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AN INTEGRATED SENSOR ASSEMBLY OF A RESPIRATORY THERAPY 
SYSTEM 

BACKGROUND OF THE DISCLOSURE 

5 Field of the Disclosure 

[0001] The present disclosure generally relates to an integrated sensor of a respiratory therapy 

system, and in embodiments relates to a flow generator, a sensor and a respiratory therapy 

system, for delivering breathable gases to a patient. This application claims priority from 

provisional application US62/406,730 filed on 11 October 2016, the entire contents of which 

10 are hereby incorporated by reference.  

Description of the Related Art 

[0002] One example of use of a respiratory therapy system is for the treatment of obstructive 

sleep apnea (OSA) by continuous positive airway pressure (CPAP) or Bi-level (BIPAP) flow 

generator systems involves the continuous delivery of pressurized gases to the air-ways of a 

15 human via a gas delivery conduit and a patient interface. Typically the patient interface 

creates at least a substantial seal on or around the nose and/or the mouth.  

[0003] Other examples of use of a respiratory therapy system is for nasal high flow therapy 

(NHF) whereby a high flow of breathable gases is delivered to the patient by a non-sealing 

patient interface such as non-sealing nasal prongs received in the nares of the patient.  

20 [0004] Some such respiratory therapy systems incorporate a flow generator which typically 

comprises an impeller driven by a motor. Rotation of the impeller by the motor generates a 

breathable gas flow which is driven from the flow generator to the patient via a breathing gas 

delivery circuit, typically a combination of one or more gas delivery conduits, one or more 

conduit connectors, and a patient interface. The flow generator may be integrated with other 

25 parts of the respiratory therapy system such as a controller and a humidifier which humidifies 

the breathable gas flow prior to delivery to the patient. In other examples, the flow generator 

is a separate component which may have a dedicated controller, and be connected to other 

components of the respiratory therapy system by suitable conduits and conduit connectors.  

[0005] It is important to be able control the flow and/or pressure of the breathable gas flow so 

30 as to achieve the desired therapy for the patient. To this end it is known to provide one or 

1
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more sensors in the gas delivery path, the output from which is processed by a controller to 

vary the flow and/or pressure of the breathable gas flow. Such sensors can comprise flow 

sensors or pressure sensors or any combination of such sensors. In one example, a sensor is 

provided which measures and generates a signal indicative of the dynamic pressure of 

5 breathable gas through some part of the system. This dynamic pressure signal is processed to 

generate an output which may be used to determine the pressure and/or flow rate of the gas in 

the system (or in part of the system). In some cases other sensors such as humidity sensors 

can also be provided.  

[0006] In any respiratory therapy system, ease of manufacture, assembly, maintenance, 

10 cleaning and use can all be important factors. It is desirable to be able to provide a system 

which improves any one or more of these factors.  

SUMMARY OF THE DISCLOSURE 

[0007] The present disclosure provides a flow generator, flow sensor, and a respiratory 

therapy system, any and each of which can be used with any type of respiratory therapy 

15 whereby a flow of breathable gas is generated by a flow generator and delivered to a patient.  

[0008] It is an object of the present disclosure to provide an improved flow generator, and/or 

a flow sensor and/or a respiratory therapy system, and/or that will at least provide the public 

or the medical profession with a useful choice.  

[0009] According to a first aspect of the invention there is provided a flow generator for a 

20 respiratory therapy system configured to deliver a breathable gas flow to a patient, the flow 

generator comprising: 

a housing comprising an inlet and an outlet and a gas flow path between the 

inlet and outlet; 

an impeller mounted within the housing for rotation about an axis, the impeller 

25 configured to be rotationally driven by a motor to provide a gas flow along the gas 

flow path; 

the flow generator further comprising a sensor mounted in the housing in the 

gas flow path and configured to detect a property of the gas flow.  

30 [00010] The sensor may be configured to detect differential pressure in the gas flow path.  

2
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[00011] The sensor may be a flow sensor configured to generate a signal indicative of flow 

rate of the gas flow, from the detected differential pressure. The sensor may be a pressure 

sensor configured to generate a signal indicative of the pressure of the gas flow, from the 

detected differential pressure.  

5 

[00012] The sensor preferably comprises first and second sensor openings, the sensor being 

mounted in the housing such that the first sensor opening faces towards the direction of gas 

flow through the gas flow path, and the second sensor opening faces away from the direction 

of gas flow through the gas flow path.  

10 

[00013] The flow generator may be a centrifugal flow generator.  

[00014] The sensor may be mounted in either the inlet or the outlet of the housing. The outlet 

may be a radial or tangential outlet configured to deliver the gas flow from the housing in a 

15 direction substantially perpendicular to the axis; the sensor being mounted in the radial or 

tangential outlet. In a preferred embodiment the outlet is a tangential outlet. The tangential 

outlet preferably comprises opposed radially inner and outer side walls, the sensor being 

mounted on the radially outer side wall. The inlet may be an axial inlet configured to deliver 

gas into the housing in a direction substantially parallel to the axis, the sensor being mounted 

20 in the axial inlet.  

[00015] The sensor may comprise first and second sensor openings, the sensor being mounted 

in the housing such that the first sensor opening faces towards the direction of gas flow 

through the gas flow path, and the second sensor opening faces away from the direction of gas 

25 flow through the gas flow path, wherein the first and sensor openings are spaced from the axis 

by a different amount.  

[00016] In some embodiments, the first and second sensor openings are in fluid 

communication with the inlet via respective connecting tubes. The respective connecting 

30 tubes extend substantially parallel to the axis, into the gas flow path.  

[00017] The sensor may be mounted in a middle third of the gas flow path when viewed 

along the axis of the gas flow path, that is, in the direction of gas flow.  

3
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[00018] The sensor may project into the gas flow path by a predetermined amount. The 

sensor may project across less than half the width of the gas flow path and in one example, 

projects across less than a third of the gas flow path.  

5 [00019] The flow generator may comprise a motor, the motor being coupled with the impeller 

to rotationally drive the impeller within the housing.  

[00020] The flow generator may comprise a controller, the controller being configured to 

receive an output from the sensor indicative of the gas flow in the gas flow path, and being 

10 further configured to control the rotational speed and/or torque of the impeller in dependence 

upon the output from the sensor.  

[00021] According to another aspect of the invention there is provided a flow generator for a 

respiratory therapy system configured to deliver a breathable gas flow to a patient, the flow 

15 generator comprising: 

a housing comprising an inlet and an outlet and a gas flow path between the 

inlet and outlet; 

an impeller mounted within the housing for rotation about an axis, the impeller 

configured to be rotationally driven by a motor to provide a gas flow along the gas 

20 flow path; 

wherein the outlet is a radial or tangential outlet configured to deliver the gas 

flow from the housing in a direction substantially perpendicular to the axis; 

the flow generator further comprising a sensor mounted in the outlet of the 

housing in the gas flow path.  

25 

[00022] According to a further aspect of the invention there is provided a flow generator for a 

respiratory therapy system configured to deliver a breathable gas flow to a patient, the flow 

generator comprising: 

a housing comprising an inlet and an outlet and a gas flow path between the 

30 inlet and outlet; 

an impeller mounted within the housing for rotation about an axis, the impeller 

configured to be rotationally driven by a motor to provide a gas flow along the gas 

flow path; 

4



WO 2018/070880 PCT/NZ2017/050129 

wherein the inlet is an axial inlet configured to deliver gas into the housing in a 

direction substantially parallel to the axis; 

the flow generator further comprising a sensor mounted in the axial inlet of the 

housing in the gas flow path.  

5 

[00023] According to another aspect of the invention there is provided a respiratory therapy 

system comprising the flow generator of any of the above aspects of the invention.  

[00024] According to a further aspect of the invention there is provided a sensor for a 

10 respiratory therapy system configured to deliver a breathable gas flow to a patient along a gas 

flow path, the sensor comprising: 

a sensor body having a longitudinal axis; 

first and second sensor openings provided in the body, the sensor being 

configured to be mounted in the respiratory therapy system such that the first sensor 

15 opening faces towards the direction of gas flow through the gas flow path, and the 

second sensor opening faces away from the direction of gas flow through the gas 

flow path; wherein 

the sensor body comprising at least an oval/elliptical portion when viewed 

along the longitudinal axis, the oval portion being configured to be located in the gas 

20 flow path, the first and second sensor openings provided in the oval portion, and 

opposed across the oval portion in a direction substantially perpendicular to the 

longitudinal axis.  

[00025] The oval portion may have a longer length and shorter width when viewed along the 

25 longitudinal axis, the first and second sensor opening being opposed across the longer length 

of the oval portion.  

[00026] The ratio of the longer length to the shorter width of the oval portion may be 

substantially 2:1.  

30 

[00027] The sensor may comprise a base, the oval portion upstanding from the base, the base 

being configured to be located outside of the gas flow path when the oval portion is located in 

the gas flow path. The base may be substantially oblong when viewed along the longitudinal 

axis.  

5
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[00028] The sensor may further comprise an intermediate portion between the base and the 

oval portion, the intermediate portion being configured to be located in a wall defining the gas 

flow path, when the oval portion is located in the gas flow path. The intermediate portion 

5 may be substantially circular, when viewed along the longitudinal axis.  

[00029] The sensor may comprise a pair of internal sensor flow paths each extending from a 

respective sensor opening in a direction substantially parallel to the longitudinal axis through 

the flow sensor, each sensor flow path being configured to communicate with a flow 

10 transducer, the flow transducer being operative to generate a signal indicative of the flow of 

gas in the gas flow path, from gas entering the sensor through the sensor openings.  

[00030] Each sensor flow path may comprise a portion having parallel walls, when the sensor 

is viewed from the side. Each sensor flow path may comprise a portion having inclined walls, 

15 when the sensor is viewed from the side. Each sensor flow path may comprise a portion 

having outwardly flared walls, when the sensor is viewed from the side, the outwardly flared 

walls being configured to be located adjacent the flow transducer. Each sensor opening may 

be recessed from an outer wall of the oval portion.  

20 [00031] According to another aspect of the invention there is provided a respiratory therapy 

system comprising the sensor of the above aspect of the invention.  

