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Abstract:

The maritime sector's reliance on efficient and dependable propulsion systems is crucial for the secure
and cost-effective movement of goods and passengers worldwide. Ship propellers, as the primary
mechanism for converting engine power into thrust, play a pivotal role in optimizing vessel performance.
This study presents a comparative analysis of two prominent ship propeller design methodologies: the
B-Series and Kappel methods. The study focuses on an oil tanker powered by a 13,000 KW engine,
sailing at a speed of 15.2 knots. By calculating the required propeller diameter and evaluating the
performance in terms of thrust power and efficiency, the research aims to elucidate the strengths and
limitations of each design approach. Results indicate that the Kappel method significantly outperforms
the B-Series method in both thrust power and efficiency, achieving a thrust of 1678.8 KN and an
efficiency of 62.3%, compared to 1047.7 KN and 59% for the B-Series propeller. However, the Kappel
method's higher computational complexity and cost are notable considerations. These findings provide
valuable insights for ship designers, naval architects, and marine engineers, highlighting the
importance of selecting the appropriate design methodology based on specific vessel requirements
and operational conditions.

Keywords: Propeller Design, B-Series Propeller, Kappel Propeller.

oailal)
slail an (b Sl 5 iliaal) G Cun (Al Aial S (lanal ¢al) il 48 555 50liS o S IS (5 pal) Ul acing
:Lul‘JJ“ oda L:\s..d\ clal M@MJ}M I\_ws\ &l ccﬁé'&ﬁ ‘;“ Lﬂ);..d\ 353 JA}AQMJH :L\!(}” PRt ‘us...u” QL.u\jJ ial elLd\
Jaai Lo 4L e Gl 38 0 Kappel 4ask s B-Series i b :oiull 4 ) ciluld ) aveatl 05 5l 0y ylal U jlie Sl o
BeliSll 5 adall 358 Cum o oY) iy gllaall QN 8 Cla JBA (e 33ie 15,2 Ao e ey ol 5518 13,000 488 & jaa
B-Series 4k e S IS 545 Kappel 45k of ) gl 5ui sead colul JS0 2 gaall 5380 Ll 510 ) Candl Cangs
.B-Series d 759 5 cfiss LS 1047.7 = 4 )8e /62.3 3l 5 (i g3 LS 1678.8 ada 548 (385 Cum 3 li€ll 5 adall 3 8 Cua (0
Cpdigall 5 Gl casadd Ao 55, il oda ig Aksale Jol e Kappel 3i skl e Al 5 dpluall ol 25 (el aa
Cagylall 5 saonall Al ilillaia e 3l Audiall ayanail) 48 5l sl dpeal e 2SE wo coppmall Grigall s yaall G lenal)

Al il

Kappel (), (B-Series s «ould ) aaai dalidal) cilalsl)

Introduction

The maritime sector heavily depends on efficient and dependable propulsion systems to ensure the
secure and cost-efficient movement of goods and passengers worldwide. Ship propellers, serving as
the primary mechanism for converting engine power into thrust, hold a pivotal role in achieving optimal
performance of vessels. Their design significantly affects fuel consumption, speed, maneuverability,
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and overall efficiency, thereby emerging as a critical element influencing the economic feasibility and
environmental friendliness of maritime activities. [1]

Over time, numerous methodologies for propeller design have surfaced, each presenting its unique set
of principles and considerations. Among these, the B-Series and Kappel methods have stood out due
to their widespread adoption and distinctive design philosophies. The B-Series approach, originating in
the 1960s, relies on empirical data and standardized propeller geometries to strike a balance between
performance and cost efficiency [2]. In contrast, the Kappel method, introduced in the 1980s, adopts a
more analytical stance by employing advanced computational techniques and optimization algorithms
to customize propeller designs according to specific operational conditions and hull configurations [3],
Figure 1 and 2 Shows B-Series and Kappel propeller.

Figure 1 Four-blade B-series propeller. Figure 2 Four-blade Kappel propeller.

Initial designs of Kappel propellers were based on theoretical frameworks, specifically lifting-line and
lifting-surface theories, which were subjected to thorough validation through open-water performance
evaluations and cavitation tunnel tests [4, 5].

The Kappel propeller has shown promising results in full-scale operation tests, demonstrating a 4%
increase in propulsion efficiency compared to conventional propellers [6].

The utilization of Kappel propellers in the commercial sector was accelerated when MAN Diesel & Turbo
Corporation incorporated MAN Alpha Kappel series propellers with MAN B&W low-speed diesel
engines. This combination led to notable energy efficiency improvements and a decrease in carbon
dioxide emissions [7]. As of 2014, these propellers had been fitted on various large commercial ships,
such as three 8500CEU pure car and truck carriers built by the Xiamen Shipping Industry.

