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Abstract

Traditional Savonius-type (S-type) vertical blade wind turbine (VAWT) is not suitable for urban
landscape, so tulip-type VAWT is favoured by industry and users. In order to find out the difference
of aerodynamic performance between traditional S-type straight blade and tulip-type VAWT and the
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influence of blade profile on tulip-type wind turbine, the tulip VAWT is designed with 3040 and circular
arc profiles, and the full-scale three-dimensional numerical simulation is carried out in this paper. The
results show that the maximum power coefficient of the 3040 type profile is about 6% higher than that
of the semicircle type profile for the S-type straight-blade VAWT. Overall, tulip-type VAWT is slightly
lower than that of the S type straight-blade type wind turbine for each blade profile and blade tip speed
ratio. For tulip type VAWT, the torque value of the 3040 type line is slightly higher than that of the semi-
circular type profile at large chord length area. And the torque value of the wind turbine of the semi-
circular type profile is higher than that of the 3040 type profile in the region where the chord length of
the tulip blade is smaller, and the performance of the wind turbine of the semi-circular type profile is
better. When the chord length of the tulip blade decreases, compared with the semi-circular type pro-
file, the torque of the 3040 type profile decreases faster, showing a nonlinear relationship.
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Figure 1. Tulip wind turbine shape
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Table 1. Profile parameter
F 1 MHESH
RIIHLETY &4 S BURIIHL Al 4275 AT
25 S1 S2 Tulip 3 Tulip 4
Wy Y 2% [ 3040 Sl 3040
E 1% D (mm) 200 140~200
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3%+ d (mm) 115 80~115
F S (e/d) 0.15 0.15
Ui 3% E(Do/D) 1.1 Touk %
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Figure 2. Wind turbine calculation domain division
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Figure 3. Meshing generation
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Table 2. Grid-independence verification
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Figure 4. Turbulence model validation
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Table 3. Wind turbine power coefficient

F 3. MOMThERRY

2R IE L/ R AL s1 S2 Tulip 3 Tulip 4
0.4 0.156 0.172 0.155 0.164
0.6 0.198 0.214 0.181 0.172
0.8 0.202 0.209 0.130 0.123
1.0 0.169 0.178 0.063 0.086
1.2 0.090 0.100 0.028 0.038

(a) Savonius X /1L (b) ARG A XTI

Figure 5. Dynamic torque coefficient polar coordinate diagram
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Figure 6. Schematic diagram of tulip segmentation dimensions
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Figure 7. Variation curve of blade torque in one rotation period

B 7. — i nefk EEAR F R L

4.3. MBEERDNENZSH

P 8 2 RATHUAL T AN R AR R 1S 70 7047 22 B Ok b 23 A 2[5 AT < 7 XTI WL S 3040 74
S RIIHURIE S 70415 AR A epCo oy AR AR IR i, Ferh i 1 (0 1A 1 Fos) A R L 52 dsok
T, A 2 A RIHLH F 52 K /N T . R = AT AR 0= 3071, AHECT LR ML, 3040
e 2t bty WA W TP Ewa b/ A N TR < e w1129 A LI N T 11 ) E S 2 4 A NPT EWa b 6= N St D PR S
VAR ZIE, RBVEREA PrieTt, 15 3040 UL AE 0 = S0°HUS B M HHAE R 4. 7E 0 = 90°I, 5[
RILGAHEL, 3040 UL IE T XISAR AU AR B, IR ZEA P T R, DO M0, (#1453 3040 EAE =907
BASEBARKIHIAE R, iR 7 5151 7 SRR AR L il A B A X oz

o

DOI: 10.12677/mos.2024.135500 5534 A ()


https://doi.org/10.12677/mos.2024.135500

IThi &%

z—yq

>
Il

i

-
=

b S
Pt

B
o
&
g
&
=
&
i
=
B
o
™ &)

0=150°

Figure 8. Cloud map of cross-section pressure distribution of Tulip wind turbine
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