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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

Direct air to the 
terminal units or 

diffusers

Control air speed 
and temperature

Move air through 
the duct system
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• First identify the zones being served by the air handling unit 
and color code the zones being served
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• Then, add the schematic of the ductwork for zones being 
served by each AHU
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• Using the calculated CFM, you need another value to start 
the equal friction method:
q Duct diameter
q Allowable velocity



Recap

7

• Construct a tabular format for the sections

Section Air Flow Rate 
(cfm)

Duct Size (in) Duct (in 
Rectangular)

Velocity (fpm)
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• Calculate all the duct diameters, velocities and the section 
duct losses for the straight ductwork 

Section Air Flow 
Rate 
(cfm)

Duct (in 
Rectangular)

De
(in)

Friction 
Loss 

(in/100 ft)

Length 
(ft)

Section Loss (in. w.c.)
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• Identify the fittings and calculate the all the fitting losses
Section Fitting 

No
Fitting 
Type

ASHRAE 
Fitting 

No.

Parameters Loss 
Coefficient

Velocity 
(fpm)

Pv (in. 
w.c.)

Pt (in. 
w.c.)
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Path Note Duct Tee Duct T𝐞𝐞 Damper Duct Outlet Total Differe
ntial 

1 Path/Fitting 
Duct

2 Path/Fitting 
Duct

3 Path/Fitting 
Duct

𝚫𝐏 (in. w.c.)

• Identify the pressure loss summary for different paths and 
then size the fan best on the highest pressure drop and 
include balancing dampers for the other paths
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• Overall system resistance can be written as:

∆𝑃!"!#$=$∆𝑃%&'!(")* +$∆𝑃+,!!,-./ =

= ∑𝑓 0
%

12!
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∆𝑃#$#%& = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 ×𝑄̇'
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• This relationship defines the flow versus pressure 
characteristics of a system

https://www.nrel.gov/docs/fy03osti/29166.pdf

Shutoff 

Wide Open 
(Free Delivery)

https://www.nrel.gov/docs/fy03osti/29166.pdf
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• System curve vs the fan curve
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• Assignment 4 is posted (this coming Tuesday)

• Do not forget to work on Project Part 2
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https://docs.google.com/presentation/d/15bvvZ0VVm9SgonCzZ5N07MBvl0Yd
VRYaph6Z3evveJA/edit#slide=id.g1f2938fcdac_0_0

• Adding interesting and daily application of HVAC systems:

https://docs.google.com/presentation/d/15bvvZ0VVm9SgonCzZ5N07MBvl0YdVRYaph6Z3evveJA/edit
https://docs.google.com/presentation/d/15bvvZ0VVm9SgonCzZ5N07MBvl0YdVRYaph6Z3evveJA/edit
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Centrifugal Fans
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• Fans are categorized as:

q Radial (Centrifugal)

q Air enters the impeller axially, passes through the impeller 
radially 

q The blades drag the air in a circular motion and centrifugal 
forces accelerate the airflow radially outward 

http://www.leesii.com/axial-blower-vs-centrifugal-blower/

http://www.leesii.com/axial-blower-vs-centrifugal-blower/
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• Centrifugal fan flow patterns

https://www.symscape.com/blog/cfd-analysis-of-a-blower-for-a-small-dust-collector

https://www.symscape.com/blog/cfd-analysis-of-a-blower-for-a-small-dust-collector
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https://www.nrel.gov/docs/fy03osti/29166.pdf

https://www.nrel.gov/docs/fy03osti/29166.pdf
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• Centrifugal fan terminology

http://www.leesii.com/blog-post-with-right-sidebar/

http://www.leesii.com/blog-post-with-right-sidebar/
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• Centrifugal fans are categorized as:

q Backward inclined
q Radial
q Forward curved 

https://www.homeintheearth.com/tech_notes/earth-tubes/fans/

https://www.homeintheearth.com/tech_notes/earth-tubes/fans/
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• One type of a centrifugal fans is ”Forward-curved blades” or 
forward centrifugal fans:
q Low pressure applications
q Lowest efficiency
q Selection to be well to the right of the peak pressure point