The analysis of Kappel propellers has greatly benefitted from theoretical and computational studies.
Kehr and Wu [8] introduced a three-dimensional coordinate conversion formula to address the tip rake,
while Cai [9] enhanced the lifting-line theory by considering the influence of induced speed in three
dimensions. Furthermore, Computational Fluid Dynamics (CFD) has been employed to assess how
geometric parameters affect cavitation performance [10] and to verify the suitability of simulation
techniques in evaluating Kappel propellers [11].

Cavitation plays a pivotal role in influencing both the efficiency and durability of propellers. Numerous
research works have delved into the phenomenon of cavitation in Kappel propellers, examining aspects
such as the correlation between tip rake and cavitation noise as well as efficiency [12], and the influence
of blade tip inclination on both cavitation delay and propulsion efficiency [13].

Chen et al. conducted a comprehensive study on the effects of tip rake distribution on the hydrodynamic
performance of Kappel propellers. Their research utilized a fourth-order B-spline curve to design various
tip rakes and analyzed their performance using the RANS method coupled with the y transition model.
The findings indicated that an appropriate tip rake could improve propulsion efficiency by approximately
2.5% at the designed advance speed, highlighting the importance of tip rake optimization in propeller
design [14].

Despite the increasing research on Kappel propellers, there is a lack of comprehensive comparisons
between different design methods, including the B-Series and Kappel propellers previous studies have
primarily focused on the performance analysis of individual propeller designs, with limited attention
given to direct comparisons between different methods.
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This study aims to address the research gap by comparing the design methods of the B-Series and
Kappel propellers for an oil tanker ship powered by a 13,000 KW engine with a speed of 15.2 knots this
encompasses the following.

1. To determine the necessary propeller diameter for the designated oil tanker utilizing both the B-
Series and Kappel methodologies.

2. To assess and contrast the thrust power propulsive efficiency and fuel consumption of the propellers
designed using each method.

By conducting this comparative study, this research seeks to contribute to the ongoing discourse on
propeller design optimization, providing valuable insights for ship designers, naval architects, and
marine engineers. The findings will illuminate the advantages and constraints of each methodology,
potentially guiding future design decisions and promoting the advancement of more efficient and
sustainable propulsion mechanisms for the maritime sector.

Methodology

A case study approach will be used in this study to evaluate the performance of the B-series Kappel
propeller design methods for a specific oil tanker application The selected vessel is a very large crude
carrier (VLCC) oil tanker and will serve as a platform to demonstrate the practicality of both approaches
and emphasize their relative performance characteristics, table 1 illustrates ship specifications.

A. Ship Specifications:

Tablel: Vessel Specifications.

Specification Value
Overall Length 250 meters
Breadth 44 meters

Total Deadweight

115,518 tons

Main Engine

MAN B&W 60 ME-C
(13,000 KW)

Speed

15.2 Knots

This specification provides the input parameters required to calculate the required propeller diameter

and to analyze the performance characteristics using both methods.

B. Propeller Diameter Calculations:

The B-Series method utilizes a standardized series of propeller geometries, categorized by their blade
number, pitch, and diameter the propeller diameter is calculated using the selected B-series 4.55 chart

"Figure 3" and propeller pitch to ensure that the propeller operates at its optimal performance [15]
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Figure 3 Wageningen B-Series chart [15].
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C. Kappel method:

This study will adapt Kappel's method by relying on existing empirical data and analytical formulas.
Since computational fluid dynamics (CFD) is not used, the International Towing Tank Conference
(ITTC) Study Results of the Kappel propeller" Figure 4" will be used to obtain performance data for
propellers of the same size as the B-Series propellers. These results will provide informative findings
on thrust, efficiency, and torque for Kappel propeller design. [16].
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Figure 4 Open water characteristics of Kappel propeller full scale [16].

D. Governing Equations:
The initial design variable requirements of the propeller are given below [2]:
Delivered power (PD, KW): the power delivered to the propeller shatft.
Propeller rate of rotation (n, rpm): This is the rotational speed of the propeller.
Speed of ship (Vs, m/s): This is the forward speed of the ship.
Number of blades (Z): This is the number of blades on the propeller.
Taylor’'s wake friction (w): This represents the reduction in speed of the water flowing past the propeller
due to the ship's hull.
The speed of advance (VA) is obtained from the ship's speed (Vs) using the following formula:
Va=Vs*(1—-w) (1)
Where w is the Wake friction.?In this case, w = 0.20.
For B-Series Method:
The power coefficient (Bp): can be calculated using the following formula:

PDOAS,k
Bp =~ % 2
Propeller Diameter (D): The optimum diameter is given by:
6+Va
D= 3)

n
where § is a coefficient obtained from the B-Series chart corresponding to the calculated Bp value.
Propeller Thrust (T): The propeller thrust can be calculated as:

_ Pt *325.86

T=—p—— 4)

Where Pt is the thrust power.
For the Kappel Method:
Advance Coefficient (J): The advance coefficient is calculated as:

Va
J=—5 )
Thrust Coefficient (KT): The thrust coefficient is calculated as:
T
KT = m (6)
Torque Coefficient (KQ): The torque coefficient is calculated as:
_ Q
KQ_p*nZ*DS (7)

163 | The North African Journal of Scientific Publishing (NAJSP)



Where n refers to rotational speed in RPS (revolution per second) Va is the speed of advance in m/sec,
D is propeller diameter, T is thrust power, Q is Torque, and p denotes the density of water.

