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tNrRooucTtoN
Rcfrigcnnt l.dls haw dm$ bccn I mrjor conc.m in lny rir coditioning or rcfrigEnlion lyscm.

Cost! s$o.irtcd wirh '.frig.rror rrphccmcnt rod th. Glirbility of th. unit h!l/t 8iv.n lptcm dc.iSncrs
lnd mrnuflcturff. thc inc.niiv€ io tc.p thc!. EfriSerrnt lo$ci ro r minimum. R!..nlly thouih. !h.
cllcct of r.frig.rant dischrrSps on thc cnviroomcnt hlvt cr$cd rn rdditiorul cor|ctm.

Ozonc d.plction h.. bcconc s nrjor topic of inlcrcit in tbc nrtion rnd the *orld. Thc EnviroF
mcn!.| Prolrclion A&ncy (EPA) b.liryca fully hrlot mLd chloronuoro.rrbo (CFCI) sr! on of
th. cru!.. of ozon d.plcrion. UnfonuEcly th. mdt common rcfri8rn.t! ulcd todry in rcfrilpntion
sppliotio (R-12, R-J02) rr! lll CFC}. Thc proDorcd EPA r.lubriont on CFCI !n cxpoctcd lo
.ftcct bolh pric. rnd avlilabilily of ihdc rcfrigcnnt! rnd will nlult in I gr.atcr .mph8i. on rvoidin8
thc sccidcrtrl dirchrgr of fully halogenat d CFCI.

CrrlyL b|s wdttcn th. following bullctin to a$irt cquipncr nLnuficlurcfl in thc d.d8n of r.fii8-
crriion aod air conditionioS rylt€m! to svoid rcfri8.rrnt lin vibntion probbnr. Vibr.tion probbns
crn oftcn r.rult in brotln rcfri8.nnt lincr. Thir bulbtin.ddrc..cr dc'i8n .rd rclrofil conridcrstionl
for r.frigErrnt pipint problcms.

REFRIGERANT LINE VIBRATION
THEORY
cru!.s of vibntion in dilchrrf. lincs c:n bc primrrily r.prratcd into thc follo$,ing cricgorid:

l. Struciu.rl R€rol|lnccs
2. Forccd Vibr ion
3. Acoliticrl Rcro|uncai

Of th. rbovc 6ur.s of_vibntion. ltructunl r!.on ccr rrc thc morr common cruNc follo*cd by
forccd vibntioh lnd rcoulti.rl rctonlncc!. vibdrion c.n rlro bc caurcd by nultiplc combiMtion!
of lhc rborc. Th. follo*in8 will dilcu! crch typc of vibrition in th. ord.r lirt d.

AIRUCTURAL FEAO ANCES
Strucrurrl rciomnc.t occur whln !h. nrtursl fEqu.rcy of thc dirchrrgc piping fi[tchc! lhc frcq|'ocy
of ih. di!.hrga g!! pubrtiod (lxcitini fruqucncy). Whcl| thc.xcitinS fr.qucncy r||tchc| thc frcqEncy
of th. piping. rb. vibntion of thc tipin! b.corn . glrdy rnplificd. Inrginc I tuning forl, it h.! r
lpccific frcqucncy thlt it r6on t...l rnd thrt i! wh.rc th. mo vibrriion occult. Thinling of r
pipinS !yr&m $ . v.ry hr8. tuning fort, it wouH hvc to b. d6itn d ro tbrt it did not hw !
structurrl raaomncc at or ncar thc cxciting fraqucna, of lhc 8'r pul$tion!. Th. r omot frcqEncy
i! r function of ftc nitTndr rnd lrl!! of thr liD.. A di.ch|r|r lirE rhould b. d€ti$cd |' ltilTrnd lighi
!r po3libL to rcduc. thc cbn.G of vibntion p.oblcm.. Howcrcr, in ry.tcm! whcn .un .t|d |top kicll
ororh.r ry .m motion occu.a flcxibility nu.t bcdcdsiEd inroahc pipin8tytt mto.brorbthcmotion.
A rtilT.r|d light di&hrrgp li|E $iU hrvc. hi8h.r frcqu.ncy rt uhbh it r!!orl|tc| thrn onc thrt ir lclt
rtilT rnd/or hs. mor! mrrs: TroubLroor di&hlr8c 8|t puh.tio occ|rrrl nhtiwly lowfrtqucmi.i
thcrcforc .y!tcm! with hi8h.r nrturi fl!$r|rcict wil ht!! L.r chnc. of b.ilu rfi.ct d by ruclur.l
1..0 rE r Str|l.lunl lllonrrE rr. llry dilficult to pr.did. Exrcn iv.t tding . dpinS dc.it'l in r
llbootory .nvironm.r! it th. bctt rrthod for rvoiding ttnrlunl ftron ncc.. whco . dcdtn i.
fourd to b? frrc oflructurrl r! or|rl|€r. thc cnct d6ian.houk b. |l*dcollirt nily io tbcfutuE. Any
chrnld to I atructunl aaloirnca frcc dctiSi\ tud ar movioS a fitting would tlquir! rdcning
thc dc.ign.

