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ABSTRACT
The biggest challenge in the evaporator distribution system is to maintain a uniform distribution of vapor and liquid
phases in the evaporator. Uneven distribution will create poor refrigeration effect. In order to study flow distribution
in the evaporator distributors, a two-phase CFD model has been developed for three different idealized distributors
with various orientations of flow paths and geometrical parameters. The CFD model predicted flow maps, vapor
qualities and, mass flow rates in the distributors as a function of various geometrical and inlet flow parameters.
Refrigerant R134a is used as a working fluid with inlet saturation temperature 7°C with various inlet vapor qualities
(0.15, 0.25, and 0.4) and mass flow rates (20 kg/hr, 80 kg/hr, and 120 kg/hr). An Eulerian model, coupled with the
volume of fluid (VOF) approach has been adapted using Ansys Fluent 2019R3 version, where vapor is considered as
a continuous phase with liquid droplets (200 micrometer diameter). Gravity played an important role in flow
separation and the distribution. The CFD model predicted that flow distribution becomes more uniform with higher
inlet vapor qualities and mass flow rate for horizontal inlet and outlet tubes. However, for vertical inlet and horizontal
outlet tubes, flow distribution was found to be more uniform with lower vapor qualities which contains more liquid
droplets and higher mass flow rates. This study will provide vital information to the researchers and the refrigeration
industry about the cause of nonuniform distribution of refrigerant and their remedy, improving the performance of
refrigeration systems. More importantly, this CFD model can be applied to a commercially available evaporator
distributor systems and optimize the design by saving significant amount of time and cost compared to traditional
experimental methods.

