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SIAXTER-1
JUIBOUCTIN

The eowbination flow d‘ & jJot and & Otreen find & -
wide number of npplugum in e flold of fluid weetaniee,
For instance, s of the most eommcm =0 theds of dewnlary
layer-omntrol 1is by blowisg high velesity fluid iamte {1V,
™ jet in suoh & ease 1a inelined % t)e mia flew &l
18 not gemerslly off sel from the ¢Wwedn ‘voundary. A
 practioal example of sSuoh A eombinatiem 'cr inelined jeb
and s troaa flow 18 ti» jet flap, In sow ther fluidis
d.vtoll. the jet may be parellesl %o 'le flow itself, A%
t:l.mn. the flow aituation whioh exste may ™ of & job and
»tream oombination type. The exhsust jet from & vertiesl
take-off air oraft may be cited as an exanple, All tiwse
Jets tave ane point in comaan — U@ spread am e Side 18
{nhibited by the presense of & solid boundary. ' ,

compared to the extent %o whieh the flow ecmbinatien
has &lready bsen used, tme strus ture of flow popriies of
ths combination 18 not adsqustely imown, ¥hils gelsg
through the literature m wall jets - thmt 18, jots e
spread on e side of whish s tnhibited by the presems of

& solid boundlry - oo point stanis out slsarly. Almest all}
11 jewm, IV

ths caces 1nvestig&t:ed sre for pero degres wd
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sy b uu‘ $hat & sero degree wall Jjet -m ] ] “.‘.'

Ahoroughly investig® ed. The effeet of pressure grediemd,

_,______’_____.______._....—-——-——'”“'”__"_"'"_

laminar and turbulent jet, redial and plane jet Mave ﬂl

peen investigated for Jet $6 stress velosity raties

greater than two, Plow with & large retie of Jo0 W0

stream velooity ean be, to eom omnt. theore tieally
._____...-.———-——-—-"‘--

m——)

nnnn-a because of self-similarity of velosity poﬂm.
Tot, the -ord almast 10 used in this eamtexi, Meeawe &

¥atio of jet to Strean veloaily of 1ese than waity M ea_Seon

hvnt.uaud by cnly one oﬂ of investigatore . Meiwr and

Uh!.hhw (18,19), A number of applications of flow eombi.
pation fall in this category. Por example, in blowing
through slots on jJet flaps, Als ratio of jet %o etream
‘velooity is mearly coe. BSuch well et or retisr wall weis

ficus nsed more investigations,

Sormhow, the real analysis of an oblique wall Jebd
for any ratio of Jet to streaa velooity bas not beentas
up for study exoept furr the length of separation bubble.
one factor which perhaps stood in thw way of tnvee tigetieme
48 the separation bubble itself, whioh sAme & oatrastieal
analysis almost lmpossible. Tre oblique sall o8 wataly
dirfers from & rerc degresd wall jet because of '8 §cuparé.

tivsly lorze size of ssparation butcle, e effect of tris

sepiration bubble carnct be neyles wd &8 1o L@ 048 of thia
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11pped sero degree u_cn_}ot.' Alse, th_&ﬁhﬂ 1o lﬁ-
honcgenecus and AniscArople and being of & lealised
pAture similarity in urhlpm ssdle semnct W u.-l-.:

~ The edge of m-tmmmyumc’u.p.-u-dn
for turbulence, A thisk 1lipped mo'm wall jed te
ratics of jet %0 stream velosity 1066 Shaa waity by
Keoker and Whitelas (18,19) 18 Us ealy werk whled 1o of
. remotely sinilar Sype., |

 Since the oblique wall Jeb (weue)type ef fiew 10 of
prectical importance, & knowlsdge of Sis d.velesment of
flow wonrtu- is oalled far, For o:nim.- in sews applis
uuont the requiremsnt of the flow ce.windiion Gy m L
- b# aohuvod witi minisus ensrgy dululucn viore &8 h o end
. oase the obJoouvc ony be divuipattion of Oa-rcy m-u.’

T

8ince such extrems demaindc may be Mowmm

an idea of the flow developument in all its aapeata 18

- , ,
obtained, ti» Oll@,ot the ecabimatiae flcx (. of & - LI
and trial . | |
e -

\/vr(; large voluse of ressareh availabls @ terte-
lence oharsoteristios of different types of flew, mat b ah
tiocal turdulsnce models are svailable for sfay Stypes of

flom, These models &re bised am experiwentsl mumu-

- of sinilepy typs of flow by wany suthors 8nd @3 pavtes d
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for & parsieulsr Sype of flow are wery weeful tn predise |
uur'm flow eharsoteristies of any sisilar flev, Theey
are not exA0t 80lutions but 8re working wedels whien,
rb'um oomputer orisnted, ¢ivo Solutions ia & short mi
in & mare eomonical why , within Seeeptadle u-lh'd \
soouracy for practical @esigne, Sweh virking wedels “
_ turbulence are of pArticular relevance 10 04608 wiere e
exact or even An Approximat Slecretisal &aslyetis is metd
posdibls, To form sush G wodel & lirge velwm of oxperie
mental dats 18 rec.ired. AS Tes..ih 18 dus @ Amy
problen the existing turbulence nodels eam be Weted with
Sie 191p of measured data $0 Ascertain wiether sny of She
models are applicable $0 the particulsr case ' . in pars
" er full, |

\/'{'msont workon oblique wall jets ia & stireas
was undertaken keeping the above lesuss in view, Tis
objective of the present wark eculd thue otated W 0 Lo

. \/(t)/’m experimental verificetion of the flew (Simee C
‘_tt-mtiul anaiyeis 18 nos possidle), \(/u/){omh with
the e lp of weasured dats how far the oxis ting ncdels of
Surbulence cre applicablc ami, (i11) es & pres $1s4] oddw
of applicaticn whather the flov eosbinatian eaa bo used

&8 &n energy dissipaticn dsvios.

I
3
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T angles of injeeSica were ehomen %o w) (1) asren)

- %0 the flow m,- (1) opposing Sthe flow frem csosidovationy

of emergy dtnipnuan. rln dtrnnnl Jo8 %0 otvenan nhﬂbl

PAt108 were considered B 86 &8 %0 form & bese verk far fare

mutlm a hu-buum -oaol. The farwmlatiom pary teoeir
being a ard task, 18 not domwe 1n th present werw, hls

a oboldu of the lppnolﬁuty of somw existing medels of
muuhm 1s dooe ab present, 'nn velositly retiens are
aien m either side of wmivy a8 in e pres tiea) l”lhl-
tion envisaged for tnu-n dmtplucn e Jot 1s %o bo oMiade
oed from tho streas itselr, The ﬁ'ﬂnuﬂll applisastion,
onvisaged 16 the onmergy disaipation l'ﬁ-lu' feot of tre apil}
way, Another practical application antieipatwd 15 Yat of

‘ ssratica for envircamsntal msnsgemsnt.

A Considering the high lsvels of turbulemse reseted,
an acourate quﬁntttatlvo deternination of medn velaaley
and stAtio pressure 1tself is difficult. lence \le Adouresy
of the measured quAntities are firet verified Slwough uu-..'l
oing of mass, momentus &nd mean energy fow W8 flow, Omee
ﬁn aocursaoy 1s thus eatablisisd tis daws 18 visd for She
evaluation of turbulent ensrgy equatimm of whish exs Wrws

‘are megligible, while cthere are wmasurable in Sows fura,

Only the diffusicn term resAfns not measurebls. The diffe-
sicn term 1s evaluated froa turbuleat ensTgy equatias ae




n mmuuu nmot Y a”uu. r10)4 Govelepmat u

(6 ST
- ,u- umnu. qnauty., m. -uhal te nuabh -ly ,
ir otlnr torms, anrly uuu-uea tore are onm.

. ted uourthly. Al tera omn nun-u- m oe

¢hecked by mins of mowntie and wien ewivgy. Swatia, -

7& The nnltl onuuu are um mmnm-n,.' -

",Auo the rwwults Mave hua arvenged mmnxy e give a8
& ghan the nlumtu hnlo’-lt o tb fiem pmtho :

48 funoticns of velosity resics, Altheugh amlyties)

" j ,m-a to be mhrmwd in m of mu ten-o. :

R




The present study ¢an 1o elaseified wder wll
Jotas sinoe after the reattachmnt sae @ 8ide of Ve
 Jot rerAins in oontaet with the base, A wall jet Mae
Ste spresd on one 81de inMibited by ©e presense of &
solid bamdary, Tie separdticn scne of éa eblique wall
Jot 18 muoh larger tian tint of & Shisk 1ipped 0? wall
Jo%, at' the separation bublle 1s .--n sompared te tre

floas fis1d, Hnoe, the Litoreture survey om sa eblimue

Jot should start with the ooro degree wall joV avdl mad
easentinlly oomtain the large volums of woru en the mero
&rreo 1vall jet, The 14t oo Burvey 19 rtt oextn Y.
Bl bk |

L oL LLlompla to wevs o A SE VIR R

-gantributions,

The term wall jet waa firet used by olausrs (12)
who defined 4¢ as & jet wiich strikes & surféce M

angles botoen 0° and 90° and spreads over 1%, Wall
Jots osn beé ridial ss in t'D ocasd of & dowrward diresind

Jot of & virtical taks.off oircraft spweading ove? ind

ground or plans 88 in t1p chpa of two sectluond of &

acnl gensrated by & sli7Lly rajesd aluce, oty

a jgt of vatar falling Lot

exanples of wall Jots 4r¢,

F s T

e i p—— e ———————— e e = . = %
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(b) ZERO DEGREE WALL JET iN A UMNIFCHM
STREAM

" FIG. 2.1: DEFINITION SKETCH
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a pnuuy £1l1ad sink &1 Spreading ever e botomy ow
of aiy issuing ttrmh slota (redisl and ph:-) in Gove.
pn.m wiigss & plane Jot Lipinging .over & f1a% plaw wpt
pﬂlhl to tl» flow ntul.ti.nl in Wwe nll Jon e & omeh
side of the plate,

Nall jets of sero dogres inelizatica Mve bewe
 studied extensively under diverse omditians by & Javgs
 Ausber Of ressarch warkers, Exanples of u&- ouxu;
are, ROTO pressure podhnm and adverse pressuwe gradienis)
for nrm and smll ratico of Jot to satreas veloeities)
MdAr ad turbulant flowt) lul redisl and n.-n ssetimme,

