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ANNOUNCEMENTS
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Announcements
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• ASHRAE IL Chapter Scholarship
q Application Link: https://illinoisashrae.org/Scholarship

https://illinoisashrae.org/Scholarship


Announcements
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• Do not miss this presentation!



Assignment

• Assignment 1 is posted

• The assignment is due next Tuesday

• You may want to use Bluebeam
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RECAP OF BUILDING HVAC SYSTEMS
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Recap of Building HVAC Systems

• How many HVAC loops do you see here?

7
Assessing the energy efficiency improvement potentials of HVAC systems considering economic and environmental aspects at the hospitals



Recap of Building HVAC Systems

• The cooling is the most complex one to determine the 
number of loops:
q Do we have a chilled water loop or not? 
q If it is a chilled water loop, do we have an air cooled or a water-

cooled chiller?

8
https://theengineeringmindset.com/chiller-cooling-tower-air-handling-unit-work-together/

https://theengineeringmindset.com/chiller-cooling-tower-air-handling-unit-work-together/


Recap of Building HVAC Systems

• Water cooled vs air cooled chillers

9
https://www.araner.com/blog/difference-between-air-cooled-and-water-cooled-chiller/

https://www.araner.com/blog/difference-between-air-cooled-and-water-cooled-chiller/


Recap of Building HVAC Systems

• How does a Direct Expansion (DX) system work?
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http://coolingunitsjitsurui.blogspot.com/2017/03/dx-cooling-units.html

http://coolingunitsjitsurui.blogspot.com/2017/03/dx-cooling-units.html


Recap of Building HVAC Systems

• Sometimes the heating options are simpler than cooling 
options (or vice versa):
q Do we have a hydronic heating system or not? 

11
Credits: Akram Ali, Chris Riley



Recap of Building HVAC Systems
• I would recommend working on this assignment. Assume 

we have: 
1. Only resistance electric heat(s), what type of HVAC systems can 

we have?
2. Only direct expansion component(s), what type of HVAC system 

can we have?
3. An all air system. Can you provide an example? What are the 

heating and cooling energy sources?
4. An all water system. Can you provide an example? What are the 

heating and cooling energy sources?
5. Can you provide an example of a system that has 

• No loop
• 1 loop
• 2 loops
• 3 loops 
• 4 loops
• 5 loops
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EXAMPLES OF HVAC SYSTEMS 
INSTALLATION
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Examples of HVAC System Installation
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• An example of a chiller installation/replacement
q Six 1,000 ton chiller 
q Install on the 16th floor

Credits: AMS Mechanical



Examples of HVAC System Installation

15Credits: State Mechanical Services

• An example of a chiller installation



Examples of HVAC System Installation
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• To put this in perspective, we can look at some data sheets: 
q https://www.trane.com/content/dam/Trane/Commercial/global/product

s-systems/equipment/chillers/water-cooled/centrifugal-liquid/CTV-
PRC007M-EN_09152015.pdf

q https://www.trane.com/content/dam/Trane/Commercial/global/product
s-systems/equipment/chillers/water-cooled/Agility/HDWA-PRC001B-
EN_07022020.pdf

https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/equipment/chillers/water-cooled/centrifugal-liquid/CTV-PRC007M-EN_09152015.pdf
https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/equipment/chillers/water-cooled/centrifugal-liquid/CTV-PRC007M-EN_09152015.pdf
https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/equipment/chillers/water-cooled/centrifugal-liquid/CTV-PRC007M-EN_09152015.pdf
https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/equipment/chillers/water-cooled/Agility/HDWA-PRC001B-EN_07022020.pdf
https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/equipment/chillers/water-cooled/Agility/HDWA-PRC001B-EN_07022020.pdf
https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/equipment/chillers/water-cooled/Agility/HDWA-PRC001B-EN_07022020.pdf


Examples of HVAC System Installation
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• An example of a ductwork installation (~50,000 ft2 expansion)

Credit: Westside Mechanical Group



Examples of HVAC System Installation

18Credits: Westside Mechanical Group

• An example of a DOAS unit and two condensing units' 
installation



Examples of HVAC System Installation

19Credits: EMCOR Services Team Mechanical

• An example of installing 36 new rooftop units via helicopter 
for a new warehouse center in the Chicago suburbs



