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402 
Separate fluid flowing through a wcllborc into an 
internal fluid flowing internal to a volumetric well 
flow meter and an external fluid flowing external 

to the volumetric well flow meter 

404 
Measure differential pressures in the internal fluid 

and in the external fluid 

406 

Determine one or more fluid properties of the fluid 
flowing through the wellbore based , in part , on the 

measured differential pressures 
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FLOW METER WELL TOOL volumetric well flow meter is positioned before an intake of 

a downhole pumping unit in the wellbore . 
TECHNICAL FIELD Certain aspects encompass a well flow meter system 

including a volumetric well flow meter positioned in a 
This disclosure relates to well flow meters in well sys - 5 wellbore , the flow meter including a hollow cylindrical 

tems , for example , in downhole well tools . tubing to split well fluid through the wellbore into an internal 
fluid through the volumetric flow meter and an external fluid 

BACKGROUND through an annulus between the wellbore and the volumetric 
well flow meter . The well flow meter system includes an 

Well flow meters ( e . g . , volumetric and pressure based 10 internal sensor of the hollow cylindrical tubing to measure 
flow meters ) are used in well systems , such as hydrocarbon a pressure differential of the internal fluid , an external sensor 

bearing wells , to measure flow rate of a fluid in the well of the hollow cylindrical tubing to measure a pressure 
system . An in - well flow meter includes a sensor to measure differential of the external fluid , and processing circuitry 
a fluid characteristic of the fluid in the well system . Some connected to the internal sensor and the external sensor . The 

15 times , an in - well flow meter is placed on or is part of a well processing circuitry performs operations including receiving 
pressure signals from the internal sensor and the external tool on either an outlet end or inlet end of a downhole sensor , determining pressure differentials across the internal pumping unit , for example , an electric submersible pump fluid through the volumetric flow meter and across the 

( ESP ) . external fluid through the annulus , and determining fluid 
20 characteristics of the well fluid based on the determined SUMMARY pressure differentials . 

The aspects above can include some , none , or all of the This disclosure describes well flow meter systems and following features . The hollow cylindrical tubing includes 
flow meter well tools to measure fluid characteristics , such an internal portion , the internal portion having a cross 
as flow rate , fluid density , and flow restriction , of a fluid in 25 sectional area less than an internal cross - sectional area of the 
a well . hollow cylindrical tubing . The well flow meter system 

Certain aspects encompass a flow meter well tool includ - includes a discharge grill component attached to an outlet 
ing a volumetric well flow meter to be positioned in a end of the volumetric well flow meter , the discharge grill 
wellbore . The volumetric well flow meter includes a hollow component to commingle the internal fluid and the external 
cylindrical tubing to be positioned in the wellbore , the 30 fluid that flow past the outlet end of the volumetric well flow 
tubing to split well fluid through the wellbore into an internal meter , and a measurement correction component including a 
fluid through the volumetric well flow meter and an external tubing section and a correction sensor to measure a pressure 
fluid through an annulus between the wellbore and the differential of the commingled internal and external fluid 
volumetric well flow meter . The hollow cylindrical tubing between the measurement correction component and the 
includes an internal portion , where an internal cross - sec - 35 wellbore . The well flow meter system includes a transmitter 
tional area of the internal portion is less than an internal electronically coupled to the internal sensor , the external 
cross - sectional area of the hollow cylindrical tubing . sensor , and the correction sensor , and a receiver to receive 

