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1. (15%) Derive Bernoulli equation starting from Euler equation, please list all the assumptions

2. (15%) Please plot the velocity profiles and stress distributions for flows (a) between two parallel and
stationery plates (b) between two parallel plates if upper and lower plates are sliding with velocities Uy and
UL respectively (3) inside pipe flow, please plot the profiles for both laminar and turbulent flows.
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3. (15%) please explain why a golf ball have dimples on the surface by the following diagrams
e i o P s ¥ R 0 v
200 5.3 -
60 - -
20 * -
10 il —
‘n B b -
4 Thaaty dire s ]
i to Stokes b '\\ -
OE . =
85F Py grpstooodroti,
Rl o : /E
21 |-
A K RN O NN OO J00 00 18§ 000 000 10 VOO O 0 0 0 OO 1 4 O O i
10tz s esi0P2 4 daigte e esigfr 2 68)0% 4 5310% 4 581052 4 8s]0°
fo = W12
i
Fig. 9.11  Drag cosfhcient of a smoath sphers as 2 lunetion of Reyrokds nurnber [3],
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(20%) Two immiscible fluids are contained between infinite parallel plates. ~The plates are separated by
distance 2h, and the two fluid layers are of equal thickness. The dynamic viscosity and density of the
upper fluid is half that of the lower fluid. Please find the velocity at the interface. What is the maximum
velocity of the flow?  Plot the velocity distribution. Both the plates are stationary.

(15%) Please derive turbulent stresses from Navier Stokes Equations
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Hint: starting from u =# +u' where # is the mean velocity and #" is the fluctuating velocity

]

(20%) The most general sinusoidal velocity profile for laminar boundary layer flow on a flat plate is u=A
sin (By) +C. State three boundary layer conditions applicable to the laminar boundary-layer velocity
profile and evaluate constants A, B, and C.  Use the momentum integral equation with this profile to obtain
expressions for 8/x and Cr.where § is the boundary layer thickness and Cr is the skin friction factor.

hint momentum integral equation is Tw_ i(U NH+6*U ey
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