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The analysis and feasibility of using heat pipe cooling in
drilling applications .
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A mamarsal study wis perfammid o imvestigans the feasibiliny of wing ke pipe ensfisg in drilling aplicalions
The il and e pips were madeled s coneentrie gylisde and for yimplifleation onlv condustion e gmaafr
was comaidered. in this model he friction that s imposed b the roetieg dill mas simulaicd @ censtant hea fhus.
Allsy the cleet of goamstrical parsmetens vack i beal pipe diassder, bemi pipe depth, inpul hea fus wa
inidysesl. To validaie the nueerseal results, they were compared with the experieentil e wiich show 5
pecdl eompaibihiy, Aconrding ko this reanlis, using beat pipe bn drilling applcations can sipslicasty reduce the
field bempermiure. Albvo the aptirirnd valug of the dameter wd the tengh ol hest inpul sone ware etained.

Heyuwdy Mol pipe, Diril} . Tragroremre

1. Imtradinztion

Cuing Mesds 5 a souwrce of envirommnenal kazard and sbso incwr & significant shae of ot
s lcbaring <ost. Minimizmtion and posssble elmination of outtieg flulds, by sebstituling i
functions by soms other means, i3 of cerment ressarch interest|[ | ]

Cuttieg Nluid may be applied 1o 8 cutting oebworkpiece merface through manual, Mood or mast
application Mansal application simply consists af an operatoe weing a container, such as an il cas, 80
ipply cutting Huid 1o the cufing toolworkpices, Alhough this B the casiz=a ard |1 i U least costly
method of fluid spplicatics, it kas limited wse in machining operations and s ofien hampered by
inconsksteacies. In application Flood application defivers flaid 1 the cutting soolwockpiece imierince
by means of & pipe, hose or nowzle system [1] |, Fluid i dirocted wnder pressure 10 the o0l werkcon
interface i & easncr tal produces maximsem resshts, Pressare, direction and shape of the Nuid sream
st be regaiated in order to schieve optiniam perfoemance. Cuiiing ilwids may alao be slomined and
blown osto the tool'workpicos interface via mist sgplication. This spplication methed reguines
adecquate ventilation 1o peotect the machise tool oporaios, The pressure end dicectioa of the mist
stream are also crucial to e saccess of the appScaiion.n mesel Indusiries, the wse of cutting Muid has
become mare problematic in berms af both employee health asd emvironmental pellution,
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finmenzlsture
T drill iemperamre, “C i dirl ) rmelines,
@, ool thamal diffusiviny m'ss 0 drill diameter, m
k. thermal conductivity, Wik} L dimenitienlen Imperatise
i distance hetween the deill tip and heat T,  ambimt empermung, T
pipe lip . @ §.  dimestionless hedt flus
g comstant heat fhix . w B, disentionlen ctting sone length
L dril lengeh m T, watpipe surface semperature, °C
r hewi pipe rada o, spenddlc best, Fikgk)
1: coming rone lengih m

Bl ke use of cutting fAuld penerally cmses ecomomy of ionds and it becomes. easier o keep light
lolerances and to maistsin workpices swface propenics withoul damages, Because of ihem some
aliermatives has been sought 1o mimimize of evem wvaid the we of culting Muid in machining
operatm, Some of these alternstives are dry cutting and owtting with minimum guantity of fhed
{MJF} To mirimize the wee of cutling Auid, twe lechniques have been inbeasively expermentod:
cutting withean sy fluid (doy camting. also known & ccological mackiming) and culling with a
raimas guaitity of fluld (MOF), where a very bow amownt of fuid |5 pubverized in o fow of
pompressed aif 1],

Friction fooe made by rotating drill, gencrate  heat in cufting rong . that tronsfor &0 ool and
workpioco[2). Elinsination of fluld because of epvironenentsl regards result i incressing hest |
shostening ool life , poor dimensional control m workgpiece]n spite of reseanches on amother cutlmg
operilidns , msesch on deilling ls ewre{3-8] . in deilling processes tool temperature is importan
bocause the chips (hal absorb hes gensrsted e confined this cause to pigaificam |emperature
imcrensc. As A resulte drill temperature is higher than sacther machining operations. An cffective
pooling mathod other than (hid coalanis, & necessnry io decrease drill inod rempenbore| 7).

