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Chapter

Numerical and Experimental
Analysis of Thermochemical
Treatment for the Liquetaction of
Lemon Bagasse in a Jacketed Vessel

Brenno S. Leite, Daniel ].O. Ferrveira, Sibele A.F. Leite
and Vanessa F.C. Lins

Abstract

In this work, it was investigated the time evolution of thermal profile inside a
liquefaction vessel and how the temperature and time of reaction influenced lique-
faction yield. Liquefaction was performed in two different ways: (1) Experimental
Analysis; (2) Numerical 3-D model, using Computational Fluid Dynamics (CFD).
Liquefaction was performed using lemon bagasse samples, glycerol and sulphuric
acid, as catalyst. Temperature and liquefaction Yield (LY) were measured for dif-
ferent time of reaction (30, 60 and 90 minutes). From experimental data, LY were
higher than 70 wt% for 90 minutes reaction. The increase in the temperature inside
the reactor occurred due to the conduction and natural convection phenomena.
Although the jacketed vessel was fed with steam at 125°C, working conditions
allowed the heating of the mixture to less than 100°C. CFD thermal profile was
in accordance with experimental data. They showed it was necessary 60 minutes
to achieve a steady state of heating in the mixture inside this liquefaction vessel.
From CFD transient simulations, it was observed some oscillations and detachment
from experimental data, which may be due to changes in fluids properties along the
process. Despite this consideration CFD could satisfactory analyse heat transfer in
this liquefaction process.

Keywords: biomass, polyol, CFD, liquefaction yield, glycerol

1. Introduction

The use of biomass and agricultural waste as an alternative to fossil products has
been widely investigated in the last decades. Several processes have been developed
to provide more efficient use of those renewable sources and generate the so-called
“green products”, with properties and performance comparable to petroleum
derivative products [1]. Polyol is one of these potential green products, since it is an
essential polymer in the polyurethane compounds industry. It may produce foams,
elastomers, inks, paints and others, which are currently obtained from petroleum
derivatives.
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A “green polyol” can be obtained from biomass liquefaction process [2]. This
process consists of the endothermic reaction between biomass, solvent and catalytic
agent, followed by an exothermic recombination of molecules, during a specific
time interval. Biomass liquefaction is usually carried out in a jacketed reactor, that
can be a stirred tank or a single vessel, without mechanical stirring [3].

The liquefaction yield depends on the technology used to modify the structure
of the lignocellulosic biomass and the raw material. Because of the importance of
the temperature on liquefaction process, some works performed an investigation
of liquefaction yield and polyol properties as a function of temperature and time
reaction [2, 4-6].

According to earlier literature, a wide range of temperature have been used on
liquefaction processes. Dimitriadis and Bezergianni [7] reported a temperature
range between 200-450°C (473.15-723.15 K) for the hydrothermal liquefac-
tion, which varied according to the solvent, the biomass and the process used.
Rafiqul [8] set autoclave temperature around 350-450°C (623.15-723.15 K) to
perform co-liquefaction of bituminous coal with bagasse. To liquefy rice straw,
using glycerol as solvent, Cao [9] used autoclave, with thermopar probes, set
in the temperature between 220-300°C (493.15-573.15 K). Ye [2] evaluated the
liquefaction process, of bamboo shoot with two types of glycerol, using heat and
stirring. In this study, temperature varied around 110-150°C (383.15-423.15 K)
with the best liquefaction yield at 150°C. Also, there was no significant difference
on liquefaction yield, after 80 minutes of reaction (2). Li [10] investigated the
liquefaction of wheat straw using alcohol/water mixed solvent. They observed
better results for liquefaction yield at 270°C (543.15 K), using a residence time
lower than 120 minutes.

Despite the significant importance of the temperature and time on the liquefac-
tion process, it is still necessary to set a method to help researches choose these
operational parameters. As shown in this review, it has been seen considerable
variation among temperatures values and its range. Therefore, a suitable analysis of
the heat transfer would be an interesting tool for industrial and academic applica-
tions to understand temperature and time reaction, in the liquefaction process.

Hence, in this work, the time evolution of thermal profile inside the liquefaction
vessel and how temperature and time of reaction influenced liquefaction yield were
investigated. Based on the above considerations, the analysis of liquefaction was
performed in two different ways:

1. Experimental Analysis: the liquefaction of lemon bagasse with crude glycerol,
to produce polyol, was conducted in a heated jacket reactor, supplied by steam,
at constant values of temperature and pressure.

