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Abstract. Discharge, head, flow velocity and Reynolds number are flow parameters in pipe
networks. On the other hand, energy loss is one of the factors that affect the capacity of the pipe
as a means of distributing water flow. Energy loss 1s caused by several factors including the
roughness of the pipe walls associated with the pipe material. Due to the lack of attention to the
interrelationship of these factors, sometimes there are piping networks that do not work optimally
or do not function as expected. The purpose of this study was to determine the effect of changes
in discharge and head on flow parameters and energy loss in the piping network. This study uses
experimental research conducted in the laboratory. The primary data collection is quantitative
analysis with the main data collection through measurements using a series of pipes as a test
model, and is preceded by the collection of supporting data, namely the analysis of the
characteristics of the water sample. The characteristics of the water samples used are density (p)
1,000 kg/m3, kinematic viscosity 0.804 x 10-6 m2s, dynamic viscosity (1) 0.801 x 10-3 Nd/m2,
viscosity 8.5x10-7 m2/ sec, and specific gravity (y) 1.00355 gr/cm3, and a temperature of
29.50C. There are 3 discharge variations used, namely Q1 = 0.004 m3/s, Q2 = 0.003m3/s and
Q3 = 0.002 m3/s and variations in head Hl = 2 meters, H2 = 1 meter and H3 = 0.5 meters. The
results showed that due to changes in discharge and fall height caused an effect on flow
parameters in the piping network. The greater the discharge, the greater the energy loss, and the
greater the head, the smaller the energy loss. Changes in flow rate have a more significant effect
on changes in energy loss when compared to changes in head.

1. Introduction

Fluid flow in a closed channel is important so that an optimal planning process is needed [1,2,3]. Pipes
as distribution media have been widely used in industry and public water distribution. The advantages
of the pipe as a closed channel as a water distribution include lower water loss, and easier maintenance
when a blockage occurs. Another advantage is that it can be more easily used in areas where the source
has higher elevation than the distribution area. In addition, the pipeline flow is not directly affected by
air but by hydraulic pressure, the required land used is not extensive, less disruption to current activities,
and safety because the channel is closed, the risk to humans is less than an open channel during bad
weather, the size is larger [4]. A rather smaller size than the open channel gives closed channel more
flexiblity in its placement. It proveides a better water quality than the open channel because the water
[at flows is protected by the surface of the pipe.

In the installation of pipelines there will be flow resistance caused by factors of the pipeline installation
itself such as flow velocity, changes in pipe dimensions and the presence of tumns, as well as changesZh
the roughness of the pipe material. The flow resistance will cause a decrease in energy and pressure [5].
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The process of designing and planning a closed channel (pipeline network) is a very broad aspect and
requires an interrelated analysis of water demand (discharge), velocity, pipe diameter, pressure head fall
and so on. Due to the lack of attention to this energy loss, some of the existin§Jpiping networks do not
work optimally or in other words the network does not function as expected. Energy loss is one of the
factors that affect the capacity of the pipe as a means of distributing water flow. One of the important
things that affect network performance is energy loss. As a result of errors in calculating this energy
loss, it can cause problems, namely sometimes what is planned is not in accordance with what is
happening in the field, especially related to capacity and pressure on the piping network.

2. Theoretical background

Flow in closed channel

Closed channels which are usually circular in cross-section are used to flow fluids witE[A full flow
section. The fluid flowing through the pipe can be a liquid or a gas and the pressure can be greater or
less than atmospheric pressure. If the liquid in the pipe is not full then the flow is included in open
channel flow or because the pressure in the pipe is equal to atmospheric pressure, the flow is included
in open flow. The pressure at the surface of the liquid along an open channel is atmospheric pressure.
The basic difference between flow in an open channel and flow in a closed channel is the presence of a
free surface which is (almost always) air in the open channel. So if the flow pipe is not full so that there
is still a cavity filled with air, then the nature and characteristics of the flow are the same as the flow in
an open channel.

