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SUMMARY

RKV1 1is a digital computer program for ICL-1905 computer in
FORTRAN language. The code considers an isolated rod supported by two
adjacent spacer grids, and calculates some iImportant characteristics
of rod vibrations induced by a single-phase fluid. These calculated
parameters which are required to the engineering design of spacer grids
can be summarized as follows: fundamental frequencies, maximum vibra-
tion amplitudes, end slopes,"and Fixity" parameters, transverse
deflection functions, transverse reaction forces, relative axial
displacements and bending moment functions.

OSSZEFOGLALAS

Az RKVI kéd az ICL-1905 digitalis szamologépre kifejlesztett
FORTRAN nyelv(i program. A kod meghatarozza az egy fazisu folyadék &al-
tal eldidézett rudvibracid legfontosabb paramétereit két szomszédos
tavolsagtarté racs kozotti rudszakaszra vonatkozdéan. A tavolsagtarto
racsok mérnoki tervezéséhez szikséges szamitott vibracids paraméterek
az alabbiakban foglalhatok o6ssze: fundamentalis frekvenciak, maxima-
lis vibraciés amplitudék, rudvég szogelfordulasok, rudvég befogasra
jellemzd paraméterek, transzverzalis lehajlas! figgvények, transzver-
zalis reakciderd6k, relativ axialis elmozdulasok és hajlito nyomaték
flggvények.

PE3OME

Kog RKVI npeactaBnsiet co6oi nporpammy, pa3paboTaHHyw ana 3BM
1CL-1905 W HANUCAHHYI Ha A3bKE fortran . KOA ONpefensieT OCHOBHbe
napameTpsl Bbi3BAHHOr0 O4HOMA3HOW XMAKOCTbI KONEOAHWA OJHOr0 CamMoCOCTO-
ATENbHOT0 CTEepXHA Mexgy ABYMA COCEAHUMWU AUCTaHLUQHUPYKWUMUA peleTKami.
C nomoWbl KOAa MOryT ObiTb BLYMC/EHb Crefywlune BubpalinoOHHHE XapaKTepuc-
TUKN, HEOOXOAMMble NS KOHCTPYWMPOBAHMA.ANTTAHLNOHUPYKHWMX PEWeToK: Cc06-
CTBEHHbIE 4acTOTbl, MNpefenbHbie BUOPALWUOHHbIE aMmauTyfel, YrAbl HakNOHA KOH-
LOB CTEpXHA, napameTphl, XapakTepusywwne KpenseHue KOHL OB CTepXHA, (QYH-
KUAW NONepeyHoro nu3rikba, nonepeyHsie Cunbl peakuuum, OTHOCUTENbHLE OCeBble
nepemewenns n QyHKUWW u3rubanlero MoMeHTa.



1. INTRODUCTION

Heterogeneous water-cooled reactors are often designed for
high-power density and hence present a problem in the removal of heat
from the core. The problem 1is generally resolved by employing high
water velocities to improve the heat transfer. Measurements performed
during the last ten years have proved, however, that high-velocity
coolant flowing through a reactor core 1is a source of energy that can
induce and sustain vibration in reactor core components. Both indivi-
dual rod vibration and composite bundle vibration has the potential for
causing component failure by fretting, wear and fatigue.Recently a num-
ber of experimental and theoretical studies [1-14-] have been con-
ducted in order to predict the amplitude of vibration, to understand
the mechanism of parallel-flow induced vibration, and to obtain design
fixes to eliminate it.

Earlier studies of parallel-flow induced vibration of flexible
rods can be divided into two groups: those involving a deterministic
approach [I-11] , and those involving a probabilistic approach [12-15].
In the first group, no complete solution to the equation of motion has
been presented, and analyses are hampered by the lack of a complete
description of the forcing functions. Several empirical expressions
based on postulated causes of self-excitation, cross flow, secondary
circulation etc.have been correlated, yet the real forces exciting the
vibration remain unknown. The second group offers an alternative ap-
proach to the problem, by postulating that vibration is excited by ran-
dom pressure Tfluctuations in the turbulent flow.

