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(87) Abstract: Apparatus and methods for the continuous measurement of specitfic gravity or density of solids m a tluid medium are
disclosed. A system for continuous measurement of density ot a flowing medium comprises a cartridge connected mn series to an in -
flow pipe and an outflow pipe, a displacement sensing device adapted to monitor displacement changes of the cartridge when a me -
dium flows through the cartridge, a base configured to provide a support for the displacement sensing device, a pressure sensor, a
temperature sensor, and a processor configured to calculate density of the flowing media based on measured displacement change,
temperature and pressure.
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[0002] The present invention relates to the field of measurement devices, and
more particularly, to devices and methods for the continuous real-time measurement of

the density

[0003]

a madium flowing through a meter. Present devices, however, have many drawbacks,

for instance, an inability to make measurements in real-time, a lack of consistency in
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and longitudinal length of a pipe. The volume measured is necessarily small, and

nuclear density meters measure in one spatial direction only. The densily of a fiuid can,

however, vary substantially within the cross-section of a pipe. Nuclear sensors are
subject to stringent safety and security standards. Current nuclear density meters have
about 80% accuracy with 8 wait ime between measurements of 2-10 minutes.

[0004] Other technigues for measuring the density of a continuously flowing

.........

irreguiar noise above about 15% solids. These measurement devices can have probes
that are exposed to the medium, making them undesirable for applications involving

highly corrosive or abrasive media as one finds, for example, in the mining and dredging

industries. Microwave sensors are limited to media with a consistent electrical relative

{00035] Auto-sampling has been used to measure the density of continuous

fowing media. In this approach multiple samples are obtained throughout a testing

testing facility can occur, however, leading to an overestimate of the percent solids of
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in a pipe. Such meters make use of a thin-walled bent pipe. Medium flowing through

the bend causes it to vibrate. Measurement of the phase shift in vibration frequency at

[0007] Current fluid density measurement technigues display a variety of

imitations. They are therefore less useful than desired in industries such as mining,

ndustries o provide an apparatus and methods that provide accurate, repeatable,
highly resolved, continuous and real-time sensing and measurement of the density of a

e Invention

pipe. The apparatus further comprises a displacement sensing device adapted to

manitor displacement changes of the cartridge as a liquid flows through the cartridge. A
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base is configured to provide support for the displacement sensing device. The inflow

and outflow pipes are supported by a plurality of mounting beams connected to the

...........

-------

{0005} Figure 1 is a side view of an apparatus setup for continuously measuring

density and 8G in a Hlowing media, according to one embodiment of the p

invention:

{0010} Figure 2 is a cross sectional view of the apparatus setup of Figure 1;

......

[0014]  Figure 6 is an exploded view of the cartridge of the apparatus of Figure 2,
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{0015} Figure 7 is a diagram illustrating an example system for co

measuring density and SG in a flowing media, according o one embodiment of the

prasent invention,

DETAILED DESCRIPTION OF THE INVENTION

[00186] The invention will now be described in greater detail with reference to the

[0017] it should be noted that in the present description the terms “upper”,

lowet”, "front’, "vertical’, "horizontal” and derivatives thersof relate {o figures 1-4 and
the origntation of objects described therein. Also, the term “medium” should be
understood 1o represent a plethora of sultable materials, including liquids, slurries,
ashes, sludges, oils or any similar substances.

[0018]  Referring to Figure 1, a system 10 for the continuous measurement of

(not shown) placed in an enclosure 12 with a horizontal inflow pipe 14 and an outflow

pipe 16 passing through respective sidewalls 18 of the enclosure 12. The inflow pipe 14

and the autflow pipe 16 are respectively connected to an inltet port and an outlet port of
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appropriate fasteners, e.g. bolts. The ground 22 is preferably mac

be portable.

[0019]  Two pipe support beams 20 are sufficient to reduce the vibrations of the

systemn 10. More than two, however, e.g. four, could be more desirable, The support
beams 20 are preferably made out of carbon stee! for its ease of manufacture and
sturdinass. Other materials with suitable mechanical properties can substitute for
carbon steel.

[0020] The enclosure 12 is suspended above the ground 22 to reduce effects of

28a, 26b) include respective flanges that can be attached to respective end walls (not

{0022} Retferring to Figure 2, according to one embodiment of the present
invention, an apparatus for measuring the density or 8G of a flowing medium includes a

cartridge 28 serially connected with the inflow pipe 14 and the outflow pipe 16 with
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waterproof and pressure-proof connections.  The cartridge 28 is made of Hiexible

material {2.g., rubber) such that vertical displacement will occur when a medium flows
through. In one embodiment, the inflow and outflow pipes 14 and 18 are connectad {0

the inlet and outlet ports of the flexible cartridge 28 via flanges 30a and 30b. As an

-

[0024]  Referring to FIGS. 2 and 4, the base 34 includes a flat portion 36 and at

least two mounting posts 38 affixed at the bottom of the flat portion 36, preventing the

glass. Both the mounting post 38 of the base 34 and the plurality of support beams 20

for supporting inflow and outfow pipes are connected to the ground 22 to minimize the



CA 02995376 2018-02-095

WO 2017/027878 PCT/US2016/047037

effects of vibration of the inflow pipe 14 and/or outflow pipe 16 on the displacement

measurement 32, In addition, rubber fittings or similar fittings can be placed at

with at least one gasket 46 (e.g. made of rubber) mounted therebetween, The gaskets

42 and 44 (e.g. made of glass) from making direct contact with the flanges 30a and 30b

{e.g. made of metal), The end walls 42 and 44 are made of material with a low CTE,

such as tempered glass, which can minimize effects due to temperature fluctuations on

pipe 14 and 16 are another significant source of noise. To minimize this noise, the end
walls 42 and 44 are mounted to the respective support beams 20, which are in fum

connected to the ground 22. The innermost bracket supports (shown in FIG. 1 as 24a,

....................

an enciosure 14, Preferably, the endosure 12 made of low electrical conductivity

with a curved top to be more aerodynamic and thus prevent the accumulation of rain or
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effects due to wind, rain and other weather conditions. The measurement apparatus,

location,

[0027] The enclosure 12 can minimize the effects of outside temperature and

therefore reducing the cost of maintenance.

