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Based on the author’s previous related research and numerical simulation, in this paper the
experimental study and theoretical analysis were conducted about the heat transfer
characteristics of ordinary heat pipe and water-based magnetic fluid heat pipe under the DC
magnetic field by combining the unique properties of magnetic fluid and magnetic field in heat
transfer, to verify another new technology and improve the heat transfer enhancement of heat
pipes. The comparative experimental results show that under the action of DC magnetic field,
the heat transfer performance of the two pipes is directly proportional to the applied magnetic
field strength; when the strength of the applied DC magnetic field is 150Gs, the heat transfer
rate of the magnetic fluid heat pipe is increased by 15% more than that with no magnetic field;
the heat transfer rate of the ordinary water heat pipe is increased by 9% more than that with no

magnetic field.

1. INTRODUCTION

Adding magnetic particles to the water-based fluid shall
generate one new type of enhanced heat transfer medium,
which has greatly improved in heat transfer performance
compared to the base fluid. Experimental studies have found
that the addition of magnetic particles to the fluid significantly
increases the thermal conductivity of the suspension. Shung,
Barzi, Y.M, and Wen Kang [1-2] studied the effect of
nanoparticle concentration and particle size (particle size
10nm and 35nm respectively) on the enhanced heat transfer
performance of heat pipes. Then, it was found that the increase
in the particle size of nanoparticles can effectively reduce the
thermal resistance of heat pipes and enhance the heat transfer
capacity. Meanwhile, it’s found that the heat transfer
coefficient of water vapor condensation increases with the
magnetic induction intensity [3-5], the magnetic field can also
increase the heating rate of water and oil rapidly, and the water
and oil magnetization time will not affect the water heating
rate; when the applied magnetic field strength exceeds a
certain value, the heat flux density will increase rapidly.

Now, the heat pipe, as the heat transfer element, has been
developed maturely, but as an enhanced heat transfer
technology, it is still in its infancy [6]. The heat transfer
performance of enhanced heat pipe is the future research focus
of heat pipe technology. Therefore, in this paper, the water-
based magnetic fluid and applied magnet were applied to the
heat pipe, and based on the previous related research and
numerical simulation, a series of experimental research and
theoretical analysis were carried out to verify the new
technology in the heat transfer enhancement of heat pipes.

2. EXPERIMENTS

The experimental facility and measuring system mainly for

1116

the enhanced heat pipe with magnetic field include: heat pipe,
thermostatic water device, heat exchange unit, magnetic coil,
voltage  regulator, rectifier, inspection instrument,
thermocouple, HT201 portable digital Gauss meter, computer,
and link water pipe, etc. Figure 1 shows the schematic diagram
of experimental facility. The heat pipes used in the experiment
were provided by the High-Efficiency Heat Exchange
Laboratory of Hunan Province, Changsha University of
Science and Technology. The heat pipe is a copper tube, with
the outer diameter Doysige=16mm, the inner diameter
Dinsiee=14mm, the wall thickness d=Imm, and the length
L=1000mm, and then the total volume/capacity of heat pipe is
V=3.14 (Dinside/2)2L=153.86ml.

The working mediums filled in the experimentally tested
heat pipes were H.O and Fe304-H,O magnetic fluids (the
diameter of the Fe3O4 solid particles was 5-8 microns). The
magnetic fluid was prepared by the stirring method, and the
mass fraction was 10%. The filling amount of the working
fluid was 20% of the heat pipe volume [7], and taking the
remaining amount of 5%, the actual filling amount of the
working medium was 34ml. The optimal length ratio of the
evaporation end to the condensation end in the vacuum heat
pipe was calculated by the thermal efficiency factor F'vp of the
heat pipe flat-plate collector [8-10], with the length of the
evaporation section Le=0.8m, that of the condensation section
Lc=0.1m, and that of the adiabatic section La=0.1m.

When building the experimental bench, the evaporation end
of the heat exchanger was placed in the magnetic coil, and the
DC current is supplied to the magnetic coil by the DC device,
thereby providing a DC magnetic field for the evaporation end
of the heat pipe. Also, the voltage regulator was used to change
the current and further adjust the magnetic field strength.

During the experiment, the 90<C hot water was supplied to
the evaporation end of the heat pipe through the constant
temperature water device (the starting temperature of the heat
pipe was 65<C), to boil the working fluid in the heat pipe and



start the phase change. By measuring the inlet and outlet
temperatures ty, t; and the flow rate g of the circulating water
at the evaporation end, the heat Q; absorbed by the heat pipe
from the heat source was calculated according to the formula
1. At the condensation end of the heat pipe, the heat pipe was
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Figure 1. Schematic diagram of experimental facility

Q=q-At-c-p (1)

where, ¢ is the specific heat capacity of water, p is the water
density, and At is the temperature difference of water
temperature.

