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Magnetically stirring enhanced thermal performance of phase L))

change material

Dao-Yu Sun’, Si-Xin Yan', Zhi-Zhu He' O ¢ Olasds
Vel Dngmoering, Collegr of Dngineering. Cha Agricuininil Unvensy, Srng 1000, COhina

A“"““BGIAKQIJS ABSTRACT 0&_‘?

Nyt — Here we report an active methed 1o enhance the thermal performance of phase change material
Phune (Nange mumeriad (PEM) based o0 magnetcally stirring method, The magnetic bead with small size embedded in
Mugretcslly waming the contaimer Mlled with octadecanal, Is driven 1o rotate by rotating magnetic feld, and induce
Heat & anader the forced comvective heat tranafer of the liquid octadecanol. We investigate the impact of ro-
Riszy sareg Sedvabegy (ating magnetc velocity, magnetic bead size, the distance between magnetic bead and rotating

pernsament mageet on the srface temperature of the simulated heating plate. The experimental
resules indicaced a1 magnencally suming adwionsdy Improve the heat tranafer from laquid phase
10 solld phane of cctadecanol and make smulated heat source kovp & Jowet and smoother tom-
perature placiorm. We abio find St the bast condition point could be detarmnad by masching
the rotathon velocity for the given size of magnetic bead, These results ate expecied to peovide
Insights (nto the design s epamizatin of latent heat thernsal energy steeage systeme

dalla
b Introduction =

The phase change materials (PCM) basad energy storage techaology, which arc used In lntent hent energy storage and almed to
beidpe the gap between encrgy supply and its demand, has been widely applicated in varlous arcas to impeove the performance and
reliability of the encrgy system, such as solar energy utilization (1], vehicke component thermal buffering (2], bullding tempeorature
adjusting [3.4), and electronic component thermal protection [5.6). The thermal energy transfer occurs when PCM transfer during
melting from solid 1o liquid for absorbing heat, or solidification from liquid to solid for releasing heat, which keeps 3 nearly constant
temperature. The latent heat of PCM s much larger than the seasible heat of conventional material like water, which thus has an
attractive advantage of high thermal storage density with small temperature variations. However, most of POMs have Jow thermal
conductivity, with the exception of metallic-based PCM 171, such 25 0.1-0.7 W/m °C for orgnnic materials and 0.5-1.5W/m °C for salt
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sink based on magnctically stirring. The magnetic bead embedded in the Octadecanol container, is applied to induce liquid
Octadecanal from natural convection to forced convective heat transfer through external rotating permanent magnet driven by micro
motor with less 1 W power supply. We discuss in detail the impact of rotation velocity, size of magnetic bead, the distance between
magnetic bead and ratating permanent magnet on the enhanced thermal performance of POM,

2. Experimental method =— (Lb &3)) uﬂ.)ea Jig'}

The schematic diagram of experimental setup is shown in Fig. 1. A rectangular-shaped prototype heat storage copper-container
with outer dimensions of 68 mm x 68 mm x 105 mm and wall the thickness 5 mm. Octadecanol (purchased from Shanghai Macklin
Biochemical Ca, Lid) is chosen here as the POM and enclosed in the copper-container with the fixed volume about 357 mL. The
melting point of octadecanol is about 55,6 °C, and its volumetric latent heat Is 214.3MJ/m’, the density about 894 kg/m” for solid
phase, and the thermal conductivity about 0.27 3 W/m 'C for solid phase and 0.175 W/m °C for liquid phase [24]. The ceramic heating
plate with the size SOmm > SOmm % 2 mm s used as the simulated heat sink, which is suppled by DC-power. The copper-container
and heating plate are compressed tightly and its contacted surface smeared with the silicone grease for reducing the thermal contact
resistance. Two T-type thermocouples are placed at the center of the contacted interface between copper-container and heating plate
to monitor the temperature of heating plate surface. The temperatures data are acquired by Keysight 34970A data acquisition and
saved in laptop. The whole copper-container and heating plate are packaged with the thermal insulation material of asbestos to
climinate the heat transfer from environment.

10
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type thermocouples were corrected by ice-point reference, which obtains an uncertainty of = 0.1 °C in the temperature measure-
ments. The electrical power supplied to the module is directly measured by Keysight 34970A data acquisition, and the power is
calculated from Ohm's law, The error propagation analysis applied to this measurement leads to an estimated uncertainty of = 1% of
the reading.

o by

Once the heating plate starts work, the heat is transferred to solid PCM by heat conduction. Immediately after this, PCM melting
occurs when the temperature more than 55.6 "C, and its liquid-solid interface moves away from the bottom of copper-container. The
natural convection of liquid octadecanol due to temperature-induced the density gradient becomes major determinant for heat
transfer as the melting process continues [17). The principle of thermal performance enhancement method developed here is to
accelerate liquid region flow through magnetically stirring, which could significantly improve the heat transfer between the bottom
surface and the PCM.

Fig. 2 shows temperature evolution at the center of the heating plate surface with different motor rotation speeds and heating
powers for No. 2 magnetic bead, where no adjusting-height layer is considered. The case without magnetic bead is corresponding to
rotation speed of Or/min. There are three temperature stages before PCM completely melting for all the cases as shown in Fig. 2A.
The temperature raises very fast at the first stage, and slows down at the second stage beginning with the temperature transition point
at about 55-60 “C due to the cooling effect of PCM melting. The rising slope of temperature becomes much smaller at the third stage

11
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type thermocouples were corrected by ice-point reference, which obtains an uncertainty of = 0.1 °C in the temperature measure-
ments. The electrical power supplied to the module is directly measured by Keysight 34970A data acquisition, and the power is
calculated from Ohm's law, The error propagation analysis applied to this measurement leads to an estimated uncertainty of = 1% of
the reading.

