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ABSTRACT 

flow meter for obtaining flow Volume readings in a gas 
conduit, including sensors mounted upstream and down 
stream of a flow restriction device on a rotor, the rotor further 
including at least one more flow restriction device that can be 
rotated into position relative to the conduit. 
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FLOW METER HAVING ROTOR WITH 
MULTIPLE FLOW CHANNELS OF 

DIFFERENT DIAMETER 

FIELD OF THE INVENTION 

0001. The present invention relates to flow meters, more 
particularly to flow meters for use in gas lines. 

BACKGROUND OF THE INVENTION 

0002. In the petrochemical industry, a gas flow meter 
(typically referred to as a “meter run) may be installed in a 
section of pipe to monitor the amount of natural gas flowing 
through the pipe. For gas flow meters that monitor flow vol 
ume by sensing gas pressure upstream and downstream of a 
flow restriction device (such as an orifice plate), the differen 
tial pressure of gas flow through the flow meter will affect the 
accuracy of the readings that are obtained and it has been 
found that the meter is most accurate at around 50%, losing 
accuracy when significantly above or below that level. As 
Such, it is advantageous to be able to change the aperture size 
of the flow restriction device, in order to vary the gas flow 
through the restriction device and thereby select the desired 
pressure differential, without interrupting the flow of gas 
through the flow meter and the pipeline for a significant 
period of time. 

SUMMARY OF THE INVENTION 

0003. According to one aspect of the present invention, 
there is provided a flow meter for use in a fluid conduit, 
including a housing, a first flow passage and a second flow 
passage in fluid communicating engagement with the hous 
ing, and a flow sensor disposed in each of the flow passages. 
The flow meter also includes a rotatable rotor enclosed at least 
in part by the housing and having at least two channels, each 
channel having a different diameter than another channel and 
being sealingly positionable into an operative position 
between the flow passages for fluid communication with the 
flow passages by rotation of the rotor. The flow meter also 
includes a rotor rotator. 
0004. In another aspect of the present invention, there is 
provided a flow meter for use in a fluid conduit, including a 
housing, a first flow passage and a second flow passage in 
fluid communicating engagement with the housing, and a 
flow sensor disposed in each of the flow passages. The flow 
meter also a rotatable rotor enclosed at least in part by the 
housing and having at least two channels, each channel hav 
ing a different diameter than another channel and being seal 
ingly positionable in an operative position between the flow 
passages for fluid communication with the flow passages by 
rotation of the rotor. The flow meter also includes positioner 
associated with eachchannel for precisely positioning a chan 
nel into the operative position, and a rotor rotator. 
0005. In yet another aspect of the present invention, there 

is provided a flow meter for use in a fluid conduit, including 
a housing, a first flow passage and a second flow passage in 
fluid communicating engagement with the housing, and a 
flow sensor disposed in each of the flow passages. The flow 
meter also includes a rotatable rotor enclosed by the housing 
and having a first rotor face and a second rotor face, at least 
two channels, each channel having a different diameter than 
another channel and being sealingly positionable between the 
flow passages for fluid communication with the flow passages 
by rotation of the rotor. The flow meter further includes a cam 
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on the rotor proximally corresponding to each channel, each 
cam having a different geometry than each other cam; a latch 
pivotally mounted in the housing adjacent the rotor, the latch 
in operation being engageable with any of the cams and 
wherein the pivot angle of the latch in operation is unique to 
each cam; and a location indicator operably associated with 
the latch, in operation indicating the cam engaged with the 
latch on an outer Surface of the housing. 
0006. A detailed description of some embodiments of the 
present invention is given in the following. It is to be under 
stood, however, that the invention is not to be construed as 
limited to these embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a top perspective view of a flow meter of 
the invention. 
0008 FIG. 2 is a perspective sectional view of a flow meter 
of the invention. 
0009 FIG. 3 is a sectional view of a flow meter of the 
invention. 
0010 FIG. 4 is a top view of a rotor of the invention 
enclosed partially with the housing and with the top portion of 
the housing removed, line A-A indicating the position of the 
section taken for FIG. 2 and line B-B' indicating the position 
of the section taken for FIG. 3. 
0011 FIG. 5 is a bottom view of the rotor in FIG. 4. 
0012 FIG. 6 is a perspective view of a rotor and latch 
assembly of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

