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PUMPLESS DIESEL INJECTION SYSTEMS

By K. NARAYANASWAMY AND M. V. NARASIMHAN
(Department of Internal Combustion Engineering, Indian Institute of Science, Bangalore-12)

ABSTRACT

After reviewing earlier pumpless injection systems for diesel engines, the
report presents an account of the investigations on such systems at the Internal
Combustion Engineering Department, Indian Institute of Science, Bangalore.
From the results obtained it is apparent that these svstems fail to meet simulta-
neously the demands of proper injection timing and fuel atomisation to ensure
satisfactory performance of a diesel engine. Some exploratory work for applying
this principle to petrol engines is also reported.

INTRODUCTION

Compression ignition engines of all sizes and speeds have their fuel
system problems on account of the exacting requirements and the technical
difficulties of manufacture of high pressure injection systems. These difficulties
are accentuated in small high speed engines and the relative cost of the
injection equipment becomes disproportionately high. A possible solution to
this seems to lie in devising a simpler injection system. The successful
development of such a system would place compression ignition engines in a
more competitive position vis a vis the spark ignition type in the field of small

displacement internal combustion engines.

Several systems, generally referred to as ¢ Pumpless Injection Sy:stc{rxs’
have been tried by various investigators towards_ this en'd. The principle
employed is the introduction of the fuel into an injector suitably located a_nd
the creation at the proper moment of a pressure difference between the engne
cylinder and an auxilliary chamber to effect injection of fuel. Th? features
distinguishing one system from another are the ansral conﬁguratiop of the
combustion chambers and the methods used 10 provide for fuel metering and

the timing of injection. 29
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LESS INJECTION SYSTEM

L'orange, Chapman and wltZky

PumMP

Pumpless injection systems tried out by

are showp in Figs. 1, 25 3 & 4.
L'orange carried out his experiments on 2 single cylinder four strok
e

engine of 300 cC (Fig. 1) and 2 two stroke engine of 100 cc displacem

(Fig. 2). The twO stroke version used a lightly ljoaded non-return v;im
for admitting fuel. The 300 cc engine had a compression ratio of 19.%
a normal output of 4 b.h.p. at 2400 r.p.m. corresponding to a b.m.e.p. of 73 '.l'
and a maximum output of § b.h.p. at 3000 r.p.m. A specific fuel consum 1:}1.,
of 0.5 to 0.55 1b/b.h.p-hr was claimed for the unit. The 100 cc unit couiljdliz

run up to 5000 r.p-m.
In tests on a four stroke engine, Chapman obtained the following results:

uel consumption of 0.6 1b/b.h.p-br at 1500 r.p.m. with b.m.e.p

Specific f
ranging from 40 — 80 psi. Metering and combustion Wwerc reported to be

good at speeds up to 3000 r.p.m.
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Chapman Injection System

Witzky tried his system on a modified C.F.R. diesel test engine of 3.25 in.
bore and 4.5 in. stroke and the results obtained were as follows : Low rates of
pressure rise and low peak pressure, indicated specific fuel consumption of
0.38 1b/i.h.p-hr and a maximum i.m.e.p. of 120 psi.

The feasibility of the Witzky system was further investigated by Hussman
et al'. A two stroke cycle air cooled gasoline engine of 2.5 in. bore and 2 in.
stroke was converted to operate on the Witzky system. The functioning of
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Witzky Injection System

the nozzle was studied under simulated conditioqs and a numbel; Ouft 1:;2;1:
designs were tried out on the engine. The mgxup_um p_():e:r frl;aziug sy
engine was found to be seriously limited liay‘early 1gmuonl wn(; Simn el
Controlling the angle of ignition by modifying the nozzie desig
configuration was reported to be unsuccessful.
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In recent years experiments have been carried out on pump1?55 injection
systems by Narayanaswamy’ at the 1.C.E. Department of the Indian Instituge
The systems which were investigated arc variations of

of Science, Bangalore. .
’ imilar to that of L’orange, was tried on a twg °

two basic types. The first on€, Si .
W Yp bore and 4.0 in. stroke with a rated speed of

stroke diesel engine of 4.0 in. : ; ‘
d of the test engine was modified to incorporate

600 r.p.m. The cylinder hea ! : _
the L’orange type pressure differential device (Figs. 5 & 6). The design of

the cylinder head was such that it was possible to alter the geometry
interchangeable inserts for the venturi and prechamber.

of the system by fitting 1
The effect of varying the venturi throat diameter and the volume of the pre-

chamber relative to the total clearance volume could thus be studied while
maintaining the overall compression ratio more or less constant.

