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ttJ)$.a• at et\oh •~an.:tP!lnt •t,.\lo• ~1th th• ut:ii ve~1al 

lllaai1u1 kmball' pnt'ilAJ a turtbe:r 1nclt1oa.t1on •f 

tr@ait1• waa ob:tatn•d 'bf m•~~i~ th• loo.al $h•u 

ooet:t1e1ont with a ••11 t;0tal htxa4 tube p3i*e.ased 

againa,t th• S'tn.~ra... •s~•~ti 'b•tiween th& two 

metbt>ds wa$ ~o.tnplet.• U1 e.11 but ~• ea&•• 1J:b• 

•tt~•ot . <>f· h1e.ltn•t1on 1'a\e 1nw•t1gat.$4 'bf l:t'Oia\1ng 

the W:Orktng ••etion t>f the -.~el att a whOle ,~~~ 

a. t1nd p!.ftt~ Vnta.vo~allh iiu;.1.ifia:tion pl'~dueH 

& ~-l'~a•• a tPmt$1t.ton lepo.1<1• numbea- •,in e1th•r 

$14• ot th• $tl••t 'btttli a nw,l"fi\1 ~fJ1.td-l\.lJ1 was t<>un~ 
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pu:r>pos• at tha pr•s•nt 1nveat1Gat.1Q~ oarr1$d oot ">7 

the autho~und.e!' the snp•z.vieio:n of D3!ist• i:~1l1km 

and vcn Ka:rm€U1, ia tG J>e:tnw•t1gat• the •.tftet ot 

e1utva tu.re on tbe tl'tl'ma 1 t1on ph$nGm$na ut"4•_. the aam$ 

expe~$m~ta1 •on:tUt!<me a• 1*• p~••ioua 1nv11u1t1gation 

but tu~ing a hntts.•at~llJ" •or~ •~d (iU&iJ>~~illler.:ta1 

teetim.ique oo~p1•4 wit:h ·a "~•ign -ct· o:e~t•ill pra.rt• 

t->t the. t~1•1 wo•k~&.•••'1~ •nf4.'b1ins tb• autho~ 

to n,..t the ••1''1$$ fj'f l1ilt$jOe:m@ta tai-11ied. ou.\ 

_. the -glie:h whip •"• p$t'"litlertt to the pll'•••n~ 

problem $0d thltil iH> ••al•••• tM apA.td• ot the~ · 

intlu$DOfP:• fhla w@k wa1 don• dJtlJting tha pa1t ~u~h~ 

la,tie P•l" $f l~IV~~ 

!he titoPe.-01 ichat 4p,eve4 .1a th•· 01~1ui•~•• 

wo:rk is e•ta1n•d in ·it!• tail-.•• ot th•1it Yelot..ity 

p:rotil•:a t• 1~41~e.te Ml• tl'i~it1C1ta :r•1t-.-., Al 11 

known. 'the am~m.•ttonal. v~l•e1'7 Pl'"''-l• t~ th• 
1•1B•~ ~•11• 1• a uiY•,.••l ~et.t•a ot t~ tf.on• 

4i•n•if.)aa1 •• u.•tmee fl'Om the ••ll•' "$be •~ti•tl. 

•a:r b$ . e:1q>r•••«l 1rt t~ tt:e:ua1 Bl••lu.s f-oP•t· 



of 0.01 
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tU.atingu1ah$ble oin the ba.•1& ~t the m~i \u4& Qf 

t~bt11.$ne• whett th& t~ee at~1tam tt;a•lt h11;:g • 

Peasonabl.~ amount ot tu:r~l•ne:-·,., the £11'•• -~•~ 

:tn the pr~s•nt ~(;l;se ha• a ~gu.1 tu&l o.t tu1!'Wlene• 

of ~l~•• to ¥a •hetll•JP tblfJ •• ~ ta11•4 a 

•"a.tona'blf ~t• le rit:>t •05,, bu.1$ i:rt •1 case 

th• t~t-bulea.- ••~d ~t 4•t•~tn1q t.,an•1t:t:on 

••t ·~. 'fi••e4 at th• P••••t •1'h •••14e:f'abl.e 
•otpttei••·• 

W'~f'k ._. \:hS.s p8.$'\t 1et.~ tr. lql$1t:4 4t O~i.4g:e: 

U':n1Y&l"stt7 1m~f' tb• tU~tt•ct!~tt ot "tf'o,trtJ X.1'1111 

l•es •howed that th.f; ti:rf.n•itioa polat ot the tln 

a1ons a tiat p'.1$.t• d•P•• ••~7 Cl*itleall.J • .,., 

1n"'l;J.na,t.:ton ot th• plate t9 the ~1• tl"'' 4J.~•etloat1 
~ing Pr•ft li\'>rtft: vt•l' •t ~- l4\bGt-t.t•f'.J thl• ~aivt 

