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Abstract—The velocity of tidal current at the location of 
Haya Strait shows that the velocity of ocean currents could 
reach 2.54 m/s with the available power density of Pd = (0 - 
3670) x10-3 kW/m2. To utilise the available energy, then a 
prototype of bulb propeller tidal turbine in the form of Venturi 
canal was designed and tested using a raft platform. The 
dimensions of the turbine; inlet diameter D0 = 4 meter and 
impeller diameter D1 = 1.5 meter and outlet diameter = 2.60 
meter. At the speed stated above, hydraulic force obtained 
reached 324 kW. Optimization of turbine output parameters is 
carried out through structural modification and cross-view 
geometrical modification. Turbine meridian cross view section 
is modified to be streamlined. In this case, cross view 
modification by adapting ducted-turbine that is carried out 
without changing the inlet dimension. Flow velocity was 
measured at three turbine sections, namely at the inlet section, 
the impeller housing section and the outlet section. Rate of 
meridian flow is measured at three meridian positions, which 
are Vo at the inlet, V1 at the impeller and V2 at the 
outlet. Output parameters are calculated based on the water 
velocity and the data measured at the three corresponding 
sections.  The maximum power coefficient was found to be 
0.593 that occurs at the induction factor value of a = 0.346 and 
the maximum thrust coefficient of CT = 1 was found at the 
induction factor value of a = 1. The hydraulic power is changed 
from 0.00 ÷ 226 kW to 0 ÷ 324 kW, or an increase of 43%. The 
turbine brake power is changed within the range of 0.00 ÷ 194 
kW to 0 ÷ 221 kW that is equivalent to 14% of power increase. 

Keywords—Sea current velocity, bulb turbine, turbine geometry 
modification, power and thrust coefficients, power output 
characteristic 

I. INTRODUCTION  
The use of Renewable Energy as an energy source is the 
focus of providing energy on the economic, ecological and 
social development of the community as well as an effort to 
support Renewable Energy Based on Industrial 
Development (RE-BID) program.  

The physical properties of tidal currents in several 
Indonesian archipelago areas provide an opportunity to be 
converted into electrical power. Ocean current power is 
generated from the kinetic energy of ocean currents has the 
high load capacity resulting from the high density of fluid. 
[1,2] The tidal currents velocity in the straits between small 
islands in Maluku regions may reach of V0 = 0 ÷ 2.54 m/s, 
which is a potential source of energy that can be developed 
[3] through the use of tidal turbines. 

Research results show that the more popular available 
turbines model is the horizontal axial tidal turbine [4], [5] 

which uses a shrouded or unshrouded free stream [6]. 
Studies of the characteristics of shrouded turbines have been 
carried out by Much [7] who examined the design and 
assessed ducted turbine performance, which describes the 
the relationship of energy parameters as a function of 
current velocity. A similar study was done by Belloni [8] 
who examined the hydrodynamics of ducted and open-
center tidal turbine and described the relationship between 
power coefficient and thrust coefficient as a function of 
dimensionless parameters ‘a’. Both of these studies were 
carried out using numerical methods based on CFD. 

A study for optimization of the power output has been 
carried out by C.J. Lawn [9] by modifying the meridional 
section geometry of the ducted turbine. The analysis was 
done by using the one-dimensional theory.  

The research team of the Faculty of Engineering of 
Pattimura University in 2015 designed and tested the 
performance of the prototype of the horizontal Venturi bulb 
propeller tidal turbine with an impeller diameter of D1 = 1.5 
m (Fig.1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Similar to the studies above, in this study, the Venturi 

bulb turbine geometry [8]  was modified by adopting the 
ducted turbine model [7,8] to optimize turbine output 
parameters. 

The performance of the turbine was determined by using 
one-dimensional flow analysis through a turbine section. 
The turbine characteristics are the relationship between 

 
 

Fig 1. Scheme of tested turbine under a raft 
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power coefficient CP and thrust coefficient CT as a function 
of the induction factor value a [9, 10] and thrust (kN) and 
power (kW) parameters as a function of current velocity that 
is measured by the turbine testing.  

II. RESEARCH METHODS 

A. Determination of the power availability 
The daily current velocity vector in Haya Strait showed 

that the free velocity of ocean currents at the turbine inlet 
reaches 2.4 m/s, with its direction parallel to the turbine 
axis. The flow entered the turbine through the inlet section. 
The mass rate of flow entering the turbine wass very 
dependent on the shape and geometry of the meridional 
cross-section of the turbine. This dependence was described 
by discharge coefficient value CQ.  By using the principle of 
mass conservation, and take to the account the value of CQ,  
the flow rate entering the turbine was calculated as  

 Q = CQ · Q0 (1) 

The peak power of the turbine is explained by the 
momentum theory [4] or the Fraenkel equation [5,11]: 

 3

2
1

refpref UCAP ρ=         (2) 

Where, CP is turbine power coefficient, one of 
dimensionless numbers characterizing the tidal turbine [4], ρ 
is sea water density = 1025 kg/m3 and Aref and Vref are the  
cross-sectional area and velocity references, respectively. 

