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Development of Two-dimensional Transient Fuel Behavior Analysis
Code for Non-concentric Pellet-cladding Alignments,NSR-EXENT

( Analysis Model and Sample Calculation )

Toshieo FUJISHIRO,Noriyuki SHIRAKAWA*
and Takaharu TSURUTA

Department of Nuclear Safety Research,
Tokai Research Establishment, JAERI

(Received October 11, 1983)

Two-dimensional transient fuel behavior analysis code
"NSR-EXENT" has been developed as a sub-program of NSR-77
in order to analyze local heat transfer effects.
This code deals with local effects such as circumferential
variation of gap conductance caused by fuel pellet eccentricity
and the local cooling by cladding surface thermocouples.
The local variation of heat generation by the Zircaloy-water
reaction and that of pellet-cladding fixation by the UOz-Zircaloy
eutectic formation have also been incorporated in the model.
This report describes the analysis model of NSR-EXENT and
the results of sample calculations.

Keywords ; RIA, Computer Code, NSRR,
Fuel Pellet-Cladding Eccentricity,
Thermocouple Fin Effect, NSR-77,
Zircaloy-Water Reaction,
UC; —Zircaloy Reaction,
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Nomenclatures in Section 3.1

Symbol Description Unit
i .
? c Heat capacity J/g+°C
E
& = pC J/em3-°C
h. Heat transfer coefficient from cladding to coolant W/cm2-°C
hg Gap conductance W/em? - °C
hp,ij Distance between (i,j) and (i-1,j) cm
hs i Distance between (i,j) and (i+i,j) cm
k Thermal conductivity of fuel and cladding W/ em-°C
Ty Radius of i-th node cm
5,Q Heat generation rate W/ cm3
Thulk Coolant bulk temperature at time step n °C
ng Temperature of (i,j) node at time step n °C
P Density ' g/cm3
Aﬂj Angle of j-th circumferencial mesh rad
Superscript
n Time index
S surface
v volmetric
Subscript
i Radial mesh or nodal index
i Circumferencial mesh or nodal index
p Radially inner about (i,3)
s Radially outer about (i,j)
t Circumferentially minus about (i,j)
u Cricumferentially plus about (i,j)
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Nomenclatures used in section 3.3

Symbol Description Unit
ag Thickness of vapor layer m
d Diameter of thermocouple wire m
hg Heat transfer coefficient at thermocouple wire | W/mZ.°C
surface in vapor layer
hy Heat transfer coefficient at thermocouple wire | W/mZ-°C
surface in water
k Thermal conductivity of thermocouple wire W/m .°C
p System pressure Kg/cm?
Qrc Heat flow rate to a thermocouple wire from W
_ cladding surface
Tg Saturated temperature of stéam in vapor layver °C
To Cladding surface temperature °C
W Coolant velocity m/s
Ag Thermal conductivity of steam W/m-°C
Ap Thermal conductivity of water W/m-°C
v Kinematic wviscosity of water mzls

M
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Table 3.1 Thermal Conductivity of thermocouple wire

materials@
Termperature Kp, Kpg

(C kca £/ hmK| W/ mK | kcaé/hmK| W/mK
0 6 0.2 7001 28 3024
100 6 1.4 7141 26.3 3059

300 6 5. 7560 — -

500 6 8. 7908 — —

800 74, 8606 — —

1000 7T 8955 — —
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Fig. 3.1 Description of nodes and meshes

Ti-1

Fig. 3.2 Description of control volume and its geometry
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-l At n-1 tn n fnet
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Tl‘l"" Tn

Determine the mesh of
heat generation by
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L

Calculate the heat
increment in A"

Solve the temperature
matrix

by eq.(40)

Fig. 3.4 Calculational scheme in the evaluation of Zry-water reaction

gas ! liquid
’/lL//Sarurate Temperature
Tg { Tt |
hg | My
| d
2 /
To 4=q+dq | —Z
- N \ £
Cladding (g —*: Thermocouple wire
el |
-~ ~ !

Fig. 3.3 Calculational

model for the thermocouple fin effect
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Table 4.1 Major design characteristics of NSRR standard test fuel rod

UO2 Pellet
Diameter 9.29 mm
Length 10 mm
Density ) 95% TD
U-235 enrichment 10%
End configuration Chamfered
Cladding
Material Zircaloy-4
Quter diameter 10.72 mm
Wall thickness 0.62 mm

Fuel Element

Overall length 265 mm
Fuel stack length 135 mm
Weight of pellets 895.5 ¢
Filler gas Helium
Initial gas pressure 3.10 MPa
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Table 4.2 Summary of major parameters in NSR-EXENT sample calculation

CASE | Zr —Water Fin Eutectic | ECC (1| ECCcT "2
No. Reaction 112 3| 4{Temp. O (sec)
1 O ONNORNORRG, 1300. 1.0 0.
2 O ORNORRONRE. 1500. 1.0 0.
3 o} ClOlO|0 0.9 0.
4 C OO 010 0.7 0.
5 O ONRONNCORN®: 0.5 0.
6 O OO 0|0 0.1 0.
7 O X | x| x| .x 1.0 0.
8 O X 1 X | x| X 0.7 0.
9 C OINORNORNG; 1.0 0.35
10 O OO OO 0.9 0.35
11 X ololo|o 1.0 0.

