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1 Introduction & Background
Hydrokinetic technology has seen rapid development in the last few years. Whilst there are still challenges
with full-scale technology, a number of projects at pre-commercial scale have been funded to advance the
integration of marine technology into the energy market. Much of this development is focused on currents
with velocities higher than 2 m/s. Sites with lower flow velocities are usually discarded as the return of
investment may not be considerable compared to other more energetic sites. However, sites with current
velocities above 2 m/s are limited around the world and are vastly localised in the most northern and
southern parts of the globe. Therefore, opportunities may arise with the development of novel technology
to capture low flow speeds, especially in tropical areas [1].

1.1 Introduction
Mexican and UK team members from the National Autonomous University of Mexico (UNAM), Cardiff
University and Strathclyde University have allied to evaluate the feasibility of harvesting energy from lesser
energetic flows. UNAM, throughout their involvement with the Mexican Centre for Innovation in Ocean
Energy (CEMIE-Oceano), identified a site in the Mexican Caribbean where ocean currents between 0.8-2.0
m/s could be achieved. However, the main finding from this investigation was that these flow speeds
occurred more frequently in the mid-section of the Cozumel Channel which is characterised by having water
depths in the order of 400m [2].
In order to assess the viability of the site, a Newton Fund Institutional Links project was awarded to the
Mexican Institution in collaboration with Strathclyde and Cardiff Universities. For this project, the researchers
assessed the flow velocities closer to the shores of Cozumel Island. It was found that the region in the north
part of the Island could provide flow velocities in the region of 1-1.5 m/s at water depths between 20-40m.
A crude assessment of the energy that could be obtained from the site was then assessed analytically using
theoretical power curves from a turbine able to operate at high TSRs, in order to overcome the “low” flow
velocities [1].
This project thus seeks to verify a rotor design able to capture flows in this region. The turbine prototype
used in these experiments is a 3 bladed horizontal axis which has been instrumented to measure two critical
parameters: torque and thrust. Two rotor configurations are tested at various flow conditions as described
below.

1.2 Development So Far
1.2.1 Stage Gate Progress
Previously completed:



Planned for this project:



STAGE GATE CRITERIA
Stage 1 – Concept Validation
Provide the empirical hydrodynamic co-efficient associated with the device (for mathematical
modelling tuning)
Initially 2-D (flume) test programme
Evidence of the device seaworthiness
Initial indication of the full system load regimes

Status





1.2.2 Plan For This Access
The plan for this access is to characterise two types of rotors with tailored blades able to operate at
low flow velocities. For the purpose of this testing campaign, incremental flow velocities from 0.8-1.2
m/s will be explored in order to ensure that the blades are working under Reynolds independent
conditions. Therefore, these tests will allow us to move to other TRL stages where further exploration
of the design will be undertaken, for example, modifications based on the numerical modelling
predictions based on the outputs from this project.

2 Outline of Work Carried Out
2.1 Setup
A three bladed horizontal axis turbine was assessed in these experiments. The turbine operates using a
direct drive system. For the entirety of the tests, the turbine’s angular speed was controlled informing a
number of operational conditions based on the tips speed ratio and four tow velocities.
A schematic of the rotor and the mounting system used at the tow tank can be seen in Figure 2.1. The turbine
was equipped with a torque and thrust transducer providing the measurements of power and structural
loading.
Data capture from the transducer and the towing carriage speed were acquired in the same data acquisition
system. This turbine has been used in a wide number of experiments as it can be seen in [3-5].

Figure 2.1 Set up of the horizontal axis turbine at KHL

2.2 Tests
2.2.1 Test Plan
The test program consisted of tow-only cases. This experiment was undertaken in order to characterise two
rotor shapes, both with blades designed with a NACA profile. The difference between rotors was mainly due
to the shape of the blades. One of the settings included a straight blade similar to the one used by [6]. This
blade was modified introducing a curvature to it, in order to assess its effectiveness in performance, as seen
in [7]. The twist and chord distributions were the same for both blade designs. The rotor diameters were
both 900mm. The results Lavery and Johnstone [7] have not been verified experimentally and hence the
experiments undertaken here.
The tow speed was set equal from 0.8 to 1.1 m/s, in order to assess if the rotor was operating at Reynolds
independent conditions, REd = 7.2×105 - 9.9×105 (based on the diameter of the turbine). Additional
measurements were undertaken to assess uncertainty of the data, as shown in Table 2.1.

