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Unlike m喊r,硎ous 81udie8 on the Ii'll／lfl．1／elP∞voaex-induced vibration(VⅣ)of a cylinder mainly under the wall-

free condition(Willianion&Govardhan，2004)，this paper experimentally investigates the vortex—induced vibration of a

cylinder with two degrees of freedom nelttr a rigi．J wall exposed to steady flow．The amplitude and frequency responses of

the cylinder are discussed．r11陀l∞wake flow parterre of the cylinder undergoing VIV were visualized by employing the

hyan,gen bubble technique．Ⅲ犯effects of the gap-to-diameter ratio(eo／D)and the,ll璐ratio Oil the vibration ampli—

tude and frequency are aIlalyzed．Comparisom of vTv response of the cylinder玳made between one d彬(only trans-

verse)and two degrees of freedom(strea．．wise and transverse)and those L]Jet’Neell the pI删呻and previous orll瞄．

，11陀experimental observation indicates that there a托two types
of sb肥鲫廊vibrdlion。i．e．the first streamwise vibratioll

(Fsv)with small amplitude and the second streamwise vibration(ssv)which coexists with嘶煅vibl碰on．，11le
vortex shedding pattern for the FSV is approximately synm_letric and that for the SSV is alternate．r11砣first streamwise vi-

bration tends to disappear with the decrease of eo／D．For the ca船of 18学gap-to-diameter ratios(e．g．eo／D=0．54一

1．58)，the maximum锄plimdes 0f恤second蚰批vibration aIld[['ltllSVelP靶帆inere∞e with the k脚崦肿b№ratio．But for tIle c咖of蒯gap-㈣rati憾(e．g．eo／D=0．16，0．23)，岫vibration锄plitude
of她cylinder increases slowly at dbe“削stage(i．e．at small reduced velocity U)，and a渊t}Ie眦洒岫砌必·
mde it decreases quiddy at the la醴stage(i．e．at large H)．Wi山抽the嘴ofthe既绷蒯础rIla鸽ratio(m‘<
4)，both咖冶mwi∞and traI玲ve雠、，ib枷∞amplitude of the cylinder decrease with tlle increase of m髑ratio h岫
6xed value 0f K．Tlle vibration啪ge(in t朋氆of n)tends to widen埘t}l the decrease of the n艄ratio．In tl砖靶∞Ild

曲瑚mwi鸵viIm五彻region，the词斌沛讯!qI州of她cylinder wit}l 13．训Il诅鼹ratio(e．g．m，,It=1．44)叫小帮
a j啪甲al a certain昨．T11e roll．him册班tud瞄缸tl砖岫en粥vibfa￡i咖for附o-degree-西缸幽ca解is h翌er m锄

tllat for啦蜘罅‰c咖，bI|t岫咖酬e俄vibration fi：eclueney 0f the cylinder witll two蜘of‰is
lower than tll砒witlI o鹏d辨of自∞‰(hansve髓)．
Key words：加慨抽出‘蒯vibration；cylinder脚a lt础；n∞出伊粥矿序洳；时阳dy∥删；g妒妒也甜『ld盯riCO；

打M嘟n咖

The vortex—induced vibration(VIV)of structures has received much attention n：lailrdy侧'ing to its

praetic_al significance in many branches of engineering．Several revie'we岛have discussed tllis problem
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(Safpkaya，1979；Griffin and Ramberg，1982；Bearman，1984；Parkinson，1989；Sumer and Fred-

soe，1997；Williamson and Govardhan，2004)．Most of the existing studies focused on the tr蝴e瑙e
dynamic responses of a cylinder undergoing vortex—induced vibration with one degree of freedom．Feng

