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1 	2DMCT 7 

00t a zit. l-c at !.cacm3 	ocai 	t w o tn tw:+.s'Y o 

bc-. ci cb3cD: 02 ciro int ) 	z 	t.o-. i0 o i 
02 lit 'ctw'a ooc. o 	rt 	=' o , b . 	tU ." j 

'. y ccIWO oa tio citttior 	=i toio of ct~ 

tc byio2jn,To t1øt Ocoteto.too 02 ► ttI 737 
t# C0!aL0ZZCn3 n O Qit On hoot o. o ba rd zoa1 novel: 

put to Coop ot4 

cti.tt7 .1o. i 

Couoaccbio 	a boonr2 ue a1na fio 
,oG 2iuid nom btu oatna cyd o 

a2di a ' c OnnoZo. Af c2 o n 09 vtcuo 	1C t ,70 
b dmo cc c4o at'Itn fZovI taboo moo 

b-otxtczo vOlOtItioi 1it10 ti O arcld o &i 
0 	3i11 t * 	o ► cLbO 10V in YUJ tboi4 

0 Gtx?WljMOV.4 noit2o ia2 tuboa c cn be n ttc: b' 
Ono 02 Qio 201otz?nr nothwas 

 tho Bubo t ou  t2Ltch the Mid 1 c 

	

(2) 	 2 Into tho tt to v, h the hole 
off` auiaczlroc, 

	

) 	 Apo in the tubes c cji  
th ttio 23Iad its per• 

(h) c.tcI into the (L1D oh m 
pct at tho inns eta o o the tuba0 
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GI  1!!! PF 11CIPLT 1 

Pinaiplo of otUU1 floti gc Dutton ccn bo undo' 
+Mood by the hell) of fig o 1. shoeing formation of 9 .11fn( 
flo s by tiz tangential lnl, of%, As tho it quid cn torn throughh 
a tcnE cntal Inlet., No4.1 it tokos u atrirling aotion and as 
It moats the liquid from the tagcntiol inlet toe 2 it to 
pushod togardo the centre of the tube0 Thus a 9 ►11ng 'mo-
tion is ostabll sbod0 This ecd cling motion ocn be of t 
Vpoo 
( 0) 	kocod Vo1C'1 en fiov in Bch t gulor voloct t to 
conatt nd 

(a) 	P'oo vo r Colt motion In cam. ch tho moment of motacntum  
to radially c onvorvod sn ch that the product of the tcn -
t! al volo cl ty Compon cn t and radius at any point !it thin the 
main bti of the liquid to coostt i.e.. 

VpX B 	 C 101 ) 
t oro __r\_ is groroi1y referred to aO circulation cone- 
t  to 

Stdriint fbott produced in taboo In gcnorall ► m+o ro 
of free vo rtoz In n aturom In this typo of flo tr 	huvo 
alroad► soon that the uomcnt of the momentum to rac i lly 
conoorvod le product of tangential volooit T componc nt cnd 
radius rat cny point : re th in the main bo dV or the fluid 
rc atno con.ot n% hgo tilll predict cro ttion of vocatm 
rat the ocntro and hcr~eo rovoro . of erial flow la t)Pcdictc1 
ovcn at lotor 3( h of oulrl. 
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1? m ogta'tfon 161 it is ,c p gran t that an R c,p'a 
chop soro V ap ro achos in fi ni to ioh is b76r Oynoal edl.1 ' 

tapo o e tbl O The c t Vii, VO1Q ci ty tampon cn t has boas r opo r tc1 
to cavitato noar tho central =10 if tho sttrl ntrcn th 10 
lot. at highor ValnoS of swirl strength a co ploto r o.r 
Ool of a21 a1 cozponc n t uas 'nportod still highor sett rl otien- 
gth gioo'.rino to vacuum of aiich a dogroe that a ncntral 
of r"co ro is p rc fj oad if tho sy o t i is c b1 o to na eta air at 
than cttn of nutri from soap EJoUrCO. It this air 3sago 
is nnalcd tho liquid 3tsoif Vconrinoa to givo ASO to aep-
onr co roe 

