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Natural Convection Flow in a Nuclear Reactor

A PHOENICS Version 3.6 Application by CHAM Japan

The following represents part of a consulting project undertaken by CHAM Japan on behalf
of Denchuken. The problem considered is a simulation of the heat release from a nuclear
reactor following an unexpected failure of its cooling system. When an accident happens in
the nuclear reactor system - eg a cooling system failure - heat will be released solely by
natural convection of air flow. The purpose of this model is to establish the distribution of
temperature and the air flow rate under these circumstances.

Model details

Geometry

Cylindrical-polar grid

Three-Dimensional steady or transient flow with heat transfer
Buoyancy-influenced flow

Surface to surface radiation included
NX*NY*NZ=40*45*80=144,000 4
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/N

Reflector

F_™ Jstructure of porous
media zone

— Air flow

= Liquid Na flow




Boundary Conditions

Heat source and heat sink

Steady: -28.55 [MW]
Transient: 0 [MW]

Steady: 30[MW]
Transient: change
profile
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Body Force (Buoyancy)

Liquid Na convection zone

F=Bpg(T -T.)

Air convection zone

F =pg

Resistance force in the porous medium zone:

F =KpU?

where

K: Pressure resistance coefficient. (This is different in each zone.)

p: density

U: velocity
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Energy source in the porous medium zone
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Pressure value in the air convection zone boundary

ot

The value of pressure in the air convection zone boundary is renewed while it is calculated

from the next experience equation.
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Result
Maximum temperature [C’]

Experimental data: 550 °C
PHOENICS result: 540.6699 °C

Temperature distribution (steady)

Pressure drop [MPa] in Na convection
zone

Experimental data: 2.5
PHOENICS result: 2.51

Temperature,
540.6699
508.1281
475 .5862
443.0443
410.5024
377.9606
345.4187
312.8768
280.3350
247.7931
215.2512
182.7094
150.1675
117.6256
85.08374
52.54187
20.00000

Pressure, Pa
145710.7
129997.4
114284.0
98570.69
82857.35
67144.02
51430.68
35717.34
20004.00
4290.662
-11422 .68
-27136.01
-42849.35
-58562.569
-74276.03
-89989 .37
-105702.7
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Pressure distribution (steady)

Air flow rate in the air convection zone
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Conclusion

Such is the flexibility of PHOENICS that a model capturing the major
components of the nuclear reactor system was able to be constructed from
built-in objects. Additional user-defined functionality was introduced via
GROUND coding. The final model performed well against experimental data
both for its normal steady-state operation and its transient predictions agreed
well with data gathered from a controlled and monitored cooling-system
failure.
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