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1.1 INEOBICTICT

w0 £lon chxvretordoticn of potatdng quolicao oo
of geeat theoraRical cad g?cct&aal dnportonco ond Lavo
been o c:ab:}co 02 cotivo dntcraot for long t4no. Rovicy
02 ltezntura rovealo that a ppey o pdliched{l) os
co2iy ao 2880 oa tho gravitationmnl onsdllations of sotating
tter by Bolvin.Tho flov charpoterioticn of rotating cyotcan
o0g conpler cnd dn pddition noot of Cho tyotcas savenl novel
arfuencipested 2107 chamncteriotics then pat to o complete
otabdldty onalyolo,

Coaddcrablo cost bao boen done 1n ovArling flov
through atexiceras £luld flov dotusca pototing cylindars
cad 4n eusved obhomnolo, Attcation of woricuo voclkoro bavo
boca deaa o scaprengdble owdrlding 2300 4n tubos elngo
1950, hououcss 2olativoly 3Aeelo ook 4o avaddablo dn Micee
turo regading sideldng dnconprcesslivlio 2o An 3aag Luboo.
Tao crirling floodnoido long tubos con Do goacvated by
- ony ong of tho 201laAng cothedos

(1) Dy Potating tho tubo throush chlch tho Zudd ig
raiam 1y o 1N , '
{2) By fntpodvodng 2lufd 4nto tho tubo with tho holp
08 guidcd voneo. |
%)) Dy dacoreing Cvdotced Sapo in the mba Chegagh
| sl tho 22nid 10 peaped.

&) Dy foredng llquid dato tha Cubo through tongeatinl
| Andcts at tho inncr curfoso of tho tubo.
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CGTIERAL PRINCIPLE 3

Principlo of owisrl flow genoration ccn bo undorp-
otood by tho holp of fig., 1. shouing fomation of gwlrling
flou by tw tangential inlets, As tho liguid entors through
a tongentlal inlet. No,9 ¢ takos o sulrling metion ond as
4% moets tho liquid from the tengential inlot Noo 2 1t 19
pushod touards tho eentre of the tubo, Thus a swirling mo-
tion is ostablishod, This svirling motion con bo of two
typos |

(1) Porcod vortex flow in which congulor volocity io
conatt ond _
(2) Fpoo vortoX mo tion 4n uhich tho nonent of momcn tum

19 radinlly convorvad snch that tho psoduct of ¢tho tengcp-
tial volocity coaponcn® end rodins at ony poiné Wi lhin the
nain body of tho liguid 49 constt 1,0,

9pX R = —N o ( fa9 )
vhore __MN\. 4s genorally roforred % a3 cirenlation mns-‘
Een €,

Sulrling flow produced {n tubogs 13 genornlly noro
of freo vortex in naturo, In this typo of flov wo havo
oglroady soon that tho nonent of tho momentum 13 radially
congorvod ig prodnct of tangential velocity componont cnd
rading at cony poliné with in tho maln body of tho £luid
rcnalng conaten®, This will prodict eroation of vacuun
at tho eccnteo and heneo rovorsol of ofinl flow 10 pecdicetcd

cven at lovope oteenpth of owlsl,
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| Prom ogquation 1,1 1t 10 pparent that as R cppsoa-
chog goro Vo cpproachos infinite vhioch is hydrodynonieally
{npoosidlo, Tho ciinl voloeity componcnt has boch roported
s eavitato noar tho ecntral oxio 1£ tho awvirl gtrength o
Jou. A% highor valuos of sulrl atrength o comploto rovor-
5ol of atdal Componcnt und Poportod still highor swuirl stren-
gth give-riso % vacuum of guch a dogeec that a contral
oip-coro 1a protneod 4f tho systcm 49 ablo o gner aip ab
tho osia of sulrl from souo gsourco, If this alr padsage
i3 sonlc8 tho 1iguid itsolf vepouriaos o givo piso to vep-

our Cre,

-2 LITORATURE REVIEW

Tolba ¢(8) studiad tho sulrling flou of wator in a
tudo £nd caployod a long unpdorforatod tubo in vhich swipl
uad inducod by tho rfotation of tubo 9ituatod ot como dise
teneo i’éom tho cntsy, Tho sulpl strength uao inasufficien
to produco flou roversal but o dinpling of Cho oninl vele-
cu:y,pmfi;o at tho ecntro of tho tubo wag roportcd,

Binnio end Teara{3) carricd out oxporiments on tho
flou of swirling wator through a proscuro nostlo cnd roepeds
0d obgorvitions vhen tho swirling walor wno dischoargcd downe
varda undep prossuro through a largo porspoxn conical noszle,
I% uns discoverod that a toundery loyo? of forecd vorton
no tion oziatod around tho froo surfaco of tho alreors, Tho

roanlts voro confimmod by noasurcaont of tengentiol ond
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ctinl voloci tion closo to tho froo surfaco, Furthor vhen
tho owiel wnd sufficicntly otrong conparod with tho supply
prossuro tho orial couponent of tho volocity uas povorsed in
tho uppor poart of tho nonsol closo to the forecd vortox cono,

Binndoe(4) 1nvescigatod tho nafu:e of thoe floy patt-
orns then swirling wator uﬁs passod thiough a long trcnspae
rent horizontal stralght tubo, A portion of tho tuado (porae
pox tudo of I,D, 2,07 ) uas rotated end wator wans adalttod
by gravily into ¢tho tabo through a largo nunber of holes,
Tho flow thmugh tho smpparatns uas controllcd by al toring
tho hoights of the econstont lovol Senk, f£rom vhich the watos
was fod, The motinum spoed was abont 40 revolutions por
ninuto, Colourod 1iquid was injocted ond followdnp throo

reainos’ yore obsorvod ¢t~

(1) Down stoex ovor cntdro cross gootion,.

(2) Upstrora nanre tho onis ond down stros noap tho
tubo wall,

(3) Down strorm noar Sho otis ecnd tho wvall cnd upstroca

in tho intormcdiato roiion,

Nuttal(8 ) carried out tho study of swisling fluid
flou in ciréula? pipo, His axporincntal copnaratus cnnainta'
08 of 2.,878% I,D, 83% long porospcn pipo ol vortically
cnd nountod by cylindrienl tenle contalning a ving of guidod
vohés ¥acn prodncod tho osulel ( £200 vortox ) Tho rato
of élocharro vag eontrollod by throttldng RO lowdr cnd
of tho pipo by uolng oovoral Ghpefsasny dovicog, Dyo ine
Joetion toenicun voo nocd for oboorving £luld path 1inco
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o casatatativo volocdty noacascacats o nodo in Mo

otudy. Hig obaoreatiocns wero ap follotas

() At lom pates of ouirl tho azinl volocity
at the pipo contre tho logs than Cho aapeoted
oorioun volocdty.

{2) Ao averogo azdalvolosity inopeascds ooadro Uno
voloodty deapeaocd to o poiad ohevo 4t pevarocd
in dizcallon. |

(3) Finnily upon fupthor inorcapo of Sho overhgo

vortieal volocity, contro 1ino awinl voleeidty
oo posdtivo at tho centiro but nosativo in o
narsew pozion doluedn the anid oand tho tall
of ¢ho pMpoe

o quolkitative obocrvationn coagizacd that
glou povercal oteurs in tho scateo 0f Cho pdpo o
o820 potlo 02 coirl ard dfcsbargo. Sinilar oboeTvationo
oo obocxvcd by Dianldo (4 ) ond oo enllod poglonoy I
IX ond SET  reapcetivoly, Adthough Dinfde®s nothod
02 predueing ouArl o diggfcecat thon that of Iattallo.

Pleao ot at (6) pcrovdet dnvoatinntionn on
tho detivions of the ate flouving through lopgo opray drdce
by malting wso of trocer tcohmiquo ard found tho
cioteneo of tho crirl glow pattcen in gpoay deice. Thilo
ctudying ¢ho 2o pattcera o2 tho omeny drder An o nedold
Sheg foand o peofon AMa Shode concrlaomiol cgalpmeal



6

CRAGRPO O Coro 0F voloaity oppocsdito in dixcetica $o tho
prinory glou cxiotcds A teonmopsraat WO0th  caplo codol
a0 ucsd 4n chted tho 2luld noed A tatcr and tho |
cono catered tho modol theocugh 12 porte ploeed at
oppropiate anglea to gonarate tho siirl. Colonsed
colutloan wero Anjceted into tho uedel Ghwoagh theoo
AnkaBa.

Tho caperincato conduetcd oo obove FOVEALCS
tho prcconte 62 o zono of poverped £lovw and theay ¢ouldd
obocsvo o poslon of domvend verdieal volcgdly loeoted
botoeon aa uprmwd contral coro ond on upd voloelly
eoglona adjaccnt Co tho tald. Valucd oo not cotrlibed Go
tho velocities but iR vao dezepibed oo a "rosion IXX
tysa 02 2lgan.

