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DIFFUSE:

A FORTRAN PROGRAM FOR DESIGN COMPUTATION
OF TRITIUM TRANSPORT THROUGH THERMONUCLEAR
REACTOR COMPONENTS BY COMBINED ORDINARY AND
THERMAL DIFFUSION WHEN THE PRINCIPAL RESISTANCE
TO DIFFUSION IS THE BULK METAL

by

John H. Pendergrass

ABSTRACT

Based on the theory developed in an
earlier report, a FORTRAN computer program,
DIFFUSE, was written. It computes, for
design purposes, rates of transport of
hydrogen isotopes by temperature-dependent,
guasi-unidirectional, and quasi-static
combined ordinary and thermal diffusion
through thin, hot thermonuclear reactor
components that can be represented by
composites of plane, cylindrical-shell,
and spherical-shell elements wnen the
dominant resistance to transfer is that
of the bulk metal. The program is de-
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ASSUMPTIONS, APPROXIMATIONS, AND THEORY
Detailed development of the theory is presented in the report

LA—6542-MSland will not be repeated here. The geometries that

U



can be accommodated are illustrated in Fig. 1. The basic

approximations and assumptions involved includa:

1.

8.

9.

18.

11.

carce.

2

The temperature dependence of the ordinary diffusivity is
adeqpately represented by an Arrhenius-type expression.

The temperature dependence of the heat of transport is
adequately approximated by a linear expression in
temperature.

The temperature dependence of the thermal conductivity may be
neglected.

The resistances to hydrogen transport other than that of the
bulk barrier material may be neglected.

Sieverts' law adequately describes hydrogen isotope
solubility in barrier materials.

The hydrogen transport is gquasi-static and
guasi~-unidirectional,.

Laser-fusion reactor components can be adequately
approximated as composites of plane, cylindrical-shell, and
spherical;shell elements.

Physicocheﬁical properties are not functions of direction.
Fick's law of diffusion is valid.

Simultaneously diffusing hydrogen isotopes do not interfere
with one another.

Hydrogen isotope concentrations and fluxes are small.

The theory may be summarized as follows for the most complex

In terms of concentrations

(T1 - TZ)

J=DO—(—)-(—2——:—X1-)—F3 (Cl—C2) ’



Fig. 1.
(b) cylindrical-shell barrier, and

(c) spherical-shell barrier.

(a) Plane barrier,

(T - T,
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and

L
J= e{ Jord?

J=s{ Ifw

respectively, for plane, cylindrical-shell, and spherical-shell

d
elements, where
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= hydrogen isotope flux, hmf%fll

= hydrogen isotope flux, [ML‘le'q

= hydrogen isotope flux, [Me—l]

= angle, dimensionle:s

= solid angle, dimensionless

= solid@ angle, dimensionless

= length, [q

= length variable, [L]

= preexponential factor in Arrhenius expression for
diffusivity, [L267]]

= exponential factor in Arrhenius expression for
diffusivity, [L2e7Y]

= barrier face temperature, [T]

= barrier face temperature, [T]

= barrier face location, [L]

= barrier face location, [q

= barrier inner radius, [L]

= barrier outer radius, [L]




B

T2

barrier face hydrogen isotope concentrations, [ML'3]
barrier face hydrogen isotope concentration, [ML“ﬂ
hydrogen isotope permeation rate, [Me'll

1710 [
/1, [T7]

constant term in linear expression for temperature
dependence of heat of transport, [L262]
temperature coefficient in linear expression for

2 -2 _~1
temperature dependence of heat of transport, [L 0T ]

ideal gas constant, [L20727-1] ,

The relationship between hydrogen isotope concentration in

the barrier material and the hydrogen isotope fugacity (partial

pressure) is given by Sieverts' law:

where

k

Note
p=0,
B=C,

C = Sers/RTpl/2

hydrogen isotope concentration, [ML‘3]
preexponential factor, [MI/ZL'S/ZO]
exponential factor, [L29‘2]

partial pressure, [ML‘le‘2]
temperature, [T]

ideal gas constant, [L29'2T'4 .

that the program DIFFUSE still computes meaninaful results if

corresponding to a constant heat of transport, or if =0 and

corresponding to no thermal diffusion.

