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Recap
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• There are a couple of components required for the design 
of an air distribution

Load Calc

Thermal 
Comfort

DiffusersPsychromet
rics

Terminal 
Units

Ducts Fan

Determine air 
flow rate

Deliver air to 
the space

Move air through 
the duct system

Direct air to the 
terminal units or 

diffusers

Control air speed 
and temperature



Recap
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• We are interested in the occupied zone (or breathing zone):
q 2 feet from any wall
q 6 feet from the floor

7
https://www.continentalindustries.com/DD-SupplyRegisters

https://www.continentalindustries.com/DD-SupplyRegisters


Recap
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INT-HOUT Basics of Well-Mixed Room Air Distribution

• The definition of the occupied zone can vary:



Recap
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INT-HOUT Basics of Well-Mixed Room Air Distribution

• The definition of the occupied zone can vary:



AIR DIFFUSION
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Air Diffusion

1111
Engineering Guide Air Distribution, Price



Air Diffusion
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Floor register

https://www.homedepot.com/p/Everbilt-8-in-x-8-in-4-Way-Square-Ceiling-Diffuser-EA504M-08X08/300539275 & http://www.acutherm.com/product/tlc-linear/.  & Engineering Guide Air Distribution, Price 
https://www.homeessentialsdepot.com/truaire-3-way-aluminum-square-ceiling-diffuser-8-in-x-8-in-3562230-3562230/?gclid=EAIaIQobChMIlJTpv7O24AIVBLnACh1SMwM9EAkYAiABEgKBqPD_BwE
http://grilletech.com.au/product/linear-slot-diffuser/

LSD

http://www.acutherm.com/product/tlc-linear/
https://www.homeessentialsdepot.com/truaire-3-way-aluminum-square-ceiling-diffuser-8-in-x-8-in-3562230-3562230/?gclid=EAIaIQobChMIlJTpv7O24AIVBLnACh1SMwM9EAkYAiABEgKBqPD_BwE
http://grilletech.com.au/product/linear-slot-diffuser/


Air Diffusion
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• Thermal Displacement Ventilation (TDV):
q Introduce cool air into a space at low face velocities 

q Let convection and stratification move warm contaminated air up to 
returns

13
https://www.researchgate.net/publication/323471882_Alternatives_to_conventional_air_conditioning_systems_-_A_review/figures?lo=1

https://www.researchgate.net/publication/323471882_Alternatives_to_conventional_air_conditioning_systems_-_A_review/figures?lo=1


Air Diffusion
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• Thermal Displacement Ventilation (TDV):
q Temperature profile is usually as follow:

14



Air Diffusion
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• Thermal Displacement Ventilation (TDV):
q An example temperature profile for a ceiling height of 10 ft

15



Air Diffusion
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• Underfloor Air Distribution (UFAD):
q Supply airflow is usually vertically at a relatively high velocity

16



Air Diffusion
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• We need to make sure to consider internal objects



Air Diffusion
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• Remember the secondary flow is important



Air Diffusion
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• To identify the characteristics length, we need to identify the 
location of the air outlets

• Identify the maximum achievable throw:



Air Diffusion

2020
https://www.zoro.com/zoro-select-sidewallceiling-register-adjustable-.        &.   http://www.airmate.com/products/rezzin-round/ceiling-diffuser
4mjk6/i/G3228687/featureproduct?gclid=CjwKCAiA767jBRBqEiwAGdAOr9PLHqDn6n9EPQA_dt52anSd56Ufjsi01C2Y1uw7d1UgBStCgclyPBoCYdUQAvD_BwE

High Sidewall Grille

Circular Ceiling Diffuser

Distance to wall perpendicular to jet

Distance to closet wall or intersecting air jet

https://www.zoro.com/zoro-select-sidewallceiling-register-adjustable-
http://www.airmate.com/products/rezzin-round/ceiling-diffuser
https://www.zoro.com/zoro-select-sidewallceiling-register-adjustable-4mjk6/i/G3228687/feature-product?gclid=CjwKCAiA767jBRBqEiwAGdAOr9PLHqDn6n9EPQA_dt52anSd56Ufjsi01C2Y1uw7d1UgBStCgclyPBoCYdUQAvD_BwE


Air Diffusion
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• The available length (L) for outlet #1 is the lesser of L1-wall 
and L1-2 for this case

Outlet 2 Outlet 1

L2-1 L1-2 L1-wall



Air Diffusion

2222
Engineering Guide Air Distribution, Price



VERTICAL TEMPERATURE 
STRATIFICATION PROFILES
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Vertical Temperature Stratification Profiles

