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Comparison of Hydrodynamic Performance of Cycloidal
Propeller with Two Motion Modes
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Abstract: In view of the changes in the hydrodynamic performance of the cycloidal propeller under differ-
ent motion modes , the theoretical study of the unsteady oscillating motion mode (VSP) and the steady rotation-
al motion mode (KBP) of the cycloidal propeller was carried out, the multi-blade coupling motion of the pro-
peller blades moving with the revolution at a constant speed or at a variable speed is realized respectively. Com-
bining the airfoil actually applied by VSP and the airfoil determined by KBP’ s special kinematic characteris-
tics for comparative analysis, on the basis of giving full play to the hydrodynamic performance of VSP, the
CFD method was used to compare the hydrodynamic characteristics of the cycloidal propeller with two rotation
modes and different airfoil in the open water state, and the hydrodynamic pulsation characteristics of the pro-
peller as a whole and the single blade during different motion modes are compared and analyzed , and the dif-
ference in hydrodynamic performance between the unsteady swing and the steady slewing motion are summa-
rized.
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Fig. 1 Schematic illustration of VSP
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Fig.2 VSP rotation deflection angle and angular velocity
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Fig. 3 Schematic illustration of KBP

Vi IR R, 25 0 B A R A% A e — SR, ot R A [l

¥ A ¥z g Hazs g 172 A R 5 0 6 R 28 A

Fo i R S 2 AR S B L DY Sy AR IE KBP K 3l

PE BB TR B A 2 5% T 4 N 0 — BobE i R SR
5 FEXSFR 5 BE X AR A A X PRI A

SO L 6 AT, 2 VSP Bl E R RS A e —

JAE 7 A e ds sl 5 il — L B VSP 2 e JE )

5 A5 AWARAE . 27 VSP I R AT 5 X FR

O EE A 5Ok Y A TR BE A e o B 1 i A

BONEABE R & C)5FEFR NS Cizsh 2 &

A)R/NFRAE Ty T AR B o AR L3R o 7t 0 55 BH 0 1y 7

360 ¢

300 |

240 |

S 180}

120 f

60
0

0/(°)
(a)

0 120 240 360 480 600 720

A D BRAS I 5 R U T A AR TR 7 A 64 T g S R
T3 A AR TR, g BsF T g M BE A e B 2R T ) A
o3 3R A AfE T A e A R T 1) b A o3
JIR/NAIEE T7 AR S, B B 0, S AR 28T 1Y
VSP R LTS 6 1 0° S X Bk 5L, A F] T VSP AR AR £
IO 7E) T TS R

3 HETEFERIE

MWAKB I AERE, HRMEIFRAE TIEREST
b, & i R R A AN e, OB SR e T b )
iE B, AR AR XS T R G R R KN 5 5 )
— HLTEAE AL, T B B AR K B ) KN R )
b — AL, IF B &0l Z R A e K 3 1 T4k,
PRI I Xt 3 4 0 25 K Bl g 1 B R T R R AT
VSP 5 KBP /K 3l J7 P RE Lb 35 i) it o
3.1 HEER

1969 4E Ficken JT & T VSP £ A [ i 0> R A ]
R B LA RS [A) T 3 AT B0 i A O R B R R
FBLA B F 805 5 K sl 1 2 B0 3R 5 3 w7 AR
K KT VSP LK B e i ERIN S % AU T
W B AR 45 5 00 B R AT X L 56 UE B (e T
B R R AT PR WA A X VSP K KBP 11 7K 3 71 1

16.0

158 1

15.6

=
=~

o /(rad/s)

&
o

150 1 1 1 1 ]
0 120 240 360 480 600 720
/(%)
(b)

Fig. 4 KBP rotation deflection angle and angular velocity
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Table 1 Model parameter

Parameter Value
Length B/m 1.3716
Max.chord C,, /m 0.5194
Avg.chord €, /m 0.4831
Orbit diameter D/m 2.7432
Blade area/cm? 45.999

Fig.7 VSP model for CFD
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Table 2 Thrust coefficient under different grid numbers

Advance Mesh density Number of cells  Thrust coefficient

coefficient J in the domain K,

Fine 1.019x10’ 2.394142

0.6 Medium 8.02x10° 2.392783
Coarse 5.07x10° 2.402997

Fine 1.019x10’ 1.62373

1.2 Medium 8.02x10° 1.62385
Coarse 5.07x10° 1.61858

Fine 1.019%x10’ 0.793377

1.8 Medium 8.02x10° 0.791126
Coarse 5.07%x10° 0.782093
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Table 3 Thrust coefficient under different turbulence models when e=0.7

0.6 2.33219 2.39278 2.60 2.37485 1.83 2.42300 3.89
1.2 1.62492 1.62385 0.07 1.61910 0.36 1.63015 0.32
1.8 0.78668 0.79113 0.57 0.78437 0.29 0.78800 0.17
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Table 4 Two types of propeller model parameters

