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SUMMARY

With respect to the irradiation plan of DUPIC pellets in
HANARO, the conceptual design of DUPIC irradiation pellets with
double cladding has been carried out. Based upon the conceptual design
of the pellet, the preliminary analysis of the temperature effect on the
design and manufacturing parameters of DUPIC pellets through code
calculation was performed by the use of HEATING and GENGTC.

The analysed results of the newly designed DUPIC pellets to be
irradiated in HANARO revealed that, 1) thermal conductivity of fuel,
linear power of fuel and axial gap affected greatly the temperature of
fuel and 2) thickness of sheath, gamma heating rate and thermal transfer
coefficient affected little the temperature of fuel also, 3) the centerline
temperature calculated by HEATING was evaluated higher than that by
GENGTC such presented to be desiralde for using GENGTC in the
view point of safety GENGTC, 4) by transient thermal analysis, after 160

seconds, the temperature of fuel reaches its equivalent temperature.
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Stainless
N .
Al g Zircaloy-4 Steel He
= - 6.1215 6.6405 -
=] A fei
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AHEL A1 A2 A3 A4
R 10.6 6.47 7.8 0.000177
Specific heat A5 (293) 416 5190
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]

% &9 ], kg s, mm, C 7
¥ A5 e HitsA Z=E FHYS.
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A3, (0.14940.128%10 3T
Ald, (0.143*%10 724 .325%10 > 7T—0.768*10 " ° 7°
A5
2% s. heat 2 s. heat 25 s. heat
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238 0.009 200 0.0675
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2% s. heat 25 s. heat
0 0.12 400 0.135
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DUPIC & F assemblye] A S E5to oS3 2 AL Ao

1. DUPIC ®eige] £AMPA] QREE, 28, 4 B4 5& A5

< I of
2. F] &
u] x| 7]
3. +HA

uh g

aA dFE v)AH,

F, gamma &, AT A5

o[n
rlo
g
r2
fy
o
rlo
1
2
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ot
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o] o4 GENGTCHt} HEATINGE o]&3l= Zio]
tet.

ol

4. Transient 2% ¥42 7% of 1602 7} A3 F Hy Sxof
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AR 1 xWEAAE A8

. 5.2 DUPIC &ZA ZAAIHE (1998)

Ro 2N R HA olAtsfatEol UAY AFANAAES
E3sted A x2Y SIMFUELE o] &30, & Aok ZAE Ag A4 o
B=Eo] gl G23 assemblyE 7|E2F ol

Vg e Al BAR AEE ol &s obe xAL AYol
olu|gk Aol BR o] F Fitel FHY HH J|&E T
stz 2E HAdg ZAMAYP2E T 27t Ao

ZARZ|ZHE rlolv] ZAMAIY Y Hate AEHoEr AHEE e
AAt e dFol AREEa Foll s3E £FA ZARAFHA Fa%
7| & ARE o] &drh EZF SR eA RAE o8 T/ HARY
EAS 7|BAgE FH5le] o]E databased}t 3lt}.

BE aZAY ZAAEE AT stdRA XY ZAETE A E

A

A gl IR2E 2884 Aol oy, dn] Al Axp 8o Fol
OR%E o] &% A&e|t}t. 2o A8 HA= CANDU-62 HAE gt

ol st ety £AME FAlol FHstd AW £ALE Tl Fol

T AREE L HEIT

NEE BYH, WE WA 2abaY 2B W GH ZARYRY
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3. DUPIC 47| & A}A]%(2)(2000)

EAR BES olgsto] ZAAEE SHap AARo A4

AZsA 23 F99 mini-elementel] AZE drh AR YL 259

CANDU Atg 38 xAHo] ojd Ao tsled DUPIC £ A <
ANEd ZiA wE 2 9" AF 5 Ul AS g databased| T-F3}
AN AEFTAH Foll wet k] Aol vixe S M50 £
Ak A el ol 2] DUPIC #edgchitel A% o As 24, Pus o7
7o HRAYHEL 73 DUPIC 3d5e S ¢sle] dHEE,

g
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4 DUPIC 4&7ZA %a}A)%(3)(2001)

—

AR BES o] Ldted ZAANYE S TR YAR AR AZsA]
%919 mini-elementel| A&E @t AF S 2= T ¢gE 2

2T 5 RS ov BV W5E 2T F ASD

off &2
ox K
>
Ay
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ek
)
&
£

CANDU 442 x7o] obd Aol wiste) DUPIC 47 A<
94 71 BE % 9H AF F =l AF ] H3 databased] 753}
AN AZFA ol wet 2l Aol rlAs 9FE BAsie] £
ararefol 41 9] DUPIC #igchidtel A% 2 A5 4, Pus o
579 LG AAHES ¢4 DUPIC A8 sldS #sled dAHEE,
nEst 2 g 59 7€ Ry A&A HE, DUPIC glds9 &%,

)

G, 9E U HE o)d 59 4% 54 08T BEHY E A4S
24 2= DUPIC 8884229 A44 2 344 JE 5 TP

E&E AE2Y3} IF A4 5(15000 MWA/THM)E ZAHA| 8-S

ST AT ZARAL ol Aol FAY ZAAHY AHE whedsted
ARy

- 37 -



ole] L 93sted WA ZRAMAE S DUPIC iAo A
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g3ty BA I o Ak vlmet o} DUPIC #ldg RAMA|Y &%
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H4 2. HEATING7.2f2] input ¥ output £
1. General

- YL title, parameter ¥ data blocke. 2 A =|7] data block-2
keyword®} data cards® = o] )t}

- keyword& 1356 434 o]Atel Foial FAE AA A JH
o}z 2t %+'blank’ & Edt}.

