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Using the geometry and properties of the room described in HW1 and HW2 write the energy balance equations for building elements and calculate the energy consumption for given period of 120 hours. 

Use the following assumptions:
- All data from HW1 related to external weather conditions are the same. 

- For the 120-hour time period (5 days) calculation use three same weather conditions provided for HW1 (in second day repeat weather data from HW1) followed by 2 additional days (data provided on the course website).  

- HVAC system controls the air temperature to 24oC all the time.

- The south wall is a two-layer (concrete + insulation) wall. 

- The external layer is concrete with thickness of 14cm and the following properties: conduction k = 0.5 W/mK, density = 2500 kg/m3, specific capacity cp = 1000 J/kgK.
- The internal layer is insulation with thickness of 6 cm and the following properties: conduction k=0.008 W/mK, density =50 kg/m3, specific capacity cp=800 J/kgK.
- The wall surface properties are: 

- Long wave emissivity () and absorptivity () of surfaces for this wall assembly are 0.95 at both sides (internal external),

- Color of external surface is dark grey and absorptivity (=) for short-wave radiation is 0.8. For internal surface absorptivity of short wave radiation is 0.6.

- The east wall is a double glazed reflective glass window with the glass layer thickness of 0.5 cm. 

- The glass has the following properties: k=0.8, =2500kg/m3, cp=1000J/kgK.

- The absorptivity of solar radiation (short wave=0.06 for both glass panels and the overall reflectivity of both glass panels  ρ short wave total =0.65. This give you the total window transmissivity ((short wave=0.23). Glass is not transparent for long wave radiation. Emissivity and absorptivity of glass for long wave radiation is 0.85.

- Internal wall (2 inside walls + floor + ceiling) is a single layer 10 cm thick light-weight-concrete. 
- From the opposite side of the room internal wall has adiabatic boundary conditions; assume that there is no heat transfer through the wall. However, internal wall can accumulate energy. 


- It has the flowing thermal properties:  k=0.5, =800kg/m3, cp=1000J/kgK. 

- For internal wall surfaces assume 1 for long wave emissivity () and absorptivity () and absorptivity of short the solar wave radiation is 0.6.

. 

- Infiltration is uniform during the day and provides one air-changes per hour (ACH=0.5 hour-1). 

- Air properties: density =1.2kg/m3, capacity cp=1000J/kgK. 

- Internal loads are occupants which occupy the building from 9 am till 5 pm and the total sensible heat released by occupants is 500W. Assume that 50% of this heat is release by convection directly to the air and the remaining 50% by radiation to the room surfaces.  

- Assume distribution of internal radiation and transmitted solar radiation according to the area of surface and surface properties (equation provided in class). 

- For the convection at vertical internal surfaces (north walls and east window) 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 wall (2 inside walls + floor + ceiling) assume h = 2 W/m2K. 

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

- For the radiation and internal convection calculation you can use linearization (calculate hconvective and hradiative based on temperature differences from the previous time step), or you can use nonlinear system of equation and use nonlinear equation solver. 

- For the initial temperature field in the wall structure assume the uniform distribution of temperature across the wall of 12oC. 

- Use the finite difference method to calculate unsteady-state conduction and accumulation. 
- Use at least 2 internal nodes for each element of the south wall. 

- For all undefined coefficients use your assumptions. 

Solve: 
a) Calculate the wall surface temperatures and heat fluxes on internal surfaces and QHVAC. Plot OHVAC for period of 120 hours. For the east wall, plot T external wall surface and T internal wall surface on the same diagram for 120 hours. 
Parametric analyses:

b) Repeat the calculation from part a) in a case where in the east exterior glass is painted with highly reflective coating (reflectivity for solar radiation is 100%). Calculate OHVAC for 120 hours and plot OHVAC for 120 hours for part a) and part b) of HW2 assignment. Comment the results.
c) Repeat b), but assume that there is no infiltration nor occupants. Calculate OHVAC for 120 hours and plot OHVAC for part b) and part c). Comment the results.
d) For the case from part c switch the position of concrete wall and insulation in east wall. Calculate OHVAC and plot OHVAC for part c) and part d). For north wall, plot T external wall surface and T internal wall surface for both part bc) and part d) on the same diagram for 120 hours. Comment the results. 

e) For the case from part a calculate the variation of indoor temperature when HVAC system is OFF (QHVAC =0). 
Grading (Total 100 points): 

- Part a)





60 points

- Part b)





5points
- Part c)





5points
- Part d) 





5 points
- Part e) 





15 points