TSR

FV1 (m/s)

FV2 (m/s)*

FV3 (m/s)

FV4 (m/s)

0.5
1
1
1.5
2
2
2.5
3
3
3.5
4
4
4.5
5
5.5
6
6.5
6.5
7
7.5
8
8.5
9

0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8

0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1

Table 2.1 Testing conditions

2.3 Results
Figures 2.2 to 2.5 outline some of the curves obtained from the testing campaign.

Figure 2.2 Curved Blades tested at 0.8 m/s.

Figure 2.3 Straight Blades tested at 0.8 m/s.

Figure 2.4 Curved Blades tested at 1.0 m/s.

Figure 2.5 Straight Blades tested at 1.0 m/s.

2.4 Analysis & Conclusions
Figures 2.2-2.5 show some of the outcomes obtained from this experimental campaign. It can be observed
from the results that the difference in power performance from both blades was subtle. However, it was
observed that even at 1.1 m/s, it was not possible to reach Reynolds independent conditions. It is thus likely
that differences in power may only be evident at larger flow speeds where the rotor will be unrelated to the
Reynolds numbers experienced. For the thrust measurements, it was found that the curved blades produced
slightly higher thrust loads than their straight counterparts. These outcomes differ slightly from the work
produced in [7] but the work produced here will help to verify the models described there. Further
investigations will also be assessed against the information provided by [6] which uses a similar blade profile.
The repeatability of the data was accurate and precise for most of the data sets. Inconsistencies between
data points were found for both rotors at tip speed ratios between 5-7 but more predominantly at flow
speeds between 0.8-0.9 m/s. This might be a region where some intrinsic flow separation characteristics
occur and the aerofoil might experience severe disturbances, as has been seen previously for the rotor
utilised in [3-5]; however, this region was found at lower TSRs.

3 Main Learning Outcomes
3.1 Progress Made
3.1.1 Progress Made: For This User-Group or Technology
The user group has been investigating this topic for the last few years with the aim of developing a
technology able to capture the energy from low speed flows. Marinet 2 TNA has provided access to test two
types of rotors that could be suitable for such sites. This experimental information will help the user group
to verify and calibrate the existing numerical models in order to continue advancing this technology.
3.1.1.1

Next Steps for Research or Staged Development Plan – Exit/Change & Retest/Proceed?

The first limitation with this experimental campaign was the velocity speeds tested at the tank. A similar
testing campaign will be desirable with faster flow speeds and the introduction to turbulent environments,
in order to assess the capabilities of the curved blades in a different environment. The second aspect that
will need to be assessed is the scalability of the rotors and their performance when subjected at larger
Reynolds conditions which could give an explanation of the results found here against the predictions from
[7].
Another route of development will be undertaken once the numerical model is calibrated, and thus, a new
blade shape could be designed based on another profile.

3.1.2 Progress Made: For Marine Renewable Energy Industry
Advancements in the area of low flow speed technology will help the marine industry to spread its market
into a larger number of sites around the world. If this is found to be a viable option, it is likely that the
establishment of this technology will help drive the costs down for the hydrokinetic devices. Delivering
affordable and clean technology to many places around the world will thus help tackling a number of
sustainable development goals established by the United Nations.

3.2 Key Lessons Learned
- Curved blades performed similar to the straight blade counterpart, at least in the conditions tested here
(within a clean environment, i.e. no turbulence present).
- Reaching Reynolds independent conditions require larger tow speeds than other types of blade profiles
- Inconsistencies of power and thrust were encountered in the region of TSR=5-7, this is inconsistent to other
research presented for a similar blade profile.

4 Further Information
4.1 Scientific Publications
NA

4.2 Website & Social Media
NA
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6 Appendices
6.1 Stage Development Summary Table
The table following offers an overview of the test programmes recommended by IEA-OES for each
Technology Readiness Level. This is only offered as a guide and is in no way extensive of the full test
programme that should be committed to at each TRL.

