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ABSTRACT

Current global concerns on environmental protection and sustainable development for clean energy have led to the
creation of new engineering devices. Since the dimensions and geometry of the microchannel and the fluid (gas-
liquid) used in each phase flow can have an effect on system performance, in this study consists of three parts to
compare several different modes using simulation has been numerically. First a two-dimensional simulation of
different T-shaped microchannel and two-phase steady flow (gas-liquid) with different fluids and multiphase flow
with Eulerian model has been performed. Then different fluid is used in simulations of two-dimensional two-phase
flow and heat transfer system to investigate the microchannel performance in cooling. Finally pressure drop and
heat transfer coefficient of fluid inside the T-shape has been calculated in two-phase flow.
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INTRODUCTION

The increasing need for energy, fossil fuel restrictions, environmental pollution, global warming and the greenhouse
effect and many other factors, is the use of renewable energy [1]. Mansour et al (2015) performed two dimensional
and three dimensional simulation flow of nitrogen / water inside the reactor T- shaped microchannel using Fluent
software and the VOF's two-phase flow and pressure drop, bubble average speed, velocity and the results showed
that the fraction was calculated out three dimensional flow patterns in microchannel T-shape . Results of simulations
of two-dimensional pattern have enough agreement with experimental data. Gao et al. (2015) study the mixing of
cold and warm water with and without distributor numerical simulation using FLUENT, and comparing the velocity
vector and temperature contour for both case was performed with and without a distributor [2]. Jin Feng Chen et al
(2015) performed an empirical research on the behavior of two-phase flow inside a microchannel T-junction. the
results of horizontal T-junction with a square section and different rates of nitrogen / water surface tension showed
that the effects of surface tension properties of separate entrances for different situations is important. Specifically
for short length of gas (<5 Dh) by reducing the surface tension of inappropriate distribution phase decreases, as well
as for long entrance length of gas (<5 Dh) by reducing the surface tension worse misallocation phase happen.
Majumder and colleagues (2015) studied the effects of various three dimensional model of micro-channel heat
hydrodynamic radius for T- shape in two different Reynolds numbers and turbulence and laminar under constant
heat flux in the horizontal two-phase flow water / sodium. their results showed that developed in the area of local
speed by increasing the radius of the corner to the downstream channel under laminar flow and turbulence increases
with increasing radius corners and vorticity reduce .

In this study we conducted on calculation of pressure drop and heat transfer coefficient of fluid inside the T-shape
has been in two-phase flow.
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MATHEMATICAL MODEL

Conservation of mass

The continuity equation for phase q is:

0 - n
_(aqpq)+ V'(Olqpq Vq)= szl(mpq - mqp)+ Sq
ot &)

. . m . th th
Where V' is the velocity of phase q and P9 characterizes the mass transfer from the P 0 phase, and

—

m . . .
9 characterizes the mass transfer from phase 9 0 phase p, and you are able to specify these mechanisms
separately.

S . . . .
By default, the source term % on the right-hand side of Eq. (1) is zero, but you can specify a constant or user-
defined mass source for each phase.

Conservation of momentum
The momentum balance for phase q yields:
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Where 7 is the 4 phase stress-strain tensor:
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Here Hq and ~ 9 are the shear and bulk viscosity of phase q , Fa is an external body force, Fitg is a lift

— — —
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force, Fuig is a wall lubrication force , Fuma is a virtual mass force, and Fug is a turbulent dispersion force (in
the case of turbulent flows only). R is an interaction force between phases, and p is the pressure shared by all
phases.

m >0
Vpa s the interphase velocity, defined as follows. If =~ P4 (that is, phase p mass is being transferred to phase q),
Vap =V m, <0 = oo m, >0
P g e (that is, phase g mass is being transferred to phase p ),qu Va Likewise, if 9

— —
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=y, ..M _<0 - . . .
thenVa =Va i ap thenVar = Ve Eq.(1-3) must be closed with appropriate expressions for the

—

interphase force Rea . This force depends on the friction, pressure, cohesion, and other effects, and is subject to the
Roa =0

