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(57) ABSTRACT 

A Roots-type bloWer comprises a housing de?ning a rotor 
chamber and an inlet and outlet to the rotor chamber. First 
and second rotors are mounted in the rotor chamber, each 
rotor de?ning a plurality of lobes, adjacent lobes and the 
housing cooperating to de?ne gas transport chambers. The 
bloWer is con?gured so that a net ?oW rate of gas into a gas 
transport chamber is generally or approximately constant, 
Whereby a change in gas pressure in the gas transport 
chamber is generally or approximately linear, as the gas 
transport chamber approaches the outlet. In one embodi 
ment, this is accomplished by providing ?oW channels 
extending from the outlet toWards the inlet, and from the 
inlet toWards the outlet, corresponding to each rotor. The 
How channels permit gas to How from the high pressure 
outlet to a gas transport chamber and from the gas transport 
chamber to the loW pressure inlet. The resulting amelioration 
of pressure spikes associated with How back substantially 
reduces the operational noise level of the bloWer. 
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METHOD AND APPARATUS FOR REDUCING 
NOISE IN A ROOTS-TYPE BLOWER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This patent application claims the bene?t of the 
?ling date of pending U.S. patent application Ser. No. 
10/912,747, ?led Aug. 4, 2004, Which claims the bene?t of 
US. Provisional Patent Application Ser. No. 60/492,421, 
?led Aug. 3, 2003. 

FIELD OF THE INVENTION 

[0002] The present invention relates to Roots-type bloW 
ers and, more particularly, to a method and apparatus for 
reducing the noise generated by such a bloWer. 

BACKGROUND OF THE INVENTION 

[0003] Roots-type bloWers have potential application in a 
Wide variety of environments. They are relatively ef?cient, 
and can produce a Wide range of delivery pressures and 
volumes. HoWever, they produce a high level of noise. The 
high noise level produced by Roots bloWers has limited their 
use in environments Where such high noise levels are 
unacceptable. One such environment is providing breathing 
assistance to patients by means of a mechanical ventilator. 

[0004] For a variety of reasons, there are instances When 
individuals (patients) With acute and chronic respiratory 
distress cannot ventilate themselves (i.e. breathe). In those 
circumstances, such patients require breathing assistance to 
stay alive. One solution is to provide those patients With a 
medical device called a mechanical ventilator, Which assists 
With their breathing. 

[0005] A purpose of a mechanical ventilator is to repro 
duce the body’s normal breathing mechanism. Most 
mechanical ventilators create positive intrapulmonary pres 
sure to assist breathing. Positive intrapulmonary pressure is 
created by delivering gas into the patient’s lungs so that 
positive pressure is created Within the alveoli (i.e. the ?nal 
branches of the respiratory tree that act as the primary gas 
exchange units of the lung). Thus, a mechanical ventilator is 
essentially a device that generates a controlled How of gas 
(e.g., air or oxygen) into a patient’s airWays during an 
inhalation phase, and alloWs gas to How out of the lungs 
during an exhalation phase. 

[0006] Mechanical ventilators use various methods to 
facilitate precise delivery of gas to the patient. Some ven 
tilators use an external source of pressuriZed gas. Other 
ventilators use gas compressors to generate an internal 
source of pressuriZed gas. 

[0007] Most ventilator systems that have an internal gas 
source use either constant speed or variable speed compres 
sors. Constant speed compressors are usually continuously 
operating, rotary-based machines that generate a fairly con 
stant rate of gas ?oW for ultimate delivery to the patient. 
These constant speed systems generally use a doWnstream 
?oW valve to control How of the gas to the patient, With a 
bypass or relief mechanism to divert excess ?oW that is at 
any time not needed by the patient (e.g. during exhalation). 

[0008] Variable speed compressors operate by rapidly 
accelerating from a rest state to the rotational speed needed 
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to produce the How rate necessary during the beginning of 
the inhalation phase, and then decelerating to a rest or nearly 
rest state at the end of the inhalation phase to alloW the 
patient to exhale. 

[0009] TWo types of variable speed compressor systems 
are typically employed in the mechanical ventilator art: 
piston-based systems and rotary-based systems. An example 
of a prior art variable speed compressor system for use in a 
mechanical ventilator is described in US. Pat. No. 5,868, 
133 to DeVries et al. This system uses drag compressors to 
provide the desired inspiratory gas How to the patient. 

[0010] Rotary compressor systems deliver the required 
gas ?oW during inhalation by accelerating the compressor 
rotor(s) to the desired speed at the beginning of each 
inspiratory phase and decelerating the compressor rotor(s) to 
a rest or nearly rest speed at the end of each inspiratory 
phase. Thus, the rotary compressor is stopped, or rotated at 
a nominal base rotational speed, prior to commencement of 
each inspiratory ventilation phase. Upon commencement of 
an inspiratory phase, the rotary compressor is accelerated to 
a greater rotational speed for delivering the desired inspira 
tory gas How to the patient. At the end of the inspiratory 
phase, the rotational speed of the compressor is decelerated 
to the base speed, or is stopped, until commencement of the 
next inspiratory ventilation phase. Prior art systems typically 
use a programmable controller to control the timing and 
rotational speed of the compressor. 

[0011] Great strides have been realiZed in reducing the 
siZe of mechanical ventilators. Ventilators are noW available 
that are portable, and alloW users a limited degree of 
autonomous mobility. Further reducing the siZe and poWer 
requirements of mechanical ventilators hold the potential of 
giving patients even greater freedom of movement, enhanc 
ing their quality of life. 

[0012] Because of its relative ef?ciency, a Roots bloWer 
can potentially contribute to the reduction in siZe and poWer 
consumption of mechanical ventilators. HoWever, hereto 
fore it has not been possible to reduce the noise created by 
a Roots bloWer to the level that is acceptable for a mechani 
cal ventilator. 

[0013] Roots bloWers use a pair of interacting rotors. Each 
rotor has tWo or more lobes. The rotors are rotated inside a 

housing having an inlet and an outlet. The rotors rotate With 
the lobes of one rotor moving into and out of the spaces 
betWeen the lobes of the other. Gas is moved through the 
bloWer in chambers formed by adjacent lobes of a rotor and 
the adjacent rotor housing Wall. These chambers Will be 
referred to herein as “gas transport chambers.” 

