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Numerical Study on Vibration Characteristics of
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Abstract: For the heat exchanger failure caused by fluid induced vibration, the vibration characteristics of U-tubes
subjected to the cross flow was studied. Research object was the heat exchanger with the multi-span, multi-tube bundle
and clearance support in approximate real flow field. Three kinds of heat exchanger U-tubes were designed with different
tubes arrayed respectively according to GB/T 151—2014. Tubes were arrayed in equilateral triangle with two circular
type baffles equipped at equal distance in the middle. The vibration characteristics of the tube bundles near the exit and
inlet, the influence of different tube rows on the vibration of the central tube and the influence of outer row tube bundles
on the vibration of inner tube bundles were studied. The result shows that the tube bundles near the exit and inlet vibrate
severely when subjected to the cross flow, and the acceleration amplitude increases with the increase of the flow rate. As
the number of outer tube bundle rows increases, the suppression of the vibration of the central tube is more obvious. The
outer tube row has a reinforcing effect on the vibration of the adjacent inner tube bundle. This paper can provide
reference for studying the vibration mechanism and anti-vibration design of heat exchange U-tubes.

Keywords ; U-tubes ; flow induced vibration ;fluid structure interaction ; Lagrange equation

N T ARTHIAAR B9 SR A SR S 2E4F RS TR R A RS2 1 U Sl A Rl o A A iR
AL, R A PR AR A B AL G R, T 2 it Bl S 4R sl Ik 7 — s i sl R Ok - e
ﬁ&%%“a@%ﬁlféﬁn?ﬁmﬁﬁlﬂﬁﬁx THBOR MR, SRR Al LU A R AR A AR BORIR SR, 16 5 1k
4 MR BRI, T S B A ) 08 AR s AR
FERIRSBIRAMER " BTG R R IAIB S FEl AAMBL T RS SO SRS 5T, Hrp AR

W78 B #3:2019-11-06 ; & [E] B # :2020-02-10
E—EEE N B (1994) L0, IR PN BEBEFE A, EEEFET7 N4 598 o E-mail :552323595@ qq. com



.54 . B THI# Light Industry Machinery

ZW B KT Z BN e AR IR B R, 1912 48,
Karman 3 o f7F 70 S AR £t B [50)78 7 2 1) 2 e I0a
T UREE R T T A (AL 3 L2 e ) 1) e 8 I % 0
%12, Connors 7£ 1970 43 izt FAHFE KU 3645 th 3
PRBAPE AR E PR A HLERS Y . B Ohta 2571 Blevin
ZEAE Connors [ BEAL EWFSY T 2 HEE i T IR AL
BT, S.S. Chen LA BAHERE HUMIE )5 I HES 4 AR
FmA W 5 RESHWEE R ;Y. N. Chen ﬁﬁﬁﬁmﬁi
i AN FHESN O 8 R R S 1 00, & B R 97 WG 7K
BB IR A BE B G, S B A ) R T AR Hﬁlﬁ’ﬂ@
57, Owen 1E 1965 4F L TF AR LK, HE S th i
TRPHIR AR A 5 0 It 2R | 4 P (1] I A5 5 ) S B0 O
M Z A PR IR B U TR A 0 O S50k 3h 8K
(ERSLIEAT TR 5 R SCHR &5 X (ol BLSE i
AN TR AR () B 3 X 1 7 TR HES A8 AR A 48
ViR SRS B AT THF5E " . DL ERF T 4
IR R B 2B B A B B 2 R R
SCHE Ty At Ak FHRAR a7 A Ak B, (H S B v 19 46 R 4
THERK, HZ R 2, i, X 28 KE R
B U TR e g AR S IR S M F e SR,
1 HEEE

PR SRR T ST 55 R S R 3 Oy A
R 2 SR 7 PRAEALUR F Lagrange J5 ik
SEARBN A 7 A A AR 2 A0S Y Newmark-g
B TSR AR

n A HER RGN D)5

d (oL aT oU oD

dt(aq) aq; +aq aq;

WG AN -

@ lico =409 120 = qioo (2)
LN H R %G Q W ARG L1, N T o
RGEMENRE, I U W RGEHRE, T D ly R 500 HGR bR
g WARG) SCTHE, w/s;q, RG] LA
Fr,m,

