
VIBRATORY FLOW METER AND METHOD FOR DETERMINING
VISCOSITY IN A FLOW MATERIAL Background of the
Invention . Field of the Invention The present
invention relates to a vibratory flow meter, and more
particularly, to a vibratory flow meter and method for
determining viscosity in a flow material. 2. Statement
of the Problem Flow meters are widely used to measure
the characteristics of flowing fluids, including gases
and liquids. The characteristics can include a mass
flow rate and a density, for example. The
characteristics can further include a viscosity of the
flow fluid. Viscosity is commonly defined as a measure
of the resistance of a fluid to deformation under a
shear stress. It can also be thought of as a
resistance to flow or a fluid friction. A viscosity
measurement may be needed in many situations. A
viscosity measurement may be needed when the end
product is desired to have a predetermined viscosity.
Examples are motor oils and other lubricants, where
the viscosity of a produced or refined petroleum
product may be required to fall within a predefined
viscosity range. A viscosity measurement may be needed
or required in the production of syrups and other food
products. A viscosity may be needed in order to
control or characterize an industrial process.
Viscometers exist. One type of viscometer is a
rotation viscometer, wherein a body of some sort is
rotated in a fluid. The force required to perform the
rotation is measured and is used to derive the
viscosity measurement. The rotation viscometer has
drawbacks, however. Foremost is that the fluid sample
must be removed from the process pipeline in order to
measure its viscosity. Also, various fluids may
exhibit a great range in viscosity - as much as four
orders of magnitude in some cases. Therefore, a
rotation viscometer may perform well at some
viscosities but may not be best suited for measuring
viscosity of certain fluids and may not perform well
at higher or lower viscosities. A rotation viscometer
may present problems in applications where the device
needs to be cleaned and cannot retain the flow
material, such as in the food industry or in the
chemical or 



semiconductor industries.Coriolis meters and vibratory
densimeters operate by vibrating one or more flowtubes
that are conducting a flow material. Such vibratory
flow meters advantageously do not restrict a flow
during operation. In addition, such vibratory flow
meters comprise essentially smooth and uninterrupted
conduits that are easy to empty and easy to clean.
This offers advantages in many flow measuring
environments. Summary of the Solution A vibratory flow
meter for determining a viscosity of a flow material
is provided according to an embodiment of the
invention. The vibratory flow meter comprises a meter
assembly configured to generate a density (p) of a
flow material, generate a first mass flow rate (mt )
for a first flowtube, and a second mass flow rate (m2)
for a second flowtube. The vibratory flow meter
further comprises a restrictive orifice located in the
first flowtube. The restrictive orifice ensures that a
first flow rate of the flow material in the first
flowtube is less than a second flow rate of the flow
material in the second flowtube. A vibratory flow
meter for determining a viscosity of a flow material
is provided according to an embodiment of the
invention. The vibratory flow meter comprises a first
flowtube receiving a first portion of a flow material
as a first flow, a second flowtube receiving a second
portion of the flow material as a second flow, and a
common driver that is configured to substantially
simultaneously vibrate the first flowtube and the
second flowtube. The vibratory flow meter further
comprises three pickoff sensors configured to generate
a first vibrational response from the first flowtube
and a second vibrational response from the second
flowtube. One of the three pickoff sensors is shared
between the first flowtube and the second flowtube.
The vibratory flow meter further comprises a
restrictive orifice located in the first flowtube. The
restrictive orifice is smaller than a local flowtube
diameter and the restrictive orifice ensures that the
first flow is different from the second flow. A
vibratory flow meter for determining a viscosity of a
flow material is provided according to an embodiment
of the invention. The vibratory flow meter comprises a
first flowtube receiving a first portion of a flow
material as a first flow, a second flowtube receiving
a second portion of the flow material as a second
flow, and a common driver 



configured to substantially simultaneously vibrate the
first flowtube and the second flowtube. The vibratory
flow meter further comprises three or more pickoff
sensors configured to generate a first vibrational
response from the first flowtube and a second
vibrational response from the second flowtube. The
vibratory flow meter further comprisesa removable
orifice member located in the first flowtube and
including a restrictive orifice. The restrictive
orifice is smaller than a local flowtube diameter and
the restrictive orifice ensures that the first flow is
different from the second flow. A vibratory flow meter
for determining a viscosity of a flow material is
provided according to an embodiment of the invention.
The vibratory flow meter comprises a first flowtube
receiving a first portion of a flow material as a
first flow, a second flowtube receiving a second
portion of the flow material as a second flow, and a
common driver configured to substantially
simultaneously vibrate the first flowtube and the
second flowtube. The vibratory flow meter further
comprises three or more pickoff sensors configured to
generate a first vibrational response from the first
flowtube and a second vibrational response from the
second flowtube. The vibratory flow meter further
comprises a controllable orifice member that provides
an adjustable restrictive orifice in communication
with the first flowtube. The adjustable restrictive
orifice is smaller than a local flowtube diameter and
the controllable orifice member therefore ensures that
the first flow is different from the second flow. The
controllable orifice member is controllable to achieve
a plurality of orifice configurations. A method of
determining a viscosity of a flow material in a
vibratory flow meter is provided according to an
embodiment of the invention. The method comprises
partially restricting a first flowtube with a
restrictive orifice. The first flowtube conducts a
first flow of a flow material and the second flowtube
conducts a second flow of the flow material. The
second flow is different from the first flow. The
method further comprises vibrating a first flowtube of
the vibratory flow meter with a driver and generating
a first vibrational response and substantially
simultaneously vibrating a second flowtube of the
vibratory flow meter with the driver and generating a
second vibrational response. The method further
comprises determining a viscosity of the flow material
from the first vibrational response and the second
vibrational response. 



ASPECTS In one aspect of the vibratory flow meter, the
restrictive orifice is selected for a predetermined
flow material viscosity range. In another aspect of
the vibratory flow meter, the vibratory flow meter
comprises a viscometer. In yet another aspect of the
vibratory flow meter, the flow meter further comprises
a second restrictive orifice located in the second
flowtube, with the second restrictive orifice being
different from the restrictive orifice.Tn yet another
aspect of the vibratory flow meter, the flow meter
further comprises meter electronics coupled to the
meter assembly and configured to receive a first
vibrational response from the first flowtube, receive
a second vibrational response from the second
flowtube, and determine the flow material density (p),
the first mass flow rate (m, ), and the second mass
flow rate (m2) from the first vibrational response and
the second vibrational response. Tn yet another aspect
of the vibratory flow meter, the flow meter further
comprises determining the viscosity of the flow
material from the flow material density (p), the first
mass flow rate ( 1) of the first flow, and the second
mass flow rate ( 2) of the second flow. In yet another
aspect of the vibratory flow meter, the restrictive
orifice is substantially fixed in the meter assembly.
In yet another aspect of the vibratory flow meter, the
restrictive orifice is formed in a removable orifice
member. In yet another aspect of the vibratory flow
meter, the restrictive orifice comprises an adjustable
restrictive orifice of a controllable orifice member.
In yet another aspect of the vibratory flow meter, the
meter assembly comprises three or more pickoff sensors
configured to generate a first vibrational response
from the first flowtube and a second vibrational
response from the second flowtube. In yet another
aspect of the vibratory flow meter, the meter assembly
comprises three pickoff sensors configured to generate
a first vibrational response from the first flowtube
and a second vibrational response from the second
flowtube, wherein one of the 



