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EFFECT OF FUEL- AILR MIXTURE #OTION
CN THE WORKING PARAMErHS OF
SPARK IGNITION ENGINES,

8
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ABSTRACT ;

The object of this work was to learn more about the effect
of fuel-air mixture upon the performance of spark ignition engines,
and to determine how variations in mixture velocity after leaving
engine carburetor alter the combustion process, l'o provide effec-
tive means for producing and measuring the mixture velocity, all
tests were made 1ln a multi-cylinder spark-ignition engine using a
blade swiler. The effect of mixture motion on the volumetric effic-
iency , rate of pressure rise ,brake thermal efficiency, and mixt-
uie distribution were determined for wide range of euglne speeds
and loads. The results reveal that amixture motion improve the mix-
ture quality and quantity of tnhe engine cyiinders , this effect
gives evenly gas pressure cycles. rhe englue prasne thermal etfficiency
depend upon tue type of swirler uwotion.

_ NUMENC LATURE;
B, = - =....Brake horse power.
b.5.f.C.-—..brake specific fuel consumption (kg/lp.hr)

M — —.e....Rate of mass flow.i kgshr,

B - - —-.....5peed, T.p.m,

Ko~ - - ....Force. Newtog

P ==~ —.....Pressure. kg/cm 2
(R.P.R.).. .Maximum rate of pressure rise.kg/cm C.A.D.
t - - T .T'=smperature c®

A +voe.ues. Increasement

T 4eeseess BEfficlency

Q crerrenn Swirl angle

A e-ess....BXcess alr factor
 wsesese- Lrank angle degree,

Subscribt.
AisavwsenrsAlr
AB.esvevesAfter swirler
FPeeresssssFuel

thitte v+ ... .Thermal brake
u\. -t e b QUOIU.EG

INTRODUCTLON;

The fuel spray after leaving the carburetor cowsist of
partly evaporated tuel, amist of fine particles,and considerable
amount of neavier ol [uel. The fuel spray becomes coarser and the
heavler particles increase as the suctlon head and oir velocity at
the jet are decreased.

§ Lecturer of I.C.E.
Faculty of Englneering and lechnology Port-Said,
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The condition of mixture at the cylinder inlet ports depends
upon the heat trangferred betweem the carburetor and the ports,
veloclity of the flow and the design of the intake manifold. It is
extremely difficult . 1n amulti-cylinder engine to malntain fuel-
alr ratlo constant between the various cylinders throughout the ra-
nge of speed and load. also, a wanifold that provides ailr distribut-
ion does not necessarlly provide fuel distribution, pariicularly
when the mixture contain particles.

However, there are irregularities in distribution that are due
to varlation in quntity and quality(fuel-air ratio), both from
cylinder to cylinder and cycle to cycle of the same cylinder.

Variations in quantity and quality of the mixture effect the
engine performance and running( 1,2)}. Also, the mixture that cont-
ains unvaporised fuel increases the wear of cylinder walls and plston
surface (2). The variation of the pressure from cycle to cycle of
the same cylinder 1s recognized to be due to the variation of the
mixture strength (3).

Donahue et al (4}, and Ma (5) studied the effect of mixture velo-—
city in the manlfold on the fuel distripution . ©Dolt et alib),studiea
the effect of the mixture motion upon the lean limit and combustion
process ol constant volume compustion cnamper.

the objective of this work is to determine the erfccw 0t wiXiule
swlrl motium ia the engine manifold on the combustion processes and
working parameters of spark ignition eugiue. all tests were co.iducted
with the ald of a swirler with various angles, which 1s located
between the carburetor amnd suction manlfold.

