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Abstract 
 

Combustion equipment of turbulent flows has usually been developed 

empirically, with only qualitative guidance from theory. The reason is that, although 

has relevant processes have long been understood qualitatively, no accurate and 

economical procedure has been developed for the quantitative prediction of the 

properties of flame. Because empirical development is expensive and slow, the need 

for a prediction procedure which would replace physical by computational 

experiments is very urgent. The studies which are about to describe are mainly 

intended to test the ability of the present procedure to provide predictions of 

temperature calculation of turbulent flows with combustion. It is interesting to note 

that the maximum-temperature isotherm forms a closed loop within the combustion 

chamber for the fuel velocity (VF=Vo and VF=05 Vo). When VF increased (VF=3Vo) 

fuel would escape from the chamber without burning. 

 

 
 

 ةـــــــلاصـالخ
تم إجراء دراسة عذدية للجريان المتفاعل  المطلبرد دا ل  ق لرط اسلب اوت  تملا الذراسلة النذديلة قله 

 لللتط تبللل ير  رولللاقلأ عىلللانت ا  نلللاد قتىلللاجر ال ملللس  قفلللتلر  لجريلللان قطلللبرد قتفاعللل  ل لللر  ا تلللراط 

ا سلتمرارية ااوتللاط اللتللة للءل اء  أسب اومة تتطمه الذراسة    المنلادت  التفالللمة الجسنملة المتم للة   فل 

 اال ق د ت زيع درجا  ال رارة ا  اص  ل  الجريان تم ال ص ط علمءا قه  تط ال   

عللتح  للات  تللم اعتماد للا عىللذ دراسللة الم ديلل  الريالللت ا للت ا للتت  سللرعة د لل ط ال قلل د اللل  دا لل  

قه اوتلانلأ المءملة لءلاا ال  لث  لت تلاعمر (vf=3vo (ا)vf=vo( ) vf=0.5voالم رط  مث تم اعتماد عتح سرع )

زيلادة سللرعة د لل ط ال قلل د اللل  الم لرط  مللث للل    ان  للاي السيللادة تلددج اللل  ال صلل ط عللل  درجللة ال للرارة 

اللص ى عىذ قخرج الم رط قما يددج ال  الرار فت قىاطق قجا ءلة اللءل،   املا يملله قت رلة  لراد جلسء 

 قه ال ق د ق   ااتماط عملمة ا  تراط 
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Grobman
 (1)

 performed incompressible flow calculations to determine the 

effects of combustor geometric and operating variables on pressure loss and 

airflow distribution in tubular combustor. 

Tacina and Grobman
 (2)

 analyzed the pressure loss and air flow distribution 

of an annular combustion chamber taken the effect of geometric and flow 

variables into consideration. NASA
 (3)

 a computer program for the analysis of 

annular gas turbine combustor including fluid flow. Combustion and heat 

transfer. Sarkawt
 (4)

 presented a theoretical investigation of the compressible, 

steady one-dimensional, turbulent and chemically reacting flow for various 

geometrical and inlet flow conditions. 

Sturgees, Syed and McManus
 (5) 

study the mathematical simulation of the 

practical problems in the gas turbine engine combustion systems. Sokolov 
(6)

 

describe a mathematical modeling of an annular gas turbine combustore. A 

mathematical model for the description of axi-symmetric swirled flow with 

diffusion combustion is based a numerical solution of the Reynolds equation 

with (K-ε) model of turbulence. 

In this paper a numerical simulation of two dimensional steady, elliptic, 

turbulent reacting flows with combustion using cylindrical polar co-ordinates 

were studied. The solution will give the distribution of temperature profile for 

different axial velocity of fuel (CH4) inlet. 

 

2. THE PHENOMENA CONSIDERED 
 

The combustion processes of gas turbines, ram-jets and many types of 

industrial furnace exhibit the following features: 

i. The flow is turbulent, apart from thin regions close to walls. 

ii. The flow is steady, apart from the turbulent fluctuations. 

iii. The density, and other fluid properties, varies greatly from place to place, 

mainly in response to temperature changes resulting from combustion. 

iv. Recirculation is present in some parts of the combustion chamber. 

v. Although fuel may be injected in the form of liquid droplets, these vaporize in 

a time, which is so short as to be without influence on the main features of the 

flame. 
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3. PHYSICALLY-CONTROLLED COMBUSTION IN A CYLINDRICAL 
CHAMBER 

 

Figure (1) illustrates cylindrical combustion practical equipment. Fuel and 

air input at one end; exit for combustion products at other; arrangement of the 

air inlet as an annular orifice surrounding the fuel inlet; adiabatic and 

impermeable walls; a device for causing the air to enter with a swirling motion; 

a thick annular “land“ between the air and fuel inlets. 

