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Research on Application of Carbon Nanotube Fabric Heater to
Photovoltaic Fields
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Abstract

Carbon nanotube (CNT) fabric heaters featured by flexibility in shape and homogeneity in
temperature distribution are applied to photovoltaic fields, 1) constant temperature control
aimed for direct measurements of internal conversion efficiency for photovoltaic cells, and 2)
snow-melting for photovoltaic modules. In summary, the constant temperature control was
achieved using negative feedback control by CNT heater itself (without additional temperature
sensors) as a temperature sensor at the power density exceeding 1kW/m? and snow-melting
using CNT heaters was achieved with the energy density of 15kWh/m?
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Fig. 2 Current-voltage characteristics of a CNT
heater (maximum current: 0.5 A).
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Fig. 3 Temperature distribution of CNT heater observed by IR camera under constant voltage
operation together with its photograph.
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Fig. 4 Constant voltage operation of CNT heater.
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Fig. 5 Constant current operation of CNT heater.
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Fig. 6 Circuit for constant temperature operation using CNT heater functioning
as a temperature sensor simultaneously.
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Fig. 7 Constant temperature operation using CNT heater as a temperature sensor simultaneously.
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Fig. 8 Wiring diagram with location map for photovoltaic
arrays and temperature sensors (G8, SL1, G9 & SL2).



36

3.1 [EEEmns 0 AN o LSEMR_E (S CNT itk

BAOEBKE CHAEL L EOFEBRKEEN %
Fig9, Figl0 2R3 Figd 2B\ T GRIZEFINE,
GO IXMHEMBDEY 2 — VETERETH 5, WET
D1H13-14 HIZRSE - HH T2, FICRMITK
HTZ2R&ETHS>TWAS, 15 HED MR 45
B, 16 HREPHIEHFITEb> TWwb, 16 HDIRE
MBIEFOCT—EELRSTWVDLDIE, Y 2—IVER
THEENFE L TWDE T L ZREL TV A FERE,
I7HOHAFICIMBO@EEZ Lz &, #5F -6
FIIEAEROON o7, 2 HOHEEL 18
H 80575 19 H 16:44 O, %L 72,

FRES N8 ) BN O RS OM#ETHE N
A, BRI E & DI ED0EI/NE L ) IS T
DEHLEDF YV HED RN DD o72,

——G8-Temp. /°'C —*—G9-Temp. /°C —— Power /W

10 2000
5
O 1500
Ko
5 0
5 10003
8 -5 5
£ ]
- 500 &
-10
_15 G Bttt |||I|||||I|||||_ 0

13 14 15 16 17 18 19 20 21
Date in January, 2019

Fig. 9 Temporal change in the module temperatures
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Fig10 Snow melting experiment
at Oomagari. Left array:
direct heating. Right
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(CNT heater is placed on
Galvalume steel plate with
1 cm air gap in front.)
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Figll Snow melting experiment at
Oomagari. Left array: direct
heating. Right array: indirect
heating (CNT heater is
placed behind Galvalume
steel plate with 1 cm air gap
in front.)
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