The best analytical approach to the study of rod displacement
statistics due to pressure fluctuations in turbulent boundary layers
has been worked out at the Argonne National Laboratory [15] > P-7]
This probabilistic approach is essentially the same as that of Reavis

[12] , but the equation of motion is that of Paidoussis p] , which
accomodates the effects of added mass, damping, axial force and the

flow velocity on natural frequencies.



The purpose of the present paper is to calculate some important
characteristics of single-phase fluid induced rod vibrations between
two adjacent spacers which are required for the design of fuel spacer
grids. These vibration parameters are calculated by the RKVI program,
which was developed for ICL-1905 computers in FORTRAN language. The
values of the fundamental frequencies, the vibration amplitudes, the
end slopes, the'end Tfixities"™, the transverse deflection functions,
the transverse reaction forces, and the reaction moments and relative
axial displacements of an isolated rod supported by two adjacent spacer
grids can be determined by the program.

The main features of the RKVI program can be summarized as
follows:
a./ 1t is supposed that each rod is supported by two adjacent spacer
grids for arbitrary support "end fixities" represented by a
torsional spring /see Fig.l/.

rig-A
Model of fuel rod.

These torsional springs at both ends of the rod provide a restoring
moment in proportion“to the actual end slope. The "end fixity"
values can be determined by both static and dynamic methods.

b./ Experiments [1-9] have shown that the flow velocity has a great
influence on the amplitude of the vibrations, but does not effect
the frequency, which is the natural frequency of the rod and re-
mains constant. The differential equation for the transverse free
vibrations of a rod can therefore be used, in order to calculate
the fundamental frequencies and the end slope per unit amplitude.
These frequency values are corrected in the program for the effect
of axial spring loading and of viscous damping in water.



c. / The correlations between the vibration amplitude and the funda-
mental frequency are calculated by four different semi-empirical
approximations / [2] , [4 ., [12] , [1] /- The actual end slope
values are determined from the slope per unit amplitude by means
of the effective values of the vibration amplitude.

d. / Finally the program calculates the transverse deflection functions,
the transverse reaction forces and the reaction moments, the rela-
tive axial displacement between the fuel rod and the spacer grids,
and the axial distributions of the bending moments.

2. GENERAL DESCRIPTION OF THE CODE
1./ Fundamental equations:

a./ "End TfTixity" calculations:

The "end fixity"” value can be calculated by a static load test.
The equation relating the deflection of the rod loaded by a con-
centrated weight at the mid-point to the "end fixity" of the rod

/ [ , W [/ is:

=1 _.a L + 8 . ong-——-——-— - /la/
cone 4 a-L+2 48 -

The equation relating the deflection of the rod loaded by a uni-
formly distributed weight to the "end fixity" of the rod /7 [2] ,

[31 /7 is:

- kK " L + 10

v o ist /1b/
Ydist _a . L + 2

84 1T _ E

wao o

where

K . L 12,
a - L 4

If an axial end spring is inserted, then the measured value of
deflection will have to be corrected for the effect of axial

loading /?papr~né/ using the following formula [9] :



- r

=Y d : 131
corrected measure 3(tgC 1Y

whe re

74/

b ./ Fundamental frequency calculations

The differential equation for the transverse free vibration of

the rod with elastically built-in ends shown in Fig. 1 is / [107]

[31 . [15]1 /-

3t X

The solution of the differential equation can be obtained as
follows [10] :

y = o(x) = sin(uit) 161/
whe re
*(X) = Aesin Bx) + B-sh(Bx) + Cecos(Bx) + D-ch(®x) /1/
2
_ w3
R4 = "¢ 7 /8/
0 - 2.it-F /9

The fundamental frequencies are obtained from equations /8/ and /9/

(R-5)2 \I[E-1 710/

f - 2w > .4

The ends of the rod are assumed to be elastically built in, with

the angle of rotation proportional to the applied moment. This
the common type of linear torsional elasticity expressed as

M=K .O0



The differential equation /5/ was solved with the boundary condi-
tions / [I0§j , [11] , [3J/:

0 F T 329

3X = = SX/\ at X = O /n7/
o =
K 3 E 1 gig at X =L 112/

The values of R*L , as eigenvalues of the above boundary value
problem, can be determined by solving the following transcendental
equation for R*L / [10]1 , [IN] /:

cos Rli) .eh (BL) + 2 <) sh(3b) .cos (BL ) - sin (BL)=eh (L -

2 * (fir)2 * (BL"2 -sinCRL) = sh(RL) = 1 /13/

The frequency equations give the relationship between the ™"end
fixity" and the fundamental frequencies and are obtained from
equation /13/ [/ WU , 91 7:

aeL B — 714/
tg”™ ) t th(™)

/15/
cotg(x) -

Equations /14/ and /15/ refer to the symmetrical and antisymmet-
rical modes of vibration, respectively, and these functions are

plotted in Fig. 2 /7 [3] » [O991 /. The limits of 3*L are w
/pin ended beam/ and 4.730 /built-in beam/, corresponding to

K =0 and K = < , respectively.



w-. 2

Tha symmetrical and the anti-symmetrical modes
of vibration.

c ./ End slope per unit amplitude

The end slopes per unit amplitude are obtained by differentiating
the function y(x)/6mg§(/ / [10] /:

A Y (x)/{max) . -2 (B_L)Z -E-1 /16/
x X=0 max max KeL

where

Y(x )6max = ¢ (x >/6Gmax 5max sin(Bx) - sh(Bx)

cos(Bx) - ch(Bx) - 2 o' (BL) . sh(Bx

max u
/17/



d./ Frequency correction calculations

The influence of the axial spring load on the fundamental frequency
is theoretically represented by 7 [I1 , [9 /:

spring
fspring /18/

The frequency values will be corrected by the effect of viscous
damping in water / [1] , [7] /:

fwayer = fair vaﬁté‘ﬂ-lr 719/
1+ C-

e./ Amplitude predictions

In order to calculate vibration amplitudes various authors have
proposed semi-empirical treatments of the problem based on the
dynamic equilibrium equation of the rod:

2 34
m e— "+ E ] «— =P ~R /20/*

3t )¢
This simplified equation represents the balance between elastic
reactions, mass forces, the forces P causing the movement, and
the damping forces R. Various hypotheses have been proposed for
P and R, and various empirical vibration amplitude relations
have been deduced which contain constants determined by the tests.
The RKVI program calculates four different amplitude relations.

i./ Correlation proposed by Burgreen / [2] , IB1 /:

& V--3
X = 0.83-10-10 = k. = [°5 « 721/
\éhydr/ 1

where the dimensionless parameters are

, a=L + 10 /22/
1 g L + 2



»water e Y2 e L

r= roo /23/
Y
U= R""ater—m 724/
pwater B

_ 2</Y . tlattice _ , /25/

hydr rod rod

i./ Correlation proposed by Paidoussis /7 [4] , [91 /:

ax {(£2 o 2) ® .2/3
=C, = -1V, 4 - L--B°7-€ - =X 726/
Do 2 E%Nater v S S T L.
where the dimensionless parameters are
M V2 e L2
u2 _ Wwater 727/
E 1
V - d
Re = hydr 728/
‘water
e = D /29/
rod
Myvater
r= +m /30/
water

iii ./Westinghouse vibration correlation /W.V_.l/ / [12] /:

0.5 0.5

_ Brod_[ N.rod'v_Pwaterwwater
Smax = Cemp'nd 0.5 /31/
hydr rod Wrod . f%g er T

where the empirical dimensionless factor is

\D44
c - hydr /32/



and the dimensionless scale factors are

T \Dll
‘Water 733/
r’dnydr Cci1 \% hydr
water i I 22L — AWater — < 73 ’ 737 3 ’
Yo C * C22L " Drodj It — v——Drod = °-4 /34a/

