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Introduction

One of the most challenging aspects of dealing with

the two-phase flow or multi-phase flow is that it can

take many different forms. Spatial distributions and

velocities of the liquid and vapor phases in the flow channel

is a very important aspect in many engineering

branches. Pressure drops and heat transfer

coefficients strongly depend on the local flow structure.

www.nuclear-power.com
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❑ Introduction of experimental conditions in numerical simulation

software

❑ Prediction of flow pattern during flow boiling using numerical

simulation.

Motivations and Purposes

Motivation

❑ High-speed camera is expensive

Purposes

❑ More easy to change conditions
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Experimental facilities
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Test section
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Simplifying assumptions

❑ Laminar flow,

❑ Steady state flow,

❑ Incompressible liquid phase « mixture model ».

❑ 2D flow with symmetric axe on x.

Used model

❑ Mixture model for 

Multiphase flow

(Y)

(X)

(z)

𝑑𝑇

𝑑𝑧
 = 0

Symmetric 

axe

2 D

Used Software

❑  Fluent 6.3

Numerical simulation
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Governing equations

Continuity equation 

𝛻 . Ԧ𝑣𝛼𝑙 = −
ሶ𝑚

𝜌𝑙

Momentum equation

𝛻 . 𝜌 Ԧ𝑣 Ԧ𝑣 = −𝛻𝑝 + 𝛻. 𝜇 𝛻 Ԧ𝑣 + 𝛻 Ԧ𝑣𝑇 + 𝜌 Ԧ𝑔 + 𝐹𝑣

Energy equation

𝛻. Ԧ𝑣 𝜌 𝐸 + 𝑃 = 𝛻. k 𝛻𝑇 + 𝑄

Mass transfer

ሶ𝑚𝑣 = − ሶ𝑚𝑙 = 𝑟𝛼𝑙𝜌𝑙
𝑇−𝑇𝑠𝑎𝑡

𝑇𝑠𝑎𝑡
, 𝑇 > 𝑇𝑠𝑎𝑡 (Lee 1980)

Bubble diameter 

𝐷𝑏 = 𝑀𝐼𝑁 (𝐴0 𝑒
(−1

𝑇𝑠𝑢𝑏
𝑇𝑟𝑒𝑓

)
, Dmax)   (Kurul and Podowski1991)

UDF
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Boundary conditions

Inlet

❑ Vin = 0.02 m/s,

❑ Tin = 30°C,

❑ a = 0.

Outlet

❑ Tout et Pout experimentally,

❑ a calculated on basis of Xexp.

Lateral conditions

❑ Symmetry on x axe ,

❑ T° of wall experimentally (UDF).
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❑ h Coefficient

23 %

❑ Boiling curve

Results
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Results (Flow pattern)
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Bubbly flow

Tw = 54 °C
Coalescence

Da=0.85 mm

Elongated bubble

R = 1.8

Boiling front: 25 mm
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Results (Flow pattern)
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Slug + elongated bubble flow

Tw = 58 °C

Elongated bubble

R = 1.81 – 2.66

Boiling front: 40 mm

Slug occuped 86% of channel
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Results (Flow pattern)
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Tw = 60 °C

Boiling front: 45 mm
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Results (Flow pattern)
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Annulaire flow

Tw = 61 °C

Boiling front: 45 mm
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The experiences carried in the present work allow making some conclusions:

❑ The numerical simulation was used as complement to the experimental.

❑ The comparison between numerical and experimental results shows a good

agreement with deviation less then 23 %.

❑ Several flow pattern was identified using numerical simulation, namely:

bubbly, slug, plug and annular.
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