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FOREWORD

This manual is designed to give detailed service and mainte-
nance information for Y ork-Shipley Global VTB Boilers. The
Y ork-Shipley boiler is a precision piece of machinery and
has been manufactured and designed with great care. The
entire product is manufactured according to the most rigid
specifications and by the most precise methods, and all com-
ponent parts have been carefully engineered and mounted.
The entire unit is carefully inspected and tested before it leaves
the factory.

The same type of intelligent care should be taken in the ap-
plication, the installation, the starting, the operation and the
maintenance of the boiler. The function of this manual isto
furnish detailed instructions to the service engineer in order
to alow him to take this type of intelligent care.

Properly applied, installed, started, operated and maintained,
the VTB Boiler will serve the user long and efficiently and
will give complete satisfaction.



TABLE OF CONTENTS

Page Number
LoCation Of BasiC ASSEMDIiES. .. ..ttt et e et e et e e e e e e e 1,2,3,4&5
Approvals, Construction, External & Internal Cleaning & Care..........cccccevveiiiiiiiiii e i e e 6
Care & Repair of Water Side Of BOIlEr.......o.vieiir i e e e e e 8
Boiler Water, ItSTreatment & CaUtiONS. .. ... ...ve ittt it e et e et e e e e 13
BURNERS
Oil-Fired — 7,12 16, 20 & B0 HP. .. ..ot e e e e e e e e 20
GaS e — 7 H P, e e e e e e e e e e 24
GasFIred —12 HP & LB HP... ..o e e e e e e e et e et e e 25
GasFired —20 HP & B0 HP... ...t e e e e e e e e e e 27
Gas-Oil Fired—7,12, 16,20 & S0 HP. ... ..t e e e e e 28
PARTSSECTION
Parts Reference Drawing for Vertical TUBEleSS BOIIErS.........cvvii i i e 30
Parts List for Vertical TUDEIESS BOIEIS. .....vvivi it e e e 31,32,33& 34
Parts List for Model EH Spec. #140-400 Oil Burner (60 CYCIE)......coviviiiiiiiie i e 35
Parts List for Model EH Spec. #140-192 Oil Burner (60 CyCle).......c.vveii it e e, 35
Parts List for Model EH Spec. #140-216 Oil Burner (60 CyCle).......c.vveiii it 36
Parts List for Model EH Spec. #140-206 Oil Burner (50 CyCle)......ccovvviii i i e i e, 37
Parts List for Model EH Spec. #140-230 Oil Burner (50 CyCle)......ovvveiiiiii i e i, 37
Parts List for Model EH Spec. #140-234 Oil Burner (50 CyCle)......ccvveiii i e v, 38
Parts List for Model FH Oil Burner for VTB-20 HP..........ooiiii e 39
Parts List for Model NVB-1C Oil Burner for VTB 30 HP......cc.vii i e 40
Parts List for Nozzle Pipe Assembly Model NVB-1C Oil Burner (121417).......oocviiiiiiiiiine e 41
Parts List for Belt Drive Model NVB-1CBD Oil BUMNES..........iiie i e e 42
Photograph of Model AD-634 GasBurner for VTB — 7 HP.......oiinii e e 43
Parts List for Model NVAG-1 GasBurner for VIB =12 & 16 HP.......oooooiiiiiiii a4
Parts List for Ignitor Assembly for NVAG Gas Burner (121465) .......ccvveiieiiviiiieiie e ceiieeaeeenen 45
Parts List for Model NVBG-1 GasBurner VTB =20 & 30 HP.....oooii i e, 46
Parts List for Ignitor Assembly for NVBG Gas Burner (121471)........ccciiiiiiiiiiie e e eeen 47
Parts List for Model NVAGO-1 Gas-Oil Burner for VTB —7,12, 16 & 20HP...........ccooiiiiininnnen. 48
Parts List for Nozzle Pipe Assembly Model NVAGO-1 Gas-Oil Burner (132114)..........ccveeenviiienne 49
Parts List for Model NVBGO-1 Gas-Oil Burner for VIB =20 HP.........cooviiii i, 50
Parts List for Nozzle Pipe Assembly Model NVBGO-1 Gas-Oil Burner (132086)..........c.cvvevvnenenen. 51
Parts List for Model NVBGO-2 Gas-Oil Burner for VIB 3HP......ociiiiii e 52
Parts List for Nozzle Pipe Assembly Model NVBGO-2 Gas-Oil Burner (132111).......c.covvvvvnvininnnne. 53
#157 LWCO MISC, PIPe FitliNgS. .. ..v e e e e e e e e e e e ettt e e e e e e s 54
#E-1 LWCO Misc, Pipe Fittings (Optional).......c.viriie it e e e e e e et et e v eneaneeeeees 55



LOCATION OF BASIC ASSEMBLIES
High Pressure Steam for Use with Separate Condensate Tank

Locations of basic assemblies are shown to allow quick location of the part, service or maintenance information required.

BURNER ASSEMBLY (Qil Fired) CONTROL ASSEMBLY
Fan LWCO & Pump Control with Gauge Glass & Gauge
Motor Cocks, Try Cocks & Water Column Blow Down Vave
Fuel Pump Pressure Limit Control
Ignition Assembly
Nozzle Assembly TRIM ASSEMBLY
Primary Safety Control Steam Safety Valve
Pressure Gauge
BURNER ASSEMBLY (Gas Fired) Bottom Blow Down Valve
Fan
Motor
Main Gas Manifold

Pilot Gas Manifold
Ignitor Assembly
Primary Safety Control
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LOCATION OF BASIC ASSEMBLIES
High Pressure Steam for Use With Separate Condensate Tank

Locations of basic assemblies are shown to allow quick location of the part, service or maintenance information required.

BOILER ASSEMBLY CASING ASSEMBLY BASE ASSEMBLY
Handholes Steel Casing Fab. Steel Base
Combustion Chamber Fiberglass Insulation Insulating Refractory

Secondary Heating Surface
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LOCATION OF BASIC ASSEMBLIES
High Pressure Steam with Built-In Condensate Tank

Locations of basic assemblies are shown to allow quick location of the part, service or maintenance information required.

BURNER ASSEMBLY (Qil Fired) CONTROL ASSEMBLY
Fan LWCO & Pump Control with Gauge Glass & Gauge
Motor Cocks, Try Cocks & Water Coulum Blow Down Vave
Fuel Pump Pressure Limit Control

Ignition Assembly
Nozzle Assembly

Primary Safety Control TRIM ASSEMBLY
Steam Safety Valve
BURNER ASSEMBLY (Gas Fired) Pressure Gauge
Fan Bottom Blow Down Valve
Motor
Main Gas Manifold FEED PUMP ASSEMBLY

Pilot Gas Manifold
Ignitor Assembly
Primary Safety Control

TurbinePump  Motor
Steel Base Flexible Suction & Discharge Lines
Suction Strainer  Feed Stop/Check Vave
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LOCATION OF BASIC ASSEMBLIES
High Pressure Steam With Built-In Condensate Tank

Locations of basic assemblies are shown to allow quick location of the part, service or maintenance information required.

BOILER ASSEMBLY CASING ASSEMBLY
Handholes Steel Casing
Combustion Chamber Fiberglass Insulation
Secondary Heating Surface

BASE ASSEMBLY

BUILT-IN CONDENSATE TANK ASSEMBLY Fab. Steel Base

Built-In Tank Gauge Glass Insulating Refractory

Make-Up Valve Feed Pump Assembly
Drain, Return & Vent Connection
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LOCATION STEAM TRIM
30 HP HIGH PRESSURE STEAM WITH BUILT-IN CONDENSATE TANK
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*NOTE: NOT SUPPLIED WITH UNITS INTENDED FOR USE WITH SEPARATE CONDENSATE SYSTEM



APPROVALS
A.S.M.E. and Local Ordinances

VTB Boilers are built in rigid accordance to and bear the State stamp of A.S.M.E. Licensed insurance
company inspectors check every step of manufacture from steel mill to shipping platform. In addition, the
burner carries the approval of the National Board of Underwriters’, New Y ork City Board of Standards and
Appesals, and has met fully all known conditions established by state and local boards.

