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AN UPDATE OF INPUT INSTRUCTIONS TO TEMOD
. INTRODUCTION

The theory and operation of a Fortran |V computer code, designated as TEMOD?,
used to calculate tubular thermoelectric generator performance is described in WANL-TME-
1906. The original version of TEMOD was developed under AEC Contract AT(29-2)-2638
in 1969. This report which is written as Appeﬁdix D of WANL-TME-1906, describes additions
to the mathematical model and an update of the input instructions to the code which have been
developed under AEC Subcontract N854-0051, in the period 1969 - 1973.

Although the basic mathematical model described in WANL-TME~1906 has remained
unchanged, a substantial number of input/output options have been added to allow completion
of module performance parametrics as required in support of the Compact Thermoelectric
Converter System Technology Program conducted at Westinghouse Astronuclear Laboratory.

The report, then, basically replaces Section |V of WANL-TME-1906 entitled "Input to the
TEMOD Code.".

Section V of this report contains a Fortran listing of the code.

* C. M. Rose, "A Numerical Model for Tubular Thermoelectric Generator Performance
Analysis", WANL-TME-~1906, April 1969.
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1. BASIC DESCRIPTION OF CODE SETUP

The TEMOD code consists of @ main program, referred to as TEMOD, seven sub-
routines and three function subprograms. Although a complete Fortran listing of the code

is given in Section 'V of this report, a brief discussion.of the code sections is given below:

A. MAIN PROGRAM: TEMOD

Contains read statements for input quantities. Lists input parameters and module

dlmenSIons unless list is suppressed by input control parameter NZ(5) Also directs flow

of logic between each of the individual subroutines and subprograms

B.  BLOCK DATA SUBPROGRAM

Contains compiled tables of all applicable material properties. Selections of.

thermoelectric. material combinations, clad and conductor ring materials can be made

by specification of control parameters at input.

C. " PHONY SUBROUTINE

Assigns thermoelectric, clad and conductor ring properties as specified by input

control parameters. Also adjusts thermoelectric material properties by percentages specified
during input. Outputs all material properties used in each calculation unless output is

suppressed by input control parameter NZ(5).

D. SUBROUTINE COUPLE

Performs heat balance/radial temperature profile/electrical output calculations

for each thermoelectric couple. The mathematical model used for these calculations is

discussed in WANL-TME-1906. A cross sectional view of a unit couple is shown in Figure 1.

E. SUBROUTINE OPTIM

Performs temperature, dimensional and load resistance incrementations specified.

Also contains output statements which are restricted to one line of parameters for each

set of conditions.
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F. SUBROUTINE PUMP

Performs dimensional incrementations specified for pump module parametric

calculations in which electrical power and required load voltage have been set.

G. SUBROUTINE LIFE

Performs performance as a function of time calculations in which operating condi-

tions and degradation rates are spécified.

H. SUBROUTINE RITE

Combines the results of the individual couple calculations to determine module

performance for any specified number of couples (see NZ(10) below) operating in thermal
parallel and electrical series. Also contains write statements to list results of module and

individual couple calculations.

I FUNCTION SUBPROGRAM SI

Performs all interpolation or extrapolation calculations. Primarily used to evaluate

material properties which are contained in the program as temperature table values.

J. FUNCTION SUBPROGRAM DK2FK

Performs all temperature unit conversions. Performance calculations are done

in Kelvin units, but input/output may be specified in either Fahrenheit or Kelvin units

(see NZ(8)).

K. FUNCTION SUBPROGRAM WATE

Calculates module weight based on input module dimensions. Weight calculations

will include contribution of end closures if appropriate entry is made in Z(61).
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i, INPUT TO THE TEMOD CODE

A.  GENERAL

There are four categories of input data required to operate the TEMOD code.
The formats used to read these parameters have not been modified from the description
given in WANL-TME-1906. The basic categories of input data are: (1) bulk material
properties, (2) fixed point (integer) control constants; (3) floating point data, and (4) oper-

ating temperatures.

B. BULK MATERIALS PROPERTIES

Bulk materials properties include thermal conductivities and densities of all

materials in the generator, Seebeck coefficients of all thermoelectric materials, and
electrical resistivities of all materials in the electrical circuit. These properties with
the exception of densities, are introduced as tables with the property evaluated at 50°K
increments from 300°K up to 1000°K (15 values).

A listing of the material property subroutine, DATAIN, is given in Appendix A
~ along with the complete program listing. Properties for six types of thermoelectric materials
(TEGS-3N, TEGS-2N or GE-nl, TEGS-3P, TEGS-2P, temary n-type, and ternary p-type)
have been built into the code and calculations can be made using any combination of
these materials by proper selection of the control constant, discussed below. In addition
properties are entered for three types of cladding materials (stainless steel, inconel and
tantalum) and three types of conductor ring materials (iron, tungsten, and molybdenum)
are also entered and can be selected by an input control constant.

The sixteenth entry inthe thermal conductivity table for each material in the
DATAIN subroutine listed in Appendix A is the density of the material (in F;ounds per cubic
inch). These densities are used in weight calculations.

Also note that Seebeck coefficients for all thermoelectrical materials are entered
using dbsolute values. The negative Seebeck coefficients of n-type materials is handled

internally by the program logic.
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C. FIXED POINT CONTROL CONSTANTS
All fixed point data is read into a list called NZ. The list is dimensioned 50

although not all of the 50 locations are used. This list below gives the instructions that
correspond to each location in the NZ array. The method of entering numbers into this
array is unchanged from the procedures specified in WANL-TME-1906.

Table | lists fixed point coﬁfrol parameter definitions for each entry in the NZ
array. As shown in the table, the first four entries in the NZ array refer to thermoelectric
materials which must be specified for the inner and outer radial segments of both the n-
and p-legs of the thermoelectric couples. A schematic of a "unit couple" is shown in
Figure 1. This option allows performance calculations for modules incorporating radially
segmented thermoelectric washers. By specifying the same thermoelectric material to
the inner and outer segment of either leg, results will correspond to modules in which
no radial segmenting has been incorporated.

As discussed above, property tables for six types of thermoelectric materials have
been built info the code. By specifying an input control constant ranging from one to six,
the material property tables for any of the six types of thermoelectric materials can be
used in either radidl segment of either leg.

All entries designated by an asterisk in Table 1 refer to parameters which are
zeroed at the beginning of each calculational case to avoid potentially expensive (in
terms of computer time) errors. If non-zero entries are desired in change cases for any
of these parameters, the values must be reset in each changé case. Allother entries in
the NZ array will maintain their previous values for all change case, uniess changed by

entering new values in subsequent cases.
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NZ(2)

NZ(3)

NZ(4)

NZ(5)
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TABLE 1

TEMOD INPUT FIXED POINT CONTROL PARAMETER DEFINITIONS

IRITE:

The integer J specifies the material properties to be used
for the inner n-leg thermoeleciric washer segment (See
Figure 1). The code numbers corresponding to each type
of thermoelectric material whose properties are built into
the code are as follows:

1; TEGS-3N material.

2; TEGS-2N material.

3; TEGS-3P material.

4; TEGS-2P material.

]

n

il

= 5; Ternary n-type material.

[ T T S
]

= 6; Ternary p~type material.

The integer J specifies the materials properties to be used for
the outer n-leg T/E washer segment (J defined as for NZ(1)

above).

The integer J specifies the materials properties to be used for

the inner p-leg T/E washer segment (J defined as above).

The intejer J specifies the materials properties to be used for
the outer p-leg T/E washer segment of the P-leg (J defined as

above).

Output control parameter. Standard output format used
except if:

IRITE =1; NZ and £ array output suppressed.

IRITE = 2; Radial temperature profile and temperature drop
which are standard output for non-parametric calculations,

are suppressed.



TABLE 1 (Continued)

IRITE = 3; NZ and Z array; Radial temperature output
suppressed.
IRITE = 4; Output restricted to one page of input temperatures
and calculated parameters per case.

NZ(6) = NCLDH: Parameter specifying inner clad material.
NCLDH = 1; Stainless Steel 316 properties used.
NCLDH = 2 or 0; Inconel 718 properties used.

NCLDH = 3; Ta-10W properties used.
NZ(7) = NCLDC: Parameter specifying outer clad material.
NCLDC = 1 or O; Stainless Steel 316 properties used.

NCLDC = 2; Inconel 718 properties used.

NZ(8) = KFTEMP: Parameter used to specify input and output temperature units.,
KFTEMP = O; Temperatures specified and listed in ©K.
KFTEMP # 0; Temperatures specified and listed in °F.

NZ(©9) = 1Z29: Dimension input control parameter.
I1Z9 = 0; Module outer radius to be specified in Z(9) - See
Table 2.
IZ9 # 0; Radial thickness of outer T/E washer segment

- Ty in Figure 1) to be specified in Z(9) - See Table 2.

(rg
NC: Number of axial sections (complete unit couples as shown

NZ(10)
in Figure 1) in the module (300 maximum). NC = 1 for
all parametric studies in which module performance is based
on results of a unit couple operating at average clad temper-
ature conditions.
NZ(11) = NGTI: Parameter specifying type of calculations to be done.
NGT1 = 0; Open circuit and matched load calculations for
a module in which all axial sections (see N&(10), above)

are connected in electrical series and thermal parallel.
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TABLE 1 (Continued)

NGT1 = 1; Open circuit calculations only for a module in
which all axial sections (see N&10), above) are connected

in electrical series and thermal parallel.

NGT1 = 2; Matched or fixed load calculations only for a
module in which all axial sections (see NZ(10), above) are

connected in electrical series and thermal parallel.

NGTIl = 3; Open circuit calculations made for each
individual couple (axial section) with no electrical or

thermal connections between couples.

NGT1 = 4; Matched load or fixed load (see Z(19) below)
calculations made for each individual couple (axial section)

with no electrical connections between couples.

NGT1 = 5; Matched or fixed load (see #(19) below) and
open circuit calculations made for each individual couple

as in NGT1 = 3 and NGT]1 =4 dbove.

NGT1 = 6; Optimum load calculations (for maximum
efficiency) made for each individual couple (axial section)

with no electrical or thermal connections between couples.

NGT1 = 7, Optimum load and matched load calculations

made for each individual couple as in NGT1 = 6 and

NGT1 = 4 above.

Nz(12) = PCMULT: Number of couples in the module for which individual c’ouple
calculations have been specified (NZ(11) > 3, above).
Module performance is determined by multiplying appropriate

parameters calculated for individual couples by PCMULT.
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- TABLE 1 (Continued)

Results are strictly valid only for modules operating with

. uniform hot and cold clad temperatures.

NZ(13) = |NT: Method by which hot and cold clad temperatures are to be
read as input.
INT = 0; Input hot and cold clad temperature pairs for each
of the NC axial sections (see NZ(10) above).
INT = 1; Axial hot and cold clad temperature profiles
specified in previous case are used (for use in parametric
;tudies).
INT > 1; Input INT hot and cold clad thermocouple readings
and interpolation will be berformed based on axial locations
(see NZ(14)) to determine hot and cold clad temperatures

at the midpoints of each of the axial sections. This option

can be used only if NZ(11)< 3.

NZ(‘I 4) = INTTC: Parameter specifying method of reading axial locations of
| fhel:mocouples (used only if NZ(13) >1).

INTTC = O Input INT see (NZ(13)) hot and cold clad
thermocouple readings. Individual thermocouples assumed
to be uniformly spaced along circuit length of module with
the first and last couples located at either end of the circuit.
INTTC # O Input an axial distance corresponding to each
thermocouple pair. Axial distances to be entered as specified

in Section E below.

NZ(15) = ICRH: Parameter specifying inner conductor ring material.
ICRH = 1 lron properties used.
ICRH = 2; Tungsten properties used.
ICRH # 1 and # 2: Molybdenum properties used.
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TABLE | (Continued)
NZ(33) = |PUN: Parameter specifying punched output in perturbation
calculations.
IPUN
IPUN

}

0; No punched output.

1t

1; A card of output parameters punched for each
calculational case. Parameters listed are: Inner and outer
diameters, average inner and outer clad temperatures,

circuit length, load voltage, internal resistance, overall

efficiency and power output in a 1X, 2F7.3, 2F7.1, 5E10.3

format.

NZ(34) = IPDWT: Parameter specifying power density or weight calculation
output in perturbation routine calculations.
IPDWT = 0; Power density (watt/cc) calculations printed.
IPDWT # 0; Weight calculations printed.

NZ(35) = [THQ: Parameter specifying operating conditions for life test
calculations (See Section 1V).
ITHQ = Oor 1; Fixed inner (hot) clad temperature.
ITHQ = 2; Fixed or decaying heat input.

NZ(36) = |TCR: | Parameter specifying heat rejection conditions for life test

calculations (See Section V).
ITCR = Oor1; Fixed outer (cold) clad temperature.
ITCR = 2; Fixed radiator.
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NZ(16)

NZz(17)

NZ(18)

NZ(19), NZ(20), NZ(21)

NZ(22)*

NZ(23)

= ICRC

= IPIN:

= NODUMP:

= MAXIND:

"TABLE 1 (Continued)

Parameter specifying outer conductor ring material.
ICRC = 1 lIron properties used.

ICRC = 2; Tungsten properties used.

ICRC # 1 and # 2; Molybdenum properties used.

Not used.

Parameter specifyin‘g material used for power lead pins (pins
exfénding' through retainer rings at each end of module, to
which load circuit is connected).

IPIN = 1; lron properties used.

IPIN = 2; Tungsten properties used.

IPIN = 3; Molybdenum properties used.
IPIN = 4or 0; Nickel properties used.
Not used.

Control parameter used to request intermediate calculated
parameters as output.

NODUMP
NODUMP

face resistances, Joule heat, etc.) printed out after each pass

0; No intermediate information printed out.

1; A page of intermediate parameters (inter-

through subroutine couple.
NODUMP = 2; Intermediate parameters are printed out
after the final pass through subroutine couple for each axial

section.

If module current closure is not obtained after MAXIND
iterations, calculation will be terminated. If zero is entered,

MAXIND is set equal to 10.
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TABLE 1 (Continued)

NZ(24) MAXTEM: If the criterion for temperature closure is not met for any
couple after MAXTEM iterations, calculations will be
terminated for this case and a dump of selected parometers

will be given. If zero is entered, MAXTEM is set equal to 10.

NZ(25)* NPUMP: Parameter used to specify pump module parametric calculations

(See section V).

NZ(26)* NPERT: Increment on number of couples to be used in parametric

calculations (See Section 1V).

NR52PT Parameter used to allow direct calculation of optimum T/E

NZ(27)
washer segmenting radius (r5 in Figure 1) in parametric

calculations.

NZ(28), NZ(29), NZ(30) Not used.

NZ@1)* = NOPTIM Parameter used to specify temperature, load resistance, or
geometry parametric calculations. (See Section 1V).
NOPTIM = 0 Perturbation subroutine (OPTIM) not entered.
NOPTIM = 1 Standard value for perturbation calculations.
One line of output listed for each set of temperatures, load
resistance and dimensions.
NOPTIM = 2 Used for T/E washer segmenting radius
perturbations. Output listed only for optimum valve of rse

NOPTIM = 3 Temperature derivative option (See Section V).

NZ(32) = DRINCR Parameter specifying T/E washer segmenting radius pertur-
bations. DRINCR corresponds to the increment to be applied
to the inner segment thickness (in percent of the total

specified T/E washer thickness).
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D. FLOATING POINT INPUT PARAMETERS

All floating point input, except for axial temperatures, are read into a list

labeled Z. Table 2 lists the parameter to be read into each location and the method
of entering data into this array is given in the section entitled DATA CARDS. The radii
(r's) .and axial dimensions referred to in the table are shown in Figure 1.

All dimensions are in inches, resistances are in ohms and temperatures are in
°K or °F debeﬁdfng on the value entered in NZ(8). Any exceptions are specified in-
Table 2.

All entries designated by an asterisk in Table 2 refer to parameters which are
zeroed at the beginning of each calculational case to avoid potentially expensive (in
terms of computer time) errors. If non-zero entries are desired in change cases for any
of these parameters, the values must be reset in each change case. All other entries
in the Z array will maintain their previous values for all change case, unless changed

by entering new values in subsequent cases.



Z(1)
Z(2)
Z(3)
Z(4)
Z(5)
Z(6)
Z(7)

Z(8)

Z(9)

Z(10)

Z(11)

Z(12)

#(13)

Z(14)

Z(15)
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TABLE 2

TEMOD INPUT FLOATING POINT CONTROL PARAMETER DEFINITIONS

= R(1)

= DR (1)
= DR(2)
= DR(3)
= DR(4)
= DR(6)
- DR(7)
= DR(@8)

= R(9)
= DR(5)

= ZLI
= ZLN

= ZLP

= HC

= TOLTEM:

Inside radius (r]) - inches.

Radial thickness of inner clad (r2 - r]). See also Z(24).
Radial thickness of inner insulating sleeve (r3 - r2).
Radial thickness of inner conductor ring (r4 - r3).

Radial thickness of inner T/E segment (r5 - r4).

Radial thickness of outer conductor ring (r7 - r6).

Radial thickness of outer insulating sleeve (r8 - r7).
Radial thickness of outer clad (r9 - rs). See also Z(25).
Outside radius for if NZ(9) = Q.

Radial thickness of outer T/E segment, (r6 - r5), if NZ(9) # 0.
Axial length of insulating rings.

Axial length of n-leg, T/E washer.

Axial length of p-leg T/E washer. If zero is entered in this
location, the axial length of the p-leg is calculated to

optimize efficiency. See also Z(29).

Thermal contact coefficients of hot insulating sleeves

interfaces (Typically zero).

Thermal contact coefficients of cold insulating sleeves

interfaces (Typically zero).

Tolerance to which temperatures must agree from one
temperature iteration to the next to meet convergence

requirement (TOLTEM = .001 if zero is entered) - See



Z(16)

Z(17)

Z(18)

Z(19)*

Z(20)

Z(21)

£(22)

#(23)

TOLCUR:

TPIN: -

RPIN:

RLOAD:

RECONC:

RECONH:

ZKEND:

RRREF:

TABLE 2 (Continued)

- -Equation 41 of WANL-TME-1906.

Tolerance to which current must agree from one current
iteration to the next to meet convergence requirement.
(TOLCUR = .001 if zero is entered) - See Equation 45
of WANL-TME-1906.

Temperature at which electrical resistance of power lead
pins (2(18)) has been evaluated. TPIN = 700°K (800°F)
if Z(18) = 0. '

Electrical resistance of power lead pins connecting T/E

circuit to external power leads.

Load resistance. RLOAD = Internal generator resistance,
i.e., matched load, if zero is entered and load calculations

are Specified.

Contact resistivity coefficient of cold iron connector interfaces
(See KINT in Equation 1 of WANL-TME-1906). Typically
RECONC = 0.

Contact resisfivify_ coefficient of hot iron connector interfaces
(See KINT in Equation 1 of WANL-TME-1906). Typically
RECONH = 0.

Overall conductance of both module end closures (watts/ °K

if NZ(8) = 0; watts/°F if NZ(8) # 0).

Inner-to-outer clad radius ratio (rg> /r]) at which end
closure conductance, ZKEND, is evaluated. RRREF is used
to scale ZKEND in parametric analyses in which radial

dimensions are varied.
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Z(24)

Z(25)

Z(29)

Z(30)

Z(31)

Z(32)

Z(33)

Z(34)

CID:

COD:

ZNPERT:

£NMIiN:

QREQ:

ZLNLP

PEREQ:

VREQ:

ZLREQ:

THINC:

TCINC:

Astronuclear
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TABLE 2 (Continued)

Ratio of inner clad thickness to module inner diameter.
This parameter is used for parametric analyses in which the
I.D. is being varied and is used to calculate DR(1) for each

case. #(2) must be set equal to zero.

Ratio of outer clad thickness at module outer diameter. This
parameter is used for parametric analyses in which the module
O.D. is being varied and is used to calculate DR(8) for each

case. #(8) must be set equal to zero.

Increment for the n-leg axial thickness, ZLN, in parametric

calculations (See Section V).

Ade » ] e 1 .l e | e d . . PR 2 i RN R
Minimum n-ieg axiai thickness, ZLN, in parameivic calcula-
tions (See Section 1V).

Required module heat input rate (watts) in parametric

calculations in which total heat input is specified.

Specified ZLN/ZLP ratio, used only if 2(12), ZLP, is

set equal to zero.

Specified power output for parametric calculations (See

Section V).
Specified module load voltage for parametric calculations.

Specified total module length for parametric calculations.

(#(32) = 0 if couple axial dimensions are specified).
Increment for TH in temperature perturbation calculations.

Increment for TC in temperature perturbation calculations.
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Z(35)
Z(36)

Z(37)

Z(38)

Z(39)

Z(40)

Z(41)

Z(42)

Z(43)

Z(44)*

THMAX:
TCMAX:

DTMIN:

DRMIN:

RIINC:

ROINC:

RIMAX:

ROMAX:

PWRDEN:

QINPC:

TABLE 2 (Continued)

Maximum T, to be used in temperature perturbations.

H

Maximum TC to be used in temperature perturbations.
Minimum radial temperature drop (TH - TC) for which
calculations are to be performed.

Minimum T/E washer radial thickness for which calculations

are to be performed.

Increment for module inner radius.

If NZ2(9) = 0, ROINC is the perturbation increment
applied to the module outer radius, For

If NZ2(9) # 0, ROINC is the perturbation increment applied
to the outer T/E washer radial thickness, AR5.

Maximum module inner radius, rye for which calculations

are to be performed.

If NZ2(?) = 0, ROMAX is the maximum module outer radius,
for for which calculations are to be performed.
If NZ(9) # 0, ROMAX is the maximum outer T/E washer

radial thickness, AR

s for which calculations are to be per-

formed.

Fuel specific power density (watts/cc). Fuel is assumed to
fill volume enclosed by the 1.D. of the module inner clad.

TH will be calculated for cases in which PWRDEN > 0.

Specified heat input rate (watts) for each couple. TH will

be calculated for cases in which QINPC > 0.
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Z(45)

Ik

Z(46)

Z(47)*

Z(48), Z(49)

Z(50)*

Z(51)*

Z(52), £(55)

Z(56) =

Z(57) =
Z(58) =

Z(59) =

Z(60)

QGAM:

RLPERT:

RLMAX:

ZLIBRH

ZLIBRC

HRINC:

HRMAX:

HFLF:

TREJ:
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TABLE 2 (Continued)

Amount of gamma heat generated within the lead telluride
of each couple in an internally fueled gamma emitting isotope
configuration. This parameter must be determined by an

independent gamma heat shielding analysis.

Increment for load resistance (Z(19) applied in perturbation

subroutine. No perturbation performed if RLPERT = 0,

Maximum load resistance for which calculations are to be

performed in load resistance perturbation subroutine.
Not used.

Axial thickness of the tungsten foil diffusion barriers incorpor-

ated in the insulating washers in annulus D of Figure 1.

Axial thickness of the tungsten foil diffusion barriers incorpor-

ated in the insulating washers in annulus E of Figure 1.

Not used.

Increment (hours) to be used in time increment calculations

(See Section 1V).
Maximum time (hours) to be used in time increment calculations.
Half life (years) of isotope fuel in time increment calculations.