In industrial production, heat pipes are mainly used to
recover heat and dissipate heat rapidly, that is, to use the heat
released from the condensation section of the heat pipe. For
better application, the heat quantity Q2 emitted from the heat
pipe condensation end was taken as the heat transfer rate of the

heat pipe to judge its heat transfer performance in the
experiment.

3. EXPERIMENTAL RESULTS AND ANALYSIS
Experiments were carried out on two heat pipes with

magnetic field strengths of 0Gs.60Gs, 120Gs and 150Gs

respectively. The experimental results are shown below.

(1) Applied magnetic field strength: 0Gs
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Figure 2. Heat transfer performance of two pipes with the
applied magnetic field of 0

It can be seen from the experiments that, due to the thermal
conductivity coefficient and surface tension, the average heat
transfer rate of the magnetic fluid heat pipe is 13.9% higher
than that of the water heat pipe with the applied magnetic field



of 0 (Figure 2). The water-based magnetic fluid is a mixture of
solid magnetic particles FesOs and water. The thermal
conductivity of the solid magnetic particles FesO4 themselves
is much larger than the thermal conductivity of water, and the
specific surface area of the magnetic particles Fes;O4is large,
which can accelerate the transfer of heat inside the base liquid
and increase the thermal conductivity of the base liquid.
According to the Maxwell model, Jung-Yeul Jun et al. [11],
found that the greater the concentration of magnetic fluid, the
greater the effective thermal conductivity. Solid magnetic
particles can generate Brownian motion in the base fluid
because of their small size, but not the prohibited state. Maziar
Mohammadi measured the SiO, water-based suspension,
finding that the surface tension of the liquid was reduced after
the addition of the nanoparticles [12-13].

(2) Applied magnetic field strength: 60Gs
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Figure 3. Heat transfer performance of two pipes with the
applied magnetic field of 60Gs

The experimental results show that at the strength of the
applied DC magnetic field 60Gs, the heat transfer rate of the
magnetic fluid heat pipe is 650W, and the heat transfer rate is
6% higher than that under 0Gs magnetic field. The heat
transfer rate of the water heat pipe is 553W, which is 3%
higher than that 0Gs magnetic field.

(3) Applied magnetic field strength: 120Gs
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Figure 4. Heat transfer performance of two pipes with the
applied magnetic field of 120Gs

The experimental results show that at the applied DC
magnetic field strength of 120Gs, the heat transfer rate of the
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magnetic fluid heat pipe is 681W, 11% higher than that with
0Gs magnetic field. The heat transfer rate of the water quality
heat pipe is 568W, which is 6% higher than that with 0Gs
magnetic field.

(4) Applied magnetic field strength: 150Gs
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Figure 5. Heat transfer performance of two pipes with the
applied magnetic field of 150Gs

The experimental results show that at the applied DC
magnetic field strength of 150Gs, the heat transfer rate of the
magnetic fluid heat pipe is 719W, 15% higher than that with
0Gs magnetic field. The heat transfer rate of the water quality
heat pipe is 584w, which is 9% higher than that with 0Gs
magnetic field.

In order to compare the influence of DC magnetic field on
the heat transfer performance of two heat pipes more
intuitively, the average heat transfer rate of heat pipe was used
to compare and analyse the influence trend of DC magnetic
field on two heat pipes. The results are shown in Fig 6
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Figure 6. Comprehensive comparison of the effects of DC
magnetic fields on the heat transfer between the two

The experimental results show that at the applied DC
magnetic field strength of 150Gs, the heat transfer rate of the
magnetic fluid heat pipe is 719W, 15% higher than that with
0Gs magnetic field. The heat transfer rate of the water quality
heat pipe is 584w, which is 9% higher than that with 0Gs
magnetic field.



4. RESULT ANALYSIS
4.1 Influence of magnetic field on water

Cao Jianguo [14] found in their experimental study that
after certain magnetic field enhancement, the density of
distilled water fluid medium in the heat pipe increased, and
viscosity also decreased. As the magnetic induction intensity
increases, the density of distilled water fluid medium increases
and the viscosity gradually decreases. The magnetic field also
affects the evaporation of water. No matter whether the
magnetic field is applied or not, the evaporation of water
increases with the temperature, but the evaporation rate of
distilled water after applying the magnetic field is significantly
higher than that without the magnetic field. The acceleration
of the evaporation rate will inevitably lead to an increase in the
heat transfer rate of the heat pipe.