[0014] Noise is generated by roots bloWers in a number of 
Ways. One type of noise is caused by pulsing ?oW. As the 
rotors rotate, the gas transport chambers betWeen the lobes 
of each rotor are sequentially exposed to the outlet. As each 
chamber is exposed to the outlet, a lobe of the mating rotor 
rotates into the chamber, displacing the gas in chamber to the 
outlet, causing a ?oW/pressure pulse. In the case of a pair of 
rotors each having tWo lobes, during each cycle of the 
bloWer, there are four pulses generated by the displacement 
of gas by the gas transport chambers. These pulses generate 
a substantial amount of noise. 

[0015] A second type of noise is generated by a phenom 
enon knoWn as “?oW back.” As each rotor rotates, it inducts 
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gas at loW pressure at the inlet. This gas is generally trapped 
in the gas transport chambers as the rotor moves toWards the 
outlet. When this pocket of gas initially reaches the outlet, 
it is exposed to higher pressure gas at the outlet. At that time, 
the higher pressure gas at the outlet rushes backWardly into 
the gas transport chamber that contains the loWer pressure 
gas that is being delivered from the inlet. 

[0016] This reverse gas How is very sudden. Its duration 
and magnitude depends on a number of factors, including 
the rotational speed of the rotors and the difference betWeen 
the pressure of the gas in the gas transport chamber (Which 
is typically close to the inlet pressure) and the pressure at the 
outlet. As a result of this sudden reverse gas ?oW, a pressure 
spike of substantial amplitude is generated. This pressure 
spike is generated multiple times per cycle of the bloWer, 
each time a gas transport chamber is exposed to the outlet. 
The resulting series of pressure spikes creates continuous 
noise at a level that is unacceptable for many applications, 
including mechanical ventilators. 

[0017] FIGS. 1 and 2 are diagrams that illustrate the 
change in gas ?oW back rate and associated change in gas 
pressure, respectively, immediately after a gas transport 
chamber of a Roots bloWer in accordance With the prior art 
is exposed to the outlet area. As illustrated, gas ?oW rate 
changes very abruptly With time, as does gas pressure. 

[0018] Some attempts have been made to reduce the noise 
level of Roots bloWers. To reduce the “pulsing” type of 
noise, the lobes of the rotors have been recon?gured so that 
they have a helical, rather than straight, shape. When the 
lobes of the rotors are straight, the gas ?oW into and out of 
the gas transport chamber is very abrupt. When the lobes are 
helical in shape, each lobe displaces gas over a larger angle 
of rotation. This spreads the displacement of gas over an 
angle of rotation, lessening the magnitude of the pressure 
pulse caused by the gas displacement, and reducing the noise 
created by the bloWer. HoWever, this lobe design does not 
address the problem of How back, since the relative pressure 
betWeen the gas at the outlet and gas being delivered from 
the inlet is still the same. 

[0019] Attempts have also been made to reduce ?oW back 
noise. Various kinds of channels or passages have been 
provided that alloW some gas to How from the outlet to the 
gas transport chamber prior to the time the chamber reaches 
the outlet, thereby increasing the gas pressure in the chamber 
and reducing the pressure spike that occurs When the gas in 
the chamber is exposed to the higher outlet pressure. Here 
tofore, hoWever, it has not been possible to reduce the noise 
of a Roots bloWer to the extent required for use in a noise 
sensitive application such as a mechanical ventilator. 

[0020] A Roots-type bloWer Which is con?gured to gen 
erate less noise is desired. 

SUMMARY OF THE INVENTION 

[0021] The invention is a method and apparatus for reduc 
ing the noise generated by a Roots-type bloWer. The inven 
tion has particular use in mechanical ventilators, though the 
advantages thereof may be realiZed in many different noise 
sensitive bloWer applications. 

[0022] The bloWer of the present invention comprises a 
housing de?ning a rotor chamber and an inlet and outlet to 
the rotor chamber. First and second rotors are mounted in the 
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rotor chamber, each rotor de?ning a plurality of spaced 
lobes. Adjacent lobes of a rotor cooperate With the housing 
to de?ne a series of generally closed chambers that move 
from the inlet to the outlet as the rotors are rotated. These 
chambers are referred to herein as “gas transport chambers.” 
In one or more embodiments, the bloWer is con?gured With 
helical rotors as knoWn in the art to reduce noise caused by 
pulsing ?oW. 

[0023] In addition, the bloWer is specially con?gured so 
that the pressure Within a gas transport chamber increases 
from the inlet pressure to the outlet pressure in a generally 
or approximately linear manner as the chamber approaches 
the outlet. 

[0024] In one embodiment, the net ?oW rate of gas from 
the outlet into the gas transport chamber is regulated to 
control pressure change Within the chamber. In one embodi 
ment, a How path from the outlet to the gas transport 
chamber and/or from the gas transport chamber to the inlet 
is provided. The How path is con?gured such that a net ?oW 
rate of gas from the outlet into the gas transport chamber is 
generally or approximately constant during the time the gas 
transport chamber approaches the outlet, such that the result 
ing pressure change in the chamber is generally or approxi 
mately linear. 

[0025] In one or more embodiments, the How path com 
prises at least one outlet ?oW channel formed in the interior 
surface of the housing. The outlet ?oW channel extends from 
a point before the outlet (When considering the rotational 
direction of the rotor) to the outlet. The How channel is 
con?gured to permit gas to How from the outlet into a gas 
transport chamber While the gas transport chamber is pro 
ceeding toWards the outlet. In one embodiment, the cross 
sectional area of the outlet ?oW channel increases non 
linearly and continuously moving from its ?rst end toWards 
the outlet to maintain an approximately constant ?oW rate of 
gas into the gas transport chamber and/or an approximately 
linear rate of change in pressure in the chamber. In one 
embodiment, an outlet ?oW channel is provided correspond 
ing to each rotor. 

[0026] In one embodiment, the How path comprises at 
least one inlet ?oW channel formed in the interior surface of 
the housing extending from a point after the inlet (When 
considering the rotational direction of the rotor) to the inlet. 
The inlet ?oW channel is con?gured to permit gas to How 
from a gas transport chamber to the inlet as the gas pressure 
in the gas transport chamber rises as a result of gas entering 
the gas transport chamber from the outlet via the outlet ?oW 
channel. In one embodiment, an inlet ?oW channel is pro 
vided corresponding to each rotor. 

[0027] In one embodiment, both outlet and inlet ?oW 
channels are provided. The How channels at the inlet and 
outlet Work cooperatively to control the net How of gas into 
the gas transport chamber and thereby the rate of change of 
pressure in the gas transport chamber. 

