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                           Name _______________________________


Energy Simulation in Building Design


Midterm
November 6, 2012
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


_____________
/  15
2


_____________
/  25
3


_____________
/  45
4


_____________
/  60
5 


_____________
/  25 

6


_____________
/  20
7


_____________
/  25
8


_____________
/  15
9


_____________
/  20

Total


_____________
/250

Problem:

An architect in your design team is considering using a “Trombe wall” that used solar energy to heat the space. The Trombe wall schematic and principle of operation are in figures below. Before your team makes a decision about using it, you need to evaluate energy benefits. To do so, you need to build an energy model for this Trombe wall including all relevant building elements. 
[image: image1.png]Glass —»

Air space——»

‘Thermal mass-

Insulation



      [image: image2.png]


   [image: image3.png]



Your building have a floor plan of 10m × 10m and height of 2.5 m. More detail schematic of your building with orientation and basic assumptions are provided below. 
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Basic assumptions:

- Wholes on the top and bottom of the Trombe wall that connect the indoor air and cavity air are negligibly small when compared to the size of the Trombe wall. 

- HVAC system controls the inside temperature at 25°C. 

- Internal heat source is 2000 W where 50% is emitted by radiation to internal surfaces and 50 by convection to the air (assume uniform distribution of this radiation on internal surfaces). 

- Three are no winnows and no partition walls inside of the house. 

- Very thick insulation above the ceiling dry wall prevents the heat flow through this ceiling insulation.   

- Very thick insulation below the concrete slab prevents the heat flow through this floor insulation.  

- Assume that air temperature in the air cavity of the Trombe wall is uniform.

- Assume that air fan provides constant flow of 120 ACH in the air cavity of the Trombe wall. 

Problems:

Part 1) 15 points

Identify the external weather parameters and view factors that you need as input data for your model. 

Part 2) 25 points 

Identify major building elements that play important role in the heat transfer and point out modeling method for the heat transfer which you are going to use (steady-state or unsteady-state model). 

Beside assumption I introduced, identify five major assumptions that you introduced to solve the problem. Rank them according to the importance and justify these assumptions.

Part 3) 45 points

Distribute the nodes (discretize the elements you model) according to your assumptions. Create the clear schematic that shows the nodes and connection between the nodes. 

Part 4) 60 points

Write the model equations in the implicit format for the Trombe wall only.  Four equations need to be in fully developed format, showing all terms. This should include: (1) internal surface node of the Trombe wall, (2) external surface node, (3) air cavity node and any (4) internal wall node. The remaining equations can be in a general format. 
NOTE: In the general format equations, you need only to identify unsteady state term (if exist) and heat fluxes which form the energy balance for considered node. Also, for general format equations you need to identify the direction of the flux (for example Q12 means heat flux from node 1 to node 2). 

Part 5) 25 points

Write the HVAC equation. 

Part 6) 20 points

If the HVAC system is off how would you calculate the indoor air temperature? Provide the equation. 

Part 7) 25 points
Use one of your nonlinear equations (your choice) to show the linearization procedure. 

Part 8)  15 points

Show the linear equation matrix for implicit method.  For all other coefficients indicate the position in the matrix (Show just nonzero terms in the matrix).  

You do not need to calculate the matrix coefficients! 

Part 9) 20

If this house is in Minnesota (cold climate) what would you change in the Trombe wall design (shown in the figure) to make it more efficient. Explain your answer.

What would happen if the fan does not operates what would you change in the design to make this design acceptable for summer period?  Explain your answer.

East west and north sides 


of the house are shaded all three walls have the same structure 








