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FOREWORD

This report summarizes the results of a study performed by Caywood-Schinlex Divftion
of A.T. Kearney, Inc. under U.S. Air Force Contract F33615-73-C-2078. The work Was
conducted between I July 1973 and 31 March 1974, under the direction of the Air Force
Aero Propulsion Laboratory, with Mr. G. W. Gad (AFAPLISFH) acting as Project "
Engineer.

Work was sponsored by JTCG/AS as part ot" the 3-year TEAS (Test and Evaluation,
Aircraft Survivability) program. The TEAS prograin was funded by DDR&E/ODDT&fL. T11he
effort was conducted under the direction of the JTCG/AS Vulnerability Assesmraent Sub- -
group, as part "of TEAS e!ement 5.1.6.6, Development ol Models for Asseiwn•t ,1 t"
Ygbwa&ybility of Aircraft Fuel Sy'ten~s.

A study was conducted to develop a dynamic model of the vulnerability of an aircraft
fuel system to threats posed by hostile weapons. Improvement was achieved in treating fuel
system vulnerability. Further devalopment of the fuel system model is recommendcd.

Estimates in this report are not to be construed as an official
position of any of the Services or of the Joint AMC/NMC/
AFLC/AFSC Commanders.

NOTE

Information and data contairbed in this document arc based'on reports available at the time of preparation, and the re-
sults may be subject to change.
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" This report presents the results of a study to develop a
dynamic 'model of the vulnrability of an aircraft fuiel 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 each 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 each fuel tank undker study at increments
along the flight path. These arc used as inputs to the Monte CarloJ
model.

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

The resulting model gives an improved measure of the impaet
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..._
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INTRODUCTION

PUR.OSL

This rpor.n.cnts the results of an exploratory study to develop a dynamic represen-
taltion of the vulnerability 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 liquid fuel and tank ullages, influence of tank wall and liquid temper-
atures on the ullage composition, tank overpressure caused by internal fires, and effect of
venting are largely ignored. 'Analyses conducted under the:e 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 vuiii•'ability 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 Force by Dynamic Science, Inc., was considered the most
ac~urate representation of internal fuel state. The WSFT program does not consider tnc
hostile threats; therefore, a vulnerability model was constructed to combine the WSFT
program fuel states with anticipated threats.

WSFT PROGRAM

GENERAL

The WSFT program, which is an integral part of the fuel vulnerability model, was
developed under a prior AFAPL study1 . The program determines the fuel-to-air ratio in the
ullage space of a fuel tank as a function of time for a particular input mission profile 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.

Air Force Acro Propusion Laboratory. Analysis oj Aircraft Fuel Tank Fire and Explosion Hazard, by T.C. Kosvic.

L.B. Zung, M. GCrstein. Wright-Patterson Air Force Ele, OH, AFAPL, Match 1971. 75 pp. (AFAPL-TR-7T-7, publication
UNCLASSIFIED.)

0I
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INPUTS REQUIREID

Basic inputs required by the WSIT program are:

I. Altitude profile of aircraft

2. Liquid temperatum history

3. Skin and structure temperature

4. Vapor pressure relations of liquid fuels

5. Ullage •volume and exposed surface area schedule

6. Vent size

7. Internal heat transfer coefficients between ullage and tank structure.

Standard FORTRAN IV NAMELIST i3 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.

OUTIPUT

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 W
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 v.ulnerability model.

INHERENT ASSUMPTIONS AND LIMITATIONS

The WSFT program assumes A homogenous mixture of fuel vapor and air. The mixing
of air and vapor is assumed to occur rapidly with no appreciable diflerence in fuel-to-air
ratio within the ullage volume. The programn is particularly applicable for shallow tanks or
tanks where "ie ratio of ullage volume to liquid fuel surface is small. It was considered
beyond the scope of this study to develop a new model which would incorporate the QJ
concept of a stratified 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 fuel-to-air ratios.

2
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Table 1. Variable Names and Definitions.

Name Definition Units

SDATA Ident of data block

RGAS Universal gas constant ft-Ibm/lb-mole OR

EMWA Mass of air lbm/lbm-niole

EMWF Mass of fuel Ibm/Ibm-mole

CPA Specific heat of air BTU/lbm OR

CPF Specific heat of fuel BTU/lbm 0R

TA Temperature of the ullage

11J(J) llj heat transfer film BTU/ft2 hr OR
coefficient

J=1, to fuel surface

J=2, to side of tank

J=3, to top of tank

ZOG Set equal to one None I
DV Diffusion coefficient ft2 /!lr

CDELTA Characteristic length for ft

evaporation

KTANK 0 Set equal to zero None

GALO Initial volume of fuel gal

BETA Bunsen coefficient

CON 1 Outgassing coefficient hr-1

CON2 Solution coefficient hr-I

TVENT If TVENT=O, incoming air will be OF
calculated from altitude
and Mach number schedule I
If TVENT#0, all incoming air
will have temperature=TVENT

TF(1,1). Table of time values 'rs
corresponding to fuel
temperature table

3
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Table I. Variable Names and DcfinitionL (lContinudil.

Namne I)Dfinition ltIIl%

T(1,2) Table of fuel temperatures at
tines correspolnding to TlF 1,1)

TSIDE(l,l) Table of' time values Ills
corresponding to tank side
tempcrature table

TSID E(1,2) Table of tank side temperature. of:

at times corresponding to iSI I)I( I, i)

TTOP(l,l) Same as TSI DE except applies..
TTOP(1,2) to top of the tank

ALT(I,I) Table of times corresponding hits
to altitude schedule table

ALT( 1,2). Table of altitudess at times KFT
corresponlding to ALT(1,I)

GALDOT(l,l) Table of time'values lirs
corresi )nding to fuel usage

GALDOT(1,2) Table of fu~I usage at times gal/hr
corresponding to GALDOT(I,I)

EMINF(l, ) Table of time values hits
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 OF
to fuel vapor pressure

PVAP(I,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 hirs

DTPRNT Print time interval hJis

AV Area of the vent ft2 .

DELHF Heat of formation of fuel BTU/lbm

4
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I-abe 1. Vatriable N~aiies and Definitionb. (Continued).

Name efinitiori Units

ULL(All Ullagv length ft

ULWIL) Wlage width ft

ULI~l'Ullaige height ft *
S 'End

$DATAI

EMWA=28.966,EMWF=72,
CPA=0.24,CPF=0.49.
TA=60,
HJ=3'2,
U LLG H= I 0,U LW D=1 0.0,U LHT-0.55,
DELHF=l,
AV-0.16,

OV -O.3. I

GA L05573,

CONI =1000,CON2=O,
TVENT=70,
TF(1,1frO,1,2,3,4,5,6,7,8,9,1O,ll,l2,
TF (1,2)=60,60,58,48,48,45,1 5,18,20:25,110,130,120,
TSI D E(1,1) )=0, 12,TS ID E(1,2)=70,70,
TTOP( 1, 1)0,12,TO1,)=70,

ALT(1 ,2)=0,8,20,22,22,20,18,20,22,.25,.25,

GA LDOT(1 ,2)=0,O,2779,2779,0,0,
PVAPO, ,1= )1 7,41 ,67,96,129,166,PV AP(1 ,2)=.35,.60,1 .1 .2.0,4.0,8.0,1

EM I NW, 1= ,5,2EV1I NF ,2)0O,.85,.85,

TO:--0,TMAX=1 1.FDTP8N,` ?r;,DT--.Ool$

Aheader card must be presont for each run on the WSFT program. The subsaquent data

y cards contain the -. 4riable names and corresponding values required by the model. The data

is punched on tads beginning in column two.

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

-t 
5
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VULNERABILITY MODEL

UIILIJIY

lie vulnerabilitq model was desqgied to ascertain the most hazaidous piha.tes of a
dcsignatcd Hlight protile. given a ltwcific aireralt and a specified set of hostile weapons. It is
intended tor utw in support of laboratory ',•%ing, both to reduce the number of tests
T,.qulred and to eliinlate unnecessary tests.

IMPUTS

1o prepare for model rutns, it is necessary to have input inlormatiu-i s •everai catego-
ries, (i... mniss•on, Weapons. and aircraft). See the Appendix for program 'istiril and sample

In addition to the input fromn the WSFI profam, the vulnerability model requires
iaput intormnation regarding ignition and dt,onation probabilities as functions of residual i
penetrittor energy, and hydraulic rati probability as a function ot impact kinetic energy. It
.O1O Nctuircs a geometric description ot the i'LCI system and the hostile weapons uider
consideration.

The flight profile must be selcted: whicis includes altitude, velocity, and time of the

target aircraft during the period when liostile weapons may be expected.

Weapons

"The mnodd, wili accept any mixture of kinetic energy lpnetrators or fragmenting war-
h- d •,c,,. in a sector of attack determined by a range of permissible azimuth and
clevationl .mgl' for each hostile weapon system.

KINETIC ENFR(;Y WEA..)NS. The parameters ,hich characterize the kinetic energy

lunetrators (teg., ball, Al*. and API-) are: mass of the penetrator, time of incendiary
ignition and incendiary burnout (relative to initial contact), muzzle velocity, drag
coefficient, and a table of rail 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 tiring weapon system. The probable aiming error is calculated from the table
of mil errors. A particular DM (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 perpendicular to the relative
velocity vector. This point and the relative velocity vector lCtermine 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.

*Armor-piercing anti afntf-pietcing incendiary.

7
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1~AGNIVN TING WAR"HEAD WEAPONS. The paramete is which characterize. the frag-

m tin, g. JTC-d epn at (I vrgeIAS.74Qt mass,(2) fragmnent statii;,emission

sho wepon. uingtheaiming sigma ui place 6--h'6ko
pmt, s Ocrn alpogthe4jectory from a notmnal. itiUo sn h uigsgaA'o

equisohof the 5getw 4 esi o
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the~b~t :~a, part!Fula 4F. a~ nchnjsrn,.S''

parileejxcd kazcknedii by the coordinates ot As ceniter, an4 by s Jengtidan
heghtCons "1t5",wbch roost be'supplied by: the 'User, Are-stored; t~ ersnfrti

~i~c of~t~tc tan 4 whtherai te~kr ignition Soijrc iS present, and te4itanc:ofthat
aspect frmtesi tteaircraft. The target ii, further characfteiz'ed by the tari~t elocity
azid.,byý the tn~rxy ~ Uired to produc penet_"tWdo each W f aui nk: #pd hyrdix~

Tee're two reports gceai yte pam.ý Repor I is a suirzmary olf fuel stitis
for eaich tank as a fwncttop of time i e al 2)Rpr2isaslnayofac oneo
hazard incident'. 4Sýe Table' ý)i4 nwstef~ stateý at the btime of tl, indcfdet Iwimma-i

n~sth pt~tletrjetoe~through the tank if impic ocus n rsnsoba 'Jities
Of Ito effevt. lea", external 1 ire. C.,tructive rain, andl interntal ifir/ecjflosion.; These probo-,
wities are c.4alclae t th; aea v seral*Monte (Crlo trials -for each conibintior, of'.
'fuel tank. wieapon, and'tjeitrasisligi no-zro Pj (probabiit o t a hit othe

RePOrt ,2 oiitput it mde vgm;Iai aard

V* oiý ~u h Ooobabilte of liquid ano vapor "exit -are Oiv nb the .*.-

basis, of. all these.,rbblt~ hzr.-ne is.ckatd'hh-iiaes on a saeof
z~ro through owe, the kelitood of lethdam curigt h aircraft as a result

Ct1DjNAjE",SVStkM ASO, AZIMUTH-EEVAT1ON OOV$ZN

The coordinate system used in this model has its origin at the ces ter of gr;ýYity of the ,*,

tailrtLaircraft: therefore, it is a moving, coordinate systern. The!X axis is PositiVe in, the
diection of travel. ($ft. Figure 3.) The Y axis is positive. in the direction of the left wing
and the Z axis is positive in 3n 'LpwarcI direction.