Reynolds number

Reynolds number (Re) is a number that does not have dimensiofwhich is an important factor in
analyzing the type of flow (laminar, turbulent or transition). Re is the ratio of the inertial force to the
viscosity force. Reynolds number:

Re= "2 (1

4 here

Re = Reynolds Number

v = average velocity of flow in closed channel (m/s)
d = pipe’s inner diameter (m)

p = density of fluid (kg/m3 )

p = dynamic viscosity of fluid (kg/m.s)

Head losses

Energy loss (Head losses) is a factor that affects the capacity of the pipe as a means of conducting flow
of both water and pipes [6,7,8]. Energy losses are divided into major and minor losses. Meanwhile,
minor losses are caused by changes in cross-section, joints, bends, valves and other pipe components.
Major Headloss (major losses) Major losses are losses in the flow in the pipe caused by friction that
occurs along the fluid flow that flows against the pipe wall. In a liquid flowing in the boundary plane,
there will be shear stress and velocity gradient throughout the flow field because of the viscosity. The
shear stress will cause a loss of energy during flow. The formula for finding the major pressure loss is
as follows:

Minor Headloss (minor losses) Losses that occur in the pipe system are caused by bends, elbows, joints,
valves. And Others are called minor losses [5].

Viscosity

The viscosity of a fluid is a measure of its resistance to the rate of deformation [6]. Viscosity or the
viscosity of a fluid is very important in analyzing fluid conditions and fluid motion. Real liquids are
substances that have a viscosity, while ideal liquids have no viscosity. This happens because of the
nature of cohesion between the liquid particles. The difference in particle velocity in the flow field

9
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occurs because of the viscosity of the liquid. Liquid particles adjacent to the boundary wall will have
zero velocity or rest, while those located at a certain distance from the wall will move. The change in
velocity is a function of the distance from the boundary wall. The flow of real liquids is called viscous
flow. This flow can be divided into 2 (two). If the effect of viscosity (viscosity) is dominant enough so
that the particles of the liquid move regularly in a straight line, the flow is said to be laminar. Laminar
flow occurs when the viscosity is large and the velocity is small. With the decrease in the effect of
viscosity or the flow rate increases, the flow will change from laminar to turbulent [9].

Pitot tube speed

Bemnoulli's law statement is the sum of the pressure, kinetic energy per volume, and potential energy per
volume at any point along the fluid flow is the same. That is, as the fluid flow increases, the fluid pressure
will decrease. Thus, the potential energy of the fluid will also decrease. Conversely, when the fluid flow
velocity decreases, the fluid pressure will increase. This law can be applied to various types of fluid
flow with several assumptions, as follows:

a) The fluid is incompressible.

b) The fluid has no viscosity (inviscid).

¢) Fluid flow does not change with time (steady).

d) Laminar fluf] flow (constant, no eddies).

e) There is no loss of energy due to friction between the fluid and the wall. And there is no energy loss
due to turbulence.

f) No heat energy is transferred to the fluid either as heat gain or loss. Bernoulli's equation is as follows:

Py+2pvE + pghy = P+ pv2 + pghy ...(3)

where:

P = Pressure (Pascal)

p = Density of fluid (kg/m3 )

v =EFAid Velocity

g = gravitational force (g= 9.8 m/s 2 )

h = height (m)

BdE®ulli's law is very useful in everyday life and is used in the following applications:
a) Pitot tube

Pitot tube is an instrument for measuring pressure in fluid flow. The Pitot tube was invented by the
French endP¥er, Henry Pitot [10] and modified by the French scientist, Henry Darcy [11]. Pitot tubes
have been widely used to determine the speed of aircraft and measure air and gas velocity in industrial
applications [12]. The velocity of the air in the pipe can be calculated using the equation:

v=,2gh .. .(4)

b) Venturimeter

In ideal conditions in fluid dynamics the Bernoulli equation and the continuity equation are the basic
equations used by the vefEfirimeter pipe, through the translation and substitution of the equations, the
formula for determining the flow rate in the venturi meter pipe is obtained. Based on the continuity
theory that the inlet and outlet holes of the venturimeter pipe which have different cross-sectional sizes
are so regular, the discharge between the holes is the same.