For these simpler cases the theory for the fluxes involves

respective replacement of F3 by

[$4]
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and
A = dummy variable, [T]
¢ = dimensionless dummny variable.
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Program Listing LASL Identification No. LP 0808

PROGRAN NIFFHSFCTNP,0OUT)

{ FORMATELSH,//)

2 FORMATIIX, 13V LIHRY /0N, 1300 IHRY /0%, 1310 tHR) , /, 1X, 131 C1HR) /7,1,
1131 1H*Y) )

T FORMATEINL 31O HA) ,/, IXL I IHR) 1ASY , 130 1H*)Y, /,1X,13(tHx), 465X, 1SHP
IROGRAM NIFFUSF,UNY, 1 TCIHRY /1Y, A3 M), 108X, 1300HA),/, 1%, 130 1HA),
PEX, QRHANURINFD ORNTNARY AND THFOMAL DTIFFUSINN NF HYDRNGEM ISOTOPES
3 OTHROUGH THIM, HOT THERMONICLFEAR, X 136 1Hx), /7, 1%, 1 3C1HA) ,6X, 9t HREA
UCTOR CNMENNFUTS WNICKH CAN RF APPRNAYTIMATFN AY CNMPNSITFSR NF PLANF,
SCYLINDGTCAL SHFLI, AND,AY, 13C102Y, /701X, t 3L 1H-Y,S5Y, PGHSPHERICAL wSHE
AL FIFMENTS WTITH AQRHEMTUS«YYRF NFRFMNNFNCFE OF ORDINARY DIFFUSTIVITY
T AN TFMPERATURE W BX, 130 1HRY, /, IX, 1321HaY,6X, 020 TANFAR DFRENDFNCF O
AF HEAT NF TPANSPNRT ON TFMPFRATIIRFE, AND TFMPFRATIIRE NDEPFNNENCF OF
QTHERMAL , 72X, 130 1HX) ./, 1X, 10 (H*) , 0%, ASHCOANDIICTIVITY NEGLIGIBLE AMND
AQUASTwilMTNIPFLTIONAL, NUAST-STEANY MWEAT AND MASS TRANSFFR,11X,113(1
AHEY , /5 X U LAHA LI, 1 T0IHAY /1 X, 13 (1H))

a4 FORMATOLX,, 430 (MY, /7, X, Y30 H*) 120X, 140 1HQ),/, 1%, 1t 3L 1HR),6X, 92HHY
IDRNGEN ISNTNAPE CPUCKENTRATTIONS MAY AF FYPRFSSFD IN TFERMS 0OF DISSALV
PEN ATNNIC CONCENTRATIDONS, X, VUCTH*) S/, 1%, 13¢ 1 haY, AX,92HIN RARRIFR
TUATFRIALS OR AS HYDRNAFMN MO FCUIF PARTTAL PRFSSUREFS IN OR OVER PHA
4SFS ADJACFNT TN, AX, 1ACITHEY, /. 1, 13(tHa),TX,B9HRAFRTIFR WHEN THE PRI
SYNCIPAL RESTISTAMCE TO TRAMSFFR I8 PUF TO THE RULK RARNRIFR MATERTAL
RAND LAY, VUL IHA) , 27 X, 13 (tH2Y, 17X, 70HNARRTINARY NR COMATNED ORDINARY A
THD THERMAL NIFFUSTION CAN RF ACCOMANATED, 17X, 1UCIReEY,/, 1%, 1501 HRY,
ROUY, U IHAY, /Z, 1X, 1L THA)DY :

