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Abstract A novel capacitive pressure sensor with the
island-notch structure is introduced. Its theory model is
established based on the structure theory of the plate
capacitive pressure sensor. The relationships between the
external pressure and capacitance of the capacitive pressure
sensor with the island-notch structure are studied by using
the method of the finite element analysis (FEA). The
results show that the linearity of the capacitive pressure
sensor with island-notch structure reached up 0.9941 in the
linear measurement zone, the sensitivity reached up
0.0019 pF/kPa, and the measurement range of the capaci-
tive pressure sensor is enlarged. Thus, the contradictory
among measure sensitivity, linearity and measure range is
effectively relieved in the capacitive pressure sensors with
island-notch. In addition, the interface circuitry of the
charge transfer is designed, and the performance of the
interface circuitry is analyzed.

1 Introduction

Because the capacitive pressure sensors have the advanta-
ges of the direct current stabilization, excursion little and
low power consumption, the capacitive pressure sensors
are widely used in the pressure measurement, the angle
velocity measurement and the acceleration measurement,
etc. In order to improve the sensitivity and the linearity of
the capacitive pressure sensors, the different structure of
the capacitive pressure sensor is designed by using MEMS
technology (Li and Mehregany 2008; Shan et al. 2008; Lv

e
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et al. 2008; Peng et al. 2009; Munnangi et al. 2008).
Moreover, the influence of different plate structure to
characteristics of the capacitive pressure sensors is further
studied in the previous works. For example, the linearity of
the capacitive pressure sensor could be improved by using
the island film structure instead of the flat film structure
(Shan et al. 2008). But this method reduces sensitivity of
the capacitive pressure sensor. The capacitive pressure
sensor with the double-notch is designed (Lv et al. 2008).
The measure range of the capacitive pressure sensor with
the double-notch is enlarged. But the linearity of the
capacitive pressure sensor with the double-notch is worse.
In addition, proved that the capacitive pressure sensor with
the circular film has better the sensitivity and the linearity
comparing with the one with square film is proved by using
the deformation characteristics of the circular film and
square film (Pedersen et al. 2009). However, the contra-
dictory among the measurement rdnge, measurement sen-
sitivity and linearity has existed in the previous capacitive
pressure sensor. In the paper, according to the advantages
of island film structure and notch structure, the capacitive
pressure sensor with island-notch structure is designed, and
the characteristics are analyzed by using the method of the
finite element analysis (FEA). The results show that the
sensitivity and linearity of the capacitive pressure sensor
can be improved, and the measurement range of the
capacitive pressure sensor is enlarged by using island-notch
structure.

2 Characteristic of capacitive pressure sensor
with island film and circular notch

The nice linearity of the capacitive pressure sensor with the
island film is proved (Peng et al. 2009). The profile

@ Springer
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SUMMARY

In order to improve the practicability of PV/T solar system, we proposed the theory and method on the application of
diffuse-reflection concentrator in the PV/T solar system and analyzed the concentration characteristics of this proposed ap-

plication. In addition, we designed experimental prototype of

PV/T solar system and conducted test and analysis of the ther-

mal and electrical characteristics of the PV/T solar system with or without a concentrator, respectively. The results showed
that for the PV/T solar system with diffuse-reflection concentrator, the amount of incident irradiance was increased by an
average of 26% during test period, and the 200-1, water in the system was heated to 58 °C, which was 12 °C higher than that
of PV/T solar system without diffuse-reflection concentrator; moreover, the max output power was increased by 11%.
Therefore, it is a feasible way to improve the practicability of PT/V solar system by integrating a diffuse-reflection concen-

trator. Copyright © 2016 John Wiley & Sons, Ltd.
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1. INTRODUCTION

In 1978. Kern and Russell [1] proposed the concept of
PV/T solar system for the first time. After that, the theory
of PV/T solar system was further analyzed, for example,
Florschuetz et al. [2] introduced the design model of
PV/T solar system and theoretically calculated that the
use ratio of solar energy in the PV/T solar system was
about 60-809%. Vorobiev et al. 13] introduced the charac-
teristic of PV/T solar system with glass insulation cover.
Rosell ef al. [4] introduced the prototype of PV/T solar sys-
tem using Fresnel concentrator system and two-axis solar-
tracking system. Swapnil Dubey er al. [5] introduced the
PV/T solar system made of flat plate collectors in series
connection and analyzed the design model. Liu ef al. [6]
discussed the influences of fin height, spacing of fins, and
internal diameter of the pipeline upon the thermal property
of natural circulation PV/T water-heating system with flat-
box. Wei et al. [7] introduced that compared with the
simplex photovoltaic power generation system, the energy
usage ratio per unit arca of PV/T solar system was higher
by 200-300%. Charalambous et al. (8] conducted analysis
on the optimization technique of collector structure of
PV/T solar system and proposed a thin plate collector
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structure. The weight of the proposed structure equals to
that of traditional plate collector structure after being re-
duced by 40.5% [8]. In addition, Ji et al. [9] designed
PV/T solar system and tested photoelectric and
photothermal properties of the system under natural circu-
lation mode in Hefei region. The results showed that the
comprehensive efficiency of the system was greatly
increased as compared with that of the simplex PV or ther-
mal system [9]. Moreover, Moradi et al. [10,11] analyzed
the research progress of PV/T solar system. Recently,
Reddy et al. [12] developed the PV/T collector and Phase
Change Material (PCM) unit in order to be easily imple-
mented into a practical building management system.
Fiorentini et al. [13] emphasize on thermal management and
efficiency using single-phase flow-based cooling techniques.