2. Numerical 3-D model: Computational Fluid Dynamics (CFD) was used con-
sidering two computational domains. The first domain considered the fluid
flow of superheated steam inside the heated jacket at steady state flow rate.
The second domain represented natural convection of glycerol and lemon
bagasse mixture (polyol) considering transient fluid motion.

The experimental and numerical results were compared in order to validate the
CFD simulation. It is expected that the simulation could be a helpful tool to evalu-
ate velocity and temperature profiles for transient and steady state operations in
further liquefaction experiments, despite geometries and scales used. In this way, it
may guide researches choose temperatures and time reaction, in order to have better
liquefaction yield with lower energy consumption.
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2. Materials and methods
2.1 Materials

Lemon bagasse samples were collected between May and October of 2016 in
the southeast region of Brazil (19° 53" 12" - S; 44° 25’ 56" - W). The samples were
dried at 105°C using an oven-dry, until a constant weight was achieved. Then, the
biomass was cut in a knife mill to get fibbers of 0.5 mm length. The crude glycerol,
used as liquefaction solvent, was kindly provided by Petrobras (Usina Darcy
Ribeiro - Montes Claros - MG, Brazil). Sulphuric acid (Synth) was used as catalyst
for this reaction.

2.2 Experimental analysis

The experiments were performed in a jacket vessel. The reactor was supplied
with a mixture of lemon bagasse (biomass), crude glycerol (solvent) and a sulphuric
acid solution (95 wt%), as catalyst [11]. The steam used to feed the reactor was pro-
duced in an autoclave (water steam at 125°C - 398.15 K). The reaction was performed
using three length of time: 30, 60 and 90 minutes. The experimental parameters:
temperature, pressure, time and catalyst, have significant impact on the liquefaction
process [5, 12]. Hence, in the present work, length of time reaction was investigated
for three different solvent/biomass ratio. The solvent/biomass ratio conditions and
their respective obtained Polyol are shown in Table 1.

From the reaction, it was produced a mixture of polyol and residues. Each
resulting mixture was filtered to separate the two components: polyol and solid
residues. The solid residues were dehydrated at 75°C (348.15 K), for 72 hours, to
calculate the liquefaction yield (LY), obtained in weight percentage (wt%) as
shown in Eq. (1) [8, 12]:

ey

LY = Biomass w.elght - Reéldue weight 100
Biomass weight

Where the biomass weight is the lemon bagasse weight (g) and the residue
weight is the insoluble lemon weight, after the liquefaction process (g). The higher
the LY, the higher is the polyol production.

2.3 Analysis of heat transfer
The temperatures in the centre of liquefaction vessel were recorded by a ther-

mopar probe Digital Thermometer model K-type-1-channel brand Thermocouple
Thermometer. It was done for 90 minutes, in time intervals of 5 minutes,

Variables Mixture para obtengio do poliol
Polyol 1 Polyol 2 Polyol 3
Ratio solvent/biomass (wt%) 2:1 3.5:1 51
Lemon Bagasse (g) 115.00 78.00 58.00
Glycerol (g) 230.00 273.00 290.00
Suphuric Acid (g) 7.00 7.00 7.00
Table 1.

Liquefaction variables used to obtain the polyols.
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considering the three solvent/biomass ratios presented (Polyol 1, 2 and 3).
Temperature probes were located inside the reactor: one at the centre of the axis and
another at the centre of the bottom. Data obtained was used to compare with CFD
results.

The temperature data collections were performed at intervals of the At =5
minutes, considering the initial temperature Ti = 25°C (298.15 K). Temperature
variations (AT) and final temperature (Tf) were measured for each experimental
run according to their respective intervals of time (0-30 minutes, 30-60 minutes,
60-90 minutes).

2.4 Reactor configurations

The jacketed reactor used in the present work is made of stainless steel and its
geometry is showed in Figure 1.

The dimensions presented in Figure 1 are: (a) jacket internal radius: 56,5 mm,
(b) jacket external radius: 76,5 mm, (c) diameter of the input and output for
steam in the jacketed: 20,0 mm, (d) thickness of the heat transfer surface:

2,0 mm, (e) total height of the reactor: 220 mm, (f) internal height of the reactor:
200 mm and (g) diameter of the steam input: 25,4 mm.