Ambient heat rejection temperature to be used in time
increment calculations performed for fixed radiator configur-

ation (See Section V).

Not used.



TABLE 2 (Confinued)

Z(61) = WTCON:  Ratio of module end closure weight to cross sectional area
of module (pounds per in2).
Z£(62), Z(70) Not used.

- Z(70 + J)** Percent increase desired in Seebeck coefficient of Jth

thermoelectric material where J =1 to 6 (See NZ(1)).

(80 + J)** " Percent increase desired in resistivity of the Jth thermoelectric

material where J =1 to 6 (See NZ(1)). -

Z(90 = Jyx* Percent increase desired in thermal conductivity of the Jth

thermoelectric materia.| where J = 1 to 6 (See N£(1)).

** These entries refer to percent increase per 1000 hours in life test calculations to
account for module degradation as a function of time as discussed in Section |V

of this report.
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E. DATA CARDS, ORDER AND FORMATS

1. Comment Card

The first data card read into the program is a comment card. This comment

should identify the case being run and will print out at the top of each page of output.
The card is read using a 18A4 format so that the comment is restricted to a maximum of

72 spaces and should be centered in the 72 space field on the data card.

2. Fixed Point Data for NZ Array

Immediately after the comment card, fixed point data are read. A maximum

of eleven (11) entries in the NZ (fixed point data)list may be made on one card. The
format used in reading fixed point data is FORMAT (312, 113X, I3)).

The first two digit integer refers - to the number of pieces of data given
on the card. This must be a number form 0 to 11. Any entry other than zero in card columns
3 - 4 indicates that no more fixed point data will follow the card being processed. The
two digit integer in card columns 5 - 6 indicates the NZ subscript of the first piece of
data on the card being processed. The remaining input data centered on each card are

entered sequentially into the NZ array.

3. Floating Point Data for Z Array

After processing a fixed point data card with an entry in card columns 3 - 4,
the floating point data are read. A maximum of six (6) entries in the Z list (floating
point data) may be made on one card. The format used to read this data is: FORMAT
(312, 6F12.6). The first two digit integer refers to the number of pieces of data given
on the card. This must be a number from O to 6. Any entry other than zero in card columns
3 ~ 4 indicates that no more floating point data is to be entered into the Z list after the
present card is processed. The two digit integer in card columns 5 - 6 indicates the Z
subscript of the first piece of data on the card being processed. The remaining data on

the card are entered sequentially into the Z array.
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4. Temperature Data

The method used to input clad temperature data is determined by the control

variable entered in NZ(13). All temperatures must be entered in Kelvin units. Three

options are available for specifying temperature data.

a.

NZ(13) = 0. If NZ(13) has been set equal to 0, hot and cold clad tempera-
ture pairs for each axial section must appear immediately after the first
floating point data card with a non-zero entry in card columns 3 - 4,

The- number of temperature pairs to be read is the number previously

entered in NZ(10).

Six temperatures pairs are read per card using a 12F6.5 Format. The

first temperature of each pair must be the hot clad temperature. In the
event that a zero is encountered in any of this temperature input datq,

an error message is printed and all calculations for the case are suppressed.
Hence it is possible to make an input error for one case without affecting

the following cases.

NZ(13) = 1. In the event that the effects of geometry variations are
being investigated (as in parametric studies), it is often desired to run
many cases using the same clad temperatures. If the number entered

in NZ(13) is 1, no further data cards are read after the final card
entering data in the Z array. The code uses the temperature data entered

in the previous case.

NZ(13) > 1. This option is used to calculate the performance of a module
for which experimental clad temperature measurements have been made

at various locations along each clad. If NZ(13) has been assigned greater
than 1, the computer will interpolate on input hot and cold clad thermo-
couple readings to determine the hot and cold clad temperatures of each
axial section. The number entered in NZ(13) corresponds to the number
of hot and cold clad thermocouple pairs (not to be confused with the

number of thermoelectric couples in the module) to be read.
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In order to perform the interpolation, of course, it is necessary to specify
_the axial location of each of the thermocouples. These locations are
specified as the distance (in inches) from the leading edge of the first

axial section of the module.

Since standard thermocouple instrumentation is used for most modules
tested in the Compact Thermoelectric Converter program, the axial
locations of these standard thermocouples are built into the code. By
assigning NZ(14) = 0, the thermocouples are assumed to be uniformly
spaced along the circuit length of the module with the first and last
couples located at either end of the circuit. In this case, the first card
(or set of cards) after the Z array data cards must contain the hot clad
temperature data. The next card (or set of cards) must contain the cold
‘clad temperature data. All of these cards use a 12F6.5 Format.

To specify externally the thermocouple |ocafi§ns, the number of thermo-
couple pairs must be the number entered in NZ (13). If NZ(14) has
been assigned any value other than zero (and if NZ(13) has been assigned
a number greater than 1) the computer will begin to read axial locations
for each thermocouple pair immediately after reading the last floating

point data card.

After reading the thermocouple locations, the computer will read INT
(the number entered in NZ(13)) hot clad thermocouple temperatures and
the INT cold clad temperatures. Each of the three lists begins on a new

data card and each card uses a 12F6.5 Format.

A zero entry in either the hot or cold clad thermocouple data is used to
indicate the absence of a thermocouple reading at a particular location.
When performing the interpolation to determine the temperature at the

mid-point of each axial section, all zero entries in the temperature lists

are ignored.
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- 5. Multiple Case Runs
Multiple runs can be made using TEMOD by simply stacking sets of input

data. After reading all the input data for a given case, the calculations are performed
and the output listed. The computer returns to input to search for another comment card.
If none exists, calculations are terminated.

- . With the exceptions noted in Sections C and D above, entries in the Z array,
NZ array and axial temperature profiles are not zeroed from one case to the next. Hence,
it is normally not necessary to reread any data which has not changed from one case to

the next. Only the parameters which are changed from the previous case need be read

n.

Care must be taken, however, to include a comment card, at least one
card with fixed point data and one with floating point data for each case. If, for example,
no floating point parameters change from one case to the next, a dummy card with only

an entry in card column 4 must be included in the data cards in place of the floating point

data card.
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V. PARAMETRIC CALCULATIONS

A, GENERAL
"~ The TEMOD code has been written to allow various type of parametric calculations
to be performed. Incrementation of parameters (i.e. operating temperatures, load resistances
and component geometries) is done automatically by the code eliminating the need for
voluminous input data decks. In addition, the output for these types of calculations is
restricted to one line per case. Provisions have been made to allow specifications of
module operating parameters such as electrical power, voltage, and/or heat input to
meet required module design operating conditions. These conditions are met internally
using program logic to calculate the required number of thermoelectric couples and/or
module circuit length.
In each case, the calculations are made on a unit couple (see Figure 1). Thus,
in each-parametric calculation case, the control parameter NZ(10) should be set equal
to 1 and one set of temperature pairs should be entered.
The control parameters, geometry and operating temperatures for the first
case of each parametric calculation must be set in accordance with instructions given in
Section Il of this report. The pertinent control parameters which must also be set for

each type of parametric calculation is discussed below.

B. TEMPERATURE PARAMETRIC WITH SPECIFIED GEOMETRY

This option is normally used to determined performance of a specific type of

module operating over a wide range of average hot and cold clad temperatures. In addition
to the control parameters required to specify the module component materials and dimensions,

the following entries are required to perform this type of parametric:

1. Set NZ(31)=1.

2. Set Z(31)=2Z(32)=0.

3. Set Z(33) through Z(36) equal to the appropriate values as listed in Table 2.
4. Sei’ the initial temperature pair at the lowest hot and cold clad levels of

interest in the parametric.
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C. LOAD RESISTANCE PARAMETRIC WITH SPECIFIED MODULE
" This load is used to calculate load curve characteristics of a specific type of

module at a specific set of operating temperatures. The results, of course, will show that
the power output will approach zero as the load resistance approaches either limit (zero
or infinity) and that maximum power occurs at the point where the load resistance very
nearly equals the generator resistance, i.e. matched load. (For calculations performed
at fixed hot and cold junction temperatures, maximum power would occur precisely at
matched load. However since the module performance calculations are made at fixed
clad temperatures and since the junction temperatures do vary as the load resistance varies,
the maximum power point does not occur precisely at matched load. Since the deviation
between matched load power and maximum power is extremely small, no distinction is
made between the two and an option has been built into the code to allow a direct
determination of the matched load performance eliminating the need for running a load
pararﬁetric.)

The load parametric calculations will also indicate that the load resistance
at which module efficiency is optimized (defined as "optimum load") is approximately
20 to 30 percent higher than the module internal resistance. An option has also been
built into the code to allow a direct determination of optimum load performance without
running a load parametric.

Load resistance parametrics may be specified over a narrow or a wide range
of resistance values. A parametric with a step size and increment range resulting in
more than 200 separate cases is considered a wide range parametric. In the wide range
calculations, the increment size is increased by a factor of ten after every ten calcula-
tions. This allows the parametric to cover an extremely wide range of resistance with
only ten calculations for each order of magnitude.

In addition to the control parameters and input data required to specify the
module component materials and dimensions, the following entries are required to perform

the two types of load resistance parametrics:
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Narrow rdnge parametric:
a. Set NZ(31) =1

b. Set Z(19) equal to the initial (lowest) load resistance level.

c. Set Z(46) and Z(47) equal to the appropriate values.

2. Wide range parametric: set all parameters as described in (1) above except
Z(46) = 0. |
D. TEMPERATURE PARAMETRIC WITH SPECIFIED VOLTAGE AND CIRCUIT LENGTH

This option allows parametric calculations to be performed to determine optimum

module dimension for applications in which a load voltage and total circuit length has

been prescribed. For these calculations, the number of thermoelectric couples required

to meet the voltage specification at either matched or optimum load conditions is determined

internally for each set of operating temperatures.

In addition to the control parameters and input data required to specify the module

component material and dimensions, the following entries are required to perform this type

of parametric:

1.

Set NZ(I'I) = 4 or 6 (matched or optimum load calculations).

2. Set NZ(31)=1
3. Set Z(12) = 0. to allow p-leg axial thickness to be optimized with respect
to n-leg thickness for each set of operating temperatures.
4. Set Z(19) = 0. (A specification of load resistance, length, and voltage
amounts to an overspecification of the module performance).
5. Set Z(31) through Z(36) equal to the appropriate values as listed in Table 2.
E. PARAMETRIC ON NUMBER OF COUPLES WITH SPECIFIED LOAD VOLTAGE

AND CIRCUIT LENGTH

This type of parametric is very similar to D above, except the load voltage

specification is met in each case by setting the load resistance equal to the appropriate

value. This, of course, is done internally for each case by the program. This option is

intended for use in applications where operating temperatures have been established by
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system operating constraints, hence, temperature parametrics should not be attempted.
1. Set NZ(12) =1 (the minimum number of couples required to achieve'fhe
specified lead voltage is determined by program logic).
Set NZ(26) =1 (the normal desired increment on the number of couples).
Set NZ@3T) =1,
4, | Sef Z(12) = 0. To allow p-leg axial thickness to be optimized with respect
to n-leg thickness for each case.
‘5. - Set Z(27) equal to the minimum n-leg thickness to be considered (this
corresponds to a specification of the maximum number of couples and
* determines when the parametric calculations will be terminated). Z(27) =
.020 inch if no value is input.
Set Z(31) and Z(32) equal to the appropriate values as specified in Table 2.
Set Z(33) through Z(36) equal to zero.

N

F. P,ARAME.TRIC CN N-LEG/P-LEG AXIAL THICKNESS RATIO WITH SPECIFIED
CIRCUIT LENGTH

The code has been written to allow a direct determination of the optimum n-leg/

p-leg axial thickness ratio. This option, however, allows a determination of the effects of
varying this ratio on module performance.

In addifion. to the control parameters and input data required to specify the
module component materials and initial case dimensions, the following entries are required
to perform this type of parametric:

1. Set NZ(12) equal to the number of couples in the module.

2, Set NZ(26) equal to the number of washer thickness perturbations required.

3. Set NZ(31)=1,

4. Set Z(11) and Z(12) equal to the initial n- and p-leg washer axial thicknesses

5. Set Z(25) equal to the length by which the n-leg washer thickness is to

be increased and the p-leg washer thickness decreased in each perturbation.
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C. PARAMETRIC ON NUMBER OF COUPLES WITH SPECIFIED LOAD VOLTAGE
HEAT INPUT OR POWER OUTPUT

In many module applications, system constraints govern the module voltage and

heat input or power output requirements. For a given set of operating temperatures,

the optimum module meeting these requirements can be determined using a parametric
routine built into the code. In this routine, the number of couples in the module is
increased from the minimum number required to produce an open circuit voltage greater
than the required voltage to a maximum number which is determined primarily by
fabrication limits (minimum thermoelectric washer thickness). The total thermoelectric
circuit length is dictated, primarily, by the heat input or power output specification.

In addition to the control parameters and input data required to specify the
module component materials and initial case dimensions, the following entries are required
to perform this type of parametric:

1. Set NZ(12) =1 (the minimum number of couples required to achieve the

specified load voltage is determined by program logic).

2, Set NZ(26) =1 (the normal desired increment on the number of couples).

3. Set NZ(31)=1.

4. Set Z(12) = 0 to allow p-leg axial thickness to be optimized with respect

to n-leg thickness for each case.

s, {Ser Z(28) equal to the desired module thermal power input, or

Set Z(30) equal to the required electrical power output.

6. Set Z(31) equal to the desired load voltage.

7. Set Z(32) through Z(36) equal to zero.

H. PARAMETRIC TO DETERMINE OPTIMUM SEGMENTING RADIUS, re

For many applications, it is desirable to use radially segmented thermoelectric
washers in either the p- or n-legs of the module. Thermoelectric materials can be doped
at different levels to provide maximum conversion efficiency in different operating
temperature ranges. Using a material doped for optimum performance at high temperatures

in the inner segment of each thermoelectric washer, and an alternate material composition
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providing optimum performance at-lower temperatures in the outer segment of each thermo-
electric washers can provide efficiency improvements. Given two types of n-type and/or
two types of p-type material, then, there is an optimum radius at which the materials can
be segmented. An option has been provided to allow a determination of this optimum
segmenting radius.

Since the optimum segmenting radius is a function of the module operating tempera-
tures, this parametric option may be used in conjunction with the temperature parametric |
option discussed in (B) above.

In addition to the control parameters and input data required to specify the module
component materials and initial case dimensions, the following entries are required to perform
this type of parametric:

1. . Set NZ(31) =0.

2. Set NZ(32) equal to the increment to be applied to the inner segment

thickness in percent of the total specified T/E washer thickness. Normally
N=#(32) = 5 provides adequate calculational resolution to determine the optimum
segment radius.

3. Set Z(5) = 0. This initializes the segmenting radius such that the radial

thickness of the inner T/E washer segment is zero.

4, Set £(28) through #(32) equal to zero.

5. Set £(33) through Z(36) equal to the appropriofé values listed in Table 2

to allow operating temperature perturbations. N
6. Set the initial temperature pair at the lowest hot and cold clad levels of

interest in the parametric.

With this deck setup, a line of output will be listed for each segmenting radius.
The first case (or line of output) for each temperature pair will correspond to a zero thickness
outer T/E washer segment, i.e. ‘
100(r, - r

"6 5)

T = 0 pct. (See Figure 1).
6 "4
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or

100 ‘(r5 - .r4)

=100 pct.
o = T4

The final case for each temperature pair will correspond to a zero thickness

inner T/E washer segment.

100 (r6 - r5)

= 100 pct.
l'6 - I'4
or
100(r, - r,)
S 4 =  0Opct.
6" 4

Since normally interest is restricted to the optimum segmenting radius only,
an alternate form of this parametric can be used to reduce both the amount of output and
the required computer time to perform the parametric. This option is specified in a manner
identical to that discussed above except NZ(31) is set equal to 2. With this option
incrementing of the inner washer thickness is performed until a maximum efficiency has
been obtained, a line of calculated parameters corresponding to this optimum geometry is

printed, and the temperatures are then incremented and the procedures repeated.

l. TEMPERATURE DERIVATIVE CALCULATIONS

During the course of reduction and analysis of experimental data from modules

being tested, it has been found necessary to eliminate performance variations resulting
from minor temperature fluctuations. For each experimental data set, it is desirable to
determine analytically what the performance parameters would have been if the module
had been operated at the exact prescribed operating temperatures.
This determination can be made by determining the derivatives of the primary
_ performance parameters (i.e. effective Seebeck coefficient, a, internal resistance, Rg,

and thermal impedance T1) with respect to hot and cold clad temperatures.
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A routine has been provided in the code to allow this evaluation. Calculations
are performed at 25°F increments on either side of the design hot TH’ and cold TC'
clad temperatures. The parameters

» R R
3 & X %% 99 9T Y .4 3T
o7 oT 97

T oT .d
Hi)e o e, Tk Tc/c, Tk Te £
c’ H c H c H

are computed and listed on the basis of these calculations. In these expressions, the effective

Seebeck coefficient is defined:

where voc is the module open circuit voltage, and the thermal impedance is defined
Tl = ——TH _ TC !
4 Q

where Q is the total module heat input.

In addition to the control parameters and input data required to specify the module
component materials and initial case dimensions the following entries are required to
perform this type of parametric:

1. Set N&(1 1) =4, (The calculations are typically performed under matched

load conditions except in the case of open circuit tests.)

2. Set NZ(31)=3. |

Set #Z(28) through Z(36) = 0.

4. Set the input temperatures at the design operating levels of the module.

J. RADIAL GEOMETRY PARAMETRICS

Quite often it is desired to perform any of the parametric options discussed above

for a family of modules with varying overall radial geometries. For this reason an option
is provided in the code to allow the radial geometry incrementation to be handled internally

by the code.
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Provisions have been made to allow perturbation of the module inner radius and
module outer radius or lead telluride radial thickness. Both of these geometry incrementing

options may be used in conjunction with any of the parametric routines discussed previously.

1. Inner Radius/Outer Radius Parameters

In addition to the control parameters and input data required to specify the
module component materials and initial case dimensions, along with the entries to perform
any of the previously discussed parametric calculations, the following entries are required
to perform the radial geometry parametrics:
a. Set NZ(?) =0 (See Table 1).
b. Set Z(1) equal to the smallest inner radius of interest.
c. Set Z(2) =0. Inner clad thickness should be scaled linearly with module
inner radius as specified by Z(24).
 d. Set Z(8) =0. Outer clad thickness should be scaled linearly with module

outer radius as specified by Z(25).

e. Set Z(9) equal to smallest outer radius of interest.

f. Set Z(23) through #(25) equal to the appropriate values as specified in
Table 2.

g. Set Z(38) equal to the minimum T/E washer radial thickness for which
calculations are fo be performed. This is necessary since there may be
o combinations in the range of interest corresponding to negative
or very small T/E washer thicknesses. A substantial amount of computer
time may be required to achieve temperature convergence on these cases
of little or no interest.

h. Set Z(39) through Z(42) equal to the appropriate values as specified in

Table 2.
i. Set 2(61) equal to the appropriate value as specified in Table 2.
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2, Inner Radius/Thermoelectric Washer Radial Thickness Parametrics

This option is very similar to (1) above except that the outer radius of the
module is controlled by the specified T/E washer thickness. All parameters should be set
as discussed in (1) above except the following:

a. Set NZ(9) =1 (See Table 1).

b. Set Z(9) equal to the smallest T/E washer radial thickness of interest.
Set Z(38) = 0.

d. Set Z(42) equal to the maximum T/E washer radial thickness of interest.

o

K. PUMP MODULE PARAMETRIC STUDIES

An option has been built into the TEMOD code to allow a determination optimum

dimensions for tubular modules designed to provide electrical power for electromagnetic
pumps. Since electromagnetic pumps require high current/low voltage power, typical
pump modules have extremely low internal resistances. For this reason, inner and outer
conductor ring radial thicknesses are very critical and optimum thicknesses must be
determined parametrically.

The parametric routine included in the code requires a specification of required
current and load voltage along with operating temperatures. The radial thicknesses of
the inner and outer conductors and thermoelectric washers are each varied independently.
Axial dimensions for each case are calculated on the basis of meeting the required current
and voltage specifications. _

In addition to the control parameters and input data required to specify the module
component materials and initial case dimensions, the following entries are made to perform
this type of parametric:

1. Set NZ(?) = 0. (See Table 1),

2, Set NZ(25) equal to the desired number of perturbations to be performed

on each conductor and T/E washer radial thickness.
3. Set Z(4), 2(5), Z(6) and Z(9) equal to the appropriate minimum values of

interest.

D-34



Astronuclear
Laboratory

4. ‘Set Z(8) = 0. Since module outer radius will vary in parametric, outer clad
thickness should be scaled linearly with rg as specified by 2(25).

5. Set Z(12) = 0. Program logic will determine the axial thickness of the T/E
washers required to achieve voltage and current specifications for each case.

6. Set Z(19) = 0. Although the input voltage and current specify a load resistance, -
this value is calculated internally.

7. Set Z(23) and £(25) equal to the appropriate values as specified in Table 2.

8. Set £(30) equal to the specified power output (the product of the specified
current and voltage).
Set Z(31) equal to the specified voltage.

10. Set Z(40) equal to the radial increment to be applied to the conductor rings.
The T/E washer increment is half as large as the conductor ring increment.

11. " Set Z(61) equal to the appropriate value as specified in Table 2.

L. CALCULATION OF PERFORMANCE AS A FUNCTION OF TIME

During operation of thermoelectric generators various factors can produce performance

variations as a function of time. Obviously, if the operating temperatures vary, the perfor-
mance will be affected. These temperature variations can be caused by externally controlled
modification or by a decay of the fuel in the case of an RTG application. In the latter
case, the module cold clad temperature will vary as the amount of heat to be radiated
is reduced. '

In addition to operating condition variations, module perfoﬁncmce is affected by
a degradation process. The effects of this process can be simulated by modifying the thermo-
electric material properties in the appropriate manner. In lead telluride generators these
effects are simulated in increasing the resistivity of the n-type thermoelectric material
to compensate for the diffusion of tellurium into the material. The rate at which the resisti-
vity increases is a function of operating temperatures and washer axial thickness, and must
be given as input to the calculations. Provisions are also included for modifying any of the

other themoelectric properties in a similar manner.
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In addition to the control parameters and input data required to specify the module

component materials and dimensions, the following entries are required to perform this

type of calculation: -

1.

N oo o oA

10.

Set N2Z(35) equal to the appropriate value discussed in Table 1 to specify
either constant TH or heat input conditions.

Set NZ(36) equal to the appropriate value discussed in Table 1 to specify
either constant TC or fixed radiator calculations.

Set Z(19) if fixed load resistance calculations are required (Z(19) = 0 for
matched load).

Set Z(31) if fixed load voltage calculations are required.

Set Z(56).equal to the desired time increment (in hours).

Set Z(57) equal to the maximum time (hours).

Set 2(58) equal to the isotope half life (in years) if heat decay calculations
are desired.

Set Z(59) equal to the heat sink temperature if fixed radiator calculations
are desired.

