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Abstract

Vibration control is achieved by increasing the pressure of the hydraulic damper through a differential
pressure gauge that connects to the main pipe, which in turn relates to the electric control valve where the
amount of pressure coming out of this valve can be controlled by differential pressure gauge. Thus the
hydraulic damper pressure and vibration inside the pipe are controlled. This was done in an actual water
pumping station. The operational conditions of that station are taken into account in terms of the pressure
generated and the flow rate at different times from the peak demand to the lowest consumption. A damping
system is manufactured and connected to reduce vibrations. The normal frequency is measured for several
types of fixations, and for the different circumstances in the experimental way. The results are compared
with the results calculated by the theoretical method where it is found that the rate of convergence of results
is very good and the rate is not exceeding 11.539%. In conclusion, the results have shown that the addition
of the hydraulic damper increases the amount of natural frequency of the pipes and thus reduces the amount
of response, which leads to a marked increase in the stability of the pipes during the flow. In addition, it is
possible to find the imaginary frequency that indicates the stability of the pipes. The results have shown
that the imaginary frequency can be reduced (increase stability) by adding a vibration damper to the piping
system.
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1. Introduction

Every year, huge economic losses occur in advanced countries due to the vibration of pipes. The annual
damage due to vibrations in pipelines in developed countries is estimated at 10 billion dollars, according
to Canadian experts. Therefore, research on the study of vibrations in fluid pipe conveying fluid systems
has an engineering and economic value [1]. Therefore, it is necessary to find control systems to reduce the
vibrations generated in the pipes. Pipes conveying fluid are widely used in aircraft power plants, ships,
nuclear industry, oil, and energy industry, metallurgy industry, power industry, biological engineering,
marine engineering, and in everyday life. The main purpose of pipes is to transmit energy or energy flow,
mass liquid flow. In all industries, pipes are used to transport fluids of all kinds. Despite this proliferation
and extreme importance of the pipes, these pipes are used in the different fields of the system and the
presence of vibrations, which leads to damage to the systems or damage to the pipes in addition to the
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resulting noise. In general, the behavior of dynamic for fluid conveying pipes is more complex than the
structure without fluid. When the tube is without fluid, the stiffness and mass are determined only by the
free vibrations of the structure (boundary conditions and degree of freedom). In this structure, the Eigen
values are attached to the parameters of the structure, subsequently, the natural frequency is singular. The
control type is then uncontrolled for vibrations generated, [2]. There, the pipe conveying fluid vibration
investigation by multi researchers with different parameters for pipe and fluid flow, then, the following
researches given same for this investigation, as,

At, 1995, C. H. Yau et. al., [3], developed an active control vibration system, a controller of robust, such
as a system with high flow velocity differences, without gain - scheduling or flow sensor, is developed.
The method of robust control is based on a latterly progressed sensitivity—based on Quantitative Feedback
Theory (QFT) planner, that allows the control unit to make a closed loop response to meet the quantitatively
definite requirements of performance despite that the system has significant differences in the parameters.
The QFT system results in a wonderful robustness stability in relation to changes in flow velocity.
Numerical simulations are done for the various controllers and to perform the activity of the suggested
control planner. Then, at 2003, Z. Jiao et. al., [4], the theory is explained in this study to test the active
control of the vibration in the fluid supply system with detailed water supply. This method is adjusted and
the robust control of various frequencies and disturbances of load are able to retain their vibrations at the
lowest level down speeds of the variable pump. The technology of multi-layer piezoelectric (PZT) orifice
valve is driven and is modeled with the feature of the proportional for an opening area of the generated
control voltage, small size, and high bandwidth for frequency.

Then, at, 2014, Zhen Wang et. al., [5], used the active control to find the algorithm of adaptive analysis
and frequency in the digital signal processing system. The researchers conducted the experiment on the
closed-pipe pump, where the acceleration was recorded with control and without control when the system
of the pump and pipes was at different frequencies. It was also found that the inertial motor can suppress
vibrations at the ends of the pipe and at the base point of the system. After this, at 2016, T. Zhang et al.,
[6], studied influence of the lumped masses and additional linear springs at positions arbitrary along the
pipe are taken into account in the equations mentioned above. The linearized dynamic equations are used
to find the natural frequencies of pipes with several various boundary conditions for the sake of verifying
the validity of the method when comparing the results obtained with the results obtained by other sources.
The nonlinear dynamic manner of the pipes with various boundary conditions by using the Runge-Kutta
diagram, is used to anatomize by solving the nonlinear equations. It is found that the method offered in the
research could effectively solve the problem of nonlinear vibration of fluid conveying pipes, with boundary
conditions general and extra masses and springs.