The gontﬂl aprosch of amalysis of & wAll Jet ean
"be 0las9ified into follawing groups. Goe, whsre $1G flew
48 trootdd in a eeml empirical form with self preserT:atiam
ascurcd ond the conatants in/olved are deternined by expevi-
ments, Seocnd, where the flow 18 treated as an ideal rluid
rla-. The largest nmumber of dnvestigatins on wall jets
_beloug to the first group widle mess of Sie cblique jet |
studies Ure in tiw latter roup. In both eases, e sae
of sepayration “. meglected, Boxe studies of & yeat the king
flow ape however availabls, ulsrein ti risld of Lovessigh-
Sion 18 limdted to the recttishing scne ¢aae aly, 4 sdld

anot oy Bprroac avatlable 18 the turbulende 8cals

models, vhich are evolved fron the large maier of EAPTie
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ssntal studies available,

| ™9 earlisst anilnbi. vork on plane --til jots ta
by Porthmann (10). This w08 Part of & genersl investige-
ticn of turbulent mixing of free and emnfined Jote, T
Jet studied issue into still air, A olaracteristis Meynelds
pumbey far the flow waa defined o the mximum velooity ia
t» Jet and tiw distance from the wall to the point of |
it mximmn velool ty in the free sans, a, as shom in
 pig. (2.1). The tnvestigations were dame in the yanee of
Reynolds numnber 91,000 0 '1,13,000 ant between 20 o I3
slot widths downstrean, Tio cawlusions srrived 8§ were
(1) the wall jet is self-proserving in mtmre, (11) s
. poundary 18yer thickmess varied linesrly with x, where |
x 1s the diatance downatrean from Jos exit, (111) O,
the mnsirun veloeity, vericd dnversely as tre M}f-pmor
of %, (4v) the velooity in the innar layer varied as tie
s savonth j..ur of distance frod tre wall, (v) the
virtual arigin of the flai 138 downstrean of Ste 81o8,
(vi1) tho angle of jet sprood was approximately 4.7° and

. [} b —
(vi11) the eimilapity profile 1s v, - x £(y/A°) wisTe W

18 the volocity at y, X and y are jongitudinal &nd trens-

verse distence from acigin, and & and b are ¢ ana tants
Qepending o the typs of flov.

yais of the wvall jet,

A datailod tre aretical anal
D —

e —
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-4

lamirar and turbulent, redinl Snd plame, wes ewrried owd

Tg Glavert (13').‘\?/“-1:: assumption made vas thal imee
~the wall Jet comprised of & boundary layer flow mear Mie
wall 8nd & free mixing flct, $here coculd not e & uniqw
solution for the flow a8 & uhola, Acoordingly, te divided

$ta flow into two regions, &n inmer lAyer meer Vi wall,
where tie eddy visoceity distritution was oanaistent with
the Blasius power law velccity profile and & om
wvisoosity in tls outer reglm. Conbhto aimt lariby of 0
flow &t 81} alstances fron the arigin was found imposeible
as the eddy visoosities in tI8 inner and outer parts of the
flow varied differently with y. That is, if %l hximum
veleoity u, and Jut width &, nnw

ot x, 1t was found that tip expanents thenselvss wore

runotimn of x, althcugh tin vnriatlm is 8o slow As to be
unlae tzotoble exporimentally, Ti® ratio of the edly vimso-
sities in tin innor and oular perts of the flow varies
" only a3 tis fourth root of Blowly ehanging Reynolds mumber.
‘Solutias were obtained fcr asoh regica and were matoled &8 -

N

¢the point of maximum velacity, His assuaptiam of ecnstaAn

eddy visowsity {mplies i

pAximan,

 An exparimental imvoctigation of Olauert’s te areti-

oal analysis was carried it by Dakie (1) for® pound Gorbu-




. m mu :ot. npm bo) uuam s hnpnnu m..
‘__;_.ﬁ';"..::,_,unll Jot e eorronhd ﬂb uuuu data m wall sots,
S Te dummo :.mutmud dm ltnnn was 150 nossle

--mcr-. About 15 0 20 ROTEle widtle davatress ef WMo

Jot exit, the nn Jlt was t‘aunl mrmm by Ue losel

-”dmm omuueu. In tie amzopa .u-s .r 't w1

| ‘:u. the maximum vuoouy oould be nmuu " q./ﬁ,

e 3.#5 (tyﬁ)‘ wiere u: 1e tie Jot .xn nloetty ol b fe

‘41 noezle width, The carrosponding expression given by
“gerbe ‘ard Belna (33) s 2,0 (b, e mie matmm
_:nlmtty poi.nt 62( was found to 110 o a pnnl mmu
‘.t 3.7° ¢o tm wall and mnm trraun u- nnm of ¢t
_Jot axta, 51. the distanco from ttn wall %o Ste potnt of
J‘nm.xi*m*: wlmity, wag deducad n 61 - 0 182 :/(u q/v)'/.
. fyom skin friotion measure! mta (nxm between b = 23
and Reynolds mumbere betueon 2.4 x 10° amt 5.2 x 10%).

'l'm- :;/ﬁ greater than 30, to vclontty profile was ruu
%o be llim:ll&r tnd of the farm ginn W ’mw'

7 ammt B (12) @duf‘tton that t:lmi].arit? dooe not
;.ozilt Mr the entire S6o i, put the inner and outer

ﬂl.ooity pro"ilca AT resmativaly sizilapr was 8130 m-
tantiﬂted by Bigalla's ex .J.*santl (s0), For & Wb wall B
Jat wmrw ttzz wall bﬁ”p&%r’autl‘*ﬁ, {1 maintsinsd rexr ti®

ambient tamperature, tyd Qo 8y oi' waxd rus tbﬂpsnnﬁ% was




e

£ ound toh a rumtim;/bam ] unn ® ie o.“-
ummzmn hmntlm of tlo mimu terparature T, 8% any
ucuon. Jet oxit mmplraturo -r: and mbunt hmntm
To® 'I'h!.n fuwtion is umnar to tmt ct m.y of velosily
 mhximum, Zerbe and BelnA'S data (33) gave @ -E.W)(V‘l)'
wherens Jacoh et al (17) give o = 3.50(%)' ™ diffe.
nnot between the o 18 attributed S0 different nousle

d1schargs ouzuu .

yor :;/1: > 30, the skin fristion u-m.ouns u,
nmunﬁad by ¢ = 0. 085 (u, x/%)°" and wren r/b » Mu
’ ~ fhan 5. Cp = 0.53 (u, V)", I waa foud oum to .

- express C, in terms X ratior than 84, since &, u—u
? - 48 diffioult to determins ooourately. '

1 Premeld's h*}f"!*‘.‘"""ﬁ r:’“*;‘:i.’." of 10% to M x 10% fowr
a w21ll jot waa ;nventigntﬂd Ly Sohsirs srd ceaart (23).
Masurenonts wre talken upto 7O slots widths, Ti® eshin
" eawlusicns were as follos, Tie velooity profilas in e
tnner layer varied as 1AY £ 1 power of tie distance from
the wall yattor tmn V7 glven by Porthuann, Glausrs oW,
The virtusl origin w8 foursl to dapund on individual
systems, Tho length goalp voyried as x? ad 8 velaoity
¥ " soalo a5 x* wipra b =1 ard O = -0,5% assualng tiat oesn
valoaity and turbulent riuctuating quﬁntluan. ware B501f
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preserving with tis sam ioﬁh. ™he viseeus oWwresesd &ye
m_;].!.glbh and hence turhuldnt dbourdary layer -prau.. :
tions ‘are applicable, HNe2r the velooity mximum ln e

| calter layer thm vnloolty prmfno is owmcr-bly 41fTerens
from that of & free jet dun $o the effees of tre inmer
layer, ' |

Tre norlci rentiomed 80 far were of wall Jors 180v-
ing into atill nr. A mare p-uuul lttuuan -euu | _J
a1l job imsulng 1n%o & Stroan moving in She eems diree-
ﬁ.u. as in the ocase of ur-odynlmu flape ete. Eakinasi
ll'll Rruka (9) studied wall jots disoharging into a mirw- |
,““m. The jJet to strean velooity ratios were 2,06, 3 65
“apd 18,4, Both the jet aml strean volcaities were Aij- @b~ '
abm. m additicn to mean velooity, -tatl.o prouuro, and
skin frilotiaon, turbulent Dloar stresses ware als o mmasured
R SRUN S et ]nrmr ronma o dintanoe, naﬂly 3 to K77 slon
, w?;&tﬁm. It was fousd thoet Uio cuter lajer shows i Alarity
tn velooity profile whereas the innsr layer doss not, enee
tho inner and the outer 1A 0TS were trented separatsly ard
a bettor agrcoment of similarity in veloolty profile wis
ashisved, Sirilarly 1t woo soen that the Ju cponing ‘angle
is 8.,2° for the entire flci, O. 57° for the inmar rloe sad
$.,18% far the outer pert. TNiB {rdicates & yapid jo 118

diffusicy in th» outer la-crg and boundsry javer Ll
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n mobhmdnglmmtimdhmomwm o

- on fu_, band x, and €, ‘e’ [ (n R=tn Cy / G T FEE
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3

N are a8 alresdy defined, Eoidnast and Kruka (9) were. tu,,

7 firet group of umnu-m who -ltund shoer -m

'. ill trn ﬂomb!.l'lﬂ ﬂ.ﬂ ‘llth tin: !ll’ of hot uire mm
m nu st-u- nﬂu m mm vith a m-onnnbl

'm uiumpum ut nmnruy for slom lma by

' ‘.i""‘lohﬂrn am Coart @9) u'v' = up 5(1/8,)1-' run nod
'l-ummt:.at:od. but ;/:m aculd be expressed a8 f(;/t,)
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"!'b quantities l.uvoln PP —'.u v’ men nlutiy.

. -"'-1““1 and statis pressure, The -umm of mre e |
 ure gradient wes found tn:alid for distance lees taa woff* ’
- slot fignts though the errar in essuming 90 1s mgligt-
i .':."'bh arter 20 slot meights, T mnm defeet smumed: n e

u ﬂn.ttl up thiolu'u was th el omm
duumo. T!s shapes of tl® velootsy pocuu as 1%0 siet

mm- were emaideratly dirferent for Jot and weis n-

C.flows, A logaritheie regtan ezised for S1o well 88

| 'ummhrwwumetso. e uohe n- m-
$0 exhibit & logarithade rogicn slcee S0 Uim Jod mt. "
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| 1-- um - nmny nuo. tn -m- rm- uuu .
| u 1.35. 18 WAl value for .m- m-, un-. A

L par d e 10 r:.uu. e Kinetie: onergy mumv
| bcumd uth x And far dcm lhn hgu te !.nsﬂm.