In the analysis, the, orientation of'certain vectors -with respe ct to certain axes -it *ome-
times expressed in terms of diftction cosines and in terms'of azimuth-elevation; thus,
conversica between these terms is required. The sign convention for azimuth-clevatjon needs
deffifition because all user do not use identical conveint ions.

.
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• Figure 3. Moving Coordinate System.

S t.

Consider the X, Y. and Z axes and the VSH (shell velocity) having direction cosines
;AX, PY, and 1Z" The El (elevation angle) is the angle between the vector and the XY plane.

It is considered positive if the vector has an upward component, and negative if it has ar : downward component. The Az (azimuth angle) is the angle between the projection of the
vector on the XY plane and the negative X axis. It is considered positive if the vector has a
component in the -Y direction.

The relations ween the direction cosines and azimuth-elevation can be derived by
resolving the unit VSH into its components along the coordinate axes. The magnitude of the
Z axis component is Isin El 1, while the projection in the XY plane is Icos El i. The latter
component may be projected on the X axis to yield cos El cos Az and on the Y axis to

J- yield cos El sin Az 1. Thus, the unit vector has components along the X, Y, and Z axes
whose magnitudes are Icos El cos Az, cos El sin Az, and Isin Eli. Taking the sign
conventions into account:

""X -cos El cos Az ()

/Ay = -cos El sin Az (2)

AZ =sin El (3)

These equations permit calculation of the diection cosines if Az and El are given.

"V .11
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1RAJECTORY

For a single shot, it is assumed that Az and El arc uniformly distributed between the
limits AZMIN. AZMAX, EIMIN, and I'MAX. El is found 'by selecting an ru (random
"number) uniformly. distributed between zcro and one and uging it in:

LI, =EIMIN + ru(IMAX EMIN) (4)

Az is found by selecting anoither ru for use:

Az = AZMIN + rU(AZMAX - AzMIN) (5)

The direction cosinesPX, My, and uZ can be calculated from equations (1),, (2), and (3).
'-€"-*- -4*

The VSH has magmnitude VSH and is expressed in equation (6), where and k
represent the unit vectors in the X, Y, and Z directions, respectively. The ýT (target
velocity) has ma~gnitude VT, is in the X direction, and appears in equation (7):

VSH VSt IIX i + VSH Py J VSH IZ k (6)

VT =VT 1 (7)

The VR (relative velocity) has magnitude VR, and is defined and evaluated as follows:

VR =VSH- VT =(VSH X" VT) r + VSH P y + VSHMZ1• (8)

VR =VVSH- 2St VTAX + VT (9) ii
Let A, B, and C be the direction cosines of VR with respect to the X, Y, and Z axes.

A = VS X VT (

A = V(12)

VR

VSH 1AZ ,..

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

12
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For the weapons with fragmenting warheads, an oA (aiming sigma) is an input. The
value of DM is chosen randomly from a normal distribution having mean zeru and standard
deviation O(A.

The solid shot weapons are characterized by a table of mrl errois as a function of target
, velocity. The EM (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 RS (slant range) is
given by:

RS H/sin (El) (13)

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

'} Ep -0.00 1 RS EM '(114) .
For normal disiribution, the Ep is equal to 0.675 standard deviation units. Thus, for the

aiming error.

A= Ep/0.675 (15)

Given the aiming error, the DM 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 (Xo, Yo,

p Zo) at random on the circumference of the circle. This point and the VR defines thM
trajectory for a single shot.

Select an ru uniformly distributed between zero and one. Let = 2v ru. A, B, and C
are the direction cosines of VR as calculated from equations (10), (11), and (12). If C # 1,
let:

Cos A

sill B

Then,j
X0 = IDMI [CcosO cos +sinasin ¢1 (16)

"",= tIDMI I-Ccos sinL + sinacos P] (17)r If C 0,
Zo IDM Icos 0 (18)

Otherwise,

Z = (-AX 0 - BYo)/C (19)

13
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If C = 1, the following equations apply:

Xo = DM I cos (20)

Yo 1DM jsin0 (211)

Zo 0 (22)

" GEOMETRY OF SOLID SHOT ENCOUNTER

For solid shot 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, YCG, and ZCG). For a given trajectory there are, at most, three faces of the tank

L. through which it is po..ble for the shell to enter. These can be determined from the
direction cosines of 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 Bottom

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 faces of the tank are parallel to the XY plane, and their

',1 equations are, respectively:

Z = ZCG + 11T/2 (23)

Z = ZCG- HT/2 (24)

The equation of the trajectory is:
-X x- x0 = Y - (3 = z -z(,,

""A 0  (25)

Let (XIN, YIN, ZIN) be the intersection point of the trajectory with whichever plane, (23)

or (24), is encountered by the shell first. Then, using Table I and equations (23) and (24):

AIN = ZCG + tITI2, C<0

ZIN = ZCG -IT/2, C>0

--. • - ". " * " -- "" , '' ,,

__________.. .. ____-____-__-__,"________________-______________ '________
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Substituting this value of ZIN into equation (25):

XIN = A/C (ZIN - Zo) + Xo

YIN = B/N (ZIN - 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 < XCG + LT/2

YCG - w'r/2 < YIN YCG + 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 whether the entry and exit points are above
or below the fuel.

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 kill.

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 (XFUSE,
YFUSE, and ZFUSE). The error along the trajectory due to fuzing is taken from the point
of closest approach to (XFUSE, YFUSE, and ZFUSE). 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 (ttx - VT/VSII)

Y* = Yo + YFUSE + DF MY

Z* = Zo + ZFUSE + DF AZ

The explosion of a static fragment warhead yields a characteristic spectrum of
fkagment 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 0 are those observed in a static explosion" while, through vector addition, Vo
(observed fragment velocity) and angle y occur in a dynamic explosion.
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VE

V0

BURST
POINT

VSH

Figure 4. Static and Dynamic Fragment Emission.

The law of cosines applied to Figure 4 yields a quadratic equation for Vo:

VSj o -)2+V 2 -V2
V0 = VS1j Cos 'V±coYV) E S11

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

Vo= VS[ COS '+ y(VsH cos -) 2 +V[ S1 (26)

Another relationship results from Figure 4 by sunmning vector components in the VSH
direction:

VoD cos '- VSVf•.

co = 0 = Vi" (27)

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

z* =Z*

16
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SThe target is represented by a set of fuel tanks, and the location of each tank is I
designated by the coordinates of its center of gravity. It must be determined whether each
tank i:; 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, y, 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. y, z) = Xl. YCG, ZCG). At this point the fragment has traveled a distance L,

where:

X11 XCG + VTt. (28) 1
LL= /(Xll" x*)2- + (YCG y*) 2 + (ZCG z*)2 (29)

TThe direction cosines, with respect to the x, y, z axes, of the line from explosion point to
hit point are Px, Py, and Pz:

•: ~XH-X* •

P x x= ' x (30)I
S~~Yo" Y* "

= - y*(31)

O -3z = (3 2 )

With the di,'ection cosines of each vector known, the angle 7 (Figurr. 4) i. giver. by
taking the scalar product of the vectors:

* cos ^ -= Pxpx P + Jy Oy + AZ Pz z

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 ieadily 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
"* tconstant is determined by the drag coefficient, the mass density of the body, and the

geometrical shape. Thus, for fragments having some characteristic mass spectrum, a sea level
slowdown constant (k) miy be introduced whose value will be independent of mass:

dinV_ k p

dL mi/3

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

'•-:-In (V/Vo) =-k p L/m113

17
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This equation is integrated once more to obtain the desired result:

B Vot eBL- (34)

where
B = k pMr 1! 3

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+l)
estimate t(J+l) by means of equation (35):

t(J+1) = t(J) - F(tJ) (35)

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

F(t) = In (I + B Vo t)- B L (36)

Differentiation yields the time derivative:

l(t)=B[ -Bj (37)

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:

[-Vo VSHsin1 ] (38)
Vo =Vo - VSH cOs J

Differentiation of equation (28) yields:

xI = VT (39) .I

Differentiation of equation (29), and use of (30) and (39) yields:

L = VT (40) 1
18
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It can be seen that while L is known in terms of non-derivatives Vo is known in terms of •.
Thus, to complete the evaluation of equation (37), it is necessary to calculate -.

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

SX= L (41)

0YL Oy L (42)

4z (43)

'V Differentiation of equation (33) and employing (41), (42), and (43) gives:

L Lcosy'-Ax VTS,• =(44)
L sin y

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

' [Vo + Vot]
St 1(0 =B [ - -"O'o]"x V-i (45)

FtBFI B V0 +t1 i
": Vo = V VSH VT /Sx "/Ox cos 3'

= VVL VT] [ V SH os -] (46)

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

The method used to determine the hit point of a given fuel tank for a fragment of a i,
|,*; !)given mass is:

a. Estimate time-of-flight (t).

b. Calculate hit point coordinate (XH) from equation (28).

c. Calculate fragment travel (L) from equation (29).

d. Calculate direction cosines (6x, gy, and Pz) of fragment velocity from equations
(30), (31 ), and (32).

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

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

19
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g. Calculate Ft) from (26) and V0 from equation (46).

h. Calculate F(t) from equation (45). If P(t) < 0, there is no hit point and the
fragment has missed the fuel tank. 4

i. Make new estimate of time-of-flight (t) using equation (35). If the new t<O, score a
miss; otherwise, compare with the previous value of t. If 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 value of t is saved as the solution.
Otherwise, iterate again at step c.

It is important to make a good estimate 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, equation (48) is combined with (26),
(28), (29), (30), (31), (32), and (33) to yield:

Kit2+ Kt +K33=0 (48)

where

2 2

K2 =-2 VsII ([AX -sT) AXCG- x*) +y (YCG Y- ) +z A(ZCG -z*

=3 (XCG - x*) 2 + (YCG - y*) 2 + (ZCG -z*) 2

The solution to this equation is:

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 0 is determined from equation (27). This value is compared with the limits of the static
fragment spray, If the value lies outside these limits, 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.

20
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The model assumes that the fragment de•isity resulting from a static explosion is
uniform between the fragment spray limits. Let t be this denisity expressed in fragments per
steradi.in. As a result of the rotation of velocity vectors duc to the projectile motion, the
fragment density in the static case at angle 0 is not equal to the dynamic density at angle -y.
This effect may be calculated using the geometry of Figure 4.

The solidA angle subtended by the conical shell between 0 and 0 + dO is. dwo:

d -V dO] [2w VE sin 02 d I
Similarly, the solid angle of the conical shell between y and -,+d is dw7 :

dw V d-] C Vo sin y1 21 sin -y d7 1
* 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:

• _..sin y d -"
E' =-- (49)

dwo0  f 10 dO

ZDYN = t,E (50)

To calculate the value of tDYN, E must be derived for use in equation (50).

