MEEG 630, I nter mediate Fluid M echanics
Homework Set #1

1. Rewrite the following equation using tensor notation:
p(U-V)U=-VP+ uV7,
where Uisthe velocity vector, Pispressure, o isfluid density, and x isviscosity.

2. Prove the following vector identity using tensor notation:
Vx(AxB)=AV-B+(B-V)A-BV-A—(A-V)B

3. Show that
Ciijk = Ckickj = 0j;
where C;; isthe direction cosine matrix for coordinate transformation and ¢;; isthe Kronecker

deltamatrix. Any matrix obeying such arelationship is called an orthogonal matrix, because it
represents transformation of one set of orthogonal axes into another.

4. Show that, for a second order tensor A, the following two quantities are invariant under the
rotation of axes
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Also verify that |2=%[|12—A1A”].

5. Thevelocity components in an unsteady plane flow are given by
u=x+t and v=-y.

(a) Determinethe fluid acceleration at the point x=0andy =1;

(b) Sketch the streamlines passing through x=0andy=1att=1andt=2,
respectively;

(c) Determine the path line for the fluid particle located at thepoint x=0andy =1 at
t=0.

(d) If we slowly release some non-diffusive dye into the flow at the point x=0andy =1,

starting from t = 0, how would you describe the trace that this dye will make in the
flow?

6. Thevelocity field of a certain flow is given by
u=2xy*+2xz%, v=x°y, W=Xxz
Consider the fluid region inside aspherical volume x?+ y? + z> = a®. Verify the validity of
Gauss' s theorem
[v-ddv=a-dA
by integrating over the sphere. (Y ou may introduce spherical coordinates such that
X=rcosf, y=rsingcosg and z=rsindsing. Also note that

G-dA=u,dAwithu, =xu/r+y/r+2zw/r.)
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