Propeller name KBP VSpP

Full symmetry/

Airfoil section Full symmetry

NACA0020
Chord/m 0.056 0.056
Length/m 0.17 0.17
Rotation diameter/m 0.196 0.196
Revolution speed/(r/min) 300 300
Rotation speed/(r/min) — 150

Time-step/s 5.55556 x 107 5.55556 x 107
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Fig. 10 Blade model for CFD

200711-8



a3 s Mo R 2022 4E
= Eﬁ%z
e am BEIET A
FrEH LT
Rsiiss e
i £ iy
2 HH
i
:‘9"
] 5
| I li‘ : T T T
(a) Revolution domain grid (b) Rotation domain grid
Fig. 11 Computational grid for VSP
H S = =
FHH
| e S

(a) Revolution domain grid

(b) Rotation domain grid

Fig. 12 Computational grid for KBP

JK;
" 27K,

27RO, p A0, S E 13 (a) ATAL, B & J 1
AN TR R, B R A ) AN 00N L 2 4 ) e/ 2
O I 4R B80CR N 0, BT LABE J A Wi 38 K, m Je 38 K5 8
AN HA B KA A . E A R HE S R ECT 6 F AN TR
e, F5c 10 AR A X B 1 n A J B e 3G R M8 K . XF
TR Z )77 X KBP #35 fie K AR B, 6 R J K
F e W4 0.7 F10.9 F B VSP, HRij 4 1Y i K 0E 5L
RKTFIGH M BRI RCR
44 AEEET VSP 5 KBP#izkkEh f1ERELL 8

[K 24 VSP 5 KBP FEEE (4 iz 5l 7 200 HoAf g ot
B A RRBR R E 4.3 1 HEAT T B ER A E 2% 4 X FR
B K A1z 3h 75 2L % e (B AR TR S bR Ry A
VSP R F AL 3 3 8 (4 380R B T A X AR A TR
HEAT AN [8) 32 80 9 %8 L0 43 A, 1 14 S AN [R] 38R VSp
5 KBP ik K sh J1tEse A .

A 14Ca), (b) AN, X TR HAS [] 38 B4 1% VSP:
FEA 3 R BT, NACA0020 3 7 iy 4fi: 3 22 %4 Fn &%
HRBON T X FR 3R 7E o O R T R
NACA0020 ¥ #Y [y 4 5 R B A FL 5 R B T 2 X%F
PR A, R 5 4k FR R L, 3% F NACA0020 3

(11)

n

RUY /N T VSP B R BERL T, 30T v e R A
J3 AR RN ELER VSP Y ) 5 8 5 34 /N T KBP,
1 14(c) 75, % JH NACA0020 Y VSPHEFE SR K T
K FH 4 X FR 3 VSP L IE B T AE VSP M e B
ML TE ) 1 %) i 78 5 H b o Bk 3 R0 AR L kR A
EL P Fh 3R VSP [ fe KRR 5 0 I it T AR BOHS /I
F KBP.

F b R X AN [ 38 8 K AN )z 2 o7 KR Y T B 4
HEZR Kl T PERE AT A SR THLE B 3 AL VSP 5
SR FH 4 Xt Bk 35 80 A BL 9 TF ROR TR AR A SR TR
N E B, B AR SIS £ X% F VSP 5 KBP g /K 3 4
PEAE LB VSP HR I NACA0020 38, 25414 13,
14 K, K,y X HERT AR i 00 3 e 19 28 £k T B
AR VSP I HE 7 I R RN A E 50 R AR R e
JIN i R RS 1R 5 T R T e A RROR L
FEZETC VSP BT AAAR A e, W] AN 5 72 e i 245 B 1Y)
105 00T, MR e S PR SR 3 3 R Y e S B S SRR 1Y)
KA. X T KBP, 7 [ 45 #F 3 RECF & 0T
T N HE UE ORI K T W R L K B R e T B VSP,
B KBP W2 BB A AT |, 78 52 B A AN ER 90 b, H g ) el
7L B A R AT HE ) RN S AR R Y

200711-9



a3k S

P Az sl 5 3R 3 K 3l ) PR RE L AL

2022 4F

—=— KBP
—e— Full symmetry-VSP (e=0.7)
—=— Full symmetry-VSP (e=0.9)

—=—KBP
25} —e— Full symmetry-VSP (e=0.7)
—=— Full symmetry-VSP (e=0.9)
20}
& 1.5¢
1.0
0.5}
0‘%,0 05 1.0 1.5 20 25 30
J
(b)
1.0

—=—KBP
0.8 F—* Full symmetry-VSP (e=0.7)
" | —=—TFull symmetry-VSP (e=0.9)
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