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Introduction

In 1980 Tormod Forland et al have studied the entropy production by heat, mass, charge
transfer and specific chemical reactions, It is emphasized that the number of variables used to
describe the entropy production should be the minimum (basic) set of free variables that can
describe the changes in the system [1] . J. Y. SAN et al (1987) studey Entropy generation in
combined heat and mass transfer. For the case of laminar flow, the entropy generation is
obtained as a function of velocity, the four sources of entropy generation are coupled through
both the plate spacing and Reynolds number [2],and Adrian Bejan(1996) student Method of
entropy generation minimization, or modeling and optimization based on combined heat transfer
and thermodynamics Emphasis is placed on the engineering value of EGM models, was found
that the tree network is the geometric-optimization result for minimal flow resistance between
one point and a finite volume[3] .in 1999 Vasili Tatarin and et al calculated Entropy of
Reversible Mixing of Ideal Gases is a classic thermodynamic problem Using a mathematical
equation did not show of Gibbs Paradox [4].also dorin stanciu et al (2000) analyzed Second Law
of the Turbulent Flat Plate Boundary Layer It found that the “volumetric mean motion
irreversibilities” (generated by the mean velocity and mean temperature gradient) prevail in the
viscous sublayer and reach their maximal values at the wall, while the "volumetric turbulent
irreversibilities" (performed by the dissipation rate of turbulent kinetic energy and fluctuating
temperature variance) rule the logarithmic sublayer but have the maximal values located in the
buffer sublayer [5] .and in the same year too, Jerald A. Caton (2000) student The destruction
exergy during combustion processes is examined for an adiabatic, constant volume system. This
is an analytical examination and did not involve experimental measurements and described the
implications of these findings to internal-combustion engines, An analysis based on the second
law of thermodynamics, The analysis included the computation of entropy, availability,
irreversibilities, and the related energy, entropy and availability balances[6] J.V.C. Vargas , et al
(2000) have student of matching thermodynamically two one hot and the other cold , is
determined by maximizing the power generation It is shown that the optimum is marked by an
optimal ratio between the stream mass flow rates, they study documented numerically the
position of the thermodynamic optimum and its sensitivity relative to all the parameters that
govern the behavior of the two-stream system[7] .Dorin Stanciu et al (2001) investigated the
irreversibility sources in both laminar and turbulent diffusion flames dependent on the local
exergy transport equation and T. Shiba et al They shows that the internal geometric configuration
of a component can be deduced by optimizing the global performance of the installation that uses

the component. The objective is to show that all the dimensions of the counter flow heat
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Introduction

exchanger can be derived based on global thermodynamic optimization , shows that from the
global optimization of the thermodynamic performance of an environmental control system
(ECS) it is possible to derive the complete geometric structure of one of the major components
and The general mechanism by which flow systems acquire geometric form (architecture) is the
object of constructal theory and design[8] .Marc A. Rosen (2002) explains Clarifying
thermodynamic efficiencies and losses via exergy he believe that we need to use exergy based
efficiencies if we are to address energy problems effectively and to prioritize efficiency-
improvement efforts appropriately[9] and in the same year Adrian Bejan(2002) have studied
Fundamentals of exergy analysis, entropy generation minimization, and the generation of flow
architecture ,he begins with a review of the concept of irreversibility, entropy generation And
giving examples [10] ,and Huseyin Yapici et al (2004) have Numerical study of effect of
oxygen fraction on local entropy generation in a methane—air burner, In order to investigate the
effect of oxygen percentage on the combustion and entropy generation rate, the combustion of
methane with air is examined at various oxygen percentages in the air by using Fluent CFD code
The objectives of research work in the area of combustion are to improve the combustion process
in order to achiecve higher combustion efficiency, the results of this study Material resistant to
high temperatures must be selected as the burner wall-material (especially in the cases of high ¢
and v ), and in order to reduce the burner-wall temperature, the heat transfer coefficient at the
burner wall should be increased [11] and Michel Pons (2004) has studied Irreversibility in
energy processes , A non-dimensional irreversibility balance can be established for energy
conversion cycles. Obtained from trivial derivations, the non-dimensional irreversibility balance
appears as a robust, useful and unified framework for analysing complex processes, for instance
involving several powering energies, irreversibilities attached to the process but taking place
outside the process [12], A .Bejan et al (2004) have a formulation of the constructal principle in
analytical and graphical terms that are analogous to terms employed in thermodynamics
demonstrated this through examples from three wide classes of flow architectures low between
two points, flow between a circle and its center and flow between one point and an area [13] and
Ahmet Durmayaz and all (2004) have studied, optimization studies of thermal systems, that
consider various objective functions, based on finite-time thermodynamics and thermo
economics are reviewed, Found that it must rely on constructural and FTT theory[14] after 1
year Hiiseyin Yapici et al (2005) have studied Numerical Study On Local Entropy Generation In
Compressible Flow Through A Suddenly Expanding Pipe , Use the computer programs of
research in this area several researchers The pray to several outcomes such as temperature and
dimensions of the tube [15] and in same year too (2005) have studied Numerical student on

transient local entropy generation in pulsating turbulent flow through an externally heated pipe
9
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and use computational fluid dynamics (CFD) code , was analysed for three different flow cases
The effect of the period of the pulsating flow on the entropy generation rate was also
investigated, The results of this study indicate that flow pulsation has an adverse effect on the
ratio of the useful energy transfer rate to the irreversibility rate. [16] V.D. Zimparov et al (2006)
optimized the performance of several classes of simple flow systems consisting of T- and Y-
shaped assemblies of ducts, channels and streams ,The fundamental study of the optimization of
tree-shaped architectures also sheds light on the common design principles of engineered and
natural flow systems, the objective was to identify the geometric configuration that maximized
performance subject to several global constraints [17] and in same year too (2006) have studied
optimize the performance of several classes of simple flow systems consisting of T- and Y-
shaped assemblies of ducts, channels and streams, The objective is to determine flow
architectures that reach two objectives: (1) minimal global entropy generated, and (2) maximum
heat flow density [18], Huseyin Yapict et al (2006) studied numerical simulation of the
combustion of hydrogen with air, The combustion is simulated for the fuel mass flow rate
providing the same heat transfer rate to the combustion chamber in the each case , In order to
investigate the effect of oxygen percentage on the combustion and entropy generation rate, the
combustion of hydrogen with air is examined at various oxygen percentages in the air by using
the Fluent CFD, the results of this study clearly demonstrate the numerical simulation of
combustion of hydrogen with air and the numerical solution of local entropy generation rate in
the combustion chamber for the various equivalence ratios and oxygen percentages in the air.
Material resistant to high temperature must be selected as the burner wall material (especially in
the cases of high / and c), and in order to reduce the burnerwall temperature, the heat transfer
coefficient at the burner wall should be increased[19]. C.D. Rakopoulos et al (2006) studied the
application and analyses of the second-law of thermodynamics to internal combustion engines,
the main differences between the results of second- and first-law analyses are highlighted and
discussed and Tabulation of energy and availability balances is given for many types of engines,
accompanied by figures showing the effect of the most important parameters on the second-law
performance of internal combustion engines[20] and C.Stuart Daw et al (2006) Minimizing
destruction of thermodynamic availability in hydrogen combustion, First and second law
analyses of an idealized hydrogen combustion process indicate that it is theoretically possible to
climinate the majority of combustion irreversibility from internal heat transfer by preheating the
hydrogen and air in a counter-flow heat exchanger with recycled flue gas and Noam Lior[21] et
al (2006) reviewed the exergy fields in transport processes, It presents the basic equations, the
method for their use and three examples from the authors work flow desiccation[22] . Dorin