- 1 o . water
nDrOd = C22(; .{/fyver D iI 22G  if v Drod > 0-4 /324b/

, Fwater )°32b ‘water >1 < Q .4

nL C33L <y V ‘L] if v /35a/
[f . 336 )
- water
"L *C33G "W r 4 if Y L > 0.4 /35b/
iv./ Euratom vibration correlation /JE.U.R/ / [I] /:
hax - 499 . Re2® | 1.5 _ 305 _/Puarer \0-2° 36/
rod rod
where the Strouhal number is:
f . D J
g = afr____“ro /37/
o \%
and
M
¢ = =Vi +c, - /38/
fwater | 3

f./ The actual end slope

The actual end slope values are obtained from the end slopes per unit
amplitude /7 [0O] 7/:

0 = s = -2 ww? E1 .6 /39/
max max K.L
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g -/ Transverse deflection function

The transverse deflection function of a rod between two adjacent
spacer grids at the moment of maximum amplitude is obtained from
equation /17/:

oGl . g = -F A \ - _
o (%) 6, Lax G / sin(® ) - sh(Bx)

cos(Bx) - ch(Bx) - 2 = - (Bb) = sh(Bx) 6max

740/
h ./ Transverse reaction forces and reaction moments

The transverse reaction force between rod and Bpacer can be calcu-
lated from the inertial force of the cylinder:

R = X &Zi”- . dx /41a/
. _

The following approximation is obtained by substituting y(x,t?
from equations /6/ and 740/ into /4la/:

average

/41b/
R ="2 mI’Od,total I'Hvater 6 max
max
averaqe _ + +
6 cosm P>
max

P3 “ gl_ “\6

P4 = BL (max
C
P5 = BZL \Omax

mrod,tot‘

The axial distribution of the bending moments can be easily deter
mined knowing the transverse deflection function:



11

M(X) = ~E=l = 3 = IPi_ = jjisin(Bx) + sh(Bx)

742/

P2 « £cos(Bx) + ch(Rx) + 2 =~ « sh(Bx)J | = 6. ax

whe re

i ./ Relative axial displacement between rod and spacer

The relative displacement between rod and spacer in the axial
direction, which can cause "fretting corrosion’™, are obtained as
the difference of the curved and even rod lengths:

where

744/

n =1,2,5, Adivision

ax - (*n - *,-i) - 4 ;

2./ Special features of RKVI

The program contains eight options offering different program
choices. These logical parameters are:

a. / Torsional spring constant determination /LPl1/;

b. / Determination of the amount of new INPUT data /LP2/;

c. / Transverse deflection function and bending moment distribu-
tions calculation /LP5/;

d. /7 Calculation of relative axial displacements between rod and
spacer at four different amplitude correlations /1P4, LP5,LP6,

LP7/;
e. / The end of INPUT information /I1VEGE/.
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3. USER?’S MANUAL

1=/ INPUT preparation

Input data are punched on paper tape or on cards. The expression 'card"
will be used for one record /i.e. one line/ of the paper tape.

ldentification card: FORMAT /9A8/

The headings provide information for the user and machine operator.
This card should follow the DATA card and precede each problem of a
problem block.

Parameter card: FORMAT /12/
Char. 2: LP2 Logical parameter determining the amount of new data.

Operating cards for entire INPUT: FORMAT /5EI13.6/

Card 1. DUA diameter of the fuel rod
DBB inner diameter of the rod canning
DBK outer diameter of the rod canning
RACS distance of the triangular lattice
E Young’s modulus of elasticity

Card 2. ROUA density of the fuel rod
ROB density of the rod canning
ROV density of the water
VISZKK kinematic viscosity of the water
PAX axial spring load

Card 3. Cl constant in equation /18/
Cc2 constant in equation /26/
c3 constant in equation /19/

DAMP critical damping ratio
SEB mean flow velocity parallel to the axis of

the cylinder

Card 4. YKONCR measured rod deflection caused by concentrated
weight at static load test
PKONC concentrated weight at static test

YMOSZLR measured rod deflection caused by uniformly
distributed weight at static load test



Card s

Card 6.

Card 7.

