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QAui.a) Sirce Hhe water is (ncom resschble consewahon of
mass Says fhat +He volume of cwater coifhicia each

wauete,ngﬁx Al = Qﬂ/k) must be unclqm'ge.d loﬁ He
Pevn‘v\vbahon e,

A 2
ald = I 7 rdx = rrf (o(.g.@cask.x) dx

= ;\-I (x4 Qo(ﬁc_oso/cx-r B'cos®kxc) olxzm\(«a.?t_:@t).

Hence  o*=

= Q——é? = Q(l— 'L—é-)
(1480 = o1y Jontir e e (s
:FOY Smald @
L) Change reference fHame

so that +he wakbe. s at rest
and e air blows Fa.s{: it

codh speed ) | Séince the air
has y\eﬂa‘géble denscly Flis removes Uhinefic enemy fiom he
Prob/em.

air (negligible density)

‘Potentval energy = 6 x surface area.
Inikal Jei surface (1 a (,engﬂ)r\ 275al

Fral d@t surface in Lemg'ﬂs A= ‘(Jﬁrds where (ds)ﬂ(dx)"‘(dr)

ds =dx(l+(§;c ) - x(l+(-$l<5mltx))
=di (14 4 Bh'sinksc ) affer using lhe

binominal theoren
r and dS

A§+Qr Subsﬂ"ul\‘ng ;FDY'

Bral jet susface in lengh A = fﬂﬂ(o(.f.@cosltx)(l-l-.L@k qu/ac)d:c
-an (o4 Beoskx + o« L ka: L + .L?lcSanx_) dx

-'Qﬂ)\(cx-fot@lc) for s,,,a,q(g
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&M i Corrﬁ,) ,
After eubshhubng for oo in ferms of a and B° from .9_7,,(;)/
we obtain, . "
Bnal Jet suxface in length A = 2zxAa ( - ﬁ%z-i-ie )

Hehc.e clnange i ‘Dof-enﬁ‘a/ e«nergﬁ = 6% clfmnﬂe_ v &u»a‘ace. anrea
2 2
=& Qﬂ"?f (k- ;I,A B

I£ ko >4, Hre f}:oknb‘a/ energy has increaced
ka <4 fhe FoJ-&nh‘aJ energy has decreaced.
Herce the J@E is unsfable for comenumbers, ba <4, [30°L]

b). The enemy argument is <exacly as for the waler jet.
The PO“ev\h‘G‘ energy = € x area and i+ does not matte,
cohelixey,  Hhe heavy (Cqutol is inside or owlside The Jet.
Hence again fhe unstable wavenumbers have a <1 [0

c). The SFforms of the Lnear distances ape df]-fe\ren{: for the
Caces cwhen the jet is wafer or dhe air jetiin wate
For fthe water jet The solubon of Loplacet eguabin Jer
the velocdy pofental has fo be finde on r= O and tis
nvolves the I, modified Bescol :ﬁ“ﬁ‘Gh\o"& For Case b)
.Lalolﬁce/s Q?uai)‘on hoas fo be solwed o He coode,
and we need a solubon  TFhat remains fuite as y-sos
the j, solubon. These dillerent soluhons load to ’
dilleret ASastest growl-'ng waverunmbers and hence o

d f},&zvew‘t sL3e dYO,D/-GJ& / bubbl{g_ [zd’L]
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Ru2 a) Eagl-ec'gh.'s inflexion point theorem Jor paraliel
sheoar flows states +hal a shear Lo cwith
me"le U(z) cwhere U is in x (or g)direcb‘on is

gn(,:j c‘.n()a'scidbd unstable if dzU = O Ffor some z,
>3

(i) there are a number of c'nua‘.sc:‘aléd unstable Llows
Qccording o eaﬁlu?hfs nflexion point +heorem €.9.
Q. wake Slow |
=
vz 0
e

OHiey Q.xampl.e__saye méxénj and J&i‘ J/ows ond Conue chon near
a hot Si"ﬂ.ﬁ'or\aué woll.

(i) o boundaw layer flow does not have a imfloxiom
Fain'f and is inu,‘sc{dbu stoble., b this Cace oviscos r.’a"g
is de.s+alo¢:(xs£n3_

[25°L]
b).

spah‘al stability means mvesfigating the development i

Space of o localised distubance goluch is periocdic th fime,
N L5°%7

c).
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The Blasiug Frof;'l-e for a lamenar Zc;undanj layer is solf-
similar and the mean velocidy profile Can be cortHen
Ul=,y) = {('_tg_ )
Voo 8Cx)

wheve fe boundanﬂ [a.dde.v tHirchkness Smws it dA'S'/-amCQfMDm
the (ending edge like "2
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&JA 2 COn'l:.)

Since the bouhdalﬁ lag&r is thin #e disiwbances Hhat onse

Can be uwunderstood

to a

Comsidering lnear
porrallel mean flow whose imean velocly profile s

Pevﬁdrbaf)éns

-Q-qm to He ol mean velocly. For disturbances of

uen o2, this |(ecqds

fo

growhh or d.ec_aug

accoraans

fo He local value o hHue nolds number Res (87>
cohene SY- dLsplacement ']'Lafki.aass_ “
W v ﬁ P
U?—
@ ochaﬂ
» 0 n,l +a6i£t'
d.ecaé € arﬂnwtue &
’ - -Si
QQNL‘-OO BQ-UOD /.3)

Near the (.Qaaléng e,olge,, desfurbances of any ﬁequ-enog cle cay,

At a

COW@SPOV\O'A'ng o S‘an)‘v > L[-OO/Uw

parbeular distance x downstrean, of the (eading edge

one fv«equemcg ke cames

unstable ( Eosihon P on fhe cuwe). However a disfurbance of

Hao _ﬁvz_quzmad

Hhrcker and the ddsturbance de

havels downstream chere the boundawy layer is
C.a«tjs, ﬁ,{rﬂt&v

docwn s ream

a vange of Srequencies will be ampt«'ﬁ‘ed ond Tolmien—

In (awmplifude
inihal QMLL.“A‘D

high Sreq.

mode

—_—

lower fveciu_enuz':

s >

Schlichh‘ns
xceeds o

>
wawes Wl be seen. Once the war
cvibcadl value , nonlinear and Hinee - dimens ional

(o

effects become bvnPoy'I“Awt. Com,ol.ex flocw shuctures appoor

coluch ulh‘ma}e(ﬂ lead fo -/urbw&nce.

[55L)
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@A‘Q Cow'b,)
d) When tHre F(a:be. is curved, on 1the concave
side thewe couwdd ke a curwed sHreambinve ahsfu%
Le,ad,b;f f  shreamwice GFortler vovhiees.

On the convex side , the mean {low is slowed docdn

and so fthere is an adverce pressure
__/ 3raabt:¢wt. This wdd result in a
‘SI:CGM"”eS Some cohat H’lC CJ(QY bou nd_a;g Iaﬂe_h

— o ———
—-,_j. ____IY::NAA-M The Pev'l'urbah'ons wwdl be similar i
;%2 sfream pelocty Sorm f2 Fhose on the flat F/af'e but

becauce of Phe %h% thicker bouno(mﬂ
layer instobility will occur neaver tfo the leading edge.

I§ the curvatuve is sighificant fheve s also the possibi o
of &Q\Damb‘on. 2 P % [2’94]
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&W‘—}' Con‘l‘:)
“ un'j i
7l!// I - A = ten
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