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Abstract:

Changing  geometrical dimensions
(diameters&lengths) of sudden contraction of
vibrated pipe conveying fluid with and without
heat flux was studied in this paper. The flowing
fluid in the pipe is laminar. The governing
equations of motion for this system are derived by
using beam theory. The eftect of external force
that applied at contraction (mid length) of the pipe
is studied using the transfer matrix method. By
using this technique the natural frequencies, mode
shapes, deflection, slope, bending moment, shear
force, velocity, and pressure can be computed for
different cases of pipe conveying fluid with and
without heat flux, also the effect of forced
vibration on these parameters are presented.
Different types of supports are used to show the
effect of changing the support's type on the
behavior of this system at different fluid
velocities, heat flux and geometrical dimensions
of this pipe. Also the effect of change the values
of fluid velocities and heat flux on the Coriolis
and compressive force at different geometrical
dimensions of this pipe are studied. MATLAB
program are used in this study. The results of this
study are compared with the results of the
previous investigation. The comparisons show
good agreement.

Keywords: pipe conveying fluid, sudden
contraction pipe, vibration in pipe, geometrical
dimension effect of pipe, laminar flow, pipe
under heat flux.

Introduction:

Heat flux constitutes an important
limitation on the operation of boiling heat transfer
systems. In heat flux controlled systems such as
nuclear reactors, the consequence is a substantial
increase in wall temperature, which may result in
a physical failure of heat transfer systems. Also
changing geometrical dimensions
(diametersélengths) of pipe have many effects on
the system such as changing the natural
frequencies and all other pipe's behavior which
leads to change the safety life of the system.

Many components as (steam  generators,
condensers, piping systems, and nuclear fuels) are
subjected to high axial or cross flow which could
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often cause vibration problems, resulting in wear
and fretting damage to those systems. Al-Jumaily
and Al-Ammri (1986) studied the vibrations of
pipes conveying flowing fluids with compliant
boundaries and they found the first three natural
frequencies. The rotating pipe conveying fluid
considered by Bogdeviclus (2003). He derived the
equation of motion of the pipe by using the finite
element method. An experimental study by Sinha
et al. (2005) for flow-induced excitation in a pipe
conveying fluid, they measured the structural
responses using vibration transducers all along the
pipe length and then estimate the flow induced
excitation forces. A theoretical investigation of the
free vibration characteristics of a gas pipeline
model was studied by EI-Kafrawy et al. (2007),
the solution is based on the finite element method
by the PC software “CAEPIPE”, the natural
frequencies and 20 mode shapes of a supported-
end buried gas pipeline model are calculated.
Alwan (2007) studied the effect of heat flux on
induced vibrations of a fluid flow in a pipe with a
restriction, he found the effect of restriction in
pipe on the system behavior also found the natural
frequencies and mode shapes for this system. Ryu
et al. (2008) studied the vibration and dynamic
stability of cantilevered pipes conveying fluid on
elastic foundations, the critical flow velocity and
stability maps of the pipe are obtained for various
elastic foundation para-meters, mass ratios of the
pipe, and structural damping coefficients. Salim
(2008) studied straight pipe conveying fluid
combined with vibration, he found the effect of
support type (flexible, simply and rigid) and some
design parameters like pipe material, wall
thickness, and fluid velocity on the natural
frequencies and corresponding mode shapes. Kim
et al. (2009) investigated methods of analyzing
fluid-induced vibration in consideration of the
cooling effect, they found that the natural
frequency of the system tends to change because
of the changes of the properties of materials even
when the flux is constant inside pipe, and the
vibration behavior of the system was compared to
that in case of normal temperature to analyze how
much influence cooling effect has on the vibration
behavior of the system. Al-Hashimy (2009)
studied the effect of end conditions (flexible,
simply and rigid) and pipe material on the
vibration characteristics of a pipe conveying fluid
with different cross sections and without heating,
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he found the natural frequencies and the
corresponding mode shapes. In this research effect
of changing geometrical dimensions
(diameters&lengths) of sudden contraction
vibrated pipe conveying fluid with and without
heating are studied to analyze how much influence
geometrical dimensions effects on vibration
behavior of system.

Governing Equations Of Motion:

The dimensionless equation of motion for
forced vibration of undamped horizontal pipe
conveying uniform axial flow, based on the beam
theory may be written as:

V+(#0,.0,)VNL ¥20p¥+ (1L ) Y=F(Rx)

where: N=A,-E,.a-AT , X=xL,
¥l . U=(m./E.I)"” -u, L, .
r=(EI/(m[+mp))":(1/L:m)

The second and third terms from the left hand side
of equation of motion represent the compressive
force plus the Corioles force, equal to:

W(xt)=(m, uu,+P-A+N)(@ y0x)+(2:m,u,).
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Investigation of The Flow Stream:

The value of inlet velocity (u;) can be
found from inlet Reynolds number where:

u, =uRe/(p.D1) |3

The velocity (up) through the contraction of the

pipe can be determined by using the formula:

u, =au, (4)
Since the flow get out to atmosphere;

therefore, the out let pressure (P,) = latm, and the

inlet pressure to the pipe (P;) can be found from

the energy equation as follows:

P =P+ ((ui— u)/2+ losses)* P+, —Z)*(p.g)

(5)
where: z=2=0 (For horizontal pipe) &
IOSSCS:PL;+P]_2+P]_C

The Losses At Contraction Section Of
Pipe Conveying Fluid (Py.):

This figure shows the flow in a sudden
contraction, mass balance and momentum balance
between the cross sections (1, C and 2) give:

Mass balance:

) A
u. A =u, A =u. A U = X u,
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Momentum balance between (C and 2):

Pe.ActPe(A,-Ac)-P,.A,=pu,.A,.(u,-u; )

Where the term [PC(AZ—/\C)] comes from the

effect of fluid on the wall at the contraction
section.
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Applying the Bernoulli's equation between two
points "C" and 27, gives:

1 . 1 5
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Substitute equation (8) in equation (9) gives:
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The Transfer Matrix Method:

In this method, system of equation can be
converted to a mathematical model consist of
number of stations represented by point matrix
where the mass concentrated at each station, each
station joint with massless element which
represented by field matrix, then we can found the
equations of {deflection(Y), slope( &), bending
moment(M), shear force(V), velocity(U),
pressure(P)} for the vibrated pipe conveying fluid.
The analytical solution used to solve these
equations. Where these equations are:

The equations for field matrix:
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The equations for the supported node:
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The equations for the particular node:
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Results And Discussion:

1-Changing Diameters:

*The values of the natural frequencies for pipe
conveying fluid with various velocities and heat
flux and for different kinds of supports (simply,
flexible, rigid) and for different diameters can be
found from drawing relation between the
deflection of the pipe and the excitation frequency
where each peak of this drawing represent the
natural frequency. The wvalues of the natural
frequencies for different cases of pipe diameters,
supports, heat flux and fluid velocity are given in
appendix (B) tables (I-1) to (I-3). It can be notice
from these tables the effects of changing pipe
diameters on the values of natural frequencies as
follows:

#**For the case of the vibrated pipe without fluid
and heat flux, the values of natural frequencies
decrease with the decreasing of the large diameter
of the pipe (first part) at constant small diameter
of the pipe (second part) because the pipe stiffness
decreases, where the stiffness has direct
proportion with the second moment of area (I)

where (K =48ElL’ ) and since
(1= (z/64) (D! — D! )); Therefore, the stiffness

(K) has direct proportion with the pipe diameter
(K D), hence decreasing the pipe diameter leads
to decreasing the pipe stiffhess and natural
frequencies. At the same case (without fluid and
heat flux) but at decreasing the small diameter of
the pipe (second part) with constant large diameter
(first part) the values of natural frequencies
decrease more than the previous because the pipe
stiffness (K) decreases more than the previous.