Results and discussion

Based on the mathematical model and equations presented the required calculations and comparisons
were carried out, and, table 2 shows the results obtained:

Table 2: Calculations Result.

Parameter Value
speed of advance Va 12.16 Knots
Brake Power PB 15254 HP
Delivered power PD 14650 HP
power coefficient Bp 24
Propeller Diameter D 23.61ft =7.20 m
Advance Coefficient J 0.5
Thrust Coefficient KT 0.209
Torque Coefficient KQ 0.267

As can be seen in Figure 5 when using Kappel method, the thrust performance was higher, amounting
to 1678.8KN, while when using the B-Series method, the result was 1047.7KN.

The reason for the increased thrust performance when using the Kappel method is Drag Reduction, the
design of the Kappel propeller is optimized to minimize drag. Reduced drag means that more of the
engine power is converted into thrust rather than being lost to resistance and the Kappel propeller's
non-planar blade surfaces create more lift, translating to greater thrust
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Figure 5Thrust for B-Series and Kappel.

With Kappel propeller generating greater thrust, the engine can operate at a lower load to maintain the
same vessel speed which has significant implications for fuel consumption, figure.6 illustrates the
Specific fuel consumption (SFOC) and Exhaust Gas Data at different Engine Loads. It shows that the
highest specific fuel consumption occurs at maximum engine load and minimum load, where the specific
fuel consumption is 161g/KWh. However, at medium loads, the specific fuel consumption is lower, which
means that running the engine at a medium load will achieve fuel savings [17].
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Figure 6 MAN B&W 6G60ME-C10.5 SFOC and Exhaust Gas Data [17].

Additionally, using Kappel propeller achieves a reduction in engine load by 31%, which means that the
engine can be operated at 70% load and achieve the same speed as when using the B-Series Propeller
and operating the engine at 100% load, this reduction in engine load by approximately 31%, can
translate into substantial fuel savings, figure 7 shows that when using Kappel propeller, the daily fuel
consumption is approximately 16 tons less than when using the B-Series Propeller.

Daily Fuel Consumption ton/day

Kappel -
B-Series —
0 10 20 30 40 50 60
B-Series Kappel
M Daily Fuel Consumption 50.2 33.5

Figure: Daily Fuel Consumption.

In terms of efficiency also, when using Kappel method, the efficiency was higher at 62.3%, while when
using the B-Series method, the efficiency was 59% as shown in figure 8, Kappel propeller achieves
higher efficiency compared to the B-Series propeller due to several key factors related to its advanced
design and optimization:
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Drag Reduction: The advanced design of Kappel propeller provides better drag reduction than the B-
Series propeller.

Non-Planar Lifting Surfaces: These surfaces provide a higher lift-to-drag ratio, converting more power
into thrust.

Tip Rake Effect: The enhanced tip rake system reduces energy losses due to tip vortex and ensures
better load distribution.

Efficiency

75%
70%
65%
60%
55%
50%
45%
40%
35%
30%
B-Series 59%
m Kappel 62.30%

Figure 8 B-Series and Kappel propeller Efficiency.

By leveraging advanced design techniques that address drag, draft, non-planar lifting surfaces, and the
effects of tip rake the Kappel propeller achieves higher thrust compared to the B-Series propeller and
reduction in fuel consumption. These hydrodynamic optimizations result in more effective propulsion,
making Kappel method a superior choice for maximizing thrust and efficiency in maritime applications

Conclusion
Based on the comparative analysis of the B-Series and Kappel propeller design methods for the
selected oil tanker vessel, the following key conclusions can be drawn:

1. Thrust Performance: The Kappel propeller design demonstrated superior thrust performance,
generating 1,687.8 KN of thrust, compared to 1,047.7 KN for the B-Series propeller. This can
be attributed to the Kappel method's advanced hydrodynamic optimization, including drag
reduction and enhanced non-planar lifting surfaces.

2. Propulsive Efficiency: The Kappel propeller achieved a higher propulsive efficiency of 62.3%,
surpassing the 59% efficiency obtained with the B-Series propeller. The Kappel method's
incorporation of design features such as the tip rake effect and better load distribution
contributed to this improvement in efficiency.

3. Fuel Consumption: Increased thrust performance and higher efficiency with the Kappel
propeller allow the engine to operate at a lower load to maintain the same vessel speed,
resulting in significant fuel savings. This is particularly beneficial for long-term operational costs
and environmental impact.

4. Customization and Adaptability: While the B-Series method relies on standardized propeller
geometries, the Kappel approach offers greater flexibility in customizing propeller designs to
specific vessel characteristics and operational conditions. This enhanced customization can
lead to more optimized performance in complex or demanding maritime environments.
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