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ment of the gas-liquid flow. In this study, the air and 
the water are used as the working fluids, with physical 
properties as follows: 3= 1.21 kg/mg , = 1.81g 

310 mPa s  , 3= 998.00 kg/ml , = 1.00 mPa sl  . 

The model inflow boundary is the uniform velocity 
inlet. At both outlets, the free outlet boundary is 
employed. The near-wall flow is resolved by the 
standard wall function. 
    The inlet, the straight arm, and the lateral arm gas 
volume fraction are calculated by 
 

=
+
gi

i
gi li

Q

Q Q
  , = 1- 3i

                                             

(1) 

 
where giQ  is the gas flow rate, liQ  the liquid flow 

rate, and the subscripts 1-3 refer to the inlet, the 
straight arm, and the lateral arm. 
    The split ratio is defined as the ratio of the 
mixture flow rate at the lateral arm to that at the inlet 
as follows 
 

3 3
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1 1

+
=

+
g l

g l

Q Q
F

Q Q                                                              

(2) 

 
    The superficial velocity of the mixture at the inlet 
is calculated according to the standard definition 
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where d  is the diameter of the tubes. 
    In order to evaluate the phase separation perfor- 
mance of the T-junction separator, the separation effi- 
ciency proposed by Yang et al.[8] is employed as 
 

3 3

1 1

= g l

g l

Q Q

Q Q
 

                                                            

(4) 

 
    Numerical results show that the pressure at the 
inlet is higher than that at the lateral arm but lower 
than that at the straight arm, because of the decelera- 
tion of the fluid while flowing through the T-junction. 
Due to the Bernoulli effect, there is a reversible pres- 
sure rise at the straight arm and the lateral arm. 
Various vortices are produced at the place where the 
fluid just enters the lateral arm, to cause a large pres- 
sure drop with turbulence and energy losses. Thus, the 
irreversible pressure drop at the lateral arm is larger 
than the reversible pressure rise. Meanwhile it is 
exactly the opposite at the straight arm. Thus we will 

have a pressure drop at the lateral arm and a pressure 
recovery at the straight arm, to provide centripetal 
forces for the fluids to turn into the lateral arm. In the 
gas phase, the inertial force is larger than the centri- 
petal force, which makes the gas phase preferentially 
flow into the lateral arm. Conversely, it is harder for 
the liquid phase to change direction and exit through 
the lateral arm than the gas phase.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Effect of inclination angles on phase split 
 

    In order to investigate the effect of the inclination 
angles ( )  on the phase split, the gas-liquid separa- 

tion behavior in different connecting structures in the 
angle range of o o0 < < 90  is simulated. Numerical 
results show that the flow of the gas-liquid mixture in 
the lateral arm is an approximately stratified flow for 
small inclination angles. With the increase of the 
inclination angle, the flow of the gas-liquid mixture in 
the lateral arm becomes a homogeneous flow. The 
reason is that the lateral arm is similar to a horizontal 
tube when the inclination angle is small. With the 
effect of gravity, the liquid subsides to the bottom of 
the tube while the gas rises to the top of the tube. The 
angle between the gravity and flow directions of the 
gas-liquid mixture will increase with the increase of 
the inclination angle, which will result in a reversed 
flow and strengthen the flow instability. Figure 1 
shows the effect of the inclination angles on the phase 
split. It can be seen that the inclination angles have 
little impact on the phase split in the range of o30 <

o< 90 . However, the phase split is quite sensitive to 
the change of the inclination angles in the range of 

o o0 < < 30 . This phenomenon can be explained 
through the intersecting lines. When the inclination 
angle is o0 , the gravity has little effect on the flow 
direction of each phase. When the inclination angle is 
more than o0 , the gravity effect will prevent the 
liquid from flowing into the lateral arm. Meanwhile, 
the intersecting line of the T-junction is long when the 
inclination angle is small. So the gas on the top of the 
tube has more chance to flow into the lateral arm, 
namely, the separation efficiency is promoted. But the 

 



 

 
 

175

lengths of the intersecting lines are basically the same 
in the range of o o30 < < 90 , thus the separation per- 
formance is also similar. In order to avoid the sensi- 
tive interval, an inclination angle of o60  is chosen in 
the following study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Effect of the number of connecting tubes on the phase 

split 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Schematic diagram of the flow loop 
 

    Figure 2 shows the effect of the number of con- 
necting tubes on the phase split. It can be seen that the 
greater the number of connecting tubes ( )n  is, the 

better the separator performs. The number of Y-junc- 
tions will increase with the increase of the number of 
connecting tubes. We will see the phase mal-distribu- 
tion, when the gas-liquid mixture flows through each 
Y-junction. At the same time, with more connecting 
tubes, we will have more space. The velocity of the 
gas-liquid mixture decreases, thus the residence time 
in the multi-tube Y-junction separator will increase, so 
the gas will have more chance to separate from the 
liquid. Therefore, better separation performance can 
be achieved if the number of connecting tubes in- 
creases. However, with more connecting tubes, the 
structural characteristics of the pipeline type separator 
are bound to be lost. Besides, it can be seen in Fig. 2 
that the multi-tube Y-junction separator performs very 
well when the number of connecting tubes reaches 
four under the present test conditions. Namely, there 
are still exchange of mass, momentum and energy 
between the straight arm and the lateral arm at the 
third connecting tubes. After the third connecting 
tubes, the flow becomes basically steady. 
    Based on the above research results, a multi-tube 

