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Table 1- Natural gas constituents in Ardabil city

constituent Percent
CH, 88.323 %
CoHg 4,672 %
C3Hg 1.137 %
C4H10 0484 CVO
CsH1z 0.181 %
CO, 0.694 %
N, 4.5 %
H,S 0.849 ppm

Lesgw o5 Lid g oy polie -Y Jgur

Table 2- Mass and partial pressure values of fuels
%Gasoline %NG Gasoline partial pressure (kPa) NG partial pressure (kPa) Gasoline mass (uL) NG mass (mg)
100 0 8.477 0 198 0
75 25 6.132 13.015 143 33.55
50 50 3.939 25.510 92 65.77
25 75 1.885 36.547 44 94.22
0 100 0 49.151 0 126.72
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Table 3- Specific heat polynomial coefficients

%Gasoline %NG ao a; a, as a as as
100 0 7.666317 -4.598111 23.318290 -36.591343 33.200670 -17.3431 3.985734
75 25 7.648265 -4.855355 21.993810 -31.847509 26.830693 -13.285 2.959626
50 50 7.631534 -5.093764 20.766309 -27.451021 20.927128 -9.52406 2.00865
25 75 7.615986 -5.315333 19.625512 -23.365076 15.440557 -6.02875 1.124846
0 100 7.601498 -5.521786 18.562546 -19.557893 10.328307 -2.77191 0.301339
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Figure 1- General design of the combustion vessel for determining laminar burning velocity
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Figure 2- Variation of laminar burning velocity in terms of flame radius
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Figure 3- Variations of laminar burning velocities of stoichiometric Gasoline-Air and Natural gas-Air mixtures versus bomb
pressure
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Figure 4- Variations of unburned mixture temperature of Gasoline-Air and Natural gas-Air versus bomb pressure
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Figure 5- Variations of unburned mixture temperature in terms of bomb pressure
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Figure 6- Variation of experimental and the estimated laminar burning velocities versus bomb pressure at 75% Gasoline-25%
Natural gas case and their deviation of percentage
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Figure 7- Variation of experimental and the estimated laminar burning velocities versus bomb pressure at 50% Gasoline-50%
Natural gas case and their deviation of percentage
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Figure 8- Variation of experimental and the estimated laminar burning velocities versus bomb pressure at 25% Gasoline-75%
Natural gas case and their deviation of percentage

w030 g (b3 g0 2 TV O3 3o 5052 YD jgus oS 35 o 33 (6080 1 9 2025 psT H3gm (SO s Ol i —A S
abiizmo HLid cams 3 BT (Bl yxl

WS et wslae gl il ¢ Saaliydgers oS 4 oyl Jlasl b 5 sabiced rgys loosls KaS b il LIS o
A2y FOMM £lals b Cgllas 150 (Senlinoge i oS Slaslons 15 5 009: (59,5 G (] o oolitil 590 J)l > aladons
Ot sk S labsle o lsn o (nj bele (sl ;Lad T (3500 Cas s eni (gl (nl S S50l aid S
kPa jLid adsl Ll 5 b (6 yegaS sl (65l Comnd 55 (1) o0 g IVO 00 (YD) (ol 5 o0y slavoyd Llga L
B jememS 5 Yl sl plyT 5 e s gull (o Sl Colipzm> ()l aliazs (0 YYTK gles 5 0
S 63y Cou g owyp 5l ol awslie (A) abaly 5l oo ygly il bg sy o)28 lS ) sanliwsds (b