=—Rgp

. R o _ :
conditions that  P¢ and . We uses a simple interaction term of the following form:

no_, n = -
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where is the interphase momentum exchange coefficient, and are the phase velocities. Note

that Eq.(4) represents the mean interphase momentum exchange and does not include any contribution due to
turbulence. The turbulent interphase momentum exchange is modeled with the turbulent dispersion force

— —

term, Tt i Eq (2).
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Conservation of energy
To describe the conservation of energy in Eulerian multiphase applications, a separate enthalpy equation can be
written for each phase:

0 - - -
ﬁ+rq :Vuyq —V.qq

P -
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n
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where 9is the specific enthalpy of the q phase, 9 is the heat flux, 9 is a source term that includes sources of

Q th

enthalpy (for example, due to chemical reaction or radiation), *P9 is the intensity of heat exchange between the P

th h
and Y phases, and P is the interphase enthalpy (for example, the enthalpy of the vapor at the temperature of the
droplets, in the case of evaporation). The heat exchange between phases must comply with the local balance

Qpg =—Qqp and Qy = 0.

conditions

Continuity equation
The volume fraction of each phase is calculated from a continuity equation:

1 (o o )=
p_rq(a( qpq)—i—V.(aqquq):;(mpq_mqp)J (6)

th
where Prg is the phase reference density, or the volume averaged density of the q phase in the solution domain.
The solution of this equation for each secondary phase, along with the condition that the volume fractions sum to
one (given by Eq.(1)), allows for the calculation of the primary-phase volume fraction. This treatment is common to
fluid-fluid and granular flows.

Fluid-fluid momentum equations
The conservation of momentum for a fluid phase q is:
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Funa and Fuog are as defined for Eq.(1).

— =

Here 9 is the acceleration due to gravity and Ta,

Fluid-solid momentum equations

th
The conservation of momentum for the fluid phases is similar to Eq.(1), and that for the S solid phases is:
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th —
where Ps is the S solids pressure, Kis =Ky is the momentum exchange coefficient between fluid or solid

phase | and solid phase S , N is the total number of phases, and F's, Fums Fiitts ang Fids are defined in the
same manner as the analogous terms in Eq.(1).

Volume fraction equation

The description of multiphase flow as interpenetrating continua incorporates the concept of phasic volume fractions,
denoted here by a4 Volume fractions represent the space occupied by each phase, and the laws of conservation of
mass and momentum are satisfied by each phase individually. The derivation of the conservation equations can be
done by ensemble averaging the local instantaneous balance for each of the phases or by using the mixture theory

approach. The volume of phase q : Yq , is defined by

Ve = Iaqd 1%
v )
Where
Z a, =1
-1 (10)

The volume fraction equation may be solved either through implicit or explicit time discretization.

Schiller and Naumann model
For the model of Schiller and Naumann

f C, Re
24 "
Where
24(1+0.15Reo.687) Re<1000
Cp = {0.44 ke

Re>1000 (12)
and Re is the relative Reynolds number.

The relative Reynolds number for the primary phase q and secondary phase P is obtained from
. pq‘vp —vq‘dp

R
Ho (13)
The relative Reynolds number for secondary phases P and I is obtained from
Re = prp Ve _Vp drp
Hrp (14)

= +a
where *4rp ptp r#r s the mixture viscosity of the phases Pandr .
The Schiller and Naumann model is the default method, and it is acceptable for general use for all fluid-fluid pairs of
phases.

