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ABSTRACT

The present study emphasized on the information of cavitations during

the dual phase flow i.e. (water and vapor) in venture converge-diverge nozzle.

The choice of nozzle with a transparent material (PMMA), was found suitable

for the observation and measurements. The model of this problem of defining

dual compressible viscous flow, and k-epsilon model. The comparisons of

numerical calculation and experimental observation were found to be

comparatively coincidable in cavitational zone and throat pressure, and

fractional phase flow.
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A Two-phase flow parameter [-]
NOMENCLATURE 2
p Viscosity [NS/m ]
Symbols Unit \/, Characteristic Velocity
2
A Face Area [m]

A, PipeCross-Sectional Area [m?]
G.G:Empiricalconstant 0.02and 0.01

D Tube diameter [mm]

f Vapor Mass Fraction

G Acceleration of Gravity  [m/s7]
| Turbulence Intensity [%]

K Turbulent Kinetic Energy [m?%/s’]

2
u, Turbulent Viscosity [Ngm ]

3

p Density [kg/ m ]
o Surface Tension [N/m]
2 3
¢ Dissipation Rate [m/s]

Vv, Vapor phase velocity
y Effective Exchange Coefficient

a Phase Volume Fraction



18

Tikrit Journal of Eng. Sciences/VVol.15/No.2/March 2008, (17-31)

R, Evaporation Source Term
R, Condensation Sink Term
ABBREVIATIONS

Mix  Mixture

ncg Non-Condensable Gasses
Exp. Experimenta

Sim. Simulation

CFD Computational Fluiddynamic
FVM Finite Volume Method

INTRODUCTION

Multiphase flow is al around us.
It is cloud formations in the sky, sandy
water at the beach, snowstorms, ocean
waves, and the morning mist rising from
lakes and

multiphase flow is common in industrial

rivers. As in nature,
habitats as well as in oil separators,
paper pulp dlurries, fluidized coa
burners, wastewater treatment plants,
fuel injectors, and cavitating in pumps,
Singhal ™.

A few attempts have been made to
predict  cavitating nozzle flow
numerically. Delannoy and Kueny'?
used a TVD scheme and a barotropic
equation of state to predict inviscid

cavitating flow through a venture.

flow by a multi task, including,

turbulence k-epsilon ,cavitations

Avva® presented a model of cavitating
flow which was based on an energy
equation for a homogenous mixture of
phases, assuming no interphase slip.
Cavitation is known to cause unwanted
noise and in particular unwanted
damage to most hydraulic machinery. It
occurs in pumps, propellers, impellers,
and in the vascular tissues of plants.
Due to the fast development of
computer power during the past decade,
the usage of CFD has increased
enormously, Versteeg . In this study
one step has taken further by using
numerical tools. Numerical cavitation
modeling is very complex, and a lot of
work was put down to validate the CFD
code, Berntsen 1.
1.TheMixture Model

The mixture model has enjoyed
success with gas-liquid and liquid-
granular mixtures of al types. It forms
the basis of the cavitations model,
which alows for mass transfer due to
pressure tension between liquid and
gaseous phases. In this study it is ams
to predict the cavitations in a dual phase
flow involving comprehensive code of
Is defined the

calculation, which

(mixture), using the orthogonally of the
meshes, at the surfaces, at the highest
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gradient of flow, skew ness, aspect ratio
of mesh gradient defining the turbulence
flow and cavitations, which have a Para
mounts importance in defining the two
phase flow. Validating these criterions

viaan experimental observation.

FLUENT SIMULATION

The most suitable codes found to be
in assistance to this problem calculations
has been selected to be used is the
Fluent. Which is widely used in a two
phase flow and can be defining the
turbulence and cavitation models with a
suitable approaches.

The
performed using Fluent 6.1 The flow

flow  calculations  were
was assumed to be steady, compressible
(including the secondary phase), and
isothermal. For the model discretisation,
the SIMPLE scheme was employed for
pressure-velocity coupling, first-order up
winding for the momentum equations,
and first-order up winding for other
transport equations (e.g. vapor transport
and turbulence modeling equations).

For the cavitations cases, the mixture
model-based cavitations model in Fluent
6.1 was used, wherein the primary
phase was specified as liquid water, and
the secondary phase was water vapor. A

no-slip assumption was employed to

simplify the phase interaction, and the
effects of surface tenson and non-
included.