At, 2017, X. Dekui et. al., [7], they designed a type of MR pipeline vibration, and discussed the strategy
of the pipe clamp and the algorithm of semi-active control. They found during analysis and discussion that,
the MR damper which works on principle intelligent material can be modified continuously, with real-time
and good controllability. The algorithm of predictive intelligent feedback control, is a mechanism for semi-
effective control in vibrations. It is a virtual scheme that has wide global applications in control of
vibrations of hydraulic systems. Also, at same year, O. Kavianipour, [8], designed damper of
electromagnetic consists of DC motor, a permanent-magnet, a nut , and a ball screw. The main aim of the
present work is to reduce the pipe vibration eventual from the velocity of the fluid and allow it
to transform to the energy of electric. To implement this goal, the vibration and stability of the
beam sample were studied using Newmark and Ritz methods. It was noticed that increasing the velocity
of fluid results in a decrease in the movement of the free end for the pipe . The simulation showed the
results which the designed damper controlled of electromagnetic semi-active by the control strategy oft-
on damping where the vibration amplitude was lowered for the pipe around 5.9 %, energy of
regenerated about 1.9 (MJ/sec). It showed also that the designed electromagnetic damper semi-active has
a best energy regeneration and performance more than the electromagnetic damper passive. Also, at 2017,
M. J. Jweeg et. al., [9], studied the dynamic behavior for vibration pipe with effect of different crack
parameters. Where, the investigation included calculated the natural frequency for pipe conveying fluid
experimentally and analytically techniques. Thus, the experimental work included build a vibration pipe
rig to measurement the natural frequency of pipe, and, the analytical solution included drive the general
equation for motion for pipe and then solution its equation for simply supported pipe. In addition,
comparison the results obtained by experimental and analytical solution together. Also, at same year M.
Al-Waily et. al., [10], investigation the effect of crack angle on the dynamic behavior for pipe by using
experimental and numerical techniques. Thus, the numerical technique used finite element method to
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calculate the natural frequency for pipe with different crack angle effect. After this comparison the results
calculated by experimental results obtained.

Finally, at 2019, D. S. Hussein et. al., [11], studied the active control for vibration pipe with various flow
and damper parameters effect. Thus, the investigation included calculated the vibration response and
control for pipe vibration by using analytical solution. Where, the analytical solution included drive the
general equation of motion for vibration pipe conveying fluid, and then, solution its equation by using state
space method to calculate the vibration response for pipe and the control of pipe with different parameters
effect. In addition, at same researchers and year, [12], used bode diagram technique to calculated the
stability for pipe with different damper and flow fluid parameters effect. Where, the investigation included
used the analytical solution presented in [11] to drive the bode diagram for pipe.

There, in this study presenting design for active damper to control on the vibration response for pipe
conveying fluid. Thus, the investigation including manufacturing active damper and supporting on the
vibration pipe system, and then, variable the damper coefficient accordant on the vibration response, to
control on the vibration response pipe with constant value at different flow parameters effect. In addition,
calculating the natural frequency for pipe experimentally and then comparison the results with analytical
natural frequency results, calculating by solution for the general equation of motion for vibration pipe, for
different pipe boundary conditions and various damper and fluid flow parameters effect.

2. Analytical Investigation
A theoretical analysis of the dynamical behavior and vibration of fluid conveying pipes will be offered in
this study. For clarity, at the beginning, studies dynamics, and stability of pipe conveying fluid and then
studies the active vibration control of pipes fluid conveying. So as to conduct an overall investigation into
the dynamic behavior of pipes conveying fluid, a lot of solutions will be attempted. Based on former
researchers, the task will focus on the analyses of the stability of the zero balance status of fluid conveying
pipes under pulsating flow. Primarily, the motion differential equation of pipes is built, secondly, the
differential equation of system state is gained through reduced order treatments, discretization and
dimensionless. Then the average method in used to forerun average treatment on the differential equation
of system state, based on the averaged independent equation, analyzing the stability of zero balance status.
The vibration characteristics for non-conservative and conservative fluid conveying pipes will be
investigated. Estimates of the natural frequencies for pipes is the essential purpose of this analysis, [13-
17]. For that, there is a needed to gain the linear equations of motion in the district for the position of
equilibrium. When the pulsating flow and external force are neglected and the pipe is in the steady state,
the linearized equation will be, [11-12],

fj + 2Mugn’ + [u3 + " +n™® =0 (1)
The Eq. (1) is inhomogeneous where the derivative coefficients of 1) are frank functions of T and & then the
discretized equation of motion above, by using the Galerkin’s way let,