3. Research Method

The research was carried out in the laboratory by making a distribution network pipe model. To obtain
research data, the source of data used comes from primary data, namely data obtained directly from
simulations of physical models in the laboratory and secondary data obtained from literature and existing
research results, both those that have been carried out in the laboratory and carried out efffwhere. related
to velocity distribution research. The design of the network test equipment carried out in this study is as
shown in the following figure.
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Figure 1. Set up test equipment

Figure 1 shows a model of a rectangular test equipment set up. This network is equipped with a lower
water reservoir and an upper water reservoir as a place for water circulation, a valve as a discharge
regulator, a water pump machine that regulates the water supply from the lower reservoir to the upper
reservoir and a flow velocity measuring device.

This pipe test is intended to observe the flow characteristics that occur from the beginning of the flow
(upstream) to the end (downstream) with variations in discharge (Q). The initial stage includes the
preparation of tools and materials needed during the research. The calibration of the equipment was
carried out on manual pitot tubes and digital pitot tubes to obtain the relationship between the readings
of these tools. Manual pitot tube calibration is carried out with a digital pitot tube and installing the pitot
tube at the Measurement Point (TP) in the test pipe. And pitot is placed with the same height, which is
2 c¢m from the bottom of the test pipe. This test is carried out based on changes in discharge and fall
height. Variations in flowrate changes are Q1 = 0.004 m3/s, Q2= 0.003 m3/s and Q1 = 0.002 m3/s.
While the change in height of fallis Hl =2 m, H2 =1 mand H3 =05 m.

4. Results and Discussion
(Besults
The characteristics of the water samples used in this study are specific gravity = 1000 kg/m3, Density =
995.2 kg/m3, viscosity = 0.0804 x 10"-6 m2/sec and temperature = 29.5 oC. Meanwhile, the results of
the high pressure test due to changes in discharge and fall height on a straight pipe network can be seen
in the following table.

Table 1. The results of the high pressure test on the Pitot tube

h pitot (cm)

Running TP
Q1 Q2 Q3
TP1 49.49 37.40 22.40
HEAD 200  TP2 45.71 34.10 18.72
¢m TP3 41.39 32.84 17.35
TP4 31.88 19.20 5.00
TP1 48.08 37.01 18.75
HEAD 100 TP2 44.93 36.52 12.64
em TP3 43.52 32.15 12.36
TP4 19.09 11.47 5.00
TP1 31.00 19.93 5.83
HEAD 50 TP2 25.18 17.39 5.50
tm TP3 22.55 15.10 538
TP4 16.15 10.80 5.00
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Eiscussion

Effect of changes in discharge and fall height on flow velocity

To calculate the flow velocity on the network, Equation 2 is used, the results of which are shown in the
following figure:
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Figure 2. Effect of changes in discharge and fall height on flow velocity

From the picture above shows the effect of changes in flowrate on speed that the greater the discharge,
the speed also increases, and vice versa if the discharge decreases, the speed also decreases. In the same
condition, due to a decrease in head also results in a decrease in speed.

[ fect of changes in discharge and height of fall on the Reynolds Number

The effect of changes in discharge and height of fall on the Reynolds number can be seen in the following

figure
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Figure 3. Effect of changes in discharge and height of fall on the Reynolds Number




International Conference on Civil and Environmental Engineering 10P Publishing
IOP Conf. Series: Earth and Environmental Science 1117 (2022) 012069 doi:10.1088/1755-1315/1117/1/012069