1. INTRODUCTION
For years HVAC industries have been struggling to optimize performance of evaporators. High performance
refrigerating effect is important to maintain a desirable temperature with less power input. Since the flow turns into
two phases (liquid and vapor phases) after the expansion valve, it is difficult to maintain homogeneity of two phases
in the refrigerant mixture. As a result, a nonuniform
distribution of two phase refrigerants in the evaporator bed
causes nonuniform heat transfer effect thereby reducing
performance of the evaporators (Figure 1). Therefore, it is
essential to design a novel evaporator distribution system,
where the two-phase refrigerant distribution and heat transfer
in the evaporator core will be uniform. In order to design an
effective evaporator distribution system, it is essential to
know the distribution of the two-phase refrigerant flow in our
existing distributor design. However, typical experimental
techniques to indirectly infer flow distribution are extremely
expensive and time consuming. Therefore, the objective of
this study is to develop an alternative technique which will
Figure 1: Evaporator distribution system
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quantify two phase flow distribution in the evaporator distribution system and save significant amounts of cost and
time compared to the existing experimental technique.
Recently, many scientists, such as Bhramara et al. (2009), Bowers and Hrnjak (2008), Fei and Hrnjak (2004), Gang
Li et al. (2005), Saifi (2016), and Zhao et al. (2018) investigated two phase refrigerant flow distribution and flow
patterns in the evaporator distributors by using experimental and computational methods. Bowers and Hrnjak (2008)
conducted experimental study of two phase refrigerant flow (R134a) on horizontal tubes (dia 8.7 mm, mass flux 336
kg/m2s, and quality 15%) after expansion valve and reported that flow was homogeneous about 100 mm from the
expansion valve. They also showed, as the flow traveled along the pipe, the phases started separated from each other
approximately 150 mm from the expansion valve and eventually became stratified after 200 mm.
There are two kinds of computational method available for multiphase CFD modeling, which are Eulerian-Lagrangian
model and Eulerian- Eulerian model (Brennen (2013), Fei and Hrnjak (2004)). Many researchers including, Fei and
Hrnjak (2004), Gang Li et al. (2005) suggested that Eulerian-Lagrangian model, which is a trajectory method, is not
suitable for two phase refrigerant flow modeling in the evaporator distribution system where computing volume
fractions of two phases is important. They suggested to use Eulerian- Eulerian approach, where both phases are treated
as interpenetrating continua and volume fraction of each phase is calculated after each iteration.
Eulerian- Eulerian approach has three different computational models , which are mixture model, volume of fluid
model (VOF), and Eulerian model . G. Li et al. (2002) and Bhramara et al. (2009) used mixture method, which is one
of the simplest but less accurate method. The mixture model can be used for Stokes number (the ratio of particle
response time to the fluid response time), St<< 1 where particles/bubbles will follow closely the gas flow and the
particles/bubbles and gas velocities will be almost equal. Therefore, mixture model will not be an accurate model for
our case where the velocities of the two phases are not equal for most of the region. Saifi (2016) and Zhao et al.
(2018) used volume of fluid method (VOF) to predict two phase refrigerant distribution in the evaporator distributor.
However, VOF method is only suitable when there are a distinct boundary surfaces between the phases such as,
stratified and annular flow. However, two phase flow maps in the distributors are a combination of homogeneous,
stratified, annular , etc, which cannot be modeled with only VOF method. Fei and Hrnjak (2004), reported that
Eulerian model is the most appropriate to analyze two phase flow distribution in the evaporator distributor after
validating their computation model with experimental models. The Eulerian model is complex compared to other
approaches, which considers various force interactions between phases, including virtual mass forces, lift, drag,
turbulence interaction and dissipation, surface tension, etc, making this model a powerful approach to compute
multiphase flow distribution in the evaporator distributors. In this study we have used Eulerian model coupled with
VOF approach to predict two phase refrigerant flow distribution, mass flow distribution and pressure drop. The
experimental study of Fei and Hrnjak (2004) clearly stated that two phase refrigerant flow is homogeneous after the
expansion valve and gradually separated from each other and eventually making a distinct boundary, such as, stratified
flow for horizontal tube. Therefore, the Eulerian VOF hybrid model is believed to be an appropriate candidate for this
study which will accurately capture flow maps and distribution.
Initially, the study will be conducted on three idealized evaporator distributors based on various flow orientations and
geometrical parameters. These computational models will be validated with our future experimental models by
comparing flow distribution in terms of vapor quality(ꭕ), mass flow distribution, and pressure drop. The initial study
will provide us valuable information about how flow maps and distribution are being changed as a function of flow
orientation, geometrical parameters, and inlet flow conditions (vapor quality and mass flow rates). In this preliminary
study, we will compare the CFD calculated flow maps with experimental study conducted by Fei and Hrnjak (2004)
for the similar flow condition. For the initial validation, the CFD calculated flow patterns will also be compared with
Taitel and Dukler chart for horizontal flow and Hewitt and Roberts chart for vertical flow conditions described by
Cheng, Ribatski, and Thome (2008). In future study, the CFD models will be validated with experimental models and
utilized in a real distributor with evaporators and headers. Eventually, this CFD model will be a powerful tool to
accurately predict two phase refrigerant distribution in the evaporator distribution system including evaporator beds
which will save huge amount of cost and time compared to our current experimental method. Therefore, in future this
computational model will be a useful tool to optimize the design of evaporator distribution system so that the
performance of the evaporator reaches to an optimum level.
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2. MATERIALS AND METHODS
2.1 Idealized distributors
In our preliminary study, three idealized distributors (Figure 2) have been designed based on different inlet tube
orientations and geometrical parameters. The goal is to study the effect of flow maps and distribution at the outlet of
the distributors when the flow-tube orientations and geometry are changed. Distributors 1 and 2 have 500 mm long
inlet tubes (dia=8 mm) with horizontal and vertical orientation respectively. Both distributors 1 and 2 have cylindrical
header (dia=70 mm and length=50 mm) with four outlet tubes (dia=5 mm and length=200 mm). The inlet and outlet
tubes are kept significantly long so that the two phase refrigerants have enough time to get separated from each other.
Distributor 3 has relatively short inlet and exit tubes (dia=8 mm and length=80 mm) and header (diameter=8 mm and
height=53 mm). The short length of inlet and exit tubes and small volume of header have been designed so that two
phase refrigerants do not have enough time to get separated but develop a homogeneous mixture. By developing CFD
models, we will analyze the flow patterns in the three distributors by comparing with the Taitel and Duckler chart for
horizontal tube (Taitel and Dukler 1976) and the Hewitt and Roberts chart for vertical tubes (Hewitt and Roberts
1969). The horizontal tube flow maps will be also compared with the experimental study conducted by Fei and Hrnjak
(2004). The flow distribution at the outlet of the distributor in terms of vapor quality, mass flow rate, and pressure
drop will be validated with our future experimental model.

