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FOREWORD

This project was conducted under Contract No, 2-35982 by Calspan
Corporation of Buffalo, New York, for the Technical Analysis Division of
the National Bureau of Standards {NES), Dr. David E. Gilsinn acted as
project leader for NBS, and technical supervision at Calspan was provided

by ¥.A. Vassallo.

Acknowledgment is made to Mr. Vassallo, who was always available
for technical assistance, and to Dr. Gilsinn and NBS for numerous suggestions
and aid with many details. Assistance of a general nature was afforded by
NBS on questions such as the establishment of priorities for rodifications
to the mathematical model and the structuring of this report. Credit 1s due
NBS for assistance on specific items such as proposals for incorporating the
thermal stress correction and the superheated vapor condition., In addition,
NBS5 provided the proof in Appendix III for the parabolic termperature profiie
of the shell over the vapor space and some of the literature sources for the

properties of propane,.
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I, INTRODUCTION

During the course of a previous project, a thermodynamic model was
formulated by Calspan Corporation {formerly Cornell Aeronautical Labora -
tory, Inc.) to describe the response of a railroad tank car loaded with propane
to a fire environment following a derailment. This initial model was devised
as a part of a larger research program to identify the causes of tank car

disasters, under contract to the Federal Railroad Administration,

The objective of the project described by this report was to develep
a computer-based model of the heat effecis on a railroad tank car that can be
used in the design of tank cars, their equipment, and insulation. Details of
this objective are-listed under separate tasks below, as gpecified by the

contract:

Tagk I - Development of Scaled Non-Ingsulated Tank Car Model

L. Extend the initial tank car thermodynamic model pre-
viously developed by [Calspan Corporation] to include
additional factors encountered in actual tank car fires,
i. e,, non-constant flame temperatures around the tank,
non~constant heat emissivities, and variations in lading
conditions, The model should also be extended to allow
for variations in the tank car and pressure relief valve

geometry,

2. Calibrate the model incorporating the data which has
been gathered from scaled tank car fire tests conducted
by the Naval Ordnance laboratory (NOL) for the Depart-
ment of Transportation (DOT),

3. Present the model {briefing with draft documentation)

for review by the technical monitor after calibration {#2).

4. Deliver documentation and computer programs com-
patible with UNIVAC 1108 for the non-insulated tank car.




5, Deliver a veport on the technical aspecis and calibration

of the model,

Task 11 - Develop Scaled Insulated Tank Car Model

1. Modify the model developed in Tagk I to take into account

the extra thermodynamic effects created by insulation,
In so doing, provide a capability to treat insulation
as a parameter in order to consider the effect of
various insulation materials upon the thermodynamics
of the tank car,

2. Calibrate this model with test data to be generated

from scaled tests to be conductied by NOIL,

3. Provide a documented program compatible with UNIVAC

1108 for running this model,

4, Provide a final report on the calibration and the tech-

nical aspects of the analysis performed in #1 and #2,

Task Il - Model Refinement Based Upon Full Scale Tank

Car Fire Tests

1. Recalibrate and if necesgsary refine the models
developed in Tasks I and Il to take into account the
the conditions and thermodynamic experiences of the
tank car and lading encountered during full scale fire
tests to be conducted by NOL.

2., Provide a documented computer program compatible
with UNIVAC 1108 for running the full scale tank car
fire model,

3., Provide a final report on the technical agpects and

calibration of the model described in #1.




The objectives of the project have been met insofar as possible without
benefit of complete fire test data. The computer model hag been formulated
and is operational on the IBM 370 computer at Calspan, Source decks have
been converted to the BCD mode for use at NBS and were delivered and re~

ceived by NBS.

A brief description of the model, including its capabilities and its
limitations, is presented in Section II, which starts on the next page. In
addition, it reveals the sequence of development of the program., Section III
shows results of the calibration effort and determination of the validity of
the model. Sample print-out from the computer is shown, Section IV con-
sists of an explanation of the program that follows the computing seguence,
step by step. This explanation includes mathematical proofs, or justifica-
‘tion, for all but the obvious formulae used in constructing statements, The
information given in Section V along with the list of FORTRAN nomenclature
should be all that is necessary to a user of the program, Finally, conclusions

and recommendations are given in separate sections,




I, DESCRIFPTION OF THE MODEL

General Remarks on the Model

The formulation of the mathematical model was started by adapting
many of the features of the original model of Reference 1. This model pro-
vided basic schemes for representing a cylindrical steel shell of infinite
length that was enveloped in fire, Fire temperature and heating rate were
each specified by a single value that applied at all points around the cylindes.
The tank contained an amount of propane that was specified by input, as was
its initial enthalpy and thermodynamic properties, The program computed
the position of the liquid surface in the tank, the mass of liguid, the mass
rof vapor, the pressure, shell temperatures and their distribution arcund the
circumference, and the temperature of the lading, which was assumed to
be uniform throughout both vapor and ligquid, Furthermore, these were
always in the saturated condition, If a specified valve npening pregsure
was exceeded, a mags of either liquid or vapor was subtrazcted to represent

flow out a valve, which could be oriented at any position on the circumference,

The original model has been extended to permit propane vapor to be
superheated and to provide for nonconstant flare temperatures and heat input
around the tank and along its length, At the present timue, it can accommo-
date several safety or relief valves anywhere along the car, although the
circumferential positions of all are gpecified by a single angle, i.e., all are
in one line, These and other geomeirical features of the tank are described

by input data,

All input data pertinent to the lading are grouped together to facilitate
provision for ladings other than propane. However, several formulae used
in the program are valid for propane only, These are the equation of state
for vapor, the expression for variable specific heat of the vapor, and the
formula used to compute heat transfer coefficient to the liguid, which is a

correlation of data from propane tests.




The model ig capable of treating the case of the insulated tank car

£y

with one or two layers of insulation ﬁxé;@rna}, to the steel ghell, Its thermal

conductivity may vary with temperaiure and is described completely by inputs

to the program so that the use of various insulations can be studied to detexr-

mine their effect upon the thermodynamics of the tank car contents, Most
materials either decompose or melt and flow at gome elevated temperature.
In order to represent this effect, an upper temperature limit is assigned to
the insulation., After the cuter suriace of the insulation reaches this limit,
the thickness of the insulation diminishes with tirne until it disappears com-

pletely.

Another feature ig f provigion for the possibility of shell failure
due to expansion of liquid, in the ghell-full condition, If the safety valves
cannot relieve liquid sufficiently fast to compensate for the expangion of
liquid, the pressure will rise rapidly, causing rupture, The program monitors
the allowable tank pressure, which ig a function of local shell temperature
level and ite temperature gradieni, for a given steel, I tank pressure exceeds

the aliowable limit, the computation stops and burst is indicated,

Figure 1 shows the geometry of the model, and important dimensions

are given by their 'RAN nameas,

Model Assumptions

The primary assumptions

wde in constructing the model are sum-
arized below. These include several that are fundamental to the method-

ology of the mathematical model and contribute to its utility in evaluating

o

response of tank cars to a fire environment,

e Temperatures of the bulk of the liquid and in the vapor
space are assumed to be uniform at any given time,
although the two temperatures may differ, No heat

transfer across the liquid-vapor interface is assumed,

@ The heat transfer coefficient on the inside surface of

the tank shell in contact with vapor is uniform and

5
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~constant. The heat transfer coefficient for liquid is variable
with pressure and temperature difference between shell

and liquid.,

® Conduction of heat in the tank car shell in a direction
parallel to the axis of the tank is assumed to be negligible,
This is consistent with the concept of moderate gradients

in the conditions of the environment in this same direction.

® Thermal properties of the shell do not change with tem~
perature, but thermal conductivity of the insulation may

vary,

e The location of the liguid surface is identified only by the
angle to the centroid of the particular element of the tank
car shell which it contacts, In all other respectis, the

gurface is agsumed to be confined to a horizontal plane,

Development of the Computer Program

The computer program in its present form is the result of gseveral

5

gtages of development, A significant part of this effort was devoted to the

representation.of a proper response of tank pressure to a high-frequency

sequence of relief valve activity and to the cormputation for the new state
conditions of the mix of vapor and liquid after the addition of heat over a
computing interval., Tank pressure is affected significantly by both these
phenomena~~the valve action and the addition of heat--and they interact so

that the two cannot be treated independently.

The method used in the original model for predicting new mix con-
ditions (i.e., pressure, enthalpy, and specific volume for both vapor and
liquid as well as their proportions) was combined with a fixed computing
interval. Therefore, it usually computed a change in pressure during the
interval just before the time of valve opening that was excessive, resulting
in a tank pressure higher than necesgsary to open the valve, Ina similar

fashion, the tank pressure after valve closing could be substantially below




valve closing pressure. This artificial situation was aggravated by increasing
the computing interval, The effect is to require a much finer computing
interval in order to simulate a reasonable tank pregssure response to valve
action than would be necessary to satisfy other requirements of the comput-
tation, For example, a computing interval {DELTA) of 2 seconds was used
for most of the exercises done at Calspan with the new program, and this
yielded results that were otherwise very satisfactory, as will be demonstrated

later. In addition, the method used for predicting new mix conditions was

approximate, whereby the changes in quantities during the computing interval
were based upon the conditions at the time previous to the interval, The
approximate method, in its latest stage of development, is explained in detail

~in Appendix L

The method used in the present model for predicting the new state
conditions is iterative and is designed to give 8 more accurate solution, It
represents the state conditions of the liquid by means of the table of equi-
librium saturated values, and the vapor gtate by means of an equation of
state and a relation for the specific heat of superheated vapor. The masses
of liquid and vapor, and their enthalpies before and after the time interval,
are related by the equations for conservation of mass and energy., The
regulting situation is akin to a set of simultaneous equations containing as
many unknowns as there are equations, They are solved by an iterative
procedure, which starts by estimating a new value for pressure, The heat
input required to produce this estimated pressure is then computed through
the use of thermodynamic relations. This is compared to the heat input
actually transmitted through the shell to the lading as computed from fire
source conditions., These two heat inputs should be the same, and if they
are not, the computation is repeated using a new value for pressure that is
based upon the departure from the proper value of heat input. The iteration
continues until a pressure is obtained that results in a heat input that is

acceptably close to the proper value,




v Before the pressure obtained by iteration is accepted, it must meet
another cbriterion,e which is a tolerance test on valve action. A tolerance of
'3 percent of the valve actuating pressure is used, If the tank pressure exceeds
the valve opening pressure while the valve is still closed or if the tank pressure
descends to less than valve closing pressure while it is open, the computing
interval is reduced by a third and the iteration is repeated until a pressure

and a computing interval that satisfy both criteria are obtained.

Recent NOL tests of a scaled tank car in a fire revealed that temper-
aturesg throughout fnost of the vapor space can exceed the saturated vapor tem~
perature considerably. Consequently, steps were taken to incorporate the
. superheated vapor state., The basic iteration procedure has been retained,
but the vapor properties corresponding to the estimated pressure are obtained
from an equation of state for superheated vapor rather than the equilibrium
tables for saturated conditions as before, These tables are used only for

gtate conditiong of the liguid.

The provigion for ingulation around the steel shell was made within
the framework of the logic for computing the temperature of each element of

the steel shell, Essentially, insulation reduces the heat flow to the steel

shell for a given heat transfer coefficient on the outer surface of the tank by
causing the outer surface temperature to be higher than otherwise. This fact
is used directly in deriving the procedures for computing temperatures.

It can be seen from the FORTRAN listing that two distinct surface temperatures
are computed, TO(N, IDELX) and TSURF(N, IDELX). The former is the outer
surface temperature of the steel shell and the latter is the temperature of the
outer surface of the tank car. If it is not insulated, the two temperatures

are one and the same, More detailsg of the insulation features are presented

in Section IV,

The existence of temperature gradients within the steel shell is accom-
panied by thermal stresses which are superimposed upon other stresses that

prevaiL Thermal stresses usually aggravate the stress situation. Of partic-




ular interest, of course, are the stresses caused by pressurization. It was
desirable to make use of the existing burst pressure tables for the steel used
in tank car shells so a thermal stress pressure increment was added to the
tank pressure to produce a working pressure, PALL, which is then com-
pared with the burst pressure that corresponds to shell temperature. rIf PALL

exceeds the burst pressure, the computation stops.

Additional refinements to the program can be envisioned that should
result in improx}ing its capabilities. Among these are a more detailed repre-
sentation of two-phase flow through the valve and a model describing energy
transfer through the vapor spé,ces A complete list of recommendations is

. made in Section VIIL
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III, INVESTIGATIONS INTO THE VALIDITY OF THE MODEL

Model Calibration by Comparisons with the Fire Tests

The program has been run successfully on the IBM 370 computer.
Most of these exercises were intended to represent the NOL tests involving
a model tank containing propane in a fire, This tank was 12 feet long, 2 feet
in diameter, and the shell was 0.653 in. thick. A single full-scale valve was

provided at an uppermost location.

The fire test that yielded the most data was the first test using pro-

~ pane, called NOL test No. 3. However, the data from this test consisted

mostly of thermocouple temperature histories in the shell and the lading.

"No measurements of heat transfer, liquid level or valve displacement were

obtained, and pressure traces were of only fair resolution.

The ghell temperatures of test No. 3 were used in a computer pro-
gram at NBS to generate heat transfer rates from the fire. When these
coefficients were used in the tank car computer program in an attempt to
reproduce the conditions that were used to generate them, the results obtained
were found to be inconsistent. The computed shell temperatures rose much
more rapidly than those obtained in the test, the computed time of initial
valve opening was later than that of the test, and the time when the liquid

disappeared completely was much earlier than indicated in the test.

This failure to obtain agreement led to an investigation to determine
the values for heating rate and its history that would be required for inputs
to the program in order to generate what can be considered the three impor-
tant features of the test, i.e., initial vé,lve opening time, time to complete
loss of liquid, and shell temperatures. Two versions of the program were
used in the exercises, one that assumed the vapor to be always in the equi~
librium saturated condition and another that provided for the superheated

vapor condition,

11




It was found that a history of HEATX = 32 Btu/ft’-hr-*F for the first
76 seconds, dropping linearly to 18.4 at 80 seconds and constant thereafter,
yielded the test value for complete loss of liquid at 450 seconds, using the
saturated vapor version., The shell temperatures near the end of this time
were nearly the same as the test temperatures, but all computed values
were generally higher than test values previously. Shell temperature plots
were printed by the computer and are shown as Figure 2, for external surface
temperature, A curve was drawn on each plot to show the temperature

measured during the test for the same point on the shell,

Figure 3 presents a plot of tank pressure history printed by the
computer, It is obvious that the printer resolution ig not good enough to
show actual pressure fluctuations when the relief valve is functioning., How-

.ever, the situation in the tank at each of the limiting pressures of valve
operation is presented very clearly by the computer print-out, which occurs
for every computing interval, A sample ig shown by Figure 4, which includes
a sufficient amount of print-out to show a complete valve cycle after closing
at 268.09 psia (at 133, 33 seconds), followed by a gradual tank pressure rise
to 283,93 psia, whereupon the valve opens, resulting in a pressure drop over
the next 0.6 second. Figure 5 presents the history of the angle to the liquid
level for this particular case. Notice that the ordinate is {1 - 8), i.e,, the
angle from the lowermost point to the liquid level, The quality of resolution

of the print-out is evident here.

Both versions of the program predicted the initial valve opening time

correctly, which was indicated to be 78 seconds during the test.