The aspects above can include some , none , or all of the differential pressure data from the internal sensor , the exter 
following features . The flow meter well tool includes a nal sensor , and the correction sensor , the differential pressure 
discharge grill component attached to an outlet end of the 40 data transmitted from a transmitter coupled to the internal 
volumetric well flow meter , the discharge grill component to sensor , the external sensor , and the correction sensor . The 
commingle the internal fluid and the external fluid that flow operations further include determining a pressure differen 
past the outlet end of the volumetric well flow meter . The tial across the commingled internal fluid and external fluid 
discharge grill component includes a tubing attached to the flowing outside the correction sensor , where the fluid char 
hollow cylindrical tubing at the outlet end of the volumetric 45 acteristics include a volumetric flow rate of the commingled 
flow meter , the tubing including openings through which the fluid , a volumetric flow rate of the internal fluid , a volumet 
internal fluid flows to commingle with the external fluid . An ric flow rate of the external fluid , a fluid density , and a fluid 
open area of the openings is greater than or equal to the flow path resistance . Determining the fluid characteristics of 
internal cross - sectional area of the hollow cylindrical tubing the well fluid includes solving the following equations : 
of the volumetric flow meter . The discharge grill component 50 
includes a bull nose in the tubing . The flow meter well tool 
includes a measurement correction component attached to 2AP12 
the discharge grill component , the measurement correction QA = A1 
component to correct flow measurement errors introduced 
by tolerances of an inner diameter of the wellbore . An outer 55 
diameter of the volumetric well flow meter , an outer diam Q = QA + QB 
eter of the discharge grill component , and an outer diameter AP xy = ( R®Q§ + Hg ) pg of the measurement correction component are substantially 
equal to each other . A longitudinal length of the volumetric APxy = ( RAQA + Hg ) pg 
well flow meter is substantially the same as a longitudinal 60 AP ; } = ( R8Q2 + Hg ) pg length of the measurement correction component . The flow 
meter well tool includes a flow conditioner at an inlet end of 
the volumetric well flow meter to homogenize the well fluid where an internal cross - sectional area of the volumetric flow 
The flow conditioner includes a conditioner tubing with a meter ( A ) , the pressure differential of the internal fluid 
plurality of fins arranged to homogenize the well fluid , the 65 ( AP12 ) , smallest internal cross - sectional area of an internal 
conditioner tubing coupled to the hollow cylindrical tubing portion of the volumetric flow meter ( A ) , the pressure 
at the inlet end of the volumetric well flow meter . The differential of the external fluid ( APM ) , the pressure differ 

Vola ) - 1 ] 
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ential of the commingled fluid ( AP j ) , flow path resistance of FIG . 3 is a schematic partial cross - sectional view of an 
the fluid through the volumetric flow meter ( RA ) , and example flow meter well tool . 
vertical elevation change ( H ) are used to solve for volu - FIG . 4 is a schematic partial cross - sectional view of an 
metric flow rate of the commingled fluid ( Q ) , volumetric example well flow meter system . 
flow rate of the internal fluid ( Qa ) , volumetric flow rate of 5 FIG . 5 is a flowchart describing a method for analyzing a 
the external fluid ( QR ) , fluid density ( p ) , and fluid flow path fluid flow in a well . 
resistance ( RR ) . Like reference numbers and designations in the various 

Certain aspects encompass a method including separating drawings indicate like elements . 
fluid flowing through a wellbore into an internal fluid 
flowing internal to a volumetric well flow meter and an 10 DETAILED DESCRIPTION 
external fluid flowing external to the volumetric well flow 
meter , measuring differential pressures in the internal fluid This disclosure describes a flow meter well tool that 
and in the external fluid , and determining one or more fluid measures fluid characteristics of a fluid in a well , for properties of the fluid flowing through the wellbore based , in example , flow rate , fluid density , and flow restriction of the part , on the measured differential pressures . 15 fluid flow . The flow meter well tool includes a volumetric The aspects above can include some , none , or all of the well flow meter positioned in a wellbore that splits well fluid following features . The method includes homogenizing the through the wellbore into an internal fluid internal to the fluid flowing through the wellbore before separating the 
fluid flowing through the wellbore into the internal fluid and volumetric well flow meter and an external fluid in an 
the external fluid . Measuring differential pressures in the 20 annulus between walls of the wellbore and the volumetric 
internal fluid and in the external fluid includes using differ well flow meter . The volumetric well flow meter measures a 
ential pressure sensors in the volumetric well flow meter fluid characteristic ( e . g . , pressure differential ) of both the 
The method includes determining one of flow rate , fluid internal fluid and the external fluid . In some implementa 
density , or flow path resistance of the fluid from the mea tions , the flow meter well tool splits the fluid flow into 
sured differential pressures of the internal fluid , external 25 multiple separate paths and measures differential pressures 
fluid , and combined fluid . in each path , as described below . The volumetric well flow 

