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Abstract— Developed a new method determining oil well debit
using measuring outlet flow temperature values. Proposed
mathematical model allowing calculate temperature profile of the
fluid along well-bore for determining oil well debit, taking into
consideration geothermal gradient in the rock, surrounding the
well-bore. It has been shown, that unlike the existing methods
proposed the new method allowed very easily determined
instantly oil well debit. Proposed new oil well debit measuring
system allowed realize continuous monitoring and improve
efficiency oil well work.
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L INTRODUCTION

Calculation of the temperature profile of the fluid along
well-bore (well-lifting tube) for determining well debit in the
case non-stationary termic field in the rock, surrounding the
well-bore (WB) is one of the topical problems on the oil field
exploitation. A large number of investigations has been
published on this effect [1-5]. As a result of integrated analysis
it has been revealed that the changes of temperature in the WB
are characterize hydro-and thermodynamic processes which
taking place in the productive interval. In such case
information of oil stratum (OS) thermal motion may be
derived by using fluid flow temperature and pressure
measuring in well-bore (WB). WB temperature characterized
with changes summary thermal processes taking place both in
the OS and WT. Well bottom whole temperature controlled by
OS thermal phenomenon. In vertical (lifting) flow are
accomplished series energetical transformation: growing or
fall potential energy; kinetic and internal energy change; heat
exchanges between fluid and rocks; mixture fluids and gazes
in a productivity interval entering from the different horizons
with different temperature, bringing to the calorimetrical
temperature effect; adiabatical expansion effect in WB; OS
Joul-Tomson drossel effect etc. In this connection it is
establish [1, 3] that thermogram (temperature curve)
measuring in WB may be using as debitogram.

II.

Problem determining oil mixture flow (OMF) temperature
in the well throw out in general case is related to WB
ascension flow (AF) investigation.

Heat conducting flow (HCF) in homogeneous horizontal
bedding rock, surrounding of the well is very close to radial.

HCF rate in element of height dz on the temperature drop

PROBLEM FORMULATION
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AT (Z) between rock and OMF may be specified by
following formulas:
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where A is the heat conductivity coefficient Kkal ;
MS’C

K(l‘) is the indimensioned coefficient of heat exchange
between flow and surrounding rock; 7, is radius WB (M); a

is the sum total casing annulus temperature conductivity

(m?/s); a ., a, and H are the relative OM and gas

temperature conductivity (m%/s) and H is the liquid column
in the casing annulus (M); [ is well depth (M).

In the case variable temperature drop the equation (1)
acquired following form:

CLeICE) NP

dz
WB vertical flow energy balance described using
following formulas:
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where: G is the stream flow weight (kr/s); F' is the cross-
sectional flow area (m”); 7 is the specific weight (kr/m®); 4

is the heat equivalent of work (2,344 ﬂ}; v is the
T M

flow rate (M/S); Tn (Z) is the rock temperature as function of
depth z (°C); T(z,¢) is the flow temperature (°C);
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S is thermodynamic function (entropy) of systems (Kkal/’C);
I is the thermodynamic function (enthalpy) of system (Kkal).

So far as values of coefficient K (t ) has time dependence,

vertical flow in WB it never cannot come to the strict
stationary. But thanks to damping character of function (2),

the coefficient K (l ) changes very slow. In such case one can

decide K (t ):const and one can using Nyuton’s known
heat transmission formula:

d0(z.1) = aAT(z,t) ®)
dF (z)
where F' (Z) is the heat transmission area (m”); & - the heat

transmission coefficient [ Kkal )
Ms'C
When WB pressure distribution and heat exchange
between flow and surrounding rock is known, the energy
equation (2), (4) and (5) are to allowed determine WB
temperature distribution. In this connection convenient

thermodynamic functions dS and dI are replaced by

s =L ar - A(Wj AP
T or ),

oV
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and equation (4) lead to following form:
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where V' is the volume of substance of the unite mass (m’/kr);
m, is the differential adiabatic coefficient (OC/MHa); Cp -
the specific isobar heat capacity (Kkal/’C).

Equation (6) is basis for analytical investigation WB
vertical flow temperature.
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III. PROBLEM SOLUTION

In the case constant value of the stream flow weight G,

and the WB cross sectional area

F we have @ =0; 8_P = () and on laminar flow:
Oz ot
6P P P,
62 l
OF 1Ty 2 K(t TMAT(zt) (D)
0z vot G,Cpy,
Fy

_A[B-B
Cp /

where Ph and Pb — the relative well-head and bottom hole
pressures (MIla) and equation (6) get simplified.

