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Abstract: Russia is a country with a vast territory. There are permafrost rocks underground in the northern part of
Russia and in Siberia. In the permafrost rocks there are mineral resources, which are explored and developed urgently
and that must be supported and confirmed by drilling engineering. In the engineering construction of these areas, it is
necessary to determine the physical and mechanical properties of the underground rocks by drilling engineering. The
problem in drilling engineering is the effect of flushing fluid on the ice in the rocks, leading to collapse of the rocks and
the borehole wall and the frequent occurrence of accidents. Russian specialists have proposed to use a vortex cooler to
make the temperature of the cold compressed air lower than that of the bottom-hole rocks, and sending the cold air to
the bottom of the hole in order to guarantee normal drilling and safe construction, increase the penetration rate and raise

the bit footage. Good technical and economical results have been obtained. In China, there are also permafrost rocks
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and seasonal frozen rocks. The drilling technology in permafrost rocks with flushing by cold compressed air in Russia

has certain reference value and practical significance for China.
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Fig.1 Vortex cooler for compressed air
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Fig.2 Equipment of vortex cooler testhed



12 BiAR TR 202547 H
LB
EEPNE
HIE% AL et
[E i B O L A
%’i’f%ﬁ /J(}Jéj\ JETEIDIU%ALI‘ }Jﬁ/ﬁ%

B3 mEmtlemiuxERA
Fig.3 Photo of vortex cooler testbed

35, R Y RS 4 A S R R ) AR A
iR RN, R4 = SR JJ RN 0.1MPa i, %5 i
JEREAL 2~4 °C. B MIREER LG K F1 0.2 MPa
i —16 °C, fE e KK /1 0.8 MPalif h—30 °C. #
Pk I B A B MR RMIRE S RS R
] 5 75 #E 2R
t=—24.6P—10.9 (1)

K — BRI E ,C; P—— MR AL ok Y
JE 45 25 S ), MPa.

BRI ES R =R m e &l &
DL 4,

-15

-20

-25

W/ °C

-30

-35
01 02 03 04 05 06 07 08 09

& 73/MPa
4 RERBRESEHRZSEANXEME

Fig.4 Curve of cool air temperature and

pressure of compressed air
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Fig.8 Drilling tools in bottom hole and vortex cooler
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Fig.11 Schematic diagram of utilization system of diesel

engine exhaust gas and hot gas from vortex cooler

WE Ok, TR A% o FEBEW AR N, K A4 J2 800,
A S TR W T R o W2 S W ) =) R e W 1
HENFLIN o BRI o M L 55 S AL R Y 1
SR A U ) B AR AU o DAIE T A ORI IR
AR K, R W e R RO R R S ok, R
AU BN BE T A, S T BILJR vl P RS L Al kA AR
5 Ak i, 28 FRAILAS B o TR VP B A T U 4 R 1 A
AREAL R $A 2 A

R RS R A S R L B BB U T -5 3 NS X LB
1000 m ¥ AT DL 3RAS 217730 /545 B9 2 553035 .

5 STt EEIN

AR b3 23 A A8 BEORE, AT AN R e A
WAL,

(1) % Hr e 61 30 R, 22 4F R 245 2 A0 Ml IXC i R
BK. X - WREE, 2FBHRIT R, TR
B IE AR R MR T, 2 B AR TR T LS
By o B4R TR op il B g — A R) R R &% A i
AR, oy T o 8 8 X R 4 A TP K R
A T4 1 ) TRURE B4 IS8 45 P it B ROR eI, S B0
A SR VS FALBEBS R A LNl A F
Ve £ VRS H DB B T LR A, G B . RS
S 5 Hh B RO s 4 S R B IR EOR R T 2
AR UREE S A B B — DROMEASL, A T AR 4 1 2 5 4
ARECR, AT —5E S5 AN R .

(2) % i L M e 408 2 SO AL v 0 4 ] 4%
(14 78 28 Tk B LR, (8 ¥ 30 A T 4 2 <l 2 A T AL
JIE A A A R, DT PR IE T 1E Bl E 5 4t T,
i 1 ALBRCR AR Sk A i o AR S B IR ] 5K
P v 28 VR I HR R 2 AR R 2 A A B I
BT

(3) 2 1 8 A W A ALEE e A 77 AR 1 ARRE X fL
e 446 2 Sl B T i B4 R, L 2% o Al 2 I
Bk o HUCRE I B U0 Y T0 R B RS Sk
DYNE PPN § Nk SRR 7 N Ty ]
AU B WA Atk

(4) T I i v & o B R 2 SO S8 il BIL ARG P
A AT RLR T A L R IO AR B A
X — A S PR SO TR . T I, e A
7 R B v A5 SOMTR 2 gl A D BE A ke 1
HEVEI T BRIV 251, SURR DR 1 A 7 B A R
TR A 1) L, (ELAS BE S AR o Sl LR SRR



16

2025%7H

ERNA I, 3 fip ke T R AR T g A [ 3 55 69
[F)

(5) B A7 & G AL, X AE RS A A

Hh Rl R B v T A6 A Uk T BOR #EAT BT T S
56, VA 2 A v [0 A AT AT P AR s B

2 % 3Lk (References) :

(1]

XU ER LR AR AR T2 ML B R ROR
fi#t: , 2005.

LIU Guangzhi, TANG Fenglin. Special Drilling Technology
[M]. Shanghai: Shanghai Scientific And Technical Publishers ,
2005.

VR, AT L7, BeBe O B R (ML 2 [ b s
Rz AL, 2009.

TANG FenglinA.G.Kanuunu . DUAN Longchen. Coring Drill-
ing Technology[ M ]. Wuhan: The Press of The China Universi-
ty of Geosciences, 2009.

