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57] ABSTRACT

Methods and an apparatus for measuring gas flow with
oreater reliability than earlier single-rotor and double-rotor
turbine meters and dual turbine meter systems are disclosed.
The apparatus comprises two independent rotors, in close
proximity of each other, housed 1n the same meter body, but
isolated from the effects of each other. No pressure and
temperature correction are needed for accuracy performance
comparison between the two rotors. Because of the two rotor
averaging technique, the reliability of the volume totaliza-
tion 1s greatly improved over earlier double-rotor and single-
rotor designs.

44 Claims, 8 Drawing Sheets
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TANDEM ROTOR TURBINE METER AND
FIELD CALIBRATION MODULE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This is a continuation of [copending] application Ser. No.

07/788,826 filed on Nov. 7, 1991, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1nvention relates to methods and an apparatus for
measuring gas flow 1n a pipeline. More particularly, it relates
o a tandem rotor turbine meter and field calibrator module
which comprises a second independent metering rotor
placed behind or downstream of an existing or main inde-
pendent metering rotor and separated from 1t by tlow con-
ditioning stator vanes. There are two operation modes for
this apparatus: the first being continuous operation as a
tandem rotor turbine meter and the second being periodic
use as a field calibrator module.

2. Prior Art

Following World War II, the construction of high
pressure, 1nterstate natural gas pipelines increased the need
for accurate and reliable measurement devices for measuring
large volumes of gas flow 1n a pipeline. The shortcomings of
the traditional orifice meter were overcome with the devel-
opment of gas turbine meters. Turbine meters provide great
rangeability, compact size, and simplified maintenance
when compared to alternative methods of large volume
measurement. Single and double-rotor turbine meters as
well as dual turbine meter systems are currently commer-
cially available, each of which have drawbacks peculiar to
their operation. For example, single-rotor turbine meters are
not well adapted to provide accurate measurement 1in gas
flow streams with non-uniform velocity profiles or with
mechanical degradation of the rotor. Existing double-rotor
turbine meters either do not have their rotors close enough
together such that temperature and pressure corrections are
required due to different flow conditions at each of the
rotors; or in the case where they are 1n close proximity of
cach other, an example of which 1s shown 1n FIG. 1, the first
rotor 1 affects the output of the second rotor 2 and thus two
sets of independent output are not available. The two rotors
1 and 2 can be contained within the same meter body and
module housings 3 and 3'. Rotor 1 1s preceded by stator
vanes 4. Between rotors 1 and 2 1s a thrust balancing plate
S whose function is to separate the rotors thereby balancing
the axial thrust load on rotor 1. The force of the flow
impinging upon the blades of rotor 1 causes a downstream
force. The flow of gas over the hub of the thrust balancing
plate creates a dynamic back pressure force counteracting
the axial thrust.

In the prior art system, the rotor 1 operates 1n a manner
similar to a single rotor meter because 1t actually measures
the gas that passes through the line. The gas actually turns
the rotor and then, through a mechanical gearing, that
motion 1s transmitted out through a magnetic coupling to an
output coupling to which the instrumentation 1s mounted.
The output coupling 1s calibrated to represent a predeter-
mined number of cubic feet per revolution thus generating a
reading. In addition to rotor 1, there 1s a second rotor 2
whose Tunction 1s to sense any change in direction of the gas
velocity vector exiting from the blades of rotor 1. These two
rotors therefore are fluidly coupled. The term fluid as used
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by those skilled 1n the art and as used throughout this
specification shall mean both liquids and gas. If the first
rotor 1s affected by fluid friction or mechanical friction, as in
the running gear itself, the second or “sensing” rotor can
sense this by the gas velocity vector angle change at which
the flow leaves the tip of the first rotor’s trailing edge and
will change speed accordingly. The pulse output from both
the rotors, taken together (via complex mathematical
equations), indicate the true flow of fluid in the pipeline. For
example, 1f a swirl of fluid 1s coming down the pipeline, 1t
may hit the blades of the first rotor at such an angle that the
rotor will give a reading that may indicate a higher flow rate
than the actual flow rate 1n the pipeline. The rotational speed
of the rotors (rpms) is a function of the actual vector velocity
of the fluid. If the fluid enters the meter at an angle, the first
rotor will be misled. However, the second rotor 1s designed
to distinguish between the velocity of the fluid flowing
through the pipeline and the velocity of fluid flow which
comes off the trailing edges of the blades of the first rotor.
Using the two rotor rotational speeds, a computer program
calculates a ratio and adjusts the output at all times. Speciiic
examples of various types of turbine meters are described 1n
the following patents.

