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THE  ULTIMATE  IN  THERMAL  DISTRIBUTION  EFFICIENCY

The World Leader in High-Efficiency Air and Dirt Elimination for Hydronic Systems
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Superior Air and Dirt Elimination

The

Solution

Air Removal Only Dirt Removal Only

Combination 
Air & Dirt Removal

Hydraulic Separator with 
Air & Dirt Removal

All are available with or without removable heads

All are available in standard or high velocity models
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Discussion Topics

During this presentation, we will answer the following questions:

• How does air negatively affect hydronic cooling and heating systems?

• What is “dirt” in a hydronic system?

• What are some of the typical air and dirt elimination technologies and methods?

• How effective are they at removing air and dirt?

• How is the Spirotherm coalescing technology different? 

• What are the “true” costs of air and dirt in hydronic systems?

• What are the benefits of effective air and dirt elimination in open and closed hydronic 

systems?

• Who bears the air-related costs from initial system planning, through the various phases 

of design, throughout construction / start-up, and for the life of the system(s)?

• Who benefits from hydronic systems that are free of air and dirt?
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Air in Hydronic Systems:

Causes Corrosion

Reduces Heat Transfer

Reduces Pump Performance

Straight to the Point!
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What is Corrosion?
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Does This Look Familiar?
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QFluid = Mass Flow Rate x Specific Heat x DT

In HVAC hydronics, this is typically calculated as:  

QWater (BTUH) = 500 x GPM x DT *

*This equation assumes an air-free system.

Heat Transfer in Fluids
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A fluid-air mixture cannot

transfer heat as effectively 

as a fluid by itself.

Air Negatively Impacts Heat Transfer
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Specific Heat (C) is one factor in effective heat transfer:

CWater = 1.0 Btu / lbm - F

Whereas

CAir = 0.24 Btu / lbm - F

However, 

Specific Heat is only one part of the equation….

Specific Heat Impacts Heat Transfer
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Density is related to mass flow rate:

DensityWater = 62.4 lbm / ft3 (8.33 lbm / gal)

Whereas

DensityAir = 0.07967 lbm / ft3 (0.0106 lbm / gal)

Air is an insulator and transfers virtually NO HEAT when 

present in a hydronic fluid!

Density (Mass Flow Rate) Even More So!
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• Free Air   (+ Entrapped)

– Air collected at high points in piping systems and terminal units, such as 

AHU’s, FCU’s, VAV’s, etc.

• Entrained Air

– Air bubbles that are “pushed/pulled along” with the fluid

– Often found at the highest points and the most remote parts in the system

– Source of:

• Noisy flow in piping systems

• “Bouncing” pressure gauges

• Dissolved Air

– Air dissolved in solution and the most challenging to remove

– Point of Lowest Air Solubility (PoLAS) / Henry’s Law

Three Forms of Air in Hydronic Systems
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Henry’s Law:

“At a given 

temperature, the 

amount of gas 

absorbed by a liquid 

is proportional to its 

pressure.”

Note: Entering domestic 

water may contain 10%-15+% 

air by volume.

* Dissolved air by volume.

Dissolved Air: The Often - Overlooked Offender
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• Initial System Fill

• Inaccessible / Closed Manual Air Vents

• Inoperable Automatic Air Vents

• Planned and Unplanned Maintenance

• Makeup Water Due to System Leaks

• Expansions and Renovations

• Dissolved Air Released From Solution

Sources of Air
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• System Corrosion as Air is ~20% Oxygen

• Increased Chemical Treatment Costs

• Reduced Heat Transfer Capability

• Increased Pump Energy

• Increased Supply Fan Energy

• Reduced System Energy Efficiency

• Increased Maintenance Costs and Life Cycle 

Costs For Equipment and the Overall System

Negative Effects of Air
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• “Noisy” Piping

• “Jumping / Bouncing” Pressure Gauges

• Sounds of Cavitation in Pumps (Closed Systems)

• Reduced Pump Performance (Not Matching Curves)

• Chillers, Boilers, and Other Heat Transfer Equipment Not 
Meeting Scheduled Capacity

• System Corrosion and Observable Debris

• Low System ΔT’s

• Low Cooling and Heating Coil Discharge Air 
Temperatures

Clues to Air in the System
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• Not Traditionally Addressed in 

the HVAC Industry

• Gould’s Pump Manual:

“A mixture of only 2% gas by 

volume will cause a 10% 

reduction in capacity and 4% 

will cause a reduction in over 

43%.”

