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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,
quasi-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 when the
dominant resistance to transfer is that
of the bulk metal. The program is de-
scribed, directions for its use are given,
and a listing of the program, together
with sample problem results, is presented.
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ASSUMPTIONS, APPROXIMATIONS, AND THEORY

Detailed development of the theory is presented in the report

LA-G542-MS and will not be repeated here. The geometries that



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

approximations and assumptions involved include:

1. The temperature dependence of the ordinary diffusivity is

adequately represented by an Arrhenius-type expression.

2. The temperature dependence of the heat of transport is

adequately approximated by a linear expression in

temperature.

3. The temperature dependence of the thermal conductivity may be

neglected.

4. The resistances to hydrogen transport other than that of the

bulk barrier material may be neglected.

5. Sieverts1 law adequately describes hydrogen isotope

solubility in barrier materials.

6. The hydrogen transport is quasi-static and

quasi-unidirectional.

7. Laser-fusion reactor components can be adequately

approximated as composites of plane, cylindrical-shell, and

spherical-shell elements.

8. Physicochemical properties are not functions of direction.

9. Fick's law of diffusion is valid.

10. Simultaneously diffusing hydrogen isotopes do not interfere

with one another.

11. Hydrogen isotope concentrations and fluxes are small.

The theory may be summarized as follows for the most complex

case. In terms of concentrations



Fig. 1.

(a) Plane barrier, (b) cylindrical-shell barrier, and
(c) spherical-shell barrier.
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respectively, for plane, cylindrical—shell, and spherical—shell

elements, wh'ere
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and

J = hydrogen isotope flux,

J6L = hydrogen isotope flux,

JJ? = hydrogen isotope flux, [ ]

© = angle, dimensionlecs

fi = solid angle, dimensionless

w = solid angle, dimensionless

L = l eng th , [LJ

i = length variable, ft,]

D o = preexponential factor in Arrhenius expression for

diffusivity, [l^e"1]

Q D = exponential factor in Arrhenius expression for

diffusivity, [t^e"1]

Tj = barrier face temperature, [T|

T2 = b a r r i e r face temperature , [T]

XJ = barrier face location, [L|

X2 = barrier face location, [L]

*l = barrier inner radius, [LJ

r5 = barrier outer radius, [L]



C^ = barrier face hydrogen isotope concentrations,

C2 = barrier face hydrogen isotope concentration, [ML ]

3 = hydrogen isotope permeation rate,

T 2 = 1/T2,

a = constant term in linear expression for temperature

dependence of heat of transport, [L2€T2]

P = temperature coefficient in linear expression for

temperature dependence of heat of transport, [L 0 T J

R = ideal gas constant, [L20~2T"*1] .

The relationship between hydrogen isotope concentration in

the barrier material and the hydrogen isotope fugacity (partial

pressure) is given by Sieverts' law:

where

C = hydrogen isotope concentration, [ML~3]

SQ = preexponential factor, [MIZ^L"V 2Gj

Qs = exponential factor, [L2G~2]

p = partial pressure, |ML-le-2]

T = temperature, IT]

R = ideal gas constant, [L2e~2T~1j

Note that the program DIFFUSE still computes meaningful results if

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

P=0, corresponding to no thermal diffusion.

For these simpler cases the theory for the fluxes involves

respective replacement of F^ by



and

where

00 -U

E-̂ z) = / — du
z

and

X= dummy variable, [T

M = dimensionless dummy variable
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Program Listing LASL Identification No. LP 0808

PROGRAM OIFFUSFf TUP, 01.17) 0 1
1 FPR^iTfJH1.//) D 2
2 F P » M 4 T f I X , I 3 t f } H * > , / , I X , 1 3 1 f ) H * > . / , I X . 1 3 1 f l H * ) , / , I X , 1 3 1 ( 1 H * ) , / , I X . P 3

