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This handbook provides practical information for the operation and maintenance
of heating systems at shore facilities. The described practices and
procedures are recommended to ensure safety and reliability, as well as
maximum readiness for facilities at a minimal cost
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FOREWORD

The purpose of this publication is to provide practical information on the
operation and maintenance of heating systems with special emphasis on economy
consistent with safety. It is primarily directed to the workers in the field
who actually supervise and perform operation and maintenance work. Although
the general subject of heating systems is highly technical, this publication
has been written in nontechnical language, brief and direct, so that the
reader will have the basic information required for the intelligent handling
of field situations.

Recommendations for improvement are encouraged from within the Navy, other
Government agencies, and the private sector, and should be furnished on the
DD Form 1426 provided inside the back cover to Commander, Northern Division,
Naval Facilities Engineering Command, Code 164, Philadelphia, PA 19112-5094;
telephone commercial (215) 897-6688.

THIS HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR PROCUREMENT OF
EQUIPMENT. 1IT IS TO BE USED AS A GUIDE TO ESTABLISH MAINTENANCE AND OPERATION
PROCEDURES OF HEATING SYSTEMS. DO NOT REFERENCE IT IN MILITARY OR FEDERAL
SPECIFICATIONS OR OTHER PROCUREMENT DOCUMENTS.
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Section 1: INTRODUCTION

1.1 Purpose. This handbook provides guidance and reference material
needed for the maintenance and operation of heating systems in structures
hhvassah A \Prron | Pema-L12 L YL e _ 4 _®___ o ____ Ve _ ..
cuLougiovuc the Naval Shore LSiduiirsiuneInte., 41101 m4dLl0Il given appiliLies Lo
inspection, maintenance, and repairs of water heaters, space heaters, gas and
oil burners, steam and hot water systems, and forced warm air systems.

1.2 Cancellation. This handbook cancels and supersedes Chapter 2 of

NAVDOCKS MO-114, Plumbing, Heating and Ventilation, dated April, 1964.

1.3 Iraining. This handbook is prepared for use by maintenance
mechanics familiar with heating systems and domestic hot water systems
terminology. For trainees and apprentices whe may need additicnal instruction

in the trade, the following correspondence courses are available from Naval
Public Works Training Center, NAVFACENGCOMHQ DET (Code 161.5), PW Industrial
Management Division, 1220 Pacific Highway, San Diego, CA 92132-5190.

Course No. Title
100 Basic Arithmetic
105 Basic Craft Tools
115 Basic Water and Sewage
120 Basic Public Works Maintenance Management
130 Heating and Maintenance - Basic
230 Heating and Maintenance - Intermediate
330 Heating and Maintenance - Advanced

Video Tapes Available:
Naval Civil Engineering Laboratory, (NCEL):

"Maintenance and Tune-Up of 0Oil-Fired Furnaces and Hot Water Heaters"

Naval Energy and Environmental Support Activity, (NEESA):
"Boiler Maintenance, Steam Traps, etc."
1.4 Educational Program. Every user of a heating system should be

encouraged to assist in maintenance and energy conservation. Placards posted

in hallways, offices or other areas promote good maintenance. These can be
cartoons, drawings, or short slogan-type messages sianted toward enlisting
assistance cf users, and should give tclcyuvuc numbers tc be called if the
heating system is found out of order.

1.5 Keeping As-Built Drawing Records. Every installation has available

charts, diagrams, prints of drawings, and other data showing locations of
heating system components including piping and ductwork. Maintenance
personnel must have these accessible and must know locations of hidden pipes

1
<
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turned off in an emergency. This information should be kept up to date and
available on as-built drawings. Alteration during repair should be reported
to the Public Works Engineering Department immediately so the drawings can be

updated.

1.6 Manufacturers’ Instructions. The information in this handbook is
presented in as much detail as possible. However, it is impossible te
completely cover the many types of heating furnaces, boilers, materials and

their component accessories produced by numerous manufacturers for Navy use.
Manufacturers’ instructions are the best source of information and contain
excellent instructions, diagrams, exploded drawings, and photographs that are

most helpful in showing how various parts are assembled. If a conflict exists
between the manufacturers’ instructions and any procedure outlined in this
handbook, the manufacturers’ instructions are to be followed.

1.7 Maintenance Program. An inspection and maintenance program for

heating systems should be developed and maintained in accordance with NAVFAC
MO-322, Volumes 1 & 2, Inspection of Shore Facilities. The objective of the
Maintenance Program is the prevention or prompt detection of deficiencies or

damage and the quick maintenance or repairs in an economical and workable
manner. Damaged parts should be replaced or repaired as soon as possible
because when one item is not working, the entire system may not function as

m.l
expected or required. The following should be considered in developing and

implementing the maintenance program.

1.7.1 Inspection. Visual and mechanical checking of the condition of
facilities should be performed on a regularly scheduled basis as indicated in
this handbook. Inspection is required to determine the extent of the

maintenance and repair work necessary to ensure proper system operation. The
inspections will determine the degree of hazard involved with each structure.
The degree of hazard will be used to determine the priority sequence of repair
and the extent of repair required. Additional inspections may be necessary
under certain circumstances, such as heavy freezes and damage by occupants.
Basic checklists and procedural techniques for inspection are included in this

T omem A 1
[1dIlUDOOUNK.,

1.7.2 Maintenance. Maintenance is the day-to-day, periodic, or scheduled
work required to preserve or restore a facility to a condition so it can be
effectively used for its designed purpose. It includes maintenance work to
prevent damage or stop the deterioration of a facility that otherwise would be
more costly to restore. Prompt maintenance or repairs in an economical and
workable manner is essential for personnel safety and to protect the facility
from extensive fire damage. Therefore, the maintenance program should provide
for detailed procedures to be performed on schedule.

1.7.3 Repair. Repair is the restoration of a system to a condition that
allows it to be used for its designed purpose. The repair may require
overhaul, reproce331ng, or replacing parts or materials that have deteriorated

Wi TRITET P O SOAFNTS ARNTALIE PN P v em men seovesomiem oo - - d s
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Repair can be part of a modernization program. The overall economy of the
system and facility served and the requirements for a safe and operable system
should be studied before recommending major repairs. Factors to evaluate

1ncLuae

1.8

the trade.

1.8.1

but are not limited to, the following:

~ <
Replacement cost of the system in re

& VUG M 1Nl Yéia [
span of the system and the facility and to the cost
Prompt detection of deficiencies or damage.
Operation and maintenance costs of the old versus a new system.
Possible obsolescence of the system and the present adequacy of
the facility.

',..a
("?
e
o]
<]
C
s
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[¢¢
o

Present and future availability of maintenance funds.
Operational economics and safety hazards of downtime involved
in major repair or replacement of facilities.

Tool Requirement. The heating maintenance mechanic’s job consists
of performing basic mechanical operations using common tools and materials of
Three principles should be followed in performing the operation:

a)
=y
b)
c)

A - W A..-.-
Know what needs to be do

Select the proper tools and materials.
Follow approved safety procedures.

Required Tools. The following tools should -be available:

Standard and Phillips head screwdrivers (various sizes).
i

Avo

Pliers: wvise grip, slipjoint, needlenose, diagonal, cutting

r=——S<=2, =4CC CLlLLL

Ball peen hammer.

Hack saw and spare blades.
3/8-inch drive socket set and ratchet.

Small set of Allen wrenches.

Assorted center punches, drift punches, steel chisels.
12-foot measuring tape.
Crescent wrencheg 4 to

14
Open and box end wrenches
Files.

Pipe wrenches to 24 inches.
Small level and square.

{ (-3
1/4 to 3/4 inch.

Pocket Kknifte.

Flashlights

Grease guns and ocilers,

Extension cord and inspection lights.

Various cleaning tools - brushes, scrapers, etc.
Emery cloth.

Thermometer.

Tubing and pipe cutters.

Flaring tool.

Small acetylene outfit,

atol)yiellc outt

Package klt and packing.
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y) 1/2-inch drive socket set.

z) Basin wrench.

aa) Strap wrench.
1.9 Safety. Safety is of prime importance in the performance of any
maintenance/operation of plumbing equipment It applies to "safety of the
operator” and also for "safety of the system or equipmeﬁu.’ There is no
exception to the rule that "The safe way is the right way."” The following

general safety precautions should be observed by the maintenance mechanic

working with tools or equipments:

a)

o
—

Dropping heavy objects on feet or toes is a hazard. This can
be avoided by using proper trucking and hoisting equipment.

The operator should wear sarecy shoes with metal Llpb to

(e ()

v
Ty
ac

o cliae]

ant +tAneo
k injuries may be caused by attempting to lift heavy objects
and by not using arm and leg muscles correctly.

Good housekeeping is very important. Keep work area clean.
Keep o0il and water off the floor.

"Mushroom" heads should be ground from chisels and punches as
these particles may fly when struck with the hammer causing
serious injury to the operator or a bystander.

Files should never be used without handles. The tang may
injure the hands.

Wear goggles when drilling, chips may fly. Eyes should always
be protected.

Never use a hammer to pound on a screwdriver or use a

screwdriver as a punch or chisel.
Never stroke a hacksaw over 60 strckes per minute,
Never use pliers on parts designed to be used with wrenches

Always pull on a wrench instead of pushing.
Avoid pounding on a wrench or the use of "cheater bars" to
obtain greater turning torque.

Wrenches should always fit snugly. Poorly fitted wrenches will
ruin nut and boit heads. They may Slip and cause injury to the

service mechanic.

Always "crack" valves before opening.

Always have good lighting and good ventilation.

Never use gasoline or other flammable material when cleaning.
Never use carbon tetrachloride for cleaning. Its effects are

cumulative in the body

Many parts of plumbing systems are quite fragile. Parts may be
ruined by overtightening nuts and bolts, not tightening them in
the correct order, or using the w ong size wrench.

)
, si

Always disconnect the electrical circuit or make sure that

electrical devices are safe before starting on a job. An

electrical short across a ring or wrist watch can cause a

severe burn. It is best to remove rings and wrist watches when

working on electrical equipment.
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s) Many electrical shocks occur when the service technician comes
in contact with an electrical current and a ground. Avoid
working on any electrical circuit if standing on a damp floor

or if one hand is touching a water pipe.

a\ P

t) Never use oxygen to pressure test iines.

u) In addition to the safety precautions previously mentioned,
specific safety requirements for equipment or system conditions

will be identified throughout the text where appropriate.
Safety precautions, safe maintenance practices, and safety
policy are covered in detail in NAVFACINST 5100.11, Command
Safety and Health Program. All maintenance personnel should be

familiar with the contents of this instruction.
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Oily, greasy, and paint-filled rags must be stored for disposal in:

a. Any old box

b. Self-closing metal containers.
o Vailir nareanal lasnltar

. 4d0UUL P:LQUIAGL J.U\ol\cl.

d. Standard trash container

When a fire occurs it is very important to:

Keep your head
Protect the safety of all individuals
NAat+-3Fvr +ha Fiva Aoanartman

I.‘UL.LL] Ll L1111 ¢© ucyal. <

Do all of the above and attempt to ext

a0 oe

.

inguish it

Keep all combustibles from the immediate areas where fires can be

started such as:

a. Welding areas c. Boiler rooms

- MTovach _hitvninsg avanc A A1l AF +ha abhaAava

v. 1LYasina- UULIILII6 ajlcado . ALl UL LIt auuvoe

Hand tools should never be used which are:

a. O0Oily and greasy c. Checked out to another person
b. Heavy and cumbersome d. Usable only one time

A screw driver should never be used as a:

a. Chisel c. Pry bar

b. Punch d. All of

the above

Avoid jamming or locking the blade of a hacksaw in the work to

prevent possible injury by:

a. Qharrnr1no the mate

er Dg
b. Fracturlng the handle rat

an
m
'UK<

Small pieces of material to be ground or buffed should be:

Hand held b. Held by

nieces of brok

t’ vvvvv LI0OXN

en bla
ion of the locking device

the foreman

Mechanically held by vise d. Not buffed at all

grips or similar devices
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Section 2: RESIDENTIAL AND COMMERCIAL GAS FIRED FURNACES

l"ﬁf? (]

gases are odorless in their raw form The distinctive natural gas odor is
actually from a powerful odorant called mercaptain, which is added during the
refining process. When combustion of natural gas takes place, the following
chemical reaction takes place:

n- N— ree s 1y

CHg + 2u2 —_— CGyp + 2n20 (1

with 2 cubic ft of oxygen from the air. The products formed when thls
combustion takes place are 1 cubic ft of carbon dioxide and 2 cubic ft of
water vapor. In furnaces, it would be very impractical to burn the natural
gas in an atmosphere of pure oxygen. Rather, we burn the gas in air, and the

2 a1 2
in wn

oxXygen e air enters into the reaction above. However, only 20 percent of
the air is actually oxygen, the remaining 80 percent is nitrogen. Nitrogen is
supplied to the combustion as part of the air It does not enter into the
reaction above, but it merely comes along for the ride. The actual reaction
which takes place when burnlng methane in air is:

CHy + 209 + 8Np _ ~gm COp + 2H20 + 8Ny (2)
In order to supply the required 2 cubic ft of oxygen required to completely
react with the 1 cubic ft of methane, 10 cubic ft of air must actually be
introduced into the flame. Of that air. 80 nercent (or 8 cubic ft) does not

enter into the reaction. It leaves with the products of combustion. On the
average, when 1 cubic ft of natural gas is burned, 1,000 Btu of heat will be
produced. Values of 900 to 1,100 Btu/cubic ft are common. The actual amount
of heat liberated when a cubic ft of fuel gas is burned is called the heating
Natural gas has a specific gravity of 0.65. This means

that a volume of natural gas weighs only 65 percent as much as an equal volume
of air. From a safety standpoint, this is quite important. Fuel from a
natural gas leak will rise rather than fall. Tt actually fleats in the air

and will become dispersed to a very low, noncombustible concentration,
Therefore, it will not settle into a low point in a building where it could
cause an explosion.

2.1.2 Liquified Petroieum (L.P) Gas as a Fuel. Propane and butane are
processed as a by-product of petroleum refining. Unlike natural gas, these
gases may be liquified by putting them under pressure. In the liquid state,
they are called liquified petroleum gas, usually abbreviated as LP gas or LPG.

~dJ
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g P gas

storage tank is shown in Figure 1. The vapor at the top of the tank is used
as the fuel. As the vapor is drawn off, the pressure in the tank tends to
decrease, causing the remaining liquid in the tank to boil. Each gallon of

liquid which boils will replenish 36 cubic ft of gas.

b

s ‘_13}{11_)1119; in hnndlipa and ctoraoce A fvvl;\icg_'l P

22 aacsss in A SLVas o~ - F2 S 9

burners

(/;:\) ‘(,re ief valve
I—l ——— vapor to
T

Figure 1
LP Storage Tank
The pressure inside the LP storage tank is dependent on temperature. The
pressure-temperature (P-T) relationship for propane and butane gas is shown in

Figure 2. The minimum tank pressure required for delivery to the fuel burning
equipment is 11 inches of water column, or 0.4 psig. From Figure 2 propane
will have sufficient delivery pressure at all normally encountered outside air
temperatures. However, butane pressure drops below 0.4 psig when the
temperature at which it is stored drops to below 33 degrees F. LP gas is
usually a mixture of propane and butane gas. At any temperature, the actual
pressure in an LP tank will be somewhere between the pressures for the
individual gases shown in Figure 2.

The heating value of LP is considerably higher than that of natural gas. One
cubic foot of propane will produce 2,550 Btu when burned. One cubic foot of

nnN a A._A_A1 e L e . 1 - Py I R -~ e mmam
butane will produce 3,200 Btu. Natural gas burners must be adjusted to burn a
smaller volume when being converted for use with LP gas. Otherwise,
overfiring and overheating would result.

An important safety consideration in the use of LP gas is the specific gravity
of propane and butane. They are each heavier than air (specific gravity
higher than 1.00). Gas escaping from any source can settle into a low pocket

such as a firebox or a basement, resulting in a potential explosion. Lea“s

[\Y
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Figure 2

Pressure/Temperature Relationship for Propane and Butane
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from LP storage tanks in manufacturing plants have been known to travel
hundreds of feet along the ground until a source of ignition was reached.
The resulting explosion then 1nvolves the entire area engulfed by the LP

gas cloud.

2.2 Gas Burning Equipment. In para. 2.1.1, the combustion process for
natural gas was described as:
CHy; + 209 + 8No — " COp + 2H20 + 8N»p (3)

A perfect gas burner will
However, in practice this
‘gas molecules and the air

at

allow this reaction to take place exactly as shown.
is impossible. Unless perfect mixing between the
molecules takes place, there will be some gas

.

molecules that don’t find oxygen molecules with which to react. Or, worse
wrna+ +hava mav ha oanma one malaniilas whisah Aa nAat+t vannt+t ~Aamnlatraly I3 +h
]CL’ viilcL© ua] ve - A2t — 5“5 wWmvaieacLurLcOo WilANALE AWV LAV W LATCaAw - \.«Ullly‘.cl—CL . WA il
incomplete combustion; the reaction produces a quantity of carbon monoxide
instead of reacting c ompl etely to form carbon dioxide.

Carbon monoxide is colorless, odorless, and potentially lethal. We cannot
tolerate the potential of producing carbon monoxide in the combustion process.

In order to produce sufficient mixing to assure complete combustion, we
introduce more air than is actually required for the reaction. This will
insure that every molecule of natural gas will be able to find sufficient
molecules of oxygen to allow the reaction to go to completion. The extra air
which is introduced is called excess air.

Q
O g
e

m T Wn

bu
on takes place. Excess

zone.
temperature as the other producers of combustion.

of heat which is actually thrown away up the stack (flue gas).

increasing the quantity of
of heat which is available
well designed will produce
possible quantity of excess air.

for space heating.

2.3 Atmospheric Gas Burners.
gas burners are of the atmospheric type.
the atmosphere by the venturi
{water
1 contrast , er

tions, may use fuel at higher pressure
with the fuel by using combustion air fans.

Figure 3 shows the cross-section of a typical atmospheric gas burner.
designs will vary from one manufacturer to another.

10

It does not enter into the reaction, but it is heated to the same

This increases the amount
Therefore,

heat which goes up the stack decreases the amount
A gas burner which has been
complete combustion while using the minimum

Practically all domestic and commercial
That is,

primary air is drawn from
The gas is introduced at a
Av 11 Saoahaan I-.-.-.o-,\u-

v 4l LilvLITO \watltcL

»
1v in inductrial

11 force the air to mix

Actual
Various types are:
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a) Drilled port burners are constructed of heavy cast iron. The

gas/primary air mixture is released to feed the flame through a
series of drilled holes.

b) Slotted port burners are constructed of sheet metal or
stainless steel. The mixture is fed through a long sliot or
cavriae Af aelata
Dk Ao Vi OD4VLD

c) Inshot burners feed the mixture through a single large copening
and impinges the mixture onto a target plate.

3°°°ndaryo 6 6 b b \ secondary
air (777 Y 7522 =3z air
- qzzz 7772 zzam? N
B g s
/ a e N
E oo N T
N I7osossss T >4/ N
L Ll
~—fuel
Vngqgmmmmn zas
7]
rima
o Piinary ] BN
mixmg o :”17 N\
tube
primary air
@bt b

a Typical Atmospheric Gas Burner

Additionally, some designs use adjustable primary air shutters, while others
have a fixed opening for primary air. The fixed orifice shown in Figure 4 is
usually located on a gas manifold. Two or more burners are supplied with gas
from a common manifold as shown in Figure 5. The size of the orifice is
critical. It must supply the proper heat input to the burner. The heat input
will change if any one of the following three conditions chang

e; the type of
fuel, the supply pressure of the fuel gas, or if the physical configuration of
the orifice is chanzed The convention for identifying the size of the

orifice is to determine the size of the drill bit used to make the orifice

hole. Table 1 shows the orifice size required for natural gas or propane at
normal delivery pressures.

11
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Wiz
Wiz

Figure 4
Fixed Orifice for Delivery of Fuel Gas

main
burner
cross-over pilot
slot \\\\ burner
N
'J\ A/
\ J
L 1 | 1 ] [ T< orifice
gas ————p & >
manifold
Figure 5

Manifold and Multiple Burner Arrangement
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Example: A 100,000 Btu/hr furnace with four burners is to be converted from
natural gas to propane. The orifice size must therefore be changed to
maintain the same heat input. What size orifices are required for use on
propane? :

arh A
walii U

rh

ct
A

4
]
{

From Table 1, the orifice size for natural gas should be a number 42. If
propane is used the same Btu rating will be obtained using a number 54
orifice (23,900 Btu/hr).

Table 1
Orifice Capacity Table {1000 Btu/hr)
DRILL SIZE NATURAL GAS PROPANE CAPACITY BUTANE
CAPACITY (a) CAPACITY (b)

(Btu/hr) (Btu/hr) (Btu/hr)

20 74.0

22 69.0

24 63.0

26 57.0

28 52.0

30 47.0
32 38.5 106.0 117.0
34 35.2 57.0 107.0
36 32.4 89.2 98.8
38 29.4 81.0 89.6
40 27.4 75.4 83.5
42 25.0 68.7 76.2
44 21.1 58.0 64.4
46 18.7 51.5 57.0
48 16.5 45.5 50.3
50 14.0 38.5 42.8
52 11.5 31.7 35.1
54 8.6 23.9 26.3
56 6.2 17.0 18.8
58 5.0 13.8 15.3
60 3.6 12.6 13.8

ased on tu/cubic ft, and 3.5 inch W.C, pressure

-
W



Downloaded from http://www.everyspec.com

The orifice size is critically matched to th To adjust an

atmospheric burner, the orifice size or gas pressure behind the orifice is
selected so that the heat input rate matches the burner rating. The primary
air shutter is then adjusted so that there is a blue flame.

®
[on
=
]
o}
(]
H

If the primary air shutter is adjusted badly, the appearance of the flame will
be changed. A slight shortage of primary air will cause yellow tips to form
on the flame. A severe shortage of primary air will cause the entire flame to

turn yellow, except for the small blue inner cone. A shortage of primary air
has the following effects:

a) Incomplete combustion, allowing the formation of carbon

monoxide.
b) Formation of soot, which is unburned carbon. This soot
collects on the furnace surfaces and can eventually interfere

with the proper venting of the products of combustion.
c) Poor combustion efficiency, resulting in high fuel costs.

1f the combustion air contains dust particles they will cause orange streaks

in the flame. These should not be confused with the yellow tips caused by
insufficient primary air. Unless the dust is causing other problems such as
plugged burner ports, they are not a cause for concer

The primary air shutters may also be badly adjusted so that too much air is

being admitted into the mixing tube. The symptom observed is a small, hard

The flame may be noisy

and may also cause resonance of the furnace. Resonance is a condition where
the resulting noise is similar to that of a bass guitar, and can be quite
loud. 1In some cases of too much primary air, flame instability results. The
flame may blow itself out along with the pilot light.

2.4 Light Off. The gas burners described in paras. 2.2 and 2.3 have no

capability for reduced capacity. They are either full on or full off.
Capacity control is accomplished by a thermostat which switches a gas valve to
<1

15

a RO o | wh o e 3 3 R
the fully open position when heat is required. When the space is warm enough,
the thermostat causes the gas valve to fully close.

One popular way to ignite the main gas is by the use of a standing pilot
flame. That is, a very small gas flame is allowed to burn all the time in a
pilot burner. When the main gas valve opens, the main gas is ignited by the

tanding pilot (see Figure 5). When more than one main burner is to be
1gﬁiLed by a single pilot flame, a crossover or carryover wing is used. It is
a slot which allows main gas to cross over all the burners, and be ignited
from the common pilot. If the crossover slot becomes blocked or misaligned,

'-c.

t will result in delayed ignition. Delayed ignition occurs when the main gas
is not ignited immediately. Gas continues to enter the furnace until a large
gas cloud is ignited by the pilot flame. Depending upon the length of the

delay, delayed ignition can cause noisy light off or a minor explosion which
remains inside the furnace. A dangerous explosion may be caused if sufficient
gas is introduced to the furnace prior to ignition
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A blocked cross over may be cleaned with a tool fashioned from a scrap of
sheet metal. With the burner off, the sheet metal is worked through the slot
to dislodge dust or rust. On light off, another combustion problem may occur.
It is called flashback. This occurs when the velocity of the gas/primary air
is too liow to keep the flame outside the burner head. The flame flashes back
into the mixing chamber and burns at the gas orifice. This causes an
objectionable noise, as well as incomplete combustion, sooting, and
overheating of the orifice. The most common cause fnr flashback is a low
pressure in the main gas supply line. Less common causes are too much primary
air, an obstructed or nicked burner orifice, and a damaged or obstructed main

burner.

2.5 Pilot Burner. The safety implications of a reliable pilot burner
cannot be overemphasized. Before the main gas valve is allowed to open, it
must be proved that a pilot flame is available. Most furnaces with a pilot
flame use a thermoelectric generator, commonly called a thermocouple, to prove

the pilot flame.

The thermocouple operates on the princ1ple that when two dissimilar metals are
joined at one end and heated, a small electrical voltage is produced (see
Figure 6). The voltage produced depends on the temperature reached at the hot

junction. The higher the temperature, the higher the voltage that will be
produced. The voltage produced by a common thermocouple is 15 to 30
millivolts. This millivoltage is used to energize an electromagnet which is

used in the gas flow control circuit.

Figure 7 shows how a pilot safety valve is used in conJunctlon with the main
gas valve to assure a safe light off. A transformer provides 24 volts to
energize a coil in the main gas valve whenever the switch in the room

thermostat is closed. However, in order for the main gas to reach the
burners, the pilot safety valve must also be open. During normal operation,
this valve will always be open, as long as there is a pilot flame. If the
pilot flame goes out for any reason, the thermocouple voltage output will drop
to zero, and the pilot safety valve will close.

h ut off nnl ‘_h‘__

The arrangement shown in Figure 7 will sh he main gas e
of a pilot flame failure. The pilot gas continues to be supplied through the
pilot burner. This small quantity of unburned gas is allowed to rise and
escape through the flue gas vent to the outside, there is no safety hazard

involved, as long as the fuel is natural gas.

o}
e 0Q
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Figure 6
Electrical Voltage Generation Using Two Diodes

pilot safety main gas

‘//valve ///valve
—_— i i ~—— gas to main
gas

burner
supply

—»gas to pilot
burner

Figure 7
Pilot Safety Valve in Conjunction with Main Gas Valve

For propane systems, this type of system is not permitted. Propane is heavier
than air, and the unburned pilot gas would sink, creating a dangerous
collection of unburned gas. For all propane systems and most natural gas
systems, a 100 percent shut-off is used. When the pilot flame is not proved,
not only is the main gas shut down, but the pilot gas is also automatically
shut off. Once this happens, the pilot flame must be manually relighted.
Installation notes for thermocouple systems:

16
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a) The thermocouple must be screwed into the valve only finger
tight, plus one quarter of a turn. If the thermocouple is
overtightened, the insulation separating the two thermocouple
conductors will be crushed.

b) The end 3/8 to 1/2 inch of the thermocouple should be in the

pilot flame. Figure 8 shows the correct and incorrect mounting

positions.

pilot
flamQ\\\\\y————'ﬂf

- . / r3/8" - 1/2"

7 )
/.

/
(

correct

thermocouple

o s s
D ——

incorrect - pilot flame incorrect - thermocouple
too small positioned too high

Figure 8
Pilot Light Flame Positions

’—-l
~J
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St

The pilot flame must be large enough to supply sufficient heat
to the thermocouple. Where pilot gas is supplied from a pilot
safety valve, there is usually an adjustment screw on the valve
for the size of the pilot flame. Sometimes the small orifice

in the pilot burner (Figure 9) can become obstructed, and must

w

be cleaned by disassembling the pilot burner. The pilot burner
gas supply line is normally 1/4-inch aluminum. Older systems

using 1/4-inch copper should be changed over to aluminum in
order to minimize the potential of orifice blockage due to
scaling of the gas line.

pilot />
burner

2\

TN
orifice —————__R @

compression

fitting @

i/4" OD pilot [ ]
gas supply
Fiounra Q
Figure 9
Pilot Burner
2.6 Combination Gas Valve. 1In the previous sections, separate

functions were performed by a pressure regulator, a pilot safety valve, and a

main gas valve. A combination gas valve (Figure 10) performs all of these
functions. A pressure regulator inside the valve body is adjustable from 2
inches to 5 inches water column gas supply pressure to the manifold. Internal

to the valve there are actually two valves in series. One can only be open
when the thermocouple proves a pilot flame. The other opens when the
thermostat completes a control voltage circuit.

But if that were all that were included, it would be impossible to light off
the system. The valve will not supply gas to the pilot burner until there is
a proven pilot flame. And there can be no pilot flame until there is a supply
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of gas to the burner! In order to solve this dilemma, a manual override for
pilot gas is supplied as part of the valve. Pushing down on the red button
will allow gas to be supplied to the pilot burner for as long as the button
remains depressed. The pilot flame must be lit while holding down this red

button. After one minute, the pilot flame will have produced sufficient heat
for the thermocouple to provide 18 millivolts or more. An electromagnet in
the gas valve builds sufficient strength to hold open the valve, and the red

button may then be released.

alves of different design may use a red button, pushing down on the selector
switch, or any other method of manually noidlng the valve open may be used.
The selector gwitch has thraa positions, "on," "off," and "pilot. wWhiie
lighting the pilot flame, the selector switch is turned to "pilot." Once the
‘pilot flame has been established the selector switch is turned to "on." This
then allows main gas to be supplied to the burner whenever the thermostat
calls for heating.

cover for nregsure

r~>soul

o regulator adJustment
off pilot ‘(/’ electrical
- \ > g :
tch terminals
\

cover for pilot gas

thermocouple | N N— \J\_T@uflﬁ _flow adjustment
connection \\\\\55;;:53 | [E;§§§§g§1§rf:t}$§' _ main gas

FUTS T
I

~ewde
/ vuce

Combination Gas Valve
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.7 Bimetal Type Pilot. Figure 11 shows another type of device used to
rove a pilot flame. The pilot flame is allowed to impinge directly onto a
bimetal element. When heated sufficiently, the bimetal element bends, causing
a switch to close. Otherwise, the switch remains open. When this type of
device is used, it is wired in series with a simple 24-volt single function

automatic gas valve.

o) l\)
]

—— pilot flame
to heat bimetal. 1
’/, 2¢____pilot flame to
/ P light main frame
Y
r,—;zi____
) |
T
T
switch - A pilot gas
- 1 supply
\ \,‘____ bimetal switch leads wired in
Pl series with main gas valve
Figure 11
Bimetal Pilot Supply
2.8 Automatic Reignition. The simple two wire bimetal described above

served only one function. With no pilot flame, the circuit to the main gas
valve opens. With no pilot flame, the switch remains open until somebody
physically relights the pilot.

Figure 12 shows a slightly more sophisticated bimetal safety switch which
incorporates a third wire and a glow coll. This type of arrangement is
frequently found on rooftop furnaces where the pilot flame is more susceptible
to being blown out by the wind. Whenever the pilot flame goes out, the flow

coil is energized, thus relighting the pilot flame. When the flame is
reestablished, the glow coil is deenergized and the gas valve circuit through
the pilot safety is once again completed.

N
o
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Figure 12
Bimetal Pilot Glow Coil
igure 13 shows a device which senses gas
pressure, and opens a switch should the gas pressure fall below the set point.
This device is used in conjunction with the automatic reignition system. If
the pilot has gone out because the gas supply to the heater has been turned
off, the reignitor glow coil would continue to attempt to relight the pilot

2.9 Low Gas Pressure Cutout. Ficure

until it burned out. The low gas pressure switch is wired in series with the
glow ceil circuit. Automatic reignition is then not even attempted unless
there is sufficient gas pressure available.

2.10 Heat Exchanger. In order to get the heat from combustion out of

the furnace and into the room, a heat exchanger is used between the heat from
combustion and the room air (Figure 14). The heat exchanger may be
constructed from cast iron, stamped steel, or ceramic coated steei. Various
shapes are used to make the path of travel for the flue gas more tortuous, so
it has more time to allow its heat to transfer to the room air. The design of
the heat exchanger is the key to furnace efficiency. The more heat transfer
surface area provided, the less heat will be wasted up the stack. Most
residential and commercial furnaces are provided with a heat exchanger which

will transfer 80 percent of the heat input into the room air. The heat
h C

P s

exchanger is the heart of the furnace, and the most expensive component. They
are rarely repaired or replaced. dhen they fail, it is usually time to
replace the entire furnace
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Figure 13
Low Gas Pressure Cutout
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Figure 14
Heat Exchanger and Furnace Fan
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2.11 Furnace Fan. The furnace fan shown in Figure 14 draws air from the
heated space at room temperature. As the air moves over the heat exchanger,

it will experience a temperature rise of between 45 and 100 degrees F. Many
fans have two- or three-speed motors. At the higher fan speeds, the

temperature rise of the air is lower and the furnace efficiency is improved.
However, if the room air flow is too high, the low discharge air temperature
may be perceived as a draft by the room occupants. Also, the increased fan

operating cost can offset the decreased gas consumption.

The relationship of the fan to the heat exchanger may be as shown in Figure
i4. This is called a vertical upflow turnace or just upflow, and is the most
co

mmon arrangement for residential applications.
Figure 15 shows a vertical downflow furnace, a horizontal furnace and an

upflow. The downflow furnaces are used to discharge into under-the-floor

ductwork. The horizontal furnace is commonly found in attic installations and

on rooftop furnaces. The furnaces may also be blow-through or draw-through

arrangements. That is, the fan may blow through the heat exchanger, or it may

draw the room air through the heat exchanger. From a safety standpoint, blow-
ar :

a draw-through unit will be more likely to draw the products of combustlon
into the room air. The fan (or furnace blower as it is sometimes called) may
be either belt-drive or direct-drive. Both types are shown in Figure 16. The
irect- drive blower and motor will operate at 1,075 rpm. The belt-drive

0 rpm, and then reduced to 1,075 by uslng a Large
e -

ly

Masesr LT aceman wm o o P
riatly U.LUVIUL moLoLs, e

i .‘f will have fh?‘nn

a~.. ) Waas LGVT LAl CTT

different speeds available On multispeed motors, the operating speed may be
changed by choosing which coil in the motor is connected into the circuit.

Or, on heating plus cooling systems, the fan will be automatically switched to
the higher speed when the thermostat calls for cooling.

0 'C’

[a =
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=1 ra
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2.11.1 Fan Switch. In the normal furnace operating sequence, the gas
valve is opened by the room thermostat. Then, only after the heat exchanger

has been sufficiently heated, does the fan turn on. When the room is
satisfied, the thermostat causes the gas valve to close. Then, after another
time delay, the fan is allowed to turn off, These delays in fan operation are
accomplished by the use of a fan switch. The delay in turning the fan on is

to prevent blowing uncomfortably cool air onto the occupants on each furnace
start up. The delay in turning the fan off is to increase furnace efficiency.
Once the gas has been burned to heat up the heat exchanger, it makes sense to
run the fan for an extra minute or two to capture that heat.

N
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Furnace Arrangements
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Figure 16
Direct Drive and Belt Driven Fans
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Several types of fan switches are shown in Figure 17. Each of them senses the
temperature of the air as it passes through the heat exchanger. There are two
set points on the switch. Typically, the switch will close, turning on the

fan when the bonnet temperature reaches 120 to 130 degrees F The switch will

. LI WaY

an wnen the bonnet temperature reaches 100 to 110

terminal
switching

___ assembly w mounting \/D\

e _ P place N[~

A
A ) P
\\\\///, i////l////'//) switching

Q

g assembly
A

\T\\\,£5 P // sensing
\//\\\\}///’ /// element

terminals temperature
adjustment

.
N

Figure 17
Fan Safety Cutoff Switches

For downflow furnaces, there is a peculiar problem in finding a suitable
location for the temperature sensing fan switch., If the switch were to be
located downstream from the heat exchanger, it would never turn the fan on.
This is because before the fan comes on, the heat from the heat exchanger
rises, and would not be sensed by the fan switch (the furnace could overheat).

If the fan switch were to be located before the heat exchanger, it would turn

the fan on. But as soon as it did, it would sense the cool room air returning
te the furnace, and promptly turn the fan back off. In order to solve this
dilemma, downflow furnaces use the type of time delay fan switch shown in
Figure 18 Instead of trying to sense temperature to control the fan, this
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delay fan switch i shown in Figure 19. It consist eater element and a
bimetal switch. The heater element is nothing more than a 24-volt resistor.
It is energized whenever the room thermostat calls for heat. While the gas
valve opens immediately, it takes about one minute for the heater element to
build up heat. When sufficient heat from the resistor reaches the bimetal

element, it warps, closing the -volt fan switch. On shut-down, when the

tharmagtat Aanang +h

M Hh
o
=2

thermostat opens, the heater el nt is deenergized. After two minutes, it

cools sufficiently for the bime switch to return to its original position
turning the fan off. Time delay relay switches are used in all the downflow
and horizontal furnaces, and in some upflow furnaces

[N
% €«—— mounting
plate
X

terminals to

. \
fan switch ‘\\\\

FesXD o Q
gur o
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Figure 1
Time Delay Fan Switch
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Internals of Time Delay Fan Switch

2.12 Limit Switches. The normal discharge temperature of the air from

the furnace is below 140 degrees F. There are several abnormal situations

which can cause this temperature to be higher. Therefore, a temperature
rature

and shut off the gas valve if

i
the bonnet_temperature reaches 190 degrees F. These switches, called limit
switches, may have either a fixed set point which will be written on the

switch, or an adjustable cutout temperature. All limit switches will have a
fixed differential. That is, the switch will reclose at a temperature of 15
to 30 degrees F lower than the temperature at which it opened.

Because the limit switch and the fan swi oth sense the same temperature
they are sometimes combined into a single t as in Figure 20. This is
called a combination fan/limit switch. There is only one temperature sensing
element, but there are two separate switches inside. There are three
different set points on the combination fan/limit. The highest set point is

ture for the limit. The other two temperatures control the
an

cgh

H- o

+ +
the cutout temper:

yc
ope ration of the
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Combination Fan Limit Switch
Under normal circumstances, the limit switch will not open during the entire
life of the furnace. If the safety cutout of the limit switch is required, it

will probably be caused either by loss of airflow or overfiring of the burner
Loss of airflow may be due to any of the following reasons:

a) The fan switch is defective and has not closed its switch.

b) The blower motor has failed.

c) The air filters are extremely dirty, blocking the airflow

d) A duct has collapsed or otherwise become blocked.

e) On a direct-drive blower, the set screw attaching the blower to
the motor shaft has loosened.

f) On a belt-drive blower, the belt is slipping or has broken.

Ooverfiring, if it occurs, would most likely be due to one of the following
reasons:

28
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a) The wrong orifices have been installed for the fuel gas being
used (most likely on new installations).

b) The fuel supply pressure is too high.

c) The orifice has become enlarged or is missing.

11

2.13 Milliv s. Ong using n
the control syste t from th ussed to
point. The heart of the millivolt system is the pllot generator or powerplle.
Figure 21 shows schematically what a pilot generator does. The end of the
pilot generator is positioned in the pilot flame as if it were a thermocouple.

