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1. Oil Sludge
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1. Sludge Oil Derived Fuel
2. Municipal solid waste
3. Refuse derived fuel

4. Solid recovered fuels
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1. Aspect ratio
2. Circulating fluidized bed
3. Reynolds averaged Navier-Stokes
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1. Discrete ordinates

2. The weighted-sum-of-gray-gases model
3. Discrete random walk model

4. Lumped system

5. Biot number

6. Ranz-Marshall
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1. Sherwood number
2. Schmidt number
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Table 1- Value of coefficients of devolatilization and combustion of char combustion for biomass fuels [26]
Char combustion Devolatilization
C, 5 x 10" A 3.15 x 10°
C, 6.7 E(J/kg.mol) 7.4 x107
E(J/kg.mol) 1.138x10°
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1. Eddy dissipation model
2. The kinetic/diffusion surface reaction rate model
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L3=2.55m

"L9=0.017m

[
| 8=0.015m L5=0.004m, L6=0.006m,
L7

L7=0.009

Figure 1- The dimensions and details of the furnace [26]
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Table 2- Initial Conditions of air entering the furnace [26]

U; (m/s) 8.366
U, (m/s) 4.475
U; (m/s) 3.093
T12:3 (K) 373
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Table 3- Initial conditions of biomass particles[26]

Minimum diameter (m) 5 x 10°® Density (kg/m?) 800
Maximum diameter (m) 10°® Thermal capacity (kJ/kg.K) 1220
Mean diameter (m) 2.96 x 10°° Velocity (m/s) 5.49
Spread parameter 1.32 Temperature (K) 373
Number of dimension 40 Mass flow rate (kg/s) 2.131 x 10°®
1. SIMPLE
2. Upwind

3. Rosin-Rammler
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Table 4- Approximate and ultimate analysis of biomass particles [26]

Ultimate analysis (DAF") Approximate analysis (%wt. raw)
Cc 57.1 Moisture 6
H 5 Volatile Matter 82
0 23.68 Fixed Carbon 11.8
N 0.52 Ash 0.2
S 0 Heating value (MJ/kg) 16.83
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Figure 2- Comparison of (a) the percentage of oxygen mole fraction; and (b) the percentage of carbon dioxide mole fraction in the
dry mixture for biomass fuel against the results of Ref. [26]
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Table 5- Approximate and ultimate analysis of SODF particles [32]

Ultimate analysis (DAF) Approximate analysis (%wt raw)
C 42.69 Moisture
H 5.35 Volatile Matter 48.0
(0] 46.61 Fixed Carbon 24.2
N 4.12 Ash 27.8
S 1.23 Heating value (MJ/kg) 13.866
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Figure 3- Comparison between temperature variations for biomass, SODF and coal on the axisymmetric line
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Figure 4- Comparison of variations a. mole fraction of carbon dioxide and b. mole fraction of oxygen, on the axisymmetric line
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Figure 5- Effect of SODF particle diameter on the gas temperature along the axisymmetric line
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Figure 7- Temperature contours for SODF combustion with different humidity
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Figure 8- Effect of SODF moisture content on the volatiles mass fraction released along the axisymmetric line
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Figure 9- Effect of SODF entrance mass flow rate on the variation of (a) volatiles mole fraction and (b) gas temperature along the
axisymmetric line
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Figure 10- Effect of SODF entrance mass flow rate on the variation of (a) carbon dioxide (CO2) mole fraction and (b) carbon
monoxide (CO) mole fraction along the axisymmetric line.
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A large amount of oil sludge is produced annually during the operation and process activities on crude oil. The burning of oil
sludge can be considered as an approach in order to recover the energy as well as to control and mitigate risks of this
hazardous waste. In the present study, the combustion of solid fuel derived from refinery oily-sludge is conducted
numerically in a 2-D axisymmetric furnace. Investigating the effect of fuel particle diameter on the combustion process
shows that with increasing particle diameter the maximum temperature reduces and the maximum temperature location goes
farther from the furnace entrance. In order to investigate the effect of dewatering refinery oily-sludge on combustion
properties, a study was conducted on the moisture content of fuel. The results show that an increase of 30% in moisture
content in proximate fuel analysis reduces the maximum temperature by about 11%. Also, the effect of the fuel mass flow
rate is investigated in the range of 0.15 gr/s to 0.29 gr/s. The results show that reducing the fuel mass load has a slight impact
on maximum temperature of gas flow. However, CO and CO, emissions experience a desirable decline. The study on
combustion of solid fuels derived from oil-sludge shows that by making fuel preparation such as reducing the moisture
content and using smaller particles, it is possible to exploit the heat value of oil sludge.

Keywords: Refinery oily-sludge, Pulverized solid fuel combustion, Particle diameter, Moisture content, Fuel mass flow rate
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