It can be seen from the aforementioned reported re-
searches that the PV/T solar system is of higher efficiency
in theory and the optimized designing technique for such
system was focused. However, there have been some prob-
lems including the unbalance between the collector operat-
ing temperature and conversion efficiency, and the poor
practicability of PV/T solar system. As a result, based on
the structure theory of PV/T solar system, we designed
diffuse-reflection collector and researched the theovy and

963




[—

INTERNATIONAL JOURNAL OF

ENERGY RESEARCH

INTERNATIONAL JOURNAL OF ENERGY RESEARCH
int. J. Energy Res. 2017; 41:1287-1294
Published oniine 30 January 2017 in Wiley Online Library (wileyontinelibrary.com). DOI: 10.1002/er.3711

Research on the influence of PV cell t;j\fthgfﬁnal
characteristics of photovoltaiclth’e‘(mal sol:‘ar system

Yongtai He*T, Lixian Xiao and Lei Li I TRy

v

ng:675000, China

T AL

Department of Physics and Eiectron Information Science, Chuxiong Normal Li?i\‘)er;séty, Chqx?o

SUMMARY

In the paper, we analyzed internal thermal transmission characteristics of water-heating photovoltaic/thermal (PV/T) solar
collector covered by photovoltaic (PV) cell, established photothermal conversion model of PV/T solar system, and
analyzed the influence of PV cell coverage to photothermal characteristics of PV/T solar system. Results show that the
thermal efficiency of PV/T solar system by optimizing PV cells coverage can reach 68%. In addition, by designing four
water-heating PV/T solar system prototypes with PV cell coverage of 0.4, 0.56, 0.7, and 0.82. respectively, we conducted

experimental researches for the four prototypes and found that the four prototypes can achieve thermal efficiencies of 58%,
51%, 64%, and 67%, respectively, in heating 250 L of water to 50°C. The experiment results are consistent with theoretical
analysis results, indicating that it is feasible to improve thermal characteristics of PV/T solar system by optimizing PV cell

coverage. Copyright © 2017 John Wiley & Sons, Ltd.
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1. INTRODUCTION

In 1978, Kern and Russell proposed the concept of
photovoltaic/thermal (PV/T) solar system [1], which is a
dual energy system that can output both electricity and
heat. PV/T solar system is regarded as the most effective
method of utilizing solar energy, with total efficiency up
to 70% {2,3]. The methods of thermal management in
PV/T systems have been investigated, and PV/T solar
system in different configurations has been successfully
developed, which can be divided into air-heating PV/T
solar system and water-heating PV/T solar system accord-
ing to the difference of heat transfer medium 14-10]. For
cxample, Dubey et al. conducted experimental research
on air-heating PV/T solar systems with different
photovoltaic (PV) cell configurations in New Delhi [ty
higher electrical efficiency and outlet temperature were
achieved with the glass-to-glass PV module type with
duct. Tonui and Tripanagnostopoulos made numerical
simulation analysis on air-heating PV/T solar system
[12]. Results showed that at a channel depth of 0.15 m,
the temperature of the PV cell module is reduced by
3°C and the output electrical efficiency of the PV cell
modules increased by 1%. Ibrahim et al. designed differ-
ent configurations of water-heating PV/T collector, and its

Copyright © 2017 John Wiley & Sons, ttd.

