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6.  ข้อเสนอแนะ 

 การควบคุมคุณภาพผลิตภัณฑ์โดยการตรวจสอบ
ความสามารถของกระบวนการสามารถสรุปได้ดังนี้ 

1. การศึกษาและวิจัยในกรรมวิธีการผลิต จ าเป็นต้อง
มีการวางแผนควบคุมคุณภาพเชิงสถิติของความสามารถ
กระบวนการ รู้จักใช้เทคนิค มีทักษะ ท าให้เกิดความ
ช านาญ 

2. เป้าหมายของกระบวนการลดของเสียเป็นศูนย์ 
3. ต้องท างานเป็นทีมและเป็นแบบแผนในการ

ท างาน 

4. จ าเป็นต้องมีการควบคุมคุณภาพทุกขั้นตอนของ
กระบวนการผลิต 

5. ต้องพิจารณา คน เครื่องจักร วัสดุ และวิธีการ
ท างาน ตลอดจนสภาพแวดล้อมในการท างาน 

6. ความละเอียดรอบคอบ ความมุ่งมั่นจะท าให้งาน
ที่ได้ออกมาด ีมีคุณภาพ 

7. การใช้เครื่องจักร อุปกรณ์ และวิธีการท างานต้อง
มีความแม่นย า มีความคลาดเคลื่อนน้อยมาก  

 แนวทางทั้ งหมดดังที่กล่าวมานี้จนกลายมาเป็น 
ความเป็นไปได้ส าหรับการด าเนินการด้วยเทคนิคการ

ควบคุมกระบวนการเชิงสถิติ  อนึ่ง  เครื่องมือควบคุม
กระบวนการเชิงสถิติสามารถที่จะช่วยแก้ปัญหาของปัญหา
ที่เกิดขึ้นจริงที่มีอยู่อย่างมากมายด้วยความแตกต่างระหว่าง
กระบวนการและเครื่องจักรที่ใช้ในการผลิต ความต้องการ
ทางด้านคุณภาพที่มีเพิ่มมากขึ้นและการเพิ่มผลผลิตส าหรับ
ความแตกต่างทางด้านกระบวนการการผลิต การพัฒนา
วิธีการในช่วงครึ่งแรกของศตวรรษนี้ที่ถูกพัฒนาโดย 
Shewhart และคนอื่น ๆ  ที่เกี่ยวข้อง กับการควบคุมคุณภาพ
จนน ามาสู่การใช้ประโยชน์ โดยได้มีการประยุกต์ใช้การ
ควบคุมคุณภาพจวบจนปัจจุบันที่มีอยู่อย่างมากมายใน
อุตสาหกรรมการผลิต 
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
กกก   300 MW 

ก ก กกก 22.5%-28.5%  % O2  
3.85-4.65% กกก (C) 37.05-40.24%  (H)3.89-4.66% 

กก ก กกก 
กกกก   

ก (Adiabatic Flame Temperature, AFT)  กก
  กก   (Flame Temperature, FT) 
                              0.598 AFT          ก       ก        

20.598(540.54 1460.8 2165.4)FT x x= − +   x กก 22.5-28.5% ก
กกก FT ก  1,100oC  
 กก กกก 5% 

กกก กก ก 
กก ก กก 80% 
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ABSTRACT 
Effect of excess air on flame temperature in a coal-fired boiler of a 300 MW power plant using 

lignite with high calcium oxide as fuel was considered.  In this study, the % Excess Air was in a range 
of   22.5%-28.5% or % Excess O2 at 3.85-4.65% and the lignite composition was consisted of 37.05-
40.24% carbon (C) and 89-4.66% hydrogen (H). If the % Excess Air was not appropriate, the flame 
temperature (FT) might be too high and the slag in the combustion gas and was melted on the boiler 
surface. When the excess air was too high, this might reduce the boiler efficiency. 

The Adiabatic Flame Temperature, AFT of the above lignite at various values of %Excess air 
could be evaluated. It could be noted that, for the %Excess Air in the actual range, the actual Flame 
Temperature, FT could be found to be 0.598 AFT and an empirical equation could be set in a form 

20.598(540.54 1460.8 2165.4)FT x x= − + where x was the %Excess Air during 22.5-28.5%. This 
equation could be used to denote the value of %Excess Air of which the FT was not over the limit of the 
slag melting which was 1,100oC. Thus the suitable % Excess Air could be set quickly to control the FT
accurately compared with the manual control by the operator of which the %Excess Air was adjusted 
with 5% step change. The developed method was tested in two actual cases, and it could be found that 
the operation could be easily performed. The time to keep the FT to be in the limit could be done quickly. 
Lower lignite consumption was found and the boiler efficiency could be maintained over 80%.  
Keywords: Coal-fired Boiler, Excess Air, Flame Temperature, Boiler Efficiency, Slag Melting 