- b7 A ey R FEFH S 2 WEA] e
Haz| 5 ojol 3ol 1 ~ 723 7px| 9t d.atai QlAlsl 73 ~ 80 3
data®] labele] ¢ A|jtct 159 data ko] BoewH o} & Fo ‘@&
PYF AEAE § dov comments v E AR

- dYE M2 Edd|obxs] ™ radiationd] H$¢= & %7} Fahrenheit®

Abxlo} 2|22 olF dUtAl A Fojof gt

w
. B4 2xe REzade 2712 4 Utk

)
i

11 Adsuy

- HEATINGS A A% % H72_PC diectoryell 883 input fileg
243 B (Dldat )

- H7 -i dl.dat (return)2 2 A3 5 {‘]’%B_i plot0000 o] g}+=
graphice $1% output filem} print00000] g} data output fileo]
A3 ot

- H7map (return)el] 2]s]4] plot00002 7+ nodes} &% 9} table®
HEE 2525 &4 F sl
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A 2 Alake] A B0 g kg £ g}

2.2 Parameter
- Card P
D el CPU Al7HE) : A4 Foll CPU A|Zto] M3 A
AZHE) B 23bstd ZAl 2 A .
@ HEA W4

1r-6-z21r-6 3 r-z 4 r 5
6 X-y-z 7 x-y 8 x-z 9 x
10 r 11 r-¢ 12 1-0-¢

@ x=7] A|7ZF : restart = transient w A}-83%}.
A Ero] oW BE £7|AZHE YER T, AAIEY Ae ol
AMZARE ALE F3T 0 old B Al 58 AL
@ &% 9 : radiatione] TFH AL FET.
0 °F 1T 2 Adlex
® Net transient energy flow calculation flag
O¢] o} ™ transiento] 4] net energy flow& A AtaA &g
® Convergence information flag
0o] ofe F@AAel dF Yug O BdT YL
@ Output of selected information
nodal description(1)
capacitance, power, conductance at initial time level(10)
capacitance, power, conductance at every reevaluation(20)
Temp. distribution every steady-state iteration(100 or 200)
Temp. distribution every transient explicit time level(100 or 200)

Temp. distribution nonlinear transient implicit iteration(100)

- 40 -



Temp. distribution linear transient implicit iteration(200)
o], 11, 31, 210, 311 &

2.3 Data Block

2.3.1 Region data block
- keyword card : RIGIONS

- Card R1
O 749 Hs
4 W3
® A2 x(r) #*

)
@ Z x(r) ¥
EOOD® ; y(8), z(¢)ll #E HH 3t
- Card R2
O £7] &= ¥z
@ 24 ¢ 21 Hs
@ =L x(r) 3 AA =7
@ 2 x(r) & AA =4
O®D® ; y(8), z(o)oll F HH Y HA =2

2.3.2 Materials data block
- keyword card : MATERIALS
- Card M

My
o] &
EE(FT AME o g3te F9 8], anisotropy)
(& A% o &3t 54 ¥E)

F(HT AR o Fgke] 34 vlE)

559 2 oE g4 WE

©@ 600
2 al nf n M

oo MU ol e
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cm-g-s-cal-C (default) 1 m-kg-s-J-C
ft-1b-hr-Btu-°F 4 in-1b-s-Btu-°F
user-defined : t}&2] W3 A4E o] L3
Uxe] HE A4

d-gFe] HE A

AT HE AF

29 HE AL (Xy), T=Xr * T + Xrp
<=9 HE A4 (Xrp)
A

dHE o 7

o]

T~

2.3.3 Initial temperature data block

- keyword card : INITIAL TEMPERATURES
- Card 1

© £7] 2 H3

@ &£7) Lx (&g AbEE o eegte) F9 nlg)
Q@ x F &g Hs

@y & AT+ Wz

®z & & HE

2.3.4 Heat generation data block

- 42 -
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- keyword card : HEAT GENERATIONS
- Card G

O & Y Wz

@ F3 4 WY AT o FdFe3te 59 vE)
@ A WAL x F AETF WS
@ @ WA y 5 &Y HE
® o WA z 5 gEFF WS

235 AA =A

- keyword card : BOUNDARY CONDITIONS

- Card B1
O #A =22 Wz
@ A =R A
1 x-ZA 2 13 BFH 2% 3 EH-Ed
Q@ AA x(EH-ZH A= AHE 4
@ A7t E&FgT s
® x & Yg&¢s W3 (- ¥ & tabular)
®y & &g ¥z
Dz & JEFgT Hs

