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                           Name _______________________________


ARE 383 Modeling of Air and Pollutant Flows in Buildings 
April 1, 2011
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

1


_____________
/  50
2


_____________
/  30
3


_____________
/  40
4


_____________
/  30
5 


_____________
/  40 

6


_____________
/  60

Total


_____________
/250

1) (50 points) 
Consider the two dimensional flow around the cylinder presented in figure below. 
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a) For the given time step presented on the figure above plot the instantaneous (vx , vy ) and average velocities (Vx , Vy ) for both lines l1 and l2 . 

b)  For the points A and B plot the instantaneous velocities (vx , vy )  as function of time.  

c) Compare the shear stresses (xy  for points A and B . Indicate which one is the larger. 

d) Is this homogeneous or nonhomogeneous turbulence and why. 

e) Identify the spot with the largest turbulence kinetic energy. 
2) (30 points) 
a) When total residual for energy gets very small number that means that (can be more than one):

· residual for each cells is smaller than ε 

· average residual is smaller than ε
· you get accurate solution 

· none

 What is the difference between normalized and total residuals? 
b) Grid independent solution means that (can be more than one):
· you get accurate solution

· turbulence is low 
· none

How would you check that you have get grid independent solution? 

c) If we consider 2-D buoyancy driven flow (thermal forces are large), and we use zero equation turbulence model, 

How many partial differential equations you need to solve?

How many would you have if you use Reynolds stress turbulence model? 

3) (40 points) 
Identify which terms of general transport equation  
[image: image12.png]



you need to solve for 
a) Moisture transport in the classroom 
(explain your answer)

b) Steady state conduction in a floor slab with floor heating. 
(explain your answer)

c) Unsteady-state concentration of CO2 in the classroom assuming that ventilation system provides perfect mixing. 
(explain your answer)

d) For part c) discretize the general transport equation and develop the equation that can be solved using numerical methods.  

4) (30 Points) 

Provide all assumptions that we used to derive the full CFD equations for flow along the hot wall:







Explain these assumptions.  
5) (40 Points) 

For general discretization equation for one dimensional unsteady-state flow:  

aP·(W + bP·(P + cP·(E = f

derive the coefficients “bP” and “f” for node P using upwind differencing scheme:
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6) (60 Points) 
Use the discretization process of Navier Stokes equations to solve the heat transfer problem below. 

Prismatic aluminum bar with dimensions like in the figure below is heated from four longer sides with heat flux of 5W/m2 (same like in your HW3). On one shorter side the temperature of the bar is kept constant at 20°C and from the other it is insulated and there is not heat flux (adiabatic). 
[image: image2.png]¢,=1000 J/kgK y Heat flux equally distributed on four

p=2000 kg/m3 side surfaces
k=100 WimK ~ , J—» x lq=5WIm2
"2 Adiabatic
Tair=20°C p=d1 e 1 e 2 ’ 1 (no heat flux)

Vx=0! (solid material) L=0.6m




a) Discretize the control volume into three equal volumes (3 nodes like in the figure above) and develop equations for nodes 1, 2 and 3 for solving steady state heat transfer. 

You don’t need to solve the problem! Just provide general forms of discretized equation.  
b) Writhe the equation for node 2 for solving unsteady state problem.

c) Provide schematic of temperature along x axis for the steady state problem.  


c) Provide schematic of temperature for node 2 as function of time for unsteady state problem.  
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