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Abstract

A computer code "SPOT-C" was developed to calculate
the two dimensional temperature distribution around the
plutonium spot in the mixed oxide fuel pin. Numerical
calculations were carried out by using the iteration method.
The emphasis was placed on the calculation of temperature
distribution in the fuel pin which have the large plutonium
spot in the wvicinity of the c¢ladding. The results of the
calculations were useful for the safety assessment of fuel

pin irradiation.
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Introduction

Two dimensional temperature calculations in a nuclear
fuel is very important to know and analyze the fuel
irradiation behaviour. Usually fuel temperature is cal-
culated in the R-Z plane. However, sometimes temperature
distribution in the R-6 plane is needed in the case that
the heat generation has 6-dependency, as seen in a fuel
which has a large PuO. spot.

It is impossible to calculate the two dimensional
(R-0) temperature distribution analytically. Therefore a
numerical'calculation should be used. "Iteration method"
which is one of the numerical calculations is_used.to g

develope the R-0 temperature calculation code here.

1. Calculation Gecmetry

Fuel transverse section is shown in Fig. 1. R and 0-
direction should be divided into meshes. 0 direction is
first divided in large meshes, K=1 to NN and each mesh
angle is not necessary toc be equal. The large meshes are
again divided into small equal angle meshes, J=1 to NK(K).
R~direction is divided in meshes by co-axial circles.

Each mesh width can be selected arbitrarily.
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Fuel Pellet

Cladding

Fig. 1 Calculation geometry © is arbitrary
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2. ZIteration Method

R and 0-~direction meshes divide fuel and cladding into

many cells. Each cell should
have initial temperature guess.
As shown in Fig. 2, the cell 1

is surrounded by four cells

2 5. It is supposed that the
cell 1 can give heat to or get
heat from only ﬁour cells 2 5.

Therefore heat balance can be

written as follows.
Fig.2

v,

Relation among the cells in
the fuel and clad matrix

(1)

cell
of matrix
cells 1 and i

cehters of cells 1 and i

Power generation density of the cell 1

ar, > si
— = I — k (T;-Ty) + Qy°
where T; : Temperature of No. i
k : Thermal conductivity
Si : Contact area between
%; : Distance between the
Q1
V; : Volume of the cell 1
t : Time
aT,
In the steady state, — = 0
dt
Therefore
> i
r — K (Tj_'_Tl) + Qv = 0
i=2 i
> si
Ezi—ile'FQl Vl
— l=
T1 = = o
Io=-k
i=2 71

{(3)
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The cell 1 has a initial temperature guess Tis. This
T, should be replaced by T determined by equation (3).
Temperatures of all cells is replaced one by one using
the equation (3), and after one-through calculation,
temperature distribution in the fuel can be cbtained.
_This p?ocedure will be repeated until the converged
solution will be gotten.

In_ the case of c¢ladding temperature‘calculation, Q1°V,
term in the equation (3) should be vanished because of no
power geﬁeration. Then equation (3) should be rewritten

for cladding as follows.

(4)

3. Temperature calculation between Cladding and Coolant

The treatment of the boundary between cladding and

Clad

coolant is as follows. surface

One of the outer-
most cell in the cladd-
ing is named cell 1,

5

which is surrounded by _
®
Coolant

cells 2, 3 and 4 shown
in Fig. 3. Coolant is

thought to be the

fifth cell whose tem-

perature is equal to

thé cooiant bulk

Fig.3 Relations among the cells
at the clad surface

— 4 -
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temperature,
The effective thermal conductivity between cell 1 and
cell 5 is written as follows.
2c

kKeg = ————— -(5)
[ale: 'Q'_C 1

ke " h
where 2o : Distance between cladding surface and
temperature point of cell 1
k-~ : Thermal conductivity of cladding
h : Heat transfer coefficient between clad

and coolant

The temperature of the cell 1, T, is

5 . k s
)X % Tl + 'kc_c - 25 * T5
Tl — l=24 1 : C C (6)
; 52 4 fec . ik
j=2 i ke ¢