BOILER CONSTRUCTION
Designed for automatic operation, engineered for extra safety and long life.

In designing the VTB Boilers, Y ork-Shipley engineers have given special attention to make all points
accessible for the little service they may require.

The boilers are fabricated in Y ork-Shipley’ s own boiler plant where modern production techniques assure
top quality at lowest possible cost. Boiler construction is two pass, tubeless design. All joints are full
welded. All shells are annealed, stress relieved and x-ray tested for possible defects. All constructionisin
accordance with A.S.M.E. and Boiler Inspection Codes.

EXTERNAL CLEANING AND CARE

External surfaces are in contact with hot gases and in order to obtain maximum efficiency these surfaces
should be cleaned as often as necessary. As a suggestion, athermometer can be placed in the stack connec-
tion and when the temperature increases 100° to 150° above hormal, cleaning is necessary.

WATER LINE

Water line should be 2" above the top of lower gauge glass nut. The water column is provided with pump
switch to control the water line within a 3/4" variation. Thiswater line must not fluctuate. If it does, wet
steam will result.

INTERNAL CLEANING & CARE (See Care and Repair of Water Side of Boiler)

All boilers are provided with handholes located so that al interna parts of the boiler that come in contact
with water can be cleaned and inspected. To insure the proper life of your boiler, the manufacturer recom-
mends the water be treated by a reputable boiler water treatment company.

BLOWING DOWN BOILER

The boiler must be blown down often enough to prevent solids building up in boiler. The more fresh water
put in boiler, the more accumulation of solids and the greater the possibility of failures. Boiler must be
blown down for five seconds every day. Low water cut-off and water column likewise should be blown
down every day while operating to insure shut down upon low water conditions.



EXTERNAL CARE OF BOILER

The boiler shell isthe most costly single part of a unit and frequently the part most neglected. The “fire
side” of aboiler should be cleaned periodically, since adirty boiler is afuel waster.

CLEAN BOILER ASFOLLOWS:

1. Cool boiler slowly to room temperature.

2. Clean water side of boiler asfollows:

a
b.
C.
d.

e.
f.

g.

Drain the boiler through the blowdown valve.

Remove all handhole covers and replace with new gaskets.

Wash down the inside (water side) of the boiler with a hose, making sure to get all sludge out of
bottom of boiler.

Inspect all heating surfaces for signs of corrosion or scale formation. If scale isforming to any
degree on internal surfaces, chemically treat entire boiler. Consult factory for correct proce-
dure.

Using new gaskets, install the handhole covers.

Disconnect the piping on the discharge side of the feedwater pump and inspect for scale build-

up. Check stop and check valves for proper operation and replace if necessary.
Fill the boiler by means of the feedwater pump and reset the low water cut-off.

3. Clean fire side of boiler as follows:

a

b.

C.

d.

€.

Remove the bottom rear casing assembly.

Remove the flue baffle and wrapper assembly.

Brush all surfaces between the fins and remove soot and scale. A flexible handle for the flue
brush should be used.

Replace flue baffle & wrapper assembly, using new gaskets.

Replace bottom rear casing assembly.

4. Atthetime of thisinspection and cleaning, it is recommended that the local Y ork-Shipley distributor or
agent be called in to check the condition of the equipment.



CARE & REPAIR OF WATER SIDE OF BOILER
A. FEEDWATER TREATMENT

Previously, Y ork-Shipley Globa recommended to all its customers and agents that reliable water treat-
ment companies be consulted in regard to the proper treating of boiler water. This company cannot possi-
bly advise customersin all parts of this country and abroad of local conditions which make it mandatory
that water be treated. There are many qualified water treatment companies |ocated throughout the country.
These people are specidistsin thisfield. Their trained representatives visit the job site, analyze the water,
and prescribe the treatment.

While we still retain our original position in assuming no responsibility for water treatment, we have
prepared the following information as a general discussion in an attempt to better educate our customers,
service organizations, and field representatives in the importance of maintaining the water side of boilers.

Before discussing the various commercial processes by which feedwater can be treated, it would be well to
clarify the objectives of water treatment. We must, of course, start with an analysis of the chemical and
physical characteristics of the water under consideration. These being known, we should select the most
suitable and economical method for conditioning for agiven plant. The basic objectives are:

Prevention of hard scale on the heating surfaces of the boiler and its component parts.
Elimination of corrosion.

Control of pH.

Control of “carry-over” to eliminate deposits on system components.

AW PE

1. Thefirst objective was the earliest one recognized. A coating of scale reduces heat transfer and simul-
taneously raises the temperature of the metal surfaces exposed to heat. When temperatures of boiler sur-
faces reach 750° F., there is serious danger of overheating and failure usually results.

The amount of resistance to heat transfer is dependent upon the type of scale produced, its insulating effect,
and thickness. Some scales of 1/32" thickness can produce metal failure due to the scale€' s high insulating
effect. Other scales can build up to an increased thickness before metal failure occurs.

Scale usually forms on the hottest portions of the boiler surface. The furnace is the most common point of
scale accumulation. The furnace tube may fail due to build up of hard scale deposits.

2. The second objective, corrosion eimination, is associated with the elimination of dissolved oxygen and
carbon dioxide, (as mentioned under Boiler Water, Its Treatment and Cautions, in this manual). The first
defense against oxygen corrosion is usually the complete deaeration of feedwater either in a deaerating
heater or in a deaerating hot well of a surface condenser.

If traces of oxygen still remain, they are customarily removed by the addition of sulphite to the feedwater
on the feed pump discharge line. Compound should never be introduced “through” the feedwater pump as
impeller damage will occur and pump capacity will be lowered to the point where it isinsufficient to meet
the demand and unit will lock out on low water.



FEEDWATER TREATMENT (CONTINUED)

It is also necessary to protect the boiler surfaces. Therefore, the maintenance of suitable hydrogen-ion
concentration of pH inside the boiler is required. In power boilers, it isarare to find corrosion of the type
common to heating boilers. Thisis because operators of power boilers realize the importance of proper
water and fire side conditions and take care to avoid such problems.

Thereis atrend today to minimize the importance of employing qualified boiler operators. Thistrend
seems to be developing through the mistaken feeling that the units will operate satisfactorily with little or
no maintenance.

Theindustry aso seemsto be deluged with purported “experts’ in the field of water treatment who, through
incompetence or lack of know-how, treat units improperly. Often, their treatment concentrates on only one
of four items previously mentioned, with the net result of unit failure. Owners of units employing water
treatment should be particularly careful of the credentials of those who represent themselves as “ treatment
experts.” Y ork-Shipley recommends that only nationally known companies be considered.

3. Theterm “pH” has been discussed previously as important in the consideration of proper water treat-
ment and it may be well to pause here to discuss and clarify the exact meaning of the hydrogen-ion concen-
tration of water and itsimportance in proper treatment of boiler water.

The pH valueis an index of the fraction of ionized hydrogen that is present. The numerical value given to
pH is used as an index of alkalinity or acidity. Regardless of its state, source, or environment, all water is
either alkaline, acid, or neutral. The degreein any caseisindicated by the water’'s pH value or number.

