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Observati on on the Vortex Rings 

by 

Ryo ka n IGE I ' 

Abstrac t 

Observa tion was made 0 11 th e vortex rings p rod uced by e jecti ng 

dyed wate r into t ra nspa l-ent wa t e r from a c irc ul ilr ori fice of a 

g lass tube of 0.75 cm in diameter. Th e t r ans lat iona l ve locity 

of th e rin g a l t he e ig ht-diam e te r di st:w ce (6.0 e m) wa s use d for 

th e calcul at ion o f t he Rey no ld s numb er. F ir st, t he grap hs of th e 

t ran slatio nal ve loci ty vs_ d is tance tl-ave led by th e ring p lotted on 

semi -log paper indicate that in the late r s tage of th e mot ion the r e 

e xi sts an e xpo ne nti a l typ e of depend e nce o f th e ve loc ity o n the di s t

a nce, v" - exp ( - k y * ), th e va lu e of k de pe ndin g o n t he Heynold s 

num ber, with Ii dec r eas in g a s the Rey no lds number increases. Next. 

fro m t he re la tio n between t he ve loci ty a nd t ime e lapsed pl otted on 

log- log paper, it is fo un d t hat when th e power law app r oximatio n, v · 

- I . - h. is adop t ed for the ia tc r pa rt of t he mo tion, t he va lu e of b 

a ppr ox im a te ly eq ual s to 1 for eac h r ing r egard less th e Reyno ld s 

numbe r . Fin a lly, our r es ul t s ugges t sts a lin ea l' r e la tio ns hi p bet wee n 

th e ma xi mum dis ta nce trave led by th e r ing before its b reakdow n and 

th e Rey no lds num be r . 

1 . Introduction 

T he so- c all ed vor t ex ri ng may be very fa mil iar t o c igarre tte s mo kers and they 

may be a lr eady pe rfo rming a sort of e xperi me nt whe n t hey puff s uccess ive ri ngs of 

s mo ke o ut of t hei r mouths. A not he r less familiar but easily p l-oducible pheno menon 

is th e c a se whe n we pu s h ink in a s quirt ve l'}' s lo wl y into s till wale r_ As t hese 

exa mples s ugges t, vor t ex rin gs may be easy to r epro duce in th e labo r atory and we ll 

fi tted to th e fundam e nta l s tud ies of flui d dyna mi cs. Beca use of diffi c ulti es in exact 

t heore ti ca l so lutio n and s ubtl eness in obse r ving a nd obtai ning ce r tai n da ta in goo d 

a CC UI"acy, howe veve r , wo rk fr o m both c nd s, t hat is, fro m pu re th eoret ica l 0 1' num e ri 

cal i:l nd pu re exper im e ntal aspects hav e been goi ng on yet eve n for these I-a th er 

s impl e looking ph e no me na lik e vo rte x rin gs. 

Q UI' wo rk here is co nce rn ed wi th prod uct ion of t he vortex r ing in la borato r y 

a nd obse r va ti on of its mo tio n. Ba s ing on t he data ob tai ned th r o ug h photographi c 

meas ure men ts, we wanl to find o r infer any co rrelatio ns hi p among qua nt ities obtai ned 

and compar e th e r es ults with othe r s'. 
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2 . Apparatus 

A g lass ves s e l of 70cm in hight and 40 c m X 4-0 c m in c r oss-se c t ion was used as 

w,lle r tank whi c h wa s fill e d with th e o rdinar'y muni c ip a l wate r. Al th e bo ttom o f t he 

tan k was pla ce d a mo un ti ng fo r a g lass t ube with tw o p ip es a tta c hed , on e fo r co lo r e d 

water and the o th e r fo r t ra ns mittin g impu lse. Th e hy pode r mic sy ,-inge C 1 was used 

fo r s upp ly in g the dyed wa ter a nd C 2 fo r tra ns mitting inpui se . In the mounti ng , a 

r ubbe r be llow wa s attc hed to t he e nd of o ne of t he pi pes . 

F = D 

~ 

Fi g. I Sc he mnli c d iag r a m o f the Il pparatus 

A: dye d wa te r. B \. B 2 • a nd B 3 s top coc ks 

C 1 a nd C 2 hypoder mic syri nges. 0 : mo to r dr i ~' e c am e r a 

E : Wil i e r. F : vo rt ex 'r ing. G: glas s tub e 

Th e g la ss walls of th e la nk we r e cove r e d with bla c k pape r leav ing s pace fo r 

t hr e e s li t s , two fo r la mp s, a nd o ne fo r a c am e ra. T wo lu mps o f 250 wat ts ea c h 

we r e used for illum inat ion ( no t s hown in t he F igur e ) _ A mot o r-d rive c ame r a wa s 

e le c tri ca lly con nec t ed wi th a me t r o no me whi c h e nabl ed t he s hutte rin g of t he ca me ra 

at des ir ed in te rv a l of tim e . 

