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ABSTRACT 

A generalized computational technique to be used in the calculation of the 
twperature profiles and histories in single and dual layered plates exposed to 
the thereal pulse of a nuclear weapon is presented. The prograa has been 
written to accomodate materials whose thenophysical properties are an arbitrary 
function of the local temperature. In addition« quite general boundary condi¬ 
tions are pendtted. Sample calculations are presented in order to illustrate 
the nature of the output format. 
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DISCUSSION 

The objective of Task 11292 is to determine from theoretical, analytical and 
experimental studies the nature and extent of thermal radiation damage to ship¬ 
board structures and systems exposed to the thermal radiation and blast envir¬ 
onment associated with a nuclear detonation. Studies will also be conducted 
where required, with the objective of preparing bases for material specifica¬ 
tions for advanced designs and for hardening existing installations. 

There is a requirement for the Navy to maintain the operational capabilities of 
combat and support vessels during nuclear attack. This involves the development 
of ships and critical structures which can sustain the effects of thermal radia¬ 
tion without functional degradation. Prerequisite to the development of the 
above, is the necessity to determine vulnerability to the thermal radiation 
damage and to develop means of hardening ships and critical structures to com¬ 
bined thermal and*blast effects. Past work on thermal radiation effects is of 
limited application to the problem of vulnerability. Past experimental programs 
have been concerned mainly with direct effects such as ignition of susceptible 
materials or ablative effects on resistant materials. The work in this program 
will encompass both analytical and experimental approaches for determination 
of strength and failure of materials and structures under thermal loading. 

The theory and analytical techniques needed for computer programs to calculate 
the temperature profile histories in solids with temperature dependent thermo¬ 
physical properties which are exposed to time varying pulses of thermal radia¬ 
tion have been developed. In addition, a computer program has been developed 
for semi-infinite solids, and saiq>le calculations have been conducted on 
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several aaterials to establish the precision of the techniques used and the need 
for considering temperature dependent properties. The effort in this phase of 
the overall task is covered in Appendix A. 

FUTURE WORK 

Future effort is planned to proceed in the following steps which aay be prose¬ 
cuted consecutively or simultaneously: 

a. Complete an analysis of the characteristics of the thermal radiation 
loads as a function of distance, overpressure, yield, height of burst and 
visibility. 

b. Develop a computer program to determine the thermal stresses developed 
in Naval structural materials and shapes having temperature profiles as calcu¬ 
lated using the methods and techniques described herein. 

c. Develop experimental techniques for exposing materials to simulated 
weapons pulses to measure the calculated temperature profile histories and 
thermal stresses. 

d. Initiate a comprehensive program which will evaluate the analytical and 
experimental data to determine the safe separation distances for the various 
vulnerable structures and component* so that an estimate may be made of the 
operational capability of a ship at various ranges from a nuclear detonation. 

e. Initiate a comprehensive program to develop protective measures and 
hardening procedures. 
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I» Introduction 

The work described in this report was performed to satisfy the re¬ 

quirements of Task No. 1 of the scope of work of contract N00140.-66-C- 

0482, '’Thermal and Thermal Stress Analysis of Solids Subject to the Thermal 

Pulse of a Nuclear Weapon'.' The primary objective of the work phase covered 

by this report is to provide a generalized computational technique to facili¬ 

tate the calculation of the temperature profiles and histories in dual layer¬ 

ed plates exposed to the thermal pulse of a nuclear weapon. 

Solutions to problems dealing with conduction heat transfer in solids 

have been classically accomplished by using analytical techniques. .Un- 
. ( 

fortunately those problems which may be profitably handled by these tech¬ 

niques are usually limited to problems of relatively simple geometry, and 

those whose thermophysical properties vary, at most, linearly with tempera¬ 

ture. Further, the class of boundary conditions which can be applied are 

also limited to well behaved functions. An alternate approach to the solu¬ 

tion of this class of problem is to avoid the analytical solution of the 
I 

boundary value problem as such, and treat the problem by a finite-difference 

technique, using a digital computer to perform the resultant numerical calcu¬ 

lations. The advantage of this approach is obvious when one considers that 

any complexity of geometry and any variation in thermophysical properties 

may be handled. In addition, boundary conditions of the most general type 

may be applied to the problem. 
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II. Problem Statement 

The specific problem to be treated in the analysis presented herein 

may be stated as follows: To determine the temperature profile and history 
• • 

in a dual-layered infinite slab of arbitrary thickness, when subject to a 

time varying radient flux. The thermal conductivity, specific heat, and 

density of both slab layers are temperature dependent. Both faces of the 

slab are considered to be radiating to fixed, but unequal, space environ¬ 

ments. Further, both faces are in contact with a convective film whose 

heat transfer coefficient varies as a function of surface temperature. The 

front surface of the slab, or the surface receiving the radient flux is con- 

sidered to be non-grey, and the rear surface is considered to be grey. 

Figure 1 indicates the physical model and its boundary conditions. 
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III. The Mathematical Model 

A- General Solution 

The general solution for the conduction of heat in an isotropic homo- 

geneous solid whose thermal conductivity and specific heat are temperature 

dependent, it: 

...1 

Equation 1 may be simplified by introducing a pseudo-temperature, ß, de¬ 

fined a«: 

9 

f * £ $ Je 
0- 

where: 

ki -- NSi 

...2 

...5 

c 

Hence, equation 1 may be written as: 

/3 = h (â) 3 ¿ ...4 

Equation 4, together with the appropriate boundary conditions, are 

sufficient to completely define the conduction heat transfer problem. 

B. The General Solution in Open Form 

In the one dimensional case, equation 4 reduces to: 

/a ¿lê = Pc(oi 
r ox*" MS) at 

The temperature at any point in the interior of the solid may be formed 

by placing equation 5 in its finite difference form. That is, consider an 

infinite slab defined in the region 0<X¿L, subdivided into n intervals of 

T 
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thickness s. The general recurrence relationship for the pseudo-tempera* 

ture, J , at all interior points is: 

ä"*' bí0>¿ (V * rs>cfa) /In11') 
• • *6 

where; 

a ¿ÿàn. 

the values of the pseudo-temperature at the surface elements of the slab 

is found by taking energy balances about the surface element. 

C. The Particular Open Form Equations 

The model of the exposed plate, indicated in Figure 2, is composed 

of materials A and B, whose specific heat and thermal conductivity are 

functionally related to the local temperature^ The plate receives energy 

at X = 0, via a time varying thermal irradiance MCO. The plate is as¬ 

sume ’ O lose energy from either side via convection and radiation. The 

general recurrence relationships for all interior points of the model slab 

may be obtained by rewriting equation 6 for both materials A and B. Vi«: 

Material A 

Where: 

Material B 

ít4'-- ill 

Where: 

éò - M-l 

4 

• • • 7 

.. .0 



The pseudo-temperature, and ^ , are defined via equation 2 as: 

• .9 

i' t?8 (e) <! ö 

Q. 
..10 

For stability to be insured in the utilization of equations 7 and 8, the 

space and time increments must be chosen in each of the two materials, such 

that the following are both satisfied: 

b” 1 is) 

...11 

il > ¿Mg) 
¿ " /3 ca i0) ...12 

The temperature at the interface, N, between material A and B is 

determined in terms of either J or J , by taking a heat balance about the 

half-nodes on either side of the interface. This will yield; 

i*l t 

î. ■ i* c íwF^ÍTíC-ll'r^5-)]] 
...13 



Stability of equations 13 and ll| will be insured by satisfying tlie greater 

of either equation 11 or 12. 

D. Boundary Conditions 

The boundary conditions to be used at the front and rear surfaces of 

the plate are derived by taking heat balances about those surfaces. For 

the front surface (the surface exposed to the thermal pulse). This yields: 

...15 

Where Is taken to be the space temperature to which the surface is re¬ 

radiating, the temperature of the immediate surroundings, and h^ the 

average convective heat transfer coefficient at the plate surface. Hence, 

equation I5 takes into account the radiation received from the blast, the 

radient exchange between the plate surface and the space temperature, and 

the effects of a convective film. The stability equation to be satisfied 

in this case becomes: 

At the rear surface there exists the possibility of two different governing 

equations for the same set of boundary conditions. The first equation will 

« 
result if, as has been discussed, the slab is dual-layered. In this instance 
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the resulting boundary equation is: 

t*i 
X - 

H /SC8& 
iMiV *1^1(3" -a4’) 
I c8 èl L *a3 k •“ M 1 

+ -Ö4). f(&±£.,\l 
büú ^ ß« “J JJ 

Stability is satisfied by insuring that: 

4 
¿ 
Uf!< Î0» 

* ï 

In the case of material A oeing indentical to material B, i.e., a single 

layered plate, the appropriate governing equation becomes: 

...19 

and the stability equation becomes: 

• ... 20 

Equations 17 and I9 are similar to equation I5, but do not include the 
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radient flux due to the nuclear event. It should be noted that the surface 

emissivity of the front surface of the plate is not necessarily equal to its 

absorptivity (non-grey condition). Further, the space temperatures for 

radient exchange, and are not necessarily the same, nor are the 

space temperatures for the convective condition, 0' and 0' , equal. 
Aü> B 

« 
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IV. Computer Program 

A. General Description 

The preceding analysis has provided a set of equations with which 

the temperature profiles and histories in one- or two-layered plates may 

be calculated under quite general conditions. Therefore in writing the 

computer program the objective has been to devise a computational schemè 

which utilizes these equations effeciently while introducing no addition¬ 

al restrictions on their generality. The following brief comments about 

the input data requirements, computational scheme, and output record will 

serve to describe the program in a general way. 

Input Data 

The input data required for computation must be provided in punched 

card form. The precise sequence of these data cards as well as the exact 

format of each card is given in Appendix I. Generally speaking this in¬ 

put includes: 

1. Space and time increment data and directions for terminating 

the calculation. 