The pH of any water can be determined through testing a sample of water drawn directly from the boiler.
Inexpensive testing kits are available, The majority of kits associate various shades of colors with various
pH vaues. Therefore, acolor blind person might have difficulty in determining the correct value.

A pH value of exactly #7 indicates the water is neither acid nor alkaline. Thiswater is“neutral.”
pH values below #7 indicate the sampled water isin the acid category. The lower the number
below #7, the more acid is the sample.

pH values greater than #7 indicate the sampled water is alkaline and the higher the number the
more akaline is the sample.

The pH value of any water can be controlled through chemical treatment—and that’ s theonly way it can be
controlled.

All metals are more or less soluble in water and, upon entering a water solution, take on electrical charges.
The ability to enter solution depends, however on the pH value or number. Below a pH #5, the water is
actually sufficiently acid to dissolve the steel. Under these conditions, no pitsform. Instead, the corrosion
isrelatively uniform and the stedl gradually gets thinner until it is too weak to hold the pressure or a small
hole develops.

Between apH of #5 and 9.4, pitting takes place at a rate depending upon the concentration of oxygen in the
water. Therefore, while operating the boiler, it is necessary that all air or as much air as possible be
excluded from the boiler water.



FEEDWATER TREATMENT (CONTINUED)

It is recommended that the pH of boiler water be kept between 8.5 and 10.5 at all times. A reliable treat-
ment company should perform periodic checks to confirm this setting.

4. The elimination of carry-over of liquids and solids into the heating system can be accomplished by
several recognized methods.

It is assumed that at the time of initial start up, the unit had undergone an inspection of internal surfaces and
been chemically cleaned when necessary.

It is also assumed that, in cases of new systems, all pipe work has been flushed out. Thisis accomplished
by allowing the return condensate to be wasted to sewer until the condensate returns free and clean from
any grease, chips or other foreign mater. During this flush out period, it isimportant that water treatment
be used to eliminate dissolved oxygen and other harmful ingredients found in water that could cause pitting
or scaling.

During normal operation, it is possible to return undesirable liquids directly to the boiler. Oilsremainingin
new pipe work, newly installed radiation or process machinery, open condensate return pits, leaksin steam
kettles used to cook or process organic or other liquid forming compounds, can and often do find their way
into the boiler.

The easiest way to rid the boiler of these liquids or suspended solids which accumulate in the top portions
of the boiler, isto blowdown through the surface blowdown connection supplied as standard with each
steam unit. In someinstances, it is necessary to use the surface blowdown continuously due to uncontrol-
lable amounts of liquid or surface suspended matters being constantly thrown back into the boiler.

The accumulation of solidsin the bottom portion of the boiler can cause metal failure if allowed to build up
and thereby retard the flow of heat to the water. These types of solids can be the results of leaks in
underground piping, badly rusted piping, overtreatment of boiler feedwater, mineral content of supply
water, or precipitation of solids from feedwater.

These solids will also accumulate in low water cut-off piping and, if not flushed regularly, will gradually
build up and restrict the movement of the low water cut-off bulb. This creates afalse water level and may
result in metal failure of boiler components normally submerged in water, but which now are not sub-
merged due to the false water line indicated by low water cut-off.

Boilers and low water cut-offs should be blown down regularly. Blowdown valve connections are pro-
vided at the bottom rear of the unit. The low water cut-off piping also includes a blowdown connection.

5. The prevention of intercrystalline cracks in boiler metals, often referred to as “ caustic embrittlement”,
is probably the least understood. Opinions vary as to cause and effective treatment for this condition. The
use of fusion welded boilers, which have largely replaced riveted boilers has alleviated this difficulty to a
large extent.
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B. CLEANING WATER SIDE OF A NEW BOILER

Prior to placing a newly installed unit on the ling, the unit should be cleaned internally. New boilers should
be reasonably free from mill scale, corrosion products, and other foreign matter. However, before attempt-
ing start-up, the cleanliness of the unit should be checked.

If dirty, the unit should be cleaned to remove grease and other organic matter, rust and remaining mill scale,
protective coatings applied by the manufacturer to prevent atmospheric corrosion, welding flux, and al
other foreign matter normally incidental to fabrication and erection.

The objective to be attained in cleaning a new boiler isto produce clean metal surface on all parts of the
boiler which are in contact with water or steam during operation. All water soluble materials, fatty acids,
oils and greases, mill scale, rust, paint, and similar materials should be removed. Any solution employed
should be a good cleaning agent for these purposes.

1. ALKALI CLEANING: Thisoperation is conducted with alkaline detergent solution to remove
foreign material, particularly oil and grease, from the internal surfaces of the boiler.

2. ACID CLEANING: This operation is conducted with inhibited acid solution primarily for the pur-
pose of removing mill scale and products of corrosion. Because of the chemical control required
and the hazards involved through the improper use of acid in destroying both ferrous and non-
ferrous metals, and in causing the production of explosive gases, work of this kind should be super-
vised by personnel specialy qualified by training and experience in this highly technical field.

C. INTERNAL CLEANING OF A BOILER AFTER SERVICE (Laying up aboiler)

Whenever a package boiler istaken out of service for any purpose, it should be internally clean when put
back into service or placed in wet or dry storage. Loose material in the form of dirt, trash, mill scale, or
deposits should be removed by washing or other mechanical methods.

When a boiler is taken out of service, the unit should be cooled until the water is below the atmospheric
bailing point, the boiler should be emptied and flushed out, and an inspection should be made to determine
what repair work is necessary and what mechanical and chemical cleaning should be done. A decision
should then be made to employ dry or wet storage.

1. DRY STORAGE: Dry storageis preferable for boilers that will be out of service for extended
periods of time, or in locations where freezing temperatures may be expected during storage.

The cleaned boiler should be thoroughly dried, since any moisture left on the metal surface will
cause corrosion to appear during long standing. Precautions should be taken to prevent entry of
moisture in any form into the water side of the boiler.

To prevent moisture attack during dry storage, moisture absorbing materia such a quick-lime at the
rate of 2 pounds, or silicagel at the rate of 10 pounds for 1000 gallon capacity may be placed on
traysinside the boiler to absorb moisture from the air. The handholes should then be closed and all
connections on the boiler should be tightly blanked. Regular internal boiler inspections should be
performed in order to determine the effectiveness of the materials and whether the materials need
to be renewed. Alternately, air dried externally may be circulated through the boiler.

11



INTERNAL CLEANING OF A BOILER AFTER SERVICE (CONTINUED)

2. WET STORAGE: Wet storage is preferable when boilers are to be placed in storage condition for
short periods of time, or when it islikely that a standby boiler will be needed for service on short
notice. The procedure should not be employed for boilers in locations where freezing temperatures
can be expected during standby.

The cleaned boiler should be filled to the top using condensate or feedwater, either of which should
be conditioned chemically to minimize corrosion during standby, and closed. Prescribed concen
trations of caustic soda and of scavenger such as sodium sulfite may be employed. Concentra-
tions of approximately 450 parts per million (PPM) of caustic soda and 200 PPM of sodium sulfite
may be used for this purpose. Water pressure greater than that of the atmosphere should be main-
tained within the boiler during the period of storage.

It should be noted that the percentage of soda and sulfite noted above is greater than recommended
for operation of the unit. Therefore, prior to placing the unit back on line, it will be necessary to
drain the unit. During operation, treat the water according to the recommendation of the boiler
water treatment company employed.

D. SCALE REMOVAL FROM INTERNAL PARTS OF BOILERS

The chemical method of cleaning the insides of packaged boilers involves the selection of a chemical
(acid) which will react with the type of scale present. Most hard scales are of the calcium or magnesium
type, with calcium being the most prevalent. Muriatic acid, available at most chemical supply houses, is
recommended for the elimination of thistype of scale. Muriatic acid is dangerousto use. The greatest
precautions should be taken when it is used. We recommend the use of protective clothing, eye shields,
grease or masks for the face, and rubber gloves.

