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ABSTRACT This study was performed to confirm the thermal efficiency characteristics of a wood pellet boiler according to the
structural changes using Computational Fluid Dynamics (CFD). On the long operation of the boiler, a large amount of contamination
was found in the combustion chamber, which reduced the thermal efficiency. In addition, the thermal stress problem in the combustion
chamber wall was generated by the flame. To solve this problem, the refractory material was applied to the position where the thermal
stresses occurred. Therefore, the fire tube and baffle structure were changed to reduce the decrease in efficiency due to contamination
fouling. The heat flow characteristics, including the convective heat transfer coefficient were investigated through the structural
change, and a simulation was performed using CFD.The fire tube diameter was increased to 9.3 mm to reduce the decrease in energy
transfer due to fouling from contamination. The simulation was performed in three different refractory material thickness (10 mm, 20
mm, and 30 mm) cases. The highest efficiency, approximately 81.64%, was found in the 20 mm case. The high efficiency,
approximately 83.43%, was observed in the 663 mm baffle length case. Similarly, in the 7 mm gap between the fire tube and baffle, a
higher thermal efficiency, approximately 93.65%, was predicted.

Key words =31 & ¢ 2(Pellet Boiler), & #}| 2 3l (Wood Pellet), ¢13H(Fire Tube), & & & (Thermal efficiency)

Nomenclature Gy : Mass flow of water, kg/h
Cw : Specific heat of water, kcal’kg K
n  : Thermal efficiency, % T, : Outlet temperature, K
Qo : Total heat output, W T, :Inlet temperature, K
Qi+ Total heat input, W H, :Low calorific power, kcal’kg
Gt : Fuel consumption, kg/h
1) Department of Biosystems Engineering, Kangwon National q  :Total heat transfer rate, W
University 7., : Combustion gas, K
E-mail: daekim@kangwon.ac.kr
Tel: +82-33-250-6496  Fax: +82-33-244-6406 T, - Heating water, K
2) Forest Practice Research Center, Korea Forest Research Institute i : Inner diameter of the fire tube, m
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12 : Outer diameter of the fire tube, m
L : Length of the fire tube, m
k : Thermal conductivity of the fire tube, W/m K

h : Convective heat transfer coefficient, W/m® K
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Fig. 1. Flue gas flow in wood pellet boiler

Table 1. Specification of the castable
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C+ %02: CO+ 123 M./ kmol (2)
Hy, + %02: H,0(g)+ 241M.J/kmol 3)

Hy, + %02: H,0 (1) + 286 M7/ kmol

S + O,= SO, + 297M.J/kmol

(4)

Classification INCT-120

Max, limited Temp, (C) 1,200

Material density (kg/m°) 900

110°C X 24hrs —-0.06

Permanent (I(i)z)ear change 1,350°C X 3hrs ~0.35
1,500°C X 3hrs -
Bending strength 110°C X 24hrs 86
(kg/em’) 1,000°C X 3hrs 75
Thermal conductivity 400C 0.18
(Keal/m h C) 1000C 0.24
Chemical analysis AlOs 35
(%) Si0, 47

Water required for casting (%) 40—-45
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Fig. 3. Geometry and mesh of wood pellet boiler for the simulation™
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Table 4. Pellet components analysis

Technical analysis (wt%) Elementary analysis (wt%)

Water content 9.73 Carbon (C) 46.9
Volatil 72.3 Hyd H 6.6
Table 2. Temp. comparison of experiment with simulation oane : ydrogen () .
(non—contamination)™® Ash 0.56 Nitrogen (N) 0.1
Experiment | Simulation | Deviation | error Fixed carbon 17.5 Oxygen (0) 45.9
(K) (K) (K) (%) - - Sulfer (S) 0.5
Inlet water 318,90 318,90 - - High heating value (MJ/kg) | Low heating value (MJ/kg)
Outlet water 344,22 343.64 0.58 0,17 19.60 17.92
Exhausted gas 393.09 390,92 2.17 0.55

Table 5. The thermal efficiency according to increase of

Table 3. Temp. comparison of expegrlment with simulation diameter
(contamlnatlon—eX|stence) Non—Contamination / Castable 0 mm
Experiment | Simulation | Deviation | error ’ ) Increased
(K) (K) (K) (%) Control Adiabatic diameter
Inlet water 318,51 318,51 - - Outlet gas (K) 381.2 386.6 383.4
Outlet water 343,61 342,41 1,20 0.35 Outlet water (K) 343.8 341.0 343.6
Exhausted gas 390.29 392.11 1.82 0.47 Thermal efficiency (%) 82.25 72.29 81.54
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Table 7. The thermal efficiency according to presence of the
Contamination

Non—Contamination /
Increased diameter

Non—Contamination Contamination

Castable thickness (mm)

10 20 30
Outlet gas (K) 375.22 381,08 376.61
Outlet water (K) 343,46 343,63 342,43
Thermal efficiency (%) 81.04 81.64 77.37

Castable 0 mm Castable 20 mm
Control Increased diameter
Outlet gas (K) 381,20 381,08 382.68
Outlet water (K) 343,80 343,63 34411
Thermal
82.25 81.65 83.36
efficiency (%) ) ) ’

(a) Control
(Non—Contamination)

(b) Increase of diameter
(Non—Contamination)

(c) Increase of diameter
(Contamination 3 mm)

Fig. 4. The temperature distribution inside the boiler
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Table 9. The thermal efficiency according to intervals between
fire—tube and baffle

Non—Contamination/Increased diameter

Fire—tube — Baffle interval (mm)

5 7 9
Fig. 5. The temperature distribution inside the boiler Outlet gas (K) 385.07 384.80 334 18
Outlet water (K) 341,01 347,00 345,84
Table 8. The thermal efficiency according to length of baffle
Thermal
. 72.31 93.65 89.52
Non—Contamination/Increase of diameter efficiency (%)
Baffle length (mm)
503 663 823 Table 10, The Heat transfer rate according to intervals
Outlet gas (K) 381.08 381,42 379.31 between fire—tube and baffle
Outlet water (K) 343.63 34413 342,94 Non—Contamination/Increased diameter
Th 1 Fire—tube — Baffle interval (mm)
herma 81.65 83,43 79.19
efficiency (%) 5 7 9
Pressure drop in Quantity of heat
20,01 24.65 26.66 1,381 1,404 1,345
the 2nd Pass (Pa) ’ : : (kW) ’ : :
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