»1) ECC ! Pellet eccentricity
1. = 100% eccentricity
0.—Coaxial

x2) Eccentricity initiation time. {sec)
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Fig. 4.1 NSRR standard test fuel rod
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Fig. 4.2  NSRR standard experimental condition in an atmospheric capsule
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Fig. 4.4 Planar node description of sample calculations
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Fig.4.5 Transient feature of temperature field (2/2)
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Fig. 4.10 Circumferential distribution of maximum cladding surface

temperatures for the eccentricity of 10%, 70% and 100%
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Fig. A. 1 (1./73) Flow chart of NSR—EXENT
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Fig.A.1 (2.3) Flow chart of NSR—EXENT
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PRINTI

END

Fig.A.1 (3.3) Flow chart of NSR—EXENT
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LRT TIRET L7 7 7dEIHE 0,

PLEX TREhsh37-70BLES]I ZHELT, £0KAT
DEFHEEDHE Type —11 OETH <.

LXY THEELTHL 77 708

LXY THRETL 7 7o,

Type—1 @737 7%#H L&k, PLEX TREHIh 27—/
BLEEDLST »SOLEND $TRF—4%79y b1 5,
Type—I @75 742/ L&, BITMOHFELEZH .

Dont

Type—I D77 72 LSICEATHDOBERE,

Dont

IOPx0 ®D&xHE, GRIDID TF~7 2K T{kT5&&0DX,
Y o i Y

(%13 DRAW3IL THEENERBSHTAEN,
GRID3D—=DRAW3DTRISEEETE LN, fTEEMIIDRAWIL TR BSO I EREELE
4%, $7GRI D 3DTH, F— ¥ OEEEIEHNILLNE I EHE D,

(+2) HFERE Mo

(*3) b4 ¥ A EHEREMNMY, DEBRELEREPNS F-shESE, WFNRLTHIOP=0
@ Option dENZL W THAD,
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FFX
FFY BIMD AT =) Ty 75,
FFZ FF7Z=10KFEELT, FFX, FFY ##H L TEHOR I HAEFE

LeHALH5LdhErs 7MARCIES,

NAMELIST. GRAPH 3/~
ZONAMELIST 24 77 708150865,

XMIN X #ghomin & max, , )
Type—1 D77 70EFEAE, 2 - FAT
XMAX
H2 oy }‘éﬂéo
YMIN Y > ”
YMAX
ZMIN} AR 1/ I #”
ZMAX
THETA Fig. A. 4 81
GAMMA
Q =12,
b EESEY
QS =10
MT G 7 OBERICEL S A b (4 x 18 M=ZLIW)
PTX Xegos4 b (4x6 XFLA)
PTY Y ” { ” )
PTZ Z # ( ” J
ILSW = 2 (fixed) &#ilcar— &y A4 vz Annbdo
IX
IY Bllic 2 — i AN SHBO5EE
1272

( Note)  HIFREH
LTTN+LRTN =10
LXYN < 3¢
LEND-LST+1 < 200
Type — 1 THi»N5EFE LTT, LRT DETH 5o
Type —II % 28EUL#C L&, AILE

LXY (i) =k, » LXY(ip=k,
i]<i2 7”&'1,9 kl <k2_C‘-‘3§@,
it l=i, THEREHELMA,

AT B A RIERE, COEEOHTFIAFig. A 5 ITR LT,
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Coied s/JCLG JOB
00299 #/ EXEC JCLG
90309 //SYSIN DB _DATA DLH-'++‘
0d409 s/ JUSER PR e LI P Oy

00590 T.5 C.23

00609 OPTP MSGCLASS=0

207TOd OPTP PASSUORD=74732310

Q0D s/ EXEC FORTGE,S0«’J2310.EXPLOT’ ,A='ELM(EXPLOTF )’ ,BsNOISN

00908 ~/LINK EXEC LKED,GRLIB-PNL

0100¢ //RUN EXEC GO
01189 s/ EXPAND DISKTO,DDN«FTO7FO@L1,DSN=J2310.EXENTL, Q. DATA’

