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Abstract: An underwater vehicle is used in diverse applications ranging from oceanographic study to defense 
use. Underwater vehicle has basic limitations over endurance, communication, and operating depth, mostly in-
case of autonomous underwater vehicle (AUV). In present design study, limitation over endurance has been 
taken care from the concept of renewable energy source (solar power). A solar panel mounted underwater 
vehicle design has been studied with the concept of bio-inspired design. Ray family (Batoidea) has been chosen 
to study their body shape hydrodynamics. A comparative study over two types of Ray family i.e. Manta ray and 
Stingray has been conducted using ANSYS Fluent

*TM
. Underwater gliding behavior of Sting ray and Manta ray 

has been studied in the absence of wing motions. And corresponding comparison made for body hydrodynamics. 
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I. Introduction 
History of underwater vehicle extends from a break through by a manned American submarine called 

“TURTLE”. Starting from TURTLE submarine to present advance underwater vehicles e.g. HUGIN series, they 

all have limited endurance. SAUV II has solar power renewable energy source which has endurance of more 

than 30 days [2], [3] as it is solar powered. An autonomous underwater vehicle (AUV) is designed for self 

tasking but demands for continuous docking and garaging because of limited endurance. An autonomous 

underwater glider (AUG) has theoretically infinite endurance but they are limited to narrow range of operations. 

Remotely operated vehicle (ROV) is used for the greater depths and higher endurance but requires adequate 

tethering of vehicle. In general, an underwater vehicle has basic limitations over endurance, communication, and 

operating depth [4]. In present approach, concept of renewable energy source i.e. solar power has been 

discussed as an alternate energy source. Also an effective gliding of Ray fish is studied in calm water to 

understand their hydrodynamic characteristics. Streamlined shape of Ray fish wing helps for smoother gliding in 

a deeper sea. With the effective gliding, present vehicle design, named as Endray I and II i.e. Manta ray and 

Stingray design respectively, can be designed as a hybrid underwater vehicle. 

 

II. Ray Family 
The fishes that belong to the Ray family are Atlantic manta, Blunt-nose stingray, Bull-nose ray, Cow-

nose ray, Ocellate stingray, Rough-tail stingray, Southern eagle ray, Spiny butterfly ray, Spotted eagle ray, Little 

skate, etc.[1]. Aspect ratio i.e. width to length ratio for different Ray family has shown in Table I. As per 

available information on different types of Ray family, Manta ray and Stingray shape is adopted in present 

study. Manta ray shape has more centre volume and wing span whereas Stingray shape has flat bottom with 

more wing area. Also Stingray shape can swim faster than the Manta ray because of their difference in body 

shape. Manta ray and Stingray fish plan view is shown in Figure 1 which gives clear insights on body shape. 

 

Other Ray fish has distinct and unique advantage because of their body shape. Spotted Eagle ray has higher 

wing span and more center volume which would facilitate in additional void space but which can also offer 

higher body resistance while moving forward. Another ray fish Spiny butterfly ray, which resembles the shape 

of butterfly, can accommodate more solar panels but it has lesser central space for equipment/machinery to be 

mounted. 
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III. Design 
This part of the paper talks about development of computer aided design (CAD) of Endray (given name 

of present design). In the beginning, a comparative study has been made over existing AUV designs to 

understand their dimensions, power requirements, endurance, etc. Table II gives the energy requirement and 

endurance of existing AUV designs. Table III gives the corresponding vehicle body dimensions and weight in 

air. In this list of different AUV vehicles, SAUV II has maximum endurance of thirty days which is solar 

powered whereas few vehicles have maximum endurance of around one day with overall underwater volume of 

displacement of 12.00 m
3
. 
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A. Concept design 

Endray I and Endray II are the name of the vehicles whose body shape is taken from Manta ray and Stingray 

fish respectively. Manta ray has design aspect ratio ( B / L ) of 2.10 whereas Stingray fish has design aspect ratio 

of around 1.20. Both designs i.e. Endray I & II is studied for the unit length ( L 1 meter ) of vehicle to 

understand their body shape hydrodynamics. Top side of Ray fish has concentrated volume along the body 

length which is axisymmetrical. Almost 60 % of their body is in flat shape which does not contribute in 

available volume for equipment. For that, around the body length axis Endray is designed with regular geometry 

i.e. ellipsoid; to facilitate more volume along the vehicle length. And remaining body part, rigid wings of 

Endray, is provided with definite thickness to provide structural strength. 

 

Bottom face of Endray is flat which provides plain surface area for solar panels. Upside down traveling of 

Endray is adopted to provide enough surface area to mount solar panels. Endray I has more front opening 

whereas Endray II has more wing area for same body volume. Fig. 2 shows the CAD drawing of Endray I and 

Endray II. Flow characteristics are observed in upright condition of vehicle using Fluent
*TM

. A design flow chart 

of present study is shown in Fig. 3. Table IV gives the principal particulars of Endray I & II design. 

. 