[0028] One or more embodiments of the invention com 
prise a method for determining the con?guration of the How 
path so as to achieve a desired rate of pressure change in the 
gas transport chamber. In one embodiment, an initial ?oW 
channel con?guration is chosen, and then a modeling pro 
cess is used to determine the pressure change over time 
Within the gas transport chamber at desired operating param 
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eters (e.g. rotational speed, temperature, inlet and outlet 
pressures) using knoWn equations that govern compressible 
gas ?oW. If the resulting pressure change over time does not 
match the desired result, the How channel con?guration is 
adjusted and the pressure change Within the gas transport 
chamber is again determined for the modi?ed ?oW channel 
con?guration. A number of iterations may be performed 
until a satisfactory result is achieved. In one embodiment, a 
desired result is an approximately or generally linear change 
in the gas transport chamber pressure over time. 

[0029] Alternatively, in another embodiment, instead of 
starting With an assumed ?oW channel con?guration and 
adjusting it iteratively until a satisfactory pressure pro?le is 
achieved, a desired pressure pro?le may be used to directly 
analytically and/or numerically calculate the How channel 
pro?le that Will achieve that desired pressure pro?le. 

[0030] Further objects, features, and advantages of the 
present invention over the prior art Will become apparent 
from the detailed description of the invention Which folloWs, 
When considered With the attached ?gures. 

DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a diagram illustrating a change in gas 
?oW back rate over time for a gas transport chamber of a 
Roots-type bloWer in accordance With the prior art; 

[0032] FIG. 2 is a diagram illustrating change in pressure 
over time during ?oW back for the prior art bloWer illustrated 
in FIG. 1; 

[0033] FIG. 3 is a perspective exploded vieW of a Roots 
type bloWer in accordance With an embodiment of the 
present invention; 

[0034] FIG. 4 is a perspective end vieW of a housing of the 
bloWer illustrated in FIG. 3; 

[0035] FIG. 5 is an enlarged vieW of an outlet of the 
bloWer housing illustrated in FIG. 4, as vieWed from an 
interior of the housing; 

[0036] FIG. 6 is a ?rst side vieW of the housing illustrated 
in FIG. 3, illustrating an outlet of the bloWer housing; 

[0037] FIG. 7 is a cross-sectional vieW of the housing 
illustrated in FIG. 6 taken along line 7-7 therein; 

[0038] FIG. 8 is an enlarged vieW of a How channel an a 
portion of the outlet of the bloWer housing illustrated in 
FIG. 7; 

[0039] FIG. 9 is an enlarged vieW of a portion of the 
housing illustrated in FIG. 7 taken in the direction of line 
9-9 therein; 

[0040] FIG. 10 is a cross-sectional vieW of a housing of a 
bloWer in accordance With an embodiment of the invention 
in Which inlet and outlet ?oW channels are provided; 

[0041] FIG. 11 is an enlarged vieW of an inlet ?oW 
channel of the bloWer illustrated in FIG. 10; 

[0042] FIG. 12 is a How diagram illustrating steps of a 
?rst method for determining the con?guration of a How path 
in accordance With an embodiment of the invention; 

[0043] FIG. 13 is a How diagram illustrating steps of a 
second method for determining the con?guration of a How 
path in accordance With an embodiment of the invention; 
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[0044] FIG. 14 is a diagram illustrating changes in gas 
?oW rate over time in accordance With a bloWer con?gured 
in accordance With the present invention; and 

[0045] FIG. 15 is a diagram illustrating change gas pres 
sure over time in accordance With a bloWer con?gured in 
accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0046] The invention is a method and apparatus for reduc 
ing Roots-type bloWer noise. In the folloWing description, 
numerous speci?c details are set forth in order to provide a 
more thorough description of the present invention. It Will be 
apparent, hoWever, to one skilled in the art, that the present 
invention may be practiced Without these speci?c details. In 
other instances, Well-knoWn features have not been 
described in detail so as not to obscure the invention. 

[0047] In general, the invention comprises a Roots-type 
bloWer. The bloWer includes tWo inter-meshing rotors Which 
rotate Within a housing. The rotors draW gas from an inlet 
and deliver it through the housing to the outlet. The rotors 
each have tWo or more lobes. Adjacent lobes on each rotor, 
in combination With the housing, de?ne gas transport cham 
bers that transport the gas from the inlet to the outlet. 

[0048] In one embodiment, the bloWer includes one or 
more How channels that de?ne ?oW paths permitting gas to 
How from the outlet to the gas transport chambers. In one 
embodiment, one or more of such outlet ?oW channels are 
provided corresponding to each of the rotors. 

[0049] In one embodiment, the bloWer additionally 
includes one or more How channels that de?ne ?oW paths 
permitting gas to How from the gas transport chambers to the 
inlet. In one embodiment, one or more of such inlet ?oW 
channels are provided corresponding to each of the rotors. In 
one embodiment, ?oW channels are provided at both the 
inlet and outlet. 

[0050] In one or more embodiments, one or more How 
channels are con?gured to regulate the net rate of gas “?oW 
back” into a gas transport chamber such that the gas ?oW 
rate is generally or approximately constant, and/or such that 
changes in gas pressure Within the chamber are generally or 
approximately linear. The con?guration of the invention 
thus reduces pressure spikes associated With gas ?oW back, 
thus substantially reducing the noise generated by the 
bloWer. 

[0051] FIG. 3 shoWs a Roots-type bloWer 20 in accor 
dance With an embodiment of the invention. As illustrated, 
the bloWer 20 comprises a housing 22, a ?rst rotor 24, and 
a second rotor 26. 

[0052] As described in more detail beloW, the housing 22 
may have a variety of con?gurations. As illustrated, the 
housing 22 comprises a casing de?ning a rotor chamber 28. 
As illustrated, the chamber 28 has the con?guration of tWo 
intersecting cylinders. 
[0053] In one embodiment, the casing is a Walled struc 
ture. The external shape of the casing may vary. In one 
embodiment, it is generally cube-shaped. In that con?gura 
tion, the housing 22 has a ?rst side 30 and a generally 
opposing second side 32. The housing 22 has a ?rst end 34 
and a generally opposing second end 36, and a top 38 and 
a bottom 40. 
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[0054] In one embodiment, the chamber 28 has a longi 
tudinal axis Which extends through the ?rst and second ends 
34,36 of the housing 22. In one embodiment, the ?rst end 34, 
of the housing is open, While the second end 36 of the 
housing 22 is closed. This permits the rotors 24,26 to be 
inserted into and removed from the housing 22 via the ?rst 
end 34. 