PSYCHROMETRICS
(CAE 208, CAE 331, MMAE 320) 
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Psychrometrics

• Psychrometrics:
q Focuses on the properties of mixtures of dry air and water 

vapor 
q Is a required basics for the fundamentals of HVAC processes
q Assumes ideal air gas assumptions since the partial pressure 

of water vapor is very small 

21(See Chapter 1 and 2 of the Handbook)



Psychrometrics

• Barometric or total pressure
q The pressure measured with a barometer 
q The sum of the partial pressure of the dry air and the partial 

pressure of the water vapor 
q Water vapor is usually in the form of superheated steam at 

low partial pressure and temperature 

22



Psychrometrics

• Gibbs-Dalton’s (Law of Partial Pressures)
q The amount of water vapor contained in the air may vary from 

zero (totally dry) to a maximum determined by the temperature 
and pressure of the mixture 

q The total pressure 𝑝!"! of moist air for a mixture of perfect gases 
is equal to the individual contributions of dry air and water vapor 

23

𝑝!"! = 𝑝# + 𝑝$#%

𝑝!: Partial pressure of dry air

𝑝"!#: Partial pressure of water vapor



Psychrometrics

• Moist air:
q Atmospheric air is a mixture of “dry air and gases” and “water vapor”

24

Dry Air Water Vapor Moist Air
T = 75 ℉
ma = 1 lb
mw = 0 lb
pa = 14.482 psia
pw = 0 psia
pmixture = 14.482 psia

T = 75 ℉
ma = 0 lb
mw = 0.0092 lb
pa = 0 psia
pw = 0.215 psia
pmixture = 0.215 psia

T = 75 ℉
ma = 1 lb
mw = 0.0092 lb
pa = 14.482 psia
pw = 0.215 psia
pmixture = 14.697 psia

P T P T P T



Psychrometrics

• How much is the density of water in IP and SI units?

25
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&!"
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Psychrometrics

• Ideal Gas
q Atmospheric air behaves such as an ideal gas 

26

𝑃 𝑉 = 𝑛 '𝑅 𝑇

𝑃 𝑣 = 𝑚 𝑅 𝑇

𝑃 𝑉 = 𝑛 𝑅 𝑇
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Psychrometrics

• Ideal Gas
q Atmospheric air behaves like a perfect gas 

27

𝑅!'(: 53.3 )*
+,!

𝑅-!,.(: 85.8 )*
+,!

𝑇 = T F + 460

𝑃𝑣 = 𝑚 𝑅 𝑇

𝑅!'(: 0.287 /0$
/123

𝑅-!,.(: 0.461 /0$
/123

𝑇 = T C + 273.15



Psychrometrics

28See Fig. 1 of Chapter 1 (Page 1.15) – Version 2017



Psychrometrics
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Psychrometrics

• Dry bulb temperature:
q Known as DBT or Tdb

q Measured with a dry-bulb thermometer 

q Measures the level of heat intensity of a substance

q Represents the sensible heat and changes in sensible heat levels 

q Does not take into account the latent heat aspect 

q Room thermostats usually measures this in an occupied space 

30



Psychrometrics
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Psychrometrics
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Psychrometrics
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Psychrometrics
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Psychrometrics

• Wet bulb temperature:
q Is known as WBT or Twb
q Can be measured with a 

wet-bulb thermometer 
q Moisture content of the air 

affects temperature
q Takes the latent heat aspect 

into account 
q The humidity of the air 

affects evaporation and 
temperature reading 

q Approximates adiabatic 
saturation process 

35



Psychrometrics
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Psychrometrics

• Relative humidity:
q Is known as RH or 𝜙

q The ratio of mole fraction of the vapor in the mixture to the mole 
fraction of vapor in a saturated mixture at the same temperature and 
pressure

q Expressed as a percentage 

37



Psychrometrics

• Relative Humidity:

q Ideal gas and knowing 𝑇+% = 𝑇,-!

38

𝜙 =
𝑝.-/
𝑝,-!

