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(57) Abstract: A reciprocating liquid pump (1) for delivery of liquid fuel to a domestic burner device comprises an electromechan-
ical drive means acting on a plunger (5) to reciprocate the plunger in a pump chamber (7) of a pump cylinder (6). Liquid fuel is
delivered from the pump during an active strode of the plunger. The active stroke is terminated by pressure relief means (15, 16, 23)
which bleed the pump chamber (7) when the plunger is at a distance (d) from the maximum stroke end stop position.
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A reciprocating liquid pump for delivery
of liquid fuel to a domestic burner device.

The present invention relates to a reciprocat-
ing liquid pump for delivery of liquid fuel to a do-
mestic burner device,' said pump comprising an elec-
tromechanical drive means which is electronically ac-
tivated and acts on a plunger to reciprocate the
plunger in a pump chamber of a pump cylinder, whereby
liguid fuel is delivered from the pump, said plunger
having a maximum stroke end stop position.

Liquid fuel burners, such as o0il burners, are
quite common for domestic use. Ordinarily such oil
burners are of the oil pressure atomizing type having
high-pressure pumps delivering oil at high pressure.
These burners operate on the principle that when oil
under pressure is permitted to expand through a small
orifice, it atomizes into a spray of very fine drop-
lets, which are suitable for combustion. These burn-
ers are designed to operate with o1l pressures as
high as 40 bar. The principle upon which these burn-
ers operate requires that the pressure drop across
the orifice be maintained high and as nearly constant
as possible in order to achieve the necessary finely
atomized droplets and a combustion without signifi-
cant pulsations. Because i1t is not possible to main-
tain the required pressure drop at lower flow rates,
turndown, which is defined as the ratio of maximum to
minimum input rates, in the operation of such burners
has traditionally been very severely limited or has
not been used at all, and the burners have been oper-
ated in an on-off mode only. This, of course results
in inferior temperature control, lower furnace effi-
ciency and increased thermal load of the components,
as they will experience a lot of heating and cooling
cycles.
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Further the minimum output of the burner is
controlled by the size of the holes in the orifice.
The smallest feasible holes are 0.1 mm in diameter,
as smaller holes will clog very quickly due to
inevitable particles in the o0il or due to soot build-
up from the combustion, increasing the need for
maintenance to an intolerable level. The ordinary
minimum output of oil burners having an orifice with
the smallest holes possible, is about 10 kW, which
exceeds the static demand of an ordinary household.

The prior art liguid fuel pumps have not been
suitable for delivery of the very small quantities of
0il needed for an output of less than 10 kW, and ex-
isting low volume oil pumps are gquite complex and
hence expensive to manufacture.

An important parameter for a pump for a burner
of a household furnace is that it should be very
quiet and preferably noiseless, as most people easily
get annoyed and irritated if there is noise in their
home.

US patent No. 4,352,645 discloses a prior art
fuel o0il pump for a burner nozzle of a household fur-
nace. The pump is actuated by an electromagnet and
comprises a small diameter pump piston providing a
suction force for drawing in fuel oil into an intake
chamber. The pump further comprises a main pumping
chamber, a series of check valves and a plurality of
springs. One advantage of the pump is that noise from
armature braking is diminished, but the pump is quite
complex and hence expensive to manufacture, and the
many moving parts in the pump and also the suction of
fuel oil into the intake chamber results in noise.
Further the pump is quite voluminous and hence not
optimal for installing in a small supply device for a
domestic burner.

It is an object of the present invention to
provide a liquid pump of simple configuration and a
very low noise level.
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With a view to this the liquid pump according
to the invention is characterized in that the pump
comprises pressure relief means to bleed the pump
chamber at the end of the active stroke at a distance
from the maximum stroke end stop position.

The bleeding of the pump chamber at the end of
the active stroke provides a very well-defined and
precise termination of the delivery of liquid fuel
without using separate moving valve members that can
create noise. The bleeding of the pump chamber while
the plunger is at a distance from the maximum stroke
end stop position provides space for reversing the
movement of the plunger without any noisy abutment of
the plunger against a stationary part. Simple pres-
sure relief means can be used for Dbleeding of the
pump chamber without necessarily increasing the num-
ber of separate moving parts. The pressure relief
means allow a noiseless run of the reciprocating lig-
uid pump.

