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You should analyze the influence of “weep” holes (vents in the brick wall on the figure below) on heat transfer thought the building envelope. To do this you will need to model heat and mass transfer in the building below. 
Assume:

Area of the wall is 25 m2 - 2.5m high (H=2.5m) and 10m long (L= 10m). Floor area is 100m2.  
- Brick properties: thickness 0.1m, cp=800 kJ/(kgK), (=2000 kg/m3, k=1 W/mK,
- Cavity is 0.025m thick and air properties are: A cp=1000 kJ/(kgK), (=1.2 kg/m3, k=0.025 W/mK,
- Insulation is 0.025m thick and cp=1000 kJ/(kgK), (=100 kg/m3, k=0.04 W/mK,
- Dry wall (for all four walls and roof) is 0.01m thick: cp=800kJ/(kgK), (=1200kg/m3, k=0.5W/mK,
- Concrete slab is 0.2m thick and cp=800 kJ/(kgK), (=3000 kg/m3, k=2 W/mK.
Basic assumptions:

- HVAC system controls the inside temperature at 25°C in winter and summer. 

- 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. 
- All four walls have the same internal surface temperature (Tin west = Tin east =  Tin north  = Tin south). 
- Very thick insulation above the ceiling dry wall prevents the heat flow through this insulation.   

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

For all missing data use your logical assumptions.
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Develop your model for heat and mass transfer in the west wall. 
For solving parts 1 to 8 (including 8) assume:

-  0.1 ACH in air cavity with unidirectional flow from vent to the attic area. 

- natural convection coefficient in cavity  for: h=1.8*ΔT0.3/H   (where H is height). 
Part 1) 20 points

Identify the external weather parameters and view factors that you need as input data for your model. Explain why you need them (for which boundary conditions). 

Part 2) 20 points 

Identify major elements for your model and point out method (steady-state or unsteady-state) which you are going to use. 
Identify five major assumptions that you introduced to solve the problem 

Justify your assumptions.

Part 3) 15 points

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

Part 4) 45 points

Write the model equations in the implicit format.  At least 5 equations need to be in fully developed format, showing all terms (this should include at least one internal and one external surface node). The rest can be in general format. In these general format equations, you need only to identify heat fluxes which form the energy balance for considered node.  

Write the equation that shows the total (convective and radiative) heat flux from internal side of the west wall: 
Part 5) 15 points

Use one of your nonlinear equations (your choice) to show the linearization procedure. 
Explain why you do not need to do linearization if you use explicit solver. 

Part 6)  25 points
Show the linear equation matrix for implicit method.  Calculate just one coefficient in the matrix (your choice) and identify the position of this coefficient. For all other coefficients indicate the position in the matrix (Show just nonzero terms in the matrix).  
You do not need to calculate all the coefficients. 
Part 7) 25 points

Considering the assumptions which you introduced and which I defined, identify the one which creates the largest inaccuracy in the model. 

How would you correct this inaccurate assumption? 

Part 8) 25

Show the direction of the cavity airflow for:
a) Late afternoon summer day

b) Early morning winter day. 
Justify your answer by providing description what is the driving force for the flow in summer and winter condition. 
How would this change equation for the air cavity (show the equation). 
Part 9) 25 points

If the air cavity is closed at the bottom and at the top, how would equation for the air cavity change (show the equation). 
How would this change the heat transfer?  (increase or decrease)
 Explain why. 
How would this change the thermal mass of the building? (increase or decrease) 
Explain why.
Part 10) 35 points

If there is no insulation above the ceiling, how many additional elements would you add to the model? Explain why.
Point out your assumptions that you introduced to resolve this problem. 

How many additional nodes would you need? 

Draw the schematic below and distribute the nodes. Show the connection between the nodes. 
You don’t need to write the equations. 
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