B. Turbine Design  
Turbine design was carried out by using continuous flow 

equation in the Venturi and ducted turbine.  The impeller 
diameter was calculated based on the meridional velocity Vm 
and discharge Q.  The inlet cross-sectional area was 
calculated to guarantee the merional velocity and the amount 
of discharge that must enter the impeller area. 

According to the construction and strength of the shaft 
calculations, which took into account impeller diameter D1 
and hub to tip ratio d ̅bs=db/D1, the meridional velocity was  
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According to the power design, the turbine construction 
parameters were determined as follows: the diameter of the 
turbine prototype impeller was D1V = 1.5 m (case 1), with 
the number of blades z = 4 pieces, the angle of attack α1 = 
75o, the angles of the blade slope β1 = 35o and β2 = 33o. 

In this study, the shape of the meridian cross section was 
modified from Venturi type by adapting ducted turbines. 
Modifications were made for d ̅bs size and outlet diameter 
with D1d = 1,84 meters (case 2). Schematically the cross-
section of the turbine meridian is shown in Fig. 2. The other 
geometry parameters of the turbine parts was calculated 
based on D1 size. 

C. Calcutation of turbine characteristics  

Modified cross-section geometry of the ducted turbine in 
study optimization power output from aducted turbines [9] 
showed that changes in turbine parameters was a function of 
the resistance coefficient K, which depends on the value of 

flow velocity V1 in the impeller area. Defenition of 
resistance coefficient K is  
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Theoretically, the power coefficient of Cp was calculated 
as a function of the resistance coefficient K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Two important parameters characterizing the tidal 
turbine aee the power coefficient Cp and the thrust 
coefficient CT. Definition of the power coefficient is (6) [7, 
8,12]: 
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For the ducted turbine, the value of power coefficient is 
reached to CP =0.593 [3]. The thrust coefficient CT is 
defined in equation (7)  [7, 8] : 
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Where, induction factor a = (V0-Vt)/V0, P is turbine 
power, V0 is tidal current velocity, Vt – water velocity at 
impeller area.  

The specific energy was determined by pressure change 
and velocity at the inlet and outlet cross-section of the 
turbine. A solution for Bernoulli equation for two poits in 
one flow line on upstream and downstream of impeller was 
obtained as [13]: 

 ( ) ( )21 uu
T rVrVgH −=

ω
 (7) 

The rotational moment was calculated from different of 
local water velocity before and after impeller at meridional-
section of impeller area which was equal to the thrust T 
multiplied by the impeller’s radius R1. The rotational 
moment was defining by equation (9) 

 
 

Fig 2. Both cases meridional sections  
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According to equation (9), the power generated in the 
impeller was calculated by equation (10) 

 Pt = Mx  ·ω  (9) 

Turbine characteristics were described as the relationship 
between the output power of the turbine P as a function of 
the free flow velocity V0. 

Water velocity in each cross section was measured using 
current meters, which were installed in each section (Fig. 3). 

 
 

 
 

 

 

 

 

 

 

 

 

 

The velocity measurement data was used to calculate the 
energy parameters that characterized the turbine 
performance in testing the turbine prototype at the location. 

III. RESULTS AND DISCUSSION 

A. Power density  
The daily current velocity data was used to calculate the 

local power density of Haya Strait. Fig. 4 shows the power 
density (kW/m2) as a function of changing of the free stream 
velocity of V0 (m/s). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7 shows that at sea current velocity V0 = 0.2÷2.4 m / 

s, the power density value ranged between Pd = (0.3 ÷ 3670) 
x10-3 kW/m2. 

B. Experimental data 
Flow measurement results at three cross sections of 

turbine showed that for each sea current velocity V0, the 

velocity value at Venturi cross-section 1-1 (case 1) ranged 
from V1V = 0.0 ÷ 5.42 m/s, and at the cros-section 2-2 
velocity values ranged from  V2V = 0.0 ÷ 2.38 m/s. 

After modifying the impeller diameter D1, outlet 
diameter D2 and the meridional cross-section (case 2), the 
average velocity at cross-section 1-1 ranged from V1D = 
0.0÷7.51 m/s, and at cross-section 2-2 ranged from V2D = 
0.0÷1.05 m/s. 