In an embodiment the ratio L/D between an ac-
tive stroke length L of the plunger and the plunger
diameter D is less than 0.4, and preferably less than
0.2. The wvery small length of the active stroke in
relation to the plunger diameter results in small
pressure variations in the liquid fuel in the instant
where the plunger seals off the pump chamber and ini-
tiates the active stroke. The restriction of the size
of pressure variations by limiting the plunger move-
ments is an optional measure for assisting the
plunger in performing gentle, practically noiseless
movements, and the forces on the plunger in order to
make it effect the active stroke become so small that
the plunger drive means can be also practically
noiseless. By keeping the ratio L/D on less than 0.2
the very small active stroke length allows the pump
to deliver a certain amount of fuel with a relatively
high number of strokes. This promotes a more even
flow of fuel delivered from the pump and thus a more
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stable continuous operation of the burner device de-
spite the fact that the fuel is dosed intermittently
by the reciprocating plunger.

In a preferred embodiment the £full stroke length
of the plunger during the reciprocating cycle is more
than two times longer than the active stroke length,
and preferably more than three times the active
stroke length. This allows the plunger to effect a
relatively slow retardation of its speed at termina-
tion of the active stroke. In addition to this it is
also possible for the plunger to be retracted to an
initial position well before the position at which
the next active stroke is initiated. This provides a
distance for the plunger to accelerate to pumping
speed prior to the initiation of the actual active
stroke with active pumping of the liquid fuel. The
distance for running off its pumping speed and the
distance for accelerating to pumping speed enhances
the practically noiseless running of the pump because
it allows the plunger drive means to act with rela-
tively small forces upon the plunger and yet obtain
the desired pumping action.

It is a possibility to let the pressure relief
means connect the pump chamber with a fuel inlet to
the pump when the plunger is not performing the ac-
tive stroke. During the return of the plunger to the
initial position liquid fuel from the fuel inlet can
have access to the pump chamber via a non-return
valve opening for inflow of fuel to the pump chamber,
and consequently the fuel chamber is maintained
filled with fuel at approximately the feeding pres-
sure present in the fuel inlet. However, a more sim-
ple design without a non-return valve is preferred.
In most cases the plunger does not need to perform
any substantial suction of fuel into the pump cham-
ber.

The plunger can be biased towards its initial,
neutral position by a first return spring that re-
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turns the plunger after termination of the active
stroke, and preferably also a second return spring
acts on the plunger to advance it in direction of the
pump chamber towards said neutral position. Return
springs, e.g. of the helical compression spring type
are very reliable, easy to mount, and the use of two
counter-acting return springs are well suited for ob-
taining soft, noiseless movements of the plunger.

In an embodiment the plunger is activated by
the electromechanical drive means with a frequency of
at least 5 Hz. By effecting at least 5 strokes per
second and thus delivering at least 5 doses of liquid
fuel per second a low pressure burner can be kept
continuously running, even though only a small amount
of fuel is delivered per dose.

Preferably, the plunger is activated by the
electromechanical drive means with a frequency in the
range of from 50 to 60 Hz as this allows for use of a
plunger drive means driven by alternating current
from a public distribution network, which is usually
available at all households.

The electromechanical drive means can include
an armature comprising ferromagnetic material and
mounted in extension of the plunger, and an electro-
magnet arranged outside the armature. This embodiment
is straightforward to manufacture because the arma-
ture is a separate member. The armature is of another
material than the plunger which can be of hardened
steel that has poor magnetic properties.

The pressure relief means include in a pre-
ferred embodiment a pressure relief conduit arranged
in the plunger and cooperating with a fuel inlet in
the pump cylinder. During the entire active stroke
the pressure relief conduit in the plunger is kept
cut off from the fuel inlet in the cylinder in order
to allow the pressure in the pump chamber to exceed
the opening pressure of the liquid pump, which open-
ing pressure is determined for instance by a spring
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force on a ball in a check valve at the outlet from
the pump chamber.