APPARATUS AND GENERAL IXPERIMENTAL PROCEDukb;

The experimental tests were cariied out on afour stroke spark
lgmition engine, with the following specifications,
-~ Model ro. : 2304 E Ford.
~Type : 4eylinder inline with direct flow head,
-~ Bore /stroke: 85.98/77.62 mm.,
— Compression ratic: 9:1,
- Carburetor type : 1 VM A N C (down draft),
- Inlet manifold type : seperate ports each cylinder,
the test rig 1s prepared by G. Cussons ltd. with the following
instrumentation :
a) Heenam Froude dynamometer to measure the engine torque.
b) Fuel flow meter to measure the volumetric rate of fuel
consumption.
¢} Electronic tachometer to measure the average engine speed.
d; V¥iscous flow alir meter to measure air fiow.
e) Multi point pyrometer to measure exhaust gas temperatures
at 5 polnts.
f) Cooling water flow meter.

Also, the eungine was prepared with tae necessary tranceducers
(gas pressure cranceducer located on the cylinder No.4- syncronizing
tranceducer -~ top dead center tranceducer and crask angle tranceducer).
All these tranceducers were connected with 4 beam oscilloscope for
using with channel analysis system prepared with universal camera.
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Fig.{T) show the typical recorded (F~ ¥) diagram taken during the
experimental on the oscilloscope screen.

Calibrated curve for pressure tranceducer and oscilloscope mag-
nitude are glven by the firm.

Samples of exhaust gas were plped out of the exhaust manifold
as near as possible from the exhaust valve exit of cach cylinder
and from the maln exhaust manifold. Exhaust gas samples were ana-
lyzed by an Orsat apparatus{type Bacharak) to decermine carbon dio-
xide and oxXygen precentage in the exhaust,

A swirier was erected to change the angle of mixture flow., Fig.(2)
show the design of swirler; cthe net area of the swirler was designed
to be 01 Lhy Bawe Ci085 sectional asea vix Lue 1nauction manifold to,
eliminate the effect of throttling. Tests were carried out at 20,30

and 40 swirl angie.

Pemperatures of the mixture at outlet of swirler were measured by
a mercury thermometer.,

The general layout of the experimental rig is shown in fig.(5 ;
while fig.(4)shows the photo of experimentai rig.

A serlies of tests were made covering a range of speeds,loads and
swirler angle (¢). Ranges of speeds concerned im tests are ]500,18C0,
2100 and 2400 r.p.m., for swirler amgles (zero,20,30,and 40) at diff-
erent engine loads. A sample of tests reading 1s givem in table(1).

Fron the data obtalned by measuring instruments, the interest
gquantities can be calculated by ald av ail correctlion factors prov-
ided py manufactured firm. Also, the maximum pressure risze race
(P.it.P)  obtaaned by photugraphing the cyciic wrace on the oscillio-
scope s5creen by a univerzal camera. Full correction charts are
provided to kmow the traces magnitude. Table II. shows samples of
teats results.

-EXPERIMENTAL RESULj: AND DISCUSSION.

To study the effect of cwirler on the sngine working parameters,
a different tests were carried out without using the swirler (& =0
at differnt loads and speeds as given in tgble(l). The same tests
were canducted at different swirlers{® =20, 8=30, 'and&:hO"}consi-
dering the englne i1oad , speed, spark timing are constant. Lhe resulis
of tests can be studied as follow.

i— Effect 0f Swirder Om Mixture Uistribution.

Iu order to study the effect of swirler on the gualitive mixt-
ure distribution; a sample of combustion gases in each cylinder is
drawn from exhaust gas manifold near the exhaust gas valve of each
cylinder by a (3>mm.) stainless tube. The sampies were amalyzed by
the Orsat Bachark apparatus. Fig.(5)shows a sample of these results
as a function of speed and load for various swirlier angles. The
effect of swirlers on mixture qualitive of this type o1 manifold for
all tests group are simillar to these of fig.i5s,. It shows ali types
of swirler are proviug tne mixture quality of cylinder. Increasing
the swirler angie up (£=30") tend to have a coustan. wixture yual-
ity even with englne varying speeds or load.
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Fig (1 ). A typical (P-%) diagram.
1-Gas pressure trace, 2-Crank angle trace. I3—Top dead center.
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fg.(2). Construction o swirler type.