Set Z(71) through Z(100) equal to the appropriate T/E material property
rate of change as specified in Table 2. Rates of change to specified as

percent change per 1000 hours.

Set temperatures at the beginning-of-life levels.
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V. TEMOD FORTRAN PROGRAM LISTING

PROGRAM TEMOD (INPUT,QUTPUT,PUNCH,TAPE SsINPUT,TAPE 6=QUTPUT,

1 TAPE 72PUNCH) 4
ODOOOQco!...o..oloCHARLEs RDSE...O.....OOQ.BLDG. 2...9....'..0..!..
DIMENSTON NZ(S0J),Z(100),XTHERM(30),THERMC(30), THERMH(30),HD(6,8),

1 HD1(8),HD2(8)HD3(16,2),ASTAR)(2),Z0PMAX(5), ZOPT(S),20PT1(S),

2 CKF1(2),CKFe(2), THKF (2)

COMMON /TITLE/FETM(3),CASCAD(8,2)SSIN(3),CMT(25),COND(3,5), TEMKF,
1 CRMD(2,2),I3N,1I2N,13P,12P

COMMON /MDLIF/HRS, HRINC,HRMAX,HFLF,RADPCT,ITCR,ITHG

© COMMON/TERIT/DTAV,0HM,0CY,RLOAD,QMOD, TCAV

93
94

COMMON /MDCPOP/RAD(9),DR(8),TEMP(9,300),V0C(300),RPC(300),PE(300),
QT (300) ,NOPTIM)VPC(300),RLPC(300),DTMOD(300),CUR(300),LNRAD(9)"
LLPyZLNyZLIZLNLP, ZLPNI,ZLTEsNGTLyNGT2, ITPERT,PCMULT,NODUMP, IVD,
GGEN,RGENL,GTE»QOUT,Z1D,20D,ZKEND)ZK9,ZKR,RPPC,RPN, TOLTEM, TREJ
VREQ,PEREQ@,ZLREQ, WTCON, ZLPN, IDUMZ,RN,DGRF,DGTRF,DGLRF,RADK, JOUMP,
DP(30),NC

COMMON /MODCPL/CURMDD(15),IT(300),DTTE,CONRN,CONRP,ZLIP,»INC,

1 ALR64,MAXTEM, QGAM,CGAM, INDI,RINTY4,RINTH,RCONG,RCON6,CIFEH,CIFEC,

2 CONST31,CONST2,CONST3,CONST4,CONSTS,NRSOPT,SEGTE, ICRMDL ,RADC
COMMON/TEFO/NCLDOC,NCLDH,) ICRH, ICRC,IPIN,ZLIBRH)ZLIBRC,TPIN,RPIN
COMMON /MUDOPT/IPDWY, DR4,DRINCR,IRITE,DRTE,JOPTIM,129,IENDK,IPUN,

1 RIINC,ROINC,RIMAX,ROMAX,DTMIN,QREQ, THINC, TCINC, TCMAX, THMAX

2)NPERT, ZNPERT,CKFP,CKFT,CTEOC,CTEIC/,DELTL,RLPERT,RLMAX,ZNMIN,Z98AV
COMMON/TEPMP/NPUMP,DRS,C0ODR
EQUIVALENCE (HD3(20),ASTARLI(1))

DATA HD/4HINNE,4HR CL/,4HAD ,4H s 4H v 4H ’

Nt & WV e

GHINNE)4HR IN,4HSULA,UHTING, 4N RIN,4HG ’
4HHOT ,4H SID,UHE CO,4HNDUC,4HTUR ,4HRING,
4H ¢ GHINNE  4HR T/,4HE WA, 4HSHER,4HS
4H ¢ QHOUTE ) 4MR T/ ,4MNE WA, 4HSHER,4HS ’

4HCOLD,4H SID,4MHE CO,4NNDUC,4HTOR ,4HRING,

4HOUTE, 4HR IN,4HSULA,dHTING,4H RIN,4HG ’

GHOUTE, 4HR CLs4HAD oiM oIH »1H /,TMKF/1HK,1HF/,KASEL1/1/,
8 HD1(2)/2HBN/,HD1(7)/2HBN/,HD2/3%1H ,2%1H»,321H /,HD3/2021H ,1H*,
9 62x1H ,2%1H»,3x4H /,N2/50%0/,2/100%0,/,CKF3/0,,459,6/,CKF2/1,,1+8/
REAL LNRAD

FKEK(T)®(T+CKFP)/CKFT

CIDSCLOCK(CMT(21),CMT(22),CMT(23))

READ (S+94) (CMT(K),K53,20),ASTnP

FORMAT (18A4,7X,A1)

1(19)=0,

Z(““)!O.

N s WV~
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2(45)=0.
L(47)=0,
Z(50)=0,
2(%1)=0,
Z(62)=0.
. L(el)=0,
Do 90 170,100
90 2(1)=0,
"WGENSO,
LKR=0,
CURMOD (1) =0,
N2(20)=0
NZ(22)s0
N2(25)=0 -
NZ(26)=0
NZ(31)=0
ITPERT=0
INDI=O
LNDUMP=0
IvD=l :
IF (ASTOP,NE.HDE2(})) STOP
C = READ FIXeD POINT INPUT DATA
95 READ (S5+91) NoLeJy (IT(I),I=1,N)
91 FUORMAT (3I2,11(3%x,13))
JaJe=l]
00 92 I=s1,N
92 NZ(I+J)=1T(1)
C = READ FLOATING POINT INPUT DATA
IF (L,FQ.0,AND,N,NE,O) GO TO 95
3 READ (5,2) NyL,J,(YPC(I),I=1,N)
e FORMAT (1X,11,212,6E12,6)
Jsd=1
D0 4 I =s1,N
4 Z(I+J)=VFC(I1)
IF (LoFEQ.O+.AND N NE,O) GU TO 3
C = DETERMINE TYPE OF MATERIAL SPECIFIED FOR EACH T/E SEGMENT
I3NaNZ (1)
12N = NZ(2)
13P=NZ(3)
- IeP a NZ(4)
IRITE=NZ(S)
NCLDH=NZ(6)
NCLDC=NZ(7)
KFTEM=1
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32

IF (NZ(8) ,NE.O) KFTEM22
CKFPsCKFI(KFTEM)
CKFTasCKF2(KFTEM)
TEMKF=TMKF (KFTEM)

1729s1

IF (NZ(9),NE,O0) 129s2
NC=MAXO(NZ(10),1)

INC = NC

NGT1aNZ(11)
PCMULT=AMAXO(NZ(12),1)

IF (KASE1,EQ.,1,AND,NZ(13),EQ,1) NZ(13)=s0

INT = N2(13)
INTTC=NZ(14)

ICRHaNZ2(19)

ICRC=aNZ(16)
IPINSMINQ(NZ(18),4)

IF (IPINJ.LE.O) 1PINmyg
NXTRP = MINO(MAXO(NZ(19),1),5)
SEGTE=10,

IF (NZ(21).NE.0) SEGTEsNZ(21)
NODUMPaNZ (22)
JDUMPENDDUMP =1
MAXIND=MAXO(NZ(23),10)
MAXTEM=0

IF (NZ(24),67,10) MAXTEMaNZ(24)=10
NPUMP=NZ (259)
NPERT=NZ(26)

NRSOPTaNZ (27)
NOPTIMaNZ(31)

IF (NOPTIM,G6T,.0) NCsmi
ODRINCRz 01 *FLOAT(NZ(32))
IPUNaNZ(33)

IF (NZ(34),NE,0) IPDWTs?
ITHAsMAXO(NZ(35),1)
ITCREMAXO(NZ(36),1)
ICRMDL=aNZ(S0)

JOPTIMsO

ISECTng

IPOWT=Y

RAD(1)s2(1)

DR(1)=7(2)

DR(2)32(3)

DR(3)=7(4)

DR(4)=Z2(5)
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15

DR(6)=2(6)

DR(7)s2(7)

DR8=7(8)

£9SAv=72(9)
ZLI=AMAX1(Z(10),1,0E=10)
LLNEZ (1Y)

LP=2(12)

HH=Z2(13)

HC=2(14)
TOLTEM=zAMAX1(Z2(15),,001)

IF (NGT1.EG.2) TDLTEM=10.#THLYEM
TOLCUR=Z(16)

IF (TOLCUR,LE.O.) TOLCUR=,001
TPINsFKeK(Z2(17))

IF (TPINL.LE,.2956.) TPIN=700,
RPIN2Z(18)

RLDAD=Z7(19)

RECONC=Z(20)

RECONH=sZ(21)
ENDIZK=/(22)*xCKF T
RRREF=22(23)

CID2=2,0%Z(24)
cope=e,0*Z (25)
INPERT=AMAX1(Z2(26),,.001)
INMINSAMAXL(2(27),,020)
GREQsZ (28)

ZLTE =2ZLP+ZLI+ZLI+ILN
IDUMZ=}

1IF (ZLP.NE,.0,) GO TO 15
ILTE=0,

1DUMZs=?

ZILNLP=2Z(29)

IF (ZLNLP,.GT,0,) IDUMZ=23
PEREQ=7(30)

VREG=Z(31)

ZLRER=Z2(32)
THINC=Z2(33)/CKF1
TCINC=Z(34)/CKFT
THMAXE1100,

IF (THINC.GT.0,) THMAX=FK2K(Z(35))+0,5*THINC
TCMAX=Q,

IF (TCINC,.GT.,0,) TCMAXSFK2K(Z(36))+ ,S*xTCINC
DTMIN2Z(37)/CKFT
DRMIN=22(38)
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RIINC=Z(39)

ROINC=Z(40)

RiIMAX=Z0,

IF (RIINC.6T,0,) RIMAX=Z(41)+0,S+RIINC
ROMAX=0,

IF (ROINC,GT,0,) R9MAX=Z(42)+0,5+ROINC
PWRDEN=Z(43) ‘
RINPC=2Z7(44)

UGAM=Z (45)
RLPERT=zZ(46)/PCMULT
RLMAX=Z(47)/PCMULT
ZLIBRH=Z(50)72L1
ZLIBRC=Z(51)r2ZL1
IK9=27(52)
CTEIC=2Z2(53)%1,0E=06
CTEOC=72(S4)»1,0E=Q6
DELTL=Z(55)
HRINC=Z (56)
IF (HRINC.LE.O,) GO TO S
HR3=0.
IRITE=0

'S HRMAX=7(57)
HFLF=Z2(S8)/7,907E~0S
TREJsFKeK(2(S9))
RADPCT=Z(60)
WTCON=Z (61)
DGRF=2(62)
DGTRF=FK2K(Z2(63))
DGLRF=,01*DGRF*xZ(64)
RADK=aZ (65) /CKFT
CIDPsZ(66)
RADCeS01.,E=12%Z(67)*2(68)*Z(69)
DO 6 I=1,30

6 DP(1)=2(70+1)
IF (KASE1.,EQ.1.0R, (IRITE,NE.3,AND,IRITE.NE,4))

1 CALL PHUNY(DP, IPUN,HRS)
KASElsKASELl+]

RLPC(1)=RLOAD
YNCsZINC )
IF (NGT1.GE.3) YNCsPCMULT
DO 97 1s1,NC

97 RLPC(I)SRLOAD/YNC
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LCIRsYNC*ZLTE
NGT2a2
IF (RLOADL,EQR,0,) NGT2=3
IF (NGT1.LE,1.,0R NGT1,ED,3) NGT2=!
IF (VRER.GT,0.,AND,NGT1,GE.4) NGT2s4
IF (NGT1.,6E.6) NGT225
Nzl
IF (IRITE.ER,1,0R,IRITE,6T,2) 60 TO 11}
Nz0
C = WRITE INPUT NZ AND Z ARRAYS IF SPECIFIED
WNRITE (6,100) (CMT(J),J=1,25)
100 FORMAT (1H1.4X,2A4,1X.18A‘4.2H (,F2.0l2(1H/1F2.0)12H) 'aﬂa)
WRITE (6,101) '
101 FORMAT (1HO/50X,10HINPUT DATA/)
PD 103 I=21,10
103 WRITE (6,104) (J,NZ(J) ,J=1,50,10)
104 FORMATY (2X.5(3HNZ(,12,2H)=.Ia.11X))
WRITE (6,112)
DO 109 I=1,20
105 WRITE (6,106) (J,2¢J),Js1,100,20)
106 FORMAT (2X,4(3H 2(,12,2H)=,612,4,3X),2HL(,13,2H)s,G12,4)
CHECK TO SEE HOW TEMPERATURES ARE TO0 BE READ IN
11 IF (NGT1,GE,3) GO TO 5080
WRITE (6, 100) (CMT(J),J=1,25)
IF (INT NE.1) 60 TO 5070
WRITE (6:5069)
S069 FORMAT (IHO'ESX'blH*t*t* SAME AXIAL TEMPERATURES USED AS IN PREV]
10US CASE whaxnw)
KFTEM=1
60 1o 123
5070 THAV=O0,
TCAV=0,
- IF (lNT.NE 0) GO T0 S072
READ (5,5071) (TEMP(1,1),TEMP(9,I), 131 NC)
5071 FORMAY (12F6,.2)
IF (IRITELLT,3) WRITE (6,5075) TEMKF
5075 FORMAT (LHO,22Xr62HHUOT AND COLD CLAD TEMPERATURES OR EACH AXIAL SE
1CTION IN DEGS,. rAY)
60 T0 123
CALCULATIUN (OF EQUI=SPACED (STANDARD) THERMOCOUPLE LOCATIONS
5072 IF (INTTC.NE,O) GO TO 5083
DTAV=ZCIR/ (FLOAT(INT)=1,)
XTHERM (1) =0,
DO 5082 1I=s2,INT
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5082 XTHERM(I)SXTHERM(I=1)+DTAV
GO0 TO 5084
5083 READ (S5,50731) (XTHERM(I),I=al,INT)
5084 READ (5,5071) (THERMH(I),I=21,INT)
READ (5,5071) (THERMC(I),Isi,INT)
IF (IZLP .GT, 0,) G0 TO 67
WRITE (b,66)
66 FORMAT (/777/7,7%X,96HTEMPERATURES CAN NOT BE INTERPOLATED ON A RUN
10PTIMIZING AN AXIAL LENGTH, CALCULATIONS SUPRESSED)
60 TQ o3
CHECK FOR AND ELIMINATE 2ERO THERHGCOUPLE INPUT YEHPERATURES
67 J=0
K20
DO 65 Is31,INT
IF (THERMH(I), LEL,O0,) GO TN 63
JaJ+]
VPC(J)2aTHERMHKH(I)
VOC(J)aXTHERM(I)
63 IF (THERMC(I).LE.O0,) GO 1O 65
KaK+}
PE(K)eTHERMC(T)
RPC(K)=XTHERM(I)
65 CONTINUE
OTAVs ,5«Z{ TE
00 81 1=1,NC .
TEMP(1,I)e8T(VOC,VPC,DTAV, JrlNDcNXTRP NXTRP)
TEMP{9,1)3SI(RPC, PE,DTAV, XK, IND)NXTRP,NKTRP)
81 DYAVEDTAV+ZLTE ‘
WRITE (6,5074) TEMKF
S074 FORMAT (1RHO,27X,sSIHINPUT THERMQCOUPLE LDCATIONS AND READINGS IN DE
168, +AL)
NKNz (INT+9)/10
DO 73 Ksi,NKN
KNKx10xK
KNNKaKNK=9
IF (KNK(GT,INT) KNKsSINY
WRITE (6,108) (I,IusKNNK,KNK)
WRITE (6,112) (XTHERM(I), IsKNNK,KNK)
112 FORMAT (1X,F8,3,9F11,3)
WRITE (6,112) (THERMR(I), TsKNNKsKNK)
73 WRITE (6,112) (THERMC(I),IaKNNK+KNK)
IF (IRITE.GE.3) GO TO t2¢2
WRITE (6,5076) TEMKF
5076 FORMAT (1H0/21X067HINTERP0LATED MID=POINT TEMPERATURES DR EACH AXI
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LAL SECTION IN DEGS,., ,Al)
123 NKN=(NC+9)/10 :
DD 1311 K®3,NXKN
KNK210#K
KNNK=KNK=Q
IF (KNK.GT,NC) KNKaN(C
WRITE (6,108) (I,IsKNNK,KNK)
108 FORMAT (1HO,3X,10(13,8X))
WRITE (6,112) (TEMP(1,1), IsKNNK,KNK)
111 WRITE (6,112) (TEMP(9,1),ISKNNK,KNK)
122 IF (INT.EG,1) GO 10 5073
DO 5077 Is1,NC
TEMP(1,1)sFK2K(TEMP(1,1))
TEMP(9,1)=FK2K(TEMP(9,1))
THAVSTHAV+TEMP(1,1)
5077 TCAV=STCAV+TEMP(9,1])
THAV=2THAV/INC
TCAV2TCAV/INC
DTAV=THAVeTCAV _
TMODAV=TCAV+0,5*DTAV
THAVFECKF2 (2)*THAV=CKF1(2)
TCAVF=CKF2(2)*TCAV=CKF1(2)
TMODFsCKFR2(2) *TMODAV=CKF1 (2)
DTAVFsCKF2(2)»DTAV
5073 WRITE (6,5078) THAV,THAVF,TCAV,TCAVF,DTAV,DTAVF,TMODAYV, TMODF
5078 FORMAT (1HO/22X,30HAVERAGE HOT CLAD TEMPERATURE 3,F9,3, 9H DEG,K
1( +F9.3,7H DEG,F)//721X,31HAVERAGE COLD CLAD TEMPERATURE 3,F9,3,
e 94 DEGeK (,F9e3,7H DEG,F)//18X,34HAVERAGE RADIAL TEMPERATURE DR
30P 2,F94%5,9H DEG,K (+F9,3,7H DEG,F)//24X,28HAVERAGE MODULE TEMPER
GATURE =29F9,3,9H DEG,K (,F9,3,7H DEG,F))
GO To 119
5080 IF (INT.EB.1) GO 1O 119
READ (5,5071) (TEMP(1,I),TEMP(9,1),1I31,NC)
IF (N.FEQ,0) WRITE (6,62) TEMKF, (TEMP(1,1),TEMP(9,1),1x1,NC)
62 FORMAT (1KHO/36H INPUT TEMPERATURE PAIRS (IN DEGS, ,A1,1H)/
1(6(2XpFTeCriH=,FT,2)1H,)))
IF (KFTEM,EQ,1) GO TO 119
DD 5081 I=1,NC
TEMP(1,I)sFK2K(TEMP(1,1))
S081 TEMP(9,I)=FKaK (TEMP(9,1))
119 IF (RLDAD,GE,O0.,) GO TD 118
READ (5,5071) (RLPC(1),1=21,NC)
IF (N EQ.0) WRITE (6,117) (RLPC(1),I31,NC)
117 FORMAT (74H INPUT LOAD RESISTANCE FOR EACH TEMPERATURE PAIR (IN MI
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1LLIOHMS PER MDDULE) /(2%,10(G10.2/1H,)))

DD 116 I=1,NC

RLPC(I)2,001#RLPC(I)/PCMULT

00 125 Isi,NC

DTMOD(I)=TEMP(1+I)=TEMP(9,1)

IF (DTMOD(I),NELO,) GO TO 126

TENP(lrI)'TEHP(lvl)*.OOI

DTMOD(I) = .001 |
IF((TEMP(loI).GT.O..AND.TEMP(q,I).GT.O.).UR.NGTI.GE.3) G0 TO 125
WRITE (6,121)

FORMAT (1HO,/17X,80HNEGATIVE OR ZERO TEMPERATURE ENCOUNTERED = CAL

1CULATION SUPRESSED FOR THIS CASE )

60 Ta 93
IT(I)=n
CONTINUE :

C = ESTABLISH MODULE RADIAL DIMENSIONS FROM INPUT DATA

3061

3059

3067

35068
3070

3066

IF (Z(2).LE,O0,) DR(1)=CID2%RAD(1)+CIDP
RAD(2)=RAD(1)+DR(1)
RAD(3)=RAD(2)+DKR(2)
RAD(4)=RAD(3)+DR(3)
RAD(S)=sRAD(4)+DR(4)

IF (129,EG,1) GO TN 3068
DR(S)=Z9SAY
RAD(e)=RAD(S)+DR(S)
RAD(7)=RAD(6)+DR(6)
RAD(8)=RAD(7)¢DR(7)

IF (DRB.LE.O0,.,) GO TO 3067
DR(8)=pR8
RAD(9)=RAD(8)+DR(8)

GO TO 3066

IF (COp2.EG,1,) GN TO 1996
RAD(9)=RAD(8)/(1,0~C0D2)
DR(8)3RAD(9)=RAD(B)

60 TO 3066

RAD(9)aZ98AV

DR(8)=apRa8

"IF (DR8.LE,O0,) DR(8)sCOD2*RAD(9)

RAD(8)sRAD(9)=DR(8)
RAD(7)=RAD(8)«DR(7)
RAD(6)=RAD(7)=DR(6)
DR(S)=RAD(6)=RAD(S)

20D32 ,0*RAD(9)

Z21082,0*RAD(1)

IF (RRREF.LE.0.) RRREF=s20D/21D
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IENDK=}
IF (ENDZK,GT,0,) IENDK=2
HGENL=S1,48+PWRDEN*RAD (1) *RAD(1)
WEENsRGENL*ZLTE
IF (IDUMZ.NE.1) QGGEN=RGENL*2,%(ZLN+ZL 1)
IF (QINPC.GT,0,) BGENSEQINPC
IF (IRITE.GT,3) GO TO 4004
C = WRITE RADIAL AND AXIAL DIMENSIONS IF SPECIFIED (NZ(S) .FR. 0,1,2)

WRITE (6,100) (CMT(J)., J-1.25)
HD1(1)=SSINC(NCLDH)
HD1(3)=FETM(ICRH)
HD1 (4)sCASCAD(I3N,2)
HD(1,4)=sCcASCAD(I3P,2)
HD1(S)aCASCAD(CIZN,2)
HD(1,5)sCASCAD(I2P,e)
HD1(6)sFETM(ICRC)
HD1(8)=SSINCNCLDC)
WRITE (6,2017)

2V17 FORMAT (i1HO//,10X,1THRADIAL DIMENSIONS,13X,18HRADIAL THICKNESSES,
1 7X, 9HCOMPONENT, /)
1=}
IF (NOPTIM,NE,O.AND,DRINCR,GT,0,) lm¢
DO 2019 J=i,8

2019 WRITE (6,2018) J,RAD(JI),HD3(J,1),sJsDR(J),HDI(J*8,1),HDI(J) HD2(J),
1 (HD(K,J)sK2l,6)

2018 FORMAT (10X,4HRAD(,I1,3H) =3,F10. 6.5H INe JAL/740X,3HDR(,I1,3H) =,
1 F10,6,4H IN,,AL, 3X.A3 Al,6A4)

J=9

WRITE (6,2018) J, RAD(J)

