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Grilles and Diffusers

Basic Principles of Air Distribution

The Goal of an Air Diffusion 
System: Maintaining Comfort

Comfort Limits Set by ASHRAE 
Handbook, ASHRAE Standard 55 
and ISO Standard 7730

Note: 

∆

Figure 1. Comfort Chart - Neck Region

Figure 2. Comfort Chart - Ankle Region
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Comfort: A Function of Room Air Velocity

Figure 1 

Figures 1 and 2

Figure 1

Figure 2

Figure 1 Figure 2

Table 1 

Table 1

 Figures 1, 2 and 3

Figures 1 and 2

 Equation 1: Effective draft temperature

Figure 3

Figure 3

page B30

 Figure 3. Comfort Chart with ADPI Parallelogram

 Table 1. Effect of Velocity and Temperature on Comfort
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Fanger’s Comfort Index

 Condition 1 (Executive):

 Condition 1 (Clerical):

 General Comfort Guidelines

Heating

Cooling

   Outlet Location and Selection 

Three Methods

Figure 1 page B6

  Method I. Selection by Noise Criteria (NC)

page B63

page B63
Figure 4. PMV Chart
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Table 2

M ethod II. Selection by 
Supply Jets Mapping

Figures 7 and 8 pages B12 and B13

Equation 2: Temperature change of supply jet
∆ ∆

∆
∆

Note:

∆

Figure 8

Figures 10 through 15 pages 
B14 - B17 Table 5 page B18

Mapping Procedures

page B18

Table 5 page B18

Figures 10 through 15

  Method III. Selection by 
Comfort Criteria - ADPI

Figure 
5

Figure 5

Table 2. Effect of Dampers on Outlet NC
Total Pressure Ratio
dB Increase

Table 3. Jet Velocity vs. Temperature Rise

VX, fpm
∆tX, °F

Figure 5. Throw vs. Characteristic Room Length
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Table 4

page B30

ADPI Selection Procedure

Table 5 page 
B18

Figures 10 through 15 pages B15-B17

    Table 4. Recommended ADPI Ranges for Outlets 

Outlet T50/L Range Calculated T50 & L Data
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Isothermal Air Jets

Figure 6 page B11

Figures 6 & 7

Jet Characteristics: Four 
Zones of Expansion

Figure 7 page B12

Equation 3: First zone velocity

Equation 4: Second zone velocity

Equation: 4A: Second zone throw

 
 Equation 5: Third zone velocity

  Figure 6. Expansion of primary air jet
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Equation 6: Fourth zone velocity

Equation 6A: Fourth zone throw

Figure 7

 Room Air Induction Rate for an Outlet

Equation 7: Room air induction equation

o p

o p

o p

 Figure 7. Four Zones of Expansion of Primary Air Jet
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Jet Characteristics Surface 
Effect (Coanda Effect) 

 Figure 8. Mapping of Isothermal Throw

Figure 9. Mapping of Cooled Air Throw
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Procedure to Obtain Catalog Throw Data
Figure 7  page B12

Figure 7
Figure 7

Figure 7

Figures 8 and 
9 page B13

° ∆

Figures 8 and 9

Figure 35, page B29

Isothermal Jet Theory for All Outlets

Figure 7

Figure 7

Table 4 page B10

   Nonisothermal Jets

Figure 7

Figures 10 through 15 pages B15 - B17

Figure 10

Figures 12 and 13

Figures 14 and 15

Exhaust and Return Grille Pressure
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 Figure 10. Throw and Drop for Outlet 2-4 feet Below Ceiling, 20 Degrees Vertical Defl ection, 0 Degrees Spread

Figure 11. Throw and Drop for Outlets Mounted Without Ceiling, 20 Degree Vertical Defl ection, 0 Degree Spread

Throw and Drop from Side Wall 
Outlets in Free Space

Page B22
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Figure 12. Throw and Drop for Outlet 1 Foot Below Ceiling 0 Degree Defl ection, 0 Degree Spread

Figure 13. Throw and Drop for Outlet Without Ceiling, 0 Degree Defl ection, 0 Degree Spread
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Figure 14. Throw and Drop for Outlet 1-½ Feet Below Ceiling, 0 Degree Vertical, 45 Degree Spread

Figure 15. Throw and Drop for Outlet 2 to 4 Feet Below Ceiling, 0 Degree Vertical, 45 Degree Spread

Page B22

0

5

10

15
50403020100

Throw, Ft.

