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presenter for whom your question is for.

- Click ñSendò.
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The Fundamentals of Airflow
Purpose and Learning Objectives
The purpose of this presentation is to provide industry professionals with an 
overview of the basic concepts and relationships between airflow and 
pressure, and how these concepts are affected by various outside factors in 
regard to fans.

At the end of this presentation you will be able to:

1. Describe the basic components of airflow, how to measure them, and how 
they relate to each other.

2. Explain how to read fan curves, and what this knowledge helps to avoid.

3. Apply the Affinity laws for troubleshooting and solving problems.
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Section 3: Power and Efficiency

Section 4: Fan Curves

Section 5: The Affinity Laws



Section 1: Why the Fundamentals



Section 1: Building Your Foundation



Section 1: Heart of a system



Section 2: Components of Airflow

Key Terms and How to Measure them
- Air Density

- Volume

- Pressure



Section 2: Air Density

Standard air density = 0.075 lb./ft3 

Air temperature of 70ºF (21ºC)

Altitude at 0 ft. elevation (sea level)

Barometric pressure of 29.92ò Hg (101 kPA)

Specific volume of 13.33 ft3/lb.



Section 2: Air Density ïTemperature Effect
At temperatures above 70ºF, air 
density is less (lighter air)

At temperatures below 70ºF, air 
density is greater (heavier air)



Section 2: Air Density ïAltitude
At altitudes above sea level, air density is 
less (lighter air)

At altitudes below sea level, air density is 
greater (heavier air)



Section 2: Air Density - Humidity
The addition of Water Vapor reduces the 
density of air (lighter air).  

The dryer the air the more dense it will be 
(heavier air).



Section 2: Volume
A Requirement to get a job done

Common unit of measure : Cubic Feet per Minute ( CFM )

ACFM SCFM

ActualCubic Feet Per Minute StandardCubic Feet Per Minute

Å Represents the actual conditions of the job, not 
corrected to standard density conditions 

Å Represents the volume of gas flowing anywhere in 
the system independent of air density

Å Volume that gas would occupy if at standard 
density

Å Selecting a fan when SCFM is specified requires us 
to calculate the ACFM



Section 2: Volume (V)

Fan Airflow (CFM)

CFM is based on continuity

V = Volume

A = Area

CFM = V1 A1 = V2 A2



Section 2: Measurement



Section 2: Similar to a water level



Section 2: Volume (V)
CFM = Velocity (V) * Area (A)



Section 2: Modern Measurement



Section 2: Pressure
System

Negative vs. Positive Pressure

Static Pressure

Velocity Pressure

Total Pressure

Fan Total Pressure

Fan Static Pressure



Section 2: System







Section 2: Static Pressure (SP)
Definition:

The pressure exerted by air on a 
surface at rest

Commonly used to specify fan 
performance



Section 2: Velocity Pressure (VP)
Definition:

The Kinetic energy per unit volume

Equation

VP = r(V / 1098) 2

r= Density in lb./ft3

V = Velocity in FPM

At standard air:

VP = (V / 4009) 2

Airflow (CFM)= V * Area (ft2)



Section 2: Total Pressure (TP)

Total Pressure Definition:

The Measure of the total energy of the airstream

Equation

Static Pressure (SP) + Velocity Pressure (VP) = Total 
Pressure (TP)



Section 2: Fan Static Pressure (FSP)

This is important because this is 
used for ratings.

Equation

FSP = SP at outlet ïTP at inlet



Section 2: Fan Total Pressure (FTP)

Fan Total Pressure Definition:

Total mechanical energy added to the air by the fan

Equation

Fan Total Pressure = 

Total Pressure Outlet ïTotal Pressure Inlet



Section 3: Power and Efficiency

Key Terms:
- Air Horsepower

- Brake Horsepower

- Static Efficiency

- Total Efficiency



Section 3: Air Horsepower
Definition:

Assuming 100% efficiency, the horsepower 
required to move a given volume of air 
against given pressure (IP units)

Equations:

Static AHP = (CFM x SP) / 6343

Total AHP = (CFM x TP) / 6343



Section 3: Brake Horsepower
Definition:

The actual horsepower a fan 
requires determined by testing.

BHP > AHP because a fan is not 
100% efficient



Section 3: Static Efficiency
Definition:

Ratio of fan power output to the fan power input

Uses SP, which does not include kinetic energy 

Equation

SE = AHP
SP

/ BHP

SE = (CFM x SP) / (6343 x BHP)



Section 3: Total Efficiency
Definition:

Ratio of total fan power output to the fan power input.  Also 
referred to as Mechanical Efficiency.

Uses TP, which includes kinetic energy

Equation

TE = AHP
TP

/ BHP

TE = (CFM x TP) / (6343 x BHP)



Section 3: How Energy Flows through a Fan

Energy Equation

TP1 + Win = TP2 + Losses

and since TP = SP + VP

VP1 + SP1 + Win = VP2 + SP2 + Losses

Win is shaft power transferred to the air

Losses are due to fan inefficiencies and flow losses



Section 4: Fan Curves

Introduction to Curves

System Curve

Fan Performance Curve

BHP Curve

Static Efficiency Curve

Fan Operating Point

Total Efficiency Curve

Fans in Parallel and Series



Section 4: Introduction to Curves

CFM

Fan Performance 

Curve

System Resistance 

Curve

Point of Operation

BHP Requirement

BHP Curve
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Section 4: System Curve

Pressure Loss = (VX)  where X = 2 for turbulent flow

Pressure Loss ~ SP ~ V2 ~ Q2 

K = A Constant set by the system

SPLoss = kQ2                   System curve



Section 2: System
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Section 4: System Curve

Pressure Loss = (VX)  where X = 2 for turbulent flow

Pressure Loss ~ SP ~ V2 ~ Q2 

K = A Constant set by the system

SPLoss = kQ2                   System curve



Section 4: System Curve

CFM in 10,000s
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Section 4: Performance Curve (SP)

Performance Curve

Wide Open 
Max Airflow

Blocked Tight
No Airflow



Section 4: BHP Curve

Performance Curve



Section 4: Static Efficiency Curve

Performance Curve



Section 4: Fan Operating Point

Performance Curve



Section 4: Fan Curves



Section 4: Fans in Parallel

SP2 = SP1

CFM2 = 2 CFM1

BHP2 = 2 BHP1



Section 4: Fans in Series

SP2 = 2 SP1

CFM2 = CFM1

BHP2 = 2 BHP1



Section 4: Surge

Interaction with system

Fan operation is very unstable

Pulsating flow at inlet and discharge