Another comparison that can be made is based upon lading temperatures.
At 450 seconds during NOL test No. 3, none of the three thermocouples at the
highest level in the vapor space had reached 500°F, whereas the superheated
vapor temperature was computed td be over 1000°F at this time. Further-
more, test temperatures of vapor indicated a variation with distance above
the liquid level. This means that the state of the vapor is nonuniform

throughout the vapor space and varies in degree of superheat from zero at

12
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the liquid level to a maximum at the uppermost level, It can be concluded
that the assumption of uniform superheat is no better than one of uniform

gaturated vapor for represgenting the thermodynamic state of the vapor,

The variable HEATX problem was modified somewhai, which included
a reduction in relief valve area {(VAREA) to 0.01, and it was used to exercige
the superheated vapor version of the program. This problem provides a
severe test of the program because it causes small rate of change in several

of the variables, such as mass of ligquid and vapor. The result of this effec

was that the program required a tighter test during iteration to preciude
instability., With superheat the computation proceeded to 1699, & seconds,
at which point the allowed computer time expired. The lagt print-out sheet
is shown in Figure 6. It can be seen that temperatures are climbing very
slowly. Incidentally, this particular exercise ran out to the longest time of
any of those that were submitted, and it is interesting to take note of the
computing time required. This was 20 seconds on the IBM 370/165 computer

system,

Initial relief valve opening time was computed at 74 seconds for the
saturated vapor version and at 72 seconds for the superheated vapor version,
The subsequent valve flow rate was 2122.4 lbsg./hr, for the first case and
1448 1bs./hr. for the second. Other conditions are very little different he-
tween the two cases. Sample sheets from the print-out are presented by

Figures 7 and 8, These show the conditions at initial valve opening time.

Model Exercises with Problems of Known Solution

Because of the lack of test data by which calipration could be accom-~
plished, a different approach was taken to the question of validating the pro-
gram. This was one of applying the program to the solution of a practical
problem for which a theoretical solution is available and then comparing the

two solutions, There are, in faci, two problems of known solution,
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The first is the addition of heat to a fluid confined in a constant volume,
which is repregentative of the tank car before initial valve opening occurs.
From elementary thermodynamic principles the total amount of heat absorbed
by a given masgs of a fluid, which may be partly vapor, is equal to the mass
of the fluid times its change in internal energy, Using this relation, the total
heat input to the fluid that is required to produce a given pressure within ita
container mavy be predicted from the final specific internal energy of the fluid
that corresponds to this pressure. This correspondence is provided by
thermodynamic tables of properties of the substance for the equilibrium con-

dition between its vapor and liquid.

The second problem that can be analyzed simply is one of steady heat
input and evaporation at constant pressure, which is representative of the
process of vapor relief from a tank car that is heated at a constant rate sub-
sequent o initial relief valve opening. In this case, the total amount of heat
required to evaporate all liquid is equal to the mass of liquid times its heat of
vaporization. Of course, the pressure is not perfectly constant in a tank
with a relief valve that frequently pops open and closed, Instead, it fluciustes

between the valve closing value and the valve ovening setiing. However, the
- g

ihd

pressure difference between the two values is gmall compared to the pressure

level so that steady evaporation is approximated.

Both problems can be golved in a single computer run, inasmuch asg
the second problem represents a situation that occurs subsequent to that of
the first problem. The inputs to the program were as follows: a constant
heat transfer coefficient equal to 32.0 Btu/ftz«hrw"f‘ at an environmental
temperature of 1800°F, an initial temperature of 70°F, a total fluid masas
of 85 lbs. per foot of tank length, a valve opening pressure of 280 psia, and
a valve closing pressure of 265 psia. A computer run was made for each
version of the program, with vapor saturated and superheated. Resulis are

presented in Table 1.
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TABLE I
RESULTS OF COMPUTER RUNS FOR CONSTANT HEAT INPUT

Computed by Program

Saturated Superheated Theoretical
Version Version Value
Time to initial valve opening -
8 79 -
- seconds
Total heat input at valve n
opening - Btu/ft of length 3430 3410 3400
Time for complete liquid loss 18 lbeg/ft of liquid
300,7 - -
- seconds remaining at 480 sec
Total heat input between time |
‘of initial valve opening and 5
time for complete liquid loss 10,020 B 10,178
- Btu/ft of length

Inputs to the program for these runs were:

HEATX = 32,0 PRL = 265.,0
TEMPX = 1800.0 VAREA = 0,055
HF1 = 245,7 CD = 0,65
MTOT = 85.0 HGT = 10.0
PR = 280,0
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The saturated vapor version predicted an initial valve opening time
of 78 secénds‘. During this time, the total heat input to the fluid was revealed
to be 3430 Btu/ft. The simple analysis using the difference in internal energy
between the initial condition of 70°F where pressure = 124.4 psia, and a fank
pressure of 280 psia is 3400 Btu/ft. Agreement is, therefore, excellent

between the two results,

The other part of the problem, time for complete liquid loss, was
indicated to be 300.7 seconds by the program; and the heat input during this
heating period (equal to 216.7 seconds after initial valve opening) was inte-~
grated and found to be 10,020 Btu/ft. The heat of vaporization at the average

pressure is 120 Btu/lb., The theoretical solution for heat input = 84,82 = 120 =
10, 178 Btu/ft, and agreement is again achieved with these particular com-

‘pute r resulisg.

The superheat version of the program predicted an initial vaive open-
ing time of 79 seconds., Again, good agreement between the simple solution

and computer results was obtained for the constant volume problemm,

The exercises on the simple problems demonstrate that both versions
of the program function as intended in representing the regponse of the tank to
a constant heating rate, It is reasonable to expect that performance of the
superheat version before valve opening be similar to the other version, inas-
much as both versions treat the liguid as saturated and because the grealtest
proportion of heat added is abgorbed by the liquid over most of the heating
period. This is the reason for the responsge of the vapor to have little effect

upon the result. Such is not the case after the liquid level drops substantially.

Additional Exercises

An insulated scaled tank in a fire was simulated by the use of input
data representing realistic insulation but a very severe fire environment
(HEATX = 30,0, TEMPX = 1800). The total thickness of the insulation and

its skin was 3/8 in., which was the magnitude of insulation thickness for
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recent NOL tests. Thermal conductivity was 0,06 Btu/hr-£t-°F, and the
problem was solved for two decomposition temperatures (TDCMP), 600°F,
representing an organic type, and 1500°F, which represents a mineral type.

In addition, computations were made for a bare tank using these inputs.

By comparing the results, it was found that for the 600°¥ insulation
and assuming superheated vapor, the shell temperatures remained lower
than for the bare tank at first, but at 135 seconds, a2ll the insulation had
disappeared from the top of the tank, Afterward, shell ternperatures of the
tank that had been insulated rose faster than did those of the bare tank, and

the results were reasonable in other respects, also,

The 1500°F insulation example was permitted a full 20 seconds on
‘the IBM 370 using the superheat version of the program. The problem was
computed to 1597,26 seconds, at which time 13.08 lbs/ft of liquid remained,
A rvelief valve area of 0,01 inaz wa g used {(which corresgponds to the observed
valve displacement of 1/8 in. ), which was approximately the same as observed
during the second insulated tank test. During most of the tiime, the heating
rate to the shell was 9000 Bi:u;/f'é;z”~}3.r9 which was considerably more than the

00 Biu/ft"-hr estimated for the fire test. In addition, the hottest part of

oo ow
)

= shell was indicated to be 1040°¥. By comparison, the computation for
the bare tank showed that it emptied to a mass of liquid equal to 19 lbs/ft in
467.4 seconds, at at this time the shell was 1161°F at the hottest point.

Significant results are summarized in Table IL

Thege examples indicate that further development is needed, In
particular, the model could benefit by incorporating features such as the
radiation interchange between the shell surface contacting vapor and the
liquid surface, and a model for heat transport through the vapor, in order
to promote a better representation of both the vapor and shell temperatures.
These examples also demonstrate that the program functions generally as
desired, i.e,, it is fundamentally valid, and that the superheated vapor

version offers considerable promige for fulfilling the ultimate objective,




TABLE II

COMPARISON OF RESULTS FOR EFFECT OF INSULATION

Insulated Tank Bare Tank
Decomposition temperature of 600 1500
insulation - °F
Time at loss of all insulation - . ,
seconds 135 591
Time for temperature of top of shell - 1204 .
to exceed 1000°F - seconds 307 1204 a5
Valve area (VAREA) - ft° 0.01 0.01 0.055
Inputs to the program for these runs were:

HEATX = 30 Btu/ftz’mhrm""@“ PRL = 265 psgia

TEMPX = 1800°F CD = 0,65

HF1 = 245,7 Btu/lb HGT = 10 Btu/ft -he-o 5

MTOT = 85,0 1b/ft
PR = 280.0 psia
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IV, THECRETICAL DEVEILOPMENT

Explanation of the Program and Theory

The computer program consists of a main routine and several sub-
routines. The bulk of the computing is done by MAIN, which calls the sub-
routines for special purposes. All input is set up by the INPUT subroutine,
which also contains write and format staterments for print-out of input data.
Subroutine QUTPUT containsg the general purpose write and format stafements

for printing the results that define the conditions in the tank, The FORTRAN

"TRAN Nomenclature, ' The units cited are those which must be used for each

variable, An explanation of the computational variables is provided, also.

Subroutine HUNTEM is a table look-up procedure used to obtain values

from input data arrays.

Subroutine FPLT is a Lagrangian interpolation procedure for obtaining
intermediate values for the thermodynamic properties of the lading from the
input data array of specific volume (liquid and vapor), pressure, temperature,

and latent heat versus enthalpy,

A printer plot subroutine is included called PLOTR, which provides
the option of obtaining plots of shell temperature histories and tank pressure
history. This option is achieved by giving the value 1,0 to the input variable,
PILOT. Subroutine PLOTR calls subroutine PLOTTR, which containg mogt
of the logic of the plotting scheme. It is supported by subroutines NORMAL,
AXSCAL, and GRID in the plotting function,

The computation is cyclic, in that it proceeds completely through the
statements of the main routine for each time interval, However, before the
cycling starts, some preliminary agssignment statements are made to provide

consistency between input data and the computational variables, e.g.,
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KP = GAMMA, (GAMMA is a more descriptive name for the ratic of specific

heats because the Greek letter ?f is usually used to signify it in textbooks, )

Then some of the computational variables are collected intc groups
g j2)

for subsequent use, e.g., AEL, DA, CRV, etc,

The computation starts with a table look-up for the thermodynamic
properties that correspond to HF1, the specific enthalpy of liquid at time I,
based upon the initial temperature of the lading. In order to obtain the prop-
erties for the exact value of H¥F 1, the Lagrangian interpolation statement is
invoked (FPLT). Thus, the qﬁan‘tities PL, VF, VG, and Hl, are determined
for the initial condition. Then, HG is obtained from HC% = HF + HL and ghell

temperatures are initialized to TL.

the computation to 31, if MTOT exceeds ML, where VOLI, and VOLG are
computed from masses and specific volumes, If ML equals or exceeds MTOT,
they are set equal at 32; and the mass of gas is deliberately set equal to 0,

as is its volume.

the representation of shell burst due to liquid expangion.

bility is to insure that the input values of HF1, MTOT, and VOL are cor

so that the computed ML is not greater than MTOT. This is achieved by over-
writing ML at statement 32, If the tank is not liquid-full, the sequence is g

to statement 50,

If no gas or vapor is present, the DO 40 loop is entered for the purpose
of identifying the length elements that have vents, If a vent is presentata
boundary between elements, each element istreated as having access to half

.the vent area.




Then the operation continues through the logic that tests for tank
rupture dlle to expansion of liquid. First, the volume of fluid, TOPM, that
the vents will pass during the time interval, DELTA, is computed, If the
change in the volume of liquid due to expansion exceeds TOPM, rupture is
presumed to occur. If not, the tank is considered to be full of liquid, so the
volume of liquid is set equal to VOL at 45 and a new ML is computed. Then

the new MTOT (resulting from loss of fluid by relief) is set equal to ML.

The next steps involve the determination of the liquid level, specifi-
cally, the angle THET that measures its position. THET is half the included
angle of the segment of a circle that is described by the points of the inter-

.section of the level surface with the tank. The area of the segment of a circle

is:
1 2 . 1 2
A = = ¥ (Y-31nY)=-2-r (W)
Rearranging and multiplying by #/ 77,
A 2TrA 2 VOLG
™7 - Z = VOLGTVOLL = v

zr T

Once V is cofnpu’ced, it is used to step oif in a search routine for Y, which
is provided by statements 55 and 57 and the following GO TO statement. The
test is on the integer difference between V and W, and asg soon as it becomes
less than 1 x 10“3, THET is computed from THET = 0,5 %Y, Itis printed

out as the angle to the liquid in degrees.

After computing some collections of variables, DAO and I, a number
of quantities are assigned new names for storage so that they can be recovered
after statement 75, which is a pivot for recycling the later logic when it is
necessary to reduce the computing interval, DELTA. In this case, corrections
must be made to DAO, CON, and D. This is accomplished through the use of
- the index, M.
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Next in order is some logic in a large loop that determines the heat
input to the lading and the temperature of each shell element., FEach pasgs
through the loop (DO 200) treats one element. The first step is to obtain the
heat transfer coefficient, HEATX, from the data by table look-up and inter-
polation (HEATX versus ANG need not be specified in increments of shell
element width), The same is done for TEMPX, the fire temperature, Then
the element touched by the liquid level is identified {NG), The heat transfer
rate into any element from the environment {{JINTOQ) is computed from HEATYX
and TEMPX. If the element being examined is above the eslement NG,
the gas heat transfer coefficient, HGT, is used to obtain QG, the heat into
the vapor. QG is integrated as QGSUM during subsequent passes through the
loop, Then QG is corrected {o obtain QGT, the heat loss from the shell ela-
ment, If the element is below NG, the route is to 100 to set up the computation
for liquid heat transfer coefficient, HTCL, It depends upon TI, inside surface
temperature of the shell, as does the heat transfer rate. TIis estimated from
the average shell temperature for the previous time, and from QINTQ, The

formula for heat transfer coefficient is a curve fit to experimental dats, Hef

ence 2, for propane exposed to a horizontal surface., It depends upon tank

pressure as well as the temperature difference between shell surface and

bulk of the liquid. The quality of the curve fit is demonstrated in Table I

Next, the shell element temperature is computed from a relstion that

is derived in Appendix II. This permits a new surface temperature to be com-

puted. At the beginning of the computation, the surface temperature {TSLJ

J

"
(N, IDELX) ) is set to a temperature slightly {30°) above TL to induce a
smoother start. The inside and ocuiside surface temperatures of the shell,

Tl and TO, (N, IDELX) are computed from relations representing a parabolic

temperature profile passing through T{N, IDELX) for elements of the shell

above the liquid level., It can be shown analytically that the parabolic profile
is valid for a slab of finite thickness with the heat flowing out one side equal
to a small proportion of the heat entering the other side. A proof for this

is presented in Appendix III,

A comparison of the tabulated values shows the lower limit of the range of
good fit to correspond to a heat transfer rate of 20, 000 But/ft-hr with
degradation increasing as the rate decreasges.
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TABLE III

VALIDITY OF EQUATION FOR CURVE FIT
TO BOILING HEAT TRANSFER RATE

Experimental Data from Reference 2
05 Temperature ) Computed Heat Transfer

Pressure | Difference, Wall g, Heat Trangfer | Rate from Equation of
- psia and Liquid Bulk - °F | Rate - Btu/ft~hr | Curve Fit - Btu/ft2-hr

168 18,4 28, 850 27, 300

170 14, 9 ' 19, 380 16,300

168 11.0 13, 180 ‘ 7, 500

245 23,3 65, 600 64, 100

240 - 19.5 40, 300 40, 100

248 16. 1 27, 600 25, 000

245 14,7 17, 060 19, 070

295 15,6 31, 200 29, 300

295 13,3 20, 100 19, 400

378 15,2 41,200 : 41,200

375 19.9 88, 300 82, 600

375 - 17,7 54, 750 60, 800

375 13,3 28,100 29, 500

5255 = 15.0 + 0,0642 x 1070 p3+347
S

or h =ITTCIJ:=§2 =(15.0 + 0.0642 x 107° P3°347)e;°55




The temperature profile through the shell at elements below the liquid
level is assumed to be linear, which ig a valid approach for the case of a
slab of finite thickness that is transmitting most of the net incident heat,
This statement is gimilar to stating that the rate of heat storage in the steel
shell is negligible compared to the rate of heat conducted through it. Con-
sequently, in the heat conduction equation {Eqguation 1 of Appendix II) the
term  oc AT /2t-50, In addition, for the case of uniform heating around the
tank, QZT/QGZ = 0, and the equation reduces to déT/dr? + 1/v d7T/dr = 0,
This may be simplified to dZ’I’/dr2 = 0 for r large compared to §, the
thickness of the shell, which enters the problem as a boundary cendition,
Integrating, dT/dr = ¢, which indicates linearity, and the boundary condition,
dT/dr‘W = 4/k establishes the value of c. ({§ is the heat transfer rate at the

surface, w,)

The condition of negligible heat storage may be justified by comparing
the heat storage rate with the heat transmitted to the ligquid during a {ire,
Test results show that the rate of temperature rise of the portion of the shell
that contacts liquid averages only 1/2°F/second when a heating rate equal to
40, 000 Btu/ftzmhr is imposed upon it because the temperature of the shell is
controlled by that of the liquid, The corresponding rate of heat storage.
©cd dT/dt 22 3600 Btu/ftanhro Subtracting this from the imposed heating
rate yields the rate of heat transmigsion to the liquid, which is over 90 per-

cent of the total.

