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ANH HUONG CUA VIEC BO TRi VOI PHUN PINH HUONG POl VOI
LUU TRUONG DONG CHAY PAY GIENG CUA CHOONG KHOAN PDC

HOANG ANH DUNG, TRIEU HUNG TRUONG, Truong Pai hoc M6 - Pja chat

Tom tat: Pé phan tich dnh hwong cia viéc bo tri voi phun dinh hwéng (directional nozzle)
dén leu trwong dong chay day giéng, ta sir dung phan mém CAD két hop véi phan mém
Gambit @é thiét ké mé hinh choong khoan PDC c6 voi phun dinh hueéng, sau dé sir dung
phan mém M6 hinh hoa dong chay Fluent tién hanh mé phong déic tinh lwu truong dong
chay duwoi day giéng. Két qua nghién cizu cho thdy, viéc bo tri voi phun dinh hiéng mét céch
hop Iy sé phat huy téi da kha nang rira sach day giéng va han ché sy hinh thanh 1ép bun bao
bé mat chodng khoan PDC nham nang cao hiéu qua cia qua trinh khoan.

Mé dau

Choong khoan PDC (Polycrystalline
Diamond Compact Bit) dugc sir dung dé khoan
trong cac tang dit da tir trung binh dén cung
cho hiéu qua tuwong ddi tét. Sir dung choong
khoan PDC mat cach hop ly s& tao duoc téc do
khoan cao, kha ning pha hiy dat da nhanh va
dic biét Ia tudi tho caa chodng khoan cao nén
duoc sir dung rong réi trong cdng tac khoan dau
khi [3, 5]. Bé nang cao hiéu qua 1am viéc cua
chodng khoan PDC thi viéc b tri cac voi phun
trén choong khoan dong vai trd rat quan trong,
luu truong dong chay & day giéng do cac voi
phun tao ra s& quyét dinh dén hiéu qua cua qua
trinh rira sach day giéng, lam mat chodng khoan
va han ché sy hinh thanh 16p bun bao bé mat
choong khoan. P c6 nhiéu nghién ctu tir phan
tich ly thuyét, st dung phuong phap mé phong
tri s6, nghién ctu trong phong thi nghiém dén
cac nghién ctru ¢ ngoai thyuc dia da cho thiy luu
truong dong chay o day gleng phu thuéc chu
yéu vao két cau va su phan bd cua céc voi phun
trén choong khoan PDC [6, 7].

Dé nghién ctu anh huéng cua viéc bd tri
cac voi phun dinh hudéng trén choong khoan
PDC, bai béo trinh bay &ng dung phan mém Md
hinh héa dong chay Fluent dé tién hanh mod
phong tri so luu truong dong chday dudi day
giéng cua choong khoan PDC khi thay do6i sb
lwong va cach b tri cac voi phun dinh huéng
[2]. Két qua phan tich cho thay, viéc bd tri cac
voi phun dinh hudng trén choong khoan s€ anh
huong tryc tiép dén tinh nang thiy lyc cua

16

chodng khoan PDC, c6 thé cai thién duoc luu
truong dong chay dudi day giéng, han ché su
hinh thanh l6p bun bao choong khoan, nang cao
hiéu qua lam viéc cua choong khoan PDC.
1. Hién trang lép bun bao choong khoan &
day giéng

Trong qué trinh thi céng khoan cac giéng
dau khi, phan 16n lwong mun khoan s& duoc
quét sach khoi day giéng rdi van chuyén Ién
trén mat nho dong dung dich khoan. Tuy nhién,
van con mot lwong mun khoan nhat dinh dong
lai & dudi day giéng s& can tré qua trinh tiép
xdc cua ring choong véi tang dat da mdi.
Nghiém trong hon cac hat mun khoan nay bi
nghién nat lai nhiéu lan s& cé kha niang két dinh
lai v&i nhau hinh thanh 1&n 16p bun bao bé mit
chodng khoan dan dén téc d6 khoan bi suy giam
dang ké (dac biét 1a dbi vai choong khoan PDC).
Chinh vi vay, viéc giai phong lugng mun khoan
khoi day giéng, 1am mat choong khoan va han
ché su hinh thanh I6p bun bao chodng khoan la
yéu cAu cap thiét trong qua trinh tinh toan thiét
ké hé théng thay luc trén choong khoan PDC
nham nang cao tbc do co hoc khoan, ha gi&
thanh giéng khoan.
2. Anh huéng caa viéc bd tri voi phun dinh
hwong trén choong khoan PDC

