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THE EFFECT OF COOLING WATER ON MAGNET VIBRATIONS

S.Redaellt, R.W. ABmannW. Coosemans)V. Schnell, CERN, Genaa, Switzerland

Abstract

The quadrupolemagnetsin the CLIC Test Facility 1l
(CTF2) incorporatea water cooling circuit. In the frame-
work of the CLIC stability study themechanicatibrations
of the magnetsvere measuredor differentflows of cool-
ing watet We presentthe resultsand comparethem with
simple theoreticalestimates. It is shovn that the vibra-
tion requirement®f the CompactLInear Collider (CLIC)
guadrupolesvith coolingwatercanbasicallybe met.

1 INTRODUCTION

Stabilizationissuesareoneof the mainconcerndor the
new generationof Linear Colliders. For instance,toler-
ancesfor uncorrelatedRMS vertical motion above 4 Hz
for the linac quadrupolesof the CompactLIinear Col-
lider (CLIC) [1] are 1.3nm [2]. The circulating water
usedto cool the magnetss a sourceof mechanicavibra-
tions. In the framework of the CLIC Stability Study mea-
surementshave beendoneto quantify this effect for the
qguadrupolesf the CLIC TestFacility Il (CTF2)[3], which
have a similar designto the onesforeseenfor the CLIC
linac. In this paperwe presentthe preliminary resultsof
guadrupolevibrationsversuswater flow. Thesemeasure-
mentshave beendoneby meansof the active stabilisation
systemStacis2000, describedn detailsin [4]. This sys-
temis usedto isolatethe motion of the quadrupolefrom
the groundmotion, but is not capableof dampingvibra-
tions generatedy the quadrupoldtself. It is thussuitable
for studiesof waterinducedvibrations.Otherstudiesabout
the effect of the circulating water on RF structureshave
beendoneat SLAC, asreportedn [5].

2 EXPERIMENTAL SET-UP

A schemef ourexperimentabetupandthecrosssection
of theCTF2quadrupoldg6], with its trans\ersedimensions,
aregivenin Fig.1. Eachquadrupolas 80mmlong, 6.7kg
weight and hasfour coppercoils madeof six rectangular
cableswith a3 mm diameterholefor the coolingwaterto
circulate. Eachquadrupolehasonefeedingchannel. Two
magnetsforming a doubletsit on a commonsupportplate
andhave independentvaterconnectionsThedoubletused
in our measurementwasconnectedo theregularGenera
tap watersystem(pressureof about4 bar). The waterwas
first broughtfrom the tapto a 4 channeimanifoldandthen
to the quadrupoleswith tubesof different diameter(see
Fig.1). The watervolumerate was measuredvith a pre-
cision of 1%. The maximumwatervelocity in quadrupole
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Figure 1: Crosssectionof the CTF2 quadrupolewith its
transwersedimensions. In our measurements/ie useda
quadrupoledoubletinstalledasshavn in thescheme.

pipeswasof about3 ms~! (thenominalvaluefor theCTF2
quadrupoless 1.2ms™! [6]).

The doubletwasfixed directly on top of a honeg/comb
table,which wassupportedy actively stabilisedfeet (see
Fig.1) [4]. Threetriaxial geophone®f thetype described
in [4] (~ 1Hz to 315 Hz frequeng range)were fixed on
top of thedoublet,onthetableandonthefloor. Geophones
provideameasuref themechanicaVibrationvelocity ver-
sustime. The power spectraldensityof the displacements
asafunctionof frequeng, P(f), is calculatedrom thedis-
cretevelocities. The RMS motionabove a given f; is then
obtainedasthe integral of P(f) from f, to 315Hz. The
measurementaere taken over night, to have the quietest
backgroundconditions. Datawere acquiredwith a sam-
pling time of 0.001 s for about3 minutesand the results
wereaveragedver subsamplesf 5 s.

3 SIMPLE THEORY

Waterinducedvibrationsare thoughtto be inducedby
the onsetof turbulencein the waterin the pipes. For a
laminar motion, no vibrations should be generatedince
the watervelocity at the internalwall of the pipeis zero.
To estimatethe waterinducedvibration the simplified ap-
proachof [7] andthe resultsof [8] arereferredto. The
Reynold’s numberis definedas Re = “%P, where v is



Tablel: Someparametenf the pipesat turbulentonset.

