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Effects of Tube-Support Parameters on Damping
of Heat Exchanger Tubes in Liquids
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Key Words | Flow-Induced Vibration(# #} A %), Squeeze-Film Damping (S} S-2 7+ 4}),
Tube-Support (% 2. 2] 2| tf]) Two-Span Tube(F vt} % 38), Clearance(7+#),
Eccentricity (14 ), Leteral-Type Motion(4}3}$-%), Rocking-Type Motion (3}

FEEHES 5)
Abstract

Damping information is required to analyse heat exchangers for flow-induced vibration. The
most important energy dissipation mechanisms in heat exchanger tubes are related to the
dynamic interaction between tube and support. In liquids, squeeze-film damping is dominat.
Simple experiments were carried out of a two-span tube with one intermediate support to
investigate the effects of tube-support parameters, such as: tube-support thickness, diametral
clearance, tube eccentricity, tube span length, location of tube-support, and nature of dynamic
interaction between tube and tube-support. The results show that squeeze-film damping is much
larger for lateral-type motion than for rocking-type motion at the support. Eccentricity was found
to be very important. Diametral clearance, support thickness and frequency are also very
relevant. The effects of these parameters on squeeze-film damping are formulated and proposed
in a semi-empirical expression.
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Table 1 Damping and frequency of heat exchanger tube in air and in water without tube-support

Measured in air Measured in water Calculated in water
Span (m) Type of motion
fi(Hz) Crr(%) fi(Hz) C(vﬁ/)(%) &v(%) fl(HZ) &v(%)
L5 Lateral 10.60 0.012 8.60 0.86 0.85 8.44 0.80
’ Rocking* 28.40 0.12 23.4 0.50 — 23.18 0.48
0.75 Lateral 43.20 0.063 354 0.47 0.41 33.66 0.40
) rocking* 115.36 — 93.6 0.30 — 92.72 0.24

* —with knife-dege support.
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Table 2 Support damping of two-span heat exchanger due to lateral motion in water : effect of support thickness,
span length, frequency, diametral clearance and both radial and tangential eccentricity

Eccentricity /=15 m, f=85Hz 1=0.75m, £=354Hz
Thickness Clearance ratio : radial - - - -
L (mm) H (mm) or tangential Radial Tangential Radial Tangential
€, OF & Lsr(%) Evs(%) £sr (%) Evs (%)
0.0 0.05 .05 0.01 0.01
0.3 0.13 0.05 0.02 0.01
6.3 1.5 0.5 0.15 0.06 0.08 0.04
0.7 0.19 0.09 0.13 0.03
0.8 0.36 0.11 0.33 0.04
0.0 0.28 ©0.28 0.25 0.25
0.3 0.37 0.29 0.26 0.26
12.5 15 0.5 0.54 0.30 0.35 0.28
0.7 0.76 0.41 0.55 0.33
0.8 1.11 0.45 1.07 0.36
0.0 0.59 0.59 0.51 0.51
0.3 0.63 0.61 0.54 0.52
19.0 15 0.5 0.93 0.65 0.74 0.53
0.8 1.84 0.88 2.01 0.77
0.0 1.00 1.00 0.70 0.70
0.3 1.40 1.04 0.77 0.77
25.0 15 0.5 1.78 1.10 0.95 0.80
0.7 2.17 1.22 1.84 0.92
0.8 4.35 1.33 222 0.98
0.0 0.06 0.06 0.12 0.12
0.3 0.11 0.06 0.16 0.16
12.5 3.0 0.5 0.20 0.07 0.18 0.16
0.7 0.25 0.11 0.24 0.17
0.8 0.29 0.13 0.27 0.18
0.0 0.87 0.87 1 0.78 0.78
0.3 1.08 0.89 0.87 0.92
12.5 0.76 0.5 1.43 0.95 1.30 1.05
0.7 1.85 1.12 2.25 1.16
0.8 3.03 1.30 2.82 1.23
12.5 0.38 0.0 5.80 5.80 7.49 7.49
o} & 4dAFgE o + o}, Rogers 59L& A3l g R HAA dgste H4-Adztsel dE &
FZol 4 gt&:-ulzia]o] 7|l A5 FA S B A o3k Fig 9olA Hol& ZiHa A
dzae olEES AEdds o AxelA ¢z Ad
-gEe WAEH WA FoEE $Ech o)l
Fuo AL AA mehd Fm@r] Fre # 43 FEXXY T4
4% AWzt T4z AeHe, Fig 82 Furl AsEEs g9, AXd e =lAE
Autel B u A} ofE-wzis] AAE FAAs” FRAAAN FAe G2 Fig 103 2o, AR
5B Z# 4 (dimensionless proximity), (1—e), ol e Euxxd AL A Zrsted, oA
dstol vpebd zoleh bE-wbAlE ol Fuaa € ALEY @k Geld AR olEA o 49
Aol whulel, &, fograe (l—e)™ % Holm 9 o 2 AAFYch FANF FumAA] ghEF-tz4
o}, o)A HFurl FRAAN HILw Fro £ FuAAN FA wlaEHsiez og BAAe
A5 747t g 2A FAEE ouidte +¥Y A=t



FRAAW At dmr] Fuo A ol A= dF 1009

Table 3 Support damping of two-span heat exchanger tube due to rocking motion in water: effect of support
thickness, diametral clearance, span length, frequency and support distance off center

Span: /=1.5m Span: /=0.75m
. distance of
Thickness Clearance Center ratio Frequency Support Frequency Support
L (mm) H (mm) (U+x)/1 A Dampaing A Damping
(Hz) s (%) (Hz) £s(%)
1.00 24.0 0.04 93.6 0.03
1.03 23.8 0.06 93.2 0.06
6.3 15 1.07 234 0.07 91.2 —
1.10 22.8 0.08 — —
113 21.8 0.10 — —
1.17 21.0 0.11 — —
1.00 23.8 0.03 93.6 0.15
1.03 23.8 0.06 92.4 0.03
125 1.5 1.07 23.2 0.07 90.8 0.12
1.10 224 0.14 — —
1.10 22.4 0.14 — —
1.13 21.8 0.09 — —
1.17 12.0 0.10 — —
1.00 234 0.05 93.6 0.18
1.03 23.2 0.13 93.2 0.24
19.0 15 1.07 22.6 0.14 — —
1.10 21.8 0.14 — —
1.13 21.0 0.16 — —
1.17 20.2 0.16 — -
1.00 24.0 0.06 93.6 0.25
25.0 1.5 1.03 23.8 0.07 93.2 0.04
1.07 22.8 0.11 90.0 —
12.5 3.0 1.00 23.8 0.01 93.6 0.04
1.03 — — 92.8 0.04
1.00 24.2 0.03 93.6 0.20
1.03 24.0 0.07 93.2 0.07
12.5 0.76 1.07 234 0.09 91.2 —
1.10 22.8 0.05 — —
113 21.8 0.09 — —
1.17 21.0 0.16 — —
Esr a (L)° 6)  Fe3(axial flow) S mejste 1A L/det o
o714 bE 424 Fig. 10028 < 1.72 o glo] gith mejm= 4 (6) & ot o] 4
ek, olEdez At FAUNY FuAAN 2 2 g

2} A
S, L/tol eleishel, =3 Zo] & Enxx <L> L\
ol 4 7lo)slE 9 w32 (side leakage) o] 1} % bor @\ (7 ) @
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