**For the case of vibrated pipe conveying fluid
without heat flux, the natural frequencies decrease
with decreasing the large diameter at constant
small diameter because the pipe stiffness
decreases (as explained before), this happened for
all Reynolds number and supports pipe. i

**For the case of vibrated pipe conveying fluid
and exposed to heat flux, the natural frequencies
decrease with decreasing the large diameter at
constant small diameter because the pipe stiffness
decreases (as explained before), this happened for
all supports except flexible support where these
values increase with the decreasing of the large
diameter at constant small diameter of the pipe.

**At decreasing (0.25inch) from the diameter of
the first and the second parts of the pipe it can be
seen decreasing the wvalues of the natural
frequencies more than that at decreasing the pipe
diameters to half original dimensions (1 inch for




the first part of the pipe and 0.5 inch for the
second part). Also it can be noticed that the
smallest natural frequencies can be obtained at
decreasing small diameter with constant large
diameter (i.e. at the pipe diameters equal to
(1)inch for the first part and (0.25)inch for the
second part of the pipe) because at this case the
pipe stiffness for the second part of the system
(small diameter) will be very small whereas at the
first part of the system (large diameter) the pipe
stiffness (K) will be very large comparing with the
other part of the system, hence that leads to
weakness in the system hence broken the system
at the values of the natural frequencies less than
the other cases.

**When comparing the case of the pipe conveying
fluid without heat flux with the case of the pipe
conveying fluid and exposed to heat flux , it can
be noticed that the wvalues of the natural
frequencies decrease when applying heat flux for
all supports except flexible support where some
values of the natural frequencies increase when
applying heat flux, but at reducing the pipe
diameters to half dimensions (0.5-0.25)inch it can
be seen disappearing this phenomenon from the
flexible support (where all values of the natural
frequencies will decrease at applying heat flux).
Also from the comparison between these two
cases it can be noticed that the decreasing in the
values of the natural frequencies (which result
from the effect of heat flux) are small comparing
with the decreasing before reducing the diameters,
to explain this show the following comparison:

For pipe with diameters (1-0.5)inch (simply
support)&heat flux=0 gives: @, =772

For pipe with diameters (1-0.5)inch (simply
support)&heat flux=10kW/m* gives: w, =764.5
For pipe with diameters (0.5-0.25)inch (simply
support)&heat flux=0 gives: @, =394

For pipe with diameters (0.5-0.25)inch (simply
support)&heat flux=10kW/m’gives: @, =393

.". The reduction in the natural frequency for pipe
with diameters (1-0.5)inch =7.5

The reduction in the natural frequency for pipe
with diameters (0.5-0.25)inch =1
The cause of this disproportion accrue to that the
fluid velocity which flows in pipe dependent on
the values of Reynolds number (Re) and pipe
diameter at constant other fluid properties
(u=Re* y/(p*D)), and since Reynolds number

is constant before and after reducing diameters;
Therefore, fluid velocity will emulate with
diameter only. Also it can be seen from the above
low that velocity have inverse proportion with
pipe diameter; Therefore, reducing the diameter
leads to increasing fluid velocity and this leads to
increasing the pipe cooling and absorb more
quantity of heat, hence reducing the effect of heat
flux on the pipe and on the values of the natural

)

frequencies (where the natural frequency increases
with decreasing heat flux because pipe stiffness
increases), hence decreasing the values of the
natural frequencies at applying heat flux on the
pipe with diameters (0.5-0.25)inch are less than
decreasing the values of the natural frequencies at
applying heat flux on the pipe with diameters (1-
0.5)inch.

#*At the case of the pipe conveying fluid and
exposed to heat flux, it can be seen that all values
of the natural frequencies decrease with the
increasing of heat flux for all supports except
flexible support where some of values of second
and third natural frequencies increase with
increasing heat flux but reducing the pipe
diameters to half dimensions (0.5-0.25)inch leads
to disappearing this phenomenon from the flexible
support (where all wvalues of the natural
frequencies will decrease with the increasing of
heat flux).

**At the case of heated pipe conveying fluid it can
be noticed that increasing Reynolds number leads
to increasing natural frequencies for all supports
except second and third values of natural
frequencies for flexible support at pipe diameters
equal to (1-0.5)inch where they decrease with
increasing Reynolds number. But, it’s found that
altering pipe diameters may affect pipe stiffness
and in turn affect values of the natural frequencies.
Tables (I-3) presents first, second, and third
natural frequencies for Reynolds number of (250
to 1500) for different 2pipe diameters and for heat
flux=(10-15-200kW/m~, it can be seen
disappearing this phenomenon with reducing pipe
diameters where all natural frequencies increase
with increasing Reynolds number (there are no
decreasing in natural frequencies with increasing
Reynolds number) at pipe diameters equal to (0.5-
0.25)inch.

*Figs. (2) and table (I-2) show that the values of
natural frequencies(1%,2",3™ ) for the case of
vibrated pipe conveying fluid without heat (for all
supports) are still constant with the increasing of
Reynolds number for all values of pipe diameters
because increasing Reynolds number leads to
increasing fluid velocity and this increase (when
there is no heat) doesn’t affect the properties of
pipe material (stiffness, mass). To prove this
phenomenon, a comparison is made for the results
of the natural frequencies between the present
work (for different values of pipe diameters) and
the last investigation of Alwan (2007) which used
Fortran program and takes straight pipe with
restriction have diameters equal (1) inch. It can be
seen that the same phenomenon exists in both
works.

