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Scope of this study

•This thesis presents a computational and experimental 

study of the physics that governs the submergible 

vehicles.

• In particular drag and thrust forces, and structural 

analysis are accomplished with the objective of 

optimizing the design of a ROV prototype. 

•This study also aims to consolidate methodologies of 

multidisciplinary investigation that link the analysis and 

design.
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Outline

• Introduction

• Thrust forces and Propeller

• Drag forces

• Structural analysis of dome

• Other products

• Conclusions
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Introduction

Ocean technologies

With the objective to explore in and make tasks in 

aquatic environments, the next technologies have been 

developed:  

•Laboratories  

•Submarines  

•ROV  

•AUV
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JOHNSON-SEA-LINK

TIBURON ROV Autonomous

BENTHIC EXPLORER

Aquarius station. Work depth: 20 m.
Located in Florida
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ROV (Remotely Operated Vehicle)

•ROV (Remotely Operated 

Vehicle): submarine operated 

through an tether cable for 

communications. 

•They have been used for 

surveillance and maintenance 

tasks in different fields such as: 

port industry, military industry, 

oceanographic research, 

aquaculture, marine biology, 

etc. 

•This kind of vehicles could be 

classified in three main groups: 

heavy work, observation and 

micro/mini ROVs
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Principal parts of ROV
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International notation 

for the position, 

orientation, speed 

and forces for a ROV

x y

z
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History

One of the biggest reaches 
for the ROV is the 
exploration of the Titanic in 
1986, during which it was 
attached to Alvin by a 91m 
fiber optic cable. Jason Jr.

Alvin
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Limitations of the diving

• There are two diving types: 
scuba and the technician.  

• The scuba diving can reach up 
to 40m, the technician up to 
120m of depth.  

• The scuba diving not have 
communications with the 
surface; the technician has an 
umbilical cord for the 
communication.

SCUBA

TECHNICIAN
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Reached

depths
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PREVIOUS EXPERIENCIES

• VISOR I: developed in 1994, 

for inspection tasks at a 

design depth of 40 meters 

depth. 

• VISOR II: developed in 1998 

as dual vehicle: autonomous 

and remotely operated. The 

design depth was 100 

meters.
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Design Constraints

• Working depth: a maximum operational depth is about 18.3 m. but a 

higher depth is chosen to avoid limitations to the operational capabilities 

of the vehicle. In this way, a 100 m maximum value is selected which is 

equivalent to a hydrostatic pressure of 1.00 MPa (145.5 psi).

• Design depth: The design depth establishes a security margin for the 

collapse resistance of the hulls and other structural elements. In this 

case a depth of 165 m is chosen, which is equivalent to a hydrostatic 

pressure of 1.66 MPa (240 psi).

• Operational speed: The operational speed depends on the highest port 

current speed.  accordingly to port’s conditions, the maximum 

operational speed is defined as 1.5 m/s.

13



AUTOMATION & DESIGN A+DAUTOMATION & DESIGN A+D

http://amasd.upb.edu.co
14



AUTOMATION & DESIGN A+DAUTOMATION & DESIGN A+D

http://amasd.upb.edu.co

Subsystems of the vehicle

The vehicle is divided into four subsystems: 

• Structure

• Propulsion system

• Electronic devices

• Illumination system

15
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Propulsion system

A four-screwed-propeller-thruster system 

is used. Two of them are used to provide 

surge displacement and yaw rotation. One 

thruster is used to provide heave 

displacement, and the last one is used to 

provide sway displacement.
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Thrust forces and Propeller

•The propeller transforms most part 

of the input power into thrust force. 

•The thrust force produced by the 

propeller and transfered to the 

water, varies due to inefficiencies of 

the propeller, the motor-reductor

set, the drive shaft assembly and 

the sealing systems. 
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Parameters for selection

The parameters for selection of propellers are:

• Identification (bronze 3- bladed 20 x 10 RH )

• Material  (bronze, steel, stainless steel, aluminum and plastic)

• Rotation direction  

• Diameter   

• Number of blades  

• RPM  

• Pitch  

• Slip  

• Area of action
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Parameters for selection(2)
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SKEW ANGLE

SHAPES OF 
THE BLADE

DEVELOPMENT 
AREA
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Simplifications

• Flow incompressible and Newtonian.

• K-E turbulent  model.

• The axis of the propeller rotates at angular speed 

constant.

• The advanced speed of ROV is constant.