An example of an 1sertion type turbine meter 1s disclosed
in U.S. Pat. No. 4,566,307 (’307 patent), entitled “Pipeline
Flow Measurement Proving System”. By way of
background, an insertion turbine meter 1s a mechanical
device used to measure the flow of gas or liquid through a
pipe of known internal diameter. It has a small turbine rotor
mounted on the end of a long stem. The diameter of the rotor
1s significantly smaller than the internal diameter of the pipe.

™

The rotor and stem are inserted through a port in the side of

™

the pipe The rotor 1s positioned at the approximate center of

™

the pipe and oriented in-line with the pipe axis. The speed of
the gas flow causes the turbine rotor to spin. The rotational
speed of the turbine rotor 1s proportional to the local velocity
of the gas. Typically, an electronic pickup or pulse 1s used to
sense the speed of the rotor or to count 1ts revolutions. This
output 1s then factored by a multiplier based on the internal
diameter of the pipe to obtain a reading of total flow volume.
The two meters used 1n the *307 patent are separated by a
distance of about 25 feet 1n an attempt to eliminate the
influence of one meter on the other. Such a separation
requires pressure and temperature correction between the
two rotors for output totalization and accuracy performance.
In addition, insertion turbines are not as accurate as full
pipeline turbine meters. Insertion turbine meters are not as
accurate because they do not measure the entire flow passing,
through the pipeline. Therefore, 1n order to obtain the correct
reading of average flow velocity, the orientation and position
within the pipe 1s critical. This also limits the useful range
of the insertion turbine meter since the location of the
average tlow velocity does change between laminar and
turbulent flows. Also, the presence of the insertion turbine
meter disturbs the flow profile. Due to their small size, the
insertion turbine meter can not incorporate flow conditioners
ahead of the rotor. Thus, their accuracy 1s atfected by flow
disturbances. Their calibration accuracy 1s also affected by
the actual internal pipe diameter. Their typical accuracy is
+2% or more as compared to £1% error for full flow turbine
meters.

An example of double rotor apparatus 1s disclosed in U.S.
Pat. No. 2,859,616, entitled “Mass Flow Meter”, in which
the rotors are not in close proximity of one another and thus
likewise require pressure and temperature correction
between the two rotors for output totalization and accuracy
performance. It does disclose the summary of two electronic
signals from each rotor, however, one output does not check
the other.
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U.S. Pat. No. 4,286,471, enfitled “Constant Accuracy
Turbine Meter” by Lee et al discloses a turbine meter 1n
which a sensing rotor downstream from the metering rotor
senses changes in the exit angle of the fluid leaving the
metering rotor, the output from the sensing rotor being
combined with the output from the metering rotor to produce
a corrected output indicative of the flow through the meter.
The output from the sensing rotor 1s utilized through a closed
loop feedback system to modify the operation of the meter-
ing rotor 1n accordance with variations in the exit angle of
the fluid leaving the metering rotor. The two rotors must
rotate 1n the same direction.

The metering system disclosed 1n U.S. Pat. No. 4,305,
281, entitled “Selt-Correcting Self-Checking Turbine
Meter” by Lee et al 1s very similar to that disclosed in U.S.
Pat. No. 4,286,471 1n that 1t likewise discloses a turbine
meter 1n which a sensing rotor downstream from the meter-
ing rotor senses changes 1n the exit angle of the fluid leaving
the metering rotor (thus the rotors are fluid coupled), the
output from the sensing rotor being combined with the
output from the metering rotor to produce a corrected output
indicative of the flow through the meter. The output from the
sensing rotor and the output from the metering rotor may be
compared to provide an indication of deviation from per-
formance at calibration. Additionally, the two rotors must
rotate 1n the same direction and are fluid coupled.