*Figs.(3) to (8) represent first, second, and third
mode shapes for different pipe diameters and
different kinds of supports and for the case of
vibrated pipe without fluid and heat and the case



of vibrated pipe conveying fluid without heat flux
and the case of heated pipe conveying fluid. These
cases were at range of Reynolds number (250) to
(1500) and range of heat flux (10-15-20) kw/m’.
For all cases it can be seen that the maximum
deflection occurs at the pipe diameters equal to (1-
0.25) inch that’s because the first part of the pipe
is very stiff compared with the second part of the
pipe that’s make the stresses centralize at the
second part of the pipe more than that the other
cases of the pipe diameters that leads to the
deflection in this case is more than the other cases.
Sometimes, the maximum deflection occurs at the
pipe diameter equal to (0.5-0.25) inch that’s
because the stiffness of pipe for this case is the
smallest compared with the other pipe diameters
as follows:

The stiffness for the pipe diameters (1-0.5)inch
=16554.22272 N/m

The stiffness for the pipe diameters (0.75-0.5)inch
=12568.49275 N/m

The stiffness for the pipe diameters (1-0.25)inch =
1956.81595 N/m

The stiffness for the pipe diameters (0.75-
0.25)inch = 1805.15207 N/m

The stiffness for the pipe diameters (0.5-0.25)inch
=1542.02363 N/m

Where if the effect of stresses more than the effect
of stiffness the maximum deflection occurs at the
pipe diameters equal to (1-0.25) inch else the
maximum deflection occurs at the pipe diameters
equal to (0.5-0.25)inch.

* Figs.(9) to (11) show bending moment, slope,
and shear force for different supported pipe at its
natural frequencies: with various heat flux and
fluid velocity, it can be noticed from these figures
that the (bending moment, slope, shear force)
increase either at the pipe diameters equal to (1-
0.25)inch or at the pipe diameters equal to (0.25-
0.5)inch, the cause of this is the same cause as
explained for the maximum deflection.

* Fig. (12) shows Coriolis and compressive force
for different supported pipe conveying fluid due to
forced vibration at mid length with wvarious
velocities and heat flux. It may be noticed that
decreasing the second pipe diameter (small
diameter) has more effect on Coriolis and
compressive force than decreasing the first part of
the pipe (large diameter). Also the largest Coriolis
and compressive force occurs when decreasing the
pipe diameters to half that’s because decreasing
the pipe diameters leads to increasing the
Reynolds number and that leads to increasing fluid
velocity (Re=p*u*D/ u) and since the fluid

velocity has direct proportion with the Coriolis
and compressive force (see Coriolis equation);
Therefore, decreasing the pipe diameter leads to
increasing Coriolis and compressive force. Also
when comparing fig.(12 b&cé&d) which represent
different pipe supports, it can be seen that the kind
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of support don’t affect Coriolis and compressive
force because the effect of support don’t enter in
the Coriolis equation. Fig. (12 a) represent the
effect of heat flux on the Coriolis and compressive
force, where applying heat flux leads to increase
Coriolis and compressive force for all pipe
diameters because the heat flux leads to increase
the thermal force (N) and since the thermal force
has direct proportion with the Coriolis and
compressive force (see its equation), hence
increasing thermal force leads to increasing
Coriolis and compressive force.

2-Changing Length:

* The values of the natural frequencies for pipe
conveying fluid with various velocities and heat
flux and for different kinds of supports (simply,
flexible, rigid) and for different lengths can be
found from drawing relation between the
deflection of the pipe and the excitation frequency
where each peak of this drawing represent the
natural frequency. The values of the natural
frequencies for different cases of pipe diameters,
supports, heat flux and fluid velocity are given in
appendix (B) tables (1I-1) to (I1-3). It can be notice
from these tables the effects of changing pipe
lengths on the values of natural frequencies as
follows:

**For the case of the vibrated pipe without fluid
and heat flux, the values of natural frequencies
decrease with the increasing of the pipe length
because the pipe stiffness decreases, the stiffness
(K) has inverse proportion with the pipe length
(Kal/L) where (K = 48EI/L’), hence increasing
the pipe length leads to decreasing the pipe
stiffness and natural frequencies.

**For the case of vibrated pipe conveying fluid
without heat flux and the case of vibrated pipe
conveying fluid and exposed to heat flux, the
natural frequencies decrease with increasing pipe
length because the pipe stiffness decreases (as
explained before).

*#*when comparing the case of the pipe conveying
fluid without heat flux with the case of the pipe
conveying fluid with heat flux it can be seen
decreasing the values of the natural [requencies at
applying heat flux on the pipe with the length
(1.3m) are greater than the decreasing in the
values of natural frequencies at applying heat flux
on the pipe with the length (2m), to explain this
show the following comparison:

For pipe with lengths (2)m (simply support)&heat
flux=0 gives: @, =192.5rad/sec

For pipe with lengths (2)m (simply support)&heat
flux=10kW/m” gives: @, =190.5 rad/sec

For pipe with lengths (1.3)m (simply
support)&heat flux=0 gives: @, =455 rad/sec
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For pipe with lengths (1.3)m (simply
support)&heat  flux=10kW/m*gives: @, =450.5

rad/sec
.". The reduction in the natural frequency for pipe
with lengths (2)m =2

The reduction in the natural frequency for pipe
with lengths (1.3)m =4.5
The cause of this disproportion accrue to that the
pipe with length (2m) has fluid quantity more than
the other pipe lengths; therefore, it observe large
quantity of heat, also the fluid flows with large
distance in the pipe with length (2m) than the pipe
with other lengths hence the period that the fluid
will be in touch with the inner pipe surface in the
length of (2m) more than the other lengths, that’s
leads to increase the heat transfer from the pipe
surface to the fluid hence the fluid observe large
quantity of heat; therefore, the cooling in the pipe
with length (2m) will be more than the cooling in
the other length (1, 1.3, 1.5)m hence decreasing
the heat effect on the pipe with length (2m) and
since natural frequency decreases with the
increasing the heat flux (as explained before);
therefore, decreasing the values of the natural
frequencies when applying heat at the pipe
conveying fluid with length (2m) will be less than
the decreasing in the values of the natural
frequencies at applying heat flux on the pipe
conveying fluid with other lengths.
**At the case of the pipe conveying fluid and
exposed to heat flux, it can be seen that all values
of the natural frequencies decrease with the
increasing of heat flux for all supports except
flexible support where some of values of second
and third natural = frequencies increase with
increasing heat flux but increasing the pipe lengths
to twice (2m) leads to disappearing this
phenomenon from the flexible support (where all
values of natural frequencies will decrease with
the increasing of heat flux).
**At the case of heated pipe conveying fluid it can
be noticed that increasing Reynolds number leads
to increasing the natural frequencies for all
supports except the second and third values of
natural frequencies for flexible support for some
pipe lengths where they decrease with increasing
Reynolds number. But, it’s found that increasing
pipe lengths may affect the pipe stiffness and in
turn affect the values of the natural frequencies.
The tables (I1-3) presents first, second, and third
natural frequencies for Reynolds number of (250
to 1500) for different pipe lengths and for heat
ﬂux:(10-15-20)kW/’m2, it can be seen
disappearing this phenomenon with increasing
pipe lengths where all natural frequencies increase
with increasing Reynolds number (there are no
decreasing in natural frequencies with increasing
Reynolds number) at pipe lengths equal to (2m).
**For all cases, it can be noticed the convergence
with the values of natural frequencies for simply
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support and flexible support also more decreasing
with the values of natural frequencies for the
length (1.5m) and (2m) comparing with the length
(1.3m), that's because the increasing in the pipe
length leads to increase the mass system and since
the mass has inverse proportion with the natural

frequencies (w = +/stiffhess/ mass); therefore,

increasing the pipe length leads to decreasing the
values of natural frequencies. Also increasing the
pipe length leads to large divergence for the
supported point from the midpoint of the pipe;
therefore, the pipe become flexible and increase
the ability of vibration because it hasn't a support
point discontinue its motion, that’s mean
increasing the pipe length leads to decrease its
effects with the supports at each ends; therefore, it
can be seen convergence the values of natural
frequencies for simply and flexible supports and in
the same time large reducing the values of the
natural {requencies at increasing the pipe length.
While for rigid supports it can be seen reducing
the values of natural frequencies at increasing the
length because increasing the mass system (as
explained before).

