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Abstract: An impulse air turbine based wave energy triboelectric nanogenerator (impulse wave energy
TENG, IW-TENG) is proposed and designed to be applied in an oscillating water column wave energy conver-
sion device, which can efficiently convert low frequency ocean wave energy into electrical energy. The struc-
ture and working principle of IW-TENG were elaborated, and two experimental platforms were built to carry
out electrode parameter optimization experiments and electrical output performance experiments respectively.
The experimental results indicate that using PTFE as the dielectric material of the electrode, the electrical out-
put performance is optimal, and the larger the thickness of PTFE, the better the electrical output performance.
When the electrode angle of the generator gradually decreases, the short-circuit current tends to rise. IW-
TENG was designed and manufactured to conduct a single-wind direction semi-physical simulation experiment

to study the electrical output performance under different wind speeds and conduct a capacitor charging experi-
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ment. The circuit design was driven to light up 33 LEDs. The reliability of IW-TENG and its potential to sup-
ply energy to small sensors are verified.

Keywords: wave energy; air turbine; triboelectric nanogenerator ( TENG) ; oscillating water column
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Fig. 1 Schematic diagram of the structure

of the IW-TENG
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Fig. 2 Schematic diagram of the stator

LSS

and rotor structure
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Tab.1 Physical parameters of IW-TENG blade
e HfH 28 Hfl
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% HZ D/mm 165.0 Bt A EEE S, /mm 14.7
U R KB EAE R,/mm 20. 4 gt 5 SR A B EEE G/mm 11.0
Sy R RERBLR LA 6/ (°) 60. 0 it R A SE ¢, /mm 5.8
TR A BB [ /mm 19.1 S i ASHA B/ (°) 60.0
SRR A 6/(°) 30.0 Fit 21 5% K 1/ mm 29.7
UM 5% 1,/ mm 38.5 it B RS 25l e,/ mm 69.2
S R IREE S, /mm 16.9 Sl i 5 5 2 5 e, /mm 22.8
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Fig. 3 Plan view of IW-TENG moving

blades and guide vanes
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Fig. 4 Working principle of the oscillating water column wave energy generation device
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Fig. 5 Schematic diagram of the power generation principle of the IW-TENG
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Fig. 6 Rotor aligned with electrode 1 Fig. 7 Rotor and electrode non-aligned state
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Fig.8 Potential distribution in space over one cycle
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Fig. 9 The test rig for IN-TENG system

200

—— KAPTON —— PTFE

—— PET
160

120
80
40

-40

-80

TF % HLE/V

-120

0 25 50 75

-200
100 125

I 8] /s
a) JFHEH &
11

150 175 200

Fig. 11

3) NIRIHEAR AR LR S50 S TSR AR TR
LR A BT T F 2 PR g th 52, A ARk
JEEEESA 0.05 mm 4 PTFE, R7E 50 r/min (54 4
T3406°, 9°, 15°A[ml b £ B 1 e Pk g i 11
MRS 13 7R . BB BE R 15° (0 T fif H
215108 V, FPKHLIRZIN3. 63 wA; BB N 9°
(IFFEE LR Z A 110 V, TR A A 7.27 pA;
WA BE 6° BT B HL R 2970 107 V, B HL 20
7.86 A, MHLAR A BE AR Ak 1) L 24 B BE 8
PR, YA A RN, RS R LT
P MTFEE AR — 3K

http : /xuebaobangong. jmu.

E 10 BRAESHA 15°.9° 6 NEFSHTF

Fig. 10  Stator and rotor with electrode angles

I HL /A

sl

-6

35

30

[ )
= 3]

HEHL /A

sl

—
o o

o

about 15°, 9° and 6° respectively

— PET

—— KAPTON

w1

|

—— PTEE

ﬁ ﬂ

0 25 50

L LA
— JTHHE

75

50 r/min 3 # AR B #F# B B 25 H
Electrical output of three different dielectric materials at 50r/min

100 125
B 18] /s
b) %G % LR

150

175

200

- 120

TF e JE/V

50

100

150

edu.

cn/zkb

38/ (r-min™)
a) 0.05 mm

200

250



* 60 - R EM (HRBERRD 529 %

35 —‘ 200 35 - 200
"u] N
30 ‘_'_?Fi;g%j’ﬁ 1 10 30 = A0 LU
1 e | RHE 160
E_ ]i \i_ 2% | E
i“g 20 k- 1 120 -EJ E w0 L 120 ]é
ki) 35
8 15 15 = ?& 1o =
1 27} 80 HS
10 10
- 40 40
5 5
0 1 1 1 1 1 0 0 1 1 1 1 ik 0
50 100 150 200 250 50 100 150 200 250
3/ (r-min™) T 3/ (v-min™)
b) 0.08 mm c¢) 0.1 mm
12 3#AEEE PTFE &HiE THBF SRR H
Fig. 12 Electrical performance output at various speeds for three different thicknesses of PTFE
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Fig. 13 Electrical output for three different electrode angles at 50r/min
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RN T ARG R 4 m/s BF, IW-TENG %€ B BER P MR 5 R, 258 mE 17 Br
R BT P = PR, MK 17 0[50, 750 MQ VCECT 3T, fcim BRik o o Rk 5] 327 pW, TW-
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Fig. 14 The test rig for the performance of Fig. 15 IW-TENG external load
IW-TENG system circuit diagram
45 - 200 [
_ . 4 180 o —=— P 7 %0
40T —=— Ja JH R U L R R
35 b JF LR 4 160 4 300
1 10 6r B
< 30 - 1 250
El lmz 35| ¢l
2% H o= - 200 @_
B oyt 12 -5?3 i =
ng 180 ¥ o L 1 150 &
® 5| 1 =N o B
1 100
10 140 2r
51 1 20 T 1%
0 | 1 1 1 O 0 ab 0
2 4 6 8 10 1 2 3 bl 1020 50 100 300 500 1000
W/ (m-s7) Hh BL/MO
B 16 ARERET IW-TENG £ ESB 2 4aemH 17 R 4 m/s T i B T 249 B 37 70 T 22 - FR BEL 5K 7R HA 2k
Fig. 16 Electrical performance output of the IW-TENG Fig. 17 Instantaneous average current and power-
device at different wind speeds resistance relationship profiles for the IN-TENG

at the wind speed of 4 m/s
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