Preferably, the pressure relief conduit com-
prises at least a first bore and an annular recess at
the outer surface of the plunger, said first bore ex-
tending into the plunger from the pump chamber side
thereof towards the annular recess. The annular re-
cess makes it possible for the first bore to communi-
cate with the fuel inlet in the pump cylinder at all
rotational positions of the plunger in relation to
the pump cylinder, provided the axial positioning of
the plunger is outside the range for the active pump-
ing stroke.

The first bore in the plunger can in one em-
bodiment extend in direction of the centre axis of
the plunger to join a transverse bore that extends
into an annular recess in the outer surface of the
plunger, and in another embodiment the first bore ex-
tends obliquely to the centre axis of the plunger di-
rectly into the annular recess in the outer surface
of the plunger. In either case the pressure relief
conduit can be manufactured in the plunger in a sim-
ple manner. The annular recess in the outer surface
of the plunger provides well defined cut off edges.
The first bore debouches in the front end (the head)
of the plunger and is continuously subjected to the
pressure prevailing in the pump chamber. As an alter-
native the annular recess can be located in the pump
cylinder. In another solution, which is more diffi-
cult to manufacture, the pressure relief means in-
clude a pressure relief passage machined into the
pump cylinder. The passage can be a recessed portion
in the cylinder bore.

Preferably, the 1liquid pump is designed with
one or more pressure equalizing channels communicat-
ing the pressure at the fuel inlet to the drive end
side of the plunger. The pressure equalizing channels
ensure that the drive end side of the plunger is kept
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at the pressure prevailing at the fuel inlet so that
when the pump chamber is set into communication with
the fuel inlet via the pressure relief means, then
the plunger obtains a statically fully pressure-
balanced state. One advantage of this is that the
liquid pump becomes insensitive to pressure varia-
tions at the fuel inlet, e.g. pressure wvariations
caused by a primer pump.

It is preferred that the liquid fuel delivery
amount per activation of the plunger is in the range
of 1 mm® to 50 mm®>. If the amount is less than 1 mm®
it can become difficult to deliver the amount out of
the pump with the desired certainty and repeatabil-
ity. Amounts above 50 mm® is of course possible but
the size of the pump will be larger. The most pre-
ferred amount of fuel per activation of the plunger
is in the range of 2 mm® to 15 mm®.

At an activation frequency of 50 Hz and a de-
livery amount of 2 mm® per activation the fuel pump
will deliver 0.36 litre of fuel per hour which covers
the basic heat consumption of a typical single family
house, and the delivery amount of 8 mm®’ per activation
at an activation frequency of 50 Hz results in deliv-
ery of 1.44 litre of fuel per hour, and that covers
the high load heat consumption during consumption of
hot water in a typical single family household. These
amounts cover the needs of most households using oil
fired heating systems.

Prior art high-pressure systems tend to create
noise as they run. The low noise level obtained by
the present invention can be further enhanced, such
as to the point of elimination of noise, by prefera-
bly keeping the liquid fuel delivery pressure from
the pump in the range of from 0.01 bar to 3 bar above
atmospheric pressure. With these low pumping pres-
sures audible sounds will not be created by the pres-
sure changes occurring at initiation and termination
of the active stroke of the plunger. A preferred



WO 2004/040135 PCT/DK2003/000732

10

15

20

25

30

35

pressure range is from 0.01 to 0.2 bar above atmos-
pheric pressure.

The delivery amount of the liquid pump is pref-
erably adjustable in order to adapt the amount of
fuel delivered to the burner device to the current
need for heating of for instance the water in a cen-
tral heating system. The need for heating the water
in the central heating system varies considerably
during the year from winter to summer. During winter
the need for heating can e.g. be proportional to the
outdoor temperature, and during summer the need for
heating for use in the central heating system can be
non-existing. With respect to the need for heating
hot water for personal use and for cleaning and use
in the kitchen these needs are almost constant during
the year, but varies considerably during the day.

In one embodiment the delivery amount is ad-
justable by turning the pump cylinder in relation to
the plunger. The plunger can for instance have an
oblique cut-off edge which passes the fuel inlet dur-
ing the plunger movements, so that turning of the
pump cylinder or the plunger results in a adjustment
of the active stroke length.