Rrodth and Songu (7) otudicd tho dccay of a idquid
oudsl oish i dnduecd by tuintcd cotal otedpa along Cho
conbro Adno. 02 o tubo fu on 620 Ared PADO. E6 T
odoczved that tho cuisl detay to cbeat 10=207%, 0 dto
Indtind Mntoactity 4n o diotaneo of abead 50 pdpe Aioaciarn
tho dcoay beldns nozo 2ondd ot c0ld ¢hm at lowpo Reyeodo
PdCP0. Ta Ghds  cosl ho omlel oo ol meLloicatlys
oteeng 80 pooduco flou noveRCal, o Ghsuncileal cuarl
- velegdly Qlotodbutdon agrocd qualitntivoly tith caperdnceatal
moazarcacato ab diotango leao ¢haa 20 Alonoeter dowa CUeon
groa oo onllat, 02 tho oiel dndvocy, wal doviatsd

) L - v oy e ] -
C0n G0 el oeoallo usthon Joma Choem.
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Snithderg and Iandig (8) thilo optudying tho
convcation heat tranofer charastoriotico in Subes vith
Crdoted tapo oudel goncratorn aleod otudied tho voloeidty
ddotribution and nade tho Zolloving concluoiono.

(1) Tho arinl volocity 4o nearly constant ovor noot
og tho ¢rooo ocction whallo tho dnplano conponaat
appeara €6 bo Soagentinl ond ipercand linearly vith »adina,

(2) Tho volocdty f£lold is holicoldal and coxrace
pondo ¢o o forced vortoz in tho coro cupcrinpoocd
on an cagontially unigforn arial flou,

Tho author ¢loino thot a holicoidal 2ilon vdth
o uniform aminl velooity with ito total voloeity weotor'
toangent at overy point $o on helin doZined by ¢ho piich
02 tho triaoted oteip and tho ©2d%al dlodance froa tho
tubo contro lino vAll rocult 4in a forecd vorte: notdon
in tho tubo em00 ccotion. Thio pocdictcd vorton mbtteen
tme found o Do &n omeollead agrociant with tho
caperincatal pemito.

Brocan ot ol (9) otudicd Sho owdrldng 4ncoopres
oodblo £1low of thabc> 4n o tubo hold vodlonlly cith tho
ovdrl dndused by tangential injoction of tho rmator dnto?
tho teot ocatldon fron botton of tho Ctubo. The inlot coote
ion conodotcd of 2 toangential inlot pipes ohilsh woro
parollol aad 100° opart and 2lmoh wAth tho dacoplatc.
Inlot Gloacteop e omnl o DAL, Qoo fubo dionotero
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3% mad 2,5% TN, wara uocd for tha 190" long Ceot
pegtion, Tator too yunped upaordo Chrough Cho vcs'f;ﬂ.cal
gubca, Imgito plaotic tubs vweEo uocd Sor tho oot Cov=
tdon co that vienal obacevationo could Do oedo. In

this lovestigation a otudy of proscaro cad volaedty
7r02110 T £ado 4a an attoapt to clacddato cono of tho
frators goveming tho phopoatnon of povarced flot.
Profileg treo otudied ot four lengtho of pipo ond 2o
Dcgnoldo nwahors  rangling Drom 5,000 to 25,000 vith tho
holp of ¢wo nrooonse prodes (used somecately o neacwo
total and gtatic proscures respestivoly) Reynoldo mmbers
uera neasared daced on the dinnoter of tho tubo cud averago
veerticnl vologdlty 4n ¢ho tubo. Tholr conclnglons gegteding
volooAty profiicn wcre a0 winlc??

(1) 8uiziing flou moduecd by Anjcoling tater ab
ggactans rato and tongontiolly into a eylimder
Sheovah  Eoo porto clluatcd dioaourdcally
onmanlto o caeh other da Zound to do obendy
and apmoadmataoly eylirdelend ond coondal Co

| tho ‘imbés Injootion 02 ey Shrevnh a odenls

$320 £avo a opdend aoro and dealroycd ¢ho
Cydindicol gycaotsd.

(2) Dment  in pavpon sozions mear inlats and outlalo
02 tho aylinder podinl voloeltlicn oo always
Cz0dd coaparcd Co Sho Songlinl ond oexiol

s Pt 7]
WG LSBBUAOGe
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(3) Tho tangeatial voloecdty profilo acrooa a rodiug
ghoced ¢ho volosity to inercage from zero ot
tho contro o o pondnun at g radiuo ucually
logs than half the tube radiuva to heoy cteady
gor tho furthor dictance and then to £all to
a0 ogalin ot tho mall Andicating that tho
flou wao cooomtinlly foresd vorton in nature,

(L) “ The ncan tangeatinl valnémy, avernged oeroso
a dipneter steady decrensed dowm strecam fron
tho 4nlot. 7

(5) The axial roferrcd to as vertical in thoir

copordnonto ohoudd  tho mont interosting varide
tiong. For on overall uprod flow along {‘;ﬁo
tubo thoy obocrved
(a) At loo raton of flow tho vertlenl
rolocdty o ﬁwarﬁ throughout tho cylindex
(b) At Dighor ratos of £low thero tao rovercal
of flou ot tho amls of tho tubo co ¢hat
vator floved dormvards at the ccatros poveracd
direction ncar tho inlot and upoosd ncay
tho mil,
King ot ol (10) 4n thelr dnvoatigationg 4n cuirddng
 inccaprosoiblo tubo flov tookt o ayoton odnilar to |
Dreoon of al » Taodr otuddos was corsdcd out 4n 27
I,D, Ccot ccatlon of plcal glaso tubo 107 long hold
hordrondolly, Tho wirl o Antroluscd by injcotlon of
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tho total fInid oftrcom through tto gymnoteic tangontinl
inloto 1/27 dionotcr perpendicular to tho tubo with cqual
glow rotog to onsure axioymetrdc flow. Thoy also obiained
atatic mwrosourc and voloeity profile by uning probo toghe
niqua. Theae profilos uoere dotorndned for toot ocction
nxdnl flovd Roynolds nunbera of 16,000 », 15,000 , 20,000
and 25,000. Thay concluded the following oboorvations
rogording tho volocity profiles.

(1) Tho flow rate could bo roughly dfvided 4into
Zroo and foreod vortax roglong.
(2} 4 region of rovorse amtal £lov vog noted in

tho tubo contre, tho rodiug of thio rogion

deoreaping vith dnercaning %/R, to soro (Z = ominl
amial distanco from the inlot of tho main tubo, R, 10

tubo radiuo of toot soction.

(3 Alco cuncan of tho tangeatial volosity/inlot
volocily vorguso zﬂRo wora dnvulupcﬂ ag o
forn of ropropentation of arirl dctay.

Ppeoourg drop otudieo dn ripling 2lou erontcd
by pguldcd vancg, by rotation of tho tubo opparontly hao
20t beon popdrtcd in tho 1itaraturo.

Sndthborg ot al (8) 4in thotly otudicn bavo

concluded that tho friction loooon nay bo prodictcd
fron ¢he combined offcot of tho aziol ond tho tanneatinl
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boundary layer flous coupled uith om edditional "Vortcx
niwing offcot”. Thoy bhavo alco propoged on equation

fox pr;dicting tho total vortc: nizing loso with
catiofactory acouracy for tubo with tristed tape turs
balanco goneratores. The rango io applicablo gfor Reynoldn
nunber in tho range from 2,000 ¢o 100,000.

Lopina ot al (11) bavo nado otudioco for the
proosuro drop in tape gomcrated ouirl flow of adngle
phooe toter. The etudies were carried out for elecirlcally
heatcd tubulor Sept peoetiong vith ¢ight fitting full
longth takoo with tviot rotation from 2.5 to 9.2.

Thoy have aloo roviowed tho vork of carlior duvootigators

- on thig embjcet for vordous oyotens ko adr, other cameds
tatcer, liguid ootalo in gonorated crdlel  2low studlics.

Thogoo vorleso havo suggonted o olanler cquation for e
dicting tho ivothornal ¢riction foctor for ouirl flow. .

Tacy olso oboerved that tho diggeronco botvoen tho icothornal
and heated frictlon focters for tho oulrl Clow data ™o
oubotantiolly leoso thon thoe corrcsponding digforenco for

tho capty tubo.

This invontipgntion wao covelcd cut at tho caxo
timeos that of Thoroea ond Londig o atxdicd tho Sxle-
tdon; cmd heat tranofor charactoriatico 4n Surbulmt
oel 2le cubjeeted to  large trangverso LEIDCROTUZO
geodicat,

Dorplen ob al (12)  earricd ocut otvdioo in sough

tubo with tazo gareratcd omed flow, Poocouro drod data
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gor a varioty of tubular toot ocetions vith low yrcooouro
tatcr ayotea tmp faken and alco various coabinationo
of tho tubo roughnens and etdrl flow were trled and
utilised. They bave mropopod an onpresfHion for the
icothermal gvirl flow friction factor.