But it is actually a number of thermocouples, wired together in series to
h

n no
14 104

m [l

provide a much higher voltage than a single thermocouple. Where a standard
thermocouple might normally produce 18 to 25 millivolts, pilot generators will
produce between 250 and 1,000 millivolts (remember, 1,000 milliveolts is still

=1

) This millivoltage is the only electrical power source
available, and is used to provide the power through the thermostat, limit
switch, and gas valve.

pilot generator sho in Figure 22 i

jogen
®

R MO

=t
MmN

e R0
n o =3

£

normal wire terminations rather than the screw in arrangement used with the
thermocouple. The thermostat used in the millivoltage system is also

different from the thermostat used in a standard 24-volt system. A 24-volt
thermostat usually contains a small resistor called a heat anticipator. Its

function is discussed in the section. A miliivoltage thermostat cannot allow
this added electrical resistance, as there is already precious little voltage
availahle tn oanen tha ocac wvalvae
GAvasiQuiase -\ th\fll A 33 6“9 VG A VS,

And, of course, the millivoltage gas valve is going to be very different from
the 24-volt gas valve. The millivoltage valve will be a diaphragm type valve,
shown schematically in Figure 23. When the valve is closed, there is inlet
gas pressure available on both the top and the bottom of the diaphragm. In

fact, the area of the top of the diaphragm which "sees” the gas pressure is
larger than the area on the bottom. Therefore, the gas pressure actually
tends to help the small spring hold the valve closed. When the room
thermostat closes, the millivoltage from the pilot generator is supplied to

the coil, creating a magnetic fleld. The top of the small pilot Valve is
pulled to the coil. The passage from the gas inlet is shut off, while the
trapped gas pressure above the dlaphragm 1s allowed to bleed off through the

PR - IR TR DI ST JUT T SR, W A RN 1..a 2 PR NI o 2
OI dlapnragm valive 18 sometimes used 1n <Z4-vVolt systems, pul 1l 15 aliways usea
in automatic millivaltace guetame
4+l auidmatil MiiiivVoitage SySiéns.

(2]
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2.13.1 Pilot Relay. The pilot relay is commonly called a thermopilot

relay, although thermopilot is actually a registered trademark of General
Controls. The pilot relay uses a millivoltage signal from a pilot generator
in order to open and close a switch within the relay. This switch is then
wired in series with the solenoid coil in a 24-volt valve. Plug-in types of

pilot relays are available. The plugs on the relay fit directly into the top
~AF o ornaniallsr Anatonad oae sralara +rhite A~amnlaoatrine +tha wirine Af tha oac wralxrae
v a QVCD.LGLJ.J UCDLBIlG“ 5(10 vVaive, “ilVAD \-\Illly.l.\ah.l.lla AdS WLA.J.LIb S A ~hAN 6“..) VLA Ve
solenoid and the pilot safety relay switch
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Pilot Generator and Thermocouple Construction
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terminals for . =:§ﬁivolt .
pilot generator 4
~ |
iron
core
pilot-
operated
valve <«—pilot gas
outlet
spring
|— rubber
diaphragm
[—— metal

main gas —

VA
inlet outlet
ﬁl w

(a) de-energized

With the millivolt coil not energized, th lot valve gllow

a ni owe -
e pi ows the
pressure in chamber 2 to equalize with the inlet pressure in chamber 1.
Pressure in chamber 2 plus spring pressure hold the valve closed.

—
w

(b) energized

When the millivolt coil is energized by the pilot generator, the

pilgt valve bleeds off the pressure in chamber 2. The pressure in

Dleed: the pressure 1n champer pressure

chamber 1 overcomes the spring pressure, lifting the metal disk off its
seat.

Figure 23
Pilot Operated Diaphragm Valve
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2.13.2 Automatic Flue Damper. The automatic flue damper shown in Figure
24 is another energy saving device popularized during the shortages of the
1970s. 1t is a damper which is installed in the flue gas stack. When the
room thermostat calls for heating, the damper motor is energized, and the
damper is moved to a fully open position. A microswitch senses when the
damper has in fact been fully opened. It deenergizes the damper motor, and
then allows the ignition sequence to begi When the room thermostat has been

satisfied, it shuts down the gas valve in the normal fashion. It also
energizes the damper motor once again, moving the damper inside the flue stack
to the closed position. The full travel of the damper requires 15 seconds.
During this closlng time, any residual flue gas remaining in the heat

d T 1 cod

exchanger section is vented. Where local codes require outside air

ventilation of the closed damper where the furnace is installed, very little
energy savings will result from the closing of the vent damper. The same is
true for furnaces installed in unheated garages, attics, or outdoors. Vent

dampers may only be used on furnaces which are certified by the American Gas
Association (AGA) as suitable for use with vent dampers.

damper motor s RN
and controller // \\

........... ) __—damper
}—

If/ ' :// \
P )

[Ny ]
wires to I
combustion /
controls \ ///

N\ id
\\_‘_ -

N\ S netalled in
~————— the flue stack

Figure 24
Automatic Flue Damper
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2.14 Electronic Ignition Systems. During the energy shortages of the

1970s, electronic ignition systems were popularized. They save energy by
eliminating the burning of gas to support the continuously burning of the
pilot flame. Electronic ignition systems fall into two categories:

a) Intermittent Pilot Ignition, or
b) Direct Spark Ignition

The intermittent pilot system goes into action when the thermostat calls for
heat. Gas is supplied to the pilot burner, and at the same time a spark is
provided near the pilot gas. When the pilot has been lit and sensed, the main
gas is then allowed to open and the sparking stops. When the thermostat is
satisfied, both the main and pilot gas flow is stopped, and is ready for the
- = L

L [

next heating cycle.

pbe -

The direct spark ignition system is different in that it does not use a pilot
to light the main burner. Rather, the spark is used to light the main burner
directly. With this system, the gas valve has two steps of opening. On trial
for ignition, the valve allows a reduced quantity of gas to flow. When
ignition of the burner has been proven, the main valve is then allowed to
fully open. If the flame is not proven within the trial for ignition time,
the system will go into lock-out. That is, the gas valve will close fully and
the sparking will stop. The system will not try to relight again until after
it is reset. Resetting the system may be accomplished by pushing a reset
button on the control module if one is provided. Otherwise the system is

reset by turning the thermostat down to minimum for 10 seconds, and then

returning it to a call for heat. Direct ignition systems are not suitable fo

use with propane systems. Intermittent pilot systems may be used with either
a

ajy
natural gas or propane. On natural gas systems, trial for ignition may go on
indefinitely, but propane systems must be supplied with 100 percent lock-out
if the pilot flame is not proven. There are three popular methods in use to
prove the existence of a flame in electronic ignition systems. In place of
the thermocouple, these systems may use any of the following:

a) Flame Rectification. With this system, the same wire that
carries the spark ses the existence of the flame. This is
so

sen
done through sophisticated electronics which sense the ionized
gas molecules produced in a flame.

b) Bimetal Pilot Safety Switch. This is similar to the two-wire
bimetal safety used in conventional furnaces, except that it
incorporates a normally open and a normally closed switch. The
pilot gas valve is energized through the normally closed

contact. When the heat of the pilot flame moves the switch,

the main gas valve is energized through the normally open set
of contacts.
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c) Bulb-Type Sensor. A liquid- or gas-filled bulb is positioned
close to the pilot flame. The presence of a flame causes the
pressure to build and a switch on top of the valve is caused to

hange pos ing is not as quick to

~ L a2
Llldll&c PUD [ 8
res th

2.14.1 Retrofitting to Electronic Ignition. There are retrofit kits
available, as shown in Figure 25. That allows a furnace which has a standing
pilot for ignition to be changed over to an electronic ignition system. The
retrofit kit consists of a new gas valve, a control module, and a spark

ignition/flame sensing module. They are easily installed, as the component
sizes are engineered to match the components being replaced. The spark/sensor
is especially convenient, fitting intc the same brackets which were used to
hold the pilot burner and thermocouple. The only advantage in changing over

to electronic ignition is the reduction in fuel required to keep the pilot

burning. Normally, the cost of the retrofit cannot be justified on a furnace

which is working properly. However, when a furnace has been diagnosed as

neealng a mew gas valve, then the retrofit kit becomes an attractive option at
€ T
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Figure 25
Electronic Ignition Retrofit Kit
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naces described to this point
roduce heatinz efficiencies of between 75 and 80 percent. This means that

for every 100 Btu of fuel burned, 75 or 80 Btu are converted into useful heat
and delivered into the heated space. This also means that 20 or 25 Btu go up
the stack with the flue gas. Condensing furnaces effectlvely reduce this loss

up the stack. An aux i

2.
P

o
£
[e]
[«
h
o Q.
=

in the flue gas which occurs when it is coole to 100 d ees F. The volume
of the flue gas is reduced dramatically. The products of combustion and the
condensed water vapor are removed from the furnace through a small (2-inch)
PVC drain line.

N 1¢ SURSUNR W T TR N DL oacd Thcamm o m o Moo 1V b m s S e e £3aen A

£L.10 LLOUDLIESIIOOLLIIE LAS-LILEeU rurilaces. 1L0UDLIESIILOLLILE pBdaS-LlLIceu
furnaces is covered in Table 2 and Table 3, Tables 2 and 3 contain the most

common problems found with gas-fired furnaces. Thermostat, direct spark
ignition (DSI) and intermittent pilot system (IPS) troubleshootlng are covered

in Section 4.
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Table 2
Pilot Burner Service Analysis Chart
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Table 3

-~

Troubleshooting Furnace Operations

SYMPTOM AND POSSIBLE CAUSE - i POSSIBLE REMEDY
1. Flame Too Large
(a) Pressure regulator set (a) Reset using manometer.
too high.
(b) Defective regulator. (b) Replace.
(¢) Burner orifice too large. (c) Replace with correct
size.
2. Noisy Flame
(a) Tco much primary air. (a) Adjust air shutters
(b) Noisy pilot. (b) Reduce pilot gas.
(c) Burr in orifice. (c) Remove burr or replace
orifice.
3 Yellow Tip Flame
{a) Too little primary air. {a) Adjust air shutters
(b) Clogged burner ports. (b) Clean ports.
(c) Misaligned orifices. (c) Realign.
(d) Clogged draft hood. (d) Clean.
4 Floating Flame
{a) Blocked venting. {a) Clean.
(b) Insufficient primary air (b)Y Increase primary air
supply
5. Delayed Ignition
(a) Improper pilot location. (a) Reposition pilot.
(b) Pilot flame too small. (b) Check orifice; clean,
increase pilot gas.
(¢c) Burner ports clogged near (c) Clean ports.
pilot.
(d) Low pressure. (d) Adjust pressure
regulator.
6. Failure To Ignite
{(a) HMain gas supply off {(a) Open manual valve.
{b) Burned out fuse, (k) Replace
(¢) Limit switch defective. (c) Replace
(d) Poor electrical (d) Check, clean, and
connections. tighten.
(e) Defective gas valve. (e) Replace.
(f) Defective thermostat. (f) Replace.
(g) Defective DSI or IFS (g) Replace: See Section 4
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Table 3 (Continued)
Troubleshooting Furnace Operations

SYMPTOM AND POSSIBLE CAUSE

POSSIBLE REMEDY

7. Burner Will Not Turn Off
(a) Poor thermostat location.
(b) Defective thermostat.
(¢) Limit switch maladjusted.
£ AN\ OL e 2 e .. L a
{a) onort circuilt.
(e) Defective or sticking

automatic valve.

8. Rapid Burner Cycling
(a) Clogged filters.
{b) Excessive anticipation

(c) Limit setting too low.

(d) Poor thermostat location.

9. Rapid Fan Cycling
(a) Fan switch differential
too low.
(b) Blower speed too high.

10. Blower Will Not Stop
(a) Manual fan on.
(b) Fan switch defective.

Yy T e
{(c) Shorts.

[t
[l

Noisy Blower and Motor

(a) Fan blades loose.
(b) Belt tension improper.

(c) Pulleys out of alignment.
(d) Bearings dry.

fa) NafFaontdwra hals

\e) verecciive veic

(f) Belt rubbine

(f) Belt rubbing.

(a)
(b)

7~~~
o 0
N’ N

(e)

—~ A~
o
~s

(c)
(d)

~
Y]
~r

—~
o
s

N NN
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o' P

~

(a)
(b)

~ NS
a0
N N N

Hh

Relocate.

Check calibration;
check switch and
contacts; replace.

Replace.

Check operation at
valve; check for short
and correct,

Readiust or replace
limit.
Relocate.

Switch to automatic.
Replace.
Check wiring and correct.

Replace or tighten.
Readjust (usually allow
1 in. slack.

w
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Table 3 (Continued)

Troubleshooting Furnace Operations

SYMPTOM AND POSSIBLE CAUSE

POSSIBLE REMEDY

DuLllCL WJ.L.L L‘UL LULII Ull.

(a) Pilot flame too large or
too small.

(b) Dirt in pilot orifice.

(¢) Too much draft.

(d) Defective auto flue damper.

(e) Defective thermocouple.

/7 £\ Tomemarnemase +lhmsemannsin

\Ly 1Mproper LuchUquch

s
N

(g) Defective wiring.

nogition
r

(h) Defective thermostat.

oo

»A msstAma
ve GULUAIGL

DSI or IPS.

wratara
vaiLve

|..4

PR ey
CLC bl—
Defect

H-

o
s

3

N SN

13. Blower Will Not Run
(a) Power not on.

78 S\ Toaw m~amdemanl 1‘ stment
\U/ Lrail wu iUVl J Ud viucTiIl
(c) Loose wiring.

(d) efective motor overload,

protector, or motor.

14. Not Enough Heat

(a) Thermostat set too low.

(b) Lamp or some other heat
source too close to
thermostat.

(c) Thermostat improperly
located.

(d) Dirty air filter.

(e) Thermostat out of

PO IR S APy
Cdilvurdcioll,
(£ I,Limit cet too lo
(£} Limit set too low.
(g) Fan speed too low.

(a) Readjust

(b) Clean.

(c¢) Shield pilot.

(d) Replace.

(e) Replace

€\ D

\+/ e
th

(g) Check connectlons,
tighten and repair
shorts.

(h) Check for switch closure
and repair or replace.

Da ara
L\CPLG\'D .

N N

~ N
Cde pie

Replace (see Section 4).

(a) Check power switch;
check fuses and replace
if necessary.

RDaadiuvet nr ran
neaGjusc OO LCp

Check and tigh
Replace motor.

~ o~ N
a o o
N N N

{a) Raise setting.

W\ M~awra hant+ aniivaa arviav

\U, Vivve llca\— SUUL VG awa
from thermostat

(c) Relocate thermostat.

(d) Clean or replace.
(e) Recalibrate or replace.

leget

Check otor and fan
belt and tighten if
too loose.

—~ o~
R
N
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Table 3 (Continued)
Troubleshooting Furnace Operations

AND. PNCCTRT R CAIICER DPNACCTRTIER DEMENV
SMAVAS A NI AAILais VAL EVID AL WAL A
Much Heat
Thermostat set too high. (a) Lower setting.
Thermostat out of calibration. (b) Recalibrate or replace.
Short in wiring. (c) Locate and correct.
Valarn ot3Aloc oo FACRN Dacmtans <raTara
valirve SLILICRS oUpell. \Qy nepiLace vaive.
Thermostat in draft or on {e) Relocate thermostat to
cold wall,. sense average

temperature.
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Section 2: SELF-STUDY QUESTIONS

ol
N
-
o)
=]
o

o important differences between the properties of natural gas
nd propan

)

Q2-2 How many cubic feet of natural gas will be burned each hour of
operation for a furnace which has a 125,000-Btu/hr input rating?

Q2-3 What delivery pressure is used for natural gas burners?

Q2-4 What delivery pressure is used for propane burners?

Q2-5 What is excess air?

Q2-6 What is the effect of too much excess air? Not enough excess air?

Q2-7 What is primary air? Secondary air?

Q2-8 What size orifice would you use to convert a 4-burner, 120,000-Btu/hr
input propane furnace to burn natural gas?

Q2-9 A flame appears to be longer than normal, and yellow in color. What
problem would you suspect?

Q2-10 What causes the formation of soot on the heat exchanger?

Q2-11 What is flashback? What are the most likely causes?

Q2-12 Name three devices which can be used to sense the standing pilot
flame.

AN 172 T e 2 +hin maemrbh T c22abhh amciccas dmfne b+ bhna 2T At Liitenae n

Y10 wilalL 1S5 Lle provicl willlil opper plplllg LU Lile piLliuUL burneLs

Q2-14 Name all the functions performed by the combination gas valve.

Q2-15 What is a timed start (also known as time delay) fan switch? In what
applications must it be used?

Q2-16 Describe the sequence of operation for an electronic ignition system
Q2-17 What is a condensing furnace? What is its major advantage?
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Section 3: RESIDENTIAL AND COMMERCIAL OIL-FIRED FURNACES

3.1 0i1- System. The sequence of operation for the oil-fired
furnace is sim i ar to that for the gas-fired furnace:

N s N
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a) The physical configuration of the burner used for burning oil
is different from the gas burner
b) The safety checks for safe ignition are different
3.2 Oil as a Fuel. Fuel oil is a product of the refining of crude oil,

the same process which produces gasoline, kerosene, jet fuel, gases,
lubricating oil, coke, and asphalt. All of these products consist principally
of hydrogen and carbon. The refining process separates the crude oil into the
- an . 3
L

lighter products and the heavier products. There are several different grades

of fuel oils which can be produced within the refining process They are

classified by the numbers 1 through 6, with the low numbers signifying light

oil and the hlgher numbers indicating heavier oil

Number 1 oil is highly refined, and the most expensive of all the fuel oils.

It contains oniy trace quantities of water or sediment, and cannot contain

more than 0.5 percent sulfur, by weight.

Nu.her 2 oil is the general purpose domestic heating oil. It may contain 0.10
ercent maximum water and sediment gnd 1.0 percent sulfur., It has a hi er

Number 4 oil may contain up to 0.50 percent water and sediment, and there is
no limit to the percent of sulfur it may contain. High sulfur contents can

make fuel oils difficult to use where there are regulations governing th
emission of sulfur compounds from the combustion process. The viscosit y of
No. 4 fuel o0il is quite high

Number 5 o0il contains up to 1.0 percent water and sediment and, like No. 4
oil, may contain any percentage of sulfur. It is higher in viscosity than No.
4 o0il, and requires the use of a preheating system in order to reduce the
viscosity sufficiently for it to be pumped.

Number 6 oil is the most difficult of all the fuel oils to burn. It is only
used because it is by far the cheapest of the oils. It may contain up to 2.0
percent water and sediment, and there is no specification as to the amount of

sulfur or ash that it may contain. It may only be used in burners equipped
with a preheater, and permitting the use of this high viscosity fuel.

,~
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Contrary to what some may believe, fuel oil is not very flammable. If you
were to apply a propane torch flame to a bucket of fuel oil at room
temperature, it would not ignite. 1In fact, it is the job of oil burners to
break the oil supply into a mist in oxder to provide an extreme amount of
surface area relative to the weight of oii. Without these measures, the oil

=211 e haenenn
WLlkLll HIUL UuLnl.

The physical properties of fuel oils can vary depending upon the source and
the refining process. The heating value will generally fall in the range of
18,000 to 20,000 Btu per pound. Its density can vary from 7.4 to 8.3 pounds
per gallon (it is lighter than water). Heating value per gallon is relatively
consistent between different fuel oils, providing approximately 140,000 usable
Btu per gallon.

3.3 0il Combustion. Combustion, as we normally think of it, is
generally described as rapid oxidation of any material which is classified as
combustible matter. The term oxidation simply means the adding of oxygen in a
chemical reaction and combustible matter means any substance which combines

readlly and rapidly with oxygen under certain favorable conditions. Since
fuel oil primarily consists of carbon (85 percent) and hydrogen (15 percent),
combustion of fuel oil, according to our previous definition, is the rapid

combining of carbon and hydrogen with oxygen.

As you know, the oxygen needed for combustion comes from the air blown into
the burner. Approximately 21 percent of the air is oxygen while the remaining
79 percent is nitrogen. Therefore, to supply the oxygen needed for
combustion, a great deal of nitrogen goes along for a free ride. This will

bhacome an ‘Fmpnrtnnt factor in later diccuceione of proper 0il burner

(021010 52 84

adjustment!

What we see and feel from combustion - flames, smoke, heat - is a result of
chemical reactions. Since we can’t see carbon, hydrogen or oxygen atoms (the
smallest units to combine), we symbolize the reactions with formulas that

.....................

Ut:bt,]. .LUC Lllc pLrLucess. L‘UL c)samp;c.

{ Xvoen ~—
Carbon + Air , 3 > Carbon Dioxide + Nitrogen + Heat (1)
\ ier )

[ -
Ox ygen
Hydrogen + Air I ‘ > Water Vapor + Nitrogen + Heat (2)
( Nitrogen ](forms) ‘
\ /
These reactions can be rewritten using symbols that represent the different
chemical species in the following manmner:
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C+ 02 + Ny ., - CO7 + N + Heat (1)
—_— 2
2Hy + 09 + No . . 2H920 + N9 + Heat (2)

Both chemical reactions produce entirely new products and each reaction gives
off heat. However, you may have noticed that in each reaction nitrogen has
not changed, indicating that nitrogen does not participate in the teactions
If pure oxygen rather than air were used in these reactions, the final
products of each reaction would be heat plus carbon dioxide and water,
respectively. We know that flue gas does not contain 100 percent carbon

dioxide and water, now we can see why! Because of the large amounts o
nitrogen in the air, the bulk of the flue gas is made up of unreacted
nitrogen. '

If exactly the right amount of air (no excess air) were supplied for complete
combustion of the carbon and hydrogen in the fuel oil, the products of
combustion would be as indicated in Table 4. However, with actual oil burner

equipment, it is not possible to get a perfect mixture in which all the carbon
and hydrogen are supplied with the exactly correct quantity of oxygen.

To insure that all the carbon and hydrogen come into contact with enough
oxygen to burn completely, excess air must be supplied. The excess air is
simply air over and above the theoretical requirement for the combustion of
fuel oil. With excess air needed for combustion, reaction (1) becomes:

C + 209 + Ng —_— COg2 + Np9 + 09 + Heat 3)

Note that the only difference between reaction (3) and reaction (1) is that
oxygen is a product of the reaction. This oxygen is the oxygen in the excess
air that does not combine with carbon to make carbon dioxide. In essence,
extra oxygen is provided, as a ¢ o

ex oxygen is provided a o ntee that all
the carbon and hydrogen come in n

u
1d b
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Table 4
Amount by Weight and Volume of Combustion Products When
One Pound of Fuel 0il is Burned (0 Percent Excess Air)

0IL AT

(1 pound) (1.18 pounds)

(amount of water vapor

is not considered in
percent carbon dioxide
by volume determination)

+ +

84.7 percent by volume

NITROGEN
(11.02 pounds or 150
cubic feet)

8 cubic feet)

= = b
co W
w
o
-]
Q9
3
o
n
(o]

"

15.3 percent by volume

(Air is 20.9 percent
oxygen and 79.1
percent nitrogen)

CARBON DIOXIDE
(3.16 pounds or 27.2
cubic feet)

1.18 1b, water
1.00 1b. oil 11.02 1b. nitrogen
14.36 1b. air 3.16 1b. carbon dioxide
15.36 1b. total 15.36 1b. total
This excess air deces not react during the combustion process but enters the

heating unit at room temperature and reduces the temperature of the combustion
gases so less heat is available to be transferred to the distribution medium.
As a result, excess air is a source of heat loss. By introducing 50 percent
excess air, the situation shown in Table 5 is created. Compare this with

Table 4, note that:
) The amount (weight) of water, carbon dioxide, and nitrogen
formed is the same.

volume of carbon dioxide and nitrogen formed is
less than is formed in Table 4,

c) Oxygen (as part of excess air) is a product in Table 5 but not
in Table 4.
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Table 5
Amount by Weight and Volume of Combustion Products When
One Pound of Fuel 0il is Burned (50 Percent Excess Air)

OIL ATE“
(1 pound) (1.18 pounds)
+ +
56.1 percent by volume
NITROGEN
(11.02 pounds or
50 percent excess 150 cubic feet)
AIR
(21.54 pounds or
281 cubic feet) 10.2 percent by volume
forms CARBON DIOXIDE
—_— (3.16 pounds or 27.2
(Air is 20.9 percent cubic feet)
oxygen and 79.1
nitrogen)
33.8 percent by volume
EXCESS AIR
(7.18 pounds or 90.4
cubic feet)
1.18 ib. water
11.02 1b. uLLl‘GEE‘ﬁ
1.00 1b. oil 3.16 1b. carbon dioxide
21,54 1b, air 7.18 1b. excess air
22.54 1b. total 22.54 1b. total
In Table 5, since 20.9 percent of the excess air is oxygen, 7.1 percent of all
the combustion gases is oxygen. You determine this by multiplying the percent
excess air (33.8 pnrcent) times that portion of excess air which is oxygen
(0.209). This gives approximately 7.1 percent oxygen.

Note in Table 5, the percentage of carbon dioxide or oxygen changed from that
shown in Table 4 is the result of excess air. Therefore, we can use the
percent carbon dioxide or oxygen in the flue as a measure of excess air or
vice versa - as a general rule:

Figure 26 displays the relationship between carbon dioxide and excess air.

P
~J



Downloaded from http://www.everyspec.com

1

N
H
[l
-

]

N

MEASURE PERCENT CO, TO DETERMINE
PERCENT EXCESS AIR

n
(o]

TyrTrtrrnrl
1111

®

D 16k i5% % CO ]

(] -

“ o4 .

~ 12F T~ .

9 L = \ 'o°/° COz -

© 0t =

| - —

Z o .

o P- \\_‘
Q. .

q -

2 .

ol —t ¢ v 04y oy 7

o 20 40 60 80 100 120 140

PERCENT EXCESS AIR

Figure 26
Relationship Between Excess Air and Percent Carbon Dioxide

The above discussion is a Si‘plificatiOﬁ of the actual combustion process.
The chemical reactions provided are only those that are important to the
overall combustion process. N-verthel-ss, the information in this section is

sufficient to support you in your oil burner service work. Make sure you
understand the concepts and if necessary reread this section or ask a
knowledgeable person to assist you. Don’t go on without understanding the
basic concepts!

(8]

2 1 n
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must be supplied to insure adequate mixing of fuel and oxygen. However,
excess air is one of the major causes of low efficiencies. To see how this

occurs consider that excess air:
a) Dilutes combustion gases.
b) Absorbs heat.
c) Drops overall temperature of combustion gases.
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The dilution of combustion gases occurs simply because of the presence of
additional gas in the form of excess air. The excess air absorbs heat in the
combustion zone and reduces the flame temperature. This in turn reduces the
transfer of heat to the heat exchanger since a significant amount of heat is
transferred by radiation. Moreover, as excess air is introduced, the overall
temperature of the combustion gases drops as heat from these combustion gases
is used to raise the temperature of the excess air. This process is similar
to adding refrigerated cream to a cup of coffee as shown in Figure 27. The
cup of coffee is originally 160 degrees F (high temperature) and occupies a
small volume (half a cup). Adding cream at 40 degrees F increases the volume
(almost a full cup) and lowers the overall temperature to 120 degrees F (mild
temperature). Note that the temperature of the mixed coffee and cream is
higher than the temperature of the cream alone and lower than the temperature
of the coffee alone. Heat from the coffee went into heating the cream and the
overall temperature dropped, in other words, the cream absorbed some heat from
the coffee.

ADDING EXCESS AIR TO A FLAME IS
LIKE ADDING CREAM TO A CUP OF
COFFEE!

120° COFFEE &
AND CREAM §

— SMALL VOLUME — LARGER VOLUME
— HIGH TEMPERATURE » — LOWER TEMPERATURE

Figure 27
Representation of the Effect of Excess Air on Combustion Gas Temperature
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Figure 28, coffee example, illustrates the effect of excess air (shown as
water) in diluting the gas (coffee) and the resulting reduction in the carbon
dioxide percent.
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Figure 28

The Effect of Excess Air on Carbon Dioxide

To review, remember that excess air causes the following:

a) Lower flame temperature.

b) Lower combustion gas temp erat”r,,

c) Higher flue or stack gas temperature.

d) Poorer heat exchange to the distribution medium.
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'All of these changes play a role in reducing the efficiency of the heating
system. So minimizing excess air is essential in the proper adjustment of oil
burners; however, simply reducing excess air without concern for other factors
could lead to a great deal of trouble.

Excess air causes one other problem that cannot be seen in

RACToo QL Callsoto LI oLl LLaAT wERRiLIV T STTIE adr was

e c

coffee and cream. Excess air increases the volume of combustion products per
unit of fuel burned so that the products pass over the heat exchange surfaces
more rapidly and reduce the contact time. As was pointed out earlier, this
reduces the heat transfer rate to the heat exchanger.

omnaricon of
omparisoeon ¢

3.3.2 Excess Air-Smoke Relationship. During the combustion of oil,
particularly, during burner start-up and shut-down, some smoke is usually
generated since some of the oil droplets do not contact enough oxygen to
complete the reaction which forms carbon dioxide. This smoke consists of

small particles of mainly unburned carbon. Some of these particles stick to
the heat exchanger surfaces acting as insulation and can eventually clog up
the flue passages while others are emitted through the stack and add to the
pollution of the air.

There must be sufficient excess air tc provide good mixing of combustion air
and fuel oil. Without this excess air, incomplete combustion occurs and smoke

is formed. Thus, to minimize smoke, excess air is generally added.
Unfortunately, as the amount of excess air is increased, the transfer of heat
to the heat exchange medium (hot water warm air or steam) is reduced. A

Figure 29 illustrates the typical relationship between smoke and efficiency
and excess air. Notice that smoke and efficiency increase as the excess air
is decreased. The exact shape of this curve varies from unit to unit.

Knowing this curve can give a clear picture of how the burner air should be
adjusted. The highest efficiency occurs when trade-off between smoke and
excess air is properly balanced.

before they pass through the heat exchanger acts like excess air. The air
leaks dilute the combustion gases, cooling them and increasing their volume so
that they pass through the heat exchanger more quickly. However, an air leak
is even worse than excess air in the combustion chamber because an air leak

- o wea deam o el o1 £ an o ~ Al o
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3.3.2.1 Effect of Air Leaks. Air which leaks into the combustion gases
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3.4 Combustion Chamber. The function of the combustion chamber is to
surround the flame and to radiate heat back into the flame to aid in fuel
vaporization and combustion. The combustion chamber design and construction
helps determine whether the fuel will be burned efficiently. The chamber must
be made of the correct material, properly sized for the nozzle firing rate,

Figure 29
Smcke

and Efficiencv Varsgus Excess Air Curve
meKe ang niliciency ersu rve

v HALCTSS diaad Nvea v

The chamber should be designed and built to provide the maximum space required

to burn the oil needed to fire the heating plant and to meet its load.

Unburned droplets of oil hould not touch the chamber surface, especially a

UIIIPULCXLUL cS auu Caduse
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§
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the burning zone, the
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will be. 1If the chamber is too small, the oil will not have enough time to
complete combustion before it strikes the colder walls.

en the chamber is too large, there will be areas in the chamber which the
flame will not fill. This causes cooler chamber surfaces and reduces the
reflected heat from the chambers walls. As a result, the fuel droplets will
not evaporate as rapidly in the cooler chamber and will be more difficult to
burn completely. More air will be required to burn smoke-free and the result

will be low carbon dioxide (high oxygen) and lowered efficiency.

3.4.1 Floor Size. The size of the combustion chamber is measured in
square inches of floor space. The ideal size for a home is about 80 to 90
cmisnean daomalhacs mae =al1T.o. £ 21 =L cramem —ea £ . £ PP S UL I R B T
Syuale 1ncnes per gairion or o1l LL Liie Durner 1s 1unccionil g well ana wne
chamber has quick heating refractory material, and is properly designed, it is
possible, in most cases, to use this formula up to 1.50 GPH. For residential
use, the chamber should not normally exceed 95 square inches per gallon for a

high pressure (retention head) burner.

When the combustion chamber is accurately sized to the heating plant capacity
it is extremely important that the nozzle pattern and spray angle conform to

the characteristics of the burner air pattern and that the oil pressure at the
nozzle should normally be 100 psig unless manufacturer's instructions contain
other specifications.

3.4.2 Shape. The majority of combustion chambers are square,

rectangular or round. Curved surfaces generally produce more complete mixing
of oil and air and also eliminate the pockets of air in the corners of square

or rectangular chambers, which reduces the reflected heat from the chamber
walls to the flame. The air in these corners also does not usually become a
part of the combustion process and therefore dilutes the combustion products

as they flow through the heating plant. This is particularly true of the
corners at the front of the chamber where the oil is sprayed in because the
flame is narrow and the o0il has not been heated up to maximum temperature at
this point. See Figure 30.

2 17-11

2 /. P T £ 2 e ol A csml11 . £ a1 - - - ~ U T B |
J.4.90 wdairils. iU 1S 1mportant tnatc € walis OI tnhe cnamber snouid De
high enough to assist combustion, but not to interfere with the heat transfer
from the combustion products to the heat exchanger Table 6 shows the height

ei
to be used based on the firing rate. The chamber wall should be 2 to 2-1/
times as high above the nozzle as it is from the floor to the nozzle.
he base of a heating plant has a tendency to overheat, the walls should be
3 ti ti ght from tLoor to nozzie. This is sometimes a problem
s 3
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Space between the chamber wall and the heating plant should always be filled
with an insulating material, such as mica pellets. A poor grade of backfill
shortens the life of the chamber, reduces the efficiency at which the oil
burns, and increases combustion noise.

wn
w



Downloaded from http://www.everyspec.com

MIL-HDBK-1114/2

GOOD COMBINATION

=- 2
AT

/7SS ST 7 7

/’ ///2/71454/

N\ \

\\PJ\\R\
ﬁ
\:

NN

///////// ///

CORNERS SHOULD
BE FILLED

VS S S S S S A
A IS
<< I

™e == - o Wal
rigure oU

Combustion Chamber Design
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Table 6
Combustion Chamber Sizing Data

D R DIAMETER
SQ. IN. OF ROUND OF RECTAN-

AREA COM- DIMENSION OF SQ. COMBUSTION GULAR COM-
OIL CONSUMPTION BUSTION COMBUSTION CHAMBER BUSTION
G.P.H. CHAMBER CHAMBER (IN.) (IN.) CHAMBER

(IN.)

.75 60 8 x 8 9 il

.85 68 8.5 x 8.5 9 Cesseaeaean

1.00 80 9 x 9 10 18 ... ...

1.25 100 10 x 10 10 1/ ... ..

80 sq.in. 1.35 108 10 1/2 x 10 1/2 11 3/4 ...
per gal. 1.50 120 11 x 11 12 3/8 10 x 12
1.65 132 11 1/2 x 11 1/2 13 10 x 13

2.00 160 12 5/8 x 12 5/8 14 1/4 11 x 14 172

2.50 200 14 1/4 x 14 1/4 16 12 x 16 1/2

3.00 240 15 1/2 x 15 1/2 17 1/2 13 x 18 1/2
3.50 315 17 3/4 x 17 3/4 20 15 x 21

4.00 360 19 x 19 21 1/2 16 x 22 1/2

90 sq.in. 4.50 405 20 x 20 17 x 23 1/2
per gal 5.00 450 21 174 x 21 1/4 18 x 25

5.50 550 23 1/2 x 23 1/2 20 x 27 172

6.00 600 24 1/2 x 23 1/2 21 x 28 1/2

6.50 650 25 1/2 x 25 1/2 22 x 29 1/2

7.00 700 26 1/2 x 26 1/2 23 x 30 1,2
1060 sgq.in. 7.50 750 27 1/2 x 27 1/4 24 x 31
per gal 8.00 800 28 1/4 x 28 1/4 25 x 32
8.50 850 29 1/4 x 29 1/4 25 x 34
9.00 900 30 x 30 25 x 36

9.50 950 31 x 31 26 x 36 1/2

10.00 1000 31 3/4 x 31 3/4 26 x 38 1/2

n
19,
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Table 6 (Continued)
Combustion Chamber Sizing Data

SUNFLOWER
CONVENTIONAL CONVENTIONAL FLAME SUNFLOWER
BURNER BURNER BURNER FLAME
OIL CONSUMPTION SINGLE TWIN NOZZLE SINGLE BURNER TWIN
G.P.H. NOZZLE NOZZLE NOZZLE
.75 5 X 5 X
.85 5 X 5 X
1.00 S X 5 X
1.25 5 x 5 x
80 sq.in. 1.35 5 X 5 b4
per gal. 1.50 5 X 6 X
1.65 5 X 6 X
2.00 6 X 7 X
2.50 6.5 x 7.5 x
3.00 7 5 8 6.5
3.50 7.5 6 8.5 7
4.00 8 6 9 7
90 sq.in. 4.50 8.5 6.5 9.5 7.5
per gal. 5.00 9 6.5 10 8
5.50 9.5 7 10.5
6.00 10 7 11 8.5
6.50 10.5 7.5 11.5 9
7.00 il 7.5 12 9.5
100 sg.in. 7.50 11.5 7.5 i2.5 10
per gal g2.00 12 8 13 10
8.50 12.5 8.5 13.5 10.5
9.00 13 8.5 14 11
9.50 13.5 9 14.5 11.5
10.00 14 9 15 12
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3.4.4 Burning Setting. The chamber must be installed so that the oil can

burn clean without inpinging on the floor and causing carbon to form. Figure
31 shows the inside dimensions recommended by a burner manufacturer. The
burner end cone should typically be installed 1/2-inch back from the inside

at

chamber wall. Always check the individual manufacturer’s installation
instruction manual for proper burner mounting dimensions. We recommend that

you cover the end cone edges with high temperature insulating material to
prevent the burnout of the end cone.

3.4.5 Baffles. A baffle stool or a hanging baffle installed over the
combustion chamber may help increase the combustion chamber temperature. It
will aid in causing the combustion products to scrub the walls of the heat

ot ~nv

exchanecer which will resul
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A firetube boiler can often be equipped with spiral (twist) baffles in the
tubes to enhance heat transfer and thus improve efficiency. These baffles
should be checked and cleaned annually.

1oy

tory. Refr actories of low specific heat and low
WOO \ 1 K4 2
1 1 L

A
temperature more rapidly from a cold start and maintain a higher temperature
during steady operation of an oil burner. This will help produce more

complete combustion and increase the heat transfer by radiation to the heat
transfer surfaces of the heat exchanger.

Tests by National Institute of Standards and Technology (NIST) comparing a
hard brick to a precast soft chamber in the same boiler determined that losses
by radiation, conduction, convection and incomplete combustion were 13.4
percent for the brick and 8.6 percent for the precast. The difference was
equal to 8300 Btu/hour in favor of the precast. This amounts to a possible

saving of 6 percent.

Although it is possible to obtain a relatively good fire without a chamber,

you should realize that a properly sized and shaped combustion chamber will
substantially improve combustion, provide a hotter flame, and reduce the

<Ay A LAt R Ep Re YVallT & aVLLTA L aiGaac Qi LA TUULT LT

amount of soot accumulation associated with start-up and shut-down.

Commercial burners with large input rates are frequently fired without a
chamber, but with small residential burners the chamber becomes extremely

e A s -~

important. The modern materials for chamber construction become red hot
within 20 seconds after starting the fire, causing heat to be reflected back
into the oil spray, speeding up the conversion of liquid cil te vaper, and

making the flame smaller but hotter. In general, combustion temperatures of
high speed flame retention head burners will be somewhat higher than older
conventional burners.
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i 2 3 4 77?4%;77 N 67ﬁ7
Firiang Length Width Dimension | Suggested [Minimum Dia.
Rate (CPH) (L) (W) {(C) Height (H) jVertical Cyl.
0.50 8 7 4 8 8
0.65 8 7 4.5 9 8
0.75 9 8 4.5 9 9
0.85 9 8 4.5 9 9
1.00 10 9 5 10 10
1.10 10 9 5 10 10
1.25 1l 10 S 10 HH
1.35 iz i0 5 10 1i
1.50 12 11 5.5 11 12
1.65 12 11 5. 11 13
1.75 14 11 S. 11 13
2.00 15 12 5. 1 14
2.25 16 12 6 12 15
2.50 1?7 13 6 12 16
2.75 i8 i4 ) iz i8

OTES:

Flame lengths are approximately

as shown in column (2). Often,

tested boilers or furnaces will

operate well with chambers shorter

than the lengths shown in column (2).