Before using this acid, the necessary quantities must first be determined. This can be done by consulting
the boiler literature. The literature will give the dry and net weights of the unit. By subtracting the dry
weight from the wet weight, the total weight of the water can be determined. Divide thisfigure by 8.33
Ibs. per gallon to obtain the total number of gallons.

Secure a sufficient quantity of muriatic acid to mix one quantity of acid to three of fresh water. After the
muriatic acid has been diluted with water in the one to three ratio, add pure sodium bichromate to the
solution, one ounce to one gallon. Place this mixture in the boiler and fill to top of the boiler.

Bring the boiler temperature to just below boiling and allow the boiler to remain at this temperature for
eight to twelve hours. Be careful not to breathe the fumeswhich will be given off during this period.
Provide adequate ventilation in the boiler room at all times.

Open the handholes. With a strong light observe the appearance of those portions of the water side which
had scale deposits prior to cleaning. After the solution has removed the scale, which will fall to the bottom
or go into solution, the acid solution must be neutralized to prevent etching or thinning the tubes. To this
solution of muriatic acid and water, add soda ash, in dry form, in quantities of one pound of soda ash to 150
pounds of water.
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SCALE REMOVAL FROM INTERNAL PARTS OF BOILERS (CONTINUED)

Bring boiler to just below the boiling point and allow the solution to remain for approximately one hour.
Take a sample of the remaining solution in the boiler and test it to seeif the soda ash has neutralized the
acid content. If it has not, add more soda ash and bring unit to just below boiling as above.

After the boiler water has been neutralized, drain the unit and flush boiler twice with fresh water. When
thisisfinished, be sure to add sufficient quantities of sodium sulfite to bring the sulfite content to within 25
to 50 PPM. Treat for proper pH as well as any other treatment recommended.

BOILER WATER, ITSTREATMENT AND CAUTIONS

To help you better understand the problems which can result from the improper treatment of the water side
of boilers, the following information deals with these subjects:

Atmospheric Corrosion

Fire Side Corrosion

Pitting Corrosion

Water Line Corrosion

General Rulesfor Avoiding Corrosion
Scale Formation

“Bagging”

“Blistering”

. “Foaming”

10.“Priming”

WoNo Ok~ wWDNE

Corrosion isamajor factor in shortening the useful life of boilers. More failures occur because of corro-
sion than from any other single cause. Boiler design and composition are seldom found to be the primary
considerations, but the need for repairs can usually be traced to conditions of the environment during
service. Inlarge power boilers, protection against fouling, scaling and corrosion is generally provided by
adequate feedwater, heaters and deaerators and the continuous application of effective feedwater treat-
ment. Condensate is used in make-up oxygen and carbon dioxide, the active corrodants are reduced to low
values and water is kept to the proper degree of akalinity at all times.

Thisis not the case, however, with many small boilers, such as portable boilers, or those for process or
limited power generation, or low pressure boilers for heating. With this type of equipment, the auxiliary
water conditioning facilities and technical control necessary for satisfactory and economical operation are
usually lacking. Fortunately, the problems are not the same and therefore there are rather simple methods
available which do not require the services of atechnical expert and require only alittle care by the owner.
When the reasons why boilers serve less than their expected life are clearly understood, simple remedies
can be followed which will prolong serviceability and result in less frequent repairs, lower maintenance
costs and fewer outages.

ATMOSPHERIC CORROSION
A piece of steel in the middle of adesert will not rust for along time, but near the shores of alake, ocean,
or stream it will rust quite rapidly. Steel does not corrode appreciably in dry air, but only in the presence of

moisture. Likewise, steel will not corrode in clean, alkaline, freshly boiled water if air is kept away.
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ATMOSPHERIC CORROSION (CONTINUED)

However, corrosion of the stedl takes place as soon as the water is exposed to air and has a chance to absorb
oxygen. Clean, neutral water alone will not affect steel, but corrosion will take place if oxygen is present.

Atmospheric corrosion may occur in boilersin isolated cases, but generally there are other factors that
contribute to the corrosive attack, and eventually to boiler failure, if precautionary measures are not fol-
lowed.

FIRE SIDE CORROSION

Corrosion on the fire side of boilersis caused by moisture condensing from the atmosphere during periods
of shut down, or from flue gases during operation. Thistype of corrosion is especially troublesomein
boiler installations near bodies of water, or where the atmosphere is otherwise humid, and is accelerated by
the use of high-sulfur fuels. Sulfur gases may condense on heating surfaces when the boiler is operated at
temperatures between about 160° and 240° F, depending on the kind of fuel and method of firing.

Some boilers, such as those in greenhouses, operate at water temperatures of 140° to 150°F., and under
such conditions, the condensing gases form sulfurous and sulfuric acids which attack the steel and result in
corrosion. If the percentage of sulfur in the il is high, this situation is worsened during shutdown periods
because of high humidity in the air. When shutting down the boiler under such conditions, the fire side
surfaces should therefore be brushed and flushed to remove the winter’ s accumulation of soot and other
products of combustion. This should be followed by blowing air through to dry out these surfaces. Also,
in extremely humid locations, the stack should be disconnected and a tray of unslaked lime placed in the
ash pit to keep the fire side dry. Thislime must be renewed whenever it becomes mushy, so it will not lose
its effectiveness as a drying agent. The boiler should be kept clean at all times and an oil low in sulfur
should be used.

In addition to lengthening the life of the boiler, cleanliness of boiler surfaces gives the added advantage of
increasing the boiler’ s efficiency. Leaky roofs above boilers and loose brickwork have also been known to
cause corrosion of thistype, both to boiler casing and to fire side surfaces of water tube boilers. A careful
inspection followed by the necessary repairs can eliminate this source of trouble.

PITTING CORROSION

Pitting is probably the most destructive form of corrosion that affects the water side of boilers. Itis
sometimes easily recognized by the presence of randomly scattered pits. Freguently only afew pits are
present and most of the surface is unattacked. In other cases, the pits cover most of the surface, and as a
further extreme, the pits all run together and the corrosion takes the form of uniform attack. The frequency
of the pitsis, to alarge extent, determined by the degree of acidity or alkalinity of the water.

Acidity and alkalinity are expressed in terms of a scale of pH values (hydrogen ion concentration) on
which astrongly acid solution (strong muriatic or sulfuric acid) israted as 1 and a strongly alkaline solu-
tion (concentrated caustic soda) is rated as 14. A neutral water has a pH value of 7. Slightly acid and
dightly alkaline water conditions (pH 5 to 9.4) are especialy conducive to the formation of pits.
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PITTING CORROSION (CONTINUED)

The rate of corrosive attack is also increased by dissolved oxygen in the boiler water. Dissolved oxygen
corrosion works in three general ways: (1) air bubble pitting, (2) scab pitting, and (3) soft scab pitting. The
latter occurs in boiler drums, superheater tube surfaces, steam lines and other surfaces where the metal is
not submerged during idle periods. We can therefore eliminate this type from our discussion since it has
little application here. Thefirst two named are of main interest.

Air bubble pitting is caused by the formation of air bubbles on boiler metal surfaces under stagnant condi-
tions. Surface water is generally saturated with dissolved oxygen because of its exposure to the atmo-
sphere. Oxygen may be present in varying amounts, depending on the temperature of the water, which
illustrates that oxygen solubility decreases with increase in temperature.

Well water usually contains less dissolved oxygen than surface water and in deep well supplies dissolved
oxygen may be absent, although dissolved carbon dioxide, which is aso corrosive to steel, may be present.