Entrained Air Impact on Pumps
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Air Scoops



19© Spirotherm, Inc. 2020 Modifications and typographic errors reserved

Traditional Tangential Air Separators
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• Coalescing Technology

• Keys to Operation:

– Reduced Velocity

– Suppressed Turbulence

– Maximized Collision and Adhesion

– Water in an Absorptive State

• Proven to Remove:

– 100% of Free Air

– 100% of Entrained Air

– Up to 99.6% of Dissolved Air

• Unsurpassed Air and Dirt Elimination 

Performance

• Effective in Glycol Solutions, too!

The Coalescing Solution – Invented by Spirotech 50 Years Ago
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Spirotherm Coalescing Air and Dirt Separators

Spirovent Senior

(30” Pipe Size / 60” Shell Diameter)
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Test Configuration

• Within a closed loop system, setup two air separators in 
series (A and B)

• Circulate water at a constant velocity 

– 240 GPM in 4” pipe → 6 feet/second

• Water temperature ~77 °F

• System pressure ~3 PSI

• Inject air bubbles into the water for an initial period of 
time (~15 minutes)

• Allow both air separators to operate

• Continually measure the volume of air removed by each 
air separator

• Compare results as initially free and subsequently 
entrained air is removed

A

P

B

Inject Air
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Spirovent vs. Tangential Air Separator - Air Elimination Test

For the first 2 hours both air separators remove about the 
same amount of air.

The removal rate is high because large air bubbles readily 
rise out of the water and are easily vented.

After 2 hours, large air bubbles have been vented and all 
that remains are microbubbles.
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Spirovent vs. Tangential Air Separator or Tangential Air Separator vs. Spirovent
Results Are the Same

Tangential Air Separator 1st, Spirovent 2nd

Spirovent 1st, Tangential Air Separator 2nd
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“Dirt” and Scale 
Form! 

So What If Air (Oxygen) Is Not Removed?
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Recirculated Dirt and Debris:
• “Liquid Sandpaper” Scouring 

the Entire System
• Cause Premature Failure of:

• Pump seals
• Control valves
• Coils and heat exchangers
• Metering equipment
• Piping and fittings

• Is NOT Removed by Tangential 
Air Separators

The Impact of Dirt on Systems and Equipment
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Dealing With Dirt

• Traditional Methods

– Full Flow

• Strainers

– Used In-Line

– Various Screen Mesh 

Sizes Available

– As They Collect Debris, 

Pressure Drop 

Increases

» How Often Are They 

Serviced??
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Dealing With Dirt

• Traditional Methods

– Side Stream Filtration

• Bag Filters

• Typically Smaller Than 

Main Pipe

• As Side Stream, They 

See <10% Flow
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Dealing With Dirt

• Traditional Methods
– Side Stream Filtration

• Sand Filters
• Typically Smaller Than Main 

Pipe

• As Side Stream, They See 
<10% Flow

• Back Washing Required

• Can Achieve Small Size 
Separation

– Necessary?

• Pump Needed - High 
Pressure Drop
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Dealing With Dirt

• Traditional Methods

– Side Stream Separation

• Cyclonic Separators

• As Side Stream, They See 

<10% Flow

• High Pressure Drops

• Effective to ~ 70-micron

• Particles with Specific 

Gravity > 2.5
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• Full System Flow Provides for 
Maximum Effectiveness in Open and 
Closed Systems

• Removal of Dirt Particles That Erode 
Piping and System Components

• Low Pressure Drop

• Lower Chamber Allows Particles to 
Sink and Not Be Re-Entrained

• 80% of Particles 30 Microns and 
Larger Removed within 100 Passes 
and to 5 Microns Over Time

• Blowdown May Be Manual, Automatic, 
or Constant

Separation  vs. Filtration / Straining
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Recommended Continuous Blow Down:
ZERO Water / Chemicals / Glycol Loss
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Dirt Separation Results
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Dirt Removal – Water and Glycol Systems

1 
Week
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Before and After “Sludge” Removal
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Ease of Retrofit – Single Unit

BEFORE AFTER

Youngstown State University – 20” Unit 
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New Construction – Multiple Units 

Kansas State University – 20” Units
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Case Studies
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Case Study Highlights

