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A method of data expansion for marine propeller
hydrodynamic performance based on priori
knowledge and its application
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Abstract: In recent years, more and more researchers have applied machine learning to predict the perfor-
mance of ship propellers, but the prediction effectiveness of surrogate model is often affected by the quantity
and quality of data used for training. At present, the quantity and quality of the ship propeller performance da-
ta are unsatisfactory, and the distribution of data corresponding parameters is relatively centralized and seri-
ously uneven. Therefore, these facts may affect the accuracy and reliability of surrogate models. In order to
solve this problem, this paper presents a sample expansion method based on empirical knowledge, and ap-
plies it to the prediction of ship propeller hydrodynamic performance. The results show that the sample expan-
sion method can generate the data sample quickly, and improve the reliability and accuracy of the forecasting
surrogate model.
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Fig.1 Open water performance of a propeller
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Fig.2 Part of the parameter distribution of the dataset

26.53%

() HHha 5 X8 1oy 2 - K A1

0.30

AEAE IR 3 A v a] X 8, 6k #3186 R 0.5~0.7

FRIE oA 0.8~1.0 FSE IR, i T B 78 (s 2
DA
1.2 RIFERIFIER 93

W B B 41 R 7 2 3 1 EA5 R Rl g
A E S | 43 51 2 288 £ Il 25 45 H 4 A 124
SO R . U ZR A BRI E AL AS
2 I AR AR AR 7 56 E A A ) R 1 56
WEH

AR SO AR Ry B ML AR AR, Bl
MLARAR S ] LA A e e i A e v e 5,
— St LA A T AR T Y TR AT | RS
A R b A BHAS S B0 A B TR A
Iz BN Nt I S R A T MR E 2 i
K Pk B TR A R A4 1 25, I8 P 36 I 45 R4 T
W AR Ry BE 2 i 2 b B A

AR

0.7RIZHE H

0.00

16

14

1.2

10

0.8

0.6

0.4

0.25
0. 2
0.15
0.1
0.05

0,1

0.

ﬂ:4 0.'6 D.IB
FETH L

1.0

!
00 01 02 0.3 04

XA

P 3 IR Hd i A T L B L3 A 1 L

Fig.3 Distribution of training data with area ratio and pitch ratio
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Fig.4 Prediction error of surrogate model
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Fig.5 Prediction results of a propeller in the validation set
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Fig.6 Checking results of some training sets
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Fig.7 Comparison of average error between empirical formula and surrogate model

3 A TR AMIRABIERKEN N ARLIEY 7

31 BFER AR T 7%
Hy T R P 2 B A S IR A B , B — L T2 PV
Ko AR BT R Fe ok R I 8. B AR A 7

19 L REAR S B0 22 05 A8 45 A DA BRI ﬁﬁ@h B
FIFPESYBT A P AT — 5 | 75 IR 2600 A AT i
WA S B A BT | B S A ARGE N ww o @
IR AR BRI R TR SRR [WEE ],
S L AR P S T2 245K A6 O B S e AR
YA FREAR. v
32 IR KD N HAREY 5 ]

ASCHRIRA 20 AT 55 PR S0 FAERT ST A4 A 2B %

Fh > =y = 3y > VARSI s v

oy ‘*o —Fﬁ?’ﬁﬂzﬁzlxj:ﬁﬁﬂllﬁ b 7"7?1? = %BT rﬁﬁ 5#2"(?})‘%65_]‘ l7§l 8 %??égﬁi&ﬁﬂ@ﬁﬁ?f}fﬁ?ﬁ?ﬁ}%
*’%ﬁﬁéfé%ﬂfﬁﬂiﬁj‘j 3.4.5.6.7; Iﬁ] i E@Tﬁj%%ﬂfﬁ%@ﬁ\ Fig.8 Process of sample expansion method
%ﬁﬁi@/jj s ﬁﬁlxﬁﬂ:ﬁ%ﬁiﬁﬁﬁﬁo ﬁﬁﬁiﬁ%ﬁ%&“ﬂ‘]ﬁﬁ based on empirical formula



55 130

A SR TR IR AR R K B ) -

41

P VBRER L HEAT AR T, BRAYY SEIE R AR 2 Bras o O 1B IR e ol S SR i 22 5, I KL
YA K, K R AELI3F 80 109 12 L0250, HAR A UELE BTN (7) ~ (8) B, i i R i 9 78

