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ABSTRACT

The defense equipment technology development which is in this
case is the submarine research became an important subject and
need to be further researched. One part of it is, designing driving
components (propeller) of a mini-submarine with a high level of
efficiency. Test models of mini-submarines of 22 m was used as a
basisfor developing propeller through scale models with the scale
factor of 1:7. Expected propeller design optimization is capable of
producing high effisensi currently working on the operational
speed propeller. This research method is based on the results of
the propeller design optimization, numerical simulations using
Computer Fluid Dynamic (CFD ) and hydrodynamic test. The
results of this study shows that the method applied here could
provide a solution in the choice of an efficient propeller designs
for mini-submarines 22 m.

KEY WORDS. Mini Submarine, Propeller Optimization,
Propeller Efficiency.

NOMENCLATURE

T Thrust Propeller (N)

Ry Resistance mini submarine (N)
T thrust deduction factor

Throp Propeller thurst (N)
Qprop Propeller toeque (Nm)

n Propeler Rotationa (rps)
D Propeller Diameter (m)

Va Advance Velocity

p Fluid density (kg/m3)

Mo Propeller efficiency

Fr Friction Force

&sd Design Compressive Strain
& Critical Strain

1.0INTRODUCTION

According to Carlton [2], to design a propdler of a ship should
include results of its resistance test (Ry) and analysis of the ship
itself. The test results will determine a thrust velue of the
propeller (T). This means that the design will be adapted to the
propeller thrust required and the value of a thrust factor value
based on a numerical study result. Equations related to these
variabelsis given in the following equation:

_ _Rr
T = D (@)

From the above equation, it indicates that propeller design
optimization depends on variables obtained from its experiment.
The experiment is done by using a mini-submarine model with a
length of its hull of 3,14 m, and done in the Towing Tank basin
belong to the IHL. The mode is pulled by a carriage of the tank
that moving forward at a speed model of 0,972 m/s to 2,722 m/s
at ascae of 1: 7. Moreover, it tested on a floating condition by
using a foil as a holder of a model. Numerical simulation results
using CFD as shown in Figure 1 indicates that a submarine is
used as the model tested.

The value of resistance at every speed can be obtained both
from the experiment (Figure 1 (a)) and simulations (Figure 1 (b)).
The numerical simulation is performed to the submarine model
using the Computer Fluid Dynamic (CFD) program. 3D image of
the mini-submarine hull is adjusted based on the dimensions of
the test model. Results of numerical simulation is used as a
reference in providing an overview of the streamlined flow that

- Published by International Society of Ocean, Mechanical and Aerospace Scientists and Engineers



Jour nal of Aeronautical
-Science and Engineering-, Vol.27

January 20, 2016

occurs in the mini-submarine hull 22 m. Moreover, this figure
also shows the simulation result of a pressure distribution while
running at every operational speeds. By using the numerica
simulation, a capacity of a load cel that will be use in the
experiment in the Towing Tank can also be known.

LE
i

(a) Resistance Test

(b) Numerical Smulation
Figure 1: Test models and numerical simulations of mini-
submarines 22m

Main Dimension of mini submarine:
Loa = 22.00m

Lwl at snorkle = 2040m
Beam Diameter = 3.00m
Draught at snorkle = 260m
Depth = 513m

20BASIC THEORY

Based on the equation (1) given in the previous subsection, the
predicted value of the thrust propeller and its RPM propeller
design of the mini-submarine is obtained for the operational
speeds. Based on this, an iteration can be applied to be able to get
the submarine propeller design iterations by using a few existing

theoretical approaches. Approach theory applied in this research
is by using an open water tables from existing series and taking
into account the vaue of its thrust and efficiency. Once the
simulation is finished, a skew angle is added on the propeller
design to reduce effects of cavitation on the propeller tip area.

Second approach is applied by using the open source program,
i.e. Open Prop V.2.4.6 that combined into the Matlab program,
where some additional input data can be entered, such as vessel
speed, rpm, diameter, and thurst as an initid design of the
propeller. The estimated thrust value is then determined using
Equation (1). The lifting line theory and Matlab program are
applied to design the mini-submarine propeller and to get the
outline as well as the thickness of the propeler blade. From
running matlab program, some results are obtained in the form of
an outline aong the thickness of the propeller and propeler
efficiency. Where the blade resulting outline is from the type of
symetrical blade so it needs to do skew propeller addition to
reduce the level of cavitation occurs on the propeller tip area
Based on the results obtained from the iteration, the design of
drawings propeller in the form of working drawings and 3D
propeller can be choosen based on the highest efficiency of the
propeller. The results of a mini propeller design iterations can be
seenin Figure 2.

