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DESIGN OVERVIEW

The first step in system design is choosing the hood types and location, type of air
cleaner (if any), and other parameters for the system. After the design parameters have
been chosen, the design calculations determine the diameter for each duct segment, actual
total airflow through the system, fan size (f3/min and Fan Static Pressure rating) and other
information needed to build the system so it functions properly and is economical to install
and operate. In order to size the ducts and fan, design data (such as hood entry loss
coefficients and duct friction loss factors) are needed. It is also helpful to have some design
aids such as a calculation worksheet and chart of the standard duct diameters that are
generally available.



LOCAL EXHAUST SYSTEM COMPONENTS

• Hoods Capture velocity, Hood entry loss

• Ducts Minimum duct velocity, Friction Loss (duct loss, elbow loss,

branch entry loss, fittings loss)

• Air cleaner Air cleaner loss

• Fan Fan static pressure, Break horse power

• Exhaust stack Duct loss



HOOD ENTRY LOSS FOR TYPICAL HOOD TYPES



TYPICAL MINIMUM DUCT TRANSPORT VELOCITIES



FRICTION LOSS FACTORS FOR GALVANIZED SHEET METAL DUCTS



EXAMPLE FOR “DUCT LOSS”

• What is the friction loss in an 8-in. duct with 3500 ft/min duct velocity that is 35 ft long?

the friction loss factor must be estimated from the given information:
Dia., in.

8.0
3000 ft/ min vel.
0.0311 VPd/ft

4000 ft/ min vel.
0.0304 VPd/ft

The loss factor for 3500 ft/min is halfway between the two given values, or 
0.0308 VPd/ft. 

The friction loss for a duct 35 ft long is:   35ft×
0.0308 VPd

ft
=1.08 VPd



EXAMPLE FOR “DUCT LOSS” (CONTINUED…)

To convert this to a loss expressed in "inches of water,

VP = [
V

4005
]2 Where: VP = velocity pressure, inches of H2O

VP = [
3500
4005

]2 =  (0.87)2 = 0.76 in.H2O

Pressure loss = 1.08 VPd x 
0.76 in.H2O

VPd
= 0.82 in.H2O



ELBOW PRESSURE LOSS FOR ROUND DUCT ELBOWS
(SOURCE: ACGIH INDUSTRIAL VENTILATION MANUAL)



ROUND ELBOW LOSS COEFFICIENTS



SQUARE AND RECTANGULAR ELBOW LOSS COEFFICIENTS



EXAMPLE FOR “ELBOW LOSS”

• The 8-in. duct described above has two 90 ° elbows and a 45 ° bend. If the elbows are 
smooth (stamped) and have a radius that is twice the duct diameter, what is the elbow 
turbulence loss?

The loss per elbow is 0.13 duct velocity pressure for a smooth elbow with R / D = 
2.0 Counting the 45 ° bend as 0.5 elbow:

2.5 elbows × 0.13 
VPd

elbow
= 0.33 VPd



EXAMPLE FOR “ELBOW LOSS” (CONTINUED…)

From the earlier calculation, the velocity pressure in the duct is 0.76 in. of water, 
so the actual pressure loss is:

0.33 VPd ×
0.76 in.H2O

vpd
= 0.25 in. H2O



BRANCH DUCT ENTRY PRESSURE LOSS

(Source: ACGIH Industrial Ventilation Manual)



EXAMPLE FOR “BRANCH ENTRY LOSS”

• The 8-in. duct with VP of 0.76 in. H, O in the previous examples is a branch duct that 
enters a main duct at a 30 ° angle. What is the branch entry loss?

A pressure loss of 0.18 velocity pressure occurs in the 8-in. branch duct. The 
pressure loss is:

0.18 VPd ×
0.76 in.H2O

vpd
= 0.14 in. H2O



SINGLE-HOOD SYSTEM
Sample Design 1: Welding Bench System

Design the welding bench system
shown in this figure to operate at
standard conditions. Hood design
parameters from the ACGIH Industrial
Ventilation Manual and summarized in
this figure. Use 3000 ft/min as the
minimum duct velocity to prevent
settling.



CALCULATION WORKSHEET FOR SYSTEM DESIGN



DUCT AREA FOR STANDARD DIAMETER DUCTS

Source: ACGIH Industrilal Ventilation Manual.