(0013 Referring to FIG. 1, an embodiment of the flow 
meter of the invention may be installed in a conduit, such as a 
pipeline, in order to monitor the flow of gas in the pipe. Flow 
meter 101 installed in conduit 160 includes housing 110, and 
housing 110 is in fluid communication with flow passage 114 
that sealingly engages conduit 160 in fluid communication 
and in which sensor ports 118 may be located. Housing 110 
further encloses a rotor (not shown) bearing a plurality of flow 
restriction channels, each of which may be rotated into align 
ment with conduit 160 by turning crank 140. Position pointer 
150 indicates on position identifier 152 which (if any) flow 
restriction channel is aligned with conduit 160. Channel lid 
122 may be opened if the flow restriction channels require 
changing or servicing. Housing 110 and most components of 
flow meter 101 can be made of steel, although other types of 
materials, metal and non-metal may be used. 
0014 Turning now to FIG. 2, the alignment of flow chan 
nel 226 on rotor 238 with conduit 260 for operation of the flow 
meter 201 can be seen. Flow meter 201 is removably installed 
in conduit 260 by means of flanges 254, 256 and rod and bolt 
assembly 258. Rotor 238 includes at least two open channels 
226 arranged around the axis of rotation (which in this 
embodiment corresponds to axial shaft 236), and the center 
point of each channel may be equidistant from the axis of 
rotation. Each of the channels 226 comprise a plate mount 
230 in which an annular channel plate similar to a diaphragm 
228 may be disposed; installing an annular channel plate 228 
(such as o-ring assemblies marketed by Daniel) in plate 
mount 230 further reduces the diameter of the channel 226, 
which would otherwise be defined by the edge of the plate 
mount 230. While this arrangement offers flexibility by 
allowing the user to choose from a greater number of channel 
diameters than there are channels, by simply changing the 
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channel plates in the plate mounts, it is to be understood that 
the channel mount/plate arrangement can be dispensed with 
and instead that the channels may themselves have pre-set 
diameters which differ from one another or that variable area 
flow restriction means (such as variable area orifice mem 
branes) may be disposed in the channels. 
0015 Selection of flow channels 226 by rotating rotor 238 
permits the user to obtain an accurate flow volume reading 
without having to interrupt gas flow in conduit 260 for very 
long and without having to remove flow meter 201 from the 
conduit. In operation, as rotor 238 is rotatably mounted on 
axial shaft 236 mounted in housing 210 and as the rotor's 
toothed periphery 262 is operably engaged with gear 244. 
turning crank 240 on the exterior of housing 210 translates the 
rotational movement, via crank shaft 242 and gear 244, to 
rotor 238, thereby moving channel 226 into or out of align 
ment with conduit 260. Position pointer 250 indicates which, 
if any, channel is in alignment with conduit 260. Any of the 
flow channels 226 can also be aligned with channel port 224, 
shown covered by lid 222, thereby enabling servicing of the 
flow channels, such as replacement of channel plate 228 with 
another channel plate of differing diameter. 
0016. When rotated into position for measuring gas flow in 
conduit 260, flow channel 226 aligns with flow passages 214 
and 216 such that the periphery of flow channel 226 and the 
periphery of the flow passages 214 and 216 seal against gas 
leakage in order to facilitate accurate measurement. A pair of 
sensors 220 may be disposed in flow passages 214 and 216, 
one of the pair being upstream of flow channel 226 and the 
other being downstream of flow channel 226. While piezo 
electric membrane sensors are often appropriate for flow 
meters, it is to be understood that other types of pressure 
sensors or pressure measuring means may also be used in the 
present device. As gas flows through conduit 260 and into 
housing 210, a pressure reading is taken at upstream sensor 
220, after which the gas travels through flow channel 226 
(which may circumscribe a narrower passage than that of 
either flow passages 214 and 216) and then past downstream 
sensor 220 at which a second pressure reading is obtained. 
The pressure differential between these two sensors 220 may 
thus be obtained, and as this pressure differential is math 
ematically related to a quantity of flow, flow volume can be 
determined from the differential pressure, using methods that 
are well known by those of skill in the art. If the pressure 
differential between these two sensors 220 is somewhere 
around 50%, then the user may assume that the flow quantity 
determination is accurate. However, if the pressure differen 
tial is substantially higher or lower than 50%, then the user 
may choose to increase or decrease the size of the aperture by 
changing to a flow channel 226 that is larger or Smaller, 
respectively. This may be done by rotating to another flow 
channel 226, or if none of the flow channels 226 available on 
rotor 238 at that time is suitable, then the user may open lid 
222 and, accessing it through channel port 224, change chan 
nel plate 228 to one with a larger or smaller central aperture. 
0017. Another factor in obtaining accurate flow volume 
assessments is accuracy of flow channel and flow passage 
alignment. Referring to an embodiment of the invention 
shown in FIG. 3, flow meter 301 may include a retaining pin 
332 that displaceably engages a positioning bore 334 for 
fine-tuning the alignment of a channel with the flow passages 
(not shown). In the embodiment shown in FIG. 3, retaining 
pin 332, which is biassingly mounted in housing 310, engages 
positioning bore 334 as soon as the flow channel with which 
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bore 334 is associated (not shown) moves into precise align 
ment with flow passages (also not shown). To allow rotation 
of the rotor so that another channel may be placed into the 
Volume reading position, disengagement of retaining pin 332 
from bore 334 requires slightly more force than is necessary 
for rotating the rotor when the retaining pin 332 is not 
engaged; for example, as shown in FIG. 3, the Surface of 
retaining pin 332 which engages bore 334 may have a 
rounded conformation to reduce frictional forces holding pin 
332 in place and thereby facilitate its displacement. This 
drawing and FIGS. 4 and 5 disclose embodiments in which 
the retainingpin is disposed in a locationalmost diametrically 
opposite the flow channel that would engage the flow pas 
sages in the Volume reading position during operation of the 
flow meter, such that the retaining bore associated with that 
flow channel would actually be disposed adjacent to a dia 
metrically opposite flow channel. However, it is to be under 
stood the positioning pin (or other retainer) may be disposed 
in a different relationship to the flow passages. Further, while 
this embodiment illustrates using a pin and bore combination 
to provide precision of alignment, it would be understood by 
those skilled in the art that other means of precisely position 
ing a channel with flow passages could be used. 
0018. Another feature of the embodiment shown in FIG.3 