performance was studied. Under water flow rate of
0.01 kg/s, spiral flow design proved to be the best design
with the highest thermal and PV cell efficiencies of
50.12% and 11.98%, respectively, and output temperature
of 31°C [13]. Ji er al. developed a set of waler-heating
PV/T integrated solar system through pressing solar cell
module on aluminum alloy water heater collector with flat
box. This integrated solar system can achieve daily
thermal efficiency of 40% and daily electric efficiency
of about 9.15% in sunny or cloudy day [14]. In addition,
Pei et al. successfully designed heat pipe PV/T solar
system by pasting heat pipe on aluminum plate and utiliz--
ing gaps between PV cells, of which average electric
efficiency was measured as 10.2% and average thermal
efficiency as 45.7% [15]. Ma er al. studied PV/ST/phase
change materials system, which can increase electricity
output by 9% and increase average temperature of water
by 20°C [16]. Bojanampati et al. experimentally investi-
gated both air and water forced cooling methods for PV
cell. The outcome of their work shows that an ait cooling
system reduced temperature by 11.4°C whereas the
chilled water cooling decreases it by 32.9°C [17].
However. the application of water-heating PV/T solar
system has not been promoted for its poor practicability.
The main reasons are due (o the high cost of the system.
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Summary : §
In this work, a heat storage v?icﬁu tube so,lar cdllectbr intubated with heat
storage tube is designed, Whlch”"sonsrszs of solar vaeuum tube, phase change
material insert tube, and heat holdlﬁ‘g»wcoveer“ The 1nternal energy conversion,
transmission, and storage theory are established based on the structure of the
heat storage vacuum tube. The parallel and series-parallel solar air collector
system prototype consisting of nine heat storage solar vacuum tube solar col-
lectors is designed and tested. The test results showed that the daily average
conversion efficiency of the parallel and series-parallel prototype reached
56.9% and 48.46%, respectively. Compared with nonheat storage prototype,
the heat storage parallel and series-parallel prototype had higher conversion
efficiency by, respectively, 10.9% and 7.8%, longer effective heating time, and
better heating stability and practicability. At the same time, the heat storage

KEYWORDS

1 | INTRODUCTION

The output heat of solar air collector is unstable due
to the instability, day-night alternation, and seasonality
of solar radiation, which limits the application of solar
collectors in material drying and heating systems to a cer-
tain extent."”* In order to improve stability of solar collec-
tor System, solar and electrothermal hybrid heating
Ystems are designed, but solar energy is still
Noneffectively applied in these systems.* Phase change
Materia] (PCM) heat storage technology has been widely
U8ed and studied in solar energy collector system. Bai
&t a] designed a novel solar heating system with heat pipe
pe heat storage vacuum tube and carried out experi-
Mentg 1o investigate its working thermal characteristics.
he results showed that the useful efficiency could reach
30,59, Wang et al designed a solar air collector system
mtegrdted with phase change heat storage material and
Al-panel microheat pipe array. When the air flow rate

solar collector has compact structure, which is convenient to use.

heat storage, solar vacuum tube, heat storage insert tube, phase change material (PCM)

was 60 m®> h™', the output air temperature of the system
can be maintained stable.® Arkar et al designed a solar
air heating system with direct-through vacuum heat stor-
age tube. The research showed that 54% to 67% -of the
heat generated by solar energy system during the day
could be used to heat buildings at night.” Plytaria et al
added PCM heat storage layer under the floor of the room
in solar-assisted heating system, which reduced energy
consumption by 65%.° Agarwal et al designed a tubular
paraffin phase change heat storage device and analyzed
the influence of heat storage device on solar drying sys-
tem characteristics.” Khadraoui et al conducted an exper-
imental study on the influence of PCM heat storage units
on solar air collectors, providing an experimental basis
for evaluating importance of PCM heat storage units.'’
Enibe designed a passive solar air heating system inte-
grated with a flat-plate solar collector and a PCM heat
storage unit."' Jing et al designed and processed a flat-
plate solar collector integrated with phase change heat

Inty Ener, g 43
& Res. 2019;43:7409-7420.
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f\g:;rding to the structure of photovoltaic/phase change material (PV/PCM), the mechanism of internal

heat transfer, transmission, storage, and temperature control is analyzed, and a two-dimensional finite
olement analysis model of PV/PCM structure is established. This study is carried out on the effect of PCM
thermal conductivity on internal temperature distribution characteristics of PV/PCM and temperature
control characteristics of solar cells, The results show that the increase in thermal conductivity of PCM can

rolong the femperature control time of solar cell in PV/PCM system, for example, when the thermal
conductivity is increased from 0.2 W/(m-K) to1.5 W/(m-K) undet a thickness of 4 cm, the duration when PV/
pCM solar cell temperature is controlled below 40°C and extended from 52 min to 184 min. In addition,
pV/PCM experimental prototypes are designed with the LA-SA-EG composite PCM peak melting point of
46°C and thermal conductivity of 0.8 W/(m:K) and 1.1 W/(m:K), respectively. The results indicate that
compared with PCM-free solar cells, the maximum temperature of PV/PCM prototype solar cells with
thermal conductivity of 0.8 W/(mK) and 1.1 W/(m-K) is reduced by 10.8°C and 4.6°C, respectively, with
average output power increased by 4.1% and 2.2%, respectively, under simulated light sources. Under
natural light conditions, the average output power is increased by 6.9% and 4.3%, respectively. The results
provide theoretical and experimental basis for the optimization of PV/PCM design by changing the

