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This report contains information of a general nature. Refer to DAEN-FEU

Technical Note No. 78-16 providing guidance for use of devices designed
to reduce flue stack gas energy losses.
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I. GSUMMARY

Fuel fired furnaces and pboilers produce heated combustion
Jases taat are released to the atmosphere through vents or.flues.
Wwhen a furnace is off, natural draft in the vent causes air from
tae furnace room to escape up the stack. In situations where the
combustion air comes from heated areas of the buildinjy,
consideraole energy is lost that must be made up by the furnace.
It is estimated that up to 25 percent of the heating value of the

fuel is lost up the stack during main burner operation.

Several devices are available in the market place which
reduce these stack jas losses. Automatic Vent Dampers (AVD's)
close wnen tne ourner is off to prevent the escape of stack gases.
AvD's open when the burner is on so the furnace operates in its
normal mode. A Vent Restrictor (VR) nas the same basic purvose as
an AVD and consists of a blast gatas tinat is inserted into the flue
to effectively reduce its size and slow the exit of conditioned
air. A VR nas ener3jy saving potential when tae burner is on or
off. Supply of outside or unconditioned air for combustion also
prevents the escape of puilding conditioned air and results in

ener3jy savinjs potential.
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Furnace Jderating i3 a process of reuiaciag thne ouctput of a

furnace or ooiler 30 as to oetter wmatca the azat load of tne
ouildiajy in wnich it i3 functioninj. This iaproves the cyclic
efficiency of tae furnace ana results in eneryjy savinjys. Derating
i3 vest accomplisned oy using snaller diameter burner orifices and
15 apolicapbie to jas or oil furnaces. 3est energy savings are
ooptained when deratinj) is coupled with combustion air adjuscments

that 1i1nianize tae excess air.

Intermittent Ijnition Devices (IID's) are desijynad to replace
standing pilots in jas ourningy appliances. Several types of these
devices are availaole for retrofit and snow a jreat deal of
watuarity in tneir developaent pecause of their use in Original

Squipaent Manufacture (J£24) equipnenc.

Flue Heat Extractors (FHE's) and Extended Draft Hoods (EDH's)
are reiated types of equioment taat have oeen added to tais study
for the sake of completeness. FHE's and EbDd's act like heat

2xcunanjars on tae flue and extract heat from flue 3jas.

Taole 1 lists enerjy savings expressed as a percentage of the
total 3pace a2ating requirements as ootained from several studies.
Taolz 1 als30o lists averages costs for each device includinjy

¢3cinates of installation charjes.
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AVD's, VRrR's, IiD's, Deratingy, #de's, and 30d's reguire

conscientious installation oy a qualified nerson faniliar with
aeating and ventilating systems-<in order to functiocn pronerly.
Improper installation of AVD's for gas furnaces, VR's, FHZ's,
uDH's, or poor workmansnip in derating can result in increasaed
risk of a failure of these devices and potential health hazards
can result. AvD's for oil furnaces of certain nanufacturér are
considered safe under proper installation. IID's oresent less
cnance of a hazardous failure than other Jdevices. VR's are simple
additions toc a furnace thnat once are operatinj properly should
continue to do so0 unless they are tampered with. 3Supply of
outside air should not require a building permit under most codes

as it does not consist of a major change in an existingy appliance.

gnougn data is available and in the process of peing
developed that additional testing by tne Corps of Engineers is not
recoamnended. To do 350 would result in a duplication of effort.
It i3 suggested tnat a future Task under tnis contract oe
structured as a supplemental contract to uodate the Army on the
projress of continuinjy evaluation programs and che status of code
and standards requirements. Information that iz in the process of
veingy gJathered oy other organizations would orovide the basis for
a more pointed project. It is sugjgested as part of a follow-up

contract tnat this information be used to provide a detailed

outline to Army facilities of how each of the major paraneters




affecting the economics of taese devices can be incornorated in

energy conservation retrofit planninj.




II. INTRIDUZTION

On Feoruary v, 1ly7¢, Johns-Manville Sales Corporation was
engajed under lask Jrder NO. 1 of Contract Number DAAX
1d=71o-0-0JJ2 Dy the united 3tates Army Faciiities &njineering
support Ajency (FE3A) of tne Corps of Engineers to study the GState
ol tne Art of devices for saving enerjy that would be lost in flue

jases dJdischarjyed up the stack.

Tae current 3State Of tae Art of devices for saving eaarjy
tnat wouia oe lost in flue stack Jjases has been evaluated by means
of Jdarxet and Literature 3urveys. Taese surveys aave incladed
conversations with aemoers of orjanizations known to b2 ianvolved

in yevice evaluaacion projraas.

snecific devices whica nave oeen studied are: autoamatic vent
aamno2rs, flue or vent flow restrictor3, intermittent ignition
21lots, two-staja fuel 1lnout vaives, swmaller diametsr ourner
orifices, and supoly of outside air for furnace coabustion.
Devices nave odeen cvalaatad tnat could apoly to oparation of bothn
jas and 01l furnaces ranjyiny in size from the saallest domestic

units to 1,000,999 3TI1/hour condercial units, The aajor empirasis




Of tais 3tate of tne Art study has oeen directed at devices waiich

would oe apviied as retrofit items.

