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NUMERICAL COMBUSTION MODELING OF A GAS-BURNER AND
STUDYING ITS EFFECTING PARAMETERS
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ABSTRACT: v rivis pemper smnneriosd slimudaiion |:|_,|".:'.:1.l|.'1|..'.mm aver i samele af o prevalemt gos-humpe,
ored effecty of poraetelers ok gy environmenl geamelry, o poremeterys of chimney, gffects af free ond
fiweed CoRFVECTION o B edviradmienr, bt radialion :hn'.'l:ﬁ?'l'.ijrg Sifdraried and wilhoal radialion hos beger
stadied, For stindy of radlation gifects. g geometric moae! coasudering raadiafive hear trarsfer ams witfond
pimdiertioin d2 spmaiated amd the resudle compared together. Farthermare, e deretburion of sawdrassmedia!
[l e TR e arenken conditiony, snd advert o ey frochion u_,f"n'.!.u'r.ﬁr.l.ﬁluﬂ pradiets are the other cayes
wlhiedt fove feva stnclled

L. INTRODUCTION
Simuladion of combustion peocess with the puspose of studying the amownt of pellutasds produced by
combustion nesds perlect identification o this phenomenen from chemical poing of view (hydmearben
sidizalion, guick reaclion parsmelers, @ic b, thermisdyvoamie peinl o view (bypothesis of chemmical
reacini wilh inlbnay spocd and computiog the relessed healh, and Nwid mechanics painl of view
furbaleng Mo witl clwmge of densily amd have patential to produce lurbulencs n the s ol relsasing
har).

The hest wase e inllammotion complex oF nutural gas is o ohserve fpelpir matio 1w 0001 ] Bar if
there is ot enatigh air available, o the Name 5 ael complete and aniform, there i nol enawph lime Tor
carbon menoxide te oxidize and convert i garbon dioxide and wiil be releascd.

2. MODELS AND GOVERNING EQUATIONS

The Mow regime in the combustion chamber under stodied is farbulent with cheoge in density of the
chemical species, which is arouwsed (am lhe combastien. The goverming eguateans on this plenomeson
are esservaliom of mass, momealum, tansmission of specics and emergy in the oylinder coordinate
systemn with the sssumphon of sleady with respect fo time. For modeling tbe ienns arsused (Fom durkabam
assumption k-t methed, and for modeling the combustzon Now and caleulating transmiision of species
Fiddy-Thssipation method has beon used [2]
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Canmervadion of energy eqgushion in this process with chemical reaction {corbustion) ig

7 . . Y
B U+ P = o= Ry 2= D el o il ) 4 S, (3}

Where &, is the souree term arcused from the beat released lrom the chemical reaction. | itective heat
comduction fuctor, which is heat condisctipn Factor of Auid and furbualence =[Tecis on il, with m,in'g he
EMNCE k= miethasd calculoted ns bBeloaw:

A =0 00 iy (4




For calculating the turhulence elfects on the propedies of [ow aod calculating te cffective heat
conduction Factor and effective viscosily Iwa assistance equations (k& e} has been ulifized [3].
Tn this study combustien of methane-air essvmed with wo Slage combustion mechaniam as below

|1
CH, + L5600 =00 5.0 [step 1), ireaction]),
GO 0560, =00, {5fep 2y (redciion 2D,

O the basis of this mechanism ibe prodecss of methase oxidizaton are carbon monoxide and water
vapar. In the next stage corbon dioxide formed from corbon monoxide cxidisation. Because of comiplate
nxidization of methane in dilule compleses, in combustion with excess air the equation of combastion is
exprassed as |1

:[ 100 - ¥ ] . [I—.ﬁ] M-y
CHy v =| O ¥, |2 €Oy + 20,022 (), N 5
4 y r ¥ J" H 4 1 7% 1 & - 3 (5

[n this equation @ is the ralis of the amounl of stoichiometric aie W Qe amownt of aciual air and ¢ is
the osygen percenage exists in the mir, which is 22% in niemal conditions,

3. NUMERICAL MODELING OF COMBUSTION IN GAS-BURNER

D of 1he moast imparant parts in ogmerical solving is producing proper pesmetry of the under sludied
system which has the leasl ermrs in meshing [6). General strpctare of gas-burner with chimney (s as
bl

1- Furnmace and crossing chamber of hot grses produced by combustion to the chamney.

2= Dhuter casing of the gus-hurner.

