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Sterilization apparatus and method for controlling of a sterilization apparatus 

The invention relates to a sterilization apparatus for controlling the sterilization of at 
least one object by a gaseous or liquid fluid wherein the object is positioned in a 

5 sterilization chamber of a sterilization apparatus, and to a method for controlling of the 

sterilization of an object by a heated fluid wherein the object is positioned in a 
sterilization chamber of a sterilization apparatus. 

In common sterilization apparatuses mainly two different sterilization technologies can 

10 be distinguished in which objects like for instance medical syringes or ampoules get rid 
of a contamination with bacteria or viruses. First there is the ray sterilization, in which 
the object to be sterilised is irradiated with for instance y-rays in order to obtain a fully 
sterilised object. This method is applied preferably when the objects to be sterilised are 

not resistant to high temperatures. A second method is the heat-sterilization in which a 
15 fluid is heated up to a sufficiently high temperature, and then blown into a chamber in 

which the object to be sterilised is positioned, in a slightly modified process the fluid 
may be gaseous, preferably air, which is called the dry-heat sterilization when there is 
substantially no humidity left in the sterilization fluid. 

20 In the latter process, the quality of the sterilization depends on the time duration the 
object is exposed to the fluid and on the quantity of fluid mass flow which is getting in 
contact with the object to be sterilised. Thereby not only the fluid-temperature but also 
the flow-speed of the fluid is a crucial factor with a high impact on the sterilization result. 

Accordingly, in a sterilization apparatus it is important to determine the flow-speed of the 
25 fluid with a sufficiently high accuracy. 

In the prior art in general there are shown two different principals of measuring the 
speed in a flowing fluid. For instance the DE 2100769 shows an apparatus for 
measuring the flow-speed of a gaseous fluid by using a temperature element which 

30 changes its resistance depending on the environmental temperature, the so called hot 
wire anemometer. Thereby the temperature element is heated up to a predetermined 

temperature and when a fluid flows around the sensor, the sensor itself is cooled down. 

The cooling effect leads to a variation in the resistance value of the sensor from which 
the flow-speed can be derived. This method however has drawbacks regarding its 
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accuracy, when the sensor element is subjected to fluid with high temperature, in a high 

temperature range the density of gaseous fluids is rather low so that an exact 
measurement can not be carried out. 

5 Document US 2007/0237670 A1 discloses a dry heat sterilization system comprising 

semi-pierced duct walls inside a chamber. Furthermore, safety airflow switches are 

provided that can shut down a heater if they sense that there is no air flowing over the 

heater. The safety airflow switches are pressure differential switches that measure 

airflow of an air intake and an air outlet being arranged outside the sterilization chamber. 

10 

Further, there are known sterilization apparatuses which use vane anemometers for 
measuring the flow-speed of the fluid, the so called impeller anemometer. Such 
anemometers are disposed in the flow of the fluid which is used to sterilise an object in 

a later stage. However, such mechanical anemometers can not withstand or resist the 
15 high temperatures used for the sterilization for a long term and therefore have to be 

replaced in order to avoid breakdown of the entire sterilization apparatus. 

Furthermore with the above mentioned anemometers only punctual measurement of the 
flow-speed can be carried out. Usually, the sterilization apparatuses have a relatively 

20 large cross section area for the fluid flow. Since the flow is measured only in a rather 
small area there remains the danger that even though a correct value in the 
measurement area is determined, in the rest of the cross section an inappropriate flow-
speed may remain undetected. 

25 A further problem has to be seen in the fact, that known anemometers are calibrated for 
a fluid having a density of 1,2 kg/m3. However, during a sterilization process the fluid 

can reach temperatures of about 300°C where the fluid's density drops to 0,6 kg/m3 

leading to ineligible deviation in the measurements accuracy. 

30 In the light of the above mentioned difficulties, the present invention addresses the 

object to provide a control apparatus and a method for controlling the sterilization of 
objects wherein the measurement of the flow-speed can be carried out with improved 
accuracy. 
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This object is solved by an apparatus and a method according to the independent 

claims. Further embodiments and examples of the invention are subject matter of the 
dependent claims which are referred back thereto. 

