F 41K F2H % i 2 " EEd R Vol. 47 No.2
2019 4 3 A PETROLEUM DRILLING TECHNIQUES Mar., 2019

GhHEH» doi:10.11911/syztjs.2019035

RARSHLFREHHERASKEY
TS F TR

V1 3 1 TN | =2 >, v 2 ) 2
FaAK, AN, BEH¥E, Txx, IFI, X #
1. AT ol ) 4 B2 BRI 24 7, 1 AU 18067 2. h AT AC2% CHEAR) 479 T 2%, 1T B 266580)

 ERKBAFXFPRARRAKRSGHHERESFRHACIRTE, s ZoFLRAH, ARARE
NEARHEEKR AR, TR T PRAECERARASHBAE KRR, BB THEORTRERGKEY
e A RBER R RSHEREETRMN T E; 2T RKEMAAEBELS ERHM RS R T EHZ R 948 %K,
BRETTERHAEGTHAFTAS RO ENR L LI R EEZAGTAMEER, FxrdEE A4 LARNRFTT
T Aoy, B ER ARSI R, AL A AN ARERBER SRS BERGE KRR EREE LRGSR
MG KA EEN TR ERMBIE R M A, RS AR T ERE R LR D REZHER, FMARRT
SRTEHME BB NEFHEAX, FREAA, AALRAOKRKEIHAEAREZTRKRT A LA E, KT %44
W B R A2 A AR B KR 2 UG KA M 3 B R 3 e, I3 AR K IR Bt R R B4 AT M 6 R AR Rk

KB RAKRBAI; RARAKRSS; ME; Ab; Lt E; 240 LAM;, R HhEHK

FE 45K S: TE3S XHRARAERD: A XEHS:1001-0890(2019)02-0042-08

The Ascending Law of Gas Bubbles in a Wellbore Considering the Phase Change of
Natural Gas Hydrates during Deepwater Well Shut-in
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Abstract: During the shut-in of deepwater wells, the formation of natural gas hydrate will significantly delay the
migration of bubbles and affect the safe operation cycle of drilling. The bubble ascending dynamics considering the
phase change of hydrate was studied. In the study, an indoor vertical cylinder was used to simulate the deepwater
wellbore and to investigate the growth characteristics of hydrate film on the surface of methane bubbles.. A model was
proposed which incorporated the hydrate lateral growth model and the hydrate film thickness prediction method
considering natural convection heat transfer. The correlations between hydrate bubble deformation rate and Morton
number, drag coefficient and Reynolds number were explored. A comprehensive prediction model of bubble ascending
velocity in wellbore considering hydrate phase change under shut-in conditions was established based on the study, and
the safe operation cycle of a well in the South China Sea was predicted and analyzed. The experimental and simulation
results show that the newly established natural convection heat transfer model has higher prediction accuracy for the
lateral growth rate and thickness of the hydrate film and that the deformation rate of hydrate bubble decreases with the
Morton number. The drag coefficient decreases first and then increases gradually with the Reynolds number and the
corresponding calculation formula was obtained through fitting. Studies suggest that the formation of hydrate on the
surface of the bubbles can significantly reduce the ascending velocity of bubbles and prolong the safe operation cycle.
However, the risk of hydrate blockage will increase as gas reaches the subsea wellhead, and pertinent well control
measures should be taken according to the shut-in time.

Key words: deepwater well; gas hydrate; phase transition; gas bubble; rising velocity; safe operation cycle; drag
coefficient
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Fig.1 Schematic diagram of the experimental device
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Fig. 3 The ascending trajectory of the bubble
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Fig. 4 The lateral growth heat transfer process of hydrate
film
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Fig. 5 Schematic diagram of heat transfer decomposition
of hydrate film front
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