP(I1+1)SFT(L)
FLEFT(Is1)3FL(I1)
NT=NTP
NTPO=NTP
TINC=TLN
GAL(1)=6GALX
IF (NTANKS ,EW,1) 6O TU 4
1END=6+NTANKS
DU 3 l=8eiEND
K=leg
READ(I)(FAtJ)1J=141293)
IF(NTLNE.NTP) LU TU 5
DO 2 JS1eNTP
IF(HTI(J) NEGH(J)) 6O TU S
IF(VT(J)eEeV(J)) G TU 5
FAR{JWK)SFA(J)
FTEMP(JoK)SFT ()
2 FLEFT(JWK)SFLIV)
3 GAL(K)=0GALX
4 WRITE(G)I(HI(I)ek=118013)
STOP
5 PRINT 2000
sTOP
1000 (ORMAT(IS)
2000 (ORMAT(® DI ((ERENT (LIGHT PRO(ILES (OR TWO TANKS*®)
END

[N
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VULNERABILITY PROGRAM

FVM(CM6000U+T600+10100+P2,
FIN(R=3+B3FVMAD)
ATTACH(TAPEGF4D)

FVMAD .

9

PROGRAM FVMN(INPUTOUTPUT,TLPEG)

COMMUN /COUNTER/ VSCUM(10) «RSCUM(20)+IHIT(10)ZEF(10) ¢XAFEN(10) 44
LIAFEXA(L10) ¢ IAFEXB(10) o IRAM(10) +IFE(10)+ILEAK(10) i3
COMMON /WEAPONS/ VZERO(32) +PENM(32) +CORAG(32) ¢ ISORF(32) ¢AZMIN(32) ;

LAZMAX(32) ELMIN(32) ¢ELMAX(32) ¢+NSHOTS (32) ¢« TIGN(32) ¢ TASH(32) +IHE(32) 3
COMMUN /TANKS/ DSKIN{(6+10)¢116(6+¢10)+XCG(10)+YCGC10).2C6(30), 14
IXLAL0) oY1020)422(20)¢X2(20)eY2(10),22(10) HMINC(L10)FULLPC(10) %h
COMMON /INOUT/ AvB1CeIASP ¢JASP o XINeYANIZINXOUT «YOUT 4 ZOUT 4ENTRY '.%
1AFEN(AFEX +X04Y04¢20 ¥

COMMON /PROFILE/ H(250) +AMACH(250) «FAR(250+10) +PFUEL(250+10) ¢

LFTEMP(2504¢10) ¢+GAL(10) sNTANKS«NTP+TINC
COMMON /ALPHA/ ATANK(2+¢10)+sAWEAP(32)AWAR(2)4ASOL(2) ATARG
COMMON /MILERRS/ EMIL(32432)

COMMUON /FRAGS/ VE(32)+PSI{32)«COSMAX(32)+COSMIN(32)+CO(32)¢SF(32)¢

IXF(32)yYF(32)4ZF (32}

DIMENSION CEF(10)+CFE(10)CLEAK(10) ¢PHCUM(10)PAF(20)PBF(10)
EQUIVALENCE(CEF (1) EEF (L)) o (CFEC(LI +IFE(L)) o (CLEAK(1) +ILEAK(1) )

L(PHCUM(1) +IAFEXA(1))

LOGICAL ENTRY«NOHE+AFENJAFEX
INTEGER GALXSTIWEAPS(250)

DATA TWOPI+DTOR.GEE/6,28318531,0,017453293+32,172/

UATA AWAR+ASUL/1O0HFRAGMENTIN+10HG WARHEAD «10H SOLID SHO+10HT WEAP

10N /v
CALL REPT1
READ 2000 ¢NWEAPS¢XST +HRAM RATMIN RATMAX
READ 2001 4(WEAPS(I)s1I=14NTP)

READ 2002¢(ISORF(I14dHE(L) JNSHOTS(I)¢AZMIN(I) ¢AZMAX{I)+ELMINCI),

LELMAX (L) o XF(IDoYF (L) o ZF (1) o I=1+NUEAPS)

REAU 2003« {TIGN(L)sTASH{I) VZERO(I) +PENM(1)+CORAG(L) ¢151+NWEAPS)
READ 2007 +(VE(L)+PSI(1)+COSMAX(I) +COSMIN(I)+COCI)oSF(X)e

1151 +NWEAPS)

READ 2004+ ( (EMIL(IeJ)+I31+32)¢J=1+NWEAPS)

READ 2005¢((1IG(T+J)+I=296) ¢ {DSKIN(I¢J) 12196} ¢JELeNTANKS) .
READ 2006 (XCG(X)YCG(TI)+ZCE(I) ¢HMIN(I) ¢FULLPCLI) ¢ k=1 +NTANKS)
READ 2007+(X1C1)aYLOE)oZ141) 4 X20T)oY2({1)+1Z2(1)+IZ19NTANKS)

READ 20084 (ANEAP(I) ¢+ I=1¢NWEAPS)

LU 103 ITIME=14.NTP
TIM=TINC#(ITIME~1)

VT=0EMACH (AMACH{ITIME) +H(ITINME) )

DELTAS0,.5/VT
ALT=H(ITIME)

DO 102 IWEAP=14NWEAPS
IFCANDINEAPS(ITIME) ¢ 254 (IWEAP~1)) (NE.2%*(IWEAP=1)) GO TO 102
SLUGS=PENM(IWEAP)/{T000,U4GEE)
VEM=VE (IWEAP)