&0 = 22, ¢i(8) qi(D) )
Where, ¢;(§) is an comparison function, q;(t) is an generalized coordinate where they satisfy all the
boundary conditions. Choose the first three orders to manage researches, that is,

NG, 0 =2 $i(8) qi(0 = ¢1(8)q1(0) + ¢2(8)qs(v) + $3(§)qs(T) 3)
where, ¢; are vibration model depending on the pipe supported, then,

I. For pipes pinned at both ends, the function of its vibration model is,

b =V2sin(4f), =123 (4)
Where, A; =, A, = 2m, A3 = 3w, which, A; , A, and A3 are pipe eigenvalues.

II. For pipes fixed at both ends, the function of its vibration model is,

cosh(}j)—cos(Ay)

¢1 = cosh(h) — cos(h) + SR [sin(48) — sinh D], i =123 5)
Where, A; =4.73 , A, =7.8532 , A3 =10.9956

II.For pipes pinned at one end and fixed at another end, the function of its vibration model is,

¢s = cos(A}) — cosh(AF) + SoaB— [sin(4E) — sinh (4], i =123 (6)

sin(Aj)—sinh(};)
Note that A, = 3.9267 , A, = 7.0686, A; = 10.2102.

Iv. For pipes (cantilever), the function of its vibration model is,

inh(;)—sin(d; . . .
¢ = cosh(A®) — cos(W®) + SREEmE [sin(A48) —sinh(AD], =123 )
Note that A; = 1.87512 , A, =4.6941 , A;=7.85476.
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Then, Eq. (2) is converted into matrix type, assuming,

¢4 d1
b = (1)2}, Q = {qZ}
(1)3 qs
Then,
nE, D =0"Q=Q"® (®)
By compensation of Eq. (8) into Eq. (1), and assuming, H = u3 + II, then,
$TQ+2MupdTQ + H"TQ + ¢TQ =0 ©)
By multiplying ® with two sides of Eq. (9) and then,
¢ ¢TQ+2Mrugh ¢'Q+ Hp ¢"Q + ¢ $*TQ =0 (10)

The procedure § integral to Eq. (10) within interval [0,1], then the representation according to
orthogonality, [18-21], for the function of trigonometric,

(Lol ol [asol\
fooTds=1=] [1dT [ dpdb] f01¢3¢'£ldz=( 1 )
[roidl [ bad] [M sl 1
Jy o105 f) b0 ) dadT bii bi, bis
LooTdE=B=| [Tdids [l badsT [ bsdyT dz=<b21 ba b23>
o105 [ dadsT [ sy
0 0 0
fo @101" Jy d2f" [ dabi” o
Lo TdE=C=| [T didsT [ badiT [} dspsT dz=(6u C22 ch)
[T [TpdtT [ ettt 1 Gz G
0 0 0

LT [T 0T sl 2
Lo o@TdE=A=| [To;0PT  [FoadlTT [l a0l |dg = 23 (1)
Rt R A S L AP WA X
0 0 0

The specific boundary conditions are ¢, , ¢, and ¢3 which are the first three mode functions, then,
I. For pipes pinned at both ends, the B and C matrixes are,

0 26667 0 —(m?) 0 0
B=|(26667 0 -48),c=| 0 —(2m?) 0

0 4.8 0 0 0 —(31?)
II. For fixed pipes at both ends, the matrix B and C are,

0 —3.3421 0 —12.3028 0 9.7315
B = 3.3421 0 -5.5161 ), C= ( 0 —46.0501 0 )

0 5.5161 0 9.7315 0 —98.9047
II1.For pipes pinned at one end and fixed at another end, the matrix B and C are,

0 —2.9965 0.3167 —11.5126  4.2814 3.7993
B= < 2.9965 0 —5.1468), C= ( 42814 —42.8964 7.81913 )
—0.3167 5.1468 0 3.7993 7.8191 —94.0376
Iv. For pipe (cantilever), the B and C matrixes are,
2 —4.75948 3.78433 0.8581 —11.7433 27.4531
B= <0.75948 2 —6.22218), C= ( 1.8738 —13.2942 —9.04205)
0.21566 2.22218 2 1.56453 3.22935 —45.9043

Then, by using Eq. (11), after the reduced order through Eq. (10), the discretized equation is shown below,
as,

1Q + 2M,uy,BQ + (CH+A)Q =0 (12)
Where,

(1) a1 d1
Q= EQZ} Q= {fh}, Q= {QZ}
ds ds ds

ISSN 2076-2895 (Print), ISSN 2076-2909 (Online) ©2020 International Energy & Environment Foundation. All rights reserved.