S FARMAT AN, ATICIR"Y, /, AN, SR C1Ha), PANISIEIHAY ./, 1X,52 1 1HAY,5X, 16H.10H
IN PENRFRGRASS,OX,SI(IHY ./, 1Y, 020 Hx Y, 2rX, 530 1H2Y , /7, (\X, 131 {{H")})

6 FORVATEIXG 1T CINAY, /1N, 400 HR), u2Y 15 (1H8),/, 1%, 300 1H*), 17X, 9HARD
TUP LoB, VAN, A5 IHRY, /, 1%, 800 852, 04PX 050 1HAY,/, 1%, 140 {HA),5X,T12H| DS
2 ALAMPS SRTEMTIFIC [ AHORATORY,SY ASF1H&Y /WX, 800 114x), 02X, 45C¢1H»),
T/ X, QU0 HRY L 1GX, UHLIOT 7, 19Y, USCIHAY o/ 1N, AACLHRY , UDX, U tHR), /7, 1X,
G131 ¢11x))

7 FORMATI1ATS)

A FNARVATIIPAR)

9 FORMATISFE15,5)

12 FARVATI2AHICNAMDANENT MIMARFR = ,T7%,///7)
11 FORMATOINIPAR, /, 1%, 10AR, 2/ /)

12 FORMAT(UAH FIEMENT ELFMENT FLEMENT DIMFNSTONS)

13 FORVAT(SUH NIJHRER TYPF FIRST SECOMD THIRN)

14 FNRUAT(HOH CM, cM, M, OR T“TERAD
114M5,2) . , )

15 FOOVATEIN, AR IX,F12,5,2X,E12.5,2%,F12.5)

16 FORUAT(///,h7H FLEMENT F| £MFuY TEMPERATHRES EILEMENT CONCEN
ftTRATVIONS)

17 FDNRMATESSH NIIMARER FIRSY SECOND FIRST SFEN
[RU2D!

tR FORMEAT(HTH NEG.KFIVIN  NFG,KELVIN GeATOMS/CC, GeATOM
15/€C..7) ‘

19 E0IVATEIS, SY,H(F1D,R,1Y)Y)

2 FORVAT(//77,60H ELEYENT  QUNTHARY MASS DYFFUSIVITY HEAT OF 7

{RANSFARTY

QUOOOOGOOOUQOOUQUOOOOOODUU‘JQOUUOUOODQOOODGUOOUOUUUO

OINI D W



Pl FORMATIASH NUMRER  PREFXPNANFNTIAL FXPONENTIAL CONSTANTY TERM TF
{tMPERATURE)

2?2 FDPRMAT(ASH FACTOR FACTOR cn
1EFFICTENMTY .. , ) .- ,

23 FORMAT(AAN SN.CY,/SEC, GeCAL./GeATOM G=CAL,./GeATNM GaC
180 /G=ATDM=Y

24 FORMAT (64H DE
16 KELVIN, /) ) . )

25 FORMAT(YS,UY.E1P.8,3%,F12,5.2X,Ft2,5,3X,F12,5)

26 FOAMAT(///,65H ELFMENT  ELEMFMY PARTIAL PRESSURES SIFVERTS
1AW COMSTANTS)

27 FNRMATEIAH MNUMRER FIRSY SFEOMD PREEXPONENTIAL
1 EXPOMENTIAL) , .

28 FORMATITIH TORR TORRA GaATOM/CC.SARTLTORRY

1 GmCAL,/G=ATOM, /) | ] ,

29 FORMATIIS, UX.F1P.5,3%,F12.5,4%X,F12.5,7TX,E12,5)

32 FORMATC///7,2RH ELFMENT RATF NF PFRMEATION)

31 FORMATC2AH NUYMRER QOF HYDROGFN TSOTNPE)

12 FORMAT( 24N THROUGH FLEMENT)

3T FORMAT(25H fmATONS/SEC, 5/)

