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1.(65) (a) Find the fluid acceleration a for plane stagnation point flow in which the velocity is given
by the expression V = czi — cyj (the constant ¢ > 0).
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(b) By considering the stagnation streamline, explain why a # 0 in this flow. * '
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2. (65) The vector field V = —1crf +u(r,t) + czk (c > 0, constant) represents a vortex that is being
stretched in the axial direction. For this flow, the fluid acceleration is given by the expression

vy Ov A(rv)\ 4 N
a= (%czr — ?)r + ‘a"‘t' 3 ‘%C—ar—)e + C2Zk-

(You are not required to show that.) Find the partial differential equation satisfied by the function
v(r,t). (You are not asked to solve it.)

Given. In cylindrical polar coordinates ,6, z, if F = f,& + fof + f.k is an arbitrary vector, then
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3. (85) The figure shows the side view of two discs each of radius R, and separated by fixed distance h.
Air enters the gap between the discs with speed V, through the supply tube of radius a, flows radially
and leaves as a free jet into the atmosphere. Atmospheric pressure is p,. Within the gap, the speed V
varies with distance r from the axis according to the rule

o 1tV ifr<a
— 2 3
%%VD ifr > a.

(You are not required to show that.) The pressure within the supply tube is unknown; it is not
atmospheric.
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qoeo ) (a) Using the Bernoulli equation, find the pressure p within the gap as a function of r, p, Vo, h and a.
WAORS

Sketch p as a function of 7 showing clearly any maxima, minima and zeros. (You need to consider the
cases T < a, > a separately.)
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(b) Noting that the flow is a.x15ymmetr1c derive the integral expressing the force F' exerted by the air
on both sides of the lower disc in terms the pressure difference p(r) — pa.
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Explain physically why, despite the presence of a stagnation point at O, the force is upwards if R > a.
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