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Movement mechanism of control fluid in propellant perforation under the
action of downhole high- pressure gas

ZHAO Xu' LIU Gonghui"> ZHANG Tao'

(1. Key Laboratory for Petroleum Engineering of the Minmstry of Education, China University of Petroleum,
Beijing 102249, China; 2. Beijing Union University. Beijing 100010, China)

Abstract: The interaction mechanism betw een downhole high pressure gas and top control fluid in propellant perforation was studied
on a new testing device based on the similarity principle. The movement and variations of control fluid were mvestigated in different
volume of high pressure gas. The curves of pressure and flow regime identification of t wo- phase flow were analyzed. The experimen—
tal results indicate that the interaction between downhole high-pressure gas and top control fluid is very complicated and greatly dif-
ferent from gas explosion in air. The force acting on the control fluid spreads in the form of wave, and the fluid could be compressed
by pressure wave, but it would not be changed without pressure wave arrival. T he value, cycle and times of pressure fluctuation
would be changed with the variation of high-pressure gas volume under the action of gas and liquid. However, the change trends are
different in the various action periods of gas and liquid.
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Fig. 1 Device sketch map of experimental system
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Fig. 3 Flow regime identification of gas and liquid under the action of high-pressure gas on control fluid



298 el i

E 4

2009 £ #3045

(1) W% a—f %) b I WAESE SR BT e <
PAERR B SE AR H IR ™ A b g, A R
S A P2 i AR ) TR A AR o UL B
PN AT LA B R S AR i U T B, IR
(L BT b N S B, WA I
Ui RT AT LA

(2) W2 b—Z) e I HAE PR IE M ik 5)) JL K
Jei. TR B R AR T A, I R SR R R U
BZMK T ARt N WA, LSRR B TE SCIT 46 B8 76
AR, AEB SR AN 1 SRR, AL TR
WAL JCAHEZ) R B, (R B i B A AR L
TS, FFAN WA WARAE IR AL DY AR % o 10 AE
SURE ) AR, PRI T AN AT R )i 8
SEHG AU L R TR R R
o), A SR A Bl 2 AT — 4 — AR .

(3) W2 e —Z d: T VR B v AR R A4 B0
AR, BE AT AN W BRI ZRK, 7R AR R ) Al
MK, R BN R AR AN (R A,
BB AR — AR 5 1, & Bk OB T LK
FIA /N AR ) (R Bl 85 B IR I A,
TR 78T A AL, O S AR, H
FERC R SR T e YR HBE, 20 TR A A 14

(4) W) d —IN 21 e 258 AN KR SR T 1l
S, B B O BRI HRE 20 1) 383, T R
HERH AL R A b 5 B T RO (1 R = I, A
{E AT R R B 4 J . 52 IR, Xl 22
B B JR BRI A, W A TR R ZE BN
0.4
0.12
0.10
0.08 |
0.06 |
0.04

0.02
0

p ! MPa

0 2 4 6 8 10 12
tls
(a) 60 mL

0.14
012

bt | — BRI 3 m 4

— PRI 5 m &b

p1/MPa

tls
(e) 100 mL

4 FRGFREESBHEHBIERPEHNENTLML
The pressure variety under the action of high pressure gas on control fluid in the late stage

Fig. 4

2y, SRR T 57 AT, h AR AN K, XL
GRF LI I TRV A

(5) W% e: 1 BEERHH LK I UARBE AU
HABUIR) T, B R A TR L, A 5
(BT Vi, Ak S i SR REFE 25 IRVRUE, T2 i
SRAGILIR T K 8 /DAL IS OIRGR , f3¢ i, B RIEIRIAL
FUAS BT AT, A UL TR T o IR U IR TRE RS, PRI
VA L R A S A P T O R, AN TR AR
MR — U IR 45