1 1 3 1 f 1 H * ) ) P q
3 FORMATf i x . 131 f 1H*5 , / , ] X . 1 3 ( 1 H * ) , 1 (A5X, 1 3 ( 1H*> , / , 1 X , 1 3 ( 1 H * ) , U 5 X , 1SHP 0 rj

, a ' j X , 1 3 ( 1 M O , / . I X , 1 3 ( 1 H * ) . 1 P 5 X , 1 3 ( '. w<O , / , I X , 1 3 ( 1 H * ) , 0 fc
OPOTMRY AND T M F P M A L PTFF ' IS IOM OF HYDROGEN ISOTOPES 0 7

3 T H P O U R H T H I ' i , HPT THFP MOM ICI.fi AR . 7X ' 1 3 ( 1 " « ) . / , f V, I ? ( 1 H* ) , 6X # 1! MPEA 0 «
4CT0R CO^F-fiMF'JTS W " i r H CAN PF APPROYT»ATFD HY COMPO.STTFP OF P L A N F . P 9
SCYLINnG ITAL SUFI.I . AVP, flV, 1 3 M " * 1 , / T 1 V, 1 3 f 1 W*5 , SV»'JSH'SPHFRICAI.wfiHE !) 10
M . I Fl. FMfNTfl U'TTH ARRMENTliS-TYPF PiFPFMIFNCF OF OPRIMAPV r> IFFUSIVTTY P 11

flF HF4T OF TPANSPOMT ON T F U P F R A T I I R F , »NH TF^PFRATORF. OFPFNPFNCF OF P 13
9THFR.MAI , 7 *# 1 I f 1 H * ) , / , I V . 1 3 M H * ) , o x , BS^CHNOUCT IV I T Y N E R L I B I B L F AkD 0 14

OIIAST.STF.APV HEAT iNf i MASS TRANSFFR, 1 1 X , \1t 1 0 15
P 1 3 f I H » l , / , \ x , 1 3 1 ( | H * J ) p ] 6

' 1 V . 1 3 1 ( 1 H * > , / , 1 X , 1 3 ( 1 N * ) , I C » ( I Y , 1 / J M H * ) , / , 5 X , I 3 ( I H * ) , 6 X , 9 2 H H V R 17

ISOTOPF. rP'. 'CFNTRATION.S MAY HF TXPRFSSFO T N TFRM.S OF P ISSOLV P 18

AS HYDRQGFN ^ O I F C U L F P A R T I A L PRFSSDRFS I N OR OVER PHA P 2 0
An.TACFNT TO,iSV , 1 H(1H*1 , / . I X , t 3 ( 1 ^ * ) , 7 X , B9HMAPR TFR WHFN THf P R I P 2 1

S'JCIPAL RESISTAMCT TO TRA"SFF» I S PIIF TO THf RI.ILK PAP(?IFR MATERIAL P zk-'
i , / . 1 X , 1 3 ( 1 w * i , 1 7 V , 7C'J0Bf;lNARY OR C0M [1TK IFr i ORPINAPV A P 2 3

THESk'AI. ntFFI IRTnK. f A N RF 4 CC flMOH A TF. 0 . 1 7X , 1 a ( | He 1 , / , 1 X , i i ( 1 H* ) . 1 P 2 0
< i * n P 2 5

S f r > R M A T M X . 1 3 1 ( 1 H 0 . / . t X , 5 ? ( i n 0 , ? 6 v : 5 3 ( 1 H * ) , / , J X , S ? f 1 H * ) , S X , 16H.T0H P 2 6

f l ip L - S . 1 6 X , / i S ( 1 H * ) , / , 1 V , 0(1 f 1 4 * 1 , ( i ? / T u 1 ! f I w * ) > / . 1 V,'1/) f 1 H * ) , 5X j 3?H| OS 0 29
? A t . A ^ S S r i E M T T F T r I AHpPi TPRV, 5X , as, t\ H* 1 , / , 1 V , lilt ( 1 H* ) , /J2X , 4 5 f l H * ) # D 3!"