Stanciu (2007) investigated the swirl angle influence on the turbulent diffusion flame
10
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Irreversibilities, using the second law of thermodynamics relies on the local transport exergy
equation, and The numerical simulations Afier able to propose two ways for reducing the
combustion irreversibility [23.24] and Dorin Stanci(2008) is studied to analyze a digital way the
influence of the undulation of a wall on the volume of the forced irreversibility inner turbulent
convection. For the flow and transfer of turbulent heat the LRN models we chose two equations
Abe, Kondoh and Nagano, The results showed that the distribution of all components of
irreversibility volume along and normal directions of the wall are different [25] and S.K. Som et
al (2008) have studied Thermodynamic irreversibilities and exergy balance in combustion
processesb, the major source of irreversibilities is the internal thermal energy exchange
associated with high temperature fossil fuels even today where combustion plays a key role in
the energy utilization process , This information are furnished by the fundamental studies on the
identification of irreversibilities and subsequent exergy analysis in a combustion process, which

has been reviewed in the present study[26].

The main objective of this work is to present the thermochemistry 3D study of the non-
premixed combustion fueled by C3Hg/H, using the include FLUENT-CFD models. Whereas, the
simulation is based on the modelling of the fundamental equations: fluid dynamic, heat transfer

and chemical reactions.
The work organised in three chapters:

Chapter I: We present theoretical models and we illustrate the mathematical formulation

of the probability model.

Chapter II: We illustrate the important steps for realise the non-premixed combustion in

FLUENT CFD.

e Chapter III: a numerical simulation using the Fluent-CFD to combustion Comparison
between, C3Hg/H, on one hand of field velocity, temperature and molar fraction of

carbon monoxide.
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Chapter 1 Dynamic Model "LES'" and Combustion Model "PDF"'

Turbulence is the state of fluid motion which is characterized by eddies and a random
three-dimensional flow. Whereas, the turbulent flow is increasing the energy dissipation,
mixture, heat transfer. So, the uses of the notions of the statistical physics deals with stochastic
processes elementary of the fluid agitation, that wants to understand the behavior of the system
in details on all scales. Indeed, the difficulty of the problem of turbulence lies mainly in the
separation between large and small scales: cannot study the large-scale behavior without explicit
consideration of the mechanisms involved at small scales, and vice versa. This is highlighting the

universal statistical properties of turbulent fluctuations [27- 29].

I. 1 Presentation of Approach "LES" Applied to Combustion

Large eddy simulation (LES) is a model used to resolve a very difficult theoretical
problem of turbulent flows, related to the modeling of dynamic behavior on a small scale in the
equations of motion on a large scale. LES is a valuable tool for filtering the vortex structure of
the flow, because it captures a deterministic way the formation vortices structures. It also enables
the prediction of many statistical parameters related to the induced turbulence and mixing. LES

applies to turbulent flow for remedy the problem of closure [30- 32].

The objective of this section is to present some of the basics of the theory of turbulence
and its statistical analysis. The focus is on the characteristics of the turbulent flow are of key
interest for the prediction and modeling of flows: scales of turbulence, Kolmogorov scale,

shearing structures flows (viscosity forces) and energy dissipation.
I.1.1 Generalities on the turbulent flow

The majority of fluid flows in nature and in engineering applications are turbulent.
Where, the turbulent flows can be easily observed but it is very difficult to give a precise
definition. However, researchers and engineers are agreeing on certain characteristics of the

turbulent flow, we briefly present it in the following [30,33]:
Unpredictability

Turbulent flows are characterized by their irregularity (Figure 1.1). Variables such as
velocity, pressure, density and the temperature fluctuate randomly which makes it impossible to

determine parameters describing the movement of spatiotemporal function. For example, the

13



Chapter 1 Dynamic Model "LES" and Combustion Model "PDF'"'

component considered speed fluctuates around an average value. The random nature of the flow

leads to consider a statistical treatment of turbulence [34].

Large structure

,

Figure 1.1: Visualization of large-scale structures and small scales in the turbulent flows [34].

High Reynolds number

Turbulence occurs in flows with Reynolds number is high ( Re = “DA ). It has often

caused the development of instability of a laminar flow. When the Reynolds number exceeds a
critical value, small flow disturbances become unstable and rapid growth of the transition to
turbulence. Thus the laminar boundary layer on a flat plate becomes turbulent when the
Reynolds number Re exceeds 5.10°. Similarly, the transition occurs in a cylindrical pipe flow

for a Reynolds number of 2500 [34].
Turbulent flows are rotational

For a large class of flows, turbulence arises due to the presence of boundaries or
obstacles, which create vorticity inside a flow which was initially irrotational. Turbulence is thus

associated with vorticity, and it is impossible to imagine a turbulent irrotational flow [27,35].

Turbulent flows are dissipative

14



Chapter 1 Dynamic Model "LES'" and Combustion Model "PDF"'

Viscosity effects will result in the conversion of kinetic energy of the flow into heat. If
there is no external source of energy to make up for this kinetic energy loss, the turbulent motion

will decay [27,35].

Turbulence is a characteristic of the flows, and not of fluids

If the Reynolds number is high enough, most of the dynamics of turbulence is the same in
all fluids (liquids or gases). The progress of the characteristics parameters is chaotic in the

turbulent flows [27,35].
1.1.2 Mathematical Description of Turbulence

I.1.2.1 Compressible Navier-Stokes Equations

The Navier—Stokes equations are non-linear equations that describe the movement of
Newtonian fluid, resulting from the application of Newton's second law on the movement of

fluid is considered one of the most important physical equations that describe a large number of

phenomena[35]:
L op O
Continuit —+—(pu,)=0 I.1
y o o (pu,) (L.1)

opu, 0

Momentum P + 5 (ouug)=-Vp+Vr+ pZy,.fi (1.2)

o(pe 0
Energy £+—(puae) =-V(pu)+V(ru) +Z pV.y.h.—kVT +q, (L.3)

ot ox. e

a

Where: o =123; f=1273.
gr : Radiative heat flux vector.
zComponent o the stress tensor presented can be written for a Newtonian fluid in the

form [28,37]:
o, =—po, +2uA, (1.4)

and:

15



Chapter 1 Dynamic Model "LES'" and Combustion Model "PDF"'

10u, ou 2
v 2|:8xl. Ox 3( )”} (1.5)
With 4, Deformation tensor.

The total energy defined here for the ideal gas:
1
pe = pCVTJrEp(ul2 fu fuy) (1.6)

In Cartesian coordinates, the equations of aerothermal balance can be expressed as the following
flow [30,37,38]:

oQ _oF, oF,  oF,

=5 (1.7)
ot oOx, Ox, Ox,

with: s . Source term.
0 : Conserved variables.

