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PREFACE

The Activities of the International Conference is in line and very appropriate with the
vision and mission of Bandar Lampung University (UBL) to promote training and
education as well as research in these areas.

On behalf of the Second International Conference on Engineering and Technology
Development ( 2" ICETD 2013) organizing committee, we are very pleased with the
very good response especially from the keynote speaker and from the participans. It
is noteworthy to point out that about 80 technical papers were received for this
conference.

The participants of the conference come from many well known universities, among
others : University Kebangsaan Malaysia — Malaysia, APTIKOM - Indonesia,
Institut Teknologi sepuluh November — Indonesia, Surya Institute — Indonesia,
International Islamic University — Malaysia, STMIK Mitra Lampung — lampung,
Bandung Institut of Technology — Bandung, Lecture of The Malahayati University,
B2TP — BPPT Researcher — lampung, Starch Technology Center — Lampung,
Universitas Islam Indonesia — Indonesia, Politeknik Negeri Malang -
Malang,University of Kitakyushu — Japan, Gadjah Mada University — Indonesia,
Universitas Malahayati — Lampung, Lampung University — lampung, Starch
Technology Center — Lampung, Universitas Riau — Riau, Hasanuddin University —
Indonesia, Diponegoro University — Indonesia, King Abdulaziz University — Saudi
Arabia, Parahyangan Catholic University — Indonesia , National Taiwan University—
Taiwan, Surakarta Christian University — Indonesia, Sugijapranata Catholic
University — Indonesia, Semarang University — Indonesia, University of Brawijaya —
Indonesia, PPKIA Tarakanita Rahmawati — Indonesia, Kyushu University, Fukuoka
— Japan, Science and Technology Beijing — China, Institut Teknologi Sepuluh
Nopember — Surabaya, Researcher of Starch Technology Center, Universitas
Muhammadiyah Metro — Metro, National University of Malaysia — Malaysia.

I would like to express my deepest gratitude to the International Advisory Board
members, sponsor and also to all keynote speakers and all participants. | am also
gratefull to all organizing committee and all of the reviewers who contribute to the
high standard of the conference. Also | would like to express my deepest gratitude to
the Rector of Bandar Lampung University (UBL) who give us endless support to
these activities, so that the conference can be administrated on time

Bandar Lampung, 29 August 2013-08-26

Mustofa Usman, Ph.D
2"4 |CETD Chairman
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Effect of Superficial Velocity of Pressure Difference
on The Separation of Oil And Water by Using The T-Pipe Junction

'Kms. Ridhuanand %Indarto

LJurusan Teknik Mesin Universitas Muhammadiyah Metro
JI. Ki Hajardewantara No. 116 Metro Timur Kota Metro -HP 085366311404
ZJurusan Teknik Mesin dan Industri, Universitas Gajah Mada Yogyakarta
JI. Grafika No. 2 Yogyakarta Indonesia
Email : kmsridhuan@yahoo.co.id
Email : Indarto@ugm.ac.id

Abstract: Many ways that is done to separate a mixture such as kerosene-water, such as by
using branching pipes (T junction), the construction of the pipeline is composed of one side
of the inlet, the run up (straight) and sidearm (upwards). This research aims to determine
the effect of superficial velocity of mixture flow pressure difference at the T-junction that
occurs on a kerosene-water separation efficiency. Research conducted by using a test
section of the T-Junction with a 30 ° slope angle and radius bend 25 mm. pipe Material with
a diameter of 1.5 inch Fleksiglass. Media used kerosene and water. The variables measured,
namely that of kerosene and discharge water out through the side arm and run arm based on
superficial velocity of kerosene and water according the test matrices. The difference in
pressure at the T-Junction. Overall results of nicest phase separation occurs at 58% water
cut, Jmix = 0.36 m/s downstream flow barriers, with 40% in 550,7 Pa pressure resulted in
Fk = Fw = 97% and 2% that flows to the side arm, and Fk = Fw = 3% and 98% of that
flows to run arm. The smaller the value of water cut the better efficiency of separation is
achieved. The increasing speed of the shear stress of kerosene and superficial result in
increasing pressure fluctuations.Also increased pressure downstream barriers. On Jmix
0.36 m/s is highest pressure 1400 Pa, on PSD signal fluctuations of 8000. With the
increasing speed of superficial kerosene PSD magnitude decreased, and the strength of the
apex of the PSD increased. On a superficial water medium speed with increasing speed of
superficial water and kerosene for constant pressure difference loss occurring on the area of
the inlet and run T-junction
Keywords: speed, pressure, kerosene-Water, T-junction.
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INTRODUCTION