0 1 3 1 ( I t ' * ) ) ' ' P 32
7 F P N ^ A T f i f c T S ) P 33
S FpPVATf)PAfl) p 34
9 F P R U A T ( 5 E 1 S . S ) P 35

}? FPR^AT f p?H) COMPO''FNT ^•tlMnFW s , T 3 , / / / ) P 36

1? FPP. M AT(a6 w F I . F " C ' T ELFMFNT Fl FMRMT OT^FNSTONS) P 38
13 F P R v 4 T f 5 U H MiJHHER TYPr FTPST SECOMO THIRO) D 39
1U F n c - A T ( 6 I ? H CM'. CM, CM". OR '•TERAP P 40

1 I A N : ; , / ) 0 4 !

15 FP'»"ATf T < 5 , A . S . 3 X , F i ? ' . S , 2 X . E t ? ' . ' 5 , ? X , F i? ' . 5> P 42
16 F P ( J t ' A T ( / / / , A ? H FI.F^FNT Fi .rvf-MT TfMPFRATIJRF3 ELEMFNT COMfEN P 4 3

17 F n R f A T f S S H NIIMPFR F IRST SECOND F IRST SFCO P 45
WV') 0 4b

IB F P " u A T ( h l H PFG'.KFI.VTN DFR. KELVIN G-ATPMfi/CC'. C-ATOH p 47
1 S / C . C . . / 5 0 48

19 FP3»MTf I r , r S X . ' J ( F 1 ? . S , 1 » 1 ) P 49
? 1 F P R " r t T ( / / / , 6 P H Et.F'iENT OPOI'JAOV MA<;s " fTFUS I V I T Y HEAT OF T P 5 0

P 51



?1 FTR'MTfftSH NUMRFH PRFFXPfiMFHTIAL FXPONF.NT I AL COMSTAMT TF.RM TF D 52
D 53

FACTOR FACTOR CO 0 5«
1F.FFICTFMT) . R 55

?? FP'?M4Tfft(SH Srj'.CM'./SEC'. G - C A L ' . / G - A T O M G-CAl'./G-ATOM R-C D 56
1 Al /G-ATOMO P 57

?U FpRMAT(6«H DE D 58
1G.KELVIN, / \ D 59

?S FftP,*Ar(T5.<JX.Ft?'. ' i .3K,F12'. l?.;>X,Ft?.S.3X,F12 I .5) D 69
26 F09MATf// / . fcSH FLFMF<JT ELEMF>U PARTIAL PRESSURES SIFVERTS D 61

RAW CONSTANTS) 0 62
?7 FnRMATf7P>H MIJMBfB FIRST 3FC0HD PRFEXPONENT I»L 0 63

1 EXPOHENTIAL) 0 6«
?fi FORMATfJIH TOPR TORH G-ATOM/CC'.SOP.T«TORR) D 65

' D 66
) 0 67

5(̂  FOR^ATr/ / / .?f lH F.l FMfNT &ATF OF PFRMEATION) D 68
I I FOPMATf?aH NIJMPEP PF HYnROGFM TSOTOPE) 0 6<»
T,S FP«?MATf2AM THPDlir.H FLF.MFNT) D 70
31 FflRMATf25H r,-ATO»'S/SF.C.r/l 0 71
3!J PORMATf IS ,7X .F12 ' . ' i 1 . D 72
j ^ FflRt'ATf / / / . 6 f > H TOT at. RATE OF PFR'-fF A T T ON OF NVTRflGEW ISOTOPE THRroS D 73

1H CPMPOHE^T = , E 1 ? . S . 1 3 H <!»ATO^S/SF.r.) D 71
CAPTTPVf?p)Pr ) f

> ( l ; fM.r3nf '5(«);oTRANSHSt l>),nTmNS2rS0),CONrl{ D 75
niMF.M2r5W),niMEN3(SH> 0 76