In addition, designs in which the air and fuel passages were variously
disposed in relation to each other were also tried out.

It is apparent from the geometry of the system that the pressure difference
between the cylinder and prechamber would commence building up almost
as soon as effective compression starts in the cylinder. This would lead to
early injection of fuel and a coarse spray. Consequently the test engine

showed rather poor performance.

To gain some control over the injection timing the second type of system
incorporating a displacer type piston which would delay the build up of
differential pressure till the desired moment was investigated on a test engine of
bore 4.00 in. and stroke 5.625 in. running at 980 r.p.m. Fig. 7 shows the
cross section of the cylinder head which was used for these experiments.
This system was found to be superior to the first one and the engine

performance was relatively better.

CONCLUSIONS FROM REVIEW OF PUMPLESS INJECTION SYSTEMS

- In the L’orange system there is no control over the point of pressure
Cll;ﬂd up anfl hence on fuel injeetion timing. The systems tried out by
apman, Witzky and Narayanaswamy appear to be better in this respect.

o The basic principle of injection of all the above systems is substantially
Zii?lar o -the conventional airblast system., There are however certain
quazf;?;";n:ln :z:suactu?l working. 'ln' th.c conventional airblast system the
of thsiensios P o rel lo air used for mjf_:cuon can be controlled independently
S0 8% by weisht of the amount of air used for injecting the fuel is about
800 to 1000 sg i c; p- Char.gtf and the pressure of the air is about
il 2 p-s.. In a pumpless injection system, the geometry of the

erential device plays the major role in controlling these factors.
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Displacer Type System -

It is therefore necessary first, to establi

for achieving satisfactory atomisation O
at can actua

the pressure and quantity of air th
device.

sh the minimum airblast requirements
f the fuel and secondly, to estimate
lly be made avajlablc by such a



38 K. NARAYANASWAMY AND M. V. NARASIMHAN

In order to establish the minimum airblast requirements the relative effects

of the various factors on spray characteristics were invcsﬁga!ec_l. -As already
rcportcd3 this investigation showed that for satisfactory atomisation of the
3

fuel the air velocity should be around 700 f.p.s. and the flow ratio (the ratio
of volume of air used for atomisation to volume of fuel) 2000 — 3000

corresponding a mass ratio of 2.4 to 3.6. For effective utilisation of the air

delivered for atomising the fuel it was necessary 10 design the nozzle in such

a way as to ensure good intermingling between fuel and air at the point where
air to fuel relative velocity is maximum.

Further experiments were carried out on a test engine to determine the

air flow conditions (ve]ocity and the quantity) at the nozzle and the efforis
were made to improve the performance of the system by modifying the design.

The following is an account of these tests.

TEST ENGINE AND INSIRUMENTATION

The test engine was a Textool two-stroke diesel engine rated at 5 HP at
700 r.p.m. and 7 HP at 980 r.p.m.

The cylinder head and piston of the engine were modified for operation
on pumpless fuel injection, Fig. 8 is a cross section of the wmodified
cylinder head and piston. From the instant the knob fixed on top of the
piston crown enters the throat, the compression in the cylinder proceeds
at a more rapid rate than in the combustion chamber. A Jpressure difference
is thereby generated between the two and air flows from the cylinder into the
combustion chamber through the nozzle and the clearance between the knob
and throat. In addition to conventional instrumentation for measuring engine
variables such as power output, speed and operating temperatures, a standard
Sunbury engine indicator with an electromagnetic pressure pick up was used
to study the pressure-time phenomena inside the combustion chamber and
cylinder. Fig. 9 is a photograph of the compleie test-rig.

