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ABSTRACT: The invention relates to a dosing device for sup 
plying or removing quantities of gaseous or liquid substances 
to or from a space. The dosing device is meant for dosing any 
desirable, not too large, quantity, for example, from a few cm. 
per second to a quantity zero, in which the pressure of the 
dosed quantity may be from less than 1 atm. to some tens of atmospheres. 

  



PATENTED JUN 897 3,583,423 

2 26 21 13 11 24, 14 1, 20 3 

WN 

N 

HILLEBRAND J.J. KRAAKMAN 

    

  

  

  

  

    

  

  

  

    

  

  



3,583,423 

DOSING DEVICE FOR GASEOUSORLEQUID 
SUBSTANCES 

It has this far been difficult to produce such a dosing device, 
because the component parts must meet very high standards, 
and the adjustability, presents great difficulties. The device ac 
cording to the invention however, is simple to manufacture 
and the adjustability of the supplied quantity is also simple 
since no spindles, valves or the like are required. Moreover, 
both the supply and the removal of the dosed quantity to and 
from a space can be produced with the same device. 
According to the invention, a dosing device as described 

above is characterized in that a cylinder comprises a piston as 
sembly consisting of two pistons of the same diameters, 
between which a piston of a larger diameter is situated and 
chambers are situated between the pistons. One of the two 
pistons, having equal diameters, and the piston having the 
larger diameter, have a circumferential groove on their cir 
cumference. A communication duct for the substance to be 
dosed opens into the two chambers, a communication duct 
debouching near each of the free end faces of the pistons hav 
ing the same diameters, in one of which an adjustable control 
pressure prevails, the other duct communicating with the am 
bient pressure. The largest piston situated in the center of the 
piston assembly has on its circumference at least one axial slit 
which forms a communication, depending upon the axial posi 
tion of the piston assembly, of an adjustable size between the 
chamber which is situated near the piston, which does not 
comprise a circumferential groove, and an annular space 
present in the cylinder wall. This space communicates with a 
duct for removing the substance to be dosed. Open communi 
cations are provided between the two annular grooves present 
on the said pistons, and the chamber in which the slit opens. 
The pressure in the chamber with which the slit communicates 
is regulated by the position of the piston assembly in the 
cylinder. This pressure also prevails in the two annular 
grooves, whereas in the other chamber the pressure prevails of 
the desirable volume flow, said other chamber communicat 
ing, through a narrow gap formed between the piston parts 
and the cylinder wall parts of both the larger and the smaller 
diameters, with the two circumferential grooves in which the 
regulated pressure prevails. 
When temperature variations occur in the volume flow to 

be dosed or when the device is to be used in a space in which 
varying temperatures occur, according to a further embodi 
ment of the invention, the various elements of piston assembly 
and the cylinder are made of materials having different coeffi 
cients of expansion, so that upon temperature variations, the 
variation of the gap height compensates for the change of the 
viscosity of the liquid or the gas. 

In order that the invention may be readily carried into ef 
fect, one example of the invention will now be described in 
greater detail, by way of example, with reference to the ac 
companying drawing, the sole FIGURE of which shows a 
cross-sectional view of a cylinder with piston assembly which 
is arranged therein so as to be axially movable. 

Reference numeral 1 in the drawing denotes a cylinder to 
which a cylinder cover 2 is secured. On the right-hand side, 
three communication possibilities 3, 4 and 5 are shown; on the 
left-hand side a fourth communication possibility 6 is shown in 
the cover 2. The cylinder 1 comprises a piston assembly con 
sisting of two equal pistons 7 and 8, having diameters d, and a 
larger piston 9, having a diameter D, between the pistons 7 
and 8. The piston 7 has an annular groove 10; the piston 9 has 
a similar groove 11. Between the end face of the piston 7 and 
the cover 2, a chamber 12 is situated; furthermore, a chamber 
13 is situated between the cover 2 and the other side of the 
piston 9. Similar chambers which are denoted by 14 and 15 
are situated between a side face of the piston 9 and the 
cylinder 1 and between the end face of the piston 8 and the 
end of the cylinder. 

Centrally located in the piston assembly a duct 16 is pro 
vided which is in open communication, through apertures 17, 
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2 
18 and 19, with the annular grooves 10 and 11 and with the 
chamber 14. These consequently communicate with each 
other the same pressure prevailing in each. A duct 20 which is 
in open communication with the chamber 13, through a duct 
21, opens into the connection possibility 3. The connection 
possibility S communicates with the chamber 14, through a 
duct 22. In the circumference of the piston 9 four slits 23 are 
provided; these slits open on the one hand into the chamber 
14 and produce a communication with an annular space 24 in 
the cylinder wall having a size which is dependent upon the 
position of the piston assembly. The annular space 24 commu 
nicates through a duct 25 with the ambient pressure. The gap 
between the circumferences of the pistons and the respective 
cylinder walls lies in the order of magnitude of 20p. 
The operation of the dosing device will now be described 