F : Field describes the rate of the conserved variables.

Jo,
PU,
where 0 =| pu, (1.8)
PUs;
pe

If we neglect the effect of gravity, the flow Fj is written Vi € {1,2,3}:

PU;
pul; =0,

o pul, — 0, (1.9)

PUl; =0

peu, —u 0, —A—
With:
A=pC oK : Thermal conductivity. And « : Thermal diffusivity.

The substitute of the means of deformation tensor of Eq, L.5 :

16



Chapter 1 Dynamic Model "LES'" and Combustion Model "PDF"'

pPuU;
puu, + pd, —2 A,
F;. — pu;u, +p5i2 _2#’41’2 (IIO)
pus + po; —2uA;
oT
(pe+ pu; —2uu A, — lg

1

To start using the empirical relationship of Sutherland to present the viscosity:

1(T) = #(273,,15)(27;15)1/2 1+1T°+/Tfj3T'15 (L11)
Wwith: (27315 =171110" Pl and T,=1104K.
In the case 7</20K using an extension of the previous law:
T
u(T) = u(l 20)(@) (I1.12)

Viscosity and thermal conductivity are connected by the Prandtl number which characterizes the

thermal properties of the fluids:

C w(T
Pr= v _ L() (1.13)
K A
The thermodynamic state equation is given by:
p = pRT (I.14)

It recalled that R=C, —C, =287,06Jkg” K™ in air at room temperature, and
y=C,/C,

I.1.2.2 Kolmogorov Scale

There exists a theory that has made a major contribution to the understanding of
turbulence: the theory of Kolmogorov (1941). It is based on a vision "statistics”" of turbulence

[29,38].

According to this theory the vortices in the flow have a size between the two sizes

following limits:

17



Chapter 1 Dynamic Model "LES'" and Combustion Model "PDF"'

e The largest scale of the flow L (imposed by the geometry of the flow, for example
typically the diameter of a cylinder),

e The smaller scale of the flown: imposed by the viscosity of the fluid, this scale is

called the Kolmogorov scale, or scale of viscous dissipation.

The ratios between L and » is as follows:

L
—~Re"* (1.15)
n
Kolmogorov' s theory describes energy is transferred from larger to smaller eddies; these
smaller eddies undergo break-up process and transfer their energy, and so on until the smallest

scale existing in the flow, scale 1. And molecular viscosity is effective in dissipating the kinetic

energy. At these small scales, the kinetic energy of turbulence is converted into heat. When
energy generation is equal to the energy dissipation, we speak of turbulence “in balance”.

The basic idea of the theory of Kolmogorov turbulence shows that for a sufficiently large
Reynolds number, the separation of scale between the energy of the flow structures and
structures that dissipate this energy is considered [33,35,38]:

E(k) = Re*? (I1.16)

KO

mod el
of sub - grid

L Cutoff e

Frequency

Figure 1.2: Principle of LES model in the space of the energy spectrum [1].

Between these two frequencies L andy, see figure 1.2, the idea of LES model is to apply a filter

to the equations in space. Structures that are larger than the cutoff frequency of the filter are

explicitly represented by equations while smaller structures are modeled (figure 1.2).

18



Chapter 1 Dynamic Model "LES'" and Combustion Model "PDF"'

[.1.3 Simulation Description of Turbulence
I.1.3.1 Generality of the LES Model

The concept of LES model is now better known in the scientific community. The idea
comes from the founder of the theory of Kolmogorov turbulence [39,41]. Requires that all
structures solved on the mesh are properly calculated, while the contribution of small structures,
sub-grid, is modeled. The use of numerical schemes centered high order to minimize the
dissipation. Thus, the lack of robustness of low dissipative numerical methods is a central

problem for the calculation of flows with high Reynolds number.

We consider a variable fand s is there filtering used in LES. So in the model (LES),

parameters are processed by using the decomposition Reynolds, f =f —]7, to facilitate
understanding of terms in sub-grid to model. In the case of Navier-Stokes compressible, to
simplify the modeling terms filtered. However, in the case of a turbulent flow quantities per unit

mass are best described by a Favre (density-weighted) called "average Favre" noted 7, defined
by[42,43]:
pf=pf (1.17)

as well:
72
P
The system of equations defined above (Eq.1-Eq.14) becomes:

(1.18)

L vF-5 (1.19)
ot

Q = (p.piy. piy, piiy, pE) (1.20)

The total energy filtered can be written as:

o= pE :;chr% o +ut i) (L.21)

The filtered flow F'i therefore:
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Fi= L
puy + pé,y —2ud;,
or
(pe+ plu, —2uu 4, —la—xj
The LES governing equations are written as [33,44] :
o op 0 ,_-
Continuit ——+—(pu.)=0
y o Ton (pu;)
opE, & . . o _ . &g ot
Momentum Ly - =—— u, —uu )| -—+—=
oo PR = =5 PG, =T )= S
00— & —_~ o6 _— _~_ 0p & —
Ener —ph +—(pu.h)=—I|puh—uh)|+—+—urt,
& ot g P =5 Rt o o, T

Thermodynamic state

pi
puu, + ;5,'1 —-2ud;

puu, + pé, —2uA,

(fuj— u;): Reynolds tensions of sub-grid.

,h—ih):

Heat flow sub-grid.

- The filtered viscous stress tensor is defined by [28, 39,45 and 46]:

Ti=2oUSy —é&j@z)

0j=1,2,3

Where: S , 1s the subgrid kinetic energy.

- The filtering is also applied on the tensor velocity of deformation as follows:

$) =5 (L +20)

1 0d. &g
4 ij=12,3
2 ox, Oxj

[.1.3.2 Sub-grid Reynolds Stresses Models

(1.22)

(1.23)

(1.24)

(1.25)

(1.26)

(1.27)

(1.28)

The closure of subgrid model in the governing equations the system is presented in

preview. The majority models of sub-grid is based on the Boussinesq hypothesis linking the

unresolved stress tensor 7, (Eq 1.27) to the tensor velocity deformation E‘j (Eq 1.28) through a

turbulent viscosity ur[32,41,48]:
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7 =2,L1T(§g,‘—;5g/§11) (1.29)
The choice of model is therefore to explain the turbulent viscosity u, = ;\/T )
1.1.3.3 Smagorinsky Model
The Reynolds stress tensor 73 is modeled by a turbulent viscosity [36] : Tii=ur Sy . Ty
decomposed on an anisotropic term 7#" and an isotropic term 7} is neglected, which
gives[37,38] :

Tpmi=pr S (1.30)

M the turbulent viscosity is written in the form of an algebraic relation:

=pC,A* S, 5, (1.31)

i

luT = ;C.s Azr

or:
Cs is constant Smagorinsky Cs =0.18.

This model was developed in 1963 by Smagorinsky[39,40], and it is classed in the sub grid
models used for LES, where is tested in the academic and industrial configurations. However, we

note some limitations to the use of Smagorinsky model[38,41]:

- It is the dissipative model, for example the transition to turbulence.

- Needs to an auxiliary model to predict the turbulent viscosity in viscous areas. For
example, behavior nears the walls.