1
In the picture above, it can be seen ge effect of changes in discharge and height of fall on the Reynolds
Number. The smaller the discharge, the Reynolds Number also decreases, and vice versa if the discharge
is large, the Reynolds Number will increase. Likewise, the decrease in the value of the Reynolds Number
is caused by a decrease in the height of the fall. This is because a decrease in both discharge and fall
height caufa decrease in velocity which results in a decrease in the Reynolds number. A large speed
will cause an increase in the Reynolds number in the pipeline network.
1
%ﬂx‘r of changes in discharge and fall height on energy loss
The major losses caused by friction of the liqufl with the pipe wall and minor losses due to the
connection were taken into account in the study. The effect of changes in discharge and height of fall
on the complete energy loss is shown in the following figure
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Figure 4. Effect of changes in discharge and fall height on energy loss

The effect of changes in discharge on energy loss (head loss) in straight pipe networks is that the greater
the discharge, the more energy loss (head loss) will be, and vice versa if the discharge decreases, the
energy loss (head loss) will also decrease. This can be seen at point (TP1) at the H1 fall height (0.2 m),
there is a decrease in the level of energy loss (head loss) from QI to Q2, namely from 0.25 meters to
0.17 meters or by 33.62%. Likewise, the decrease in energy loss (head loss) from Q2 to Q3 is 0.17
meters to 0.05 meters or by 66.87%. And at the point (TP2) at the H1 fall height, there was a decrease
in the level of energy loss (head loss) from Q1 to Q2, namely from 0.41 meters to 0.28 meters or 31.59%.
Likewise, the decrease in energy loss (head loss) from Q2 to Q3 is 0.28 meters to 0.1 meters or 65.96%.
In TP3 there is a decrease in the level of energy loss (head loss) from Q1 to Q2, from 0.56 meters to
0.38 meters or 31.29%. Likewise, the decrease in energy loss (head loss) from Q2 to Q3 is 0.38 meters
to 0.14 meters or by 64.55%. TP4 there is a decrease in the level of energy loss (head loss) from Q1 to
Q2, namely from 0.66 meters to 0.46 meters or 31.16% from Q2 to Q3 which is 0.46 meters to 0.17
meters or 62.18%.

On the other hand, the effect of changes in head on energy loss (head loss) is that the greater the height
of the fall, the smaller the energy loss (head loss). This can be seen at point (TP1) with Q1 discharge an
increase in energy loss (head loss) from HI to H2, from 0.25 meters to 0.35 meters or41.98%. Likewise,
the increase in energy loss (head loss) from H2 to H3 is 0.35 meters to 0.36 meters or 2.4%. At point
(TP2) with Q1 discharge there is an increase in energy loss (head loss) from H1 to H2, namely from
0.41 meters to 0.6 meters or by 52.66%. Likewise, the increase in energy loss (head loss) from H2 to
H3 is 0.626 meters to 0.639 meters or 2.05%. At point (TP3) with Q1 discharge there is an increase in
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energy loss (head loss) from HI to H2, namely from 0.556 meters to 0.892 meters or 60.25%. Likewise,
the increase in energy loss (head loss) from H2 to H3 is 0.892 meters to 0.893 meters or 0.12%. At point
(TP4) with Q1 discharge there is an increase in energy loss (head loss) from H1 to H2, namely from
0.664 meters to 1.017 meters or 53.11%. Likewise, the increase in energy loss (head loss) from H2 to
H3 is 1,017 meters to 1,093 meters or 7.4%.

Level of Effect of Changes in Discharge and Head Falls on Energy Loss

In this study, the discharge variation carried out is from Q1 =4 It/sec to Q2 = 3 It/sec and Q3 = 2 1t/sec.
This means that the decrease in discharge from QI to Q2 is 25% and QI to Q2 is 50%. While the
variation of the drop in height fell from HI =2 m to H2 = | m and H3 = 0.5 m. So the percentage
decrease in discharge from H1 to H2 is 50% and H1 to H3 is 75%. Figure 5 shows the level of influence
of changes in discharge and head on energy loss due to a decrease in discharge and fall height. The
purple color represents energy loss during Q1 HI1 which is the starting point for changes in discharge
and head.
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o
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B ure 5 Energy loss in straight pipe due to decrease in discharge and height of fall