Pipe Re d[m] Flow[/h] Jf.[Hz]
Tap—Manifold 2000 0.013 16.4 10.5
Manif.—~Quad 2000 0.008  40.3 27.9
Quadrupole 2000 0.003 15.1 198

the watervelocity, d the pipe diametey p=10% kgm~3 and
7=0.8910"3kgm~!s~! the water density and dynamic
viscosity Turbulenceoccursat aroundRe=2000, depend-
ing for instanceon the roughnesof the pipe surface,on
the pipe shapeandon the statusof the water upstreanof
the pipe. The watermotionwill be assumedo belaminar
upstreamanddownstreanthe pipe underconsideration.

Turbulentmotionis characterisetly domainswherethe
waterhasan eddy-like motion. Thesedomainsmove with
velocity v andhave the typical size of orderof magnitude
of the pipe radius[8]. The lowestinducedyvibration fre-
quengy is expectedto be of the orderof f. = u/d, which
is a frequeny associatedo coherencalomainsof length
equalto the tuberadius. In Tablel the valuesf. at the
turbulenceonsetaregivenfor thedifferentpipesof our ex-
perimentalsetup(seeFig. 1). The estimateof the minimal
vibrationfrequeng f. givesthe orderof magnitudeof the
frequeny window whereturbulenceeffectsareexpected.

Here theresultsfrom [7] areusedto estimatdurbulence
inducedquadrupolemotion. The pressuredrop alongthe
pipedepend®nu? asAp:%lA, wherel is thepipelength
and\~0.316 Re—1/4=0.04 is obtainedrom empiricalfor-
mulae[7]. Perquadrupolecoil the value Ap=0.16 baris
found. Ap equalsthe averagefraction of enegy density
cornvertedto irretrievable turbulent kinetic enegy, pv?/2
(v is theinstantaneouselocity). Assumingisotropy of tur-
bulenceandaddingin quadraturghe contributionsof each
coil andquadrupolesthefollowing expressions obtained
for theRMS motionin theverticaly direction:

d m A
RMS _ . water .
v VI e \/;

wheremyae=12.6 g is the pipe watermass, M the total
massof the objectunderinvestigation,n.=4 andng=2 the
coil andquadrupolenumber In the pessimistiassumption
thatall theenegyin concentratedroundhe f.=393 Hz (at
301/n), for oneisolateddoubletthevaluey™™S~ 210 nmis
found. As thedoubletis rigidly fixedonthetable,it seems
a better choiceto define Mo = 700kg, which leadsto
y~MS~ 2 nm.

4 RESULTSOF THE MEASUREMENTS

In Fig.2 and 3 typical power spectraldensitiesof ver
tical displacement®f the doubletare given for different
frequeny rangesandwaterflows. Measuremente/erere-
peatedndifferentdaysandshovedagoodreproducibility
The P(f) peaksof the doubletwith no circulating water
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Figure2: Power spectraldensityof vertical displacements
vs.frequenyg asmeasurean top of the CTF2doublet.
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Figure 3: Pawer spectraldensityof vertical displacements
vs.frequeng asmeasurean top of the CTF2doublet.

are mostly inducedby floor motion, dampedby a factor
betweenl10 and 100 by the stabilisingsupport[4]. In the
verticaldirectiona new peakat around9 Hz is inducedby
structuralresonancesf thequadrupoles.

The12.51/h flow P(f) of Fig.2 is superimposedn the
zeroflow line. This reflectsthe thresholdnatureof thetur-
bulenceonset.Turbulenceis foundfor flows above around
15 I/h only. Thedataof Tablel suggesthatthemainsource
of turbulencein the few tensof Hz frequeng rangeis the
pipefromthetapto themanifold. Thequadrupoleipesare
expectedo affectfrequeny = 200 Hz. The pipesfrom the
switch to the quadrupolecanbe importantfor flows above
401/h.

Above the turbulencethreshold,two main effects in-
duced by the circulating water are obserned. (1) The
releasedenepgy increasesthe overall noise level of the
quadrupolevibrations.Theexisting peakf P(f) getcon-
siderablyamplified. This is for instancethe caseof the
peakselov 10 Hz andfor theoneataround1 70 Hz (Fig. 2
and 3). (2) A numberof new peaksarise,which are not



Table?2: IntegratedRMS displacementabove 4 Hz, 20 Hz
and60 Hz onfloor, on doubletrigidly clampedto a 700 kg
table,for zeroandoperationalvaterflow.