. where 48 resecbisd Shat of & flat plaw bowdery iayer,

e e e fiow auo showd & dsereese iniMtally u

- fros 50 80150 aiot bum e mn xine 4l mu

u-um nnou scatint,

| Turbulence tonghh goale omu-d um .mmmf
 aasuerazts showed that in tis plane of $ia Slot 18 el
o mmum- in the free ‘strean wad u'um wan 1) h
-t slot, By ushtr slch Inighta, the wrbulense scale
 attatned I cmunt vuu ot 0.15 g ru- whke i m.-.
_'wmm Te 1s tme distanos from the wall to tte potat v
_trn volmity 1- 99 parcant of free streaa nl.oony. .

m hn-mhut slear lh'ou p-otuu pu-l tm‘ |
meru-uxnmu of 3/h in Ste ease of Jod m-m-
Apd tor low vales of 36 far weie mu fls, T mPe
aear stress knd Wro velosity gredient points 434 ey _' |
Cotiatde md the siTo Shear Stress point 18 marer to V0

- bourdary, Por wike 11k flons She Shesr stress profile

 4a simlar to mte.rmumnmnmum
pressure grediemt. |
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| h lu.nuu by Mmp (ﬂ) thn ni ey d.
'& i Gurbuhnt ﬂ.ou L] mmmn ™Y bq.)‘ -d

. -l‘ro\nd nanrm cxoopt tut th omht of mﬁ.ﬂ-
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| MhtuWMhmmimﬂ o
' disesbly, sincé they dre nob direstiy sultabie to cemte o
vith velmity mim, S0is MSpeets o Vi@ wodels we
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—pmuu- e, uhi.eh i .u‘v‘/ﬁi was nmm uul e ta-‘ . |

$o bo mot & ostané for soAll vaiues of »h. ne valiee
m m;aﬂve whsn velooity mum u -uonl apu-t '
, 0.15 sdopted by Bradebav (5)e

T mixing langth profiles a14 not ahow any !:1'1115-
. Pity. Staruns with & measured velooity profile as :/o
‘of 20 the Fetanksr - Spalding procedwre (22) prediownd
. velosity profiles which were in agreemnt -tm e -ml |

© prafiles exospt $IAY of ug Ay of 0.58, o

ﬂ!pointar mmm mmld”mlﬂ
ST0 BleNr otress coincided, Qn the whole 1% 18 Se0n Mt
[ ﬂh 14ke flow belaves lil® & fias plate boundary m.
l.n 5ro pressure a-ldllat domatress of 150 8lod uuﬂl
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| -mum (19) oumc t!n otmt of up tmm d ih
'f-ﬁﬁ-.‘- A mro degree mman; involves & nownls. m
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- 4§00 velootty, two ve otm tims Snt of tie stréam,

| m m pur nwtth m ou-mr )lm m- nuh |

mu ot umntsnum of awall Jot, Tw mmu
876 mpli nare in detatl, Al nost of V18 mesuresbls

-hl'mhnt qulnuml un mm 'nn nluuy mlu
Hﬂ 0.75, ' .91. 1,39 and 2,3 And Shisiness retics ¢/b
. wire - 0,126 and 1.1&.. 118 range of dom strean distame
tmungnm m hﬁwn toro snd 150 slod Meighte,

- nanuromnta or u' J"'"'.#'"i. u' atv? and turtruhni |

. -Ourgy apcm m wade,

‘l'l'h' ‘.Mtlﬂ Cdﬁld be Mﬂ as fdlﬂo
'!'t! 1&1;1; pressure in the ntreas was not unifors nﬂ
,itl nou. In the regim dam streaa of Ss slok we
Static pressurs rose eonsidoyebly, This rise was ;lﬂt-
8 Nhrly signifioant far tio large valus of 11p Wm- ‘
Por lnll.lt; values of u,/il ‘and high valus of Vh ue
_ high pressure regiea wis 8019 -wuﬂonut uuuh w
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| lirge whis osused by & $hok 119 whish 14 very ewviews
u ;/5 u‘ llro hun lnl obwicus by ;A of 10, a1

m omot af thisk 11p was $0 seuse tte veiocetty -m- SR
. .f:fjto be ioonwd at iarge valuse: of ZAL LR TR TP "

mo Mb ttn pomt wisre u s 99 péroent of Mu

nluity u'. The thiok up yosulted in & -un repid mmz B
| ...mw of velostty mAx{mm tina tte thin itp, Toas is, Ve
' hrau‘ raglm of uplra.ud I‘lon and- tln hrpr mﬁu |

' ;'_;:;diroot bah:l.nd the slot 14p caused & -ubshnthuy umnau |
. mixing soale. Even at 3/b = 150 tie velosity um oxts-
" tad far both the 11ps, for nigler retio of umm .«
| _' /ﬁs of 2.}. FPar xb > 20, & anrlmnio velooity
'nsim oxisted for all velwity retics and far both the
"_tmu and thin Mps. TH logarithaie regia eculd be well
ﬂmunm by the nu of m wall and patel's (23) eocnntom
Por 811 velcoity ratics ti® Reynolds pusbers bsed @ Roma- |
f-m thiolness 18 significently larger far thisk iips, T
e ). Y] mm H was significantly urp far lae valins of
| ,/ﬁ. (/b < 20) far tis Gidoklip case, winTe &8 %0 Sigal

ficant difference between o thiok and thin lip was fud
far 1Arge velooity ratics far say xb. - -

e, T TRT o




o ru- m hnot 14p, tm -m l'rlﬂun mrram
ﬁu Slvays sk auAller, L ditrerense being -nm
- 'ravsmuvnm otu’/ﬁ. mnmumtun nu
an -_upucm mim to the noi. :

e thhk up onused e uwou o« u-m
. vélooitiss for smil valms of 3b. As #/b ineresset )
th huhmy o hmm dhlmwd. Mhlnt n-iﬂ-
| lens were very kigh nesr t18 sich. AU & disteme of 150
. sies ttatts, the distribution of fluotusting quantistes . |
yessubled that of & turbulent bamdary layer, whieh we
: il.lo roum in t'e earlier cnve ‘of tm.n 1ps, m m
3 rluotmti.ng components of \mlmuy were found Ve u lase
"',«umdm @t Up mm- thin @ nlcouy nuo. .

1t was seen that tio mrbulent kine tic emrcy is
_--.-&_hlahar for thick 1ipe for 5-b of 10 wheress at x/b of 150, _.
She turbulens mm energy $8 more dependent @ nlniw
. pratio thAn on 1p thickness, Tie siear stress eroased
“sero in all oases except “.1/"" of 0.75 s x/b of 10, T
. oroesing 18 olou to tie wall, than the point of YO
| "."ﬂlmtty p&dunt. Por 811 cases 8% x/b of 150 mly Swres
" Shesr stress ourves crosved mro, that of U, fay of 3.3
" for both tts 11pe end ug A, of 1.33 for the thin P, o
Yor u, Aig of 2,33,y valwg of maximum velocity and shesr
stress diverged as x/b inorcases, The ninisus kine Sis
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MW turbuunt hnc ' soale 1, nn uhnnﬂ .l

o n 48 Seen thst thu:- dutribntim are aot u-un.
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. fond to be not & can-uat. but fap mnu. ;4 > 19&.
l.t oculd h tthn u 0.15. . B ' '
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T £radients waa iavestigeted in e wii by Prwin (16), |

L 'h- ‘asasurements by Irein 610 e woat elaborats availasle
e Wall Jote, The masured quantities fnolude, skin mo-. *
¥, mean velootty profilen, turbulemce Shear swrees

L m-mnzn. .puu. diasipation rete \irough ummu-
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vuoolty gradient carrelations are obtained with u-‘mup
'uen of 1ooal isotropy. A velmisy rasic of uy A. o a 83
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| WaS feund Vike tie results o different mhore M an
airee with esch oftir. but -tre sgreement uitﬁ 'llhl"‘-.

~ (23) ®ta for & mro pressure gredient is fairly good.

. tmat ie, mum-ﬂmnt m 1itle mnm @ exin
.trn;l.m.

. Mn velooity profiles obtained by Mowire -
.pilot tube aye fatrly in 8gresmns, Ghooaing & comrdisate
syiten of :/52 apd (u-% /) the mean velesity data .
 fer different x/b could be ocollapsed anSe e single ples.
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slightly 6a 3/b increases, Tie logarithmis law Appliss
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‘u_ s tm stwar velooity, |
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tbn tm,-u are not my bln‘ul. k Yﬂ. tnoo tl-ny we .
oLt t!- sams n-obhn  } m Nﬂﬂmﬂ ‘are nnn ulu.

nhuon (8) oonnidomd an offest oblique ,m um-o-
duoed into a ‘strean umm but'.h te .10: and trn s Tean ),
e s totu pressure and density. uuu au nolts =

mwr mthod o & urias of enfarsal mrwtu. -

) mmum of tie Jot norual to tte stress waa chtained.

o An mxymn solutim for sa obnqu. jet introfused
"tnto a strean Ind also ‘becn ovtained by Oold Swin ond
Breun (13). The Jet was troated as imviscld %0 i 1%
ammbls to mtmematios] troatmmt. T8 total pressure of
. Jet anxd tis. mu\nﬂ sacued tou mnurlrml.

o s ——
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: m :ot u- ot lﬂ and tu umuu 18 e m

3 ..fdmtreau and nenlx dnuuu were omund. l\ h

N lhm tmﬁ a nmn wtmm in um pressure. couned a

l.lm omo 1n pmmum tul OMem. Ant snds’ offoﬂ .

o tnonml 7'} tu angu :.muod. ihn .2 Jﬂ rnd th |
nmm. tln ﬂu emﬂ.watim wis. rmd u be um qu
: mzuw to thl d!.rtmm of ton:l. mm and ltu

| -p:-tm-baucn anAlysis was bamnd to breax dom, Per & fisd

. u'ﬂ'lu mu t!n volouty m bcund 1 um-uu hoth n
- bbb upatrean and acvnatrenc end of tu aupuu -m.