4

EXPERIMENTAL PROGRAMME

~ This consisted mainly of two parts:— (a) Establishing the flow condi-
tions through the nozzle in the test engine and examining if the optimum
airblast requiremems for satisfactory atomisation of the fuel are met and
(b) In the light of the results obtained from (a) to conduct further investiga-
lions on the engine to improve the performance of the system.
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DE FERMINATION OF VELOCITY AND MASS FLOW OF AIR THROUGH THE NOZZLE
IN THE TEST ENGINE

On account of the close interdependence of the conditions which goverp
the transfer of air from the cylinder to the combustion chamber, the determi.
nation of the velocity and mass flow of air through the nozzle by theoretical

means is laborious and requires many simplifying assumpti.ons. The following
experimental method was therefore adopted. The engine was motored at
675, 775 and 1175 r.p.m. and at each speed the nozzle diameter was varied
from 0.125 in. to 0.25 in. and pressure time diagrams were taken for the
combustion chamber and cylinder. The velocity and mass flow of air through
the nozzle were calculated from the pressure-time diagrams as follows :

Assuming isentropic flow, the flow velocity at any instant Is given by

U-C'v,‘/[Z -é—k:l- RTeg{l ~ (gif)k_m}] [1]

where C, is the velocity coefficient.  Subscripts ¢ and cc refer to conditions
in the cylender and combustion chamber respectively.

The equations governing the pressure time relations for divided chambers
have been theoretically derived by Hussman er al' by applying the laws of mass
and energy transfer between the two chambers. The relation between the
pressure in the two chambers is given by the following two simultaneous
differential equations:

cratry s vainyo e (25 |2 - ()] a0

c P, Pe

and k Poed(Vee) + Veed(Pop) = — k P.d(V.) - V.d(P) [3]

3
where O, w \/[ggi (P.,)’ v, ]
= ] '

A is the area of the nozzle and subscript 1 refers to initial conditions.
One of the assumptions made by the authors in arriving at these equations was
10 assume that the cylinder gas is compressed 1sentropically. However, if the

compression in the cylinder is assumed to follow a pol tropic law equations
[2] and [3] become I :

2g0,, k ( P)Bn- DVa park (k=1 Ik
”Pcd(Vc) + Vcd(Pc) +?1A/‘/[ gU(k{ l))(P )fik—:;ﬁ_ {[ = (-}EE) 1 }]df- 0 [4]

P,
and kPecd(Vee) + Veed(Pel) = —k Pod(V,) — (kfn) ¥, d (V) [5]
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The pressure and volume in the two chambers
pression being known, the index of compression *
determined from equation 5.

at any instant during com-
n’ for the cylinder may be

Now assuming the initial charge temperature as 50°C and an average value
of 0.99 for C, the air velocity at any instant may be calculated from Equation (1).

The mass flow through the nozzle in tione Aris M = CsAUp. At

where C; is the coefficient of discharge for the nozzle and £ is the density of
the charge. |

The velocity through the nozzle under engine conditions is both varying
and intermittent. Further the pressure and temperature at the nozzle are also
varying. The coefficient of discharge under such conditions is not likely to
remain constant. So in order to obtain the probable value of the coefficient
of discharge at any instant the nozzle was calibrated over a range of flows
under atmospheric conditions. The coefficient of discharge of the nozzle
was evaluated and plotted as a function of Reynolds number (Fig. 10).

O.88

0.86

0.84

0.82

COEFFICIENT OF DISCHARGE

s " 8 10 12 14 x 10

REYNOLD'S NUMBER

LEGEND
NOZZLE DIA. In.

. 0.125
" 0.1875
. 0.25
Fig. 10

Cocfficient of Discharge. Vs Reynold’s Number for the Test Nozzles



42 K. NARAYANASWAMY AND M. V. NARASIMHAN

The probable coefficient of discharge under a.ctual engine conditiong
was obtained from Fig. 10 by first calculatin_g the Reynolds number for flow
through the nozzle during any particular {ntchaL The mass flow through
the nozzle was then calculated from equation [6], by a step by step methogd
considering small intervals of time and taking avecragevalues of U, p and C
during each interval.

