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Time Resolution Particle Image Velocimetry Measurement of the Flow
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Abstract The eXpendable Current Profiler (XCP) probe is the latest jettison marine probe, which has an important strategic significance
in the ocen exploration, sinitific research, and military. The attitude of the XCP probe in the seawater directly affects the precision of
current measurement. The experimental research on the underwater attitude of the probe is important to the development of expendable
current measurement technology. The two—dimensional instantaneous and time —averaged flow fields for the horizontal section of XCP
probe are measured using Time Resolution Particle Image Velocimetry (TRPIV) technology, through test device built in the interior
experimental channel. The influence of rotating speed rate and Reynolds number on the flow field is analyzed, and the side force is
obtained according to Magnus effect. The study results show that the side force is proportional to the rotating speed rate, and increases as
the Reynolds number increasing. Based on the analysis, when the probe is in the state of whereabouts, the side forces change. Therefore,
the probe is actually in the declining state. The results could provide the reference and basis for estimating the declination solution of the
probe.
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Fig. 1 Configuration of XCP probe

20 fit 22 30 AFAC[E A1 2 T i By Tk 52 £ 3 5K S T
ML, FFIF A T 2o 805 4 350 o 00 443, 20t 22 70 4R AR
PN I W5 A P 45 7 i K ) i i B R, 80 AFAR P B K
T P B A RO T T HIL 848 37 X Al 9 A M 3l TR A 1) F
i, 90 AFARTE T AL 2 4% 7 2l R R T A A JsUEE AR BIL A A
21 a2y, JF R T LA F xR R TR ARk B A £
TR BT AL i 5 4 RO R SR AR DT i T R TARR O &
T — KA, OF 2Rt i Bl 30 T g B LR
s, T REHLAE AR B SO TR, O 4 5 45 28 33k 1 T
PP TR, AN 2005 4FE SR L IT I T OXCP 8k 1
WEFE, X7 SRR XCP £ Sk 59 I 4 s B AT 1 F 5T, O XCP
TR B RAMEFE S T BIS ARG . BRSCSCAFHXE XCP #56k A
[ G e AT T BB AR 52, B 3 20 Hr T XCP #8k Sk AR AN
BP0, Rk A BRI T 2 AR
(EZ B T3 AR A5 JE AR DL R (328 S L, I it it —
AT XCP #3% Jil [ 25 1A 5 2 3 3

AR SCEE LT AE KT o A BT B R Bk TR
Yy, BIVR S K P 80T ) — AE R o R Sk W% 237 LR T 4 55 M
RS, RIVAR Sk 9 — 30 09 30 3 2 85 55, e T TR i 52 80 40 i
3 — LA B SR A0 A J | AT A A A AL 30 A R R i 1)
ERXFBR e RSk 32 B — AT IO, R E AN A 2., S AL S)
(4 T B BUR T WAL Re=p UL Dl (P U, R i 1

Il 52

D RS AR 0 R S B R p R R B ) RO
L a=or/U(FoH o NS TR M r AR,
TG A5 5 AT XCP R e PO w747 83 1 F AR R 4
SRR Sk T A R A B 2 1 R A F A CR AR 1V AR
SRR FHOR L, Mk A LR TAE AN W] ke 2 R AR
A0 ARk B0, I LA L 2 s P A AN [ 09 T R ) R B
FNA . PR, 28 2R TRPIV 3 A 8 34 3k 7Kk 57 3 im 19 3
Yy, 50 W A IR e s o B b B v RO 3 B B e a0 i 43
T2 01, Lk XCP 3k AHE L il T e it =%

B2 RLOREHMEEE
Fig. 2 Magnus effect of XCP probe
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Fig. 3 Scheme of low-speed circuit water channel
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Fig. 4 TRPIV measurement system
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Fig. 7 Original particle images
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Fig. 8 Flow field around XCP probe with Re=3960
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Fig. 9 Flow field around XCP probe with different rotating speed rates (Re=3960)
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Fig. 10 Vorticity distribution around XCP probe with different Reynolds numbers
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Fig. 11 Relationship curve between side force and
rotating speed with different Reynolds numbers
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