T

Once the heating plate starts work, the heat is transferred to solid PCM by heat conduction. Immediately after this, PCM melting
occurs when the temperature more than 55.6 "C, and its liquid-solid interface moves away from the bottom of copper-container. The
natural convection of liquid octadecanol due to temperature-induced the density gradient becomes major determinant for heat
transfer as the melting process continues [17], The principle of thermal performance enhancement method developed here is to
accelerate liquid region flow through magnetically stirring, which could significantly improve the heat transfer between the bottom
surface and the PCM.

Fig. 2 shows temperature evolution at the center of the heating plate surface with different motor rotation speeds and heating
powers for No. 2 magnetic bead, where no adjusting-height layer is considered. The case without magnetic bead Is corresponding to
rotation speed of Or/min. There are three temperature stages before PCM completely melting for all the cases as shown in Fig. 2A.
The temperature raises very fast at the first stage, and slows down at the second stage beginning with the temperature transition point
at about 55-60 “C due to the cooling effect of PCM melting. The rising slope of temperature becomes much smaller at the third stage

4. discussion
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EXAMPLE OF INTRODUCTION

“Recently, there has been a shift in the internationalization literature, from the
strategic (e.g., diversification), ......to sensemaking theories which contend that a
firm’s success in international markets is tied to managerial mindsets-the lens
through which top managers view the environment and make

decisions....... Despite its importance, several gaps persist in research on
sensemaking in internationalization. First, ....... Second,.....Finally,......We
address these important gaps by developing and testing an integrated
sensemaking model that ties domestic mindset of top managers to international
industry conditions and early international performance..................We theorize
that ...The fit between the international industry conditions and domestic
mindsets of top managers will maximize early international performance..

Theoretically, our results extend previous literature in two ways....Moreover, our
results inform top managers .....on how to reduce the risks of failures and how to
successfully prepare for and cope with international environments by matching
their domestic mindsets with the international industry environments........"
(Nadkarni, Herrmann, and Perez, 2011; pg.510 and 511).
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EXAMPLE OF INTRODUCTION
(Bowen & Wiersema, 2005)

“For over 30 years the topic of corporate
diversification strategy has been a central
focus of strategy research. Despite the
importance of this topic, few studies
consider the fundamental question of how
corporate diversification strategy evolves in
response to changes in a firm’s business
environment. ............ A significant source of
change in business conditions since the late
1970s has been the growing presence and

pressure of foreign competition...” (p.1153).
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EXAMPLE OF INTRODUCTION
(Bowen & Wiersema, 2005)

“This paper seeks to fill this important gap, and
to contribute to the literature on corporate

diversification strategy, by providing a
theoretical framework and thorough empirical
examination of how the hostile competitive
conditions engendered by foreign-based
competition in a firm’s core business influences
a firm’s choice of both the extent and nature of
its diversification; relationships not previously
examined...” (pg.1154).
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METHODS

Study Design and Participants
This cross-sectional study was conducted in 2015 in Sanan-

daj, the capital city of Kurdistan Province in the westemn part of
Iran. The study population included people 15-40 years of age
who were living in 5anandaj, and the sample size was 2000
persons. Using the cluster sampling method, 10 persons who
were within the desired age range were selected from each

Outcome Measures

In this study, the DMF index was the outcome measure used
to determine the number of DMF. In order to analyze the data,
first we determined the DMF index and then converted it to a

Statistical Analysis

The concentration curve and concentration index were used
to measure inequality. If all the people in various socioeco-
nomic groups have the same health status, the concentration
index will be zero and the concentration curve will be tangent
to the line of equality. If a given variable is concentrated in low
SES groups, the concentration index will be negative and
above the line of equality, and if it is concentrated in high SES
groups, the concentration index will be positive and below the
line of equality [25].
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" Material and Methods

1 Write the methods section first because it is the easiest
to write.

 Provide enough details for competent researchers to
repeat the experiment

 Start writing when experiments still in progress

1 Study design-new methods must be described in detail
J Supplies, manufacturer needs to be added

1 Animal, human details

(J Measurements/ instruments

] Statistical analysis and data collection
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95%CI: 0.15-0.19). Specialists with the age 40 yr
and more, individuals with more than five years
of job experience and physicians with Contractu-
al and Permanent public sector employment rela-
tion had also more DP (P<0.05). In surgery spe-
cralists, urology had the highest [OR=1.85;
95%(CI: 1.52-2.25) and anesthetics had the lowest
(OR=0.35: 95%: CI: 0.31-0.40) for DP engage-
ment (Table 4). e—8
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Figure 1. Concentration curve of the decayed, missing, and
filled teeth (DMF) index.
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Results

" Include only data of primary importance i.e. the main and unexpected
findings (use supplementary data for data of secondary importance)

® Use sub-headings to keep results of the same type together and avoid
redundancy

" Use figures and tables for efficiency and clarity
" Provide statistical analyses
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Discussion

. Hardest section to write, but it is also the most
Important.

J Answer the question posed in introduction

[ Correlation of your finding with the existing
knowledge

] Discrepancies between new results and
previously reported results.
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Abstract

" Keep it as brief as possible

" Summarize the problem, methods, results, and conclusions
" Make sure it is clearly written and easy to understand

" Make sure it is accurate and specific while also being catchy
= Write last so accurately reflects the content of the paper

Follow the Rule of 10
1-2 sentences: aim
2-3 sentences: materials & methods
2-3 sentences: results
2 sentences: discussion/conclusions
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