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DEFINITIONS 

 Static Pressure

 Static Pressure is the potential Energy put into a 

Duct System by the Fan.

 Static Pressure is lost to Friction so the set Point must 

include the Friction Loss + Terminal requirements

 Static Pressure converts to Velocity Pressure at the 

Outlets

 Potential Energy

 Potential Energy is Stored energy waiting to be 

used



DEFINITIONS CONT. 

Velocity Pressure

Velocity Pressure is the Kinetic Energy of the 

Air moving down the Duct in  a straight line 

or out the Register into a space

Kinetic Energy

Kinetic Energy is Energy that is being used

Total Pressure

Total Pressure is the sum of Static Pressure 

and Velocity Pressure



WHY IS STATIC PRESSURE IMPORTANT?

Static Pressure is Potential Energy

This is Energy that has been put into 
a Duct System and is stored as 
Pressure

Think of your Duct System as a 
Balloon



This Balloon 

stores all the 

Potential 

Energy put 

into it while it 

was being 

inflated



Static 

Pressure 

converts to 

Velocity 

Pressure at 

the point of 

release

Velocity 

Pressure



WHAT IS VELOCITY PRESSURE?

Velocity Pressure is Energy that 

is being used

Velocity Pressure is Kinetic 

Energy

Think of a Leaf Blower



The moving Air acts directly on the leaf. This 

Kinetic Energy will only travel so far.



WHEN BOTH TYPES OF PRESSURE ARE USED 

TOGETHER WE CAN NOW GET THE WORK 

ACCOMPLISHED

In a closed Duct System Static Pressure 

and Velocity Pressure exist at the same 

time, changing back and forth

Without Static Pressure, Velocity Pressure 

alone will only move the Air so far 



Both types of Pressure co-exist in the Ductwork. 

Velocity Pressure created by the Fan is converted into 

Static Pressure allowing air movement throughout the 

Duct System. This Stored Energy is then converted back 

to Velocity Pressure at the outlet.



POTENTIAL VS. KINETIC ENERGY

POTENTIAL ENERGY, AS THE NAME IMPLIES, IS 

ENERGY THAT HAS NOT YET BEEN USED, THUS THE 

TERM POTENTIAL. 

KINETIC ENERGY IS ENERGY IN USE (OR MOTION).



DUCT STATIC

 In a Forced Air System the pressure created by the Fan 

starts as Kinetic Energy. A portion is converted to 

Potential Energy and stored for later use .

 This Potential Energy becomes the Prime Mover of Air 

as it converts back to Velocity Pressure or Kinetic 

Energy.

 Everything in Nature is trying to Equalize.

 High Pressure goes to Low Pressure creating Velocity 

Pressure

 Hot always goes to Cold



THE ENERGY CHANGES STATE WHICH 
MAKES IT USEFUL ALLOWING US TO TAKE 
ENERGY FROM A SINGLE SOURCE AND 
DISTRIBUTE IT TO MANY LOCATIONS

Kinetic Energy in the form of 

Velocity Pressure from the Fan

Potential Energy in 

the form of Static 

Pressure (not yet 

used) along with 

Kinetic Energy exists 

in the Duct at the 

same time.

Potential Energy converts to Kinetic 

Energy in the form of Velocity Pressure 

flows to the Space



THINK OF A DUCT SYSTEM AS A 

CONTROLLED LEAK



The Fan supplies Velocity and Static Pressure to 

the Duct using a combination of Outside and 

Return Air

The Air then “Leaks” into the space from the 

diffusers to Heat, Ventilate & Cool thus making 

the space Habitable

The Air introduced into the Space in 

conjunction with the Air Exhausted from the 

space effect the Building Static Pressure. Too 

little and you draw in unwanted Outside Air. 

Too Much and the excess Air will hold doors 

open which can be a Breach of Security



SO HOW MUCH STATIC PRESSURE DO 

YOU WANT?

 First you must understand what Duct System you are dealing with, 

High, Medium or Low



MEDIUM AND LOW PRESSURE DUCT 

SYSTEMS

 Today we will focus on Medium and Low pressure Duct and the 

most common applications.

 More isn’t always better and too little will leave areas short on air

 As a rule of thumb you have probably used 1 ½” WC to start. This 

is relative to where it is being measured, Close to the unit, 2/3rds 

out in the system or at the worst performing zone. It is important to 

check the pressure throughout the system to ensure good 

performance.



*In Multi Story Duct Systems you may 

encounter pressures that don’t make 

sense at first glance. As Air is filling 

the duct we must generate 

adequate Static Pressure to ensure 

all the Branch Ducts have enough 

Static Pressure to convert back to 

Velocity Pressure at the outlets.

*Depending on where the pressure is 

being sensed, you may need to 

have a higher than expected Set 

Point, but only checking the entire 

system will tell you what right looks 

like.



VAV SYSTEMS

 VAV or Variable Air Volume Systems save energy by reducing fan 
Horsepower when less cooling is required. Here are some of the design 
assumptions:

 Up to 25% or more of the capacity of the  VAV’s will not be used at any 
given point in time. This is known as “Diversity”. The air will automatically 
shift to where it is needed

 The system design allows Load Shifting by utilizing the effects of Static 
Pressure and velocity pressure to move the right amount of Air to the 
location where it is needed

 For this to work properly there must be enough Static Pressure to meet 
the requirements of the worst performing Duct supplying the terminal 
devices



TYPICAL VAV BOX REQUIREMENTS

*In this example 

you are safe by 

providing .5” WC at 

the worst 

performing outlet.