The speed ratio G is defined as:

VE
VSH

Elimination of Vo betwet:n equations (26) and (27) gives:

G cos 0 I
cos2 -y + G'! -- - - cos -y

cos ' YI

Squaring and rearranging terms yields:

(I+G cos0)2c2 (G2+2Gcos0+i1)

21
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+0 cos 0
2 ~ ) 2

Further sitnplificitin lesults by elminii~tngqpc%.-~ ewe e itiubn, (5e) and. (52). "asd
'cct the get~oietr ,bf the situ a~on. it, ý* cd 4W~d that E is Unon-s9Ati

E(G 2 .+2 Gcos 0 1)311..Y 53

PROBABILITY OF FRAGMENT DAIMAGE 'TO F !EL TANKS'

Thel uel lank is treated a4 a rectangular parallelepiped: therefore, there- are a maximnum
of three faces that can be hit, due to one explosion. Lden.itifcation of thio three fcscnb
achieved by the use of relati P velocities.

VIUT (fragment speed at the time of the hit) is found to be:

VHIT =voe-
1BL

Teý striking fragment, targqt, ar~d re lative VNETeoiis anwbeersed

TheT =NE VfV'Mi'r iVnT (VHT O T V HIrAy fY+ VHIT Pz k
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The signs of the VNET components identify the struck aspects as follows:

* <0 =0 >0

Oz Top No strikes on top or bottom Bottom

VT Front No strikes on front or rear Rear

SThe number of fragment hits on each of the three aspects remains to be calcul1ated.

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
too bad for most cases to be encountered. Using the static target concept, Table 2 is
modified, replacing VT/VHIT by zero. j

Consider a static target placed in a constant densitýy 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 Ay~l/yl. The solid angle
viewed by the point source is approximately Aylpy I/L2 . If the separation L is quite small,
this will give a large overestimate of the solid angle, but this is not important since kill will
be achieved for small L. Thus, the number of hits on the aspect is EDYN AyL•yI/L 2. From
this and equation (50), the following result is generalized for the ith aspect:

ni = E (54)

V ~ EL2

where ni 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:

Pi = ni
['" N

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:

I -PH= 1(l'pi)N = fI(l-pi) ( p) (-ni)
S~three

faces

--I] e "ni =
three

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

PtAi - i/ I
P1=I-e EI- L2

three (55)
faces

Similarly, the PBF (probability of a hit below the fuel level) and the PAF (probability of a
hit above the fuel level) can be calculated from:

PBF = I - e (56)

PAF = I -e EL2 (57)

where Ai represents that portion of the ith aspect area which is below the fuel level, and A!
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 PBF. 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 11>60,000, or H<I 0,000 and T<O, or T>45

0.3(T/45) 11>60,000, or H<10,000 and 0<1T<45DEF

0.3( 1.2-.0000211) 10,000<H<60,000 and T<0, or T>45

10.3(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 2

The PFE (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 witlin the flammability limits (e.g., 0.0 13 to 0.08 for
JP-4), this probability is given by:

PFE PAFDFE (59)

where I= 1.00000769m½i VNET H<10,000
DFE - .00000769m'/2 VNET (2.5e -.00092H) It>10,000

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.

Aberdeen Proving Ground, MD, BRL, October 1953. (BRL TN 828, publication UNCLASSIFIED.)
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The last type of damage m,.chanism which is considered by the model is damage due to
hydraulic ram. This iiechanismi is treated from an. energy density standpoint, If the energy
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
the relationship:

ERAM = mVrETj [ ]
APPLICATIONS

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

In the case of a large bomber, for example, it is not immediately obvious whether
concern should be directed at air-to-air missiles in the cruise-out phase, or at light AAAI
weapons in the low altitude approach. At high altitude, ullage spaces tend to be oxygen-
poor and quite cool, which inhibits propagating fires. At low altitude, the fuel-air mix,
particularly immediately following descent, may reach near-optimum flammability, and
even an otherwise minor threat may become lethal. Aerodynamic heating late in a low

altitude phase may produce flaimmable mixtures.

V CONCLUSIONS

The vulnerability model presents a system for studying the dynamic interaction
IL between fuel state and hostile threat. Previous systems have studied the fuel system statisti-

* cally, with dynamic treatment of weLeons 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. -

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. A1
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Appendix

PROGRAM LISTING AND SAMPLE CASE
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WSFT PROGRAM

JOBhWSFT ,Cm500Del 1 1Q$. 10100 Pv.I

ATAL0GtTNKIv1TNK1,RP1U ,KNm1)
9 END 01 KEC.OKD

PHOGKAA MA1iC INPUT tOUTPUT .TAPE5=INPUT .TAPEfi:OUTPUT.TAPE?)

COi4MON/TITL/CI3( 121I
COMMON/SftfN/ HGASLMA.LMFCPAvCPF*H4J(3)ULLGH.ULWIrJ.ULHT9

IULLHI ,ZOG.AVCI¼EMhiUVCUELTAKTANK.GAL4,TVENI
COMMON/EUL1N/# UUM*'Y(9) ,E14TA.ZLMVLMOaEMEVEMqC0,VGAL
CO0MON/OU7hAS/lBETA eCONI ,C0N2.KHOL1QLMUISO,&UM0OeLMOOOT
l9VL1(4sLMUIS9LPMUISE
COfltON/L1M4TS/T0,TMA~,UTTI'RNTUTPkNIT1IMEN16
COMiMOl/TABLS/TA6(100i296)9 NTABI81ONSAVE(S)

COMMU14 /FILE7/ FAR(250),FLLFT(250hqFTEMP(250)hHT(250),VT(25O),
It rPRIVd.GALX*TINCI

UIMLNS1014 TF~IUO,2),TS1DL(10O,2),T10P(1OO.2).DUM(1)
s *ALT(100921, (6ALU0T(10092)9 PVAP(10Os2)s EfIINFI10092)
LQUIV~ALLINCE 4TABI1.1,2) 9 TFa111)I

o(TABIX19.5) 9 ISIOLtiel)
#(*TABt1.1l'4) - TUP(191)
qlTAGSlvls5) 9 ALT(191)
s (TABU9196) 9 GALUOT(191) )
i (TAB~1,1.7) v PVAP(lol)

S tTA~i1,1,8)1 9 LfqINF(1,3.)
$ *C(UUMI1I. TASI3(1.1.) )

NAMELIST/OATA/RGAS .EMhiAEMWFCIPACPFTAHJULLGHULWZ0,
$ ULHTUELHP.ZOGAV.UVCUELTAKTANKGALOIBETACON1,CON2
S *iVLNI
s ,TFTSIULTTOPALT*bAL00TPVAPtEMINF
s sTO9TMAX9UTv0TIVRNT
DATA IUM/lIh o2HTF95HTS.IULo4HTTOP, 3HALT4 6HGALDOTv '4HPVAPt

1 5H-EMINF/
00 5 I1=11600
DUM(1D= -99201

5 CONTINUE

I1PHT=O

50 REAU(59900)CIO

900 (OHMAT(12Ab)

6ALO=GALO
TIML=TU
TPKI41= TO +UTPIRNT
01= AMIIj1IUT,0lPRNl)
TOL =AMAXIC *OOOXSLIT91.0E-8)

910 (OHMAT(lH1.20X%12HINPUT TAIbLES
UO 7b 1=2,8
WHITL(69920) HOR(I)

920 (OKMAJ(IfHO,2bXv10141ABLE (OH 9 A6/)

NSAYLCI 1: [
IF( TAB(..i.1.) *LQ*-992*1 *AND# TAB(Js2tI).EGI.-992o.1)GO TO 75
WRITL(69930) JqTAkIIJ,1ll) TAti(Jv2vII

950 (OKMAT(1IXIbv2t.17s7)
NTAB I )=nj

28

0



SUibHUUTlWE LjN(999Rs~i A 1IN iiI IN
C LIE~dAR INiTLKPOLATIU'4 RUUTINE LINZ 2

DIMENSIUN Xt1)# YM1 LINE 4
NN=NLINZ 5I.XV=ANG LINE 6

IF fXV9GE*X(NN))GO TO 40LN
IF(XV9LL.X(I3)GO TO bO LINE a

J= NSAVE LINZ 10

IPIJ *LT* 1 .0K. J 96iT. NN) JIa1 LINZ 11

5 JJ+Ik LINZ 13
IF( (XV-X(%J3 3* FLUA7(K) 3 10s30v5 LEN! 14

10 EFIK.EQ.-1)J:J,1 LINE 15

c 1~ LINE 17

cINTEMPOLATION CAL.C LEN! 1&

H3X(J)X 13LINZ 20
UX=XV-Xtll LINE 21
DY=Y £J)-Yt(I LINZ 22

YARG= Y(l) + UX*DY/H LEN! 23
NSAE~lLENZ 25

30 YAPG=YIJ) LENZ 26
NSAVE=.j LINZ 27
RETURN LEN! 26

40 YARG=Y(NN) LEN! 29
RETURN~ LEN! 30 '

j~50 YAN6:Y(1) LEN! 31
LRETURN LINE 32

END LINE 33

p2

61--; -,-,l,*'; a
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35 1IAABC(DET) 9EC, 0o) GO TO 50 LESKO062

C COMPUTE E1VERMINANT LESOO63

U lU £1=19N LESKO064
"40 ULY = UrT*A(Iol)*SIl) LLSKOO65

C BACK SUNSTITUT£ LESKOO66
50 Al z A(N*N) LESKO067

00 7U J=14M LESK0068

jj = N.J LLSKO069
X(NqJ) = A(N*JJ)/Al LESKO070
IF(N *o9. 1) G0 TO 70 LESKO071
vo 65 L=2414 LESKO072
S= M14-I LESKO073

A2 = A(K*K) LESKOOT0
IF(ABCCA2) .LE* 1.0-10) G0 TO 110 LLSKO007
b= A(KoJj) LESKO076
LL = K÷1 LESKO077
UO 6L L=LL*N LESKO078

60 B 8-A(KL)*X(LoJ) LLSKO079
65 X(K.J) = B/AZ LESKOO80

70 CONTINUE LESKOOI

LA = 0 LESKO082
RETURN LESK0083

100 LA = I LESKO084
RLIURW LESKO085

110 LA z -1 LLSKOO6
RETURN LESKOOB7
END LLSKOOBS

REAL FUNJCTION LIN(AA~qN)
COMMOW/TA0LS/TAb(1UO29b)v NTAB(8)tNSAVE(8)
CALL LIgiJ1AU(,olN).TAB(lo2oN)oNTABIN),ARGtYgI4SAVE(N)
LINZ T
RETURN

END

30
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SU$HOUTINE LESK(A9X9,6N1.M1.N1XoOETsLA) LESKO002
DMNINA(N1X9I)9X4NIXI)*S(NIX) LESKO003

C THIS ROU71NL 15 A bINGLE PRECISION LINEAR EQUATION LESXO000
C SOLVER. AN ORDER TU CONVERT TO COMPLEX OR DOUBLE- LESKG005
C PRECISION, REMOVE THL FOLLOWING CARU. LESKOOO6

