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ABSTRACT

A major part of all chemical engineering procesd aperations is concerned with liquid-liquid twogsk flows
where knowledge of the hydrodynamics is essentiaité design and transportation through pipelifiee degree of drag
reduction of oil-water flow in pipeline is presedti® the present article. A model is developedstineate and analyze the
reduction capabilities of drag in the flow in thipgline. The flow pattern shifting based on effettirag reducing agent is
also enunciated in the present work. From the ptesgperimental results, as the drag reducing agententration
increased percentage drag reduction is increasee.afidition of 50-250 ppm of PEO causes about 1828 drag
reduction at oil fraction of 0.30. The study mayuseful for further understanding the flow behaviotimultiphase flow

in pipeline in petroleum industry.
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INTRODUCTION

The flow patterns, drag and its reduction are nimgtortant factors in hydraulic transport of gastid flow.

The effect of gas flow on the hydraulic transpdrflaid in a horizontal pipe may reduce or increéise pressure gradient
in multi-phase flow in comparison with the conventil hydraulic transport of single fluid, dependiog the physical
properties and input fluxes of the phases, andgitteeof pipe. In petroleum industries during trarsqtion and production,
two-phase oil-water flows in pipelines are commamtwrences. The oil and water transportation pigslican have
several effects such as interfacial structure betwal and water which complicates the hydrodynapnediction of fluid
flow. As explained by Brauner [1], the flow of timmiscible liquids is encountered widely in the ctieal and petroleum
industries. In liquid-liquid flows, as in gas-liglisystems, the two-phases can be distributed inpthe in many
configurations called flow patterns, differing froeach other in the spatial distribution of the iifatee. Charles et al.
[2] defined four flow patterns in their equal depsdil-water flow in pipes water droplets in oilprcentric water with oil
flowing in the core, oil slugs in water, and oildinle in water.

They found that the resulting oil-water flow patter were mostly independent of the oil viscosities.
Other investigators worked on the hydrodynamiggifreline with oil and water are Greskovich and &h}8]; Vedapuri et
al. [4]; Angeli et al. [5]; Jana et al. [6]; Xu [7Grassi et al. [8]; Domenico et al. [9]; Folettiat. [10]. The flow patterns of
oil-water flow in inclined pipes are limited thouglome authors observed some typical flow pattefrailavater flow.

Still there is a gap to study more about the flattgrns in the inclined pipelines. The reductionhaf pressure drop is of
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practical importance from an economic viewpointsitit may reduce the pumping energy of the fluidoimg pipeline,
hence reduce transportation cost, facilitate rejineading and unloading operations, improve thgdfimechanical

efficiency using active agents, and increase theuymstion rates.

Drag reduction is basically done in petroleum indes for transportation of liquid-liquid two-phadlew in
pipelines from the reservoir to the processinglitees [11-15]. Soleimani et al. [16] suggestedtttize reduction of
pressure can be done by elimination of small wangtle waves on roll waves rather than damping ofrtiilewaves.
Elimination of intermittent flow patterns are expstto have an effect on pressure reduction. Tmes,sure reduction can
occur due solely to changing the flow pattern [1]-Drag reduction work is scarce when it comestdtiphase flow,
compared to that achieved in single-phase flow. t\débghe literature available for drag reductionoidly for gas-liquid
systems. The present work deals with the investigatf the degree of drag reduction of high visclgsid-water flow in

an inclined pipeline.
EXPERIMENTAL

The experiments are performed in a horizontal piffee setup has designed and fabricated to invéstitye
hydrodynamic aspects of oil-water flow through thipe as shown in Figure 1. Test section is madevitip 0.025 m
internal diameter Perspex pipe of 1 m length. Watet oil were pumped into the test section usingrifegal and gear
pump respectively from the storage tanks. Afteainiihg steady state within a minimum of five mirsjtan intensive
observation of the flow phenomenon was noted amdaoginaphs were taken at the test section. Aftewifig through the
test section oil and water mixture enters into segarator where the gravity separation of the ghaskes place.

Oil and water were separated and recycled to #$eive storage tanks.