B88=CU(IWEAP)
COSTMX=CUSMAX (IWEAP)
COSTMN=COSMIN(1IWEAP)
PSIST=PSI(AWEAP)
FM=PENM(IWEAP}
SIGF=SF (1WEAP)
XFUSE=XF (IWEAP)
YFUSE=YF (LWL AP)
2FUSE=ZF (1WLAP)
T1STAGN(LWEAP)
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JTCG/AS-74-V-011

T2=TASH{lWLAP)
Ivisvr
I=IVT/100+1
IFt1,6T7,30) GO YO o
ERR2EMIL(I+IWEAP)+(0,01%VT=1+1, 0)‘(EHIL(I*lulHEAP)-EHIL(IcIHEAP))
60 TO 2
ERR=EMLIL (10 1WEAP)
NOHE=,TRUE ,
IFUIHE(IWEAP ) «GT0) NOHE=.FALSE.
NSHZNSHOTS (IWEAP)
00 500 I=1+100
VSCUM(1)=0.0
00 100 ISHOUT=1+NSH
AZSALMIN(IWEAP)+RANF (XST) s (AZMAX (IWEAP)=AZMIN(IWEAP))
ELSELMIN(IWEAP I +RANF (XST)* (ELMAX (IWEAP )} =ELMIN(INEAP))
AZ=AZsDTOR
ELZEL*DTUR
COSE=COS(EL)
XMU=-COSE»CUS(AZ)
YMU=-COSE*>IN(AL)
ZMU=SIN(EL)
RS=ABS (ALT/ZMU)
IF(ISORF(IWEAP)GTel) GO TO 3
SIGMA=KS*#ERR*0,001/70.6745
GO YO 4
SIGMA=ERK
CM=ABS(GAUS(SIGMA))
THETAZRANF (XST)*=TWOPI
COSTH=COS(THETA)
SINTH=SIN(THETA}
VSH=VZERO(IWEAP ) *EXP («RS®CORAG( IWEAP))
AA=VEM/VSH
VRSSURT(VSH2VSH4VTHVT=2 o 0% VSHEVT £XMU)
A= (VSHRXMU=VT)/VR
B=VSH*YMU/VR
C=l,U~A%A=B*Y
1FIC)5¢647
B=SIGN{(SURT(1,0=A%A)YMU)
C=0,0
GO T0 &8
C=SILN(SURT(C)«ZMU)
IF(ABS(C) ,tQ@.,1.0) GO TO 9
U=SART(AxA+BxB)
COSPS[==A/U
SINPSI=B/0
XOsDM% (C*COSTH*COSPSI+SINTH®SINPS])
YO=DM*(=CsLOSTH#SINPSI+SINTHxCOSPS])
Zus{-AxX0=H*Y0)/C
GO 1O 10
XO=DMxB*SINTH
O0==DM*A*SINTH
20sDMsCOSTH
60 TO 10
X0=0M%COSTH
YOsUMKSINTH
Z20=0,0
IF(ISORF(IWEAP)«GTe1l) GO TU 50
ENTRY=.FALSE,
DO 11 ITANK=1NTANKS
CALL IN(XCGL(ITANK)+YCG(ITANK) +ZCG(ITANK) ¢X1(ITANK) 1 YLI(ITANK],
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R 1Z1(ITANK) ¢U«01%PRUEL (ITIME ¢« ITANK) *FULLPC(ITANK))
- 1F (sNOT ENTRY) GO 710 11

3 CALL OUT(XCG(ITANK) ¢«YCG{ITANK) ¢ZCG(ITANK) ¢X1{ITANK) ¢ YIIITANK}
; 1Z1(ITANK) 4Ue01%PFUEL (ITIME s ITANK) *FULLPC(ITANK))
- G0 TO 14

b 11 CUNTINUE

| 1F (NOHE) U TO 100

DO 12 ITANK=1.NTANKS .

5 CALL IN(XCu{ITANK)+YCGE(ITANK) +ZCG(ITANK) ¢ X2(ZTANK) «Y2(ITANK
i 1Z2(ITANK) +=1,0)

IF(+NOTL.ENTRY) GO YO 12

ILEAK (ITANK)SILEAK(ITANK) +1

IHITCITANKI=IHIT(ITANK) +1

IF(ILG(IASP s ITANK) ¢6T,0) IEF(ITANKISIEF (ITANK)+1

T 12 CONTINVE

4 G0 TU 100

L 14 IHIT(ITANK)=IHIT(ITANK)+1

Y KRATLOSFAR (ITIME » ITANK)

4 RSCUM (I TAIK ) =RSCUM{ TTANK) +RS
: VSCUM (1TARNR ) =VSCUM(ITANK) +VSH

ENERGY=0 ¢ 5#3LUGEsVSHBVOH

. D1=DSKIN(IASE s ITANK)