Additional information on the cavitations

condensable gas were
model is provided in Ref™, to carry out
the numerical calculations necessary to
produce satisfactory simulations of the
flow problem. The solver can be based on
the finite volume method (FVM), with
segregated-implicit-3D-absol ute-cell

base-superficial  model
operating condition 101000 Pascal and

under an

Gravity is -9.81 m/s2 , Multiphase flow
(mixture, no dlip velocity, cavitations)
and a Vaporization pressure (2367.8
Pascal); on condensable gas (1.5e-05),
this is the mass fraction of non
condensable gas dissolved in the working
liquid. The vaporization pressure is a
property of the working liquid, which
depends mainly on the liquid
temperature. The default value is the
vaporization pressure of water at a
temperature of 300 K. The standard k-
epsilon model used in conjunction with
standard wall functions is a suitable
choice for this problem. the bubble
number density is 10000, as

recommended by Kubota et al. ® The

value

other parameters are:
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Gz =0.07N/M, 14, = 0.00ANg/ |
pr =99895kg/ '} p, = 0554kg/n]

14 =0.00108Ng/ N} 11, =1.3410°°[Ng/n? |

Another requirements evolved in this
code is a certain relaxation factors has to
be modified to satisfy the stability of the
calculation as shown in table 1.
1.Problem Description and Mesh
Generation
The simulations were caried out with
Fluent 6.1 with 3-dimensional meshes,
which were generated using Gambit.
The mesh is (clustering) in the region of
cavitation (liquid was vapor) and coarse
in the region of water flow.

Considering the cavitations caused by a
minimum diameter area converge-
diverge regions, the flow is pressure
driven, with an inlet pressure with
various values 2.0 and 2.2 bar and an
outlet pressure of values (0.6, 0.9, 1.3,
1.63 and 1.78) and (0.18, 0.32, 0.42,
0.85, 1.3, and 1.60)
Geometrical parameters of the model are

respectively.

shown in Figure 1. All the boundary
conditions are defined as following.

At the inlet, the static pressure was
specified, the turbulence intensity was
set to 5%, and the volume fraction of
vapor was assumed to be zero (for the
cavitating cases). For the cavitating
cases, the exit absolute pressure was set

to prescribed values in order to control
the evolution of the cavitations process.
At solid walls, the no-dip boundary
condition was imposed. The consistency
of the number of grid points are tested by
examined of the skewness and the aspect
ratio of the meshes, based on the

requirements of CFD calculations.

2.Approaches of Multiphase
Modeling
Based on literatures, there are two

approaches for the numerical calculation
of multiphase flows: the Euler-Langrange
approach and the Euler-Euler approach
Yongliang Chen and Stephen D. Heister
[78 " the most common approaches of
multiphase modeling are Euler-Lagrange,
Euler-Euler Approach, VOF Modd,
Eulerian Model and Multiphase mixture
model.

2.3 Multiphase Mixture Moddl.

In the present work, the Mixture Model
is most suitable to our calculation. The
following items represent the main
eguations of this model.

1. Continuity equation for the mixture,
Awad®. At any point in space that a
mixture fluid can be defined by weighting
the properties and field quantities of
phases with the local volume fractions

values.
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2. Phase Volume Fraction transport
equation for all the secondary phases®.
The volume fraction field for the
primary phase is automatically
computed from summing up to 1.0 the
volume fractions for all phases.

3. Momentum equations for the mixture,
Fluent 6.1,

4. Slip velocity equation. The area of
application for the Mixture Model is
restricted to multiphase flows in which
the secondary phase structures reach
equilibrium  with the surrounding
primary phase. A simple algebraic
relation between the dip (relative)
velocity for each secondary phase is
used to define different velocity fields
for the phases.