The results of the analysis of the pressure-time diagrams for pressure
difierence, air velocity and air mass flow through the nozzle are given jp

Figs. 11, 12and 13.
Angle of knob entry—46° B.T.D.C.

Compression Ratio—16.5: 1
500 5 i .- —— et e —

400 - -

300/ - |
200 ' \\‘\ 4> 1 L |

[o]o)

PRESSURE DIFFERENCE ~p-s.i.

T.D.C 50
CRANK ANGLE-DEG. B.T.D.C.

No. Nozzle Dia Engine Speed
1 0.25" 675 R.P.M,
2 0.25* 775
3 0.25 1175
4 0.1875" 675
5 0.1875° 775
6 0.1257 675
7 0.1875" 1175
8 0.125* 775



AIR VELOCITY- f.p.s.

2000

Pumpless Diesel Injection Systems

Angle of knob entry: 4¢° B.T.D.C.
Compression Ratio: 16.4: 1

No.

1

2
3
4
5
6
7
8

10 20 30
CRANK ANGLE DEG B.TD.C.

Nozzle dia. Engine speed
0.25" 675 RPM
0.25 775
0.25 1175
0.1875 675
0.1875 775
0.1875 1175
0.125 875
0.125 715

FiG. 12

Velocity of air through nozzle

4C

43
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Angle of knol entry < 46" B.T.D.C.
Compression Ratio . 16.4: 1

50q E
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& 6 h
= 5 |
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o2 /4 ‘
| Z
> yd
O
-~ | |
L.
v
<
s 1O _ -

2
l M
| _ | - ——
1.D.C O 20O 30 40

CRANK ANGLE DEG. BT.D.C.

No. Nozzle dia,. Engine speed
1 0.125* 775 R.P.M.
2 0.125 675
3 0.1875 1175
4 0.25 1175
5 0.1875 775
6 0.1875 675
7 0.25 775
8 0.25 675
F1G. 13

Mass Flow of Air through nozzle

It is observed that the velocity and mass flow of air through the
nozzle increase rapidly from 30° BTDC. Under actual engine operating
conditions the flow would practically cease soon after combustion starts in the
prechamber.  Assuming then, the period during which the air flow is effective
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in atomising the fuel is from 30° to 5° BTDC, the mass '

! . i 3 of a 11
injection with a nozzle of 0.25 in. dia. at an engine speed ;rf?‘?gcravi:ld-ble?,f?:r
of the cylinder charge. This amounts to about 11 times the w:‘ht. lfff tlh/)
fuel under full load conditions for the test engine, The air ve]ofit durj .
the period varies from 700 to 1100 f.p.s. Thus the mass and velocify c;lf“;if

made available appear to be sufficient for satisfactory atomisation of the fuel
within the engine cylinder. €

ENGINE TESTS

Three mait-l types of nozzle designs shown in Fig. 14 were tried
out on the engine. The nozzle diameter forall the three types was fixed at

Ay wiat B |

e W 5
Nozzle I / "/ |
‘ I
PRESSURE AR P B DISPOSITION OF
FROM ROTARY | FUEL ORIFICES,
VALVE |
Multi-Hole NoZzle
FUEL FROM

FUEL ORIFICE

/CHECK VALVE FUEL RECEPTACLE

NS

PUMP

Nozzle 11 ‘;/777 %§§@ a[r:oz;ue DIAMETER
7 !
|

FUEL FORCING
HOLE

THROAT
PRESSURE AIR FROM
ROTARY VALVE

ING HOLES
2 o FUEL FORC
FUEL FROM THERK W /| _FUEL RECEPTACLE

PUMP FUEL ORIFICE
L ]
r o ou v CE A B TP, /

"ot :
N ' .-
ozzle 1 AN NOZZLE DIAMETER
R ————

Fig. 14
Nozzle Design
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0.25 in., since the flow conditions would then be sufficient for proper atomisa-
tion of the fuel.