Y IF(ENERGY LT HMIN(ITANK)) GO TO 100

: ' " 1IF(AFEN) GU TO 23
IF(ENERGY LT HRAM) GO TO 15

g IRAM(ITANK)=IRAM({ITANK) +1

N G0 T0 100

9 15 1F(AFEX) GU Y0 17

i ILEAK(ITANK)=ILEAK(ITANK)+1

: 1IF(ILG(JASP+ITANK) 46T,0) GO TO 16
L Y 200 IF(ILGLIASP+ITANK)GT.U) GO TO 16

u IF(VSHRT1,6T,01) GO TO 100
! IF(VSH®T2,L1,01) GO TO 100
16 1EF(LTANK)ZIEF(1TANK) +1
i G0 TO 100
! 17 IAFEXB{ITANK)=IAFEXB(ITANK)+1
3 IF(RATIOLLT.RATMIN) GO TO 22
5 1F (RATIO.GT ,RATMAX) GO TU 22
K ) GO TO (18418419+19+20+20)01A8P
: 18 02zD1+2,0%X1(ITANK)
“ GU TU 21
‘ 19 D2s01+42.,0sY1(ITANK)
60 YO 21 ¢
20 0220142, 0%2Z1(ITANK)
21 IF(VSH*T71,67,02) GU TO 22
IF(VSHaT2,LT,01) GU TO 22
¢ IFE(LTANK)SIFE(ITANK) ¢1
60 TV 100
22 ILEAK(ITANK)ZILEAK(ITANK)+1
GO TO 200
23 IAFEN(ITANK)=IAFEN(ITANK)+1
1+ (RATLIO LT RATMIN) GO TO 28
: IF(RATIO 6T +RATHAX) GO 10 28
y GO TO (24424¢25¢25¢26¢26) ¢ IASP
i "3 24 02=0D1+2,0%X1(ITANK)
G0 YO 27
25 D2201+2.0*Y1(ITARK)
60 TO 27
26 D2=01+2,0%21(1TANK)
{ 27 IF(VSH®T1,61,02) GO TO 28
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IF(VSHeT2,LT,U1) GO YO 28
LFECLTANK)=LFE(LTANK) ¢1
IFLAFEX) IAFEXA(ITANKISIAFEXA(ITANK)+}
60 TU 100

28 IF (enOTAFEX) GO TO 29
TAFEXA(ITANK)SLAFEXA(ITANK) +1
60 TO 100

29 IF(ENERGY LT ,HKAM) GO TO 30
IRAM(LTANK)ISIRAM(ITANK)+]1
60 TO 100

30 ILEAK(ITANK)IZILEAK(ITANK)+1
IFUIIGIJASP I TANK) o GT40) LIEF(ITANK)ISIEF (1TANK)+}
GO T0 100

50 TF=GAUS(SIGF)/VSH
XSTAR=XO+TF & (VSHaXMU=VT ) +XFUSE
YSTAR=YO+TF sYSHSYMUSYFUSE
2ZSTARZZO+TF2YSH*ZMU+ZFULZE
DO 61 ITANRKR=] NTANKS
YT=SYCG(ITANK)=YSTAR
ZT=2CG(ITANK)=ZSTAR
XTT=XCG(ITANK ) =XSTAR
C1l=VRsVR=VEM«VEM
C2=VSHE ((XMU«VT/VSH) s XTT+YMURYT+ZMU%ZT)/C1
CEA=XTTHXIT+Y 1 uYT+2THZY
DISCR=SYRT(C23C2-C3/C1)
T=C2-UISCR
IF(TelToUL0) TSCeeUISCR
ITER=(

51 IF(ITER.GTW25) 60 TU 61
AXT=XTT+VTaT
XLZSQART(XT*XT+YTsYT+2ZT#2T)
IF(XLEQ.C40) GU TO 61
BETAX=XT/XL
BETAY=YT/XL
BLTAZ=2T/ XL
COSGAMSXMUSBETAX+YMUSBETAY+2ZMUXBETAZ
VOZVSH#CUSGAM+SURT I VSHAVSH*CUSGAM®COSGAM+VEMSVEM=VSKSVSH)
VOOOT=VO&VSH&VT* (XMU=BETAX#COSGAM) / (XL* (VO=-VSHSCOSGAM))
FOOCT=B0%( (VO+VODOT*T)/(1.,0+8Bxv0xT)~BETAX=VT)
IF(FOOT.LELU.0) GO TO 61
FSALOG(1+.0+BD%VOxT)=8B%XL
TREW=T=F/FDOY
1F (ABS(TNEW=T)+LE.LCELTA) 60 TO 52
T=TNEW
ITERSITER+1
GU TO S)1

52 IF(XLLGT.500) GO TO 61
COSTH=(VOsCOSGAM=YSH) /VEM
IF(COSTH.LT COSTMX) 6O TO 61
IF(COSIH.LICOSTMN) GO TO 61
IHIT(ITANK)ISIHIT(ITANK) 4]
EShASAASABRS (AA+COSTH)I/Z (AASAA42 03 AASCOSTH+1.0)%%x1,5
PSIC=PSIST/(ExXLaXL)
VHIT=VUSEXP{ «BE®XL)
VNET=SQRT(VHIT#VHIT=2,08VT#VHIT*BETAX+VT&VT)
EDENS=0.5%SLUGOsVHET*VYNET#PSIC
IF(EDENS +GEJHRAM) IRAM(ITANK)ZIRAM(ITANK)+1
ATB=4 . 0s XLt ITANK)» YL (ITANK)
ASSZQ UKL (TTANK) 21 (1TANK)
AFR=4 (0%YL(ITANK)®Z1(ITANK)
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SARSAUS(BETAX)sAFR+ABS{BETAY)»ASS
TAR=SAR+ABS(BETAZ)sATB
PHCUM(ITANK)=SPHCUMIITANK ) +1,0~EXP(=PSIC*TAR)
ARBF=0+UL#PFUEL(ITIMEITANK) %0, 015FULLPC(ITANK)#SAR
ARAF =SAR=ARBF

IF(BETAZ)S53+5%5.54

ARAFSARAF «BETAZ*ATH

GO TO 55

ARBF=ARBF+BETAZ*ATE

FHITBF=1.0~-EXP (=PSICsARBF)
PHITAF=1,0=-EXP(=PSICHARAF)
TUMP=FTEMP (1TIME ¢ LTANK)

1IF(ALT.LT,10000,0) GO TO Se

AFAC=2.5%EXP (=,000092%ALT)
IF(ALY.GT,.60000.U0) 60 Tu 58

IF(TMP.LT,U.0) GO TO 58

IF(TMP 6T o45,0) 6O YO 57
CFSTMP/45,0%(162~04000025ALT)

