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[57] ABSTRACT

A meter measures the quality of steam flowing in a
conduit. The steam comprises a ligquid and a vapor. The
meter includes a mixer in the condunt for mixing the
steam in the conduit to produce a mixture which has a
density representative of the hiquid and the vapor. A
density sensor, or desitometer, senses the density of the
mixture. The densitomer produces an improved output
due to the mixing. A pressure sensor senses pressure in
the steam line. A calculating means. such as a micro-
processor system, calculates the steam quality as a func-
tion of the sensed density and pressure.

15 Claims, 1 Drawing Sheet
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Re. 33,909

1
STEAM QUALITY METER

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

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a system for measur-
Ing a parameter such as steam quality and to a mixer for
mixing liquid and gaseous vapor in order to permit
accurate measurement of steam quality.

2. Description of the Prior Art

Steam quality 1s a parameter used for many purposes
1n a wide variety of industnes, including power genera-
tion, oil recovery, freeze protection, process heating,
and the hike. The mass ratio of dry steam to the total
fluid mass within a steam sample 1s termed steam quality
and 1s usually expressed as a percentage. The energy
content of wet steam 1s dependent upon its “*steam qual-
ity.” and for this reason 1t 1s important t0 measure steam
quality to determine the energy in the steam, which 1n
turn delermines the steam’s ability to achieve a desired

heating result. If steam quality 1s known, the rate of

energy or power available from the steam to accom-
phsh a particular job is capable of being determined.

In particular, in o1l recovery systems, 1t has been
known that injecting steam into wells drilled in the oil
field will make the crude oil more flowable and will
increase the output of the coil field. The measurement
of the steam quality at particular locations immediately
before being injected into a well head permits the opera-
tors 1o maximize the efficiency of the steam heating of
the o1l field, and i1n this way aid in efficient operation of
the o1l pumping system.

Particularly in oil fields, the steam sometimes is car-
ried miles from the steam source, and during this travel
time some condensation occurs. The hquid phase or
droplets in the steam can be moving at a different flow
rate than the vapor portion of the steam, creating diffi-
culties in measuring the density of the steam. In particu-
lar. there can be condensed liquid moving along the
bottom of a pipe.

Density measurmg instruments using radiation have
been used on steam, but with less than satisfactory re-
sults when the fluid 1s wet steam. Vanations in the
make-up of the steam such as different flow rates of the
liquid and vapor phases affect the densitometer’s output
and thus conditioning of the steam 1s desired. Simple
orifice plates have been used in an attempt to condition
steam for density measurement, however results with
wet steam have been unsatisfactory. In order to obtain
steam quality information, the pressure and the density
of the steam must be determined. Steam quality 1s deter-
mined according to the general equation:

Steam Quality =(Vs—-V)/Vv-¥Vi)

Where:

Vs=Specific volume of the steam.

V1= Spectfic volume of the liquid portion.

Vv =Specific volume of the vapor portion.

The present invention solves the problems associated
with ensuring that the iquid phase and the vapor phase
of the steam are sufficiently homogenized so that suffi-
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ciently accurate density measurements can be obtained
to permit an accurate calculation of steam quality.

An article entitled “*Measurement of Steam Quahty,
Mass Flow Rate, and Enthalpy Delivery Rate using
combined Neutron Desitometer and Nozzle.” by G. E.
Woiceshyn et al., was presented at the Society of Petro-
Jeum Engineers/Department of Energy. 5th Sympo-
sium on Enhanced O1l Recovery, held in Tulsa, Okla. 1n
April, 1986, and published as paper SPE/DOE/4907.
and is included herein by reference. This paper dis-
cusses the need for accurate measurement of steam
quahty at the well head for efficient operation and reli-
able evaluation of the recovery projects that utilize
steam injection. This publication shows the use of neu-
tron density detectors and associated equations for de-
termining steam quality as well as other steam parame-
ters.

