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ABSTRACT

It isimpossible to construct piping networks without using pipe tees. The
pipeteesare aso called as T-junctions. They are used either for combining
the streams or for splitting the streams. Also they act as separators of two-
phase flow into individual phase-rich streams. Therefore, the T-junctions
not only act as connecting junctions but can also perform other important
tasks. Inview of thisthe present experiment has been carried out to elucidate
the effect of dynamic variable such asinlet flow rate and geometric variables
such as diameters of the arms of T-junction, and angle of orientation of
branch. Only inherent phase split has been studied i.e., the outlet ends of T-
junction are open to atmosphere. That means the outlet arms of the T-
junction are not kept installed in the piping network. It was observed that
the split ratio defined asflow in branch to flow in runisstrongly influenced
by theinlet flow rate, diameters and orientation. The data obtained on split
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ratio were analyzed graphically.

INTRODUCTION

Formation of pipejunctionsoccursquiteoftenin
piping networks, inarranging feeding and discharging
linesfor process equipment etc. Understanding theflow
phenomenathrough these pipejunctionsisessentid for
successful design, effective operation and good control
of the processindustries. Among different pipejunc-
tionsthat arelikely to exist, T-junctionsarethe mgjor
onesinnumber that appear ubiquitoudy intheindustria
piping. T-junctionsare generaly used asphase separa-
torsin gas-liquid flow, efficient compact oil-gas sepa-
ratorsin off-shoreoil rigs, compact and inexpensive
separatorsinrefineries, partid separatorsinnatura gas
production, static mixersetc. T-junctionsasofind wide
usesin fluid piping networks such aspipelines, inlet
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and exhaust sections of |C enginesand compressors,
insteam and gasturbines, injet gectorsetc.

Thestudiesonflow split havebeen mainly confined
to phase split in gas-liquid flow systems, in
microchannd T-junctiond?, solid-liquid separation of
surry®® andin compressiblefluids. A major number
of studieswerefocused on devel oping mathematical
modelsfor estimation of phase split®. Also onecan
presumethat the T-junction can beused asastatic mixer
and aphase separator owing toitsinherent geometry.
A good number of studies have been carried out on
mixing behavior in T-junctiong®. Somestudieswere
a so conducted with liquid-liquid two-phaseflow in T-
junctiong.

One can anticipate that the T-junctions could be
used either for dividing the streamsor for combining
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the streams. Whatever may bethe activity, at thejunc-
tion the hydrodynamics and transport phenomenacan
be expected to be highly complex in nature. Several
studieswerereported on pressurefluctuationswith two-
phase flow!®. The bubbling phenomenain case of gas-
liquid flow have also beeninvestigated®. Studieson
gas-liquid masstransfer in microchanne T-junctionhas
been reported®,

Mg ority of the situationsin which the T-junctions
used arefor single phaseliquid flow. It isimportant to
know how much fraction of flow occursin branch and
how much occursinrun. Inthe present article, theratio
of flow in branchto theflow inrunisdefined as split
ratio, whichisanimportant parameter that enablesone
to predict the flow ratesin branch aswell asin run.
Although many studieswere reported on phase-split of
gasliquid flowsandliquid-liquid flows, no comprehen-
Sveinvestigation hasbeen ever conducted on flow split
involving only liquid flow*Y, Inthisregard, an attempt
ismadetoinvestigate the effect of pertinent variables
onflow split ratioincommercidly available T-junctions
of different diameters.

Inview of thisthe author hastaken up the present
investigation to study theflow split a aT-junction by
changing theflow rate of water, orientation of T and
diametersat inlet, run and branch. For the present studly,
only inherent split characteristicswere obtained. Inher-
ent characteristicsmean that the T-junctionis not con-
nected to any pipe network at its exit ends. Under-
standing of theinherent characteristicsisnecessary to
carry out further studieson installed split characteris-
tics. Inthe present articlethe diameters of the arms of
the T-junction arerepresented intheformat { inlet; run;
branch}. For example{1; 1;% } means the inlet of the

TABLE 1: Dimensionsof the T-junctionsemployed in the
present study

Inlet dia Run dia Branch dia

S.No. Representation

(inch)  (inch) (inch)

1 Ya Ya Ya {% ;% %)
2 1 1 1 {111}

3 1 1 Ya {1 L1%}
4 1% 1% 1% {1%; 1 Va; 1 Y4}
5 1% 1% 1 {1Va; 1 Y 13
6 1% 1% Ya {1%; 1% }
7 1% 1% 1% {1%; 1% 1%}
8 1% 1% 1% {1%; 1% 1%}
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T-junction hasadiameter of 1inch, therun hasadiam-
eter of 1inch and thebranch hasadiameter of 34 inch.
All T-junctionsemployedin the present experiment were
or reputed brands purchased from open market. It is
ensured that all these pipe tees correspond to the
ASTM D2467 standard specification for PV C plastic
pipefittings of schedule 80. Various T-junctionsem-
ployed inthe present study werecompiledin TABLE
1.

