
1. What are these two figures and their purposes? You are asked to describe their important characteristics from 
the figures as complete as possible. (20%) 

8 . . \ 

'\*/ 
Wholly turbulent flow . . 1 

?'d Reynolds number, - 
B 



2. Please describe the characteristics of a two-dimensional incompressible, steady state hydrodynamic boundary 

layer (x, flow direction; y, vertical to plate) about a horizontal flat plate. For example, list those important 

features that result in the following Prandtl's boundary layer equations from the more complete 
Navier-Stokes equations. Explain how such approximations are made. (20%) (f#!$!$Q Navier-Stokes z$!j!s 
miksB%B3@8mB$~ 1 

du h 
Continuity equation, - + - = 0 
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au a~ p a 2 u  Boundasy layer equations, u - + v - = -- 
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Navier-Stokes equations, 

u-+v-=- - - i -+L  
ax ay p a x  p [ ~ + ~ ]  

3. A horizontal, circu1a.r cross-sectional jet of air having a diameter of 6 in. strikes a conical ( m m )  deflector 

as shown. A horizontal anchoring force of 5 lb is required to hold the cone in place. Estimate the nozzle 

flowrate in ft3/s. The magnitude of the velocity of the air remains constant. (20%) 
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4. fag$BZ% : (20% , & 5 % )  

(a), I S % ~ ! I ~ @ ~ ~ S ~ E ~  

(b), I~~~~~ (potential flow) ? %!-WBS%%B1%1+T R@BB--mm%.M-%W%%EAe;SF o 

(c), {qBWj$&$@j& (stream function) ? ~ @ @ ! ~ ~ ~  0 

(dl, %BW@EiickrnB (viscosity) Em%B&BLfim_fi#~Em%~mk*mTB? %if@? 

5. Water flows from the tank as shown, the water depth in the tank as a function of time is also indicated. 

Determine the cross-sectional area of the tank. The total length of the 0.60-in-diameter pipe is 20 ft, and the 

fiiction factor is 0.03. The loss coefficients are: 0.50 for the entrance, 1.5 for each elbow, and 10 for the valve. 

(20%) 
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7k@@ ; 1.94 slugs/ft3 
7We4#@; 2.34xl0-~ lb-s/ft2 
m$7i,B@ ; 2 .683~  1 o - ~  slugs/ft3 Z 

g@,$Jj@@ ; 3 . 3 8 ~  1b.slft2 
satJaB@ ; 32.2 ft/s2 