• Blade surface with a relative roughness of zero 

(ideally smooth).

• Average blade thickness was used.
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Solution strategy

To solve the problem two domains were defined: 

•A stationary domain that covers the open flow and 

propeller’s knort nozzle and motor zone.

• A domain that covers the zone were the propeller 

rotates.
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Mesh

•The domains were meshed with 

unstructured meshes using 

tetrahedral elements. 

•The propeller’s mesh was more 

refined to observe in detail flow’s 

behavior in the root, surface and the 

edge of the blade. The 

independence of mesh was 

considered when refined, it looking 

for a balance among the times of  

compute and the decrease of the 

residual error RMS.

•Some simplifications were made in 

the geometry of the model: 

elimination of holes, rounds and 

fillets, also an average blade 

thickness was used. 
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Inverse engineering process

The propeller’s CAD model was generated through an 

inverse engineering process, where a series of 

refinements were made from the cloud point to the 

generation of the surfaces and the later.

23



AUTOMATION & DESIGN A+DAUTOMATION & DESIGN A+D

http://amasd.upb.edu.co

Results

24

Pressure distribution
Pathlines

Velocity z profile
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Results (2)
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Results of the monitored variables (Steady state)
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Recommend Validation
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Drag forces

• The movement of a fluid around a submerged body, it can 

affect significant the dynamics of the vehicle, due to the fluid

can transfer momentum to the body and it changes its 

direction.

• A fluid moves when there is a difference of pressures between 

an zone and another. 

• The reduction of the drag of a submergible means that 

requires less thrust to move and therefore save consumption 

energy .

• Two properties to consider in the transfer the momentum and 

acting significantly in the boundary between the fluid and the 

body are the viscosity and the pressure.
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Drag forces(2)

•There are two types of drag forces: 

pressure drag and viscous drag. 

•The pressure drag is generated when 

the fluid collides with a front side of a 

body, that trying to change the direction

of its movement. 

•The viscous drag is given due to the 

push of some molecules with others of 

the fluid and the submerged 

bodies.(skin friction).

•A classification of  bodies depending of 

the drag is: blunt body where the drag 

is mainly by pressure and streamlined 

body where the drag is mainly by 

friction.

28

The viscous drag
is small

The pressure
drag is small
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Reduction of the drag

•The drag coefficient (Cd) is an adimensional number that relates the 

speed, the front area of a body, geometry and the density of the fluid. 

•Geometries that present values of Cd below 0.75 are considered of low 

drag; geometries that present values above 1.0 they are considered of high 

drag.
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Scope of this study

•Optimize the geometry of the vehicle, reducing its drag at

operation conditions.

•Revise the influence in the drag of the protector frame.

30

CAD  Models

Protector frame
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Solution strategy

• In the domain to use the 

geometric symmetry of the 

vehicle, reducing the time of

calculation.

• Several scenarios were analyzed 

taking into account different flow 

directions.

• The mesh was refined to see 

phenomenas of the boundary 

layer and the wake. The 

independence of mesh was 

considered when refined.
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Scenarios and results
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Results(2)
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Contour of pressures 
(sway movement)

Contour of velocities
(sway movement)

Pathlines
(surge movement)

Contour of velocities
(surge movement)
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Results(3)
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Results(4)
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Protector frame 1
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Results (5)
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Protector frame 2
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Experimental validation

• Experimental validation in the 

wind tunnel.

•Analysis of two shapes: sphere 

of fixed diameter and a cylinder 

with the ends with semi-spheres.

•Apply the theory of similitude: 

geometric, kinematic and

dynamic.
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Calibration of the load cell

•Mesurements of drag forces  with a 

Load Cell (nominal capacity of 25 

lbf).

•The calibration was made by the 

laboratory of metrologic of EAFIT 

under the norm NTC ISO 7500-1 

(Verification of machines of test  

tension/compression: calibration of 

the system of measurements of 

force).
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Results of validation
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Sphere



AUTOMATION & DESIGN A+DAUTOMATION & DESIGN A+D

http://amasd.upb.edu.co

Results of validation (2)
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Transversal 

cylinders
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Structural analysis of dome

•The dome is one of the main 

parts of the ROV, since it is the 

place where the camera is 

located for the capture of video, 

one of the main tasks of the 

vehicle.

•The scope of this study is 

analyze the behavior structural 

of dome and the stress that it 

will be subjected to operation 

conditions, with the objective of 

calculating the optimal tickness.
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Structure

The structure of a submergible 

vehicle must resist three types of 

stress:

•Impact forces when it is built, 

stored, transported, repaired, 

loaded, among others.