Proese processing and production
of the oil field in the world industry
applications, such as in the oil processing
industry. Where in the process of drilling
the material contained in crude oil (crude
oil) is made up of a mixture of water, gas
and oil. These components need to be
separated through a process of separation
thus generated a net oil which is then
forwarded to the storage tank. These
constraints continue to do ongoing efforts
for mengatsinya, one of which is the
construction of the piping system
installation T-Junction on the flow
distribution channel to replace the function
of the separator.

When the flow of two phase flow

through a T-junction uneven distribution
occurs on the quality of the mixture on
both sides of the exit (run and side arm)
from T-junction. The uneven distribution
of the fluid flow impact on other
parameters such as flow pattern and
pressure gradient/decreasing the pressure
on the inlet side to run (P12) and the inlet
side to side arm (P13) (Gunawan, 2009).

Research on pressure changes in
the pipe T-junction with fluid water —
kerosene has not been much research done
as T-junction with fluid water — air.
Research of flow characteristic of the
phase 2 through T-junction is mainly
concentrated on phase distribution and
pressure drop. Angeli and Hewitt (1998)
examined the effect of volume fraction of
water (water cut) and speed of superficial
the mixture against the pressure gradient
(pressure gradient) on a horizontal pipe
with internal diameter of 1 inch to stainless
steel pipes and pipe akrylic. Mixed speed
used between 0,3 m/s — 3,9 m/s. the
density of oil at temperature 20 °C 801
kg/m3 viscosity mPas, 1.6. From these
experiments are obtained on the condition
that a mixture with constant velocity water
cut, pressure gradient on the stainless steel
pipe is higher than acrylic pipes, this is due
to the stainless steel pipe roughness factor
greater than acrylic pipe.

278

Lovick and Angeli (2003)
conducted a study concerning the pressure
gradient to volume fractions of oil mixed
with speed variation, at pipa horizontal
stainless steel with inner diameter of 38
mm and as a working fluid is water and oil
(viscosity 6 mPas and the density of 820
kg/m®). Experiment results show that with
increasing percentage of volume fraction
of oil pressure gradient then tends to
diminish. Very small pressure gradient
changes with the rise in the volume of oil
fractions. Mix on speed 1 m/s — 3 m/s
occur reduction of pressure gradient which
tend to be large because of the addition of
a volume of water into the oil flow is
continuous.

Rodriguez et al (2005) examines
the pressure gradient in horizontal pipe
with fluid-mineral oil brine on the stainless
steel pipe diameter 3-in, roughness 4.5 x
10-5 m with properties of mineral oil (830
kg/m* density and viscosity of 7.5 mPas)
and brine (1060 kg/m® density and
viscosity mPas 0,8). Pressure gradient was
measured with the superficial velocity
variation of brine (Uws) and superficial
velocity of mineral oil (Uos) constant i.e.
0.02 m/s, 0.07 m/s, 0,3 m/s, 0.6 m/s, 1.5
m/s and 3.0 m/s

superficial Velocity :superficial Velocity
(J) (m/s) is defined as the ratio of the
volumetric flow rate of a single phase (V)
with broad transverse pipe (A). Here are
some equations to determine the
karaktristik of kerosene-water separation:
(Yang L Azzopardi, b. j., 2006)

superficial Speed:

Ay
Jis =——

A (1)
kecepatansuperficial Water :
5 _AJ

A

Kecepatan superficial campuran :
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R P ()8 () ()
dx ), \dx/, (dx/, (dx/,