Certain aspects encompass a well flow meter system meter can be coupled to or part of another downhole well 
including a means for splitting well fluid through a wellbore tool ( e . g . , downhole pumping unit ) or implemented inde 
into an internal fluid through a volumetric flow meter and an pendently downhole to analyze a well fluid flow , for 
external fluid through an annulus between the wellbore and 30 example , a hydrocarbon - containing fluid in a production 
the volumetric flow meter . The well flow meter system well , a drilling mud fluid in a well being drilled , and / or other 
includes a means for sensing a pressure differential of the fluid flows in a well . 
internal fluid , a means for sensing a pressure differential of In some implementations , the flow meter well tool can 
the external fluid , a means for receiving pressure signals of provide continuous monitoring of well production , down 
the internal fluid and the external fluid , a means for deter - 35 hole pumping unit performance , scale formation , casing 
mining pressure differentials across the internal fluid wear , and / or wellbore wear . A flow meter well tool allows 
through the volumetric flow meter and across the external for the calculation of flow rate , fluid density , and flow path 
fluid through the annulus , and a means for determining fluid resistance that is not dependent on an inner diameter of a 
characteristics of the well fluid based on the determined wellbore , casing , or liner . A flow meter well tool can correct 
pressure differentials . 40 for measurement variances from uncertainty in the inner 

The aspects above can include some , none , or all of the diameter of the wellbore wall or casing . A flow meter well 
following features . The well flow meter system includes a tool can be integrated into a downhole gauge , or can be 
means for commingling the internal fluid and the external implemented independently of downhole gauges . In some 
fluid that flow past an outlet end of the volumetric flow implementations , a flow meter well tool does not require 
meter . The well flow meter system includes a means for 45 additional control and / or power lines that may interfere with 
correcting flow measurement errors introduced by toler - other downhole gauges ( e . g . , a pumping unit ) when placed 
ances of an inner diameter of the wellbore . The well flow between downhole gauges . In some implementations , a flow 
meter system includes a means for homogenizing the well meter well tool allows for an assessment of fluid properties 
fluid . The well flow meter system includes a means for before the fluid is affected by a pumping unit . 
sensing a pressure differential of the commingled internal 50 FIG . 1 is a schematic diagram of a well system 100 
fluid and external fluid . The well flow meter system includes including a wellbore 102 that extends from a surface 104 
a means for transmitting differential pressure data of the well downward into the Earth into one or more subterranean 
fluid , and a means for receiving the transmitted differential zones of interest 106 ( one shown ) . A well string 108 is 
pressure data of the well fluid . shown as having been lowered from the surface 104 into the 

The details of one or more implementations of the subject 55 wellbore 102 . In some instances , the well string 108 is a 
matter described in this disclosure are set forth in the series of jointed lengths of tubing coupled together end - to 
accompanying drawings and the description below . Other end and / or a continuous i . e . , not jointed ) coiled tubing . The 
features , aspects , and advantages of the subject matter will well string 108 can make up a drill string , production string , 
become apparent from the description , the drawings , and the or other well string used during the lifetime of a well system . 
claims . 60 The well string 108 includes a pumping unit 112 and a 

downhole assembly 110 , for example , including a flow 
BRIEF DESCRIPTION OF THE DRAWINGS meter well tool . In some instances , the well string 108 does 

not include the pumping unit 112 . In some implementations , 
FIG . 1 is a schematic partial cross - sectional view of an such as depicted in FIG . 2 , the well system 100 includes a 

example well system . 65 liner ( not shown ) or casing 114 defined by lengths of tubing 
FIG . 2 is a schematic partial cross - sectional view of an lining a portion of the wellbore 102 extending from the 

example well system . surface 104 into the Earth . 



