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SUMMARY

The way in which position of spark plug affects combustion in spark ignition engine was studied by using
the developed quasi-dimensional cycle simulation (using two-zone burning model) program. The purpose
of this paper is to model the geometric interaction between the propagating flame and the general
cylindrical combustion chamber. Eight different cases were recognized. Appropriate equations to calculate
the flame area (Ay), the burned and the unburned volume (Vb & V) and the heat transfer areas related to
the burned and unburned regions were derived and presented for each case. Predicted results for the
Paykan, 1600 cc engine are presented and compared qualitatively with the predicted results of the
reference [1].

INTRODUCTION

In recent years the combined effects of environmental legislation and the energy
saving demands have led to a major expansion of research and development work in
order to make a better fuel combustion, and reduce noise and pollutant emissions. In
this context many codes were developed to simulate internal combustion engines, such
as quasi-dimensional models [2-4] and two or three, dimensional codes, which
classified as CFD codes [5-7]. Although the CFD codes (like KIVA) permit to simulate
very well the physical phenomena involved in engines, but the long time needed for
calculation is one of their shortages. In opposition the quasi-dimensional models (like
SAPENG used in this research) are fast execution models, which can be used
extensively by automotive industry in order to develop engine design and filling and
emptying operation very fast. The purpose of this work is to determine the effect of
spark plug position on the burning process of disc combustion chamber geometry in Si
engines by introducing some algebraic correlations. The approach taken is to use the
developed engine cycle simulation to perform illustrative calculations aimed to show the
feasibility of using the given correlations in quasi-dimensional cycle simulations.

SI ENGINE CYCLE SIMULATION

The Sl engine cycle is treated as a sequence of four continues process: intake,
compression, combustion (including expansion), and exhaust. The combustion process
is simulated as a two zone quasi-dimensional model. The combustion chamber is
divided into two volumes: the unburned zone (subindex u) composed by air, fuel and
residuals and burned zone (subindex b) composed by combustion products. The energy
equation for each zone is applied to open system. The Annand correlation is used to
calculate the rate of heat transfer from engine. The numerical method for solving
differential equations in this work is Range-Kutta fourth order. The detailed of the
program is given in Ref. [8].



GEOMETRIC INTRACTIONS
If spark plug is located at the center of the disk shape combustion chamber four
different cases as shown in Figure1 can be distinguished as follows [9].

17 <B/2; 17 < hgap (Case 1) (1-a)
r7<B/2 ;1> hgap (Case 2) (1-b)
17> B/2 ;17 < hgap (Case 3) (1)
rr>B/2 ; rr > hgap (Case 4) (1-d)

Where ri is the flame radius, B is the cylindrical bore and hgap is the height of combustion
chamber. If the spark plug is not located at the center, eight possible cases can be
distinguished due to different values of eccentricity (e), cylinder bore (B) and
combustion chamber height (hgap). These cases showed by the following relations
corresponds to the figures 2 (a) to (h).

rfr<hgep ; rF<B/2-e (Case 1) (2-a)
rr>hgap ; <B/2-e (Case 2) (2-b)
rfr<hgap ; >B/2—-e ; r<B/2+e (Case 3) (2-¢)
rf<hgap ; ¥>B/2 +e (Case 4) (2-d)
rf>hgap ; r>B/2-e ; < B/2+e

rr<\( hgap? + (B/2 - €)?) (Case 5) (2-¢)
n>B/2-e , 1< B/2+e

rr> N( hgap® + (B/ 2 - €)?) (Case 6) (2
1f > hgap , r>B/2+e

rr< N[ hgap? +(B/2 - €)?) (Case 7) (2-9)
rr>B/2 +e, rr>\(hgap?+(B/2 - e)?) (Case 8) (2-h)

Eccentricity (e) is the distance between the location of spark plug and the center of disc
combustion chamber.

CALCULATION OF ENFLAME VOLUME, FLAME FRONT AREA AND WALL AREAS
Chen and co workers [9] presented the following equation for calculating the enflame
volume of burned region.

Vb = (nt/8) B2 {[1/3 (2r7/B) * [a® - 3° — 3(a — B)] — (2r7/B) a} (3)

Where a and B can be obtained from following equations in regard to the four cases
shown by equation 1.

a=0 (rr < B/2) (4-a)
a=\[1-[((B/2)/ rr)’] (> B/2) (+b)
_B =] (Tf < hgap) (4-c)
_B = hgap/?f (T'f > hgap} (4-d)

The volume of unburned is obtained after estimation of burned volume

Vu=V-Vp (5)



Chen [9] presented the following equation for calculating the flame front area
Ar=(m/4)B?[2(2rr/B)?(a-B) (6)

The equation for calculating the heat transfer area of the burned region is given by [9]:
Ap=mr?[2+ Ba / rr—(a?-B?)] (7)

The heat transfer area of the unburned region is therefore can be calculated:
Au=At - Ab (8)

The percentage of eccentricity (Eper) is determined by the following relation:
Eper = (2€/B) * 100 (9)

Now, if the location of spark plug changes from the center, eight different cases of
interaction of the flame with the surface of piston or cylinder wall may be created,
therefore eight different equations for calculating the enflame volume, the flame front
area, and the wall areas related to the burned and the unburned regions can be
obtained. The details of these equations are given in reference [8].

