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Empirical Correlations

Whittle and Forgan 34 measured the mass flow, exit temperature, and
pressure drop corresponding to the minima in the pressure drop versus flow rate
curves for subcooled water flowing (upward and downward) in narrow heated
channels (width 2.54 cm, thickness 0.14 to 0.32 cam, length 40 to 61 cm) under
the following conditions:

17 € Paxit < 25 psia

8 <t <190
£ K
Dy
where
Ly = heated length of channel
Dy = heated equivalent diameter of channel

o & Channel Flow Area - 2 ty w/(cw + WH)
Channel Heated Perimeter

Based on these measurements the following correlation was proposed:

T ~T 1
R = out™ *in - (19)

Tsat~Tin l#n =

A value of n = 25 was determined as a best fit to their data. Further discussion
of n is provided in the next subsection on bubble detachment and flow instability.
The average heat flux at onset of flow instability can be expressed in terms of
velocity, channel geometry, temperatures, and fluid properties:

- W oty
Qe -_g_o C Wiy U (Tsat = Tin) (20)

The peak critical heat flux can be obtained by multiplying EE by the axial
peak~to~average factor, fq:
In order to clarify the use of Eq. 19, we note the following:

l. The effect of channel entrance losses, which is a strong
stabilizing factor3d® for the system, 1s not included in
the correlation. Thus, the system could be more stable
than che correlation predicts.

2. Since pressure drop characteristics are not required, the
accuracy of the prediction does not depend on two-phase
correlations (subcooled void fraction, pressure drop, and
heat transfer coefficient). All two-phase effects are included
in the parameter n.

3. The phenomenon {s sensitive to system pressure through the
saturation temperature, Tgat -

4. The scatter in the Maulbetch and Griffith data33 used by Forgan
and Whittle to extend their correlation to lower ratics of LH/DH

increases to about + 30% at Ly/Dy ~ 25.
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Bubble Detachment Flow Instabiiity
I - T 1 vy = 1 ~ ¥
“out in _ 1 o Channel, Whittle and Forgan {34
T -y + n D/L i T L S
“sat lin : H H . Tube, Whittle and Forgan

x Channel, Croft 53]

Tube, Maulbetsch and CGriffith [33

n= 12 - 35 Bowring [50]
n= 30 Costa [51]

n o= 37 Levy [52)

Channel, Waters [44]

i
Channel, Grenoble [45,46,47,48,49] J
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Figure A9. Correlation for Flow Instability and Bubble Detachment
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