is the positioning of channel 326 when another channel (not 
shown) is properly aligned with the flow passages (not 
shown) for obtaining flow Volume readings, as indicated by 
the engagement of retaining pin 332 in positioning bore 334. 
As channel 326 is disposed in close proximity but out of 
alignment with channel port 324, the user may not access 
channel 326 through channel lid 322, which activity could 
disturb the positioning of the channel through which flow 
Volume readings are being taken (not shown) and thereby 
introduce error into the readings. Rather, in order for the user 
to access channel 326 in this embodiment of the invention, all 
of the channels would have to be out of alignment with the 
conduit. However, it is to be understood that in some embodi 
ments it may be desirable to allow access to a channel while 
another channel is in position for obtaining flow Volume 
readings; some of such embodiments may include additional 
stabilizing elements to prevent or counteract any disturbance 
of the flow channel through which the readings are being 
taken. 

0019. As shown in FIGS. 4 and 5, an embodiment of the 
rotor 438 of the invention includes at least two flow channels 
426 having unique diameters (which may further include 
annular channel plates 428 and plate mounts 430) and an axis 
of rotation 436. Rotor 438 may further include a positioning 
bore 434 associated with each flow channel which may 
engage a retaining pin 432, a cam 446 for each flow channel 
426, each cam being engageable with a latch 448 pivotally 
mounted in housing 410, and a toothed periphery 462 oper 
ably associated with a gear assembly 444 for rotating the 
rotor. The latch 428 and cam 426 function, in one aspect, to 
align a flow channel with the conduit. In the embodiment 
shown in these drawings, cams 446a, 446b, 446c, and 446d 
are each shaped to engage a different proportion of pivotable 
latch 448. Since latch 448 thus strikes a different angular 
position relative to rotor 438 for engagement with each cam 
446, the position pointer (not shown) that may be operably 
associated with latch 448 would thus point to a different spot 
on the housing (also not shown), which spot would be desig 
nated to identify the cam being engaged and thereby identify 
the flow channel which is in the volume reading position. In 
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other embodiments, the geometry of the cams may differ 
from one another in angle of orientation relative to the rotor's 
periphery such that each cam engages the latch at a different 
latch pivot angle. In yet other embodiments, each cam may 
have a geometry corresponding to a different portion of the 
latch, and each said portion of the latch may be unique to each 
cam, with the result again that the latch engages each cam at 
a different latch pivot angle. While this embodiment illus 
trates using a latch and cam combination to align a flow 
channel with the conduit, and to provide an indication of the 
position of the rotor, it would be understood by those skilled 
in the art that other means of accomplishing these objectives 
could be used. 

