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ABSTRACT

This work is carried out to investigate the
effect of connecting passage shape and flame initi-
ation point on emission characteristics of torch
chamber spark lgnition engine burning homogeneous
lean mixture. This engine has been developed to
achieve lean combustion of homogeneous mixture. A
torch chamber for turbulence generation is used to
extend the effective lean misfire limit and to
increase the flame propagation velocity. The exp-
erimental study shows that the engine emissions of
NG, CO and HC, mean effective pressure and specific
fuel consumption are strongly dependent on the
connecting passage shape and ignition point location.
In the present work, two different passage shape
(cylinderical straight passage of 9 mm diameter and
convergent-divergent nozzle with 9 mm throat diameter)

and three lgnition point location are used, The
spark gap projection examined are 3.5, B8 and 13 mm
electrode lengthes. The results show good fuel

consumption and lower engine emissions of NO, CO and
HC over the entire range of engine operation condi-
tions when using convergent-divergent passage shape
and the extended spark gap projection.

INTRODUCTION

At the time, the conventional spark Ignition
engine confronted with two severe constraints stemm-
ing from the demands for, first, pollution control
due to the concern over the environmental, and, then,
fuel economy due to energy crisis. So far these
demands were met primarily by peripheral engine
system improvement LI,2]3. It is well known that
fuel economy and exhaust emissions such as NO, CO

M.

1



M. 2 M.M, Awad, A,A. Desoky and A.M. Abdelkhalik

and HC can be improved when a lean mixture is adopted.
Carburetor modification for better mixture formation
improved the ignition system and adequate mixture

flow during combustion these are effective in impro-
ving lean combustion. A non-homogeneous charge

(stratified charge engine) combustion system has been
investigated for leaner combustion to improve emiss-

ions and fuel economy (3,4]. For anm automobile,
however, a homogeneous lean combustion engine with
carburetor seems more desirable. Since it is simpler

in its configuration resulting lower production cost.

The torch chamber combustion system bas been investigated
as a means of controlling the combustion process in spark
ignition engines [5,7]). Although, markedly differ-
ent in configuration, the object of each torch cham-
ber concept was to control the combustion process so
as to permit higher compression ratios without deto-
nation, extend the effective lean misfire limit and
the use of special fuels with a gain in power or
fuel economy. In such engine, a fresh mixture
flows into the torch chamber through an connecting
passage during the compression process resulting
strong eddies of mixture within the torch chamber.

A spark plug located in the torch chamber lgnits and
produces a flame kernel there. This flame kernel
propagates through the mixture in the torch chamber.
As a result, an optimum “jet flame is thrown into
the mainchamber. This flame jet serves as an
healthy lgnition source for the mixture in the main-
chamber. The flame then propagates through the
mainchamber mixture where in the bulk of the energy
release occurs.

The torch chamber lgnition system has also been
investigated-as a means of controlling exhaust emiss-
ions from spark lgnition engines [8,91. To have an
effect on engine emissions without penalty in fuel
economy, the objective of the torch chamber system
design and optimization is the combustion of fuel -
air mixture so lean that the resulting burning gas
temperatures will not support NO_ formation while
maintaining low CO and HC emissions. The objective
of this study is to carry aqutthe . idvestigation of a
torth chamber spark lgnition engine burnning homoge-
neous lean mixtures. Specifically, the study is to
determine the effect of connecting passage shape snd
spark gap projection on engine exhaust emissions of
NO, CO and HC's.

EXPERTMENTAL SETUP AND PROCEDURES

The experimental work is carried out at the
Center of Research of Army Forces. The experimental
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setup is shown schematically in fFig. 1. The engine
used is a modified Deutz-Disel engine. The engine
1s a four stroke, four cylinder, air cooled, overhead
valves with a swirl prechamber. The engine specif-
icatioms:ware shown in Table 1. The engine is mod-
ified to be a torch chamber spark lgnition engine.
The modifications have been involved are, a reductiom
of compression ratio from 17:1 to %9:1 by fitting
spacers between engine crankcase and each liner. The
lntake manifold is modified to be fit with a conven:
tional carburetor selected according to engine air
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Fig. 1: Schemetic Diagram of the Experimental

Setup.

flow requirements at stream conditions, The carbu-
retor used is modified to be fit with an adjustable
needle valve as shown in Fig. 2. The engine is also
fitted with a conventional lgnition system and dist-
ributer.