ABC(OET) = ABSIUET) LESKO007
C THEN* IF •UUSLE-PRLCI3ION AS UESIREUs REMOVE LESKO008
C THE LOL I L IN EACH OF IHE NEXT TWO CARDS. LLSKO009
C VOUHLE Pk*ECSIUN AoXoS*UET*ASoA1,A2*RvB LESKOO10
C AbC(UET) = VABSIUET) LESKO011
C IF INSTEAU COMPLEX IS ULSIHNEU REMOVE THE COL I C LESK0012
C IN EACH OF THE NEXT TWO CAKUS. LESKO013
C COMPLEX A,XtDETAIA2sKI LESKOO.1
C AUC=UEI) zCAIUSSUT) LESKOO15

m = Ml LESKO01, I,
mN = N+i LESK0018
NM = N+.A LESK0019

C GET SCALE FACTORS LESKO020
DO iD 1=1,91 LESKO021
S(I) = AUC(A(Iti)) LESKO022
DO 5 J=191 LESK0023
DA = AbC(AclJ)I LESK024
IF(UA .LE. SKI)) GO 70 5 LESKO025
S~l) = UA LLSKO026

5 CONTINUE LLSKO027
XF(S(I) *EU. 0.) GO 10 loo LESK0028

10 CONTINUE LESKO029
C SCALL ROWS LESKO030

DO 15 1=1,N LESK0031
AS = 1./S(I) LESKO032
00 15 J=J1NM LESKO033

15 AI19J) = AS*A(1IJ) LLSKO034
C START THIANbULAHIZAriON PROCESS LESKO035

IFIN *Eg. 1) GO 10 35 LESKO036
NO = N- I LESK0037

DO 30 I=,rNO LESK0038
K = I LESK0039

DA = ASC(AtIlI)) LESKO000

DO 18 .J=19N LESK0041
0F3 = AIBC(AdiJIll LESK004.2
IF(OU *LE* DA) GO TO 18 LESKO003
K = ' LESK0044.
UA = U8 LESKO005

la CONT'INUE LESK0046

IF(UA *EU. 0.) G0 TO 30 LESKO007
iF(K .E*. 1) GO 70 22 LESKO048
DO 20 J=19NM LESKO009
S= A(KsJ) LESKO050
A(IvJ) = A(XoJ) LESKO00i

20 A(IsJ) = B LESKO052
ULT -UET LESKO053

i2 IA 1+1 LESKO054
DO 29 J=IXN LESKO055
HR =AJ. I)/A(IlI) LESKO056
0O 28 K=IINi LESKO057

28 AIJ9K) Z AIJeK)-R*A(I.K) LESKO058
29 CONTINUE LESKO059
30 coNrlNUE LESKO06O

IF(ABC(A(NtN)) *LE. 1.D-10) GO TO 110 LESKOO6I
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SU'11140U1VA LMt 1ILL

COrM4Gr.WSrTI/ fkbAS.LMWALMwFGPAoGPFoglJ(5IULL6NULWZOULNT.

COMMON/LUL1N/ OUMM1t9) LiT*oM*M69M~ECosA
CUMMUN/UU IGAS/'IYACTAGN1 (.LO'2 ,KHLLQMU1S0.$U9MDOLMO(VOT
19VLIWECMGISvLMUISL
H&.AL LINJ
14AMELLSY/CKINPT/ AAS9LMWA*LMW~F*CIFA*CPF*TAeHJ9

IULL,~ULWmLLYULHTULLHtFZUG.AVUV.CUELTAsKTANK.GAL0

SUFMPUO = U40

LMLV 20.
LhUG 0.
LMCU U.
GAL 0.

TA =TA +45S.7I
IF(K'TAKK .E~o 1) (60 TO 100
V = uLLGpi*iLwIO*ULIIT
SU TU 200

100 V = 5.141592654 ULWIU**2*IJLLGH/%. -GALO.231./1728.
aoo ALI MLN(Ir4IML v5

ALT = &LI*l000.L
LALL ATFiUS(ALT ,TALtdPRUiJMP,.LUMIUUM2.)
TFi2 L1P4(IIML92)

2VP LIN( TF#7)
TF z TF #459.7
PI'FUEL 2PYAP*1'44.

PP'AItK PH - PPFULL
IRHU CPPFUEL*EMWI- PPA1LPEhA)/t(KGAS*TA)

El ktiU*V
12 PPAIR*LMWA/(RHO*RGAS*TA)
VLIQU = GALU*261./1728.
EIMW0G Z E1MWA
LiiUISU = (BT*MU*LW*PI)(7743*1624

WftITE (6,CKINPT)

END
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SUb~ijUT114. LULL)4
LUMUN/L.'1Lr/IOTMqAXL91,PRN1.(2IPRNitr3MEM16
DILMENS1N Xf91.XCUUT4V)
LOP.MUN/LuLIrJ, AUUT .X
LUMOO.J/UUTta AS/UL IA *CUN I LOiv2 *HL IQ s EU ISO *SUMrnVQEMD0T
1.VLIQvEMU1~sLMUISE

C

OU 1u I 9
X(I)= X(I) + XUUrII)*DT

10 LUNrlVJUE
SUrirbU z SUMMUO + EMDUUT* UT

C
*CETUHN

SUbiNUUTINL FUNCT
COMrMUN/ST.LR/ )RGAS4EMmA,EMWF,.CPA.CI'Fd4J(3hvULLGH.ULh1D.ULHT.
LUELLIF .ZOG.AVCPEMW.IUV.CUELTA.4TAN~eG.ALO.TVLNT

COMMUN/EULIN/ MUOTvTOOT*ZDOTv MDOT~i MOOTO5, MD0TEW* MUOTCDoVDOT-I

2EM. ai~r.oMVEMUG.E:MLE,EMCOsVGAL
COMMOfj/ETC/ AL7,AJ45).TJIS).FtHOVPRPPAIR*PPFUELLPPFLQS,

1 AMACN,UALIUTPUOT.OF.MASRATUVLNT
COMM(JN/OUTC'AS/bETA.CON1 .CON2,HHOLIQ.LMUISO.SUMMUO.EMqODOT

19VLIG'.LMUIS*EMUISL
CCJMMLN/LIMITS/70TQ TAX.UT .TP!NT ,UTPRNT. TIMEPlfi
REA&L MD.TMDOTV,MDUTLV.MOOTCDMUOTOI6,MASRAT
N~AMELIST/ANjS/ TIMEtALTv MDUT9TOOTZUOT, MOUTV, PIOOTOG, MDOTEVo

1 PtUOICUVDUTG4ALUO1 .LM.TA.Z.EMV.LMO4i.EMEV.LMCD.VGALPROPDOTs
2PPAIHPPFUELLPPFLQSUVENTUFMASRAT

bO CALL LULLR4
TIME:TIME..OT
CALL OLRIV

L
c

RET URN

9 LNU
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ELZ = ELH*6/60
OMOZ =0.0
EM = Wn0

C CHLCIK TMS SLOPE AND CALCULATE PRESSURE
IF (E.LH .E6. 090) (0 TO b

C NON - EkO SLCW&. PKESSURE EQUATION *

A(41 PMhJ)* TM(hJ)/IMSI**Ib4MKS/EIJI)
GU rO 9

C ZEU'C SLOPE P~RESSURE EQUATION

Go 10 9
C TMS LINEAR WITH Zo SEARCH MATRIX

6 DO ? I 2s.14

IF IZM(I) *GE, Z) bO TO 8
C (.ALCULATL TMS, SLOPE. AND STUFF

8ELI = TMCJ*1) - rM(~J))/CLMC'X,1) - ZM(K))
TMS =Th(.J) + ELZO1Z - ZMIK)J

DMUZ IWA(K*1) - WM(R))/(ZMCK,1) - Z(J
EM = WhiAF) + UMD)?*(Z - ZM(K))
ZLZ = I - TMS/ELL

C PRESSURE EQUATION FOR TMS LINEAR WITH Z
A(4) =PMi1J)*EXPlGMRS/ELL*1HU 4 V1K0,ZLL) **2s( IZ-ZM1K) )*I
I (HO*ZLZI/IRU.Z)/IHO+ZMIK)) - ALOG(TMS*CRU*ZMI(K)
2 I/TmC.J)/(k0+Z)))h

C CALCULATE SOUND SPEEU AND OERIVATIVE
9 All) = 49.0221644*SkIMICTMS) >

A(12 = 05*LLZ/IMS
C CALCULATE UENSITY, OERIVATlVL, AND PKESSURE DERIVATIVE

A(b) = GMRSsA(4)/GO/T145
AM7 = - (A(6106/A144) + ELZ/TMqS)
AIb) - A(6)e*i

C CALCULATE TEMPERATURE-* DLRIVATIVE, AND LEAVE
A(8) = EM*TMS/WMuOI
A(9) =(EM*ELZ * TMS*DMDZ)/WMO

10 Ab = A(B)
A'4 =A('4)
Al = All)

END

JI
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SUVHMOlIINL AJMCJS(ASAAA.A49A1,A6,vA5)
C TIfS i(UlUT~IjL CALLULATFS A1140SPHLRIC PHUPENLTILS OF THE
C Ul; STANUARU ATl'lUSPHEKEv19bidvASSUMIN6i AN INVUKSE SQUARE
C (6XAVIFMTkItAL FILLU. THIS AStbUMPTION YIELLDS UATA THAT
C AUXEHES WITH THE LUESA UJOLUMLNF WITHIN 1 P~ER CENT AT
C ALL ALTITUULS UP TU 700 KLLUMLILKS (2296588 FEET). THE

C UA7A IS AkKAfGLU IN THL ATMUbPHLKE AKWAY# At AS
*C FOLLOWS

L A(Il zCS. SPLEU UF SUUNU, FT/SLL

C A(2) = I/L4flULS/'UZ)* SOUiND ULHIVIýJIVL9 1/FT
C A(6) =Z# bLUM~L714LC ALrITUULs PT (UIVLN)
C A('4) = P. FkLbSSUNE9 Lb/ýT2
C A(b) = P/Ui, bNl.SSURL OCHIVATiVE, LB/FT3
C A(6) RHO, OLNSIIYo SLUGb/FT3
C A(7) =(1/kH0)(UH"O0/UZ)9 ULNSITY DLHIVATIVE* 1/FT
C Acb) = To TEMPERATUR~E. LJE6 kANK114E
C A(9) =UT/LU. TLI*PEKATURE DEKtIVATIVLe DEG RANKINE/FT 7
C VAHiOUiS LONSTANTS OSLU
C EAH114 KAUILIS =2089U055 FT
C SPELIFIL HELAT KATIO FUN AIR 1.4
C SLA LLVEL VALULS
c 4HAVITATIU14AL ALCLLLHATION = 2.1740'484 FT/SEC2
C MULLCULAK wLILJHT =2899b44
L 6O*KO/K* =0.0187446'18 DEG HANK/FT

C SET ANMAYS ANjO CUNS;TSAT VALULS
OATA GUWi'iU ,R0,6MRS/A2.17'404b4,28.9644.2089O855GO,

I 0.O187464lb/sh(/-16404.vU.0.I
2 3bUB9..b6l67..104967.,1b4l99..17O6O4.i2OO151.,

5 259186.92911CO./.LM/295276.,328084.,
'4 3býU89;2.395701.,492126..b24934..55

7?'4 3.,' 2A33bO.
b 7593,,984252.,1.A125A6.1b40420.,196850'4..