Jisl

IF (NOPTIM,NE, O.AND VREG,6T,0,,AND, (ZLREQ 67T.0,,0R,PEREG,GT,0,))
1 Jise

J 3(J1eIDUMZ+1)/2
WRITE (6,2021) ZLN,ASTARI(J1),ZLP,ASTARLI(J), ZLI,ZLTE,ASTARLI(J)
2021 FORMAT (1HO//46X,1B8HAXIAL DIMENSIONS ,///710X,8HZLN £,F9,5,
1 23H In, (N=TYPE WASHER),A2//710X,8KHZLP 8,F9,5,23K IN, (P=
2TYPE WASHER)A2//10X,8HZLI] 8,F9,5,24H IN, (MICA THICKNESS)//
3 10X,8KZLTE 2/F9,5,32H IN, (TOTAL COUPLE THICKNESS),A2)
IF (J.EQ41) WRITE (6,2023) ZCIR,YNC
2023 FORMAT (1HO, 9X,BHZCIR s,F9,5,30H IN, (TOTAL CIRCUIT LENGTH,,
1 F4,0,9H COUPLES))
IF (J,E@,2,0R,1.EQ,2) WRITE (6,2022)
2022 FORMAY (1HO,S50X,SiH* THIS DIMENSION OPTIMIZED OR CALCULATED INTERN
fALLY)



4004

3016

31

1991

1996
1992

1999
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DR43DR(4)

ORTESRAD(6)=RAD(4)

IF (DRTE,LT,DRMIN,AND, (NOPTIM,5T,0,0R,NCLAD,GT,0)) GO TO 1996
IF (RAD(1)LE,0.,0OR,ZLI,LE,O,) GO TO 1996

DO 31 J=1,8

JisJe+l

IF (RAD(J1),LE, 0,) GO TO 1996

LNRAD (J)=ALOG(RAD(J1) /RAD(J))

IF (J/2.NE,2,AND,LNRAD(J),LE.0,) GO TO 199}

ISECT=y

G0 TO 1999

CONTINUE

IF (NOPTIM,EG,0.0R.ROINC,EQ.0,) GD TO 1996

ISECT=3

G0 'O 1999

WRITE (6,1992)

FORMAT (1HO,21X,68HERRUR IN DIMENSIONS SPECIFIED = CALCULATIONS SU

1PRESSED FOR THIS CASE)

GO TD 93
ZKEND'ENDZK*ALUG(RRREF)/ALUG(ZDD/ZID)

IF (NOPTIM,EQG,0) GO TO 4Q02

CALL DPTIM(ISECTpJ)

GO TO (“0020“0029“002,3059,“00203070'3061)0 J

CALCULATE ALL RECURRING PRODUCTS

4002

CHECK

CHECK

ALR6G = LNRAD(S)+LNRAD(4)

CGAMa ,5/ALR6U=] ./ (EXP(2,%ALR6G) ~1,)

CONST1g,062659%ALR64

CONRNaCONST1/ZLN

RCON4 =2 RECONH/(40,5366%Z( N*RAD(4))

RCON6 = RECONC/(40,5366%ZLN*RAD(6))

FOR THERMAL cn~TarT COEFFICIENTS EQUAL ZERD

CONST3=0,

CONST4=O0,

IF (HH NE,O0,) CONST33,3937«(1,0/RAD(2)+1,0/RAD(3)) 7 (LNRAD(2) *xHH)
IF (HC NEo.O0,) CONST4s,3937«(1,0/RAD(7)+1_,0/RAD(8))/(LNRAD(7)%HC)
TO SEE IF PelEG AXIAL LENGTH IS TO BE OPTIMIZED

IF (IDYM2.6T,1) GO YD 78

CALCULATE RECURRING PRODUCTS IF P=LEGc IS NOT T0 BE OPTIMIZED

ZLPN3Z| P+ZLN
ZLPNIsZLPNeZLT
ILTESZ PNI+ZL]
ZLNLPEZLN/ZLP
CONSTS5215,9593»ZLP
ILIP32 ,0%ZL1/2ZLP
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CONST2=215,9593*ZLTE
RINTUSRCONGRZLPN/ZLP
RINT6=RCUNO®ZLPN/ZLP
CONRP=CONST1/ZLP
IF (ICRMDL NE, 0) GO TO 4005
ClFEN=2195,9593%DR(3)* (RAD(3)+RAN(4))/ZLTE
CIFEC=215,9%593«DR(6) " (RAD(6)+*RAN(T))/ILTE
Go Tg 78
CALCULATE RAPIUS OF CIRCULAR CONDUCTNR RING ELECTRICAL STREAMLINE
4005 RCHOT=AMINL(DR(3),ZLN,ZLP)
chLD=AMIN1toR(b).ZLN.ZLP)
CLFEH=S,08%RAD(4)»ALUG(35,14159«RCHOT/ZLI+1,0)
CIFEC25,08%xRAD(6)*ALOG(3,14159xRCOLD/ZLI+1,0)
78 INDI=INDI+1
C = ENTER SUBROUTINE COUPLE
CALL CnUPLE
IF (NOPUMP,EQ,5) GO TO 93
C = ENTER SURROUTINE LIFE, IF SPECIFIED
IF (HRINC.,LE.D0) GO TD 30%2
CALL LIFE(DAPERT)
IF (JOPTIM,LT,0) GO TO 93
GO TO 78
3092 IF (NOPTIM,EQ,0) GO TO 3051
C = ENTER SURROUTINE OPTIM FUR THOT, TCOLD, PCT2N PERTURBATION
CALL OPTIM(2,J)
DTMOD(1)STEMP(191)=TEMP(9,1)
3051 IF (NPUMPLLE.0) GO TO 3053
CALL PUMP(J)
GO Tu (4002,3061,93),J
3053 IF (NOPDUMP.FR,.3) GO TO 93
IF (NGT1.GEL.3) 6O TO 79
CALCULATE MODULE VOLTAGE AND RESISTANCE FDR CURRENT CONVERGENCE CHECK
-acv=0,
DHM!O.
" gMOD=0,
DO 36 131,NC
gcvsoCy+vDC(I)
OHM30HM+RPC (1)
36 OMOD=OMOD+RT(])
JEINDI+1
IF (NGT2=2) 79,37,22
22 RLUAD=(OHM
CHECK FOR CONVERGENCE DN MODULE CURRENT
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CURMOD(J) = OCV/(OHM+RLDAD)

IF (ABS(1,0=CURMOD(INDI)/CURMOD(J)) (LE,TOLCURL,AND,INDI GT,2)60TU79
IF (INDI,EG,2) TOLTEM=O,1*TOLTEM

IF (INDI LT, MAXIND) GO TO 78

WRITE (6,43) MAXIND, (J,CURMOD(J),»J=1,INDI)

43 FORMAT (///,27Xs3THx«xCURRENT CLOSURE NUT ORTAINED AFTER,15, 14H

1ITERATTIONS*=x%,//,22X,65HMODULE CURRENT CALCULATED ON EACH PASS THR
2OUGH SUBROUTINE COUPLE 77/ )42%,9HITERATION,TX, THCURRENT,/,
I(1HO, 484X, 13,1H, e 7X,1PEL12,.5,:7))

79 CaLL RITE

2053

2054

2059
2060

2061

IF (NGT1,EQ,S,AND ,NGT2,EN,3) 60 TO 2060
IF (NGT1.NE,O0) GO TO 2059
INDI=Y :

NGT1z2

TOLTEMe10,#TOLTEM
IF(RLOAD.GY,0,) GO TOD 2053
CURMOD (2)80,50x0CV/0HM
NGT2=23 '

G0 To 78

NGT2=2

RLPC(1)sRLUAD/INC

00 2054 I=1,NC

RLPC (1)sRLPC(1)

CURMOD (2)=0CV/ (OMM+RLOAD)
60 TD 78

IF (NGT1.NE,5) GO TO 2061
CURMOD (2) =0,

INDI=Y

NGT2m

NGT1s3
DTTESTEMP(4,1)=TEMP(6,1)
G T0 78

IF (NGT1.NE,?7) GO YO 93
NGTis4

IRITE=y

INTsY

G0 TO 32

END
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SUBROUTINE RITE

DIMENSTION TAVG(300),ETAC(300),nTMF(300)+TF(9,300),TICUP(300]},

1 DTF(9,300),CPMD(12,2),ALPCUP(300),ETA(300)
COMMON/TERIT/DTAV,0HM,0CV,RLUOAD,QMOD, TCAV

COMMON /MDCPOP/RAD(9),0R(B),TEMP(9,300),V0C(300),RPC(300),PE(300),
1 QT(300),NOPTIM,VPC(300),RLPC(300),DTMOD(300),CUR(300),ILNRAD(9),

2 ZLPyZLN,ZLI,,2LNLP,ZLPNI, ZLTE)NGTI , NGT2, ITPERT,PCMUL T, NODUMP, IVD,
3 QGEN,QGENL,QTE+QOUT,Z1D,200,ZKEND,ZK9,LKR,RPPC,RPN,TOL TEM, TREJ)

4 VREQ,PEREQ,ZLREQ,WTCON,ZLPN, IDUMZ,RN,DGRF,DGTRF,DGLRF,RADK, JDUMP,
5 DP(30),NC

COMMUN /MODCPL/CURMOD(15),IT(300),0TTE,CONRN,CONRP,ZLIP,INC,

1 ALR64,MAXTEM,QGAM,CGAM, INDI,RINTY4,RINT6,RCONG,RCON6,CIFEH,CIFEC,
2 CONST1,CONST2,CONST3,CONST4,CNANSTS,NRSUPT,SEGTE, ICRMD| ,RADC
COMMON /MODOPT/IPDWY, DR4sDRINCR,IRITE,DRTE, JOPYIM, 129, TENDK, IPUN,
1 RIINC,ROINC,RIMAX,RIMAX,DTMIN,QREQ, THINC, TCINC, TCMAX, THMAX
2)NPERT, ZINPERT sCKFP,CKFT,CTEDC,CTEIC)DELTL/RLPERT,RLMAX,ZNMIN,Z98AV
COMMON /TITLE/FETM(3),CASCAD(8,2),SSIN(3),CMT(25),COND(3,5),TEMKF,
1 CRMD(2,2),13N,12N,13P,12P

COMMUN /CPLRIT/DT(8,300),0PTZLP(300),0PT1CPL(300)

DATA CPMU/4H CIR,4HCUIT,4H CA,4HRNOT,4H CUR,4HRENT,dH EFF,4H (AM,
1 4HPS) ,4H PCT,1H,,4H, s4H MO, 4HDULErd4H AVE,U4HRAGE,uH R~-L,
2 U4HOAD ,4HTEMP,4H(M=D,4HHMS) 4HDEG, ) 4HMOHM, 1 HS/
CPMD(1,2)=CRMD(1,1)

CPMD(2,2)=CRMD(2,1)

ARITE (6,100) (CMT(J),J=1,25)

100 FORMAT (1H1,4X,2A48,1X,18A4,2H (+F2,0,2(1H/,F2,0),2KH) ,24A4)

IF (ZKEND,LE,O0,) GO TO 11

CPMD(1,2)=CRMD(1,2)

cPMD(2,2)=CRMD(2,2)

11 IF (NGT1.LT,3,aND,IRITE.GT,.2) 60 TO 2005

NDD 2001 1=1,NC :

PsTEMP(9,1)+0,5*DTMOD (1)

TAVG(I)=DK2FK(P)

ETAC(Y)=100,+#DTHOD(I)/TEMP(L,1])

DTMF(I)SCKFT#DTMOD(I)

TF(9),1)aDK2FK (TEMP(9,1))

TICUP(I)=DTMF(I)/QT(1)

ALPCUP(1)=svOC(I)/DTMF(I)

ETA(I)=PECI)/OT(1)

pn 2001 J=1,8

DTF(Js1)3CKFTADT(J,1)

2001 TF(J,»I)=DK2FK(TEMP(J, 1))
2006 1F (IRITE.GT,.,2) GO ToO 2007
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1994 WRITE (6,1998) (COND(J,NGT2),J31,3),TEMKF, (J,J=1,9),
} (1. (TF(Js1),J=21,9),1I=21,NC)
1998 FDRMAT (1HO,10X,58HRADIAL TEMPERATURE PROFILE FDR EACH COUPLE CALC
fULATED FOR ,3A4,19H CONDITIUONS (DEGS, »A1,1H)/BHO COUPLE,6X,
e 9(IHT, I1,9%)/7(3H0 ,I3,1H./F11.,2/8F11,2))
1IF (NC,6T,.7) WRITE (6,100) (CMT(J),J=1,25)
WRITE (6,2009) TEMKF,(1,(DTF(J,1),J&1,8),1I51,NC)
2009 FORMAT (1MH0,21Xs64HRADIAL TEMPERATURE DROP ACROSS COMPONENTS FOR E

LACH COUPLE (DEG. ,A1,1H)//8H COUPLE,10X,28HINNER BORON
2 INNER,28X,26HOUTER BORON OUTER/19X,81HCLAD NITRIDE
3 CONDUCTOR T/€1 T/E2 CONDUCTOR NITRIDE CLAD/

4(1H0,1I5,2H, ,F16,3,7F11,3))
WRITE (6,100) (CMT(J),Js1,25)
2007 WRITE (6,2002) (COND(J,NGT2),J=1,3)
2002 FORMAT (1HO,12X,61HCALCULATED PARAMETERS FOR INDIVIDUA| COUPLES 0P
1ERATING UNDER - 'SAa 11H CONDITIQNS)
C = WRITE INpIVIDUAL COUPLE PARAMETERS
WRITE (6,13) (CPMD(J,1),J31,T), TEMKF,CPMD(G 1),CPMD(9,1), TEMKF,
i TEMKF,CP"D(1001)1CPND(11 1)
13 FORMAT (1HO, 12X, 1BHxxxxxy (L TAGES**wan12X,S0HINTERNAL POWER
1 HEAT THERMAL EFFECTIVE ,2A4,1X,2A4733K TH 7/ TC voC
2 V=LDAD ,2A4,63H RESISTANCE OUTPUT INPUT IMPEDANCE SEEBE
3cK EFF, sAd,1H,/8H (DEG.rAY1,24H) . (VOLTS) (voLT7s) ,
4 P2A4,35H (M~DHMS) (WATTS) (WATTS) (D=sAl,12H/KN) (MV/D~,
S Alp14H) (PCcT,) (1A4,AL,1H))
WRITE (6914) (TF(1,1),TF(9,1),v0C(I),VPC(I),CUR(I),RPC(I),PE(I).
1 OT(I),TICUP(1),ALPCUP(I),ETA(CI),ETAC(1),I=1,NC)
14 FORMAT (1HO,FS,0,1H/,F4,0,2F10,5,F10,3,3PF10,4,0PF10,4,F10,2,
1 3PF10,2,3PF10, Q,BPFIO 3,0PF9, 2)
C = WRITE CALCULATED AXIAL LENGTHS IF ZLP HAS BEEN OPTIMIZED
2062 IF (IDUMZ,EQG,1) GO TOD 2061
IF (NC,GT.7) WRITE (6,100) (CMT(J),J=21, 35)
NRITE(6!2°52) (I, ZLN,OPTZLP(Y),ZLI,0PTCPL(I)»DPTCPL(I+100),1I1,NC)
2052 FORMAT (1HO//7 14X, 6HCOUPLE;18X,52HAXIAL THICKNESSES CALCULATED 1
IN OPTIMIZATION RDUTINE/14X,6HNUMBER, 11X, SHN»LEG,10X,5HP=LEG,7X,12H
2MICA WASHERS,6Xs6HCOUPLE ,8Xs THCIRCUIT/ (1HO,13X,14,4H) 1S5F15,5))
2061 IF (NGT1.LT,3) 60 TO 2005
IF (NC,GT,7,0R,IDUMZ.EN,2) WRITE(6,100) (CMT(J),J=1,25)
WRITE (6,2042) PCMULT, (COND(J,NGT2),J=1,3) "
2042 FORMAT (// F7.0,32H COUPLE MPDULES OPERATING UNDER ,3A4,S55H COND
JITIONS WITH UNIFORM HOT AND COLD CLAD TEMPERATURES)
RLD=0,
WRITE (6¢13) (CPMD(J,2)¢J=1,7),TEMKF,CPMD(8,2),CPMD(9,2),TEMKF,
1 TEMKF,CPMD(10,2), TEMKF
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DO 57 1s1,NC
OCVY = PCHMULTAVOC(])
VLD = PCMULTxVPC(I)
IF (NGT2.NE,1) RLD=1000,xPCMULT*RLPC(I)
DHMsSPCMULT*RPC (1)
P a PCMULT*PE(I)
GMO0=PCMULTAQAT (I)+ZKENDADTMUD(T)
SEB=PCMULT=ALPCUP(L1)
CETAD=P/QMOD
TIO=DTMF (X)) /70M0D
S7 WRITE (6,14) TF(L,1I)sTF(9,1),0CcVsVLD,RLD,NOHM,P,OMOD, TIN,SEB,ETAL,
1 TAVG(1)
G0 TU 2221
2005 WRITE (6,20%9)
2099 FORMAT (1HO///743X%X,24HOVERALL MODULE OPERATION)
WRITE(6,s13) (CPMD(J,2),J31,2), (CPMD(J,2),0%5,6),(CPMD(I,1)+J25,06),
1CPMD (12, 1) ) TEMKF , (CPMD(J,1) »J=8,9), TEMKF , TEMKF, (CPMD(J,2) »J=11,12)°
C = CALCULATE MODULE PARAMETERS
FTAVG(2)=2DK2FK(TCAV)
TAVG(1)=TAVG(2)*CKFT*DTAV
VLD=20OCV=CURMOD (IND1) #0HM
RLD=1000,*VLD/CURMUOD(INDI)
PsVLDrCURMOD(INDI)
AMUDsSAMOD+ZKEND*DTAYV
SEB=(CV/(DTAVXCKFT)
ETAU=P/GMOD
TIODSDTAVACKFT/0MOD
WRITE (6,14) TAVG(L1),TAVG(2),0cV,VLD,CURMNDD(INDY),OHM,P,M0D,TI0,
1 SEBJETAQ,RLD
WRITE (6,2011) INDI
2011 FORMAT(1HO,/7///+30%,12,37H ITERATIONS TAKEN FOR CURRENT CLOSURE)
2221 WRITE (6,2016) (IT(I)sI=1,NC)
2016 FORMATY(1HO// 38HONUMBER UOF ITERATIONS FOR EACKW COUPLE=/(SX,2914)/
1 1HO, 22 (SHawx%x))
RETURN
END
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SUBROUTINE PHONY(DP, IPUN,HRS)
DIMENSTON FM3N(19),FM2N(1S),FM3P(15),FM2P(15),DP(30)

COMMUN /TITLE/FETM(3),CASCAD(8,2),8SIN(3),CMT(25),COND(3,5),TEMKF,
1 CRMD(2,2),1I3N,I2N,13P,12P

COMMON /DATIN/ZTTY(15),ZKMICI(15),ZKMIC2(15), ZKSS(15),ZKBN(16),

! ZKIN(C15),22NA(15),Z2NR(15),Z2NK(15),Z2PA(15),22PR(15),22PK(15S),
2Z2NRK (15),Z2PRK(15),Z3NA(1S),Z3NR(15),2Z3NK(15),23NRK(15),23PA(19),
3 Z3PR(15),23PK(15),23PRK(15),2KCRH(15),ZKCRC(15),RCRH(15),RCRC(15)
4,RHP(15),RPRHD

COMMON /FODAT/ALPHA(15,8),RH0(15,8),ZKON(16,8),2ZKSSIN(16,3),

1 RFETM(15,4),ZKFETM(16,3),2KMICA(16)

COMMON /FOWT/DEN(8) ,DENI,DEN3N,DEN2N,DEN3P,DEN2P,DCRH,nCRC
COMMON/TEFO/NCLOC.NCLDH, ICRH, ICRC,IPIN,ZLIBRH,ZLIBRC,TPIN,RPIN
DATA HOT/4HHOT /,COLD/4HCOLD/ s NNAME/2HN=/,PNAME/2HP=/

IF (NCLDH NE,1,AND,NCLDH,NE,3) NCLDH=2

IF (NCLDC,NE.2,AND NCLDC.NE,3) NCLDC=1

IF (ICRH,NE.,2,AND,ICRH,NE,1) ICRH=3

IF (ICRC NE.,2.AND,ICRC.NE.}) ICRC=3

IF (I3N,LT,.10) GO TO 301

I3N=I3N=10

READ (5,3001) (ALPHA(I,I3N),I=1,15),(RHO(I,I3N),I1=1,15),
1 (ZKON(CI,I3N),I=1,16),CASCADCI3N,1),CASCAD(I3N,R2)

3001 FORMAT (8F9,2/7F9,2/8F9,2/7F9,2/8F9,2/8F9,2,1X,2A4)

IF (IPUN.,GT,0) WRITE (7,401) (CASCAD(CI3N,I),I=1,2),(ALPHACI,I3N),
1 I=1,15), (CASCAD(CI3N,I1),I=1,2),(RHO (I,I3N),1m=1,15),
2 (CASCAD(I3N,I)sI=1,2),(ZKON (I+,I3N),Ix1,16)

401 FORMAT (2SHC SEEBECK COEFFICIENT OF ,2A4,23H MATERIAL (VOLTS/DEG,.K
1),S%X, 111, 10X,S(E9,3,1H,)/SXp1H2s10XsS(EV,3,1H,»)/SX,1H3,10X,5(E93,
2 1H,))/717HC RESISTIVITY OF ,2A4,19H MATERIAL (OHMaCM,)/SX,1H1,10X,
3 SCE9.3)1H))/SXe1H2,10X,5(E9.3,1Hs)/SX,1H3,10X,5(E9,3,1H,)/

4 26HC THERMAL CUNDUCTIVITY OF ,2A4,27H MATERIAL (WATTS/CM,/DEG.K)/
S SX,1H110X,S(E9e3,1H,) /5%, 1H210X,S(E9,3+1H,)/SX,1H3,6(F9.3,1H,))
301 IF (I2N.LT,10) GO TD 302
I2NsI2N=10
READ (5,300%) (ALPHA(I I2N),121,15), (RHU(I I2N),I21,159),
! (ZKON(I,I2N),I=21,16),CASCAD(I2N,1),CASCAD(ICN,2)
IF (IPUN.GT,0) WRITE (7,401) (CASCAD(I2N,I),Im1,2),(ALPHA(L,I2N),
1 Is1,15), (CASCAD(IeN,I1),1=1,2),(RHD (I,I2N),I=1,15),
2 (CASCAD(I2N,1),1%1,2),(ZK0ON (1,1I2N),X21,16) ~
302 IF (I3P,LT.10) GO TO 303
13P=13p~10
READ (5,3001) (ALPHA(I,I3P),I=1,15),(RHO(I, I}P).1=1 15,
1 (ZKON(I,I3P),I31,16),CASCAD(CI3ZP,1),CASCAD(1I3P,2)

D-53



IF (IPUNGTL,0) WRITE (7,401) (CASCAD(I3P,T),181,2), (ALPHACI,I3P),
1 I=1,1%5), (CASCAD(I3P,I1),1I=21,2),(RHD (1,I3P),I81,15),
e (CASCAD(I3P,1),I=1,2), (ZKON (1,13P),1s1,16)

