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What We Will Cover in This Module

• Basic principles for flow in pipes and ducts
• How fans and pumps interact with ducts and pipes
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The Square Law:  
Common to both Air and Water Systems

• Roots in the Darcey - Weisbach equation
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Nikuardse’s Experiment
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Moody Diagram
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Duct Friction Chart
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Turbulent vs. Laminar
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Fully Developed Laminar Flow 
Average Velocity

Fully Developed Turbulent Flow 
Average Velocity
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The vectors typically shown to represent the velocity profile in a 
pipe are usually an indication of the average velocity for a given 
fluid particle over time not the streamlines
• The actual motion of any given particle could be laminar 

(parallel lines) or turbulent (swirling lines)
• Laminar flow will tend to have a parabolic average velocity 

profile shape
• Turbulent flow will have a flatter, fuller velocity profile shape
• Fully developed flow exists when the average flow profile 

does not change as the fluid moves down the conduit
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The Square Law:  
Common to both Air and Water Systems

• Applies to a fixed system
‒ If a damper moves in an air 

system, you generate a 
new system curve

‒ If a valve moves in a water 
system you generate a new 
system curve

• There are places in our 
systems where the flow is not 
fully developed turbulent flow
‒ ASHRAE research 

suggests the nominal 
exponent is 1.85 – 1.89

‒ Using 2 is close enough for 
field work most of the time
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Why This Matters if You are Working with 
Control Systems

Fan power is a function of flow and static pressure
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Why This Matters if You are Working with 
Control Systems

The Square Law says that if we reduce the flow rate in a 
given system, the static required to deliver the flow will be 
reduced exponentially

• Cut the flow by 50%, then you cut the static required 
to 25% of what it was (.5 x .5 or .52)
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Why This Matters if You are Working with 
Control Systems

As a result, for a fixed system, fan power varies as the 
cube of the flow rate

• Control systems can optimize both the flow and the static 
required by a system, thus control systems can optimize 
the fan power required by a system

• Control systems can also mess this up if we are not 
careful and as a result waste energy and resources
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System Effect:
Where the Duct Meets the Fan

Fitting 
placement 
and/or lack of a 
discharge duct 
has the same 
effect as 
adding static 
pressure

• .55 in.w.c. at 0% 
effective duct length

• .18 in.w.c. at 50% 
effective duct length

• .20 in.w.c. at 0% 
effective duct length

• .05 in.w.c. at 50% 
effective duct length

System effect assessed at 2,500 
fpm and an outlet area to blast 
area ratio of 70%
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System Effect:
Where the Duct Meets the Fan

See System Effect–Dealing with the Point Where the Fan Meets 
the Duct for more in formation at www.Av8rDAS.Wordpress.com
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The Control System Can Not Change 
Elbows or Correct System Effect Problems

But it can optimize the system and minimize their impact

• For the system in the example, improvements to the 
control system logic:
‒ Optimized operating hours by scheduling at the zone 

level
‒ Optimized minimum flows

• Reduced fan power
• Reduced reheat
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Training the Users;  An Important Step
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Scheduling and Training Alone had 
Significant Impact on Energy Consumption
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Scheduling and Training Alone had 
Significant Impact on Energy Consumption
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See Using Scatter Plots to Assess Building Performance–Part 7 on my blog for detailsSee Using Scatter Plots to Assess Building Performance–Part 7 on my blog for details



Real World Systems are More Complex

• Anything that moves or changes in the system creates a 
new system curve

• Constant volume systems are not constant volume
• Filters load over time in air handling systems
• Parallel pumps sharing common headers interact

• Variable air volume systems operate on a family of 
system curves by design
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Plot Digitizer;  A Free, Handy Resource

• Shareware
• Lets you digitize lines by 

clicking on them over an image
• http://tinyurl.com/PlotDigitizer
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The Impact of Filter Loading in a Constant 
Volume System
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The Impact of Terminal Units Throttling in a 
Variable Volume System
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Similar Relationships Apply to Piping 
Systems

• Fitting fabrication issues and things like system effect 
are less of a challenge

• Pump selections tend to be less than ideal
• Interaction potential not recognized
• Required pump heads often are significantly lower 

than design specifications
• Control systems can play a major role in managing pump 

performance and optimizing energy use
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Bottom Lines

• The operating metrics of our systems have their roots in 
fundamental physical relationships

• The relationships are not particularly complex in and of 
themselves

• The dynamics of HVAC systems make the application of 
the relationships to them complex because of all of the 
variables

• Control systems play a crucial role in managing these 
dynamics

• Understanding the underlying relationships will help you 
do a better job of designing and applying control 
technology
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An Interesting Thing about Elbows

One way to think of elbow 
resistance is to consider it 
as composed of:
1. Resistance due to 

interaction with the pipe 
wall

2. Resistance due to a 
change in direction
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An Interesting Thing about Elbows
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An Interesting Thing about Elbows
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An Interesting Thing about Elbows

Pressure Drop Savings = Energy Savings

Long Radius Elbow

Short Radius Elbow
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8” Short Radius Elbow  
For a Long Radius Elbow the 
Centerline Radius would be 1.5 x 8” or 
12”

The centerline 
radius is the 

same dimension 
as the pipe 
diameter

8”

8”
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Short Radius vs. Long Radius Elbows 
Small differences can add up to significant numbers

Number of elbows = 26
Difference in head for the circuit 
with long radius versus short 
radius elbows
• 3+ ft.w.c.
• 9+% difference in pump head 

(A.K.A. the safety factor)
• .8+ kW
• 7,100 kWh annually
• $850 annually
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Calculating Power Into the Fan Motor as kW
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Calculating Kw Into the Pump Motor
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Calculating Kw Into the Pump Motor 
(Continued)
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