FORCCD VIANA'loN
Foncd vibntioo i. thc vibniion c.utd by mownEnt of th. cotnprlt or(comprc$or driv.n vibntion)
rrd/o. ditchffs. frr pulotio (puLrrior drircn vibntiocl) cdrittin, fron lhc coopft$or. Th.
!! m forc.d vibntion cxcludc! vibntioq d|r to.ny pipirta ry|ilm r6orurcc'.

Compr.{or diivln dbniion ii not r rypic.l ploblc|n whcn thc conprcrror i. rolid mountld. bul
whcn rh. conprlttor i! rFirg mount d th. chrncc! ofdbnlion prcblcmnr.lt!.cr. SprinJo.rubbcr
moutrting titr.rr Upicllly 0rad in cnviaontrnlr wbca! vibrrtion tarumittcd flom th. compnatot lo
thc floor mry crur cxccrtiw noit. or drmr8c to I *ndtiw rllr whcn rpriry or rubb.r nountinS lit3
src ui.d. rhc piping .yrtlm (which i! wh.E n6t vibr.tion problcmr occur) mu.r b. dc.itrrd lo
rbiorb start id ltop kickr, rd bndlc tl|c rdditioml dlotion of thc comprc.ror during oF rtion.
Thi! i! ulully &conplirbcd by wing ocribb pipins (vibniion rborh€r!) md tpriry pipiry hrnScn.



Althougi th.!. iLm! rby nduc. lhc ar.ffmi.6ioi of mowmcrt of th. comp'l$or to thc rtr&d.
tlEy mry 8r!.rly !nhlt|c. th. cfi.cb of pipin! tyrt m vibrdion. Th. cbftlr of pultdion driv6
vibntion rnd lhictunl r!.onrnc.i in€a..!. siih th. irtroductioD of lprinp into tl|G ryrtcm. Splinr o.
rubb.r mounlirg ofcompE$on ir tor€tins mc*.ry dcFndirt on cnviroDdnl .id/ or rrct or unit
d€litn. Sprinr mountinS trncnlly tr116 pipins tlorEtry mor! conpLr md incr!|s lhc po.ribility
of vibEtion probLmt. A. . lcncrll rulc, if th.r! i. no rcrtor for .prin8 mountinS co|nprc.|orr or

On lolkl mount rpplb.iio'E 'riilizins tLriblc pipinS (vibnrion rhorb.n). chmp th. inh rnd
outld of th. vibnlion rb.otbcr. Allowin! o|lc o. both crdt of lh. vibnlion $mrb.r !o tbr crn
incrat th. chNc. rrd/or rl|tnitd. of vibntion problqn.. C.rlyb d6nt rcconnrcnd thc
u!. of vibrtiion rt orbcn in !oli, mo|lnLd compft|'or lyn mr unb:t th.y ||! Eu$ly cbmp.d
rt both Gndr.