503 IF (I2P.LT.10) GO TO 304

1ePs12pP~10

READ (S5,3001) (ALPHA(I,I2P),1=31,15), (RHO(I,I2P),1Is1,15),
1 (ZXKON(I,12P),1I81,16),CASCAD(I2P,1),CASCAN(I2P,2)

IF (IPUN,GT,0) WRITE (7,401) (CASCAD(I2P,I),[=1,2),(ALPHAC]I,I2P),
1 I=1,15), (CASCAD(I2P,1),1=21,2),(RHO (I,12P),I31,15),
2 (CASCAD(ICP,I)sI=8,y2),(ZKUON (1,12P),1I21,16)

504 ZL1BH1=z1,0=2 I8RH

LL.18C1=1,0=ZL IBRC

PN3N & 1,0

PNeN ® 1,0

IF (I3N,EQ,I3P) PN3Nz=1,0

IF (I2nN,EQ,T2P) PNENz=1,0

HARP=21,0E=9%HRS

PZ3NAR (1, +HRPxDP (I3N))#PN3N

DZ2NA=Z (1. +HRPADP (T2N) ) *PN2N

DZ3PA=| ,0+HRPxDP(13P)

DZ2PA=1 ,0+HRPaDP (12P)

DZ3NRa1 ,0¢HRP*DP (I 3N+10)

DZ2NR=1 ,0¢HRP*P (I2N+10)

DZ3PR={ ,0+¢HRP2DP(13P+10)

DZ2PR21 ,0+HRPXDP (12P+10)

HRP=,01

DZINKag ,U¢HRPRDP (I3N+20)

" NZE2NK=1 ,0¢HRP2DP (I2N+20)

DZ3PK=| ,O0+HRP*DP (I135P+20)

DI2PKza1 ,0+HRP®DP (12P+20)

I=16

DENCL)Y=ZKSSIN(I»NCLDH)

DEN(2)=ZKBN(I)

DEN(T7)=2KBN(T)

DEN(8)YaZKSSIN(TI»NCLDC)

DENI=ZKMICA(I)

DCRHaZKFETM(I, ICRH)

OCRCsZKFETM(I,1CRC)

DEN3NEZKON(T, I3N)

DEN2N=ZKON(I, I2N)

DEN3P3ZKON(I,I3P)

DENCPEZKON(1,I2P)

DD 249 I=21,1%

RHP (1)zRFETM{I, [PIN)
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IKMICL (1) =ZLIBHIAZKMICA(I)+ZLIBRHXZKFETM(I,2)
IKMIC2(1)=2LIBCI*ZKMICACI)+ZLIBRC*ZKFETM(I,2)
RCRH(I)ZRFETM(1/,ICRMN)

RCRC(I)SRFETM(1sICRC)

IKCRH(T)BZKFETM(I,ICRH)
IKCRC(I)®ZKFETM(I, ICRC)
ZKIN(I)=ZKSSIN(I,NCLDH)
ZKSS(1)=ZKSSIN(I,NCLDC)
LINA(I)SDZINAYALPHALI,I3N)
Z2NA(I)=DZ2NA*ALPHA(I,1I2N)
Z3PA(I)sDZ3PAwALPHAC(I,I3P)
L2PA(1)3DZ2PA*ALPHA(I, I2P)
ZINR(I)=DZINR*RHO(I,»I3N)
Z22NR(1)=DZ2NR*RHO(I,I2N)
I3PR(1)SDIIPR*RHAN(I,I3ZP)
22PR(1)aDZ22PRxRHO(1I,I2P)
Z3NK(I)SDZINKWZKON(CI, I3N)

Z2NK (1)3DZ2NK*ZKON(1,I2N)
Z3IPK(I)=DZ3PK*ZKON(I, I3P)
Z2PK(1)=DZ2PK*ZKON(1,12P)

Z2NRK (1) s Z2NR(I)*  Z2NK (1)
Z2PRK(T) = Z2PR(I)*  22PK(I1)
L3INRK () s ZINR(I)*  Z3INK(I)

249 Z3PRK(I)=Z3PR(I)*Z3IPK(I)

RPRHOSRPIN/SI(TTT,RHP,TPIN,15,INDs1,1)

IF (IPUNLLT,0) RETURN

WRITE (6,100) (CMT(J),J=1,25)
100 FORMAT (1H1,4X,2A4,1X,)18A4,2H (sFR,0,2(1H/,F2,0),2H) ,2A4/

1 //738X,33HINPUT MATERIALS PROPERTIES TABLES)

WRITE (6,281) HOT,NNAME, (CASCAD(I3N,I),1=21,2),HDT,PNAME, (CASCAD

1 (IBP.I),Ill,E)
281 FORMAT (1HO,/16X,2(A4,6H SIDE ,A2,13HLEG WASHER = ,2A4,9H MATERIAL

Lo3X /16X )2 (U2HAR AR R RRR AR AARRASANR R AR RARAARRRRR AR AR Anr) 3X))

WRITE (6,282)

282 FORMAT (8X,SHTEMP,,6X,2(39HSEERECK "RESISTIVITY CONDUCTIVITY
1,6X))
WRITE (6,283) _

283 FORMAT (7X,6HDEG, K,3X,2(4SH(YOLT/DEG K) (OMM®CM) (WATT/C
1M/K) ) )

WRITE (6,253) (TTT(1),Z3NACI),Z3NR(I),Z3NK(I),Z3PA(]),23PR(1),
1Z3PK(1),121,15)
253 FORMAY (1H0,6X,F6,1,6615,5)
WRITE (6,100) (CMT(J),J=1,25)
WRITE (6,281) COLOD,NNAME, (CASCAD(I2N,1)¢121,2),C0LD,PNAME, (CASCAD
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i (12911)113112)
WRITE (&,282)
WRITE (6,283)
WRITE (6,253) (TTT(1),22NA(L),Z2NR(I),Z2NK(T),22PA(1),22PR(1),
1Z2PK(I),181,15)
WRITE (6,100) (CMT(J),J=1,25)
WRITE (6,28%9)
28% FORMAY (1HO,/16%X,4(12HFI1G= OF-MFRIT I%),2(12HCONDUCTIVITY,3X),/8X,
1 SHTEMP .22 (7X,SHN=LEG, 1ox,5HP-LEG,3x),sx.27HaN INSULATOR INTER=C
2UUPLE ) /7Xs6HDEG. K,SX,2(9HHOT SIDE,6X)s»2(9HCOLD SIDE,sX),24H SLEF
3VES INSULATORS/12X s 4 (60X, 9H(1/DEGKI) p1X,2(4X, 1IH(WATT/CM/KI]))
001 250 I=1,1%
FMIN(I)SZ3INA(T)I®Z23NA(CI)/Z3NRK(T)
FMeN(T1)sZ2NA(I)*Z2NA(I)/Z2NRK(])
FM3P(T1)=23PA(T)*Z3PA(T)/Z3PRKI(])
250 FM2P(T)=2Z2PA(I)*22PA(T)/22PRK (1)
WRITE (6,253) (TTT(I),FM3EN(CI),FM3P(T),FM2N(I),FM2P (1), ZKBN(T),
1 ZkMIC1(1),I=1,19)
WRITE (6,100) (CMT(J),J=1,25)
WRITE (6,286) HOT,COLD,SSIN(NCLDH) ,SSININCLDC) FETM(ICRH),
1 FETM(ICRH) ,FETM(ICRC),FETM(ICRC)
286 FORMAT (1HO,/17%,25HINNER CLAD DUTEK CLAD,SX,2(Ad4,21H SIDE CON
1DUCTOR RINGS,SX)/8X,SHTEMP (27X, 6(1HC,A2r1H)»11X),/7X,6HDEG, K,
2 2(15H CONDUCTIVITY),2(30H CONDUCTIVITY RESISTIVITY)/
3 13x,2(15H (WATT/CM/K)),2(28H (WATT/CM/K) (DHM*CM) ,2X))
WRITE (6,253) (TYT(I), ZKIN(I)OZKSS(I)pZKCRH(I) RCRH(I),ZKCRC(I)»
1 RCRC(1),I31,15)
RETURN
END

D-56



Astronuclear
Laboratory

SUBRDUTINE COUPLE

COMMON /MDCPOP/RAD(9),0R(8),TEMP(9,300),VvDC(300),RPC(300),PE(300),
1 GT(300) NOPTIM,VPC(300),RLPC(300),DTMOD(300),CUR(300),LNRAD(9),

2 ZLPyZLNeZLI)ZLNLP,ZLPNI,ZLYE,NGTI,NGT2/,)ITPERT,PCMULT,NODUMP,IVD,
3 GGEN,QGENL,GTE»QOUT,ZID,Z0D+sZKEND,ZKS,ZKR)RPPC RPN, TOLTEM, TREJ

4 VREQ,PEREQ,ZLREQ,WTCON, ZLPN,IDUMZ,RN,DGRF,DGTRF,DGLRF,RADK,JOUMP,
5 DP(30),NC

COMMON /MDDCPL/CURMOD(15),IT(300),DTTE,CONRN,CONRP,ZLIP,INC,

1 ALR6U4,MAXTEM,GGAM,CGAM, INDI,RINT4,RINT6,RCONG,RCONG,CI1FEN,CLIFEC,
2 CONST1,CONST2,CONST3,CONST4,CONSTS,NRSOPT)SEGTE, ICRMDL »RADC
COMMON /DATIN/TTT(15),ZKMICT(15),ZKMIC2(15), ZKSS(15),ZKBN(16),

1 ZKIN{15),2Z2NA(15),22NR(15),22NK(15),22PA(15),22PR(15),22PK(15),
2Z2NRK (15) ,22PRK(15),Z3NA(15),Z3NR(15),Z3NK(15),Z3NRK(15),23PA(15),
3 Z3PR(15),23PK(15),23PRK(15),ZKCRH(15),ZKCRC(15),RCRH(15),RCRC(15)
4,RHP (15) yRPRHO _
COMMON /TITLE/FETM(3),CASCAD(8,2))SSIN(3),CMT(25),COND(3,5),TEMKF,
1 CRMD(Z.E).ISN.IBN.ISP 12pP

COMMON /CPLRIT/DT(8,300),0PTZLP(300), nPTchtsoo)

DIMENSION XZK(9),2K(9),TCON(11),ZKER(8),B(100)

REAL LNRAD

DATA X7K/9%0 ./ LNDUMP/0O/ ,ZKTEP/04/+ZKTEN/O0,/)TSOP/670,/,IKEQ/8%0,/
DATA B/ 6HTFEH ,6HIZKP1 ,6HRINT4 ,6HZKDT ,6HTFEC ,6HIKP2
16HRINTe (6HQSAVE ,6HFERH ,6HZKNL ,6HTCLDH ,6HGGEN ,6HFERC
26HIKN2 »6HTCLDC ,6HGGAM ,6HALP1 ,6HZIKI1 ,6HTBNH ,6HQTOMPL,
36HALP2 ,6HZKI2 ,6HTBNC ,6HQTOMP2,6HALNL1 ,6HZKTEP ,6HDTMOD ,

46HATOMNY, 6HALNZ ,6HZKTEN ,6HDTTE ,6HQTOMNR,6HZKR s 6HIXKTE
S6HTOLTEM, 6HATOM ,6HRHOPL ,6HZKTEQ ,6HTCON ,6HQC s 6HRHOPZ
66HZKECPC,»6HALTL ,6HAP s BHRHONL ,6HZLP ¢t 6HALTZ  ,6HAJ ’
TO6HRHONR ,6HZLN e EHALNH] ,6HQIN ¢t 6HRHOP  ,6HZLTE ,6HALNHZ
86HA0UT ,6HRHON ,6HRP P OHALNCL ,6HVPC s GHCONSTY, 6HRN ’
96HALNC2 s 6HRPC s OHCONST2,6HRFEH »6HALPH1 ,6HVOC » 6HCONST3,
AGHRFEC s6HALPHZ ,6HCUR 1 6HCONSTA4,6MRINTFH, 6HALPCY , 6HPE '
16HZKHOT ¢6HRINTFC,6HALPC2 ,H6MHATE 2 6HZKCOLD,6HRPPC ,6HRLPC
26HQT + 6HQEOL ,6HQEBOL 6HTREOL ,6HTRBOL ,6HPCMULT/
TOLTEMsAMAXL (TOLTEM, ,001)

NSEG2SEGTE

YNCsZNC

IF (NGT1.GE,3) YNCSPCMULT

ZKECPC-ZKENO/YNC

CONST620,5%Z L RER/ (ZLI*YNC)~1,0
D0 6010 I=1,NC

GSAVE=D,

ITNOW=Q
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C INITIALIZE RADIAL TEMPERATURES
IF (INDI,L.GT,1) 6O TO 40S3
IF (I1.,e0,1) GO TO 4045
Il1s]l~=1} .
IF (GGENL,LE,O0,) GO TD 5005
DTMODC(TI)=DTMOD (1Y)
TEMP(1,1)sTEMP(9,1)+DTMODCI)
5005 DTMODR=DTMOD(I)/0TMOD(IL)
DTCL,I)=DT (1, 11)ADTMODR
DD 4041 J=1,7
BRLERES ,
TEMP (J9, I)=TEMP(J'I)‘DT(JII)
4041 DT(J9,1)=sDT(J9,11)aDTMODR
GO 10 4040
4045 IF (BGENL,LE,O0.) GO TO %004
DIMOD (1) 50, S*OQGENKCONRN/STI(TTT,Z2NK, TEMP(S,1),15,IND,1,1)
TEMP(1,I)=TEMP(9,1)+DTMOD (1)
5004 TEMP(S,I)=TEMP(1,T)~LNRAD(4)2DTMOD(I)/ALRG64
DO 4051 J=2,4
TEMP(J,1)sTEMP(1,1)
4051 TEMP(J+4,I)aTEMP(9,1)
DO 4052 J=1,8
4052 DT(J,I)STEMP(J,1)eTEMP(J+1,1)
GO TQ 4040
4053 IF (NGT1.LT,3,0R,ITPERT,.GT,1) g0 TO 4040
IF (ITPERT,EQ,0) 60 TO 405%
ITPERT=O
DTMODC1)=TEMP(1+1)=TEMP(9,1)
DTMODR=DTMUD(3)/DTMOD(3)
DO 6013 Jiey,NC
DO 4054 Jsi,7
DT(JpJd1)eDT(J,JL)*DTHMODR
4054 TEMP(J+1,J1)=TEMP(J,J1)=DT(J,J1)
6013 DT(8,J1)sDTMODR*DT(8,J1)
4040 DTTESTEMP(4,I)~TEMP(6,1)
IF (DTTE,GT,DTMOD(I)) DYTE = DTMOD(I)
IF (NRSOPT,EQ,0) 60 1O 4060
TEMP(S,1)sAMINI (AMAX]I (TSOP,TEMP(4,1)),TEMP(S,1))
DT(4,1)STEMP (4, 1) ~TEMP(S, 1)
DY(S,1)sTEMP(S,1)«TEMP(6,1)
4060 DELTi=pT(4,1)/SEGTE
DELT2=DpT(S,1)/SEGTE
TT1 = TEMP(S,1) + ,S*DELTI1
T2 2 TEMP(6,1) ¢ ,SxDELTR

D-58



20

ALPY = 0,
ALP2 = 0,
RKPY = O,
RKN1 = O,
RKP2 = 0,
RKN2 = 0O,
IXxP} = 0,
IKP2 = 0O,
ALN]1l = 0,
ALN2 = 0,
KNy = 0,
IKN2 3 0,
Ik1120,
IK12=0, .
DO 20 J=1,NSEG
ALP1 = ALP}
ALP2 3 ALP2
RKPY 3 RKP}
RKP2 = RKP?2
kPl = IKP}
IKP2 = ZKP2
ALNY = ALN1
ALNZ2 = ALNZ
RKNY = RKN|
RKNZ2 = RKNgZ
IKN1 = ZKN1
IKNg = ZKNZ

LA R B B IR B SR BE B 2K

+

SI(TTT,Z3PA,TT1,15,IND,1,1)
SI(TIT,Z2PA,TT2,15,IND,1,1)
SICTTT,2Z3PRK,TT1,15,IND,1,1)
SI(TTT,Z22PRK,TT2,15,IND,1,1)
SICTTT,2Z3PK 4 TT1,15,IND,1,1)
SICTTT,22PK ,TT2,15,INDy1,1)
SICTTT,Z3INA ,TT1,19,IND,1,1)
SI(TTT,2Z2NA »TT2,15,IND,1,1)
SICTTT,Z3NRK,TTL,1S,IND,1,1)
SI(TTT,2Z2NRK,TT2,1%,IND,1,1)
SICTTYT,Z3NK ,TT1,15,IND,1,1)
SI(TTT,Z2NK ,TT2,15,IND,1,1)

IKI1=22ZKI1+SI(TTT,2KMIC1,TT1,15,IND,1,1)
IKI2=IkI2+SI(TTT,ZKMIC2,TT2,15,IND,1,1)

TT1 = 774 « DELTH
T72 = 772 + DELTR

ALPIsALP1/SEGTE
ALP2=A| P2/SEGTE
ALNLSA_NL/SEGTE
ALNCEAL N2/SEGTE
IKP1=sZKP1/SEGTE
IKP2aZKP2/SEGTE
IKN1®ZKNL/SEGTE
ZKN2sZKN2/SEGTE
RKP1sRKP1/SEGTE
RKP2xRKP2/SEGTE
RKNi=RKN1/SEGTE
RKN2sRXN2/SEGTE
IK11wZKI1/SEGTE
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IK122/k12/SEGTE
RHUOP1=sRrRKP1/2ZKP1
RHOP2=RKP2/ZKP2
RHON1ZRKN1/ZKN1
RHON2=RKN2/ZKN2
4055 ALPHL = SI(TTT,Z3PA,TEMP(4U,1),15,IND,1,1)
ALNH1 SI(TTT,Z3NA, TEMP(4,1),15,IND,1,1)
ALPHZ SI(TTT,Z2PA,TEMP(S,1),15,IND,1,1)
ALNHZ = SI(TTT,22NA, TEMP(S,1),15,IND,1,1)
ALPC1=SI(TTT,Z3PA, TEMP(S,1),15,IND,1,1)
ALNCL=SI(TYT,Z3NA,TEMP(S5,1),15,IND,1,1)
ALPC2sSI(TTY,Z2PA, TEMP(6,1),15,IND,1,1)
ALNC2=SI(TTT,22NA, TEMP(6,1),15,IND,1,1)
QP=TEMP(4, 1) 2 (ALPHI®ALNKHL) +TEMP(S, 1) x (ALPH2+ALNH2=ALPC1=ALNC1)
CALCULATE DPTIMUM SEGMENTING RADIUS, RAD(S), IF SPECIFIED
IF (NRSOPT,.FW,0) GO TO 4061
RAD(S)=RAD(6)
1IF (DT(¢S,I).LE,O,) GO TO 4062
TTLIsZKNIADT(4,1)/ (ZKN2ADT(Se1))
TT2=21,0/(TT1+1,0)
RAD(SD) = (RAD(O)x* (TTI*T12)) 2 (RAD(A)Y *xTT2)
IF (RAD(S) LT,RAD(4),0R,RAD(S5) ,GT,RAD(K)) GO TO 4063
4062 LNRAD(4)=ALOG(RAD(S)/RAD(4))
LNRAD(S)=ALOG(RAD(6)/RAD(Y9))
4061 RHOP = (LNRAD(S)*RHOP2 + LNRAD(4)*RHOP1)/ALRGY
RHON 2 (LNRAD(S)*RHONZ + LNRAD(4)*RHON1)/ALRG4
IKTEP = ALR64/(LNRAD(S)/ZKP2 ¢ LNRAD(4)/ZKP1)
IKTEN = ALR64/(LNRAD(S5)/ZKN2 + LNRAD(4)/2KN1)
CALCULATE OPTIMUM ZLP IF NO VALUE HAS BEEN READ INTD 2(12)
. GO TU (4042,4001,4002), IDUMZ
4001 TT2sRHONRZKTEP/(RHOP*ZKTEN)
IF (TT2,G6E,0,) GO TD 1096
4063 INDI=0
NODUMP=S
GO 10 3112
1096 ZLNLPsSORT(TT2)
4002 IF (1VD.NE.2) 60 70 1097
IKISALROU/ (LNRAD(S)/ZK12+1L.NRAD(4)/7ZK]Y)
LUNLP=ZLNLP*SART((CONSTo=2K1/ZKTEN)/(CONSTO=2KI/ZKTEP))
ZINBZLI*CONSTE/(,S+,572ZLNLP)
1097 ZLP=ZLN/ZLNLP
ILIP=2,0%xZLT1/2LP
CONSTS=215,9593xZLP
LLPNe ZLN+ZLP
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ZLPNI=ZLPNeZL]
ILTE=Z|  PNI+ZL 1
RGEN=QGENL*ZLTE
CONSTe=15,9593xZLTE
OPTZLP(l)=mZLP
OPTCPL(I)=ZLTE
DPTCPL(I+100)sYNC2LTE
RINT4zRCONG=ZLPN/ZLP
RINT6sRCONG®ZLPN/ZLP
CONRPscONSTI/ZLP
IF (IcrMDL ,NE, 0) GO TO 4005
C1FEH=®15,9593xDR(3)~(RAD(3)+RAD(4))/ZLTE
CIFEC=215,9593=DR(6)*(RAD(6)*RAD(TI)/ZLTE
GO T0 4042 _
CALCULATE RADIUS OF CIRCULAR CONDUCTOR RING ELECTRICAL STREAMLINE
4005 RCHOT=2AMINT(DR(3),ZLN,ZLP)
‘ RCOLD=AMINI (DR(6),ZLN,ZLP)
CIFEHSS ,08«RAD(4)*ALOG(3, IOISO*RCHUT/ZLIOI 0)
CIFEC=S,08*RAD(6)%xALOG(3, 14159*RCDLD/ZLI+1 0)
CALCULATE COUPLE RESISTANCE
4042 RINTFHsRINTURTEMP (U4, I)«TEMP(4,1)
RINTFC2RINTO*TEMP (65 I)NTEMP(6,1)
TFEC = TEMP(7,1) ¢+ ,5*DT(6,1)
TFEH = TEMP(4,1) + ,S5*DT(3,1)
FERC = SI(TYT,RCRC,TFEC,15,IND,1,1)
FERH = SI(TTT,RCRH, YFEHolsoIND 1,1)
RFEM=FFERH/CIFEH
RFECSFERC/CIFEC
RN 3 CONRN=®RHON
RP = CONRP#*RHOP
RPN=RP+RN
TTE= ,Sw(TEMP(Ud,I)+TEMP(b,1))
RPPCBRPRHD*SI(TTT RMP, TTE,15,INDs1s1)/YNC
QIJSRFEH*RINTFH+ 4 SxRPN
RPC(1)=QJ+ ,S*RPN+RFEC*RINTFC+RPPC
CALCULATION nF THERMAL CONDUCTANCES
TBNHe TEMP(3,1) +,52DT(2,1)
TBNCs TEMP(8,1) +,5+DT(7,1)
TCLOH = TEMP(2,1) +,5+DT(1,1)
TCLDC = TEMP(9,1) +,5+DT(8,1)
XZK(1) & SI(TYT+ZKIN,TCLDH,15,INDy1,1)
XZK(8)=SI(TTT,2KSS, TCLDC,15,INDs1s!)
XZK(2)= SI(TTT,ZKBN,TBNH,15,IND,1,1)
XZK(7)e SI(TTY,ZKBN,TBNC,15,INDs1,1)
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XZK(3)=(SI(TTT,ZKCRH, TFEH,» 15, IND,1,1)*ZLPNTI¢SI(TTT,2KMIC1,TFEH,
1 15, INDs1,1)%ZLI)/ZLTE
XZK(6)zs(SI(TTT,ZKCRC,TFEC+15,IND, 31, 1)#ZLPNI+STI(TTT,ZKMIC2,TFEC,
1 1S,IND,L,1)*ZLI)/2LTE _
(K(1)=CONST24XZK (1) /LNRAD(1)
ZK(2)3CONST24X2K(2)/(LNRAD(2) 2 (1,0eXZK (2)*CONST3))
ZK(3)=2CcONST2aX2K(3)/LLNRAD(Y)
ZK(4)=CONSTS® (ZLNLP*ZKN1+ZKP1+ZLIP*ZKI1)/LNRAD(4)
IF (LNRAD(4) ,L,LE,O0,) ZK(4)=1,0F30
ZK(S)2CONSTSA (ZLNLP*ZKN2+ZKP2+ZLIP*ZKI2) /LNRAD(S)
IF (LNRAD(S),LEW0,) ZK(5)=1,0E30
IKTE = ZK(4)*ZK(S)/(IK(4)+1K (%))
IK(6)=CONST2xX2ZK(6) /LNRAD(6)
IK(7)SCONST2#XZK(7)/(LNRAD(T) % (1,0¢X2ZK(7)*CONSTY))
LK (B)=CONST2aXZK(8)/LNRAD(B)
1F (ZK9,6T,0,) ZK(B8)=ZK(B)*ZK9#xZLTE/(ZK(8)+ZKI*ZLTE)
ALTY = ALP1+ALNI
ALT2 = ALP2+ALN?
CALCULATION OF VOLTAGES AND CURRENT
' VOC(I) = DT(4,I)»ALTI+DT(S,1)%aLTR
IT(L)=T1T(1) 1
ITNOWSTTNOWeY
ITCONSTTNOWeMAXTEM
ITCON=MAXO(CITYCUN,1)
OC=DTTEXZKTE
GEND=2KECPC*DTMOD(I)
GO TO (4047,4048,4049,4044,4050), NGT2
4047 CUR(T)=0,
60 TO 4046
4049 RLPC(I)=RPC(I)
GO TO 4048 : _
4050 RLPC(I)=RPC(II*SARY(1,+VOC(II*(QP=VOC(I)*QJ/RPC(I))/(RPC(I)*(QC*
1 QEND)))
GO TO 4048
4044 QTE=PCMULTAVOC(I)~VREQ
RLPC(1)=1,0E30
IF (GTEL.GT,0,) RLPC(I)=VREG#RPL(I)/NTE
4048 CUR(1)=CURMOD(INDI)
IF (NGT1,GE,3,DR,INDILER,1) CURC(I)=VOC(1)/(RPC(I)+RLPC(]))
4046 VPC(I)sVOC(I)=CUR(LI)*RPC(I)
CALCULATE ENFRGY TERMS
BGTOMP1sCUR(I)® (ALPHI*TEMP (4, 1) =ALPCI*TEMP(S,1)=ALP1*DT(4,1))
GTOMNI=CUR(I)* (ALNHI*TEMP (4, I)wALNCI*TEMP(S,I)=ALNI*DT (4,1))
QTOMP22CUR(CI)# (ALPH2ATEMP (S5, 1) =ALPC2*TEMP (6, 1) =ALP2%DT(5,1))
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QTOMNZ2=CUR(II N (ALNHR*XTEMP (S, 1) wALNC2ATEMP (6, 1) eALN*DT(S,1))
GTOMSDTOMNI+GTOMN2+QTOMP1+QTOMP2
IF (GTOM.GT7,0,) QTOM=,5«QGTOM
GPsCUR(I)xQpP
QJ=CUR(I)*CUR(I)I*0BJ
OTEZQP«0J=QTOMGGAMXCGAM
QIN3QC+QTE
PECI) = VPC(I)*CURC(I)
CALCULATE EFFICIENCY
AT(1)=RIN+QGAM
QOUT=RT(I)«PE(])
IKHOT=1 ,0/(1,/72K(1)+1,/72K(2)+1,/72K(3))
IKCOLD=1,/(1,/72ZK(6)+1,/72ZK(7)+1,/2K(8))
1IF (RGEN.6T,0,,AND,VREQ,GT,0..AND DGRF.EQ,0,) QIN=,5%x(QGEN®QEND
1 «GIN)
CALCULATE TEMPERATURE OROPS AND NEW RADIAL TeEMP, PROFILE