12 LITERATURE REUIEtI 

cc.bot(S) atudiod tho nrirling floa of Bator in a 
tubo en 6 cnployod a long an orfo ratod tubo In thy, cc n c 3 s~1 
ua inducod by tho rotation of tubo si ttlatod tat 3omo dia+ 
tcco fron the cntrr0 Tho stir].. Strength € a inaufficth c 
to produco f3ou 1ovorse1 but a dimpling of the a2Z1ol volo-
city profflo at tho ccn tro of tho tubo eras ropo rtcd„ 

Dinnio and hoc ro(3) carri cd out o oriuents on tho 
floe of sc cling ator through a pros uro newer cnd rocor * 
ad oboorvLitiono tcn tho 9iir11ng cantor drmD discharacd dot 
yards under prosquro through a largo por9pon conical nosz,tt. 
It us di scoverod that a hounder lc 'oP of foracd vortc! 
notion o t a tod around tho fvoo onrf COa of the ai rno ro0, Tho 
rosuulto c.oro confi mod by noasur ont of tngctir. r: d 
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tai al volo ci ti os close to tho f©o turf eco, Fur hor 4cri 
tho a r 1 aao auf fi ci en t 1y o Ilan g coup arad cat. th tho supply 
pros Uo tho aii al coupon cnt of tho eolocity v3i rovo'oad In 
tho up'pob' part of tho -nonso1 01430 to the forcct vorton Canaa, 

Binnio( ) invo3tigatad tho nature of the Beast pate 
corns tcn c,drling c ►tor ma paosod through a long tgcx)3pa* 
rc s i horizontal straight tube A portion of tho tiro (porti-
poo tuba of i, D,, 201  ) cis rotated and i,ator a€9 a8 i ttod 
by gray into tho tuba through a largo nuubor of hol000  

'rho fl©t, thrbugh the apparatu tia controlicd by a1torintj 
tho hoighta + f the conotant lovol tank, from h .ch the tmtor 
U rs 1ot2 The tctiinua woad taus about 40 revolutions per 
uinuto0  Coloured liquid vas tn3actcd and folloing three 
reeino9' t*3ro ob3or`od t *" 

Datm atrom ovor cnUro crooi cootton0. 
(2) tip scrod near tho cola and o to atroc near the 
tuhott.1.* 
(3) tbtr troc noor the cola and tho tall cnd fap9ttoc 
In tho in toracdiato roriono 

Nuttal(S) carried out the 8tuc t of stArlinc fluid 
flOu In circular n .po,, His oporiocntal. 	m'atu3 conalat- 
ad Of 2.87' 13 D0  0311  long por! pm pipo ooO vopti nllq 
tnd t3oun toy! by r1indri cl tents containing a rintr of guided 
voi ec chcn p.ib&ncod the atr.Lrl ( fL'oo vorton ). The gate 
of Gb cha o o con 11 ad by 	 the to 31' cfl 8 
oi' the papa Tj acing oo"vornl Gh o u 	dovicoo, Dye In- 
lootlon tact%nirrir, iujj uacd for ob,o ng f1aid nnth Unto 



o f GLtocivo czo1oc ty r coot 3O D =0 ^ o 	.t 

rtuc1y. }Uo obQ . tLOD a v o act oioti  

At loti rate of øv,fri tho cirini Verity 
at the tpo oentio r bce t o tho apCQc8t 

ua obOoity 0 

a ao c21vobocity iucczecao oonto Lno 

VOoL dc3'c3oca to 	t t it rev , 

n c n. 

