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ABSTRACT: In the present study, with the help of numerical study, the study of the uniform heat flux 
formation on process tubes as the main parameter in cracking furnaces has been investigated using flat 
flame burners with different thermal powers. Due to the lack of experimental data for solver validation, 
two problems of swirl burner and channel with conjugate heat transfer of combustion gases and solid 
surface have been used. To carry out simulations, the chtMultiRegionReactingFoam solver in OpenFOAM 
software has been developed by adding the conjugate heat transfer capability to the reactingFoam solver. 
In simulations, k-ω shear stress transport turbulence model has been used for turbulence modeling. The 
results of the simulations show that the use of a flat flame burner in cracking furnaces allows for the 
uniform temperature distribution in the furnace with the low maximum combustion temperature. Also, to 
create the appropriate heat flux around the pipes so that the proper temperature distribution for cracking 
reactions is provided, the minimum heat flux of the flat flame burners is required, which in less than that, 
the appropriate temperature distribution does not occur on the pipes. 

Review History:

Received: 10 Feb. 2018
Revised: 23 May 2018
Accepted: 24 Jun. 2018
Available Online: 3 Jul. 2018

Keywords:

Cracking furnace

Flat flame burner

Benchmark problem

Heat flux

Combustion simulation. 

347

1- Introduction
The use of combustion furnaces for the production of olefin 

is widely used in the petrochemical industry. The furnace 
consists of a radiation section (firebox), convection section 
and Transfer Line Exchangers (TLE) .The growing demand 
for olefin products, saving energy and control of emissions of 
pollutants is a strong incentive for further researches in the field 
of olefin producing technologies. In accordance with existing 
rules for reducing pollution, Gasser Hassan [1] developed a 
three-dimensional Computational Fluid Dynamics (CFD) 
model to simulate the turbulent diffusion flame on the fire-
side of the radiation section of a thermal cracking test furnace 
coupled with a non-premixed low NOx floor burner. Different 
combustion models are used to simulate the turbulence–
chemistry interactions for this flame. 

One of the primary challenges in cracking furnaces is non 
uniform temperature distribution in firebox and producing hot 
spots on reactor tubes and increasing coke formation rate. Flat 

flame burner has a high ability to create a uniform temperature 
distribution in combustion chamber and in present study have 
been simulated a section of firebox equipped with flat flame 
burners to optimize furnace operation.

2- Geometry and Boundary Condition of Benchmarks and 
Cracking Furnace

Due to the lack of experimental results for the flat flame 
burners for solver validation, appropriate benchmark problems 
with experiment results have been used. In first a swirl burner 
[2] has been studied that is turbulence, non-premixed and with 
axial and tangential flame. Then for investigating conjugate heat 
transfer, a flow through the laboratory channel [3] has been choose 
and finally the cracking furnace was simulated. A schematic of the 
swirl burner used in this study is shown in Fig. 1. 

The geometry of the burner is given in Table 1.
Velocity boundary condition in fuel and primary air follow 

equation 1 that different values for n, δ and U  are presented in 

*Corresponding author’s email: kiumars@modares.ac.ir
Fig. 1. Schematic of swirl burner

Table 1. Burner dimensions
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parameter Dimension 
 (mm) parameter Dimension 

 (mm) 
D1 3.6 D4 65 
D2 50 D5 160.4 
D3 60   
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Fig. 2. Schematic of channel

Fig. 3. Schematic of cracking furnace

Fig. 4. Comparison numerical and experiment data

Fig. 5. Comparison numerical and analytical data 

Fig. 6. Temperature distribution around the reactor tubes

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Burner 

Refractory 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tube X 
Z 

Y 

in Fig. 4. The good agreement between the experimental results and the numerical results is. 
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Numerical Data
Experiment Data

parameter dimension 
(m) parameter dimension 

(m) 

Height(z) 0.5 Tubes 
length 0.5 

Length(x) 1.5 Diameter 
of tubes 0.12 

Width(y) 1.2   
Table 3 shows boundary conditions of each burner. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 . Furnace dimensions Table 3 . Burner boundary condition

Velocity (m/s) 
burner power burner 

Fuel 
inlet 

 Air 
inlet 

Fuel 
inlet 

 Air 
inlet 

Axial 5 10 8 20 
Tangential 2 4 4 8 

Radial 5 20 20 30 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Temperature distribution around the reactor tubes after 
increase burner power 
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the reference [4]. 
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Schematic of simulated laboratory channel for validating 
conjugate heat transfer is shown in fig. 2. Channel input is 
presented in reference [5].
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Firebox of simulated cracking furnace is shown in Fig. 3. 
The dimensions of this furnace are described in detail in Table 2. 
Three flat flame burners at a distance of 0.4 (m) located on the 
walls of furnace refractory.

 
3- Governing Equations and Numerical Solution

The governing equations include mass, momentum, energy 
and species conservation. Present simulation done with 
reactingFoam solver in OpenFOAM software.  

4- Results and Discussion
For swirl burner, the numerical results are compared with 

the experimental data at the (z=60 mm) section, as shown 
In channel, to validate the results, the non-dimensional 

number θ defined in Eq. (3) is compared with the analytical 
results in the intersection (y=20mm). As shown in Fig. 5, 
good agreement between analytical and numerical results is 
obtained 

The results obtained from the simulation of the cracking 
furnace show uniformity of the temperature around the 
reactor tubes in Fig. 6, whereby temperatures 950 (K) around 
the tubes are observed. While ideal value for most cracking 
furnaces, it should be about 1200 to 1300 (K).

Average temperature was lower of average temperature in 
the optimal operation of the furnace. So with increasing fuel 
flow, the heat power of the burners increased. Table 3 shows 
boundary condition after increase power burner. In Fig. 
7, the distribution of temperature around the tube after the 
increase in the power of the burners is presented that shows 
the uniformity and ideal of the temperature around all reactor 
tubes.

5- Conclusions
In order to simulate the cracking furnace, swirl flame and 

conjugate heat transfer phenomena have been studied, the 
results are compared in both issues with experiment data 
and there was a good match. Then the numerical simulation 
of cracking furnace was done. According to the results, the 
temperature uniformity of the reactor tubes was obtained 
first, but the challenge caused by the low temperature in 
comparison with the ideal temperature in the cracking 
furnace, which was followed by increasing the momentum 
at the burners.
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