D
ro

p,
 F

t.

200
400

600
800

2000 cfm

TYPICAL 100 fpm ENVELOPE

500
1000

100 1500 fpm  JET VELOCITY300 fpm  JET VELOCITY

1000700

0

5

10

15
504020100

Throw, Ft.

D
ro

p,
 F

t.

100
200

400
600

800
1000

2000 cfm

TYPICAL 100 fpm ENVELOPE

700500
1000

30

1500 fpm  JET VELOCITY

300 fpm  JET VELOCITY



B

B18

Engineering Guidelines • Grilles and Diffusers

G
ril

le
s 

an
d 

D
iff

us
er

s

Other Diffusers With Cooling
Figures 10 through 15 pages B15-B17

Table 
5

Supply Outlet Classifi cations

Typical Air Distribution Characteristics
Figure 16 page B19,

 Five Steps to Analysis

Figure 16 page B19

Step 1 - Primary Air

Figure 7 page B12

 Step 2 - Total Air

  Table 5. Maximum cfm for Diffusers Based on Drop

Outlet Type
Ceiling Height, Ft.

8 9 10 12 14 16
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  Figure 16. Characteristic of Non-isothermal Supply Jets in a Space
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Step 3 - Natural Convection Currents

Figure 2 

Figure 16

Step 4 - Return Intake

Step 5 - Room Air

  Classifi cation of Supply Outlets
Horizontal Air Projection Below Ceiling
Figures 17 and 18

Figure 17

Figures 10 through 15 pages 
B15-B17, 
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Figure 17. Spreading Horizontal Air Projection at the Ceiling Level

 Figure 18. Circular Horizontal Air Projection at the Ceiling Level
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   Figure 19. Some Specifi c Airfl ow Characteristics at High and Low Airfl ow Rates

Horizontal, Circular and 
Cross Flow Patterns

Figure 19
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page B24

  Figure 20. Horizontal Discharge from Outlets or Near the Ceiling Applications Guidelines
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Figure 22

Vertical Downward Projection 
From Ceiling
Figure 21

Figure 18 page B21,

Figure 23

Figure 21. Downward Projection Characteristics from 
Ceiling Diffusers

 Figure 22. Laminar Flow 
Diffusion Pattern

 Figure 23. Hemispherical 
Flow Diffusion Pattern
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Estimating Downward 
Vertical Projection

Figure 
24

Diffuser Applications 
on Exposed Ducts

Figure 24. Downward Vertical Projection

Figure 25. TMRA Mounted in Exposed Duct

Figure 26. TDC, PSS  and 250 Mounted in Exposed 
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Horizontal Projection at Floor 
Level: Displacement Ventilation
Figure 27

Figure 28

Figure 28
Note:

Figure  28. Horizontal Projection Spread at Floor Level

Figure 29. Spreading Upward Projection of Primary Air in the Stagnant Zone, Relatively Large Temperature 
Variations Occur
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Figure 29. Spreading Upward Projection of Primary Air in the Stagnant Zone, Relatively Large Temperature 
Variations Occur

Vertical Upward Projection from 
Floor, Low Side Wall and Sill
Figure 29

Figure 
30

Figure 29

Figure 31

Figure 29

Figure 30. Upward Projection in a Work 
Station

Figure 31. Nonspreading Upward Projection
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Figure 
29 page B27,

Figures 29 and 30 page B27

∆

Note: 

Perimeter Applications

Figure 32. Heating with Outlet Located Near 
Perimeter Wall

Figure 33. Cooling with Outlet Located Near 
Perimeter Wall

T50 Heating
T150

T50 Cooling

T50

T150
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Outlet Located Back from Perimeter Wall
Figures 32 and 33 page B28,