. ',‘_'mnum total pressure difreremce. Por mapative sngles
o (dmtuam ltuooutn) vmity hnhd to bs omluat llca.l
- lnpl.im. rer ncn-negluvo tngut. tun m . afwu

inx in tu vnm.ty purnn -h:m: hem mord md u
the. u-um -nsh vas 1mronnd.

_ | Tlt ro-oiroulaum zone u la uhgrll M o s
‘wall. Jat. partioularly when 4% 18°0b1tque Jos. Te8, w
' filf;':‘r'mmhor of . :l.uvuusaum on tie ﬂatuahmlnt so0 45 wrr
"illuﬂ.‘hd._ Reattaohzent of & pum Jot o an adjasent plate
- way. dealt by nmquo mmm (3). This apslysis ws &
mm davoxomnt ¢ Doadd's t7) mmu o :«mmﬂ

B '.N'laot toapllb m.et n'ouaul parellel to 8 pate,

" ’el' umum bubblo to exist a steady o amsm

flc- 1is abaolutaly osuntuu..' The a.nuy-u {15 wadd M s\ '

st e e T
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._‘w___._g_.ﬂ o e ™ .oaﬂ..a.»ur c.o .»l_.:&: e
| ,‘_._?: Eﬂ.ﬂ .n: 3»8»3. ?p: _..d-uﬁ.o le l‘-f.
o .;,_._‘.3.3 !._cdut u-»na ..E»u.a.a. :.i e 3_-'.- E of (9 .
o ..3 in ci 35!:&6 san 15 &n ere R. a o»—..i (v) ol...
| e entrains flutd a8 if 46 were & free jot ana teree %8
© momatua ! 14 acuserved, (v1) WIeTe W1 entrainwmt esesed
b jet oentre itme interecoted we plate, (vil) ¥be
_ nﬂ.od. ni ) akin ?Fo»ﬂ. l.. aau:up!b nher o.l -_o.., .
. _atisoment and tie fiow 18 independont of viseceity 8%
S ___..__..,__,_Enw -!33..- Hunberw . 5-.95: A8 momSntus Sheory Gh |
__ ‘ n v..,_._,o-l g Euavnpsno -B !M‘d-»a for n‘._:sgﬂa .
B .E..-B. e. 83:!» |

S oo N .Su E«ua.- »963.55!— s-.osu.. -u‘n»lu‘ Su ‘.

B ...___..asn.. on the vAll and . the Teattachmnt for off n -
‘.5 Ine Hch vwmnmu A hon Bi.upm u= Ewuho, 53 p,ﬁ‘

L . ‘was_obsorved, the presswo ins 1de the ...u:.-zn. Euz- ‘
___A_,Eniooia?ﬁgﬁsioiiili |
B teen soapared with eapericaatal resulta. ;

- zee.iu -E zqﬁsﬁﬁ. (2) a..!» to _.En out su I.. .

o .-.Ersu. ras. when 8 cblique Jes 18 introdused inte
._ & stream, An -uﬂ.onas etrd lor %o s-%p.ﬂ: soAl 918 l

. followed to rind out te purameters m whish the redtaeh- -
| _want disinnoe ?‘ub- THo kind of dependence e -Ilo

. .__._-U._.a_ﬁaud obtained S.-.?r.: ou?qpﬂuﬂ on moo and qo ‘
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- ine cupredeidls j’oh. ™™ effect of som mlm ~.-
whters 1like pressure-gradisnd, skin fristion were m-u
Iry suita ly l-odifm te Ox]-ldmm seb u’, At S

" eariter case, 1t seerm St if $1» Reynolds number execeded |

& oertAin minimun value t!® reatWohmnt distance 18 inde-
pendent of jet momsntum, Almo, it was ssen thas 1if Ve
_plate length was suffisiant, $he reattaehvent wee inds-

pendent d‘ skin ﬁuum. Por Gn adverse pressure u-uu-t.

the nan-dimensiaal reattachient distamce eculd net W
uulp'd @ to & single curve, while 1% was possible fer
sro jressure gradient. It was also cbeerved if $18 Jet
angls 18 greater than 70 nO reattachment takes plice.

) T1e above LITES _rOUpS Show the mShod of &48seX
80 far developed in & wall jet, The stuly being of & semi.
eopirical typq wisre no lelf-mmruum is expooted, the

. basio thaary required far 4n experimental etudy 18 bsiad

. o0 the fundemental equation of fluld meolsniss, TIO S€li-

" Sions of momntum, SHergy Gre modified $0 zsasuredle G-
tities as suggested by Rowde (25; 26, 27). A swrvey L.
She applications. of this cothod 18 & fornidable S&k. A
auder of investigators undr Rouse himself heve adcpled

" Shis method for their yescaroh wark, A few <’ them &7

m\", Nagaratnam (26) and Claturvedi (6).
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) AghmomtbleIuﬂ umxpu-uom"..‘ ;
-'m wal# $ype foFmitiom (8 weak Jet) has beed tavestigh. .
:ua wly by Koker amd umeon- o obliewe whil J% Mo '

| aot hun, 18 rus. wusm mpt ﬂr " n-um.. L
-nt dum S
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) m tll s-p, nbn tli ohl!.qu. Hees a uu. ﬂu
. vas utt out, Also & . ‘arbulencs -«m for Gueh & flew
| "'tl u nt no. avauwh mn fop m donn L Jo». B
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C ™s previos otlphi- gives » .nnpo of -an o
e avallable works a two dimensimnel wall jets righ
from Forthmm to Irwin. As mnticmed in Shat stmpter

_ %@ resstroh paprs @ WALl jets fall fato three grow-
(1) where & umupiﬁou tnlt-nt 18 given 8s %)@ flow,
(u) wheTe the flow is treatsd as potentisl flow, tod
{111) wisre coly the resttocring smne ie snsidered,

Qoing through the group wherc semiempirieal tyest.
went 18 given, the following point Show why Suoh & Srest-
'_-nt camot be takea up ln t!s present study., Te flow
18 treated as self-preserving except for @ smell fnitial
ldiStm-mo. This condition 10 satisfied only 1if te jot |

flow 18 much strongsr than tis strem, whioh 18 act the
osse taiom up. All the Papore Show jet to stress velosity
. sdusidered was mare than 3, The work by Kacier and White-
- | law 40 = .S-O-Dtllm to this case. lere tiere is K& Gimde
Mtr profile even at lArgo distances don streas
(x/b of 150). Nor there 18 & thecretical Analysis ezee b
Sl» applicatins of the bacio equatins of fluid meahanios,

™ -mtmny profils assumes that the flow ¢am e

. ""1}

- eplue uto an {nner layer bohaving like & turbulent banéary




(33)

isyer &nd m outer layer Binilar to that of & ﬂl‘..r

e 'app).i..onttm of bmm' aysr equations inply &
_ A tranvese preasure gradiont which is negligidle, Ay

Jeast for distances upto 3b of 96 this 18 mot e eitwn.
tion that exists as 1a evidmnt from tie static presawe
masurersnts, Tmt 18, domdary layer squatims are nod

_applicable upto z/b of 43, All the above papere @Al with

70 ANEres wall jet, where wiem tie Jet 18 straag tnd 1P
Shiciness 10 smell, the Ge ATatian sane 16 extremly sl

o non existent. The thick 1ip ease of & weak jos [IBewey

and Whitelaw (w )] does prodquwe & separated sane, but 1%
{8 wuoh suallsr tian in tie oase of an oblique Jﬂ. e
edge of tls standing eduy 18 & scne of turbulenoe produs-

tion, fron where the turbulome gots trensported. Wnile

soms of the a'hovo papers Inve compared tre various pare.
mstera of turbulence models, tie comparisan does not have &
direct nwttoﬁoo sines the models are based boumdary

- layer equatins.

The nofnd group of ideal flow treatment 18 sltogethey
not lmlpful, Since the f£1low doss mot tale into ageoumt e
visoasity and turbulence effects, BSimilarly the tiird set
of pagers are not {nfaot popers  wall jets a8 (B @y

‘faoctar tnvestigated 18 tio roAttaohment length.




)

| eﬁuiam all thons faotars, tie mﬁpu Apprenth

teo 58 adopted appears to be that suggested by Pouse,.(27),
~ Ti» basio thearetiocal equatime are modified %o suoh fores,
that all the terms, involved would emtain eitier wly
measurabls quantities or quintities wiieh are very sml}
20 a8 to be ugifnhu. Those equatione are them intag-
,‘ rFated oreér pre.chosen smtrol volume, The st of mm
33 masured snd desided through the Applissiten of the baete
svmtias, Pinaily, the trus state of e systen ta terms
of the various canpownts of tte flutd dynanie dalsnice are
idntiried, ﬁlrt!'f more, tirough apAlysis of the iater-
aoting integrated fom, tln. dynamiocs of the flﬁ 18 trisd
“to be understood. |

3.2 _Foentions of Motion

Tip baste £luld meckanics equaticns valid for say
flow are (1) tw equatias of ecntinuity snd (11) tie eqwitia
| of motion,

T oquatim of amtinuity is the appliocatim of
tmwlum of mass apd t!m equations of motiom &9

obtained cn applying Newtm's seoand law to te fiow
-ocmomd. The derivatimn of tiose equatians Are available
tn 01l toxt books of fluld rechanies sad hsnce are not

reroduced here .
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e equatiam of emtinuity 4»
§+g4a"-°. : o b."
\ihen the flow is steady and incompressidle. Mre
Hre u, ¥ 6nd ¥ 8¢ the velcoities in 419 X, y Sod &

eirectias. The oqusu'n of motion in e x-gireetim
for te atme case 1., | |

H.x.lggﬂ. *a : C.2)

TS ps Ps 1. S04 X Sre the demeity, pressure, dynaate
viscostty snd external force respectively. Bimilarly,
the equations of moticn for ¥ &nd x directicns esm b

