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Abstract: This study describes the adaptation of an experimental installing in the boiler
area of Moa University, intended to study of Cuban crude CM 650. Incorporation a heat
exchanger is fundamental to raise the crude temperature and reduce its viscosity, which
allows a more detailed analysis of its behavior at different temperature. The design of
heat exchanger is based on the LMTD, showing a convective heat transfer coefficient of
1524 W/m2°C and a heat transfer of -215 W, the negative rate indicates that heat flows
from cold fluid to hot fluid, which is typical in heat exchangers. Finite Element methods
are used to determine fluid conditions, including heat flow, density and velocity analysis.
The results show remarkable maximum values: a heat flux of 1023.57 °C, a density of
825.81 kg/m3 and a velocity of 2260.20 m/s.

Keywords: heat exchange, Cuban oil, fuel transport

Resumen: Se describié la adaptacion de la instalacion experimental en el area de la
caldera de la Universidad de Moa, destinada al estudio del crudo cubano CM 650. La
incorporacion de un intercambiador de calor es fundamental para elevar la temperatura
del crudo y reducir su viscosidad, lo que permite un analisis mas detallado de su
comportamiento a diferentes temperaturas. El disefio del intercambiador de calor se
basa en el método de la diferencia de temperatura media logaritmica, revelando un

coeficiente de transferencia de calor por conveccion de 1524 W/m?2°C y una transferencia
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de calor de -215 W, la tasa negativa indica que el calor fluye del fluido frio al fluido
caliente, lo que es tipico en los intercambiadores de calor. Los métodos de Elementos
Finitos se utilizan para determinar las condiciones del fluido, incluyendo analisis del flujo
térmico, densidad y velocidad. Los resultados muestran valores maximos notables: un
flujo térmico de 1023,57 °C, una densidad de 825,81 kg/m3 y una velocidad de 2260,20

m/s.

Palabras claves: intercambio de calor, petréleo cubano, transporte de combustible

Introduction

Fuel transportation is an essential issue for the industries operations (Garcia Mufioz &
Vargas-Galvis, 2017; Gilbert et al., 2016; Laurencio et al., 2022; Rodriguez & Rosabal,
2023). The use of piping systems is widely recognized, due to their economic and
environmental efficiency (Garcia & Haoulo, 2009; Quintero, Villamizar & Fonseca, 2014;
Meléndez-Pertuz et al., 2017), but the Cuban crude oil faces unique challenges due to
its high viscosity and non-Newtonian behavior. The Cuban fuel CM-650, formulated from
the high viscosity Cuban oil mixtures, provides low fluidity and unique characteristics,
such as the low degree of API as well as the high content of aromatic hydrocarbons,
asphaltenes, sulphur and nitrogen, which require special techniques for their efficient

transportation and handling.

Moa’s University has focused on the adaptation of an experimental facility that is located
at the Fluid Mechanics Laboratory (Romero Gé et al., 2024). This paper objective is to
study the Cuban crude oil behavior during its transportation and to find out practical
solutions for the challenges that it faces. Although the present facility was not designed
specifically for this purpose, some alternatives have been considered, with the aim to
carry out some modifications, which may be a useful tool for a better comprehension of

the Cuban crude oil properties.

This paper describes the adaptation of the experimental facility at Moa’s University boiler

area, for the investigation on the Cuban crude oil CM 650.
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Materials and methods
Characteristics of the crude oil CM 650

The samples of heavy crude oil of 119 API were studied. Nine levels of the velocity
gradient and five levels of temperatures were taken, for three replicas of each
experiment, from the temperature under environmental conditions up to the maximum
temperature as recommended for the pumping operations. The specifications of the

crude oil under study are shown in the Table 1 as follows:

Table 1. Specifications of the crude oil under study (Laurencio Alfonso et al., 2017)

N° Parameters u/m Value
1 Viscosity at 50 °C mm?2/s 650
2 Total sulphur (m/m) % 7,5
3 Inflammation temperature oC 34
4 Fluidity temperature oC 15
5 Conradson Carbon (m/m) % 14
6 Density at 15 °C g/cm?3 0,9924
7 Gravity at 15 °C OAPI 11
8 Net heat value kcal/kg 9100
9 Distillation water (v/v) % 2,0
10 Wastes for extraction (m/m) % 0,15
11 Ashes (m/m) % 0,1
12 Asphaltenes (m/m) % 18
13 Vanadium Ppm 150
14 Sodium Ppm 150
15 Alumina + silica Ppm 80

Laurencio Alfonso et al. (2017) ratifies that it is just a crude oil with high content of
sulphur and asphaltenes, so that it greatly influences on the behavior of the flow under

temperature variations, due to the structural change and the controlled particle size.
Methodology for the design of a heat exchanger

According to Incropera & DeWitt (1999) and Cengel (2007), the heat exchangers, as
shown in the Table 1, enable the heat exchange between two fluids with different
temperatures and avoid them to be mixed up among each other. According to the heat
exchanger analyses, it is convenient to work with a total heat transfer coefficient U,
which takes into consideration the contribution of all the effects on the transfer (Imbert-

Gonzalez, 2011; Satué et al., 2024).

The method LMTD (medium logarithmic temperature difference) is selected for the

design of a heat exchanger, because with the knowledge of the inlet and outlet
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temperatures, as well as the mass flow of the fluids, it is possible to determine the heat
transfer area (Kumar, Vijayaraghavan & Thakur, 2022; Bhattad et al., 2024).

The medium temperature may be determined by applying an energy balance for the
differential elements of the hot and cold fluids. The temperature medium logarithmic
difference for the case of the exchanger at counterflow, with the same inlet and outlet

temperatures, is determined according to Cengel (2007) as follows:

AT = Thent - Te,sal
ATz = Th,sal - Tc,ent

Where:

ATy AT,: temperature difference; (°C)
Th,ent: inlet temperature of the hot fluid, (°C)
Th,sal: outlet temperature of the hot fluid; (°C)
Teent: inlet temperature of the cold fluid; (°C)

Tesal: outlet temperature of the cold fluid, (°C)

It i s concluded that the suitable medium temperature difference, is the medium

logarithmic temperature where:

AT1 - ATZ
AT cr = — AT
In (A_Tz)

The correction factor depends on the geometric configuration of the exchanger, as well
as on the inlet and outlet temperatures of the currents of hot and cold fluids. For a
crossed and a Shell and pipe flow heat exchanger of multiple steps, the correction factor
is less than the unit. The limit value with the correction factor equal one, belongs to the
counterflow exchanger. So, the correction factor F for a heat exchanger, is an indication
of the deviation of the medium logarithmic temperature, regarding the corresponding
values for the case of counterflow. For the common configurations of the crossed and
shell and pipe heat exchangers, in function of the P and R rates between two

temperatures, it is calculated as follows:

_ta—tg T1—T,

T Tty Tty
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Where:
t1 y tz2: inlet and outlet temperatures of the pipe respectively; (°C)

T; y Ta: inlet and outlet temperatures of the shell respectively, (°C)

According to Cengel (2007) the value of P goes from 0 to 1. The value R, that goes from
0 to the infinity, belongs to the phase change (condensation and boiling) of the shell side
and to the phase change of the pipe wall. The Figure 1, represents the calculation of the
correction factor value according to the values that are obtained from P and R. For this
case, it was obtained taking into consideration that it is a shell as well as its several
steps through the pipes.

1.0 08_06.104 0.

R=40130120.1

Factor de correccion, F

i Hf\\\.,i_,,

S
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Figure 1. Correction factor (Cengel, 2007).

For the cross flow and multiple steps heat exchangers, it results convenient to relate the
equivalent temperature difference with the rate of the medium logarithmic temperature

difference for the case of the counterflow, which will be as follows:
AT = FAmi,cr

Where:
F: friction factor, (dimensionless)

Ami,cr: medium logarithmic temperature for the case of counterflow; (°C)

Heat transfer rates by convection

The heat transfer rate by convection represents the heat quantity that is transferred per
area unit and per unit of temperature difference between the fluid and the surface
(Incropera & DeWitt, 1999). It depends on factors such as viscosity, thermal

conductivity, surface area, mass flow, velocity and surface.
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A, =7D%,
=p-A- V
.
pPAc
Where:

p: fluid density; (kg/m?3)
A.: cross section area; (m?)
D: outside diameter; (m)
V: fluid velocity; (m/s)

The Reynolds’ number helps to determine the behavior of the flow in movement, in the
laminar flow with Re < 2300 or turbulent flow with Re = 4000 (Fox, Pritchard & McDonald,
2003).

Where:

R.: Reynolds’ number; (dimensionless)

U: Fluid velocity inside the pipes; (m/s),

d: Standardized diameter of the suction and discharge pipes a; (m)
p: Water density; (kg/m?3)

u: Dynamic viscosity; (Pa-s)

Prandt’s values and the thermal conductivity coefficient of the crude oil CM 650,

according to Laurencio (2012), is determined by the following equations:

0.856-T; + 1483  59.86 [8 16 - v17%07®

= 2—0.0556T;
ky

ko = (-0.13 - T; +149.1) - 103

Where:

P.: Prandt’s number; (adimensional)

kp: thermal conductivity coefficient of the oil and the ai; (W/m-°C)
Di: pipe inside diameter; (m)

Ti: inlet temperature; (°C)
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Nusselt’s number is an adimensional quantity that is used to characterized the efficiency
of the convective heat transfer in an object or system (Jouglard & Pérez, 2004). Iti s
related to the Reynolds’ nhumber (Re) and Prandtl’'s number (Pr), through empirical
correlations, such as the equation of Dittus-Boelter, that is applied for heat flows inside

the pipes or channels.

4/5

0.62-R,Y?-p1/3 R
Nu =03+ 1+ (28

5/8
e
/4 2000) ]
0.4123]"
G

Nu: Nusselt (dimensionless)

Where:

Where:
h: Heat transfer coefficient; (W/m2:°C)

k: Thermal conductivity coefficient of the oil and air; (W/m-°C)

Heat transfer ratio

According to Holman (1992) the heat transfer rate describes the velocity to which it is
transferred from an object or system to another one, at this time influenced by several
factors, including the temperature difference between the objects or systems involved.
For a greater temperature difference, the heat transfer ratio will be greater. This may
occur in several mechanisms, including conduction, convection and the radiation. The
equation to calculate the heat transfer ratio is as follows:

1
U=

|~

1
TR,

=

i
As = nDL
Q = UA,AT,,

Where:
Q: heat transfer ratio
U: total heat transfer coefficient; (W/m?2.0C)

As: Surface area
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hi y ho: Heat transfer coefficient by convection inside and outside respectively; (W/m?2:°C).
Calculation of the pipe wall temperature

The pipe wall temperature is calculated as follows:

(Ta - ta)

ty =

ty +——
¢ h;+h,

Where:
tw: pipe wall temperature; (°C)
t.: average cold fluid temperature (crude); (°C)

T.: average hot fluid temperature (steam); (°C)
Results and discussion
Temperature variations calculation results:

The hot fluid inlet temperature is 150°C, while the cold fluid outlet temperature is 85°C.
The resulting temperature difference is 65°C, which indicates that the hot fluid enters at
a temperature that is higher than the cold fluid outlet temperature. In this case, the hot
fluid outlet temperature is 100°C, while the cold fluid inlet temperature is 27°C. The
resulting temperature difference is 73°C, so that it shows a significant difference

between the fluid’s temperatures in the heat exchanger.
Calculation results of medium logarithmic temperature for counterflow.

The negative value of -0,95 °C for the case of counterflow, shows that the medium
logarithmic temperature is less than the average arithmetic temperature difference
(single medium of AT1 and AT2). It suggests that the heat transfer rate is a little lower

from what the simple average temperature difference would suggest.
Results of the correction factor selection

According to Sanches & Gdéngora (2018), the correction factor F takes into consideration
the geometric configuration of the heat exchanger as well as the inlet and outlet
temperatures of both fluids. An F value less than 1 show that the Shell and pipe heat

exchanger medium logarithmic temperature, is slightly less than the one of the ideal
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counterflow exchanger. This is typical for cross flow and shell and pipe heat exchangers

where heat transfer may be less efficient due to the flow configuration.

The value P for 0,67 indicates that the hot fluid outlet temperature is relatively close to
the inlet temperature of the cold fluid, which shows an efficient heat transfer. The value
R for 1,67 shows the temperature difference between the Shell and pipe, is greater than
the temperature difference between its outlets, which is also consistent with an efficient
heat transfer. For this heat exchanger, according to the given conditions, the correction

factor value is 0.75.

Medium logarithmic temperature resuits

The resulting value of -0,71 °C shows that the medium logarithmic temperature is less
than 0, which suggests an efficient heat transfer in the heat exchanger. The correction
factor F of 0,75 shows that the heat exchanger efficiency is a little less than the one of
an ideal counterflow heat exchanger. This might be due to the configuration of the cross

flow or other specific factors design of the multiple steps heat exchanger.

Calculation results of the heat transfer coefficients by convection.

The Surface area is calculated using the pipe diameter (0,0508 m), which results in an
area of 0,0020 m?2. The mass flow is calculated by applying the fluid density of 900
kg/m?3, the area is the surface and the fluid velocity is 2 m/s, which results in a mass
flow of 3,6 kg/s. These values indicate a reasonable surface for the heat transfer and a
suitable flow rate through the heat exchanger. In this case, the Reynolds’ number for a
value of 100 000, indicates a turbulent flow that may improve the heat transfer
efficiency, at promoting the mixture and increasing the convection. A value of Re that is

very high, suggests that the fluid will experience a chaotic and agitated flow inside the

pipes.

The thermal conductivity coefficient and Prandt’s number are calculated using an inner
temperature of 300 °C. The resulting value of 14,3 indicates that the fluid has a relatively
low thermal conductivity and a relatively high specific heat capacity. It is calculated from
the inner temperature and it results in 0,097 W/m-°C. These values indicate that the
crude oil CM 650, is not an excellent heat conductor, but its specific heat capacity may

help to moderate the temperature variations.
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The Nusselt’s number is 130. This value is calculated by using Reynolds’ number and
Prandt's number, which shows that the flow configuration and the fluid property have a

significant impact on the heat transfer.

A Nu value of 130 indicates a reasonably high heat transfer rate, which is positive for
effective heat exchange. For a thermal conductivity of 0,6 W/m-°C for water steam at
150 °C, the heat transfer coefficient value is 1524 W/m? -°C,

Results of the heat transfer ratio calculation

The calculation of the surface area by using the pipes outer diameter of 0,0635 m and
their length of 10 m, results in an area of 2,01 m?2. A greater surface area provides more
space for the heat transfer to be carried out, which generally results in a higher heat

transfer rate.

For convective heat transfer coefficients inside with a value of 50 W/m2-°C and the
convective heat transfer coefficient outside with 30 W/m?2-°C, resulting in a value of U =
15 W/m?2-°C. A value of -215 W was obtained. The negative rate indicates that the heat

flows from the cold fluid to the hot fluid, that is typical in the heat exchangers.

Calculation results of the pipe wall temperature

The pipe wall temperature influences on the heat transfer rate between the hot and the
cold fluids. A higher wall temperature indicates a higher heat transfer of the hot fluid to
the col done. In the given case, the temperature of the tube wall is 350 °C. This
intermediate temperature suggests that the tube wall is absorbing heat from the hot
fluid and transferring it to the cold fluid, which is the main objective of a heat exchanger
(Pérez Sanchez, 2020).

The heat transfer coefficients inside and outside the tube play a significant role in
determining the tube wall temperature. In this case, it means that the fluid inside the
tube (hot fluid) has a higher heat transfer rate than the fluid outside (cold fluid). This is
because it is inversely proportional to the thermal resistance of the inner fluid; therefore,

a higher value indicates lower resistance to heat transfer.
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Thermal flow analysis

The thermal flow analysis (Figure 2), shows how the heat is distributed inside the heat
exchanger. The set of colors in the figure represents different temperature values,

showing a representation of the heat transfer in the system.
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Flow Trajectories 1

Figure 2. Analysis of the thermal flow in the heat exchanger.

The fluid CM 650, that is represented in blue color, has a relatively low temperature of
20,05 °C. As soon as it approaches to the pipes of the heat exchanger, the temperature
starts to increase, which results in a transition from blue to green and yellow. This
temperature increase is related to the convection and conduction processes, which take

place between the fluid and the surrounding elements.

As the fluid CM 650 approaches to the pipes, where the real heat exchange is carried
out, the temperatures are increased to maximum values. The green and yellow colors
indicate temperatures oscillating between 421,26 °C and 822,66 °C, which shows the
efficiency of the heat exchange in this region. The proximity to the pipes, that are

designed to enable the heat transfer, contributes to this temperature increase.

The water steam flowing inside the pipes is shown in red color, showing a temperature
that is greatly higher than 1023,57 °C. The water steam absorbs and transfers the heat
as it flows through the pipes. The steam high temperature is essential for the heat
exchange process, as it provides the necessary thermal energy to heat the fluid of crude
oil CM 650.
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Analyses of the simulation for fluids density

The Figure 3 provides a visual representation showing the behavior of the density of the
fluids that are involved in the simulation. The density, as an essential property of the
fluids, changes as per its composition and temperature. In this figure, the Cuban crude

oil density is marked with an intense red color, showing its high density of 917.53 kg/m3.
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- 183,70
" 82.07
0.35
Dansity (Fluld) (kg/im*3)

“’%*'M_‘,__,—-’-"’J"‘& Flow Trajactories 1

Figure 3. Behavior of the density in the fluids.

On the other hand, the water steam coming from the boilers of Moa’s University, is
represented with a blue color. Its density values change significantly, from 0.35 kg/m3
up to 187.78 kg/m3. This wide range shows the changing nature of the water steam,
which may exist in different states, since low pressure steam to saturated high pressure

steam.

Meanwhile, the surrounding areas to the heat exchangers, show a variety of colors
indicating the fluid behavior in those regions. The colors go from sky blue to orange
color, with density values oscillating within 275.50 kg/m3 and 825.81 kg/m3. These color
variations and density provide information about the behavior and mixture of fluids in

the proximity of the heat exchangers.

Conclusions

For the adaptation of the experimental facility for the investigation about the Cuban
crude oil CM 650, a heat exchanger was designed, with the aim of looking into the

behavior of the fluid at different temperatures.
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In order to assure a better functionality of the facility, taking into consideration its
characteristics, in which from the medium logarithmic temperature difference method,
values for the total heat transfer ratio, of -215 W and for the medium logarithmic

temperature of -0,71 °C, were obtained.

Once the behavior of the fluid through the pipes has been determined, by applying the
finite element method (MEF), taking into consideration the meshing and the border
conditions, the velocity value could be obtained, with maximum values of 2269,200 m/s

and for density, with maximum values of 917.53 kg/m3.

Biographical references

Bhattad, A., Atgur, V., Rao, B.N., Banapurmath, N.R., Manavendra, G., Sajjan, A.M.,
Anjum, I., Tambrallimath, V., Kamangar, S. & Hussien, M. (2024). Un enfoque LMTD
simplificado para evaluar la efectividad de un intercambiador de calor de placas tipo
Chevron. Revista de Analisis Térmico y Calorimetria, 149(21), 12205-12217.
https://link.springer.com/article/10.1007/s10973-024-13573-y

Cengel, Y.A. (2007). Transferencia de calor y masa. McGraw-Hill Interamericana.

Fox, R.W., Pritchard, P. J., & McDonald, A. T. (2003). Introduction to fluid Mechanic.
McGraw-Hill.

Garcia, F. & Haoulo, M. (2009). Estudio experimental de patrones de flujo bifasico aire-
agua en tuberias horizontales y ligeramente inclinadas. Informacion Tecnoldgica,
20(3), 3-12. https://doi.org/10.4067/S0718-07642009000300002

Garcia-Mufioz, D. & Vargas-Galvis, F. (2017). Aislamiento térmico de tuberias de acero
que transportan fluidos calientes a partir de recubrimientos elaborados mediante
proyeccion térmica. Tecnoldgicas, 20(40), 53-69,
https://doi.org/10.22430/22565337.705

Gilbert-Hernandez, A., Retirado-Mediaceja, Y., Laurencio-Alfonso, H., Palacios-Rodriguez

A. y Gongora-Leyva, E., (2016). Procedimiento para la seleccion del espesor éptimo

115


https://link.springer.com/article/10.1007/s10973-024-13573-y
https://doi.org/10.4067/S0718-07642009000300002
https://doi.org/10.22430/22565337.705

Ciencia & Futuro V. 15 No. 1. June-August 2025 ISSN: 2306-823X

Viera Callar, J.M.; Guilarte Rodriguez, D.; Arjona Mendoza, D.M.; Torrell Quinta, U.; Reyes De la Cruz, J.L.

economico de aislamiento térmico en tuberias con trazas de vapor. Mineria y Geologia,
32(2), 21-37. 2016.

http://revista.ismm.edu.cu/index.php/revistamg/article/view/1192

Holman, J.P. (1992). Transferencia de calor. Compania Editorial Continental.

https://fenomenosdetransporte.wordpress.com/wp-

content/uploads/2008/10/transferencia-de-calor-holman.pdf

Imbert-Gonzalez, J. (2011). Evaluacion de un intercambiador de calor. Estudio de su
empleo como recuperador de calor. Tecnologia Quimica, 31(3), 37-44.
https://www.redalyc.org/journal/4455/445543774005.pdf

Incropera, F.P. & DeWitt, D.P. (1999). Fundamentos de transferencia de calor. Pearson
Educacion. https://biblioteca.ucuenca.edu.ec/digital/s/biblioteca-
digital/ark:/25654/60

Jouglard, C.E. & Pérez, A.L. (2004). Determinacion del nimero de Nusselt para tuberias

triangulares. Mecanica computacional, 2409-2426. https://venus.santafe-

conicet.gov.ar/ojs/index.php/mc/article/download/403/388

Kumar, D.V., Vijayaraghavan, S., & Thakur, P. (2022). Analytical and experimental
investigation on heat transfer and flow parameters of Multichannel louvered fin cross
flow heat exchanger using iterative LMTD and e-NTU method. Materials Today:
Proceedings, 52, 1240-1248.
https://www.sciencedirect.com/science/article/pii/S2214785321070516

Laurencio Alfonso, H. (2012). Método para la determinacion de parametros racionales
de transporte de petrdleo crudo por tuberias conductoras. (Tesis Doctoral, Instituto
Superior Minero Metallrgico, Cuba).
http://ninive.ismm.edu.cu/handle/123456789/1540

Laurencio Alfonso, H.L., Retirado Mediaceja, Y., Falcén Hernandez, J.F., Torres Tamayo,

E., & Salazar Corrales, M.F. (2022). Modelo para simulacién de la potencia de flujo en

116


http://revista.ismm.edu.cu/index.php/revistamg/article/view/1192
https://fenomenosdetransporte.wordpress.com/wp-content/uploads/2008/10/transferencia-de-calor-holman.pdf
https://fenomenosdetransporte.wordpress.com/wp-content/uploads/2008/10/transferencia-de-calor-holman.pdf
https://www.redalyc.org/journal/4455/445543774005.pdf
https://biblioteca.ucuenca.edu.ec/digital/s/biblioteca-digital/ark:/25654/60
https://biblioteca.ucuenca.edu.ec/digital/s/biblioteca-digital/ark:/25654/60
https://venus.santafe-conicet.gov.ar/ojs/index.php/mc/article/download/403/388
https://venus.santafe-conicet.gov.ar/ojs/index.php/mc/article/download/403/388
https://www.sciencedirect.com/science/article/pii/S2214785321070516
http://ninive.ismm.edu.cu/handle/123456789/1540

Ciencia & Futuro V. 15 No. 1. June-August 2025 ISSN: 2306-823X

Viera Callar, J.M.; Guilarte Rodriguez, D.; Arjona Mendoza, D.M.; Torrell Quinta, U.; Reyes De la Cruz, J.L.

tuberias conductoras de petroleo pesado con comportamiento seudoplastico.
Ingeniare. Revista chilena de ingenieria, 30(1), 171-179.
https://revistas.uta.cl/pdf/2879/0718-3305-ingeniare-30-01-171.pdf

Laurencio Alfonso, H., Gilbert Hernandez, A., & Retirado Mediaceja, Y. (2017). Modelado
de la viscosidad aparente de un petrdleo crudo de 11°API con comportamiento no
newtoniano. Ingeniare. Revista chilena de ingenieria, 25(4), 674-680.
http://dx.doi.org/10.4067/S0718-33052017000400674

Meléndez-Pertuz, F., Gonzalez Coneo, J., Comas-Gonzalez, Z., Nufiez-Pérez, B. & Viloria
Molinares, P.V. (2017). Integridad estructural de tuberias de transporte de
hidrocarburos: Panorama actual. Revista Espacios, 38(17).
http://es.revistaespacios.com/al17v38n17/a17v38n17p01.pdf

Pérez Sanchez, A., Romero Gonzales , E., & Pérez Sanchez, E. (2020). Disefio térmico
de intercambiador de calor de tubo y coraza para el enfriamiento de metanol. Nexo
Revista Cientifica, 33(2), 753-776.
https://dialnet.unirioja.es/servlet/articulo?codigo=7852480

Quintero, L. A., Villamizar, J. A., & Fonseca, J. M. (2014). Analisis de técnicas de
inspeccién no destructiva en tuberia flexible con refuerzo no metalico para el
transporte de hidrocarburos. Revista Colombiana de Materiales, (5), 78-85.
https://revistas.udea.edu.co/index.php/materiales/article/download/19097/16457/6
9020

Rodriguez, A. D., & Rosabal, L. B. (2023). Aspectos esenciales para lograr el uso eficiente
del combustible nacional, en las centrales termoeléctricas cubanas. Revista
Universidad y Sociedad, 15(4), 65-75. http://scielo.sld.cu/scielo.php?pid=5S2218-
36202023000400065&script=sci arttext

Romero Gé, Y., Rodriguez Ismar, M., Martinez Rojas, R., Barroso Romero, O. (2024).
Redisefio de instalacion de hidrotransporte para el estudio del crudo cubano mejorado
650 en la Universidad de Moa. Ciencia & Futuro, 14(4), 494-508.

https://revista.ismm.edu.cu/index.php/revistacyf/article/view/2644

117


https://revistas.uta.cl/pdf/2879/0718-3305-ingeniare-30-01-171.pdf
http://dx.doi.org/10.4067/S0718-33052017000400674
http://es.revistaespacios.com/a17v38n17/a17v38n17p01.pdf
https://dialnet.unirioja.es/servlet/articulo?codigo=7852480
https://revistas.udea.edu.co/index.php/materiales/article/download/19097/16457/69020
https://revistas.udea.edu.co/index.php/materiales/article/download/19097/16457/69020
http://scielo.sld.cu/scielo.php?pid=S2218-36202023000400065&script=sci_arttext
http://scielo.sld.cu/scielo.php?pid=S2218-36202023000400065&script=sci_arttext
https://revista.ismm.edu.cu/index.php/revistacyf/article/view/2644

Ciencia & Futuro V. 15 No. 1. June-August 2025 ISSN: 2306-823X

Viera Callar, J.M.; Guilarte Rodriguez, D.; Arjona Mendoza, D.M.; Torrell Quinta, U.; Reyes De la Cruz, J.L.

Sanches, A.A. & Gdngora, E. (2018). Determinacién de los coeficientes globales de
transferencia de calor comparando los métodos DTML y e-NTU. Ingenieria Energética,

39(3), 203-212. https://dialnet.unirioja.es/servlet/articulo?codigo=6538756

Satué, M. G., Schiavo, M., Ortega, M. G., Beschi, M., Visioli, A., & Arahal, M. R. (2024).
Método practico para la estimacidon de parametros en un intercambiador de calor.
Jornadas de Automaética, (45). https://doi.org/10.17979/ja-cea.2024.45.10746

118


https://dialnet.unirioja.es/servlet/articulo?codigo=6538756
https://doi.org/10.17979/ja-cea.2024.45.10746