2. Directions for printing the results of the computation. 

J. Thermophysical properties of the plate(s) versus temperature 

(in tabular form to allow perfectly arbitrary temperature de¬ 

pendence). 

4. Convective heat transfer coefficient versus surface temperature 

(in tabular form) 

5. Initial temperature versus position in plate (in tabular form). 

6. Absorptance at front face versus surface temperature (in tabu¬ 

lar form). 



7. Irradiation data: Yield and Exposure if a standard weapon 

pulse (a standard pulse shape is generated automatically by 

subroutine "PULSE", Appendix III.) Intensity versus time if 

a non-standard pulse (in tabular form). 

Computational Scheme 

The computational scheme closely follows the finite difference 

equations developed in section III. Since certain of the terms-in these 

equations are temperature dependent, they must be re-evaluated after 

every step of the computation. In order to do this, a two-storage in¬ 

direct interpolation procedure has been developed which gives the same 

degree of accuracy as direct interpolation from the input tables, while 

using considerably less computational effort. The efficiency of the 

program is a direct result of this technique. This is described in great¬ 

er detail in section IV-B. For details about the sequence of calculations 

refer to Appendix II. 

Output Record 

The program provides a printed record of the input data as well as 

the temperature distribution at selected times. Directions governing 

this selection are supplied in the input data. For details of the actual 

printed format refer to Appendix IV which gives the printed output of ' 

three sample calculations. 

B. Detailed Description 

The program has been written in "FORTRAN IV" for operation on an 

IBM 7040 computer having a 52,766 word (32k) memory capacity. Operation 

on a computer other than this one will in all probability require some 
/ 

degree of modification because of slight variations in "FORTRAN IV" ’ 
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r 
between computers, and differences in their memory capacity. Appendix III 

lists the actual program deck. A flow chart of the program is given in 

Appendix II. 

A detailed discussion of the program and its features may convenient¬ 

ly be sub-divided into the three sections which follow: 

1. Arrangement and Choice of Input Data 

The input data (refer to Appendix I for precise details) enters the 

program through a sequence of data cards. This sequence begins with three 

individual data cards which must be provided for every computation. 

Card No. 1 contains an identifying label which is printed on each 

page of the printed output record for that particular computation in order 

to prevent accidental mixing of data. 

Card No. 2 contains the space and time increment data. The number 

of nodal elements in each layer may be specified explicitly or, if desired, 

the total number in the entire plate may be given instead. In the latter 

case the program automatically subdivides the plate in such a way that: 

a) There is at least one element in each layer. 

b) The total number of elements is the number specified. 

c) The critical time intervals in each layer are as nearly equal 

as possible. This calculation is based on equations 16 and 1Ô 

which are the most restrictive, and therefore the controlling 

stability conditions. 

The time increment may be specified explicitly, together with the 

degree of computational stability desired. If the time increment is not 

specified, or if it does not give the desired degree of stability, the 

program will automatically compute a suitable tiioe Increment based on 

equations l6 and 18 (or equations l6 and 20 in the case of a single layer¬ 

ed plate). 

11 



Card No. 3 provides termination data. The computation ends after a 

specified number of time steps have been taken or after real time equals 

a specified value, whichever occurs first. Since the actual time incre¬ 

ment may not be known, the maximum number of time steps is specified in . 

addition to the termination time. This is done in order to prevent ex- 

cessively long computations being made inadvertantly. 

These three data cards are followed by seven decks of datacards 

(six for a single layered plate).which contain directions for printing the 

results of the calculations; the thermal data required to make them; and 

a description of the incident thermal radiation pulse. With the exception 

of the absorptance deck each of these decks is quite independent of all the 

others. For example, the convective data is independent of the plate ma* 

terial properties. Thus a single property data deck for each particular .* 

material to be investigated would suffice for all computations made for that 

material, thereby avoiding a substantial amount of repetitive keypunching. 

By arranging the data in tabular form where applicable, the tempera¬ 

ture dependence of the material properties (for example) may be perfectly 

arbitrary. Thus no restriction is imposed on the generality of the finite- 

difference equations. For convenience the data points may be chosen quite 

arbitrarily, the only restriction being that the arguments appear in acend- 

ing order in each deck. 

If desired, any or all of these decks may be partially or completely 

omitted from all but the first of a series of computations. Thus the data 

stored in the computer is used until replaced by new data. Detailed in¬ 

structions on this point are given in Appendix I. 

• # 
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2. Details of the Computation Scheme 

As indicated earlier, the main feature of the computational scheme 

lies in the indirect method of evaluating the temperature-dependent terms 

of the finite-difference equations after each time step. Since these 

evaluations are made during the most frequently repeated parts of the pro¬ 

gram, it is highly desirable to develop an efficient method for making them. 

The technique developed requires the arrangement of the input tables into 

tables having the same starting point and increment ( and Û ^ for ex¬ 

ample). Subroutine "TABLE" accomplishes this. 

The location of a data point, Y(^ ), in any of these tables may be 

found by computing a "locater" number such as i 3 1 + , Thus, if 

I * 13» ?# “ 1, and Ûj =1 the desired data is Y1X the thirteenth element 

of the table. If more precision is desired, an interpolation between the 

points of the table may be made. For example, if £ 313*5 the data desired 

is y(13.5) " + 0.5 (Yj^-Yj^). This refinement has been used in the 

program in which data is interpolated to within 1/10,000th of the increment 

*!. 

The appropriate "locater" number is computed by function "NODE". 

This "locater" number is then used by subroutines "FIND 1","FIND 2" and 

"FIND 4" to compute the interpolated data. 

3» Output Record 

The printed output of the program is composed of a record of the input 

data, the temperature distribution at selected time points, and the reasons 

for terminating the computation. Appendix IV illustrates many of the 

features of the program by showing a listing of the input data cards for 

three sample computations together with the resulting output record. 
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a) Input data record. The input data record always begins with 

a description of the actual plate (i.e., the thickness and composition 

of each layer), the incident thermal radiation; the space and time in¬ 

crements used; and the location of the remainder of the input data 

record. On subsequent pages the precise details (in tabular form where 

applicable) of the material properties, ambient temperature conditions, 

convection data, absorptance data, and incident thermal radiation history 

are presented. The second part of the input record is omitted if it is 

unchanged. Subroutine "PAGE" is used to print the identifying label and 

page number on each page. As an example consider a series of computations 

involving a plate subjected to several different weapons or exposures. The 

second part of the input record would be printed only for the first compu¬ 

tation. Subsequent input records refer to the first computation for this 

data. Thus the input to any computation is recorded without the need for 

excessive amounts of printing. 

b) Output data record. As may be seen in the sample output (Appendix 

IV), the temperature distribution is printed in columns, each column re¬ 

ferring to a particular point in time. The choice of output data to be 

printed is governed by the printer control deck (see Appendix l). Thus' 

the program prints the temperature distribution every time steps up to 

time then every Ng steps up to time tfg and so on. As a programming 

convenience this output data is stored in an output array large enough to 

accommodate ten time points (a full page). This array is then printed 

using subroutine "OUTPUT" whenever necessary (i.e., either when the array 

is full or upon termination). 

<0 Termination data. Subroutine "EXPUT" is used to print on the 

final page the reasons for. terminating the computation. This is done 

14 
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whenever any of the following occurs: the number of time steps exceeds 

the specified limit; real time exceeds its limit; the temperature in 

either plate exceeds its limit. 

15 
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V. Concluding Remarks 

Appendix III is a listing of the computer program developed to ful¬ 

fill the requirement of Task No. 1 of the scope of work of contract 

N00140-66-C-0482, "Thermal and Thermal Stress Analysis of Solids Subject 

to the Thermal Pulse of a Nuclear Weapon!1. 

This program has the capability of computing the temperature distri¬ 

bution and history in one- and two-layered plates subjected to arbitrary 

thermal irradiation. The temperature dependence of the thermophysical 

data, the initial temperature distribution, and the ambient conditions 

may be perfectly arbitrary. 

16 
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Figure 1 - Physical Model and Boundary Condltlona 
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Figure 2- The Model Plate 
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Appendix Ia 

Input Data 

The following listing specifies the information required by the 

program both for control and for the performance of the computations. 

The sequence and format of the input data cards is shown together with 

a definition of the symbols used. Numbers in parentheses at the be¬ 

ginning of each line of input data refer to the detailed format of each 

data card given in Appendix lb. 

I. Identification 

(1) ID^.NT ...An identifying label up to 24 
characters in length printed on 
each page of the output record. 

II. Space and Time Increment Data 

(2) N »N.,N ., N L ,L. ...Layers "A" and "B" are La and Lb 
. • Ä a cm^ thick and are subdivided into 

Na and Nb nodal elements, respective¬ 
ly. The entire plate is subdivided 
into Nab elements. Make computations 
using a time increment AtJ or at N.^ 
percent of the critical time, whichever 
is smaller. 

NOTE: Nfl^b'^ab é 200 ; 04 N^ ¿100. For a single layered plate is ignored 

and L^ must be set equal to zero. If Nfl and N^ are both given, N^ is ignored. 

Otherwise the program selects the- best choice of N and N. based on equations 
â D 

» 

l6 and l8. The specified value is used as the time increment if it is 

smaller th m N^ percent of the computed critical time but not equal to zero. 

Otherwise an appropriate value is substitut 'd by the program. 

Ill, Program Termination Condition 

(3) ».«. ...Stop computation after Ns time steps 
or after real time equals tJg, which- • 
ever is smaller. 

19 



IV. Printer ConLroI Dnta Dock 

(4) m 

(5) 

(5) nt m 

..Number of cards in list to 
follow. 

..Print results every time steps 
up to time ^ then every N time 
steps up to¿* etc. ^ 

¿9 

NOTE: 0 £ m ¿ 10. If m = 0, data from previous computation is re-used. 

Cards in deck to be arranged in ascending values of t! 

V. Material "A" Properties Deck 

(4) m 

(5) e max 

(6) CAPTION 

(7) 

(7) e- 
Va*e Va’ '°m-2*Cm' 2. Va, Va 

...Number of cards in list to follow. 

...Maximum allowable temperature in 
material. 

...Description of material up to 66 
characters in length. 

...Front emissivity, rear emissivity, 
density, specific heat, thermal 
conductivity, at temperature 0. 
etc. 

NOTE: 0 é m ¿ 52; m ^ 2. If a two layered plate, B is not used in the 

computations. Whenever 0^0 computation is terminated. Deck is to be 
IHclX y 

arranged in ascending values of 9 
X. • 

VI. Material "B" Properties Deck 

Same format as material "A" above. 

NOTE: cA is not used in the computation. If a single layered plate the 

entire deck, including m, is omitted. 

VII. Convection Data Deck 

(4) m 

(8) V, V. 
...Number of cards in list to follow. 

...Ambient temperatures for convectior 
at front and rear faces, respective 

20 



(9) h. , 
A1 

(9) \ . . 
m-1, m-1, 

...Film coefficient on front 
surface, film coefficient 
on rear sruface, at tempera¬ 
ture etc. 

NOTE: 0 £ m f 51. Deck arranged in ascending values of 6 . 

VIII. Initial Temperature Data Deck 

(4) m ...Number of cards in list to 
follow. 

(8) e1>x1 

(8) 0 X 
' ' m, m 

...Initial temperature is 
at location X. etc. 

» 

NOTE: 0 ^ m ^ 50. Deck arranged in ascending values of 

IX. Absorptance Data Deck 

(4) m ... Number of cards in list to 
follow. 

(8) ot 0. 

(8) a 0 ' 7 m, m 

...Absorptance of blast irradiation 
at front surface is 0£^ at surface 
temperature 0^, etc. 

NOTE: Q i m 6 50. Absorptance applies to front surface only. Deck 

arranged in ascending values of 0 
1. • 

X. Irradiation Data Deck 

A. Standard Dimensionless Weapon Pulse 

(4) m 

(8) W, Q 

<8> 9A-.9B» 

...Number of cards in list to follow. 

..,W= weapon yield in Kilotons 
Q= exposure in cal/cnr 

...Ambient temperatures for radi¬ 
ation at front and rear faces, 
respectively. 

« 
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B. Arbitrary Irradiation 

(4) m Number of cards in list to follow. 

Ambient temperatures for radi¬ 
ation at front and rear faces, 
respectively. 

(6) CAPTION Description of incident irradi¬ 
ation up to 66 characters in 
length. 

Thermal irradiation at front face 
is at time ï ^ etc. 

(8) H. t¡l 

9 

NOTE: Either deck A or deck B (but not both) is used. 

For case A: m=2 for the first computation of a series. 0émí2 for sub¬ 

sequent computations of the series. The dimensionless weapon pulse and the 

scale factors H and t are generated by subroutines "PULSE" and "BLAST", max max • 

For case B: m* 122 for the first computation of a series. Oé m^ 122 and 

m j4 2 for subsequent computations of the series. The deck is arranged in as¬ 

cending values of tí. H* and tí are not dimensionless in contrast to case A. 
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Appendix Ib 

Input Card Formats 

Following is a detailed description of the format of each input 

card as indicated in parentheses in Appendix la. 

TYPE FORMAT 

1 Up to 2k alphanumeric characters beginning in column 1. 

2 I, I, I, I, F, F, F . 

3 I, F 

If I . . • 

5 F 

6 Up to 66 alphanumeric characters beginning in column 1. 

7 F, F, F, F, F, F 

8 F, F 

9 F, F, F 
* 

NOTE: All numerical fields (ï and F) are ten columns wide. "I" indicates 

integer data (HO). "F" indicates single precision floating point decimal 

data without exponent (FIGA). 
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Appendix II 

Flow Charts 

A flow diagram outlining the basic sequence of program operations 

is shown below.. More detailed flow diagrams of blacks A,B,C,D, and E 

are presented in Appendices Ha, b, c, d and e which follow. 
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Appendix lia 

Input Data Sequence (Block A) 

( A ENTRY 

25 • 

■! 



c ' 
' Al 

J 

Material "B" 
Properties Deck 

Convection Data 

Deck 

26 



ê ... 

Initial Temperature 

Data Deck 

Absorptance 

Data Deck 

Irradiation 
Data Deck 

y 

27 



Preliminary Computations (Bloc b) 

28 



yes 

.s»«« etT9k + \*k . 
' X ^maX 

Tabulate vs in increments a Jf^ 

' 6 tt 
B 

Compute Jf„(e) using eqn. 10 O 
4 0 

B 

a|b 

2k. 
B 

BCB nalt 

£„<re; + h 9„ 
/ B B B B\ 
' r B 4B o 

max 

Tabulate 3f_ vs 9_ in increments40_ 
- B B B 

9g vs fn in increments 4 If 
B B 

B 

e 

4cb) 

(/c-) 
^BCB 

h 

H 

II 

II 

II 

29 



-<- 

Compute Increment P 

• 

Compute t using eqn l6 
Set t' = rrit X Nj/100 

c crit í 

Compute N and N, from N . 
a b ao 

using eqn l6 and l8 

Compute Increments P & Q 

Compute *crít for plate "A" 

using eqn l6 
Set ¿ = 2T .. X N /100 

c crit 

Compute ^crit for plate "B" 

using eqn l8 
Set if = .. X N /100 

c crit 

30 



vlV 

Tabulate (fAcAp) vs in increments 

*> • V 

(—i-) 
4°ap 

• • 

Scale Irradiation Da 

Compute Intcrpolatio 
Irradiation Dat^ 

ta Usin8 Hmax,4ax 
n constants for 

Initialize the Si 
and Terminât: 

2quencing, Output, 
ion Logic 

— 

L 
Set Initial Nodal Temperatures- 

c B EXIT > 
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Ar-non ci ix Ile 

Print Input Data (Block C) 
r 

C ENTRY ^ U ii.Ni D 

-> 

Print P,Na,(Q,Nb), ** 

( ) ... if 2 Layers 

Print Ident of 
Old Data 

Print Ident, Page No. 
at Top cf Each Page 

Print Material "A" Data 
(Material "B" Data) 

Ambient Temperatures 
for Radiation and 

Convection 

Convection Data 

Absorptance Data 

Irradiation Data 

( )... if 2 Layers 

c C EXIT D 
52 



Appendix lid 

Print Output Data (Block D) 
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Appendix Ile 

Compute Temperatures at Time t.'^ (Block E) 

E ENTRY ) 

34 



! O 

C • 
—c— 

c 
—c— 

c 
—c— 

c 
—c— 

c 
—1— 

'■ 2 
~3 — 

4 • 

—5— 

6 
—7— 

8 
—9— 

20 
—21“ 

21 
—21- 

21 
—21“ 

21 
—22— 

22 
—22— 

22 
—23“ 

23 
--24- 

24 
—24“ 

-24- 

24 
—25“ 

25 
—25“ 

25 
—25~ 

26 
—26“ 

26 
—26“ 

27 
—27” 

APPENDIX III 

-COMPUTER PROGRAM AND SUBROUTINES- 

« 

TEMPI • . 

A PROGRAM TO DETERMINE THE TEMPERATURE DISTRIbUTION AND HISTORY 
-TN—5T NGt€—AND*DUAL- - LAYERED PLATES-SUBJECTED TO A THERMAL-PULSE----. 

-eNTRY-POINT- 

-PORMAT-(TIO) - “*‘1 
FORMAT (I10»F10*4) 
-F0RMAT-('6FT0*4+- 
FORMAT (2F10.4) 
-FORMATT-3P10.4I- 
FORMAT(4I10»3F10*4) 

•FORMAT ( F10,4 )-- 
FORMAT (11A6) 

•FORMAT'! 4A6 )- 
FORMAT(1H0) 

—FORMA-FHHO,//V///7 tlOX36HTEMPERATURE DISTRIBUTION--AND-HISTORY^ 
1 33H IN A TWO LAYERED COMPOSITE PLATE// 
-2-15X21HPLATE -A THICKNESS.,,. »F0,4»-:—-- 
3 21H CM MATERIAL.,..,11A6/. 
-4-15X2IHPtATE • B THICKNESS.. . . .Fa. 4,- --- 
5 21H CM MATERIAL....,11A6) 
-FORMAT-(-iHO,/-//////, 10X36HTEMPERATURE DISTRIBUTION -AND HISTORY) 
1 26H IN A SINGLE LAYERED PLATE// 
-2-15X-19HPLATE. TH ICKNESS. . . . , F8.4, - -- .. . '  
3 23H CM MATERIAL.. 