In another embodiment the delivery amount is
adjustable by changing the frequency of activation of
the plunger. The delivery amount is linearly propor-
tional with the activation frequency and a settable
frequency converter can be adjusted to set the fre-
quency of activation at the desired level. The deliv-
ery amount can also be adjustable by turning the lig-
uid pump on and off. This can e.g. be relevant during
summertime if there is only a need for heating of hot
water for consumption.

In the following, examples of embodiments of
the invention 1s described in greater detail with

reference to the accompanying schematic drawings, on
which
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Fig. 1 illustrates a cross-section of a recip-
rocating liquid pump according to the present inven-
tion,

Fig. 2a-2d are enlarged sectional views of a
pump chamber and a plunger in the liguid pump of Fig.
1, where the plunger is depicted in a most retracted,
initial position in Fig. 2a, in a position of initia-
tion of an active stroke in Fig. 2b, in a position of
termination of an active stroke in Fig. 2¢, and in a
most advanced position in Fig. 2d,

Fig. 3a-3d are similar enlarged sectional views
of a second embodiment of a pump chamber and a
plunger,

Fig. 4 illustrates a third embodiment of a pump
chamber and a plunger with a oblique cut-off edge,
and

Fig. 5 illustrates a fourth embodiment of a
pump chamber and a plunger.

For purposes of illustration, the present in-
vention is embodied in a liquid pump 1 for metering
fuel, such as may be used in dosing small volumes of
fuel o0il from a tank (not shown) or a primer pump
(not shown) to the atomizing unit of a burner in an
0il fired heating system, or to a burner device in a
car engine heater (not shown). In the context of the
present invention the word domestic is to be under-
stood in a broad sense covering both a domestic
burner device in a central heating system in a house,
and a domestic burner device in peripheral equipment
belonging to the household, such as in a car or in a
sailboat.

The pump includes a housing 2 for a coil 17 of
an electromagnet, which 1is connectable to a power
source providing cycles or pulses of current. The
electromagnet is a standard component, such as a Dan-
foss part order No. 71N0802. An armature cylinder 3
extends through the housing 2, and in cylinder 3 an
armature 4 is arranged to be moveable in a recipro-
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cating movement activated by the electromagnet. The
armature 4 in turn acts on a plunger 5 reciprocating
in a pump cylinder 6 comprising a pump chamber 7 de-
fined by the inner surface of the pump cylinder 6, a
check valve, which in this embodiment is a ball 8 bi-
ased against an opening of the pump chamber 7 by a
compression spring 9, and a plunger head 10 of the
plunger 5.

The pump 1 is mounted in a block 11, e.g. by
threading an outer thread on the armature cylinder 3
into an inner thread 21 in a bore in blok 11. The
block 11 comprises a fuel inlet 12 connectable to a
source of liquid fuel, such as oil from a primer pump
or a tank (not shown). The fuel inlet 12 is in flow
communication with the pump chamber 7 through cylin-
der openings 13 when the plunger 5 is in a retracted
position as shown in Fig. 1. The pump 1 further com-
prises a first return spring 20 acting on the plunger
5 to bias the plunger in a direction to the left in
the figure, i.e. towards the armature in a direction
of retracting the plunger 5 from the pump chamber 7
in a return stroke. The pump also comprises a second
return spring 14 to bias the armature 4 in a direc-
tion to the right in the figure, i.e. in a direction
towards plunger 5, and consequently the plunger 5 is
biased by the second spring to move in direction of
the pump chamber 7. The two counteracting springs 14,
20 are at equilibrium when the plunger 5 is in the
neutral position. When the plunger 5 is activated by
the drive it will move away from the neutral posi-
tion, and depending on the direction of movement one
or the other of the springs will be compressed, and
due to the compression the compressed spring will act
on the plunger with a larger spring force trying to
restore the equilibrium position. The spring forces
thus tend to maintain the plunger at the neutral po-
sition.
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In operation, when the electromagnet is ener-
gized to move the armature 4 forwards in direction of
the plunger, the plunger 5 will be sgsubjected to a
push accelerating the plunger to the right whereby
the edge of the plunger 5 on plunger head 10 seals
off the pump chamber 7 and the active stroke is ini-
tiated. During the continued travel plunger 5 pres-
surizes the 1liquid fuel within the pump chamber 7.
When the pressure of the liquid fuel in the pump
chamber exceeds the spring force of spring 9, the
ball 8 is lifted from its seat, thereby allowing oil
to flow from the pump chamber 7 to a pump outlet 18
for delivery to a nozzle of the burner device through
a fuel delivery 1line (not shown) connected to pump
outlet 18. A recessed portion in the outer side of
the pump cylinder 6 provides a pressure equalizing
channel 28 leading into the armature cylinder 3 in
the area of the spring 20 on the rear side of the
pump cylinder 6. A bore through the end face of arma-
ture 4 provides a pressure equalizing channel 29
leading to the rear side of the armature in the area
of spring 14. Consequently, the pressure at the fuel
inlet is communicated through channels 28, 29 to both
sides of armature so that the full the drive end side
of the plunger 5 is subjected to the same pressure as
the pressure at the fuel inlet.