622965t14./ ,WM/28.9644.28.td8.28.56,q

UATA IM/b77 .17.518.67. 389.97.589.97.Q11.57
1 9'71,487.17.487 5'4 .o77,32b.17.325.17,579.17,469.17
2 9649,17 1'729%17,1999.17,2179%17,2431.17,2791.17o 3 32'95. 17.8869.17,4Sb7.17,4665.17,4861.17/SPM/
'4 3711.U8.59,211b.4165,472eb7563. 114.3431'4,
b Id12. A5,2.Alfb2178, 1.23d1972,4.8U5279L-01.
6 2. lb7l~t,2L-02..3.'4315Q7BL-03.6.277311E-04,1.53490
7 91E-04 , 241E09.0686-Oto~3Ob-6

.15.82$1151L-06. A.51598b'4L-06.1.'4b20255E-U6,3.92905
9 6AE-07 ,8.403oe42E-08.2.283b26L-08,7.1875452E-09/

C CALCULATE U, Zo ANU CHECK

GU*(HU/iKU4Z))**d
iF(Z *(i1. 2'J527b.U) C, To 6

C TMS L114EAK WITH 6EUiP0TLNTIAL. CALCULATE H ANU SEARCH
h iku*Z/(RD+Z)
L-U A 1 ic1lU

Il- (IiGCIl UL~. H) LvO TO 4
3 ( 011T 1 NE

C CALCULATL TMS SLOPL*TMS* AND SET MOL WT STUFF
4 ELI, = TM(J+l) - T'M(.Jfl/(HG(J+1) -HG(J))

TH1S = Tm'() + LLH*(H -HGC.,))
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A(2o2) = 1*/TA
A42*6) = LN'4e(I./EMWA I*/EMWflF)
A(2941 0.0o

A43,2) 1./TA
A(3.3)ztbaAWMA/CPIO(CPA-CPF-RGAS*(1./LMýýA-1.fLMWF))
A(39'41 = -LPV*TV/E
A(4.1) = 1&04

Ae4o2) z 0.0
A 4 ,5 .0

yII) = MUUTob*ZUUi/EM
V(2) = FUOT/PjR* VL)OT/V
IiTIANS z 0.

300 HTHANS = HTHANS + JI.~IIaTJI TA)
ylSI = i MOOTEV*LPFSTF + M0OT0A*CPQ6*TF -MOOTCCD*ICPF*TA-

I CJLLHtFJ + HTR4A4S)/E
Y(41 z ADOTLV + PiOUTOGi MUQTCU

C
c

CALL LLSK (C.XjOUMMY,'4vj,440sLA)
lFqmourv *Lw. 0.) (.0 TO 35T
WIf h0UTVL/"DO7VI i5,3Uoi0*75

35nl NCYC = NCYC +1
IF (NCYC *LE* 10) 6O TO 140
.IRITL4lb.900 3
ST UP

357 IF (LA.LQO.) 60 O 1'400
WHIML I4p.8O03
ST OP

'400 CONTINUk
800 CONMAT I3oHLUE((ICLENT MATR4IX IS SINGbULAR)
900 (UHMATI3ONVLNTINID LALCULATION IS CYCLING)

RErUKN
L NU
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75 T.J(i) LIN( M(1).'4)

TJ(5) LIN4 M(Ij,2)
PVAP Z LIN( TP*7)
UU IUo I = 2.5

1oo1.0 j T..t) jti() # 4b9*74

L LALCL'LATL MVOTOfmo M'UOTCUg MUOTEV
C

MUOICLU =0.0
MIIUHT PK*EMW
PPAIR z Z#kmOHT1ELWA
PPFULL = H- PPAIK
PPFLQS = PVAPel441.
IFIPPIPLQS *GL. U.99.PR) 6O TO 120
M!JOTEV =0.0

PFALGIS =PH - PPFLQS
IFfAbSlPPAIH-PPALQSl.LT.1.L-1O) 60 TO 130
PAM z (PPAIR - PPALQS)/ALOG(PPAIR/PPALOS)
CKG =UV*Pk/(HGAS*TA*PAM*CCUiLTA)
MU07LV ZAJ43)*CKG*(PPFLUS - PPFUELL*LIMWF

120 WHIT~.tG.65)
65 (0KMATf////28HIULL BOILING MUOTLV CONSTANT) 9

C TEMP0,4ARY CALCULATION OF AMOUNT OF ijISOLVLOGAS
130 LlMWU6 zEMWA - -3C~

IF(Lrib~IS *LT. 0. ) Wb4ITL(6955)
55 (ORMAT(s0AMOUNT Ot UISSOLVLL' GAS IS NE6ATIVLO)

CON = CONI

m!IOTOG = COm*(LMLIIS-EFPjSEJ
EMUDOG = EU~6LO*3.VI!78
IF( 71ME *LQ. TO ) NUOTV =PUOT

14.0 IF(ADUjTY *(vLe 0.0) 6O TO 150
C
C VLk;JI~b
C

CPV = CP
TV z TA
ZY z
LMWV LMW
GiU TO ý'00

C
C FILLING

151 CPV= CPA
TV= TALT.(1.+ SUkT(O.7Z)*O.2sAMACH*s2)
IF41VY.tJT ob1. 0.) TV z TVLNT
zV= 1.0

EMwv = EMwA
20U. RHU~V =PR*LMiiV/(RGASiTVI

JUOTYL z MUOTV
C

A(192) = /tM
A4292) = 0.0
A(1.s) = 1.00
A(1*41 = -ZV/EM
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SiUIHOUr~wE ULRLIV
LOMMUN/LIMLT4/T0,TMAA.L)T,1PRN~tUTPRN1,TIMEefl16
COPA0N/STIN/ RASLWA.LMWFLF'A.CPFdiHJ(3hULL6aH.ULWID.ULHT.
IULLHFi.06,AVCPLM~ijUVCUELTA.KTANK,6ALOTVENT
COMMION/LULJ.N/ MUOT*TUOlvZDOT9 MUOTV* MuOTOG* MOOTEVt MUOTCUVOOTv
IGALUUT.
2LMMUW/ETZ AO9M69MVLL.J6)T(5.HV6 .PAHPFULPPLL
COMM.wEC TALLtVLMvAJ6,k tJILVLMLU V*P*PAbALU~PFL

1 AMALHUALrOT.IPuOT.UF ,MASkAT.UVLNI
C0UMMOr4/OUT6AS/8LTA .CONlCON2 .RHOLlQ .LMOISO ,SUMMUQLhdMDUUT

I4LAL LIN*M(.12
1(LAL MIWO1.MUUTV.MVOTLV.MUUTCU.MUOTObiMUOTVL
OpMIWSION A(49,4).Y(4) .C(4#5) .X(4) .DUMM'S(4)
EUUIVALE14CL. (A*Cd. (Y9C(17))t (Xi MWOT)o (T.J(5).TFI

NAMLLIST/ULU/ PPAL4SAJ.TJKHOVtCPUALTU7.CPV.TV.ZV.LPWV.Z.ZLUOT
H~AMiLIS7/COLF/A*YvmktTAWS

NCIC 1

AMACH = LIIW(M()t8)
CI' z (I.-Z)*CPF + Z*CPA

thW~ = ./( Z/EMWA + (l.-Z)/LMWF
6APIMA Z ./I*-HGAS/(EMhI*CP*778.))
L= LMp*CP*TA/GAMMA
CPOG 3(1. - ZOG)*CPk + ZOG*CPA
ALT LIl1(M~l)v5)
ALT ALY*1000.0
OLLT= Ul
IFI TIME +UT GL1. IMAX )OLLT =-01

- ITPULLI TiMI +ULLI
ALT1 LIN( TIF'ELreb
ALTI ALT1*1000.0
WALTUT = (ALTI - ALT)/ULLT
CALL ATMOS (ALlvTALTsPt*DOOMMtUUMl*OPUALT)
PUOT =UPDALT*UALTUT
GALLJOT 3Liiv( il'(l)i6)
VOOT 3GALUUT*231.I1728.

IF( tTANK~ .10. 1) 60 TO 50

C
C ECLTANGULAR TANK

C CALC AJb S t TJ S I= TOP v 2= 4+ SIUES 3= FUEL SURFALE

C
ULI4T 3V/(ULWIU*uLLUH)

AJ(1) ULWI1O*OLLGH
AJ(2) =2o*ULHT*(ULWIU + ULLGH)
A.J(3) = AJ(1)
GO TO 75

C
C CYLINLJMICAL TANK~ - AXIS HORIZONTAL
C 1 = TOP. 2 = 2 CIRCULAR SIUE~t 3 = FULL SURFAC~e DIAMETER 3ULwIG

50 GALN~w = (GALO - GAL) * 2319/17289
THLT 38.*6ALNOW/( ULWIU**2*ULLGHl)
AJC1) (3.441b926b - TIIET/2%)* ULWIO*ULLGkH
AJt2) ULWIO**2*TIILT/4.
AJ(3) 3ULWIO*ULLbII*SIN4(THEI/2*)
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75 CONTaIN'UL

CALL INITIL

CALL OILRIV

CALL PkINT

C

CALL FUNCTI
C F4 IPKY *LQ. 0) GO TO 200

C

150 TIME= 7PRgI I-CALL PRINT
TPHNlz TPRIJT + OrPKfNT
IF1T1iL*GE*7MAX) GO TO 1001
01= LiIsv
IPI4T=O

200 CONTINUE
C CHELCK FOR PRINT STATION
c

CK= TIME + Ot+ 7OL
LF(TIML9br.TMAX) 60 70 1001

IF( C.K *6T* TMAX) IPKNT=TMAX

IF( CK *LT* IPRNTJ GO TO 100I
IPH T :
DTSV= UT
DT= TPRNr- TIME
If- UT eLE. TOL) GO To 150
GO TO 100

1000 Slop
1001 GALX=GALU

W.IITL(7)CFAHCI)sIJ1v1253)
GO To bu
ENO
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SUbR(JUTINE4 PR1IWT
CrlUflqU/T1TL/CIO( 121
CUI¶MUN'/L1M11S/TO .TfAX.DT .TPRNT ,UTPkigT. TlM~~,PL6
COMMQlq/STIH/ RGA6,LIMWAEMWF ,LIACPFNJ(3) .ULLGHtULWIZD.ULHT,

COMMON/ELwLN/ MU~JTtTU0TsZ00Tt MUOTVv 10100106 MOOTE.V9 MOOTCUVDOT9
1GALDOTv
2EM.TA.Z.ErMV EMe(GEMEV.EMCO.VGAL

I AM~A~hUALIUTPUUTOF ,MASRATiUVENT
COMMU1N/oUrjAs/kHLTACU0II1 L0142,RHUL1I1IEMOLISO.SUMMUOLMEWOT
1*VL1Q*EMUtIStE-IOISE
Ct)MMQN iFILL7/ IAH(25i0)tFLEF7(250),FTEMP(250),HT(25O).VT(2503,

REAL M(1)
REAL M'iiO1 MUOTVMDUTLVMUOTCU,1W0106,MASKAT

C
C

UVENI = MUCTV/Ci*IUV*AV)
OIF Z/(L1.-Z)

EM P'H*V*LliW/(KA~,S*TA)

WKITE116.!OO) M~io¶1PPAI8.AMACHPPFUELUVENT.PFFLQSMASRAT.OF
WRITE(6s600) ALTUALTOTPRPL)UTTATOOIVVUOT~bAL.GALDOT
WKITE(697001EMVMDUTVLMEVIMUOTLVEV,06MUOTOGEPMCD.MOOTC0eEMPW(JT