Droean of al (9) recorded obocrvationo rogarding
tho proopure profiles while studying the suirling incone
reaoiblo flont of vater in a tubo hold vertically vith
tho owirl inducod by tangentinl injection of water into
tho toot oootlon from bottonm of tho tubo. Thoir comclus
slong wvarcr

(1) Profiles of tho static presourc nlong any
" radius of tho tube olmayo chowod a mindmun ot
tho aentro with a more or leso atondy Anercano
totards tho vall. |

(2) Tho otatic preocure profile an woll ao patternn
o¢ flow cotabliched by the anial velocldios
maro pinneily coatrollced by tho vorlationn of
tanzontial velocity along the rodiuo of
tubo ond  1¢o deecay olong tho aniol dircction.
Boundary layer growth appcars o offar an ozplos
antion for tho doubly reverced 2lou doseribod
Ao abovo. '

(3)  wao otatic prooouro ncasurcd ot tho tall desecased

£eCraily dom ofzena Syon tho Snlot.



13.

King ot al (10) vho conducted tho otudien in
ordzrling inconpreseible hordzontal tubo flowy with the
grirl induced by tangentiol injection of thg vater
into tha toot section made observations regording presss
ure profiles ond concluded ¢hat the gtatic prooouro
Z/R, incrcaces monoticelly from tho contre line to
tho vall with incrcaning anq. the nagnitude of this
grodient decrcanog as the grodiont producing ouvirl decays.
In cddition it 1o particularly interesting to note that
gt, ond ncory tho centre line the axlal proooure gredient
ic posltive for conplderable digtance from the tube

1.3 UORE CARRIED OUT I QUR DEPARTGIEIY

Connidarablo otudicen bnwo aleo beoh conducled
in ouwr dopaptnont in tho fleld of oulerling flov in horie
_ﬁcntalvané rerdical tuboen,.

Studicn in owirling flow in vertdcal tubes have
beon conducted by Shed Coel (16) ond Shed Chondsa (15).
lio. Gool (1@ wroduced tho avirling £lov by injocting
mater ¢hroush tho tangontinl inloto ot tho botion of tho
tube. Ho caployed o 3.80 -en dmtornal dicnoter and about
2.0 notern long poerapos tubo for hle ogtudico. In hie
ptudics ho bao confivncd tho cmiotcace o tho £1lom roverecndl
and oleo shova Chat tho 2lou rovercal coan o reioved by
dnjectlag odr off the axlo o2 tho veodical tubos Fevthor
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Sri Cool hao co~ricd out a photographic study for tho
above phoenoncaon of flow reversal and ito reaoval. Flow
pattern studics were done with the help 0of dyo injectlon
technique. BEfectn of various geometrical ard £lov dynpnic
poraneters on pregcura drop in such o £low have dbeen
otudicd, Theorotical nethad hap boen nroposct to computo
the preesure drop In this typo of flov. Fle otudico coo=
tains tho rooductlon of evirling flov by uslug o tangemtial
ontry blech ap woll as by uolng a oirl chanber.

p. Chondra (15) has carricd vub tho swirling
2iov studlen in vertical tubea by dnjeetiog liquid through
tangentiol inlota fron the top of the tubo and alloming
the water to filow dowmvardo. Tho tubca cazloyed by Spd
Chandrn wore of porencz ranglng froa .00 to 5.60 cna
in internal dioacter and 130.- coo An leagths Tho upper
end 07 the tube o ecrewed dn the Lomsontial catery heed.
Shri Chandra hat alsgo confirmed (ho arlgicaco 0f TIOW POVCEw
sal and its roooval by the techidguo uocd by Sharaa (15).

I* swirlips {lov tho propsuro drop across tho o ntry heod

and the tubo through wvhich the liquid 1o flowing is the
surmation of the £riction io due to cudden cxpangion of
oroga section afthe piper the radial prepouwso diop ol

the entry head, the pressure drop duce to grirling Jlou
inslde the tube and the pressure drop dug Lo friclion

in the entry uinen, As the various paranctere iavolrod

wero not opelly amendable for neaouvenent and in view

of the difflculiy he has propcsed tho following dimeralonless



corzolation

0.1 =0
I = (Ro) (73040t (p, /07 )°0+03  (1/0m)

.85

Shorna ot al (13,183) have doveloped o nou mothe
for gencrating ewirling £low by ugo of soparate swirl
ohonber ond cxpooing tho ando of tho ovirl to atuoophero
o Anjecting alr tharedy btreaking ho £low reversals In
the studico coarried out in our laborato iop in thioc dopth
thay havo gitudicd thoe inconprounible rotating liquido
vithout f£low revirenl in horipontal tubosn of four
dlffcrent dianoters and longths for 2.0 motees to 4.0
netres appeordinately. Thoy bavoe coveicd out
onpoerinemts ond devoloped vardous corvelation fas.*.
preﬂiéﬁm' rroscano drops odr coro ddomoter ond leagth
as stated bolow. '

Sharna has aleo rovealed tho aristence of

- flov rovorcal in such oysteas and its renownl with tho
tcohniquo propogcd and confirmatimof the same vork
vith the bolp of dye injection and photographic ptudiea.

-

CORRELATION FOR PRESSURE DROPt

DV -Da15 . ~ﬁ0.055
LLES o 2,57 w 2072 [.u..j .

- v | gD
\v‘;'.e T

h,18 ! 2.6
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shey Davo alco naationed Chad 4t 2o capoated
that poobably tho ade coro diometer ond leanth of ooisldng
2367 4n bordngatal tubog AL Ancoonsd Dy caporeloposting
comy bovdooatod ondal 2lou on tho Congeatial fled cithond
cech diaturding tho otability of tho odresro 4a Cho
taageatink ZZome Ho wolr cocoo $o Do Doma €oro dn thin
reapzot dn Cho otedy of codrMng S3oT ojacsd by tangeatinld
dndots dn Dozdcontol Cubcome TGSy AS o poopocsd So
coudy the e28c3t 0f cupcswinpsodtion of ool 230 oo tho
otability of mmm £lou Aa horioontnal tubop and 100 o270t
on tho ovndAdily co that oxleling floo ot can bo Bolter
utdlined 4n Acduotelcd. '
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w0 peopoacd expexdoontod oot up o ceom da tho
Fgs (2) attchbed bovcodth. It conadpto of a long poropsn
tubo (1) Tuboo 0f difgcront inoido disaotcr com Do uccd 0o
roircd,  Tubed of ddgforont lcoaglha oo ucsldl, A coporato
nild otook ooiel chmbor (2) 40 2itted o oro ond of tho
tubo by otufing box aprangcacats o oudsd ahoobe?
conaloto of ono adal (7) oad tvo ayonotsdenlly losatcd
tongeatdol dnlato (b) for focding 24qudd C0 tho cuirl chamber,
Mn cas' Onlob (6) 4o mwaﬂcﬂ‘ for coclkdng o puopdng ol at
tho ecaltro of Ao 0f olxd. taca tho Songeatinl dnlod
voleadty 4o high cacugh to givo 2Ano o o fco vertet tyno
0f catich o ocattol nde cora 3 conind o tho tubo 4o cdtaiRCT
€0 0 icag dictcaco danido ¢ho tubo by ollomiag Cho ndr b
tho amias meacacd by @ calibratcd wob gog mober (). Cater
20ea o olovogo Soaks (8) S0 Grotm by I MePe GcatEAfacHd
Fanp (9) aad £ Anto Doth tho Congcatind andoto ot
oqeal pooourode 0 oblafa o otoblidocd odrling £iov dn tho o
gded  ohoobese Tho 4nlot peoogares oro euexdced by
eolibpated prencaro geonos (10,10,21), T00 03z o2 Tl
00 neacecd by ealdbrated ordfiacactero (13,14, 15) ard
0lco verdgdcd by dircat ucacarcacato. Glodo valnoo (36,317,108,
10) are vsed fo controlling glew 02 ttere Tho cperdnontnl

0ot up &0 iz 4n Flge 8 Sor 0o oSndACS of map—AnrdAticn



PLATE Nol AND 2
EXPERIMENTAL SET UP
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02 oninl 2lown on Congcatinl 35T, A piotazap) of
oho om0 4o oz dn Plndo [oed.

AZN=C000 [DASUTSIEETR
(0) Poaotese

e adpeoro dicaotor g neaceed vdsh tho help of
o colddeated cothotonoter baving am qyo piclo calibrotcd
for Qigtonso and wofrostion. Tho AAmoRcr 0f ALFCORG IO
ncaccd along tho catipo Mgth of tho fubos Tho average
dionoter oo thon eompatef.. Cowvo olemld AAoyo bo tohen
to nadntadn penconnbly otsafght cad endfora alr corpo Shrousl-
cut Oho Longth of tho tubo.
(%) Loagehs

A toole geodunted dn coatinoters 46 hop fincd along
the atdro dcasth 0f Gho porope3 tado axd  tho Acagth of
¢ho adsvoro ean bO é&rcatw notcd oa Whlo £3nlo.