0020 Moreover, since each cam 446 in this embodiment is 
associated not with the flow channel 426 immediately adja 
cent to that cam, but rather with a flow channel next to it, the 
positioning of latch 448 in a cam 446 does not serve to 
identify the flow channel 426 closest to latch 448 as being in 
the operative Volume reading position; for example, if latch 
448 is in cam 446a, which is designated “1” as it corresponds 
to the flow channel 426 that is also designated as “1”, then the 
angular position taken by latch 448 and its associated position 
pointer would correspond to a spot on the housing designated 
at “1”. This is illustrated in the embodiments shown in FIGS. 
1, 2 and 6. (Of course, for embodiments in which the latch is 
disposed beside the flow passages, each cam could be asso 
ciated with the flow channel adjacent to which it is disposed.) 
As is also shown in these drawings, cams 446 are present on 
only one face of rotor 438; this is also indicated in the embodi 
ment shown in FIG.3, in which cam 346 consists of a depres 
sion in one face of rotor 338 that does not extend through to 
the other face of rotor 338. While in some embodiments the 
rotor face on which the cams are disposed may also include a 
toothed periphery, it is to be understood that the toothed 
periphery of the rotor may be present on only one face of the 
rotor, while the periphery at the other face may include the 
CaS. 

0021. Further, FIG. 6 discloses an embodiment of a rotor 
and latch assembly of the invention showing a position 
pointer 650 connected to latch 648 engaged in a cam 646. As 
can be seen in this drawing, position pointer 650 may also 
function as a means of manually overriding the engagement 
of latch 648 and cam 646 by rotating pointer 650 away from 
rotor 638 until latch 648 is completely displaced from cam 
646; in this connection, it can be seen in the embodiment 
disclosed in FIG. 1 that position pointer 150 is in the manual 
override position. Other embodiments of the invention may 
include other means of disengaging the latch from a cam. 
0022 While enclosing the entire rotor in a housing may 
prevent or reduce Such ill effects as corrosion, fouling, or 
breakage of the rotor and its components. Such enclosure is 
not necessary to the operation of the flow meter of the inven 
tion. If desired, the gear and latch arrangement may be dis 
pensed with, along with all except the rotor, sensors, and that 
portion of the housing that includes the flow passages, sen 
sors, and the rotor's axial shaft. In other words, the invention 
may be practised with the rotor being at least partly enclosed 
by the housing so that some portion of the rotor is exposed 
outside of the housing; in Such embodiments, the rotation of 
the rotor may be accomplished by simply turning an exposed 
surface (such as the outer edge) of the rotor by hand; if a 
sufficient portion of the rotor surface were exposed, then a 
channel plate could be changed when the portion of the rotor 
on which it is mounted is turned to be out of the housing and 
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the identity of the channel plate that is in alignment with the 
flow passages could be ascertained from an indication on the 
exposed portion of the rotor (thereby doing away with the 
need for the uniquely-shaped cams, the latch, and the position 
indication assembly). At a bare minimum, Such embodiments 
of the flow meter include at least channels sealingly engage 
able in fluid communication with the flow passages and sen 
sors disposed in the flow passages upstream and downstream 
of the channel. In those embodiments for which it is desired to 
prevent gas from escaping out of the housing during rotation 
of the rotor, the housing may be provided with a seal to engage 
the rotor Surface and prevent gas leakage. 
0023. While particular embodiments of the present inven 
tion have been described in the foregoing, it is to be under 
stood that other embodiments are possible within the scope of 
the invention and are intended to be included herein. It will be 
clear to any person skilled in the art that modifications of and 
adjustments to this invention, not shown, are possible without 
departing from the spirit of the invention as demonstrated 
through the exemplary embodiments. The invention is there 
fore to be considered limited solely by the scope of the 
appended claims. 
What is claimed is: 
1. A flow meter for use in a fluid conduit, comprising: 
(a) a housing: 
(b) a first flow passage and a second flow passage in fluid 

communicating engagement with the housing: 
(c) a flow sensor disposed in each of the first and second 

flow passages; 
(d) a rotor rotatable about an axis of rotation, the rotor 

being at enclosed at least in part by the housing and 
having at least two channels, each channel being seal 
ingly positionable in an operative position between the 
flow passages for fluid communication with the flow 
passages by rotation of the rotor, and having a different 
diameter than another channel; and, 

(e) a rotor rotator. 
2. The flow meter of claim 1, wherein the plane of the rotor 

is, in operation, oriented Substantially perpendicularly to the 
conduit. 

