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Numerical simulation and experimental studies on the formation process of ice
valves for an ice-valve-based pressure corer
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(1.College of Construction Engineering, Jilin University, Changchun 130026, China; 2. Key Laboratory of Complicated Conditions
Drilling Technology (Jilin University) , Ministry of Land and Resources, Changchun 130026, China)

Abstract: Pressure coring is considered as one of the key techniques for the natural gas hydrate-bearing sediment
coring. To overcome the problem of low successful rate of pressure coring for a pressure corer, an ice-valve-based
pressure corer made out of in situ drilling fluid during coring was proposed. A series of experimental tests were
conducted by using a specially designed experimental system. The formation process of the drilling fluid ice valves
was studied by both experimental tests and computational fluid dynamics ( CFD) simulation method. The pressure
sustaining capacity of the ice valves was also measured experimentally. Results showed that the sustained pressure of
the ice valve increased almost linearly with the increase of the ice valve length. However, the increasing length of
the ice valve caused the extension of formation time of the ice valve. To save the coring time, the ice valve length
for pressure coring should be as short as possible while satisfying the sealing requirement.
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Fig.1 Schematic of the wire line ice-valve-based pressure corer
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Fig.2  Schematic of the main ice valve testing device



- 164 - MR O T M ok % % R

5 49 %

I RGER T — B =GV AR R A R
Ve ZR G, X vk R X A g B (Al F) v A5
LA S fICIR BE T 35 - 110 CLARHIFI IR 3, R
— AN E R IRAE S Bl Ty, FRAR AR v S5 A
UK ARIR AR AT 30, SRR NG R % 2ok
PRARMRAEAT R | VK IR 1 BE SR 2R M IR A7
DR AL 5 1145 J) Bl 25 R AR R A . e o, —
ARUEE T 0.8 MPa, HEf 4 0.9 m’/min {17 2E
A RGN R IR, IR 3h— & oK HE
W20 100 MPa 8 A i 22 X 0K 1R 25 A5 s
Y (BRERm s U i S B BRI R L RE DB b
it AP 22 T T E, 1 DK TR A PN T A T A AR
ARSI SRR, 5 PR BT B A DK RS P, 81 B PR T
BV T PRI 5 E_  0 TET BE A 5 4 b ) 7S oK
R PR A 3 TR, 3T S0 B AT B0 R X Uk i T
VAR EA TV VR B IR, 76 3T TG 025 14 [w) 1 oL I
A 3 PR BE BT s i UK R A A oK TR B i, T
BN P BB W5 UK IR A N UK IRE B = T
A BB HIRE 2 R IR I K IR I 45 LB I, R 504
URIRFER , e e T AUHE Sk, IR WOT T s i 40 b HE L%
S HE TSR AR I RO Il AR K B
I b FTIT 28 AL 3 200 0K 1R o, 5 il P 0L
LI T R A O A ORF e, R
IS | 2 A%, 45 L, T S I T )
WA UK I BT RE R 52 (14 s T (L

3 HREGAHH

3.1 kEFEETEHERIS S IIE

UK 15 7 S 3 2R G0 B, ER (R AL T
CRCib e o o D R g = B U B
PR ¥ 050 A BRCOR 4 R S O B B R
SolidWorks = & #5500 14 22455 51 % Hypermesh
BT AT WA ) 43 18] 3 S e — A AR AR A
PR KIS BE R 80 mm, FEAT 627 876 4~ R #%
BT, HA 157 006 AR SO PRI {A, 10 026 4
P s BTy LTI A, A28 SR IS TR B 5T R 43 7R
HEATTHSRARATNIS | P& DR /N0 3550 235 2R 19 532 i 105
SERRW], IR B 40 A 1 T 45 RAY 22 N F
5% , FcRELIY OO A% s BE it /2 1153 2R 25 JE 3 i s 46
B TSI [R] S TS0 B, X% Y v 45 85 B 1) IO A
i

KT Fluent6.3.26 3K fif 5 % 2L vk 75 72 . 3
7 AR FRE I R AT R AR L Fluent #4
PR T AL G T g B SR A R RS T 9 R 1R
7% )& 32 solidification/melting 5 7 B2 ] | 7K f& JE
S R BB A HUBE e P T R ) 8K