(1968)studied the vortex·induced vibration of a cylinder with a single degree of freedom in the trans—

vel售e flow direction，and demonstrated that the vortex shedding frequency is not controlled by Strouhal

law but locked into the vibration frequency of the cylinder when the vortex-shedding frequency at the

wake region of the cylinder is close to the natural frequency of the cylinder．Anand(1 985)investigat—

ed the response of a cylinder exposed to water flow and found that the vibration frequency of the cylin·

der placed in the water increases monotonously with the reduced velocity in the lock—in rarlge．The

branches of amplitude response have been investigated in detail by Brika and Laneville(1 993)，Kha—

lak and Williamson(1996；1997a，1997b；1999)，and Govardhan and Williarmson(2000)．

Until now，only few research has involved the vortex—induced vibration of the cylinder with two

degrees of freedom(Williamson and Govardhan，2004)．Moe and Wu(1990)found that the position

of the maximum response amplitude of the cylinder with two degrees of freedom shifts to a higher value

of reduced velocity and the maximunl amplitude also reaches a little higher value under the condition of

different nl芒惜s ratios and natural frequencies in the streamwise and ti'ansverse direction compared with

those of transver$e motion．Sarpkaya(1995)also drew a conclusion similar to that reported by Moe

and Wu(1990)．Jauvtis and Williamson(2003)studied the response of an elastically mounted cylin—

der with two degrees of frc划om at a low nla$$一damping parameter．They found that the freedom to 06-

ciliate in—line with the flow affects the transverse vibration very slightly for m“≥5，m’being the ra-

tio between oscillating structure rnass and displaced fluid nlass．The experimental results obtained by

Williamson and Jauvtis(2004)indicate that there is much difference between the response of a cylin．

der with one degree of freedom and that with two degrees of freedom for the case of m。<6．In fact．

under 80me circumstances the cylinder will be close to a wall(e．g．the pipelines ale installed on the

seabed)．However，VIV response of a cylinder with two degrees of freedom near a wall has not been

investigated extensively．For this，Tsahalis(1984)studied the stmamwise and transverse vibration re—

sponses of a flexible cylinder in steady currents，and found that the proximity to the plane boundary has

a pronounced effect not only on the transverse amplitude response but also on the streamwise one．On

the basis of the experiments on an elastically-mounted nbd cylinder，Yang et a1．(2008)mainly dis·

cussed the correlation between the vortex shedding frequency and the vibration frequency of the cylin-

der．Until now，the VIVs of a no既u'-wall cylinder with two degrees of freedom have not been well un·

derstood．For example，the flow characteristics around the cylinder close to a wall，the effect of the

cylinder’s proximity to the wall upon the vibration amplitude and vibration frequency of the cylinder for

the ca跎of a small value of eo／D(especially at eo／D<1)，the influence of the rna鹪parameter upon

the dy础nic response of the n戌ar-wall cylinder with two degrees of freedom，and so on，need to be fur-

ther investigated．

In the present study，the two-degree—of-freedom VIV of a cylinder near a rigid wall is physically

modeled with a newly designed hydro-elastic apparatus．By employing the hydrogen bubble technique，
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dhe lee wake flow patterns of the cylinder undergoing V1V are visualized．Based Oil the similarity analy一

瞄．a parametric study is conducted to investigate the effects of the gap—to-diameter ratio and the nlass

ratio on two-degree-of-freedom VIV responses of the ne册wau cylinder．Moreover．a comparison is

made between the present results and the pmviom ones．

A special hydro-elastic apparatus in the conjunction with a flume was used for the present experi—

merits(Fig．1)．The flume，O．5 in in width，0．6 nl in height and 19 in in length，eaR produce steady

currents with the velocity up to 0．6 m／s．The water depth WSS kept at 0．4 m．The test cylinders with

a diameter of 0．032 m and O．050 m were elastically supported by vertical and horizontal springs．ills

depicted in Fig．1．With a length of 0．47 111．the cylinder has a smooth surface．The details describ·

ing the apparatus can be found in the work by Yang et以．(2006)．The laser displacement transducers

were used to nK坦同眦e the vibration displacements of the cylinder．The one with a dy,1anlic resolution of

0．25 nlm was used for measurement of the vertical displacement and the one with 0．025 min for the

horizontal displacement．The natural frequency of the cylinder(^)was obtained by spectrum analyses

of free-decay tests in still water，and the structural damping of the cylinder Was measured with the

method of free-decay tests，i．e．the cylinder WaS given a prescribed displacement and then released in

still water．The structural damping factor(f)can be estimated with善=In(Ai／Ai+。)／(27tn)，where

A j is dle initial amplitude of cylinder vibmtiom，and Ai+。is the amplitude after n cycles(Blevins，

