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1 INTRODUCTION

3.0, heat transfer tubes may be failed due to flow—induced vib—
ration in shell side, then the heat transfer efficiency of tube
bundle is decreased. In the severest senmdition, the trip acci-
dent shall be havppened. Therefore, the research of vibration
meghanism and structural measurs is & important vroblem in reg-
ctor technelogy.

A lot of research works about heat transfer tube had been per—
formed at home and abroad { Chen, 3.5. 1972,1973%: Illiott, G.L.
et al, 19735 Bhin, Y.53. et al 1977; Liangbi, Han et al, 1985).

The object of our work was engineering application, the consi-
deration of c¢learance and real supporting condition. In the fire
st step, the preliminary test about spring constants were DEL—
formed. ¥inally, the computed results werse compared with the co—
rresponding experimental data.

2 NATURAL VIBRATION TEST OF THE MODELLED HEAT TRaNSFLR TUBES

The test vig is shown in figue 1.4 sti-
If frame was used instead of S.¢, vegsel |
The interaction of neighbouring tubes
were mocelled by 7-row tubes. The geo-
metric dimensions, supporting conditions
tube arrangement, pithe and guatrefoil
holesof suvrorting plates, clearances &
anti-vibration bars are same as osrototy—
pe 3.G. tube bundle.

2.2 Measurement system and method

The measurement system are shown in fi-
gure 2. The resonanse method was used.

The exciting signal were sine waves or

white noise.

" Flgure t teat model
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Based om the vibration character of plane U-tube, its normal
modes are divided into four kinds, i.e im-plane gymuetric, fme—
plane anti-eymwelric, out—of plane -symmetric and cdut-of plane
ati~symmetric. The ceuplimg effect not exist. & g that,
csach of the four kinds of normal modes can be measured separately.
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figured measurement systen of natural vibratlon test

% ANALYSIS OF NATURAZL FRUQUENCIES AND MORMAL MODES OF THE HEAT
TRANSFER TUBES

The boundary comditions of heat transfer tubes were consideresd

ag clamped at the tube sheet, as simple supported at the SUPPO L=
ting plates., as simple supported for out-of plane motion and el-
aatieslly supported for in-plane motion at the anti-vibration
hars.

%Z.1 Determination of the elastic constants

For the in-plane motion of the heat transfer tubes, the elastic
constants can be determined by using & two svans continuous be-
am with same supporting conditioms as the bend of heat transfer
tubes. In figure 4{a), the normal mode equation for the single

span bhgam is

y=acoskx+bsinkx+echkx+d shkx (1)
1_':09 EIY " I): = ﬁy— Lj:-c@ Elyw‘xarz &nyyg\.ﬂ@ ( 2)
x=1, Fl=y"'=0 for edd ranmk,

x=), y=y"=0 for even rank. (3)

From equation (1)-=(3) the frequency equations of single span
beam with elastically supvorted are obtained.
for odd rank,

28, a,B,; ) p 2z, bl =0
s “( |~ S5e ] (tgkl +hkl) —ZTStekith (1)
for even rank,
28 a,B _ 208 _ (5)
e (i } Cetgkl—cthid) +cctakicthicl=0
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where !W:J';;;fféff {6)

tersional soring
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“lgure 3 supporting condition figure 4 devermination of elastic comsbamt

of heat transfer tube of smirgle spap & two 3pans bean.

Usinmg {4}~ {6) with experimental data of the single spam beam, we
carn obtain the corresponding value of of, and @ -

In figure (&), using the symmetry for the middle boundary cone
dltlom,of the two span contimeous beam, we can obtain.

3{::]_9 ]B]:Sfrﬂﬁﬁ = ﬁéjﬁj . }Q]:qupj :=“~G£dﬁz'aﬁ {FF>
N wal S XL,
8, by a By + a8, e 21 T
Elic? Eﬂ’k 14 FIITRT l—EzIZZN )COSklc fet il {coskl shki4-sinkl chkl) +E1k“ (sinkl chli
—coskl shkl) ] +(1 _TE%IE%) X {coskl shkl—sinkl chkl) +-—c05kl chkl 4+ /97 Zsinkl shkl} (

a8,

E*fK®

i #y hikl —c; 7Y L 8,
)Smkl shit+ E!k(coski s sinki chikl) -+ s

Ugsing (6) and (8) and two experimental values.of natural fregqu-
enicy for two spans continuous beam, of, and B, can be obtained.