'f$tU" h• ien b.•tt• 1u~pe:rt.nta:t. .,.,,.,, •• lfhowtna :t:htt 

•:ttet.d~ ot m~linat'.1011 on th• t:t'l.l\f.l\$.(Ja po·U\t ot a 

~ttth- tl-.t p11l.te·•ltch bl••••••• a •~~•4 an« 
1n the &t~~ eaa• a tkQ~n•4 l~nitltn; -~· ( ctae 

latt•l* ett~"11pott4a to -• •a•• btJ'~).~ ii.act tht 

tfutho~ :ta '1na•a:Pe ot ~1 publite:tion o®taintng 

theae l'eeult• .. t 'bk• p~~••nt tim"• he will tae tb• 

11b$ .. ·ty of' Pep!'odu•1ng th~ •;Kpe~1~ntal curve to~ 

th& l!lhfn"*P edg•d sh~et. (Pi.gitt-• 11) 1011-.$•· "a,,il't• 



that unftiv·o~a.ble inlllination of th.$ she€1t 

•a n1,unbex~ ot tran,... 

Vll'tll'>e $0 ~4. . .i.~·''·i·.1.<::l1\J. 

(.R,._)T on 



In ~~d.~' t(!) inftstte;at.$ the p~o'.b1em m~l"• eo_... 

Pl"•h•n.tllively ~d to ••e1xt"$ •~• ••o1(1r:at• me~aurement111; 

t'J•irel!'al ru.t4' ptecN; <'It e~1~at were '.built an.4 ~t 

ot the \fOJtkk,.g ll$et1on ~d motor \Utl t 'Jf tbe tt'UU!el 

W$:PG ... eon~:rt•uet•d• 

~· p~e'1•m r;;f Ylbltat4.o~ b ~h a c•l\U;;faUr 

t:'«S;ped~ ateel 1:l'14et at eal•i• u the 'tllDt'ltll' 

woPld.ng •••t.1~r.>. la "*'~1 <U.ft1cuit; $.e 1ompltilel7 

_$11•U1•t•h: !'ht •t~p'l"()p$1lt• ei't bat\ pt•?10t11tlt 

•en ~ttaoh~ J1lJ1141t tr> the H•t ot' tbe tu.anel 

and a,t h.igh •.P••d.$ n• 0:1;ua~ ~ ft.•1 ·ttMt:a1ra"ble 

•lbrattiG~ 1n th$ $Jb'lft., fb1.s 'fi)l'"at!.on ~u •:U.m.in• 

at•. $~et. ent1fllll1f bJ ••pari\,11\g '1'1• ~\OJi•p~•· 

pe11t~ unit •t~uetu.~111 t"Hm thtJ ~•tit 0:t ~t 

tu.rAtael cd •~n:r~•t1ng 'th$ twc;; bJ ~ :t:J.eable ~in@§ 

qt l"~l:fb•!l'i•e« tlt.l•h·• th• •it. wa• liWun\e4 -on u 

1mpJ>QVed. •Pring mount1nth m1•h1 in ,.,ombins.ti.~ 

wt tb th• t1•~1b1e Q:t)up:U.ng1. ~tl~w~d t,l'l• mo to~· 

pl"o~lle~ unit t,Q Vibrt:\t~ bf 1t$•lt w:tthQut 41$""" 

t"blng the ri~nw.1r;.d€+1' ot the t11:nne1, the tbeet 

d.Eit'l$ete al1ghtly -undEU .. ii. ne:tro.ral pf'essure 4~op 



a.e~as it, bttt QbS&*1'f&t:ion lh:O#ed tb.&t ;1f 8JlJ 

vi~at1en ex;ists,. its a.lt!plituae mu•t be l•aa that>; 

0,.001 etm, 

In ~aking V&loc1t1 $U;fV$f$ it 1$ lt$G$$$a:f';f 

f/;¢l tr:ave~.e~ tll.$ bGJund~7 laJtl.'4 ln tbe 1 d..i~e,otioll.J 

;pol"pflndt~w to the t:~••t p~ ot tb$ t:b~e''* 

'l~hs to,ta,l di$tanee t11a'Ve1'ad t.a of •~ ,Q:rti.tJ!I' of • 

oa~tilMte~ ov lEt~ti• H•»-.1 in one~ to :make 

a&curatit oba•l!'"ftt,10~ • tb$ ~~7 l.a7e~ it 11 

Vf/!J'e'f a•-•~attf to .,. able 1;o ••t d4 •intii\1.1\t. th• 

·•asu~.ing instMUUtnt 1n P~•ttio'1 to a 'ol~ene• of 

i.•$ the.n 0.001 bt ~ wel.1$ of the t\m.nel $.l"ll 

11~~1 the:f' euttle.i&tltl7 rtal4 no11 aui kble fOJll athebing 

the Ml\l:Ull'itlg ln1otr'Um$Ctt 'l;O t~.. ;If> • et~:r4 

11a,e, built ~oneietlug of • G 1-eh $b$llil1. tutle 

tut•11~ rig1417 wlt.h lt• ~1d.~ 1'&P,ita1 ~· a 'trl.• 

~lu ~.$e ot 3 toot ti4.e4a ~oh ~,C.htt• • tthe 

oonQet• tlo• out.1itle 'b• t.lltmt>l• J:a 'be \•p cf 

their t11b• 11! a •°'t•\1l)l• hcead •••~7in1 u a;rm i. fff1' 

