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Abstract. Fluid vibrations in axi-symmetric geometry accoglio the first harmonic in the circumferential diien are
analyzed. This problem has a practical applicatiothe analysis of transverse vibrations of fludan axi-symmetric
pipe. In order to obtain volumetric strains frone tholographic image of the vibrating fluid the irsien of the
generalized Abel transform is to be performed. Mnatical procedure for the solution of this problismproposed.
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Introduction angular coordinate® is understood as indicated in the
figure. The angles can be determined from the vahg

Interpretation of experimental results, especiallyrelationship:

when such experimental techniques as laser holbgriap

applied for investigation of high frequency viboats of

fluid as described in references [1, 2, 3, 4],nisraportant tar(®+¢)): Zz =

engineering problem. The fluid vibrations accordioghe X X

first harmonic in the circumferential direction dhe

cylindrical system of coordinates are investigated tube. wherer is the radial coordinate. The two solutions are

Generalized Abel transform [4] must be exploited tfte  denoted as:

interpretation of interference fringes due to thet that the

+4/r% —x?

: 1)

laser beam travels different lengths through thedflat 2 2
different positions of the laser rays penetratimptgh the (@ +¢) —tan® X ,
surface of the tube. ! X
In order to interpret the obtained interference P 2
pattern the field of volumetric strain is to beaudhted. For (® +(0) —tant=— r-x ' )
this purpose the inversion of the generalized Abel 2 X
transform for each scan line of the hologram idquered
on the basis of the proposed numerical procedure. Then the generalized Abel transform for the
analyzed problem of tube vibration has the follogviarm:

Generalized Abel Transform

Further x, y and z denote the axes of the CD(X’ y)_
orthogonal Cartesian system of coordinates. The < ){COS((G)wL(D)l —§D)+} rdr (3
penetration of the laser beam into the liquid (met = EVCOS( ) -
direction of thez-axis) is related to the radial coordinate. x +cod(®@+9), —9) | Jr
The incorporation of the viewing direction is perfed by
assuming that the pipe is turned by an aggénd thus the

2 _y2
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where®(x, y) is the phase of the laser beamg,d{r, y) are
the amplitudes of circumferential variation of the
volumetric strains.

When viewing direction isz /2 no interference
fringes are observed and the viewing area in thegham
is white. This follows directly from the expressiof the
generalized Abel transform and the properties o th —
trigonometric functions. 1,¢

The holograms obtained from different viewing '
directions are used in order to determine the toecof _ S e -
vibrations. For further analysis the hologram withe at pixel (1.\“1}-‘) i
highest possible number of fringes is chosen ardl us
determine the volumetric strain.

The minimum number of observation directions
in order to get a good estimate of volumetric strai
depends on our knowledge of the direction of vibre.
When the direction of vibrations is known then agt A
observation direction is sufficient, but when thieection ,oa;@
of micro-vibrations is not evident a number of avagion hd
directions are to be used.

Thus for the hologram with the highest number ofFig. 1. The geometrical scheme of the computational process
fringes which is used for the interpretation of woktric
strains it follows that:

* |Axis oflmmetry

(Intedration) Line

Scan

cos® = Z ) Accumalated volumetric
r’ strains in the scanlline | |
Pixel hit countelr — 7] |
and the generalized Abel transform takes the form: in the scan line e
< dr 0 . |¢- . -E.. seeeeseesScan Line
d(x,y)= ZXJ. Eueosll 1Y) ) , |
r<—x 1 ; i
X Matrix of |Pixels
. . Projection plane
For each scan line of the hologram by using the % (Pro] plane)
right rectangle numerical integration rule the gatized E :
Abel transform is represented in the following way: & | Finite Element in the
( ) 5 ~— Axisymmetric Problem
n .
— Xmin + JA A ,1;
cDj - z 2‘g‘vcosi Y 3 (6) <C E ""-Interpolated
i=j+1 \/(Xmm + IA) —(Xmin + JA) volumetric strains
where®; is the phase of the laser beam at the pixélthe e

scan line gy is the volumetric strain at the pixebf the  Fig. 2. Implementation of the determination of the phaf¢he
scan line, Xmin is the minimum value of the radial laser beam for a scan line of the hologram

coordinate in the hologramA is the radial distance

between the adjacent pixels.

In experimental procedures determination of
Inversion of the Generalized Abel Transform volumetric strains from the phase of the laser b&aan
important problem. On the basis of equation (6) the
inversion of the generalized Abel transform is parfed
The computational scheme of the computationain the following way:
process for the formation of the digital fluid hgtam is

presented in Fig. 1. D,

For each scan line of the hologram the phase ofvcosn = (X +(n—1)A)A , (7)
the laser beam for each pixel of the scan linebtsioed. 2 min
Schematic representation of the implementation hig t \/(Xmin + nA)z _(Xmin + (n—l)A)2

procedure is illustrated in Fig. 2.

563

© VIBROMECHANIKA. JOURNAL OF VIBROENGINEERING 2008 DECEMBER VOLUME 10,ISSUE4, ISSN1392-8716



417.INVERSION OF THE GENERALIZED ABEL TRANSFORM IN THE AALYSIS OF FLUID VIBRATION IN A TUBE.
J.RAGULSKIENE, A.PALEVICIUS, P.PASKEVICIUS

& = 0.0408091

veosn-1 —
) - 2¢ (Xmin + (n - Z)A)A 0.0274491 / \
n-2 vcosn
(Xmi" + nA)Z - (8) 0.0139892 / \
2
= _ (Xmi" * (n _ Z)A) 0000525212 / \

2 (Xmin + (n — Z)A)A ’
2 2 -0.0123307
\/(Xmin + (n - 1)A) - (Xmin + (n - Z)A) 007 16,0719

Fig. 3.Phase of the laser beam in a scan line of the haiog

&

veosn-2
ch—S - 28vcosn—1 (xmin i (n ~ 3)A)A -
(Xmin + (n - 1)A)2 -

0.0024192

(g + (-3 e
e G t(n-3n o |
(X +NA)? — oo07an0ts
~ - (xmin +(n-3)A)’ 5123008 /
S, (X +(n—3)A)A ! o

\/( mln (n 2) ) ( mln +(n_3)A)2 .07 51m 16.0714

Fig. 4.Volumetric strain in a scan line of the hologram.
and so on until finally:

gvcosl =
X A Conclusions
CD ZZEVCOSI L >
_ \/ X Xmin (10)
- X, A . The fluid vibrations according to the first
armonic in the circumferential direction in axirsyetric
2 h th ferential direct t
\/( X, + A) X geometry are analyzed. The procedure for the cioul
of the amplitudes of the circumferential variatioh the
The previous equations can be represented in thVeQlumetrlc strain is proposed. Thus the holographiges
form: are used for the determination of volumetric sgain
vibrating tubes.
gvcosj+1 =
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