Operating card for simplified

INPUT

PMO3ZL

RUGO

RUDHOS

Cll
DIl
C22L
D22L

C22G
D22G
C33L
D33L
C33G

D33G

ca4
D44

SEB

RUDHOS

RUGO

constants

LP1

LP3

LP4,

NNN

LP5,

- 13 -

uniformly distributed weight at static test
torsional spring constant

length of the rod between two adjacent spacer
grids
coefficient in equation /33/
equation /33/

in equation /34a/

exponent in
coefficient
exponent in equation /34a/
coefficient

exponent

in equation /34b/
equation /34b/
in equation /35a/

in
coefficient
in equation /35a/

in equation /35b/

exponent
coefficient
in equation /35b/
in equation /32/
equation /32/

exponent
coefficient
exponent in

INPUT FORMAT /3E13.6/

mean flow velocity parallel to the axis of the
cylinder

length of the rod between two adjacent spacer
grids

torsional spring constant

FORMAT /7/12,11/,14/

logical spring constant

determination

parameter for torsional
number of rods in a bundle
logical parameter for transverse deflection

function and bending moment distribution calcula-

tion

LP6, LP7, options for calculation of relative
axial displacements between rod and spacer in the
Burgreen, Paidoussis, Westinghouse and Euratom

amplitude correlations, respectively
number of subdivisions of the half rod for the
calculation of the relative axial displacement

between rod and spacer.
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End - of - data card;

At the end of each set of data for a RKVT problem, a card is written to
indicate the end of INPUT information. The card must have an integer 8 in
column 2, if another problem is to follow, or an integer 9 in column 2,
if there are no more problems.

2./ Code OUTPUT

The OUTPUT of RKVI is self-explanatory for those who are familiar with
its algorithm. Therefore, a brief summary of OUTPUT results is sufficient.
First, all INPUT data are reproduced in the OUTPUT. The second group of
calculated data includes the transverse reaction forces between rod and
spacer. The third group contains the transverse deflection function and
the axial distribution of the bending moments. /These functions are
calculated at the 21 printing points of the half rod./ The fourth group
includes the relative axial displacement between the rod and the spacer.

The most important results are printed out in a separate group as follows:

ROATL average density of the rod

Al moment of inertia of rod canning

SP6 flexural rigidity of the rod canning

RUDM mass of the rod displaced per unit length

VIZM virtual mass of the fluid per unit length

DH hydraulic diameter of the test section

DCELLA equivalent diameter of the triangular lattice cell

RE Reynolds number, based on the hydraulic diameter

YKONC corrected rod deflection caused by concentrated
weight at siatic load test

RUGO torsional spring constant

YMOSZL corrected rod deflection caused by uniformly distributed
weight at static load test

ALFA "end Fixity" parameter

AL dimensionless "end fixity" parameter

BETAL frequency parameter in air without axial spring

BETAV frequency paramter in water without axial spring

BETARL frequency parameter in air with axial spring

BETARV frequency parameter in water with axial spring

FREQL frequency in air without axial spring

FREQV frequency in water without axial spring

FREQRL frequency in air with axial spring

FREQRV frequency in water with axial spring

TETAEGY end slope per unit amplitude



AMPLI, AMPL2, AMPL3, AMPTA maximum vibration amplitude

/half peak to peak/ in the Burgreen, Paidoussis,
Westinghouse and Euratom amplitude correlations,

respectively

TETA1, TETA2, TETA3, TETA4- actual end slope in the Burgreen,

B1L

B2L

B3L

B4L

3./ Machine

RKVI program

r

Paidoussis, Westinghouse and Euratom amplitude
correlations, respectively

BETAL . RUDHOS dimensionless frequency parameter in air
without axial spring

BETAV . RUDHOS dimensionless frequency parameter in
water without axial spring

BETARL , RUDHOS dimensionless frequency parameter in air
with axial spring

BF*TARV , RUDHOS dimensionless frequency parameter in water
with axial spring

equirements

is written for ICL-1905 comiuters. The code requires a memory

capacity of 8200 words. The x"unning tinié is determined by the complexity
of the problem and the desired options, and is about 1-5 minutes.

