1.

2.

TRAINING CONCEPTS — BOILERS/BURNERS

THE BOILER

What is a boiler?
Steam and its early development Fig.1.1
Boiler capacity ratings

TYPES OF BOILERS

A. FIRETUBE BOILERS

Firetube Boiler Design Fig. 1.3

Firetubes — Wetback & Dryback

Wetback & Dryback Styles Fig. 1.4

Typical Firetube Boilers Fig. 1.5

Firetube Boilers 4-Pass & 3-Pass Design Fig. 1.6

B. WATERTUBE BOILERS
Watertube Boiler Styles Fig. 1.7
Watertube Boiler Deisgn Fig. 1.8
Typical Watertube Botler Arrangements Fig. 1.9

Standard D-Style Watertube Boiler Arrangement Fig.

WATERSIDE (BOILER)

A Blowdown - Why do we blowdown a boiler?

Water quality — Impurities in water

What are these impurities and what do they mean?
Bottom blowdown

Bottom blowdown Fig.2.1

Continuous Blowdown

Blowdown Procedure

Bottom & Continuous Blowdowy Cycle Fig, 2.2

B. Waterside Care —
Gaskets — Installation
Boiler Failures

C. Safety Valves —
Boiler Safety Valves Fig. 2.3
Safety Valve Malfunctions
Installation
Operation & Maintenance
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D. Feedwater Accesssories

Feedwater Tank Description
Deacrating Tank Description
Feedwater Tank Description Fig. 2.4
Deaerating Equipment — How it works
Feedwater Control

2-Element Feedwater Control
3-Element Feedwater Control

2 & 3 Element Description Control

Low Water Cutoffs

Preventing Boiler Failures from low water

Probe Type & Fusible Plug Low Water Cutouts

Float Type Low Water Cutouts

Float Type Low Water Cutout Operation Sequence
Testing Low Water Cutouts- Quick & Slow Drain Test
Frequency of Low Water Testing

Mamtenance ot Low Water Cutouts

FIRESIDE (BOILER)

A,

Refractory — Fireside

Refractory maintenance and care

Refractory Materials

Modes of Heat Transfer

Heat Loss Through Pipe & Insulation Table
Watertube Refractory Breakdown Description

FULELS FOR COMBUSTION

A. Natural Gas Composition

Specific Gravity
Specific Gravity Diagram — Natural Gas/Propane
Heating Value
Steam Basics — Table 2.2
Gas Fired Fuel Trains - Regulating Bodies:
IRI, FM, UL, ASME
Fuel Train Components
Typical UL Gas Fuel Train
Typical IRI Gas Fuel Train
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B.

Fuel Otls

Fuel O1l Specifications

Properties Related to Storage Requirements
Properties Related to Cleanliness & Deposits
Properties Related to Handling & Combustion
Oil Fuel Train Components

Typical Heavy Fuel Oil Train Components

Waste Wood Fuel
Hog Fuel, Hog Fuel Unit & Moisture Content

IGNITION/PILOT

A

Pilot Regulator, Pilot Solenoid Valve, Ignition Xfrm
Minimum Pilot Test

Typical Mounting Position of Pilot Assemblies
Mounting of Flame Rods

Pilot Terms — Intermittent, Continuous, Interrupted
Relationship of Pilot Flame to Flame Scanner

PROGRAMMERS (FLAME SAFEGUARD)

A.

Types of Programmers

Sequence of Operation

Description of Functions for Operating Controls
0Old Style Programmers — Fireye

New Style Programmers — Fireye

BC7000 — Honeywell

7800 — Honeywell

System Configuration Flame Safeguard — Fireve

FLAME SCANNERS

A.

Flame Rod

Infra-Red (IR-Lead Sulfide)
Ultra-Violet (UUV) Flame Detector
Typical Flame Scanners — Honeywell

Flame Detector Principles
Flame Envelope Characteristics
[Location of Flame Detectors
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8. COMBUSTION

A. What is combustion?

E.

Controlled Combustion
Explosive Combustion

Complete Combustion

Fuel Classifications

. Composition of Fuels

Vaporization and [gnition
Stoichiometric Combustion

Flame Temperature vs. Excess Air Chart
Burners & Atomization

Fuel Ignition Temperatures

Flame Propogation Rates

. Flame Characteristics

Visible Light, Ultra-Violet, lonization in Flame

. Combustion Process

Efficiency & its meaning
* Thermal Efficiency
* Combustion Efficiency
* Boiler Efficiency
* Steam to Fuel Efficiency

Adjustment of Burners

Excess Air vs. CO2 & CO vs Excess Air — Chart
CO2 vs Excess Air — Various Fuels — Chart

Boiler Room Air Supply — Uniform Mechanical Code
Boiler Room Air Supply — Formula

Furnaces for Waste Wood burning

BOILER/BURNER OPERATION

A. Boiler/Burner Information

Boiler Room Log Book

Typical Boiler Room Log Book
Typical Boiler Room Check List
Suggested Testing Schedule
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B. Boiler Inspection
Fireside Inspection
Waterside Inspection
Hydrostatic Testing
Laying Up a Boiler

10. TROUBLESHOOTING BURNER PROBLEMS

A. Troubleshooting Oil Pumps
High Vacuum
Finding Air Leak

B. Burner Malfunctions
Pilot Flame Failures
Operator Troubleshooting
Main Burner Flame Failures

11. GLOSSARY

12. REFERENCES
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