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                           Name _______________________________


ARE 346N Building Environmental Systems


Midterm I


Working time: 75 Minutes 
You may use cheat sheets that you prepared.

1


_____________
/  15
2


_____________
/  30
3


_____________
/  15
4


_____________
/  35
5 


_____________
/  30 

Total

_____________
/  125
Write your name on every page as well as this one.  You can use other side of a paper if you need. 
SHOW ALL OF YOUR WORK AND CLEARLY IDENTIFY POINTS AND PROCESSES IN THE ATTACHED PSYCHROMETRIC CHART.

1. SHORT QUESTIONS (15 pts total - 1  pt each)
Answer True or False for the following questions:
1. Cooling load is the energy consumption during the summer period.         
 True     False
2. With the increase of outdoor air temperature the COP of heat pump decreases.   True     False
3. Condenser in a chiller is always cooled by air.                 



 True     False 
4. Evaporator in DX cooling machine always cools the water.


 True     False
5. For evaporative cooling we need water. 





 True     False
6. TETD depends on thickness of the wall.                                                                 True     False
7. Low-e window has higher conductivity than regular window.                         
 True     False
8. Shading coefficient (SC) is unitless.                    




 True     False 

9. Overall carbon emission is larger with electric heating than with coal base heating.True  False
10. When sizing heating equipment you need to include solar radiation.  

  True     False
11. VAV system can reduce humidity in the building.



 True     False
12. VAV with reheaters is more energy efficient than VAV without reheaters.     
 True     False 

13. Steam pipe line is more efficient way to transport the energy than air duct.       
 True     False
14. All furnaces need to be vented.       





 True     False
15. Mean radiant temperature affects thermal comfort. 



 True     False
2. HVAC SYSTEMS (30 pts total)
a)    2 points
Name the major advantage of using high pressure water as a heat transfer fluid in a heating system and the major advantage of using air?









Advantage of using high pressure water:  

Water system transport more heat per unit of mass (high cp value) and high pressure allow us to transport the water in liquid phase at temperature above 100ºC without boiling. This enables larger temperature differences between supply and return water.  
Advantage of using air:

Major advantage for using air is combined ventilation heating and cooling system. 
b)   3 points

Indicate the smallest and largest quantity from the following (all destruction system below need to transport the same amount of energy):

-   The pipe diameter for low pressure hot water heating system,
-   The pipe diameter for high pressure hot water heating system - SMALLEST 
-   The pipe diameter required for a low pressure steam heating system 

-   The pipe diameter required for high pressure steam heating system

-   The duct diameter required for an air heating system  - LARGEST 
c)    4 points
Write at least 5 mechanisms for heat exchange of human body with surrounding environment: 

1 convection to air from skin and cloathing
2 conduction to the ground and/or furniture
3 evaporation from the skin 

4 radiation to the surrounding surfaces 
5 evaporation from the lung
6 convection to air from the lung
Indicate the most significant one. 

For environmental parameters in thermal comfort region (defined by ASHRAE thermal comfort standard) convection from skin and clothing is largest. 
 d)   4 points                                                                                                                              

What is the major difference between Variable Volume (VAV) and Constant Air Volume (CAV) air delivery systems? 

Constant Air Volume system supply the constant air volume flow rate and control the emperature in a room by chining the temperature of supply air. Variable Air Volume system supply air at constant temperature and control the temperature in a room by chining volume flow rate of supply air.
Write one advantage and one disadvantage for using these systems:                                

                                                     VAV                                        CAV 

Advantage         good control of humidity in zones         very economical operation (no re-heaters)
Disadvantage    less economical operation because         no control of humidity in zones because

                         of cooling and heating at the same time  variable volume flow interfere in RH control
e)   7 points                                                                                                                                  

Explain the principle of operation of VAV system. (Use your schematic)
	Variable Air Volume system supply air at constant temperature and control the temperature in different zones chining volume flow rate of supply air by use of zone dampers. The zone thermostat provides signal that is used to close or open the given zone damper based on temperature difference between the set point temperature and room temperature. If T is positive –closing the damper and if it is negative -opening the damper. If T=0, no action. 
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f)   4 points
Could we use the cooling tower in absorption chiller?

- yes, we can use it to cool the condenser 

- no because the absorption chiller always uses air cooled condenser 

- no because in the he absorption chiller uses steam as the energy source 

What is the advantage of absorption chiller over vapor compression chiller? 

Absorption chillers use heat as a major energy source instead of electric energy for compressor.
In which situation would you use absorption chiller (1-2 sentences)?