5. Turbulence model equations for the
mixture, Fluent 6.1 1. There are three k-
¢ turbulence models implemented with
Standard  k-g,

Renormalization Group (RNG) k-g, and

Multiphase models:

Redlizable k-¢. in this study standard is
used.
4. Cavitations M odeling With Fluent
Fluent relies on Mixture model with the
following assumptions

e Two phases only are involved a

liquid (water) and vapor

fraction  of

e Mass non-

condensable gasses.

e Slip velocity is considered.
e Thesystem isisothermal

The continuity equation for the mixtureis

o)+ V(pyT,)=0

The mixture obeys a momentum eguation

given as.

g(pmvm) + V(pm\_/m\_/m) = _Vp +

V~[ﬂm(V\7m +\7;)]+me+ F+

n
zakpk\_/dr.kvdr.kJ

k=1
Where n is the number of phases which

equals 2.0 and p,, isthe mixture density:

n n
Pm = zakpk , Hp = zak:uk '
k=1 k=1

n
Zakpkvk
v =Xt and Vv, are the
Pm
driftvelocities: vy, =V, —V_vapor mass
fraction governed by

transportequation.

(o) + V(0 1)=V(r V)RR,

Rate terms:

R-Goan 2P, pn,

V —
R=G2an, 2p—ha) 'gm)f, PPy
o 3a

where V, =k
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Turbulent Fluctuations
Turbulent pressure fluctuations
influence cavitations process modified

vapor pressure
pv = 05( psat + pturb): 05( psat + 039pk)

And this gives new rate expressions

vk o [2Apg -

Re :Cc_plpv M
o 3p,

(1_ fv_ fg)’ p< Py
Jk 2(p- pg,

Rc :Cc_plpv (p P I)fv’
o 3p,
p(p,

EXPERIMENTAL SETUP

The setup of the rig is shown in
Figure 1.
obtained by setting the inlet and outlet

The experimental data are

pressure by using two gage pressures the
inlet gage fixed upstream the test section
and connect with the upstream pipe
through visible plastic tube, Gauge
pressure at inlet a range of 4 bar
maximum.

The outlet gage pressure is a differential
gage measure the difference of upstream
and downstream pressure with arange of
(O to 4 bar). The pressure at throat
section is carried out by using a pressure
gage connect directly to the throat area
of gage pressure at throat with a range
of (—1to 0.6 bar).

Mass flow rate is measured after
specifying the inlet and outlet pressure
values and specifying the quantity of the
outlet flow water and determined the time
of this quantity which is flowing in the
test section, and then the value of the
mass flow rate can be defined. The
measured quantities given in table -2.

Five consequently runs has been
performed in order to evaluate the region
length at the given run pressure, at which,
phase changes can take place in a region
of cavitation. For which many
observation have to be taking care of
such as: At any given time, the liquid
quantity has to be measured at the
is adjusted
accordingly at both two ends on the up

specific pressure which

and down streams of the venture. The
tube is specialy made from PMMA
which is clear to monitor the flow and
phase changes that taken place at the
specific noted flow and pressure and can
be photograph and photoanalyzed as well
as temperature changes at the specific
zones due to phase changes by a low

sapphire
recording. An image matching for each

temperature pyrometric

run with the calculated case using the
Code which
hydrodynamic  and

involve both
thermal

Fluent
library

subroutine at high sophistications in
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terms of numerical and mesh generation
analysis with a high flexibility. Thus
with this case which involve a phase
change a certain equation of state
introduced to express the phase changes
from liquid to mixed separated- gas -
liquid- phases aswell asacertainrunice
can be noted. These macro routine where
introduced to express exactly the
physical phenomena that can describe
such a flow. A computer type Pentium
IV with 3 Giga Hz processor enabled us
to evaluate and optimized the matched

cases of flow at every given run.

COMPARATIVE RESULTS

The experimental
photograph shows directly at the stated
conditions of the venture nozzle at the

observed

same dtatic pressure. this have been
evaluated by the calculation of the fluent
code, gives the same structure and
length of the cavitations evolved due to
the degassing of the dissolve gasses in
the pressurized liquid. Causing shock-
wave and atomizing the liquid having a
two phase flow of atomized liquid
particles with another phase of liquid.
And this defined the cavitations length
which appears from the figures of

pressure contours and profile to be very

near to what the experimental length as
shown in Figures 2, 3 and table 1, 2.
The effect of

throat pressure have to have reduction in

the back pressure at the

the cavitations length, with almost the
diminished at a final pressure difference
of 0.38 bar. This negative pressure is
likely to be related to the degassing
criterion of the liquid gas system, Brent
A. Cullimore, David A. Johnson 1201,

In term of calculations the stability of
calculation is achieved reasonably well as
the shock wave occurs immediately as far
as the back pressure low, progressively
reduced as the back pressure increased.
This can be seen in the number of
iteration related to the minimized error
tablel. Thisis clearly observed as shown
in the rapid convergence in case study of
Figures 4 and 5. more effectively is the
optimization of choice and selection, the
related
changes, and the geometry profile, further

grid criterion to the phase
more the quality of the results much
dependent on the skew ness and the

orthogonally of the grid.