34 FORMATIIS,TX.F12%K) , .

35 FOARMAT(/2/,6AH TATAL RAYE NF PER4FATION AF NYRROGEN ISNTDPE THRHUS
tH COMPOMENT = ,E12,5,13H RaATNS/SER,)

DIMCMSTAN CAPTIPNEP)  NALSHY,NNISA)IATRANSLESP),ATRANS2(SA), CONC1(
1SPY,CONCOUIROY, TEMPLEGRY, TEMPR(SAY,NTIMENY (SN, DIMEND(SA) ,DIMENT(5Q)Y
2:ATYPF(3),PPFSS1IRr),PRFSR2(8N),SN(R5™),N8(50Q)

DATA (ATYPELITYY,I=1,3) /RH P, BH CS,8H §8%/

DONURLE PRFCISTNN TINVI,TINMVA, FL,F2,i FACTN, NN M, SUM, LF1,LTINV{,TINY
121

INTFGER FLTYOECSPY

R = 1,987

PRINT

PRIMT

PRINT

PRINT

PRINT

PRINT

PRINT

PRIMT

PRINT

PRINT

READ 7,%NCNNPS

DO &3 NCOMP = 1,NCNOMPS

READ P, (CAPYTINYINCAPTY,NCAPT=Y,2M)

RFAD 7,NFIFENS,KCHOICE

READ 7,C€F: TYPELNFIEM) ,NELFM=Y ,MFIFH])

READ G, ((NAINELEMY,NOCMFLEMY  ATRANSYI(MNEEM) ,QTRAMSDINFLEM) , BLANKY,
INF| Eumq LR ENMS) )

READ G, (INOMCI(METEM) ,COMERINELFMNY, TEMPL(NELEMY, TE#P2(NFLFM),RLANK
1), FLEM=t, NELFMS)Y

KEAD O, CCNTMFNYISNELEM),DIMFN2(NFLEMY,DINENICHELEM) ,BLANK, BLANK) S NE
tLFMz, NELFMSY

IF(KCHOICF . FR,.B) &0 TO 54

READ 9, ((SPENELEYY,NSCHNFLEMY . PRFSSYrNFLFMY  PRESSCENELEM) , BLANKY NF
{LFMz,MFLEMSY

re oue NEEEY = §,NELFMS

COMNCEL(NMELFMY = SOCMFLFMIXFEXP(w NSIMFLFEMY/(RATEMPI{MEILFMY))IASQARTIPR
tESSI(NFLEM))

U9 COMPPINELFMY = SO(CNFLEMY®EXP @ NS(NFLEMY/LRRTFMPR(MFLENY)IASQRT (PR
LESSP(NFLFMY)

5¢ PRINT §8,NEOYP
PRINT 14,(CAPIIONERCAPTY, HOCAPTRY,20)Y
PRINTY (2

NVNIFMNMANS VNN~

CUTOI0U0DIDIUIOUVIDOOTOO0IVULIODIOVTIOIDOIIDIOITTIIDTIIIDO
~
>



St

52

|3

Q4
85

L1,

57

5k

PRIMT ¢

FRIMT t4

PN Sy MELFY = 1, MFLFMS

NTYPE = FITYRECNFL EM)Y

PRINT 16, NELFM, ATYRFINTYPEY,DIMFNY (NELEM) ,DIMEN2(NELEM) , DIMENT (NEL.