three pickoff sensors is shared between the first
flowtube and the second flowtube. In yet another
aspect of the vibratory flow meter, the flow meter
further comprises meter electronics coupled to the
three pickoff sensors and configured to receive the
first vibrational response from the first flowtube,
receive the second vibrational response from the
second flowtube, and determine a viscosity of the flow
material from the first vibrational response and the
second vibrational response. In yet another aspect of
the vibratory flow meter, the flow meter further
comprises meter electronics coupled to the three or
more pickoff sensors and configured to receive the
first vibrational response from the first flowtube,
receive the second vibrational response from the
second flowtube, and determine a viscosity of the flow
material from the first vibrational response and the
second vibrational response.Tn yet another aspect of
the vibratory flow meter, one of the three or more
pickoff sensors is shared between the first flowtube
and the second flowtube. In yet another aspect of the
vibratory flow meter, the flow meter further comprises
a second controllable orifice member in communication
with the second flowtube and including a second
adjustable restrictive orifice, with the second
adjustable restrictive orifice being different from
the adjustable restrictive orifice. In one aspect of
the method, the vibratory flow meter includes a
restrictive orifice located in the first flowtube that
is smaller than a local flowtube diameter and with the
restrictive orifice ensuring that the first flow is
different from the second flow. In another aspect of
the method, the restrictive orifice is selected for a
predetermined flow material viscosity range. In yet
another aspect of the method, the vibratory flow meter
comprises a viscometer. In yet another aspect of the
method, the method further comprises a second
restrictive orifice located in the second flowtube,
with the second restrictive orifice being different
from the restrictive orifice. In yet another aspect of
the method, determining the viscosity of the flow
material from the first vibrational response and the
second vibrational response comprises determining the
viscosity from a flow material density (p), a first
mass flow rate ( /M1) of the 



first flow, and the second mass flow rate ( /M2) of
the second flow. In yet another aspect of the method,
the restrictive orifice is substantially fixed in the
meter assembly. In yet another aspect of the method,
the restrictive orifice is formed in a removable
orifice member. In yet another aspect of the method,
the restrictive orifice comprises an adjustable
restrictive orifice of a controllable orifice member.
In yet another aspect of the method, the vibratory
flow meter comprises three or more pickoff sensors
configured to generate the first vibrational response
and the second vibrational response, wherein one of
the three or more pickoff sensors is shared between
the first flowtube and the second flowtube.Description
of the Drawings FIG. 1 shows a Coriolis flow meter
comprising a meter assembly and meter electronics.
FIG. 2 shows a vibratory flow meter according to an
embodiment of the invention. FlG. 3 is a flowchart of
a method of determining a viscosity of a flow material
in a vibratory flow meter according to an embodiment
of the invention. FIG. 4 shows the vibratory flow
meter according to an embodiment of the invention.
FIG. 5 shows the vibratory flow meter according to an
embodiment of the invention. FIG. 6 shows a portion of
a flowtubc according to an embodiment of the
invention. FIG. 7 shows the output manifold according
to an embodiment of the invention. FIG. 8 shows a
portion of the flow meter according to an embodiment
of the invention. FIG. 9 shows the vibratory flow
meter according to an embodiment of the invention.
FIG. 10 shows a straight tube vibratory flow meter
according to an embodiment of the invention. Detailed
Description of the Invention FIGS. 1-10 and the
following description depict specific examples to
teach those skilled in the art how to make and use the
best mode of the invention. For the purpose of
teaching inventive principles, some conventional
aspects have been simplified or omitted. 



Those skilled in the art will appreciate variations
from these examples that fall within the scope of the
invention. Those skilled in the art will appreciate
that the features described below can be combined in
various ways to form multiple variations of the
invention. As a result, the invention is not limited
to the specific examples described below, but only by
the claims and their equivalents. FIG. 1 illustrates a
flow meter 5 comprising a flow meter assembly 10 and
meter electronics 20. Meter electronics 20 is
connected to meter assembly 10 via leads 100 to
provide density, mass flow rate, volume flow rate,
totalized mass flow, temperature, and other
information over path 26. It should be apparent to
those skilled in the art that the present invention
can be used in any type of Coriolis flow meter
regardless of the number of drivers, pick-off sensors,
flow conduits, or the operating mode of vibration. In
addition, it should be recognized that the flow meter
5 can alternatively comprise a vibratory
densitometer.Flow meter assembly 10 includes a pair of
pipeline flanges 101 and 101', manifolds 102 and 102',
driver 104, pick-off sensors 105-105', and flow
conduits 103A and 103B. Driver 104 and pick-off
sensors 105 and 105' are connected to flow conduits
103A and 103B. Pipeline flanges 101 and 101' are
affixed to manifolds 102 and 102'. Manifolds 102 and
102' can be affixed to opposite ends of a spacer 106.
Spacer 106 maintains the spacing between manifolds 102
and 102' to prevent undesired stresses in flow
conduits 103A and 103B due to pipeline forces. When
flow meter assembly 10 is inserted into a conduit
system (not shown) which carries the material being
measured, material enters flow meter assembly 10
through the pipeline flange 101, passes through inlet
manifold 102 where the total amount of material is
directed to enter flow conduits 103A and 103B, flows
through flow conduits 103A and 103B and back into
outlet manifold 102' where it exits meter assembly 10
through the pipeline flange 101'. Flow conduits 103A
and 103B are selected and appropriately mounted to
inlet manifold 102 and outlet manifold 102' so as to
have substantially the same mass distribution, moments
of inertia, and elastic modules about bending axes
W--W and W-W respectively. The flow conduits extend
outwardly from the manifolds in an essentially 



