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 )1 -1 (   
Introduction  

 

                 

              

.              

   .        

            .

.    

  

  
)  1-1      (Steam Engine 

Single cylinder steam engine courtesy of Stack Exchange Inc.  
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)  1-14  (  

  

   (0 bar g)   (100 C)  (419KJ) 

  (1 Kg)    (0 C)     (100 C)   .

)       (Specific Heat Capacity  (cp)   (4.19 

kJ/kg C)    (0 C) (100 C)   )1-14.  (  

 )1 -13(     
Thermal Properties for Water  

                                              
• Maximum density at 4 oC - 1,000 kg/m3, 1.940 slugs/ft3  

• Specific Weight at 4 oC - 9.807 kN/m3, 62.43 Lbs./Cu.Ft, 

8.33 Lbs./Gal., 0.1337 Cu.Ft./Gal.  

• Freezing temperature - 0 oC (Official Ice at 0 oC)  

• Boiling temperature - 100 oC  
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)1 -18      (  
 The Boiling heat transfer and the amount of heat 

               

              

   (Radiation)     .      

         (Conduction)    .

              

        (Convection   

)  1-24. (  

       (BTU)    

      (1lb)    (1 F)  (Calorie)  

      (1 gram)   (1 C).  

       (BTU's)      

     .(BTU's)    

(212 F)             .

    .       

.            

              

(212 F)            

            (212 F)  

      .        

             

.     
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 )1 -30     (  

Steam, Water and Temperature, Pressure 
Relationship     

 ( )   (Dry or Saturated Steam)     

     (Sensible Heating)     

  (Latent Heat of Vaporization)        .

      (Superheated Steam)    

)1-5.(  

)1 -31  ((   )   
Types of Steam (Steam Phases) 

                  

             

    .      

  

  
) 1-30.       (  
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) 2    ((170 C) (7 bar g).  
            

        .(7 bar g)   (  )

)  (800 kN/m2       . (170 C)   

         (7 bar g)   

   .     )1-7 (   (720.9 

KJ)(1kg)      (0 C)  (170 C)  .  

  

  
)  1-6     ( 

Specific volume vs. pressure courtesy of (Spirax Sarco)  

  

 (      )     (7barg)  

  .            

   .           

 )   1-7   ((2047 KJ/Kg).  

  



   
 

79 
 

m   =  

t2     =(100 C or 212 F) .     

t1      =( C) .  

Cpl      =(1.0 cal/gr. C)     

      (Deaerators) (Economizer) 

.     

2      .       

  (Latent Heat of Vaporization) (h2)   

(539kcal/Kg Water)       .   

      (Critical Pressure)   (22.1 MPa) 

:    

h2=m x 539 

      (Boiler)(  )     . 

(Wet Steam)    ( )        

  (   )         (Dry 

Saturated Steam) .  

3-   (Super Heat) (h3)       

:      

h3= m(t3-t2) x Cps 

    

h3 =    ( C)  
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Chapter Two 
(  )  

Boilers   
Classification  
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6.      . 

7. .     

 )2 -6   (  
Power Plant Description  

       .        

            

)    Mass Transfer          (

               

     .           

.              

:        

1-  .     

2- .  

3- .    

4- .     

)2 -7(   
Steam Boiler Classification     

    (200 BC)       

             

:       
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)2 -7 -1      (
Classification of boiler based on pressure 

 -    Low Pressure Boiler  
        (15 psi)       

    (160 psi)       /(250 F)    

) 2-1.(  

)  2-1    (  

Lower pressure Stirling  boiler design  
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-    Solar Boiler    

              

            

              

(65%)             

  )  2-8(.  

  

  
)  2-8     (  

Solar Boiler courtesy of (Bright source Energy)   
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 -    Heat Recovery Boiler     
            

           Waste Heat Recovery Boiler 

(WHRB)             Heat 

Recovery Steam Generator (HRSG) .      

 -   Institutional boiler  
             

           

  .      .  

  
) 2-33    (  

Package Boiler During production (with permission Cleaver-Brooks co.) 



    

127 
 

  
) 2-36      (A  

Water tube Boiler A-type (with permission Cleaver-Brooks co.) 

  

4 -      Aqua or (flexible)Tube Boiler   
      )   2- 37    (

     (O)        

.             
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) 2-40     (   

Mobile boiler (with permission Cleaver-Brooks co.) 

  
)  2-41   (  

Truck Boiler with permission (ATTSU steam boilers)   
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 )2 -7 -18     (  
Classification of boilers based on size 

-     Small Water Tube Boiler  
             

  (10 MMBTU/Hr).  

  

-    Large Water Tube Boiler  
              

(10 MMBTU/Hr)  (10000 MMBTU/Hr).  

)2 -7 -19      (  
Classification of boilers based on water  content  

-      High Water Content Boiler    
         (50-100Kg)  (M2)  

     .          

           ( )(flame 

irregularities)      (steam 

accumulators).  

