£

B 123 BT ER 107 BEEETIHEAE S A

B © TRERIE S

EZHRE g 25 THE ¢ 0206 8% : 2
F1H H1H

¥ FEFER  FEETEMEE - FREEERIFE  REEEREFEE  ~NFEta -

1,

[20%)] Estimate the pressure at 10000m above the sea level, assuming;

(i) linearly varying temperatures: T = —az + T
n

, . 1
(i) polytropic changes: P (;) = const.

We may use the ideal gas law for the equation of the state of air: p = pRT. Considering the specific gas
constant R=287 J/kg-K. For the above equations, the constants are the lapse rate a = 0.65 X
10~2 K/m, the standard temperature at sea level which is T, = 288 K, the polytropic constant for air
is n = 1.235 and the standard atmospheric pressure is p, = 1.013 x 10°> N/m?,

[15%) Calculate the force F(F,,F,,F,) and moment M{M,,M,,M,) tohold
the nozzle (see the attached figure), which has a constant cross-section S. p,
and v, are the pressure and flow velocity, respectively, at the cross-section
(over the origin of the coordinate)}. pg, and v, are the atmospheric pressure
and flow velocity, respectively, at the cross-section of the outlet. H is the
vertical height.

[20%)] Explain how one can apply the Bernoulli’s theory on the Pitot tube to
estimate the flow vetocity. Also explain the physical meaning of the stagnation

point and its relation to the streamlines. Indicate the position of the stagnation
point (around the Pitot tube).

[25%] Derive the momentum equation from Newton'’s second law, F = ma. Comment on the relations
among the total derivative (also called material derivative), the Lagrangian and Eulerian specifications of
the flow field, and the Newton’s second law. Derive the Bernoulli’s equation from the momentum
equation.

[10%] Clearly describe how one can estimate the lift and drag coefficients of a moving object in the air
flow.

[10%] Clearly explain the physical meaning of the Reynolds stress in laminar flow and turbulent flow.






