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ME106 Fluid mechanics NAME SolUTIONS
1st Test, S04

MERN | 1. (60) (a) The cylinder of radius a is at rest in motionless fluid

4.3 of density p. By integrating the hydrostatic pressure force over the
- cylinder surface, lind the buoyant force exerted by the fluid on the
SO 21 cylinder. Verify that y%ur answer is consistent with Archimedes’s
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@ {(b) A blimp in the form of a cylinder of length L and radius a is to lift a mass m. Find a as a function

of m, g, L. p and the density pp of the gas in the blimp. Hence find a for m = 100 kg, L = 20 m,
p= l,'.). kg/]n3 and pp = 0.17 kg/n13 (Helium). T 3'403““1 Lo L..ﬂa.?.LlPS
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2. (70) A piston of mass M sinks under its own weight at constant
velocity Vj, into an air-filled cylinder. The air displaced by the
moving piston escapes through the narrow gap between the piston
and wall to form a free jet, as shown in the sketch.

L
(a) By balancing mass on the control volume shown, express the jet velocity V in terms of the pistor

velocity V,, gap width & and piston radius B.  GWEN
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(b) Assuming the flow to be steady and inviscid, and taking the effect of gravity on the pressure field
as negligible, find the pressure p acting on the base of the piston,
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(c) Hence find the piston velocity V, in terms of M, g, h, R, and the air density p. ‘L
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3. (70) The velocity field V = k(xi+yj)/r?, (k > 0 constant, and r? = 2% +y?), represents an inviscid
flow. "
(a) Find the streamlines, and sketch them.

'A—D' d—'-'.l.f-_ - d-i LV \'?4.?—1 )

N,
CUECK = d_;} -?@
4= Bo L-—-———-——-—j—-'
sy, [0 Ay dblg)
d:l’—: ;D Ay,

D tL0
\f € Ll (b) Use the streamwise and normal components of Euler’s equations of motion to find dp/8s and
S.&Lﬁ:‘lawa“- Integrate these equations to find the pressure p.
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(¢) Give an example of a steady incompressible inviscid flow in which %pVD + p+ pgz is not constant
across streamlines, PAAT
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