Water volume fraction (water cut) :

Pressure gradient due to the

Ey =L change of speed on the connection T-

Jio + Jus (4) Junction determined by the equation

proposed by (w. Seeger and j. Reimann,
Fraksi volumekerosene(kerosene cut) : 1985), namely:
J

& = ] ksJ

ks T Yws 5

© ) _1, (60 8,

Two phase Flow pressure drop:Of two- d ), 2 " pny P

phase flow, pressure drop (changes in fluid
pressure that occurs because of two phase
flow through a system) is an important
parameter in the design. There is no
general correlation for two phase flow pml_[
pressure drop that is accurate, probably
because the correlation is used to represent
different physical situations. However, to
determine the pressure drop is held such an
approach considered homogeneous flow or

2 2\t
X +(1_X1) J (8)

€Po EwPu

separately. v s
to determine the pressure gradient @ T-—t—
on a liquid-liquid flow held approach with @
the flow are considered homogeneous or
separately. The flow is considered to be PR, -
homogeneous when both phases are mixed s —l:' - e gy

in with the good, while the flow is
considered separately if the phase-phase
flows physically separated with different
speed (Koestoer et al, 1994). Pressure drop
in two-phase flow is pressure from each
phase are determined empirically. The

Figure 1. Fluid flow through a T-junction

variables that influence it is the frictional In Figure 1, it appears that the flow rate on
pressure gradient, gravity and the side i.e. 1 point entrance (inlet), then
Acceleration, which can be formulated as head to the inflow branches (T Junction), a
follows: part of the flow towards the channel on

point 2 (branch) and partly to flow straight
to the point 3 (run). In this section some
separate streams, some are up and there are
continuing straight.
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RESEARCH METHODS

The research of using kerosene
fluid (density = 808 kg/m® and viscosity =
0,00192 kinematik kg/m.s) and water
(density = 998 kg/m® and absolute
viscosity = 0,00102 kg/m.s). Transparent
test pipes with a diameter of akrilyc
material in the 1.5 inch. T-junction angles
used are 30 with nice bends with a radius
of 25 mm.

In the early stages, the first water
tank dipompakan from shelter into the
pipeline until it

is full, the next of kerosene from the tank
dipompakan the shelter into the pipeline so
that kerosene and water will mix in a
mixer. Once the kerosene and water are
mixed in the mixer, then the flow rate are
both governed by using valves and
measured with flow meter with a value
magnitudes correspond to the matrix of
research tests in table 1. The flow of the
mixture then flows into the test section and
the magnitude of the mass fraction of a
mixture out of both outlets are measured.
Measurements of the flow pattern is done
by using a camera on the side inlet and
side of the T-Junction. Furthermore the
flow out of both parts are dominant to run
water and kerosene to the branch.
Furthermore the flow into sparator, then
separated, after which the water back into
the reservoir tank of the water and
kerosenepun so. Then in the same way do
the measurements for.
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Figure 2. Pipe installation scheme flow test equipment

Table 1. Research test matrix

No Kecepatan superficial air | o canatan superficialkeroseneJs

3,(m/s) (m/s)
1 0,10 0,10
2 0,15 0,12
3 0,20 0,14
4 0.25 0,16
5 0,30 0,18
6 0,35 0,20
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7 0,40

0,22
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RESULTS AND DISCUSSION

Research Conditions: In this study used
T-junction angle is 30° done with three
variations of downstream flow resistance;
pressure on the downstream Pd; = 550.7
Pa, the pressure Pd, = 1559.8 Pa, and the
pressure Pd; = 2018.3 Pa. Working fluid
used was kerosene and  water.
Measurements were performed by 49 data
for each setting downstream flow
resistance, with the magnitude of water
superficial velocity (Jw) and speed.

superficial kerosene (JK) that are
drawn in the test section is set using a
flowmeter. Jk value range = 0.10 m /s -
022m/sandJw=010m/s-040m/s
are made in the form of research test
matrix as shown in Table 1. If seen from
the magnitude of the volume fraction of
water (water cut) flowing in the pipe, the
measurement is started from ew = 31% -
80% and the mixture superficial velocity
was varied in the range of values Jmix =
0.20 m/s - 0.62 m/s . The measured
variable is the flow rate out of the side arm
and arm run, the pressure difference
between the inlet and run arm (AP;-2) as
well as between the inlet and the side arm
(AP;-3)using a differential  pressure
transducer (DPT) which is coupled with
other instruments the regulator and a
digital oscilloscope (DSO) which is
connected to a set of computer that is used
to process the data. To measure the flow at
the downstream side used of the
manometer-U.