- This model is based on the assumption of isotropic turbulence, which is not always

adapted to calculate complicate configurations.
1.1.3.4 WALE Model

This model is an adaptation of the Smagorinsky model and provides a decrease in ur

following the logarithmical law in(y*)*, ( v*is the distance to the normalized wall). This model is

used to correct a defect in the Smagorinsky model which over-estimates the turbulent viscosity

in the near wall and this because the gradients due to the boundary layer[42].
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This method takes into account the energy of the flow structures small to large transfer. But
it requires the use of limiters to limit values . In addition, this model is more complex to

implement than those presented here, especially on unstructured meshes. The WALE model has

been developed to improve [37,42]:

- The decrease vrof the wall,
- the transition to turbulence.

Eddy viscosity is defined as:

(Sij‘l Sijz 32
A GG .
With
s{=3(@}+81) 3850 (134)
and g2=0u (1.35)

i axi
g 5 velocity gradient resolved.

According Nicoud and Ducros, constant Cw varies little according to the configuration
(unlike Cs in the Smagorinsky model). The value of Cw = 0.49. vy = 0 if the flow is two-
dimensional[37,42] .

1.2 Presentation of the Model PDF combustion

The theoretical study of turbulence reactive flows is very complex, due to the coupling
between random turbulent and non-linear reaction rates. For this problem we investigate in the
auxiliary models and approach to resolve the transport equations which represents the evolution
of mechanical quantities and thermodynamic characteristic of these flows. Moreover, the
turbulent phenomenon leads us to use statistical approach to predict the average evolution of the
reactive flow. The equations for the average quantities which result from this approach reveal
additive terms which that must be modeled. We will use in this study the probability density
function methods. Where, the PDF model have emerged as one of the most promising

approaches for accommodating the effects of turbulent fluctuation in chemical reaction.
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I.2.1 Non-premixed Flames

In this type of combustion, both the fuel and the oxidizer are introduced separately, mixed
and burned directly in the burner. The motion of chemical mixture composition are based on
molecular diffusion [43].

[.2.2 Governing Equation
Turbulence is a stochastic phenomenon, for this reason we will use a statistical
description of turbulence. In this case all the characteristic parameters are write as a the average

and fluctuating term [34],

U=U+U (1.36)

Where:

U : Average quantity
U’ : Fluctuation quantity

But in case of compressible turbulent flow, the average of quantities can be noted U by
using a density weighted average in the following [34,43,44]:

i =2 (137)

ol

Where 4, is the Favre average.

In order to study the combustion we use the following equations based on the
aerothermochemical analysis:

Conservation of mass aa—f +ai(,5i7,.) =0 (1.38)

| i, 0 & _— __ . &

Linear momentum —+—(puu,)=——[puu, —uu,)]——+ .39
o o (pu;it;) o [p(uu,; —uu;)] Eop—— (1.39)

Species 95y +£(_ ?)——i[—(uy —TY )+, (I. 40)

P 8tp VA aXi pu; i axi P, f itf J .

d—~ O —_~ o _— .~ 0p O —
E —ph+—(pu.h)=— h—uh)]+—+—u.rt, 1.41
nergy ok = (pit ) = [P -+ L+, (L41)

Withi=1,2, 3 and j=1, 2,3

Thermodynamic state P=pRT (1.42)
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1.2.3 Progress Variable

Chemical reaction contain great number of elementary chemical reactions i.e. the flame
case result from simplest hydrocarbon combustion and many intermediate species and chemical
reactions are necessary. However, it should be noted that few reactions have influence on the
general process. Consequently, chemical advance can be represented by progress variable of the
reaction "c”. This variable must be standardized, it varies between zero for the fresh gases and

one for the burned gases [34, 44 ,45].

. flame
P— S,
fresh gases
(fuel and oxidizer) - burnt gases
¢=0 c=]

Figure 1.3 : Definition of the progress variable.

Usually, the premixed flames use the progress variable, and it can also replace the scalar

rate of mixture fraction dissipation &, [34,46]:

¢.(Z,e,)=¢,(Z,c) (1.43)

In this case, the equation (I1.43) is limited by the advance of reaction and the extinction of
the diffusion flame. This transformation is arbitrary makes it possible to use the same control
parameters of regime flow in premixed and non-premixed combustion, thus to facilitate the
comparisons. There several definitions possible to describe the total advance of reaction. They
can be defined according to the reactors and of the combustion products, or of the temperature.
The definition of ¢ based on a homogeneous evolution in all the flame is necessary, which
deviate the chemical species with chemical kinetics too fast or too slow. It can to know the
concentration of the chemical species and the temperature of reactive mixture with only one
variable?. If that is possible, the computing time in complex chemistry becomes piddling for 50

or more transport equations of the chemical species? [47.48].

In adiabatic systems closed, the temperature varies monotonically as a function of
chemical process. In this case, temperature function normalized may define the progress variable
of the reaction ¢ [34,44]:
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T-T,
C= .
T, -T,

(1.44)

The progress variable c is defined as a normalized product mass fraction [34]:

(1.45)

Where Y , is the mass fraction of productions.

It is possible to make combinations between the chemical species:

Y, 47,
c=tntle (1.46)
Y472

The transport equation gives the progress variable ¢ may be in the form [45,49]:

0 0 0 0
—pc+—(pu.c) =— —oc)+ . 1.47
o Pt gy (PO =g (P gm0+ po, (L47)

4

Where: i=1, 2, 3

[.2.4 Probability Density Function (PDF) Methods

The non-premixed modeling approach involves to the solution transport equations for two
conserved scalars (the mixture fractions and the progress variable). Equations for individual
species are not solved. Instead, species concentrations and temperature are derived from the
predicted mixture fraction and progress variable fields, where the uses approaches of the
probability density function (PDF) [34].

If we denote that y is the value of composition variable such as mass fraction at a point x

and moment ¢ in a turbulent reactive flow .For we give the nature of turbulence ,it is necessary
that obtaining the values of y in any point and any moment .But these values are in all

probability different .In other words, y is a random variable .1t is not possible to predetermine
the value of y . However , it possible to ascribe probabilities to its value being in a give interval
[43, 50].

The PDF of y is defined by [43]
P(3)=2r () (:48)

Where F ( h% ) is the probability function and P ( b% ) probability density function. that is

P(y;x,t)dy isthe possibility to obtain the values included between y and y +dy in pointx

and moment ¢ [50].
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[.2.5 Fundamental Properties of PDF

In turbulence reactive flow contain N chemical species, we need to consider a set of N

composition variables y ={y,, ...y } -

The three fundamental properties of PDF as follows:

e Since the probability is nonnegative, then [52,53,44]

P(y)20 (1.49)
e Since lim #(y)=0, and lim F(y)=1, then
j P(y Yy =1 (1.50)

Where, the integration dy =dy dy ,.......dy , is over the whole of composition space [46].

If 1>y >0 then[35,53]

[P (yyy =1 (1.51)

0

e For any function Q ( v ) the average is writes by the following relationship [51].

+00

Q=<0 >=[P(»)0(y)dv (1.52)

If the PDF is known, the mathematical expectation and the math central of any function of the

random variable can be calculated. In particular the mean ¥ and the math central y * can be
determined.