Distributor 1

Distributor 3

Distributor 2

Figure 2: Three idealized evaporator distributors 1, 2, and 3.

2.2 Computational model
In this study, we used Eulerian model coupled with VOF approach to simulate flow distribution and compute vapor
qualities at the outlet of the distributors. Two phase flow was considered homogeneous at the model inlet (the model
inlet is located just after the expansion valve (Figure 1), where liquid droplets and bubbles move randomly to various
directions making it a homogeneous mixture). In this region, the velocities of vapor and liquid phases are considered
equal. As the flow proceeds, the vapor and liquid phases will get separated from each other as the momentum of the
droplet decreases and gravitational force becomes more dominated, which result in differential velocities of two
3

phases. This approach allowed us to use both disperse and sharp boundary interfaces between the two phases at the
same time. In this model, phases are treated as interpenetrating continua where each phase solves continuity and
momentum equation separately and computes volume fraction after each iteration. Pressure and interphase exchange
coefficients maintain the coupling between the phases. If a system has two phases and , the continuity and
momentum equations for each phase are defined in equation 1- 4 (Fei and Hrnjak 2004). In this study, the heat transfer
between the phases and the phase change (condensation and evaporation) are neglected. Therefore, no heat transfer
analysis was conducted in this study.
Continuity equation of phase
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viscosity, shear viscosity and velocity of p and q phases. The two phase mixture quality (ꭕ =
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=

is a velocity of vapor phase,

is a velocity of liquid phase,

is a

is a density of liquid phase.

In the Eulerian model, one phase is considered as a continuous phase whether another phase is a discrete phase interacts
with the continuous phase as bubbles or droplets. The continuous and discrete phases are represented as primary and
secondary phases respectively. The phase with higher volume fraction compared to other phase is considered as
primary phase. The Eulerian model coupled with VOF functionality is able to simulate wide varieties of flow maps
including homogeneous, stratified, and annular. Since the flow immediately after the expansion valve is homogeneous
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and becomes separated as it flows through the pipe to a stratified or annular flow, the Eulerian-VOF model is predicted
to be an appropriate candidate for our study.
2.3 Preliminary model development
In this study, R134a is used as a refrigerant and all the properties were used corresponding to 7°C saturation
temperature. The inlet vapor qualities (χ) are considered to be 0.15, 0.25, and 0.4 with three different mass flow rates
20 kg/hr, 80 kg/hr, and 120 kg/hr. In actual case, the vapor quality after the expansion valve is usually within a range
of 0.3 to 0.4. Various inlet vapor qualities and mass flow rates were considered for this study, because the response of
the outlet vapor qualities and flow rates would vary with inlet qualities and mass flow rates. Since the vapor quality
is a ratio of vapor mass fraction (vapor mass/total mass), volume fraction of the vapor will be significantly higher than
that of liquid for the above mentioned three qualities. The volume fraction of the vapor phase for the qualities 0.15,
0.25,and 0.4 are 0.924, 0.9585, 0.979 respectively. Since vapor volume fractions are significantly higher than liquid

(b)

(a)

(c)

Figure3: (a), (b), and (c) are the 3D view of the three idealized distributors with polyhedral mesh.

