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(54) Delivery pump for a fluid

(57) The invention relates to a delivery pump (1) for
delivering a fluid, having a delivery piston (2), which can
be moved in a delivery direction (5) from a pump inlet (3)

to a pump outlet (4), wherein the delivery piston (2) is
supported in an axial bearing (6), and wherein the axial
bearing (6) has a cooling device (7), which is set up to
cool the axial bearing (6) with the fluid.
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Description

[0001] The invention relates to a delivery pump for a
fluid, which can be used in a metering device, for exam-
ple, to meter a fluid from a tank into an exhaust gas treat-
ment device for cleaning the exhaust gases from an in-
ternal combustion engine. Exhaust gas treatment devic-
es in which a fluid is fed in for the purpose of cleaning
the exhaust gases are widely used, especially in the mo-
tor vehicle sector.
[0002] One exhaust gas cleaning method which is car-
ried out particularly often in such exhaust gas treatment
devices is that of selective catalytic reduction
(SCR-method; SCR = selective catalytic reduction), in
which nitrogen oxide compounds in the exhaust gas are
reduced by means of a reducing agent. Ammonia is gen-
erally used as the reducing agent in this case. In motor
vehicles, ammonia is normally stored not in the pure form
but in the form of a precursor solution or precursor fluid,
which can be converted into ammonia.
[0003] Aqueous urea solution is used as the precursor
solution, for example. A 32.5% aqueous urea solution,
which can be obtained under the trade name AdBlue®,
is used particularly often.
[0004] This precursor solution can then be fed in to the
exhaust gas in liquid form and then converted into am-
monia in the exhaust gas by purely thermal means or by
hydrolytic means with support from a hydrolysis catalyst.
It is also possible for the precursor solution to be con-
verted to ammonia outside the exhaust gas in a reactor
provided for the purpose.
[0005] To deliver the solution from a tank to the exhaust
gas treatment device or to a reactor, a delivery pump is
normally required. This delivery pump must make avail-
able the reducing agent to the exhaust gas treatment
device during the entire period of operation of a motor
vehicle. The delivery pump must therefore have a very
long service life. Moreover, the delivery pump should be
as inexpensive as possible.
[0006] A delivery pump for reducing agent is known
from German Patent DE 10 2008 010 073 B4, for exam-
ple.
[0007] Taking the above as a starting point, it is the
object of the present invention to further mitigate the tech-
nical problems described in connection with the prior art.
In particular, the intention is to describe a further im-
proved, particularly advantageous delivery pump for a
fluid which is suitable especially for delivering reducing
agent.
[0008] These objects are achieved with a delivery
pump in accordance with the features of Patent Claim 1.
Further advantageous embodiments of the delivery
pump are indicated in the independently worded patent
claims. The features presented individually in the patent
claims can be combined in any technologically meaning-
ful way and can be supplemented by explanatory material
from the description, giving rise to additional variant em-
bodiments of the invention.