Results of Phase Separation: Data results
are presented based on the comparison of
phase separation and kerosene fractions
fraction water flowing into the side arm on
the condition of water cut 58%, 64% and
71%, also on condition of downstream
flow resistance pressure of 550.7 Pa;
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1559.8 Pa and 2018, 3 Pa. Graph of phase
separation occurring in the T-junction.
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Table 2. Data phase separation with
water cut 58 %

Jw | Jk [ Jmi | FKk | Fw P

(m/ | (m/ | x downstre
S) s) | (m/ am

S) (Pa)

02|01|03|09|00| 5507
0 4 4 3| 2

02 101|03]09|08]| 15598
0 4 4 3 | 2

02|01)|03|09|04| 20183
0 4 4 0| 2

021 01,03/|08|00]| 5507
0 6 6 9 | 4

0201030909 15598
0 6 6 111

02 101|03]08|04]| 2018,3
0 6 6 6 | 7

02|01|04 09|01 5507
5 8 3 0] 2

02 01|04 ]09|08]| 15598
5 8 3 6 | 5

02 01|04 ]09|04]| 20183
5 8 3 1| 8

03]02|05|08|02| 5507
0 2 2 711

03102 |05]09|08]| 15598
0 2 2 4 | 8

04 |01|05|08|06| 20183
0 2 2 8 | 3

Phase separation results are shown
by Table 3. Good separation occurs at 58%
water cut, Jmix = 0.36 m/s or (Jw = 0.20
m/s and Jk = 0.16 m/s) and at a pressure of
550.7 Pa downstream barriers. Where 97%
kerosene fraction flowing into side arm
and 2% fraction of water flowing to the
side arm, it means to run arm Fk = 3%, Fw
to run arm = 98%, data on water cut 58%
complete can be seen in table 2 above.
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Table 3. Highest value on the separation
efficiency of the bend angle T-junction

ew=58% |ew=64% | ew=T71%
F|x H|F |x |[H|F |x |H
mi{l |( |m|1 |[( |m|]1l|(
% % %
) ) )
0,10, (9 |0,/0,|9 |0 |O |8
3 13 (73|39 (41|55
8 |9 8 |8 3 |1
Separation Efficiency Results: To

identify the optimal conditions for phase
separation, the separation of the data
plotted by comparison of the phase
separation efficiency (1) and integral mass
fraction (Fm). Efficiency of phase
separation that occurs with a peak
efficiency of 97%, which is integral to a
mass fraction of 0.38 and kerosene at the
inlet quality of 0.38. This condition occurs
in 58% water cut, Jmix = 0.32 m/s or (Jw
= 0.20 m/s and Jk = 0.12m/s) and a
pressure of 550.7 Pa downstream barriers.
For all the superficial velocity of water cut
and mix the same approach (Jmix = 0.32
m/s - 0.35 m/s) indicate that close to peak
efficiency at around 96% - 98%, occurred
in the setting of 550.7 Pa downstream.

