TAHE HOME EXAM

ARE 372 Modeling of Air and Pollutant Flows in Buildings 

Submission time: 11:00 am on November 4, 2008 
Open book open notes.
Academic honesty:

I ________________________________________ confirm that 
                                ( your name ) 
I did not contact any person related to the problems in this exam. 
(All questions related to the exam should be directed to the course instructor)
SUBMIT ALL YOUR WORK!

Problem 1. Fluid Dynamics (30 points)

Consider a laminar 3-dimensional steady-state non-adiabatic flow through the conical duct (see figure below). Inlet air is at 20ºC and all inside surfaces are at 100ºC. 

a) (10 points)

Indicate a point with the largest shear stress? Indicate a point with the largest normal stress? Explain why?
b) (20 points)
Which terms in the heat transfer equation below exist (indicate all non-zero terms)?  

Consider all non-zero terms and rank them from the largest to the smallest. 

Explain your answer!
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Problem 2. Turbulence (30 points)

Using the three dimensional velocity sensor we measured fluctuation in three components of air velocity:

	time
	Vx
	Vy
	Vz

	0.01
	6
	0.35
	1.1

	0.02
	4.5
	-0.505
	1.5

	0.03
	7
	0.9
	0.2

	0.04
	1.8
	-0.1
	0.3

	0.05
	9
	-1.5
	1.1

	0.06
	4
	0.1
	1.8

	0.07
	1.8
	0.5
	1.7

	0.08
	2
	-0.3
	1.6

	0.09
	7
	0.5
	1.5


a) (10 points)

Using definition of average velocity calculate: (1) average velocity and (2) turbulence kinetic energy for this flow. 

b) (10 points)

Is this homogeneous or non-homogenous turbulence? Why?
c) (10 points)

Which Reynolds stress is the largest and which is the smallest? Why?
Document all your work!

Problem 3. Discretization and numerics (70 points)
Using the temperature equation for steady-state flow:  
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Develop a numerical equation for the temperature field for 2-D fluid flow through the two dimensional duct (0.8m long and 0.3m wide – see figure below). Te flow of fluid is laminar and velocity profile is uniform along x-axis. Cross section velocity profile (along y-axis) is given and velocity is laminar. There is a heat flux of  1W/m on the top and bottom plates of the duct (measured in W/m because it is a 2D-problem). The inlet temperature of fluid is 20ºC. The fluid properties, duct geometry, and velocity correction profile are given below: 

cp=100 J/kgK, (=1kg/m3, k=10W/mK
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a) (25 points) 

Write discretized equations and for nodes: T 1,1 , T 1,3 , and T 2,4. Use upwind differencing scheme. Write the equations in the format that show the coefficients. 

For example:  
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         where: 
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For node T 1,3 calculate the numerical values of all coefficients.
b) (5 Points) 

Write discretized equations for node: T 2,3. Use central differencing scheme. 

c) (10 Points) 
How large is the system of equations for problem defined above? (How many unknowns do you have?) Show the equation matrix and indicate all nonzero elements. For example the solution for your 1-D problem from HW 3 would be:
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d) (5 points) 

Draw the temperature profile along y axes at the: (1) inlet, (2) half length of the duct and (3) outlet. You do not need to calculate the values! Just draw the temperature profiles as you think they will be in the solution.  
e) (10 Points)

If instead of wall flux (q) you have the wall temperature (50ºC), how would your equation for T 1,3 look like for upwind differencing scheme? If you can not derive the equation, describe the difference in the two types of boundary conditions.  

Problem 5. Model and Boundary conditions (40 points)
You need to models airflow and heat transfer by airflow in the 3-D room with Trombe wall. The principle of operation of the Trombe wall are described below:
	      Trombe wall is a wall with high thermal mass used to store solar energy passively in a solar home. It consists of a vertical wall, built of a material such as stone, concrete, or adobe, that is covered on the outside with glazing. Sunlight passing through the glazing generates heat which conducts through the wall. Warm air between the glazing and the Trombe wall surface can also be channeled by natural convection into the building interior, depending on the building's heating needs. 

        During the day, sunlight shines through the glazing and hits the surface of the thermal mass, warming it by absorption. The air between the glazing and the thermal mass warms (via heat conduction) and rises, taking heat with it (convection). The warmer air moves through vents at the top of the wall and into the living area while cool air from the living area enters at vents near the bottom of the wall.

        At night, a one-way flap on the bottom vent prevents backflow, which could act to cool the living area, and heat stored in the thermal mass radiates into the living area. 
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Use schematics to support your answers to the following:
· Which equations would you use?

· Would you use steady state or unsteady state equations? Why? 
· Name all boundary condition which you would use?

· Which boundary condition is the most critical for accuracy of the model? 
· Where would you use fine and where coarse computation meshes? (Use schematic). Why?
If you need any additional information to model this process, use assumptions and document them.
Problem 6. CFD Solver (30 points)
Why we use SIMPLE algorithm? 
Explain it the best you can principle of work. (I need to see that you understand the principles of this algorithm).”Copy and paste” from CFD-Wiki or other Internet source or literature is strongly discouraged. 
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