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Steam Plant Fundamentals 
First law of thermodynamics ς energy is neither created 

nor destroyed, only altered in form. 
 
Second law of thermodynamics ς all thermodynamic 

processes are irreversible 
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Steam Plant Fundamentals 
Isothermal ς constant temperature 
Isobaric ς constant pressure 
Isometric ς constant volume 
Isentropic ς constant entropy 
Adiabatic ς no heat transfer 
Throttling ς constant enthalpy 
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Steam Plant Fundamentals 
Thermodynamic cycle: 
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Steam Plant Fundamentals 
Carnot Cycle (ideal) ς eff = 1-(Tl/Th) 
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Rankine Cycle ς  
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Steam Plant Fundamentals 
Rankine Cycle ς  
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Steam Plant Fundamentals 
Regenerative Design ς Feedwater Heaters 
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Steam Plant Fundamentals 
Superheat 

Design 
 

11 



Energy Production Engineering 
Thomas Blair, P.E.  

(tom@thomasblairpe.com ) 

Steam Plant Fundamentals 
Reheat Design 
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Steam Plant Fundamentals 
Condensate Depression (Subcooling) ς 
Process of lowering condensate Temperature below Tsat 

thereby reducing risk of cavitation but reducing 
efficiency 

 
LƴŎǊŜŀǎƛƴƎ άSubcoolingέ ƭƻǿŜǊǎ ŎƻƴŘŜƴǎŀǘŜ ǘŜƳǇ ŀƴŘ 

lowers efficiency. 
5ŜŎǊŜŀǎƛƴƎ άSubcoolingέ ǊŀƛǎŜǎ ŎƻƴŘŜƴǎŀǘŜ ǘŜƳǇ ŀƴŘ 

increases efficiency. 
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Steam Plant Fundamentals 
Compression/Expansion not really Isentropic 
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Steam Plant Fundamentals 
Combined cycle ς Brayton/Rankine = topping/bottoming 

cycle 
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Basic Power plant Design 
Purpose: electricity / process steam 
Power plant 
Heating Plant 
Cogeneration 
Combined Cycle 
Combined Cycle - Cogeneration 
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Basic Power plant Design 
Cycle Choice ς ST vs. GT 
Steam vs. hot water 
Fuel 
Auxiliaries ς duct heater 
I&C 
Development - DBC vs. owners engineer 
Site requirements 
 

17 



Energy Production Engineering 
Thomas Blair, P.E.  

(tom@thomasblairpe.com ) 

Steam Generators 
Fire Tube / Water Tube designs 
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Steam Generators 
Water Tubes hanging 

from roof of boiler. 
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Steam Generators 
Boiler Access 

Door 
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Steam Generators 
Major Components 
Furnace 
Steam superheater (primary & secondary) 
Steam Reheater 
Boiler Bank 
Economizer 
Steam Drum 
Attemperator (temp control) 
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Water 
Steam 
Path 
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Steam Generators 
Steam Drum 

& Water 
Wall 
Design 
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Steam Generators 
Combustion Air System 
Natural Draft 
Forced Draft 
Induced Draft 
Booster Fan overcome pressure drop 
Air preheater 
Sootblowers 
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Steam Generators 
Water 

Wall 
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Steam Generators 
Steam Drum 

construction & 
operation 
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Steam Generators 
Steam 

Separator 
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Steam Generators 
A-type packaged 

boilers 
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Steam Generators 
D-type packaged 

boilers 
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Steam Generators 
O-type packaged 

boilers 
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Steam Generators 
Field Erected units ς 

Stoker unit 
Possible to use 
Limestone in bed to 

limit SO2 
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Steam Generators 
HRSG ς Heat Recovery Steam Generator 
Exhaust gas to generate steam 
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Steam Generators 
Pinch Point & 

Approach Point 
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Steam Generators 
Fire Tube / Water Tube designs 
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Steam Plant Fundamentals 
Burners ς 
 Oxygen control ς stoichiometric 
 Minimize Aux energy for ignition 
 Minimize NOx & SOx formation 
 Collection of non combustible 
 Uniform combustion 
 Wide / stable firing range 
 Fast response 
 High availability / low maintenance 
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Steam Plant Fundamentals 
Horizontally 

fired burner 
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Steam Plant Fundamentals 
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Steam Plant Fundamentals 
Air Dampers 
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Steam Plant Fundamentals 
Tangentially fired burner 
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Steam Plant Fundamentals 
Vertically 

fired 
burner 
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Steam Plant Fundamentals 
Cyclone 

burners 
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Steam Plant Fundamentals 
Low NOx burners- 
NOx development dependent on Temperature when 

combustion takes place 
 
Primary and secondary combustion zones ς more later. 
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Steam Plant Fundamentals 
Igniters ς  
  Provide ignition energy  
3 types of Igniters 
Class1 - > 10% main burner 
Class2 ς 4% ς 10% main burner 
Class3 < 4% main burner 
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Steam Plant Fundamentals 
Combustion Process ς 
 - Adequate oxygen 
 - Thorough mixing of fuel & oxygen 
 - Temperature maintained above ignition temp 
 - Volume residence time adequate for complete  

 combustion 
 

46 



Energy Production Engineering 
Thomas Blair, P.E.  

(tom@thomasblairpe.com ) 

Steam Plant Fundamentals 
Stoichiometric ratio ς Fuel to Oxygen 
 

47 



Energy Production Engineering 
Thomas Blair, P.E.  

(tom@thomasblairpe.com ) 

Steam Plant Fundamentals 
Incomplete combustion ς 
2 C + O2 Ą 2 CO 
CO is combustible with 
value of 4347 BTU/lbm 
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Steam Plant Fundamentals 
Stoichiometric air ς just enough oxygen to combust fuel 
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