2. As a general practice any of these
dimensions can be exceeded without
much effect on combustion.

3. Chambers in the form of horizontal
cylinders should be at least as
large in diameter as the dimension
in column (3). Horizontal stainless
steel cylindrical chambers should
be 1 to 4 inches larger in diameter
than the figures in column (3) and
should be used only on wet base
boilers with non-retention burners.

4. Wing walls are not recommended.

Corbels are not necessary although

they might be of benefit to good

heat distribution in certain boiler
or furnace designs, especially with

non-ratention burners

nell-Ietentieon surnels.

- 2

.§<:-4~\

Figure 31
Recommended Minimum Inside Dimensions of Refractory Type Combustion Chambers
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While we have had much to say about the improved combustion achieved through
utilization of a chamber, there are also some other benefits to be considered.
Chambers act as sound absorbers and this feature is highly desirable as flame-

retention burners tend to be somewhat louder than the older burners they are

replacing. Another benefit obtained from combustion chambers is the
protection of those portions of the dry-base boiler or furnace which could not
withstand prolonged exposure to intense heat or the rapid heating-cooling of
the metal.

When the correct firing rate to match the heat load has been determined, the

This will result in maximum efficiency being achieved. The relation between
the size of an existing chamber and the determination of the correct firing
rate to fit that chamber is important and should be considered whenever the
firing rate is altered.

3.5 Heat Exchanger. The next step in the operation of the heating

plant is the transfer of heat energy from the combustion gases to the air in
the furnace or to the water in the boiler. This is accomplished in the heat

[}
2]
a}
©
(o9
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two ways:

a) Hot combustion gases directly contact the heat exchange
surfaces and transfer heat.

b) Radiant energy in the combustion chamber heats the heat
exchange surfaces (similar to being heated by the sun).

The selection of wall material will depend on its ability to easily pass heat,
its cost, and several other factors. This is a whole area of study in and of
itself

If the heat exchanger were a perfect transfer of heat, all the energy in the
combustion products would be transferred to the distribution medium. This
would mean no losses of heat! With no heat losses the stack temperature would

room temperature. Of course you know this is not the actual

a) Temperature differences
b) Contact time.
c) Insulation.

The greater the temperature differences between the combustion gases and the

temperature of the air or water to be heated, the more heat will be
transferred in a given time. There is very little that can be done about the
temperature of the air or water to be heated, but if the temperature of the
combustion gases can be raised, more heat would be transferred. This is

another reason why a high flame temperature from the burner is desirable.
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by the combustion gases 1is essential.

The longer the hot combustion gases are in contact with the walls of the heat
exchanger, the more heat will be transferred. The scrubbing of the heat

This meansrthat small

flue passages in the heat exchanger provide better contact than wide open flue

passages.
gas,

With greater heat exchange surface area per volume of combustion
more intimate contact of heat and walls occurs.

Longer contact time can

also be achieved by reducing the amount of combustion gases produced per

gallon of fuel burned or per period of time.

flow over heat pvnhnngp surfaces

2aOW LVVEL TS Tatllial:

A smaller volume takes longer to
Lowering the excess air can reduce the

volume of combustion gases produced per gallon of fuel burned and reducing the
nozzle firing rate can reduce the volume of combustion gases produced per unit

time.

temperature and volume of combustion gases.
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the combustion gases and the heat exchanger wall

called soot) act as an insulator!
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Figure 32 indicates the relationship between excess air and the flame
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Smoke deposits from smoky combustion can

collect on the heat exchange surfaces and reduce the effectiveness of the heat

transfer process.

1-inch thick fiberglass sheet.

It should be understood at
oil burner is a bad thing,

this point that smoke
not because the smoke

Estimates have been made indicating that a 1/8
coating of soot on heat exchanger wails has the same insul
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caused by a poorly operating
represents unburned fuel, but

because:
SMOKE SOOTS UP HEAT EXCHANGE SURFACES AND PREVENTS TRANSFER OF
HEAT TO THE HEATING LOAD!
A good burner helps the heat exchanger be more efficient by:
a) Providing combustion products at a high temperature. This
means a high flame temperature.
b) Providing combustion products which have a low volume per
gallon of fuel burned. This means low excess air.
¢) Providing clean combustion products which contain a minimum of
smoke.
3.6 Draft. In the oil heat industry, the word "draft® is used to
describe the slight vacuum, or suction, which exists inside most heating
plants. The amount of vacuum is called draft intensity. Draft volume, on the
other hand, specifies the volume (cubic feet) of gas that a chimney can handle
in a given time. Draft intensity is measured in "inches of water" - just like

a mercury barometer is used to measure atmospheric pressure in inches of
mercury, a draft gauge is used to measure draft intensity (which is really
pressure) in inches of water.
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 "Natural® draft ic acta

1
........ -

ally thermal draft and occurs when gases that are
heated expand so that a given volume of hot gas will weigh less than an equal
volume of the same gas at a cool temperature. Since hot combustion gases
weigh less per volume than room air or outdoor air, they tend to rise. The
rising of these gases is contained and increased by enclosing the gases in a
tall chimney. The vacuum or suction that you call "draft" is then created

..... -1 2 o PP
uuuusu LIILS t.uu.uuu UL llUL Bascts.

"Currential” draft occurs when high winds or air currents across the top of a

chimney create a suction in the stack and draw gases up. "Forced mechanical"

draft is the force that is exerted by the burner fan which passes gases up the
chimney.

PPN PN PN 2 P ponpg |
Tnere are tnree ractors wnicn coniroli

a) The height of the chimney - the higher the chimney, the greater
the draft.

b) The weight per unit volume of the hot combustion products - the
hotter the gases, the greater the draft.

c) The weight per unit volume of the air outsi

PRupieh IS DRT VIR N PRPPPRPE I -2 ea bl ok e A an a1 e
CO13der thne outsidae EI.LL, Liie gLedLeL Lile dard

ide the home - the
ft.

Since the outside temperatures and flue gas temperature can change, the draft
will not be constant. When the heating plant starts up, the chimney will be
filled with cool gases. After the heating plant has operated for a while, the
gases and the chimney surface will be warmer, and the draft will increase.
Also, when the outside air temperature drops, the draft will increase. To

At o mdma AE e
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i i Table 7

ft high chin draft produced by this chimn
could be exnected to vary from 0.011 to 0.136 inch of water. The high draft
is over 12 times more than the low draft. This large variation cannot be

tolerated for the following reasons:
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a) Too little draft can reduce the combustion a

ir delivery of the
...... i~ am meel = E gy -—n s o2 -l A PRI PRIy Ry -
vuLucL auu Calt feésSulLc 1n an Lllbl.cdbe Lll Lile PLUUuCL.LU 1 OL
smoke.

b) Excessively high draft increases the air delivery of the burner
fan and can increase air leakage into the heating plant,
reducing carbon dioxide and raising stack temperature,
resulting in reduced operating efficiency.

c) High draft during burner off periods increases the standby heat

losses up the chimney.
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Table 7
Example of Draft Changes in a Chimney
OUTSIDE CHIMNEY DRAFT (INCHES)
CONDITION TEMPERATURE, TEMPERATURE, CARBON DIOXIDE
DEGREES F DEGREES F
Winter start-up 20 110 0.050
Winter operation 20 400 0.136
Fall start-up 60 80 0.011
Fall operation 60 400 0.112
To understand why varying draft causes these problems, you should bear in mind
that the air pressure (positive draft) caused by a burner fan averages about
0.25 inch of water in the air tube. If the combustion chamber has a draft of

0.10 inch of water and the burner fan provides a pressure of 0.25 inch of
water, the total force causing air to flow will be a 0.35 inch of water. 1If
the combustion chamber draft drops to 0.01 inch of water, the total pressure
becomes 0.25 + 0.01 = 0.26 inch of water. This is a reduction in draft of
about 25 percent which will cause a similar reduction in the amount of air

0 58 +1 PR
flowing into the combustion chamber. Remember what happens when the excess

WLICT L
air is not properly adjusted? The burner will very likely smoke

of this change. It is for this reason that the proper draft shou
obtained before the air adjustment is set.

s a
d be

1

Because draft will not exist to any great amount during a cold start-up, the
burner should not depend on the additional combustion air caused by draft.
The best way to be sure the burner dces nct depend on this air to set the

burner for smoke-free combustion with low overfire draft (0.01 to 0.02 inch
of water). 1If a burner cannot produce good smoke-free combustion under low
draft conditions, there is something wrong with the burner and it should be
corrected. Using a high draft setting to obtain enough combustion air for
clean burning is like depending on a crutch, which is not always there. A
burner which gives clean combustion only with high draft will cause smoke and

coot anv time tha chimnev is not nroducin hich Awafe

cot any Tlime the chimney neT proaucing niga araitc.
3.6.1 Draft Regulators. From the previous information, you should

realize that a constant draft is needed and this draft should be no more than
that which will just prevent escape of combustion products into the home.
Since natural draft as obtained from a chimney will vary, it is necessary to

PR RPN

nave some sort of regulation. The normal draft regulator for home heating
plants is the so-called by-pass, or air bleed, type as shown in Figure 33.
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This type of regulator is simply a swinging door which is counterweighted so
that any time the draft in the flue is higher than the regulator setting, the
door is pulled in. When the door is pulled in, it allows room air to flow
into the flue and mix with the combustion gases. Because the room air is much
cooler than the flue gases, it cools them. Then the cooler gases fill the
chimney, there is less temperature difference between the chimney gases and
the outside air and less draft is produced. If the draft is less than the
regulator setting, the counterweight keeps the swinging door closed and only
flue gas flows into the chimney. This gives the highest draft possible under
those conditions.

It is important to understand that the function of a draft regulator is to
maintain a stable or fixed draft through the heating equipment within the
limits of available draft of the chimney by means of an adjustable barometric
damper. Draft can be measured by using a draft gauge. It cannot be estimated
or "eye balled." The draft should be checked at two different locations in
the heating plant:

a) over the fire which indicates firebox draft condition and

f=d i A AaaT Falatdl AslUALOULTS sarTUVA ULiGa e LUMLILALAVUIL G

b) draft in the breech connection.
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3.6.1.1 Draft Over the Fire. The draft over the fire is the most important
and should be measured first. The overfire draft must be constant so that the

burner air delivery will not be changed. The overfire draft must be at the
lowest level which will just prevent escape of combustion products into the
home under all operating conditions. Normally an overfire draft of 0.01 to
0.02 inch of water will be high enough to prevent leakage of combustion
products and still not cause large air leaks or standby losses.

If the overfire draft is higher than 0.02 inch the draft regulator weight
should be adjusted to allow the regulator door to open more. If the regulator

door 1is ready wide open, a second regulator should be installed in the stack
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cannot open. There may be tim when the outside a
chimney hotter, and the draft needs regulation.

The overfire draft is also affected by soot buildup on heat exchange surfaces.
As the soot builds up, the heat exchange passages are reduced and a greater
N -

resistance to the flow of gases is created. This causes the overfire draft to
drop. As the overfire draft drops, the burner air delivery is reduced and the
flame becomes even more smoky. It is a vicious cycle which gets increasingly

worse

3.6.1.2 Draft at the Breech Connection. After the overfire draft is set,

the draft at the breech connection should be measured. The breech draft will
lightly more than the overfire draft because the
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3.6.2 Flue and Chimney Exhaust. The flue pipe should be the same size as
ch connection on the heating plant For modern oil designed heating
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minimized and the pipe should be

The draft regulator should be installed in the flue before the chimney and
after the primary control, if one is used. Make sure the draft regulator is

1

at least as large as the flue pipe diameter. Table 8 gives recommended size
and height for chimneys based on BTU input. Table 9 and Figure 34 list common
chimney problems and their corrections.

3.7 Fuel Oil Burners. Figure 35 shows a pedestal oil burner which is

similar to many which are used on a variety of furnaces or boilers. The motor
(1,725 or 3,450 rpm) drives a fan and a fuel pump. The fan draws in the
combustion air which will be mixed with the atomized fuel oil. The pump draws
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that the o0il can be pushed through an atomizin z is
atomized, it may easily be lighted. Figure 36 shows an 011 nozzle produc ng a
fine oil spray, a pair of electrodes are used to ignite the oil. These
electrodes are positioned so that there is a 1/8 inch air space between the
ends. The control system applies a high voltage of 10,000 volts or more,
creating a spark between the electrodes. The position of the electrodes
relative to the cone formed by the oil spray is important. It must not be
within the oil spray to prevent the 0il residue from bridging between the
electrodes. But it must be close enough that the primary air stream blows the
arc into the spray. The ends of the electrodes should have a pointed shape,
but not to the point of being sharp. The ends of the electrodes will
gradually disappear due to the high voltage spark.

Table 8

GROSS BTU INPUT RECTANGULAR TILE ROUND TILE MINIMUM HEIGHT
(INCHES) (INCHES) (FEET)
144,000 8 1/2 X 8 1/2 8 20
235,000 8 1/2 X 13 10 30
374,400 13 X 13 12 35
516,000 13 X 18 14 40
612,200 . - 15 45
768,000 18 X 18 - 50
960,000 20 X 20 18 55
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Table 9
Common Chimney Troubles and Their Corrections
KEY TROUBLES EXAMINATION CORRECTIONS

A Top of chimney lower Observation. Extend chimney above all
than surrounding objects within 30 feet.
objects.

B Chimney cap or Observation. Remove.
ventilator.

C Coping restricts Observation. Make openings as large
opening. as inside of chimney.

D  Obstructiocn in Can be found Use weight to break
chimney. by light and and dislodge.

mirror reflect-
ing conditions
in chimney.

E  Joist projecting Lowering a light Must be handled by a
into chimney. on extension competent brick

cord. contractor.

F  Break in chimney Smoke test-build Must be handled by a
firing. smudge fire competent brick

blocking off contractor.
other opening,

watching for

smoke to escape.

G Collection of soot Lower light on Clean out with weighted
at narrow space in extension cord. brush or bag or loose
fiue opening. gravel on end of line.

H  Offcet Lower light on Change to straight or

extension to long offset.

I  Loose-seated pipe Smoke test. Leaks should be

—

in flue opening.

Measurement of
pipe from within

or observation of

pipe by means of
lowered light.

eliminated by cement ting
all pipe openings.

Length of pipe must be
reduced to allow end of

~ . el Al
pipe to be flush with

inside of tile
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Table 9 (Continued)
Common Chimney .Troubles and Their Corrections

KEY TROUBLES EXAMINATION CORRECTTIONS
K Two or more openings Found by The least important
into same chimney. inspection opening must be closed
from basement. using some other

chimney flue.

L  Failure to extend By inspection Extend partition to
the length of flue or smoke test. floor level.
partition down to
the floor.

M  Loose-fitted clean- Smoke test. Close all leaks with
out door. cement.
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Figure 34
Diagram of Common Chimney Troubles
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0il Burner for Residential Use
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" They may be reshaped with a file and bent to adjust the gap to 1/8 inch. The
nozzle and pair of electrodes, insulated with ceramic, is called the oil gun
assembly.

Once the o0il flame has been established, the ignition spark may remain on, or
it may turn off depending on the manufacturer. Those which remain on are
called "continuous ignition." Where "intermittent ignition" is used, the
flame itself provides sufficient heat to burn the entering fuel and keep the
chain reaction going.

The 10,000-volt supply to the electrodes 1s provided by the ignition
transformer (Figure 37). It is a step-up transformer, using 115 volts as the
input voltage. The connection from the transformer to the electrodes may be
either through a buss bar connection or snap-on terminals.

120-volt
;:::::jinput

[ 10,000-volt
’ output terminals

mounting
plate

Figure 37
Ignition Transformer

3.7.1 Flame-Retention Burners. An advancement in burner design that has
evolved within the past 15 years is the flame retention head. The flame
retention head end cone provides a modified air flow pattern and improved
burner performance. A picture of one type of flame retention head burner is
shown in Figure 38. Note that the end design is quite different from older
style burners. The improved design produces a swirling air pattern with some
recirculation of combustion products for improved fuel-air mixing. The flame
stabilizes near the burner head and that is where the name "flame-retention"
originates.
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Figure 38
Flame Retention 0il Burner

Several companies manufacture these burners and some of the de
differ slightly. The general flame retention concept is simila ar
it

principle produce high iﬁténsity mixing that provide very stable well-defined
flames. In contrast to this, some burners of older design do not produce
intense mixing but operate instead with lazy, diffuse flames. A comparative
illustration is shown in Figure 39.
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Figure 39
Conventional and Retention Head Flames

The improvement of fuel air mLx.Lng provided Dy fiame retention head burners is
evident from performance i.e., low smoke numbers and high levels of carbon
dioxide in the combustion product gases. Typical retention head burners can
produce a 10 to 13 percent carbon dioxide with a zero to number one smoke.
Older burners using stabilizers and end cones reach only seven to nine percent
carbon dioxide with marginal smoke levels.
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Selection of a flame retention head burner to replace an old oil burner is not
a simple task, and careful attention to detail is required to assure safe and
efficient operation. Important questions to consider are:

a) Is a new burner needed?

b) Can the efficiency of the existing burner be improved?

c) Should other modifications be considered first?

d) Can the existing boiler or furnace handle the higher flame
temperatures associated with flame retention head burners?

e) Are there other important considerations?

The efficiency of the existing heating unit must be measured to determine
possible fuel savings with the new burner. The original system should be
adjusted to peak efficiency (and acceptable smoke number) before the fuel
saving is estimated. Setting the draft damper, replacing fuel nozzles,
adjusting combustion air, eliminating air leaks, and cleaning heat exchange
surfaces are some of the measures that can improve the performance of the
existing burner-boiler or burner-furnace. If the flue loss efficiency of the
tuned heating unit is less than 75 percent, then a flame retention burner is
advisable in many cases.

Inspection of the combustion chamber and heat exchanger is necessary to
determine if the unit can tolerate higher temperature. Remedial steps may be
required. Any other specific factors that may effect the choice of a flame
retention burner should be considered.

3.7.1.1 Function of Flame Retention Burners. The basic design of a flame
retention burner is similar to other pressure atomizing burners. The main
difference is the way in which fuel and combustion air are mixed, and this is
controlled through careful design of the burner end cone (burner head). The
flame retention head has a smaller area through which air can flow and the
resulting flow pattern allows more efficient operation. The other components
of flame retention burners (fuel pump, nozzle, electrodes, transformer) often
are the same as non-flame-retention types. One other difference is frequent
use of 3450 rpm motors instead of 1725 rpm to overcome the pressure drop
through the retention head, but this is not a requirement for flame retention.

Flame retention burners can improve boiler or furnace efficiency in two ways.
Flue heat loss during burner operation can be lowered, and off-cycle heat loss
may be reduced.

Excess air reduces efficiency, and flame retention burners usually operate
with less excess air than older burner designs. Flame retention types require
20 to 30 percent excess alr, while older burners need 50 to 100 percent or
more to achieve low smoke numbers. The difference in flue heat loss for these
burners is about 10 percentage points. This translates into a fuel saving of

The second advantage of flame retention burners is their tendency to reduce
off-cycle heat loss while the burner is idle. The flow of off-cycle air
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through the heating unit is reduced by the restrictive design of the flame
retention head, and off-period heat loss is less. This improves the annual
fuel utilization efficiency. The magnitude of on-cycle and off-cycle savings
depends on the design of the burner and boiler or furnace combination.

3.7.1.2 Adverse Effects of Flame Retention Burmers. Flame retention head
burners do not present the reliability problems that are sometimes associated

more than a decade. Many burner components are the same as older oil units
that have been used for several decades. Therefore, few problems are expected
by wider use of retention head burners. One area that must be considered by

installers, however, is the possible imcompatibility with some older heating
units. These boilers and furnaces may not have been designed for the higher
flame temperatures produced by new burners, and modification of the combustion
chamber may be required.

Retention head burners operate with higher flame temperatures that can be 600
degrees F hotter than older burners. The higher temperature is caused by
reduced excess air and contributes to higher system efficiency. Higher

procucing
drop. From an efficiency
desirable.

=

Most new boilers and furnaces can accommodate higher combustion temperatures,
and flame retention burners are us f them. Unfortunately,
der heating units. Raising the tempera
s in

Several precautions should be considered whenever older heating units are
retrofitted with new burners. The best decision from an efficiency viewpoint
is to replace the entire heating unit, with a new burner-boiler or burner-

|-J-

£ o my e _ __211 e m=e® I .2 .. L£.._1 e e e e PR | P o [URPURTS T R

rurnace. 1Nn1sS wWlill pProvide maximuim lLuel SdVINgs diid the fewest pLroovirems

Another solution is to reline older combustion chambers with high temperature
refractory inserts. These are available in moldable (Wet-Pak) form or similar

combustion chamber liners which can be installed in the field and reduce the
chance of chamber problems. Also, reducing the firing rate (fuel nozzle size)
may lessen the undesired effects of high combustion temperatures.

Finally, increasing excess combustion air reduces flame temperatures, but also
reduces fuel savings. Dry-base boilers and older warm air furnaces are prime
candidates for this approach. For those cases a maximum carbon dioxide

e

concentration of about 10 percent (or about 50 percent excess air) may be
acceptable. Fuel savings will be lowered by increasing excess air, so this is
not a general recommendation for all systems.
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3.8 Burner Motor.
capacitor start. Residenti
1/8 hp split phase. Manual

button provided on the moto
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sarecy 1s the primary consideration in all cases.
e ised for gains in efficiency.

PP

CUMIPL O

The burner motor may be either split phass or

al burners will most commonly use either 1/6 hp or
overload protection is required with the reset
r housing. The combustion air blower is fastened

directly to the motor shaft. The fuel pump (Figure 40) may be either directly
coupled to the opposite end of the motor shaft, or it may be belt-driven. The
belt drive arrangement for the pump is commonly used on the 3,450-rpm motors
to allow the pump to run at 1,725 rpm.
pressure 4 4 (alternate) oil
sensing lreturn to tank
port ! !
oil supply =— g //@\\ \H‘i ~— o0il discharge
to nozzle o pressure
@ @7 ad justment

o/

o\

oil inlet from —_— [ml \\\\7 ;:j ////' -<—— alternate location
storage ta &) for o0il inlet from
tank
1 oil return to
Y tanlk (when used)
Figure 40

Fuel 0il Pump
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'3.8.1 Primary Controls. All the control for the oil burner is centered

in a "black box" called a primary control. It may also be referred to as a

stack control.

[N

a)
b)

c)

&
\—r

The function of the primary control is:

On a call for heat fro e thermostat, start the burner motor
and energize the ignition transformer.

When the oil flame has been established, turn off the ignition
transformer (intermittent ignition only).

If the oil flame has not been established within a specified
time (usually around one minute), shut-down the burner motor.
In this case, the system will not automatically recycle. The
reset button on the primary control must be reset before a new

+r3 a1l Far {4onid

-
Criais IOY 4gy nition may proceed
oS

uay pirLuviecocu.

When the thermostat is satisfied, the primary control turns off
the burner motor and the ignition transformer (continuous
ignition models).

In the event of a power failure or a flame failure for any
other reason, some models will allow the fan to run for one
minute (scavenging period) to remove fumes in the fire box, and

+han malra
tnen marke Ol

Q.
™

There are several ways in which the primary control determines if the trial

for ignition has been successful. The primary control shown in Figure 41 has

a heat sensing element which senses flue gas temperature. This controller is
mounted directly on the flue stack, hence it is sometimes called a stack

controller. Stack controllers are also available in two pieces

One piece is

mounted on the stack, and the rest of the contrcl is mounted elsewhere. The
stack sensing s"itch may actually be two switches hey are called the hot
switch and the cold switch.

Non-stack-mounted controllers use a remote flame sensing device.

(Figure 42).

Most common
of these for residential use is the cadmium sulfide cell, or cad cell

3.8.2 Cadmium Cell Flame Detectors. The cad cell is a light sensitive
device which is mounted so that it can "see" the oil flame (Figure 43).
characteristic of the cad cell is that it has a very high resistance when it
sees darkness. When it sees light, its resistance becomes very low,

therefore behaves like a switch in the primary control circuit.

- =l avsral anotbh £ 13 + wsh i3
o tne wave.engtn Or thne 1ignt Wnlcy
e

e

A burner which is properly adjusted will cause the cad cell to have a

cell will not react to Just any light. For example, while it wil
3 ~ oh W

and it
The cadmium
1 react to an

The

resistance of between 300 and 1,000 ohms. Higher resistance could mean that
the burner is poorly adjusted, or that the cad cell needs to be cleaned.
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In order for the oil burner to become energized,
the stack temperature sensor contacts must tlose,
energizing the control relay and shorting out the
heater.

Figure 41
Stack-Mounted Primary Control
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A cad-cell flame detector is wired to the F-F terminals
Figure 42

One Piece Primary Control

17N ignition

. N ignitt
S TN TN
\:—?—‘R\\\\\

i <IN
NV T

wired to F-F terminals
on primary control

Figure 43
Cad-Cell Used to Prove Flame to Primary Control
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The cad cell is located so that it is cooled by the combustion air. The cad
cell must be kept at a temperature below 140 degrees F. The two wires from
the cad cell will be connected to terminals F - F on the primary control
(flame). On older controls, the terminals may be labeled S - S (sensor).

3.8.3 Stack Detector. The stack detector is located where it will be
able to sense heat when the oil flame is established. Usually, this is on the
flue stack, but it may also be found on the front of the furnace above the
combustion chamber. In any event, it must be mounted ahead of any draft
regulator (which would dilute the heat). If it is mounted in an elbow in the
flue stack, it should be on the outside of the elbow.

The stack detector may have two wires or three wires. The two-wire model has
a single switch which is normally closed. When the sensor detects heat, the
switch opens.

The three-wire detector contains two switches (Figure 44). In the cold
starting position, the switch between R and B is closed. On a temperature
rise, R to B will open, and R to W will close. While the sensor element is
heating, you may find both switches to be open, or both switches to be closed
simultaneously.

closead opened opened closed
[ | —]

OJOLONENOIOXO

cold , warm

Figure 44
Switching Action of a Three-Wire Stack Switch
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3.8.4 Stepping the Stack Control. One popular stack controller uses a
friction clutch which is mounted on a rod connected directly to the heat

actuated element. It is this clutch which operates the hot and cold contacts.
If the clutch has slipped, the cold contacts will not be closed. Without the

P . P B N o
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Ct" I
on controllerg), the cold contact can be pla

pulling a lever on the drive shaft outward about 1/4 inch, and then releas1ng
it.

- Tav Athav +wrnaa fioiivaa
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ced in the closed position by

3.8.5 Checkout Procedure. In order to determine that a new or existing
system is operating properly, the function of the controiier must be checked.
T12 ot +l i Licarenman ~mcmaveadSen €1 aen €ad Ve ha vadiianAd her chist-+-3n nFEF +hn
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fuel oil supply hand valve. Recycle models will shut down the burner, and
then attempt one restart before locking out. Other models maintain ignition
until the burner locks out on safety in the safety switch timing.

3.9 Flue Gas Measurement and Flue loss Efficiency. This section covers

the proper use of instruments to measure the flue loss (steady-
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the efpndv state efficiency

al oil-
ingtruments imnr ing the gteadv-gtate efficiencv of heatin
plants. Perhaps it is customary to adiust burners by iudglng the flame by eye
or following a series of "rules of thumb."” Certainly, using these procedures
can work some of the time. This is similar to a doctor diagnosing an illness

without the use of a stethoscope or an auto mechanic tuning a car without a

£
4
o
"o
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timing light or dwell meter. It is a risky business! Do yourself a favor,
make your job easier, and assure yourself cof leaving a uuuti 1g plant in good
operating condition by properly using the instruments discussed in this
chapter.

3.9.1 Stack Loss Theory. The steady-state efficiency is a measure of the
effectiveness of the heating unit in extracting heat from the chemical energy
in the fuel and transferring it to the distribution medium. efore, the
most straightforward approach to measuring the steady-state efficienc" would
be to measure the heat transferred to the distribution medium and the chemical
energy in the fuel and then calculating the efficiency from these values.

Unfortunately, in a residential heating plant, it would be very difficult to

measure the actual amounts of heat in the fuel and the heat transferred to the

air, water, or steam. As an alternative approach, a simpler method, the

"stack loss¥ method of efficiency measurement is used. The stack loss method
5 assumptions

a) All the chemical energy in the fuel is converted to heat
energy. This is essentially accurate for all burners as the
true combustion efficiency is normally 98 to 100 percent.

80
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The heat energy all goes to one of two places;
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or, up the chimney.

3.9.1.1 Assumptions. These assumptions are shown in Figure 45. From this
figure, it can be seen that by measuring the heat loss up the flue and
assuming an average value for the heat energy in the oil, it is not essential
to measure the heat transferred to the distr_bution medium. Fortunately,

measuring the stack losses is not complicated.

there are no jacket
heating plant.

losses or, no heat is transferred through the walls of the

From experience, this is inaccurate and that in older, largely
uninsulated units, the jacket losses can be significant

As a result, the
than those which really

gher efficiencies
+la F1.. PRe |
Ll.lc iriue all

Determine the amount of the combustion gases per gallon of fuel

oil burned.

PPN 7R [, _ 1 .
SLAdaCK 10SS mecnoa C
exist. To measure
a)
b)

Determine how much the combustion gas temperature was changed

(the difference between the temperature at which the fuel and
air entered the burner and the temperature of the combustion

5d>eb)

! HEAT ENERGY TO LOAD l

) o
S HEAT ENERGY LOSS
= UP CHIMNEY
(STACK LOSS)

I

<~
/i

HEAT TO LOAD + STACK LOSS = HEAT ENERGY INPUT
HEAT TO LOAD =

HEAT ENERGY INPUT- STACK LOSS

Distribution of Heat as
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Measure the amount and temperature of the combustion gases at an identical
point in the flue pipe. Changes in volume of excess combustion air affect the

heat exchanger efficiency. These changes in volume of excess air per unit of
fuel burned also affect the weight of the combustion gases formed from each
gallon of fuel burned. Since knowledge of the percent excess air enables us
to determine the weight of the combustion gases per gallon of fuel burned, and
since the percent excess air can be determined by measuring the percent carbon

dioxide or oxygen, the weight of combustion gases per gallon of fuel burned
can be determined by knowing the percent carbon dioxide or oxygen.

Theoretically for every pound of fuel oil exactly 14.36 pounds of air are
required to completely burn the fuel. This is assuming that there was perfect

mixing and that all the carbon and hydrogen in the fuel combined with the

oxygen in the air to form carbon dioxide and water vapor. Exactly 3.16 pounds
of carbon dioxide or 15.3 percent of the products are formed if this "perfect"
situation occurred. We showed a typical case for which excess air was needed

to guarantee that most of the carbon and hydrogen in the fuel would combine

with oxygen to form the products. The same weight (3.16 pounds) of carbon
dioxide is formed but this represents only 10.2 percent by volume of the
combustion products. By measuring the percent carbon dioxide, it can be
determlned how much excess air exists, but also the weight of combustion

products flowing up the flue pipe.

xXygen measurements can also be used to determine the amount of excess air and
n turn the amount of carbon dioxide in the flue gas. There is a direct and
xed relationship between the amount of carbon dioxide and oxygen in the flue

gas as shown in Figure 46. This figure indicates that as the percent carbon
dioxide increases, the percent of oxygen decreases in the flue gas. When
testing for efficiency we try to obtain a low oxygen reading or high carbon

dioxide reading (in both cases, low excess air).

H)H'C

Now we have one-half of what is needed to determine the losses up the stack.
The second half is much easier. This is the temperature difference between
the fuel and air going into the burner and the flue gases coming out of the

heat exchanger. The fuel and air will normally enter the burner at about the
temperature of the room in which the furnace or boiler is located. The
temperature of the gases in the flue will vary from unit to unit but can be
measured with a thermometer. The difference between the flue gas temperature

S, 7 -

n nace/boiler room temperature is called the NET STACK TEMPERATURE.
Once th o ne empe e
known, the steady-state efficiency based on the stack loss method can be
determined. Remember that the stack loss will be determined per gallon of fuel
oil burned since this is how the weight of the combustion gases was measured.
Because of this, there is no need to measure the fuel input into the burner.

ot
n
ot
)
¢}
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t

Since we assumed that each unit of fuel o0il (a gallon) contains the same
amount of chemical energy (140,000 Btu), the stack loss calculated will be per
each 140,000 Btu of input energy. Subtracting this percentage loss from 100
percent, what remains will be the steady-state efficiency. An efficiency
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chart or table can be used which will give the efficiency based on the percent
carbon dioxide and net stack temperature. (See Figure 47.) Other tables or
graphs can also be used to determine the steady-state efficiency. Examples
are shown in Tables 10 and 11, and Figure 48.

PERCENT CO,

| | | ! 1
(0] 4 8 12
PERCENT OXYGEN

O
—_—

o

O
©

Fi gure 46

Theoretical Combustion Relationship Between
Carbon Dioxide and Oxygen for No. 2 Heating 0il

83



Downloaded from http://www.everyspec.com

MIL-HDBK-1114/2

Figure 47
Bacharach Instrument Company'’s Fire Finder Efficiency Chart
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Table 10
Efficiency Table for No. 2 0il
(Oxygen vs Temperature)

NET STACK TEMPERATURE (degrees F)

300
degrees

350 400 450 500
degrees degrees degrees degrees
72-172 §9-1/2 66-1/4 63
74-1/2 72/3/4 70 68
77-1/4 75 72-1/2 70
78-1/2 76-3/4 T74-3/4 72-1/2
80-1/4 78-1/2 76-1/2 74-1/2
81 79-3/4 77-3/4 76
82-1/4 80-3/4 79 77-1/4
83 81-3/4 80-1/4 78-1/2
83-3/4 82-1/2 80-3/4 79-1/4
84-1/2 83 81-1/2 80-1/4
85 83-3/4 82-1/4 81
85-1/4 84 83 81-1/2
85-3/4 84-1/2 83-1/2 82-1/4
86 84-3/4 83-3/4 82-3/4
86-1/2 85 84-1/4 83-1/4

(=)
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Table 10 (Continued)
Efficiency Table for No. 2 0il
(Oxygen vs Temperature)

NET STACK TEMPERATURE (degrees F)

600
degrees

56-3/4
61-1/2

65-1/4

11,

650
degrees

53-1/2
58-3/4

62-3/4

700

degrees
50-1/4
55-3/4

60-1/4

750
degrees

47
52-3/4
57-1/2
61-1/2

64-1/4

75-1/4

~J
o)
o
N
&

~J
~J
]
[
N
(XS]

800
degrees

43-1/2
49-1/4
55
59
62-1/4

64-3/4

()
~!

850
degrees

40-1/4
47-1/4
52-1/2
56-3/

/b

60

900
degrees

36-3/4
44-1/2

50

54-1/4
58
61
63-1/2
65-3/4
67

68-1/2
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Table 11
Efficiency Table for No. 2 0il (Carbon Dioxide wvs Temperature)

NET STACK TEMPERATURE (degrees F)

300 350 400 450 500 550

degrees degrees degrees degrees degrees degrees

15- 87-1/2 86-1/2 85-1/4 84-1/4 84-1/4 82
- 87-172 86-1/4 85 84 83 81-3/4
14- 87-1/4 86 84-3/4 83-3/4 82-3/4 81-1/2
- 87 85-3/4 84-1/2 83-1/2 82-1/2 81-1/4
13- 86-3/4 85-1/2 84-1/4 83-1/4 82 80-3/4
- 86-1/2 85-1/4 84 83 81-1/2 80-1/4
12- 86-1/4 85 83-3/4 82-1/2 81-1/4 79-3/4
- 86 84-3/4 83-1/2 82 80-3/4 79-1/4
11- 85-3/4 84-1/2 83 81-1/2 80-1/4 78-3/4

- 85-1/2 84 82-1/2 81 79-1/2 78
10- 85 83-1/2 82 80-1/2 78-3/4 77-1/4
- 84-1/2 83 81-1/2 79-3/4 78 76-1/2
9- 84 82-1/4 80-3/4 79 77-1/4 75-3/4
- 83-1/2 81-3/4 80 78-1/4 76-1/2 74-3/4
8- 83 81 79-1/4 77-1/2 75-1/2 73-3/4
- 82-1/4 80-1/4 78-1/2 76-1/2 74-1/2 72-1/2

7- 81-1/2 79-1/2 77-1/4 75-1/4 73-1/4 71
- 80-3/4 78-1/2 76-1/4 74 71-3/4 69-1/2
6- 79-3/4 77-1/4 75 72-1/2 70 67-3/4
- 78-1/2 76 73-1/2 71 68 65-1/2

5- 77-1/4 74-1/2 71-3/4 69 65-3/4 63

- 75-1/2 72-1/2 69-1/2 66-1/4 63 60
4- 73-1/4 69-3/4 66-1/4 62-3/4 59-1/4 55-3/4
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Table 11 (Continued)
Efficiency Table for No. 2 0il (Carbon Dioxide vs Temperature)

m OMANL MDD " D £
1 O1ALRN ILLMArLRALURL (Uuegrees

600 650 700 750 800 850 900
degrees degrees degrees degrees degrees degrees degrees

81 79-3/4  78-3/4  77-1/2 76-1/2  75-1/2 74-1/4
80-3/4  79-1/4  78-1/2  77-1/4 76 75 73-3/4
80-1/4 79 78 76-3/4  75-1/2  74-172 73

80 78-3/4  77-1/2  76-1/4 75-1/4 74 72-1/4
79-1/2  78-1/4 77 75-3/4  74-172  73-1/2  71-3/4
79 77-3/4  76-172  75-1/4  73-3/4  72-3/4 71
78-172  77-1/4  75-3/4  74-172 13 71-1/2  70-1/4
78 76-1/2  75-1/4  73-3/4  72-1/4  70-3/4  69-1/2
77-1/4  75-3/4  74-172 73 71-1/2 70 68-1/2
76-1/2 75 73-3/4 72 70-1/2 69 67-1/2
75-3/4 74-1/4  72-3/4 71 69-1/2 68 66-1/4
75 73-1/4  71-3/6 70 68-1/4 66-3/4 65

74 72-1/4  70-3/4  68-3/4 67 65-1/4  63-1/2
73 71-1/6  69-1/2  67-1/2 65-1/2  63-3/4 62
71-3/4 70 68 66 64 62 60
70-1/2  68-1/2  66-1/2  64-1/4 62-1/4 60 58

69 67  64-3/4 62-1/2  60-1/4 57-3/4  55-1/2

67-1/4 65 62-3/4  60-1/4 57-3/4  55-1/2 53
65-1/4  62-3/4  60-1/4  57-1/2 55 52-1/2 50

63 60-1/4  57-1/2  54-1/2 51-3/4 49 46-1/2
60 57 54 51 48 45-1/2  42-1/2
56-3/6  53-1/2 50-1/4 47 43-1/2  40-1/4  36-3/4
52 48-1/2 45 41-3/4  37-172  33-3/4 30

88




Downloaded from http://www.everyspec.com

MIL-HDBK-1114/2

PERCENT CO, IN STACK PIPE

|
o |
- [T
/

N
|
"~
—
\\

NET STACK TEMPERATURE / / / / II 7

[
LI\ iIuUn C.

MEASURC[\ QT AAAAAAAA ERA
TURE MINUS FURNACEROOM/ / / /I // / —
TEMPERATURE

/7 ) /]
~ /S ) )] ~

///////_

o
|

°T _0/ SSS N
- )
N S S ST S .

n
O
o))
o
-~
®)
00}
O
w
@

89




Downloaded from http://www.everyspec.com

MIL-HDBK-1114/2

" Now that we know what to measure and why, let’s turn our attention to how to
properly measure for steady-state efficiency. As a minimum, measure both the
percent carbon dioxide or oxygen and the net stack temperature, but also, to
get the complete picture and to do the job right, smoke and draft measurements

are aiso required.