International Journal of Energy and Environment (IJEE), Volume 11, Issue 1, 2020, pp.29-64 33

When, Q = Qi, Q = —Q2. Then, Eq. (12) become,

(102 + 2MuBQi+ (CH+A))Q = 0 (13)
Or,
S11 S12 S13
(102 + 2MuBQi+ (CH+A)) =S = <521 S22 S23) (14)
S31 S32 S33

Where,

S11 = AT + Heqq + 2Mpugby Qi — Q2

S12 = Heqp + 2Mugb,,Qi,

s13 = Heyz + 2Mugb,5Qi

Sp1 = Heyq + 2Mpugb, Qi

Sp2 = A3 + Heyy + 2Mugb,,Qi — 02,

Sp3 = Heyz + 2Mpugb,3Qi

s31 = Hegq + 2Mpugbs; Qi,

S35 = Hegy + 2Mpugbs,Qi,

S33 = A3 + Hcgg + 2Mugbs3Qi — Q2

By setting |S| equal to zero, [22-25], it is possible to evaluate the natural frequency (). The following
characteristic equation comes from the expansion of determent above,

Q% — k0% — k0% — k303 —k,0%2 —k;Qi—ky =0 (15)
Where, the constants kg , kK , ks , ks, k4 , ks depend on the boundary conditions of pipe, and can be using
as listed in the Table 1.

Table 1. Parameter Constants for Pipe with Various Boundary Conditions Supported.

Pipe Supported

Pinned-Pinned Clamped-Clamped

Parameter
Constants

K (—34609.9 H3 +0.478222 % 107 H? —) ( —51673H3 + 0.148296 * 108 H% — )
0 0.165195 * 10° H + 0.119786 * 101° 0.120933 * 10'° H + 0.278330 = 1011

k, 0 0
+3436.55M2uéH — 233439M2uj — +4481.05M2uiH — 714029M2uj —

k; 4773.04H% + 555683H — 6243.22H% + 0.134854 * 10’H —
0.132176 * 108 0.648214 = 108

ks 0 0

Ky (—138.175H + 9546.1 + 120.608M?Zu3 (—157.258H + 18922 + 166.388M?2u}

ke 0 0
Clamped-Pinned Cantilever

K (—43139.2H3 + 0.877896 = 107 H? —) (+441.872H3 + 8265.4 H? +)

0 0.478995 = 10° H + 0.645029 = 101° 684784 H + 0.228488 = 108

—154473TM,u, + 1835.27T2M
ky (—0.0613238TM,u, + 0.005T2M,up) ( rio + rio +>

(7604890 * 107 M,-u,)
+565.864M2u%H — 123009M?u? —
567.72H?% + 69941.7H
—0.190122 * 107
(+374. 357TM,uy — 432. 196M§u3>
—34435.5M,u,
—58.3405H + 4304. 44
( +114.502M?2u3 )

ks 0 (+12M,u,)

I ( +4030.57M2u3H — 416514M?2u3 — )
> \5516.43H2 + 887358H — 0.303083 * 10°

ks (+0.003TM,u, — 0.001M3u3

k, (—148.447H + 13601.8 + 142.275M?u3
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3. Experimental Work

The experimental part will be divided into two main sections. First, the measurement of the natural
frequencies of the water conveying pipe at the water pumping station for citizens and for different boundary
conditions will be presented. Secondly, the experimental section will analyze the vibration control of water
conveying pipe. In this procedure, the data acquisition (DAQ) with the LabVIEW 2018 program will be
used, which senses the vibrations by two accelerometer sensors, converted into electrical signals dealh
with by the device.

3.1 Test Model

For measuring the natural frequencies and investigating the effect of the water pressure on the natural
frequencies, and calculating the dynamic behavior of the pipe for the uncontrolled and controlled
responses, Table 2 shows the main specifications of this model.

Table 2. Specifications of the test model.