Thus all gas measuring devices known to date fail to
provide a system in which two independent rotors are
located close enough together to alleviate the need for
temperature and pressure corrections resulting from ditfer-
ences 1n How conditions at each rotor, while at the same time
being 1solated from the effects of each other.

Accordingly, 1t would be desirable to have two indepen-
dent rotors, 1n close proximity of each other, housed 1n the
same meter body, but 1solated from the effects of each other.
This arrangement would eliminate the need for pressure and
temperature corrections due to differences 1n flow conditions
at each rotor. It would also be desirable to have direct
comparison of two rotor outputs thereby allowing continu-
ous checking of the condition of each rotor. It 1s further
desirable to have a system which allows accuracy testing of
turbine meters 1 service over a broad flow range, and at
actual operating conditions of fluid pressure, temperature,
density, and fluid chemical composition.

SUMMARY OF THE INVENTION

The present invention comprises methods and an appa-
ratus for measuring gas flow 1n a gas pipeline. The apparatus
includes two 1mndependent rotors, 1n close proximity of each
other, housed 1n the same meter body, but 1solated from the
cifects of each other. There are two operation modes for this
apparatus, the first being continuous operation as a tandem
rotor turbine meter and the second being periodic use as a
field calibrator module. The apparatus comprises a second
independent or tandem metering rotor, placed behind or
downstream of an existing or main independent metering
rotor. This second independent metering rotor in the tandem
rotor/field calibrator module 61, FIG. 7B may be the same
size and blade pitch as the main independent metering rotor.
It rotates 1n either the same or opposite direction and
registers the same flow. Flow conditioning vanes are incor-
porated 1in the module housing ahead of the second rotor,
which 1solates the two rotors from the effects of each other.
The apparatus 1s built and calibrated as a complete double
rotor meter made up of two mdividual measuring modules
which fit mto the same meter body. The two individual
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measuring modules may also be built and calibrated sepa-
rately and then can be paired up later for operation.

In a continuous operating mode, the tandem rotor module
provides an electronic measurement output which 1s inde-
pendent from the main rotor. This allows a direct compari-
son to the output of the main rotor at line conditions without
the need for pressure and temperature corrections.
Theretfore, only simple electronics are needed for the con-
tinuous self-checking of the conditions of each rotor. The
second rotor 1s more reliable than the main rotor since it 1s
protected 1n 1its downstream location and 1t drives no
mechanical output.

The second rotor can run at a slower speed than the main
rotor, depending upon the pitch of the blade angle, thus
further enhancing 1its service life. Also, if desired the second
rotor, without mechanical output, could be used as the
clectronic output totalization for billing, with the main rotor
providing mechanical backup and checking.

The output totalization of each of the two rotors can also
be averaged together to lessen the effects of each rotor on
accuracy degradation and provide a very reliable and accu-
rate volume totalization.

The tandem rotor module 1s independent of the main rotor
module due to the stator vanes between the two rotors.
Therefore, the two rotors can be repaired and recalibrated
separately by the user 1n the shop at atmospheric conditions

or 1n the field at operating conditions. The main rotor and
tandem rotor module 61, 62 of FIGS. 7A, B can be inter-
changed with other modules without factory recalibration.

In the periodic operating mode, as a field calibrator
module, a stator and rotor arm placed in line with an existing
rotor to check 1ts calibration and operation periodically.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s an exploded perspective view of the prior art.

FIG. 2 1s a schematic view of the two rotors and the stator
vanes portions of the apparatus of the invention.

FIG. 3 1s a schematic view of the two rotors and stator
vanes portion of the apparatus of the mmvention where the
stator vanes and the second rotor are in the same housing.

FIG. 4 1s an exploded perspective view of the apparatus
of the mvention.

FIG. § 1s a schematic of a totalization and self check
method that can be used with the operation of the rotors.

FIG. 5a 1s a schematic of a commercially available
electronic device that can be used with this invention.

FIG. 6 1s a graph of the data collected by the method
shown 1 FIG. 5.

FIGS. 7TA—C are a schematic of a turbine meter showing
the single and double rotor options for Tandem rotor opera-
fion or single rotor operation with possibility of field cali-
bration with field calibrator module.

