
ISSN 2071-2227, Науковий вісник НГУ, 2016, № 5 29

Р О З Р О Б К А  Р О Д О В И Щ  К О Р И С Н И Х  К О П А Л И Н

личении	 амплитуды	 геологического	 нарушения	
более	 0,75	 мощности	 угольного	 пласта	 процесс	
подземной	 газификации	 переходит	 в	 процесс	
подземного	сжигания	угля.	Результаты	исследова
ний	в	полной	мере	позволят	внести	коррективы	в	
расчет	теплового	баланса	процесса	газификации.

Научная новизна.	Установлено,	что	с	увели
чением	 амплитуды	 дизъюнктивного	 геологиче
ского	нарушения	возникают	дополнительные	по
тери	тепла	за	счет	конвекционного	теплообмена	в	
месте	разрыва	пласта	и	уменьшение	его	выделе
ния	в	связи	с	изменением	зеркала	огневого	забоя	
по	плоскости	сместителя.

практическая  значимость.	 Полученные	 ре
зультаты	стендовых	экспериментальных	исследо
ваний	с	достаточной	для	практического	примене
ния	точностью	могут	использоваться	для	регули

рования	 параметров	 теплового	 баланса	 и	 тепло
вого	 режима	 подземного	 газогенератора,	 дают	
возможность	 расширить	 область	 применения	
технологии	скважинной	подземной	газификации	
угля	в	зонах	геологической	нарушенности	горно
го	массива	и,	в	перспективе,	привлекать	к	отра
ботке	 некондиционные	 запасы	 каменных	 углей	
для	 получению	 генераторного	 газа,	 химических	
продуктов	и	тепловой	энергии.
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Purpose.	The	numerical	study	of	the	drill	mud	flow	speeds	field	at	the	working	face	of	a	borehole.	Substantiation	
of	methodology	to	calculate	the	convection	heat	transfer	rates	on	the	surface	of	a	diamond	core	bit	during	its	cooling.

Methodology. Computational	fluid	dynamics	methods	(CFD	modeling)	were	used	in	the	course	of	the	study.
Findings. The	physical	and	mathematical	models	of	fluid	mechanics	and	heat	transfer	processes	at	the	work

ing	face	of	a	borehole	during	its	boring	with	diamond	core	bits	are	suggested	herein.	The	field	of	circulating	drill	
mud	flow	speeds	around	the	diamond	core	bit	at	the	drilling	of	rock	formation	was	obtained.	Regarding	the	con
vective	heat	exchange,	the	computer	simulation	demonstrated	that	a	notable	change	of	flow	speed	field	during	the	
boring	occurs	throughout	the	height	of	the	bit.	In	the	course	of	the	bit	rotation	the	flow	speed	field	can	be	consid
ered	uniform	alongside	the	azimuthal	direction.	The	ultimate	nonuniformity	of	the	speed	field	is	revealed	in	the	
water	hole	passages	of	the	drilling	core	bit,	which	results	in	its	heavier	wear.	Based	on	the	distribution	speed	cal
culation	results,	the	convection	heat	transfer	coefficients	were	defined	throughout	the	height	of	the	drilling	core	
bit.	The	study	revealed	that,	owing	to	significant	acceleration	of	the	flow,	the	most	intense	heat	exchange	pro
cesses	took	place	in	the	waterhole	passages.

originality.	The	theory	of	fluid	mechanics	processes	at	the	working	face	of	a	borehole	during	the	boring	was	
further	developed.	New	data	were	obtained	on	the	distribution	of	the	flow	speed	field	and	pressure	field	in	the	
circulating	 fluid	at	 the	bottomhole	area.	The	nonuniform	nature	of	 the	 fields	was	demonstrated	herein.	It	 is	
shown	that,	due	to	the	locally	uniform	field	of	speeds	distribution,	it	is	possible	to	assume	that	the	bit	convection	
heat	exchange	ratios	are	constant	in	the	certain	areas.

