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CCFL Model Based on the Hyperbolic Two-Fluid Equations
and Non-uniform Flow Interface Shape

Abstract

The maximum flow rates of gas and liquid phases which flow in opposite-directions (counter-current
flow) are limited by a phenomenon known as a Counter-Current Flow Limitation (CCFL or Flooding).
The mass and momentum conservation eguations for each phase were established to build a first-order
hyperbolic partial derivative equations system. A new CCFL moded is developed based on the
characteristic equation of the hyperbolic PDE system. The present model has its application to the case in
which a non-uniform flow is developed around a square or sharp-edged entrance of liquid phase. The
model is able to be used to predict the operating-limit of components in which mass and heat transfer are
taking place between liquid and gas phases.
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Fig. 1 Schematic of avertical annular flow system.
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Fig. 3 Schematic of a non-uniform flow around a rectangular liquid entrance.
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Fig. 4 Schematic diagram of experimental apparatus.

(41)
234 5cm
CCcD



(41)
— 2+2/3 %2/3
a,=1166x; ", j7°<08 (42)
1.0
i CCFL points
0.8 ¢
0.6
7
0.4
o present experiment 3.0
02 - A Kaminaga 26
VvV Kaminaga 2.6
- — present model 30
OO 1 I 1 I 1 I 1 I‘ 1
0.0 0.2 0.4 0.6 0.8 1.0
j *1/2
f
Fig. 5 Comparisons among present model and experimental measurements.
Kaminaga
1 Fig. 5
Fig. 5 (34 (42 3cm
3cm
Kaminaga 2.6cm
. Fig. 5
(@ AY) O, 0, 0O)
. Kaminaga ()]
Fig. 3

(42)



Jeong & No™

1. Cetinbudaklar, A.G., Jameson, G.J., "The mecanism of flooding in vertical countercurrent two-phase
flow, Chemical Engineering Science," 24, 1669-1680 (1969).

2. Imura, H., Kusuda, H., Funatsu, S., "Flooding velocity in a counter-current annular two-phase flow,"
Chemical Engineering Science, 32, 79-87 (1977).

3. Shearer, C.J.,, Davidson, J.F., "The investigation of a standing wave due to gas blowing upwards over a
liquid film; Its relation to flooding in wetted-wall columns,” J. of Fluid Mechanics, 22(2), 321-335
(1965).

4. Wallis, G.B., Makkenchery, S., "The hanging film phenomenain vertical annular two-phase flow," J. of
Fluids Engineering, 96, 297-298 (1976).

5. Lee, H.M., MaCarthy, G.E., Tien, C.L., Liquid carry-over and entrainment in air-water countercurrent
flooding, EPRI Report, NP-2344, (1982).

6. MaCarthy, G.E., Lee, H.M., Review of entrainment phenomena and application to vertical two-phase
countercurrent flooding, EPRI Report, NP-1284, (1979).

7. Maron, D. Moaem, Dukler, A.E., "Flooding and upward film flow in vertical tubes-I1: Speculations on
film flow mechanisms," Int. J. Multiphase flow, 10(5), 599-621 (1984).

8. Taitel, Y., Barneg, D., Dukler, A.E., "A film model for the prediction of flooding and flow reversa for
gas-liquid flow in vertical tubes,” Int. J. Multiphase flow, 8(1), 1-10 (1982).

9. Wallis, G.B., One dimensional two-phase flow, McGraw Hill, 1969.



10. Bharathan, D., Wallis, G.B., Richter, H.J., Air-water countercurrent annular flow, EPRI Report, NP-
1165, (1979).

11. Ames, W.F., Numerical methods for partial differential equations, Academic, New Y ork, pp.165-191,
(2977).

12. Lax, PD., "Differential equations, difference equations and matrix theory,” Comm. Pure Appl. Math.
XI, 174-194, (1958).

13. Drazin, PG., Solitions, Lecture Note Series 85, London Mathematical Society, (1983).

14. Kaminaga, F., Okamoto, Y., Shibata, Y., "Evaluation of entrance geometry effect on flooding," Proc.
1%, JSME/ASME Joint Int. Conf. On Nuc. Eng., Tokyo, pp.95-100 (1991).

15. Jeong, JH., No, H.C., "Experimental study of the effect of pipe length and pipe-end geometry on
flooding," Int. J. Multiphase Flow, 22(3), 499-514 (1996).



	분과별 논제 및 발표자