5 According to an aspect of the invention a sterilization apparatus for the sterilization of at 

least one object by a gaseous or liquid fluid comprises a sterilization chamber in which 
the object is positioned, at ieast an acceleration device for accelerating the fluid to a 
predetermined flow-speed and at least a filter device for separating particles from the 
fluid. 

10 The sterilization apparatus further comprises at least one orifice device having a 
plurality of openings and being preferably arranged or disposed in the flow-path of the 

fluid inside the sterilization chamber. Furthermore, the sterilization apparatus comprises 
a control apparatus for determining the flow-speed of the fluid on the basis of a pressure 

difference across the orifice device. 

15 
In a further aspect, the apparatus is characterized in that the pressure difference is 
derived and determined from a first and second pressure, wherein the first pressure is 

measured in the fluid-flow upstream of the orifice device and wherein the second 
pressure is measured in the fluid-flow downstream of the orifice device. 

20 
Such an arrangement provides the advantage, that the first pressure on the upstream 

side of the orifice device is nearly constant over the entire cross section of the orifice 
device. The same applies to the second pressure measured on the downstream side of 
the orifice device. Accordingly, it is possible to determine with a single, punctual 

25 measurement the first and second pressures over the entire cross section of the orifice 
device and hence across the entire cross section of the fluid-flow. By making use of the 

orifice device and the arrangement of respective pressure sensors arranged upstream 
and downstrem the orifice device, the fiux of the fluid directed to the at least one object 
can be determined with high accuracy. 

30 
According to another embodiment, the first and a second pressure sensors are 
disposed upstream and downstream of the orifice device, respectively, wherein the first 

pressure sensor is disposed downstream of the filter device and wherein the second 
pressure sensor is disposed upstream of the at least one object to be sterilized. 
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At least the second pressure sensor, preferably both pressure sensors are disposed 
inside the sterilization chamber. 

First and/or second pressure sensors can be arranged in the center but also near the 
5 lateral side edge of the orifice device. 

According to another embodiment, the apparatus comprises at least a heating device 
for heating the fluid to a predetermined sterilization-temperature. The apparatus further 

comprises a guiding channel to guide the fluid from the heating device to the 

10 acceieration device. Downstream of the acceleration device, the filter and the orifice 
device are disposed in sequential manner. Hence, the filter device is arranged 
downstream of the acceleration device and the orifice device is arranged downstream of 
the filter device but upstream of the at least one object. Accordingly., the heated and 

accelerated fluid is guided through the filter device and thereafter through the orifice 
15 device to the at least one object disposed in the sterilization chamber. 

Additionally, the apparatus may further comprise at ieast a fluid-temperature 

determining device, for determining a temperature of the fluid. The fiuid-temperature 
determining device may comprise a thermometer or temperature sensor disposed in the 

20 fluid-flow, preferably inside the sterilization chamber and/or outside the sterilization 
chamber for determining or measuring the temperature of the heated fluid and/or the 

temperature of ambient air. 

According to another embodiment, the apparatus further comprises a comparison 
25 device for comparing a measured value of the flow-speed with a predetermined 

minimum value of the flow-speed and/or with a predetermined maximum value of the 

flow-speed, wherein the comparison device is adapted to generate a flow-speed failure-
signal when the measured value exceeds the predetermined maximum value of the 
flow-speed or when the measured value falls below the predetermined minimum value 

30 of the flow-speed. Furthermore, the comparison device is adapted to compare a 

measured value of the fluid-temperature with a predetermined minimum value of the 
fluid-temperature and/or with a predetermined maximum value of the fluid-temperature, 
wherein the comparison device is further adapted to generate a fluid-temperature 
failure-signal when the measured value of the fluid-temperature exceeds the 
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predetermined maximum value of the fluid-temperature or when the measured value 

falls below the predetermined minimum value of the fluid-temperature. 