The function of the pump 1 will be more readily
understood by the following description with refer-
ence to Figs. 2a-2d, where Fig. 2a i1is an enlarged
view of the pump cylinder 6 and the plunger 5 with
the plunger 5 in the most retracted position. In this
position pump chamber 7 is in flow communication with
the fuel inlet through openings 13 in the cylinder
wall, and hence the pump chamber 7 is filled with oil
at an oil feeding pressure at the fuel inlet. The
openings 13 are manufactured as a single through bore
extending through the pump cylinder perpendicular to
the longitudinal axis of the pump cylinder. As ex-
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plained above the pump chamber 7 is closed off at the
end by the ball 8 which is seated against the rim of
the end opening of pump chamber 7 by the action of
spring 9. A ring-shaped end stop 24 has been press-
fitted into end area of the central bore of the pump
cylinder and acts as a spring guide.

In Fig. 2b the plunger has travelled to a posi-
tion where the plunger 5 seals off the pump chamber 7
from the fuel inlet because plunger 5 closes the
openings 13 in the cylinder wall in the instant the
plunger head 10 is moved past the full opening 13,
whereby the active stroke of plunger 5 begins. An
amount of oil is hence captured in the pump chamber
defined by the head 10 of the plunger, the inner sur-
face of pump cylinder 6 and the ball 8, and further
travelling of plunger 5 to the right in Fig. 2b cause
compression and pressurization of the oil until the
opening pressure of the check valve has been obtained
and ball 8 is lifted from its valve seat defined by
the rim of the end opening of pump chamber 7.

In Fig. 2c¢ the plunger 5 has travelled further
on to a position just before flow communication be-
tween the pump chamber 7 and the openings 13 is re-
established via a pressure relief conduit generally
designated by 22. The pressure relief conduit is in
the embodiment of Fig. 2 arranged in the plunger and
includes a first bore 15 extending coaxially in the
longitudinal direction of plunger 5 and a transverse
bore 16 debouching into an annular recess 23 in the
plunger 5.

During the active stroke of the plunger the oil
in the pump chamber is pressurized to a pressure ex-
ceeding the feeding pressure at the fuel inlet 12 and
exceeding the opening pressure of the check valve be-
cause the force generated by the o0il pressure on the
ball 8 exceeds the closing force of spring 9. During
the continued forward movement of the plunger the oil
in pump chamber 7 flows out of the outlet 18, until
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the plunger has been moved through the distance L to
the position illustrated in Fig. 2c¢ where a forward
cutting off edge 25 on the plunger is abreast of the
rim of opening 13. Cutting off edge 25 is delimiting
the annular recess 23. When the plunger is moved fur-
ther forwards the recess 23 and thus the pressure re-
lief conduit 22 is set in communication with opening
13, and fuel oil is caused to escape from the pump
chamber 7 wvia the pressure relief conduit 22 to the
opening 13. At this bleeding of the pump chamber 7
the pressure in the pump chamber 7 drops instantly to
the pressure at the fuel inlet 12 with the conse-
gquence that ball 8 will be seated by the spring force
from spring 9 and seal off the opening to outlet 18.
At the instant of bleeding the pump chamber 7, the
plunger is at the end of the active stroke in a dis-
tance d from the maximum stroke end stop position
where the end surface of plunger 5 abuts the ball 8.

