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'!'hI "I'll •• U Je' tlNl t1rtlt UN4 b7 Ola•••• (11)

who4ef1ne4 1t ••• J.t .bloh .tria. a eu:rt~ at

&nslAt• tlOtr:oen 00 an4 900 tl~ eprotAlU ~I' U. .u
Je. oa" 1lot:1';141&1 •• in '1;','0 Cllse of • d~", lI1~o"

Je. fII • vci'l:lo&l tIIl:e-o!f Mrer6ti IpMlo\d1r4 awl' ••

lP'ourxt or plane 68 in Us c:\Sa of ho MIJt1~_ ot •
co;,:tl oop:l.l'ttted by a aUe~:tl:r ra>lf>il1d 1l1.JC••. O\hI"t'

eX;1:~plc;:; of wall Jcta A~. n ~Gt at ••_WI' tdlL'lU In_

t "

omtr1but1008.

'1'hI•••••• , .'u4l1 •••••• esa.lttH •••• _u
Jete .~ attel" t~ ••••tta4.n' •••••• ,•• fill , ••

Je' "mal" III0."" wltb ,~ •••••• A _U ".. 1M
UlI .,..84 GIl Clnt.ide lDhlbt •• ..,_ ••••••• fI •
• 0114 bOun4&l'7. 'fbi ••••• tl •• _ fill ••• 11__ U

Je, it lalOb 1ar1ltJ' 'ban tllAt fJI • 'hUll 11,," O' _11

Je'. Jet t~ ••parauon llublJJA 18 ••• u 'OBI""'. " 'hi

n. tia14. Hlnoe, t~ lltorature eunt, -- III .11"-

Jet .bou14 '.1" witb tht COl'O MP'" ••n .Je' IIlII -'
•••• ntla117 oonta1D tht 1ArOIvolu. ot .crlll •• , ••• ".
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, FIG. 2.11 DEFINITION SKETCH

(b) ZERO DEGREE WALL JE T iN A UllWanM
STREAM

(a) ZERO DEGREE WALL JET IN STILL' AlP
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••••.""taJ17t11W .1* ant .,.. ••1JlI •••.•••• Nt''''' •.
or ••.• tuutna throuah .10" (red1al •••• ,,...) •••••.

planI."L_. a plaDt "., 1~ .•••••• tia, ,Lata •• "
•••.••l~l '0 , •• nO. •••u1t1D8la _. tI&11 ". •••••••

•*~'tit pl •••

".U "eta of ••••• doar- wU.U•••••••••

•WS.d UtIeft!I1Ye17'" 41••••• ellU_ ~. ),as"
wua•••• fit •••• arob••• IaIft. baliI'. til ._ •• UU_

aN, ••••0 IIN"UN ••••• wntIIJ ••••.•• ree ••••••••••••••••

t. ~. aid ••• 11 •• UG8 ~ "., to •••• _ .••l •• lttM.

Jalll-.r &nil turtN:a.nt t1Gw8' aid••••161 •••• ,1.' •• tt_.

'1'tap•••••l .pJll'ClAOh ot "lJSl18 til ••• n ~ •••
be ol8a81t1ecJ In'o tolladns 8i'ClUIIII. ClDI,"~'~ n_
18 tt'Oo.1tld In a eemt Ol!lJ)1rlclllt~llI with •• it ••1I••-,aU.

uou:yod o.nd th, oonatAnto lmolve4 are deter3lu.4 b"/u ••n•
• nta. seoand, "hlN , •• naw 18 Voat.e41 ••••••• &]. t~

tlow. '1'l1I large" au••••••Oft 1Irfe'UpU" •••• U ". •
. belCIDSto ~ t1rll' P".CNPJlbU" ••• , of 'hi 01»11_ ".,

atadieo Are In ~ lattle •• croWl'. JD bo\b ••••••••• -

ot "pa1'6t101l 10 "Sleated. 8~ .t\MU". or a ,..ti•• asaa
flaw aN lwWevOl"available. ul'aN1A •• t~14 01 Ur""~

U. l' llrJl1t4lclto 'hi I'Ol1tt:\Oh1na .oat ••.•• ell. 'o.aU_
anottol" Cl.Pl'I'oaab now ava1lL\t>le 18 'hi twwleAOe .cd.
lDo.:Sela, \ll'.1oh are evolved ft'0llI thl 1&I'P .., •••••• of _l1li1"1.-
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. ~. earU •• ' ••• l1Abla "on _.1anII.wU .PIte sa

117.ort~ (10). 'lh1a tN pan Or a ••~1 lntfl,,,,

Uon or tul'bulant IIlxlnl or tI"M &nil eCllltlJlH Jete. ".
~.t.uu.e4 lUue inh Hlll 1111'. A••• ..-es •• "ude RlJtlelle

DUmber tar t~ tlow'" derWd _ ,~ ..n.all .••1001\1"

'ba ".t GII4 t,ba d1ataDOe trOll! t~ "all h 'hi po1ftt 011

balt "Xi"'lllll ".1001" 1Qtte tree •••• 82 ••• hcIM1lt.a

"-. (2.;). '1'hI 1Qve.tl8:ntlCl1111we" Clant 1ft 'hi I'IlftOll eI

JleJilolde number 91.000 to ,;.",000 aad behiMn 20 to "

.1Ot .S4thl dClllnat"&m. '1'11)oanoludcma arrlYM a' ••.••

(1) thl 1'la11 "et 1a •• 1t-)K'OlJerv1JlS In na~, (11) 'hi

_baundary layer th1okDI" var1H 11M.,.11 "lth x. """,
x 1. thl cUlltana. 40wnatrenm 1'1'0lIl Je' exit, (111) ~

t~ rrf\::1'.'\1"1 veloatty, var1cd Inversely •.• t~ ~lt"-I""".P

of X, (1'1) tIn volrolty 1n tm t.nner la:rer varied U ttll

one .aevontli {.i..;,;r of 41ata."lCO t1'0CI thl "all, (v) thl

virtual nr1g1not thl tleal ,:sa 4owtl11tre- at ,tit .l~,
(v11) th!l Bfl5lA1 or jet .peoo04 wile apprO:Xl.tel1 '.70 ••
(vl11) tha 81m11&r1ty profile 1a ~ • xiaf(sh

b
) ,,~ •

1&t~ voloc.lty at", x and :J Are 10llgttu41n&l an4 t~

verN 41B~. frOlll cr1gtn. and II arrS b ~ .ClIlatanta

~p3nd1nS en tr. type of f1~1.

A d<:tnllod thllaret1c31 analyd.a at u.' vall .1-"
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.1alIIln&1'1M _bu~Il',~tA1 1M.Jl-, ••••• ....-tM •••
, ~ o~ue" (12J.~bU1D •••ulllPt1on ••••••• , •• , au..

\hi "aU .1" oomprlae4 of ~ 1>ouM&I"1 1.,.1' flow •••• '-

_11 ard a tree m1X1nsfl~I, "lwft oould Dot be a lIft111\11

aolutlm far 'hi floe •• a \/hole. aoodt.nel" •• 'h1det

'hi tlow in'o two J'O.1ont1, _ iImIIr 1&,.1' •••• 'tit ••11,

whfre 'ha .44, '111100111',4tnr1wU •••• o"la".' .n••-----------------------~
tilt B1U1uepoMOr1_ .,.loo1tr •••ot11e aM •• ..-nt ••• ,

.,1IIOOIIlt11ft t~ outer J'Oglalt.. COlllp~WetMl1aI't'r et , ••

flowa, all diatUIIIJ" from, thl Cll'SC1ft••• tCllUlll 1J41_1ble

•• 'hi eMy "liJlo0ll1'~a in ihl ma-r aDSflU'" ,.... fit 'hi

!loe "luteCS CS1ttoJ'OnUr with 7. n.' la. it ,~ -.s1~
.,.loo1ty Uman4 .1.t .14th &a al'lt .x •••••••••• ,.,.,U"
of x, it was round '!la' t1"o ft'Cpoaent. ,~ •• ly" ••.••

tunot1(l'!1!J 01' x. altheugh tl0 vartatioa 1•• 0 .low aa '0 be

un'a tTclO tr.ble .xperll'lY!'nta.tl~'. Tte raU ° or thl e4~1 v1•• 0.-

.1tles 1n tht 1.nn81" aM C1l1\;r)r parta or t~ flOW varUo

. only u the fourth roo' of ISlow17ohana1nCbTDol4Jl IIIl
m

"".

Solutions _" obWIlII4 fer eaob 1'O,1C11laDS -" •• b14 at

thl point or maxilll\1lll vdOC 1t'/e ~ aa8u:JlJ--\IiCIIl of .=-~
e447 v1$or••1ty lmpUe~ro II••••• u II' •• ,at ••1_1tr

.-xlll1.l111.