Preliminary te : l
be operated although the maximum power output was very low.

would stall bayond this maximum limit, It was observed on visual observation
of the pressure time phenomena on the oscilloscope, that with n_ozzles 1 and I
the ignition angle was around 6- BTDC under light load conditions. With the

multihole nozzle it was even earlier.

sts indicated that with all the three nozzels the engine could
The engine

With increasing load the igrition angle would advance rapidly resulting

in engine stalling.

Nozzle 1 was apparently ineffective when pressure reversal took place,
Any fuel left over after injection in the first phase of flow (i.e., from the
cylinder into the combustion chamber) would not be injected into the main
cylinder and would carbonise within the nozzle. Thus it was prone to

accumulate carbon rapidly.

Nozzles 11 and L1l were designed to be effective in injecting fuel in both
phases. Nozzle III was in addition of the multihole type. In the initial
stages of the investigation carbon formation was observed with nozzles II and
Il as well. This was however overcome by modifying the nozzle designs as
shown in Fig. 15. The modified nozzle design was used in all subsequent

experiments.

CHECK VALVE THROAT

7

‘\A :
iy #{gﬂ

\&;.-3-1711 77777 AN \m.:u.\ =\
7785

.

PRESSURE AIR FUEL FORCING HOLE

FROM CYLINDER

Fic. 15
Modif.ed Nozzle Design
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Further experiments were conducted to study
fuel orifice diameter, fuel receptacle volume and
the performance of the engine,

the effect of nozzle diameter
angle of pressure build up on

. Th? effect of the fuel .orlﬁﬁ:e on engine performance was determined by
varying it from 0.02 to 0.05 in. diameter. The test results are given in Table |
Jt was observed that the angle of ignition was closely related to the fuel orifice
diameter. As the fuel orifice diameter was increased the angle of ignition
would advance rapidly and the engine would stall.. The power output and fuel
consumption of the engine improved as the fuel orifice diameter was made
smaller. The smallest possible diameter of fuel orifice that could be used was
however limited by blocking of the fuel orifice with soot. Increasing the
number of fuel orifices had little effect either on the performance of the engine
or the ignition angle. Increasing the length of the fuel orifice would retard the
angle of ignition. But prolonged runs with long orifices was not possible due
to early blocking up of the fuel orifice.

TaBLE |
Effect of fuel orifice diameter

Fuel used: High speed diesel oil ;
Nozzle diameter. 0.201 in. ; Dynamometer constant: W N/3000

Specific

Fue!
: L oad on Exhaust
I§J]6. dig;gf:r Egef: bralieb arm lc::nl?. B,H.P. :Eggggn
in. : Ib/b.h. p-hr.
700 g 340
700 2 365 0.46 7.45
1 0.050 690 4 375 092 3.80
Engine stalls beyond 4 1b. load
700 Busd 30
700 2 340 0.45 3.74
2.15
2 0.032 700 4 380 0.935
690 6 440 1.385 1.93
Engine stalls beyond 6 1b. load
700 i 320
700 2 330 0.46 3.%5
3 0.020 700 4 350 0.935 1.08
| 700 6 390 1.4 1.45
690 3 440 1.84 1.37

Engine stalls beyond 8 lb. load
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varying it from 0.201 1n. ' |
The results of the experiments are given In Table 2.

K. NARAYANASWAMY AND M. V. NARASIMHAN

The effect of nozzle diameter oD engine performance was studied by
to 0.377 in. the fuel orifice diameter being 0.02 iy

It was observed that the

ignition angle was hardly affected by the nozzle diamet.er, The specific fue)
consumption and power output improved as the nozzle diameter was increased,
However the maximum power output of the engine would decrease beyond

0.35 in. diameter.