—FORM A T-HHO-, /77V / , 10 X1 5HEX POSED -TO. •.11A6//---- 
1 15X46H(DETAILED DESCRIPTION PRINTED WITH INPUT 

—FORM AT (-1H0,777 / / , 1 OX 3 3HEX POSED TO THERMAL RADIATION 
DATA)) 
FROM, 

1 

3 
-4- 

36H THE FOLLOWING STANDARD WEAPON PULSE// 
-15X2-7HWEAPON YIELD... » ,F6.1, 3H 
15X27HTOTAL IRRADIAT I ON....(Q) = ,F6.1,10H 

-1-5X27HMAXIMUM- INTENSI TY. ( HMAX) = ,F6. 1,14H 
15X27HAT TIME.. TMAX ) = »F6.3» 8H 

KT/ 
CAL/SO-CM / 
CAL/SQ-CM/SEC 
SECONDS) 

—FORMAiTtlH^,7t1 OX22HAMBIENT CONDITIONS,•• ,/7- - .- 
1 15X36HAMBIENT TEMPERATURE FOR RADIATION = ,F7.2, 

~2-18H K -( FRONT-SURFACE)/50XlH=*F7.2,18H K (REAR SURFACE)/- 
3 15X36HAMBIENT TEMPERATURE FOR CONVECTION = ,F7.2, 
.4-18H K. (FRONT-SURFACE)/50X1H= ,F7.2,18H K (REAR SURFACE)) 

FORMAT(1H0,/////,10X30HSPACE AND TIME INCREMENTS USED// 
-1-15X5HP-»“»El 1.4, 5H CM- ( , I 3,13H INCREMENTS-)/-- 
2 15X5HQ ,E11.4, 5H CM (,!3,13H INCREMENTS )/ 
-3-15X5HTAU ' E11 • 4 » 8H SECONDS)- - - - 

FORMAT (1H0,/////,10X30HSPACE AND TIME INCREMENTS USED// 
-1-15X5HP-» ,E11.4»“5H CM (,13,13H INCREMENTS-)7-- 

35-* 

i 



27 2 • 15X.5HTAU = .(:11.-4, 8H SECONDS) 
— -28-•FORMAT i 1H0 » / / / / / » 1 *jX2 1H INPUT DATA UNCHANGED., 

28 1 20H SEE PREVIOUS COMPUTATION ( ,4A6»2H )) 
29_;- FORMAT (1HO,/////,1OX24HINPUT DATA PRINTED bELOW) 
30 FORMAT (1H /1CX18HINPUT DATA LI ST ING////1 OX 1 IMPLATE A....,11A6) 
31~--FORMAT (1H /15X35HFRONT EMISSIVITY REAR EMI SSI VITY » 
31 1 12X7HDENSITY, 6X13HSPFCI FIC HEAT, 

..3.1-2. - 7X412HC0NDUCTIVITY,8X11HTEMPERATURE) .. —. .- -- 
32 FORMAT(20XE11.4,19X,4(8XE11.4)) 

— -33-FORMAT M2X6( 8XE11.4 ) ) ... . *- -.;... 
34 FORMAT(31X5{8XE11.4)) 

“-35--FORMATI1H /lOXllHPLATE B....I11A6)- ’ - - 
Y 36 FORMAT (1H /10X36HCONVECTIVE HEAT TRANSFER COEFFICIENT// 
— x-15X13HFRONT- SURFACE, 4X12HREAR SURFACE, 5X11H TEMP ERA TURE )- 

37 FORMAL12X*3(5XE11.4)) 
— -38-FORMAT! 1H-/10X25HA8S0RPTIVITY~{FRONT- FACE) *14X1 IHTCMPERATURf)—1 

39 • FORMAT! 17XE11.4,21XE11.4) 
--40-F0RMATMH -/10X34HINCIDENT- THERMAL- RADIATION HISTORY)----- 

41 FORMATUH / 15X37H ( 5 TANDARD DIMENSIONLESS WEAPON PULSE)) 
-42^-FORMAT (TH /15X13H INTENSITY (H) »6X10HTIME (SEC))...- --- 

43 FORMAT!12X,2(5XE11.4)) 
w-T-DIMENSION AA(250) , AI3 ( 250 ) ,BA ( 250 )-*CA (.250 ) *CB( 250) ,DA( 250) » - 

1 DB(250) ,EA(250),EB(250),FA(250),FB(250),GA(250)*GB(250), 
2 -HÁ-(-2 50)-,-88(-2 50)------ 

DIMENSION PA(50),P'B(50),QA(50),OB(50),RA(50),RB(50),SA(50), 
---1-SB (50)-*TA(50) , TÖ ( 50 ) ,ALF(50) ,TD(50) ,UA( 50 ) ,UB( 50 ) ,TC(50) ?— 

2 X0(50),T0(50) 
-——D,I MENS I ON—LP:(TTT *T I ME ( 11 ) ,HZ( 120) ,TH( 120) ,HY( 122) ,TY( 122) r-~- 

1 FN(2,202),GN(201)*HT(101),MATA(11),MATB(11), I DENT{4), 
-2-—TEMPTlT-,203 ) ,i I'DENT ( 4 ) » RAY ( IT)--- 

IA-250 
T0=250- 
MX=lOOOO 
TT LI M -H-: — 
ZER0=0.0 
SIGMA *T# 356 E~ 1-2- 

C • A...READ INPUT DATA 
C-:—:——--4 r-:- 

90 CONTINUE 
°8-R E AD ( 5 *9 H DENT-,---—----- 
99 READ ( 5.,6 ) NA ,NB,NAB ,'NTAU »DT >WA,WB 

N01 = 0 

IF(WB.EO.ZERO) IW=2 
-RE AD ( 5,2 ) - NSTOP , TSTOP--!._ 

995 READ(5,1 )M 
-I F ( M. EO • 0 ) GO-TO -100-;---------- -- 

. MP=M 
-READ( 5,2 ) ( LPM-) ,T íMEí I ) ,I*1,MP)- _... 

100 RFAD(5 » 1)M 
-1F ( M . EO *0 ) GO-TO -101 — -1_ . _ 

KX = 2 9 
-READ (-5,7) TM AX A- -- -. .....:__ 
' 1005 • IF(M.EQ.1)G0 TO 101 



« 

li > o 

c 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

101 
102 

104 

105 

106 

tas- 

l-OT“- 
1075 

RíAO(5*8)MATA 
READ(5*3)(PA(I)»PB( !) 
GO TO ( lö2 * 103) * IW 
READ( 5 * 1 )M-r- * 
IF (M.EQ *0) GO TO 103 

READ(5*7)TMAXB 
1-0-2 5-1F ( M. EQ. I ) GO -Ta~l 03 * 

MB=M-2 ‘ 
-READ( 5 * 8 ) MATB-- 

• READ(5 *3)( BLANK #PB( I ) 
1-03-—READ(~5-» 1 )M--- 

IF(M,EO.O)GO TO 104 

READ(5 *4)TAMBA»TAMBB 
19-35-1F ( M. EOvH—G0—TO —10 4 - 

MC=M-1 
- 1—R E ADi-5-i 5 » U B H ) » T C M ) » I -11 MCI 

READ(5 » 1 )M 
IF(MvEQ.O')--GO 10-105.... 
<X=2 

"MT-M-*- 
READ(5.4)(T0(I )»X0(I ) » I = 1*MT) 
READ(5-il)M----:— 

GO TO 106 

*0A( ! ) »RAU ) ,SA(! ) »TA( I ) ,I = 1,MA) 

»QB(I )»RB(I )»SB(I )»Tö(I ).I = 1*MB) 

IF(M.EO.O) 
“KX = 2---- 

md=m 
—READ( 5 *4HAtFiH* TD( I ), I-1,MD) 

READ(5 * 1)M 
—IF(M-.EQv2-)K-Z*-l-- 

IF(M.GT,2)^7. = 2 
-G0“T0 (1075* 108 ),K*Z--- 

IF(M.EO.O)GO TO 109 
“READ75 fA) YI EtOyHEAT—-- 
‘CALL PULSE(HZ,TH,MH) 
- I F ( M ; EQ vl-)GO-TO -109-- 

KX = 2 
-REAO( 5*i4 ) TRADA fTRADB--- 

GO TO 109 
-IF(-MVEO.O)GO-TO-109-— 

KX = 2 
~PEAD(5 *4)TRADAtTRADB- 

IF(M.E0.1)G0 TO 109 
-MH=M~2--*- 

READ(5 >8) RAY 
—FBAD( 5 »4.) ( KZ-H-hrTHH ) , I «1 *MH )— 

0 

O’ 
-, 5 

c 
4 

Oi. 
2 

0“ 
37 
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C B.,.PRELIMINARY CALCULATIONS 

100 fc=tamra 
-- - 1=1 .- 

110 IF(<I.GT.MT).OR.(X0(I ).GT.WA))G0 TO 111 
- FCrAM 1 N1( FC » TO( I ) ) ~ • • - - 

1 = 1 + 1 
G0 Tn ll0 - - . ... ..- ..,- - 

111 FC = AMAX1(FC,TA(1) ) 
-G0 TO ( 112 »'115 ) ♦ IW -.-• * -- - - 

112 1=1-1 
J — -FD = T AMBB---- •----- 

113 FD = AMINI (FD* TO(I )) 
..-I F ( ( I .GE.MT ) »OR* ( XO( I ) .GE.WA+WÖ) )GO 10 -114 --- 

1 = 1 + 1 
--GO “TO 113-----:--- 

114 F0=AMAX1(FD»TB(1)) 
---115-GNM l-TAd )-- --:- 

IF ( MA•EO•1) GO TO 1152 
-GO TO-1159—:-- -     ~— 

1152 GN(2)=TMAXA 
-T A ( 2 ) = T M A X A-- - - -— -:- - 

M = 2 
-GO TO 1161- - ----— 

1159 00 116 I = 2 » MA 
--i-i-6-GN( irstâNÍ I-l-) + (SA( 1-1 )+SA( I ) )*( T A ( I )-TA( 1-1 ) > / ( 2.0*SAÍ 1 ) )—* 

M = MA . 
-H6-!-OC = LTMAXA-FC ) / FLOAT ( I A“1 )------- 

1163 CALL T ABLE ( T A »GN *HA » FC »DC »M » I A) 
-CC=HA(-I-A)---:--- 

AD=HA(1) 
-H.¿.5-AC® (COAD)/FLOAT-HA-1 )• --:...—-- 

CALL TABLE(GN*TA,DA,AD,AC»M,IA) 
--—00=0 A (-H---:-------- 

• 1168 CALL- TABLE (GN »SA *GA » AD »AC *MA » IA ) 
-CALI.—TABLE (GN,PA, CA, AO, AC,MA, IA )-  ---:- 

DO 117 1=1,MA 
—--H-7-HT ( I ) =QA( I ) *RAH )----- ----- .. 

