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Void Fraction in a PWR Fuel Bundle during Reflood Phase

— FEvaluation of Equivalent Diameter Effect by Air Water Test -

Tadashi IGUCHI

Department of Reactor Engineering
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Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 11, 1994)

Effect of equivalent diameter on void fraction in a PWR fuel bundle
under low mass flow condition was evaluated by air water test result.

The reason why void fraction in a bundle flow passage was lower under low
mass flow condition than that in a tubular flow passage was investigated.
in addition, applicability of Cummingham-Yeh correlation, which was
demonstrated to give good prediction on void fraction of steam water
mixture in a bundle flow passage under low mass flow condition, to air
water mixture was investigated.

Experimental result indicated that void fraction was lower with
increase in the equivalent diameter and the effect of the equivalent
diameter was quantitatively described by a term which was known to be
adequate for a tubular flow passage. Through a present flow pattern
observation, it was considered that formation of slugs with complicated
geometries in a bundle flow passage and nonuniform flow conditions
among subchannels were main reasons of difference in void fractions
between in a bundle and in a tube. Void fraction in a present air
water test was predicted within +15% error band with Cunningham-Yeh
correlation by newly introducing terms describing the equivalent

diameter effect and the viscosity effect.

Keywords : Reactor Safety, LOCA, Void Fraction, PWR, Reflood, Bundle,
Pool Void, Hydraulics, Two-phase Flow
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Diameter (m)

Fquivalent hydraulic diameter {m)

Emissivity (-)

Acceleration due to gravity (n/s®)

Heat transfer coefficient (¥/mK)

Latent heat of evaporation (J7kg)

Laplace capillary constant (-)

Distance from quench front (m)

Vertical distance between taps for AP measurement (m)
Linear heat rate (W/m)

Peak linear heat rate (¥/m)

Radius (m)

Temperature (K)

Clad temperature ()

Representative velecity defined in Eq. (1) (m/s)

Gas velocity (m/s)

Superficial gas velocity (m/s)

Superficial liquid velocity (m/s)

Void fraction (-

Void fraction predicted with Butterworth correlation (-)
Void fraction predicted with Cunninghan-Yeh correlation (-)
Modified void fraction (-}

Differential pressure (Pa)

Superheat (K)

Slip velocity (m/s)

Surface tension of water (N/s)

Stefan-Boltzmann constant (¥/mK
Coefficient of viscosity (Pa-s)

Density (kg/m*)
Thermal conductivity (W/mK)



[Subscripts]

air
rad

sat

steam :

Air
Radiative
Saturation

Stean

[Superscripts]

Nondimensional
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Fig. 2.1 Prediction of void fraction during PWR reflood phase

with previous correlations
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