Provision is made in the program for the variation of thermal con-
ductivity with temperature of any insulation used to cover the tank shell,
Two separate layers of different materials ave allowed. In preparation for
computing thermal conductivity of the insulation, its average temperature
(either TKI1 or TKZ2) is defined in terms of the prevailing heat iransfer rate,
thicknesses, and outside and inside surface temperatures, Then thermal
conductivity of each layer is computed (KKl and KK2) as a linear variation
from a reference value (FKIl and ¥FK2}, which is specified as input data at
the reference temperatures, TEMI and TEM2, This permits TSURF
(N, IDELX) to be computed from heat transfer rate, thicknesses and temper-

ature of the outside surface of the shell.

3
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As soon as the outer surface of the ingulation reaches the decompo-
gition temperature, TDCMP, the program is directed to statement 1942 where
a procedure for computing a reduced thickness of insulation begins. The
first calculation for thickness, THEK at 150, reduces the ocuiter layer to a
thickness that will just support the established temperature gradient with an
external temperature of TDCMP. (Temperature gradient is dictated by
QINTO/KK!.) After THK reduces completely to LAGTHZ, the thickness of
the inner layer of insulation, a second computation, for THEK, dominates the
procedure and it operates by using the ratio QINTO/KKZ, The insulation
surface temperature, TSURF(N, IDELX) is maintained at TDCMP as long as
any insulation remains, and this is defined by statement 160, TINT(N, IDELX)

. is an indexed variable for internal suriace temperature of the shell to be

stored for print-ocut.

It is conceivable that all insulation can be decomposed after a time,

in which case TSURF is equated to TON, IDELX).

Next, a signal is get {(FLIO) to indicate whether vapor or liquid flows

out each valve, depending upon TIL'T, the roll orientation of the valves, and

Lo Some computed variables are initialized, some values
are saved, and the valve positions are again identified for sach element of
length, The program is then ready to check for valve opening, If the valves
wers previously open, FLG would be 1; and this would cause entry to a test
for valve closing (statement 235). If the tank pressure, PL, has dropped
below the valve closing pressure, FLG isg reset to 0, Next, a test for valve
opening causes flow rate equations to be bypassed if they are still closed, in

which case the computation flows to statement 350,

If the valves are closed for the previous computation but PL has risen
sufficiently to exceed PR, the opening pressure, ¥ LG would be reset to 1;
-and either a liquid flow rate or a vapor flow rate iz computed for each valve
depending upon whether FLIQ is 1 or 0. The derivations for the flow rate
equations are given in Appendix IV, Sums are obtained for total liquid flow,

MRI1 and for total vapor flow, MRZ, 39
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Next, an iteration scheme is invoked for determining the new state
conditions of the mix., Two separate schemes are provided, the open valve

case and the closed valve case.

The open valve case beging at statement 300 followed by a summing
of the flow rates through the valves and a correction to MTOT for the mass
lost by relief, Iteration on pressure starts by arbitrarily assigning it a new
name, PIL2, and 95 percent of its previous value, Then the property sub-
routine FPLT is called to get the corresponding equilibrium values for VI
and HF. The correct values for liquid and vapor magses are established
and enthalpy of the vapor is then computed from a heat balance equaticon for
the vapor, Then the specific heat of the vapor, CPG, is obtained from HG

and PLZ2 by an equation which is a curve fit to data tables (Reference 3}, {Its

" quality of fit is evaluated in Table IV*.,} This permits the computation of T,
Next, VG is computed from the equation of state for the vapor, which was
also obtained by a curve fit to the tables of Reference 3. (The validity of
this equation is demonstrated by Table V:{‘*o) The revision of this value

requires revision, in turn, of the mass of liquid and the mass of vapor.

At this point, all requirements have been satisfied for computing QIN,

the heat input to the lading during the computing interval that is necessary to
justify the pressure rise to PLZ. After assigning QIN a new name, TEST,

it is used to find the departure of QIN from the actual heat input over the
computing interval, PREV. This difference is called DEILQZ. Then a test
is made whereby DEILQZ is compared to a small percentage of the absolute
value of (PREV + 10,0). If it is greater than this percentage, the test is not
satisfied and PL is corrected by means of a linear extrapolation to the value

of PL for which DELQZ2 goes to zero, DELQL and PLI are reset to DELQ2Z

“The tabulated values demonstrate a good fit to epecific heat data from the
saturation condition to 400°F and 400 psi. As either pressure or temperature
are increased beyond this, the fit degrades slowly,

ek

A good fit is demonstrated by the table over the whole temperature and
pressure range of interest to present tank car studies.
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TABLE IV

VALIDITY OF EQUATION OF CURVE ¥FIT

FOR AVERAGE SPECIFIC HEAT

6p, Average Specific Heat

41

P, Pressure | T, Temperature | H, Enthalpy | Ref. Value | From Equation
psi o Btu/lb from H/T of Curve Fit
200 200 450, 0 0, 682 0., 681

240 470, 1 . 672 . 676
280 492, 6 . 666 . 669
300 503, 7 . 663 . 665
340 526, 6 . 658 . 659
360 538. 3 . 656 . 655
250 160 420.,4 , 678 , 684
200 443, 5 . 672 . 678
240 466. 0 . 666 . 672
340 523.6 . 654 , 655
300 160 424, 4 , 684 . 680
200 446. 2 . 676 . 673
240 468, 0 . 669 . 667
340 524, 3 . 655 . 650
400 240 459. 2 . 656 . 660
400 555, 9 . 646 . 633
600 240 439, 6 . 628 . 649
400 548, 4 . 637 ¢ . 616
600 649, 4 . 612 . 576
C 0,829 - 0,000298 11 - 0.00009 (P - 50)




TABLE V
VALIDITY OF EQUATION FOR CURVE FIT FOR VAPOR STATE DATA

P, Pressure - psia
T, Terriperature Vg’ Spec3ific Volume i ' Frpm Equaf:}on
F ft2/1b From Ref, 4 of Curve ¥it
100 0.5144 200, 0 207.0
200 . 7038 203 203, 7
250 . 6080 250 248, 3
300 . 6706 250 - 247,17
300 . 3910 400 395, 6
400 ’ 4731 : 400 393.8
450 . 3683 500 491.4
500 . 4312 500 492, 0
600 . 4043 600 592, 0
700 . 3858 700 690, 5
800 . 3721 800 791, 2
1000 . 3532 1000 994, 5
_0.2433 T 23,081
vg“ 07052 ng
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and PL2, respectively. ‘The iteration count, ICOUNT, is raised by one, and
the iteration is rgpeafed, starting at 320, If ICOUNT is excesgive, i.e., if
it exceeds 10, the computer ig stopped. If the test on DELQ?2 is prassed, the
computation goes to 330 for a test to prevent tank pressure from dropping to
values less than the valve closing pressure, which would be unrealistic, If
PL has dropped to less than - PRL in order to satisfy the iteration procedures,
the time interval is reduced and the computer is routed back to statement 75,
the pivot where new computations start for all quantities dependent upon DELTA,
It is necessary to reduce the time interval until the mass lost by relief valve
flow is satisfactory for a reduction of tank pressure to PRI, An index, M,
counts at 340 the number of times the computing inte_rval is divided so that

_ the initial computing interval can be restored,

The closed valve case starts, following statement 350, with an arbi-
trary increase in tank pressure, called PL2., Then FPLT is called, for HF
and VF. As in the open valve case, ML2 and MG2 are defined, HG, CPG,
TG, and VG are computed. Then MLZ2 and MG2 are recomputed preparatory
to computing QIN. In the case when valves are open, QIN is an enthalpy
difference; but for valves closed, itis an internal energy difference, which
must be determined by subtracting the flow work terms, (PL x VF) + (PL x
VG), from the' enthalpy, because internal energy is not otherwise available.

T he constant is obtained Ly converting square inches to square feet and ft-lbs
to Btu's, i.e., 144/778 = 0,1851.

After setting QIN = TEST, the departure of QIN from PREV is com-
puted as DELQ2, (PREV is the total heat input over the computing interval, )
The same kind of test is made comparing PL to 1.03 times PR, and the
subsequent logic is similar to that of the valve open case, except that the
limiting tank pressure for the valve closed is the set point for valve opening,

PR, The computing interval is shortened urtil this pressure limit ig satisfied,

Then the DO 450 loop is entered, which checks for tank rupture due to

overpressure by vapor expansion., For each shell element, a table look-up
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V. USER DOCUMENTATION

All input variables are collected into several groups, each of which is
assigned a namelist name, such as LADING. This reduces the extent of the
READ statements and simplifies data formatting as will be explained below,.
COMMON statements are used to assign all input variables, a feature that
facilitates familiarization with the program in that the same name for a given
variable is used throughout the whole program. In addition, the dimensions
of all subscripted variables are given by the COMMON statements and the
sequence for keypunching data for double subscripted variables is explained
below. An alphabetical list of input variables is given under the Nomenclature
section, which also indicates the units that must be used when specifying data

for each variable, In general, the English system of units is used:; feet,
hours, Btu, pounds, except that shell and insulation thicknesses are in inches
and time and the computing interval are in seconds., S8pecific reguirements

are presented below.

1. Format of Data Cards

The use of NAMELIST is of assgistance in the ovganization of the data
cards., Of course, it requires thata few rules be followed, but all of the
FORTRAN language requirements can be satisfied by separate cards that,
once keypunched, can be used repeatedly, These are the cards bearing each
NAMELIST name. Then only those cards that are keypunched with data need
be changed when different values of these data are desired. For example,
the IBM 370 system requires that the first input card for each grouping of
data under a NAMELIST name have a blank first character and "&' for the
second, immediately followed by the NAMELIST name. However, a geparate
card can be used for each NAMEILIST name, and all these can be treated as
permanent cards. The data cards that give values for input variables in a
given NAMELIST list can be packed behind the name card, and these are the

only ones that need be changed. The only requirements for keypunching data
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are that the first character be blank and that each value be followed by a
comma. ‘ Any number of values, one or more, can be punched on a card until
it is filled to column 72, This means that each card may carry only one value,
if desired., The namelist names and their associated inputs are listed in
Table VI.

2, Heat Transfer Coefficient (HEATX)

The heat transfer coefficient may vary with location on the circum-

ference from 0 to 180° (ANG), with time (TIMET), and with distance along
the tank or station (IDELX). The same is true of the fire temperature (TEMPX)
which is used with heat transfer coefficient in the program to compute the
- heat transfer rate to the external surface of the tanks, Consequently, for
~each value of HEATX, corresponding values of ANG, TIMET, and IDELX
must be provided., These quantities serve TEMPX as well as HEATX, For
example, assume that there are four values of HEATX for each ANG, three
sets of these four values for different times, and a set of these 12 values for
each of two stations, 24 values in all. Then the data for HEATX is keypunched
in a sequence that is explained in the following sample (let each data value
here be represented by a system of code numbers that 'identify its corres-
pondence with ANG, TIMET, and IDELX, i.e., the first digit refers to the
angle ANG, ‘i:h'e second, time, and the third identifies station, IDELX):

HEATX =111, 211, 311, 411, 1, 212, 312, 412, 121, 221, 321, 421, 122,
222, 322, 422, 131, 231, 331, 431, 132, 232, 332, 432, 56%0,,

Notice that the number of values necessary for specifying HEATX
are equal to (NEL) (10.0) (NX). To clarify this, take the second number from
the end, 432, The 432 indicates that the number to be provided between the
commas, at this position in the sequence of the whole array, is the value of
the heat transfer coefficient at the fourth element of the periphery, at the
third time value and for the second station. Notice also that there are a
number of values equal to (NEL) (10,) (NX), Zeros are used here but any
finite number may be used to avoid retrieval of enormous numbers by the

computer, which would upset the interpolation procedure,
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TABLE VI

INPUT VARIABLE NAMES AND
THEIR ASSOCIATION WITH NAMELIST NAMES

Namelist Name

INPUT

LADING

BURST

GENRL

Input Variable Listed
After the Namelist Name

HEATX, TEMPX, TIMET, TILT,
ANG, NX, PITCH

HFT, LT, TLT, PLT, VGT, VFT,
GAMMA, GASCON, HGT

TTT, PBT

DELX, VENPOS, VAREA, CPTNK,
El, EFIRE, FKS, RHOTNK, CD,
DELTA, HF1, MTOT, NEL, PR,
THICK, RTANK, PRI, EMO,
TLENTH, TDCMP, CINS1, CINS2,
TEMI, TEM2, LAGTHI, LAGTH2,
FKI1, FK2, PLOT, TPLOT, NRAD
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The dimensions of HEATX are (30, 10, 6) so the maximum number of

data values is 1800,

3, Fire Temperature (TEMPX)

The dimensions of TEMPX are the same as for HEATX, and because
TEMPX relates to the same independent variables as HEATX, the sequence

of input data is the same.

4, Number of Circumferential Elements and ANG

The number of values that must be keypunched for ANG is NEL + 2,
and NEL cannot exceed 28. The last two values are false values, but they
'must be nonequal and slightly different than the previous one to insure proper
interpolation, Example: ANG = covervevsessesess 160,, 180., 190,, 200.,

where 180, ig the last one of significance to the problem,

5, Finish Time and TIMET

The gecond value from the last in the TIMET data set should be well
beyond the expected finish time for the problem, This is required for proper
interpolation, The maximum number of values in this data set is 10,

6. Rapidly Varying Inputs

Rapid changes or step changes in HEATX and TEMPX should be
repregented by two closely spaced data points both before and after the step

in order to permit accurate interpolation.

