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Critical Heat Flux Experiments of 5x5 Bundle
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Abstract

The supercritical-water-cooled-reactors currently being developed adopt a once-through
direct cycle as a heat removal system. In once-through design, Critical Heat Flux (CHF) must
occur at some location during the reactor start-up and the associated temperature increase
must be considered for in the design. Because the CHF decreases fast near the critical
pressure region, information of CHF in this region is very useful for the protection of the
nuclear fuels from melting. CHF experiments are carried out for the 5x5 bundle geometry at
the Freon R-134a Thermal Hydraulic Experimental Loop developed in KAERI The
experiments were performed in the range of the pressure of 3200~4030 kPa(Critical pressure
of R-134a = 4059 kPa), the mass flux 50~1500 kg/m?s, and the inlet subcooling 40~85 kJ/kg.
We observed that CHF decreased very fast with system pressure near the critical pressure
region and the CHF phenomena disappears at pressures higher than the critical pressure and
the wall temperature of the heater rod increases from a low temperature to a high
temperature monotonically with a power increase.
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A. Main Loop

O Working fluid
O Max. operating pressure
O Max. operating temperature

O Max. flow rate

B. Equipment

O Power Supply

O Two Preheaters

Two Condensers

Two Heat Exchangers

Two Pressurizers

O O O O

Two Pumps (serial connection)
- Head

- Flow

Table 2. Thermal hydraulic characteristics

Table 1. Specification of the Freon thermal hydraulic experimental loop

Freon R-134a

45  MPa
150 °C

15  kg/sec
720 kW

50 kW

80 kW
300 kW

70 liters
100 m

15  kg/sec

of the 5X5 rod bundle

Parameter 5x5 Bundle

Total number of rods 25
Number of heated rods 25
Rod pitch (mm) 12.85
Rod diameter (mm) 95
Heated length (mm) 2000
Rod to wall gap (mm) 2.55
Corner radius (mm) 25
Bundle geometry data

length of one-side (mm) 66.9

flow area (mm?) 2695.8

wetted perimeter (mm) 1008.6

heated perimeter (mm) 746.13

hydraulic diameter (mm) 10.69

heated equ. diameter(mm) 14.45
Hydraulic diameter of

central channel 12.63

side channel 17.19
Axial power distribution Uniform
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Figure 5. Cross section of the test section



Inlet subcooling = 40 kJ/kg
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Figure 6. Critical power trend on the outlet pressure and inlet mass

flux at the inlet subcooling 40 kJ/kg
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Figure 7. Critical power trend on the outlet pressure and inlet mass

flux at the inlet subcooling 70 kJ/kg
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Figure 8. The latent heat of vaporization trend on pressure (R-134a fluid)
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Figure 9. Exit pressure oscillation with heated wall temperature
(mass flux = 550 kg/m?s, inlet subcooling = 70 kJ/kg,

power = 445 ~44.7 kW)
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