**For the case of heated pipe conveying fluid with
different lengths, it can be noticed that at the same
heat flux and with increasing Reynolds number
(Re), the values of the natural frequencies for the
pipe length (2m) increase more than that the
values of natural frequencies for the other pipe
lengths (1, 1.3, 1.5)m, the cause are that the pipe
with length (2m) has fluid quantity more than the
other pipe lengths; therefore, it observe large
quantity of heat, also the fluid flows with large
distance in the pipe with length (2m) than the pipe
with other lengths (1, 1.3, 1.5)m hence the period
that the pipe will be in touch with the pipe surface
in the length of (2m) more than the other lengths,
that’s leads to observed the most heat of the pipe
and hence cooling the pipe; therefore, increasing
Reynolds number (Re) (increasing the fluid
velocity) has little effect on cooling the pipe
because the most cooling occurs as a results of
passing large quantity of fluid and as a results of
touching between the fluid and pipe for large
distance; therefore, the wvalues of the natural
frequencies for pipe lengths (2m) have little
increase comparing with values of the natural
frequencies for other pipe lengths (1, 1.3, 1.5)m.
*Figs.(13) and table (1I-2) show that the values of
natural frequencies (1¥,2",3 ) for the case of
vibrated pipe conveying fluid without heat are still
constant with the increasing of Reynolds number
for all values of pipe lengths because increasing
Reynolds number leads to increasing fluid velocity
and this increase (when there is no heat) doesn’t
affect the properties of pipe material (stiffness,
mass). To prove this phenomenon, a comparison is
made for the results of the natural frequencies
between the present work (for different values of
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pipe lengths) and the last investigation of Alwan
(2007) which used Fortran program and takes
straight pipe with restriction have length equal to
(1m). It can be seen that the same phenomenon
exists in both works.

*Figs.(14) to (19) represent first, second, and third
mode shapes for different pipe lengths and
different kinds of supports and for the case of
vibrated pipe without fluid and heat and the case
of vibrated pipe conveying fluid without heat flux
and the case of heated pipe conveying fluid. These
cases were at range of Reynolds number (250) to
(1500) and range of heat flux (10-15-20) kw/m’,
For all cases it can be seen that the maximum
deflection occurs at the pipe lengths equal to (2m)
because increasing the pipe length leads to

decreasing the pipe stiffness (K:48EUL3)and

that’s lead to increasing the deflection.

* Figs.(20) to (22) show bending moment, slope,
and shear force for different supported pipe at its
natural frequencies with various heat flux and
fluid velocity,

* Fig.(23) shows Coriolis and compressive force
for different supported pipe conveying fluid due to
forced vibration at mid length with various
velocities and heat flux. It may be noticed that
increasing Coriolis and compressive force occurs
when increasing the pipe length that’s because
increasing the pipe length leads to increasing the
fluid mass in the pipe and since the fluid mass has
direct proportion with the Coriolis and
compressive force (see Coriolis equation);
Therefore, increasing the pipe length leads to
increasing Coriolis and compressive force. Also
when comparing fig.(23 b&cé&d) which represent
different pipe supports, it can be seen that the kind
of support don’t affect Coriolis and compressive
force because the effect of support don’t enter in
the Coriolis equation. Fig.(23 a) represent the
effect of heat flux on the Coriolis and compressive
force, where applying heat flux leads to increase
Coriolis and compressive force for all pipe lengths
because the heat flux leads to increase the thermal
force (N) and since the thermal force has direct
proportion with the Coriolis and compressive
force (see its equation), hence increasing thermal
force leads to increasing Coriolis and compressive
force.

Conclusions:

This investigation shows that changing
geometrical dimensions (diametersé&lengths) of
sudden contraction pipe have many effects on the
system behavior where it's changing the (natural
frequencies, deflection, slope, bending moment,
shear force, fluid velocity, Coriolis and
compressive force) as follows:

For Changing Diameters:

1- Increasing the values of natural frequencies
with increasing the pipe diameters.
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2- Increasing the effect of heat flux on the vibrated
system with decreasing the pipe diameters.

3- Least natural frequency can be obtained when
the ratio between first and second part of pipe
equal to (1:4).

4- For the case of the vibrated pipe without fluid
and heat flux all natural frequencies decreases for
all supports (simply, flexible, rigid) when pipe
diameters equal to (0.5-0.25) inch, also when
increasing heat flux all natural frequencies
decreases for all supports when pipe diameters
equal to (0.5-0.25) inch. For the case of heated
pipe conveying fluid when increasing Reynolds
number all natural frequencies increases at pipe
diameters equal to (0.5-0.25) inch.

5- The maximum (deflection, slope, bending
moment, shear force) occurs either at pipe
diameters equal to (1-0.25) inch or at (0.5-0.25)
inch.

6- Increasing Coriolis and compressive force with
decreasing pipe diameters: also reducing the
second part of pipe diameter has more effect on
Coriolis and compressive force than reducing the
first part of pipe diameter.

For Changing Lengths:

1- Decreasing the values of natural frequencies
with increasing the pipe lengths.

2- The natural frequencies still constant with
increasing Reynolds number for the case of
vibrated pipe conveying fluid without heat flux at
all pipe lengths.

3- For the case of vibrated pipe conveying fluid
and exposed to heat flux all natural frequencies
increasing with the increasing of Reynolds number
for all supports at the pipe length equal to (2m).

4- Increasing pipe length leads to decreasing
values of natural frequencies and reducing its
effect with supports kind.

5- Decreasing the effect of heat flux on the
vibrated system with increasing the pipe lengths.
6- At increasing the lengths of the heated pipe
conveying fluid, the effect of increasing Reynolds
number at the same heat flux leads to reduce the
rate of increasing the values of the natural
frequencies.

7- The maximum deflection occurs at the pipe
length equal to (2m).