FIGS. 8A, B are two views of an enlarged sketch of on
embodiment of the instant invention that can replace an
existing single rotor turbine meter dummy housing for field
calibration or for tandem rotor metering.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

At the outset, the 1nvention 1s described 1n its broadest
overall aspects, with a more detailed description following.
The continuous mode apparats of the present invention 1s
comprised of three essential elements, a primary rotor fol-
lowed by a tandem rotor which are separated by a stator, all
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of which are 1n the same meter body. The tandem rotor 1s
close enough to the primary rotor, and the stator 1s designed
such that no temperature and pressure corrections are
required. The stator functions to condition the fluid flow
ahead of the tandem rotor enabling the tandem rotor to
measure the true gas flow 1n the pipeline as opposed to the
cgas flow affected by the primary rotor blades.

The field calibration module unit 1s nothing but, 1n its
simplest terms, a module which includes a stator and a rotor
adapted to be a tandem rotor when coupled to an existing,
single rotor measuring system already in place 1n a pipeline.

The following description will be a description of the
continuous mode apparatus. In accordance with the present
invention, two independent metering rotors 10 and 20,
shown 1n FIGS. 2 and 4 are 1n close proximity of each other
such that no temperature or pressure corrections are needed,
and housed in the same meter body 60 of FIG. 7A and
module housing 24 and 24', but 1solated from the effects of
cach other by flow conditioning stator vanes 28 ahead of the
second 1independent metering rotor 20. The first independent
metering rotor 10 has spaced blades oriented to form a blade
angle 41 with respect to its axis of rotation 33. The second
independent metering rotor 20 may be the same size and
blade pitch as the first or main independent metering rotor
10, or larger or smaller than first rotor; and its blade angle
44 or pitch, with respect to its axis of rotation 33 of said
second 1ndependent metering rotor may be various pitch
angles over a practical range of 1 to 75 degrees either 1n the
same or opposite pitch direction. The second independent
metering rotor 20 rotates 1 the same or opposite direction 32
about the same axis of rotation 33 and registers the same
flow 36 as the first independent metering rotor 10. In
between the first independent metering rotor and the second
independent metering rotor are individual stator vanes 28
which are parallel to the pipeline. The stator vanes act to
direct the flow of fluid coming off the first rotor in a straight
line, parallel to the pipeline, as 1t flows through to the second
rotor. The apparatus of the present invention 1s built and
calibrated as a complete double rotor meter made up of two
individual, independent measuring modules or rotors 10 and
20 and stator vanes 28 all of which fit into the same meter
body and module housings 24 and 24'. Also shown 1n FIG.
2 and 3 1s output means 29 which 1s actuated by the first
independent metering rotor 10. Output means 39 1s actuated
by the second independent metering rotor 20. The two
output means 29 and 39 provide electronic output signals
representative of the gas flow through their respective inde-
pendent metering rotor 10 and 20. Electronic pulse output 1s
available from both rotors necessitating some type of elec-
tronic package. FIG. 5A shows a commercially available
clectronic package which allows the impulses generated by
the 1nstant invention to be read. The applicant 1s not claiming
the electronics shown 1n FIG. SA but 1s including them as an
illustration of an available electronic devices that, with
simple software changes, could be used for the Tandem
Rotor and Field Calibrator Module of the instant invention.

In a continuous operating mode the second independent or
tandem rotor 20 provides an electronic measurement output
which 1s independent from the first or maimn i1ndependent
metering rotor 10. This allows a direct comparison to the
independent output of the first or main independent metering
rotor 10 at line conditions without the need for pressure and
temperature corrections.

Therefore, as depicted in FIG. 5, only simple electronics
38 and 52 are needed for the continuous self-checking and
totalization of the conditions of each mndependent metering
rotor. The second independent metering rotor 20 1s more
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reliable than the first or main independent metering rotor 10
since 1t 1s protected 1n its downstream location and 1t drives
no mechanical output, unlike the first or main 1ndependent
metering rotor 10 which does drive a mechanical output 40
as shown 1n FIGS. 2 and 3. This results 1n the mechanical
curve 42 as shown 1n FIG. 6. The protected nature of the
second mndependent metering rotor 20 also results in a longer
service life.