Proper mixing in the region where density measure-
ment is made 1s extremely important in solving the prob-
lems of varyving flow rates and obtaining proper mea-
surements of density over a wide range of flow rates at
a fixed density measurement “‘window' or location on
the pipe. In order to obtain proper mixing, it is desirable
to have the steam flowing in a velocity range where the
liguid phase can be well mixed with the vapor phase.
Velocity can be increased by using a simple orifice plate
in the steam pipe, but this technique can provide mixing
over only a limited range of flow velocities, and the
location downstream from the orifice where the proper
mixture i obtained can vary undesirably with the flow
rate. The orifice plate also has the disadvantage of cre-
ating a large pressure drop which. particularly on large
hnes, results in a large energy loss. Commercially avail-
able vane type mixers can reduce the pressure drop, but
do not mix adequately over a normal range of flow
velocities. These vane type mixers also have a substan-
tial surface area against which water can collect, tend-
ing to minimize the mixing ability of the vane type
mixer.

The effects of velocity of steam in the pipe are so
varied or inconsistent that obtaining a homogeneous
mixture of the two-phase flow (liquid and vapor)
through a wide enough pressure and flow range to
make a desired measurement with existing mixers 1s
riddled with problems. Water can drop out, water can
collect on the pipe walls, and there can be stratfied
flow at different parts of the pipe. and all of these prob-
lems can effect the measurements of density and steam
quality. Thus the problems are substantial and a low
cost, low pressure drop mixer that breaks up the water
particles into small enough droplets to be carned at a
reasonable velocity and which does not have the prob-
lems of separating water out of the steam flow before
the density measurement is made i1s needed.

SUMMARY OF THE INVENTION

This invention relates to a system for measuring qual-
ities of fluid mixtures flowing through a conduit such as
a steam quality in a steam line. Mixing means are dis-
posed in the conduit for mixing the fluid. The mixing
means produce a mixture having a density representa-
tive of a density of the flowing mixture in the conduit.
The mixture having a density representative of the den-
sity of the flowing mixture can be produced at a desired
fixed location in the conduit. Density sensing means are
disposed on the conduit and coupled to the mixed fluid
for sensing the density of the mixed fluid. Pressure sens-
ing means are coupled to the fluid in the conduit. The



Re. 33,909

3

pressure sensing means sense a pressure of the fluid n
the conduit. Calculating means are coupled to the den-
sitv sensing means and the pressure sensing means. The
calculating means calculate the quality as a function of
the sensed density and the sensed pressure. The calcu-
laung means provide an output representative of the
calculated quality. The density sensing means are
spaced from the mixing means such that the density
sensing means senses a selected mixture of fluid pro-
duced by the mixing means. The density sensing means
thus provide an improved measure of the density of the
fluid. Errors associated with density measurement of
unmixed fluid are thus substantially avoided.

In a preferred embodiment, the fluid comprises a
mixture of dry steam and liquid water., or wet steam; the
calculating means provide an output representative of
steam quality. In a further preferred embodiment, the
mixing means comprise a diffuser disposed in the con-
duit and extending along the direction of fluid flow. The
diffuser preferably comprises an inlet having an opening
smaller than the conduit. an outlet, and a wall diverging
from the inle1l to the outlet for producing the desired
mixture. The diffuser preferably provides a mixture
emitted from the outlet wherein a liquid flow and a
vapor flow in the fluid have substantially the same ve-
locities. The densitv sensing means preferably comprise
a radiation source disposed on the conduit for emitting
radiation through the mixed fluid and a radiation sensor
disposed on the conduit to receive a portion of the
radiation which 1s representative of the density of the
mixed fluid. Gamma radiation 1s preferred as the emit-
ted radiation. Gamma radiation has a high level of inter-
action with steam which contains hvdrogen. The radia-
tion sensing means cooperates with the mixing means to
provide a preferred accurate density measurement of a
mixed sample of the fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 is a part schematic representation of a typical
steam carrving pipe leading to a steam injection well
head. with a steam mixer made according to the present
invention shown installed therein in relation to the den-
sity detection instrumentation:; and

