(& ]

(Rol=g&g& FHo=)

— Concern with void fraction —

o] A F d F &£
C.M. Lee C.S. Yim
ABSTRACT

* %k

TR BN AR DA BdEFE A B AT

A Study of Heat Transfer in Vertical Two Phase Flow
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This study was to predict subcooled void fraction in water under low velocity
(0.03 ~ 0.5 m/s) and low pressure. (1.53 Kg/cm? a)

The experiments were done to determine void fraction in a uniformly heated

annular test section.

Some models from the literature were compared to the experimental results, but
none gave consistently good predictions.
A method using an empirical factor was developed to predict the void fraction.
This model was applied to the test results and found to be good for some ranges of

flow velocities.
NOMENCLATURE ‘mass flow (kg/s)
A cross sectional area (m?) mg mass of liquid converted to steam
Co distribution factor | per unit length (kg/s)
Cp specific heat (J/kg °C) N, number of counts of 100% void
h convective heat transfer coefficient fraction (counts)
(w/m? °C) No number of counts at Q% void frac-

he¢g heat of vaporization (J /kg)

tion (counts)

K, condensation factor (w/m °C) Na number of counts for readings of
k thermal conductivity of liquid (w/m °C) void (counts)
L length of heated section (m) Nq number defined as eq. (9)
 TEAE . T A B (;SV onset of 'significant void
o E@ B -k TX H heated perimeter (m)
Pr Prandtl number

*xx U B,C. Canada.
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q local heat input (w)
Qv 2) heat absorbed by boiling per unit

time per unit length (w/m)

Qc(Z) heat released by condensation per
unit time per unit length (w/m)

R, Reynolds number

Tg bulk temperature

Tin inlet temperature (°C)

Toutcat  Calculated outlet temperature
O

Tsat saturation temperature (°C)

4T (Teae — T) (°C)

ATy (Tsac = o) (°C)

XEQ equilibrium quality

XE Q (O SV ) equilibrium quality at OSV

GREEK SYMBOLS

Pg gas density (kg/m?)
o1 liquid density (kg/m?)
a void fraction
Aoy void fraction at onset of signifi-
cant void
o surface tension (N/m)
4 viscosity of liquid (kg/ms)
1. A £
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Table 1. Range of experimental

operating condions

Aol B3 FAE APHo 2 FHs 1 AH length of heater: 48cm
g ® ATAEY 2ot vl FEJILA P inside diameter of annular:13.lm
_2;_'-§§§Jil o AN B outside diameter of annular: 22mm
OEEEE = heat flux 2 29.7~ 118W/ci
2-1 AYAA pressure : 1.53kg/cha
&8 AQUR W4 A2 dARA tempemture : 18~65%C
7 FYY 2AE F %Y, PP, 98% 2 velocity : 0.03~0.5m/s

o] @ A&, MESFol 21 £ BRAHN 9
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loop & A)&rsld o 7])o] test section-g
A3, B d¥9S st
Fig.1 2 e 8455 JYyehlle 33
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224 2AHY A=Y KA TR
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£ WHE JolFEan o]Fo T, Hilkel &
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28 W AYE =3 o} =HSUD. Fig.1 Schematic diagram of test
Fig.29 Fig.3dl& test section ¢ loop

mass velocity: 29~ 475kg/s cht
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g3Fe] WMYsE A}E, TFIYon, test-
section gtte] H)e HLL 0 ~32VAlo)
ol A] W 3pA] T

PART NAME

1 | RACK

2 | ELECTRICAL CONDUCTOR
3 | MOTOR

4 | BEARINC

3 | BUSHING
]

7

8

9

UPPER PLATE
PLENUM

SCREW
COLLIMETER AND DETECTOR
HOUSING

10§ BUSHING

11 | HEATING ELEMENT
12 | COUNTER WEIGHT
13 [ GLASS TUBE

14 | INLET TUBE

15 | PLENUM SUPFORT

e 16 | ELECTRICAL CABLE
17 | LOWER PLATE
' : 18 | BUSHING .
e ] 1 /’ 19 | BASE
- 1a 20 | 10 TURNS POTENTIOMETER

21 | L.E INSULATOR

Fig.2 Schematic diagram of test
section
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Fig.10 Comparison of void growth
models
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Table 2 Range of applicability of void growth models considered from

the literature

model geometry

This Study annular

pressure heat flux mass velocity
(bar) (w/oh)**2) (kg/S m)**2)
29.7—118.0 29 — 475
Lahey annular 19 — 50 60 — 120 130 — 1450
(6)
Rouhani annular, rec- 19 — 138 18— 120 130 — 9080
(2,8) tangular cha-
nnels, rod
clusters
Bowring all 1 — 140 0 — 200 0 — 200em/ s
(3)
Levy rectangular 8 — 136 21 — 110 530 — 1440
(4) channels,
annular
1 — 49 2— 121 400 — 1050

Zuber et al rectangular
(5,9) channels,
annular
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Fig.11 Prediction of void growth,
with equilibrium model, of
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Fig.13 Prediction of void growth,
with equilibrium model, of
experiment: heat flux=118.6
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with the equilibrium model
and a model assuming no
condensation, of experi-
ment: heat flux=29.7W/c4. ,
velocity=0.0660m/s

2 B0 49 g3 o 2 YA Pk ol @
AHE Fig.16~ 189 BAFYr}
Fig.16~18cl4 $54 48 melg Aol

$554E 23X Fe o] ANETh Y



59

80{ Kes46.02(W/mC)

45! —°— ¢ Equilibrium Mode! o : Experiment
40] —— ° No Condensation | '

€ -5 -4 -3 -2 -t © |
EQUILIBRIUM QUALITY (%)
Fig. 17 Prediction of void growth,
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Fig.18 Prediction of void growth,
with the equilibrium model
and a model assuming no
condensation, of experi-
ment: heat flux=118.6W/di.
velocity=0.4752m/s
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