CALL T ABLE (GN,HT, FA, AD,AC,MA,IA ) 

DO 118 1=1,MA 
--HT ( I ) -SAI H /HT LH-----:-r- :--- 

118 GC = AMAX1(GC,HT( I )) 
.—-;-GC=2.0#GC—1--- ---- r..:- 

CALL TABLE(GN,HT,AA,AD,AC,MA,IA) 
-:-KA= I A*MX—:---—-,___ 

AF = DC/FLOAT( MX ) 
:---H 85-AG =AC/FLOAT ( MX )-— ----:-— . 

DO 119 1=1,MD 
--K = NODE(TD( I) ,FC»AF,KA,MX)'------ 

119 CALL F INDI ( HT ( I ),HA,K »MX ) 
--call TA0LE (HT,ALF,BA,AD,AC,MD, IA)- - 

DO 120 1=1,MC 
--r-K = NODE (TCI I ) ,FC, AF, KA »MX ) - ------ 

f 120 CALL F INDI ( HT ( I )»HA,K,MX) 
--CALtr-T ABLE ( HT,UA,EA,AD,AC,MC,IA) --- --- 

- . . HC = 0.0 
----DO 1211 = 1, MA..—------ 



1215 K = NODE(GN( I ) »AD * AG» KA »MX)' 
-CALL F INDI (X »EA»K »MX ) 

P= { PA ( I )IGiMA^TA( I )**4 + XnA( I ) 1/(SA( 1)*GN( I ) ) 
121 — HC=AMAX1(HC»P) • 

GO TO (124*122)»IW 
122 -CALL TABLE ( MT,UB»EB»AD,AC»MC » IA ) - 

CALL TABLE(GN»PD*CB »AD*AC*MA»I A) 

1225 DO 123 r*l'»MA 
-K=NODE ( GN ( I ) »AD* AG » KA »MX )-1—1- 

CALL F IND1(X »EB»K,MX) 
--—p= ( PB ( I )*S IGMA*TA( I ) **4+.X#TA ( ^ ) ) / ( SA( 1 ) *GN( ! )>- 

123 HDsAMAXl(HD*P) 
-HC^AMAXKKDíHCr 

GO TO 130 • 
124-GN11 ) =TB ( 1 )- 

IF(MB.EQ.1)00 TO 1242 
-T-G0 —y 0—i-2 49--.2- 

1242 GN(2)=TMAXB 

-1251- 

--TB ( 2 JaTMAXB------- 
M=2 . • 

--00-TO-:i251--- 
1249 DO 125 1*2 »MB 

-1-25-GN (i) =GN H -1)^( SB (I -1 ) + SB ( I )-) * ( TB ( I )-TB( 1-1))712*0*SB( 1)) 
M = MB 

—EC = ( TMAXB-FD)7FLOAT( IB-1)--—- 
CALL TABLE(tB»GN,HB,FD»EC,M»IB) 
-CD-HB(-IB)-- ~ -- 
BD=HB(1) 

"BCS(CD-BD)7FL0AT(IB“1) — - 
1255 CALL TABLE(GN»TB,DB,BD,BC»M»IB) 
-ED*DB(1)..--.--- - 

CALL T ABLE (GN »SB,GB »BD »BC »MB»1B) 
--CAtt -TABLE ( GN, PB, Co ♦ BD, BC , Mb, IB )----' 

DO 126 I*1*MB 
ir26-HT( I )=08(1 )*RB( H--- --- 

CALL TABLE(GN»HT*FB»BD»BC»MB,IB) 
--GD=0#0- -- - • --- 

DO 127 1*1»MB 
-HT( I-) =SB( n/HT( H- --- 
127 GD = AMAX1(GD»H7(I )) 
-GD = 2 »0*GD-:--- --- 

CALL TABLE(GN,HT,AB»BD»BC»MB»IB) 
-KB* ! B*MX—* .—-- -----—— 

BF=EC/FLOAT(MX) 
—1275-3G—BC7FLOAT ( MX )- - 

DO 128 1=1*MC' 
-K=NODE (-TC( H-»FD*BF ,KB ,MX )------ 

128 CALL FIND1(HT(I )»HB,K,MX) 
---CALL— TABLE ( HT*UB»EB*BD*BC»MC* IB)--—-- 

HD*0.0 
-D0 -Í29-I.srtMB-.--- 

1285 ' KsNODE(GN(I ),BD»BG,KB,MX) 
-CALL rINDI(X»EB»K*MX) - --- 

P = ( PB ( I)*SIGMA*TB(I )#*4 + X*TB(I ))/(58(1)*GN(I )) 
129 -HD=AMAX1(HD»P)--*. .... 
130 GO TO ( 132 » 131 ) » IV? 



N3 = 0 . 
-'-IF(NA.EQ.0 )NC=MAXO< 1 ,NAP.) • . ..... 

NA = NC 
-NApsNC ' -- -..— - 

P=WA/FLOAT(NC) 

1315 TCRIT={P**2/(GC*(1.0+P*HC)))*rLOAT(NTAU)*O.Oi 
-X = iO.O**( A ! NT ( ALOGiO ( ICR ! T ) + 1GO• C) J -1.00»0 )---- 

TCRIT=0.1*ÁINT(10.0*TCRIT/X)*X 
-!F( (0T-,GT.TCRIT).0R* (ÜT.EO.ZERQ) JDTAUsTCRIT--- 

GO TO 134 ,. 
-132 —;- IF( (NA-.GF.l) .ANO.(NB.GE.l) ) GO -TO 133-- 

MC = MAXO(2 »NAB) • • 
_•-pi^ 0o+GC*WB# ( HC^SQRT ( HC**2+4.0 ))/( GD*WA*( HD+SQRT ( HD**2+4 #0 ) ) )-:— 
1325 NA=INT(0.5+FLOAT(NAB)/P) ^ 
--—NA=MAX0 ( T »MA )-:-------- 

NA=MIN0(NA.NAB-1) 
-Ng-NAB-NA-1-----—- 
133 NAB=NA+NB 
-P=WA7FLOAT ( NA )-'-‘ '.—- —  ---- 

Q=V/B/FLOAT ( NB ) 

TCRIT=(P^2/(GC*( 1.0+P*HC) ) )*FLOAT(NTAU)*0.01 
-X-10.0**(AÍNT(ALOGiO(TOR!T) + 100*0)-100.0 h- 

TCRIT=0.1»AINT(10.0*TCR|T/X)*X 
-1335-IF( (DTAU.GTvTCRI T)vOR. (OTAU.EQ.ZERO) )DTAU*TCRIT--4--- 

TCRIT=(Q**2/(GD*(i.0+Q*HDm*FLOAT(NTAU)*0.01 
-X^IO .O** ( AI NT ( AL0G10 ( TCR I T ) + 100i 0) -lOOrO 1-1-1... 

TCRIT = 0,1*AINT(10.0*TCRIT'/X)*X 
-J p.( or AUvGTvTCR li" ) dt AU=TCR IT--- 
134 CONTINUE 
-TEMPI!'» D^OTAU--- 

NV=NA+1 
-NW=NA+2-;-;-:- 

NX=NB+1 ' 
-NY=NAR'+2~-.----- 

NZ=NAR+1' i 
T3 42—A=P / 5 ATIT^-------——- 

B=TRADA*#4 
-C-TAMBA-:-—  ----- 

E=$A(1) . 
13 44-G = T R A DB **.4"------ 

H=TAMBB ., 
—,-GO-TO ( 1346» 1348)-»-! W----- 
1346 D=0/SB(1) 
-F=SB(l~r-:-—'---- 
1348 T IME-(MP + 1 ) sAMINl (DTAU*FLOAT(NSTOP) »TSTOP) 
-LPtMP+-l') =LP-( MP )---.---- 

HC = DTAU/P**2 
-DO -135 1 = 1 » I A----:--- 

! AA( I ) = HC*AA(I ) 
-135—-F A ( I ) = P*F A ( I )-  - 

GO TO (136»138)*IW ’ . 
136 -HC~a DTAU/Q**2..--- 

DO 137 1 = 1 * IB . * • 
-AB ( I ) - » -HC*AB( I )-------—... 
137 FB(I) = Q*FB(I) ’ . 
158-—GO-TO -.(-1382 » 13841-**KZ- - ---— ...:.-  '__ 

40 • . ' 



1382 CALL RLASTITHMAX»HMAX,YIFLD,HEAT) 
- no TO 138S* * - - . 

138A THMAX=1.0 
-HMAX = 1«0 .T-- 

1386 IF (TH(1)»FO»ZERO)GO TO 140 
--:..— - 

HY(1)=0 #0 
-TYUjsO.O;--- ' 

DO 130 r=2tMM 
-HY ( I^ HZi I -1 ) *HMAX-1- 
139 TY(I ) = TH!1-1) 
-MV» MH+l--: ... 

GO TO 142 
— 140-¡-DO 141 - .-- -- 

HY{ I ) = HZ ( I)*HMAX 
141-TY ( I ) » THC I )--- -- 

MY = MH 
142—-DTH = DTAU/THMAX ---- 

TMAX = THMAX*TY( MY ) 
-TLIM -± FLOAT ( NS TOP ) *DT AD .... 

TLIM = AMIN1(TLIM»TSTOP) 
1426——HY(MY + 1) » 0*0- .- - 

TY(MY+1) = TY(MY) + DTH 
--...-IF ( TMAX.GE.TLIM) GO TO 143- 

TY(MY+1) * TLIM/THMAX 1 
143 -NLIM=(0.54-TLIM/DTAU)-- 

TEMP(1*2)50.0 
-00' 14 4-1 »-hi N A-:- 
144 TEMP(1»I+2)=TEMP(1»I+1)+P 
-GO -TO-M 45*147) » I W - - - - 1-- 
145 TEMP (1*NA+3)»TEMP (1»NA+2) 
-00-146^1 = 1^8- • V  - 

IZ= I+NA 
14fr-TEMP ("InriZ-+3 ) »TEMP ( 1 » IZ+2 ) +0  —— 
147 IJ=1 
-:-1 G=2--— :- 

J = 0 , 
-JJ=1--- 

TAUs0.0 

1475 N»1 
-JZ =0--- 

IK = 1 

I D= 1 

11=1 
-LST0P=(TSTOP/DTAU)+0.5 - 

CALL TABLE(XO,TO*GN,0.0,P,MT»NA+1) 
-DO 148 1 = 1 *NV -. ’ ... 