If the composition variables are y , the density is given by the function p, ( y) which can

be determined by thermodynamic. The mean density by ( Eq 1.49) is [52,44]:

p=<p(x,t)>=[P (y:x,t)p (y)dy (1.53)
Where the integration occurs on all values of the set j .

In variable density flow, the use of Favre average has advantages both theoretically and

practically. Favre average for any function Q( b% )are defined by:

~ p_Q +co

Q=% =/, QPGdy (L54)
The Favre average for probability density function can be defined by:
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P (y)=p(»)P (»)/p (L55)

One of the objectives of the models of turbulent combustion is to determine the average
production rate generated by the chemical reactions. Because of strong not linearity of the rates
production (or destruction) of the various species, the estimate of the average rate of chemical
production is not direct and must be based on a phenomenological approach. We will use a
progress variable of reaction ¢ defined such that it is zero (c= 0) in gases fresh and equal to the
unit (c= 1) in burnt gases. The fraction of mixture Z introduced here is zero (Z=0) in oxidant

pure and equal to the unit (Z=1) in pure fuel [34,47,51].

Statistical properties of the scalar fields, in a point of the flow (averages, variances...), can
be deduced from the probability density function (PDF). The utilization of PDF method makes it
possible to obtain the statistical properties of intermediate states in other words in the forehead of

flame[45,29].

J— 1 _ 1 _

It may be noted that Klimenko and Bilger proposed the use closings for these averages,
this seems step suitable for the non-premixed flames since the chemical reaction occurs

preferentially adjacent the stoechiometric conditions [45,53].
Conclusion

The objective of this chapter is to treat the turbulent non-premixed combustion, by the LES-
WALE turbulence model characterized by:

e This is the most suitable for complex geometries and 3D turbulent flow.

e Its good accuracy compared to other models when considering different lengths scales.

e Less number equations comparatively to other models.

e Independence of the semi-empirical constants.

e The ability to calculate the dynamic parameters far or close to solid walls.

His performance in reactive flows and exothermic flows. In addition, this coupling with
combustion models.

For evaluate the composition variable of combustion such as mass fraction of species or
temperature in turbulence reactive flow, we use the probability density function approach

because these parameters is random variable. The advantage of this method is the reduction of
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the governing equations number which representing the evolution of aerothermochemistry

phenomenon,

28



Chapter 11

Numerical Modeling
for non-premixed

combustion using

FLUENT-CFD



Chapter I1 Numerical Modeling for non-premixed combustion using FLUENT-CFD

In this chapter, the numerical models described previously in chapter 1 are uses for
a numerical simulation of cylindrical combustion chamber fueled by C3Hg - Hy/Air. This study
is focused on non-premixed turbulent combustion in three dimensions numerical simulation
this In order to predict the field of temperature , velocity and mass fraction of carbon
monoxide (CO) in the all regions of the burner , we select the simulation using new coupling
models LES/PDF in the FLUENT code. So, the FLUENT-CFD is a computational fluid
dynamics commercial software program that is used in the research and industrial
communities. Indeed, we use it to resolve the governing equations: heat transfer, chemical
reaction and fluid dynamics. Moreover, the difficult of the analytic solution, we need to
exploit the numerical model including in the software package FLUENT. Where, the ability
to couple chemical kinetics and fluid dynamics .The objective of this chapter is to
demonstrate the main steps to realize the non-premixed combustion using numerical

simulations Fluent-CFD Software.

I1.1 Computational Fluid Dynamics (CFD)

The precise analysis of combustion phenomena by numerical simulation is now a
reality. "The CFD" is a powerful and reliable tool for design and prediction of mean axial
velocity, Fluid flow is mathematically described by differential equations representing the
laws of physics and thermodynamics (conservation of mass, conservation of momentum,
energy conservation ). This set of equations represents the exact behavior of the fluid whereas

they are too complex[54].
I1.2 FLUENT _CFD Models

The study of 3D turbulent combustion (C3H8 or H2 /air) is difficult, because of many

complex phenomenons , such as:

e Complex chemical reactions to the presence of different chemical elements.

e High temperature inside the combustion chamber.

e Stochastic processes, heat transfer, high viscosity in the boundary layers,
dissipate energy..........

e Complex geometry of the combustion chamber in many industries.
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All these problems lead to the difficulty of the mathematical solution to the
Navi-Stokes equations previously mentioned for the gaseous phase (conservation of mass
equation ,momentum, energy), which describes this flow burning, for these reasons we chose

numerical simulation using fluent software to overcome these difficulties.

A combustor simulation is modeled using the Probability Density Function model.
The reaction can be modeled using either the species transport model or the non-premixed
combustion model. In this work we will solve a natural gas and hydrogen combustion
problem using the non-premixed combustion model for the reaction chemistry.

The non-premixed combustion model uses a modeling approach that solves transport
equations for conserved scalars (the mixture fractions and progress variable). Multiple
chemical species, including intermediate species, may be included in the problem definition.
Their concentrations and temperature will be derived from the predicted progress variable

and mixture fraction distribution [55].

I1.3 Setups and Solution

Step 1 : starting FLUENT

1.Start the version of FLUENT three-dimension double precision (3ddp).

Versions
2d

Selection
|3ddp

Mode IFulI Simulation LI

Run I Exit |

Figure IL1 : Window starting FLUENT version.

Step 2 : Meshing
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1. Read the mesh ( Name.msh)
File — Read — Case
2. Check the grid
Grid — Check
3.Scal the grid

Grid — scale

Scale Grid ="

Scale Factors Unit Conversion

X [1— Grid Was Created In lm—j
Y[{ | ChangeLength Units |
Z h

Domain Extents
Xmin (m) [Co.01  Xmax(m)y
Yimin (m) [“g-06175  Ymax (m)
Zmin (m) ["o-06175  Zmax (m) [g-o6175

Scale I Unscalel Close | Help |

Figure I1.2 :Scaling the grid.

* Select m (meters) from the Grid Was Created in drop-down list in the Unit Conversion

group box.

* Click Change Length Units.
* Click Scale to scale the grid.
* Close the Scale Grid panel
4. Display of grid

Display — Grid
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Figure I1.3 :Grid display.

Step 3: Definition of models
1. Change the spatial definition to 3D.
Define — Models — Solver

*Retain the default selection of Pressure Based in the Solver list (The non-premixed
combustion model is available only with the pressure-based solver).
* Select 3D in the Space list.
* Click OK to close the Solver panel.
2. Enable the Energy Equation.
Define — Models— Energy
Since heat transfer occurs in the system considered here, we will have to solve the energy
equation.

3.Select the standard LES turbulence model.
Define — Models— Viscous
* Select Large Eddy Simulation from the Model list.
* Retain all other default settings.
* Click OK to close the Viscous Model panel.
4. Select the P1 radiation model.
Define — Models— Radiation

*Select P1 from the Model list.
* Click OK to close the Radiation Model panel.
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5.Select the Non-Premixed Combustion model.
Define — Models — Species — Transport & Reaction
* Select Non-Premixed Combustion from the Model list.

When we use the non-premixed combustion model, we need to create a PDF table. This table

contains information on the thermo-chemistry and its interaction with turbulence.