  

-      Medium Water Content Boiler   
          (20-50Kg)  (M2)   
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 .         

 -       Small Water Content Bboiler    
           (20Kg)    

     .         

.          

  

  
) 2-54 (       

  Central drum convection generator  
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           .

             

   .         

            

.             

)3 -2   ( 

Steam Boilers Types 

)3 -2 -1   (
The Plain Cylinder Boiler 

              

       .  The Plain Cylinder Boiler)( 

      Conical (round) ends)( 

  Horizontally)(       

      (40ft)       

 Furnace)(       Hot gasses)( 

              

 (  )Flue)(           

  Chimney)(         

 Bare metal)(         

             

        .      
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      (Steel)     (5-9 M) 

         (Flues)

) 3-15     .((Corrugated)  

            .   

        .    

)           3-16.(  

  

  
) 3-16    (  

Lancashire Boiler courtesy of (Spirax Sarco) 
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)  3-24        (   

shell boiler in the three-pass single flame tube-smoke tube boiler (Bosch Industriekessel 

GmbH) with permission  

  

)  3-23            (

             

.             
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3-      

4-    (Stay Bolts).      

  

)  3-27  (  

Corrugated furnace courtesy of (The Swiss Transport Museum)  

  

               

             

  (2-3")         .

(12MW)   . (  )    ) 3-23    (

             

            .  

           .  
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) 3-47    (  

Furnace 1st passes (with permission York-Shipley Global)  

  
) 3-48    (  

2nd pass (with permission York-Shipley Global) 



Chapter Three Steam Boilers Types 

200 
 

(Main combustion chambers)     (Hot flue 

gases) ( )         

(Brickwork setting) ) (  (Dry back) )      

        ( )(Small-bore tubes)

             

            ( ) 

      (Induced draught fan)    

 (Chimney)  .  

 

  
)  3-59      (  

Economic boiler (two-pass, dry back) source courtesy of (Spirax Sarco) 
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  )3-69(  Combustion Chamber  

"Packaged Scotch boiler" 

(with permission Hurst BOILER and WELDING Co.INC) 

  

)3-8-3-1      (  
Advantages of Corrugated Furnaces vs. Plain Furnaces 

 
1-   .         

2- .        

3- .           

  

:           
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    (1/3")         

:       

1-         )   3-72.(  

2-           ( ")  

.     .       

           

  .     

             

       ( ")      

      (3/8")  (5/16")   

)     3-73.(  

  

  
) 3-73    (  
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 ) 3-80    (  

Boiler Room (Bosch Industriekessel GmbH) with permission 

 )3-9-1   (Safety Valve. 
)    3-81       (

.        
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) 3-85    (  

Boiler feed water Tank courtesy of (Spirax Sarco)  

  
) 3-86   (  

 Feed water Surge tank (with permission Cleaver-Brooks co.) 



Chapter Three Steam Boilers Types 

230 
 

)3-9-6    (Soot and Ash Blower  
             

            

            

.    

  

  
) 3-92      (  

Soot blower for fire tube boiler courtesy of ( FUEL EFFICIENCY, LLC) 

  

                

)           3-92  (
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)    .  3-98        (

             

            

(Resistance) .      

  

  
) 3-98     (  

FT Boiler Tube (X-ID) ) courtesy of (FINTUBE CO.)  

)3-11 -1-2        ((X-ID).  
1-    (85%)     (Bare tube) 

.     

2-    (Boiler efficiency). 

3- .    
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)  3-112    (  

  
  )3-113      ((Blind Flange  

courtesy of (Henan Province Shi Xing Machinery Co., Ltd)  

  
  

            

           

             

.            
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 )3-133  (Case  )  8(  

"Hybrid" Fire tube/Water tube Vessel Design 

(with permission Hurst BOILER and WELDING Co.INC) 
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)  3-148     (  

  

 -   Strainers and Filters   
    (Strainers & Filters))   3-149  (

            

             .  

           

             .

              

   )       3-150)  (3-151.(  
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)3-14 -10   (  
Control and Measurement Devices  

             

          

)    3-159)     (3-158 (

        ...    

)   3-155   .(    

)        3-156   (

.       

  

  
) 3-155       (  
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        .        

              

               

           .  

            

           .

            

       .       .

             

     .           

             

.            
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           )3-77   (

.            

  

  

 
) 3-77    (  

Air pre-heater ((Bosch Industriekessel GmbH) with permission 
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)3 -27      (  
Circulation in HRSG  

            

)      3-205 .    (  

  

  
)  3-205 ((A)     (B)      
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 )3-30 -3   (  
Water Wall Panels  

)         3-218    (

 Steam Generating Tubes)(     (Heat  

lost)            

             

    (Headers)    .

. C in 210 Gr -50.8 mm OD x 5.6 Mm MWT conforming to SA(

Lengths of up to 24 mtrs. X max.28 tubes (2 mtrs. wide)) .  

  

  
)  3-218  (  

) TPP BOILERS PVT. LTD.Water wall panels courtesy of ( 




