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RECAP OF INTRO TO 
PSYCHROMETRICS
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Recap

• If needed, additional resources are available:

3http://built-envi.com/courses/cae-331-513-building-science-fall-2019/

http://built-envi.com/courses/cae-331-513-building-science-fall-2019/


Recap

• Summary of Psychrometric Processes
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Humidification

Sensible HeatingSensible Cooling

Dehumidification
Cooling & Dehumidification

Evaporative cooling

Heating & 
Humidification

Chemical 
Dehumidification



Recap

• Enthalpy of moist air is given as:
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ℎ! = 0.24 𝑇"# +𝑊 1061 + 0.444 𝑇"# IP

ℎ! = 1.006 𝑇"# +𝑊 2501 + 1.86 𝑇"# SI



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

• Additional tables in Chapter 30



Recap
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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



Recap
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𝑉!"#$"% = 𝑚!"#$"%𝑣&

𝑉'()*+ = 𝑚'()*+𝑣,

𝑚!"#$"% =
𝑉!"#$"%
𝑣&

=
0.1
1

73.58

= 7.358 𝑙𝑏𝑚

𝑚$!%&' =
𝑉$!%&'
𝑣(

=
0.9

0.3999
= 2.250 𝑙𝑏𝑚

Solution: (From Page 30.16 and 30.17)



Recap
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𝑚 = 𝑚!"#$"% + 𝑚'()*+ = 7. 358 + 2.250 =9.608 lbm

𝑥 =
𝑚'()*+

𝑚
=
2.250
9.608

= 0.234 𝑙𝑏𝑚

Solution: (From Page 30.16 and 30.17)



CLASSIFICATION OF AIR PROCESSES
(CAE 331, MMAE 320) 
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Processes

• Sensible heating or cooling:
q Steady-state the energy balance is:
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𝑚̇5ℎ6 = 𝑚̇5ℎ7 + 𝑞̇

𝑚̇!
ℎ)
𝑊)

𝑚̇!
ℎ*
𝑊* 1 2

1 2

𝑞̇



Processes

• Sensible heating or cooling:
q Sensible

q Moist air

q From perfect gas assumption
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𝑊7 = 𝑊6

ℎ7 = ℎ:57 +𝑊7ℎ;7
ℎ6 = ℎ:56 +𝑊6ℎ;6

𝑞̇< = 𝑚̇5𝑐= 𝑇6 − 𝑇7 ℎ𝑒𝑎𝑡𝑖𝑛𝑔

𝑞̇< = 𝑚̇5𝑐= 𝑇7 − 𝑇6 𝑐𝑜𝑜𝑙𝑖𝑛𝑔



CLASS ACTIVITY
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Class Activity

• Example (sensible heating or cooling): Moist air, saturated at 
35°F, enters a heating coil at a rate of 20,000 CFM. Air 
leaves the coil at 100°F. Find the required rate of heat 
addition. 
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Class Activity

• Solution (Psychrometric Chart)
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Class Activity

• Solution (Psychrometric Chart):
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𝑞̇ = 𝑚̇%((ℎ- − ℎ.)

𝑚̇%( = 20,000 𝐶𝐹𝑀 ×
60

12.55
= 95,620 𝑙𝑏%(/ℎ

𝑚̇%( = 95,620 × 28.77 − 13.01 = 1,507,000
𝐵𝑡𝑢
ℎ



Processes

• Adiabatic mixing of two moist stream:
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𝑚̇%(.ℎ. + 𝑚̇%(-ℎ- = 𝑚̇%(/ℎ/

>!?>"
>"?>#

= @!?@"
@"?@#

= <ABCADE6?F
<ABCADEF?7

= Ċ$%#
Ċ$%!

𝑚̇%(. + 𝑚̇%(- = 𝑚̇%(/



Processes

• Adiabatic mixing of two moist stream
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GHDA F?6
GHDA 7?F

= Ċ$%#
Ċ$%!