parallel fashion. Flow conduits 103A and 103B are
driven by driver 104 in opposite directions about
their respective bending axes W and W and at what is
termed the first out of phase bending mode of the flow
meter. Driver 104 may comprise one of many well known
arrangements, such as a magnet mounted to flow conduit
103A and an opposing coil mounted to flow conduit
103B. An alternating current is passed through the
opposing coil to cause both conduits to oscillate. A
suitable drive signal is applied by meter electronics
20, via lead 110 to driver 104. Meter electronics 20
receives sensor signals on leads 111 and 111',
respectively. Meter electronics 20 produces a drive
signal on lead 110 which causes driver 104 to
oscillate flow conduits 103A and 103B. Meter
electronics 20 processes left and right velocity
signals from pick-off sensors 105 and 105' in order to
compute a mass flow rate. Path 26 provides an input
and an output means that allows meter electronics 20
to interface with an operator or with other electronic
systems. The description of FIG. 1 is provided merely
as an example of the operation of a Coriolis flow
meter and is not intended to limit the teaching of the
present invention.FTG. 2 shows a meter assembly 200
according to an embodiment of the invention. The meter
assembly 200 can replace the meter assembly 10 of FIG.
1 in the vibratory flow meter 5, wherein the meter
assembly 200 can be connected to the meter electronics
20. The flow meter 5 including the meter assembly 200
comprises a viscometer that provides a viscosity
determination for a flow material. However, it should
be understood that the flow meter 5 can additionally
provide mass flow measurements, including mass flow
measurements through individual flowtubes ( 1 and th2)
and a density measurement (p) of the flow material. As
a result, the flow meter 5 can additionally comprise a
vibrating densitometer and/or a Coriolis flow meter.
Other additional flow measurements can be generated
and arc within the scope of the description and
claims. The meter electronics 20 in one embodiment is
configured to vibrate the first flowtube 210a
conducting a first flow and vibrate a second flowtube
210b conducting a second flow, with the vibrating
being performed by the common driver 216. The meter
electronics 20 further receives a first vibrational
response from the first flowtube 210a, 



receives a second vibrational response from the second
flowtube 2 10b, and determines a viscosity from the
first vibrational response and the second vibrational
response. In addition, the meter electronics 20 may
further determine mass flow rates and a density of the
first flow and the second flow. The viscosity can
therefore be determined from a first mass flow rate (
/ ,) of the first flowtube 210a, a second mass flow
rate (m2) of the second flowtube 210b, and the flow
material density (p). One common problem in measuring
viscosity arises from the great range in viscosity of
fluids. The viscosity can vary by as much as four
orders of magnitude. The flow fluid has to flow
through the meter at a high enough rate that the meter
can accurately measure the fluid, and yet at a low
enough rate that the pressure drop through the meter
is not excessive. In some embodiments, the first flow
and the second flow are in a substantially laminar
flow regime. A flow material of a relatively high
viscosity will possess a laminar flow during low fluid
flow. As a result, the flow material in the flowtubes
is substantially smooth and undisturbed and the
pressure drop is high. For laminar flow, the
restrictive orifice may need to be significantly
smaller than a local flowtube size so as to have a
high enough pressure drop to cause a significant
difference in flow rates.Tn other embodiments, the
first flow and the second flow are in a substantially
turbulent flow regime. A low viscosity flow material
will exhibit a turbulent flow at a measurable flow
rate, such as at a relatively high flow rate and under
a relatively low pressure. As a result, the flow
material in the first flowtube and in the second
flowtube will have a relatively low pressure drop even
without the presence of a restrictive orifice. For
turbulent flow, the restrictive orifice will need to
be only slightly smaller than the local flowtube size.
Unfortunately, the pressure drop equations for the
laminar and turbulent flow regimes arc different.
Therefore, an optimal flow rcstrictor for the laminar
flow regime is not optimal for the turbulent flow
regime. Therefore, it has been problematic to design a
viscosity measuring meter that can accommodate both
low and high viscosity fluids and fluids in between.
The solution to the problem is to optimize the set of
parameters separately for each 



flow regime and have an appropriate flow restrictor
for a desired viscosity or viscosity range. The
solution can include employing a removable orifice
member. As a result, an appropriate restrictive
orifice can be selected through the selection of a
removable orifice member and can be used to configure
the flow meter. The flow restrictor provides an
additional pressure drop in the flow path. The
pressure drop is proportional to the dissipated
kinetic energy of the fluid. A restrictive orifice of
smaller diameter/size than the corresponding flowtube
causes the fluid velocity to increase. The excess
velocity is dissipated downstream as turbulence. The
pressure drop caused by this energy dissipation is the
only pressure drop term in the pressure equation that
is independent of viscosity. Without this term (using,
for example, a venturi instead of an orifice),
viscosity cancels out of the pressure equations. As a
result, the flow ratio in a meter with a venturi in
one flow tube as the flow restricting device is
independent of viscosity and cannot be used to
determine viscosity. The meter assembly 200 includes a
first flowtube 210a and a second flowtube 210b. The
first and second flowtubes 201a and 210b in this
embodiment originate from a common inlet 212 and have
independent first and second outlets 213a and 213b.
The two flowtubes 210a and 210b can include flanges at
the intake end (see FIGS. 9-11). The two flowtubes
210a and 210b include flanges 244a and 244b at the
outlet end. The meter assembly 200 can alternatively
receive separate input flows and does not require an
input manifold that splits an input into two streams.
However, in order to determine viscosity, the flow
material in the conduits must be the same and must be
provided at the same pressure at the inlet.Likewise,
the output of the meter assembly 200 can comprise a
combined flow stream or can comprise two independent
flow streams that have the same pressures at the
outlet. In one embodiment, the flowtubes 210a and 210b
comprise substantially U-shaped flowtubes, as shown.
Alternatively, in an embodiment shown in FIG. 10 and
discussed below, the flowtubes 210a and 210b can
comprise substantially straight flowtubes. However,
other shapes can also be used, and are within the
scope of the description and claims. A common driver
216 is located between the first flowtube 210a and the
second flowtubc 210b. The common driver 216 is
configured to simultaneously vibrate the first 



and second flowtubes 210a and 210b. The meter assembly
200 can include three or four pickoff sensors 218. The
pickoff sensors 218 are coupled to the meter
electronics 20 by the leads 100 (not shown).
Consequently, the vibrational responses from the
pickoff sensors are received and processed by the
meter electronics 20. In a first embodiment, a shared
pickoff sensor 218 is located between the first
flowtube 210a and the second flowtube 210b. The shared
pickoff sensor 218 is configured to generate a shared
vibrational response from vibration of both the first
flowtube 210a and the second flowtube 2 10b. The
shared pickoff sensor 218 can comprise either an
upstream pickoff sensor or a downstream pickoff
sensor. A first independent pickoff sensor 218'a is
coupled to the first flowtube 210a and is configured
to generate a first independent vibrational response
from vibration of the first flowtube 210a. A second
independent pickoff sensor 218'b is coupled to the
second flowtube 210b and is configured to generate a
second independent vibrational response from vibration
of the second flowtube 210b. The first and second
independent pickoff sensors 218'a and 218'b can be
supported by any manner of rigid support structure
(not shown), wherein the first and second independent
pickoff sensors 218'a and 218'b arc held in a fixed
position by the support structure and measure motion
of the vibration of the corresponding flowtubes. Each
of the independent pickoff sensors 218'a and 218'b
therefore generates a vibrational response for a
single flowtube, independent of the other flowtube
(and independent of the other flow stream). The meter
assembly 200 includes a restrictive orifice 252
located in the first flowtube 210a. In the embodiment
shown in the figure, the restrictive orifice 252 is
implemented in and provided by a removable orifice
member 250 (see also FIGS. 4-5). However, the meter
assembly 200 can alternatively employ a restrictive
orifice 252 that issubstantially fixed in a flowtube 2
10 (see FTG. 6 and the accompanying text) or can
employ a controllable orifice member 290 (see FIGS.
7-8 and the accompanying text). The figure shows a
removable orifice member 250 including the restrictive
orifice 252. The restrictive orifice 252 is positioned
between the flow passage of the first flowtube 210a
and the corresponding flow passage of the output
manifold 280a. The removable 