Furthermore, and according to another embodiment, the apparatus is further 
5 characterised in that, the predetermined minimum value of the fluid-flow-speed is 0,5 

m/s and/or the predetermined maximum value of the fluid-flow-speed is 1,2 m/s, and/or 
the predetermined minimum value of the fluid-temperature is around 200°C and/or the 
predetermined maximum value of the fluid-temperature is around 500°C. 

10 Moreover, the apparatus may further comprise a calculation device for calculating the 
flow-speed value of the sterilization fluid on the basis of the determined pressure 
difference and on the basis of a measured temperature of the fluid. 

According to another embodiment, the apparatus is further characterized in that the 
15 calculation device is adapted to determine whether the fluid is apt for a sufficient 

sterilization of the object on the basis of the determined flow-speed of the fluid, a 

predetermined time period the at least one object is exposed to the fluid in the 
sterilization chamber, and/or on the basis of the temperature of the fluid, and wherein 
the calculation device and/or the control apparatus are adapted to generate a first signa 

20 for increasing and/or decreasing the flow-speed and/or to generate a second signal for 
increasing and/or decreasing the fluid-temperature in response to determine that the 
fluid is not apt to sufficiently sterilize the at least one object. 

In particular, the control apparatus is adapted to generate and/or to transmit a first 
25 signal to the accelerating device in response to a determination, that the conditions of 

the fluid are not suitable to sufficiently sterilize the at least one product. Upon receipt of 

the first signal, the control apparatus is adapted to increase and/or to decrease te flow-
speed by manipulating the acceleration device accordingly. In a similar way, the control 

apparatus is adapted to generate and/or to transmit a second signal to the heating 
30 device for increasing and/or decreasing the fluid-temperature, respectively. 

The apparatus may further comprise a positioning device for positioning and/or moving 
the at least one object to be sterilized into the fluid flow. Preferably, by way of the 
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positioning device, the at ieast one or a plurality of objects can be positioned and moved 

into an area, in which they are exposed to the fluid flow. 

According to another embodiment, the positioning device comprises a temperature 

resistive belt-conveyor suitable for providing a continuous or step-wise transfer of a 
plurality of objects to be sterilized by way of the fluid flow. 

In another preferred embodiment, the fluid is confined in a closed circuit wherein after 
sterilization of the at least one object the fluid is guided through a feed back channel 
and is fed back to the heating device. 

In still another embodiment the apparatus further comprises a stopping device, which is 
adapted to process a flow-speed failure signal and/or a fluid-temperature failure signal 

for stopping and/or throttling the acceleration device and/or the heating device, in this 
way, overheating of the apparatus can be substantially prevented. 

In another embodiment, there is provided a sterilization apparatus for the sterilization of an 
object by a gaseous or liquid fluid comprising: 

a sterilization chamber in which the object is positioned, 

at least an acceleration device for accelerating the fluid to a predetermined flow-
speed, 

at least a filter device for separating particles from the fluid, 

at least an orifice device having a plurality of openings being arranged in a flow-path 
of the fluid, 

characterized by a control apparatus for determining the flow-speed of the fluid on 
the basis of a pressure difference (Ap) across the orifice device. 

In a further aspect the invention relates to a method for controlling of the sterilization of 

at least one object by a heated gaseous or liquid fluid wherein the at least one object is 
positioned in a sterilization chamber of a sterilization apparatus, inside which the object 
is sterilized by exposure to the fluid, wherein the method comprises the steps of: 
accelerating the fluid to a predetermined flow-speed by means of an acceleration device, 

separating particles from the fluid by means of a filter device and guiding the fluid 
through a plurality of openings in an orifice device arranged in the flow-path of the fluid 
and determining the flow-speed of the fluid on the basis of a pressure difference across 

the orifice device comprising a plurality of openings. 
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in another embodiment, there is provided a method for controlling asterilization of at least 

one object by a fluid wherein the at least one object is positioned in a sterilization chamber of 

a sterilization apparatus, and wherein the object exposed to the heated gaseous or iiquid 

fluid, the method comprising the steps of: 

accelerating the fluid to a predetermined flow-speed by means of an acceleration 

device, 

separating particles from the fluid by a filter device, characterized by 

guiding the fluid through a plurality of openings of an orifice device arranged in the 

flow path of the fluid and 

determining the flow-speed of the fluid on the bases of a pressure difference (Ap) 

across the orifice device. 

