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                           Name _______________________________


ARE 383 Energy Simulation in Building Design


Midterm
March 9, 2006
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

a


_____________
/  15

b


_____________
/  10

c


_____________
/  20

d


_____________
/  15

e 


_____________
/  35 

f


_____________
/  10

g


_____________
/  10

h


_____________
/  15

i


_____________
/  10

j 


_____________
/  10 

Total


_____________
/150

Problem:

You are modeling a large single floor store which has considerably larger roof area than sum of all walls (see figure below). Due to the geometry of the store, you can neglect the effect of side walls and assume that all heat transfer happens at the ceiling structure. 


[image: image1]
The ceiling structure is provided on the picture below which represents the vertical cross-section of the store. Below the roof structure (concrete and insulation) is the plenum area separated from the room by suspended ceiling (acoustic tile). The room air is exhausted through the plenum area. Assume that plenum area has a uniform temperature. The control system of the air handling unit (AHU) does not work properly and AHU provides the air to the room with uniform supply temperature and uniform mass flow rate. This means that temperature in the room (TR) oscillate during the time. (Supply air parameters mS and TS are known). The floor is not insulated and you can assume that it is equal to the average ground temperature which is known (TF is known). Assume that there is neither infiltration nor exfiltration.


[image: image2]
The major task is to create the model which will calculate the change of room and plenum temperatures. 

Data:

Concrete:   
L =0.05m, 
 =2500 kg/m3,  
cp=900 J/kgK,  
k=1.2 W/mK

Insulation: 
L=0.05m, 
 =200 kg/m3,  
cp=850 J/kgK,  
k=0.04 W/mK

Plenum:     
L=0.5 m, 
 =1.2 kg/m3,  
cp=1000 J/kgK

Acoustic tile:
L=0.002m, 
 =500 kg/m3,  
cp=1100 J/kgK,  
k=0.5 W/mK

Room: 

L=4.4 m, 
 =1.2 kg/m3,  
cp=1000 J/kgK
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Roof has dark color,

Tfloor =20 C.

You do not need to substitute values. Data are provided only to justify your assumptions.

Additional assumptions:

- Air is perfectly mixed (uniform) in the plenum,

- Air is perfectly mixed (uniform) in the room,

- Concrete layer is homogeneous, insulation layer is homogeneous, and tile is homogeneous,

For all missing data use your logical assumptions.

Problems:

a) 15 points

Identify the external weather parameters which you need to have as input data for your model. Explain why you need them (for which boundary conditions).

b) 10 points

Write the physical properties which you need to know for solving this problem. 

c)  20 points 

Identify major elements for your model and method (steady-state or unsteady-state) which you are going to use. Justify your assumptions.

d) 15 points

Distribute the nodes (Discretize the space) according to your assumptions. Create the clear sketch. 

e) 35 points

Write down the model Equations in general form. You do not need to substitute numerical values. 

f) 10 points

Write at least 3 equations (select from equations from part ‘e’) in explicit form.

g) 10 points

Write at least one equation (from part ‘e’) in implicit form. Show the shape (size and mark of all nonzero elements) of matrix which you would use to solve the problem by implicit method.

h) 15 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. 

i) 10 points

If the building location is in the Arizona (large solar radiation), which correction in the roof design would you propose as the most economical measure for reduction of energy consumption? Explain why.

j) 10 points

You want to create the roof structure with slow reaction to the oscillation of weather parameters such as solar radiation and external air temperature (roof structure with larger time lag).

Is it better to put insulation on internal or external side of the roof? 

Explain why.
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