orifice member 250 can be clamped, trapped, or
otherwise held between an outlet flange 244 and the
output manifold 280. Although the restrictive orifice
252 is shown at an outlet of a flowtube, it should be
understood that the restrictive orifice 252 can be
positioned at any point in a flowtube wherein the
restrictive orifice 252 reduces the flow rate in the
affected flowtube. Only one output manifold 280 is
shown, but it should be understood that both flanges
244a and 244b can attach to one or more respective
output manifolds as long as the meter assembly 200
maintains, in the two manifolds, substantially equal
upstream pressures and downstream pressures.
Alternatively, the removable orifice member 250 can be
received in any manner of receptacle, socket, etc. The
restrictive orifice 252 can be of a predetermined size
and can be of a predetermined shape. The difference in
size can be selected according to characteristics of
the flow material, including the viscosity of the flow
material. The restrictive orifice 252 can be selected
for a predetermined flow material viscosity range. The
restrictive orifice 252 is smaller in size than a
local flowtube diameter (see dashed line). The
restrictive orifice 252 therefore restricts flow in
the first flowtube 210a and makes the flow rate of the
first flow in the first flowtube 210a less than the
flow rate of the second flow in the second flowtube
210b. The restrictive orifice 252 causes a loss of
kinetic energy in the first flowtube 210a. The lost
kinetic energy comprises turbulence in the flow. The
kinetic energy is not recovered, as is true of a
vcnturi. The term vcnturi as used herein may be
defined as a section of a flow channel which contains
a reduction in flow area followed by a gradual
increase in flow area such that most of the total
fluid pressure is conserved, wherein the static fluid
pressure is converted to dynamic pressure and then
back to static pressure. The basic equation for
pressure loss (DP) through an orifice comprises:Where
DP is the change i pressure due to the orifice, K is
the kinetic energy dissipation coefficient, p is the
density of the flow fluid, Vi is the flow velocity in
the first flowtube 210a, and Vois the flow velocity
through the orifice. The above equation represents a
total pressure drop due to the kinetic energy that is
dissipated through (and after) the orifice. It should
be noted that the dissipation coefficient 



(K) is a function of the orifice diameter ratio (b) .
The orifice diameter ratio (b) comprises a ratio of
the orifice diameter (do) to the tube diameter (di) of
the first flowtube 210a. K = 1-0.24/? - .52 2 - Lbb
(2) The basic equation for pressure drop in a flow
tube can be determined by the Darcy formula: Where (f)
is the friction factor of the pipe, (/) is the length
of the tube, and (d) is the tube diameter. For a
laminar fluid flow, the friction factor (f) can be
expressed as: f _ 4 - i Jlam ~ Re ~ pVd ((A4)S Where
(Re) is the Reynolds number and (m) is the fluid
viscosity. Therefore, the pressure drop (DP) in a tube
for laminar flow comprises: For a turbulent fluid
flow, the pressure drop (DP) can again be expressed by
the Darcy formula: But for turbulent flow, the
friction factor (f) has the form: This turns the Darcy
formula into: I d 4Because the two flow paths through
the meter assembly 200 come from a common upstream
pressure andjoin at a common downstream pressure, the
pressure drops through the two flow paths have to be
equal. Thus, a second flowtube pressure drop (DP2) can
be assumed to be equal to a first flowtube pressure
drop (DPi). The flow rates through the two flowtubes
210a and 210b are not equal, however, because one
flowtube contains the restrictive orifice 252. P1 =
DP2 (9) Consequently, equation (9) can be transformed
into a laminar flow regime viscosity equation
comprising: m, J ! L)x [YLzIL) (10) The flow velocity
terms can be derived from the mass flow rate and
density measurements obtained by the meter assembly
200, where: m 2 = p A 2V2 (12) 



The term (A) is the cross-sectional flow area of the
flowtube. Consequently, the velocity Vi of the flow
material in the first flowtube 210a comprises: 1= -
(13) The velocity V2 in the second flowtube 210b
comprises: V2 - (14) rA 2 It should be understood that
the flow velocity through the restrictive orifice 252,
i.e., Vo, comprises: Where di is the diameter of the
first flowtube 210a and do is the diameter of the
restrictive orifice 252. In this example, the
restrictive orifice 252 is located in the first
flowtube 210a. Likewise, equation (9) can be
transformed into a turbulent flow regime viscosity
equation comprising:Mturb (16) Equation (16), along
with equations (13-15) above, can be used in order to
derive the viscosity in the turbulent flow regime from
the measured values of the first mass flow rate ( 1),
the second mass flow rate (m2), and the flow material
density (p). In the embodiment shown, the first
vibrational response comprises the shared vibrational
response from the shared pickoff sensor 218 and the
first independent vibrational response from the first
independent pickoff sensor 2 18'a. A first flowtube
time delay (Dti) comprises a phase difference between
the shared vibrational response and the first
independent vibrational response. The second
vibrational response comprises the shared vibrational
response and the second independent vibrational
response from the second independent pickoff sensor
218'b. A second flowtube time delay (Dt2) comprises a
phase difference between the shared vibrational
response and the second independent vibrational
response. A time delay (Dt) therefore reflects a phase
difference between an upstream vibrational response
and a downstream vibrational response of a flowtube.
The first flowtube time delay (Dti) and the second
flowtube time delay (Dt2) can be used by the meter
electronics 20 to determine various flow stream
characteristics for the meter assembly 200. For
example, the first flowtube time delay (Dti) and the
second flowtube time delay 



(Dt2) can be used to determine first and second mass
flow rates ( Tn 1) and (W2). The natural frequency of
the vibrating tubes can also be processed in order to
generate a density measurement (p). The first flow
stream of the meter assembly 200 must differ from the
second flow stream. As a result, the first mass flow
rate ( Th 1) can be restricted to be less than the
second mass flow rate (/W 2) - Consequently, the flow
through each flowtube can be measured independently of
the flow through the other conduit. In one embodiment,
the flowtubes 210a and 210b comprise substantially
U-shaped flowtubes, as shown. Alternatively, the
flowtubes 210a and 210b can comprise substantially
straight flowtubes (see FIG. 10). However, other
shapes can also be used, and arc within the scope of
the description and claims.The figure shows an
optional second removable orifice member 250b (dashed
lines). The second removable orifice member 250b can
include a second restrictive orifice 252b. The second
restrictive orifice 252b in the embodiment shown is
approximately the same size as the second flowtube
210b. This can be done to maintain a uniform spacing
between the meter assembly 200 and an output manifold
280, for example. Alternatively, the second removable
orifice member 250b can comprise one component that
includes both the restrictive orifice 252 and the
second restrictive orifice 252b. It should be
understood that the second restrictive orifice 252b
can be smaller than the second flowtube 210b. However,
the second restrictive orifice 252b cannot generate a
second mass flow rate (m2) that is equal to the first
mass flow rate (m ). Consequently, the second
restrictive orifice 252b must be different from the
restrictive orifice 252. By proper selection of the
removable orifice plate 250, the meter assembly 200
can be configured according to a desired flow
material. For example, if the flow material has a
relatively low viscosity, i.e., the flow material has
a low resistance to flow, then the restrictive orifice
252 is chosen to be relatively similar in size with
regard to the inner diameter of the flowtube and the
meter assembly 200 is operated in the turbulent flow
regime. Correspondingly, if the viscosity is high,
i.e., the flow material has a high resistance to flow,
then the restrictive orifice 252 can be chosen to be
relatively small in size (i.e., a large change in
diameter) compared to the inner diameter of the
flowtube as a large 