- Card B2

(D Forced convection heat transfer coefficient
@ Coefficient for radiation

® Natural convection multiplier term

@ Natural convection exponent term

(® Prescribed heat flux

® A7 ¥ &5 oE flag

- Card B3(option)



@ Natural convection multiplier A}7} 9J&§+ HIF
@ Natural convection exponent A|ZF 2] &3t WHE
® Heat flux A7} )&% HE |

- Card B4(option)

(D Forced convection coefficient =% 2]
@ Radiation coefficient % &3+ HF5

@ Natural convection multiplier 2% &|&E3t+ HF
@ Natural convection exponent &% & &3 HE
® Heat flux &% &3 H3

b

¥ Wz

rE

23.6 X(Y,Z) grid data block
- keyword card : X(Y,Z)GRID
- Card X1

x(y,z) & ® ¥
- Card X2

node <

2.3.7 Connector data block
- keyword card : CONNECTORS
- Card C1
(D Base node W3

(@ Base nodeel] 172 = node &

® AAZ HE

@ Reciprocal connector flag(u}dF w2 %)
- Card C2

Paired data entries(C12] 2 3}ol| &3l data pair)
A 4= base nodeo]] 994 node H3E

= Sk AARAY ARDALY Fo vlg



2.3.8 34 data block(7.2foll 4 & )

- Fo)=A,+ A+ AP+ Ap* + Asv' + Agexp(Aq) + Agsin(Ag) + ApIn(A v)
- keyword card : ANALYTICAL FUNCTIONS
- Card Al
O 5 "z
- Card A2
5 A% s
PN
T

A=

2.3.9 Tabular 4 data block

- keyword card : TABULAR FUNCTIONS
- Card T1

() Tabular ¥+ HIE
- Card T2

53y

B 3

& W

linear interpolationg A}-4-3h. extrapolation %

Sh
o
2l
ttfo
S
%

24 &9

241 % data block

- keyword card : PRINTOUT TIMES
- Card O

227}

2.4.2 Node monitored data block

- keyword card : NODES MONITORED.

- 45 -



- Card S

(D No. of s-s iterations or transient time step

Nodes to be monitored

2.5 Solution sequence

2.5.1 Steady-state data block
- keyword card : STEADY-STATE
- Card SS

D Solution technique
1 SOR 2 direct solution(1/2 dimension only)
3 conjugate gradient
@ Zd iteration 4~
default : 500(SOR), 20(d.s. and c.g.)
@ 8 71E
default : 10e-5
@ Overrelaxation factor
default : 1.9(SOR), 1< o.f. <2
® Updating time-dependent properties
no. of iteration, default : 1
® Time

BE A7 DY 5 AL A7

2.5.2 Transient data block
- keyword card : TRANSIENT
- Card TR

(D Transient Solution Technique
1 Explicit(TR1) 2 Implicit(TR2, TR3)

@ #F Az

- 46 -



- Card TR1

® £7] A7 B |
Stability criterion®} A3k 0.00]= stability criterion®] Zt&
ARg-ghot.

@ Levy Technique Option
Levys] whe] Fof Aol 0 E 1o]
om 1 ut 2w 0 e AHgeA 2x
stability criteriong AF&3c}.

@ &% T4 9 Updating
No. of time step. Levy¥¥ & Al£3}71} 0 £+ blanke| o)
time step wich A4k Ao 3 10

- Card TR2

e
7] o'

@ Implicit Time-differencing Scheme
05 < @ < 1.0, default= 05

@ 4% 71& B=
Default= 10e-5

(® Number of Iterations Between Convergence Check for Linear

Loop
Default is 1

@ +%8 71& ¢k for 2% oFE g
default : 10e-5

® Ex £9Y7F 3% for SE2E 5

default is zero
® SOR Acceleration Parameter Initial Value
positive : remain constant,
zero : optimized empirically
negative : Carre’s technique® # 4.
(D Time step between acceleration parameter optimization
®Ho] 0 = FA&3F. default is 1
Number of iterations criteria for acceleration parameter update
default is 12

- 47 -



@ Change-in-number-of-iteration criteria
default is 2
- Card TR3(A& A 7}5)

D Initial Time Step
Oo]™ stability criteriong ©| &%
@ Time step multiplication factor
Default:= 1.0. H7F ¢ub3] H3bH 1.0~1.19 3k o] &
® Maximum Time step
Default is 10e50
@ Time at which new TR3 cas is to be read
default : 10e50
® Maximum Temperature change per time step
001 21§t
(® Maximum Pecentage Temperature change per time step
001 A-g-ek3t
(D Minimum Time step

default is one-tenth of initial time step
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Y 3. HEATING7.2f9] 18 Q<%