LEMY
PRINT 1A

PRINT (7

PRINT {8

DO 52 NFLFM =z {,“FLEMS

PRINT 19,NELFM, TrMP Y {NELFM) , TEMPR(MELFMY,CANCE (NEIEMY,CONC2(NELFM)
PRINT 20

PRINMT 29

RPINMNT 22

PRINTY 23

PRINY 24

NN §3 NFLFM = {,MFLFMS ,

PRIMT 26, NE(FM,DACNFLFYY,ADINELFM) ,NTRANSL(NELEM) ,ATRAHNS2(NELEMY
IFCKCHATCELFA,PY 6O TO 55 ,
PRINT 2&

PRINT 27

PRINT 28

NO S4 NFLFM = {,NFLEMS

PRINT PQ,NELFM,PRFSSI(NFLEMY,PRFIS2INFLEMY,SA(NELFEM), 05 (NELFM)
PRINT 3@ '

PRINT 31

PRINT 32

PRIMT 3 )

SUMELON = A, 0

NC K2 NFLFM = t,NFILEUS

TYNVE = (LB/TFUP§ENELEM)

TYNYD = 1,B/TEVPR(NF]LFMY

Ft = (PDIMFLEM) = NTRANSI(NFLFMIY/R
FP = CTHANSPIMELFMY/R

FT = FTRAMSYEMFILEMY /R

FO = AN(NELFM) /R

TECEARSEFPY I T 4. OFE=ARY, AMN, FARS(FIY LT 1. AFuP5)) FF = = (CONCYINE
TLEY) m COMERIPFLFEMYIIZ(FXPLFARTINVDYZTINVE o FXP(FARTINVi)/TINVY ¢
PFUWIFY(w FURTTINVRY = File FaxTTUVIIYY s

TFACARSEFPY LI T, L. CEmYS L AR, CARSIFIY AR, 1. OF=C8Y) FF = = (EXP(e F3
1*TTVVIIRCOANCACRELFN) o FYP Lo FIaTTAVRY&CONMCO(NFLEMYY Z0F XPLF1#TTINV2
PIZTINVY & FXPIFI4TINVE)I/TTINVY 4 FlucrEt(e FIaTINVY) o Fife FIaTIMVL
1)) :

TFCLRSIFRY. LT, 1, E=PS) 6N TN 57 . . )

SUY = [TIMVRan(= F2 = 1,8) o« TIMY{aa(e FP2 ® 1,0))/(= F2 » 1,0

LFACTY 2 A,0

LYINVE = DNAGCTINVY)

LFY = DIOGIFYY

TINVRYE = TINVR/TTNVE

DO 5 M = (L7585

M = M

MY 2 M oe FD e 1,0

LFAFTY = |FACTYH + DILOGCH) ,

SUM = (UM A ETIMUI aat @ (NI RDFUPPUNALTTNYL & MaiF1 = LFACTMY/ZNN

FF = (PFYXPle FIaTTUVLYACONCILNFIFMYI/ZTINVI®RF? » NFYP (e F3xTINVRIRE
PRLPA(NELENY AT IRV 22 aF 2) /SHN

FTYPF = FLTYPE(NFIEM)

(0 TN €RA,G6,4A),NTYPE

CEAMY = 1L A/NTIMENLINELEM)

GEOM2 = DIMFRREMFIEMYIXNTIMEFUTENELEM)Y

6N TN k1

nis
D116
n1LY
nt1s
otig

nt2oe
D12t

D122
nies
Dled
Dies
D126
D127
p128
D129
r130
D13}

p132
N33
Dt34
D135
D136
D137
nt3s
p139
nlae
ptay
pLa2
n1a3
plad
0145
plLas
D147
P1asd
plLae
D150
ALY
n1s2
D153
D154
D1SS
ALY
AR
DiSA
niSe
PlLed
P16t
plee
Dtel
DL6d
N16S
P16k
Ni&7
Pipe
D169
pL7a
nL7y
DiIT2
ptL73
D174
P17S



S9 GEOMy = lrﬂIAIOG(!OIMFNifNFlFN) + DTMEN2(NELEM))/DIMENP (NELEM)Y)

GFOM2 & 6.P83(ASIAT2DIMFNIINFLEMS
GO T0 &Y

60 GEOMY © (NIMEN{(NFLEM) ¢ DIMFNACNFLFMYSaBIMEN2(MFLFM) 7DIMEN] (NFI EM

i)
BEOM2 8 DBYMENTENFLEM)

61 FLUX = GFOMIXFF2(TEMPI(NELEMY > TYEMPRINELEMI)#DACNELEM]

FILOW B FLUXRGBFNM?
SUMFLDY u SUMFLOW ¢ FLOW

62 PRTINT FU,NELFM,FL.OK
63 PRINT 35,S8UMFLOW

€80

FUNCTTON Flf!?