Y-junction separator with four connecting tubes is 
designed for the experimental investigation. The angle 
between the straight arm and the lateral arm is o60 , 
and the pipe diameter is 0.05 m. A schematic diagram 
of the flow loop is illustrated in Fig. 3. The air is 
drawn from the air compressor and metered by a cali- 
brated rotameter while the water is pumped from the 
water tank and metered by a calibrated turbine flow- 
meter. Then the air and the water are mixed by a 
simple mixing tee. After separation through the multi- 
tube Y-junction separator, the gas fraction and the 
mixture flowrate at both outlets are metered by 
Coriolis mass flowmeters.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Comparison between numerical and experimental results 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Effect of split ratio on separation efficiency 
 
    In the numerical simulation, the flow rates, the 
physical properties and the boundary conditions are 
set according to the practical experimental conditions. 
The numerical simulation results of the multi-tube 
Y-junction separator with four connecting tubes are 
compared with the corresponding experimental results 
(Fig. 4). In run #1, the mixture velocity ( )mU  is 0.64 

m/s and the gas fraction 1( )  is 0.26. In run #2, 

=mU 1.15 m/s  and 1 = 0.30 . It can be seen that the 

prediction results of the numerical simulation are in a 
good agreement with the experimental measurements. 
Therefore, the model used in this study is adequate to 
predict the gas-liquid separation behavior in the multi- 
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tube Y-junction separator with several connecting tubes, 
which is helpful to design the tube separator for prac- 
tical applications in industry. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 (Color Online) Gas-liquid flow splitting in multitube Y- 
junction separa- tor for different split ratios 

 
    Figure 5 shows the effect of the split ratio on the 
separation efficiency for three groups of numerical 
results. As can be observed, the separation efficiency 
firstly increases and then decreases with the increase 
of the split ratio. Namely, there is an optimal split 
ratio for the best performance of the multi-tube Y- 
junction separator. Figure 6 indicates the splitting of 
the gas-liquid flow in the multi-tube Y-junction sepa- 
rator for different split ratios. When the split ratio is 
fairly small, the liquid level is very low, with an 
amount of the gas flowing through the straight arm. 
As the split ratio increases, more gas flows into the 
first lateral arm. And due to the hydraulic jump, the 
liquid level rises in the lateral arm. Then the liquid 
will be carried into the gathering tube with the rising 
gas stream through the first lateral arm and drains into 
the subsequent lateral arm. However, the liquid level 
will provide a barrier preventing the gas at the 
gathering tube from flowing back into the straight arm. 
In this case, the complete separation is almost achi- 
eved. If the split ratio increases further, the gas stream 

will carry more liquid into the lateral arm. At the same 
time, the residence time of the liquid at the gathering 
tube will decrease, which makes it more difficult for 
the liquid to fall into the straight arm. This process 
will lead an amount of the liquid to exit with the gas 
stream from the lateral arm and an amount of the pure 
water to emerge from the straight arm. 
    A numerical and experimental investigation of 
the gas-liquid flow splitting with inclined lateral arm 
is conducted. The separation mechanism of the T- 
junction is studied by numerical simulations. A 
balance between the inertial force and the centripetal 
force is found to determine the direction of the gas 
and liquid two phase flow. The simulation results 
show that the separation efficiency strongly depends 
on the inclination angle for angles ranging from o0  

to o30 , while not so strongly for angles ranging from 
o30  to o90 . The multi-tube Y-junction separator per- 

forms better with the increase of the number of con- 
necting tubes. Under the present test conditions, the 
multi-tube Y-junction separator performs very well 
when the number of connecting tubes reaches four. 
Experimental and numerical results show that there is 
an optimal split ratio for the best performance of the 
multitube Y-junction separator. 
 
 
References 
 
[1]  Saieed A., Sam B., Pao W. et al. A Review of T-junction 

geometrical effect on two-phase separation [J]. ARPN 
Journal of Engineering and Applied Sciences, 2016, 
11(24): 14233-14238. 

[2]  Baker G., Clark W. W., Azzopardi B. J. et al. Controlling 
the phase separation of gas–liquid flows at horizontal 
T-junctions [J]. AIChE Journal, 2010, 53(8): 1908-1915. 

[3]  Zheng N., Zhao L., Hwang Y. et al. Experimental study on 
two-phase separation performance of impacting T-junction 
[J]. International Journal of Multiphase Flow, 2016, 83: 
172-182. 

[4]  Yang L., Xu J. An experimental study on gas and liquid 
separation at Y-junction tubes by pressure control [J]. 
Separation Science and Technology, 2017, 52(8): 
1496-1503. 

[5]  Margaris D. P. T-junction separation modelling in gas- 
liquid two-phase flow [J]. Chemical Engineering and 
Processing, 2007, 46(2): 150-158. 

[6]  Sun D. C., Zhang Y., Qiu S. Z. et al. Models development 
of liquid drops entrainment at a T-junction with a large 
vertical up branch [J]. International Journal of Heat and 
Mass Transfer, 2017, 110: 555-561. 

[7]  Desamala A. B., Vijayan V., Dasari A. et al. Prediction of 
oil-water flow patterns, radial distribution of volume 
fraction, pressure and velocity during separated flows in 
horizontal pipe [J]. Journal of Hydrodynamics, 2016, 
28(4): 658-668. 

[8]  Yang L., Azzopardi B. J., Belghazi A. et al. Phase sepa- 
ration of liquid-liquid two-phase flow at a T-junction [J]. 
AIChE Journal, 2006, 52(1): 141-149. 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