28 ] k-epsilon fi VAR BT S AN AE AL R P
AR T REAE, X H R A — & BH %
YEF, Bl H W N B AR 6 I 2 W A 55 |9, i HLAIG
TR BT B BE A X K i — 2D B AR T
H SRR 52 0], PR ot AR SO SR AR A 3 B DL A
SRAEAR Ry R T R VERE TR T T RN FE R
o 3 o BE TR A R 7 k. R T - R A SRR
SIMPLEC 533 5 3 Jr # 5% Rl bm s =, oA 5 72
PR — i 200 JRUR kA 7 2 HO T Ak 3. 26 A () 25
Ki&ER 0.1 s. Bi i A H i R Jy i 03
FA o I T SR EFI A RN O A1 S K
R E ORI A

WA

GEIR(

VK IA T
B3 kiR AR S E A BB P A A

Fig.3 Computational grid model for the formation of ice valves
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Fig.4 The contours of liquid fraction and temperature distribution for the ice valves during freezing process
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Fig.5 Images of formation process of an ice valve obtained by the thermal imager

(VKB 7 g 1B ZE R B 140 mm B, vK R
HKJE fE 71 7] 35 40 MPa, 60 mm B 1 7K JE 6 11 N
14 MPa, 7E fHZE AT /R 7R R R 1T, DK IR AR 34 4 ke A=
T . B PRI R 34 T, K i 7 e B ) 4 i 1 ik
R, Bt K B2 AR 385, ¥4 VR 2 B[] R A 07 34
KN T AT O R BGE A B[] A& VR 9 i 47 12, 7
R b )22 s T I 3 U A 53 A P R B, 5 2
HZBUSR R ZOR B RTEE T, S Rk T 1 UK I
L4558 pK I =X AR PRI E A P DK i B4 st ).

TEARIE 1L koK 7R 1 Hb )2 AR SR A PR o 72
o R ILR AR SOK G WK T2 1 1 S MR B
396 m, fe i HIRE HA 133 m, Hith 2 00 e KA
JEJIARE] 6 MPa' "™ AR E R4 1 %Fﬁbkmﬁ
PR RO AR AR I L ki 7k 3 2 AT AR R BUE 4
HERVERT, R H 58 mm B4R, £ 60 mm 1Y H’J%ﬁﬁ{ﬁz
VKR, 224 ZR B0 RT KT 2, 78400 A2 O R RO X
JEfE ST B 2



- 166 - TR S W AN 5549 %
2700 . STIRLER dam, 2003 55-92. DOI. 10.1007/978-94-011-4387-5.
2600 1 +§ﬁ(ﬁ}£“}y\[f§ //' [3] RIEDEL M, LONG P E, COLETT T S. Estimates of in situ gas hy-
/ / drate concentration from resistivity monitoring of gas hydrate bearing
22500 | s sediments during temperature equilibration [ J]. Marine Geology,
E /// / 2006, 227 (3/4) : 215- 225. DOI.10.1016/j.margeo.2005.10.007.
Z 24007 = [4] ABEGG F, HOHNBERG H J, PAPE T, et al. Development and ap-
N 2300 + plication of pressure-core-sampling systems for the investigation of
%, gas and gas-hydrate-bearing sediments[ J]. Deep Sea Research Part
2200 I: Oceanographic Research Papers, 2008, 55(11): 1590-1599.
2100 L DOI: 10.1016/].dsr.2008.06.006.
. I I I I [5] DICKENS G R, SCHROEDER D, HINRICHS K U. The pressure
60 80 100 120 140 core sampler (PCS) on Ocean Drilling Program Leg201: general
PRI EE /mm operations and gas release[ C]// Proceedings of the Ocean Drilling
6 ki< FE ok 18 72 B B i) g B2 Program, Initial Reports Volume 201. [S.1.]: [s.n.], 2003, 201,
Fig.6  Formation time of the ice valve versus the ice valve length (6] ;&/2132?32,5(1](%7/{ CEEAE A TR TR A IR B
40l . IRBHEREL ] KA Tk, 2009, 29 (6) : 63-66.DOL; 10.
/ 3787/j.issn.1000-0976.2009.06.018.
35+ / ZHU Haiyan, LIU Qingyou, WANG Guorong, et al. Development of
£ 30l ./,’/" solids-free low temperature drilling fluid system: to be used for natural
= P gas hydrate drilling in Tibet Plateau permafrost [ J]. Natural Gas Indus-
;é 25+ / try, 2009, 29 (6) : 63—-66. DOI; 10.3787/j.issn.1000-0976.2009.06.018.
4 o [7] LEEJ Y, JUNGJ W, LEE M H, et al. Pressure core based study of
= 20¢ / gas hydrates in the Ulleung Basin and implication for geomechanical
15k .// controls on gas hydrate occurrence[ J]. Marine and Petroleum Geolo-
gy, 2013, 47. 85-98.DOI; 10.1016/.marpetgeo.2013.05.021.
10— 0 100 10 140 [8] PARKESR J, SELLEK G, WEBSTER G, et al. Culturable prokary-
el L otic diversity of deep, gas hydrate sediments: first use of a continu-
PRI L fmm ous high-pressure, anaerobic, enrichment and isolation system for
7 KRR EXTRIEL TR subseafloor sediments ( DeeplsoBUG) [J]. Environmental Microbi-
Fig.7 Pressure sustaining capacity of the ice valve versus the ology, 2009, 11 (12): 3140-3153. DOL; 10.1111/j.1462-2920.
ice valve length 2009.02018.x.
[9] KAWASAKI M, UMEZU S, YASUDA M. Pressure temperature core
4 é:l: N /% sampler (PTCS) [J]. Journal of Japanese Association for Petroleum
B Il Technology, 2006, 71 (1) :139-147. DOI. 10.3720/japt.71.139.

