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Abstract

The experimental investigation results on the vibration cha-

racteristics of the rods with artificial roughness in the axial .

flow are presented. It is shown that the roughness plays an im-

portant role in the nechonizm of vibrations' excitation. For the

rods having artificial roughness with a relative size-of 0.075 •

0.2 the phenomenon of dynamic instability has been revealed at

the f lov/rates being by the order of magnitude smaller then those

predicted by the P&idoussis theory. It is experimentally obtained

that for the rods similar to those used as a nuclear reactor fuel

element and heat exchanger tubes the critical velocities resulting

in the vibration amplitude increase by the one or two order of

magnitude are the values as much as 6-12 m/s. It is shown that

the phenomenon revealed differs from a classic flutter by a.

number of attributes.
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The perspectives of power engineering development connected

with creating the reactors of high power density put forward as

one of the important problems the intensive heat removal in the

core fuel assemblies and the heat exchangers.

The widely used method of heat transfer intensification is

based on the turbulization of a coolant flow by aeana of artifi-

cial roughness manufactured in the form of circular c r o o v e B and

protrusions, spiral ribbing, spiral wire windings, cross and

spiral crimps and some elements of this king placed on the heat

transfer surfaces. In this case the hydraulic resistances of the

channels and the power required for coolant pumping are substan-

tially, increased. Moreover, the use of artificial roughness results

in increasing the intensity of flow induced vibrations of the rods

end tubes.

It is customary to assume that the amplitudes of vibration of

the rod elements in axial flow are smaller that those in cross

flow and do not present a danger of vibration induced.

iTi» main causa of the forced vibration of the rode in the

afi^T flued flow is turbulent pressure fluctuations. The other

mechanisms of excitation(the parametric and self-excited vibrations)

that have been studied and published ere not realized practically

at the flow velocities typical for the atomic power plants. So, in

particular, the theory of a classic flutter developed as applied

to the elastic rod elements in the axial flow [i-3] shows that

for the rods having geometric dimensions and stiffness typical

- for the fuel elements and the heat exchanger tubes, the critical

velosity at which the vibration amplitude is sharply increased

exceeds 100 m/s. According to this theory the artificial roughness

of the rod surfaces is not an important factor. In the present

report the results of experimental investigations are given that

show an extremely important role of artificial roughness in the

mechanizm of exciting these intensive vibrations.

The investigations of the flow induced vibrations have been

carried out on the experimental installation which represents a

concentric annular channel formed by the rigid cylindrical body

and the coaxial elastic cylindrical rod which is hinged on both

ends. The surfase of the investigated rods has possessed the ar-

' tificial roughness representing in different variants the spiral

wire windings, ring ribs and sandy surfaces with a relative prot-

rusion height of d/(H-r) = 0.075 - 0.2.
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In these experiments the geometric and structural parameters

of the rods and thu hody hove teen varied too.

The main characteristics of the investigated versions of this

system ere given in the table. , .

For the investigation of dynamic characteristics (natural

frequencies and damping factors) of the rods being flowed around

by a fluid flow the electrodynamic method of exciting vibration

has been used in these experiments. The spectra of pressura fluc-

tuations have also been measured on the wall of a channel by means

of the straine sensors.

The results of experimental Investigations ft-6] carried

out on the rods with artificial roughness have shown that on reao-

aing a definite critical velocity of a flow the amplitude of vib-

ration has been sharply increased by the 1-2 orders of xtagnitude.

In the figure 1 are shown the dependencies of vibration amplitude»

attributed to the width of a MWWIITAI» gap with taking into account

the roughness element;' for several versions of the rods. As it la

seen from the figure at the velocities of 6-12 a/a the amplitude

of vibration has become comparable with the width of an ••mini AT

gap. It is also established that the natural frequencies of rod vib-

ration are essentially independent of the flow velocity as the

hydrodynamic damping undergoes significant changes. In the fig.2

the relative damping factor is shown versus the flow velocity.

It is seen that as the flow rate is increased the damping is

strongly increased at the first time and then It is decreased.

On reaching the critical velocity the damping is turned to be

zero. This means that the energy transmitted from tha flow to the

rod has become equal to the dissipative losses in the system and

thus the conditions for appearins some self-exciters vibrations

take place.'"For comparison in the figures 1,2 are given the re-

sults of "experiments for the smooth rod that show the mono tonic

increase of'-'a damping coefficient and the relatively """QT inten-

sity -of-vibrations v/ithin the investigated range of velocities

( 0-20 m/s). The calculated velocity of a flutter for the smooth

rod [1] has a value of 130 m/s. Thus, the experimental data show

that the critical velocities exciting vibration of a flutter type

for the rods with artificial roughness can differ from the critical

velocities of a clr.3sic flutter by the order of magnitude and up-',

narda, the mechaniaia of these vibrations seems to be of quite

another nature.

It is possible that in this caee t'.:~: :ljiu-r is cnused by a spe-

cific character of interaction lLi:ntr. a viVrtilii.u rod ead a flow

la the chanaal hi-.vir.t, a aubstr-riUally hi£u hyd.:-s";7.ic ic-sistance as

compared to a smooth one.

In the fig.3 are given the- experimental liutt; on the intensity

of pressure fluctuations in a channel normalized to the d;-E.anlc

pressure against flow rate. It is secu from the figure that at the

sub-critical flow rates the intensity of pressure fluctuations

having the wide spectrum of frequencies account- for only eome per

cent of dynamic pressure. This corresponds to the turbulent fluc-

tuations of the flow in the channel and, respectively to the forced

vibrations of the rods with the relatively small amplitude. Then

the critical velocity of a flow is reached the random pressure fluc-

tuations became harmonic vibrations with the frequency being equal

to the natural rod vibration frequency and their emplltude is

' sharply increased. At the same time the amplitude of tlia rod vib-

rations is grown.

The analysis of given experimental data and their comparison

with those prediction by the known theory demonstrate that the

revealed phenomenon differs from a classic flutter.

Firstly, the critical velocities are smaller by the order of

magnitude as compared with those predicted by the theoi.-.

Secondly, the classic flutter of the rods is preceatd ay the

loss of static stability (a divergence) at which the natural frequ-

«ncy of vibrations over the first mode is turned into zero.

In our experiments not only divergence but as well even any

appreciable change of trequency were absent.

Thirdly, in these experiments it is essential the lack of the

interaction of vibrations typical for the classic flutter over

several modes. On reaching the critical velocities the vibrations

of rods have been occured only over the first mode of a hinged

beame.

Thus, the flutter of rods Tilth artificial roughness differs

from a classic one and represents a new phenomenon In the field of

hydroelasticity.

The type of flutter mentioned above can be arise practically

when using artificial roughness, e.g., for the heat mass-transfer

processes intensification.
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Fig.1. The relative amplitudes or bending vib-

rations of rods against the flow rate

(toe designations are ia the fig.2)

Fig.2. The relative damping against the flow

rate • -1, Q -2, • -3, O -4, • -5, A-6.

a -7, A -8, ^ -9,O -10 (the figures

correspond to the numbers of versions in

the teble).

?ig.3. Ratio of the amplitudes of pressure

fluctuations in flow to the dynamic

pressure (the designations are in

the fig.2.).


