HW1b Energy Simulation in Building Design                    DUE: October 1, 2020
Using the geometry and external boundary  conditions for the room described in HW1a write the energy balance equations for the  3 major building elements and calculate the energy consumption for given period of 24 hours (24 hour period from HW1a). 

Use the following assumptions:

· All assumptions from part a) 

· HVAC system provides that the air temperature is constant and equal to 23oC.

· Internal surface temperatures are equal to the air temperature. 

· East wall is a single layer insulation material with the thickness of 5 cm (0.05m) and has the following properties: conduction k=0.05, density =100kg/m3, specific capacity cp=800J/kgK. This south wall has the following surface properties: emissivity (() and absorptivity (() of wall surface for long wave radiation is 0.95. The color of internal and external surface is gray and absorptivity (() for short-wave radiation is 0.5.

· South wall is a single glass surface with the layer thickness of 1 cm and the following properties: conductivity k=1 W/m2K, density =2500kg/m3, specific cap. cp=1000J/kgK.

For this South wall (glass) the absorption coefficient (absorptivity) for solar radiation is (short wave=0.06 and the reflectivity is ρ short wave= 0.11 for both (1) diffuse and (2) direct solar radiation (you can calculate transmissivity). Note: glass is not transparent for long wave radiation; emissivity (and absorptivity) of glass wall surface for long wave radiation is 0.85.

· Infiltration is uniform during the day and provides 0.3 air-changes per hour (ACH=0.3 hour-1) Air properties are: density =1.2kg/m3, capacity cp=1000J/kgK

· Assume distribution of transmitted solar radiation to the interior room surfaces according to the area of envelope and considered surface absorptivity (equation from the class notes). 

· For the convection at internal vertical surfaces (south and north walls) use the following equation h=1.823T0.291/L0.1, where L is the height of wall and T is air surface temperature difference. For internal surfaces (in this problem surface I) use the constant value of 2.5 W/m2K.

· Assume no energy accumulation in the insulation (East) and glass (South) wall. 

· Assume that ground temperature is equal to the outdoor air temperature. 

· For all undefined parameters assume the most logical values and/or models.

a) Equation definition part:

Write the equation for the calculation of two wall surface temperatures (south exterior and interior and east exterior and interior surface temperatures).  

Writhe the equation that calculated how much cooling or heating HVAC system needs to provide to keep the indoor temperature at the setpoint. 

b) Solution part:
You will have 5 equation with 5 unknowns. Use any equation solver (best is to use Matlab) to solve the system of equations for each hour (24 hours). Plot the temperatures in (all in one graph) and Q_HVAC (in a separate graph) for 24 hours. Also, submit the code file for the equation solver you used.  

c) Discussion part:

Indicate which assumptions are not correct and discuss the consequences on the energy calculation (approximately 3-5 sentences). 

Grading: 
- Part a) Equation definition



55 points





- Part b) Solution of equations


35 points

- Part c) Discussion




5 points

- Clearly documenting your assumptions and work 
5 points