7. lading Properties

Provision has been made for inpﬁtting the thermodynamic properties
of saturated lading as an array of LT, HFT, TLT, PLT, VFT, and VGT.
All values of one variable are keypunched before starting those of the next.
. Example; HFT =100,, 110., 120,, 130., ..... 290,, TLT = 70,, 72., 73.9.,
vsese 210, A maximum of 25 values for each variable may be used. Some

sources of properties of hydrocarbons are given as References 3, 5, and 6,

49



Vi, CONCLUSIONS

The body of data available from fire tests is limited. Consequently,
it precludes full and complete program ''calibration.' The program presently
exists in two versions, one treating vapor as uniformly superheated and the
other as saturated. The validity of each version in representing a tank car
in a fire has been discussed in terms of results obtained by exercising the

program on a variety of problems,

The saturated vapor version, although it could be provided data to

produce the correct time to evacuation of liquid, predicted low vapor tempsar-

2

~atures and shell temperatures that were generally high by comparison with

The superheated vapor version was also capable of producing the
correct time to evacuation of liguid, but it predicted temperatures of hoth

vapor and shell that were much higher than test values,

The insulation features of the program performed well in producing

the typical effects of external insulation on a tank, such as reduction of heat

i

absorbed by the tank and the diminution of this effect ag the insulation degradec

because of overheating.,

The computer program was more successful in solving problems for
which analytical solutions are available. Both versions of the program, the
superheated vapor version and the saturated vapor version, produced excellent
results when used to solve the problem of steady heat addition at constant
volume., The saturated vapor version of the program gave results that were
in good agreement with an analytical solution for the probiem of steady heat

addition at constant pressure with evaporation.

In all the exercises, very good resolution of pressure variation ig
provided by the program by virtue of the nature of the iteration process

for finding the state of the time-dependent liquid-vapor mix,




It can be concluded that the saturated vapor model is, at present;
better in ’\mos‘t respects for representing a tank car in a fire. However, g
all evidence indicates that there is some degree of superhea;‘. within the ira,por
space and that it varies throughout. Because it is possible to model this effect,
the superheated vapor version of the program offers more promise for further

development.
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Vi, RECOMMENDATIONS

Further development of the superheated vapor version of the model
is needed before accurate prediction can be made of all the features of the
performance of a tank car in a fire, Several recommendations for this

development are presented,

l. A model of the energy transport through the vapor space should
be constructed so that a realistic vapor temperature field is indicated. The
achievement of this also depends upon determination of a valid and repre-
sentative heat transfer coefficient from the tank shell to the vapor, Such a
-value might be extracted from test data, given a good model for the enargy

transport,

2. In both versions, the liquid is presently treated as being saturated,
This produces an indicated temperature of the liquid that rises and falls with
pressure as the relief valve opens and closes., The change in temperaturs

is about 6°F for a pressure change of 20 psi. To accomplish a uniform effect

such as this throughout a large body of liquid may require a larger exchange of
energy thanpossible in the time available. Therefore, some means should

be provided in the program to account for this effect of nonequilibrivum,

3. The calculation for the flow characteristics of two~-phase flow
should be improved in the program, both for the case where the fluid starts
to flow out the valve as a liquid and for the case where it starts as a vapor,
In both cases, the program should actually follow the procedure described in

Appendix IVB, which is a more complete representation of two-phase flow,

4. The program should be extended to provide for a pitched attitude

of the car.

5. The program should be modified to provide a capability for repre-

senting tank protection by means of intumescent paint,
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FORTRAN NOMENCLATURE

Input Nomenclature

1.

Input Specific to Lading

ALPHA

GAMMA
GASCON
HGT

HLT

HFT
LT
MTOT
PLT

TLT
TS

VFT
VGT

Thermal expansion coefficient of liquid

Ratio of specific heats
Gas constant
Gas heat transfer coefficient for internal

tank car environment

Liquid heat transfer coefficient for internal

tank car environment

Specific enthalpy of saturated liquid
Heat of vaporization‘

Total mass in tank car per unit length
Pressure values for enthalpy and volume

data

Temperature values for enthalpy and volume

data
Sonic temperature
Specific volume of saturated liquid

Specific volume of saturated vapor

General Input

A
ANG

CINS1, 2

-CP
CD
DELX

Relief valve flow area

Angle values for HEATX data

Slopes of lines describing variation
of thermal conductivity with temper-
ature. 1 refers to outer layer, 2 to
the inner one.

Specific heat of tank car shell material
Relief valve flow coefficient

Longitudinal element size
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cu. ft/°F

Btu/fta*hr— S

Btu/ft&—hrw“ F

Btu/lb
Btu/1lb
lbs /ft

psi

cu, ft/1b

cu. ft/1b
ft

degrees

Btu/lb-°F

ft




DELTA
ET

EMO
FKI1,2

FKS
HEATX

LAGTHIL, Z

NEL

NRAD

PBT
PITCH
PR

PRL
RHOSK
RHOTNK
RTANK
SKTHRK
TDCMP

Computing interval

Emissivity of inside surface of tank car
shell

Emissivity of outside surface of tank car
shell

Thermal conductivity of insulation at
reference temperature

Thermal conductivity of shell material

sec

Btu/ft-hr-°F
Btu/ft-hr-°F

Heat transfer coefficient external to tank car Btu/ftz-hr-“F

Thicknesses of insulation layers. 1
refers to the outer layer, 2 to the

inner one.

Number of tank car shell elements around

circumference

Control number for circumferential element

temperature plots. NRAD = |l means a plot

will be generated for every element, NRAD =

inches

2 will produce a plot for every second elément,

ete., starting with the first one.

Nurnber of elements along tank car (longi-
tudinal)

Burst pressure of tank

Pitch angle defining tank car attitude
Relief valve opening pressure

Relief valve closing pressure

Dengity of protective skin over insulation
Density of tank car material

inside radius of tank car shell

Thickness of protective skin over insulation
Temperature where insulation loses its

effectiveness

psi
degrees
psi

psi
b/cu. ft
Ib/cu, ft
ft

inches

°F




TEMIL,Z2 Reference temperatures for thermal
conductivities of insulation layers. 1

indicates temperature for outer layer,

2 for the inner one °F
TEMPX Fire temperature values for each HEATX
value *F
TIMET Time table for HEATX data sec
THICK Tank car shell thickness inches
TILT Roll angle to relief valve centerline degrees
TFI Initial temperature of liguid *F
TLENTH Length of tank car ft
STLT Temperature table corresponding to burst
pressure . °F
TPLOT Time interval between points on pressure
plot seconds
VOL Total internal volume of tank car per unit
length f‘t3 /£t
VENPOS Distance to each vent from end of car
defining vent position ft
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Computational Variables

AEL

CON
CRV

D

DA

DAO J
DTHETA
DELX

FLG
CFLIO

HE

MRI
MR2Z
PL
¥S

QG

QGT
QGSUM

QINTO

Medial area of each element of the

tank car shell
Collections of variables

Included angle of each tank car element
Length of each tank car element

Signal for valve closed (FLG = 0) or open
(FLG = 1) '
Signal to indicate valve below liquid level
(FF1LIC = 1) or above {F1LIQ= 0)

Specific enthalpy of liquid

Specific enthalpy of vapor

Liquid heat transfer coefficient

Thermal conductivity of shell

GAMMA

Masgs of gas in tank car per unit length

Mass of liquid in tank car per unit length

Mass flow of material through relief valve
per unit length

Mass flow of liquid relieved

Mass flow of vapor relieved

Pressure in tank car

Sonic pressure for gas flow through valve
(Gas heat transfer rate per unit area for
one element of tank car shell

Heat loss from element of shell

Total heat input to the internal gas envir-
onment from the tank car wall

Heat transfer rate per unit area applied

to the ocutside wall of the tank car

Btu/lb
Btu/lb
Btu/ftz/hr-"F

1b/ft
Ib/ft
b/ sec-~ft
1b/sec-ft
1b/sec-ft
psi
psi
Btu/f‘cz—hr
Btu/ftz—hr
Btu

, .
Btu/ft™-hr




OL
QLSUM
SIG C
SIG T
T(N,IDE LX)
TAU
TE

TG
THET
THE TA
THKIL, 2
TI

TL

TO

TS
TSURF
ucC

VE

VG
VOLG
VOLL

Liguid heat transfer rate per unit area for

one element of the tank car shell

Total heat input from the tank car wall

to the liquid

Circumferential stress in tank car shell
Transverse stresgs in tank car

Average temperature of tank car shell
element

Shear stress at 45° plane in tank car shell
element

Fire temperature

Temperature of gas in tank car

Angle from 0 = 0 to liquid-gas interface
at tank car shell

Posgition of the centroid of each element of
the tank car shell

Thickness of effective insulation
Temperature of inside surface of tank car
shell element

Temperature of liquid in tank car
Temperature of outside surface of tank car
shell element

Sonic temperature for gas flow through
relief valve

Surface temperature of protective skin
Critical velocity

Specific volume of liquid in tank car
Specific volume of liquid in tank car
Volume of gas in tank car per unit length

Volume of liquid in tank car per unit length
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Btuﬂ&awhr

Btu
1b/in?
lb/inZ

*F

lb/inz
o
Q }:‘”\

degrees

radians

e};x
@.‘E“

6}5\

‘R
*E
ft/sec
L3
ft7/1ib
3
ft7/1b
:ft3 /1b
ft3 /1b




| | APPENDIX I
APPROXIMATE METHOD FOR PREDICTING THE NEW MIX CONDITIONS

The method used in the original model to compute the state conditions
of the new mix after a computing interval was approximate because it was
based entirely upon conditions at the beginning of the interval. It has been

discontinued but is presented here for the sake of completeness.

Previous to computing the new mix conditions, it is necessary to
establish the heat input to the tank shell, the mass of gas, MG, and liquid,
ML, in the tank, and the total heat input to the liquid as well as to the gas,

Thege are done by the existing methods explained elsewhere,

Then, the following equations are used to compute the increase in the
heat content of the liquid in the container, Two specific cases exist. The
first case is that for which no mass is lost through the relief valves. The
second case distinguishes between liquid or gas flow out each relief valve.
The index M indicates time for purposes of this explanation and was not a
computing index. The program is recycled to execute computations for a
new time. ®Hauilibrium conditions between liquid and vapor were assumed

to prevail,

MR = 0
DMG(M) = MGM) - MGIM-1)) | 3400
DELTA
o DELTA
b - (QUSUM(M) + QGSUM(M) - DMG(M) * L{M) * Dpa )
ML(M) + (DML(M) Sgeei2
Case 2

For ligquid flow through the relief valve, if one connects with the

element AX,
MRI{M, X) = 192000-CD-A
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For gas flow through the relief valve, if one connects with the
element AX,

MR2(M, X) = D4 UC (M)

VC(M)
” "{
+ o 1 ) Z° S - 3 \ XD i ,_..r._.__.__..:w_mmm,, 5\ "
where UC(M) = GAMMA °32,2* GASCON¢(TL(M) +460) exy (EARIATT
2
GAMMA T
: GASCONe (TL(M) + 460
and VC(M) = ! ( (M) ) 5
PLM) xvma T )
The total mass loss is computed:
X = NX X = NX
MR(M) =, MRI{(M) + >, MRZ{I)
X =1 Xo=1
and the remaining mass is inventoried:
ELTA
MTOT(M) = MTOT(M - 1) - MR{M) s %%%%_f}.
Then the enthalpy of the remaining liquid is determined:
DHG = HG(M) - HG(M - 1)
J= N N nx DELTA
> OLSUM(M, X) + >, OGSUM(M, X) - (DMG + MR)*LF 3600 = MG «I311¢3

DHE - .

RLTA
MIL(M) + DML - MR)G%%G_O?W

HEF (M+ 1) = HF(M) + DHF

The value of HF(M+ 1) as computed above is then used in conjunction
" with the liquid-vapor saturation tables to obtain values of PL{M+ 1}, TL{M+ 1},
VFE(M+ 1), VG(M+ 1), and L{M+ 1),




| APPENDIX II
DERIVATION OF FORMULA FOR T(N, IDELX)

The unsteady heat conduction equation in a polar coordinate system

in terms of r, radius, 8, angle, and constant thermal properties is;

2 2 :
T _k 21 | 2 T k 9T .
St atw 5T T )

When this is expressed ag a difference equation, using central differences,

and transformed to a curvilinear system in r and y using Ay = r A0, it

becomes:
Tt"Ttwl ) Terl wZTY+TV“1 ‘ T

@< x5/ = k s + k
Ay
§ k(Tr+1“Tr-1>

T AT

r+1 ° ZTr+Tr

1)

(2)

Arz

Equation | must be accompanied by boundary conditions and initial values
in order to use it to describe a problem, For example, the heat transfer
rate (k dT/dzr) may be specified at the boundaries and a specified uniform

temperature may be given as the initial value,

Now the use of Hquation 2 implies a quasi-steady treatment for an
infinitesimal time interval. Furthermore, the size of elements of the tank
shell, as measured by Ay, that would be practical for computation is con-
siderably greater than the shell thickness., Consequently, it is practical to
consider the element thickness, Ar, to be the same as shell thickness.
These two considerations mean that the terms for conduction in the radial
direction may be expressed in terms of the boundary conditions. Using a

part of the shell in contact with the vapor as an example,

k (Top 1~ T, 1) _ (heat conducted through the

T - 4T + T )
! v+ 1 T r -1
< T AT insulation minus QGT)/thickness

+
43»3?2

*Carslaw, H.S., and Jaeger, J.C., Conduction of Heat in Solids, Oxford
Univergity Fress, 1959,
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The heat conducted through the insulation minus QGT is equal to {neglecting
the effect of its mass):
QINTO (1 + oo ) -

RTANK QGT

where the quantity in parenthesis corrects for the area change with radius,
Putting it in terms of the grouped variables:

QINTO N THK |  QGT _ DAO~QINTO - D-QGT
THICK ( RTANK) THICK — THICK: AEL:-DELTA

Substituting this into Equation 2 and using CRV = CeRHO » THICK * AE L
and CON = KK+*THICK *DELTA/AEL

CCRV- (T(N, IDELX) - T(N, IDELX) DAOQ+ QINTO - D- QGT
THICK- AEL® DELTA THICK: AL T DELTA

i

CON<AEL (T(N+1, IDELX))
THICK S DELTA « [AE L

+

-(CON * AEL)

2 TN, IDELX) + T{N-1, IDELX}))
THICK-DELTA (AEL)Z

Solving for T (.N, IDELX), which represents here the variable T't’ the relation

for T{N, IDELX) in the program is obtained.

1 ' "
T(N, IDELX) =z%&% (DAO" QINTO+CON- (T (N-1, IDELX)-T (N, IDELX))

i
+ CON- (T(N+1,IDELX) - T (N, IDELX))
CRV

i
- QGT-D + T (N, IDELX)
CRYV
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‘ APPENDIX III
PROOF FOR TEMPERATURE PROFILE USED FOR SHELL

If a function, say f(x), is continuous on an interval a<x<b, then

its average value, or mean value, is given by

b
1
T = é f(x) dx

In particular, if 0£x %8 and the profile for T is the parabolic form:

_ olt < X) X 1
T = =25 - (1-.2) 2% 4+ = 1
5% 26/ & 3 ()
then
&
pe 1 oit (1-X) X 1
T = — - A = + — 1 dx
& Jo [EZ 6“6 6 3}
)
a1 %, 1 x3x
= == — Ity o+ D
5 16 5 2 25 3
0
_ ot
"gZ"
—~ g - ot . = .
Define EO ::—S«é » Then T = FO. Now, from the requirements that at x = 0,
T = TO’ andat X =8, T = T, then substituting in Equation 1:
_ Ut I = 1
Ty "z T3t
. . Ot | 1
itz e T Tog

Setting up T in terms of TO and Ti gives

1 1 = 1
7T 72T g

T =T -1
i 6
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or A}-_T + T, == T
2 0 iz
T o=l (T, + 27T)
3 Yo i

which are the desired formulae, as used in the program.
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APPENDIX IV

A, DERIVATION OF EQUATIONS FOR MASS FLOW RATE OF VAPOR

The basic equation for conservation of mass in one dimension states
that B(A(au)/ 2x = 0 at any point along a flow passage, i.e., that mass flow
rate, mm = Apu = Au/v, where A is flow area, u is velocity, @ is density,
and v, specific volume, when the valve on a tank car is open only for pres-
sures of magnitude greater than about 200 psi. This insures choked flow
through the valve becauée the ratio of atmospheric pressure to tank pressure
is less than the critical value. This means that at the point along the passage
where its flow area is minimum the flow velocity will be sonic. The relation
- for sonic velocity in a gas of constant ratio of specific heats is u = m ,
‘where g is the acceleration of gravity, ¥ is the ratio of specific heats, R
is the universal gas constant, and T, is the stream static temperature. T
can be obtained from Ty = (TR)Z'/(‘?’/+ h* where TR is a reservoir or total
temperature and in the present case Ty = Ty, temperature of the vapor in
the tank,

At this critical point where velocity is sonic, the specific volume is

desired, also. From the perfect gas equation of state, Ve T RTS/PS.