? . i T Y P F f 3 ) . P P F S S l f ' 5 C ) , P R F S R ? f S " ) » s r ' ( S ^ > . n S f 5 ? ) 9 7 7
DATA f ATVPF.f T ) . 1 = 1 , 3 ) / P H P I . . 6 H C S . B H S S / D 7 «
DOUPLf. PRFCISTDN T TNV 1 , T IMVf>. F l , F ? . l . F * C T N . MM, M, SUM, LF1 . L T I M V 1 , TTNV D 7 9

1 ? i D aw
U.'TFGF.R F(.TV«»E(»5(»1 D B l
R = 1 *. <JH7 D » 2
PRINT l D 83
PRIf'T ?. 0 fl«
PRINT 1 - D 85
PRINT 2 D 86
PRINT <1 0 87
P T M T ?. D 88
PRINT "5 P 89
PBIKT 3 D 90
PPIHT h 0 91
PRTNT ? 0 92
REAri 7,'JrnMPS B 93
DP *>3 MCOMP = t.WCOMPg 0 9«l
RFi[> P. rtAPTTfl' lf NirAPT) ,NCAPTal ,?f l l 0 95
PFAD 7.NFI F''S»KCHOTf;F. 0 96
RFAH 7.fF. : TVPFfVFI F_M),NF.LFH=1,i"F!.FH<O D 97
REAP 9 , CCr>R(NF.Lr.f)»no(HFI,FM1 .OTPfKSi fNEI.Ef*)»QTPA^.S?fMFLEM),BLANK). R 9B

1 K'F(.FM=1 . KFI.fMS) D 99
RE An Q, f f rowr. t f ••* I F.«) ,Cn»C?( W F L F " ) , T E ^ P ! f NELEH),TEMP2fNFLFM) .RI.ANK D1O0

1 )i'JFl.F"a1.«;FI.FMJ>) 01P1
<>. ( fO IHFNI CMFLFM),DIMFM?(NFI . rMi ,niMEN3Cf 'ELEM),BLANK,BL*NK);NE 01C2

01f»3
. no TO SO PIBO

READ 9.(CSPfkJF.LEu>»fiS(MFLFH).PRFSSirNFLFK>;P'»FSS5<MFLF^,BLANtO>F. PI05

" r i,NFLFMS 0107
M) c .«"f WFl.F»f)*FXOf- ORf MFLF^)/fR*TEMPt(MEI.FM)))*SQPTfPR 0108

JF.SS1 O'F.t F.M) ) DtB9
Cn»T?f NiELFu5 = SfMMFLFM1*F.XPr- Df> f NFLEM1/ (R*TF^P2f MFLE'M) ) «SOPT<PR P110

tr.Rfi?(MFLFtM) D i l l
POINT 1P.NCPMP 0112
PPJK'T 1 1 , f TAPi I0 ' ' f t.CAPT>,f/rAPTr 1 , ?<M 0113
p T f - T t? 0110



PR I f f 13
FPTf'T Ut
r>° Si VCLFH s 1,'IFIFMS
K'TVPf s Fl TVPF.(KF| F.M)

M PMK.T 1S,KF.LFM.AT¥PFfMYPn.D!MFMifkiElFM).0IMFN?tNELEM),0IMEM3CNCI.