{coskl shil+sinkl chkl} =0 (8)

3.2 The calculation of the matural frequencies of heat transfer
tubes for 5.G.

The tube element and boundary element (3athe,K.J. et al) were
applied and the precision of the matural fwequencies was compared.
The results of the analytical methed and FPEM for U-bend and the
straight segement are in good agreement. The computed natural
freguencies are éivided into four types of the normal modes.This

phenomenon shows the same stiffness feor the four types of the
normal noedes.

Begides, at the middle point of the U=bsrnd there are some fea-
tures as followss
'+ For in-plane symmetric normal modes, the horizomtal displace-
ment and rotation about Z axis are equal to zeroc, f.e. u,=0,8 =0,

2. For in-plane anti-symmebric mormal modes, the vertical displa-
cement is equal to zero, i.e. u,=0.
%. For out—=0f plame symmetric normal modes, the rotation about
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¥ axis is equal to zero, i.e. @ =0,

4. For out—of plane anti-symmetric normal modes, the horizantal
displacement of Z direction and the rotation about x axis are
equal to zero, i.e. uﬁw_—op ngﬂa

4 EXPERIMENTAL AND COMPUTED RESULTS
4.1 The natural frequenéies of the heat transfer fubes in air

The experimental and computed natural frequencies of the typical
heat transfer tubes are shown zs table 1 and table 2.
tablel. The nmatural frequencies of medel tubes
in out—of plane (Hz)

normal mode  model tube t model tube 2
N measured computed measured computed
1 41,73 40.4 41.9 41.1
2 41.3 40.5 437 41.2
% 51.6 52,2 50.7 54.0
4 54.% 52.7 56.5 54 .1
5 66.9 63.7 65.4 71.2
6 ?0&9 6‘9@‘% 6804 71 a2

tableZ. The matural fregquencies of nodel tubes
in in-plane (Hz)

normal mode rodeltube 1 medel tube 2
N measured computed measured computed
1 42.9 40.3 39.7 41.5
2 48.9 4% .8 45.0 42,3
3 51.6 51.3 54.3 54.4
4 57.1% 55.0 59.6 56.3
5 65 .6 66.6 66.4 Tt.2
& 71.3 TO.T 9.3 727

4.2 The effect of the clearance between supporting plate and tu—
bes

The effect of the clearance between supporting plate and tubes

was studied. The test results indicate that the response bands
become broader. There are some high fregqueney components in the
response spectrum, the exciting freguency are more dominant.The

relation bvetween displacement and acceleration is

(a8), =(d3)—4n (9)
where (dB),and (dB), are the decibel numbers of displacement am—
plitude and acceleration amplitude respectively, n is the ordi-—
nal number of 1/3 frequency range of the central frequency in
the dynamie frequency spectrum meter.

— 252 —



4160

L , . e A o
10 20406080106 200 400 1000 L0 20 40 80 80100 200 400 1000

Hz Hz
Ffigure 5 The résponse spectrum of the model tube i

(a) in-plame ¥ =42.9Hz  (b) out-of plane £ =41,%

5 CONCLUSION

After experimental and analytical investigation, the natural vi-
bration character of the heat transfer tube can be concluded as
follows:

o The structual measure of anti~vibration bars for the U-bvend
of the heat transfer tubes is necessary for increasing the stru-
ctual stiffness in out-of planse.

2. The interaction of the tubes is negligible, the =natural fre-—
guencies of the different heat transfer tube with the different
U-vend radii can be studied separatedly.

3+ The experimental data of the straight tube excited from diffe—
rent directions were sauwe, which show that: at 0.5=0.6mm clea.
rances between supporting plate and tubes, the funection of qua—
trefeil holes were same as the function of circlar holes. The
boundary conditions of heat transfer tubes at supporting plates
were simple supported.

4. Appearing the high frequency components, the response bands
become broader due to the existence of clearance between suppor-
ting plates and tube. In the same time, the impact phenomenon
will happen(Y¥iKang, Dou et al,1986).
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