EXPERIMENTAL

Theexperimental test rigemployed to carry out the
present investi gation hasbeen specificdly designed and
fabricated asper the schematic showninFigurel. The
gpparatusand equipment essentially consisted of acen-
trifuga pump, three storagetankswith gppropriate pipe
connectionsand astop watch. Thepiping section ‘ab’
connectspump ‘P’ to tank ‘S, the main storage tank.
ValveV, isprovidedinthissection.V, isagatevave
whichisclosed when the pump isoff and fully opened
before switching onthe pump. Thedischargeline ‘cd’
has two branches connected by atee. Section ‘de’ is
thebypassline, theflow through whichisregulated by
aglobevaveV,. Flow through the straight section “df”
iscontrolled by aglobevaveV .. Attheend of thestraight
section ‘df”, an adaptor ‘A’ is provided. The main test
section consistsof sections ‘gh’, ‘hj” and ‘hi’. The flow
splitisstudied for the T-junction “T”. Section ‘gh’is the
inlet tothe T-junction. Thelength of section ‘gh’ is taken
as2.5mtoensurefully developed flow. Theliquidjet
flowing through thebranchisshownassection ‘hi” and
theflow through therunisshown assection ‘hj’. In the
present experimentation, the orientation of branchwas
asovaried. Theangleof orientation isrepresented aso
whichisshownasinsetin Figurel. Theangle6 was
taken as 0°, 30°, 60° and 90°.

The pump isswitched on by keeping the bypass
valveV, fully open and the control valveV  isfully
closed. After 10 mins, the control valveV isdightly
opened dlowingtheflow into thetest section. Initialy
theflow will appear in only onearm of the T-junction.
Whicharmwill haveflow isdependent on theorienta-
tion of the T-junction. Once flow isobserved in two
arms, then the system was kept unchangedinthe same
position for two to three minutesto get flow stabiliza-
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A-adaptor, P-pump, T-T-junction, V, toV, - valves, S, t0 S, — storage tanks
Figurel: Schematic of experimental setup. Angleof orientation, 0 is shown in the inset

tion. Thentheflow ratesareobtained. Thesplitratiois
then computed astheratio of theflow ratein branchto
theflow rateinrun.

RESULTSAND DISCUSSION

In certain circumstances, dl liquid flowsin branch
and no liquid flow appearsin run. In some other cir-
cumstances, al liquid flowsinrunand noliquid flow
appearsin branch. In between thesetwo limits, there
exist varied flow ratesinthetwo arms.

Variation of fraction of flow in branch and run

Dataon fraction of flow in branch obtained inthe
present experiment at 0° orientation wereplotted against
total flow introduced into the T-junction{ 1, 1; 1} and
shownasplotAinFigure2. Thefraction of flow inrun
can be computed by subtracting thefraction of flow in
branch from unity. Observation of theplot A reveded
that at very low inlet flow rates, entireliquid flow oc-
curred only inbranch and noflow appearedinrun. The
reason for thiscan beattributed to thefact that at very
low velocitiestheliquid flow asafilmon the surface.
Sincethebranch of theteeisat 0° orientation, i.e., down-
wards, thegravitationa forcenaturally favorstheflow

of film downwardsinthebranch. Therefore, entirelig-
uid flow took place through the branch.
Astheliquidflow rateisincreased theliquid gained
momentum. Therefore, somepart of theliquidisforced
straight into the run and that portion of theliquidinthe
vicinity of thelower mouth passed through the branch.
Therefore, thereisadecreasein thefraction of flowin
thebranch, associated with anincreaseintherun. As
theinlet liquidflow rateisfurther increased, thefraction
of flow intherun steadily increased and thefraction of
flow inthe branch steadily decreased. At higher inlet
liquid flow rates, theliquid possesses high momentum,
sothat duetoinertiaentireliquid goestowardsrun only
and theflow through branch would disappear. Similar
trends were observed at 30° and 60° orientations as
revealed from plots B and C respectively. It is now
understood that theflow in branch would bemoreat 0°
orientation and asthe angleisincreased, the net gravi-
tational force acting on the fluid towards the branch
decreases, rendering theflow rate through the branch
to decrease. Thegravitationa forcewhichispullingthe
liquid into the branch acted totally in the case of 0° ori-
entation. Whereas, in 30° orientation, only the compo-
nent of thegravitational forceacted thusthereisade-
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Figure2: Variation of fraction of flow in branch for thepipetee{1; 1; 1}
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Figure3: Effect of orientation: Variation of flow split ratiofor pipetee{1; 1; 1}

creaseinfraction of flow through branchwhichisclear
from plot B. The component of the gravity isfurther
lessat 60° orientation. Consequently theflow ratein
the branch decreasesfurther at 60° orientation whichis
conspicuousfrom plot C. For 90° orientation different
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trendswere observed asshowninplot D. Initially, at
very low flow rates, moreflow took placethrough run
only becausethisisthestraight arm and dso duetofilm
flow. Astheinlet flow rateisdightly increased, thefrac-
tion inbranch increased and reached amaximum. Fur-
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Figure4: Effect of sizeof equal T-Junctions: Variation of flow split ratiofor 30°orientation
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Figure5: Effect of branch diameter: Variation of flow split ratiofor 0° orientation of reducing T-Junction having 1 1/4-

inch diaof inlet and run

ther increaseininlet flow rate caused adecreasein flow
through the branch. Exactly oppositetrends could be
observed with thefractioninrun. At higher flow rates,
entireflow took place through run only owingto the

momentum of theliquid. Similar trendswere observed
for dl other T-junctionsemployed in the present study.

