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Gap conductance is a significant factor affecting the stored energy

in a fuel rod at the beginning of a hypothetical accident sequence, as

well as the thermal and mechanical response of the fuel rod during the

accident. Additional well-characterized experimental results are needed

to evaluate and improve the current analytical models used to calculate

gap conductance during steady-state and transient reactor conditions. The

basic difficulty in obtaining the needed data is the inherent uncertainty

existing in any experimental method used to determine gap conductance

information. This paper reports the results of error analyses made on

three experimental methods and compares their relative uncertainties.

The uncertainties associated with the analytical techniques and the

calculational models, as well as with the experimental measurements during

a test, were estimated for each method. The total uncertainty for a

particular method was then determined using a linear error propagation

technique based on these estimations. Table I summarizes the results of

this procedure for the three methods considered. fifl^V

In Method I, gap conductance is inferred from the fuel rod power

and the calculated fuel surface temperature. The required fuel surface

temperature is calculated from the experimental measurement of fuel center-

line temperature using the integral of thermal conductivity with respect

to temperature, /kdP '. Most of the uncertainty in this method is due to

the large statistical spread in experimentally obtained values of thermal

conductivity at the high central fuel temperatures.
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In Method II, the same technique is used, but the required fuel

surface temperature is calculated from the experimental measurement of

fuel temperature at an outer fuel pellet radius (about four-fifths radius).

Thermal conductivity values art much more reliable at the lower fuel temper-

atures near the pellet surface, although the large temperature gradient

which occurs in this region produces somewhat higher uncertainties in the

measurement of the absolute temperature. Consequently, two inherent assump-

tions in the use of this method are that very small thermocouples may be

inserted at the desired points and that the disturbance in temperature

profile thus produced will not be prohibitively large and can be accurately

determined. Preliminary studies indicate that these assumptions are valid.

Uncertainty is also present in the calculation of the fraction of total

linear power generated in the fuel between the measured temperature and

the pellet surface.

Method III is the power oscillation method v ' ', in which the power

generated in the fuel rod is oscillated sinusoidally about a nominal

steady-state "alue by a small amount. This variation in power produces a

corresponding oscillation in the temperatures of the fusl and cladding.

The phase shift between the power oscillation and the fuel rod temperature

response depends largely upon the heat capacity and thermal conductivity

of the fuel, and the conductance of the fuel-cladding gap; The error

analysis of this method was based on the assumptions that gap conductance

does not vary significantly due to physical changes in the gap during the

power oscillation, and that cladding surface temperature phase angles can

be measured within plus or minus one degree. Preliminary data analysis

from a test of this method recently performed in the Power Burst Facility



(PBF) indicates that significant gap conductance oscillations are not

apparent. Howaver, uncertainty associated with the measured cladding

temperature phase angle may not be within the desired limits.

The t :sults of the error analyses indicate that if significant

variations in gap conductance do not occur during powar oscillation, and

if the cladding surface temperature phase angles can be measured within

the desired accuracy, the oscillation method is the most accurate of

the three methods evaluated for experimentally determining gap conductance

values.
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. TABLE I

ESTIMATED TOTAL UNCERTAINTY

IN

PREDICTED GAP CONDUCTANCE

I

II

III

PROPOSED

EXPERIMENTAL

METHOD

fkdJ, Center!ine
Fuel Temperature Measurement

/krfT. Outer Fuel
Temperature Measurement

Power Oscillation Method

UNCERTAINTY IN PREDICTED
GAP CONDUCTANCE(C) (Btu/hr-ft

5

+ 487

+ 409

(a)

POWER LEVEL (kW/1

10

+ 570

+ 451

+ 100(b)

Ft)

2-°F)

15

+ 660

+ 486

(a)

(a) Not available.

(b) Gap conductance assumed constant during power"oscillation.
2 o v

(c) Nominal gap conductance of 1000 Btu/hr-ft - F