GO0 TO 6U

AFAC=1.0

IF(TMPLLT,0,0) GO TU 58

IF(TMP.GT,.45.,0) GO TO 59

OF=TMP/45,.0

GO Tu 6l

DF=1.2-0,0U002#ALT

GO YO el

LDF=0,0

GO 70 el

OF=1,0

CEF (ITANK)IZCEF(ITANK) 40+ 350F*PHITBF
CLEAR{ITANK)=CLEAK(ITANK)+PHITBF#(1+0-0¢3%DF)
HATIUSFAR(1TLIME + LTANK)

IF{RATLIO,LIJRATMIN) GO TO b2
IF(RATIO.60lKAIMAX) GO TO 62
CFeE(ITANKISCFE(ITANK) +,00000769%SQART (FM)sVNETSAFAC*PHITAF
VSCUMI{ITANK)=VSCUM{1TANK)+VNET
RSCUM(LITAWK)=RSCUM{ITANK) +RS

CONTINUE

CONTINUE

IF(ISORF ( IWEAP),GTs1) GO TO 108

LUO 101 XTANKS1 «NTANKS

IF(IHIT(ITANK) 4EWeU) GO TO 101
VSAVE=VSCUM(ITANK)/IHIT (ITANK)

PAFENZ= (14, 0% IAFEN(ITANK) )/IHIT(ITANK)
IF(IAFEN(ITANK)EQ,0) GO TO 104%

PAFEXA= {1 0*%IAFEXA(ITANK) }/TAFEN{ITANK)

G0 TL 105

PAFEXA=0.0
PAFEXBS(1.0%]AFEXB(ITANK) )} /IHIT(ITANK)

60 TO 107

IF(IAFEN(ITANK) cEQ.IHIT(ITANK)) GO TO 106
PAFEXB=(1.,0%JAFEXB{ITANK) )}/ (IHIT(1TANK)=JAFEN(ITANK))
GO Tu 107

PAFEXB=0,0
PLEAK=(1,UILEAK{ITARK)~1EF (1TANK) } /IHIT(ITANK)
PFE=(140%IFE(ITANK) )}/IN1IT(1TARK)
PLEF=(1,0%1EF (ITANK) )} /IHIT(ITANK)
RSAVE=RSCUM(ITANK)/ZIRIT (ITANK)
PHITS(1.0%lHIT(ITANK) )/WNSH

PRAMS (1 ,0#IRAMIITANK) )/ IHIT(ITANK)
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PNUEF =1 U=PLEAK-PRAM=PFE~PEF
PUFENSL U=FPAFEN
PBFEXA=L U=PAFLXA
PBFEXB=1,0=-PAFLXB
PRINT LO0U0«ASULVATARG {ATANK(I¢ITANK) s1S1e2)
PRI®NT 10UlesTIMsAWEAP (IWEAP ) WPBFEN
PRINT 1002¢PHIVWPFUEL(LTIME +1T1ANK)
PRINT 1003+VSAVEFYEMP(ITLIME +1TANK) +PUFEXDB
FRINT 1004 +RSAVEFAR(ITIME«1TANK) PAFEXB
PRIMT 10USYH(ITIME) e VIWPUFLN
PRINI 10UpePBFEXAVPAFEXA
PRINT LOUT7+PNUEF  PLEAK'PEF sPRAMSPFE
101 CUNTINUE
6U TL 1lu2
1u8 L0 109 ITANK=1 «NTANKS
IF (PHCUMUITANK) oEQe0.0) GO TU 109
VOSAVESVSLCUMOLTANR) ZIHIT(LTANK)
PLEAKRZCLEAK (ITANK)/IHIT(ITANK)
FRESCRE(LTANK) ZIRIT(ITANK)
PEF=CEF (LTANR)/IHIT(LITANK)
RSAVE=KRSCUMUITANK)/ZIHITU{ITANK)
PHITSPHLUM({ITANK) /NSH
PRAMS (L U lRAMIITANK) ) /IHIT(ITANK)
PRINI 10U00+AWARCATARGy (ATANK(L4ITANK)sI=142)
PRINY 1013+TIMeAWEAP (IWEAP)
PRINT 10UB8+PHITWPFUEL(ITIME « ITANK)
PRIMN] 10094 VSAVEFYEMP(ITIME+ITANK)
FRINT 1010+S1GMAGFAR(ITIME «ITANK)
PRIMT 1U11e¢ALT VT
PrINT 1012.PLEAK ¢PEF «PRAMJPFE
109 CONTLIWUE
102 CUNTLINJUE
103 CONTINUE
sTop :
10U% (URMAT (*1%e51X 1% UEL TANK VULNERABILITY MODEL%/62X+%REPORT 2%/%(Q%,
155X e2RL0/7%0%+ 49X o AVERHICLE ~=% ¢ ALV /%0% 49X+ #FUEL TANK==%42A10)
1001 (ORMAT(#0TIME INTO MISSION(HRS)==%¢(7¢3¢18X e *THREAT~=%¢A10021X s
1%PROBABILITY OF LIQUID ENTRY==%¢F9,6)
1002 (ORMAT(#QPROBABILIIY O( HIT ON (UEL TANK~=%4+(9,6¢7X+*xPERCENT (UEL
IREMALNLNO==%F7,218Xe*GIVEN LIGUID ENTRY==x)
1003 (ORAAT(®UAVERAGE STRIKING VELOCITY((PS)==%4(8,1¢9Xes(UEL TELMPERATU
LRE(F ) ==24F7Te2¢15X+2PROBABILLITY OF LIWUID EXIT=w%,F9,6)
1004 (UKRMAT(®(UAVEKAGE SLANT RANGE((T)==%419¢1+15X 2 (UEL/AIR RATIO=ax,
1F9,6¢18X¢xPROBABILITY OF VAPUR EX1T==%¢F9,6)
1005 (UHMAT(20ALIRCRA(T ALTITUDE((T)==%¢(8¢1/%0AIRCRA(T SPEED((PS)=wx,
1IF7¢1¢60XsxFPROBABILITY OF VAPOR ENTRY==%4F9,6)
1006 (ORMAT(#0%+89Xv*GIVEN VAPOR ENTRY==%/#0%,93X+#PROBABILITY 0O( LIQUIL
1D EXiTm-%4F9,6/%0%193X e xPROBABILITY UF VAPOR EXIT==%,F9,6)
1007 (ORMAT (%= s49X+xPRUBABLILITLIES O (UEL TANK DAMAGE*/%0%¢60X¢xGIVEN