On !p.i4 mount d rpplhrtion . vibntion .brorbcr| rhould bc ur.d orly in r6ord.nc. with
m.ruf.ctur.rr r.quircm.nb.nd rccomm.nd.tior!. Typi.ily vibrdion.b|orbcr| .hould bc p.rdlcl
lo lhc cr.nlrbft with th. irLt cbmprd to th. compllt|o. or .FinS r|ountd b....nd thc outh
chmpcd !o rhc tolid mounkd fnmc. whcn pipint.prioS mourlcd comprt..on, try lo
.rr|nf. rh! comFllmr r pipin8 ro tlE ttrrithl! t po..iblc pitint icottxrry, o.in| |t lcr bcrdr rr
po'tiblc. Thc prlviour atatanant holdr tnr on .olid mourt ry@nn rt *ll, bot atring nountad
tyd.m3 uu.lly t com. mor! of r probkm t clu.. rhc dir.hrtr lilr h.r ro bc p.nlll to lhc c'|nl-
rhdi. CrEful phnnirt cln .limhr& .rc...irc pirint.rd b.id..

riltlietD ctap||o lf'ltoDo
toa aiftu l|llt all tta

rdE, d(Y lEral. $rrtcr ra a||cJ(o: 'telD |rr![rd rofqr nrt,r!ir|.r rrrrr

C|! Dultrtion drivln vibniion ir th. mort cotnmon clu. of for€Gd vibntion. Puldion drivln
vibntioo docr NOT ric.n tht th. compr!||or i.mi0iry |u;h hifh puh.tion! thd it forcc: thc lirE
to vibrlt. rc8rrdhn of th. pipio8 faon.try. All lrcipro..tiDt comprcrton cmil dhchr8. t[ puhr-
tionr (. rcciDrocrting colnprllor a?|*nlcr. co t|nt nram of poblint flov), Whcn dirch.rt. i.r
pulltio rt .t wirh lhc pipinS ryLm!.orn rry irrq.h r myrlro d uprn o$ilhrin8 forc.,dir.hrrF
piF vibndon rDy oc.ur. An Gnmpb of thir ir *h.n thr di.cbric lirE com6 ofl th. comF.!.or
!.rvicc vrlv. .nd cnrc.t | , 2. 3 or mor! clbowr. Piduft thc puk dnf dirch4t ir. llowim frqn thc
compr$lor throu8h lhc fid .tnidt rcrion of dit.hrrtc pip.. Thc di$hrrt lrr thcn hitr !h. fi.n cl-
bow and boubct' irro th. ncxt r..tioD of iniSht piF. An otcilbtion in 9|G 8ar hr.lrc.dJ rlrrtcd .rd
..ch clbo* ntay in ra* th. o.cilLtion cErtins r iSrifxrnt rtnourt of linc yibntion. Dcdgnilrt-rhr
dirchlrgc pipinS !r rtnitht |t podbb will rlduc. th. cbncct of pubtiordrivcn vibfltion occuninS.
Anothdr crur. of forc.d vibntion i! th. "Bourdon Tub. Eftcof. Wbcn di4brs. pilini fort r U
3hF, thc hi8h pr..lurt dirchrrga 8r! tri.r b rrrrighcn thc pipin8. rclulriry in vibnlion. G|. pul||-
tio hrv. littL if.ny rtf€ct on dilchrrg. lin6 compor.d of. ringlc rtnirht piF.

ACOUANCAL RE8O1{ANCC6
Acoulric raonrncca r.3ulr from thc spccifrc dirchrrg. Sr! propcdi.r lnd thc piping ryrbln gcon|?lr'
(no! rhc lnucrunl dymnicr). Thc .lTccr ol lcouric'l r.3omnccl i! lo rmplify thc arr puLltion..t
sp.cific loction in ruch! mrgnitudc rt !o c!ur. ripifi€nr vib tion. ThcErr. mrnytyF ofrcouraic
r.sonrncca and mo6t rrc v.ry dilfi.uh lo prcdict. Thc mo6t comrnon lyF ft5u-llr from longhudin|l
rundinS wlll prr.rm.



Th€ following poSc dcrrilr r 3rmplc calculrtion for a strnding ffiv! Illonancc.
Thc followioS parrgaph d.bil a critical lcngth c.Lulition. Although criftal lcngth crlcubtion!

lrc nr.i8ht forw.rd, if thc tcrminology it not frmilirr it crn bcconc vcry confuling. Dccomint frmilir.
with th. folloving d.fioitions will mrlc thc crittrl Logth dilcu.iioo moE cornprch.Dlibl..