[0055] In this embodiment, a ?rst end plate 42 is used to 
close the ?rst end 34 of the housing 22. A cover plate 44 is 
located at the second end 36 of the housing 22. As illus 
trated, the ?rst end plate 42 has recessed portions 51 and 53 
for accepting bearings 55 and 57, respectively. The cover 
plate 44 has an inset or recessed portion 46 for accepting 
gears 64 and 66 that are mounted on second ends 60 and 62 
of shafts 50 and 52, respectively, that protrude through bores 
in second end 36 of housing 22 When rotors 24 and 26 are 
mounted on shafts 50 and 52 and inserted into chamber 28. 
In the embodiment of FIG. 3, gears 64,66 are supported in 
a driving relationship by bearings 63 and 65 mounted in 
appropriate insets or reset portions in the second end 36 of 
the housing 22 (not shoWn) that are similar to insets or reset 
portions 51 and 53 in ?rst end plate 42. In operation, gears 
64 and 66 are protected and covered by the cover plate 44, 
being located in the recess or inset 46 thereof. Gears 64 and 
66 intermesh With one another and insure that, in operation, 
rotors 24 and 26 rotate in proper relationship to one another 
so that their respective lobes 70 mesh but do not actually 
touch. 

[0056] The ?rst end plate 42 and the cover plate 44 are 
preferably removably connectable to the housing 22. The 
?rst end plate 42 and the cover plate 44 may be connected 
to the housing 22 using one or more fasteners. In one 
embodiment, one or more pins 48 eXtend from the ?rst end 
34 of the housing 22 for insertion into mating apertures in 
the ?rst end plate 42. These pins 48 aid in maintaining the 
?rst end plate 42 in aligned connection With the housing 22. 
One or more threaded fasteners 50 are eXtended through the 
?rst end plate 42 into engagement With the housing 22, 
thereby connecting or fastening the ?rst end plate 42 to the 
housing 22. The cover plate 44 is preferably similarly 
connected to the housing 22. 

[0057] In the embodiment illustrated, the ?rst rotor 24 is 
mounted on a ?rst shaft 52 and the second rotor 26 is 
mounted on a second shaft 54. Alternatively, the rotors 24 
and 26 may be integrally formed With shafts 52 and 54, 
respectively. In the embodiment illustrated, a ?rst end 56 of 
the ?rst shaft 52 eXtends through the ?rst end plate 42. 
Means are provided for driving the ?rst shaft 52. This means 
may comprise, for eXample, a brushless DC electric motor. 
One embodiment of such an electric motor is described in 
US. patent application Ser. No. 10/847,693 ?led May 18, 
2004, oWned by the same assignee hereof. Of course, the 
means for driving the ?rst shaft 52 may comprise a variety 
of elements. Further, the means by Which the ?rst shaft 52 
is driven by that means may vary, such as by direct drive or 
indirect drive. 

[0058] In one embodiment, a ?rst end 58 of the second 
shaft 54 is supported for rotation by the ?rst end plate 42. 
This may be accomplished by bearing 57 or similar means. 

[0059] It Will be appreciated that the rotors 24,26 may be 
driven by means of a variety of other drive con?gurations 
than as speci?cally illustrated and described above. For 
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eXample, each of rotors 24,26 may be independently driven 
by separate but synchroniZed electric motors, or the rotors 
could be arranged in a driving relationship With one another 
in other fashions. 

[0060] In one or more embodiments, eXcept for an inlet 
and an outlet, the housing 22 is generally sealed so that gas 
enters and eXits only through the inlet and outlet. In the 
embodiment illustrated, the ?rst and second ends 34,36 of 
the housing 22 are thus sealed. Thus, in the embodiment 
illustrated, the ?rst end plate 42 is sealed to the housing 22. 
Any of a variety of seals, bushings and the like, as knoWn in 
the art, may be used to seal the connection of the ?rst end 
plate 42 to the housing 22 and various of the other compo 
nent connections, such as at the interface of shafts and the 
housing 22 and the ?rst end plate 42. 

[0061] Of course, the housing 22 may have a variety of 
other con?gurations, and other approaches and/or compo 
nents for sealing the housing can be used. For eXample, the 
second end 36 of the housing 22 might also be open and then 
closed or covered With and end plate, or the ?rst end 34 of 
the housing 22 might be closed and the second end 36 might 
be open. 

[0062] The ?rst and second rotors 24,26 preferably have 
tWo or more lobes 70. In a preferred embodiment, each rotor 
24,26 has three lobes 70. The rotors 24,26 could have, 
hoWever, as feW as tWo and as many as four or more lobes. 
The lobes 70 preferably folloW a helical path around the aXis 
of shaft 52 or 54, respectively. In one embodiment, ?rst and 
second ends of each lobe 70 are offset from one another by 
about siXty degrees (60°) radially about the rotor/shaft. 

[0063] The lobes 70 eXtend outWardly from a center of 
each rotor 24,26. A space is de?ned betWeen adjacent lobes 
70. As is knoWn, the lobes 70 of one rotor 24,26 are 
con?gured to mesh or engaged With the other rotor by 
entering the space de?ned betWeen adjacent lobes of the 
other rotor. When the rotors 24,26 are mounted in the 
housing 22, the adjacent lobes 70 of each rotor 24,26, in 
cooperation With the interior of the housing 22, as shoWn in 
FIG. 10, de?ne gas transport chambers 103 con?gured to 
transport gas from the inlet to the outlet. 

[0064] As illustrated in FIG. 3, the ?rst and second rotors 
24,26 are mounted in the rotor chamber 28. The rotors 24,26 
are mounted so that their shafts 52,54 eXtend parallel to one 
another and perpendicular to the ?rst and second ends 34,36 
of the housing 22. 

[0065] The bloWer 20 has an inlet through Which gas is 
draWn and an outlet through Which gas is eXpelled. As 
illustrated in FIG. 4, an inlet 80 is located in the ?rst side 30 
of the housing 22. Gas is delivered to the inlet 80 of the 
housing 22. In one embodiment, the inlet 80 may open 
directly to the atmosphere. In another embodiment, a gas 
delivery path, such as a gas delivery tube, may de?ne a gas 
?oW path to the inlet 80. 