In the case z=10 geothermic temperature distribution
may be described using formulas
oT
Tr(z)=To —Iz=T,——:z
0z

where 7, — the bottom hole temperature (‘C); I" - the

geothermic gradient ("C/M).
As a result of solution of equation with condition z > v

(when well vertical flow temperature is spreaded as flow rate)
we have

T(z,)=T, =Tz + (M +T) L%,

2nr,a

(®)
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where
a1=f1(p/);a2:f2(p2);pl:ﬁpo"'(l_ﬁ) W

P, is the liquid density (e/m’); P,> P, and p, are the

relative gas, oil and water density (2/m”).
Geometrical interpretation physical meaning results in
coordinates [h, T] are plotted in Fig.1.
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Figure 1. Temperature curves on the oil WB constructed using Nyutons heat

exchange low. [ is the well depth; H , l , H ' are the relative liquid (oil,
water) and gaseus columns in the casing annulus.

After well starting temperature change in the WB from the
bottom hole to the well-head in the case immediate well
contacting with surrounding rocks characterized by straight
lines 1, 2, 3, 4 which are parallels to the geothermic gradient
A(Cy. Consequently temperature increasing in the WB will
same in all the depths from the well-head to the crossing
points C, in which moving up (C,, C,, C3, C4) on the flow
rates v. For instance at the moment t, temperature epure in the
WB interpretated with curve CyC,A,.

Bottom hole temperature jump as a result of the Joul-
Tomson drosseling effect. In such case well-head or well-outlet
OM flow temperature depend more of bottom hole temperature
[1]. Thought in the paper do not taking into consideration great
casing annulus areas influence to the well outlet flow
temperature. As shown from the table the relative values of the
thermal conductivity of the liquid column and gas column
present in the casing annulus order less than WB Wall thermal
conductivity. Consequently well outlet OM flow temperature
will depends not only of the volume of stream flow, also of the
bottom hole temperature and of the gas column and the liquid
column. As shown from the Figure 1 the line D,B, is not
parallel to the geothermic gradient and consequently well outlet

flow temperature will more (B(,B,;k ) than noted [1].

Straight A¢Cy, represents geothermal, that
temperature distribution before well action # < ().

is WB
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Curve B(C, corresponding temperature establishing in
WB after well start action AT (O,t) = () . Maximum increasing
flow temperature value over geothermic line following of
formulas (8) on £ —> 00 has

CpG
ATy max = (M + )220
2nl o
where C — the experimental constant, value in which for
different gazes changes at interval from 94 to 396.

As it is shown from formules (8)-(10) main influence to
the well outlet OM flow temperature and heat transmission
coefficient rendered liquid column H and column /— H in
the casing annulus.

(10)

As shown from above mentioned that values thermal
conductivity of fluid and gaze order less than value WB Wall
thermal conductivity. This confirmed with data bringing in [4]
(see Table)

TABLE L. MATERIAL PROPERTIES
Property Gaz Water Sand Steel
(rock)
Heat capacity 3,055 4214 0,856 0,502
Thermal 0,08 0,72 2,25 16,27
conductivity
Molecular weight 16 18

IV. CONCLUSION

This paper presents a proposed new indirect method
determining instantly oil well debit using developed
mathematical models. As a result of integrated analysis using
the models it has been revealed correlation between oil well
debit and well throw out flow temperature. Therefore putting
purpose was obtained.

REFERENCES
[1] Chekalyuk E.B. Thermodynamics of oil stratum, Moscow, Nedra, 1965,
231 p.
[2] Qematudinov Sh.K. Physics of oil and gas stratum, Moscow, Nedra,
1971, 350 p.

Areshev E.Q. et al. The nature of oil wells thermohydrodynamic
investigation abnormal data. Oil economics, Ne3, 2000, pp.41-47.

Lee J. Modeling of hydrodynamics end off intervals of well with
developed logic. Oil and gas technologies, Ne9, 2007, pp.25-30.

Klyukin S.S., Jkhsanov M.A., Tsiku Yu.K. Assessment of the well
bottom zone state on the base of comprehensive research by methods of
thermo-and hydrodynamics. Oil economics, Nel1, 2010, pp.94-96.

Baku, Azerbaijan




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