(a2) (b2)

(a3) (b3)
Figure 2: Design Iterations of Propeller
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Based on the iterations propeller design of the above, it can be
seen theinitial characteristics of each propeller design. Therefore,
Table 1 can be used to choose the propeller for further analysis.

Table 1: Propeller Design Specifications

I Propeller Type
No Specification (adbl) p(asz)yp (a303)
1 RPM 250 200 240
2. Diameter (m) 14 14 14
3. | Thrustcoefficient K; 0.15 0.3084 | 0.214
4. | Torquecoefficient K, | 0.022 | 0.0624 | 0.0353
5. | Estimates Efficiency 051 0.6934 0.709
6. Pitch diameter ratio 0.7 1071 0.816

From the above table, the third propeller design is chosen. It
has the highest efficiency level than other propeller designs.
Based on this selection, it is decided that the primary measure of
propeller modelsis madewith ascaleof 1: 7.

Diameter propeller models = 0.20m
P/D = 0.816
Aeg/Ao = 0.880
Blade =7
Scale =17

Since there are changes in outline with the additiona
propeller blade skew, the CFD analysis needs to be redone. The
additional skew on the propeller blade will have impacts on the
decline in efficiency that accompanied the rising value of the
advance coefficient. But the effect is not too significant in
compare with the previous propeller design.

One of the objective in this research is to determine the
efficiency of a propeller that has been designed. To do this, the
efficiency of the actual propeller open water tests are conducted
in the Towing Tank. Open water test is carried out using a
propeller dynamometer of the IHL. With this test result, the value
of the model propeller thrust and torque are measured by varying
the speed of propeller models tested. The value of thrust (T) and
torque (Q) are generated subsequently, and used in the calculation
of thrust coefficient and torque coefficient Kr, Ko, based on the
advanced speed coefficient (J). Ky, Kq and J can be defined by
thefollowing equation [2]:

Tpro
KT = px:z XPD4 (2)
— QProp
KQ = pxn2xDS 3
\%
J= - 4)

The propéller efficiency can be presented by the following
equation [2]:

_ JxKt
Mo = 2nxKq ©)

To know the vaue of cavitation occurs on a propeller, the
model propeller needs to be tested in a cavitation tunnel of the
IHL. Cavitation noise is the largest component of the propeller

noise, especialy on ships moving at a high speed. Singing noise
caused by vibrations that arise as a result of the curvature blade
propellers. The amount of noise frequency is dependent on the
magnitude of vibration frequencies.

3.0METHODOLOGY

The experiment carried out in the Towing Tank, is applied to
determine the performance results of the propeller designed. The
research methodology can be shown asfollows:

Propeller
design in the
first year of

study The new design

is more optimal
than the first year

and a numeric
calculation using

Modeling of new high-
efficiency propeller and
suitable for use onboard

submarines mini 22m

Propeller
efficiency data
on the first
year of study i

Produce propellers with high efficiency models
Figure 3: Work Flow

The steps of research given in Figure 3 areasfollows::
e Data collection and efficiency propeller designs which have
been obtained previously is then used as a basic reference to
get abetter design.
Recalculate using Matlab and numerical approach based on
the data from the open water so that it will obtain baseline
characteristics of the model propeller.
Perform numerical simulation (CFD) to create a 3 -
dimensional design drawings propeller in asolid form . This
caculation is done since the outline changes to the previous
design models with the additiona propeller skew on
propeller blade at around 54°. The CFD is also applied to get
an overview of the characteristics of a propeler that has
been redesigned.

e Making the mode propeller suitable as the working
drawings that can be seen in Figure 2 (a3b3). Based on these
figures, the table offset and table measurements that will be
used to create amodel propeller blade 7 can be determined.

e Model propeller generated will be tested in the Towing Tank
to know the characteristics and efficiency through the open
water test.

Dimension of the Towing Tank at IHL:

Lenght = 234.5 m (including harbor)
Width = 11.0m

Depth = 55m

Max Speed Carriage = 7.0 m/sec

Max Aceleration = 1.0 m/sec?

