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Development and Performance Validation of Underwater
Propulsion Systems: A Case Study of Waterjet Diver
Propulsion Device
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(Abstract)

The development of high-performance underwater propulsion devices has gained
importance with the expansion of recreational and industrial diving applications. This
study aims to develop and validate a waterjet-type diver propulsion system capable of
achieving a top speed of 3.8 knots and an operational time of over 120 minutes.
Utilizing advanced modeling and simulation techniques, the design focuses on minimizing
hydrodynamic resistance and optimizing buoyancy. Structural and fluid dynamic
analyses were conducted to ensure the device's stability and performance under 20
atm pressure at a depth of 200 meters. The propulsion system employs a sensorless
BLDC motor and a 36V lithium-ion battery pack to enhance efficiency and reliability.
Field tests confirmed an average speed of 3.88 knots and a continuous operation time
of 150 minutes, exceeding the initial targets. This research demonstrates significant
advancements in diver propulsion technology, providing valuable insights for future
underwater equipment development. The outcomes are poised to enhance the safety,
efficiency, and usability of diver propulsion devices, with broader applications in
marine research, environmental monitoring, and resource exploration.
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Fig. 1 Technical Specifications of Major Underwater
Diver Propulsion Systems (a) SEACRAFT Future
1000 (Poland) (b) SUEX VR (italy) (c) DIVERTUG
DT24 (Spain) (d) Submerge Scooters MINNUS
(UsA)
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Fig. 2 Blade Corrosion and Propeller Fouling due

to Cavitation. (a) Corrosion due to
cavitation, (b) Cavitation damage evident
on the propeller of a personal watercraft,
(©) Propeller fouling causing operational
stoppage[15]
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Table 1. Characteristics According to BLDC Motor Design Methods

Classification

Sensored BLDC

Sensorless BLDC

Internal
Connection
Method

Control Principle

Control using internal Hall sensors

Control using current changes by motor polarity

Maximum
Achievable RPM

7,000 rpm

100,000 rpm

RPM Measurement

High (£50 rpm)

Low (150 rpm)

physical control limitations using external
Sensors

Accuracy
- High control and measurement accuracy | - High RPM achievable
- Low control and measurement design - Fewer connection terminals between
Advantages . .
complexity due to the use of separate motor and driver, advantageous for
Hall sensors durability
- Separate Hall sensor terminal connection
needed during motor driver design - High development and control complexity
Disadvantages - Difficulty in achieving high RPM due to due to the need for control through back

EMF analysis by polarity
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Table 2. Characteristics According to Battery Types

Y=(Lead-acid) AR, 2%
ol(Li-ion) ®iElE], ZEZE|H(Li-poly) HiEZ]

Classification

Lead-Acid (Pb) Battery

Lithium-Ion (Li-ion)

Lithium-Polymer (Li-poly)

Photo

Energy Density

Low (2.0V per cell)

High (3.7V per cell)

High (3.7V per cell)

Instant Power Low High Highest
Discharge Rate High (20% decrease per Low (3% decrease per Low (3% decrease per

month) month) month)

Durability Highest Low Lowest

Price Cheapest High Highest

Size and Weight

Largest and heaviest

Small and light

Smallest and lightest

Advantages

- Cheapest price

- Low discharge rate -
- High instant power -

Low discharge rate
Highest instant power

high discharge rate and
memory effect

- High stability - Cheaper and more stable | - Smallest size and weight
than Li-poly for the same capacity
- Increased size and weight
due to low energy density | . . . o .
Disadvantages - Discharge issues due to Higher price than lead-acid Highest price

- Stability issues -

Highest stability issues
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Fig. 3 Analysis of diver propulsion product failure
cases (a) Damage caused by external impact
on the housing Stainless Steel(SUS) usage
area, (b) Damage due to impact on the area
where the nose cone lock Stainless Steel(SUS)
is used, (c) Handle damage caused by external
impact to the acrylic use area
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Table 3. Material Properties for Structural
Analysis of Diver Propulsion Device
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Fig. 4 Model Setup for Structural Analysis of Diver
Propulsion Device. (a) Setting Boundary
Conditions, (b) FEM Model Setup, (c) FEM
Model Optimization
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Item Value
Material AL6061 ABS
Density 2,700 kg/m’ 1,030 kg/m’
Poisson's Ratio 0.33 0.4089
Yield Strength 280 MPa 27.44 MPa

Fig. 5 Structural Analysis Results
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Table 4. Boundary Conditions for Flow Analysis
of Diver Propulsion Device

Item Boundary Value
Density 1,030 kg/m’
Flow Velocity 0 m/s
Depth 200 m
Viscosity Coefficient 1.08%107 Pa-S
Water Temperature 15 C
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Fig. 6 Mesh Model Setup for Flow Analysis of
Diver Propulsion Device. (a) Geometry of
Diver Propulsion Device, (b) Mesh of Diver
Propulsion Device, () Geometry of Exhaust
Port, (d) Mesh of Exhaust Port
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Fig. 7 Flow Analysis of Diver Propulsion Unit by
Impeller Diameter. (a) 52mm Impeller, (b)
67mm Impeller, (c) 78mm Impeller
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Table 5. Average Exit Velocity by Impeller Size

Impeller Avg. Velocity | Avg. Velocity

Diameter (m/s) (kn)
52mm 1.9451 3.781
67mm 2.0454 3.976
78mm 1.6997 3.304
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Fig. 8 Velocity Measurement Field Test

Table 6. Minimum Travel Time to Achieve 3.8 Knots
by Travel Distance for Diver Propulsion Device

No. | Travel Distance an%;gcgadv;l Time
1 5m 2.55
2 10m 5.11
3 15m 7.67
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Fig. 9 Operating Time Measurement Field Test
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