TF(Y, GF .1.”) FL & (P,Ph77737343 &+ Xw(A, 4387608925 + X?(iﬂ 25501697
130 ¢ XYw(R, S73128740¢ 4+ X)\)\I{XiFXPfX\wfl 958UQ697RA » a1, 09065
1330827 + Xt(?q 6329561487 + Aw (9, 573322345 + 01NN

TF CCXLGF am 3, 0)  AND, fx.LY 1,0 fl = Xt(ﬂ 9999999 + Xi(uﬁ 2500001 +
IXA LN, PREGEARD & Ne(=n, ﬂiﬂn1q7b R TI A AR1A64156 ¢ Xw(el,nP2335179
2 4 XN(D,A0NAA0R4VT w XA (A, ARAARLTEAZLES ¢ X% (A, CAPAPATI22452)))N))
3))) = B ORCARSIXYY m 0, %77?1%66“9
1F COXLGF, -0 A), AND, (l.lT «3BY) Et = C1.0 » (2UR,ARGT + Xwlo24, 423
(4 + xxt32) ﬂ!hhq + Y*(! A61A3T ¢ Xeuld, PSI76205)9)))1/CLAN, TRIT & Xwl(
P22.6381R ¢ Xﬁflﬁ 9%9ud : Yﬁf% 99#06! + !)))))/(YQF!P(X)’

IF(EX, GF. et T4, ﬁ).AND (XL LTam,. 7)) Ed . 11,0 = C674,567020 ¢ Xe(S7,
1411RI3P ¢ AWl=h,D55202%37 = X?))I(!hQQ PRS2 ¢ Xn(BU1,65U932 + Xn(d
29, 1133893 + X*flﬂ 21957683 ¢ Xaled,099702040))))3 1/ (NaFXP(X))
IFCX.LT,=174%0) Ft = 0,0
RF TURN
FND

Variailes List for Program DIFFUSE (Major Variables in

Order of Appearance) and Corresponding Variables of Theory
k ideal gas constant (R)
NCUMES nuiber of reactor components to be treated

CAP'LIUN (o)

whitm element number

A

1

shell elements of Wwhich reactor component is

COMLOSCG

caption for each component for identification

D176
77
D178
D179

DLAR
D18}
p1a2
0183
D184
D185
Di1R6
neey

OD TN WN -

M NTMMMTM A Y T TN RN (W I

number of plane, cylindrical-shell, and spherical-



KCHOICE

ELTYPE (o)

DE ()

QTKANS] (o)

QTRANS2 (o)

BLANK

CONC1 (o)

CONCZ2(e)

TEMP1 (o)

TEMP2 (e)

specifies whether cr not hydrogen isotope
concentrations are to be specified directly or
computed from fugacities (partial pressures) using
Sieverts' Law

element type (1 for plane, 2 for cylindrical-shell,
and 3 for spherical-shell elements)

ordinary mass diffusivity preexponential factor
for hydrogen isotope and element material under
consideration (D)
ordinarvy mass diffusivity exponential factor for
hydregen isotope and element material under
consideration (Qp)

constant term in linear expression for heat of
transpcert for hydrogen isotope and element material
under consideration (a)

temperature coefficient in linear expression for
heat of transport for hydrogen isotope and element
material under consideration (B)

dummy variable which merely occupies a position so
that one input format can be used for several types
of data subsets

concentration of hydrogaen isotope at face number 1
of element (Cy)

concentration of hydrogen isotope at face number 2
of element (Cj)

temperature at face number 1 of element (T

1)
temperature at face number 2 of element (Ty)