 

TABLE IV. PRINCIPAL PARTICULARS OF ENDRAY I & II DESIGN 

 

Vehicle Length Width Volume Bottom surface 

name (m) (m) (m
3
) area (m

2
) 

Endray I 1.00 2.00 0.055 1.040 

Endray II 1.00 1.20 0.050 0.820 

 

B. Vehicle hydrodynamics 

Forward motion of Endray is studied using ANSYS Fluent
*TM

 at different forward speed in deep and shallow 

water region. Numerical solver and mesh domain details are given in Table V. A discretized domain with 

hexahedral mesh grid is shown in Fig. 4. A complete computational domain is shown in Fig. 5. Table VI gives 

the grid independence study at 3 knots for Endray I & II. A fine grid mesh is considered for the deep and 

shallow water study at different velocities ranging from 2 knots to 5 knots. A residual convergence study of 

Endray I and Endray II vehicle design for the fine grid mesh type is shown in Figs. 6 & 7 respectively at 3 knots. 

 

TABLE V. DETAIL ON NUMERICAL SOLVER AND MESH DOMAIN 

 

Solver name Element type Domain size 

 SST k-omega model hexahedral 

4.5L × 2L × 

2L 

 

http://www.cfd-online.com/Wiki/SST_k-omega_model
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Fig. 7. Residual convergence study of Endray II. 
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C. Deep water study 

In deep water region, side walls of the computational domain has given slip conditions as they represent 

undisturbed flow in four sides of vehicle. It is obvious that body is offering more resistance when operating at 5 

knots speed which has been mentioned in Table VII. Drag co-efficient ( CD ) values are derived at different 

forward speed which is given in Table VIII. Also same has been plotted in Fig. 8. This particular study of drag 

will help to understand the vehicle motion dynamics in deep water. In order to calculate the voyage time, 

hydrodynamic forces i.e. Lift and Drag need to be studied while vehicle moves from one location to another 

location. 

Table VII. Resistance value for different speed 

 
 

 
 

Fig. 8. Drag co-efficient value at different velocity 

D. Shallow water stduy 

In shallow water region, bottom wall of the computational domain is given no slip conditions. Drag and lift 

study at different velocity at different water depth (E) have been analyzed. 

 
 

Drag  co-efficient  ( CD )  values  are  given  in  Table  IX, 

 

Table X, Table XI, Table XII, Table XIII and Table XIV. This particular study of drag and lift force helps to 

understand vehicle motion dynamics when it is approaching the sea bed. Both Endray I and Endray II design is 

experiencing more resistance while moving close to seabed. It could be witnessed that near the seabed flow 

stream gets accelerated as the distance from the seabed decreases. As the surface velocity speed increases, this 

may cause increase in frictional component of resistance which contributes major part of the resistance in 

underwater vehicle i.e. slow speed vehicles. At higher speed of 5 knots, moving from E = 1 to E = 10, CD value 

reduces almost by 20 % and 10% in case of Endray I and Endray II respectively. But there is interesting part to 

know about CL and effect of angle of attack close to seabed which shall be addressed in the future study of the 

design. 
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E. Power output 

Solar powered vehicles are designed for better endurance when compared to conventional AUV. In this 

present study, Endray I and Endray II underwater vehicle design is introduced with the concept of solar powered 

vehicle. Table XV gives the detail about solar cell size and power (o/p) with few dealers in India. In ideal 

scenario, number of solar cells can be placed over the bottom face of vehicle is given in Table XVI. In real 

scenario, one of the possible cell arrangement, total 32 and 22 cells can be mounted over the bottom face of 

Endray I and Endray II respectively. In Fig. 10, right side shows the possible arrangement of solar cells on wing 

whereas left side of shows wing shape for Endray I and Endray II respectively. Total power output per Endray 

design can be calculated for given power output for one solar cell. 

 
 

Resistance offered to Endray I and Endray II, thrust power and power output from total solar cells is given in 
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Table XVII. It has been observed for deep water region at 3 knots speed. Total power produced from each cell is 

mentioned for Endray design after successfully understanding the energy loss mechanism in solar cells/panels. 

 

TABLE XVII. RESISTANCE, THRUST POWER AND POWER FROM SOLAR CELLS FOR 3 KNOTS 

SPEED 
 

Parameters Endray I Endray II 
C
D 0.2060 0.2594 

Resistance (N) 532.20 550 

Thrust power (W) 820.650 848.10 

Power from cells (W) (Ideal power × 

0.9) 115.20 79.20 

 

IV. Objective 
It is to understand the vehicle hydrodynamics of Ray family fish shape at different operating speeds in deep 

and shallow water region by introducing the concept of solar powered vehicles. 

 

V. Conclusion 
i. Manta ray and Sting ray shape has been more advantageous to understand underwater hydrodynamic 

characteristics  

ii. Surface area of Endray I is higher than Endray II which benefits in mounting more solar panels whereas 

body volume is nearly same.  

iii. In Deep water study, Endray II is offering more resistance than Endray I. This particular study of forward 

speed is helpful when it comes to understanding vehicle motions and control.  

iv. iv. In Shallow water study,  CD value reduces almost by 20% and 10% in case of Endray I and Endray II 

respectively. This particular study of forward speed is helpful when it comes to understanding vehicle 

motions and control. Also to restrict the vehicle within the safe range of water depth. 

v. Endray I provides more solar cells than Endray II by 10 numbers. Total power output from each Endray 

design can be studied with the available power output from one solar cell under consideration of other 

electrical losses.  

vi. Present design approach will be extended to the next design phase where detail study on general 

arrangement of equipments and vehicle propulsion will be analyzed.  
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