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A general view of the flow turbine

A transparent view of the flow turbine
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A transparent view on the flow turbine from the aside perspective

. COMSOL Multiphysics



A general view of the straight-flow turbine




The experimental device applied during the studies




LAMINAR AND TURBULENT FLOW
SIMULATION METHODS

DNS RANS

(Direct Numerical Simulation) (Reynolds Averaged Navier-
Stokes Simulations)

More mesh L_ess accurate
More time L_ess mesh
More accurate Less time




The part of the blade is located in the hydro
turbine rotor

l' Magnet wire

COMSOL Multiphysics



Mathematical model of the 2D fluid domain

Conservation of mass (continuity)
V-u=0
Conservation of momentum (Newton’s second law)

ou
E+p(u -Vu=V. [ pl + u(Vu+(Vu)' )]+pg
Domain length L=30mm
Domain width W =50 mm =
Blade length  28.25 mm
Blade width 2 mm

i

Mesh allocation in two-dimensional domain
COMSOL Multiphysics



Inlet:

Periodic flow
condition:

Outlet:
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Initial and boundary conditions
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Periodic Flow Condition

Psource = Pdest
Neumann boundary condition

No slip

Inlet Outlet
Periodic Flow Condition
-5 0 5 10 15 20 25 30 35 40 45 50 55
x | U-cos(a-m/180) Dynamic viscosity 0.001
y | U-sin(a-m/180) (Pa-s)
Ki tic vi 1t
Usource = Ugest 1 mleglaé ICT\;:;(;(;SI Y

Density 999 kg/m?>

Temperature 20 °C

U=1m/s




RESULTS

Fig.5 Pressure (Pa)

Fig.5 Velocity magnitude (m/s)
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Calculation of the lift and drag forces

7
Lift // Lift

*Chord line / Chord line

/ Drag / / Drag

Flow direction // Flow direction

Flow at a 0-degree angle of attack  Flow at a 45-degree angle of attack

ou
F, = j (Py sty — 10, = Pn)dS

ou
Fu=] (oo 5+ pn, )
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Lift forces at various angle of flow attack
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Drag forces at various angle of flow attack




Calculation of the lift and drag coefficients

2F
C.=—
ofu“d

2K
> pfu’d
C;(a) = gﬁc ¢y (s)/c) (ny(s)cos(a) —n,(s)sin(a))ds
Cp(a) = = §(c,(s)/c) (ny(s)cos(a) — n,(s)sin(a))ds

p(s)-p
cy(9)= 50—
= oU
2
cis the blade length n, is the unit normal vectorin the y direction

s is the contour of the blade
a isthe angle of attack in degrees

C is the dimensionless lift coefficient

p is the fluid’s pressure

p is the fluid’s density
U is the mean velocity
n, isthe unit normal vectorin the x direction ()}, is the dimensionless drag coefficient
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Dimensionless lift coefficients at various angles of flow attack
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Dimensionless drag coefficients at various angles of flow attack
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Determination of the thickness and number of blades

h
Snec = (0.0050.0) D, [ =22 +-0.002,m
h 20
/=6: 0.« =0.005*D, * ;"‘X +0.002=0.005*0.05* E +0.002=0.0028m
Z=9: h 20
0. =0.005*D, * % +0.002=0.005*0.05* ? +0.002=0.0025m

Omax =0.005% D, *, /m‘Tax +0.002=0.005*0.05*, /% +0.002=0.0024m

Z=6: rpm=110
Z=9: rpm=155
Z=12: rpm =120



Blades along the rotor of the hydraulic turbine




VISUALIZATION OF HYDRO TURBINE
PERFORMANCE

* The Case of Non-rotating Rotor Mode

« Water velocity at Inlet 0.1 m/s

* The Case of Rotating Rotor Mode

« Water velocity at Inlet 0.8 m/s

* Rotating domain revolves 155 times per minute along the axis Z

ANSYS Fluent




* The Case of Non-rotating Rotor Mode

Velocity Velocity
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Velocity surface (m/s) Velocity streamlines (m/s)

ANSYS Fluent




* The Case of Rotating Rotor Mode

Velocity

546
N
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Velocity streamlines at t =0.5s Velocity streamlines at t =2.5s

ANSYS Fluent




4 O00O 4 ANNNGLL WSS B
=28UBBRRBLEBURILIRY =

* The Case of Rotating Rotor Mode

Velocity surface at t =0.5s (m/s)

Pressure contour (Pa)

ANSYS Fluent




Energy conversion efficiency of hydro turbine

The stream power driven to the hydro turbine:
N =9.81QH, kW.

Increasing power (efficient) via hydro turbine:
N, =9,81QH7,kKW.

Full efficiency of hydraulic turbine:

N9qb M
N = =,
N 7QH
_ o 1Ry
M = Q) = (i), ]= =0 = 13) o
T Q 2 :
Iy =27(0,0); 1% =27 (0, F),; M:_Zﬂ’ FﬂZIJ/(S)dS,
(o), =1112m;(v,r), =1,12x; g 7 1

[ - circulation around the blades; ~ dS- the skeleton element of the profile;

'l
I
7/(8) - specific density of vortices, placed blade profiles; V= P9,



"Tubule

‘al ‘bl ‘a2 b2



EXPERIMENTAL RESEARCHES

The experimental device applied during the studies



Hydro turbine values regarding water discharge

No Water Flow velocity | Hydro turbine rotor Electricity production
discharge m/s revolution per Wt
m3/s minute
1 0.0013 0.17 28 0.5
2 0.0018 0.23 55 0.7
3 0.0022 0.28 68 1.4
4 0.0028 0.36 80 4.5
S 0.003 0.38 95 5
6 0.0042 0.535 120 6.2
7 0.005 0.64 150 8
8 0.0062 0.8 155 8.1




Tachometer Multimeter

; —
50
e RS 2o a
VimA O\ wl.d_ LS50 VmA
AC 10V

0
~ ]
T TSV AC 10V

HOLD

ON/OFF




Rotation per minute
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Flow turbine Neo2

A general view of the flow turbine Constituent parts of hydro turbine



Hydro turbine values regarding water discharge

No Water Flow velocity | Hydro turbine rotor Electricity production
discharge m/s revolution per Wit
m3/s minute
1 0.0013 0.17 8 0
2 0.0018 0.23 30 0.5
3 0.0022 0.28 60 1.3
4 0.0028 0.36 75 4.2
5 0.003 0.38 89 4.7
6 0.0042 0.535 95 5
7 0.005 0.64 99 5.1
8 0.0062 0.8 100 5.2
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Comparison of the characteristics of two models
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Previous models of hydro turbines
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