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RESUMEN

Mediante el empleo del Cédigo de Combustibles BACO 1)

se ha investigado la influencia que diferentes modelos
de conductancia térmica Combustible-Vaina,ejercen en la
prediccidn de las temperaturas del Combustible,

Se han utilizado cuatro modelos diferentes en la
simulacidon del comportamiento termo-mecinico de un elemen
to combustible tipo: Atucha,bajo un determinado ciclo de

potencia.
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ABSTRACT

(1)

Through the BACO code, the influence of the pellet-

sheath gap thermal conductance models on temperature predictions

has been investigated. Four different models have been used for

simulating the thermo-mechanical behavior of a reactor fuel ele-

ment.

X &

NOMENCLATURE

radial gap. (cm)

fuel-to-sheat heat transfer coefficient or gap thermal
conductance. (Watt/cm2 °K)

thermal conductivity of the filling gas in the gap.
(Watt/cm °K)

——————————— » where k¢ : thermal conductivity of the fuel

s ks : thermal conductivity of the sheat

(Watt/cm °K)

Roughness of sheath and fuel inner surfaces (mean values).

(cm)
root mean square of the fuel and sheath roughness. (cm)
Sheath Meyer hardness. (MPa)

Sum of the temperatures jump distances of sheathand fuel.
(cm)

contact pressure. (MPa)
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1]
hfg : thermal conductance of the fuel-gas interfase.
(Watt/mm2 °K)

h_ : thermal conductance of the sheath-gas interfase.

sg )
(Watt/mm“ °K)

h_: thermal conductance of the filling gas in the gap.

(Watt/mm2 °K)

B : Burnup (MWd/MtU)

INTRODUCTION

One of the co-autors, Lassmann(z), in a recent publica-
tion has proposed a new model for the fuel-to-sheath heat trans-
fer coefficient. Also, in that paper, current models are criti-
cally reviewed with more than 388 experimental results.

The above mentioned model, used in the URANUS(IO)

code,
has been incorporated to the BACO code which admits, alternative

ly, the use of different models.

In the present work, the computational experience con-
sists in four runs of the code, simulating the thermo-mechanical
behavior of a fuel element of a reactor of the type HWPR, for a
determined power cycle; each run was performed with a different
model for the mentioned coefficient in order to discern the in-
fluence that this coefficient has in fuel-sheath temperature pre-

dictions.

Gap conductance models are described in section 1. Re-

sults are showed and commented in section 2.

The general input data for the runs are showed in Table I

and the power cycle in Table II.



1. Description of the gap conductance models.

The following models have been selected for the comparati
ve study:
(3, . ‘s . (4)
a) Ross—-Stoute (with modifications due to Godesar -
Tobbe(s) (6)
(4)

and Kaiser
b) Campbell et al
(2)

c) Lassmann

d) Broughton - McDonnald(s)

The Ross-Stoute model
The heat transfer coefficiént within the model generally

known as Ross-Stoute model is:

h =h,. + h (1)

where h_ = == is the heat transfer coeffi-
+ + . .
2,5 (Rs+Rf) g d cient corresponding to the

conduction through the gas filling the gap

and h = --------umus is that corresponding to the
conduction through the solid-

solid contact spots.(¥*)

In the present paper km and g are calculated according to

Godesar - Tobbe and Kaiser (Appendix 1).

The Campbell model

This model is based in‘the Ross-Stoute model, with some

modifications introduced in order to fit in reactor measurements.

(*) In the present work radiation terms are neglected.



Within this model the coefficient is:

This model is extensively exvplained in Ref.2. Within it

the first term of equation (1) is obtained from:

= +
l/hf l/hfg + l/hSg l/hg
where k(1 + 115 R) [ Watts
g T TTTTTS R i I T T i =1s, £
g 2,55 R. mm °K
km Watts
h = - |
& g + d mm °K

0.7

km and g are given according to Godesar-Tobbe and Kaiser,

(Appendix 1).

(8)

This model considers fuel-sheath geometries ranging from
an open gap with partial contact zones to a closed gap with
strong contact. The size of the contact zone depends of the

burnup.

For zero contact pressure, the thermal conductance is
*

»



given by:
h=(1—F)hf+Fhs (6)
where
km
h': ———————
£ d + R
km : as determined by Brokaw(g)and Dean(ll), Appendix 1.
Km
h = —~——=
S R

The fraction of pellet circumference in contact with the
cladding, F, is assumed to be an inverse power low function of

the ratio between the radial gap and the pellet radio.

1
F = --er--mmmm e mm e e e + 0,3 (7)
100 4 \P
a \~-———=———~—- + 1,429
T
where
r pellet radio
a 100 - 98 F'
b 4 - 0,5 F!
1
with F'= 1 = e AR
B - 600

When the fuel and sheathare in strong contact (contact

pressure larger than zero), the conductance is given by:

W k
h, (---5---]-c 2" + L
cm” °K R

where C = 5 x 10 and



n =1 for 0{P 6,8 MPa
and n =1/2 for P)6,8 MPa
RESULTS

By using the general input data of Table I and the power
history of Table II, four runs of the BACO code have been perfor
med, each one with a different model for the gap thermal conduc-
tance described in section 1. The results of interest from the

point of view of BACO temperature predictions are shown in Figs.1
to 4,

The label in.each curve means: .1) Run with Ross-Stoute

2) with Lassmann, 3) with Campbell and 4) with Broughton - McDon

nald models.