In real flows the full value of Au/v is not realized, and a flow coeffi-
cient is defined as the ratio of actual to ideal flow rate or C = m/Au/v. Thus,

all the relations used in the program to compute MR, i.e., rh, are explained.

This method for computing mass flow rate of vapor is a simplified
one inasmuch as it assumes the fluid to remain in the vapor phase during its
expansion., A small amount of liquid actually forms although its effect is

negligible. Flow of vapor could have been treated by the method described
below for liquid.

®
See any good textbook on gasdynamics, e.g., Shapiro, A.,H., Compressible
Fluid Flow, Ronald Press, 1953,
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B. DERIVATION OF EQUATIONS FOR LIQUID FLOW THROUGH THE VALVE

Flow of fluid through a relief valve is assumed to be isentropic, at
constant total enthalpy. Total enthalpy is 'U.Z/Zg +h where h is static enthalpy.
Therefore, ulz /2g + hy = uaz /2g + hy where the subscripts refer to two
different stations along the flow passage. ILet 1 represent the inlet at tank
conditions and 2 be the minimum area condition, But uj = 0 so that
u, = ﬁgm:mﬁg) The mass flow rate is ™m = CAp up/v, {see Part A of
Appendix IV), Combining these two relations,

B TR
C A V2

‘Now the enthalpy at 1, hy, is that of saturated liquid found in the thermo-
dynamic table for the fluid. To find hZ and vy, use §5,, the entropy of

saturated liquid (from the table), which is equal to 8,. Atany given p

sure, pp, downstream in the valve, the fraction %3, of liguid to total fluid

4

mass {i.e., quality) can be determined from = = § - Sf/Sg - 3y where
and g denote ligquid and vapor {i.e., gas), respectively, Then enthalpy, h

X
[4

and specific volume can be determined from the relations:

hz = % (hg - }.’J,i«») + hf
Vs = % (‘Vg - vf} + v

Calculations for various pressures, Py, yield curves of m/C Az
versus pl: each with a single maximum. A curve through these maximum
points appears as shown in the following figure, which is for propane. {The
maximum point is analogous to the choked condition. ) The case for a depar -

ture from isentropic flow by 20 percent was also, computed.

In general, relatively large changes in entropy would be expected in
the valve, as well as significant loss of flow energy due to the momentum
- exchange with liquid droplets that are formed., Consequently, a flow coefficient

CD’ should be used to account for the losses.
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The program uses a constant value of 3200 1b/sec-ft° for 1’1”1/CDA‘2
because liquid relief of propane only occurs above 265 psia, and the curve
in the figure does not vary much for higher pressures. (See Figure A-1.)
When this value is multiplied by 3600 to convert the units to 1b/hr-ft2, the
constant, 11, 520, 000, is obtained. This, in turn, must be divided by

TLENTH to put MR! on a lb/hr per foot of tank length basis,
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~ APPENDIX V
FORTRAN LISTING

FORTRAN IV G LEVEL 20 MATIN DATE = 73010 09732/3
Cm CORPUTATIONAL VARIABLFES:
C )
(] AEL -~ LANSS SECTIONAL AREA OF EACH ELEMENT OF THE TANK CAR™
Cw SHELL N
o DANG -~ INCLUDED ANGLE OF EACH TANK CAR ELEMENT
o FLG - IF 0.9 THE VALVE IS CLOSED , IF l., IT IS OPEN
% FLIQ - IFZERO IMPLIES GAS FLOW THROUGH VALVES
oS -~ IF 1. IMPLIES LIQUID FLOW THROUGH VALVES
cH G ~ GRAVITY ’ ’ o T T e e e
(o HE ~ COMBINED GAS/SHELL HEAT TRANSFER COEFFICIENT o BTU/FT®%2
Cx HF ~ SPECIFIC ENTHALPY OF LIQUID AT TIME T
Cx HG ~ SPECIFIC ENTHALPY OF VAPOR AT THE TIME T
o Q6 ~ GAS HEAT TRANSFER RATE PER UNIT AREA FOR ONE ELEMENT
C& OF TANMK CAR SHELL cscoss BTU/FT#32-HR
Ca QGSUM - TOTAL HEAT INPUT TO THE INTERNAL GAS ENVIRONMENT FROM
% THE TANK CAR WALL sevese BTU
Cc* QINTO - HEAT TRANSFER RATE PER UNIT AREA APPLIED TO THE GOUT~
C* SIDE WALL OF THE TANK CAR eceeoe RTU/FT#%2—HR
C» ot -~ LIQUID HEAT TRANSFER RATE PER UNIT AKEA FUR ONE ELEMENT
C% OF THE TANK CAR SHELL csecoes BTU/FT##%2-HR
G SICC — CIRCUMFERENTIAL STRESS IN TANK CAR SHELL .ee LB/IN®%2
G SIGT ~ TRANSVYERSE STRESS IN TANK CAR SHELL eeee LB/IN®*%2
O T ~ AVERAGE TEMPERATURF OF TANK SHELL ELEMENT ..s DEC. F,
O $1C -~ BULTZMAN®S CONSTANT
Cx “TAU ~ SHEAK STRESS AT 45~DEGREF PLANE IN TANK CAR SHELL ELE-
O MENT cweo LB/IN®H2
% TE ~ FIRE TEMPERATURE coee DEGs Fe
o He ~ TEMPERATURE OF GAS IN CAR oseees DEGa Fo
Cw THET - ANGLE rROM THETA =C TO LIQUID-GAS INTERFACE AT TANK
G CAR SHELL saee DEG.
ot THETA ~ POSITION OF THE CENTROID OF EACH ELEMENT UF THE TANK
C#% CAR SHELL se0e RADIANS
oo 71 ~ TEMPERATURE OF INSINDE SURFACE OF TANK CAR SHEUL ELEMENT
O cocesa NEGs Fo
7L ~ TEMPERATURE OF LIQUID IN TANK CAR eso00e DEGe F.
10 - TEMPERATURE OF QUTSIDE OF TANK (AR SHtLl eeee DEG. F.
% T8 ~ SUNIC TEMPERATURE FOR GAS FLOW THKUUGH RELIEF VALVE
(o esens DEGe Fa
g ue CRITICAL VELOCITY oooee FT/SEC
o VF ~ SPECIFIC VOLUME OF LTIQUID IN TANK CAR ,eee LR¥**3 /LK
L% e ~ SPECIFIC VOLUME OF GAS IN TANK CAR cesse FTRX3/LE
(% YOLG ~ VOLUME OF GAS IN TANK CAR PER UNIT LENGTH see FTH®%3/FT
L YOLL -~ YOLUME OF LIQUID IN TANK CAR PER UNIT LENGTH eoeoFTx®5/FT
[0
%
% TANK CAR MODEL PROGRAM
%

0001
0002
0003
0004
Q005

0006

COMMON/GUTPULY TIMEHFPLe TLeTIoVOLLy VOLGy MGoML MRy THE s
#DAMGs TINT{ 30461, 51IGCe SICT, TAU, QINTO, QGSUM, QLSUM
COMMUNICOMP /Lo EQeEMeGC o KKy KP¢RHDGRPySI1GsCG e GAMMA,GASCON 4HGT

o RHOSK ¢ SK THK

REAL HEKKPsMTOT 3L o MO MLGLT yMGG MR

COMMUON/TEMP/ Tl 230963 TT{ 30,61, TSURF{ 3040),LT(25},

L HFT(Z5) s TLT(Z25) o PLT(25) o VFT(25),
BYGCT{25), TTTE3G) oPBRTHI3C) X{4:53S{5}
COMMON/MODIFY/ HEATX(30,1096)s TEMPX{30910¢6)y ANG(30)y TIMET(1C),
1 TILTPITCHNK

COMMON/VALVES/ VENPOS(6), VAREA(G)
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FOATRAN IV & LEVEL 20 MAIN DATE = 73010 0F3273

o007
0008
2009
0010
o011
Qo2

0012

0014
0015

0016
0017
0018
0019
0020
0021
0022
0023
0029
cozs
0026
0027
0028
0029
0030
0021
0032
0033
0034
0035
D036
0037
0038
0039
0040
0041
0062
0043
0044
0065
0046
0047

0048
0049
0050
0051
0052
0053

COMMONI/TNS T0T 30,6}

REAL MRLle MRZ-LAGTHK

REAL®S LAGTHL, LAGTHZ

REAL®S KK1, KEZ
COMMONJDN/HOFTIN(AY, TOFTIMI3)
LOMMON  FGENRLY DELXS LPTNKy EI, EFIRE,; FK5.

1 RHOTMK, €Dy DELTA, HFLl, HTOV, NEL, PRy THICK, RTANK. PRL #
2 TLENTHTDOMP, CINSL, CINS2, TEM1l, TEHZ, LAG
3 LAGTHZy PRI, FK2

COMMON JPLOTS/S PLOT,TPLOT NPT, MPPy TEMDATIZ200, 251 TINPDTIGLO),
1 POATI{400), TIMDAT{200}:; NRAD, NP

DATA DELUL/L00./

%
%

ALAGRICO LU o029 0N U0 UL U2 {CX-C LR {CH~L2 740001 1A 1C0-C2 35U~
HOR-CORLCA~CR2P/8C0-C LI /{CI-C2 UL {CR~COIRICA-C LI/ 50O~ 23 /4000
2%U2

102 FORMAT ({8FB.23sF1bol2ysF4.C)
113 FORMAT (¢ BURST TABLE LIMITS ELEMENT ®,16}
114 FORMAT {7 7 9,F7.,2¢%0%,14%4%) PL®F0e25% PBIF6.0,% TIME? F 7.0
123 FORMAT  (10F10.21
CALL IMPUT
GO TU 2
1 CONTINUE

NP = NP-i

IFINPLLELCY NP=1

NPT= NPT ~1

IFINPT.LT.2) NPT=2

NPP= NPP~1

IF{INPPLT.1) NPP=sg

IF{PLOT Q. 1,00 CALL PLOTR
CALLINPUTL

2 CONTINUL

TSAY = DelTA
LAGTHEL = LAGTHI/1Z.

LAGTHZ = LAGTHZ/12.

TIME=D,

3 THICK=THILK/1Z2.

DANG=3.3416/INEL~1}

AEL  ={HTANK+.5%THICKI®DANG

BA =DELTA/ 3600 %AEL

CRY  =CeRHO*=THICK*AEL

YOL =3, 14 16%RTANKSRTANK

CON  =KK*THICK*DELTAZ{AFL®3600.}

QL SUM=C o
QGSUM=G.,
FLAG=0,
FLG=O .,
POP= 0.0
{#
Cn SEARCH ENTHALFY TABLES FOR HF1
C%

DO & =120

IF IHFTLJII~HFLY 64647
6 CONTINUL
T Hi=HFTIJ-2}

H2=HFT{4~1}

H3=HFTLG)




FORTRAN IV G LEVEL

0C54
0055
0056
0057
0058
0059
0oé&0
coé61
02

w063
3064
0Co65
0066
oteT
goer
o069
0070
co71}
072
G073
0074
0075
0076
Q077
0078
0079
Q08¢
0061
0C8s2
0083
L0844
0085
0086
0087
0088
0089

CO90
Q031
0092
G093

0094
0095
0096
0097

(3
C*
C*
C#
{*
{ %
Cx
C
{*

[
Cw

%

1c

15

20 MAIN DATE = 73C10

HasHET{J+1}
J=d~-2

DO 10 1=1¢%
K{I,1)=TLT ()
X{Ie2)=PLTLY)
X{Ie3)=VETLU)
X{I1,4)=VGT(J}
X{I:5)=LT(J)

J= J+l
INTERPOLATE FUk THE INDEPENDENT VARIABLE HF1 THe
VALUES FOR;
PLT — PRESSURE
TLT — TEMPERATURE
VFT -~ SPECIFIC VOLUME NF SATURATEDL LIQUID
VGT «~ SPECIFIC VOLUMF DOF SATURATED VAPOK
LT = HEAT OF VAPORIZATINN OF LADING
DO 15 Jd=1l45
XVI=XLAGRIHL gH2 oH3 o HF L o X1 15Jd) o X {23 s X(345d1))
XV2EXLAGRIHZ2 gH3 g HG o HF 1o X {2, J) s X{3d s X (44 4))
S{d}) = (XV1I+XV2)%,.5
TL=S{11}
PL=S1{2)
VE=S{3}
VG=S (4]
VGES= VG
VGS1T = VG
VGS2 = VG
L =S(5)
HG=HF 1 +L
HF =HFY
T6 = TL + 46C.
I=NeL+1
NPRNT=40
TKL = 1L
TK2 = TL
KK1=FK1}
KK2=FK2
THK = LAGTHL + LAGTHZ
DO 20 J=1,.1
D0 20 IDELX= 1eNX
T3, IDELX) = TL
TEURFUG,IDELXI=TLA3C,
TT{J, I0ELX)= TL
INITIALIZE PLOT PARAMS
NPT=1
NPP= 1
IF{TPLOT.EU. 0s0U) TPLOT= DELT
IFINRAD oEQ. CG) NRAD= 10
GET MASS OF LIGUID
GLT MASS OF VAPOR
ML={VOL~-MTDT*VGS) /{VF-VGS)

MG = MTO0T - ML
IF{MTOT-ML) 32,32,31
IFIMLLLT 0} ML= O,
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iv ¢

LEYEL 20 BAIN DATE = 73010

YOL
60 YO 50
32 ML= H¥TOT
YL =MLY
IFIMGELT-0e} ME=0o
YOLGE=0,
YOLP=0,
DO 40 IDELX= 1MY
A = YARCALIDELHE}
IFIVENPDR{IDELYE Y ={IDELX-1130ELY LT 753DELA AND.
i VERPUS{IDELA ) ~{IDELX-LIDELE oGT. «25%DELX § GO 7O
Am L B%A
35 CONTIMUE
40 VOLP= VOLP+ 11320000, /TLEMTHSCG®A
TOPM=YOLP2DELTABRYF/ 3600,
POP= YOLL- VL
IFEPOPLLE-TOPHY GO TO 4%
WRITE{G 171
17Y FORMATL® TANK RUPTURE DUE TO EXPANDING LIQUID®}
GO 70 %
45 YOLL» YOL
520,
sYOLLAYE
MTOT =ML
& DETERMINE THE LIQUID/GAS INTER-FALE
50 ¥s 6.283YDLG/IVOLGHVYOLL Y
IF{VYalts =1} GO TO 50
Vuy¥/iBe
5% Ws Y-S5IN{Y}
TRLIFIALINV-UINIO00. ) 57 :65,57
57 Yayae {yY—y %, 2
GO YO 55
60 THET= (.
¥ 0,0
GOOI0
&5 THET= L%
TG OTHE o ST L 29BEwY
DAU=DANGHIRTANK+THE ¢ THICK /2, 15DELTAZ36C0,
DaRTARKRDANGHDELTA/ 600,
Mae 1
WEMT= MTOY
PLINS P
FLUID= ML
GASIN = MG
Y

Bl =
TLli= TL
Gy = 7¢

TH CONTINUE
DAD=DAO/ { Lo bk {M~11}
CON=CONA {530 {M-1)
B=0/{1.¢ {M-1353
MT0T= WEMT
L. SUMS0 .