US 9 , 982 , 519 B2 
5 

As shown in FIG . 3 , an example flow meter well tool 200 shape in the tubing 222 of the discharge grill component 204 
that can be used in the downhole assembly 110 of FIGS . 1 to redirect the internal fluid outwards through the openings 
and 2 is shown in a cross - sectional side view . The example 224 in the tubing 222 into the annulus . 
flow meter well tool 200 splits a fluid flow in a casing or The measurement correction component 206 connects to 
wellbore ( e . g . , casing 114 or wellbore 102 ) of a well , and 5 the discharge grill component 204 and corrects flow mea 
analyzes the split fluid flow to determine fluid flow charac - surement errors introduced by tolerances of an inner diam 
teristics including , e . g . , a flow rate , fluid density , a flow path eter of the wellbore , casing , or lining . In some implemen 
resistance of the split fluid flow , or other fluid flow charac tations , the measurement correction component 206 includes 
teristics . The example flow meter well tool 200 includes a a correction sensor 228 and a tubing section 230 coupled to 
volumetric well flow meter 202 , a discharge grill component 10 the tubing 222 of the discharge grill component 204 . The 
204 , a measurement correction component 206 , and in some correction sensor 228 measures a pressure differential in the 
implementations , a flow conditioner 208 . All or a portion of commingled fluid flow in the annulus along a length of the 
the fluid flow flows into an inlet end 210 of the volumetric measurement correction component 206 . In some imple 
well flow meter 202 . The volumetric well flow meter 202 mentations , the measurement correction component 206 
includes a hollow cylindrical tubing 212 to split the well 15 mounts to a downhole well tool on an upstream end of the 
fluid into an internal fluid through the volumetric well flow fluid flow , for example , below the downhole well tool with 
meter 202 and an external fluid through an annulus between a diameter the same as a diameter of the measurement 
the volumetric well flow meter 202 and the wellbore , casing , correction component 206 . 
or liner . The external fluid flows alongside the volumetric The flow conditioner 208 homogenizes the well fluid in 
well flow meter 202 in the annulus . The discharge grill 20 the wellbore or casing at the inlet end 210 of the volumetric 
component 204 receives the internal flow and commingles well flow meter 202 . The flow conditioner 208 comprises 
the internal and external fluid flows into a single , com conditioner tubing 232 with fins 234 , baffles 236 , and / or 
mingled fluid flow that flows alongside the measurement other homogenizing structures to promote homogenization 
correction component 206 . of the well fluid . The conditioner tubing 232 couples to the 

The hollow cylindrical tubing 212 of the volumetric flow 25 hollow cylindrical tubing 212 at the inlet end 210 of the 
meter 202 includes an internal portion 214 with an internal volumetric well flow meter 202 . FIG . 3 shows the flow 
cross - sectional area that is less than an internal cross - conditioner 208 coupled to the inlet end 210 of the volu 
sectional area of the hollow cylindrical tubing 212 . In some metric well flow meter 202 . However , in some implemen 
implementations , the volumetric well flow meter 202 tations , the flow conditioner 208 is excluded in the flow 
includes an internal sensor 216 to measure a pressure 30 meter well tool 200 . 
differential in the internal fluid , and an external sensor 218 In some implementations , an outer diameter of the volu 
to measure a pressure differential in the external fluid . The metric well flow meter 202 , an outer diameter of the 
volumetric well flow meter 202 can include additional discharge grill component 204 , and an outer diameter of the 
and / or different sensors . In some implementations , the volu measurement correction component 206 are equal ( substan 
metric well flow meter 202 can be a venturi meter configured 35 tially or exactly to each other . The volumetric well flow 
to measure differential pressures in the external and internal meter 202 , discharge grill component 204 , and measurement 
fluid flows . In certain implementations , the volumetric well correction component 206 can be longitudinally aligned , for 
flow meter 202 can be a turbine or orifice configured to example , along central axis A - A . In certain implementa 
measure differential pressures in the external and internal tions , a longitudinal length of the volumetric well flow meter 
fluid flows . 40 202 along the central axis A - A is the same ( substantially or 

