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Figure 1- A cutaway image of the burner including the fuel and primary air inlets
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Figure 3- Computational domain in two conditions of cold and hot flow
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Figure 4- Computational grid generated for cold flow simulation with implemented boundary conditions
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Table 1- Independence of the solution from the computational grid for cold flow simulation

Number of elements | Mass flow rate of primary air (kg/s) | Mass flow rate of fuel (kg/s) Air to fuel ratio
746993 1.3149e-4 1.95406 e-5 6.73
1091721 1.3008 e-4 1.99015 e-5 6.54
1862700 1.3280 e-4 2.01101 e-5 6.60
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Figure 5- Computational grid generated for simulation of combusting flow
S5 3l 6 3loand 1y b wli (G lowlons 40l -0 JSCb

9 YASPYYY QQYYYY olaws b aSlol aw  Slyil b > o jo Slsbre oSl 5l o Pl cw)y 0 jolaiea

2ol G g oo mje5 £ S o dslie [K00Ss b sl Cawdds gl g 48,5 )18 o) 0590 Joke YRVFONY
ASCD yidon oS gy (SO () Billae ams o plas 1) (y=-0.02 m, z=0.014 M) yig p YL o 0ud Ol Coadge
£ S )8 pas a8 ol S8 & 03 el oad Jol> a3l o il g codls anlgss snal Cowsts b 5,56

! Ansys-Fluent

vf



VEY s sl oled ol Jlo e(3l il 5 cbgus simgly — ool 4y 5t

w
™
=
=1

«+++Coarse grid «+++ Coarse grid
1800

— = Moderate grid - = Moderate grid

——Fine grid " 1600 1 ~——Fine grid

Velocity (m/s)
Temperature (K)
=
=

Figure 6- Grid study for combusting flow; a) Velocity distribution at the selected position on the top of the burner cap, and b)
temperature distribution at the same position
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Figure 7- The velocity field when the gas passes through the nozzle and discharges into the mixing chamber
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Table 2- The effect of gas pressure on the flow rate of the fuel-primary air mixture

Supply pressure (kgls) Mass flow rate of primary air Mass flow rate of fuel Air to fuel ratio
(mbar) kals)
12 9.77415 e-5 1.57549 e-5 6.204
16 1.1607 e-4 1.80710 e-5 6.423
20 1.3280 e-4 2.01101 e-5 6.604
24 1.4850 e-4 2.18840 e-5 6.786
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Table 3- The effect of gas pressure on chemical composition of the fuel-primary air mixture

Supply pressure (mbar) Mass fraction of Mass fraction of Mass fraction of CO Mass fraction of
CH, 0, CO,
12 0.12477 0.20096 0.00721 0.00229
16 0.12106 0.20187 0.0070 0.00222
20 0.11816 0.20259 0.00682 0.00217
24 0.1154 0.20332 0.00667 0.00212
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Figure 8- Comparison of numerical and experimental results for thermal efficiency according to inlet gas pressure
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Figure 9- Heat of reaction contour for reacting flow at different pressures
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Figure 10- Comparison of a) flow temperature, and b) flow velocity component in z direction for different pressures
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Table 4- Matrix of simulation runs

Run No. Load height Temperature Supply pressure

(cm) (°C) (mbar)

1 35 225 20

2 2.01 15.07 15.24

3 4.99 29.93 15.24

4 2.01 15.07 24.76

5 6 225 20

6 1 22.5 20

7 35 35 20

8 35 225 20

9 35 225 20

10 4.99 15.07 24.76

11 35 225 12

12 35 10 20

13 35 22.5 20

14 2.01 29.93 15.24

15 35 22.5 20

! Response Surface Methodology

2, Design Expert
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16 4.99 15.07 15.24
17 35 22.5 20
18 4.99 29.93 24.76
19 35 22.5 28
20 2.01 29.93 24.76