After bleeding of the pump chamber the plunger
continues its forward movement due to inertia in the
plunger, but at the same time the spring force from
the first return spring causes the plunger to slow
down until it obtains the most advanced position il-
lustrated in Fig. 2d where the plunger is momentarily
at a stand still and its movement is reversed due to
the force from the first return spring 20. The fig-
ures show that only a small part of the distance d is
utilized.

In the following description of further embodi-
ments the same reference numerals as mentioned above
are used for details of the same kind and function.

Fig. 3a to 3d illustrates a second embodiment
where the pressure relief conduit 22 is formed partly
in the pump cylinder 6 and partly in the plunger. The
plunger has a recess 23 but no first bore. The head
10 of the plunger has a diameter adapted to the inner
diameter of a shoulder 26 at the bottom of pump cham-
ber 7. The shoulder 26 ends in a cutting off edge 27
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where the diameter of the pump chamber is increased
to be larger than the outer diameter of the plunger
5. The active stroke is initiated when the head 10 of
the plunger cuts off opening 13 as illustrated in
Fig. 2b. The active stroke continues until the for-
ward cutting off edge 25 passes the cutting off edge:
27 on shoulder 26. At this instant, the pressure re-
lief conduit is established by the recess 23 setting
the pump chamber 7 in communication with the opening
13 as illustrated in Fig. 3d.

Fig. 4 illustrates a further embodiment where
the head 10 of the plunger 5 is not at right angles
to the longitudinal axis of the plunger but extends
obliquely at an acute angle a thereto. Another dif-
ference with respect to the embodiment of Figs. 2a-2d
is that only a single opening 13 is provided in the
pump cylinder 6. The angle o has been chosen so that
the shortest distance g between the recess 23 and the
head 10 corresponds to the diameter of the opening 13
and the longest distance between the recess and the
head 10 at the opposite side of the plunger corre-
sponds to the sum of the diameter of the opening 13
and the maximum desired active stroke Ilength Lv.
The oblique head 10 makes it possible to vary the ac-
tive stroke length and thus the delivered amount of
0il per stroke by rotating the plunger 7 in relation
to the pump cylinder 6. The rotation of the plunger
to a new setting of the delivered amount can be ef-
fected manually, but is preferably effected by a
electro-mechanical setting device (not shown). The
above description of the angle a allows a change of
the delivery amount between zero (idling) and maxi-
mum. The plunger can be manufactured with other in-
clinations of the head 10, e.g. so that the distance
g is smaller than the opening 13 which provides for
idling when the plunger/pump cylinder are mutually
rotated within a limited range of angles. A continu-
ous change of the setting of the amount is possible
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with the oblique head 10. If a stepwise change be-
tween predefined delivery amounts is desired, the
plunger can be manufactured with a stepped head,
which brings the advantage that a very coarse rota-
tional setting results in the desired amount.

In yet another embodiment depicted in Fig. 5
the pressure relief conduit 22 consists of the annu-
lar recess 23 and the first bore 15 which extends di-
rectly between head 10 and recess 23.

In an example of an embodiment the plunger di-
ameter is 3 mm and the active stroke length L of the
plunger 5 is 0.4 mm. The volume delivered per stroke
of the plunger equals to 2.83 mm’. In the embodiment
the pump is driven by an electromagnet powered by a
50 Hz alternating current, and hence the output of
the pump is approximately 0.5 1/h. In the embodiment,
fuel oil is delivered to the liquid pump by gravity
from a fuel tank located. The liquid pump delivers
the fuel oil at a pressure of 0.15 bar. If a primer
pump is used, excess o0il delivered to the ligquid pump
can be returned to the oil tank.

In the above embodiment the pump is driven by
an electromagnet. However, alternative plunger drive
means can be used, such as a piezo-electric actuator.

The output of the pump may be adjusted by ad-
justing the frequency of activation of the plunger,
e.g. by means of a frequency converter. As an alter-
native to using springs 14, 20 to control return
movements of the plunger, an electromagnetic return
device can be used, or the plunger can be provided
with only the spring 20, and in this case the plunger
5 has to be mechanically connected to the armature 4.