ZKDT=2QIN/QC
IKTEQ=ZKTEAZKDT
ZKEQ(1)3ZK (1)
IKEQ(2)3ZK (2)
IKEQ(3)=ZK(3)
ZKEQ(8)B2K (4) «ZKDT
IKER(S)3ZK(S)*ZKDT
ZKOT=QIN/GOUT
IKEQ(6)32K(6)*ZIKDT
ZKEQ(7)82ZK(7)*ZKDT
IKEQ(B)=ZK(8) »ZKDT
IF (ZXR,6T7,0,) TEMP(9,1)s (ZKR*TREJ*DOUT+ZKECPC*TEMP(1 1))/
1 (ZKR*ZKECPC)
IF (RADC.LE,O0,,0R,INDI,EQG,1,0R, NOPTIM,LT,4) GO 70 5008

5008 IF (BGEN,G6T,0,) 60 70O S001
ZKDT'DTMUD(I)/(l 0/ZKHOT 1 0/ZKTEQ*QOUT/(QIN*ZKCOLD))
DT(1, I)=ZKDT/ZKEQ(1)
DO 5006 J=2,8
JisJ=}
TENP(J,I)uTEMP(Jl.I)-DT(leI)

5006 DT(J,1)®ZKDT/ZKEGR(J)
TCUN(ITCON)lABS(l.-QSAVEIQT(I))
QSAVE=QT(I)
60 T0 s007



CALCULATE HDT CLAD TEMPERATURE IF HEAT GENERATION RATE IS SPFCIFIED
5001 ZKDV=QGEN=GEND
DO 5002 J=1,8
J929=])
DT(J9,1)=£KDT/ZKEO(J9) _
5002 TEMP(JG,I)sTEMP(J9+1,1)+DT(J9,1)
TCON(ITCON)®2 ,«ABS (1 ,-0SAVE/TEMP(1,1))
QSAVESTEMP(1,1)
DTMOD(1)=QSAVE=TEMP(9,1)
9007 IF (NODUMP.EW,0,0R NODLUMP,ER.2) GO TD 3007
3112 WRITE (6,100) (CMT(J),Js1,25),INDI,IT(1),1
100 FORMAT (1H1,4X,2A4,1X,18484,2H (,F2,0,2(1H/,F2,0),2H) ,2A4//
1 20X, 19H CURRENT ITERATION,1%,23H, TEMPERATURE ITERATION,
1 I%,11H, ON COUPLE,IS//Z11X,3HRAD, 1IX,4HTEMP, 12X,2HDT,12Xs3HXZK,
2 13Xp2HIK,) 12X, 4HZKERQ, 13X, 5HLNRAD)
WRITE (6,3002) (J.RADCJ),TEMPCU,1), DT(JoI) XZK(J) 1 ZK(J) o ZKEQ(J)
1 LNRAD(J),J=1,8)
5002 FORMAT (I3,1H.,7G1%5,.5)
J=9
WRITE (6,3003) J,RAD(J)(TEMPCJI,1),DTMOD(I),2ZK9,PCMULT,ALRGY
3003 FORMAT (I3,1H,,3615.5,15%,3615,57/)
WRITE (6,3004) B(1),TFEH,B(2),7KP1,B(3)+sRINT4,B(4),ZKDT
WRITE (6,3004) B(S),TFEC,P(6),ZKP2,B(T)rRINT6,B(8B),RSAVE
WRITE (6,3004) B8(9),FERH,B(10),2KN1,B8(11),TCLDH,B8(12),0GEN
WRITE (6,3004) B(13),FERC,B(14),ZKN2,B(15),TCLDC,R(16),0GAM
WRITE (6,3004) B(17),ALPL,B(18),ZK11,B(19),TBNK,B(20),0TNMP]
WRITE (6,3004) B(21)4ALP2,B(22)+2K12,B(23),TBNC,B(24),0TOMP2
WRITE (6,3004) R(29),)ALN1,B(26),ZKTEP,B(27),DTMOD(I),R(28),RTOMN]
WRITE (6,3004) B(29),ALN2,B(30),ZKYEN,B(31),DTTE,B(32),0T700MNS
WRITE (6,3004) B(33),7KR 1B(34)»IKTE,B(3S),TOLTEM,B(36),LTOM
WRITE (6,3004) B(37),RHOP1,B(38),ZKTEQG,B(39),TCON(ITCNN),B(40),UC
WRITE (6,3004) B(41),RHOP2,B(42),IKECPC»B(43),ALT1,B8(44),QP
WRITE (6,3004) B(4S),RHONL,B(46),2LP,B(47),ALT2,B(48),0J
WRITE (6,3004) B(49),RHONZ,B(S0), LN, B(51),ALNH],B(S52),0QIN
WRITE (6,3004) B(53),RHOP,B8(54),2ZLTE,B(55),ALNHR,B(56),0Q0UT
WRITE (6,3004) B(57),RHON,B(58),RP,B(S9),ALNC1,B(60),VPC(I])
WRITE (6,3004) B(61),CONST1,B(62)sRN,B(63),ALNC2,B(E4),RPC(I])
WRITE (6,3004) B(65),CONST2,B(66),RFEH,B(67),ALPH],B(68),VDC(])
WRITE (6,3004) B(69),CONST3,B(70) RFEC,B(71),ALPH2,B(T72),CUR(I)
WRITE (6,3004) B(73),CONSTY,B(T74),RINTFH,B(75),ALPCY,B(76),PE(])
WRITE (6,3004) B(77),ZKHDT,B(78),RINTFCeB(79),ALPC2,»B(RO),QTE
WRITE (6,3004) B(81),2KCOLD,B(BR2)RPPC,B(B3),RLPC(1),R(8B4),0T(])
3004 FORMAT (2X,4(A601HE,G612,5,10X))
IF (INDI,EQ,O0) WRITE (6,3006)
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3006 FORMAT (1HO,21X,66HTHIS CASE DUMPED, THEN SUPPRESSED BECAUSE OPTIM
1UM ZLP IS IMAGINARY) _
IF (NODUMP,EQ,1,AND,ITCON,LT,11) 60 YO 3007
WRITE (6,3008) (TCON(J),J=1,1TCON)
3008 FORMAT (10HO TCON 3 ,10(F9,6,1H,))
60 TO 4000
3007 IF (YTCONCITCON) +GT,TOLTEM) GO TO 3009
' IF (NODUMP,EQ,2) GO TO 3112
G0 To 4000
3009 IF (ITCONLLE,10) GO TO 4040
. GO TO 3112
4000 IF (NOPTIM,NE,S,OR,I.,NE,1) GO TO 6010
C « SET UP B,O,L. PARAMETERS FOR CURIUM MISSION CALCULATIONS
IDUM[:j
GGEN=1 ,211%(QT(1)+0QEND)
IF (INDI,EQ.I) GO TO 6010
NGT2=4
QEOL=PCMULTA(QOUT+QEND)
GBOLsPCMULT* (OGEN=PE(2))
IKDTsQROL/GEOL
TREOL=TEMP(9,1)=RADK
TRBOL=(ZKDT#TREOL%x24=(ZKDT=1 ) aTREJ) % 25
TEMP(9,3)STEMP(9,2)
TEMP(9,2)sTRBOL+ZKDT*RADK
IKDTETEMP(9,2)=TEMP(9,3)
D0 6012 J=1,8
6012 TEMP(J,2)sTEMP(J,2)¢ZKDT
IF (NDDUMP,EQ,0) GO TN 6011
WRITE (6,3004) B(85),0E0L,B8(86),080L,8(87),TREOL,B(88), TRBOL
WRITE (6,3004) B(89),PCMULT
6011 CALL PMONY(DP,JDUMP,0,)
6010 CONTINUE
RETURN
END
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BLUCK DATA ,
COMMON /DATIN/TTIT(1S),2KMICE(15),2ZKkMICc2(15), ZKSS(15),ZKBN(16),
1 ZKIN(15),22NA(1S),Z2NR(15),22NK(15),Z22PA(15),22PR(15),2Z2PK(15),
QLZ2NRK(15) s Z2PRK(15),Z3NA(1S),Z3NR(15),2Z3NK (15),Z3NRK(15),23PA(19),
S Z3PR(15),23PK(15),23PRK(15),ZKCRH(15),ZKCRC(15),RCRH(15),RCRC(15)
4y RHP(15),RPRHN '
COMMON /FODAT/ALPHA(15,8) ,RHD(15,8),2K1ON(16,B),2ZKSSIN(16,3),
1 RFETM(15,4),2KFETM(16,3),ZKMICA(16)
COMMON /TITLE/FETM(3),CASCAD(8,2),SSIN(3),CMT(25),COND(S,5), TEMKF,
1 CRMD(2,2),I3N,1I2N,13P,12P
TEMPERATURE AT WHICH EACH PARAMETER IS EVALUATED (DEG,.K)
DATA YTV /300,,350,,400,,450,,500,,550,/,600,,650,,700,,
1 750.+,800,,8%0,,900,,990,,1000,/
SEEBECK CDEFFICIENT OF TEGS=3N MATERIAL (vOLTS/DEG.K)
DATA A PHA/ B,526E«05,1,058E~04,1.,254E~04,1,411F=04,1,656E=04,
e 1,803g»04,1,960E=04,2,097€=04,2,205E=04,2,294E~04,

3
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2,254E=04,2,185E=04,2,009E=04,1,73% ~04,1,303€E=04,
COEFFICIENT OF TEGS=2N AND GE-NL MATERIAL (VOLTS/DEG.K)
1,150E=04,1,369E«04,1,587F=04,1,806E=04,2,005E=04,
R, 176E=04,2,338E=04,2,452E=04,2,509E-04,2,490E~04,
2.386E=04,2,205E=04,1,977F=04,1,730F=04,1,464E=04,
COEFFICIENT OF YEGS=3P MATERIAL (VOLTS/DEG,.K)
S5,015€+05,5,807E=05,8,974F=05,1,140F~04,1,394E-04,
1,668F=04,1,911E-04,2,122E~04,2,281E=04,2,407FE~04,
2.502F=04,2,595E~04,2,544E~04,2,460F-04,2,281E-04,
COFFFICIENT OF TEGS«2P MATFRIAL (VOLTS/DEG.K)
4,940FE=05,7,980E~05,1,102E~04,1,387E-04,1,748E~04,
2.090F«04,2,375E~04,42.594E~04,2,698FE=04,2,726E=04,
2,70BE=04,2,660E~04,2,594F~04,2,508E=04,2,394E=04,
COFFFICIENT (OF RCA=NB MATERIAL (VOLTS/DEG,K)
1,030E=04,1,210E=04,1,410E-04,1,610E+04,1,820€E~04,
2,020E=04,2,230E=04,2,450FE=04,2,600E=04,2,660E=04,
€ H20E=04,2,530E=04,2,430E~04,2,300F=04,2,140F~04,
COEFFICIENT OF RCA GE=TE P-TYPE MATERIAL (VOLTS/DEG.K)
0,5CE=04,0,78E=04,1,05«04,1,35F=04,1,73k=04,2,05F=04,
2.%8E=04,2,66E=04,2,83E~04,2,98E-04,3,11E=04,
3,09E#04,3,00E=04,2,19E=04, .4BE=4/

RESISTIVITY OF TEGS=3N MATERIAL (OHM~CM)

DATA RWO / ,0002628, ,0003623, ,0004967, ,0006722, ,0008992,

1 .0011785, ,0015277, .0019206, ,0023658, ,0028198,

1 .0032476, ,0035880, ,0037714, ,0037452, 0036142,
RESISTIVITY OF TEGS=2N AND GE=NL MATERIAL (OHM=CM)

1 .0004132, ,0005932, ,0008393, ,0011702, 0015737,
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1 ,0020822, ,0026552, ,0032685, ,0038738, ,0043984,
1 .,0046728, ,0047615, ,0046082, ,0042209, ,0037124,
RESISTIVITY OF TEGS=3P MATERIAL (OWM=CM) :
1 ,0009940, ,0010799, ,0012395, ,0014972, ,0018408,
i ,0022090, ,0026753, ,0031539, ,0036939, ,0043811%,
1 0051542, ,0057310, ,0061360, ,0063814, ,0064428,
RESISTIVITY OF TEGS=2P MATERIAL (OHM=CM)
1 .,0004031, ,0005493, ,000744sS, ,0009987, ,0013165,
1 ,0017342, ,0022517, ,0028237, ,0035227, ,0042400,
1 .0049482, ,0055656, ,0059923, ,0061739, ,0059469,
RESISTIVITY DF RCA=NB MATERIAL (QHM=CM,)
1 4,750E~04,6,300E~04,8,250E=04/,1 ,070E~03,1,390E~03,
2 1,820E~03,2,360E~03,3,0406-03,3,800E-03,4,570E~03,
3 5.300E=03,6,000E~03,6,450E~03,6,800E~03,6,750E~03,
> RESISTIVITY OF RCA GE=TE P=TYPE MATERIAL (OMM%CM)
1 3,7Em04,4,8E~04,6,8E~04,9,7E=04,13,8E~04,19,4E-04,
1 25,5€~04,32,8E-04,40,56=04,48,5E=04,58,0E»04,67,0E~04,

1 77.5€=04,86,0E=04,98,0E~04/
THERMAL CONDUCTIVITY OF TEGS=3N MATERIAL (WATTS/CM,/DEG,K)
DOATA ZKON / ,0428220, ,0375516, .0332035, ,0289872, ,0250344,

1 .0213451, ,0181829, ,0162065, ,0148889, ,0150206,

1 ,0162065, ,0176558, ,0191052, ,0210816, ,023058,,298,
THERMAL CONDUCTIVITY OF TEGS=2N AND GE#NL MATERIAL (WATTS/CM/DEG.K)

1 .0286942, ,0244433, ,0208299, ,0180668, ,0157287,

1 ,0139220, ,0127530, .0122216, ,0128593, ,0141346,

1 ,0159412, ,0178%42, ,0204048, ,0233805,,0260374,,298,
THERMAL CONDUCTIVITY OF TEGS~3P MATERIAL (WATTS/CM,/DEG,K) :

1 ,0375000, ,0305000, .0246000, ,0199000, ,0160000,

1 .0130000, ,0114000, 0110000, ,0112000, ,0119000,

1 .0135000, ,0166000, ,0206000, ,0265000, ,035000,,298,
THERMAL CONDUCTIVITY OF TEGS=2P MATERIAL (WATTS/CM,/DEG,.K)

H .0428878, ,0348821, ,0281344, ,0227591, ,0182988,

1 ' .0148678, ,0130379, .0125804, ,0128092, ,0136097,

1 .0154396, ,0189850, ,0235597, ,0303074,,0400286,,298,

THERMAL CONDUCTIVITY OF RCA=N(A) MATERIAL (WATTS/CM,/DEG,.K)
1 ,0200,.0179,.0161,,0143,,0127,,0111,,010%4,,00971,,00974,,0101,
2 ,0106,,0113,,0122,,0133,,0147,,296,

THERMAL CONDUCTIVITY OF RCA=P(A) MATERIAL (WATTS/CM,/DEG,.K)
1 .0345,,0270,.0222,.,0189,,0156,,0135,,0118,,0108,,0103,,0103,
2 ,0109,,0128,,0181,,0303,,0653,,.298/

THERMAL CONDUCTIVITY OF BORON NITRIDE (WATT/CM/DEG,K)
DATA ZKBN 7.303,,301,.299,.296,.294,,291,,289,.286,,284
1 ). 2820.2790,2771.274,,272,.,270,,081/

THERMAL CONDUCTIVITY OF IRON (WATT/CM/DEG,.K)
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NDATA ZKFETHM /.725'.696,.660,.6350.6089.57“9.5“07.5101.“79

1 '.““9'.“20'.390,.3600.335,.3131.280'
THERMAL CONDUCTIVITY OF TUNGSTEN (WATT/ECM/DEG.K) = TPRC DATA
e 107801 ,7001:6201.56,1,51,1,46,1,a1,1,3/41a 50
3 r1e431,1,2901,26,1, 2“ 1. 22 1.,20,,700,
THERMAL CONDUCTIVITY OF MDLYBDENUM (NATT/CM/DEG K) = TPRC DATA
4 1,37,1,35,1,33,1,51,1,30,1,27,1,26,1,24,1., 22
5 e20,1,19,1,17,1,15,1,14,1,13, ,368/
REbIbTIVITY OF TIRON (nHM*CM)
DATA RFETHM /1415E°5,1 ,40E"5,1.73E=5,2,08E~5,2,5CE~5,
1 2.976-5.s.Saans.a.125-5.4,836-5.5.605-5.6.345-5.7.105-5.
2 7,91E~5,8,80E+5,9,82E~5,
N RFSI&YIVITY OF TUNGSTEN (OHM#CM) TPRC DATA
3 5,00E=6,6,25E°6,7,.50E~6,8 70E~6,1,00E=5,1,12F=5,1,25FE~5,1,38
4 E-S 1,53E=9,1,67E~5,1, BEE-S'I 98F=5,2,15E=5,2, 29E'S P U3E=Y,
RESISTIVITY OF MOLYBDENUM (DHM2CM) TPRC DATaA
5 S,50E"6,6,50E=6,7,50E~6,8 505'6;9 S0E=6,1,04E=5,1,13E~5,1,25
6 E=5,1, 37#-5 1. “7E~S 1. SBE-S 1,69€=5,1, BOE-S ) U QOE-S,B.OOE»So
> RESISTIVITY OF NICKEL (UHM*CM) )
7 .000011, ,000013,,000015, 0000173, ,0000198,,0000226,.0000257,
8 ,000029,,00003%19,,0000346,,000037,,0000%92,,000041,,0000427,
9 ,000044/
THERMAL CONDUCTIVITY NF STAINLESS STEEL (WATT/CM/DEG.K)
DATA 7ZKSSIN 7ealdS9e1579,165,,172,,179,,184,,192,.198,,205
1 1.2121 42192 ,229,,232,,.,2%9, ,206,,283,
THERMAL COMDUCTIVITY OF INCONNEL (wATT/CM/DEG.K)
3 w1171 4126»,135,,143,,152,,161,,170,,179,,188
1 re197,420%,,215,.223,,230,,240,,296,
THERMAL CONDUCTIVITY OF T=111 (TPRe PURDUF UNIV,)
1 als,.asx,.asq..asa,.asa,,081,.aeo.,soa..515..527,.sao..556.
2 05685y 4577, 4¢586, ,600/

THERMAL CONDUCTIVITY OF MICA (WAIT/CM/DEG,K)