aw upon nth inozcoo of ho Ov O 
vc 1 ,7oboc ty0 contra lto 	1 vo1actt  
am ooitio - at tho a intro but no ati ?o in a 
noxs*ti xoion botvoor tho a& fli tho tU 

o qw ittivo obocvctionO cofic4 that 

Sbai, rovoc1 occua in tho c t o of tho pLpo Zoo• 

Cho tatio of cl cu dbc tGo. $1mt1cP obooationo 

o oboi'vc b ► I3iru4o (/i) and t?O aUc3 	onc, 

UU ønd LUU i ctivo1 ,* Alt  	o'10 zotbod 

of 'C It Ot%t' a C &`2 ' t ti it of I U410  0a 

P1 co of cam. (6) 	o ' in 	 stuns c on 
tho bctta 	of the ai eon thy. 	L3O Ø93 
"bi rxttinc t O O tccz tc 3 "niquo Cif o'in3 tho 
ciatcico of :.ho czii1 err tttcrn in o 	.r 	 o 
ctudy2jttia?1ot 	ttc io2thocipoy&sic'InonWol 

a :?te a tz tt n ncnv eoa3 c x"i . tit 
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c o a oo 'o a2vol"U7 cppocMo in d! ,o °t 

0 r!CQ 1 tiø ti. 	 ot.d 1tztd ucx1 vvcc cad o 
2O itcc1 tto coda t 	t, vwto 	at 

Qp oXto lG3 to a OZQtG tho 	~.~ 	' 

r. 	.oa.t3 to ; fi t into tho cidoL W: „fit, tiotø  

.o C p 	C to oondaotc ac"! c vi'o "o7v. c ci 
tho cc=co 02 c no of ovacd 1oi cova 	 ilth O 
obc o ci 	io 02 d4' td vtcc, vaooi 	cat • 
bo ti n a upravc cont a1 co'o and s u d voloC ty 
£'otoo oa joc c21c vo tho U, Vct * c c o no + . itx3 to 
tho `t c t3 o but It jo aeeibcz1 un t ' ion ZXZ 
tDo0 1 

'oLt i and Bonn (7) ntC2iC2 tho 4cc o? a cam. 
ma 	ttcc3 by t . 	cotal oiii coon taa 

o< mt 'o moo 02 0 tubo in on o .0 i Ott pl;0a wt C a 
Ob 	d t 	tho ttr21 dcajr to abtmt 	{?,  02 Ito 
US4 ccgti in a diotauoo 02 o'rat 50 3,po d, c c o 

to 	b 	oozoram at ccU 	cit •co V 0240 
~`: 37)m ► 	tto tzh tto c Jj 1 	c• 	C It ` 't 
Ott' 	to 2;*CM o f 1O t7 nicwL 1 0 	tic3. 

.Vl tion ojoc 	t cov t .t Cz~lncatG 
at I3DtanCQ 1030 t cin ate 	•- o :c, dorms ct c 

o1 to 	02 co 	h'3c bt 	at 
......y Co 	„r 	:~.4.....t43 	 ..: 1...-....~`'~`1 ( ti%t. C±'Th 
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ib tj and L3ndic (8) thilo otud .uj tho 
con tior h at ctno2c a aot z atico in tuboo with 
ttiotcd topo oi . Con atora alco øtudid tho voiooit r 
iotribution and tado tho 20 .off ccno 	o * 

(1) 	o oiai volocity lca nearly contitant oIO coot 
09 tho o 000 ocction tiiio tho inplono component 

appc: t~ to h+, taniontiai and cxciao 1ine&y pith ra ia. 

(a) 	T #icy vo ity .otd la tioUCOi2ai and c zo 

on an oaontiaUy unifoz az&1 tioti. 

T o au 	*i&nO that a &,iicoidai 2iot t ith 
a tmitoz aio1 vo ocity t h ito total valocity vc for 
to ont at ov 	point to on ho' & dnc1 by tho . ch 

tho 	tct1ttp and tho of Lotcnco f'oci tho 
tubo contzo lino iU1 ro 1tin a famed VGtaI  

in tho tubo emo ccotion Thio c&ctc ootoz ttG m 
3D i?ound to bo in orcoUnt ajotont z h tho 

czpDrtcntal reoulto. 