2.5 Numerical 3-D CFD model from

The Computational Fluid Dynamics (CFD) is a numerical technique used to
solve fluid flow problems described by transport equations for mass, energy and
momentum conservations employing the Finite Volume Methods (FVM) in three
dimensional geometries. In the present CFD simulations, it was assumed that the
internal shell thickness, between the steam and polyol domains, is negligible com-
pared to dimensions of the heated jacket and liquefaction. The thermal resistance of
the liquefaction vessel shell can be assumed negligible due to its high conductivity
of the stainless steel compared to steam and glycerol mixture. It was also assumed
constant temperature at the top surface of the vessel in the polyol domain and
external adiabatic walls in the jacket domain. Each case was composed by two dif-
ferent simulations:

i.a steady state analysis for steam at 125°C flow passing through the jacket
domain;

ii. a transient analysis of the natural convection of the polyol mixture inside
the reactor vessel domain, heated by external walls which heat transfer is
function of the wall heat transfer coefficient imported from jacket domain
results.

The geometry of the reactor domain must fit perfectly inside the internal
cylindrical hole of the jacket domain. Therefore, the reactor domain and the
internal cylinder of the heat jacket have 200 mm height and 113 mm diameter. The
computational mesh used for the liquefaction vessel domain for jacket domain
were composed by 2,504,216 structured cells and 1,0763,346 non-structured cells,
respectively.

Since it was not expected that temperature variations inside liquefaction vessel can
perturb the thermal profile of the jacket domain, it was assumed one-way “communi-
cation” between the two computational domains. The results from jacket domain were
used as boundary condition of wall heat transfer coefficient for polyol domain simula-
tions. In the jacket domain the fluid employed was Water Vapor at 100 °C, available

4
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Figure 1.
The reactor model: (a) Jacketed veactor; (b) the geometry of veactor (values expressed in mm), red arrows
represent water vapor flux.

Domain jacket Domain reactor
Fluid Water vapor Fluids Polyol1;2and 3
at100°C
Simul. type Steady state Simul. type Transient 90 min
time-step: 0.1s
max. iter. per t-s: 40
convergence per t-s: 10-4
Turbulence SST (5%) Turbulence Laminar, SST (5 %)
Heat transfer Thermal Heat transfer Thermal energy
energy
Buoyancy g [m/s?] = (0.00; -9.81; 0.00)
Boundary conditions Boundary conditions
Inlet 0.01 kg/s; External Imported wall heat transfer coeff. profile with
125°C wall ext. 125°C
Outlet 0.01kg/s bottom walls
Internal walls Fixed temp. upper wall Fixed temp. 25°C
25°C
External walls Adiabatic Initial temp. 25°C
Fluid physical properties
Parameter Glycerol Lemon Polyol 1 Polyol 2 Polyol 3
Bagasse
p [kg/m3] 1260.0 1300.0 1273.2 1268.8 1266.8
v [kg/(m.s)] 1.4800 1.5000 1.4866 1.4866 1.4866
k! [W/m.K] 0.29 0.061 0.2102 0.2352 0.2465
cp2 [J/kg.K] 2428.0 2825.52 2559.2 25155 2495.6
[13].
’[14].
Table 2.

Physical properties, configurations, simulation parameters and boundary conditions employed in the
superheated steam flow and natural convection simulations of jacket and polyol domains.

in the library of Ansys CFX software. In order to analyse the heat transfer inside the
reaction vessel, it was assumed ideal mixture of glycerol and lemon bagasse for the
following physical properties: density, viscosity, thermal conductivity and specific
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heat capacity. The transient natural convection simulation for biomass liquefaction
used single-phase fluids.

The physical properties were estimated by data for the three solvent/biomass
rates: 2:1, 3.5:1, 5:1, whose cases are denominated Polyol 1, Polyol 2 and Polyol
3, respectively. In the reactor domain, the flow was assumed laminar due to the
motion of the glycerol mixture (promoted by natural convection), which is char-
acterized by low values of Ra and Nu inside the liquefaction vessel. In the jacket
domain, it was considered turbulent flow represented by the SST (Shear Stress
Transport) model. It isa RANS (Reynolds Averaged Navier Stokes) model that
considers isotropic velocities fluctuations in the fluid flow. Despite of the low
Re values, which is an evidence of laminar flow, it was expected the formation
of three dimensional natural convection cells that evaluates in time, which are
characteristic of turbulent flows. Therefore, for the polyol domain simulations, it
was performed two runs of CFD simulations for each case, considering laminar and
turbulent (SST model) flow, respectively. The simulation time was 90 minutes with
time-step of 0.1 seconds and 40 iterations for each time-step. The fluid physical
properties such as specific mass (p), cinematic viscosity (v), thermal conductivity
(k) and calorific capacity (c,) were obtained considering the ideal mixture for its
components (glycerol and lemon bagasse properties). The boundary conditions
used in the simulations of the jacket and polyol domains are showed in Table 2.