Anexparlrrental in\'oct~atloa ct OlJlUllrl" tbtareU.

oa1 anal.ys18 was carr1ed cut byB&~ (1) tar'. 1'0un4 ullU.
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••11"., IInIl .~la.4 ,1* ex1U,... cta•••• _11 .,.••

''fhI418tanoe SIrr'.'lPte44C1lfDiiue_ •• 150 beaut

wldthl. Abou'1!5t~20 ~oa~~td4th1 4_'"_ •••

".t extt.'" •• 11"., .as t0un4 UD&ttM'" '" VII 1.a1

.• uei",OCll'ld1tl"'" fA~dmtlo'" ,..., • ,. _U
.tet. tht -.xl;""'; .,.1001" Cl<m4••••••••••••••• Ai" .
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:•••• anlse~ (~) I.e 2.0 (o/'St) •• 'fbi ~1t •••.•1••.. ,
"j : _ ' ".- - .• ..,.,., .-

'teloolty point 62." tcuul "lie. a ,'" 1Dlll~.

a' '.70 to ta' ••ll an4 pI'lllD1n& 'hI'aqh";' ••b •.••• til , ••

. 3'- ax1a. &" t•• 41.tanco t'r0lll , •••• U h , •• po1Jl' fit, '. ., . . '.' . t/.
'maxlrru::l voloolty, Was4edw:0I1 u&1 .0.H1;! ¥(um ¥v)

. trom aldn friot1on maaaurelJCnta (,.lldbe~1l JVb • 415

.IIl1Rell\O~ IlWlIb8rebetween 2.- )(10. aid ,.2 )( ,0-).

~t4"~ sreater thNl '0, tl» v01001tl )ll'atU••••• , ••••

. . \0 be.11ll1lAP and or t•• (atom &1"D1lIf 'ortl on.

',;:.: 'J ...' .",.'.'.....". ..':
.•.a~l1$rt 's .(12), dGdu<!t:tonthat dlllilarit7400e DO'

- > - -",' " "

,.xl.' over tl1t e'nt1rG Ma tlan, bUt \111 1Jmlt1' &Ild ClUt4lI'
. ' . '

•• 1001ty profileS are l'CiGp:iotlvl!l11 ab1l.\1' IOU 61.110INDO-

tantlilted by Sigalla 'a e;:pc.'J,::Janta ('0). 'aJ''' b;)t _11

Je t w'{;;~tl;;;wa l:l ts::;p1lr:--, ~t'ro.18 /llll>1nta1nt4 ~111" u.
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ttNlld '0 •••• tunlIUon JfI1> Aid .' .hI" • U""-
.1.nllClllAl tunat1m or t10 llI8xblllll .• 11'1•• ,..ture T, ., ...,

MOtion. ~et .xlt te,"p*rat~ '" MIl llIIlbl.nt • ..,.,..,,...

"'0. 'l'h18tunoUCIIl U aidl" ,. 'ba' til •••• ,ot "leel"

maxllll1l1l. arbO and le1Dt'I. data b,) ••• .• • 2. ':l'.)(~)' •
• hlreas Jacob.t Ai (11)Slv••• '.'O(~)'. T1IItit,...
leD. betweenthl •• 18 at wi.tIM ••• Ut•••••••• ,.

.180". oCllld1'1•••

. POl'.~ > '0. tht .kill tl'lOU••• trldell' at U .

•••••••• nted by 0t • 0.0005 (um 'V'.)o" an4 .hln ~ •.• h"

'ball ,. 0t • 0.592 (u. x/v)o... n'" tCMld •• ,.. ••

express 0t 1ft .r" lit l'.tll:lr thta ',' aw. ., 1_11

. SJI cUJ'f1ou1t to4.termlDll tlOouratol, •

• ~;::;.ll jot tlaB 1nveat1r;ateu by SOB/an ard cooflrt (:1)).

""lUIuren~nt8 wore tak8ll up\;O 10 dota w14i)ll. 'nil .1.
ocnoluslans were •• tol1011O. 'l'hI .01001 t1 prolU". Ia ,.

1nn9r 10.;,'Orvar1e4 •• Vi4 :t. , ~I' ot 'hi eltata" "'-
ihl wall ro.tl13r .ttan vi' C1v0n by Fcirthz;lanD. O~1Jtri •••

. 'fhI vsrtual origin IIU tcxml to clepln4 I:Il lnl11vldu&1

aptema •. '1'113 longth .oe.lD vtlr1illd &II x
b

lmI1 n.•••locn,
801.10 otl ';,{.o.WUll'iI b • , aril a • -O.5S? •••• ut:dll& it",t ••••
veloalt:r llnd turl)Ulent tluctuat1JlS quantltl •• ..-l'lI •• 11



••••M1'V1nI "l\b .,. .- ••• on. ••••••• " •••••••
• ,U&ib1e aDd NnH turblUln' bGunda'I"J1~1' .P •••.•••.•

\I._'are applloable. nenr tllll ,..loolty _.dIU. sa ••

(lUllIr l4yar tht velocity Pt'0t1le ta oOl'llll14.rablJ 4tro.,..8\
from thllt or a tree Jet dlJI) h tN etre., 01 tnt 1.t\TII.,.

layer.

'1'ht "CIl'kII "nUc:a14 110 ttG- ••••• 01 ..eU ". •• taft-
1a&tIlto lUll air. A IIcrt Jll'aoUoal .U_Uta .0Illt •• •

•••U "et! 18su1il&lD'o a Itroam 1IOIf,",,- lD , •• -- d1JoM.

u•••• ill ,. 0••• of •• rc4~m1O tlapl eu. la~al
,
_ElrUlta. (9) .tucU.•4 .all ~ot. cllaohar81na Into a unlt!ll'.
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in velcoity F0rile wl'8reo.n t1"8 tnner lAyer 40" not. f.l'llI.

t\'l) tnnor am thft outer la~'Orti_re u-.ate4 ••pwa~11 ••••
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aoiWlve4. SimilArly It l/C.O aeon that tlW Jot opllu1.n8 ual.e

ia ".20 tor ttv) enUre nCtt. 0,'7° tar tlW IN>>1'' flaM "ad

'.180 tar th9 outer pe.rt. :;'1:18 IndiCAte •••••.••. pld JG' 11_

41ffU£li(J~1 in ttl) outer l11.:{;X'G AM \)Ot......,asry la~1" tlOil
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'fta _ba~.alii" ••••• Jl'otl~••••••• ,.. •••

"'0 tCll"ail."a1Ui1' OIl~ sa,•••••• ot .,., u. I1AIlII

. .Aft4 ~Cil"1•• -.a1UI' fit ~ tor ._ llkl 11-. ftI'"
11111•••••••••••••••• 100 1" ••••• 1111' ,oia. tM'"0'-_ •• ttll -.0 •••••••••••••• la' 18•••••••••,=....•-V. 'or".UJIIIrt<llll ,.. alii'" ••••••• JI"Ol1M
sa aillllJAr to ., Of a tJll' flatll ltClIIaI.., aa•••••••
••••••••I"ldia'.



TI:o mix1n8 1I!lngthp;.'otllclI 414 not ehow .n:lrsl:~l1&-

,.it)'. starUns with a .tWuro4 .0000ltJ •••atl1le ., JV1t

. fit '10 ,~ •• tank&!' •• ,.24iDt& •••01•••• (II) ••sue'"
.01001" Jl'atl1leO .h1Obwtre ••••••••• , .hlt ,,,.H."
•••atU .•• emo,t ,tat til." /-v. at 0.".

, 'fta poSD'at "'D'Mp:I ldDI'1t -I'D' •• ,.sat fI .
••• ••••• •tre" ooSDol4e4. C. 'bI.bO~ 1\ •.••••• , •• ,
a "1II.liD fl •••• _, •• 111_• tla' ,laM II«mdwt JI;Jj•• ,

•• Ie1'O pre""" poadSaat 4CJGW\:I'e" til 150 .lot bIJ&' t••

. •• •rilt.Il"'e.bJ 1'ht11lill en) 'la' ,••••. '.
W i ~, rlotl ';re 18 pItopor\lalal •• ,.... ) • ......:.....

" . . """. - ,".a aatutiH e•••" , ••., ••• _-, _ •••11 ••••••

btl' •• 1M.itbb ....-"..t:l•..~u ••••• ,
, 111,!It ••••••••••' •• ~.taat*"'.' ',.,','e '.,,", ,,"• ,_ ,'''' ".' .U.al n••••••

WbiW ,s.~ iId,.. ••••• , ••••

• tHo'Jt.aiboe _bit •• Il~UNdlr htMil»,••••• "
wt\b "loot" .-bat ••••••••• W ,. liOlIeS. ••• '

. ~ " '.'

, _•••• 4 t".thtbl eXllIrt-ntal ",utll."". M'blIIII'.'

•••••••• a, .blohS. .1.I'.W •••.•• rUSH ••••• t•••
•• •• Il" •• o••• at t•• 11:1111.ai.a at JJA. on. •• ,"
•••• '6111'" "bID .•• lodt, •• w. 11 ••••••••••• ,

_0",140,," br Bra." (5).
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, •••••••• j ••.•••••••••••••• ~iDW •••

ibi.•••,.. ('It) .••••••••• , •• etnHlt ~ 1.1"htAlO ••••• , •.

.n...AlI1"o ••.,.. •••••• l11t sa•• l•••••••• ,••., •••.

tlD;bio •• iIIS4ti fit ,. 1ft". 'bIt ••• S1ti •••••)' ••• < .

•••••• ••• _; •••.• at tbt_ •••••,.••~ •••• ilt.
••• '''.0Ii;Wi .iicn •••••hOI" sa •• u._ .UiP .••••.
'.,i;. ",' , .! -,. , " " '" .'.' ~ " '.. '. . . -. _' •.. -,', ': .. -

~ 'bIt wall. "., •• lMame. U •• U•• bill'"", MP .
.•••• .,.1001..,."'0 ' •• SCI•••• ~ ••••••• jI ••••••••."."e tibSa .Jlilitl' ii..,I'b Ult••••u-. .,.•.. .,.•..••.....
.•••• .., •••• 'S..'lcIa"' • .-11 .tel. 'bit •..•••••

•• . _~ IDCI'e mMW1, ••• lIClII'fIt h •.••• IIi •• " .