S IR IR, =5 FIEAMETRR SR R, 3
W AR BOA T 8., PRI SN WL, e E s
], B AR AR R A KU HEBEEE RS
SR, T A A AOR  ZY PR H WA (3
B AR, I ATAIT AR, — AR 2 L2 IR
TALARA, S BN B ARAR BUE IS, A I A2
WL 2T AU

3 SEEATR

N T HE—28 ATSTR FR AAR e T E R S5 R/, b
P - JU s o P A T PR A IR, R 8 2
MIXFRY 1 SE B 150 ms A2 12's Z 8] ¥ FR H3 1R
AR 4 e 1B 4 BoR T AN FAR B R Uk
AR TR R 7] R 90 v B 1) AR T A Sl
FITIN H 0 FRHA S D 3528 22 o

HIIET 4 RTLLA Y, 0 W OB BB BL, T
At S W H T ) ELA T AN W (938 80 HLZ AN BT 229k
(0, BB 2s i, V98RAT /N 10 I i 5y, m) i i 1
0.147
0.12f
0.10
0.08
0.06
0.04

0.02
0

— PRI 3 m A
— VEREE 5 m 4b

2!/ MPa

0.14 r
0.12
0.10
0.08

2/ MPa

tls
(d) 157.743 mL



oW

B AR AR RS R A S TR SRR B ) 299

WA AT AR IR R AN /NS 1R . iy FLS AT
F L ARE VR SR 3G 0, A5 R 0 B 1) N R ) 35
S UE I Sk D, sl Uk I JE I AT W (R,
Hfs iR B A T R B RSB JLIRG, 3 m bl
I EYS 5 m b WIAS0 FE ) (B 3 a1t 1]
Bt AR S 38 0, P BT gk i 78 ) ik
TR fich) AR I8 I (7 RS Ak 4 60m L 1)
A, bR I AR R AR A4 A R R
Ft, TR B, bl B AR D R B, TR
F PR (1%, i T ke 7482 e 1 i 2t 3 1 AR v I
BBy, BAE T O 4 (s PR R EE . T S A
157. 743 mL [F/ESL M, 50 8 m BRI AL
T Ry ETE A AN R AT T 1) v PR AR, U R
TN WT e, i 20 JE T MR B 0, SE0 A S #
43 F A B I 5

4 4w

(1) w2 W) AR S 2
R U KRV E R A AR I X, TR I 32 ) 0t 8 2=
HAR I, i I AL 2] 2 Ab TR 0T 46 e 2 9 HARU
4, T ) PEARAL T Z AL TR AN S50 o (7] N
TR AR AR R REL ) (1 5% W, A A% 3 (R R R )
{EAN T Y
(2) TR UAORT S HRR A FAE 22 4 9 e o
e i, 2 G 2 IR B4 Ak, AR BEAT AR H A 1A
RIS AZ, it 240F) AL g A7 A 7] o
(3) AEWIURM i = S B, AV H R s IR U I
PR, T 779 2 1R O8O0 822, s 3 952 8 ARl fk
N T HLBEAN v s RPN TR S (e AR gl
[ p = (RO ARG R e NS R AV oy N AR &2 1 )
B /D, )y Je T I, dermnipl S ) (BB,
AR I S ORI PR O B R0 K.
Z % X #
[1] ARIW, xF4%, A5, % 9 4985 8RN M), X T
&, 2003, 26( 6) : 30-33.
Diao Ganglian, Lin Zhihua, Zhou Jiaju, et al. The application of
compound perforation technology [ J]. Drilling & Production
Technology, 2003, 26( 6) : 30-33.
[2] fifRE, 230k, BROGTLT, 25w Ae U I 240 P i v Sk
SARARALFILT] . A 23R, 2006, 27(6) 1 100-102.
Pu Chunsheng, Qin Wenlong, Zou Hongjiang, et al. Formation
mechanism of carbon monoxide in high-energy gas fracturing[ J].
Acta Petrolel Sinica, 2006, 27( 6) : 100-102.
[3]  EMEAR, AN, SRk, 5. [ A MR AL BoR R SRR T BT 4%
¥, 2005, 35(3) : 33 36.