IOAOURTINTY OF AZR RATD ,
Cho quadCAty of ode 4o Co do neacwwed vdth tho
tolp 0f o onlabratcd tob [pao noters O lod  pEcoowo of
af%® 20 o do reaceded by O COREI0tET.



-
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Tade Dicaotor
Alz flou palao

s 3,81 ecng,

Tangentdnl flov rate o 570 LPH

A

ta
oo

o 280 IPHs Coxrcction fnctor Loy rofrcction=0.87

Distanco Correctcd air coro dinneter (4n eng) for cupepe
sp,| glong tho inpooed asial f£lov in (IPH)
0. | 1558 (onge) | I~ | |

{ 100 | 200 300 koo | 500

1 0 2435 2,580 2a30% 24297  2.373 2,306
2 10 20371 24673 2455 2388 233 24223
3 20 2352 2,551 2565 2,413 2,300 24325
R Rt 2,507 24518 24377 2372 2,375 26279
1 40 2516 2462 2:359 22326 2262 2288
6 50 2,480 2:66 24323 2,311 2,366 24306
? 6o - 24459 2510  2.303  2.38% 2,268 2,227
8 70 24393 26350 2¢202  2e27F 24339 24245
9 80 24352 2.3 2,350  2,19%  2.253 2,185
20 90 2,245 20266 26187 24122 2,172 2,219
n 00 2,298 2237 2153 2,033 2093  1.9@
12 110 24158 2058 24233 24938 2,11 14956
13 120 2,137 240k 2,13  1.888  2.003 14917
130 2,07 2,057 3,960 1.88% 2,060 1.88%
1 Mo 2,057 24067 2,055 1940 2,058  1.890
16 150 2,005  1.8%3 1.836 1.815 1985 1871
7 1,937 1,897 L84 14827 , 1765 2740




Nné 2‘/‘@

Tabo Momoter a 3,01 cao Tmgeatial 2o pato o 5700 I
A £2ico goto e 200 PR » Corpcotion Loetor fop pofreetion=0.37

b gc,gncfg cﬁ%“é ggccgaﬁcgﬁ gga;gu d%ﬁ:;ogyw) (4a ¢cng) foz capoe
?fi; tho tubo
(eao) o | w0 | 200 [mo | w0 | so0
S 0 20573 28G5 20373 2806 2:327 2.200
2 a0 2@1323 2,563 2037 2.4 2,309 20239
3 20 2:363 2:532 2073 2422 2,348 20203
b 30 2:376 2523 2037 2820 2,331 2,333
5 10 2:39 2859 20308 20332  2:321  2:279
G 50 2,333 2530 20232 20339  203%% 2230
7 o 20338 L3I 2:3C3 20263 2337 2,307
3] 70 2,365 25T 2T 20302 2383 2,30
9 80 20205 20330 2o5F 20067 20256 20352
10 90 20265 20892 2302 2. 2:[27 2,250
a3, 200 20208 2:3E) 2302 2:332  2.883 2,092
2 1w 2,303 2,802 2,39 2101 2:013  1.99)
i3 A= 200M  2:290 2028 20055 2,083 LoD
b 330 2:692 2,033 2,308 2,070 1888 .9
g a0 2,077 2:600 2,330 L0 A9 192k
16 450 2,003 1,837 3827  2.001 2,923 2.80C
7 160 203 282D 1030 2001 762 o7




o= = Beal Qano
tle) = 6SD PO Corrcaticn feotos ?o:;- rofroationc.J7

Fongoeatinld Flou pafio

s B7CD 120

Cozrcatcd aﬂx COTO ﬂac:zoﬁzc@)(ﬂ.n cnn) forr CUupc

30 alang Anpaccd azdal 2icoa (An 124
agth of , _
ADO
3) o 100 200 oo Lco} S0
' 2.57% 203> 20370 2032 - 20326 2033
b 2,571 2. 50% 2000 2888 2,20 Do
2:500 25781 2093 2858 2523 2023
r 20539 2823 2020 20380 26338  263¢€
) 2533 2128 2DV 2:382 2,352 2.0
J 2633 25330 e 20362 2:319 2637
r 2530 2ols33 DReIFO 26393 26387  263:
b 2:533 2370 20390  2:333  2.303 2058
J 20373 239D 205)3' 2.509 2239 208
J 8.35% 20333 26830 20820 20220 2.2
) 22236 2230 20293 2337 26326 2.
) 2373 20837 20373 2096 20352 2.2
) 26093 2:233 230X 2,9 20009 2s00
) 2.0H9 2e3ACT] 2eZ0R 2803  2.028 2.0
3 2:002 273 2308 1.99D 1,970 Lo
3 2,993 2050  2e080 AEH0  Ro0H0  3.8
J 20971 25903 20853 20097 AB

Ae259




Fubo Pioaoter o J.01 ennes Tomgendind £lov poto o 370 19T
My 23cy poto o 4D IPT Cosweatica frstor fo pofrastion o 9.87

o Cerecated aﬁ@ Qoo aﬁ.&no?.cc* (33 oao) for upere
8r. | Motcato anpoocd colal fAcy da (177)
. Uo. olom% gggal_ CRg- ‘
| (Caos) o | 00 | 200 | 300 | too 500
, x - | 1
3 0 2,933 2,356 2.040 2,416 . 2,228 . 2,238
2/ ) C 2047 2,38H 2,530 2,43 2030 2.2b4
5 20 2,043 2,526 2,439 2,566 © 2,200 20205
b 20 2,486 2,448 2,433 2.595 2.8 2.22)
5 £ 2,070  2.423 2,023 2.350  2.50206 2,225
6 50 2,050 2,450 2,093  2.720  2.200 2,208
7 60 2.025  2.543 2,49 2.M2h 2,225 2,201
8 70 2,638 2,353 2.553 2,203 20203 2,99
9 Co B.345 2.219 2,255 - 2218 2,300 2.1k
10 0 2,813 2.203 2,260 2,121 2,110 2,058
33 260 2,325  2.00 2,312 2,07% 2,077 2,013
12 330 2,110 2,009 2,082 2,001 2,058 2,981
a3 - 220 3,973 2,085 2,000  2.008  L,832 1,045
R4 12D 1,905 1,908 2.002 1.9980 2,055 1,802
19 ko 2,008  2.005 20T 1080 2027 2,005
6 150 1,873 1.9 2,070 1.879  A.0L9 1,868
a7 260 2,030  1.800 2,000 1.07% 2.8 1,748




nbla fina_ 8§
Tabo @10ty o B8l eno 3 Tomgeatdnd flou pato o L8P0 17U
Ms £lou pate o 835 Lol § Cezpcation fostor fop rofwesticne 0,07

Carrcated als eoro Alonoter (4o ¢n3) fop CI{}?C?I!SIW
Dotanes oct cotol Zhao 10 (12R)
8r. |0long tho
mo. |teno ooy | O | %0 | 200 | mo | teo | 00
-3 o 256 2,849 2628 2608 2515 2,32
2 20 2597 29 2570 3P0 2500 2,265
3 20 250> 258 2408 2537 2089 2,326
b 0 201 2095 2483 2033 2h18 2,350
g 150 20523 2480 20803 2,362 2,366 2,279
6 50 20503 2472 2432 26365 20357 20203
7 o 26 2067 2:3¢0 2302 203D 20227
8 70 2,136 2803 2:392 20269 20309 2,188
9 80 2,380 2:3 2,31 2,97 2,280 2,7
20 °0 2.3 2:308 2,270 2,150 2,208 2,23
5§ K lir 2:323 20225 20380 2.0€3 2,233 2,097
2 10 20283 2,3 2,085 2,640 20201 2505
13 20 2,36 2392 2,323 24037 20002 1:90)
1) 23D 2020 2333 2802 2,000 2,03 2973
g »Ho 20098 2,027 2,035 o9 2996 1,037
16 50 26008 20939 10962 2090  L.OML  1.867
7

300 1080 20920 1907 30ED 26067 246D




7pblg Jig. 6

fubo diasotor o 3,01 cmo,  Tangeatlal 2louv rote = 40P IPH
Mr flow rato o 1310 1901 3 Corrcotdn Zactor £or rofroctionc0,8?