' rtten, N

m'ra.bovo oquluonh ‘of moticn, known &8 tiw Newisr-
Stoies equaticn oan be modified for turbulent flow by |
assuning that these equatims are valid for instamtimscud
a8 well s mesn onditicas of flow, TIB Tesulting equa-
tims of motion are now o Reynolds equaticas, Ti® shup
‘monh osn be adopted fcr modifying the equatim of
emtinuity, Tius edoh {nstantanscus flow e hares terintie
um\mﬂtou a oanbinaticm of & metn Snd & flustuating
ﬂﬂ uegsu',vev+vh puT +pete, e dash
qQuantitics stand for fluciiions sad bar mtttm gow tind-

averaged mean.
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o 'rha 1nﬁtmtmm cmm oqutun nn be. dlrlnl N
| %grrm the momntum oqmucn by multiplying tte mowsmtus
_"'ﬂmum with te ompcnm velooities and uﬁu o

i‘;",‘-u the tmu rnul.u.u squatims togetier, m "w o

:,;u- lv.raco of su ‘Tesulting equstian um m uu.t |
| m-t oxergy oqmum. e total work emergy M‘ """
'f"amau. | | | I
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g1 droe of thié equiticn om " rupma mo vork w .
| ';-mun m- sean uo- uu for m rmmtm no-. o

muwmuru Omtim r- -uu rlou u. 1_: |
-‘ZA LR AT

4 il gr ity o.t)
.f'f'_fau ru- m hu'hulnt £ 1o tuaticns, '- S
..,g;-(%i)u,g;-(ﬁi)f?_g}_” -

'nnu lqunuml ot contumit:y. nmtu lad Mc |
. for meen flow lnd rmmtms qu-nuuu osn be utilised Se

| "-,-"um-aga tu -uinc of job 1n a ltn-. '!'bu mu-l[ S

: " mm- to h trounn up mta un- -Moh m umu:

- -umu. thrcrmuly all the tn- are. pot yo8
| direstly uimuuh. Yot, 1% s been ctasrved LAY Bame

| of the nan-uumbu Guantities are uanuun. wile u-;’ B
- other teros oAl bs Geducbed fram the above equstiams, e

| '-'tuu et of eqUAtianS SOTvVO 48 the  thscretical wwm -
tar ths upumul. lw 'n- nu-ugndbh un- o B
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.',.,,gh ﬂ‘ mm oquaucm nro obmm ouhn- nmth
Q. by mﬁvattm rrcu nomntum oqmtim. mm a ohoh

, W .ub,mwtmg 1n the momutm ﬂlulticn civu t!- huﬂ. o
of acom-aoy of thn muurod tom. moo th- -oeunoy u '
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Mao equacical oan bo mumm wu- l ulm'ol
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| umtmg over th- acutrol vonu. R

E:he- "“I &'« 112‘-&“
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3 m mumi m ' nlut onlg' nba.‘l lnd n odmib. ”
_ ‘m um by uru lud mdmm n to thn ccntrol vu-. :
thn mom 1t\m equuon in tm x-dh-ootiun 8 Mmu ' |

o .ld_"i < - f“" dv .o 1‘ fm 4]' i g ar' | . -(3".{6').‘1_"
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B m all tm above squatins a stand ro:- the depth of e flove

!’lt hrm are- poutlvo w!nn t-h autndi ncnnl to tm m
*h tn tho posxtiv- co-tmnmto unettm. :

L mny or tln torm of m Nuattcn 3.1) omn ™ pup‘
‘tmthar and’ mwmted a8 d:l.rronnt. urou of turtulence.

i

Trnf:hst two t-emﬂ JAY-‘;—ud.v and f l,— dyropnnnt-.

C the mt tl.uxo:r ‘Kinetio enorgy cut of thn mum iy owl- L

’ (-bv mean nou) and atrrustan (by- mmmo). e ur-

:E-r I[u (%‘ %M(u"-u")&]wummuq

so o

. Nmmuns m-ocmum of un-mmc m umuu- | o

| °'“ b easily undontooa 8inse tie sase ‘tera exists 1n the
mrw equaticn for mean £low, hut vith & negative M.
.Iucoasmumnmunmzanduuom.hﬂ'"
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- _:u a l‘i-l (rmun) um ru- u- mury flee, o

| m J' ay utumuu-mnmnamn

-'uhmm b! thl ﬂwhltina mum. S teree o
i mninx ,. nmunt the raten att wiloh wark 13 daoe by
tm uum -tnml over tru Surface «f the nun -me
fm-ougn one tm tnterias of tie s" :l’x (3*—)' oy 1

‘ampm-. | -n- nutnum un om b atspliried ter
| uou-ouo m-mmm u ™ylor mm. Ay tm po-

umu. the dissipatim, ..L‘L ) e v @het.
uuu :moxvm ( g- P ot be weasured tmu
dmmuator. ' - o

mu nbm «mum lac uuﬂnuum m .-
' ,“’ thmuon bl-li.l ra- the mmt voﬂ. hhﬂl‘
, .'Urivaticmn or all the otmnticnl are given m te lpp-mux._ .
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The exporimentay Rrogramme tnvolved t!-t, M arure.
mnt of statio pressure, totay Pressure ang flustuating

quantities. The experimentay Bot ub needed a strean and

Quantities,

The equipwnt wsed 1y ¢ exXperimental [oograa g

~ 8hown 1n pig, %.0a,b,0,4, THe uniform strean was provideq
by & blower<type open wind tunnel, The powey uoﬁtm
omsisted of o oontra-rotating fane o'u;h driven by a
 T+5 hep, motep Operating anl4o volts, The ontra-rotstion
reduced tie tendency of tie flow to awiry, The turwl wag
ebig-muy of n'q'uoti-m‘ tm aroviding a,ptrnni veloaity
of %0 pfee, By reversing tiho bowor ocmeetion of the
motar the fans were made blowey tﬂ'; but with some 1cas

! ©f offictoncy, Eaon fan conld be independently oporated

| % & voloatty range upto 20 pbes could be obtained, The
8128 of the power Seaticn 1as 0,50 mdia and 1,05 lang,

The power soation uog preceded by & control saction
- 8nd 2 noise reducer of 8im0o 60 m(dia) by 0.76 m. 718 noise
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reducer cousisted of & 5 &m u!.do‘umnu- Space pacind with
glaes wool &nd the inner plate was of perforated sieet,
The noise reducer whs not efficient for & blower typs of
tunmel, 7w control of flod waa by a flap valve whioh
eculd b adjusted as desirod, The power section was
ecnnsated to a oiroular to rectangulap mﬁium. To
reduce the wake erfect of t!s motor of the fan & oo&u
G.I, B8oreenwhs rztm_ b 1}a0n e power seation ard the
trammition uotim; Next to the reotangular end of the
uotiﬁn. a 10 om, desp hanoy ¢omb Beo tion was provided

"' %o straighten the flow, The oonnection between the ecntrol

_saotion and haney ocomb was of flexible leather, sewed to

shaps to roduce vibraticn ©fects, The flow thus streighe
tened by the honey comd section entersd a settling elmmber

of sime 0,05 m by 0.43 m,  The uttuns chamber was fitted

with timee fine nylon sorecus spaced §.5 one apart, Ttese
fine scrcens reduced the £lme of eddies to a very sumill

size which got dissipated soon., The ssttling ohambir was
omom to the uarkiﬁg soction through & well desizned
oc'ntraotién oame. The worlking section was 0,297 m ky 0,307
m‘iaoeim snd 2 m lang. Ono side of tis inorki.ng_ sostiam

was wade of perspex &nd tho othor of wood, Part of the

porpex side was made removabhle for fitting the nozslo

properly. The floor of tin working scoticn was rittad with
KK & Du-Lar of static taps., The contre to contre distance
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of these taie varied from 3.8 e nnr' Jet extit to 3 gme
at tho last section. Ti® vorking seotion ended ag a
bend to Whioh & diffuser was oenmma» « The Aiffuser
was later o dispensed with.

The Jet was supplied by & ocntrirusu blower run

. by & 5 hyp. motor, 'rr- :‘ecbamullr oxit of the fan was

¢ cnnected o & 7.3 om. pipe through & transttion pieoce

15 oms lang, A three way gatevalve Widod tls comtrol.
ling rechanism. Tis bleed line was directed axay from 4ie
sxperimental set up. Frou tl® gate valve the Pips 1lirm ,'
m straight for 6 a, - A sintie ﬁp was ritted on uo;cu'- ’
" 8146 of 10 pipe and an 84justable 16 gauge Pitos tude
m provided at the same toction as the static tap itaelr,
Gos meter damstrean of tiw pitot-static fitting & bend
wes provided in the supply line, The bend was oannooted
to a settling oramber by o shart pips length and a nearly
two metro plece of | flexiblo tubi.ns.

| -' Ttﬂ'éottliﬂg chn;nber' H#B 0.5 m by 0.95 m and was
rm.a with three fine Nylon soresns to distribute tie
flow evenly in the ohamber aml to reduce the size _of
eddies, o ce 816G of tlo chamber, opposite the pide
through which air entered, & 7.5 cu bs 30 om ommit .““
conneatod at an angle of 45°, The comduit ended with a

flange Gootion to fit tie yoquired mozzle, The mozz
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" Pleces were eitier of 0.1, @ M8, 7.5 om k30 om at ane

~ nd and vere provi&d with flanges an a1} lm-. ™

exit end of the nozsls was shrpamd 0 a thin e, ™»
noEzles were designed for angles of 90° apd 127%, A arge
ommot.tcn of 7.50m to 7 M weS effeotsd in abous 20 ons,
The length of flexible h.lbins and the adjustable foot sarews
supporting tiw uttlim clﬂabtr' gave the nozzie SOl free.
dom of mavcmnt in any required dl.ncticn.