Practical value.	The	outcomes	of	the	fluid	mechanics	field	modeling	can	be	used	for	determination	of	the	
optimum	sizes	and	shapes	of	the	waterhole	passages	in	the	course	of	designing	new	boring	tools	and	equipment.	
The	obtained	heat	exchange	ratios	enable	to	carry	out	calculations	of	temperature	fields	in	the	crown	bit	body,	
which	is	necessary	to	establish	the	resource	and	power	saving	modes	of	drilling.
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Introduction.  The	 fluid	 mechanics	 processes	 at	
the	working	face	in	the	course	of	the	hole	drilling	sig
nificantly	 define	 the	 efficiency	 of	 the	 mine	 rock	 de
composition.	The	circulating	mud	flood	is	supplied	to	
the	hole	during	the	drilling.	It	cleans	the	bottomhole	
area	from	cuttings,	at	the	same	time	the	flood	acts	as	a	
cooling	agent	for	the	drilling	tools.	The	flow	parame
ters	(i.	e.	 flow	speed,	pressure)	in	the	course	of	flow
over	of	the	bit	may	significantly	vary	alongside	its	sur
face	because	of	the	bit	design	particular	qualities.	Such	
particulars	should	be	taken	into	account	when	defin
ing	the	hydrodynamic	forces	applied	to	the	bit	in	order	
to	adjust	 the	drilling	mode	parameters,	as	well	as	 for	
enhancing	 the	design	of	 the	bit	 in	 the	course	of	new	
drilling	tool	designing.	The	speed	field	distribution	is	
of	special	interest	from	the	perspective	of	determining	
heat	exchange	conditions.	This	data	is	a	precondition	
for	the	forecasting	of	the	temperature	mode	of	the	bit	
operation	in	order	to	prevent	its	overheating	and	inten
sive	wear.	The	relevance	of	the	task	to	study	fluid	me
chanics	 and	 heat	 transfer	 processes	 on	 the	 working	
face	of	borehole	is	conditioned,	in	particular,	by	devel
opment	of	new	drilling	techniques	using	pulse	flush
ing	[1].

The	experimental	research	of	the	speed	field	distri
bution	at	the	working	face	area	is	related	to	a	number	
of	 unbiased	 difficulties:	 complexity	 and	 high	 cost	 of	
research	 in	 the	 real	 borehole;	 technical	 challenges	
while	installing	the	measuring	equipment	and	devices	
and	ensuring	their	troublefree	operation;	difficulty	of	
ensuring	 the	 repetitiveness	 of	 experiment	 etc.	 Some	
bed	tests	and	theoretical	study	of	fluid	dynamics	and	
thermodynamics	of	the	flow	of	flushing	fluid	are	pre
sented	 in	 work	 [2].	 It	 allows	 obtaining	 only	 integral	
characteristics	of	the	fluid	mechanics	processes;	they	
fail	 to	 represent	 any	 possible	 local	 effects	 related	 to	
forming	of	dead	water	zones	and	changes	of	the	flow	
speed	or	those	of	heat	exchange	ratios	throughout	the	
boring	tool	surface.

Mathematical	 modeling	 along	 with	 carrying	 out	
computational	 experiment	 seems	 to	 be	 the	 effective	
tool	 to	 ensure	 thorough	 research	 of	 such	 processes.	
Modern	approach	to	modeling	of	fluid	mechanics	and	
heat	 exchange	 processes	 using	 the	 CFD	 (Computa
tional	 Fluid	 Dynamics	 methods)	 modeling	 tools	 en
sure	 the	 successful	 outcome	 of	 such	 research.	 These	
methods	 are	 a	 sound	 alternative	 to	 physical	 experi
ments.	Thus,	to	reveal	the	physical	picture	at	the	bot
tomhole	area	and	to	analyze	fluid	mechanics	and	heat	
exchange	processes	during	the	diamond	bit	drilling	it	
is	expedient	to	use	the	computing	modeling	methods.