KEYWORDS

PCM (photovoltaic/phase

conductivity

Phase change material; PV/

change material); solar cells;
temperature control; thermal

thermal conductivity of PCM,

1. Introduction

Development of the world economy is accompanied by coun-
tries’ increasingly prominent dependence on energy. However,
traditional petrochemical energy has diminishing storage and
brings ambient atmosphere pollution in use. Therefore, the
development and utilization of renewable clean energy have
become a national strategy of countries around the world. Solar
Photovoltaic (PV) power generation represents one of the most
Extensive applications. In China, at the end of 2019, installed
“pacity of solar PV power generation has reached 210 GW.
Nevertheless, in solar PV power generation, solar cells can only
‘onvert 5-17% of incident solar energy into thermal energy.

ore than 80% of solar energy is converted into thermal
thergy, causing the increased temperature of solar cells (Al-

acliet al. 2017a). When the temperature of crystalline silicon
$olar cells exceeds 25°C, its conversion efficiency will reduce by
04~0.65% for every increase of 1°C (Hasan et al. 2010;
Aziemska 2003). Hence, increased temperature of solar
s is one of the main factors leading to decreased output
5 OWer. Controlling solar cell temperature has already become

"ew research area (Browne, Norton, and McCormack 2015;

tang et al. 2011; Ma, Yang, and Zhang 2015). Where phase

hge materials (PCM) maintain the same temperature while
ers_ofbing heat during the phase change process. Such charac-
: Stic attracts wide research and application interest in solar

Lthermal control. For example, using finite element analysis,

011, Huang et al. (2006a), and Huang et al. (2006b) analyzed

the thermal and electrical characteristics of a solar thermal
control system of PV/PCM. The study shows that building
a solar cell thermal control system using PCM can increase
the output power of PV systems by 6%. Smith, Forster, and
Crook (2014) established a 1D PV/PCM model and studied the
photoelectric and thermal characteristics of PV/PCM at differ-
ent temperatures. Tan (2013) research shows that PCM appli-
cation in concentrator solar cells can increase the output
conversion efficiency of solar cells by 5% and reduce the solar
cell temperature by 15°C. Mousavi Baygi and Sadrameli (2018)
designed a PV/PCM system using polyethylene glycol as PCM.
Experiments show that compared with solar cells without PCM
thermal control, the temperature is reduced by 15°C and the
conversion efficiency is increased by 8%. Jungwoo, Taeyeon,
and Seung-Bok (2014) designed a PV/PCM experimental sys-
tem. Experiments show that the solar cell temperatute in the
PV/PCM system is 5°C lower compared to a single solar cell,
and the conversion efficiency is increased by about 3.1%. Hasan
et al. (2014) carried out experimental research on the designed
PV/PCM system under the irradiance of 1000 W/m? The
results showed that the solar cell temperature decreased maxi-
mally by 18°C within 30 min and decreased by 10°C within
5 hr. In addition, Malvi, Dixon-Hardy, and Crook (2011)
added metal fins to the PCM thermal control unit to improve
PV/PCM performance. The results show that a 10% increase in
PCM thermal conductivity can increase PV power generation
by 3%. Nada, El-Nagar, and Hussein (2018) conducted
a comparative test on solar cell thermal control systems
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Abstract For the wireless sensor node integrated with
photoelectric micro-power supply, the photoelectric micro-
power supply (PMPS) determines their life time, stability
and adaptability to the local environment. The design of
PMPS involves the study related to incident light power,
photoelectric conversion efficiency of solar cells, charac-
terization of storage devices, energy management and
operation state control of sensor nodes, etc. The design
process of PMPS is complicated. In this study, in order to
simplify the design process of the PMPS and optimize it, we
analyze all of the power parameters for the PMPS for sensor
nodes. According to the energy transmission modes of PMPS
for sensor nodes, the design model of PMPS is established.
The rationality of PMPS is verified by experiments and
simulations based on wireless sensor node (Ginze3).