Sbndingwrw - Sp€cific tyF of..rrrlticrl !.son|ncc.
Ercitin8 fr.qucncy - Thc fFqu.ncy of ibc di.chrr8p 8a. pulrtionr in h.n . d.norcd

Elcmcnt

L
Ll2
Criticl Lcndh

for m lxcitins fEqucrcy (L/2).
Simplc "rbndint wrv!- 1..0 no6 occur whcn .n'cLmcnt" mrr.hc. . 'criticrl Lqth". C;ric.l

bnSth! crn bc crlily clbuhtld urir8 thc followinr formuh:
Ll2 : Cl2f

by thc rymbol f. TIE domin nt frtqu€ncic' for C.rlyL com-
prc$or| rr! rt follos!:

2 Cylird.r - 58 hcrtz.
I Cylinds - ll7 hcft.
6 Cyliricr - t8 A I l7 hcft.

- S.trncnt of di.ctar8. piF bciwc.n t$,o tcrminrdon|. A trrmi-
mtion ir d.fincd || r cotnprliror, mufn.r, dbov, hdd.r. . .

- SFod of 3oord of thc di.chrr8. f.t in fcct/&cord. €66 App6ndlx)
- W.w Lnlth for rn crcling frtqu.ncy.
- Oic hrlf thc wlv€ lcqlh for .D crcitint frcqu.nsy.
- Ar in&frr mulripL ( |, 2, 3. . .rin6) of onc hrlf rh. mv.lcnSth

| -.arolrrrrNlrrol

CR|nCAI LENGT'I CALCIJ LATOI{
For thi! cxrnplc rr vill |.aunrc a four crliidcr conpft$oi. thaltfora, aha danifiaanr axcitinS
fr€qEnci.r will o.cur rt tso rrd four tim6 rotrtiry lFGd (58 lld I 17 hz). Wc will dlo r'||tftc !h.
rdrilcrrnt to b. R-22 .r I l0 F SCT .id 185 F dirchnr 9. tcnpciirurc. with | .onic v.locity of
JA8 fi./!.c. Th. lonic wlocity w|t dcGrmin d udnt th. rttrchcd tnpht.

r ( t r
i 'aist- = sm rt' = totr I

Allowins r + or - 1046 nurth for vlrbtion h rhc ryr&n coiditionr, thc critia.l lcnilh. to rvoid

At 5{ hz - J5 to 6? inchd
At I l? bz - ?7 to 3a incl|c. (four tiro6 oDcnling tDccd lrill bc cncdy h.lf of

two timcr opcndng .pccd).
EvrlurtinS ttE dirSr|n abovc, thcrc rtt no Lntthr b.tvf..n dirconlinuiliE which I into tlr

criiic.l lcoSth rtn3lrcrlcuht d. An.xrmpL of r po&ntid.cou.rtic rttor|rrE s,ould b. if rhcii lclbor
wr! loc!!.d in tlE 27 to 34'rrnF. lf ! pot rtirl r.-oudic rronrn c @un thc litaini would hrv. lo tr
molEd out of th. crhbl Lngth nn8! to rvoid it.

Om bdf of thc critic.l bnsth (L/1) should rlm b. ivoidcd bctw..n th. rrvic. vdv. and thc
mumc..



DE'IG RECOMTIC DANOI{S
fi.outh thc utili?rtior of good dciifl pnctbc' foncd vibr.doo, rnd &outticll rnd ltructurrl
r6on nct probLm! crn bc t.!t rt I nidmum. Th.rc ir ro d6un rEihod thrt eill climid. rll
pd.iblc vibntion problcm. 10096 of th. timc .rc.pl ttuough crpcrincnt l i.'ting of €.ch sy !m.
F.om rh. pr.viouc rlltcrhl. it i! !ho*n thrr prcdicting vib]rlioo probLmr crn bc \l!ry dilfr.ult ttd
complcx. lt should b. not d thrt wh.n [yr&m b &igr|cd rru found to b. frcc ofvibrrtion probLlt|t.
thrt p.nkuLr dc.i8n rhouH bc rcur.d in io cntirlry. NOTE: vihmtion probLm. mry bc crlrt d by rny
cbnfc! ro thc dctign - i.c., dillcrcd dinrndoq.ddiiionrl fittir8', diffcrcnt mufilcr. . .In conclurion
if you fhd r d6itn thd wort( t..p il.
Th. following n | [d of good d6ign pnclicc':

r. K.cp lil' |' rtiff.rd lisht |. po.dbL. Kc.p in mird lh.t th.lim ol|y rcquirt idbcrcnl llcxibilily
to irndb rny syn n notion (.trrr rnd .top li.lr. . .).