According to a further embodiment, the pressure difference is determined by comparing 

a first pressure measured upstream of the orifice device, and a second pressure 

measured downstream of the orifice device. By comparing first and second pressures a 

pressure difference can be obtained by e.g. subtracting the measured first and second 

pressures, wherein the pressure difference in the direction of flow across the orifice 

device is a direct indication for the flow speed to be determined. 
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Additionally, the method may be characterized by the step of heating the fluid up to a 

predetermined sterilization-temperature by means of a heating device. 

Moreover, the controlling method may comprise determining a temperature of the fluid. 

5 
According to another preferred embodiment, the flow speed co is calculated as 

with R\ being the gas constant of air, Ap being the determined pressure difference, 

x being the measured fluid-temperature, pair being the ambient air pressure, and O 

10 being a characteristic value of the orifice device. 

In addition to this the method may comprise comparing a measured value of the flow-
speed with a predetermined minimum value of the flow-speed and with a predetermined 

maximum value of the flow-speed, and generating a flow-speed failure-signal when the 
measured value exceeds the predetermined maximum value of the flow-speed or when 

15 the measured value drops below the predetermined minimum value of the flow-speed 
and/or comparing a measured value of the fluid-temperature with a predetermined 

minimum value of the fluid-temperature and with a predetermined maximum value of the 

fluid-temperature, and generating a fluid-temperature failure-signal when the measured 

value of the fluid-temperature exceeds the predetermined maximum value of the fluid-
20 temperature or when the measured value drops below the predetermined minimum 

value of the fluid-temperature. 

Furthermore, the method may comprise calculating the flow-speed value of the fluid on 
the basis of the determined pressure difference and the measured temperature of the 

Additionally, the method may comprise receiving an input signal specifying a 
predetermined time period the object remains positioned in the sterilization chamber, by 

a calculation device, determining on the basis of the input signal and the calculated 
30 flow-speed whether the condition of the fluid is apt for a sufficient sterilization of the 

object during the predetermined time period, by the calculation device. If it is determined, 

25 fluid. 
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that the condition of the fluid is not apt for a sufficient sterilization, a first signal will be 

generated and transmitted to the accelerating device for increasing and/or decreasing 
the flow-speed and/or a second signal will ge generated and transmitted to the heating 
device for increasing or decreasing the fluid-temperature, respectively. 

5 
Moreover, the method may be characterized by feeding back of the fluid to the heating 
device after sterilization of the object by guiding it through a feed back channel, 
in addition to this, a flow-speed failure-signal and/or a fluid-temperature failure-signal 

may be received from the comparison device and may be further processed by a 
10 stopping device for stopping and/or throttling the acceleration device when the stopping 

device receives at least one of the failure-signals. 

Furthermore, the method may conduct dry heat sterilization for sterilizing the at least 

one object. 
15 

It will be apparent to those skilled in the art, that various modifications and variations 
can be made to the present invention without departing from its spirit and scope. Further, 
it is to be noted, that any reference signs used in the appended claims are not to be 
construed as limiting the scope of the present invention. 

20 
The invention will be understood in greater detail from the following description of the 

preferred embodiments thereof, which are given only by way of example and with 
reference to the accompanying drawing, in which Figure 1 is a schematic side view of a 
sterilization apparatus. 