4.2 Influence of applied magnetic field on enhanced heat
transfer of magnetic fluid heat pipe

The viscosity of the water-based Fe3O4 magnetic media is
greater than that of water. Under the action of the external
magnetic field, the water viscosity shall be reduced, but the
viscosity of the magnetic fluid is increased. Yin ShaoYou [15]
found through experiments that the direction of the magnetic
field applied in the experiment is parallel to the direction of
the magnetic fluid flow; when the direction of the applied
magnetic field is parallel to the flow direction of the magnetic
fluid media, the concentration of the magnetic fluid first
increases and then stabilizes,. Meanwhile, the concentration of
the magnetic fluid is also affected by the temperature. When
the temperature rises, the Brownian motion of the solid
particles in the magnetic fluid media intensifies, the viscosity
of the water-based magnetic fluid media decreases, and finally
the viscosity of the media decreases. In this experiment, the
constant water temperature of the heat source at the
evaporation end was stabilized at 90<C, greatly reducing the
viscosity of the magnetic fluid. The experimental results show
that the heat transfer performance of the heat pipe is enhanced,
indicating that the influence of temperature on the magnetic
fluid is the same important as that of the magnetic field on the
concentration of the magnetic fluid.

Thermomagnetic phase-change convection: The water-
based magnetic fluid media is placed under a temperature field
and a magnetic field. Due to the changes of the temperature
difference, the magnetization of the magnetic fluid media
varies, and thus the force of magnetic fluid phase change in the
heat pipe is unbalanced. At low temperatures, the magnetic
fluid has a large magnetization intensity and is subject to a
large magnetic field. The magnetic fluid flows under the
combined action of the magnetic field force and the floating
force of the fluid. Thermomagnetic phase-change convection
of magnetic fluid media is much more effective than natural
convection.  With  the temperature  characteristics,
magnetocaloric effect, thermomagnetic convection and other
properties of the magnetic fluid in the heat pipe, the magnetic
fluid can significantly enhance the heat transfer under the
action of the magnetic field. The magnetic fluid triples the heat
transfer from the solid surface to the fluid, and the orientation
of the magnetic field has a great influence on the heat transfer
enhancement effect of natural convection and boiling phase-
change heat transfer [16-17]. Thermomagnetic convection is
the main factor for heat exchanger heat exchange rate
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enhancement

5. CONCLUSIONS

(1) The thermal conductivity of FesOs-H,O water-based
magnetic fluid heat pipe is greater than that of water-
based heat pipe in terms of thermal conductivity. Addition
of solid magnetic particles to the media of the heat pipe
can enhance the thermal conductivity of the base fluid.
The applied DC magnetic field strength can improve the
heat transfer performance of the water-based heat pipe.
The applied DC magnetic field can further enhance the
heat transfer performance of the FesO4-H,O magnetic
fluid heat pipe.

@
@)

ACKNOWLEDGMENT

This work is supported by Henan Science and Technology
Research Project (152102310236; 162102210362).

REFERENCES

[1] Barzi YM, Assadi M. (2015). Evaluation of a
thermosyphon heat pipe operation and application in a
waste heat recovery system. Experimental Heat Transfer
28(5): 493-510.

https://doi.org/ 10.1080/08916152.2014.913089

Park CD, Chung KY, Tanaka H. (2013). Performance
and availability of seawater distiller with heat pipe
utilizing low-grade waste heat. Transactions of the
Korean Society of Mechanical Engineers 37(1): 81-86.
https://doi.org/10.3795/KSME-B.2013.37.1.081

Djafar Z, Putra N, Koestoer RA. (2013). The utilization
of heat pipe on cold surface of thermoelectric with low-
temperature waste heat. Mechanics and Materials 302:
410-415.
https://doi.org/10.4028/www.scientific.net/ AMM.302.4
10

Kezza M, Tabet I, Chieul M, Nafir N, Khentout A.
(2018). Analytical investigation of heat transfer of solar
air collector by Adomian decomposition method.
Mathematical Modelling of Engineering Problems 5(1):
40-45.

https://doi.org/10.18280/mmep.050106

Yakomaskin AA, Afanasiev VN, Zubkov NN, Morskoy
DN. (2013). Investigation of heat transfer in evaporator
of microchannel loop heat pipe. Journal of Heat Transfer
135(10): 539-546.