for a volume flow emerging from the duct 20, for example, a 
flow of oil, in which a desirable supply can be realized 
between a few cm per second and zero. An oil duct commu 
nicates with the connection 6, at a pressure pa which will be 
termed control pressure. It should be possible to adjust said 
pressure in accordance with the desirable supply, for example, 
at high-pressure level with a pressure regulating valve and at 
low-pressure level, for example, with a liquid column. An oil 
duct communicates with the connection possibility 5 at a pres 
sure, the value p of which is regulated in chamber 14, by the 
overlap of the slits 23 and the annular space 24. For a volume 
flow emanating from the duct 20 the regulating pressure p is 
larger than the pressure p. The pressure p prevails in the 
chamber 12, since there is an open communication through 
duct 22, duct 16, and apertures 17, 18 and 19. However, the 
emanating pressure p prevails in the chamber 13, since said 
chamber is in open communication with the emanating aper 
ture 3. Owing to the pressure difference p-p between the an 
nular grooves 10 and 11 on the one hand, and the chamber 13 
on the other, a laminar flow occurs in the two annular gaps 26 
and 27. The differential pressure p p follows from the 
equilibrium of forces of the piston assembly, namely: 

It is found that with given D and d, the differential pressure 
between p and p is only dependent upon the pressure pa. As is 
known, the supply through a laminar resistor of the type as is 
formed by the gaps 26 and 27 is linearly dependent upon the 
differential pressure across said resistance according to the 
equation known from fluid dynamics: 

TDH p2-pl 
- 19, L. 

wherein d is the supply, D the diameter, H the gap height, p. 
the viscosity and L the gap width. For a dosing device of the 
type described having given dimensions and for a given liquid 
it holds at substantially constant temperature that b-C(p2 pt), 
wherein C is a constant. The supply to be dosed is hence 
only determined by the value of pa (for this is, proportional to 
p-pi). Since p can be adjusted at any desirable value, any 
desirable small supply can be adjusted. The above considera 
tion is correct at a constant temperature of the oil and of the 
ambient pressure. When temperature variations occur this 
results in a variation of the viscosity of the oil, so that hence 
the supply varies. This supply deviation as a result of the 
deviation in viscosity can be compensated for by making the 
gap height H in gaps 26 and 27 likewise a function of the tem 
perature, so that H/pufrom the supply formula for laminar 
flow likewise remains constant. This can be realized with a 
suitable choice of the material of the cylinder and the piston 
assembly. A suitable choice of the dimensions of the piston 
diameter and the gap height can also contribute to suppressing 
supply variations as a result of temperature influences. 
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When a comparatively high-pressure p, and hence also p, is 
used, it may be desirable to arrange a second cylinder around 
the cylinder 1, which second cylinder encloses the cylinder on 
both sides, and to supply therein the same pressure p, so that 
likewise said pressure p is exerted on the circumference of the 
cylinder 1. 

in the embodiment described the dosed quantity is supplied 
to a space; when this quantity has to be removed from a space, 
the duct in which the pressure pa prevails is connected to the 
communication 4 and communication 6 remains open. 

I claim: 
1. A dosing device for supplying or removing quantities of 

liquid or gaseous substances to or from a space, characterized 
in that a piston assembly is present in a cylinder and consists of 
two pistons of equal diameters, between which a piston of a 
larger diameter is situated and chambers are situated between 
the pistons, one of the two equal pistons and the piston having 
the larger diameter comprising on their circumference a cir 
cumferential groove, a communication duct for the substance 
to be dosed opening into the two chambers, a communication 
duct opening near each of the free end faces of the pistons 
having equal diameters in one of which an adjustable control 
pressure prevails, the other duct communicating with the am 
bient pressure, the largest piston situated in the center of the 
piston assembly comprising on its circumference at least one 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

4. 
axial slit which forms a communication of an adjustable size, 
which is dependent upon the axial position of the piston as 
sembly, between the chamber which is situated near the piston 
which does not comprise a circumferential groove and an an 
nular space present in the cylinder wall, which space commu 
nicates with a duct for removing the substance to be dosed, 
open communications being present between the two annular 
grooves present on the said pistons, and the chamber into dif 
ferent coefficients slit opens, the pressure in the chamber with 
which the slit communicates being regulated by the position of 
the piston assembly in the cylinder, said pressure also prevail 
ing in the two annular grooves, the pressure of the desired 
volume flow prevailing in the other chamber, said other 
chamber communicating by means of a narrow gap formed 
between the piston parts and the cylinder wall parts of both 
the larger and the smaller diameters, with the two circum 
ferential grooves, in which the regulated pressure prevails. 

2. A dosing device as claimed in claim 1, characterized in 
that the materials of which the piston assembly and the 
cylinder consists, have different coefficients of expansion, so 
that upon temperature variations, the variation of the gap 
height compensates for the variation of the viscosity of the 
liquid or the gas. 
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