.• WJa' quilDuu. •••• ,....... !'hi •• 1.1,,"'1•
••.• 0.15,0.91,1."'" 2.' ••••'blo'YP. "'1S •. t'tt
•••• 0.'16 lIDlI 1.14.'l'bI •••• fI ••• Ibe ••• 11.£ I

SIiVe.tsaat04wu betaIM. tm"0....,,c) .1" •• tehtll •

. MtaBut'017J:lnta of ;;. I ;e-, : fl- I U'II ' and 'urbu~n'

111*.87 .peowa wre ~ •

.'fbi" clecNit\lClDl e0ll14•••• Pi'" •• te1~.

!be natta ••••••\11'0 III , •• a•.••••••• ,'aU'" &1••

, •• nOlf. 2D ,I. •.••Ica dOltll'ue" fII , ••• 1c* ••.

•• '10 ••••NUN l'oM .CID8~1)'. !'b1I 1''''' ••• ~I u- .
eu1v1J 11&n1t10&Dt t•. Ito ~ .•.•1. et 11, ~_ •••

..j~;~l~'ial."Of U,t Aas.~.c,h'~b"f--at .v. •••< .

b1&bPl'GWNN "sl."~ l1SA1tlo&- .wlt ••••.•• .
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" .' .1.: .. _', ',',' _ .,,-,' .. ,',' ... ,' , '. -. _ _ "
..• tiiU'.'" , ••• aHCtta •••••••• ti••. fill.

~#,••.., :aa,.. •• it. art. a,pUAl~lAt GIll, ...-.,. ..
• {, .,' .' -,' ~. _ • J • '. ;, - ". , .', ' • -. • .•. .1""~clOW.,"a..,c."U"aluH et~" •....~"tt"UIt .'tatMtlC17 tc..JJA •••••• baaIO •.••••........
,i ", ;:, ", _', . ,i ' _..' ._, .
1ArPwalll'''1. bJ • ,btoll: 11, .bleb U ~ .,i.i'~at _" beet••• M•..• Ia. ~ JV1t., '0 ••••
>ihI .tth,at tliWtic ltJ -.s '0 'III "bd •••••..

. -);, " _ • '. • .' i. i.","' ". ' , ,'-" " .'0.1••••a' 1*. 'falUIlor " ••••• '. sa"' •••••.
i. -' _ '.' ,_' " ,', " ' : .

,111M••• ,bit polDH,bIM 11sa,~ ••••• D' fit fiN ••••••.

...•."l"lt,"I •. 'rill. 'blOt Up"hUH.'" a ••••• ,MliddAl
•• .,eat.,.1001t, •• 1I11IIIt~ 'bit 'btall,• .,.., •••.'lit
~re81Cl11or •• paratt4 1'1owW , •• 1aIwt1'• .en.
'1'., _ _, - _ -' . ,'- - ,~ .

,.tto' beb1lld, •• s]'Gt Up o&\1H4 a hbe._117 bftoII•••.

....ldxinl 8oall. l:veaa, ~ .150 \ •• "d.U, .xl •• usa.
te4 ter both tht 11~. tor tJ.gl.1' "'10 at ,,'l.ttl IlJI

..'*~Ataor 2.'. For x/b > 20, a lagal"lttvn1o YllorlUJ

. t'esicm ex18te4 tOl' all "doo!'y •• U~ aul 'orbOth , ••

'biole an4 'blD u~. on. lccarUbllI10 ",pea .Cll&U•••• U
"intented b7 tta 1". ot tbt •• 11••••• 1'a. ( 23) ••••• •
.. . . .

, •• aU ve1oo1tT •••Uea , •• RIt:rno14a 1lU••••• 111"7111.II It

.• tIb101aless 18 a'pStlotntlJ larPl' tor 'hiell UJI. ".

..••••• fIIO~ H •••• ISI" tloant11 Wail tor 1_ yalUM .,

..• ~Aa. Wi! < 20) tor , •• tllSDkl1P 0••••• ~ u_.'pt.
tuaa\ 41ttereDOl betwllQ*' tblOk &rl4 'bia ,U•••• , •••

tOIl' l.&rEJI•• 1001'" •• U~ tar aaJ ~.
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'..•.• '** .tbto.kllJ.h •• lda "'le\1•••• tt~••••
'._'.bl __ b••.ls.r.t~ Uth•••••••••UW ,0 ••••.. *11•

', •••• 11valunoI.~.' 'i'hU .••• ""1'" W •••
••••••••••••• s.aia to •••• 81c* •. ;.. . .

'l'bt'btok tb 0•• 4 ••••.••• " ., •••••••
••iOluut t••• U •••• at~ •. Aa Jvt» •.•••• UII•.•
bI •••• , to ta.etp)' 4i1la ••••••••••••• , t1iI-.
'1••••••• m-th1Sb •••• tbt al". A,•••.•••••• ,,.
It••• tshta,,tit ••.•tnbutiCill or tl•• 'taa ..-\1'* .'

'.'•••• ,.. .tota 'urlJ&tUlntbClllld..,. 1.,.1'. wMeh••..

iii. tCUII lD 'hi •• rUeI' oaeeat Walt... 'l'b.- tie .

tluotuattDs OOlllpcMbta fit VCtloo1t)" •••• tClllDt to til •••

de)lllldaatClllt.U" \blOkneM tbill _ •• l •• U, ••••1••

. It \1"8 8een that t10 turbulent kinetic el'lllt'C"J ~

bightr tctr' thick 11~ t~ ~'b at 10 "hi•••••• , JV1» ot 150.

tlitturbUlent 1d.DIttlO •••• rt! la ••.•••• ndild _ ••1.'"
",10 t~ClIl Up tbiokUl88. '1'hI.laar .t1'eU orll'"

••• 0 lD &110•••• PO.p' u~~ of 0.1' at JV1» ., to. fIJI

••••••In; laol'" to .tl1t wall. tbUl VII pot.Dt ot •••

••nOll" lI'84"'nt.'~ aU 0••••• t JV1» or 150-.1, , •••••

. lla •• a••• OUI'Yo. 01'•• 884 .1'0. that or u" Aa. ot I.»

t•• botlh thI 11118&lIS '*" ~ of 1." tor 'hi ~ u,.
, •. '*" As. of 2.",' val.\lBO or 1lJU1Il&UI y01OO~'J' Ullla•••
atN •• 41vOl'&'id •• ~ iIlC1'Oa.MI.. '1'hI 1l1D1- IdIItUi ,
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. '. ."...••••'tldJlllaliQath'"............. '. '.'
btillii_.oy .tua-bu1eilt 1ene::h .•• ~, •••••• lAI"IA•••••

iI ia. Men' thit 'hU••411Uo1llutt••••• DO' .bttlal'. t1it"
. "'. .

••• dlhIW .••• ra••••••• , (5) a1ao ••••••.&lUil ••• WU •••
toUllt'." ilO'i. __ t, 1N,hi' ••••••.••••• ~) ;JOt
hilould. iliI ••• it "0.15.

aU i" III •••.,illli1al ••••••••••••••••••••••

••• ~nU •• liM.~.Ia ••• n..,.Jlowia (1').

' ...•••• U\ll'e.ilte .Itt 'h.tIl •••• tbI •• , • tab"" .*"'t~,1e

.".U""I.' ftiIt.-UUi'Id quantUse' laol••••, 'kln tria•.
tt_. "l&Ilv.l001'~JrOf't1u,turtNlI ••• 'hlar,.,",
.~ '. \ . " - . - '. . - ,".' "',- -, ..-,-

&Dtlt•• Ute., •••otra,d1IIll,aUoa •••• tlrClUlb .U••••••.•..

"S.tlClft. 81Ds1e POJ.Dt WipJa and 4l\IIIdrIIp1e •• 1011" •• ' ••••

bUena anct1n~~nd.t~DOY. '1'hI ••••• aure- •• loalt1 .~~'i"....•..
- . . . ',+:~k,':, _"', ',.
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'. -, ' ,: ",- __ .,>":',";-''\..',';"',

•. tlCl Of'100.1 uotl'oP1.A •• 1cle1'~"'Uo fII _""'_ ~.~~;.,
"'oboDen •. '1'bt ".t Re~o14t•••••••••• 1.8. tt4'..... ,:i
••••• Of' "1I8\U'I.ntlt ••• 60 to 260alo' '''lcbt8.

~ .• lo' ••• 6. 'D tr:I higb .Dd tbI UJI tb1e1aiI ••••

'. '.18 •••• 'l'hI wozoktns eeotic:n ••• 2.'0 .1CIIIC IA4 0.'" -
'Iilp~ . 'llIt turbulence or et:roall ••• 0.5 ••rau' a' •••••••••

IDa apeed. an oompar1AClD or 'hi ••• ured akllJ triOtl •• , •.
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•••r..-.,", '* ..•.,.1. '" .thle., •••••••at ••,
••• .rttb ••• hot ••l". but ,tle -.P".ft' with •••• i••. .' - ,

(I,) data t~ a .1'0 ••••••ure ••.••te•••'ia talr1J' ••••

~t h. pre •• Ul'e••••• d1ID\ *U"~lftt1.iM'. l.sa:
t1"1o tlOIa.