8- Increasing Coriolis and compressive force with
increasing pipe lengths, also Coriolis and
compressive force don't affect on supports kind,
also applying heat flux leads to increasing the
Coriolis and compressive force.
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PPENDIX(A)
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Fig.(2) Natural frequencies for pipe conveying fluid without heat flux and with various flow rates and various pipe diameters
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Fig.(3) The mode shapes for pipe conveying fluid with different velocities and pipe diameters and without heat flux (simply support)
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Fig.(4) The mode shapes for pipe conveying fluid with different velocities, heat flux and pipe diameters (simply support)
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Cont. Fig.(4) The mode shapes for pipe conveying fluid with different velocities, heat flux and pipe diameters (simply support)
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Fig.(6) The mode shapes for pipe conveying fluid with different velocities, heat flux and pipe diameters (flexible support)
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Fig.(7) The mode shapes for pipe conveying fluid with different velocities and pipe diameters and without heat flux (rigid support)
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1st mode shape,0=10kw /m*2,Re=1500 (rigd)

2nd mode shape,Q=10kw /"2 Re=1500 (rigid)

3rd mode shape,Q=10kw /m*"2 Re=1500 (rigid)
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Fig.(9) Comparlson the bending moment for different supports pipe conveying fluid at first natural frequenclea and different velocli'les,
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Fig.(10) Comparison slope for different supports pipe conveying fluid at first natural frequencies and different velocities, heat flux and

pipe diameters
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Fig.(11) Comparison shear force for different supports pipe conveying fluid at first natural frequencies and different velocities, heat flux
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Fig.(12) Coriolis & compressive force for different supported pipe conveying fluid due to forced vibration at mid length with various
velocities, heat flux and pipe diameters
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Fig.(17) The mode shapes for pipe conveying fluid with different velocities and pipe lengths and with different heat flux (flexible support)
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Fig.(18) The mode shapes for pipe conveying fluid with different velocities and pipe lengths and without heat flux (rigid support)

Q=10&Re=250

——L1=1im)

deflection (m)

deflection (m)
H
T

ol

Q=15&Re=250

—L1-1m

e L2=1 34m)

e ——L3=1.50m)|
e La22m)

2.0051 — ==

0=10&Re=250

——Li=1(m)
——— 1221 Am)
——L3=1.5m)}

—s— L4=2(m}

T T Y L]
pipe lengh (m)

Q=10&Re=250

(b)

Q=10&Re=150(;

g —=—Li=1jm)
i e L2213
Jares ——L3=1.5m)
—La=zm)
acos|
E = S,
£, - £
£ oo
'S oos|
22
Soozs
-uam
e
e R Ry ) CE T

2

deflection (m)

& bbb
2 88 20

——Li=1(m}
——12=1.3m)
—— 1321 5(m)
—— L4a2(m)

Q=15&Re=25

0

e iimy
——L2=1.Xm)

e 351 8
_ Lazzim)
Chea =
] “~
=) \
= =~
=
8
3 0008
80 L N s . L s L s
aEEE T e TR R
pipe length (m)

(i)

Fig (19) The mode shapes for pipe conveying fluid with different velocities and pipe lengths and with different heat flux (rigid support)
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APPENDIX(B)

TABLES
I) FOR CHANGING DIAMETERS:
1) NO FLUID&NO HEAT
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) Flex .| Sim Rigid Flex | Sim Rigid Flex | Simp | Rigi | Flex | Sim Rigid Fle | Sim Rigid
p. s p. . d p- X. p-
Q1163 | 168 |4as | 1% | 166 [3945 |65 |65 354 |71 |71 | 2745 ool | e
1
- ‘5”5 : 288' ;352' 530 | 736 | 1136 | 4s1 |05 | 755 | 3% | a00 | 7325 | 408 | 419 | 6405
2
o | 731, | 176 157 2128. | 538. | 1352. | 178 110 1512 833 1141.
5 5 8 2401 | 896 : 5 5 5 0 589 5 5 692 5
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h Flex | Sim Rigid Fle Simp. | Rigid Fle | Sim | Rigi | Flex | Sim | Rigi | Flex | Sim | Rigi
p. X. X p. d p. d p. d

Qg | % 1387 140 | 142 [ 346 | 555|555 |307 |63 |635 |247 | 705 | 71 | 195
1
Sk §57' T2 ;]79' 392 | 646 997 382 ‘;73' ;0] : 222' 239' 685 383 394 602
2
Q 1382. | 1873. 163 998. 137 635. 106
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n o Rigid i Simp. | Rigid % 5 d b, d B d
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1
- -45157. T PA ; L7 392 | 646 997 382 ?73' ;01 : 222' ;159' 685 383 394 602
2
Q | s | 1502 | 20m | 620 | 1382 [ 1873 | 4g7 | 1220 | 163 | 5o | %98 | 137 [635. | 4o | 106
; 5 5 5 6 5 9
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- 142 ;45' 387 140 142 346 555 | 55.5 | 307 63 63.5 | 247 71.5: | 715 195
1
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1
Q1 457, 772 1175. 392 | 646 997 382 el B LR 685 383 394 602
2 5 5 5 5 ) 5
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. 5 Rigid 2! Simp. | Rigid o3 B d o d =, d
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1
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) Fle | Sim Rigid Flex | Simp | Rigi | Fle | Sim R Flex | Sim [ Rigi | Flex | Sim Rigid
% p. : 7 d X p. : p- d : p-
Q 144. | | 129.
125 5 384 5 141 344 51 55.5 | 305 59.5 | 63 246 69 A I 194.5
1
@ 422 766 | 1'% | 451 | 6425 [ 991 | 305 | 471 | 698 | 409 |ass |es3 | 370 | 393 ]
Q 657 | 1530 2055. 360 E374. 186 494 | 1213 1627. | 541. 995 137 632 | 779 1067.
% 5 5 3 5 5 1 5
Re=1500
Q D(1.0 -0.5) D(0.75-0.5) D(1.0-0.25) D(0.75-0.25) D(0.5-0.25)
: Flex | Simp ;{:gl Flex | Sim Rigid Flex | Simp Rigid Flex | Sim Rivid Fle | Sim Rigid
. ; : p- ; : : p. % p-
1 L aas 384 130 | 141|344 |51 [ss5 305 |60 |63 |246 | % [71s | 10as
1
e 766 b 451 e 991.5 . 471 698 = 458 | 683 371 393 601
50 | 5 1 5 5 5 5
Q 1530. | 205 859. | 137 1863. | 493. | 1213. | 1627. | 540. 1371, 1067.
. 657 5 6 p 5 5 5 5 5 5 995 5 632 | 779 p
b) Q=15 (kw/m?)
Re=250
Q D(1.0-0.5) D(0.75-0.5) D(1.0-0.25) D(0.75-0.25) D(0.5-0.25)
3 Flex | Simp Rigid Flex | Simp Rigid Flex | Simp Rigid Flex Slln Rigid Flex I§1m :}lgl
Clug [P (B 122 0 0a0 |3 |as |55 302 |57 |63 |2ea [e7 |7 | 1%
1
Q | 421, 1160 | 445. | 637. | 983. | 398. 693. 455.. | 679. | 359 | 391.
s 759 P 5 p 5 5 468 5 401 5 5 5 5 598
Q 1516 1364 | 1849 1203 | 1615 | 560. 1361 | 628. 106
. 657 5 2037 | 891 P 5 512 5 5 5 988 5 5 775 )
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Re=500