When aboiler isfilled with oxygen saturated water, small increases and fluctuations in water temperature
tend to throw out the dissolved air as small bubbles, which readily attach themselves to any convenient
surface. This can be demonstrated by merely filling a clear bottle with cold tap water and alowing it to
stand for afew days. The bubbles will be quite profuse on the sides of the bottle. Pitsform under the
bubbles due to corrosion caused by the difference in conditions under the bubbles, versus the conditions on
the stedl around the bubbles.

In some cases the pits occur in astraight line and it is easy to conclude that the weld isinvolved. Thisis not
true, however, in the vast mgjority of such examples. The air bubbles remain more easily on the top of
horizontal surfaces since those locations are less affected by water circulation. The upward water circula
tion also causes eddy effects.

Sometimes a boiler has been found to last less than a year whereas the former boiler lasted fiveto ten years.
Obvioudly something has changed. Often the boiler is blamed for the failure when actually there have been
changes associated with the operation and maintenance of the bailer. A different method of starting up may
have been used. Circumstances may have been such that the old boiler was immediately fired, while the
new boiler may have lain in the fresh water for some time and air bubble pitting may have started, leading
to the eventual failure. The temperature of the fill-up water may have been different and therefore more air
was present in the new installation. The composition of the fill-up water may have changed; athin scale
may have been laid down at the beginning of the life of the old unit which served as a protection. Changes
in electrical connections may have induced stray currents leading to possible electrolytic corrosion. Small
air or steam leaks around pipe joints and valves may have let air into the new set up. Air vents may have
become plugged due to the jarring of the piping. In short, any number of things may have happened to
cause thefailure.

A large number of boiler failures take place in the fall when starting up for winter operation. These are due
to both the air bubble pittings previously mentioned and to oxygen sucked into the system through pack-
ing, etc. The effects of these mechanisms during stagnant periods can be eliminated by adding sodium
chromate to the water at the rate of 1 pound per 50 gallons of boiler water, or by adding sufficient caustic
soda, usually 1/2 pound per 100 gallons, to bring the pH of the water above 10.5 or 11.0. Either of these
chemicals should be l€eft in the boiler during operation to protect the metal surfaces.
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PITTING CORROSION (CONTINUED)

Therefore, when aboiler is freshly filled, it should also be fired immediately until the boiler water reaches
arelatively high temperature, so that most of the air in the water will be driven off. In the case of a steam
boailer, it should be fired long enough and hard enough to take some steam from the unit to completely
deaerate the water in the boiler. When shutting down, it isfar better to |eave the deaerated dirty water in the
boiler than to drain and refill it without subsequent firing.

It is necessary to pay close attention to pump and valve packing in circulating steam and water systems—
asin household heating units—to reduce the amount of make-up water required and to prevent continuous
access of air. In the absence of such additions of air, the oxygen initialy present in a closed system and that
introduced with small amounts of make-up water will be consumed by arelatively slight amount of corro-
sion.

There is good reason to believe that scab pitting proceeds under operating conditions at points where
penetration from air bubble corrosion has started, especialy if no attempt is made to inhibit the corrosion
characteristics of the water with chemicals. It is possible, however, to virtually eliminate pitting at operat-
ing temperatures by maintaining the boiler water above the theoretical pH of 9.4. A minimum value of 11.0
is considered good practice.

WATER LINE CORROSION

Water line corrosion in vertical boilersis also due to an excess of oxygen in the boiler water. Infact, in
areas of very bad water conditions, the water may actually be acid. In either case, the plate fails by
thinning, which is most pronounced right at or dightly below the water line. Asin the case of the air bubble
pitting, the corrosion is attributed to differences in oxygen concentration in the water at the water line as
against the concentration in the water below the water line. Excessively hard waters cause a hardness scale
to deposit on the steel and shield the steel from oxygen, thus causing corrosion at the water line by the same
mechanism as that of air bubble pitting. Water line corrosion may be avoided by making certain that boiler
water is sufficiently alkaline and free of oxygen.

So far we have discussed fire side corrosion, pitting and water line attack. There are other types of corro-
sion which are not sufficiently common to merit our consideration here except briefly.

Caustic embrittlement is a subject which is till unsettled. There are many pros and cons on this subject,
but it is not acommon a problem at this time.

If the boiler water is so acid that it attacks the steel, the only solution is to use chemicals to make the water
alkaline or to acquire a different source of water.

GENERAL RULES FOR AVOIDING CORROSION
In reviewing the general types of corrosion encountered in boilers, it is evident that water condition plays
amost important part in the failure of boiler tubes. Many years experience has verified the fact that oxygen

dissolved in the feedwater as air probably causes more trouble to users of small boilers than any other
single condition.
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GENERAL RULES FOR AVOIDING CORROSION (CONTINUED)

Operators of large boiler installations can usually afford to treat their water more carefully than users of
small, low pressure boilers. But here are eight general rulesto help small boiler operators avoid serious
corrosion problems and obtain longer life with fewer unscheuled shutdowns and more economical mainte-
nance.

1. Keep al boiler fittings and piping tight to keep air out as much as possible.

2. Boil out the boiler with an alkaline cleaner such as trisodium phosphate or a combination of
caustic soda and soda ash or one of the newer detergents currently being supplied. Thisis
necessary in order to remove oil or other coatings from the surface.

3. Bring asteam boiler to a good steam output as soon asiit isrefilled after draining to deaerate the

water. Heat the water in a hot water boiler to 180°F. for the same reason.

Add sodium chromate or caustic acid to the water in the quantities recommended.

5. Preferably use afuel with low sulfur content to avoid the corrosive action of sulfur gases.

Brush and flush and dry out the fire side surfaces as often as possible to remove soot and other

products of combustion. Also, prevent the accumulation of moisture and condensed sulfur

gases.

7. In greenhouses or damp locations, put atray of unslaked lime in the ash pit to absorb moisture
and close the boiler. Inspect this lime occasionally and renew it when it becomes mushy.

8. Prevent water leakage and do not periodically drain water out of the system. These add to the
necessity for the constant addition of make-up water, result in loss and dilution of treatment,
and introduce air into the system.

»

o

Boilers are constructed with care and precision from the best quality materials available by a number of
manufacturers with long experiencein thisfield. Both material and workmanship are governed by ASME
and ASTM codes and specification. These are safeguards to insure the quality of the boiler.

A long and careful study of the causes of boiler failures has revealed that the service life of boilersis
dependent primarily on the environment or conditions of operation of the boiler. Itisfairly certain, there-
fore, that unless systematic and regular precautionary measures are followed to eliminate the factors that
cause corrosion in boilers, more or less continuous trouble will be encountered. These recommendations
are easy to follow and require little more than an interest in maintaining the equipment in good condition.

Scale For mation on the water side of boiler heating surfaces is caused by the contact of certain impurities
in boiler water with the hot surfaces. Most common among these impurities are cal cium, magnesium, and
silica. The calcium or magnesium may unite with sulphates or magnesium which are scale forming.

Calcium is common in raw water because it is present in many forms, as marble, limestone, and chalk.
Magnesium in various formsis also found in raw water from many sources. A well known form is magne-
sium sulphate. Silica, found in sand and glass, forms an exceedingly hard, dense scale that is actually
glasdike.

Scale forming water issaid to be “hard”. This hardness can be either temporary or permanent or both. The
temporary hardness may be eliminated by heating the feedwater to about 212° F. in an open or deaerating
heater where the salts causing temporary hardness are precipitated. Permanent hardness must be controlled
by treatment with water softeners or by treatment in the boiler
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GENERAL RULES FOR AVOIDING CORROSION (CONTINUED)
There are two main problems with scale on boiler heating surfaces:

1. Scaeisavery efficient non-conductor of heat, the degree of non-conduction varying some-
what with its density. Its presence in appreciabl e thickness means less heat absorption by the
boiler water, with consequent loss of boiler efficiency.