Required Characters(4) Label Remark
Title -
Parameter - P
REGIONS R1, R2
MATERIALS M, PL, ML
INITIAL CONDITIONS 1
HEAT GENERATIONS G
BOUNDARY CONDITIONS Bl ~ 4
Model \XGRID X1, X2
Data YGRID Y1, Y2
ZGRID 21, 72
block CONNECTORS C1, C2
ANALYTICAL FUNCTIONS Al, A2
TABULAR FUNCTIONS T1, T2
' Output PINTOUT TIMES O
NODE MONITORED S
Solution |STEADY-STATE SS
Sequence [TRANSIENT TR, TR1~3
o, -
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HE 4. ZEx2A HEATING7.2f Input

DUPIC Fuel

* mini-element in capsule-element

* Units: J, Kg, s, mm, C
* Time limit, Axis

15 4

REGIONS

1 0.0 6.077

1 0 0

3 6.077 6.1215

0O O 0

2 6.1215 6.5405

2 0 0

3 6.5405 6.6405

0O O 0

4 6.6405 7.1405
0 2

%HU’!H-P-HQJHN*—‘*—‘
=

moWw

)

Eg

- W N

HEAT GENERATIONS

= fuel, zircaloy, s.s(304)
1 0.3880

2 0.059985

3 0.059982

INITIAL TEMPERATURE

151.0

BOUNDARY CONDITIONS

2 1 50.0

2.7e-2

XGRID

0.0 6.077 6.1215 6.5405

Fuel 0.1 10.96 0.0 1
Zircaloy 0.1 6.47 0.0 2
Helium 0.1 0,00 0.0 3
S-Steel 0.1 7.8 0.04

6.6405 7.1405

- 50 -
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R1
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19 4 4 4 4
ANALYTICAL FUNCTIONS

= thermal conductivity of DUPIC fuel(1), zircaloy(2), He(3),

1
1 0.04154 2 -3.32E-5 3 2.21E-8 4 -8,90E-12 5 1,75E-15
2

1 0.110 2 0.154E-3 3 -0.509E-6 4 0.156E-8 5 -0,121E-11
3

1 0.143E-2 2 0.325E-5 3 -0.768E-9

4

1 0.149 2 0.128E-3

STEADY-STATE

2 500
%

- 51 -
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HE 5 EFA79 HEATING7.2f9] Output

Current Time:

H H EEEEE
H H E

H H E
HHHHH EEE
H H E

H H E

H H EEEEE
Version

Release date :

0

6-Feb-98 09:46:32 Computer: PC/DOS

AAA TTTTT III N N GGG
A A T I N NG G
A A T I NN N G
ARAAA T I NNN G
A A T I N NN G GG
A A T I N G G
A A T IIT N N GGG

HEATING 7.2f

August 31, 1993

Contacts Kenneth W. Childs or Gary E. Giles
Phone (615) 576-1759 (615) 574-8667
FAX (615) 576-0003 (615) 576-0003
E-mail KCH@ORNL, GOV GEGRORNL. GOV
Address Heat Transfer and Fluid Flow Group

Computing Applications Division

Oak Ridge National Laboratory

Post 0ffice Box 2003

Cak Ridge, Tennessee 37831-7039
sxxsxxsxxsxxsxssx sk sxss ECHO OF INPUT DATA * 333t arsyX s ¥xXXsXXeRmsSsxss
Record

1 DUPIC Problem 1

= nini-element in capsule-element

3t

”*

Units:

REGIONS
1 1 0.0 6.077

2
3
4
5 15 4
6
7

J, kg, s, mm, C

Time limit, Axis

- 52 -
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

11 0 0 R2

2 3 6.077 6.1215 R1

1 0 O 0 : R2

3 2 6.1215 6.5405 R1

1 2 O 0 R2

4 3 6.5405 6,6405 R1

1 0 O 0 R2

5 4 6.6405 7.1405 ' R1

1 3 O 2 R2

MATERIALS

1 Fuel 0.1 10.96 0.0 1 M

2 Zircaloy 0.1 6.47 0.0 2 M

3 Helium 0.1 0.000.03 M

4 S-Steel 0.1 7.8 0.04 M

HEAT GENERATIONS

= fuel, zircaloy, s.s(304)

1 0.3880

2 0.059995

3 0.059982

INITIAL TEMPERATURE

151.0 I

BOUNDARY CONDITIONS

2 1 50,0 Bl

2.7e-2 B2

XGRID

0.0 6.077 6.1215 6.5405 6.6405 7.1405 X1
19 4 4 4 4 X2

ANALYTICAL FUNCTIONS

= thermal conductivity of DUPIC fuel(l), zircaloy(2), He(3), S-steel(4)

1 Al

1 0.04154 2 -3.32E-5 3 2.21E-8 4 -8.90E-12 5 1.75E-15 A2

2 Al

1 0,110 2 0.154E-3 3 -0.509E-6 4 0,156E-8 5 -0, 121E-11 A2

3 Al

1 0.143E-2 2 0.325E-5 3 -0.768E-9 A2

4 Al

1 0.149 2 0.128E-3 A2

STEADY-STATE

2 500 SS
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47 %

sxgxxsxsexsexerraxsxsxsrxesnxr CASQE DESCRIPTION ##3 %ttt s syt ss e ssxesss

DUPIC Problem 1

sxxxsxxrxsxxsxsxxxxess SUMMARY OF PARAMETER CARD DATA 3®ss3s#sSXEIXEEXEIXBTLY

Maximum cpu time - 15.00 seconds

Geometry type number - 4 (or r-cy)