4. Temperature Calculations between Fuel énd Cladding
4-1 Clad Inner Surface
The temperature of the inermost cell in the cladding

is expressed by equation (7).

z7,:71':-L+—f—9-’-23'-'1‘3
i=2 ~i ke fec
= Tz 7
. £ ' 3
i-2 71 i fc

where kg, is the effective thermal conductivity between tem-
perature points of cell number 1 and 3 in Fig. 4. Lg, is
the sum of %¢ and £, shown in Fig. 4. kg, is shown in

equation (8).
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Clad inner surface
Fuel surface

Fig. 4 Relations among the cells
at the clad inner surface

Afe
£ £

kf kc G
where kf : thermal conductivity of fu 1l pellet
ke : thermal conductivity of cladding

G : gap conductance between clad and fuel

4-2 Fuel Outer Surface

The temperature of the outermost cell in the fuel pellet

is 4 0 -y
Si k g
n= g f
T, = =271 - £ (9)
4 g1 kfc 3
Lt R e
i=2 *1i f fc
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In this case, T
is the temperature in
the cladding as shown
in Fig. b5,

Kgs in thé equation
(9) has the same defi-

nition with that in

equation (7).

Fuel surface Clad inner
surface

Fig. 5 Relations among the cells
at the fuel surface

5. Fuel Center Treatment
As shown in Fig. 6, cell 3 is not necessary to be
considered. Therefore, the temperature of innermost cell

in the fuel is written by following equation;

Fuel center

Fig.6 Relations among the cells
at the fuel center
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Appendix A Input Format of SPOT-C Code
ggRD FORMAT | I.D. DESCRIPTION
1 | 20 A4 TITLE(I) | Title card. Arbitrary sentence
I=1,20 {less than 80 columns)
LMESR =0; equal distance mesh for
r-direction
2 215 . 1; arbitrary mesh for r-direction
LMESS =0; equal angle mesh for 6-direction
=1; arbitrary angle mesh for
8-direction
NRF _Number of cells of r-direction for
3| 215 fuel
' NRC Number of cells of r-direction for
cladding

In the case of LMESR=0,

skip 4 and 5.

4 8F10.3 | RF(I) Radius of each fuel radial mesh
I=1,NRF+]1| boundary (cm)
5 8F10.3 RC(I) Radius of each clad radial mesh
I=1,NRC+1| boundary (cm)}
15 NN Number of circumferential big meshes
6 THEA Circumferencial angle of calculation

F10.5

system (radian)

In the case of LMESS=0,

skip 7

7 8F10.5 | THE (K) Angle of each circumferencial big
K=1,NN mesh (radian)

8 1615 NK (K) Number of equal angle meshes in
K=1, NN each circumferential big mesh
RFO Fuel pellet radius (cm)

9 4P10.3 | RCO Clad outer radius (cm)
RCI Clad Inner radius (cm)
DEN

Fuel density (Fractioﬂito T.D.)

-] —
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CODE

NO FORMAT I.D. DESCRIPTION
L) 2F10.3 |TCOOL Coolant bulk temperature (°C)
HF Heat flux at the clad surface(w/cm?)
NR =0; Initial temperature guesses for
11 "each cell should be read from
card
=1; should be read from tape
"2F10.3 |GAP Gap conductance between fuel and
12 cladding (watts/cm2(°C)
PRE Coolant pressure (Atom)
215 LLLL Maximum Iteration number
13 MA Midway temperature distribution will
be written for each MA times
iteration
215 IT1 For the cells determined by
14 JJ I=1~IT, J=1nJJ and K=1, special
power generation rate can be input.
8r10.3 |Q(I,J,1)| Special power generation rates ‘for
15 J=1,J37 the cells determined by I-1,I1I, J=1,
JJ and K=1 {watts/cm?)
Item 15 are repeated II times
8F10.3 | P(I) Radial distribution of power
I=1,NRF | generation rate (watt/cm?)
IF NR=1, skip No. 17, 18
17 8F10.3 | TEMP (I} Initial temperature guesses for- fuel
cells (°C)
18 TEMC (I) Initial temperature guesses for clad
cells (°C)
19 I5 LR =0 Next case will be read.

=1 End
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