3.9.2 Measurement of Carbon Dioxide or Oxygen. Historieally, to
determine the weight of the combustion gases per gallon of fuel o0il burned,
carbon dioxide has been measured with equipment like that shown in Figure 49.
This is a rugged, inexpensive and easy-to-operate device. The oxygen also can
be used to determine the weight of the combustion gases. There are devices
that measure oxygen rather than carbon dioxide percent for the determination
of steady-state efficiency, but let’s turn our attention to the most common

Some manufacturers make a carbon dioxide analyzer called "Fyrite", which is
the most well-known instrument on the market. The Fyrite, and other similar
instruments work on the following principles:

NPManamiaal AnAareem+3 AL A mmm marmeT o
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b) Chemical absorbing fluid is also used as indicating fluid.

3.9.2.1 Fyrite Analyzer. The Fyrite analyzer contains potassium hydroxide,
a liquid with a capacity to absorb large amounts of carbon dioxide. The
Fyrite consists of two main parts - sampling pump and analyzer. The sampling
pump consists of:

a) A metal sampling tube which is inserted into the flue gases.

b) A yarn filter and water trap which stops soot and water
droplets from entering the analyzer.

c) A sample pump - a rubber bulb with a suction valve and a

3

discharge valve; these valves are rubber flapper check valves

i~ A1lTAvy FlAvr 1 ArmTar A LRSS
WIiillCll QililiuUw LiAUw 4ll Ull.LJ viic UiricoeuLiull
d) A rubber connector which seals the sampling pump system to the
analyzer

The analyzer is molded of clear plastic containing top and bottom reservoirs
and a center tube connecting the two reservoirs. The bottom of the lower
reservoir is sealed off by a flexible rubber diaphragm which rests on a
perforated metal plate. The upper reservoir is covered by a molded plastic
cap which contains a double-gseated nluncer valve A enrineg holde thic valve

wilitil Gl &2 ST TSRELTC paiagtL Yaave. A Spaadllp aTULAUS LilLoS Ve ve

against a finished seat in the top cap providing a perfect seal which makes
the instrument spillproof in any position. When the valve is fully depressed
it vents the top reservoir to the atmosphere and seals the center tube beneath

it. When the valve is partially depressed, the entire instrument is open to
the atmosphere.
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Figure 49
of Carbon Dioxide Gas Analyzer

The bottom reservoir is filled with the absorbing fluid which extends about
1/4 inch into the bore of the center tube when the instrument is held upright,
The scale, which is mounted to one side of the center tube, is movable so that

before each test the scale may be conveniently adjusted to locate the zero
scale division e"actly opposite the top of the filuid column in the center
tube.

3.9.2.2 Amount of Carbon Dioxide in a Gas Stream. To measure the amount of

<
carbon dioxide in a gas stream you must measure a known volume of gas, bring

o==
-1 -

thé gas into contact with the absorbing solution, and measure the loss in

n
Jl
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volume after the carbon dioxide is absorbed. To accomplish this, you must
first prepare the instrument for sampling by purging the solution and

adjusting the scale so that the zero mark is level with the liquid level. Be
sure of the following:

a) A
@7

11A frneatw ant A vaan Anm tamnaratiira - I F wraee hatwa feiae
£3 A v AblO WA VNG LI L oCawA NN uculycl.abul.c 4 A J\lu iMiave Jubl—
come in from the cold outdoors, place the Fyrite in a warm

"
location such as near the boiler or furnace. Make sure it is
not too hot and don’t forget to remove the instrument.

b) Make sure sufficient liquid is in the reservoir - if the liquid
level is low, add water to the top of the reservoir and depress
plunger valve. Repeat until scale can be adjusted to the
height of the liquid level.

Zero the instrument by turning the Fyrite upside down at least twice, forcing
the gas within the reservoir to bubble through the liquid; then upright and
depress the plunger valve fully. After five seconds (or some other known time
interval), adjust the zero mark on the scale to the liquid level. The
instrument is now ready for sampling. Liquid may continue to drip down the

hara of t+tha lawar reservoir causine +tha 14~
c8Y¢e CI

miAdA Nawal +4A +»3ca ahAavwa bha onva
—iie AV WO L LdCOoCL bauel.llb —-ilc LLL‘\ALU 4 < A= 8 “\u LlLOT avuuvuvc Huc LTIV

mark on the scale. Do not readjust the scale.
3.9.2.3 Testing with Fyrite. To make a test with the Fyrite, the metal

sampling tube at one end of the rubber hose is inserted into the gas to be
analyzed. Then, the connector plug at the other end of the rubber hose is
pressed down on the spring-ioaded valve at the top reservoir. This seals off
the center bore. Next, a sample of the gas is pumped into the top reservoir
by stroking the rubber bulb., At least 18 bulb strokes should be used to
assure that the rubber hose and the top reservoir are thoroughly purged of the
previously analyzed sample. On the last bulb stroke the finger is lifted from
the connector plug which automatically returns the plunger valve to the upper

position against its top seat. With the valve in this position, 60 cubic

centimeters of the gas sample are locked into the Fyrite and the top reservoir
is opened to the center bore so that the gas sample can pass to the absorbing
fluid. The Fyrite is then turned over, forcing the gas sample to bubhle

through the absorbing solution which absorbs the carbon dloxide. This is
repeated two additional times. The instrument is then turned back and held
upright again. After 5 seconds (or the same time interval used when zeroing
the instrument), read the scale adjacent to the liquid level. This is the
carbon dioxide percent in the gas sample. Record this value on a data sheet.
The reason the liq el will rise is because the absorption of carbon
dioxide by the ab fluid creates a suction in the lower reservoir which
causes the diaphragm at the bottom to flex up. This, in turn, permits the
level of the absorbing fluid to rise in the center tube an amount equal to the
oxygen absorbed.

U‘ D.
'.3
@ @

3.9.2.4 Determining Strength of Absorbing Soclution. There is an easy check
to determine if the strength of the absorbing solution is weakening and needs
replacement After completing a measurement and recording the carbon dioxide
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value, turn the Fyrite over an additional two times forcing the gas sampl
bubble through the absorbing solution. Return the analyzer to the upright
position and read the carbon dioxide percent (after the same interval of time
used before). If this value is greater than the recorded carbon dioxide
percent, it is likely that the absorbing solution is weak and is not absorbing
carbon dioxide at its normal rate. Replace the absorbing liquid before using
the analyzer for further measurements. Refer to the manufacturer's

instructions for the proper procedure on filling the analyzers.

14

to

3.9.2.5 Determining Sampling Leakage. Also, there is an easy check to
determine if the sampling tube is leaking. Place your finger over the end of
the connector plug and squeeze the bulb. If the bulb remains deflated and
does not refill with air, the sampling tube is leak-free.

Some manufacturers also make an oxygen Fyrite that operates on the same
principle but uses a fluid that absorbs oxygen. The carbon dioxide analyzer
is more widely used and the absorbing liquid is good for approximately 300
samples; the oxygen fluid is only good for about 100 samples. The use and
operation of the oxygen analyzer is identical to the procedure followed for
carbon dioxide. The only difference is in checking the absorbing strength of
the fluid. To determine the absorbing strength of the oxygen analyzer, pump a
sample of room air into the analyzer and measure the oxygen content - it
should read 21 percent. If it reads less, replace the liquid.

If you are in the process of squeezing the bulb and forget how many times you
have already squeezed it, just continue squeezing until you are sure you've
squeezed the bulb 18 times. It doesn't matter if you "over squeeze" just as
long as you make a minimum of 18 compressions of the bulb.

3.9.3 Other Carbon Dioxide or Oxygen Measurement Techniques. There
are many other alternatives for measuring carbon dioxide or oxygen. Several
have been packaged into automatic or semi-automatic combustion analyzers.

Most utilize an oxygen sensor cell which produces a small electrical current
proportional to the level of oxygen in a flowing sample of combustion products

which are drawn by a small suction pump through a test cell containing the
oxygen sensor.

In the past, some analyzers were packaged into a portable unit which could
alternatively measure oxygen (or carbon dioxide depending on the specific
model) percentage in the flue gases, net stack temperature, and provided a
means to use the sample pump to provide a smoke spot check. The net stack
temperature and oxygen percent data were obtained by reading an indicator
scale on the machine and then the operator used a manual slide rule type
device to determine the corresponding stack efficiency.

This basic configuration has been upgraded and improved upon by many
manufacturers. The resulting combustion analyzers available today fall into
two general types, those which display temperature and oxygen (or carbon
dioxide) percent composition, which still require the manual use of a slide
rule type device, and those which incorporate a small electronic
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microprocessor which automatically calculates the efficiency based on
continuous measurement reading of oxygen (or carbon dioxide) and net stack

temperature and displays the efficiency on a digital readout panel on the
device.

'3 W
4"r 0

‘:3>

ga en >
ften called stack temperature) is normally determlned w1th a bi metalllc dial

thermometer with a range of 200 to 1000 degrees F (see Figure 50). The
bimetallic element is a single helix, low mass coil fitted closely to the
inside of a stainless steel stem. The stainless stem is 3/16 inches outside
diameter (od) and can be easily inserted into a 1/4 inch hole in a fiue pipe.

PO . S

cusilable s5s
Stem mounting sleeves are also available, which make it possible to hold the

thermometer in pipe ducts with the stem inserted at the proper length.

ENSURE THE THERMOMETER IS READING CORRECTLY AND RECORD THE TEMPERATURE.
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On these types of thermometers, the dial can easily loosen from the stem and
rotate so that inaccurate temperature readings are displayed. There have been
cases where dial thermometers have been as much as 200 degrees F off from the
actual temperature. Frequent calibration of these thermometers against a
mercury thermometer by inserting both side by side in a heated flue or duct is
recommended.

The net stack temperature is found by determining the room temperature and
subtracting this vaiue from the flue gas temperature.

DON’'T FORGET TO DO THIS!

Also, it is extremely important that flue gas temperature is measured at
steady-state condition. This usually requires about 15 minutes of burner
operation. However, the best way to determine if the system is at steady-
state is to insert the thermometer in the flue pipe. When the temperature
rises less than 5 degrees F during a 1 minute period, steady-state conditions
exist. Remember, if you don’t wait for steady-state you will record a
temperature that is lower than actual and this will produce a steady-state
efficiency which is higher than actual. By doing this, you may think the unit
is operating at a reasonable efficiency level when it really isn’t. You may
also be denying your activity command the opportunity to recommend the
installation of a new, flame-retention oil burner that can aid in achieving
high steady state efficiency and conserve fuel.

There are other devices that can be used to measure the flue gas temperature
such as mercury-filled glass thermometers or thermocouples with
potentiometers. Do not consider a glass thermometer for other than
calibration use. They are fragile and easily broken and furthermore, mercury
vapors are hazardous to your health. Thermocouples are a possible alternative
to dial thermometers; they are accurate, have a quick response to temperature
change, and are easy to use. Although thermocouples are inexpensive, a good
potentiometer is somewhat more expensive than a dial thermometer. For this

roacnn-1t annaare that nracantlv tha hacet hat far tamnaratnra maascuramant {e
reasen~-it appears tnat presently Tae oestT oel ICoT Temperature measurement 1is

the dial thermometer, make sure it’s reading correctly.

3.9.5 Smoke Measurement. Determining only the steady-state efficiency
does not present the whole picture needed to properly adjust an oil burner.
High efficiency with a high smoke level will likely become low efficiency or,
even worse, require a service call resulting from plugged flue passages. The
objective of a smoke test is to measure the smoke content in the flue gases
and then, in conjunction with other steady-state test results, adjust the

burner in optimum operation.

The American Society for Testing and Materials (ASTM) in 1965 adopted
ASTM D2156, Standard Test Method for Smoke Density in Flue Gases from Burning
Distillate Fuels, which covers the evaluation of smoke density in the flue
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compare heating equipment

A test smoke spot is obtained by pulling 2250 cubic inches of flue gas through
a square Inch of standard filter paper (or a proportionally smaller volume of
flue gas and proportionally smaller filter area). The color (or shade) of the
spot thus produced is visually matched with a standard scale, and the smoke
density is expressed as a "smoke spot" number.

The most widely used smoke measuring device is shown in Figure 51. It is
based on the principle of filtering soot particles out of a sample of flue
gas. The device is quite simple and rugged (see Figure 51). It consists of a
hand held piston in a tube with a clamping device at the inlet to the tube to
hold a piece of white filter paper. The inlet tube is connected through

flexible rubber hosing to a solid steel probe that can be inserted 1n a 1i/4
2ennal Lala 2o o Fleca ~domn e Acanm s At 2t needT1Tant Acmd A +lhhn d e o~ A e A1 .
1ncn nozxe 1in a riue pipe UL uuce, AL LU vuLlicL chuu UL Ll pasiLul b a lldliiualire
that is used to stroke the piston within the tube,
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Figure 51
Bacharach Smoke S
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The operation of the device is simple and consumes very little time. After

the burner has been in operation for at least five minutes, place the filter
~NaTaT *ha Alammisme daced an St thhn mtemnl cmamnthia Tonben ol £V-cm 3
papesr LIILU Chnieé Cc.ial pP1iily UEVLICE, LUSCLL Lile SiLecl piroube 1LiiloL Lue Liue pilpe
hole, and slowly withdraw the piston fully from the tube. Hold the piston in
the fully open Dosition for about 3 seconds and then slowly push the piston

completely in. Repeat the stroking procedure ten times. This allows an exact

volume of gas to be passed through the filter paper. When the filter paper is

removed, the amount of soot which has been filtered onto the paper will leave

a circular colored spot. The darkness of the "smoke spot“ is then compared

from O to 9 r ing increasing shades of darkness). If
th r t 1

Figure 52 shows a rating scale. Actual comparison to determine a number
rating is made by holding the filter paper behind the smoke scale so that the
spot on the filter paper fills the center hole in the spot on the smoke scale.
This allows direct comparison with the various spots on the scale.

e
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Automa electronic combustion analyzers also measure smoke by using a pump
to draw a measured volume of flue gas (2250 cubic inches per square inch of
filtering area) through filter paper (identical to the paper used in

Figure 51. The "smoke spot" is then compared against an oil burner smoke
scale.

3.9.6 Draft. Correct draft is essential for efficient burner operation.
There are two types of devices that are commonly used to measure draft - a
Draftrite Pocket Draft Gauge or a MZF Draft Gauge. The Draftrite is small and
easy to use while the MZF is more sensitive yet also easy to use. The
Draftrite is a slim, hand held, rectangular device with a curved draft scale

=4

placed behind a free floating pointer. The back of the device has an opening
in which short metal tubes screwed in series can be inserted. The end of the
metal tubes can be placed in the flue pipe and the pointer will indicate the
draft on the numbered scale. These metal tubes may melt if left in the flue
for too long. Be Carefuii

The MZF Draft Gau c located over a
Rubber-tubing is connected to an opening at the rear of the
fitted, at the other end, onto a metal probe. Upon inserting the probe into a
flue or over the fire in a boiler or furnace, the pointer moves in direct

proportion to the magnitude of the draft.
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Either of these devices is acceptable for use in determining draft, if they
are used properly. Both draft measurement devices are shown in Figure 53
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Figure 52
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Figure 53
Draft Measurement Devices

3.10 Maintenance. Maintenance on gun burners should be performed on an

annual basis:

a)
b)
c)
d)
e)
£)

g)
h)

i)

3
k)

Carefully remove burner from combustion chamber.

Clean soot and carbon combustion chamber and burner assembly.
Clean blower blades with a brush.

Adjust electrodes.

Inspect burner nozzles, replace if worn.

Replace any screens or filters in oil pump and oil lines.
Install burner back into the heater.

Check pump oil pressure; there should be at least 100 psig
delivery to the burner.

Check operation of automatic controls and flame safeguards for
normal operation. There should be no presence of oil
discharge, ignition, or flame.

Time trial for ignition for pilots and burners should be in
accordance with manufacturer’s instructions.

Adjust draft pressure to 0.02 inch water pressure.
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Adjust the combustion until there is no visible smoke. Test
the combustion efficiency by taking a carbon dioxide reading
using a carbon dioxide analyzer. It should be 10 to 12

percent.
3.11 Troubleshooting. Gun oil burner problems and possible causes are
given in the following guide: ,
3.11.1 Burner Motor Does Not Start, Starts and Locks Out, or Cycles
a) Does not start.

(1) Relay does not close (will not close or contacts dirty).

(2) Safety lock out stays open.

(3 Bad relay coil.

(4) Low voltage.

(5) Open high limit control.

(6) Broken wires or loose connections.

(7 Relay transformer open.

(8) Thermostat open (dirt on contacts, loose or dirty

connections).
(9 Stack switch open.
(10) Heat sensing contacts out of place or open.

b)

(11) Motor overload open (burned out, dirty contacts).
Starts, but locks out.

(L)

(2)

(3)

No fuel oil out of nozzle.

(a) Clogged.

(b) Pressure too low.

(¢) Pump not working.

(d) Loose motor coupling.

(e) Air leaks in fuel line.

(f) Fuel o0il line hand valve closed.

(g) Strains or screens clogged (filter, pump
screen/nozzle strainer).

(h) Pressure regulator stuck open.

(i) Vent on fuel oil tank closed.

(j) Empty fuel oil tank.

Fuel o0il coming out of nozzle but no ignition.

(a) Electrodes not positioned correctly.

(b) Insulators cracked.

(¢) 1Ignition wires worn, loose or with dirty
connections.

(d) Transformer not operating.

(e) Primary wires worn, loose or with dirty connections.

(f) Low line voltage.

Fuel oil to nozzle, ignition OK, but no flame.

(a) Clogged nozzle.

(b) Clogged nozzle strainer.

(c) Nozzle loose.

(d) Pressure too low.

(e) TFuel o0il too heavy (wrong oil or too cold).
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c) Cycles,

(1)
(2)
(3)
(4)
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c) Noise.
(1)
(2)
(3
(&)
(5)
(6)
(7)
(8)
(9

STVLAN NS B s bm Bar s 0T e de o

Downloaded from http://www.everyspec.com

\&/

MIL-HDBK-1114/2

Excessive air or too much draft.
Electrodes in wrong posit

2 -
1 OIl.

Flame only burns a few seconds.

(a)
(b)
(c)
(d)

Flame sensor not in correct position
Stack switch not operating correctly.
Excessive air or air too cold.

Flame is too lean.

but not on lockout

Th avm e A
inermostatic d
e

Anf‘lrinarnr s

Limit switch set too

]
=

Overfired.

vane

odors and/or pulsating sound.
A3 ;e mmisan

wivlpg o141 pieESSULC,
Flame touches combustion chamber.
Not enough draft.

(a)
(b)
(c)
(d)

Damae

rvuL

(a)
(b)
(c)

(d)

back.

Dirty chimney.
Draft control out of adjustment or stuck open.

Dirty flue.
Combustion chamber or heat exchanger leaks.
....:- Lone L 2. __ 3 _21
mixiilp OL 4l1L ana o1il,
Nozzle is worn loose, dirty, or drips
0il pressure too low or high.

Not enough air (shutter closed too much, fan binding
or tight bearings).

LA ey

waiLclL .L[l OL.L .

Delayed ignition.

(a)
(b)
(¢)
(d)
(e)

(£)

(g)

(h)

Electrodes not positioned correctly or loose.
Insulator carbonized.

Nozzle worn, loose, dirty, or drips.

Voltage drop when burner starts.

0il pressure too low or too high.

Transformer leads loose or dirty.
Transformer not operating correctly
Excessive air or high draft.

Loose fan.
Loose shutter.

Worn

pump.

NS e a2 .

virity S lel(ler

Air in oil line.

Transformer hum.

Draft control vibrates.

Motor coupling worn.

Motor and pump not lined up correctly.

(=]
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(10) Relay contacts not seating tightly.
(11) 0il suction line restricted.

719N\ Mot nas wmmssemtbdomme 1anaon

(1<) rioLor mouiitiily 10USC

(13) Tight motor bearings.

(14) Tank hum. )

d) Fuel oil_;onéaﬁption is too high.
1) Nozzle is worn, loose.
(2) Combustion chamber 1is dirty.

(3) Too much combustion air.

4 Poor mixing of air and oil.

(5) Not enough draft over fire.

(6) Air leaks into combustion chamber.
(7N 0il pressure too high or too 1ow
(8) Stack temperature too high.
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Section 3: SELF-STUDY QUESTIONS

Why do some cils re

What devices are driven by the motor on an oil burner?

How is atomized oil ignited?

TYL A P~ 2 P 2 | T ay 2 L2 . P - J g ", Y
wiat 1uncuion 1s servea oy ne ignitction ransiormerfs
What is an average o0il pump discharge pressure?

Name two methods which are used to sense that an oil flame has been
established.

What problem will be encountered if the stack temperature sensing
element is not properly sealed to prevent leakage?

How much draft should you be able to measure in the flue stack of a
small oil-fired furnace?

When is a booster pump used on an oil storage tank?

What is the difference between a regular burner and a flame retention
burner?
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Section 4: THERMOSTATS

4.1 Thermostats. Thermostats for residential and commercial type
heaters most frequently operate on 24 volts. The major exceptions are on

small room heaters. Electric room heaters will use a simple line voltage
thermostat. Millivolt systems will use a thermostat similar to the 24-volt
thermostat, except that it provides a switch in the millivoltage circuit

shows a simple 24-volt thermostat. It is a heating thermostat which

fall in temperature. When the contacts ciose, it will cause the
tc coperate. It is called a two-wire thermostat, as there are

only two wires attached to this switch. The terminal identifications on this
thermostat are R (red) and W (white). It does not matter which wires are
attached to which terminals on a two-wire thermostat.

o

re 5
S on a
n ewvata
a3 Syove

i

m
a

K\A__ wired to

{ -
\\,/ transformer

temperature
4 \fall

bimeta nYin A\

element \\\\ji::::::i//j
When the room temperature falls,
the mercury bulb tilts down to the L

right closing the switch from R to ( w — wired to
W terminals. gas valve

Figure 54
Two-Wire Thermostat
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Figure 55 shows a thermostat which may be used to control either a heating or
cooling system., The bimetal tilts a mercury bulb which is a single pole
double throw (SPDT) switch. If this switch were to be used to control both

heating and cooling, either the heating or the cooling would be on at all
times. In order to avoid this, we use a manual switch which is set either for

heating or for cooling, so that only one or the other is available at any

time, his is called a three-wire thermostat. The terminal identifications
are R (red), W {(white), and Y (yellow). When the thermostat calls for
heating, the switch between red and white closes. When the thermostat calls

for cooling,

AnoAan
e -~ wAAUVUW LILUDTO,

the switch between red and yellow clo

X
[

@ ®

\

Ee —_— heat\ off cool
[

o
- PO egege

N
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S
R1, Wi, and Y1 are on the thermostat.

Y are on the subbase. In the position shown

pleting the circuit from R to W.

——— D - v
be completed from R to Y.

Sadwn »

R)

N

Terminals R,

the aya\.cm switch

is set for heat, and the thermostat is calling for heat,

v,

FQ.

com-

On cooling, the circuit will

Figure 55

Three-Wire Thermostat With a Subbase
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‘Figure 56 shows a thermostat mounted on a sub-base. The sub-base contains all
the manual switches. The system switch may be set for heat, cool, or off.

The fan switch may be set for fan or auto. Figure 57 shows the internal
wiring of the thermostat and sub-hage In the

wai 2D T LAl LaalSla SurTUasc. ALE LAIT ik

o

run. With the fan switch in the auto position, fhe fan will run whenever

required by the heating or cooling system. With the fan in the on position,

the fan will run, rega d'ess of the position of the system switch or the
temp i s

The terminal identifications are R, W, Y, and
a

Figure 58 shows another schematic of a room thermostat, with the addition of

two small resistors. These resistors are called a heat anticipator and a cool
anticipator. The heat anticipator is energized whenever the heating system is
on. It "fools the bimetal element intoc thinking" that the room has warmed up
before it actually does. The cooling anticipator is energized whenever the
air conditioning has cycled off. It also fools the bimetal element. It

causes the air conditioner to cycle on sooner than the bimetal is able to
sense. The anticipators allow closer control of room temperatures by causing

~

more frequent cycling of the heating and air condltloning system. The heating

TAainat+ PP P A s NP T P tpy a3 2L 2 a : e 1
anticipator is located on the thermostat itself, and it is not adjustable.
The cooling anticipator is located on the sub-base, and is not adjustable.
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A indicator
actual , N
temperature \M
(thermometer) = p
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Figure 56
Manual Changeover, Heating and Cooling Thermostat With Subbase
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heating - < cooling
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Figure 58
System Wiring for a Four-Wire Thermostat With Heating and Cooling Anticipators
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* Figure 59 shows the sub-base with the thermostat removed. All the wiring
connections are made directly to the sub-base.

mounting
holes

|

~. N/

o

opening for _ Q

thermostat
wires from ’\ /7N
of | e
V4
I A screw terminals for

Q. (g w 9" thermostat wires
»

g

__} mounting bracket

_~
EJ"' for thermostat to

"snap'" on

facteory wiring on

subbase

4
subbase circuit

subba R
board \W
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-Table 12 has a detailed lems which are associated with the

Table 12

/ 7/ / /// / /m

A"/ 0/0 / SAQ/ %P O5/ POSS
AN/ Q~ Q~ INY/NYIN Q‘
x T/S not at tault; check elsewhere

T/S mounted on cold wall

x

T/S wiring hole no

x

4
T/S exposed 1o cold drafts
x | x | T/S not exposed to circulating air

T/S not mounted level {mercury switch type)
T/S not properly calibrated

x Heating plant too small or underfired

Limit controi set abnormaiiy iow

x

x‘x x

X IxX X |x
x

C
1
N
D
¢
']

T/S atfected by stove or oven
T/S is mounted on warm wall
T/S mounted near register or radiator

X Ix |Ix |xiX

x

-
]~
wnlwv

Heating ¢ lant too large or input excessive
x| x| T/S does not have heater

x x x T/S contacts are dirty

Low voltage control circuit open

Low voitage transformer burned out

x| x

x
<
o

x T/Sd amaged
x | x Clogged hiter in forced warm air system 5
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: 4 2 Gas Furnace Electrical Circuits. The furnace is plugged into the
val oviding 115 volts to be used by the fan motor and the prlmary winding
of the control transformer. The transformer supplies 24 volts to the red
terminal of the thermostat, Figure 60. When the thermostat closes, the 24
volts pass to the combination gas valve, causing it to open (nrovided that the
thermocouple has proved the flame). With the main flame burnlng, the bonnet
temperature rises, and is sensed by the fan switch. When the bonnet
temperature reaches the cut-in setting of the fan switch, the fan motor will
be energized through the 115-volt fan switch contacts. The limit switch also
senses oonnet temperatiure, amnd will open he bonn tem mperature rises to
the setting of the limit switch., The 1lim tch will cut off the gas
but it will continue to allow the fan to run, removing the heat from the
furnace. The temperature limit switch may also be located in the 24 volt
circuit as shown in Figure 60 or in the 120 volt circuit to the transformer as

shown in Figure 61.

p-a. [
¢t rh
0 ct
= et

b" o]
l"" @

ur
w
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}
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N

- 115 v >
®- a/rc# ﬁ/M\ra
A4
r blower
fan motor
switch
VAAALS
Y Y Y\
24 V
+'ctat ga?
L oSstac 1im valve
] _—
Dot

Figure 60
Temperature Limit Switch in 24-Volt Circuit
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- 115 V -

;

7\
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P blower
fan motor
switch

lim

7YY Y\
24V
t stat
Lr 77N\
—o" o— {cv)
El N/
=
Figure 61

Temperature Limit Switch in 120-Volt Circuit

Figure 62 shows the controls for a downflow or horizontal furnace circuit. It

uses two limit switches, and a timed start fan control. When the thermostat

makes red to white, it energizes both the gas valve and a resistance heater in

the fan control. After the gas valve has been opened for one minute, the

n opened ror LRSS A8 A S (S 88

resistance heater has warmed sufficiently to close the 115-volt bimetal
contact, starting the fan motor. One of the limit switches is located

downstream from the heat exchanger to detect overheating caused by low air
€T nvr e Tce amem s £ = __ e

flow or by overfiring The other limit switch is located high upstream of
the heat exchanger to detect overheating caused by no air flow.
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Figure 62
Horizontal or Downflow Furnace With Timed Start Fan Control

Figure 63 shows a furnace circuit with a bimetal type pilot safety. The gas
valve in this case is just a simple solenoid valve, with a position for
manually lighting the pilot Once the pilot flame is 11t the pilot safety

o oalawmalAd Vv 2o lurn 11 Avarveod o nA Aran

ViU valivce LL CLICLBLLC auu vpcilL
e

ﬁ a

oL
e red to whi

Figure 64 shows an intermittent ignition system. The S86 module is a "black
box" which is not serviceable. It must be used with a matching gas valve and
pilot ignitor-sensor. When the thermostat closes, it provides 24 volts to the
S86 control module. The module will immediately provide 24 volts to the PV

s __1 em ==2T1T L. A _faa_d o el 3T - haanen e

\plLOC Valve) terminal, and PLLUL gas will be admitted to the yLLUL burner.
At the same time, high voltage will be supplied to the ignitor-sensor assembly
through the spark plug wire, and the ignitor will begin sparking.
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Figure 63
Furnace With Bimetal Pilot Safety Switch
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Figure 64

Honeywell S-86 Electronic Ignition Circuit
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- When the pilot flame has been established, it will be sensed electronically by
the same wire which provided the spark. This signal is sent back to the
control module, which will then stop the sparking, and energize the MV (main
valve) terminal. Main gas will then be admitted to the furnace. Figure 65
gives an example of a troubleshooting sequence for an intermittent pilot
system. Another type of electronic ignition is the direct spark ignition or
commonly called DSI. On DSI systems, both the first and second main valves
are energized when the system controller cails for heat. This allows gas to
flow to the burner. At the same time a spark is generated (19,000 to 30,000 +
volts) at the spark ignitor for direct ignition of the main burner.

(D
1 THERMOSTAT {(CONTROL)
START CALLS FOR HEAT

—~ /7~ sower NTERRUPTION N\

SIA'GE 1 L1) SAFE START CHECK SYSTEM SHUTS OFF, RESTARTS WHEN

ST NOT BE ANY FLAME POWER IS RESTORED.
My LAME.

TRIAL FOR IGNITION SIMULATING CONDITION PILOT FLAME FAILURE
SECOND MAIN OPERATOR CLOSES,
TRIAL-FORIGNITION BEGINS AGAIN.

—~
IF FLAME SIMULATION CONDITION
PRESENT, SYSTEM FAILS TO START.

3 SPARK GENERATOR POWERED
FIRST VALVE (PILOT)
OPERATOR OPENS

|
O]

\

-

\

}

1 E2 PILOT BURNER OPERATION
STAG PILOT BURNER LIGHTS PILOT BURNER DOES NOT LIGHT.
MAIN BURNER $86 SENSES FLAME CURRENT. OR S86C.D.G AND M GO INTO LOCKOUT
OPERATION AFTER TRIALFOR-IGNITION

" TiEE OUT,

4

IF FLAME CURRENT SENSED

® SPARK GENERATOR OFF.

® SECOND VALVE OPERATOR
(MAIN) OPENS

)

4

MAIN BURNER OPERATION

538 MONITORS PILOT FLAME
CURRENT.

()

4

4 THERMOSTAT (CONTROL)
END SATISFIED —VALVES CLOSE.
PMLOT AND MAIN BURNERS
ARE OFF.

1.8

(a) normal sequence of operation

Figure 65
Intermittent Pilot System (IPS)
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START

TURN THERMOSTAT
(CONTROLLER) TO
CALL FOR HEAT

TURN GAS SUPPLY OFF

NOTE: BEFORE TROUBSLESHOOTING, FAMILIARIZE YOURSELF WITH THE
STARTUP AND CHECKOUT PROCEDURE.

POWER TQ $88?
(23 Vac NOMINAL)

CHECK LINE VOLTAGE POWER, LOW VOLTAGE TRANSFORMER
THERMOSTAT (CONTAOLLER) AND WINING

—

vEs‘
X

SPARK ACROSS

PULL HGNITION LEAD
AND CHECR SPARN

AT 33§ IGN.3STUO.

Ek[c CHECK FUSE—REPLACE IF NECTSSARY |

O ﬂ © REPLACE 336, F FUSE ORAY

SPARK ONAY *

Buee

' ved

@ CHECK ICMITION CABLE, GROUND WIRING, CERAMIC INSULATOR AND GAP_
ANO CORRECT.
© CHECK BOOT OF THE IGNITION CABLE FOR SIGNS OF MELTING OR

BSUCHLING. TARE PROTECTIVE ACTION TO SMIELD CABLE AND BOOT FROM
EXCEIIVE TEMPERATURCS.

© CHECK THAT ALL MANUAL GAS COCKS ARE OPEN, SUPPLY TUBING AND
PRESSURES ARE GOOO0. AND MILOT BURNER ORIFICE IS NOT BLOCKRED

® CHETR ELECTRICAL CONNECTIONS BETWEEN S8 AND PILOT OPCRATOR
O% GAS LONTROL.

S CHECR FOR 4 TO § Véc (306C AND G ONLY) OR 29 Vac (SISAB.OLF. AND M)
OR 8 VOLYS 8¢ (358G) ACROSS PY—WV/PY TERMINALS ON 388 IF VOLTAGE
1S ORAY, REPLACE GAS CONTROL. i¥ NO VOLTAGE, REPLACE 386,

NOTE: IF 336C AND O GO INTO LOCROUT, RESLT SYITEM.

IGNITER/SENSOR GAP NO
Yes
4
TURN GAS SUPPLY ON e
PILOT BURNER LIGHTS?
vES v
\ 4
SPARN STQPS WHEN pore
P OT IS LITY —y/
YeS

@ CHECK CONTINUITY OF 1GMI TIOM CABLE AND GROUND WIRE.
@ CHECK THAY PILOT FLAME COVERS ELECTRODT.
® 1f CHECRS ART ORAY, AEPLACE 338 MOOULE

MAIN BURNER LIGHTS?

g

Y

ACROSE MV-—mvSV TE

OR 19 Vee. IF NO VOLTAGE, REPLACK 308,

S CHECK ELECTRICAL CONNECTIONS SETWELN 306 AND GAS CONTROL.
IF OMAY, REMLACE GAS CONTROL OR GAS CONTROL OPERATON.

SYSTEM RUNS UNTIL
CALL FOR HEAT ENDS?

NO

NOTE: IF 300C.0.G OR % GO INTO LOCKOUT, RESEY SYSTEM.

YES

4

@ CHECK CONTINUITY OF IGMITION CAPLE AND CROUND WIRE.
NOTE. If GROUNO 1S POOR OR LARATIC, SHUTDOWNS MAY OCCUR
OCCASIONALLY EVEN THOUGH OPERATION 1S NOAMAL AT THE
TIME OF CHECKOUT

CALL FOR HEAT ENDS

NO

SYSTEM SHUTS OFF?

YES
¥

r
® CHECK FOR PROPER THERMOSTAT (CONTROLLER) OPERATION

@ MEMNOVE MV LEAD AT $0¢. I7 VALVE CLOSES, REPLACE 398 17 NOTY,
MEPLACE GAS CONTROL

[ TROUBLESHOOTING ENODS 1 REFPEAT PROCEDURE UNTIL TROUBLEFREE OPERATION IS OBTAINED

-

NOo0IA

lot system troubleshooting table

Figure 65 (Continued)

Intermittent

Pilot System (IPS)
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If the burner fails to ignite within the trial for ignition period, the module

goes into safety lockout. Figure 66 gives the troubleshooting sequence for
this type of ignition system.

4 47010 5
Yemecx mmut av ac _2_]‘““‘( oureur  Jouteyr 3 veasune anc Lrners ==1y, ’_]cnuu FLAMe | Mrcmoanrs —]','3:;:,',::&
voq'.‘Y,AGG:D oK T0 GAS CONTROL | OK ICHITION $1UD ANC OR CURRENT o THRCR
AND GROUND
” (DISCONMNECT
NO O L IGNITION CABLE)
POWER ouTPUT ouTrUT
he'd weAx UNDER ¢ OVER 10
ARC ARC MICROAMPS MICROAMPS
h
REPLACE CHECK GAS cHEcK CHECK CHECK AND CORAECT: SHORTEN
4”..';':%25 mino 823 CONTROL RESISTANCE © BURNER FLAME CONTACT wiTH
OTMER CONTROLS CIACUIT MOUNTING. IGNITION © FLAME ROD POSITION FLAME
WIRING STU0 10 © ELECTRICAL CONNECTIONS
GROUND © SHORTS. LEAKAGE .
GAS FAULTY ® GROUNDED CONNEC TION!
owen |1V AC CIRCUIT wIRING OR
oK CONTROL
UNDER OVER
$00 OHMS, 300 OHMS
h A
REPLACE REPLACE REPLACE CHECK ARC GAP REPLACE
525.?.'2;0....;. DEFECTIVE FAULTY {3/16 1N OR Smm) -
CONTROL WIRING OR
CONTROL
TRANSFORMER
on

REPLACE

Figure 66
Direct Spark Ignition System Troubleshooting Procedure

Figure 67 shows a Carrier or BDP type of electronic ignition system. The gas
valve contains three coils, called pick, hold, and main. When the pick coil
is energized, it will pick up and open the pilot gas valve. When the hold
coil is energized, it is able to hold the pilot valve open once the pick coil
has opened it. The hold coil cannot lift the pilot valve to the open
position. When the main coil is energized, the main gas valve will open. The
sequence begins when the thermostat closes, energizing the pick coil and the
hold coil, and providing 24 volts to the sparking module. When the pilot
flame is established, it is sensed by the three wire bimetal pilot safety
switch. As the bimetal switch moves, the normally closed contacts open, and
then the normally open contacts close. When the normally closed contacts
open, the sparker stops, and the pick coil is de-energized. The pilot valve
remains open however, held open by the hold coil. When the normally open
contact of the bimetal switch close, the main gas valve is opened.
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Figure 67
Carrier, BDP, Payne Pick-Hold Type Ignition

Fan control on this system is accomplished by a solid state timing device
located on a circuit board in the furnace. It is not adjustable or
serviceable

Another way of accomplishing this same control scheme uses a liquid filled

bulb to sense the pilot flame. The bulb operates a switch located on the top

of the gas valve.
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ot relighting system used on commercial
three-wire device, with a single pole
P e is lost, the pilot safety switch

returns to its normal position. A second transformer is energized through the
normally closed pilot safety contacts. This transformer provides 2.4 volts to
a small glow coil which is located at the pilot burner. The glow coil will
nite the pilot flame, and will operate the bimetal in the pilot safety

ch. The pressure switch senses gas pressure. If, for any reason, gas is
not available to the furnace, the pressure switch will prevent the glow coil

from burning out.
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Figure 68
Automatic Pilot Reignition System Used on Roof-Top Furnaces
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Figure 69 shows the same automatic reignition system, except that a 24-volt
sparker module is used to relight the pilot instead of the glow coil.
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4.3 0il Furnace Electrical Circuits. The oil furnace controls are
contained in the "black box" primary control. Figure 70 shows a primary

controller. On a call for heat, the 1000 ohm (1K) relay is energized, in
series with the safety switch heater. The 1K relay contacts provide line
voltage to the ignition transformer and the burner motor. When the cad cell
detects a flame, the 2K relay coil is energized. When the 2K contacts

s a d
operate, the safety switch heater is shorted out of the circuit. If the cad
cell does not sense a flame after a period of time, the normally closed safety
switch contacts will open, deenergizing 1K relay. This will shut down the
ignition transformer, burner motor, and close the oil valve.

Figure 71 shows another primary control black box. On a call for heat, the 1
relay is pulled in, and at the same time, the ignition time heater is
energize When the cad cell senses a normal flame, the timer switch shuts

off the ignition in 70 seconds. When the thermostat opens, the 1K relay drops
out, shutting off the oil valve and burner. The 2K relay returns to the
starting position as soon as the cad cell senses no flame. The timer prevents
a restart for 2-3 minutes.
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Figure 70

Honeywell R8118 0il Burner Control
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Section 4: SELF-STUDY QUESTIONS

What does a heating anticipator do?
What does a cooling anticipator do?