I- Hansh side carburetor. 2~ Swirler pipe. 33— Swirer.
4L _ Adhesive. 5— Manifold flansh. 6 — Inlet manitold.

7 — Thermometer position.
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Fig(3) General Layout of Experimtal Rig,
1)Engine .- 2} Dynamometer. 3) Oscilloscope. 4) Airbox, 5)Fuelmeter.

6} CarbCrettor. 7 Swirler. 8) Tachometer. 9} Exhaust thermocouple.

10,11, 12,13) Trancedugers: 14) Exhaust gas probes. 15) Thermometer.
16) Camera. (17 Manometer 18} Main fuel.

Fig.(4) Photo of Experimental Rig
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Tab

The variation of mixlure quality in Cylinder 1\

le 111
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mixture temperature after swirler.

Pqrit!

Test | Speed | Load | &7 Zeio __]iggﬁ " | G=sn
Ne | kP | HP A fi; A mif A
1.175|  1.157]22.8|1.14|22.61.12
] 2.88 1.127(22.8(1.12822.7|1.12 |
1500 | 3.8 1.189(22.7(1.15 |22.5[1.12
7.26 1.046)22.7 [1.03 |22.3 |1.032
7.695 1 1.09723.2[1.09{23 [1.09122.6| 1.09 |22
) poou | 11.54) 1.09 |23.2)1.08 (2208107 D22 ) 1.07 [21.2
15.39 1 1.15 | 23.1]1.12 |22.7 (1,11 | 22.3] 1.11 | 2]
22.57 1.05 | 23.1(1.04|22.2{1.03 | 21.6| 1.03 | 20.1
5 | 2100 | 0.97 | 1.09522.1]1.09 [20.5[1.08( 20.1] 1.00 | 19.8
15,046 1,096 22 [1.09321.5|1.080 20 | 1.07 ] 19.6
23.93 - 1,027 21.6]1.02{21.3 [1.01 20 | 1.019 19.6
26,43 | 1.19 | 71ofLusf215 107 19.6) 107 | 19
T v DR PSR T
10.2 1 l.usg 21.9)1.03§19.2]1.05 18.1] 1.03 | 18
“ 1 2600 | 15.3 | 1.15¢[21.8[1.01[18 |1.09, 17.8, 1.09| 17.2 |
27.3 | 1126 20 (113018 |1.11] 16.6] 1.1 | 16.5 |
32.3 | 1.aze 21 |l.oslie [1.07) 16.5] 1.07] 16.5
_ i B




Mansoura Bulletin Vol. 10, No. 1, June 1985 M. 13

Also, from tests results, the cylinders No.l and No. iV were
1o0ung Lo be the worest in mixture guality without swirler. Table
(III) shows the effect of swirler on mixture quality for cyiinder
No.IV. ‘The effect of swirler on improving the mixture distribution
along the intake manifold cam be contributed to the increasing of

heat transfer coefficient due taswirlinﬁ velocity. ‘I'he activity of
high rate of heat transfer leads to high rate of mass transfer

between two phases of flow . For this reason the mixture temperature
at the outlet of swirler decreased as shown in table(1II).

The aspect of this parameter provides a good evaporation of liquid
fuel droplets. These fine droplets have a long life and can not be
condersated easly on the inlet manifold walls.

¢-_Effect Of sSwirler Angle On The ( b.s.f.c ).

o ——— e — ——— — -

The results of brake specific fuel consumption are plotted as a
function of eugine speed im fig.(6). The swirler with (& =3)
decrease the (b.s.f.c.)of the engine, when it 1s running at any speed
and load. The save of fuel cousumptiou iaocreases with increasing
the i1oad for all ranges of speeds. But the precentage of this saving
decreases whea the engine running up to i800r.p.m.; Figs.(6a,6b,6c
and 6d}. From this results it can conclude that, the swirler of
(£=30") improves the mixture distribution for all ranges of loads
and speeds, but the affect is less_for high speed than medium speed
running. For swirlers with (&=20 and & =40 "},the effect of these
types of swirlers are varried with engine speeds. The b.s.f.c.
decreases with increasing load for these types when the engine runn-
ing up 1800r.p.m.; figs. ba and 6b. The effect of swirler(&=20"}

18 more in saving (b.s.f.c.) than swirler{Z =40").