Centrifugal Fans
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• Forward centrifugal fans:

https://www.nrel.gov/docs/fy03osti/29166.pdf

https://www.nrel.gov/docs/fy03osti/29166.pdf
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• “Backward-inclined” or “backward-inclined centrifugal airfoil”  
or “Backward centrifugal fans” are other types of centrifugal 
fans:
q General HVAC system applications 
q Highest efficiency
q Operate at highest speed
q Load-limiting horsepower characteristics
q Used in industrial applications 
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• Backward centrifugal fans:

https://www.nrel.gov/docs/fy03osti/29166.pdf

https://www.nrel.gov/docs/fy03osti/29166.pdf
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• “Radial” and “Radial-tip” are other types of centrifugal fans:

https://www.nrel.gov/docs/fy03osti/29166.pdf

https://www.nrel.gov/docs/fy03osti/29166.pdf
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Item Backward Radial Forward
Efficiency High (80% to 86%) Medium (50% to 

77%)
Medium (50% to 

70%)

Space required High Medium Small

Speed for a given 
pressure rise

High Medium Low

Noise Good Fair Poor

Number of blades 10 to 16 6 to 10 24 to 64

Horsepower Limiting Rising Rising
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Centrifugal Fan Performance Curves
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𝐿(,* = 𝐾( + 10 log𝑄* + 20 log𝑃# + 𝐶

q 𝐿!,#: Fan sound power level (dB)

q 𝐾! : Specific sound power level (dB)

q 𝑄#: Fan airflow rate (ft3/min)

q 𝑃$: Fan total pressure (in. w.c.)

q 𝐶: Fan efficiency correction
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https://content.greenheck.com/public/DAMProd/Original/10002/CentrifugalDWPerfSuppl_catalog.pdf

https://content.greenheck.com/public/DAMProd/Original/10002/CentrifugalDWPerfSuppl_catalog.pdf
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https://content.greenheck.com/public/DAMProd/Original/10002/CentrifugalDWPerfSuppl_catalog.pdf

https://content.greenheck.com/public/DAMProd/Original/10002/CentrifugalDWPerfSuppl_catalog.pdf
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https://content.greenheck.com/public/DAMProd/Original/10002/CentrifugalDWPerfSuppl_catalog.pdf

https://content.greenheck.com/public/DAMProd/Original/10002/CentrifugalDWPerfSuppl_catalog.pdf
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Price Industries Engineering Handbook

• Is this a forward or backward?



Centrifugal Fan Performance Curves
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Price Industries Engineering Handbook

• Family fans usually specify their classes:
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• Fans are categorized as:

q Axial

q Flow is in an axial direction (Parallel to the shaft)
q The flow is axial at entry and exit
q Produce a pressure difference

http://www.leesii.com/axial-blower-vs-centrifugal-blower/

http://www.leesii.com/axial-blower-vs-centrifugal-blower/
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• Axial fans are categorized as:

q Tube 
q Vane
q Propeller

http://mechanicalgalaxy.blogspot.com/2015/03/types-of-axial-fans.html

http://mechanicalgalaxy.blogspot.com/2015/03/types-of-axial-fans.html
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• Fan Laws ”or Affinity Laws”:

q Fan capacity is directly proportional to the fan speed 
q Pressure (static, velocity or total) is proportional to the 
square of the fan Speed 

q Power required is proportional to the cube of the fan speed 
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• Fan Laws ”or Affinity Laws”:
𝑄+
𝑄'

=
𝑁+
𝑁'
.
𝜌+
𝜌'

𝑃+
𝑃'
=

𝑁+
𝑁'

'
.
𝜌+
𝜌'

𝑊+
𝑊'

=
𝑁+
𝑁'

,
.
𝜌+
𝜌'

q 𝑄: Fan volume (cfm)

q 𝑁: Rotational speed (rpm)

q 𝑃: Total pressure (in. w.c.)

q 𝑊: Brake Horsepower

q 𝜌: Fan density (lb/ft3)
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• Fan Laws ”or Affinity Laws”:

Flow Rate 
Reduction

Fan Energy 
Savings

10% 27%
20% 47%
30% 66%
40% 78%
50% 87%

Flow Rate 
Increase

Increased Fan 
Energy

10% 33%
20% 73%
30% 120%
40% 174%
50% 237%
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• Theoretical air power:
q Use the first Law of Thermodynamics

q Cancel the terms to reach to this equation:

𝑊# = 𝑚̇
𝑝% − 𝑝&
𝜌
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𝑊# =
𝑄-×Δ𝑝#
6,356

• Theoretical air power is equal to:

q 𝑄': is in CFM

q Δ𝑝$: is the pressure drop in “in w.c.”

q 𝑊$: is in HP



Fan Power (Horsepower)
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Motor (HP)

Controller 
Drive

Fan

Coupling Drive

𝜂*𝜂.𝜂/

• The fan power is impacted by different inefficiencies:
q 𝜂+: Fan total efficiency

q 𝜂': Coupling efficiency (1-drive losses)
q 𝜂4: Motor efficiency



Fan Power (Horsepower)
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• Consider the losses, the fan efficiency is:

𝜂* =
𝑊#

𝑊-0%*#

𝜂* =
𝑄-×Δ𝑃#

6,356×𝑊-0%*#



Fan Power (Horsepower)
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𝑊# =
𝑄-×Δ𝑃#

6,356×𝜂*×𝜂.×𝜂/

• The total fan power is defined as:



Fan Power (Horsepower)
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• ASHRAE 90.1-2019 Appendix G recommends: Each HVAC 
system at fan system design conditions shall not exceed 
the allowable fan system motor nameplate horsepower 
(Option 1) or fan system bhp (Option 2) as shown in Table 
6.5.3.1-1 
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• Example: A fan delivers 8,000 cfm of air at 70 F and 29.92 
in. Hg (density is 0.0750 lbm/ft3) against a static pressure of 
2.0 in. w.c. when speed is 600 rpm and the power input is 
5.0 bhp

• Find: If the inlet air temperature is raised to 200 F (density 
is 0.0602 lbm/ft3 ) but fan speed stays the same. What are 
the new static pressure and horsepower? 
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• Solution:

𝑃+
𝑃'
=

𝑁+
𝑁'

' 𝜌+
𝜌'

𝑃' = 1 ' 𝜌'
𝜌+

= 2.0
0.0602
0.0750 = 1.6 𝑖𝑛.𝑤. 𝑐.
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• Solution:

𝑊+
𝑊'

=
𝑁+
𝑁'

' 𝜌+
𝜌'

𝑊' = 𝑊+
𝜌'
𝜌+

= 5
0.0602
0.0750 = 4.0 𝑏ℎ𝑝
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• Example: Estimate the capacity, total pressure, power 
requirement when the speed is increased to 1,050 rpm. The 
initial power requirement is 2 hp.

1050 rpm

900 rpm

5,000

1.5 1

2

Capacity (cfm)

To
ta

l p
re

ss
ur

e 
(in

. w
.c

)
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• Fan Laws ”or Affinity Laws”:

𝑄+
𝑄'

=
𝑁+
𝑁'
.
𝜌+
𝜌'

𝑄' = 𝑄+
𝑁,
𝑁+

= 5,000
1,050
900 = 5,833

𝑓𝑡,

𝑚𝑖𝑛
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• Fan Laws ”or Affinity Laws”:

𝑃+
𝑃'
=

𝑁+
𝑁'

'
.
𝜌+
𝜌'

𝑃' = 𝑃+
𝑁'
𝑁+

'
= 1.5

1,050
900

'
= 2.04 𝑖𝑛.𝑤. 𝑐.
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• Fan Laws ”or Affinity Laws”:

𝑊' = 𝑊+
𝑁'
𝑁+

,
= 2

1,050
900

,
= 3.2 ℎ𝑝

𝑊+
𝑊'

=
𝑁+
𝑁'

,
.
𝜌+
𝜌'
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App (Fan Law)
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• We can also use the GreenHeck App 

Try to calculate the examples using equations and the app!
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Software Tools

63https://ecaps.greenheck.com/

• Greenheck has a good sizing tool:

https://ecaps.greenheck.com/


Software Tools

64

• Select “Inline Fans”



Software Tools
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• Select “Inline Fans”
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• Start filling the “CFM”, “SP”, “Elevation”, …
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• Click on a model, and look at the specs:


