
 

AAE 333 Final Exam  

Dec 16 2009 

Open Book, 1 Crib sheet allowed 

The right answer is worth 5 points.    A wrong answer is worth 0.  

Fill in the circle on the scantron sheet corresponding to your answer chosen from the list provided. 

Hand in the scantron sheet separately.  

 

NOTE: I will post a detailed solution later, for anyone interested (possibly on Sunday) 

 

1. A 2D velocity field u=A1 *y, v=A2*x exists with constants A1 and A2. (Units are MKS). Determine 

the values of A1 and A2 required for the flow to be irrotational and the volume flow rate passing 

up through the line segment from (x,y)=(0,0) to (1,0) to be 2 m^3/s/m 

a. A1=4 ; A2=4 

b. A1=4; A2=-4 

c. A1=2; A2=-2 

d. A1=2; A2=2 

e. A1=1; A2=4 

f. A1=4; A2 = 1 

 

IRROTATIONAL -> 0 = vorticity = curl(vel) = dudy-dvdx = A1-A2 

 

VFR = int (v dx) from x=0 to 1 on y=0 

       = int(A2 x dx)  

      = A2 (x^2/2 at 1 – x^2/2 at 0)  

     = A2/2 

    = 2 

 

So  A1=A2 = 4 

 

2. The density of liquid water is closest to 

a. 1 kg/m^3 

b. 10 kg/m^3 

c. 100 kg/m^3 

d. 1000 kg/m^3 

e. 10000 kg/m^3 



       This is how the unit of mass was defined in SI units… 1gram= mass of 1cc of water 1 m^3 is 1e6 cc 

has mass of 1e6 g or 1e3 kg 

3. A spherical balloon has a volume of 1000 m^3.  The density of the gas inside is 0.1 kg/m^3.  The 

density of the gas outside is 1kg/m^3.  The acceleration of gravity is 10 m/s^2. What is the net 

upward force on the balloon? 

a. 1000 N 

b. 900 N 

c. 450 N 

d. 10000 N 

e. 9000 N 

f. 4500 N 

    F= Fbouyant – Fweight 

     = weight of displaced air – wejght of gas inside 

   = g Vol (rho_air – rho_gas) 

  = 10*1000**(1-.1) 

 = 9000  

 

4. A flat plate extends from   (x,y)=(0,0)  to  (3 ,0). The gage pressure on the bottom surface is  -

100x. The gage pressure on the top surface is 0.  The moment about the (0,0) end (positive 

clockwise) is 

a. 225 

b. -225 

c. 900 

d. -900 

e. 450 

f. -450 

NOTE:  Because the unintentional mark at the end of line 1 could be interpreted as a 

minus sign, I regraded to allow full points for either c. or d.  If the gage pressure is +100x 

the answer is d. If it’s -100x the answer is c. I had intended +100x and do not know 

where the dash came from.  

             dFy = deltap dx   = y force on element dx at x 

            dMz = -x dFy = clockwise moment of elemental force about x=0 

            Mz = int(dMz) from x=0 to 3 

         Take delatap=100x  (ie ignore dash in line 1):  



      Mz = -100 int(x^2 dx) = -100 (x^3/3 at 3 – x^3/3 at 0)  

           = -100 3^3/3 = -900 

5. Air, at density 1.2 kg/m^3 and 1 atm pressure, flows over a body at 10m/s.  The highest gage 

pressure you would see on the body surface is (in Pa) 

a. 10  

b. 0.6 

c. 60  

d. 12  

e. 24   

        Pg_max = ½ rho U^2   

                      = ½ 1.2 10^2 

                     = 60 

 

 

6. Consider a 2D steady flow with velocity components  u=2, v=0 and a density distribution  

ρ=3 x + y^2.  The time rate of change of density of a fluid particle as it passes through the point 

x=y=1 is:  

a. 0 

b. 2 

c. 3 

d. 5 

e. 6 

            Drho/Dt = u dRho/dx + v dRho/dy = 2 *3 = 6 

 

 

 

 

 

 

 



7. A tube with cross-sectional area of 2 cm^2 carries a fluid with density 40 kg/m^3 at a speed of 

3m/s.  The mass of fluid passing through in one second is (in Kg):  

a. .01 

b. .02 

c. .024 

d. .1 

e. .2 

f. .24 

         MFR = rho U A  

                 = 40 3 2e-4 

              = 240 e-4 

             = .024 

8. An 2D incompressible flow has a streamfunction given by 3xy. The volume flow rate passing 

through the line segment connecting (x,y)=(0,0) and (2,2) is: 

a. 0 

b. 1 

c. 4 

d. 6 

e. 12 

VFR  thru any curve connecting point A and B is PSI(B)-PSI(A) 

So VFR = 3xy_at (2,2) – 3xy_at (0,0)  

            = 3*2*2 

           = 12 

 