[0028] After an accurate measuwre of the displacement of carlridge 28 is obtained,

a cartridge volume, 8G can be calculated from the density, and SG can be used to

caiculate percent solids in @ medha material and mass flow rate of the media.

[0029] A pressure sensor (not shown) is used to monitor the pressure in proximity

leak in the system 10. A large pressure rise can burst the cartridge or increase

measurement uncertainty. Safety measures are implemented to ensure that the

pressure deflection. In one embodiment, a wear sensor ¢an be installed inside the

.
. Py N
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temperature sensor, andfor the displacement measurement device 34 reading outside

of an expected range can flag checking the components of the apparatus,

{0030} The cartridge 28 is lightweighted, making its mass negligible compared to

reference can be used to increase the accuracy of realdtime density measurements.

[0031] Referring to FIG. 8, an exploded view of the cartridge 28 is shown. The

cartridge 28 can also be configured to resist pressure change as pressure can change

the flexibifity of the cartridge 28. A pressure control system can be implemented inside

10
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modulus {i.e. mechanically stiff) tubes are infaid directly in the wall of the carridge.
These tubes are positioned at points rotated 45°, 135°, 225° or 315" about an axis

coincident with the centerline of the vartridge. The high modulus tubes enable the

the tubes can be altered for different applications. The tubes are not only affixed to the

ii;f::}_;aaﬁ;@n;,'Tfhef{hiﬁg-ﬁ modules fubes can be made of carbon fiber {ubes or other suitabls

materials.

[0032] in one embodiment, the inlet and outlet ports have raised sections above

than 5 pipe diameters) to achieve the regular velocity profile.

[0033] Referring to FIG. 7, a processor 52 is connected to the different

comporents of the system 10 to collect corresponding data, such as temperature,

suitable formats. The local display device 54 can be placed in a housing that satisfy

standard National Electrical Manufacturers Association (NEMA) requiremeants. This
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and other sdverse conditions:

{0034] As the media travels through the carlridge 28, the cartridge wilf flex and

and cartridge is converted into a weight which is a constant relationship deter
during calibration for each specific cartridge. Weight is then converted to SG.

{0033} Displacement and weight correlation can be determined empirically for
each device. For example, weight is applied to the cartridge 28 and thereby deflect the

cartridge 28. The test can be a clear water test. Specifically, known amount of clear

water was applied to simulate cartridge displacemant for multiple times. This purpose

-----

{00371

{0038]

methods. First method is physical compensation. The system includes a thin but

effective insulation to reduce atmospheric temperature effects on the cartridge and the
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cartridge 28 have predictable expansion profiles as their temperatures change. The

third compensation method is to detect and negate effects on support structures of the

whether the cartridge 28 and base 34 are mounted in paraliel and/or if there is torque

affecting readings of the displacement measurement device 32. The temperature

...... :

e
gauge of how much a raw reading would be.
{0039} Pressure compensation

[0040] With a primarily rubber cartridge, fluid pressure will affect the inner

diameter of the cartridge 28. There are limits to how far the rubber can compress,

...........
..........

13
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herein shown and described and the claims appended hereto.
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What is claimed is;

1. Asystem for continuously measuring density of a flowing media, comprising:

a cartridge connscled serially between an inflow media pipe and outflow media
pipe;

.."' i .

a displacement sensing device adapted to monitor displacement changes of the

a base configured to provide a support for the displacement sensing device;

Q Pressie sensor;

a temperature sensor; and

3. The system of claim 2, wherein the respective flanges are attached to respective

a plurality of supporting beams configured to support the inflow and outflow pipe.
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8. The system of claim 5, wherein the underlying surface is ground.

7. The systemn of claim 1, wherein the cartridge is made with low thermal expansion

coefficient material.

8. The system of claim 1, wherein the connection point betweer the inflow pipe and

the outflow pipe and the inflow port and outflow port of the cartridge have higher altitude

9. The system of claim 1, wherein the media comprises at least one of liquids, abrasive

and 40 inches,

11. The system of claim 1, wherein the cartridge is made of rubber.

1%
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14. The system of claim 1, further comprising an enclosure for housing the carridge,

16. The system of claim 1, wherein the cartridge comprises at least one high modulus

whes positioned length-wise inside the cartridge.

17. The system of claim 1, wherein the cartridge comprises an abrasion resistant liner

of the media based on the density.

19. The system of claim 1, further comprising a display device configured to display

20. A system for continunusly measuring density of a flowing media, comprising:

a cartridge connected serially between an inflow media pipe and an outflow

media pips;

17
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a displacement sensing davice adapted to monitor displacement changes of the
cartridge when the media flow through the cartridge;

a hase configured to provide a suppeort for the displacemeant sensing device;

a plurality of supporting beams configured to support the inflow and outflow pipe;

& pressure sensor;

base, the pressuwre sensor and the temperature sensor;
at least one display device configured to present data obtained by the processor,

and

underlying surface; and
wherein the cartridge comprises at least one high modulus tubes positioned

length-wise therein and a helical coll molded into the cartridge walt

18
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