‘2 Iawurentation

To introduce the ins trummtes vurtiolny. ‘holes nn
drilled en the roof and ritted with well ritting oaps, A
eentral longitudinal slot 15 em long was made onthe roof _
of the tomel ab jet exit, The 11d for this slot was mde
of four interchangeadble piccas, each of which vas provided
with a contral hole to introfuce instruments, This, for
the recirculatian bubble & velooity transverse could be
mede undor any oentra:" hole by taki.ng Pitot and statio
traverses from the two flbniiing holes,.. Ths central hole
oculd be used far direotly cvaluating the centre of the
€ddy by reans of tuft anl Lot wire ansmometer. At the
Jet exit & large slot /waa rodo on the wooden side also,
The slct could be olosed with two 81iding panels whioh
moved tircugh groves a modc on the sides of tle sict, The

tvo parts of the 114d whan joined together closod porfectly
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exsept far & smell hole AL the oentre, This faoiliated
the fntroductich & the Pitot tube at any eight and at
any angle in & ¥ertical plane. At esoh of tie seotions
 g/b 4 48, 96, 184 &ha 192 2 similar slot vas mmde (but
of 2 om width) 4t tl!- 8ides and also & oentral roof hsis
e mab,

A smAll sestich of the base vas eut at an anglé,
The 2120 of alot thim nads vas slightly largsr than She
' nogelS, The nozﬁ.‘ pieoe .08 introduced tm-atsh thia
slot and mmud to level position with £l help of ro&
soréws, The rf.ttmg was i semi-perminent by Duco
putty, which wis later sand papered to & level finish,

' Wuuuﬁng system cnsisted of tr- traverse
Systen &nd the instrummts, A set of lead sorews with
oentral holes of gifferent oizes oould be fitted en the
roof far vertioal introduction of the instruments, Ti®
least 1v2ding was 0,9 mm, Pitot tube, statio tubs, hot
VA6 probo, eddy tube ete. could be introduced thraugh
theso lead sorews and adjusted to any point m the vertioal,
Alzo rotatian of the instrunont in the harizcntal plane was

possible, Por horizmtal J.ntrodmttm. & holder &nd c¢laamp
arrangoncnt fitted to a 8liding plece which moved ovor &
vertical gcale, was usad, ‘The vertionl soals could be
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rotated nbuu':.tln vertical a:xis, tme holder about & hord. '
santal Axis and also thw loand Screw clamped to the holder,
oould be moved in & to and fro fashion. Thum, t1® probe
~ oould be &djusted to any reQuired position, An auut.

able mai.cator ‘an the probd body made angle nummnu
possible,

e total had was rpasured by & Pitot tude 1.6 )
dis and ths statio head by & 1.4 mm aia statie tude, Exoeph
 very nsa.r the jet, ths Pitot and sut:l.o heads were messured
with vortiou mtrodmum. For the jet aipes of 7 mm tbu
tubes woxi cansidsred too large, A 22 ghuge ngot tube
and static tube ocmbinatiom was used for Jet exit velooity,
| Tte Pitot tube length was matohed to the lemgth upto the
statio hales, to get the volooity at thﬁ sAne pointe,

F& peasuring the inclinatie of the flow & modified

Mtot tube was used, It canaisted of two stainless steel’
tubes of 1,6 mm dia bent 1il® & Pttot tube and held to-
gether by & think film or tgahosive , 'm tubes were out te
45° at the enas facing the flow. When thereadings from
the two tubos were the samd the tube was &lignad in the
dlreation of flow, A back to back Pitot tube wos mads for
masurencnts in eddy. It w23 later cn abandaned for ok
of omstotency. Tme oddy contro was deoided with tio Islp

of & fro6ly swinging woolctn tuft and 8180 by hot wire probe
The hot vire epemomter recding 48 the lsast at tho cantre

[ L R e g

o e

e anm a—
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of tim oddies,

Ti® turbulence Quantities were nuuﬁu by '. hot
wire probe and & Disa 55 Dol constant temperature hot wire
apsnomtor set. The probe ws utroanod tlu-ough . hu

"orew whish could be fitted an to tr- stanqd mnum
| bm. An L -hnpod md yr o emom th- original utuu
of the wire nomnl to the flow, Tie 45°% anq 135 tnonu.
tunl thon oould be sdjusted,

rm- measurements of reattachment mtaahi. pnﬁur.

. tufts, 3.5 mm wide Bnd 1,5 om long were pasted on bie

floer, Ths tuft whioch fluitored in both direotions oQually
wa8 gmsidered to be at tig mattaohms point, DBetg n:lcro

maomter wvas used for masmmt of muuru.

M3 calibrations | , o
| Calibrations of PLtot and statio tubes were done
with th® help of NPL Pitot-statio tube in & turbulence

froe stroam, The cocerficiont was found to be 1,005,

Hot wire probe was colibrated with respect to the
Pitot and statio tubes, wlon the velooity was more than

P
aRvl
ZE

V pkea, The calibraticn ua8 dme for a rangs of 4 to v
20 y/Bec in anothar wind tumel, where the turbulence was
‘188 thon 0.5 psrcont for ¢ho range of O to 4 mBec, where
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ntot tube is not aooumto cnough a -uoul oA llihra.
tiom tank woa tlbrs.utod.

e speoial otnbmtim tank was mage of 10en
pipe Um0, 14 m long and hold vertically with the hlpl
of & st&nd. To the top of tim Pips line a fitm 144
was woldd, At the threaded bottom side an orifies
Plate with & centrally ploced orifice of 5 mm diamster
could b8 fitted. The tank thus provided was fitted with
&n inlet near the top, glaos tube on 8id, To e side
of the tank, near the top, o 1 om perspex tube, 18 lmg
was fitted with the mlp of proper supports, The oms.eo
| could de olosed and opensd a8 desiyed,

The prinoipls of tiis calibraticn tank 1s as

follous, Once the oririce 18 opened, water lsvel goss
down in the tank, The ehange in water level in & kniown
time gives the volume of ‘ad.r.that has entered. Since the
tank 18 sealed except rqr {le porapax tube the average |
velooity with which air mo.o5 4n the perspcx tube 48 I;nm.
! flow 48 laminar and ence the central velcoity 48 twice
the averape velooity., 30, if & hoi wire is introduwsed at
t! centre a odnbraum ¢f the hot wire can be dame for
very small ranges of velocit ies. The hot wire oould be
introduced either vertically or horizoentally, Dotails of

| caloulaticn are sham intln clapter of resllts and analysis,
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Fo msasurements of turbuhnt tumunu. & DIBA
omtmt-tompomtun hot wir-. arnmautor m uoa .un,.
with ito accessories of linenriur. nMs mter and digital

- voltmeter, These unitn were onnbmtod &8 instructed l.n
 their mAnu~-Als ang the aalibrations were ohooked omoe 1n
um:l.o._ As tla ine veltagn tonded to £0 below tm
'm of the instruments, ¢ach 1natrumnt was omom
%0 & voltage utabzl.uur. The probs used was of & single
vire typa nm 55 P31, u'v' measureimnts were also
taken with tis same Proto. Tie hot wire was calibrated
'lt tm begtnnms And end of ths traverse in the ucrldu
tunml. iteelr, upetroam of the jJeot o:u.t. In addl.t:l.ax the
Mtot tude traverse ho:l.ped 1:: ornom.ng the loourmy of
'hot wxn readings.

Por messuring tho dissipation term in the turbulent |
onergy equafimn. the Bpaco darivativoa were asauncd as
functicns of tine derivative as shom in the next chapter.

, A aifferentistor was fabricnted and calitrated with the
Mlp of & known wave form, A ciroult diagram of the
gifferentiator 48 shown (Fig. 4.3). |

-

Qice @ll the instrucnts wore oalibrated, tid stresa
and Jot rorained to by caiilrated. Thy stroam wis calibra.
ted for the working valecity and the jJot roQuired calibra-

tion for overy sbttting,
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| The calibratian of the stream was acne in datall ag
tte jet oxit with the Jet emt olcsed 8nd also a esntre

‘line treverse wes taken at the last stati. A total maq
and statio head t.rnvom vas made at every nodal point of
a2 om grids Those tubos vare introduced horisontally. The
angls of flow at these nodal points were ‘ehscked by the
angls measuring Pifot‘ tube., At no t_uodal point the angle
vas more than # 0.5°, in t1s vertioal directian. A freely
swinging tuft fixed to & 4 mm rod also introduced hoarison-
tally gave an indioation of the total engle of the flow.

_With these traversog, the velooity distribution was foumd
satisfastory. A detailed contre line traverse with the

' Pitot tubs and statio tube introduced vertically gave the bowndary
layer oharecteristios at tir beginning and end of the working
Beotim, A traverse with & hot wire probe wes taken alang
th-' oéentre line to détemim' the 'wrﬁulanoo lmroi at the tummel,.
The turbulonce level was found to be slightly more than 0,75
percent. Tha static pressure masuremnta alamg tho centre
Une or‘tm tunnol showed a very small '&omase towards the
down stream directiacn, The statio head at the Jot exit showed
uniforn prossure distribution whon no'a?tma‘m wi8 presont.

The stream velocity was unaltered from tis value of
145 pBoo, The difforent veélooity ratics were agjusted
by agjusting the jet velocity 8lane,
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The Jet exit lngk. 08 ol‘lﬂﬂd with the hlp of &

tuft, vith the strean being nbeent. T widath at the exts
ond A8 shwolmd at 2 onm intorvals lnd tin a.rr-nmo s

found to be less than 2 percent, Por each Jot veleoity,

velocity traverse was dma alcng the osntre line of tie
Jet, and on two lines, ane oo either 8ide of tie oentr.
line. The jJet could be talon a8 & uniform e , e

ssurements were talen in the oare, Just above the plane
of exit, The Pitot am tulo used was & pre-oalibrated 22
gauge tube. The statio end Pitot tube lengths were
matoed to give tin velocity m the same line. Ths two
were mounted together with A gap of 2 oms. A Pitot tube
- and statio tap in tie 7.5 cns hupply line of the Jof- were
connected always to a Mtz micro manomster providing an
‘instant ohsok on the jJet sctting at any time.

LR Frogramme of Measurc:ont

Four main statioms 1ore chosen alang the length
of the flow at 3b of 48, 96, 144 and 192, In adiitin
_ two statim were ohosen witl tha mattaonnent longth
at X b of 4 and 12, where mcan volmity and ptatie
Proesurd were mly measured, |

A traverse by tuft a3 dme at first to oheck the
orientation of the flow. I was found that upto x/b of
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48 a sr2ll rench of flow noar the base was inclined to
tb horizontal., The flw at all otrnr locations was in
th x-direotim,

Static pressure moasurements at any sectica
inoluded base pressure and a traverae along & vertioal,
_Por base pressure, the static taps fitted into the floor
was used, The base pressure was found to be negative
for some distanoe from tie jet exit but much before x/b
of 43 tim base pressure roncined positive, The statio
ﬁ‘aam, treverse (vert:lcal) at aifferent xDd ‘notlm‘
wore taken 8t different intoivals varying from § mm £o
| 2 oms, The traverses shoued ﬁoa.rly uniform ;::Feasur"a | X
distribuilan arter J:/b of 43, PFor the stations within . \i |
the rectiichment zane, the pressure distribution was -
taion with the tube facing Ule flow &t 8ny poiat.

