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1. (¥ %) Explain the following lenns.

{#) dynamic viscosity, (b) pressure gradienl, {c} inviscid Aow, (d) confituwm Auid.

2. {10 %) An inverted tost tube partially Glled with air floats in a plastic water-filed

bottle. The amount of air in the wbe has been adjusted so that it just foats. The bottle  Testri
cap is securely fastened. A slight squeezing of the plasiic bottle will causcs the test
tube 10 sink to the hottom of the bottle. Explain this phenomenon. Haler Ptz bactin
3. {15 %) Consider the ane-dimensional, invisctd, incompressible, steady flow along the horizontal 4-2 in front of the
sphere {A=a}. The volocity distribution is given as

F=Fal+aixd, Froonstant
fa} Writc gut the equation of motion along the A-F linc for this flow

fleld. (2 %)

{b} Find the pressure distribution along the streamtine from point 4
fat in front of the sphers (xa=-o= and ¥4=¥) to point & on the
sphere (xz=-a and =00, (10 %)

fe) Verify the Bernowlli equation along the streamline A-8. {3 %)

4. (15 %} A potential function is given as ¢ = #“cos{ &/ 2, Please find: (a) the radial volocity; (b} the tangential

velocity, and () the corresponding stream fimetion,

Gasoline

{5 = 0.68) Ty
5. (12 %0) Water enters a rigid, sealed, cylindrical tank at a steady ratc - L— ) -
of 150 liters/hr and forces gasoline (§G = 0.68) oul. What is the lima i +

rate of change of mass of gaseline {in kg/eec) contained in the tank.

6. {6 %}‘-P.lease. explain the flowing dimensionless groups fincluding the intetpretation in lerms of forceg): (a)

Reynolﬁa mamber, (b} Froud number and (¢} Euler number,
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7. {24 %) Pleaze auswer the following questions briefly;

{a} What ix the (ully developed flow in a circular mpe? {2 %)

{b) What arc the boundary layer thicknoss (5, the displacemoent thickness {7}, the momenlum thickness | &, the wall
shear stress {3,). and the skin friction coeffivient [k, (544

{c) What are the unitz of the kinematic viggouity () utd the dynamic vigoosity {7 {2 %43

{d) The incompressible Navier-Stokes equations aro
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Consider a steady, two-dimensional, mcompressible, latminar houndary layer flow, as sketched below. U x, and Hx

are the mean velocity, the distance away from the leading edge, and (he boundary layer thickness as a function of x

respectively, where § << x.
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(1) Write down the appropriate momentum equations or this fow. (6 )

(b} The prowth of the boundary layer {8 is due to the momentum diffusion that may be duminaled by the
Kinemalic viscosity () and a characteristic time scale (f). Whal is & in terms of vand 7 {2 %)

fc) What is ¢ in terms of £F and x? (2 %)
(d} What ts 5in terms of ¥ £/ and x7 (2 %)
() What is in terms of the Reynatds nwmber (Re) and x? (3 %)

E. {10 %) Consider a normal shock wave propagating through a wube with speed L7, as sketched and indicated as belgw
where £ is the speed bohind the shock. Please write down the appropriate mass, momentum and encrgy equations,
{Hint: Make the propagating shock staticnary and apply Ihe conservation concept by treating the shook as a

discontinuity,)
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