[00032] According to another aspect of the invention there is provided a respiratory therapy 

system configured to deliver a breathable gas flow to a patient, comprising a flow generator 

25 and a controller, the flow generator comprising: 

a housing comprising an inlet and an outlet and a gas flow path between the 

inlet and outlet; 

an impeller mounted within the housing for rotation about an axis, the impeller 

configured to be rotationally driven by a motor to provide a gas flow along the gas 

30 flow path; 

the flow generator further comprising a sensor mounted in the housing in the 

gas flow path; the sensor comprising first and second sensor openings and being 

configured to generate an output signal; 

the controller being configured to: 

6
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control the rotational speed and/or torque of the impeller to provide the 

breathable gas flow with a selected characteristic, wherein the selected characteristic 

results in a corresponding breathable gas pressure of the breathable gas being 

provided in the gas flow path; wherein the controller is operative according to: 

5 a first process step wherein the output from the sensor is used to generate a 

signal indicative of differential pressure between the first and second sensor openings 

in the gas flow path, and 

a subsequent process step wherein the signal indicative of differential pressure 

is used by the controller to generate a flow rate signal indicative of the flow rate of 

10 the breathable gas flow; 

wherein the flow rate signal of the subsequent process step is generated in 

dependence upon a pre-determined indication of the variance of the relationship 

between differential pressure and flow rate of the breathable gas flow at a plurality of 

discrete, different, breathable gas pressures, such that the flow rate signal that is 

15 generated varies in dependence upon the breathable gas pressure which corresponds 

to the selected characteristic of the breathable gas flow.  

[00033] The selected characteristic of the breathable gas flow may be the pressure or the flow 

rate of the breathable gas flow. The flow rate may be one of: 

20 volumetric flow rate; or 

mass flow rate.  

[00034] The controller is preferably configured to compare the breathable gas pressure 

corresponding to the selected characteristic with the plurality of discrete, different, breathable 

25 gas pressures for which there is the pre-determined indication of the variance of the 

relationship between differential pressure and flow rate of the breathable gas flow to match 

the corresponding breathable gas pressure with one of the plurality of discrete, breathable gas 

pressures, and to subsequently generate the flow rate signal with reference to the 

predetermined relationship between differential pressure and flow rate for the matched 

30 pressure.  

[00035] The controller is preferably further configured if as a result of the comparison, the 

corresponding breathable gas pressure does not correspond to one of the plurality of discrete, 

breathable gas pressures, to generate the flow rate signal in dependence upon a signal 

7
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indicative of an interpolation between the known predetermined relationship between 

differential pressure and flow rate for discrete breathable gas pressures above and below the 

selected breathable gas pressure.  

5 [00036] The signal indicative of the interpolation is preferably generated as a result of a 

calculation by the controller, the calculation being any one or more of: 

a) a line of best fit; 

b) a logarithmic function; 

c) an exponential function; 

10 d) a polynomial function.  

[00037] Alternatively, the signal indicative of the interpolation may be generated as a result 

of a calculation by the controller referencing a look-up table.  

15 [00038] The selected characteristic may be selected by a clinician via an interface of the 

controller, and/or may be automatically selected by the controller.  

[00039] The system may further comprise, or be in communication with, a memory 

configured to store any of the data required by the controller to generate the signals. The 

20 controller may comprise the memory, and/or the memory may be remote from the controller 

and on a remote controller or server for example.  

[00040] The system of any of the above aspects of the invention may further comprise any 

one or more of: 

25 a. a breathing gas humidifier; 

b. a gas delivery conduit, which may or may not be heated; and/or 

c. a patient interface.  

[00041] At least one pressure sensor may be provided and configured to generate a signal 

30 indicative of the breathable gas pressure, the pressure sensor being located in any of the 

following locations: 

a. at or in the housing of the flow generator; 

b. at or in the gas delivery conduit.  

c. at or in the patient interface; 

8
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d. between the flow generator and the breathing gas humidifier; 

e. between the flow generator and the patient interface; 

[00042] A plurality of pressure sensors may be provided, each pressure sensor being located 

5 in a different part of the system.  

[00043] The patient interface may comprise any one of: 

a) a full face mask comprising a mask frame and a cushion configured to seal around 

the patient's nose and mouth; 

10 b) an oral mask comprising a mask frame and a cushion configured to seal around 

the patient's mouth; 

c) a nasal mask comprising a mask frame and a cushion configured to seal around 

the patient's nose; 

d) a nasal cannula having one or more prongs for insertion into the patient's nares; 

15 e) a nasal mask comprising one or more nasal pillows configured to seal against the 

patient's nose; and 

f) a hybrid mask comprising a combination of nasal pillows/prongs and an oral seal.  

g) an endotracheal conduit; and 

h) a tracheostomy interface.  

20 

[00044] Further aspects of the invention, which should be considered in all its novel aspects, 

will become apparent from the following description.  

DESCRIPTION OF THE DRAWINGS 

[00045] A number of embodiments of the disclosure will now be described by way of 

25 example with reference to the drawings in which: 

Figure la is a schematic view of a first respiratory therapy system incorporating one 

or more aspects of the current disclosure; 

Figure lb is a schematic view of a second respiratory therapy system incorporating 

one or more aspects of the current disclosure; 

30 Figure 2 is a perspective view of a flow generator in accordance with one aspect of 

the current invention and a sensor of another aspect of the current invention; 

Figures 3a and 3b are perspective views of the sensor of Figure 2; 

9
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Figure 4 is a schematic side view of the sensor of Figure 2 in a gas flow path of the 

flow generator of Figure 2; 

Figures 5a and 5b are enlarged sectional plan views of part of the flow generator of 

Figure 2 

5 Figure 6 is a view, in the direction of the gas flow path, of an outlet of the flow 

generator of Figure 2 in which the sensor is mounted; 

Figures 7 to 12 are graphs showing the relationship between different variables of 

the gas flow that can be used by a controller of the flow generator of Figure 2 to 

control the gas flow; 

10 Figure 13 is a plan view of the sensor of Figure 2; 

Figure 14 is a side view of the sensor of Figure 2; 

Figures 15a and 15b are sectional side views of the sensor of Figure 2, with Figure 

15b showing the pins used as part of the sensor manufacturing process; 

Figure 16 is a sectional plan view taken on line X-X of Figure 14; 

15 Figure 17 is a left side view of the sensor of Figure 2; 

Figure 18 is a right side view of the sensor of Figure 2; 

Figure 19 is a bottom view of the sensor of Figure 2; 

Figure 20 is a plan view of a further flow generator in accordance with an aspect of 

the present invention; 

20 Figure 21 is a side view of the flow generator of Figure 20; and 

Figure 22 is a front view of the flow generator of Figure 20 

DETAILED DESCRIPTION 

Respiratory Therapy System 

25 [00046] With reference initially to Figure 1A, a respiratory therapy system 1 as may 

comprise, or be used with, aspects of the present invention is shown. In such a system 1, a 

patient 2 is supplied with a humidified flow of gases through a patient interface 4. The patient 

interface 4 is retained in an operational position upon the patient's face using associated 

headgear 5. The interface 4 is connected to a humidified gases transportation pathway or 

30 inspiratory conduit 6. The inspiratory conduit 6 is connected at one end (either directly or 

indirectly) to the patient interface 4 and at an opposing end to the outlet of a humidifier 7. In 

other examples, a humidifier is not provided. In one embodiment the inspiratory conduit 6 is 

connected to the patient interface 4 via an extension tube/conduit 8. The humidifier 7 receives 

10
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and humidifies gas supplied from a flow generator 9 which includes a rotationally driven 

impeller 10. The humidifier 7 may comprise a humidification chamber 11 filled with a 

humidification fluid such as water 12 and a heating means 13 for heating the water to 

humidify the gas path through the humidifier 7. A controller 14 may be provided to control 

5 and possibly vary one or more properties of the supplied gas, including but not limited to any 

one or more of: the pressure profile of the gas, the flow rate profiles of the gas at the patient 

interface 4, the temperature of the gas and/or the humidity of the gas. One or more pressure 

sensors 20 may be provided at any suitable position along the gas flow path of system 1, to 

generate a signal indicative of the breathable gas pressure of the gas flow at that point of the 

10 gas flow path of the system 1.  

[00047] It will be appreciated that the control capabilities are dependent on the purpose and 

application of the respiratory system 1. The system 1 may therefore be controlled to provide 

breathable gas to the patient at a given pressure, or at a given flow rate. For example, in the 

application of in-hospital respiratory care, the flow rate of supplied gas may be monitored and 

15 controlled according to the patient's requirements but the pressure of the supplied gas is not 

necessarily monitored and controlled. In alternative embodiments, such as the use of the 

invention in a CPAP, the pressure profile of the supplied gas may be monitored and 

controlled.  

[00048] For example, the respiratory therapy system 1 can be used for administering 

20 continuous positive airway pressure ("CPAP") treatments, variable positive airway pressure 

("VPAP") treatments and/or bi-level positive airway pressure ("BiPAP") treatments.  

[00049] With reference to Figure 1B, a respiratory therapy system comprising a humidified 

ventilation system 1 is shown in which a patient 2 is receiving humidified and pressurised 

gases through a patient interface 4 connected to a humidified gases transportation pathway or 

25 inspiratory breathing conduit 6.  

[00050] It will be appreciated the patient interface 4 may comprise any one of: 

a) a full face mask comprising a mask frame and a cushion configured to seal 

around the patient's nose and mouth; 

b) an oral mask comprising a mask frame and a cushion configured to seal around 

30 the patient's mouth; 

c) a nasal mask comprising a mask frame and a cushion configured to seal around 

the patient's nose; 

11
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d) a nasal cannula having one or more prongs for insertion into the patient's 

nares; 

e) a nasal mask comprising one or more nasal pillows configured to seal against 

the patient's nose; and 

5 f) a hybrid mask comprising a combination of nasal pillows/prongs and an oral 

seal.  

g) an endotracheal conduit; and 

h) a tracheostomy interface.  

[00051] Likewise the therapy delivery by the system 1 could also be continuous, variable or 

10 bi-level positive airway pressure or numerous other forms of respiratory therapy.  

[00052] The inspiratory conduit 6 is connected to the outlet of a humidification chamber 11 

which contains a volume of water 12. The inspiratory conduit 6 may include a heater or heater 

wires (not shown) which heat the humidified gases within the conduit 6, for example, to 

reduce the formation of condensation. The humidification chamber 11 is heated by a heater 

15 plate 13 of a humidifier base 7 

[00053] A flow of gases (for example, air) is provided from flow generator 9, which enters 

the chamber 11. Exhaled gases from the patient's mouth are returned to the flow generator 9 

via a return expiratory breathing conduit 16 that may also include a heater or heater wires (not 

shown), which heat the humidified gases within the expiratory breathing conduit 16, for 

20 example to reduce the formation of condensation.  

Flow Generator with Integrated Sensor 

[00054] With reference to Figure 2 a respiratory therapy system 1 may comprise, or be 

configured to be used with, a flow generator to provide a flow of breathable gas to a patient.  

25 In this example the flow generator comprises a centrifugal flow generator 21 with a sensor 23 

integrated into the flow generator 21. In this example, the sensor 23 is integrated into an 

outlet 25 of the flow generator 21. The flow generator 21 comprises a generally cylindrical 

housing 27 comprising an axial inlet 28 extending through a base of the housing 27 and 

aligned with a longitudinal axis A of the housing 27, the longitudinal axis A being the axis of 

30 rotation of an impeller (not shown) of the flow generator 21. The housing 27 further 

comprises the outlet 25 being a tangential outlet 25 which extends tangentially outwardly of 

the longitudinal axis A, perpendicularly to that axis A.  