Species Model =
Model Mixture Properties
- Off Mixture Material ‘
" Species Transport df-mi Vi
pdf-mixture - iew...
* Non-Premixed Combustion ‘ = —|4,
" Premixed Combustion D ETCIAV O AR PEDIES |2‘3
" Partially Premixed Combustion
-

Composition PDF Transport

PDF Options
¥ Inlet Diffusion
I Create Table
™ Compressibility Effects

OK Apply Cancel Help

Figure I1.4 : Definition of Transport & Reaction model.
Step 4: Non Adiabatic PDF Table

1. Enable the Create Table option, in the PDF Options group box of the Species Model panel.
2. Click the Chemistry tab to define chemistry models.

3. Click the Boundary tab to add and define the boundary species.
* Select Mole Fraction from the Species Units list.

* Enter the rate of cgHg
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&) Species Model = - . = 3 ]
Model PDF Table Creation
“ Off Chemistry Boundary |Con(ro|] Flamelc(‘ Table | Premixed|

" Species Transport

* Non-Premixed Combustion Nh N“ “’ Al Sp»“'es Unit
" Premixed Combustion lo [0 [0 Mass Frac?ion
" Partially Premixed Combustion " Mole Fraction
" Composition PDF Transport "n [0 [n Tomporatire

PDF Options = o ® Faellk|lo0e
W Inlet Diffusion [ [ l .
¥ Create Table [h2s C o J 0xid (K) [750

- =
Compressibility Effects [cShB [1 [a o

List Available Species |
Add | Remove

OK | Apply | cCancel| Help |

Figurell.5:Creating the PDF table.
* Click apply.
5. Click the Table tab to specify the table parameters and calculate the PDF table.
* Click Apply.
* Click Calculate PDF Table to compute the non-adiabatic PDF table.
* Click the Display PDF Table button to open the PDF Table panel.

* Click the Display button.

AL T ipmermes aves'vy )

VNN W mness

MMean Wistaie F ractner

Figure I1.6 : Mean temperature as function for average mixture fraction.
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6. Save the PDF output file (Name.pdf).

File — Write — PDF.
7. Click OK to close the Species Model panel.
Step 5: Materials

All thermodynamic data including density, specific heat, and the formation enthalpies
are extracted from the chemical database when the non-premixed combustion model is used.
These properties are transferred as the pdf-mixture material, for which only transport
properties, such as viscosity and thermal conductivity, need to be defined.

Define — Materials

B} Materials R
| Name Material Type Order Materials By
[puf—mixture ’mix(ure L] “ Name
Chemical Formula Fluent Mixture Materials € Chemical Formula
‘ , ’pdl—mixture j Fluent Database...
‘ User-Defined Database...
,IHIIIIT J
Properties
‘ Mixture Species Inam:s LI ey B
Density (kg/im3) =
\ [pet 5 fEwe |
Cp itkg-K) |mixing-|aw l]
| |
‘ Thermal Conductivity (w/m-k) Icunslan( L_I
[0.625
=]
Change/Create J Delete I Close I Help I

Figure I1.7 : Materials definition.
Step S: The boundary conditions
1.Define the boundary conditions for the zones.
Define — Boundary Conditions
2. Set the boundary conditions for velocity inlet ( velocity-cs; Hg).

* Enter 0.9287 m/s for the Magnitude Velocity of C;Hg.
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ace Display Plot Report Parallel Help

TS = [ Velocty et ——
Matasials.: Zene Name
i | [urTacity-rhuen?
" s Conditi
Operating Conditions... Il Boundary Conditicns | Tnermal | Ragtauon | species | oFM | Muripnase | uos |
Reading Boundary Conditions... . Z‘m:e — 'l_:u;e V"""Y9P=ﬂ“""““"“|uagmua= Sod DIFGEAOh ﬂ
Periodic Conditions... -
Aea —— iabatic Table (Two Streams) wold intae-tan e n."[;“m —:]
nesa JMNNEEIR CEEE pars) EL - Velocty Magninde (i) z8r — [nstan <)
ic Mesh » =)
:::: : D’_“_m" - vair outflow Cuurdinate Systza Ic'"”h" Y. 2l J
. Mixing Planes... outlet-vent |
- te Turbo Topology... pressure-far-field = X-Compunctit of Flow Dircution [y constant E|
=% pressure-inlet it
=: Eactionc —— tet Y-Cumpunentuf Fluw Directivn |a |m-eh-ﬁ -
Read i DTRM Rays... symme! | Z-Companent of Flow Direction [ [constant p=
Read 20 pdf) =
Read 2-< Cimtom: Eield FUhchionse i wall - Fluctating Velocity Mlgorithm [spectal Synthesizer -
PDF file
Profiles... D
she Units... |E Specification Methad iuicysity aund Hydraulic Dianmeler :]
Desie Turbulent Intensity (4] [0
Gener L * Set... ] Cnpy...] Close I Help ] -
Type of the PDF Table: Nonadiabatic Table (Two Streams) ! Hydeaullc Dismetst (] [a. 22157
Calculating table ..... Reyneldo-Strecs

Warning? Rich Flammability Limit (1. Ill) is greater than
double stochiometric (2 = 0.050

calculating temperature limits .....

calculating enthalpy slices .....

Method i or |

3 Cancel  Help

Figure I1.8 : Definition of boundary condition.

2. Set the boundary conditions for the velocity inlet (air-velocity).

* Enter 20.63 m/s for the Magnitude Velocity of air.

B Mass-Flow Inlet

LW e e R e e -

28

Zone Name

Iu_air

Momentum IThermalI Radiation | Species | DPM | Multiphase | UDS |

Mass Flow Specification Method IM,ss Flow Rate

|

Mass Flow-Rate (kg/s) [g_137

Sup ic/initial Gauge Pressure (pascal) [26.63 [constant ~|
Direction Specifi Method [Dir Vector ~|

Reference Frame IAbsomte LI

Coordinate System Ic,nesian (X VY. 2) Ll

X-Component of Flow Direction |1 Icons(am LI

Y-Comp of Flow Directi Io Iconslant :]
Z-Component of Flow Direction [g Imns:am LI

OK I Cancell

Help |

Figure IL9 : Boundary conditions of the velocity inlet.

3. Set the boundary conditions for walls.

* Click the Thermal tab.

* Select Temperature from the Thermal Conditions list.

* Enter 500 K for Temperature.
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= = J
Zone Name
[wall

Adjacent Cell Zone
|FLuia

|| Momentum Thermal | Radiati Iﬂ'_ i IDPM I.. e ]UDS I

Thermal Conditions
© Heat Flux Temperature (k) |se0 Iconslant LI

= Tempcu’(urc Internal Emissivity |1 Iconstanl ~
" Convection

< Radiation Wall Thickness [(m) I—g
 Mixed

= Heat Generation Rate 3 -
Material Name (wim3) IC] Iconstanl J

Ialumlnum L] Edit... I~ Shell Conduction

OK I Cancel Help

Figure I1.10 : Boundary conditions of wall temperature.

Step 6: Solution
1. Set the solution control parameters.