25 
In Figure 1 the schematic configuration of a sterilization apparatus 10 according to the 

invention provided with a control apparatus is illustrated. The sterilization apparatus 10 

uses a fluid for the sterilization of objects 7, wherein the fluid can be in a gaseous or in a 
liquid state. The expression object is used as a synonym for medical devices, like 

30 especially ampoules, cartouches, vials, heat resistant syringes, needles, mufti dosage 
containers and/or carpoules. The sterilization apparatus relates therefore to a dry-heat-
sterilization type apparatus, wherein a fluid is used for transferring heat to the the 
objects. 
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In following the constitution of the sterilization apparatus is described by following up the 

path of the fluid through the sterilization apparatus 10. In a heating device 1 the fluid is 
heated up until it reaches a fluid-temperature which is suitable or apt for a sufficient 
sterilization of the object 7, The heating device 1 can comprise an electrical heater or a 

5 combustion heater for instance. For a sufficient sterilization the fluid temperature has to 
lie within an interval between 200°C and 500°C preferably between 260°C and 320°C. 

The sterilization apparatus 10 furthermore comprises an accelerating device 2 for 
accelerating the fluid, whereby the fluid is sucked from the heating device 1 through a 

10 guiding channel 11 to the accelerating device 2. Preferably, the acceleration device 2 
comprises a fan, a blower or a turbine. From the accelerating device 2 the fluid is 
transferred into a filter chamber 12 comprising a cone-formed inlet 12a and a filter seat 
12b. When passing through the cone-formed inlet 12a the fluid-flow laterally spreads 
from a small cross section in the acceleration device 2 to a larger cross section in the 

15 cone-formed inlet 12a such that a nearly constant laminar and homogeneous flow is 
created. In the filter seat 12b a filter 3 is positioned for filtering particles from the fluid 
which may be present in the fluid as impurities or pollution and which may therefore 
deteriorate the sterilization of the object 7. 

20 After exiting the filter 3 the fluid passes through an orifice device 4, which is situated on 
a downstream side of the filter 3. The orifice device 4 is provided with a plurality of 

openings 4a oriented in the fluid flow direction such that the fluid can pass there through. 
The orifice device typically comprising a planar structure is oriented in a direction 
perpendicular to the flow direction of the fluid. Hence, the surface normal of the planar 

25 structure is aligned substantially parallel to the direction of flow. This orifice device 4 

may be built as a perforated metal plate, made of a thermo resistant stainless steel and 
therefore constricts the cross section of the fluid-flow. It therefore induces a pressure 
drop in the fluid from a first pressure p1, which is present upstream of the orifice device 

4, to a second pressure p2 situated on a downstream side of the orifice device 4. By 
30 measurement of these two pressures p1 and p2 by means of at least two separate 

pressure sensors 14a, 14b, a pressure difference Ap can be determined by a 
calculation device 5. This pressure difference Ap is proportional to the fluid flow-speed 
in the fluid flow so that a flow-speed of the fluid can be easily calculated. First and 
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second pressures are measured by means of respective pressure sensors 14a , 14b 

arranged in the fluid-flow path. 

Downstream of the orifice device 4 a sterilization chamber 8 is provided in the 
5 sterilization apparatus 10 for receiving the objects 7 to be sterilized, in the sterilization 

chamber 8 at least one single object 7 is exposed or a plurality of objects 7 are exposed 
to the heated fluid, in order to become sterilized. Thereby the object 7 is placed on a 
positioning device 6, which can be embodied as table or a holder. In an alternative 
embodiment the objects 7 are placed one after another on a conveyor belt which 

10 embodies the positioning device 6. 

Alternatively, the orifice device 4 may not be provided on an upstream side of the 
sterilization chamber 8, but may be integrated in the sterilization chamber 8. In such an 
embodiment the sterilization chamber 8 is adjacent to the filter chamber 12. In other 

15 words, when the fluid exits the filter chamber 12, it immediately enters the sterilization 
chamber 8. 

When flowing through the sterilization chamber 8 the fluid gets in contact with the object 
7 and due to the high fluid-temperature the objects are sterilised. Then the fluid exits the 

20 sterilization chamber 8 and is guided through a feed-back channel 9 to the heating 
device 1. In the embodiment shown in figure 1 the fluid used for the sterilization is kept 

and confined In a closed circuit wherein the flow is perpetuated by the accelerating 
device 2. 