Symbols and definitions

The unit system used for RKVI computations Tfollows the normally accepted

engineering system of Anglo-Saxon countries:

of mass = pounds

of length = feet

of time = seconds

of temperature = Fahrenheit
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Physical or
Mathematical
Symbol

LP1

LP2

LP3

IP4, LP5

IP6, LP7

1VEGE

FORTRAN
Symbol

2
LP1

LP2

LP3

LP4, LP5

LP6, 1P7

I1VEGE

Units

Logical
LP1 =0
LP1 =1
LP1 = 2

Definitions and remarks

parameter for torsional spring constant
determination.
torsional spring constant is calculated
from equation /la/
torsional spring constant is calculated
from equation /1b/
torsional spring constant known from
INPUT data

Logical parameter determining the amount of new

LP2 =
LP2 /

Logical

1
1

data
read entire INPUT
read simplified INPUT

parameter for calculation of transverse

deflection function and bending moment distribu-

tion.
LP3 =

LPJ 7/

Logical

axial

LP4 =

0

0

transverse deflection function and
bending moment calculation is omitted,
transverse deflection function and
bending moment are calculated from
equations /40/ and /42/.

parameter for calculation of relative

displacements between rod and spacer in the
Burgreen,

amplitude correlations, respectively.

05

Paidoussis, Testinghouse and Euratom

LP5 = 0, LP6 = 0, LP7 = 0 relative axial

displacement calculation is omitted.

LP4 /

05

IP5 /7 0, LP6 = 0, LP7 /7 0O relative axial

displacement is calculated from equation /42/.

Logical

parameter indicating the end of INPUT

information for a problem.

1VEGE
IVEGE

=8
=9

if another problem is to follow.
if there are no more problems.
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»Rod
dhydr

dcella

~urk
pvater

aver

~water

Nattice

water

2 3
DUA ft

DBB ft -
DBK ft

DH ft
DCELLA ft
RUDHOS ft

ROUA 1bm/ft5
ROB "

ROV -
ROATL ft

Al ft4

E Ibf/Ft2
SP6 Ibf . ft2
RUDM - lbm/ft
VIZM t

RACS ft

VISZEK ft24
secC

Diameter of the fuel rod

Inner diameter of t e rod canning

Outer diameter of the rod canning

Hydraulic diameter of the test section

Equivalent diameter cf the triangular lattice cell
Length of the rod between two adjacent spacer grids
Density of the fuel rod

Density of the rod canning

Densitw of the water

Average density of the total rod

Moment of inertia of the rod canning
Young’s modulus of elasticity

Flexural rigidity of the rod canning

Mass of the rod displaced per unit length
Virtual mass of the fluid per unit length
Distance of the triangular lattice

Kinetic viscosity of the water



pwater
spring
S

\

K

QCOHC,COFF

Aconc ,meas
Y .
dist,corr

Y .
diet,meas

N
rod

Ndivision

Re

water

PAI

DAMP

SEB

RUGO

YKONC

YRONCR

YMOSZL

YMOSZLR

nxX

RE

ALPA

AL

BETAL

BETAY

Ibm/eec.ft

Ibf

ft/Be=

Ibf«/rad
ft

Tt

v/ft

Dynamic viscosity of the water pwater " pwater* vwater
Axial spring load

Critical damping ratio

Mean flow velocity parallel to the axis of the cylinder
Torsional spring constant

Corrected rod deflection caused by concentrated weight at
static load test

Measured rod deflection caused by concentrated weight at
static load test

Corrected rod deflection caused by uniformly distributed
weight at static load test

Measured rod deflection caused by uniformly distributed
weight at static load test

Number of rods in a bundle

Number of division of the half-length rod at the calculation
of the relative axial displacement between rod and spacer

Reynolds number, based on the hydraulic diameter
it o n
end fixity parameter
Dimensionless "end fixity'" parameter.
Frequency parameter in air without axial spring

