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Study on transportation of ice chips in ice drilling

with air reverse circulation
DONG Shuo, HE Wenbo, CAO Jine, WANG Mengke, CHEN Baoyi, CAO Pinlu’
(College of construction engineering, Jilin University, Changchun Jilin 130026, China)

Abstract: Air reverse circulation drilling technology, which has advantages of fast drilling speed, low energy

consumption, continuous core sampling without tripping and effective prevention of circulation loss in snow cover, sees

great potential application in ice drilling. In view of the characteristics of ice drilling technology, this paper proposes

three kinds of air reverse circulation ice drilling techniques, including dual-wall drill pipe, double channel high pressure

hose and parasitic high pressure hose; and describes their working principles and characteristics respectively. Analysis

is made of the suspension velocity of ice particles in air medium with the suspension and transport equations for both the

single ice particle and the particle group established under the guidance of pneumatic transportation and gas drilling

theory. Meanwhile, the experimental bench was designed to test the air speed required for ice chips suspension. The

calculated values are in good agreement with the measured values with the maximum difference at about 10.91%. The

results showed that the ice particle size, ice particle density and air volume are the key factors affecting the suspension

and up -hole velocity. The equation for ice chips movement established in this paper can be used to calculate the air

volume required to carry ice chips during actual drilling, providing a basis for the subsequent implementation of air

reverse circulation ice drilling technology in the polar regions.
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Fig.1 Schematic diagram of air reverse

circulation ice drilling

QN HT BT A % T VR B RS T AL
% Bl Bl AT R Sk U H MR | X R & R i AT ]
TUKIRE UCE S Z UK )= BBt 5 i TR g
PLARGE, Bl 2 3 B2 R 2003 0 5 R B B AT, 1D 38
B VKT BOR B EK)Z KA B AL SRR LR A
IG5 B0 BUBOCRE RS 5 B4R A, 5 LA fE A i 450
S HUAR G B B L, n] A — A Al B s R O
SRR IR O, HAN SR G I, X B s B B G
IS

e SR Y 1T W B LR S
Frifuis U HJE WUE R G0 V3 BHF ) S8 & 0 4l
BLARGE, DL 2 A AR I 4% 7 (=50 °C) o Ak, x5
HER s SR B R B IR S BR A L B
B S IR ML T MR e A A S 38 i IE 4 XUH TE K
Je Sk UBUEE GG FF B AT HLAE o A B R ok, B
KR AE I BRGS0 B AT, F R BT 2 2
A XA S HLBCR B AR G0 5 97 sl otk K, Bl LA Bl i
], BRIV SR 48 L 2% i B 182 4, i 22 WUBE 6 4
XA 3t B A T S TR R A PR
1.2 B AE s SR AR 3R Al
1.2 XGHE I o e A 202 R A B0 4 ok

45T R R HLAISURE Bl AT 2E AT 11 M I, 3 45 A
AE 1 JH FE K, 75 AN W2 5 AT, 57 2l 5 B2 K Bl i
(] R A5 R, B2 1R 0 — TP R A SR X T g



A8 11

WA KR A TR PR DR B T vk KK 8 AT 5 51

A AR IR UK Z B BEBOR I 2 B o gl
HRAGZER S E T KBl =R R
VAR U T R U T e T R A
fLE S 1m) B2 B AE BR PR B ) B R SR AL . Al ok
W, v e 2 o i 2 AV AR UM T R
BTV MM TR AR S R G 0l T R
B2 A8 PR TE ] B, #5 3k AL P9 S A0 00U Al EL P Y 5
Ik, 25 1k [m] B 3K Bl A B v Rl Bl Sk DI DK
JZ L SEBUBE L AR B UK 28 B S R UG TE e s R
ErhaEaE FaR E K

SRS R wk
HH S R

-
ZEHL
Hih 4

T AURAEARUE B

M T AR E

B2 WBESEREXRBERGHTE
Fig.2 Schematic diagram of double-channel high

pressure hose reverse circulation drilling
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Fig.3 Schematic diagram of parasitic high pressure

hose reverse circulation drilling
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Fig.5 Ice chips suspension test bench
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Fig.7 Result for single ice particle suspension
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Fig.8 Result for ice particle group suspension
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