DATA ZkMICA /,0290,,0310,,0330,,0342,,0336,,0306,,0282,.0268,,0262
1 ,,0262,.,0268,,0268,,0268,.,026R,,0268,,105/

DATA CASCAD/UHTEGS,4H GE »2*4HTEGS,2%4HRCA=,2%1H ,4H 3N ,4H NL

1 4R 3P ,4H 2P ,4H N ,4H P ,2#1H /,COND/4HOPEN,4H CIR,4HCUIT,
2 4H FIX,4HED L,49HOAD ,4HMATC,4HHED o 4HLOAD,4HFIXE)4HD V=, 4HLDAD,

3 4HOPTI,4HMUM ,4HLDAD/,FETM/2HFE, 1HW,2HM)/,SSIN/2HSS,2HIN,2HTA/

4 CMT/25%4Hax2n/,CRMD/4H CIR,4HCUIT, 44 MOD,4HULE /

END
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SUBROUTINE OPTIM(ISECT,IRTRN)
DIMENSTION VPL(4,5),0MHD(4),DRCP(2¢2)PDNT(2,4),VPL1(3),PWCT(4)
1 JYRL(S),DRCPI(2),S8KP(12) - '
COMMON /MODOPT/IPDWT, DRY4,DRINCR,IRITE,DRTE,JOPYIM,129,1ENDK,IPUN,
1 RIINC,RUINC,RIMAX,ROMAX,DTMIN,QREQ, THINC, TCINC,TCMAX, THMAX
2oNPERT,ZNPERT,CKFP,CKFT,CTEOC)CTEIC)OELTL/RLPERY,RLMAX,ZNMIN,Z9SAV
COMMON /TITLE/FETM(3),CASCAD(8,2),SSIN(3),CMT(25),COND(3,5),TEMKF,
1 CRMD(2+2)»13N,1I2N,I3P,12P
COMMON /MDCPUOP/RAD(9),DR(B),TEMP(9,300),V0C(300),RPC(300),PE(300),
1 QT(300),NOPTIM,VPC(300),RLPC(300),D0TMOD(300),CUR(300),LNRAD(9),
2 ZLPyZiNyZLI,ZLNLP,ZLPNI,ZLTE,NGT1,NGT2»ITPERT,PCMULT,NODUMP,IVD,
3 GGEN,QGENL,OTE,QOUT,21D,20D,2KEND,ZK9,ZXR,RPPC,RPN,TDLTEM,TREJ,
4 VREQ,PEREQ,ZLREQ,WTCON,ZLPN,IDUMZ,RN,DGRF,DGTRF,DGLRF,RADK, JDUMP,
S DP(30),NC
DATA VPL/UH Vs4HOC ,4H (VD,4HLTS) ,4H CUR,4HRENT,4H (AM,4HPS) ,
1 4HCKT, s 4HLEN, 44 (I,4HN,) ,44 RL,4HOAD ,4H (OH,4HMS) ,4H RL.
2 4HDAD ,4H(MeD,4HHMS)/,POWT/AHPDEN, 4HW/CCy4H WT,,4HLBS,,4H CUR,4HA
3MPS,)4H TS ,4HDEG,/,0MHD/3H M=, 1M ,1HC,1HH/,DRCP/4H DRS,4HDRTE,
4 4H NO,)4HCPLS/sSKP/IN ,1HO,821H p1Hx,1Hwx/
EQUIVALENCE (VPL1(1),0CY)s(VPL1(3),ZCIR)
REAL LNRAD
IF (ISECT,EQ,2) GO TO 3051
C = INITIALIZE VARIABLES USED IN OPTIMZATION RQUTINE
IRTRN=1
IF (JOPTIM.NE,O) GO TO 4014
JOPTIM=1
IPERT =0
PCPERT=NPERT
PCSAVEPCMULT
RLOAD=PCMULTARLPC (1)
IRITE=y '
IVDOsl, TEMPERATURE PARAMETRIC WITH SPECIFIED GEOMETRY
IvDs2, TEMPERATURE PARAMETRIC WITH SPECIFIED LENGTH AND VOLTAGE
IvD=3, TEMP, PARAMETRIC WITH SPECIFIED LENGTH AND NO, OF COUPLES
IVO=4, PARAMETRIC ON NO, COUPLES WITH SPECIFIED VLOAD AND LENGTH
IVD25, PARAMETRIC ON NO, COUPLES WITH SPECIFIED VLOAD AND POWER
RLOM=1000, »
IDRCPs=p
I1PDWT3
ISKPs=?2
ZCIRsPCMULTRZLTE
C = INITIALIZ2E PARAMETERS FOR CURIUM STUDY CALCULATIONS
NOP2=NQOPTIM/2

OO0OO0

D-69



IF (NDP2.NE.2) GO TO 6000
Ocve=o,
=0,
IF (NOPTIM,EQ,.5) NCe=2
1VPL=3
IVRL=1}
TREJETREJ*TREJATREJ2TRE S
"DGTRE=1,/DGTRF
TEMP(1,2)=sTEMP(1,1)
TEMP(9,2)sTEMP(9,1)
ISKkP=2
IPDWT=p
GO To 4009
C = INITIALIZE PARAMETERS FNR | 0AD CURVE CALCULATIONS
6000 IF (RLMAX,LE,O,) GO TO 4000
IRML =1
1S5KP=1
RLSAvV=RLPC(1)
IvPL =1
IVRL=S
IF (RLOADLLT.1,) GO TOD 3999
RLOM=1,0
IVRL=4
3999 IPDWT=3
IRLP=1
IF (RLPERT,LE.0.) RLPERT=RLSAV
IF ((RLMAX=RLSAV)/RLPERT,GT,200,) GO TO 4009
IRLP=0
GO Tu 4009 , ‘
4000 IF (ZLREQL.LELO0.) GO TO 3998
AN SxZLREQ/PCMULT=ZLL
LLP3LLN
lvpDs3
LCIRsZ TE
3998 IF (VREG,LE,O0,) 60O TO 4002
IvDse
RLPC(1)=0,
1F (NPFRT,LE,0) GO TO 4002
NGT1s4
NGT2=4
IvD=y4
IPDWT=3
RLPC(1)=1,0E10
IF (PEREG.LF.0.+AND,OREG,LLE.Q,) GO TO 4UG2
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IvDaS

PCPERT=1,
CUREQSPEREQ/VREG

IVRL=1

IF (NGT2,GE.4) IVRLE=S
IVPLs1

IF (IVRL,EQ,1) IVPLBZ
IRSPRT=2

IF (DRINCR,LE,O,) GO TO aooa
IF (NOPTIMNE, 2) IRSPRT=}
IPDWT=4

IDRCP=

GO0 10 4009

1F (NOPTIM,NE,3) GO TD 4009 '

C = INITIALIZE VARIABLES FOR TEMPERATURE OERIVATIVE CALCULATIONS
TCINC®=13,89
THINCsTCINC

4009

101

4038

THMAXeTEMP(1,1)*THINC
TCMAXZTEMP(9,1)+TCINC
TEMP(1,1)aTEMP(1,1)=THINC
TEMP(9,1)sTEMP(9,1)=TCINC
TIHOTESTEMP(1,1)

TICOLDSTEMP(9,1)

IF (1IPUNL.EQ.1) WRITE (7,101) (cMT(J),J=3,23)
FORMAT (17A4,A2¢1X,F2,0,2(1H/,F2,0))
Js38

IF (THMAX,EQ,0) 60 TO 4038
Is(THMAX=TIHOT)/THINC*1,

IF (NOPTIM,GT,3) Ia2nl

JE(39/1)«]

LCNTMEAMAXO(R2,J)

ZLNSAV=ZLN

ZLPSAV=ZLP

C = INCREMENT 0,0, IF INITIAL VALUE VvIOLATES MINIMUM T/E THICKNESS

4014

100

4010

IF (ISECT,EQ.3) GO TO 4023

WRITE (6,100) (CMT(J).Jan.es).CASCAD(ISN.a).CASCAD(IEN.EJ-
1 CASCAD(I3P,2),CASCAD(12P,2)

FORMAT (1H1,4X,2A4,1X,18A4,2H (1F2,0,2(1H/,F2,0),2H) ,2A4/
1 TXs H(s A3, 1Ne ) A3, 1H, p A3, 1H=, A3, 1H))

WRITE(6&,4010) ZI0D,Z0OD,DR(!),ORTE,OR(8)

FORMAT (13Xs4HI.D.r8X,)1HE,FB 8,UH IN,,45%X,4K0,DesBXr1HS,FB,4,

14H IN,/26H INNER CLAD THICKNESS ®,FB844y4H IN,,9X)6HDRTE s,F7.4,

2 4W IN,)10X,22HOUTER CLAD THICKNESS = Fg,4,4H IN, )
IF (ZCIR.LE.O0,) GO TO 4061

D-71



ZLPNIsZLP+ZLN+ZL]
WYSWATE (P)
J=1
IF (WTCON.6T,L,0,) Js2
IF (NGT2.NE,2,0R RLPERT,6T,0,) GO TO 4040
1=2
IF (RLNAD,GE,L1,) GO TO 4045
RLOAD=21000,+«RLOAD
I=1 .
4U45 WRITE (6,4001) ZCIR,RLUAD,OMHD(I),CRMD(1,J),CRMD(2,J),WT
4041 FORMAT (10X,16HCIRCUIT LENGTH =2,FB8,3,4H IN,,6X,7THRLDAD =,F9,3,
1 A3,4HDHMS,11X,2A4,9H WEIGHT =,F8,3,5H LRS,)
GD Ti) 404Q
4040 WRITE (6,4043) LZCIR, (COND(I/NGT2) o I=i,3),CRMD(L,J)sCRMNC(o I NT
4043 FORMAT (10X, 16HCIRCUIT LENGTH =mpFB8,4,4H IN,,11X,3A4,18%x,2A4,
1 9H WEIGHT =,F843,5H LBS,)
GO To a04e
4061 1VPL=3
WRITE (6,4063) (COND(I,NGT2), Ial 3)
4063 FORMAT (49X%,3A4)
4042 WRITE (6,4044) DRCP(1,1DRCP),(VPL(I,IVPL),I231,2),(VPLLI,IVRL),
1 I=21,2),(CRMD(1,IENDK),I=21,2),PDONT(1,IPOWT), TEMKF,TEMKF,DRCP (2,
2 IDRCP)y(VPLCI»IVPL),I=3,4),(VvPL(I,IVRL),I233,4),POWT(2,IPOWT)
4044 FORMAT (17HO THOT TCOLD, 44X, A4, 14H ZLN ZLP,4X%,244,2X,
1 2A4,4X¢30HRGEN vLOAD peQUT Q. AQ,SX-SHEYA,AZ:&X.AQ/
2 2(TH (DEG.,AL121H)) ,3X,A4,18H (IN,) (INg) 12AU, 2%, 204,
3 S4H  (M=0OHMS) (vOLTS) (WATTS) (WATTS) (PCT,) (rpAlG,1H))
LCNT=0
1ZLP=1
ITHINC21
ITCINC=0
ETAMAX=0,
RETURN .
3051 IF (NOPE.NE.E) GO YO 6001
ITPERT=2
C = ITERATE ON ND, DF COUPLES AND ZLN FOR CURIUM MISSION CALCULATIONS
IDUML=2.
NGT2ES
QGEN=O0,
IRTRN=?
PaPCMULT*PE(1)
VLD=PCMULTxVPC(1)
IF (CABRS(1,=0CV/VLD)+ABS(1,~0/P)) L T,,01 ,0R,IPERT,GT,10) GOTO 400}
IPERTSIPERT+]
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4035

4027

4018

4020
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PCMULT=sIFIX(VREG/VPC(1))+1

ZLN= (PEREQ#*ZLPN/ (PE(L1)*PCMUL T (1,41 ,/ZLNLP))+ZLN) %8
ocvsvLo '
QsP

IF (NOPTIM,EQ,4) TEMP(1,2)sTEMP(1,1)+20,

‘DSDGLRF*EXP(16616,%(DGTRF=1,/TEMP(1,2)))/ZLN

D3AMINY (D) ,75)
DP(12)=DA(RPC(NC)+DP(12)*(RPC(NC)=RN))/(RN*(1,=D))
IF (NDOPTIM,ER,5) DP(12)=0,

CALL PHONY (DP,JDUMP,100000,)

RETURN ‘ ,

OCVEPCMULTRVOC (1)

IF (IVDp.EG,1) GO TO 400}

IF (IZ P.,NE,2) GO TO 4035

TOLTEM=10,*TOLTEM

G0 TO 4001

TOLTEMs0,1*TOLTEM

I12LP=2

IRTRNS?

IF (IVp.EQG.2) GO TD 4028

IF (PEREG.LE,O0.,) G0 TO 4018

IF (DCV.LE,VRER) GO TO 4029
ZLNZZLN/(1,+(VOC(1)»VREQ/PCMULT=CUREQ#*RPC(1))/ (CUREQ*RPN))
IF (ZLN,6T,0,) RETURN

PCMUL TaPCMULT+1

G0 TO 4037

IF (QUREG,GT,0,.) ZLREG=(QREQ-ZKENDtDTMoo(1))-ZLTE/GT(1)
LLNE(ZLREQG/PCMULT=2,0%ZLTI)/(1,0¢1,0/ZLNLP)

IF (VREG,LE,O0,) RETURN °

CALCULATE MINIMUM NO, OF COUPLES TO ACHIEVE SPECIFIED LUAD VOLTAGE

4029

4037

Ps0CVeVRER

IF (P,LE,O0,) GO T0O 4029
RLPC(1)=VRE0*RPC(l)tZLPtZLNLP/(PtZLN)
RETURN

_PCMULTHIFIX(VREQ/VDC(1)*2 0)

TOLTEMs10,*TOLTEM

1Z2LPs}

RPPCaRPPC/PCMULT
RPC(1)=RPC(1)=RPPC*PCMULT+RPPC
OCV=PCMULTVOC (1)

PE(1)avREQ» (OCV=VRER)/ (PCMULT*pPCMULT*RPC (1))
RLPC(1)SVREQ/ (PCMULT®CUREG)

GO TO 4027

CALCULATE NO, OF COUPLES T0 ACHIEVE SPECIFIED LOAD VDLTAGE
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4028 PCMULT=IFIX(VRFU/VPC(1)+1,0)
LNz (ZILREQ/PCMULT=2,0%ZL 1)/ (1,0+1,0/ZLNLP)
RETURN

4001 TEMPHF=zDK2FK(TEMP(1,1))
TEMPCFzOK2FK (TEMP(9,1))
1IF (121 PEQ,2.,0R,DELTL.EQR,0,) GO TO 4064

CALCULATE TOTAL LFENGTH T0O ACHIEVE SPECIFIED clLAD MIS=MATCH
1ZLP=?
IRTRNsp
LCIR= DELTL/(CTEICH(TEMPHF=70,)=CTEOC*(TEMPCF=T70,))
IF (ZLREG,.GT,0,) ZCIR=ZLREW .
PCMULT=IFIX(ZCIR/ (ZLNSAVR(1,0¢1,0/ZLNLP)+2,0%ZL1))+1
ILNS(ZCIR/PCMULT=2,0%21.1)/7(1,0e1,0/ZLNLP)
RETURN

4Ue4 ETAU=PE(1)/(QT(1)+2KENDRDTMOU(L)/7PCHULT)
IF (FTADLT . ETAMAX) 6N TN 4015
ICIRsZL TEAPCMULT
RLOADzPCMULT#RLPC (1)
VRL (IVRL)SRLOM®RLOAD
VRL(1)zPCMULT*VOC (1)
DRCP1(1)=100,%DR(S)/DRTE
NDRCP1(2)sPCMULY
VOLY = S1,48%xZCIR*RAD(1)*RAND(])
VL.D=2PCMULTAVPC (1)
DHMSPCMUL TARPC (1)
PSPCMULT*PE (1)
GePCMULT*QT (1)
VPL1(2)=sCUR(1)
IF (IPDPWT,EQ,2) PNCT(IPDNT)=HATE(0HOD)
PWCT(3)aCUR(LY
PWCT(4)=DK2FK(TEMP(S,1))
IF (NOPTIM,NE.2) GO TO 4003
ETAMAX=zETAI
GMODs P
PWCT(1)=ZLN
GO TO 4017

4015 ZLP=QMnD
ILNSPWNCT(1)
ETAOSETAMAX

4003 GMOD=zQR+ZKENDADTMAD (1)
PWCT(1)=QMDD/VOLY"
IF (IPUN.ED,3) WRITE (7,4055) YEMPHF,TEMPCF,OMDND,0CY,VID,CUR(1)/,0,
1 (CMT(J3),J=21,29) _

4055 FORMAT (7HREF MOD,12X,2F7,1,F8,2,3F8,4,F8,2,342/1H )
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IF (IPUNLEG,1) WRITE (7,40%0) 2I1D,20D,TEMPHF, TEMPCF,2ZCIR,VLD,0OHM,
1 ETAQ,P
4050 FORMATY (1X%X,2F7,.3,2F7,1,5€£10,3)
IF (NOPTIM,NE,3) GO TO 4031}
JOPTIM=JOPTIMe}
VOC(JORTIM)=0QCV/ (DOTMOD (1) *CKFT)
RPC(JOPTIM) 20MHM
QT(JOPTIM)=DTMOD (1) *xCKFT/OMDD
4031 LCNTsLCONT¢ISKP
IF (LCNTLLE,LCNTM) GO TO 4033
WRITE (6,100) (CMT(J),J®1,25),CASCAD(I3N,2),CASCAD(I2N,2),
1 CASCAD(I3P,2),CASCAD(I2P,2)
WRITE(6,4010) ZID,200,0R(1),DRTE,DR(8)
IF (RLDAD.LT,1,) 60 TOD 4034
RLOM=s1,0
IVRL =24
VRL (4) zRLOAD
4034 WRITE (6,4044) DRCP(1,IDRCP), (VPL(I,IVPL), 1:1.2) (VPL(I»IVRL),
! I=1,2)s(CRMD(1,IENDK),181,2),POWT(1,IPDWT), TEMKF,TEMKF,ORCP (2,
2 IDRCP)O(VPL(I'IVPL)0133t“)'(VPL(IrIVRL)013304)0P0N7(20190WT)
PCPERT=2.,0%PCPERT
4033 WRITE (6,4011) SKP(ISKP),TEMPHF,TEMPCF,DRCPL (IDRCP),ZLN)ZLP,
1 VPLL(IVPL),VRL(IVRL),0HM,VLD,P,QMOD,ETAQ,PNCT(IPDNWT)
4011 FORMAT (A1,F7.1+F9,1,F7,0,2FB8,4,2F10,3,3PF10,3,2(0PF10,3).,
1 F10,1,2PF10,4,0PF10,3)
LCNT=2
GO TO (6005,4016,4025,6006,6002),NDPTIM .
C = WRITE B,D.L. PARAMETERS FOR CURIUM MISSION CALCULATIONS
6002 WRITE (7,4050) ZI1D,20D,TEMPHF TEMPCF,ZCIR, VLD /PWCT(2),ETAD,P
TEMPHF 2DK2FK (TEMP(1,2))
TEMPCFsDK2FK(TEMP(9,2))
OCVsSPCMULT=VOC (2)
OHM=1000,*PCMUL TwRPC (2)
VLDsPCMULT=VPC(2)
PsPCMULT#PE (2)
OMODBPCMULT*QT (2)+ZKEND*DTMOD(2)
ETAOSP/GMOD
Q=QMOD/VOL1
WRITE (6,6003) SKP(IPERT),TEMPHF, TEMPCF»D,Q,PWCT(2),0CV,0HM, vLo.
1 PyGMOD,ETAQ, IPERTY
6003 FORMAT (1X,A1,F11,1,F9,.1,2PF6.1s0PFB,2,F9,2,F10,3,F9,1,F10,2,
6 F10,1,F11,1,2PF9,3,16)
LCNT:LCNT¢1
CALL PHONY(DP,JOUMP,100000,)
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IPERY=0
60 TO 4028
6006 WRITE (6,6008) D,PWCT(1),PWCT(2),IPERT
6008 FORMAT (22X,2PF6,1,0PFB,2/F9,2,59X%X,16)
IPERT=2Q
GO TN 4025
6005 IF (RLMAX,LE.O0,) GO TO 4017
C = INCREMENT LDAD RESISTANCE, IF SPECIFIFED (2(47),G6T7,0,.)
RLPC(1)=RLPC(1)+RLPERT
IRTRN=S
ITHINC=)
60 TQ (5001,%5002,5003), IRML
5001 IF (RLPC(1),LT.RPC(1)) GO TO S003
IRM| =2
RSAVERLPC(1)
NGT2s3
RETURN
5002 IRML=3
NGT2=2
~ RLPC(1)=3RSAV
5003 P29,99xRI.PERT
IF (IR P,EQA,1,AND,RLPC(1),GE,P) RLPERT=10,%RLPERT
IF (RLPC(1) LELRLMAX) RETURN
RLPC(1)=RLSAY
LCNTZ29D
RLLOM=1000,
IVRL=YS
IRML=]
IF (IRLP,EQ,1) RLPERT=RLSAV
G0 Td 4025
4017 IF (DRINCR,LE.O.) GO TO 4021
C = INCREMENT DR(4) IF SPECIFIED (NZ(32),.,6T7,0)
DR(4)=pR(4)+ DRINCR#*DRTE
RAD(5)=RAD(4) +DR(4)
DR(S)sRAD(6)=RAD(S)
IRTRN®TS
IF (DR(4),GT,DRTE) GO TO 4008
LNRAD (4)=ALOG(RAD(S)/RAD(4))
LNRAD(S)SALDG(RAD(6)/RAD(S))
RETURN
4008 IF (NOPTIM,EQ.,2) GO TO 4003
WRITE (6,4011) $KkP(2)
LCNT=LCNT+1
4016 DR(4)=pR4

D-76



4021

Astrenuciear
Laboratory

RAD(S)=RAD(4)+DR(4)
DR(S)=RAD(6)=RAD(S)
ETAMAX20,

1ZLP=}

IF (NPERT,LE.O0,) GO TO 4025

C = INCREMENT AXIAL DIMENSIONS, IF SPECIFIED (NZ(26),6T,0)

If (PCSAV,G6T.1) GO TO 4051

C = INCREMENT NUMBER OF COUPLES IF PCMULT (NZ(12)),.LE,.1)

817

4026

4036

C =1
4051

4052

4025

C = I
6009

IF (IPUNL,EQ,2) WRITE (7,817) (cMY(J),J=3,15),PCMULT,PCMULT,ZLN,ZLP
FORMAT (13A4,1HsF4,0,84 COUPLES/6H | 112,F6,0/6H 2 111,2612,5)
PCMULT=PCHMULT+PCPERT

IF (ZLN,GE.ZNMIN AND,PEREQ.LE,O0,) GO YO 4026
IPERT=IPERT+1

IF (CUREQ,GT,0,) RLPC(IJ-VREQI(PCMULT*CUREDI
IF (IVD.6T4.,AND,IPERT ,LE.NPERT) GO TO 4038
IPERT=0

PCMUL T=PCSAY

WRITE (6,4011) SKP(2)

