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A Flow Analysis on Straight Wing Vertical Axis Wind Turbine
using Numerical Simulation Model
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Abstract

Researches about the aerodynamics of wind turbine with straight wing vertical axis (SW-VAWT) are very limited, in spite
of a number of advantages such as low dependence on wind direction variation and easy constructible straight blades. For these
reasons, we are researching the lift type SW-VAWT for many years. The elucidation of the behavior of the flow inside and
neighborhood of the wind turbine during the rotation is very important because of the performance improvement of the vertical
axis wind turbine. This research examined to the velocity characters around a SW-VAWT by using the numerical simulation
technique and the precision of the prediction technique was confirmed as this result. Furthermore, we estimated flow behavior
during the wind turbine rotation by using this numerical simulation technique, and evaluated the flow around the wind turbine.

This paper presents outline and results of these calculations and evaluations.
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Fig. 1 SW-VAWT in wind tunnel

32 BNBINFEOME
AT ORBEHERIT, HERFAUE L TEROR, EHS
DIRAF A 5 870317~ Navier-Stokes 2 2 V1 77,
ELAAEIRIZ DWW TIE, Detached Eddy Simulation (DES)® %
Az, BLFiETINEL TR, L1 /WA ES (Reynolds

Averaged Navier-Stokes Equation : RANS) 7 J)LAA < AW

Journal of JSES

SNTVDH, MFETIH LR B Large Eddy
Simulation (LES)EF LA L 5NS LS 1772 CTETY
Do LIML7ZASS LESIZB WU BRIz st E 35 /20121
FEIZE OB TEERMVOUENHS LEbN TS ¥
PO, Z T, EF, BEMILASAESIT RANS 2R LT, BED
SREN - TI LES TAHE 2775 DES ICBALAFFE S
THOD. DES TOBRFAEBIILES Kb TTHI L
DOERRFEREEINTNE I, KFFERIZBNTHIOSX
SzEEgmEEEL . X510, EBNZRTICANS LN
NEL T2 Ea—Y &R GEMRER/NN—Y )3
SEaA—F, T—IRAT—3 ) IZBWVWTEENMRERE
E GHERB—» ARELN) 2EE L. FLHEF\RIZT
DES Z# /=, :

DES & L T®D RANS & LES DYI0 & 2 1IkRKIT RSN S
FHIZ LS T e DERYI0EDL O ALAT RN F—Df@iEs
BXPICBIT2 D"ORBEE L TEETAHEEL TS,

RANS & LES OYID & X Hik

°
¢ =min(t,_q, CpesA)

T, Cpes: ETIINERK

A

DA TR
k:

v

AT L+ —
R PR

p iR DEE
B iRk

e IHFALIRNF—DHEHFER

0 0
é?(pk)+— pujk—[u+ “(L ]—}—ptP—Dk
i K J
k
Vt :g
Ou
PESU -
ox

IIZT. opc AhE
W, : BLOTREE
of : FREK
HUERAT FiEISARAERICE2EBEA Y 2 (KA

1K) IZEDETIMEERNWT NS, AR, RERM D EZ
ZRLUIFEHRNEL TEELT

20054




33 HE&EMK

SEMRI, REPLERAE L 2 KcEEE L TRH2
DEDRHHEREL 7= BRNDOT A T2 3 22D
TAEEICR L T®YI0IC L2 2R M Z2REL TH0.
ROCEXT 2 vE#AMIT. TA N> 3 >0EELTW
%, BERELDOETIALIIFEAY > 1 2B 8T 28H;ER
MEEL L THRLE, BAZHEEEIER1OLEBUTH S,

y
T i -
== 5 x | d: diameter of VAW 2
[ R= e 3
I
e
x=-5d~15d
Fig. 2 Calculation area and position of SW-VAWT
Table 1 Calculation conditions
inlet uniform(8m/s)
outlet pressure boundary
side wall no slip surface
rotation model sliding mesh interface
number of blades: n 3
tip speed ratio: A 2 patterns(2.8, 3.3)
solidity: 0’ 0.36
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Fig. 3 Comparison between calculated values and wind tunnel

test results for the velocity at x/r=1.6.
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Fig. 4 Scatter diagram of calculated values and wind

tunnel test results for the velocity at x/r=1.6. (A=2.8,3.3)
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Fig. 5 Calculation area and position of SW-VAWT
Table 2 Calculation conditions
inlet uniform(8my/s)
outlet pressure boundary
side wall slip surface
rotation model sliding mesh interface
number of blades:n 3

tip speed ratio: A 4 patterns(1. 8,2.8, 3. 8,4. 8)
solidity: o’ 0.36
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Fig. 6 Definition of rotation angle ¢
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Fig. 7 Definition of angle y and rotation angle ¢
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Fig. 8 Calculated flow pattems of SW-VAW
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Fig. 9 Average flow velocity at circumference of blade rotation
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Fig. 10 Variation of average flow angle  at circumference of

blade rotation
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Fig. 11 Variation of average wind velocity u at circumference

of blade rotation
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Fig. 12 Variation of flow velocity (u/V,) downstream from rotor center
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Fig. 13 Variation of flow velocity (u/V.) perpendicular to

downstream from rotor center
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