3. The flow meter of claim 2, wherein the flow sensors 
comprise membranes. 

4. The flow meter of claim 1, wherein the rotor rotator 
comprises at least one Surface of the rotor, the at least one 
Surface being exposed at least in part outside the housing. 

5. The flow meter of claim 1, wherein the rotor rotator 
comprises a gear assembly operably associated with the rotor. 

6. The flow meter of claim 5, wherein the rotor rotator 
further comprises a crank operably associated with the gear 
assembly. 

7. The flow meter of claim 5, further comprising a channel 
selection indicator. 

8. A flow meter for use in a fluid conduit, comprising: 
(a) a housing having: 
(b) a first flow passage and a second flow passage in fluid 

communicating engagement with the housing: 
(c) a flow sensor disposed in each of the first and second 

flow passages; 
(d) a rotor rotatable about an axis of rotation, the rotor 

being at enclosed at least in part by the housing and 
having at least two channels, each channel being seal 
ingly positionable in an operative position between the 
flow passages for fluid communication with the flow 
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passages by rotation of the rotor, and having a different 
diameter than another channel; 

(e) a positioner associated with each channel for precisely 
positioning a channel into the operative position; and, 

(f) a rotor rotator. 
9. The flow meter of claim 8, wherein the plane of the rotor 

is, in operation, oriented Substantially perpendicularly to the 
conduit. 

10. The flow meter of claim 9, wherein the flow sensors 
comprise membranes. 

11. The flow meter of claim 8, wherein the positioner 
comprises a positioning bore on the rotor and the flow meter 
further comprises a biasing position retainer mounted in the 
housing and displaceably engaging the positioning bore of a 
channel when that channel is in the operative position. 

12. The flow meter of claim 8, wherein the rotor rotator 
comprises at least one surface of the rotor, the at least one 
Surface being exposed at least in part outside the housing. 

13. The flow meter of claim 8, wherein the rotor rotator 
comprises a gear assembly operably associated with the rotor. 

14. The flow meter of claim 13, wherein the rotor rotator 
further comprises a crank operably associated with the gear 
assembly. 

15. The flow meter of claim 14, further comprising a chan 
nel selection indicator. 

16. The flow meter of claim8, wherein at least one channel 
comprises a removable annular assembly. 

17. A flow meter for use in a fluid conduit, comprising: 
(a) a housing: 
(b) a first flow passage and a second flow passage in fluid 
communicating engagement with the housing: 

(c) a flow sensor disposed in each of the first and second 
flow passages; 

(d) a rotor rotatable about an axial shaft mounted in the 
housing, the rotor being enclosed by the housing and 
having: 
(i) a first rotor face and a second rotor face; 
(ii) at least two channels, each channel being sealingly 

positionable between the flow passages for fluid com 
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munication with the flow passages by rotation of the 
rotor, and having a different diameter than another 
channel; 

(iii) a cam proximally corresponding to each channel, 
each cam having a different geometry than each other 
Cam, 

(e) a latch pivotally mounted in the housing adjacent the 
rotor, the latchin operation being engageable with any of 
the cams and wherein the pivot angle of the latch in 
operation is unique to each cam; 

(f) a location indicator operably associated with the latch, 
in operation indicating the cam engaged with the latch 
on an outer Surface of the housing. 

18. The flow meter of claim 17, wherein the plane of the 
rotor is, in operation, oriented Substantially perpendicularly 
to the conduit. 

19. The flow meter of claim 17, wherein the flow sensors 
comprise membranes. 

20. The flow meter of claim 17, further comprising a posi 
tioner associated with each channel. 

21. The flow meter of claim 20, wherein the positioner 
comprises a positioning bore on the rotor and the flow meter 
further comprises a biasing position retainer mounted in the 
housing and displaceably engaging the positioning bore upon 
positioning of the channel in fluid communication with the 
flow passages. 

22. The flow meter of claim 17, wherein the first rotor 
Surface comprises a toothed periphery and the second rotor 
Surface comprises the cams. 

23. The flow meter of claim 17, further comprising a 
manual override element disposed on the outer surface of the 
housing and operably connected to the latch for disengaging 
the latch when engaged in the cam. 

c c c c c 