Changes in the flow velocity value at the measuring 
point in the cross-sections 1-1 and 2-2 as a function of the 
free stream velocity V0 in the turbine before and after the 
modification are shown in Fig. 5. 

Based on the flow velocity value in the turbine, the 
discharge coefficient values for both cases were equal CQV = 
0.45 and CQD = 0.593.  This shows that the flow rate passing 
through the modified turbine (case 2) with the cross section 
A1D was higher than the flow rate through the turbine with 
cross-section A1V (case 1), whereas in case 1 the discharge 
ranged from QV = 0 ÷ 12.71 m3/s, while  the discharge 
through cross section in case 2 ranged from QD= 0 ÷ 18,965 
m3/s. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

C. Turbine Performance 
Theoretically, the relationship between the value of  

power coefficient and variation of the value of the resistance 
coefficient K shows that the value of the power coefficient 
reaches the maximum number of CPmax = 0.593 at the value 
K = 2 for the two types of turbine cross section, as shown by 
C.J. Lawn [9]. The Cp/ηt parameter value as a function of 
the varied K value is shown in Figure 6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.Testing model of the turbine 

 

Fig.  4. Local power density of Haya Strait. 

 

Fig. 5.Distributions of flow velocity in the turbine. 

 
Fig. 6. Theoretical Power Coefficient. 
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In the case of modification with the selected sectional 
flow, based on equation 4, for case 1, the value of Cpmax = 
0.591 at a value of KV = 0.785, while for case 2 the value of 
Cpmax = 0.593 at a value of KD= 0.375. This proves that at 
this value, the Venturi effect accelerates the flow rate or 
enlarges the flow entering the turbine. 

The calculation results of the power coefficient and 
thrust coefficient were as a function of the reduction factor a 
in the turbine according to equation (5) and (6). This result 
(Fig. 7) shows that the power coefficient CP and thrust 
coefficients CP in both cases had values close to the values 
obtained by modeling the CFD, as investigated by Belloni 
[8] and the results of C.J Lawn experiment [9], where the 
CPmax power coefficient = 0.593 occured at the factor 
induction value of a = 0.324 or the value of V0 = 1.0 m/s. In 
the other side, the value of CTmax= 1 occured at a factor 
induction value of  a = 1 or the free stream velocity of V0 = 
1.5 m/s. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hydraulic power PW and the turbine shaft power PT were 

calculated by using equations (1), (9) and (10). Figure 8 
shows the result of the calculation of hydraulic power and 
the power of the turbine shaft as a function of the values of 
V0 in both cross-section types. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 shows that changes in the size and shape of the 
turbine meridian section by increasing the impeller diameter 
from D1V = 1.5 m to D1D = 1.84 m and changes in outlet 
diameter from D2V = 2.60 to D2D = 4.8 m, and changes in 
shroud lines from the inlet to the outlet, resulted in a more 
stable flow from the inlet to the outlet. This phenomenon 
was actualized by the increase of output power significantly, 
due to an increase in the amount of flow rate through the 
turbine. An increase in flow rate occured as a result of the 
increase in discharge, power, and thrust coefficients. The 
speed ratio determined the last three parameters for each 
turbine section. 

Hydraulic power (2) of the turbine in case 1 ranged from  
PWV = 0.00 to  226 kW, with turbine power (1) ranging from 
PTV = 0.00 to 194 kW. For the tidal turbine in case 2, the 
hydraulic power ranged from PWD = 0 to 324 kW, with 
turbine power ranging from PTD = 0 to 221 kW. Thus, by the 
modification of the shape and the geometry of the existing 
turbine meridional section, the hydraulic power of PW (case 
1) increased by 43%, whereas the turbine power of PT (case 
2) increased by 14%. 

With this increases in turbine output parameters, the 
turbine in case 2 could be proposed to be applied to ocean 
current power plants. 

IV.  SUMMARY AND CONCLUSION 
The turbine output parameters of two cases were 

analyzed by using one-dimensional theory of flow from the 
inlet to the outlet, based on the results of speed 
measurements on three cross sections, namely inlet (section 
0-0) with  a diameter D0 = 1,9 = constant, the impeller cross-
section (section 2-2) with diameters D1V = 1,5 m and D1D = 
1,84 m, outlet cross-section (section 2-2) with diameters D2 
= 2,6 m and D2D =4,8 m.  From study, several results can be 
concluded as follows: 

1. By increasing the impeller and outlet diameters and 
making the shroud line stream-lined, then the 
discharge coefficient value will be higher. 

2. The values of the power and thrust coefficients of 
both cases show to be close to the values in results of 
the CFD modeling conducted by Belloni [8]. 