The second independent metering rotor 20 can run at a
speed equal to, less than or greater than the first or main
independent metering rotor 10, depending upon the pitch of
the blade angle or discrete angle 44, in FIGS. 2 and 3, with
respect to the axis of rotation of the second independent
metering rotor, thus further enhancing its service life. Also,
if desired, the second mdependent metering rotor 20, with-
out mechanical output, could be used as the electronic output
totalization for billing, with the main metering rotor 10
providing mechanical backup and checking.

As depicted 1 FIGS. § and 6, the output totalization 42
and 54 of each of the two independent metering rotors can
also be averaged together to lessen the effects of each rotor
on accuracy degradation and to provide a very reliable
volume totalization 52.

As seen 1n FIG. 2, the tandem rotor 20 1s independent of
the main metering rotor 10 due to the stator vanes 28
between the two rotors. Therefore, the two independent
metering rotors 10 and 20 can be easily replaced and
recalibrated separately by the user 1n the shop at atmospheric
conditions or in the field at operating pressure. In addition,
the main independent metering rotor, module 62 of FIG. 7A
and tandem metering rotor module 61 can be interchanged
with other modules without factory recalibration.

When being used as a field calibrator module, the current
invention allows one to check the accuracy of the main rotor
of a single rotor turbine meter. The accuracy of the meter
being tested can be defined 1n the field at actual operating
conditions, 1.€., piping, pressure, temperature, gas speciiic
oravity, over a broad flow range, without affecting the main
meter rotor performance.

Field calibration allows the user to make on-site repairs or
accuracy adjustments to a working meter. This eliminates
the need for retrieving a spare module from a distant
warchouse and returning the damaged module to the shop
for calibration.

The majority of gas ufilities can only perform shop
calibration at atmospheric conditions, whereas the field
calibrator gives gas utilities high pressure proving capabil-
ity. Field calibration also permits estimated billing adjust-
ments to be made accurately and quickly when a damaged
meter 1s found.

The field calibrator can also be used to simplily in-shop
calibration of turbine meters. No elaborate piping or proving
system 1s required since no pressure and temperature cor-
rection 1s needed. A meter can be tested 1n 1ts own body by
simply 1nstalling the calibration module, attaching an inlet
pipe, and blowing air through the meter.

There 1s shown 1in FIGS. 8A,B two views of an enlarged
sketch of a flow calibration module or tandem rotor metering
module 61 that can replace the dummy housing 63. FIG. 7C,
of a single rotor turbine meter. For a single rotor turbine
meter the dummy housing 1s located 1n the area 65. FIG. 7A,
adjacent to the main meter module 62. For tandem rotor
metering, the flow or calibration module or tandem rotor
metering module 61 1s located 1n the area 65 adjacent to the
main meter module 62. The flow calibration module or
tandem rotor metering module 61 includes a housing 24', a
rotor 20, flow 1solation or conditioning vanes 28 and a pulser

67.
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While the foregoing mvention has been described with
reference to its preferred embodiments, various alterations
and modifications will occur to those skilled 1n the art. All
such alterations and modifications are intended to fall within
the scope of the appended claims.

What 1s claimed 1s:

1. A tflow calibration module, that 1s removably installed
in a [single rotor] turbine flow meter body, for use in
periodic checking of a meter’s flow measuring unit and for
use 1n calibrating the flow measuring unit, the flow calibra-

fion module comprising:
a module housing;

a rotor mounted 1n said module housing so said rotor

rotates about a rotational axis in response to gas passing
therethrough from the meter’s flow measuring unit;

flow conditioning means, disposed within said module
housing upstream of said rotor, for conditioning gas
flow to said rotor, wherein said flow conditioning
means directs the gas flow from the meter’s flow
measuring unit to said rotor 1n a direction substantially
parallel to the rotor’s rotational axis to 1solate said rotor
from the flow measuring unit and wherein the condi-
tioning of the gas has a negligible effect on the tem-
perature and pressure of the gas flowing through the
said flow conditioning means;

output signal means for providing a gas volume output
signal representative of the gas volume flowing through
said rotor; and

wherein said module housing 1s configured so as to permit
installation of said module housing in the meter’s body
downstream of and proximate to the meter’s flow
measuring unit for periodic checking and calibration of
the flow measuring unit, where said module housing 1s
disposed proximate to the meter’s flow measuring unit
so there 1s a negligible difference between the tempera-
ture and pressure of the gas flowing through the meter’s
flow measuring unit and of the gas flowing through said
rotor.