2. fGCp lil|6 || rtniSht |' portibL. Ur. formcd di!.bra. linc. it pbc. ot clDo{,t *l|cr.vcl
po.|ibh. lf €lbowr murt h. ur.d. u.. long nd-iu in pLc. of rhon ndiu.. UF 45 d.iF. clbowr
or b..d. i|| pb...ofq)l alEr.r!. podbh. Ur Yl or I aJ d.8n b.rd it| phcC.fTl wh.Ev.l
po..iblc. Ut! finintt of th. prop.r dr., donl rcdrE lit: .ir. for fittinlr. Don\ uc fittiDg ih.t
llrvc hrSp prc.r|[! droF, r|rb $ fi.rp $ d.!Fc clboir|.

T
E

Ptnxo PR CflCEa

t..oi|fo ilorl'oaro pr't o[rarEir ^cr!.aa!(,!lc LLYAaltri rofi trra.

3. Urc hrr6t pncdc.l di!chr8. lin di.m.t n go|tiblc, Pnc.i.![y $crkin8" if a litE i! riz.d
for a giv.n ldd rnd propcr oil cnininm.rt, thcrc ir u.urlly no ri$ificrnt incr . in lin riz.

5.
6.
7.
8.

9.

po.ribl..
Whcn uling lolid mounr comprlslon vith vibntion iolrton, cbnp th. itobtor ri bolh.nd!.
Dc&rninc whahcr .prin8 or rclid nountin8 ir rpproprir!..
lf '|.rur!l frcql.t|cict h|vc b.cn occrninS in €xini8 d6ifrlt. r.d6ign pipinS .y.tcm.
SylGm g.omctry rhould b. chlcltd by cdc1llltin8 ||ndinS x,.v. tltoarnc..
Carlylc comprcllort .r. npplicd eithout vrhr. to dlow fl.ribility in izint rcfriS.nnt
lin.!. Alc,!y. c.lorbi€ both .u.tion |nd dirchrrtl lit|c .it.| rnd ulc tllc .pproprirtc r.rvicc
vivcr. Althoqi *€ rccomm.Dd u.ing tt|c mo.t tcncrou. dirchrrS. linc dirnEt.B pnclicrl.
plca!. noc thlt ov. irinS lirEr c.n r6ull in oil rctum probLmr. ncfrif.nnt lincl rhould
ll*rlr bc rir.d to hrndL thc d6igl|" mtlimum rnd minimum lo.d condition .
Whcn uling mutftrs, phcc thcm rt clc. ro thc *rvbc vrlvc .r podbL rnd/ or bcfoE thc finr
fiuiot. ld.rl phc.nEnr of th. multlcr ir not !l*.y. pocriblc. hri noL thrt. mufflcr i. irEffccti!!
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fl|8nl{c 6Y8TE]S6
To .limin tc vibntion probLm! ir cxilaing ryrtqn. rhc c.u.. of thc vibntion lhould fir3t b. d.t r-
rniod, Strucrursl r6otrrnc6 .rc th. mo|t commor problcm, thcy c|n ur|l.lly bG dct.ct d |nd
corEctld by thc ddidon of m!.r to thc lirE. Thi! mry rouid contndiclory lo th. 1Lln€nt thrt
lin6 rhould b€ dcd8ncd .t liSht !! posiblc. Wl|cn. .yttlm br r |tnrclunl r! onrtc. it i. bcc.u!.
thc pipinS hrr ! l|ltonl frcqrEfty rt thc $nE .rnF !! thc di*hrrip 8rr pulrrtion!. Th. !.rid wry to
climiE!. thir problcm ir to rdd nulr to rhc dilcbrgc linc whbh c.n cffcctivaly low.r th. nrtur.l
fnq|tmy of rh. pipin& Thir i! r vcry cfTlctiw mcthod of onirg th. .yd!m oul of thc I'n8. of thc 8rr
pub.tioo fr.qucncy. Th. ddilioo of n $ c.n bG in thc form of r mufthr rnd in rcrF c.r| rn
criniog mumcr c|n b. th. culprit in thc ryt&n. Fo. cl|tnplc. if yorr ryd.m it dctiFcd !o thr( thc
nrturrl fEqu.ncy of th. linc i! gftrLr th|n tht of th. &. pubtionr. thc rddilion ofr multL.r ttr.y dd
rllfrici.nt ln t to drop rh. Dtunl frcq|,.fty of th.ditchrt limtothcr.n&of th.i||puhtio Th.
.dditioo of m|.3 couH rho b. in thc form of r ph b mold.d w.iaht lhrl could bG .lkl up rtd dowo
rh. dirch.rtr linc. M oviu rh. nu|! rround thc prpiru to lind itt nort .lTcctiv! po.hion, c|n bc I v.ry
. f fcci i r ,E m.|  of tuningIrynn. l f |uaidl i . | l | .d inr.ptcm.dut.uni l i ro8dlyrtuch€dtott t
afrig.nnr linc. lfu vci8ht irrllo*.d to nolr hdcFr|dcnl oltk lin hryc.u. rar.td pot€ntirlly
. h.l. Cbmp. y .bo b. .dd.d lo incr€r. lhc rtilTnar oftlE linc. rtd .rc t!ry clLctiw. Thc otc of
chmpt ir dircur.d L&r in lhir r.ction.
NOTE: In th. cv.nt of trying lo tun€ r ryn.m ud|| | pLltic or Ld moldcd wciSht. urc ciution.
Mrlc lur! thc biSh t€mFntur. of thc ditch|r8! linc dodnl n lt thc nrlcrirl or cru. il to !iv. ofl