The same experimental procedure is repeated fterdift combinations of oil and water flow rateseThaster
polymeric surfactant Polyethylene oxide (PEO) wdifferent concentration is used to perform the expent for drag
reduction. The surfactant solution is injected ittte flow loop through a hole for the mixing purpasf fluids as per
design. An injection device is used for the purpddee flow rate is measured by a rotameter. Thithoteis used for
transferring the concentrated solution in ordeavoid the degradation that would have occurredptienp were used. A
U-tube manometer and pressure transducer with atagaisition system are used to measure the pressapeover a
length of pipeline. Reproducibility of the experintel data was checked by performing the experiraetgast four times.

The physical properties of the system are shovirable 1.

WsT

P 0T gp

Figure 1: Schematic Diagram of Experimental Setuptegend: B;-B,: Quick Closing Valves, OWST: Oil-Water
Separation Tank; TS: Test Section GP: Gear Pump, MPManometer Panel, FM: Flow Meter,
PT,-PT,: Pressure Ports, P: Pumps, OT: Oil Tank, WT: WaterTank, VB: View Box
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Table 1: Physical Properties of Test Fluids

: : . 50 ppm SDS | 100 ppm SDS| 200 ppm SDS
Physical Properties Oll Water Solution Solution Solution
Density (Kg/m) 889 1000 1000.133 1000.212 999.47
Viscosity (Pa.s) 0.107 0.001 0.00183 0.00185 0.0019

Surface Tension (N/m) 0.0032  0.07R 0.03900 0.0378 .033®
Interfacial Tension (N/m) 0.024 0.0052 0.0043 Q00

RESULTS AND DISCUSSIONS

From the present experiment, eight different typefow patterns are observed in all flow rateseytare plug
flow (PF), slug flow (SF), stratified smooth (SSjtratified wavy (SW), stratified mixed (SM), annulfiow(AF),
dispersion of oil in water (DOW) and dispersionvedter in oil flow (DWO). Plug flow is observed a¢ry low oil and
water superficial velocities. In plug flow very singlugs are seen in the water continuous mediuthatop of the pipe.
The pattern gradually changes with increase irand water flow rates. All the flow regimes are shaw a flow regime
map as shown in Figure 2. The slug flow is obserm#er the plug flow immediately by slightly incisag oil velocity.
There is a water bridge between two consecutivgsshith increase in oil flow rate. As the oil vekycincreases,
water-bridge disappears in between them and foonsruous of oil phase at the top of pipe and whadow and shows
stratified smooth. In stratified flow it is initigl characterized with smooth interface and waved atith no drops.
As the oil and water superficial velocities increasifter the stratified wavy flow developed, sndatip are formed at the
interface. Water is surrounded by the oil phaseadre annular flow. Dispersion of oil in water flavecurred at highest

superficial water velocities and lower superfi@dlvelocities. It is a continuous of both phases.
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Figure 2: Flow Pattern Map of Oil-Water Flow with 50 ppm PEO

The boundary of the flow patterns are changed whrehshown marking by solid boundary line. The degof
change of boundary of the flow patterns depencherstirfactant concentrations. As the surfactantemnations increases
the drag reduction also increases which resultsh@nging the boundary of the flow patterns. Thevfleatterns are
governed by the surface active forces between lthsgs and the wall shear stress during the flofuiof The interfacial
shear stress depends on the fluid properties anslifhvelocity. At higher concentration of thefawtant lower the surface
tension and reduces the interfacial stress attaindtuid velocity. In case of high viscous oib# with water, the effective

viscosity is reduced due to the change of sheassinith shear strain due to reduction of presswop. The drag-reducing
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agent has only a minor effect on transition fromoeth stratified to slug flow at low water and oiklecities.

But it is significant in case of higher surfactanhcentration.

Visual observation showed that the mechanism @ &lumation remains unchanged in the presencerédcant.

This may be due to a laminar liquid layer in sfreti flow which is not changed by the addition afd reducing
surfactant. The pressure drop of the stratifiedvflpattern prior to transition is not changed by heig surfactant
concentrations. At high oil velocity, an annulavil pattern will form. It is characterized as pdrttee water flowing along
the wall as a water layer, which can be extendddno oil drops as surface roughness, and part@sscentrained in the
oil phase in the core of the pipe. The annular flzattern at lower oil velocity becomes stratifiedo®th and stratified
wavy whereas at higher oil velocity this changestratified-mixed and, in which a fine size of dilops forms at the
lower part of the pipe.