Initial time - 0.0000000D+00

Temperature units ~ Fahrenheit (Significant only if radiation involved)
This is a restart of previous case - No

Read node-to—node connector data file - No

Redirect or suppress convergence information - Yes (Suppress)

Output selected information during calculations -~ No

sxrxxxsessessrernznszsess SQUMMARY OF REGION DATA i:::zz::z:::::::x:z::z::::x
Region Material Initial Heat Gen.
Number Number Temp. No.  Number

1 1 1 1

2 3 1 0

3 2 1 2

4 3 1 0

5 4 1 3

Dimensions / Boundary Numbers

Region First Axis Second Axis Third Axis
Number Smaller Larger Smaller Larger Smaller Larger
1 0.0000E+00 6.0770E+00 0.0000E+00 O,0000E+00 0.0000E+00 0.0000E+00
0 0 0 0 0 0

2 6.0770E+00 6.1215E+00 0.0000E+00 0.0000E+00 O.0000E+00 0O, 0000E+00
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0 0 0 0 0 0
3 6.1215E+00 6,5405E+00 0.0000E+00 0.0000E+00 0.0000E+00 O.0000E+00

0 0 0 0 0 0
4 6.5405E+00 6,6405E+00 0.0000E+00 0, 0000E+00 0.0000E+00 0.0000E+00
0 0 0 0 0 0
5 6.6405E+00 7.1405E+00 0.0000E+00 O, 0000E+00 0. 00C0E+00 O.0000E+00
0 2 0 0 0 0
sryxxsxsxxxssxxexevs vy SUMMARY OF MATERTAL DATA R ¥ XX sssssssssssssss
Material Material = --———————- Thermal Parameters -————————— Phase
Number Name -- Temperature-Dependent Function Numbers -— Change
Conductivity Density Specific Heat
1 fuel 1. 000000D-01 1. 0960000401 0. 000000D+00 No
1 0 0
2 zircaloy 1.000000D-01 6. 470000D+00 0. 000000D+00 No
2 0 0
3 helium 1. 000000D-01 0. 000000D+00 0. 000000D+00 No
3 0 0
4 s—steel 1. 000000D-01 7.800000D+00 0. 000000D+00 No
4 0 0

xzxsxsxsxxxxezzsssss SUMMARY OF INITIAL TEMPERATURE DATA #%#3X3x3XXxXxXx23%

Number Initial Position-Dependent Function Numbers
Temperature xorr y or th Z or p
1 5. 10000D+01 0 0 0

sxxxzxexxxssxsxsxsxx SUMMARY OF HEAT GENERATION RATE DATA #3333 XxXXxsXXXXIX

Number Power Time~, Temperature-, and Position-Dependent Function Numbers

Density Time Temperature X or R Y or Theta 2 or Phi
1  3.88000D-01 0 0 0 0 0
2 5.99950D-02 0 0 0 0 0
3 5.99820D-02 0 0 0 0 0
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sxxxxszxexneseerrss SUMMARY OF BOUNDARY CONDITION DATA 2+*3 233Xk kXXXXIXXXXX

Number : 2 Type: Surface-to-Environment
Temperature and Any Functions iUJsed to Define Dependence:
Temperature : 5.000000E+01
Heat Transfer Coefficients and Any Functions Used to Define Dependence:
Forced Convection :@ 2, 700000E-02

sxsxxxxxxcxxxrezresxesnzss SUMMARY OF GRID STRUCTURE *#3%3xxxx&Xx3x 33X x3x33%%
X (or R) Gross Grid Lines and Number of Divisions

0.000000E+00  6,077000E+00  5.121500E+00  6.540500E+00 6. 640500E+00

7. 140500E+00

19 4 4 4 4

X (or R) Fine Grid Lines Generated by HEATING

0. 00000E+00 2 3.19842E-01 3 6.39684E-01 9.59526E-01
1.27937E+00 1.59921E+00 7 1.91905E+00 8 2.23889E+00
2.55874E+00 10 2.87853E+00 11 3.19842E+00 12 3.51826E+00
13 3.83811E+00 14 4,15795E+00 15 4.47779E+00 16 4.79763E+00
17 5.11747E+00 18 5.43732E+00 19 5.75716E+00 20 6.07700E+00
21 6.08812E+00 22 6,09925E+00 23 6.11037E+00 24 6. 12150E+00
25 6.22625E+00 26 6.33100E+00 27 6.43575E+00 28 6.54050E+00
29 6.56550E+00 30 6.59050E+00 31 6.61550E+00 32 6.64050E+00
33 6.76550E+00 34 6.89050E+00 35 7.01550E+00 36 7.14050E+00

sxsxrxxsexsexxeeksxskex [JSTING OF ANALYTICAL FUNCTIONS #* Xy ssx eI xxsxXxsxs3xxx

f(v)= a(l) + a(2)xv + a(3)=vzv + a(4)zvsvzy + a(5)zvsvayzy + a(6)=expla
(7)=v)
+ a(8)=sin(a(9)=v) + a(10)*log(a(ll)=v)