Viéc b tri cac voi phun trén choong khoan
PDC s& linh hoat hon nhiéu so véi choong
khoan chop xoay. Cac nghién ciru d chi ra riang
khi thay doi vi tri cac voi phun s& anh huong
tryc tiép dén tinh ning thiy lyc cia choong
khoan PDCI8]. Vi tri cac voi phun trén choong



khoan phai tinh toan sao cho nang lugng thuy
luc cua voi phun nay khdng anh huong triét tiéu
dén nang lugng thuy lyc cua voi phun khac ma
phai ¢6 sy cong huong hd trg cho nhau, ddng
thoi phai dam bao toan bo khu vuc day giéng sé
dugc che pha béi nang lugng thay luc cua céc
dong phun nham nang cao hiéu qua quét sach
man khoan & day giéng, lam mat choong khoan
va ngan ngtra sy hinh thanh 16p bin bao bé mit
choong khoan PDC.

Trong qué trinh tinh toan thiét ké choong
khoan PDC thi viéc lya chon sé lugng voi phun
dong vai tro quyét dinh dén luu truong dong
chay dudi day giéng. Néu st dung sé luong voi
phun la chan thi kha niang phan chia dong chay
gitra c&c voi phun trong than choong khoan
thuan lgi hon nhung kha nang tao dong phun
che phu déu toan bo khu vuc day giéng s& kho
khan hon, c¢6 khu vuc thi nang lugng dong phun
tac dong twong ddi manh nhung c6 khu vyc thi
ning luong dong phun tac dong twong ddi yéu
dan dén kha ning day man khoan & nhitng khu
vuc ndy gap nhiéu khé khan [4]. Chinh vi vay,
noi dung cua bai bao nay chi gigi han nghién
ctru V& anh huong cua viéc bd tri sb lwong céc
vOi phun 1a 1¢ trén choong khoan PDC dén Iuu
trudng dong chay dudi day giéng.

Dé tién hanh qua trinh mé phong can gia
dinh cac théng s dau vao nhu sau: duong kinh
chodng khoan 1a 215,9 (mm), téng lwu lwong
ciia bom 1a 32 (L/s), tbc d6 dong phun trung
binh cua voi phun 45,3 (m/s), tbc do quay cua
choong khoan la 120 (vong/phat), duong kinh
vOi phun chinh la 10 (mm), dwong kinh voi
phun dinh hudng 1a 3 (mm), chét long bom 1a
nuée. Tién hanh thiét ké mé hinh chodng khoan
PDC [1] va sit dung phin mém md hinh hda
dong chay Fluent dé md phong luu truong dong
chay duéi day giéng twong ung vai 1 voi phun,
3 voi phun va 5 voi phun.

2.1. Anh hwéng cia 1 voi phun dén Iluu
treomg dong chay duwdi ddy giéng

Két qua cua qué trinh md phong trén hinh 1
va hinh 2 cho thdy luu trudong dong chay cua
voi phun dinh huéng phéat sinh mot s6 bién hoa
do c6 su tham gia cua dong phun hudng
nghleng, diéu nay c6 lgi cho qua trinh rira sach
day giéng va van chuyén mon khoan. Trén

