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Abstract: Based on B series and AU series blade parameters, 22 tandem propellers of different diameter
ratios were designed, and the hydrodynamic performance of these propellers was investigated by numerical simu-
lation. Then, thrust and efficiency of the tandem propellers with lager aft propellers were compared with the tan-
dem propellers with smaller aft propellers. The influence of diameter ratios on hydrodynamic performance of tan-
dem propellers was investigated. And finally the cause of this influence was analyzed from the perspective of the
flow field. Results show that tandem propellers with larger aft propellers have the higher thrust coefficient and effi-
ciency than those with smaller aft propellers. At a low or moderate advance coefficient, the open water efficiency
increases and then decreases as the diameter of the aft propeller is enlarged, which means there exists optimum
efficiency. At a high advance coefficient, efficiency keeps growing as the ratio of the forward propeller diameter to
the aft propeller diameter (D,/D,) increases. A root cause of the improvement in efficiency is that the interaction
between the forward propeller and the aft propeller is weakened as the diameter of the forward propeller is re-

duced.

%

WimBEE: 2022-07-06; f&ITHH: 2022-09-19.

EEUH: EEAMRMERSE (521013355 52171316) 5 INARE ARFHERS (ZR2020QE293) 5 LIZR 4 T 45 QUFr I H
(202002018) .

VEE R Pk, B, AU IRER K 1.

WREE . BRES, ML, PRm, SRR HEESRKS) J)% . E-mail: yaohuian@ouc.edu.cn

SIRAME: R, MR, DR SRAR X R SR BE SR S SR RE R R [T ). HEREHOAR 2023, 44(10) : 2207023
(YAN Rui—xiong, ZHANG Huai—xin, YAO Hui-lan. Effects of Diameter Ratios on Hydrodynamic Performance of
Tandem Propellers[ ] ]. Journal of Propulsion Technology, 2023, 44(10):2207023.)

2207023-1



a4 Hio

BAT X A ) BT A K B g M RE Y 5 R

2023 4

Key words: Tandem propellers; Diameter ratio; Open water performance; Blade interaction; Numeri-

cal simulation

1 35

ST R A IR R T e RN TR A R
14 T L, AR A A R ST R 48 R T 38, 3 8 45 3 1
B BB 2 ey A K TR AR ) th B A AR T L
& S AR R B B AR M) A, R TR AR X S R |
JE 2 | ER B BB E 2 SRR R E RS B R T A 5 OG
T o FH EE T At Ry P4 2 L AR B BB E 2 1Y 45 A A
XoF AT B, 0T e RN A A L A AR T L
B 2 1l 08 A - Tl W AT FE AL B 2R AR AR 2 ot AT, DA T
P — B b 2 w2 Ak IR T R 4
Pezh .

T T ER 51 R E 2 1) A TR VR A SR F 9 Al A
AR BB E A R SR . LB R Y B
Xof 5 3 W e ) B er R Bh IR A O TE R T R
BEOR o 3X S R — 7 1 A5 3 i 4R e 2 ) £
B A A Ay AR Ak 55— T LR T 8 BB e
) RS . AR W 8] 2F & O 3 B R E A T
TR ST R R 5 IR R A s TN
WG L, SEAT T ARG Y ARtk
RS, ER ) BT 2 4 0 SR A T B v L S MR
RN A R 1 AT — e R R el o b B 2 %
FR G BE 2 S A R SRR L A R S AL A S RO
I IF I, AATXE H 8 2 Rk — 2 I . P B
SR I 5 2 B 3E 2 I YR S 2 R iR A SRR T
FR B BT 2 1 REOR A B B L e B R SRR L —
0.2~0.25 15 MR T 2 1A%, AH OC 1Y S5 A b 4685 o vl LG
ot 28 A

A& bR AR oY B0 T S K AR B
A, 322 DR 5T A IA R A TR) AR R S 3 DL T
JE 0 I AR B Sl I 2 AR R A R DL U R R IR
AN G XF J 2 I A S A 1 AR ARk, — s
WFIE T BT T 5 2 AR /N 5B 5 IR e %, O J I
THEHESE . Djahida %5 ESRHE L 0.6 19 55 T
X TERSm EAZ L D/D, K 0.5,0.75,1.0 #
Seiun—Maru HSP 53 51| #8Jjg 2 B4 45 R R W], 1 J5 2%
S5 R ER A A T AR B M T B BRI R R B
TR BCRAR K TR 2 H AR /N 803 8 A AR ot
U G N =R NN R B oy S i e
H % . Chavan 58X i 2 5 42 W8 /IN 1) 5% ) 3 47 B
%, T DJD,=1.0,0.975,0.95 = 2H 5 51| 3 % H A

T

L, R B BB A RBOBCR M & J5 % H AR
BN T IR /S o Liu 251 56 F KP4S8 Iie 3 58 8 1
DD} 0.97~0.92 (1) 1L 21 £ B R g 3%, 45 R R W 5
FE 08 55 g b W A T 2 R AR R R L TR — R IE LR,
IEEA-REUNOE RIS 3 40 & &S Tl R 4
=

FEZ R0 MBI 5T Fp 0 28 T AR A s U LA
S BN M BE R A SR HL B B T — R U A
B EB G X R RTR ER N TR
A3 B BN LT AL I 3 S 2 AR
KLCELT CHLIY 3 3XFP H 41 2 Bl 6% 0 4 M i
LY R A 1) 23 ) 45 48 T L ER RS A% B 1 S AR ER A
HHOKRRA Tt .