1977)．In the present study，the value of／1,is specified as 5．A micro-propeller current meter was

adopted to麟ul'e the flow velocity．

rig．1．Schematic dia伊锄of the experimental appal啊llllS．

The hot film eun'ent meter WaS employed to H屺a铷II℃the pulse velocity in the wake region．In ev-

cry group of experiments，the flow velocity is added gradually when other pm'ameters(e．g．the diame-
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ter of the cylinder，the natural frequency of the cylinder)ale丘xed．Thus，at each flow velocity．the

vibration amplitude，vibration frequency of the cylinder and the flow field around the cylinder can be

obtained．

When a near-wall cylinder with two degrees of freedonl is exposed to steady flow，there exist dy·

nanlic interaction between cylinder，flow and wall．The physical quantities influencing the dynamic re．

spouses of the cylinder under the action of steady flow ale listed in Table 1．

Table 1 Physical quantities related to dynanlic interactions between cylinder，flow and wall

Thus，the vibration amplitude and frequency of the cylinder undergoing vortex-induced vibration

can be wriRen a,8：

盼 声(1D，户，U，D，Ⅳ，m，厂n，f，eo)，

where A is the vibration amplitude of the cylinder and f is the vibration frequency．According to PI

theorem，the nine physical quantities in Table 1 can be combined as six dimensionless patmneters，

then Eq．(1)can be rewritten as：

{篾)州州,x,m",K,,eo／D，， ㈤

in which Re is the Reynolds number，Vr is the reduced velocity，m+is the m罄s ratio，and K8 is the

stability parameter．They ale defined respectively asl

＆=警一=尚，m’=参and耻掣， ㈥

where ma is the added mas$and ma=CAmd；CA is the coefficient of the added nⅡ瞄，CA is set to be

1．0 and md 2(r,pD2)／4 in the present study．
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4．I Typical]Dhenolllenon of VⅣ风sp0璐巧of the Near-Wall CyUnder

Fig．2 presents the typical amplitude and frequency response of the cylinder with two degrees of

freedom．The experimental parameters ale set as follows：D=0．05 m，eo／D=1．02，mx。=1．87，

邑=o．0392，K。，=0．1125，my。=2．11，矗=o．0681，K。，=0．2118，and丘纸y=0．75．The
subscripts髫and Y indicate streamwise and妇nsveI鼍le direction，respectively．It can be seen from the

figure that，when the reduced velocity■is in the ntnge of 1．5<Vr<2．1，the streamwise vibration

with a maximunl vibration amplitude of Azm≈0．1 1 D ocCq．1rs，which is defined as the First Streamwise

Vibration(FSV)in the present study．In the rlt／lge of4．2<n<11．1，the Second Sueamwise Vibra．

tion(ssv)appears and the maximum vibration amplitude(Am一0．56D)OCCUIs at Vr=7．9．When

the reduced velocity V，is about 3．3，the n孤svt搬把vibration begins and the vibration amplitude in．

c陀ases with the increasing"until■=6．2 at which the maximum vibration amplitude(Am≈

1．02D)OCJ3U．Is。When Vf>6．2，the vibration amplitude be西璐decreasing and at K=8。8 the vibra-

tion amplitude caIl be reduced to 0．28 D．The inaximunl amplitude of tral坞verse vibration is 1．8 times

蠲much lt8 that of SSV and 9．3 times as that of FSV．

For the vibration frequency shown in Fig。2b，the first streamwise vibration frmueney is very

close to the natural frequency of the cylinder，which locates in the laRge of 1．03L～1．1厶．It is also

indicated from the figure that the frequency of trallsVel"$e vibration and second 8tlP_Allnwise vibration in-

aeases slishfly with increasing以．It is noted that the aforementioned conclusions are consistent with

the results reported by Yang et a／．(2008)．

№．2．The dynamic l'espoi'一me of the cylinder．(a)Transverse and sueamwi舶amplitude嘲舢戡vel'silB the静

duced velocity；(b)Transverse and streamwise frequency resporlge v啪the reduced velocity．(D=

o．05 m，eo／D=1．02，m：=1．87，己=0．0392，my’=2．11，嚣=0．0681，K，=0．1125，K,y=

O．2118，豇,afjf．，=0．75)．

4．2 Lee Wake Flow Pattern Around lhe Vibrating Cylinder

The visualization of wake flow pattern around the cylinder undergoing vortex—induced vibration w硇
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conducted with the method of hydrogen bubble．Fig．3 shows the vortex shedding mode around the

cyhnder undergoing only streamwise vibration，whose vibration amplitude is 0．02D(eo／D=1．02)．

