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Abstract: An oven is a element that performs a heat transfer of a product (fuel) to another (load). The heat
source 1s the energy released by the controlled combustion of a fuel the combustion products are in gaseous
phase they are therefore, called flue gases. In the furnace, it called a coil step 1s a fixed flow circuit pipe through
which the process fluid passes and is heated. Recognizing the importance of the industry in oil refining pattern
recognition furnace which 1s directly involved in the preparation of the oil extracted for the start of the
distillation process 1s necessary. In this working model, simulation and control of an industrial furnace typically
used for heating o1, taking into account balances and thermodynamic relationships occurs. The most important
result, estimation of functional variables and transfer function corresponding to the dynamics of the oven, the
design of PID controller for temperature and system simulation Lao open and closed loop is performed.
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INTRODUTION

A fumace 18 used to mcrease the temperature of a
fluid i the o1l refining process this equipment performs
calo transfer from the flame radiation to the substance and
the energy is distributed between increasing
temperature and changing the phase (vaporize), usually,
greater energy to vaporize the temperature increase
(Mullinger and Jenkins, 2013; Gu e al., 2014). The heat
released gas becomes heat absorbed in the radiant
section, heat abscorbed m the convection zone, more
losses (Waheed et al, 2014). To prevent loss of heat
through the walls mnto the atmosphere, the furnace wall 1s
a refractory material. Although the msulation still has
losses ranging between 2 and 3% (Kansha et al., 2012,
Benali et ai., 2012).

For proper operation the oven has several elements
as shown in the Fig. 1, among these are the burners,
responsible for mtroducing air and fuel, the coils
formed by tubes, the radiation zone where combustion
takes place, the convection zone which recovers
additional energy which controls the damper out of
the oven and a duct outlet gases to the atmosphere
(De Oliveira Filho ef af., 2009; Ochoa-Estopier et al.,
2014). In normal operation the performance of a
affected by imbalances heat flux (the
amount of heat transferred from the heating area) in
steps that affect the runtime of the team as they
accelerate the formation of coke (carbon layer formed
on the inside) wall also induce high temperatures

furnace 1s

Radiation section

[ | Burners

Fig. 1: Crude oil preheating furnace
which reduces the capacity by which closes the
tube to prevent rupture (Xing et al., 2013; Luo et af,,
2013).

Due to the interaction of variables there is a
significant reduction i efficiency that 13 why the
implementation of a system of controls to increase
efficiency, maintain stable operation, extending the
operating time of the unit increasing the total charge is
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required prolong the life of the tubes and improve plant
profitability by maximizing heat transfer (Luo et al., 2013;
Al Omari and Abu-Tdayil, 2013).

Some of the related work in the area of modeling and
simulation is presented by Chaibakhsh et al. (2015) where
develop an accurate mathematical model in order to
describe the thermal behavior of a crude preheat fumace
main outcome have a real time simulation in MATLAB
where performance is analyzed at different operating
conditions. By Bhourase et al (2014) developing a
modular control system for o1l temperature furnace feed 1s
presented by a PLC and the main result PI controller for
temperature variable designs which promotes perfect
combustion consistency pumping oil.

Regarding the implementation of fuzzy control, this
(Chaibakhsh et al., 2012) wherein the mathematical model
and the design of a temperature control system for
industrial preheating oven develops. The main result of
the simulation system 1s performed with a fuzzy controller
maintaining the temperature at 360°C, proving the
robustness of the system in response to various
disturbances. Based on the above in this research the
model and simulation of a preheating furnace oil used n
the oil refiming process in order to design a temperature
control that meets the same conditions and needs 1s done
of the system.

MATERIALS AND METHODS

The oven has considered two cases of fire as in
Fig. 2, 20 bottom burners mounted which provides the
necessary heat to each section. Reaching a temperature of
360°C with a flow of 530 ton/h and an inlet pressure of
16.32 bar. All features are patterned oven in Table 1. The
crude oil 1s first heated by the exhaust gases which heat
to mcrease thermal efficiency and then sent to the main
sections of the firebox (Singh and Maji, 2012). Oven for
modeling thermodynamic equations and laws apply

respective balance, taking into account the flow
properties (Chaibakhsh et al., 2012):
d S, b i (1)
7[p'M'V+ma'cp'Ta:| = Q+minhin _mauthuut

dt

Equation 1 shows the overall energy balance for the
fumace:
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Equation 2 se obtiene consider and obtained
considering that p = h-p.V applied to Eq. 1:

Table 1 Reference values for the model of oil preheating firnace

Parameter (unit) Symbols Values
Process fluid flow rate (kg/sec) M, 73.6
Process fluid inlet temperature (°C) Ty, 233
Process fluid outlet temperature (°C) Tou 370
Process thiid inlet pressure (bar) P 16.32
Process fluid inlet pressure (bar) P 3.22
Combustion air pressure (bar) Pu 1.01
Estimated fuel gas flow rate (kg/sec) Thgie 0.895
Estimated combustion air flow rate (kg/sec) gy 16.46
Fuel gas lower heating value (MI/kg) LHV 47.1
Efficiency of LHV - T6%
Metal temperature (°C) T, 424
Efficient process volume (m?) v 4.28
Process fluid density (kg/m®) o 847
J /.,LStack
l» Steam
|-Process flow in
I
Process flow out =y
— BUNerS —
Fig. 2: Preheating furnace diagram crude
T,  d o 3
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Pressure changes occur by varying the furnace load,
so, 1t 1s considered that C, = h/GTp and dh/dt = (¢h/5T)
(dT/dt), obtaimng Eq. 3. In steady state conditions the
metal temperature 1s near the temperature of the process,
so, 1t can be neglected m Eq. 3:

dT

out

dt pv

in

Qmm (T, T )} 4

Model parameters taken at steady state, applied to
Eq. 4 to calculate the heat released by the combustion
process:

C.H, +«({a+2j(o2 +3.76N, ) — aCO, +
4 (5)

b H,0+dN, +e0, +INO_+gCOH....
2
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The combustion process is modeled based on the
chemical reaction. A balanced ratio for any fuel system
reaction with air can be represented by Eq. 5:

AhR - hprad _hrea:t (6)

AR| | Maa Japr o — L AR ()
kgMIX mfuel +m air é +1
F

By defining the enthalpy Eq. 6 as the heat released as
a unit by mass, it can be represented by HEq. 7:

Q:nmm th,  AhR ACL -nprSS(Pm-PpM) (®)

Changes in the pressure in the furnace may be
considered in the combuston model considering
proposed by Chaibakhsh et al (2007). As such AHR
Eq. 8 where is the lower calorific value of the fuel is raised,
A/F is the mass fraction of fuel and air n_, and n _ are
the coefficients of thermal efficiency and fumnace
pressure, respectively.

Due to load changes or variations in fuel pressure
gas fumace heat zomes can be changed which has
significant effects on the temperature output currents. By
increasing the height of the flame, the temperature of the
streams at the bottom decreases substantially and flows
up overheated. So, it 13 necessary to consider the
variation of the height of the flame in the fumace
model:

H, =0.23507°-1.02D (9)

The height of the burmner flame can be estimated
using Eq. 9 which was represented by Heskestad (1995)
where, H; is the flame height (m), Q is the flow heat release
(kW) and D 1s the diameter of the flame. Here, we consider
the height of the flame and the nominal size are 3.06 and
1m, respectively:

Nype = 1+?L[ HHf —IJ up side

notainal (1 0)
Ny = 1+7L[ HE —lj bottom side

nominal

Also, consider the empirical function on the
absorption efficiency with respect to the flame height
which corresponds by location as shown m Eq. 10 where
A and « parameters have a value of 0.61 and 1.012,
respectively, taken according to, the characteristics of the
overl

p V°
p 2

=K =constant (1

Tn order to take into account, the pressure drop in the
process, caused by load changes, the Bernoulli equation
1s used, leaving aside the effects of friction losses and
height differences Eq. 11 is obtained:

(P.-P..) 12)
p

The flow rate of each stream is adjusted by control
valves. The mass flow rate (kg/sec) of hiquid through the
valve control is related to the pressure drop (Pa) through
a fully open valve as shown at 12. Where, C, = 0.4679, the
coefficient valve. Through this process an approximate
linear model 1s obtained in which the fuel flow to the
burners 1s the mput u (t) and the temperature of the crude
oil at the furnace exit is the output y (t). The main
disturbances are changes in the composition, quality and
calorific value of the fuel, incomplete combustion burner,
etc. Its effects have been modeled as unmeasured
disturbances:

G,(s)= = L e-T,s  (13)

(1+TIDS)(1+TZDS)

As representing the dynamics of the system has the
transfer function shown in Eq. 13 generally with values
K, =3.66°C/% as static gain, T,; =351.2s and T, =12.1s
are the time constants and TO = 110s:

183
GD(S): e-lle (14)
1+£s 1+ﬁs *50
10 5

Substituting the values m the transfer function 1s
obtained by Eq. 14. To design the fumace temperature
control strategy arises PID:

u(t) :er(t)+Kth.e(t)dt+Kdﬂt) )

0
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Fig. 3: Block diagram of sunulation in MATLAB
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Fig. 4: Graphs of the controlled temperature vs. time

The PID controller requires 3 constants, the
proportional, derivative and integral to the design takes
into account the Eq. 15 Simulink tool of MATLAB
Software is used to tune suitable for the plant control
and Tt was simulated as shown in Fig. 3.
Figure 4 corresponds to controlled by the manipulated

variables

variable is the amount of fuel as shown stabilization time
with underdamped behavior corresponds to 800 sec to
reach the ideal o1l temperature chosen temperature which
18 370°C.

According to the control scheme, if o1l becomes
heavier and remains constant flow control by the process
control and temperature at the outlet of the furnace, gas
fuel demand starts to decrease to maintain the temperature
of equal to the output end of the test. The heavy cil at the
same temperature condition will vaporize less then the
energy that supplies the gas will be used mainly for
heating.

Once passed the first minutes of the test gas flow
decreases then the total mass of gas ascending through
the furmnace and the amount of heat released decreases 1s
reduced. The mass of gas 1s mixed with air. If low gas flow
temperature then low fire because the heat generated
will be absorbed by the radiant zone and convection
zone.

CONCLUSION

Using a traditional controller as PID offers an
excellent alternative because it meets the needs of the
system and to the majority of distwbances, respond
effectively but if you want to consider a wider range of
robust range could implement strategies as the MPC. The
benefits achieved by implementing the PID controller

which allows the plant to operate stably and safely and
reduce variability associated with a variable interaction to
operate consisterntly.

The fuel flow measurement is the most direct
indication of burning exercise this measure together with
the load flow and outlet temperature of the process fluid,
constitute  the to vernfy the
performance of the furnace and shows that the PID
controller maintained stability ensured and the maximum

basic measurements

utilization of the potential load.
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