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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- 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
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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.

Benchmark problem
Heat flux

Combustion simulation.

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

Table 1. Burner dimensions

arameter Dimension arameter Dimension
P (mm) p (mm)
D 1 3.6 D 4 65
D; 50 Ds 160.4
Ds 60

*Corresponding author’s email: kiumars@modares.ac.ir

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, 8 and U are presented in
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Fig. 1. Schematic of swirl burner
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Fig. 2. Schematic of channel
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Fig. 3. Schematic of cracking furnace

Numerical Data

Fig. 4. Comparison numerical and experiment data

Table 2 . Furnace dimensions
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Fig. 5. Comparison numerical and analytical data
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Fig. 6. Temperature distribution around the reactor tubes
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Fig. 7. Temperature distribution around the reactor tubes after

increase burner power

Table 3 . Burner boundary condition

burner power burner

Velocity (m/s) Fuel Air Fuel Air

inlet inlet inlet inlet

Axial 5 10 8 20
Tangential 2 4 4 8
Radial 5 20 20 30
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the reference [4].

U= 1.218(7(1—%)" 0

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 0 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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Table 3. Dimensions of channel computational field with convective

heat transfer
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Fig. 2. Experimental channel geometry
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Fig. 3. Simulated cracking furnace equipped with a flat flame burner
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Table 4. Dimensions of simulated section of naphtha cracking furnace
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Table 5. Boundary conditions applied to the Naphtha cracking furnace problem
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Table 6. Physical properties of refractory object
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Fig. 4. Grid independence graph, axial velocity distribution on the symmetry line (right), on the cross section at z=5 mm (left)
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Fig. 5. Comparison of the experimental and numerical results of axial velocity at two z =5 mm and z = 60 mm cross sections
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Fig. 8. Simulated cracking furnace mesh
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Fig. 9. Temperature distribution in furnace length for numerical solution in two grids with 210000 and 500000 cells
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Fig. 10. Temperature distribution in terms of pipe length for numerical solution in two mesh with 210000 and 500000 cells
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Fig. 11. Distribution of velocity (right) and radial velocity Uz (left) at the intersection of y = 0.6 (m) and 0 <x <0.2 (m)
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Fig. 13. Temperature distribution on the surface of the refractory object
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Fig. 14. Temperature distribution around the reactor pipes
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Table 7. Compares the temperature parameters with reference solution
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Table 8. Comparison of primary inlet-fuel velocities and increasing power of burner
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Fig. 15. Distribution of temperature on the surface of the refractory body after
increasing the power
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Fig. 16. Distribution of temperature at x =1 (m) and 0 <y <1.2 (m)

dg(y =+/vm) gl g Sl lod 55 1Y S jlogas o
Jsb sty o (¥ =+/2m) ooy A 5 (¥ =-/0m) psw
o dumslia %0055 L b e ol Linl33l ) de el > ndlg

Aol 4w ya SLLL 3 Loy cunl jasetio 398 JSi 5l &5 5k lon
Sl ey a5 L sl S35 gl WY e oyl (slod & 5 <8I5S, Lo i
g gy 2> im0 by I SIS1S STy (gileosle jolaie 4
Sy Slod &S Jol dg) 13 &S 55 0 omliie cCowl 0a dlatnl Laals)
o 4 G 35 Ay o (slod w392 32aS S sladlg) &y s
sl a8 iy Ayl 3l pgw Al (gl yboisen g Al a8 ladly)
938 o oo ()l ol 6 silen (5550 slales &5 Cal ol ol e
3 St glod Cdl g Dl ) (gt ()l LS Bl oS bed o
by gl B dlg) Jobo )3 Lod bajlages plas )3 (pized 9500 Juol>
oS sl ol o s 5 1o 100 s 5 1381 (2 =</ YO )
Cunl (ot 9 5503 )13 st VD EE )] g jguiu Lawg )3 Lo faie
il s 3Sa £lis) ol 3 5l 5L

EXge =7
o (riwcono Cag il ) «SS1)S 0)58 (gjlwand jobate &
oy ooy p o A 4By e sbrdline o) 4 00 S|
Sl g 2Balojl JUE S o lom b 5l plg @)l Sl gmen

o 3 5 gt ol po 4y iV g5 disepel iy e lynl il

1200
1180
1160
1140

<1120

=
1100
1080
1060

1040

0 0.2 7 (m) 0.4 0.6

0 9 poe Jsl sy (oo sty 5 s s VY JSCS

Fig. 17. Temperature distribution along the first, third and fifth tubes
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