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Abstract - In refrigeration and air conditioning systems, a vertical flash tank separator is one of the most important 
component that can be used to improve the system performance. Using vertical flash tank technique improves the effective 
area and enhances the heat transfer coefficient in the evaporator. However, enhancing and improving the performance of the 
vertical flash tank separator need further investigation. In order to provide an optimum configuration and performance, this 
paper provides experimental and numerical investigation of two-phase flow direction change effect on the performance of 
the vertical flash tank separator. Computational Fluid Dynamics (CFD) was used to assess the effect of flow direction 
change. Series of experiments were performed to test the CFD proposed configurations. The results revealed that the inlet 
flow direction has a significant effect on the performance of the vertical flash tank. The CFD simulations gave a good 
agreement with the experiments, all the simulations underestimated the liquid separation efficiency by approximately 0.02 
over the range of conditions tested. ANSYS 17.1 was used to carry out the simulation. The geometry of the vertical flash 
tank separator was generated by the ANSYS modular design based on the dimensions of experimental test section, then 
lunched to the ANSYS meshing to generate a suitable mesh.  
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I. INTRODUCTION  
 
Air-conditioning, refrigeration and heat pump 
systems are used widely in domestic and commercial 
sectors and these systems use similar components [1]. 
Much research is devoted to enhancing the main 
components of mechanical refrigeration systems such 
as compressors, fans and heat exchangers, and other 
work investigates cycle performance and attempts to 
reduce energy consumption. The vapour injection 
technique using a vertical flash tank is an effective 
way to enhance the system's coefficient of 
performance (COP). Flow classifications and two-
phase flow development at the inlet of the flash tank 
separator influence the separation performance of the 
separator which is consequently improved the 
refrigerant effect of the evaporator [2]. In 
refrigeration systems which use a vapour injection 
technique, a flash tank feeds the evaporator with the 
separated liquid, and the vapour is injected into the 
compressor [3]. Therefore, enhancing the 
performance of the vertical flash tank separator will 
enhance and improve the overall system performance. 
In mechanical vapour injection systems, the addition 
of a flash tank separator can play a role in enhancing 
the cooling capacity and system performance [3]. 
This modification reduces the high fraction of vapour 
(flash gas) at the inlet of the evaporator which is 
advantageous because (1) the vapour's heat transfer 
coefficient is lower than the liquid phase; and (2) an 
increased pressure drop is also experienced with the 
high void fraction which exists with the presence of 
vapour [4]. Some studies reported configurations that 
can be used to improve the separation 

performance.[5] suggested using a wire mesh and 
mist extractor to separate the liquid drops that move 
with the gas through the gas outlet as it is not 
economic to separate these drops by gravity alone by 
making the separator larger. [6] presented some other 
configurations for the vertical separator including 
inlet devices, wire meshes and mist extractors. Inlet 
devices reduce the momentum of the inlet stream and 
enhance the flow distribution of the gas and liquid 
phases inside the separator. The inlet device can be a 
diverter plate, half-pipe or vane. [7] reviewed the 
literature on the principles governing gravity driven 
separation of liquid-vapour two-phase flow and 
design methods for separators, focusing on ammonia 
as the working fluid. From the existing studies, there 
is a further need to establish fundamental design 
options for optimising the vertical flash tank 
separator and its configurations that can be used to 
enhance the separation performance. This paper 
provides an experimental and numerical investigation 
to improve and enhance the separation performance 
of the vertical flash tank separator by changing the 
flow direction of the inlet flow.  
 
II. GEOMETRY  
 
A. Based configuration geometry  
The body of the based configuration of the vertical 
flash tank separator (VFT-V5) has a 50 mm internal 
diameter and 5 mm wall thickness. There was no 
separation enhancer installed inside the vertical 
separator tank for the initial work. The separator has 
two outlets: the liquid outlet, which is at the bottom 
of the tank and has a 10 mm inside diameter (dL,out) 



International Journal of Management and Applied Science, ISSN: 2394-7926                                                 Volume-5, Issue-4, Apr.-2019 
http://iraj.in 

Experimental and Numerical Investigation of Two-phase Flow Orientation Direction Change on a Vertical Flash Tank Separator 
 

26 

, and the gas outlet, which is at the top of the tank and 
also has a 10 mm inside diameter (dG,out) , The 
appropriate length of the inlet tube of the vertical 
flash tank separator has been identified as 300 mm 
which was determined from previous experiment 
which is related to present study. The vertical flash 
tank separator was constructed using a transparent 
acrylic pipe to allow visual inspection. Fig. 1 shows 
the general geometry of the vertical flash tank 
separator. 