3 . Experimental 

Prio r to the mai n exp e ri me nt , a me as u r in g s t ee l ta pe wa s pl ac ed a lo ng th e li ne, 

whi c h is to be fo ll owed by Lhe vor t ex rin g s in s ub s equ e nt expe rim en t, and pho to-
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ap hed . This photgr;rph wa s used in la t e r photographi c mea s ur eme nt. 

With th e cock B3 in Fig, 1_ ope ned, th e rubb e r be ll o w a t th e end of th e pip e 

was pu ll ed do \vn by withdrawing t he pi s to n of th e s yr in ge C 2 , This r'ubber' be llow 

was ke pt at the withdrawn po s ition by c los ing th e cock B3 , and rubber band s were 

enga ge d t o the end of th e pis to n ( not s llOwn in th e F igur'e ) so th e t he piston could 

return to it s o r igi nal po s ition on op ening th e co c k B 3 _ Ne xt, us ing th e sy ri nge C) , 

the co lo r ed water (dotted part in Fig. 1 . ) wa s adju s ted s o that it s leve l r eached 

the end of th e g las s tube, Aft e r all part of t he wa t e r c a me to s tillne ss, by ope ning 

the coc k B 3 , th e pi s ton of C 2 was pulled back, .ca us in g a ma ss of dycd wate r to 

be ejected from th e g las s tube into s t ill wate r , On le av ing the tub e, th e e jected 

co lored water wou ld tu r n in to a we ll -s lrapted toroida l fo r m and proce e ded a long the 

ax is of t he g las s tube with de c r eas ing tran s lati onal ve loc ity, 

As s oon a s the co lo r' cd walc r left th e orifice , th e e lec t r ic c ir cui t of the me tr u

nome and molor-drive cam e ra \Vas c los ed to tak e s uc cess ive p ictur es of th e tra v

e ling vol'tex rings at equal interval of time_ This way i.I s e ri e s of photog ra phs wer e 

take n fOJ- ea c h ris ing ring . 

Plate , HCll r e s cntativc se ri es of s ucc ess ive pic tures of th e 

r is ing vo r tex ri ngs , Th e di a mete r o f th e gla ss tube 

is 0.75 c m, The time int e r val is 0.5 second s 
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Th e tnlns latio na l velocity of th e ring could be c hanged by var ying the impul se 

se nt, t hat is , by varying th e tension of th e ru bbe r" ban ds and th e withdraw n dis tan ce 

of the piston of C 2 . The s e v.\T"iat ions al s o chang ed the max imum di s tances th e 

rin gs trave led befo r e b,"eak ing down. A se.rie s of photographs fo r different initial 

tran s latio na l ve locities were s ho wn on the plate. With the pho tograp hed meas ur in g 

tape, th e pos ition s of th e ri s ing ri ngs at equa l tim e int erva ls were r e ad out. 

Th e \\' ,:l y of findin g the tnw s l<1 tion<1 1 ve loc-ity <11 a ~ p ec ifi e d pos ition see ms to 

dep e nd on workers" For in sta nce. Os him a I ) utili ze d th e excess press ure of air 

re se r vo ir fo r t r as mitting impul se a nd s howed good agree ment with expe l"im e nt wh e r e 

the mea n velocity was obtai ned ove r" ce,"ta in r ange nea l" th e or ifi ce. In ou r expen

ment , we used th e s imp le a nd s t r aight-forward way as desc r"ided be low, though we 

never mea n i t to be supe r io r t o oth ers' me thods. F ir st the pos itions of the risi ng 

ring a t r egul a r interva l of t im e ( 1.5second s ) were plo tte d and on t he s ame sheet t he 

a verage \'e loc iti es for eac h int e r val were plotted ( See Fig.2. ) . From this shee t 

of g r aph the ve loc ity at an arb it rary d ista nce fr om th e ori fice can be r ead out. 