111 1i'tngth ® the $Ud 1.'h.1dl 1e: f'iaflt•tt•-4 B. ••ll 
•vabl• ea.-~1~e holding th• :mests~1t:l6 itu:1t~•t 

t h<.rt••ir• o~ p11i$t tub•) Uld aet.tlAted by two 

tttiero:11eteP hes.de pl-.c~d in tandem• on• beb1g u$ed 

to establish ~ S~jpo position and tbe t:>the~ being 



uaed fox"' troatrers1ng the bounde.r7 la7a!% • lfhe 

mtePO%D&tev heads. a~e gJtaduated ln thou1um4tb.s ot 

e~nti:rr.ete:t£h !b• *•ro po&ition wa~ eataolisbed 

bi ~ el•et;r1oal ~cntact me:tho4 whiC\tb it te telt 

is aet)U.~-~ to o.ooe Cll:i ore l•l!H\h T"tl~ fatedud $art 

bt; trnv~d about on th'4t noo:ll' ot th~ ~fleea,,~h ro.om.1 . 

tll• ar~ o~ b$, ~~t4ttM al>Qut $l. vert1oal ~ ~ 

&djttlJt.ed vetrtill;&lly, and bolf'.1•ontally, end the 

c~~1age tt.s.(jlf' ~tni be swi'f~l4t4 $.bOtrt a vertica.1 
' 

&1¢1•.• ~i.1Cfi th~ •a$vi11e; tt»tt~J.~t can bti pl&eed. 

111 ~f J'O~:tt.1on l'""l11t!ve to th• tt•t!'al ab$et th&.\ 

1$ d•si?i•d.~ Itt Mdin~ ve1oeu~1 #'l!J11'f•1• with the 

t;.otal•at~.tie tU~ ( t~ " t\i:1ou~n11ffd $ho1-tl7} th• 

oa~1~1$8e w~$ '1fl't in euoli a peiStltlo~ tut the h•ad. 

et the t·ub-t w" acGu ... t•lJ" f!.l1p•d p•:t't~llel to • 

tM1gent pl&n• to ·th• oe.nt:r~l $he.et op;por.tlt• the 

mftaau~1ng $t~t1~ that wg bi;t.i,ng u..a•d at iht tim•• 

!h1$¥ta.s d•e DJ a tl:wb1• <JOat&<$~ •l•ct'.f'1(.'Sa1 

tnst~~i $sp•o.1a.lly built fO'I! this ~pfttH 

!be idfl$.l in$tt•~•l\t. tor •'.kit.Jg val~e1t7 

pror11ee 111 th~ bo~twif laye~ i$ th~ bot .... w.1~" 

anemometer ,,if!· tts•d by Vmt de:r Iiegg$ ZijD•l'lt 

Dt•:y'd~n. tim.d ~1 other 1n't'eet.1g~tl'J~s, lt eaus.•s 



ve1111 l1ttl• Mstttrbanee ol th& tlow• being vrr1r1 

amf$11, $Uld tn the pr~1iminary 1~ni'EH!Jtigationa carri•d 

~t by th• autht1~, it wa.e a.bl$ tG be eo:iru~tnot$4 

ao t~at f.ttt ea:tlbrati()tt hel4 t;o an. t\QCu!"aey e'I. well 

within i"~ Rowevel', l•fl t$ehn.1q,ue le !nvo1V$4 •4 

1$1'J8th:y afld tJlom •®s1Q!"at1oll& of ti!peed. a:nd 

the ~••e~ to.1t111ac~H~ t:>f aeev~e1, a p1tet• 

atatiJ~ m•:thM ot measv!ng the ••lfflty in the 

boundary la1•a:- wa1 dE!l\\id.~d UJtO!'h In c>~d•~ t0 

t)btain th• 4Jttmn1e p~~tUJ,11?$ at a.t'lf pori.nt 1t 1s 

nf.tcesae.11'1 to rieuu.t.te both tb;(t total &rld a~atic 

pr·es~ret •t that poln t * ·~ total pr&tJ sutre measure• 

~' ha• n<> d!tt1tt•1t1e•~ aow:evs.~. th•r'• ,a..s oon$.l4• 

~ll"able un~•r-tatnt,.- in !1$f!llUinS t'lhe •t·at!~ pr•aeu~ 

tlue t~ th• etf•et ot ~va.tuJllle 4m4 tb.• •t:tff'i •t 

t:h• 'b~&cl'J' l&J"•~• A p:Pe11-:Lnat>f 1ru~w1 ot the 

af;atlo p~$11$lltf'e ao~ots ti:b.• 'b~~f la.Jilli" wi1Mil 

eu·rl•4 out wt~ a $Jnt'l1l stat-ie · tttb~ (f'1SU»• llU• 

Thie 71•l4&d $ll"pPlit1ifi~l.y t~:'f'O:rab.le :f''bSUlt• l .. 