Keywords Solar cells - Micro-power supply - Modeling -
Sensor nodes

1 Introduction

Sensor nodes integrated with photoelectric micro-power
supply (PMPS) is widely researched in recent years. Pro-
metheus [1] and Heliomote [2] are the earliest sensor nodes
using PMPS. The sensor nodes using photoelectric and
thermoelectric hybrid micro-power supply is presented in
our reports (3, 4]. For sensor nodes integrated with PMPS,
however, the schemes of energy conversion, €nergy storage
and energy management determine the lifetime of sensor
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nodes and its capability to the local environment. The design
process of PMPS is related to many factors: solar irradiance,
photoelectric conversion efficiency of solar cells, the power
consumption of sensor nodes, etc. [5, 6]. In order to simplify
the process of the designing PMPS and optimizing PMPS, it
is necessary to establish the design mode] of PMPS. In this
paper, first, all power parameters of different subsysiem in
PMPS are introduced and their characteristics are analyzed.
Second, according to structure of PMPS, the modes of energy
transmission are introduced and the characteristics of energy
transmission are studied. Third, the designing model of
PMPS is established based on the modes of energy trans-
mission. Four, results of simulation combined with Ginze3
for the designing model and experiment results of sensor
node integrated with PMPS are introduced.

2 Power Parameters Analysis of PMPS

Sensor nodes integrated with PMPS are comprised of four
subsystems: energy conversion subsystems, energy storage
subsystems, energy management subsystems, and sensor
nodes. The structure diagram of PMPS is shown i Fig:-1:

In Fig. 1, A and B show different modes of energy
transmission in PMPS respectively. In order to establish the
design model of the PMPS and to optimize the PMPS, it is
necessary to analyze all power parameters for different
subsystems of PMPS and to analyze different modes of
energy ranSmission.

2] Power Parameters of Energy Conversion
Subsystem

In the energy conversion subsystem, solar cells convert
light energy 1nto electrical energy. The output efficiency of

é@ Springer
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Abstract: The advantages of the wireless sensor nodes, integrated with the solar photovoltaic (PV) micro-power supply, have
been proved, and some design technologies of the solar PV micro-power supply have been proposed in the previous report.
However, using the wireless sensor nodes integrated with the solar PV micro-power supply is limited in complex illumination
conditions because of the low energy conversion efficiency of the solar PV micro-power supply. To enlarge application
environment of the wireless sensor nodes integrated with the solar PV micro-power supply, it is crucial to enhance the energy
conversion efficiency of the solar PV micro-power supply in complex illumination conditions. In the study, a novel solar PV
micro-power supply using the optimal voltage control technique and the solar cells array in series—parallel has been designed.
Moreover, the wireless sensor node integrated with the solar PV micro-power supply has been achieved. In different
illumination environments, the performances of the solar PV micro-power supply have been tested. According to test results,
the solar PV micro-power supply can keep high output conversion efficiency and the output stability in complex illumination

conditions.

1 Introduction

In order to prolong the working lifetime and realise self-
Power of wireless sensor nodes, the wireless sensor nodes
tegrated with solar photovoltaic (PV) micro-power
Supply have been widely studied in recent years. The
Sensor nodes integrated with solar PV micro-power supply
bave been achieved, such as Prometheus [1], Heliomote
1 In the solar PV micro-power supply, the solar cells
3“5 conventionally connected in series to obtain the desired
eohage, and the output of solar cells is directly stored in
Sr:efgy storage devices. to simplify the energy management
t33t€m. Thus the efficiency of these systems is lower, and
]evl‘easonable charge requirement of the energy storage
eeg’l?es cannot be met. In order to improve the output
llsegle_ncy of the‘ solar cells array, the MPPT technique is
! the design of the solar PV micro-power supply
;‘O]‘?] However, the effect of MPPT is not significant in
war cells array with low output voltage and low power
;:T]Io improve the output efficiency of the solar cells
N @ wath low output voltage and low power, the
Plimal voltage control technique 1s proposed [8, 9], and
?C design model of the solar PV micro-power supply
the f:stabhsl ed [I‘O] In addition, .the. pho‘tovoltaic
Moelectne hybnd micro-power supply is designed as

IET /.
| Wirel. Sens. Syst., pp. 1-6
1 10.1049/iet-wss.2011.0078

the power supply of the wireless sensor nodes. The
thermoelectric generator converts the thermal energy from
the rear surface of solar cells into the electrical energy.
The utilisation efficiency of environmental energy 1is
enhanced by using photovoltaic thermoelectric  hybrid
energy harvest [11, 12]. However, in the micro-power
supply using the environment energy, the effect of the
different light conditions to the energy conversion
efficiency is larger. Moreover, so far researchers seldom
consider the techniques of solar PV micro-power supply
for improving the energy conversion efficiency in partial
shading or complex ‘illumination environments. To solve
this problem, we design a novel solar PV micro-power
supply by using the optimal voltage controller and the
solar cells array in series—parallel.

The body of this paper includes three parts. [n Section 2,
we have introduced the characteristics of the solar celis
array in series and the solar cells array in senies—parallel,
and designed a prototype of solar PV micro-power supply
by using the optiral voltage controller and the solar cells
array i series—parallel In Section 3. we have carried out
the experimental test for the prototype of solar PV micro-
power supply in different illumination environments, and
analysed the expenmental results. The conclusions have
been presented in Section 4.