2. Because scaleis apoor heat conductor, the heating surfaces insulated by scale from boiler
water on one side and exposed to hot gases on the other may soon reach a dangerously high
temperature and serious damage may result.

Scal e formations often increase with the rate of evaporation. Thus, scale deposits will often be heavier
where the gas temperatures are highest. A coating of scale 1/16" thick on boiler surfaces exposed to radiant
heat may cause failure of these surfaces. Scale deposits are usually an indication of neglect since scale can
be prevented in most cases by proper treatment of the water. When scale has formed to an appreciable
degree, it should be removed. Once the boiler is clean, proper steps should be taken to prevent the recur-
rence of scale.

Feedwater — All matter is composed of elements. Pure water is a combination of hydrogen and oxygen.
Two atoms of hydrogen combine with one of oxygen to form H,O. But since water is a good solvent, it
does not remain in this pure state very long. Asrain fals, it picks up gases from the atmosphere, and dirt
in the form of soot and dust. Flowing over and through the ground, over limestone and gravel, through
sewage systems and other channels, it finds its way to the boiler. By thistime it contains considerable
impurities.

If water requires only asmall amount of soap to make an easy lather, we call it “soft”. If considerable soap
isrequired to produce the same amount of lather, we say that the water is*hard”.

Many impurities are eliminated by filtering and treatment. After these undesirable ingredients have been
removed, the water passes to the boiler. Through evaporation, the impurities are left behind. As more water
is added and in turn evaporated, additional impurities remain. Eventually the water becomes saturated
with these salts or impurities and they drop out of solution and adhere to the heating surfaces. Certain of
these salts produce a soft sludge, and others a hard brittle scale. Each depends on the chemical reaction,
temperature and pressures involved.

The chief scale-forming salts are calcium and magnesium. Magnesium sulphate is a salt commonly found
in boiler water. It forms a soft, sludgy mass which is not very harmful, and which can be removed by
blowing down. However, when present with calcium carbonate, it forms a very brittle scale which is
difficult to remove. Calcium sulphate also produces a hard scale. Many salts which do not form atrouble-
some scale at ordinary temperatures, react very differently at higher pressures and temperatures.

“Bagging” is due to overheating, caused by an accumulation of scale which prevents the water from
reaching the surface of the metal. Under the action of heat, the plate becomes soft and, yielding to the
internal pressure, produces a bag.

“Blistering” is caused in somewhat the same fashion. The entire sheet, however, does not bulge, but,
because of imperfect material a separation of metal occurs. Under the influence of heat, this produces a
blister.
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GENERAL RULES FOR AVOIDING CORROSION (CONTINUED)

Many waters have what is known as “temporary” hardness. By action of heat, these impurities can be
precipitated and removed. This heating is usually done in heaters where, by boiling at atmospheric pres-
sure and venting some of the gases to the atmosphere, liberation of both oxygen and carbon dioxide results.

Pre-treatment of feedwater is frequently employed. By the addition of lime and soda ash, harmful scale
forming salts are precipitated. The analysis of feedwater and its application are a special branch of engi-
neering. No representative of Y ork-Shipley Global is permitted to administer, recommend, or in any way
become involved with the treatment of boiler water for any Y ork-Shipley product. The average engineer is
not qualified to determine the necessary remedies for feedwater treatment. No materials for the prevention
of scale, priming, corrosion, etc., should be employed unless the composition and behavior of these chemi-
cals are understood.

Scaleis prevented by the addition of phosphate in suitable quantities, other conditions in the boiler being
corrected in similar fashion. If the scale has formed to such a degree that removal by chemical meansis
dangerous, add only a small amount of the chemical at atime. Otherwise the scales dropping off in pieces
may cause plugging of the blowoff lines, and overheating may result. If the feedwater treatment method
has failed, scale is best removed by means of mechanical tube cleaners.

Scale deposits and consequent bags and blisters frequently result in dangerous explosions due to leaking of
the boiler. If precautions are taken to make frequent examinations of the boiler heating surfaces, it is
possible to eliminate scale by one of the methods outlined. Many modern plants are operating continu-
ously at very high ratings without any difficulty in thisrespect. By combining a careful plan of pretreat-
ment in addition to internal treatment, boring of the tubes can be eliminated.

“Foaming” isusually dueto acollection of impurities on the surface of the water which retard the escape
of steam. It may be the result of dirty water, certain types of organic matter, oilsin solution, the presence
of too much soda ash, suspended matter, and oil in the presence of sodium carbonates.

“Priming” isthe result of violent agitation of steam bubbles from the water’ s surface, resulting in moisture
carry over. It may be due to poorly designed steam drum, extremely high ratings, or sudden full release
demanded by the action of quick opening steam valves while the boiler is under pressure.

When foaming occurs, aternate feeding of water and blowing down will eliminate the trouble. If il or
grease appear in the water, and foaming continues, the best procedure isto take the boiler off the line as
soon as possible. 1t can then be cleaned by placing it in a solution of soda ash and gently boiling for some
time. If necessary, the solution can be emptied and the process repeated.

Qil isvery injurious to a boiler because, in addition to causing foaming, it adheres to surfaces and, being an
excellent insulator, frequently causes bagging and rupture. |f foaming is due to suspended matter in the
water, this can be remedied by filtering. If it is due to the chemical nature of the water, proper pre-
treatment will correct the difficulty. If oil from exhaust steam is the cause, it can be eliminated by the use
of separators and traps.
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BURNERS
OIL FIRED -7, 12, 16, 20 & 30 HP

All oil burnersin the VTB series are complete assemblies, consisting of the motor, fan, oil valve, fuel
pump, nozzle and electrode assembly and primary safety control. The assembly is bolted onto the boiler
with three bolts.

The oil burner supplied on the 300 Series VTB boiler isasimple single nozzle (multiple nozzles on 20 &
30 HP) pressure atomizing type burner. These burnerswill require aminimum of adjustment. The follow-
ing adjustments are available on all oil burners.

BURNER ADJUSTMENT

Removing gun assembly — Disconnect the ail line at the fan housing and remove lock nut on copper tube
fitting. Remove transformer hold-down screw in corner and swing transformer on hinge clips. Gun as-
sembly can now be removed through this opening.

BURNER NOZZLE

We recommend the use of 80-degree nozzles wherever possible. If thisis not possible, other degree nozzles
can be used. All nozzles shipped with oil burners will be 80-degree unless otherwise specified before

shipping.

Check nozzle size for conformance to installation requirements. Install nozzle by screwing into the adap-
tor. When cleaning the nozzle, the rotor slots and orifice should not be touched by any material which will
scratch or damage these surfaces. A toothpick or thin piece of wood will suffice. Clean screen with a
solvent or hot water.

Nozzle Adaptor: The7, 12, & 16 HP burner is equipped with a dribble-proof nozzle adaptor which will
accomplish intended results only when installed with the stamped word “TOP” in the correct position.

Electrode Settings. Spark gap should be set at 1/8" apart asillustrated on next pagefor 7, 12, & 16 HP. The
spark gap should be 3/16" for 20 & 30 HP. (See next page)

Adjustments: The adjustments of the flame retention ring with the air cone could vary dightly with differ-
ent inputs and combustion chamber sizes.

Caution: The angle of the blades on the flame ring is fixed at the factory and should not be changed.
Gun Assembly Adjustment: The gun assembly can be adjusted in the slot in side of the fan housing by
loosening the screw holding slot cover in position. Nozzle tip should ordinarily be located asillustrated on
next page.