Information rejardinj enerjy savings, reliability, safety,
status of specific codes and svecifications, and steps required to
ootain proper installation is presented as ootained from several
sources. Costs of each device and cost to effect its proper
instaliation are jiven. A list of references is provided to aid

tnose seekiny details of test or otner evaluation projrams.

In order to provide an easy reference for those seekinj
specific information aoout specific devices, information has bean
Jdresented in cnapter aeadings for eacn device. Within each
chapter, tae General Operation, Results of the Market Survey,
Potential for Ener3jy 5Savinjys, Safety Provisions, Code Restrictions
ana Approvals, and Cost of the particular device i3 oresented. A
suanary cnapter 9resents a coararison of advantajes and
disadvantages of each device as well as considerinj the notential
of uring two or more devices in compination to obtain the greatest

cost effectiveness.

Tais 15 a 3tate of tae Art evaluation and has, taerefore,
relied neavily upon anany sources for information. Appreciation is
expressed to the Anerican 3as Association, tne Colorado Pubdlic
5ervice Coapany, tae wicnijan Consolidated 3as Comdany, the

Consumer ?2roduct 3atfety Cloanission, tae National 3ureau of




Standards, Oak Ridge WJational Laboratories, Honeywell Corooration,
Underwriters' Laboratories, the American National Standards
Institute, the National Fire Protection Association, and the
Departmnent of Enerjy, Conservation and Solar Ener3jy Applications
Consumer Products Programs for taeir willinjness to saare their
wealth of knowledge and experience upon whica this review is
pased. In addition, many companies have worked as consultﬁnts to
tne apbove organizations, these include: Battelle #emorial
Institute, Detroit Testing Laporatories, Calspan Corporation,
Artnur D. Little Consultants, Walden Laboratories, and Kearney

vdanagement Consultants. To all, thanks is expressed for their

conscientious efforts.
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III. AUTOMATIC VENT DAMPERS

A. GENERAL OPERATION

Thne typical COE building is heated by an o0il or gas fired
central furnace or boiler. During periods when the indoor
temperature drops below the thermostat settihg, the heater cycles
on and off several times each hour as is required to replace heat
lost from the pbuilding. Domestic jas furnaces of American Gas
Association (AGA) certified design have measured laboratory and
field efficiencies of 75 percent at full load steady state
operationl. During furnace operation, stack energy losses amount
to 25 percent of the heating value of the fuel. While the furnace
is not operating between heatingy cycles, natural flue draft will
cause air supplied to the furnace to go up the stack. A tynical
home furnace in Colorado will allow 30 cubic feet/minute of air to
escape up a 5-inch vent with an 1l8-foot chimney when the outside
temperature is 30°F and the indoor thermostat is set at 70°F.

This means that air in a home with 1000 square feet of floor space
and 8-foot ceilings would have to be replaced every 4 1/2 hours to
replace non-operating stack 3jas lossesz. Furnaces which draw
compustion and stack dilution air from a heated space require up

to 10 percent more fuel to heat the makeup air.




The purpose of an automatic vent damper (AVD) is to reduce
the losses of tnis heated air when the furnace is not in
operation. No savings are gained while the burner is operating
except to the extent tnat an AVD reduces natural draft when it is
in the open confijuration. AVD dampers are classified as to their
location and by the type of power used to operate them. A flue
damper is one which is installed upstream from the point where
dilution air enters the stack. A vent damper is installed
downstream of tne place where dilution air enters on gas furnaces
and downstream of the barometric damper on an oil furnace3, Most
AVD's on the market today are designed for use as their name

implies, in the vent downstream of the draft hood.

Thermal dampers utilize thermal energy to activate their

closure mechanism. When tne furnace burner is not in operation,
oimetallic louvers in a thermal damper close. The design of the
louvers when closed offers 11 percent open space allowing some
draft for tne pilot light. When the burner is on, the bimetallic
louvers vend oack toward tne walls of the vent providing more
draft as the hot combustion products rise in the stack and cause
tae damper to open. Although thermal dampers are not currently
available in the United States, they have been in use in Europe
since as early as 1932. There are approximately 1.5 million
thermally actuated dampers in ooeration in Europe, most of these
having oeen installed since 19674. Although some 11 accidents in

waich 13 deaths occurred are reported in West Germany with earlier

lu




models of dampers, none nave been reported since tine current modal
went into production in 1967. Taermal dampers should only oe
considered in application to 3jas burning appliances as oil burners
result in temperatures which are excessive. American Metal
froducts of Los Anjeles, California has obtained a license from
Werner Diermayer to produce and market these thermally actuated
dampers in the United States®. The major advantages of thermal
dampers are their relative low cost, simplicity of installation,
and aoility to operate without need for electrical circuitry.
These advantajes are of Jjreatest interest for water heater
appliances wnere electrical power is not an inherent part of the

systen.

Electrical dampers are the type currently being used in the

United States. Electrical dampers are available that can be used

as retrofit items for gas and oil burners.

vVarious types of actuation mechanisms are available. In some
designs, an electric motor is utilized to rotate a metal plate in
the flue. 1In other designs, a lever rotates the shaft which is
actuated by a solenoid. All designs of electrical dampers
incorporate limit switches which prevent the damper from closing
when the burner is still on. In addition, some designs have a
fail safe mechanism that opens the damper in the event of a power

failure.

