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TRAINING CONCEPTS — STEAM: PURE & SIMPLE

STEAM, WHAT IS IT?

W

m OO0

How is it formed?

Uses for steam

TABLE 1.1 — Altitude vs Atmospheric Pressure
Saturated Steam

Superheated Steam

TABLE 1.2 — Properties of Superheated Steam
Understanding the BTU

STEAM AND ITS USE

ommy A

Properties of Steam & Understanding the Steam Tables
Absolute Pressure & Gauge Pressure
TABLE 2.1 — Properties of Saturated Steam
Pressure — Temperature Relationship
Sensible Heat
Latent Heat of Heat of Vaporization
Total Heat of Steam
Steam — Concept Example
FIG. 2.1 & 2.2 - Steam Basics

MEASURING STEAM FLOW

moowe

Characteristics

Performance

Cost

Types of Meters

Comparisons

FIG. 3.1 - Orifice Pipe Restriction
FIG. 3.2 - Orifice Meter

FIG. 3.3 - Venturi Tube

FIG. 3.4 - Flow Nozzle

FIG. 3.5 - Pitot Tubes

FIG. 3.6 - Vortex Flowmeter
FIG. 3.7 - Magnetic Flowmeter
FIG. 3.8 - Turbine Flowmeter
FIG. 3.9 - Annubar Flow Sensor
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4. HEAT TRANSFER

A. Convection PAGE 30

B. Radiation PAGE 30

C. Conduction PAGE 30
FIG. 4.1 - Turbulators PAGE 3
TABLE 4.1 - Piping Heat Losses PAGE 33
TABLE 4.2 — Reducing Heat Losses by Insulation PAGE 34

5. STEAM PRODUCERS — BOILERS

A. Steam Separation PAGE 35
B. Steam Drum Size PAGE 36
C. Air & CO2 Removal PAGE 37
D. Water Quality FAGE 37
* Priming PAGE 39
* Foaming PAGE 39
* Carryover PAGE 39
TABLE 5.1 — Boiler Water Impurities PAGE 38

6. FLASH STEAM

A. What is flash steam? PAGE 40
B. Is it important? PAGE 40
C. Condensate Returns
TABLE 6.1 - Flash Steam Tables PAGE 41
FIG. 6.1 — Flash Steam Energy Balanced PAGE 44
FIG. 6.2 — Flash Steam Use Example PAGE 48
TABLE 6.2 — Flash Steam Pressure PAGE 45
TABLE 6.3 — Flash Steam Savings Potential PAGE 45

7. STEAM TRAPS
A. What are steam traps? PAGE 49

B. What is water hammer? PAGE 49
FIG. 7.1 — Condensate Buildup- Water Hammer PAGE 50
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C. Piping Practices
FIG. 7.2 — Steam Trapping Using Ejectors
FIG. 7.3 — Procedure for Returning Low Pressure Steam
FIG. 7.4 - Improved Steam Trap Piping Practices
. Trap Installation
Parallel Steam Traps
FIG.7.5 — Parallel Steam Trapping
F. Removal of Air & CO2 - Is it important?
FIG.7.6 — Air/Steam Mixture Example
TABLE 7.1 — Temperature Reduction Caused by Air
G. Proper Operation of Steam Traps
TABLE 7.2 - Cost of Leaking Steam Traps
FIG. 7.7 — Steam Trap Failures
H. Types of Traps
1. Inverted Bucket Traps
FIG. 7.8 — Inverted Bucket Trap Operation
2. Float & Thermostatic Trapsor F & T
FIG. 7.9 — Float & Thermostatic Operation
3. Thermodynamic Trap
FIG. 7.10
4. Liquid Expansion Thermostatic
5. Balanced Pressure Thermostatic Trap
FIG. 7.11 — Balanced Pressure Thermostatic
Trap Operation
L. Testing and Maintenance
J. Maintenance and Troubleshooting Techniques
K. Trap Misapplication
L Short Circuiting of Steam
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SELECTION AND SIZING OF STEAM TRAPS

A. How to size traps
1. Collecting the data
2. Provide system safety
3. Installation
4. Safety Factor
TABLE 8.1 — Trap Selection Guide
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B. Condensate Load and Calculations PAGE 78

C. Steam Trap Limitations PAGE 79
D. Helpful Hints in Trap Insstallation

1. Piping PAGE 80

2. Trap Location PAGE 30

3. Shutoff Valves PAGE 80

4. Bypasses PAGE 80

5. Unions PAGE 80

6. Test Valves PAGE 80

7. Strainers PAGE 80

8. Dirt Pockets PAGE 80

9. Elevating Condensate PAGE 80

10. Check Valves, Discharge & Inlet In-Line PAGE 81

11. Freeze Protection PAGE 81

12. Anti-Freeze Precautions PAGE 81

TABLE 8.2 — Steam Capacity Tables PAGE 83

9. STEAM DISTRIBUTION

A. Proper Piping Techniques PAGE 84

FIG. 9.1 — Steam Piping Diagram PAGE 85
B. Pipe Insulation, is it needed? PAGE 87
C. Boiler Steam Headers — Proper Installation PAGE 86

10. STEAM PERFORMANCE AND EFFICIENCY

A. Improved Steam Operation PAGE 88
B. Lead-Lag Controls PAGE 88
C. Boiler/Burner Adjustments “Tune-Up” PAGE 89
D. Optimizing Boiler Plants PAGE 89
E. Oxygen Trim Systems PAGE 91
FIG. 10.1 — Oxygen vs Excess Air PAGE 87
TABLE 10.1 — Flame Temperature vs Excess Air PAGE 92

F. Combustion Air PAGE 94
G. Air Opening Formula PAGE 95
H. Parallel and Cross Limiting Controls PAGE 96
FIG. 10.2 — Parallel Positioning Diagram PAGE 97
FIG. 10.3 — Cross Limited Control Diagram PAGE 97

[. Boiler/Burner Instrumentation PAGE 99



J. Economizer
FIG. 10.4 — Economizer Configuration
K. Air Preheaters
L. Blowdown Heat Recovery
FIG.10.5 — Blow Down Heat Recovery Configuration

. Vent Condensers

. Return Condensate — Maintaining Steam Traps

TABLE 10.2 — Factors of Evaporation

. Flash Steam Recovery

Reducing Operating Steam Pressure

. Variable Speed Drives

Distribution System Losses — Insulation

TABLE 10.3 - Heat Loss Through Pipe Insulation

TABLE 10.4 — Heat Loss Through Bare Pipe

CoGeneration

Conventional Steam Electric Plant

CoGeneration Staem Electric Power Plant

FIG. 10.6 — Conventional Steam Electric Power Plant
Layout '

FIG. 10.7 — CoGeneration Steam Electric Power Plant
Layout

CoGeneration Gas Turbine Steam Plant

FIG. 10.8 — CoGeneration Gas Turbine Steam Plant
Layout
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11. GLOSSARY
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