Heal pipe offer an eifective alvesnoiive to remove hest without significaml increase in operabing
bemperabure et pape is & deviie birimsfer beai with low wmperaire difference withiout the need for
an exiermal power supphy heat pipe is @ seadnd confaiser that had working flud and interns] wick
siruciure for supplving capillary acfion. heai pipe his theee sections, evaporasior section . adiabalic
section and condenser section. |e fest seetion lquid absork generaicd heat in cutling mome and e
evaporated it passes theoagh adiabatic section and condonscd in condenser section then working fluid
i pumped back ta first soction by capillary scton, The operatson of & beat pipe can be mnalyzed sing
& fasdamenal thermodynamic cycle for the working (aid, in which the thermal energy is comveried to
b s cakien,sich & & home heating sysiem |, gravicy ts used 1o repurn the condensed liguid 1o the
evaporalor instid of the wich structure.

The published works related o rofafing heat pipe are mlslively rane T.CdenGGuticrmes Bave
similated & two dimensional dril| witk an imermal hem pipe snd transiem effeos(7] . A detaled review
will be provided a8 follows, The concepd of @ rotafing beat pipe was find proposcd by (iray %], wha
Found ikat a rotating heat pipe could tmnsfer significantly more heat than & similar sticoary hest pipe
due o the cenirifugal pumping effect. By assuming a very thin film wilh & nagligile iops, Balkack
[ 10] found a ciosed form soluklon for the total beat traraler from fhe condenser region of & mbiling
heat pipe. Daley [11] extanded Ballback's woek 1o include the eifeet ol wall thermal resiviance, and
ditermingd the vemparatuns deop across the wall, Chan [1.2] developed a theory for @ retaling heal pipe



ared obinined an analytial solation io predici dee hem tansfer mie of a wicklews kesl pipe that is
comical in shape and rotsbes abos s longitedinal anas. Danicl and Al-Jumaily [13] developad the
coarelation for imerdaciel shess siress for the rotacsg heas pipe, Harley med Faghe | 14] soaticd 2 wo-
dimensional roisting heat pipe with iransiest efffects. They also acopunted for the vapor pressure drop
s the ipterficial shear siress of the counter-flowing vapor. The interfacial hear soress was calculmied
direcily. Sehmalbaticr and Faghrl [15-17] developed a tes-denmensional model for an axially minieg
heat pipe. Hest ransfir mochanism in prosent mode is pore conduation. il the ikermal condustivily is
messrnd based on the iempemiore difference inothe symem with the same amount of kemi ransierved,
the thermal conductivity of the keat heai pipe system is mudh larger thes pure conduction in ithe solsd
rod wiih the same damemsion of ihe hest prpe. A lege Intemd hoss of evaporation and comdensarion
st in e prooess .

Im ihis paper , & dSody i performed Bo investigate the feagibility of wsing hesl pipe tachmslogy in a
desllimg wonl |, alsn the influence of pecenetrical parameiers such as depth of 1he bear pige withan the
drill , heat pipe diameier, heat flux magnitede and heat input zone fength in drilling applications is
perfonmed . Phawical comfiguration of system is shonan m figune |

2 Musdelimg

The drill asd heat pipe . fov @nplificalion are modeled as oconcentric cylinders  Conduction
mechanism iransfors hest ponersted in cuthing sanc (everning squation fs:

2T 1ar 2'Fr  Wr
—_——h—— (i

&t oy & & dr

Where T i the drill temperasure , o |s tood thermal diffusivity. Hest generation is modeled as a heat

source serrounding the oylinder | this msumpdion s rensonshle due o the high romton specd of the
anill [7] . hest ransfer in 2 disection theough the top end of dell s negligible . A hollow o linder is
modebisd i hisl pipe in e cenler of B deill , pipe wall is maintained o a Oxed sesperature , ki s
st b biarge lanent hes carse b sresdl vasimison in the heat [ilpe wall emperaure [7]

The boamdary conditions imposed the model ax:

An nsolated condition and canslant tempenrhee are impeaed for tweend of drill

ol
'é El—'- u'TI =t ™ I.-I' (21

Whene Ty is the ambient temperaturo. & constant bea flus & impesed Tor culzing 2one

2
&_ [

Where & is culiing zone bength and &, B thersal condwctivity. Also an sdisbafic condifion is
imposad for amskds surface of drilll, that has no confani .
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tEmperalure,
Soeme dimensionless parameters are defined that willl use in resulls. They are & follows
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Fig.2 Drillimg tomperahuee in the culting zome