analysis  of  recent  research  and  unsolved  as-
pects of the problem. Methods	of	computing	model
ing	 of	 hydrodynamic,	 mechanical	 and	 temperature	
fields	gained	wide	scope	of	application	for	research	of	
fluid	 mechanics	 and	 heat	 transfer	 processes	 in	 the	
course	of	processing	tool	operations.	The	mathemati
cal	 models	 describing	 similar	 tasks	 are	 based	 on	 the	
systems	 of	 differential	 equations	 of	 transfer	 of	 mass,	
energy,	momentum,	turbulence	characteristics	etc.	As	
a	rule,	numeric	implementation	of	mathematical	mo

dels	is	realized	using	the	finite	element	method	–	the	
most	effective	numeric	method	to	calculate	3D	com
plex	geometry	tasks.	The	detailed	review	of	application	
of	mathematical	modeling	methods	to	solve	the	tasks	
of	metalcutting	and	boring	equipment	heating	is	pro
vided	in	reference	article	[3].	However,	as	it	is	shown	
in	work	[4],	the	results	obtained	for	metalcutting	tools	
cannot	be	used	for	the	study	of	mine	rock	boring	be
cause	of	a	number	of	differences	between	the	techno
logical	processes	and	physical	features.

The	methods	of	computation	modeling	have	been	
effectively	used	as	a	research	tool	to	optimize	the	de
sign	 and	 drafting	 of	 PDC	 (Polycrystalline	 Diamond	
Compact)	bits.	Article	[5]	represents	the	outcomes	of	
the	modeling	of	fluid	mechanics	of	drilling	fluid	flow	in	
the	course	of	flowover	of	the	cutting	edges	of	the	PDC	
bit,	as	well	as	the	analysis	of	influence	of	the	flow	mode	
to	the	efficiency	of	jet	flushing	of	the	bottomhole	area.	
When	boring	with	PDC	bits,	it	is	rational	to	apply	the	
washing	 liquid	 to	 the	 mine	 rock	 decomposition	 area	
under	pressure.	Fluid	mechanics	processes	at	the	bot
tomhole	area,	various	aspects	of	 their	modeling	and	
prospects	of	its	use	for	designing	of	fullhole	noncore	
drilling	were	studied	in	works	[6,	7].	Modeling	of	flow
over	of	a	plug	bit	during	the	process	of	drilling	with	air	
flushing	 was	 presented	 in	 work	 [8].	 The	 outcomes	 of	
the	modeling	allowed	forecasting	the	influence	of	the	
tool	geometry	on	the	losses	of	the	cleaning	fluid	flow.

Thus,	 the	 tasks	 to	 define	 the	 speed	 field	 at	 the	
working	 face	of	a	borehole	under	 fullhole	noncore	
drilling	were	considered	 in	 the	reference	 literature	 in	
detail.	The	methods	of	computation	modeling	do	not	
only	reveal	their	high	efficiency,	but	also	ensure	the	re
search	 of	 the	 instances	 when	 application	 of	 experi
mental	methods	is	technically	impossible.	At	the	same	
time,	however,	very	few	scientific	works	are	devoted	to	
the	tasks	of	 fluid	mechanics	at	 the	working	face	area	
under	the	probe	boring	with	diamond	drilling	bits.

The	CFD	investigation	of	the	cleaning	fluid	flow	at	
the	bottomhole	area	in	the	course	of	boring	with	dia
mond	 drilling	 bits	 was	 represented	 in	 work	 [9].	 The	
work	 dwells	 on	 the	 study	 of	 the	 speeds	 and	 pressure	
distribution	 fields	 during	 flowover	 of	 the	 drilling	
tools,	which	enabled	to	assess	the	efficiency	of	various	
designs	of	the	drilling	bits.	Both	positive	and	negative	
hydrodynamic	phenomena	were	demonstrated	 in	the	
work.	In	particular,	the	possibility	to	increase	the	mine	
rock	decomposition	efficiency	owing	to	the	local	man
ifestation	 of	 cavitation	 effects	 in	 the	 “tool–bottom
hole	 area”	 hydrothermodynamic	 system	 during	 its	
movement	along	the	drilling	zone.	On	the	other	hand,	
the	possibility	of	early	wearing	of	the	drilling	bit	life
time	 was	 demonstrated	 in	 the	 article.	 However,	 the	
matter	of	 influence	of	 the	speed	field	distribution	on	
the	heat	exchange	conditions	between	the	drilling	bit	
and	washing	fluid	was	not	considered	in	the	article.

Temperature,	mechanical	and	mud	speed	fields	in	
the	course	of	boring	with	diamond	drilling	bits	were	
subject	of	research	in	article	[10].	However,	a	number	
of	problems,	in	particular,	defining	the	heat	exchange	
value,	remained	without	consideration.	Moreover,	the	
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physical	model	proposed	in	the	article	calls	for	further	
thorough	grounding.

A	 new	 set	 of	 problems	 related	 to	 development	 of	
pulse	drilling	technologies	[11]	requires	additional	re
search	 of	 physical	 processes	 existing	 at	 the	 bottom
hole	area	in	the	course	of	drilling.	In	particular,	defin
ing	the	distribution	of	 the	drilling	fluid	speed	field	 is	
important	for	calculating	the	convection	heat	exchange	
process	 and	 further	 modeling	 of	 the	 temperature	
modes	of	drilling.	This	task	can	be	successfully	solved	
using	the	computation	modeling	methods.

The objective of the present study is to	carry	out	
the	numerical	study	of	the	circulating	flood	speed	field	in	
the	bottomhole	area	and	to	substantiate	the	methodol
ogy	for	calculation	of	the	convection	heat	transfer	rates	
on	the	surface	of	a	diamond	crown	bit	during	its	cooling.

Presentation of the main research. Let	us	take	a	
few	assumptions	in	order	to	develop	the	mathematical	
model.

1.	A drilling bit	consists	of	the	body	and	hardal
loyed	matrix	armored	with	diamonds	or	hardalloy	in
serts.	 The	 matrix	 is	 divided	 into	 sectors	 by	 flushing	
jets,	or	water	courses.	Various	bits	have	different	num
bers	and	sizes	of	water	courses.	Let	us	take	a	standard	
drilling	bit	01A3	with	diameter	of	59	mm	as	a	sample	
for	 modeling	 of	 fluid	 mechanics	 and	 heat	 exchange	
processes	during	the	drilling.	The	general	view	of	the	
bit	is	shown	in	Fig.	1.	The	3D	model	for	calculating	
the	 drilling	 bit	 flowover	 process	 at	 the	 bottomhole	
area	is	shown	in	Fig.	2.

2.	Drilling process	is	carried	out	through	core	drill
ing.	The	direction	of	circulating	water	flow	depends	on	
the	borehole	washing	method.	Let	us	assume	the	di
rect	 washing	 for	 our	 calculations.	 According	 to	 the	
scheme,	 the	 washing	 fluid	 (water)	 is	 pumped	 to	 the	
borehole	through	the	column	of	drilling	pipes.	In	the	
barrel	core	the	water	runs	between	its	inner	cavity	and	
the	core	through	the	inner	part	of	the	drilling	bit	and	
goes	into	the	borehole	through	the	water	courses.	Let	
as	make	the	following	assumptions:	washing	liquid	in
take	is	Q	=	0.99		10-3	m3/sec;	temperature	of	the	liquid	
is	 20	 °C;	 axial	 weight	 on	 the	 drilling	 bit	 is	 1.500	 N;	
drilling	tool	rotation	speed	is	470	rpm.