9. A pitot tube measures a gage pressure of 200Pa at an altitude where the air density is 1kg/m^3.  

The airspeed is 

a. 10 m/s 

b. 20 m/s 

c. 40 m/s 

d. 80 m/s 

P_pitot=1/2 rho U^2 

So U = sqrt(2 P_pitot/rho) = sqrt(2 * 200 *  1) = 20 



10. An airplane with a wing  span of 20m is designed to fly at 10 m/s at sea level.  If a model with a 

span of 2 m is tested in a wind tunnel running sea level conditions, what would the tunnel speed 

need to be to match Reynolds number? 

a. 10m/s 

b. 20m/s 

c. 40m/s 

d. 50m/s 

e. 100m/s 

            Re1= Re2 

            Rho1 U1 L1/mu1 = Rho2 U2/mu2 

            But Rho1=Rho2 and mu1 = mu2 (same gas) 

 U1 L1 = U2 L2 

 U2=U1 L1/L2 

 U2=10 20/2 

 U2=100 

11. For any incompressible potential flow, you can add two flows together to get a new flow. 

Identify which of the following quantities can NOT be added : 

a. Velocity potential 

b. Stream function 

c. X-Velocity component 

d. Y-velocity component 

e. Flow speed 

       Flow Speed = sqrt(velx^2 + vely^2)  

         Since velx and vely are linearly additive, Speed cannot be.  

 

 

 

 

 

 

 

 



12. A 2D channel carries a fully developed laminar flow. The channel is 2mm wide. When the 

volume flow rate is 0.2 m^3/s/m, the pressure is observed to drop 1.5e4 Pa per meter along the 

channel. The viscosity of the fluid is (in MKS units): 

a. .5  e-4 

b. 1 e-5 

c. .5 e-5 

d. 2 e-3 

e. 4 e-4 

           

From Text:  U = 1/(2 mu) dpdx (y^2 – D y) 

  So  

Q = int(U dy) from y=0 to D = - D^3/(12mu) dpdx 

Thus  

Mu = - D^3 / (12Q) dpdx 

Here D= 2e-3 m 

       Q=.2 

      Dpdx = -1.5 e4 

 Mu =- (2 e-3)^3 /(12 *.2)*(-1.5e4) =  .5 e-4 

 

 

 

13. A 2D source with strength 2π m^2/s is at x=0, y=0, and a source of strength 3π is at x=1, 

y=0. The location of the point where the resultant velocity is 0 is 

a. x=.5  y=0 

b. x=0  y=.5 

c. x=.4 y=0 

d. x=0 y=.4 

e. x=.6 y=0 

f. x=0 y=.6 

 

        u = Q1/2pi  x/r1^2 + Q2/2pi  (x-1)/r2^2 

        v = Q1/2pi  y/r1^2 + Q2/2pi  y/r2^2 



       where r1^2 = x^2 + y^2 

                r2^2 = (x-1)^2+y^2 

               Q1=2pi, Q2=3pi 

            

          By inspection v=0 when y=0 

         So u=1/x  + 3/2 1/(x-1) = 0 at x-1 +1.5 x = 0  

 x= 2/5 

 

                
 

14. The velocity potential for the flow over a 2D body is :  φ = 2*y + 17 y/r^2 + 0.6 θ/ (2 π), where r 

and θ are polar coordinates centered on x=y=0   (θ is measured clockwise from the positive 

x axis) The fluid has a density of 1.2.  The force in the x direction is?  

a. 2 

b. -2 

c. 1.44 

d. -1.44 

NOTE: Since c is a more rational choice than a or b, I regraded the exam to give 2 points for 

c.   

         The free stream vel is 2 in the y direction 

         The circulation is .6 (clockwise, since theta is measures clockwise) 

         The vortex increases the velocity on the left (neg x) and decreases in on the right (pos x) 

       So the Kutta Joukowski force is  in the –x direction (perpendicular to the free stream velocity and 

pointing in the direction of lower pressure (higher speed) 

     Fx = - rho V GAMMA 

          = - 1.2* 2* .6 

         = -1.44 

15. At one point, point A,  a flow has a pressure of 1 atm and velocity components of 10ms and 3 

m/s in the x  and y directions respectively. This flow accelerates and turns to a point (B) where 

the velocity components are 20m/s and 5 m/s. The density is 1.5 kg/m^3. Neglecting friction, by 

how much does the pressure change (B-A): 

a. -116Pa 

b. 116Pa 

c. 237Pa 

d. -237Pa 



e. 463Pa 

f. -463Pa 

 

p1  + ½ rho (u1^2 + v1^2) = p2 + ½ rho (u2^2 + v2^2) 

 

so  

 

p2-p1 = ½ * 1.5 * (10^2 + 3^2 – 20^2-5^2)  

                         = ¾ *( 100 + 9 – 400 -25) 

                        = -237 Pa 

 

 

 

 

