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ABSTRACT

With the continuously increasing population, their raised household comforts, and
the growing industrialization, there has been a significant rise in energy demands.
These rising energy demands, coupled with the rapid depletion of fossil fuels and
the resulting increase in C'O, emissions, have highlighted the urgent need for the
transition towards clean and renewable energy sources like solar and wind power.

Among these alternatives, our focus has been on harnessing wind power.

Wind power is captured through the use of wind turbines, which are broadly
classified into two categories: Horizontal Axis Wind Turbines (HAWTs) and Vertical
Axis Wind Turbines (VAWTS). In the past decade, the resurgence of interest among
researchers in lift-type VAWTs due to their demonstrated potential for higher power
density compared to their HAWT counterparts, as the operation of these turbines in
closer proximity to each other in a counter-rotating configuration would produce more
power in a farm. In alignment with the same, this thesis presents the computational
study conducted to investigate the effect of aerodynamic interference between rotors
in a non-overlapping twin-rotor configuration (having center-to-center relative inter-

% < 1), where D represents

turbine spacing (S) (% > 1) and overlapping twin-rotor (
the rotor diameter) on the performance and wake recovery. The relevance of this
piece of work lies in understanding the performance characteristics and interaction

dynamics of twin-rotor VAWTs, which will allow for their successful incorporation

into a wind farm (onshore or offshore).

The work commenced with a two-dimensional study using Unsteady Reynolds Av-

il
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eraged Navier Stokes (URANS) Equations, employing the commercial solver ANSYS
Fluent 19.2. The selection of a numerical modeling technique for an isolated rotor
involved the comparison of two different dynamic meshing techniques: sliding mesh
and overset mesh. Both techniques produced similar results but deviated from the
experimental findings. However, due to the limitations of the sliding mesh technique
in handling overlapping rotors, the overset mesh technique was chosen for further
investigations. The subsequent phase focused on the performance and wake valida-
tion study of both single rotors and counter-rotating pairs of rotors at a % = 1.65.
By building upon established criteria, the modeling process was extended to include

paired and twin-rotor configurations with different relative spacings.

A systematic simulation campaign was carried out for overlapping twin-rotor
(% < 1) and non-overlapping twin-rotor (% > 1) for varied tip speed ratios. The key
results indicate that overlapping rotors exhibit unique interaction effects, influencing
the performance and wake characteristics of each rotor. Analysis of the obtained
data indicates that the overlapping twin-rotor with % = 0.9875 demonstrates ap-
proximately 25% better performance compared to a single-rotor. Furthermore, the
twin-rotor with % = 0.89 exhibits a remarkably smooth power output (nearly inde-
pendent of the azimuthal position) with an enhancement of approximately 8% over
the single rotor. This has significant practical implications from the point of view of
power generation and transmission. Additionally, the wake recovery is observed to

be faster for the % = (.89 case in comparison to other configurations.

Further, the thesis provides details of several attempts made to conduct exper-
imental studies, which are outlined in the appendix. The reasons for the lack of
success in these attempts are thoroughly discussed, shedding light on the challenges
encountered during the research process. In conclusion, this thesis encompasses the

numerical investigation of overlapping and non-overlapping twin-rotor VAWTS, fo-

© 2024, Indian Institute of Technology Delhi



cusing on their performance, wake validation, numerical modeling techniques, and
the insights gained. The study contributes to our understanding of the resulting
interaction effects between twin-rotor VAWTs and offers valuable insights into their
optimal design and performance. The findings and analysis presented in this work

serve as a foundation for the development of efficient and reliable twin-rotor VAW Ts.
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NOTATION

xor X X coordinate |m]

yorY Y coordinate [m]

¢ Chord of the aerofoil blade [m]|

D Rotor Diameter [m]

H  Height of the rotor |m]

A=Dx H Swept Area [m?|

p  Density of the fluid [2%]

p  Pressure |Pa|

P Modified pressure [Pa)

Voo  Free-stream Wind Speed [m/s|

U  Ensemble-average velocity [2]

n  Number of blades

v Kinematic viscosity of Air[m?/s]

N  Revolutions per minute

I,  Turbulence Intensity [%]

6  Azimuthal increment |° degrees]

w  Angular velocity of the rotor [rad/s|
6.  Azimuthal Incremental size |°]

At Time step size [s]

o=

% Solidity Ratio based on diameter

op=1-— 2W10A Dynamic Solidity

center-to-center spacing between the rotors|m]

Relative spacing (>1 for uncoupled, < 1 for coupled)

= DTES Overlap Ratio

= Sl O
Q
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Notation xix

Aeff

(B£5) x H  Effective Swept Area for each rotor of twin rotor [m?|

y* =%~ Dimensionless wall-normal coordinate

Voot Rw)e Reynolds Number based on Chord Length

v

TSR, \ = R: Tip Speed Ratio

Re.

B;,  Blockage Ratio
F,(#) Tangential Force as a function of azimuthal position [N]

— Drag force .
Cp = 0.5pAVZ Drag Coefficient

Cp, = g_%;%’f; Pressure Coefficient

— Lift force : :
L = TspAVZ Lift Coefficient

Oy = Moment_— ©\oment Coefficient about axis of rotation
0.50ARVZ

Cp = Power output
P = "05,AV3

0.5pAVS Mean Power Coefficient

Cp(0) = 051;% Phase-Averaged Power Coefficient as function of azimuthal position

P P 2 : .
Cpvin = (PRotor-1+ Rotor- 2)/ Twin-rotor Mean Power Coefficient
0.5pAg sV

CEvn(g) = (PR““‘(){;?))X;T‘?;‘?(9))/ 2 Twin-rotor Phase-Averaged Power Coefficient as

a function of azimuthal position

© 2024, Indian Institute of Technology Delhi