Boar at al (9) otudica tho c :i. lint inco oaw 
oriiblo glovr o? tte in o tubo ho .d 	oaly tth tho 
otiirl inducc1 by 	 gootiol injootion of tho tztoz Into" 
tho tc t omMon oa bottoti of tho tubas io inlot ooct " 

on cono otc t oS a 	tia . inLot pipea ah : o 

ol10 , ai2 1300 a s*t and'1ucth rit . tho boj1ato, 
sz1ci d ' to O tic'a oqwL to a/ u. 2to tubo +al ,notc O 



an std a o t L ¢D3¢ 	"a aoc1 go  r tho !O' 1onj toot.  
ceion. r to% l 0 pizpc u 	 ao O ij 	icica1 

tubc,► Kt= o 	fn 	tubo C 0 noc 	tho' t c 
tio c ttZE-4 	m% obo tctona mil` bo i c 3ItoXn 

of o! cxo d '7o O1  
va .lo t.,_.o do In can Ottci t to + o:€ to Coco of tho 
gtwo govcm tho umoonon of uov o eve 
P 2oj to citudic at fog, l c c of vivo cm 
etc oido n' o r ii zozi 5G000 to 25D000 nth to 
Qty) ofttooc-mlo pzoboo ucu 	nc c 

total 	ic C w cG re 44v ) te.o D nbo 
,Iwo mencnn bct3 bet on tho clot z A ' tho tubo cnd ov'c"'ctjo 
r t!x voci r in the tuba. oi ono tc to c c. 'dam; 
C+ 3 	C 	00Oun1 s 

(1) 	 f3ot, Q2tIOc1 b Injct1itj Ito' of 
o :ici .:ic 	o cLnd tanontica '' ttto a clzde-,  

tXo&jt tto tx,*tO C 	QIC3 i ` ' C2'' .1' "' 

oøito to cot o ht' o fora # to bo ctcEy 
and Oc ..zt rr crU 1oo1 c.t1 coo 1 to 
to . b . XnJc3tion 	 1 

vo ct o O1 a o on Q+ o t c to 

(a) =0 In nwswocc mciou 	1cto ana ctioo 
t tto t 7iindc* cL3o1 oiie t Coo V o olMyo 
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(3) 	Tho toncntioi volocity 	2i10 oc c3 a ro iuci 
ctLotTc tho volocityo inorc300 fror z o at 
tho Centro to a Franz at 0 'adiuo ucuaUy  
3.oao than half the tube z adiuo to 1ioo steady  
t r 

 
tho 2urthor diotanee and thoa to 20X1 to 

t O aGLfl of tho tiii indiCatinj that the 

floe pia osocutia1 r 	votot in . tiwe1 

(1a) 	ma mean thncntia1 velocity0 	t 	.aO ►OO 

the 

(5) 	Tho aicl o`er 	as vo'tlool in the 
po'inont0 cLoti 	thO moot iutc eating va 

tiano For an or call upt'd ?1oti aZorrj be 
c they oboc vc d 

() At to retoo of 2iov the ir tcal 
rlooity to a 	tuoushout tbo o 

(b) At hihoz ratca 02 ?I= `t tb+r o to 
of 2lot at tho ozd.e o2 the tube 00 that 
'70t0r 210r1cddotmtordo at the Omitroo r raocd  
direction ncr tho inlet and up'd nom,% 
the tUe 

W of 01 C 3) In t o 	Vd3tLationa In . 
.+ 	oeoib .o tuba 2lovi took a cyctczs oitiilar to 

I e n of al poi otud too Trop e rtc3 out in a" 
ZGD, tnci cc t on 02 plcQiG1aao tubo 1O 	bold 
b . .z ontatLya ØO r?i*%l coo n o' Oc:' rV iujco ~on o * 



tho total fluid ,otz'cm t. ougkt tto , o is thngout31 
.oto V2" d otc perpendicu1c to ho tubo t th or al 

?-Iola r`atot3 to !GU i iiojietrhic floti. Thoy also obtain'  

S tcttic proamro and vol city p oWo by uointj i'obo tooto 

niqua Thoo pof11oo t 'o'o tot icd for toot cocoon 
~1 flOtt flo o1da f b O Of 309 	..P 13,E . 2OgO00 

and 23t000. Thcy concluded tho foUozLnj ob r ti a• 
'o4 ozding the vc1ocifi 	ofi1eo, 

(1) 	'rtio 2lovt rr o could bo rou „ily dvidod into 
fr#o oM forced rt mono. 

the tube c amen the cftua of thin ro ion 
d * zccith 	c3s a;a 

. d ntanco from the izilot of the main tuba, no 10 
tuba rn iuo of toot aection. 