RESULTS & DISCUSSIONS

The results obtained in this work are based on Paykan 1600c.c. engine. These data
correspond to the 3000 rpm condition. The spherical flame maps of the combustion
chambers considered in this study are shown in Figs. 3-6. The acceptable way to
compare the flame propagation properties of general combustion chamber is to
evaluate the non-dimensional surface-to-volume ratio of the flame (Af/ Vv%) as a
function of volume fraction entrained (Vb / V(8)) or of flame radius (ri/ B). Results
obtained for the disc combustion chamber with side and center ignition are plotted in
Fig. 3 which shows flame front area versus flame radius for selected crank angles from
top dead center. The radius at which the flame area is first affected by crank angle
equals the distance from the spark plug electrodes to the nearest piston surface.
Usually this distance is shorter for chambers with side ignition than for chambers with
more centered ignition. Note also that as the spark plug location nears the center of
chamber the flame radius required for the flame to propagate through the entire
chamber decreases. Fig. 4 shows the flame area versus the flame radius and crank
angle for different percentage of eccentricity. It can be seen as the percentage of
eccentricity increases the shape of curves in Fig. 3-b (center ignition) closes to the
shape of curves in Fig. 3-a (side ignition). Fig. 5 shows the rate of burning versus crank
angle for different ignition angle and different percentage of eccentricity. Fig. 6 shows
the corresponding cylinder pressures of the cases presented in Fig. 5 which we could
have been expected.

CONCLUSIONS
For cylindrical combustion chamber in which flame propagation occurs roughly
spherically, the following conclusions can be drawn.
1. The effect of spark plug position on Spark Ignition Combustion investigated by
using the quasi-dimensional Sl engine cycle simulation (SAPENG).
2. Combustion chamber geometry and the position of spark plug have a strong
effect on the burning time duration.
3. By increasing the percentage of eccentricity the flame area, rate of burning,
turbulent flame velocity, maximum pressure, torque output will decrease.



4.

The result obtained for the Peykan 1600c.c Motor qualitatively consistent with the
results reported by the reference [1].

ACKNOWLEDGMENT

The author gratefully acknowledges financial support by SAPCO Company and
Ferdowsi University Research department. Also thanks to Mr. Amooshahi and Mr.
Assadollahi for their collaboration in the development of the given algebraic correlations.

REFERENCES

1.

2.

3.

Poulos, S.G.& Heywood, J.B., The Effect of Chamber Shape on Spark Ignition Engine
Combustion, SAE 830334, (1983).

Watson, N. & Marzouk, M., A Non-linear Digital Simulation of Turbocharged Diesel
Engine Under Transient Condition, SAE 770123, (1977).

Benson, R.S., Annand, W.J.D. & Baurah, P.C., A Simulation Model Including Inlet and
Exhaust System for a single Cylinder Four-Stroke Cycle Spark Ignition Engine, Int. J.
Mech. Sci., 17, pp 97-126, (1975).

Bazari, Z., A DI Diesel Combustion and Emission Predictive Capability for use in Cycle
Simulation, SAE 920462, (1992).

Kong, S.C, Marriott, C.D & Reitz, R.D., Modeling and Experience of HCCI Engine
Combustion Using Detailed Chemical Kinetics with Multi Dimensional CFD, SAE 2001-
01-1026, (2001).

. Zhang, D., Frankel, S.H., Optimization of Natural Gas Engine Performance by Multi-

dimensional Model, SAE 971567, (1997).

Fiveland, S.B. & Assanis, D.N., Development of a Two-zone HCCI Combustion Model
Accounting for Boundary Layer Effects, SAE 2001-01-1028, (2001).

Amoo Shahi, H.R., Study of Fractal Burning Model and the Effect of Spark-Plug Position
in Spark-Ignition Engines. MSc. Thesis, Faculty of Engineering, Ferdowsi University of
Mashhad, (2000).

Chin, Y.W, Mattews, R.D., Nicholas, S.P. & Kiehne, T.M., Use of Fractal Geometry to
Model Turbulent Combustion in a SI Engines, Combustion Science and Technology, 86,
pp 1-30, (1992).

~_“ “_“

‘ (@ ® © @

Fig. 1. Four different cases of geometric interaction between
spherical flame and the combustion chamber walls
and piston top surface when the position of the spark
plug is centered.
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Fig.2. Eight different cases of geometric interaction between a spherical flame and the combustion
chamber walls and piston top surface when the position of spark plug is not centered.
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Fig. 3. Flame area versus flame radius and crank angle from top dead center for
(a) disc chamber with side ignition.
(b) disc chamber with center ignition.
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Fig. 4. Flame area versus flame radius for the percent of eccentricity 0, 20%, 50% & 60% for high load
Paykan engine. (nv =92% & N = 3000rpm)
(b) flame area vs. crank angle
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Fig. 5. Rate of burning versus crank angle for the Paykan engine (nv = 92% & N = 3000rpm).

(a) for 60% eccentricity of different ignition angles.
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(a) at 60% eccentricity for different ignition angle
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(b) for different percentage of eccentricity.
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Fig. 6. Cylinder pressure versus crank angle for Paykan engine

(b) for different percentage of eccentricity.
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