Verticaldisplacements

f  Floor Doublet Doublet
0l/h 301/h

4Hz 3.62nm 0.92nm 1.30nm

20Hz 1.29nm 0.21nm 0.74nm

60Hz 0.07nm 0.05nm 0.06 nm

Horizontaldisplacements

4Hz 2.33nm 0.35nm 1.33nm
20Hz 0.43nm 0.18nm 0.80nm
60Hz 0.04nm 0.04nm 0.17nm

presentwithout turbulence. This is the casefor a strong
peakat 15 Hz (appearingabove 45 I/h) andfor broadpeaks
in the 25-45 Hz frequeng range(seeFig. 2). In the higher
frequeng rangethesefeaturesare even moreremarkable:
amplificationsof thezeroflow vibrationlevel of upto 1000
andmoreareclearlyshovn in Fig. 3. Threenew peaksap-
pearat ~ 90Hz, ~ 180Hz and~ 270Hz, both in ver-
tical andhorizontaldirections,whoseamplitudeincreases
for increasingwaterflows. However, the vibrationsabove
60 Hz contributelessthan0.2 nmto thetotalintegratedmo-
tion (seebelow).

In Table,2 someabsolutevaluesof the integratedRMS
motion of the doubletaregivenfor 4 Hz, 20 Hz and 60 Hz
andcomparedwith the motion of the floor. For the CTF2
operationawaterflow of 301/h, the vertical RMS motion
above 4Hz is 1.3 nm, which meetsthe limit tolerancefor
CLIC [4]. Similar valuesarefoundfor the horizontaldis-
placement,wherethe toleranceis lessdemanding. The
pureeffectof thewateris givenby thedifferencein quadra-
ture of the caseswith and without flow. Above 4 Hz we
obtain0.9 nm,whichis comparablevith thetheoreticaks-
timate assuminghat the doubletandthe table move asa
whole. Thewaterinducedmotionis stronglydependenbn
the waterflow. In Fig.4 we show vibrationsversuswater
flow for differentminimal frequencies. We find a maxi-
mumvibrationlevel ataround60 Hz. Interestinglythe vi-
brationlevelsarelower at evenhigherwaterflows.

Vibration measurementsf a doublet mountedon its
CTF2-like alignmentsupport,which wasfixed on the sta-
bilised table, have also beenperformed. The preliminary
resultsshav that the horizontal RMS motion above 4 Hz
can be amplified by a factor of 2 and more. A support
internal resonanceat 37 Hz [4] is considerablyamplified
by turbulenceandis the main contritution to theincreased
motion. Thevertical directionis not muchaffectedby the
alignmentsupport,as also confirmedby in-situ measure-
mentsof the CTF2quadrupoles.

5 CONCLUSIONS

Preliminary results of water induced vibrations of a
CTF2 quadrupoledoublethave beendiscussed Measure-
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Figure4: Vertical RMS motionabove 4 Hz, 10 Hz, 20 Hz
and60 Hz vs. waterflow.

mentshave beendoneat constantpressureandin a wide
rangeof waterflows. Turbulencewasfoundto beathresh-
old phenomenorthat appearsfor water velocitiesin the
quadrupolepipesabove 0.6 ms~! andinducesanincrease
of the magnetvibrations. The main sourceof the low fre-
queng vibrations(up to 60 Hz) seemgo betheturbulence
onsetin thepipesfeedingthequadrupolesatherthanin the
quadrupoleghemseles. They arethe main sourceof the
overall magnetRMS motion. Vibrationsup to 60 Hz are
alsothetypical rangeof magnetandsupportinternalreso-
nanceswhich canbe considerablyenhancedby theenegy
releasedn waterturbulentmotion. The simplified theory
of [7] seemgo give agoodroughestimateof thefrequeny
rangeof theturbulenceinducedvibrationsandthe orderof
magnitudeof the RMS motion.

The effect of waterflow in CLIC type quadrupolesas
beenquantifiedin detail. Theresultswill feedinto further
designoptimisationof the system(diameterof pipes,wa-
ter velocity, supportdesign,...).However, alreadythe ini-
tial measurementsave achievzedthe CLIC linactolerances
with nominalcoolingwaterflow.

The authorswould lik e to acknavledgethe membersof
the CLIC Stability StudyGroup,in particularN. Leros,for
their supportandfor helpful discussiong@ndalsoA. Seyri
andH. Braun.G. YvonandD. Grosdid theinstallationof
thewaterconnections.

6 REFERENCES

[1] G. Guignard(Ed), et al., CERN 2000-008, Genea (2000).
[2] R.ABmannset al., PAC2001, Chicago(2001).

[3] H.H.Braun,CLIC Note 441, Gene&a, (2000).

[4] R.ABmannget al., theseproceedings.

[5] F Le Pimpecet al., theseproceedings.

[6] Tech.Spec.CERN/AT-MA/95-114/Rev.1, Genera (1995).
[7] W. Schnell,CLIC Note 468, Gen&a (2001).

[8] L. LandauandE.M. Lifschitz, Course of Theoretical Physics
Vol. VI, (PegamonPressl.ondon,1959).