H
H

7

DRFA253




P BETE & 73015 T2 7477,
U15% TRESUWED T
0155 Ple PLIN
[£3 $:1 WLETFLOTD
0187 HGs GASIN
oT58 VFTgFY T
0159 Yes= Y&1
0160 HFETHFL ) T
0161 HG= HGY
Ui6d LECO - £ D )
0163 L= EL1
U165 LRI N Y T
Cw
[ STENY LUOP N R STATIUNS T
)
TIES TPLOTE U -
[¢3 ¥-Y- TG & T6=-460,
TIE7 D 2O TOEL =T §NA N T -
0168 00 200 N=lNEL
TUIEY CAULT NORTENTTINE Y TINETy oy 9y~ ~m0m oo s
CB
CF RIS T TO L EAU T INUE N FURTUAGRANGTAN FIT FORTTIME
0%
UL TO ANGUE = DANGRFLUATINT % 5752958 T
0171 CALL HUMNTEM (ANGLE, ANGe 30, K}
o - ~
G K POINTS TO LEAD IMDEX FOR LAGRANGIAN ON HEATX
[oe T
L MOW GENFRATE THREE POINTS ULEFINING HEATX AS FUNCTXDN DF UMF
S e e N T EM A PN TTON- OF T Al
(o
T e — e e o I —_—
G173 B0 80 Ixl3
TV ORIy e AR T I (O s TIMET IO T g TIMET IO 2V TINEy 7~
I HEATX{KoJoIDELAI s HEATXAK oS+ 1o IOELY Y o HEATXI Ky J¢2, TDELX))
I V0 o B AT I e K AR TIRE T IS TIMET IS LI TIMET( U421 , TIRE,
1 TEMPMMJ;IDELK% TEW’X@K,J*}.,IDELXM TEMPX(K'Jv e TOELX))
Bt v o - Mhat Ruw i - e T
G1¥7 80 CUNTINUE
B £51 K=" RIRY - -
uﬂv HE = XLAGRUANGIR] s ANG{K+1) s ANGIK+2) g ANGLE
I MR T ROF T I Ty HOFT IRt HOPTINS ) ST e e
0180 Tt = XLAGRIANGIK) ;ANGIK4 1) s ANG{K+2) yANGLE 4
IO T IRy TR T TN T 2 TOFTIET3TY T e
gisi IFIN=-1) 81:81982
¥ T
g% COMPUTE HFATING RATES AND ELEMENT»TEMPERATURES
S ¢ e o
0182 81 XX = TT{2,1DELNY
TTe3 GO 8% - -
0184 82 XX= TT{N-1,IDELX)
o I
C# NG IDENTIFIES ELEMENT AT LIGQUID SURFACE
L T T -
0185 85 NMG= IFIX{1.95+THET/DANG)
O EG CINF OBt TE=TSURFNTIDELRT T e T
o187 IF{N=-NG) 90,100,100
(VB R:LS FUTCONTINGE - I
0189 QAGsHETHE{TT NS IDELE}=TCI*SICGREIB( {TTINJIDELX 14460, ) ¥ %4~




HTHAR IV G LEYED I TATE ETIOIS T

3190
GIwy LTI LA RS LI E R R T TN IDNE T vy o
(] HPERATURES
B - BREEEZY - £ ¢ ¢ TINGITUEUITVS0TNe — s e e
ANy IDELXRY J-08 %*bﬁﬁ%¢$?fimg;S£LX§%fin
"""" 0193 o T
Q194 THICRA {H,%EK}
ores - T
0196 d ELRI=2 .97
TOIeT - oIile KRZEH T UT G 70 93 o
01438 FLAGTHLZLAGTHR
199 z.;\,iméviﬂdf\w TOTRGIDELHT VAU D4COND
0700 { 3UEY3§%3%§L$
TORUL T T
G202
02073 T
NEULATIDN SURPACE IS GRrATER THAN SHELL LUTLIDE
TUZ0s %5;%&5 CIN TR KT SUTHTOR T T LAGTH I ZAKK L3+ TLADTH, 3
VE05 95 wd%?gﬁﬁk
B VAV OLET . ; T
0e07 { i GO0 150
P SR
D207
0710 ;
011 (- 5%QIMTORTHILK/KK)
U2z R ATy RS T I-TU Y #%I,ssy
Q213 000,
P SO _
021%
0zZis R i s h - -
Q217 120 aUN IAE
[SFaR:] TN IDEL R iU&UWsjﬁ%”*h“%*bxﬁwli{NgiUtlylyéLUK§ T -
i §T?€“ 1o 1L i 3 IDELXI QL #D+(RY&Y ?ivngftyﬁiiLPV
TgZIv T T T
0220
e T L SEETRTOSTHTION 7KK Y
0222 $Eds D0 GO TO 130
[S ) Z
UZ2la My Ik &UN$$?Q€UeEuL?YB$’§L 0@‘bND§
""" uzzss ) s D F AT URFINY TUBL X VFTHETY o
0226 S {TOIN IDEL NI+ TNEESY
¢ 27 CYRTSTERTS R e
0.28 i 1 FIR2~TEMe
0229 . 35\5‘ Ny £ PR LU N TR LA TP TNV O DA CTH I RRI T F{ LAY HI 7KDYy
u23u 130 CONTINUE
023 T - T - )
023z
B . . - e _
G234 150 sﬂa~§§u, Y INGIDELY I ARKLAQINTOALAGTHY
UZ35 : PTG UR T2 T o i Isy - e
0234 TrK = ?%D! R R IREKK2/0INTO
UZ37 TETTHR S TR TE T e TR TV XY T
0238 IR THK 180
TEZ9 THEG T ERF 53 B - .
G240 180 CONTTMUE
Ud%1 TIRY IR TIR U TE Y oo

G242 190 COMT INUE




e .. L DATE = 13015 VL 7Y

U253 piviy
0244 ;
U255 S RRTTH=LY
0246 CG%%&%%$%Q@A$*£ﬁ»E
U2&T PE AN Lt C R
0248 FLIG=sDL.G
U259 TFITRE=TIEY L7, U0V FLIG 2 1.0 B o
0250 N0 220 IDELA= LeNX
0251 TINECF L TOELR T & TINEL TUBLXY
0252 220 CONTINUE
UZL535 WMRE0, T T
025% MR1 = 0.0
0Z%5 WRZEwTOT0 T e
0256 ICOUNT= O
UZST ERLRG WLy G -
0253 PLI= PL
TUZsY T T T T T T T T T T B REY T E UL S UM TS U o
G260 DO 300 TDELX= 1oNX
B € -5 Y SR« F T8 Ly TLAUTLAY TTmrT e
0262 !%ivE“?DScKDELXQWAZOFlXmlb*DELX oLTo oT7SHDELX
AN U VENP S TI OE KT ST ORUA=ITRUE LR 6Ty 2S¥UELXY T GO T 230
0263 A = 5% VAREA{IDELX ’
_ . I
C ) USE ONE HALF YALVE AREA 'IF VALVE IS PMEAR® AN FLFMENT BUUNDARY
[
G264 230 IP{FLEY 24542454235
Vs 1 SE AP LSRR YR 28U ESET
0265 240 FLGm 0,0
..... . e
< TESYT FOR VALYE QFEN PRESSURE ’
) e o I B}
0267 245 (FIPL-PRY 350,280,280
CIEH FAUTFLGE YU e
0269 260 IF{FLIG) 280442804270
L Y T R T A IR A UOU U A TUERNTHAC WS T T
0278 GO 70 "ue
[LF 4 4 A B UTTUUN Y TN o .
QU273 POSPLELZ ./ LKPe Lo )R {UPAIRP=1.})
GITE CLETTLRRGUL TR IS IRTRLTTd
0275 YO=RPETS APPSR dd, )
WLio UL AN OTREEGTVPET ST TTrm T T
0277 UC=S0RT{URL S
GITY MRZTEERE LCPEsUC T 70w 19800, 7TUENTHY )
Q279 300 COMTINUE
TZBY [ R i 1
0281 MTOT= HIOT-MREDELTAS3600,
E— e
£ TESY VALVE CLOSING PRESSURE
& e .
0282 . TFEPL-PRLY 3809 310,310
[
L% THE VALVE I5 DPENSITERATE ON MEAT INPUT FOR PRESSURE
L T
0283 310 CONT!NUE
T OZE% P g3 ¥ e T
“ G285 320 QUNTKNUF
UZBE LA PP T P L Sy U R Ty T s VT VG Ty LT Ty VG VE HFE LT~ T
Q287 L2 = ML - MRIBDELTA/Z3600,

15




B LEYEL

T
0289

OATE

= 73015

™
B

i

D294 = LQUOZBHRSHE = L00009%{PL2 - 50,1}
}eﬁg’}
Q296 ?%2393

S iHsRL ¥d“*%6?$MQW%Q%M§3MMG*$%

R UHE R YRR T TS0 E LT a7 38005
D301 TeE5T= Qim
0307 ii’i LRZ r‘,x t‘-’ =TEST T T e

é%&%

} sLE.

H

S LE{ABSIPREVEI®10,

LNWU&Lgfﬁi?HE*?ZZ?ﬁ@UKﬂQKEEYEQZ?
.5 ﬁﬁ3€>&

D] GU

TO 330

TOIOE
Q309

B V2 5 XY
0311

G‘»«xs«»@f““

GO T0 320

GUOTT &OoT T T

U312 FICTPELETEL - B
0313 IF{PL LT, 9ﬁ%”@(§ GO T 340
g g e gy S . —

0315

w3t

0317

TFIPLLGT,

[CIATNN AV IS R
340 M= Mel

Qii

0378
0319

TuszeTTT U

0321

IB0T

[

[ERE N IS S
GU TL TS
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EYS )

OGN HEAY
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e

[ ML VALY
- [VEH
0322 360 {’NK'N(
U373 o N

0324

ML2 =

Y e VET LY

5Lv VG VF g FIF gL

RV
0326

i
CALL ¥
T% .
IRV i

IFinG2

0327
328
U3Z9 T
0330
B N G
Ubs2

T TTT3EY

TOONTINUE T

MGZ = 0,8

GUF0

HG= {QGS =l 2
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UBBQ DELQZ2= PREV-TEST
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TFORTRAN IV & CEVEL 20

A

DATE & 73015 ZL7%773

V30U TIFTRESTDE FPREVI®IU, 7Y GO TO 370
0341 L= %&ﬁ%@%i%v % .aﬁs,ﬁi-ost.azs .
TTUSEZ 5% : '
{0343 Ple @LZ
[ L= PFLLZ PL -
0365 DELAY = DELQ2
03%6 YCUGNT = ICOURTSY _ -
0347 IF{ICOUNT .67. 20) GO YO 400
U359 GU U 380
0349 370 PL= PL2
U350 VG5TE vGS2 - T -
0351 V682= VYG§
U352 TR PLOGTL T ILU3%PRY GU TO 350 - T -
0353 GO T0 410
U3%% ZOU PRINT 333% . T T o
0355 3334 FORMATL® ITERATION EXCEEDED?)
U358 o [E10 2 0 A S T . B o
03857 %10 CONTINUEL
e (R e e J— - -
Cx PRESSURE SATISFACTORY FOR VALVE ACTION AND HEAT IS BALANCEE
O e
0358 D0 450 TDELX= 1.MX
03%9 - DO &30 Ry ReET — Tt o
0360 DO 420 4=2525
TTO3sT - T T OO T =T IO R 42074205530 - N
0362 420 CONTINUE
U363 WRITE 1871137 X i T
036« 430 = (TIKGIDELX)=TTT(Jd=1 33 (Y TT{J)~TTT(J~1))
0365 ~ - PRI PBTIIT=PFETII=1TsPBT =1 B T
0366 THSTRS= 128.0%{TO{T IDELX)=TINTI{I,IDELX))
0367 - - AL BT MO TR  THICK/RTANRKFPL=I% 7T *RTANRZ S0
03683 IF{PALL-PB) 460y %40, 440
U3y EHUCURTINGE s
0370 WRITE(6,114) HK;EDELR);K,PL,PBqTIME
TG3TY - HRITE S 1000 -
0372 ,Loml FORMAT (1M1}
TU3TET N €3 B 0 R -
0374 450 CONTINUE
U3TS GBEUTCONTINUE T e -
U376 STGL= {PL=14, iMRTANK/THICK*THS?RS
BN VJC N o - - BICTE 545 IGE - A -
U378 TAU=.25%51IGC
TTO3 T TIMEETIMESUELTE
380 TSAV = TSAV + DELTA
U381 CATLOUTPyY ST
[VES: ¥ IF{TINE 6T, 4B0.) GO TO 1
BEUIC1: 5 R IFPLOT - NES 1507 60 TO %000 T s
[ BYPASS PLOT SETUP
S . -
0334 IF{TSAY LY. TPLOTY GO TO 3980
U385 TSAV E DELTR R
U386 IPLOT= }
U388V jP=w—g -
0383 TIMDATINPT) = TIME
U389 T e S E O N R E TN RAD T o
%
(W) PLUTURLY ONCTAXTAL STATION. oss IF ALL ARE DESIRED UP THE CDIMENSION
C%

ON TEMDAT AND LOOP THROUGH MX STATIONS,
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FORTHAN T G LRV

JUED A & J30L5

£

D390
[EEAN
0392 2
L T ATty FYYRLE T o e

0394

IFEEPLOT ~EQo 1)

U39S
0396

3980

IFINPT 6T, 200
CONTINDE

e

WvTe &

UEY
Q398

POETVWRPP T ¥ 9L
TINPOTINPPIe TIRE

059w
0400

Ty

[ 1l S I e

IFINPPGT 400 NPPw

VU

LURYT vl

0602 DELTA=DELTAS{ L, 588(H
[EE2 60 . AV i Mhol.Coblatl i i8]
0404 OLSUH=0 .

RO BT .
0406 DO %010 IDELX= 1,MX

TTTOEHY T 0T e LN - b
04608 40310 TTLS, 1060 = 340, IDBLY)
ST GUTTUTEY
0410 M0
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FORTRAN IV G LEVEL

0001
0062
0003
CO04
0005
0006
cocT

0008
¢oCceo

0Q10

0011
colz2
0013
0014

co1s

uo1le
0017
0018
0019
ceec
0021
0022
0023
CO24
002k
(C26

cozv
cozs

3000
305¢

o
G

T
Cw
%
o
Cx
Cx
Cw
[o-3

=%
C*
C*
(o 4
%
C#
C#%
L%
C*
[

20 _INPUT DATE = 73009 18/04/3
SUBROUTINE INPUT

COMMON IPRNT(S)

COMMON YLAB(41}sXLAB(30), PLAB(41)

COMMON SPACE(41,121)

COMMON ISYM{21}

COMMON XAXIS(13}, YAXIS(41)

COMMON/ZCOMP/C b QgEM Gy KKoKPsRHO3RP ¢ S1G 3CG o GAMMA,GASCON,HGT

#, RHOSK ¢ SKTHK

REAL KKyKPoMTOT oL gMG oML oL T o MGG yMR

COMMON/TEMP/ T{ 3096}y TT( 30,6),TSURF( 30,6),LT(25),

* HFT(251, TLT(25),PLTI25),VFT(2¢5),
*YGTI25) s TTTI30),PBT(30) , X{495),5(5)
COMMON/MODIFY/ HEATX{30,1046)s TEMPX(30,10,6)y ANG(30), TIMET(10),
1 TILT,PITCH,NX

COMMON/VALVES/ VENPOS(6)s VAREA(S)