Corrected olr coro dlazoter (4n cog) for 539@”

plotance iaposcd azial flovw Ln (L)

Sr. | along tho
1. | tana (cao) 0 00 | 200 | 500 | t09 500
1 .0 24575 2.8k 2062 2479 2,436 2.3%
2 10 24637  2e52% 247 2,489 2.518 2,420
3 20 20606 240 2,522 24500 246L 20331
k 3 20597  2.023 2457 2.8B1 2,492 2,450
5 Lo 24578 2b0L 2511 24801 2,397 2,318
6 50 2600 2877 2.3% 2033 2.7 2,37
? 60 24570 24550 20340 2037 24206 24291
8 70 2869 2406 2.325 2,321 24303 24202
9 . 80 20396 20305 24279 2260 2.H9 2267
20 90 20339 24276 24266 24305 Zeogy . 2e2h9
11 1100 20132 2,268 2428 2,199 2,179 2,213
22 .10 20270 20340 24223 20842 2,281 24225
13 220 2215 24200 24166 2,202 24175 2,303
1N 130 24201 2,153 2,119 2,007 2.322 2,103
15 10 2,117 24150 2070 2,02 2,089 2,060
16 150 26083 24053 2,037  2.03% 2.009 1.997
17 160 206 24023 14992 195/ 1.922  1.868




Tado Birnoter o 3,81 enoy Toogeatinld £lo0 oo s LOLD 20
My 22ou rato o M55 L7 3 Cogpcatica fostor fop pofpcationsD.g!

Cezmcatcd ndp oowo dlanatcr (4o cno)for capcre
Motanso a inponcd adal 2lov da (LPD)

B, | tho lcagth of ‘ :
110e cubo (C20)

0 200 aco 300’ &30 200

i 0 2536 26379 26375 2038 2029 2,383
2 0 2,693 20502 238 239 2336 2029
.3 20 2,502 2457 22367 2037 20333 20257
30 2899 2032 2367 24299 20293 20220
. g 50 2503 23S 2:396 20336 20261 20210
.6 30 2,b20 26335 20393 233X 2,200 2:.219

7 O 20332 2030 2339 20230 20230 2020%
.8 70 20363 203CD 20279 20202 22222 2,289
.9 a0 2,282 20320 26230  2,30%  2.297 20279
a0 o 2,257 Ecaﬁ?l 2,227 20303 20470 2,200
i R 1T 2,363 2206 2202 240083 2,093 2072
a2 0 2,318 2331 2:175  2.00h 2030 2.0
3 0 2,080  2:002 2,096 24029 2006 24039
&b 330 2,003 2039 24021 2,023  2608% 16092
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THhlo To. §
Tubo dica0tc? o 8,03 oy Thagentdnl fow rPato = EOLD ¥ON
Alr 2367 2oto = (00 IDH 5 Coswcstien foalter 200 pofractioncd.0?

Cerpeated adr aopo ddrmotc? (dn omn) 265 capero
dopoocd axdalgion in (190)

9% | motaneo aleng
Foe | w0 Acagth of

tuba (enp) o 100 200 Joo 4Co 500

4 0 2.198 2532 2000 26305 2,503 2.3
2 10 2932 2.57% 222 abas 2,366 2522
3 20 26525 2s50% 2:.523 2418  2.33) 2353
& 30 2:53 2,508 2ob3 2,388 2,388 2320
5 L0 2588 2853 24800 2,363 2.326 20277
6 50 283 2496 20XF 239 2,320 2,377
7 (54 2:h32 2550 20302 2,30 26339 2,848
8 70 20392  248%5 20327 . 2:3p6 2,312 2,237
9 80 2,366 2,365 20873 20339 20303 20,239
10 20 2,350 2,3 . 20202 2,322 20232 203203
o 260 - 20385 2,367 20250 26367 20202 2,279
a2 220 20385 2,293 20386 2,302 2,220 2,151
13 120 2:305 2,220 2.4 20232 2,203 2,139
b1 130 20202 2,227 2023  2:,258% 2,883 2,009




Tablo [10. 9

Tubo dacnotc? o J.0% cno. o Tomzcatdnd £lov patc o 40LO 11

m 21.@0 mto cﬁ‘m 1&"1 B cmcaﬁ&aa Qccw x*of».a?ccmﬁn & OQBV

240

R

2,223

20,239

3,266

_ Cerpcated atr eoro Glacntc? (Ma eno)fon oapise
Ddotoago |
?}ﬁ' | e s‘:gg Qmp&aw ool ﬂm:r in {&?ﬁ) |
HBa 1 tubo(éno) o 100 280 sen o | soo
1 o 2,550 2826 2:083 2,897 2.37% 2.572
a 0 2,573 2,509 2.403 2,895 2,450 2,570
5 3@ 2:610 3,587 2,520 2405 2,10 2.270
h Lo 20585 24553 Z.540 2olhid 2,95 2,343
5 1o 2,500 2,555  B.507 2,560 2.6 2,319
6 50 2,501 20555 2,593 2,532 2,300 2.224
7 6o Bah05 2,485 2,026 2,040  2.500 250
8 70 - Bohbl} 2.099 2,539  BL56  2:.20 2,19
R 8o 3,055  3.337 2,505  2.505 20256 3.43
an co 2.353 2,83  3.514 2297 2,220 2,157
AL 100 2,500 2.23h  2,30h 2,370 2,182 2.005
2 120 2,309 2,188 2,203 2,166 2.104 1,984
3 120 2,230 2.8h8 2,325 2,155 2,152 2.6
ah 150 20275 2.378 2,338 2,365 2.13Zh 978
9 19 ' 2,263 2,342

2+029




Table o, 10
“uabo Mazotor o 3.0 coos  Tongentiol €icw ralo o 336bL 2R
Ade flow rato o LD zpn » Cor>cotion Qccﬁc: for pefraction = 0,07

corrected oip coro é,aeeﬁcr (in cns) £0° CURCTe
or. | crong 88 | vnposed aztol flou dn (120)
St 1ensth og : . ; {
s 1 = ‘
; ;
2 10 2,445 2.0 2559 2.038  2.22  2.219
3 | an 7,573 2,320  2,M05 2,018 2,202 2.I99
23 :3'9 09{“0 3 lﬂvo au“ ;1 l.io:n d’uaf}ff tl,u
5 20 2,019 2.L01 2.2 2.802  2.393 2.475
6 50 2,560 2,028 A v 2.271 2.205 2,189
? ¢o 2.401 2,302 2.555 24235 101 2,50
8 ?0 2790 2.?‘53 )Q:!vl ut:az uo-',a:; ullels
9 9 2,200 - 2.2L3  S.353  2.227  2.105  2.169
0 90 2,172 2177  2.2%0 2,217  2,1% 2,125

i1 1C0 24159 2.175 2,110 2.6  2.105 2.199]




Tab 1

Tubo Dianoter o 3,01 enps Tangontial £log rato o I3LbL LPR

s», | Pistarce oloag

e -

Gos |tho lomaty o 1Booal axtal flop ia (2N

Corpocted air coro diamoteor (1o cngo) £or CUDCIw

tubo (cno) ,
| o wo | 200 | 300 500
1 0 2,022 2,431 2,30F 2,139 2.187
2 10 2,551 2,652 2.47¢ 24319 3329
3 20 2.500  2.502  2.020  2.b56 2.265
" 0 2,505 2,657  2.005  2.317 2,265
B 1o 2009 2450 2,393 2.730 2.225
6 50 2,063 2.b19  2.000  2.3% 1,210
7 o 2,403 2.5 2,012 2.5 2,224
8 70 Fa36D 24407 251, 2.090 2.21b
9 & 2,358 2,553  2.I35 2.253 2,145
19 20 20005 2347 2423, 2.239 2.1001
1n 156 222 2,480 2,135 2.166 2,055
w— FO— ——




Tubg ddnnoter o 3.81 caop mnsc:ntﬁ.az. 2icy pato & 3Bhh 1PN
M5 2lca rato o €50 IPH , .Covwcotion foator Sor Pofrcsticns0.87

Coppceted aly coro dicaotcr (dn cnp)for capcre
inpooed andad flor in (L7R)

gm Dﬂ,otgggal&@ -
0« 0
* %% cubo (c::te!