4.0 RESULT AND DISCUSSION

The 3D program is required to get the three -dimensional images
of the propeller, so that it can be used for meshing as shown in
Figure 4 (a). The propeller model need to mesh to break the
measuring object into an infinite element, and make it easy for a
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computer to calculate the finite form elements. The finite
edements are necessary to obtain the results of numerical
simulation in the form of Computer Fluid Dynamic (CFD).

(b)
Figure 4: Meshing and CFD Analysis

During the meshing process using the CFD, the steps to run
the program is similar with the steps done during the open water
test in the Towing Tank. From the results of humerical simulation
using the CFD, thrust and torque values obtained at any speed in
running. Equation (3) and (4) is used to obtain the coefficient of
propeller thrust and torque coefficient. Equation (5) is used to
obtain the value of the efficiency of the propeller. The results of
these calculations can be shown in Table 1 with the maximum
efficiency value of 0.689 where it is comparable to the coefficient
of the torque and thrust coefficient of 0.257 and 0.436
respectively. Based on the experimental result, it is known that
the propdller is able to work efficiently at the value of J 0.735.
Based on data from Table 2, the characteristics of the propeller
can be known. By doing the experiment, the propeller
characteristics designed gives comparable results between the
numerical and experimental.

Table 2: Result Numerica Simulation
Thurst | Torque

J ") (Nm) KT | 10KQ h
0.184 | 71.602 2194 | 0400 | 0.612 0.191
0.276 | 69.707 2.142 | 0.389 | 0.598 0.286
0.367 | 65.888 2062 | 0368 | 0.575 0.374
0.459 | 60.065 1942 | 0335 | 0.542 0.453
0.551 | 55.148 1.841 | 0308 | 0.514 0.526
0.643 | 50.692 1684 | 0.283 | 0.470 0.616
0.735 | 46.020 1563 | 0.257 | 0.436 0.689
0.827 | 36.086 1510 | 0.201 | 0421 0.629
0.919 | 26.771 1.456 | 0.149 | 0.406 0.538
1.011 | 20.751 1.345 | 0116 | 0.375 0.497
1.102 | 15.828 1.235 | 0.088 | 0.345 0.450

Tests carried out at fixed propeller rotation speed variation
with the speed of carriage between 0.194 m/s to 1.750 m/s, in
which the speed used by a scale factor of 1:7. As a correction
factor on the open water test, adummy hub need to be measured,
to obtain a correction value of torque generated propeller.

l-\\l\ —L“'

Figure 5: Open Water Testing in Towing Tank

Open Water Test on the model propeller carried on condition
of cam water, according to the rules of the gold standard ITTC.
Based on the results of the open water test model of the propeller
given in Table 3, it is known that the value of maximum
efficiency is 0.665. Thisvaueisdirectly proportional to the value
of the thrust coefficient in 0.127 and the torque coefficient 0.195.
Based on these results, there are known that propeller able to
work efficiently on the value J0.644.

By doing the test model of the characteristics of the propeller
can be known accuracy.

Table 3: Result Open Water Test

J | Thurst (n) T(?\:g‘;e KT | 10kQ | h

0.092 74.756 1.807 0448 | 0541 | 0.122

0.184 69.011 1.688 0.402 | 0492 | 0.240

0.276 61.613 1.509 0.357 | 0.437 | 0.358

0.368 52.762 1331 0.305 | 0.384 | 0.465

0.460 40.354 1.056 0.242 | 0316 | 0.560

0.552 31.744 0.887 0.189 | 0.263 | 0.629

0.644 21.115 0.651 0.127 | 0.195 | 0.665

0.736 11.020 0.432 0.066 | 0.129 | 0.598

0.828 -0.178 0.199 0.001 | 0.059 | -0.024

Based on the results in Table 2 and Table 3, it can be
presented in the form of graphics performance diagram (Figure
6). Where in Figure 6 (@), the result of a model propeller open
water testsin Towing Tank, while on Figure 6 (b) is the result of
numerical simulation. Based on the difference in these two
figures, the results of testing the model propeller is used as a
correction factor or validation of numerical simulation.
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Figure 6: The test results and numerical simulations on the model
propeller

5.0 CONCLUSION

From this study it was concluded as follows :

e The maximum efficiency of the model test and numerical
approach is almost the same, ie the range of 0.6

*  Thepropeller issuitable for usein model of mini-submarines
22 m, due to the price when the propeller thrust to push the
boat at a speed of operation has a high efficiency value.

e Thepropeller will suit for use at an operational depth.

e The propeler will be applicable for surface vessel if
matching between engine and open water diagram of
propeller.
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