If the data points are on the line
separating the first mixture of kerosene
and water flowing to run arm while the
second separation line means pure water
flow to run arm. This is because the effect
of the bend angle is the smaller angle
bends the centrifugal force of the phase
kerosene are also getting bigger so that
fractions of kerosene leading to side arm.
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Figure 3.The separation in the speed of
Figure 4. The separation in the speed of

the mixture Jmix = 0,36 m./s. the mixture
Jmix =0,43 m./s

Figure 5.The separation in the Speed of
Figure 6. The separation in the Speed of
the

themixture of Jmix = 0,52 m./sthe mixture
of Imix =0,34 m./s

The grating of the Superficial Speed
towards the Difference of the Pressure:
In this research was carried out by
observation of the difference of the
pressure by conditioning the superficial
speed kerosen constant and the superficial
speed water varied. The pattern of the
current that was formed as resulting from
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(digital osciloscope) that terkoneksi with
the computer with output the data took the
form of the fluctuation signal in the
tension, et cetera was analysed to the
fluctuation signal in the pressure.
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Figure 7. The observation point of the pressure in Inlet, Branch and run to Jmix 0,36 m./s
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Figure 9. The Signal PSD fluctuation
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Figure 10.The fluctuation in the pressureFigure 11. The Signal PSD fluctuation
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The analysis of the Fluctuation in the
Dengan Power Spektra Density Pressure
(PSD): The analysis spektra was an
analysis that was carried out to see the
spectrum of the frequency that was
contained in the data runtun time (time
series the data). The analysis spektra was
provided a basis for by the transformation
of the data from the time domain to the
frequency domain so as the spectrum of
the frequency that was contained could be
monitored. One of the forms of the
transformation that often was used was the
Fourier Transformation. The picture 8.
Showed generally the fluctuation in the
pressure that happened level along inlet-
branch, highest 1400 Pa. Even so in the
fluctuation signal PSD him

(the picture 9) highest 8000 PSD,
in frekkuensi 8, 10, 15, 21, and 23 Hz was
seen by the rise was somewhat high. In the
condition inlet-run (the picture 10 with the
superficial speed water (Jw) as big as 0,30
m/s and the superficial speed kerosene Jk
= 0,22 m./s. From the graph was seen that
the fluctuation in the highest pressure 2000
Pa, only two points. Was received the
frequency the PSD value of the peak 9000
happened in the frequency 2, 3, 5, 10.15,
and 20 Hz. Magnitude to PSD descended
with the increase in the superficial speed.
Gotten by the dominant frequency in the
frequency domain and the value of the
peak of PSD happened equitable for the
length of the frequency. With the increase
in the superficial speed Kkerosene
magnitude PSD experienced the decline,
and the strength of the peak of PSD
experienced the rise (the picture 11). On
the whole the fluctuation in the pressure on
the PSD analysis of showing the change in
the clear frequency, although not
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Figure 12. The current of Homogen kerosene-water to Jmix = 0,43 m/s
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However in the speed of the
mixture of Jmix = 043 m./s the
homogeneous current happened kerosene-
water (the picture 12) the two phases were
mixt and flowed with the same speed. Here
was seen that the fluctuation pressure was
high enough hinggga 2300 Pa (the picture
13), and the fluctuation signal PSD also
high and many that is 1300 PSD in the
frequency 3, 7, 10.14, 16, 17, 19 and 22
Hz (the picture 14). This showed that
increasingly big the value of the speed
superficial then will be increasingly big
also the value in the pressure that
happened of the fluctuation. This was
caused with the increase in the speed of the
significant fluid of the number of particles
of the fluid kerosene that went through the
wall even more so as to the tension happen
shifted to particles of this fluid that
resulted in the increase in the fluctuation in
the pressure.

The analysis of the Difference of the
Pressure on the Superficial Speed: In the
superficial speed of middle water (0.20 <
Jw < 0.30) and low kerosene was only
gotten by 2 layers of the liquid, kerosene
on the top and water underneath. The limit
between the phase more bergelombang and
the thickness of the layer kerosene thinner
compared with the pattern of the current
that was same in the speed water low. In
this condition the fluctuation in the
pressure resulting from the occurrence of
the fluctuation in the thickness of the layer
of the fluid in the limit between the phase
happened (the interface) that was stronger.