change in flow rate through the restrictive orifice
252 will be needed in order to create the desired
kinetic energy loss. The meter assembly 200 can
measure a first mass flow rate ( 1) for the first
flowtube 21Oa and can independently measure a second
mass flow rate ( th2) for the second flowtube 210b.
The meter assembly 200 takes advantage of the
phase-locked loop of a drive algorithm. The drive
algorithm can lock the phase between one of the
pickoff sensors and the drive signal, using the
phase-locked loop configuration. Conveniently, the
shared pickoff sensor 218 can be locked to the drive
signal for simplicity. By taking advantage of this
locking feature in the pickoff sensor arrangement, it
is possible to have a single pickoff sensor locked in
phase to the drive signal and have two independent
pickoff sensors, allowing two independent vibrational
responses. The time delay (Dt) is measured between the
locked pickoff sensor and each of the two independent
pickoff sensors. In addition, the locked pickoff
sensor can also comprise a reference feedback signal
that is further used for generating the drive
signal.Although the flow through each flowtube is
independent, the measurement of mass flow in one
flowtube is not independent of the flow through the
other conduit. A flow through one conduit induces a
phase in the other conduit. Because of this linkage, a
new mass flow equation is used for the two flowtubes
of the three pickoff sensor meter assembly 200
according to the invention. The new dual flowtube
equations are based on the time delay experienced by
both flowtubes 210a and 210b (i.e., Dt i and Dt2). In
a traditional dual tube Coriolis flow meter, a phase
is measured between two flowtubes and a phase
difference is calculated between inlet side pickoffs
and outlet side pickoffs of the meter. This phase
difference is converted into a single time delay (Dt)
and is used to determine a flow amount (such as a mass
flow rate m , for example), by employing the equation:
m =FCF x (At - Dtz) *(l - Tc x T) (17) The T and T
terms represent calibration and ambient temperature
measurements, respectively. In this equation, a single
measurement of time delay (Dt) can be used to measure
flow. The time delay (Dt) is adjusted by a time delay
at zero (Dtz). The time delay at zero (Dtz) comprises
a calibration factor that is determined under no-flow
conditions. 



However, this traditional mass flow rate equation is
not adequate for the two independent flowtubes of the
three pickoff sensor meter assembly 200. The reason is
that in the dual flowtubes of the invention, the flow
induces some phase in both flowtubes. This is true
even when there is flow in only one of the two
flowtubes. In the traditional flow meter, because a
common flow passes through both flowtubes, the induced
phase is identical in each conduit. As a result, the
induced phase does not appear as a phase difference
between the two conduits and is not a factor in
calculating a result. Therefore, a single time delay
can be used in the prior art in order to determine a
flow rate in a traditional flow meter. In contrast, in
the invention the first and second flow streams are
independent. As a consequence, phase induced by the
two flows may differ between the two flowtubes.
Therefore, a mass flow rate equation based on a single
time delay cannot be employed. Flow in the three
pickoff sensor meter assembly 200 induces phase in
both flowtubes 210a and 210b, even though flow may
only exist in one of the flowtubes. The two induced
phases may differ. As a result, two time delay
measurements are required from each flowtube in order
to measure flow. The flow measurement can be for one
or two flows. One illustration of this measurement
scheme can be illustrated with the following
equations:/H1 = FCFn (Atn - Atzn x (1 - c1 x Tm1) +
FCF12 (At12 - Atz ) x (1 - Tc2 x Tm2) (18) /H2 = FCF22
(At22 - AZz22 ) x (1 - Tc2 x T 2) + FCF 2 1 (At 2 - At
2 ) x (1 - 7c, x 7 1) (19) where the subscript 1
refers to the first flowtube 210a and the subscript 2
refers to the second flowtube 210b. The second term in
equations (18) and (19) (i.e., for the "2" of the
FCF12 term, for example) is required due to the fact
that flow through one flow tube induces a phase in the
other tube. Equations (18) and (19) can be used in the
meter electronics 20 



for determining mass flow rates in both flowtubes 2
1Oa and 2 10b. Hereinafter, for time delay values of
the form (At ), the superscript A denotes which
flowtube is conducting the flow. If flow is being
conducted through the second flowtube 210b, then the
time delay value will be of the form (AtI). he
subscript B denotes the flowtube that a vibrational
response is being received from. Therefore, the value
(At\ ) is the time delay measured for the second
flowtube wherein the flow is through the first
flowtube 210a. Alternatively, the value ( Dz 2 ) is
the time delay measured for the first flowtube 210a
wherein the flow is through the second flowtube 210b.
A superscript of zero denotes a no-flow condition,
wherein the value (Dz, ) denotes a time delay measured
for the first flowtube 210a wherein the first flowtube
is vibrated by the common driver 216 under a zero or
no-flow condition. However, a simpler form of
equations (18) and (19) can be used for determining
the flow stream characteristics. Equations (18) and
(19) do not take advantage of any symmetry. One
possible form of symmetry is in the time delay. If the
time delay is symmetric, i.e., if: Atn =At1 (20a) Ai12
At2 (20b) 21 1 (19c) Az22  Az2 (2Od) then equations
(17) and ( 18) become: /H1 = FCF1, (Af1 - AZz1) x (1 -
c1 x Tm1)+FCFn (At2 - At 2) x (1 - c 2 x Tm2) (21) /H2
= FCF22 (At2 - Atz2)x (1- Tc2 Tm2) + FCF2 1(At1- AtZ )
x (1 - c1 x w1) (22) The T terms represent temperature
measurements. The Tci term is the temperature of the
first flowtube 210a and the Tmi term is the
temperature of the first flow fluid. Likewise, the Tc
term is the temperature of the second flowtube 210b
and the Tm term isthe temperature of the second flow
fluid. The (Dtzi) value is the zero flow calibration
value for the first flowtube 210a and the (Dtz2) value
is the zero flow calibration value for the second
flowtube 210b. The flow calibration factors FCFn ,
FCF12 , FCF2I , and FCF22 are calibration coefficients
that are determined by flow tests and subsequently are
used in flow stream characteristic calibrations. 