11
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Several advantajes are attripbutable to this type. Among them
are: it allows a positive control sequence for on/off burner
control and closure of the damper following the burning cycle can
be rapid, tnereby maximizing the effort to control energy losses.
Electric dampers do require an external power source and since
they are electro-mecnanical in nature, are subject to failure of

components.

Mechanical dampers use a form of mechanical energy to actuate

closure of the device. Most such devices are of the gas pressure
type. This type is operated by the jas pressure which passes the
thermostat controlled main valve activating a lever mechanism that
opens the damper. A diaphragm actuated valve is used in a return
line to the burner to control the gas to the burner. The
operation of such a mechanical system is illustrated in Figure 1.
Mecnanical dampers have the advantage of not requiring electrical
controls. It does require a more complex installation and can,

therefore, cost more than other types of dampers.

12 (
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FIGURE 1. SCHEMATIC DIAGRAM OF
PRESSURE-ACTUATED VENT DAMPER
(Perfection Corporation)
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B. MANUFACIUREKS JFf AVD'S

Tanle 2 is a list of manufacturers of automatic vent dampers

including the foilowing information on each.

1. Janufacturers Name and Address

2. Brand Name of Damper

3. Sizes of Dampers Available

4. Applicability to Gas or 0il Fired Systems
5. Description of Operation Principles

0. Materials of Construction Description

7. AN3I 7221.56 Code Approval

Most of the manufacturers listed produce AVD's for retrofit
of furnaces witn the exception of Bryant, Day, Night and Payne
wnich is a division of Carrier Corporation. The AVD offered by
oboth Bryant, Day, Night and Payne and Carrier is manufactured by

Flair idanufacturing Company.

An association of AVD manufacturers has been established in
the United States. Joseph H. Windish of Trionic Industries is the

Acting President. de aay be contacted at the followinj address:

Autoanatic Damper Manufacturers Association (ADMA)
Josepn H. Windish, President

Trionic Industries, Inc.

072y Allentown 3oulevard

Harrisburgy, Pennsylvania 17112

717-652=-0761

14
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C. ENERGY 3AVINGS

Tne potential for energy savinjys and the actual energy
savings tnat are attributaple to automatic vent dampers has been a
controversial issue. Ener3y savings rangingy to 50 percent are
clained oy some manufacturers of AVD's. The principle source of
oackup information for manufacturer's claims is testimony given by
Charles R. dMontjomery, President of Michigan Consolidated Gas
Company, pefore the United 3tates Senate SubCommittee on
Anti-Trust and Monopoly on August 26, 19720, dis report was based
on tests of dampers placed in homes of employees of MCGC during
tne 1975-1976 winter. 1In addition, testimonials are offered by
individual purchasers that show a range of energy savings from
2 percent to 42 percent. It is evident that the actual energy
savings resultinj from these devices depends upon many influencing

factors. Among these are:

1. Damper Characteristics - design detail (closure rate,
closure delay period, tightness of closure, etc.) and

damper type (electrical, thermal, mecnanical).

2. Building Conditions - building tightness to air
exfiltration, cnianey size, height and type, common
venting of not water heater, presence and extent of

horizontal flue ducting, etc.

19
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3. Weataner ~ indoor to outdoor teaperature differential,

wind and other local weather patterns.

4. Furnace - degree of oversizinj, cyclic characteristics,

etc.

Several efforts nave been nade to incorporate major variables
into computer simulation nodels of gas and oil furnaces. The

National Bureau of Standerds projram, DEPAF (Design and

Performance of Furnaces) prepared by Chi, Kelley, and Didion,
simulates fossil-fuel-fired furnaces for residential heating
slstems7. Bonne of Honeywell and DeWerth of the AGA nave
evaluatad several energy saving alternatives by dynamic computer

simulation and laboratory testin38., Arthur D. Little, Inc. has

developed a somewhat simplified model of a neatinjy system; results
are similar to those developed by others?. a comparison of tae
results of these several programs was presented by ADL to the
Department of Ener3jy and is given here in Taple 3. The three far
rigntnand columns of Table 3 give fuel savinjs expressed as
millions of BTU/year, percent of the total space neating

requirements, and the number of BTU's in thousands that are saved

i for each neating degree day each year. Fuel savings ranje from
, 6.4 percent to 13.6 percent of the total space heating load. 0il
furnaces typically snow lower energy savinjys partially because a

f delay is required in damper closure oecause of the inability to

2V
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abtain instantaneous fuel shutoff as is possible with g3as

furnaces.
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iMdichijan Consolidated Gas has continued tneir field
evaluation program throujh the 1976-1977 and 1977-1978 heating
seasons. Today, some 5V utilities are participating in a
comprehensive program oein3y directed by the American Gas
Association called Space Heating Efficiency Improvement Progjram
(SHEIP). The first report of thnis program was made available in
March 197319, Energy savings are reported for the first winter
season of this projram (this program is scheduled to continue
tarougn the 1373-1979 winter) as ranging from -1.5 percent to
24.9 percent for the 122 automatic vent dampers reported. This
wide range is not unexpected since it includes many geographical
locations, furnace types, and chimney types. The largest savings
are reported in the Detroit area where large 1l2-inch by 8-inch
tile lined masonry chimneys are by far the majority. This
contrasts with tne average savings of 5.5 percent reported by the
Colorado Public Service Company on their Denver located test
homes. The homes used in Denver have a 5-inch galvanized metal
stack that is 13 feet nhigh. Local weather conditions also
contribute to tne differences reported in Denver and Detroit. Not
only are the numoer of degree days greater in the Detroit
vacinity, out the factor has an important effect on stack gas

enerjy losses.