2424



Vertical Temperature Stratification Profiles
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• Fully mixed systems: Room air is fully mixed

q Little or no thermal/pollutant stratification vertically

q Achieved by supplying large amounts of conditioned air into the 
room either from overhead or underfloor

q Conditioning of the space achieved by diluting space air with the 
supply air 

q Overhead air distribution is an example of this distribution



Vertical Temperature Stratification Profiles
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• Fully stratified systems: Space is fully stratified vertically

q There is a distinct thermal gradient 

q Happens through the displacement ventilation systems 



Vertical Temperature Stratification Profiles
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• Partially mixed systems:

q This arises when the occupied space is fully mixed and maintained 
at a condition distinctly different from the unoccupied zone

q The unoccupied volume is usually stratified into three zones whose 
relative lengths may vary

q Most underfloor air distribution systems (UFAD) are examples of this 
type



CLASSIFICATION OF AIR DIFFUSION 
METHODS
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Outlet Classification

2929

• Group A
q Outlets mounted in or near the ceiling that discharge air horizontally
q Outlets discharge horizontally the air that is not influenced by an adjacent 

surface

• Group B
q Outlets mounted in or near the floor that discharge air vertically in a non-

spreading jet

• Group C
q Outlets mounted in or near the floor that discharge air vertically in a 

spreading jet

• Group D
q Outlets mounted in or near the floor that discharge air horizontally

• Group E
q Outlets that project supply air vertically downward 



Group A1 (Ceiling: Horizontal Discharge)
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• High sidewall grilles

• Sidewall diffusers

• Ceiling diffusers 

• Linear ceiling diffusers



Group A1 (Ceiling: Horizontal Discharge)

3131

Non-Isothermal



Group A1 (Ceiling: Horizontal Discharge)

3232
Engineering Guide Air Distribution, Price

What do you think any of these configurations are good for heating or cooling?



Group A2 (Horizontal Discharge Not Surface)

3333

• Similar to A2 with higher stratification  for the cooling close 
to the ceiling



Group A (Ceiling: Horizontal Discharge)
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• Often used in mild climates and on the second and 
succeeding floors of multistory buildings 

• Not recommended for cold climates or with unheated floors

• Because the primary air project radially in all directions, the 
rate of entrainment is large, causing the high-momentum 
jet to diffuse quickly

• Ceiling diffuser allow handling larger quantities of air at 
higher velocities than other types 



Group A (Ceiling: Horizontal Discharge)
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• Quite effective for cooling 

• Not recommended for heating unless the floor is above a 
heated space

• Linear diffusers fall into this group
q Good for cooling
q Require a supplemental heating system 



Group A (Ceiling: Horizontal Discharge)

3636
INT-HOUT Basics of Well-Mixed Room Air Distribution



Group A (Ceiling: Horizontal Discharge)

3737
INT-HOUT Basics of Well-Mixed Room Air Distribution

Δ𝑇 > 15 ℉ 8.3℃
𝑉~150 𝑓𝑝𝑚 (0.75

𝑚
𝑠
)

Δ𝑇 < 15 ℉ 8.3℃



Group B (Vertical Discharge – Non spreading)
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• Floor registers

• Baseboard units

• Low sidewall units

• Linear type grilles



Group B (Vertical Discharge – Non spreading)

3939

• Satisfactory performance for cooling 

• Less desirable for heating because a larger stratified zone 
will usually occur

Outlet in or near floor, non spreading linear jets

4ºF (2ºC) Acceptable to 85% of occupants



Group C (Vertical Discharge –spreading)
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• Floor diffusers 

• Sidewall diffusers 

• Linear type diffusers



Group C (Vertical Discharge –spreading)

4141
Engineering Guide Air Distribution, Price



Group C (Vertical Discharge –spreading)

4242
https://www.titus-hvac.com/image/5EA02474-A2E8-476D-982D-8F1333BB8D7F

https://www.titus-hvac.com/image/5EA02474-A2E8-476D-982D-8F1333BB8D7F


Group C (Vertical Discharge –spreading)
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• Usually assume superior for heating applications, especially:
q The floor is located over an unheated space or a slab
q Considerable glass area exists in the wall

• Diffusers with a wide spread are usually best for heating 
because buoyancy tends to increase the throw 

• Similarly, these diffusers are not good for cooling application 
because the throw may not be adequate for mixing 

• Sometimes diffusers are available to change depending on 
the season 



Group D (Horizontal Discharge)
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• They are good for displacement ventilation to remove large 
amount of contaminants from a space 

https://www.titus-hvac.com/image/385DF132-B511-42A2-9944-F5358C2B1234

https://www.titus-hvac.com/image/385DF132-B511-42A2-9944-F5358C2B1234


Group D (Horizontal Discharge)
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• Baseboard registers 

• Low-sidewall registers

Outlet Group D (High Velocity) -
(Nonisothermal)

Outlet Group D (Low Velocity) -
Nonisothermal



Group E (Vertical Discharge)
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• These outlets are used in partially stratified systems
q Ceiling diffusers 
q Linear grilles
q Sidewall diffusers 

• These outlets use low discharge velocities

• In mixed systems, they use higher discharge velocities

• Are used for a special applications such as cooling large 
glasses 



Group E (Vertical Discharge)

