AerE310: Incompressible Aerodynamics

Homework Problem Set #1:

Due: 5:00 PM, Friday, 02/02/2024

1. Expand following terms:
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(Hint: F=xi +yj + zK in Cartesian coordinate system)

Solution:
a).
®=In|r|= In(x +y°+17%)
VO = V[—In(x ry 2] = X'“’”Zk
X° +y°+12°
F
Na
b).
\/x2+y2+22
Vo = v( 1 )= - X|+yj+zk3
\/x2+y2+22 (x2+y2+22)5
I_,.’
-3

r



4. Find directional derivative of ® = x°yz +4xz* at point (1, -2, 1) in the direction of
2i — j—2K.

Solution:

¢ = .\‘2_\"5 + 4x7° Vo = (2.\‘)_':. +422, 1%, .\‘2_\' + 8.\':)

at puint (1,-2,1), V¢ = (0, 1, 6) unit vector for (2, -1, -2) is (% —_%. —%) the direc-

tion dervative is (0, 1,6) - (3. —%.—-3) = —4%



5.1f R=R(t)= ré, + z€, is the position vector of a particle in cylindrical coordinates, Obtain
expression for velocity vector, V , and acceleration vector, &, at that point.

Solution:
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functions of time, r.
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6. Show that the directions of the isoline and the gradient line at any given points in a scalar field
are orthogonal to each other. (Hint: use the concept of directional derivative)

Solution:
Consider an isoline with the scalar ¢ = const. If the direction of the isoline be denoted

by s at a point, then the d1rect10nal‘ derivative of ¢ in the direction of s is given by:
(,S = V¢ -2, where [, is a unit vector in the direction of § ‘M) = 0, since ¢ does not

vary on the isoline along which ds is taken. .. V¢ -¢é = 0. Therefore V¢ and é are
orthogonal.
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7. Spherical coordinate (R, ¢, @) are defined by the following inverse transformation:
x = (Rsin ¢)coséd
y = (Rsin ¢)sin 8
Zz=Rcosgp
Where
O0<R<w
0<0<L2rn
0<ep<2r
(). Obtain the scale factors for the spherical coordinate system.
(b). Obtain the unit vectors in spherical system as the function of Cartesian unit vectors.
(c). Obtain the derivatives of the unit vectors with respect to spherical coordinate directions
and simplify the results to be only functions of spherical coordinates.

(d). Using vector algebra to obtain the divergence of a general vector in spherical
coordinates. Simplify the results to be in conservation form.
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8. Find the acceleration of a fluid particle at (I, €, Z) in cylindrical coordinate system.
Solution:
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Using the derivatives of the unit vectors.
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