TABLE 11

Effect of nozzle diameter

Fuel used: High speed diesel oil ;
Fuel orifice diameter; 0.02 in.; Dynamometer constant W N /3000
o ]  eeranee  Specific
Nozzle Load on Exhaust
S, i Speed  prake - temp. ~ B.H.p.  fuclcon
No. dla?::ter I.p.m. £ lgiﬂrm cgn:zp ; ;l;glﬁtgmhr
, 700 o 320
1 0.201 700 4 350 0.935 1.685
¢90 8 410 1.87 1.385
Engine stalls beyond 8 1b. load
700 ... 320
2 0.246 700 4 345 0935 1.65
700 8 400 1.87 1.22
Engine stalls beyond 8.5 1b. load
700 .. 320
700 4 350 0.935 1.595
3 0.323 700 8 400 1 87 1.11
690 10 420 2.24 0.975
Engine stalls beyoand 10 1b. load
700 .. 315
700 4 340 0.935 1.595
4 0.350 700 8 400 1.87 1.1
690 11 425 2.56 0902
Engine stalls beyond 11 1b. load
700 . 320
700 4 340 0.935 1.685
S 0. ' '
377 '6728 8 390 1.87 1.17
10 410 2.34 1.0

Engine stalls beyond 10 Ib. load

—

s
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Enginc performance for a given fuel orifice and nozzle diameter was

found to be practically independent of the rece
tacle
receptacle volume exceeded about 0.25 cc, howev:r, ther‘éf’l:rgsid t?:”:;?-btgz

formation in the receptacle leading to blocking up the fuel orifice

The point of pressure build up was varied by vary;

of the knob fr;)m 46::’ to 35" BTDC. As the poigt 0?’ Lnrgcsg?lieagﬁlifdoi Cf:fy
varied from 46" to 38" BTDC the ignition point as found from indicator diapratzz
was almost correspondingly retarded thereby. Further retarding the po?nt of
pressure build up had however very little effect on the angle of ignition. The
nozzle configuration was less critical with the point of pressure b;lild up
retarded to 38° BTDC. The fuel orifice diameter and nozzle diameter could be
varied from 002 to 0.025 in. and 0.3125 to 0.277 in. respectively with little
change in engine performance. The results of the experiments are given in
Table 3.

TABLE III

Effect of point of pressure build up on ignition angle

e L I N —

Angle of entry Load on -
Sl. Ignition angl
No.  4eg’h iR Crekeam g BT.D.C.
1 46 No load 6
6 ° 16
2 40 No load 3
6 9
10 13
3 38 No load 2
6 8
10 10
14 12
4 35 No load 2

10 10

The optimum nozzle design in relation to the geometry c_}f the pressure
differential device was arrived at from the test results. The optimum point of

pressure build up is 38° BTDC and the corresponding nozz]F dimensions are as
follows : fuel orifice diameter 0.02 in. nozzle diameter 0.35 in. and receptacle

volume 0.2 cc.

Performance test results of the engine with'th;‘ opltémum nozzle and
pressure differential configuration are shown plotted in Fig. 106.
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50
Nozzle Dia.—0.35°

Fuel Orifice to Nozzle Tip—0.15° g g
Angle of Knob Entry— 38 B.T.D.C.

’ Vo)

f
|
|
I

ENGINE STALLS
BEYOND THIS
LOAD

t

T 1.4 — - .
(o8}

F

é L

e 2 - =
= MAX. OUTPUT
7 3.24 HP.
o BME.P. 26 ps.i.
Q

4 1O fAT 695 R.P.M.
=

W

O

=

O

w

X

/2]

O
®
i ol

O I 2 3 4 5
B.H.P.

FiGg. 16

Specific fuel Consumption with Optimum Nozzle and Pressure Differential Configuration

The maximum power output of the engine under steady running conditions
was 3.7 HP (corrected) at 695 r.p.m., corresponding to 74% of the rated power
output of the engine. The specific fuel consumption corresponding to this load
was 0.825 Ib/b.h p-hr. It was quite clear from pressure time diagrams that
early ignition was mainly responsible for limiting the maximum power output
of the engine. Fig. 17 shows representative pressure-time diagrams for the
cylinder and combustion chamber with the optimum nozzle.

Combustion conditions as indicated by the exhaust discolouration at light
loads were satisfactory. As the load was increased the conditions steadily
deteriorated, the exhaust being whitish suggesting presence of unburnt fuel.
The general running of the engine was smooth and steady. In all the experi-
ments the combustion chamber top half was separate and acted as a heat storage
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member. Further insulation of the combusti

: on chamber by internosi
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Fig. 17— (continued in next page)
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linder
Combustion chamber Cy
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Fi1G. 17

Rate of pressure rise and pressure time diagrams for the cylinder and combustion chamber

EXPERIMENTS TO RETARD IGNITION ANGLE

In an effort to gain control over the ignition timing the pump was used
for both timing and metering of fuel.

