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                           Name _______________________________


ARE 372 Modeling of Air and Pollutant Flows in Buildings 
October 29, 2007
Open book open notes
Write your name on every page as well as this one.  You can use other side of a paper if you need. 
Grade

a


_____________
/  30
b


_____________
/  35
c


_____________
/  35
d


_____________
/  40
e 


_____________
/  30 

f


_____________
/  30
Total


_____________
/200

a) (30 points) 
Figure below presents the forced convection above the flat plate:
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Which point (A, B, C) has the largest and which the smallest turbulence kinetic energy? Explain why.  
Which point (A, B, C) has the largest and which the smallest turbulent viscosity? Explain why.

Which point (A, B, C) has the largest and which the smallest laminar viscosity? Explain why.

b) (35 points) 
Consider the 2-dimensional steady-state adiabatic flow in the duct (see figure below).

[image: image2]
Identify which equation you need to solve in the FLUENT solver. Identify all terms that are zero in the selected equations. 

[image: image3]
    9)     
[image: image4.wmf]ε

k

C

 

ρ

2

μ

t

μ

=


Which equations (from equations above) would you use for simulation of CO2 distribution in our classroom?   Explain why. 

c) (35 points) 
Consider 1D flow in the duct (HW3 problem): 

[image: image5]
Identify advection (convection), diffusion and source terms in equations below:
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Which term (advection or diffusion) is dominant for the heat transfer in the duct? 

for: 

Vx=0.01m/s
Vx=0.1m/s
Vx=1m/s

Draw the approximate temperature profile in the duct for each velocity. 

d) (40 points) Short questions 
1) Viscous stresses depend on fluid property, fluid flow, or both? 
2) What is the difference between the Turbulent viscosity and Reynolds stresses?
3) If you use matrix solver do you need to calculate residuals?
4) Which differencing scheme is more accurate “central difference” or “upwind”? 
5) Which differencing scheme is more stable “central difference” or “upwind”? 

6) What is over-relaxation?
7) Which turbulence model would you use for simulation of eddies in the figure below. 
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       8) Consider the flow above and draw the flow field that you would get with zero equation 

            turbulence model. 
e)  (30 points) Explantation questions
1) Explain the difference between implicit and explicit method for solving unsteady state airflow equations?
2) What are the reasons for using RANS equations instead NS equations?
3) Explain the difference between structured and unstructured mesh. What is the advantage and disadvantage of both?
f)  (30 points) 
Does the achieved convergence ensure exact solution. 

Why?
Consider the following CFD modeling steps:

1) Define the simulation domain and boundary conditions
2) Discretize the simulation domain 

3) Select the CFD equations and turbulence model
4) Solve the equations

Which of the modeling steps affect?

- Numerical diffusion of obtained solution
- Convergence of obtained solution
Define boundary conditions that you would use for modeling of steady-stat airflow in our classroom.
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