12
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[00055] The outlet 25 can be said to have an interior surface defined by an inner lateral wall 

29, an outer lateral wall 31, an upper wall 33 and a lower wall 35. The inner lateral wall 29 

can be defined as the lateral wall closest to the axis A of rotation of the impeller. The outer 

lateral wall 31 can be defined as the lateral wall radially furthest from the axis A of rotation of 

5 the impeller. The interior surface of the outlet 25 comprises the internal surfaces of the 

aforementioned walls 29, 31, 33, 35 which are adjacent the internal volume of the outlet 25 

through which a gas flow is configured to be directed. In the illustrated configuration, the 

sensor 23 is located on the outer lateral wall 31 of the flow generator 21. The outlet 25 

comprises the end of the gas flow path through the flow generator 21 and terminates in an 

10 oblong outlet aperture 25A.  

[00056] In this example, the sensor 23 is incorporated into the flow generator outlet 25. In 

other examples, the sensor 23 may be located in other locations of the flow path through the 

flow generator 21, such as in the inlet 28 for example.  

15 

Integrated Sensor 

[00057] With reference to Figures 3a, 3b and 4 the sensor 23 in this example comprises a 

differential pressure sensor that can be used as a component in a sensor apparatus. The sensor 

apparatus includes the sensor 23 and a measuring apparatus, such as a transducer, configured 

20 to connect to the sensor 23.  

[00058] The sensor 23 is adapted to be placed into the gas flow generated by the flow 

generator 21. In the case of a CPAP machine, the gas flow comprises air. The sensor 23 is 

coupled to a measuring apparatus which can be an electrical transducer adapted to be 

25 responsive to a flow of fluid around or through the sensor 23. The sensor 23 comprises a 

sensor body including a fluid contacting section 39, an intermediate section 41 and a 

transducer contacting section 43.  

[00059] The sensor 23 includes a first internal channel 45 and a second internal channel 47 

30 each spanning the length of the sensor body in a direction that is perpendicular to the gas flow 

in use. The first internal channel 45 includes a first sensor opening 49, in the flow contacting 

section 39 of the body 37, configured to face a direction opposite to that of the fluid flow 

direction. In other words, the first opening 49 faces into the fluid flow. The opposite end of 

the first internal channel 45 is directed to a first terminal of a transducer 51 which in this 
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example is a differential pressure transducer. The second internal channel 47 includes a 

second sensor opening 53 configured to face a direction corresponding to that of the fluid 

flow. In other words, the second opening 53 faces backwards into the wake behind the flow 

sensor 23. The opposite end of the second internal channel 47 is directed to a second terminal 

5 of the transducer 51.  

[00060] A fluid flowing through a channel can be said to have a static pressure and a dynamic 

pressure. The static pressure is independent of the fluid's velocity and can be measured by a 

pressure tap perpendicular to the fluid's flow direction. The dynamic pressure is the kinetic 

10 energy per unit volume of a fluid in motion. In other words, a fluid in motion exerts a 

dynamic pressure on an object in its path. Dynamic pressure is typically measured by a 

pressure tap pointed directly into the fluid flow stream.  

[00061] Bernoulli's equation relates a fluid's pressure and velocity and is used to calculate 

15 changes in pressure through a system. Bernoulli's equation can be represented as: 

p+1/2 puA2=p-t (1) 

[00062] Where: p=static pressure; 1/2 puA2=dynamic pressure; p-t=total pressure; p=fluid 

20 density; u=fluid velocity.  

[00063] As the first internal channel 45 is directed directly into the fluid (gas) flow stream as 

shown in Figure 4, the fluid's total pressure can be measured (the sum of the local random 

component of the air velocity, and the ordered air velocity). This pressure can be referred to 

25 as the total pressure, pitot pressure or stagnation pressure of the fluid. The total pressure is 

the sum of the static and dynamic pressures of the fluid. As the second internal channel 47 is 

directed away from the fluid flow stream, the channel is pressurised by the local random 

component of the fluid velocity, and therefore can be used to indicate the static pressure. In 

practice, the pressure indicated at the second internal channel 47 is somewhat lower than the 

30 undisturbed static pressure.  

[00064] The pressure transducer 51 can be used to provide an output differential pressure 

value Ap that assists in determining the flow rate of the gas flow exiting the flow generator 

21. The output of the pressure transducer 51 can be referred to as Ap, where: 
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Ap=C(total pressure-static pressure) (2) 

[00065] Where C is a correction factor, or an appropriate calibration applied to the readings.  

5 

[00066] The velocity of the fluid can be solved knowing the difference in pressures and the 

local value for fluid density. From (1): 

p+1/2 puA2=p-t- uA2=(2(p_t-p))/p=2Ap/p [mA2/sA2] (3) 

10 

[00067] It should be noted that with low fluid velocity, the differential pressure Ap is 

relatively small. This increases the difficulty of measuring the value with a transducer. Errors 

in the measurement can be greater than the measurement itself. This is a reason why the 

sensor 23 has been placed in a region of relatively high fluid velocity within the flow 

15 generator 21.  

[00068] The small surface area of the flow generator outlet aperture 25a requires the air flow 

in this region to have a high velocity, and the outlet 25 is therefore an appropriate candidate 

for a dual pitot probe sensor of the type described in this example.  

20 

[00069] The velocity can be used to determine the volumetric flow rate of the gas flow 

through a flat plane of specified surface area by: 

V'=uA [mA3/s] (4) 

25 

[00070] Where: V =volumetric flow rate; u=velocity; A=surface area of flow path.  

[00071] This can then be converted to a flow rate in the desired units. The desired units can 

be any relevant flow indicating measurement, such as litres per minute (L/min), or cubic 

30 meters per minute (m3/min), standard litres per minute, kilograms per second for example.  

[00072] By providing a double sided sensor 23 comprising two, opposed, sensor openings 49, 

53, the sensor 23 may be used in a system 1 where the flow changes direction or reverses, 

with the functions of the sensor openings 49, 53 reversing accordingly.  

15
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Integrated Sensor Location 

[00073] The centrifugal flow generator 21 includes at least two regions of high fluid velocity, 

a first at the inlet 28 and a second at the outlet 25. In a first embodiment of the invention, the 

5 sensor 23 can be located at the outlet 25. In order to produce accurate, repeatable results, the 

sensor 23 comprises a probe that is positioned in a suitable high velocity location at the flow 

generator outlet 25 by projecting into the outlet 25.  

[00074] The location of the sensor 23 is ideally in a region of the outlet 25 that exhibits 

10 consistent fluid flow behaviour among the operating pressure range of the flow generator 21 

(for CPAP, 4 cmH20 - 20 cmH2O). In other words, the fluid flow should represent the 

overall flow velocity of the fluid through the system 1 at the location of the sensor 23.  

Furthermore, the fluid's motion should be similar along a range of flow generator 21 

operating parameters (in this case, total pressure or RPM). CPAP devices operate at a 

15 pressure known as set pressure. Typically, the set pressure is the pressure of the therapy 

delivered to a user. In some systems, this set pressure, being a selected characteristic of the 

breathable gas flow, is typically selected and set by a clinician in advance of use of the system 

1, or during titration of the patient using the system 1. The selected set pressure will result in 

a breathable gas pressure P in the flow path of the system 1. In other systems, the clinician or 

20 the system will set a different selected characteristic of the breathable gas flow being a flow 

rate of breathable gas to be delivered to the patient, and this flow rate will result in a 

breathable gas pressure P.  

[00075] This breathable gas pressure P may be measured by one or more pressure sensors at 

25 any location within the system 1, and/or may be measured using sensor 23. The breathable 

gas pressure P is preferably measured in an area of relatively low fluid velocity within the 

system 1, and may be located, for example, in the flow generator housing 27, in any part of 

the gas delivery conduit(s) between the flow generator 21 and the patient, and/or in the patient 

interface itself. In a CPAP configuration, the pressure sensor 20 may be located in the 'end of 

30 hose' connector being the tube connector connecting the gas delivery conduit to the patient 

interface, but is more often located between the blower and the humidifier. It may be 

desirable to provide a pressure sensor 20 between the flow generator 21 and a humidifier of 

the system 1. More than one pressure sensor 20 may be provided at different locations within 

the system 1.  
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[00076] The breathable gas pressure may vary in different parts of the flow path of the system 

1. A controller of the system 1 may be configured to process the signal from the or each 

pressure sensor 20 to account for such pressure variations along the flow path. The system 1 

5 controller may be configured to calibrate the control in accordance with the location of the 

pressure sensor(s) 20, so that the system 1 achieves the set pressure or flow rate selected.  

This calibration may, for example, account for a pressure drop between the location of the 

pressure sensor 20, and the patient. In some circumstances, the breathable gas pressure P may 

substantially correspond to the delivered gas pressure of the breathable gas flow delivered to 

10 the patient. Thus, the breathable gas pressure P may sometimes correspond to the set pressure 

which the system 1 is aiming to deliver to the patient, depending on where along the gas flow 

path the breathable gas pressure is measured.  

[00077] The breathable gas pressure may be measured using the downstream opening 53 of 

15 sensor 23, downstream opening 53 being located in an area of relatively low gas velocity 

within the system 1. In another example, the breathable gas pressure may be measured via a 

further opening or flow channel which is in communication with downstream opening 53, for 

example via downstream flow channel 47 of sensor 23. The further flow channel may be 

branched off the downstream flow channel 47. In other examples, the breathable gas pressure 

20 may be measured using an opening into the breathable gas flow located in another part of the 

system 1, such as in the wall of the outlet 25 of the flow generator 21, or through a wall of 

another part of the system 1.  

[00078] The first sensor opening 49 of the first internal channel 45 receiving incoming fluid 

25 from the gas flow path through the outlet 25 is configured to receive flow representing the 

overall velocity of the fluid flow through the system 1. Figure 5A shows a cross sectional 

view of an embodiment of the centrifugal flow generator outlet 25 configured to include a 

sensor 23. In the illustrated configuration, the probe, or flow contacting section 39 of the 

sensor 23 is configured to be on the radially outermost lateral wall 31 of the outlet 25.  

30 

[00079] The sensor 23 projects from the outer lateral wall 31 of the outlet 25 into the internal 

volume of the outlet 25. The first opening 49 is spaced apart from the interior wall 29 of the 

generator outlet 25 so as to mitigate the influence of boundary layer effects between the fluid 
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and the interior surface. The channel 45 provides a total pressure reading to the first terminal 

of the transducer 51.  