[0009] The invention relates to a delivery pump for de-
livering a fluid, having a delivery piston, which can be
moved in a delivery direction from a pump inlet to a pump
outlet, wherein the delivery piston is supported in an axial
bearing, and wherein the axial bearing has a cooling de-
vice, which is set up to cool the axial bearing with the fluid.
[0010] The delivery pump is suitable especially for de-
livering reducing agent and, in particular, aqueous am-
monia solution as a fluid.
[0011] The delivery pump is preferably suitable for
making available the fluid at a defined pressure at the
pump outlet or for achieving a defined increase in the
pressure of the fluid from the pump inlet to the pump
outlet. For this purpose, a delivery pump drive can be
controlled by a control unit, the control unit receiving in-
formation from at least one pressure sensor for the pur-
pose of adjusting the defined pressure or the defined
increase in pressure. The control unit can control the de-
livery pump drive on the basis of information from at least
one pressure sensor. The delivery pump drive is prefer-
ably a drive coil. When an electric current flows through
the drive coil, the drive coil produces an electromagnetic
force which acts on the delivery piston of the delivery
pump. The delivery piston can be set in motion by the
force of the drive coil. The drive can also have a spring
which can exert a restoring force on the delivery piston.
By way of example, a drive coil can be set up to move
the delivery piston towards the pump outlet in the delivery
direction, counter to a spring, when a current flows
through the drive coil. The spring can be set up to return
the delivery piston towards the pump inlet, counter to the
delivery direction, when no current is flowing through the
drive coil and the drive coil is therefore not exerting any
force on the delivery piston.
[0012] The pump inlet is preferably designed for the
connection of an intake line, via which the delivery pump
can draw in fluid from a tank, for example. The pump
outlet is preferably designed for the connection of a pres-
sure line, into which the delivery pump can deliver fluid,
e.g. towards an exhaust gas treatment device or towards
an injector which opens into an exhaust gas treatment
device. For the connection of the intake line and the pres-
sure line, the pump inlet and the pump outlet preferably
have corresponding connectors, to which the lines can
be detachably connected. The delivery piston is prefer-
ably arranged on a common axis together with the pump
inlet and the pump outlet.
[0013] The axial bearing preferably allows movement
of the delivery piston only in an axial direction extending
along the delivery direction from the pump inlet to the
pump outlet. Rotation or translational displacement of
the delivery piston is preferably prevented by the axial
bearing. The axial bearing is preferably a plain bearing.
The delivery piston has a piston surface, and the axial
bearing has a guiding surface. The piston surface and
the guiding surface can slide upon one another.
[0014] For details of the construction of such a delivery
pump, reference may be made here especially to Ger-
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man Patent DE 10 2008 010 073 B4, which describes
the construction thereof in detail in Fig. 2 and in the ex-
planations pertaining thereto in paragraphs [0039] to
[0045]. Said Fig. 2 and the paragraphs mentioned are
hereby incorporated in full by reference.
[0015] As the piston surface and the guiding surface
slide upon one another in the axial bearing, heat is gen-
erated by friction. The cooling device is preferably set up
to deliver the fluid into the axial bearing and preferably
to the piston surface and the guiding surface in order to
absorb and, where appropriate, carry away heat from the
axial bearing. It has been found that high temperatures
in the axial bearing of a delivery pump can drastically
shorten the life of the delivery pump. This is the case
especially when the delivery pump is used to deliver
aqueous urea solution. At high temperatures, urea pre-
cipitates may form in the aqueous urea solution. These
precipitates act like abrasive particles in the delivery
pump and especially in a plain bearing and can damage
the bearing and the delivery pump. It is therefore advan-
tageous, especially for delivery pumps for delivering
aqueous urea solution, to carry away the heat produced
in a plain bearing. It is particularly advantageous for this
purpose to use the fluid which is available in the delivery
pump in any case.
[0016] The delivery pump is particularly advantageous
if the cooling device is simultaneously a lubricating device
for lubricating the axial bearing with the fluid.
[0017] An axial bearing which is embodied as a plain
bearing is generally advantageous if a lubricant is pro-
vided. The lubricant reduces the friction between the sur-
faces in the plain bearing. In the delivery pumps consid-
ered here, the surfaces of the plain bearing are preferably
a piston surface of the delivery piston and a guiding sur-
face of a guide bore of the axial bearing in which the
piston is guided. It is particularly preferred if a gap, in
which a lubricating film consisting of the fluid is formed,
is made between the piston surface and the guiding sur-
face.
[0018] By virtue of the fact that the fluid is simultane-
ously used as a coolant and a lubricant for the axial bear-
ing of the delivery pump, it may be possible to dispense
with an additional lubricant for the axial bearing.
[0019] The delivery pump is particularly advantageous
if the axial bearing is a guide channel, in which the de-
livery piston is supported in a sliding manner, and the
cooling device is embodied as at least one passage,
which intersects the guide channel and through which
the fluid enters the guide channel at at least one entry
point.
[0020] The shape of the guide channel is preferably
matched to a cross section of the delivery piston to enable
the delivery piston to be moved backwards and forwards
in the guide channel in a delivery movement. The pas-
sage can be a bore, a gap or a slot, for example, which
meets the guide channel and thus intersects the guide
channel.
[0021] A plurality of passages is preferably arranged

