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1. Eulerian Particle Flamelet Model
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Introduction

Flaring is widely used in refinery, petrochemical
and chemical industries to eliminate undesirable
combustible gases by burning in an open flame
environment. The purpose of making flares is to
receive the unwanted gases sent by the industrial unit
and burn these gases in order to prevent them from
entering the environment. In the industry, there are
factors such as power cuts, changes in the input to
the units, utilization exceeding the design capacity.
From production units, improper maintenance and
repair, deviation from correct methods and operating
instructions, human errors, etc. are among the factors
that cause process changes and pressure increase in
tanks, towers and other industrial equipment Flaring
of accompanying gases is one of the methods that
is mostly done in technical dimensions in order to
increase the safety of equipment and prevent potential
risks such as explosions and other possible risks due
to the increase in pressure and the flaming of high-
pressure gases during crude oil extraction.

Many experimental and simulation studies have been
conducted on flares. Huang et al investigated the
stability and flame behavior of a propane combustion
jet in a laboratory manner and presented relations for
the movement path of combustion jets in a cross flow
[1]. Bourguignon and colleagues presented a method
to measure the combustion efficiency of the flame in
the cross flow [2]. Johnson et al., by conducting about
penetration flames in the path of fluid flow, showed

Accepted: June/18/2023

that wind flow and fuel energy content are directly
effective on combustion efficiency [3]. The results of
Kostiuk and Johnson's research showed that flares have
a high efficiency in still air and increasing the wind
speed causes a decrease in efficiency [4]. Castchiera
and Edgar, by CFD simulation, investigated the effect
of air and steam injection on the performance of flares
in a laboratory scale with a non-premixed flame [5].
Their results showed that the use of very high ratios
of steam to fuel and air to fuel causes a significant
decrease in flare combustion efficiency and unburnt
hydrocarbon production. According to the topics
raised in many sources, it can be concluded that the
research done on flares using CFD modeling is mostly
limited to lab-scale flares and little research has been
done on industrial flares, which can be Due to the wide
time span and the size of the flares, the high turbulence
of the flow, the complex kinetics and the significant
effect of the turbulence on the kinetics of combustion
reactions.

Materials and Methods
Modeling and Simulation
Conservation Equations

The mass conservation, momentum, energy and
species, can be expressed as:

Mass: V.o p )=0

Momentum:
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V.(pvV)=-VP +V.[,U(V17+V17T )} +pg +8
Energy:
V(0 H +P)+VY hj,)=-Vq)+S,

i=1

Species: V.(0wC, -D,VC,) =R,

Where, p represents mixture density, v~ is velocity
vector, H and hi are total enthalpy and enthalpy of
species, respectively. P is the static pressure and C,
stands for concentration of chemical species.

Results and Discussion

Fig. 1 shows the temperature profile (flame shape)
resulting from combustion in the LP flare in
operational conditions. As it is clear in the figure, due
to the relatively high discharge, the height of the flame
is more elongated and due to the effect of the wind
speed, the flame is slightly inclined in the direction of
the wind. Because the wind direction is from left to
right, the flame is drawn to the right. As seen in Fig.
1, the presence of high temperature in the center of
the flame has caused the speed to increase with the
decrease in density. Also, due to the injection of steam
from the nozzles designed in the center of the flare tip
and its very high speed in comparison with the speed
of the gases sent to the flare, it causes a vortex and the
combustion products are thrown to the top of the flare
tip at a very high speed.

Fig. 1 Temperature profile and flame height formed in LP flare.

The temperature profile (flame shape) at the tip of
the LP flare tip (the range of gas seal plates to the
perforated plate of the tip flare tip) in operational
conditions is shown in Fig. 2 As it is clear in Fig.
2, the formation of the vortex due to the high-speed
difference between the injected steam and the gas sent
to the flare creates a very complex hydrodynamics and
leads to some of the outside air being drawn into the
flare tip. This phenomenon has caused the flame to
form in the range of gas-seal to the perforated plate.
Therefore, the temperature of the body increases up to
800 K in some points of the perforated plate and gas-
seal (Fig. 2). The results of the simulation regarding
the return of the flame inside the flare tip are consistent
with the experimental observations (Fig. 3) in the

industrial unit. so that the inner body of the LP flare tip
undergoes thermal stress due to the flame being drawn
into the flare tip.

8.008+02
7750402

Fig. 2 Temperature profile in the gas seal wind shield area
in LP flare.

Fig. 3 Experimental observations of industrial LP flare tip.

Conclusions

In this research, CFD simulation of gas refinery LP
flare was carried out on an industrial scale and in
operational conditions. In the performed simulations,
the effect of all related transfer phenomena including
(momentum transfer, heat, mass, radiation, turbulence
and chemical reactions) as well as environmental
conditions including steam injection to the combustion
area and wind speed have been considered. The results
ofthe CFD simulation including the temperature profile
(flame shape) and the velocity of the combustion gases
in the LP flare in operational conditions show that due
to the high temperature in the center of the flame and
the decrease in the density of the combustion gases,
also due to the injection steam is injected from the
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nozzles designed in the center of the flare tip and at
a very high speed of steam, the combustion products
are directed to the top of the flare tip at a very high
speed.The results of the developed computational
model show that the formation of the vortex due to the
difference in the high velocity of the injected steam
with the gas sent to the flare creates a very complex
hydrodynamics in the flare tip which leads to some
of the outside air being drawn into the flare tip. This
phenomenon causes a part of the flame to be formed in
the range of the gas seal to the perforated plate, which
ultimately leads to an increase in the temperature of
the flare tip body (800 K).The results of the simulation
regarding the return of the flame inside the flare tip are
consistent with the experimental observations in the
industrial unit. so that the internal body of the LP flare
tip undergoes thermal stress due to the flame being
drawn into the flare tip.
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