500

Jel= =]

aﬁm 20356 2.332 26339 26366 2.293
253 2496 2539 2396 2039 24363
2.523 20623 248 2460 2:389 2,832
C26FAX 2,506 2eb5h 2832 2,356 2202
26630 - 2572 2GS 20293 2276 20200
2880 2523 20390 20357 20319 26205
2,550 20379 20359 20273 20260 2029)
2867 20 2:326 20367 20333 2332
22388 24303 20270 2:270 2,250 26,203
2.3>2 2300 20212 - 2.3 29233 2,203
160 2,170 2320 2.5 2350 20332 24309

E B ovwovueuwuswn m
833885888




Tdia 10, 30
Tabo Mcmatcr o 3.0 ey Foageatind gLy palto o 2340 20
CAlp §323 pato o 3D IPR o Cozmcation foalcr Lo rofrootica <0007

13

Gorpeatcd alr ddonater (dn cao) LoF cupers .
o inpeacd ooimy glou An (IF0) .
SFO S QO .
Hoe. icageh of , _
Gabo (eno) | 5 | 300 aco | Zoo | 0 SC0
' ) : l
i Q . 2526 . 2,32 . 2350 .2.003 . 2907 -
2 20 25> . 2484 . 2,303 20309 . 6905 -
3. 2& 3?3&8 ’. 22329 . Q;%Z:, aqevy c v &63?6 :
3 30 2:360 . 2.339 . 2,269 2.392 - L850 -
q %0 E 2:239G6 | 2.857 . 550 24028 . 2.0b7
6 50 2,237 . 22 . 2380 24050 . o0
? G0 2:3%8 | 2,389 . 2.3 208 . X770 -
8 70 2306 . 2.2 . 26279 2,970 . 3,705 -
9 80 26372 . 20200 . 2:693 2930 - LR
20 ca 2002 . 2,329 . 2,090 2,008 - 2,73 -




Fubo dirdotes s 3,04 ooy Tongontinl Glow rato o 2240 LPH
Al 223 £08c o 600 LPH, Coppcetlcen faclor Loy rofycations 0,07

3g

Corpeatod aly cozro dirnodter (4n cno)fox
Motapsa esuporinponcd  amia) fm,ag (mm
ﬁi: mtgg o 100 ; 200 o | 0 | 500
tubo {cop) : | I
b4 0 20393 2,487 2:39% 2,330 2:208 2,389
2 30 2160 A20399 2:3%6 2,301 20230 2.20%
3. 20 20587 20393 2296 2,272 2026 2.213
b 30 200 20390 2,309 2,292 20392 2.3
g b - 2403 2,332 20303 2,275 2,013 2,193
6 %0 2027 20390 26333 2,302 2,9 2,132
7 6 20376 20306 2023 24252 2,358 2,130
8 70 2,323 2203 2,262 2,22 2,323 2,007
9 80 20322 2,230 2:230 2,13  2.080 2,053
1 90 2,273 2233 24377 2.2 2,047 3,002




Az glow mecn%o 2 » Cowmmcation foetay s’om@frasmonscow

Sube atrotes o .81 ooy Fragcatind flou pate = 2240 17U

gz

tovocated aly oore dimnoter (dn onno) fop Cup=

cranpased onlal flovw in (LPH)

2:307

20196

MotaReo

Sagin og »

wabo (ong) | © 00 | . 200 39! &0 | 500
1 4] 2088 2545 2:352 2308 2.289 2@293
2 10 -I‘Zeté'éé 2520 2,393 2,352 2.38% 2,250
'3 20 2,506 2,830  2:387 20353 20288 20255
% 30 2883 2803 2347 2,323 2,270 2,255
g ko 2,582 22303 2.321  2:306 2,262 2,210
6 50 226 242 20306 2,282 2,27  2:270
7 60 2,361 26355 26353  2e2%0 238 20363
8. 70 2:338 2,307 2,292 2,243 2,215 2,132
9 g8 2,328  2.30b  2:330 20307 2,389 24339
a0 . 26203 2,229 24378 2,333




- A0

Tubo Moot o 5,718 enos

Teagoatinl 2oy pato o

Adr  Rlow palo
Corprcatioa £030or fop pofrostion o 0,89

6154 1711
o 3530 LPO.

Coppeated alr eoro dirmoter (4n ono) o
cupcrinpdocd ctdal mm in (I»B)

sp. | Dlotonzo ' ‘
[0, gggﬁw%g . | 100 | aco | o0 | sco | s00
tubo (enn) | |
1 .0 5o1860 50102  F.0b2 b.0Zs 5,880  L.793
2 90 50975 50900 40282 4,990 %.852 4,738
3 20 Gaib8 5,050  .950 1,880 %821 o775
b ¥ 200 THU . BoBFe boBFs 1,785 1o756
5 %o Bog50  B.S00  %.750 .70 2,692  %.635
6 50 5,880 20092 %702 b8 boBh o520
7 éo BoTP  Bo752  Bo020 o563 5,592 bobeh
) 70 3e630 5,612 5,580 15T bob@l Lo
9 80 L6200  bLLD2  B.SD0 blg2 L.b10  bb50
10 0 BoSE7 1.0 BMBO bob26 2,392  4e376
19 100 BaSO0 BT bob82 Bb01 5,372 b.396
2 110 BoFI0  LobhE  bk02 1,389 1366 Lo
i3 420 bolegh  bobi2  LelID L350 B2 1,333
1t 130 Bols50  Le3C0  Do360 be325 1,316 L,.390
19 o Loz 1,320 BoFs2 1,318 1,200 Y302
6 15 bedm ' 0230

D i i S S U R N —

be362

%%329 :

%0302

%0233



Yubo ddrmotce

Pongeatind Lioo pako

My 2300 pato.

nbig jlan A7,

a 5.2%9
a 62534 2R

o 710 190
Cozrcatdon foetor for rofecetisac 0,89

« o8 A e
i85

Cormcatod adr goro dicaotor (in ¢no) for

‘Diotonga caperinpeocd andol ¢loo in (LPH)
8r, | 0d0ng tho ‘ A
oo | Acngth of :
Sabo (cna}' 0 100 200 Zgo e8] 500
1 0 50210  Tel02 %.120 54080 1,930 - L.819
2 10 5.375 5362  Te302  G.0% L5935 1,020
'3 20 ol 5,112 5,052 - 54023 %320 1,800
28 30 54080 55030 bLe0I0 10925 LGRS  bo788
5 40 52022 1,932 b.2h6 1,920 boB32 L0776
6 90 50920 1,900  BBGR  boB21  bo7B0  Bo720
7 éo BaB800 bo762 Be7P22 b3k Lo620 boY72
8 70 bo7  Le70D  BaD72  5a622  5o3B0  boglh
9 80 0627 o620  BoG75  boS525  bo3I0  bob@o
20 c0 5583 5552 BoG20 PG BbGH  lobl0
1 360 Bo3C 15552 BetR0  LebCL  Lakba  bobll
2 310 LoS0 5,520 BMHE bbIJ LMD  Lbe302
23 220 Bo500 b8  beb02  BobI2 4,37 4,389
i 18 30 Lol82 b56 Bhl2 4,379 L6 1,376
i Mo boklid B2 BAOD 20368 %0329 o350
6 150 Lol20 BT B30T L6362 BB Bo332




Pabo disnoter a 5,715 c¢no
Tongeatinl flov rato o 6X6h LPH
e 2300 Foto a 1200 2R

Corpcation fostor fom pogfrastieca = 0,89

" 38

Corpcated aip copa dinaeter (in cao) Lo
o I otanco capardnpoocd axdol flow in (LeE)
0. {02023 tho S '
longth of | O 200 200 | =000 koo 500
tubofeno) \ .

L 0 3,256 5,238 54280 Bsd22 4,963 %,880
2 0 5,230 .62 5,120 5607 o922 4,835
3 20 S.ABL 5,125 5,078 5038  Bo8b  b.820
s 30 50226 %.082 44982 boOl L8923 L83
5 bo 5,082  5,02%  %.922  1e879 %786 ba762
5 50 ba02s o502 BB  buBI2  ho750 ¢ ko700
7 @ 50873 832 5728 Bo@d3  %o679 koS50
3 70 boBL2  Bo?65 boPIs  BoGF)  BoGl2 1,380
D 80 boZls 1032 bob  Lo92 Lokl 5,500
5 0 o610 1572 4oGOD  LoSF  hoSIO  lshby
1200 5oSE0 5520 boSPZ  bogad  Bb7S  bobzb
2 2w Bo582 %0922 boF29  Lob8O  Lok2h  Lobod
3 a20 boBh0  BoBS0  BoFAZ LA bob38 bo303
b 230 Bo52T  Ll72  bo36  bebll  beb00  %,385
g M0 BoGMs bob6)  LobB2  Hh32 1,399 5,383
6 350 bobi02 L3  bolls0  bob20 5303 ba362




Tabo dianoter
Taazcatinl flou pato
Adp £loa pato
Corxpcation fnotor for sofpcetion

e 5,715 e30
o 3595 121
= 520 IvN
o 0,09

Corzactod Qdr coro dionotey {An ¢no) for nupce&npouca
ozinl £lou in (12n)

189

85, B&amgga
llo, (23gth of | o wo| 200 | 300 500 500
tuod(ens) :