Ahan tne SHEIP study is completed, over 5000 homes across the

country will nave been involved. The joal of this program will be




to quantify specific ener3jy saving results based on the most

pertinent variables.

Altnough not enough information is yet available to be able
to determine tae energy saving for a g3iven individual home or
ouilding, projrams aimed at optaining that information are in
progress. The ranges of energy savings presented nere can'be
looked at from tne standpoint of guidelines for general areas of

tne country.

D. CODES AND STANDARDS

On November 11, 1977, the American National Standards
Institute approved 5Standard 221.656, "Automatic Vent Damper Devices
for Use with Gas Fired Appliances". This standard is specifically
oriented toward electrically actuated AVD's. In addition, draft
copies of Standards for Thermally and Mechanically Actuated
Dampers are out to ANSI committee members for review and comment.
These draft standards will be discussed at up-coming ANSI meetinjs
in April this year. It is currently expected that standards for
Tnermally and Mechanically Actuated Dampers will be approved
sometime toward the end of 1378 or early in 1379. At this time,
revisions are being considered to the National Fuel Gas Code ANSI
22231.1 (NFPA No. 54) to allow installation of listed automatic
vent dampers to existing appliances for the purpose of fuel

conservation. 1Included in tne Appendix of this revised code will




oe a rRecommended Procedure for Safety Inspection of An Existing
Appliance Installation and a Recommended Procedure for Installing
Electrically Operated Automatic Vent Damper Devices on Existing
Appliances. Chanjes are also being proposed to the ANSI 221.47
Central Furnace Standard and ANSI 221.13 Boiler Standard to
incorporate electric AvVvD's. Modifications to ANSI standards for
Water Heaters, 221.10, and Vented Room Heaters, Z21.11, aré in the
early stages of development, but include provisions for all three
types of AVD's. Underwriters' Laboratories has been testing
electrically actuated AVD's for oil fired heating equipment under
their own standards (UL 373 Standard for Draft Equipment and UL
373 Standard for Temperature Indicating and Regulating Equipment).
Both UL and AGA laboratories are currently testing devices to the

ANSI Standard for Gas Appliances, ANSI 221.66.

Standards of construction, performance, and installation
procedures relating to electric AVD's applied to gas fired
appliances equipped with a draft hood are the basic scope of ANSI
221.66. This newly approved standard nas the following

significant provisions:
1. Size of vent is limited to 12 inches in diameter.

2. The damper must assume the open configuration in event of

a power failure or device de-energization. 1A special

’
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interlock may oe provided that would prevent nanual

operation of the appliance when the damper is closed.

I'ne minimum free ventinj area of vent gas pvassageway with
the damper closed cannot be less than 10 percent of the
total outlet venting area unless a redundant 3as valve

is specified.
A damper position indicator must be provided.

An interlock to prevent main burner firing unless the

damper is in the fully open position must pe provided.

A means that will orevent closing of the damper when the
temperature in the vent indicates that the burner may be
firiny must be provided. This does not apply if a
redundant jas valve is installed in the line to the

main burner.

Devices must be installed by a "qualified" instalier. A
"qualified" installer is one who is engaged in and is
reponsiole for tne installation of 3as appliances and
AVD devices, wno is experienced in éuch work, familiar
with precautions required, and has complied with all

requirements of the authority havinj jurisdiction.




3. Instructions must be supplied by the manufacturer

stating:

a. Devices must be installed by a qualified installing

f agency.

b. It is necessary to comply with local codes, or in
their absence, the National Fuel Gas Code and the

National Electrical Code.

c. Step by step inspection and installation procedures
in Exhibits A and B of AN3I 721.66 must be followed.
d. Tne device must be used only with gas fired

appliances with draft hoods.
e. The device must be installed downstream of the
appliance draft nood and as close to the draft

hood as practicable.

f. TIne device must be located to serve only a single

appliance.

To date, AGA Lapboratories list five manufacturers with
| devices wnich nave been tested and comply with ANSI 221.66. Those

approved with the model numbers of the approved devices are listed

27




Perigon Resources, Inc.
Models: AVD-4E, AVD-5E, AVD-6E, and ADV-38E

Flair Manufacturing
Models: SPG-4, SPG->, 5PG-6, and SPG-7

Energy Vent'
Models: EvV-4, EV-5, EV-6, EV-GC, and EV-(5,D)

Penn Division Johnson Controls

Models: Q16AA, QloAB, Q16AC, Ql6AD, 4-incnh, 5-inch, 6-inch,
and 7-inch j

AdVant Industries, Inc.

