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Fiutter of Rods with Artificial Roughness
in Axial Flow ’

Fedotovukiy V.S., Spirov V.S., Sinyavsky V.F., Terenik L.V.

Abstract

The experimental investigation results on the vibration cha-
recteristics of the rods with artificial roughness in the exial
flow are presented. It is chown that the roughness plays an im-
portant role in the mechanizm of vibrations excitation. Por the
rods heving artificial roughness with a relative size-of 0.075 +
0.2 the phenomenon of dynaric instability has been revealed at
the flowrates being by the order of magnitude smaller then those
pridicted by the Feidoussis 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 emplitude 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 &
number of attributes.

-2 -

The perspectives of power engireering development connected
with creating the resctors of high power density put forward as
one of the important problems the intensive neat removal in the
core fuel essemblies end the heat exchangers.

The widely used method of heat transfer intensificetion is
hased on the turbulization of & coolant flow by means of artifi-
cial roughness manutactured in the form of circular grooves and
protrusions, spiral ribbing, spiral wire windings, cross and
spiral crimps and some elements of this king pleced on the heat
transfer surfaces. In this case the hydraulic resiotances of the
channels and the power required for coolant pumping are substan-
tially, increased. Moreover, the use of artificial rouglness resulta
in increasing the intensity of flow {nduced vibrations of the rods
and tubes.’

It is customery to assuneé that the emplitudes of vibration of
the rod elements in axiel flow are smaller that those in cross

_flow and do not present e danger of vibration induced.

The main cause of the forced vibration of the rods in the
axial flued flow is turbulent pressuxre fluctuations. The other
mechanizms of excitation(the parametric and self-excited vibrations)
that bave been studied and published ere not realized practicelly
at the flow velocities typical for the atomic power plants. So, in
particular, the theory of & claasic flutter developed as applded
to the elastic rod elements in the axial flow [1-3] 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 gharply increased
exceeds 100 m/s. According to this theory the artificial roughness

- of the rod surfaces is not an importent factor. In the present

report the regults of ‘experimental investigations are giver that
show an extremely important role of artificial roughness in the
mechenizm of exciting these intensive vibrations.

The investigations of the flow induced vibrations have been
cqrried out on the experimeutal 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 hes possegsed the ar-

. tificial roughness representing in different variants the spiral

wire windings, ring ribs and sandy surfaces with a reletive prot-
rusion height of d/(B-r) = 0.075 - 0.2.
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In these experiments the geomctric and atructural parameters
of the rods end the body have been varied too,

. The main characteristics of the investigated versions of this
syctem ere given in the table.

Tor the investigation of dymanmic characteriatica (naturnl
frequencies and demping factors) of the rods being flowsd around
by a fluid flow the electrodynamic method of exciting vibration
has been used in these experimenta. The spaectra of pressure fluc-
tuations lhave also been measured on the wall of a chamnel by means
of the straine sensors.

The results of experimental investigations 9-6] 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 magnitude.
In the figure 1 ere shown the dependencies of vibration amplitudes
attributed to the width of a annular gap with taking into account
the roughness elements for several versions of the rods. As it ias
seen from the figure at the velocities of 6-12 m/a the amplitude
of vibration has become comparable with the width of an amnular
gap, It is also established that the natural frequencies of rod vib-
ration are esgentially 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 dawmping is
strongly increased at the first time and them it is decreased.

On reaching the critical velocity the demping is turmed to be
2exro. This means that the energy transmitted from tka flow to the
rod has become equal to the dissipative losses in the system and
thus the conditions for appearins gome self-exciters vibrations
take place:"For comparison in the figures 1, 2 are given tnc re-~
sults of e!periments for the smooth rod that show the monotonic
increase of ‘a damping coefficient and the relativaly small inten-
sity-cf-vibrations within the investigated range of velocities
( 0-20 m/s), The calculated velocity of a Zlutter 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 ertificial roughness cen differ from the critical
velocities of a classic flutter by the order of magnituile and up-.

vwurds, the wechuniza of these vibrations seems to be of guise

another nature.
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It i3 pessible that in this caes tiz Il.iiier Is cuused by a spe-

cific cherzciexr of intersction bt n a vitrating rod aw a Ilow
in the chenqel hnving a substoniially hign hydrenlic vasisltance as

compared %o a saooth one.

In the £ig.3 are given the expesineniul dute on the in%insity
of pressure fluctuations in & channel normslized to the dyruaic
preasure sgainst flow rate. It is seen from Lhe fipure that at the
sub-critical flow rates the intensity of pressure fluctuations
having the wide spectrum of frequencies esccounis fur only some per
cent of dynemic pressure. This corresponds to the turbulent fluc-
tuations of the flow in the chaunel end, respcciively to the forced
vibrations of the rods with the relatively small amnplitude. When
the critical velocity of & flow is reached the ramdom pressure fluc-
tuations became harmonic vibrations with the freguency being equal
to the natural rod vibration frequency end their emplitude is

- ghurply increased. At the seme time the emplitude of the rod vib-

rations is grown,

The anslysis of glven experimental data and their comparison
with those prediction by the known theory demonsirate tkhat the
revealed phenomenon differs from a classic flutter.