phuong cuia dong phun hudng nghiéng hinh
thanh thém mot khu vuc va dap mdi da lam
giam bdt dién tich che phua cua khu vuc dong
xody (1) han ché dang ké kha ning hat mun
khoan bi luu giit 1au ¢ khu vic ndy, day 1a diéu
rat co loi d6i v6i qua trinh day mun khoan di 1én.
Pong thoi, tai khu vuc dong chay tran (2) cua
dong phun chinh ¢6 thém su hé trg cia dong
phun huéng nghiéng, khi do nang luong cua
dong phun huéng nghiéng sé duoc b6 sung thém
vao giai doan cudi cua khu vuc dong chay tran
cho nén da hd tro rat hiéu qua qua trinh quét sach
mun khoan & day giéng va dua mun khoan di 1én
nham nang cao hiéu qua cua cdng tac khoan.
Nhung do chi ¢d 1 voi phun trén choong khoan
cho nén luu truong dong chay ¢ day giéng khong
cai thién dwoc nhiéu va chi phd hop véi loai
choong khoan c6 duong kinh nho.

Hinh 1. So' d6 md phong heu truong dong chay
dudi day gieng cua 1 voi phun

Hinh 2. Sor d@6 van téc dé xung quanh bé mat
luéi cat cua choong khoan
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2.2. Anh hwéng ciia 3 voi _phun dén luu
trwong dong chdy duéi day giéng

Tién hanh md phong trong hai truong hop
do 1a: sir dung t6 hop 3 voi phun c6 duong kinh

nhu nhau (a) va st dung t6 hop 3 voi phun ¢é
duong kinh khac nhau (b) véi d1eu Kién luu
luong tong cung cap xudng day giéng 1a khong
doi.

Hinh 3. So' d6 phan bé truong véc to toc dé cia 3 voi phun duwéi déy giéng

@ di=d =

Két qua cua qua trinh md phong trén hinh
3a cho thiy Iuu truong dong chay tran ra day
giéng duoc hinh thanh boi dong phut caa 3 voi
phun cung duong kinh da phat hién ra ¢ trung
tam cua day giéng hinh thanh mot khu vuc dong
dinh tré. Tai khu vuc nay nang luong cua dong
phun tham gia vao qué trinh day hat mun khoan
twong doi yeu dan dén mun khoan s& tich tu
twong d6i nhiéu gay can tré qué trinh quét sach
mun khoan & day giéng, diéu nay thé hién luu
truong dong chay dudi day giéng cua té hop 3
voi phun cung duong kinh khéng cé lgi cho
viéc day hat mun khoan trong quéa trinh lam
Viéc.

Trong trudng hop st dung to hop 3 VOi
phun c6 duong kinh khéc nhau thi két qua mé
phong trén hinh 3b cho thiy khu vuc dong chay
& trung thm day giéng da duoc cai thién déng keé
S0 Véi truong hop sir dung t hop 3 voi phun
cung duong kinh. Nang lugng cua dong phun
da co sy tac dong dén khu vyc nay mot céch rd
rang hon, nhd d6 ma da cai thién dang ké kha
ning day hat min khoan roi khoi khu vyc trung
tam di 1én trén bé mit. Tuy nhién, luu truong
tong thé & khu vire trung tam day giéng van con
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ds = 10mm; (b) di =8mm, d2 = 10mm, dz = 12mm

yéu dic biét ddi voi nhitng chodng khoan cé
duong Kkinh I6n thi kha nang quét sach mun
khoan & day giéng, 1am mat choong khoan va
phong ngura I6p bun bao bé mat choong khoan
van con nhiéu han ché, chua phat huy hét vai
tro cua dong phun thuy luc thudc trong to hop
cac voi phun trén choong khoan PDC.
2.3. Anh hwoéng cia 5 voi phun dén luu
trwong dong chdy dwéi day giéng