Models: SMG-4, SMG-5, SMG-6, SMG-7, SMG-8, SMG-9, SMG-12,

SMGX-4, SMGX-5, SMGX-6, SMGX-7, SMGX-3, SMGX-9, and
SMGX-12

E. SAFETY

The Arthur D. Little report to the Department of Energy on
Assessment of AVD's for Residential Heating Systems includes a
chapter on safety. 1Included in the analysis is a fault free
analysis and rfisk exposure analysis for thermally and electrically
actuated devices. However, with the exception of thermal dampers
safety experience in Europe, little actual data was available at
the time of the ADL report?, The Consumer Product Safety
Commission contracted with Calspan Corporation of
suffalo, New York to conduct tests solely related to the safety
performance of several energy saving devices including apv'sll,
The report of this work is in the draft stage, but is due to be
publisned shortly. The work by Calspan represents a tnorough
reliaoility study in which 16 models of electrically actuated

dampers, evenly divided between o0il and 3jas appliations; 1 model

28




of a thermal damper; and 4 models of mechanical dampers were

evaluated.

In Jeneral, since AVD's represent the addition of mechanisms
in the control circuit, their introduction on a wide scale is
certain to increase the number of accidents associated with
heating appliances. "Given the best designs for Original
Equipment Manufacture (O£EM), this increase may be vanishingly
small." There is a greater hazard potential in using dampers with
gas fired equipment than oil fired equipment. Retrofit
applications represent greatly increased possibilities for
proolems than OEM applicationsll. Calspan has conducted
systematic inspection and safety analyses including formalized
failure mechanisms, effect and correction/control analysis
(FMECA) , and fault free analysis procedures. Calspan's draft
summnary of the safety aspects of these devices considers four of
the models tested for oil units as being acceptable. Calspan
recommends some modifications to electrically actuated units for
gyas applications before considering them as being 3enerally
acceptable. The thermal damper was found suitable under
controlled programs of marketing, installation, and testing. All
mechanically actuated dampers were considered as being

unsatisfactory from a safety standpoint.

The March 1973 issue of Consumer Reports carries their report

of avp'sl2, Although the few tests they have conducted show

29




ener jy savings enoujn to conclude that you can definitely save

money, Consumer Report3 cannot recommend their wholesale adoption

because of concerns over safety aspects. The area of greatest
concern regarding safety is how can you guarantee proper
installation? Codes require installation be made by certified or
qualified people. If a heatiny contractor cannot purchase an AVD
unless ne is able to show a certificate of his successful
participation in a suitaole installation course and he must
certify each job, tnis coupled with a state or local buildinj code
official making an inspection of the finished installation would
Jreatly enhance the expected safety record of AVD's. However, no
one yet can offer a way to keep the ambitious do-it-yourselfer
froim obtaining and installing an AVD on his own. Arthur D. Little
and otners have suggested that only utilities be allowed to
purchase and install such devices. Utility people could be
properly trained and they already have extensive training in
furnace operation and ar2 familiar with furnaces in their locality
as well as the building code requirements. Most major
manufacturers offer training and certification programs for
installers. Tne AGA under 3HEIP is in the process of preparing an
2xtensive course. These are all steps in the right direction, out
it seems that tnere will always be someone tryinj to save the
$12.00 to $20.vu/nour charjed by someone wiﬁh a valid license to

install.
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F. INSTALLATION

Installation of AVD's requires two basic steps.

requires a safety inspection of existing appliances.

First, it

Second, it

requires installation of tne device itself including

post-installation testing of its operation.

provides a step by
objectives.
controlled dampers
mechanical dampers

in draft form from

Tne economics
reasonable payback
energy savings, 2)

and 3) the cost of

ANSI Standard Z21.66

step procedure to accomplish both of these

Of course, 221.66 applies only to electrically

on jas furnaces. 1Instructions for thermal and
are available from manufacturers, but are only

ANSI.

of AVD's, that is their apbility to bring a
period, is primarily dependent upon: 1) actual
cost of individual unit and its installation,

energy saved. Arthur D. Little? and Kearney

Managemnent Consultantsl3 nave studied these variables and come up

with the points shown in Table 3.

Table 4 renresents costs obtained from several sources and

represents the purchase cost of a 5-inch damper with an average

installation time of 3 to 4 hours at a cost of $18.00/hour.

cost should include the cost of a building permit.

Total

In Detroit,

this cost is $326.00.
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TABLE 4

COMPARISON OF INSTALLED COSTS FOR

VARIOUS TYPES OF DAMPERS

AVD KEARNEY JOHNS~-MANVILLE
DEVICE (November 1977) (1977) (March 1978)
Electric (Gas) $132.00 $145-$155 $172.00
Electric (0Oil) $155.00 $165-$175 $185.00
Thermal (gas) $ 65.00 $ 65-$ 75 $ 60.00
Pressure - $155-$165 $190.00
32




IV. VENT RESTRICTORS

A. GENERAL OPERATION

A vent restrictor or a blast gate is a device designed to be
placed in a vent to reduce the size of the vent.: Reducing the
effective diameter of the flue restricts the flow of air that can
pass up tne stack. Furnaces which are supplied by heated air for
combustion will benefit in ener3jy savings by reducing the amount

of this heated air that can escape up the flue.

A vent restrictor can be applied to any comoustion avbpliance
that requires a vent. The purpose of the restrictor is to correct
inefficiencies that have resulted from oversized flue pipes.
Oversized vents have come about for similar reasons as oversized
furnaces. A vent restrictor is a natural retrofit item, but its

need is overcome in the OEM market by proper sizing of the flue.