. .ta.r as th• ~me.ri:r laJ'e' 1• c\'Wl•.eJ11n;e4 the etati.o 

t>~e·s8\U'lt41 1f5 a:ppe.~~$ll t 17 q,u! te un~•a.l"e of its 

~lti&tuw.no•· \~e static tube$ 1'$pl¢7e~ W$1?$ w:11t 

bom 18 guag$ et$$l hBOi&hio ne$dl• ·~. verce 

COll$(lH;ill$n t1y quite •-11 ( th$ length et th• htad} 

bei~ enl.11.125 :i.neh.e!J·~ iiail.41~ a $inSl• tu.be ot· 
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El1&pieQe <>t the tf'J.e~Gseope contained: a mcrve~blit 

o-rOS$~htt11" eombined with a g~aduated eeal• ~•1ng 

1000 di'll'i$i0IUQ~ A ffl"1 ah~p 1.mtig$ Qf .tbc& meni$CU$ 

et)Uld ba obt;Atfte4 and th$ G!"'OltiJ*•1Jt pl&o•d t~t••' 

t0 it "l1tl1t1 aeou~at.l;J'•. th• ttte:U.~ti• ot tilt 

4.!l1Cht tube ••• t•t ea that a 1nev•aen.\ ct th• 

••ni•~~UI tiUt"t• the e:et.1~• 11•14 ot th• miCcP·G$00p• 

._ll!'lte4 to abcmt 0.019 ~- ••l'ttoal &ap1•c.-•tJ 

th1.ffi gav• 1;~t th• f'liht .-~eJ •1n1•~~ tlu.o.t•

ation• 1 ~. fi:l&ble<t ttie eJbfle~r to l.'neU'1... te 

wi~hln •lle ttn•t.h~•nttth of -. ee:nti•-•• V•f't1._~ 

head of the·llu14• fh• poait&on l)f th• vo•••¥ll' 

oft th$ .,.pl1t•6 aoale Wa$ eal!bl"•t•d $:1fUln.at tq 

~i14U' ~<Jt~ttott of the aoeu .. at•l1 ma.ehin.•4 l1BU10mete• 

lead. aoJtew, etch •·a.11 bf'at.1~n pro¥•Hl. i;o be 'till'J 

.s&t1.s.raofH)~il1 :u.~11 •4 l'•lt1tt.tvel7 co•'mt 

(fl~• ff!}+ lht m&•'\ obat1net l)ug in this t7p• · 

Of Ull-aeld~ ls tbe Oh-S& 9f 1$1'0 l\$Vtill •1'h 
' 

t•mp•tt.t.tura,,. J~l P••~d;~(I" Vl• .1ll~tl~ ot th.$ 

aig~t tub• t~ough a 'lo~ W$."~ ••11 ~tl 8$..lib~a.ttq 

~d.iat•lJ ~f O:r~ ~•h run this t•oul>l• wa11 lugel.r 

• li:m:tnat4!fd• 

12 



>;Vith the 

o:f:t' the 

by 

t 

13 

ao that 

w~ll 

set1 wb!t)lt 

:t~lativ~ to 



&eotoh ttipe,. the tape res$t 

tJ:f' angla • .t\ point.er attached to th~ 

secrt1on a lidltl:&.'~ t\Cl"Os!B a aeale 

to the 

tnOV$:1!!$Ut 

sub,aid:iary base the 

the sheet a i.l'>J'.bole, 

t:th$~'t to th~ 

a. ot 

14 



the p~0vious section we.re 0om:pleted 

shitetH•: 

~l El 

oz:i tra?1si tion 

blil) 

to final l'."a$t1lt13) ~ an 

ca;r.riad 

of tlo•1 

0()111, v~x 

a tel.~"1' 

seop$ on th0 t0p th$ seotion t 

front or th$ sheEtt*e leading • flow 

l1nea be ele~tl"'ly d.latingv.isl.1$d• but no 

th~it' general ebaraeter eould b$ observed th;¥;10ilfi5h• 

15 



eu:t a e•nt:ral J>at"J.g$ ot ~lal!l" .inelination ot th• 

sh•~t. Htt•evel'; at ~& · el(trP•• ov th& etne~.; 11t1hian 

sepal"atton oe~ul\"r•d at the le~diflg e<lge, this 

phen~a ot t·l¢ni eepa~ation (10\\ld ~ •••n witli s:.•a\ 

.,1-.~:l t1 and 11.~n••• • AS aoon aa 1\ oo~tt.f$ a 
wedg• et sh.up., 't/l)'Jllf 4-.,.k thf.\dQlt appt~l1$. b$tw••.n 

'he 1llllmlaat~d £1ow lU•& i:lnd. the e14• et· tb• 

sh4l!H&t -on Whleh ••PU•tt• ta teina p.l.a0$ 1. th• 

h•~ •t th• we~• "i~ ,at; th• 1-41ns $4g$; ot 
oout"a•• Ju• to thtt ditf'leul\lJ ot s"uing s.ntf:liJ1t•t 

1ll-1n.atlon n~ pb.Qt~ti~•ptu~ ,,.,.. t$kiHif bO\ll'eT•"• 

~ l!l"~e ct ggu.JAJ(t 1.noltn-.c!.on b•twon s•pal"attfm: 