Wang Haidong, Sun Xinbo, Liang Chun, et al. A summary of pes

forating technology development inside and outside of Ching] J].

[ 4]

[5]

6]

[71

[ 8]

[9]

[10]

[11]

[13]

[ 14]

[15]

(W H 3 2008-05-05

E xplosive Materials, 2005, 35(3) : 33-36.

VET B, XU, B, G EE SL BRG] AR M
2007, 36(5) : 29-32.

Sun Xinbo, Liu Hui, Wang Baoxing, et al. Review of propellant perfe
ration technijues| J] . Explosive Maternls, 2007, 36( 5): 29-32.
AU, O, BT R OE T FLah A BRI T 4l
2432008, 29( 2) : 304307,312.

Li Haitao, Wang Yonggng, T an Can. Dynamic simulation model
for extreme overbalanced perforating operation[ J]. Acta Petrolel
Sinica, 2008, 29( 2) : 304-307, 312.

o3, 2= L 5 R RSy 2 T R S LT AT AR e
[J1. F &R, 2001, 22( 1) : 105-108.

Liu Gonghui, Li Yushun. Initial perforating azimuth angle cor
sidering stress of stratum[ J]. Acta Petrolei Sinica, 2001, 22(1):
105-108.

V. A R A STLBOR KON T BT ). A B R R,
2002, 30(3): 72-74.

Li Keming. High power, multiplex perforation techniques and its
prospect| J | . Petroleum Drilling T echniques, 2002, 30( 3) : 72-74.
B e, PhIEZE, IR, . A SLAR I He AL KR 2 i 3R
AR R )] WIFEER, 2007, 31( 1) 50-55.

Cheng Jianlong, Sun Xianhong, Qiao Xiaoguang, et al. Influence
of pressure released vent and power loading of com posed perfora
tor on dynamic casing annulus pressure] J]. Well Logging Tech
nology, 2007, 31( 1) : 56-55.

AR, SEEA, B R e U TR R A A2 B S TRt o
BT AMETR T 2, 1998, 20(3) : 9+ 94.

Li Wenkui, Wu Hongli, Zhao Wei. Optimum charge and peak
pressure caleulation of high energy gas fracturing[ J]. Oil Drilling
& Productin Technology, 1998, 20( 3) : 9194,

WRFTER, 57, TR A1 WA & ST LB SRAE N TR 4
RAY REFTA ). B S T, 2005, 32(6): 9193, 120.
Chen Lijing, Li Ning, Wang Jungi. Initiation and extension of ex
isting cracks under detonation gas loading in a high energy com-
bined perforation| J]. Petroleum Exploration and Development,
2005, 32(6): 993, 120.

TR EE, PVE. mEE RS HTL( FracGun) 7E S A i H R A
[J]. AR R R, 2006, 34( 1) : 62-64.

Zhang Gud an, Sun Zhiming. Application of Fracgun in an over
seas oil field[J]. Petroleum Drilling Techniques, 2006, 34( 1):
62-64.

T, LIRS S HR R T 7S D). dbst: A s, 2002
Xiang Zhonghua. Study on perforation fracturing parameter opt-
mization| D]. Beijing: University of Petrolenm, China, 2002

T dl, R ). W R RBR M. B % 0 LR AR
k. 1998: 66-145.

Wang Anshi, Qin Fadong. High energy gas fracturing technology
[M]. X7 an: Northwest University Press, 1998 66-145.

Yang D W, Risnes R. Numerical modelling and param etric analy-
sis for designing propellant gas fracturing| R]. SPE 71641, 2001.
Yang D W, Risnes R. Experimental study on fracture initiation

by pressure pulses| R]. SPE 63035, 2000.

Ml [ 2008-07-24  gtE LA




<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


