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DOE RM 1 Turbine Scaling down
process
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Geometrically-scaled DOE RM 1
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DOE RM1 @ 45:1 scale
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Experimental Conditions

Re, .4~ 10° Tip Speed Ratio (TSR) = 4.5-8
Blockage Ratio = 20%
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Three Different Array Configurations

1. Array of two coaxial turbines.
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2. Array of three coaxial turbines.
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3. Array of three turbines with lateral offset.




Measurement Locations:
Two Turbines Coaxially Mounted
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Performance for Two Coaxial Turbines:
Experimental Measurements
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Performance of Two Coaxial Turbines:
Comparison of Experiments and Simulations
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Measurement Locations:
Three Turbines Mounted Coaxially




3-Turbine Coaxial Array Performance
Comparlson of Experlments and Simulations
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Evolution of the available Kinetic Energy
Flux a 3-Turbine Coaxial Array
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Evolution of TKE contours
in a 3-Turbine Coaxial Array
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3-Turbine Offset Array Performance
Comparison of Experiments and Simulations

3 Turbines, streamwise spacing = 5D, offset spacing = 0.25D
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3-Turbine Offset-Array
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Investigation of the Flume Blockage Effect
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Summary and Conclusions

Three Turbines Array present non-monotonic performance: third
turbine has higher efficiency than middle turbine

Confinement plays a increasingly important role for higher
number of turbines and lateral offset in the Array.

Agreement between experimental and numerical results is best
for single turbine and optimum TSR.

Angular velocity fluctuations in the experiments, and enhanced
wake recovery, not captured by simulations, leads to numerical/
experimental divergence with lower TSRs, larger arrays and
higher confinement.




RMS of Normalized Rotational Velocity
Temporal Evolution (TSR = 6.15, 7.16)

0.1 -
0.05 5D-Exp
Norn?a.llzed rotlatlonal sp('aed for lug'h and low' TSR : A 8D-Exp
TSR 5 LA
1.2} tsrRi0fl 0.09 A Y \ 11D-Exp
3 0.085} b G . A 14D_Exp ................. -
'§1.1- . o N :
3 g (1 : S
'g \l | 1, yL l' ] . |'JP| \J lll E 0-08' t\ \\
'1""" Ul ik A T N
S ' = 0.075¢ S UNUN
B 09} 2 oM
g Z o07} S8
n ™
E = : \\\\\\
# 08 = 0.065 N NN
S ~
: ~
: ~
0.7+ ] 0.06 -~ - ~ N,..' ............ \\\ A
L ) : . A s\\ NS
0 10 20 30 40 50 60  gossl ... U P A
Time (seconds) 0.055 : = - - :‘
0.05
6

Vo NNMREC

Northwest National Marine
Renewable Energy Center



Array of Three Turbines with Lateral Offset
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3-Turbine 1/4D Lateral Offset
Array Performance
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Reynolds-number Dependent
Performance
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Turbine Comparlson for Performance
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PIV Velocity Profiles in the Wake

Streamwise velocity profiles for TSR 7
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Results of BEM study (3/3)

Effect of blockage on efficiency
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3-Turbine 1/4D Lateral Offset
Array Performance
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