Based on the picture above, it can be seen that changes in discharge result in greater energy losses when
compared to changes in height falling at the same observation point. For example Observation Point 1,
the change from Q1HI to Q1H2 is from 0.249 to 0.353 m or a change of 41.97% with a 50% decrease
in H1 to H2 while the change from Q1H1 to Q3HI is from 0.249 to 0.055 m or a change of 78% with a
decrease in Q1 to Q3 by 50% or equal to the percentage change in height falling from H1 to H2. Likewise
at Observation Point 2, the change from Q1HI to Q1H2 is from 0.410 to 0.626 m or a change of 52.66%
while the change from QIHI to Q3H]1 is from 0.41 to 0.096 m or a change of 76.71%. Observation point
3, the change from QlH1 to QIH2 is from 0.556 to 0.892 m or a change of 60.25% while the change
from QI1HI to Q3HI is from 0.556 to 0.136 m or a change of 75.64%. Observation point 4, the change
from QI1HI to Q1H2 is from 0.664 to 1.017 m or a change of 53.11% while the change from Q1H]1 to
Q3HL1 is from 0.664 to 0.173 m or a change of 73.96%.

EFXConclusion

Based on the purpose of this study, it can be concluded several things from the results of the research
that has been done, namely: The effect of changes in discharge on energy loss can be concluded that the
higher the discharge, the level of energy loss also increases. Vice versa, the smaller the discharge, the
lower the energy loss. This is because the increased discharge causes the mass of the liquid that rubs or
contracts with the pipe wall to increase in number. On the other hand, the effect of a change in the height
of the fall on the tissue is inversely proportional to the change in energy loss. The greater the height of
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the fall, the less energy loss (head loss) at the same discharge condition. This is because an increase in
head will cause an increase in speed, an increase in speed causes an increase in the Reynolds Number.
Changes in discharge are more significant in influencing changes in energy loss when compared to
changes in head.

REFERENCES

1.

Bakri, B. Arai, Y. Inakazu, T, Koizumi. A, Pallu S., Yoda H, A multi-step genetic algorithms model for
ensuring cost-effectiveness and adequate water pressure in a trunk/limb mains pipe system, Journal of
Water Supply; Research and Technology — AQUA, 64(2) (2015).

Hong, B. Li, Z. Di, G. and et all. An integrated MILP model for optimal planning of multi-period
onshore gas field gathering pipeline system. Computers & Industrial Engineering. Volume 146, August
2020, https://dot.org/10.1016/].cie.2020.106479.

Dbouk, H.M. Hayek, H. Ghorayeb, K. Modular approach for optimal pipeline layout. Modular approach
for optimal pipeline layout. Volume 197, February 2021. https://doi.org/10.1016/].petrol.2020.1079 34
Lehtola, M.J. Miettinen, I.T. Lampola, T and et all. Pipeline materials modify the effectiveness of
disinfectants in drinking water distribution systems. Water Research. Volume 39, Issue 10, May 2005.
https://doi.org/10.101 6/j.watres.2005.03.009

Sukharev, M.G. Kulaeleva, A.M. Identification of model flow parameters and model coefficients with
the help of integrated measurements of pipeline system operation parameters. Energy. Volume 232, 1
October 2021. https://doi.org/10.101 6/j.energy.2021.120864.

Yang, X.C. Cao, Y.G. Effects of head loss, surface tension, viscosity and density ratio on the Kelvin—
Helmholtz instability in different types of pipelines. Physica D: Nonlinear Phenomena. Volume 424,
October 2021. https://doi.org/10.101 6/}.physd.2021.132950.