For engine speeds up to 1800r.p.m. the b.s.f.c. were increased
when swirlers (6=20°),(&=40°) were being used.

From these results, 1t can concluded that , the raising of b.,s5.f.c
for swirlers(&=20 ,¢ =40 ) and small rate of saving for (&=30°)
of speeds up 1800r.p.m. corztributes to mixture quantity.

3~ Effect Of Swirler On The Volumetric Efficiency(7W ).
B Y

The volumetric efficlency 1s affected by two factors, the increase
of friction and irreversibilty of mixture decrease(?), the decrease
of mixture temperature iucreases(”|,). When the swirlers used the
friction loss increases and the mixture charge temperature decrease.
The net result of swirler om the (7] ) decreases for all ranges of
loads and speeds,fig.(7). Fig.(7a) shows the effect of awirlers on
(M,) is more affect at medium speed. Also, as a result of fuel
evaporation in the mixture by using a swirler, the mixture speclific
volume becomes high, this aspect causes homogenicus mixture and
decreasing volumetric efficlency.

It seems; homogenty mixture from analysis of cyllinder exhaust
sample obtained (fig.5) and table (III); and the mixture qualities
in engine cylinders become similar.

Tbe charge mlxture temperature after swirler decreased within a
value of 10¢ + 'This observation gives an argument that the heat
transfer between droplet and alr in mixture becomes sufficient to
evaporate all fuel droplets whem swirler up (& =20°) used.
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T hffect 0f Swirler On Tne Maximus hate Of Pressure

———— . - —— e i e S A e S A — N — - S — A ———— - —

Rise (R.P.R.)Ill

Combustion process can be stuaied by aid or pressure -crank angle
diagram { P~ ¢ ) fig. (1). The maximum rate of pressure rise was
affected by changing engine load, charge quantity , spark timing,
residual gas and conditlons of charge. For a constant charge in
quantity and quality, 1s affected by kind of homogenous of the
mixture., In these series of test, also the maximum rate of pressure
rise change with swirler angle.

For various angle at constant speed amnd various loads the maximum
rate of pressure rise as sehown in fig.{8). For speeds up to 1800
r.p.m. the maximum rate of pressure rise decreases wlth increasing
loads, figs. (Ba) (8b). Thne minimum value of (R.P.R. ) isogtained

when swirler 30 used, whiech is less than either swirler 20 or LO.
The decreasing of the maximum rate of pressure rise 1s attributed
to improvement of mixture gquality and quantity in the engine cylinder.
For thls reason the guantity of fuel consumed in these engine
speeds and loads, fig. (6a) and (6b), are decreased than that with~
out swirler used . It seems from figs. (9a) and (9b) that, the
exhaust gas temperature decreases in the case of using swirler.

For speeds up to 1800r.p.ms. swirler improved the mixture quality.
But englne speed is very important factor owing to the charge velo-
clties inside cylinder , which 1s affected directlyby it.

Increasing the charge velocities in engine manifold cause high
pressure rise rate as shown in figs. (8c)and (8d). The exhaust
gas temperature is decreased by using swirlers figs.(9c) and(9d).

~CONCLUSION;

From the experimental . suits it cam conclude that:.

1- A type of swirler used in this work improves the mixture
quality and quantity of the engine cylinder.

2- A swirler with angle 30 is sultable for all engine speeds
and loads , which arise of engine brake thermal efficiency.

3~ A type of swirler used 1n this work gives evenly gas
pressure cycles.

L~ The mixture temperature decreases after leaving swirler,
which suggests use in hot climate zone or for high compression
ratio engine.

5— The improvement of mixture quality by swirler used is
suitable 1n cold climate which the fuel droplets does not condensate
on the walls of charge manifold.
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Fig(7) Variation .of volumetric efficiency
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