(28,5 A |y ) 9)lge ylg co sdeliawdd

\YY



VYAV Sl eJsl olas sl Jlo 3l pol g Co g cigly - sode 4y i

yol onl a5 050 o0 At g bglie o515 5 JLad (b8l s alads 0l lgom rlo SIS 5 lgans bolse (ol @
5 0,0 (osro yw abrame S jlid 4 Gl diS g balie (slod 058 0 i gus bl sleo yiol3dl cely

el oy 5l oo Yebar (Lad b ands 58 hjgm S o a5 0l L sl iamoas =i e

sl e 8 alie o> sbbas e plu gl i @B b 5 g ce e dal o lad molsl L e
ey MA DA BVY el s lacdl 5l 5omb ol ce e Giolidl Saal Y bar b Lad il b ool
33,5 o0 3k alad (Jobo (5 )lubl 4 Vool aliee (ol clle 5wl oo (1 05 ot b (A5 sl o9

o 9 daslie jow oS 5 Y glp (M) alal) 5l saelcawsa =l oS slaiolel 5l saslewsa s .
C o )0 35250 (SOOGE aie duoy oo Hhaids 0 ls o)Lil 550 HLid 00lS o Jed LB o) S 5l lis g 0l
SNLU 5 GESTRIL e g e b (orebo S Pl gl il oo (M) bl 5 Lo talesl 51 ol )T (35500

ok 1 Gl coym w00 Lilsa b i canbilS slabslie gl jlid 4 cons ais gl bglie sleos @

Wb oo ol Sul gogro yuw (pl b B oy vy oS g ol sogro o dliame Sl

&L

E. James, “Laminar burning velocities of iso-octane-air mixtures-a literature review,” SAE Technical Paper 870170,
1987.

E. Hu and et al., “Measurements of laminar burning velocities and onset of cellular instabilities of methane—hydrogen-air
flames at elevated pressures and temperatures,” International Journal of Hydrogen Energy, 34, No. 13, 2009, pp. 5574-
5584.

S. Liao and et al., “Determination of the laminar burning velocities for mixtures of ethanol and air at elevated
temperatures,” Applied Thermal Engineering, 27, No. 2, 2007, pp. 374-380.

4. D. Razus, D. Oancea and C. Movileanu, “Burning velocity evaluation from pressure evolution during the early stage of
closed-vessel explosions,” Journal of Loss Prevention in The Process Industries, 19, No. 4, 2006, pp. 334-342.

5. K. Saeed and C. Stone, “Measurements of the laminar burning velocity for mixtures of methanol and air from a constant-
volume vessel using a multizone model,” Combustion and Flame, 139, No. 1, 2004, pp. 152-166.

6. T. Tahtouh, F. Halter and C. Mounaim-Rousselle, “Laminar premixed flame characteristics of hydrogen blended iso-
octane—air—nitrogen mixtures,” International Journal of Hydrogen Energy, 36, No. 1, 2011, pp. 985-991.

7. N. Peters, Turbulent combustion, Cambridge university press, Cambridge, United Kingdom, 2004.

8. X.J. Gu and et al, “Laminar burning velocity and Markstein lengths of methane—air mixtures,” Combustion and Flame,
121, No. 1, pp. 41-58, 2000..

9. M. Metghalchi and J.C. Keck, “Burning velocities of mixtures of air with methanol, isooctane, and indolene at high
pressure and temperature,” Combustion and Flame, 48, 1982, pp. 191-210.

10. S. Mitra, P. Kumar, “Combustion of Methane-Air in a vessel of Constant VVolume,” Proceedings of The XVI National
conference on |.C Engines and Combustion, New delhi, India, 2000, pp. 480-491.

11. C. Mandilas and et al., “Effects of hydrogen addition on laminar and turbulent premixed methane and iso-octane—air
flames,” Proceedings of the Combustion Institute, 31, No. 1, 2007, pp. 1443-1450.

12. D. Bradley and et al., “Laminar burning velocities of lean hydrogen-air mixtures at pressures up to 1.0 MPa,”
Combustion and Flame, 149, No. 1, 2007, pp. 162-172.

13. S. Jerzembeck and et al., “Laminar burning velocities at high pressure for primary reference fuels and gasoline:
Experimental and numerical investigation,” Combustion and Flame, 156, No. 2, 2009, pp. 292-301.

14. H. Miao and et al., “Laminar burning velocity and Markstein length of nitrogen diluted natural gas/hydrogen/air mixtures
at normal, reduced and elevated pressures,” International Journal of Hydrogen Energy, 34, No. 7, 2009, pp. 3145-3155.