The design situation for the engine cylinder
head and the position of the spark plug is shawn in
Fig. 3. Two sets of cylinder heads equipped with
two different passage shape have been used. The first
set is origimally fitted with a straight passage
having a diameter of %mm, 20mm length and 30° incli-
nation to piston crown. The second set of cylinder
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Table 1: Engine Specifications

Engine bore {cm} 11.0
Engine stroke {(cm) 14.0
Displacement volume (liter) 5.32
Connecting rod length (cm) 21.0
Compression ratio 9:1
Prechamber volume to total clearance
volume ratio 17%
Connecting passage diameter (cm) ag.9
Value timing: I.V.O0 °BTDC 16
I.v.C oABDC 40
E.V.0 S8BDC 52
E.V.C BATDC 16

head is fitted with a convergent-divergent nozzle
with 9mm threat diameter and -19° divergence angle.,
In order to ‘initiate the flame at different locations
in the torch chamoer, spsark plugs with three differ-
ent electrode lengthes(3.5mm, Bmm and 13mm) are used.
The four torch chamber confiqgurations to be tested
are shown in Fig. 4.

Engine tests are designed to investigete the
effect of connecting passage shape and spark gap
projection on the emissions @egharacteristics and
fuel economy of torch champer spark lgnition engine.
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:In order %g-covar the investigations, the engine has
been run at different speed, throttle opening and
different air-fuel ratios, The engine is loaded by
an fluid friction dynamometer type Hofman-Bran-3t..
The lgnition timing is indicated using a Cusson-P
4605 lgnition advance unit. The fuel flow is meter-
ed by a needle valve and is measured using volumetric
type flow meter. The rete of air consumption is
determined using an air box and orifice technique.
Engine exhaust emissions of HC, CO and NO  are meas-
ured by Beckman gas analyzers. To measure the CO
emission a non-dispersiwe infrared analyzer model

864 1is used. The HC emission is indicated using
flame lonization detector associated with sampling
heated line, Beckman model 402/, While the NO/NO
emission is measured using Beckman model 951A. he
Beckman analyzer model 7003 is used to monitor the

Oxygen.

RESULTS AND DISCUSSIONS

The results of the experiments have been collec-
ted and displayed graphically as famillies of curves.
All experiments are carried out with the torch chamber
engine, at compression ratio of 2:1l. Unless otherwise
stated, the spark timing is always set st its maximum
power value for the specific combination of torch

DYy n



M. 6 M,M. Awad, A.A. Desoky and A.M. Abdelkhalik

chamber configuration and operating conditions being
tested. For each combination A, B, C and D in Fig.4&,
englne emissjons of NO, CO, and HC, b. s. f. c, b.m.
e.p and exhaust gas temperature are recorded or deter-
mined for variable loads, fuel-air ratios and engine
speeds keeping the other parameters constant,

Shown in Figs. 5 through 10, are a comparative
curves of engine emissions of CO, NO and HC, b.m.e.p.,
b.s.f.c and the exhaust gas temperature at full load
and fuel-air equivalence ratios of 1.1 and 0.8 as a
function of engine speed. 1t is clear from these
figures that the increase of the spark gap projection
inside the prechamber gave a lower of CO, NO and HC
engine emissions and an increase of the engine b.m.

e.p and exhaust gas temperature (Comparing Combination
A with B and C with D), It is also clear that the con-
vergent-divergent connecting passage posses the same
advantages over the straight one (Comparing Combination
B with C). Combination D satisfies lower emissions

of CO, NO and HC and higher b.m.e.p. allover engine
speeds. Regarding the fuel economy, it has been found
that the b.s.f.c decreases with increased gap projection
and using the convergent-divergent connecting passage.
Again, combination D which satifies lower C0, NO and

HC emissions, higher b.m.e.p and higher exhaust gas
temperature satifies also minimum b.s.f.c.