1A HIT*/%0%+51X %P (N0 EFFECT) SEeF9.6/7%0% 451X 2P (LEAK
2WITHOLUT FIRE) Sk F9¢6/30%951 X vxP(LEAK AND EXTERNAL FIRE) ==,
3F9.6/%0%¢51Xv#P (DESTRUCTIVE HAM) 2weFI,6/%0% 151X v #P ( INTERNA

L FLIRE/ZEXPLOSIUN)S®¢F9,.6)

1008 (UKMAT (&«UPHOBABILITY O( hIT ON (UEL TANK==%9(9,6¢7X+#PERCENT (UEL
IREMALINLING==% o FTo2)

1009 (UFMAT(*GAVERAGE STRIKING VELOCITY((PS)~=%e(841+9Xss(UEL TEMPERATU
LRE(F )=~ 4F7e2)

1010 (ONMAT(#0AIMING SIGMA((T)e=ky(Bs1925X e *(UEL/AIR RAYIO==%4(9,6)

1011 (OHMAYT(xUAIRCRA(T ALTITUDE((T)~=#%¢(8+.1/%0AIRCRA(T SPEED((PS)ews,
lF7.1)
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1012 (URMAT(#0s 49X +4PRUBABILITIES O( (UEL TANK DAMAGE®/%09¢60XoGIVEN

1A HIT#/20s¢51XvsP(LEAK wlTHOUT FIRE) =8¢F9.6/500¢51X e8P (LEAK
2KND EXTERNAL FIRE) =3 4F9.6/8U¢51X 3P (UESTRUCTIVE HAM) Se, =
3F9.6/304+51X+sP(INTERNAL FlRE/EXFLOSION)=#¢F9,6) 4

1013 (URMAT(SOTIME INTO MISSIONI{HRS) =<8 (T7¢3¢18XssTHREAT==%4A10)
200U (ORAAT(2110+3130,0)
20ul (URMAT(1018)
2002 (URAAT(211¢1847(10.0)
2003 (UR~AT{3(10U.0)
2004 (ORMAT(8(104.0)
2009 (ORMAT(4X¢H11e6(1040)
2006 (URMAT(5(10.0)
2007 (ORMAT(&(10.0)
20uB (ORMAT(8A10)

EnD

SUBKOUTAINE IN(XTeYTeZT (LT oWwToHT\PFUEL)
LOGECAL ENTRYLAFEN
REAL LT
CUMMUN ZINOUT/ AeBeCeIASPeJASP+XINeYINIZINXOUT «YOUT cZOUTWENTRY ¢
IAFENGAFEX e XU YU 20
IF(C)LloH o2
1 l1ASP=S5
ZINZZT+HT
Gu 10 3
2 IASPz6
ZINSZT~HTY
3 YInzL/Ce(21120)4Y0
XIN=A/Co(ZIN~20)+X0
IFLAGS(YIN=YT),6T ,WV) GO TU &
IFLABSIXINSXT) 46T LT} wO TO &
GO 10 12
4 IF(A)I5B.6
8 1ASP=3
TINSYT+WT
G0 10 7
6 1ASP=y
YINSYY=-WT
7 2IM=C/Bs(YIN=YU)+20
XINSA/Bs(YIN=YU)+XO
1F(ABS(ZIN=2T)sGTHT) GO TO 8
TFLABS(XIn=XT) GT.LT) GO TLU 8
GJ TO 12
j 8 1FLA)9417,410
9 JASP=1
XINSXT+LT
G0 10 11
10 IASP=2
XInsXT=-LT
11 ZINsC/As(XIN-X0)+20
YINZB/A® {XiN=XU)+Y0O
4 IF{ASSIZIN2T)GT HT) RETURN
IFLABSIYIN=YT) &T,.,wT) HETURN
12 f_NlRY-‘-QfRUE.
1F(PFUEL)17¢15013
13 IF(PFUEL.EQG.10Us0U) GO TO 15
JF(1ASP=5)14416415
14 IF(50,0%(Z2IN=ZT+HT)/HT 6T, PFUEL) GO TO 16
15 AFENZ,FALSE.