[00080] The second opening 53 is configured to face approximately the opposite direction to 

5 the first opening 49 of the first internal channel 45. The second internal channel 47 provides a 

reading slightly below the static pressure of the fluid to the second terminal of the transducer 

51.  

[00081] The transducer 51 uses the total pressure reading and the approximate static pressure 

10 reading to determine an electrical output Ap. Ap can then be used to determine the velocity of 

fluid flow from equation (3), and therefore the volumetric flow of the gas flow in the flow 

generator 21, from equation (4).  

[00082] With particular reference to figures 5B and 14, the probe or fluid contacting section 

15 39 is configured to extend a total distance, in this example, of approximately 4.0 mm from the 

internal surface of the outer lateral wall 31 of the outlet 25. The inner and outer lateral walls 

29, 31 of the outlet 25 in this example are spaced apart by about 12.1mm. In some examples, 

the fluid contacting section 39 projects less than half way across the outlet 25, between the 

inner and outer lateral walls 29, 31, and in this example projects about a third of the distance 

20 across the outlet 21. In this example, the first opening 49 and second opening 53 of the flow 

sensor 23 are configured such that their central points are displaced approximately 2.75 mm 

from the internal surface of the outer lateral wall 31. This distance can be important. If the 

displacement of the central points of the first opening 49 and second opening 53 from the 

internal surface of the outer lateral wall 31 is too small, boundary layer effects influence the 

25 readings in a detrimental way, and if this distance is too large, there are turbulent effects of 

the opposing internal surface of the inner lateral wall 29 of the flow generator outlet 25, that 

affect the readings in a detrimental way.  

[00083] The distance between the internal surface of the inner lateral wall 29 and the internal 

30 surface of the outer lateral wall 31 is approximately 12.1 mm. In other words, 12.1 mm is the 

lateral dimension of the outlet 25 at the location of the probe or fluid contacting section 39. In 

this example, the ratio between the probe and the outlet 25 lateral dimension is approximately 

4.0:12.1, or 1:3.025. This ratio was found to be sufficient to provide repeatable readings for 

Ap whilst minimising the effect of the flow sensor 23 on the fluid flow through the outlet and 
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downstream components. The ratio of the distance from the outer lateral wall 31 of the outlet 

25 to the sensor openings 49, 53 and the distance between the internal surface of the inner 

lateral wall 29 and the internal surface of the outer lateral wall 31 is important for accurately 

measuring flow. In the current example this ratio is 2.75:12.1, or 1:4.4.  

5 

[00084] With reference to Figure 6 the fluid contacting section 39 of the sensor 23 projects 

from the outer lateral wall 31 of the outlet 25 into the internal volume of the outlet 25. The 

probe or fluid contacting section 39 is approximately centrally located with reference to a 

vertical dimension of the outlet 25, that is, with reference to the distance between the upper 

10 and lower walls 33, 35 of the outlet 25. In this example, and with reference to Figures 6 and 

13, the height or vertical dimension of the probe or fluid contacting section 39, when in use 

and viewed along the axis of outlet 25, is approximately 3.0 mm. In the illustrated 

configuration, the vertical dimension of the internal volume of the outlet 25 increases along 

the fluid flow path from the volute to the end of the generator outlet 25, that is when the outlet 

15 25 is viewed from the side and perpendicular to the direction of gas flow. The probe 39 can 

be said to be positioned centrally with respect to the volute outlet 25. In at least one 

embodiment, the probe 39 can be positioned within the central third Y of the volute outlet 25 

as considered in a direction parallel with the axis of rotation A, as shown in Figure 6.  

20 [00085] In other examples, the probe 39 can be located on any of the upper, lower or inner 

lateral walls of the flow generator outlet 25.  

Gas Flow Control 

[00086] Under ideal flow conditions, a measured value of Ap will produce a corresponding 

25 volumetric flow rate V independent of the operating range of selected set pressures of the 

flow generator 21. In other words, there is a very close or identical correspondence between 

values of Ap and values of V across the operating range of set pressures of the flow generator 

21. Figure 7 shows a typical relationship between Ap and V *for a laminar fluid flow.  

30 [00087] Under real conditions within the flow generator outlet 25, the probe 39 does not 

encounter perfectly laminar flow. This is due to a variety of factors, including surface effects 

of the interior surface of the flow generator outlet 25 and the increasing cross sectional area of 

the flow generator outlet 25 as the gas flow passes from the volute of the flow generator 21 to 

the end aperture of the outlet 25. The presence of the sensor 23 itself impacts the flow to an 
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extent. The above and below factors contribute to non-laminar flow which means that the 

fluid flow through the outlet 25 of the flow generator 21 differs to an extent as the breathable 

gas pressure of the system 1 is increased. This is at least partially as a result of turbulence 

induced by the close proximity of the impellor blades within the flow generator housing 27.  

5 

[00088] Figure 8 shows the relationships between Ap and V determined from a sensor 23 

placed on the outer lateral wall 31 of the outlet 25 of flow generator 21 for breathable gas 

pressures ranging from 4 cmH20 - 20 cmH20. For this data, the probe 39 was configured as 

shown in Figure 6.  

10 

[00089] The results indicate that a different reading for differential pressure Ap is produced 

for each breathable gas pressure P of the system. In other words, when the system is 

operating at a breathable gas pressure P of 4 cmH20, the reading of Ap is different for a given 

flow rate than a reading of Ap when the system is operating at a breathable gas pressure P of 

15 20 cmH20.  

System Controller Operation 

[00090] The flow generator 21, and in particular the rotational speed and/or torque of the 

impeller, is controlled by one or more electronic controllers, such as one or more 

20 microprocessors, which comprise part of the flow generator 21, or comprise part of the larger 

system 1 but are in communication with the flow generator 21. One or more controllers may 

be provided as required. The or each controller may be configured to communicate with one 

or more controllers that are external of the system 1, such as a separate controller, or a remote 

server for example.  

25 

[00091] The controller controls the rotational speed and/or torque of the impeller to deliver 

the characteristics of the breathable gas flow that are selected, either by a clinician or by the 

controller itself. Thus if a set pressure of 4cmH20 is selected, the controller controls the 

rotational speed and/or torque of the impeller to deliver a gas flow to the patient at a 

30 breathable gas pressure that corresponds to the set pressure.  

[00092] However, the location of the sensor 23 in the flow generator 21 itself, and in 

particular in the inlet 23 or outlet 25 of the housing 27 of the flow generator 21 makes it 

difficult for the controller to determine the control signal required to control the flow 
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generator impeller because of the variation described above of the relationship between 

differential pressure Ap and volumetric flow rate V for different breathable gas pressures P.  

[00093] As will be described in more detail below, data can be obtained, as per the graphs of 

5 Figure 8 and 9, which indicates how differential pressure Ap varies in relation to the 

volumetric flow rate V, for a range of different, discrete breathable gas pressures P. Such data 

can be obtained by testing. However, it can be difficult to subsequently determine a 

volumetric flow rate V that results from a breathable gas pressure P that differs from the 

particular discrete breathable gas pressures that have been tested. It is important to be able to 

10 accurately do this, to ensure that the system 1 can accurately operate to provide any particular 

breathable gas pressure P that might be selected or required. In other words, the flow rate V 

is being used by the controller to generate a control signal used to determine the speed and/or 

torque of the impeller motor.  

15 [00094] The controller of the system 1 include processing steps that are configured to 

calculate, or predict or estimate or look-up the volumetric flow rate V that will result from any 

given set pressure P within a realist range. In one example any set pressure between about 4 

and 20 cmH20. For a bi-level system, the set pressure may be in the range of about 0 and 40 

cmH20.  

20 

[00095] The controller of the system 1 is configured to control the rotational speed and/or 

torque of the impeller to provide the breathable gas flow with a selected characteristic, 

wherein the selected characteristic results in a corresponding breathable gas pressure of the 

breathable gas being delivered to the patient. The selected characteristic may be a pressure 

25 (set pressure), or may be a flow rate (set flow-rate), and this may be manually set by a 

clinician, or automatically set by the system 1. For example it may be desirable in a CPAP 

type system to deliver a breathable gas at a selected set pressure. In other types of therapy it 

may be desirable to deliver a breathable gas at a selected set flow rate.  

30 [00096] The controller of the system 1 is operative according to: 

a) a first process step wherein the output from the integrated sensor 23 is used to 

generate a signal indicative of differential pressure between the first and second 

sensor openings in the gas flow path, and 
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b) a subsequent process step wherein the signal indicative of differential pressure is 

used by the controller to generate a flow rate signal indicative of the flow rate of 

the breathable gas flow.  

5 [00097] The flow rate signal of the subsequent process step is generated in dependence upon 

a pre-determined indication of the variance of the relationship between differential pressure 

and flow rate of the breathable gas flow at a plurality of discrete, different, breathable gas 

pressures, such that the flow rate signal that is generated varies in dependence upon the 

breathable gas pressure which corresponds to the selected characteristic of the breathable gas 

10 flow. In other words, whether the system 1 is controlling to deliver a set pressure or a set 

flow rate to the patient, the controller is matching the set pressure or set flow rate to the 

breathable gas pressure that would result at the patient, and then calculating flow rate from the 

measured differential pressure and accounting for the non-linear relationship between 

differential pressure and flow rate that occurs for different breathable gas pressures. Where 

15 the selected characteristic is set pressure, the breathable gas flow is the variable, and where 

the selected characteristic is set flow, the breathable gas pressure is the variable. The 

controller can then adjust the motor speed and/or torque accordingly.  

[00098] The controller is configured to compare the breathable gas pressure corresponding to 

20 the selected characteristic with the plurality of discrete, different, breathable gas pressures for 

which there is the pre-determined indication of the variance of the relationship between 

differential pressure and flow rate of the breathable gas flow, to match the corresponding 

breathable gas pressure with one of the plurality of discrete, breathable gas pressures, and to 

subsequently generate the flow rate signal with reference to the predetermined relationship 

25 between differential pressure and flow rate for the matched breathable gas pressure.  

[00099] The controller is further configured if as a result of the comparison, the breathable 

gas pressure does not correspond to one of the plurality of discrete, breathable gas pressures, 

to generate the flow rate signal in dependence upon a signal indicative of an interpolation 

30 between the known predetermined relationship between differential pressure and flow rate for 

discrete breathable gas pressures above and below the selected breathable gas pressure.  

[000100] The signal indicative of the interpolation may be generated as a result of a 

calculation by the controller, the calculation being any one or more of: 
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a) a line of best fit; 

b) a logarithmic function; 

c) an exponential function; 

d) a polynomial function.  

5 

[000101] The signal indicative of the interpolation may be generated as a result of a 

calculation by the controller referencing a look-up table.  

