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Optimization of Flow Path of Drill Bit Using CFD Simulation
Chang-Heon Song, Ki-Beom Kwon, Jin-Young Park, Dae-Young Shin, Jung-Woo Cho*

Abstract In this study, a series of CFD (Computational Fluid Dynamics) simulations carried out to evaluate the
optimum design model of the internal flow path of drill bit. The Star-CCM+ code was adopted to simulate the
multi-phase discharge flow of rock particles and flushing air during a drilling process. The input parameters for
the flow simulation of rock particles and air were obtained from the in-situ drilling test results. After the three
design factors were determined, the experimental design method (Taguchi method) was utilized to evaluate the
optimum value of each factor.
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Fig. 1. Schematic of drilling system
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Table 1. Operating conditions of drilling test

Category Value
Drill bit dia. [mm] 76
Impact pressure [bar] 150
Rotation [rpm] 180
Feed pressure [bar] 40
Impact rate [bpm] 2600

Rock particles weight [g]

Mesh size [mm]

Fig. 2. Classification of rock particles
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Table 2. Types of mesh & results of classification of rock

particles
Size Weight
e [mm] [ke]
1 5.45 30.4
2 3.33 59.2
3 3.02 31.1
4 2.37 429
5 2.14 45.2
6 1.36 115.7
7 1.18 42.6
8 1.01 26.0
9 0.92 29.0
10 0.78 53.1
11 0.67 329
12 0.61 35.0
13 0.56 4.8.0
14 0.45 437
15 0.32 40.1
16 0.28 38.0
17 0.19 60.6
18 0.154 42.5
19 0.077 88.8
20 0.077 | 54.0
mFo| SIAEDB(ZEAF 2 HAI)
9 EE) 1.309
8- HZE ®I 1.391
N 19
7
6
W 51
3J 4 \\
11
0—2 Gl (0] 1 2 3 4 5
A [mm]

Fig. 3. Histogram for diameter of rock particles

Table 3. Results of statistical analysis

Category Value

Mean [mm] 1.309
Standard deviation [mm] 1.391
Max. [mm)] 5.45

Min. [mm)] 0.077
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* Basic equation of motion

dr

d—tpzvp*vg (6)

* Mass balance for a material particle

dmp .

* Momentum balance for a material particle

dv,

m =

== EtE, ®)

uvm

B =F,+F, oJtt.

A7\N F,=Fy+F+F,

F,: Particle surface force
Fy:  Particle body force

F,: Drag force

F,: Pressure force

F, . Virtual mass force

F,: Gravity force

F,: User defined body force
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Fig. 4. Finite element model for CFD simulation



Table 4. Input parameter for CFD simulation

et Ajshant

Category Model Parameters Input value
Fluid Fluid Compressed Air
properties Fluid density (o) 1.18415 kg/m3

Inlet flow rate 3.949 m’/min
Outlet Atm. Pressure
Mechanical Rotation 180 rpm
property
Turbulence Standard &-¢ Coefficient (Cu) 0.09
model (Cer) 1.44
(Cez) 1.92
(Cs) 0.0 or 1.44
(Cen -0.33
(@) 13
(a0 1
Granite Mechanical Particle density (p) 2800 kg/m3
properties
Statistics Normal Standard deviation (o) 1.039 mm
value distribution Mean (u) 1.41 mm
Max. 5.45 mm
Min. 0.077 mm

Velocity: Magnitude (m/s)

379.19 568.78 768.38 047.97

E(_J 0.0070724 189.60

Fig. 5. Rock particle distribution

Velocity (m/s)
79.931 159.52 239.11 318.70 398.29

i

0.33997

Fig. 6. Velocity vector plot
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Table 6. Selecting of noise factor

Noise Factor Value
NI Flow rate 10% increase
N2 Flow rate 10% decrease

Table 7. Orthogonal arrays and analysis results of discharge

weight
Particle weight
No. | 4 B C
NI N2 S/N
1 24 | 9.6 2 10303754 | 0.220964 | -11.9478
2 24 12 3 10.176351 | 0.076182 | -20.0957
3 24 | 144| 4 | 0.084889 | 0.029844 | -27.9987
4 30 | 9.6 3 10.247951 | 0.151867 | -14.7439
5 30 12 4 ] 0.117304 | 0.042427 | -24.9708
6 30 | 144 2 |0.208024 | 0.104844 | -17.5619
7 36 | 9.6 4 0.18397 | 0.085229 | -19.2224
8 36 12 2 0.26305 | 0.170852 | -13.8659
9 36 | 144 | 3 | 0.135763 | 0.052733 | -23.1583
Case 1
Case 4 Case 5 Case 6
Case 7 Case 8 Case 9

Fig. 10. Combination model of design factor and level
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Fig. 11. Main effects plot of S/N ratio for particle weight

Table 8. Analysis of variance for S/N ratio of particle weight

SNRAL t3 2ARRAHA S fld 49 ASde A

=4 DF Seq SS Adj SS Adj MS F P

A 2 2569 2.569 1.284 1.04 0.491
B 2 87256 87.256  43.628 35.18 0.028
C 2 138.407 138.407 69.203  55.80 0.018

oz 2 2.481 2.481 1.240
A 8 230.712

S=1.11367 R-AIE =98.92% R-AE(4=4)=95.70%

Table 9. Optimum level of design factor

Factor Optimum level Value
g A Level 3 36°
d B Level 1 9.6 mm
n C Level 1 2
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Fig. 12. Comparison of discharge weight in original model
and optimized model

Table 10. Results of flow path optimization

Model Dlscharge Improvement ratio
weight
Original model 0.134 kg
- 45.6%
Optimized model 0.294 kg

4.4 _,::_Ix-|§_|. EI:-II 745

22zt AA ] e dSeh] Hlsl =Ed
FEE GO FEHNE ALUSU. Fig 128
273} o]H o] =dn|EL} 2A 5}y = 83 &
o] ol EFe vmsh 2tk SR 2
35 gt Table 10 B {2 2|23} o]de] =g
S 527F o HiEERTRS 0.134 kgo|glon, S8 2
A3} Ag F 0.294 kg7 F7I5to] 2|H5} T 45.6%
o] M B HoFlch

SR B A9 {534 A= air flushing©] &
7] A 3 vlE shro] Whgshs QR QI B,
RO, 271 5 ofe] USRS AP OR 7
T e Ael7] whizel e 23S A-53lAA]
—a—m watodet Ea o A A Rl @
3 (spherical type) o2 73l Th wfEhA] AA|
aou e Bz el A Aolv} waE 2

ol ofol thaiA #7b At wask R0
Ah?n!ﬂt}.

Rt

&

(0]

o

o]-_lm

Hu Or_>&o>’

2
(N
rhu

Ao BEE AP SUMES] YRGE A
4 *é?—‘ﬂ% BHOR GE G AL SUst o

HH|ES] f2 2Z3lof wit A

7S BEoto] de 2

flo

ket 2k

: Bl SRSl ik 2H A 2l
Ak 72 Z=(60) 36°, =2 AH(d) 9.6 mm, -
2 M) 2702 A=Ak

2. FRINEO} FARRAM O] Autg o9 HiEe| Ay
ARl FE vz AAYIA FEAH (@)L 270
()9 710182 77t 37.8%2} 60.0% = A&l
FFE PAlE B f2ZE(0)= 7]ofEo] 1.1%
2 Jgyoea 2 u|z|z 9k

3. oA 7IHE o] &5to] A AR E-HIE
O] A%, 9] viEF2 0.134 kgollA] 0.294 kg
o7 F7lsle] 45.6%9] A AakE 7 AR

2P

Lo oiako
e Pk

B 7o) Aiks 22HE EYuE lE 4B
ke = oﬂz%o]\:}

*L 19 fze mEl skl 7| 2A a2
Egh B gEalAe] SRS dEah] 9t Fhael
A7t Last.

