Modeling of Air and Pollutant Flows in Buildings 2017,   HW 3
Submission date: October 17th 
a) 40 points

Using the temperature equation for steady-state flow:  

[image: image1]
NOTE: Be aware that qsource in the equation above is different than the q surface (5 W/m2) given in figure below.  To get qsource , which is the volume source, you need to calculate the total heat supplied through the walls of the duct and divide it by the volume of the fluid in the duct: 

Qtotal = Asurfaces x q = 0.4 m2 x 5 W/m2 = 2 W

qsource = Qtotal  / Volume = 2 W / 0.01 m3 = 200 W/m3
Calculate the temperature field of fluid which flows through the square duct. Te flow of fluid is laminar and velocity profile is uniform across the duct. Velocity field is given (Vx). Neglect the diffusion in y and z directions (1D problem). The fluid properties and duct geometry are given in the figure below: 
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Using 10 nodes (cells), calculate the temperate distribution along the duct. Use upwind differencing scheme. You will have to use high order differencing scheme for the near to the exit node (node 10). 
c) 30 points

Do the calculation for central differencing scheme for Vx =0.05 m/s. 
Also, do the calculation for upwind differencing scheme and central differencing scheme when Vx =5 m/s.
Compare these two differencing schemes by commenting the results. 

d) 30 points
Using temperature equation for unsteady-state flow (1-D):  
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Calculate the temperature at point A (0.15m form the inlet) after 4 seconds. The velocity is 0.05m/s.
The initial temperature in the duct is 20oC. For the calculation, use time step of 0.5 seconds and space discretization of 5 nodes. All other parameters are the same like in part a).  
Use Point Jacobi method to solve system of equations. You can use other equation solver to chect your results. You should submit all your work including the solution method (excel,  mat lab, C, Fortran…). You need to submit a hard copy of your results and email me the excel mat lab, C, Fortran or any other computation related file you developed for this HW. 
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D=0.1m





H=0.1m





L=1m





Vx=0.05m/s





Tin=20oC





=1kg/m3





k=10 W/mK





q=5W/m2





cp=100J/kgK
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