NASA Technology Readiness Levels1

1

https://www.nasa.gov/directorates/heo/scan/engineering/technology/txt_accordion1.html

NASA TRL Definition Hardware Description Software Description Exit Criteria
TRL Definition
Hardware Description
Software Description
Basic principles
Scientific knowledge generated underpinning Scientific knowledge generated underpinning
1
observed
and hardware technology concepts/applications.
basic properties of software architecture and
reported.
mathematical formulation.

Exit Criteria
Peer reviewed publication of
research underlying the
proposed
concept/application.
Documented description of
the application/concept that
addresses feasibility and
benefit.

2

Technology
concept
and/or
application
formulated.

Invention begins, practical application is
identified but is speculative, no experimental
proof or detailed analysis is
available to support the conjecture.

Practical application is identified but is
speculative, no experimental proof or detailed
analysis is available to support the conjecture.
Basic properties of algorithms, representations
and concepts defined. Basic principles coded.
Experiments performed with synthetic data.

3

Analytical and
experimental
critical
function
and/or
characteristic proof
of concept.

Analytical studies place the technology in an
appropriate
context
and
laboratory
demonstrations, modelling and simulation
validate analytical prediction.

Development of limited functionality to
validate critical properties and predictions using
non-integrated software components.

Documented
analytical/experimental
results validating predictions
of key parameters.

4

Component and/or
breadboard
validation in
laboratory
environment.

A low fidelity system/component breadboard
is built and operated to demonstrate basic
functionality and critical test environments,
and associated performance predictions are
defined relative to the final operating
environment.

Key, functionally critical, software components
are integrated, and functionally validated, to
establish interoperability and begin architecture
development.
Relevant
Environments
defined
and
performance in this environment predicted.

Documented test
Performance demonstrating
agreement with analytical
predictions.
Documented
definition
of
relevant
environment.

5

Component and/or
breadboard
validation in
relevant
environment.

A medium fidelity system/component
brassboard is built and operated to
demonstrate overall performance in a
simulated operational environment with
realistic support elements that
demonstrates overall performance in
critical areas. Performance predictions are
made for subsequent development phases.

End-to-end software elements implemented and
interfaced with existing systems/simulations
conforming to target environment. End-to-end
software
system,
tested
in
relevant
environment, meeting predicted performance.
Operational
environment performance predicted. Prototype
implementations developed.

Documented
test
performance demonstrating
agreement with analytical
predictions.
Documented
definition
of
scaling
requirements.

6

System/subsystem model or
prototype
demonstration in
an operational
environment.

A high fidelity system/component
prototype that adequately addresses all
critical scaling issues is built and operated in
a relevant environment to demonstrate
operations under critical environmental
conditions.

Prototype implementations of the software
demonstrated on full-scale realistic problems.
Partially
integrate
with
existing
hardware/software
systems.
Limited
documentation
available.
Engineering
feasibility fully demonstrated.

Documented
test
performance demonstrating
agreement with analytical
predictions.

7

System prototype
demonstration in
an operational
environment.

A high fidelity engineering unit that
adequately addresses all critical scaling
issues is built and operated in a relevant
environment to demonstrate performance in
the actual operational environment and
platform (ground, airborne, or space).

Prototype software exists having all key
functionality available for demonstration and
test. Well integrated with operational
hardware/software systems demonstrating
operational feasibility. Most software bugs
removed. Limited documentation available.

Documented test
Performance demonstrating
agreement with analytical
predictions.

8

Actual system
completed and
"flight qualified"
through test and
demonstration.

The final product in its final configuration
is successfully demonstrated through test
and analysis for its intended operational
environment and platform (ground, airborne,
or space).

All software has been thoroughly debugged and
fully integrated with all operational hardware
and software
systems. All user documentation, training
documentation,
and
maintenance
documentation completed. All functionality
successfully demonstrated in simulated
operational scenarios. Verification and
Validation (V&V) completed.

Documented
test
performance
verifying
analytical predictions.

9

Actual
system
flight
proven
through
successful mission
operations.

The final product is successfully operated in
an actual mission.

All software has been thoroughly debugged and
fully integrated with all operational
hardware/software systems.
All documentation has been completed.
Sustaining software engineering support is in
place. System has been successfully operated in
the operational environment.

Documented
operational results
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