Fig . 2 . Grap hs of di s tanc e tra ve led vs. tim e e laps ed ( c urv e s in upper gro up ) 

and trans lat iona l veloc it y vs. lime ( cu rves in lower gro up) . 
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F o r th e ca lc ulat ion of the Hey no ld s number and nondimensionali zatio n of othel 

quantities, we lI sed the translatiollal ve locity, U, at th e eight-diameter di s tanc e from 

th e or ifi ce . Because of the s ize of Ollr water tank , o nl y one kind of ~ I ass t ube with 

0.75 cm in d iam ete r wa s used. Th e r efo re. t he va lu e of U whic h could be c han ged 

by th e amount of the impul se g iven was the main factor fo r c hangin g the va lu e of 

th e Rey n o ld s num ber. Once th e va lu e of U for eac h ring r e ad out from th e gr aph s. 

a ll the qualltili e~ wer e nonuim ens ionali ze d a s follow s· 

Rey nold s numbe r , R = Udl v = pUd l n 

Di s tun ce traveled by the ring , y'~ = y/ d 

Tim e e lap se d, I" = ( U/ d 

Tra nsl ational ve lo c ity, l!" = V / U 

with U· t ra ns lational vel oci t y of th e ring a t the e ig ht-diameter di stan ce from 

the orifice 

d : diameter of the c ro ss- sect ion of the g lass tub e 

p, 17 : density and vi scos ity of the wa t er 

Except for th e He ynolds numb e r , a l] quantities above without s tar (*) denot e phy s i

ca l quantitie s with con vent ional dimen s ions. 

4. Result and discussion 

Th e Reynold s numhel· ohtain p. rI ha si ng on til(> W;)y descr ibp.d in pr'eeedin g sec

tion ranged fr om 240 to 55. With the val ue of U d e ter min e d, all o th e r quan ti ti es 

we r e nondi me nsio naliz ed a cco rdin g to th e expr ess ions li sted in pr eceding sectio n. 

In c id e ntall y, th e g r ap h of th e di s tan ce tl·a veled by th e rin g, y . vs . the tim e e lapsed, 

t, had a s light y - int e rc ept due to experimental diffi c ulty in sy nchronizing the s hut

t e rin g of came r a with th e mo ment th e ma ss of dye d water left t he or ifice. In s uch 

case, th e y -axi s wa s trans lated to th e t -inte r sec tion o f the extended graph . Fig. 

2. was drawn afte r s uc h minol' t r ans latio n of th e y-axis. 

Firs t , t he re la tion s hip be tw ee n v · a nd y " was in vest igat igate d by plotti n g v " 

vs . y" on s emi-log paper a s s ho wn in Fig. 3. For t he st ,· a ig ht part of t he grap h, 

that is, fo r lat er part of th e motion of th e rin g, the r es ult s hows th e exis t e n ce of 

an e xponential type of r e lation be tween v" <Ind y ". that is . V of - e xp ( - k y"- ) , 

with t he value of k de c r eas ing <IS th e Reynlods numu e r' inc r e ases. The va lu e of 

Il ['anged from - 0.64 for R = 240 to - 1 .5 for R = 55. Though there wa s a s light 

diffe r ence in apparatus use d, Maxworthy l) report ed fr o m hi s experi men t that th e 

tran s la t io nal ve loc ity of th e ring d epe nd s ex pon e ntiall y on the distance trav e led . 

He used a hole drilled in brass a s an orific e in ste ad of the e nd of a glass tube as 

wa s in O UI' c ase. The u " - exp ( - k y " ) relation giv es v " - t .. -I a s the ,·e lation 

between v " and /. *. So me graph s in Fig. 3 we r e m'lde parallel t,·anslation for 

eas ie r compari s on. 
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y" 

-log paper are shown 
v' and t' plotted on.:gt .-b, for th e lat er

f 
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"","", "" " '" '''' • ."",,", 0 ": , ' - ", , -,,"). " o~ '""" " ",m", Reynolds nU:~te~n precetlillg parageoa: 'Except for a little d, e 
with th~ reSmathematical manipulatJ . after slight 
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this result is the same with that of Maxworthy as mentioned in preceding para

graph. This could be due to the fact that the physical condition in our experiment 

in terms of the Reynolds number might have been closer to that of Maxworthy, 

Using asymptotic expansion improved by applying the method of matched asymptotic 

expansion, Kambe and Oshima" showed that the value of b is 1.5 for the final stage 

of low Reynolds number. 

Fig. 4_ Relation between translational velocity, v"', and time, toO. In order to 

avoid the proximity of the points belonging to different curve, the scale 

of the axes are multiplied by the power of 10 for the cases needed. 
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200 R 

F ig. 5. Rel atio n be tween the maxi mum d istan ce lravel ed by th e rin g be fore 

its break-down, y:, iln d th e Re yno lds numb er , R 

F ina ll y, t he re lat io ns hip betwee n th e max imum dis ta nce t r a ve led by the r in g 

befor e its bre akdow n, y ~ . a nd t he Rey no lds nu mb e r , R , as s ho wn in F ig. 5 . s ug 

ges t s " linea r r e la t ion be t w e e n y ~\ a nd R . 
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