Moreover the tension shifted also
happened in the limit between the phase
where kerosene tended spread and formed
the layer just took the form of the mixture
kerosene and water didaerah the phase
limit. The increase in the superficial speed
kerosene and the tension shifted resulted in
the increase in the fluctuation in the
pressure (the picture 8). With the increase
in this speed the fluctuation in the quite big
pressure happened when certain. Generally
in the superficial speed water middle with
the increase in the superficial speed
kerosene and water constant the decline in
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the difference of the pressure on the area
happened inlet and run from T-junction
(the picture 10).

This change because with the increase in
the speed of the significant fluid of the
number of particles of the fluid kerosene
that went through the wall even more so as
to the tension happen shifted to particles of
this fluid. Moreover the tension shifted
also happened in the limit between the
phase where kerosene that his speed low
tended spread and formed the layer just
took the form of the mixture kerosene and
waterdibagian on the pipe and the area of
the phase limit. The increase in the
superficial speed kerosene and the tension
shifted resulted in the increase in the
fluctuation in the pressure. If the
superficial speed kerosene was increased
through to 0,22 m./s the pattern of the
current that happened was still staying
same that is disperse kerosene in water and
water homogeneous (the picture 4) where
the fluid consisted of the layer water
underneath and the mixture on the top with
the thickness of the layer of the mixture
that increased. With the pattern of this
same current of not happening the
fluctuation in the quite big pressure.
Generally in the superficial speed of high
water with the increase in the superficial
speed kerosene and water constant the
decline in the difference of the pressure on
the area happened inlet and run from T-
junction (the picture 10). When the
superficial speed kerosene increased
resulted in the increase in the momentum
of the mixture, the style of inertia to the
side of side arm bigger and tended the
fluid kerosene more dominant flowed to
the side of side arm

Pressure relations downstream towards
the speed superficial: From results
pegukuran was seen (the picture 12) that
with the obstacle to the valve downstream
40% pressure downstream will continue to
rise together with the speed increase
superficial. The increase in the superficial
speed kerosene and the tension shifted
resulted in the increase in the fluctuation in
the pressure downstream. Likewise to the
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obstacle to the valve downstream 78% and
90%. However to the obstacle to the valve
downstream 90% happened the rise in the
pressure downstream was significant
enough and  berfluktuatif. It was
increasingly big that the value of the speed
kerosen (JK) then increasingly big also the
pressure downstream that happened.
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Figure 15. Obstacle to downstream valve 40%
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Figure 17. Obstacle to downstream valve 90%
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CONCLUSION

Based On the research and results
of the analysis of the data that was carried
out could be taken by several conclusions
as follows:

1. On the whole results of the separation
of the best phase happened in water
cut 58 %, Jmix = 0,36 m./s, with the
obstacle to the current downstream in
the pressure 550.7 Pa produced Fk =
97 % and Fw = 2 % that flowed to side
arm, and Fk = 3 % and Fw = 98 % that
flowed to run arm. And separation
efficiency of the phase that was high
of 99 % happened in water cut 64 %,
Jmix = 0,36 m./s, Fm = 0.51 and x1 =
0.51 with the obstacle to the current
downstream 40% in the pressure 550

Pa. It was increasingly small that
thought water cut increasingly good
separation  efficiency that was
achieved.

2. Magnitude to PSD descended with the
increase in the superficial speed
kerosene reached Jk = 0,18 m./s.
Gotten by the dominant frequency in
the frequency domain and the value of
the peak of PSD happened equitable
for the length of the frequency. With
the increase in the superficial speed
kerosene magnitude PSD experienced
the decline, and the strength of the
peak of PSD experienced the rise.

3. The increasing speed of the shear
stress of kerosene and superficial
result  in increasing  pressure
fluctuations. With the speed increase
occurs considerable pressure
fluctuations at any given time. On a
superficial water medium speed with
increasing speed of superficial water
and kerosene for constant pressure
difference loss occurring on the area of
the inlet and run T-junction

4. The increasing speed of the shear
stress of kerosene and superficial
result  in increasing  pressure
fluctuations downstream. Increased
pressure downstream of the Pa teringgi
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2018,3 case on the drag valve
downstream of 90% and the value of
the speed of kerosen (JK) highest i.e.
0.22 m/s
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