o |2(L0-0.5) D(0.75-0.5) D(1.0-0.25) D(0.75-0.25) D(0.5-0.25)
. ‘Hex .Sll'ﬂp Rigid Flex ?m Rigid Flex ;lm dR:gt Flex 3]1’]’] Ristd E[e g_lm Rigid
4 ;18' 143.5 | 381 124 | 140 | 342 485 | 55 303 | 58 63 244.5 | 68 71.5 | 194
1
O 18 [ 7605 | 1162 ags | P8 | ogss | 307 | 165 | O 1 202 Nuse | eso | 363 | 302 | 599
2
Q 1519. 887. | 136 | 1852. | 504. | 120 | 161 | 553. 1364. 1063,
; 664 5 2041 | 4 - 5 5 6 g 5 990 5 629 | 776 5
Re=750
Q D(1.0 -0.5) D(0.75-0.5) D(1.0-0.25) D(0.75-0.25) D(0.5-0.25)
X Fle | Sim | Rigi | Flex | Simp Rigid Flex | Simp | Rigi | Flex | Sim Rigid Flex | Sim Rigid
X p. d : : : d p. p.
2 119 ;4J' 281' ;24' 140 342 49 55 303 | 58 63 245 68 71.5 | 194
1
Q[ 427 [761 | 116 |46 | 630 |ogs |39 [asss | %% [403 | 456 | 6s0.s | 364 | 392 | 509
5 3 5 5 5 5 5 5
Q L | 152 | 204 1367. | 1853. 1206. | 161 | 550. | 990. | 1365. | 629. | 776. | 1064.
2| 9] g 2 886 | 5 5 G | 9 5 5 5 5 5 5
Re=1000
o D(1.0 -0.5) D(0.75-0.5) D(1.0-0.25) D(0.75-0.25) D(0.5-0.25)
n Flex | Simp Rigid Flex | Sim | Rigi | Flex | Sim Rigid Flex | Sim | Rigi | Flex | Sim gt
g 5 p- d p. p. d p.
@1 a19 | 144 [ 3815 | % |41 342 |49 |55 3035 |58 |63 |245 |68 | 715 | 194
1
Q | 426. 1163. | 446. | 639. | 986. | , 468. 403. | 456. | 680. | , 392, | .
= s 761 5 5 p 5 396 5 694.5 5 5 5 365 P 599.5
Q | 662. | 1520. | 2042. | 885. | 136 | 185 | 500. | 120 | 1619, 136 | 629. 1064.
; |5 5 5 5 8 4 5 7 5 i 6 5 & 1ls
Re=1500
o | R00-05) D(0.75-0.5) D(1.0-0.25) D(0.75-0.25) D(0.5-0.25)
) Flex | Sim Rigid Flex | Sim Rigid Flex | Simp Rigid Flex | Sim Rigid Flex | Sim | Rigi
. p. p- ) p. p. d
9 é19. 144 | 381.5 | 125 | 141 | 342 49 55 303.5 | 585 | 63 245 68.5 | 71.5 | 194
1
Q | 425, 1163. | 446. | 639. 395. 403. | 456. 365. | 392. | 599.
e 761 5 5 5 986.5 5 468.5 | 694.5 5 5 680.5 5 5 5
Q | 661. | 152 136 1854. | 499. | 1207. | 1619. 991. | 1366. | 629. 106
: 5 1 2043 | 885 8 5 5 5 5 548 5 5 5 (74 5
¢) Q=20 (kw/m®)
Re=250
o |R0.0-0.5) D(0.75-0.5) D(1.0-0.25) D(0.75-0.25) D(0.5-0.25)
: Flex | Sim Rigid Flex | Sim | Rigi | Flex | Simp | Rigi | Flex | Sim Rigid Flex | Sim | Rigi
p. p- d | d p. p. d
Qliz |1 377 |ns | P 330 465 | sas |27 | 555 |65 [2425 |66 |71 | 193
1
Q [425. | 555 | 1151 | 440. 1 633. | o0y | 397 | 455 | 690 | 395 | 453 | 6765 | 353 | 300 | 596
2 |5 g 5 S 5 5 5
Q | 661. 914. 5 183 | 522. | 1195. | 160 [ 568. | 982. | 1354, 105
. |5 1505 | 2021 s 1356 3 5 5 5 5 5 5 625 | 772 R
Re=500
o D(1.0-0.5) D(0.75-0.5) D(1.0-0.25) D(0.75-0.25) D(0.5-0.25)
) Flex | Simp Rigid Flex | Sim | Rigi | Flex | Sim | Rigi | Flex | Sim Rigid Flex | Sim Rigid
. . p- d p. d p- p.
s |z fs7es [ 12| P las0 [a7 | ss | s01 | s6s | 625 | 2435 |67 |71 | 1935
1
Q | 433 1154, | 441. - 395. 690. 454, 357
sl 755 5 5 635 | 980 5 466 5 397 s 677.5 5 391 | 597
Q 1508. 135 184 119 | 160 | 560. | 985. | 1358. 1060.
- 670 5 2026 | 910 | 4 5 513 9 5 5 5 626 | 774 5
Re=750
o D(1.0 -0.5) D(0.75-0.5) D(1.0-0.25) D(0.75-0.25) D(0.5-0.25)
i Flex | Simp Rigid Flex | Sim Rigid Fle | Simp | Rigi | Flex | Sim | Rigi | Flex | Sim Rigid
1 g p. X. : d p- d p
@13 g |ass 120 | |3e0 |37 |55 [ PN | s6s e2s |24a 67 |71 [ 1935
1
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Q1432 | 7555 | 1155 2l 235‘ 980.5 | 395 | 466 | 691 | 398 §54‘ 277‘ 359 2‘” - | 5975

Q | 668. | 1500, | 2027, ooy | 136 | 1843 [ 11199 | 161 | 557. [ 986. | 136 | 626. | 774. | 1061,

3 |5 5 5 wl k. 5 5 0 5 s 0 5 5 5

Re=1000

o [RA0-0.5 [ D(0.75-0.5) D(1.0-0.25) D(0.75 0.25) D(0.5-0.25)

) Flex | Sim Rigid Flex | Simp | Rigi | Flex | Simp Ripid Flex | Sim Rigid Flex | Sim | Rigi
s p. . . d < | . p- . p- d

Q1 1a a3 |379 | 120 | 140 ‘;40' 47.5 | 55 30015 |57 |625 |244 |67 |7 ;93‘

PP | 7se |4 | 442 | 636 | s 294' 4665 | 691 | 308 | % | 678 | 360 B

EZ 151 2028. | 908. | 1360. | 184 1200. | 1610. | 555. 1360. | 626. - 106

: 668 0 5 5 5 g 508 5 5 5 987 5 5 775 2

Re=1500

o D(1.0 -0.5) D(0.75-0.5) D(1.0-0.25) D(0.75-0.25) D(0.5-0.25)

g Flex | Simp | Rigi | Flex | Sim Rigid Flex | Sim | Rigi | Flex | Sim [ Rigi | Flex | Sim Rigid
. . d : p- ; p. d : p. d : p-

? 114 | 143 379 | 1% | 140 [ 3405 [475 |55 [302 |57 [e2s |244 |675 |71 | 1935

Q | 430. 115 394. | 466. 308. | 454, 360. | 391.