Material D, (mm) D; (mm) E (GPa)
Steel iron 160 153 206

3.2 Water Circuit

In all tests, water was used as a flowing fluid where the pumping system (centrifugal pump) was connected
with a discharge capacity (100 m3/ h), a pumping capacity of (10 bar), a lifting capacity of (60 m), then a
flow control valve (Butterfly Valve) followed by flexible joint, then check valve (Back - Stop Valve ) and
a pressure gauge on the water conveyor pipe where water moves through this pipe to filters, as shown in
Fig. 1.

Pipe 6" ( test pipe)

From the river

S Flow check valve
=

=] o the citizens ible

flexible joint

-

Butterfly valve

Pipe 8"
Reservoir collecting
water from the river

Figure 1. AutoCAD drawing illustrates a schematic diagram of the water circuit.

3.3 Experimental Rig

The rig consists of some main parts; centrifugal pump with an electric motor capable of 55 kW that draws
water from the collection tanks coming from the river and pushes it through a 6-inch diameter pipe. This
pipe is directed towards filters and attached to the pressure gauge and differential pressure. The main pipe
is branched out by a 1/2-inch diameter pipe with a gate valve, electric valve, and pressure relief valve. This
1/2-inch diameter pipe is connected to a variable damping pressure according to the signal that comes from
the differential pressure and which controls the electric valve as in Fig. 2.a and b.

3.4 Instruments Specifications

This will discuss the details of the devices used in the system as follows,

1. Compressor (Pumping) water, this a pump that transfers fluids (water) by converting kinetic or
rotational energy into hydraulic energy through this mechanism. Water flows and the pump gets
rotational energy from the electric motor connected with it. Impeller water enters the pump near the
spindle axis or along the spindle axis and is accelerated by the propellers. The pump that is used is
described in the Table 3.

2. Electric motor, an electric motor is placed near the pump and connected to it by a transmission shaft.
This motor converts electrical energy into rotational energy. The purpose of this energy is to rotate the
pump for the purpose of pumping water. The engine that is used has the specifications below, Table 4.
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es.)

Feed back signal

deferential pressure
Pressure gauge

From the river

T

Electric valve

e

Reservoir collecting
water from the river

Sensor

G.Valve

Usb cable

(b) Parts of the experimental rig.
Figure 2. Experimental Rig.

Table 3. Properties of Compressor Water.

kW HP Q (m*/h) Head (m) Inlet (mm)  Outlet (mm)
55 75 240 max-36 min 88.5 max-60 min 225 160

Table 4. Properties of Electric Motor.

Max R.P.M kW Hz
1500 55 50
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3. Data acquisition device, It is a multi-function, low-cost device with 8 analog inputs and two analog
outputs. USB-6009 was used as data acquisition compatible with LabVIEW and uses the NI-DAQmx
driver software, called acronym (DAQ) as shown in the Fig. 3. The (DAQ) Toolbox in the LabVIEW
program has a full set of tools for analog input, digital I/O, analog output. It can read the data from
Accelerometer to the LabVIEW program and the file is saved in xlsx format, [26].

4. Accelerometer sensor, Accelerometer sensor is a tri-axial accelerometer sensor with built-in capacitor
coupling between ground and supply voltage, which reduces noise in the line of power supply, as shown
in Fig. 4. The implemented accelerometer is ADXL335 (analog type sensor). It has a range in each axis,
+/—3g. The sensor ADXL335 indicates both static accelerations due to gravity and dynamic
acceleration due to movement.

/]

Figure 3. Data Acquisition Device. Figure 4. Accelerometer Sensor.

5. Differential pressure, the device converts the pressure difference into an electrical signal through which
it opens the electric lock in whole or in part according to what is set. It measures the differential pressure
or the difference between two points called Ap. If the pressure at point a = 4.5 bar and at point b = 3
bar, then DP or Ap =1.5 bar. It is an indicator to illustrate the pressure difference generated in the
system.

6. Electric control valve, the electric control valve is an electrical device that receives the signal from the
differential pressure device and performs the task of closing and opening the whole and partial
according to the available data. The specification of the device is Model 2w160-15, volts 220 v, Orifice
15mm, Temp -5 to 1000 C, Operating Pressure Min 0 kg/cm? to Max 10 kg/cm?.

7. Gage pressure, It is used to measure the difference of pressure between the surrounding atmosphere and
the system. Negative signs are usually omitted. In other words, it is zero-referenced against ambient air
pressure, so it is equal to absolute pressure minus atmospheric pressure and can be expressed as,

Py = Poys — Paym (16)

8. Ultrasonic flow-meter, this device measures the volume of flow in the pipe and thus the speed of the
liquid through ultrasound transducers. It measures the rate of flow velocity through the pipe emitted by
these waves. This is done by calculating the difference in the time of crossing the pulses generated by
the device that propagates with the direction of flow or reverse flow. The waves that are generated can
be affected by temperature, the viscosity of the liquid, suspended particles, or density.