Suppose that the fuel is a methan gas (CH4) having a molecular weight 

equal to (16) and stoichiometric fuel-air ratio equal to (0.058) for complete 

combustion. The chemical reaction rate will be presumed to be rapid enough for 

combustion to be controlled by mixing. For given flow conditions, the present 

model will be used to compute the distribution of temperature and streamline 

patterns for variable fuel velocity. 

 

4. THE MATHEMATICAL PROBLEM 
 

The cylindrical shape of the chamber favors the use of the cylindrical-polar 

co-ordinates Fig. (2). In addition to the equations for : 
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Further equations governing the conservation of chemical species: 
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It was shown that for a gas engaging in simple chemical reaction, with 

negligible kinetic heating, and in a chamber with walls which are impervious to 

both heat and matter, h and fo  is linearly related as in equation (7, 8): 

 

o,foF,fo

o,fofo

of

o

hh

hh
f









  ………………………………………. (4) 

 

Where the subscripts ho and F stand respectively for the conditions in the 

entering streams for oxidant and fuel of course, o,fo   has the value-mox/i; and  

F,fo  has the value 1. The equations for h and fo  can thus be replaced by a 

single one for f. 

The relationship between f and the various mass fractions is summarized in 

the following equations: 
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The straight-line relationships between the various quantities include the 

following: 
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It may be noted that in the absence of chemical reaction f is identical to the 

mass fraction for the fuel. 
 

4-1 Effective Viscosity 

For the present calculations, the effective viscosity will be computed from: 
 

3/12

oo

2

ff

3/13/2

eff )vmvm(3/2wkD  
 ………………………. (10) 

 

where k is a constant, D and w are the chamber dimensions (shown in Fig. (1), 

m denotes a mass flow rate, and the subscripts F and o refer to conditions in the 

fuel and air inlets respectively. This formula implies, as may be plausibly 

expected, that: 

i. eff Increase with increase of local density. 

ii. eff Increases with increase of fluid kinetic energy conveyed into the chamber 

by the fuel and air stream. 

iii. eff Increases with increase in diameter, but diminishes with increase in 

length. 

iv. eff When the density is uniform through the combustion chamber, so is The 

last of these implications is the least likely to be borne out in practice, 

nevertheless, even a round-sectioned jet emerging into an infinite stagnant 

atmosphere can be rough characterized by a uniform value ofμeff, so the 

implication is certainly not absurd. 

According to Pun and Spalding (1967) a value of k equal to 0.012 is 

suitable. 
 

4-2 Boundary Condition 

Figure (2) illustrates the domain of integration and the boundary 

conditions. At both inlets, the radial velocity is taken as zero, and the axial 

velocity is given uniform values (100 m/sec); from these conditions the 

corresponding values of ψ and w/r can be readily evaluated. The mixture 

 ………………………………………… (8) 
. 

-                             ……………………… (9) 
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fraction f has the value unity at the fuel inlet and zero at the air inlet. The 

implicit procedure is used for thew near-wall vorticity calculations. 
 

4-3 Numerical Solution 

The starting point for the derivation is the general differential equation 
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 is the dependent variable  )m,w,( j and the function are obtained from the 

following table: 
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The integration of the general differential equation (11) over the small 

control volume to obtain Fig.(3). 
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Here the A’s ,B’s and vf are given by equation 13, 14 and 15 respectively: 
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and similar expression may be derived for swnwne and,   Fig (3). 

 

)pE

s,1N,1

s,2N,2p,E,

E rr(
SS

SS

8

bb
B 











 

)pw

w,1p,1

s,2N,2p,w,

w rr(
SS

SS

8

bb
B 










 

)pN

p,1p,1

E,1E,1p,N,

N rr(
SS

SS

8

bb
B 










 

)ps

s,2p,1

w,1E,1p,s,

s rr(
SS

SS

8

bb
B 










 

 

and  

)
2

SS
)(

2

SS
(rv

s,2N,2w,1N,1

pp


  ……………………………….... (15) 

 

Equation (12) is the major outcome of our efforts thus for; it provides an 

algebraic relation between the value of   at a particular node, and the values at 

the surrounding nodes. There will of course be one such equation for each 

variable at every interior node in the field. 
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5. RESULTS AND DISCUSSION 
 

Once the distribution of the mixture fraction is known, the corresponding 

values of the temperature can be obtained from equations 7, 8 and 9. For A 

21*11 uniformly spaced grid we obtained some computed streamline and 

temperature patterns for cases in which the fuel velocity equals 0.5,1 and 4 times 

the air velocity at inlet. Evidently the patterns are influenced by changes in 

velocity, but not in any remarkable way. 