Figure 32

Figure 33

Outlet Vertical Projection at a Window

Figure 34

∆

Rolling a Room

Figure 35

Figure 35

∆

Some Perimeter Considerations
ASHRAE Handbook Fundamentals

Figure 34. Vertical Projection of Heating and Cold Air 
at Window

 Figure 35. Rolling a Room
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ADPI-Air Diffusion 
Performance Index

Figure 36

∆

Equation 8: Effective draft temperature

 Figure 28. Horizontal Projection Spread at Floor Level
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ADPI Can be Obtained by Measurement 
or Through Prediction

Figure 37

Figure 37. Room Isodrafts

Figure 3 page B7,

Figure 
38

Figure 5 page B9

Figure 38. ADPI vs. T50/L for High Side Wall Grilles (from 
Kansas State University tests)
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Figure 5 page B9

Table 6

   Table 6. Throw Values for Various TITUS Outlets. Recommended T50/L Range for PAS: .1-1-8

Throw Ratio 
at Terminal 

Velocity

Side Wall, 
Grilles

Ceiling Diffusers Slot Light Diffusers ML, 
TBD, LL1, LL3

Flowbar**

Sill Grilles, 
Trollers LTT, LPT 

(2)

All Types 
(3)PAS*, TMR, TMRA, 

TMS
PSS, TDC, 

250

Jet Calculations

Figures 39 and 40 page B33

Example
Given:

∆

Find: 

Calculate:

Solution: From Figure 40

Diameter of total air jet can also be calculated:

 Short Circuiting

∆ ∆

 Figure 39

Nomenclature
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Industrial Applications  Thermal Standards for 
Industrial Work Areas

ASHRAE Fundamentals 
Handbook ASHRAE Applications Handbook

Control of Heat Exposures 
by Isolating the Source

 Figure 39. Temperature Differential and Short Circuiting Figure 40. Induction Ratio, Total Air and Total 
Air Diameter
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General Ventilation

Local Relief

Guidelines for Local Area or 
Spot Cooling Ventilation:

Air Impingement Velocity:
Figure 41 page B35

Figure 40 page 
B33

Air Temperature:

Figure 40

1.

2.

Air Direction: 

Outlet Location:

Figure 40

Outlet Velocity:

Discharge Volume:

Direction Control:

Volume Control:

 Outlet Selections
Grilles.

Ceiling Diffusers.

3.

4.

5.

6.

7.

8.

1.

2.

Table 7. Air Impingement Velocity

Activity Level Target Velocities (fpm)
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Return Grilles.

Options and Accessories.

Example: General ventilation requirements:

Figures 41 and 42

3.

4.

Figure 41

Figure 41

Figure 42

Figure 41

Figure 41

Figure 42

 Figure 41. Grille Selection Chart for Industrial Applications
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Figure 41 page 
B35

Figure 41
page B35

Figure 42

Figure 41 page 
B35

Figure 41

Figure 42

About Figures 41 and 42:

Pressure:

Throw: 

Sound: 

Defl ection settings:

General applications:

Spot cooling:

Figure 42. Typical Sound and Pressure Drop for Grilles
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Other Grille and Diffuser 
Application Factors

Pressure Measurements

Figure 43

Figure 43a

Figure 43a

Airfl ow Measurements

Velocity Distribution from Linear Diffusers

Ducts for Linear Diffusers

 Expansion and Contraction of 
Aluminum Linear Grilles

Figure 
44 page B38

Figures 43a and 43b. Inlet Effects

Table 8. Airstream Discharge Angle
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Installation Acoustics
Installation Issues

Structural Issues

Installation Effects

Direct Duct Connections

Figure 45  page B39

Flexible Duct Connections

Figure 46 page B39

Multiple Diffusers

Balancing Dampers

Table 2 page B9

Combining Effects

Figure 44. Thermal Expansion and Contraction of Aluminum Linear Grilles
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Figure 45. Equalizing Grid Effects (from ASHRAE Standards Handbook; Atlanta, GA)

Figure 46. Flexible Duct Inlet Effects (from ASHRAE Standards Handbook; Atlanta, GA)
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