S 1Ll l resol

What is the approximate voltage of a low voltage thermostat?

v

hat is a limit control?

Why does a down flow furnace have two limit controls?

Name two types of pilot safety devices?

Can the fan control on the BDP type of gas valve system be serviced?

ation of the two types of primary control used on
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5.1 Resistance Heating. When an electric current is passed through a
resistance, the electrical energy is converted into heat energy The

r
principle of resistance heatin ng is used in toasters, electric ovens and
stoves, electric water heaters, and electric furnaces. All electric heat is,
by deflnltion 100 percent efficient. That is, 100 percent of the electrical
energy which is consumed is converted into heat. For each kilowatt-hour of

electricity which is consumed in an electric heater, 3,415 Btu of heat is

produced. Some electric companies tout this efficiency in order to imply that
operating costs are low. This is not the case. Even though there is no waste
of the electricity consumed by the electric heater, the cost per Btu purchased

is much higher for electticity than for gas or oil. Electric resistance heat
is low in first cost, units are relatively small and compact, and are
sometimes used where gas or oil are simply not available. Where operating
costs are important and eiectricity is the only source of energy available,

3 .

the first cost and operating costs of an electric furnace should be compared
to a heat pump system.
5.2 Electric Furnace. Figure 72 shows a cutaway of an upflow electric

furnace. Its configuration is similar to that of a gas furnace, except for
the following important major differences:

a) Instead of a heat exchanger, the blower sends the room air
through an electric heating element.

b) There is no flue stack. There are no products of combustion to
remove, and 100 percent of the heat from the elements is

transferred to the air.

c) The furnace uses a 230-volt power supply instead of a 115-volt
power supply.

d) When the thermostat calls for heat, the electric heating
element and the fan motor are energized simultaneously. The

heating element can never be allowed to operate without the
fan, or the element will overheat and burn out.
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Figure 72
Electric Furnace

5.3 Heatino Flaman

........ g Element. Figure 73 shows a heating element used in an
electric furnace. It consists of a long spiral-wound wire made of a nickel

and chromium alloy commonly called ”nichrom " A furnace will use several of
these heating elements. Each element will draw between three and eight
kilowatts. The framework provides an insulated support for the nichrome
element, and prevents the wires from touching. When the heating element is

Ao

operating, there is a 15- to 25-amp current passing through the uninsulated
wire at 230 volts. It is imperative that you do not touch the heater wire
while it is operating. As a safety precauticn, ele furnaces ve an

SSEI=S) presvaucala, <ad

electrical 1nterlock on the access panel to the heate
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Figure 73
Electric Heating Element

The furnace control panel will have a 20- to 40-amp car rtridge fuse on each of
the two legs of each heater. Therefere, an electric furnace with three 5-
kilowatt heaters would have six 30-amp cartridge fuses

In addltlon to the large fuses which protect the furnace wiring against a
h i there is also a thermal cutout and a limit switch

o

?
moun on the heater element. The limit switch senses the air temperature
around the heating element, It will de- energize the element if the limit
setpoint is reached (usually between 140 and 190 degrees F). The limit switch

is a bimetal type of element which will open on a rise in temperature, and
will reset itself when the element cools down. There is a nonadjustable
differential between the cutout and cutin of 25 to 40 degrees F. This
prevents the heater from short cycling.

The thermal fuse will alse open if it detects an abnormally high temperature
around the heating element Its function is the same as that of the limit
switch, and acts as a backup safety switch.
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5.5 Element Staging-Single-Stage Thermostat.
have between two and six heating elements.
electric current when the thermostat calls for heat, this scheme was devised
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5.4 Operating Sequence. When the thermostat calls for heat, it
energizes a small resistance heater in a heat relay (Figure 74). This heat
relay is identical in operation to the timed start fan control used in

downflow gas furnaces. The difference is that the contacts are rated for the
higher amp draw of the electric heating elements as compared to a blower
motor. When the heat generated in the heat relay resistance heater is enough
to warp a bimetal switch, the normally open contacts of the relay will close,
energizing the heater element.
e
o—MW—o
o—o—"o—o0
J .
e’ e’
Ly LIS b////
Figure 74
Heat Relay Used for Electric Heat Element Sequencing
Where there are two or more heater elements, the control may be staged. A
D el o R o S N S P~ | T+ e mmer mm LY .
LWwL=StLape Lllelinosidl lld_y e usedau. iC UPBLdLeb S LOL1OWS

a) When the room temperature drops below the thermostat set point
one heater element is energized.

b) 1If the heat produced by the first stage of heating is
insufficient, the room temperature will continue to drop. When
it drops 2 degrees F below the first stage setpoint, a second
heater element is energized.

can onerate a e
can operatle at e

i
uirements of the room.

Electric furnaces will
In order to reduce the surge of
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to sequence the elements. A single-stage thermostat energizes a 24-volt
heater in heat relay No. 1. When the contacts in heat relay No. 1 close, 240
volts pass to heating element No. 1.

In seriec with the first heating e element ie

Caa WA S LiiSw i 13 aa 13 ieiay - =

s h th el a sec
different from the first heat relay in that its heater element is rated at 230
volts. When heating element No. 1 comes on, the resistance heater in heat
relay No. 2 is also energized. After a time delay, the contacts in heat relay
No. 2 close, and bring on the second heating element. If there is a third
heating element, there would be a 230-volt heater in heat relay No. 3 which
PR e PN hamted P R \ P n ammasesd Thava ~nnild ha maoanwy ao

pUWCLb Up wueu neacing c;cluclu. N, < Lb clleLBLLcU. iriére couild oe &as mally as

six different heat relays in an electric furnace with six heating elements.

second heat relay. It is

5.6 Blower Control. Figure 75 shows a blower control which is used on
electric furnaces. This control will energize the blower motor whenever the
heating element in the furnace is energized. It is a solid state device which
has an electronic circuit connected to a current sensing loop mounted on the

outside of the blower control. A wire which s upp;;eb current to the heater
element passes through the current sensing loop. Whenever this element is
energized, the current sensing loop will cause a set of normally open contacts

. 1
in the blower relay to close, energizing the fan motor.

Ek\ <~——— current
fengineg
\\ \ / sensing
__] \ J—/ loop
Figure 75
Current Sensing Blower Control
5.7 Electric Furnace Electrical Circuits. Figure 76 shows a simple
electric furnace schematic. It has one heating element. It is energized
through the 24-volt heat relay by the operation of the room thermostat. The
heater element circuit also contains two fuses (one on each leg), a limit
switch, and a thermal fuse. The blower is operated by the blower control

which senses the flow of current to the heating element.
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Electric Heat Single Element
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Figure 77 shows the same electric furnace, but with the two elements operated
by two different switches in the two-stage thermostat.

o ree {fferant eatine elemente oneratine off a cincle-ctace
gure 78 sh hree different heating elements operating off a single-stage
thermostat. The three elements are sequenced on, with a time delay after each

heater comes on. The resistor in heat relay No. lﬂis 24 volts, while the
resistors in heat relays No. 2 and No. 3 are 230 volts.

Figure 79 adds an outdoor thermostat to a two-element furnace operated by a

single-stage thermostat. The contacts of the outdoor thermostat are wired in
series with heating element No. 2. Unless the outdoor temperature drops to
the setting of the outdoor thermostat, the second-stage will not be allowed to

come on. In order for the second-stage element to be energized, the outdoor
temperature must be low and at the same time, the second stage of the
thermostat must be calling for heat. By operating on the first stage only,
the furnace will stay on for a longer period of time, and the space will be
held at a more even temperature.
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Electric Heat - Two Elements Operated From a Two-Stage Room Thermostat
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Electric Heat - Two Elements Sequenced From One Room
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Section 5: SELF-STUDY QUESTIONS

- o ) M L n Aecmcn e c e ol L o e L .Y o __
wWhat are the disadvantages of using resistance heating when
compared to a heat pump?

What is nichrome wire?

What is a heat relay in an electric furnace?

What is sensed to determine when to energize the furnace blower
fan?
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Section 6: STEAM AND HOT WATER SYSTEMS

6.1 One-Pipe Hot Water System. The one-pipe (Figure 80) hot water

system is used only in small residential systems or found in older systems.
Water from a hot water boiler is stored at 180 degrees F. At the first room
heater, a portion of the 180 degrees F water is diverted into a branch pipe
into the heater. This diversion is accomplished by use of a device such as
the monoflow fitting shown in Figure 81. The velocity of the water in the

main at this point is slower than the velocity flow in the venturi, due to the

main’'s diameter being larger. The higher velocity fiow through the venturi in
the monoflow fitting causes a pressurs reduction which draws the water up into
the room heater, and back into the main.
room
5 ereTs — I e
1 l 1 4 1 | } 1 | {
180°F | | 175 °F| | 170 °F | | 165 °F| | 160 °F
HW
hAadTas
yuvliiTL
7\
Upump
Figure 80
One-Pipe Hot Water System
The disadvantage tc this system is that the water temperature in the main
becomes lower and lower as each su_ccessive heater removes some of the heat

The last heaters on the line may not get water at a sufficiently high
temperature to do enough heating. To be able to provide the same heat
capacity, the heaters at the end of the line must be physically larger than

the heaters at the beginning of the line. The only advantage to the one pipe

water system is the low piping cost.
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show

the

h

igu

=

6.2 Two-Pipe Water System. The two- pipe water syste
82 uses a supply main and a return main. The temperature

@ ﬁ
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remains at 180 degrees F, available to each of the heaters When each heater
uses some of the 180 degrees F water the cooler return water is collected in

the return he

(5965 ¢ S 4

y-¥%-1
-a
system. As each w

flows to all the heaters The heaters near the boiler have the shortest
supply and return piping lengths, and they will tend to receive too much
heaters at the end of the line may be starved for sufficient

water. The
water. Balancing valves should be installed in each of the heater branch
lines to balance the flows.
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Figure 82
Two-Pipe Direct Return Hot Water System

Figure 83 shows another two-pipe system, but this one is reverse return
instead of direct return. The heater closest to the boiler has the shortest
supply piping length, but it has the longest return piping length. The piping
lengths for each of the heaters tends to be more equal with the reverse return
system, and the flows tend to be more self balancing. The added cost for this
advantage 1s the additional length of return piping required.

Two-pipe systems may be used either on hot water or chilled water systems.
Some commercial installations will use a two-pipe system which may be used
with either a hot water boiler or a water chiller (Figure 84). The operator
will choose the mode of operation, either heating or cooling, but not both.
The shortcoming of this type of system is that if some areas need heating
while others need cooling (which is very likely), somebody is going to be very
uncomfortable.

6.3 Control of Water Coils. The amount of heating done by a water coil
may be controlled in one of two methods:

a) Control the air flow across the coil
b) Control the water flow through the coil
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Figure 83

Two-Pipe Reverse Return Hot Water System
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Figure 84
Two-Pipe Reverse Return System Used to Provide Heating or Cooling
(But Not Both Simultaneously)

Two methods are used to control the airflow across a heating coil. The unit
heater shown in Figure 85 has hot water which "runs wild" {(dces not have a
control valve). Control is accomplished by the room thermostat which cycles

the fan motor. The thermostat, when satisfied, will simply turn off the fan.
The water flow through the coil will exit at virtually the same temperature at
which it entered.
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A second method of adJustlng air flow through a wild coil is called face and

bypass control (Figure 86). Figure 86 shows the effects as the room

temperature rises which causes the face dampers closed and the bypass dampers
hermoaoo avaece

open. When heat is not required, the air is allowed to oypass around the

hea s not required
coil.

Figure 87 shows control of a water coil (chilled water or hot water) by the
use of a two-way control valve. The room temperature control system will

cause the valve to modulate towards the closed position as the demand for
heating (or ccoling) becomes reduced.
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6.4 Steam Piping. The most common type of piping system used in steam
systems is the two-pipe system shown in Figure 88. The steam main carries
steam to each of the heatinv units. When the steam gives up its heat to the

. e 1
room air, it condenses and returns to the boiler through the condensate return
line. The condensate return line is sized much smaller than the steam main.
In order to prevent the steam from just blowing through the coil into the
condensate return line, a steam trap is provided at the outlet from each

heater. The steam trap is a device which will allow condensate to pass, but
it will close if steam tries to pass. The operation of the various types of
steam traps will be discussed later in this section.

One-pipe steam systems in which the steam and condensate are both carried in
the same pipe are limited to residential applications.

steam
coils
stean A+ T h .
\\ I I I I
X ] N | N\ ]
’ ? |
[ s‘.:eam\\A
o trap
A T T T
steam
boiler Jk
\
candancate return
B LULIINNTCILIOG W W -
- Minimum Pitch Requirements {smaller diameter
than the steam
Supply pipes 1/4-in. vertical for a header)
away from boiler 10-ft horizontal run
Condensate lines 1/4-in. vertical for a
towards the boiler 10-ft horizontal run
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'A good installation practice for steam systems is to pitch all supply pipes
away from the boiler, and all condensate lines towards the boiler. Pitch of
1/4 inch for each 10 feet of horizontal run is sufficient.

6.5 Condensate Systems. The handling of condensate is probably the
most important single factor in assuring the reliable operation of a steam

system. Improper condensate piping can be the cause of

a) Water hammer

b) Tube erosion

¢) Thermal shock

d) Failure of control valves

e) Freeze up

Figure 89 shows how the condensate can build up in a steam main. As the steam
loses heat to the air surrounding the pipe, condensate is formed. As the
amount of condensate builds, waves begin to form. If sufficient condensate is

allowed to collect, it will form a water seal across the pipe. At that point,
the condensate will be propelled through the pipe at the velocity of the
steam, which could easily be 10,000 to 20,000 fpm (over 200 mph)! You can

a pipe at this velocity. When the piping makes a turn, the condensate is just
as 1ke1y to keep going straight (taking the elbow along with it) as it is to

———
—~———
—l
T~

T—
—

steam B h_,;_ PN AL S \

b P N -

3

]
* "_ (T ']
-

a slug of
condensate willl
be pushed at
the velocity of
steam if the
condensate is
not drained
properly

Figure 89
Condensate Building in an Uninsulated Steam Supply Line
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If the condensate does not build up sufficiently to cause water hammer,
erosion problems can still result from the droplets of condensate travelling
at the speed of steam. When the steam is free of all condensate, it is said

te be "dry" steam. If "wet" steam is supplied to a heating coil, the tubes of
the heating coil will erode. If wet steam passes through a control valve, the
plug and seat of the valve will wear.

When condensate is not drained freely from a heating coil, the condensate may
remain in the coil during the off cycle. When steam is then reintroduced into
the coil, it can cause the condensate to boil, thus causing a rapid thermal
change. This rapid expansion can cause the joints of the heating coil to fail
and begin to leak. Whenever failures of this type are found, it is wise to

examine the condensate cyefnm for free druin°g€ to ensure that a replacem%nt

component will not also fail for the same reason as the original.

Where heating coils are called upon to heat outside air which is at
temperatures below freezing, a special problem is presented. If the
condensate is not removed quickly enough, it may be cooled by the outside air
sufficiently to cause it to freeze. When the water freezes, it expands, and
will cause the tubing to rupture. In the section which follows, the required
piping schemes to avoid all these failures will be described.

6.6 Condensate Piping. In order to prevent water hammer or supplying
wet steam to valves or coils, the condensate must be removed from the steam
main. This is easily done by providing an end-of-the-main drip leg (Figure
90). The condensate which forms in the steam main is carried along the bottom
of the pipe, and allowed to drain out through a steam trap to the condensate
system. As a further precaution against supplying condensate to the coil, the
branch lines will take off from the top of the supply main. Drip legs may
also be used at other places in the steam system. Just ahead of control
valves and heating coils is a good location for a drip leg. Where a steam
line must jog to av01d an obstruction (Figure 91), a drip leg should be
provided to prevent the accumulation of condensate.

Condensate piping should be schedule 80 black iron or copper pipe. Do not use
galvanized pipe as the galvanized pipe corrodes excessively fast.

Once the dry steam is admitted to the heating coil, it will condense and must
be quickly removed from the coil. If the coil is running wild (no control
valve), there will be sufficient pressure to push the condensate out of the
coil. There can also be sufficient pressure to lift the condensate as shown
in Figure 92. The condensate should not be lifted more than 5 feet with a
single step condensate lift as shown. Also, the amount of steam pressure
available to push the condensate uphill must exceed 1 psi for each 2.3 feet of

12 0.

L1LU requlrea
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Lifting Condensate to an Overhead Return Header

For steam coils which are controlled by a modulating valve, some additional
problems must be solved. When the valve throttles to a partlally closed
position, the pressure of the coil can easily go into a vacuum. This is

caused by the condensing of the steam, and the correspondlng tremendous
reduction in volume occupied. If this vacuum is allowed to form, it will hold
up the condensate in the coil, just as if it were soda pop being held up by
the vacuum you form in a straw. Figure 93 shows a vacuum breaker installed in

the coil which will admit air into the system to prevent its pressure from
falling significantly below atmospheric pressure. Obviously, the condensate
from a modulating system may not be lifted, as there may be insufficient

pressure available at partlal load. The condensate must be allowed to drain
vertically downward from this type of installation. In addition, the vertical
distance between the coil outlet and the steam trap must be 1arge enough to

provide sufficient pressure to overcome the pressure drop in the steam trap.
Usually, one to two feet is sufficient.

'(
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Modulated Steam Coil

Preventing freeze-up of steam coils is an especially tricky pxgblem to solve
There are two guidelines which, if followed, will provide a reliable system:

a) Do not modulate the steam supply to outside air coils subjected
to freezing temperatures. On/off control only is permitted.

on o Fueanesa

b) Use non-freeze or steam dis‘i‘flouﬁiﬁg coils.

By using on/off control only, the coil will always have the full steam

aiwayos lldvy 1

pressure available to help remove the condensate quickly.

Steam distributing coils (Figure 94) provide a tube within a tube design. A
single tube coil may allow all the steam to be condensed within the first
portion of the coil, allowing the condensate to freeze in the latter portion
of the coil. The steam distributing coil evenly distributes the steam along
the entire length of the tube, assuring that all sections will be sufficiently
heated to avoid freeze-up.
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6.7 Condensate Pumps. In large commercial or industrial installations,
the heating coils are scattered over a large area. It is impractical to drain
the condensate from all the steam users by gravity alone. Condensate pumping
units such as the one shown in Figure 95 may be located as condensate
collection points throughout the installation. Condensate is allowed to drain
from several heaters into the condensate tank. A float switch senses the
level in the tank. When the level approaches the top, the switch turns on the
condensate return pump, and allows it to run until the tank is nearly emptied,

condensate from
heating coils

power

motor
supply

vent
(must be

//// opened)
-
level —— ¢
control :::: :::
—— i SR

discharge < r ]
to boiler fAf
pump

Figure 95
Condensate Return Pump

The condensate collection tanks are typically not constructed to be able to
withstand any significant pressure. They are provided with large pipe
connections for vent lines. When hot condense returns to the tank (especially
on higher pressure systems), some of the condensate will flash until the
temperature drops to below 212 degrees F. Do not, under any circumstances,
try to plug the vent line on the condensate tank in order to save steam.
Dangerous pressures built-up could result in structural failure of the tank.

6.8 Pipe Expansion. When the temperature of a piping system increases,
the pipe grows in length. This can occur upon startup of a steam or hot water
system, or upon shutdown of a chilled water system. If two ends of a long run
of straight piping are anchored in place, something will fail when the piping
expands. Steel piping will grow in length by 3/4 inch per 100 feet for each
100 degrees F increase in temperature. Copper tubing will expand by 1-1/8
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inch per 100 feet for each 100 degrees F temperature increase. 1In order to
allow for this expansion, an expansion loop such as the one in Figure 96 is
used. The pipe expansion is allowed to ocecur by the bending of the two legs
of the expansion loop. For short runs of plping, pipe expansion may be
accommodated by the use of expansion joints. These expansion joints require
ance

i
N Piping Detail to A
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Section 6: SELF-STUDY QUESTIONS

Q6-1 To provide the same heat capacity, the heaters at the end of the
line of a "One-pipe Hot Water System" must be physically larger
than the heaters at the beginning of the line.

(a) True (b) False

Q6-2 Balancing valves shcould be installed in each of the heater branch

lines of a "Two-Pipe Water System" with direct return system,
(a) True (b) False

Q6-3 The "Two-Pipe Water System" with reverse system tends to be more
self-balancing since piping lengths to each meter are closer to
being equal.

(a) True (b) False

Q6-4 There are two basic methods to control a Hot Water System: a)
control the air flow across the water coil; b) control the water
flow through the coil.

{(a) True {(b) False

Q6-5 A good installation practice for steam systems is to pitch all
supply pipes toward the boiler, and all condensate lines away from
the boiler.

(a) True (b) False

Q6-6 Condensate piping should preferably be schedule 80 iron or copper

pipe
(a) True (b) False
Q6-7 Steel piping will grow in length by more than 1 inch per 100 feet

for each 100 degrees F increase in temperature.

(a) True
(a) lrue

154




Downloaded from http://www.everyspec.com

MIL-HDBK-1114/2
Section 7: STEAM TRAPS

7.1 Steam Trap. A steam trap is a compact, relatively low cost,
automatic device for releasing condensate and noncondensable gases, and

preventing the escape of live steam from a distribution system It is an
important element in efficient utility operations and in energy conservation.
A steam trap is normally installed at the outlet of each steam user.
Considering the cost of energy, and the role of steam traps in its utilization
or waste, your continued attention is warranted.

Normally, the public works utilities organization will inspect and maintain
exterior steam distribution traps and, probably, those in central boiler
plants, while the maintenance organization will inspect and maintain steam
traps installed with equipment in buildings. With consideration to this dual
responsibility, the program described in this handbook can be effectively
implemented and centralized.

7.2 Steam Trap Ciassification. The trap aliows air to be removed and
eliminates condensate as soon as possible for greatest effectiveness of the
line and heat transfer surface. There are three major classifications of

steam traps whose functions are sometimes mixed to provide combination type
steam traps.

a) Mechanical - operates using the difference in density between

condensate and steam.

b) Thermostatic - uses temperature differences to discharge
condensate and air.

c) Thermodynamic - operates using kinetic energy differences

between flowing steam and condensate.

7.3 Steam Trap Types. There exists within each classification basic
variations. These are:

a) Mechanical

(1) inverted bucket trap

(2) float trap

Thermogtatic

(1) bimetallic trap

(2) thermal expansion (i.e., wax, plastic, or liquid)

(3) bellows trap (usually filled with water or water-alcohol
mixture)

(4) float and thermostatic (F&T) trap (this is the only
combination function trap which has universal recognition
as a "type" of trap)

c) Thermodynamic
(1) orifice plate trap (the orifice plate may not be re

by some as a true thermodynamic trap)
(2) piston impulse trap
(3) disk trap

>a
N
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7.3.1 Mechanical Traps. Mechanical traps work because steam sits above
ln mmmssa Aacima B e ot esle d al. TV e e Al L L e oA
Lile UL e uUclide couoljdelnnsace, wiliClil CcolLlieCis auv Liie voviLom oL 4an conLairner
holding both fluids. As more condensate collects, it raises the liquid
condensate level. A mechanism which reacts to the rising level will allow the

condensate to be discharged. As the condensate is discharged, the liquid
level drops and the discharge path closes. The simplest mechanism that will
move with a rising level of condensate is a closed float. The float can be
attached to a lever which controls the opening and closing of a valve.

Condensate is alscnargea due to the m.gner pressure upscream than downstream

~Af +ha PR Rt Asrasra 2L &l o meramadmncs ciasa o cuesae
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condensate will build up, flood

7.3.1.1 Inverted Bucket . An inverted bucket
trap can be thought of as an opened soup can turned upside down floating on
the surface of a pool of water. When the contents of the bucket are mostly

air, thé bucket floats. When there is little air and mostly condensate
captured within the bucket, the bucket sinks and allows a valve to discharge
the condensate. When filled with steam, the bucket floats and keeps the valve
shut. There is condensate all around the bucket bottom, sides, and top. If

there is no condensate in the body of the trap to seal the bottom of the
bucket, steam can flow around the dropped bucket and through the open valve at
the top (see Figure 97, operational cutaway). Inverted bucket traps can be

primed at start-up by the condensate in the system. To ensure priming, keep
the discharge valve closed until the bucket floats, unless that is done
automatically. Liquid entry to the inverted bucket is at the bottom of the
bucket no matter whether the inlet and outlet are in line, on the sides, or o

the bottom and top. Inverted bucket steam traps have different sized outlet
ports to correspond to the pressure difference across the trap. As the
pressure difference increases, the area of the outlet port must be decreased

to balance the increased pressure difference. For example; a trap sized for a
small pressure drop (large outlet port) installed in a higher pressure
application will not open even when full of condensate. Inverted bucket steam
traps must have a vent in the top of the bucket to allow air to leak out of

the bucket into the condensate above and around the bucket. On the next
sinking of the bucket, the air is discharged along with some condensate. If
the air could not leak out from the bucket, the bucket would fill with air.
Since air is much lighter than condensate, the bucket would float When the

bucket floats, the valve is closed and the system "airbinds. The term "air"
is the simplest way of talking about the gases in the steam system. This air
contains noncondensable gases, such as carbon dioxide, nitrogen, oxygen, etc
Carbon dioxide can form carbonic acid which attacks ferrous materials Thig

is another reason why steam traps should remove air and condensate as soon as
they form. Normal failure may be either open or closed.
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EXTERNAL VIEW OPERATIONAL CUTAWAY

Figure 97
Inverted Bucket Trap

7.3.1.2 Float Trap (Figure 98). Floats are normally sealed balls. As the

level of condensate in the trap rises, the float is raised opening a valve.

The float itself may cover the valve opening, or it may be attached through a
pivoting lever arm to the valve. Maximum operating pressure and condensate
flow rate must be known to select the proper size float trap. If the
operating conditions are not known, the difference in pressure across the trap
and valve size may prevent the float from rising, thus preventing release of
condensate from the trap. Float traps normally fail closed.

7.3.2 Thermostatic Traps. The term "thermostatic" means heat in balance.
Since steam contains more heat energy than condensate, its heat can be used to
control steam trap operation. See Figure 99 for the operation of a
thermostatic steam trap. Thermostatic traps are excellent for removal of air
or noncondensable gases especially during start-up. One type of thermostatic
trap uses two types of metals, thus it is called a bimetallic trap (see Figure
100). Another type uses a bellows filled with a liquid (usually water or a
water-alcohol mixture). It is called a bellows trap (see Figure 101). Some
type of thermal expansion element such as wax, a plastic, or a liquid is used
in another type of steam trap (called the thermal expansion steam trap).
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EXTERNAL VIEW OPERATIONAL CUTAWAY

Figure 98
Float Trap

COLD BELLOWS BELLOWS EXPANDS CONDENSATE STEAM INCREASES
ALLOWS AIR AND AS STEAM ENTERS CONTINUES TO BELLOWS TEMPERATURE:
CONDENSATE TO THE TRAP. FLOW OUT As BELLOWS EXPANDS
ESCAPE. BELLOWS CLOSING VALVE.
NEARS STEAM
TEMPERATURE.

gure 99

Thermostatic Trap Operation
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EXTERNAL - CUTAWAY
SHOWING STACKED RIMETAL1 IC
ELEMENTS OF VARYING LENGTHS

C W
TTAWAY SHOWING CUTAWAY SHOWING DELTA
EXTERNALLY ADJUSTABLE SHAPE
BIMETALLIC TRAP D BIMETALLIC ELEMENT
AND 3-STAGE VALVE
Figure 100

Bimetallic Trap

Figure 101
Bellows and Diaphragm Traps
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7.3.2.1 Bimetallic Trap (Figure 100). The operation of a bimetallic steam
trap is based on a bimetallic element which changes shape with changes in
temperature. Bimetallic element movement controls a valve which releases air
and condensate. The basic bimetallic trap is only sensitive to changes in

temperature and needs to be adjusted to the pressure range (on the saturated
steam temperature-pressure curve) in which it will be operating. To prevent
the loss of 1ive steam, or a buildup of condensate, manufacturers use several
different valve and bimetallic element shapes and sizes. These designs allow
the bimetallic steam trap to respond better to changes in its operating
conditions. Bimetallic steam traps normally fail closed.

7.3.2.2 Liquid Fiiied Bellows or Diaphragm Trap (Figure 10i). The more
common design for low pressure heating systems is the bellows or diaphragm
trap. The bellows element has many corrugations and may be filled with a

around the bellows, the liquid inside the bellows begins to vaporize. This
forces the bellows to expand until the pressure inside is equal to the
pressure outside the bellows (balanced pressure). Bellows can be used at
varying pressures because when there is steam in the trap body outside the

bellows, there is steam within the bellows. When there is condensate in the
bedy, depending upon its pressure and temperature, there may be condensate
steam within the bellows. Bellows action is a combination of tem

pressure since lower pressures allow water to boil at lower tem e
Diaphragm capsules are similar in action to bellows.

If a bellows trap is taken apart while hot, the bellows may continue to expand
and destroy itself. 1If a bellows trap is exposed to superheated water, the
€317 s 1T sanmnlataly vvanavisa nahiawrions miralh Saem At e omrsaes Fonmd A &1l

Lii Wilii LmpiSLSiy vapuUrlice, acunieving mucil greéateér pressure 1nsiage one
bellows than it is designed for causing the bellows element to distert or

rupture. If bellows are subjected to water hammer, their corrugations flatten
from a semicircle to a sharp crease which will cause failure. When a bellows
breaks, it loses its vacuum and expands. This pushes the valve into the seat
stopping any condensate flow. Bellows steam traps normally fail closed.

7.3.2.3 Fioat and Thermostatic Trap (Figure i02). The most widely used
flcat and thermostatic (F&T) traps have a ball flcat attached toc a lever which
pivots. The pivoting action causes the valve on the inlet side to open and
close. All float and thermostatic traps must be installed so that the float

drops when there is no condensate and rises when condensate collects. The
most common feature of a float and thermostatic trap is that it is bulky. The
size allows space for the float to rise and fall, usually pivoting. The two
parts shown on the outside are the body and cover. Both are usually made of

s olts. A gasket seals
1
\rm

3
n W

5 u bell
1t. The thermostatic I
be hlgh in the trap to respond to ste wh1 ch is lighter than water. The
thermostatic portion of the trap is usually not affected by condensate but
stays closed when steam, and open when air, is present. See Figure 103 for
operation. The thermostatic element may have a separate cover for ease of

testing, examination, and removal, or it may be accessible only upon opening
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he cover of the main body. There are a few manufacturers who build floats
which are free-floating (no mechanism to operate a valve in and out of a

seat). One trap design has two hemispherical half shells made of different
thickness of stainless steel so that no matter how the condensate sloshes, the
heavier shell will be at the bottom. The outlet of these free-floating balls
is at the bottom. When there is condensate in the body, the ball floats
allowing the condensate to pass through the seal to the return system. When
there is no condensate, the ball settles down on the seat, sealing against

EXTERNAL INTERNAL

e
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ON STARTUP, AIR

WHEN STEAM REACHES THE

AS STEAM IN THE TRAP

AND CONDENSATE TRAP, THE THERMOSTATIC CONDENSES, AIR AND
ARE DISCHARGED. AIR VENT CLOSES. CONDENSATE ARE
DISCHARGED.

Figure
o

10
Operation of a Float and

3
Thermostatic Trap

weight., Some free-
at the top to release

0

condensate.

float which acts as a valve plug. The turning of the ball or cylinder causes
a varying position of valve and seat for uniform wear.

The upstream side of the trap can have a lower pressure than the downstream
side if. the steam valve is modulated closed. Therefore, some manufacturers
install vacuum breakers on the top of their flcat and thermostatic traps to
allow atmospheric pressure into the body of the trap They state that any

condensate flow through the trap to its

discharge. This prevents flooding of
the heat exchange equipment.

Float and thermostatic steam traps normally fail

Y

closed.
7.3.2.4 Thermal Expansion Steam Trap (Figure 104). The thermal expansion
type steam trap operates over a specific temperature range without regard to
changes in pressure. The thermal element may be a wax, a plastic, or some
sort of special liquid. This thermal element is used because it has a high

expansion rate when subjected to a small increase in temperature. The thermal
element is sealed off from direct contact with the condensate and steam.

£
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When condensate is flowing through the trap the valve would be fully open.
With a slight rise in temperature up to the saturation temperature, the
thermal element would dramatically expand, closing the valve and preventing
loss of live steam. Almost any operating pressure can be selected over which
to open and close the valve by selecting the corresponding saturation
temperature at which the thermal element will dramatically expand. Thermal
expansion steam traps normally fail open.

7.3.3 Thermodynamic Traps. Thermodynamic steam traps operate using the
differences in the flow energy, velocity, and pressure of steam and

condensate. The velocity of steam flowing through an orifice will be much
greater than that of condensate. Thermodynamic steam trap designs also take
into account the difference in the pressure drop between steam and condensate
flowing through an orifice or a venturi.

7.3.3.1 Orifice Trap (Figure 105). When a gas or vapor passes through a
restriction, it expands to a lower pressure beyond the restriction. Drilling
a small hole in a plate (called an orifice plate) or placing a short section
of pipe between two sections of pipe (called a venturi) is the equivalent of
slightly opening a valve. An orifice trap operates on the principal of
continuously removing condensate from the steam line. This continual
condensate removal allows the orifice trap to use a smaller diameter outlet
than other types of steam traps, which operate an open-close-open-close cycle.
Thus, the potential loss of live steam during system start-up, or when the
trap has failed open, is less for an orifice trap than for other types of
steam traps. Also, the mass flow rate of steam is much less than that of
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‘condensate, cutting down the potential loss of live steam during normal

operation.

Since they are always open, the mode of failure of an orifice trap

would be to clog with debris, or for the opening to corrode to a much larger

opening.
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SHOWING ORIFICE PLATE

Figure 105
Orifice Traps
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7.3.3.2 Piston Impulse Trap (Figure 106). The first thermodynamic
operating trap was the piston impulse style. The piston impulse style valve

Ae
lifts to expose a relatively large seat area for cool condensate. !

+ha
condensate heats up and approaches steam temperature, some flows by the piston
opening around a disk on the piston valve and flashes into steam. The flash
steam at a pressure between inlet and discharge is pushing against a
relatively large flange area on top of the disk and tends to push the valve
down and closed. Steam in the flash or control chamber tends to prevent any
more steam from entering the trap until it condenses. Once closed, the trap
will not open until steam in the control chamber cools and condenses, and
incoming condensate blocks steam from flowing into the control chamber. When
the steam in the control chamber condenseg, the pressure above the piston
drops, allowing the valve to open. Air or noncondensable gas flows out the
center vent hole in the piston. If blocked by dirt, the trap becomes airbound
and nonfunctioning. Normal trap failure may be open or closed.

Figure 106
Piston Impulse Trap (External Cutaway)
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7.3.3.3 Disk Trap (Figure 107). The disk thermodynamic trap has only one
moving part, the disk. Just as with the piston impulse trap, there is a

chamber above the disk which can hold steam or flashing condensate. The

intermediate pressure over the entire area of the top of the disk (between the

inlet and outlet) 'pushes the disk toward the seat closing the orifice. Th
opposing force is the pressure of the inlet steam against its inlet orifi

R

CONDENSATE- Ath ?

CONDENSATE AND AIR  E HiGH Pressure sTeam UL ¢ ash STEAM

W [ "\
= 99

EXTERNAL EXPLODED PARTS DIAGRAM

Figure 107
Disk Trap
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When there is steam at the trap, the disk snaps shut against its seat. As the
steam in the control chamber condenses, and leaks under the seat, there is
less force to keep the disk closed and it snaps open. A disk trap'’s air

handling capability depends upon the individual manufacturer’s design and
n{n

NAava NEalsr arncman 2o cmmwea P R

machining care. Disk traps are more auveLbely affected by back pressure
because of lower closing forces than other steam trap designs. Disk traps
normally fail open.

7.4 Selecting the Type of Trap. The major considerations in selecting

the type of steam trap are:

\ Marnn ~AF macemed oo
] iypeé OL se&ivice.

(1) continuous or intermittent removal of condensate,
(2) temperature of the condensate (related to system
pressure),
(3) range of load on the trap, and
(4) rate of change of the load.
b) Operational.

71\ P, .

{1) normal steam loss during operation,
(2) reliahilitw
(2) reliagbilit Y,

(3) failure mode most likelv to occur,
(4) water hammer potential, and
(5) danger of freezing.
c) Economic.
(1) 1initial cost,
(2) ease of installation and removai,
(3) ease of inspection and diagnosis, and
(4) 1life expectancy of the trap.

Experience with the particular system and equipment and knowledge of site
specific conditions are the most important elements in trap selection.
manufacturer’'s recommendations are also useful, but vary considerably. Table

13 contains a compilation of several guideiines for seiection of the proper
type of trap. Table 14 provides a summary of key operating characteristics of
the types of traps used most frequently. Additional guidance extracted from

MIL-HDBK-1003/8A, Exterior Distribution of Utility Steam, High Temperature
Water, Chilled Water, Natural Gas, and Compressed Air, and Federal

Specification WW-T-696, Traps, Steam and Air, is provided in the following
paragraphs.

7.4.1 Design Considerations MIL-H
on o

DBK-1003/8A provides the following
guidance applicable to the qe]eo e DS

f steam trap

a) The float trap action is controlled by the condensate level in
a float chamber and can be used to 1lift condensate.
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The thermostatic trap may be used to automatically vent air and
noncondensables from large coils. It may be used with unit
heaters, radiators, and convectors where the condensate flow is
gravity-controlled from the trap. The results of misuse of
this trap are trap chatter or trap failure to remain closed.

NTLF treant
1i1lC ciap

—res o e s ssoad P

Llll.b L_ypﬂ Uf Liap thll 1 839 4 ™ bc used &8s a (i.e. »
where condensate must be lifted to a higher elevation).