Frequency parameter in water without axial spring
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Oair, spring BETARI V7Et Frequency parameter in air with axial spring
~water,spring BETARV /7t Frequency parameter in water with axial spring
f _ , , _ .
fair PREQL F/Bec Frequency in air without axial spring
water FREQV iAsec Frequency in water without axial spring
air,spring 1FREQRL hsec Frequency in air with axial spring
F
water,spring ;FREQRV B sec Frequency 1in water with axial spring
Oﬁémax TETAEGY rad/ft End slope per unit amplitude
Smax AMPLI, AMPL2 ft Maximum vibration amplitude /half-peak to peak/ in the
AMPL3, AMPL4 Burgréen, Paidoussis, Westinghouse and Euratom amplitude
i correlations, respectively
; 0 TETALI, TETA2 rad Actual end slope in the Burgreen, Paildoussis, Westinghouse
TETA3, TETA4 and Euratom amplitude correlations, respectively
i BIlL B1L - Dimensionless frequency parameter in air without axial
1 spring
1 B2L B2L - Dimensionless frequency parameter in water without axial
i spring
B3L B3L - Dimensionless frequency parameter in air with axial spring
B4L B4L - Dimensionless frequency parameter in water with axial spring -
ANYOM1 , ANYOM2 [IbFf.ft 1 Restoring bending moment in the Burgreen, Paidoussis,
: M :ANYOM3 , AHYOM4 Westinghouse and Euratom amplitude correlations, respectively;
c1 jci constant in equation /18/ C, = N2 for pin ended beam
Cg = 42 for,built-in beam
1 c2 c2 \ Constant in equation /26/
C2 depends primarily on the ratio of cross-flow velocity to
axial flow velocity, and is approximately equal to lo- for
a system with minimum flow disturbance and 5.10 ~ for highly
disturbed flow conditions
o (1]

= 1Ic3 Constant in equation /19/
i C3 varies from 1 to 3 depending on the geometry
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c11 ci

11 DI

oot c22L

022G C22G

D22l D22L

D296 D22G

c33L C33D

3331 D33D

133G C336G

033G D336

Yig Ca4

D44 D44

VI p—

X X

7 YYPX1/X/ ,YPX2/X/
;r?x3/x/ ,YPX4/x/
i

* cone PKONC

R PMOSZL

Hﬁrmx_ YPAFX/X/

sSecC

ft

ft

Ib-
ABe/re

Coefficient
Exponent 1in
Coefficient
Coefficient
Exponent 1in
Exponent 1in
Coefficient
Exponent in
Coefficient
Exponent in
Coefficient
Exponent in

Time

Longitudinal

Transverse deflection function of the cylinder in the

Burgreen, Paidoussis, TJestinghouse and Euratom amplitude

in equation /33/
equation /33/

in equation /34a/
in equation /34b/
equation /3™a/
equation /34b/

in equation /35a/
equation /35a/

in equation /35b/
equation /35b/

in equation /32/

equation /32/

coordinate

correlations, respectively.

Concentrated weight at static load test
Uniformly distributed weight at static load test

Transverse deflection function ner unit amplitude




1/67ax

So

KD

bl/x/

OMEGAL ,OMEGAV

DOMEGAUL ,OMEGARV rad/sec

C'nax

APEEA.CPEEA -
STROU -

KEAKI ,REAK2 1b-
REAK3,KEAK4

ROVTD1 4ROVTD2
ROVID3 »ROVID4

31, S2
S3, S4 Tt

IAMFXI/X/ ,AMFX2/K/  Ibf Tt
iAMFX3/V,AMFX4/X/

1
>

4

Circular frequency of oscillation of the cylinder in air
without axial spring, in water without axial spring, in
air with axial spring and in water with axial spring,
respectively.

Integral constants in equation /7/
Integral constants in equation /17/

Strouhal number /Zas a function of fa”r/

Transverse reaction force between rod and spacer in the
Burgreen, Paidoussis, Westinghouse and Euratom amplitude

correlations, respectively.

Relative axial displacement between rod and spacer in the
Burgreen, Paidoussis, Westinghouse and Euratom amplitude
correlations, respectively.

Length of the curved rod in the Burgreen, Paidoussis,
Westinghouse and Euratom amplitude correlations, res-
pectively.

Axial distribution of the bending moments in the Burgreen,
Paidoussis, Westinghouse and Euratom amplitude correlations,
respectively.

$4
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