3.5 Damping Tool Parts

Multiple parts were used to carry out the experimental part in the target system where the dampers were
used for the purpose of damping the vibration through the variable pressure hydraulic damper and through
the spring. The flexible joint was also used at the pump connection point with pipes to reduce the vibrations
generated. Flexible joint couplings were used under the pump and the electric motor. Flexible joints at the
bottom of the damper were also used to focus on vibrations generated by fluid flow.

This damper is manufactured for the purpose of damping the vibrations resulting from the flow of water at
different pressures and speeds inside the pipes and the vibrations caused by the failure of systems and
pipelines as known. Where appropriate, engineering materials and dimensions were chosen to meet the

ISSN 2076-2895 (Print), ISSN 2076-2909 (Online) ©2020 International Energy & Environment Foundation. All rights reserved.



International Journal of Energy and Environment (IJEE), Volume 11, Issue 1, 2020, pp.29-64 37

requirements of manufacturing and of damping optimally, as shown in Fig. 5.a and b. Below is an
explanation of the damper parts,

1.

Hydraulic hoist, which consists of two cylinders. External cylinders are hollow and filled with water or
liquid in general, while the interior is rigid and its task of lifting and lowering as a result of fluid pressure
changes inside the external cylinder where pressure is generated on the entire cylinder area. For
example, when the piston (inner cylinder) is (1 square centimeter) a pressure of magnitude (1 Pa) is
applied. The pressure generated on the liquid is (1 Pa per square centimeter). Where the piston whose
internal area is (10 square centimeters), a force ten times the previous force is generated. Thus, we
conclude; the greater the surface area of the piston, the greater the ability to raise or lower, noting that
the Hydraulic hoist is made of stainless steel, as shown in Fig. 6.

It is an open helical spring that resists the compressive forces applied to the vertical axis and is used to
resist the applied compressive forces, store energy and dissipate it with a vibration system. Spring steel
is made of hardened and annealed steel with a very high yield stress of 1,400 MPa (AISI 9255 DIN ¢«
UNI 55Si7 AFNOR 55S7).

Flexible joint is a tool. Its main device to prevent the transmission of vibrations generated in the electric
motor and pump to the pipe consists of one part connecting on the pipe out of the pump and the other part
is connected to the main tube feeding water. There are many types but do the same purpose and the same
principle of work.

Lower base | |Body of the damper

The whole damper parts

(a) Photograph of the damper parts.

. 11.6cm

&
1 S/
- - 25cm &
10.6 cm iy Iyl L/
i
o 4
| A
£ 5 FR— :
2 -
< ~
ks |l 25cm  _| |.  25cm
8.3cm | Lower base Upper base
!
Liquid inlet
i

(b) AutoCAD drawing illustrates Damper parts.

Figure 5. Parts of the damper.

ISSN 2076-2895 (Print), ISSN 2076-2909 (Online) ©2020 International Energy & Environment Foundation. All rights reserved.



38 International Journal of Energy and Environment (IJEE), Volume 11, Issue 1, 2020, pp.29-64

Figure 6. Parts of Hydraulic Hoist.

3.6 Experimental Procedures

The natural frequencies of the pipe are calculated. It is filled with water and again for the pipe which is
empty of water with the measurement of the response. The pipe is divided according to the measurements
to take readings for regular intervals per 1 meter. After the validation of the results, readings will be taken
for different installation cases (Simply support, Fixed for both sides, Cantilever), with different pressures
(1 bar, 3bar, 4.5 bar). All the readings were taken by the (DAQ) tool which has good accuracy and different
pressures to receive the signals by accelerometer sensors to the LabVIEW program. Then, the measured
results are analyzed using the SIGVIEW program to calculate the natural frequency for pipe, [27-31].

A typical length tube was used to conduct the tests with the required installation cases (Simply support,
Fixed for both sides, Pinned at one end and fixed at another end, Cantilever). When the pipe is exposed to
the fluid flow, resulting from the fluid flow it will be subjected to vibration and the pressure of the pipe
bar (1, 3 and 4.5) will be changed. Then, the sensor will measure the response of the model to be displayed
in the LabVIEW program. Each time, the pressure is increased and then the vibrations resulting from the
flow are measured, for different places of installation and for different pressures. Readings are taken for
comparison to get less vibration. LabVIEW stores responses resulting from changing states of compression
and fixation in the form of Excel data. The results are then converted to a format that understands the
SIGVIEW and Matlab program. The last two programs are used to analyze the results and extract the signal
in the form of digital vibrations and determine the natural frequency of each case. SIGVIEW program is
an application that receives the data and examine and then analyze and compare between them, [32-35], to
implement 2D and 3D drawings for each case of changing the place of installation and change pressure.
After analyzing the results, the researcher can find out any ideal and logical situation without reference to
the program. Then, after determine the experimental natural frequency results comparison with analytical
natural frequency results calculated by using Eq. 15, to given the agreement for experimental work used,
[36-39].

3.7 Active Vibration Control Experiments

After connecting the sensors, pressure gauges and water pressure controllers to the power source in the
system in question, the active damping system is installed on the pipe model with the differential pressure
device set to the desired pressure and connected to a wire that transmits the signal to the electric control
valve attached to the feeder pipe of the system damper where it controls the amount of pressure directed
to the damper. The differential pressure system is set with two different pressures the first pressure
represents the pressure of the water conveying pipe which is the main pipe while the second pressure
represents the pressure of the damping system. If the first pressure is set to 4.5 bar, this is the pressure of
the pipe. The second pressure was set at 2 bar, which represents the pressure of the damping system. When
the first pressure reaches a maximum of 4.5 bar, it gives an indication of the electric valve partial opening
of the valve to generate a pressure of 2 bar for the damping system. The damper generates stronger
absorption and dissipation forces at high frequency and high amplitude waves. Note that the electric valve
is pre-set with a partial opening to check the possibility of receiving the signal to increase the pressure and
check the possibility of receiving the signal to reduce the pressure as shown in Fig. 7. By changing the
settings of the differential pressure device, the optimum value can be obtained from high pressure and low
vibration. High pressure provides good access to water for all citizens. Reducing vibrations increases flow
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and reduces turbulent flow. Note that optimal damping areas were used at the pipe conveying fluid.
Therefore, the experimental control results must be comparison with other control results calculated by
other technique, [40-43], then, its results comparison with previous results, [11, 12] and given a good
agreement for control results calculated with effect of different flow and damper parameters effect.

Electric

Figure 7. Flow chart of control system experimental.

4. Results and Discussion
The natural frequencies measured for the four cases of fixation of fluid-carrying pipes, pinned-pinned,
clamped-pinned, clamped-clamped and cantilever are shown in Table 5, respectively. For the purpose of
theoretical comparison and the values corresponding to natural frequencies, the associated errors are shown
in the following tables, with good convergence and variation in results. Table 5 show errors between the
theoretical and experimental values of frequencies. The reasons for this are,
1. Multiple sources of errors such as the loading of instruments, reading,.. etc.
2. At the pipe inlet, the hose connection adds extra stiffness to the pipe.
3. In practice it is not possible to provide perfect B.C.
4. The plot of the frequency response must be used, for more accurate measuring of the natural
frequencies, but such testing requires complex measurement tools.
The Data Acquisition Device is used to calculate the natural frequency of the data obtained by the
accelerometer sensor. After analyzing the data through the program Sigview, experimental natural
frequencies are obtained for each case of fixation of fluid conveying pipes and with different pressure
values. The pressure the pin-pin for fixation of both sides is increased. The natural frequency of the pipe
is reduced which means an increase in vibration. This applies to all fixation cases. It is found that the same
amount of pressure is the highest natural frequency for the case of (c-c) pipe and then comes the (c-p) pipe,
then followed by the pin fixation case from both sides. The lowest frequency is at the case of the cantilever
pipe. This means the more constrained the pipe, the less vibration. The normal frequency is inversely
proportional to the amount of vibrations. It is clear that if we compare the case of (c-c) pipe and the case
of the cantilever pipe, (c-c) pipe will find a greater natural frequency with less vibration, compared to the
cantilever pipe. This corresponds to the theoretical part. To take the case of cantilever pipe, which the
frequency consists of two parts; the first part is the real value which represents the frequency and the
second part is the imaginary value which represents the stability. As the pressure increases, the real part
will decrease and this indicates a decrease in the natural frequency, thus increasing vibrations. This is
accompanied by a rise in the imaginary part which is an indication of an increase in instability, note the
Table 5 and Fig. 8. The general solution offered in Eq. (15), this equation will be validated for conservative
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pipes. For this, natural frequencies are calculated at M. = 0.5 and II = 1 as shown in the results drawn in
Figs. 9 to 11, with reference to adding the results of Refs. [44-46], respectively for the same parameters of
pipe to the figure mentioned. In these references, shooting methods, Galerkin methods and power series
are employed. The other solutions with the present solution are in a good agreement where for the worst
case, the maximum error does not exceed 2%.