FA17PRtNITI.'I.NT,1

LL.EFI(ITPHI'iT 3lCt.0*(1.0-GAL/6ALOI

NT( I PKVT )=ALT
VT( 1TIKNT )=AMALI1

C
100 (UKr1ATC1tI1///33Xv1ZAb///////)
50a (Uk'MAT(2Ux,2UH TIM'E =9 61595*27X*23H'AIK PARTIAL PRE

ISSUKL =vL13.5//
2 2UXT20H MALH WUMUER K G13*5*27X923HFULL PARTIAL PR
3ESSURlE =.E1I3.5//
'4 2UX92UH VElm~T tYLLUC1T'1 =9 613.5t~7X23t4FULL VAPOR PRES

6 2UAt2UHIN'TLGRATION EKRUk =o 613*5o27X*23H AIR-FUEL RAT

710 =E35
a 2CjA,18H4T(IAL MASS-PLKF.ENT)

60 CMT/X5VLE1ALHEIAIE/
CU OMT/6X54AU*6tOURVTV/

I 391C,12H ALTITJUEC 91QXvL13o5v10X9E13*5/
2 3VX*12H IPKESSURE 91UXE13*S910XtE13.5/
63 9XC,12HTEiAPEHATUKL t10XoL13*5i10XiE13%5/

4 39X*12H VOLUME *10XL13s5*1OX*E13eb/

C 5 39X#12HGAL~L014JS USLDo1U)~.E13*5s10XvE1395)

700 (UHMAT(//b4X.4H AsS,19AVHrI'ASS (LUX//

I 4UXv1UH VLNTLU v1GXiE15*5s10X*E13*5/

3 '4UXt1UH(QUTGASSEbJ 910XsE1S.b910XsE23*5/
'4 '4IUXv1uWL0N0LlJSEL, t10AL1S.5v10X*E13*5/
5 4UX,1104 TOTAL *10X*L15.5vlGiX*E13*5)
NAMgELLbT/(j(iAS/.LMuI0S0 *SUMiOUULMUUOTVLLIQEMUIS,EMUISL

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

9 END UP KECOUK
'3 ENU OF~ KECOhMD

TEST CASE FOR FUSELAGE TANK

$DATA
kGAS=15'45
LMWA=26.sbb9LMWF=72v
CPA=0.24oCPF=0.49t
TA=60,
HJz3S2t
ULLGH=1O.O ,ULWIUh=1O .OULHT=O.55,
OELHF =lo
ZUG~ll
AVO. 16s
0V=0.39

KTANK~o,
GAL0=5573,

C0u141OOOsUN2=O.
TVLti770 ,
TF(1,110,1,92,31',546,71849.10,11,12t
TFC1,2)=60,6O,58.48,48,'45,15.182O.25,11O,13O.l2O,
TSIrjE(1,1)=012,TSIrjLc1,2)=70,7U,

* ~ALTg1,2)=0,8920,22,22,2U,1,20,22, .25. .25.
CGALOOT (1,1)=0 ,8. 5.8.31, 10 ., 10 *31,12,
(GAL0OTI1s2)=090v2779v277990*U9

EMlhF(1v1)=0**5v12 9EMlNF(1923=0so85,.85s
10=0,TMAX=11 ,TPRNT=.25.OT=.001S

9 LNOL UF IIECORU
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PATH TAPE CREATOR PROGRAM

FV1.CMl0O000* T2OolOl0oP69

AFTACH(TAPL79TWAI)
REQULST .TAPE6, *PF.
FIN(R=3)
LGO.
CATALOGlITAPE6, BlA RP=999t~RNW1)
9

PROGRAM MIAIN(INPUTOUTbJUTTAPE5=INPUTTAPE6,TAPE7tTAPEBTAPE9,
ITAPElOTAPLI1,TAPE12.TAPE13,TAP~l44.TAPE15,TAPE16)
COMMON /SAVE/ HT(250),VT(25U),FAKI250oi0JFLEFT(250,10).
IFTLMPC25O,1O).GAL(1O),NTANKSNTP0,TZNC

COMMOCN /FILE?7/ FA(Z5O),FL(2503.FT(250),H(250hoV(250,,NTPGALXTIN

INTLGEH GALI

1) U I 1~lNTPHT( I )=H( I)
VT I I V I I

FAPCivIi)=FA( I)I

I FLEFT(1Ivl)FL(I)
NT=NIP
ITPO=N TPA

&jAL ( ) =GALX
IF(NTA14KS.E(U.1) 670 TO 4
IENU=6+NTA14KS

REA0Il) (FAlJ)t.J~lsl253)

IF(NT.N'E.NTP) 60 TO 5
DJO 2 J=1911TF
IF(ill(J).NEeH(J)) 60O TO 5
IF(VT(J)oNE..V(.J)) 60U TU 5
FAR(J,K)=FA(j)
FTE MP (JoK ) FTfJ

2 FLEIFr(J#K1=FL(.J)
3 GAL(K)=(ALX
4 WRITE(6) H(MI9II)I~i8U13)

STOP
5 PRINT 2000

STOP
1000 (ORMAT(15)
2000 (ORMAT(* 01ICERLNT (LIGHT PROCILES (OR TWO TANKS*)

E14

9
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VULNERABILITY PROGRAM

FVM9CM60000 .T600. IO100vP2.
FTN(R=3,kb:VMAU)
ATTACH(TAI'E6tF4U)
FVMAO.

PROGRAM I-VMN( INPUTv.OUTPUT9Ti.PE6)
COMMON /COUNTCR/ VSCUiM(10),RSCUM(1O),ilhIT(1O),ZEF(LO).ZAFEN(L0~,

COMMON /WEAPONS/ VZERO(32,PEtM(32),CORAG(323,ISORF(32),AiMINI52),
IAZMAX(2).LLMIN(32),tLMAX(32)hNSHOTS(32),TIGN(52),TASH(32).IHL(32)
COMMUN /TANKS/ DW(IN(6,10),IZ6(691o),XCG(1O).YCG(10).ZCGIlO).

COMMON /INOUT/ ABiCs IASPJASP.XI~dYiNZiN.XOUTYOUTZOUT.ENTRY*
IAFENtAFEX*XOtYO*ZO
COMMUN /PROFILE/ I4(250),AMACH(250)hFAR(250.103,PFUELL250ol),
IFTEMP(250.1O) .GAL(10) ,NTANI(S.NTP.TINC
COMMON /ALPH4A/ ATANK(2.1O3,AWEAP(32),AWAR(2htASOL(21.ATARG
COMMON /MILERRS/ EMIL(32*32)

* COMMON /FRAGS/ VE(62),PSI(32),COSMAX(32)hCOSMIN(32),CD(32).SF(32),
lXF(32hwYF(32)*ZF(32)
DIMENSION CEF(10),CFE(1ObtCLEAK(10).Pi'iUM(10htPAF(10),PBF(1II
EQUIVALENCE(CEF(1) ,KLF(1) ) (CFE(1B .IFE(1) ),(CLEAK(1).1LEAK(1) 3.

1(PHCUMDiq(1 AFEXA(1))
LOGICAL ENTRYNOhEqAFEN9AFEX
INTE6Et 6ALqXSTIWEAPS(25O)
DATA TWOPoUTORGEE/6.28318531,O.017453293932.172/

* D~~ATA AkiAR*ASOL/lOHF~RAGMLNTINs1OHG WIARHEAD 910H SOLID SH40.201T WEAP
ION/
CALL RLPTI
RLAU 200,NwLAPStXSTHKAMHATMINRATMAX

r ~READ 2O019(WEAPSCI)tis1,NTP)
READ 2UUZ.(iSOKFt11,1HE(I),NSHOTS(I),AZMIN(IIAZflAX(I)hLMIN(Z)i
IELP'AX(I),XF(I).YF (13 ZF(IeI=1,NWEAPS)
READ 2003,(7LGN(I).TASH(I),VZERO(i) ,IENM(I1)CDRAG(i3,Iz1,NWEAPS)

* ~READ 20079(VE(L3 ,PSI(I),COSMAX(I),COSMIN(I) .CD(Z) ,SF(Z),
1I1=1NWEAIPS)
READ 2O00+,I(EML(I,,I1.~l32),J=1,NWEAPS)
READ 2DO5,((iIG(IJ),I3,963,(OSKIN(IJ).It1,6),Jd1,iN1ANKS)
READ 20O6,IXCG(i).VCG413,ZC6II),HMIN(I),FULLPC(Z),1l2.,NTANKSI
HLAD 20074(X1(8 .Yl(i) ,Z1(I) X2(I3 ,Y2fi3 ,Z2(ti3.1s1.TANKS)
RLAD 2t1089CAWEAP(I3,I:1,NWEAPS)
1Cu 103 ITIME=1,NTP

VTODEMACH(AMACN(171ML3,I1CITIME))
DE.LTA=0.*5/VT
ALTti(ITIME)
ýDO 102 IWEAP=1,NWEAPS
IF(ANO(WEAIJSIXTIME).2**IIWEAP113).NE.2**(IWEAP-1)) 60 TO 102I- SLUGS=PENM( IWEAP)/t7Q00.U*GEE)

VLM.VE( iwEAP)

COSTMX=CUSMAX(CIWEAP)I

PSIST=PS ( IWEAII)
FMzPENM IWE.AP)
SIGF2SF(IWEAP)
XFUSE=XF(IWLAPI
YFUSE=YF (IbiLAP)
ZF USE=ZF(CIWEAP)

T1:TLGN( IWEAP)LI 43
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T2=TASH C WLAIP)
1V1=VT

I(1.GT.60) GO0 TO 1
LKMR:LMIL(I,1WEAP)+(O.01*VT-1+1.0)*fEMZL(I+1,IWEAPI-EMIL(IdlWEAP))

1 LHKN=.MILC1,WEAI")

2 NOHL=.TRUL.
IF(IHL(IWLAP)*GT.O) NOHE=.FALSL.
rlSH=NS,1TS(CIWEAP)
0O 00SC 1=19100

500 VSCUMC1)=O.0

DO 100 ZSHUT=1.NSH
AZ=ALMINC IWEAP),RANF(XST)*(AZMAX(IWEAPI-AZMIN(IWEAPI)
EL=ELM1NcIWLAP)+RANF(XST)*CELfAX(1WEAP)-ELLP9Z(IWEAP))
AZ=AZ*DTOR
ELLEL*DTWR
COSL=CUSCEL)
X MU=-CO SE *COS CAZ)
YMU=-COSE*bIN (AL)
ZMU=SIN(LL)
KS=AbS CALT/ZMU)
IF(ISORF(IWLAP)*GT.1) GO TO 3
SIGMA=t(S*EK'K*0.001/O .671+5
GO TO 4I

3 SIGMA=ERH
'4 DM=AL3SGAUSCSIGMA))

THLTA=XANF (XST)*TWOPI
COSTH=COS CTHLTA)
S I ivT H=S 114( T HLTA)
VSH VZLHO C WLAP) *EXP C-RS*CORAG I WEAP) )
AA=VEM/VSI1
VH=SUHT CVSI1*VSH+VT*VT-2.0*VSH*VT*XMU)
A=IVSH*XMU-VT )/VK
BVSH*YAqU/VK

C=1. U-A*A-b*b

5 B=SIGNCSQRT(1.0-A*A),YMU)
6 C =0 .

GO TO 8
7 C=SL6N(S~aRTCC),ZMU)