3. Results and discussion
3.1Liquefaction yield (LY) and analysis of heat transfer

The experimental results obtained from the three solvent/biomass (s/b) mass
ratios are shown in Table 3. The experiments started at 25°C and the lateral and the
bottom of the reactor walls were at 125°C (due to the vapor steam in the heated jacket).
The temperature variation AT, in Table 3, expresses the average heating rate, for 30
minutes time interval, from time 0(zero) until 90 minutes, for each experiment.

According to data in Table 3, the liquefaction yields were influenced by the time of
reaction, which is coherent with previous works about other types of biomass [5, 15].
It was observed yields higher than 70 wt% in the three solvent/biomass ratios, for 90
minutes reaction, which are satisfactory results compared to experimental results in
literature data [12, 16-18].

Although the highest heating rate (AT) was observed in the first 30 minutes
(58.6 + 1.38°C) and followed by the 30-60 minutes interval (9.6 + 1.83°C), 90
minutes reaction was important to guarantee biomass conversion. It was observed
a decrease of the solid residue with time reaction due to the gradual conversion of
solid matters into polyol (reduction of 57.91 to 44.46 to 13.48 wt%).

The largest temperature variation occurred in the first 30 minutes due to the
high initial gradient temperature between the vessel wall (125.15°C att = 0 s) and
the bulk mixture (25.15 K at t = 0 s). Therefore, at the beginning of liquefaction, it
was expected the higher heat transfer rate.

It was also observed that, the higher the amount of glycerol, faster it achieves
the final temperature. This behaviour was coherent since the greater the mass of
glycerol used (liquid fraction), the higher the thermal conductivity of the mixture
(k) and higher the heat transfer rate [19].

Since the steam employed in the liquefaction comes from an autoclave, it was
observed a continuous rising of the solution temperature, until it reaches a thermal
steady state equilibrium. However, the exchange of thermal energy was limited by
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Sample Time (min) Temperature (K) LY (wt%) AT (°C)
Polyol 1 30 356.95 48.63 58.40
60 366.55 4041 9.60
90 369.25 86.52 2.70
Polyol 2 30 357.25 42.09 58.60
60 367.65 55.54 10.40
90 369.15 7762 1.50
Polyol 3 30 360.85 34.27 61.60
60 36775 65.79 6.90
90 370.95 88.37 3.20
30 361.45 — 62.80
Glycerol 60 367.05 — 5.60
90 369.15 — 2.10
Table 3.

Experimental vesults for liquefaction yield (LY) and heating rate (AT), according to time veaction and
temperatures measuved at the vessel.

the heat transfer surface and the combination of the internal thermal resistances,
which can be observed through polyol temperature that does not exceed 100°C, due
to the physical characteristic of solvent and mixture. This behaviour is coherent
with observations of Choi and Mills [20], which showed that apart from the thermal
resistance, the tendency of temperature stabilization and its delay may be due to
supply energy to promote the endothermic liquefaction reaction.

The knowledge about the evolution of the temperature distribution along the
time inside the reactor can be used to estimate the amount of the energy required
for the process. The analysis of heat transfer from jacket into the reaction vessel is
shown in the following section.

3.2 Computational Fluid Dynamics (CFD) analysis

Despite the superheated vapor flows inside the heated jacket was a steady state
simulation, the thermal profiles of polyol mixture were obtained from transient
simulation. Therefore, the wall heat flux obtained from jacket domain was used as
boundary conditions for polyol domain transient simulations. Figure 2 shows the
simulated results for wall heat flux of jacket domain considering internal surface
temperature at 25°C.