The discharge grill component 204 attaches to an outlet exactly ) as a longitudinal length of the measurement cor 
end 220 of the volumetric well flow meter 202 and com - rection component 206 along the central axis A - A , for 
mingles the internal fluid and the external fluid that flow past example , such that the external sensor 218 of the volumetric 
the outlet end 220 of the volumetric well flow meter 202 . well flow meter 202 can measure a pressure differential over 
The discharge grill component 204 includes a tubing 222 45 the same length as the correction sensor 228 of the mea 
coupled to the hollow cylindrical tubing 212 at the outlet end surement correction component 206 . In some implementa 
220 of the volumetric well flow meter 202 . The tubing 222 tions , the longitudinal lengths of the volumetric flow meter 
of the discharge grill component 204 includes openings 224 202 and the measurement correction component 206 can be 
through which the internal fluid flows to commingle with the different . The volumetric well flow meter 202 and the 
external fluid in the annulus of the wellbore . The openings 50 measurement correction component 206 can be made of the 
224 can include , for example , grill slots , apertures , perfo - same or different material or materials . 
rations , and / or other openings to allow the internal fluid to The example flow meter well tool 200 can be imple 
pass through the tubing 222 and merge with the external m ented in a number of positions and configurations . In some 
fluid in the annulus . The openings 224 have an open area implementations , the flow meter well tool 200 is positioned 
greater than or equal to an interior cross - sectional area of the 55 before an intake of a pumping unit ( e . g . , downhole ESP , 
hollow cylindrical tubing 212 of the volumetric well flow drilling fluid pump , and / or other ) , with the outlet end 220 of 
meter 202 , for example , to maintain a consistent flow area the volumetric well flow meter 202 closer to the intake of the 
for the internal fluid passing through the openings 224 . In pumping unit than the inlet end 210 of the volumetric well 
some implementations , the discharge grill component 204 flow meter 202 . For example , the flow meter well tool 200 
includes a bull nose 226 in the tubing 222 to bias the internal 60 can analyze a well fluid flow performance before the well 
fluid to flow through the openings 224 in the tubing 222 and fluid is pumped through the pumping unit . In some 
into the annulus . The bull nose 226 may be centered in a examples , before an intake of the pumping unit includes 
longitudinal end of the tubing 222 to direct the internal fluid below the pumping unit , such as when well fluid flows up a 
flow through the openings 224 and out of the discharge grill wellbore towards a well surface ( e . g . , production wells ) . In 
component 204 and to minimize turbulence of the internal 65 some examples , before an intake of the pumping unit 
fluid through the discharge grill component 204 . For includes above the pumping unit , such as when well fluid 
example , the bull nose 226 may include a rounded or tapered flows down a wellbore away from the well surface ( e . g . , 
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wells being drilled ) . In other implementations , the flow surement correction component 206 , and / or another com 
meter well tool 200 is positioned after an outlet of a pumping ponent , and the receiver is located at a surface of the 
unit . For example , the flow meter well tool 200 can analyze respective well . In some implementations , the processing 
a well fluid flow performance after the well fluid is pumped circuitry 302 comprises a processor to assess data and 
through the pumping unit . In certain instances , analyzing the 5 calculate the fluid characteristics based on the pressure 
well fluid flow performance after the well fluid is pumped differentials . The fluid characteristics that the processing 
through the pumping unit with the flow meter well tool 200 circuitry 302 determines can vary . In some examples , the 
may provide data on the performance and efficiency of the fluid characteristics include one or more of a volumetric 
pumping unit . In some examples , after an outlet of the flow rate ( Q ) of the commingled fluid , a volumetric flow rate 
pumping unit includes above the pumping unit , such as 10 ( Q ) of the internal fluid , a volumetric flow rate ( QB ) of the 
when well fluid flows up a wellbore towards a well surface external fluid , a fluid density ( p ) , and a fluid flow path 
( e . g . , production wells ) . In some examples , after an outlet of resistance ( RR ) . The fluid characteristics can be determined 
the pumping unit includes below the pumping unit , such as from the differential pressures determined from the sensors 
when fluid flows down a wellbore away from the well of the well flow meter system 300 . In certain instances , the 
surface ( e . g . , wells being drilled ) . In further implementa - 15 following set of equations are used to solve for the fluid 
tions , a flow meter well tool 200 is positioned in a wellbore characteristics : 
as a standalone well tool , for example , excluding a pumping 
unit . 