25 In an alternative embodiment, the sterilization apparatus can be formed as an open 

system, wherein the fluid is sucked into the heating device 2 from the environment and 

after passing the same path as described above relating to the closed system, it is 
blown into the environment again. 

30 In the following the sterilization process is described in more detail. The conveyor belt 6 

transfers the objects 7 through the sterilization chamber 8 with a predetermined velocity, 
which means that the objects remain in the sterilization chamber 8 only for a 
predetermined period of time. It must be assured that during this time period the object 
7 is sufficiently sterilised by the fluid. Therefore, the flow-speed of the fluid should 
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provide a value in the interval between Q,5m/s and 1,2m/s preferably around 0,8 m/s. In 

this speed-range advantageously the signal of the determining device 5 is nearly 
constant and comprises only very small variations or fluctuations. 

5 Accordingly, for the sterilization process, the following factors: the period of time the 

object is exposed to the heated fluid, the fluid temperature and the speed of the fluid 
have an important impact on the sterilization result. Moreover, the period of time, the 
object is exposed to the heated fluid, is a function of the conveyor belt velocity of 
circulation. Departing from the time period which is a rather fixed value, the temperature 

10 and the velocity of the fluid must be controlled in order to provide sufficient sterilization 
results. 

As mentioned above, the flow-speed is calculated on the basis of a pressure difference 

measured by pressure sensors 14a, 14b and determined by a determining or calculation 
15 device 5. The fluid-temperature is also measured by a respective sensor provided in the 

flow stream. The actual flow-speed is then calculated by a calculation device 5 using the 
following equation: 

20 Wherein, the placeholders represent: 

Ri : the gas constant of air, 

Ap : the determined pressure diference, 

x : the measured fluid-temperature; 

pair: the ambient air pressure, and 

25 O : a characteristic vaiue of the orifice device. 

The characteristic value <t> is dependent on the geomety and shape of the sterilization 

apparatus, as well as the size and form of the openings provided in the orifice device 4. 
This calculation method further takes into consideration the deviation of the fluid 
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temperature, so that the sterilization apparatus can be operated at a variety of different 

fluid-temperatures. In other words, it is possible to control the flow-speed and/or the 

temperature even in case of a variation of the fluid-temperature and/or to modify the 

temperature and/or the flow-speed in case of a variation of the flow-speed. 

5 
In addition, with a configuration according to the invention it becomes possible to 
change the period of time the objects 7 are exposed to the heated fluid and/or remain in 
the sterilization chamber 8, for instance by modifying the conveyor belt velocity. This 
however requires a change in the fluid temperature.For instance when the conveyor belt 

10 velocity is increased the fluid-temperature should be increased for maintain the required 
sterilization quality. On the other hand, when said time period is prolonged, for instance 

by reducing the conveyor belt velocity, for economical reasons the fluid-temperature can 
be reduced while the same sterilization quality can be attained. 

15 The invention provides therefore the advantage that with taking into consideration the 
fluid-temperature the flow-speed can be calculated with a high accuracy. 

For assuring that the sterilization apparatus is operating with a correctly and/or pre­
determined conditioned fluid, a comparison device is provided for comparing the 

20 measured value of the flow-speed with a predetermined minimum value of the flow-
speed and/or with a predetermined maximum value of the flow-speed. In other words 

the comparison device compares whether the flow-speed is e.g. within the given interval 
between 0,5 m/s and 1,2m/s or not. If the measured value exceeds the predetermined 
maximum value of the flow-speed and/or if the measured value falls below the 

25 predetermined minimum value of the flow-speed, the comparison device generates a 
flow-speed failure-signal. 

Alternatively or in addition to this, the comparison device compares the measured value 
of the fluid-temperature with a predetermined minimum value of the fluid-temperature 

30 and/or with a predetermined maximum value of the fluid-temperature, i.e. the 

comparison device checks if the fluid-temperature lies within the predetermined interval 
mentioned above, namely between 200°C and 500°C. If the measured vaiue of the 

fluid-temperature exceeds the predetermined maximum value of the fluid-temperature 
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and/or if the measured value drops below the predetermined minimum value of the fluid-
temperature, the comparison device will generate a fluid-temperature failure-signal. 