• the c-.oaw •ld$1 t1>a ~ oae hlimd.~ .and th• GOi:t.'ft<ll 
. 0 

•ide.1 on the ~tb••t. w:as t~ 'o ... aboat 14:1 and. 

the po1d.tiOU$ at whleh &&pvs.tton would •coul!l" vtire 

•it•b118'n..4~ ~ t~ r•~t tt· ~· •••u•-.~-•, e. 
·••ntP111 -,<t$:U~!.on. b$twe•a •••• l1111ta •I $1ii'P: .. •tl• 

was, a4e. 1.\\8 ~1'1 t:P~ z,nq1, \» ~1eh all ~1~• 

l'IU>• ~~t•ir•·· 81.tb&•qQ~t ---~--t$ ¥:a1id•t•4 

th• ehoiee ,r>f ~his p$tt1t1011 &$ a tu~u't.,-1 t:m;• ta 

wh14h th• 30•1- tltfe,et; d.o•e ut 1.ftflu$nM \h• 

tr-iuuri. tlotl ;:oint swd at wh1Cll th• onl1 ette-et 11 

that r>t eu~1tatutt•• 



wa.a 

the 

etta.tie 

o.t 

a 

o.f ~e~o 

the ehanne l \'If.as 

~i;\Jo,;e 6 

to a 

the channel 

t 

.1''·'~''"'''""'"'4•·l• x1~ .,ter 



felt ;mi, 

.epeeid at whieb. 

two.fold., 

18 



was obtain~Q. 

laye:r· a y direction 

we;re ,plott~d 

~; f (Y;,. fi;.) 

trie~i.1 dis 

1 t to a.ct • tha 

t t ~ y 

on tu.be instead 

:ii.ts eff'cultive center, ca.s~s p:reeisely 

th4&! Sa.!119 pro.f'ile lies 

s 

19 



it-

to the 1 

on 



tlow i" l~~. ell pr:of'll.•$ 11e along \he ilaa1u;,s 

6u~ft • As soon a• tr•:a ttt.~n •eta in th• p~otil• 

4,epa~tll!, tl'Om. the Blasius. our.,, \'Je1ng AW'f• 1t fO;t 

•mall •alu•a at "Y} ( # ~ {ft. ) cJtOtt:lq it at ,._ 

.ttelfat• •ala• ot Tj ,. •4 111ns btJln l t tot- la~a• 

valu•• ot 17 * 

!'his 4epu~• 'b.0~1 h.tl ••• -••t)••·-4 
·~. h~th•• th• .,.ed: 1• I•• the· • ot -.. 
1amtua~ nam•t h•t\ua111,. ~t •u~a,• 1 ••· p~•tti., 

wnltt .., • ., • tv.117 4•-l•pfl)4 ~wleat pi-ot'S.1•1 

wt 1n ,_ P~• t:1f a,."4• fiY-$il.'1al>lt1 th• •1>••·• 
t~ ~:tft ·1a.t:~t\~ t\') ful.lJ 4ttYe10pti4 W~t. fl• 

a.t aur •• atatitim. ••Ml ft'01l M· oomp1•••4h ht 

f$pll:ff t1U*e t.• ihtl l~a~ OU:fft ·~ aoit Ofl;l•ll 

at:•41 OU\ qultt •BrPlJ ad _.t>.lte O.li 1#9 dt·tt&:"lJltl 

the beg.um~ e:t t~an•t'f.Gn •1,hta :p •••tall7 .of 

l • eo,ooot' th:e •in. •f t2)• 1erno14a .... _. at 

wh1th tbe b~•~1 1aftt i~•tll• t1rt~ ..... sq M 

'bt••k ·awar f'••m tb.e B1ae1us l4lrtia• c~ 11111 tb• 

called th• 'tt111mtiltf.$ft J)Otn•.•,. 

the tltu Hqtd.t'l\\t4 to· ~· ~ tat1e'f•o'~i7• 

eompl•t• EH!>' o.t ve01Q<:r&t1 p~ot!lt• O'f•f' the \tma•l•• 

tpee4 :Peg• at .-.ch m1a&ttl*ln6 etat1on we34 h~ve 



pr<>•en q:u1i tt enn.titl$fa.ble, so a .shoJ>te:r nieth04 <>f 

detef!mbittg Ol' at lea.et lnd1o:iltitlg tr~~.i~ion was 

tle11l"'e4. It is to b• not•d that in Jonea• eJ:pe~· 

lMn:ts on• o.t hi.e sh~pe$-t in41oat1ons Wa$ s. qtt1<ik 

t"l•\!& in tho iu>t~l pre•ierape t*'e~oi'ded. bf a. tub• in 

o&n.taet •1th thcl w1ngt$ ••face* fh• pbJelcal 
~ . . 

eisnitto-••• ot this le quit• •l•.,.,• the'· 110_.k ct 

~,, inv•e.tig"t.qr• ha.I! ahe'Wtl tnt ;t~ my t.vne -.t L •• 

bOunchit!rf 1•1e• tlow . theh t• ·• thtil. ~•glen qia1 t• 

elea• tt> tbe ""f'ftOt !A wht•h the tlow' is 1.alr4~ 

in qha•a,eter, j.n_ th1;i i»he ·p~f!la 1a 1b•a~*' 

u #' con:1tattt·r~ In. the a.at• e>I a. tU:'- 1'$nne a 

slotted end in "a:t•et: wltm tib• 1~ta.c• 1 th• •lot 

will mt!f&•u~• tlt• 4J11,811le Pl'•IS:Uif'e .e>~ th• 1\11' t~ 

at :e-. ••all ettuti'fe 411\M&ce t:Pom ~ w-.11. 