F1G. 2 is an enlarged sectional view of the steam
carrying pipe showing a steam mixer made according to
the present invention installed therein.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A steam carrying pipe or conduit indicated generally
at 10 carries steam flow from a steam source 11, thatn
oil field usages can be several miles upstream. The
steam pipe 10 has a steam mixing section 12, in which
the mixer of the present invention is installed. The out-
put end 13 of the sampling section leads to a well head
14, for example, in an oil field, such as s explained in the
prior art article mentioned in the prior art section of this
specification. Determination of how much energy is in
the steam and thus the capability of the steam to carry
out 1ts intended function is based upon the steam quality
adjacent 10 the well head. The steam density measuring
instrumentation shown generally at 158 includes a
gamma radiation source 16 mounted onto pipe saddle
plates 17 and 18 which are clamped onto the pipe 10 1n
a suitable location immediately downstream of the
steam mixing section 12 of the pipe. The radiation
source 16 provides gamma radiation across the pipe 10
toward a radiation detector 22 of conventional design
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that provides an output along an output line 23 that is
sroportional to the density of the material flowing
through the pipe 10 between the source 16 and the
detector 22. |

Additionally, a drain pipe or conduit 24 1s provided 1n
the pipe 10 downstream from the detector 22 and source
16. The drain pipe has a pressure sensor and transmitter
25 mounted therein in order 10 determine the pressure
of the steam in the pipe section at the output side of the
mixing section 12. A suitable drain valve 26 1s provided
in the drain conduit for emptying the steam pipe 10 t0
reference the zero steam density point on the density
measuring instrumentanuon prior to start up.

An output signal line 28 from the pressure sensing
transmitter provides an electrical signal that 1s propor-
tional to the steam pressure, the signals of density and
pressure are provided to a transmitter or processor 30
that combines these signals using an algonthm derived
from steam tables to calculate and provide a steam qual-
ity output. This steam quality output 1s represented at
32 Determining the quality of the steam being carried
determines what should be done to ensure optimum
operation of the system, as shown, of the oil field In
which well-head 14 1s placed.

In order to have accurate steam qualily measure-
ments, i1t 1s essential that the density of the steam, includ-
ing both the liguid and vapor phases, be determined
accurately. In many instances where there 1s condensed
water or the like along the sides of the steam pipe in the
area where the density measurement instrumentatuon is
positioned, the steam quality measurements are errone-
ous because the hquid and vapor phases are not uniform
across the diameter of the pipe.

Various mixers have been advanced, but none that
provide for low pressure drop and accurate mixing. The
mixing section 12 of the pipe as shown in FIG. 2 1n-
cludes an orifice plate 35 that i1s mounted across the
pipe, and has an orifice throat or opening 36 in the
center thereof. The size of the orifice opening 36 1s
selected so that even at Jow pressures and velocity, the
liquid and vapor phases, including as well any con-
densed water or precipitate such as the water indicated
at 37 in the lower portion of the throat (the pipe 1s
horizonial, as shown), are carried into the central open-
ing 36, and the velocity of the vapor phase of the steam
is increased to a point where the liquid phase and water
are broken up into droplets by the shear force of the
vapor phase acting against the surface tension of the
liquid phase and water to make the droplets very fine
(mist-hke), and which droplets are then suspended and
carried by the vapor phase as the liquid phase and water
pass through the opening or throat 36.

A diffuser indicated generally at 39 is provided on the
outlet or downstream side of the orifice plate. The dif-
fuser comprises an expanding, gentle, conically shaped
tubular wall section 39A, and the diffuser 39 has a small
or minor diameter end shown at 40 that 1s the same
diameter as the diameter of the opening 36, and the wall
39A sealingly joins the orifice plate and increases in size
in direction of flow to its major diameter or outlet diam-
eter indicated at 41 that is positioned downstream a
sufficient distance so that the angle of the wall relative
to its central axis is preferably in the range of 4 degrees.
This angle shown is shown at @ as illustrated 1n FIG. 2.