Wang Zb, Zhang YB, Wang ZD, Xie SS, Hao Y. (2012).
Study on heat pipe sink for cooling high power LED.
Proceedings of SPIE - The International Society for
Optical Engineering 8419: 1-6.
https://doi.org/10.1117/12.976018

Fiaschi D, Manfrida G. (2012). Model of vacuum glass
heat pipe solar collectors. Proceedings of the 25th
International Conference on Efficiency 1: 194-205.

Du B, Hu E, Kolhe M. (2013). An experimental platform
for heat pipe solar collector testing. Renewable and
Sustainable  Energy Reviews 17(1): 119-125.
https://doi.org/10.1016/j.rser.2012.09.009

Chougule SS, Sahu SK, Pise AT. (2014). Thermal

[2

3]

[4]

[5]

(6]

[7]

(8]

[9]


http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bCao%252C%2BJianguo%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bCao%252C%2BJianguo%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bYin%252C%2BShao%2BYou%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bYin%252C%2BShao%2BYou%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bBarzi%252C%2BY%2EM%2E%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bBarzi%252C%2BY%2EM%2E%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bPark%252C%2BChang-Dae%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bPark%252C%2BChang-Dae%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bDjafar%252C%2BZuryati%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bYakomaskin%252C%2BAlexander%2BA%2E%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bYakomaskin%252C%2BAlexander%2BA%2E%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bWang%252C%2BZhibin%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bFiaschi%252C%2BDaniele%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bFiaschi%252C%2BDaniele%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bDu%252C%2BBin%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr

[10]

[11]

[12]

[13]

Performance of Two Phase Thermosyphon Flat-Plate
Solar Collectors Using Nanofluid. Journal of Solar
Energy Engineering 136(1): 014503.
https://doi.org/10.1115/1.4025591

Moraveji MK, Razvarz S. (2012). Experimental
investigation of aluminum oxide nanofluid on heat pipe
thermal performance. International Communications in
Heat and Mass Transfer 39(9): 1444-1448.

Jung JY, Kim H, Kim MH. (2012). Effect of ionic
additive on pool boiling critical heat flux of titania/water
nanofluids. Heat Mass Transfer 49(1): 1-10.
Mohammadi M, Mohammadi M, Shafii MB. (2012).
Experimental Investigation of a Pulsating Heat Pipe
Using Ferrofluid (Magnetic Nanofluid). Journal of Heat
Transfer 134(1): 014504.

Zhang C, Guo Q, Sun J, Liu C. (2018). Comparative
analysis for heat transfer performance of heat exchanger
single tube model with and without plug-in. Chemical
Engineering Transactions 66: 301-306.

1120

[14]

[15]

[16]

[17]

https://doi.org/10.3303/CET1866051

Cao JG, Ding Y, Ma C. (2014). Aqueous AIl203
nanofluids: The important factors impacting convective
heat transfer. Heat and Mass Transfer 50(12): 1639-
1648. https://doi.org/10.1007/s00231-014-1374-5

Yin SY, Wu ZJ. (2014). Heat transfer characteristics of
Fes0:-H,O nanofluids by external magnetic field.
Applied Mechanics and Materials 487: 50-53.
https://doi.org/10.4028/www.scientific.net/ AMM.487.5
0

Abdolbagi MK, Azwadi CSN, Mamat R. Heat transfer
augmentation in the straight channel by using nanofluids.
Case Studies in Thermal Engineering 3(3): 59-67.

Wang R, LiuP, Qian Y, Zhan J. (2018). On the integrated
design of existing multi-storey residential building and
integral solar water heater. Chemical Engineering
Transactions 66: 313-318.
https://doi.org/10.3303/CET 1866053


http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bCao%252C%2BJianguo%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bCao%252C%2BJianguo%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bYin%252C%2BShao%2BYou%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr
http://mail.qq.com/cgi-bin/mail_spam?action=check_link&spam=0&spam_src=1&mailid=ZL1701-nLiyhEaNMINOBjRgHVpjK52&url=http%3A%2F%2Fwww%2Eengineeringvillage%2Ecom%2Fsearch%2Fsubmit%2Eurl%3FCID%3DquickSearchCitationFormat%26searchtype%3DQuick%26searchWord1%3D%257bYin%252C%2BShao%2BYou%257d%26section1%3DAU%26database%3D1%26yearselect%3Dyearrange%26sort%3Dyr