volume fractions, vapor is considered to be a continuous phase and liquid is considered to be droplets in the continuous
vapor phase. Therefore, the primary and secondary phases are considered to be liquid and vapor respectively. A
constant diameter bubble size 200 micrometer was used in this model based on experimental study of Fei and Hrnjak
(2004). Ansys_Fluent 2019R3 version was used to develop the computational model. Fluent adaptive meshing tool
has been utilized to develop polyhedral mesh ~ 250K with high quality (Orthogonality > 0.4 and Skewness < 0.8)
(Figure 3). Generally polyhedral mesh produces less number of elements compared to tetrahedral, which reduces the
simulation times significantly.
The k-ω SST turbulence model is utilized in this study and the cases were run as a pseudo transient condition for at
least 10000 iterations until a good convergence occurs. Gravity is considered during simulation since gravity plays a
significant role in this model. In the solution methods, pressure is considered as PRESTO with momentum, turbulence
kinetic energy and dissipation rate as QUICK scheme (based on weighted average of second order and central
interpolation), which provides accurate solution with good convergence solutions (Cyklis and Młynarczyk 2016).
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3. RESULTS AND DISCUSSION
The three idealized distributors were run with an array of inlet qualities (0.15, 0.25, and 0.4) and mass flow rates (20,
80, and 120 kg/hr). Vapor qualities and mass flow rates at the outlet and pressure drops across the distributors were
computed and compared as a function of inlet qualities and mass flow rates in order to study flow distributions. Vapor
qualities were calculated from volume fraction of vapor computed by the CFD solution.
3.1 Distributor1
Figure 4(a) and (b) shows the volume frcation contours of liquid (red) and vapor (blue) phases of distributor1 for inlet
vapor quality (ꭕ) of 0.15 and mass flow rate of 80 kg/hr in a 3D and 2D view respectively. Intially the flow forms a
homogeneous mixture (Figure 3b) just after the expansion valve (expansion valve position is the inlet of the
distributor) and gradually separated from each other and formed a stratified pattern (Figure 4a and b). The velocity
vectors in Figure 4(c) and (d) also show the homogeneous mixture just after the inlet (after expansion valve) where
the velocities of the two phases are uniform and as the phases separated the velocity of gas phase picked up to a higher
velocity due to the less density of the gas phase than the liquid phase.
Our CFD flow maps show a very good agreement with the experimental flow maps of Bowers and Hrnjak (2008)
where the experimental conditions (refrigerent=R134a, quality=0.15, mass flow= 72 kg/hr, pipe dia 8.7 mm, and
length ~700mm) are similar to our CFD model conditions. In the Bowers and Hrnjak (2008) experimental model,
flow was homogeneous upto ~100m after the expansion valve then gradually separated into two phases. The similar
phanomenon was seen in our CFD model shown in Figure 4 (a-d). In Figure 4(d) the lengths of the arrows are
representing the relative velocity magnitude. Larger the length is higher the velocity. In the corner the velocity is
higher. Therefore, vector lengths are larger which created spike outside the corner. The flow patterns were also
compared with the Taitel and Dukler chart for horizontal flow condition (Cheng, Ribatski, and Thome 2008; Taitel
and Dukler 1976) where the Lockhart-Martinelli parameter (X) and Taitel and Dukler constant (T) were calculated
for our study to be 0.6806 and 0.13 which indicated the flow is in the stratified flow zone. Therefore, it is certain that
our CFD model is able to predict flow maps accurately.

(b)

(a)

Homogeneous mixture
Stratified two phase

Homogeneous mixture

(c)

(d)

Stratified two phase

Figure4: (a) Volume fraction contour of two phases in 3Dview of distributor 1. Red and blue represents liquid
and gas phases respectively. (b) 2D view of the volume fraction along the axis. (c) and (d) are the velocity vector
of two phases where blue for liquid phase and red for gas phase velocity.
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As the liquid phase is accumulated at the bottom and gaseous phase at the top, non uniform distribution of two phases
is observed. As a result, more liquid drains out from bottom outlet tubes than the top. The vapor qualities were
calculated from the volume fractions arranged from top to bottom outlet tubes are 0.9173, 0.4966, 0.041, and 0.0029
and the corresponding massflows are 0.001487, 0.001633, 0.00686, and 0.012585 kg/s respectively for inlet quality
0.15 and total mass flow rate of 80 kg/hr, showing nonuniform distribution because of the flow separation.