SOLUTION:

1. Identify the duct before the fan as Duct and the exhaust stack as Stack.

2. Target Volumetric Flowrate (Q) = 1050 ft3/min calculated from 

Q =
350 ft3/min

ft length
× 3 ft long = 1050 ft3/min 

3. Minimum Transport Velocity = 3000 ft/min

4. Maximum Duct Area:

A =
Q

V
=

1050 ft3/min

3000 ft/min
= 0.35 ft2

5. Selected Duct Diameter = 8.0 in.



SOLUTION:

6. Duct Area = 0.3491 ft2

7. Actual Duct Velocity:

V =
Q

A
=

1050 ft3/min

0.3491 ft2
= 3008 ft/min

8. Duct Velocity Pressure: 

VP =
V

4005

2
=

3008

4005

2
= 0.56 in. H2O

9. Maximum Slot Area (to give the 2000 ft/min slot velocity:

A =
Q

Vslot
=

1050 ft3/min

2000 ft/min
= 0.525 ft2



SOLUTION:

10. Select the maximum slot area that will give 2000 ft/min. which is 0.525 f2

11. Actual Slot Velocity:

Vslot =
Q

Aslot
=

1050 ft3/min

0.525 ft2
= 2000 ft/min

12. Slot Velocity Pressure:

VPslot =
V

4005

2
=

2000

4005

2
= 0.25 in. H2O

13. Slot Loss Coefficient = 1.78 VPslot
14. Acceleration Loss Factor = 0 since the duct velocity is greater than the slot velocity.



SOLUTION:

15. Slot Loss = 1.78 VPslot
16. Slot Static Pressure

1.78slot ×
0.25 in.H2O

VPslot
= 0.45 in. H2O

17. Entry Loss Coefficient = 0.25 VPd
18. Acceleration Factor = 1.0 to account for the acceleration loss for this hood. (since the 

duct velocity is greater than slot)

19. Duct Entry Loss = 1.0 VPd+ 0.25 VPd = 1,25 VPd



SOLUTION:

20. Duct Entry Loss 
1.78VPd ×

0.56 in.H2O

VPd
= 0.70 in. H2O

21. Other Hood Losses: no other losses

22. Hood Static Pressure = Slot Static Pressure + Duct Entry Loss
SP h= 0.45 in. H2O +0.70 in. H2O = 1.15 in. H2O

23. Straight Duct Length = 32 ft.

24. Friction Loss Factor = 0.0311 VPd/ft for an 8-in. duct with 3000 ft/min duct velocity.



SOLUTION:

25. Duct Friction Loss = 32 ft × 0.0311VPd

ft
= 0.995VPd = 1.00 VPd

26. Number of 90 ° Elbows = 1

27. Elbows Loss Coefficient = 0.19 VPd per elbow for a 5-piece elbow with R/D = 2.0 

28. Elbow Loss = 1 Elbow ×
0.19VPd

Elbow
= 0.19VPd

29. This entry is zero because this duct is not a branch duct entering a main duct.

30-32. Do not apply to this duct segment.



SOLUTION:

33. Duct Loss = 1.00 VPd+ 0.19 VPd = 1.19 VPd
34. Duct Loss:

1.19VPd ×
0.56 in.H2O

VPd
= 0.67 in. H2O

35. Other Losses: none

36. Hood/Duct Segment Loss = 1.15 in. H2O + 0.67 in.H2O = 1.82 in. H2O

37. Cumulative Static Pressure = 1.82 in. H2O

38-42. Do not apply to this single hood system.



SOLUTION:

Stack

1-8. Same as in the Duct column since the Q and duct velocity criteria are the same.

9-22. Are blank because there is no hood in this segment.

23. Straight Duct Length = 8 ft.

24. Same as the Duct column because diameter and Vd are the same.

25. Duct Friction Loss =  8 ft × 0.0311VPd

ft
= 0.25VPd



SOLUTION:

26-28. Zero or blank because there are no elbows in this segment:

29. This entry is zero because this duct is not a branch duct entering a main duct.

30-32. Do not apply to this segment.

33. Duct Loss = 0.25 VP

34. Duct Loss = 0.14 in. H2O

35. no other losses

36. Hood/Duct Segment Loss = 0.14 in H2O



SOLUTION:

37. Cumulative Static Pressure = 0.14 in. H2O

38-42. Do not apply to this system

With this information on the Duct and Stack, the Fan Static Pressure can be 
calculated :

FSP = SPinlet + SPoutlet − VPinlet

FSP = 1.82 + 0.14 -0.56

FSP = 1.40 in. H2O



CALCULATION WORKSHEET FOR SYSTEM DESIGN



MULTIPLE-HOOD SYSTEMS
Sample Design 2: pedestal Grinder System-
Blast Gate Design

Design the system with two Pedestal
Grinders shown in Figure that also shows
design parameters such as duct length,
elbow details and branch entry angle. The
two grinders are identical;, the relevant hood
design information from the ACGIH Industrial
Ventilation Manual. Use 4000 f/min as the
minimum duct velocity.



CALCULATION WORKSHEET FOR SYSTEM DESIGN



CALCULATION WORKSHEET FOR SYSTEM DESIGN



FAN STATIC PRESSURE

FSP = |SPinlet|+|SPoutlet|−VPinlet

For this system: |SPinletl = 6.91 in. of H2O (the Cumulative Static Pressure in C-D) 

and |SPoutlet| = 0.52 in. of H2 O (the Cumulative Static Pressure in D-E) 

so FSP = |16.91|+|10.520|-1.21 

FSP = 6.22 in. H2O 

For this Pedestal Grinder system to work properly with a Blast Gate design, a fan 
drawing 600 ft/min at 6.22 in. H2O Fan Static Pressure is required. 


