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1. The bwo-dimensional velocity potential of i imdseid flow feld of an unifosn fow aver

a rofating dxtalar cylinder iz
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where v and # are the bwo-dimensional polar coordinates with, the origin locates st the
eylinder center line as shewn in the attacled figure, 15 iz the froe streany waloaiby, v ig
the doublet strangth, and A is the vortex strength. The cylinder surface 35 ot the cading

ﬂif‘=1'{"_-|§-:.

a. Frave bhab the Aoer fistd ia izratationst. (35%)

b. For a positive and negative A, dzaw a schomatic diagram 3 indicate the corre-
apending effective lorea divections induced by the vortex snd sxplein (12%),

Hint: Tor the cylindricat cooxdinate syatem the geadient and curl operator can use the
fellowing couediona.
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3 Copsider & poler sosvdinate system, (8], Glvea shres stream [upcticns

() th = Viorsing; () 92 = o8 (8§ = 9,

{a) please clearly explain the liowa corresponding o e
{l:] Cempute the velacities corresponding t6 e strezm larscli
(2] Wiite down Ui streamtine couation correspanding b the Wird ko) New (3], and claarly
choeieh 1ha streambines. Mote Uk you need to iodicnte where i the stagnadion point. (5%

b e k)

45 shown in Fig. 1, a fized vace turns a water jel of velocity ¥, mass
Flow Tate AL, and arca A, theoveh an angle B withowt chanziag its velocily
magniilude and mass [low ratg, Aszumz Lhat the flew i& sieady, pressure is
T, oyeryahere, and friction on the vane §s neghigibl=. (a) Find the

¢ 1hroe stroam fenctions, (G5}
oits 30, 45, oy {8%)

componenis F, and F, of the appiicd vanc [orce, (b} Find expression: for the

magnitide F and the anghe
coeves for g and ¢
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it 4omms of given parpmetors. {c) Plot the
versus gy in & figuee.
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4, M%)
fa) Sherw that 3 lifiing line of span b and of constant circulation |,

the drag; seduced b}r the starting vortex filament alone is expressed by
1

p=ECfiacy -

where £ is the dmtann: bebween starfing vortex and fhe lifting

line.{10%4}

{b) In finite-wing cireulation, this drag is neglocted, Wiyl 10%)

5. EH)
The induced drag of a finite wing can be found a3
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where T eY is the girculation distdbution dlong the span(- 443 £ p < 547,

If the circulation s cxpressed as .
Fiyi=LBY, A sinad J':-Emsﬂ
show that '
b= -’F'ﬂﬂ;b! Z -li--".-d:I
=

note that
T oog e, =ﬂ_sinﬂ9
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