Jean •• 1001\1jll'otUM abutn•• ., tie.," IlIA

. ,hot tul1I a••• rall'l, tD1Bl•• at. C7bl*si-. a •••• s.••
•,. •• or vi2 IlIld (u.•• /"u.) \be •• "1.'tr ••••
t••4Urt"'Dt ~.0lI1. beool1a••••••• - .t•••)4 JlI'.

ja • imll' 1.&,.•• t•• a livia, A. Uooaa fiu. 1M••••••

'UCht1l' •• ~ Ialore••••• 'n1I 10&V1tbdl,1.aw a,.u.e
AD. l1nd.tld •.•••• or '0 < '7 (150 •••••• '. • u~ ~ aM

.• , 18 thl abear "1001".

al;:lc,t 1n r.alf pt'eaorv1nC ot:lto except tC1f' tta point or

.1'0 'lEar atNI'. whiohoocure4at lower .a1u•• et " &I

" • Ino•••aaed. WblD 'I, •••.•• t•••••tar ~. 'IN ••••••

•••••• at akt.D tl'loUClD'" ID acr-_ftt wltb •••.,••••••

T~ I"aze atl"l", oaloulatecl t1'011'hi _. _.m- ••.•..
. ..•..•. ,

\len asNe4 ve~••11 with the .u\1J'14 cS&" ISH" ••ao

••• Yeloolt, .-xll.ull. The turbulent quantlU'" :e••,;ra,;ti

au •.•aobDd tbtl •• .-x111U1D va.lue' at about t1•••• f01D'
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....USM1:rl.,z.l'. ~1:Altt ••• tia •••• b,et _n .
.. jj•• /u"Aa- IOJ.Mid .'" ••••••• "., ('nit' .

••••'beuppU .••••••• , dXt"'lMe.tt:rwtu"dl'"
,ttl 'I • t.o).

AU •••.t'2lt ••1.t'JctCll'N1••••• ,.iII •• ,•• , ••

*ola •••.•• wO.T(l} (O.SWbleb'" ••••• ; ••
...aU •••• a 'potb, w ..-ullllllI"ar ( " ••'). ••• .
.••••••• D•• Ub ,til .edell' or _...,.11. and r.-..•. (,~)
.•••••••••t- •.oo4 tar.~o •••• ot "i'ro"; " •.•• ;t;_._- ..., D .' • . •

"lIbU. ftflO .NII&lIdDl. 0&"'01,*,1,18 •• l.it:r •••••1a.
UciD'blllI*l v.luI ••••"IIIIMuN4Val" 'Y a.1I •
1n ma.r;nltude though tht sororal 1111111 of tht GUJ"'Mt1 •••

jlrnp.al' totb't ••••dlote4 by Ji'r'JallGllncl L&uDMl'
. ' .

.t•. ,bit •••• Of •• ,.. •• IA OblnMl fl_.

TbttGUrU!"'1' .crN1eU.'baO' , ••, n. nat-•.. t.t... flit U'. v' ••• ' ••• elCIM to , ••••••••

'Ya1tll tit , ttflO ua tul17 tul'bu~n\ ••ct-. tlut ••- ••

, ••••• "'l1e1l •. 'tbt tluotuaUIlS GcidIpcII •••• -;ra ••.
••••••• ateD' W 10". but ;ti' •••••••••la'" •• ;a

'." ••• b7 thl oCll"Nl.U. u" P". ",a 10" ••••----.," ." ..
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tbt 1181'''artP081Uve"tJ)n tblt outtlcle D~lto , •••• ft •

.lIlD 'ht po81t1V.oo-~tedtreot1C1D •...

•JlDtot tbltel'lll8 Of thl equatlClD'.1) •• lit ••-pit

.'.tha'l' 8Dclmterprete4e.£) 41tt.rent "r!~~turbale ••••

Thllt1rst t~o termo f ~l:!u .ctt8Dd J YT- u' dY"preM'"
.. o. ... .... 0.. . ...

thl aU tlwcot Id.Det10enors:J CU, ot,,, •••UClIia .., •• , ••••

...~ l1li811 flow) ADd dtttu81CG(br Wrw~e). 'f1lI •••

da ... ..tIlr at (~+ff). (utll• ""a)g)dlt4FU ,. ~tl"
\0 0 .. ., . . .... ' ..

ftJlNMntmsPl"OdUOtlQllGl' tu'l'bU1lanH. !'bU Ia" •••••• \1•

. ••• bt eUl4'lmdai'cltood Cl~ ,bt ••.• "til ut •• ill , ••

..•••••V 8QUaUantOi"IlilUIIl flew. but witb ••• U•• u.a.
BtDOeao tar •• ma1n flow .1aocul.recSU sa • ~, lila' at.
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1'bIt eX~r1.nta1.-ecralllmt inYolvecl 'hi.••••••

IIItnt ~ atatic pre•• ure, total jar~uiaureand tluotUltSnc
quantities. TJw. exJlltr1lll1fttal,aet up "e." a *tN •• a.

a Jet aid tbt 1n8t::rlalllente tot' ."ure_b' ot var1au.
quanti tie ••

1'bt equl_biJ •• " 1n: 'bt tXJlltr1_ntal "'~Cl8NlI•••

abOwn 1ft 1'18 • .IJ.1a,b,o,ct. 1'ht Un1t0Z'lll ••••••••• JlI'O\'I.de.

bl a blCWJ'w"Jllt o~.,U1d trwme1. TJw PGMfIr"o'1ea

Oct181ate4 or two oontra-rotaUDs tane e&ob 4J'ben b1 •

1., h.p. motOl' OllGr&tiq cn440 volta. TJw OCIDti'LI'O.Uea

r.ctUOe4 tbt -DeSenoy or t1:e tlCilf to .w1l'1. 1'bt tIl.l.rD1 •••

orlc1n&l1y ot a 8Uotlca tYl» ):ll'ovldfng a atre&IJI .810011l7

of 'O~oo. Byrevors1¥lethDPOWGrcQ:1IltO ticaOf 1;1»

motor t1'e tane were ma4Gblawer type, but witb .0llII 1e-a
ot el''t101ellDy. Eacb tan OOUld be 1n4ependent1y OJl8%'Gtect

fUXI.a VOlo01tyr~ upto 20 ,yaeo OOUld be obta1De4. 'lbt

.b .• or tha PQI.r seotian \,a.,s 0.50 /lId1a .aid 1.05"'1_.

i'h) power scotion t.;UIJ preoedod by a ccatrol S$oUClQ

. aM IlL ftOit18 reduoer ot slroo' 60 media) by 0.16 DI. 'l'blt no1ee
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recStlOft' 0Clb81•• " or a , Om "lde anmll•• PIH JllMIIH "Ub
.U .••.• 001 and thl s.m. •• Platlt .••• or Pt!'1'ClNtled '.'.

ftI no188"duoe ••.••• Dot et1'lount t".. a blCMft' '"' or
WDnIll. '1'JItoontrolot tlCM .••• bJ' a tla ••.,alve "h1ob

1.14 IIIadJ."" •• des1reet. '1'JIt pare •••• oU~ •••

'ClIlMoti14 to a 01l'Oula •• to NOtaawula •• tl"aaslt1~. '1'0

:reduce tbI .•atot etreat or t:~ lIIot01"ot thl tan a OoazoH

0.1, 80""' __ titte4 bet%1Hn thl powe•••• oUc:a &rid 'hi

'l"&DI1tiQD •• otico. Nlxt. to thI reetartBU1.a" eM or tbI

Metic:a, • 10 Olll. delp hcI1ey lomb MOt1QD .••• "'CN1de" .

h .tl"&Sghtlill thl tlow. !1'bt OCIIUWOtiOll between tbI 1c:a'l"Ol

.Mot1QD lid belleyoolllb.as or t~xibll leathe ••, Mwec1h

.ha" to "dUo' vlbl"aU. err.ota. 'thl .tlew twa .traJab- .
•• d b1 , •• honey oomb eeoUCII1 .n •••••4 a •• ttliDS Ohllllbe ••

.or a1. 0 •.••' III by 0•.••' Ill•. 'l'hIt •• tt11ns ohamber",as fitted

with tbrM t1nl nylC11l aoreot18 .paoed f.' Ollll aPa••t. ~M .
,

t1M 8Oree,. •••duo'es thl el::* or eddiea to a v•••y SGAll

811:. whioh get d1881pate4 SOQl. 'the sottUns ohaml101" .aa

OCl1neOtedto the W01"lctns 1I00UOIl through t\ .ell designed

oc:at ••ao tiQ\ O(Dll. T1W wwl:1n6 "OUCD w•• 0.297 III ~ o.,ar •
tIl'aottal atld 2 III lang. <Alaalde 01' thlt worlcinS ~l'iUc:a

.•••••• or perapex &n4 t~ othlt •• ot wood. llQrt or thl

•••• pex aida waa made romovo.ble tor fl ttinS thlt Ilodlo

••• 0•••• 11. 'l'bt noar ot t11) wGIl'k1ng aootlCG w•• tltbld .•ith
*i* a 11.1::.1:41' or atat10 tApl. '1'ha oenw. to oontre cU.•• DO'



(44)

or tr.•• ta~ ••••1ecltll'0lIl ,., 1l1li ••••• "'0' 0.1' •• , ••
•• the laet Mottea. 'lbt "arI'ld.ftI MoUea ODdltd ., •

• nd '0 Wb10h • el1ttuMl' trfUIOClMeotrett,. 'l'1a elm\] Ill'

•••• latea- ea el18peDMcl wlth.

