Engineered Vacuum Systems

Engineered vacuum systems represent a small but important segment of
the infrared market. More commonly found in larger applications, these
systems offer potential operating benefits that are not easily obtainable with
traditional infrared tube heaters.

While the benefits of choosing an engineered vacuum system are worth
noting, so are the complexities. Therefore, careful consideration to the
design, installation, operation and investment of an engineered vacuum
system should be made.

Operating Theory

An engineered vacuum system emits low intensity infrared heat just like
any other type of tubular heater. What makes these systems unique is
the method in which they operate as well as their expanded operational
boundaries.

An engineered vacuum system typically consists of the following
components:

Emitter Pipe

Burner

Vacuum Exhauster

Reflector
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While each manufacturer will have their own design parameters, the theory
behind vacuum system design is rather universal. The design goal of a
vacuum system is to connect emitter tube extending from one or more
burner assemblies to a vacuum pump. This is best achieved by applying

the fundamentals of infrared design (see Chapter 3) with the required
manufacturer’s application design criteria (see page 7-6).

The operational objective of a vacuum system is to simply move hot
gases from the burner(s) to the pump. This movement heats the emitter
pipes, which in turn heat the building via infrared energy. This operation
typically requires a higher capacity vacuum pump, capable of providing
expanded system utility, as further described on the following pages.
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Key System Components

Vacuum Pump Burner Control Assembly

Damper  Radiant Emitter/Tailpipe

Burner Control Assembly

The burner control assembly will house key combustion components
including the gas valve, safety switches, igniter and the burner. Typically,
burner inputs range from 40,000 to 200,000 BTU’s and have a minimum
and maximum emitter length.

Vacuum Pump

The vacuum pump or exhauster is the device that transfers hot gases
through the system by inducing a regulated suction onto the system.
Typical vacuum pumps range from 0.5 to 1.0 HP and are selected according

to total system BTU’s and emitter lengths.

Emitter Pipe

Emitter or radiant pipe is the tubing that connects the burner assemblies to
the pump. Typically 4 to 6 inches in diameter, this tubing is covered by a
reflector and may be made of hot rolled, aluminized or titanium-stabilized
steel. Condensing systems will utilize ceramic coated or stainless steel pipe
(aka “tailpipe”) designed to withstand the corrosive condensate that forms
during normal operation.

Sample Vacuum System Application
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Color Legend:
Blue: Burner Box; Red: Combustion Tube; Black: Radiant Exchangers Vacuum Pump
Green: Stainless Steel Tailpipe; Orange:Vacuum Pump; Purple: Heater Accessories
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Vacuum System Pros

* Operating Efficiencies. A vacuum system can be designed to achieve
improved thermal efficiencies (see page 6-2). This is due to the fact
that the system can be designed to condensate.

© Reduced Vent Penetrations. A vacuum system can tie multiple
burners onto a single vacuum pump. Accordingly, the number of vent
penetrations within the space may be reduced.

 Extended Tube Lengths. A vacuum system will best accommodate
a design that employs extended runs of radiant emitter. This may
be desirable in large applications or in applications where the vent
penetration is a long distance from the pump.

* Elevation Changes. A vacuum system will allow for a design that
requires an elevation change in the system itself. This may be necessary
in unique, pitched or obstacle ridden applications.

Vacuum System Cons

 Costly. Vacuum systems are typically 30 — 50% more costly than a
similar “push” tube design. A vacuum system requires a lot more
components as well as a considerable installation and maintenance
premium.

* System Dependency. A vacuum system is dependent upon a single
pump. Should this pump fail, the entire system will be out of
commission until a repair or replacement is completed.

* Noise. A vacuum pump typically generates noise that may be
problematic in select applications. Considerations for this noise must
be addressed in the design stages to avoid a future problem.

© Complexities. The design and installation complexities adherent
to a vacuum system are many. Only a person knowledgeable of
vacuum system designs should attempt to layout a system, conduct an
installation and perform a system start-up.

* Electrical Consumption. Higher horsepower, higher amp, vacuum
pump motors consume more electrical energy than a push tube
system. This should be considered when selecting a system and when
measuring overall operating efficiencies.
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Dry Systems

A dry system would be defined as a system that maintains operating
stack temperatures above the point of condensation. The following
characteristics are typical to a dry system:

¢ Shorter burner to pump lengths.

© System completely covered by reflectors.

© A more even radiant heat emittance from the system.
© Lower thermal efficiencies.

System A: Non-Condensing System
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Condensing Systems

A wet system would be defined as a system that maintains operating
stack temperatures below the point of condensation. The following
characteristics are typical to a wet system:

© Longer burner to pump lengths.

© Uncovered condensate or tailpipe.

© A sloped system with a condensate trap.

© A less even radiant heat emittance from the system.
© Higher thermal efficiencies.

System B: Condensing System
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In-Series vs. Tandem Burner Design

“In-series” burners describe a system footprint where the burners are
physically located inline with the emitter pipe. Tandem burners emulate an
in-series design, but are purposely located directly adjacent to the emitter
pipe for operating purposes.

In-Series Design Tandem Design

Features
In-Series Tandem

Burner Filters Pending Burner Design Typically Not Required

BTU's Typically Small to Mid Range  Typically Small to Large Range

Positive vs. Negative Pressure Operation

Infrared tube heaters employ both B
negative and positive pressure to move F
| A— . ;

—

their products of combustion. Both
methods will yield similar operating
results and operating efficiencies. When Negative System
choosing one method over the other

one should carefully consider the overall

design objectives and choose the system O
type best able to complete the intended C———
purpose. Positive System
Features

Negative Positive

Elevation Changes Optional Not Typical

Safety Certified to ANSI Z83.20 Certified to ANSI Z83.20

Venting Lengths Longest Length Shorter Lengths
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Design for Non-Condensing Systems

System tube lengths are determined by the gas input (BTU/h) of each
burner. The chart below illustrates sample system design parameters for
each burner model used in each system. When calculating tube lengths, do
not add in elbow and tee fittings as they have been accounted for.

Designing a non-condensing system can be fairly straightforward given
the following steps are properly applied. In addition to these steps, an
understanding of the design definitions is critical.

—
.

Begin by designing a tentative layout without regard to design
parameters. Use this approach to place each burner and the vacuum
pump where most desired.

™

Once a tentative layout has been established, confirm that each run in
the system meets the criteria for ‘Calculated Minimum Run’ ‘Calculated
Minimum Run’ is determined by adding the total ‘Single Flow’ plus one-
half of the ‘Common Flow’

¢« If the system does not meet the ‘Calculated Minimum Run,
length must be added to the run until all burners meet the design
parameters.

o If the run exceeds the ‘Calculated Maximum Run), it will be
necessary to either make the system a condensing system or shorten
the runs which exceed this criteria.

w

Confirm the following applies (non-condensing systems only):

a) A maximum of two elbows per run are allowed.

) A maximum of three intersections (tees or crosses) are allowed per
system.

<) All elbows and intersections less than 20 feet from a burner
require a reflector.

Sample Design Parameters

Minimum Distance
Burner to Elbow or Calculated Calculated Starting Calculated
MBH Input Intersection MinimumRun  Pointof Condensing ~ Maximum Run

75-80 10 ft. 35 50 95

F—— Vacuum Pump 110-125 10 ft. 45 60 110

120 ft.

J 75,0008t 170-180 15 ft. 55 70 130

Common Flow

Burner
Single Flow

30ft.

Single Flow l
il

30ft. |

For complete design information, refer to the HLV Series Design Manual (F/N: LIOHLV).
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