5 5 756 6 442 636 981.5 5 5 691 5 S 678 5 5 5908

Q 1510. | 202 | 907. 1844. | 506. 161 987. | 136 | 626. 1062.

3 667 5 9 5 1361 5 5 1201 i 554 5 : 5 775 5

IT) FOR CHANGING LENGTHS:

1) NO FLUID&NO HEAT

natural L(0.5-0.5) L(0.65-0.65) L(0.75-0.75) L(1.0-1.0)

frequenc | flexibl | simpl rigid flexibl | simpl e flexibl | simpl rigid flexibl | simpl sl

y e y e ¥ € y € HA

Ql 163 | 168 |445 |98 995 | 264 | 74 745 | 198 |42 n |

e 4155 | 8885 | %% | 4215 | 5265 |04 3575 | 396|605 [2165 [223 |34

o3 7Ls 1768 | 2401 [ ssos | [1F 1si0 7se [ 107 f307s | adas | 808

2)FLUID&NO HEAT

Re=250

natural L(0.5-0.5) L(0.65-0.65) L(0.75-0.75) L(1.0-1.0)

frequenc | flexibl | simpl Agid flexibl | simpl Hgid flexibl | simpl dgd flexibl | simpl rigid

y e y e y e y e y

Q, 142 145.5 | 387 83.5 84.5 225 63 63.5 169 355 335 95.5

0, 4s75 |2 |17 |ssis ass eoa [304 |3e2 |32 fases | 102 2

s 652 | 1542 | 2071 | 4955 | o902 2230. 4265 | 6785 | 2% 336 [382 | 523

Re=500

natural | L(0.5-0.3) L(0.65-0.65) L(0.75-0.75) L(1.0-1.0)

frequenc | flexibl | simpl i flexibl | simpl ik flexibl | simpl ripid flexibl | simpl sigiid

y ¢ y e ¥ € ¥y € .

0, 142 145.5 | 387 83.5 84.5 225 63 63.5 169 35.5 35.5 95.5

Q, 457.5 772 ; A7 35145 455 694 304 342 222' 186.5 192.5 ?94'

Q, 652 1542 2071 495.5 902 ;230' 426.5 678.5 226' 336 382 523

Re=750

natural L(0.5-0.5) L(0.65-0.65) L(0.75-0.75) L(1.0-1.0)

frequenc | flexibl | simpl Higid flexibl | simpl rigid flexibl | simpl i flexibl | simpl rigid

y € Y € b 4 e ¥ € b

Q,; 142 145.5 | 387 83.5 84.5 225 63 63.5 169 3355 35.5 95.5

Q, 457.5 772 é 179. 2515 455 694 304 342 222' 186.5 192.5 294'

Q 652 | 1542|2071 |49s5 |90z | [P0 |25 e85 | PO 336 |3m2 | 523
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Re=1000

natural L(0.5-0.5) L(0.65-0.65) L(0.75-0.75) L(1.0-1.0)

frequenc | flexibl | simpl igid flexibl | simpl Hghd flexibl | simpl it flexibl | simpl g

y € b € Yy € ¥ € ¥

Q, 142 145.5 | 387 83.5 84.5 225 63 63.5 169 35.5 35.5 95.5

o, asts |72 | 117 |sis 455 694|304 | 342 7% 1865 | 1925 -

Q 652 |1542 |207 |49s5 [oo2 | 1P% |azes |erss | 7% 336 |32 |23

Re=1500

natural 1(0.5-0.5) L(0.65-0.65) L(0.75-0.75) L(1.0-1.0)

frequenc | flexibl | simpl Higid flexibl | simpl rigid flexibl | simpl Hoid flexibl | simpl i

b € Y L y € Y € ¥

Q, 142 145.5 | 387 83.5 84.5 225 63 63.5 169 355 35.5 95.5

Qz as1s |72 | 3170 |3s1s 455 o4 304|342 2 liges | 1925 | 2%

Q, 652 | 1542 | 20m1 | 4955 | 902 ;230' 4265 | 6785 226' 336|382 | 523

3) FLUID&HEAT

2)Q=10 (kw/m?)

Re=250

natural 1.(0.5-0.5) 1(0.65-0.65) 1.(0.75-0.75) L(1.0-1.0)

frequenc | flexibl | simpl i flexibl | simpl i flexibl | simpl fid flexibl | simpl | rigi

y S y e y e Yy e y d

Q, 1235 144.5 383 74 83.5 223 56.5 63 ;67' 325 355 94

o, 428 | 7645 ;16 340 | 450.5 287' 280 | 3385 | 517 |1m 190.5 | 291

Q, 660.5 ;527' ;05 519.5 893 1218 | 453 671 917 318 3775 517

Re=500

natural L(0.5-0.5) L(0.65-0.65) L(0.75-0.75) L(1.0-1.0)

frequenc | flexibl | simpl figiid flexibl | simpl rigid flexibl | simpl digid flexibl | simpl | rigi

y e y e y e y e y d

Q 1245 | 1445 | 3835 |75 835 |223 |57 g3, Il 2 o 6 355 | 945

Q, 424 765.5 1170 341 451.5 288' 282 339 518 173 191 292

Q, 658.5 ;529' §054' 5135 | 8945 | 1220 | 4485 | 672.5 213' 320 | 3785 | 518

Re=750

natural | L(0.5-0.5) £(0.65-0.65) £(0.75-0.75) L(1.0-1.0)

frequenc | flexibl | simpl rigid flexibl | simpl Sl flexibl | simpl | rigi | flexibl | simpl fgid

y e y e y e y d e y

Q 125 144.5 | 383.5 | 75 84 223.5 | 575 63 168 | 33 35.5 94.5

Q, a3 [76ss |10 |41 |4s1s |esss 283 3395 |s18 | 1735 | 191 | 292
1220. 518.

Q3 657.5 1530 2055 SIES 895 5 446.5 673 219 | 3205 379 5

Re=1000

natural L(0.5-0.5) L(0.65-0.65) 1(0.75-0.75) L(1.0-1.0)

frequenc | flexibl | simpl sigid flexibl | simpl fipid flexibl | simpl | rigi | flexibl | simpl rigid

¥ e y e y e y d e y

Q 125 144.5 | 384 75 84 2235 57.5 63 168 | 33 35.5 94.5

Q, 422|766 | 37" |41 |asis |89 | 2835 | 3395 |s18 | 174|191 | 292

o, 657 | 1530 | 2% | 5105 | 895 220 lae |73 | 919 | 3205 |379 . .