» RETURN
16 AFENZ,TRUE.
17 RETURN
£ND
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SUHROUTENE UUTIXToYT 2T LT WT o HT PFULL)
LUGICAL AFEX
REAL LT
COMMON /INOUTZ AJBaCyIASP yJASPoXINsYIN- JINJXUUT s YOUT 4 ZOUTWENTRY,
IAFENGAFEX ¢ X0,Y0420
IFLC)144.42
1 JASP=6
ZOUT=2ZT=HT
GO Y0 3
2 JASP=S
2UUT=ZT+HT
3 YOUTZUB/Ce(20UT=20)+YU
XUUE=A/LS (L0UT=2U) +XU
IFLABSLYUUT=YT ) LTewl) GO 7O &
IF(ABS(XULT=XI) 0LT4LY1) GU TO §
GO Tu 13
4 1IF(B)Sebeb
9 JALP=Y
YUUI=YT=uwT
GO 10 7
6 JASE=3
YOUTZYT+HT
7 20UT=C/B%{YOUT=YO)+2U
XOUT=A/He(YOUT=YO)+XU
LFCABS(Z0UT«2T ) ,GT,HT) GO TO &
IFLABS(x0UT=XxT) 6T LT) GO TO &
6V YO 13
B IFtA}Ye12010
Y JASPz2
AOUT=XT-LT
GO 10 11
10 UASP=1
KQUT=XT+LT
11 Z0UT=C/A%(XUUT=X0)+Z0
YOUT=BZA%(X0LT=X0)+Y0
IFLABS(20UT=2T),GT.HT) GO TU 12
IFCABSLYOUT-YT) ,6T.WT) GU TU L2
G0 TO 13
12 PRInT 1000
sT0P
13 IF(PFUEL.EQ.0.,0) GO TO 15
IF(PFUEL,EQ.100.0) GO TO 1%
IFLJASP.EG.H6) GO TO 14
IF(SU U (20UT=2T+HT ) /HT.GTPFUEL) GO TO 15
14 AFEX=.FALSE,
Re TURN
19 AFEX=.TRUE.
RETURN
1000 (URMAT (s ENTKY BUT NU EX1T=*)
END
FUMNCTION ULEMACH(AMAZHWHT)
IFtMTLT,36089,0) GO TO 1
NEMALHZ968,452¢AMACH
RE TURN
DEMACHE49,040772+SART(518,688-0.,00356616%HT ) *AMACH
RETURN
END

-
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§
SUBROUTINE REPTY
COMMUN /PROFILE/ HT(250) «VT(250) +FAR(2504100 oFLEFT(250010) ¢
LFTEMP(250410) +GAL (10) sNTANKS o NTP o TINC E
CUMMON /ALPHA/ ATAWK(2+10)1AWEAP(32) +AWAR{2) 1ASOL(2) ¢ATARG .
INTEGER GAL i
REAL (6) (HT(I)e1=148013) : i
. READ 20004 (CATANK(LeJ)e1=2142) 9JS1eNTANKS) sATARG
3 HLEFT=NTANKS
181=}
1 1EMUZIST+4
3 NLEFTSULEFT S
W IFCALEFT.Gle0) GU TO 2
¥ ‘ ] LEMISTENUGHLEFT
F 2 LINEZU
& . NTP3T)
TR | 2 IFCMUUCLINEY60) «GT<0) GU TU &
3 , PRINT 1000+ATARG{ (ATANK(JeI)eJ5102)+ISISTIEND)
; PRINT 1001+(GAL(1)¢I=SIST4IEND)
. PRINT 1002
b5 LINE=LINE+L2
l-'“ 4 TIRSIANCS (NTPS=1)
i PRINMT 1003¢TI1Ms (FAR(NTPSe1) +FLEFTINTPSv1)4+1=1STIEND)
; LINE=LINE+]
4 TIPSz TPS+1
IF(NIPS.LE.NTP) GO TO 3
IF(NLEFTLLE.U) RETURN

IST=1Enii+]
g - 6Q YO 1
b 1000 (ORMAT(%1¢951Xe#(UEL TANK VULNERABILITY MODEL®/62X+$REPORT 1#//
156X e sYEHICLE == ¢A10/11KeS (4Xs2A20) )
S0U1 (URMAT(I1Xe5(3Xe21(%=¢))/11Xe5{I8Bss GALLON CAPACITY=))
# 10U2 (URMAT(13Xe5(3Xe21(8=8))/% TIME INTO#+S(15Xs4PCTe (UEL®)/
; 15 MISSION #e5(» F/A RATIU  REMALININGS))
: 3003 (OHMATUIXe(10,3¢5{(12469(12.2))
2000 (URMAT({SAL0)
ENO

FUNCTION GAUS(SIGMA)
CAUS=0,.,0
00 1 I=1+.12
1 GAUS=GAUS+RANF (0,0}
) GAUSZSIGHAS {GAUS~6e0)
RETURN
END
9 END UF RECORD
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Housto, TX 77058
Attn: JM6

NASA -~ Lewis Research Center
21000 Brookpark Rd.
Mail Stop 500-202
Cleveland OH 44135
Attn: Library (D. Morris)

National Bureau of Standards

Building 225, Rm A62

Washington, D.C. 20234
Attn: I.A, Benjamin

Naval Air Development Center
Warminster, PA 18974
Attn: Code 30C (R.A. Ritter)
‘Attn: Code 5422 (M.C. Mitchell)
Attn: Code 5422 (C.E. Murrow)
Attn: Code 5422 (D.G. Tauras)
Attn: Code 5423 (B.L. Cavallo)

Naval Air Propulsion Test Center
Trenton, NJ 08628

Attn: AD1l (W.G, Hawk)

Attn: PE3A (J. Mendrala)
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Naval Air Systems Command
Washington, D.C. 20361
Attn: AIR-03PAF (CDR R.C. Gibson)
Attn: AIR-03PA4 (T.S. Momiyama)
Attn: AIR-330B (E.A. Lichtman)
Attn: AIR-503Wl (E.A. Thibault)
Attn: AIR-5204
Attn: AIR-5204A (D. Atkinson)
Attn: AIR-5204J (LT COL R.T. Remers)
Attn: AIR-53031 (R.O. Lutz)
Attn: AIR-530313 (R.D. Hume)
Attn: AIR-5323
Attn: AIR-53242 (C.F. Magee)
Attn: AIR~5363
Attn: AIR~53632E (C.D. Johnson)