WORK 

16. A 2D velocity field u=A1 *y, v=A2*x exists with constants A1 and A2. (Units are MKS). Determine 

the values of A1 and A2 required for the flow to be irrotational and the volume flow rate passing 

up through the line segment from (x,y)=(0,0) to (1,0) to be 2 m^3/s/m 

a. A1=4 ; A2=4 

b. A1=4; A2=-4 

c. A1=2; A2=-2 

d. A1=2; A2=2 

e. A1=1; A2=4 

f. A1=4; A2 = 1 

17. The density of liquid water is closest to 

a. 1 kg/m^3 

b. 10 kg/m^3 

c. 100 kg/m^3 

d. 1000 kg/m^3 

e. 10000 kg/m^3 

18. A spherical balloon has a volume of 1000 m^3.  The density of the gas inside is 0.1 kg/m^3.  The 

density of the gas outside is 1kg/m^3.  The acceleration of gravity is 10 m/s^2. What is the net 

upward force on the balloon? 

a. 1000 N 

b. 900 N 

c. 450 N 

d. 10000 N 



e. 9000 N 

f. 4500 N 

 

 

19. A flat plate extends from   (x,y)=(0,0)  to  (3 ,0). The gage pressure on the bottom surface is  -

100x. The gage pressure on the top surface is 0.  The moment about the (0,0) end (positive 

clockwise) is 

a. 225 

b. -225 

c. 900 

d. -900 

e. 450 

f. -450 

NOTE:  Because the unintentional mark at the end of line 1 could be interpreted as a 

minus sign, I regraded to allow full points for either c. or d.  If the gage pressure is +100x 

the answer is d. If it’s -100x the answer is c. I had intended +100x and do not know 

where the dash came from.  

20. Air, at density 1.2 kg/m^3 and 1 atm pressure, flows over a body at 10m/s.  The highest gage 

pressure you would see on the body surface is (in Pa) 

a. 10  

b. 0.6 

c. 60  

d. 12  

e. 24   

 

21. Consider a 2D steady flow with velocity components  u=2, v=0 and a density distribution  

ρ=3 x + y^2.  The time rate of change of density of a fluid particle as it passes through the point 

x=y=1 is:  

a. 0 

b. 2 

c. 3 

d. 5 

e. 6 

22. A tube with cross-sectional area of 2 cm^2 carries a fluid with density 40 kg/m^3 at a speed of 

3m/s.  The mass of fluid passing through in one second is (in Kg):  

a. .01 

b. .02 

c. .024 

d. .1 

e. .2 



f. .24 

 

23. An 2D incompressible flow has a streamfunction given by 3xy. The volume flow rate passing 

through the line segment connecting (x,y)=(0,0) and (2,2) is: 

a. 0 

b. 1 

c. 4 

d. 6 

e. 12 

 

24. A pitot tube measures a gage pressure of 200Pa at an altitude where the air density is 1kg/m^3.  

The airspeed is 

a. 10 m/s 

b. 20 m/s 

c. 40 m/s 

d. 80 m/s 

 

25. An airplane with a wing  span of 20m is designed to fly at 10 m/s at sea level.  If a model with a 

span of 2 m is tested in a wind tunnel running sea level conditions, what would the tunnel speed 

need to be to match Reynolds number? 

a. 10m/s 

b. 20m/s 

c. 40m/s 

d. 50m/s 

e. 100m/s 

26. For any incompressible potential flow, you can add two flows together to get a new flow. 

Identify which of the following quantities can NOT be added : 

a. Velocity potential 

b. Stream function 

c. X-Velocity component 

d. Y-velocity component 

e. Flow speed 

 

27. A 2D channel carries a fully developed laminar flow. The channel is 2mm wide. When the 

volume flow rate is 0.2 m^3/s/m, the pressure is observed to drop 1.5e4 Pa per meter along the 

channel. The viscosity of the fluid is (in MKS units): 

a. .5  e-4 

b. 1 e-5 



c. .5 e-5 

d. 2 e-3 

e. 4 e-4 

 

 

 

 

28. A 2D source with strength 2π m^2/s is at x=0, y=0, and a source of strength 3π is at x=1, 

y=0. The location of the point where the resultant velocity is 0 is 

a. x=.5  y=0 

b. x=0  y=.5 

c. x=.4 y=0 

d. x=0 y=.4 

e. x=.6 y=0 

f. x=0 y=.6 
 

29. The velocity potential for the flow over a 2D body is :  φ = 2*y + 17 y/r^2 + 0.6 θ/ (2 π), where r 

and θ are polar coordinates centered on x=y=0   (θ is measured clockwise from the positive 

x axis) The fluid has a density of 1.2.  The force in the x direction is?  

a. 2 

b. -2 

c. 1.44 

d. -1.44 

NOTE: Since c is a more rational choice than a or b, I regraded the exam to give 2 points for 

c.   

30. At one point, point A,  a flow has a pressure of 1 atm and velocity components of 10ms and 3 

m/s in the x  and y directions respectively. This flow accelerates and turns to a point (B) where 

the velocity components are 20m/s and 5 m/s. The density is 1.5 kg/m^3. Neglecting friction, by 

how much does the pressure change (B-A): 

a. -116Pa 

b. 116Pa 

c. 237Pa 

d. -237Pa 

e. 463Pa 

f. -463Pa 

 



 


