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a b s t r a c t

Biogas is obtained by fermentation of biomass, it is a renewable fuel and practically CO2

neutral, offers a significant advantage compared to other fuels for its low carbon/hydrogen

ratio (1 atom of carbon and 4 hydrogen atoms). Thus, the level of CO2 emissions from

biogas is lower than that of the other fuels. Biogas is a biodegradable and renewable fuel;

its benefits are conjugated especially in a flameless combustion process that significantly

reduces fuel consumption and polluting emissions. In this paper, we study the effects of

the dilution of a mixture of the biogas BG75 (75% CH4 and 25% CO2) e hydrogen by a volume

of water vapor ranging from 10% to 50%. The configuration of an opposed jet flame is used

with a constant strain rate of 120 s�1. The chemical kinetics is described by the Gri3.0

mechanism. It has been found that the combustion structure is very sensitive to the

various parameters.

© 2017 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

In order to improve the combustion process, two related areas

are emphasized, improving energy efficiency and reducing

pollutant emissions. Although they are originally linked to the

fuel use issue, these two dimensions are not tackled in a

related way unless recently. Indeed, the issue of energy effi-

ciency has always been a researcher's concern; however, it

was necessary to await the realization of the first studies on

the combustion releases and their impact on the

environment.

The use of the lean combustion leads to a low production of

polluting species with an unstable flame that is critical to

industrial applications. To overcome this problem, the

hydrogen known for its high calorific value and its reactivity is

added to lean mixtures. Another approach uses low calorific

value (LCV) fuels such as biogas to reduce emissions and to

increase energy efficiency. Recent studies have shown that

the addition of hydrogen to biogas is as advantageous as its

addition to lean hydrocarbon mixtures [1,2].

The wish to reduce pollutants leads specialists in energy

conversion devices such as internal combustion engines,

stationary or mobile gas turbines to promote their products in

a way to minimize the production of polluting species. One of

the used techniques is to dilute the fuel by recirculating

combustion products among others CO2 and H2O [3e5], which
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play a dominant role in terms of quantity and physicochem-

ical properties on flame stabilization and the combustion

quality in fireplaces [6].

To increase the reduction of polluting species, a flame-free

combustion regime also known as MILD (Moderate or Intense

Low-oxygen Dilution) is used. It is defined as a combustion

regime for which no flame is visible, stable, with a very low

temperature gradient and emitting very few pollutants (CO

and NO).

In order to identify the area of combustion without flame.

de Joannon M et al. [7,8] considered numerically the charac-

teristics of the MILD combustion in an opposite Jet configu-

ration of a diffusion flame CH4 þ N2/air, where they studied

the evaluation of the temperature and the quantity of heat

released in function of the mixture fraction under different

input parameters, air preheating temperature, fuel dilution,

pressure and strain rate.

They have shown that a significant uniformity of the evo-

lution of heat release is associated with air temperatures

above the self-ignition temperature which is homogeneous

for a characteristic time comparable to the time of a conven-

tional combustion and the reaction zone is thickened and become

very thick. Maruta et al. [9] studied the combustion limit and

the reaction zone structure of countercurrent diffusion flames

of methane diluted with nitrogen and a highly preheated

oxidant.

Their results show that the extinction limits become

wider with the increase of the air temperature, and when the

air temperature was above 1300 K, the extinction limits dis-

appeared. In this temperature range, combustion continues

even under extremely fuel-poor conditions such as 1%

methane in nitrogen. Ryugo Fuse et al. [10] studied the

competitiveness of air preheating and the reduction of the

oxygen quantity on the formation of the NO species of a

diffusion flame in an opposite jet configuration. Their results

show the adaptation of the GRI 3.0 mechanism to the simu-

lation of the formation of NOx in MILD regime with a vali-

dation by experimental results. The authors showed that the

ejection of the air at high temperature increases the forma-

tion of NO and the reduction of the oxygen content reduces

it. Hamdi et al. [11] examined the effects of fuel dilution and

stretch rate on the structure of the reaction zone and the

formation of NOx in flameless combustion. They showed

that the mass fractions of NOx decrease with increasing

strain rate as well as with the dilution of methane with

nitrogen.

In light of these work, which demonstrate an advanced

research in flameless combustion, a contribution is added by

the present work which aims to study the effect of the addi-

tion of hydrogen and water vapor to the fuel on polluting

species of a laminar diffusion flame of biogas, as well as the

chemical effect of water vapor on temperature and major

species.

Geometric configuration and calculation strategy

The used geometry is that developed by Kee et al. [12] and Lutz

et al. [13], it consists of two opposing jets, one injecting the

fuel and the other the oxidizer. This configuration allows

simplifying, on the one hand, the equations of the phenom-

enon, which become unidimensional and on the other hand to

obtain a flat flame allowing the characterization of its

structure.

The fuel jet is a mixture of hydrogen-enriched biogas (75%

CH4 þ 25% CO2 by vol), which varies from 0% to 20% diluted by

steam from 0% to 50%, while the jet of the oxidizer refers to

the preheated air with low oxygen content and atmospheric

pressure (P ¼ 1 atm). The distance between the two jets is

D ¼ 2 cm (Fig. 1) and the strain rate of the flame is a ¼ 120 s�1

from which the injection velocity of the reactants for each

composition of the fuel and of the oxidant [14] is calculated

according to the formula:

a ¼ 2ð�yOÞ
D

�
1þ yF

ð�yOÞ
ffiffiffiffiffi
rF

rO

r �
(1)

where nO, nF (nO ¼ nF) are, respectively, the velocities of the

oxidant and the fuel, rO , rF represent the densities of the

oxidant and the fuel and D is the distance between the two

injectors. The injection temperature for the fuel is TF ¼ 300 K

and for the oxidizer TO ¼ 1200 K.

The composition of the injected fuel is:

0:75ð1� aÞð1� bÞCH4 þ 0:25ð1� aÞð1� bÞCO2 þ aH2 þ bH2O (2)

The composition of the injected oxidant is:

0:04O2 þ 0:17CO2 þ 0:79N2 (3)

where a; b are mole fractions of H2 and H2O added to the

biogas.

The mass conservation equation in ax symmetric co-

ordinates is:

vru
vx

þ 1
r
vðrvrÞ
vr

¼ 0 (4)

where r, u and v are respectively the density, the axial velocity

and the radial velocity; r and x represent the radial and axial

direction.

According to Von Karman's hypothesis, the ratio v/r and

the other variables are only functions of x, so the conservation

equation of the momentum is written as follow:

Fig. 1 e Opposed jet flow configuration.

i n t e r n a t i o n a l j o u r n a l o f h y d r o g e n en e r g y x x x ( 2 0 1 7 ) 1e72

Please cite this article in press as: Amar H, et al., Effect of the addition of H2 and H2O on the polluting species in a counter-flow diffusion
flame of biogas in flameless regime, International Journal of Hydrogen Energy (2017), https://doi.org/10.1016/j.ijhydene.2017.11.159

https://doi.org/10.1016/j.ijhydene.2017.11.159
https://doi.org/10.1016/j.ijhydene.2017.11.159


Download English Version:

https://daneshyari.com/en/article/7707895

Download Persian Version:

https://daneshyari.com/article/7707895

Daneshyari.com

https://daneshyari.com/en/article/7707895
https://daneshyari.com/article/7707895
https://daneshyari.com