3.	 Physical assumptions.	 It	 would	 be	 safe	 to	 as
sume	that	 the	following	should	be	 ignored:	existence	
of	 sludge	 in	 the	 drilling	 mud	 return;	 loss	 of	 washing	
fluid	due	to	its	intake	by	porous	structure	of	the	mine	
rock;	uneven	nature	of	the	borehole	and	core;	rough
ness	 of	 the	 bottomhole	 area	 surface.	 The	 following	
should	be	assumed:	physical	properties	of	the	washing	
fluid	 and	 its	 temperature	 are	 constant	 values;	 with	 a	
course	of	time	the	flow	will	be	stabilized;	the	drilling	
bit	 slightly	penetrates	 into	 the	mine	rock;	amount	of	
fluid	under	the	operating	surface	of	the	matrix	is	ne
glectful	since	the	fluid	moves	along	the	water	courses.	
The	last	assumption	is	fairly	substantiated	if	one	could	
take	 into	 account	 the	 relatively	 small	 clearance	 be
tween	the	mine	rock	surface	and	matrix	(ca.	0.3	mm),	
its	significant	hydraulic	resistance,	existence	of	sludge	
and	high	temperatures	under	the	matrix	bottom	which	
provide	for	the	fluid	evaporation.

Under	the	given	intake	of	the	fluid,	we	can	assess	
the	Reynolds	number	from	the	ratio

Re ,
4

Q

h


 

where	n	is	kinematic	coefficient	of	viscosity;	h	=	4	mm	
is	 a	 water	 course	 height.	 Under	 the	 assumed	 water	
temperature	 we	 can	 obtain	 the	 following	 value	 Re	 =	
=	61	875	which	is	the	evidence	of	the	developed	turbu
lent	 flow.	 Thus,	 to	 describe	 the	 hydrodynamic	 pro
cesses	we	shall	use	a	standard	twoparameter	k	- e	tur
bulence	model.

The	mathematical	model	includes	the	system	of	dif
ferential	 equations	 of	 momentum	 transfer,	 continuity	
and	transfer	of	the	turbulence	characteristics	as	follows
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Fig. 1. General view of the diamond drilling bit:
1 – body; 2 – matrix; 3 – water course

Fig. 2. 3-D model of the calculated area:
1 – core; 2 – wall of the hole; 3 – body; 4 – matrix; 
5 – water course
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where	i	=	1,	2,	3	correspond	to	x,	y,	z	–	coordinates	in	
Cartesian	system;	u	stands	for	averaged	components	of	
the	 speed	 vector;	 fi	 stands	 for	 components	 of	 mass	
forces	(Coriolis	and	centrifugal);	k	is	kinetic	energy	of	
turbulence;	e	is	dissipation	of	the	turbulence	energy;	p	
is	averaged	pressure;	nt	is	kinematic	coefficient	of	vis
cosity;	r	 is	density;	t	 is	 time;	C1e	=	1.44,	C2e	=	1.92,	
Cm	=	0.99,	sk	=	1.0,	se	=	1.3	–	empirical	constant	of	the	
model.

To	ensure	the	model	closure	we	use	the	expression	
for	the	turbulent	viscosity

2

.t

k
C 


The	boundary	conditions	for	(1–4)	are	as	follows.	

In	an	inlet	cross	section	we	assume	the	consumption	
of	the	washing	fluid.	In	an	outlet	cross	section	we	as
sume	 “soft”	 boundary	 conditions.	 Along	 the	 entire	
surface	of	the	drilling	bit	and	contacting	rock	surface,	
we	 assume	 noslip	 conditions.	 The	 wall	 function	
method	is	used	for	the	turbulence	characteristics.

At	 the	 initial	 instant	of	 time	t	=	 0-	 the	drilling	bit	
does	not	move	and	it	is	washed	by	the	flow	having	the	
initial	temperature.	The	process	of	flowover	of	the	mo
tionless	bit	at	the	initial	moment	before	commencing	of	
the	drilling	process	is	shown	in	Fig.	3.	In	Fig.	3,	а	the	
distribution	of	the	speed	field	in	the	plain	parallel	to	the	
bottomhole	area	and	within	2	mm	from	it,	are	shown.

One	can	see	the	symmetric	picture	of	the	washing	
fluid	flow,	with	certain	increase	in	the	flow	speed	in	the	
water	courses	where	the	speed	can	reach	33.3	m/sec.	In	
Fig.	3,	b	 the	flow	lines	along	the	side	surfaces	of	 the	
drilling	 bit	 for	 the	 initial	 instant	 of	 time	 are	 shown.	
Here,	the	conditions	of	convective	cooling	of	the	drill
ing	bit	are	changing	both	alongside	the	bit’s	height	and	
on	the	azimuthal	coordinate	plane	along	the	side	sur
face	of	the	bit.

