ARE 346N Building Environmental Systems


      
Homework Assignment 1




DUE: February 20, 2020





100 points total

1.
50 points  

Outdoor air with dry bulb temperature of 40°F and relative humidity of 80% is heated using a gas heater to DBT= 74°F, and after that humidified to relative humidity of 50% by steam humidifier (injection of water vapor in air stream).

a) (3 points) Draw the heating and humidifying process in psychrometric chart. Show all points.  
b) (2 points) Using the psychrometric chart, determine the amount of energy supplied to 1 lb of dry air in this heating and humidifying processes.

c) (2 points) Find the amount of water which humidifier is using for humidification 
of 1 lbda. 

d) (3 points) If the volume flow rate of air is 30 ft3/min (CFM), what is the amount of energy per hour (energy rate) [Btu/h] needed for heating and humidification? What is the flow rate of water (lbw/hour) needed for humidification?

e) (3 points) What is the sensible energy that gas heater (both haters) provides per unit of air (1 lbda)? 

What should be the power of gas heater for heating of 30 ft3/min of air flow? Assume that there is no heat loss in heaters. 
f) (3 points) What is the latent energy delivered to 1 lb of air by humidification? Where from is this energy?
2.   
25 points 

The roof ceiling has the following assembly:

     1) metal structure slab: conductivity k1=4.0 W/mK, thickness L1=0.5 cm,
     2) Polystyrene: k2=0.05 W/mK, L2=10 cm, 
     3) Ceiling tiles:  k3=0.5 W/mK, L3=1.0 cm.  

Internal and external convection coefficients are: hinternal= 8 W/m2K and hexternal= 24 W/m2K.
a) (2 points) Calculate the resistance of Concrete slab, Polystyrene, and Gypsum wall board. 

b) (1 point) Considering the insulation properties, which assembly component is the most important? Rank them according to the thermal insulation contribution.
c) (2 points) Calculate the resistance of internal and external air layer.
d) (2 points) Calculate the conductivity (U-value) of the wall.

3.
25 points
A building has the following dimensions: length 50 m with 20 m and height 2.4 m. Each of two longer side walls have windows with the size 10 m  × 1.2 m. The thermal resistance for walls is Rwall=1  m2K/W, for ceiling is Rceiling=2 m2K/W, and for windows is Rwindows=0.4 m2K/W. The floor is well insulated and assumption is that there is no heat transfer through the floor. 
a) (3 points) Calculate Σ(UAi). 
b) (2points) If internal temperature is 25°C and external temperature is -15°C what is the heating load (W)?

c) (2points) Infiltration of external air provides 0.3 air changers per our (ACH) in the building. What is the infiltration load if the temperature of indoor air is kept at 205°C?

NOTICE: Pay attention to units! 