 
Fig. 1 Geometry of the based vertical flash tank separator; (a) 

3D domain geometry, (b) experimental configuration of the 
vertical flash tank separator. 

 
B. Proposed configuration geometry  
A proposed geometry of the vertical flash tank 
separator was fabricated with guidance from the 
series CFD simulations. In order to change the 
direction of inlet flow to direct it downwards, a 
square hole with a 25 mm hydraulic diameter was 
created on the bottom side of the inlet pipe, and the 
circular end of the inlet pipe was closed. The centre 
of the hole of 25 mm hydraulic diameter is exactly on 
the centre of the separator's body. This technique 
gives a downwards vertical direction for the inlet 
flow instead of the normal horizontal direction. The 
inlet flow is oriented in same direction of the gravity 
force, so the liquid droplets are directed downward to 
where the liquid outlet side is located. This 
arrangement is designated VFT-V5-OD. The domain 
of the vertical flash tank geometry was created in the 
3D mode with exploitation of the symmetry plane 
based on the experimental test section which is 
presented in Fig. 2. 

 
Fig. 2 Geometry of the vertical flash tank separator: (a) 

experimental test section, (b) Domain of the CFD simulation. 
 
III. MESH GENERATION  
 
A. Mesh quality  
The meshes created for the vertical T-junction 
simulations were created from tetrahedral elements 

which has benefits such as reduced computational 
time and improved mesh quality for three 
dimensional domains of complex shapes [8]. The 
meshes were generated and optimized using Ansys 
Meshing. An unstructured grid was obtained using 
global and local sizing parameter after a series of 
tests. According to the Fluent user guide [9], 
obtaining good mesh quality will give accurate 
solutions and fast convergence. The mesh quality can 
be represented by three factors namely, orthogonal 
quality, aspect ratio, and skewness value [10]. The 
orthogonal quality ranges from 0 to 1 and 0 
represents low mesh quality. The minimum 
orthogonal quality should always be greater than or 
equal to 0.01 [9]. The aspect ratio is relevant to the 
wall function and should be small enough to allow 
the solution to capture the flow details near the wall 
[11]. The skewness value, which is inversely related 
to solution accuracy, should be small enough to 
minimize error in the solution [12]. For the mesh used 
in the present simulations, the orthogonal quality was 
0.9 with a minimum value of 0.07, the aspect ratio 
was 3.56, and skewness value was 0.26. These values 
indicate that according to the established criteria, 
good mesh qualities were obtained and used in the 
present simulations.  
 
B. Mesh independence study  
The geometry of the based vertical flash tank 
separator VFT-V5 was discretised into tetrahedral 
elements and in order to generate a fine mesh near the 
walls, the inflation method was used. Fig. 3 illustrates 
the mesh of the vertical separator. Four computational 
grids of 8500, 180000, 220000 and 280000 were used 
to investigate the grid independence in the vertical 
flash tank case. A particular operating condition 
(�̇�=13.1 g/s and x=5.1%) was used to simulate the 
liquid separation efficiency for the different element 
number meshes. The geometry of the VFT-V5 was 
used to investigate the mesh number effect on the 
liquid separation efficiency. The Fig. 4 illustrates the 
significant effect of the different element numbers on 
the resolution of the interface of two-phase flow, 
based on liquid volum fraction distribution. It can be 
seen that there is no significant change in the liquid 
volume fraction and the smoothing of interface 
between the liquid and vapour when the mesh number 
increased beyond 220000. 
 

 
Fig. 3 Vertical T-junnction mesh with inflation near the walls 

for the 220000 element mesh case. 
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Fig. 4 Assessment of grid independence showing liquid volume 
fraction contours for different element numbers in the inlet of 
the vertical flash tank separator at developed region, (100 mm 
from the inlet of the separator for operating condition �̇�= 10.2 

g/s, x=5.2 %) 
 

Fig. 5 shows an assessment of grid independence for 
the vertical flash tank separator, showing the 
variation of the liquid separation efficiency of the 
VFT-V5 for different mesh elements. In this figure, 
the result for the 220000 and 280000 elements is 
close and the difference between them is 0.001. 
While the maximum difference of 0.401 was recorded 
between 8500 and 280000. 