Table 13
Steam Trap Selection Guide
Application Special Primary Alternate
Considerations Choice (a) Choice
Steam Mains Energy conservation Inverted bucket Float and
and Branch Response to slugs Thermostatic
Lines of condensate
Ability to handle Thermostatic in
dirt locations where
Variable load freezing may occur
response
Ability to vent
gases
Failure mode (open)
Steam Energy conservation Inverted bucket Float and
Separators Variable load (large vent) Thermostatic
response
Response to slugs
of condensate Thermostatic
Ability to vent gases (above 125
Ability to handle dirt psig)
Failure mode (open)
Unit Energy conservation Inverted bucket Float and
Heaters Resistance to wear (constant Thermostatic
and Air pressure) (constant
Handling pressure)
Units Resistance to
hydraulic shock
Ability to purge Float and Thermodynamic
system Thermostatic (variable
Ability to handle (variable pressure)
dirt pressure)
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Table 13 (Continued)
Steam Trap Selection Guide

Application Special Primary Alternate
Considerations Choice (a) Choice
Finned Energy conservation Thermostatic Thermostatic
Radiation Resistance to wear (constant
and Pipe Resistance to pressure)
Coils hydraulic shock
Ability to purge Float and
system Thermostatic
Ability to handle (variable
dirt pressure)
Tracer Method of operation Thermostatic Thermostatic
Lines Energy conservation
Resistance to wear
Variable load
performance
Resistance to
freezing
Ability to handle
dirt
Back pressure
performance
Shell and Back pressure Inverted bucket Thermostatic
Tube heat performance with large vent
Exchangers Gas venting (constant pressure)

Failure mode (open)
Resistance to wear
Resistance to
hydraulic
shock
Ability to purge
system

Ability to handle dirt
Ability to vent gases

at low pressures
Energy conservation

Float and Thermostatic

(variable pressure)
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Table 13 (Continued)
Steam Trap Selection Guide

Aememn T & =3 [ IR i | Dand v m vene AV tmmamen o
nPPLLbaLLUII OPCdeL Kl.l.ulﬂl-y aAirLLclLliialLe
Considerations Choica (a) Choice
Process Air Energy conservation Inverted bucket Float and
Heaters Thermostatic
Ability to vent gases
AL 2T 2 ace 4o cmccamomm Ry T s aermm Aeeen avm $ o
ﬁULL.LLy LU purpgec 3]3 Leu L1 Liiova lamiLc
Operation against back
pressure
Response to slugs of
condensate

Method of operation

Gravity Drain
Energy conservation Inverted bucket Thermostatic
Resistance to wear
Resistance to hydraulic
shock
Ability to purge system
Ability to handle dirt
Siphon Drain
Energy conservation Thermostatic
Resistance to
hydraulic shock
Ability to vent air at
Ability to handle air
start-up loads
Ability to handle dirt
Ability to purge system
Ability to handle flash

PR
StLedail

NOTE: (a) Thermostatic traps should be used in any application where

freezing temperatures may occur.
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Table 14
Steam Trap Operating Characteristics

' BELLOWS BIMETALLIC
CHARACTERISTICS THERMOSTATIC THERMOSTATIC
Method of operation (discharge) continuous (1) semi-modulating
Operates against back pressure excellent poor
Venting capability excellent excellent
Load change response good fair
Handles dirt fair to good good
Freeze resistance excellent excellent
Waterhammer resistance poor excellent
Handles start-up loads excellent fair
Suitable for superheat yes yes
Condensate subcooling 5-30 degrees F 50-100 degrees F
Usual failure mode closed (2) open
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Table 14 (Continued)
Steam Trap Operating Characteristics

INVERTED
CHARACTERISTICS DISK F&T BUCKET
Method of operation intermittent continuous intermittent
(discharge)
Operates against back poor excellent excellent
pressure
Venting capability good (3) excellent fair
Load change response poor to good excellent good
Handles dirt poor poor to good excellent
Freeze resistance good poor poor (5)
Waterhammer resistance excellent poor excellent
WAl ne abmamde sigm 1 mm A e cvrnnllans -
nanales sStdrli-up 1040UsS pooL excelricelie lLail
Suitable for superheat yes no no
Condensate subcooling steam steam steam
temperature temperature  temperature
Usual failure mode open {4) closed open

Can be intermittent on low roads.

Can fail open due to wear.

Not recommended for very low pressure.
Can fail closed due to dirt.
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float and thermostatic trap may be used in most heating
lications where air must be vented and the condensate main
ah

app

is above the trap. Two trap functions are contained in one
housing; a thermostatic vent trap and a high capacity float
trap for condensate removal.

Inverted bucket traps are used on low-pressure systems,

particularly with blast coils or unit heaters. The discharge
from this type of trap is intermittent and requires a definite
pressure differential

wardaien ) M .I-...-

o .

The various impulse and thermodynamic traps depend upon the
difference in specific volume of steam and water to limit flow
through a fixed size orifice for flow control. These traps do

not work well in a system where the condensate can back against
the operating mechanism of the trap and open it when there is
no condensate flow from the upstream side. These traps are

particularly useful for steam tracing of pipe lines where there
will be some flow a 5

Trap Limitations. Federal Specification WW-T-696 covers a nunber
of the more commonly used steam traps. The following limitations are vided

for consideration when selecting the type of trap to use:

a)

b)

c)

L
v

e)

2 La\ . . r'd 1

Bucket trap.

(1) Trap will not operate where a continuous water seal cannot
be maintained.

(2) Must be protected from freezing.

(3) Air handling capacity not as great as for other types of
traps.

Ball float trap.

(1) Must be protected from freezing

(2) Operation of some models may be affected by water hammer

Disk trap.

(1) Not suitable for pressures below 10 psi.

(2) Not recommended for back pressures greater than 50 percent
of inlet pressure.

(3) Freeze proof when installed as recommended by
manufacturer.

Impulse or orifice trap.

(1) Not recommended for systems having back pressure greater
than 50 percent of the inlet pressure.

(2) Not recommended where subcooling condensate 30 degrees F
below the saturated steam pressure is not permitted.

Thermostatic trap.

(1) Limited to applications in which condensate can be held
back and subcooled before being discharged.

(2) Operation of some models may be affected by water hammer.

(3) Dlanhrazm and bellows types are limited to apmplications of

300 psi and 425 degrees F maximum.

’_.l
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f) Combination float and thermostatic trap.
(1) Cannot be used on superheated steam systems.
(2) Must be protected from freezing.

(3) Operation of some mo dels may be affected by water hammer.
7.5 Sizing Traps. Factors that affect the accuracy of trap sizing are:

(1) the unavoidably large range in condensate load for many steam services,
(2) the wide variance in operating pressure and differential pressure, and (3)
the uncertainty of trap capacity because of error in estimating condensate
temperature. Sizing errors can offset most of the system savings provided by
trapping. Traps that are too small cause condensate to back up. Oversized
traps allow live steam through. Along with selection of the proper type of
trap, correct sizing is the important step in establishing trapping standards
for your system. In setting up standards, a review of past practices against
current results may avoid repeating errors in sizing.

Determining the correct size trap requires:

a) Calculating or estimating the maximum condensate load.
b) Determining the operating pressure differential and the maximum

allowable pressure.

c) Selecting a safety factor.

d) Sizing the type of trap from manufacturers’ capacity tables.
7.5.1 Condensate load. The amount of condensate generated by items of
equipment can generally be obtained from equipment manufacturers’ literature.
For most all applications, formulas, tables and graphs are available in steam
trap manufacturers’ brochures for calculation of condensate loads. Examples
of simplified estimating aids are shown in Table 15.

.2 Pressure Differential One element in trap capacity is the
e and condensate return. Of

e
ere, the differential pressure

y “aiT LVasiTLiTlivane Ics=Slle
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be the supply pressure. For sizing traps, the maximum steam operating
pressure would be used. Frequently, traps are installed with the outlet
connected to a return system which is under some pressure. The trap must
operate against this pressure plus a static head if the trap is required to
lift the condensate to a return at a higher level. Table 16 gives examples of
the reduction in trap capacity caused by this bacx pressure which must be
taken into account when sizing traps.

7.5.3 Safety Factor. The safety factor is a multiplier applied to the
estimated condensate load since trap ratings are based on maximum discharge
capacity (i.e., continuous flow ratings). Safety factors are provided in
manufacturers’ literature and are usually expressed in terms of the trap

application. The safety factor may also be expressed for the type of trap
used. Factors vary from 2:1 to 10:1 and are influenced by the operational
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characteristics of the trap, accuracy of the estimated condensate load,
pressure conditions at the inlet and outlet, and the configuration of the
installation design.

Tahle 15

aBwat as

Estimating Condensate Loads

INSUIATED STEAM MAIN
1b/hr of condensate per 1800 LF at 70 degrees F
(at 0 degrees F, multiply by 1.5)
Steam Size of Main (inches)
Pressure
(psig) 2 4 6 8 10 12
10 6 12 16 20 24 30
30 10 18 25 32 40 46
60 13 22 32 41 51 58
125 17 30 44 55 68 80
300 25 46 64 83 103 122
600 37 68 95 124 154 182
GENERAL FORMULAS

Application 1b/hr of condensate
Heating Water = GPM + 2 x temperature rise degrees F
Heating Fuel 0il = GPM + 4 x temperature rise degrees F
Heating Air = CFM + 900 x temperature rise degrees F
Heating: ~ AxUxAT + L

pipe coils and

radiation

A = area of heating surface, square feet

U = heat transfer coefficient (2 for free convection)

AT = gtea temnerature - air temneratiire deoresg T

- a a7 e Tasas Ll A G- L= \—\rllly\—Lub\ALb’ UCBLDCD 4

L = 1latent heat of steam, BTU/lb
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Table 16
Percentage Reduction in Steam Trap Capacity
INLET PRESSURE BACK PRESSURE (PERCENT OF INLET PRESSURE)
(psig) 25 percent 50 percent 75 percent
10 5 percent 18 percent 36 percent
30 3 percent 1Z percent 30 percent
100 0 10 percent 28 percent
200 0 S percent 23 percent

If the condensate load and pressure conditions can be accurately determined,
the safety factor used can be low, which helps avoid oversizing. When
experience with the steam system and equipment, and thoughtful engineering of

t‘ra*n sizino are Af\n]“b(‘ cafatvy Fnr‘f’n‘r‘c in tha rangce cf 2:1 to
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adequate for all but the most unusual conditions. When sizing

e
ailc

101
rom
manufacturers’ capacity ratings, make sure the ratings are based on flow of
condensate at actual temperatures rather than theoretical rates or cold water

flow tests.

o
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.6 nstallation Guidelines. The establishment of standards for steam
traps in your system includes standards for optimum location and correct
installation. While this handbook cannot cover design and installation

standards for the myriad of system and equipment conditions, the following are
some general guidelines that can be used in establishment of standards,
training, and applied in system upgrade efforts.

a) One of the most important aspects of every steam trap
ingtallation ic that trane chnn‘ld }\o ingtallad soC t+thav m

=== al ol a2 a2 S Sl AT LA L LT (S 4357 a

ay
easily and quickly removed for service or replacement. All
traps should be installed with unions on either side of the
trap spaced to a standard overall dimension. Upstream and
downstream service valves should be provided. Typical piping
arrangements are shown in Figure 108.

A
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~

A test discharge with valve should be installed after the trap
in return condensate systems.
c) Inlet and outlet piping to a steam trap should be equal to or

larger in size than the steam trap tappings. Each manufacturer
specifies piping arrangements. The simplest styles have a
single inlet and outlet, while others have multiple inlets and
outlets. All unused inlet and outlet ports must be plugged.

When using teflon tape thread sealant, at least one thread
chniild ha 1aft+ avnna
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Figure 108
Typical Steam Trap Installations
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A recent trend in trap design is the use of nonrepairable

stainless steel construction. These traps are lighter, more
compact, and have the same internal mechanism as the bolited
styles. The use of cast iron traps is restricted to systems

with a workine nrececurse of 250 neioc or lece

WA LI T WUAsStadp pAavE O wAT Ve LoV pee ao e .

All lines should slope in the direction of flow. If not
properly pitched, pockets of condensate may develop which
contribute to water hammer. If the return line rises, a check
valve should be installed on the discharge side of the trap.
Traps are provided with permanent markings 1n01cat1ng the

~f £1 A b ~0 I ) NPV T

directio low. Float, thermostatic, and bucket traps
depend on gravitational forces to operate properly and must be
correctly oriented. Disk trap life may be doubled if they are

installed horizontally so that gravity keeps the disk resting
on its seat.

Occasionally, the upstream side of a trap may have a lower
pressure than the downstream side if the steam vaive is

modulated closed. For this reason, some manufacturers install
vacuum hreakers on the top of their float and thermaostatic

traps to allow atmospheric pressure into the body of the trap.
This permits any vapor lock to be broken, which in turn allows
a positive pressure to cause a flow through the trap.

Float and thermostatic traps are widely used in low pressure
If they are properxy 1nstaL1ea below the

(o]
never made with leg

3/4 inch tappings and have been made with up to 3-inch
tappings. Float and thermostatic traps may be used where there
is a varying load so long as the maximum load does not exceed
the trap'’s capacity.

Most float and thermostatic traps are rated somewhat
artificially following a formula devised by the major

mnnn‘anfanre Ag a congequaencs a 121’091’ fhnn nn\‘mnT QRFPY’V

................. sas SLLUNRSTYRTNT,), & 282 /5%+  aimis 282 SciTL)

factor is incorporated in the ratings shown in most catalogs.
Bimetallic traps are resistant to damage by water hammer and
will allow unrestricted discharge of air on start-up. The
latest bimetallic steam trap designs allow condensate discharge
near the saturation temperature over a specified pressure range

team. These traps, howev
1d noncondensables after ¢
's principal use is in comfort heating
systems. It allows air and noncondensables to escape on start-
up. The fact that it does not always discharge condensate at
saturation temperature is not a serious drawback in heating
service. These traps are inexpensive for low pressure

applications and are typically available in sizes from 1/2 inch
+n 2 {hr-"\

capacity applications where water hammer may be a problem.
Inverted bucket traps are subject to freezing in outdoor
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applications since they must retain a water seal in order to
operate. Some inverted bucket traps may be effectively
insulated with preformed, snap-on insulation that is removable
and reusable. They have moderate air handling capability, very
near that of float and thermostatic traps. Inverted bucket
traps are recommended for unit heaters where there is no
modulation of steam pressure. Strainers may be built into the
bottom of inverted bucket traps to collect sediment. Inverted
bucket traps are the most resistant of all traps to the effects
or the p idensate
v remove th om the
sys tem Traps that are not placed sufficiently below the
system will also not drain properly. Traps without sufficient
air handling capacity will lead to air blockage and prevent the
proper operation of heating and other steam operated equipment.
in general, steam traps should be located as close to the
source of the condensate load as is practical.
Traps discharging into relatively high pressure areas may not
always function properly. The flow may reverse and destrov
weaker parts of the mechanism. Traps discharging into a return
line higher than the trap level fall into this category.
o) Inverted bucket and float and thermostatic traps in outdoor

installations may freeze when the steam is throttled and
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despite manufacturers’ claims to the contrary.

p) Thermostatic and disk traps must give off heat in order to

function properly and, therefore, must not be insulated. To
ensure adequate opportunity for heat transfer, an 18-inch
length of pipe adjacent to the trap’s inlet should also be
uninsulated. Inverted bucket traps, however, do not need to
lose heat in order to function and may be insulated as
mentioned ahave

q) Condensate from a high-pressure steam system should not be
introduced into the return lines of a lower pressure system
unless these return lines are of adequate size. The higher
pressure condensate tends to flash (i.e., expand into steam
again) at the lower pressure and occupy much more volume than

T te. This, in turn, prevents the LLayS
__________ ith the
properly. Water hammer may result from dlscharging high
pressure condensate into a cooler lowpressure return system.

r) There is no such thing as a "lifting" steam trap. Condensate
will only be "lifted"” to a return system if there is sufficient
pressure difference to overcome the static head.

s) Balanced pressure thermostatic traps may be destroyed if there

are 1Qno rung of n1np between the source of the condensate and

the trap.
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t) Bypass connections should not be used as a means of providing
condensate removal even during short periods necessary for
maintenance. A replacement trap should be instalied. Bypass
connections waste an enormous amount of energy even in very

ol navriade AFfF +ima
S TiL vCaiie
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7.7 Implementing Standards. Application of the selection criteria
should result in relatively few standard types for the great majority of
trapping stations. Do not sacrifice efficient trapping solely for the sake of
fewer types, but balance the standards against the advantages of easier

maintenance and smalier inventory. <Classify the types of traps selected by
application, operating pressure, and condensate lcad. The standard types can
be listed in a table showing these elements similar to Table 17.

Table 17
Example of a Standard Steam Trap Selection Table

APPLICATION/CPERATING CONDENSATE LOAD
PRESSURE (psig) (1b/hr)
10 100 1,000
Steam Mains:
0-15 {Enter types of traps selected
0-15 as standard for your system)
150-600

Unit Heaters:

(etc.)

As traps are sized, the type and size will merge in your plant standards. A
sizing -chart can then be developed around the types, pressures, and loads for
use in sizing new installations.

A few standard installation schematics can be drawn that will apply to the
majority of your trap inmstallationms. The goal is to reduce the number of

variations and to portray the standards for continuing use by maintenance

shops. Figure 108 provides an example.

All of these standards can usually be documented on one or two drawings
including the trap type table, sizing chart and installation schematics. Keep
it simple, make it accessible to all, and enforce use of the standards.

7.8 Economic Renefitgs of Proner TInsnection and Maintenance.
expensive. The cost of fossil fuels will undoubtedly remain high, so
production costs will not decrease. Aging physical plants demand increasing

'3
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inspection and repair and an increasing share of the operation and maintenance
dollars. Well planmed and engineered steps must be taken to counter these
influences on the cost of producing and delivering steam. The amount of steam
lost by steam traps can be substantially reduced through routine inspection
and maintenance that pays for itself in direct savings.

For example, a simple 1/2-inch thermodynamic disk trap can be as wasteful as a
1/16 1nch hole in a 100 psig steam line and may lose approximately 13 300
imiiariy, a

T
<
C
=
C
C
Fh

pproximat ly
lost per month. A 1/4- inch steam leak at 100 psig will wast 2
per month. Table 18 illustrates the magnitude of steam and dollar losses in
steam leaks for a pressure of 100 psig.

Table 18
Examples of Steam Loss for Various Orifice Sizes at 100 psig

ORIFICE STEAM LOSS COST PER MONTH COST OF STEAM LOSS
SIZE PER MONTH (LB) AT $10/M1b PER YEAR

1/2 in 835,000 58,350 $100,200

3/8 in. 470,000 7,700 56,400

1/4 in. 210,000 2,100 25,200

1/8 in. 52,500 525 6,300

The prevention of steam loss through faulty steam traps provides direct,
immediate utility operations savings. Of equal concern are the economic
benefits of efficient heat transfer and prevention of steam system corrosion
gained through proper operation of steam traps. As discussed in Section 1,

the efficient removal of condensate, air, and carbon dioxide will aid in the

a) Removal of air will help maintain higher temperatures.

b) Removal of air by traps can improve heat transfer efficiency
under certain conditions by up to 50 percent.

c) Removal of condensate reduces water hammer, improves heat
transfer and provides more space for steam.

itting and formation of corrosive carbonic acid are
d a

£
N
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>
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The economic comparison between losing steam on one hand and repairing or
replacing steam traps on the other can be estimated. Similarly, a comparison
of costs between a neglected system and continuous inspection and maintenance
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‘can be estimated. The following broad examples are based on generalized
industry statistics. More relevant comparisons can be made using specific
activity cost figures and experience.

D

7.8.1 Replacine Qld or Fnu1fv Traps. The

.......... Traps. cost of delivered steam at Navy
activities can range between $8 and $12 per 1,000 pounds (Mlb). Using $10 per
Mlb in the 1/2-inch thermodynamic disk trap, extrapolatlon from Table 18
yields a steam loss with a cost of approximately $131 per month (assuming an

orifice size of 1/16 inch with a resultant loss of one quarter of that of an

1/8 inch orif 1ce) An average cost to replace the trap, including labor and
material, may be approximately $200 to $250. Payback would be within 2
months.

‘The 3/4-inch bucket trap cited would be losing steam at a rate of $10,000 per
month, as an extreme example, and replacement would pay for itself in one day.

With the high cost of producing and delivering steam, replacement or overhaul
of failed steam traps provides significant economic benefits. Even for the
larger traps in a normal system, with a nominal loss of steam, replacement
payback would be measured in terms of a few months

New traps, on the average, use about 2 pounds/hour of steam in operation. As

P,

pounds/hour per year until into the third year of the trap use. The steam
used, in one sense wasted, by the average trap can then increase by as much as

8 pounds/hour per year. Some guidance has been to replace or rebuild traps on
a 5-year cycle. By that time, the average trap may be using as much as 20
pounds/hour even though continuing to operate.

At an average cost of $10 per Mlb, a 5-year-old trap could be using:

w
o
<
[}
”~~
S
(%

Replacement or overhaul in much less than 5 years is clearly economical, since
an average trap can be purchased and installed for $200 to $250.

Y oINS, | ~ 1.

A study performed at the Naval Postgradua Schoo

the Naval Postgraduate School develope
calculating the optimum time for trap replacement as:

A A
d a guide for

(5)
Time in service = | cost of trap replacement ($)
S A 11.3 x cost of steam ($/M1Ib)
For example, if a trap costs $250 to replace, and steam is costing $10 per Mlb
+tno nroduca
to produce
(6)
Time = \l __n_$32%1_0 = 1.5 years
3 x
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Of course, no activity needs to replace good operating traps every year and a

half, but the increase in steam lost as a trap ages is a strong consideration
in your replacement and trap rebuilding planning. This formula illustrates
the point that a relatively small quantity of steam lost each hour can make
frequent trap replacement economical. Replacement time depends a great deal
pon the type of trap and its design.

7.8.2 Continuous Inspection and Maintenance. Industry experience shows

that steam systems operating without a planned program have between 10 to 50
percent of the traps malfunctioning at any one time. A sampie survey of your

system can provide a statistical indication of the number of faulty traps for
preliminary estimating purposes. Average steam losses can also be predicted.
A general example of potential savings from a formal program is illustrated.

Assume a 20 percent trap failure rate before the program is implemented, and 5
percent failure rate after the program is fully implemented.

Gross Savings = (steam loss before) - (steam loss after)
Net Savings = (Gross Savings) - (cost of inspection/maintenance)
Trap Failure Total Failed Average Leak Cost of Lost
Rate Traps Traps Rate/Trap Steam per Year
Before: 500 100 15 1b/hr 131 M1b x $10/M1lb
20 percent = 131,000 1b/yr x 100 traps = $131,000
After: 500 25 15 1b/hr 131 Mib x $10/M1b
S percent = 131,000 1ib/yr x 25 traps = $32,750
Gross Savings = $131,000 - $32,750 = $98,250/yr

Cost of Program:

Inspection: Quarterly, 0.5 man-hour (mh)/trap

= 1,000 mh/yr x $25/mh = §25,000/yr

Maintenance: 50 percent of traps/yr
= 250 traps x $50/trap = § /yr

WIILCIl 1S lLallly SlmplLe TO estlmate and price. 1lne economlc benerits or
improved heat transfer and corrosion prevention cannot be readily quantified,
but are no less real. In a system producing, say, 300 million pounds of steam
per year at a total cost of $3 million, approximately 75 percent of the cost

1
is fuel; a direct variable cost. A 1 percent improvement in the efficiency of
the system could save over $20,000 a year in fuel cost alone. By all
measures, a conscientious and well executed steam trap inspection and
maintenance program pays for itself many times over.
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7.9 Establishing an Inspection and Maintenance Program. The steps

required to set up an effective program are:

Baseline Survey. The initial survey provides or verifies records of steam
trap location and type, provides a steam trap map, determines the baseline

condltlon of the trap inventory, and checks installation and use to determine
if there have been misapplications.

a) Establish System Standards. Standards for types, sizes, and

2 __ 2 A

installation of traps eliminate misapplication, reduce
{nwrantari and evetram snete and nrauvids a hacie far hudoatino

— - T

b) Training. As a formal program is established the people
involved in operation, inspection and maintenance, energy
conservation, and engineering must be trained and indoctrinated
in the goals of the program.

c) Equipment. Proper equipment for inspection will pay for itself
in improved trap uptime and savings in manpower.

d) Establish Inspection Schedules. A balance between the cost of
inspection and potential savings in operational costs must be
achieved.

e) Accurate Records. Records that are easy to keep, which induce
accurate entries, and support the program are a must.

f) Improve Condition of the System. A longer range, but integral
objective in establishing a formal program is to bring the
condition of the steam traps to a level where inspection and
maintenance are routine "moneymakers" rather than an uphill
battle.

7.9.1 Baseline Survey. An effective program requires accurate knowledge

e 12 A P P S P T ]

condition. The initial survey, to

of the steam trap inventory an s
y and augment existing records, should be a

d
establish the baseline or to veri
p]_apnpd effort which results in

a) Location, type, and size of each trap.
b) Function and sizing information (if available) for each trap to

c) Pressure at inlet and temperature at inlet aﬁd outlet
d) Activity-wide steam trap maps
e) Current operating condition of each trap

The survey planning can separate the activity into manageable segments by
geographical area or by type of steam system/use. The system can be "mapped"
more easily by segments and the separate areas will be useful in continuing
inspection. The survey should locate traps hidden by equipment, insulation or
other piping. Each trap should be assigned an identification number or symbol
and rnoanﬂ durlna the initial survey to facilitate future 1nsoect10ns and
malntenance reports. The survey w111 provide information about existing
conditions that may be used to estimate potential savings compared to

maintenance and repair costs.
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A technique that can be productive is to establish and publicize a "hot line"
telephone number for all base personnel to report steam leaks and suspected
trap or system problems Set this up at the beginning of the baseline survey
aAd 1 - .

- rnman Ll e - made
11U KREep 1L a5 a pdiLiL v

Fh .

Steps to be taken in conducting

a) Divide the activity and steam systems into survey areas.
b) Prepare steam trap maps for survey mark-up.
¢) Indoctrinate survey inspectors.

d) Prepare survey forms. An example form is shown in Figure 109.
e) Design trap identification system and prepare tags.

£) Conduct the survey.

g) Compile the data; analyze the results.

h) Estimate number of failed traps, probable steam loss, cost of

repair or replacement, and potential savings.
i) Set goals for immediate inspections, near-term repair or
replacement, and system upgrade.

7.9.2 System Standards. Standards for types and sizes of traps for given
applications can minimize the potential for misapplication and usually reduce
the number of different traps in the system. The inventory of replacement

traps can then be reduced, and maintenance procedures become more
standardized.

7.9.3 Training. Even if you have people who are experts in steam traps
establishment of a formal inspection and maintenance program requires
indoctrination of all concerned. This training begins with planning for the
baseline survey. In addition to training utilities operation and maintenance
personnel, those involved in engineering, planning and estimating, and

procurement of steam traps should be familiar with the elements of the
program. This handbook can provide the basis for training. Typical topics
for three types of indoctrination/training sessions are shown in Table 19.
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Table 19
Inspection and Maintenance Program Training

TYPE OF TRAINING TOPICS COVERED ATTENDEES

Overview of Program Program purpose, scope Engineering, Planning

Records and data analysis Maintenance Control
Continuing action Budget and precurement
System pgrade plans Utility supervisors
Role of each division Maintenance supervisors
Program Management Establishing system Engineering, Planning
standards
Trap selection Maintenance Control
Replacement program Utility supervisors
Monitoring the program Maintenance supervisors

Record keeping
Estimating costs and

savings
Inspection System standards Maintenance Control
inspector

Types of traps Utility supervisors

Steam loss problems Maintenance supervisors

Trap failures Operation and

Inspection methods and maintenance personnel

equipment

Troubleshooting techniques

Inspection records
7.9.4 Equipment. Procurement of efficient and up-to-date equipment to
assist inspectors is a necessary step in establishment of the program. The
econcmics of steam losses through faulty traps are such that a few detections
will easily pay for the cost of inspection equipment. Alsc, return on labor
and training costs can be ensured by providing inspectors with proper
equipment.
The two basic types of inspection equipment are sound detection, and
temperature measurement instruments. Available instruments range in
sophistication and cost from a simple steel screwdriver to modern ultrasonic
moniters for sound and from simple heat sensitive markers to portable infrared

equipment for temperatu
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"For temperature readings, the more costly and sophisticated instruments are
hardly ever justifiable. Thermocouple thermometers with hand-held digital
readers are sufficient for most applications.
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frequent utilization.

7.9.5 Ins o chedules. The establishment of a formal program

requires setting initial schedules for inspections to follow the baseline
survey. When steam was cheap, it was good business to accept a certain amount

PP, e mm

of steam loss, inoperative traps, etc. The lost steam cost less than the
labor to correct the less serious problems. Today, steam costs 10 to 15 times
‘as much as it did only a few years ago, so it now pays to maintain the system
at a much higher level. Inspections should be performed more frequently as
the first step in raising the level of maintenance.

The frequency of steam trap inspections will be based upon the condition of
the system, age of the traps, and percentage of traps found to be faulty in
the baseline survey Inspections will be more frequent for a neglected system
and decrease as the system is brought up to standard. Each activity’s

schedule will depend upon local conditions and analysis of the baseline
survey. As a general guide, until the percentage of failed traps is under 10
percent, inspect at least every 2 months. If the failure rate of traps is
greater than 5 percent conduct quarterly inspections. As the failure rate is

7.9.6 Records. Data obtained from the baseline survey will provide the
basic records for the steam trap inventory. As time and resources permit,
additional data for individual traps should be acquired. Most of the
information can be gathered during periodic inspections. In addition to the
baseline survey data, the following inventory information will be useful for

o PO T
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a) date of installation
b) orifice size

c) end connection type

d) end-to-end dimension
e) insulation requirement

The inventory records must be updated whenever a trap is replaced.
The other type of required record covers inspection and repair. Periodic
compilation and review of inspection reports will provide information on the

status and condition of steam traps as a whole and the effect of the
inspection and maintenance program.
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Most steam systems will contain enough traps to make simple automation of the
inventory and records worthwhile. Once the baseline survey results are
entered into an automated record, maintenance of the records with changes and
periodic inspection reports will require less effort than a manual card or
listing system. Retrieval, compilation, and review of the records will,
accordingly, be economical.

7.9.7 Upgrade of the System. The goal of the inspection and maintenance
program is to bring the steam trap inventory to a level where steam losses are
negligible and system integrity is sound. Then, inspection and maintenance
will be routine with a frequency that is not a burden. Accordingly, planning
and execution of the program should include replacement of traps reaching
their useful life. An extensive and aging system may require funding of
repair projects to augment local maintenance funding in order to "catch up"
with neglect of steam traps. As a minimum, an overt planned effort should be
scheduled and budgeted to replace old traps and to implement correct standards
of trap type and size.

7.10 Inspection Schedules. Continuing inspection frequencies will
depend primarily on the condition of the system. The general guide is:

Trap Fajlure Rate Inspection Frequency
over 10 percent two months
5 - 10 percent three months
less than 5 percent six months

One manufacturer recommends inspection frequencies based on system pressure:

Pressure Inspection Frequency
0 - 30 psi annual
30 - 100 psi semiannual
100 - 250 psi quarterly or monthly
over 250 psi monthly or weekly

Exposed traps should be monitored daily during freezing weather. Also, traps
serving critical process equipment should be monitored frequently.

Frequent inspections of the same equipment tend to become cursory in nature.
More thorough but less frequent inspections are more effective. The primary

goal, though, in scheduling inspections is to achieve a balance between the
cost of inspection and steam loss and integrity of the system.
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7.11 Safety Precautions. Use the following precautions:
a) Steam lines, traps, and steam equipment are HOT. Follow all
safety rules for working where burns are potential.
h) Woar nratectiva clathine and cafatv cear (hardhat enoalacg
b) Wear protective clothing and safety gear (hardhat, goggles,
gloves, etc.) when appropriate.
c) Steam valves should be opened or closed only by authorized
personnel.
d) Always wire valve closed and tag DO NOT OPEN before working on
or removing traps and strainers.
e) Always isolate the steam trap from steam supply and pressurized
return line before opening the trap for inspection or repair.
f) Always isolate a strainer from pressurized system before
opening.
g) Never touch a steam trap with bare hands.
h) For strainer blowdown, wear gloves and a face shield. Catch
discharge in a bucket.
7 12 Trnenarsrtinan Mathade Tha haeirsr mathade of inenectine trane ara
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visual observation, sound detection, and temperature measurements. Visua

T Irements. 1
observation is the bes and least costly method of checking trap operating

condition, but none of the methods provide a cure-all for trap
troubleshooting. Any one method can give misleading results under certain
conditions. The best inspection is obtained by using a combination of two

7.12.1
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Visual Observation. Observing the discharge from a trap is the

only positive way of checking its operation. No special equipment is
required, but training and experience are necessary, particularly for
recognizing the difference between flash steam and live steam. See Figure

110.

a) Flash steam is the lazy vapor formed when the hot condensate
comes in contact with the atmosphere. Some of the condensate

re-evaporates into a white cloud appearing as steam mixed with
the discharging hot water.

b) Live steam is a higher temperature, higher velocity discharge
and usually leaves the discharge pipe in a clear flow before it
condenses to a visible cloud of steam in the atmosphere.

If the trap discharges to a closed condensate return system, it must have a
valved test discharge pipe open to the atmosphere installed downstream of the

trap.
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igure
Illustration of Difference Be tween Flash Steam and Live Steam

(14

A properly operating trap will discharge condensate and flash steam as it
cycles. Some types of traps (inverted bucket, disk) have an intermittent

AL mAl mam s PR & -5 R TEMY 1o Lo o ot o mmemAdo e m s A2 Lo
ulsciiarpe, sSoume (Li0dL, ral) SHnoulc lidve 4a continuous conaensatce arscnarge,
and some types (thermostatic) can be either. The presence of a continuous
live steam discharge is a problem. The lack of any discharge flow, also,

indicates trouble.

Inspectors should realize that when a trap is under a fairly heavy load the
discharge will produce considerable flash steam. A faulty trap may be losing

a Sigﬁificaﬁc amount of live steam that cannot be detected. 1In a condensate

discharge of, say, 100 pounds/hour, a loss of 10 pounds/hour of live steam

will not be visually detectable. This relatively small loss can amount to the

cost of a new trap in two to three months. Therefor , if a trap is suspected
of being faulty, always check your visual inspection with another method

operating temperature One method is to squirt water on the trap top and
observe its reaction. The water will not react on a cold trap, but will
bubble and bound on a hot trap.
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'7.12.2 Sound Detection. Listening to traps operate and judging
performance, and potential malfunction is a convenient inspection method when
working with a closed condensate return system. Experience is required, but
much can be derived from the sounds made, or not made, by traps while

By listening carefully to steam traps as they cycle, a judgment can be made
whether they are operating properly or not. An inspector can hear the
mechanisms working in the disk, inverted bucket and piston traps. Modulating
traps give only flow sounds which are hard to detect if the condensate load is
low. However, the performance of a suspected trap should be cross-checked
visually or by temperature measurements since a trap that does not cycle may
be either failed open or under a heavy condensate load.

Simple equipment can be effective, such as industrial stethoscopes or a 2-foot
length of 3/16-inch steel rod in a file handle. They are used simply by
placing the probe end on the trap bonnet and your ear against the other end.

If you have a large number of traps, and situations where traps are congested

or close to other equipment generating noise, ultrasonic listening equipment

is warranted. These instruments have earphones, are equipped with probes, and
i

allow selection of sound frequency bands. High frequencies are sensitive to
flow noise, and mechanical sounds are detected at low frequencies.

7.12.3 Temperature Measurements. Diagnosing trap condition from
temperature differences between upstream and downstream pipes is the least
reliable inspection method. It can be useful in combination with visual or
sound inspection as long as the potential ambiguities are recognized.
Equipment ranges from sophisticated infrared meters, to simple thermometers,
to heat sensitive markers. A contact thermocouple thermometer is recommended.

File contact points on the pipe clean. Take temperature measurements
immediately adjacent, and nc more than 2 feet, on either side of the trap
The readings should be in the ranges shown in Table 20 for the pressures in

ings s e Y
the supply and discharge/return lines. Interpretation of the temperature
readings requires knowledge of the line pressures. For example, a supply line
at 150 psig with temperature of 340 degrees F and a 15-psig return line with
temperature of 230 degrees F indicate a properly operating trap.

7.13 Inspection Procedures. Before beginning routine periodic
inspections, the trap {nvpnrnrv should be in annd shape, steam trap ma

buildings and exterior areas should be prepared, and traps should be
for permanent identification with stainless steel tags.

aps of
tagged

s
gge
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Table 20

Normal Pipe Temperatures at Various Operating Pressures
STEAM PRESSURE (PSIG) PIPE SURFACE TEMPERATURE

RANGE (degrees F)

0 (atmosphere) 212

15 225 - 238

30 245 - 260

100 300 - 320

150 330 - 350

200 350 - 370

450 415 - 435

600 435 - 465

o

a) Carrying pouch and belt.

b) Clipboard with trap lists and trap maps.

c) HMaintenance requirements tags (yellow and white).
d) Valve wrench.

e) Water squeeze bottle.

f) Ultrasonic sound detector.

g) Thermocouple thermometer.

Each activity will devise its own best methods for conducting inspections and

identifying work required. Use of two different colored tags as in the list
{ o b 3 =

above, is one method for identifying cold traps
or faulty traps for maintenance and repair.
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Figure 111
Steam Trap Inspection Equipment

The following inspection checkoff list is a summary of steps for routine
FOR ALL TRAPS:

Is steam on?
g temperature?

o]
[a i e

o]

yellow tag for maintenance check to determine
if it is a system or trap problem.

Blowdown strainer.

P et S

low pitch condensate flow
high pitch steam flow
Check for intermittent flow.

e
'k for continuous flow
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Is trap cycling?

Note mechanical sounds.

VISUAL CHECK TRAPS THAT SOUND BAD:

Close valve to return line.
Open discharge valve.
Observe discharge for:
- normal condensate and flash steam
- 1live steam
- continuous or intermittent operation

TEMPERATURE CHECK IF NECESSARY:

Clean spots upstream and downstream of trap for measuring
temperature.

Record supply line pressure.

Measure supply line temperature.

Record return line pressure.

Measure return line temperature.

Tag failed traps with white tag for replacement/shop repair.

CHECK EXTERNAL CONDITIONS:

7.14

Supports and braces
Insulation
Corrosion

Leaks

Inspection for Misapplication. Inspectors should be aware of and

inspect for the following potential misapplications and installation problems:

a) Trap installed backwards or upside down.

b) Traps located too far away from the equipment being services.

c) Piping runs too long.

d) Traps not installed at low points or sufficiently below steam-
using equipment to ensure proper drainage.

e) Traps oversized for the conditions. Oversized traps allow live
steam blow-through.

f) More than one item of equipment served by one trap. "Group
trapping” is likely to short circuit one item due to
differences in pressure and other items will not be properly
drained.

g) The absence of check valves, strainers, and blowdown cocks
where required for efficient operation.

h) Trap vibration due to insecure mounting.

i) Bypass line with valves open. If a bypass is necessary, it
should be fitted with a standby trap.

j) Condensate line elevation higher than steam pressure can lift.
No trap lifts condensate; the inlet steam pressure does.
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k) Inverted bucket and float and thermostatic traps, particularly,
exposed to freezing temperatures.

1) 1Insulated thermostatic and disk traps. These traps must give
AFE hant +a Fimat-3a~
Vil lLlTAaL Vv Luli\;\.—‘.vll.

m) Disk trap with excessive backpressure, therefore, differential

o ) =3
e , e e
ressure is too low for the trap to operate properly.

]

For trap location, check the ABCs:

a) Accessible for inspection and repair.
b) Below drip point whenever possible.
~) Claea +A t+tha Avin naint+
~J Wk WO L g il “I-Lt’ VVLLI\—.
7.15 Trap Fajlures. Traps generally fail completely closed or open. By

failing closed, there is a backup of air and condensate which floods the
equipment and prevents the equipment from performing its heat-transfer
function. By failing open, air, condensate, and steam continue through the
trap and into the condensate sys thus wasting steam and affecting other

'
heat transfer equipment by excessive pressures and temperatures in the return
lines. Major causes of trap failure are residue buildup and wear.
7.15.1 Residue. Dirt, rust, and foreign particles can build up in steam

traps quite readily, as the trap body forms a natural pocket for collection
when the valve is closed. Dirt pockets should be installed on all steam
header drip legs and the strainers should be opened periodically for blowdown.
, whether installed before the trap or inciuded in the body of the

Ot W
3 ot
0 N
T
[
"t o]

inspection.

Residue between the seat and disk may cause a trap to fail open and residue
buildup in the trap body may cause a trap to fail closed.

iston impulse aps, disk traps, and o traps should have a finer mesh
strainer due to their small holes
7.15.2 Wear. Wear of internal parts, linkages, and seals will cause trap

failures in both the open and closed positions. When the mating surfaces of
valves and valve seats wear out, there is a tendency for an initial leak to

enlarge by a process called *wire-drawing” which shows up as a small “gully
worn across the mating surfaces. Also, valves that are partially open because
of residue lodged between the valve and seat can initiate wiredrawing, since
steam will follow the condensate and cut the mating surfaces with its high
speed.

Cast iron and steel traps are often subject to the valve seat becoming loose
due to the erosive effect of flashing condensate. This results in leaks many
times greater than a failed new trap.
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Continuous operation and excessive use will cause links, levers, pins, pivots,
and elements to change shape and malfunction due to wearing.

if txrap failure persista ana a cuulpl-ﬁl:le isi ubyc\;tiﬁ'ﬁ indicates t
failure is not due to residue buildup or wear, the inspector may determine the
problem to be actual system troubles rather than trap malfunction.