- = Torhn v 2071
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Abstract. In order to reduce volume of MEMS wireless sensor with solar photoelectric
micro-power supply, the integration scheme of solar photoelectric micro-power supply on chip is

roposed in the paper. The scheme is consisted of seven main process steps, and has higher process
compatibility. The characteristics of the integrated devices of the solar photoelectric micro-power
supply are analyzed by using the semiconductor theory. The results show the device characteristics
meet the requirement of the solar photoelectric micro-power supply. Moreover, the technology
improving conversion efficiency of solar cells on chip is proposed by use of the back surfaces field
(BSF). The conversion efficiency of solar cells reached 13.4%.

Introduction

With development of MEMS and microelectronics technology, the power consumption and volume
of MEMS wireless sensor are decreased significantly. Thus, the micro-power supply integrated
MEMS wireless sensor is attracting more and more attentions [1-3]. Examples, the wireless sensor
nodes of Prometheus and Heliomote which power supply by the solar photoelectric micro-power
supply were introduced [4-5]. The volume of solar photoelectric micro-power supply is larger. Bellew,
et al. introduced integrated system of CMOS circuit and solar cells. In the system, the conversion
efficiency of solar cells reached about 11% and output voltage of solar cells is 88V[6-7]. Others, West
et al. proposed a kind the preparation method of micro lithium ion battery[8]. In the method, the solid
lithium battery was deposited on chip. But, the key technology problems of integrated solar
photoelectric micro-power supply on chip were not ‘ntroduced in detail. In the paper, the integration
scheme of the solar photoelectric micro-power supply on chip is proposed based on the structure and
preparation technology of solar calls and CMOS circuit, etc. The scheme is consisted of seven main

process steps and has high process compatibility. Moreover, the technology improving conversion
efficiency of solar cells is proposed based on the back surfaces field (BSF).

Basis of solar p_hotaelectric micro-power supply on chip

According to technology foundation of integrated circuit on chip, three basic principles are proposed
for integrated solar photoelectric micro-power supply on chip: 1) the electric isolation between
different devices. 2) the solar cells array should have high energy conversion efficiency and small size.
3) the preparation process of different devices should have high compatibility.

For studying preparation technology of integrated solar photoelectric micro-power supply on
chip, the structure and material characteristics of solar cells and devices (CMOS transistor, resistor
capacitor, etc) are analyzed. The Si material with the resistivity of approximately 2.5¢2.cm is chosen
as devices lay on SOI wafer. Others, the relationships of thickness and conversion efficiency of Si
solar cells are analyzed. The results are show in Table 1.

Table.1. Relationship of thickness and conversion efficiency of solar cells

Thickness Sonspasian Thickness COHV?rSiOH
B efficiency ~ efficiency
10{um] 8. 7[%] 100Tpm] 12.8 [%]
207 pm] 10 (%] 150(um] 3. 37(%)
30{pm] 10. 8[%) 200(pm 3. 58[%]
40 [pm) 11. 4[%] 250{pm] 13. 68[%)]
50 {pm] 11. 8[%] 300 (pm] 13. T1[%]
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APPL[CATION AND EXPERIMENT OFCQMP JJND PARABOLIC
CONCENTRATOR (CPC) IN PHOT‘VOLTAIC / THERMAL
SOLAR SYSTEM

Xiao Lixian, He Yongtai
( Department of Physics and Electron Science , Chuxiong Normal University , Chuxiong 675000, China)

\stract: In order to study the application characteristics of compound parabolic concentrator (CPC) in photovoltaic /
(pstract: 3

[;,,»rmal solar system, the heat transfer mechanism of the CPC-PV/T collector was analyzed, and the theoretical model of
. CPC-PV/T solar system was established. The photo-thermal and photoelectric conversion characteristics of the system
sere studied based on the theoretical model. The results show that the application of CPC in the PV/T system can
<anific antly improve the photoelectric conversion efficiency of the PV/T system but also reduce the heat transfer
performance of the svstem 1o a certain extent. [n addition, Lhe prototypes of the non-conc entrating PV/T solar system and
ihe CPC-PV/T solar system were designed in this study. Moreover, the photo- thermal and photoelectric characteristics of
wwo prototypes were tested and compared. The thermal efficiency and output power efficiency of the CPC-PV/T system
cere 39.6% and 5.49% . respectively, while that of the non-concentrating PV/T system were 449 and 4.1% ., respectively.
The experimental results are consistent with h theoretical analysis.
Keywords: compound parabolic  concentrators (CPC) ; photovoltaic/thermal (PV/T) system; photo- thermal

characteristics ; thermal efficiency; photoelectric characteristics
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ABSTRA(,T &