along the guide channel to enable the axial bearing or
guide channel or guiding surface and the piston surface
to be wetted as fully as possible with fluid. As another
preferred option, a plurality of passages is also arranged
around the delivery piston and the guiding channel in the
circumferential direction to ensure complete wetting. For
example, two to eight passages leading to the guide
channel and distributed uniformly in the circumferential
direction are in each case provided in two to six planes
along the guide channel.
[0022] The passages can be embodied as bores, gaps
or the like, for example. The passages establish a con-
nection through which the fluid can pass into the axial
bearing or guide channel. This connection preferably ex-
tends through the delivery pump, starting from a channel,
through which pump the fluid passes on the way from
the pump inlet to the pump outlet or along which channel
the fluid flows during normal delivery.
[0023] The passages described are a technically par-
ticularly uncomplicated and effective solution for passing
the fluid into the axial bearing.
[0024] The delivery pump is particularly advantageous
if the delivery piston has at least one recess in the region
of the passage, said recess crossing the entry point of
the passage during a delivery movement of the delivery
piston in the axial bearing and, in the process, delivering
the fluid into the axial bearing.
[0025] The delivery piston preferably has a largely flat
piston surface matched to the shape or guiding surface
of the guide channel. Both the piston surface and the
guiding surface preferably have a low roughness of, for
example, less than 10 mm [micrometres] and preferably
even less than 5 mm [micrometres]. The roughness of
these surfaces is low in order to reduce the friction of the
delivery piston in the guide channel of the axial bearing.
The recess forms a re-entrant area of the delivery piston
relative to the piston surface. The recess can be embod-
ied as a single notch or opening in the delivery piston. It
is also possible for the recess to form a complete network
or complete system of channels on the piston surface,
through which the fluid can pass, and thus allow distri-
bution of the fluid over the piston surface and over the
guiding surface. When the recess crosses the passage,
an area of the recess and an area of the entry point of
the passage overlap at least partially in an overlap zone.
The fluid can then enter the recess from the passage.
The delivery movement changes the area of the overlap
zone because the entry point and the recess move rela-
tive to one another. During the delivery movement, there
is preferably at least at times no overlap at all between
the area of the entry point and the area of the recess.
Indeed, the recess preferably crosses several different
passages during the delivery movement. The fluid pres-
sures prevailing at these different passages are prefer-
ably different. The fluid can thus be delivered effectively
through the axial bearing via the recess.
[0026] The use of at least one recess in the delivery
piston for delivering the fluid into the axial bearing is par-

3 4 



EP 2 584 198 A2

4

5

10

15

20

25

30

35

40

45

50

55

ticularly advantageous because the fluid is delivered ef-
fectively into the axial bearing and there is no need for
any additional moving parts (such as an additional pump)
for delivering the fluid into the axial bearing.
[0027] The delivery pump is particularly advantageous
if the axial bearing is embodied with a gap between a
guiding surface of a guide channel of the axial bearing
and a piston surface of the delivery piston, said gap hav-
ing a gap width of at least 5 mm [micrometres].
[0028] Such a gap width between the piston surface
and the guiding surface is particularly advantageous in
ensuring that a film of the fluid forms in the axial bearing
or guide channel or gap, this film being particularly ad-
vantageous for cooling and, where appropriate, also for
lubricating the axial bearing.
[0029] The delivery pump is particularly advantageous
if the axial bearing is set up in such a way that a backflow
of fluid through the axial bearing counter to the delivery
direction of the delivery pump is obtained.
[0030] The backflow preferably covers the entire
length of the axial bearing. In this way, particularly effec-
tive cooling of the axial bearing can be achieved. It also
ensures that cooling of the axial bearing is uniformly dis-
tributed over the entire length of the axial bearing and
also that no local overheating of the axial bearing occurs.
[0031] The delivery pump is particularly advantageous
if the delivery pump has a delivery chamber, at least one
chamber inlet opening, which opens into the delivery
chamber, and at least one nonreturn valve, which is ar-
ranged between the delivery chamber and the pump out-
let in the delivery direction, wherein the delivery piston
can perform a delivery movement into the delivery cham-
ber and, in the process, pushes fluid present in the de-
livery chamber out through the nonreturn valve in the
delivery direction to the pump outlet.
[0032] During the delivery movement, the delivery pis-
ton moves into and out of said delivery chamber in a
regular manner. During the delivery movement of the de-
livery piston, the volume of the delivery chamber is thus
increased and reduced in a regular manner. In a partic-
ularly advantageous variant of the delivery pump, the re-
duction in the volume is such that the minimum volume
of the delivery chamber which occurs during the delivery
movement is at least ten times, preferably twenty times,
and particularly preferably one hundred times, less than
the maximum volume of the delivery chamber which oc-
curs. Opening into the delivery chamber is at least one
chamber inlet opening, through which fluid can enter the
delivery chamber in the delivery direction. If a plurality of
chamber inlet openings is provided, they are preferably
all located in a common plane aligned perpendicularly to
the direction of movement or to the axis of movement of
the delivery piston. This is possible particularly if the de-
livery piston is arranged close to a position of maximum
retraction (that is to say in a direction towards the pump
inlet) during the delivery movement and, in this case, the
volume of the delivery chamber is close to the maximum
volume described. During the delivery movement, the