1. 
  8-13 

ก ก
ก 300 MW 
 ก 
Pulverized Coal-Fired Boiler   ก
 Tangential Fired Furnace   1 

   8-13 
 265 kg/s  540°C 
 167 bar (g) กก
 181bar(g) 297°C
ก (Turbine) ก
ก  300 MW [1] กก 
กกก
   ก   ก  


ก
  200 mesh 
 220-300 Ton/h ก
กก ก 
335-370 kg/s 


 1  Pulverized Coal-Fired Boiler 

กก
ก กก
กก ก 
(CaO) ก 20% ก  ก
กก 23%  ก
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กก กก
 กกก
กก 1100°C ก
กก กก (Slag)  

ก  
ก (Slag)   
กกก  
ก ก
 (Steam Soot Blower) 
กกก กกก 
(Slag) ก ก
กกกก 
(Water Wall)  กก
ก ก (Slag) กก
ก กกก
กกก
ก 
ก ก 
ก(Unplanned Outage) 

กกกกกก
กก (Slag) ก
กก  กก 
กก Combustion (Coal 

& Air Distribution)  [1] 
ก ก
กก  

กก  2  
ก excess air กก
กก 2  (Separated Over 

Fired Air, SOFA)  ก 
Main Windbox Nozzle Tips,      Adjustable 
Concentric Firing System (CFS) Nozzle Tips, 

ก (Coal Burner) 
     ก                         ก  
กก 

 
 ก

 

 2 ก

กกกกก
 กกก ก
กก
ก กก
กกก ก
กก  ก
ก Boiler กก 
 Boiler กกก
ก Boiler  Stack 
 ก กก 
Boiler ก กกกก
ก ก กก 
Unburned Fuel กกก Boiler 

 Stack กก กกก
  
Boiler  กก
ก ก
กก
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ก กกก
กก
กก (CaO)  
กก 300 MW ก
กกก
 กก
ก  ก
ก ก
กกก


2.  

กกก
ก กก 
 กก 
ก ก
 ก 
กกก ก
กก กก 
Excess Air กก 
[2] ก  
 กกก
ก

 กก
กกก 2  
กกกกก
 [3]

ก  1 (Primary Air)  
 Burner  ก 2 (Secondary 

Air) ก กก
กก
กก 
กกก 

• Time  กกก
ก ก


• Temperature  ก


• Turbulence  กกก
กก

 3 ก
กก
 ก- [4] 

ก
กก ก
กกก
ก 2  กกก
  15–60%    
ก [5] 

กกก
กก ก
 กก
กกกกก 
 กก
กกก กก
 (Potential heat loss) [6] กก
กกกก 
ก กกก
กกกก 
กก กก
กกก ก
 (Sensible heat loss) ก
กกกก
ก Emission  CO, CO2, NOX

 [7] 
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2.1  ก  (Adiabatic Flame 
Temperature: AFT) 
กก

กกก 
(Adiabatic) กกก
กก 
ก (Reactants, R) ก
กก (Products, P) 


                    2 1 0P RH H− =  (1) 

 ( ) ( )2 1 2 0 0 0 1P R P P R RH H H H H H H− = − +  + −  (2) 


    P2 0 2 0 2 0( ) ( ) ( )P i i i piP p

H H m c T T T T m c− = − = −∑ ∑ 
    R0 1 0 1 0 1( ) ( ) ( )R i i i piR R

H H m c T T T T m c− = − = −∑ ∑

 T2 ก H 
   ΔH0  Enthalpy of Reaction 
กก  

 Adiabatic Flame Temperature T2 
กก (2) กก 
ก T1

2.2  [8]


 ก
ก


. 100
Heat absorbed by working fluid

Boiler Eff
Heat in fuel Heat credits

= ×
+

 (3) 

  Heat adsorbed by working fluid =  

( ) ( )
( ) ( )

SH SH FW RH HRH CRH

SHSpray SH SHSpray RHSpray HRH RHSpray

m h h m h h

m h h m h h

− + −

+ − + −

 

 
 (4) 

SHm       ก Superheated 
  Steam  kg/s 

RHm      ก Reheated Steam  kg/s 

SHSpraym   ก Superheated 

  Spray kg/s 

RHSpraym   ก Reheated Spray kg/s 

SHh          Main Steam kJ/kg 

FWh         Boiler kJ/kg 

HRHh        Hot Reheated Steam kJ/kg 

CRHh      Cold Reheated 

  Steam kJ/kg 

SHSprayh   Superheated Spray kJ/kg 

RHSprayh    Reheated Spray kJ/kg 

Heat in Fuel 

= ก × 


Total Heat Credits 

=  + ก
ก   + ก
  

กก 
= ก× 
ก  


3. ก

ก กกก
กก กก
กกกก
 ก
กกก
 ก
 1  
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 1 Lignite Coal Ultimate Analysis ()
Sample No. 1 2 3 4 5 6 7 8 9 10 

Carbon (%) 34.46 34.16 34.95 40.04 40.32 39.66 40.59 41.03 40.58 40.73 
Hydrogen (%) 4.25 4.04 4.17 4.47 4.57 4.75 4.61 4.6 4.82 4.81 
Nitrogen (%) 1.41 1.28 1.25 1.42 1.45 1.49 1.5 1.45 1.52 1.49 
Sulfur (%) 3.25 3.23 3.14 3.58 3.48 3.64 3.26 3.18 3.8 4.22 
Oxygen (%) 23.67 19.47 20.25 20.98 22.05 21.44 21.12 21.44 21.02 19.94 
CaO free SO3 (%) 27.83 23.80 22.98 29.00 23.02 27.20 29.49 27.97 26.85 29.19 
HHV (kJ/kg) 12,397 12,313 12,041 12,233 12,518 10,697 12,325 12,376 12,409 12,715 

กก
ก 300 MW ก
ก 260 Ton/hours 

ก
 2 

 2 กก 
Parameter Value 

Main Steam Temp (°C) 540
Main Steam Pressure (Bar) 160
Main Steam Flow (kg/s) 265
Reheat Steam Temp (°C) 540
Reheat Steam Pressure (Bar) 38
Reheat Steam Flow (kg/s) 243

4. ก 
4.1 กก 

กก  
 กกกก
ก   

2 2C O CO+ →   (5) 

2 2 2

1
2

H O H O+ =   (6) 

2 2S O SO+ →  (7) 

กก
กก  

( ) ( )
( )

2 2

2 2 2 2

3.76

3.76

C H S O N x O N

CO H O SO x N

+ + + + + + →

+ + +
 (8) 

 Ultimate 

analysis  1   ก (5-8) 

กก

  3 กกก 
กก 1 กก

 Mass O2 Required 
Carbon (C) 34.46 100 0.3446× = 32

0.3446 0.9189
12

× =

Hydrogen (H2) 4.25 100 0.0425× = 16
0.0425 0.340

2
× =

Sulfur (S2) 3.25 100 0.0325× = 32
0.0325 0.0325

32
× =

Oxygen (O) 23.67 100 0.2367× = 0.2367−
Nitrogen (N2) 1.41 100 0.0141× = - 

กกก (O2)  
 1 กก

= 0.9189+0.340+0.0325-0.2367 = 1.0547 kg  
ก (O2) = 23.1%,  (N2) = 76.9% 

ก (by Weight) 

กกก = 1.0547
0.231

 = 4.56 

kg  1 kg 

ก 
  1  10 ก
กก  
กก (Stoichiometric 

A/F ratio) ก (by Weight) 
 4.56-5.69 kg  1 kg 



63
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4.2 กกก 
กก (Excess Air)  (by 

Volume) ก 
กก 

2

2

%
% excess air= 100

21 %
O

O
×

−
 (9) 

กก (9)  % excess 

air   4 

  4  % excess air 
ก 

% excess air 0 20 40 60 80 100 
O2% 0 3.5 6.1 8.0 9.4 10.6 

กกกก 
ก    % excess air 

 22.5-28.5%  3.85-4.65% O2 

4.3 
ก 1 

ก
กกก 
(Adiabatic) ก (2) กก
กก 0-100%   4 
 5 


 5 ก (Adiabatic Flame Temperature : AFT) กกก
 

Summary of Results 
Excess 

Air 
AFE1 
(°C) 

AFT2 
(°C) 

AFT3 
(°C) 

AFT4 
(°C) 

AFT5 
(°C) 

AFT6 
(°C) 

AFT7 
(°C) 

AFT8 
(°C) 

AFT9 
(°C) 

AFT10 
(°C) 

Aver. 
AFT (°C)

0.0% 2175.44 2176.38 2176.99 2176.78 2176.68 2176.41 2176.36 2176.84 2176.41 2176.67 2176.50
10.0% 2018.63 2019.34 2019.88 2019.57 2019.51 2019.39 2019.24 2019.63 2019.37 2019.59 2019.42
20.0% 1883.63 1884.17 1884.65 1884.27 1884.25 1884.24 1884.02 1884.33 1884.20 1884.38 1884.21
40.0% 1663.08 1663.38 1663.78 1663.31 1663.34 1663.47 1663.16 1663.37 1663.42 1663.54 1663.39
60.0% 1490.51 1490.67 1491.00 1490.50 1490.55 1490.77 1490.42 1490.56 1490.71 1490.80 1490.65
80.0% 1351.81 1351.87 1352.15 1351.64 1351.70 1351.96 1351.60 1351.69 1351.91 1351.97 1351.83
100% 1237.88 1237.87 1238.12 1237.61 1237.68 1237.97 1237.60 1237.66 1237.91 1237.95 1237.83

ก-

ก ก 10 ก 
 % Excess Air ก 
กกก 0.01% ก
 -

กกก  3 

กกกก
ก 
ก  กก
ก 22.528.5%  6 

 3 กก
กก
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  6 Flame Temperature กก
  8  26 .. 2558 

Summary of Results 
% Excess Air FT (°C) Boiler Eff 

22.5% 1118 81.18% 
25.0% 1092 80.83% 
28.5% 1071 80.39% 

กก
ก  5   22.5-28.5% 
กก
กก % excess air  
22.5-28.5%  6 

ก 4 กกก
ก 
ก 
 % Excess air 22.5-28.5% 
ก % Excess air 

ก 1% 
 0.13% 

 4 ก
ก กกก


 

กกก  4 
ก (AFT ) ก
กก (FT Actual)  

 4  ก  % 

excess air 22.5-28.5% 

AFT = 540.54 x2-1460.8 x + 2165.4   (10) 

กก ก 4  %
excess air x = 22.5-28.5% ก
        
       FT = 7314 x2-4502.2 x + 1760.4         (11) 

                       ก  ( AFT) 

กกก (FT 

Actual)  % Excess Air  22.5-

28.5%  7  

 7 ก 


Detail 1 2 3 Aver. 
% excess air 22.5% 23.6% 28.5% - 
AFT (°C) 1864 1834 1793 - 
FT (°C) 1118 1092 1071 - 
FT/AFT 0.600 0.595 0.598 0.598 

 ก 
AFT  

 
20.598(540.54 1460.8 2165.4)FT x x= − +   (12) 

กก (12)  ก
กก  
A/F  % excess air    AFT  
ก AFT กก
 FT  FT

 กก ก FT  1,100°C 
ก     % excess air                 
ก 

ก (12) กก
ก 
 กก 
กก Air Fuel Ratio 

ก % excess air  
ก



63

86 87

กก 1  


C=40.04, H=4.47, N=1.42, S=3.58, O=20.98 
 % excess air  22.5% 
 1,115°C ก
ก 1,100°C กกก (Slag) 

 ก               ก   
1,100°C     ก                  ก   
ก % 

excess air ก ก % 

excess air 
กกกก
50°C  % Excess air  0.5% Excess 

air  5    
ก 1,100°C กก (12) 

กก
ก  5 
กก

 5 กก 1 กก
กกก

ก

 6 กก 1 
ก % Excess air 

กก % Excess Air กก
ก 20 

ก   1      5  
 0.108%  6 
ก
 manual ก
 80.914% ก 
270.84  ก
 80.827% ก 
271.93  ก
 1.1   26.28 

 (ก 569.70 
) กก 
14,973.36  

กก 2 


C=34.16, H=4.04, N=1.28, S=3.23, O=19.47 

 Excess air  20% 
 1,160°C ก
ก 81% ก 
1,100°C 
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 7 กก 2 กก
กกก

ก

กก 1,100°C 

กกก
 กกก 50°C  % Excess 

air  1.0% Excess air  5  
ก 1,100°C ก
ก (12) ก
กก
 7 กก

 8 กก 2 
ก % Excess air 

กก % Excess Air กก
ก 20 

ก   1      6  
 0.076%  8 

ก
 manual ก
 80.87% ก  
271.80  ก
 80.82% ก  
271.93  ก
 0.13   3.26 

 (ก 569.70 
) กก 
1,858.30 

กกก 2 กก Excess 

air กก 
 
กก
ก
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5. ก 
กกกก

กก 
ก   1 
กกก ก  1,883-

1,885°C กก (Excess Air) 20% 

กก
ก (Adiabatic Flame 

Temperature: AFT) กกก
ก 598-600°C กก
 ก Excess Air  
 22.5-28.5% Excess air ก
 % Excess Air ก  1% 
 0.13% 
กกก
ก
 0.076-

0.108% ก 26.28  
 14,973.36  ก
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ก
กก

6. กกก
 ก 

ก  ก 
ก  
 ก



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