REAL MR1y, MRZ,LAGTHK

COMMON/ON/HOFTIM(3), TOFTIM(3)

COMMON  /GENRL/ DEL X, CPTNKy Els EFIRE, FKS,
1 RHOTNK, CDs DELTA, HF1l, MTOT, NEL, PR, THICK, RTANK, PRL, EMO,
2 TLENTH TDCMP, CINS1, CINS2, TEMl, TEM2, LAGTHI1,

3 LAGTHZ,, FK1, FKZ

COMMON 7PLOTS/ PLOTTPLOT NPT, NPP, TEMDAT{200, 2591) s TIMPDT(400),
i POAT{40C), TIMDAT{200), NRAD, NP

CALL CLvAR{VENPOS{1}e¢ VAREA{6})

CALL CLEARIDELX., FK2)

REAL®S LAGTHL, LAGTHZ

READI5,3000) XLAB

READ{S,3(0501) YLAB

KEAD{5,3050) PLAB

FORMATIZ2GA4/10A4)

FORMAT {4141

NAMELIST/INPUT/ HEATX o TEMPX o TIMET s TILT,ANG o NXPITCH
ENTRY INPUTL

READ{S5, INPUTEND=50)

CARD INPUTS:

DATA SET ®INPUT®

HEATK ~ HEAT DISTRIBUTIOMON CIRCUMFERENTIAL ELEMENTS PER LENGTH
TEMPX = FIRe TEMPS CIRCUMFERENTIALLY DISTRIBUTED PER LENGTH

ANG ~ RADIAL LOCATIONS FOR HEATX AND TEMPX

TIMEY - TIME TABLE FOR DURATION OF FIRE

TILT ~ ROLL ANGLE DF THE VENT VALVE FROM UPRIGHT POSITION
PITCH =~ PITCH ANGLE OF THE TANK CAR ’

NAMELIST /LADING/ HFTs LTs TLT, PLTs VGTs VFT, GAMMA, GASCON, HGT
READ{S5,LADING)

CARD INPUTS:

DATA SET ®LADING®

HFT ~ SPECIFIC ENTHALPY OF SATURATED LIQUID LADING

LT ~ HEAT OF VAPORIZATION OF LADING

TLY - TEMPERATURE VALUES FOR ENTHALPY AND VOLUME DATA
PLT — PRESSURE VALUES FOR ENTHALPY AND VOLUME DATA
VGT ~ SPECIFIC VOLUME OF SATURATED VAPORIZED LADING
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FORTRAN IV 6 LEVEL 20 INPUT DATE = 73009 18/0%73

Gog9
0030

0031
0037
0033
0036
G035
0U36
0037
0038
0039

CCaC
0041

ons2

o VET -~ SPECIFIL VDLUME OF SATURATED LIQUID LADING

L HGT = GAS HEAT TRANSFER COEFFICIENT .eocoo BTU/FTH#2~HR
I GASCON ~ GAS COMSTANT

Cx GAMMA  ~ RATIO OF SPECIFIC HEATS

%

NAMELISYT /BURSY/Z TT7, PBYT
READ{5,BURST)

C#

O CARD INPUTS:

(s

C% DATA SET ®BURST®

Cax

C* 7T -~ TANK BURST TEMPERATURES

C# PET - TANK BURST PRESSURFES

C%
WRITEL6:2300) (HFTIR), LVEKY, TLT{KIs PLTIK)y, VGTIK)e VFTIK},
% K=ly25}

23CC FORMAT{ ’ 3

] HET L7 TLY PLT VGT VET 377,

# 61Xy IPE9.2)
ARITELG,2300) {TTTIK)«PBYIN ) sR=1430)
2100 FURMAT {5
% Ty PBY il
FOL2{IXe1PET DY}
WRITE{6,2200} @{(HEA?X@E;J?K)??FMPX(IeJQKDgI‘»EyﬂDﬁg»}xi;:%x's? ¥
% K=ls;NX)
=200 FORMAT P
G HEAT X TEMP X 9 /{2{1%u1PES.3)})
HRITE{6023101 ANG
231C FURMAT({/® RADIAL ANGLE DISTRIBUTION®/110(F12.2)1}
WRITE(6,22320) TIMEY
232C FORMAT{(/® HEATING TIME 2/{10{F12.2}}}
NAMELIST/GENRL /S DELXy VENPOS, VAREA, LPTNK., EI, EFIRE, RS,
P ORHOTNR, CU, DELTA, HFL, MTOT, MELy PR THICK s RTANK, PRL, EMQO,
2 TLENTHTDOMP, CIMNSl, CEIMSZ, TEMI, TEM2, LAGTHIL,
3 LAGTHZ, Bl FREy PLOT, TPLDT, MRAD
READIS , GEMNRL }

Cw

Cx CARD INPUTS:

C*

C* DATA SeT PEEMRL®

Cx

C= CPTNK - SPECIFIC HEAT OF TANK CAR SHELL MATERIAL vose BTUALB~DEG
C# RTANK -~ RADIUS OF TANK CAR ... FT

C* [} EMISSIVITY OF INSIDE OF TAMK SHELL

Cx EFIRE =~ EMISSIVITY OF FIRE

Co* FKS ~ THERMAL CONDUCTIVITY OF TANK SHELL

C# RHOTNK  ~ DEMSITY OF TANK CAR SHELL

C* VAREA - AREA OF RELIEF VALVE esoeo FIHHZ

Cx Lo = RELIeF VALVE FLOW COEFFICIENT

Ce DELX ~ LENGTH OF EACH TAMK CAR EBLEMENT

C* DELTA - TIME INCREMENT IN CALCULATION oo.., SECONDS
Cx HE 3 = INITIAL SPECIFIC HEAYT OF LADING

C% MyCT - INITIAL TOTAL MASS OF LIQUID AT LADING cess LBAFT 7
Cx NEL - NUMBER OF TANK CAR RADIAL STaTIONS

Cx# PR ~ PRESSURE YO OPEN RELYEF VALVE  .oeee PSF
C* THICK — THICKNESS OF TANK CAR SHELL  .... INCHES
C* PRL - LUOW PRESSURE YALVE LIMIT
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FORTRAN IV G LEVEL 20

0043

0044
0345
0046
0047
C048
0049
Q050
0G51
0052
0053
D054
€CoHs
G056
57
cobs

QCe9
Co60
61019
Co62
0063
0064
0065

C0b6

0067
0068

006y
GO70

0071
0072

0073

C*
C#

Cx
Cx
C*
C%
Cx
C*
Cx
C*
Cx
Cox
C*
%
C#
C#&
C#
[0R
C*

INPUT DATE = 73009 18/04/3

EMO ~ EMISSIVITY OF TANK CAR OUTSIDE
VENPOS - LOCATIONS OF VALVES
CONT INUE
LAGTH1 - THICKNESS OF OUTER LAYER OF INSULATION.... INCH
LAGTH2 ~— THICKNESS OF INNER LAYER OF INSULATION.... INCH
FK1 ~ THERMAL CONDUCTIVITY OF OUTER INSULATION AT REFERENCE
TEMPERATURE cooo BTU/FT-DEGF-HR
FK2 ~ THEKMAL CONODUCTIVITY OF INNER INSULATION AT REFERENCE
TEMPERATURE soos BTU/FT-DEGF-HR
CINS1  — SLOPE UF LINEAR TEMPATURE VARIATION OF THERMAL
CONDUCTIVITY FOR DUTER INSULATION
CINS2  ~ SLOPE OF LINEAR TEMPERATURE VARATION OF THERMAL
CONDUCTIVITY FOR INNER INSULATION
TeMl ~ REFERENCE TEMPERATURE FOR FKl eoe. DEG F
TEM2 ~ REFZKENCE TEMPERATIRE FOR FK2 o.eoDEG F
PLOT ~ IF 1.0, PLDTS REQUESTED
TPLOT - TIME INTERNAL AT WHICH TO PRODUCE TEMPERATURE PLOT
NRAD - RADIAL STATION INCREMENT FOR TEMPERATURE PLOT
(25 UDISTINCT PLOT SYMBOLS AVAILABLE)
2 G = 32016
€6 = CD
RHO = RHOTNK
KP= GAMMA
RP= GASCOUN
KK = FKS
C = CPTNK
SIG = L173g-8
EM= EMO
£0= EFIRE
HRITE (6, GENRLY}
WRITE (65105
WRITE{65102) CoEIoEDsGoKKoKPyRHO,RP,SIG
WRITE (6,106) ,
HWRITE {65103} ApCGoDELTALHGToHF1MTOT yNEL sPRyRTANK, THICK, TE o HE o
EPRLSEM
WRITE  {6,104)
LCC FORMAT  {1QF8.C})
101 FORMAY (6F8.0,18,3F8,0)
102 FORMAT  {8FBo3,Floel2,F4,0)
103 FORMAT  {2FBo4oFB8o133F802,18,2F8.3,F8.49FB8.0,F8.2,F843,F8.4)
104 FORMAT  {1H )
165 FORMAT {° ¢ £l EO G K KP RHO
* RP SIG FLQ?)
106 FORMAT (¢ A €6 DELTA HGT HF1 MTOT NEL
* PRI RTANK  THICK TE HE PR EM?)
110 FORMAT (1M1}
111 FORMAT {*  NEL TIME HE MG ML PL QINTO QGSsu
% QLSUM T THET NG TL VOLL VOLG T1 T6°)
112 FORMAT  (I5,F70292F7029F8.2,F60ly F10.0sF10e5,F10.2,F6019F6e2¢1%
ATl 02F60292F600) ) :
113 FORMAT {®  BURST TABLE LIMITS ELEMENT 9,16}
114 FORMAT  {® T *gF7a29"(%,04,9) PLYGF6.20% PB®,F6.04% TIME®F7.0)
120 FORMAT{IH , ® TIME MR PS SI1GC S1GT TAU
* 16 PL ML MG T(1) THETA QINTO QGSUM DMC L
LR
121 FORMAT  {F6.09FB020F60294F10.05F60102FBe29FTelyFb6a2sFTe0sFba2,

2T LoFD

-0}
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FORTRAN 1Y & LEVEL 20 INPUT DATE = T3009 1870478

OCT4 122 FORMAT 0% LIQUID ZERD, ML= 2,F8.2}

0075 123 FORMAT {10F10.2)

0076 124 FORMAT (® 0AD CON TiN-1} QG QL
#* 2} TiNel) 7T TLes

0077 RETURM

coe7s 50 CONTINUE

0079 CALL EFPLOT

uo8C STOP

Gosl END




FORTRAM IV G LEVEL 20 HUMTER DATE = 73005

0001
0002

0003
0004
0005

G006

0007
0008
0009

0010
6011

C#
[0 ]
C#

C%
Cw
cs

C#
C

SUBRDUT TME HUNTEM (Ve doNyd )
DEMENSEON XEN}
v - THE INDEPENDENT VARIABLE
% ~ TABLE OF INCEPENDENT VARIABLES

L= N1
DO 20 I=2.L
IFEXLTI-1) -LEs V -AND, ¥oLE. X{I}) ,0R,
¥ X{I-1} oGEs ¥V «AND, ¥ -GF. X{1}} GO TO 30
20 CONTINUE

ARREVAL HERE IMPLIES THE USE OF THE LAST VARIABLL
=i
30 CONTINUE
g = -1
J POINTS ¥0O. X ARRAY FOR 3 POINT FIT INDEXING
RETURN
£ ND
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FORTRAN 1V

0001
Q402
0003
0004

Q005
0006
G007
0008
0009
GoLO
0011
0012
0013
0014
Jo1s
00leée
Q017
0018
0019

~

&

LEVEL

20

SUBRQUT INE FPLTIPL,

FRLY

DATE = 73605

QL??NF???&?V%FE’Q%T@LT@ Ti 9‘3’67

DEIMENSEON PLTLL) HFT Q11T L1V FT L1 ), VBT L)L 70 1)
REAL®4 LT,L
KLAGRICO, L1,02,CHoU0, UL U230 X~ C IR ICA-C237{CO-C LI AL O-L 2 5 U0~
THCA=-COF{CA-C2T/ 0001/ (CL-C2 DAL+ {CX~COD F{CH-C LI/ 0021440 17 03

2By 2
Lo &

422520

X$(9Q7€J§wp§; ﬁgﬁg?

CONT

INUE

= 20

Hi=p
H2=
H 3=
M
Tis
Yo =
¥ F=
HF =
i 0=
RETU
END

LY{d-23

PLY (d~1 )

PLTE G}

PLY{S+13

XEAGR{HZ o M3 Me o PLy TLY {4113
KLAGRIHZ sM3,H4 s PL, YGTL U1,
XLAGR(HZ@HS@M%VPLy VFT(J“lby
ALAGRIM2 pHI o He o PLy HFT LU -1 1,
BLAGRIMZ M3 MG, PL . LTEd~1) 4
RN

84

TLT 84,
VGT (Jd)s
VETLU)
HFT (3,

L7401,

AT e

VE oM,

8

3972141

L




FORTRAN IV G LEVEL 2¢ (s1V) £27) DATE = 73010 1272373

00C1 ‘SUBRQUTINE OUTPUT .

0002 COMMON/MODIFY/ HEATX{30,1056), TEMPX(30,10.61), ANG{30), TIMET(10},
1 TICT,PITCHONY . '

0003 COMMONZOUTPUL/ TIMEGHFsPL, TLoTI,VOLL, VOLG, MGy ML yMRy THE 4

*DANG, TINT( 306}, STGC, SICT, TAU, QINTG, QGSUM, QLSUM

0004 ) COMMON/TEMP/ TU 3056015 TTU 30,603 TSURF( 30,6) ,LT(25),
T R N HETI25) s TLTL25),PLT(25),VFT(25),
BYGT(25), TIT(30),PBTI30) , X(445)45(5)
0005 COMMON/VALVES/ VENPUST6T, VAREAIe)
0006 COMMON  JGENRL/ DELX, CPTNKy EI, EFIRE, FKS,
o h © T 1RHOTMK, CUy DELTA, HEL, MTAT, NELs PRy THICK, RTANK, PRL, EMG,
2 TLENTH,TOCHP, CINS1, CINS2, TEM1l, TEM2, LAGTHI,
””” S T OB LAGTHE s PRI, BKZ T
0007 COMMONZTOS TO{ 3046)
0008 REAL KK KPP HTOT oL NG ML LT, MCG MR -
0009 DIMENSION LSET(&), STAL10)
T00L0T T T TR E0 K= 1o NX ] B
0011 , . IFETIME.EQLDELTAY LSET(K)I=0
o012 T UTIUNEY = o KeT .
C’%*#*w&*%%ﬁ»&sﬁ;&***%w&ﬁr%&%ﬁm@«:&v&%&&%*#&&*ﬁ%***m&#*##**#*****#*#*v********4#**
Fok 3 T T e - .
Ca IF NX = 1y JUNIT MAY RE SET YO & FOR SYSOUT
C*&
C&»Mtr&m}r$*$&$$$$=@<$#H%$i&#:ﬂ?«*ﬂt!@t**#**##*###*#*v***#*##***##*i*t#***********##
0013 C T T UIFG MOD ILSETy 3) oEQ.0) WRITE(IUNIT,1000} K
0014 1000 FORMAT{1H1,50X,"AXIAL STATION NO, ®, 15}
0015 WRITEVIONTIT, 1010 ~FIpE™ — o
0016 1010 FORMAT{/® TIME #,F1C.24° SECONDS® /,
” T TWEBX, YINTERNAL SURFACE TEMPFRATURES OF STEEL SHELLY/)
0017 DO 20 I= 1,200
0e18 T TLIM R NEL T IDE (119
GO19 IFLLIM JLE. O 60 1D 25
TTg02eT LI = {I-1y%I0ey  ~
0021 L2 = L1 ¢ 9
0022 TTUTILETE 1p T
023 IF{LIM LTe 107 L3=LIM
0024 CIFILIF O JLY. IOY O LZ = L1¢ LIM-1
0025 . Li= 1
TGz T T [RIE I EARI E- 0 WP B T
0027 STALLLY = {J-1)%DANG® 57,2958
0028 o L= Ll -
0049 106 CONTINUE
0¢30e T TTHRYTE [TUNTTs 10201 ISTAEIT,Jd=1,L3)
noag 1020 FORMAT (1M, %AT%, 103X sF8,.2))
G032 WRITE (TUNIT,IC3CY U TINT [IeKY d=L1,L2)
0¢33 1030 FORMATE 3X,10(3XF8,2}17)
T AC3% ) T2 CUNTINUE o '
0035 25 WRITE {IUNIT,1040) PlLy TLy HFy ML, VOLL, MR, TSURF(1,K)
T OG3s CI0AU TFURMAT o (71X,
FITANK PRESSURE  LIQUID TEMPERATURE LIQUID ENTHALPY MASS CF L1QUI
RUTTVUCTOF CIOUID T VALYE FLOW RATE TSURFIN=11*%/, .
#3KoF 200294 XeF10,2 11X5F10629BX9F100295X9F104295X4F10e295XsF10a2/)
5037 T WRITE {IUNIT,I05C) ' THE ,SICC, SICT ., TAU s QINTC, QGSUM ,
* QLSUM, TI1,K)
0c38 1050 FURFAT T (1%,
FYANGLE 7O LIQUID CIRCUM. STRESS LONG. STRESS SHEAR STRESS Q
RN B 00T — 1Y TTIN=1Y ¢/,

