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Study on the influence of biofouling on the open water
performance of propellers

YANG Jing—hui, WANG Chun—hui, GAO Feng, ZHANG Guo—zhen, WANG Chao
(College of Ship Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: In order to explore the change of propulsion performance of propeller after biological fouling, the
full-scale KP505 propeller was taken as the research object. The geometric modeling of fouling was carried
out according to the fouling attachment law on the propeller surface, and then the numerical simulation of
full-scale propeller under smooth and different fouling attachment conditions was carried out based on
viscous fluids Computational Fluid Dynamics (CFD) method and roughness function model. The results show
that the attached biofouling has a greater effect on the open water performance. Specially different fouling
conditions lead to a reduction in propeller thrust, an increase in torque, a reduction in propulsion efficiency, a
reduction in the strength of the wake vortex and the faster dissipation. The more severe the foulings is, the
more obvious the change is. Although fouling can increase the loss of flow field energy and cause many
adverse effects, fouling can shorten the wake length of the flow field behind the propeller, thereby mitigating
its disturbance on the far-field flow.

Key words: biofouling; roughness; full-scale KP505 propeller; open water performance; numerical

simulation

Wk H . 2026-01-12

HeTH . FRESHIRITR(2025YFE0215003; 2025YFE0215000); B 7145 H SRRl 3E 4 97 BhIH 0
(YQ2022E015); [ B EEmtBMIF ™ i 351 H %% B (K'Y 10100230067)

YEZ RIS #5hE (2000-), L, Wit; FEERE(1985-), &, i+, Bl#4%Z, E-mail: chunhui_wang@hrbeu.edu.cn;
B (2000-), 55, Wi Sk EI(1999-), 55, Bl
T #H(1981-), H, ¥+, #¥%, E-mail: wangchao0104@hrbeu.edu.cn,


https://doi.org/10.3969/j.issn.1007-7294.2026.07.007
https://doi.org/10.3969/j.issn.1007-7294.2026.07.007
https://doi.org/10.3969/j.issn.1007-7294.2026.07.007
mailto:chunhui_wang@hrbeu.edu.cn
mailto:wangchao0104@hrbeu.edu.cn

1122 AR 27 55 30 55 710

0 35|

|1

KIRAT AR, BRI R T 252 B4 R VE AL W A R R Ve RS A g U, R AR LR,
mAME S &AL, B S EER DHDRS BE 3G N, SR8 A OK PR RE T B, 2B FE R B BRI, HECHE 2
PR SR, AR T 82 ST RIS AU . BARIUE O I 2 AR F-BOR By 1A= Y035 0 Bt
B B PERR B R e b B I 1) (K, A TS 40 AN TSR e B TE R R T B, LTSS
[ RST B7 i TR B R, PR AR R AR W5 10 o T R UK MR BB AR AL IR 00, T A 15 45
Wi | AR Ak 7 75 5 W S A o2 3 15 B AL AE R At — 2 9 2 2%, XOW RN 19 1 RECHE A S 3z B A R

WA, CFD BUEAA T ik R BAT ARG 7 (PSS LABE AAT Z d H, T AR FE 45
R CFD J7 iR T 7 [R) 9 HEURE J8 w25 138 oF B2 e 5 WK P B B 5% IR 0 . Owen D 455 1 Soon S
207 T STAR-COMHAE:, ) FHURE B pRACRERY , /3SR R T ARSI 6 PPTC M2 KP505 42
e RO PR B Z MG 0, e ™ B 15 35 2 T BB e 22 MUK S0 B BRI BE =ik 30%. LAk, 15 Htid
AR BRI 23 Ak, BTS00 I i 25 A LA — E AR . 2 4™ fdi B CFD D7
RE T DTMB4119 S22 A K PR BB A7 A5 W75 458 B B2 M AR AR 100, A 30 214 S 00 T RELRS B2 38
BRI B AR 0.1% I, HE 1 B E0K /N 8.08%, 1 4E 2 KUK G I 10.72%, 8 N 4 3 3% % B A
16.97%, F. >4 3 DAL RS B T I8 E R 1229 0.03% J5, B T A, %" R CFD i, &R
T NACA-4424 FERILE 53U [F) /5 B AN BT 197K 30 7 MR AR AT O, & 30875 458 {6 38 78 A oL LE B R
FEARZ IR 80%, BiiT5 TR 245 B (KRS BE e KT (i BH 138 K 20% 224 o

DL BIF 58 R 22 BUASCKS V5 403 A A RELRS B v B A TR R, X 5 L S M 2 3 1 8 A2 110 15 408 B o A
TE—E 20, IS s5ie HA —E JmRYE. ik, ARSCRISEREE KP505 S8EAE Aoy X 4, AR 6 L5275 4
FESRTER R T A B AR, 1 FH Rhino BRI TR E S FR 11 V5 4061 A 1) T LA 8248, SRS R A CFD ik,
) VR RS 2 R BSOS AR R R AN [) B 75 468 T 20 X e 2 i 1 e e HL T Rl S 3 ) 5 M s 0 o

1 #{ERE

1.1 #=H7F 2

ARSCAd ] CFD #ff: STAR-CCMHEAT BB AT L, SR FHAE RE AN 7] 4 5 v X A e - B e

17 (Reynolds Averaged Navier-Stockes, RANS) J5 B A TEUE K M, it A YL ] SST k- J5 2, i I