Figure (4) and Fig.(5) presents the results of computations for presently the 

same circumstance but, on this occasion, chemical reaction has been allowed to 

take place. It can be seen that the streamlines Fig.(4) have been altered as a 

consequence of the expansion of the gas which is caused by combustion. 

It is interesting to note that; whereas the flame envelope (i.e. the maximum-

temperature isotherm) forms a closed loop within the combustion chamber for 

the first two velocity ratios (the fuel velocity equals 0.5 and 1 times the air 

velocity at inlet). The flame envelope terminates on the wall for the third one 

Fig.(5). 

The latter behavior implies that fuel would escape from the chamber 

without burning, an event which is usually undesirable. 

Figure (6 a,b,c) shows the temperature behavior along the combustor axis 

for the present model. It can be seen that the location of maximum temperature 

is variable according to the fuel inlet velocity (vf=0.5vo, vf=vo, vf=3vo). 

Figure (7a,b) and Fig.(8) shows the temperature profile at the exit of 

combustion chamber for (vf=0.5vo, vf=vo, vf=3vo). It can be seen that the 

temperature value has dropped from the axis of symmetry towards the wall and 

has a higher temperature values in the axis of symmetry for vf=0.5vo and vf=vo, 

while the value of maximum temperature Fig.(8) has located at R=2.5 cm for 

(vf=3vo). These results are in qualitative agreement with experimental 

observations. 
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NOMENCLATURES 
 

Symbol Meaning 

21  Metric coefficient associated with co-ordinates 

Z,r Cylindrical polar co-ordinate 

w Vorticity 

V1, V2, V3 Components of the velocity 

m Mass fraction 

Rj The rate of creation of species j 

f The mixture fraction 

h The mixture enthalpy 

i The mass of oxidant 

T The temperature 

A,B,C Coefficient in the general substitution formula 

S The physical distance 

  

Greek  

 The stream function 

 Exchange coefficient 

 Dependent variable 

  

Subscript  

o Entering stream for oxidant 

p Node p which lies in the center of the “tank” 

st Stoichiometric conditions 

j Chemical species 

F Entering stream for fuel 

fo Conserved property 

n,s,e,w Co-ordinates of the sides of the “tank” 

ne,se,nw,sw Co-ordinates of the centers of the “tank” 

1,2,3 Pertaining to directions 
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Fig.(1) Cylindrical Combustion Chamber for the Problem of Physically 
Controlled Processes  

 

 
 

Fig.(2) Illustration of the Domain of Integration and Boundary Conditions 
for the Cylindrical Combustion Chamber 
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Fig.(3) Illustration of a Portion of the Finite-Difference Grid, the Dotted 
Lines Enclose the Area of Integration, of 'tank'  
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Fig.(4) Stream-Line Patterns for Three Inlet Velocity Ratios,  
(vf=0.5vo, vf=vo, and vf=3vo), CH4 Fuel, Air Inlet Temperature=400k 
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Fig.(5) Temperature Distribution  for Three Inlet Velocity Ratios,  
(vf=0.5vo, vf=vo, and vf=3vo), CH4 Fuel, Air Inlet Temperature=400k 
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Fig.(6) Temperature Behavior along the Combustion Axis (vo=40 mls) 
                 (a) vf=vo          (b) vf=3vo 

 

 



Journal of Engineering and Development, Vol. 9, No. 1, March 2005                              ISSN 1813-7822 

 

 999 

 
Fig.(6) Temperature Behavior along the Combustion Axis  

                            (c) vf=0.5 vo 
 



Journal of Engineering and Development, Vol. 9, No. 1, March 2005                              ISSN 1813-7822 

 

 999 

 
 

Fig.(7) Temperature Profile at the Exit of Combustion Chamber for  
                   (a) vf=0.5 vo          (b) vf=vo           
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Fig.(7) Temperature Profile at the Exit of Combustion Chamber  
for vf=3vo  
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Fig.(8) Temperature Profile at the Exit of Combustion Chamber for  
                   (a) vf=0.5 vo          (b) vf=vo           
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Fig.(8) Temperature Profile at the Exit of Combustion Chamber  

for vf=3vo           
 