delivery piston preferably passes over the at least one
chamber inlet opening. When the delivery piston is cov-
ering the chamber inlet opening, no fluid can flow into
the delivery chamber. When the delivery piston opens
the delivery chamber, fluid can flow into the delivery
chamber through the chamber inlet opening. There is a
nonreturn valve between the delivery chamber and the
pump outlet in the delivery direction. During a part of the
delivery movement in the direction towards the pump out-
let, the delivery piston pushes fluid out of the delivery
chamber, through the nonreturn valve, towards the pump
outlet. The nonreturn valve prevents fluid from flowing
back into the delivery chamber from the pump outlet.
[0033] With a delivery pump constructed in this way, it
is also possible to achieve a delivery pump with a rela-
tively high metering accuracy. The delivery pump can
then be used not only as a simple delivery pump but also
as a metering pump. In the case of a metering pump, the
quantity of fluid delivered by the delivery pump can be
determined precisely. In the case of the delivery pump
described here, the quantity of fluid delivered is obtained
from the number of delivery strokes of the delivery piston
and the delivery chamber volume which the delivery
chamber has when the delivery piston is just covering
the chamber inlet openings. The delivery quantity can be
calculated as the product of this volume and the number
of delivery strokes.
[0034] For details of the construction of a delivery
chamber of a delivery pump, reference may be made
here once again especially to German Patent DE 10 2008
010 073 B4, which describes the construction of a deliv-
ery chamber in detail in Fig. 2 and in the explanations
pertaining thereto in paragraphs [0039] to [0045]. Said
Fig. 2 and the paragraphs mentioned are incorporated
here in full by reference.
[0035] The scope of the invention also includes a me-
tering device for delivering a reducing agent from a tank
into an exhaust gas treatment device, wherein the me-
tering device has a delivery line from the tank to the ex-
haust gas treatment device and a delivery pump accord-
ing to the invention, wherein the delivery pump is ar-
ranged in the delivery line in order to deliver reducing
agent as a fluid from the tank to the exhaust gas treatment
device.
[0036] The delivery pump described, as explained
above, is particularly advantageous for delivering reduc-
ing agent. It is therefore particularly advantageous to em-
ploy the delivery pump described in a metering device
for reducing agent.
[0037] The scope of the invention also includes a motor
vehicle having an internal combustion engine, an exhaust
gas treatment device for cleaning the exhaust gases from
the internal combustion engine and a metering device
according to the invention, which is set up for metering
reducing agent into the exhaust gas treatment device.
[0038] The invention and the associated technology
are explained in greater detail below with reference to
the figures. The figures show particularly preferred em-
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bodiments, but the invention is not restricted thereto. In
particular, it should be noted that the figures and, in par-
ticular, the proportions illustrated are only schematic. In
the drawings is shown:

Fig. 1 a variant embodiment of a delivery pump, and
Fig. 2 a motor vehicle having a metering device with

a delivery pump.