It is observed from the figure that the vortex shedding pattern is approximately symmetric during the

course of streamwise vibration，i．e．the vofliees from the top to bottom surfaces of the cylinder shed si—

multaneously in a cycle of vibration．

飚．3．The visualization of wake flow around the cylinder undergoing only sn测舱vortex-iMuced vib枷on

(A=0．02D，Vr=2，eo／D=1．02)．

Fig．4 gives the typical vortex shedding pattern of the cylinder near a wall undergoing streamwise

and transverse vibrations．The streamwise vibration amplitude of the cylinder with a gap-to-diameter ra-

tio eo／D=1．02 is 0．22D and the transverse one is 0．74D．It is indicated from the figure that the

vortex shedding mode for the case of the cylinder undergoing VIV in two directions is different from that

fbr the cylinder with only streamwise vibration．The shedding mode is not symmetric but alternate。

i．e．the vortices from the top to bottom surfaces of the cylinder shed by turns in a cycle of vibration．

Considering the characteristics of vibration amplitude and vibration frequency of the cylinder，and

the vortex shedding mode in the range of the first streamwise vibration．the玎茂帽on of occurrence of the

first streamwise vibration may be explained舾follows：the fluctuation amplitude of the streamwise d嘴
force acting on the cylinder is noticeable due to the symmetry of shedding vortices．Moreover，the fluc·

tuation frequency of the streamwise drag force is close to the natural frequency of the cylinder．There-
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fore，the first streamwise vibration(FSV)appears．On the other hand，in the mnge of FSV the flow

velocity is small and the magnitude of streamwise山粥force is also small．Thus，the vibration ampli—

rude of FSV is small．As for the SSV，the vortex shedding mode is changed to alternate shedding mode

in this Fange of vibration，and the magnitude of fluctuating drag force increases due to the increase of

flow velocity and the influence of tralLsvel'$e vibration．which leads to the augmentation of the SSV’8

vibration amplitude．

rlg．4．The visualization of wake flow around the cylinder undergoing transverse and streamwise vortex-induced

vibl碰orls(k=5．4，A，=0．．22D，rery=4．3，Ay=O．74D，eo／O=1．02)．

4．3 Effects of(；ap¨DiaI眦ter Ratio(eo／D)

For the investigation of the effect of the gap-to-diameter ratio(eo／D)on the vibration amplitude

and frequency of the cylinder，experiments ale conducted under the condition of various gaps between

the cylinder and the wall．The amplitude responses of vortex-induced vibration of the cylinder for vari—

OIlS gap-to-diameter ratios are plotted in Fig．5．Fig．5a illustrates that the first streamwise vibration

tends to disappear with increasing eo／D．For the case of la唱e gap-to-dimneter ratios(e．g．eo／D=

0．54～1．58)，the maximum amplitudes of the second st琏溜mwise vibration and ttallsvel-鸵one increase

with the increasing gap-to-diameter ratio．It can be 9een from Fig．5 that for the c蹴of small gap-to-

diameter ratios(e．g．eo／D=0．16，0．23)，the variation of vibration amplitude of the cylinder with

the reduced velocity(以)is distinctly different from that of蛔e gap-to-diameter ratios case，which

are both true for the second streamwise and乜ansve玛e vibrations．For the small gap-to-diameter ratios

ca∞．the vibration amplitude of the cylinder increases slowly until the maxilnuln amplitude at the ini—

tial stage(i．e．small Vr)，and then decreases quickly at the last stage(i．e．1孵Vr)．
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Fljg．5·11le ampktude respon鸵of vortex-iMuced vibration of the cylinder with two de舭s of freedom for various

gap-to-diameter ratios(D=o．05 m，mz‘=1．87，丘=o．0392，my。=2．11，矗=o．0681，允绒y=
0．75，K,x=0．1125，and墨y=0．2118)．