Additionally, the flow calibration factors could also
be symmetric. In this case, equations (21) and (22)
would be further simplified by the fact that the flow
calibration factors may be approximately symmetrical,
i.e., FCF 2 ~ FCF2 . The symmetry of the equations
would influence the calibration process. The ability
to measure two mass flow rates may also make it
possible to measure additional process variables
beyond just the two mass flow rates. For instance, if
one of the flowtubes contains a restrictive orifice,
the ratio of the two flow rates can be related to
dynamic viscosity. Another potential application would
be the measurement of coating on the interior surfaces
of the flowtubes. Such flowtube coating will induce an
unbalanced mass in the system and this unbalanced mass
may be detectable through a ratio of amplitudes of the
two resulting flowtube vibrational responses. These
are just two examples of what may be feasible with a
flow meter that measures two independent flow streams.
FIG. 3 is a flowchart 300 of a method of determining a
viscosity of a flow material in a vibratory flow meter
according to an embodiment of the invention. In step
301 , a first flowtube is restricted in order to cause
an unrecovered kinetic energy loss through turbulence
generated by the restriction. Because of the
restriction in the first flowtube, the first flow rate
through the first flowtube is less than the second
flow rate of the flow material through the second
flowtube. In step 302, the first flowtube is vibrated
and a first vibrational response is generated. The
first vibrational response comprises a response to the
vibration of the flowtubes of the meter assembly 200.
In step 303, the second flowtube is vibrated and a
second vibrational response is generated. The second
flowtube is vibrated in conjunction with the first
flowtube and substantially simultaneously, such as by
a common driver, for example. The second vibrational
response comprises a response to the vibration of the
flowtubes of the meter assembly 200.Tn step 304, the
viscosity of the flow material is determined. The
viscosity can be determined from the first vibrational
response and the second vibrational response. More
specifically, the viscosity can be determined from a
determined flow material density (p), 



from a determined first flow rate ( /W1) of the first
flow, and a determined second flow rate ( / 2 ) of the
second flow. The flow material density (p), the first
flow rate (m, ), and the second flow rate ( /2) can be
determined from the first and second vibrational
responses, as previously discussed. FTG. 4 shows the
meter assembly 200 according to an embodiment of the
invention. Elements in common with other embodiments
share reference numbers. The meter assembly 200 of
this embodiment includes a common flange 244. Both the
first flowtube 210a and the second flowtube 210b are
terminated in the flange 244. The meter assembly 200
of this embodiment can further include an output
manifold 280 that connects to the common flange 244. A
removable orifice plate 250 can be compressed or
otherwise held between the flange 244 and the output
manifold 280. The removable orifice plate 250 can
include at least one restrictive orifice 252, as
previously discussed. As previously disclosed, the
restrictive orifice 252 is less than the local conduit
diameter. As shown in the figure, the removable
orifice plate 250 can communicate with only one
flowtube. However, it should be understood that the
removable orifice plate 250 can alternatively include
a second orifice that communicates with the other
flowtube. In the alternative orifice plate including
two orifices, one orifice must be smaller than the
other in order to create different flow rates between
the two flowtubes. One or both of the flange 244 and
the output manifold 280 can include a chamber or
countersink 283 that receives the removable orifice
plate 250. Consequently, the removable orifice plate
250 is retained between the flange 244 and the output
manifold 280. The removable orifice plate 250 can be
at least partially compressed between the flange 244
and the output manifold 280 in embodiments where the
removable orifice plate 250 is at least partially
compressible. Alternatively, the removable orifice
plate 250 can be clamped between the flange 244 and
the output manifold 280. FlG. 5 shows the meter
assembly 200 according to an embodiment of the
invention. In this embodiment, the restrictive orifice
252 is non-circular. In this embodiment, the
restrictive orifice 252 comprises a semi-circular
orifice 252.Tt should be understood that any orifice
shape can be employed. The only condition on the
restrictive orifice 252 is that it produces a
non-recoverable energy loss. 



Consequently, the restrictive orifice 252 cannot
comprise a venturi or other restriction that recovers
the kinetic energy and converts it back to pressure.
FlG. 6 shows a portion of a flowtube 210 according to
an embodiment of the invention. In this embodiment, a
removable orifice member 250 is positioned inside the
flowtube 210. The removable orifice member 250
includes a restrictive orifice 252, as previously
discussed. The removable orifice member 250 can be
installed into and removed from the flowtube 210. In
some embodiments, the removable orifice member 250 can
be held in position by a feature of the flowtube 210.
For example, the removable orifice member 250 can be
held in position by a bend in the flowtube 210.
Alternatively, the removable orifice member 250 can be
held in position by a narrowing or change in shape of
the flowtube 210. In another alternative, the
removable orifice member 250 can be held in position
by other fasteners, including springs or other biasing
members, etc. For example, the removable orifice
member 250 can comprise a substantially helical strip
of material that can be at least partially radially
compressed for insertion or removal. In yet another
alternative, the removable orifice member 250 can be
held in position by friction. In another embodiment,
the removable orifice member 250 can comprise a
portion of the flowtube 210 or can be fixed in the
flowtube 210. For example, the restrictive orifice 252
can comprise a weld bead extending at least partially
around an interior of the flowtube to form the
restrictive orifice 252. However, it should be
understood that the restrictive orifice can be formed
in other ways. FIG. 7 shows the output manifold 280
according to an embodiment of the invention. In this
embodiment, the restrictive orifice 252 is formed in
the manifold 280 and comprises a controllable orifice
member 290. However, it should be understood that the
controllable orifice member 290 can alternatively be
formed in a flange 244 or can be positioned between
the outlet flange and the outlet manifold, for
example. Other controllable orifice members 290 are
contemplated and are within the scope of the
description and claims. The controllable orifice
member 290 is movable to create a restrictive orifice
252 of varying sizes. The controllable orifice member
290 can be actuated as needed and in order 



to create a restrictive orifice 252 as desired.The
controllable orifice member 290 in the embodiment
shown is configured to slide in order to make the
restrictive orifice 252 larger or smaller. However,
the controllable orifice member 290 can be configured
to move in other manners. The controllable orifice
member 290 in the embodiment shown includes a curved
end 255 that maintains an approximately circular
restrictive orifice 252. However, the end 255 can
include any shape and does not have to maintain a
circular restrictive orifice 252. In some embodiments,
the controllable orifice member 290 can be
electrically actuated, wherein the controllable
orifice member 290 can be moved to enlarge or restrict
the size of the restrictive orifice 252. In such an
embodiment, the controllable orifice member 290 can be
movable by the meter electronics 20, wherein the meter
electronics 20 can optionally control the size and/or
shape of the restrictive orifice 252. FIG. 8 shows a
portion of the meter assembly 200 according to an
embodiment of the invention. The figure shows a common
flange 244 and a portion of conduits 280a and 280b (or
an outlet manifold 280) connected to the flange 244.
It should be understood that alternatively the meter
assembly 200 can include separate flanges 244a and
244b as shown in FIG. 2. The meter assembly 200 in
this embodiment includes a controllable orifice member
290, such as a valve, for example. The controllable
orifice member 290 can be in communication with at
least one of the flowtubes. The controllable orifice
member 290 can be actuated in order to provide (and
modify) the restrictive orifice 252. In one
embodiment, the controllable orifice member 290 can be
actuated by the meter electronics 20. The meter
electronics 20 can select a controllable orifice
member position and therefore a restrictive orifice
size. The meter electronics 20 can select a
controllable orifice member position based on an
anticipated or pre-designated flow material viscosity.
In addition, the meter electronics 20 can perform any
manner of convergence algorithm and therefore can
actuate the controllable orifice member 290 according
to an actual or anticipated viscosity of the flow
material. Advantageously, in some embodiments the
controllable orifice member 290 can be moved over a
substantially continuous range of valve positions. The
controllable orifice member 290 can move to a fully
closed or nearly fully closed position. The
controllable 