Str dung choong khoan PDC c6 5 voi phun
nhu trén hinh 4, trong d6 duong truc chinh tam
cua voi phun 1 hop vai truc (—X) mét goc la
270° va dbi xang véi nd qua tdm cua choong
khoan la voi phun 3; voi phun 2 c6 duong truc
chinh tdm hop Vvéi truc (+Y) mat goc 1a 270° va
dbi xing va&i nd qua tdm cua choong khoan 1
voi phun 4; voi phun 5 ¢6 duong truc chinh tam
hop véi truc (—X) mot goc la 150°. Tir tam cira
ra cua cac voi phun 1+4 dén tdm cua choong
khoan c6 khoang cach la 55mm, duong truc
chinh tdm cua céac voi phun 1+4 hgp Vi truc Z
mot goc 1a 100°; tir tdm cira ra cua voi phun 5
dén tam cua choong khoan cé khoang cach 1a
36mm, duong truc chinh tdm cuaa voi phun 5
hop voi truc Z mét goc la 70°.



Woiphun 1

Woi phan 4

. Woi phun 5
Wi phun 2

Woi phun 3

Hinh 4. So' d6 vi tri ciia 5 voi phun trén chodng khoan PDC

214e+02
203e+02
1.93e+02
1.52e+02
1.71e+02
1 60e+02
1.50e+02
1.39e+02
1.28e+02
1.18e+02
1.07e+02
9.63e+01
5 .56e+01
¥ .49e+01
£.42e+01
5.35e+01
4 28e+01
32 e+
214e+01
1 07e+01 Z
0.00e+00 YJ i

Hinh 5. Sor @6 biéu dién toc dg dong phun cua voi phun 1 ¢ dudi day giéng
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2.14e+02
2.05e+02
1 83e+02
1.82e+02
1. Te+02
1.E0e+02
1.50e+02
1.39e+02
1.28e+02
1.18e+02
1.07e+02
Q63+
3 .56e+01
T .49e+01
E42e+01
535+
4 25+
32 e+
214+
1.07e+01 i
0.00e+00 }{J i

Hinh 6. So' do biéu dién téc dé dong phun cia voi phun 2 ¢ dudi ddy giéng

2.14e+02
203e+02
1.93e+02
1.82e+02
1.71e+02
1 A0e+02
1 50e+02
1.39e+02
1.28e+02
1.18e+02
1.07e+02
963+
g S6e+01
7.49e+01
6.42e+01
5.35e+0
4 28e+
3.2e+M
2.14e+
107e+l Z
0.00e+00 }{I—‘f
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Hinh 7. Sor @6 biéu dién toc dg dong phun cua voi phun 3 ¢ dudi day giéng



214e+02
203e+02
1 83e+02
1.62e+02
1.7 1e+02
1 Ble+02
1 50e+02
1 39e+02
1 28e+02
1.16e+02
1 07e+02
9 E3e+01
8 .56e+01
7. 4%9e+01
G.42e+01
5.35e+01
4 28e+01
3.21e+01
2.1de+01
1 07 e+ Z
0.00e+00 ¥ L "

Hinh 8. So' do biéu dién téc dé dong phun cia voi phun 4 ¢ dudi ddy giéng

214e+02
2 03e+02
1.83e+02
1.82e+02
1.1e+02
1 B0e+02
1 .50e+02
1.39e+02
1.28e+02
1.18e+02
1.07e+02
9.63e+01
g.o6e+01
7 492+
6.42e+01
5.35e+01
4 2Ge+
3218+
2. 14e+01
1 .07e+01 z
0.00e+00 }{J‘f

Hinh 9. Sor @6 biéu dién toc dg dong phun cua voi phun 5 ¢ dudi day giéng
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Hinh 10. So' d6 phan bé truong tée dé dong chay cua té hop 5 voi phun tai mdt cdt ngang ddy giéng

3.54e+07
3. 534e+07
3.1 4e+07
2.94e+07
2.74e+07
2.53e+07
2.33e+07
2.13e+07
1.93e+07
1.7 3e+07
1.52e+07
1.532e+07
1.1 2e+07
9.15e+06
7. 16e+06
5.14e+06
3.12e+06
1.10e+06
9.16e+05
4 9Ee+05 ki
294s+05  ZL¥

Hinh 11. So' d6 phan bé trirong &p luc cua té hop 5 voi phun tai mat car ngang day giéng

Két qua cua qua trinh md phong tir hinh
5+11 cho thdy, luu trudng dong chay ¢ day
giéng cua choong khoan PDC véi t6 hop 5 voi
phun duoc cai thién tuong dbi tét. Toan bo day
giéng duoc che phu déu bai dong phut cua 5 voi
phun, diéu nay rat cé loi d6i véi qua trinh quét
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sach mun khoan & day giéng dé van chuyén Ién
trén bé mat, tang cuong kha ning lam mat
chodng khoan va han ché dang ké sy hinh thanh
I6p bun bao bé mat chodng khoan trong qué
trinh 1am viéc. Do voi phun 5 dwoc b tri rat
gan tam caa choong khoan, khi ¢6 dong phun tir



ctra ra cua vOi phun 5 ¢6 thé tac dung tryc tiép
xudng khu vuc trung tdm cua day giéng, cho
nén luu truong dong chay ¢ trung tdm cua day
giéng khong hinh thanh khu vuc luu giir cac hat
mun khoan ma tréi lai s& phét sinh sy trao doi
dong lwong rat 1on, diéu nay dic biét co loi cho
qua trinh quét sach mun khoan & khu vuc nay.
Ngoai ra, dong phun caa voi phun 5 sau khi va
dap véi day giéng s& phan 1én theo cac huéng
s& hd tro cho lwu truong dong chay cua voi
phun 1 va voi phun 2 giam bét khu vuc dong
x0dy hoi nham ting cuong kha ning quét sach
hat mun khoan ¢ day giéng. Pong thoi, voi
phun 5 duoc b tri xen giira hai voi phun 3 va
vOi phun 4 cho nén da cai thién dang ké Iuu
truong dong chay ¢ khu vuc nay, triét tiéu hoan
toan nhitng khu vuc c6 thé tao dong xoay hoi
Iwu giita cac hat mun khoan & day giéng. Thong
qua phan tich cé thé thay, to hop 5 voi phun bd
tri trén hinh 4 da nang cao hiéu qua lam viéc
cua choong khoan, cai thién dang ké tinh ning
thay luc cta choong khoan PDC, tang cuong
hiéu qua rira sach day giéng, 1am mat choong
khoan va ngan ngura su hinh thanh l6p bun bao
bé mat chodng khoan trong qué trinh lam viéc.
3. Két luan

Str dung phuong phap mé phong tri sé dé
tién hanh nghién ciu anh huong caa viéc bd tri
voi phun dinh huéng dén luu truong dong chay
dudi day giéng. Két qua nghién ciu cho thay:

- Véi cung mot diéu kién tinh toan mo
phong nhu nhau thi t6 hop cac voi phun cé
duong kinh khac nhau sé cai thién dugc luu
truong dong chay duéi day giéng tét hon so véi
t6 hop vOi phun c6 cliing dudng kinh.

- St dung t6 hop 5 vOi phun duoc bé tri
trén choong khoan PDC sé& nang cao duoc tinh
nang thuy lyc cua choong khoan, tang cuong
kha ning quét sach mun khoan ¢ day giéng, lam
mét choong khoan tét hon va han ché su hinh
thanh 16p bin bao bé mat choong khoan, nang
cao tudi tho cua chodng khoan PDC va ting
duoc tdc d6 co hoc khoan, ha gia thanh khoan.
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ABSTRACT
Effects of directional nozzles layout for bottom hole flow field of PDC bit
Hoang Anh Dung, Trieu Hung Truong, Hanoi University of Mining and Geology
To analyze the effect of directional nozzle layout to flow field at the bottom hole, CAD
software in conjunction with Gambit is used to design PDC drill bit models with directional nozzles.
The Fluent flow modelling was then used to perform flow simulations at the bottom hole. The
research results show that the directional nozzle layout logically has maximized the ability to clean
the bottom hole and minimize the formation of drill mud on PDC bit that ultimately to improve the

efficiency of the drilling.

23



