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Experimental Study of Falling Water Limitation under
Counter—current Flow in the Vertical Rectangular Channel

~ CCFL Correlation for Rectangular Channel -
%
Tohru USUI , Masanori KAMINAGA and Yukio SUDO"

Department of Research Reactor Operation
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
{(Received June 20, 1988)

Quantitative understanding of critical heat flux (CHF) in the narrow
vertical rectangular channel is required for the thermo-hydroulic design and
the safety analysis of research reactors in which flat-plate~type fuel is
adopted. Especially, critical heat flux under low downward velocity has a
close relation with falling water limitation under counter-current flow,
Accordingly, CCFL (Counter—current Flow Limitation) experiments were carried
out for both vertical rectangular channels and vertical circular tubes varried
in their size and configuration of their cross sections, to make clear CCFL
characteristics in the vertical rectangular channels. In the experiments,
9/de of the rectangular channel was changed from 3.5 to 180. As the results,
it was clear that different eguivalent hydraulic diameter de, namely width or
water gap of channel, gave different CCFL characteristics of rectangular
channel. But the influence of channel length % on CCFL characteristics was
not obhserved.

Besides, a dimensionless correlation to estimate a relation between
upward air velocity and downward water velocity was proposed based on the
present experimental results. The difference of CCFL characteristics between
rectangular channels and circular tubes was also investigated. Especially
for the rectangular channels, dry-patches appearing condition was made clear

as a flow-map.

+ HTTR Designing Laboratory, Oarai Research Establishment
% On leave from Nippon Kokan K.K.
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Table 2.1 Major experimental condition and channel dimensions

Length (mm) 250, 750
Tubes

Diameter (mm) 8, 12, 20

Length (mm) 72, 362, 782
Rectangular
channels Width {mm) 66, 33

Gap (mm) 2.3, 5.3, 8.3, 12.3
Fluid Air, Water

Normal tewmperzture

Pressure and Temperature ;
Atomospheric pressure

Superficial air velocity (m/s) 1~17
gizizmlevel of the upper (zm) 550
Air Exit a : Width
Upper /\leer Flow (— Air b © Water Gap
‘ - Wat
Plenum™{ = dmm \oter | Length
Water Inlet
- Rotor Flow Meter
Test
Channel
Wot Air Inlet ?
ater *
Gauge ™ = /O
Lower Plenum Compressor

Fig. 2.1 Schematic diagram of the test apparatus

76_
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Fig. 3.10 Relation between Cb and b/a in the vertical

4

Fig. 3.11

rectangular channel,
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Relation between m and Bo in the vertical

rectangular channel.
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Fig. 3.12 Ccmparison of present experimentsl data with the

predictions by Eq.(3.14).
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