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Abstract

The present research is CFD simulation of industrial furnace related to Shahid Tondgouyan
Petrochemical Company (STPC) to analyze the impact of operating conditions on thermal
properties changes of oil and heat transfer phenomenon in the furnace and its distribution
manifold with 8 passes. According to the experimental history of the furnace, the presence
of more coke particles in some passes has led to their clogging, which according to the
simulation results, the geometry of the oil inlet manifold in it has been effective. This
manifold has created a different distribution of flow and coke particles in the 8 parallel
passes of the furnace, which, in addition to the greater distribution of coke particles in some
of them, has caused different oil residence times in the passes. The combustion simulation in
the furnace also showed that hot spots have been created in the furnace areas, especially in
the exit of combustion gases from the radiation zone to the convection zone, which could be
another reason for the destruction of the oil. Also, according to the simulation results, with
a decrease of 3/6 kg/s in the flow rate of an oil pass, the outlet temperature of that pass in the
radiation section increased by 1/1 degrees Celsius.
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Table 1. Results of researchs on flow distribution ducts (length dimensions in the table are in

Connection of
distribution duct to

Jyel]

Distribution process from
inlet) to the last

the first outlet (near the

Neither completely

Ascending nor
completely
Descending

* Ascending

- Ascending

- Ascending

- Ascending

* Ascending

- Ascending
- Ascending

- Ascending

Higher flow at the
middle output.

Higher flow at the
middle output.

Reynolds humber
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2’000 to
20°000

13°000 to
40°000
7°000 to
70°000
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to 100°000
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100°000
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\YA« to
1°000°000
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100°000

o++ 1o

2500
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to 3°000
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Distribution
dispersion
with
increasing
Re. number

Increase
dispersion
No effect
Decrease
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Some study conditions
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Separating the outputs with a baffle (plate) - [1] [6]
AR=16

- [1] [5]
Analytical study (without experiments and
computer simulation) effect of the number of  [1] [13]
outlets (5 to 50) - the ratio of the length to the [18]
diameter of the main duct (3 to 100)

Experiment, simulation and analytical Study [9]
The entrance is at the beginning of the duct but
: - [111[7]
perpendicular to it
Header diameter from 20 to 35 - Outlet diameter [1] [17]
10 - Distance between outlets 60 - Number of [18]
outlets 10 - Water fluid
- (8]
Ascending distribution trend (fixed section duct 4]
mode) - uniform distribution (conical duct mode)
The inlet is perpendicular to the duct and the 1]
outlets are angled
Investigating the effect of changing duct [1] [18]
dimensions and fluid type
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Table 2. flow conditions in simulation with a simple schematic of the discussed furnace

outlets mass flow rate(kg/s)

Percentage of excess
combustion air

Oil stay time in the whole

furnace
The speed of heating the °C
oil in the furnace min
Oil inlet temperature to B
the furnace
Oil outlet temperature
°C
from the furnace
Center-to-center distance m

of distribution duct outlets

—

9 8 7 6 5 4 3 2 1
outlet number

The weight percentage of coke

Vo particles considered in the oil % Viad
stream
AR Diameter of coke particles pm A
Yo/Y Density of coke particles g/m3  Vo.s
7, Thermal conductlwty coefficient R -
of coke particles
Ratio of the distribution duct inlet
YY. cross-section to the total outlet ARA
cross-section area (AR)
Y ¥/A Reynolds Number in inlet AYFNT
70
65
60
55
50 —®—meshl- 200000 cell
45 mesh2- 332000 cell
40 —@—mesh3- 449000 cell
35
30
0

Dgliie (GaaSd dw )5 Gl @i ST BT A 5l o2y > 0 — N USA

Figure 3. Output flow from 8 flow distribution ducts in three different mesh
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Figure 6. Drawn geometry of the radiation section of the furnace (due to symmetry, one

Temperature (°C) quarter of it, is simulated.)
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Figure 7. Flow direction in a vertical plane of the furnace (color spectrum indicates flow

temperature)
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Figure 8. Oil film temperature contour (degrees Celsius, oil temperature adjacent to the inner
shell of the tubes)
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Figure 9. Changing the cross section from the radiation zone to the convection zone from
rectangular to inclined
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Table 3. Comparison of temperature and flow of two furnace simulations

Pass- I Pass-1

Furnace with different flow flow (kg/s) Yv/7 v¥/7
(considering the oil inlet duct) ~ out temp. (°c)  Y+A/¥ Vev/va
Furnace with equal flow flow (kg/s) ~ YAN® VAR
distribution out temp. (‘c) Y+A/FO X ZAL
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Table f£. Radiation and convection heat loss rate

The percentage of heat loss from the radiation section to the total heat produced in

. Yo,
the furnace (The wall includes refractory cement (125 mm) and carbon steel (6)) ’
The percentage of heat loss in the convection section compared to the total heat o,
Y entering the convection (Convection section has four walls, two walls with ¥Y

refractory cement (150 mm) and carbon steel (5) and two walls with 5 layers of



refractory cement (125), carbon steel (12), air (520), Refractory cement (50),
carbon steel (5))
The percentage of heat loss in the convection part of the total heat produced in the

¥
furnace
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