1 0 5,110 £,038  4.886  4.882 4,801 4,727
2 10 8,080 4,630 4,922 4,848 4,766 4,602
3 20 5,016 4,038  4.878 4,810 4,723 4,669
4 20 4,938 4,888 4,830 4,768 4,684 4,620
& <0 4.876 4,835 4,738 4,602 4,668 4,685
<] 60 4,821 4,800 6,884 4,603 4,830 4,502
7 o 4,770 4,706 4,696 4,004 4,608 4,30
8 70 4,668 4,600 4,633 4,820 8.474 4,430
9 Go BeB18 QG768 Go230 BB B.40.08 3, 579
10 ) 4,842 4,480 4. 030 8,422 4,392 4,350
1 100 G480 GdAZ G423 4,400 3,332 46 339
12 110 4,437 4,430 8,400 4,386 4,381 4,284
13 a2 4,411 4,338  G.401 4,280 4,309 4,830
ST T Bo T8 Be338 | 4,830 6,708 4,233 4202
A6 140 4,355 4,336 . 4,300 4,938 4,210 4,166
16 4,200 46,916 4,233 4,24 4,178 4,129




Znblo Q. 20

Tubo dinnotor
Sangeatial flow rato
Alp R0 moto
Corpcation gLactor fop rofraction

5715 ono
= 5555 19H
a 710 1PR
o 0.85

L qa

Corroctod oir core dianotcer (in cno)
for snpcrmpoaea andiol flov in (LPH)

Sz ﬁgggn ggo | .
Ro. | 42808, L f
0 mq 200 260 i Loo Seo

1 o 5,125 5,062 5,000 4,085 4,850 4,740
.2 10 5,080 4,975 Q,924 4,869 4,800 4,712
3 25 4,992 4,926 4,868 . 4,817 4,764 4.678
a - 4,835 4,888 2810 4,770 44723 4,647
8 40 2,801 4,838 4.774 4,726 G.G84 4,605
a 50 4,780 4,788 4,720 4,683 4,648 4,569
7 a0 4,684 4,748 4,684 4,633 4,604 4,533
8 70 4,654 8,681 4,642 4,504 4,354 4,498
9 80 4,621 4,601 4,576 4,509 4,522 4,460
10 £0 4,578 4,650 4,62 4,034 4,288 4,403
1 100 4,550 4,5417 4,503 8,442 4,440 4,383
12 110 4,528 4,510 4,930 4,409 4,393 4,353
13 120 4,484 8,408 4,427 4,370 4,381 4,317
14 120 4,463 4,441 4,378 4,330 4.310 4,225
15 140 4,422 4,303 4,332 4,536 4,276 4,245
16 160 4,376 4,354 4,220 4,243 4,210 4,158

U —

. ————————— -




39

ublo o, 23
Subo Ddonotor a 3,735 aoo
Zangcatinl £ico gato a 5535 IR
Me 235a pato o 3200 21

Cocopeaticn foaltor for pofroadicn o 0.85

Corposted als ecro dlanotor (4o eno) oo
Motorso alens wms*aasmacﬂ odnd fAg dan 1@

the loagth of

B8 loabo (eao) | ]

Mo, 0 00 | 200 30 400 500
1 o 8,183 6,102 5,040 4,078 4,808 4,778
g 10 4,858 5,085 5,000 4,033 4,864 4,790
R 20 4,002 4,093 4,052 4,898 4,818 4,063
4 20 4,888 4,480 4,004 4,838 4,770 4,652
o 20 0,800 6,020 0,053 G, TOL 4,7T  G.GM4
3 &0 8,008 G034 G808 G708 4,689 8,574
7 o G760 4,010 4,700 4,03 4,800 4, 524
8 70 Bs7E3 8,770 4,712  4,G8% 4,502 4,807
9 80 8888 G723 4,664 3,600 4,585 4, 457
20 €0 4,608 90,674 8,018 4,890 4,812 4,830
11 100 BaB07 G030 G823  &,BLO 8,857 4, 334
12 110 8,654 4,698 4,823 4,489 4,423 4,331
18 320 4,623 0,883 G472 4,88 4,333 4,303
14 129 B, 450 8,488 4,420 G, 238 4,328 8233
18 340 0458 4,442 4,378 4,320 4,203 4,222
16 160 BelAZ 8,06 4,323 G, ZP0 4,250 4,108




40

I Jlan 23

Tabo Reosoecr o 5,735 ¢ao

Tongeatial 2icu gato a hohg RN

Mg 2367 pato o S50 100

Gozzcotlon Mnetor fop yoﬂmoitn a 0485

- Coscated odyr coro aﬂ.cno?.c::* (fm cop) fow

Ste | DAotcxco capcinpoocd mz. fico An (I20)
w az,onghm;g -

a3 Ges0) 0 00 |200 | m0 |0 | st
A 0 Bo98  1a950 o032 beBHO  beFPF B39
a o ookl L5006 L8480 L7888 h.722 3&&5‘%3..
3 20 L4897 LoBb?  LeSAD  Ba?38  LGTL L.59R
b 30  BoBh8  LoBG0  ko?FD DGS9 LoGRO LSl
g 10 502 BP0  BoFD bo03  begCd  BohgD
6 50 BoFA  BoF0L  BeGG2 oSk o3 bLokhG
? ¢ o0 BeE37  belld  bo¥I?  BMES  o3gd
o) 50 BoéSD  %.603 LoBCD  Lh83  bbAL b3
9 80 BoC03  BoS5F  BeSED  bob32  %o35 %0206
0 0 15563 L0505  LobGL 1,380 1,307 B39
aa 260 hooda bob59 LAY Be332  bLa2d  Ho202
22 120 Lol  LoBCT  Be3EL  Lomil  beds2a b330
3 320 Bokl? 150356 %0302 %0220 Lod53  bel0d
b} 53 330 10365 Be3A3 L2387  Hed79 L0  bho0%50
ig kL) o320 Lo260 bo23A  LLA2G  WoOB2 k003
26 390 B.272 L0212 bAED LAY  L.000 3,651




., ai

| fnbla Jlo. A3
Subo dicaoter o 55735 C10
Scageatdnd £2ov pata o LOLS EFI
Gir 2oz Foto = 720 120
Coxpcation feotor fop poficotion = 0.09
; ' Corrcetcd oA 6aro At (4n ouo) fom
8ps Dinlomzo caperinpoocd ardnl flow dn (197)
o, O0lomg $BO oo oo SRR S i
2cagih of | | g—
;zabo(c‘m) ﬁf 160 ‘* 200 0 :m ,!530
N o 5,030 1,978 80936 Lo8SH 1,730 t:‘g693.‘
2 a0 L9092 BO3L L.075 1,808 L.730 U,%
3 20 Lol 1o88G  BolhO  Bo?57  Lallh L.597
Iy 20 5:897 LeB83D LaF20 L7083 1,633 bL.552
g 10 Begh9 5oF50 B 10036 boss B.503
6 50 0802 BoTsh  LolE3  BoGl2 oS35 Lobs)
9 6o BoTS3.006C0  Bo@d B bok3? bobla
g ';a La702 be@G Be(DD Lhogih B03I7 L3662
9 80 106U6 10602 BeTTL  bob63 L339 be36
10 .90 20602 4aS55  BoGID  BebI6  bo3t0 Le2E3
a1 200 5oGE0 BoTGD BTG 10367 10258 o220
2 110 BoGA2 LlsCh  LHO2 o312 b0 bedV3
23 120 bolsGF LbRO L300  Le263 1el03 bod27
n 130 bob30 5367 5e317 1ol BoikP 154030
g 350 30308 1320  Bo2® 10263 o093 5,037
16 350 20320 150260 %0230 boi20  boCH0 30032




tabo dioees

ncatin #1007 p0to

Ade Glov »ato

Coorcation feator for rofncoidon

a S5:715 can
o 4043 227
o 1200 ¥571

o 0089

., 43

gl aly coro a&cmc{m (i ca0) Loz
s cd cunal flow in (E2I)

3150

PAOGATE caprinpoocd
I7s Sty 0f ]
T0¢ tabo (cao) 0 | 0 | 20 | 300 | 40 ) 300
; ] i

3 0 500D 50030 o963 5880 Ba705 1,702
a Gal56  bo0Tb be0A3 182D  bod3  baby9
3 20 B,99% 2,932 B.B7F L.787 o700 ko610
b 30 Bogh8 2889 5,023 D730 baGS2  b.56S
g 10 5,800  Bolb2 bLa¥30 15832 5,603  LoTAR
1¢) g0 50398 Lo7DR 15730 Bo@2  BoS50  b&70
? ) BoB06 ko702 BolDP BoT05  LoSR0 bob23
8 70 Bo793 20700 ho@dP  Both  2lGD  bo376
9 80 - bo?03 10092 Bo(I3  Bo500  bobl19 ko329
10 K 1,650 BoG06 LeST3  BBE0 L0370 10233
11 160 1,637 BoGE0 1,983 bl Lo322  b.232
12 230 1,563 BoSARL LA 50365  Bo276 %0336
3 azo BoGL0  BoBG2 HNA3 D322 2,230 Lo
p 1 230 b62 Lob09 B0373 L2732 o385 bo0D2
15 30 Loba0  1.376 1,330 1,230 o130 boOL7
16 1,372 5,322 Le22S  boAgh L0390 %400