4747

Outlet Group E (High Velocity) -
(Nonisothermal)

Outlet Group E (Low Velocity) -
Nonisothermal



Return Air & Exhaust Grilles
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• Less important than diffusers since velocity decreases 
significantly as the area increases 

• Their location has little effect on room air motion (Supplies 
create the air flow patterns)

• Both supplies and returns should not be blocked by any 
objects 

• The location of returns might be important when there is any 
pressure imbalance 



Return Air & Exhaust Grilles
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• From energy standpoint, it is economical to return the 
coolest air to the heating coil and warmest air to the cooling 
coil (Stagnation region)

• However, careful consideration is required for high ceiling, 
atrium, and large vertical glass surfaces

• Always, make sure to avoid short circuiting of supply air 



Supply and Return Options
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• Please review some diffuser, grille, and register options for 
the next lectures

https://www.titus-hvac.com/Products/Diffusers

https://www.titus-hvac.com/Products/Diffusers


Supply and Return Options
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https://www.priceindustries.com/#close

• Please review some diffuser, grille, and register options for 
the next lectures

https://www.priceindustries.com/


REVISITING ASHRAE 62.1
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Revisiting ASHRAE 62.1
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• ASHRAE 62.1 also provides:

q Criterion for reduction in the outdoor delivery rate when recirculated 
air is treated 

q Criterion for variable ventilation rates when the air volume in the 
space can be used to dilute contaminants

• Many municipals have their own prescribed rates that can 
differ from ASHRAE

• ASHRAE 62.1 notation uses airflow rate as 𝑉



Revisiting ASHRAE 62.1
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• Air change rate:

• Time Constant: 

q 𝐴𝐶𝐻: Air change rate (air changes/hour)
q Q: Volumetric flow rate ft3/hr
q 𝑉: Room volume ft3

q 𝜏: Time constant 
q 𝑚: Mass of air in the space 
q �̇�: mass flow rate of outdoor air

𝐴𝐶𝐻 =
𝑉𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒

𝑉𝑜𝑙𝑢𝑚𝑒
(𝑜𝑟

60𝑄
𝑉

𝑢𝑠𝑖𝑛𝑔 𝑐𝑓𝑚)

𝜏 =
𝑉
𝑄 =

𝑚
�̇�



CLASS ACTIVITY
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Class Activity
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• Calculate the volumetric flow rate (in CFM and 67
!

89
) and time 

constant for the following condition:
q Office area: 800 ft2

q Office height: 10 ft



Class Activity
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• Solution:
q Office areas usually have an ACH between 2 to 6

𝜏 =
1

2 [1/ℎ𝑟]
= 0.5 ℎ𝑜𝑢𝑟

2 =
𝑄

(800×10)

𝑄 = 16,000
𝑓𝑡!

ℎ𝑟
= 16,000×

𝑓𝑡!

ℎ𝑟
×

1 ℎ𝑟
60 𝑚𝑖𝑛𝑢𝑡𝑒𝑠

= 266 𝐶𝐹𝑀



Air Change Terms
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• Ventilation effectiveness provides measure of an air 
distribution system’s ability to remove an internally 
generated pollutant 

• Age-of-air (𝜃): Time in which some quantity of outside air 
has been in a particular building or space (hr)



Outdoor Air Requirement
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• The per person rate is to dilute the contaminants the 
occupants create 

• The per space rate is related to dilute the contaminants 
created by furnishings and non-occupant activities 

• Calculate the zone outdoor air flow rate from the breathing 
zone air flow rate

𝑉JK =
𝑉LK
𝐸K



Ventilation Effectiveness
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• The zone effectiveness depends upon

q The location of the supply air diffusers 
q The location of he return air vents 
q Heating or cooling mode

• All three of these factors go into determining how much 
mixing takes place

Kemal Gungor et al. 



Ventilation Effectiveness
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• It is better to use the ASHRAE 62.1 table, but common 
ventilation effectiveness are calculated as:

Heating/Cooling Supply Return Ez
Cooling Overhead Overhead 1.0
Heating Underfloor Opposite 1.0
Heating Overhead Overhead 0.8
Heating Displacement Overhead 0.7



MECHANICAL DRAWINGS
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Mechanical Drawings

• Please, see Chapter 38 of ASHRAE Fundamentals: 
Abbreviations and Symbols. This chapter entails:

q Abbreviations
q Letter symbols
q Graphical symbols

63



Mechanical Drawings
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• A good approach starts drawing on the existing architectural 
drawings:



Mechanical Drawings
• Look for the Mechanical Symbols, Notes, and Abbreviations 

page (usually M.000, M.00.00, …)
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Mechanical Drawings
• Look for the Mechanical Symbols, Notes, and Abbreviations 

page (usually M.000)
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Mechanical Drawings: Air distribution
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Mechanical Drawings: Air distribution
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Mechanical Drawings: Air distribution
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