Numerical simulations

Consider, a microchannel T- shaped with dimensions of 25mm, length of 125mm input and output length of 250mm
and apply in the case of two-dimensional tetrahedral mesh Gambit in commercial software designed to calculate a
more accurate course in the area of micro-channel flow mixing within the mesh of the mixing zone was smaller.
Then, using the commercial software FLUENT to simulate multiphase flow T- shaped microchannel pay. The first
step in solving any problem multiphase determine the appropriate model for flow regime and how to locate common
ground for all kinds of weir. Advances in computational fluid mechanics principles to understand more dynamic
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multiphase flow is provided. We have two Euler-Lagrange and Euler-Euler approach for calculation of multiphase
flow numerical there. Euler-Euler multiphase models in FLUENT software Tuesday that is fluid volume, mix and
Eulerian. Eulerian model the most complex multiphase models in FLUENT software, the momentum and continuity
equations for each phase solves equations through pressure connections and exchange coefficients between phase
takes depends on the type of phases. Fluent O'Leary multi-phase model allows modeling of multiple phases separate
interaction phases, the phases may be liquid, gas or solid, or a combination of these that can be used in any case for
each phase. The defined functions (UDF) Fluent allows for improved calculation by the user in exchange to give
momentum between the phases. Simulation of two-phase flow microchannel contains steps that respectively include:
determination of solution-based solutions, including compression, interpolation scheme explicit, steady flow,
turbulence models, including models set the standard k-epsilon 2eqn and mixed mode that turbulence model multi-
phase default, this model is the generalization of k-epsilon model and in the detached single-phase and a layer (or
close layer) and also when the density is used between phases close to zero. In comparison with single-phase flows,
multiphase flow momentum equation is the number of terms and because modeling turbulence in multiphase flow
simulation is also very complex. Determine the operating conditions including atmospheric pressure in Pascal and
enable the acceleration of gravity in the y-direction is determined boundary conditions including discharge pressure
region 3 and the input speed zone 4 and 5, Control solution methods in FLUENT for computing multiphase
Eulerian, Fluent software from PC_SIMOLE algorithm for pressure-velocity coupling is used. Table 1-2 present
fluid and solution condition and Fluid properties.

Table 1: Fluid and solution condition

Solver Pressure based
Formulation Implicit
Time Steady
Space 2 dimension
model eulerian
viscous model k-epsilon (2eqn),standard,mixture
Operating pressure(pascal) 101325
Gravity(0,y) -9.81
Pressure —velocity coupling Phase coupled simple
momentum
volume fraction First order upwind
turbulent kinetic energy

Table 2: Fluid properties

air water
Density (kg/m3) 1.225 998.2
Viscosity(kg/ms) 1.79E-05 1.00E-03
Volume fraction 0.02 -

According to the tables above, after the two-phase flow simulation T- shaped microchannel under
specified conditions had to set different speeds for each of the phases of air and water, we review the
microchannel flow pattern changes. Flows into the microchannel of the two regions 4 and 5 (Figure 1)
takes place and rates are subject to change entries in these two areas. (for Schematic of the problem see
Figure 1):
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water air

1 pressure outlet

velocity inlet 4

'T water:
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p=2e-b kg/m-s

Figure 1: Schematic of the problem

Table 3: Fluid velocities in region 4 and 5

1 2 3
Velocity m/s Air 4,5 0.15 | 0.75 2.55
Velocity m/s Water 4,5 0.15 0.75 2.55
By varying the speed of air in the area 4, the pressure is negligible changes in contour. That can be avoided by
changing the water velocity in zone 4, the changes in the contour of high pressure. By reducing the speed it moves
toward a balanced flow pattern. By reducing air velocity in the 4 observed when mixing with water flow pattern is
balanced with increased speed mixed flow of balance, but for water with increasing speed when mixing flow pattern
balance is at a low speed balance out.

Figure 2: Pressure contours
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Change the speed of the incoming air flow pattern in area 5 is fixed that changes ignored. But with the increasing
velocity of water flow patterns are changing and the balance is to slow down the flow pattern. Air speed change does
not affect the flow pattern of the mixture and can be ignored, but at low speeds the flow pattern of water flow in a
balanced mix, but by increasing the velocity of water flow pattern is unsustainable.

| I

Figure 3: Mixed Pressure contours

Figure 4: Velocity contours
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Figure 5: Phase contours
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Figure 6: Pressure contours
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Figure 7: Phase change contours
CONCLUSION

In the analyses of the T-junction, the two-phase flow simulation T- shaped microchannel using software Gambit and
Fluent took place, and the flow pattern analysis was each phase connect at different speeds. The overall objective of
this study was to determine the appropriate speed range for two-phase flow of air / water is in microchannel and at
what speed range is appropriate flow pattern. Finally, it was found that the air speed changes little impact on the
flow pattern, but changes to the variable speed of the water flow pattern.
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