According to the profiles presented in Figure 2, the wall heat flux from
heated jacket domain to reactor vessel domain was not uniform or symmetrical
and it was necessary to simulate three-dimensional profiles of fluid velocities
and temperature inside the reaction vessel. It was expected that the liquefaction
process is affected by temperature, since most of the cases of biomass conver-
sion is well defined by Arrhenius equation [21]. Hence, the evolution in time of
the thermal profile behaviour should be related with the evolution in time of the
liquefaction yield inside the reaction vessel. However, it worth mentioning that
the heated jacket simulation was steady state and the thermal profile in the reactor
vessel domain is representative for 90 minutes of operation obtained in a transient
simulation. According to the obtained results showed below, this is time enough to
the system achieves a natural convection behaviour, able to present a symmetrical
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Figure 2.
Wall heat flux profile (W m™) in the internal surface of the jacket domain visualized by the opposite sides in a
semi-isometric view.

profile and significant contribution of conduction mechanism rather than convec-
tion in the net heat transfer.

Additionally, in the boundary conditions specifications, it was imported the
profile for heat transfer coefficient with external temperature of 125°C. When
the temperature near the walls achieves higher values next to 125°C, the effect
of the heat flux profile as boundary condition becomes less influent than the
specification of fixed temperature and the temperature profile tends to become
uniform. Since the temperature gradient drives the heat transfer, it was expected
higher heat transfer rates at the beginning of the process, enhanced by convection
of momentum and energy, followed by a soft decreasing of its contribution until
to establish the temperature profile as the temperature gradient also decreases.
Therefore, the heat flux was more influent in the initial time-steps due to the high
values of temperature gradient. Figure 3 presents the evolution of temperature
profile inside the liquefaction vessel. It can be seen that the temperature profile
becomes stable between 45 and 60 min of heating, considering the reaction vessel
without mechanical agitation and the mixtures Polyol 1, 2 and 3. These results are in
accordance with those results from experimental analysis, present in Table 3.

According to the temperature profiles of Figure 3, there was a tendency for
occurrence of a natural convection structure after 20 minutes of heating. It also can
be observed that high temperatures appear first in the superior part and there was a
slow heating from above to below. However, there was a centreline at the vessel axis
where the temperatures remain significantly lower than in rest of the domain, due
to the downward stream produced by the natural convection cell. After the natural
convection structure has been established, it was possible to see that there were two
heat fluxes inside the liquefaction vessel. The first was the main (primary) flux with
vertical rising streams next to the walls and a descendant stream passing by the
reactor axis. The secondary flux, slower than main flux, transports heat predomi-
nantly by conduction from the top to the bottom and from axis to walls in radial
direction.

The thermal profile for a vertical plane in the two computational domains, vessel
and jacket, can be visualized in Figure 4. It considered the simulation of Polyol
1, where the thermal profile shown represents the results for steady state jacket
domain and for reactor vessel domain at the final time-step (90 min). A simplified
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Figure 3.
Time evolution of thermal profile in vertical plane for the glycerol mixture inside the liquefaction vessel.

scheme with the two main heat fluxes, represented by continuous and dashed lines,
after the formation of natural heat convection cell is also presented in Figure 4.
Despite of the non-uniform profile of wall heat transfer coefficient showed in
Figure 2, the temperature profile inside liquefaction vessel looked like symmetrical
after natural convection has been formed, according to Figures 3 and 4. This indi-
cates that, after few minutes of heating, the temperature inside liquefaction vessel
becomes more affected by flow pattern than by heat transfer from heated walls.
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Figure 4.

Thermal profile in vertical plane for the two simulated domains showed simultaneously and the simplified
scheme of the primary (continuous) and secondary (dashed) heat fluxes inside reaction vessel after the
formation of natural convection cell.

However, it is hard for the hybrid (upwind/central difference) discretization
scheme to represent a not imposed symmetry (zero derivative) in the central axis
for velocity and temperature [22]. Hence, CFD solver results can presents transient
and local instabilities. Therefore, it was expected that the eddy structure of falling
cold flow in the axis domain oscillates significantly when the natural convection cell
was formed. Since the liquefaction is influenced by temperature, it is convenient
to evaluate the evolution of the temperature over the time. Considering that heat
transfer occurs through out the walls, it can be expected the lowest temperatures at
the centre of reactor vessel axis (0.0, 0.2, 0.0 m), this point was the chosen one to
analyse the heating of the polyol mixture.