11



DIMEN] (o) first dimension of element (thickness in all cases)
(X5~X7, ro-ry)

DIMEN2 () second dimension of element (inner radius in cases
of cylindrical and spherical shells, length of an
equivalent edge in case of plane element) (i,rl)

DIMEN3 (e) third dimension of element (length of an eguivalent
edge in case of plane element, length of element in
case of cylindrical shell, sclid angle in
steradians in case of spherical shell) (:,0)

SP () Sieverts' law preexponential factor for hydrogen
isotope and element material under consideration
(S5)

QS (e) Sieverts' law exponential factor for hydrogen
isotope and element material under consideration
(Qg)

PRESS1 () hydrogenlisotope fugacity (partial pressure) at
face number 1 of element (Py)

PRESS2 () hycrogen isotope fugacity (partial pressure) at
face number 2 of element (p,)

ATYPE(e) element type (PL for plane element, CS for

cylindrical-shell element, SS for spherical--shell

element)
SUMFLOW total hydrogen isotope permeation rate through component
TINV] inverse of TEMP1 (o) (Tl)
TINV2 inverse of TEMP2(e) (79)
Fl (QP{*)-QTRANS1(«))/R ((,-a)/R)
F2 (JTRANS2( ) /R (B/R)
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F3

F4

FF
El(e)
SUM
LFACTN
LTINV]
LF1
TINVZ1
N

GEOM1

GEOMZ2 (o)

FLUX

FLOW

QTRANS1 (¢)/R (a/R)

QD(e)/R (Qp/R)

factor B, C, D

standard function (Ej(e))

summation of seriesA

In(n!)

In(TINV1(e))

1n(F1)

TINV2/TINVI (72/71)

index

geometric factor (1.@/DIMEN1(e) for element of type
1, 1.8/1n((DIMEN1(e)+DIMEN2(*))/DIMENZ2(e)) for
element of type 2, (DIMEN1(e)+DIMEN2(e))

X DIMEN2(e)/DIMEN1(e) for element of type 3)
(1/(X5-x7), 1/1n(rp/ry), or lry/(rp~riy)}

geometric factor (CIMEN2(e) x DIMEN3(e) for element
of type 1, 2r x DIMEN3(e) for element of type 2,
DIMEN3(e) for element of type 3) (A, 2m¢,0Q)

flux of hydrogen isotope through element

(FF x GEOM1 x (TEMPI1(e)-TMEP2(e)) x D@(e))

rate of permeation of hydrogen isotope through

element (FLUX x GEOM2)

13
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DATA INPUT INSTRUCTIONS
Data Card Type Data Required

1 NCOMPS, the number of reactor components,
according to FORMAT (161%)

2 CAPTION (NCAPT) ,NCAPT=1, 20, @ descriptive
caption for each reactor component, according
to FORMAT (10A8)

3 NELEMS ,KCHOICE, the number of elements in each

component and whether or not Sieverts' law is
14



to be included in the analysis, according to
FORMAT (1615) (KCHOICE=0 if Sieverts' law is
not to be included, nonzero otherwise)

ELTYPE (NELEM) ,NELEM=1,NELFMS, element types
for each component, according to FORMAT (1615)
(1, 2, or 3 depending on whether the element
type is plane, cylindrical-shell, or spherical--
shel:)

(DG (NELEM) ,QD (NELEM) ,QTRANS]1 (NELEM) ,

2TRANSZ2 (NELEM) ,BLANK, ,NELEM=1,NELEMS) ,
preexponential factor in Arrhenius expression
for ordinary diffusivity, exponential factor
in Arrhenius expression for ordinary
diffusivity, constant term in linear
expression for heat of transport, temperature
coefficient in linear expression for heat of
transport, according to FORMAT (5E15.5)