Details from the different embodiments can be
combined into further embodiments according to the
present invention.
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PATENT CLAIMS

1. A reciprocating liquid pump for delivery of
liquid fuel to a domestic burner device, said pump
comprising an electromechanical drive means which is
electronically activated and acts on a plunger to re-
ciprocate the plunger in a pump chamber of a pump
cylinder, whereby liquid fuel is delivered from the
pump, said plunger having a maximum stroke end stop
position, characterized in that the pump
comprises pressure relief means to bleed the pump
chamber at the end of the active stroke at a distance
from the maximum stroke end stop position.

2. A reciprocating liquid pump according to claim
1, characterized in that the plunger
has a plunger diameter D and an active stroke length
L, that the ratio L/D between the active stroke
length L and the plunger diameter D is less than 0.4,
and preferably less than 0.2.

3. A reciprocating liquid pump according to
claim 1 or 2, characterized in that
the full stroke length of the plunger during the re-
ciprocating cycle is more than two times longer than
the active stroke 1length, preferably longer than
three times the active stroke length.

4. A reciprocating liquid pump according to
claim 3, characterized in that the
pressure relief means set the pump chamber in connec-
tion with a fuel inlet to the pump prior to and fol-
lowing the active stroke.

5. A reciprocating ligquid pump according to any
one of claims 1 to 4, characterized in
that a first return spring acts on the plunger to re-
tract it from the pump chamber towards a neutral po-
sition, and that preferably also a second return
spring acts on the plunger to advance it in direction
of the pump chamber towards said neutral position.
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6. A reciprocating liquid pump according to any
one of claims 1-5, characterized in
that the plunger is activated by the electromechani-
cal drive means with a frequency of at least 5 Hz.

7. A reciprocating liquid pump according to
claim 6, characterized in that the
plunger is activated by the plunger drive means with
a frequency in the range from 50 to 60 Hz.

8. A reciprocating liquid pump according to any
one of claims 1-7, characterized in
that the electromechanical drive means can include an
armature comprising ferromagnetic material and
mounted in extension of the plunger, and an electro-
magnet arranged outside the armature.

9. A liquid pump according to any one of claims
1-8, characterized in that the pressure
relief means include a pressure relief conduit ar-
ranged in the plunger and cooperating with a fuel
inlet in the pump cylinder.

10. A reciprocating liquid pump according to
any one of claims 1-9, characterized in
that the pressure relief conduit comprises at least a
first bore and an annular recess at the outer surface
of the plunger, said first bore extending into the
plunger from the pump chamber side thereof towards
the annular recess.

11. A reciprocating liquid pump according to
claim 10, characterized in that the
first bore in the plunger extends in direction of the
centre axis of the plunger and joins a transverse
bore extending into an annular recess in the outer
surface of the plunger, or the first bore extends
obliquely to said centre axis directly into the annu-
lar recess in the outer surface of the plunger.

12. A reciprocating liquid pump according to
any one of claims 1-11, characterized
in that the pressure relief means includes a pressure
relief passage arranged in the pump cylinder.
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13. A reciprocating liquid pump according to
any one of claims 1-12, characterized
in that the liquid pump includes one or more pressure
equalizing channels communicating the pressure at the
fuel inlet to the drive end side of the plunger.

14. A reciprocating 1liquid pump according to
any one of claims 1-13, characterized
in that the liquid fuel delivery amount per activa-
tion of the plunger is in the range of 1 mm® to 50
mm®, preferably in the range of 2 mm® to 15 mm?.

15. A reciprocating liquid pump according to
any one of claims 1-14, characterized
in that the liquid fuel delivery pressure from the
pump is in the range of from 0.01 bar to 3 bar above
atmospheric pressure, preferably from 0.01 bar to 0.2
bar above atmospheric pressure.

16. A reciprocating liquid pump according to
any one of claims 1-15, characterized
in that the delivery amount of fuel from the pump is
adjustable.

17. A reciprocating 1liquid pump according to
claim 16, characterized in that the de-
livery amount is adjustable by turning the pump cyl-
inder in relation to the plunger.

18. A reciprocating liquid pump according to
claim 15, characterized in that the de-
livery amount is adjustable by changing the frequency
of activation of the plunger.
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