orifice member 290 can move to a fully or nearly fully
opened position. FIG. 9 shows the meter assembly 200
according to an embodiment of the invention. In this
embodiment, the first flowtube 210a includes a pair of
first pickoff sensors 218a and 2 18' a that are
positioned to detect vibration of the first flowtube
210a. The second flowtube 21Ob includes a pair of
second pickoff sensors 218b and 218'b that are
positioned to detectvibration of the second flowtube 2
1Ob. The first pickoff sensors 2 18a and 2 18'a and
the second pickoff sensors 218b and 218'b can be
supported by any manner of rigid support structure
(not shown), wherein the pickoff sensor is held in a
fixed position by the support structure and measures
relative motion of the vibration of the corresponding
flowtube. However, the support structure for the first
pickoff sensors 218a and 2 18'a can be the same or
different than the support structure employed for the
second pickoff sensors 218b and 218'b. Upon vibration
of the flowtubes 210a and 210b, the pair of first
pickoff sensors 218a and 2 18'a generate a flow
characteristic measurement for the first flowtube 210a
and the pair of second pickoff sensors 218b and 218'b
generate a flow characteristic measurement for the
second flowtube 210b. FIG. 10 shows a straight tube
meter assembly 200 according to an embodiment of the
invention. In this embodiment, the flowtubes 210a and
210b are substantially straight. It should be
understood that the meter assembly 200 of this
embodiment can include one shared pickoff as in FIG. 2
or can include two independent sets of pickoffs as in
FIG. 9. The vibratory flow meter and method according
to the invention can be employed according to any of
the embodiments in order to provide several
advantages, if desired. The vibratory flow meter
according to the invention can be operated as a
viscometer. The vibratory flow meter and method
enables a vibratory flow meter to measure the
viscosity of a flow material. The vibratory flow meter
and method enables a viscometer to be quickly and
easily configured for a particular flow material. The
vibratory flow meter and method enables a viscometer
to be quickly and easily re-configured for a new flow
material.What is claimed is: 1. A vibratory flow meter
(5) for determining a viscosity of a flow material,
being characterized by: a meter assembly (200)
configured to generate a density (p) of a flow
material, generate a first mass flow rate (W1) for a
first flowtube (210a), and a second 



mass flow rate ( 2) for a second flowtube (210b); and
a restrictive orifice (252) located in the first
flowtube (21 Oa) wherein the restrictive orifice (252)
ensures that a first flow rate of the flow material in
the first flowtube (210a) is less than a second flow
rate of the flow material in the second flowtube (2
1Ob). 2. The vibratory flow meter (5) of claim 1, with
the restrictive orifice (252) being selected for a
predetermined flow material viscosity range. 3. The
vibratory flow meter (5) of claim 1, with the
vibratory flow meter (5) comprising a viscometer. 4.
The vibratory flow meter (5) of claim 1, further
comprising a second restrictive orifice (252b) located
in the second flowtube (210b), with the second
restrictive orifice (252b) being different from the
restrictive orifice (252). 5. The vibratory flow meter
(5) of claim 1, further comprising meter electronics
(20) coupled to the meter assembly (200) and
configured to receive a first vibrational response
from the first flowtube (210a), receive a second
vibrational response from the second flowtube (210a),
and determine the flow material density (p), the first
mass flow rate (/W1), and the second mass flow rate
(m2) from the first vibrational response and the
second vibrational response. 6. The vibratory flow
meter (5) of claim 1, further comprising determining
the viscosity of the flow material from the flow
material density (p), the first mass flow rate ( /W1)
of the first flow, and the second mass flow rate (m2)
of the second flow.7. The vibratory flow meter (5) of
claim 1, with the restrictive orifice (252) being
substantially fixed in the meter assembly (200). 8.
The vibratory flow meter (5) of claim 1, with the
restrictive orifice (252) being formed in a removable
orifice member (250). 9. The vibratory flow meter (5)
of claim 1, with the restrictive orifice (252)
comprising an adjustable restrictive orifice (252) of
a controllable orifice member (290). 10. The vibratory
flow meter (5) of claim 1, with the meter assembly
(200) comprising three or more pickofF sensors (218)
configured to generate a first vibrational response
from the first flowtube (210a) and a second
vibrational response from the second flowtube 



(210b). 11. The vibratory flow meter (5) of claim 1,
with the meter assembly (200) comprising three pickoff
sensors (218) configured to generate a first
vibrational response from the first flowtube (210a)
and a second vibrational response from the second
flowtube (210b), wherein one of the three pickoff
sensors (21 8) is shared between the first flowtube
(210a) and the second flowtube (210b). 12. A vibratory
flow meter (5) for determining a viscosity of a flow
material, comprising a first flowtube (210a) receiving
a first portion of a flow material as a first flow and
a second flowtube (210b) receiving a second portion of
the flow material as a second flow, with the vibratory
flow meter (5) being characterized by: a common driver
(104) that is configured to substantially
simultaneously vibrate the first flowtube (210a) and
the second flowtube (210b); three pickoff sensors
(218) configured to generate a first vibrational
response from the first flowtube (210a) and a second
vibrational response from the second flowtube (210b),
wherein one of the three pickoff sensors (218) is
shared between the first flowtube (2 1Oa) and the
second flowtube (2 1Ob); and a restrictive orifice
(252) located in the first flowtube (210a), with the
restrictive orifice (252) being smaller than a local
flowtube diameter and with the restrictive orifice
(252) ensuring that the first flow is different from
the second flow.13. The vibratory flow meter (5) of
claim 12, with the restrictive orifice (252) being
selected for a predetermined flow material viscosity
range. 14. The vibratory flow meter (5) of claim 12,
with the vibratory flow meter (5) comprising a
viscometer. 15. The vibratory flow meter (5) of claim
12, further comprising a second restrictive orifice
(252b) located in the second flowtubc (210b), with the
second restrictive orifice (252b) being different from
the restrictive orifice (252). 16. The vibratory flow
meter (5) of claim 12, further comprising meter
electronics (20) coupled to the three pickoff sensors
(218) and configured to receive the first vibrational
response from the first flowtube (210a), receive the
second vibrational response from the 