For.d vibntion ir th. ncxt mort cohmon cru.. and c.n b. corrtccd by udry mufflcd. brm.
phGr. LrrFr dircbrt. lirEr. rcdu.lior ot bcdr long ndiut clbova fotnr.d ditcbri. liic., lnd
ihm9|. To dci.nDit|. if. muflLr will hc.lLctiw. thrsttlc th.ditchrrip v.lt&forrpproxinut ly m PSI
incrc.t in dbchrrlr prc..ur!. Thc trttturc incr!.r do.r not oeur lntil lh. l.lv! h rlmal compLGly
fron( &.r.d (wARNI O: Do notoqndaolyf@ii-rty.hL Thl.ulll o.u.a.a|nrialnbdr.l
cdn9|taaor Daraaul. {hloh may oau- ooor3ta-l datnadf, ald pol.||drtY ruDar||l {a
co.nplaorl. lf th. pidln| vibntiol rubidd vith th. thtottling of lhc di.chrfi. vrlvc, t mumct *ill
u.u.lly bc !n cll€ctiv! rpplicrlion.

ForEcd vibntior i! Fn r|ly du. to 8.t puhtiotr hit in nr! idunc.t mly bc duc to mmpr.{or
i b.lrrE. Motor or coupliq problcm. crn.bo b. th. clu. of fon d vibnlion in opcn driv.
mmpn ton To dct rmhE wh.rh.r thc vibrrtior it du. to conDtaror imb.hnc. or $t nubriots thc
follosin8 nr.thod ctn b. u.cd.

l. Tum comprc|to. oll
2. shui th. ruciion.nd dir.brip .crvie t|h€1
3. Bh.d all prc..urc fron comprcror.
il. R.moE both rarvicc vdv€r
5. s.curc r nt ov.r thc dirchrrg. pon lo t.Fna oil mirt.
6. Run thc compE$or for. .hon p.riod of tim€ (10 to 15 t cottd!) on rir.
7. During run timc clltnirc comDr.rtor for imb.bncc.
WAi INO: Oll ,nlai b .xtnnrly ||r|nrnabL, ba au.. lo u- lh. oll -D.r.don mihod In

rLD #8, M& .|rrt both aawloa vdl.a art ltnor,td tr!|n comgnaao..
Thi! rFrhod quickly dctcnnioca imbdDc. FobLmt on 06D/E cottlplrrcn. but on JFi H

comDrcttor! ir h.3 only nrrro*.d it down. On sF/H co[tptlrtor|. if imbrbncc occur dtcr n dninS
thc aompr.ror on rir. chccl thc corpli4 rliFmlot rtd th.D nlD tlr. motor by itr.lt Whcn u.in8
rhc rboic mathod., tltc into reourt my 3t rt ind dop tictr du. to thc tnountin8 nEtbod of I