( 	ltico+ c is o t f.a ton t :l velocity/inlet 
velocity vozaua a/P0 Pore dovoiopcd no a 
form of o oeent Lion of aiirl dccny. 

p ncuro drop otu iiaa In thl n3 flovr eeotc1. 
by dcc1 vnn a by rotation of the tuba app ter boo 
no b= zotcd in tho oz'ct . o, 

c .thbc' a at ol (8) In thai otud2.o► vo 
conoludctl that tho friction loonoo nor be rodictcd 
froE tho c0binz2 affect of tho o icl and tho tare ► .a1 
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boundary 	OL t1ot u eouplcd ttth cmaddItio "Vo t 

Milano '02rct~t". '̀boy hctvo alto propoocd anequation 
for 'cdiattnC t io total vortc Qiiu boo viith 
LtiofOotoy accuracy for tuba titb t r Gted tape to 

bbonco cmcwatoro, The rorio in 8ppliaabbo for Renolda 
numbc in tho rono froi aD000 to 100.000. 

Xopino at al CU) bovo odo otudioo tar tho 
prod "o drop in ' ctpo (; orot8d `az1 '1 fboLi ofalb 

pbO star. The atudioa 7c'o corriot out for olricctUy 
ioatcd tubalw toot ooctono vith, 	a.tttntj full 
icrnGth talwo vitth tvlic3t rotation from 2.5 to 9. 
' co aloo r0i7ic,cd tho rk of cLio vooti otoro 
on tbia bjcot forvc i 	oyoteio Itho ar, ott 7cccoa 
t, tc ' tuid un t o in Conorotcd car . 2boi ocudioc. 
Thom tiOr1: a bovo tootc a oioi1a ouattci for ' . 
d cttntj tho icothczal' tion 'C c or fo ciir1 flou, 

or also obc vc] that tho diff o co bot . aort tho Imth ,01 
and icit 	friction factoro for tho atiirl floti data to 
cibtontiAUy 1oia than ibo corrospondin diff onao for 

tho empty tuba. 

TX saotitatiOn vzio c Mr is out of tho caio 

U a; czd heat tronofor chccttiec In turbu1zat 
~l flczi c'b octcd to lorijo t om` 'oo tt 	t 'gib 

flccjlc3 off: al (1Z) corric1 out ott tL oo in 
tabor r7ith t o cc e atc1 ovcrrl 2"►.. 	Cro do h► data 
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or m vriaty of tubular toot o c#tiono t tth lotr proaaurc 
t tt cjyo `c =a Itan and f 1Co variotio co bixia .ono 

of tho tubo z'outinóao and oviir 1. fIotr acro triedand 
utiliod. They bavo ro 000d on orw.oion for the 
i thaitc*l. auLrl : ovr friction factor, 

flrocn at al (9) recordedobocrvatianc roading 
tho prooauro Profiles vthi2o otudyintj tho airlig mot 

oJoiblo tlov of voterin a tuba tiold vctica1ly r itb 
tho atirl inducod by tangential injotion of rester into 

€o toot acotion from bottom of the tubo, .ho conol 
alone mot 

Po2Lloa of tho atatio oziruz'o along any 
nc iUQ of tho tub* olmyo o rod 0 inriiuri at 

tho ocmt 'o tith a mono or I.0 = at 9y incrc oc 

	

(Z) 	Tho oteUc rood"+ 'of o as Coll ao pattC.?o 
of flop ootabltobcd by the t aL volociti6o 
torO ZUY o .t'o cd by tho oriationci of 
~nontiI Velocity along the rhino of 
tubo and Ito d o ry along tho ota , dircction, 
Boundary lo.y 	n► h ag 	o to offor on o p 
nation for tho doubly rovorcod floc doaez1bod  

	

3 	To of do poocruxo tic actircd at tho wall do coca  
do L fl "c . frc i tho n1ot, 



3. 
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