FEAR W BR
0.047 < K, < 0.643
0.081 < 10K, < 1.322
R2 BRERBIEERT 7TEE
Tab.2 Extended range of propeller data samples
EALE S M E AT P IRRE L R AL
3 0.4,0.45,0.7,0.75,0.8,0.9 0.7,1.1,1.2,1.3 0.1~1.4
4 0.6,0.65,0.75,0.8,0.9 0.55,0.65,0.95 0.1~1.4
5 0.55,0.7,0.8,0.85,0.9,1,1.1 0.55,0.65,0.7,0.85 0.1~1.66
6 0.6,0.75,0.8,0.9 0.7,1.1,1.2 0.1~1.66
7 0.6,0.65,0.75,0.8 0.7,1.1 0.1~1.35

Zeid BEARY T, JL3RAT 3078 SR IBHE AL il
KR REEIEFEARY B . Y A
JRREATR A B BT B I 2R | 2 1 b B 4
PEAR A TG 0L, VEILIE 90 X Hb SRt 4k
P 7 T #E EEA 0.6~1.0 A REAS s RN i
FE 0.6~0.7 LA K 1.0~1.5 4b B8 REAS | ARk
OYATTE R fE . IR EEGORE P L
Je P DA (DX 3 B S 348 o [) e ke 45 20 1 3
2 ST RIEI RSN Sl SUE MDY | iR sl
YR 2E Bt

4 BRmESRIKEN I RERE AR BIRY
FEHI R

Y T s A A T IR e 2 oK
AE TR A FRBIA ALY S, PRAFACHRALAY Hiy

M 0,154

=
= 0.104
=

0.7R1ZHE HE

0.20 4

0.05

0.00

16

=
IS
"

i
1)

77

s
0.7R IR L

o)

0.8

0.6

0.4

04 1.0

T
K9 370 I 2R A 0 b 2 b SRR LA

Fig.9 Distribution of expanded training set with area ratio

and pitch ratio

7

g‘lg‘i A
§

(7)
(®)

T T

AFFAE T H bR AL IFAEAH R B B R 3 uE PR SCR o 181 10 HP R s 5 J2 BEAIL AR AR A A5 1Y A 3
LERM T EE SR MR R T E A TR R S RO I, S AR PR LA 10,

min samples split: 2

DR RV

2 max deapth:14
BEARRNAIR
KRE

=

min samples leaf: 2

FHRRLR AR VHIE

n estimators: 106

BEANARMRIRERAREEL R

P10 BEHLER b H i 5 A 5
Fig.10 Random forest structure and super parameter adjustment results
A RS R 0 ™ 58 5 A QB R oK BE A TSR TIE . P 11 s Je AU B R 45 R 5 4
T8 G BEAR TR T 45 R TR R 22 % LR o DR 11 AT DUR B, 97 Fe i 5 T i 25 78 SR iR 22 B/ i IX.



42 FHAA T 2 28 &5 14

SRHEACANAR | A8 JRUUR 25 BOR Y DX I T 1R 2 W 2 WA . 11 12 D I S i A QRS R 41 14 R R e 2K
S I TERE N2k, LT 45 R 5 S A R 25 0 5% , B3 FE AT TR TE o R TR TR AT G
D TBLIX [E] (1,=0.4~0.8) , " FCJm AU AR BEAR R PR 45 R w5 il IR 220 . 28 LRk L T2 50
WIREARY FET7 15 1] LUA R I G AR X U AR BRSS9 A R, HLREAR Y e md i e rp A7 R
AR

—— R AR S .
- R S5t 5]

70% 60%
60% -
oK 50% o
oy Sy 40% 1
B 404 4 i
%40,0 ;
Py i 30% ]
5 30% =
W& K& 201 4
R 20% - 3
# hod
10% 10%7
0% 0% 4
T T T T T ) T T T T
0.4 0.6 0.8 L0 1.2 1.4 0.4 0.6 0.8 1.0 1.2 1.4
0.7R MR H 0.7R MRt
—a— A —.— }J:’}Eﬁﬁﬁ:iﬁ*ﬁﬁ%
304 —e— AR AL 45 —— Y RERERL
40% 4
25% -
35%
A
oK 20% o ﬁza%—
g N
?; 15% ﬁ ]
5% o
E g:gzo“a-
§ 10% ﬁﬁ%“
R o
£ 5 #
5% |
0% 0%
T T T T T T T T 1 5% T T T T T T T T 1
0.3 04 05 06 07 08 09 L0 LI 0.3 04 05 06 07 08 09 1.0 L1
B EEN A

B e ORI P R 22

Fig.11 Prediction error of surrogate model before and after expansion
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