In Figs. 12 to 17 as shown below, the effects of the fluid velocity for all cases these figures show that the
natural frequencies decrease with increasing the fluid velocities and these are real frequencies. Due to the
importance of pressure in pipes used in real projects, the effect of pressure on the lowest three modes will
be addressed. The Figs. 12 to 14 show the effects of the dimensionless pressure I1, on the three conservative
pipes, which are slightly decrease as in these figures with regard to the natural frequencies (Approximately
2%). However, the shape of the curves is not changed. Note that the pressure exert at the pipe ends with a
compressive axial force. So it is found that its value is small when compared with other aerodynamic
effects for the velocity of fluid where compressive force is arising, as noted in the third expression of
Eq.(1). Hence, the natural frequencies will slightly decrease because of this force. For the three
conservative pipes, the effects of the mass ratio M, are shown in Figs. 15 to 17, where the effect of the
mass ratio is a slight increase in natural frequencies (Approximately 1%). It means that the Coriolis force
effect on the vibrations for pipes conveying fluid (conservative) is not so considerable.

Table 5. Comparison between theoretical and experimental natural frequency results for pipe conveying
fluid with various pressure effect, for different boundary condition pipe.

Supported Pressure (bar) Natural frequency (rad/sec) Error (%)
Theoretical Experimental
PP 1 96.1209 87.2672 9.211
84.5915 77.0519 8.913
4.5 74.787 67.6433 9.552
c-p 1 154.5263 143.1423 7.367
3 146.4514 136.0343 7.133
4.5 140.0902 126.4468 9.739
c-C 1 227.0113 211.6290 6.776
221.217 198.5600 10.242
4.5 216.7697 191.7566 11.539
Cantilever 1 34.3114+3.79811  31.0350 9.549
3 30.9925+5.31731 27.5443 11.126
4.5 28.1105+6.45671  25.7068 8.551
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Figure 8. Comparison of different types for fixations.
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Figure 11. Comparison for Analytical Results with ref.[46], at M. = 0.5 and II = 1 for c-c pipe.
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Figure 12. Effect of (IT) on natural the frequencies of pipes conveying fluid, at M. = 0.3697 for p-p
pipe.
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Figure 13. Effect of (IT) on natural the frequencies of pipes conveying fluid, at M. = 0.3697 for c-p pipe.

4 T T T

T
=3 n=4.5|

n=1

2

Figure 14. Effect of (II) on natural the frequencies of pipes conveying fluid, at M. = 0.3697 for c-c pipe.
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5. Conclusion
From the experimental and analytical techniques used, can be listing the important point for natural
frequency results obtained, as,

1.

The results are validated by comparing the theoretical results with the results of the previous literature,
where the convergence rate does not exceed 2% in the worst cases. In addition, Theoretical results are
compared with the experimental results where it is found that the proportion of convergence is
acceptable where the error rate in the worst cases is 11.539%.

. The theoretical side is used to find the natural frequencies of different types of pipes and the results are

logical. Also, the results are satisfactory when changing speeds, pressures, mass ratios and many
parameters govern the system.

. There is a very large convergence in the results of control theories used. The results of the change of

the parameters of each fixations are compared with each control theory used and a match is found in
stability and response.

. In the experimental aspect, there is little effect on the speed range used, when the speed range increases,

the frequency of the pipes will decrease. Also, in the experimental results and simulation of active
control, it is found that the location of the hydraulic damper has an effect on the pipe response. The
damper is placed at the distances of (1.5, 2 and 2.75) m, respectively, from the fixed end for cantilever
pipe. The best performance is found at the damper position near the fixed end. This is due to high strain
near the fixed end.

. The control process is done by differential pressure gauge, where it is set to a certain amount of pressure.

When it reaches the specified pressure, it gives a signal to open or close the electric control valve to
control the hydraulic damper pressure. In the actual water pumping system, the differential gauge
should be set to 5 bar for optimum hydraulic damping performance, to prevent vibrations and increase
the ability to control and control the stability of the system.
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