8 b AR AR, O R R E AR ik
B SR AE A4l A5 GE BB A N AT L 30 B AR M 26
i ER B0 2  E RE HR AE  (HT SR A B 5T R B, — R A A
INGE SR VIN & S e N R L R A ]
MR Z m W58 & B, J5 3% B W R s HR A 3 1
REZE TEHEEBBRIE ., Wik, 50 3855 %5
B 114 2 5 5 B2 1 — 25 BRI e T

KPR ET BRI AU RHNFAET T 221
HRANAE ARG 248 BOR [RH ooy o =4 . SR AT
By 2Ok s 3 2% R AR (Moving Refer-
ence Frame) , 18 3 3K i RANS )7 #2 F1 SST k—w Jif It #5
TR K v i ER B 2 HE AT RO AL, ) 45 1Y 1 g
PEAT T o 3 3 LA, B S 2 KR S 2N 1 B )
M RE AR RURUE 3, b T B 9 WOK P R S T e
AR T AR AR U, I DA 3 i 3 T TR g Rl ) o
1) 61 B2 AR T A8 L AR A XeF B 21 2 B 1) 5% i LB
2 HEERITTE
2.1 JL{aiEEY

T kSR B e AR SCHR R AU R BRI B
RV ST T WA A3, — 322 L — 2
b 7 PO I B 2R B MR 2 R, Ty — bR th i =
AU RIS 20 B, HAR B S 803 1 R .

H B INRFER SR 2 R B X X S
By SCHEAT T U . B R A1 B A0 A 2 B R
TS % HED=022m 1744k, 1 f ol 187, 3%
FELE R 0.21, B T H AR AN HA Z B[R] ; AU R 571 ER
HI AT G W) AR T 2% 12 D=0.25m #% | 1L

2207023-2



Hadd 10 i

biis

EV S 2023 4

Table 1 Parameters of two propellers
Parameter B series AU series

Blade number 4 3
Diameter/m 0.22 0.25
Disk ratio 0.55 0.65
Pitch ratio 1.2 0.8
Boss ratio 0.182 0.18
Rake/(*) 0 10

Rotation rate/(1/s) 15 11
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Table 2 Varieties of three combination parameters of the tandem propeller

Tandem Reference Angular spacing Axial spacing Diameter difference

propellers diameter D /m 0/(°) ratio L/D, DJ/D,

CLB4-55 0.22 18 0.21 0.95/1.05,0.96/1.04,0.97/1.03,0.98/1.02,0.99/1.01,1.00/1.00,
CLAU3-65 0.25 48 0.24 1.01/0.99,1.02/0.98,1.03/0.97,1.04/0.96,1.05/0.95
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Fig.1 Geometric description of the tandem propeller
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Fig. 2 Geometry of the CLB4-55 tandem propeller
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Fig.3 Geometry of the CLAU3-56 tandem propeller
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Fig. 4 Computational domain and boundary conditions
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Fig. 5 Meshes generated in the computational domain
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Table 3 Mesh independence analysis results (J=0.6)

Case Cell number/million 10K, K, n Differcnce(lOKQ V% Difference (K, }/% Difference(n)/%
Coarse 1.43 0.6852 0.3616 0.5039 - - -
Middle 2.73 0.6868 0.3643 0.5066 0.23 0.75 0.54

Fine 5.54 0.6882 0.3668 0.5090 0.20 0.69 0.47

Table 4 Comparison of numerical results with experimental data, open water performance of the CLB4-55-2 propeller
J 10K, K, n 10K, _ ., Koy . Error(10K,)/%  Error(K,)/%  Error(n)/%

0.2 0.9422 0.5644 0.1907 0.9600 0.5707 0.1892 1.85 1.10 -0.79

0.4 0.8113 0.4631 0.3634 0.8354 0.4753 0.3622 2.88 2.57 -0.33

0.6 0.6868 0.3643 0.5066 0.7114 0.3811 0.5115 3.46 4.41 0.96

0.8 0.5563 0.2652 0.6071 0.5731 0.2809 0.6241 2.93 5.59 2.72

1.0 0.3974 0.1539 0.6164 0.4061 0.1681 0.6587 2.14 8.45 6.42
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Fig.7 Comparison of the thrust coefficient and efficiency of two groups of CLB4-55 tandem propellers
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Fig. 9 Influence of diameter ratios on hydrodynamic performance of CLB4-55 tandem propellers with equal diameters and

smaller aft propeller diameters
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Fig. 10 Influence of diameter ratios on hydrodynamic performance of CLAU3-65 tandem propellers with equal diameters and

smaller aft propeller diameters
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Fig. 11 Influence of diameter ratios on hydrodynamic performance of CLB4-55 tandem propellers with equal diameters and

larger aft propeller diameters
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Fig. 12 Influence of diameter ratios on hydrodynamic performance of CLAU3-65 tandem propellers with equal diameters and

larger aft propeller diameters
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(J=0.6)
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Fig. 15 Pressure coefficients around the 0.7R blade section of CLB4-55 tandem propellers (J=0.6)
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Fig. 16 Thrust coefficients of the forward and aft propellers of CLB4-55 tandem propellers with different diameter ratios
(J=0.6)
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Fig. 17 Pressure coefficients on the blade of the forward propellers of CLAU3-65 tandem propellers for different diameter
ratios (J=0.6)

Suction side

Pressure side

D/D, 0.95/1.05

f

0.97/1.03

1.00/1.00

1.03/0.97 1.05/0.95

Fig. 18 Pressure coefficients on the blade of the aft propellers of CLAU3-65 tandem propellers for different diameter ratios
(J=0.6)
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Fig. 19 Pressure coefficients around the 0.7R blade section of CLAU3-65 tandem propellers (J=0.6)
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Fig. 20 Thrust coefficients of the forward and aft
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Fig. 22 Axial velocity fraction at the section, CLB4-55 tandem propellers (J=0.6)
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Fig. 23  Axial velocity fraction at the section, CLAU3-65 tandem propellers (J=0.6)
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