Effect of orientation
Theflow splitratio, defined astheratio of flow rate
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inthebranchtotherunistheuseful form of representa:
tion of theflow split. Based onthediscussion provided
in subsection on Variation of fraction of flow in branch
andrun, it can beinferred that the split ratiowill vary
from oo to 0. Knowledge of flow splitisessentid tothe
designengineer incarrying out design of pipelines. The
flow split ratio thus obtai ned wasplotted against inlet
flow ratefor apipetee{ 1; 1, 1} for dl orientationsand
isshownin Figure 3. It isclear from the plots of al
thesefiguresthat theflow split ratio decreased within-
creasing velocity at al orientationsexcept 90°. For the
caseof 90°, thesplit ratio increased initially, reached a
maximum and decreased with further increaseininl et
flow rate. It can be understood from these plots that
thebranch hasmorepriority at lower liquid flow rates
andtherunispreferred at higher liquid flow rates. In
themiddlerangethere occursflow inboth branch and
run. Itisclear fromtheplotsof thefiguresthat the split
ratio decreased withincreasing flow rate. Inplot A the
trend followed alinear variation for thearrangement of
0° orientation. The plot B for the case of 30° orienta-
tion obeyed a concave curve unlikethe straight line
variation asin the case of 0° orientation. Asrevealed
from plot C, theflow split ratio appeared asaconcave
curve again but with more curvaturein the case of 60°
orientation. The plot D corresponding to 90° orienta-
tion a so behaved as aconcave curvewith higher cur-
vature. It can bereasoned that theflow split ratiowould
decreasewithincreasein orientation, whichisclear from
theplotsof Figure 3. Similar trendswere observed for
all other T-junctions considered in the present study.

Effect of sizeof equal T-junction

Inthissectiontheeffect of Szeof equa T-junctions
employedinthepresent experiment{ % ;% ; %}, {1; 1;
1}, {1%; 1 %; 1%} and {1 %; 1 '%; 1 %} has been
discussed. Asasample case, for 30° orientation, data
obtained on split ratio were compared and presented in
Figure4. It can be anticipated that themorethe size of
the branch, themoretheflow through the branch. Hence
moresplitratioisexpected for higher diameter. Thetrends
observed fromtheplotsof thefigureareaso according
to theexpected trend. Similar comparativetrendswere
noticed for al other orientations(graphsnot shown).

Effect of branch diaof reducing T-junctions
Inthis section the effect of branch diaof reducing

CHEMICAL TECHNOLOGY

T-junctionsemployed in the present experimenti.e, { 1
Ya; 1Y 1 Yy, {1 Va3 1 Va; 1} and {1 Y4; 1 Y4; %} has
been discussed. For 0° orientation, data obtained on
split ratio was compared and presented in Figure 5. It
can be expected that for the case of constant inlet di-
ameter of 1 Y inch and constant run diameter of 1 %4
inch, the branch diameters were varied as % inch, 1
inchand 1 % inch. It can be expected that as the branch
diameter isincreased theflow through the branchwould
be more, hence more split ratio would be observed.
Theplotsof thefigurereveded the sametrend.

Corrdation

An attempt has been madeto obtain acorrelation
equation for predicting the split ratio asafunction of
Reynoldsnumber at inlet, branchtoinlet diameter, angle
of orientation using nonlinear least squaresregresson.
However, the corre ating equations obtained represented
datavery poorly having avery high averageand stan-
dard deviations. All possible combinations have been
tried but no reasonabl e correl ation coul d be obtai ned
by the author.

CONCLUSIONS

The present investigation was carried out to study
theflow split ratio by T-junctionsof different diameters
of inlet and branch arms by employing flow of water.
Based on theandysisof these data, thefollowing con-
clusonsweredrawn:

1 Thesplitratioisstrongly dependent oninlet flow
rate and orientation of T-junction.

2 At 0 orientation the split ratio decreased linearly
withincreaseintotd flow.

3 At 30° 60° and 90° orientations, the variation in
splitratiowithtota flow followed aconcavecurve.

4 Thesplitratioisfound to decreasewithincreasein
angleof orientation.

5 Atagivenflow rate, higher split ratio wasrealized
for higher diameter of equa T-junction.

6 Thehigherthebranch diameter, thehigher the split
ratioin caseof reducing T-junctions.
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