The flow meter well tool 200 can include additional or 2AP12 
different components and features . For example , the 20 QA = AL 
example flow meter well tool 200 can include a centralizer 
at a longitudinal end of the flow meter well tool 200 to center 
the flow meter well tool 200 in a wellbore or casing . In Q = QA + QB 
another example , the flow meter well tool 200 can include 
a power source connected to the flow meter well tool 200 , 25 APxy = ( RBQß + Hz ) pg 
such as a turbine generator , battery , or another power source . APxy = ( RAQA + Hg ) pg A power source can supply power to the sensors 216 , 218 , 
and 228 on the volumetric well flow meter 202 and mea APij = ( RBQ + Hz ) pg surement correction component 206 , and / or electronic sys 
tems associated with the flow meter well tool . 

In some implementations , the downhole assembly 110 of The set of equations define a solvable set of five equations 
FIGS . 1 and 2 includes one or more components of the flow with 5 unknowns , where the five unknowns are Q , QA , QR , 
meter well tool 200 of FIG . 3 . For example , FIG . 4 shows p , and Rg , as described above . The variables in the above 
an example well flow meter system 300 that includes some equations are defined in Table 1 , below . The fluid charac 
components of the flow meter well tool 200 of FIG . 3 , 35 teristics can be determined by the processing circuitry 302 
including the volumetric well flow meter 202 , the internal from the equations . 
sensor 216 , and the external sensor 218 . The well flow meter 
system 300 also includes processing circuitry 302 connected TABLE 1 
to the internal sensor 216 and the external sensor 218 to 
determine pressure differential data from the internal sensor 40 Variable rom the internal sensor in Variable Definition 

216 and external sensor 218 and to determine one or more volumetric flow rate of commingled fluid 
fluid characteristics based on the pressure differential data . volumetric flow rate of internal fluid 
FIG . 4 shows the processing circuitry 302 downhole with the volumetric flow rate of external fluid 

internal cross - sectional area of volumetric well flow meter flow meter well tool 200 in a well . In certain implementa internal cross - sectional area of internal portion of volumetric tions , the processing circuitry 302 is located uphole of the 452 well flow meter 
flow meter well tool 200 , for example , at the surface of the AP12 pressure differential in the volumetric well flow meter from 
well , and connected to the internal sensor 216 and the the internal sensor , from the inlet end to the internal portion 
external sensor 218 via a wired , wireless , a combination of fluid density 

fluid flow path resistance of the fluid through the volumetric wired and wireless connection , and / or another connection . flow meter 
In some implementations , the well flow meter system 300 50 RB fluid flow path resistance of the annulus at the volumetric well 
includes a discharge grill component 204 and a measure flow meter 