Then	at	 the	moment	t =	 0+	 the	drilling	process	 is	
begun,	 and	 the	 bit	 rotation	 are	 started.	 During	 the	
drilling	the	bit	is	rotating.	Thus,	the	flow	lines	have	a	
more	complex	look.	The	findings	of	the	calculation	ex
periments	revealed	that	 in	3	sec	after	commencing	of	
the	 drilling	 process	 the	 stationary	 mode	 of	 the	 fluid	
flow	is	established.	These	are	confirmed	by	the	experi
mental	data	provided	in	[2,	4].	As	shown	by	the	calcu
lation	 outcomes	 defined	 in	 Fig.	 4,	 the	 symmetry	 of	
flow	 through	 the	water	courses	 is	violated	because	of	
the	bit	rotation.	The	maximum	of	the	flow	speed	is	re
positioned	in	the	water	course	in	conformity	with	the	
rotation	direction	towards	the	receiving	wall	of	the	ma
trix,	while	on	the	opposite	wall	of	the	water	course	the	
dead	water	area	with	lower	speed	of	the	flow	is	emerg
ing	(Fig.	4,	а).	Intense	mixing	of	the	flow	occurs	along	
the	side	surfaces	of	 the	bit	 (Fig.	4,	b).	This	 results	 in	
leveling	of	the	speeds	field	on	the	azimuthal	coordinate	
along	the	surface.	Such	behavior	of	the	flows	allows	as
suming	that	only	the	changes	of	the	flow	speed	along	
the	bit	height	should	be	considered	as	significant.

The	behavior	of	the	flow	speed	and	excessive	pres
sure	 along	 the	 flowover	 in	 the	 water	 courses	 of	 the	
drilling	bit	is	shown	in	Fig.	5.	The	flow	speed	during	
flowover	of	the	matrix	of	the	drilling	bit	is	increasing	
from	2	to	33	m/sec	in	the	water	courses	(Fig.	5,	а).	Be
cause	of	the	distribution,	the	washing	fluid	flow	speed	
fields	 and	 pressure	 fields	 are	 nonhomogenous,	 thus	
the	low	pressure	area	is	emerging,	as	shown	in	Fig.	5,	
b.	Such	pattern	of	the	flow	may	result	in	local	erosion	
of	the	bit	due	to	possible	emerging	of	cavitation	in	the	
low	 pressure	 area.	 Moreover,	 such	 nonhomogenous	
nature	of	 the	 flow	should	be	considered	when	deter
mining	the	forces	of	hydraulic	backwater	from	the	bit.

The	obtained	speed	field	makes	it	possible	to	deter
mine	the	heat	transfer	coefficients	along	the	side	sur
face	of	the	bit.	Taking	into	account	that	the	obtained	
behavior	of	the	flow	allows	us	to	consider	the	heat	ex
change	conditions	as	being	significant	only	along	the	
drilling	bit	height,	we	shall	assume	that	the	heat	trans
fer	coefficient	will	remain	unchanged	within	the	water	
courses,	 side	 surface	 of	 the	 matrix	 and	 body	 of	 the	
drilling	bit.	To	establish	the	heat	transfer	coefficients	
we	use	the	criterial	equation	for	heat	exchange	calcula

а b

Fig. 3. Distribution of the speed field at the moment of t =	0:
а – in the plane parallel to the bottom-hole area; b – during the flow-over of the bit
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tion	during	the	drilling	process	[2].

0.250.8

43 Pr
0.021 Pr ,

Prc

w D

D

              

where	a	is	heat	transfer	coefficient;	w	–	flow	speed;	D	
is	the	diameter	of	the	drilling	bit;	Pr	is	Prandtl’s	num
ber	 taken	 at	 the	 fluid	 temperature;	 Prc	 is	 Prandt’s	
num	ber	taken	at	the	drilling	bit	temperature;	l	is	wash
ing	fluid	heat	conduction	coefficient.