CONCLUSIVE REMARKS

This work show that CFD is a
powerful tool in the prediction of the
multiphase flow as far as the cavitations

but it requires more to be involved in the
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thermodynamic calculations. Due to the
fact of some of the atomized liquid drops
being cooled to an ice temperature
which causes a solid - liquid phase
criterion flow. Despite that the phase
regions being determined but the re-
dissolving back at a later regions given
a different density profile as shown in
Figures .2 and 3. Also the evolved gas
has to be dissolved back in the liquid
given further regions.

According to this physical interpretation,
the CFD caculations can predict a

noticeable cavitations.
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Table-1-Numerical Test (Under relaxation factors)

Properties Inlet/Outlet | Inlet/Outlet | Inlet/Outlet | Inlet/Outlet | Inlet/Outlet
Under Relaxation Pressure Pressure. Pressure. Pressure. Pressure.
2.0/0.6 2.0/0.9 2.0/1.3 2.0/1.63 2.0/1.78
Pressure 0.3/standard | 0.3/standard | 0.3/standard | 0.3/standard | 0.3/standard
Momentum 0.3 0.3 0.3 0.1-0.3 0.1-0.3
Vaporization 0.1 0.1 0.1 0.1 0.05-0.08
Volume Fraction 0.1 0.1 0.1 0.05-0.1 0.05-0.1
TKE 0.3-05 0.3-05 0.3-0.5 0.3-05 0.3-05
TDE 0.5 0.5 0.5 0.5 0.5
Viscosity 05 0.5 0.5 0.5 05
Density 1 1 1 1 1
Body 1 1 1 1 1
No. of Iteration 650 700 1350 2000 4500

Table 2a: M easurement and Numerical Results Compar ative

Measuring Points M1 M2 M3 M4 M5
Inlet/Outlet Pressure(bar) 2.0/1.78 2.0/1.63 2.0/1.30 2.0/0.90 | 2.0/0.60
Mass Flow Rate kg/sec EXp. 0.75 0.92 0.93 0.93 0.93

Mass Flow Rate kg/sec Sim. 0.60 0.752 0.830 0.841 0.864
Throat Pressure (Exp.) (bar) 0.53 -0.96 -0.96 -0.96 -0.96
Throat Pressure (Sim.) (bar) 0.538 -0.70 -0.982 -0.982 -0.989
Experimental Cavitations Length 0.0 5mm 18 mm 32mm 40 mm
Simulation Cavitations Length 0.0 6 mm 20 mm 33mm 37 mm
Number of Iteration 4500 2000 1350 900 650
Table 2b: Measurement and Numerical Results Compar ative
Measuring | Mass | Time| MassFow Inlet Throat Throat Outlet
points (kg) | (sec) | Rate(kg/sec) Pressur pressure Pressure Pressure
Exp./Sim (bar) (bar)Exp (bar)Sim bar
M1 60 | 62.2 | 0.9646/0.845 22 -1 -0.974 1.60
M2 60 | 62.2 | 0.9646/0.843 22 -1 -0.976 13
M3 60 | 62.2 | 0.9646/0.885 22 -1 -0.985 0.85
M4 60 | 62.2 | 0.9646/0.979 22 -1 -0.989 0.42
M5 50 | 53.7| 0.9311/0.963 22 -0.89 -0.99 0.32
M6 40 | 59.5| 0.6723/0.845 22 -0.9 -0.997 0.18
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Fig.1 Schematic description of the experimental facility
(With photograph that illustrated the Venture part)
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Fig.2a Static Pressure Contours (Code Simulation (table-2a) results)
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Fig.2b. Static Pressure Contours (Code Simulation-(table-2b) results)
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Figure.3a Pressure Distribution Along the Nozzle(table-2a results)
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Figure.3b Pressure Distribution Along the Nozzle(table-2b results)
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