• Increased chiller plant output 
(tonnage) by 15.9%

• Decreased chilled water (CHW) 
pump speed by 22% and pump 
motor HP by 50%+

• Increased CHW system ΔT’s by 
1.5 ͦ F

• Reduced cooling coil discharge air 
temperatures by 7 ͦ - 10 ͦ F

• Reduced CHW system DP sensor 
set point by 35 psig

• Flattened rate of decay charts for 
corrosion coupons and reduced 
corrosion prevention chemicals by 
85%

• Removed 20,000 gallons of free, 

entrained, and dissolved air from a 

250,000 gallon CHW system (8% air)

• Decreased heating hot water (HW) plant 

natural gas usage by 8%

• Reduced start-up air purging time from 1-

2 days to 1 hour

• Eliminated water flow noise problems

• Eliminated “no heat” calls in HW systems

• Improved sustainability by reducing 

water and energy usage

For case studies or more information, contact your local Spirotherm, Inc. sales 
representative:  http://www.Spirotherm.com/sales-service/ or call (630) 307-2662.

http://www.spirotherm.com/sales-service/


40© Spirotherm, Inc. 2020 Modifications and typographic errors reserved

One Way to Analyze Cost Savings

Focus on:
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U.S. Climate Zone Map

Per ASHRAE 90.1 – 2010 Standards
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Substantial ROI / Payback
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Cost – Benefit Analysis

• Air and Associated Corrosion in a Hydronic System Fluid Impact the Entire 

Project Team

• System Owners / Managers

– Delayed Openings / Lost Revenue

– Customer Complaints

– Increased Operating Expenses (OPEX): Energy, Maintenance, 

Replacements

– Future Increased Capital Expenses (CAPEX) to Mitigate Issues

• System Operators

– Premature Equipment Failures

– “Too Hot / Too Cold” Calls

– Increased Labor Hours to Address Issues

– Customer Complaints
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Cost – Benefit Analysis

• General Contractors / Mechanical Contractors / TAB Contractors / Cx Agents

– Issues and Expenses “Chasing Air” During Start-Up, TAB, and Cx

– Substantial Completion Delays Due to the Above and to Repair Ceiling Tiles 

Damaged When Accessing Manual Air Vents

– Multiple Rounds of TAB and Cx Reports

– Warranty Issues and Premature Equipment Failures During Warranty Period

– Labor Hours Required for On-Site Meetings, Remedial Work, and 

Correspondence to Address Issues Related to Air and Related Corrosion

– Reduced Profit Margin Due to Additional Expenses

– Damaged Reputations and Relationships with Owners, Architects & Engineers
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Cost – Benefit Analysis

• Consulting Engineers and Architects

– “Time is Money” / Limited Fees Available for CA at the End of the Project

– Labor Hours Required for On-Site Meetings, Remedial Work, and 

Correspondence to Address Issues Related to Air and Related Corrosion

– Avoidable Issue if “Value Engineering” Substituted Tangential Air Separator

– Damaged Reputations and Relationships with Owners and Others

• Equipment Manufacturers and Manufacturer’s Local Representatives

– Labor Hours Required for On-Site Meetings, Remedial Work, and 

Correspondence to Address Issues Related to Air and Related Corrosion

– Damaged Reputations and Relationships with Owners and Everyone Else

– Possible Replacement of Equipment or Components, Even if Corrosion-

Related
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Cost – Benefit Analysis

• Who Benefits From An Air- and Dirt-Free System?

– System Owners / Managers

– System Operators

– General Contractors and Mechanical Contractors

– Test and Balance Contractors

– Commissioning Agents

– Consulting Engineers

– Architects

– Equipment Manufacturers

– Manufacturer’s Local Representatives
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An Important Financial Principle – Look Long Term

Cash Flow by Year Example #1 – Sidestream Filters with Tangential Air Separators

Cash Flow by Year Example #2 – Spirovent Combination Air Eliminator and Dirt Separators

Contact us for assistance with a financial analysis of your facility or upcoming project!
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Stephen Clinton: swc1@spirotherm.com 
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November 9-10 @ 2pm - 4pm Eastern

www.energymgmt.org/empseminars

December 3 @ 2pm - 3pm Eastern

www.energymgmt.org/training

Virtual EMP Seminar

Energy Benchmarking as a Service with 
ENERGY STAR’s Portfolio Manager

Thanks to our 
Associate Member:


