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Abstract: The effect of ethane on combustion and natural 

gas autoignition was studied in the present paper. Two fuel 

mixture of natural gas with high ethane content were 

considered, 75% CH4 – 25% C2H6 (mixture 1), and 50% 

CH4 – 50% C2H6 (mixture 2). Natural gas combustion 

incidence was analyzed through the calculation of energy 

properties and the ignition delay time numerical calculations 

along with an ignition mode analysis. Specifically, the strong 

ignition limit was calculated to determine the effect of ethane 

on natural gas autoignition. According to the results, ignition 

delay time decreases for both mixtures in comparison with 
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pure methane. The strong ignition limit shifts to lower 

temperatures when ethane is present in natural gas chemical 

composition.

Keywords: Ethane, Ignition delay time, Ignition regime, 

Natural gas.

Resumen: En el presente artículo se estudió el efecto del 

etano sobre la combustión y la autoignición del gas natural. Se 

evaluaron dos mezclas con alto contenido de etano, 75% CH4 

– 25% C2H6 (mezcla 1) y 50% CH4 – 50% C2H6 (mezcla 

2). La incidencia en la combustión del gas natural fue analizada 

mediante el cálculo de las propiedades energéticas del 

combustible y los cálculos numéricos del tiempo de retraso a la 

ignición junto con el análisis del modo de ignición. 

Específicamente el límite de ignición fuerte fue calculado para 

determinar el efecto del etano en la autoignición del gas 

natural. De acuerdo con los resultados encontrados, el tiempo 

de retraso a la ignición disminuye para ambas mezclas 

estudiadas en comparación del metano puro. El límite de 

ignición fuerte se mueve hacia temperaturas menores cuando 

hay etano en la composición química del gas natural.

Palabras clave: Etano, Tiempo de retraso a la ignición, Régimen 

de Ignición, Gas Natural.
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1. Introducción

The augmentation of natural gas consumption between 2008 and 

2016 was 16.36%, exceeding widely the oil and coal growth that was 

9.87% and 5.77%, respectively. The different issues of alternative 

energies in some countries also contributes to this behavior [1], [2].

QSAlthough in many cases, the composition of natural gas is 

principally CH4, the extraction from the different wells produces 

that the chemical composition varies considerably and the amount of 

higher hydrocarbons like C2H6 and C3H8 takes important values. 

The volume fraction of these fuels in the natural gas composition can 

varies between 0.5% - 13.3% and 0 - 23.7%, respectively [3]. In other 

cases, the variability is less, but still relevant to the amount of C2H6 

varies from 4.8% to 14.33% in volume, and C3H8 achieves values of 

6.24% [4]. By this variability, in most cases, the liquefied natural gas 

typically contains a higher content of C2H6 than traditional natural 

gas. In this way, higher hydrocarbons’ content can reach 50% of the 

composition in some cases, being C2H6, the principal component of 

these fuels [5], [6].

According to the expose above, it is evident that C2H6 is one of 

the principal components of both conventional and unconventional 

natural gas. Therefore, it can be that most affect the combustion 

process.

The variations in the chemical composition of natural gas can 

impact the generation of emissions along with the performance in 

combustion devices due to the changes in the fuel properties and the 

chemical kinetics [7], [8]. In this sense, the ignition delay is one of the 

fundamental properties in the performance of internal combustion 

engines and gas turbines; it is used to predict and avoid undesirable 

phenomena like knocking in engines and preignition in turbines. It 

can also be used as a security factor in thermal device design [9], [10]. 

Due to the importance of these properties, some studies about the 

effect of natural gas’s chemical composition have been carried out in 

the last years [11], [12]. However, the amount of C2H6 in natural 

gas is below 20% (in vol.) in these studies.

Considering the aspects mentioned above, this paper addresses 

natural gas ignition with high C2H6 content in its chemical 

composition. A numerical study of the changes in ignition delay with 

the C2H6 volume fraction was carried out. Finally, the effect of the 

amount of C2H6 on the ignition type was established by means of 

the determination of the strong ignition limit at different conditions 

of pressure and temperature. No study was found in the literature 

that had covered such a thorough range of conditions, data type, 
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mixture composition, and detailed kinetics modeling for methane/

ethane blends, as presented in this paper.

2. Methane/Ethane Blends

The selected fuel mixture for natural gas established from the 

composition reported in the literature [13], [14]. Table 1 shows the 

chemical composition of representative mixtures on a volume basis. 

M0 and M3 correspond to pure fuels, CH4 and C2H6, respectively.

The calculations were carried out over a range from lean to rich 

conditions for all mixtures; the equivalence ratio was varied from 0.8 

to 1.4 and was conducted at atmospheric conditions at 1550 m.a.s.l, 

namely a pressure of 0.84 atm and a temperature of 295 K for the case 

of adiabatic flame temperature (Tad).

Table 1

Fuel mixture compositions

The ignition delay time (τ) and the ignition mode analysis were 

performed for all mixtures for stoichiometric conditions.

3. Numerical Methodology

Detailed chemical kinetic simulations were performed based on the 

combustion mechanisms of hydrocarbons. The numerical models 

used to calculate the energy properties, Tad and the ignition delay 

time, were subroutines of EQUIL and SENKIN Software Chemkin 

19.0 [15-16]. To improve the ignition delay time calculation, the 

maximum time step was fixed at the total simulation time divided by 

100 and the time interval for saving data divided by 400.

3.1 Detailed Reaction Mechanism

The detailed kinetic reaction mechanisms were selected from the 

results exposed in other studies in predicting SL for methane and 

ethane separately. Two mechanisms were selected to perform the 

calculations, San Diego [17] mechanism with 235 reactions and 50 

species and Table 1. Fuel mixture compositions.GRI-Mech 3.0 [18]

mechanism with 325 reactions and 53 species.



Revista Ingenio, , 2019, vol. 16, no. 1, January-December, ISSN: 2011-642X / ISSN-E: 2389-864X

Project academic non-profit, developed under the open access initiativePDF generated from XML JATS4R

41

These mechanisms were selected to carry out the numerical 

calculations of ignition delay times due to the good results found in 

other studies. Furthermore, Diamantis et al. [19] conducted a kinetic 

study of the reactions supporting or opposing explosive modes for a 

homogenous mixture of methane/air using the GRI-Mech 3.0 

mechanism [18]. Finally, Hu et al. [20] obtained that San Diego 

Mech [17]  can give good agreement with experimental data for 

ignition delay times of ethane.

3.2 Strong Ignition Limit

In order to determine the effect of C2H6 on natural gas ignition 

mode, the strong ignition limit was determined for various conditions 

of pressure (1 – 42 atm) and temperature (850 – 1500K), using the 

Sankaran criteria in the form defined by Mansfield and Wooldridge 

[21]. The criteria allow distinguishing between strong ignition and 

mixed or weak ignition through comparing the thermal sensibility 

(dτ/dT) and the inverse of the product between laminar burning 

velocity (SL) and the temperature gradient (dT/dx) using equation 

(1).

equation (1).

According to the criteria, if the inequality is correct for a specific 

condition of temperature and pressure, a strong ignition occurs; 

conversely, when the inequality is false, the mixed or weak ignition 

occurs.

To determine the thermal sensibility, two expressions were used, 

proposed by Zeng et al. [22]  for the CH4 (equation (2)) and 

proposed by Kuppa et al. [23] for CH4/C2H6 mixtures, see equation 

(3).

equation (2)
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equation (3)

In both equations T is the temperature, whereas in equation (2), R 

is the gas constant and in equation (3) d is a regression constant, and 

HC is the C and H ratio in the fuel mixture, defined by Kuppa et al. 

as [23]:

equation (4)

Where X is the volume fraction of the component in the natural 

gas fuel mixture. The values of τ in equations (2) and (3) were 

calculated using Chemkin 19.0, as was mentioned above. According 

to the results of Mansfield and Wooldridge [21], the value of the 

thermal gradient was established in 5 K/mm. SL values were 

calculated by the mean of two methodologies, for pressures between 1 

to 10 atm and temperatures from 850 to 1000 K, the premix routine 

was used according to the procedure described by Burbano et al. [24], 

and a correlation was used for the highest pressures and temperatures. 

The correlation form for all fuel is described in equation (5)

equation (5)

Where Tu and Pu are the temperature and pressure at unburned 

conditions, T0 and P0 are the temperature and pressure at reference 

conditions, and α y β are constants. The values for the constants α and 

β for CH4 are 2.5 and -0.26, respectively [25], [26]. In the case of 

CH4/C2H6 mixtures, the methodology to calculate the constants 

proposed by Kuppa et al. [27]  was applied. Reference conditions of 

300 K and 1 atm were used for SL0 for all the studied fuels
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4. Results and Discussion

4.1 Fuel Properties

Table 2  shows some combustion properties calculated in 

volumetric terms, for the methane, ethane, and methane-ethane 

blends. Among the fuel properties considered when qualifying a fuel 

for a combustion system are the stoichiometric air volume(Va), the 

lower (LHV) and higher (HHV) heating values, and the Wobbe 

index (Wo). For the mixtures, Wo was calculated using equation (6).

equation (6)

Where Xi is the volume fraction and di is the specific density of the 

i component. The addition of ethane to methane in 25% and 50% 

volumetric proportions increased the LHV by 20% and 40%, 

respectively. It increased the HHV by 19% and 38%, respectively, due 

to ethane’s higher heat of reaction.

Despite the higher specific density of ethane, this fuel’s addition 

increased the Wo due to the higher HHV. Similarly, when ethane 

was added to methane in 25% and 50% volumetric proportions, the 

Wobbe index increased 8% and 15%, respectively.
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Table 2

Energy volumetric properties

On the other hand, the Tad for different equivalence ratios of M2, 

at ambient temperature and pressure, is shown in Figure 1. The 

adiabatic flame for all mixtures was simulated using GRI-Mech 3.0 

and San Diego mechanisms. As can be seen in Figure 1, Tad 

predictions by two mechanisms are very similar.
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Figure 1

Tad at P
i
= 0.84 atm and T

i
 = 295 K.

The GRI-Mech 3.0 and San Diego mechanisms’ differences do not 

exceed 1% for all equivalence ratios. The behavior is the same for all 

the gases of this study; for visualization reasons, the results of M2 are 

only shown.

The effect of ethane addition on the Tad can be seen in Figure 2. 

At  Φ= 1, the Tad was 2218.69 K for methane, 2232.15 K for M1, 

2241.16 K for M2, and 2253.28 K for ethane. Ethane had a higher 

temperature with respect to the other gases.

In general, the results show that the Tads of the mixtures and pure 

gases were very comparable.However,  Figure 2 shows that the 

maximum Tad for ethane was near Φ = 1.1, and the maximum Tad 

for methane was near to Φ  = 1. Simultaneously, mixtures 1 and 2 

behaved more similarly to ethane, exhibiting the ethane’s high 

reactivity with respect to methane. Higher Tad values increase the 

burning velocity because the mixtures increased reactivity; this effect 

is analyzed in the following sections.



Influence of high ethane content on natural gas ignition

Project academic non-profit, developed under the open access initiativePDF generated from XML JATS4R

46

Figure 2

Tad at P
i
 = 0.84 atm and T

i
 = 295 K

4.2 Ignition delay time

A database of ignition delay times was obtained for the studied 

mixtures, methane and ethane φ=1.0. The ignition delay time was 

estimated using the Chemkin 19.0 and GRI-Mech 3.0 mechanism; 

the results are shown in Figure 3  and Figure 4. The results showed 

that the ignition delay time is higher for the ethane than the two 

blends. An important result is observed when the ignition delay times 

for pressures of 1 atm and 5 atm are compared; in general, the 

ignition delay time at 5 atm has lower value respect to the one at 1 

atm.
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Figure 3

Ignition delay time all mixtures at Ti = 295 K, and Φ = 1.0. a) Pi = 1 atm, b) Pi = 5 atm
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Figure 4a

Ignition delay time all mixtures at Ti = 295 K, and Φ = 1.0 a) Pi=10 atm, b) Pi= 42 atm.

As is expected, the ignition delay time decreases when C2H6 is 

added to natural gas composition due to the higher LHV of the 

mixture compared with pure CH4. The energy released during 

preignition reactions increases with the amount of C2H6 in the 

mixture. It promotes the formation of radicals that accelerated the 

reaction, therefore the ignition of the fuel mixture.

However, the ignition delay time of pure C2H6 is higher than the 

mixtures, which suggest that the decrease in this parameter is not only 

by the thermal effect and the chemical kinetic have an important role 

in the behavior, especially at lower temperatures. The detailed kinetic 

analysis is beyond the scope of this work and is considered for future 

study.

4.3 Strong ignition limit

In order to establish the effect of the C2H6 content in the natural 

gas on the auto-ignition modes under different pressure and 

temperature conditions, the strong ignition limit was calculated. This 

limit separates the ignition modes in two groups, the strong ignition 

where behavior is considered spatially uniform as a detonation wave, 

and mixed or weak ignition where the ignition is an inhomogeneous 

process with localized reaction sites and a deflagration process takes 

place [21].

The methodology used to calculate the strong ignition limit was 

validated with the experimental data of Huang et al. [28] for the case 

of pure CH4. Figure 5 shows the experimental results (symbols) and 

the strong ignition limit (dashed line) calculated in the present work.
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Figure 5

Ignition regimes for CH4. Experimental data are results from Huang et al.

[28]

As can be seen, the calculated strong ignition limit is according to 

the experimental data and delimits in an adequate form of the 

division between the types of ignition. The adequate delimitation of 

the ignition regimes made by the calculated strong ignition limit, 

confirms the suitability of the adopted methodology applied to the 

fuels with C2H6. Figure 6  shows the strong ignition limit for the 

CH4 and mixtures 1 and 2. As can be expected, the strong ignition 

limit moves to lower temperature values as the pressure increases for 

all the studied fuels. This behavior is according to what is reported in 

the literature for other fuel mixtures [21], [28]. As it was shown by 

Burrell et al. [29], SL decreases when pressure increases, and for high 

values, the reduction is more critical; this drop in SL generates that 

the local flame front of a hot spot travels more slowly to the 
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unburned mixture, allowing that the unburned mixture starts the 

auto-ignition process.

Figure 6

Sttrong ignition limit for all the fuel muxtures.

According to the results shown in Figure 6, the addition of C2H6 

in the fuel mixture generates a shift in the strong ignition limit to 

lower temperatures; therefore, the strong ignition zone is broader in 

comparison with CH4. This fact is associated with the increase in the 

Wobbe index when C2H6 is added; the energy per volume unit 

increases, which allows a higher energy release in the ignition process. 

The highest amount of released energy produces lower ignition delay 

times for the mixtures, as can be seen in the previous section, allowing 

a more homogeneous ignition.However, it does not exist a 

monotonous behavior with the increase of C2H6 volume fraction in 

the fuel, since for M1 the strong ignition limit is achieved at lower 

temperatures with respect to M2, despite in the former the C2H6 

volume fraction is half of the one for M2. This trend can be 

associated with two aspects. The first is due to C2H6 is a more 
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complex molecule, and therefore when the concentration is higher, it 

takes more time to start with the ignition. The results of the ignition 

delay time in the previous section confirm that fact. The second 

aspect is related to the higher SL values when the C2H6 volume 

fraction is higher, which allows that deflagration takes place and can 

achieve the unburned mixture before it ignites, allowing an 

inhomogeneous ignition.

For relatively low pressures (less of 5 atm), the strong ignition limit 

of the mixtures tends to change, and the limit for M2 takes place at a 

lower temperature compared to M1.

5. Conclusion

Analysis of ethane content on combustion properties and auto-

ignition of natural gas was performed by determining ignition delay 

and strong ignition limit for methane, ethane and two mixtures of 

natural gas. Numerical calculations of some properties were also 

performed with different reaction mechanisms. Analysis of the 

obtained results leads to the following conclusions:

• The higher content of C2H6 in the chemical composition of 

natural gas increases the Wobbe index due to the higher LHV of this 

fuel.

• Natural gas with high C2H6 content has a lower ignition delay 

time in comparison with pure CH4. Therefore, it would be necessary 

to modify combustion devices when this type of fuel is used to reduce 

the damage probability.

• The presence of C2H6 in the chemical composition of natural 

gas has an important role in the types of ignition of the fuel mixture. 

The strong ignition limit shifts to lower temperatures when C2H6 is 

present due to the higher energy density in comparison to CH4.



Influence of high ethane content on natural gas ignition

Project academic non-profit, developed under the open access initiativePDF generated from XML JATS4R

54

6. References

[1] J. Chen, J. Yu, B. Ai, M. Song, and W. Hou, “De-terminants of global 

natural gas consumption and import–export flows,” Energy Econ., 

Jul. 2018.

[2] S. Faramawy, T. Zaki, and A. A.-E. A. E. Sakr, “Natural gas origin, 

composition, and process-ing: A review,” J. Nat. Gas Sci. Eng., vol. 34, 

pp. 34–54, Aug. 2016.

[3] R. Amirante, E. Distaso, P. Tamburrano, and R. D. Reitz, “Laminar flame 

speed correlations for methane, ethane, propane and their mixtures, 

and natural gas and gasoline for spark-ignition engine simulations,” 

Int. J. Engine Res., vol. 18, no. 9, pp. 951–970, Jul. 2017.

[4] J. P. L. Santos, A. K. C. Lima Lobato, C. Moraes, and L. C. L. Santos, 

“Determination of elemen-tal sulfur deposition rates for different 

natural gas compositions,” J. Pet. Sci. Eng., vol. 135, pp. 461–465, 

Nov. 2015.

[5] A. Zucca, A. Forte, N. Giannini, C. Romano, and R. Modi, “Enlarging 

Fuel Flexibility for Frame 5 DLN: Combustor Operability and 

Emissions With High C2+ Content,” in ASME Turbo Expo 2015: 

Turbine Technical Conference and Exposition, 2015, p. 

V04BT04A016-V04BT04A016.

[6] J. Runyon, “Runyon, Jon. Gas turbine fuel flex-ibility: pressurized swirl 

flame stability, ther-moacoustics, and emissions,” Cardiff University, 

2017.

[7] Z. Chen, C. Qin, and P. Duan, “Lifted flame prop-erty and 

interchangeability of natural gas on par-tially premixed gas burners,” 

Case Stud. Therm. Eng., vol. 12, pp. 333–339, Sep. 2018.

[8] M. S. Cellek and A. Pınarbaşı, “Investigations on performance and 

emission characteristics of an industrial low swirl burner while 

burning natural gas, methane, hydrogen-enriched natural gas and 

hydrogen as fuels,” Int. J. Hydrogen Energy, vol. 43, no. 2, pp. 1194–

1207, Jan. 2018.

[9] J. de Vries and E. L. Petersen, “Autoignition of methane-based fuel blends 

under gas turbine conditions,” Proc. Combust. Inst., vol. 31, no. 2, 

pp. 3163–3171, Jan. 2007.

[10] X. Zhen et al., “The engine knock analysis--An overview,” Appl. Energy, 

vol. 92, no. 0, pp. 628–636, 2012.



Revista Ingenio, , 2019, vol. 16, no. 1, January-December, ISSN: 2011-642X / ISSN-E: 2389-864X

Project academic non-profit, developed under the open access initiativePDF generated from XML JATS4R

55

[11] J. Lundgren et al., “Methanol production from steel-work off-gases and 

biomass based synthesis gas,” Appl. Energy, vol. 112, pp. 431–439, 

2013.

[12] P. Dirrenberger et al., “Measurements of Laminar Flame Velocity for 

Components of Natural Gas,” Energy & Fuels, vol. 25, no. 9, pp. 

3875–3884, Sep. 2011.

[13] W. Lowry et al., “Laminar Flame Speed Meas-urements and Modeling 

of Pure Alkanes and Al-kane Blends at Elevated Pressures,” J. Eng. 

Gas Turbines Power, vol. 133, no. 9, p. 091501, 2011.

[14] G. Bourque et al., “Ignition and Flame Speed Kinetics of Two Natural 

Gas Blends With High Levels of Heavier Hydrocarbons,” J. Eng. Gas 

Turbines Power, vol. 132, no. 2, p. 21504, 2009.

[15] J. J. Hernández, M. Lapuerta, and J. Sanz-Ar-gent, “Autoignition 

prediction capability of the Livengood–Wu correlation applied to 

fuels of commercial interest,” Int. J. Engine Res., vol. 15, no. 7, pp. 

817–829, Feb. 2014.

[16] F. Deng, Y. Pan, W. Sun, F. Yang, Y. Zhang, and Z. Huang, “An ignition 

delay time and chemical kinetic study of ethane sensitized by nitrogen 

di-oxide,” Fuel, vol. 207, pp. 389–401, Nov. 2017.

[17] UCSD, "Chemical-Kinetic Mechanisms for Combustion Applications," 

2014. [Online]. Available: http://web.eng.ucsd.edu/mae/groups/

combustion/mechanism.html

[18] "Smith, G. P.,Golden, D. M.,Frenklach, M., Moriarty, N. N.W,. 

Eiteneer, B., Goldenberg, M., Bowman, C.T., Hanson, R.K., Song, S., 

Gardiner, W.C., Jr. Lissianski, V.V., and Qin, Z., http://

www.me.berkeley.edu/gri_mech/."

[19] D. J. Diamantis, D. C. Kyritsis, and D. A. Gous-sis, “The reactions 

supporting or opposing the development of explosive modes: Auto-

ignition of a homogeneous methane/air mixture,” Proc. Combust. 

Inst., vol. 35, no. 1, pp. 267–274, 2015.

[20] E. Hu, Y. Chen, Z. Zhang, X. Li, Y. Cheng, and Z. Huang, 

“Experimental Study on Ethane Ignition Delay Times and Evaluation 

of Chemical Kinetic Models,” Energy & amp; Fuels, vol. 29, no. 7, pp. 

4557–4566, Jun. 2015.

[21] A. B. Mansfield and M. S. Wooldridge, “High-pressure low-temperature 

ignition behav-ior of syngas mixtures,” Combust. Flame, vol. 161, no. 

9, pp. 2242–2251, Sep. 2014.



Influence of high ethane content on natural gas ignition

Project academic non-profit, developed under the open access initiativePDF generated from XML JATS4R

56

[22] W. Zeng, H. Ma, Y. Liang, and E. Hu, “Experi-mental and modeling 

study on effects of N2 and CO2 on ignition characteristics of 

methane/air mixture,” J. Adv. Res., vol. 6, no. 2, pp. 189–201, Mar. 

2015.

[23] K. Kuppa, A. Goldmann, and F. Dinkelacker, “Predicting ignition delay 

times of C1-C3 al-kanes/hydrogen blends at gas engine conditions,” 

Fuel, vol. 222, pp. 859–869, Jun. 2018.

[24] H. J. Burbano, J. Pareja, and A. A. Amell, “Lami-nar burning velocities 

and flame stability analysis of H2/CO/air mixtures with dilution of 

N2 and CO2,” Int. J. Hydrogen Energy, vol. 36, no. 4, pp. 3232–

3242, 2011.

[25] P. X. Bose, S. P. Sharma, and S. Mitra, “Laminar burning velocity of 

methane-air mixture in the presence of a diluent,” in International 

Sympo-sium on Transport Phenomena in Thermal Engi-neering, 

1993, pp. 95–100.

[26] M. Mitu, V. Giurcan, D. Razus, and D. Oancea, “Inert gas influence on 

the laminar burning ve-locity of methane-air mixtures,” J. Hazard. 

Ma-ter., vol. 321, pp. 440–448, Jan. 2017.

[27] K. Kuppa, A. Goldmann, T. Schöffler, and F. Din-kelacker, “Laminar 

flame properties of C1-C3 al-kanes/hydrogen blends at gas engine 

conditions,” Fuel, vol. 224, pp. 32–46, Jul. 2018.

[28] J. Huang, P. G. Hill, W. K. Bushe, and S. R. Mun-shi, “Shock-tube study 

of methane ignition un-der engine-relevant conditions: experiments 

and modeling,” Combust. Flame, vol. 136, no. 1–2, pp. 25–42, Jan. 

2004.

[29] R. R. Burrell, D. J. Lee, and F. N. Egolfopoulos, “Propagation and 

extinction of subatmospheric counterflow methane flames,” 

Combust. Flame, vol. 195, pp. 117–127, Sep. 2018.

Author notes

hayepest@ufpso.edu.co



Available in:
http://portal.amelica.org/ameli/ameli/journal/
814/8145046006/8145046006.pdf

How to cite

Complete issue

More information about this article

Journal's webpage in redalyc.org

Scientific Information System Redalyc
Network of Scientific Journals from Latin America and the 
Caribbean, Spain and Portugal
Project academic non-profit, developed under the open 
access initiative

Hernando Alexander Yepes Tumay , Arley Cardona Vargas
Influence of high ethane content on natural gas ignition
Influencia del alto contenido de etano en la ignición del gas 
natural

Revista Ingenio
vol. 16, no. 1, p. 36 - 42, 2019
Universidad Francisco de Paula Santander, Colombia
revistaingenio@ufpso.edu.co

ISSN: 2011-642X
ISSN-E: 2389-864X

Universidad Francisco de Paula Santander Ocaña

Creative Commons Attribution-NonCommercial 4.0 
International.

http://portal.amelica.org/ameli/ameli/journal/814/8145046006/8145046006.pdf
http://portal.amelica.org/ameli/comocitar.oa?id=8148145046006
http://portal.amelica.org/ameli/revista.oa?id=814&numero=5046
http://portal.amelica.org/ameli/ameli/journal/814/8145046006
http://portal.amelica.org/ameli/revista.oa?id=814
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