(a)

(b)

(d)

(c)

Figure 5: Vapor quality distribution (a) and mass flow distribution (b) of distributor1 at the outlets with
variable inlet qualities and constant mass flow rate (80kg/hr). (c) and (d) are the quality and mass distribution
of distributor1 with variable mass flow rate and constant inlet quality (0.4).
Figure 5(a) and (b) depict quality and mass flow distributions at the outlets of distributor1 for three different inlet
qualities (0.15, 0.25, and 0.4) and a constant mass flow inlet (80kg/hr). Since a quality of 0.15 contains relatively
higher amount of liquid droplets than other two qualities (0.25 and 0.4), the bottom tube gets more liquid with less
amount of vapor compared to other two cases. The quality in this tube is found to be 0.0029 for the inlet quality of
0.15 and gradually increased in the upper tubes. The top tube has little amount of liquid droplets with a quality of 0.92.
The maximum ratio between the qualities is found to be 316.3 between bottom and top tubes for the case of inlet
quality 0.15. As the inlet qualities are increased to 0.25 and 0.4, the maximum ratio of qualities is reduced to 39.25
and 9.5 respectively. With the higher inlet quality, the bottom tube gets more vapor than before. However, the top
most tube gets less liquid in all three cases, maintaining similarly high qualities. The mass flow distributions show
inversely proportionality to the quality distribution (Figure 5b), where the higher magnitudes are dominated by the
higher density of liquid droplets. As the mass flow is increased (20-120 kg/hr) for a constant inlet quality, upper tubes
get more liquid droplets making the quality distribution more uniform (Figure5 (c)). In the 120 kg/hr case, the lowest
quality is not associated with the bottom tube, but the tube just above the bottom one. This is due to the higher velocity
flow from the inlet tube directly impinging near the outlet tube where most of the flow passes through. The mass flow
distribution is following the opposite trends of the vapor qualities as described earlier.
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3.2 Distributor2
In distributor2, the inlet tube is vertically aligned with the outlet tubes aligned horizontally as before. The two phase
mixture in the vertical tube flows upwards and hits the roof of the header then is distributed in the outlet tubes.
Figure 6a shows the contours of the volume fractions where red and blue indicate volume fractions of liquid and vapor
respectively for inlet quality of 0.4 and mass flow of 80kg/hr. In the vertical tube, the mixture flow was found to be
an annular pattern (Figure 6b) which compares with the Hewitt and Roberts flow map chart (Cheng, Ribatski, and
Thome 2008; Hewitt and Roberts 1969), where the X and Y axis parameters are calculated to be 108.98 and 235.27
kg/m2-s respectively for 80 kg/hr mass flow, indicating the flow pattern is in the annular domain in the chart. This
indicates that the CFD generated flow maps are in good agreement with the Hewitt and Roberts flow chart for a
vertical tube. Outlet qualities and mass distributions are compared for inlet qualities 0.15, 0.25, and 0.4 for constant
mass flow 80 kg/hr in the Figure 7. Outlet quality distribution is found to be more uniform for inlet quality 0.15
(Figure7a and b) compared to 0.25 and 0.4, because quality 0.15 contains more droplets than 0.25 and 0.4. For all inlet
qualities, higher flow rates with less quality distributions have been observed in the top and bottom outlet tubes. The
reason for this is, many liquid droplets take the shortest path and flow through the top and bottom tubes, whereas few
of them pass through the middle tubes. Since vapor quality 0.15 contains more liquid droplets than 0.25 and 0.4, both
middle tubes get more liquid particles making the quality distribution more uniform (Figure 7a and b). Bar graphs of
the mass flow distribution also indicates more liquid is flowing through the top and bottom tubes compared to the
middle tubes (Figure7c).

(b)

(a)

Figure6: (a) Volume fraction contour of two phases in 3D view from top and bottom of distributor2 for quality
0.4 and mass flow 80kg/hr. Red and blue represents liquid and gas phases respectively. (b) 2D view of the
volume fraction along the axis showing annular flow
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.

(b)

(a)

(c)

Figure7: (a) Vapor quality distribution of distributor2 with inlet qualities 0.15, 0.25, and 0.4 and constant mass
flow. (b) Volume fraction contours in a 2D plane showing phase distributions. (c) Mass flow distribution at the
outlet.
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(b)
(a)

(c)

Figure8: (a) Vapor quality distribution of distributor2 with various flow rates (20, 80, and 120kg/hr) and a
constant quality 0.4. (b) Volume fraction contours in a 2D plane showing phase distributions. (c) Mass flow
distribution at the outlets.

Figure8 describes the quality distribution and mass flow distribution with various mass flow rates for a constant inlet
quality 0.4. Outlet qualities and mass flow rates are found to be more uniform with higher inlet mass flow rates. For
20kg/hr flow rate, the flow cannot reach the roof of the header and almost all liquid is accumulated at the bottom
(Figure 8b). Therefore, the bottom tube gets almost all liquid along with some vapor resulting less amount of vapor
quality (0.03). Whereas the above three tubes get negligible amount of liquid droplets leaving vapor qualities almost
1 and making a significant difference in quality between the bottom tube and the top tubes.

3.3 Distributor3
Distributor 3 has shorter inlet and outlet tubes (80 mm) as well as smaller volume of header than other two distributors.
Based on Bowers and Hrnjak (2008) experimental study the flow pattern was homogeneous in this region for their
flow conditions. Since the similar flow condition, properties, and flow rate were used in our study, we were able to
compare our flow patterns with the experimental model. Figure9(a) and (b) depict the two phase flow is homogeneous
in the tubes and there is no phase separation. At this short distance the droplets did not get enough time to separate
vapor and settle at the bottom. Most of the flow passes through the middle two tubes, because they are closer to the
inlet tubes. Therefore, the quality at the middle of the tubes are less than the outside tubes. Figure 10 (a) and (b)
represent the quality and mass flow distribution for inlet qualities 0.15, 0.25, and 4 for constant flow rate 80 kg/hr
which are inversely proportional. For inlet quality 0.15, 0.25, and 0.4 maximum to minimum quality ratios of the
outlet qualities are 6.27, 4.87, and 2.89 respectively, which indicates the distribution of outlet qualities get more
uniform as the inlet quality increases for the distributors with horizontal inlet and outlet tubes.
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(a)

(b)

Figure9: (a) Volume fraction contour of two phases in 3D view from top and bottom of distributor3 for quality
0.15 and mass flow 80kg/hr. Red and blue represents liquid and gas phases respectively. (b) 2D view of the
volume fraction along the axis showing annular flow

(b)

(a)

Figure10: Quality distributions (a) and mass distributions (b) of distrubutor3 at the outlets for flow rate
80kg/hr.

(b)

(a)
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Figure 11: Quality distribution (a), volume fraction contours (b), and mass flow distribution at the outlet for
distributor 3 with various mass flow rates and constant inlet quality 0.4.
Distribution of outlet qualities become more uniform as the inlet flow rates are increased (20, 80, 120 kg/hr) in
distributor 3 (Figure 11). The arrows indicate that the qualities of the middle tubes become more uniform as the flow
rates are increased from 20 to 120 kg/hr. At the low flow rates, such as 20 kg/hr, there are some separation of phases
which can be seen in the inlet tube as a fog formation just before the header (Figure11b). The phase separation is also
visible in the middle bottom outlet tube as a red signature of liquid phase.
The pressure drops across the distributors have been compared as function of inlet qualities and observed that pressure
drops increased as the inlet quality is increased (Figure 12). Saturated fluid with higher vapor quality has less mixture
density which increases velocity for a constant mass flow rate. Therefore, the higher velocity introduced higher
pressure drops. The pressure drops for the distributor 1 were found to be minimum compared to distributor 2 and 3
due to the parallel inlet and outlet tubes and larger header volume. Though distributor 3 has parallel inlet and outlet
tubes, it has higher pressure drop compared to distributor 1 due to the less volume of the distributor header. Less
volume header introduced higher momentum and velocity resulting higher pressure drop.
In this study, it is obvious that the flow distribution will be more uniform if the flow velocity is increased for the
horizontal inlet and outlet tubes. As the inlet quality is increased it reduces density of the mixture, thereby increasing
flow velocity for a constant mass flow rate. Therefore, outlet qualities are more uniform with higher inlet qualities. In
the other study, where we increased mass flow rates for constant inlet quality, thereby we increased flow velocity. It
has been again found that by increasing velocity with higher mass flow rates the flow distribution became more
uniform.
If the inlet tube is vertical and the outlet tubes are horizontal, more uniform flow distribution was found with less
vapor quality when the mixture of two phase contains large volume fraction of liquid droplets (Figure 7). As a result,
all the outlet tubes were able to get similar amount of liquid droplets making the outlet qualities more uniform, which
was opposite to the distributor 1 and 3, where more uniform distribution was found with higher inlet qualities. We
also found that flow uniformity was achieved by increasing mass flow rates with constant inlet quality (Figure 8).
More studies need to be done for more inlet qualities with variable mass flow rate to predict flow distribution for
distributor 2. For all three distributors, pressure drops are increased, when the qualities are increased. Currently we
are working with an experimental setup to validate our computational models.
Gravity played and a crucial role on flow separation and distribution in this study. If the velocity is high enough which
can overcome the gravitational effect on the droplets, the flow separation can be avoided. This can create more
homogeneous flow distribution at the distributor’s outlet. However, higher velocity will introduce higher pressure
drops. Therefore, there should be an optimizing point between the distribution and the pressure drops, which we will
discussed in our future study.
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Figure12: Pressure drop comparison in the distributors with various inlet qualities and constant mass flow rate
80kg/hr.

4. CONCLUSIONS
CFD models of two phase refrigerant flow (R134a) has been investigated for three idealized distributors with various
geometry parameters and inlet flow conditions to study the response of the flow distributions at the outlets. The study
provided crucial information about how flow maps and distribution were effected by the variations of geometry, inlet
qualities, and mass flow rates. Gravity played a vital role in the flow separation and distribution. Flow separation can
be avoided with higher momentum of the droplets which resulted more flow uniformity at the distributor outlets. In
our preliminary validation of computational flow maps with experimental flow maps of Bowers and Hrnjak (2008)
for horizontal tubes shows a very good agreement. The flow maps are also compared with the Taitel and Dukler chart,
and Hewitt and Roberts chart for horizontal and vertical tubes respectively and found that our computational flow
maps are in the correct zones in the charts. The detail validation of our CFD results (outlet qualities, mass flow, and
pressure drops) will be validated with our experimental work in future. After the model validation, the two phase CFD
models will be utilized in the real evaporator distribution systems to predict flow distributions. Distributors with
horizontal inlet and outlets, show more uniform flow distributions, when the inlet qualities and mass flow rates are
increased. On the other hand, for vertical inlet and horizontal outlet tubes, more flow uniformity has been noticed with
less inlet vapor qualities and higher mass flow rates. These results are valuable information to design and optimize a
real evaporator distributors which will improve performance of evaporators. By accurately predicting flow distribution
in the distributor, our CFD model will save significant amount of time and cost compared to the existing experimental
model and will be an efficient tool in the HVAC industry.
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