It was expected that this would indicatec how efficient a displacer type air
blast system could be if the point of ignition could be controlled.

The results obtained with this arrangement however were disappointingly
poor. The performance of the engine was even worse than with timing
controlled by the pressure differial device. It was almost impossible to operate
th_e 'engine with injection retarded beyond 35° BTDC as severe knocking and
missing resulted.  With injection very near TDC the engine would hardly run

onlns own power with combustion taking place late in the expansion
cycle.
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ALCOHOL INDUCTION

Induction of alcohol along with the air into the engine was tried out as a
possible means of retarding the ignition angle, by fitting a carburettor on the
air intake. As is well known the large latent heat of evaporation of alcohol
depresses the charge temperature and increases the delay period®. This had the
desired effect and the engins could also deliver a higher output. Fig. 19 shows
pressure time diagrams with alcohol induction at various loads. The maximum
power output was improved to 4.5 hp from 3.7 hp and the ignition angle retarded
to 3 BTDC from 10 BTDC. In view of the fact that the test engine was of the
crankcase scavenged two stroke type there was some uncertainty in regard to
the quantity of alcohol actually reaching the cylinder. No serious atlcmpt
was therefore made to estimate the rate of alcohol consumption.

DISCUSSION OF RESULTS AND CONCLUSIONS
¢t the two requirements to be
ly proper timing of injection
the fuel for rapid and

It appears from the results obtained tha
achieved by the pressure differential device, name
for maximum output and satisfactory atomisation of
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: Angle of 1ignition
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3
Angle of ignition Load 12 Ib. Angle of ignition
e—— I;g“ B,T.D.C. 3* B.T.D.C.
\______ 4
Load 17 1b. Angle of ignition
3° B.T.D.C.

Engine Speed 700 RPM, Dynometer C«:u:zs.t=l"?~E

3000
FiGg. 19
Pressure Time Diagrams at Various Loads With Alcohol Induction

complete combustion are incompatible. As the point of pressure build up is
varied from 46° to 38° BTDC, the ignition angle is retarded thereby improving
power output and fuel economy. Beyond 38°, however, the angle of ignition
remains constant and the maximum power output of the engine begins to
dec'rease. The pressure differential system is ineffective in controlling the angle
of ignition beyond this limit. Retarding the point of pressure build up reduces
the velocity and mass flow of air through the nozzle. Beyond a particular
limit the flow conditions through the nozzle would possibly decrease to suehan
€xtent as to affect the quality of atomisation of the fuel. Combustion would
then deteriorate resulting in low power output and poor fuel economy.
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R Y 1n ignition while the pattern
pressure build up and hence the degree of atomisation remain uiaﬁ'ecte?if

The effect of alcohol induction on fuel econom
; \ Y can be properl :
the system 1s tried out on a four stroke engine, FIRCHY asusssed. if

Another means of overcoming the drawback of early ignition appears
possible by resorting to deposition of the fue] on a surface with closely dlzzﬁned
temperature limits to regulate the rate of fuel release, as in the M-combustion
system.  Earlier injection then becomes feasible without the danger of too early
ignition.  With such an arrangement there would be no need for fine
atomisation either, Careful consideration would have to be given in such a
system for proper control of the surface lemperature and air movement in the
combustion chamber.

Some preliminary work done to explore the possibilities of applying
pumpless injection to petrol engines gave encouraging results. The test engine
used for the diesel experiments was operated successfully as a petrol engine
by changing the compression ratio to 10.5 to 1 and fitting a spark plug in place
of the pressure pick up. No other modifications were made to the combustion
chamber. The engine could develop 3.5 hp at 700 r.p.m. without any sign of
knock 1n spite of the fact that the octane number of the petrol used was
about 75. This line of development of the system appears to hold promise
especially for stratified charge engines with divided combustion chambers.
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