[0039] Fig. 1 illustrates a delivery pump 1 which can
deliver a fluid from a pump inlet 3 to a pump outlet 4 in
a delivery direction 5. For delivery, the delivery pump 1
has a delivery piston 2, which can be moved backwards
and forwards in an axial bearing 6. During this movement
in the axial bearing 6, the delivery piston 2 performs a
delivery movement 11. During the delivery movement
11, the delivery piston 2 moves into and out of a delivery
chamber 18 in a regular manner. During the delivery
movement 11 of the delivery piston 2, the volume of the
delivery chamber 18 is increased and reduced in a reg-
ular manner. In a particularly advantageous variant of
the delivery pump 1, the reduction in the volume is such
that the minimum volume of the delivery chamber 18
which occurs during the delivery movement 11 is at least
ten times, preferably twenty times, and particularly pref-
erably one hundred times, less than the maximum vol-
ume of the delivery chamber 18 which occurs. Opening
into the delivery chamber 18 is at least one chamber inlet
opening 19, through which fluid can enter the delivery
chamber 18 in the delivery direction 5. This is possible
particularly if the delivery piston 2 is arranged close to a
position of maximum retraction (that is to say in a direction
towards the pump inlet 3) during the delivery movement
11 and, in this case, the volume of the delivery chamber
18 is close to the maximum volume described. During
the delivery movement 11, the delivery piston 2 prefera-
bly passes over the at least one chamber inlet opening
19. When the delivery piston 2 is covering the chamber
inlet opening 19, no fluid can flow into the delivery cham-
ber 18. When the delivery piston 2 opens the delivery
chamber 18, fluid can flow into the delivery chamber 18
through the chamber inlet opening 19. There is a nonre-
turn valve 20 between the delivery chamber 18 and the
pump outlet 4 in the delivery direction 5. During a part of
the delivery movement 11 in the direction towards the
pump outlet 4, the delivery piston 2 pushes fluid out of
the delivery chamber 18, through the nonreturn valve 20,
towards the pump outlet 4. The nonreturn valve 20 pre-
vents fluid from flowing back into the delivery chamber
18 from the pump outlet 4. The delivery movement 11 of
the delivery piston 2 is achieved at least in part by means
of a drive coil 27. An electric current can be passed
through the drive coil 27. The drive coil 27 then exerts
an electromagnetic force on the delivery piston 2, and
the delivery piston 2 is moved. In addition, a spring (not
shown here) can also be provided on the delivery piston
2, exerting on the delivery piston 2 a restoring force acting
counter to a direction of action of the drive coil 27, for

example.
[0040] The axial bearing 6 of the delivery piston 2 is
preferably embodied in the manner of a plain bearing.
The axial bearing 6 is designed as a guide channel 8, in
which the delivery piston 2 lies. The guide channel 8 has
a guiding surface 14, and the delivery piston 2 has a
piston surface 15. The guiding surface 14 and the piston
surface 15 can slide upon one another, thus allowing the
delivery piston 2 to perform the delivery movement 11 in
the guide channel 8 or axial bearing 6. There is preferably
a gap 13 between the piston surface 15 and the guiding
surface 14, said gap having a gap width 16 of at least 5
mm [micrometres], for example, to enable the piston sur-
face 15 to slide easily on the guiding surface 14.
[0041] The axial bearing 6 has a cooling device 7. The
cooling device 7 is designed to deliver the fluid delivered
by the delivery pump 1 into the axial bearing 6 and es-
pecially into the gap 13 between the piston surface 15
and the guiding surface 14. In the variant embodiment
illustrated here, the cooling device 7 is at least one pas-
sage 9, through which the fluid can enter the axial bearing
6 or guide channel 8 or gap 13. For this purpose, the
passage 9 intersects the guide channel 8. The passage
9 opens into the axial bearing or guide channel 8 at an
entry point 12. The passage 9 is designed as a bore,
notch or slot in the wall of the guide channel 8, for exam-
ple, and preferably forms a connection through which the
fluid can pass into the axial bearing 6 or guide channel
8 or gap 13.
[0042] At least one recess 10 is preferably provided in
the delivery piston 2. The recess 10 is arranged in such
a way that it passes over the entry point 12 of the passage
9 when the delivery piston 2 performs the delivery move-
ment 11. The recess 10 thus promotes and intensifies
the delivery of fluid into the axial bearing 6 or guide chan-
nel 8 or gap 13. A backflow 17 of fluid through the axial
bearing 6 or guide channel 8 or gap 13 counter to the
delivery direction 5 is preferably established.
[0043] Fig. 2 shows a motor vehicle 25 having an in-
ternal combustion engine 26 and an exhaust gas treat-
ment device 23 for cleaning the exhaust gases of the
internal combustion engine 26. The reducing agent can
be delivered from a tank 22 for a reducing agent into the
exhaust gas treatment device 23 by means of a metering
device 21. The metering device furthermore has a deliv-
ery line 24 from the tank 22 to the exhaust gas treatment
device 23. A delivery pump 1 for delivering the reducing
agent is provided in the delivery line 24.