Naval Material Command
Washington, D.C. 20360
Attn: MAT-0331 (H.G. Moore)

Naval Postgraduate School

Monterey, CA 93948 ‘
Attn: Code 57BP (R.E, Ball)
Attn: Code 57BT (M.H. Bank)

Naval Sea Systems Command
Washington, D.C. 20362
Attn: SEA-03511 (C.H. Pohler)

Naval Ship Engineering Center
Hyattsville, MD 20782
Attn: Code 6105D

Naval Ship R&D Center

Annapolis, MD 21402
Attn: Code 2851 (R.O. Foermsler)
Attn: Code 2851 (J.R., Lugar)

David W. Taylor Naval Ship R&D Center
Bethesda, MD 20084
Attn: Code 1740.2 (F.J. Fisch)
Attn: Code 1740.2 (0.F. Hackett)

Naval Surface Weapons Center

Dahlgren Laboratory

Dahlgren, VA 22448
Attn: DF-52 (W.S. Lenzi)
Attn: DG-10 (S. Hock)
Attn: DG-10 (T.L. Wasmund)
Attn: DG-104 (T.H. McCants)
Attn: DK-23 (B.W. Montrief)
Attn: DI-51 (J,F. Horton)
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Naval Surface Weapons Center

White Oak Laboratory

Silver Spring, MD 20910
Attn: WA-11 (E.F. Kelton)
Attn: WU-41 (J.C., Hetzler)

Naval Weapons Center

China Lake, CA 93555
Attn: Code 40 (M.M. Rogers)
Attn: Code 40701 (M.H. Keith)
Attn: Code 408 (W.T. Burt)
Attn: Code 408 (H. Drake)
Attn: Code 408 (C. Padgett)
Attn: Code 4083 (G, Moncsko)

Naval Weapons Support Center
Crane, IN 47522
Attn: Code 5041 (D.K. Sanders)

Pacific Missile Test Center

Point Mugu, CA 93042
Attn: Code 13.2 {(J.R. Bok)
Attn: . Code 1332 (W.E. Chandler)
Attn: Code 1332 (B.E. Nofrey)

Picatinny Arsenal
Dover, NJ 07801
Attn: SARPA-AD-C (S.K. Einbinder)

Rock Island Arsenal

Rock Island, IL 61201
Attn: DRSAR-PPV (D.K. Kotecki)
Attn: DRSAR-RDG (L.J. Artioli)
Attn: DRSAR-SAS (S. Olsen)
Attn: SARRI-LR {(C.S. Hicks)
Attn: SARRI-LW-W (J.S. Hansen)

San Antonio Air Logistics Center
Kelly AFB, TX 78241
Attn: ALC/MMSRE

Warner Robins Air Logistics Center
Robins AFB, GA 31098
Attn: WRALC/MMET (LT COL G.G. Dean)

2750th Air Base Wing

Wright~Patterson AFB, OH 45433
Attn: ABW/SSL
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Aeroquip Corp.
Subsidiary of Libbey-Owens Ford Co.
300 8. East Ave,
Jackson, MI 49203
Attn: E.R., Steinert
Attn: R. Rogers

Air University Library
Maxwell AFB, AL 36112
Attn: Librarian

'AVCO Corp.

Lycoming Division .

550 So. Main St

Stratford, CT 06497
Attn: R. Cuny
Attn: H.F, Grady

Battelle Memorial Institute
505 King Ave.
Columbus, OH 43201

Attn: J.H. Brown, Jr,

Beech Aircraft Corp.
9709 E. Central Ave.
Whichita, K§ 67201
Attn: Engineering Library (T.R. Hales)

P S P

Bell Helicopter Co.

A Textron Co.

P.0. Box 482

3 Fort Worth, TX 76101
: Attn: J.R. Johnson
v Attn: J.F. Jaggers
r Attn: E.A, Morris

S

P A R

Boeing Vertol Company

A Division of The Boeing Co.

] P.0. Box 16858

; Philadelphia, PA 19142

Attn: J.E. Gonsalves (M/S P32-19)

Cessna Aircraft Co.
Wallace Division
P.0. Box 1977
Wichita, KS 67201
Attn: B.B. Overfield
Attn: Engineering Library (J. Wilson)
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Fairchild Industries, Inc.
Fairchild Republic Co.
; Conklin Street
3 Farmingdale, L.IL., NY 11735
Attn: J.A, Arrighi
Attn: Engineering Library (G.A. Mauter)

Falcon Research and Development Co.
696 Fairmount Ave.
Baltimore, MD 21204

Attn: W.J, Douglass, Jr.

: Falcon Research and Development Co.
| 601 San Pedro NE, Suite 205
4 Albuquerque, NM 87108

Attn: W.L. Baker

Fiber Science, Inc.

7006 Sea Cliff Rd.

McLean, VA 22101
Attn: R.N, Flath

Firestone Coated Fabrics Co.
P,0, Box 864
Magnolia, AR 71753

Attn: L.T. Reddick

General Dynamics Corp.

Convair Division

P.0. Box 80877

San Diego, CA 92138
Attn: Research Library (U.J. Sweeney)
Attn: J.P, Waszczak

General Dynamics Corp.
Fort Worth Division
Grants Lane, P.O. Box 748
Fort Worth, TX 76101
Attn: P.R. deTonnancour/G.W. Bowen

General Electric Co. .
Alrcraft Engine Group iy
1000 Western Ave.
West Lynn, MA 01905

Attn: E.L. Richardson

Attn: J.M, Wannemacher
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General Electric Co.
Aircraft Engine Group

. Evendale Plant
. Cincinnati, OH 45215

Attn: AEG Technical Information Center (J.J. Brady)

Goodyear Aerospace Corp.