15. E. Abdi Aghdam, S. M. H. A, “Experimental Study of NG-Air Mixtures at Initially Laminar Conditions,” Journal of
Mechanical Eng., Autumn and Winter, 41, No. 2, 2011, pp. 23-30.

16. E. A. Aghdam, “Wall effect on determination of laminar burning velocity in a constant volume bomb using a quasi-
dimensional model,” Applied Mathematical Modelling, 38, No. 24, 2014, pp. 5811-5821.

17. M. Baloo and et al., “Effect of iso-octane/methane blend on laminar burning velocity and flame instability,” Fuel, 144,
2015, pp. 264-273.

18. S. Petrakides and et al., “Experimental study on stoichiometric laminar flame velocities and Markstein lengths of

methane and PRF95 dual fuels,” Fuel, 182, 2016, pp. 721-731.

\YY



19

20

21.

22.

23

24.
25.

26.

27.

Slmed Qe (e g (ol 3100 pBl e ol

. M. Baloo and et al., “Effects of pressure and temperature on laminar burning velocity and flame instability of iso-
octane/methane fuel blend,” Fuel, 170, 2016, pp. 235-244.

. G. Broustail and et al., “Experimental determination of laminar burning velocity for butanol/iso-octane and ethanol/iso-

octane blends for different initial pressures,” Fuel, 106, 2013, pp. 310-317.

E. Varea and et al., Pressure effects on laminar burning velocities and Markstein lengths for isooctane-ethanol-air

mixtures,” Proceedings of the Combustion Institute, 34, No. 1, 2013, pp. 735-744.

J. Heywood, Internal combustion engine fundamentals, McGraw-Hill Education, Printed in Singapore, 1988.

. A. Prothero, Computing with thermochemical data, Combustion and Flame, 13, No. 4, 1969, pp. 399-408.

R. E. Sonntag and et al., Fundamentals of Thermodynamics, Wiley, New York, 2003.

S. Liao and et al., “Measurements of Markstein numbers and laminar burning velocities for liquefied petroleum gas-air

mixtures,” Fuel, 83, No. 10, 2004, pp. 1281-1288.

N. Hinton, R. Stone and R. Cracknell, “Laminar burning velocity measurements in constant volume vessels-

reconciliation of flame front imaging and pressure rise methods,” Fuel, 211, 2018, pp. 446-457.

N. Hinton and et al., “Aqueous ethanol laminar burning velocity measurements using constant volume bomb methods,”

Fuel, 214, 2018, pp. 127-134.

English Abstract

Experimental study of laminar burning velocity for dual fuel (Gasoline-

NG)-air mixture using pressure record in a spherical combustion bomb at

high primary pressure
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The turbulent burning velocity of air-fuel mixture depends on the laminar burning velocity and turbulent
aspects. The main factors influencing the laminar burning velocity are the fuel type, pressure, temperature and
equivalence ratio of the mixture. In the current work, a constant volume spherical bomb and its related
equipment are used to capture the experimental pressure-time data during combustion. The data is defined as
input to a multi-zone thermodynamic model to calculate the laminar burning velocity. The velocity is
evaluated for gasoline-air and natural gas (NG)-air mixtures at stoichiometric equivalence ratio and NG-
gasoline-air mixtures with NG mass fraction of 25%, 50%, 75% and 100% at stoichiometric conditions with
initial pressure and temperature of 500kPa and 333K, respectively. The obtained results of laminar burning
velocity of gasoline-air in comparison with NG-air mixtures shows that the NG-air laminar burning velocity
in the range of 5 to 20bar is higher than that of gasoline-air mixture. For dual fuel NG-gasoline it is observed
that at the stoichiometric conditions and when the bomb pressure is lower than 20bar, the laminar burning
velocities of 25% and 50% NG in dual case are lower than in the case of 100% NG.

Keywords: Laminar burning velocity, Combustion bomb, Natural gas, Gasoline, Dual-fuel mixture.
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