01116 7~ EXPAND GRNLF,SYSOUT#N
@200 s/SYSIN DD %
01308 AINPUT

e131@ 10P=8,I0PX=1,10PY=1,

81320 10P51+1,10P5Js1,

814080 LP=@,LTTN=1,LTT{1}=1028,LTT(3)=1,

61500 LRT(1)=2020,LRT(2)=1,LRTN-1,

¢i600 LXYN=1,LXY(1)=10X0,LXY()1)=14,L5T=1,LEND=101,
817006 BREND .
01823 AGRAPHI

81906 MT{1)+4HTEST, 4H RUN,16%X4H '

82000 PTX(1)=2X4H +»AHTHET, 4HA +2T4H .

82100 PTY(1)=2%4H +4HTINME, 3% 4H ’

#2200 PTZ({1)«2X4H .4HSIN +334H

02300 THETA=60.,GAMMA=GO, , G 12.,05 10..ILSU 2,

02400 FFX=9,81, FFY-@.2, FFZ=1,0,2MIN=@., , ZMAX-1.0,
ea2s0e IK-3,IY-5,IZ-E.LUX-IQ.LUY-EO,

@2600 LEND

02709 AGRAPH3

ecEed PTZ(1)=2%4H yAHTMP ,4H I=2,2%4H

gcoee FFX=1@.,, FFY=200,, ZMIN=0,, ZHRX EBBB..IZ 4,
030608 BLEND

03302 AGRAPHI

03400 XMINe=14, , XMAX=14.,YMIN=0,,YMNAX~14, ,2M]IH-0,,2MAX=2000.,
83509 PTX(1)«2¥4H »4HRADI, 4HUS

83600 PTY(1)a254H »4H 1. ,4H SEC,2¥4H .

g370e FTZ[!) 2I4H 4H THP,314H

93806 IX=4,I¥=2,124, FFN 190.,FFV 100.,FF2 1.,FLAT=¢.,
©3900 LEND

04200 ++

84300 /7

A33 2KxmETR7R P -NAIGFLOT

D7y —ENSR-EXENT ORRAE 2IRILRRTEA2HDDEDTH S, X #idki
(sec), YEIIHAEAEMICEEL T\ %, NSR-EXENT Of#R%7o., F 4384
2, NAMELIST/INPUT,/ TIEXENT>x0 %{5ET5047T, HOEVHIETEEHEG
IR RTHBEABELL{E~TH b, BLF— sHKIPLTAPE LPLEX THRU-TW3
s, NELAETIZEHOBRIARSLETH S,
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Table A.1 Time independent variables dumped by PLEX(*“
!
Fortran Fortran
Name Name in | Symbol Description Unit
‘PLEX’.
MTX NSR~EXENT @# 1 ki
IDX (1) IPX Ny PREREE - KO )
. N (Flg 2
(2) ICX Clad BHHEE/ — FOE B )
P oS )
(3) IX B hmiRE, — FOR
. P W
RX () MEFRETORE, - FOBRHRAME mm
| r
|
RXOPCX
(*2) e . . "
RX(IPCX+1) MURETORE , ~ FORARALE
E
: 2 (0%~ 1807 deg.
i
RXAPCX+]X)
RX(IPCX4X+1 i 1 R -
(i, )oEBEHAEET L,
7
i) ,
RX I PCXHX+ | =%Am, | =BEAN
[PCX+]X)

(+1) Table A. 1 ERLAZEHKBREHLOB1EHD A, Table A.2 @7 — 7 iz
mEadHahsd,
(=2) IPCX=IPX+1CX
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Table A.2 Time dependent variables dumped by PLEX
id,| Fortran Fortran
Noj Name Namein |Symbol Description Unit
‘PLEX’
DX (1) t current time sec
DX 2y

D { }WXJ- BitE o A afH #m
DX(JX+1)

DX (JX+2) Clad —#®##f~D>Heat flux O Kca/f

@ ¢ Vo, | A A e h
DX(2+]JX+1)

DX(2x]X+2) Heat transfer coefficient & Kcaf
aqS %

@ b )| BAE R ~5Fh +C
DX (3+]JX-+1) ’ '
DX(3+]X+2)

@ ! M Heat transfer mode OB -
DX(4=]X+1)

DX (4=]X+2)

® ! Pcont,j| P —c #HBEDEHIE 37 Kg/cm®
DX (5+]X+1)

DX (5] X+2)

6y, { }G, F oy TiRO AT DA mm
DX {(6x]X+1)

DX (6+]X+2)

@ ? th, . | Gap Conductance D FA A Kcaf
DX (7+]X+1) ; —TeheC
DX (7+]X+2) Temperature distribution C

® t T,; G.,i)oE»hEd 5,

DX(7«]X+1

HPCXX) i =RAKE, 1 =8HE
<Ly bPLREAAFR - FETR—
BEAED B,
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NSR - EXENT
S.P. for dumping- - |- -{PLTAPE [Files04)
of NSR-77 results v
S.P. for dumping- _L —
of EXENT resuits LEA FilesQ

Plofter Program —~~~ NAIGPLOT/ > OFF LINE

Piotter Program ———~ 1 EXPLOT

Fig.A.2 Plotter system of NSR-EXENT

{ICX+1PX,3)

'

(ICX+IPX,2 )

/

/ i,nfe, / r(IC‘X*-IPX,H

(ICX+IPX, JX) (IPX, 1H{IPX+1, 1)
y

Fig.A.3 Numbering of temperature nodes
for EXPLOT |
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Fig.A. 4

Tttas
i S naait

Description of perspectives in 3 —dim.plotter
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