3. Due to the increased sizes of the impeller and outlet 
diameters, the speed ratio of inlet and outlet to 
impeller areas decreased.  Consequently, the 
rotational speed decreased, and the thrust and the 
rotational moment values increased. 

4. The ratio of hydraulic and turbine powers for both 
cases show the increase of the power significantly. 
The increase in hydraulic power reached 43%, 
whereas the increase in turbine power reached 14%, 
so that the turbine with modification in case 2 could  
be proposed to be applied to ocean current power 
plants. 

 
REFERENCES 

 
[1] M. Mustain  and A. Suroso, Simplicity Design Of Hybrid Energy Of 

Marine Current And Offshore Wind Energy Plant In Indonesia, 
Applied Mechanics and Materials Submitted: 2015-12-04 ISSN: 1662-
7482, Vol. 836, pp 283-288 doi:10.4028/www.scientific.net/ 
AMM.836.283 © 2016 Trans Tech Publications, Switzerland 

[2] Yu-Chia Chang, Peter C. Chu, Ruo-Shan Tseng, (2015).  Site 
selection of ocean current power generation from drifter 
measurements. Renewable Energy No 80 PP 737-745 International 
Journal Elsevier.  

 
Fig 7 Relation of CP and CT to induction factor a

 
Fig. 8. Relational power as a function of the tidal currents 

2018 2nd Borneo International Conference on Applied Mathematics and Engineering (BICAME)

21



[3] Harkins H. Prabowo and Susilohadi, Summary of Mapping And 
Modelling Ocean Current Energy in Potential Straits in Indonesia, 
Center for Research And Development of Marine Geology Energy and 
Minerals Resources Research and Development Agency Ministry of 
Energy and Mineral Rsources, R.I., 2014. 

[4] P. L. Fraenkel (2010),  Development and testing of Marine Current 
Turbine’s  SeaGen 1.2MW tidal stream turbine, 3rd International 
Conference on Ocean Energy, 6 October, Bilbao, 2010. 

[5] A. Roberts, B. Thomas, P. Sewell, Z. Khan, S. Balmain, J. Gillman. 
Current Tidal Power Technologies And Their Suitability For 
Applications In Coastal And Marine Areas, Journal Of Ocean 
Engineering and Marine Energy No 2 PP 227–24, 2016.    

[6] M.J. Khan, G. Bhuyan, M.T. Iqbal, J.E. Quaicoe (2009). Hydrokinetic 
energy conversion systems and assessment of horizontal and vertical 
axis turbines for river and tidal applications: A technology status 
review. Applied Energy 86 (2009) 1823–1835 International Journal 
Elsevier 

[7] Munch, C., Vonlanthen, M., Gomes, J., Luquet, R., Guinard, P. and 
Avellan, F. (2009), Design and performance assessment of a tidal 
ducted turbine, International Conference on Renewable Energies and 
Power Quality (ICREPQ’10) Granada (Spain), 23th to 25th March, 
2010.  

[8] Clarissa Belloni, Hydrodynamics of Ducted and Open-Centre Tidal 
Turbines, A thesis submitted for the degree of Doctor of Philosophy, 
Balliol College, University of Oxford, Trity, 2013,  

[9] C.J., Lawn, “Optimization of the power output from ducted turbines”. 
Part A: J. Power and Energy, 2003, vol. 217, p107117. 

[10] Michael Shives, Curran Crawford Overall Efficiency of Ducted tidal 
current turbines, OCEANS CONFERENCE on October 2010. 

[11]  Tim O’Doherty, Allan Mason-Jones, Daphne M. O’Doherty, Paul S. 
Evans, Chris Wooldridge, Ian Fryett. Considerations of a horizontal 
axis tidal turbine Proceedings of the Institution of Civil Engineers-
Energy 163, August 2010 Issue EN3, Pages 119–130 doi: 
10.1680/ener.2010.163.3.11. 

[12] Muller, M.W., Rue, Z. and Hiebler, K. (2016) Investigation of the 
Potential Use of Tidal Current Turbines in the Ocean City, Maryland 
Inlet for Renewable Energy Generation. Smart Grid and Renewable 
Energy, 7, 142-146. http://dx.doi.org/10.4236/sgre.2016.74010. 

[13] G. I. Topazh, Blades Hydraulic Machines And Hydrodynamic 
Transmissions, Basis Of The Working Process And Calculation Of 
Hydroturbins (Russian Language), Publisher Of Polytechnic 
University. St. Petersburg, 2011 

 
 
 

 
 

 

2018 2nd Borneo International Conference on Applied Mathematics and Engineering (BICAME)

22