B R AN 71 EHAAI10036999, B
§ 2% =Y BRI AR AULEstdhet
Apgle] A9g e ApAlU

REFERENCES

1. The Freedonia Group Inc., 2009, World Mining Equiment.

2. Bu Changgen, Qu Yegao, Cheng Zhigiang, Liu Baolin,
2009, Numerical simulation of impact on pneumatic DTH
hammer percussive drilling, Journal of Earth Science,
20.5, 868-878.

3. Shin, D. Y., Song, C. H., 2012, Performance Optimization
of Down-the-Hole Hammer Using Taguchi Method, Trans-
actions of the Korean Society of Mechanical Engineers-A
36.1, 109-116.

4. Oh, J. Y., Lee, G. H,, Song, C. S., 2011, A Study on
the Analysis of Hydraulic Circuit of a Rockdrill Drifter,
The Korea Fluid Power System Society, Proceeding of
the KFPS 2011 Spring Conference, 70-75.

5. 384, A, 3384, 2008, A oA o] febal A
SHlolE H7), = ntEetelA], 18(6), pp. 480-490.
6. Rhie, C. M., Chow, W. L., 1983, Numerical Study of
the Turbulent Flow Past an Airfoil with Edge Separation,

AIAA Jounal, 21.11, 1525-1532.

7. Lee, B. H,, Yi, J. S., Kim, B. H., Chung, H. S., 2009,
A Numerical Analysis on EGR Cooler of CI Engine, The
Korean Society of Automotive Engineers, Annual Con-



Bl Aakgzt

ference, 197-202.

. El Tahry, S.H., 1983, k-¢ equation for compressible

reciprocating engine flows, AIAA Jounal of Energy, 7.4,
345-353.

. Launder, B.E., and Spalding, D.B. 1974, The numerical

computation of turbulent flows, Computer Methods in
Applied Mechanics and Engineering, 3.2, 269-289.

. Rodi, W. 1979, Influence of buoyancy and rotation on

equations for the turbulent length scale, Proc 2nd Symp,
on Turbulent Shear Flows.

11.

12.

13.

14.
15.

265

STAR-CCM+ Version 7.02 0.11, User guide 2011, CD-
Adapco.

Markku Terasvasara, Surface drilling in open pit mining,
Atlascopco, First edition 2006.

Markku Terasvasara, Surface drilling in Quarry and Con-
struction, Atlascopco, Third edition 2006.

SHEST, Minitab S 283 ARA N, 71ATAL, 2008.
olelel =L A, A Minitab ATeHY, o] d =L, 2009.

2009
B FEAL
20119 34k 7)&dista 71 AlA &

EEEESEIR

Tel: 053-607-1124

E-mail: sch8310@kitech.re.kr

A =LA A7 AR
EATLIE A7

H
=

20061 ZHE)
HFE S

2009 A&hsta Faest A7
e AAL

A

sti Zahefst A7)

Tel: 053-607-1122
E-mail: jinypark@kitech.re.kr
AA FIsATE AEA7AR
EFALIF A7

E X
20024 A oshn Fakfst 2|77
AR b
20109 A ojshn Fakfst 21787
NICES ERE

Tel: 053-607-1102

E-mail: chojw1665@gmail.com

A I IEdTd AA7IAN
FALIF HADTY

Bl
20099 gHHaIel7 s 714147
o gopat
201149 S54RI efotan 7|4
EEEESER

Tel: 053-607-1125

E-mail: kbkwon@kitech.re.kr

A AT IEATE AA7AR
Fd7a% A7l

Mg
20004 sloghetn A7\ A3kt At

Tel: 053-607-1100

E-mail: dyshin@gmail.com

AA AT AEA7AR
FATIE 2T S+HATH





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


