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I. UNIVERSIDAD SIMÓN BOLÍVAR 
 

 

Created in 1967 and located in 

Baruta Municipality of Miranda State in 

Venezuela, Universidad Simón Bolívar is 

a public, free and experimental 

institution that has an important place in 

the development of the nation in 

scientific, technological and cultural 

fields, and where students acquire 

theoretical and practical knowledge 

applied directly to the industry to resolve 

diverse natural problems. 

Though it is a young university, its 

students work hard in practice to provide 

multidisciplinary engineering solutions 

for Venezuela and several communities 

around the world, and this makes the 

HPS-USB team, a great group that can 

make and give possible and positive 

answers to contribute to their country. 

Young but dynamic, with all 

members of the community, students 

and professors, are continually adapting 

to the changing World to get maximum 

benefit by creating technology and 

putting it at the service of all, meeting 

the demands of a developing country 

and making the USB an elite institution 

in development and scientific research. 
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Fig.1 UNIVERSIDAD SIMÓN BOLÍVAR ï U.S.B. 

 

 

 

 

 

II. HPS-USB 2011 TEAM 

 

CHAIN OF COMMAND 

 

This is the second time that 

students from this university have 

designed and built a Human Powered 

Submarine, hence it took hundreds of 

hours to search, recruit and organize 

again, people who feel identified with 

this project according to the division and 

their field of study. At the time, we have 

the same organization than the past 

event (10th ISR), being organised in 

technical and administrative divisions 

working in parallel to accomplish within 

the stipulated time the design, 

construction, put in march and training. 

Our organization remains the 

same and is shown in figure 2: 
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Fig. 2 Chain of command of HPS-USB team 

 

- Starting with the blue zone, there are 

four (4) technical divisions that build and 

test all their final designs in continuous 

communication with the Technical 

director who approves or rejects the 

construction and can offer suggestions 

to redesign the model. The Technical 

director has a relevant place in the 

administrative decisions and is in 

constant communication with relations 

assistant and treasurer. 

- In the green zone there are three (3) 

administrative divisions that play an 

important role in all office matters and 

who are responsible for obtaining 

monetary and material support from any 

enterprise and administrating all 

resources. 

- Finally, the red zone is the Team 

Leader, who represents us in any 

situation to take decisions between the 

enterprises, university, professors and 

the team. The Team Leader is in 

constant communication with the 

administrative divisions, especially with 

the Technical Director. 

 

III. History of picua  
 

 

 The first time at the event we had 

many problems using electronics in the 

submarine (PICUA I, figure 3) for the 

directional system. The system fled with 

water in the first run at the 10th ISR. 

This problem resulted in a four days run 

to change the entire directional system 

from electrical to mechanical. The last 

day, after change that system, the team 

did its first and unique race and 

registered a speed of 1,837 knots. 

Directors Comitee, were assigned to the 

team the Persistance and Resourfulness 

Award, due to the great perseverance 
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and effort to get across the finish line at the event. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 PICÚA I 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AWARD FOR PERSISTANCE AND RESOURCEFULNESS 

IV. TECHNICAL DIVISIONS 
 
 

1. Hydrodynamics  

1.1 HULL 

Design  and analysis

The hull is the same designed by 

the Hydrodynamics Division of the HPS-

USB Team for 10th ISR, through 

numerical analysis in ANSYS CFX® and 

XFOIL® software. Originally with 11,48 

feet long (3500mm), it was designed for 
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Caribbean Sea water currents close to 

Venezuelan coasts, with density and 

viscosity regulated by annual 

temperatures variation. 

It was conceived in three parts: 

nose, body and tail. The speed for all 

simulations was 6 knots (3,087 m/s) and 

final parameters were set as shown in 

figure 4: 

 

 
Fig. 4 Profile geometric variables 

 

1. Length of nose (Ln): length 

measured in the longitudinal axis of the 

profile from the leading edge to the point 

where you want to end the nose of the 

submarine. In this length, profile is 

defined by a parabolic equation (see 

equation 13 in Table 1). 

2. Length of body (Lm): length 

measured in the longitudinal axis of the 

profile from the point where the nose of 

the submarine ends to the point where 

the tail starts. In this length, profile is 

defined by a polynomial equation (see 

equation 14 in Table 1). 

3. Length of tail (Lc): length measured 

in the longitudinal axis of the profile from 

the point where the tail starts, to the 

trailing edge of the profile. In this length 

profile is defined by an exponential 

equation (see equation 15 in table 1). 

4. Diameter front (Dd): diameter of the 

submarine measured at a Ln distance 

from the leading edge. 

5. Diameter rear (Dt): diameter of the 

submarine measured at a Lc distance 

from the trailing edge. 

6. End angle nose (a): angle between 

the straight line tangent to the profile in 

the point where the nose ends and the 

horizontal line, measured in an 

anticlockwise direction. 

7. Start angle tail (b): angle between 

the straight line tangent to the profile at 

the point where the tail starts and the 

horizontal line measured in clockwise 

direction. 
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8. Trailing edge angle (c): angle 

between the straight line tangent to the 

profile in the trailing edge and the 

horizontal line measured in clockwise 

direction. 

 

Table 1.- Conditions and equations generating profiles 

 

After determining how to generate 

profiles and conditions of the study, the 

first two-dimensional XFOIL® analysis 

was carried out. For this, the effect of 

each geometric variable on the drag 

coefficient was studied separately to 

determine 

 

which had a major impact on this one.  

The variables were divided in two 

groups, to make the behavior study 

easier and reduce the number of profiles 

to be tested. This division led to two 

groups as shown in figure 4.

 
 

Fig. 5 Division of the geometric variables in groups 

 

 

Based on this division, a series of 

profiles were generated putting the 

different values to the involved variables 

in each group, it was calculated the Drag 
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Coefficient of each profile with the tool 

previously mentioned and then it was 

possible to analyze the relation between 

the mentioned coefficient and the 

geometry of the profile. 

 To increase the precision for the 

study of the drag and add turbulence 

effects to the simulation, it was decided 

to make three-dimensional simulations 

using ANSYS CFX® with some selected 

profiles. The profiles used in this part of 

the study were generated combining the 

two nose geometries that produced less 

drag, with the tail geometries that did the 

same in their group. The most critical 

areas for the calculations are the nose 

and tail of the profile, due to the 

relatively high pressure gradients there. 

Considering this, the size of the 

elements located in the mesh was 

controlled, with the controlled space 

shown in figure 6. In addition each of the 

areas in figures 7, 8 and 9 are shown in 

detail. 

 

 
 

 
Fig. 6 Zones with controlled size elements (dimensions in mm) 

 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Fig. 7 Detailed hull nose elements                      Fig. 8 Detailed hull tail elements 

 