(CONC1 (NELEM) ,CONC2 (NELEM) ,TEMP1 (NELEM) ,

TEMP2 (NELEM) ,BLANK) ,NELEM=1,NELEMS), first and
second hydrogen isotope concentrations, first
gnd second barrier face temperatures,
according to FORMAT (5E15.5)

(DIMEN1 (NELEM) ,DIMEN2 (NELEM) ,DIMEN3 (NELEM) ,
BLANK,BLANK) ,NELEM=1,NELEMS), first second,
and third element dimensions according to
FORMAT(5E15.5) (first is barrier thickness,

second is inner radius for cylindrical shell-

15



and spherical-shell elements and equivalent
transverse dimension for plane element, and
third is equivalent transverse dimension for
plane element, length for cylindrical-shell
element,and solid angle for spherical-shell
element)

(SO (NELEM! ,QS(NELEM) ,PRESS1(NELEM),

PRESS2 (NELEM) ,BLANK) ,NELEM=1,NELEMS,
preexponential factor in Sieverts law
expression, exponential factor in Siecverts'
law expression, first element partial
pressure, and second element partial pressure,
according to FORMAT(5E15.5) (required only if

KCHOICE is nonzero)

If NCOMPS is greater than 1 repeat input for data and card types

2-8,

SAMPLE DATA INPUT

LV U W

4

3 g

1 2 3
1.00000e-062
1.40000e-02
1.00000e-02
l1.00000e-06
1.00000e-06
1.00000e-06
1.00000e+80
1.00500e+00
1.00000e+89

plane, cylindrical-shell, and spherical-shell elements
zero heat of transport, concentrations specified

2.00000e+04

2.000020e+04

2.00009e+04

l.02¢08e-07 1.00000e+03 9.00000e+02
l1.00000e-07 1.00000e+03 9.000800e+02
l1.00000e-07 1.00000e+03 9.00010e+02
2.0000Pe+20 3.000006e+00

2.00000e+00 3.00000e+00

2.00000e+00 3.00000e+0€

plane, cylindrical-shell, and spherical shell—-elements
constant heat of transport, concentrations specified



3 0

1 2 3
1.00000e-02
1.900800e-02
1.000008e-02
1.00000e-086
1.00600e-06
1.20000e-06
1.00000e+06
1.06000e+00
1.00000e+00

3 )

1 2 3
l1.06000e-02
1.00000e-02
l.00000e-02
1.00000e-96
1.00000e-66
1.000008e-906
1.00000e+00
1.00000e+00
1.00000e+00

plane element only
variable heat of transport, partial pressures specified

1 1

1
1.00000e-02
1.008000e-06
1.00800e+00
3.16230e+02

2.60000e+04
2.00000ev04
2.00000e+04
1.00000e-07
l1.00000e-07
1.00080e-07
2.00000e+00
2.00000e+00
2.00000e+00

2.009p0e+04
2,00000e+24
2.00090e+04
l1.00000e-07
l1.000880e-07
1.00000e-07
2.000802+00
2,00060e+00
2.00000e+00

2.00060e+04
1.06000e-07
2.00000e+006
2.05890e+04

-1.0000Pe+04
-1.00000e+04
-l1.000008e+04
1.00000e+03
l.00000e+p3
1.00000e+03
3.000060e+00
3.00000e+00
3.00000e+00

-2.106000e+04
~2.10000e+04
-2.10000e+04
1.00¢00e+03
1.00000e+03
1.00000e+03
3.00000e+00
3.00000e+09
3.00000e+00

-2.10P00e+04
1.20000e+23
3.90000e+00
1.00000e-08

9.00000e+02
9.000008e+02
9.00000e+02

plane, cylindrical-shell, and spherical shell-elements
variable heat of transport, concentrations specified

1.100020e+01
1.180080e+01
1.19008e+01
9.00080e+02
9.00000e+02
9.00000e+02

1.1¢000e+01
9.00000e+02

1.000@0e-89
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