[0066] An outlet 82 is formed in the second side 32 of the 
housing 22. As described in more detail beloW, gas is 
delivered by the rotors 24,26 from the inlet 80 to the outlet 
82. The gas Which is delivered to the outlet 82 by the gas 
transport chambers is eXpelled from the housing 22 through 
the outlet 82. 

[0067] In one or more embodiments, the inlet 80 and outlet 
82 are generally triangular in shape. This con?guration is 
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particularly applicable When the rotors 24,26 have helical 
lobes. In particular, When the lobes of the rotors 24,26 are 
helical, the respective tops of the inlet 80 and outlet 82 
preferably slope doWnWardly at a similar angle as the lobes 
of the top rotor 24, and the respective bottoms of the inlet 80 
and outlet 82 preferably slope upWardly at a similar angle as 
the lobes of the bottom rotor 26. 

[0068] Of course, the con?guration of the inlet 80 and 
outlet 82 may vary, particularly When the con?guration of 
the rotors 24,26 varies. For example, if the rotors 24,26 have 
straight lobes, then the inlet 80 and outlet 82 might be 
rectangular in shape. 

[0069] As described to this point, the rotors 24,26 are 
rotated in the housing 22 by a drive element such as a 
brushless DC motor. As the rotors 24,26 rotate, they deliver 
gas from the inlet 80 to the outlet 82. Gas is delivered in the 
gas transport chambers 103 situated betWeen a “front” lobe 
and a “rear” lobe as shoWn in FIG. 10. As the “front” lobe 
of a chamber passes the inlet, the gas transport chamber is 
exposed to the inlet and ?lled With gas at the inlet pressure. 
As the rotor continues to rotate, the “rear” lobe passes the 
inlet. At this time, the gas transport chamber is generally 
enclosed by the front and rear lobes and the interior surface 
of the housing, and is not directly exposed to either the inlet 
or outlet. 

[0070] As the rotor continues to rotate, the leading or front 
lobe reaches the outlet. As the gas transport chamber is 
exposed to the outlet, gas initially rushes from the (higher 
pressure) outlet into the gas transport chamber. This “?oW 
back” creates an undesirable pressure spike. As the rotor 
continues to rotate, the corresponding lobe of the second 
rotor rotates into the gas transport chamber, displacing the 
gas therein to the outlet, thereby delivering the gas from the 
inlet to the outlet. The rotor then rotates farther, With the gas 
transport chamber eventually rotating back to the inlet. 

[0071] In accordance With the invention, the bloWer 20 is 
con?gured so that the rate of the gas ?oW back into the gas 
transport chamber is generally or approximately constant, 
and/or so that the rate of change of gas pressure in the gas 
transport chamber is generally linear as the gas transport 
chamber approaches the outlet. In one or more embodiments 
this is accomplished With one or more gas ?oW channels 
incorporated in the rotor housing. In one embodiment of the 
invention, ?oW back is controlled using one or more gas 
?oW channels that extend from the outlet to the interior of 
the housing and, in a preferred embodiment, With one or 
more gas ?oW channels leading from the interior of the 
housing to the inlet. 

[0072] As best illustrated in FIGS. 4 and 5, in one 
embodiment, a gas ?oW channel is provided corresponding 
to each rotor 24,26, the How channel extending from the 
outlet 82 into the rotor chamber 28 of the housing 22 (such 
a How channel is referred to herein as an “outlet” ?oW 

channel). In one embodiment, a ?rst outlet ?oW channel 90a 
extends from the outlet 82 in a ?rst circumferential direction, 
that channel cooperating With the ?rst rotor 24, and a second 
outlet ?oW channel 90b extends from the outlet 82 in a 
second circumferential direction, that channel cooperating 
With the second rotor 26. One of the outlet ?oW channels 90a 
Will noW be described in greater detail, it being understood 
that in a preferred embodiment, the channel 90b correspond 
ing to the other rotor is similar. 

May 26, 2005 

[0073] As described in detail above, the rotors 24,26 are 
con?gured to rotate Within the rotor chamber 28 de?ned by 
the housing 22. In the embodiment illustrated in FIGS. 4 
and 5, one rotor 24 is mounted above the other rotor 26. In 
this embodiment, the top rotor 24 rotates in a clock-Wise 
direction in the vieW of the housing 22 illustrated in FIGS. 
4 and 5. In other Words, When the rotor 24 is mounted in the 
housing 22, each lobe 70 thereof is moving doWnWardly as 
it sWeeps toWards the outlet 82. 

[0074] Referring still to FIGS. 4 and 5, the outlet ?oW 
channel 90a begins at a point along the interior of the 
housing 22 before the outlet 82, When considering the 
rotational direction of the lobes 70 of the rotor 24. As 
illustrated in FIG. 5, the outlet ?oW channel 90a has a ?rst 
end 92, a second end 94, and a pair of sides 96,98. The 
second end 94 of the outlet ?oW channel 90a preferably 
terminates at the outlet 82. The ?rst end 92 is, as described, 
located along the housing 22 at a point before the outlet 82 
When considering the rotational direction of the lobes 70. 

[0075] In one or more embodiments of the invention, the 
rotors 24,26 of the bloWer 20 have a maximum exterior 
dimension. The outer-most dimension is de?ned by the tips, 
or “lands,” of the lobes 70. The rotor chamber 28 is generally 
con?gured so that the rotors 24,26 ?t Within the chamber 28 
in close tolerance. In one embodiment, this tolerance results 
in a clearance spacing betWeen the interior surface of the 
housing 22 and the lobes 70 of the rotors 24,26 of about 
0.003 inches. The actual spacing may vary. As Will become 
more apparent beloW, the siZe and con?guration of the How 
channels may vary depending upon this clearance spacing. 

[0076] In one or more embodiments, the depth of the 
outlet ?oW channel 90a increases moving in a circumferen 
tial direction from the ?rst end 92 toWards the second end 
94. The sides or side Walls 96,98 of the channel 90a extend 
along the length of the outlet ?oW channel 90a from its ?rst 
end 92 to its second end 94. The Width of the outlet ?oW 
channel 90a is de?ned by the distance betWeen the side Walls 
96,98. In one or more embodiments, the depth of the outlet 
?oW channel 90a increases in a generally continuous, non 
linear manner, While the Width stays the same. 

[0077] The depth of the outlet ?oW channel 90a corre 
sponds to the height of the side Walls 96,98 at a particular 
location along their length. As illustrated, each side Wall 
96,98 extends upWardly from a bottom surface 100. Each 
side Wall 96,98 terminates at the interior surface of the 
housing 22. In the embodiment of FIG. 5, because of the 
roughly triangular shape of outlet 82, side Wall 98 is shorter 
in length than side Wall 96. 

