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The nucleate boiling is the current promising way for heat transfer and for calculating the critical
heat flux. The understanding of the thermal and hydrodynamic features of the flow plays a
fundamental role in this study. The current experimental techniques are still inadequate to capture
the small scales involved in the flow, while the recent advances in the multiphase CFD techniques
provide innovative tools to investigate the two-phase flow. However, the scientific literature
concerning with numerical modeling of flow boiling patterns is still poor, such that several aspects
of the flow are not clarified yet. In order to save lots of procedure time, the flow is sculptured with
an axisymmetrical formulation in fluent Ansys 14.5.The purpose of this study is to demonstrate
the modeling of forced convection sub-cooled nucleate boiling using the in-built boiling model
available under Eulerian multiphase model. The exact position of bubbles volume fraction is
obtained by considering all these parameters. This will make easier the estimation of volume
fraction at x=0.1,0.2,0.3......n points. This method reduces the calculating time for critical flux

which makes very industrial work easier.
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INTRODUCTION

When boiling happens on a solid surface at low
superheat, bubbles will be seen to make
repeatedly at most popular positions referred to
as nucleation sites. Nucleate boiling will occur in
Pool Boiling and in Forced-Convective Boiling.
The heat transfer coefficients area unit is very
high, however, despite a few years of analysis,
empirical correlations for the coefficients have
massive error bands. Alot of problem arises from

the sensitivity of nucleate boiling to the
microgeometry of the surface on a micrometer
length scale and to its wettability; it is difficult to
find out applicable ways in which of quantifying
these characteristics, there’s still disagreement
regarding the physical mechanisms by that the
heat is transferred thus phenomenological
models for nucleate boiling at the present do no
higher, and sometimes worse, than the empirical
correlations associate empirical correlation of
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wide application has been given by Gorenflo
(1991), supported the final scaling of fluid thermal
and transport properties with reduced pressure
p/pc and reduced temperature T/Tc (see Reduced
Properties) (Bar-Cohen, 1992).

Computer Fluid Dynamics

Computational fluid dynamics, sometimes
abbreviated as CFD, may be a branch of
hydraulics that uses numerical ways and
algorithms to resolve and analyze issues that
involve fluid flows. Computers are accustomed
perform the calculations needed to simulate the
interaction of liquids and gases with surfaces
outlined by boundary conditions. With high-speed
supercomputers, higher solutions are often
achieved in progress analysis yields software
package that improves the accuracy and speed
of advanced simulation eventualities like sonic or
turbulent flows (Blaner, 1975; Chen, 1966).

Computational fluid dynamics, sometimes
abbreviated as CFD, may be a branch of
hydraulics that uses numerical ways and
algorithms to resolve and analyze issues that
involve fluid flows. Computers ar accustomed
perform the calculations needed to simulate the
interaction of liquids and gases with surfaces
outlined by boundary conditions. With high-speed
supercomputers, higher solutions are often
achieved in progress analysis yields software
package that improves the accuracy and speed
of advanced simulation eventualities like sonic or
turbulent flows. Initial experimental validation of
such software package is performed employing
a construction with the ultimate validation retuming
in all-out testing (Cooper, 1981)

FINITE VOLUME METHOD

In the finite volume technique, the governing partial

differential equations (typically the Navier-Stokes
equations, the mass and energy conservation
equations, and also the turbulence equations)
area unit recast in an exceedingly conservative
type, so solved over distinct management
volumes (Cornwell, 1990).

Abbreviations and Acronyms

CFD-Computer Fluid Dynamics, N-S Equation-
Navier Strokes Equation, Cp-SpecificHeat, FVM-
Finite Volume Method, FEM-Finite Element
Method, FDM-Finite Distinction Method, RANS-
Reynolds-Sveraged Navier-Stokes, RSM-
Reynold Stress Model

EQUATIONS

The finite volume equation yields governing
equations within the type, Equation (1) (del Valle,
1985)

< [Jfoar+[[raa=o

where Q, is the vector of conserved variables, F
is the vector of fluxes (see Euler equations or
Navier—Stokes equations), V is the volume of the
control volume element, and Ais the surface area
of the control volume element.

(1)

In FVM technique, a weighted residual
equation is formed (Dhir, 1990; Fujita, 1992)

R =[[[wQar (2)

where R is the equation residual at an element
vertex i, Q is the conservation equation expressed
on an element basis, W, is the weight factor, and
Veis the volume of the element (Gorenflo, 1992).

Finite distinction technique (FDM) (Judd and
Chopra, 1993)
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where Qis the vector of conserved variables, and
F, G, and H are the fluxes in the x, y, and z
directions respectively.