The diffuser 39 has a smooth interior surface 42 to
provide a streamlined passageway to reduce the turbu-
lence of the mixed steam passing therethrough, so that
the liquid and vapor phases of the steam gradually de-
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crease in velocity in downstream direction. Because the
water droplets are reduced to a small enough size, the
vapor will continue 10 keep the droplets suspended in a
homogenized mix of liquid phase and vapor phase steam
for subsequent density measurement.

It will be appreciated that the velocity increase which
results from the flow restriction caused by the orifice
plate 35 will have associated with 1t a pressure drop.
The diffuser 39 coupled downstream of the orifice plate
35 not only gradually decreases the flow velocity but
also advantageously recovers a substantial portion of
the pressure drop. Moreover, the diffuser 39 causes a
gradual dispersion of the homogenized mix through the
conduit at the region where density measurement is 10
be made.

The flow direction, which 1s indicated at 44 thus i1s
toward the major diameter 41, and the droplets will
remain in homogeneous suspension as they pass through
the density measuring region 15. The drain conduit i1s
indicated at 24 as shown in FI1G. 2, as well, and this is
downstream of the density measuring location, but
closely adjacent to 1t so that the pressure in the steam
pipe at this location 1s measured.

The conical wall is not tortuous or twisted. The wall
1s smooth and provides the same cross-sectional slope at
substantially anyv plane perpendicular to the axis of the
diffuser. The diffuser cross-section, as shown. 1s circu-
lar. but could be other geometrical shapes s0 long as the
walls taper gently and do not form turbulent flow re-
Bions.

The mixer thus is very low cost, efficient. and has no
moving parts. It does ensure that the hquid or water
phase of the stream is broken up into small enough
droplets to be carried at the velocity of the steam at the
full diameter of the pipe.

Although the present invention has been described
with reference to preferred embodiments. workers
skilled in the art will recogmize that changes may be
made in form and detail without departing from the
spirit and scope of the invention.

While the invention has been described in terms of
measuring two-phase flows having a hquid phase and a
vapor or gas phase. the mvention can be applied to
vapor or gas phase, the invention can be applied to
two-phase flows comprising a hquid phase and a solid
phase. two-phase flows compnsing a vapor phase and a
sohd phase. and three-phase flows comprising a liquid
phase. a vapor phase and a solid phase, wherein the
solhid phase comprises substantially particulate matter.

What 1s claimed 1s:

1. A meter for measuring the quality of steam flowing
in a conduit having a conduit wall, the steam compris-
ing liquid and vapor, the meter comprising:

mixing means disposed in the conduit for mixing the
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and pressure and for providing an output represen-
tative of steam quality.
2. The meter of claim 1 wherein a portion of the
hquid flows substantially along the condutt wall and the
mixing means mixes the liquid with the steam.
3. The meter of claim 1 wherein the mixing means
includes means coupled to the fluid for accelerating the
flow for mixing.
4. The meter of claim 3 wherein the mixing means
introduces a pressure change along the conduit and the
diffuser decelerates the mixed flow such that the pres-
sure change 1s reduced.
8. The meter of claim 4 wherein the diffuser com-
prises means disposed in the conduit having an inlet
substantially smaller than the conduit for receiving the
flow, and having an outlet larger than the inlet and
spaced away from the inlet for discharging the mixed
flow, and having a wall diverging from the inlet to the
outlet.
6. The meter of claim § wherein the wall defines a
substantially smooth passageway diverging at an angle
from the conduit axis such that the flow passes there-
through with a reduced turbulence.
7. The meter of claim 6 wherein the wall has a sub-
stantially frustoconical shape.
8. The meter of claim 7 wherein the angle i1s between
one degree and ten degrees.
9. The meter of claim 8 wherein the angle is substan-
tially four degrees.
10. The meter of claim 3 wherein the acceleration
means comprises a flow restriction disposed in the con-
duit defining an opening therethrough for accelerating
the fluid to a desired velocity.
11. An apparatus for mixing fluid flowing in a con-
duit. the fluid comprnsing a liquid phase and a vapor
phase, the apparatus comprising:
restriction means disposed in the conduit for receiv-
ing the fluid and having an orifice therethrough for
accelerating the fluid 10 a selected velocity for
mixing the liquid phase and the vapor phase:;

diffuser means disposed in the conduit and extending
from the orifice to a diffuser opening spaced away
from the orifice for diffusing the mixed fluid, the
diffuser having a wall diverging from the orifice to
the diffuser opening; and

density sensing means disposed on the conduit for

sensing the density of the mixture, the density sens-
Ing means sensing density in a selected region in the
conduit spaced downstream from the diffuser
opening such that the liquid and vapor phases are
substantially mixed in the selected region over a
range of fluid flow.