IF(ABS(C)*LQ*1*0) 60O TO 9

U=SQHT CA*A+I3*8)
COSPSI=-A/L)
X0=DM*(C*COSTH*COSPI+S1SINTH*SINPS1)
YO=OM*(-C*LOSTH*SINPSI+SINIH*COSPSI)
Zu=( -A*XO-tU*YO) /C
GO T0 10

8 XU=DM*kb*SINTH
YO=-UM*A*SINTH
ZOMUM*COSTH

60 TO 10 .
ZO0O.0

10 IF(ISOKF(IWLAP)oGT.2.) GO TO 50
E NTRYz. FAL SE.
00 11 ITANK1,NlTANKS
CALL IN(XCb(ITANK),YCG(ITANK)sZCG(ITANK),XXCITANK),Y1C(ITANKho
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IZI(ITANK),U.01*PFUEL(IT.LIM~,TANK)*FULLPCIZTANK))
IF(*NIO.NTRY)f 60 10 11
CALL OUT(XCG(ITANK)*YCG(1TANK),ZC6(I1ANK),Xl~tlANK),Y1(ZTANK).
IZiIITANK) ,U.O1*PFUL.L(IT1IMEITANK)*FULLPC(ITAN4K))

p GO TO1'4
11 CON4TINUE

t IF(NUNL) 60 TO 100
001 TANK21,NTANKS

CALL IN(XCb(I1TANK),YCG(ITANKhtZCG(1TANIKdX2(ZTANK)tT2(ITANK~t
1Z2ITANK) ,-1.Oh
IF(.NOT.ENTHY) 60 TO 12
lLEAK4ITANK)2ILEAK( ITANK)+l
lHITIITANKl1THlT(ITANK3*1
lFiIIGIZASI".ITANKI.GT.0) IEF(ITANKl)IEF(ITANK)+1

12 CONTINUE
O 0 100lo

14 IHIT(ITANK)=IHITt1TANK3+l
HAT1O=FAH(ITIMLe1TANK)
RSCUM (ITAilK )=RSCUM(lTANK) 4RS
VSGUM ( TAtk% ):VSCUM( ITANK)+VSH
ENEKGYO .5*Z4LU68*VbI1*Vbh
01ODSKIN( IASI. ITANK)
IF(ENEiRGYoLT.HMIN(ITANK)) 60 TO 100
IF(AFEN) GO TO 25
IF(ENERGYLT*HRAM) GO TO 15
IRAMt 1TANK)=IRAM( ITANK)+1
60 To 100

15 IF(AFEX) GO TO 17
ILLAK41TANK)=ILEAK(ITANK)+1 

.
I~lIG(JASPv1TANK)*.GT9UI GO TO 16

200 IF(IIG(IASPITANK)*GTvO) GO TO 16
IF(VSth*T1.GT*O1) GO TO 100

IF(VSMt*T2*L1.011 GO TO 100
16 IEF(lTANK)lE.F(ITANK)+l

GO To 100
17 IAFEXB(!TAf4K:=IAFEXB(ITANK)+1

IF(HATIOeLt.HATMIN) 60 TO 22
IF(RATIU*G],RAIMAX) 6O TO 22
GO TO (16q18o19*I9.2O920)%1ASP

15 O2=O1,2.0*X1(IYANKJ
GO TO 21

19 02=01,29U*Y1(ITANKJ
GO TO 21 4

20 D201I+2.0*ZI(ITANK)
21 IF(VSH*Y1.GT.02) GO TO 22

IF(VSH*T2.LT.U1) GO TO 22
IFE(lTANK3IlFE(LTANK)+1
GO TO 100

22 ILEAK(ITANK)=ILEAK(ITANK)*1
60 TO 200

25 IAFEN(LTAIJK)IAFEN(ITANK)*1
llF(RATAO.L1.RATMIN) 6O TO 28
IF(ItATlO.GiSHA¶IAX) 60 10 28

GO TO (24924#25*25,26,s26).XASP
24 02=01,2.0*X1(ITANK)

25 0201,+2*O*Y1(ZTANK)
GO TO 27

26 02=01+2.0*Z1(ITANK)
21 IF(VSH*Tl.GI.02) Go TO 28

45
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IF(VSMST2*LI.U1) GO TO 28
IFLCITANK)fLFEc ITANK)*1
IFIAFEX) IAFEXA(ITANI4)ZIAFLXA(ITANK)+1
(60 To 100

28 IF(.itOT*AFLXI 0O TO 29A
IAFEXAC ITAIMK):IAFEAAI JTANK)*1
GO TO 100

29 IFCLWLKGYvLT.HHAhD) GO TO 50
IRAM(CIrAWKI:1RANCi rAIJKI+L
GO TO 100

50 ILLAK(ITAWM)cILEAKCITANK).e1
1FIIIGI.JASh1ITANK)*6T*0) ZLF(1TANKJ=IEFCZTANK)+1
GO TO 100

50 TF=GAuS(SIGF )ivSH
*XSTAR=XO+TF*qVSH*XMU-VT I+XFLJSE
YSTAR=YO*TF *VSH*Y#4U+YFUSL
ZSTAKZZO+TF *VSH*ZMU+ZFUZL

DO 61 1TANKIS:1,TANKS
YTZYCG( hAIYK -YSTAR
ZTflCG( [TANiK -ZSTAR
XTT=XCGC ITANK )-XSTAR
C1=VR*VR-VLM*VEM
C3flhT*AI TfYIu'YT*ZT*ZT
DISCR=SiaRT 1C2*C2.CS/C1I
T=C2-OISCR

IFCT.LT.U.U) T=CietU.U1Lx
ITER=a

51 IF(h1LR.GT.25) Go ro 61
X I ATT VT *7
XL=SQRT CXI *XT.YT*YT+ZT*ZT)
IFIXL*EO.0.0) SO TO 61
HLTAX=XT/XL
BLTAY=YT/XL
ULTAZ=ZT/XL
C O5bAM=XMU *BLT AX. YMU*BE TA Y+ZMU*BETAZ
VO=V6M*COSSýAI'j+SQRT CVSH*VSN*COSGAMuCOSGA1¶+VLMSVLM.V8H*VSN)
V0O0TZVO*VSH*VT*CXMU-BETAX*COSGAM)/CXL*CVO-VSH*COSGAM))
FOO)TZ8C3*((VO+VODOT*T)/c1.0+Bb*V0'aT)-6ETAXsVT)
IFCFOOT.LE.CJ.0) GO TO 61.
FzALOGCi. 0*BD*VOsT I-BB*XL
TNLW:T-F /FDOT

IPCABSCTNEW-T).LL.OELTA) GO TO 52I
ITER=ITE.R,1
GO TO 51

52 IFCXL.GT.500) GO TO (1al
COSTH C VO*COSGAM-VSII)/1 VEM
IFCCOSIH.LT.COSTMXI GO TO 61

IFCCOSIH4bI.COSTMN) GO TO 61.
hIHITI ITA14K)=lIHT( !TA#4K I'1
E=AA*AA*AFJSCAA+COSTH I/( AA.AA.2.0*AA.COSTH,1.0 *IS. *
PSIC=PS1ST/(L*XL*XLI
VII T=VO*LXPt-Bb*XLI
VNET=SQR1 (VHIT*VHIr-2.O*VT*VHIT*BETAX*VT*VT)
kEtNS=O .5*SLUGb*VNLT*VNET*PSIC
1IFEEOENS.GL.HRAM) IRAMCITANK)zIRAMCITANK)+1
ATB:'..O.XI(CITA14K *11 CITAWK)
ASS=4U*AXC(ITANVK)*Zl CIIAM(%)
AFR=M.OsT1CXTANK )*ZiCITA14KI

464
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SAR=AUS(BETAX )eAFH*ABS(8LTAY)*ASS
TAR.SAR+A6S(BtTAZ )*A7B
PHCUM(ITANK)=PHCUMIITANK3,1.O.EXP(-PSIC*TAR)
ARBF=0.UP*FUEL(ITIMLITANgKdS0O1O*FULLPC(ITANK)*SAI4
ARAF =SAR-AROF
IF(BETAZ)53955954

53 ARAF=ARAF-8ElAZ*ATS
GO TO 55

544 AARF=ARBF+kBETAZ*ATS
55 FHITk8Fl.0-EXP(-PSIC*ARBF)

PNlTAF1l.O-EXPc-PSIC*AkAF)
TMP=FTEMP(1T1ME*ITACWK)

1IP(ALT.L1.1O0ou.o) 60 TO 56

AFAC=2.5*E.XP( -.000092*ALTl
IF(ALT*GY*60000.0) 6O TU 58
IF(IMIP.LT.O.U) (30 TO 58
IFHT~PiGT.'45*0) (3, TO 57
LWZTI9P/45*0*(11.2-O.0000Z*ALT)

6O TO 60

56 AFAC:1.O
IF(TMP.GTo4b.0) 60 TO 59
DF=TMP/45.0
GO Tu 60J

57 UF=1*2-O0o0O02*ALT
GO TO 60

58 OFMOO
GO 70 60

59 DF=1.o
60 CLFCITANK)=CEF.:ITAN4K)+O.3*OF*PHITB3F

CLEAK(ITANKrCLEAK(ITANh(+PHIT8F*(2.0..0.5.DFI
RATIU=I-AX( 1TlMLqITANK 3

IF(KATIU*LI.HA1PUN) 6O TO 62
IF(HATLO.6I.NAIMAX) GO TO 62I
CFL(ITANK)=FE(ITANK3..U00O769*SQHT(FMP)*VNET*AFAC*PHITAF

62 VSCUM~(ITANK)zVSCUM~lTANKJ+VNLT
RSCUM ITAiWK )RSLumI ITANK 3H

61 CONTINUE
100 CONTINUE

IF(ISOKF(IWEAP).GT.1) GO TO 108
00 101 lTANK~1.NTANK6S
IF(XHlT(1TANK3.EQ*OJ GO TO 101
VSAVE=VSCUM( 1TANIK)/IHITtITANK)
PAFEjiJ:(2.O*IAFt.N(ITANK) )hIIIT(ITANK)
IF(IAFE.N(ITANK)*EO.O) 6O TO 104
PAI-EXA=(1.O*IAFLXA(ITANK))/IAFEN(ITANK)
GO TO 105

1.04 PAFEXA=O.o
PAFEXB=(1.O*lAFEXB(ITANqK)3/IHIT(ITANqK)
GO TO 107

105 1F(IAFLN(ITA1NK)9.EQ.IHIT(ITANK)) GO TO 106
PAFEXB=(1.Os1AFLXB(1TANK))/(IHIT(ITANK)-IAFEN(ITANK))
Go fu 10?

