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1.

The twcedimensional velociby potential of Hhe inviseid Auw ficld of as veiform dow cver

a retating circular cylinder iz
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where # and § are the twoedimensional polar coordinatce with bhe origin locatos ak the
aylinder conter line a5 shown in the attached figure, 1, is the fres steewm wotoeity, i s
the dawbiet strenglly, and A 15 the wortes steength, The cytinder surfacs iz a1 the radius

aflr = \E

B. Frove thee the flow Beld i irrotational. (355}

b. For a positive and aegative A, draw a schomnatie disgram to indicate the corce.
sponding eflective force directions iatduced by the wacte: and explain (12%).

Rint: For the cylindrcel cocrdinate system the gradient and curl aperator can yse the

fallowing equations.
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% The appeapriate equalivn for Ally developed Aow in o cizcular pipse af vadius 17 is

e . Lde _ 1dp
4rf  pddr pade
Find the appoaptiate dimensiouless xrameters and the dimensionbess cquation, The reler-

oroe valne Bor w3 4 centerling valocity 05, Abwa fod the dirmension lees bonndary conditions.
(20%)
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As shawn 'll'i Fig. 1, a [ixed vanc turns A wacer jeot of velooity V. oass
Elow rate m, and area A, through an angle & without changing its veloi by
ragnituds and mazz {lew rate. Assume Lhat the flow is steady, pressure is
Py everywhére, and frietion on the wane is neplipible, ¢a) Fipd ke
conponents F, and B, of rhe applisd vane forée. (b)Y Fing expreszions for the

magnitide § and 1he a:nEEe:# in BoTms of given parameders, (gl Plor the
curves for 3o and o versus g in a figore,
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Mzsdec's Entranee Exam,, Viscpus Flow, 1995

Supposs 4 vijoous l"]uw leas & velocity distributioon
Tz, b2 = (T + (=F) F +{=hAk
wliere fig) are the Carlesian eoorh nties and 7, ] & areunit vectors in e
ditections, reepentively. The constant malegular viscosity i 2. A fluid elemsnt of
volukae &1 located 5 (L0 AL
ta) Verify wheller this flow is incompressible or comgressible.
{6 Caloulate the pugulac wilgcity oFthis (luid clement, i5thiza rationil or
prrarationud Mow?
{2} Bupposc the fuid clemend bas 2 sucfce desgribed by
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wlrere 7 35 Uik oubward unil bzl vesior and o4 i5 1he weagaitude of the
surface area, Find the viscous Foroe {a veclar) 2oiing oo the fluid clement
throupls 2 by the fluid otside the clement.

(2085)

A sphere of gpecific gravity 7.8 is dropped into o1l of speaitic g;rawl:,r 0.8%
and viscosity 4 = 0.15Fg - 5. Under the agsumption of aeeping flow,

cutimate the formial velority of the sphere 1F 22 diameter is 0, Lo,
fdensity of water 81 20°C is equal 1o 995 &'}