o b3l oo (i sLiel
J.Q.L?D Lv dJUa.o cd)L..uc\.»...u C.)Lu u.ul...u‘ 5 w‘s 6L®)..M )‘ & ).Q Ls‘)" ol u.u)‘).i L_SL&JM C)Lo‘ 9 u.....u )l o
&ly ouds acwlbxe (R?) Ot ol pizmed o] Cawdds 00 5l S b Jae aed slp p-value polie ‘\uﬂ.;l,uls
Sade (9 yieS Ay piden Cawd a5l Az gT b o (ol jo A Cnl JSS  a3Y ol Jols A8 4 - AFY - AVY
ol 00 sy g &l el )8 polie 4y o b sl Cewsds bl wgr Vol iy gjleand mls wlwl 5 COy
@5"‘“;) ‘_;LQJJA 6‘)—.’ 0l 6“3"0‘“" )..s'eL’o".a J.:Lo.a o 6)wa G’L"’ L;"\"S‘)" 6LQ)‘»)5.AJ o b I-\Y JS.M; gIST N
St polie o5 S g ool Gty Cpad ol o P-value polie 4 axgi b cplpls aes so oylis 1) sdel Cawsa

Sged Al 1y oad a5l sla o JLitel (g5 o (s 5ludrcds sloosls ply o ou

62— = 6300 —| -
56 — 567.5 —
o o
5 % 5 5050 —|
g g
o o
44 — 4425 —|
38 — 380.0 —
T T T T T T T T T T
386 444 502 56.0 618 387.6 475 5073 567.1 626.9
Actual Actual
a) b)
(& (@
160.0 — 26.0 —
1325 — 225 —
el e
5 1050 — 5 190 —
2 o
o o
775 — 155 —
500 — 12.0 —
T T T T T T T T T T
534 790 1045 1300 1555 125 157 189 22 254
Actual Actual
c) d)
(z (s
! ANOVA



VEY s sl oled ol Jlo e(3l il 5 cbgus simgly — ool 4y 5t

-16.1 —
-18.3 —
ke
g
S -20.5 —
g
o
226 —
-24.8 —
T T T T T
247 226 204 -18.3 -16.2
Actual
e)
(o

Figure 12- The scatter diagram of simulation results and predicted values by regression model for variables: a) 1y, b) Qtots ©) Oraa;
d) Qrad/Qtoty and e) COy
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Figure 13- The effect of temperature and load height on the thermal efficiency of the burner at pressures: a) 12 mbar, b) 16 mbar, c)
20 mbar, d) 24 mbar, and e) 28 mbar
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Figure 14- The effect of temperature and load height on the thermal load of the burner at pressures: a) 12 mbar, b) 20 mbar, and c)
28 mbar
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Figure 15- The effect of temperature and load height on the rate of heat transfer by radiation of the burner at pressures: a) 12 mbar,
b) 20 mbar, and c) 28 mbar
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Figure 16- The effect of temperature and load height on the ratio of radiation to total heat transfer of the burner at pressures: a) 12
mbar, b) 20 mbar, and c) 28 mbar
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Figure 17- The effect of temperature and load height on CO emission of the burner at pressures: a) 12 mbar, b) 20 mbar, and c) 28
mbar. The values are related to the natural logarithm of the volume fraction of CO relative to dry and air-free combustion products.
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The combustion flow field in domestic gas stove burners plays a fundamental role in the structure and shape
of the flame, the distribution of the temperature gradient, and, consequently, the thermal efficiency and
emission of pollutants. Obtaining a valid numerical model makes it easier to understand this complex flow
and its influencing factors. To provide a valid numerical simulation, the thermal efficiency of the burner was
experimentally tested in the pressure range of 12 to 24 mbar. The validity of the numerical results was then
examined by comparing them with the experimental results. Additionally, the response surface methodology
was utilized to investigate the simultaneous and mutual effects of various factors such as gas source pressure,
initial temperature of the mixture, and load height on thermal efficiency, burner thermal power, the ratio of
radiant heat flux to total flux, and the amount of CO emission. The algorithm proposed 20 cases that were
numerically investigated, and the obtained contours were extracted based on the fitted regression models for
the output parameters. The results show that although increasing the pressure increases the thermal power of
the burner, it decreases its thermal efficiency. As the pressure of natural gas decreases, the flame temperature
increases and the temperature peaks approach each other. In fact, the concentration of the flame increases
with the decrease in pressure, and as a result, the thermal efficiency increases. Additionally, the results show
that CO gas emission decreases with increasing pressure.

Keywords: Thermal efficiency, Load height, Pollutant emissions, Design of experiments, Response surface
methodology
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