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fluidized-bed boilers.

comparison

ABSTRACT

The objective of this study was to conduct the energy analysis of a lignite-fired
fluidized-bed boiler with the capacity of 3 ton/hr of steam production. The boiler was
designed at KMITT and fabricated in Thailand. Energy analyses based on the first and
second laws of thermodynamics show that the boiler efficiencies based on the first law
and second law were 73.5-75.4% and 23.2-23.8%, respectively. Mathematical modeling was
also carried out to predict the boiler’s performance under various loads. The first law
efficiency of the prototype fluidized-bed boiler was about 3% higher than that of a
commercial boiler imported from China. It may be concluded that the Thai designed boiler
had a good efficiency and an acceptable performance standard typical of the conventional

Keywords: combustion / lignite / fluidized-bed boiler / energy analysis / simulation / boiler
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Heaat Loss Uncountabls Loss Energy Loas In Flus Gas
2,374 kJ/min 4,878 kdfmin 28,855 kd/min
1.5 % 3% 18.5 %

Energy Fuel Input Energy Output with

153,841 kJd/min Saturated Steam
08.5 % 117,574 kJ/min
75.4 %

Unburned Carbon Loas

Shalt Werk Asah Loss
2,280 KJ/min 024 kJfmin 1,518 kd/min
1.5 % 0.8 % 1%

31l 2 Energy Flow Diagram of Boiler (m, = 534 kg/hr)

Haat Loss Uncounlable Loss Enargy Loas In Flue Gas
2,374 kJ/mlin 4,510 kJ/min 10,065 kJ/min
2.2% 4.2% 18.6 %
O
Energy Fuel Input Ener
gy Output with
105,304 kJ/min Saturatad Steam
87.0 % 76,081 kJ/min
T35 %
Shaft Work Ash Loss Unburnad Carbon Loss
2,280 kJ/min 805 kJ/min 1,029 kJ/min
2.1 % 0.5 % 1%

sUN 3 Energy Flow Diagram of Boiler (m, = 366 kg/hr)
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Shal Work Exergy Ash Loss Heal Loss Exergy Unburned Exergy Flue Gas Losa

2,280 kd/min 360 kJ/min 210 kJ/min  Carbon Loss 8,370 kd/min
15% 0.2% 02% 1,518 kd/min 56 %
1%

Exergy Outpul with Saturated Steam
85,812 kd/min;23.8 %

Exergy Fuel Inpul
148,160 kJ/min
97.2 %

Exergy of Feed Waler
1,911 kJ/min
14% Irreversibllity; 104,083 kJ/min;69.2 %

31]‘?‘! 4 Exergy Flow Diagram of Boiler (m, = 534 kg/hr)

Shaht Work Exergy Ash Loss Heal Loss Exargy Unburned Exerpy Flue Gas Loss
2,280 kd/min 230 kd/min 210 kd/fmin  Carbon Loss 5,672 kJ/min
22% 0.2% 0.2 % 1,029 kJ/min 54%

1%

Exergy Output with Saturated Steam
24,090 kJImIn:_Z‘J.2 %
Exargy Fuel Input

00,177 kd/min
06.8 %

Exergy of Faed Water
1,285 kd/min

TN Irravarslbllity; 72,601 kJ/min;70.0 %

zﬂﬁ 5 Exergy Flow Diagram of Boiler (m, = 366 kg/hr)
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BOILER EFFICIENCY ; EFF (%)

85

84
83
82
81
80
79
78
77
76
75
74
73
72
71
70
63
63
67
66
65 :

LV 4

6.8 7.2 7.6 8

FUEL INPUT ; ML (kg/min)
A/F=10 © DATA A A/F =8

+ X AF =6

:a'.'.tJ'l‘?li 6  Predicted Efficiencies at Various Fuel Inputs

MODELING EQUATION (SIMULATION)

DATA:

EFF = 879 + 0.652 ML - 192 A/F ; (R? = 097)

AT ML = 6.1 ; A/F = 9.6 ; EFF = 73.5
ML = 73 ; A/F = 99 ; EFF = 73.5
ML = 8.1 ; AF = 98 ; EFF = 746
ML = 89 ; AF =95 ; EFF = 754
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0.9

C.8

0.7 -

0.4 !

STEAM MASS FLOW RATE ; Me (kg/sec)
a
an
1

17 1.9 2.1 2.3 2.5
(Thousands
FUEL ENERGY INPUT ; Ein (kJ/sec)

O AF =12 + AF =10 ©  DATA a4 A/F =28 X AF =

3UN 7  Predicted Steam Mass Flow Rates at Various Energy Inputs

MODELING EQUATION (SIMULATION)

Ms = 0.237 + 0.000298 Ein - 0.0272 A/F ; (R? = 0.99)

DATA: AT Ein = 1,755 ; A/F = 9.6 ; Ms = 0.50
Ein = 2,100 ; A/F = 99 ; Ms = 0.59
Ein = 2330 ; A/F = 9.8 ; Ms = 0.67
Ein = 2,560 ; A/F = 9.5 ; Ms = 0.74
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4
@19WN 1 The Characteristic of Lignite*

a9Alsznau USanme (kg/100 kg fuel)

¢ 41.50

H 3.97

0 12.54

N 0.69

S 1.20
Moisture 12.90
Ash 27.20

* mavasasil WiuRuniewdune .8
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