Despite of the low velocities and high viscosity for the mixture biomass with
solvent, the transient temperature values assuming laminar flow at the centre of
domain present large oscillation over the time. Using a RANS turbulence model, the
vector and scalar variables obtained from CFD simulations could be expressed by a
time average according to Reynolds average definitions for velocity components u;

(Eq. (2)) and T (Eq. (3)):

1 At
o =U =1, =— [u, (t)dt 2
ul,turb i ul At _([ul( ) ( )
_ 1 At
T ., =T=—|T(t)dt 3
turb At () ( )

Because every value calculated under the turbulent RANS is time averaged,
results from models, such as standard k-¢ or SST, should present less oscillation
than those observed from laminar regime [22]. However, to compare the simulated
results with experimental data, those oscillations are still large and should be
attenuated. In order to represent the simulated results with less variation, it was
employed a moving average in the simulated temperatures (Eq. (4)).

1 j+2

Tmovave,j - 5 ZTturb,j (4)

-2
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Where the subscript j refers to a specific time-step and each Ty,oy avej is the aver-
age temperature value of the five values around of the its determinate time j. The
comparison between the experimental data and simulated results, expressed by the
moving average temperatures, is presented in Figure 5.

According to samples Polyol 1 and 2, there are two different periods of time to
be analysed: before 25 minutes and after 25 minutes of heating. In the first period,
the experimental temperatures are lower than simulated results and in the second
period the experimental values are higher than simulation temperatures. However,
this behaviour, that presents two different periods, is not observed for Polyol 3
and the simulated results presented temperatures below the experimental data.
Polyol 3 behaves similar to crude glycerol, since it has higher solvent/biomass ratio
(Table 3).

Due to the liquefaction of solid biomass, the liquid mass increases. This transfor-
mation occurs mainly above 30 minutes. From this time, it can be observed that the
behaviour of Polyol 1 and 2, started being similar to Polyol 3 (and crude glycerol).
Although the polyols have higher density and viscosity compared to crude glycerol
[23], the heat changes the fluid properties, which may favour the heat transfer by
conduction and natural convection.

Changes in the fluid properties may also be the main reason of the difference
between experimental results and CFD simulation, since the model used did not
consider dynamic density and viscosity values.

At last, from Figure 5, it can be observed the tendency of a flat plateau forma-
tion. It has a little variation in temperature between 60 and 90 minutes of heating,
which may be an evidence of the stabilization of the system or a period that all
supplied energy is consumed to promote the endothermic liquefaction reaction.

In a nutshell, CFD simulations is suitable to represent the experimental data.
Although it overestimates the temperatures before 25 minutes of heating for the
Polyol 1 and Polyol 2 and underestimates it after 25 minutes of operation, the

378 1
358 -
2
g
-
5338 ——Polyoll mov ave
-
€ A Polyoll exp
P
Polyol2 mov ave
O Polyol2 exp
318
Polyol3 mov ave
O Polyol3 exp
298 = T ‘ T ; : ‘
0 15 30 45 60 75 90
Time (min)
Figure 5.

Evolution in time of temperature: comparison between experimental data (exp) and simulation vesults treated
by moving average (mov ave), for the samples Polyol 1, 2 and 3.
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simulation underestimates the temperatures inside the reaction vessel for Polyol 3
during all the time of experiment. It is worth mentioning that several endothermic
and exothermic reactions occur during the experiments but the CFD simulations
does not consider any chemical reaction neither changes in fluids properties.

4. Conclusion

From the CFD thermal profile, in vertical plane, it was necessary 60 minutes to
achieve a steady state of heating in the mixture inside this liquefaction vessel. The
model is accordance with experimental data, which shows the heating hate (AT)
was significant lower in the last stage (60 to 90 minutes). Although, the highest AT
was observed in the first steps, the 90 minutes reaction was important to guarantee
biomass conversion into polyols (LY greater than 77 wt%).

The increase in the temperature of the mixture inside the reactor occurred due
to the conduction and natural convection phenomena. These phenomena of heat
transfer were favoured by the modification in the proprieties of the fluids, due to
the heating of them and due to the reduction of the biomass and formation of the
polyol. However, from the experimental data and CFD simulation it was observed
that mixture temperature did not exceeded 100°C. The temperature inside the reac-
tor was limited to the thermal conductivity of the system and its reagents.

In conclusion, Computational Fluid Dynamics transient simulations, even
presenting some oscillations, can be a satisfactory way to analyse heat transfer in
liquefaction process, using crude glycerol as solvent.
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