In an embodiment of the invention these failure-signals are displayed to a user of the 
5 sterilization apparatus for instance on a display, by using a warning lamp and/or by 

generating a warning sound. Thereby the temperature failure signal and the flow-speed 
failure signal are displayed separately or simultaneously, depending upon which failure 
occurs. 

10 In a further preferred embodiment the failure signals are generated and displayed by the 

comparison device and then received by a stopping device, which is apt for receiving 
and/or processing a flow-speed failure-signal and/or a fluid-temperature failure-signal 
from the comparison device. Based on the received signal the stopping device 

generates a signal for stopping and/or throttling the acceleration device 2 and/or the 
15 heating device 1. Accordingly, the control apparatus provides an emergency shutdown 

function in the case when at least one of the parameters leaves its admissible operating 
range. 

In addition to this the calculation device receives an input signal including data 
20 specifying a predetermined time duration during which the object 7 is positioned in the 

sterilization chamber 8. This time period can be determined, even through input by a 

user via an input terminal or may be a fixed parameter. The calculation device 
determines on the basis of the given input time period and the calculated flow-speed 

whether the condition of the fluid is apt for a sufficient sterilization of the object 7 during 
25 the predetermined time period. In other words, the calculation device will autonomously 

decide if the real mass flow with the real temperature is apt for sterilizing the object 7, 

such that a desired sterilization result can be achieved. If the calculation device 
determines that the condition of the fluid is not apt for a sufficient sterilization, the 
control apparatus generates a first signal which is transmitted to the accelerating device 

30 2 for increasing and/or decreasing the flow-speed such that the mass flow of the 

sterilization fluid becomes sufficient for attaining the required sterilization result. 

Alternatively or additionally, the control apparatus generates a second signal which is 
transmitted to the heating device 1 for increasing or decreasing the fluid-temperature. 
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So, the control apparatus is able to automatically correct a deviation in the fluid 
temperature by for instance increasing or reducing the heating power of the heating 

device 1. A deviation in the flow-speed can be corrected by the control apparatus by 
increasing or decreasing e.g. a fan speed of the accelerating device 2. The wording 

5 condition in this context has to be understood as a corresponding pair of fluid-

temperature and flow-speed which have to fit together such that a correct sterilization is 
carried out. 
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1. Sterilization apparatus (10) for the sterilization of an object (7) by a gaseous or 
liquid fluid comprising: 

5 - a sterilization chamber (8) in which the object (7) is positioned, 

at least an acceleration device (2) for accelerating the fluid to a predetermined 
flow-speed, 

at least a filter device (3) for separating particles from the fluid, 

at ieast an orifice device (4) having a plurality of openings (4a) being arranged in a 
10 flow-path of the fluid, 

characterized by a control apparatus for determining the flow-speed of the fluid on 
the basis of a pressure difference (Ap) across the orifice device (4). 

2. Apparatus according to claim 1, characterized in that the pressure difference (Ap) 
15 is a difference between a first fluid pressure (p1) on an upstream side of the orifice 

device (4) and a second fluid pressure (p2) on a downstream side of the orifice device 
(4). 

3. Apparatus according to claim 1 or 2, further comprising a heating device (1) for 
20 heating the fluid to a predetermined sterilization-temperature, and comprising a guiding 

channel (11) to guide the fluid from the heating device (1) to the acceleration device (2), 

wherein the filterdevice (3) is arranged downstream of the acceleration device (2) and 
wherein the orifice device (4) is arranged downstream of the filter device (3) but 
upstream of the objects (7) positioned in the sterilization chamber (8). 

