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Abstract : Numerical study was investigated to obtain the database for developing a fast pyrolysis power boiler by waste fuel.
The studies with various conditions were performed using ANSYS FLUENT. Also, the fuel properties was experimentally
analyzed to utilize the input parameters for numerical analysis, that were proximate and ultimate analysis, reaction kinetics
included pyrolysis and combustion. The results showed that temperature, combustion and exhausted gases was changed with
heating value of fuel and feeding rate. Finally, the stable operating condition by analyzing results was proposed.
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Table 1. Govern and reaction equations for simulation[8]

Govern equation

Mass Momentum
o - — — - — —
afiJrV'(pv):Sm E(pv)+v'(pvv)=*Vp+pg+F
Energy Species
0 - 9 — —
E(p@ +v « (v(pE+p)=—-V - (Zhi«]i)‘f'sh E(Pyi)"'v . (va-) =—-V e J+r+S
Reaction kinetic
Devolatilization Combustion
mzv(t) /t( - k) ( /t(k i )dt)dt dmp =— AP Dk
= « a,k,)expl— dt rorp+k
(1_fw.,o mp.,o_mash 0 b i 0 ! ? ¢
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Figure 1. 3D geometry of boiler for the numerical study.
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Table 2. Numerical conditions to investigate the combustion cha-
racteristics in the boiler
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Table 4. The kinetic constants of pyrolysis and combustion for nu-
merical analysis

Item Numerical conditions Pyrolysis )
; Combustion
Case 6500-30, 5000-30, 5000-39 First Second
Heating value (kcal/kg) 5,000, 6,500 Pref—Exporie/:ntlal 316x 10" | 6.16x 10" | 4.82 x 10"
Feeding rate (ton/day) 30,39 actor (1/s)
Excess air ratio (E.A) 12,14,16,1.9 Activationenergy | 5 -5 108 | 456x10° | 2.62 x 10°
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Table 3. Waste fuel properties

Ultimate analysis (DAF*, wt%) Proximate analysis (Wt%)
Carbon 48.05 Moisture 0.4
Hydrogen 9.15 Volatile matter 91.46
Oxide 40.46 Fixed carbon 2.46
Nitrogen 1.01 Ash 5.68
Sulfur 1.33
Heating value (MJ/kg) 27.3
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Figure 2. Volatile distribution with various conditions in boiler.
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Figure 3. Temperature distribution in boiler at 6500-30 condition.
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Figure 4. Temperature distribution in boiler at 5000-30 condition.
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Figure 5. Temperature distribution in boiler at 5000-39 condition.
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: Surface area (mz)

. Diffusion rate coefficient

: Diameter (m)

: Total energy (J)

: Activation energy (J/kmole)

: Body force (N)

: Mixture fraction (dimensionless)
: Gravitational acceleration (m/sz)
: Species enthalpy (J/mole)

: Mass flux (kg/m3's)

: Kinetic rate (kg/mz's)

: Mass (kg)

: Partial pressure of oxidant

NI TSI Ty s o

8

: Pressure (Pa)

hS]

: Production rate (kg/m3's)

3

: Chemical reaction heat (J'kg/m3's)

n

: The rate of creation (kg/m3's)

»n



#H7& g

: Source term of mass (kg/m3's)

T : Temperature (K)
t : Time (s)

v : Velocity (m/s)
Y : Mass fraction
o : Yield factor

P : Density (kg/m3)
oF HX

i : Specie

w : Moisture

D . Particle

v : Volatile matter

References

Hong, J. S., and Kim, H. G., “Analysis of R&D Investment
of Waste Reduce, Recycle and Energy Recovery Technology,”
J. Energy Eng., 22(3), 112-119 (2013).

New & Renewable Energy Center, New & Renewable Energy
Statice 2012 (2013 Edition), KEMCO, Dec., 2013.

Korea Boiler Engineering Association, “Alternative Energy(4)
- Renewable Waste Energy,” J. Boiler, 122, 116-122 (2004).
Al-Salem, S. M., Lettieri, P., and Baeyens, J., “Recycling and

#9] & 2ol w2 A4 P ujE7hs Ao et 2214 A 87

10.

11.

Recovery Routes Plastic Solid Waste (PSW): A Review,” Waste
Manage., 29, 2625-2643 (2009).

Park, S. 1., Cho, K. B., Park, K. H., and Ko, C. B., “Study
on Commercialization Technology Support for Waste Heat
Boiler with Similar Circulating Fluidized Bed,” MKE, Final
report, Nov., 2008.

Nho, N. S., Kim, K. H., Shin, D. H., Kim, D. C., Lee, K.
H., Jeon, G. G., and Ohm, T. 1., “A Study on Development
of High-Efficiency Combustion Boiler for RDF,” MKE, Final
Report, Dec., 2002.

Lee, B. H., Song, J. H., Kim, R. G., Kim, S. G., Kim, Y.
G., Chang, Y. J., and Jeon, C. H., “Simulation of the Influence
of the Coal Volatile Matter Content on Fuel NO Emissions
in a Drop-Tube Furnace,” Energy Fuels, 24, 4333-4340 (2010).
Ansys Inc., Ansys Fluent User's Guide, Nov., 2011.
Othman, N., Mohd Sidek, L., Ahmed Basri, N. E., Muhd
Yunu, M. N., and Othmans, N. A., “Electronic Plastic Waste
Management in Malaysia: The Potential of Waste To Energy
Conversion,” Proceedings of ICEE, Dec. 7-8, Malacca, Ma-
laysia (2009).

Felder, R. M, and Rousseau, R. W., Elementary Principles of
Chemical Processes, 3rd ed., Wiley, New York, 2000.
Coats, A. W., and Redfern, J. P., “Kinetic Parameters from
Thermogravimetric Data,” J. Polym. Sci., 3(11), 917-920
(1965).



