Steven A. Jones

BIEN 501 Physiological Modeling
Midterm Exam

April 7, 2004


Circle the most correct answer to each question.  An answer is considered to be “correct” if it is within 1% of the correct answer.

1. According to a Poiseuille flow estimate, what is the flow rate in an artery that has a radius of 0.3 cm, a dynamic viscosity of 0.035 cm2/s and a wall shear stress of 15 dynes/cm2?
a. 5.33 ml/s
b. 9.09 ml/s

c. 7.20 ml/s

d. 2.01 ml/s
e. none of the above

2. Using the Poiseuille approximation for wall shear stress, what pressure drop will cause a cross-sectional averaged velocity of 32.1 cm/s in an artery with a radius of 0.3 cm and a length of 20 cm, assuming that the blood has a constant dynamic viscosity of 0.035 cm2/s?

a. 200 mm Hg

b. 2000 mm Hg

c. 2000 dynes/cm2
d. 1340 dynes/cm2
e. none of the above
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 axis) in an otherwise stagnant fluid.  A correct boundary condition for this problem is:
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e. none of the above

4. An additional boundary condition for the rotating sphere problem is:
a. 
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e. none of the above

5. The choice of coordinate systems in a fluid mechanical problem is dictated by:
a. The continuity equation.

b. The momentum equation.

c. The energy equation.

d. The boundary conditions.

e. e. none of the above

6. The stream function is derived from:
a. The momentum balance.

b. The continuity equation.

c. Poiseuille’s law.

d. Newton’s law of viscosity.

e. none of the above.

7. Use of the stream function in a fluid mechanical problem:

a. Increases the number of variables while increasing the order of the equation.

b. Decreases the number of variables while increasing the order of the equation.

c. Increases the number of variables while decreasing the order of the equation.

d. Decreases the number of variables while decreasing the order of the equation.

e. Has no effect on the number of variables or the order of the equation.

8. The stream function is useful when:

a. The flow is three-dimensional.

b. The flow is two-dimensional (i.e. planar or axisymmetric).

c. All components of velocity are zero at one of the boundaries.

d. Pressure is negligible.

e. none of the above.

9. Assuming that there are no changes in the 
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-direction, the expression for 
[image: image21.wmf]q

t

r

 in cylindrical coordinates reduces to:

a. 
[image: image22.wmf]ú

û

ù

ê

ë

é

¶

¶

+

÷

ø

ö

ç

è

æ

¶

¶

-

q

m

q

r

v

r

r

v

r

r

1


b. 
[image: image23.wmf]ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

¶

¶

-

r

v

r

r

q

m


c. 
[image: image24.wmf]ú

û

ù

ê

ë

é

¶

¶

-

q

m

r

v

r

1


d. 0

e. none of the above

10. On taking the limit of the following expression as 
[image: image25.wmf]0

®

D

r

,

[image: image26.wmf](

)

(

)

0

)

(

2

2

=

D

-

D

+

D

+

r

r

r

r

r

r

r

r

t

t

q


one obtains:
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e. none of the above

11. A primary reason for the non-Newtonian properties of blood is:

a. The formation of rouleax by the red blood cells.

b. The presence of albumen.

c. Repulsive forces between red blood cells.

d. Dark energy.

e. none of the above

12. The equation of continuity states that:

a. Force is continuous throughout the volume of interest.

b. Density is constant throughout a control volume.

c. Velocity is zero on any non-moving boundary.

d. The net amount of matter entering a control volume through the surface is equal to the gain in matter within that volume.

e. None of the above.
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Consider a flat disk of infinite radius rotating at constant angular velocity above a stationary surface, as shown to the right.  The equation for momentum for the Newtonian fluid between the plates in the 
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 direction is:

a. non-linear

b. dependent on 
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d. all of the above

e. none of the above

14. Assuming that the momentum balance in the 
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 direction for a rotating flow is:
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.  Then the equation for the 
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a. non-linear

b. 
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e. None of the above.

15. A monocyte of radius 10 (m and density 
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 g/(cm-s)) and centrifuged at 50 x g (50 times the acceleration of gravity).  Assuming that the Stokes flow relationship for flow over a sphere is appropriate for this situation, how long does it take for the monocyte to travel 4.9 cm (to the bottom of the centrifuge tube)?
a. 0.09 seconds

b. 4.28 seconds

c. 90 seconds

d. 21 minutes

e. none of the above

16. You have an instrument that can directly measure velocity, but cannot directly measure acceleration.  If you need to know the acceleration of a fluid in the 
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 direction at a given point you should:

a. Measure velocity as a function of time and take the derivative of the output of your instrument.

b. Measure velocity at two nearby points, 
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c. Add the result of a. above to the result of b. above.

d. Multiply the result of a. above by the result of b. above.

e. None of the above.

17. The flux of momentum per unit volume through a surface is:

a. Equal to the flux of momentum per unit volume out of the surface.

b. Normal to the surface.

c. Equal to the momentum per unit volume times the velocity normal to the surface integrated over the surface.

d. The cause of the nonlinear terms in the momentum equation.

e. Both c and d.

18. The momentum equation used in the book and typically used in fluid mechanical applications:
a. is written in terms of a Lagrangian frame of reference.

b. is written in terms of an Eulerian frame of reference.

c. is linear in all practical applications.

d. contains 3 unknown variables.

e. none of the above.

19. The expression 
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a. is the continuity equation for incompressible flow.

b. is a single equation.

c. involves 3 unknown variables.

d. contains 
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 as one term.
e. all of the above.

20. The expression 
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a. contains 3 separate vector components

b. contains 9 separate vector components

c. reduces to one scalar component

d. becomes zero for incompressible flows

e. none of the above
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