- GO T0O 4025

Psl, /(1.*QTE*ZLTE*RLPC(1)*PCPERT/(RPC(IJ*PCHULT*(ZLTE*HT(1)~2 w1
1*(0!(1)-0TE))))

LILNEPRZ|N

I2.Pa}

IRTRNs2

RETURN
NCREMENY ZLN, IF SPECIFIED

IF (IPERT,LE.NPERT) 6D TD 40Se2

IPERTsD

ILNSZLNSAYV

ZLP=sZLPSAY

WRITE (6,4011)

GO TQ 4025

IPERTSIPERT+1

IUNSZUN+ZNPERT

ZLP3ZLP=INPERT

IF (ZLP.LE.O0,) GO TO 4023

IRTRN=2 :

RETURN

ITPERT=1

DTMDD(3)=DTMOD(1)

IRTRN=3

IF (THINC,LE, 0 )} 60 TO 6004
NCREMENT HOT CLAD TEMPERATURE, IF SPECIFIFD
TEMP(1,1)=TEMP(1,1)+THINC
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ISKP=1
IF (TEMP(1,1),LE,THMAX) RETURN
TEMP(1,1)=T1HOT
ISKP=? :
LCIR30,
6004 IF (TCINC,LE,O,) GO TO 4023
C = INCREMENT COLD CLAD TEMPERATURE, IF SPECIFIED
TEMP(9,1)=2TEMP(9,1)+TCINC
IF (TEMP(9,1),.,6T,TCMAX) GO T0O 6007
CIF ((TEMP(1,1)=TEMP(9,1)),GT,DTMIN) RETURN
IF ((THMAX=TEMP(9,1)),6T,DTMIN) GO T 6009
6007 TEMP(9,1)=TiCcOLD
LZCIR=0,
C = INCREMENT OUTER T/F WASHEKR THICKNESS
4023 IF (TEMP(1,1),6T,THMAX) G0 TN 3062
IF (1Z9.,EQ,1) GO TU 4019
NDR(5)=nR(S)+ROINC
IF (DR(S),6T,RIMAX) GU TO 3062
IRTRN=4
: RETURN,
C = INCREMENT OUTER OIAMETER
4019 RAD(9)sRAD(9)+ROINC
IF (RAR(9).GT.RIMAX) GO TO 3062
IRTRN=g
RETURN
C = INCREMENT INNER DIAMETER
3062 RAD(1)=zRAD(1)+RIINC
IF (RAD(1).GT,RIMAX) GD TD 4024
IRTRN=7
RETURN
4024 IF (NOPTIML,NE,.3) GO TO 4030
CALCULATE AND WRITE TEMPERATURE DERIVATIVES, IF SPECIFIED
P27 .TA*CKFT
VOC(2)a(VOC(7)=¥DC(5))/P
vVOC(4)=(VvDC(9)=V0C(3))/P
RPC(2)e(RPC(7)=RPC(5))/P
RPC(4)=(RPC(9)=RPC(3))/P
AT (2)=(OT(7)=QT(S))/P
GT(4)=(AT(9)=QAT(3)) /P
WRITE (6,4074)
4074 FORMAT (1HO/36X,)34HCALCULATED TEMPERATURE DERIVATIVES)
WRITE (6,4071) OMHD(4),V0C(2), TEMKF, TEMKF
4071 FORMAT(1HO33X,6HOAL/®T,A1,2H 3,E13,4,12H VOLTS/DEG,.,A1,5H/DEG,AL)
WRITE (6,4071) OMHD(3),V0C(4), TEMKF, TEMKF
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WRITE (6+4072) OMHD(4),RPC(2)TEMKF
4072 FORMAT(1HO33X,6MHMRG/8T,A1,2H s,E13,4,11H OHMS/DEG,.,A1)
WRITE(6,4072) OMHD(3),RPC(4), TEMKF
WRITE (6,4073) OMMD(4),0T(2),TEMKF,TEMKF .
4073 FORMAT (1HO33X,6HOTI/8T,AL)2H 3,E13,4,6H DEG,sAl,10H/WATT/0EG.sAL)
WRITE (6,4073) OMWD(3),0T(4),TEMKF, TEMKF
TEMP(1,1)sTEMP(1,1)+THINC
TEMP(9,1)aTEMP(9,1)¢TCINC
4030 IRTRN=1
RE TURN
END
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101

102
110

SUBROUTINE LIFEC(DP)

COMMON /MDCPOP/RAD(9),DR(B),TEMP(9,300),v0C(300),RPC(300),PE(300),
AT (300) ,NOPTIM)VPC(300),RLPC(300),DTMOD(300),CURC300),LNRAD(9),
ZLP TNy 2L Yy ZINLP,ZLPNI,ZLTE NGTYyNGT2¢ ITPERT,PCMUL T,NDDUMP, IVD,
UGEN, QGENL ,QTE»BDUT,ZID, 20D, IKENDsZK9, LKR,RPPC RPN, TOLTEM, TREJ
VREQ,PEREG, ZLREQ,WTCON, ZLPN, IDUMZ,RN,DGRF,DGTRF,DGLRF,RADK, JDUMP,
DP(30),NC

COMMUN /MODCPL/CURMNDD(15),1T7(300),DTTE,CUNRN,CONRP,ZLIP,INC,

1 ALR64,MAXTEM,QGAM,CGAM, INDI,RINT4,RINT6,RCONY,RCON6,C1FEMH,CIFEC,

e CONSTY1,CONST2,CONST3,CONST4, CONSTS,NRSOPT,SEGTE, ICRMDL »RADC
COMMON /MODOPT/IPDWT, DRU4IDRINCR,IRITE,DRTE,JOPTIM,129, 1ENDK, IPUN,

1 RIINC,RUINC,RIMAX,RIMAX,DTMIN,RREG, THINC,TCINC,TCMAX, THMAX

CyNPERT, INPERT,CKFP,CKFT,CTENC,CTEIC,DELTL,)RLPERT,RLMAX,ZNMIN,Z95AV
COMMON /TITLE/FETM(3),CASCAD(8,2)sSSIN(C3),CMT(2%),COND(3,5), TEMKF,

1 CRMD(2,2),1I3N,12N,T3P,I2P
COMMON /MDLIF/HRS,HRINC,HRMAX,HFLF,RADPCT,ITCR,ITHQ
DIMENSION CIRMOD(2)

DATA CIRMOD/YHCIR ,4HM0OD /
HEPC=ZKEND = DTMOD(1)/PCMULT
IF (JOPTIM,NE,O) GO TO 110
JOPT[M=1

THSAVETEMP (1,1)
TCSAV=TEMP(9,1)

WRITE (6+100) (CMT(J),Js1,25)

N E -

FORMAT (1H1,4%X,2A4,1X,1B8A4,2H (yF2.,0,2(IH/4F2,0),2H) ,2A4)
WRITE (6,101) CIRMOD(IENDK),CIRMOD(IENDK),TEMKF, TEMKF
FORMAT (/79210 TIME THOT TCOLD RLOAD RGEN
1 v0DC VLLOAD CURRENT POWER N=r A4, TH ETA=, AL/
e 9X,5HHOURS,2(8H DEG.rAl),2(9H M=DHMS), 2 (9H voLTS) .,
3 gH AMPS ,2(9H WATTS), 9K PCTs/)

WROL=0,

IF (ITHULEQ,1  ANDHFLF,EQ,0,) g0 TO 102

RBUL=QT(1)+QEPC

QGEN=Q80OL

IF (ITCRLWNE,1) ZKRa(QOUT+QEPC)/(TEMP(9,1)=TREJ)

TEMPHF =DK2FK(TEMP(1,1))

TEMPCF=DK2FK(TEMP(9,1))
RLOAD=PCMULTxRLPC(1)
UNMsPCMULT*RPC (1)
CaCuUK(1)
OCVsPCMULT2VOC (1)
VLDsPCMULT®VPC(1)
PePCMULT*PE(1)
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AsPCMULT* (AT (1) +QEPC)
EzP/Q : :
“RITE (6'111) HRSlTE"pHF'TEHPCF'RLDﬁDDUHM'DCV'VLDpCUR(‘)pP,Q'E
1 IT(1)
111 FORMAT (1X,F13,0,2F9,1,3P2F9,3,0P4F9,3,F9,1,2PF9,3,110)
JOPTIMcJOPTIMe}
PE(JOPTIM) =P
VOC(JOPTIM)=HRS
HRS=HRS+MRINC
IF (HRS,.,GT,HRMAX) GO TO 112
IF (HFLF.GT,0,) QGEN=QB0L *EXP(=HRS/HFLF)
CALL PHONY(DP,JDUMP,HRS)
RETURN :
112 JOPTIMz=2
IF (RADPCT.,EG,.0.) RETURN
Q=1,0En*x(1,=PE(3)/PE(2))/VDC(Y)
Exl.0Ee*x (1, =PE(7)/PE(2))/VAC(T)
WRITE (6,201) vOC(3),8,V0C(7),E
201 FORMAT (1HO//25%,F10,0,25H HOUR POWER DEGRADATION =/,F8,3,
1 22H PcT, PER 10,000 HOURS)
TEMP(1,1)STHSAV ‘
TEMP(9,1)=TCSAV
RETURN
END
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102

106

105

103
100

101

SUBROUTINE PUMP(IRTRN)

COMMON /MODOPT/IPDWT, DR4,DRINCR,IRITE,DRTE,JOPTIM, 1729, 1ENDK,IPUN,
! RIINC,ROINC,RIMAX,ROMAX,DTMIN,QREQ, THINC, TCINC, TCMAX, THMAX
2y NPERT, INPERT ,CKFP,CKFT,CTEOC,)CTEIC)OELTL)RLPERT,RLMAX, ZNMIN, 2954V
COMMUN /MDCPOP/RAD(9),DR(8),TEMP(9,300),V0C(300),RPC(300),PE(300),
1 G7(300),NOPTIM,VPC(300),RLPC(300),DTMUD(300),CUR(300),LNRAD(S),
2 ZLPyZLNyZLY,ZLNLP,ZLPNI,ZLTE,NGTL,NGT2+, ITPERT,PCMUL T,NDDUMP,1IVD,
3 DGEN,QGENL,QTE,QOUT,Z1D,20D,ZKEND,2K9, LKR,RPPC /RPN, TOLTEM, TREJ,
4 VRFU,PEREN,ZLREG,WTCON,ZILPM, IDUMZ,RN,DGRF,DGYRF,DGLRF,RADK, JDUMP,
S DP(30))NC

COMMDN /TITLE/FETM(3),CASCAD(8,2),SSIN(3),CMT(25),COND(3,5), TEMKF,
1 CRMD(2,2)s13N,12N,13P,T12P

COMMUON/TEPMP/NPUMP,DRB,COD2

IF (JOPTIM=1) 102,103,201
NITIALIZE VARIABLES

JOPTIM=z}

INC3=1

TEMPHF2DK2FK(TEMP(1,1))

TEMPCF=DK2FK(TEMP(9,1))

IRITE=4

CODP=DR(B)/RAD(Y)

COL=.,9#+C0OD2

DR8=0,

IF (PEREG.GT.0.+AND,VREG,GT,.0,) GO TO 105

IRTRN=Z

WRITE (6,1086)

FORMAT (1H//100H VOLTAGE AND PNWER MUST BE SPECIFIED IN PUMP MODUL
1E PARAMETRIC CALCULATIONS, CALCULATIONS SUPPRESSED)

RETURN

CUREW=PEREQ/VREW

RLPC(1)=VREQ/CURER

I1Z9s¢2

29S8AV=DR(S)

PaRDINC*FLOAT (NPUMP)

RYMAXZ2Z729SAV+0,S*P

DR3SAV=DR(3)

DR6SAVEDR(6)

DR3MAXsDR3SAV+P

DROMAXZDRESAV+P

WRITE (6,100) (CMT(J),J=1,25)

FORMAT (IHI.QX,EAQ.IX.ISAQ.ZH ('FEQOOa(lH/'FE.O)'EH) 125“)

WRITE (6,101) TEMPHF, TEMKF,TEMPCF,TEMKF,21D,DRTE,DR(1),PCMULT,COD
FORMAT (26H AVERAGE HOT CLAD TEMP, =,FB,1,6H DEG, ,A1,30X,25HAVER
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1AGE COLD CLAD TEMP, =3,F8,1,6H DFEG, »A1/10X,16HINNER DIAMETER &,
2 F8,4,4H IN,,36X,22HT/E RADIAL THICKNESS ‘=,F8,4,4H IN,/26H INNE
3R CLAD THICKNESS =,F8,4,4H IN,,8X,16HNO, OF COUPLES =,F3, 0,4X,
4 2THCLAD THICKNESS/0,D, RATIO =,F8,5)

J=i

IF (WTCDN 67.0,) J=2

WRITE (6'100) CRMD(lrIENDK):CRMD[!:IENDK)cCRMD(ch)

104 FORMAT (9SHO DR(3) DR(6) 0.0, ZLN Lp RGEN
1 voc VLOAD CURRENT  POWER QAUySX,3HETAA2,3XsAd, SHNT,
2/119H (IN,) (IN,) CIN,) (IN,) (IN,) (M=OHMS) (VOLTY
38) (VOLTS) (AMPS) (WATTS) (WATTS) (PCT,) (LBS,.))
201 JOPTIM=JOPTIMe}
IRTRN={

IF (ABS(CUREQ=CUR(1))/CUREGB,LE,TOLTEM,OR,JOPTINM,GT,10) GO TG 2to
RCPCs(vOC(1)=VREQ/PCMULT)/CUREQ=RPPC
RCOND=sRPC(1)~RPPC=RPN
P2RCPC*RCPC»4 ,#xRPNARCOND
IF (P,LT.0.) GO TO 209
ZUNz ,SwZ.Nx (RCPC=SQRT(P))/RCOND
RETURN
209 ZLNsZLN*SQRT(RPN/RCOND)
JOPTIM=10
RETURN .
210 OHMsPCMULT=RPC(1)
WTsWATE(P)
OCV=PCMULT=VOC (1)
VLD=PCMULT=VPC (1)
PaVLD*CUR(])
Q=PCMULT*0T(1)+ZKEND*DTMUD(1)
EsP/Q
IF (INC3,EQ,0) GO TO 21e
WRITE (6,211) DR(3),DR(6),20DyZLNsZLP,0OHM,0OCV,VLD,CURC1),P+Q,E,NT
211 FORMAT (2HO ,3F8,4,2F9.,4,3PF9,4,0P2F10,4,F9,2/F9,3,F9,1,2PF10,4r
1 OPF9,3)
INC3=20
60 TD 214 ’
212 WRITE (6,213) DR(6),20D,ZLN,ZLP,0HM,0CV,VLD,CUR(1),P,Q,E,WNT
‘213 FORMAY (10X,2F844,2F9,4,3PF9,4,0P2F10,4,F9,2/F9,3,F9,1,2PF10,4,
1 OPF9,3)
~ INCREMENT OUTER CONDUCTOR RADIAL THICKNESS
214 JOPTIMa2 .
IRTRN=2
DR(6)=DR(6) +ROINC
IF (DR(b) LE DRbMAX) RETURN



INC3s1
DR(6)=pR6ESAV

C= INCREMENT INNER CONDUCTOR RADIAL THICKNESS
DR(3)=pR(3)+ROINC '
IF (DR(3),LE.DR3MAX) RETURN
JOPTIM=1
DR(3)spR3SaAV

C~ INCREMENT T/E WASHER RADIAL THICKNESS
Z9SAV=795AV+0,25+ROINC
DR(4)=2DR(4)+0,25%ROINC
1F (Z9SAV.LE.RYMAX) RETURN -
IRTRN=TZ
RETURN
END

FUNCTION WATE(WTPC)
COMMON /MDCPOP/RAD(9),DR(8),TEMP(9, 300) vOC(300),RPC(300),PE(300),
OT(3500) ,NOPTIM,VPC(300),RLPC(300),DTMAD(300),CUR(300),L.NRAD(9),
ZLP.ZLN,ZLI.ZLNLP.ZLPNI,lLTE,NGTl,NGT?:ITPERY,PCMULT.NDDUMP.IVD,
RGEN, QGENL,QTE,ROUT, 21D, 20D, ZKEND,ZK9,ZKR,RPPC)RPN, TOLTEM, TREJ,
VREQ, PERED, ZLREQ,WTCON, ZLPN, IDUMZ,RN,DGRF ,DGTRF ,DGLRF,RADK, JOUMP
DP(30),NC
COMMUN /MODCPL/CURMOD(15),IT(300),DTTE,CONRN,CONRP,ZLIP,ZINC,
1 ALR64,MAXTEM,0GAM,CGAM, INDI,RINT4,RINT6,RCONU,RCON6,CIFEH,CIFEC,
2 CONST1,CONST2,CUNST3,CNANST4,CNNSTS,NRSOPT,SEGTE, ICRMD| ,RADC
COMMON /FOWT/DEN(B),0DENI,DEN3IN,DEN2CN,DEN3IP,DENCP,DCRH,NCRC
ZLM=/1,1+,001
PIL=3,14159%ZLTE
DEN(3)e (ZLPNI®DCRH+ZLM*DENI)/ZLTE
DEN(4) = (ZLN*DENSN+ZLP*DEN3P+2  «ZLM*DENT) /2L TE
DEN(S)z(ZLN*DENSN+ZILPRDEN2P+2, *ZLM*DENT)/ZLTE
DEN(B)= (ZLPNItDCRC+ZLM*DENIJ/ZLTE
CALCULATE WEIGHT OF ONE COUPLE
WiPC=0,
DO 10 181,6
10 WTPCEWTPC+PILADR(II*(RAD(I)I+RAD(I*1))~DENCI)
CALCULATE TOTAL MODULE WEIGHT
WATESWTCONX (RAD(9)+RAD (1)) »(RAD(I)I=RAD (1)) «PCMULT*WTPC
RETURN ,
END

UI&W!\J--

FUNCTIDN DKEFK(‘)
COMMON /MODOPT/1PDWT, DR4, DRINcR,IRITE DRYE,JOPTIM, 129, 1IENDK, IPUN,

1 RIINC,RUINC,RIMAX,RIMAX,DTMIN,QREG, THINC, TCINC, TCHAX, THMAX
2/,NPERT, ZNPERT,CKFP,CKFT,CTEODC, cTEIC DELTL,)RLPERT,RLMAX,INMIN,Z95AV
CONVERTS KELVIN TO FAHRENHEIT DEGREES (IF NZ(O0)=1)
DK2FK=T*CKFT=CKFP
RE TURN
END
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FUNCTION SI(XTBL,YTBL,XX,NN,INDsINDLE, INDUE)

DIMENSION XTBL(2),YTBL(2)
XeEXX -
Na2NN

IND 2 INDICATES TYPE~OF-EXTRAPOLATION THAT WAS USED (IF ANY)
(IND=0 INDICATES NO EXTRAPOLATIDN WAS NEEDED DN X)
(IND=1 INDICATES LOWER EXTRAPOLATION WAS NEEDED ON X)

: (IND=2 INDICATES UPPER EXTRAPOLATION WAS NEEDEDP ON X)
INDLE

2 INDICATES TYPE~DF=_OWER=EXTRAPOLATION TO BF USED ON X
(INDLE=1 INDICATES LOWER EXTRAP. ON X IS TO BE LINEAR)
(INDLE=2 INDICATES LOWER EXTRAP, ON X IS TOD BE PARABOLIC)
(INDLE=3 INDICATES LOWER=LINEAR EXTRAP, ON X AND ERROR PRIl
(INDLE=4 INDICATES LOWER«PARABOLIC EXTR, ON X AND ERROR PR

: (INDLE=S INDICATES LOWER EXTRAP. DON X IS TO BE FIRST TABLEF

INDUE = INDICATES TYPE=OF-UPPER=EXTRAPOLATION TO BE USED ON X
(INDUF=1 INDICATES UPPER EXTRAP. ON X IS YO BE LINEAR)
(INDUE=2 INDICATES UPPER EXTRAP. ON X IS TO BE PARABOLIC)
(INDUE=3 INDICATES UPPER»LINEAR EXTRAP, ON X AND ERROR PRI
(INDUEs4 INDICATES UPPER«PARABOLIC EXTR, ON X AND ERROR PR
(INDUE=S INDICATES UPPER EXTRAP, ON X IS TO BE LAST TABLE

XTBL. = NAME OF INDEPENDENT VARIABLE TABLES

YTBL e NAME OF DEPENDENT VARIABLE TABLES

N = NUMBER=OF=PDOINTS IN EACH TABLE

X 2 PARTICULAR VALUE OF INDEPENDENT VARIABLE

SI=YTBL(1)

IND3O

IF (NN,LE,1) RETURN

CHECK TO SEE IF LOWER QUT=DF-RANGE EXTRAPOLATION WILL BE NEEDED
IF (Xx=-xTBL(1)) 120, 130, 150

LOWER pQUT=(F=«RANGE EXTRAPDLATIDN WAS FOUND NECESSARY (SET INDs1l)
INDs

IF (INDLE eEQs 5) RETURN

IIs2

GO0 T0 254

CHECK TO SEE IF UPPER OQUT«0F*RANGE EXTRAPOLATION WILL BE NEEDED
IF(X,LT«XTBL(N)) GO TO 210

UPPER QUT=OF=RANGE EXTRAPOLATION HAS FOUND NECESSARY (SET INDs2)
INDE=2

IIsN

60 70 (254,180,25%4,180,131), INDUE

SIsYTBL (N)

RETURN
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11aN=1{
GO TO 254

(X IS IN=RANGE MAKE A PDINT SEARCH ON X 7D DOBTAIN 11)
NM]l=sNet

DO 220 IK=2,NM|

II=]IK

IF(XTBL(IK)~ X)d?OoESQIdSQ

CONTINUE

X1sXTBL(1I~1)
X2sXTBL(II)
Y1=YTBL (11-1)
Y2sYTBL(II)

CHECK IF (UPPER 0OR LOWER) EXTRAPOLATION WAS FOUND TO BE NECESSARY
IF (IND=1)259,257,258

LOWER EXTRAPDLAVIGN IS NEEDED = CHECK INDLE FOR TYPE Tp BE USED
60 10 (270,259,370,359), INDLE -

UPPER FXTRAPDLATION 18 NEEDED = CHECK INDUE FOR TYPE Tn BE USED
G0 TD (270,259,370,359), INDVE

ERROR PRINTOUT
CALL ERROR(33H TABLE EXTRAPULATED PARABULTICALLY)

IF (NN_LE,2) GO TO 270
X3=XT8L (II+1)
Y3I=YTRL(LI+1)

PARABOLIC INTERPOLATION (OR EXTRAPOLATION
SIaY1+(1,¢(X22X)/(X3@X1))x(Y2mYL)R(XmX])/(X2w"X1)=(X2=X)/(X3wX]1)*(
1X=X1}/(X3mwX2)%(Y3=Y2)

GO TO 300

ERROR PRINTOUT
CALL ERROR(28H TABLE EXTRAPOLATED LINFARLY)

LINEAR EXTRAPOLATION .
SIsY1+(Y2mY1) & (XmX1)/(X2=X1) '
RETURN

END



