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ABSTRACT: The semi-submerged propeller is a type of marine propeller that is used in high-speed = Review History:

vessels. This propeller has attracted designer’s attention; because it resists the destructive phenomenon  Received: May, 06, 2024

of cavitation. Also Semi-submerged propellers have suitable thrust and torque stability at high speeds  Revised: Jul. 30, 2024

and offer high maneuverability. Therefore, further investigation around it is important. The current — Accepted: Oct. 06, 2024
research aims to examine the effect of ereafing a vertical groove on the surface of the blades of a semi- ~ Available Online: Oct. 16, 2024
submerged propeller, an idea inspired/by the greoved or corrugated surface on the bottom of some high-
speed vessels. The propeller examined in_this study is the semi-submerged propeller 841-B known as
Olofsson. The 3D domain meshing andfiumerical'simulation have been done in the Star CCM software.
The specific condition considered in this numerical simulation is a submergence depth ratio of 33%,
an advance coefficient of 0.8, a cavitation number.of 2.3, a Froude number of 6, and a shaft angle of
zero degrees (horizontal position). The results showed that the efficiency of the grooved propeller is
44.5%, which is less than the efficiency of the ungrooved propeller.‘In the end, it can be said that the
created groove has an adverse effect on the efficiency and performance, of the propeller and it is not
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recommended to use it in the working conditions of the investigated propeller.

1- Introduction

Propellers are one of the most important and widely used
components of the marine propulsion system. Therefore, it
is necessary to investigate the hydrodynamic performance
of propellers. By improving them or having access to the
knowledge of designing high-efficiency propellers, the
thrust force can be increased and the power required to turn
the propeller can be reduced. The surface-mounted or semi-
submerged propeller is a special type of supercavitation
propeller that has recently been proposed and as its name
suggests, it works in a semi-submerged mode. It is also used
in high-speed boats. This Propeller is of great importance
Because it resists the destructive phenomenon of cavitation
and blade corrosion [1]. According to Hudler and Hacker’s
research [2], the first patent of semi-submerged propeller was
made in the United States of America in 1869. Due to the
better thrust of semi-submersible propellers, these propellers
are widely used recently [3]. In another research, Hacker [4]
did some tests on an 8-blade propeller. He concluded that the
immersion depth has the greatest effect on the vertical force
in a semi-submerged propeller. Ferrando and her colleagues
[5] in 2002 investigated the effects of immersion depth and
axis angle on propeller performance. Olofsson [6] designed a
semi-submersible propeller named 841-B in 1993. In 1996,
he analyzed the effect of horizontal and vertical axis angles
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on the performance and efficiency of 841-B semi-submerged
propeller [3]. In this research, the effect of creating a vertical
groove'on the surface of the semi-submerged propeller 841-B
has'beenanalyzed. This change is a structural passive control
factor. The reason for creating a groove on the surface of a
semi-submerged propeller and adopting this innovative idea is
based onfereating a fracture in the bottom of high-speed boats
to increase speed and efficiency and improve its performance.
The purposexoefrthis research was to investigate the effect
of creating a vertical groove on the surface of the semi-
submerged 841-B propellér on the efficiency, performance,
and distribution of pressure and shear stress on the surface of
the propeller blades.

2- Methodology

The present problem ‘is the/ numerical simulation of
the semi-submerged 841-B propeller in"the state with and
without grooves (with vertical grooyes on its surface). The
said propeller consists of 4 blades and has a diameter of 250
mm. Figure 1 is a view of the entire solution domain.

Numerical simulation is done in Star CEM software.
The time step is 0.0003 seconds. The maximum residuals
for solving the equations are considered to be, 107, In this
numerical simulation, the immersion depth ratio 18:33%, the
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Fig. 1. Fixed solution)domain in the simulation of the
semi-submerged propeller model 841-B

Fig. 2. Grooved propeller 841-B and dimensions and
size of the groove on the surface of the blade.

advance coefficient is 0.8, the cavitation number is 2.3, the
Froude number is 6, and the axis angle is zero (horizontal
mode). Also, the rotational speed of the propeller is 295 rad/s
and the floating speed is 9.39 m/s [3]. Figure 2 is a picture
of the 841-B grooved propeller and the dimensions of the
groove (dimensions are in millimeters).

The meshing image of the slotted propeller is shown in
Figure 3.

In this research, the independence of the results from the
grid has been investigated. The error of the results in this
process is less than 5%. In this research, meshing with the
number of cells 5379757 for the propeller without grooves
and with the number of cells 5383196 for the grooved mode is
used. Experimental results are not available for 841-B slotted
impeller. For this reason, the results of the numerical solution
of the propeller without grooves have been compared with
the experimental results of Olofsson [3]. The highest error
obtained is related to the efficiency of the propeller (-9.078
percent) and all the errors are below 10%, which is acceptable.