[0078] As described above, outlet ?oW channel 90a is 
con?gured to permit gas to How from the outlet 82 into a gas 
transport chamber as that gas transport chamber approaches 
the outlet 82. The con?guration of the outlet ?oW channel 
90a, including its siZe and shape, is preferably selected so 
that the rate of gas ?oW into the gas transport chamber as the 
gas transport chamber approaches the outlet 82 produces an 
approximately linear increase in pressure in the gas transport 
chamber over time. The rate of change in gas pressure Within 
the gas transport chamber is generally related to the rate of 
gas ?oW into the gas transport chamber. The rate of gas ?oW 
into the gas transport chamber is generally related to the 
pressure difference betWeen the outlet and the gas transport 
chamber, and the cross-sectional area of the outlet ?oW 
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channel 90a at the point at Which “front” lobe 70 of that gas 
transport chamber is located at any point in time. That 
cross-sectional area is a generally quadrilateral-shaped area 
formed on one side by the radially outWard edge of lobe 70 
and on the other three sides by the three sides of outlet ?oW 
channel 90a. In one embodiment, it has been found that 
increasing the area of the outlet ?oW channel 90a continu 
ously and non-linearly achieves a generally or approxi 
mately constant gas ?oW rate into the gas transport chamber, 
and thus an associated generally or approximately linear rate 
of change of pressure, Within the gas transport chamber. In 
particular, the cross-sectional area of the outlet ?oW channel 
90a preferably increases continuously and non-linearly 
moving from the ?rst end 92 of the channel 90a toWards the 
outlet 82. 

[0079] In operation, as a gas transport chamber of the rotor 
24 passes the inlet 80, it is ?lled With gas at the ambient 
pressure at inlet 80. The ambient pressure at inlet 80 is 
generally loWer than the outlet pressure at outlet 82. As the 
rotor 24 rotates and the gas transport chamber reaches the 
?rst end 92 of the channel 90a, higher pressure gas from the 
outlet 82 begins to How into the gas transport chamber. At 
this time, the pressure difference betWeen the gas at the 
outlet and the gas in the gas transport chamber is at its 
maximum value. Because the gas ?oW rate into the gas 
transport chamber is dependent on this pressure difference, 
to achieve a generally linear increase in pressure over time, 
the siZe of the channel 90a at end 92 is at a minimum. 

[0080] As the rotor 24 continues to rotate toWards the 
outlet 82, the pressure of the gas in the gas transport chamber 
begins to rise due to the How of gas though channel 90a into 
the gas transport chamber. Because the pressure difference 
betWeen the gas transport chamber and outlet 82 drops, the 
siZe of the channel 90a is increased to provide a larger 
cross-sectional ?oW area to maintain an approximately con 
stant gas ?oW rate into the gas transport chamber, and thus 
achieve an approximately linear increase in pressure in the 
gas transport chamber. 

[0081] Eventually, the front lobe reaches the outlet 82 and 
the gas transport chamber is directly exposed to the outlet 
82. Because the pressure of the gas in the gas transport 
chamber and at the outlet have already substantially equal 
iZed, there is no abrupt pressure change, and noise is 
substantially reduced. 

[0082] As the rotor 24 continues to rotate, a mating lobe 
70 of the other rotor 26 begins to ?ll the gas transport 
chamber, displacing the gas therein out to the outlet 82. 

[0083] Operation of the bloWer 20 With respect to the other 
rotor 26 is similar, With gas permitted to How back from the 
outlet 82 into a gas transport chamber betWeen lobes 70 of 
the rotor 26 via the outlet ?oW channel 90b. 

[0084] In one or more embodiments of the invention, and 
as illustrated in FIGS. 10-11, the net ?oW rate of gas into the 
gas transport chambers and the resulting pressure changes 
are preferably further controlled by providing one or more 
inlet ?oW channels 102a,b. These inlet ?oW channels 102a,b 
de?ne a How path permitting gas Within the gas transport 
chambers of the rotors 24,26 to How back toWards the inlet 
80. As described above, appropriately con?gured outlet ?oW 
channels 90a,b are effective in creating a generally or 
approximately constant gas ?oW rate into a gas transport 
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chamber as the gas transport chamber approaches the outlet 
82, thus producing a generally or approximately linear 
change in gas pressure in the gas transport chamber. It has 
been determined, hoWever, that When the How path from the 
gas transport chamber to the inlet is also provided, the ability 
to control the net ?oW rate into the gas transport chambers, 
and thus the change in gas pressure in the gas transport 
chambers, may be further enhanced. 

[0085] As such, in a preferred embodiment of the inven 
tion, ?oW or relief channels or passages 102a,b similar to the 
outlet ?oW channels 90a,b described above, are located at 
the inlet 80 (and are thus referred to herein as “inlet” ?oW 
channels). Preferably, an inlet ?oW channel 102a,b is pro 
vided in the housing 22 corresponding to each rotor 24,26. 
Inlet ?oW channels 102a,b are used to control the rate at 
Which gas ?oWs back or “leaks” from a gas transport 
chamber to the inlet. 

[0086] To permit the rotors 24,26 to rotate Within the 
housing 22, there must be some clearance betWeen the 
“land,” or outermost portion, of each lobe, and the adjacent 
housing Wall. This small clearance results in leakage from 
the outlet into the gas transport chamber (via the clearance 
area betWeen the “front” lobe of the gas transport chamber 
and the housing Wall) and from the gas transport chamber 
back to the inlet (via the clearance area betWeen the “back” 
lobe of the gas transport chamber and the housing Wall). It 
Will thus be appreciated that selection of a particular lobe 
clearance has an effect on the net How of gas into the gas 
transport chamber. 

[0087] In one embodiment, the con?guration of the inlet 
?oW channels 102a,b is selected, in conjunction With the 
outlet ?oW channels 90a,b at the outlet 80 and the inherent 
leakage resulting from the lobe clearance and, so that the net 
gas ?oW rate into the gas transport chamber is generally or 
approximately constant and/or the change in gas pressure in 
the gas transport chamber is generally or approximately 
linear as the gas transport chamber approaches outlet 82. 
The inlet ?oW channels 102a,b may have a variety of 
con?gurations. In one embodiment, the inlet ?oW channels 
102a,b have a similar con?guration to the outlet ?oW 
channels 90a,b. Speci?c methods for determining the con 
?guration of the inlet and outlet ?oW channels are described 
in greater detail beloW. 