vertical elevation change of the external sensor , and / or of the ment correction component 206 , including a correction correction sensor sensor 228 of the measurement correction component 206 . pressure differential from the external sensor , from the inlet 
The processing circuitry 302 can assess pressure differential end to the outlet end of the volumetric well flow meter 
data from the correction sensor 228 in addition to pressure 55 AP ij pressure differential from the correction sensor , from one end 
differential data from the internal sensor 216 and external of the measurement correction component to another end 

sensor 218 . In certain implementations , the well flow meter 
system 300 includes a computer readable storage medium FIG . 5 is a flow chart describing a method 400 of 
storing instructions executable by one or more processors as analyzing a fluid in a well , for example , performed by the 
an alternative to or in addition to the processing circuitry 60 example well flow meter tool described above . At 402 , a 
302 . fluid flowing through a wellbore is separated into an internal 

In some implementations , the processing circuitry 302 fluid flowing internal to a volumetric well flow meter and an 
connects to a transmitter electronically coupled to the inter external fluid flowing external to the volumetric well flow 
nal sensor 216 , the external sensor 218 , and the correction meter . At 404 , differential pressures are measured in the 
sensor 228 , and a receiver configured to receive differential 65 internal fluid and in the external fluid . At 406 , one or more 
pressures from the transmitter . In some examples , the trans - fluid properties of the fluid flowing through the wellbore are 
mitter is mounted on the volumetric flow meter 202 , mea - determined based , in part , on the measured differential 

doo 

AP xy 
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pressures . In some examples , processing circuitry can imple 5 . The well flow meter system of claim 1 , wherein the 
ment the method 400 , specifically step 406 of determining correction sensor of the measurement correction component 
one or more fluid properties of the fluid flowing through the is positioned uphole of the hollow cylindrical tubing of the 
wellbore . The processing circuitry can be implemented volumetric flow meter and uphole of the discharge grill 
uphole , downhole , or at a remote location away from a 5 component . 
respective well site . 6 . The well flow meter system of claim 1 , wherein the 

A number of implementations have been described . Nev external sensor is positioned downhole of the measurement 
ertheless , it will be understood that various modifications correction component and the discharge grill component . may be made without departing from the spirit and scope of 7 . The well flow meter system of claim 1 , wherein the the disclosure . internal sensor is positioned at an internal portion of the What is claimed is : hollow cylindrical tubing , where an internal cross - sectional 1 . À well flow meter system , comprising : 

a volumetric well flow meter positioned in a wellbore , the area of the internal portion is less than an internal cross 
sectional area of the hollow cylindrical tubing . flow meter comprising a hollow cylindrical tubing to 

split well fluid flowing through the wellbore into an 15 8 . The well flow meter system of claim 1 , wherein the 
internal fluid flowing uphole through the volumetric volumetric well flow meter is positioned in the wellbore at 
flow meter and an external fluid flowing uphole through a downhole end of a well string disposed within the well 
an annulus between the wellbore and the volumetric bore . 
well flow meter ; 9 . The well flow meter system of claim 1 , wherein the 

a discharge grill component attached to an outlet end of 20 hollow cylindrical tubing splits well fluid flowing from a 
the volumetric well flow meter , the discharge grill hydrocarbon formation into and uphole through the wellbore 
component to discharge the internal fluid into the into the internal fluid flowing uphole through the volumetric 
annulus and commingle the internal fluid and the flow meter and the external fluid flowing uphole through the 
external fluid that flow past the outlet end of the annulus . 
volumetric well flow meter in the annulus ; 25 10 . A well flow meter system , comprising : 

a measurement correction component comprising : a volumetric well flow meter positioned in a wellbore , the 
a tubing section ; and flow meter comprising a hollow cylindrical tubing to 
a correction sensor to measure a pressure differential of split well fluid flowing through the wellbore into an 

the commingled internal and external fluid between internal fluid flowing uphole through the volumetric 
the measurement correction component and the well - 30 flow meter and an external fluid flowing uphole through 
bore ; an annulus between the wellbore and the volumetric 