Re=1500

natural 1.(0.5-0.5) L(0.65-0.65) 1.(0.75-0.75) 1L(1.0-1.0)

frequenc | flexibl | simpl s flexibl | simpl rigid flexibl | simpl Aigid flexibl | simpl | rigi

y e Yy ¢ y ¢ y ¢ y d

o 1255 | 1445 |384 |755 |84 |2 |s15 |63 168 |33 355 | 94.5
3

Q, 421.5 766 }”‘ 341.5 451.5 | 689 284 339.5 218. 174.5 191 292
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Qs 657 ;530' 205 509.5 | 895 | 1221 | 445 673 219' 321 379 | 519
b)Q=15 (kw/m%)
Re=250
netral | 1(050.5) 1(0.65-0.65) 1(0.75-0.75) T(.0-1.0)
frequenc | flexibl | simpl Hgid flexibl | simpl rigid flexibl | simpl i flexibl | simpl igid
y e y e y e y e y
0, 117 1435 | 3805 | 755 | 84 §23' 575 |63 168 | 31 35 93

o)
Q 4215 | 759 ;160' 3415 | 4515 | 689 | 284 | 3395 218' 1655 | 188.5 gsg'
Q 657 ;5 16 12037 | 50905 |805s |1221 |445 |673 219' 3115 | 3745 2'2'
Re=500
ol | TA0.5-0.5) L(0.65-0.65) L{0.75-0.75) L1.0-1.0)
frequenc | flexibl | simpl s flexibl | simpl rigid flexibl | simpl figid flexibl | simpl digid
y e y e y e y e y
Q, 1185 | 1435 | 381 | 715 |83 2215 | 55 62.5 ;"6' 5 |35 93.5
Q, 428 | 7605 ;162' 3355 | 448 | 6835 | 2745 | 337 214' 168 | 189.5 289'
Q 664 ;5'9‘ 2041 | 520 | 8885 ;2' Lol as2s 668 |912 |3135 | 376 2‘4'
Re=750
natural | {0.5-0.5) 1(0.65-0.65) 1(0.75-0.75) L(1.0-1.0)
frequenc | flexibl | simpl rigid flexibl | simpl dgid flexibl | simpl rigid flexibl | simpl | rigi
¥, e y e y € y e ¥ d
Q, 119 143.5 281' 72 83 222 | s5 62.5 ;66' 32 35 94
Q, 427 | 761 | 1163 | 3355 | 4485 |684 |2755 |337 214' 168.5 | 189.5 | 290
Qs 663 1520 | 2042 | 5175 | 889 ;212' 4505 | 6685 [913 | 3145 |3765 | 515
Re=1000
nerl L0505 1(0.65-0.65) 100.75-0.75) L(1.0-1.0)
frequenc | flexibl | simpl figgia flexibl | simpl i flexibl | simpl G flexibl | simpl Agid
y e v e y I I e y
Q, 19 * | 144 | 3815 | 72 ol s |es | | 35 |94
Q, 4265 | 761 é163' 336 | 4485 §84' 276|337 |s1s | 169 | 190 | 290
Q 662.5 ;520' §042. 5165 | 8895 | 1213 | 4495 | 668.5 2‘3' 315 | 3765 215'
Re=1500
ol | 0505 1(0.65-0.65) 1(0.75-0.75) L.0-1.0)
frequenc | flexibl | simpl Hegid flexibl | simpl rigid flexibl | simpl ik flexibl | simpl il
y e y e y e y e y
Q, 1195 | 144 | 3815 | 72 8§35 222|555 625 167 |32 35 04
Q 455 | 761 ;163' 336 | 449 |6845 | 2765 | 3375 | 515 | 1695 | 190 §9°'
Q. 6615 | 1521 |2043 |s15 | ss9s ;2'3' 4485 | 669 213' 35 | 3765 2‘5'
¢)Q=20 (kw/m?)
Re=250
natural | 10.5-0.5) 1(0.65-0.63) L(0.75-0.75) 1(1.0-1.0)
frequenc | flexibl | simpl B flexibl | simpl gid flexibl | simpl g flexibl | simpl rigid
y e y e y e y e y
Q, 112|143 | 377 |72 835 | 222 | 555 | 625 | 167 |30 345 | 92
Q, 4255 | 753 ;'51' 336 | 449 | 6845 | 2765 |3375 | 515 |16 187 | 286
Q, 661.5 | 1505 |2021 | 515 | 8895 ;213' 4485 | 669 213‘ 306 | 3705 207'
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Re=500

natural L(0.5-0.5) L(0.65-0.65) L(0.75-0.75) L(1.0-1.0)

frequenc | flexibl | simpl i flexibl | simpl figid flexibl | simpl rpid flexibl | simpl sigid

y e y e y e y e y

Q) 113 143 3785 | 69 82.5 220 1| 53 62 165 30.5 35 93

Q, 4335 | 755 | M1%% |3305 445 |79 | 2685 | 3345 |0 | 1635 | 188 P

oy 610 | % |06 |s25 |ss2 | as4 663 |05 | 3085 |373 2

Re=750

natural L(0.5-0.5) L(0.65-0.65) L(0.75-0.75) L(1.0-1.0)

frequenc | flexibl | simpl g ﬂex1‘b! simpl figid flexibl | simpl Hgid flexibl | simpl | rigi

y = ¥ e y e y e y d

Q, 1135 | 143 | 3785 |69 825 |220 |53 2 |1 |3 35 |93

O, 432 755.5 1155 330.5 4455 279' 269 3345 | 511 164.5 188.5 | 288

Qs 668.5 ;509' 2027' 5225 882.5 1204 | 452.5 663.5 206' 309 373.5 | 511

Re=1000

natural | L(0.5-0.5) 1(0.65-0.65) L(0.75-0.75) L(1.0-1.0)

frequenc | flexibl | simpl Higsd flexibl | simpl dgid flexibl | simpl i flexibl | simpl gl

y g y e y e y e y

Q 114|143 |39 |69 825 |2205 |53 62 (i), 31 35|93
1155. 11

Q, 4315 | 756 5 330.5 4455 | 679.5 | 269.5 | 335 5 164.5 188.5 | 288

Q 668 1510 ?028' 521 883 ;204' 451.5 664 907 309.5 374 gl =

Re=1500

natural L(0.5-0.5) L(0.65-0.65) L(0.75-0.75) L(1.0-1.0)

frequenc | flexibl | simpl B flexibl | simpl igid flexibl | simpl rigid flexibl | simpl e

Y. € y S Y € b € ¥

Q, 114|143 |[379 | 695 |825 ?20' 535 |62 éﬁs' 31 35 93

Q, 430.5 756 élS 331 445.5 | 680 270 335 21 L. 165 188.5 %88'

Q, 667 ;5 10, 302 520 | 8835 | 1205 | 450.5° | 664.5 207' 310|374 | 512
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