M ufitcr and b.mc pb& proc snd coni *ill bc di.cu!.d btcr in thii bullctin. Pl.|,. notc thlt whcn
ulina cLtnpr th.y vill b. mo6t clTcclitt if pbc.d in thc diEction of nl|�imum motion. lf . linc h movitt8
horizontrlly ard you chmp vcniolly.lh. chmp i kt crfoctitt. Chlnpit8limr c.n b. v.ry cficctivc
ind is ualdly th. c.!i.!t nEthod to coftct vibrrtio' problcfta, but unL|t th. lh|.t rrc chnpcd
p.op.rly, th. probbm mry b.comc cvcn ron . whctl chmpinS liDct, thty nul b. cLn!.d to somc'
ihin8 th.t i! mor. ltilT rhrn th. dirchrrgp lin. ro b. cfi.ctivc. ChrDpinS r dnchrrS! linc to . lirh pi.cc
of chrdncl mry cau!. th. chlnrcl ro rcronrc. lf thc chrnncl bctint ro ft.on|tl it tnry c.u& nod.,
lnd/or tnn.mit vibnrion. Th. cbmp iltclf thould bc mrdc oft riSid ttutcrirl $ri i. morc tt TOrn
thc dirchargr lbc,
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Chccti4 lhc dilchr& pi9i4 .y|t!m 8.onEtry for rcou.lici .otunc.r |!irB th! c.lculrtlot|.
dvcn pr.viotrly.d tlE mullllf pl,rcdrFnt chrn .houU bc do|E. Di.cn rSa PaPI'|t lt||y hrw to !.
Lnathc*d bcforc ft.chini di.continuitid (mutn tr €lbow.. . .). Sot* ttd.titn oflh.ditch.tF pidnt
tnry b. in ordff. h r y bc rqui|td to.limir|rl. noflLtt, clbowr, ch.ct dv.|. ' .

F<-r-l-

Dkl - "..,".,".,"

Mufilcrt crn r.duc. direhr8c irt puhtion. .d .ff.ctivcly .limiruE vibr.don ptobLm. do$.trc.m
ofrh.tn.Inm6rcrtrmuflL.r.irclT.cti!!rtlowfftqod.kt"thi!pritmrtlyd.FtldronlltmullL.
itrclt ClrlyL CornprG|.o. 5.16 ir now olTcrin! r Et mldLr which h|| bcn dcriincd to tlduc. |r.
pubrtion. {ccific.ly in crrlyL 06D.nd 06E compra.on. Mufil.I pl&ctn nl ilv!]y impoirr . thcy
lhould b. pbccd || clolc to th. comprcuor .! po||ibL, bur lhoub bc tcAl oul of lh. crildl nntF.
dlcuht d for louitudi.rl .t|rldint *|vc p.ttcttr!.



MurlLrs !n typically not rccd io systcm dclitru. Rcciprostirg comprcilon cmit gar pul!!-
tion3 rnd thcs pulrrtionr rorn rimc5 ract with spccific !yn!m d.iS |nd crur. vibntion. In th.3c
sy8lcmr s,hcr. pubation driwo vibntion h.i pro\rn to bc r p.oblcm, r propcrly drrd mutncr rhould

MufiLrs car bc us.d to .ficctivcly rcducc piping r}ltcm nob.. lrn4hy pipinS runs oftcn d.v.lop
an audiblc pobsting noi!€. Th. urc of mufi.n in N$tcm3 with rcmoc cond€n!.{r h$ prown rcry
cftcctivc r| cducid8 pipinS noh. ll,!k. Thc nar mufn.r ofrcrcd by Clrlyh L nconnEndd fo. 06D
comprc.son in r'rtcm! with pipinS noi!. problcr!.

Ar di.currcd pr.vio!.ly th. idditiod of ! tnulllcr crn rdd euffici.nt mrlr (o r dirchrrg. lin. to cru!.
thc nrtrral fr.qucncf of rh. lirE to frll inlo th. r3n8. ofth. 8.! puL.tioni. M um.n c.o qrr. probLmt
if u3.d proDcrly 8nd can rbo crtac rh.m. Thc quation ofs,hcth.r r mumcr i. n .dcd should bc thouSht
out in thc dcai8n proc6s.