2. The flow calibration module of claim 1, wherein said
flow conditioning means further includes stator vanes for
conditioning the gas flow to said calibration module rotor.

3. The flow calibration module of claim 1, wherein said
flow conditioning means 1s incorporated into said module
housing to form a unitary structure that both conditions gas
flow to and rotatably supports said calibration module rotor.

4. The flow calibration module of claim 2, wherein said
stator vanes are incorporated into said module housing to
form a unitary store that both conditions gas flow to and
rotatably supports said calibration module rotor.

S. The flow calibration module of claim 4, wherein said
calibration module 1s installed in the meter body when the
meter 1s 1n-service so performance checking and calibration
of the meter’s flow measuring unit 1s done under normal gas
transmission line operating conditions.

6. The flow calibration module of claim 3, wherein the
meter’s flow measuring unit further includes a single rotor
rotatably mounted i1n the meter body and wherein said
module housing 1s adapted to be installed 1n the meter body
in close proximity to the measuring unit’s rotor.

7. The flow calibration module of claim 6, wherein said
module housing includes means for coupling the meter’s
flow measuring unit and said module housing, wherein there
1s a negligible difference between the temperature and
pressure of the gas flowing through the measuring unit’s
rotor and of the gas flowing through said calibration module
rotor when said module housing i1s coupled to the meter’s
flow measuring unit.
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8. The flow calibration module of claim 4, wherein a gas
flow measurement inaccuracy 1s associated with the negli-
oible difference between the temperature and pressure of the
gas flowing through the measuring unit’s rotor and of the gas
flowing through said calibration module rotor and the neg-
ligible effect on gas temperature and pressure by said flow
conditioning means and wherein the flow measurement
inaccuracy does not atfect a specified measurement accuracy
for the flow calibration module.

9. The flow calibration module of claim 8, wherein the
flow measurement 1mnaccuracy 1s less than the specified tlow
calibration module’s measurement accuracy.

10. The flow calibration module of claim 8, wherein said
calibration module’s measurement accuracy 1s =1%.

11. The flow calibration module of claim 5 wherein said
calibration module remains 1n-line for periodic checking of
the meter’s flow measuring unit by comparing a gas flow
volume measured by the meter’s measuring unit and a gas
flow volume measured by said calibration module rotor.

12. The flow calibration module of claim 6 wherein said
calibration module rotor includes a plurality of blades each
having a blade angle, said blade angle being 1 (one) to 75
(seventy-five) degrees with respect to said calibration mod-
ule rotor’s axis of rotation.

13. The flow calibration module of claim 6 wherein said
output signal means 1s an electric pulse producing means for
producing pulses commensurate with the amount of rotation
of said calibration module rotor.

14. The flow calibration module of claim 6, wherein said
calibration module 1s installed in the meter body so the
performance checking and calibration of the meter’s flow
measuring unit 1s done under shop testing and calibration
conditions.

15. A rotor turbine flow module that is removably installed
in a turbine flow meter body having a flow measuring unit
including a rotor, the rotor turbine flow module comprising:

a module housing;

a rotor mounted in said module housing so said rotor
rotates about a rotational axis in response fo gas
passing therethrough from the meter’s flow measuring
Unit,

flow conditioning means, disposed within said module
housing upstream of said rotor, for condifioning gas
flow to said rotor, wherein said flow conditioning means
directs the gas flow from the meter’s flow measuring
unit to said rotor in a dirvection substantially parallel to
the rotor’s rotational axis to isolate said rotor from the
flow measuring unit and wherein the conditioning of the
gas has a negligible effect on the temperature and

pressure of the gas flowing through the said flow
conditioning means;

output signal means for providing a gas volume output
signal representative of the gas volume flowing through
said rotor; and

wherein said module housing ts configured so as to permit
installation of said module housing in the meter’s body
downstream of and proximate to the meter’s flow
measuring unit, and wherein said module housing is
disposed proximate to the rotor of the flow measuring
unit so there is a negligible difference between the
temperature and pressure of the gas flowing through the
meter’s flow measuring unit and of the gas flowing
through said rotor.
16. The rotor turbine flow module of claim 15, wherein
said flow conditioning means further includes stator vanes
for conditioning the gas flow to said module rotor
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17. The rotor turbine flow module of claim 16, wherein
said stator vanes are incorporated into said module housing
fo form a unitary structure that both conditions gas flow to
and rotatably supports said modiile rofor.