The effect of the gap-to-diameter ratio on the vibrating frequency of the cylinder is illustrated in

rig．6．It is indicated from Fig．6a that the gap-to-diameter ratio has a slight effect on the vibration

frequency of the fL'st streamwise vibration．In the range of the second streamwise vibration，the vibm-

tion frequency undergoes a jump at a certain value of Vr for the case of certain gap-to-diameter ratio

(e．g．eo／D=1．58)．The transvel暑e vibration frequency of the cylinder increases steadily with V，for

various gap-to-diameter ratios in this study and does not undergo a jump．It also call be seen that the

increasing rate of the vibration frequency of the cylinder with the increase of Vr for the case of the 8mall

gap-to-diameter ratio is larger than that for the la学one．With the$ame value of Vr，the smaller the

gap-to-diameter ratio is，the larger the vibration frequency of the cylinder will be．

Flg．6．The frequency response of vortex-induced vibration of the cylinder with two蜘of freedom for various

gap-to-diameter ratios(D=o．05 m，m：=1．87，邑=o．0392，my。=2．11，矗=o．0681，丘‘，0=
O．75，墨，=0．1125，and K，=O．21is)．
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4．4圈钕b ofMass Ratio(tn’)

Figs．7 and 8 present the influence of the rna鹪ratio on the vibration amplitude and frequency of

the cylinder with eo／D=0．95．The diameter of the cylinder with丘=五y is 0．032 m，and the

structural d．mpillg factors a弛&=0．0568 and岛=0．1102．It carI be seen from Fig．7 that the

streamwise and tr,tmSYelt'Se vibration amplitudes of the cylinder with the small nvIss ratio is larger than

those with the laI琴e one for the fixed value of Vr．The vibration range in terms of Vr tends to widen

with the decrease of the Il麟ratio．隐．8a shows that the vibration frequency of the cylinder in the

range of the fu'st stm鼬n妇vibration varies sli小fly with the nm龉ratio．In the second streamwise vi．

bration region，the vibration freque,,cy of the cylinder with the small n麟ratio(e．g．mj,X-=1．44)
undergoes a juⅡ甲at a certain Vr．At the position of the jurllp，the vibration娜eney of the cylinder

is inch la增er岫the Stmuhal’s frequency．At the non-jmp position，the vibration frequency tends

to inere鹤e witlI the increase of the眦啦ratio．For the t阳n涨vibration frequency．it varies eontin·

眦吡sly and does not undergo the phe眦m嗍of imp．

是

Fk．7．Tl砖舢叩Kmde阳sp哪雠ot"the V讲tex-ir曲蒯vibr埘叩of the咖Ⅸb wit}l two山帮0f fb抵for var．

i伽sI瑚鹅ratios(D=o．032m，eo／O=o．95。己=o．0568，爵=o．1102，aIld丘饥，=1)．

飚·8·．IlIe丘eq唧cy r哪艘ofV咖x-ir如ed池撕∞oft}．e础ndlerwithtwo蛔嗍offreedomfor训瞄
Ill哪m6∞(D=o．032 m，eo／D=o．95，己=o．0568，爵=0．1102，alld厶；／Ay=1)．
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4．5 ComiJa,ison of 1)yln锄flliC Responses of A Cytinder Between One Degree aI-d Two

Degrees of Freedom

For the wall-free cylinder，the results obtained by Moe and Wu(1990)with^，饥v=2 and

those obtained by S．rpl诳ya(1995)with五j饥y=l show that the maximum amplitudes of transverse

vibration of the cylinder undergoing VⅣin two directions 0ccur at larger value of”，and have slighfly

higher values of amplitude than those of only ti"dnsverse vibration．The experimental results obtained旆

Williamson and Jauvtis(2004)indicate that there is much difference between the response of the wall．

free cylinder with One degree of freedom and that with two degrees of freedom for the case of，n’<6．

Fig．9 presents the ll-ansvel’Se amplitude and frequency response of the cylinder with one degree of free．

dom(协msfve嫩direction)and that with two degrees of freedom for the ca船of eo／D=1．00．，11伧

ma鹞ratio of the cylinder undergoing only transverse vibration with a damping factor善=0．0944 is