A vent restrictor (VR) has the advantage of reducing energy
losses even when the furnace burner is on. This contrasts with
tne AVD which saves energy only during the off cycle. The

disadvantage is that VR's cannot be closed when the furnace is

off.

. g
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A VR Dy 1its very nature is a simple device. There are no
moving parts and it may consist of a sheet megal plate in a
oracket that 1s easily inserted into the vent and then adjusted to
ootain tne desired restriction. Once the proper adjustment has

been found, it can pe rivited or welded into place.

3. MANUFACTURERS3

VR's are normally made locally by a heating and ventilation
contractor or a sheet metal fabricating firm. The Michigan
Consolidated Gas Company began an evaluation of VR's during the
1375-1376 heatiny season and tne results were so encouraging they
nave oegun development of a design of their own. This MCGC VR
will be a lijghtweignt stainless steel blast jate. It will be
fastened in place oy a pop rivit to prevent modification of its
position by a homeowner. This design is currently undergoing

tests at the Detroit Testing Laporatories.

C. ENERGY SAVINGS

For most purposes, the same variadbles that influence the
enerjy savings of an AVD will also effect a VR. A perfectly sized
furnace would put out just enough heat by operating continuously
tc just keep up with the heat losses of the building while
maintaining the desired indoor temperature. This, of course,

wouid nave to be truc regardless of the outside temperature. This
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implies’'a variable capacity furnace which is not available, 1A

furnace that is Jreatly oversized may btenefit more from an AVD

than a VR. Tnis is true since the burner off time would be high
in comparison to the oburner on time. On the other anand, a more
properly sized furnace will tend to benefit more from a VR than an 4

AVD since on time would oe large in comparison to off time.

gnergy savinj results ootained from the MCGC program for the
1975-1976 and 1976-1977 seasonsl4/15 are presented in Table 5.
Results of an incomplete SHEIP coordinated by the AGA are also

presentedlV,




TABLE 5

ENERGY SAVING RESULTS OF SEVERAL
EVALUATION PROGRAMS ON VR's

PERCENT OF SPACE
STUDY HEATING SAVINGS
MCGC (1975-1976) 20.94%
MCGC (1976-1977) 18;3 %
MCGC (1977-1978) Data Not Complete
SﬁEIP (1977-1978) 5.1 - 20.7%
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The ranges of results presented are similar to those found
for AVD's under the same evaluation programs. The energy savings
reported by MCGC in the Detroit area are higher than can be
expected in most areas. Generally when AVD's and VR's are
compared on similar homes in the same geographical area, AVD's

will provide 15 percent greater energy savings.

D. CODES AND STANDARDS3

Fixed diameter flue restrictions are already certified in
some areas and are being installed. ANSI is developing a standard
for blast gates with special éttention to installation procedures.
ilowever, one State Inspector said he would never allow anything to
pe placed in the flue. Another expert has drawn an analogy
oetween the current conditions and when conversions were being
made from coal to natural gasl3, Then, it was often standard
practice to use a olast gate. Today, of course, there are higher
standards of safety and liability.is a different matter.
Therefore, it makes sense to have a qualified person follow a

standard procedure to do this retrofit.
E. SAFETY

Several questions that are generally raised regarding safety

of VR's are:

37




l. It 1s possiole to produce a leak in the flue exhaust as a
result of improper installation in sealing the new

device.

2. Gases may accumulate in the flue due to excessive flue

restriction.

Proper installation is something that should be done with the
help of a qualified heating and ventilation contractor. All
atilities participating in the SHEIP have the capaonility of making

the proper installation of a flow restrictor.

Due to its simplicity, the dangers of installation of a VR
are less tnan those associated with an AVD. MCGC found some
evidence of corrosion on early blast gates since they were heavy
and took sometime to heat up. For this reason, they have gone to

a lighter weigint gate made of stainiess steel.

F. INSTALLATION

A Manual of Procedure for Area Reduction of Vent Connectors
of Central Heatinj Appliances has been prepared by the Acald, e
procedure includes a safety inspection of the existing appliance.
Tae sizing should oe conducted during the summner season to account
for the poorest draft condition, i.e., when the indoor-outdoor

temperature differential is lowest. Under these conditions, the
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restrictor is adjusted until spillage bejins to occur at the draft
hood. At this point, the restrictor is backed off slightly and
the furnace is allowed to cool. After 30 minutes, the draft hood
is again checked for spillage. If it still persists, the
restrictor is adjusted until no spillage occurs. Following final
adjustment, the restrictor is bolted, locked, rivited, or welded

in place.

VR's are simple and the one being designed by MCGC is
expected to cost $16.0U. Installation by a trained technician
would take 1 1/2 to 2 hours and cost $18.00 to $36.00. 1In
addition, the cost of a building permit in Detroit is $26.00,
bringing the total cost to $60.00 to $78.00. It is entirely
possible to greatly reduce this cost if many units are installed
on a single contract. 1In this case, the total cost could be

$25.00 to $40.00.
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V. INTERMITTENT IGNITION DEVICES

A. GENERAL OPERATION

Intermittent Igynition Devices (IID's) conserve enerjy by
eliminating the standing or continuous pilot light. The
technology of IID's is well developed in comparison to AVD's and

part of the reason is State Laws in California and New York

require the elimination of standing pilots in OEM equipment. This

experience on OEM furnaces coupled with 30 years or background
with dryers, rooftop heaters, ranges, and commercial burners

provides a good foundation for IID's.

