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A 2-Dim CFD model development for petroleum coke
calcination process in rotary kiln
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Subject: Petroleum coke calcination is a chemical process during which
the petroleum coke loses moisture and volatile combustible materials
due to the increase in temperature and ultimately improves the physical
properties of the calcined coke. In this study, A 2-Dim model was devel-
oped for the petroleum coke calcination process via rotary kiln using
the CFD approach. Understanding the temperature, concentration, and
fluid movement behavior are the main goals for developing the simu-
lation model, by using which the rotary kiln control and design can be
performed.

Methodology: Comsol Multiphysics was applied to develop the simula-
tion model. Petroleum coke rotary kiln calcination consists of two solid
and gas phases, which cross each other counter-currently. All governing
physics in the system, including chemical reactions, heat transfer via
conduction, convection, and radiation, intra-phase and interphase mass
transfer, evaporation or evolution of components from the solid phase
into the gas phase, fluid turbulency and all complex relationships were
considered. Using the finite element method, the governing equations of
the model were solved, and consequently, the variation of temperature,
components concentration, and fluid velocity was calculated.

The main results: It is concluded that tertiary air injection significant-
ly affects the temperature profile and combustion reactions in the bed
(About 100 degrees increase in temperature). In addition, the maximum
temperature of 1910 °C has been achieved in the kiln. Concentration
changes of components in the gas phase were also seen mainly in the
bed entrance and in the areas near the tertiary air injection. Comparing
the results with similar works showed the high accuracy of the devel-
oped model.
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Figure 1. Three different zones in rotary kiln for petroleum coke calcination
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Table 1. Boundary conditions for inlet, outlet and walls of the model
Air stream velocity 20 Air and fuel 2:0.22
(m/s) composition (mass) CH,:0.43
N,:0.737
Methane mass flow 230.37 Air and fuel 300
rate (kg/h) temperature (K)
Tertiary air velocity 50 Tertiary air 300
(mass) temperature (K)
Tertiary air 02:0.23 Outlet gas pressure 1
composition (mass) N2:077 (atm)
No-slip Wall type Tertiary air location 15
(m)
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Table 1. Boundary conditions for inlet, outlet and walls of the model

Radiation absorption 0.2 Heat capacity of CH, (J/kg.K) 5009.2
coefficient in gas
Rotary kiln diameter (m) 1.38 Heat capacity of CO, (J/kg.K) 1280.6
Diffusion coefficientin gas | 0.0000288 | Heat capacity of O, (J/kg.K) 1115
(m?/s)
Heat capacity of C (J/kg.K) 1730 Heat capacity of N, (J/kg.K) 1203
Heat capacity of H,0 (J/kg.K) 2429.2 Heat capacity of Tar (J/kg.K) 1730
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Figure 2. The mesh structure of rotary kiln model (left side: The main air inlet part, right side: Tertiary air injection

part)
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Figure -2 .3Dim temperature variation along the bed
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Figure -1 .4Dim temperature variation along the bed.
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Figure 5. Oxygen concentration variation along the bed

i Lo TS SN Lo A R

ol sbraiss clale Ol puii Y-

OiameST Jold (Lol glodiss e bile ol
) du)|¢5*°~3)°}lf)'l_§ 5 QI)_JQ_'éj ,_,T ‘O'.’)S**ﬁ—ws‘QSO
Gl 00 o0lo u“—’l-°-’

) —bion odalie (B) S5 ;3 4S5 biles
Al el oo lpp g ol (lop 5y S
aS bl e ST elale o glatasd LB
St Jobo 53 58 0lse 5 i Liwgs (599,555 |

ools Limles (F) JSi jo (Hob jgome dam cuidio )9S )0
ol 00
oa—doaly L s ¥ o ¥ gla i v a S 5 bl
Ol Az o Ve Lo s 4 (69555 Lo il
OiemS| ye—a L Jody iy glaol o a S se
UL BP0 APR U AP -JC SR LI - S B
sloul 55 5o mbes <8l slS VA0 slws vg0 > s

Species COZ:  Surface: Molar concentration (molim®) Streamline: Total fux

! 0.4

b A b R S e oW BB e
—T—r—T—T—TT —T—T—T1

0.3

0.2

0.1
L 1 L ' L L L L I o
Q 3 10 15 20 25 30 35 40 m

S Jsb ;9 €0, clale oy 7 IS
Figure 6. CO, concentration variation along the bed
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Figure 8. Tar concentration variation along the bed
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Figure 9. Gas movement velocity variation along the bed
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Figure 10. Temperature variation along the rotary kiln based on Zhang et al. results [21]
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