L F3XsFL0.25 TXe FL10025 4Xy F10425 4Xe F1C0e2 94XgFl0u2,2XoE1C2
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TR FI0.24 2K, F10.2/)
0039 LSETIN) = LSET{K) 1
0040 30 TONTINUE T
0041 RETURN

0042 END

P
o0




FORTRAN IV G LEVEL 20 o PLOTTR DATE = 73005 09721/

0001

0002
. 0003
0004
G005
0006
0007
0008
0009
0010

QOl1i
0012
0013
tIeh Y
0015
00156
0017
6o1s
0019
0020
0021
goz2
0023

0024
0025
0026
0027
0028
0029

OO OO

" TREQUIRED INPUTS:

(X s N e NNl a N o o N ol o Ru N W o N a N o W Wl 2 WoW-¥

SUBROUTINE PLOTTR (XDATA,YDATA,NPT)

Y-LABEL CARD (1}
X—~L ABEL CARDS (2)

INPUT PARAMETERS REQUIRED;
XDATA -~- X
YDATA ~=== ¥
NPT — NUMBER OF XY PAIRS IN ENITE PLOT INCLUDING NVERLAYS
ISYM{1) - ENTER NUMBER OF X,Y PAIRS FOR WHICH SYMBOL I APPLIES
ISYM{I+1]} =0 TERMINATES PLOTS

SUBROUTINES REQUIRED:
GRID
NORMAL
AXSCAL SCALES TO 2,5, DR 10 DELX
CALLING SEQUENCE;
CALL PLOTTR{XCATA,YDATA,NPTS)

COMMON IPRNT(S) _ _ '
COMMON YLAB(41 ), XLAB{30), PLAB(41)

COMMON PLOT (41,121}

COMMON ISYM{21)

COMMON XAXISE13}1,YAXIS(41}

DIMENSION SYMBOL(20)

DIMENSION XDATA (1), YDATA(L)

DATA PLUS/IH$/

DATA SYMBOL/IH® o 1H=y LHe p 1Moo IHY g LHE o LHS , LH@ oy LHZ » LHE » 1 M=o 1 HD
1 1M<,1H2, lﬂialHi'IHAleXolchlHOI B

CALL GRID

HMIN = XDATA{1)

YHIN = YDATA{L}

XMAX = XDATA{L}

YHAX = YDATA(1)

DO S § = 1,NPT

1F { YDATA(Y) oLT. YMIN) YMIN = YDATA{D)

IF { MDATA(E) LT, XMIN) XMIN = XDATA(IL}

IF {XDATA(I) oGT. XMAX) XMAX = XDATA{I)

IF (YDATA{I) .GT. YMAX) YMAX = YDATA(I)

CONT INUE

DATA SYSMAX/ZTFTFTFTF/

IF{XMIN.EQ. SYSHMAX .OR., YMIN.EQ. SVSHAX) GO TO 200

CALCULATE SCALE FACTORS BASED ON 35 SKIP INTERVALS IN THE Y-
DIRECTION AND 115 YYPE BAR INTERVALS IN THE X- DIREC TION,
NOTE THAT THERE ARE ACTUALLY 5 MORE INTERVALS SERVUNG AS "BUFFER™
SPACE,

DELX = (XMAK-XMIN)/L16.

DELY = {VMAX-YMIN} /2§,

IF(DELX-EQ. 0.0) DELX=1.0"

IF{DELY.EQ. U0} DELV= 1,0

CALL NORMAL (DEL X, IXPNT)

CALL NORHBL {DELY, IVPNT ) ' oo

C PRINT 9999, DELX, DELY, IXPNT, IVYPNT
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FORTRAN [V G LEVEL 2 PLOTIR DATF = 7300% GG

L0030 9999 FORMATIY ODELX, DFLY, IXPHT, IYPNT =0,2F10,7, 2110)
C
C PNORMAL® RETURNS DELX,DELY NORMALIZED TO Xo XXXAXX
c BNORMALY ARETURNS A ONORMALIZED NUMBER IN PIWER 0F 10 NIvATio,
C NOW SELECT A SCALE FOR THE NORMALIZED NUMBER SUCH THAT 11 1,
C NEAREST TO 2. 49 5, bs 8 OR 10,
C
C
0031 CALL AXSCALIDELX}
0632 CALL AXSCALL{DELY)
o PRINT 1234, XMIN YMIN
0033 XSCALE = DELX#{1D.#%IXPNT}
0034 YSCALE= DFLY#({10.%%]YPAT}
0035 IDELX = BELX
0036 IDELY = DELY
¢ *
C*  ESTABLISH PLOTTER ORIGIN AT IXIN, 1YMIN
C# ‘
0037 XK 5 06 0
0033 FFOXMIN .GT. Do) GO TO 106
0039 100 IF{XSCALE #XK oLE. XMIA) 6O TO 105
0040 XK = XK o~ 10,
0041 GG YO 100
0042 105 IXMIN = DLLXEXK — ,5
V043 GO 1O 109
0044 106 IFAUSCALE¥XK 6T, XMIND GO Tr) 107
0045 XK = XK + 10,
V046 GU YO 106
0047 107 IXMIN = DELXS{XK~10.0}
woas 109 XK = 0,0
0049 IF{YMIN .GT. 0.) GO TC 121
0050 110 IFIYSCALE¥XK oLE. YMIN) GO TO 120
0u51 XK = XK ~ 5,0
2052 G0 0 110
0053 120 IYMIN = DELY#XK ~ .5
0054 GU TO 125
0055 121 IFUIVSCALF#XK oGT. YMIN) GN TO 1.2
0056 XK = XK+ 5.0
0057 GU TO 121
0058 122 IYMIN = OFLYR{MK~5, 0}
0059 125 CONY {NUE
c
C
C NOW RE-ESTABLISH XMINy YMIN AS THE LEFT HAND CURNER O 7if
C GRID,
C
C
C
0060 XMIN = [XMINS10.%%IXFAT
0061 YMIN = [YMIN®¥10.0%%]YPNT
Cx PRINT 1234, XMIN, YMIN, DFLX, DELY, IDEI X, IDFLY, [AMIN, IVd4ly
0062 1234 FORMATI{LIX, 4F15.4,4110)
o NOw PREPARE TO DRAW A YAXIS AT JXX ON THE X-— AXIS
c
0063 JXX = {~TXMINZIDELX) +]
0064 IF(UXX oLEe 1 oMRe JXX .GE» 121) GO TO 7
0065 CO 6 K = 1,41 :
V066 PLOTIK s JXXD = PLLS
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0067
0068
0069
Q070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
gosl
0082
0083
cuga
3085
U086
0087
ouss
2089
0090
J091
0092
0093
Q0G94
0095
0038
Q097
098
0099
0100
0101
0lo2
0103
Q104
0105
G106
0107
0108
wio9
3110
0111l
0112
0L13
0114
011
0ileé
0117
0118
0119

0120
0121

CONTI NUE
CONTINUE
JYY = 42-(-1VMIN/IDELY #1)
TFLJYY oLEe 1 oORe JYY o.GEe 41) GO TO B
DO 70 K =1s121
PLOTLJYY sK) = PLUS
70 CONTINUE
8 CONT INUE
XSCAL = IDELX%10.#%IXFAT
YSCAL = IDELY®10,%%1YENT
LG = 1
LHI = 0
DO 15 K = 1,20
IF{ISYM{K) ,EQ. O) GO TO 16
LHI = ISYMIK) ¢ LHI
DO 10 4 = LU,LHI
JXX = (XDATA(J)~XMIN)/XSCAL ¢+ 1.5
JYY = (YDATA(J) - YMINI/YSCAL + 1
IYY = 42 - JvY
IFCIVY oLTo 1 oURe 1YY ,GT, 41) G TO 10
IF (JXX oLTe 1 oORe JXX oGT. 121) GP TO 10
PLOTLIVY,JXX) = SYMBOL(K)
10 CONT INUE
LO = LHT ¢ 1
15 CONT INUE
16 CUNTINUE
DO 21 I=1,13
XAXIS(I) = IXMIN ¢{I=-1)%10%IDELX
21 CUNTINUE
DO 22 J = 1441,5
K = 424
“YAXIS(K) = IVMIN#(J-1)#10FLY
22 CONTINUE
25 WRITE(6,2000) IYPNT, IXPNT

- O

a5

yas21/

2000 FORMAT{1H1, SOX,l1HYSCALE=10%2,12,5X,11HXSCAL F=1O0%%,{2,///)

DO 30 4 = 1941:5
K= Je¢l
L = Jed
CHRITE(6,2005 ) YLABCJ ) o YAXIS{S) o (PLOT(J1)y 151,121
2005 FURMATIIX9ALl 3F10.0,121A1)
IF{J LEQ. 41} GO TO 3¢
DU 29 M = KoL :
WRITE(6 20100 YLAB{M) y (PLOT(M, 1) i=1,121)
2010 FURMAT{1X,A1,10%,121A1)
29 CUNT INUE
" 30 CONTINUE
WRITE{S, 1010} XAXSS
1010 FORMAT{/3X313{F10.01/)
WRITE(6,1015) XLAB
1015 FORMAT (3QA¢)
RETURN
200 WRITE (64,1050}

1050 FORMAT(® PLOT DIAGNOSTIC %%k PLOTTER CRIGIN AT SYSTEM MALIMYM

xRk CHECK INPUT TO PLOT ')
RE TURN
END

89
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3001 SUBRGUTINE NORMAL (X, IPNT )
0002 K o= ¢
0003 KIN = XM
0004 I O IF{ABSIXND oLTs 1.0} GD TO 10
2005 EF{ABSTUXNY .GE. 10,00 GO TO 20
L
<
¢ FALL THROUGH IHMPLIES 1.0 »LE, ABS{XN) LT, 10,0
0J06 IPNT = -K
0007 IHF{K «EQ. 01 IPNT=0
0cas8 RE TURN
Q009 10 K = K+1}
0010 XN = 10.0%%K2X IN
0011 GO TO 1
0012 20 K = K~1
0013 XN 5 10, 0¥sKHL{N
0014 GO Y01
0015 EMD
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‘0001
0002
0003
0004
0005
OQuQe6
0007
0008
ouo9

" 20 AXSCAL

SUBROUTINE AXSCAL(X!) :
[F{ 80 LLTo X JANDs XelTo10.0) X=10,0
IF(6.0.LToXoANDe XotTa BoU) X= 5,0
IF{5.0 oL To X oANDs XoLTe 6.,0)
IF{4 .0 oLT.X AND. X LT, 5.0)
IF{20 «LTo X oANDe XolT.4,0) X
IF(XaLT, 2,0} X=2.0

RETURN

END

o> >
it
+ o>

Yl
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FORTRAN

0001
0U02
0003
Q004
0005
[e192813)
0007
Qu03
6009
0010
0011
0012
uQo13
0014
0ul>
ao16
Qo 17
GoLe
Q01v
0020
G2t
022

0023
Uu24

v G LEVEL
5
15
Lé
18
C

AU GRID

SURROUTINF GRID

COMMON 1PRNT{S)

COMMON YLAB{4L), XLABL 20),
COMMON PLOT {41,121
COMMON 1SYM{21}

COMMON XAXTIS{L13},YAXIS{41)

PLAB{4L)

DAYA BULANK/LH /
CATA PLUS/IH+/

DG 5 1T = 1.41

DU 5 J = 24120
PLOT{Isd)= BLANK
CONT INUF

DO 1e Jd = 1,41,5
K o= 42 - J

Do 15 [ = 1;121?5
FLOT K1Y = PLUS
CUNT INUL

CONT INUE

DO 18 1 = L4l
PLATLT 1Y = PLUS
FLOTHT 121 = PLUS

CUNTINUE
INSERT GRID
RE TURN

END

g

OATE

73005
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0001
0002
0003
Q004
0005
0006
0007

0008

0009

0010
0011
0012
0013

6014
2015
G016
0017
Q018

G019
6o20
0021
Qo2

0023
0024
0028
0026
co27
v028

SUBROUTINE PLOTR

COMMON [IPRNT {5)

COMMON YLAB{41),XLAB(30), PLABI{41)

COMMON PLOT(41,121)

COMHMON ISYM{21)

COMMON XAXIS{13) ,YyAXIS(4]1)

COMMON /PLOTS/ DUMM, TPLOT NPT, NPPy TFMDAT (200 251 )sTIMPDI (400,
1 PDAT (400G ), TIMDAT(200), NRAD, NP

COMMON/MODIFY/ HEATX{30+10+61s TEMPX{30,10461)s ANG{30)y TIM-T(10},
1 TILT.PITCH,NX

CGMMON /7 GENRL/ CELX, CPTINK,y Ely EFI~F, FKS,
1 RHOTNK, CDy DELTA, HFl,y MTOT, NEL,y PRy, THICK, WTANK, PKL, ~u1,
2 TLENTH,TDCMP, CINS1, CINS2, TEMl, TEM/, LAGTH,
3 LAGTHZ, FKLl e FK2
C*x
Cx NOTE THAT NX MUST BE 1 FOR COMPATIBILITY wITH SI[ZY F 17 M3Al
C*
NX= 1
DU 20 M=1,NX
ISYM{L) = NPT
ISYM{2) = 0
[k
[0
C* SINGLE PLOTS ONLY REQUIRED

DC 10 L=l.NP
CALL PLOTTRUTIMDAT TEMCAT(L sLoM)} 4 NPT)
LEVEL= 1+ NRAD*{(L~1)
HWRITE{6,1000) My LEVEL
1000 FORMAT(//10X o AXIAL STATION NUe ', I5,10X " CIRCUMFERENT 1AL STATIIN
*h0 ety I5)
10 CUNTINUE
PRINT 66665 I NoTIMDATIN) cTEMDATIN 5L, M) 4N=1 4NPT)
6666 FORMAT{1X,15:2F10.3)
20 CONTINUE
L*
Cx NOW PLDT PRESSURES
[
ISYM{1) = NpPP
BC 30 §=1,41
30 YLABUL) = PLAB(I)
CALL PLOTTR{TIMPDTY,PDAT:NPP)
RETURN
END
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