1FM)
PBTNT I*
PRINT 17
PPINT ta
DO S2 fcFI.FM s l."FLEHS

•52 PPINT 19,WELF.M,TrMPJ (^EI.FM) .TEMP?(NFLFM> ,C1MC1 t NFI.FMj ,CO*JC2(NELFM1

PPTNT ?;*

-T ?n
S3 NFl

f
>JELFH),OTB*^lSl(^IELFM),nTf(A^!S^(NE:LEM^GO TO

PR I N'T 2

PRtMT ?6
OP S« MFI
PRTK'T ? q ,

3?
PPP'T 33

UF1.FM = t,MFI.EMS

Ft =

f 3 =
FH s o n ( h ' F L F " ) / R
T1̂  t f A r > 5 f F ? i " . | T . I ' . ' / F . - ^ ^ r . AMA'. f 4 « S ( F . O . I . T ' . l ' . f l F - P S n F F s - ( C O N C 1 / N F

I l f 1 ' ! - CCMv*?f ' T l F « > ) / f f ' X P f f- ' i * 7 I N'VPl / T T M V 2 - FXP ( Frt * T IMV i ) / T U i V 1 +
f .JVI ) 1)

i^.r.fi'.r.fE-csn FF = - tevpfe F3
1 * T T> v n * C O ^ n f KF.I.FM) - KVP( - F3*TTKiW21»Cr)*lC?(»'f I f M ) > / f f XP(F1*T!NV?

- F l f -
3 M )

r.o TO 57
F? -

LTTMVJ s r>i.nr,(TTNVU
( P i s ni nr.(Fi>
TTMV?1 = TTNVP/TTVV1

M 3 M

UK' s N » F ? - T . f l
L F A T T f i e I .FACTM + n i .
SUM = <S(!M • f TTNV/
I F r ( ^ > ^ X P f - F 3 » T T ' j « t 1 *

JN*!.TTNV| • '"•(.Ft -
f'JFI FM) /TTNV! * *F2 -

S7 s Fl.TVPff *'FI F.M)
TO r^a.SP. A.''). VTVPE

s r.
r,n in

mis
D 1 1 6

nu7
0118
01l<>
D1R0
Dtai
DJ22
IM23
Dl?a
!>125
0)?6
0127
Pi?8
D129
ni3B
D131
D132
0133
PI30
D!3S
0136
D137
0138
0139

man
DM!
0!«2
0)43
DIM
01«5
D1U6

D1S0
PtS l
0152
D153
P15«
DJS5
D1S&
01S7
Di5fl
0159
p i t a
P161
0162
0163
D16U
0165

D169
017«
l>17t
0172
0173
017«
0175



59 GFO*1 s l'p/AI.Or.f rOIMt-Ni(NFI.FM) • DTMFM?fNElEf)J/OtMEN?(NEtEM)) Dt76
Bt77

GP 70 6! Ot7»
69 GEOMt e {PtMENI (NFI.fM) • M»FNSf MFt FMJ )»f5IMEM2<NF!.FM) /0IMEW1 (NF» EM 0179

l"> OlflB

61 FIIIX a GFhMl*FMfTEMP|(NEI.EM1 • TFHPZtNELEM) )#O»(NELEM) Dl«2
FLOW • FUI>X*RFnM2 01A3
stiMFLOw • siiMpi.nw + PLOW oiea

h?. PRTK:T 1<t,NEl.FM,Ft.nw D185
hi PPTWT ^5»SIIHFLf?w • D1A6

Pl«7

H F l f X ) I I
TFf * . r . r . r . f l ) Fl « (PI'.?A777371«J • X*(«".*.3476P1H<»?S + X* Hfl!.05S01A97 K 2

' V • X* (21>9965 I 3

f.1 * XMt!.9<J<»<»flO* • X*{«5t'.SSfl<»{»a« • F 5
• X*<"Pl'.dClt'i6flt56 + X*(in'.<"PIP233l5i79 E 6

