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Homework #2
(Problems in Currie Ch. 1)

Derive the continuity equation from first principles using an infinitesi-
mal control volume of rectangular shape and having dimensions
(0x, dy, 0z). Identify the net mass flow rate through each surface of this
element as well as the rate at which the mass of the element is increas-
ing. The resulting equation should be expressed in terms of the carte-
sian coordinates (x, y, z, f), the cartesian velocity components (u, v, w),
and the fluid density p.

Derive the continuity equation from first principles using an infini-
tesimal control volume of cylindrical shape and having dimensions
(R, RS0, 6z).1dentify the net massflow ratethrough each surface of this
elementas well asthe rate at which the mass of the elementis increasing.
The resulting equation should be expressed in terms of the cylindrical
coordinates (R, 0, z, ), the cylindrical velocity components
(ug, up, u;),and the fluid density p.

Derive the continuity equation from first principles using an infinitesi-
mal control volume of spherical shape and having dimensions
(r, rd0, rsin 0 dw). Identify the net massflow rate through each surface
of this element as well as the rate at which the mass of the element is
increasing. The resulting equation should be expressed in terms of the
cylindrical coordinates (r, 0, w, 1), the cylindrical velocity components
(uty, up, ), and the fluid density p.

Obtain the continuity equation in cylindrical coordinates by expanding
the vector form in cylindrical coordinates. To do this, make use of the
following relationships connecting the coordinates and the velocity
components in cartesian and cylindrical coordinates:

x = Rcos0
y= Rsin0
z=2Zz

u= upcost — upsinf

v = ugsinf + ugcos 0

W= u,
Obtain the continuity equation in spherical coordinates by expanding
the vector form in spherical coordinates. Make use of the vector rela-
tionships outlined in Appendix A and follow the procedures used in
Prob. 1.4.

Evaluate the radial component of the inertia term (u -V)uin cylindrical
coordinates using the following identities:

x = Rcosf

y = Rsinf

uey + ve, = ugepg + ugey

and any other vector identities from Appendix A as required. Here R
and 0 are cylindrical coordinates, ug and uy are the corresponding
velocity components, and eg, ep are the unit base vectors.
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1.7 Evaluate the radial component of the inertia term (u-V)u in spherical
coordinates by use of the vector identities given in Appendix A.

1.8 Start with the shear stress tensor 7;;. Write out the independent com-
ponents of this tensor in cartesian coordinates (x, y, z) using the carte-
sian representation (u,v,w) for the velocity vector. Specialize these
expressions for the case of a monatomic gas for which the Stokes rela-
tion applies.

1.9 Write out the expression for the dissipation function, @, for the same
conditions and using the same notation as defined in Prob. 1.8.

1.10 Write out the equations governing the velocity and pressure in steady,
two-dimensional flow of an inviscid, incompressible fluid in which the
effects of gravity may be neglected. If the fluid is stratified, the density p
will depend, in general, on both x and y. Show that the transforma-
tion:

in which p, is a constant reference density, transforms the governing
equations into those of a constant-density fluid whose velocity com-
ponents are #* and v*.



