ARE 346N Building Environmental Systems

Homework Assignment 3




          Due March 10, 2020
You are designing a HVAC system for a small office building in Dallas TX. You already analyzed: 
type, size and location of the building, 
available energy sources (electric and gas) and 
available budget (very limited), 

and you decided to use roof-top Air Handling Unit (AHU). The geometry of building and distribution of zones are given in Figure 1. You used the cooling load calculation procedure (which you applied in the homework assignment #3) to calculate the maximum cooling load for each zone and for the whole building. The results are given in Table 1. Also, you calculated the amount of needed volume flow rate of fresh air based on the number of occupants and type of building (office building). The results for the ventilation requirement are in the last row of Table 1.  
Based on recommendations for this type of building you selected the air supply temperature to be 55°F. Using the ASHRAE standard, you selected the design dry bulb temperature in all three zones to be 76°F and design relative humidity to be 50%.

Table 1 Results of cooling load calculation and required amount of fresh air for ventilation
	
	Zone 1
	Zone 2
	Zone 3
	Whole building

	Sensible cooling load for zone  

Time when the max cooling load appear 
	41000 Btu/h

at 4 PM
	45000 Btu/h

at 6 PM
	27000 Btu/h

at 8 AM
	92000 Btu/h

at 6 PM

	Sensible cooling load for critical hour for whole building (6 PM)
	37000 Btu/h

at 6 PM
	45000 Btu/h

at 6 PM
	9000 Btu/h

at 6 PM
	

	Latent cooling load (internal sources + infiltration)
	5400 Btu/h
	5200 Btu/h
	5400 Btu/h
	16000 Btu/h

	Required amount of fresh air  based on number of occupants
	240 CFM

(12 occupants)
	520 CFM

(26 occupants)
	240 CFM

(12 occupants)
	1000 CFM

(50 occupants)
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Figure 1.  The geometry of building and distribution of zones
1.   (7 points)
a) Calculate the design volume flow rate of supply air [in ft3/min] for each zone. Calculate the volume flow rate of recirculated air [ft3/min] in supply air for each zone. 
b) For the whole building design condition (6 PM), calculate the amount of supply air [ft3/min] that AHU provides to the building. For this design condition calculate the amount of recirculated air [ft3/min] in AHU. 
c) For the whole building design conditions (at 6 PM), calculate the total amount of air supplied in the zones: 1, 2, and 3. Compare this results with the design supply flow rate for each zone (result from 1a). In 2 sentences explain what is the purpose of VAV terminals?  What is providing the control signals for the VAV terminals? 

2.   (6 points)
a) What is the ventilation sensible and latent cooling load? 
b) Size the cooling coil in AHU (calculate the cooling capacity in Btu/h). 
c) If COP of cooling machine is 2.8 for design whether condition, how much electric energy [kW] you need to provide for cooling. 
3.   (4 points)
a) Find the mass flow rate [lb/h] of fresh and recirculated air in AHU for design condition (6 PM). 
b) In AHU we have mixing of fresh and recirculated air. Draw the mixing process of fresh and recirculated air in psychrometric chart for the design conditions (6 PM). Mark the mixing point. 
4.   (6 points)
a) If you would have only one zone in building and supply temperature is still 55°F, what would be the needed humidity ratio of supply air to keep the temperature and RH at the set point? Show the point of supply air in psychrometric chart. 
b) Find the amount of energy (in Btu/h) which cooling coil needs to remove from air which is leaving the mixing chamber of AHU and entering the cooling coil (mixing point from 3b) in order to get to supply air (supply air point from 4a). Show the process in psychrometric chart. 
c) Compare this result with result from 2b). What can you conclude after the comparison? Please, comment with one or two sentences. 
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