[0088] A variety of variations of the invention are con 
templated. One or more outlet and/or inlet ?oW channels or 
passages are preferably provided for both rotors. It is pos 
sible, hoWever, to provide ?oW channels or passages for only 
one rotor. 

[0089] As described, the How channels or passages are 
preferably con?gured to result in a generally or approxi 
mately constant gas ?oW rate into a gas transport chamber, 
and thus to create a generally or approximately linear change 
in pressure in the gas transport chambers as the gas transport 
chambers approach outlet 82. The terms “generally” or 
“approximately” contemplate some deviation from an exact 
achievement of the desired goal. In one embodiment, the 
results achieved deviate by no more than about 30%, pref 
erably no more than about 20%, and most preferably no 
more than about 5%-10% from the desired results. 

[0090] FIGS. 14 and 15 illustrate the net ?oW rate of gas 
into a gas transport chamber and the resulting change in 
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pressure, over time, of one embodiment of a blower in 
accordance With the present invention. As illustrated in FIG. 
14, the How rate is generally and approximately constant 
over a period of time t. As illustrated in FIG. 15, the 
resulting change in pressure is generally or approximately 
linear. 

[0091] One or more embodiments of the invention com 
prise methods of determining the con?guration of the How 
channels to generally or approximately achieve the desired 
?oW/pressure characteristics. One embodiment of the inven 
tion is a method for determining the change in pressure in a 
gas transport chamber versus time based upon a number of 
variables, including an assumed ?oW channel pro?le. The 
method may be performed iteratively. For example, the 
assumed ?oW channel pro?le may be varied until a satis 
factory pressure change pro?le is achieved. 

[0092] In one embodiment, an iterative method of deter 
mining the con?guration of outlet and inlet ?oW channels of 
the bloWer is performed by modeling the bloWer on a 
computing device. In a preferred embodiment, modeling is 
performed using Vis Sim softWare available from Visual 
Solutions, Incorporated of Westford, Mass., USA. The 
method could, hoWever, be done manually or using other 
appropriate softWare. The method could also be accom 
plished physically by building models and measuring data 
from use of the models. 

[0093] As described in more detail beloW, in one method 
of the invention a variety of assumed or selected parameters 
or variables relating to or associated With the con?guration 
of a bloWer (such as siZe/shape of the How channels and 
operating parameters such inlet/outlet pressures, tempera 
tures, delivery rates, and rotor speed) are used to calculate 
changes in pressure in the gas transport chambers over time, 
or to calculate other values of characteristics of the gas in the 
gas transport chamber, such as, for example, a How rate of 
gas into the chamber. 

[0094] In accordance With one method of the invention, 
the selected parameters and/or variables are utiliZed to 
calculate or determine changes in pressure over time in the 
gas transport chambers of the bloWer as the rotors of the 
bloWer rotate based on compressible ?oW equations, as are 
knoWn in the art. Steps in accordance With one embodiment 
of a method of invention are illustrated in FIG. 12 and are 
described in more detail beloW. 

[0095] In a ?rst step S1, the length of time that it takes for 
a lobe of a rotor to traverse the angle (“taper angle”) over 
Which the desired pressure compensation of the gas transport 
chamber is to be accomplished is determined. This time is 
referred to herein as the “taper time.” The taper time depends 
on the taper angle and the rotational speed of the rotor. In 
embodiments in Which both outlet and inlet ?oW channels 
are used, there may be separate taper angles, and therefore 
taper times, for the outlet and inlet ?oW channels, respec 
tively. For example, in the embodiment of FIG. 10, taper 
angle 180 is applicable to the outlet ?oW channel 90b, While 
taper angle 190 is applicable to inlet ?oW channel 102b. 
Alternatively, a single taper angle may be applicable to both 
the outlet and inlet ?oW channels. 

[0096] Thus, in one embodiment, the “taper time” is 
determined from an assumed operating rotational speed 
(measured in rpm) of the rotors and the applicable taper 
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angle. In one embodiment, the taper time is calculated from 
the taper angle and the rotational speed of the rotor as 
folloWs: 

Taper time=(1/(rpm/60))*(taper angle/360) 

[0097] If the bloWer is intended to be used over a range of 
rotational speeds, there Will be a different taper time appli 
cable to each rotational speed. The method may be per 
formed at a variety of operating speeds Within the operating 
range to select a How channel pro?le that provides the most 
satisfactory pressure change pro?les over the operating 
range. 

[0098] After the taper time is determined, at step S2, the 
inlet and outlet cross-sectional ?oW areas (also referred to 
herein as “inlet ori?ce area” and “outlet ori?ce area,” 
respectively) as a function of rotor position are determined 
using an assumed ?oW channel pro?le. The ori?ce areas may 
alternatively be represented as functions of the normaliZed 
taper time instead of as functions of rotor position. That is, 
they may be represented as functions of “t”, Where “t” equals 
the period of time from the time at Which a lobe of a gas 
transport chamber begins to traverse the taper angle, divided 
by the taper time. For example, “t” Will equal Zero (0) When 
the lobe is at the beginning the taper angle, and “t” equals 
one (1) When the lobe reaches the end of the taper angle. 

[0099] As indicated above, the total ori?ce area through 
Which gas ?oWs from the outlet to the gas transport chamber 
(in the case of an outlet ?oW channel) or from the gas 
transport chamber to the inlet (in the case of an inlet ?oW 
channel) at any point in time as the rotor rotates is the sum 
of the cross-sectional area of the How channel at the point at 
Which the tip (or “land”) of the applicable rotor lobe is 
located at that time plus the cross-sectional area of the 
clearance gap betWeen the lobe and the housing (the “leak 
age area”). 

[0100] In one embodiment, the depth of each ?oW channel 
varies along its length, getting deeper closer to the outlet (in 
the case of the outlet ?oW channel) or to the inlet (in the case 
of the inlet ?oW channel), While its Width remains ?xed. As 
part of one embodiment of the iterative method of the 
invention, an initial area pro?le of each ?oW channel is 
assumed, and then the resulting rate of change of pressure is 
calculated. Adjustments to the assumed pro?le are made, 
and then the rate of change of pressure is again calculated. 
This iterative process is folloWed until a satisfactory rate of 
change of pressure over the desired operating range of the 
bloWer is achieved. 