1．36，and those undergoing VⅣof two direction vibrations with the damping factors邑=0．0283 and

b=0．0944 are m：=1．16 and my。=1．36，respectively．It is indicated from Fig．9a that the Il戢．

imum amplitude of the tr孤Is、他rse vibration for two degrees of fl[eedOtrll case is lar譬er m柚that for one

degree of f浏咖c蹴，which is consistent埘th the results obtained by l～loe and Wu(1990)and

saIpkIya(1995)for the wall-free cylinder case．The transverse vibration frequency of the cylinder

with two degrees of freed饼n is lower than that with one degree of freedom(transverse direction)，which

c锄be observed in Fig．9b．

F电．9．Comparison of dy腿Illic respome of tIle cylinder betw唧01"1E deg啪(only m雌ver眙)alld two degre∞of

freedom(曲删Tnvise aIld岫mverse)(D=O．050 m，eo／D=1．00)(one蛳：m。=1．36。善=
o．0944；twD de寄嘲：m；=1．36，白=o．0944，K。y=o．22：喀，m：=1．16，玉=o．0283，k=
O．0611，aIld‰=允=允)．

4．6 Cl舳岬觚of恤Present酬ts谢m Previous ol懈

Comparisom刮[e fI础between the present experimental results and those of the vortex-induced

vibration of a wall—free cylinder诵tIl two degre髑of freedom obtained by Sa叩kaya(1995)，Jauvtis and

Willian鸺on(2003)and Yang甜o／．(2008)，鹅shown in Fig．10．In the results obtained by Sa叩．

kaya(1995)，the ma鹅parameter and damping factor aIe not described，and only the m．tuml缸枇一
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Fig．10．Comoari蛐between the present results and Ol耐OUS o峭(Jauvtis and Williarmon(2003)：丘／f．T=

1，m‘=6．9，(m’+C^)=O．0115；Sa棚a(1995)：，吡饥r=1；Y甜唔d越．(2008)：m：=
1．9r7，k=O．0431，m；=2间，爵=0．0973，eo／D=2．鹋，aIld允饥y=l；脯谢咖d)r 1：D

=o．032 m，eo／D=0．95，m；=3．2l，&=0．0568，墨，=0．2391，my。=3．87。b=0．1102。

憨，=O．5366，aIld^，饥r=1；Present shldy 2：D=0．05 m，eo／O=1．02，mx’=1．87，k=

0．0392，k=0．1125，m，tl,=．2．11，嚣=O．11681，甄，=0．2118，and允饥y=0．75)．

ey ratio凡=^y=1 is provided．The experimental pa瑚r懒in the resdts obtained by Jam^is and

Willi跚瑚n(2003)蹴m。=6．9 and(m++CA)f=0．0115，and those reported by Yang甜以．

(2008)are mx‘=1．gr7，厶=o．0431，m；=2．60，舅=o．0973，eo／D=2．68，丘矾y=l，K。，
=0．1280，and k=0．3503．‰experimental pammete鹅in the present stuay of fil3t group am D

=o．032 m，eo／D=o．95，mx。=3．21，鼓=o．0568，K。，=o．2391，m；=3．87，舅=0．1102，
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Ksy=O．5366 and丘饥y=1．r11le experimental parameters in the present study of the second group

are D=0．05 nl，eo／D=1．02，m：=1．87，L=0．0392，K。。=0．1125，m；=2．1l，0=

0．068l，K。y=0．2118 and允饥y=0．75．It is indicated from Fig．10a that the first stI嘲lI谢跎vi-

bration(FW)mode defined in the present study is consistent with the SS(Stm瑚wise Sym他tric)vi．
bration mode defined by Jauvtis and Williamson(2003)．But the SA(Streamwise Antisyrr吮trie)
mode reported by Jauvtis and Williamson(2003)is not detected in the present study．’11le mas∞may

be她cylinder’s proximity to the wall-in the present experiments．It can also be seen from the figure

that the magnitude of the maximum amplitude of tlansve珏虻vibration of the cylinder with small stability

parlmlete]r in the present stuay for the second group is equivalent with those obtained by Sarpkaya