18. The rotor turbine flow module of claim 17, wherein
said module ts installed in the meter body when the meter is
in-service for operation under normal gas transmission line
operating conditions.

19. The rotor turbine flow module of claim 18, wherein
said module remains in-line for operation.

20. The rotor turbine flow module of claim 17, wherein a
gas flow measurement tnaccuracy is associated with the
negligible difference between the temperaiure and pressure

of the gas flowing through the measuring unit’s rotor and of

the gas flowing through said module rotor and the negligible
effect on gas temperature and pressure by said flow condi-
tioning means and wherein the flow measurement inaccu-
racy does not affect a specified measurement accuracy for
the flow module.

21. The rotor turbine flow moduile of claim 20, wherein the
flow measurement inaccuracy is less than the specified flow
modiile’s measurement accuracy.

22. The rotor turbine flow module of claim 20, wherein
said module’s measurement accuracy is +1%.

23. The rotor turbine flow module of claim 15, wherein
said flow conditioning means is ncorporated infto said
module housing to form a unitary structure that both con-
ditions gas flow to and rotatably supports said modiile rotor.

24. The rotor turbine flow module of claim 23, wherein
satd module housing includes means for coupling the
meter’s flow measuring unit and said module housing,
wherein there 1s a negligible difference between the tem-
perature and pressure of the gas flowing through the mea-
suring unit’s rotor and of the gas flowing through said
modiuile rotor when said module housing is coupled to the
meter’s flow measuring unit.

25. The rotor turbine flow module of claim 23, wherein
said module rotor tncludes a plurality of blades each having
a blade angle, said blade angle being 1 (one) to 75 (seventy-
five) degrees with respect to said modiule rotor’s axis of
rotation.

20. The rotor turbine flow module of claim 23, wherein
said output signal means is an electric pulse producing
means for producing pulses commensurate with the amount
of rotation of said module rotor.

27. The rotor turbine flow module of claim 23, wherein
said module is installed in the meter body.

28. A method of measuring gas flow along a gas flow path
through a meter body comprising:

flowing the gas over an upstream rotor in the meter body
at a first temperature and pressure so as to cause the
upstream rotor to rotate as the gas flows along the gas
flow path;

measuring gas flow correlated to the rotation of the
upstream roror;

flowing the gas over a downstream rotor in the meter body
so as to cause the downstream rotor to rotate as the gas
flows along the gas flow path, the downstream rotor
being rotatable independently of the upstream rotor;

spacing the downstream rotor from the upstream rotor by
a sufficiently small distance that the gas flows over the
downstream rotor at substantially the first temperature
and pressure;

after flowing the gas over the upstream rotor and before
flowing the gas over the downstream rotor, flowing the
gas over stator vanes to decouple the rotors from the
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effects of the gas flowing along the gas flow path such
that rotation of the downstream rotor is independent of
the rotation of the upstream rotor; and

measuring gas flow correlated to the rotation of the
downstream rotor.

29. The method of claim 28 further comprising providing
the upstream rotor with blades at a first pitch whereby to
cause the upstream rotor to rotate in a first direction and at
a first velocity as the gas flows along the gas path, and
providing the downstream rotor with blades at a second
pitch whereby to cause the downstream rotor to rotate in a
second direction and at a second velocity as the gas flows
along the gas flow path.

30. The method of claim 29 further comprising orienting
the blades of the rotors such that the first direction equals
the second direction whereby the rotors both rotate in the
same direction as the gas flows along the gas flow path.

31. The method of claim 29 further comprising orieniing
the blades of the rotors such that the first direction and
second direction are opposite whereby the rotors rotate in
oppostte directions as the gas flows along the gas flow path.

32. The method of claim 29 further comprising orieniing
the blades of the rotors such that the first velocity is equal
to the second velocity.