[0101] In one or more embodiments, pro?les for the areas 
of the outlet and inlet ?oW channels are assumed to be in the 
form of higher order polynomials. In one or more embodi 
ments, the total outlet ?oW ori?ce area (including the 
leakage area) is assumed to have the form: 

[0102] In the above equation, “AO(t)” is the cross-sec 
tional area of the total outlet ori?ce area (the sum of the 
outlet ?oW channel cross-sectional area and the leakage 
area) as a function of the normaliZed taper time “t” (that 
varies from 0 to 1). E, F and G are constants, and L is the 
leakage area. In one embodiment, values of 0.007 in., 0.02 
in.2, and in.2 are selected as values of constants E, F and G 
respectively. 
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[0103] In one or more embodiments, the Width of the 
outlet ?oW channel is assumed to be ?xed, and the depth of 
the outlet ?oW channel at any location along the outlet ?oW 
channel Will be equal to the outlet ?oW channel cross 
sectional area divided by that Width. 

[0104] In one or more embodiments, the outlet ?oW chan 
nel cross-sectional area is equal to the total outlet ori?ce area 
minus the leakage area: 

[0105] Thus, the depth of the outlet ?oW channel as a 
function of the normaliZed taper time has the form: 

[0106] Where DO(t) is the outlet ?oW channel depth as a 
function of “t,”“AOc(t)” is the outlet ?oW channel area as a 
function of “t”, “W0” is the outlet ?oW channel Width, and 
E, F and G are constants. In one or more embodiments, 
“W0” is the Width of the outlet ?oW channel as measured 
across the land of a lobe as it traverses the outlet ?oW 
channel. 

[0107] In one or more embodiments, the total inlet ?oW 
ori?ce area (inlet ?oW channel cross-sectional area plus 
leakage area) is assumed to have the form: 

[0108] In the above equation, “ I(t)” is the total inlet ?oW 
ori?ce area as a function of the normaliZed taper time “t” 
(that varies from 0 to 1), and H, I, and J are constants. In one 
embodiment, values of 0.001 in.2, 0, and 0.001 in.2 are 
selected as values of constants H, I, and J, respectively. 

[0109] In one or more embodiments, the Width of the inlet 
?oW channel is assumed to be ?Xed, and the depth of the 
inlet ?oW channel at any location along the inlet ?oW 
channel Will be equal to the inlet ?oW channel cross 
sectional area divided by that Width. 

[0110] In one or more embodiments, the inlet ?oW channel 
cross-sectional area is equal to the total inlet ori?ce area 
minus the leakage area: 

[0111] Thus, the depth of the inlet ?oW channel as a 
function of the normaliZed taper time has the form: 

[0112] Where DI(t) is the inlet ?oW channel depth as a 
function of “t,”“ Ic(t)” is the inlet ?oW channel area as a 
function of “t”, “WI” is the inlet ?oW channel Width, and H, 
I and J are constants. In one or more embodiments, “WI” is 
the Width of the inlte ?oW channel as measured across the 
land of a lobe as it traverses the inlet ?oW channel. 

[0113] In a third step S3, the How rate of gas through the 
inlet and outlet ori?ce areas is determined as a function of 
time “t” based on the siZe of the ori?ce areas and pressure 
differences betWeen the gas transport chamber and the inlet 
and outlet. In particular, the How rate of gas from the outlet 
through the outlet ori?ce area back into the gas transport 
chamber (“QIn”), and the How rate of gas out of the gas 
transport chamber through the inlet ori?ce area back toWards 
the inlet (“Qout”) are determined. In one or more embodi 
ments, QIn and QOut are determined using compressible gas 
?oW equations as are knoWn in the art. For eXample, the 
equations set forth in J. D. Anderson, T heAnalysis & Design 
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of Pneumatic Systems, published by Krieger Publishing Co. 
may be used. The total net ?oW rate into the gas transport 
chamber is the difference betWeen these tWo ?oW rates. 

[0114] In a step S4, the gas transport chamber pressure as 
a function of the normaliZed taper time is determined from 
the net How of gas into the chamber and dead space 
compliance of the chamber. In this manner, it can be 
determined Whether the pressure varies undesirably. The 
pressure may be analytically or numerically determined 
using Well knoWn principals and equations governing gas 
?oW though ori?ces and into chambers. In one or more 
embodiments, a graph may be generated, the graph indicat 
ing pressure With respect to time. 

[0115] In one or more embodiments, the pressure P in the 
gas transport chamber is calculated using the folloWing 
equation: 

[0116] Where P is the gas transport chamber pressure, Q is 
the net ?oW rate into the gas transport chamber, and C is the 
dead space compliance of the gas transport chamber. In one 
embodiment, P is in cm H2O, Q is in liters per minute and 
C=0.00000167 liter/cm H20. 

[0117] As indicated, in one application of the method of 
the invention, it is desired that the change in pressure of gas 
in a gas transport chamber is generally or approximately 
linear as the gas transport chamber approaches the outlet. At 
step S5, a determination is made as to Whether the rate of 
change in pressure determined at step S4 is suf?ciently linear 
for the purposes for Which the bloWer is to be used. If it is 
determined at step S5 that the rate of pressure change is not 
as linear as desired, then the outlet and/or inlet area func 
tion(s) may be modi?ed at step S6 (e.g., by changing the 
How channel depth pro?le by changing coef?cients, taper 
angle or form of the function) to attempt to formulate an area 
function that Will result in a more linear rate of pressure 
change. Steps S2 through S5 may then be repeated to 
determine Whether the modi?ed area function achieves a 
more linear result. Once it is determined at step S5 that the 
result is satisfactory, the area function and/or ?oW channel 
pro?le that produces that result is utiliZed in fabrication of 
the bloWer at step S7. 

[0118] In one or more embodiments, a characteristic of the 
gas in the gas transport chamber other than the pressure may 
be of interest. For eXample, instead of having a desired 
relationship betWeen pressure and taper time, a desired 
relationship may be speci?ed betWeen the rate of How of gas 
into the gas transport chamber and the taper time. This 
desired relationship betWeen the values of a characteristic of 
the gas in the gas transport chamber (e.g. pressure or How 
rate) may be referred to as a “desired gas transport chamber 
function.” Whatever the desired gas transport chamber func 
tion is, the iterative method of the invention may be per 
formed until the difference betWeen the estimated or pro 
jected values for the characteristic in question (calculated 
using the assumed area function) and the desired gas cham 
ber function are satisfactory. 










