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A UNIFIED MODEL FOR PREDICTING FLOW-PATTERN

TRANSITIONS FOR THE WHOLE RANGE OF
PIPE INCLINATIONS
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TRANSITION FROM DISPERSED BUBBLES
Mechanism: turbulent energy dissipation octing on the
gaos phase - transition D
or
a »0.52 - transition G

e = depOf deg
(S)-t7
or

ax> 052 (8)

YES

1

STRATIFIED - NONSTRATIFIED TRANSITION
Mechanism: Kelvin = Heimhol tail t n A

Lr 3 A r—
N %\
° [9) sonstfied YES
STRATIFIED — ANNULAR TRANSITION

! Mechanism: trojectory of drops torn from
liquid film - transition L

Condinon
(4] sotisfied
figures 3,4)

NO YES

ANNULAR — INTERMITTENT TRANSITION
Mechanism : instability of the liquid film
or
blockage of the gas core
= transition J

STRATIFIED SMOOTH~STRATIFIED WAVY
TRANSITION

YES 3 Mechamsm: Jeffreys, wind wave interacrion=

transition €

or

Fr=1.5=tronsition M

Condition C16.
or condition [(17]
satisfied
(figure 5)

Condition [20]

or condition (23]
satisfied

(figures 3,4)

Check whether bubbly
flow 1s possible

0= Oy (N
and YES
B = B, t2)

Mechanism: liquid slug is free of Mechanism: a 2 0.25 = transition B
sntrained bubbles — tran. N
NO -YES

|

SLUG-CHURN TRANSITION
Mechanism: maximum pocking of
bubbles in the liquid slug = tron. H

SLUG-ELONGATED BUBBLE ‘I'RANSITiONI\/ BUBBLE — INTERMITTENT TRANSITION

Condition (4
satisfied

Figure 6. Logical pass for flow-patiern determination.

Bubble Flow-Pattern

» Turbulent forces prevent bubble
agglomeration and slip effect.

» Transition from bubble flow is given
in the work of Barnea et al. (1987).

» The bubble flow-pattern is modeled
as homogenous single fluid flow with
averaged properties of liquid and gas.

Pressure gradient equation:

Stratified Flow-Pattern Model Pipe Cross-Section

Combined momentum equation:

.5, 1,5, 11 .
L 21 lgirS|—+— |- - sin =0
4, a4 T (p,—p,)gsinp

Pressure gradient equation:
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Intermittent Flow-Pattern Models

Pressure gradient equation:

.S, +7.8
_[%]=p"gmﬁJr%[[EEDL]J{ f IA ¢ z;fﬂ

Annular Flow-Pattern Model

Pipe Cross-Section

Pressure gradient equation:
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