[000102] In one example, a line of best fit of order 3 (3rd order polynomial) is fit to each of 

10 the data sets shown in Figure 8 using a least squares regression method, where differential 

pressure Ap is the independent variable and flow rate V is the dependent variable. In at least 

one embodiment, a line of best fit of order 4, 5 or 6 can be used. In at least one embodiment, 

an estimation using a logarithmic function can be used. In at least one embodiment, an 

estimation using an exponential function can be used.  

15 

[000103] An equation of order 3 with respect to Ap is used for the function V(Ap) as it 

provides a coefficient of determination closest to 1 when compared with other linear 

regression fits (i.e. of order 2 or 4 etc.). The coefficient of determination is a number that 

indicates the proportion of the variance in the dependent variable that is predicted from the 

20 independent variable. It provides a measure of the effectiveness of how a model replicates 

observed outcomes. Equations of order 1 and 2 have coefficients of determination further 

from 1 than the equation of order 3 in the illustrated configuration.  

[000104] The line of best fit is then used to determine the values of V from corresponding Ap 

25 values that don't correspond with one of the discrete measurement points shown.  

Measurements of V*, Ap and P have been determined for breathable gas pressures of 4, 4.5, 5, 

6, 7, 8, 9, 10, 11, 13, 15, 17,19 and 20 cmH20. The lines of best fit allow accurate estimation 

of Ap and V *over the spectrum of breathable gas pressures for which measurements have 

been taken.  

30 

[000105] The skewed results of Figure 8 (where Ap is greater for a fixed V when comparing 

different breathable gas pressures P) are likely due to the turbulent flow characteristics of the 

fluid in the outlet 25 of the flow generator 21 at various breathable gas pressures. The air 

flowing through the outlet 25 behaves differently (with relation to the interior volume of the 
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outlet) at higher breathable gas pressures than at lower breathable gas pressures. As a result, 

the flow is not of identical characteristics across the various breathable gas pressures of the 

system 1. In a situation where the flow is not known (i.e. under normal operating conditions), 

the differences in the curves at various flow rates can be accounted for through calibration to 

5 provide an accurate estimate of the flow.  

[000106] Figure 9 shows a second way of representing the relationship between Ap and V *on 

a graph with three axes. Generating a smooth approximation of the surface shown in Figure 9 

can allow a determination of V across the entire operating range of breathable gas pressures of 

10 the flow generator 21. Under normal operation, Ap and P are both measured variables while 

flow V is an unknown variable. The flow V is however clearly dependent on both Ap and P, 

and can therefore be represented: 

V'=f(Ap,P) 

15 

[000107] In other words, flow V is a function of Ap and P.  

[000108] As it is not possible for empirical measurements of V, Ap and P to be made for 

every incremental breathable gas pressure of the system 1, a means of estimating the flow 

20 rates of intermediate set pressures (i.e. 6.3 cmH2O) based on a fixed spectrum of empirical 

measurements was devised. For the intermediate breathable gas pressures, the relationship 

between V, Ap and P is estimated such that with measured values of Ap and P, one can 

determine a satisfactory estimate of V.  

25 [000109] What constitutes a satisfactory estimate of V varies depending on the particular 

application in which the above flow generator 21 with an integrated sensor 23 is used.  

Different respiratory therapy systems 1 may require different flow sensor accuracy 

requirements, and /or have different physical layouts which affect the sensor output. In some 

applications, this may be defined by V ±5%, in other applications, it may be defined by V 

30 ±10%.  

[000110] The breathable gas pressure of an earlier prior art respiratory therapy system of 

Fisher & Paykel Healthcare Limited, marketed under the name ICON, is capable of being 

adjusted in increments of 0.2 cmH20 and the set pressure of other systems may be capable of 
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being adjusted in increments of 0.1 cmH20. A data resolution of at least 0.1 cmH20 is 

therefore desirable in some example systems.  

[000111] In order to do this, one can form a surface of best fit across the known data points 

5 (similar to that shown in Figure 9, although the surface of Figure 9 is not a surface of best fit 

based on linear regression). As every point on the surface can be calculated, V can always be 

estimated from measured Ap and P values.  

[000112] Each of the curves shown in Figure 8 are approximated by a function of the order 

10 Ap3. As the total breathable gas pressure P is also an independent variable, it is known that 

the relationship between V*, Ap and P can be of the form: 

V=A(P)]Ap3+[B(P)]ApA2+[C(P)]Ap+Constant 

15 [000113] Where A(P), B(P) and C(P) are functions where P is the independent variable. The 

constant is known to be 0 as the flow rate is 0 when the set pressure is 0. So: 

V'=[A(P)]Ap3+[B(P)]ApA2+[C(P)]Ap 

20 [000114] Functions for A(P),B(P) and C(P) are determined using the known dataset that is 

shown in Figures 8 and 9.  

[000115] In order to generate Figures 8 and 9, an equation of order 3 was determined such 

that it was a line of best fit to represent the data for each breathable gas pressure. The 

25 equations determined allow the coefficients A(P),B(P) and C(P) to be approximated 

numerically. For example, at a set pressure of 4 cmH20, the constants A(P), B(P) and C(P) 

can be approximated from the linear regression line of best fit of order 3 with Ap as the 

independent variable. This can be done for every breathable gas pressure for which a 

complete data set is acquired.  

30 

[000116] This process can be completed for each of the breathable gas pressures for which 

measurements were taken, generating various expressions for the cubic line of best fit for V in 

terms of Ap at each discrete breathable gas pressure P. The values of functions A(P), B(P) and 

C(P) are extracted from these expressions.  
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[000117] An estimate of the function A(P) over the range of breathable gas pressures is then 

determined using the discrete values for A(P). The measured values for A(P) are plotted such 

that breathable gas pressure is the independent variable and A(P) is the dependent variable.  

5 The plot for the illustrated configuration is shown in Figure 10. A line of best fit is generated 

(again by linear regression). For the function A(P), the function that models the measured data 

to a high enough degree of accuracy (i.e. coefficient of determination closest to 1) is 

determined to be of order 6. In alternate applications of the invention, the function can be a 

polynomial of different order, for instance of order 1-5 or 7-8 or higher. Alternatively, the 

10 function can be a logarithmic function, an exponential function, or any other function that 

approximates the data set of the given application. The polynomial in this case is again 

determined by comparing the coefficient of determination for lines of best fit derived from 

linear regression of orders 1-6.  

15 [000118] Similar methodology is applied to functions B(P) and C(P), allowing an 

approximation of each function. The function that models the measured data for B(P) is 

determined to be of order 5. The function that models the measured data for C(P) is 

determined to be of order 3.  

[000119] Figures 10 to 12 respectively show a representation of the functions A(P), B(P), 

20 C(P) across the operating range of breathable gas pressures of the system 1.  

[000120] These functions are valid across the entire operating range of the system 1. As a 

result, V can be estimated using measured values of Ap and P using: 

25 V=A(P)]Ap3+[B(P)]ApA2+[C(P)]Ap 

[000121] At a specified breathable gas pressure, the correct values for A(P),B(P) and C(P) are 

determined using the relationships shown in Figures 10, 11 and 12. The measured value for 

Ap is then introduced, allowing V * to be determined. The model derived allows the flow rate 

30 to be estimated across the entire range of breathable gas pressures the system 1 may be 

configured to deliver without the need to have an independent data set corresponding to each 

variation of conditions.  

Lookup Table with Linear Interpolation 
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[000122] The above method of determining the flow rate from the measured data disclosed 

previously involves using a number of reasonably complex functions and a known data set 

determined empirically to determine the flow rate V. This level of computation can require a 

substantial amount of computational power. A second application of the above method can 

5 use lookup tables of a defined resolution, and linear interpolation if values of a higher 

resolution are required to provide the required data of the functions A(P),B(P) and C(P), and 

accordingly reduce the computational power required by the host device substantially.  

First Lookup Table Method 

10 [000123] A first method of implementing a lookup table to simplify the computations of the 

system 1 involves storing a table of empirically determined values for Ap, A(P),B(P) and C(P) 

for a range of breathable gas pressures. For instance, a table can be stored for a breathable 

gas pressure of 4.0 cmH20 resembling: 

.P = 4,0 cm6 
6'P 

15 

[000124] The values for A_(Ap=x), B_(Ap=x) and C_(Ap=x) are all calculated via the 

formulae disclosed above and pre-loaded into the table for P=4.0 cmH20 and Ap=x (where x 

spans the range of all measured values of Ap at P=4.0 cmH20 at a pre-determined resolution).  

With this table pre-loaded onto the system 1, when the system 1 operates at a breathable gas 

20 pressure of P=4.0 cmH20, a reading can be determined for Ap from the flow sensor 23, and 

the system 1 can then reference the look up table to determine A(P),B(P) and C(P), as 

opposed to calculating them using the formulae previously disclosed. The flow rate can then 

be calculated using: 

25 V'=[A(P)]Ap3+[B(P)]ApA2+[C(P)]Ap.  
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[000125] The use of a lookup table as opposed to the polynomial equations for (P),B(P) and 

C(P) reduces the computational requirements of the system on which the calculations are 

being made.  

5 [000126] Similar pre-loaded look up tables can be stored on the machine for P=5.0 cmH20, 

P=6.0 cmH20 etc. For an interval of pressure of 0.5 cmH20, in one embodiment, a lookup 

table for each interval of breathable gas pressure can be stored in the system 1.  

Second Lookup Table Method 

10 [000127] A second method of implementing a lookup table to simplify the on-board 

computations of the system 1 involves storing a table of empirically determined values for P 

and the corresponding values of A(P),B(P) and C(P) according to the previously disclosed 

formulae.  

[000128] For instance, a table can be stored resembling: 

AAP= 

15 

[000129] The values of A_(P=x), B_(P=x) and C_(P=x) for each discrete P value can be 

determined from the formulae and pre-loaded into the table. When the system is then 

operating at a known breathable gas pressure, say P=4.0 cmH20, the values of A_(P=4.0), 

B_(P=4.0) and C_(P=4.0) can be taken from the lookup table, the value of Ap can be read 

20 from the flow sensor 23, and the values can be used to determine V according to: 

V =[A(P)]ApA3+[B(P)]ApA2+[C(P)]Ap 

[000130] 

In a first embodiment, the lookup table can store values for A_(P=x), B_(P=x) and C_(P=x) 

25 with x at intervals of 0.1, corresponding to the highest resolution of breathable gas pressure 

the system can operate at (in other applications, this resolution may be different, and the table 

can include higher or lower resolutions as required).  
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[000131] In a second embodiment, the lookup table can store values for A_(P=x), B_(P=x) 

and C_(P=x) with x at intervals that are greater than the smallest breathable gas pressure 

resolution of the machine, for instance x=0.5. In this case, linear interpolation can be used to 

determine an intermediate value for each of A_(P=x), B_(P=x) and C_(P=x). For example, if 

5 the lookup table includes values for P=4.0 and P=4.5, but the system is operating at P=4.2, the 

constants for A_(P=4.2), B_(P=4.2) and C_(P=4.2) can be determined in the following way: 

Look up A_(P=4.0) and A_(P=4.5) from the lookup table.  