‘‘‘‘‘‘ \‘ptincf the element diffusion
scheme with pure and scr eened C‘oulomb potenti 'll's"‘The'cofé composmons are thermonuclear
burning results derived from mesa. mesa yields composition profiles that the version of WDEC
used in this work could not accommodate (most notably, the presence of helium in the core
of the model). According to the theory of rotational splitting, Fu and colleagues identified six
triplets for the DAV star HS 0507 4 0434B based on 206 h of photometric data. The grids of
DAV star models are used to fit the six reliable m = ( modes. When adopting the screened
Coulomb potential, a best-fitting model of log(My./M.) = —3.0, log(My/M..) = —6.1, Tos =
L1 790K, M, = 0.625 Mg, log g = 8.066 and o gys = 2.08 s was obtained. Compared with
adopting the pure Coulomb potential, the value of orys is improved by 34 per cent. This study

may provide a new method for research into mode-trapping properties.

Key words: asteroseismology: individual (HS0507- --0434B) — white dwarfs.

1 INTRODUCTION

White dwarfs are the last observable evolutionary stage of almost
98 per cent of all stars (Winget & Kepler 2008), so it is important to
study them because of their wide significance. White dwarfs have
masses of the order of the Sun and volumes of the order of the
Earth, so they have high densities and super-gravity and are natural
laboratories for the study of the extreme physical laws of super-
gravity and degenerate electrons. The electron degenerate core and
the ideal gas atmosphere are the basic structures of white dwarfs.
White dwarfs with a H-rich atmosphere are termed DA-type white
dwarls, while DB-type white dwarls have an atmosphere rich in
He, and DO-type white dwarfs have one rich in ionized He. C
and O lines are also present in the atmosphere of DO-type white
dwarfs, for example in PG 1159 — 035 (Werner, Heber & Hunger
1991). The process of thermonuclear burning basically stops, and
cooling (together with contraction early on) dominates the evolution
of white dwarfs. Along the white dwarf cooling branch, there arc
DOV (DO-type variable white dwarfs), DBV and DAV instability
strips. The instability strip ranges from ~170 000 to ~75 000 K for
DOV stars, from ~29 000 to ~22000K for DBV stars, and from
~12270t0 ~10850 K for DAV stars (Winget & Kepler 2008).
Asteroseismology is a progressive and powerful tool with which
to probe the inner structure of stars. It is very important to
have reliable mode identifications and physical theoretical models.

* E-mail: yanhuichen1987@ 126.com

In recent years, based on large telescopes, WET (Whole Earth
Telescope) runs, multisite observations, and space missions such
as Kepler and TESS, asteroseismological studies on white dwarfs
have made considerable progress.

There are many progresses in the study of physical theoretical
models. The White Dwarf Evolution Code (wdec) calculates
the white dwarf cooling processes (Bischoff-Kim & Montgomery
2018). As an open-source code, wdec is very convenient for calcu-
lating grids of white dwarf models with artificial core compositions.
1pcode is used to produce full evolutionary white dwarf models
from the main-sequence stage. During the white dwarf evolution, the
time-dependent element diffusion effect is added (see Althaus et al.
2010; Romero et al. 2012, and their recent papers). The Modules for
Experiments in Stellar Astrophysics code (mesa) can evolve a star
from the pre-main-sequence stage to the white dwarf stage (Paxton
et al. 2011). It is also open-source software. Chen & Li (2014a)
added the core compositions of white dwarfs evolved by mesa to
wdec to evolve grids of white dwarf models, The thermonuclear
burning core is more physical than previous artificial cores in wdec.
Suetal. (2014) incorporated the scheme of Thoul, Bahcall & Loeb
(1994) into wdec to treat the element diffusion of H, He, C and
O. The equation of the Coulomb logarithn (equation 9 in Thoul
et al. 1994) is for a pure Coulomb potential with a cutoff at the
Debye radius. White dwarfs are extremely compact objects with
super-gravity fields, however, so in the high- -density stellar plasma
environment the screened Coulomb potential may be more suitable.
Paquette et al. (1986) provided a better description of the white
dwarf plasma using the screened Coulomb potential.