D) FT kg st 5 42 T RIRUKE Pk
i 2 P e I ES i SR AR 222 1L 7K 5 9l T o iz
PR, 25256 28 A B T BRI, D% AR
N 58 mm , AR BE BB K IR AT T 7R e S5
SCY LR, B VKR IBE s, vR i FR 7R e i
J1Z WG, UK S 120 mm B, AR R BE S AT
15 40 MPa, 1] 5873 B PRI TR T UL X O T g
JIBE R ISR S0 AE T oK iR PR R RS J7 125 4
AT

2) LASEH 3 N DK IR S0 R GE M TS0 42, 5
ARG s S R s PSS e 2
WA TETEN, R CFD AR, A Bl oK i i 50
1, X oK IR AR G R AT T BBy A, O ik
A7 7 SRS IE , KE A T 45 2R 55 X6 L 25
BRI UEW T oK R A i R E AR AU L B
AR 5 T .

2% ik

[1] SIOAN E D, KOH C. Clathrate hydrates of natural gases[ M ]. 3rd
ed. London ; Chemical Industries Series, CRC Press Inc., Taylor &
Francis Group, 2008:32-67. DOI: 10.1201/9781420008494.

[2] MICHAEL D M. Natural gas hydrate in oceanic and permafrost envi-

ronment| M ]. Dordrecht: Kluwer Acedmemic Publishers, Amster-

[ 10] Shipboard scientific party. Leg 201 Preliminary Report. ODP Pre-
lim. Rpt., 101.[ EB/OL]. (2002-01-27) [ 2002-03-29]. hi-
tp://www-odp.tamu. edu/publications/prelim/201 _prel /201 PREL.
PDF.

[ 11] Shipboard scientific party. Leg 204 Preliminary Report. ODP Prelim.
Rpt., 104.[ EB/OL].(2002-07-07) [ 2002-09-02]. http://www-
odp.tamu.edu/publications/ prelim/204_prel/204PREL.PDF.

[12]KEARY A C, BOWEN R J. On the prediction of local ice formation
in pipes in the presence of natural convection[ J]. Journal of heat
transfer, 1999, 121(4) . 934-944. DOI. 10.1115/1.2826084.

[13]PARK Y D, SON G S. Integrity evaluation of ice plugged pipes ap-
plied on short jacket [ J]. Journal of the Korean Nuclear Society,
2002, 34(2) . 105-116.

[14]RICHARDSON R N, BOWEN R J, SHARMAN A. Accelerated pipe
freezing in non-circular sections J]. Chemical Engineering Research
and Design, 2003, 81 (4 ). 467 - 473. DOI. 10. 1205/
026387603765173727.

[15JAKYURT M, ALJAWI A N A, ALDOUSARI S. Ice-based technique
for burst testing of tubular elements[ J]. Japanese Psychological Re-
view, 2005, 16(1): 103-130.

[16]1ZHAO Dongfang, LIU Fengguo, YOU Xueyi, et al. Optimal design of
two-chamber gas distributor with CFD approach[ J ]. Journal of Harbin
Institute of Technology( New Series) , 2015, 22(2) ;79-85. DOI; 10.
11916/j.issn.1005-9113.2015.02.012.

[17]LAUNDER B E. Turbulence modeling for CFD. by D.C wILCOX.DCW
industries inc.[J]. Journal of Fluid Mechanics, 1998, 289. 406—407.

[18] LU Zhengquan, ZHU Youhai, ZHANG Yonggin, et al. Gas hydrate
occurrences in the Qilian Mountain permafrost, Qinghai Province,
China[ J]. Cold Regions Science and Technology, 2011, 66(2/3) .
93-104. DOI.10.1016/].coldregions.2011.01.008.

(%m3E Kk 4)