M Namerical anabis

Wamerical eompunmtion was caried out by Fluent software . The method wmed wes finile wolarmd
Mamorical acheme solves & 30 combuction hear transier probiem which results in bensperature eld A
cylindrical rod with 0.206m lenglh &l D.0254m diameier wis drawn The &emeier of the heal pipe
was 0.00635m, The model wis meshed i Gambil and the bourdary condition of the heat pipe wall
wis psswwed as izpthermal. The solution is converged when rasiduals  Erom solvieg erergy cijuiiios
ars smaller than comverpency crierion |

A Revmlty il disciasons

The analysc was perlormed o & oyEndiical mad with a diameter of L0254 m and (osa) lengthiof 0216
m, High speed steel was used for mod The diameter of heat pips weis 00635 m. A constan he inpul
of B3W was vsed in culting zone. The thermal condudtivity of matenal 1 40 Winh., i dirsiny and
the speeific heat of the drill s 7A30 kg/m' and 460 JVigK respectively [7].

An firs1 aa Dnvestigation was performed on Reasibility of unlng hemi pipe for cooling bn drilling
operalions. Temperalure | the same lcemion For three different confliguration were tesied, onc
coafigailon was 4 solid dritl, withowt any coelant or hea? pipe, the second configurition was a drill
coeled by coavection and the last configuration was a dell with beat pipe. The experimental resules of
solld deilf snd hent pipe drill obiained from refremcn [ 71 have bein denoted v figuee 2.0t can be seca
frowm the figuee 2 thy empersiure distribation in numerical salid drill and expenimental model have



ihe same irend. Also the resuls of numerical eabyse and experimental data for tempemtere of el
pipe drill (deill with bem piped bave » remsonahle agreement | Lastly the temperabere in convective
cocling case are shown i which a heal trandfer coefMicann of 5000 Win' °C wis sinwilied . The
prodictid fimpanatanes in head pipe drill s choses tomparaiunes o cofvectig cise. This result implis
thit using a heal pipe a5 a coolast method is FasihleAmihir wady was perfomed hy varying e
effective perameters. It was assumad the problem hecame ey state. Figure 3 illastrates nunscrical
andd esperimeninl resulils conyparison for dinvemaion|ess Semiperaiures, when the parameter of L ois
varinhle . The analyse was carrved ot withs a constant et flus ond beed ingel kengt® inoordir ko dodase
The efTect of parsmeter 3, that i the distance berween drill tip and end cap of hest pipe divided by the
toinl bength of the drill .0t can be seen from the figure with decreasing the distunce betwsen &l Uip Lo
hew pipe =24 cap, he \emperatuie decreise Because the hest plpe 8 clnser W cemnieg e and
abscrption and transfer of hest by beat pipe ks large. When e 17 is bess than 0.1 there is not
cossidernhle redwetion in rempermiure |

Thiis results indicate when A =1 (e solid drll) mereate oF lemperatume o very BEge and 0 G0 e
o ilseramal damages Aniiker iovestigation ioward & parameirlc stody wis 1o vary input beal flux and
input bt Tangih. bn Aigare 4 has beon illssirated the resall of this sy . 5 ihis ligure the Beat e
input i Tow theee different Beal ingedl ome Fengthi0.00952 5 001905 and 0.028575 m for a DuD1%0S

dimneter drill or &, =5, land 1.3 ) the value of A’ based on results in figare 3 has been considered
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Fig 3.The effect of distsrce betweoon drill tip and hest pipe ond on emperature

It can be found cut the lerpermtires incresse with increasiog in b inpur 2008 lengih g does ot
change significamly when the hest o input varies from 033 10 112

In thes stisdy (e effect of the heat plpe dismeter kas been ionvestigaled . This resalts in figure 5
indicaie that incrcase of D decremse the wimpeesture sipnifeamly becaass the bea plpe b closer 1o
ghe drill wnll , thus the velue of heat trassfierned is lerge dee o doorensing, in comduchvity ressstance in
the dnill weall.
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5.0 o s hems

The ressits show usimg hoat pipe in drilling appcation an mignificanily rediace The eepersiure Also
the effect of the variable parameters such zs dismoter, length of beal pipe snd ifgea hest Musx was
imvestigabed. Increase of th diameter ad hest pipe length can reduce the drill temperature According
13 them an aptiramn design ean be made. The oplimined diameter and hest irgml kogth that were
obtained, are 0.3 and 0.1 respectively, Future analyse under the effect of rotziing is jo model & rfating
drill
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