(1995)，Yang et a／．(2008)，and Jauvtis and Williamson(2003)．1he lllttximllm tl-'dnsvel暑e vibration

amplitude for the la学stability in the present study for the first group is much lower than those ob-

tained by Sarpkaya(1995)，Yang et a1．(2008)，and Jauvtis and Williamson(2003)．The main l"ea-

son may be the large stability parameter of the cylinder in the first group．It is ol№rved from F遮．10a

that the lower branch of the tr'dnsvewoe amplitude response reported by Jauvtis and Williamson(2003)

is not clear in the results obtained by Sarpk,,ya(1995)，Yang et a1．(2008)，and the present study．

From the eomp．riso．of tmnsvei'fle vibration frequency between Jauvtis and WiUiamson(1003)，and

the present stuay in Fig．10b，there exists a little difference of the trend of variation with n for the vi-

bration frequency of the cylinder among them．nIe increase rate of the砸msve啪vibration frequency of

the cylinder in the present stuay is obviously姆than that obtained by Jauvtis and Williamson

(2003)，which may be due to the small nlass ratio in the present study．But for the variation of vibra-

tion frequency between Yang et a／．(2008)and the present study，there exists a similar trend．

Unlike m06t previous studies．which focused Oil the tIansve鹅e vortex-induced vibration of a cylin-

der and conc,elTled little with the vortex—induced vibration of a cylinder with two degrees of freedom

(Williamson and Govardhan，2004)，this paper investigates experimentally the vortex-induced vibra-

tion of a cylinder with two degrees of freedom near a rigid wall．On the basis of the experimental olⅪer-

ration and the results of a series of tests，the following conclusions can be drawn．

(1)There exist two types of su'eanTWise vibration for a two-degree-of-freedom cylinder undergoing

vortex-induced vibration near a wall，i．e．the first streamwise vibration(FSV)with 11 small amplitude

which iS consistent with the SS(Streamwise Symmetric)vibration mode defined by Jauvtis and

Williamson(2003)，and the second streamwise vibration(SSv)which coexists witll a tl'fllnsvellse vi．

bration．The vortex shedding pattern for the FSV is approximately symmetric and that for the SSV is al-

temate．

(2)The first st陀aⅡI诵眙vibration tends to disappear with the decrease of eo／D．For the c．88e of

la呼gap-to-diameter ratios(e．g．eo／D=0．54～1．58)，恤maximum amplitudes of the second

sne叫n溉vibration and tl"dnsven；e one increase with increasing gap-to-diameter ratio．For the case of

small gap-to-diameter ratios(e．g．eo／D=0．16，0．23)，the vibration amplitude of the cylinder in-
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c孢鹪酷slowly until the maximum amplitude at the initial stage(i．e．at small Vr)，and then decreases

quickly at the last stage(i．e．蛔e以)．During the删of SSV，the vibration frequency undergoes

a jump at a certain value of Vr for the c,fllse of a certain gap-to-diameter ratio(e．g．eo／D=1．58)．

For the鞠Il把value of H，the vibration frequency increases with the decrease of the gap-to-diameter m-

tio．

(3)Within the rIlnge of the examined small I瑚鼹ratio(m’<4)，both ghBam而∞and trl][1"lS-

Yel'Se vibration amplitudes of the cylinder with a 8nlall rI麟ratio is姆than that with a la学one for

the龇value of Vr．The vibration i"dllge(in terms of u)tends to widen with the decrease of the

II强I鹪ratio．The vibration frequency of the cylinder in the range of the first stIeammse vibration varies

slightJr with the肋ss ratio，In the孵cond stre鲫wise vibration region，出e vibration矗烈lu鲫cy of the

cylinder with a small 1111188 ratio(e．g．m：=1．44)may undergo 131．jump at a certain 11,．

(4)The nilttximllm amplitude of the忱蛐s、rerse vibration for the two-d咩黔of．hdd彻vibration
case is larger than that for the only咖嫩VⅣ．However，the tI'ansvel暑e vibration frequency of the

cylinder with two degre曙offl蒯om is somewhat lower than that for the one-degree—of-freedom VⅣ(i．

e．only ll'dlnSYel'暑e vibration)．
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