© 2020 The Author(s)
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With 78.7 d of observe;?%;ﬁSifQ\n,EGtOJ*I"Z?{— 104, a pulsating DB star, from Campaign 8 of Kepler
2 mission, Hermes et al. made a detailed mode identification. A reliable mode identification,
with 5/ = 1 modes, 3 [ = 2 modes, and 3 / = 1 or 2 modes, was identified. Grids of DBV
star models are evolved by wpec with element diffusion effect of pure Coulomb potential and
screened Coulomb potential. Fitting the identified modes of PG 01124104 by the calculated
ones, we studied the difference of element diffusion effect between adopting pure Coulomb
potential and screened Coulomb potential. Our aim is to reduce the fitting error by studying
new input physics. The starting models including their chemical composition profile are from
white dwarf models evolved by MEsa. They were calculated following the stellar evolution from
the main sequence to the start of the white dwarf cooling sequences. The optimal parameters
are basically consistent with that of previous spectroscopic and asteroseismological studies.
The pure and screened Coulomb potential lead to different composition profiles of the C/O-He
interface area. High k modes are very sensitive to the area. However, most of the observed
modes for PG 01124104 are low k modes. The o rys taking the screened Coulomb potential
is reduced by 4 per cent compared with taking the pure Coulomb potential when fitting the
identified low k modes of PG 0112+104. Fitting the Kepler 2 data with our models improved
the orums of the fit by 27 per cent.

Key words: asteroseismology —white dwarfs.

There are now at least 20 DBV stars observed (Corsico 2009).

1 INTRODUCTION

White dwarfs are the final evolutionary state for most of low and
medium mass stars, which corresponds to around 98 per cent of the
end state of all stars (Winget & Kepler 2008). For most white dwarfs,
the nuclear fusion has basically stopped. Therefore, the white dwarfs
gradually cool down through radiating. Along the evolution track
of white dwarfs in the Hertzsprung—Russel diagram, there are DOV,
DBV, and DAV instability strips. The DO type white dwarfs have
rich helium (He) atmosphere with strong Henn lines and the DOV
instability strip is basically from 170000 to 75000K (Cdrsico,
Althaus & Miller Bertolami 2006). The DB-type white dwarfs have
rich He atmosphere with strong He I lines and the DBV instability
strip is basically from 29 000 to 22 000 K (Beauchamp et al. 1999,
Bischoff-Kim & @stensen 2011). The DA-type white dwarfs have
rich hydrogen (H) atmosphere with only Balmer lines and the DAV
instability strip is basically from 12270 to 10850 K (Gianninas,
Bergeron & Fontaine 2005, Gianninas, Bergeron & Fontaine 2011).

* E-mail: yanhuichen1987@ 126.com
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The DBV stars can be used as an excellent probe to study the
energy loss rate for plasma neutrino. The neutrino luminosity and
photon luminosity have different characteristics at the blue and red
ends of the DBV instability strip (Winget et al. 2004). The rate
of period change for hot DBV stars, such as the DBV star EC
20058—5234 and PG 01124104, would be closely related to the
plasma reaction. With pure-He DB models, Beauchamp et al. (1999)
fitted EC 20058 —5234 with effective temperature of T = 28 400 K
and fitted PG 01124104 with Ty = 31 500 K.

EC 20058—5234 is the eighth DBV star found with a magnitude
of V= 15.6 (Koen et al. 1995). Sullivan et al. (2008) presented an
analysis of a total of 177 h of high-quality optical time series pho-
tometry on EC20058—5234 and identified eight independent / = 1
or 2, and m = 0 modes. The index [ is the spherical harmonic de-
gree and  is the azimuthal number. Based on those eight identified
modes, they did asteroseismological study on EC 20058 —5234 and
then obtained optimal models with e ~ 28200 K. Their astero-
seismological results are consistent with the pure He spectral fitting
of Ty = 28 400 K (Beauchamp et al. 1999). The asteroseismology
method is feasible and effective for the hot DBV star.
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ABSTRACT
With 78.7 d of observations for PG 0112+ 104, a pulsating DB star, from Campaign 8 of Kepler
2 mission. Henmes et al. made a detailed mode identification. A reliable mode identification,
with 8 1= [ modes. 37 = 2 modes, and 3 /= 1 or 2 modes, was identified, Grids of DBV
star models are evolved by wore with element diffusion effect of pure Coulomb potential and
sereened Coulomb potential. Fitting the identified modes of PG 01124104 by the calculated
ones, we studied the difference of element diffusion effect between adopting pure Cotlomb
potential and sereened Coufomb potential, Our aim is to reduce the fitting error by studying
new input physics, The starting models including their chemicat composition profile are from
white dwarf models evolved by sesa. They were cateulated following the stellar evolution from
the main sequence to the start of the white dwarf cooling sequences. The optintal parameters
are basically consistent with that of previous speetroscepic and asteroseismological stadies.
The pure and screened Coulomb potentint tead 1o different composition profiles of the C/O-He
interface arca. High & modes are very sensitive to the area. However, most of the observed
modes for PG O 24104 are low & modes. The oy taking the screened Coulomb potential
is reduced by 4 per cent compared with taking the pure Coufomb potential when fitting the
identified Tow & modes of PG 0124104, Fitting the Kepler 2 data with our models improved
the gy of the fit by 27 percent.
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