10 A_(P=4.2)=A_(P=4.0)+[((A_(P=4.5)-A_(P=4.0) ))/5x2] 

[000132] The value for A_(P=4.2) is determined by linear interpolation of the two 

surrounding known values, A_(P=4.0) and A_(P=4.5). The same method can be used to 

linearly interpolate values for B_(P=4.2) and C_(P=4.2), which can then be used to determine 

15 V*. Using linear interpolation in such a way has an advantage of reducing the storage 

requirements of the lookup table, as values for A(P),B(P) and C(P) are required to be stored 

for a lower number of P values, however the linear interpolation will not model the functions 

for A(P),B(P) and C(P) perfectly, and as such, an error is introduced into the calculation.  

20 Sensor Design 

[000133] The sensor 23, described above with reference to Figures 2, 3 and 4 is designed in 

such a way as to provide a differential pressure reading Ap that can be used to determine the 

flow rate V, whilst minimising the loss of kinetic energy of the gas flow through the flow 

generator outlet 25 as the flow passes the probe 39.  

25 

[000134] The probe or fluid contacting section 39 of the sensor 23 is configured to be in 

contact with the fluid passing through the outlet 25 of the flow generator 21. The 

intermediate section 41 is configured to be sealed to the housing 27 of the flow generator 21.  

The intermediate section 41 is sealed to the housing 27 of the flow generator 21 to prevent 

30 fluid from permeating through the join between the intermediate section 41 and the housing 

27. The thickness of the intermediate section 41 may be arranged to substantially correspond 

to the thickness of the outer lateral wall of the outlet 25. The transducer contacting section 43 

is configured to be connected to the transducer 51 or sensor providing a differential pressure 

reading, external of the outlet 25 and the gas flow path.  
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[000135] With reference to Figures 13 to 18, the sensor 23 includes a longitudinal axis B, a 

lateral axis C and a vertical axis D. A horizontal plane can be defined as the plane formed by 

the longitudinal axis B and the lateral axis C. In this example, the sensor 23 is symmetrical 

5 about the lateral axis C. In other examples, the sensor 23 may be assymmetric.  

[000136] The intermediate section 41 projects vertically from the first transducer contacting 

section 43. The fluid contacting section 39 projects vertically from the intermediate section 

41. The fluid contacting section 39 is oval shaped when viewed in plan, that is, when viewed 

10 along vertical axis D. An oval/elliptical shape has been determined to provide the most 

consistent results. The longer dimension of the oval fluid contacting section 39 when viewed 

in plan is approximately 6.0 mm in this example. The shorter dimension of the oval fluid 

contacting section 39 when viewed in plan is approximately 3.0 mm in this example, but in 

other examples could be in the range of 2-4mm. In other words, the ratio between the longer 

15 and shorter dimensions of the oval fluid contacting section is approximately 2:1 in this 

example, but in other examples could be in the range of 3:2 to 3:1. This ratio, or a ratio 

similar to this was found to provide the most accurate results for Ap. The reasoning for this 

relates to the range of the differential pressure sensor /transducer 51. A particular differential 

pressure transducer used in this example is the Sensirion SDP3x. The transducer has a 

20 differential pressure range of ±500pa. The configuration of the flow sensor 23 with a major to 

minor axis ratio of about 2:1 was found to maximize the use of the flow sensor's pressure 

range, decreasing associated measurement errors.  

[000137] The following characteristics of the shape of the fluid contacting portion 39 can be 

25 used to achieve the desired accuracy and reliability of data measurement of the sensor 23: 

a) the thickness of the fluid contacting section 39, that is, the shorter dimension of the 

oval fluid contacting section 39 when viewed in plan, along axis D; 

b) the ratio of length to width when viewed in plan, along axis D; 

c) the curvature of one or more quadrants of the fluid contacting portion 39, when 

30 viewed in plan, along axis D; 

d) the radius of curvature of the flow facing parts of the fluid contacting portion 39.  

[000138] Other embodiments can use any other relevant differential pressure transducer for 

the same effect.  
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[000139] To illustrate this, in one example a sensor is capable of providing a reading for Ap 

on a scale of 0 (minimum range value) to 100 (maximum range value), with an error of ±2.  

If the design of the flow sensor 23 for a given set of flow conditions typically provides sensor 

5 readings in a range of 60 - 80, the error of ±2 represents approximately 2.5 - 3.3% error. If 

the design of the flow sensor 23 is altered such that, for the same given set of flow conditions, 

the flow sensor 23 provides readings in the range of 10 - 15, the error of ±2 represents 

approximately 13.3 - 20% error, substantially more than the 2.5 - 3.3% error of the initial 

design. The readings produced by the sensor 23 with the first example are therefore more 

10 desirable as the error is less. It was found that, for the Sensirion SDP3x transducer, the major 

to minor axis ratio of 2:1 produced readings that represented a substantial portion of the 

sensitivity of the flow sensor 23. This design parameter is therefore important in the provided 

flow generator 21, and sensor 23 configuration to produce accurate results.  

15 [000140] The fluid contacting section 39 terminates in a fluid contacting section horizontal, 

planar surface 52. The fluid contacting section horizontal surface 52; and the vertical profile 

of the fluid contacting section is oval/elliptical when viewed in plan to enhance its 

aerodynamic characteristics when in a fluid flow. The shorter length of the oval along axis C 

is aligned such that it is approximately perpendicular to the direction of fluid flow.  

20 Accordingly, the longer length of the oval along axis B is aligned such that it is approximately 

parallel to the direction of fluid flow. As a result, fluid is able to divert with minimal 

perturbation around the fluid contacting section 39 whilst still enabling the probe 39 to 

measure the required pressure readings. In alternate configurations, the fluid contacting 

section or probe 39 may have a profile when viewed from the top resembling that of a 

25 diamond, circle, rectangle or another profile.  

[000141] The intermediate section 41 terminates in an intermediate section horizontal surface 

55. In the illustrated embodiment, the intermediate section horizontal surface 55 has a circular 

profile when viewed in plan. The purpose of the intermediate section 41 is to act as a contact 

30 region, and a region of support, between the sensor 23 and the housing 27 of the flow 

generator 21. Furthermore, the intermediate section 41 of the sensor 23 acts as a portion of a 

seal between the internal volume of the flow generator outlet 25 and the external volume.  

The shape of the intermediate section 41 is therefore not particularly limited, so long as it is 

capable of providing accurate support for the sensor 23 in the fluid flow and a seal can be 
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formed between the internal volume of the flow generator outlet 25 and the exterior of the 

outlet 25.  

[000142] In the illustrated configuration, the seal between the sensor 23 and the flow 

5 generator housing is formed using an interference fit between the silicone sensor 23 and the 

rigid flow generator housing. In at least one configuration, a barb fit can be used. In at least 

one configuration, the sensor 23 can include a projection on the side of the intermediate 

section 41 to assist retaining the sensor 23 in place. In at least one configuration, the 

projection can assist in forming an interference fit with a cooperating recess on the flow 

10 generator housing 27.  

[000143] In at least one configuration, the sensor 23 can be retained by projections on the 

exterior surface of the flow generator housing 27. For instance, the flow generator housing 27 

can include hook-like projections that can fit around the transducer contacting section 43 of 

15 the sensor 23 to retain the sensor 23 in place.  

[000144] A circular profile of the intermediate section 41 may be advantageous as it can 

simplify the prototype manufacturing process of the flow generator 21 with the integrated 

sensor 23. It is generally simpler to manufacture a circular hole on a wall of the outlet 25 of a 

20 flow generator 21 than a square hole, or a hole of another profile, into which the intermediate 

section 41 of the sensor 23 must fit. When industrially applied, the hole could be moulded in 

the correct configuration.  

[000145] In some embodiments, the circular profile of the intermediate section 41 can include 

25 at least one projection projecting outwardly from a portion of the side wall of the intermediate 

section 41. The projection can, for instance fit into a channel in the housing 27 or outlet 25 

such that, when the sensor 23 is rotated about the vertical axis D, the sensor 23 is locked in 

place. The projection can project outwardly, away from the intermediate section 41. The hole 

in the flow generator housing 27 designed to accommodate the intermediate section 41 of the 

30 sensor 23 can be configured with a corresponding recess such that the projection of the 

intermediate section 41 cooperates with the recess to form a key-like orientation retaining 

system. The recess and the projection can cooperate such that they act as an aligning feature 

for the sensor 23. This aligning feature can enable the probe to be correctly aligned such that 

32



WO 2018/070880 PCT/NZ2017/050129 

the longer length of the oval fluid contacting section 39 is approximately parallel to the 

direction of fluid flow.  

[000146] In some embodiments, the intermediate section 41 can include a recess, and the flow 

5 generator housing 27 can include a cooperating projection. In at least one embodiment, the 

intermediate section 41 can be configured to include more than one projection or recess, with 

the hole in the flow generator housing 27 including more than one of the cooperating 

projection.  

10 [000147] The transducer contacting section 43 in generally oblong in plan, cuboidal, and 

includes a first transducer contacting section horizontal surface 61 configured to abut and seal 

against the exterior of the outlet 25, an opposed, parallel second transducer contacting section 

horizontal surface 63 configured to abut, or be in communication with transducer 51. In the 

illustrated embodiment, the transducer contacting section 43 includes an oblong, rectangular 

15 profile having rounded corners, when viewed in plan along vertical axis D. The longitudinal 

dimension of the transducer contacting section 43 is approximately 11.2 mm in this example.  

The lateral dimension of the transducer contacting section 43 is approximately 8.2 mm in this 

example. The profile of the transducer contacting section 43 is not particularly limited to the 

shape and configuration shown. In the illustrated configuration, the centres of the fluid 

20 contacting section 39, the intermediate section 41, and the transducer contacting section 43 

are coaxial with the central axis D of the flow sensor 23. In other embodiments, such as 

shown in Figures 16 to 19, one or more the sections 39, 41 and 43 may be offset so that their 

centres are not co-axial.  

25 [000148] The sensor 23 is symmetric about the vertical axis D. The total vertical dimension of 

the sensor 23 in the illustrated configuration is approximately 7.2 mm. The vertical dimension 

of the fluid contacting section 39 is approximately 4.0 mm. In other words, the fluid 

contacting section 39 constitutes approximately 55.6% of the total vertical dimension of the 

sensor 23.  