3- Results and Discussion

Figure 4 is the efficiency diagram for non-grooved and
grooved propellers.

Efficiency has decreased in the grooved state and its
average value is 44.5% in the state where the graph is stable.
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Fig. 3. Meshing of the sliding area and the surface of the
propeller without grooves
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Fig: 4. Efficiency diagram for non-groove and grooved
propeller

4- Conclusion

The results indicate that the efficiency of the grooved
propeller at the advance coefficient of 0.8 is 44.5%. This
efficiency value has decreased “by" 18.147% compared to
the propeller without grooves' and by«24:96% compared to
Olofsson’s experimental data [3].4An the grooved state, the
range of the thrust coefficient has increased by 153.3% and
the range of the torque coefficient has increased by 25%. In
general, as summary, the presence ofthe groove haswaffected
the performance of the propeller compared to the state without
the groove and has reduced its efficiency. In the end, it can
be said that the expression of the semi-submerged grooved
propeller for the first time and the qualitative explanations
and quantitative changes to describe the effect of a vertical
groove can be considered as an innovative background and'a
first step for future research.
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Table 2. Geometrical specifications of the semi-submerged propeller model 841-B [3]
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Fig. 3. Model 841-B semi-submerged propeller built (right side) and é d (left side)
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Fig. 4. The sliding solution domain in the simulation of the semi-submerged propeller model 841-B
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Fig. 5. Fixed solution domain in the simulation of the semi-submerged propeller model 841-B
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Fig. 6. Grid of the sliding and overall domain in the simulation of the semi-submerged propeller model 841-B

S e sl e (@
b) meshing of the sliding area

lyyy s A0S (il
a) meshing on the surface of the blade

S (g (Sl b 9 S yoxio (AU (GuaSiws Y S

Fig. 7. Meshing of the sliding area and the surface of the propeller without groeves
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domain in the simulation of the semi-submerged propeller model 841-B
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Fig. 9. The cross section of the slotted propeller
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Fig. 10. Grooved propeller 841-B and'dimensions and size of the groove on the surface of the blade.
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Fig. 11. Meshing of the sliding area and the surface of the propeller without grooves
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Table 4. The study of independence of grid in different grids for the slotted propeller (immersion depth 33%
and advance coefficient 0.8)
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Table 5. Validation with Olofssen's experimental results [3]
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Fig. 12. Diagrams of thrust coefficient, torque and efficiency diagram for non-groove and grooved propeller
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Fig. 13. Variation of the oscillation domain of the thrust coefficient and torque diagrams for the non-
grooved and grooved propeller
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Fig. 14. Flow lines for non-slotted and slotted propeller
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Table 6. Pressure contour behind and in front of blade for non-slotted and slotted propeller

Pressure (pa)
200000
150000
100000
50000
0
-50000
-100000
-150000
-200000
-250000
-300000
-350000
-400000
-450000
-500000

-550000
-600000

03 Cundy 0y o> &loy g9

b e

Sl

oy (5ol> 53 ol Cuto Hlid &S i Dbol (glan b wp cudy p> Hhdlis
IS5 i 5 b slasils e 4 2 03,55 s & K005 35
sabop Culy )l (i LS 53 )Ll gad SlbI 5 4SS
ce 4y Jg o0 dbul gy 00 )83 JLd el s (gl a7 sute jlié
b 93 o sl Bgpe o g 0dd 3)ly (b GBS Gyl Y o>
4dy g iy G5 g8 ke Cud b ea)sl JLd g Jbld g (e LB 0y cuty 3 )ld g b o LS el gnls

Taw 23y (B GBS Gl (Sl 93 10 )3 magd S3Pop 55 S ) (S0P ) Oemed Cal Cute aw  3)ly LIS 0y (gola

YAY



YA+ VPO dxbo NF-Y JL»;;’ b)L«.ﬁ HF 0)9 ¢).~.¢S).~.a| A_iu&.o (WA 44).-“)

135l 9 5lend g (590 (12 038 (Sl 9 Canly (N2 IS RV Ugoa

Table 7. Shear stress contour behind and in front of blade for non-slotted and slotted propeller
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Table 8. Contours of pressure, velocity magnitude and vorticity magnitude in the entire domain of solution and sliding
area for the propeller without grooves
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Table 9. Contours of pressure, velocity magnitude and vorticity magnitude in the entire domain of solution and sliding
area for slotted propeller
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Table 10. Quantitative results of the numerical simulation of the propeller without and with grooves
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