FR A FR 42l Jy RRHEA T B 1, JHerb gl it 5 R A AL JR B3 XU =2, s TR SR ] — B =X, g

AAET FEHIZ S Gauss-Seidel AR AR, I HR B B IS I ik i PR il A So &2 o At
FERFEE T R IA N

eitr) _

0 1
ox (1
dpu) Opuu;+pu) - 9p I,
i S 2
a | ox Pl 5% o, )
— aﬁi aﬁi
:, ”(axﬁax,.) 3)

A, uFR U I ()P, p AR B B, ¢ BT, ol TN ST, f R TR T, PO R T,
TRRIBYINJ1, e A Bl R 2R
1.2 AEHE BE R L

WERRE AR 2 T F14 975 45 e B LR T AR B8, T RELRE 2280 %) 10 52 N R sl A9 RE R R A



57 1 P As {5 A R ESR UK PERE RS IR AT 1123

BERFZ N, R TTHLRE B2 25 T SO A 04 T U BE RS, G I S FBE T YD ), Ao S ECL R R
PRV A 1) R ARG o Pl T A ] 0 B T REL G IR 285 2 e SO AR T RE S B AN (], AT kg TR R R K
AU* FIREAE B T8 A & —— XA A TR ARSI B AT 40 i 7 Bl A AR 3, a2 A1)
T8 o8 45 b S AT RS Y G 06 AN W 4% 2 REURE RN B 2 (R LR O 3R, H e AL b T ok
Demirel 5542 i AR FE R ARBAY

Demirel 251 3 1 AR AE AR IR I5 IR 2 . A RS B 36 5 1 T5 45 OB AT, AR R
N A H AR AN TR TS0 T (O KRS B T 450 & RIDRLRE B PR AU, 38 i LA 55000, 456 Be A U
LA 33 G T IRHER FMEALE LA T5 400 00 AORDRE B2 R ESORBEAY, I3 )38 it A BEL T 100 3k 74
e P pRATCSTAY (1 E P, et B AR AE U548 00 T R B2 pR B A G s

.1

U*=~Iny" +B-AU" ()
K
kU,
k= (5)
4
0(k* < 3)
! g )
AU* =] ZIn(026K) "1 =0 IG <k < 15) ©

%1n(0.26k*)(15 <kY)

X, U PR 55 091 1 e 2 L TE i MR (U = U/U,) , R R 11 8, 3 BUE Y 0.42,
B REHT REXT R, AU IRUBEBE pR AL, & A RUREEE TR VAL, & W RLBEEE S 8, USR5 Y) 1, v
BERGTE R R

R SR I B o, 2 30 (4) ~ (6) RABIE R SHZ A Hh MBS B By 8 204, LR R
it E ARV 5 MDA Dy RANS J7 R (K A ad A v x i20 FZ U8 BB IE A, SR AH A RIS BT
A R S g | T AN T g A S A R o AR FEORE E e FH P R e L R 2 R RSO T ik A
STAR-CCM-+E I HEA T BB AU 2L, LAAS H S A S B ) B 45 SRR AR FEAN R T B8 T 00 SR
JE MRS K P RE A S MR DL

2 WEEBRERGIE

2.1 JUATHREY R TRt
AL RE KP505 BRE Ao 6 4, HO LR S AR SBORBERAR IS E a2 1 Fis

& 1 KP505 BEHERHILMSH
Tab.1 Geometric parameters of the KP505 propeller

SRR ZHUE SRR ZHUE
EAU 5 AR 0.18
H&ED (m) 7.9 TiEln) ey
YRR L P/D (0.7R) 0.95 Hedin (1/s) 1.6
FLT L AE/AO 0.8 R K 02, 03, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9

H A 75 P B B o AR B 2 AV A 2SR | o T ARURI AR ) R /INIX = AT TR FI W, FIWT s &
BRI S B R, BT ESSTG AR S BABERLE, B RTARMEE A, PR i T e
LA AR B | rp BE R P IX =R, R TS A B R AR/, EURE AR G #5445, T AA LR B2 ey
FEHEATARAE, 1 e B ¥ 5 R RV 40 1) B R EE AR, ELUART T 400 T SIS i SR DA, DRI 7 {66 1
R B2 2 BE Ab, 30 75 AT 1540 i T LT A5

AL RE KPS05 W2 EXE M5 X142, {8 F Rhino #4111 Grasshopper $75 4 X 15 i 2 3¢ 11 i7F



1124 AT WA 5530 55 7 1

PRI U . FE A R b, DA 65 AR UL A T4t —— e ate R AT, [l S5 AR IR e R

T ELUA S A 50 2 s A T LA T 2016 453 TS M 18 15 U 0 e AR
1L BEHEAE b 175 50 SR SR AR S0 TS B, TSR S
& 1 SEBESEFR TS0 Y L] st

FERFFITS VRS T, BRI RS, Yot RRIE b 2 M, DR ACIFS LML FE 5 FE AR 46
JRS Sk R B IR 5 AR 2 R B A 05 4, ELA s T Bk 2 B

D T R T LSRR B A 7 e R B R MRS A R ) A O
Fig.1 Geometric modeling of propeller surface biofouling
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Fig.2 Three-dimensional geometric model of full-scale KP505 propeller under different biofouling conditions
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Fig.6 Variation of open water performance with advance coefficient under different biofouling conditions
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Fig.9 Vorticity distribution in the wake field of the propeller
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