•Hydrodynamic forces when the 

vehicle moves through the water.

•The hydrostatic pressure..

It exists several failure criteria like 

yielding, instability, fatigue, 

fracture, creep and corrosion.
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Structure (2)

In the design of the structure of the 

hull of a submergible should be 

considered these aspects:

• Use materials that have high 

resistance and be light, looking for 

to minimize the mass of the 

vehicle.

• Minimize the superficial area.

• Use shapes of high resistance to 

the pressure.

43

Types of viewports
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Structure (3)

• The selection of the material is one of the important stages in the 

design of the hull .

• Obtain the biggest strength to the pressure, with the smallest weight of 

the possible structure.

• The common materials of manufacturing of visors are not metallic like 

glasses, acrylic, plastics of reinforced glass and fiber of reinforced 

plastic.

• The membrane theory is a starting point to calculate the normal forces 

to the hull and to obtain an approximate wall thickness.

• It is considered thin wall when the thickness and radio ratio (t/R) is 

smaller than 0.05 and of thick wall when the ratio is between 0.05 and 

1.0. 
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Suppositions

• The effect of the dynamic pressure that the flow of 

water produce, it is insignificant with regard to the 

value of the hydrostatic pressure.

• As initial approach it considered the spherical dome 

like a recipient of thin wall.

• The conditions of the scenario to study correspond to 

a depth of 100 m, a density of the salted water of 

1024 kg/m3 and an approximate temperature of 4 ◦C.

• The material of the dome is homogeneous.

• The dome will be subjected to small deformations.
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Material of dome

Some properties considered of acrylic (data of

www.matweb.com):

• Density(g/cc) 1.15-1.19

• Ultimate tensile strength(MPa) 47-79

• Tensile yield strength(MPa) 55-85

• Tensile modulus(GPa) 2.2-3.8

• Shear modulus(GPa) 1.4
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Boundary conditions

47

Mesh

Zone subjected to the 
pressure at 1MPa

Fixed zones of the 
domain
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Results

• The maximum stress was 27.8MPa 

• Factor of security of approximately 2
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Von Mises (Pa) 
(thickness 2.5 mm)
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Results (2)
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Von Mises (Pa) 
(thickness 5mm)

• The maximum stress was 15.27MPa

• Factor of security of approximately 4
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Recommend Validation

To validate the results obtained with the 

software of finite elements, it is 

necessary to make a structural test of 

dome of the ROV after manufactured, 

to simulate operation conditions and it 

can to evaluate the thickness of wall 

obtained by FEA, by the membrane 

theory and by vessels of pressure. 

This test must make to different 

pressures and different intervals of 

time, according to parameters of the 

norm applied in the revision of 

commercial pipes. The objective is to 

make a visual inspection of the dome 

for the detection of any anomaly like 

fissures, bumps, among others. 
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Hydrostatic bomb or of positive 
displacement
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Other products

Knort nozzle:

They are specially used in ROV 
where are required low speeds 
and high thrust. It serves like 
protection of the propeller 
against a possible impact.
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Other products(2)

Program of Blade Theory:

It is possible as starting point, to 

calculate values of thrust, torque 

and power for any commercial 

propeller, based on geometric data 

like the pitch and the diameter and 

operation data like the rpm and the 

advance speed. 
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Conclusions

• The results of this study were feedback in the process of design 

of the vehicle, to predict their behavior before being 

manufactured the first prototype.

• The detailed design was performed through structural and 
operational calculations based on analytical and computational 
mechanics of materials, computational fluid dynamics and 
classical rigid body mechanics. An appropriate design will 
guarantee component reliability related to mechanical 
resistance and functionality.

• Allowed generating a production of knowledge for the 
investigation of the national universities regarding this topic,
when beginning to make an appropriation of foreign technology 
to cover the local necessities as scientific as industrial.
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Design Integration
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Conclusions(2)

• For the validation of the computational results, it is necessary to 

apply experimental tests that allowed to know quantitative 

values and qualitative effects for taking decisions in the general 

design of the vehicle.

• The appropriate use of computational tools improve the study of 

phenomenas for reducing costs and extend the range of 

analysis conditions, that which impacts in the investigation.
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Simulation of the thrust forces of a 

ROV 

THANKS!THANKS!

RaRaúúll ValenciaValencia