Annan, M. Gooda, E.A. Effect of minor losses during steady flow in transmission pipelines — Case
study “water transmission system upgrade in Northern Saudi Arabia”. Alexandria Engineering Journal.
Volume 57, Issue 4, December 2018, Pages 4299-4305. hitps://doi.org/10.1016/j.a¢j.2018.12.002

Osra, F.A. A laboratory study of solid-water mixture flow head losses through pipelines at different
slopes and solid concentrations. South African Journal of Chemical Engineering. Volume 33, July 2020,
Pages 29-34. https://doi.org/10.1016/j.sajce.2020.04.001

Diaou, Z. Jiang, I. Ni, L. Mebarki, A. Shen, G. Electrification hazard of turbulent pipe flow: Theoretical
approach and numerical simulation. Process Safety and Environmental Protection. Volume 159, March
2022. https://doi.org/10.1016/}.psep.2021.12.045

Pitot, Henri. 1732. "Description d'une machine pour mesurer la vitesse des eaux courantes et le sillage
des vaisseaux" Histoire de I'Académie royale des sciences avec les mémoires de mathématique et de
physique tirés des registres de cette Académie

. Darcy, Henry. 1858. "Note relative 4 quelques modifications & introduire dans le tube de Pitot" Annales

des Ponts et Chaussées
Gean koplis, C J. 2003. Transport processes and separation process principles (include unit operations)
(4th ed) New Jersey, Prentice Hall.




Head_on_Flow_Parameters_and_Head_Losses_in_Pipeline_N...

ORIGINALITY REPORT

16, 16+ 8 8

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

.

cot.unhas.ac.id

Internet Source

3%

o

Submitted to University of Portsmouth
Student Paper

3%

e

www.ijettjournal.org

Internet Source

T

-~

WWW.scribd.com

Internet Source

T

o

Ichiro Tanaka Ichiro Tanaka, Shunsuke
Ohkouchi Shunsuke Ohkouchi. "Multi-
chamber Ultrahigh Vacuum Scanning
Tunneling Microscope System for
Investigating Processed GaAs Surfaces and
Observation of Argon-lon-Bombarded GaAs
Surfaces", Japanese Journal of Applied
Physics, 1993

Publication

T

Hiromune Obayashi, Yasunari Ikuta, Hironori
Fujishita, Koki Fukuhara et al. "The relevance
of whole or segmental body bioelectrical

T



impedance phase angle and physical
performance in adolescent athletes",
Physiological Measurement, 2021

Publication

=

Submitted to University of Aberdeen

Student Paper

(K

jopscience.iop.org

Internet Source

T

Submitted to University of Lancaster 1
Student Paper < %
B Bakri, S Pallu, R Lopa, F Maricar, A Sumakin, <1 y
M F Maricar, Ridwan. "Analysis of Sediment ’
Distribution at the Intake Structure", IOP
Conference Series: Materials Science and
Engineering, 2020
Publication
Submitted to Middle East Technical University <
Student Paper %
en.wikipedia.or '
Internet SouE)ce g < %
Submitted to Leigh High School
Student Paper g g <1 %
Submitted to The University of Manchester
Student Paper y <1 %
Bakri, B., Y. Arai, T. Inakazu, A. Koizumi, S. <1 o

Pallu, and H. Yoda. "A multi-step genetic



algorithm model for ensuring cost-
effectiveness and adequate water pressure in
a trunk/limb mains pipe system", Journal of
Water Supply Research and Technology—
AQUA, 2015.

Publication

annals.fih.upt.ro

Internet Source p <1 %
brainly.in

Internetszlurce <1 %
www.nanomedicine-rj.com

Internet Source J <1 %
Faisal A. Osra. "A laboratory study of solid-

19 | <l%
water mixture flow head losses through
pipelines at different slopes and solid
concentrations", South African Journal of
Chemical Engineering, 2020
Publication

Sufen Teng, Minquan Feng, Kailin Chen. "PIV <1 o
Experimental Study on Flow Field near Lateral ’
jet under the Condition of Vegetation", IOP
Conference Series: Materials Science and
Engineering, 2019
Publication
idoc.pub

InternetEource <1 %

mosser.scot



. Internet Source
22 ']
< %

Exclude quotes On Exclude matches <5 words

Exclude bibliography On