The total head mofsuTOrENt wers ﬁaken at grodsd
4ntervals of 0.5 mm to t ¢ from boundary o l;ttd stream,
Also, toé tis reattachment zae the Pitot tubea faced the
flow at any point, exoepb for the elight inclinatian of
the flow,

T'o hot vire probg support was inserted horizmtally

80 ag to teks 1:;5", &' ' ond vertically for S, e

intervals of hot wire readings were based ¢n tho roadings
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o the RIS meter, hoins very small for. hrp values ang
ubout 1 om where RMS meter did not Show much variation,

8ldn friotion meswemnts were based @ the Pitos
‘tube recdings at tha first sotting over the bomdsry,

 The temperature difforence between the stroam and
Jot was mly 0.5 dagree 1vnce no special Srrengsmnt
was requimd to adaust tho aat temporatm to tme of the

ntroam.

T oalibration olyts for tho ltnm are lhum
in Mg, 3.26,b,
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5.1 Evalustien of Masuwed pata

- .

The genoral who‘e_a'dm-o for oomomﬁnr measured
data mvo}yog oorreotion m’» soatter and oorreation for
mmasuring echditioné uliu.‘oh at itiméd were dlirrorint‘rro-
oalibration ca'ndit;i,ong'. THe carrection for gonttor s
done by ocnsidering varicblos 8s continuous funoticns in |
- space.Thus & simultapneous ‘plottl.né of the vmaﬁhn in
“the X and Y direotions elininated disoontinuous

gradients, ' | |

The second type of correction for tre Pitot tube
and ,.statio tube involved gorrection for angulayrity 'and
turbulence. The angles of the stream lines wore extremmly
small exoopt &n the vioinity of tho ;eatmm bubble.
gsnce tlhn corracticns warw mhdo by suoocessively plotting
the mongcurod velooities oad plotting the streamlines.
peood on the molinanm cf tie ntroémlmas. th angullr?
'o'omoticm'_ma applied, Tiv aotusl mean veloolty was
ocaloulated from the moagured total and‘ statio presaure

using tha formula

Y PN
B = 1% ( i = ) )‘mo | | -(5-1)
Umﬂ : '
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where U, .. Stands for the velocity based on messured § |
readings . | l

'rrn skin rri.ot:lm ] onloulaud @ the mumpticn
of logaritimic velooity diatribut:lcn. The clnhrlucn of
hot wire before ﬂpd arter oaoh traverse, eliminated mny . |

e e e

a oorrection from the hot wire reading. Also the traverse
by the Pitot tube cheoked the acouracy of the hot sdre
readings. Tho cslibratian of hot wire far the rengs of
less tham 4n/Bec waa dmeby uzging the calidbratian tank
gesoribed in Crapter-i, fim formula used for evaluation
was

“'“('%)l.%'-\/*ﬁ' | - (5.2)

where u 18 tha velocity &t the probe; D, the inner dismeter
of ti» tank, 4, tha dismeier of thno orifice, tmax is the
time in cooonds required to bring down the water lovel
through o dapth of hmax, Tie fluctuating Quintitien were
. : ovnluathd."m tie basis of the formuld,
viA o N of/2 ‘
1 - R Cos (5.3)
Y] B pU‘3 [{Sin®¢ + K° ¢')] |
alﬁro B, ¢, and A aro oalibration canstants, u 18 the
veleoity, V, 18 tho voltago reading of tie encmots tor,
4 s twp inclination of tio & wire, R &nd Ra are thn

|
|
i
b
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operating resistances of tit wire. Here t! ommstant ¥
18 usually taken as 0.0%, |

5.2  Apalysis of Mean E;gzw'

| Tio static pressure distribution along Y was far
from wiforn, qémoiany ab utatimu'neanrgto the Jet
oxit. . Ths prossure distribu'ﬁim'muaa trho'nplmt:l.oa
vas alse far from uniform, The na-uniformity of latersl
pressure oxisted till far down stream, though to & much
smller axtent. B -

‘A smll longitudindl pressure gradient also existed,
whioh w3 of the same order 68 that of tmr\atr_-eam. when
the jJet 128 abeent., The L03g .pressm showed ne@t;vt'
valuoga tﬂ."u aboﬁt the matmmmt pbint, after which &t -
. yemaintinod more or less ¢f the seme s tie prossure in
tie mid.-stream. This laterel pressure gredient implios
LAt the X-directional end Y-directional equatimne 6re
~ to bs eansidered far aolu‘i:ﬁ.caz; Ty baso pressuréd 16 showa
 in Fig. 5.2, |

Meon Velosity Profile
Lo rean volooity profiles at xb of 4 and 12 show
that tho velocity profile canbists of & ro-circulating flow

and tio £low in the gonercl dlreotica (Fig. 5.1). Yot
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after x/b of 48, no velooity maximunm is 'pmunt‘.' Trds
oould bo attridbuted to tio m:ehse'. ﬁroanouou ror turbulence
Slmg te edge of the standing eddy and oonsequont intense
mixing. 'Al loparithmio distridbution of velooity 18 famd
to exist after a aistanca of x/b of 48 (Fig. 5.8)s T
velooities measured by Pitob end hot wire are in faoirly
good agrcemnt as seen in Fis. ft5..3). ' |

Tha corrected Quaatitios of mean mnauro aad mean

- volonzty and turbulent fluctuations are used to evaluate

' cmtmuty. momentum and CNOrgy integrela, e omtumity
. equation 18 satiofied with on error rangs less than 1.5
| peroent, Tm® mbmntum equatim a_ndr enéry éq@ficu aﬁ
 satimfied fvith error ranges nbt exceoding 3 percent and .
s peroent f@speotively. The terms of the momsntum cquation
are termod A,B,C 2nd shown in Fig (5. 5) Bimilnrly tho
terms of tle meén energy ¢duitions &re plotbad in Fig.(s 6).
The first term which raprecents the flux of the kinetlo |
energy 1o cmbined with €0 sacmd torm, which rormosonts
the work @me by Reynolds aumss, and is shown as A in
rig. (5.5). Tme scoond torm 8lams 15 shown in Fig. (5.6)
23 A, tut with 8 base of zopo. The third torm 18 ropresene
" tod by C tnd tra last torn by D. The 1ast term reprosents
.t produstion of turbulence, which 18 li 1o55 to the moe@
encrgy flold. Eepee 1t 48 a diésipﬂtim toym. Thy osubsti- )
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SEL  of A1) these terms in tte energy integral equatiem
Shows 8 error of 5 peroent, The visoous terms were
Svaluated but was found to be of & negligivle oraer, e
Clllilltiﬂ term 18 higtey for 127° injection toi-'ul .
0dses of velooity ratios, The mRx 4 rmum l:ntfu alnsipateg
418 for the vélooity ratio of 1,08, jet angle of 127° ang
16 3.5 percent of the sum of tie energy of the criginal
Stresn &d the Jet, -

Ti® skin frictian ocoffiotent evaluatc” agrees with
t!» result obtained by Rac!»r and Vhitol'lu.rlta' far &3 tho
‘trend 18 onsidered. Pig. (5.8), It remoies & A tivoe
value et 0.009 in ti» re-girsulating zone and increises io
0.022 &5 the last sectian. All the curves are not shom
80 Cvaid oluttering, ‘AI.M‘), the ﬂ'npi_ fagtor lﬁru with
& value above 1,75 ot 36 of 48‘ lnd decreasss to tiw
value of 1.3 at the lass staticn & shown in Fig. (3.7

3.08 QWMEW

The mpi- of u'%, v, % ghnowm tn F‘is.(s-u-s-}sj
indlcate that ¢'" s always the largest of the three with
v'® folloving it closely in mAgnitude. The o'® sand u™
ourves show pescin at mlriy.th same distance from the
wall, viore as v'* paxtmun icached at & slightly larger
distance from wall, Loosl turbulence intensity of mere




(6o)

tmasnmtmmmnm.m-. as 34 of 48,
Yos, the difference in turtulence values sg xb of A8 md
2/b of 95 18 tremendous 88 18 evident from rig. 5.1, 8,12
eto, In all cases of u /ﬁ“. tis turbulent quantities were
higlsp for the 127° maootim. This ooculd be acemmted by
tlm salightly larger sive of the re«ciroulating sone, e
edge of uhioh works as & momctfon mill for turbulmmoe,
Fig. 5.16, 5.17 givas the turtulel¢ ‘l’fn‘ streas u'p!

Ti® turbulent stmar strees u'y' wfﬁl oxtnpouud to tis
wall yegia is in good & BAoreement uﬂh the value of -au
Siear stroos evaluated earlior, Baséd m the u'o' sad
e mrived &, tme profution of turbulence term ot be
somputed &nd is shom in Fig. (5.19).

3.3 Pgbulent Epergy Inriagce

Though 811 the term ¢f the seccndary equatim of
flow cannot be medsured an ovalw tion of the major torms
18 poraillo as shown in Fi.(5.21), The diffusion tomm

whicoh cannot be medsured is computed as ths balansing
qQuantity, The advectian &1d production terms &re stsily
evaluated, The producticn 18 high near the wall, resoles
8 minimun and Again 1norehson te & mAximus Some distance
sy from the wall, The odveotion .um is nagative nmastly,
but towdxds tre outer od.fsoloi‘ ti®» baundary layer shnnges
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sign, m,“ 180 ‘evidemt m. the plots ec q Sgminey

9/b 88 seen 1n Fig.(3.16. The dtestpation tery does met
Show & minimum near She whll sarrespanding to tm wninwe

40 the production term, Diosipation 1a roughly tlnrm
Mrous the bomdnry layer. The diffusion term shom 4n
Pig. (5.21) shows tmat peak of aifrusice matolhes that of
production, The produoticm and aiffusicn are nm o less .
mtohed, while adveotiom Hud dissipation are roughly squal, |

S8 8_of Beparat bb

Ti® sepsretian bubble is always larger i‘qr te 127°
injectim for all the velccity ratios as 1s evident from
rig. (3.9). Th» reattachment distance when plotted u' 8.
funtio of u, A, ¥ith tis injection angle &s paremeter
QppeArG to be of & farm which may bs expressed with &
suttably adjusted mmtolezntioal expression, Yet & final
firm opinion cannot be exprossed beoause of the limited

. renge o u /u..

8,8 Applicability o ! o _
e objective waAs $o Be® which of the turbulemoe
mogsl 18 applicabls to the flow under cansideratian, All
the turbulence models can b olassified into &ns equaticn
modele,two equation models and three or moare equaticn model,




| - (Ga)
based o tie number of mumem equAticas to w

solved. The olwoking was am cm.y for the n.-maa prl
of the an-oqunum nwh '

A e ﬂulum model of turbume i apn npbm.