25 

4. Apparatus according to at least one of claims 1 to 3, further comprising at ieast a 

fluid-temperature determining device, for determining a temperature of the fluid. 
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5. Apparatus according to at least one of claims 1 to 4, further comprising a 
comparison device for comparing 

a measured value of the flow-speed with a predetermined minimum value of the 
flow-speed and/or with a predetermined maximum value of the flow-speed, 

5 wherein the comparison device is adapted to generate a flow-speed failure-signal 

when the measured value exceeds the predetermined maximum value of the 
flow-speed and/or when the measured value fails below the predetermined 
minimum value of the flow-speed, 

and/or for comparing 

a measured value of the fluid-temperature with a predetermined minimum value 

of the fluid-temperature and/orwith a predetermined maximum value of the fluid-
temperature, wherein the comparison device is adapted to generate a fluid-
temperature failure-signal when the measured value of the fluid-temperature 

exceeds the predetermined maximum value of the fluid-temperature and/or when 
the measured value falls below the predetermined minimum value of the fluid-
temperature. 

6. Apparatus according to claim 5, wherein 

the predetermined minimum value of the fluid-flow-speed is 0,5 m/s and/or the 
20 predetermined maximum value of the fluid-flow-speed is 1,2 m/s, and/or 

the predetermined minimum value of the fluid-temperature is around 200°C 

and/or the predetermined maximum value of the fluid-temperature is around 
500°C. 

25 7. Apparatus according to one of claims 1 to 6, further comprising a calculation 

device (5) for calculating the flow-speed value of the sterilization fluid on the basis of the 
determined pressure difference (Ap) and a measured temperature of the fluid. 

10 -

15 
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8. Apparatus according to ciaim 7, characterized in that the calculation device (5) 

is adapted 

to determine whether the fluid is apt for a sufficient sterilization of the object 

5 (7) on the basis of: 

the determined flow-speed of the fluid, 

a predetermined time period the at ieast one object (7) rests in the sterilization 

10 chamber, and 

the temperature of the fluid, 

and wherein the calculation device (5) and/or the control apparatus are adapted to 

15 generate a first signal for increasing and/or decreasing the flow-speed and/or to 

generate a second signal for increasing and/or decreasing the fluid-temperature in 

response to determine that the fluid is not apt to sufficiently sterilize the at least one 

object (7). 

20 9. Apparatus according to one of the claims 1 to 8, further comprising a 

positioning device (6) for positioning and/or moving the at least one object (7) to be 

sterilized into the fluid flow. 

10. Apparatus according to claim 9, characterized in that the positioning device (6) 

25 is a temperature resistive belt-conveyor apt for step-wise or continuously moving a 

plurality of objects (7) through the fluid flow. 

11. Apparatus according to one of claims 1 to 10, further comprising a closed 

circuit for the fluid, wherein after sterilization of the object (7) the fluid is guided 

30 through a feed back channel (9) and fed back to the heating device (1). 
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12. Apparatus according to one of claims 5 to 11, further comprising a stopping 

device beingadapted to process a flow-speed failure signal and/or a fluid-temperature 
failure signal for stopping and/or throttling the acceleration device (2) and/or the heating 
device (1). 

13. Method for controlling asterilization of at ieast one object (7) by a fluid wherein 

the at least one object (7) is positioned in a sterilization chamber (8) of a sterilization 
apparatus (10), and wherein the object (7) exposed to the heated gaseous or liquid 
fluid, the method comprising the steps of: 

device (2), 

separating particles from the fluid by a filter device (3), 

characterized by 

guiding the fluid through a plurality of openings of an orifice device (4) arranged 
15 in the flow path of the fluid and 

determining the flow-speed of the fluid on the basis of a pressure difference (Ap) 
across the orifice device (4). 

14. Method according to claim 13, characterized by determining the pressure 
20 difference (Ap) by comparing a first fluid pressure (p1) measured upstream of the orifice 

device (4) with a second fluid pressure (p2) measured downstream of the orifice device 

5 

10 accelerating the fluid to a predetermined flow-speed by means of an acceleration 

(4)-

15. Method according to claim 14, wherein the flow speed ® is calculated as 

25 
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with R{ being the gas constant of air, Ap being the determined pressure difference, 

x being the measured fluid-temperature, pair being the ambient air pressure, and <t> 

being a characteristic vaiue of the orifice device. 