Absorption chillers have advantage for use at places where we have inexpensive heat energy. For example, in combination with electric power production (cogeneration), or in combination with solar hot water collators, or in industry applications where steam is produced for other purposes. 

g)   6 points
Use the schematic below to explain how the chill water storage tank operates. 

(Show the water circulation path and explain it.) 
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During the nigh chiller operates more efficiently and building load is not large. Therefore we use small fraction of chiller capacity to provide needed cooling for building and the rest of the chiller capacity is used to cool down the water in the water storage tank. During the day when the building load is high we use chiller to cover fraction of the cooling load and the rest is cover by use of chilled water from the water storage tank.  

Why we use water storage tanks with chillers?

Storage tank:

1) reduces the size of the chiller since during the peak of cooling load, cooling is partially provided by chiller and partially by use of chilled water from water storage tank 

2) Increase the efficiency of the system because at night time the efficiency of the chiller (COP) is higher due to the lower temperature of air used to cool down the chiller condenser.  

3) COOLING and HEAT- PUMP CYCLES (total 15 points)
a) 5 points

When you use heat pump for heating in winter and cooling in summer, what is the purpose of evaporator in 1) winter condition and 2) in summer condition?  (1-2 sentences)
b) 3 points
In summer period (cooling operation of your air-conditioner), with the decrease of indoor air temperature the efficiency of the air-conditioner

· increases 

· decreases

· stays the same 

c) 7 points
Explain your previous answer (from part b) using the schematic below and your knowledge about vapor compression cooling. 
Comment how will this affect the electric energy consumption for cooling. (2-3 sentences).
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4) Psychrometrics and Air-conditioning - Total 35 points

Use the psychrometric chart to define the following process in an air handling unit. 

250 CFM of outdoor air OA (T=35°F, RH=60%) is mixed with 750 CFM of recirculated air RA(T=70°F, RH=50%). The mixture (M) is then heated by heater to HT(T=105°F). Then, the air is humidified by a stream humidifier to HY(RH=20%). 
b) 15 points

Draw the process in the attached psychrometric chart.
See the attached psychrometric chart.
a) 5 points

Is this the winter or summer air conditioning? 
Winter.
Do you increase or decrease humidity in the room by supplying air with condition H? Why?
Increase, because humidity ration of supply air WHY is larger than humidity ration of room air WHT. 
c) 15 points 

- Find the amount of water added by steam humidifier. 

MDA=VDA,total*DA=(250+750)ft3/min*60min/h*0.075lb/ft3=1000*60*0.075lb/h=4500lb/h
Mwater MDA*DW= MDA* (WHY-WHT)= 4500lbDA/h*(0.0098-0.0064)lbwater/lbDA=4500*0.0034lbwater/h
Mwater =15.3 lbwater/h
- How much energy you need to boil this amount of water. 
There are two different ways to solve this:
1) Qwater_boiling= Mwater *hfg= 15.3 lbwater/h*1000Btu/hlbwater=15300 Btu/h
2) Qwater_boiling= MDA*(hHY-hHT)= 4500lb/h*(36.2-32.8)Btu/hlb=4500*3.4 Btu/h = 15300 Btu/h
- Find the sensible and latent energy added by heater.
Q heater, sensible = MDA*(hHT-hM)= 4500lb/h*(32.8-21.8)Bhtu/lb=49500Btu/h
Q heater, latent = 0,  because any heater changes only sensible energy of the air.
5) LOAD CALCULATION Total 30 points
A zone in a skyscraper consists of a single office with a glass wall (window) from one side and from the other five sides the office is surrounded by rooms with the same indoor temperature. Outdoor design dry-bulb temperature is 34°C and design WBT=25°C. The inside design conditions are 24°C and 50% RH.
The U-value for the glass wall is 2 W/(m2K) and there is 10m2 of this glass wall.

The glass is heavily tinted SC=0.4 and the SHGF for the critical hour is 250W/m2. There are 500 W of sensible internal gains and 200W of latent internal gains.
There are no other heat losses or gains from the space (no infiltration).
There is a requirement for 0.04 m3/s of outdoor air for ventilation (VOA) that is supplied through an air conditioning system. 
a) 15 points 

Calculate the cooling load of the zone (without ventilation). 

b) 5 points
Calculate the cooling load from ventilation. 

c) 10 points
If the temperature of supply air is 14°C, how much supply air (VSA) is needed.
How much recirculate air is needed in this zone VRA=?
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