REYNOLD-AVERAGED
NAVIER-STOKES (CFD,
2011)

Reynolds-averaged Navier-Stokes (RANS)
equations square measure the oldest approach
to turbulence modeling. AN ensemble version of
the governing equations is resolved (Pope, 2000)
that introduces new apparent stresses called
painter stresses. This adds a second order
tensor of unknowns that varied models will give
totally different levels of closure. It’'s a typical idea
that the RANS equations don’t apply to flows with
a time-varying mean flow as a result of these
equations square measure ‘time-averaged’. In
fact, statistically unsteady (or non-stationary)
flows will equally be treated this is often typically
brought up as URANS. There’s nothing inherent
in painter averaging to preclude this, however the
turbulence models accustomed shut the
equations square measure valid solely as long
because the time over that these changes within
the mean occur is giant compared to the time
scales of the turbulent motion containing most of
the energy (Farge, 2001).

RANS models are often divided into 2 broad
approaches: (Goldstein, 1995) Boussinesq
Hypothesis This methodology involves
mistreatment AN pure mathematics equation for
the painter stresses that embrace deciding the
turbulent body, and looking on the extent of
sophistication of the model, resolution transport
equations for deciding the turbulent mechanical
energy and dissipation. Models embrace k-¢
(Launder and Spalding), (Lundgren, 1969) mixture
Length Model (Prandtl), (Coulucci, 1998) and 0

Equation Model (Cebeci and Smith) (Fox, 2003).
The models on the market during this approach
square measure usually brought up by the
quantity of transport equations related to the tactic
for instance, the blending Length model may be
a “Zero Equation” model as a result of no transport
equations square measure resolved; the may be
a “Two Equation” model as a result of 2 transport
equations (one for and one for ) square measure
solved (Pope, 1985).

REYNOLD STRESS MODEL
(RSM)

This approach tries to really solve transport
equations for the painter stresses. This suggests
introduction of many transport equations for all
the painter stresses and thence this approach is
far a lot of pricey in CPU effort (Zhihao, 2015)

LITERATURE REVIEW

In this work we have a tendency to investigate
the current capabilities of CFD for wall boiling.
The procedure model used combines the Euler/
Euler two-phase flow description with heat flux
partitioning terribly similar modelling was
antecedently applied to (Sattari, 2014) boiling
water beneath air mass conditions relevant to
atomic energy systems. Similar conditions in
terms of the relevant non-dimensional numbers
are realized within the DEBORA tests exploitation
dichlorodifluoromethane (R12) because the
operating fluid. This expedited measurements of
radial profiles for gas volume fraction, gas rate,
liquid temperature and bubble size (Kazuo, 2014).

After reviewing the theoretical and
experimental basis of correlations employed in
the model, provides a careful assessment of the
mandatory recalibrations to explain the DEBORA
tests (Bestion, 2014). It's then shown that at
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intervals an explicit vary of conditions completely
different tests will be simulated with one set of
model parameters, because the subcooling is
remittent and also the quantity of generated vapor
will increase the gas fraction profile changes from
wall to core peaking. This can be a significant
impact not captured by the current modelling
(Mostafa, 2014).

Problem Description
In this study we will consider upward, vertical flow

in a pipe with a heated wall. The flow domain is
shown schematically in Figure 1. The pipe is 20
mm in diameter and 2.0 m in length. The wall
provides heat to the fluid at the rate of 345.6 kW/
mZ. As the wall temperature rises above the fluid
saturation temperature, steam bubbles are
formed and they migrate away from the wall. Since
the bulk flow is sub cooled, the bubbles condense
near the centre of the pipe Outlet profiles of
velocity magnitude and turbulence quantities
generated for a simulated flow field without boiling

Figure 1: Schematic Diagram
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will be used as inlet information to the boiling
simulation. This is done to ensure a fully-
developed profile of these quantities at the inlet.

METHODOLOGY

CFD Governing Equations (Mostafa, 2014)

This section is a summary of the governing
equations used in CFD to mathematically solve
for fluid flow and heat transfer, based on the
principles of conservation of mass, momentum,
and energy. Details of how they are actually used
in the CFD Computations (Farge and Schneider,
2001)

Conservation Equations: The conservation
laws of physics form the basis for fluid flow
governing equations (previously listed as
Equations 1-3 in Section 2.1: Governing Equations
and Numerical Schemes). The laws are:

a. Law of Conservation of Mass: Fluid mass is
always conserved. (Equation 1) (Sreeyuth et
al., 2014).

olou) _
Ox;

1

b. Newton’s 2" Law: The sum of the forces on a
fluid particle is equal to the rate of change of
momentum. (Equation 2) (Lamas et al., 2012).