+1
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7.16 Troubleshooting. During periodic inspections, inspectors will have
many traps to inspect within relatively short times. Fast identification of a
faulty or failed trap is important. If the nature of the problem can also be
identified, so much the better. Economical, cost effective inspection,
though, depends on specifying the problem traps with the least expenditure of

mannauwayY Carvantian nf tha anrahlame nan trhan ha erhaAilad 3n A
onanpewer. BLLLTTLall Ca Wi piluaciis Call, witii, vt SCihnedulscl it a

consolidated, planned, efficient manner by the shops.

Troubleshooting begins with the knowledge of trap operations and combines the

methods of inspection with familiarity with trap misapplications and potential
failures discussed in this section. Table 21 outlines the basic indicators of
normal operations and problems for the various types of traps.

7.17 Inspection Reports and Records. An example inspection log is shown
in Figure 112. This log is intended to report results of periocdic inspections

and is a temporary record. The log does not, in general, need to repeat data
contained in the steam trap inventory record.

Permanent inspection and repair records are an important element in the
inspection and maintenance program. The record provides information needed to
identify chronic problem areas, develop life cycle costs, and generally aid in
upgrading the steam system. The inspection reports would be transferred from
the inspection log, as applicable, to the permanent record. The following
data should be included in the permanent record:

a) Trap identification and location

b) Date initially installed

c) Scheduled inspection frequency
d) Date of last inspection
e) Date and description of last repair

An alternative system that can be used if automation of the permanent trap
records is not feasible is an index card system. Each trap has its own index
card with identifying/inventory data entered. The card is carried by the
inspector during period inspections and the result is entered. Note index
cards should be giving a numerical count index so as to be able to detect any
missing or misplaced cards. One index card may allow room, front and back,
for 10-12 inspections. To be useful, the data must then be compiled manuaily
from hundreds or thousands of cards. This system is much less effective than
the temporary inspection log with data being entered into a report generating
system.
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Table 21

Troubleshooting Steam Traps

AnNmTn Ay

POSSIBLE CAUSE

Discharge mixture
of condensate and
flash steam.

Relatively high
inlet temperature.

VISUAL INSPECTION

Live steam discharge;
iittle entrained

2 ____2 1
i1quia.

[

Condensate cool;
little flash steam.

No discharge.

Leaking steam at
t

rap.

Failed open.

Holdine baclk

........ 5 ~a

condensate.

Failed closed;
logged strainer:

obstruction.

Fe O

ine

Faulty gasket.

High temperature
downstream.
Low temperature

upstream.

Failed open.

Failed closed,
clogged strainer,

~l A

obstruction.

Float
and

g
”
3

Continuous discharge
on normal loads. May
e intermittent

n light lcad.

0 o

Constant low pitch
sound of continuous
flow.

SOUND INSPECTION

Noisy; high pitch

1
Souna.,

No sound.

Steam flowing
through; failed
open.

Failed closed.
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Table 21 (Continued)
Troubleshooting Steam Traps

TYPE TRAP NORMAL OPERATION

PROBLEM INDICATION

POSSIBLE CAUSE

Thermo- Discharge continuous Same as for float
static or intermittent trap above.
depending on load,
pressure, type.
Constant low pitch
sound of continuous
or modulating flow.
Inverted Cycling sound of Steam blowing through. Failed open.
Bucket bucket opening & No sound. Failed closed.
closing.
Quiet steady Discharging steadily; Handling air;
bubbling on no bucket sound. check again
light load. in hour.
Discharging steadily; Lost prime.
bucket dancing.
Discharging steadily; Failure of
bucket dancing after  internal parts.
priming.
Discharging steadily; Trap undersized.
no bucket sound.
Disk Intermittent Cycles faster than Trap undersized
discharge. every 5 seconds. or faulty.

Opening and snap-
closing of disk
about every 10
seconds.

Disk chattering over
60 times/minute
or no sound.

Failed open.
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STEAM TRAP INSPECTION LOG

DATE: INSPECTOR:

. REPAIR
[TRAP I.D. LOCATION OPERATING INSPECTION REPORT PRIORITY]

Figure 112
Example of Inspection Log
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7.18 Trap Repair and Replacement. Developing and implementing standard
trap and piping configurations and dimensions will help avoid installation
errors and reduce downtime. Inlet and discharge pipe sections, valves,
strainer, trap, and unions for the more commonly used types and sizes can be

Av v wamesdaean abhan e~ a wwamY anmcna— PR
made up and stored. When a trap ;cquixca shop repair, the replacement can be
installed quickly. The repaired trap can be made up as a spare and kept in
stock.

As an installation safety measure, different capacity traps may be configured

with different end-to-end measurements to avoid installing a wrong size trap.
s ailure must first be disassembled to
inspect the interior condition of the valve body as well as the internal
working parts of the valve. Remove dirt, debris, and foreign matter from the
trap to ensure the valve interior is clean. Inspect all mechanisms and
linkages for damage, distortion, and freedom of movement.

tvnoae nf tran
Siil VPSS VL Liap

1nstalled More often, though, it will

n o
won
» o
0
Y
+ O
0
)

the shop.

7.19 Shop Testing of Steam Traps. Repaired, rebuilt, and if practical,
even new traps should be steam tested before being installed. A test stand
similar to that shown in Figure 113 is recommended for activities having a

sufficient inventory of traps to warrant shop testing. The test stand should
meet the following:

a) The test stand height should make connection of pipes easy and
the sink should be deep enough to contain splashes.

b) The test stand steam supply should provide the different
pressures in the activity’s steam system. The water supply
pressure must be 10 percent higher than the test steam
pressure.

c) A pressure gage and bimetallic dial thermometer are part of the
setup.

d) The open discharge from the test trap faces down in the sink.
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Figure 113
Steam Trap Shop Test Stand
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Section 7: SELF-STUDY QUESTIONS

are the major classifications of steam traps?

are the basic variations within thermostatic traps?
are the basic variations within thermodynamic traps?
the major considerations in selecting steam traps?
is the usual safety factor ra

ge?
get

the basic methods of steam trap inspection.
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Section 8: HEAT PUMPS

8.1 Objective. The objective of this section is to describe the features
of heat pumps which make them an attractive method of heating in specific
applications. ‘

8.2 Heat Pumps Versus Electric Heat. The heat pump is an air

conditioning system which operates as a heating system. It is sometimes
called a reverse cycle system. It is a very efficient system to use when
electrical energy must be used for heating. It can make operating costs
comparable to those obtained when gas or fuel oil are used.

In order to understand why a heat pump is an attractive system, we must
compare it to the alternative--electric resistance heat. Figure 114 shows an
electric resistance heater. Regardless of the type of heater, the voltage,
the size, or any other factor, this heater will convert the energy in 1
kilowatt of electricity into 3,414 Btu/hr. Those people who sell electric
resistance heat may be quick to point out that it is 100 percent efficient.
This is true, in that 100 percent of the electricity purchased is converted
into heat. However, the rest of the story is that heat energy in the form of
electricity is more expensive per Btu as heat purchased in the form of natural
gas or fuel oil.

‘\\ resistance

heating
] elements
LEEE LR LR R R R R EE]
AR R LR R R LR R EE] 3,414 Btu/hr

[ KX UUUUUUUUUYUUU

\ i

= T

Figure 114
An Electric Resistance Heater Converts 1 kW of
Electricity to 3,414 Btu/hr of Heat
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‘Let’'s see how a heat pump can cut the cost of electric heating. Consider a

one-ton window air conditioner as shown in Figure 115. It moves 12,000 Btu/hr

from the room, into the refrigerant. The compressor input is 1 kW
?

1 kW, so another
3,414 Btu/hr is added to the refrigerant. The total of 15,414 Btu/hr is
rejected in the condenser to outside. If we were to turn the air conditioner

around in the window, the outside air would be cooled, and 15,414 Btu/hr would
be rejected to the room! This represents more than a five-fold increase in
the heating available from the same 1-kW input.

heat rejection
15,415 Btu/hr

A
I

(G

——

1 kW of electricity to
operate compressor

PR S PR I 2

equivalent to 3,414 Btu/hr)
7

(o)

A I ——————

4 4 \ \/ /
Nl
o )
R ;
A
cooling effect
absorb 12,000
Rt /he
ubu, ALA
Figure 115

The Heat Pump Moves 15,414 Btu/hr From the Outside Air
Into the Heated Space for a Cost of 1 kW

8.3 Heat Pump Components.

In practice,

we do not rearrange the

refrigeration components each time we want to operate the system as a heater.