Table	shows	the	outcomes	of	the	calculations	of	the	
averaged	(regarding	the	bit	height)	heat	transfer	coef
ficients	on	the	drilling	bit	surface.

Conclusions. The	numeric	study	of	fluid	mechan
ics	processes	on	the	working	face	of	the	borehole	dur
ing	the	process	of	drilling	using	diamond	drilling	bits	is	
represented	 in	 the	 present	 work.	 The	 analysis	 of	 the	
modeling	results	revealed	that	in	the	azimuthal	direc
tion	the	flow	speed	field	can	be	considered	as	homog
enous	owing	to	rotation	of	the	drilling	bit.	For	the	first	

time	 ever	 the	 speed	 field	 of	 the	 washing	 fluid	 in	 the	
water	 courses	 was	 studied,	 and	 its	 nonhomogenous	
nature	 was	 demonstrated	 herein.	 The	 ultimate	 non
uniformity	of	the	speed	distribution	field	is	revealed	in	
the	water	courses	of	the	drilling	bit,	which	may	result	
in	 local	effects	 in	 the	 form	of	heavier	wearing	of	 the	
drilling	bit.	The	outcomes	of	 the	hydrodynamic	field	
modeling	can	be	used	to	determine	the	optimum	di
mensions	 of	 the	 water	 courses	 when	 designing	 new	
drilling	bits.

The	flow	behavior	obtained	herein	makes	it	possi
ble	to	assume	that,	from	the	convection	heat	exchange	
perspective,	 the	 speed	 field	 changing	 is	 significant	
alongside	the	drilling	bit	height	only.	Therefore,	when	
determining	convective	heat	transfer	coefficients,	they	
can	be	assumed	as	being	constant	within	the	boundar
ies	 of	 the	 matrix,	 body	 and	 water	 courses	 of	 drilling	
bits.	The	obtained	heat	transfer	ratios	enable	to	carry	
out	calculations	of	temperature	fields	of	the	drilling	bit	
necessary	 to	establish	 the	 resource	and	power	 saving	
modes	of	drilling.
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Мета.	Чисельне	дослідження	поля	швидкості	
бурового	розчину	у	привибійній	зоні	свердловини	
та	 обґрунтування	 методики	 розрахунку	 коефіці
єнтів	 конвективної	 тепловіддачі	 на	 поверхні	 ал
мазної	коронки	при	її	охолоджені.

Методика. Для	дослідження	використані	ме
тоди	комп’ютерного	моделювання	гідродинаміч
них	процесів	(CFD–моделювання).

результати. Запропоновані	фізична	й	матема
тична	 моделі	 гідродинамічних	 процесів	 і	 тепло
віддачі	 на	 вибої	 свердловини	 при	 бурінні	 алмаз
ними	коронками.	Отримано	розподіл	поля	швид
костей	 бурового	 розчину	 при	 обтіканні	 коронки	
під	час	її	поглиблення.	З	точки	зору	конвективно
го	 теплообміну	 показано,	 що	 істотна	 зміна	 поля	
швидкості	відбувається	лише	по	висоті	коронки.	
В	азимутальному	напрямку	розподіл	швидкостей	
потоку	під	час	обертання	коронки	можна	вважати	
однорідним.	Найвища	неоднорідність	поля	швид
костей	 спостерігається	 у	 промивальних	 каналах,	
що	сприяє	 інтенсивному	зносу	коронки.	Резуль
тати	розрахунку	поля	швидкостей	дозволили	ви
значити	коефіцієнти	тепловіддачі	за	висотою	ко
ронки.	 Показано,	 що,	 за	 рахунок	 значного	 при
скорення	 потоку,	 найінтенсивніша	 тепловіддача	
має	місце	у	промивальних	каналах.