Analytical Function Number: 1
a( 1) = 4.15400E-02
al 2) = -3.32000E-05
al 3) = 2.21000E-08
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a( 4)
a( 5)

Analytical Function
a( 1)
a( 2)
a( 3)
al 4)
a( 5)

Analytical Function
al 1)
a( 2)
a( 3)

Analytical Function

a( 1)
al 2)

TEXIEEILEILTXXITEXX

Number :

Number :

Number :

SOURCES OF NON-LINEARITY IN THE MODEL sxzzxxzzszxsxx

~8.90000E-12

1.75000E-15

2

1. 10000E-01
1. 54000E-04

-5, 09000E-07

1. 56000E-09

-1.21000E-12

3

1.43000E-03
3.25000E-06

~7.68000E-10

4

1.49000E-01
1. 28000E-04

Temperature dependent conductivity

......
......

*zxxxxxxxxxx2x NUMBER OF PARAMETERS SPECIFIED BY THE INPUT DATA #xssxsxxxssxsx3

Regions
Materials
Phase changes

Initial temperatures

Heat generations

Boundary conditions

Gross grid lines
Fine grid lines
Gross grid lines
Fine grid lines
Bross grid lines

Fine grid lines

along
along
along
along
along

along

N N < < X X

or
or
or
or
or

or

r axis

r axis
theta axis
theta axis
phi axiz

phi axis
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Analytic functions 4
Tabular functions 0
Node-to~node connectors 0
Transient printout times 0
Nodes for monitoring of temperatures 0
Number of nodes 36
Number of specified-temperature nodes 0
Position-dependent boundary temperature nodes 0
Bandwidth for direct solution 3

sxxxxxxxxxrs MEMORY REQUIREMENTS FOR VARIABLY DIMENSIONED ARRAYS s*sxsxzzsxss

Phase 1 5K
Phase 2 10K
Phase 3 11K
Phase 4 14K

srxxxxxxzsxrrexsesr e ae sy INITIAL CONDITIONS *+s:3srissass s ssassXssaxssEs

Number of iterations completed = 0
Current problem time = 0.00000000D+00
Elapsed cpu time (hr:min:sec) = 00:00:00. 72

5.10000E+01  at node 7
5.10000E+01 at node 2

Minimum Temperature

(]

Maximum Temperature

HEAT GENERATION
Number Current Rate (energy/time)
(Modeled) (Neglected)
4.50153E+01  0.00000E+00
9,99957E-01 0. 00000E+Q00
1.29844E+00  0.00000E+00

Sum 4 73137E+01 0. 00000E+00

BOUNDARY HEAT FLOW

Number Environment Current Rate (energy/time)
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Temperature (Modeled) (Neglected)
2 5.00000E+01 -1.21136E+00 0. 00000E+00

P32 3 232 2 3 3333332323223 20 22232233 2323332333322 233233222240

BEGIN STEADY STATE CALCULATION - DIRECT SOLUTION TECHNIQUE

P P e 232 2 s 22 Rt 2 2 2 2223323233222 2122223 02232322222 22533 2

Maximum number of iterations = 500
1. 0000000D-05

Convergence criterion

sxexxsxxxxxgxxxssssxxxxs STEADY~-STATE SOLUTION QUTPUT *=s3xsssxxxxxssssssssxss
Number of iterations completed = 8
Current problem time = 0.00000000D+00
Elapsed cpu time (hr:min:sec) = 00:00:00.83

Minimum Temperature = 8.90584E+01  at node 36
Maximum Temperature = 2. 41594E+03 at node 1

HEAT GENERATION
Number Current Rate (energy/time)
(Modeled) (Neglected)
4 50153E+01 0. 00000E+00

2 9,99957E-01 0. 00000E+00
3 1,29844E+00 0. 00000E+00
Sum 4.73137E+01 0, 00000E+00

BOUNDARY HEAT FLOW
Number Environment Current Rate (energy/tine)
Temperature (Modeled) (Neglected)
2 5.00000E+01 -4.73137E+01  0.00000E+00
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sxrx¥xeerssrxxxessesxrexss END OF HEATING EXECUTION st xssxsx s xxXXxsxs3sss

DUPIC Problem 1

*xrxx Number of warnings —- 0

.....