AR kB, BRI D B OCHEBOR [M ] 2
[ 5 R A A, 2018,

HU Yule, ZHANG Hui, WANG Wenshi, et al. Key Technolo-
gies in deep Core Drilling [M]. Wuhan: China University of
Geosciences Press, 2018.

Bl R R, T /ML B RA TRA B SHE M ] 2
w3 R AL, 2013,

DUAN Longchen, PAN Bingsuo, FANG Xiaohong. Design
and Manufacture of Diamond Tools[ M ]. Wuhan: China Univer-
sity of Geosciences Press, 2013.

R TR BURS IR G I B SR PR S ML B
Mo ST A, 2014,

ZHU Hengyin. Research and Application of Diamond Bit for
Deep Geological Drilling[M]. Wuhan: The Press of the China
University of Geosciences, 2014.

SRAEHL G A O B R AOR 5 ML b s R
2014.

ZHU Hengyin. Deep Core Drilling Technology and Management
[M]. Beijing: Geological Publishing House, 2014.

Hoxypaes Y P. MccnemoBanue TemmepaTypHOTo peKuma IpPH
GypeHHH TeoJIoropasBefOuHbIX CKBaXKHH C MPOLYBKOH BO3LYyXOM
M HMCIOJIb30BaHHeM CHUCTeMbl yTHJIM3allMW Temja asropedepar
nuc [D]. Mocksa: Poc. roc. reosoropassepou. ynt um. C.
Opmxonukunze, 2015.
P v,

Temnepatyproro

M B.
ITpu

Hxypaen Mepkyiios Hopmasnuzauust

Pexuma CxBayknHbI Bypenunun C

(9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

TIponyskoit Bosmyxom [M]. Hapomii: HMsnaTenbcTBo MMeHH
Anwvmepa Hasou, 2016.
Hoxypaes P Y, Mepkysnos M B. Yrunuzanus temsorst JBC
NpHUBOJZA KOMIpeccopa M M30BITKOB BO3AyXa MPHU OypPeHHH
reoJI0TOpa3BelOUHBIX CKBAaXKHH C TPOAYBKOH Bosayxom [J].
Topubiii nHQOPMaLLMOHHO — aHAaJUTHUECKUI Closuietenb, 2016,
7: 186 - 192.
Hoxypaes P Y, Mepkysos M B. OB03MOXKHOCTH NPHUMEHEHHSI
BHUXPEBbIX TPyO MPH GyPeHHH TeOJIOTOPasBeLOYHBIX CKBaXKHH
[J]. Ussectus Bysos.Teosorusi u passenka, 2013, 3: 76-78.
Ioxypaes P Y, Mepkysnos M B. Anainus OypeHust CKBaXKHH C
[J].
aHaJMTHUYCCKHH OlojliieTeHb ( HayuHO ~ TeXHUUECKHUIl >KypHaJ) ,
2014, 12: 327-330.
P v,

JKCIEPUMEHTAJIbHBIX

HNPOLYBKOH  BO3LYXOM Topublit  nHpopmMamuoHHO —

M  B.

BUXPeBO#H

J>xypaes Mepkyiios PesynbraTst

uccjleloBaHui TPYOKH
HNPUMEHUTEJIBHO K OYyPEHHIO TeoJIorOpPa3BelOYHbIX CKBaXKHH
[J]. Topublii uHpOPMALMOHHO ~ aHAJUTHUECKHUIl OIOJIICTEHD
(Hayuno-rtexuuueckuii xypuan), 2015, 4: 349-352.

P Vv,

TeMIePaTypHOrO pexXKHMa NPHU OyPeHHH CKBa>KHMH B MepP3JIBbIX

I>xypaes Mepkysos M B. Mogenuposanne
noposax ¢ nponyekoii Bosmyxom | J]. Toprpiii HHopMannOHHO~
aHasutnuyeckuil oosserenb-TMAB, 2015, 11: 287-293.

n I,

aq)q)eKTl/IBHOCTI/I CHCTEMbI BO3JyXOpacrnpeaesieHHus1 TTOPIIHEBbIX

Drambepruen Hokypaes P ¥. Ilosbiuienue

komnpeccopos [ R]. Marepuann Pecny6iukanckoii HayuHO —

Texnuueckoit  kon(epenuuu na Temy {Compemenubie
TeXHOJIOTHHU ¥ uHHOBauuu, 2012: 166-167.

P V. Ananuz u
BUXPEBbIX TPYG Mpu GypeHue reosoropasBelouHblX CKBaXKHH
[C]//Coopuux JLOKJIaZLOB XI MeX I1yHapoLHOI 23
kondepenunn  (Hosbie 3emiue)
nocsauieHnoi 95 - sernio MTPUPITPY, - M.: 2013.
Ioxypaes P Y. OnbiT OypeHusi
[C]//Coopuuk
koudepenuun {Mosionbie — naykam o 3emiie). 15-17 anpess
2014 r. Mocksa, MTTPU-PTTPY.

I>xypaes

H)KypaCB BO3MOXXHOCTb NpUMEHEeHHusd

uaeu B HayKax 6]

CKBa)KMH C MPOJLYBKOH

BO3/LYXOM nokjganoB  MexayHaponrHo#

P Y. Ilosbimenune addexrtuBuoctu Oypenust

reojioropazBeJlouyHbIX CKBaKHWH B OCJIO2)KHEHHBIX TOPHO —

[R].

NpakTHUEeCKOn

reoJIorTHYeCcKux YCJIOBUSAX C60pHI/IK JLOKJIaJ OB

Mex I yHapoLHO# HayuyHO — KoH(epeHuu
{(Hosble upmen B HayKax o 3emie) 08 — 10 ampens 2015 r.

Mocksa, MITPU-PITPY.

(%4 E3kitbh)