'le I COM14•~1~ ft'tP tk• ••nt that Ps • -~ 

Bu.t th1a, ••tat tan .._ · t.•t••m!.U4 ,..,. the 14•• 
&f 1amin• t'l"* in th$,t, 



lttat the lo~utl ah&a:. fo.-oe a~l"•SOea a 'f'l¢ilent 

1~«lr$U• ttt tbe t"aaslotle Pe,;1~• ta w•ll. kn~f 

~nee the V:l<Jt.l ino~••iu~ ill \le• ~ 'tht p~e1et; 

eaa•~· •tao• ll ~•tb.•1¥ ~-. ••- 'f•l•4 to 4•M~rdt 
th• t~•eitS.on pomt• ~tt1oi•at•1 ~-.t-» .... 
~•lat1v. qtUAn,ltt•a '1l\t!"O ••lttat,tO., th• to1'al•&tatlt 

ttt:'be •au11. ' '' ao th•t tht tt:ta1•h4ld tub• .fua' t<.moh-4 

the a~eth a.ittS lllet •ll&litl,r ~ea 'he t&ta1• 

1-:ad t.u:Ot t.n eont~t with tbe wall •mt that the 

atat1c 0t\t:~ •le;a.•94 'b& all 'tq a~' -. dll:tmetei"'• 

llnte illl:e tta:•1• t'llb• 1• Allan.a t.Q~fl\telf J••l1•1 

to .. tht: a~t,. ~ ·~•• •••~·•~t• th<>•- .th• 

•t•t1o pM$8U.. to w ldld't'Mt•« .. ., "~ J:P••••• Qf 

tll• 'bo.uaci~J 1~1', 1t 1hw:14 n••M th• 1tatit 

P••s•e• el.••• to tlie ••11 with :P•at-.'ble •••~a~7, 

Th• gl&a41•t ·tf .t.tat£.O!i!!'»f$$s;Ue MW•n th• pe<bt 

at •hi~ tb• •t·at:lo tuhe 1r•eord.$ it aa4 th• ett•Cll¥1Ye 

ilete" flit the t•'•1•h••4 tub• ia :tul*•lJ n•glS.gl'bl•• 

OontUiJq'tlenti1f1 1.t ••~mt Htl:tonabls t~ a.ta~ tbA\.t the 

tt¥tal:~stat!o tubf!I •aflf;ure:s the 4puutllc pl"<:u!J•~• ot 



the $11' t1ow a.t •~emall •tteet1V$ di1tMce from 

th~ wa.11, 1e :t aete:rroin~d b7 the ·~ha~ ot th& tot:a1• 

heG.d. ttlbe and 1ts 1zrte~f$~•no• on the flow o.ba~&C"1'·• 

is ties,, *ml$ lc;oal sh•~~ co•tf'io.!etlt eQ be deter~ 

m:me :IJ''4m:t 'his dytl•;1e h~•d,t 9e., and th& 4111amto 

head of tbe at~ ftt>W b'l the fJif.fe atre• just at 

the •dS• 'Of the b0:un~ 1ay•r, q, 1!1J the t~11ow1~ 

eal1altt• 

fh'eat oa).'*• ~-• t--en. 110 __ _.._., ·'l J'1~t at the ._. 

(Jf the ~dG.:Pf l.q«t:P r •lnO• th• 07Qf'9&tUH Of tbe 

atl'•• l!n•• in t;• pe\$b\#.al tlo• r•qu1rea a 

g~e.d1ent flt u in •• "I d.il'ett1.,. • ft x wa.1 l•t••.ml?l•d. 

trom Q.1 at th• <t•:tt1 ot the .~a\el- tluidt tb• 

ail' tem:p&"Patuff 1 thf!fl b:.wo•\rle pPea$ui-e:, and. ~ 
i 

~lati'fe humidity by the:tte'1al ••tho41 u.a:tag the 

'\fQ1ueti otv deduced f:rom ~mitnaonia.n m•teroloaifal 



'1e we.s eval:~.at~d bi' tltt:U13 one valtt• e,f Gf 

to th&·tbeo~•tiO•l Bl~1tts ~J'ft at ll tpeed at 1thieh 

tho flow \VQ establ1•h~d &I l~1nu bf a boun~:J 

lay&~ p;rotile, It wa$ aef:lume4 to rea111 oonet.nt 

throi:agho-at th~· t1pe$4 i-ang•., ftle ~-tulta $bowed 

that this -~:w,'!.tptl~ .it. :no·t: •11teietl;v trut 1 stno• 

th• g•nera.l 1aolin•ti~ ot 'thct lul•v po~'l!QO. of 

tb• ft w ft]( e'L1~• was 1~ ..Ot' •Mal .steeper than 

the.t lndicatd bJ th• ll•ittl: ~~'f'•'ll alao 1e 

va1"ted :tMm. 1t.*t1.on to •ta.tton, ll.tl•Jfeastne •t :a 
1nor•e.se4:• Rene• th••• m•••u~eent• •QU.14 no\ be 