Наукова новизна.	Набула	подальшого	розви
тку	теорія	гідротермодинамічних	процесів	у	вибої	
при	бурінні	свердловин.	Одержані	нові	дані	з	роз
поділу	поля	швидкостей	та	поля	тиску	в	буровій	
рідині	на	вибої.	Показано,	що,	за	рахунок	локаль
но	однорідного	розподілу	поля	швидкостей,	мож
на	при	розрахунку	коефіцієнтів	конвективної	те
пловіддачі	 коронки	 прийняти	 їх	 постійними	 в	
межах	окремих	ділянок.

практична  значимість.	 Результати	 моделю
вання	 гідродинамічних	 полів	 можуть	 бути	 вико
ристанні	 для	 визначення	 оптимальної	 геометрії	
промивальних	каналів	при	проектуванні	бурового	
інструмента.	 Отримані	 коефіцієнти	 тепловіддачі	
дозволяють	проводити	розрахунки	температурних	
полів	у	тілі	коронки,	що	необхідно	для	визначення	
ресурсо	та	енергозберігаючих	режимів	буріння.

ключові слова: бурова коронка, буріння, гід-
родинаміка, комп’ютерне моделювання, тепло-
віддача
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Цель.	 Численное	 исследование	 поля	 скоро
стей	бурового	раствора	в	призабойной	зоне	сква
жины	и	обоснование	методики	расчета	коэффи
циентов	конвективной	теплоотдачи	на	поверхно
сти	алмазной	коронки	при	ее	охлаждении.

Методика. Для	исследования	использованы	
методы	 компьютерного	 моделирования	 гидро
динамических	 процессов	 (CFD	 –	 моделирова
ние).

результаты. Предложены	физическая	и	мате
матическая	 модели	 гидродинамических	 процес
сов	 и	 теплоотдачи	 на	 забое	 скважины	 при	 буре
нии	алмазными	коронками.	Получено	распреде
ление	поля	скоростей	бурового	раствора	при	об
текании	 алмазной	 коронки	 в	 момент	 углубки	
скважины.	С	точки	зрения	конвективного	тепло
обмена	 показано,	 что	 существенное	 изменение	
поля	скоростей	при	бурении	происходит	по	высо
те	коронки.	В	азимутальном	направлении	распре
деление	скоростей	потока	при	вращении	коронки	
можно	 считать	 однородным.	 Наибольшая	 неод
нородность	 поля	 скоростей	 наблюдается	 в	 про
мывочных	 каналах,	 что	 приводит	 к	 повышению	
износа	 материала	 коронки.	 Результаты	 расчета	
поля	 скоростей	 позволили	 определить	 коэффи
циенты	 конвективной	 теплоотдачи	 буровой	 ко
ронки	 по	 высоте.	 Показано,	 что,	 за	 счет	 значи
тельного	 ускорения	 потока,	 наиболее	 интенсив

ная	теплоотдача	имеет	место	в	промывочных	ка
налах.

Научная новизна.	Получила	дальнейшее	раз
вития	 теория	 гидротермодинамических	 процес
сов	на	забое	в	процессе	бурения	скважин.	Полу
чены	новые	данные	по	распределению	поля	ско
ростей	 и	 поля	 давлений	 в	 буровой	 жидкости	 в	
призабойной	зоне.	Показано,	что,	за	счет	локаль
но	 однородного	 поля	 распределения	 скоростей,	
можно	 при	 расчете	 коэффициентов	 конвектив
ной	теплоотдачи	коронки	принять	их	постоянны
ми	по	отдельным	участкам.

практическая значимость.	Результаты	моде
лирования	гидродинамических	полей	могут	быть	
использованы	для	определения	оптимальной	гео
метрии	промывочных	каналов	при	проектирова
нии	бурового	инструмента.	Полученные	коэффи
циенты	теплоотдачи	позволяют	проводить	расче
ты	температурных	полей	в	теле	коронки,	что	не
обходимо	для	определения	ресурсо	и	энергосбе
регающих	режимов	бурения.

ключевые слова:	буровая коронка, бурение, 
гидродинамика, компьютерное моделирование, 
теплоотдача
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