30 [000149] The vertical dimension of the intermediate section 41 is approximately 2.2 mm. In 

other words, the intermediate section 41 constitutes approximately 30.6% of the total vertical 

dimension of the sensor 23. The vertical dimension of the intermediate section 41 of the flow 

generator 21 can be considered to be limited to the thickness of the outlet 25 of the flow 
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generator 21, that is, the vertical dimension of the intermediate section 41 corresponds to the 

thickness of the flow generator outlet 25 where the sensor 23 is located.  

[000150] The vertical dimension of the transducer contacting section 43 is approximately 1.0 

5 mm. In other words, the transducer contacting section 43 constitutes approximately 13.8% of 

the total vertical dimension of the sensor 23. The transducer contacting section 43 is 

configured to prevent the sensor 23 from being pressed too far into the flow path. The 

thickness, hardness, flexibility and/or strength of the transducer contacting section 43 is 

selected accordingly.  

10 

[000151] The vertical dimension of the first sensor opening 49 is approximately 1.0 mm. In 

other words, the first opening 49 constitutes approximately 25% of the vertical dimension of 

the fluid contacting section 39. The distance from the centre of each opening 49, 53 to the 

inner wall 31 of the outlet 25 is 2.75 mm in this example, but may be selected to minimise 

15 boundary layer effects. The distance of the openings 49, 53 from the intermediate section 41 

may therefore be selected accordingly. Although the vertical dimension of the first opening 

49 in the illustrated configuration is approximately 1.0 mm as it was found this provided the 

best results, other vertical dimensions are able to be used. This dimension provides an 

averaging effect for dynamic pressure for flow in this area. This dimension may be smaller, 

20 but this may lead to non-linearities in sensor response due to removing the averaging effect 

that is provided by a larger opening 49, 53. The width of each opening 49, 53 can make a 

difference to the accuracy, but this effect is typically not significant. Manufacturing 

limitations may make it difficult to manufacture a first opening 49 with a vertical dimension 

less than 1.0 mm however.  

25 

[000152] The most vertical point of the first opening 49 along vertical axis D is vertically 

displaced from the fluid contacting section horizontal surface by approximately 0.75 mm. The 

dimension is largely defined by manufacturing abilities. Reducing the distance between the 

fluid contacting horizontal surface and the first opening/second opening 49, 53 can reduce the 

30 reliability of the manufacturing process. The first opening 49 can be said to be located within 

the most vertical (or top) half of the fluid contacting section 39.  

[000153] The profile of the first internal channel 45 and the second internal channel 47 is 

important for both feasibility of manufacture and for maintaining linearity in the measured 
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values of Ap. If the diameter of either channel 45, 47 is too small, Ap readings can be effected 

in a negative way.  

[000154] It should also be noted that both the first internal channel 45 and second internal 

5 channel 47 include apertures 45A, 47A on the fluid contacting section horizontal surface. A 

reason for this is for manufacturability. The channels 45, 47 span the vertical length of the 

sensor 23 to allow tooling pins to locate in the mould on each side. An additional benefit that 

was found was that when the channels 45, 47 span the length of the sensor 23, the Ap 

measurements determined by the sensor 23 were more suitable for flow determination. A 

10 more linear response was observed as the flow rate was increased.  

[000155] Figure 15B shows a cross sectional front view of the sensor 23 in a mould 65, 

including a first tooling pin 70 and a second tooling pin 72 used to mould the first internal 

channel 45 and the second internal channel 47. Third and fourth tooling pins 74, 76, extend 

15 perpendicularly to first and second pins 70, 72, and are used to form the openings 49, 53.  

[000156] The first internal channel 45 and second internal channel 47 have the same profile, 

reflected about the vertical axis D. The first internal channel 45 includes a first length 45B 

and a second length 45C. The first length 45B is a circular channel of approximately constant 

20 radius spanning from the fluid contacting section horizontal surface to an interface vertically 

displaced from the fluid contacting section horizontal surface. The second length 45C of the 

first internal channel 45 spans from the interface 45D at the first length 45B to the second 

transducer contacting section horizontal surface. The second length 45C is a channel with a 

first radius at the interface 45D, and a second, larger radius at the second transducer 

25 contacting section horizontal surface.  

[000157] In the illustrated embodiment, the interface includes an instantaneous increase in 

radius with respect to the first internal channel 45. In other words, the radius increase 

approximates a step function at the interface from the radius of the first length to the radius of 

30 the second length. The radius of first length 45B in the illustrated embodiment is 

approximately 0.85 mm. The radius of the second length 45C is approximately 1.31 mm at the 

interface 45D, and approximately 1.79 mm at the second transducer contacting section 

horizontal surface. In other words, the second length 45C resembles a truncated cone 
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projecting in the vertical direction with a base of largest radius aligned with the plane formed 

by the lateral and longitudinal axes.  

[000158] The second length 45C has an increased radius as it acts as an interface with the 

5 transducer. In the illustrated configuration, the transducer (sensor) 51 has two projecting ports 

which fit into the second lengths of the first and second internal channels 45, 47, allowing the 

transducer 51 to be attached to the sensor 23. An interference fit is used to retain the 

transducer 51 to the sensor 23. In other words, the second length 45C is configured as 

described so that an interference fit can be made with the transducer 51 to be used.  

10 

[000159] The transducer 51 includes a first port and a second port. Each port on the 

transducer 51 resembles a truncated cone, and therefore the second length of each channel 45, 

47 of the sensor 23 can resemble a truncated cone.  

15 [000160] In at least one embodiment, the interface 45D can facilitate a smooth change in 

radius between the first length 45A and the second length 45C. In at least one embodiment, 

the interface can comprise a region that spans a substantial vertical length of the first internal 

channel45.  

20 [000161] In at least one embodiment, the radius of the second length 45C may decrease with 

increasing vertical displacement from the interface (i.e. the orientation of the truncated cone 

in the existing design can be reversed). This configuration would enable a port to be fit in 

using a barb-like configuration.  

25 [000162] In at least one embodiment, the radius of the first internal channel 45 can be a 

constant along the entire vertical length of the sensor 23. In at least one embodiment, the 

radius of the first internal channel 45 can vary along the vertical length of the sensor 23, that 

is, the first internal channel can be tapered. In at least one embodiment, a rounded edge can 

indicate the region at which the second length integrates with the second transducer 

30 contacting section horizontal surface.  

[000163] With particular reference to Figures 13-16, the first opening 49 and second opening 

53 are symmetric about the lateral axis C of the sensor 23. Additionally, the first opening 49 

and second opening 53 are symmetric about the longitudinal axis B. Each of the first opening 
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49 and the second opening 53 includes at least one lateral wall 71 and at least one angled wall 

73. The lateral wall 71 projects outwardly approximately 0.3 mm from the first opening 45 in 

a direction approximately parallel to the lateral axis C. The extent to which the lateral wall 71 

projects outwardly influences the consistency of the pressure readings. It was found, in one 

5 example, that a projection of 0.3 mm was found to best suit the application.  

[000164] The angled wall 73 then projects outwardly to the peripheral surface of the fluid 

contacting section 39. In at least one embodiment, the angled wall 73 projects outwardly 

from the lateral axis C at an angle of approximately 75°. Another way of expressing this is 

10 that the angled wall 73 projects outwardly from the longitudinal axis B at an angle of 

approximately 15. Again, this angled profile was found to provide the best results in the 

current example. Other angles may be selected as required.  

[000165] With reference to Figures 17 and 18, the profile of the first and second openings 49, 

15 53 is rectangular when viewed along the axis of each opening 49, 53. In at least one 

embodiment, this profile could be circular, oval, or any other shape.  

Flow Generator Second Embodiment 

[000166] With reference to Figures 20 and 21, a second embodiment of the flow generator 21 

20 relocates a sensor 23A to the inlet 28 of the flow generator 21. In this embodiment, the flow 

generator 21 is a centrifugal flow generator, as described above, but with the sensor 23A 

positioned at the axial inlet 28. The principle of operation is as above, whereby the sensor 

23A is positioned in, and takes a pressure tap, from an existing region of relatively high flow 

within the flow generator 21.  

25 

[000167] In this case, the sensor 23A uses the same principles as the sensor 23 used in the 

previous embodiment, and is coupled to an identical or similar electrical transducer 51. In this 

example, the sensor 23A comprises first and second openings 79, 83, corresponding to 

openings 49, 53 of sensor 23. The first and second openings 79, 83 in this example, are in 

30 direct communication with the flow of breathable gas. An advantage of placing the sensor 

23A at the inlet 28 is that a probe or flow contacting section 39 as previously disclosed is not 

required to project into the gas flow path.  
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[000168] In the illustrated configuration, the fluid adjacent the first opening 79 is relatively 

low velocity, while the fluid adjacent the second opening 83, further from the rotational axis 

of the impeller, is relatively high velocity. This velocity difference results in a corresponding 

pressure difference between the first opening and the second opening. This pressure 

5 difference can be detected by a transducer 51 (not shown), providing a value for Ap. These Ap 

values can be appropriately calibrated as previously disclosed to enable a reading of the flow 

through the flow generator 21 to be estimated with acceptable accuracy. The spacing between 

the openings 79, 83 affects the accuracy of reading, and in this example is about 4.3mm.  

10 [000169] The sensor 23A of Figures 20 and 21 can be held in place by any means desired. In 

at least one embodiment it can form part of, or be connected to a larger circuit board. In some 

configurations, it can be suspended in place via a structure that forms part of, or is connected 

to the flow generator housing 27.  

15 [000170] In at least one embodiment, the sensor 23A can be in a different position to that 

shown in Figures 20 to 21. The probe can be rotated around the inlet 28 in any configuration 

that is rotated about the centre of the inlet 28, that is, the distance between the first port and 

the peripheral boundary of the inlet remains approximately constant, and the distance between 

the second port and the centre of the inlet 28 remains constant, however the sensor is 

20 configured at a different location of the inlet 28 to that shown.  

[000171] With reference to Figure 22, another embodiment of the sensor arrangement of 

Figures 20 and 21 is shown.  

25 [000172] In this configuration, the sensor 23A is suspended at a greater distance from the 

inlet 25 of the flow generator 21. A first tube 85 connects to the first opening 79 and projects 

downward to a point that is in close proximity to the flow generator inlet 28. A second tube 

87 connects to the second opening 83 and projects downward to a point that is in close 

proximity to the flow generator inlet 28. The first tube 85 and second tube 87 act as a means 

30 of extending the first opening 79 and the second opening 83 so that the sensor 23A can still be 

used to measure a value for Ap between the two locations.  

[000173] It is considered that some of the benefits of the above disclosed flow generator, 

sensor and respiratory system may include: 
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Integrating the sensor with the flow generator saves space, allowing a CPAP device 

to be miniaturised.  

Integrating the sensor into the flow generator allows the flow generator 21 to be 

fabricated as an independent unit or module with no auxiliary components.  