~ "'0' ••• 8uppl1e4 .b7 • oontrltup1 blOlfOl' 1"IIIl

by • S h.P. motor. ~hI l'Ootal8ul ••• oxU or tht tUl •••

ocaneoted ,to. T., .m. ptP& lIhr'OUSh a tr ••• l tlea pte ••

, '01118 lq. AthN4t".7 &Cl1lltvalvo PrOV1clo4 tht Oelltl'01 •

. line meohan1llm. 'fbi bleed. 1:tn1 ••• ellreoted __ , tll'ClIII ••••.

uper1mental •• , uP.. From thl sate .-lvo thl pipe' 1:tnI
•••• atrassht tOt:' 6 m. ' A _tAUo tap ••• tltted. flo.ClDI

ISM or 'l1t p1118 &DIS an adj\Dtab~ 16 sauso Plto' tulle

••• pr0'l1dld ., thlaame tlOo tlen •• thl .tauo up it••1t.

Oat illiteI'dClrlDli treu ~ 1;11lJPi tot-.tatl. tl tt1.ng • bend .

••• Pl"O'Itdtd. in 'hi eupP1:1 11M. Tbt berlll WAIloamooted

to a •• ttllng ohamber by Do GhCll"t plllt 'longth aPel a btU'1J'

two metro p14l00.or t~X1b1li> tubSrc.

Tblsettl1ng OhamlJol' was 0.95 m by 0.95 mand wa-

tl1:1*. wi th threo tiNt Nylon DONeM to d10trlbute t11l

. tlow ovtlnly til tht Ob'lllber am to Nduoo thl abo or

'44188. '1'0 co. 81&1 ot tl1lJ obambt'lr. oppoll1te the 81de

ttrough tlh1ch air onterod.• n 7.5 Ioll~ ~'o OlD o<l1dLlU "'••

oonneotCIdat an ansi. of' 4~o. 1'111oonQult onded with.

tlanee GOOt1<11 to tlt tte required nozz~. Tte nozzle

'.



I .
pSeoe. weft e1tba1' or G.t. or.M.s. T., Om~,o •••• _
Dd &adwe" ",cwlc1t4"lth t1an&ea. all aldel. 'l'bt

Ul' onll or 'hi DoUlAt••• abarpe"4 to a 'hlD 11M. 'l'bt
Do•• lAta"J"8 .a1sJ*l tor anslAta ot 900 •• 1270• A 1arae

•• treotlCll otT.' 011to 1 CIIIl'" ottootltcl 1D Iobaa' '0 •••

~ length or tledblAt .bins am 'hi adJuatable too' ao""
aupport1Qs thl •• ttUag Cl~:Jbtl' save tta DOUle 10IlII •••••••

dOlI ot lIovomeDt 1D aD7 Nqu1rt4 41reottc:a.

'1'0ifttroduoo thII 1Ml:i"unentl veptioally. ho1elt •••.N

drilled. thl poot ancsfitted "Uh well tltt1rw .aps. A.

•• Dtral l<12gUuc11nal alot; 150m lcag "aa mac1e ontht .oat

fit tht tumel a, jet ex1t;. 1'ht 114 torthll 110t •• -ell.

or teur 1nte1"O~able p1ooell. each ot whloh '01" Ja"cwld1.

with. contral hole to 1ntl'a1uco 1natrumenta. '1'wa. tor
thl N01roulaUClIl bubble 0 v.loolty tranavene could be

made un.1or any oentral hole by tak1ng Pitot and. 8ta.tio
traverses trom tb& two tlnn!dng holes •. '1'11&oe¥ltral hole

ooulcl b6 UIIoc1tOl." d1rootly evaluating tha oentrtl or the

0447 b1 r:eana 01' turt an1 hot wtre anelllollllwr. At the
/

jot ox1t • l.~ elot was r.JOdo on thlt wOodon8ldO a1.80.

'1'hII 810t Could be olOGGd l11th two 1111c1118panela"hiob

mer/ed tlTrOUSh Sl'OITGlJ • m::::doCIl thD 81d08 ot thl slet. '1'bI

two ~arto or thl lid whln j o1n&c1t~.thDr dosed po:rt•• tl1



81O.pt ttlI' a 8_11 bOl. at tht "D1:". 'l'hl. tao1ltate4
'Ill intl'OduGU. dt till P1t~ tube at ADJ 111111$aIlIll at

&Dtfiftg~ 111a ftlottoal PlAne. At'aob ot 'Ill M01I1C1ll1

~ ••48, 96. 1n tIM 192 a .!milal' alot •• _ell (bUt.

til 2 oa width) if .tit aides 8M alllo a "D'l'&l root ~;. ..
tiM ••••

A __ 11 eeO'tlClD or thll baa••••• ou' at aDansll.
!batt. ot .101 t&a IIA4» ~ 811ght17la~l' '. 'hi

. DoplAt. Tht ilozatt. P1'«*I~ 1DtrOC1uoed tbraaSh tldJl
'lot *ad &43•• ~tfto teftl pceltlcn Witb tilt 1lI1p til tootl

aortwa. Tht tttttns lf68.ntldt "m1-JIIrmantnt b7. DuOo
)IUt't)r, "blob'" ateI' eand 1*JII"d to •• lIIvel t1IWIb •

•. • "UI'1D8 8)'11telll CCllIJli1ted ot 'Ill tl'&veNe

.,.tell ~ tbe lD8tl'UlDlllta • A .et ot. lead eored with
oentral' bold. ot 41fterent Db••• GOUldbe 1'1'ted ell thl

root !tII! tertioal 1ntrOdUOt1ce~ thl lMtrumentlil. Tht

18&8t re6d1Da -.. 0.1 1IIlII. P1totl tube, atatl0 tube, bot

WiN'probe. ed4y tube eto. 90l.l14 be lntrOdUOedthr~

••• lead .crew. and ac1juote4 to any pomt CIl the vert1oal.
,.

1.1110I'otatlcn ot tm 1nstrur.l3nt in thlt honzCIltal plADe •••.

J)Cl!I81b1llJ. Per horizCl\tal ;lntroduOtlan. a bo16'lr and o~p

a~lr.ont tlttilld to a eliding piece whioh movedover a
verticalecale, wall used. ~"h8verUoal soale oould be



rotated IlbQl" the .•.•!"tloal Il:eta. the hOldlr abClll'• bcIo1.

s<IItal axis and a180 the 1$&4sore. olalllpedto the haldl ••

oClllldbI mewed in a \0 ~ fro taeh1an. 'l'tg, the probe

oauld be .d,1\l8tod to &n7l'eC1\d.redpoelt1an. Anad,1uat.

able indloatCl' 'CD thit Pl'~ bOdJ_dI ansle ."UN.nte
poealble.

n. total head .-a.allured b7 a Pitot tube '.6 _
cUaand 'he atatio head b1 a 1." ,lIllIcUa .tatio tubl. Ix•••"

"1"7 Mar the ".t, the Pltot and statio heac1a.ere ."U1'14

with vert10al 1JltrOdUOtlan. )'or the "et .1. or TlIllI the"

tuba. lfe1'lt oClDllld1redtoo large. A 22 sause Pitots tube

IaDd atat10 tuba OQllb1Dl!Lt1<ntiM \IIIedtot' ".t exU ".looU,.

, 'l'bI Pit~ tuba lens'h ••• matoh14 to thl leqth upto the

atatio holes, to pts tha volooltJ' at the ••• po1nte.

Par meaaurlDs thl :I.no11natlan or the tlow a ••0d1t184

PUot tubl waa used. It <lcnllllstedor two ata1nle •• 8tHl'

tube. ot 1.G I11III d1a bent llL1it a Pitot tube and hlld to-

sethiI' bJ' a th1nk tUm of: c.dhOslvo. The tube. were out to

",0 at; thl oneill tac1na t1# flow. Wilenthlread1nglt trCIII

thl two tUbes .ere thl &al1lG the tube WAG aligned in thl

41reot:1CGot flow. A b&Cl':to back P1tot tube wBlS madat«r
•• aaUNl1lCll'1ta1n 84dJ'. It \:llS later c.1 abandQ'led tOl' 1&o1c

or 0cas1stenoJ'. Tho Oddycontre was deo1ded wl th tht hllp

Of a trooly sw1ne11".gwoolon tuft and also by hot td.ro probs.
'!'hehot \',11'0anemQ;13tor ren.ding 18 thl leut at thl centre

I,
t
I
J,



'. '1'bt tUl'b\I~DCI.ClUll)tltt•• teeN •••• ure4 bJ a hft

"b. probe _4 a DUa 55 Dol OClD8t_, telllperat'" bot w1I't
anemcnetol' •• t. '1'hI pr~ ~ lr&trocbl'd tbl'OU&b a Joe"
-ON" trlblOh oould be fitted e:tl h tht .tand -nttCDtd

bene. All It ab'pe4 IIIlrror cbtokM tht OI'1s1nal •• tttr&.t
. , . .

or tht wtre nClrllll!'lto tht flow, 1'i. _,Oan4 ,,,0 bloUae
tlClM 'tml oould be acI.1uet04.

,C&""aeure"nte Or1••attaohllent cJ1attlllo." pt\)ltr
tutta. ,., mill"1dt and 1.5 Q:lI1cas "Ire plated en tbt

t1001'. fJ.'bt tUft whioh tlu' •.•oored 1ft both c1tNoticaa"ual~
••• 'Clalldere4 to be at 1:1)8reattaoh1nS polDt. att. 111.1'.

)

••••~ter ••••uaed ter 1II080Ul"tlll8ftt or PNuure.