second flowtube (210b), and determine a viscosity of
the flow material from the first vibrational response
and the second vibrational response. 17. The vibratory
flow meter (5) of claim 16, with determining the
viscosity of the flow material from the first
vibrational response and the second vibrational
response comprising determining the viscosity from a
flow material density (p), a first mass flow rate ( 1)
of the first flow, and a second mass flow rate (/M2)
of the second flow. 18. The vibratory flow meter (5)
of claim 12, with the restrictive orifice (252) being
substantially fixed in the first flowtube (210a). 19.
The vibratory flow meter (5) of claim 12, with the
restrictive orifice (252) being formed in a removable
orifice member (250). 20. The vibratory flow meter (5)
of claim 12, with the restrictive orifice (252)
comprising an adjustable restrictive orifice (252) of
a controllable orifice member (290).2 1. A vibratory
flow meter (5) for determining a viscosity of a flow
material, comprising a first flowtube (210a) receiving
a first portion of a flow material as a first flow and
a second flowtube (210b) receiving a second portion of
the flow material as a second flow, with the vibratory
flow meter (5) being characterized by; a common driver
(104) configured to substantially simultaneously
vibrate the first flowtube (210a) and the second
flowtube (210b); three or more pickofF sensors (218)
configured to generate a first vibrational response
from the first flowtube (210a) and a second
vibrational response from the second flowtube (210b);
and a removable orifice member (250) located in the
first flowtube (210a) and including a restrictive
orifice (252), with the restrictive orifice (252)
being smaller than a local flowtube diameter and with
the restrictive orifice (252) ensuring that the first
flow is different from the second flow. 22. The
vibratory flow meter (5) of claim 21, with the
restrictive orifice (252) being selected for a
predetermined flow material viscosity range. 23. The
vibratory flow meter (5) of claim 2 1, with the
vibratory flow meter (5) comprising a viscometer. 24.
The vibratory flow meter (5) of claim 2 1, further
comprising a second restrictive 



orifice (252b) located in the second flowtube (210b),
with the second restrictive orifice (252b) being
different from the restrictive orifice (252). 25. The
vibratory flow meter (5) of claim 21, further
comprising meter electronics (20) coupled to the three
or more pickoff sensors (218) and configured to
receive the first vibrational response from the first
flowtube (210a), receive the second vibrational
response from the second flowtube (2 10b), and
determine a viscosity of the flow material from the
first vibrational response and the second vibrational
response.26. The vibratory flow meter (5) of claim 25,
with determining the viscosity of the flow material
from the first vibrational response and the second
vibrational response comprising determining the
viscosity from a flow material density (p), a first
mass flow rate ( /M1) of the first flow, and a second
mass flow rate (rh2) of the second flow. 27. The
vibratory flow meter (5) of claim 21, wherein one of
the three or more pickoff sensors (21 8) is shared
between the first flowtube (21 Oa) and the second
flowtube (21 Ob). 28. A vibratory flow meter (5) for
determining a viscosity of a flow material, comprising
a first flowtube (210a) receiving a first portion of a
flow material as a first flow and a second flowtube
(210b) receiving a second portion of the flow material
as a second flow, with the vibratory flow meter (5)
being characterized by; a common driver (104)
configured to substantially simultaneously vibrate the
first flowtube (210a) and the second flowtube (210b);
three or more pickoff sensors (2 18) configured to
generate a first vibrational response from the first
flowtube (210a) and a second vibrational response from
the second flowtube (210b); and a controllable orifice
member (290) that provides an adjustable restrictive
orifice (252) in communication with the first flowtube
(210a), with the adjustable restrictive orifice (252)
being smaller than a local flowtube diameter and with
the controllable orifice member (290) therefore
ensuring that the first flow is different from the
second flow, wherein the controllable orifice member
(290) is controllable to achieve a plurality of
orifice configurations. 29. The vibratory flow meter
(5) of claim 28, with the adjustable restrictive
orifice (252) being selected for a predetermined flow
material viscosity range. 



30. The vibratory flow meter (5) of claim 28, with the
vibratory flow meter (5) comprising a viscometer.3 1.
The vibratory flow meter (5) of claim 28, further
comprising a second controllable orifice member (290)
in communication with the second flowtube (210b) and
including a second adjustable restrictive orifice
(252), with the second adjustable restrictive orifice
(252) being different from the adjustable restrictive
orifice (252). 32. The vibratory flow meter (5) of
claim 28, further comprising meter electronics (20)
coupled to the three or more pickoff sensors (218) and
configured to receive the first vibrational response
from the first flowtube (210a), receive the second
vibrational response from the second flowtube (210b),
and determine a viscosity of the flow material from
the first vibrational response and the second
vibrational response. 33. The vibratory flow meter (5)
of claim 32, with determining the viscosity of the
flow material from the first vibrational response and
the second vibrational response comprising determining
the viscosity from a flow material density (p), a
first mass flow rate (/w, ) of the first flow, and a
second mass flow rate ( 2) of a second flow. 34. The
vibratory flow meter (5) of claim 28, wherein one of
the three or more pickoff sensors (218) is shared
between the first flowtube (210a) and the second
flowtube (210b). 35. A method of determining a
viscosity of a flow material in a vibratory flow
meter, the method comprising: partially restricting a
first flowtube with a restrictive orifice, with the
first flowtube conducting a first flow of a flow
material and with the second flowtube conducting a
second flow of the flow material, with the second flow
being different from the first flow; vibrating a first
flowtube of the vibratory flow meter with a driver and
generating a first vibrational response; substantially
simultaneously vibrating a second flowtube of the
vibratory flow meter with the driver and generating a
second vibrational response; and determining a
viscosity of the flow material from the first
vibrational response and the second vibrational
response. 36. The method of claim 35, with the
vibratory flow meter comprising a viscometer.37. The
method of claim 35, with determining the viscosity of
the flow material from 



the first vibrational response and the second
vibrational response comprising determining the
viscosity from a flow material density (p), a first
mass flow rate (/Ji1) of the first flow, and the
second mass flow rate (m2) of the second flow. 38. The
method of claim 35, with the vibratory flow meter
comprising three or more pickoff sensors configured to
generate the first vibrational response and the second
vibrational response, wherein one of the three or more
pickoff sensors is shared between the first flowtube
and the second flowtube. 39. The method of claim 35,
with the vibratory flow meter including a restrictive
orifice located in the first flowtube, with the
restrictive orifice being smaller than a local
flowtube diameter and with the restrictive orifice
ensuring that the first flow is different from the
second flow. 40. The method of claim 39, with the
restrictive orifice being selected for a predetermined
flow material viscosity range. 4 1. The method of
claim 39, further comprising a second restrictive
orifice located in the second flowtube, with the
second restrictive orifice being different from the
restrictive orifice. 42. The method of claim 39, with
the restrictive orifice being substantially fixed in
the meter assembly. 43. The method of claim 39, with
the restrictive orifice being formed in a removable
orifice member. 44. The method of claim 39, with the
restrictive orifice comprising an adjustable
restrictive orifice of a controllable orifice member. 