:x3xx Number of errors -
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HE 6. GENGTIC &4

1. H8
GENGTC-PC+ FORTRANCS 2 ZAH 2%
20 AHeE U e o] P glek
GEND.EXE(GEND.FOR) : Main program(source)

Mg Zzadold. ¥

e

MGEN.DAT : Z+& A g2 £4 dloly 3
D1.DAT : Input data file
D1.TXT : Output data file

1.1 ARg whdy

Abg

DOS #oll 4] & directory Yol ZE fileg copydt &

rlo

D1l.dat®] input fileol] ™83t A& & F,
gend (return) 3}9 input fileg EojB v o] & JH3d AF oz
output fileo] A=}
2. 31¥ data
2.1 Group A : Title
TITL : Title
22 Group B : 7|Ez27
ND9 : node <~
NFUEL : 34€E A4 3ol 5%
1
0

1l

Lyons equation (UO2)

Ha=H
-1 = Baily-Asamoto equation( (Pu,U)O2)
-2 = Asamoto equation (UO2)

NGT : £244 Z3H dd=x4
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NP : 224 SHYEEE AT o 2T F(<20)

NOPT : 4E% <& node 1 o]2lell X && uje] i W%
NOPT>0 o] NFUELL HF& X

MOD : £ Z2A A 5o metd d2s AT A5 1¢ Y
o|uf ol = 1400, 1900TC & v}3rof A Abg

RP(i), i=1, NP : $# 25 odod o] 47 (cm)

CP(i), i=1, NP : 4 & 123 A&y
22 Group D : £7] ¥4

H11 : capsule 2/x e dHEE(W/cm2 - Q)

T11 : Y24

R11 : FAlel holeo] 2+ 7-$2] hole®] ¥ (cm)

DENS : o] 2% 5 1]|(%)

GAP : 2724 391 dAL3(W/em2 - C)

NGT=0 2 GAP=0.0c|H GAP=0.7383°. 2 #H A3}

2.2 Group E : nodec]

R(1), i=1, ND9 : Z} node®] 7 (cm)

PG(i), i=1, ND9 : Gamma 7}%4 &2 node vjrie] 7hedn)(%)

E(i), i=1, ND9 : Zz} node E ™Y Ba}&(%)
2.2 Group F : A4l ¥

NGEO : gap a4 3|4

NGAM : gamma 7}4& &4 3|4

NPOWER : A& |43+
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NGET : gap A& ¥WF A7)+ node H1 %
GDELT : gap A<9] v]4 -5 X (cm)
G11(i), i=1, NGAM : gamma 7}°3-&(W/g)
F11(i), I=1, NPOWER : 41&3(W/cm)
22 Group G : EA4 Ao gt v
MX(), i=1, ND9 : A 59 FH
0= 7|Al/HA, 1 = A
NW(), i=1, ND9 : Z node2] =& W3 (% #x)
NW(@) = 0 o|® C(, D SG, D& AH&3
D(y) : L E(g/cm3
C(, 1), i=1, 5 : A= &EW/cm2 - C)
Cf = CO0 + CIT+C2TT+C3TTT+C4ATTTT
S, i), i=1, 2 : FHAFE(TC-1)
Lf = (S0+S1T)*10-6, T= TC

MBI E
W3 ANE H3 N E

1 Nb-1%Zr 14 Graphite
2 Hastelloy-X 15 Li

3 He 16 Mo

4 NaK-44 17 w

5 Ne 18 Sol-gel
6 SUS316 19 SiC

7 SUS304 20 Al

8 T-111 21 N2

9 UN 22 Ti
10 uo2 23 2/5H
11 W-26%Re 24 Ta
12 Zr-2 25 Be
13 Ar

left BLARK
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AR 7. 85 GENGTIC ¥
= 12 2222222223232 2223222220235 4

% * GENTC-PC INPUT DATA LIST =

% XXX KKK RIEXX

”"

"

A, -—— TITLE CARD —-
TITLE : DUPIC capsule-element

"

”

= B, -—— CONTROL ——-
= NDO NFUEL NGT NP NOPT MOD
5 0 -1 0 0 0

”*

*

C.1 IF NP GREATER THAN ZERO RP & CP REQUIRED

= RP(I), CP(I)

+ 0.6077

= 1.0

=

x D ———o BASIC CONSTANT ~--—-—

= Hi1 Ti1  R11  DENS  GAP
2.7  50.0 0 1.0 0.7

* E - NODE POINT PARAMETER —----

"

(]

<1> R (I), I=1,ND9 : RADIAL CM
<2> PG(I), I=1,ND9 : GAMMA HEATING PERCENTAGE BY MATERIAL
<3> E (I), I=1,ND9

"

*

113

0.6077 0.61215 0.65405 0.66405 0.71405

0.00 0.0 1.0 0.0 0.833
0.0 0.0 0.0 0.0 0.0
2 F, —— ANALYTICAL PARAMETER —----
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"

"

n

"

"

*

E1]

"

I

NGEO NGAM NPOWER
1 1 1

<1> GEOMETICAL PARAMETER ( NOLE & DELTA GAP )
NGET GDELTA

2 0.001

<2> GAMMA HEATING

G11(I), I=1,NGAM W/G ; NODE DATA DEFINE BY MULTIFLY x

3.664

<3> LINEAR POWER GENERATION W/CM
F11(I), I=1,NPOWER W/CM
450,

<4> IFGA IFGI : IFGB IFG2 : IFGC IFG3

THREE LINE REQUIRED
0 2 2 2
0 2 2 2
0 2 2 2

<1> MX(I), I=ND9
<2> NW(I), I=ND9
1 0 1 01
0 3 12 3 6
<3> USER COEFFICIENT
D C1 C2 C3 C4 C5

S1

10.96 0.04154 -3.32E-5 2.21E-8 -8.90E~12 1.75E-15 9.61
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o)
Ju
(@]