In figure 1 the gap width and the contact pressure are
plotted. For the cycle described in Table 1 which has a sudden
power increment after 50 days of irradiation, the four models
predict the pellet-sheat contact to occur at the second power

ramp. A slight larger gap is predicted by the model 4.

In Fig.2 the gap conductances are plotted. Until 50 days
approximately the models 1 to 3 show no differences and the mo-
del 4 predicts higher values when the gap is open due to the
assumption of the pellet fraction to be in soft contact (zero

contact pressure) with the sheath,

From 50 days up the four thermal conductances increase

quickly because of the sharp increment in the contact pressure.

The later decrease is due principally to the release of
fission gases into the gap. Despite th®t increment in gas densi

ty as the irradiation evolves, fission products normally reduce

.



the thermal conductivity.

The fuel central temperatures are shown in Fig. 3. Before
the contact time, a difference of about 300°K exists between the
values predicted by using the model 4 and those predicted by us-

ing the other three.

After the contact a difference of less than 150°K exists
between the four predictions. That is, when the pellet and
sheath are in contact a difference of approximately 60%Z in the
thermal conductance values produces a difference less than a 107%

in the calculated values for the fuel central temperature.

In Fig. 4 the calculated inner sheat and fuel surfaces

temperatures are shown.

As expected, the sheat surface temperature does not de-

pend of the gap conductance.

In addition, at the fuel surface a difference of less
than 100°K between the predictions resulting for different mo-
dels of the gap conductance is obtained; this value amountsto

about 157 of the fuel temperature values.

By the end of the power cycle the differences in predic-

tions are less than 5% of the temperature values.

CONCLUSIONS

The BACO code has been used for simulating the thermal-
mechanical behavior of a fuel element of a HWPR under a given

power cycle.

Four models of fuel-to-sheathconductances have been used

. ¢
for differents runs of the code in order to compare the thermal
predictions. .



For the cycle proposed we have found that different mo-

dels lead to no important differences in fuel temperatures.

Then, we concluded that stablishing trustable models
for the fuel-to-sheat thermal conductance céuld be relevant for
predicting fuel temperatures for high burnup elements or during
transients, but not for fuel pins under normal operating condi-

tions.
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APPENDTIZX 1

MODELS FOR THERMAL CONDUCTIVITY OF GAS MIXTURES AND FOR
EXTRAPOLATION LENGTH

a) Godesar-Tobbe-Kaiser

where k
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thermal conductivity of gas i

mole fraction of gas i

3/4 1/2,

gas viscosity of gas i

specific heats at constant pressure and at constant

volume respectively of gas i

molecular weight of gas i
L5

: "Sutherland constant of gas i
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where
a : average accomodation factor
¢ average mean free path
2 -
Ma
a = -4 7% __
2
-t
i Mi
1 (273 + S) T
1 2 e e e e - e e
P (T + 8S) 273
a : accomodation factor of gas 1
1 = 2: c. 1 average mean free path at 273°K and
o I i “oi .
0.1 MPa.
1oi : mean path of gas 1
Pg : gas pressure (bar)
s = Z c; S. : average Sutherland constang
A i
b) Brokaw — Dean

The relationship for calcdlgting the thegmal conduectivity

B g & as . . *

" - 3 . & : <. .t" *
is given by equation (1) in a),.wmthé$he4 iJ:r




B, = A, | 14+ 2,41 —--f_ 31278 Z 72700 7 il
1) 1]

where

ij
283 (1 + Mi/mj)”2

For very diluite gases, that is, when the ratio of the
mean free path to the characteristic dimension of the gap exceeds

about 0,01, the thermal conductivity of the light gases should be

divided by the factor (Dean(ll)).
k. T

f = 1+ 0,002103 --22¥__
P R

where all the symbols have the previous meaning.



Power up
Constant
Power

up

Constant

Table I

General input data

Fuel inner radius

Fuel outer radius :
Sheath inner radius

Sheath outer radius

Active length

Sheathmaterial

Fuel material

Fuel density

Coolant pressure

Outer sheath temperature
Filling gas composition
Filling gas initial pressure :
Fuel surface roughness

Sheathinner surface roughness:

Table IX

Power Cycle

Initial Final
time (d) time (4)
ramp 0 0.5
linear power 0.5 50
ramp 50 50.5
linear power 50.5 150

Li

compact

0,531lcm

0,540 cm

0,595 em

530 cm

stress~relieved Zry-4

uo, (Staichometric natural)

95% TD

12 MPa

578°K (constant during calcu
lations)

He

1.7 MPa at room temperature

%ﬂm

0, 7pm

)

near power jAccumulated final

(w/cm) burnup (Mwd/MtU)
0 to 300 25

300 v 2500
300 to 500 2524

500 7000



Figure

Figure

Figure

Figure

FIGURE CAPTIONS

3:

o

Gap width and contact pressure as function of the

irradiation time.

Fuel-to-sheath thermal conductance as function of

the irradiation time.

Fuel central temperature as function of the irra-

diation time,

Surface fuel and inner sheath temperature as func-

tion of the irradiation time.
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