CARLYIE RECOT' EI{DATIOI{S
l. M umcr! 3hould bc u$d on lll 06ER 166 (now b.cominS oblolctc) rnd 06ERO99 conp'!t|or3.
2. M uffcn lhould b. u!.d on rll 06EM266 ( nov/ obrol.t ) rnd 06EM 109 compr6lon.
3. Muffcn 'hould bc urcd on rll0,6E compr.rlon *ilh c.prcity coo!!ol.
4. Mumcr! lhould bc con.idcrcd on rll 5F/H ll|ndrrd rlrot comprcreori rnd r.. rcquirld

on 3ll sF/H lorS rtrol. compft 06.

AAFFLE PLATES
BaffL pb&s !r! bqdcrlly in otific. uscd ro cr.rlc r pr.$ur. drop rnd r€duc. dilch3r8. 8rl pul'rtion
rmplirudc. BdlL phl.! crn bc vcry cffcciiw rt low fr.qucnch. whcr. mumcrr o|Icr limit€d rttcn-
ulrion. Thc u. of bmc pbtr. x/ill incrclx ih. dhchrrS. tlmpcnturc. bur for mort rpplkrtiorr lhc
lmourt ir iruiloifi.lnt. D.lllc pb(c| rrc .ho v!ry crtily it|.rdlcd in r rFcm. Thc orificc on I b.fiL
plltc is dEigncd io rcducc dirchrlc t!! pul..tion amplitudc rt f|lll lo.d. but vhcn unlo.d.r' rrc u.!d
th. bamc pbi6 .lT.c!i!!n6r bccori.s vcry linitod. In cllcct . b.m. phlc crn .limi i. vibntio[
probLm! a( full lord, bot d prn lo.d vibnrion probLm! mry appcrr bccru& of thc lov/rr nur flowr.
NOTE: Brm. pbt 3 rr. d.ligncd to cr.r!..6 - l0 pri prdlurc drop.

oao/E DEcltlRoE aIFFLE ptatES

t6';ff

r!, 16, ra620cF{ 24. a. 37 aao cF*
LOW tEtP AP'LtCAtrOt€



OtD/E DECHABCE AAFFLE PLATEg (OO[T.)

I o'^.-'nttt

2ir. 24, !7 a !o cFll
xtDtux lE||P APPucATtoNS

aoi o.ai ta a ll corFi!
Ld rcrP AttLrc rt6!l

lor^..-|o|-r|

F6 06€1 7t 6 9t COrPill
TEDIUI. TEIIP APPLICAT IOIIS

crrlylc comlncndr cbnSing lhc pipin8 SEont lry. rnd/ or ddina cb''|p, or tnufilcn tt tb. mod
clfccti!€ r|.inr of Eduont dixbryc linc vibntion probhD. B.flL pLl6 c.r bc .n iErpcntiv.
rnd .ffdtirc fix. bur in rc.r. dhcbrF pt4un. t mp.rrtur! md rl|o r! ult in .liihl lo.rd in
clprciry .nd pcformrncc.

PREsSURE SwlTCH CONNECTIONS
Prt3.ntly CirtyL rccomm.dr lhc |lr of c.p tubct .d bilid.d ftxibL t!..1 ho|cr for ut. rlilh
pr6Nr. ts,itchd. U|iDi lubing hrf.. thrn c.p lub. (cx. | / a' tubind m|y rauh in r lir. brtrt D.c.u!.
crr rub6.E moft cl|.cti\€ in r!du.1nt ptBuc pult lio lhroulh ftcm. C.rlylc br tout|d in thc
p$t thar uing | /4" hrd copp.r on somc .cccsloircl fo. 5Fi H compr..ron ofiln r.tultd in brolc.
iin.s. To rlmay thc .ilslion C.rlyL choscd frcm hrd lo rcft | /,1'copFr tubina rnd climind.d ttE
pipins bErrs. Hrd coppc. tubi's b nor r! ftribh |r lofi copFr lnd rholld not b. utcd
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