GHDA 7?F
GHDA 7?6

= Ċ$%!
Ċ$%"



SPACE CONDITIONING
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Space Conditioning
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Space Conditioning

• Step 1: Develop state condition property table
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Room

Conditioner

Return

Supply

Exhaust

Outdoor Mixed

𝑞+ 𝑚+

𝑞,
𝑞-

𝑟

𝑠

𝑟

𝑜 𝑚

Point OA RA MA DA SA

Dry bulb

Wet bulb

RH

Enthalpy

W

V

ma

Airflow



Space Conditioning

• Step 2: Develop Psychrometric chart
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Room

Conditioner

Return

Supply

Exhaust

Outdoor Mixed

𝑞+ 𝑚+

𝑞,
𝑚.

𝑟

𝑠

𝑟

𝑜 𝑚

𝑜

𝑚

𝑟𝑠



Space Conditioning
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• Sensible Heat Ratio (SHR)

Δℎ
Δ𝑊



Space Conditioning
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𝑆𝐻𝑅 =
𝑆𝑒𝑛𝑠𝑖𝑏𝑙𝑒 𝐻𝑒𝑎𝑡
𝑇𝑜𝑡𝑎𝑙 𝐻𝑒𝑎𝑡



Space Conditioning
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• Which space can potentially have the lowest SHR?
q Server room
q Auditorium 
q An individual office 
q School
q Restaurant 
q Grocery store



Space Conditioning
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𝑄<

𝑄M

𝑟

𝑠

• Important factor to have a good understanding of heating 
and cooling loads known as “space loads”

𝑟: Return air 
𝑠: Supply air 
𝑄-: Latent heat transfer
𝑄,: Sensible heat transfer



Space Conditioning
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𝑟

𝑠

𝑚

• A simple cooling process is the “re-circulation” process

𝑄<

𝑄M

Cooling Coil



Space Conditioning
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Space Conditioning
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• Cooling coil load is different than the space loads



Space Conditioning
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𝑟

𝑠𝑚
𝑄<

𝑄M

Cooling Coil

• A typical AC system may include outdoor air, mixing, return, 
and exhaust

𝑜



Space Conditioning
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Space Conditioning
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𝑟

𝑠𝑚

• A typical AC system with the influence of the fan falls this 
process

𝑄<

𝑄M

Cooling Coil
fan

𝑜 𝑐



Space Conditioning

33

s

r

o

m

c



Space Conditioning
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𝑄<

𝑄M

𝑟

𝑠

• A typical winter heat conditioning space heat loss follows the 
following schematics



Space Conditioning
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𝑟

𝑠𝑚

• A typical winter system follows this diagram

Heating Coil Humidifier

𝑄<

𝑄M

𝑜

What do we need a humidifier? 

ℎ
𝑠



Space Conditioning

36

r

s

m

o

h



CLASS ACTIVITY
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Class Activity
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• Question: Conditioned air is supplied to a space at a dry 
bulb of 54 °F and relative humidity of 90% at the rate of 
1,500 CFM. The sensible heat ratio for the space is 0.8, and 
the space is to be maintained at the 75 °F. Determine the 
sensible and latent cooling loads for the space. 



CONTRIBUTION OF DIFFERENT LOAD 
COMPONENTS (CAE 331)
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Contribution of Different Load Components
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Contribution of Different Load Components

41

• What heat transfer processes do we have in a building?
q Radiation (e.g. indoor and outdoor shortwave, longwave)

q Conduction (e.g. through wall, window) 

q Convection (e.g. outdoor and indoor convection, infiltration, 
ventilation)



Window Conduction 22%
Wall 21%
Infiltration 18%
Outside air 15%
Roof 12%
Ground 6%
Floor 2%

Heat Losses

A Bottom-Up Engineering Estimate of the Aggregate Heating and Cooling Loads of the Entire US Building Stock 

Contribution of Different Load Components
• Residential buildings



Lighting 42%
Solar gain through 
windows

32%

Equipment 17%

Heat Gains

Contribution of Different Load Components

A Bottom-Up Engineering Estimate of the Aggregate Heating and Cooling Loads of the Entire US Building Stock 

• Residential buildings



Contribution of Different Load Components

A Bottom-Up Engineering Estimate of the Aggregate Heating and Cooling Loads of the Entire US Building Stock 

• Large office building