Insteaﬂ we 118e a F{'\ll?’ wav reversine valve
143 <, <J

~~~~~~~~~ g valve, For normal air nnnd'nf*lnrnng the

hot gas from the compressor discharge is routed to the outdoor coil,

then to

the metering device,
(Figure 116).

onorYylae

indoor coil and compressor suction via the four-way wvalve
On the heating cycle,

the four-way valve changes its position.

z
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outdoor coil
(condenser) -
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-

4-way reversing
valve
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I
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6%) T Heating
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Y
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(condenser) : { Dw

Figure 116
Refrigerant Piping for a Heat Pump
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- The hot gas from the compressor discharge is routed backwards through the
indoor coil, metering device, outdoor coil (where it picks up heat from the
outdoor air), and back to the COmMpressor suction via the four- way valve., A
capillary tube is a handy metering device for this type of system, as it
permits flow in either direction. Where thermostatic valves are used as the
metering devices, one is provided for each coil, and a bypass with a check
valve is provided around each thermostatic expansion valve (TXV) (see

Figure 117).

metering valvs “
for heating outdoor
e coil
l’;ﬁ‘\‘ ) b-way
valve
L |
N v
! 7 N
bypass
(cooling) g )
bypass
S (haatina)
/ Liicawaiiny )y
!\xi/L
? ( — /o
metering valve E : \ ) \)
for cooling indoor
coil N—
Figure 117
Bypasses Around Thermostatic Expansion Valves
8.4 Four-Way Reversing Valve. The detail of the four-way valve
operation is shown in Figur 118. The solenoid valve operates to release
pressure from omne end of the barrel or the other. With the unbalanced

pressures, the cylinder inside the valve body will move towards the end which
has had the pressure bled off. The normal setup is for the thermostat to
energize the solenoid valve to call for heating. In the de-energized
position, the valve will operate in the cooling position.
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Four-Way Reversing Drive
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8.5 Effect of Outside Temperature. As outside temperatures get lower,
the heating output of the heat pump also drops. Heat pump systems are
provided with auxiliary electric heaters which come on only when the heat pump
cannct meet the demand for heat.

The system described above 1s called an air-to-air heat pump. The same

principle may also be used to have heat pumps transfer heat from air to water,
water to air, and water to water.
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Section 8: SELF-STUDY QUESTIONS

Q8-1 What is a Heat Pump? v

Q8-2 How does one account for the effect of outside temperature?
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Section 9: HEATING SYSTEMS MAINTENANCE PROCEDURES
9.1 Motors and Drives. Motors are most commonly used in heating
systems to drive the fans which circulate room air through a heating element
or heat exohanner Thev may be nprmanpnrlv lubricated, or they may require

excha manently lubricated they equire
periodic lubrication. Where oiling ports are provided, use a few drops of SAE
10 oil annually. When motors are replaced, it is important that the
replacement motor be positioned so that the oiling ports are located near the
top of the motor so that the o0il can run down to the bearings.

4

kY

!

A slhacsld A A
VLULD DLIVUILU Ve o
ro de o

o] Remove any dirt and grease
m the outsei t

I"h

rs have heen allowed t
operate without filters for some period of time, it may be necessary to blow
out the insides of the motor using compressed air through the ventilation

holes.

Where the motor drives a fan through the use of a belt, the belt should be
inspected regularly for wear. Signs which call for belt replacement include a
glazed appearance on the sides or cracks in the inside surface of the belt,

When replac1ng a belt which has worn out, check the alignment of the motor
sheave with the fan sheave. The grooves of each sheave should be parallel and
in alignment with each other.

ts will stretch after a sho

All bel rc period of operation, and should be
periodically checked for belt temsion. The belts are under proper tension
when finger pressure can move the belt apnroximately 1/2 inch from the

straight 11nge of the belt between the sheaves. In most models, the belts can

screws.

5.2 Filters. Filters are provided to remove particulates from the room
air which circulates through heat exchangers or heating coils. They may be of
the washable type or the disposable type. Washabhle filters may be removed

from the unit and cleaned w1th a garden hose Spray the fllter from the
leaving air side so that the dust will be driven off in a direction backwards
from the direction it was deposited.

Hh
[

[N

posa
=
LCTL

C)U

s ble filters are merely discarded when dirty, and replaced with a new
1 f identical size

[

Frequency of filter changing is entirely a function of the cleanliness of the
air, the number of hours of operation, and the amount of outside air being
introduced into the system. Filter changing frequency may be as much as once
a month, or as little as twice per year, depending upon the application. A
schedule shouid be set up for each heating unit. Initially, the filter
condition should be inspected monthly, but not changed unless required. In

- h

this wav  the reauired filter chan

;;;;; J CHYwLiTOL L iiLC

individual heater.
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J.9 vas DU erLS . K gul.ar mailnenance oL gas purners Consisis oL
remeval of the burner from the furnace, and removing accumulated scale with a
wire brush. The burners may be removed by first removing th; gas manifold,

id out of the heat exchang

<
o-a I

The burners may then be easil

For ribbon type burners, or for burners which have slotted crossover slots, a
tool fashioned from a scrap of sheet metal may be used for cleaning.

....... P R - | - P, ISRy R - SR RO DI S PR PR al e Al . L.t 2 _
DuLlchb SnoulLld peé ouServed aircer cie 1L11g LO dKe Sure Lidi tie vurning 1s
taking place uniformly acress all the burner cpenings, and that there are nc
obstructions

9.4 eaning of He XC . With properly adjusted combustion,

cleaning of the heat exchanger surfaces is normally not required. In the
event of soot or excessive scale accumulation, the heat exchanger may be
irst making a tool consisting of a ngnc chain attached to the end
h ay the b
t lue

.
=

A Ao ~ - P
< UL Uyycu uv J . nea
od in r a

n ct

g
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he rod into
n mav then be pulle accumulations
soot or scale from the heat exchanger. The debris w111 fall into the burner

section where it may be easily removed.
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9.6 Checking Draft. Draft should be checked as part of normal regular
maintenance to ensure safe operation, with no spillage of the products of

combustion. A match may be used around the draft diverter while the furnace
aaaaa Lo bem emalon miiaen el e A2Vl 2. 2 L o_ . 2 _ 3 __ _ 31 _& _T11 —_—

Lb UPCLGLLLB LU liaKe sSure nac airiucion air 1s velny 1naucea di dii polinis

around the diverter. If any reverse drafts are noted, the flue stack must be

inspected for blockage

The condition of the flue stack should be inspected for evidence of corrosion.
Suspicious sections should be replaced.

5.7 Controls. In the absence of complaints about the operation of a
hontar i+ mawv ha aaciimad +hat +2ha Avavatbrine A~nambranla ava Fiimatd ac S e~
ucacvcocL , 4L may VT aooswuwwiicwu Liiae Luc UPCLGLLLIB LCUIILLULD alT Lulituvliv lj.lls
normally. Only the safety controls (which are not normally called upon to
operate) need to be checked

The high limit switch may be checked by creating a high limit condition.
Disconnect the wiring to the fan motor, and allow the thermostat to call for
heat. The burner should come on, and then cycle off on hlgh limit within a

N __11 1

minut oY two. A small hole may be drilied next to the nlgn limit sen51ng
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-element to allow checking the set point with a dial thermometer (DO NOT drill
a hole through the heat exchanger). The limit should open at a temperature
etween 180 and 200 degrees F.

] wi
out the pilot or turning off the gas. For thermocouple systems, you should
hear the pilot gas valve close within 1-1/2 to 2 minutes.

The pilot safety device on a gas furnace is easily checked by

For oil fired systems, the cad cell may be checked by blocking the line of
sight of the cell. With the furnace firing, remove the cad cell from its

masimt amAd Aswrav A Avra vl sk srases oo T £Vlamma 2haec13 heete Ao Voo o
HMUWILIL allu LuvelL Lviie c]c LY ]Uul. llaliu, 111C LiAdiic ODOlLIVULU DliuLe uv I ailimnus o
immediately.
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Section 9: SELF-STUDY QUESTIONS

Q5-1 The drive belts are under proper tension when finger pressure can
move the belt approximately 1/2 inch from the straight line of the
belt across the sheaves. ‘

( ) True ( ) False

Q9-2 After initial start-up, the filter condition should be inspected
monthly but not changed unless required. 1In this way, the required
filter changing frequency may be determined.

( ) True ( ) False

Q9-3 Only the safety controls need to be checked in the absence of

complaints about the operation of a heater.
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AND INSPECTION SCHEDULE

No.

Check Points Frequency

o
E 1

MoQ

A

~

Observe condition of flame. Correct if flame X

is smokey or if burner starts with puff or
rollout. Flame should not impinge on furnace
heat exchanger walls.

in tanlk To
4Lit vaiis., s

replaced.

Test flame detection devices, including primary X
control and associated fuel cut off valves Loss

DUrners. mep
ara found daf
a gert

Inspect fuel supply systems and piping. Repair X
or replace as needed. Replace cartridges for

in-line filters. Adjust oil pressure to

approximately 100 psig or as prescribed by

the manufacturer. Ensure both oil supply and

ryotuirn lineae hava Ffiieihl
nave IuSilax

in_14na valwvas
refturn iines

=N
© A11T A1l vaaveco.,

Inspect burner assembly. Evidence of improper X
fuel nozzle wear or plugging or carbon buildup

on nozzle is cause for replacement. Adjust

equipment for proper combustion after replacing

OL(.l I]Oé&Le w1cn new one.
Inspect burner assembly. Replace nozzle and X
filters on oil burning equipment. Clean, check

and adjust electrodes.

Check electronic ignition on gas-fired equipment. X
Clean and adjust electrodes.
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APPENDIX A (Continued)

WARM AIR FURNACES

No.

Check Points

D W

Frequency

M

Q

A

10.

[

12.

13.

[

Internal and external inspection of heating
surfaces after cleaning. Fireside surfaces
should be free of soot. Cracked surfaces will
require repair or replacement of the furnace
(firing chamber). Repair of pressure parts
requires a certified weider. Evidence of bulges,
bulges, blisters or other deformities indicates
defective controls and safetv devices o

o]

—eLelLiVE LLNLLOIS Sl Saltl)y

improperly sized or adjusted burner.

Inspect gas piping, valves and regulator for
proper support and tightness. Test for tlghtness
with a soap solution, neve a leak

tad 1
s detected, th

13 15
and contact the

Check transformer. Do not interchange
transformers of different capacities when
replacing defective transformers.

Lo L
etc., Remove tr

Ensure adequate ventilation to the boiler
(1 square inch per 1,000 Btu). Lighting should
be adequate to read nameplates and gauges.

Check draft and combustion Conduct

for efficient and safe operatlon. Combu tion
measurements required are for percent of carbon
monoxide, carbon dioxide, oxygen and stack
temperature and boiler room temperature. No smoke or

carbon monoxide should be evident. Overfire draft
should be at least 0.02 inch water gauge
(W.G.) for oil burners. Adjust manifold

pressure to 3.5 inches W.G. for natural
gas and 11 inches W.G. for LP gas (a mixture
of propane and butane).

No
-
~d

~
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APPENDIX A (Continued)

WARM AIR FURNACES

No.

Check Points

D

W

Frequency

M

Q

[
P

[
w

[
n

’-—l
~

18.

4
!
]
p)
+
2]
]
3

t

]

Q

'-J

(]

Inspect con
functioning. Covers on controllers should
be in place. Dust and dirt on control equip-
ment must be removed. Electrical contacts
that are fouled require cleaning. All wiring
should be properly grounded.

@

alibra heck operation of
eter

and meters. Defects include cracked, broken
or dirty glass, illegible markings or bent
pointers. Place date and initials of tester

on the gauge.

3

Cheacrle flue for ipteu ritv and tichtness.

(92§31 0% Cuup BN B ¥ LS i Qi Lapglitucso

Flue should be firmly attached to the furnace.

The flue should be properly supported and
either vertical or sloped upward.

On electric furnaces, check electrical wiring
and connections. Connections that are fouled

scalica.,

Check thermostat operation, replace defective
thermostats, check anticipator setting. It
should match amperage rating of gas valve.

N
[
co

c
s. Repair or replace all defective gauges
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APPENDIX A (Continued)

HOT WATER BOILERS (350,000 Btu/h or less)

No.

Check Points

D

W

Frequency

M

Q

A

-

(V8]

c~

)]
N
b
’

nA
u

ct

ian of Fflama o4
AUl VUL iiauc. v

ct
=
r

serve conai Oorrec

s smokey or if burner starts with puff.
Flame should not impinge on furnace walls.

Check fuel supply (oil). Note level of oil
in tank. Leaking tanks must be repaired
or replaced.

Observe operation of circulating pumps.

Lubricate pump motor, bearing assembly and
flex coupling. Noisy pump motors and leaking
pumps require repair or replacement.

t flame detection devices and associated
omati 1 cut-

off valves. Loss of flame

should shut off flow of fuel to the burners.
Replace or repair if device or valves are
found defective.

ect fuel supply systems and plping in

vo UV‘H
]

[ ﬂD o]

nspe
1

1
a
o
o

o @
0n r

2

i
~ep
id

~

pressure to approx1mate1y 100 psig or as
prescribed by the manufacturer. Ensure both
0il supply and return lines have fusible
in-line valves.

Check boiler room drains for proper functioning.

Check condition of safety relief valves.

Test valve with try lever. Valves should
preferably be the pressure and temperature
type. Leaking safety valves must be replaced.
No obs i
nine 1
HLPU E S

Q

./!"3
P
U
T
¢
r
=
[
v
e
c

Valve. The overflow from the valve should
be free of obstructions and piped to within
4 inches of floor or to a floor drain.
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APPENDIX A (Continued)

HOT WATER BOILERS (350,000 Btu/h or less)

B Y. T V-N s

requency

M

Q

[
(&

11.

12.

13.

14.

—
wn

Inspect burner assembly. Evidence of improper fuel
nozzle wear or plugging or catbon buildup on nozzle is

Inspect burner assembly. Replace nozzle and
filters on oil burning equipment. Clean,
check and adjust electrodes.

and external inspection of heating
surfaces after cleaning. Fireside surfaces
should be free of soot. Cracked surfaces
will require repair or replacement of the
furnace (firing chamber). Repair to pressure
parts requires a certified welder. Evidence
of bulges or other deformities indicates

~
<
m

Tentmnveen nl
iLniLerlilalr

Anntrals aAnd

~ P -
< L«UIILLULD allu >Salc
ly ste

’_It (o9

A+l
Ctl
ope

fectiv
\proper
Inspect gas piping, valves and regulator for
proper support and tightness. Test for tight-
ness with a soap solution, never a flame. If a

tected, then secure piping to the

Check transformer. Do not interchange trans-
formers of different capacities when replacing
defective transformers.

Ambiia+=ih]l A
COmMoOUsSTC1lD.LES

, €
from boiler roo

tvach AarnA AAamhiioe-3
LrdasSi 4ana COmousStl

Inspect area around boiler for cleanliness,
Damn~
ncilv

(]

Hu

Ensure adequate ventilation to the boiler
(1 square inch per 1,000 Btu). Lighting should
be adequate to read nameplates and gauges.

lllbyCLL not water SuUppLy and retur
dual control unit for leaks, exces
damaged or lack of insulation. Re

ive rust, and

b

>
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APPENDIX A (Continued)

HOT WATER BOILERS (350,000 Btu/h or less)

C
“

o}

(@
o
D

-
o

Check draft and combustion. Conduct combustion
efficiency test and anust burner for efficient

o~ —-——..uA_-_h

and b011er room temperature. No smoke or carbon
monoxide should be evident. Overfire draft should
be at least 0.02 inch water gauge (W.G.) for
oil burners. AdJust manifold pressure to
3.5 inches W.G. for natural gas and 11 inche

Py a nf nwAarmama ~av A
W.G. for LP ga (a lihtuxc of propane ana

2]

17. Check expansion tank and air eliminator
equipment for leaks, corrosion, etc.
Repair or replace defective equipment.

o
[oe

g
. (%4 =3
be removed. Electrical contacts that
fouled requi

be properly grounded.

19. Calibrate and check operation of gauges and

20. Check breeching and stack for integrity and
tightness Breeching and stack should be firmly
draft systems.

21. Check shell for cleanliness, excessive rust,
corrosion streaks, deformations and cracks. Clean
and repair. Repaint to cover bare metal. Ensure access
access doors are in place and in working order.
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APPENDIX A (Continued)

STEAM BOILERS (350,000 Btu/h or less)

[~ A
QO

Check Points Frequency

D W M Q

o

Observe condition of flame. Correct if flame X
is smokey or if burner starts with puff,
Flame should not impinge on furnace walls.

s per
seque 1ng and operation. Blow do boiler.

Check fuel supply (oil). Note level of oil X
in tank Leaking tanks must be repaired or

repl

Test water column or gauge glass. Glass must X
be clean and free of obstructions. Clean
dirty glass and replace defective column or
glass at once. Defects include leaking gauge
cocks and glass, excessive corrosion and
improper operation.

Observe operation of condensate or vacuum X
pumps. Replace or repair defective or

leaking pumps.

Test flame detection devices and associated X
automatic fuel cutoff valves. Loss of flame

should shut off flow of fuel to the burners.

Replace or repair if device or valves are

found defective.

excessive rust and damaged or lack of insulatlon.
Blow down strainers. Repair or replace
individual items as needed.
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APPENDIX A (Continued)

fes
(@]
L]
=
2]
el
[7,]
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(350,000 Btu/h or less)

s
(@

p—
[

P
W

14.

Inspect fuel supply systems and piping in X
boiler for leaks, loss of insulation, etc.

Repair or replace as needed. Replace cartridges

for in-line filters. Adiust oil pressure

in-1ine filters. Adju
to approximately 100 psig or as prescribed
by the manufacturer. Ensure both oil supply

and return lines have a fusible in-line valve.

@]

he

0 ¢t £
fon gl o

.ﬂ
=
Jl
3
— ¢

1ong pipe
or constriction is permissible between the

boiler and the safety valve. The overflow from
the valve should be free of obstructions and piped
to within 4 inches of floor or to a floor drain.

(‘D
(N

...... room drains for
Inspect burner assembly. Evidence of improper X
fuel nozzle is cause for replacement. Adjust

equipment for proper combustion after replacing

old nozzle with new one.

Internal and external inspection of heating
surfaces after cleaning. Fireside surfaces
be free of racked surtaces will

[o}
M
n
[e}
o]
(a3
Ol

requl

a]
<

controls and safety dev1ces or 1mproperly

sized or adjusted burner. Consult boiler water
treatment specialist if there is evidence of
hard scale on the water side surfaces.

2]
N
w
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STEAM BOILERS (350,000 Btu/h or less)

15. Inspect gas piping, valves and regulator for
. Test for
on, never

se pi

re

a
UG .

B

~ €1
a i
ing
=4

(ng

e D (o)
de pip 0
er and contact the gas company.

16. Check transformer. Do not interchange transformers
of different capacities when replacing defective
transformers.

17. Inspect area around boiler for cleanliness,
combustibles, etc. Remove trash and

combustibles from boiler room.

18. Ensure adequate ventilation to

[
0

....-.-.( £~
» Mmanirosr
mbustion e

Ht Lo 4

d pres e and
fficie test
Combustion
measurements required are for percent of carbon
monoxide, carbon dioxide, oxygen and stack
temperature and boiler room temperature.

or carbon monoxide should be evident.

- R PN o-f\(\”
U e di lLedastu

No smoke
Overfire draft

Fav
101

<
S emn

v.uUl Llth
Adjust manifold pressure to 3.5 inches
for natural gas and 11 inches W.G. for LP

as (a mixture of propane and butane) or to
manufacturers’ recommended pressure.

wratav sasio a N
waliclL 5du6= \W PRSI

~

o
W.
g

20. Inspect control eq sequence
<h
1

ment
are
All wiring should be

D =]

[
,.J. [
T oA

must be removed
fouled require cleaning.
properly grounded.
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APPENDIX A (Continued)

STEAM BOILERS (350,000 Btu/h or less)

Q

oints Frequency

»
a

(=]
1

Mo Q

N
=

Calibrate and check operation of gauges and

meters. Repair or replace all defective gauges

ef bxacneu, broken

e
arkings and bent

initials of tester

ec 1u
i e
pointers. Place date and
on the calibrated gauges.

N
N

Check breaching and stack for integrity and
tightness. Breeching and stack should be
firmly attached to the boiler in forced draft
systems. The breeching and stack should be
properly supported and either vertical or

sloped upward.

N
w

Check shell for cleanliness, excessive rust,
corrosion streaks, deformations and cracks

mnA rana analdn

an ana LcPdLL. nedenL t
sur

re metal.
b o)

> O
n =
0n o

re access doors are in p

worklng order.

over
e a

nd

[l m
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lac n
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HEAT PUMPS

Compressors

Check Points

D W

M

Frequency

Q

N

o

Check compressor for liquid pumping by
taking the discharge temperature.
Inspect the compressor and shaft
evidence of gasket or seal fai
defective gaskets or seals.

Stop compressor and inspect level and
condition of crankcase oil. Refill or replace
0il when necessary. If the compressor has
force-feed lubrication, check the oil pump

pressure gauge.

Inspect compressor motors for cleanliness,
proper operation, and lubrication. When
necessary, clean motor housing and lubricate

Inspect compressor drives for pulley
alignment, belt tension, and condition of
belts. Replace defective belts.

Test for leaking compressor discharge and
suction valves. Repair leaky valves.

Disassemble compressor if necessary; clean
and repair parts. Replace defective parts.
Re-grind suction and discharge wvalves.
Change oil.

226
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APPENDIX A (Continued)

HEAT PUMPS
Coils
No. Check Points Frequency
D W M Q
1. Inspect for frost accumulation and defrost X
if necessary.
2. Check for noncondensable gases. X
3. Clean coils, fins, and tubes of air-cooled X
condenser.
4, Check fan on air-cooled condenser for X
obstructions,
5. Drain water from water-source systems. Clean
to remove scale. Paint clean exterior surfaces
with asphalt varnish to prevent rust forming
on metal surfaces Replace worn or defective
parts
ACCESSORIES
Receivers
No. Check Points Frequency
W M Q
1. Check level of refrigerant charge. Replenish X
charge when necessary.
2. Check safety pressure-relief valve or fusible X

safety _ug to ensure that it is present and

N
N
~J
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APPENDIX A (Continued)

ACCESSORIES
0il Traps and Separators
No. Check Points Frequency
D W M Q
1. Inspect operation of float valve. Clean float X
assembly and adjust float valve needle when
necessary.
2. Dismantle and clean interior and exterior.
Renew gaskets and replace worn or defective
narts
parts.
Solenoid Valves
NN Mhanly Dafntao Tryvamiianatr
nNo ., LIICUK T UldLILVO Ll.cquc 1v
D W M Q
1. Inspect solenoid valves for proper operation X
and for positive action.
2. Disassemble, clean, and lubricate. Replace
packing rings and valve disks or buttons when
necessary.
Pressure Gauges
No. Check Points Frequency
D W M Q
1 Tommrmmd mArmoomii s Ao o L ane mamamamlead e Lae l. e v
1. inspect pressulre gduges 10L CrdCked OL DIOKel A
covers, insecure mounting, and defective
operation Replace damaged or defective gauges
2. Remove pressure gauges and test their accuracy

e - S AAr A A A . ¥ WS LSttt siras 3 T
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APPENDIX A (Continued)

ACCESSUOKIES
Thermostats
No. Check Points Frequency
D W M Q
1 Tnenect thermoctate for cattine and far nraoner X
1. Inspect thermostats for setting and for proper X
operation.
Refrigerant Valves
N~ NPhanly Dadnta Taamisamay
IS AV N viicurn L VALALILVD Ln.cqucub
D W M Q
1. Check refrigerant valves for leaks. Correct X

defective conditions. Lubricate packing when

iecessary.

i
)

-

Other Accessories

No. Check Points Frequency

D W M Q A
1. Clean or renew filters. X
2. Clean spray humidifier to remove water solids X

and scale.

2 MPannly, Fam amd matrav haawitoes €A adamisatn v
- wiico i4all aliiu I LU L vcal L I5D AVL aucqun\,c oH
lubrication., Add grease or oil when necessary
Follow manufacturer’s recommendations.
4, Clean unit with vacuum cleaner to collect X

dust and dirt.

N
N
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APPENDIX A (Continued)

ACCESSORIES
Other Accessories
No. Check Points Frequency
D W M Q A
5. Check the temperature and relative humidity X

in each air conditioned cnars with a eline

TIS FVRTSLAVNTSN Spate wala a Saadig

psychrometer or recorder that measures
temperature and relative humidity.

6. Check refrigerant piping for leaks and for X
proper support. Repair defective conditions.

7. Check operatinn of reversin

replace if defective.

]

oana
vaave., [T pa

o]
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SECTION 1.

Ql-1
Ql-2
Ql-3
Ql-4
SECTION 2.

Q2-1

Q2-2
Q2-3
Q2-4

Q2-5

Q2-6

Q2-7

Q2-8

- - _—— 7
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ANSWERS TO SELF-STUDY QUESTIONS

GENERAL
(a) Ql-5  (b) Ql-9 (d) Ql-13 (d)
(c) Ql-6  (d) Q1-10  (a) Ql-14 (a)
(b) Ql-7  (a) Ql-11  (a) Ql-15 (c)
(a) Ql-8 (d) Ql-12  (a) Ql-16 (c)

RESIDENTIAL AND COMMERCIAL GAS FIRED FURNACES

Two important differences between the properties of natural gas
and propane are:

(a) Heating Value:
Propane - 2,550 Btu/cubic foot
Natural Gas - 1,000 Btu/cubic foot

(b) Propane is heavier than air, natural gas is lighter than
air.

125,000 Btu/hr/1,000 Btu/cubic foot = 125 cubic feet/hr
The delivery pressure for natural gas burners is 3.5 inches W.C.
The delivery pressure for propane burners is 11 inches W.C.

The extra amount of air that is theoretically required for the
combustion reaction is called excess air.

Too much excess air reduces combustion efficiency. Not enough
excess air caused incomplete combustion producing carbon
monoxide.

Primary Air - The air initially mixed with the fuel to obtain
rapid ignition and to act as a conveyor of fuel. This air is
drawn from the atmosphere by the venturi effect of fuel gas
feeding to an atmosphere gas burner.

Secondary Air - The air drawn from surrounding area near the
flame.

Each of the propane burners is rated at 120,000/4 = 30,000
Btu/ft.
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Q2-9

Q2-10

Q2-11

Q2-12

Q2-13

Q2-14

Q2-15

Q2-16
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SECTION 3.

Q3-1
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APPENDIX B (Continued)

From Table 1, the orifice size for propane should be a number
52. If natural gas is used, the same Btu rating will be

RPN o

PN o e ¥4 A‘_:
ULdLllUU UusS1iiipy, a numoeér 50 Ori

Soot formation on heat exchanger is caused by insufficient
primary air.

Flashback - On light-off of a burner when the velocity of the
gas and primary air is too low to keep the flame outside the

Tssrmam e hanA Mhn Flama Flaahaao hanly $nmta +tha mivine ahamha arnA
vuLlieyl rleaau, i€ ria8me€ 1iasnes oack ints Thne m;n;ub canamoer andag

burns at the gas orifice. This is called Flashback.

Likely causes of flashback:

(a) a low pressure in the main gas supply (common); and

(b) too much primary air, obstructed burner orifice, or
obstructed main burner (less common).

Three devices used to sense standing pilot flame:
(1) thermocouple, ’

(2) bimetal type pilot safety,

(3) low gas pressure cutout.

Proble

Crnals
\)\_G.J.J.ll

th ¢

wit
£ ) AN
I ne

W
Q

Combination gas valve functions as:

(1) pressure regulator,

(2) a pilot safety valve,

(3) a main gas valve (manual over-ride of pilot gas).

Timed start fan switch - fan switch uses a fixed-time delay.
Used in npn11pnr1nn of all the downflow and horizontal furnaces

LalaLaCll Ll Ccas allQC ol 12001282

and some upflow furnaces.

Sequence of operation for an electronic ignition system:
answer is provided in paragraph 2.14.

AamAdarnclng Frsvmana Dhivmane with anm atwiliavey haat avehanoar +~
UUllUCllDLllé lLuUuLlliacLc LQuLrLiilacc WAlLill all ClUA.L.I.J.aLJ Licadcv CAbllGllscL ()
cool the flue gas to 100 degrees F by the 72 degree F air
returning to the furnace. Major advantage - higher overall

heating efficiency.

RESIDENTIAL AND COMMERCIAL OIL-FIRED FURNACES

Preheat is used to reduce the fuel viscosity for ease of

numning
pumping.
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APPENDIX B (Continued)

L e . Ao L oa Moo oal L.l .. 3 _ £
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Atomized oil is ignited by a pair of electrodes (power by 10,000
volts or more).

ignition transformer is a step-up transformer, using 115V as
the input voltage to produce the 10,000 secondary voltage for
e

T amteonm A o
LECLIOUCES.,

The average oil pump discharge pressure is:

(1) 300 - 600 psi - for unigio;véype or
(2) 1,000 psi - for return flow type.

The cadmium cell flame detector and stack detector.

The two wires (Figure 43) from the cad cell connect to terminals
F-F on the primary control (or terminals S-S on older controls).

0.03 to 0.06 inches W.C.

A high carbon dioxide percent reading indicates a higher
combustion efficiency.

When delivery pressure to burner gets below 100 psig.

Mhcn cmafon AL EL o cmm o o L e Mall . oo 2. L.l L L£.._1 mam A o m bl el o 2
ilie malil alirllerence 1s Lile wdy LIl will1Cil ifuel dnu compusSeion ailr
are miwved" The flame ratantion urnar contrale the flow
Qi< HiacG 2aiC LaainC ILCLCIILAUIl DUINCL CONLIC1S uil€ Li0w
pattern and allows more efficient mixing. The other difference

Tha hant antininatriam AF o L wiva vaam t+thaoarvmeacta+r 50 o omall
11IT lital alltlllipatlivll Vi a 9$7wWlltc 1uvll LlicLiivusotate 15 a osilall
resister that is energized whenever the heating system is on,
It "fools the bimetal element into thinking" that the room has

warmed up before it actually does.
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APPENDIX B (Continued)

The cooling anticipation is energized whenever the air

conditioning has cycled off. It also fools the bimetal element
to cause the air conditioner to cycle on sooner than the bimetal
is able to sense.

24 volts.

L unit control: control by preset limits.

One located downstream from the heat exchanger to detect
overheatineg causged hv low air flow or over firing; one located

LA SIS PN N § ) LR ST ~=2 225 Lile 0=l

upstream of the heat exchanger to detect overheatlng caused by
no air flow.

Bimetal type pilot safety: a three-wire device with a single
pole double throw switch.

3

1 cont
vice

an 1 on the BDP type of
serv

ogas valve svstem
o== Ve Ve SysLel

=
n
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able

Honeywell R8118 and R8119 - see paragraph 4.3 for details.

The cost per Btu purchased is much higher (see Section 8 for
more details on heat pump)

A spiral-wound wire heating element made of nickel and chromium
alloy.

A Lm o PO I ST mad o
A heat reiay im an eiectric iurnace is a timed start heater
control, When the thermostat calls for heat, it energizes a

o
small resistance heater in the heat relay. When the heat
generated in the heat relay resistance heater is enough to warp
a bimetal switch, the normally open contacts of the relay will
close, energizing the heater element.

The flow of the electric current to the heating element is
sensed to determine when to energize the furnace blower fan.
STEAM AND HOT WATER SYSTEMS
(a) Q6-3 (a) Q6-5 (b) Q6-7 (b).
(a) Q6-4  (a) Q6-6  (a)
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EAM TRAF .

Thryoa mainr nlaceificatinne: marhaniecal tharmnctatic and
Three major classifications: mechanlcal, thermostatic, anc
thermodynamic.

Two types: inverted bucket and float.

Four types: bimetallic, thermal expansion, bellows, and float
traps.

latae
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e, ston im
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1 4 r~

Service, operational, and economic considerations.

2:1 to 10:1.

HEAT PUMPS

The heat pump is an air conditioning system which operates as a
heating system in the reverse cycle system.

VY o Dy . IR, S I 5 P I T T B P S P Sy
neac pump byscems are proviaea wilil duXlllidly €elecuLrLic neacers
whins~ ~roma an anlyv whan tha aat nimn cannat meat thae damand faor
Wilitlil CUmMT VUil Ukiiy WiITIH LT uTal puaip Calinv e ittt Lt LoimGine ova
heat.
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NOTE: THE FOLLOWING REFERENCED DOCUMENTS FORM A PART OF THIS
HANDBOOK TO THE EXTENT SPECIFIED HEREIN. USERS OF THIS
HANDBOOK SHOULD REFER TO THE LATEST REVISIONS OF CITED
DOCUMENTS UNLESS OTHERWISE DIRECTED.

FEDERAL/MILITARY SPECIFICATIONS, HANDBOOKS AND INSTRUCTIONS:

Unless otherwise indicated copies are available from the Naval Publishing and
Printing Service Office (NPPSO), Standardization Document Order Desk, Building
4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.

WW-T-696 Traps, Steam and Air
HANDBOOK
MIL-HDBK-1003/8A Exterior Distribution of Utility Steam,
High Temperature Water (HIW), Chilled
Water, Natural Gas, and Compressed Air

OTHER GOVERNMENT DOCUMENTS AND PUBLICATIONS:

NAVFACINST

c
21

_____ A - Py 11

NN 11 ~ Q £ < PR | PR, B
Uu.1ll Lomndand sSdlely dnu nediln rrogrdm

(Unless otherwise indicated, copies are available from Naval Publications and
Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120.)

NON - GOVERNMENT PUBLICATIONS:

THE AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)
ASTM D2156 Standard Test Method for Smoke Density in

Flue Gases From Burning Distillate Fuels

(Unless otherwise indicated, copies are available from the American Society
for Testing and Materials (ASTM), 1916 Race Street, Philadelphia, PA 19103.)
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Air Binding or Air

Alr Cushion Tank

Air-Gas Ratio

Air Shutter

Air Vent

Aldehyde

Ambient Temperature

Available Head

Atmospheric Burner

Atmospheric Pressure

Atom
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GLOSSARY

A condition in which a bubble or other pocket of
air is present in a pipeline or item of equipment
and;, by its presence, prevents or reduces the

desired flow or movement of the liquid or gas in the
pipeline or equipment.

A closed tank, generally located above the boiler
and connected to a hydronic system in such a manner
that when the system is initially filled with water,

air is trapped within the tank. When the water in
the system is heated, it expands and compresses the
air trapped within the air cushion tank, thus
providing space for the extra volume of water
without creating excessive pressure. Also called
expansion tank.

ustion air sup
ow

rate.

An adjustable shutter on the primary air openings of
a burner, which is used to control the amount of
combustion air introduced into the burner body.

A valve installed at the high points in a hot water
system to permit the elimination of air from the
system.

A class of compounds, which can be produced during
incomplete combustion of a fuel gas. They have a

nungant Al o

The temperature of the air in the area of study or
consideration.

The difference in pressure which can be used to
circulate water in the system. The difference in

nnnnn s 3 AL ) NN P R —~—

VLCDDULC WllLbll llld] UC UDCU L—U VUvVCEeLCUllC LL LbbLUll

within the system. (See Pump Head, Head)
(See Burner)

The pressure exerted upon the earth’s surface by the
weight of atmosphere above it.

lest unit of an element which retains the
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"Automatic Gas Pilot
Device

Backfire Protection

Balancing Fit

alance Fitting

o

Balancing Valve

Baseboard

Boiler, Heating

Bonnet

Branch’

Btu or British Thermal
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A gas pilot incorporating a device, which acts to
automatically shut off the gas supply to the
appliance burner if the pilot flame is extinguished.

shback Arrestor)

o
Hh

use or defl
plate or wall.
(See Balance Fitting)

A pipe fitting or valve designed so that its
resistance to flow may be varied. These are used to
r-¥=4 DA

halanrnra tha

n arallal n{rnn{fc
vaaiaulc Tuc p GrGaasc -S> .

A Cairvaa

(See Balance Fitting)

A terminal unit resembling the base trim of a house.
These units are the most popular terminal unit for
residential systems.

That part of hydronic heating system in which heat
is transferred from the fuel to the water. If steam
is generated, it is a steam boiler. If the
temperature of the water is raised without boiling,
it is classed as a hot-water boiler.

The equivalent e
hr from and at 2
heat output of 9

X7,

1
7

poration of 34 .5 1b of water

a t e
2 degrees F. This is equal to a
0.3 X 34.5 = 33,475 Btu/h.

The part of the furnace casing which forms a plenum
chamber from where supply ducts recelve warmed air.

AT om -1V
Ce

That portion of the piping system which connects a
terminal unit to the circuit.

The quantity of heat required to raise the
temperature of one pound of water one degree F.

nravy

way that
) ends of the
run (the straight through section of the tee) and

leaves (or enters) through the side connection only.
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Bunsen-Type Burner

Burner

Burner Flexibility

Burner Hea

Q

~

Burner

ort
Burning Speed

Butane

Calorimeter
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A gas burner in which combustion air is injected
into the burner by the gas jet emerging from the gas
orifice, and this air is premixed with the gas
supply within the burner body before the gas burns

hassmsn o

P 2 T et
Uil Lllﬁ ourner UL L.

o

A device for the final conveyance of gas, or a
mixture of gas and air, to the combustion zone.
(See also specific type of burner).
Injection Burner. A burner employing the energy
of a jet of gas to 1nject air for combustion
into the burner and mix it with gas.

ot
=2

atmospheric pressure for air.

Yellow-Flame Burner. A burner in which
secondary air only is depended on for the

A~ rot3 A
Cullivus L1V

<]

The degree at which a burner can operate with
reasonable characteristics with a variety of fuel
gases and variations in input rate (gas pressure).

(a7
Y]
o

urner beyond the outlet of the

ch contains the burner ports.

(See Flame Velocity)

A hydrocarbon fuel gas heavier than methane and
propane and a major constituent of liquified

Device for measuring heat quantities, such as
machine capacity, heat of combustlon, specific heat,
vital heat, heat leakage, etc.; also a device for
measuring quality (or moisture content) of steam or

other vapor.

N
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Combustion

Combustion Air

Combustion Chamber

Condensable
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Cubic feet per minute.

Chapter

The upward movement of warm air or gas, compared
with the ambient air or gas, due to the lesser
density of the warmed air or gas.

The piping extending from the boiler supply tapping
to the boiler return tapping.

The portion of the main in a muitiple circuit system
that carries only a part of the total capacity of
the system.

A motor driven device used to mechanically circulate
water in the system. Also called Pump.

A device for detecting the presence of a
particular substance, such as carbon monoxide, in
which the presence of that substance will cause a
color change in a material in the detector

The rapid oxidation of fuel gases accompanied by the
production of heat or heat and light.

Air supplied in an appliance specifically for the
combustion of a fuel gas.

The portion of an appliance within which combustion
normally occurs.

Constituents resulting from the combustion of a fuel
gas with the oxygen in air, including the inerts,
but excluding excess air.

(See Air Cushion Tank)

A distinct substance formed by the chemical
combination of two or more elements in definite
proportions.

A gas which can be easily converted to liquid form,
usually by lowering the temperature and/or
increasing pressure.

The total load in Btu/h attached to the boiler. It
is the sum of the cutputs of all terminal units and
all heat to be supplied by the boiler for process
applications.
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Controls

Convection

Convector

Counterflow

Cubic Foot of Gas

lwi}

d Space

Degree Day
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Devices designed to regulate the gas, air, water or
electricity supplied to a gas appliance. They may
be manual, semi-automatic or automatic.

-3 -~ PR | a1 - r~9 ~ N .
g L0 Controir tne riow or water 1n a

The movement of a fluid set up by a combination of
differences in density and the force of gravity.

For example, warm water at the bottom of a vertical
tank will rise and dispiace cooler water at the top.

The cooler water will sink to the bottom as the
result of its greater density.

A terminal unit surrounded on all sides by an
enclosure having an air outlet at the top or upper
front. Convectors operate by gravity recirculated
room air.

elther steam to water or water to water units. They
are usually of shell and tube design.

In heat exchange between two fluids, opposite

d’i ection of flow, coldest portion of one meeting
oldest portion of the other.

(Standard Conditions). The amount of gas which will
occupy 1 cubic foot when at a temperature of 60
degrees F, and under a pressure equivalent to that
of 30 in. of mercury.

A valve or plate which is installed in the cold and
warm air ductwork and used to regulate the amount of
air flowing through the duct. A damper may also be

used in the flue of a furnace.

The short distance between a burner port and the
base of a fiame.

A unit used to estimate fuel consumption and to
specify the heating load in winter, based on
temperature difference and time. There are as many
degree days for any one day as there are degrees F
difference in temperature between the mean
temperature for the day and 65 degrees F.
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t of a substance per unit volume. As

wel
pplied to gases, the weight in pounds of a cubic
f gas at standard pressure and temperature.

Design Heat Loss The heat loss of a building or room at design
indoor-outdoor temperature difference.

Design Load The design heat loss plus all other heating
requirements to be provided by the boiler.

Design Temperature The difference between the design indoor

Difference and outdoor temperatures.

Design Water The average of the temperature of the water

Temperature entering and leaving the boiler (or sub-circuit)
when the system is operating at design conditions

Design Water The difference between the temperature of the

Temperature Drop water leaving the boiler and returning to the boiler
when the system is operating at design conditions.
In large systems employing sub-circuits, the design
temperature drop is usually taken as the difference
in the temperature of the water entering and leaving
each sub-circuit.

Dilution Air Air which enters a draft hood and mixes with the
flue gases.

Direct-Indirect A heating unit located in the room or space Unit

Heating to be heated and partially lo

enclosed, the enclosed
portion being used to heat air which enters from
outside the room.

Direct Return

Discharge Coefficient The ratio of the actual flow rate of a gas from an
orifice or port to the theoretical, calculated flow
rate. Always less than 1.0.

NIia+s=31T a3 A Damnawral ~AF scacaniio antchotramanes Fram anld Ao Av 15 Aced As
UidbuLlliialLliull ncuvvauld VL 5GDCU D DdDSuvoLativceco LLVIH DSULLUD VL J.J.Liu.l.ub
bv annlvino heat
J Fr-J =To T .
D.M.S. Drill Manufacturer’s Standard - equivalent to

Standard Twist Drill or Steel Wire Gauge Numbers.

Domestic Hot Water T
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The transfer of heat from the plant to the heated
medium (usually liquid) and from the liquid to the
air in the conditioned space.

P S R V- X1 - maarand mn b - PR - 1. o
T A pipe which carries steam downward to the
heating units and ipto which condensate from the

heating units drain

A Hydronic system in which the main is located above
the level of the terminal units.

A steam heating system in which the supply mains are
above the level of the heating units which they
serve.

A valve installed in the lowest point of a boiler or
at low points of a heating system to provide for
complete drainage of water from the system.

ir or gases to
flow through a chimney flue, heating unit or space.

(Draft Diverter) A device built into an appliance,
or made part of a vent connector from an appliance,
which is designed to: (1) assure the ready escape of
the products of combustion in the event of no draft,
backdraft, or stoppage beyond the draft hood; (2)
prevent a backdraft from entering the appliance; and
(3) neutralize the effect of stack action of a
chimney or gas vent upon the operation of the
appliance.

Excessive high air pressu t tl
of chimney or stack which tends to make gases flow
downward in the stack.

cuira ovi
SwatT Taa

A burner in which the ports have been formed by

by

driiled holes in a thick section in the burner head
cY b_‘y’ a manufacturing method which results in holes
similar in size, shape and depth.

Round or rectangular sheet metal pipes through which
heat is carried from the furnace to the various
rooms in the building.

A pipe fitting designed to change from one pipe size
to another and to keep one edge of both pipes in
line These fittings should be installed so that
the "in line" section of pipe is at the top
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An allowance added to t;b

test output of certain

designs of radiation to compensate for a better
distribution of heat within the heated space.
agencies do not permit the use of effective heat

allowance.

A unit assembly consisting of a resistor,

insulated supports,

resistor to electric power.

One of the 96 or more basic

matter is composed.

Afd+v vshfnalh ;mamaan +Fheoaiiaslhh a;m armald
DAL Willoll PGDBCD \.Au.uusu all QPPL.L
appliance flues in excess of that v

for complete combustion of the gas.
expressed as a percentage of the air required for
complete combustion of the gas.

See Air Cushion Tank)
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He
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doors or from an unheated spac
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any wall, window,

o]
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(See Flashback)

Tha ~somman
aaS COMMCT

English system of units.

ernala
1 Sovaac

m:111na

e.

and terminals for onnnppfﬂ

Usually

f1 oor,

on the

Some

or

parating a heated room from the out-of-

freezing point of water being 32 degrees F and the
boiling point of water being 212 degrees F at

standard pressure conditions.

e

eslgned to

receive duct work so that the unit may serve more

than one room.

Ferrous relates to objects made of iron or steel.

A porous material (fiberglass or foam plastic) which
is installed in the air circulation system of a

furnace to remove dust particles and pollen.

Some

are disposable,whereas some may be cleaned and re-

used.

v
Bs
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Flash Boiler

Flow Control Valve

Flue
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Products

Flue Loss

Fiue Outlet

Fluid

Foot of Water

Forced Draft Burner

Friction Head
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A boiler with very limited water capacity. Usually
about one gallon of water per 1,000 Btu/h net
rating.

Am iz B =2 am LV Licommcon e e o Afas 171
All UluesS lidule DuLIlielr Upt:Ld.L.l. 15 colliLion, uSud.LJ.y
indicating incomplete combustion in which flames
leave the burner ports to "reach" for combustion

air.

A specially designed installed in the supply pipe,
to prevent gravity circulation of hot water within
PR Sy I o Ry PR

LIIC lli:dLLlls a_yabcm wanen cone puiup iS noc 1in
operation,.

An enclosed passage in the chimney to carry exhaust
smoke and fumes of the heating plant to escape to
the outer air.

ho UGS PRP N ' 58 +3 mem A v fen arnrm1ldaenAaa
L LroOGUCTS O1I comous LJ.UI.I. aliu TALEDODS aill 1il appliialilce
flues or heat exchangers before the draft hood

The heat lost in flue products exiting from the flue
outlet of an appliance.

The opening provided in an appliance for the escape
of flue gases.

A gas or liquid, as opposed to a solid.

A measure of pressure. One foot of water is the
pressure created by a column of water one foot in
height. It is equivalent to 0.433 1b/sq in.

Or forced circulation hot water., Hot water heating

systems in which a pump is used to create the
necessary flow of water.

A burner in which combustion air is supplied by a
fan or blower.

In a hydronic system the friction head is the loss
in pressure resulting from the flow of water in the

piping system.

Foot or feet.

Gas Any substance in a gaseous form when used for
combustion.
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Fuel-o0il Burner,
Pressure Atomizing
or Gun Type

Burner,
P

Fuel-o0il Burner,
Vaporizing
Pot Type

Furnace

Gal

Gate Valve

gpm
Grate Area
Gravity Warm Air

Heating System

Gravity Hot Water

Gross Output

Header
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A burner designed to atomize the oil for
combustion under an oil supply pressure of 100

psig.

A burner employlng a thrower ring that mixes oil
- n L e

ﬂ

na Ll.le LL
These burners use the heat of combustion to
vaporize the oil in a pool beneath the vaporizing or

ring, and this vapor rising through the ring ignites
and maintains combustion in the burner.

Gallon or gallons.

A valve designed in such a way that the opening for

tlow when the valve is fully open, 1s essentlally
hn mmrma o~ le L2 POvey. BENS RN AL e m o L7 ..

Lie Sall dad Lile p pe diiu e dirrecCueivlil L L10wW
through the valve is in a straight line.

The abbreviation for "gallons per minute" which is a
measure of rate flow.

Grate surface area measured in square feet, used in
estimating the fuel burning rate.

System See "Warm air heating system."

Hot water heating systems in which the circulation
of water through the system is due to the difference

e m A oo _y

of the water in the supply and return
at
st

A rating applied to boilers. It is the total
quantity of heat which the boiler will deliver and
at the same time meet all limitations of applicable
testing and rating codes.

A pressure difference. See pressure head, pump
head, available head.

A piping arrangement for inter-connecting two or
more supply or return tappings of a boileL. Also a
section of nine. usually cshort in lencth to which a
vvvvvvvv pipe, usually shor length, t ich a
number of branch circuits are attached.
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Heat Distributing
Units

Heating Element

Heat Flow

Heating Effect Factor

Heat, Latent
Heat, Sensible

Heat Exchanger

Heat Loss

Heat Loss Factor

Heat Transmission

Heat Transmission

Heating Surface
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A form of energy.

(See Terminal Units)

. Try_ 2

P AY < o — 2 __ _ a -\
{(See Terminal Units)
(See Heat Loss)

An arbitrary allowance added to the test output of
some types of terminal units when establish-ing the
catalog ratings. This allowance is intended to give
credit for improving heat distribution obtained from

+ha tarminal i+
CLIT LCOiLuliiias Rilawe

The heat which changes the form of a substance
without changing its temperature.

Heat which changes the temperature of a substance

R U - I . 2 . P .

wilitnout chndngilig 1LSs 10r1m.

Any device for transferring heat from one fluid to
another.

As used in this manual, the term applies to the rate
of heat transfer from a heated building to the
outdoors.

A number assigned to a material or construction
indicating the rate of heat transmission through
that material or construction for a one degree
temperature difference.

A 2 | T I . e ~E L o PEP RN |
A UuIliliL o EISSCIIIUL_Y COLISLISLLllY, UL a LeS1ISLuL, 1ISDUulLacteu
supperts, and terminals for connecting the resistor
to electric power.

Any time-rate of heat flow; usually refers to
conduction, convection, and radiation combined.

Any one of a number of coefficients used in
s n throuch different

calenilatine haat f'ancmis

[y

LCailuiatiiipg LiTas Licuiom 1LCUpil Vil iTiTliv

materials and structures, by conduction, convection,
and radiation.

All surfaces which transmit heat from flames or flue
gases to the medium being heated.
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Heating Unit
(Electric)

High Limit Control
High-Temperature Water
System (HTW)

High Voltage Controls

Hot Water Heating

Humidistat

Humidity, Absolute

Ignition

Ignition Temperature
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A structure containing one or more heating
elements, electrical terminals or leads, electric
insulation, and a frame or casing, all assembled
together in one unit.

ct
jas
[t4]

ine number or Z2ril

ermal
complete combustion at constant pressure f
cubic foot of gas. Total hea ing value includ
heat obtained from cooling the products to the
initial temperature of the gas and air and
condensing the water vapor formed during combustion.

~ R o PR R P, ) D P
A switch controlled b_‘y’ the temperature of the water
in the boiler and used to limit burner operation

whenever the boiler water temperature reaches the
maximum to be permitted. A safety control.

A hot water system operating at temperatures
over 350 degrees F and usual pressures of about 300

ps

'—A

Also called "line voltage controls." Controls
designed to operate at normal line voltage, usually
115 v.

Hydronic systems in which heated water is Systems
circulated through the terminal units.

An instrument that is used to regulate the operation
of a humidifier to control the amount of humidity in
the conditioned air.

The amount of moisture actually in a given unit
volume of air.

A ratio of the weight of moisture that air actually
contains at a certain temperature as compared to the
amount that it could contain if it were saturated

Any of a number of compounds composed of carbon and
hydrogen.

Pertaining to ith water or
vapor

The act of starting combustion.

The minimum temperature at which combustion can be
started.

(5]
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Injection

Input Rate

Input Rating

Instantaneous Water
Heater

Joint, Expansion,
Bellows

Jet Burner

Lean Mixture

Lifting Flames
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Drawing primary air into a gas burner by means of a
flow of fuel gas.

The quantity of heat or fuel supplied to an

appliance, expressed in volume or heat units p

tea ar
unit time, such as cubic feet per hour or Btu per
hour.

The gas- burning capacity of an appliance in Btu per
hour as specif by the manutacturer Appliance
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, Input ratings should be reduced at
percent for each 1,000 ft above sea
level.

See tankless water heater.

ompensate for the

An item of equipment t
expansion and contraction of a of pipe. The device
is built with a flexible bellows that stretches or
is compressed as necessary to accept the movement of

the piping.

used to

1’)

ry

A joint in which the provision for expansion and
contraction consists of a cylinder that moves in and
f

out of the main body o

A burner in which streams of gas or air-gas mixtures
collide in air at some point above the burner ports

and burn there.

An air-gas mixture which contains more air than the
amount needed for comple

An unstable burner flame condition in which flames
lift or blow off the burner port(s).

Tha toavrme "T 3 AreafFia
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"LP Gas" mean and include any fuel gas which
composed predominantly of any of the followin
hydrocarbons, or mixtures of them: propane,

propylene, normal butane or isobutane and butylenes.
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gas. Natural gas which has been
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Low Link Control

Low-Temperature Water
System (LTW)

Low Voltage Control

LP Gas-Air Mixtures

Make-up Air

Make Up Water Line

Manifold

Manifold Pressure

Manufactured Gas

Medium-Temperature
Water System

Methane
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A switch operated by the temperature of the water in
the boiler and used to start the burner at any time
the water temperature drops to some prescribed
minimum. This control is used if the boiler is
supplying domestic hot water as well as heat for the

A hot water heating system operating at design
water temperatures of 250 degrees F or less and a
maximum working pressure of 160 psi.

Controls designed to operate at voltages of 20

A AN U
L0 Jv v.

Liquefied petroleum gases distributed at relatively
low pressures and normal atmospheric temperatures
which have been diluted with air to produce desired
heating value and utilization characteristics.

The pipe used to carry water between the boiler and
the branches of the terminal units.

The air which is supplied to a building to replace
air that has been removed by an exhaust system.

3 n to the boiler or system for
ng or adding water when necessary.
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The conduit of an appliance which supplies gas to
the individual burners.

The gas pressure in an appliance manifold, upstream

A fuel gas which is artificially produced by some
process, as opposed to natural gas, which is found
in the earth. Sometimes called town gas.



Mixed Gas

Molecule

Multiple Zone

Natural Draft

Natural Gas

Needle, Adjustable

Needle, Fixed
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A gas in which the heating value of manufactured gas
is raised by commingling with natural or LPG (except
where natural gas or LPG is used only for
“enriching® or "reforming®).

That nortion

Ll P +Vas

f r i
before delivery to the burner ports.

a burne

Mixer Face. The air inlet end of the mixer

Hixer Head. That portion of an injection type
burner, usually enlarged, into which primary air
flows to mix with the gas stream.

Mixer Throat (Venturi throat). That portion of
the mixer which has the smallest cross-sectional
area, and which lies between the mixer head and
the mixer tube.

Mixer Tube. That portion of the mixer which
lies between the throat and the burner head,

The smallest portion of an element or compound which
retains the identity and characteristics of the
element or compound.

~L

system in which the main, or mains, form two or
more parallel loops between the boiler supply and
the boiler return

A system controlled by two or more thermostats.

The motion of flue products through an appliance
generated by hot flue gases rising in a vent

nnnnnn Fliin ~iiéTa
d to the furnace flue outlet.

Any gas found in the earth, as opposed to gases
which are manufactured.

A tapered projection, coaxial with and movable with
respect to a fixed orifice used to regulate the flow
of gas.

A tapered projection,

fixed, coaxial with an or1f1ce which can be moved
with respect to the needle to regulate flow of gas.

the po osition of which

[y
n
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Net Rating A rating applied to boilers. It is the quantity of
heat available in Btu/h for the connected load.

Non-Ferrous Metals other than iron or steel. 1In heating systems
the principal non-ferrous metals are copper and

aliimdrim
arluniiivii.

Odorant A substance added to an otherwise odorless,
colorless and tasteless gas to give warning of gas
leakage and to aid in leak detection.

0il Burner Relay A special, multi-purpose control used with oil
burners. The device controls the operation of the
oil burner and also acts as a SAfety to prevent
operation in the even of malfunction

One-Pipe Fitting A specially designed tee for use in a one-pipe

system to connect the supply or return branch into a
circuit. These fittings cause a portion of the
hrough the circuit to pass through

T
the terminal unit.

vwratar £l Aredmas -
waltci LLUWLI.IB [ 9

One-Pipe System A forced hot-water system using one continuous pipe
or main from the boiler supply to the boiler return.
The terminal units are connected to this pipe by two
smaller pipes known as supply and return branches.

Orifice An opening in an orifice cap (hood), orifice spud

other device through which gas is discharged, and
whereby the flow of gas is limited and/or
controlled. (See also Universal Orifice)

o]
o

1

gaa Oy \;uaugiug it
position with respect to a fixed needle or o
device extending into the orifice.

Orifice Discharge (See Discharge Coefficient)
Coefficient

Orifice Spud vab ap inin
a t

(1 (')
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tution 1th a spud havin 1fferent sized
orifices (fixed orifice) or by motion of an
adjustable needle into or out of the orifice
(adjustable orifice).
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Overrating Operation of a gas burner at a greater rate than
design allows.

Oxygen An elemental gas that comprises approximately 2
percent of the atmosphere by volume. Oxygen is one
of the elements required for combustion.

Packaged Boiler A boiler having all components, including burner,

boiler, controls, and auxiliary equipment, assembled
as a unit.

Panel Heating A heating system in which heat is tramsmitted by
both radiation and convection from panel surfaces to
both air and surrounding surfaces.

Panel Radiator A heating unit placed on or flush with a flat wall
surface, and intended to function essentially as a
radiator.

Panel Systems Or radiant system. A heating system in which the
ceiling or floor serves as the terminal unit

Peak Load The maximum load carried by a system or a unit of
equipment over a designated period of time.

pH or pH Value A term based on the hydrogen ion concentration in
water, which denotes whether the water is acid,
alkaline, or neutral. A pH value of 8 or more
indicates a condition of alkalinity: of 6 or less,
acidity. A pH of 7 means the water is neutral.

Pilot A small flame which is used to ignite the gas at the
main burner.

Pilot Switch A control used in conjunction with gas burners. Its

‘ function is to prevent operation of the burner in
the event of pilot failure.

Piping and Pick-up That portion of the gross boiler output that is

Allowance allowed for warming up the heatirg system and for
taking care of the heat emission from a normal
amount of piping.

Pitch The amount of slope given to a horizontal pipe when
it is installed in a heating system.

Plenum Chamber An air compartment maintained under pressure, and
connected to one or more distributing ducts.
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Pressure Head

Port

Port Loading

Power Burner

Premixing Burner

Pressure Burner

Pressure Regulator

Pressure Reducing
Valve

Pressure Relief Valve

Primary Air

Primary Air Inlet

Propane
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The force available to cause circulation of water or
vapor in a hydronic system. See head, pump head,
available head.

Any opening in a burner head through w
— K4
17} 1

air-gab

The input rate of a gas burner per unit of port
area, obtained by dividing input rate by total port
area. Usually expressed in terms of Btu per hour
per square inch of port area.

(See Burner)

A burner in which all, or nearly all, combustion air
is mixed with the gas as primary air.

A burner in which an air and gas mixture under

pressure is supplied, usually at 0.5 to 14 in. water

Py [P
culiulll.

A device for controlling and maintaining a uniform
outlet gas pressure.

A diaphragm operated valve installed in the make-
up water line of a hot water heating system to
introduce water into the system, and prevent the

def‘nm from nossible exnosure to citv water nrec-

Teh SRR pPeslllT SapesSRIitT LAty wWaLTSL r~<s

sures higher than the working pressure of the
boiler.

A device for protecting a hot water boiler (or a hot
water storage tank) from excessive pressure by

_“-A-a. .....................

uycu;u5 ac a pre determined pressure and ULbbUdLBLHB
water, or steam, at a rate sufficient to prevent
further build-up of pressure.

The combustion air introduced into a burner which
mixes with the gas before it reaches the port.
Usually expressed as a percentage of air required
for complete combustion of the gas.

The opening or openings through which primary air is
admitted into a burner.

A hydrocarbon gas heavier than methane but lighter
than butane lt is used as a fuel gas alone, mixed
ent ]
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psig

Pulsation

Pump

Pump Head

Quenching

Radiant Burner

Radiation

Radiator

Radiator (Concealed)

Radiator Valve

Recirculated Air
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Pounds per square inch gauge pressure.

A panting of the flames in a boiler or furnace,
indicating cyclic and rapid changes in the pressure

$on +hn Anmhoiinsd e space
412 Lllc wvmvuo LLUII pauc

A motor driven device used to mechanically circulate
water in the system. Also called a circulator.

The difference in pressure on the supply and intake
sides of the pump created by the operation of the
A reduction in temperature whereby a combustion

process is retarded or stopped.

(See Infrared Burner)

A heating system in which only the heat radiated
from panels is effective in providing the heating
requirements. The term radiant heating is

frequently used to include both panel and radiant
heating.

A heating unit exposed to view within the room or
space to be heated. A radiator transfers heat by
radiation to objects within visible range, and by
conduction the surrounding air which in turn is

circulated by natural convection; a so called

[
raalactor

the terr

A heating device located within, adjacent to, or
exterior to the room being heated, but so covered or
enclosed or concealed the heat transfer surface of
the device, which may be either a radiator or a

Such a
device transfers its heat to the room largely by
convection air currents.

Ay e 2o mma oo 2LV Lo ol
counveciLor, 15 110U VvVilisSlple L1om wtne room.

A valve installed on a terminal unit to manually
control the flow of water through the unit.

Return air passed through the conditioner before
being supplied to the conditioned space again.
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Reducing Fitting A pipe fitting designed to change from one pipe size
to another.

Regulator (See Pressure Regulator)

Relay An electrically operate d switch. Usually the
control circuit of the switch uses low voltage while
the switch makes and breaks a line voltage circuit.
However, both the control and load circuits are of

the same voltage in some instances.

e £ A A__

2 -

Relief Opening The opening in a draft hood to permit ready escape
to the atmosphere of flue products from the draft
hood in event of no draft, back draft or stoppage
beyond the draft hood, and to permit inspiration of
air into the draft hood in the event of a strong
chimney updraft.

Residential Buildings Singie family homes, duplexes, apartment buildings.

Return Branch i The piping used to return water from a terminal unit
to the main, circuit main, or trunk

Return Main The pipe used to carry water from the return

branches of the terminal units to the boiler.

Return Mains Pipes or conduits which return the heating or
cooling medium from the heat transfer unit to the
source of heat or refrigeration.

Return Piping That portion of the piping system that carries water
from the terminal units back to the boiler.

Rotnnrn Tannine The nanine in a hailar inta whis a nina nead far

Return Tapping The copening in a beiler intce which the pipe used for
returning condensate or water to the boiler is
connected

Reverse Acting A switch controlled by temperature and designed to

Control open on temperature drop and close on temperature
rise.

Reverse Return A two-pipe system in which the return connectiong
from the terminal units into the return main are
made in the reverse order from that in which the
supply connections are made in the supply main.

Rich Mixture A mixture of gas and air containing too much fuel or
tnn 13++1a adivy Fary rnmnlatas ~namhiietinan AF +ha aona
A A P N QAL AL \.—\JIIIPJ.D\_‘.— VIV UWO L i vLL VL “iic 5(10.
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Riser This generally refers to the vertical portion of the
supply or return branches. However, any vertical
piping in the heating system might be termed a

»{onw .
LiocCcl .

Run-Out This term generally applies to the horizontal
portion of branch circuits.

Safety Valve A device for protecting a steam boiler from
excessive pressure by opening at a predetermined
pressure setting and allowing steam to escape at a
rate equal to or greater than the steam generating
capacity of the boiler.

Secondary Air Combustion air externally supplied to a burner flame
at the point of combustion.

A F

! PPN o eyt am ol L
ies L{‘:Op A forced t t

tiﬁg system wit
t all the water f
through the circuit passes through each
connected unit in the circuit.

Single Circuit System A hydronic system composed of only one circuit.

P -

ey A burner in which t
from a single port.

Soft Flame A flame partially deprived of primary air such that

the combustion zone is extended and inner cone is
ill-defined.

SNG ' Supplementary natural gas. Gases which are
manufactured to duplicate natural gas.

-3
L4

m

P
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Square Foot (Steam) A term used to express the output of boilers and
radiation. When applied to boilers, it is 240
Btu/h; when applied to terminal units, it represents
the amount of radiation which will emit 240 Btu/h
when supplied with steam at 215 degrees F and air at

L£E Ancarn~ne T
Lo depgrees .

Square Head Cock A type of valve often used as a balancing valve. In
place of the valve handle, the stem is made square.
A wrench is used to adjust the valve setting.

~
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Specific Gravity

Snoiler Screw

Standard Conditions

Static Pressure
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Sub-circuits
Suppiy Branch
Supply Main

Supply Piping

Supply Tapping
System Temperature

Tankless Water Heater

Tee
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Specific Gravity is the ratio of the weight

of a given volume of gas to that of the same volume
of air, both measured at the same temperature and
pressure.

(Breaker Bolt) a screw or bolt move

........ LVas,) S =SLITH [SL O Uy

d u
the gas jet in a burner to control primary air
injection.

Pressure and temperature conditions selected for
expressing properties of gases on a common basis.
In gas ayy;iance wcrk, these are ncrmal;, 30 in. of

mercury and 60 degrees F.

The normal force per unit area at a small hole in a
wall of the pipe through which the fluid (water)
flows.

A ler At mi mevmtbnrm T rslid Al Atk mam $ o AT vl -~ A
0nH llyULU 114 D]b LI 111l WIillCLill DSLcall 1> CiilctutiracLcu
through the terminal units

A term applied to circuits taken off of the primary
distribution loop of a complex hydronic system.

The pipe used to distribute water from the boiler to
the supply branches of the terminal units.

That portion of the piping system that carries water
from the boiler to the terminal units or to the
point of use.

The opening in a boiler into which the supply main
is connected.

The average of the temperatures of the water leaving
the boiler and returning to the boiler.

An indirect water heater designed to operate without
a hot water storage tank in the system. Also called
an instantaneous heater.

A pipe fitting designed to connect three sections of
pipe together Two of the connections are in line,

+tA =4 ~ht mamaAalAan A A ArliAv tera
Llic 1 liL a IBLCD [SA V) Lilc uvLlLicL Lwu
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Terminal Units

Thermal Conductivity

Thermal Radiation

Thermal Resistance

Therm

Thermostat

Transformer

Trunk

Two-Pipe System
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That part of a hydronic system in which heat is
transferred from the water to the air in the air
conditioned space. Common terminal units include
adiators, convectors, baseboard, unit heaters,
L
ALl

rh H

2 ata
\.uuc, L,

A term indicating the ability of a material to
transmit heat. Thermal conductivity is the
reciprocal of thermal resistance.

The head produced by the dif
heated water in the supply s

the cooler water in the retu

only head available to cause circulation of water in
a gravity system.

ference in weight of the
ide of the system and
rn side, Thig ig the

The transmission of heat from a hot surface to a

cooler one in the form of invisible electro-magnetic
eravra o el f Al o~ hadener abhcmeblhaAd Ler +olin am~d aan

waves, Wwillitll vUll veillg dusS0roea U_y Lile cCouvilicelr

surface raise the tem mperature of that surface

The resistance a material offers to the transmission
of heat. Insulating materials have high thermal
resistance. Materials such as metals have low
thermal resistance.

A unit of heat hav

value of 100,000 Btu,
A control (switch) which is operated by the
temperature of the air.

-

{See Venturi)

in tight contact by means of tie rods that pass
entirely through the sections.

A device designed to change voltage. 1In heating
controls the transformer usually converts line
voltage (115 V) to low voltage (24 V).

Or trunk main. The section of the main in a
multiple circuit system that carries the combined
capacity of two or more of the circuits.

A hot-water heating system using one pipe from the
hAailas ~A Qi Tar haatad cenbnm +n o b f e $
YulLATL “v DUPHLJ licaLtcu waltcl () Lllc LcLlllLlldL ullL b
and a second nine to return the water from the

terminal units back to the boiler.
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Total Air

Total Pressure

Town Gas

Turndown

o

Ultimate Carbon

ioxide
10Xlcde

Universal Orifice
Updraft

p-Feed System

Unit Ventilator

Utility Gases

Vapor
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The total amount of air supplied to a burner. It is
the sum of primary, secondary, and excess air.

Also called impact pressure The pressure measured
in a moving fluid by an impact tube. It is the sum
of the velocity pressure and the static pressure.

(See Manufactured Gas)

The ratio of maximum to minimum input rates.

The percentage of carbon dioxide in dry combustion
products when a f (gas) tely burned with

combustion. This is tﬁe tﬁeofetical maximum carbon
dioxide which can be obtained for a given gas in
burning the gas in air.

Also see fan coil. The term applies to a terminal
unit designed to heat a given space. It consists of
a fan and motor, a heating element, and an

enclosure.

A combination fixed and adjustable orifice designed
for the use of two different gases, such as LPG and
natural gas.

Excessively low air pressure existing at the outle
of a chimney or stack which tends to increase the
velocity and volume of gases passing up the stack.

A hydronic system in which the supply main is
Tamnatad LT . 1. 1T ..-.1 AE el e aeon csam F A o
1uCalLeld pelLow Lile l1evel 0L Lie LeLlll.LIldL QIlLLS .,

A terminal unit in which a fan is used to
mechanically circulate air over the heating coil.
These units are so constructed that both outdoor and
room air may be circulated so as to provide
ventilation as well as heat. These units may
contain a cooling coil for summer operation.

Natural gas, manufactured gas, liquefied petroleum
gas - air mixtures or mixtures of any of these
gases.

The gaseous form of a substance that, under oth
conditions of pressure, tempetature or both, is a
solid or a liquid.
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Vapor Barrier

Vent

Vents

Ventilation

Venturi

Water Tube Boiler

Yellow Flame Burner

Yellow Tips

Zoned System
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A material that is impervious to the passage of
water vapor through it.

Pressure exerted by a flowing gas by virtue of its
movement in the direction of its motion. It is the
difference between total pressure and static

pressure.

A device, such as a pipe, to transmit flue products
from an appliance to the outdoors. This term also
is used to designate a small hole or opening for the

escape of a fluld (such as in a gas control).

The introduction of outdoor air into a building by
mechanical means.

Products of combustion from gas appliances plus
excess air, plus dilution air in the venting system
above a draft hood,

A section in a pipe or a burner body that narrows
down and then flares out again.

The property of a fluid to resist flow.

Abbreviated as W.C. A unit used for expressing
pressure. One inch water column equals a nressure
pressure, ne inch water mn equals a pressure
of 0.578 oz/sq in

A steel, hot-water boiler in which the water is
circulated through the tubes and the hot gases from
combustion of the fuel are circulated around the

3

Y -~ -t A
tubes inside t

(See Burner)

(Yellow Tipping) The appearance of yellow tips in an
otherwise blue flame, indicating the need for
additional primary air.

A hydronic system in which more than one thermostat
is used. This permits independent control of room
air temperature at more than one location.

N
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Zone Valve A valve, the operation of which is controlled by a
thermostat. They are used in hydronic systems to
control the flow of water in localized parts of the
system; thus making it possible to independently
control the temperature in different zones, or
areas, of the building.
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