-., ~

caU.brat1cna or Pltot aDd atatio tubea were dClle

with tblt balp or NPIt P1tot-otatlo tube 1ft a turbu1eDCI.

tree .tream. '1'hI ooettlciont was to\.l1d to be 1.0OS.

not wire probe was calibrated -with respeot to tht

Pitot and 8tatio tube." wlXlnthl velooity ,.. more tbaA

- ~o. 1'ht oaUbration 1108 dens tor a range or 4 to
20 ap4ec 1ft 8Zlothar w1nd tunnel" wbllre thlt .turbulenco waa

-le •• than 0.5 pa~ent tor tht range or 0 to 4 ayMo. ",here



P1tot tube 1. not aoo\tl"flte -ouch. a .llto1al .aubIN.
'lea taDJc 1IU rabrloa~4.

!I.'ht ••• olal oal1bratl<a t&nk,... _dI or , 0 ••
PlPI l1De, 'i • lCl1l8~cl hold v.rtloal17 witb the btlp.

or a 8taA4. 1'0the top 01' tbt Pille 11Ma t~tt1D8114.

wu .eleel. At the threadOd bottOlll 81d1 an orin •••

pla~ ldtb a oentrally PlACed orl1'l0. or 5 mill cl1amtter

ooulet III t1tto4. .The tank twa JIl'OV'ldad•••• t1t~ tlltb
••• IDlet Mar the toP. S1Aos tube CDa1d1. '1'0CIW 1I1d1

ot the taDk, near tbe top, a , omIler8pextube. 1 • lQq

••• fitteet wltb the 11Ilp or proJllr 8UPporta. The o.ru100

ooul4 III 010ee4 ~d opened as dl81red.

'1'bt IlI'1DOlpla or t1118 Oa1t.br&tlC111l tank 1•••

tollOldl. ~o. thl orltlce 18 optne4, wa~r lavel ace.
dCllfn sa tbe tAnk. '!'be o~ 1D water lavol 1ft a kDOliIIl

t1. 81vOIthe volume 01' c.:1r that baa entered •. S1noetbe

Uak 18 sellled exoept tor tilt perapex tube the averac-
voloolt,- tilth whioh all' mOlea In thl ptraJ:Cx tube 18 mOle.

'1'1: tlOlf 18 lam1Dllr &ndl"DMO thlt oentral v.loolty 11 twio.

the averase v.lool ty. so. if a hot wire 18 IntrOdUOedat

t} oentro aoa11bratlec of: tha hot wl~ OaD be 4C1lOtar

ver,y .mall rtAn&es of velocities. Tte hot wire oould be

lntrolti1cOd 81thar vertically or hor1zontall;y. Dota.1~ or
oaloulAtlQn are .ham !DUo oHlptor or rGlISllltg and analyal ••



rot' lIItaaurtmtDta 01' turbu1eD1l~t1t1ea. a DJaA

oe:utaDt-tempeJ.1Lture hot t~ ar.maaater .•••• Uh4 altllC-

with tta &CO••• OI"10.ril11.ni34rs."r. RIlB mtteran4 digital

voltml!ltel'.The •• UD1t•• 1'$ oalibrated •• iDBt!'l.lOt041a

'hell' mIlImI;.&laaDI!tbt oal1brat1ona ,*re obtOked ClDCIt1a

wh111t. A. ,tht llnttV01ta&lt tended to SO below tbe,

..-nee. or the lJultrurnenta. each 1Datl'Ulll8DtwallOCllmeotH

to a voltaae atablllMr •. b probe used wee or a .1rJalAt

wire t)tpe DmA 55 p '1. fA '11 t meaeurellllDta•• re aleo,

'&keD with tbe same probCh !l'ht hot wire w&IIoallbrated .

a' thl bestnnsns .iIIld one! Of tbetravel'S. 1ft tbt 'tIcrk1q

t\IbM11t •• 1t. upetreana oJ: t:hit .1.t exit. 1n addltlCll 'ht

JIl tot tube 'raveree btl184 1A obeolc1Da,bt aoouraoJ' or
bot ,wire •• adiags.

'01" 118uur1rIStbe 410$lpat1C1l term 1ft the turbulall'

Ontrgy eQuat1cns. the ap!lOOdenvattve. were aellume4ee

t\Ii1ctlClDt1ot time der1Va.t1vo as shown 1ft tbt I18xt ohapter.

A dUt.rontiat01" was tabrioo.ted and oallbrated with tbt

bllp or a bOWl' wavo tOl'lll. A oircuit di&gralllat tile

dltrerentlator 18 IlhQIID (Fig. 4.,) •.

Ck100 all thl inStt'\,1J':x:.ntawere oalibrated. thl .tre.

and Jot rer.:atnGc1to ta calibrated. 'l'ba stream was cElllbra-

t4tCltcr the worldng velocity and tblll jet required callbra-

tiClll tor overy llCltt1ng.



(5') .

ThI oallbratlCl1l oC the atre. __ dane Sa detall a'

.'til .1.t OXit with thl 3et ex1t OlOh4 an4 alao a eentre

.11M traverse "'•.• taken at the leat etat1Cl1l. A total ••••

lID. ata.tio blad traverM tina madeat every nocSalPQlIlt or
a I 0lII sr'1d. 'l'hIee tubeD tlO~ lIltroc!UOedhortsClIltaU,,-.".

•• la at tlow at the•• nOdnl pointe were otwond b;r tbl

&aile lIIIo.eur1nB11tot tube. At DO ~octal pOint tbt angle

•••• IIIC1'etHail :t 0.50_ 1ft th! vertloal dlreotlCl1l. A tree~

hlD81n8 tuft tbed to a 4 Il'IlllrOIlaleo lntroctuoe4 hcri •••

'al~ save aD lncl1oat1CQor the total allSle or thl tlo", •.
..WUh thlM 'raver8CIII_the veloott;v diatrtbutiClll 14aa touncl

.attataotor;v. A t»talled centre 11M traverae with tbl

Pltot tube 8Ild atatio tube introdUCedvertloall;v aave ttll b_darJ

1a;vero!ar'aoter1.t1oa at tl~ bostnn'ns 8I14en4 ~ tbl worktna

•• otten. A traverse with (\ hOt wire probe was taken alClllC

tbl oentre 11M to deterrn1tlGthe turbulenoe level or ttll tu.aael•.

1'beturbUlenoe level ~ found to be B11ghtly more thlm 0.75

percont. '1'hasta t10 pressure maasuNmantealCl\S the oentre

11ne or the t'Llmd .hawed (\ very 8mall dloroase tcwardIJttll

clown8trenm d1reotlan. Tho stat10 bealSat tba .1ot exit ahOllliM

UI11tormprGllUlur841etribution whenno liltreamwaapresent.

1'1:8 llltreamvelocity ~lao unaltered t'1"ClII thl val. or

," '.5 0;/000. 'l'he d1ttorent v(llocl ty rat1 CISwere adJust.4

by ll.d3usting tllB jet volocHy alene.



~ Jet exU qlc: '1t\II ohto.d with tht htlp ot •
htt, with thit at"'_ be1b8abltent. 'l'ht width at tbe exU

eDd ~ ohitOked at 2 011 1ntervalJl ADd tha d1ttere~ •••.•

found to be leS8 thln 2 pcrolJnt. Por oach ,,0'velOO11l7.

yelool~ traver.e "'•• dCl1G alCh8 tha oentre 11M 01 tha

~.t, and Cb two 11ne8, QlC CDeUhtr U4e ot tha oOnt"'

1.lDII. 'l'bt "et oouldblt tnl:On •• a un1tOl'lll ClM;' 1'11*

uurell8nt8 "'.re talcen 1ft the oQre, Juat above tht p'•••

01 exit. '!'hePitot •• tub) used was a pre•.oaUbrated 22

pup tube. '!'hestatio andPltot tube lenstha we",

_tobtcl to dYe thlt velOCity Cb the Ame l1ne. 'l'bt two
.ere llountftcll together with A Sap ~ 2 oma. A Pitot tublt

acd etatio tap 1n tha 7.5 orJe lIluPP1¥ l1ne or tha Jet w",
OClDDltot~lllalWll78 to a Bah micro ~o"*terprov1d1na .,.
SMtant ol:eOk ClDthlt Jet t30tthlg at &n7 t1 ••

••••• lrofljramll$ ot l-be.suro~:51nt

Four main atatllms HOrG ohCllllGnal~c the lensth

'01 tha, t}pw at ~ of 48, 96, 144 and 192. In act11t1ClD

two atat1Q\ Were ohosGn w1'vh1n too reattachment lencth

at x b Of II GIld 12, where npan veloolty and Iltat10

pressure tJ8l'8 (Illy maasurod.

A travorsG by tuft 11Mdale At first to oh:tak tbe
or1entat1cn or the flow. It MiS round that upto x/b or



, 48 a small reach or flow MAr the baM watt 1noU••• ,.

tbt horlzantal. '!'he now t:\t all othlr locaucaa wee ill
,bt x-41root1an •

• Stat10 pressure IllOGltJurementaat &n7Hot1.

tDoludo4 baee pres.ure and a traverll. alans a v.rUoal.