an internal sensor of the hollow cylindrical tubing to well flow meter ; 
measure a pressure differential of the internal fluid ; a discharge grill component attached to an outlet end of 

an external sensor of the hollow cylindrical tubing to the volumetric well flow meter , the discharge grill 
measure a pressure differential of the external fluid ; and 35 component to commingle the internal fluid and the 

processing circuitry connected to the internal sensor and external fluid that flow past the outlet end of the 
the external sensor , the processing circuitry to perform volumetric well flow meter ; and 
operations comprising : a measurement correction component comprising : 
receiving pressure signals from the internal sensor and a tubing section ; and 

the external sensor ; 40 a correction sensor to measure a pressure differential of 
determining pressure differentials across the internal the commingled internal and external fluid between 

fluid through the volumetric flow meter and across the measurement correction component and the well 
the external fluid through the annulus ; and bore ; 

determining fluid characteristics of the well fluid based an internal sensor of the hollow cylindrical tubing to 
on the determined pressure differentials . measure a pressure differential of the internal fluid ; 

2 . The well flow meter system of claim 1 , wherein the an external sensor of the hollow cylindrical tubing to 
hollow cylindrical tubing comprises an internal portion , the measure a pressure differential of the external fluid ; and 
internal portion having a cross - sectional area less than an processing circuitry connected to the internal sensor and 
internal cross - sectional area of the hollow cylindrical tubing . the external sensor , the processing circuitry to perform 

3 . The well flow meter system of claim 1 , further com - 50 operations comprising : 
prising : receiving pressure signals from the internal sensor and 

a transmitter electronically coupled to the internal sensor , the external sensor ; 
the external sensor , and the correction sensor , and determining pressure differentials across the internal 

a receiver to receive differential pressure data from the fluid through the volumetric flow meter and across 
internal sensor , the external sensor , and the correction 55 the external fluid through the annulus ; 
sensor , the differential pressure data transmitted from a determining fluid characteristics of the well fluid based 
transmitter coupled to the internal sensor , the external on the determined pressure differentials ; and 
sensor , and the correction sensor . determining a pressure differential across the com 

4 . The well flow meter system of claim 1 , wherein the mingled internal fluid and external fluid flowing 
operations further comprise determining a pressure differ - 60 outside the correction sensor ; 
ential across the commingled internal fluid and external fluid wherein the fluid characteristics comprise a volumetric 
flowing outside the correction sensor , and flow rate of the commingled fluid , a volumetric flow 

wherein the fluid characteristics comprise a volumetric rate of the internal fluid , a volumetric flow rate of the 
flow rate of the commingled fluid , a volumetric flow external fluid , a fluid density , and a fluid flow path 
rate of the internal fluid , a volumetric flow rate of the 65 resistance ; and 
external fluid , a fluid density , and a fluid flow path wherein determining the fluid characteristics of the well 
resistance . fluid comprises solving the following equations : 
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2AP12 QA = A1 
| Vella - 1 

A 

Q = QA + QB 
APxy = ( RBQ£ + Hz ) pg 
AP xy = ( RAQ? + Hg ) pg 
APij = ( RBQ2 + Hg ) pg 10 

wherein an internal cross - sectional area of the volumetric 
flow meter ( A ) , the pressure differential of the internal 
fluid ( AP ) , smallest internal cross - sectional area of an 15 
internal portion of the volumetric flow meter ( A , ) , the 
pressure differential of the external fluid ( AP . . . ) , the 
pressure differential of the commingled fluid ( AP ; ) , 
flow path resistance of the fluid through the volumetric 
flow meter ( RA ) , and vertical elevation change ( H ) are 20 
used to solve for volumetric flow rate of the com 
mingled fluid ( Q ) , volumetric flow rate of the internal 
fluid ( Q . ) , volumetric flow rate of the external fluid 
( QB ) , fluid density ( p ) , and fluid flow path resistance 
( RB ) . 25 

* * * * 