. % GENGIC 29

z TERIERIKRIEEFSRRERIXEEIREIRR

® # GENTC-PC INPUT DATA LIST =
PRI T T IR P L PP PP I

z

* A, —— TITLE CARD ——

TITLE : DUPIC capsule-element

*

= B, --— CONTROL —-—-
= ND9 NFUEL NGT NP NOPT MOD
5 0 -1 0 0 0

= C.1 IF NP GREATER THAN ZERO RP & CP REQUIRED

= RP(I), CP(I)

x 0.6077

x 1.0

x D, - BASIC CONSTANT -—~-—-—

x

= H11 T11  Ril  DENS GAP
2.7 50.0 0 1.0 0.7

H

* B, - NODE POINT PARAMETER -—---

I

<1> R (I), I=1,ND9 : RADIAL CM
<2> PG(I), I=1,ND9 : GAMMA HEATING PERCENTAGE BY MATERIAL
<3> E (I). I=1,ND9

”

*

0.6077 0.61215 0.65405 0.66405 0.71405

0.00 0.0 1.0 0.0 0.833
0.0 0.0 0.0 0.0 0.0

%

*F, - ANALYTICAL PARAMETER ————-

= NGEO NGAM NPCWER

1 1 1

*
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= <1> GEOMETICAL PARAMETER ( NODE & DELTA GAP )
= NGET GDELTA
2 0.001

= <2> GAMMA HEATING

= G11(I), I=1,NGAM W/G ; NODE DATA DEFINE BY MULTIFLY x
3.664

* <3> LINEAR POWER GENERATION W/CM
* F11(I), I=1,K NPOWER W/CM
450.

= <4> IFGA IFGI : IFGB IFG2 : IFGC IFG3
= THREE LINE REQUIRED

0 2 2 2

0 2 2 2

0 2 2 2

= <1> MX(I), I=ND9
* <2> NW(I), I=NDS
1 0 1 01
0 3 12 3 6
# <3> USER COEFFICIENT
= D C1 C2 C3 C4 C5 S1 32
10.96 0.04154 -3.32E-5 2,21E-8 -8 90E-12 1.75E-15 9.61 . 16E-2

TITLE : DUPIC capsule-element

1 TI
INPUT DATA
NDS  : MAX. NODE NO. = 5 NPOWER : NQF = 1
NGAM : NQG = 1 NGEO : NDIM = 1
T11  : COOLANT TEMP. = 50.00 C.
H11 : SURFACE COEFF. = 2,70 W/CM2.C
GAP  : GAP CONDUCTANCE = .70 W/CM2.C
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R11  : INSIDE HOLE RADIUS =

NFUEL : LAMBDA OF SPECIMEN =
CETUS

NP : NO. OF REGION FOR POWER DIST. =

DENS : INITIAL DENSITY =
RADIUS (CM) EMISSIVITIES

1 . 6077 . 0000

2 . 6122 . 0000

3 . 6540 . 0000

4 . 6640 . 0000

5 . 7140 . 0000

NON-TABULATED MATERIAL CONSTANTS

DENSITY CO
GR/CC. W/
1 10,960
2 .000
3 6.470
4 . 000
5 7.800

1 -— RESULT ---

RUN NUMBER
1. GAP

C1
CM.C

.415E-01 -,
. 143E-02
. 110E+00
.143E-02
. 141E+00

c2 C3

332E-04 .221E-07

.325E~05 -, 768E-09
. 154E-03 -.509E-06
. 325E-05 -, 768E-09
.137E~-03 .000E+00

111

: 4 450E-03

2. GAMMA HEATING
3. LINEAR POWER

TEMP. DISTRIBUTI

NODE TEMPERATURE
C.
2280, 40
. 639E+403
.S41E+03
.515E+03
.122E+03
.B79E+02

(LI NS

ON, C.

POWER(F,G)
W/CH,

L 450E+03
_450E+03
L454E403
L A54E+03
.450E+03

: 3.664E+00
¢ 4,500E+02

T.CONDUCTIVITY, MAT. NO.

/oM. C.
.204E-01 [¢]
. 308E-02 3
. 185E+00 12
. 239E-02 3
. 155E+00 6

.00 CM,

0
1. 0000

MAT TYPE

~ O — O

-.890E-11
. 000E+00
. 156E-08
. 000E+00
. O00E+00

COLD RADIUS
CM.

. 60770E+00
. 61215E400
. 65405E+00
. 66405E+00
. T1405E+00
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4 AO
x]
.175E-14
. O00E+00
-.121E-11
. 000E+00
. 000E+00

CALC. RADIUS
CM.

.61170E+00
.61429E+00
. 65634E+00
. 66492E+00
. T1498E+00

MAT SEL

12

Al
.E-06/C.
9.610
.000
6.584
.000
15,564

ACT. RADIUS
™.

.61170E+00
. 61429E+00
. 65634E+00
. 66492E+00
. T1498E+00

. 160E~-02
. 000E+00
. 781E~-03
. 000E+00
. 270E-02
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