5 The location of the sensor within the flow generator, particularly in a region of high 

fluid velocity with consistent, repeatable fluid behaviour for the entire operating range of the 

CPAP device. In some examples, this operating range may be about 4 cmH20 - 20 cmH20, 

whilst in other examples, such as a bi-level system, the operating range may be about 0-40 

cmH20.  

10 The location of the sensor within the flow generator in an existing high velocity area 

makes for minimal system pressure drop.  

The method of calibrating data readings from the sensor to determine the flow rate of 

the flow generator discharge.  

15 [000174] Unless the context clearly requires otherwise, throughout the description, the words 

"comprise", "comprising", and the like, are to be construed in an inclusive sense as opposed 

to an exclusive or exhaustive sense, that is to say, in the sense of "including, but not limited 

to".  

20 [000175] Although this invention has been described by way of example and with reference 

to possible embodiments thereof, it is to be understood that modifications or improvements 

may be made thereto without departing from the scope of the invention. The invention may 

also be said broadly to consist in the parts, elements and features referred to or indicated in 

the specification of the application, individually or collectively, in any or all combinations of 

25 two or more of said parts, elements or features. Furthermore, where reference has been made 

to specific components or integers of the invention having known equivalents, then such 

equivalents are herein incorporated as if individually set forth.  

[000176] Any discussion of the prior art throughout the specification should in no way be 

30 considered as an admission that such prior art is widely known or forms part of common 

general knowledge in the field.  
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CLAIMS 

1. A flow generator for a respiratory therapy system configured to deliver a breathable 

gas flow to a patient, the flow generator comprising: 

a flow generator housing that is received within an outer housing, the flow 

generator housing comprising an inlet and an outlet and a gas flow path between the 

inlet and the outlet, the gas flow path defining a direction of gas flow from the inlet to 

the outlet; 

an impeller mounted within the flow generator housing for rotation about an 

axis, the impeller configured to be rotationally driven by a motor to provide a gas flow 

along the gas flow path; and 

the flow generator further comprising a sensor mounted in the flow generator 

housing in the gas flow path and configured to determine a flow rate of the gas flow, 

wherein the sensor is mounted in the outlet of the flow generator housing.  

2. The flow generator of claim 1 wherein the sensor is configured to detect differential 

pressure in the gas flow path.  

3. The flow generator of claim 2 wherein the sensor is a flow sensor configured to 

generate a signal indicative of flow rate of the gas flow, from the detected differential 

pressure.  

4. The flow generator of claim 2 wherein the sensor is a pressure sensor configured to 

generate a signal indicative of the pressure of the gas flow, from the detected 

differential pressure.  

5. The flow generator of claim 1 wherein the sensor comprises first and second sensor 

openings, the sensor being mounted in the flow generator housing such that the first 

sensor opening faces towards the direction of gas flow through the gas flow path, and 

the second sensor opening faces away from the direction of gas flow through the gas 

flow path.  

6. The flow generator of claim 1 or claim 2 being a centrifugal flow generator.  
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7. The flow generator of claim 1 or claim 2 wherein the outlet is a radial or tangential 

outlet configured to deliver the gas flow from the flow generator housing in a direction 

substantially perpendicular to the axis; the sensor being mounted in the radial or 

tangential outlet.  

8. The flow generator of claim 7 wherein the outlet comprises opposed radially inner and 

outer side walls, the sensor being mounted on the radially outer side wall.  

9. The flow generator of claim 6 wherein the sensor comprises first and second sensor 

openings, the sensor being mounted in the flow generator housing such that the first 

sensor opening faces towards the direction of gas flow through the gas flow path, and 

the second sensor opening faces away from the direction of gas flow through the gas 

flow path, wherein the first and second sensor openings are radially spaced from the 

axis by a different amount.  

10. The flow generator of claim 8 wherein the first and second sensor openings are in fluid 

communication with the inlet via respective connecting tubes.  

11. The flow generator of claim 10 wherein the respective connecting tubes extend 

substantially parallel to the axis, into the gas flow path.  

12. The flow generator of claim 7 wherein the sensor is mounted in a middle third of the 

gas flow path when viewed along the axis of the gas flow path, that is, in the direction 

of gas flow.  

13. The flow generator of claim 7 wherein the sensor projects into the gas flow path by a 

predetermined amount.  

14. The flow generator of claim 13 wherein the sensor projects across less than half a 

width of the gas flow path.  

15. The flow generator of claim 13 wherein the sensor projects across less than a third of 

the gas flow path.  
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16. The flow generator of any one of the preceding claims comprising a motor, the motor 

being coupled with the impeller to rotationally drive the impeller within the flow 

generator housing.  

17. The flow generator of any one of the preceding claims comprising a controller, the 

controller being configured to receive an output from the sensor indicative of the gas 

flow in the gas flow path, and being further configured to control a rotational speed 

and/or torque of the impeller in dependence upon the output from the sensor.  

18. A flow generator for a respiratory therapy system configured to deliver a breathable 

gas flow to a patient, the flow generator comprising: 

a flow generator housing that is received within an outer housing, the flow 

generator housing comprising an inlet and an outlet and a gas flow path between the 

inlet and outlet; 

an impeller mounted within the flow generator housing for rotation about an 

axis, the impeller configured to be rotationally driven by a motor to provide a gas flow 

along the gas flow path; and 

wherein the outlet is a radial or tangential outlet configured to deliver the gas 

flow from the flow generator housing in a direction substantially perpendicular to the 

axis; 

the flow generator further comprising a sensor mounted in the radial or 

tangential outlet of the flow generator housing in the gas flow path, 

wherein the sensor is configured to determine a flow rate of the gas flow.  

19. A respiratory therapy system comprising the flow generator of any one of claims I to 

18.  

20. A respiratory therapy system configured to deliver a breathable gas flow to a patient, 

comprising a flow generator and a controller, the flow generator comprising: 

a flow generator housing that is received within an outer housing, the flow 

generator housing comprising an inlet and an outlet and a gas flow path between the 

inlet and outlet; 
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an impeller mounted within the flow generator housing for rotation about an 

axis, the impeller configured to be rotationally driven by a motor to provide a gas flow 

along the gas flow path; 

the flow generator further comprising a sensor mounted in the flow generator 

housing in the gas flow path at the outlet of the flow generator housing; the sensor 

comprising first and second sensor openings and being configured to generate an 

output signal; 

the controller being configured to: 

control the rotational speed and/or torque of the impeller to provide the 

breathable gas flow with a selected characteristic, wherein the selected characteristic 

results in a corresponding breathable gas pressure of the breathable gas being provided 

in the gas flow path; wherein the controller is operative according to: 

a first process step wherein the output from the sensor is used to generate a 

signal indicative of differential pressure between the first and second sensor openings 

in the gas flow path, and 

a subsequent process step wherein the signal indicative of differential pressure 

is used by the controller to generate a flow rate signal indicative of the flow rate of the 

breathable gas flow; 

wherein the flow rate signal of the subsequent process step is generated in 

dependence upon a pre-determined indication of the variance of the relationship 

between differential pressure and flow rate of the breathable gas flow at a plurality of 

discrete, different, breathable gas pressures, such that the flow rate signal that is 

generated varies in dependence upon the breathable gas pressure that corresponds to 

the selected characteristic of the breathable gas flow.  

21. The system of claim 20 wherein the selected characteristic of the breathable gas flow 

is the pressure of the breathable gas flow.  

22. The system of claim 20 wherein the selected characteristic of the breathable gas flow 

is the flow rate of the breathable gas flow.  

23. The system of claim 22 wherein the flow rate is one of: 

a. volumetric flow rate; or 

b. mass flow rate.  
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24. The system of any one of claims 20 to 22 wherein the controller is configured to 

compare the breathable gas pressure corresponding to the selected characteristic with 

the plurality of discrete, different, breathable gas pressures for which there is the pre

determined indication of the variance of the relationship between differential pressure 

and flow rate of the breathable gas flow to match the corresponding breathable gas 

pressure with one of the plurality of discrete, breathable gas pressures, and to 

subsequently generate the flow rate signal with reference to the predetermined 

relationship between differential pressure and flow rate for the matched pressure.  

25. The system of claim 24 wherein the controller is further configured if as a result of the 

comparison, the corresponding breathable gas pressure does not correspond to one of 

the plurality of discrete, breathable gas pressures, to generate the flow rate signal in 

dependence upon a signal indicative of an interpolation between the known 

predetermined relationship between differential pressure and flow rate for discrete 

breathable gas pressures above and below the corresponding breathable gas pressure.  

26. The system of claim 25 wherein the signal indicative of the interpolation is generated 

as a result of a calculation by the controller, the calculation being any one or more of: 

a) a line of best fit; 

j) a logarithmic function; 

k) an exponential function; 

1) a polynomial function.  

27. The system of claim 25 wherein the signal indicative of the interpolation is generated 

as a result of a calculation by the controller referencing a look-up table.  

28. The system of any one of claims 20 to 27 wherein the selected characteristic is 

selected by a clinician via an interface of the controller.  

29. The system of any one of claims 20 to 28 wherein the selected characteristic is 

automatically selected by the controller.  
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30. The system of any one of claims 20 to 29 further comprising a memory configured to 

store any of the data required by the controller to generate the signals.  

31. The system of claim 30 wherein the controller comprises the memory.  

32. The system of claim 30 wherein the memory is remote from the controller.  

33. The system of claim 20 wherein the flow generator comprises any of the features of 

any of claims 2 to 18.  

34. The system of any one of claims 19 to 33 further comprising any one or more of: 

a. a breathing gas humidifier; 

b. a gas delivery conduit, which may or may not be heated; and/or 

c. a patient interface.  

35. The system of claim 34 further comprising at least one pressure sensor configured to 

generate a signal indicative of the breathable gas pressure, the pressure sensor being 

located in any of the following locations: 

a. at or in the housing of the flow generator; 

b. at or in the gas delivery conduit.  

c. at or in the patient interface; 

d. between the flow generator and the breathing gas humidifier; 

e. between the flow generator and the patient interface; 

36. The system of claim 35 comprising a plurality of pressure sensors, each pressure 

sensor being located in a different part of the system.  

37. The system of claim 34 wherein the patient interface comprises any one of: 

a) a full face mask comprising a mask frame and a cushion configured to seal 

around the patient's nose and mouth; 

b) an oral mask comprising a mask frame and a cushion configured to seal 

around the patient's mouth; 

c) a nasal mask comprising a mask frame and a cushion configured to seal 

around the patient's nose; 
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d) a nasal cannula having one or more prongs for insertion into the patient's 

nares; 

e) a nasal mask comprising one or more nasal pillows configured to seal 

against the patient's nose; and 

f) a hybrid mask comprising a combination of nasal pillows/prongs and an 

oral seal.  

g) an endotracheal conduit; and 

h) a tracheostomy interface.  
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