. oally amarud langth soain and a ummtﬂsi trenspors
sQuUAtion for one property of h:rbuhnoo. ke simpisst smq
the oldest, yet me of tle most popular mocal is tie mixing
length nodel proposed by th.. though 4t doces not ecms
 4n ti® otegory of e equOtion model. Thy Boussinesy’s
oquAticn Of eddy viscosity form tie. dasis for the mode3 .
mnee < ® lgre g aMnd e = plﬂg‘l wiers 1 is tie
turbulent shosr stress, £, i8 the mixing length end 1yep
is t» eddy viscosity which is anslogous to the wolsouiap
'm“iw. Prandtl omnsidered 2 propartional to dlstancs
| from wall, The plot of £,, Pig. (5.22) shows 5, 18 not
& onstent nor of & form widdh oan be edsily given Mn
algebreio equatian,

719 next model capidired ia thes me by Prendtl
Kolamogarov whioch odmnhn‘ the effective viscoeity uith
the turbulence energy, and 18 of the form, ugee = O, ply %
where ¢ 18 & omatsnt usuclly taiken as 0.2 And 1, 18 & mine -
ing length., The £, conputod based m the measured data
 show tiat sy oannot be assigned & sinple algabdrélo
equatian, The differentisl equaticn propossd is for the
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transport of mumntrumm om'a; whioh fnm u
into terus of production, adveotiom, diffusion and dissipe.
tion a8 wAS done in CIEper %, There Are & number of otilwr

' one equAtic modsl based i the effective viscoaity hypo-

thesis, md the differential equation for transport of
epergy. Tis difference betiieen the models lies ia tie :

'l,lpbruo expressiom for tio length soalse,

- The disadvantages of the above models for tie
perticular flow considered here caa be written as follows,
The plots of u'v' &nd mectured mean velooity profile shos
t hat trs nrianr stress 4o not venish At tis ssro veloolt
gradient ontrary to tie impnpaum in Boussiuesq |
hypotiesis ,

A me equation mod:1l which 18 quite different from - '
the abm models is tie Prodsiaw modsl, ~ Bradsiaw casioere:
sipar stress 18 ulatod to the turbulent energy. Ths
t =& ¢ Q2% es per his hypotlecis where A 48 a conatent.
Also, in ths transport oquoticn for turbulent energy ¢
atesipative terw 18 approzizated to. q*/2/t sud curm&ea

term 18 BQ/-‘,W wlpro 2 and B are functians of
g3, T funotional fora o ¢t dependence is given in (s).

The diffusive flux of €neryy a8 been assumd to Le propare '
ticnal to the enorgy ituell and also & diffusin veleoity




ey |

’-.'-‘nvonbr ..m mvuuer"o B %lhonthtrw"

~ail cages 'l' tends to b & ocnstent for M ereawr h

o {;/b 96 Mg, (5.211). ™ nnm feiture of thh wodol 48

B - 1 shear at:nu tl not mhm to tb -an volutuy

L "_wunb.

m uwo oquattou nmu or mbulnm ara too n-w
) —:eoum‘mm Bere, AlL of tien are bhsed am two |
o dimmtnx lqulttm. 3 ta- e huth scals apd ane

,' - :o;- t.r. t.n tﬂnumt d‘ mm. m shnr ltﬂu l.l tlnl

",uumm based cn the Bousoinesq eddy vmonuy typotioe
. sis, Te length scals is obtatned t!n-oush 'y mcua atrfe-
| ':-unuu equation for the transpart of T wiore v 18 sssumd

i ‘to bs of the form ™ 4%, A twe eqmmn uoael whioh §8
} rnppuuabh for roaimuutma flow lhould bo e of the -

“'omuou.. e modal ued by funomsl (28) for tm flow in |
& duot with u-ommum is of tm type. Yet, m o
emstants mvol.vod here rorGins to be clmoked thrmh

I uprlmnu .




6.1 Scnojusion from Pesent Study

Ti® Study being mare of an experimntal type of
an inolingd jet and a utrenm. the omoluuou Are nore
qualitative tian Quantitative, It 4s partioularly so, as
the local level of turbulence reactad ias very high,

0n the whole 1% osn be seen tIAt the Jet whioh i
oppesing the main flow develops Mgher intensities of
turdbulence. Though tie jeis studied are inoclined to ¢ie
atream, tle flow field davolop in a ruiucn similap to
tat of & thick lipped gmro msno wall jJet of oarTes-
panding velootties of uy /iy, Mlthough the magnitude of
tls terms are more foar the inolined Jet,

Tis 1aterel pressur¢ gredient which resulted Aloag
with the reattachment bublile makes the solution, semi-
empiric:l or andlytical impoasible uaing boundary layer
n-pmicuuml. The re-circulating zone which gives yise
to & g of intense turbulonce production Almg its edgs
besoause of ths high values of shear involved, Thus tie
velooity maxinum and Zhe h:!.r_r.h velooity gradient which oxuud
At the ro-attaching zona ota roduced omsiderebly by /b
of 48, At and after x/b of 48, te velootty mrofils is
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NOT® o 1888 uniform., e rsa velooity mtnmmn
- 8lose to the wall 1s logaritimie *ight from 34 of 49,

This cculd be attributed to the large tm-buhnoo prosent
in tie qudlry layer itselr,

, mmmng the aspect of endrgy dlesipatica 1t s
found tmt the 127° injeoticn 18 more effioient tisn the
90 as oxmctod. The eneryy diseipated is betwoea 2 %o
3.5 peroent of the originol streem, It is to be noted tme

- $his 2.5 percent 1s over fud Above the dissipatiom of e
emergy adfed to the atrean in the farm of & jet., Yot the
study being in & limited yange of uJ/ﬁ. renge of 0.8 te
1.05, & Gafinite conolusion LAt wintever energy added is
dissipated cannot be made for ranges of u, /4, sbove 1.05,
Although, the oombined flow Bystem mAy not be encoureging
As & primry omrgy dlsaipation devico, 1t -ty be used for
tie stabilisatim of jump locatim, ’

Tim turbulent terms of inttrest show tiat u'® 1s slways
the higheot of the three fludtuating quantities nd »'® 18
the lsast, A point of intereat uhtoh had been noticed earlicy
is tiat the point of zmero clnar ltﬂll does not ooinotde withi
the po!.nt of zero velooity gradient, For & weak wall jeb it
has been cobsorved that tle point of sero sisér strens lied
nearer to the velooity maximun thAn the wall unlike tiat of
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& wall jot. The mmmt mergy hﬁm shows ¢! % tte
prodquwo tian and diffunim turms are nore or less sl td Imd
and the Advection and duuimum hm are mweh sralley
than the first two, A gemerclisatiom, sa yet, camact be
done &8 the cmnolusion 1B Orrived an the basis of tie
msasured dlssipation term., Tie &ocurecy of tim dicaipation
term obtained through ticd differentistica of u' MRS beea
doubted recently (16,19). |

Ti® turbulence models of turbulemce of Prendtl smd

Prandtl-Kolonogoroy which 839 dependent oo scze forwof an

! n’l.pﬁn!.o equatimm for mixing length oinnot be applind as
48 evident from Pig. 5.22 ond 5.23. The Pig. (5.2%) show
the Pradnifw parameter 'a' far different x-stationa, The

 Bradshaw modsl cAnnot be Bpplied before x/b of A8, Tie
model applicable lh.ould taln into scocunt, the laterel
pressure grédient and tio difference in loocation of the
zoro pledr stress point and mrﬁ velooity gradient locatiam,
Tirough ¢xtonsive meBsurernis it hhs been poasible to
dlinsats tie different turbulence ompasteristics, but se
far w8 Mve not bocn able to dsvelop a gemere lised turbulense

moddl for this type of flom,




(68)
62  3ore of Exteneion of Present Study

| The £irst area of éxbtensiocn osn Do dﬁoloﬂnﬁ of
& gerwraliped lnllytioll eXpresaion. My be 1% {8 meces.
. s8ry to xtend the present study for & JArger rengs of
‘velooity yatio of w /ﬁ. for trds purposs. Also, sa

upper limit which mt exitt for the energy ausunuu

oan be located. That is, After some ryenge or velooity
ratto of uy i, the dastration achieved my be DeEALITS -
. when eanpar.d to the omrgy of the mAin siresnm, '

Also, triple and qunar'uph correlation p——y
and 2peotra medsuremnt onn be dom for tie mmt om
' g0 88 to give & more compieta ploture of turtulence struce
sure. With the existing dita over the limited rengs &n
attenpt 0An be made to formalate & working model of turtue
lemos, Yet, for testing such & model & larger voluns of
experincntal data over & Jargey range is roquired.




§*§*§'°'  ‘ )
jﬂu %’4- "-o ‘ - o | @)

lqmttm of motion in tie x-dinotlon u ' }

Bg (') ---gg (5+5") +Ev' (m')
widoch -rur uking time lvaragu ampuﬂu tol-

ugd-vg-ﬂd.wgﬁd-u'gnggw:agl

2, 2N - )
‘-o% Ed-%(g-xf-i'ay.-taz“) (3)

™ L.H.B, of equation (3) can be re-arranged in tie roua-
ing farm of which the 1agt two grc.\pn of terus ndml %o
;Wro ) ‘
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Bsnce eQn. (3) oan be rowrittan as

%?"'g;iﬂ; +gﬁzﬂﬁ+%:ﬁi ...g.;.;_l"‘;o’g:;.—;'.




“lg't“(h h &’

“mh’b ' "“ ' eonmu or ﬂutieu ea' wtn u |

| An euu cquum naa ho swuw ineo tuncr
o nouﬂ.m | | -

.g-««i..ns,.-w-»--la:;w;'-:xw

B m ‘energy oqunum oan I:o dorﬂm from thi mm" o

umnm by muluply:l.ns tln momen tum uqulucn uth tie

ommm velooity and adding all the th:w oqulticu

et *an, (4). The equatim tius derived osn b mpd tnto
" work energy equatica for moan £low and for turbulence .
. ™e work tmrsr equatim for medn fiow 18
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_ and for turbulent rmmum |
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| ‘n-mtns to surface integrals by Gausa’s tmores o
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Ihia applied to a control volume in the form of & pArreicioe
plned; (the test section of the wind tunnel), the torms of

squatians (8) gots simplificd as followss




Binhrly y-direotim equiticn cen bte obeerved, lut
oM rgy #quation for tie cmtrol vomm u
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Bubs tituting 811 ts terus in the wovk energy equAtica for

man flou (9)
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