At a very high superficial oil velocity an annuliow does not significantly change. At relativelgw oil
velocities the effectiveness of surfactant is gredttan that at higher oil velocity. At low oil wality the pattern changes
from annular to stratified flow very quickly but high oil velocity the change from annular to stied flow occurs in a
time period. First the frequency of the disturbameaeves decreases and eventually disappears; tieefioiln changes
pattern to stratified. The effect of oil velocity greater than that of water velocity. The draguictidn decreases with
increasing oil velocity. It is due to the high wedlocity in the annular flow. At high oil velocithe impingement of the oll
on the surfactant solution may cause to some extedegradation. This does not occur in the casstmattified flow.

In pipe flow, shear stresses are highest at the Wadé main drag reduction equation can be expdease

%DR = fwithout DRA fwith DRA %100 (1)

without DRA

In this equation (equation (1)fuinout pra IS the friction factor of the liquid without DRANE i pra IS the
friction factor of the liquid containing the dragducing agent in that liquid. The friction factdrtbe liquid is determined
using equation given by

d pAP
f=—r7+ 2
2L pU

Based on the operating variables of the presenlyst correlation has been developed to predictfahaing

friction factor for the oil-water flow in smoothge which can be represented by

f = (21011 2032:9(%}[

m

2 0001, - 12172
U, | Re, -
U Re v8005t5+019227

m

The ranges of applicability of the correlation arem 0.254x16 <Rg,< 2.54 x 10 and 0.021x 1
<Rex< 2.76x16. Generally the drag reduction is more predomirriaminar condition. The drag reduction can aleo b
predicted by the friction factor correlation addals:

frco = T
%DR,_, = leoo 4)

m,x=0
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In the scope of present study, a correlation hss laéen developed to predict the drag reducticn fasction of

oil holdup. Overall it is seen that the drag isuget with increase in oil holdup which can be repreed as
%DR = [0.0370+00153In(C,)]e, + 475C,°% )

The addition of 250 ppm of PEO causes about 32% drduction and phase inversion point in dispeftea

regime occurred at oil fraction of 0.30.
CONCLUSIONS
From the present study the following conclusions lsa made:
» The effect of drag reducing agent (DRA) on dragihasense effect on the flow regimes.

» At lower water velocities as the ppm level of dragucing agent is increased, drag decreased at \el@cities

of oil whereas at the higher water velocities &sititreased ppm level increased the drag.

» As the DRA concentration increased percentage igrdgction is increased. The addition of 50-250 mfrREO
causes about 18 t0 32% drag reduction at oil fsaatif 0.30.

e The drag reduction is interpreted in terms of wai@dup by developing a correlation which may befulsfor

further prediction of drag effect by drag reducaggent.

* The concept of developed correlations for mixtuiretibn factor and the drag reduction may prediet degree of

drag reduction in oil water flow for the specificad reducing agent.

* The present study may be helpful for further stwolyunderstand the complex behaviour of multiphdees f

through pipelines in oil industry.
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NOMENCLATURE
Cs Amount of DRA, (ppm)

d, Pipe diameter, (m)
DR Drag reduction, (%)

DRA  Drag reducing agent

fn Friction factor of mixture, (-)
L Length of test section, (m)
Re Reynolds number, (-)

Re Reynolds number of oil, (-)

Re, Reynolds number of water, (-)
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Uso Superficial oil velocity, (m/s)
Usw Superficial water velocity, (m/s)
Un Mixture velocity, (m/s)

AP Pressure drop, (Pa)

Pm Density of mixture, (kg/f)

Do Density of oil, (kg/n)

Pw Density of water, (kg/f)

vl Viscosity, (Pa s)

Mm Mixture viscosity, (Pa s)
Mo Viscosity of oil, (Pa s)

M Viscosity of water, (Pa s)

& Oil.holdup, (-)
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