
Flow Regime Map

❖ Co-current Flow in a Near-Horizontal Tube

✓ Intermittent flow: Mishima and Ishii (1980)

– A larger 𝑈𝐺 − 𝑈𝐿 value leads to the development of intermittent flow.

✓ For the transition from intermittent to bubbly flow

▪ Forces caused by turbulence >> buoyancy → prevent coalescence

(7.33)
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Flow Regime Map

❖ Two-phase flow in an inclined tube (Barnea, Taitel, and co-workers)

✓ Unified model for all pipe angles

✓ Bubbly-slug

▪ a stable bubbly flow becomes impossible if the rise velocity of Taylor bubbles is lower

than the velocity of regular bubbles

✓ Transition to the finely dispersed bubbly flow regime

<

For vertical tube



Flow Regime Map

❖ Two-phase flow in an inclined tube (Barnea, Taitel, and co-workers)

✓ Disruption mechanism of annular flow regime

▪ The formation of lumps of liquid (likely to happen when liquid film is very thick)

▪ Film instability

✓ Separated flow momentum equation

▪ 𝑓𝑔, 𝑓𝑤: single-phase models

▪ Then,  can be obtained.



Flow Regime Map

❖ Two-phase flow in an inclined tube (Barnea, Taitel, and co-workers)

✓ Disruption mechanism of annular flow regime

▪ Disruption of the annular flow regime for mechanism (a)

▪ For mechanism (b),

for  𝛿𝐹,𝑐𝑟𝑖𝑡



IATE (dynamic flow regime model)

❖ History

✓ Ishii (1975)

✓ Revankar and Ishii, 1992; Kocamustafaogullari and Ishii, 1995; Millies et al., 1996;

Morel et al., 1999; Wu et al., 1998; Kim et al., 2002; Hibiki and Ishii, 2001; Ishii et

al., 2002; Sun et al., 2004a, b; Ishii and Hibiki, 2011

❖ Application to TH codes

✓ VIPRE-02, thermal-hydraulics code

✓ CULDESAC, a three-fluid model for vapor explosion analysis

❖ Still in development



IATE (dynamic flow regime model)

❖ Number density equation

✓ Distribution function

✓ Total number of particles per unit mixture volume at time t and location Ԧ𝑥

✓ Assumption for simplicity:

Source and sink terms: collapse, breakup, coalescence Source term from phase change



IATE (dynamic flow regime model)

❖ Interfacial area transport equation

✓ Multiplying the particle surface area, and integrating the product over the entire

distribution function f

𝑄𝑝ℎ : total volumetric gas generation rate from phase change 

per unit mixture volume

𝐴𝑃: the average surface area of the fluid particles that have 
volume 𝑉𝑃



IATE (dynamic flow regime model)

❖ Simplification of Interfacial area transport equation

✓ Major challenge: complexity of the source and sink terms

✓ Bubbly flow for simplification

✓ Assumptions

▪ The coalescence of two equal-volume bubbles leads to a single bubble

▪ Breakup of a bubble leads to two-equal volume bubbles

▪ The bubbles resulting from nucleation have a diameter of 𝑑𝐵𝑐 at birth

1/3



IATE (dynamic flow regime model)

❖ Simplification of Interfacial area transport equation

❖ One-group IATE

✓ Spherical and uniform bubble size

✓ Uniform nucleation bubble size

✓ Nucleation-generated bubbles that are much smaller than regular bubbles

✓ 𝑑𝑆𝑚 = 𝑑𝐶 𝜓 = 1/36𝜋

✓ Area averaging



IATE (dynamic flow regime model)

❖ Based on steady-state adiabatic air–water experiments in vertical channel

✓ Break-up by turbulent eddies

▪ 𝑢𝑡: the root mean square of turbulent velocity fluctuations

✓ Collision-induced coalescence

✓ Coalescence by wake entrainment & phase change



IATE (dynamic flow regime model)

❖ Two-group IATE

✓ Five groups

▪ spherical, distorted, cap, Taylor, and irregular-shaped characteristic of the churn-

turbulent regime

✓ Two groups

▪ Spherical or distorted-spherical

▪ Larger bubbles: cap bubbles, Taylor bubbles, and irregular-shaped bubbles

✓ Boundary between distorted bubbles and cap bubbles



IATE (dynamic flow regime model)

❖ Two-group IATE

❖ Two momentum conservation equations or one momentum equation for

mixture of Group 1 and Group2



HW-2

❖ Flow regime check using Barnea (1985)

✓ Draw the regime transition lines on the 𝑗𝑔 − 𝑗𝑙 map

✓ Check the change of the lines with the angles

✓ Plot the NEOUR-R data in the 𝑗𝑔 − 𝑗𝑙 map

✓ Discuss