Air Adjustment: The air intake islocated on the |eft side of the blower housing and consists of interlocking

bands. To adjust, loosen screw in outer band and position band by rotating to the desired opening. Re-
tighten screw after adjustment to ensure permanent adjustment.
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BURNER NOZZLE (CONTINUED)

Sufficient air should be introduced into the fire until the flame has a dark orange color (#1 or trace of
smoke—check with smoke tester.) The screws should then be locked in position. After this has been set,
check the top of the chimney on outside. There should be avery slight haze, not smoke, coming out of the
chimney. On acold stack in extremely cold weather, a white haze may come out of the chimney. Thisis
due to the chilling of the gases and will correct itself as the chimney warms up. Any type of automatic fuel
being burned in extreme cold weather will cause the same chimney condition.

FUEL UNIT: The fuel pump, should be adjusted to provide an oil pressure at the burner nozzle of 100 to
110 PSI.

MOTOR: The motor should be oiled at time of installation and twice during each heating season.
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CHECKING INSTALLATION

After the installation has been completed and tank filled with oil, the piping should be checked for leaks. It
isimperative that any indication of |eaks be corrected, as an oil leak will cause an unpleasant odor.

Adjustments made on the burner from the preceding paragraphs should be rechecked. Make certain that the
ignition and safety timing are working properly. The thermostat and furnacestat or boiler control should be
checked for accuracy. Check the heating plant for leaks.

BURNER RECHECK

It is recommended that each installer make a practice of following up each installation after a period of two
or three weeks for a thorough inspection. Check to be sure the controls are properly set and working
properly, that the burner is adjusted to agood CO, in the flue gases and that there are no oil leaks. Be sure
that the fuel unit is set at 100 PSl, that the nozzle cut-off is sharp and electrodes are properly set and not
collecting carbon or oil deposits. Check that the nozzle is delivering afinely atomized, well-shaped oil
spray and is not causing €lectrode trouble by kicking back on the el ectrodes when cutting off. Thiskick-
back of afaulty nozzle can be the source of problems later on if not corrected. All defective nozzles should
be discarded and new ones used unless you have proper facilities for reconditioning them.

WIRING: A wiring diagram isincluded as part of the installation package furnished with the boiler.
GENERAL SERVICE

A. IFOIL FAILSTOIGNITE

=

Make certain thereis oil in the tank.

2. Check oil pressure—standard setting is 100 PSI. If no pressure is developed, bleed air from
pump through gauge port opening.

3. Remove nozzle pipe assembly. Check electrode setting both as to spark gap and position of tips
in relation to nozzle. Check tightness of nozzle.

4. If electrode setting is correct clean nozzle as follows:

a. Remove nozzle from nozzle adaptor.

b. Screw out nozzle strainer and insert.

c. Wash al nozzle partsin very hot water or in carbon tetrachloride, making certain there
are no dirt particlesin the slots or nozzle orifice. UNDER NO CIRCUMSTANCES
USE A PIN OR NEEDLE TO CLEAN SLOTSAND ORIFICE. Usethe edgeof a
piece of hard paper to clean dots. Use clean rags and keep hands free from grit and dirt
while working with nozzle ports. IT MAY SAVE YOU A REPEAT SERVICE CALL.

d. Assemble nozzle and install in nozzle adaptor.

5. Check transformer for proper spark asfollows:

a Remove motor lead from transformer terminals.

b. Remove nozzle pipe assembly from burner and connect bus bars to transformer clips.
WARNING: BUS BARS CARRY HIGH VOLTAGE—KEEP CLEAR OF THEM
WHEN BURNER IS ON.

c. Turn burner on—spark should be strong enough that you cannot blow spark from elec-
trode tips.
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GENERAL SERVICE (CONTINUED)

B. IFFIRE ISONE-SIDED

1

Follow steps A-3 and A-4, and if fireis still one-sided, install a new nozzle.

C. IFFIREISWELL CENTERED BUT ROUGH

o hk~wdE

Check oil pressure—standard setting is 100 PSI.

Clean nozzle as directed in A-4.

Adjust nozzle pipe assembly to the rear position (toward burner cover plate).

Adjust pump pressure between 90 and 125 PSI| and set at point which gives best operation.
Check for fluctuating pump pressure—this may be corrected by step C-4.

Check for oil leaksin suction line or suction side of fuel unit—check particularly at oil line filter
and fuel unit end plate. Anair leak will generally be indicated by aloud intermittent hissing
sound at the fuel unit or by unsteady pump pressure, Air leaks MUST be eliminated.

Increase air by moving iris shutter slightly.

Close draft adjuster if over-fire draft islessthan .02".

D. IFAFTER FIREOR“BUMP’ OCCURS ON SHUT-DOWN

akrowbdpRE

Adjust nozzle pipe assembly to rear position (toward burner cover plate).

Make certain air is purged from fuel units and nozzle pipe assembly.

Increase pump pressure 5 or 10 PSI.

Check for air leaksin suction line and suction side of fuel unit. (See C-6)

Check for excessive vacuum on pump by inserting vacuum gauge in unused suction opening in
fuel unit. Vacuum should not be over 7". High vacuum may be caused by a kinked suction line,
dirty oil linefilter, or dirty strainer in pump.

Remove cut-off valve piston (under hex nut on fuel unit) and remove any dirt particles on
neoprene seat in the end of piston.

E. IF FIRE PUFFS ON START

NP

Follow step A-3.

Check for air leaks in suction line on suction side of fuel unit. (See C-6)

On atwo-pipe system, check for leaking check valvein suction line by putting pressure on
suction line between fuel unit and check valve with a pressure gauge so placed as to show if
pressure is holding or not. DISCOUNT SUCTION LINE FROM PUMP.

F. IF FIREISSMOKY

Sk owdpE

Increase air by rotating iris shutter to point where fireis clean.
Check for dirt and lint in fan wheel or at air intake.

Check for obstruction to chimney.

Clean nozzle as described in A-4.

Install new nozzles.

Check for low pump pressure — less than 80 PSI.
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YEARLY SERVICE

=

Clean boiler or furnace thoroughly and have serviceman check burner firing rate.
2. Clean burner thoroughly, remove and clean nozzle with care so that surface inside tip is not
scratched; if badly caked, replace.

3. Clean and properly reset electrodes. Refer to Parts Identification Drawing.

4. Clean burner fan, housing and blast tube.

5. Remove (8) cap screws from end cap of pump. Remove pump strainer. Clean thoroughly.
Replace gasket on pump with a new one.

6. Replacefilter cartridge (if filter isused.)

7. Useafew dropsof S.A.E. No. 20 motor oil for the two oil cups on burner motor (every six

months).
BURNERS—GAS FIRED—7 HP ONLY

The gas burner used on the 300 Series VTB—7 HP is a complete burner assembly including a Honeywell
R8184 Cad Cell Relay. The gas manifold consists of: automatic gas valve, pressure regulator, manual gas
shut-off valve, and union with orifice. Following is a brief explanation of the construction and operation of
the burner.

BURNER SEQUENCE OF OPERATION

The Power Gas Burner control system is equipped with pre-purge timing for venting purposes.
The burner has a 15 second pre-purge timer.

The Power Gas Burner is equipped with an air flow switch which prevents opening of fuel valves
due to insufficient air pressure.

Burner operates as follows:

With thermostat and/or limit control contactsin closed position, the burner motor starts pre-purge cycle.
After pre-purge cycle, and the air flow switch isin closed position, the ignition transformer and lo-fire
valveisenergized This putsthe burner in stage one or lo-fire. The flame scanner should sight flamein a
matter of seconds, completing a circuit to the main valve and putting burner in full operation. Should
flame scanner fail to sight flame, the main valve will not open. If flameis not detected, the burner will lock
out on safety within 15 seconds.