1210 Massillon d.

Akron, QH 44315
Attn: J,E, Wells (D/959)
Attn: H,D, Smith (D/490G)
Attn: T.L, Shubert (D/910)

Grumman Aerospace Corp.
South Oyster Bay Rd.
Bethpage, NY 11714
Attn: J.P, Archey (D/662)
Attn: R.W. Harvey (D/661)
Attn: H.L, Henze (D/471)
Attn: Technical Information Center (J. Davis)

Hughes Helicopters
A Division of Summa Corp.
Centinela & Teale St.
Culver City, CA 90230
Attn: R.E. Rohtert (15T288)
Attn: Library (D.K. Goss 2/T2124)

ITT Research Institute

10 West 35th Street

Chicago, IL 60616
Attn: I. Pincus

Kamen Aerospace Corporation
01d Winsor Rd.
Bloomfield, CT 06002

Attn: H.E. Showalter

Lockheed ~ California Co.
A Division of Lockheed Aircraft Corp.
Burbank, CA 91503

Attn: Technological Information Center (84-40, U-35, A~1)

Lockheed - California Co.
A Division of Lockheed Aircraft Corp.
P.0. Box 551
Burbank, CA 91520
Attn: C.W. Cook
Attn: L.E. Channel
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Lockheed ~ Georgia Co.
A Division of Lockheed Aircraft Corp.
86 S. Cobb Drive
Marietta, GA 30063
Attt C.K. Bauer

LTV Aerospace Corporation /
Vought Systems Division
P.0. Box 5907
Dallas, TX 75222
Attn: G. Gilder, Jr
Attn: Unit 2-54244 (D.M. Reedy)

McDonnell Aircraft Co.
McDonnell Douglas Corp.
P.0, Box 516
St. Louis, MO 63166
Attn: R.D. Detrich
Attn: R.A. Eberhard
‘Attn: Library
Attn: M, Meyers

McDonnell Douglas Corp.
3855 Lakewood Blvd.
Long Beach, CA 90846
Attn: Technical Library, (CL 290/36-84)

New Mexico Institute of Mining and Technology
Socorro, NM 87801
Attn: TERA

Northrop Corp.
Aircraft Division
3901 W. Broadway
Hawthorne, CA 90250 -
Attn: Code 3680/35 (J.H. Bach)
Attn: V.B. Bertagna
Attn: Mgr. Library Services (H.W. Jones)
Attn: Code 3680/35 (W. Hohlenhoff)
Attn: Code 3628/33 (J.R. Oliver)

Northrop Corp.

Ventura Division

1515 Rancho Conejo Blvd.

Newbury Park, CA 91320
Attn: M, Raine

60




O e s b o L o g e T TR TS

ap
T

- 18321 Jamboree Rd.

JTCG/AS-74-V-011

Parker Hannifin Corp.

Irvine, CA 92664
Attn: C.L. Kimmel
Attn: J.E. Lowes

Protective Materials Co.

York St.

Andover, MA 01810
Attn: M.H. Miller

Rockwell International Corp.
4300 E. Fifth Ave.
P.0. Box 1259
Columbus, OH 43216
Attn: Technical Information Center (D.Z2. Cox)

Rockwell International Corp.
Los Angeles Aircraft Division
B~1 Division
International Airport
Los Angeles, CA 90009
Attn: W.L. Jackson
Attn: R. Moonan (AB-78)
Attn: W.H. Hatton (BB-18)

Russell Plastics Tech.

521 W. Hoffman Ave.

Lindenhurst, NY 11757
Attn: J.C. Hebron

Sikorsky Adircraft
A Division of United Aircraft Corxp.
Main Street
Stratford, CT 06602
Attn: D. Fansler/S. Okarma
Attn: J.B. Faulk
Attn: G.W. Forbes
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Southwest Research Institute
8500 Culebra Rd.
P.0. Drawer 28510
San Antonio, TX 78284
Attn: Bussuy-02
Attn: W.D. Weatherford
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Teledyne CAE

1330 Laskey Rd.

Toledo, OH 43697
Attn: Librarian (M. Dowdell)
Attn: Librarian (M. Dowdell/W.Q. Wagner)
Attn: Librarian (M. Dowdell/A.E. Kirschmann)

Teledyne Ryan Aeronautical

2701 Harbor Dr.

San Diego, CA 92112
Attn: Technical Information Services (W.E. Ebner)
Attn: P. Kleyn
Attn: N.S. Sakamoto

The Boeing Co.

Wichita Division

3801 S. Oliver St.

Wichita, KS 67210
Attn: H.E, Corner (M/S K21-57)
Attn: D.Y. Sink (M/S K16-14)
Attn: Library

The Boeing Co.
Aerospace Group
P.0. Box 3999 ;
Seattle, WA 98124 Bt
Attn: J.G. Avery (M/S 41-37)
Attn: R.G. Blaisdell (M/S 8C-42)

The Johns Hopkins University {
Applied Physics Laboratory
Johns Hopkins Road,
Laurel, MD 20810

Attn: A.R. Eaton

Attn: C.F. Meyer

Attn: B.W. Woodford

Uniroyal, Inc.

Mishawaka Plant

407 N. Main Street

Mishawaka, IN 46544
Attn: J.D. Galloway

Uniroyal, Inc.
Government Affairs
1700 K. St., NW
Washington, DC 20006
Attn: D, Gillett

Williams Research Corp.

2280 W, Maple Rd.

Walled Lake, MI 48088
Attn: Library
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