 
Fig. 5 Assessment of grid independence for the vertical flash 
tank showing variation of liquid separation efficiency with 

number of mesh element for operating condition, (�̇�=13.1 g/s 
and x=5.1). 

 
As can be seen from the Fig. 5 the simulations using 
the two highest number of mesh elements achieved 
convergence with very low variation. In addition, the 
280000 mesh elements did not change the 
convergence significantly compared to the mesh with 
220000 elements. Therefore, the number of mesh 
elements selected for the primary simulations of the 
vertical flash tank separator of the present work was 
220000.  
 
IV. BOUNDARY CONDITION  
 
In order to generate simulations consistent with the 
experimental data, the same operating conditions 
were used in the CFD simulation. Water was used as 
the working fluid. At the inlet, the liquid droplet size 
was selected according to the expansion device 
design which has 400 holes with 0.3 mm diameter, so 
the liquid droplet diameter was selected to be 300 

μm. On the assumption that homogeneous adiabatic 
flow is formed directly after the expansion device, the 
velocity at the inlet of the horizontal tube can be 
calculated based on the homogeneous void fraction 
[13]. The inlet liquid velocity can be calculated from 
(1).  

 
Where the A is the total cross section area of the 
horizontal pipe, ρl is the liquid density, m ̇l is the 
liquid mas flow rate and αg is the gas void fraction 
which can be calculated from (2).  

 
Similarly, the inlet gas velocity at the inlet can be 
calculated from 

 
 
Where the ρg is the gas density, 𝑚 ̇𝑔 is the gas mass 
flow rate. The inlet boundary condition was specified 
as uniform velocity distribution for each phase at the 
inlet of the vertical flash tank. A pressure outlet was 
used for the outlet boundary condition. The no slip 
wall was applied for the wall boundary.  Selecting 
primary and secondary phases depends on the two-
phase flow pattern, in the present study the liquid was 
identified as primary phase and the gas was the 
secondary phase. Then, boundary conditions can be 
set up after selecting the primary and secondary 
phases. Velocity inlet was applied for the inlet two-
phase, while pressure outlet and no slip were applied 
for the outlet flow and separator wall respectively. 
The boundary conditions were obtained from the 
experiments.  
 
V. CFD SOLUTION SETUP  
 
In this study, double precision was used in the two-
phase flow simulation to obtain an accurate solution. 
However, the solution of the double precision is 
slower than single precision [14]. Serial solver 
manages file input and output, data storage, and flow 
field calculations using a single solver process on a 
single computer, while parallel solver allows you to 
compute a solution by using multiple processes that 
may be executing on the same computer, or on 
different computers in a network [9]. Therefore, serial 
solver was selected for the local machine. From the 
general task page, the solver type pressure-Based and 
velocity formulation Absolute have been selected. 
Steady state has been selected from time section. 
Gravity has also been activated on the Y-axis 
direction to consider the gravity effect on the two-
phase flow. The second-order scheme was used to 
discretise the governing equations including mass and 
momentum energy in addition to the turbulence 
transport and two-phase flow model.  
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VI. EXPERIMENTAL APPARATUS  
 
The experimental apparatus was designed and built in 
such a manner to investigate the two-phase liquid 
separation efficiency which is related to the present 
study. The experimental apparatus consisted of the 
test section (vertical flash tank separator), vacuum 
pump, condenser, heat exchanger and expansion 
device. Measurements including video recordings 
were used to ascertain the temperature, pressure and 
mass flow rate in the vertical flash tank separator. All 
the measurement sensors were connected to the data 
acquisition equipment. As the working fluid was 
water in this study, a special design was used for the 
expansion device. VisiJet crystal (EX 200 material) 
was used to fabricate the expansion device using a 3D 
printer model ProJetTM SD & HD 3500. The VisiJet 
material has a limited maximum working temperature 
of around 65 OC. The expansion device was designed 
to provide a uniform two-phase flow distribution 
across the inlet port of the vertical flash tank 
separator.  
 