Solve —Controls— Solution

File Grid Define |Solve | Adapt Surface Display Plot Report Parallel Help

- density Controls > | Solution...
ne;dsﬁ::::e Initialize > | Multigrid...
Read 20 specie Monitors > Limits...
POF file succy  Amimate [ Muti-stage..
Mesh Motion...
shell, col Particle History >

Done.
Execute Commands...
Grid Check
Case Check...
Domain Extent
x-coordinat Iterate... 82, max (m) = 1.600000e+000
y-coordinat 82, max (m) = 6.115000e-002
z-coordinat 2, max (m) = 6.115000e-002
Uolume statistics:
minimum volume (m3): 2.0857304e-000
maximum volume (m3): 2.934596e-007
total volume (m3): 1.176785e-002
Face area statistics:
minimum face area (m2): 1.163885e-006
maximum face area (m2): 6.426725e-005
Checking number of nodes per cell.
Checking number of faces per cell.
Checking thread pointers.
Checking number of cells per face.
Checking face cells.
Checking bridge faces.

Acoustic Signals...

Checking right-handed cells.
Checking face handedness.
Checking face node order.
Checking element type consistency.

)|~

ey |

Figure IL.11 : Solution.

2. Initialize the calculations use the condition at velocity air.
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Solve — Initialize — Initialize

* Select vair from the Compute From drop-down list.

* Enter 20.63 m/s for the X Velocity.

* Enter 750 K for the Temperature.

* Click Init and close the Solution Initialization panel.

3. Enable the display of residuals during the solution process.
Solve — Monitors— Residual

4. Save the case file (Name .cas)
File - Write —Case

5.Start calculations after choosing the number of iterance (in our case we choose 2000

iterations) .
Solve — Iterate
6. Save the data file (Name.dat).
File — Write — Data
Step 7: processing the results
1.Display the predicted temperature or concentration of CO field
Display — contours
a)Temperature
* Select Temperature and Total Temperature from the Contours of drop-down lists.

* Click Display.
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Confours of X VelocRy (m's) (Time=2.0000e-01
FLUENT 6.3 (30, ap. pons, pa20, LE!

Figure I1.12 : Total temperature contours.

b) CO Mass fraction

*Select Species... and Mass fraction of CO from the Contours of drop-down lists in the
Contours panel.
*Click Display.

I —
& | FLUENT [0] Fl

Profies of M3ss fraction of ©0 (Time=2.0000e-01

FLUENT 6.3 (3a. 0p. pons, pa20. LES,

Figure IL.13 : CO Mass Fraction Contours.
1.Drawing the graphs

a)Temperature

* Select Temperature and Total Temperature from the Solution XY plot of drop-down lists.
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* Click plot.

& FLUENT [0] Fluent Inc

Total
Temperature

(k)

Total Temperature (Time=2.0000e-01

Position (m)

Apr 29,2016
FLUENT 6.3 (3d. 0p. pons, pa20. LES, unsteady

Figure 11. 14 :Radial distribution of total temperature in position X/R=0.89, X/R=1.57, X/R=4.52 and

b) CO Mass fraction

X/R=5.20.

* Select Species... and Mass fraction of CO from the Solution XY plot of drop-down lists.

* Click plot.

Mass
fraction
of

co

M3ss raction of 00 (Time=20000e-01

Position (m)

01
FLUENT 6.3 (3. 0p. pons, pa20, LES, unsteady

Figure 1115 : Radial distribution of CO mass fraction in position x/R=0.21, x/R=3.16 , x/R=3.84

and x/R—7.41
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Conclusion

In order to know the influence of hydrogen addition for non-premixed combustion ;
on temperature and formation of carbon monoxide in the combustion chamber have a
cylindrical form we used the FLUENT 6.3 code. Because this later treat the combustion
problem in three dimension and have two models LES and PDF, which use for solution the
governing equation of combustion. Also we explained in this chapter the main steps that
must be followed in FLUENT®6.3 code in order to find the temperature field and mass

fraction of carbon monoxide in the burner.

After illustrate the main steps to realise the computation in FLUENT-CFD program,

the results obtained will be discussed in the next chapter
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Chapter 111 Application of Non-Premixed Combustion of Propane and Hydrogen

In this chapter we illustrate and discuss the temperature and carbon mass fraction, results
obtained by the simulation Combustion is not mixed hydrogen and propane in cylindrical burner
The simulation was performed using the LES dynamic model based on PDF thermochemical

approach by FLUENT-CFD code.

III .1 Description of the combustion chamber

The configuration of the two coaxial jets that confine the combustor is given in figure III
.1Where it was the focus of numerous experimental investigations because of its relatively
simple geometry and its similarity to gas turbine burner [57,58]. Thereby, we investigated the
numerical validation of the LES/PDF coupled models with the experimental data, to study the
behavior of the non-premixed combustion fueled by mixture of C;Hg and H,. Whereas, the study
consists of three main parameters: mean axial velocity, mean temperature and mean mass
fraction of Carbone monoxide. The cylindrical combustion chamber is of ray R4=0.06115m and
L=Im in length supplied by two coaxial jets, the central one has an internal ray R;=0.03157 m
and an external R,=0.03175 m, which injects the methane with inlet mass flow rate and
temperature respectively Q;=0.0072 kg/s and T1=300K. The annular one has an internal ray R;=
0.04685m, that injects the air with an inlet mass flow rate Q,=0.137 kg/s and preheated at a
temperature T,=750K. The combustion chamber is pressurized to 3.8atm and has a constant

temperature wall of T\, =500K [57,58].

# Air (V3, T2) Re
By

. =T%H8 or H2(V1, T1)
Air (Va, T3)

i

Figure Ill.1: Schematic of the burner.

The present numerical study investigates Three dimension (3D) cylindrical burner. Where, the
grid used for all the simulations is performed by Gambit. Therefore, the selected meshes are of
parallelepipeds type; the grid is smooth and refined for both nearly solid boundaries of the burner and in

the longitudinal direction in the level of interaction of air and fuel, to accommodate more information in
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the solid boundary and the flame zone. The volume contains approximately 40.000 cells, the size of a

cell ranges from 3.62¢-07 m’ to 7.57e-05 m’.
II1.2 The Governing Equations

The turbulent combustion can be written in Cartesian coordinates as [43-56]:

Mass: %—? + %(5@2 =0 (II1.1)
Momentum: %+%(5ﬁiﬁj) = —a%[ﬁ(m—ﬁizij )]_;Ci_j+g (I11.2)
Mixture fraction: g;f +%(Eai 7 )= %(;ac %Z ) (I11.3)
Progress variable: %4‘%(5@’:5) = —%rc +£.(ﬁac %5)+p_a)c (I11.4)
Thermodynamic state: ;_7 = ;R T (I11L.5)

Where:
i=1,2, 3andj=1, 2, 3

e Unresolved Reynolds stresses (;uj—ﬁiﬁ ), requiring a subgrid scale turbulence model.

e Unresolved species fluxes (ﬁ —07117 ) and enthalpy fluxes (uTh — ﬁﬁ ) requiring a probability
density function (PDF) approach.

e Filtered chemical reaction ratec ; .

I11.3 EXPERIMENTAL CONFIGURATION AND APPLICATION DOMAIN

The configuration of the two coaxial jets confined within the combustor is given in figure
III .1. It was the focus of numerous investigations because of its relatively simple geometry and
its similarity to power plant burner [57,58]. The cylindrical combustion chamber is of ray
R4=0.06115m and L=1m in length supplied by two coaxial jets, the central one has an internal
ray R;=0.03157 m and an external R,=0.03175 m, which injects the methane with inlet mass
flow rate and temperature respectively Q;=0.0072 kg/s and T,;=300K. The annular one has an
internal ray R3= 0.04685m, that injects the air with an inlet mass flow rate Q,=0.137 kg/s and
preheated at a temperature T>=750K. The combustion chamber is pressurized to 3.8atm and has

a constant temperature wall of Ty,=500K [57,58].
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IIT .4 Results and Discussion

We begin with the validation of the coupled models described previously with the
experimental data [58]. After that, the same parameters used for the validation are used also to
control the flame behavior supplied by the H, or cgHg fuels. Moreover, the presentation and
comparison of results are based on normalizing length and velocity by using, respectively, the
injector radius (R=R3) and the inlet bulk velocity of the air (U=V)).

I1I .4 .1 Mass Fraction of Carbon monoxide CO
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hydrogen fuel.

the data turned out that the value of CO hydrogen fuel is much less (almost non-existent)

of its value for the fuel propane, where the distance between the two curves in the range of 92%,

when the first leg ( at the beginning of the combustion chamber) have low CO value and is

highest peak for CO for propane fuel when Yco=0.13 then decreases to be absent in the mid the

radius of the combustion chamber
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Figure I11.3:a comparison between the temperatures of fuel C3Hg and hydrogen fuel

Curves showing a comparison between the temperatures C3Hgand hydrogen where the
highest value in the fourth leg of the temperature amounting 2100K, All curves peak in the
flame districts decreasing when the wall of the combustion chamber, Because the flame zone is
the chemical reaction of fuel with air districts is also considered these interactions publisher of
heat, to disappear this summit and diminish their value. This is due to move away from the
combustion zone When Which move away from the flame zone, the temperature stabilizes at

close values lower than the previous stations to the values of this region and containing the
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combustion gases . Explain the high degree of fuel propane heat in the various stations,

compared with hydrogen fuel

11 .4 .3 Velocity Field
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We can see in this figure the comparison between the speeds of the propane and hydrogen
in different steps inside the combustion chamber. We can observe that the curves of the two
combustibles have almost the same shape. The curves shows too that they have a peak in the
flame zone. This peak equal one (U=1). We can also see negative values for this two curves in
the upper and lower turbulence zones and the alimentation combustible zone of the combustion
chamber. Then, this values cancel in the fourth and the fifth station; this is due to the distance of
the flame zone. We observe that the speed of the Hydrogen is greater in percentage than the
speed of the Propane; because the mass of the Hydrogen is lower than that Propane. The
consequence is that the gas speeds are greater in the same quantities of flow for the two
combustibles.

Conclusion

After comparing the combustion of propane and hydrogen we found that the:

e The emission of carbon monoxide Non-existent for hydrogen combustion in the

combustion chamber of all stations , but exists for Propane .
e High degree of fuel propane temperature in different stations, compared with
hydrogen fuel .

e Hydrogen is faster than propane.
Through these results we conclude that the hydrogen fuel is better than propane, which

is clean and is not harmful for Environment
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Conclusion

Hydrogen is the simplest element. An atom of hydrogen consists of only one proton and
one electron. It's also the most plentiful element in the universe. Despite its simplicity and
abundance, hydrogen doesn't occur naturally as a gas on the Earth it's always combined with
other elements. Water, for example, is a combination of hydrogen and oxygen (H,O). Hydrogen
is also found in many organic compounds, notably the Aydrocarbons that make up many of our
fuels, such as gasoline, natural gas, methanol, and propane. Hydrogen can be separated from
hydrocarbons through the application of heat - a process known asreforming. Currently, most
hydrogen is made this way from natural gas. An electrical current can also be used to separate
water into its components of oxygen and hydrogen. This process is known as electrolysis. Some
algae and bacteria, using sunlight as their energy source, even give off hydrogen under certain
conditions. Hydrogen is high in energy, yet an engine that burns pure hydrogen produces almost
no pollution.. Hydrogen fuel cells power the shuttle's electrical systems, producing a clean
byproduct - pure water, which the crew drinks. A fuel cell combines hydrogen and oxygen to
produce electricity, heat, and water. Fuel cells are often compared to batteries. Both convert the
energy produced by a chemical reaction into usable electric power. However, the fuel cell will

produce electricity as long as fuel (hydrogen) is supplied, never losing its charge.

In the present work, a study simulation Hydrogen and propane combustion both
separately into the combustion chamber So, We have used FLUENT-CFD in numerical
computation based on aerothermochemical equations for the control of the velocity field,
temperature field and the carbon mass fraction distribution, where the calculations are carried out
by FLUENT-CFD coude. Moreover, we used for these objective mathematical models,
especially LES for dynamic parameters and PDF for thermochemical in order to reduce the
number of equations. Finely, we conclude with main results obtained in this study:

e The emission of carbon monoxide Non-existent for hydrogen combustion in the
combustion chamber of all stations , but exists for Propane .
e High degree of fuel propane temperature in different stations, compared with
hydrogen fuel .
e Hydrogen is faster than propane.
Through these results we conclude that the hydrogen fuel is better than propane, which

is clean and is not harmful for Environment
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Conclusion

In the future, this study can interest in evaluating the rate of entropy generation produced by
combustion in ORACLES burner supplied by C3HS8 / H2. This configuration is similar to the
combustion chamber of a gas turbine. For, the simulation we can based on the dynamic model
(LES) coupled with themochemical model (PDF), using FLUENT-CFD. Then, we exploit those

parameters for estimate generation of entropy by friction and by heat transfer.
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Abstract

In this work, we simulated numerical combustion of hydrogen gas and propane gas inside
the combustion chambers using FLUENT-CFD program. The aim is finding thermochemical
and dynamic characteristics which occur during combustion. We use for this several special
mathematical models intended to address this issue, we have chosen in this study two models:
LES and PDF. They proved their efficiency in the previous studies of combustion through,
after comparing hydrogen and propane combustion we have found that hydrogen is the best

gas for combustion because it is not harmful to the environment.

Keywords: Turbulence, LES and PDF Model s, Non Premixed combustion, CFD.

Résumé

Dans ce travail, nous avons simulé la combustion numérique de gaz d'hydrogene et de
gaz de propane a l'intérieur des chambres de combustion a l'aide de programme CFD-
FLUENT. L'objectif est de trouver des caractéristiques thermochimiques et dynamiques qui se
produisent lors de la combustion. Nous utilisons pour cela plusieurs modéles mathématiques
speciales destinées a résoudre ce probléme, nous avons choisi dans cette étude deux modeles:
LES et PDF. Ils ont prouvé leur efficacit¢ dans les études précédentes de combustion a
travers, aprés avoir comparé I'hydrogéne et le propane combustion, nous avons constaté que

I'hydrogene est le meilleur gaz pour la combustion, car il ne nuit pas a l'environnement.

Mots-clés: Turbulence, Couplage LES/PDF, Combustion no prémélangée, Simulation numérique.