106 PAFEXB40*0
107 PLEAK=(l.U*ILEAKcITANXK)-IEF(ITANK3 )/IHIT(XTANK)

PFE=(1.O*LFE(ITANK) )/I'IIT(ITANK)
PLF=(19 O*1LF(ITANK))/IHIT(ITANK)
RSAVL=R3LUM(ITANK)/lIXT( ITANK)

PRAPI=(1.0*IHAM(ITA1NK))/IHIT(ITANK)
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P'NuEJ =1.0-PLEAK-PKAM-PFL-PLI
PkSUF4F=1. U- A -'F ErN
PBFLXA= .u-PAFLXA
P6I-EXuIi1.0-PAFLXbi
PRI~l IOU0.ASULATARG. (AlAN(IITANK),I~192)
PH1'JT 10u1vTlMsAWEiP(IUE.AP) sPBFL(N
PRIW~F 1002tPHI1 ,iFWLL(lTlML9I1ANI()
PK1Iwh 1003,VSAVtF1EPCITLML,1TAtJK),PBFEXU
PK 147 1jI.,H*SAVEFAK(ITIME,1TAWiK),PAFEXB

PI'li I l T1Ubvi(ITIME) .VT.IAFLN
PRLNI 1OUbtPbFEXA*PAFEXA
&'bHINT l0U7sPN0JLF ,PLLE~iPFqPRAMtPFE

101 LU14TINUL

l~b (OU 109 IfANK=19NTANKSI
I~i-(PCuMM(IANK)oEQ#O.0) 60O TO 109
V6AVELzVSLUM(ITANK%)/IHIT(ITANK)
PLEK=LLL~AK( ITAIWK)/IHIT( ITANK)

PEF=CCF C11MN)hl/IHITC hANK)

HSAVE~kSCuM(ITANK)/IHIT(ITANI()I
PHlT=FhutUlAI7I ANK)/NSH

PRII.I 1000,AwjAHATARbq CATANKCI.ITANK),11,v2)
PRINJl 10139TIMiAWLAP(IWE.AP)
PKIAI1 10U89PHIT9PFUELCITlME. ITANK)
PRINI 10091VSAVE9FTLMPC(ITIME9ITANK)
PINk'T 1010,S1GMAiFAHCITLMEtl'ANK)
PRhINT I1u11,ALTiVT

PA(INT lnj2sPLEAK*PEFsPRAMsPFE
109 CUNTh'NUE
102 LUNiIIJUE
103 CONTINUE

105XLI10,*a*p99X,*VEulCLL--**AIO/*o*,'.9X,*FUEL 7AN.K--*,2A10)
1001 (OtQMAT(W0TME iNqTO MISSION(HKS)--*,C7.3,18X,*THR&:AI--*,AI0,21X,

l*PKUBABILITY OF LIQUID ENTRy--*#F9.6)
1002 COKMAT(*0PKUbABILI1Y OC HIT ON (UEL TANK--*9(9*697Xt*PERCLNT CUEL

1PEilnAlinJ.6--*,F7.2,8X,*6jlVEN LIQUIU ENTRY--*)

1RE(F)--*sF7.2.1IX.*PRQbAUILiTY OF LIQ~UID EXIT--*,F9s6)
1004 fUHI'IArC*OJAVEkA(pC SLA14T RAN6iE((T)--*9(9.1,15X,*CUEL/AIR RATIO--**

lF9.(&918Xo*PROBAbILiTY OF VAPOR EXIT--*vF9.fi)
1005 (UHMAT(*0AIKCRA(r ALTITUUEt.(T)--*9(891/*OAIHCRA(T SPEED(CPS)--*,

lF7.1q60Xs*PROBAbILlTY OF VAPOR ENTRY--*9F9*6)
1006 (UFMAT(*o*i8qX%*GIVEI'ý VAPOR LNTRY--*/*0*193Xt*PROBA83ILlTY Of LIQUI

ID~ EXIT.-sF9.6/*0*.93X,*PROBABIiLITY (iF VAPOR EXIT--*9F9*6)

1A HIT*/*0*v5lXv*PCIJU EFFLCT) =*tF9s.6/*0*t~1Xv*P(LEAK
2WIIHUUT I-IHE) =*sF9*6/*0*q5lXv*FCLEAt( AND EXTERNAL FIRE) -.**
3F9.6/*o*v5lX,*ePCLJSrRUCTIVL RAP) =*tF9.6/*0*t51X#*P( INTLRNA
4IL I-1NE/L)(PLOSIUN)Z*tF9.6)

IOUB COI;'iAltaUPHOt3AbIý_IY Of hIT ON CUEL TANK--*9C5.697X9sPERCENT (UEL

1009 (UPiMAlCSoAVEKiAGE ~sfRIKIN6 VELOCITY((PS)--*9(8s11 9X9*CULL TLMPERATU
1HL(F)--*vF7.2)

1010 (UHM~ArC*0AIMII'VJ6 SIGM'A((T)--*9(b.1,25Xt*(UEL/AIR RATIO--*sC9o6l
1011 (UHMAT(*UAIRCRA(T ALTITUUE(CT)--*iC8.1/*OAIRCRA(T SPEED((PS)--*,IF1.1I
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1012 (O)V1AT(*0..49X9*PRUBAPILXTIEb 0( fuEL. TAMK UAMA6E*/.Q..60X$*G1VEN
IA HIT./.0.e5IXv*P(6L.AK WITHOUT FIRE) =*9F9.6i/0*951Xs*P4LEAK
2ANDr EXCTERNAL FIRE) =k*F9.fi/*0*v51Xv*P(UESTRUCTIVE HAM)
3F9.6/.0..5l~s*P( INTERNAL FIRE/EXPLOSIONIZ*,F9.6)

1013 (OIUR"i*071ME INTO MISSIUN(HR$)--*,i7.5.18XOTHREAT--*.A1O)
2 UO u (UP-AAT(2110%3(I10.0)
2')ul (URMArG11o81
20U2 (UP-lA14(211 sI897(I0.0J
2005 (UR*'Ar (5fI0.0)
2004 0RPMAr(8(10.0)
2005 (UPM~AT((10.0)@6lUO

2007 (ORiMA 1(6(10.U)
2OU8 (ORMAr(gI~AU)

SU8OwUT1'4E il4(XTvY I ZTqLTvWlT*ltTvPFULL)
L061LAL ENTkYeAFEIJ
REAL LT
CUMMuil /INOOT/ A.B.C. IASP..JASP.X114.TINZIN.EUUT.YOUTZOUTLNTRy,

1AFL~iqFEX*XUYUvLO
IF (C) 1,4.2

GU To 3

2 IASPztb

XIN=A/CL (ZIN-ZO)*XO
IFlAbS(YZWg-yI).G7.WT) GO TO 4

£F(ABS(XIN-XT1.0iT.LT) 40o TO 4 1'
5 IASP=3

YIN=Yl+wiT

60 TOIS4 7.

7 ZINl=C/B#(YLN-YU)+ZO
X1lJ=A/B ( YIN-TO i+XO
IFlABS(ZlN-Zr).GT.HT) GO TO 8
IF(AaSXiv-XT).GT.LT) 60 TO 8

GOJ TO 1.2
10 IASP:2

XIN=XT -L T

11 ZIIN=C/A*(XK1N-XO)+ZOI
YIN=8/A* (XI14-XU1+YO
zF(AS(ZIN-'ZT).GT.Hr. RETURN
rF4AibSlYIN-YI3.(bT.WT) KETUAN

12 NIVRY=.TRuE.
IF (PFUEL)17-16913

14 IF(50.0*(ZIN-ZT+IlT)/HT.GT.PFUEL) GO TO 16

15 AFEi4=.FALSE.

16 AFENZ.TRUE.

17 RETVRig
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SUNROUTiJE WiT (XroYTZTLTWTHTPM.JLL)
LOGICAL AFLX
PEAL LrT .-

COMPOig /IWOUT/ ABCIASPJASPXINYIN IZN*XUUTvYOUTiZOUTvENTRY9 i
1AF~lIJAFL*,XO*YO.ZO

I F 4 C )1 24.s2
I JASP=6

ZOUr=ZT-lsT
GO 10 3

2 JASP:5
ZoO T:ZT ti-

.5 YOIJI=U/C*(ZOuT-ZO2+YO
AUU( :A/L* (LOUT-lU) +XU
iFlAE0StYuoT-Y1).bT.WT) GO TO04
IFLABS(XOOI-XI)4b1,L1) GO TO 4
(A) Ta 13
I Fh5.6.Ef

bJASP=4A

GO TO 7
6 JASP:5

YOO TzYT+HT
7 ZOOT=C/B*(YOUT-YOI+ZO
XOUT:A/H.( YOUT-YO )+XO
IF(ABS(2001-ZTI.GT.HI) Go To ks
IFIABSI*OOT-XT).Gt,LT) GO TO d
60 TO 13

9 IF(A;J'i.2vXU

9 JASPZ=
XOIJT:AT-LT
GO 10 11

XOUT=XT+LT
11 ZOUT=C/A*(XOUT-XO)+ZO

YOUTt3/A*(4XOUjT-XO) tTO
IF(ABS(ZOUT-ZT).GT.HT) GO TO 12
IFIA8S(TOUT-YF).Ul.WT) GO TO 1a

GO TO 13
12 PRi'wT 1O00

STOP
13 IF(PFUEL.EQ.0.0) GO TO 15

IF(PFOEL.E.Q.100.0) GO TO 14
IFLUMSP.EO,6) GO TO 14
1F(SU.Ut(ZOUT-ZTtNI)/HT.GT.PFUEL) GO TO 15

14 MFLX=.FALSL.
ALT iRN

15% AFEnz.TRUE.
ALl oRw

100oo tOR'AT(* ENTRY OUT NO LX1J*)
END
furICT1014 UCP.ACH(AMACHtHT)
1FtNT.LT.3(.089.U) Go TO 1
0EMALH396G,%452,AMALH
RE TORN

1 ILIEACH=49.O4U772*SQR1(51A.688O0.0O356616*HT)*AMACH

END
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StUsHOUT1IWE REPTI
COMMUN /PROFILE/ HT42513),VT(Z!5O).FARf250OdG),FLLFT(250,10).

COM1MON /ALPHIA/ A1ANK42,JO1gAhiLAPf32IAWAIR(2),ASOL(2),ATARG
JNIE6.ER GAL

REAO 2O00.t(ATANKtL.oJ),Z=1.2koJ=1NTANKS~,ATARG

IJLE.FT~f rA(4KS

1ISTLf)IT'

tJLEF TzliLLFT-5
IF(.dLEFr.61.oj GO To 2
lEP'J~l1CJU~tLEFT

2 L lrL=U

l FfHUU(LlN~.L60).GT.0) GO TO 44
PRI'gl 10O0.ATARGt(lATANK(tJ.I).Jzl2l.,2.=1ST.1ENUI

PRINTI 1002oGLl*=SsEU

L 1NE=LINEa+12

PRI(4( 10O,ioT~l~i(FAR~lldTPS.1).FLFltiTPSdl),I=ISTgIENDJ

Li I PJ E =LP~ I 1

lFINP~lS.LE.NI.P) GO T0 6

Cd CIF(,'JLEFT.LE*oI R~ETURNv

lInJ (OI.Mjd(.1.,*iXv*fULL TANK IIULN&ERAWfLITY ?OllDL*/62Xv*REPOKT 1*//
1%8X.*VLHiCLE--*.AiO/11X,!h(4X.2A1O3)1

1001 (URI-AT(Il1X,5(3X.22(*-*))/11X.5lI8,* GALLON CAPACITY*1)I
L 0 1002 (UMA1(1a.X-5(.5Xv21**I)l/* TIME INTU*95(15Xv*PCT* (UEL*1/

1* m~b~sION *05(* F/A RA110 RL9MALNING*))
1003 (O9(IIA1(lXC10.5t5t 112.6.l12za))
2000 (UHMATrl5AIO)

FUNLT1014 GAUS(SIGMA)
CAuS=0.0
00 1 I1.i*2

1 GAUS=GAUS+RAIJF(0.0)
GAhUS=SIGiiA*lGAiJS-6.01
RETURN

9 END OF RECORD
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