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1. (30%)
The equations governing steady, two dimensional, plane flow of an inviscid,
incompressible fluid, in which the gravity may be neglected, are:
du &v

_+_=ﬂl (1'1‘
ér gy )
du ot ap
s ) s 1.2
p("ax +1 ti:v} = (1.2)
puZ+vZ)=-2 (1.3
oy C-;J ‘::-}I

If the fluid is stratified, the density o will depend on both x and y.

Show that the transformation,

= J-—'?—u o= Jiu :
Fo #y

where g, is a constant reference densitv, transforms Eqgs.(1.1) to (1.3} into those

of a constant-density fluid whose velocity companents are «* and v*,

2. Given an unsteady, tweo dimensional velocity lield as (20%)
w=x(1+2), v=23. (2.1)
Answer the following gquestions:
(1) Does the velocity field (2.1) represent an incompressible Auid flow ? (_.t ?/n)
{2) Is the flow irrotational ? {5‘%}
(3) Find the streamline which passes through the point (L1) at time = 0. (& ?{_J
(4) Find the pathline which passes through the point (LI} at time = . lr'\_g-?’;)

3. (20%) The thermal energy equation is given by
p%:-p‘(«’-uv'ﬁ?ﬂj??’}+$, (3.1)

where u is the velocity vector, o the density, ¢ the internal energy, p the
pressure, & the thermal conductivity, 7' the temperature, @ the dissipation
function.

By wsing the definition of the enthalpy /i=¢ - p/ o, show that an equivalent
form of equation (3.1) is given by

Dh Dp

P T (AVT) +d (3.2}
o Dt

4. (30%) A steady, two dimensional viscous fluid fow driven by a stretching
sheet y=1), with the speed u=cr.c>0; therefore the fluid is occupied
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above the sheet ) > 0. Using the boundary layer approximation we have the
governing equations, neglecting the pressure gradient and gravity effeets, of

the form
Y (4.1)
gx &
a B 8°u
—ty—)= 4.2
P{uar+'axr’ e (4.2)
The appropriate boundary conditions are
w=cx, v=0 at y=10, (4.3)
=0 as y—>aw, (4.4)

Using the similarity transformation
= =
n=cxf(g). v =~Jﬂf1ﬁr} and 7= li_r. (4.5)
2 Vu

where the prime denotes differentiation with respect to 7,
(1) Show that the continuity equation (4.1) has been satisfied by (4.5). ('7 ?{ ]
(2) Show that the governing equation (4.2) can be transformed intto | 7 ?" A

At AR (4.6)

{3) Show that the transformed boundary conditions are LS ;yr.}
F=0, f'=1 at n=0, (4.7)
=0 at p> . (4.8)

(4) Show that the appropriate solution to (4.6) subjeet to (4.7) and (4.8) is of
the form (8’%_}
f=1-g™ <