K = N0DE(GN{'I ) ,DD*AF,KA,MX) 
140 -CALL FIN.DKFNIlrl )»HA,K,MX) —- 

GO TO!149.1500),IW 
—149-CALL TABLE (X0*T0,GN,WA,Q*MT*N8+1) 

DO 150 1=1,NX 
-K = NODE (GN( I ) ,ED»BF ,KB',MX ) - -. : 

IZ» I +NA‘. 
CALL- F INDI ( FNI1, IZM ) ,HB,K,MX)- 150 



C C...PRINT INPUT DATA 

IbOO 1.1 NE = 0 
— ..* .CALL PACE! I DENT »NOl a 1^*70,1 ,60) 

CO TO ( 1301,1*502) , IW 
;--- 1501 WRITE!6 » 21) WA »MA T A♦WÖ » MAT B .— 

GO TO 1503 
—   -1502—WRITE(6>22)WA,MATA ------- • 

1503 GO T0(1505»1504)tKZ 
--1504-WRITE! 6*23 )RAV- t. .—- 

GO TO 1506 
---Í50 5-WRITE! 6 *24) YIELD* REAT,HMAX»THMAX- 

1506 GO TO! 1507* 1508) ,IW 
-—L507-WRITE(6*26) P»NA»0,NB*DTAU :- -- 

GO TÓ 1509 
---1508- WR I T E ( 6 » 2 7 ) P »NA * OTAD----: 

1509 GO TO!1510*1511),KX . 
-- 1 5 !0-WRITE (6*28) MDENT--* *- 

GO TO 1526 
- 1511-WRITE! 6*29).....-.... 

CALL PAGE!IDENT,N01,LINE»70,1,52) * ' . 
—— ---WR IT E ! 6 ♦ 30 ) MATA“:----- 

. WRITE!6,31) 
----00 1515-- i = l *MA --1 • - 

GO TO!1512*1513),IW 
-—--1^12-WRITE! 6*32 ) PA ! I) *QA ( I ) »RA ( I ) ,SA( I )»TA( H- 

GO TO 1514 
-- 1513 WRITE(6*33)PA(.I ) *PQ( I ) ,QA! I ) »RAM ) iSA! I ) ,TA( I )- 

1514 CALL PAGE!IDFNT*N01,LINE,'0,1,59) 
--15!5-CONTINUE- ---- 

WR ITE(6,20) 
---GO TO! 1516 »1518)-, IW ---- 

1516 CALL PAGE!IDENT»N01»LINE,4,6*55) 
---:-WR ITE ( 6,35 ) MATB---'— 

WR I TE(6,31) 
--DO 1517-1-1 »MB . ---.- 

WRITE(6,34)PB!I ),03!I ),R3íI ),SB(I ),TB!I ) 
--CALl RAGE! I DENT >N01,LINE >0,1,59)- ..—--- 

1517 CONTINUE 
--WR I TE ( 6 »20 ).     :---_ 

1518 CALL PAGE! IDENT»N01,LINE»0,9*50.) 
----—-WRITE! 6,25)TRADA»TRADB*TAMBA,TAMB&- 

. CALL PAGE!IDENT,N01,LIME»4,6,55) 
— ...WRITE (6,20)---.- ..... 

WR ITE(6,36) 
--__D0 5 ! 9 -j -1 j MC .-.- -1- 

WRITE(6,37)UA(I ),UB(I ),TC(I ) 
---*..CALL- PAGE ( I DENT ,N01, LI NE ♦ 0,1,59 )--- 

1519 CONTINUE 
--WRITE (6,20)-1 -- - -• ---- 

CALL PAGE ( I DENT »NO!»LINE *4,4,57) 
.—-WRITE! 6*38) - -.-- --- 

DO 1520 I=l,MD 
—— :— .—WRITE! 6 *39) ALE! I ) » T D ( I )--;---- 

CALL PAGE! IDENT,N01 ,LI'NE*0,1,59) 
-,-1520-CONTINUE. ..---- 

•• . WR 1 TE t 6,20 ) 
--5-GO"TO( 1521 * 1522) »KZ- • ------ 

42 



1521 CALL P AGF ( I DFNT » NOl , I. ! NF. * 0,6 » 55 ) 
"”'VRtTF( A»40)".. ..... 

WP I T F(6 * 41) 
GO TO 1 524 - - ----- 

1522 CALL PAGE(I DENT »NOl»LI NE »4 »6 » 55) 
-WRITE16,40) --'-7-1 - 

WR ITE(6 »42) 
--DO *1523 T=1 »MY*'. ... . 

WRITF(6»43)HY(I)♦TY(I) 
--CA Ltr-P A GE ( IDENT »NOl,LI NE»0»1»59)---:— 

1523 CONTINUE 
-1524--DO “1525 1-1,4;—*— • -r — 

1525 I IDENT m = IDENT( I ) 
—1526-CONTINUE““.. " -- 

C - _ J__ __ 

C D...PRINT OUTPUT DATA USING PRINTER CONTROL* DIRECT IONS 

1530 JZ=JZ+LP(N) 
-jY = ( T I ME( N )VDTAU , +0 • 5 " - -- ----- 

IF(JZ.LT.JYJGO TO 151 

IF(N.EO.MP+l)GO TO 151, 
---n=N+1--- ---:--- 

151 JT =JT + l 
---TEMPc/T »! ) - TAU------ 

DO 152' 1 = 1 »NV 
-KrNODEIFNI I-Jrl ) rAD, AG , KA »MX ).- -1---- 

152 CALL F INDI ( TEMPIJT,I+ 1),DA,K,MX) ’ . 
--GO-TO-( 153*155)-riW- . - ----- 

153 DO 154 I = NW»NY 
-KsNODE(FN(IJVD»BD » bG♦KB♦MX) .- *-7-- 

154 CALL F INDI(TEMPI JT ,I + l)»DB,K,MX) 
-155-IFmTTEQ-.-JTL-IMj -.OR. ( IK.E0.2) )GO TO 176-- 

GO TO 156 
-1-76—-CALt-OUTPUT (NOl » I DENT , JT » NA » NB, TEMP )7- .-- 

C 

C TEST TERMINATION,LOGIC... 
-C-TF“ F I NAL ' COMPUTA T I ON GO TO »EXIT“ POINT»-: 

C IF NOT CONTINUE TO POINT » E » * > 

GO TO(177,178)»IK 
—1-77-jr=T.  :- — 



I 

_ c E...COMPUTE TEMPERATURE EI5TRI BUT I UN AT TIME = TAU + DT AU 

_ 156 IH=IJ 
--.-1 J- IG - -- -- - - --- -.*.!--- 

I G= IH 
-1565-J = J+1------ - 

_ JJ=JJ+1 • . < 
---TAU=DTAU*FLOAT(-J)” ' —--- 

_ I F (J•EQ•1)GO TO 1575 
-_15T-1 F ( JUvLE» 101 ) GO TO 160 - .t--- 

_ 1 575 Ni IMA = 101 ’ . 
-1F(NLIM.GTv100)GO-T0 158 --:--- 

_ NLIMA=NLIM+1 

__ 158 NLIM = NLIM-100 

START =(TAU-DTAU)/THMAX 
j  -CALC-TABLE! TY»HY*HT »START »DTH»MY+1 *NLIMA)- 

_L_ 160 K=NODE ( FN ( IG * 1 ) * AD» AG > <A »MX ) 
¡-CALL“' FINDA ( W t X » Y » Z » AA »CA »DA >EA » K»MX J--- 
..CALL F INDI (V*BA»K*MX) 

--1605-FN(TJ,1)=2.0*W*(A*(V*(HT(JJ-1)+HT(JJ))*0.5 + X*SIGMA*(B-Y**41 
• 1605 1 +Z#(C-Y))+FN(IG » 2)-FN(IG»1))+FN(IG»1) 
--D0_161--I=2-, NA----- 

_ K = NODE(FN(IG » I ) » AD » AG > KA >MX) 
---CALL"FIND1('X"»AA»K»MX ) ------- 

_ 161' FN( IJ * I ) = X*(FN(IG»I + 1)+FN<IG*I-1)~2.0*FN(IG.I))+FN(IG»H 
-GO -tatT61?r16-3mW....- 

_ 1612 I=NA+1 . • 
-< = N00Ë-(FN( IG-*i ) » AD» AG » KA »MX )--- 

_ 1613 M= 1 + 1 
-MM=M+-1-1.....;-----:- 

__ , '• L = NODE ( FN (, IG *M) » BD » UG »KB » MX} 
-CALL-PIND2- (W,X » GA, FA , K,MX ) --- 

_ CALL FIND2(Z*Y»G3,FB,L»MX) 
--mó"-F N (" I J»-1" ) - 2* C * D T A U * ( ( FN( IG* I-l )-FM( IGiD )/A- 

1616 1 +(FN( IG»M+1 )-FN( IG »M ) )/D)/(X+Y) 
'-FN-(-I-J,Mr = FN( IG»M)+Z^FN( I J>I )/F  ---—  -*- 

FN( IJ » I )=FN( IG » I )+W#FN(IJ,I)/E 
--00 162 -I=MM*NZ.. -----—- 

_ K = NODE(FN{IG » I ) * BD » BG »KB »MX ) 
- ...CALL—F IND! ( X » AB*K*MX ) 1 " -:- 

_ 162 FN(IJ,I) = X*(FN(IG*1+1)+FN(IG,1-1)-2.0*FN(IG*I ))+FN(IG#I ) 

• K=NODE(FN{IG»I )*BD*BG»KB»MX ) 
--CAt-L-p IND4 ( WtXvY ,Z,AB,CB»DB,EB»K,MX )--- 

_ 1625 FN(IJ»I)=2*0#W#(FN(IG»I-1)-FN(IG»I)+D*(X#SIGMA*(G-Y**4) 
-1625-1-+Z*m-Ym+FN( IG,I ) - -------- 

_ GO TO 164 

_ K = NODE(FN(IG » I )♦AD♦AG ,KA »MX ) 
-CALL- F IND4 ( W ♦ X ♦ Y ♦ Z » A A , CB i OA, E3 » K i MX I-  :-- 

FNMJt I )=2.0*W*(FN( IG,I-1 )-FN( IG» I )-FA*(X*SIGMA*(G-Y**4) 
- —j-+ZMH-Y) n+FN( IG.I ) - ---:-:-- 

i 
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c 
c— 
164 

165 

SET TERMINATION LOGIC 

166 

167 
168- 

16e? 