*Excessively high 

pressures will cause 

Leaks, Noise, Poor 

Control and waste 

Energy



CALCULATING A SET POINT

 Duct Systems are broken down into Sub Systems, each 

having their own System Curve

 The simple explanation is you need to know the total 

resistance plus the requirements of each Terminal device

 Engineers calculate all of these factors when designing a 

Mechanical System

 As operators we aren’t going to change the Duct Work, we 

adjust the Set Points based on the results needed

 Without sophisticated programing in a DDC system we must 

control to the worst performing Branch Duct to ensure it will 

have enough air



BUILDING STATIC PRESSURE

What right looks Like



BUILDING STATIC PRESSURE

 A well operated Building must be in control of the 

Building Static Pressure.

 Unlike Duct Static Pressures of anywhere from .5” WC to 

10” WC, Building Static Pressure is usually .05”WC.

 Negative Pressure draws un-tempered Air and dirt in 

through cracks, doors and windows and can make 

doors difficult to open.

 Too much Positive Pressure Wastes energy and can hold 

Doors  open which can cause Security breaches



THE MATH

 We use Inches of Water Column to describe the Static 

Pressures. This is the amount of pressure required to lift 

a 1 square inch column of water up 1”

 There are 27.68 Inches of Water Column in one Pound

 Interior Doors should require no more that 5 pounds 

pressure to open while Exterior Doors are typically 

between 8.5-10 pounds according to ADA guidelines. 

Exterior Doors do not have a specified opening force 

but are generally set around 9 pounds.



A 3070 Door 

has

2592 Square 

inches. 

Assume the 

Door Closer 

is set at 9 

Lbs.

*2592 square inches of Surface area

*One pound of force = 27.68” of Water Column

*9 pounds = 249.12” Water Column

*249.12 / 2592 Square Inches  = .096 Inches Water Column

*Conclusion: one tenth of an Inch of Water Column is enough 

pressure to open the average Exterior Door

*If the Door is secured by Magnetic Latches, the building may 

not be secure due to a malfunctioning Mechanical System

*Added to the Static Pressure is Velocity Pressure which is the 

rush of Air escaping through the opening providing additional 

energy to hold a door open (the bigger the space, the 

greater the effect)

*If the over pressurization is great enough the air escaping up 

an Elevator shaft in the form of velocity Pressure can prevent 

Elevator Doors from closing.

*An additional risk is someone being struck by a door 

suddenly swinging open when a card key is swiped



OPERATING ECONOMICS

 Finding the most Economical operating balance 

between Space Requirements, Fan operation and 

Discharge Air Temperature is an art form all by itself

 There is a balance between Fan Horsepower and 

Compressor Horsepower

 When you Raise the Discharge Air Temperature 

saving Compressor Horsepower you increase 

the Fan Horsepower required to do a given 

amount of work. There is no universal answer to 

this 

 Just understand that for every benefit on one 

side there is a penalty on the other



ENERGY SAVING STRATEGIES

Ventilation Reset Outdoor Air 

Control

Supply Fan Pressure 

Optimization



VENTILATION RESET OUTDOOR AIR 
CONTROL

 Traditional Ventilation settings add up all the individual 

requirements and calculate the amount of Outside Air to meet 

the total.

 This method brings in the same amount of Outside Air no matter what 

the space conditions require wasting large amounts of Energy.

 Many buildings have reduced these settings to save Energy but may 

have Under Ventilated areas 



 Ventilation Reset monitors the amount of Outside Air 

taken in by the Air Handler and the Total Ventilation 

requirements of Critical Zones to minimize the 

introduction of Un-Tempered Air into the system that 

must be Heated or Cooled

 When a zone is at Minimum Air Flow it will require 

more Outside Air to maintain proper ventilation 

then when at Maximum Air Flow.

 This method allows for the use of unused 

recirculated Ventilation Air that does not need to 

be Heated or Cooled

 Requires a DDC Control system, Pressure Independent 

VAV’s and an ability to Measure and Control the 

amount of Outside Air brought into the system



SUPPLY FAN OPTIMIZATION

 Traditional methods of Duct Static Control employ a 

fixed point of monitoring and the Supply Fan will 

deliver that amount of Energy whether it is needed or 

not. While this is a significant savings over a Constant 

Volume system we can do better

 Supply Fan Optimization limits the amount of Energy 

put into the system based on the VAV’s actual needs 

further enhancing the savings of a traditional VAV 

System

 Requires a DDC Control system, Pressure Independent 

VAV’s and Fan Capacity Control 



CONCLUSIONS

 Minor adjustments to your HVAC System can have dramatic 

effects:

 Tenant Comfort-the right amount of Heating, Ventilation and 

Cooling (HVAC)

 Energy Usage

 Fan vs. Compressor Horsepower

 Ventilation ratios-How much Outside Air do we have to 

Heat or Cool

 Fan Horsepower needed to maintain proper Duct Static

 Discharge Air Temperature-Directly impacts Fan 

Horsepower



THANK YOU