Muodel which is weed % shown i Ngure 182 with is geoncric dimensions. t should be pointed out
thal modeling sensitivity is on furnace and ¢rossing chamber of hot pases. One of the other impsrtant
steps in numerical solving is producing proper grid with necded precision in different parts. Since
radiation plays the main rule in heal ransfee of bodies with atmosphere, effect of rdiation phencmenan
off gas-hurner 1o the atmosphere 15 studied [4].

To calculate the mean heat trunsfer coellicienl on the casing of gas-burngr contacied with the
atmosphere, the gas-burner is placed in cubic atmospheee with 3 meter lengtiv of cach side which this
almosphene s contacied w I0ME air from fowr zides. Tn figure 3 meshing model and whole view ol the
gas-hurner and it5 aimosphere are shown, For moedeling radiation the Discrete Ordinate mnedel & chosen

3]

4. BOUNDARY CONDITIONS

[m this madeling, entrance surface of fuel and air is considered o b2 o part of a ¢ylindncal (wbe with a
determned cross seclion. On the other hand, wilh delerminimg the amount of fuel and air and mass
Iraction of each of them i entrance (with the assumption of combustion with cxcess air), velocity of
entmnce flow is calculated, and is given as entrance valees. In this paper gas-bumer is studicd in two
dilerent ways

1= Modeling of gus=burner wnd i1s sorrounding in order o siudy stimosphere eTecis on efficiency of the
gas-burner (c.g. mom dimensions, distance between walls, and guots of medution heat trmsfer o fes
convecilon)

1 Modeling of gas-burner and imposing atmosphere ellecis on gas-burner walls with imposing
eonvectisn leal iansler boundary conditions (fer studying distribotion of different variables, maneer of
functisn and recognition of combustion phenomenon gas-burner, study the ctfcet of chimney, ete. )

5. CONCLUSIONS

Ihie results show that witl 20 pereent increase in gas-burper hoight, the amount of heat transler will
incecase 143 percent, which is shown in Bgure 4. Alsoe 20 peacent incresse in gas-bumner width {Irown
AZ0emny e MK} beads by & percent incresse in the amount of beal wansifer. In both situitions, te
regson 0f increase in heat transfer is raise in the exchange surface of heat ransfer. Increasing lateral




surface can increase the pas-burner efficiency sakiently, but we can’l change the gas-burmer dimensions
cxcessively becanse it has an elegant appearance and sizo and this is an important factor in residential
areas. But we can create this surface increase wilh selting some lins on the gas-bumer surlace.

As the results of ligure 5 shows, in the case of without radiation, temperature region of more Lhan
310 K (thoss heated more than 5 degrees) is sitated near the roof, and there is not conswderable change in
the temperaiure of beneath surfaces, which is the place [or people presence.

We can note incrense in radiation heat transfer contribution in heating couipments s one of the
wse ful methods in reduction of energy consumption. Tn this method of heating, in eguipments such as gas-
humer, duc t rather high temperature of its wall with respect o aimosphere, has some contribution in
warming the atmosphere. As it ic observed in figure & (in comparison with figure 5). with absorbing
radiation encrgy from ihe gas-bumer surlace via ground, about 5°C {or K} temperature differsnee is
created in height of 20 centimeters, which is increased with approaching the surface. This difference cum be
veulizcd in figure 7. where temperature distribution produeed by gus-bureer with respect W hedght, i the cenier ol 1he
pognt, in Lsn cases of with and withoul radiation effecta s shown It shonld be noded that the ground and e
roof of the mimoesphere is considered 1o be ndisbutic in this paper and ils heat dissipation 15 not ook in
consideration.

Another appropriate use of this heating is in small and close rooms without exiting of air flow from
the environment, In this case we can achicve 15 percent cfficiency increase. On the other hand, in smill
regions and with considering the conveclion phenomenan, radiarion contribution in correct @mperiion
and heat distribution is very high, Approximate |5 percent wemperature increase in the rmom model with
radiation is a proof of this claim, which can be seen from Nigures S&6.

Modcling of this hearing device in two geometric environments, which are room with four walls, and
root with three walls and one open surfzce, which are the most usual uses of gas-burner, discloses
advantuges and disadvaniages, wemperatore distribution and heal iransfer wend in each of these
envimnments. Nondimensional remperaiure distribution is 4 massive help to compare the gas-bumer
elliciency in these two enviroiments, This comparison is shown in figere §
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Figure]- Side view of ihe furnace of the gas-bumer Figure - Front view of the farnace of the gas-burner
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