> E 7
*))» - AlORfAPSfXU « t»,'i77?1«>66«9 P "
!F(fX.RF'.-O.«)'.*Mn.(X.l T.-3'.Pin F.1 s M.C • (?H*.hh<i7 • X*C?2<I.<I2"» f 9

l« + X*(32'.«3h6S + X*(3>6t«^7 • X*(«.C51762«S) n n/Mflfl.7»37 • X*( E 1"
2?.63«ip • y*nfl'.<n9«« • y*n'.99st6t • x ) n ) i / ( x * F X P ( x n F U
irrfX.fiF.»t7«>)'.AND.(x'.LT'.-<>.0)) Ei • M'.fl - (fc7tt.567(»29 • X*(«?7. F 12
«1tf»33P • X*f*A.?)SS?9?15? - Xin/M699.flfcS52 • X*(8«l .650932 • X*(4 E 13
<?",<!33fl93 • X*{«fl'.«1957A81 • X* f-ft.9997920«0) ) ) ) n/U*FXP(X) ) B 14
IFCX.LT'.-17ij'.fn El « fl'.H F 55
RFTURN P 1 *
FMI) f t?

Variables List for Program DIFFUSE (Major Variables in
Oiuer of Appearance) ana Corresponding Variables of Theory

K ideal gas constant (R)

PS nuir.ber of reactor components to be treated

n ION (•) caption for each component for identification

F.li.M element number

iLt-hS number of plane, cylindrical-shell, and spherical-

shell elements of which reactor component is



KCHOICE

QD(.)

QTRANS1(•)

QTRANS2(«)

BLANK

CONC1(»)

CONC2(«)

TEMPI(•)

TEMP2M

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 (Do)

ordinary mass diffusivity exponential factor for

hydrogen isotope and element material under

consideration (QD)

constant term in linear expression for heat of

transport 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 (P)

dummy variable which merely occupies a position so

that one input format can be used for several types

of data subsets

concentration of hydrogen isotope at face number 1

of element (C-jj

concentration of hydrogen isotope at face number 2

of element (C2)

temperature at face number 1 of element (T..)

temperature at face number 2 of element (Tj)

11



DIM£N1(») first dimension of element (thickness in all cases)

DIMEN2(«)

DIMEN3(»)

QS(»)

second dimension of element (inner radius in cases

of cylindrical and spherical shells, length of an

equivalent edge in case of plane element) {£,r^)

third dimension of element (length of an equivalent

edge in case of plane element, length of element in

case of cylindrical shell, solid angle in

steradians in case of spherical shell) (ifn)

Sieverts1 law preexponential factor for hydrogen

isotope and element material under consideration

<so>

Sieverts1 law exponential factor for hydrogen

isotope and element material under consideration

PRESSl(•)

PRESS2(»)

ATYPE(•)

SUMPLOW

TINV1

TINV2

Fl

F2

hydrogen isotope fugacity (partial pressure) at

face number 1 of element (p^j

hycrogen isotope fugacity (partial pressure) at

face number 2 of element (P2)

element type (PL for plane element, CS for

cylindrical-shell element, SS for spherical—shell

element)

total hydrogen isotope permeation rate through component

inverse of TEMP1(«) (TJ)

inverse of TEMP2(«) (T2)

<7TRANS2(»)/R (p/R)

12



F3

F4

FF

El(.)

SUM

LFACTN

LTINVl

LF1

TINV21

N

GE0M1

QTRANS1(»)/R (a/R)

QD(«)/R (QD/R)

factor B, C, D

standard function (E

summation of seriesA

ln(nl)

ln(Fl)

TINV2/TINV1 (t2/
Tl)

index

geometric factor (1.

GEOM2(»)

FLUX

FLOW

(DIMEN1(«)+DIMEN2(»))/DIMEN2(«)) for

element of type 2, (DIMENl{•)+DIMEN2(•))

x DIMEN2(«)/DIMEN1(») for element of type 3)

(1/(X2-Xl), l/ln(r2/r1), or Ir2/(r2-r1)}

geometric factor (DIMEN2(«) x DIMEN3(») for element

of type 1, 2TT x DIMEN3(.) for element of type 2,

DIMEN3(«) for element of type 3) (A, 2wf,n )

flux of hydrogen isotope through element

(FF x GE0M1 x (TEMPI(•)-TMEP2(•)) x D0(.))

rate of permeation of hydrogen isotope through

element (FLUX x GE0M2)