12. An apparatus for mixing fluid flowing in a conduit

steam in the conduit to produce a mixture thereof 55 having a transverse dimension, the fluid comprising a lig-

having a density representative of the liquid and
vapor flowing in the conduit, said mixing means
including a diffuser for gradually decreasing the
velocity of the mixture;

density sensing means coupled to the conduit for
sensing the density of the mixture downstream
from the diffuser such that the sensed density 1s an
improved representation of steam density;

pressure sensing means coupled to the conduit for
measuring a steam pressure in the conduit;

calculating means coupled to the density sensing
means and pressure sensing means for calculating
the steam quality as a function of the sensed density

60
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uid phase and a vapor phase, the apparatus comprising:

restriction means disposed in the conduit for receiving
the fluid and having an orifice therethrough for accel-
erating the fluid to a selected velocity for mixing the
liguid phase and the vapor phase;

diffuser means disposed in the conduit and extending
from the orifice to a diffuser opening spaced away
from the orifice a distance substantially greater than
the transverse dimension of the conduit for diffusing
the mixed fluid, the diffuser having a wall diverging
from the orifice to the diffuser opening and the wall of
the diffuser terminating closely adjacent an inner
surface of the conduit to avoid turbulence; and
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sensing means disposed on the condult for sensing a
parameter of the mixture, the sensing means sensing
such parameter of the fluid in a selected region in the
conduit spaced downstream from the diffuser opening
such that the liguid and vapor phases are substantially
mixed in the selected region over a range of flow.

13. An apparatus for thoroughly mixing different phases
of a flowable material mixture comprising such phases
flowing in a conduit in direction along a longitudinal axis
of said conduil, the flowing material comprising at least
two of a liguid phase, a vapor phase and a solid phase of the
maierial, the apparatus comprising:

restriciion means disposed in the conduil for receiving
the materia! mixture flowing in the conduit along a
longitudinal axis and comprising @ member having a
surface generally perpendicular to the longitudinal
axis of the conduit and having a generally axially
centered orifice therethrough of substantially smaller
size than the conduit for accelerating the mixture
flowing in the conduit to a selected velocity for mixing
the two phases of the mixture, and

diffuser means disposed in the conduit and extending
from the orifice on a downstream side of the orifice 10
a diffuser opening spaced away from the orifice a
distance substaniially greater than a transverse di-
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mension of the conduit in direction perpendicular 1o
the conduit axis for diffusing the mixture exiting the
orifice. the diffuser having a wall diverging from the
orifice to the diffuser opening and the wall of the
diffuser at the outlet opening being closer adjacent an
inner surface of the conduit, the diffuser having a
smooth interior surface and providing substantially
the same cross sectional slope relative 1o the longitudi-
nal axis of the conduit at substantially any plane
perpendicular to the axis of the conduil.

14. The apparatus of claim 13 and sensing means dis-
posed in the conduit for sensing a parameter of the phases
of the mixture, the sensing means sensing such parameier
of the mixture in a selected region in the conduit spaced
downstream from the diffuser opening, such that the phases
of the mixture are substantially homogeneously mixed in
the selected region over a range of flow.

15. The apparatus of claim 12 wherein said restriction
means comprises a member having a surface positioned
substantially perpendicular 1o the direction of flow through
the conduit, and having the orifice substantially on a cen-
tral axis of the conduit, the orifice being substantially
smaller than the conduit to provide an abrupt change in

flow cross section.
* ¥ . * %
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