0 0 ou, op
ox, () ox, [,u ox, j 0x;,
c. First Law of Thermodynamics: The rate of

head added to a system plus the rate of work
done on a fluid particle equals the total rate of
change in energy. (Equation 3) (Zhang et al.,

2014).
o ko
C, ox

g(/?”

0

ox;

i)

i

The fluid behavior can be characterized in terms
of the fluid properties velocity vector u (with
components u, v, and w in the x, y, and z
directions), pressure p, density p, viscosity /, heat
conductivity k, and temperature T. The changes in
these fluid properties can occur over space and
time (Xiumin et al., 2008). Using CFD, these
changes are calculated for small elements of the
fluid, following the conservation laws of physics
listed above. The changes are due to fluid flowing
across the boundaries of the fluid element and can
also be due to sources within the element
producing changes in fluid properties. Thisis called
the Euler method (tracking changes in a stationary
mass while particles travel through it) in contrast
with the Lagrangian method (which follows the
movement of a single particle as it flows through a
series of elements) (Xiumin, 2008).

RESULT

After doing CFD Analysis of Nucleate Boiling
process using Ansys Fluent. Then we are getting
the following result for obtaining the required result
we have to follow some following steps:

1. Set up and solution for 1% single phase flow:
phase is liquid water (L).

2. We use double precision Ansys fluent 14.5.
3. Mesh generartion: We use hexa mesh.
4. Models: (i) Energy equation is on.

(i) k-epslion where k-turbulence kinetic energy
epslion-turb dissipation rate.

Material: We use water lig H,O( L) in this model
density as piecewise linear profile of
temperature.

. Set point 1-Temp-473.15 K Density-864.7 kg/m?
Set point2.-Temp -543.15 K Density-770.6 kg/m?*

Cell zone condition:Fluid (water liq).

®© N

Boundary conditions:
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8.1. Inlet Type: Normal to boundary as the velocity
specification method (a) Magnitude-1 m/s; (b)
Turbulent intensity-4%; (c) Hydraulic dia-.0154;
(d) Thermal condition is 473.15K at the inlet.

8.2. Oulet Type: Gauge pressure-0 atm Type-
Normal to boundary (a) Turbulent intensity-4%;

(b) hydraulic dia-.0154 3; (c) Thermal condition
is 530.55 to back flow temperature.

9. Operating condition-Pressure-4.5e”6 and
Gravity-9.81 m/s?

10. Convergence criteria:For continuity 1e”-8 for
all the remaining residual we use 1e”5

Figure 2: Residual Plot of Single Phase
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Figure 3: Contours of Mass Imbalance
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Figure 5: Profile of Volume Fraction
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11. Now initialize the solution .
12. Run the cal for 500 iteration.

13. We see in the process the solution
convergences in 320 iteration approx.

Fully developed velocity profile for single phase
flow.

Finally, we get the fully developed velocity
profile by the CFD Fluent Ansys.

CONCLUSION

In this study we have consider upward, vertical
flow in a pipe with a heated wall. As the
temperature increase the heat rate also increase
As the wall temperature rises above the fluid
saturation temperature, steam bubbles are
formed and they migrate away from the wall. Since
the bulk flow is sub cooled, the bubbles condense
near the center of the pipe. Outlet profiles of
velocity magnitude and turbulence quantities
generated for a simulated flow field without boiling
will be used as inlet information to the boiling
simulation. This is done to ensure a fully-
developed profile of these quantities at the inlet.

Fully developed profile are get by Ansys
software which is a commercial software also.
The analysis of the thermal and hydrodynamics
features of the flow and the wall heat transfer led
to the conclusions that follow. Velocity boundary
condition at the channel inlet forces the bubble
to move downstream but the thinning of the
liquid 1m as effect of the evaporation is not
captured. Differently, when axed pressure
difference is imposed among the terminal
sections of the channel, the bubble slows down
as evaporation starts, thus decreasing the Im
thickness. The bubble may decelerate generating
a backflow, even though the nose continues to

travel downstream to the channel. The heat
transfer performance is improved by the two-
phase ow with respect to the single phase case
throughout the heated length of the channel.

The liquid velocity in the proximity of the
channel wall is temporarily increased, therefore
the development of the thermal layer to the steady
situation is delayed. The measured liquid 1m
thickness gives D = 20. For such thickness the
Im can not be assumed stagnant and the
assumption of pure heat conduction cross the
Im leads to overestimation of the heat transfer
coefficient. When multiple bubbles evaporate in
sequence, the bubble ahead cools down the
thermal layer such that the bubble behind grows
less.
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