CO

n=0 n!(n - ̂  - 1)

13
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Data Card Type

1

DATA INPUT INSTRUCTIONS

Data Required

NCOMPS, the number of reactor components,

according to FORMAT (1615)

CAPTION(NCAPT),NCAPT=1, 20, a descriptive

caption for each reactor component, according

to FORMAT (10A8)

NELEMS,KCHOICE, the number of elements in each

component and whether or not Sieverts1 law is

14



to be included in the analysis, according to

FORMAT (1615) (KCHO1CE=0 if Sieverts' law is

not to be included, nonzero otherwise)

ELTYPE(NELEM),NELEM=1,NELEMS, 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-

shell)

(D0(NELEM),QD(NELEM),QTRANSl(NELEM),

QTRANS2(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),TEMPl(NELEM),

TEMP2(NELEM),BLANK),NELEM=1,NELEMS), first and

second hydrogen isotope concentrations, first

and 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)

8 (SO(NELEM),QS(NELEM),PRESS1(NELEM),

PRESS2(NELEM)fBLANK),NELEM=1,NELEMS,

preexponential factor in Sieverts law

expression, exponential factor in Sitverts'

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

1 4
2 plane, cylindrical—shell, and spherical-shell elements
3 zero heat of transport, concentrations specified

2.00000e+04
2.00000e+04
2,00000e+04
1.00000e-07 1.00000e+03 9.00000e+02
1.00000e-07 1.00000e+03 9.00000e+02
1.00000e-07 1.00000e+03 9.00000e+02
2.00000e-f00 3.00000e+00
2.00000e+00 3.00000e+00
2.00000G+00 3.00000e+00

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

16

4
b
6
7
8
9
lfc
11
12
13
14

3 0
1 2 3
1.00000e-02
1.00000e-02
1.00000e-02
1.00000e-06
1.00000e-06
1.00000e-06
1.00000e+00
1.00200e+00
1.00000e+00



.17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

3 0
1 2 3
1.00000e-02
1.00000e-02
1.00000e-02
l»00000e-06
1.00000e-06
1.00000e-06
1.00000e+00
1.00000e+00
1.00000e+00

2.00000e+04
2.00000e>04
2.00000e+04
1.00000e-07
1.00000e-07
1.00000e-07
2.000006+00
2.00000e+00
2.00000e+00

plane, cylindrical-shell, and
variable heat of

3 0
1 2 3
1.00000e-02
1.00000e-02
1.00000e-02
1.00000e-SJ6
1.00000e-06
1.00000e-06
1.00000e+00
1.000006+00
1.00000e+00

-1.00000e+04
-1.00000e+04
-1.00000e+04
1.00000e+03
1.00000e+(s3
1.00000e+03
3-000006+00
3.00000e+00
3.00000e+00

9,
9,
9,

,00000e+02
.00000e+02
.00000e+02

spherical shell-elements
transport, concentrations specified

2.00000e+04
2.00000e+04
2.00000e+04
1.00000e-07
1.00000e-07
1.00000e-07
2.000009+00
2.00000e+00
2.00000e+00

-2.10000e+04
-2.10000e+04
-2.10000e+04
1.00000e+03
1.00000e+03
1.00000e+03
3.00000e+00
3.00000e+00
3.000006+00

1.
1.
1.
9.
9.
9.

. 10300e+01
,10000e+01
,10000e+0i
,00000e+02
,00000e+02
,00000e+02

41 plane element only
42 variable heat of transport, partial pressures specified
43 1 1
44 1
45
46
47
48

1.00000e-02
1.00000e-06
I.00000e+00
3.16230e+02

2.000C0e+04
1.00000e-07
2.00000e+0B
2.05890e+04

-2.10000e+04
1.30000e+03
3.0000Be+00
1.00000e-08

1
9

1

.10000e+01

.00000e+02

•00000e-09

17
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