Standard jas pilots surveyed in the SHEIP showed that they
ourned an average of 1.1 cubic feet of gas/hour. Some older
conversion units required more than three times this amount. An
IID can only save energy when the furnace is not operated and
hence shows greater promise in areas where heating requirements

are low.

There are four basic types of IID's available:

49
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l. Direct Spark Ignition - an electrically generated spark

is used to ignite the fuel/air mixture.

2. Recycling Pilot - the inactive pilot is restored by an
electric spark. The pilot then ignites the fuel/air

mixture.

3. Hot Surface - a metal surface is resistant heated to a

high enough temperature to ignite the fuel/air mixture.

4. Piezo Spark - a mechanically generated spark ignites the

fuel/air mixture.
0il fired appliances already incorporate the direct spark
IID; therefore, all comments of this section apoly strictly to 3jas

fuel appliances.

B. MANUFACTURERS

Taole 6 is a summary of manufacturers who make IID's for
retrofit. A list including OEM manutacturers is much larger and
it is reasonable to expect the retrofit list will continue to 3Jrow
as demand increases. Information included is manufacturer, type
of ignition, description of unit including type of sensor, startup

time, and 100 percent shutdown capability.
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C. ENERGY SAVING3

The California Energy Resources Conservation and Development
Commission authorized Arthur D. Little to study IID's for that
State and tne results were presented in April 197716, This report
describes IID's as not being an "ener3y bargain" even in the
California climate, but it does conclude that energy savings can
offset the original cost in that state if the following criteria

are met.

1. Tne initial cost is in the neighborhood of $110.00
installed.
2. The furnace has more than a 7 year lifetime remaining.

3. The pilot rate is 800 BTU/hour or gJreater.

Results of Energy Saving studies are reproduced in Table 7.




oo

TABLE 7

ENERGY CONSERVATION BY IID TESTED
BY SEVERAL GROUPS

PERCENT OF SPACE HEATING
STUDY HOOD CONSERVED
MCGC (1975-1976) 3.58%
MCGC (1976-1977) 2.2 %
SHEIP (1977-1978) -13.1% - 5.0%
ADL 3.0 %
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In jJeographical areas where tne heatinj season is well
defined, a viable alternative to an IID is turning off the pilot
light during summer months. This step in itself will return the

majority of energy savings anticipated from a retrofit IID.
D. SAFETY

Tne Calspan report to the Consumer Product Safety Commission
concludes "as a class, the ignition systems evaluated reflected a
maturity of development generally lacking in the automatic vent
dampers. With the defined accepted limitations of service, all
were considered to meet accepted standards of safety“ll. This
corresponds with the experience found in the ADL study in

California in which no unsafe failures were reported from 7000

retrofit kit installationsl6.
Instailation of retrofit IID's appears to be technically
feasiole and safe when kit installations and inspections meet

certain standards.

E. CODES AND STANDARDS

AVD's are certified by AGA lapboratories to ANSI Standard

221.20, Automatic Gas Ignition Systems and Components.

45




F. INSTALLATION

In order to obtain proper selection of the IID, the furnace
make and model should be known, the pilot arranjyement and gas
valve inspected. Specific procedures are available from

manufacturers and other sourceslﬁ.
G. COSTS

Installation of IID's with OEM equipment, increase furnace
cost oy $85.00 - $110.00. As may be expected, costs to obtain an
effective retrofit will exceed this. Installations are reported by
several utilities as taking a trained person from 1 1/2 to 2

hours. IID's can be purchased for 370.00 to $30.00, bringing the

total cost to near $120.u00

46




vI. FURNACE DERATING

A. GENERAL OPERATION

Derating of furnaces or boilers is performed to reduce the
capacity of a unit that is larger than what is required. Furnace
oversize has resulted from many causes over the years.

Contractors have chosen to purposely install the "next larger
size" to avoid callback proolems. Addition of insulation, storm
windows, and reducing air infiltration have effectively reduced
the heat load. Derating can involve several changes to a furnace,
but the major objective is to improve its effectiveness by

prinjing its capacity more nearly in line with the heating load.

Qil Furnaces have undergone extensive study over the past few

years; all efforts being directed at improving their
efficiencyl7'16'19'20. In a survey of oil furnace systems
including hot water, warm air, and steam, Walden Laboratories
found averaje oversizing was 163 petcentzo. Flue jas sensible
neat losses can be reduced by either reducing the amount of excess
air or lowering the flue jas temperature. when the burner is
under standby, warm air flows through the system due to natural

draft, cooling the heat exchanger and producing heat loss. Also,
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natural draft losses occur at the bparometric damper. These
standby period losses can be reduced by minimizing off-cycle
durations, thereby increasing burner on-time. The most effective
way to accomplish this derating is by replacing the existing
burner orifice with one of smaller diameter. This process also
nas the effect of reducing on-cycle losses because temperatures

are lowered and heat loss past the heat exchanger is less.

Gas Furnaces benefit in a similar manner as oil burners and

surveys by AGA, MCGC, and Colorado Public Service Company (CPSC)

show ranges of oversizing from 157 to 240 percent.