List of reference signs

[0044]

1 delivery pump
2 delivery piston
3 pump inlet
4 pump outlet
5 delivery direction
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6 axial bearing
7 cooling device
8 guide channel
9 passage
10 recess
11 delivery movement
12 entry point
13 gap
14 guiding surface
15 piston surface
16 gap width
17 backflow
18 delivery chamber
19 chamber inlet opening
20 nonreturn valve
21 metering device
22 tank
23 exhaust gas treatment device
24 delivery line
2 5 motor vehicle
26 internal combustion engine
27 drive coil

Claims

1. Delivery pump (1) for delivering a fluid, having a de-
livery piston (2), which can be moved in a delivery
direction (5) from a pump inlet (3) to a pump outlet
(4), wherein the delivery piston (2) is supported in
an axial bearing (6), and wherein the axial bearing
(6) has a cooling device (7), which is set up to cool
the axial bearing (6) with the fluid.

2. Delivery pump (1) according to one of the preceding
patent claims, wherein the cooling device (7) is si-
multaneously a lubricating device for lubricating the
axial bearing (6) with the fluid.

3. Delivery pump (1) according to one of the preceding
patent claims, wherein the axial bearing (6) is a guide
channel (8), in which the delivery piston (2) is sup-
ported in a sliding manner, and the cooling device
(7) is embodied as at least one passage (9), which
intersects the guide channel (8) and through which
the fluid enters the guide channel (8) at at least one
entry point (12).

4. Delivery pump (1) according to Patent Claim 3,
wherein the delivery piston (2) has at least one re-
cess (10) in the region of the passage (9), said recess
crossing the entry point (12) of the passage (9) during
a delivery movement (11) of the delivery piston (2)
in the axial bearing (6) and, in the process, delivering
the fluid into the axial bearing (6).

5. Delivery pump (1) according to one of the preceding
patent claims, wherein the axial bearing (6) is em-

bodied with a gap (13) between a guiding surface
(14) of a guide channel (8) of the axial bearing (6)
and a piston surface (15) of the delivery piston (2),
said gap having a gap width (16) of at least 5 mm
[micrometres].

6. Delivery pump (1) according to one of the preceding
patent claims, wherein the axial bearing (6) is set up
in such a way that a backflow (17) of fluid through
the axial bearing (6) counter to the delivery direction
(5) of the delivery pump (1) is obtained.

7. Delivery pump (1) according to one of the preceding
patent claims, wherein the delivery pump (1) has a
delivery chamber (18), at least one chamber inlet
opening (19), which opens into the delivery chamber
(18), and at least one nonreturn valve (20), which is
arranged between the delivery chamber (18) and the
pump outlet (4) in the delivery direction (5), wherein
the delivery piston (2) can perform a delivery move-
ment (11) into the delivery chamber (18) and, in the
process, pushes fluid present in the delivery cham-
ber (18) out through the nonreturn valve (20) in the
delivery direction (5) to the pump outlet (4).

8. Metering device (21) for delivering a reducing agent
from a tank (22) into an exhaust gas treatment device
(23), wherein the metering device (21) has a delivery
line (24) from the tank (22) to the exhaust gas treat-
ment device (23) and a delivery pump (1) according
to one of the preceding patent claims, wherein the
delivery pump (1) is arranged in the delivery line (24)
in order to deliver reducing agent as a fluid from the
tank (22) to the exhaust gas treatment device (23).

9. Motor vehicle (25) having an internal combustion en-
gine (26) and an exhaust gas treatment device (23)
for cleaning the exhaust gases from the internal com-
bustion engine (26) and a metering device (21) ac-
cording to Patent Claim 8, which is set up for meter-
ing reducing agent into the exhaust gas treatment
device (23).
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