, 'ot' baH ptessure, thl 8t;il.t10 taps ,f1tte4 into thit tloell'

••• UNcl. 'l'1l8base pressure ••aa tound to be DegaUve

tor 8amed1atanoe trom, thl) .Jot eXit bUt llIUeh betore alb
, or Ill) the baH pressure rer.ln1ne4 pce1t1v.. '1'hI .tatio

•••••sure. traverse (vertlcnl) at ct1trerent x b . HotlClDll

-ere t~ at ct1tterent 1ntorva18 varying trOll 5 IllIlI to

2 0... 'rba traverse. 8hcxJed nea.rl~un1tQI'JII pre88ure

Uatr1bUtlcn arter XJb of 48. 'lor tMatatlon.s wlth1n

thl rel',ttaebDent zene:t. th1 p'i"as$ura dlstr1butlen wae

taJc8n with t1» tube tacine.: tm flow at any point.

Th;) total baa.d mea.cu1'Qn:ent wen tak0n at gro.d6tCl

, 1ntervalJ) ot 0.5 mmto ,10m trom boundar~ to mid stream.

Alao, tell' tbJ reattaollrl'Cnt zcus tm Pitot tubes raced ,.
now at en1 pOint, except for tbit a11ght lnol1natlec or

thl tlO\h

'I'll) hot ~r1re probG cupport was Inserted hor1l!:CI1tal17
- fa __

.0 all to takla "ll:I. v,f III and vertioally tor w. ....
IntervalS or hot w1ro r~ad:lngS were baSed <:nthe N4d1,np

\
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FIG.4 .3: DIFFERENTIATOR CIRCUIT

FIG.4.2: VELOCITY DISTRIBUTION IJ/s OF
JET EXIT
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CDtllt Rte •• tel". be1ns "17 emall tor lArp nl•••••
about 1.ClIIl "litre RMSaatel"d14 D<* .bow IlI\lOh yal'1attca.

S1ein.tr1otlCD 1IIIt8SU..'"'COltntawe" b&ee4 III thl Pttot

tube reaeunp at thlt tiNt ~tt1na oyer the bOUft~.

'1'bDtemperature 41ffGrenoe between the .tream _4
"at ~ Q'll170.5 ~SI'" bonoano apedal &rran,pt1lltll1I

"u reQu1ra4 to adJust tm ".ttemperature to thlt or thl

'1'1. oal1brat1CD o1tl.rts ter thlt at"am.&N .boNa

1Dpta. 4.2a.b.

•••

..
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(S.1 )+ ;fl -;ti
tf

u,ll• 1-1 (

. '

thlt mell3urod velOCItIes end plotting thl streamlines.

B&8odon tb'J Inc11nlil.tIcn of tl"a 8treaml1nos. thlJ angulAr

oorrect1on ~JC8 appl1ed.Tl70 actual UlGen ve1001tr 'we.a

o&lou1At»d tran tb!) nsasurGd total and statio prQSOuN
o

,

2HAP'Jim ,
MSy!iJ,'S NiP NjALX811

'fbi) •• oan4 trEllt ot correotion tw tht Pitot ~be

.48tatiO tube Involved oorrection tar engul&r1tJ' _.-

turbUlAlnoe. Tb!) ang~es of, the atre8lll Unea were extre •• 1J•
•maU except 1n thlJ vioinity of thlt nattaohtng bUbb~.

Hance tb'J corrGctI~werG riltt<J$ by 8uocGssIvel:1 plott1n8

T~ .1101'61 procf,lduro tar oorreotlaft ot _"~4

4ata 1nvolved oorreotion rot.' soatter and oorNottCll tar

•••• \U'1ns oonc11tiona which t.Lttimaa were dlrt.rent trOll

oal1bration conc11tlcma. 'l'l'tl oorreotion tar soatter ,...

CllXl4tbr oonsidering variables •• Oont1nu0U8tuDotltd In

apaoe.'J:l1UBa 8ImultaneOUiilplQttins of thlt variables lD

tht X and Y d11'eotlons el1C11nated c118oClitlnuOUl



c

(~)

"hart U'*1'10 .at8rl4lol tor 10m Veloel t7 baa4t4 OY\ ~

rea4tnse.

1'1'* ak1ll trlottCD \'l6Goaloul&teeS CDthl aa\llllptlc..

of logantl'ml0 velooity 41otributlCD. ThI oal1brattCD or

bot wire betore fineS arter OMh travel'lle. el1mlnatecl man,

a oorreotion trOlll the hot "lire 1"OacUns. AlIIo tha trave1'M

b7 the 1'110010tube ohecked tllit aoourao)' or tha hot wire

reacS1ngB. '1'hI oal1bratlcn or hot w1J'e tor thl S'AnODof

11188 t1*1 Ito/seo was deno. b1 usinC t11l oal1bratlCD tank

_soribed in Ch1lpter.4. 'I'll. torllll.lla uneS tor e.,aluo.tl.

w&a

"hare '* 18 tha velocitY' a~ thl probe. D. thl inner eu.ameter

ot tha tank. d. thi!l diameteX' of: the or:U'loe. tmax 1D thl

tim:t 'in cooCftdS reqUired to bring dO\lll tht water level

thrcn1Sh 0. dapth or hmax. Thlt fluctuating etUllntitlEUIwere

eVA1Uil~11(Xl tta baGls of tl1iil formula •

••
wmre B. o. ane! A arG cal1b;('O.tlCln constants. u 18 th)

vel001ty. V, 1& 10bil volta!];O roadins: of 10ht anaa~tGl".

t!l 1fI tIn lnol1natlQl\ of: tlP _ wire. :Rand :Raare tlD

I
i,,



(!H)

OJ'llrats.ns real.tano.a ot tla ttlre. Hire tl •••• , ~ '

1. W1WlU7 taken ae 0.04.

'1'1•• tatio pressure 41atl'1butic:e alena y •••• tar

trCllllmU'orm. espto1aUy at liltatlona nearer ,to thl .1et

eXlt., '1'1. preasure d1swlbut1«l1l'tnelde the •• paratlOft

•••• a180 tar tl'ClaI un1torm. 'I'm nc:e-un1tormltr or lateral

1IN8l1U1'8 Oxistod t111 tar dO'l>a1atream. thoush to a lNoh

.IIIUlar extent •

.A 81$11 longitudinal prell.lIft gad1ent alao est.ted.

whiob was of thit same, order as that or tbt stream, ~Ihtn

the, .,et \'.)1l.S absent. 'I'bt 1:600pressure showedne.tl~'
'Value" till about tbll reati:iMhnent pOint. after whloh it

remam.'1.1nodmore 01' less or tb, same aa tbt pressure in

the m1~ctrea.!D. This lAte:l:C-lpressure grad1ant lmp110a

tbllt tha x-dir0otional a..'1d'l_a:treotlonal equatlcne are

to be oQll11dGred tor solution. 'I'hlt baso' prGS8~ 18 showa

1!?an Y"l,.ool ty, ProfUe
~hO cllllln velocity profileS at JVb ot 4 and 12 shOW .

thlLt tha velocity prot'1le omeiats ot a J'/3-e1reu~t1n8tlow

andtblt flow 1n the Gl)nIllro.l direotlcn (Fig. 5;1). yot

, .

•



Arter 'Vb or 48, no 'Ie loci tymax1ll1Ul1l 18preeent. T'h1a

Gould be attributed to thl) intense produot1Oft or tu:l"bu18no~

alang tm edge ot thlatenG.:t.ns 84d7 and oonseqUDnt tnWnae

m1x1nS.A 10gGr1tbll1o d1atr1but1Oft or .,eloolt7 18 touncS

to eXiet after a dlstanoe 01' J)/b. or 48 (Fls. 5.8). '1'bI

veloolt1os measured by Pitot end hot wire are in fQlrl1

SOOd~ment &II lIleen1n 17~. ts.,).

'I'm OOrNow<l quantlt10a or mean prClS8\IH Gad IIIIt8Il
.' .

velocltyand turbUlant tluat1.l.Qt101lS are used to evaluate

oaatlnUit7, momsntwu and enorQ intflgre.1Is. 'l'1w oc:ut1Dult7

.• quatleo 18 satisfied w1th an errOZ' ran. lesa tl1!ln 1.5

pereent. '1'111 momantumeQUIlt1Q'1 and onergy .quatlOft are

eatlJlrl(1d. with error ranees not exceeding' peroeut and .

5 percent ~speotlve1y. 'I'll) terma or tb!l momentumClICluatlcm

a~ to~d A,B,C and sho!>n :inFlg.(5.5~. SIm1lar17tte

toms or tte mean energy equatlons are plotted ln F1g.(5").

'I'heflrst term whioh ra~cClnts tte flux or tb:) k1,Mtl0
energy 10 combined wlth tllG SQoond term, which l'ePt'Oeonta

tbt work donG by ReynoldtJ stX'l!lSS, and 18 ShCMnas A tn

F1S. (5.6). '1'1'8 secClnd t<iJn'l alct'1G lGshown ln Flg. (5.6)
&II A, b'Ut tIlth a base of :1Oj,?Q. Tha t111r'd term 1S ropresen-

ted by C and tha last tor1:l trJ D. 'I'D) last term rcpresenta

. tlD productlon of turbulence, t'1h1oh 113 a loGS to tll3 moen

energ:{ fiold. H&nceit; is a dlsfl1pat1on term. 'l'W3subrlt1- .
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FIG. 5.3! MEAN VELOCITY PROFILE
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bloaus. ot tl1t high valuee or .haap Involved. TlIa tilt

velooity maximumand tilt biGhveloolty sradlent whiohtxla.'

at tba •• -attaching zCil\t G)to reduced oe:mald1rab17by ~

or.-a. At and after ~ of 48. tilt vt1001ty profile la
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.ON CI' lit•• UIl1tCll'll. 'lbt t'MI1 •• 1oott, dta'l'1b1aU.