For gjas furnaces, the major ways of derating are 1) smaller
diameter burner orifices, and 2) two-step input valves. These
methods are designed to reduce the gas flow rate and 3as pressure

respectively. Studies have shown pressure control to be difficult

and not economically desiranlel4, por this reason, AGA SHEIP

activities are directed toward a smaller diameter orifice derate.

8. MANUFACTURERS

Manufacturers of derating equipment are numerous, some of

which are listed below.

Anderson 3rass Company
100 South Cambell Avenue
Detroit, Michigan 438209
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ilarper-Nyman Corporation
930 North York Road
Hinsdale, Illinois 60521

W. J. Scnoenberger
P. 0. Box 743
waynesboro, Tennessee 384385

Conoraco Industries, Inc.
P. O. B80ox 247 ”
Matthews, Nortn Carolina 238105

Lincoln Brass Works
2051 12th 3Street
Detroit, Michigan 43216

In addition, different sizes of orifices can be purchased
from most major furnace manufacturers or are available at heating

and air conditioning supply houses.

C. ENERGY SAVIJGS #

0il Furnaces in the New England area were retrofitted with

smaller diameter orifices by Walden Laboratories under contract
with the Natjonal Bureau of Standards (N3S). The averaje fuel
savings on 25 units that were derated was 4.6 percentzo. This
excludes two steam systems which actually showed increased usage

pecause the nozzles were too small. On units whose

CO, concentration in the stack was either unchanged or increased

by the nozzle size reduction, the average energy savings was

jreater at 7.8 percent. Following these encouraging results, NBS
contracted witih Ulrich Bonne of Honeywell to use this data

combined with their computer model of combustion to come up with
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ener3jy savings for tne New Enjgland area. Tne results of this
computer work was published in 197619,  For uew En3yland with a
distriobution of 35.6 percent air, 44.0 percent water, and

20.4 percent steam, fuel savings were 5.2 percent for an average
nozzle reduction of 29.4 percent. An important finding was that
up to 38 percent fuel savings could be obtained if excess air was
maintained constant. If the same nozzle size reduction could be
obtained while reducinj the excess air from 35.7 percent to 40
percent a 15.7 percent fuel savings would result. NBS has a
continuing program to study the efficiency of o0il burninj furnaces

and hopes of achieving better fuel savings are in the offing.

Gas Furnace field tests in Michigan and reports by SHEIP
reveal energy savings for systems using smaller diameter orifices

as listed in Table 3.

5V




TABLE 8

ENERGY SAVINGS FOR GAS FURNACE
DERATING BY USE OF SMALLER
DIAMETER BURNER ORIFICES

STUDY

PERCENT OF SPACE

MCGC (1976-1977)

MCGC (1975-1976)

SHEIP (1977-1978)
(Fuel Only)

SHEIP (1977-1978)

(Fuel & Combustion Air)

13.8

9.99

1.1 - 4.3

7.0 - 14.8

HEATING SAVED
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The preliminary results of SHEIP show similar trends to those
found by Bonne on oil furnaces. That is, it is important to
control excess or combustion air. This was accomplished in the

MCGC tests oy providing a baffle at the furnace air intakel3,

D. CODES AND STANDARDS

Derating is a significant job reserved to trained people and
since it is a major change to an existing household appliance,
most ouilding codes would require obtaining a permit and followup
with an inspection. AGA has developed a Manual of Procedure for

field Derating of Central Heating Appliances.

E. SAFETY

The most serious concern for derating is reducing the stack
temperature too low so as to produce condensate of flue products
and induce corrosion of the vent and heat exchanger. This problem
rests in the hands of the installer hence the need to have a

qualified responsible workman.

The AGA has been conducting laboratory tests to determine the
corrosion influence of derating. Two methods are used: 1) reduce
fuel input while maintaining a constant stack CO, level, and 2)
reduce fuel input while maintaining a constant steady state

thermal efficiency. 1In either case, the condensation is Jjreater.
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Preliminary results indicate a slightly higher rate of corrosion
for tne constant CO, method as opposed to the constant thermal

efficiency metnod.

F. INSTALLATION

The AGA has produced a detailed Manual of Procedure fﬁr Field
Derating of Central Heating Appliancesl®, The vrocedure requires
measurement of CO, in the flue implying special equipment and
training. Another indispensable part of the derating process is
calculation of the heater input requirement for a design
condition. CPSC sizes a furnace retrofit based on a -15°F outside
temperature and a 70°F indoor temperature so that the furnace
would just produce the heat loss of the house and then adds
10 percent capacity as a safety factor. Manufacturers recommend
that gas furnaces not be derated by more than 70 percent in order
to keep from lowering stack temperatures into the region which can

cause corrosion problems.

The cost of new burner orifices is generally small. MCGC
reported $17.00 as an installed cost. However, a complete furnace
derating involves a great deal more than that and includes a

complete furnace safety check. CPSC charges up to $96.00 for this
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service. Kearney i#anajement Consultants estimates $90.00 to

3100.0ul3,




VII. OTHER DEVICES3

A. OQUTSIDE AIR SUPPLY

AVD's and VR's of the devices vresented so far depend upon
the use of conditioned or heated air to save energy. In many
cases, furnaces may be located outside the buildinj or in an
unheated area such as a crawl space. For these situations, use of
an AVD or VR is not sensible. In addition, because of the
location of some furnaces or boilers, it is practical to sup