VII. RESULTS AND DISCUSSION  
 
A. Separation efficacy and validation  
Fig. 7 presents the numerical and experimental results 
comparison and validation of the liquid separation 
efficiency of the VFT-V5-OD. The numerical and 
experimental results give the same trend of the liquid 
separation efficiency variation with the inlet mass 
velocity and in this case, the CFD underestimates the 
magnitude by about 0.01 across all the conditions. 
The orientation of the inlet flow has a significant 
effect on the liquid separation efficiency. There is no 
inlet jet impact on the wall of the separator, so no part 
of the liquid flow will be diverted toward the top of 
the separator. During operation and it is seen that 
there are very few droplets on the upper half of the 
separator. The observed two-phase flow pattern at the 
inlet was stratified flow. The error bars denote the 
estimated uncertainty of the efficiency due to the 
mass flow rate measurements from the experimental 
data. The highest value of the uncertainty in 
efficiency in the experiments for the vertical tank was 
about ± 0.058.  
 

 
Fig. 7 Comparison between CFD and experimental results for 

VFT-V5-OD. 

B. Separator’s configuration comparison  
Fig. 8 and Fig. 9 present the experimental and 
numerical results comparison respectively. Generally, 
the liquid separation efficiency is increased by 
increasing the inlet mass flow rate. The highest 
overall values of the liquid separation efficiency were 
achieved by the VFT-V5-OD configuration. In the 
VFT-V5-OD the separation performance is higher 
than that in the VFT-V5 due to the effect of the inlet 
flow direction change. The VFT-V5-OD 
configuration is more effective: the results revealed 
that the liquid separation efficiency is higher than that 
in the VFT-V5 configuration. The orientation of the 
inlet flow has a significant effect on the separator 
performance, it causes an increase of about 8 % in 
efficiency. There is no impact of the incoming jet 
flow on the opposite wall, and consequently, the 
liquid is not diverted to the top side of the separator. 
Fig. 8 and Fig. 9 show that the orientation of the inlet 
flow increased the performance of the separator 
dramatically. 
 

 
Fig. 8 Experimental results comparison for liquid separation 

efficiency. 
 

 
Fig. 9 Numerical results comparison for liquid separation 

efficiency. 
 
C. Vapour quality comparison  
Fig. 10 presents the experimental results for the 
vapour quality at the gas outlet of the vertical flash 
tank separator for both based configuration (VFT-V5) 
and proposed configuration (VFT-V5-OD) cross all 
operating conditions. The vapour quality has been 
increased as a result of applying the orientation flow 
direction change on the inlet flow techniques to the 
vertical flash tank separator. The results revealed that 
the highest value of the vapour quality was achieved 
by the VFT-V5-OD. Fig. 10 also confirms that the 
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orientation flow direction change can reduce the 
number of the liquid drops that move with the gas 
through the gas outlet, so the vapour state in the VFT-
V5-OD is close to the saturated vapour state 
especially at the high mass flow rates.  
 

 
Fig. 10 Experimental results for the vapour quality at the gas 

outlet of the based and proposed separator configurations. 
 
CONCLUSION  
 
Orientation flow direction change enhancement 
configuration for the basic vertical flash tank 
separator (VFT-V5) was investigated numerically and 
experimentally. The enhancement option was shown 
to be effective in increasing the liquid separation 
efficiency. The numerical and experimental results 
can be summarized as follows:  
 
1. The highest value of the liquid separation 

efficiency was achieved by the VFT-V5-OD 
configuration with a flow rate of 23.4 ± 0.2 g/s.  

2. The downward inlet flow orientation has a 
significant effect on the liquid separation 
efficiency as a result of preventing the 
impingement of the incoming stream on the 
inside wall. Without the downward restriction to 
flow direction, droplets impacting the wall can 
splash in the upwards direction, increasing the 
mass of liquid flowing with vapour through the 
gas outlet.  

3. The vapour quality at the gas outlet is also 
improved by the enhanced configuration and the 
highest value was achieved by the VFT-V5-
ODE.  

4. Reasonable agreement has been obtained 
between the experimental and numerical results, 
with the CFD typically under-predicting the 

liquid separation efficiency by between 1 % and 
2 % over the range of conditions tested.  
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