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                           Name _______________________________


Energy Simulation in Building Design


Midterm
November 1, 2018
Open book open notes
Exam time: 1 hour 45 min
Write your name on every page as well as this one.  You can use other side of a paper if you need. 
Grade

1


_____________
/  40
2


_____________
/  50
3


_____________
/  80
4


_____________
/  50

5 


_____________
/  40
6


_____________
/  40
Total


_____________
/300

Problem description:
I was reading about the eco house under the glass dome in the Arctic Circle (Norway), and I was wondering if it makes sense. So you have a task to develop a model capable to check this. 
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The picture of the dome and the house is given above and the schematic for your model is below. Your main task is to calculate what will be the air temperature in the dome for each hour of a typical year. For this task you need to develop an energy model. For this exam assume that the dome is empty (there is no house, only soil). To prevent the heat escaping beneath the dome – through the soil and up to the outdoor air - there is a 2m deep perimeter insulation R100 around the perimeter of the dome (you can assume that nothing is going through this insulation).  However, the soil directly beneath the dome participates in the heat transfer. You can assume that 2m beneath the surface, the soil temperature is not changing and it is equal to the yearly average air temperature for this location (Tsoil yearly average). The dome has double glazed structure. Each glass panel thickness is 0.005m and the spacing between the glasses is 0.015m. For this model you can assume that dome framing has no impact on heat transfer. There is an infiltration through the frame gaps that provide ventilation of 0.5 ACH in the dome. There is no internal heat source in the dome. To improve the model accuracy you will need to use at least 3 nodes in the soil. 
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Assume that you know all needed physical and material properties as well as geometry parameters needed for your model. 

Part 1) 
Identify the external weather parameters and view factors that you need as input to your model. 

Rank the weather parameter based on importance from most important to the least important. 
Calculate the view factors for the glass dome to the soil (if you don’t have calculator, you can just show the equation and substitute values). 

Part 2) 

Identify major elements/components of this dome that play important role in the heat transfer.

Provide a detailed schematic of your model with all building elements that you need to model. Distribute the energy balance nodes (discretize the elements) in you model. NOTE: Provide a clear schematic that shows all the nodes and indicate (display) the heat transfer (connection) between the nodes. 

Name at least 8 of your assumptions that you introduced to develop the model (you cannot state assumptions that I already listed above). Rank the assumption according to the importance and explain your answer for 2 assumptions that may cause the largest inaccuracy in results produced by your model. 

Part 3) 

Provide all energy balance equations for your model in the implicit format. The energy balance equations can be in general format, but you need to indicate directions of the heat transfer between nodes.
Write 2 of your equations in the fully developed format (showing all terms). One equations need to be for the surface soil node and the second for the node with the thermal mass.  
Part 4) 

Show the format of the linear equation matrix ( M × T = F ) for the full set of equations you developed for your model.  Show the matrix and indicate the positions of nonzero terms in the matrix.  

Calculate at least 3 coefficients of your matrix; one coefficient should be on the major diagonal of your matrix M, second should be coefficient that is not on the major diagonal, and third should be a coefficient from the free vector F.    

Part 5) 

To improve the accuracy of the heat transfer calculation for the soil mass beneath you can use non-uniform node distribution by positioning more nodes in area closer to the surface (see the figure below).  
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For the node distribution in the figure, develop the equation for node 2. Assume that you know specific capacity, density and conductivity of soil.  Develop he equation in the implicit format:
A*T2+ B*T3 + C*T4 = F and define coefficients: A, B, C, and F. 
Part 6) 
If the temperature in the dome is too cold, how would you improve the design so that you trap more heat from solar radiation? Name at least two methods and explain them how they contribute to higher temperature in the dome.  
How would addition of house in the dome impact the temperature in the house? Would it increase or decrease when compare to the empty dome? Explain your answer using the heat transfer knowledge from this class! 