Tbo Glomodes
Tongetin JACT mate
A 230w palto

Z2rhln jla. A5

Cozmeation foeter Lo pofrozticn

o 5,715 ey
o BS00LP
= BZ0 1P0
a2 0,85

Cozroctcd odr cora dionclcr {(An cno) Sor

DRotando capcinpopcd antdol flou An (LPH)
Ho.| 30200 08 ‘ -
twbo (G0} | g | yo | 200 | 00 | 200 | 500
1 0 4,850 4,200 4,861 4,782 4,703 4,080
2 10 Q.B00 4,851 4,797 4,720 4,657 4,628
3 =@ 2,643 4,703 4,740 4,678 4,500 4,568
4 2 4,783 4,742 4,880 4,632 4,646 4,610
B <0 4,708 4,880 4,688 8,570 0,483 4,456
8 50 8,600 0,688 4,580 4,619 8,437 4,233
7 G0 4,008 8,883 4,557  G,484 4,333 4,203
8 70 4,680 4,623 0,478 4,811 4,320 4,289
K] co 4,588 0,472 B850 4,387  S.F3 4,280
10 co 8,880 4,817 4,835  4.308  4.228 4,169
11 100 4,431 4,337 $,310 4,240 4,366 4,110
13 110 8,380 G310 G258 8188 G112 48,083
13 120 4,328 4,883 6,800 4,141 4,089 4,000




Tangentinl £iou rato

ube dlonotor

Ay 210 rato |
Carprcation faetor for roiraatinn = 0.85

o 5.715 ons

(3

o 4500 L?ﬂ

- @ 710 LPR

PRYYS'S
79

llo.

QO B N O W S W o e

i o
8N = Q

i
W

Corrected aly coro dionoior (4dn enp) for

Diotanco pupcrinpoood anial fiow in (LPH)

along ¢ho . ' ' S

leagth of 0 W00 200 3004 | LOD 300
0 4.850 4,000 4,851 4,783 4,703 4,680
10 4,000 4,851 4,797 4,729 4,657 = 4,624
20 4,843 4,793 4,781 4.678 4,500 4,568
30 4,786 4,742 4,600 4,622 4,545 4,510
40 4,742 4,689 4,633 4,670 4,403 4, 456
50 4.601 4,623 4.680 4,819 4,437 4,400
) 4,642 4,593 4,627 4,404 4,383 4,343
70 4.580 4,526 4,478 4,411 4,329 4,239
%0 4,536 4,472 4.420 4,357 4,23 4,830
0 4,450 4,407 4,366 4,208 4,228 4,169
100 4,431 4,357 4,310 4,240 4,165 4,110
110 4,330 4,310 4,258 4,195 4,112 4,056
120 4,328 4,208 4,141 4,059 4,000

- A ——— b 4 &

4, 256

© e e




Tubo ddnnote®

fangcatial glot pato

Ay 210y 20RO
Copzcedion footor for profeaction

L 6»715 €ng

o 4500 LPH

o 1200 LPH

& 0n85

Coxprcated ate core dionotey (4o ono) for

S motc;nco cupordaposed osdal flow in (LPN) |
Mo, | 0dcag tho _ ‘ —
e [T [ [ [ = [ =
1. 0 5,032 4,958 4,800 4,823 4,701 4,638
2 10 14,983 4,019 4,854 4,775 4,006 . 4,603
3 20 4,935 4,872 4,810 4,729 4,62 4,540
4 20 4,880 4.821 4,762 4,679 4,573 4,800
5 40 0,832 4,778 4,716 4,631 48,837 4,453
o Go Q780 8,783 8,678 4,685 4,480 4,412
? a0 4,733 4,688 4,28 4,631 4,435 4,366
8 70 4,682 4,620 4,570 4,482 4,386 4,33
) €0 4,683 4,674 0,608 4,438 4,318 4,204
10 €0 4,570 4,520 4,488 4,387 4,200 4,217
1 100 4,502 4,470 48,438 4,332 4,283 . 4,178
Ag 110 8,470 6.481 4,391 4,289 4,199 4,123
23 12 2,425 8,371 8,348 4,200 4,162 4,076




rla On~ 28

subo dicastcr . o 5,715 ¢oo
Tongcdtind £3cw pato = £500 120
Adp £lea mato e 350 R0

Corpcotlion frotor for sofrttlion o 0.85

Carprcsted ade gore dioncicr {(An eng) Lo

DAotonao ~ cuperinpoccd odal 2lou in {2
ﬁ‘z * | nloag tho 1 T
e Iength of 200 £
tubo (eno) | O 160 200 "°° &0

150926 %6900 50732 %710 o692
50866 o830 %e728 BoG52 %0598
30800  Bo775 1636  LoSS0 4,530
bo752  BoT00  BoC07 1,938 bob73
beG38  Bo@2 BP9  bob73  bsbl2
50623 boSOb  LoE30  Lbob20 Lol
20366  botl2 Lob3D  bo363  bo2¢8
2e500 oS0 L3P0 L0310 5,232
Loz 15a390 5,312 B8 15180
56380 50329 %0293 L0380  b.22%

P vwowvows&wn
883838888 E o

DXs2TURBAOCES



Tabo Ddponcice?

Tagcatind 2o rato

8z 2loco gato

Cosmcatica fogtor Lo pofraotion

o 5,715 ¢

o $5C0 izH
o 710 120
b 0.85

a7

tozrcotcd ndr coro Aiomoter (4o cno) fop

8 JMotenco oleng | DUPCTAnpoocd onltal flow in (LPH)
el tho longth |- oam Nacnns manesn -

of tubo (oo} o 100 200 200 £00 £00
1 ) 1,950 B9 LoBl2 b7  ba632 1,630
2 10 %6899 LeB72  1o?IF  ba69Y < beb2S < Le579
3 20 100839 LeB8R2  1oGD2  BoG37  boS62  Lo5A7
N 30 BaPP5  boTBS  BaG0  bo579  boGA3  bohya
g bo Bo722 15680 bofID  boSi2  bobI2  bo363
8 50 4,652 BoGL3 bLoY22 LMEB L3907 LoD
7 éo 2599  B.556 M7 BMNOD  B.3w8 %0233
8 70 50932 BbGD  bohAR o0 10280 1,220
9 80 LobBA  boh32 %352 b2l %0220 %206
20 90 bob22 10363 %263 55226 15,209

" 1,363




Tubo Adnnatcs?

agcatinld o rato

Ay 2100 pato
Corrcation Loctor for pofraction

o 5,715 enn
a 1500 123
=1200 177
= 0,85

a%

Distameo

 Corpeatcd ady ¢oro dicaoter (do cao) Cop

&

cupcrinposed aninl flow in (Lrm)

734 B T

tuboloms) ° 10 230 700 w0 00
B T 5988 %0926 %0762 1712 o663  b.oBd
2 10 lollsQ 44872 Bo721  Be67L Le613 Lo
3 20 1,872 Db.Bl9 Lb.G3B 3,626 1,569 Lbbg7
b 30 1,829  ©e755 ol Lo595 5,530 blbg
g k0 bo769  1eG20  LoS23  BeF38  LbGY  b.390
6 50 5o708  bo@l Lof57  LabSD  LbI0  b.Ie3
7 60 o650 boSBb  boGA2 LG  1.363 1,296
8 70 5o599 %4522 bob?3  bob03 2,315  ho2gh
9 80 o932 Bab70  Leb30 50356 1,205  %,268

c0 beb72  h,bA3 3,392 ho3A1  b,2%0 L,A5B







TUBE DIAMETER = 3.8l cms
TANGENTIAL FLOW RATE= 3344 LFH,

SYMBOL SUPERIMPOSED AXIAL FLOW
IN LPH,

O
100
200
300

400
500

GODP®X%XO

50
4.0 |-
30
- O © '
23 T ®a ’p@ X x  Ox
3] A & & x Q
A0 g G} AEl EP CPA & §Ax %A gng
2.0
1.0 -
o . 1 A B | L I 1
O 20 40 60 €O 100 120 140
AIRCORE LENGTH cms
2 "f?b 0\\
Y >< VARIATION OF AIRCORE OIAMETER ALONG THE
\\\ J/O <

AIRCORE LENGTH FOR DIFFERFNT SUPERIMPOSED
AR RA'ES



— e .

TUBE ODIAMETER = 3 8! c¢ms
TANGENTIAL FLOW RATE = 2240 LPH.

SYMBOL SUPERIMPOSED
AXIAL FLOW
IN LPH,

e)
100
200
300
400
500

OO0 P® X O

Welk =
S ONN o
O}

% 8 x S o @

X X
é@ 8A ©F ©O*a JROTR ) y
o A

oF & o ¥ o B o §
O
') i | | ! 1 1

o 20 40 60 80 100 120

AIRCORE LENGTH IN c<ms

7S 2
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