H!at'"d$d :f;\fj g1¥ing ·the f;l*U& Val~& 'J:f tht· l"U 

ehea~ eoetflotcmt ~ IOVt•W'l;t th• •~•·• •t th• 

SM&l"' eoett1•1Ct -~'.ld;•fi '~ th1$ ... ,. SfU,~·•4 ta 

'be·. el-11• ·t$ •• o•r•• tak• 'bf th• uwa1 #ithed 

•~•:tt1•1•'* .ta P'ft1n1u th•.m1~1_. •.1-• ot 
the eapt11!'U.r1;tal ah1;ar ecn.tttl•l•' ••• •ho• '.bf 

bound:ali'V 1~•~ p~otlle1 t• oeJ,11H41lOri4 t-c tb.e •ttut 

o~ tl'ena:tt.i•J •• -.t tbl• P'iBti'(i')a• ww.l<t •••" 
th• r•a.1 iihea•· ootttlal.nt t;;• 1•••• a..i• ttown,.a« 

ti*'•:nd along the 1$!1la~ enf'vfl cd •t.f" upwaria 

towa~d th• hllJ' d$ftl~p$4 tu:tbul'lfnt eurv•1 tb• 

t1he~ Jtte.thod f;>f 4etet*$in1ng th• t:C$Us1t1on po1at 



pondene$ between t:t"'ans1 tion indi<:'H~ted on the one 

which 

flow 

loeal 

tlov,r 

ease 

v@loei ty p1"of'!les on other aheax<> 

Vll'S.$ SO t at 

( f .:tgiu:~e$ 

be an 

) .. 

voin .for 

co~ff'i~i~nt ct fully· develo:p~d turbulenti 

hea:~ry l:tnea • :tn onJ .. f onia 

v@loei ty p.rofiltHs eor1tliot. 



!hla •as at atat1t>:n #4 on the QOnftx sit\$ at o( • 0° 

(:f'igu.rea #21 and #50) me:re the transition ocou::rr$4 

n•~ th• ma~ "lfel.ofli ty o:t the t~•l·• 8ince 

the motor ls a little 'tlnatabl• at h18h •P•~s, th.$ 

obaet:Pvat1~ ••~• OA\l9~1td: wt with g~ee.t d1tt1•1t7 

and hQnee •'1' n~t be ac0~nra~ • · la a1l •tb.•t 4••••,• 
th• t~ •thocls ag~•• Ml'1 Wi't·ll b4••·• '!11•' •h•~ 

•tbo4 was 4$Ve:1o:ped ft.ti;•~ 'tb• •w'V•'J• •I tJt~td. ti.Oil 

tm tb.tl c~n•ave •'4• had. 'b••~ •••Pl•:hQ.# on thi• 

$14•1 '"1••• •11 bt>d4~J laJ•• •••••••nt• al"e 
•va1la':ble tfP detenintna t:r:u.a1t1•" Bo•fff' 1 

th•J' •~• qt1it~ Otl)mplete an.4 ~· t•it to 'Oe autf 1e1eat 

1'o det•~ th• t~.naition pG1tlt bJ th$ms•lv••• 

fl•tns th• ti'iom.!que 3•ttt 4tlJ,,.e,:p1b$4 t•• 4ete~ 
lr.tg the tl"'•G1tion ~i.nt 1 th• work Wa.$· 4i'f'14ed Ult• 

tw"O pa,,.ts.J ftra.t, 4'1'1 mwa•1ptien, <tf' tb1I Jon:a• 

effect wa1 ~~r!~ O\lt on both $$.det et tb• •h~Ht$ 

by dete,~~ the tr••1tlon peint at a alngle: 

atat:l<>n o~'i' a l"M.ge t>f an&lea or 1n~ide:ntub. b 

•itheJ.' sid• angl•s· t11n1ding to. s:n?•a•P''fe a high 

valu• ot (Rx),- •111 M. ~dlfl6 "ITAJii&•; ~1-•• 

tending to J*e.dx.iee tb$ n•1:1:bral •alue of (RK)7 will 

be e:alled 11tJ1UlTA'BLE*'.• .Qa the oonttaV$ $14•1 m•as~•· 

ments w.ere ear:ried out ~t both stat.1Qnl!lt #2 Md #'61 



Wl$1l'e 

lo 

on 



eatisfaeto~r eb.~a~ dEtter.mination. Eoundary la~er 

v~leoity p:rot1l~s however, w•re 'hakeZl at station 

fl'7: then th:$ tub~ was moved to station 141 whet-t 

th$ d1fn.Qlie h•acbt at the wall Wtlt"$ h1gh $llW!h to 

r~eeri sat1$ta~torily. It was ~t this point. ~at 

th~ ~c:~(i•mier~l'J:&ZtH>•t•:r ''~• e~t~1t)t&d• M<H!ti$Ve

menta w:&l'• ca~l'ied ~t .at &tat1® #4 at th$ unetabh 

• 
0( • Get ~ts· t~!E>$ Of -a$ul"~~nk OOaft~ the 

ohot" ot <X * O~ ·&$ • t!',,ll1· t~A$ttt,.al poaitlQ!h~ !b• 

:mti'&Sttrem&n,tt on tfl'~t1t1on tf:t't' the Jon•t ett•"'' 