Pirstly, the critical velocities are emaller by the order of
magnitude es compared with those predicted by the theox +,

Secondly, the clagsic flutter of the rods is preceacd vy the
Joss of static stability (a divergence) et which the natural frequ-
ency of vibrations over the firat mode is turned into zero.

In our experimenta not only divergance but as well even any
appreciable change of trequency were absent.

Thirdly, in these experiments it is essential the lack of the
interaction of vibretions typical for the olassic flutter over
geveral modes. On reaching the critical velocities the vibrations
of rods have been occuxred only over the first mode of a hinged

beane.
Thus, the flutter of rods with artificial roughness differs

from a classic one and represents & new phenomenon in the field of
hydroelasticity.

The type of flutter mentioned above cen be arise practically
when using artificisl xoughness, c.g., for the heat mass-transfer
processes intensitication. ’




-5 =~
-y - . . b
Snzv=fure, on ik Czvelougsent of the optlirel designs of cores 2
25d wat wachasireg with the use of ertificiel roughnmeas on the 'g:?g T
. * &
3, it iu recsessary to take irlto consideration Fob 2 ~ axan <~
not only widpsirebie lucrcaze. in hydreulic resistances ‘but also EE'{", £ T hhEemRe MRS
the chuime growtia of %the auplitudes of vibretions, which cen yre- ] )
gult in the fatjgue failures of fuel elements and heat exshanger 4 B
+ +» o3a
tubes, o ° d-gss'_‘
-] 2H8°3 -N O OO Wn o Qo oo
—~ NEH o N O G6D = O o o = —
o ~ 8 @ OO0 O~ v+~ O o &G oo -
T 18w2% S6ddds S eo0o =
il D or+ 0 <]
o 9 £
- -] >
o ) g ] =
References I 543 d
o g FACK:] n O O 0 W -— o -
. : o 55°%8: r~ MmN s o m < SECRCY a
1. ¥sidoussis U.P. Dynemics of Flexible Slender Cylinders in g gE 5‘3': nanae e i nan §
Axisl Flow. Pert 1, 2.- J. of Fluid Mechenics, 1966, v.26, g fon °
] .
<717
P71 : ’ B °og & < NN oMM <~ o< < a
2. Paidoussis M.P., 5uss S. Stability of Cluster of Flexidble 3 E"’P s’j‘é’ \o PER2NES = 2 s
Cylinders ‘in Bounded Axiel Flow. - Trans. ASKE, J. of Appl. “ ,ggg §666d8 o o569 §:] .
9\) Hech., 1977, v.44, Ne 3, p.401. g n3 g ,% E
.* 3. Prokhorovich V.A., Prokhorovich P.A., Smirnov L.V, - Priklad- 3 §§“§ e eaoapgg o0 oo B2
Q naye liekhanika, 1982, v.17, N2 3, p.108. § ginhoTm B oo
U‘ 4. Fedotovekiy V.5., Spirov V.S., Sinyavskiy V.P. - Preprint FEI- ﬁ E EEE : 5
1000, Obninsk, 1980. A -g“ 1 wnonn e - w0 w0 NN ﬂ 3
5. Fedotovskiy V.S., Spirov V.S., Sinyavskiy V.F. - Preprint PEI~ g% mom 5 g
1176, Obni = £3 o
, Obninsk, 1981, B LhE 9 7
6. Fedotovskiy V.5. et al. - In book: Teplofizicheskie issledova- g ,g“‘,.? m § § § § u';“: u‘?': § § § § E" g
niya-82, Obninsk, FEI, 1983, p.163. § ° - 83
i o e -
e L~ [+] > g »
5 o 1 <] a3
: H o g 5 °
= <] £ E a o s o
o [+ 4 —~ 5] (-]
Z wEEEEAESEazs . T F
E a bt ° R ) 5
[ g N nn NN g < 0 o a + [+]
L ) . = g k&8 al
g 1 E # B 8 8 K N 3 ] : .E' o -] g ::‘
o 'g'; o oW g a2 a g L @ ~
o o P R 2FnS 2 8
8 d - & 34 -
- - -
H nreegssfeerysd T3
o 3 28 b opg 4 3
E‘ ‘5“"“"“‘”“5’“‘%0»‘3;: prfi
€ BSSICTHCEEs 8 838
é#«g 9o© YT U L 8§88 v +
o L 4
8. w )
R -
a 00 - N M < N0 [ yud G o O
w.0> -




21T

A
()

g
Q
e

04

r%f | :
N L ,

——
__3_____~4__1
I .

Fig.1. The velative amplitudes of bending vib- s
rations of rods against the flow rate | /
(the designations are in the fig.2) . : A
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Fig.3. Ratio of the emplitudes of pressure

fluctuations in flow to the dynamic
. pressure (tke designations are in
the fig.2.).
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Fig.2. The relative deamping against the flow
rate ® -1, 0 -2, 4 -3,0 -4, W -5, A-6,
@ -7, A-8, {0 -9,0 ~10 (the figures
correspond to the numbers of versions in
the teble).