The relative gain obtained using combination D
instead of combination A has been noticed to increase
as the engine speed becomes higher. For example, at
engine speed of 1200 rpm, the decrease in L0 is 50%,
the decrease in NO is 7.7%, the decrease in HC is 31.25%
the decrease in b.s.f.c is 13.75% and the increase in
b.m.e.p is 6.05%. This can be compared with 63.22%,
13.41%, 32.34%, 11.B% and B.2% respectively at engine
speed of 2200 rpm.

Studying the effects of connecting passage shape
and the spark gap progections on engine emissions and
fuel economy at vsrious loads, the same results are
confirmed as shown in Figs. 11 and 12. Shown in this
figures are the emissions of CO0O, NO and HC, engine b.
m.e.p and engine b.s.f.c of the engine fitted with
combination A, B, C and D at various loads and an eng-
ine speed of 2000 rpm and a fuel-air equivalence ratio
of 1.0. It can be seen from these fiqures that with
the engine fitted with the .combination C and D, a gain
is obtained in engine emissions, b.m.e.p and b.s.f.c
allover the load range. Similar results are confirmed
at different engine speeds and various equivalence

ratios.

Shown in Figs. 13 through 18, are the dependences
of engine emissions, b.m.e.p, b.s.f.c and exhoust gas



7

M.

Mansoura Bulletin Vol. 10, No. 2, December 1985

*( UDT3BUTQUWO) ¢ “ UOT3BUTQWO) +‘g UOTIBUTqWO) O

0052

peoTTINS 3Ie paads autbuj

JO uotjouny B se uorssTwl JH :9'DTy4
wdx ‘paadg autbujy
aooe 00sT 0001
T 002

] L — L] T ¥ T — LI L4 L

o
(=}
"

ooy

"Wdd ‘uoTssTuz JH

‘y uoTjeutquol 0°g o=@ " TTTE ——

*peoTTTN} 3B peads autbuj jo
uctjoun) e se uotsstwl Q3 ¢ "DbT4

00s¢e

wdx .ummaw authu3
000z 00sT 000T

H.

LI I ¥ ¢ L-lmi..l—l..- rr

uoTsSTWI ()

o 4
-



M, 8 M.,M, Awad, A,A, Desoky and A,M, Abdelkhalik

*Q uoT3EUTqWO) ¥ ‘) UDTIBUTQWO) + ‘g UOTIBUTqWO] R‘yY uOTjeuTquo]l Qg 0=g """ ‘T'1=@ ——

‘pPEROTTINS 1€ p2ads *peEOTTINS 3B p@ads sutbua jo
autbua Jo uot3ouny B se uOTISSTwl ON 8 DBty uoTjouny e se ainjeradwaj seb jsneyx3y iz *6BT4
wdx paads autbuj wdix paads autbujy
gsg 0002 . ommﬁ 0001 . 0042 0002 0051 ppot
L] L ]

LELILA | L | I |} L 1 LI luﬂu_—u L]

00s

o
2
\D

“Wdd ‘uorssTul oN
o
\
!
1
I
d
!
4

0oL . - = - = 000t

008

oott

*Yo *93njeladway seb jsnsyxy



9

M.

Mansoura Bulletin Vol, 10, No. 2, December 1085

*qQ UoTjeutquo] v ‘) UOTJBUTqWO) + ‘g uoTieuTquo] o ‘y uoTjeuTquwo]) Q0°g o=@ ***‘1'1=@g ——

*PEOTTINS 3B pasds autbua jo uoriouny

B Se uoTjdunsuod Tany otyrtoads axeag QT bty
wdl paads autbujy
Q0sZ 0002 00sT 000T
—r 1T 1T v Y, 1T T T z°
I..NN.