170- 

171- 

1-72- 

TTTT 

T74- 

C 
~c 
c 
C- 
c 

T:75- 

c 
c- 
c 
-C- 
c 

-1-70- 

-1-79- 

00 165 I = 1 »NV 
IF(FN( !J*n.GE.CCK'0 TO 166 

CONTINUE 
" GO"TO ' 167- - 

I C = 2 
-IK- 2-.:.... 

GO TO (168*171), IW 
-DO ~167-I = NW*NY- - 
IF(FN(IJ*I).GE.CD)GO TO 170 

-CONTINUE-- * . 
GO TO 171 

I K = 2 
~IF(-J-iGE.:tSTOP)-GO TO 172 -- 

GO TO 173 
"I E=2---- ' --   

I K = 2 
-rrrJ-.GETNSTOP-)go~to 174- * • 

GO To 176 
-ft=2----• 

i k=2 ; 

‘EST—TE RM INA TI ON" "AND PRINTER CONTROL“ LOG I Cw-- 
IF TERMINATION POINT OR PRINTER DATA POINT GO TO »D* 

-IT' NOT GO TO '»E* --r*---r-:- 

TFTmC«EQv2TV0Ry f J »GE . JZ ) ) GO TO 1530t 
GO TO 156 

-EXTT-PO I NT-.-.".“-- 
TERMINATE COMPUTATION AND PRINT EXIT DATA 

-RE-ENTER PROGRAM AT POINT" ’ A '-FOR - NEXT- COMPUTA T ION 

-CATtL- EX PUTi-I D EN T j NO 1 , IC.» C C ♦ ID » C D » IE f T STOP-,11 , NSY OP)- 
GO TO 90 
END- 

0 

0.« 

1 s 

c 

0 

2 

0 
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SUBROUTINE BLAST ( T|H,W,Q) 

T = 0,032 *SQR T(W) 
-H= 0/(T#2.57) 

RETURN . ' 
-END —-- 

--SUBROUTINE-EXPUT( I DENT »N01» IC »CC » 10» CD»IE » TSTOP » 11,NSTOP)- 
C • • 
-01 MENS I ON" I DENT ( 4 ). - ------ 
1 FORMAT (1H1»9X4A6»20XSMPAGE * I 2////10X22HCOMPUTATION TERMINATED) 

-2-FORMAT!1HO*19X»20HTEMPERATURE REACHED-rF7#1 *13H•K IN PLATE- Ah- 
3 FORMAT (1H0»19XCONTEMPERATURE REACHED *F7*ltl3H K IN PLATE B) 

-4--FORMAT <1H0»19X »13HREAL TIME IS » F6»2 rl9H-SECONOS-OR-GREATER)- 
5 FORMAT!1H0*19X» 

-5-i—.-22HCOMPUTATION HAS TAKEN t I 5»19H OR-MORE- T I ME- STEPS)- 
N01 = N0Ul 

-WRITE! 6 »H IDENT »NOT-- ^ 
GO TO!1011100) »IC 

1.00-WRITE(6t2-)CC—- - ---—-—:---:-- 
101 GO TO (103 »1Ô2) » ID 

—1—10-2-WRT-T ET6-* 3 ) C D'--- -----:-r—- 
103 GO TO (105#104) » IE 
lu4--WR I TE(S f4 hTSTOP-. - ---1-—-—j 
105 GO TO (107 » 106 j » 11 
1-06-WRl-TE!-6r5tNS-T0P--    H 
107 ' CONTINUE 
-RETURN-------;--.- 

END 

SUBROUTINE FIND1(U»X*N»M) 

DIMENSION X(250) 
-NUN/M.... 

N2=N1»M 
-1F ( N2 • EQ ¿N ) GO--TO-10.0  '- 

FN2SFL0AT(N-N2)/FLOAT(M) 
-U=X!Nl-)-HX(NT+l)-X(N1 ) )*FN2- 

GO TO 110 
-1^0-U=X ! NIT-A—7  .—:- 

110 RETURN 
-END--; --- 



O 

c 

O ‘ 

o __ 

-l-(Kr 
% 

-nti 

O_ 

SUBROUTINE FIND2(U»V»X»Y»N.M) 

DIMENSION XI250)>Y(250) 
N1 = N/M ■- 
N2=Nl*M 
IF(N2.E0.N)G0 TO-lOO 
N3*NU1 • 
'FN2sFU'OATTN-N2)’/FLOAT (M) .. 
U=X(N1)+(X(N3)-X(Nl))^FN2 
VT6 r( NVWYI N3t= Y ( N1 ) ) * F M 2- 
GO TO 110 
u=oc( nu-:— -:  - 
V=Y(NI) 
RETURN--- 
END 

O 

o 
» 

o 

o 

o 

o 

o 

SUBROUTINE FIND4(S»T*U»V*W»X»YiZ»N»M) 

DIMENSION W(250)*X(25ü),Y(250)*2(250) 
-N^I^NY M......7- 

N2=N1#M 
-:-rFTN2YEQ-.-N*)GÓ-TO"rOO *“ --- 

N3=N1+1 
-:-PN2sFtOAT ( N-'NZ T/FLOAT ( M ) -~ 

S=W(N1)+(W(N3)-W(N1))^FN2 , 
--T-=X1Nm-m-N3 )-X(Nl ) ) ^FN2 .—- 

U = Y(N-1 ) + (Y(N3>-Y(Nl ) )*FN2 
-V=-Z'( Nn -H Z< N3T-Z ( Nl J ) ^FN2 * ' -- 

GO TO 110 
TOO-S"=vriNIT----- 

T = X(NI ) 
-U=Y(N1T---- 

V=Z(NI) 
TIO-RETURN-*.. • - 

END 

0‘ 

O 

o 

° - 

X-5. 

Ol 

o 

FUNCTION NODE(FN,FNI,DF*N,M) 

NODE*I NT(0« 5+FLOAT(M) + {FN-FNIJ/DF) 
NODE^M-AXOI NODErMI--— 
NODE=MINO( NODE »N) 
RETURN- --—- — 
END 



SUBROUTINE OUTPUT ( NO 1 , IDFINT,JT»NA»NB,TEMP) 
-c----:--.. . 

- DIMENSION ' I DENT (4),Tf MP( 1 1,203)1 
l-FORMAT ( 1H1 » 9X4A6 » 1 5X5HPACjE ,I2,9H, SHEET ,11) 
5 FORMAT (1H0 » / /12X10( EG•A » AH SEC )) 
6- .FORMAT! 1H0»//12X10 ( 1XF8.7,3H5EC ) ) - 
7 FORMAT (1H0 *//12X10(F9•8♦3HSECI) 

-8-FORMAT (IX )... .... 
9 FORMAT (1H ,F7.4,3H CM ,10(F9.1,3H K )) 
-10-FORMAT (IIH—INTERFACF) ---— 

N01=N01+1 
-J=1--- -- 

I W = 1 
--1F ( N13« EQíO ) IW-2- -- 

L INE = 55 
-N02-1-;- -— 

WR IT E(6,1)IDENT,N01»N02 
-Ny1----,- -- 

IF(TEMP(1,1).LT.0.001)N=2 
I F ( T E M P ( ' i ♦ r )'.' L T ï Ö. 0 C 0 0 0 ! ) N = 3- 

105 K = 1 ; 
~tOt>-GO-TOt 1062yr064rl066) ,N --1 
1062 WRITE(6*5)(TEMP(1*1),1=2*JT) 
-GQ-T0--1068----- - 
10 64 WRITE!6,6)(TEMPI I,1),1=2*JT) 

--Go-TQ-josa—7*.— -•* ..-.- 
1066 WRITE!6*7)(TEMP (1,1),1=2»JT) 
1068-WR ITET6V8 I--- - ---r— 
107 60 T0(108,110,111),K 
108 -1FttrINEïEQè01G0-TO 114-; 

J = J+1 
- L-INE=L-INE^1—. .*-- 

WRITE(6*9)(TEMPI I,J),! = 1,JT) 
-I-IF(-J-¿tT.NA + 2)G0-TO 107 * - - 

GO TO ( 109»112),IW 
109—-: K=2-- ----- 

IF(LINE.LT.5)G0 TO 113 1 
-i-i-0-WR I TE ( 6 »10).....- 

LINE=LINE-3 

111 IF(LINE.E0*0)G0 TO 114 
-t-I N E=LI N E^l-  — 

J=J+1 
-WR ITE ( 6*9 M-TEMPM » J ) , I = 1, JT )- 

IF(J.LT.NA+NB+3)G0 TO 111 
m-RETURN-t- -- 
113. WRITE ( 6,10 ) 
ri4—-N02-N02-F1-:--- 

WRITE(6,1) IDENT,N01,N02 
-L INE»5 5-- - * - - 

. IF(NA+NB*3-J«lT.lINE)LlNE=NA+NB+3-J 
-GOTO-106- - -:- 
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U 
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F 

