AmBkeEE R 202249 A 55 7 B 3 M 420428 l..@ /;z\b'h? F:4 {0
B Petroleum Science Bulletin

ol FL e N UCRE AL i Sl TR R i B

ERXL, FPAT, FHEAM

AR (a0 AR IR SR E K E R 0%, Jbat 102249
* {5/E# , huangzw@cup.edu.cn

Wik B W 2021-04-27
IR H SRR EIEEI0 H 43 IR B T3 A AR 4 A A LERAF ST (W0 H 5. 52020105001) B2

% M) Z A TEEE R, WEss . SRR FEH T L FI0R. RERSEENNARNA
TR A TR R HEERRIRAS G M 2 908 AL bR A B . w5 T8 AL IR 3ok A ad 5t BRI 3
WA A BB oA s ASCRMA AR B B 3% AR B AT AR R W R R
B, BEEH. BAG N, BEEEEN REH#AToN, BHTUTE®R: KEBALRE 2 A adm & #
A M7 B, FEAEAHIEE; ARBENTARAREDREER, HIAWF; AhEEH0, BF
BANOAMAERAARERRE DS, ERAREMHE, BEATN ), BEEEE) A B AEE;, EEFR
WS R I RGN, AEETLRIAN T EEHE BEED REN AR, SHEL
A RS WL NE N E AL ; BNRERDIEA AR EERHEEFEA, BANHARKER
FERRIE A R4k, AR T BRI R B RS ENRE, FTEREEE R ARTH RN
Bite BANREANLELRAFRER, 2T HREARDEEE N ECERER, %t —F A
Tt A . AR U o0 By 4R B30k 3%

Kol HEASE; WRE; BERES; KRB BRI

Large-eddy simulation of flow characteristics near the wall of cone-
straight nozzle

JIANG Tianwen, HUANG Zhongwei, LI Jingbin

State key Laboratory of Petroleum Resources and Exploration, China University of Petroleum-Beijing 102249, China

Abstract Nozzles are widely used in the petroleum industry, including cleaning, auxiliary rock breaking, perforation, and other
functions. As the most commonly used nozzle type, the cone-shaped nozzle has been widely studied, the flow properties near-
wall play an essential role in flow resistance and need to be revealed. In this paper, the large eddy simulation model numerically
were used to simulate the flow field in the nozzle. The velocity field distribution, velocity gradient, wall pressure, wall shear
stress, skin friction coefficient in the nozzle were analyzed. The following results were concluded: the velocity distribution of the
fluid changes from a parabola to an M shape during the acceleration process in the contraction section, and Peaks appear near the
wall; boundary layer transitions and vortices appear near at the beginning of the converging section; boundary layer transitions
and separations occur near at the end of the converging section and the beginning of straight pipe sections, where the velocity
gradient, wall shear force, and skin friction coefficient all have peak values; the flow near the wall of the straight pipe section is
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vortex-laminar alternately; the wall shear force, velocity gradient, and skin friction coefficient of the straight pipe section show
periodic fluctuations, which alternate with the flow state near the wall. Most of the nozzle flow resistance is generated in the
nozzle straight pipe section, and the appearance of the vortex reduces the skin friction coefficient. When the nozzle drag reduc-
tion is performed, the contour of the transition from the nozzle contraction section to the straight pipe section can be optimized,
and the straight pipe section should also be considered when passive drag reduction design is carried out inside. By describing
the flow characteristics near the inner wall of the nozzle, the location and reason of the frictional resistance of the internal flow
characteristics of the nozzle were analyzed, which aimed to provide theoretical support for further optimizing the nozzle structure

and reducing the nozzle flow resistance.
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Fig. 5 Streamline shape in the nozzle and vortex distribution near the wall
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Fig. 12 Instantaneous dynamic pressure distribution
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Fig. 14 Distribution of velocity gradient at different positions
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Fig. 15 The shear stress distribution on the upper wall of the nozzle
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