𝜙 = IJ!"/$#$%
IJ!"/$&$'

= $&$'
$#$%



Psychrometrics
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Psychrometrics

40



Humidity Ratio

• Humidity ratio 𝑊 : The ratio of the mass 𝑚$ of the water 
vapor to the mass 𝑚# of the dry air in the mixture:

q 𝑚0 unit: lbm (kg) of the water vapor or grains
q 𝑚- unit: lbm (kg) dry air 
q grains: One drop of water 
q 7000 grains = 1 lb

41

𝑊 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑟
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑑𝑟𝑦 𝑎𝑖𝑟

=
𝑚0

𝑚-



Psychrometrics
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Psychrometrics
• Dew point temperature:

q Known as DPT or Tdp

q The temperature at which the water vapor in the moist air would 
begin to condense if the moist air were cooled at constant pressure 
when Pv = Ps

q When a surface reaches the dew point temperature of air, 
condensation begins 

q Condensation of water from air on the outside of a cold glass of water 
during summer 

q The dry bulb temperature tells us the amount of water vapor air can 
hold at a maximum (vapor capacity) of air

43



Psychrometrics
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Psychrometrics
• Enthalpy

q The enthalpy of the dry air in terms of the specific heat and 
temperature is given as: 

q The enthalpy of the water vapor is given in terms of the specific heat 
of water vapor and temperature by: 

45

ℎ- = 𝑐/,+-(𝑇 − 𝑇23&,-)

ℎ0. = 𝑐/,0. 𝑇 − 𝑇23&,0. + ℎ&*,23&



Psychrometrics
• Enthalpy (IP Unit)

q Enthalpy of moist air is given as:

q ℎ*,0. specific enthalpy of saturated water vapor at 0 F and equals to 
1061

46

ℎ- = 𝑐/,+-𝑇+% +𝑊 ℎ*,0. + 𝑐/0𝑇+%

ℎ- = 0.24 𝑇+% +𝑊 1061 + 0.444 𝑇+%

ℎ- = ℎ+- +𝑊ℎ0.



Psychrometrics
• Enthalpy (IP Unit)

q Enthalpy of moist air is given as:

47

ℎ! = 0.24 𝑇4* +𝑊 1061 + 0.444 𝑇4* IP

ℎ! = 1.006 𝑇4* +𝑊 2501 + 1.86 𝑇4* SI



Psychrometrics
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Psychrometrics
• Psychrometrics properties:

49

Description Symbol Unit (IP) Unit (SI)

Specific enthalpy h Btu/lbm kJ/kg

Specific volume v ft3//lbm m3/kg

Humidity ratio W lbv/lbda kgv/kgda

Water vapor pressure pw psia Pa

Relative Humidity RH % %



Psychrometrics
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• Thermodynamic properties of moist air
• See Table 2 of Chapter 1

• Additional tables in Chapter 30



P-H, T-S DIAGRAMS
(CAE 208, CAE 331, MMAE 320) 
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Properties of A Pure Substance
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Liquid water Liquid water

Water vapor
Liquid water

Water vapor

Add heat Add heat



Class Activity
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• Define:
q Saturation pressure 

q Saturation temperature 

q Saturated liquid

q Saturated vapor

q Superheated vapor

q Sub-cooled liquid (or compressed air)

q Quality



Properties of A Pure Substance
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Properties of A Pure Substance
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Properties of A Pure Substance
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Temperature

Pr
es

su
re

Vapor-pressure curve

Vapor phase

Solid phase

Liquid phase



CLASS ACTIVITY

57



Class Activity
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Example: A closed vessel contains 0.1 ft3 of saturated liquid 
and 0.9 ft3 of saturated vapor R-134a in equilibrium at 90 F.

1. Determine the percent vapor on a mass basis. 
2. Calculate the quality of the mixture



Class Activity
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𝑉$4564+ = 𝑚$4564+𝑣&

𝑉.-/"2 = 𝑚.-/"2𝑣*

𝑚$4564+ =
𝑉$4564+
𝑣&

=
0.1
1

73.58

= 7.358 𝑙𝑏𝑚

𝑚"!#5( =
𝑉"!#5(
𝑣1

=
0.9

0.3999
= 2.250 𝑙𝑏𝑚

Solution: (From Page 30.16 and 30.17 – Version 2017)



Class Activity
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𝑚 = 𝑚$4564+ + 𝑚.-/"2 = 7. 358 + 2.250 =9.608 lbm

𝑥 =
𝑚"!#5(

𝑚
=
2.250
9.608

= 0.234 𝑙𝑏𝑚

Solution: (From Page 30.16 and 30.17)