Should safety lockout occur at any time, it is advisable to open electrical starting switch. Wait five minutes
before restarting burner by closing starting switch and resetting safety switch on primary control. The
sequence should be as outlined above: pre-purge, lo-fire, etc.

BURNER AIR ADJUSTMENT

The air adjustment should be in proportion to the gasinput. On initial start-up, leave air shutter about one
half open, observe flame, and adjust air accordingly. Observe flame and adjust air shutter, according to
flame appearance. If Bacharach Smoke Tester is used, the smoke spot on test paper should indicate “trace
of smoke.”

With proper air-gas ratio adjustment, the burner should operate around 8 to 10 % CO,, trace of smoke: less
than .04% CO; free oxygen in the flue gas:. less than 2%.
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BURNER SETTINGS 7 HP SIZE

BURNERS—GAS FIRED—12 & 16 HP ONLY

The gas burner furnished with the 300 series VTB-12 and VTB-16 is a complete burner assembly includ-
ing a spark ignited pilot and electronic flame detection.

SERVICE INSTRUCTIONS
STARTING THE GASBURNER

After al pipe lines have been tested and all electrical connections have been made, the fuses should be
fastened in their proper places, the automatic controls adjusted to operate the burner, and the burner motor
oiled with SAE No. 20 motor ail.

NOTE: Remove dust plug from bleed port of main gas valve.

Turn off main manual gas cock and pilot cock.

Shut off main electrical disconnect switch to burner.

Bleed gas line through second pilot tapping in main shut-off cock.

Install DC voltmeter in control test jacks and set burner air adjustment 1/2 open. Close main
electrical switch, close operating control and emergency switch (if used).
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STARTING THE GAS BURNER (CONTINUED)

5. Open pilot gas cock. With the pilot gas regulator set at approximately mid-range, adjust pilot
gas flow with needle valve found in pilot gasline. After 30 seconds prepurge, turn needle valve
closed (down) and slowly open until DC voltmeter indicates a minimum of twelve volts. Cycle
pilot with emergency switch or operating control to check performance. When burner is equipped
with Fireye FC-2 contral, contacts K-9 can be held open by inserting paper between them. This
disengages clock and allows manual control of programmer. Set dial at 1 to energize pilot
valve. Note: With dia stopped at number 1 position, FC-2 control will lock out on safety after
15 seconds even though pilot islit.

6. When satisfied with pilot performance, bring on main flame manually with main gas cock.
NOTE: Move TFC-2 timer to No. 2 position and allow clock to run. Fully open the main gas
cock and adjust air control at inlet to burner fan. Check gas rate with meter. Gasrate can be
adjusted with butterfly valve or regulator. Adjustment of the iris shutter should be made so that
aCQ, reading (taken at inlet to breeching) of 8 to 9% is obtained. After the burner is adjusted,
recheck pilot performance and cycle unit several times to be sure all controls are working
properly. Natural draft installations should provide 0.02 to 0.05" W.C. draft over thefire. Inno
case should chamber pressure (on forced draft equipment) exceed 0.25" W.C.

GENERAL SERVICE:

A. When adjusting the main flame, aforward or rearward adjustment of the ignitor assembly can
affect the flame pattern. Generally, the proper setting iswith theignitor funnel 1/2" to 3/4" in front
of the forward edge of the gas head. When adjustments are correct, aquiet, blue flame with orange
tips should result.

B. Aspart of routine service, the position of the ignition electrode and flame rod should be checked.
The electrode tip should be centered in a5/16" diameter hole in the side of the pilot funnel. The
flame rod curves over the outside of the funnel and a short distance down over the face of the pilot
before turning straight out, parallel to the axis of the air tube. Make sure the flame rod is not
grounded on the gas head. This can be checked visually merely by removing the burner access
plate.

C. Themain gas pressure regulator is supplied with aleak limiting device which allows the gas rate to
start low and proceed to full fire. Thisresultsin asmooth, quiet start. However, the purpose of this
deviceis defeated if the main gas pressure regulator is adjusted to the wide open (down) position.
Therefore, it is advisable to set proper gas rate with butterfly valve while keeping the main gas
pressure regulator open 2/3 or less. Thisallowsthe regulator to work efficiently both at light-off
and during the run.

D. If main gasvalve will not open after pilot is established, check to seethat burner air switch contacts
are made. When burner safety control isa TFM-2A-30, this switch is between terminals 6 and 8 of
the controls. This assures that the gas valve will not open until burner air is proved. With the TFC-
2, 24CJ5 control, the air switch is connected between terminals 3 and P. Again, the burner will not
fire unlessthis circuit is completed.
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BURNERS—GAS FIRED—20 & 30 HP ONLY

The gas burner furnished with the 300 Series VTB-20 and 30 is a complete burner assembly including a
spark ignited pilot ad electronic flame detection device.

SERVICE INSTRUCTIONS
STARTING THE GASBURNER

After all pipe lines have been tested and all electrical connections have been made, the fuses should be
fastened in their proper places, the automatic controls adjusted to operate the burner, and the burner motor
oiled with SAE No. 20 motor ail.

NOTE: Remove dust plug from bleed port of main gas valve.
STARTING THE GASBURNER

Turn off main manual gas cock and pilot cock.

Shut off main electrical disconnect switch to burner.

Bleed gas line through second pilot tapping in main shut-off cock.

Install DC voltmeter in control test jacks and set burner air adjustment 1/2 open. Close main

electrical switch, close operating control and emergency switch (if used).

5. Open pilot gas cock. With the pilot gas regulator set at approximately mid-range, adjust pilot gas
flow with needle valve found in pilot gasline. After 30 seconds prepurge, turn needle valve closed
(down) and slowly open until DC voltmeter indicates a minimum of twelve volts. Cycle pilot with
emergency switch or operating control to check performance. When burner is equipped with Fireye
TFC-2 control, contacts K-12 can be held open by inserting paper between them. This disengages
clock and allows manual control of programmer. Set dial at 1 to energize pilot valve. Note: With
dial stopped at number 1 position, TFC-2 control will lock out on safety after 15 seconds even
though pilot islit.

6. When satisfied with pilot performance, bring on main flame manually with main gas cock. NOTE:

Move TFC-2 timer to No. 2 position and allow clock to run. Fully open the main gas cock and

adjust air control at inlet to burner fan. Check gas rate with meter. Gas rate can be adjusted with

butterfly valve or regulator. Adjustment of the iris shutter should be made so that a CO, reading

(taken atinletto breeching) of 8to 9% is obtained. After the burner is adjusted, recheck pilot

performance and cycle unit several timesto be sure al controls are working properly. Natural draft

installations should provide 0.02 to 0.05" W.C. draft over thefire. In no case should chamber

pressure (on forced draft equipment) exceed 0.25" W.C.

pWODdDPE

GENERAL SERVICE:

A. When adjusting the main flame, forward or rearward adjustment of the ignitor assembly can affect the
flame pattern. Generally, the proper setting iswith the ignitor funnel flush with the forward edge of the
gas head. When adjustments are correct, a quiet, blue flame with orange tips should result.

B. Aspart of routine service, the position of the ignition electrode and flame rod should be checked. The
electrode tip should be centered in a 5/16" diameter hole in the side of the pilot funnel. The flame rod
curves over the outside of the funnel and a short distance down over the face of the pilot before turning
straight out, parallel to the axis of the air tube. Make sure the flame rod is not grounded on the gas
head. This can be checked visually merely by removing the burner access plate.