SUDROUT INE PAGE ( I * J » K «. L * K » N ) 

DIMENSION 1(4) 
... r_-FORMAT nHl »9X4A6»t20Xr'HPAGE 

K = K-M 
-jFiK.GT-.tTGO-TO-Z— 

. J=J+1 
-WRlTE(-6-,ni-,-J- 

K = N 
—2-RETURN“-1- 

END 

12//) 

O 

O 

10 

20 
30 

O 

O 

O 

-40- 

-50 
60 

-70 

SUBROUTINE TABLE (X,Y,Z,XO,DX,M,N) 

DIMENSION X( 122) *Y( 122 ) ,7.( 250) 

A=XO--'•- - *.- 
1 = 1 

IF(M.EQ.1)G0 TO 50 

-j=u+i— - " 
R=(Y(J+1)-Y(J))/(X(J+l)-X(J)) 

-IFTAvG-T vX ( J +1) ) GO * T0 40 - -- 

IF(I.GT.NJGO TO 70 

-Z( I )^Y-(0)+R*( A-X(U) )- -- 

1 = 1 + 1 
-/rs/r+DX- r ‘ ... 
GO TO 20 
-imJ+ir¿L*EvM)GO-TO 10. • — 

GO TO 30 
DO-60-T-H-tt— - - -..- 
Z( I)=Y(1) 

RETURN--- -- 

END -, 



-c- 
SUBROUTINE PULSEI 

ON HI 109) , D I MENS I 
1=109 
Til ) = 

H » T > 

T I U> 

I ) 

9) 

T 12“ 
rt3 
-TI4-- 
T I 5 
T I 6 * 
TI7 
TI8- 
T I 9 

) = 
) = 

)~ 
) = 

) = 

) = 

) = 

) = 

)- 

) = 

- 

-rno 
Till 

-m 2 - r= 
Til 3 ).= 

-T (—141= 
Tl 15)= 
-1-(-16) = 
T ( 17) = 

-T ( -18) = 

T ( 19) = 
1(-20) = 
T ( 21) = 
-1(-22) = 

T ( 23) = 
1(-24) = 
T ( 25) = 
-11-26) = 

T ( 27) = 
-rr~28r= 
T ( 29) = 
f (- 30) - 
T ( 31) = 
-1(-32) = 
T ( 33) = 
-1(-34)=- 
T ( 35) = 
1(-36) = 
T ( 37) = 

.1 

.-15- 

.2 
V2 5- 
.3 

—. 3 5- 
.4 
.45— 
.5 
-.5 5- 
• 6 
.65-- 
.7 

:-.7 5- 
• Õ 
.85- 
.9 
.95- 
1. 

7(-38) = 
T ( 39) = 
71-40)=- 
T( 41)= 

42 ) =- 
43) = 
-441=- 
45) = 

T ( 
T ( 
71 
T ( 

1.05—“ 

1.1 
”i;i5— 

1.2 
- 1.25- 

1.3 
—1.35-^ 

.1.4 
"1.45-- 

1.5 
-1.55- 

1.6 
-1-. 65- 
1.7 

-1.-75- 

1.8 
—1.85- 
1.9 

-1 ¿95- 

2. 
“2.05- 

2.1 
-2.15- 
2.2 

--7(--46)=- 
T( 47)= 

-7(-48)=- 
T( 49)= 

-7(-50)=- 
T( 51)= 

-7(-52)=- 
T ( 53) = 
-7(-54) = 

2.25- 
2.3 
2.35- 
2.4 

-2.45- 
2.5 

-2.55- 
2.6 
"2.65- 
2.7 
2.75- 

50 



1,.,11 
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r . 

£ 

r\ 

9 - 

O . 

o ' 

O . 

O ' 

O 

O ■ 

O 

O ■ 

O . 

O ■ 

O . 

0' 

O . 

O ' 

O J 

I 

c... 

O ■ 

T 
—T 

T 
—T 

T 
—T 

T 
—T 

T 
—T 

T 
—t 

T 
—T 

T 
—T 

T 
—T 

T 
—T 

T 
—T 

T 
—T 

T 
—T 

T 
—T 

T 
—T 

T 
—T. 

T 
— T 

T 
—T 

T 
—T 

i 
—T 

T 
—T 

T 
—T 

T 
—T 

T 
—T 

T 
— T 

T 
—T 

T 
—T 

T 
—H 

H 
—H 

55 
-56 

57 
58 
59 
60 
61 

-62 
63 
64 
65 

-66 
67 

“68 
69 

-70 
71 

-72 
73 
7 4 
75 
76 
77 
78 
79 

r‘80 
81. 

-82 
83 

-84 
85 

“86 
87 

- 88 
89 

-90 
91 

“92 
93 

-94 
95 

~96 
97 

-98 
99 

100 
ICI 
102 
103 

-104 
105 
106 
107 
108 
109 
— j. 

2 
3 

2.8 
- 2.9. 

3 e 
1 - 

3.2 
3.3 - 
3.4 

■-3.5- 
3.6 

—3.7- 
3.8 
3.9-- 
4. 
4*. T- 
¿.2 

“4.3“- 
4.4 

—4 • 5- 
4.6 

—4.7- 
4.8 

— 4.9- 

5. 
5.125 - 
5.25 

—5.375- 
5.5 

— 5.625— 
5.75 

— 5.8 75 — 
6. 
6.125 - 
6.25 

“6.375- 
6.5 

—6.625- 

6.75 
—6.87 5- 

7. 
—7.125 — 

7.25 
—7.3 75 — 

7.5 
— 7.625 — 

7.75 
_—7.8 75- 

8. 
•—9 *-— 
• 10. 
:-1 5 .- 
‘ 20. 
-“30.- 

40. 
r-- ^0. 

90. 
!—*026- 

.064 

2 51 



H ( 
nr 
H { 

H{ 
H ( 
H ( 

Hi 

4 
”5 

6 
7 
8 

— Q 

10 
- nr-i i 

H ( 12 

H (—1 3 
H ( 14 

“Ht—15 
H ( 16 

“Ht 17 

H ( 18 

- H(~19 
H ( 20 

-H r 21 

H ( 22 
"Hi 23 

H ( 24 
-H (-2 5 

H { 26 
H ( “2 7 

H ( 28 
-H(-29- 

H ( 30 

“Ht 3 T 
Ht 32 

■“Ht—33 

34 

-3 5- 

36 
“37 

38 
-39 

Ht 

■Ht“ 
Ht 

Ht 
Ht 
Ht 
Ht 

"H (~ 
Ht 

“H (- 

Ht 

H ( 
Ht 

Hf- 
H ( 

-H(~ 

H ( 
H (- 
Ht 

40 
-41- 

42 
43 

44 
46 

46 
■47 
48 

.49- 

50 

-51 
52 

-Ht-53 
Ht 54 

H <-55 
Ht 56 
Ht 57 

Ht 58 

-H (“59 
Ht 60 

Ht 61 

52 



D Hi 62)= .182 
H (“63 ) = ."174- 
H( 64)= .165 
H (—65)=—VIST*- 
H( 66)= .15 

—H (-67)=-il 43- 
H( 68)= .138 
H( 66)s ¿133- 
H( 70)= .127 • 

—Hr-71) =—.122- 

H( 72)= .118 
—H'-73)=—.114- 

H( 74)= .11 
H (“75 ) =—.107- 
Hi 76)= .103 

—H n77T=—VI---- 
H( 78)= .097 

—H(—76)* —.092- 
H( 80)= .08° 

—H(—81 ) -—.085-1— • 
H ( 82)= .082 

—H(-83)=—.08- 
H ( 84)= .077 

—H(—85 )   .074- 
H( 86)= .071 

—H (—8 7T=-.0 6 9.. 
H( 88)= .067 

—H (—89)=-.065- 
H( 90)= .062 . 

—H(-91)=-.061- 
H( 92)= .06 

—H (-03 ) =—. 0 58-- 
H( 94)= .056 

—H (“951=—.054'- 
H( 96)= .053 

“H (“97 ) . 0 51-- * 
H( 98)= .05 

—H (“99)-=—.049.. 
H(100)= .048 
HMOl-)-—ë047- 
H( 102)= .039- 

—H (103)=—.034--:- 
H(104)= .0175 i 

-—H (-105)=—.011- 
H(l06i= .0057 ■ 

—)+(-10-7)=—.0036- 
H(108)= .002.5 

—H TT09 r=—iOOl- 
RETURN 

—END- 



Appendix IVa 

Input Data for Sample Calculations 

TEST CASE A.••..(SAMPLE) 
0 0 10 100 0.005 0.395 0.395 

_80_0.4 __ ' • 4 
2 

_i 0.05 
10 1.0 * . ‘ 

.. . 3 
648.0 

TYPE .5456 ALUMINUM-MAGNESIUM ALLOY (ASSUMING CONSTANT PROPERTIES) 
0.0 0.0 2.66 0.22 0.28 300.0 

3 
848.0 • 

TYPE 5456 ALUMINUM-MAGNESIUM ALLOY (ASSUMING CONSTANT PROPERTIES) 
0.0 0.0 2.66 0.22 0.28 . 300.0 

_ 2 ___ 

300.0 300.0 " ' . :.- 
_ 0.0 _ 0.0_300.0 

2 . 
_ 300.0 __ 0.0 _ 

300.0 0.79 - - 
_ 1_ __ 

1.0 300.0 ... *--- 
4 , _ 

300.0 300.0 
A CONSTANT HEAT SOURCE OF INTENSITY 100 CAL/SQ-CM/SEC 

100.0 0.0 
_100.0 100.0 
TEST CASE  .(SAMPLE) *.. . —* 

_ 0 0 10 50 0.005 0.395 0.395 
80 0.4 

_1 
10 1.0 

testlcase c_.sAMPLÉ)_ ..., _ 
o 0 10 100 0.005 0.79 0.0 



Appendix IVb 

Output From Sample Calculations 
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