33. The method of claim 29 further comprising orieniing
the blades of the rotors such that the first velocity is not
equal to the second velocity.

34. A tandem rotor turbine meter for measuring flow of
gas comprising:

a meter body having an inlet end through which said gas
flows nto the meter body and an outlet end through
which said gas flows out of the meter body, the meter
body defining a gas flow path between the inlet and
outlet ends;

an upstream rotor in the meter body communicating to the
inlet end and having blades in the gas flow path at a
first pitch so as to cause the upstream rotor o rotate as
said gas flows along the gas flow path, wherein said gas
flowing over the blades of the upstream rotor is at a first
femperature and a first pressure;

a first measuring device coupled to the upstream rotor for
measuring gas flow correlated to the rotation of the
upstream rotor;

a downstream rotor in the meter body communicating to
the outlet end and having blades in the gas flow path at
a second pitch so as to cause the downstream rotor (o
rotate as said gas flows along the gas flow path, the
downstream rotor being rotatable independently of the
upstream rotor, the downstream rotor being spaced
from the upstream rotor;

a second measuring device coupled to the downstream

rotor for measuring gas flow correlated to the rotation
of the downstream rotor; and

a plurality of elongated stator vanes interposed along the
gas flow path between the upstream and downstream
rotors, the stator vanes having a length sufficient to
decouple the blades of the rotors from the effects of said
gas flowing along the gas flow path while spacing
between the rotors is small enough such that said gas
flowing over the blades of the downstream rotor is at
substantially the first temperature and the first pres-
sure.

35. The meter of claim 34 wherein the first pitch causes

the upstream rotor to rotate in a first direction as said gas

flows along the gas flow path and the second pitch causes the

downstream rotor to rotate in a second direction as said gas
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flows along the gas flow path, the first direction being equal
to the second direction whereby the rotors both rotate in the
same direction as said gas flows along the gas flow path.

36. The meter of claim 34 wherein the first piich causes
the upstream rotor to rotate in a first direction as said gas
flows along the gas flow path and the second pitch causes the
downstream rotor to rotate in a second direction as said gas
flows along the gas flow path, the first direction being
opposite to the second direction whereby the rotors rotate in
opposite directions as said gas flows along the gas flow path.

37. The meter of claim 34 wherein the first pitch causes
the upstream rotor to rotate at a first velocity as said gas
flows along the gas flow path and the second pitch causes the
downstream rotor to rotate at a second velocity as said gas
flows along the gas flow path, the first velocity being equal
to the second velocity.

38. The meter of claim 34 wherein the first pitch causes
the upstream rotor to rotate at a first velocity as said gas
flows along the gas flow path and the second pitch causes the
downstream rotor to rotate at a second velocity as said gas
flows along the gas flow path, the first velocity being unequal
to the second velocity.

39. The meter of claim 34 wherein the second piich
corresponds to a blade angle of between one and 75 degrees.

40. A gas flow meter system comprising:

a meter body having a gas flow path therethrough between
an inlet end and an outlet end;

a first rotor assembly in the meter body alone the gas flow
path whereby to define an area between the first rotor
assembly and the outlet end; and

a removable dummy housing in the area whereby a second
rotor assembly may subsequently be inserted into the
area n place of the dummy housing.
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41. The gas flow meter system of claim 40 wherein the first
rotor assembly is spaced adjacent to the inlet end.

42. The gas flow meter system of claim 40 wherein the
dummy housing is spaced adjacent the outlet end.

43. A method of gas flow metering comprising:

flowing gas through a meter body having a gas flow path
therethrough;

flowing gas through a first rotor assembly in the meter
body along the gas flow path followed by flowing said
gas through a dummy housing in the meter body along
the gas flow path;

subsequently replacing the dummy housing with a second
rotor assembly; and then

flowing gas through the first rotor assembly in the meter
body along the gas flow path followed by flowing said
gas through the second rotor assembly in the meter
body along the gas flow path.

44. A method of modifying a gas flow meter system

COMPIISING.

providing a meter body having a gas flow path there-

through;

providing a first rotor assembly in the meter body along
the gas flow path;

providing a dummy housing in the meter body along the
gas glow path; and

subsequently replacing the dummy housing with a second
rotor assembly along the gas flow path.
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