
A Wave-Powered Water Pump to Promote 
Growth in Macroalgae Aquaculture

Background

Wave Powered Water Pump uses wave
energy to upwell cold, nutrient rich water
to the photic zone where kelp is grown.
Designed to increase productivity of
macroalgae.

Project Goals:

1. Numerically model flow rates with
various wave conditions in WEC-Sim

2. Collect field deployment data of device
and validate numerical model4

3. Use results to guide design changes
and increase pump efficiency

WEC-Sim Simulation Results
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Mesh Model & BEM Analysis
• A simplified SolidWorks CAD model converted to a finite element mesh

file of both float and buoy using Meshmagick3 (below, left)
• Hydrodynamic response (below, middle) from Capytaine1 & WEC-Sim5

➢ Indicates large relative motion between float and spar
➢ Tends towards zero for each body within the time frame

WEC-Sim Set Up & Simulink Model
• Model basis: Reference Model 3 (RM3) developed by WEC-Sim team 

(above, right)5

• 6 Degree of Freedom (DOF) constraint for system → free floating

• Translational Power Take Off (PTO) has motion constrained to Z 
(vertical) axis, reflective of design

• Wave inputs: 1m height with 5.5s period (reflect expected site 
conditions during deployment)2

Normalized Radiation 
Impulse Response Function:

WEC-Sim PTO-Sim Set Up

Modified PTO-Sim RM3 Hydraulic Model6

• 2 one-way check valves and piston
• Bulk modulus of sea water in 

bottom, open to air in top

B: Bulk modulus
Q: Volumetric flow rate
xrel: Spar & float relative position 

A: Area
P: Pressure
V: Volume

Dynamic motion results in 
animation, device moves 
from one wave crest to 
trough (shown upper left).

Volume flow rate results of 
steady state 20 second 
window (shown lower left). 
10 gallon per minute 
maximum meets expected 
flow rate for 1m wave, 5.5s 
period conditions.

When inlet valve is open, 
outlet valve has zero flow 
rate (and vice versa).

Upcoming Field Deployment Plan

Instrumentation:
• Flow Meter: pumped flow rate
• Lidar: relative heave motion
• IMU: overall motion tracking
• Precise time synchronization using GPS
• Telemetry to send data ashore for real time monitoring
• DAQ programmed using Arduino microcontrollers
• Monitor nearby wave conditions with separate Sofar spotter buoy
• On-board and shoreside cameras for environmental monitoring


