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Exam 2 graded 
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•  Average grade = 77.2% 
•  Minimum = 13% 
•  Maximum = 100% (3 of these) 
•  Graduate vs. undergraduate split: 

–  Undergraduate student average = 76% 
–  Graduate student average = 79% 
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Last time 

•  Refrigeration cycles 
–  Ideal and non-ideal vapor compression cycles 
–  P-h and T-s diagrams 
–  COP/EER/SEER 
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Today 

•  Finish HVAC systems 
–  Including air and water distribution systems 
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AC capacity and efficiency changes with outdoor 
T, indoor T/RH, and airflow rates 
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AC capacity and efficiency changes with outdoor 
T, indoor T/RH, and airflow rates 
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Dynamic conditions affect HVAC performance 

•  Many systems 
operate at their 
highest efficiency 
(highest COP) at 
design load 
conditions 

–  Maximum load 

•  But systems don’t 
always operate at 
peak load conditions 

–  “Part-load” conditions 
are common 

•  The “part-load ratio” 
quantifies COP at 
part-load conditions 

7 

Part-load ratio (PLR) 



COMMERCIAL COOLING EQUIPMENT 
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Single-stage vapor compression cycle 
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Expansion valve 
(creates the high P restriction) 

Evaporator coil 



Single-stage vapor compression cycle 
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Compressor 

Condenser coil 



Commercial buildings: Chillers 

•  In bigger commercial buildings, central systems use chillers 
to produce chilled water for cooling spaces 
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Commercial buildings: Chillers 
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Heating option 1: Steam boiler 

Heating option 2:  
Hot water boiler 

Cooling option 1:  
Air cooled chiller (chilled water) 
*Often packaged  
into one unit 

Cooling option 2:  
Water cooled chiller w/ cooling tower (chilled water) 

AHU serves  
all rooms 

Main processes: 
Mixing 
Heating 
Humidification 
Cooling 
Dehumidification 
Filtration 
Air distribution  
Ventilation 
Recirculation 



Air-cooled chillers 

•  Chillers use vapor compression or absorption systems to 
produce chilled water for cooling spaces  
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Outside  
air  95°F 

Inside 75°F Water 42°F 

Building Water 52°F 

Chiller 

Air-cooled chiller 



Water-cooled chillers (i.e., “cooling tower”) 

14 

Outside  
air  95°F 

Inside 75°F Water 42°F 

Building Water 52°F Water 120°F 

Water 100°F 

Cooling tower 

Chiller 



Water-cooled chillers (i.e., “cooling tower”) 
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Water loop 



Air vs. water cooled chillers 
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HEAT PUMPS 
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Air- and ground-source heat pumps 
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https://www.youtube.com/watch?v=NyNeh7wPQQk  



Heat pumps 

19 

Cooling Heating 

Outside   95°F 
Outside 45°F 

 

Inside 75°F Inside 75°F 

Heat pumps are basically air-conditioners run in reverse 



Heat pumps 
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Heat pumps 
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Ground source heat pumps 
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Ground source heat pumps 
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Ground coupled heat pumps 
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AIR AND WATER DISTRIBUTION SYSTEMS 
Fluid flows and fan/pump power 
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Air and water distribution systems 
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Ductwork (air) 

Piping (water/steam) 

Airflow 

Pumps (water/steam) 

All involve: 
•  Pressure drops 
•  Fan/pump power to overcome pressures 



Air and water distribution systems 

•  We use fans to move air around buildings 

•  We use pumps to move water/steam around buildings 

•  There are a few principles we need to understand to 
characterize fan/pump energy and performance 
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Re = ρvL
µ



Fluid flows in buildings: Overcoming pressure losses 

•  We use liquids and gases to deliver/extract heating or 
cooling energy in building mechanical systems 
–  Water, refrigerants, and air 

•  We often need to understand fluid motion, pressure losses, 
and pressure rises by pumps and fans in order to correctly 
size systems and predict their performance 

•  We can use the Bernoulli equation to describe fluid flows in 
HVAC systems 
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p1 +
1
2
ρ1v1

2 + ρ1gh1 = p2 +
1
2
ρ2v2

2 + ρ2gh2 + pfriction
Static  

pressure 
Velocity  
pressure 

Pressure 
head 

Friction 
losses 

If friction and head are negligible, 
we can relate velocity to pressure:  

V = . 

v = 2ΔP
ρ



Pressure losses 

•  We often need to find the pressure drop in pipes and ducts 
–  Most flows in HVAC systems are turbulent 
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f = friction factor (-) 
L = length (m) 
Dh = hydraulic diameter (m) 
ρ = fluid density (kg/m3) 
v = fluid velocity (m/s) 



Friction factor, f 
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Re = ρvL

µ
(L = Dh) 

f 
roughness 

D ε 



Duct friction charts 
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Duct friction charts (IP units) 
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For an 8” diameter duct at 1000 CFM: 

1.5 IWC drop per 
every 100 ft 



Duct friction plots 
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Pressure losses and rises in HVAC systems 
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Pressure rise: 
Energy input into system by fan 

Supply side: Positive pressure 

Return side: Negative pressure 



Intersection of fan curves and system curves 

•  Fans (and pumps) are used to overcome pressure drops in air and water 
distribution systems 

•  Their size and power draw are functions of the magnitude of pressure 
rise required 

•  We characterize performance by fan or pump performance curves 
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“Fan curve” 



Intersection of fan curves and system curves 
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We characterize distribution systems (e.g., pipes or ducts) with a system curve 



Intersection of fan curves and system curves 
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!V

ΔP
(provided by manufacturer) 

(dictated by duct system) 

We then characterize the performance of a fan (or pump) with the 
intersection of its fan (or pump) curve and system curve 

Wfan =
ΔP ⋅ V
η fan

And we calculate 
fan (or pump) 
power draw by: 



Intersection of fan curves and system curves 
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!V

ΔP
η fan

Wfan

Fan curve 

Example:  
What is the fan power draw at point A, assuming 250 Pa and 0.5 m3/s? 

Wfan =
ΔP ⋅ V
η fan



One last inefficiency: Duct heat losses or gains 

39 

Ducts are not perfectly insulated or sealed 
•  We often lose heat through ducts when heating 
•  Or gain heat from ducts when cooling 



Duct heat losses 
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Typical central residential heating system: 



Investigation of HVAC system in this room 
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