XFT)T SCAEBRR 0
58, 9ife

R
T = — 5 z :?Zkzlmkrkrko (3)

T RAR v, JEITE] ¢ f R, B
rk - rk(ql qZL q, t)’k - 1’25L,no (4>
i

=Q.,i=1,2,L,n, (1)

DB n A H R R

m,lrk

or, dq; or,
ok 99: + Ok (5)
1 dq, ot Jt

ro= X

2020 FFE53 5
#0(5) FRAFIR(3) i
Ty T lm( S, P o)
(z"l%ql a;‘)—TO+T1+T20 (6)
o,
0—22k14M); (7)
T, = ZFIJ?QJ; (8)
o=t X S s 9)
n  or, or,
mw=2h@§é§ (10)
f= X (1)

(6) ENFEM TR, H 4 R GEhfehs i
Py, Ty BYRFIEAR-S S REHATA o
HBE U ALah it Sy, T 55, FUR AR PR A R AL
U=U(q ¢L q,) (12)
IO PR 2 ) SCH 1 R, R R B VR
e HA:

1 n n . .
b :?Zizlzhlczj‘h‘ho (13)

o e, METERRLE R B, — BN F AL
MEH ¢+ A BRI Z BT B9 T A s 1 N, 51 A
SR RN N i ik SOk R E L FS

tul oy =tuf, +[(1=B) tuf, +plul, .\ ]AL;
(14)
fubon = tul, o +1ufAc+[(0.5 —a) ful, +
afuf, o] (A%, (15)

P B A« Y 2R, MR S B s D0 ok 181 7 32 52 A1
RS FA A HER P AR E

ez z0(14) FnsX (15) , 42 B o B2 A
LYW

YR

2(; }I+AI_

%il"%l+Al =

(At)
(5 =1 il (16)

tul,,y=tul, + (1 =B)At{u}, +BAt{u},, yo
(17)

¢+ At IS ZIRB TR

(M) fut,, +[Cl ul,  + [K]{ul, =

{F} ao (18)



(&5 - &it]

ZBE, F:RAES U ERAERRDSHEHERR - 55

Fr(16) A (17)fRAK(18) 7531
LK™ Juf, g =tFl 0+ 1F7 (19)

K [K* ] =A,[M] +A,[C] +[K]; (20)
{F*}l:[M:I(Al%u%t-FAS%L.L}t+A4{u}t) +|:CJ *
(A23uft+A53li},+A65ii},)o (21>
Hrr
S SRR : S T SR S I
l_a(AQZAQ_aAHA3_aAVA4_2a Lids =

AL B oy =B 1,
2w o'
H ERAX AT DA B, 455 ¢ 2R {ul, 1Y

{E GEE Lt AMECRVIERERE fut, AO{E O BRI, 3
ATLMRGEZC(21) SR T F 7 5 10055 ¢ + Ar B2 A 51)

oBa. 080
o2oWiSs @20l
Pegelor | Zopessd

GO E T EO G
S309%60n | oRnYntEs
L

(a)A-37

(b)D-19

MEiFt iR e R i (19) ARAGER ¢ + Ar 2]
AOOERS L uef o OB BRI RESRATHORIRB L fue f,, o, FRASK
(14) A0S ) H 3 RT SRAT AR R AT 2 A
2 HETE
2.1 REFE

PR U A A, 800 7 AR (E-
7) 19 HR(D-19) #1137 HR(A-37)3 Ff . H U LA
RS ATNIE 1 PR P A-3T SRR ], A8 R
JUTRSRIUNTE 2 i . EERE 200 T i oe ikt
IR R A A 3 BRI N R I . i
RO AR A 18] BV R A — A S I AR S5 R L 58
JE IR ER B BRAI 2 TG I 4 205, A 2R T 5 45 R AR R
T I EL [A] B Mk, AP 3 BT 7S o

Al 3AHELERRTOH

Figure 1

B2 A37 % RIUFTEA
Figure 2 Geometry model of A-37
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Figure 3 Simplified baffle

Heat exchange tube numbering distribution of three heat exchangers
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Figure 6  Acceleration RMS curves of

37# and 36# tubes of A-37 model
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