2845 8 L PIES Vol.28 No.8
202448 H Journal of Ship Mechanics Aug. 2024

LEHS . 1007-7294(2024)08-1155-07

AR B SN LB T3
it 7 Rt SRAE

%J\j_/gzy‘ 1,2,3, g& i!'Jél,Z,Ev, //r//%g&j%ljj, l%:\ %}il,z,.?)’ Z%Ki}()ii]jﬂ
(1. P EFSIORFSIFIT s, 1195 T8 214082; 2. K 8 )44 [ 8 50802, VT8 o) 214082,
3. R E AR RN S8 2, V195 Jo8) 214082)

FEE N T S @ UK T ALAT sl B 45 EL Ty (JEE ) J7 58 (B B RIR Ak, A SCHR MR e g i 2 BB I 7 1 AR
REHIE S 3235 07 75 DA R DU kG B (0 AR 4%, I LA 4k £ 0 (PEO ) 8088 BHL 9 PR i R 134 7 8
IARRYRIATME o AHOCZE ST Sy e K T AT di el e BHL 22 B e BRI A B At S 4

RERIA : WEERH s MR AN KT s R

RESES: 035 XERFRIZED: A doi: 10.3969/j.issn.1007-7294.2024.08.003

Design and verification of the skin friction reduction test
scheme for underwater high—speed external flow
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Abstract: In order to select and optimize the skin friction reduction scheme for high—speed underwater vehi-
cles, a better technical scheme of skin friction reduction test, the expression method of characteristic parame-
ters and the technical way to improve the measurement accuracy were put forward in this paper. The feasibili-
ty of the above scheme and approach was demonstrated by the actual skin friction reduction test of PEO. The
results can provide support for the selection and optimization of the skin friction reduction scheme for high—
speed underwater vehicles.
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Fig.1 Test scheme of skin friction reduction of the rotating body model
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Tab.1 Repeatability test results of total resistance of the smooth model

K ke MFH ST RN EA M
Ul(m-s™) - 1# 24 3# ¥ifH ez (W 2E¥1E)
6 4.8x10° 18.86 18.91 18.85 18.87 0.07 0.4%

8 6.4x10° 32.02 32.10 32.02 32.05 0.08 0.2%

10 8.0x10° 48.76 49.04 48.84 48.88 0.27 0.6%

12 9.6x10° 69.24 69.60 69.46 69.43 0.36 0.5%

14 1.1x107 93.35 94.31 94.16 93.94 0.97 1.0%
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Fig.2 Schematic diagram of calculation area of the smooth rotating body model
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Fig.3 Schematic diagram of calculation grid around the smooth rotating body model
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Tab.2 CFD results of resistances of the smooth rotating body model

K U /(m-s™) SPHFIR N S 225 JEEAEEBH 7 R, IN JFEBH 5 e a
6 20.07 6.3% 9.04 45.0%
33.04 3.1% 15.05 45.5%
10 49.42 1.1% 22.58 45.7%
12 68.97 -0.7% 31.40 45.5%

14 93.29 -0.7% 41.68 44.7%




84 PMBRIR A+ 7K o 3SR 8 BE 0 g - 1159

T T S L 100% [prm=m==spem==mempessmsepeeseeeyeeeeeegmeeean
A
' ' ' ' 5 RTORTRREN ' ' ' ' ' '
s s S S
L ' -=3=-CFD
: . LA :
R R e e Je R e B O Aty SRR
o ' ! ’/’ ' -
= 1 1 P 1 H 1 = & L i
T g L U S M § a0% [ooe- T R S A
& o : i . o
at
b ; - ' ; : : : : : :
20 pooo-es I St Rt B F R ) SETTEREY EEEEEE R SRR,
o |
0%
] o 8 10 ! 1 16 I 6 8 10 12 1 16
K U(m-s™) K U(mes™)
P4 S Il AR B g He s Pl 5 Sl I A AR 7 36 T e BHL o 1L
Fig.4 Comparison of total resistances of Fig.5 Proportion of skin friction on surface
the smooth rotating body model of the smooth rotating body model
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Tab.3 Test accuracy of the skin friction reduction effect

K U/(m-s™) 6 8 10 12 14
VRS BEL DR RS Q) 0.8%  0.5% 1.2% 1.1%  23%

5 BEEE S TFRA MR BRI

SR AR SCHp A s B B TRty 58, 64T IR0 (AR R I o2 43 F SR 5 ) O s B BEL T Rl ik, 7
Y Fp AR R AT B E W AE , 4% 58 0.8 mm , BT 17 [a] 15 BE 11 1 [a] 32 £ Ry 60°, MR 6~7 B/ o 8 i &
IR 0.4 MPa Y BR BN E J7 , K5 0.5%0 1) R Ak 245 (PEO) K LA 13.5 ml/s 4 H Wt 74 28 A5 700 36
T, RS T A R ek B BELEh L, 4n P 8 FfF s o

IR 235 SR U ol P L 5% o 25 38 6 /0 o AR 6 R T R A /N T o IR SR IR T A TR AR
HIZ5E—PEO S FZ WAL, #4

=

b= )

l
DRUHE . W & m] LLSE PR R B R TR A PEO BT R

<

o, g A PEO My I i, | A W4 e i,

<



1160 B 2% 5528 55 8 1

N

%.1 R

Pl 6 [l (AR R 3 THT Y PR 4

Fig.6 Annular ejecting gap on surface of
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Fig.7 Flow display photos of ejecting PEO solution
the rotating body model
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