PECTITNS 3B paads autbua jo uoTjouny
e SB aInssald dATI08)J8 uesl axedg :¢g "OBT 4
wdl pssds sutbujy

0002 00sT 0001
L ¥

00s2

T T T T T T T | L] T T

P

IO-J -S-q .

Iyt H'g/ A

=



M. 10 M.M. Awad, A.A. Desoky and A.M. Abdelkhalik

.6

.5

op
c

g .3
7]
0
o
E
Ll

o .2
O

.1

Fig. 11:

Engine speed = 2000 rpm,

b.m.e.p xU\oam

The effect of engine load on CO emission

and brack specific fuel consumption.

1200&
11001 |
- .b.. O -
2 1oo0f 4 &
. . 3
mu. = Q -
g& T 1 s
0 < 3 Y
S 900 —{400 @
Q% 5
“— A o .
2 2 ggk - 3 (300
d
b - ] + ..
] I T S S §
3 4 5,6 7400
b.m.e.p xn\os
Fig. 12: The effect of engine load on NO and HC

emissions,

f = 1.0eCombination A, & Combination B, + Combination C, A Combination D.



Mansoura Bulletin Vol, 10, No, 2, December 1985 M., 11

temperture on spark gap projection, connecting pass-
age shape and fuel-air equivalence retio at an engine
speed of 2000 rpm for different engine loads namely
0.7 and full loads. It is clear from these figures
that the engine emissions aof C8, NO and HC, b.m.e.p
and b.s.f.c are strongly enfluenced by the equivale-
nce ratio. As the later goes to be leaner, the
formers are decreased. During the engine tests, it
has been found that the effective lean misfire limit
(LML) goes to less leaner mixtures as the load decr-
eased. It is also found that LML has been extended
by extending the spark . gop progection and a further
extension has been gained using the convergent-dive-
ergent passage. It must bear in mind that this
further extension led to decreased engine emissions
and b.s.f.c as shown in fFigs. 13 through 18, The
leanest LML, @=0.7 (220:1) air to fuel ratio) is
obtained with the engine fitted with combinations C
and D.

The results of the experiments described in this
paper show that changes in the geometry of the conn-
ecting passage and location of the spark gap inside
the prechamber can greatly affect the emissions and
fuel economy of the torch chamber spark lgnition
engine. The engine emissions and fuel economy are
improved when using the convergent-divergent passage
coupled with the extended spark gap projection. The
emissions and fuel economy exhibifged by the combina-
tion C and D can be contributed to the better perfo-
rmance and combustion characteristics and thecontrols
of the fast pressure rise in the mainchamber when
using the extended spark gap projection coupled with
the convergent divergent passage (7). The better
lgnition and combustion conditions in the torch cha-
mber spark lgnition engine are proved by the delayed
optimum lgnition point. As in the conventional
spark lgnition engine, the exhaust gas emission of
the torch chamber engine can be influenced by madif-
ying the lgnition point. This. applies to the gquana.
tity of CO, NO and HC. As long as the lgnition and
combustion conditions are not essentially deterlora-
ted retarded lgnition points tend to reduce the HC
and CO emission as an increase of the expansion
temperatures favour the post-combustion. The results
also indicated that a very significant reduction in
NO formation is obtained due to the shortened expos-
ure time at high temperature.

CONCLUSIONS

Studying of the experimental engine emissions
and fuel economy curves reveals the following concl-
usions,
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1- The torch chamber spark lgnition engine improves
the combustion of the lean mixture.
2- Allover the range of fuel-air equivalence ratio

examined, engine spead and engine load the engine
emissions and fuel economy are improved when the
convergent-divergent passage coupled together
with the extended spark gap projection inside the
prechamber.,

3- At part load, the advantages are still gained
with the convergent-divergent passage and the
expanded spark gap projection.

4- The leanest misfire limit at @P=0.7 (Air-fuel
ratio & 20:1) is achieved when using the conver-
gent-divergent passage and extended spark gap
projection.
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