1n·•etigat1on •" gtftn tn f'11U~•• #8••84, Ni4 

f26i 211, el:l •. 2Q:r: 10~ a11. ~e. ·an4 67J •• •••ult• 

ot the· 1nv~stigattfti1n •• 1tv•n in t1p»'1& #251 •• 

a ;plot ef :(ft~)r v.a «. • It 11 to be noted that tile 

et•b1• angl•$ t'tlr bo'h •id•• ot tho ab.a.et ~~• plottd 

to th• 1'1gbt •t tht1 ~1e 1 tM 'ttllttabJ.e, to th• letti• 

In n111i t;r, tbt.a lt n•t th• ea.•• sinee a & table 

tUlg1.e toP on• •14• 11» u 'Unliftable •g,1e tc:r th• 

tJthGP<t 

' ' . 0 

Jones ett'•Ot, wh1eh establi.ehE»d the.t o( • o was • 

:l!l:etttt~nl p<.!iii1t1on in w:hle:n tl*tmsitie>a 4$'pend.e4 O'n 



the gen~~al propei•ti~s ot th~ !"'low 

of ine1inat1o:n~ the seotion W~\S 

'.P'Nl.ndtl that eff'eet Qf 

eonvan:te:n.tl:y expr~£:'la(Hl by 5/rc 



into 

I 

~ J f(1-f )dr;' ~ 6" 0(, 
~Q 

I 

of. ':: ff (I -f) d 11 ' • 



• • • 

.!J:{t- ll:) 

d.f1 = e ll~Jm -
t:/-t 

6m - Ct x-- 2 

F-

t Z.fm ;:;: dOCf Rx 

-z 
Cf iet/X 

d.0tee t .,, ju.( tl-a)d J :,. z ~"' ti v- tfx 
0 

.) . 

a, g;r~pll 

/()CO cf111 

IC. 

i<l:k'ti;;::ti..,u:J:n:uil,. ot the $ffe()t 

""'""'"41\A'll:' of' ( l~'" >..,. a 

• /00~ J",,, • o , in 

i2~~tnn ot ( Rx )1 vs "/rc 1e 

0.1au,$a~ eu~VE:!$ ~~·e 



i •'JJ \ :,~,.1 

&re joined b~· a 

&harp the 

• 



plaee 

( 1) 

t1~-~1s 

the 

etu~va tnri&: ( in th~ 

'-''""""'"'"~ ' H01rVEl"V~~ I 

sho1,:i,ld 

eff\~et on tbe H.eynolda nu.1n.011l)):Jr 

o:n eonoav* ( 

tor a ( IC --:;..- a» ) 

(RI( )7 on 

a :factor ot: 2 

convex s :td$. 'l1hi s 

oonf:lrmt Cl~ua~r•s oonelusi¢ni'i f.Uld 1. as t!l$y 

m.ention., is tQ be ~xp~eted from th$Oretical eonsid.• 

&rations ( x~afer~noE:ls 6 a.nd i7), 



(Hit:tl bE) r-ept'$men ted by a 
/000 ~111 

I 

$Gt11l~l'U3: 

/000 6111 
IC. 

ot ( R6m >, 'fe 

t'u:notion1 · 

thEl!ir 

to b$ 

of velocity 

u~~,,,).,. 



t. ClausEtP" •• and Cl .. U.$"11"· Ft 'h• Etf'•¢t ot 
euf!'vat'U.Pe an th• ban11tlon tromn ~v 

to ~~bulmt BO'\'mdta,P'f Lafe~; 14'40A T•li• e~., 

s. »~n ~ i:i. Lt Ai~ Plow 1n 'the ~&l'J' Lare" 
n•1.'1 a tkte; 1'40.A 't,.itt Hi•' 

a,., Jones, I Jle:l'fl11t 11.ight bpa~nlfi W:l th• 

il'olUUl~ L~Y•~t i~ Mti i4J1• Y~J.,,. &• 111 

, •• 1938-. "· ··~:t-. i. Ch Gd Sp-.uld1ntt, s. Bt C.Omp$Jt$,1V• 

lfeatt •t ts.•t•etat1t h'Mtu JAQA f• 1, M41 

5,. ~•ndt 4t-1'~~io fil••~1• tol i:.u:i;. 
I+ Jattea«••fi p._ Lt: 4 -~ ~~ 'b• 'lttet4$, 

tit 'Ju•t~r• on h,117 .0.ft1~p•4 fu~'b'u.1•d 

ftG\'ft Pffth ft~J~ a~•• ~*11 ltt~·1•• A 
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