UOM to tim _11 11 101f'l"itbdo rilht fit. "" of _'9.
NI OOUlIt bea'tributecl to t!le larp _bu~ ,. ••••,
ta tm bClUftd&17~I" l_lt •

•• rd1ns thl •• "at or IIWl'B' ct1111paUca it U
. 0 ..

tCMl4 tb!'t the 127 in",ot!ce U .IBON Ittlolent t_ 'hi .
o

90 GIl U)lIoted. Thl '''l''C:( UIUpate4 1. bit ••• I to

'.5 ••roont or thl orls1DalItN". n 11 '0 bI ao" ,bat
'btl 2.5 IlIl'Oent II ewll' and abOM the dl"lll&tl. or , ••

"'1"11 act!e4 to the ItNam m thlil tClll"ll or a "It. B' ,••

leu" beiDa ina lblUe4 J:!8qe or u"~ ~ or I)., to
1.05, • ctIt1n1te oClllOl.1Q\ ,~, wbltevel"•• rg adlltd 11

cIlH1Jl&ttcl oannot bI _. tCl' Sl'&qI1 or '*".Aa. abOM 1.0,.
AUholp' the OCllJlbiMd tl0l1 ';va"m •• , aot be enoOUl'lI1Da

•• a Pl'1t:ar7 IJ'lltrQ' dlIll,pIltlC1l .vloo. 1'-7 bI •••. t.
tbl ltablU"UCIl or "\IIllP locat1C1l.

'l'!'ft turbulent tel'lllOor interest .heM ttat ;ta 11 81•••,.

'hi h1gheot or thl three fluo~t1na lluant1tl •• an4 IOTa 11

tilt lIt•• t. A point or into~.t whiob bad bMn notlo" •• Usp

18 t!'at tbl point or .1'0 olll9al"ItN •• doe. no' oo1Jull. "U~

thl point or .ro ve1oott7 Gr'&d1eIl'. Por a ._ .11 "e' it

!III bHa obael"V.d tblt t1* po1ntl or mero .hI8I' Itzoda 11••

•••••• 1" to thl v.loot tJ' _.dmum tblll thl •••11 \IDlll1a tb'" til
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• "all ~(ltl. The t\II"bl.lJAllt-l'G' •••18•••• hoIle ,~ " ,tit
Pl'OINOtl~ aM 41tt\&ll1(8 tIorna are ••• CIt" le•• "'Oha4

IlD4 the ~Ot1G1l laIl44t.eC1.p:LU<IIl••• are _Il 'lIll11lt,.

'haD the tire' hOt A ",rnuaaU<IIl ••• ,.t.••• 0\ ••

4ent" thlt OClbolu,e1cn til l1ft'bd GIl thl •• 18 fIJIt ttle

••• ured d1o.1paUcm Wlm. '1'ht aoO\ll'&07 or the 41"1,." •

• 1'11obtn1ne4 thl'OU8h tid 41tterenU.aUGIl fIJIt .' •••••••

40ubted reOGDt17 (16.19) •

.The turbU~noe lIIadclOor turbullr10e fIJIt ••••• 4t1 "4

1lreD4tl-KolanogCll'ov 'dd.ob C:'I dependeDt GIl.~ td! ••i)f ••

•181~10 .~uat1G1l tor m'dna •• til oaanot •• appUH ••

18 "fARt trOlll PSS. 5.22 004 5.2'. '1'bt 1'1C. (5.21') 'bOw

'ba a•• blow pal'ftme tel" 'a' tat' 41fterent x-atat1C1U1. 'I"

~taw lIOdt1 oaMot be appUed betore ~ or _S. 'nil
.octe1 appUoab1e 'hou14 ts::o into aeoOUllt. the lAue.,.1

•••••• ure gl'641ent laIl4 ttlt .11tforenoe in 1ooatlG1l fit the

zero D~tl.r Itress polot and :lIlro veloo1ty gradient 100&t1<11l.

'1'brOU&hextensive llIIJaaul'tlI:lOntll 1t I»l8 bHn poe81blo to

dtUDea1ila t1'841fterent turbulenCeo~.rUtl01. but I.

tar •• !1lve not boOnable todlDvolop a aenaraUee4 tuJ'bl.llnM

.octel tOt' th1a type or tl«••
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6.2 . "'OJ!! oUX\ID'~.,9fJn"DtSt.UI.
'1'l1t tirtltl &1"!& flit exthalClft 0_ ~ 4••• 10Jlllitn' Of

••••• 16UJJ14 __ 1I'Uo*1~1lil'e•• iCD. Ma, ~ U h •••••

1*i'J. '0 ex"DIS t1'lt P1"!lIeJltltu41teJl' III iarpl' reap .til

',,'1001" •• tio flit \i~A tw \hlii JlUI"pcM •. Alao, iii

.uppll' 11m1t "bloh IlIU8t aiGt tw thl enel'lD' 4101,..t1.

til. be leoatA4. 'l'bIlt 1., Aft' •• 0IIII•••• or •• 1ooltJ'
,.Uo ot u~Aa. thl tidls:nt1ci1t aobl.vocl -., be "lJlt1,,~

.~ oQliJll.\1"!4 to 'hi '1lIIrg:( Of t1'lt _1ft .\l1"!&m.

AlIo, tl'1,,,. _4 Q\ll1c1'N,,,. OOlftllltiClft .~U
.4 ••• owa ."U1"! •••nt 081\ be 4Cl111tt. thl ••••••• , ••••
10 •• '0 &lYe& mOl'! oomplete plotul'! flit tul'bulallOll ,toni-

•••• WUht1'lt .xllltSnSdOota OV'" thl 11111ted •••••••

at"_p' can ~ __ to t~tA & work1ll&ia*l tit turtM-

1eIlC'. 'Bt, tot.' •• t1ll& Ilwh * moditl& 1&._" volUlllt fII

,xpln ••• ta1 ••.ta W'I' a ltlrga ••••••• l' 1'$4\11re4 •

•••

• I

•



..

(t)

(I)

Br (u.•••') • - 1Ix (p..p') + I!. va (Ii •••• )P . II

.• quaUCliUOf OCllltt'llt1t1 t •.•• _ •• , t1_ •••••

ft+!f+tf.O
!ft+~'+e'. 0

." (~+ ~ +U").(u' St'+,,' ~t+ ,,' IfJ

•
• ,ua'lea of lIotlClQ1ft till x-41reotlC11l h

'I'bI L.RoS. or eqUl'tlClQ c,) oan be "'~d 1ft 'III toU ••

tAl tell'll or whiob till Jut two Sl"CUIleor .l'IlI8 •••••• '0

.PO

HlDO. eQn. (,) oan be l1t~rttten ••
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••••••

IlMw RuaUS1'
on.. "'I'D' OquattCD0_ be 4.riVGd trOll ,lit _'-

MUIltt_ b7 analtlp:q1nC tht momeDWIl6iQuatlClll tilth 'lit

••••• P"""'D8 Te1oo1t)t 8D4ac1d1ns all tilt 'In. equ&U •• ' .

ftI ecaa.(') •. 'rbI equat1<D tb.w tIll'lveCi .IID be III"CUI'H tat. .
Work"1'11 eQuatlClQ tor ~ flow aa.4 tor tul'bu).e •.

t'bt w01'lCe."1f equatlCiQ t~ MIlA flow 1a

.•·tlf + :( ~ + ~ .:;:)

81111lAt'2I' •••••• II eOlllPGIIIIAte Of •• ~U•..fit. '*1 ••.•.••
bt ••••.ttlOA •..

....AUtlllt" eq\l&U. 0_.beli~M~ lQ'3 .••••.
.aotaUcal



•

(8)

(1)

'I'. _."1 +.U1 + ••••

aa"sratlna cmtl' ,bit 0.tro1 .,ol\11!?, •• 111_
••• (.) bIo_. . . .

J lL (Ut Ii.,)ew + J !x:- Cit t lJJ )4'1"" " .,
- •1Ja..., + JL Jldz. .•

Pv~ 'Pv""

fttdullq tOlurtao. 1ntesro.llt bJQaUli'l'l '111.-

VIaa 'pplied to • OOfttl"olvol\U11tsa till tOl". or ••••••• 101••
Piped. (tbl tost 6.ot1<:1'1 or the wind tunnel), till to,. ot

equau'<:I'l8 (a) sats stmpUi'1od ••• toll~ •

.ax ctJ ~uJ~ 49- Ii? 47
5 0



•

..

(t)

Itld.1ar17J'-el1reOtiClll "~tice 01lD be oblM.....w_
•• IV equat1ce tor _•• OQ:\~ol V01U1111 18



,

; I~Rt; ••.• ~ ( ! ~(p til'4'1 .J~~Qf-J
.. . y ~ ~

. ~:
•t !;-•.~~.

s

•••••\ttut1nl all t!ll tleft18 in tbit 'lIlO:rk•• 1"11 equatlaatOl'
•••• t101. (9)

•
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. • 1& (~ .v.; '.• + G (!. r )+ cw (u '. ' ) 3. .,

o.. --'.
• 1& I (k u" + k (~~.)+ t; (u'.' )J'.,

G .

AU 'hi" tams &ro poe1tiv. or tbll outer nClll"lll&l'0 tbt

•••• 01Il10111&8 with t1'Jt positive oo-orc!1Datle4ueoti ••
•••

••••••
I

•
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