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Experimental investigation on heat transfer and pressure drop characteristics of supercritical CO2 flows near the critical point through
horizontal and vertical microtubes
Hojin Ahn, Yeditepe University, Istanbul, Turkey
Today the electronics industry needs micro-scale devices to provide cooling in smaller sizes and higher efficiency. The use of CO2 as an
operating fluid is becoming widespread due to its environmentfriendly nature and its low cost. While existing systems that utilize CO2
operate either at a supercritical region far above the critical pressure or at a subcritical region, supercritical CO2 flow near the critical
point has recently begun to be investigated. The specific heat of supercritical CO2 (sCO2) near the critical point approaches infinity while
density changes rapidly. If density changes in the gravity direction, a strong buoyancy effect will occur. If density decreases rapidly in flow
direction, thermal acceleration phenomenon will occur as CO2 expands. Subsequently, buoyancy and thermal acceleration phenomena
will affect heat transfer and pressure drop characteristics. Research on sCO2 near the critical point mainly focuses on pipes with large
diameter while there is little study on microchannels. The results from large pipes may not apply to those from microchannels.
The present study is to investigate buoyancy, thermal acceleration and micro-scale effects on sCO2 flows near the critical point in
horizontal and vertical microtubes and to establish valid heat transfer and pressure loss correlations over wide operating ranges.
Experimental methods have been employed for three different microtubes (0.2 mm, 0.5 mm and 0.8 mm) which are equipped with
many thermocouples. The microtubes are heated under constant heat flux conditions with a DC power supply to obtain local heat
transfer coefficients along the tube. The microtubes are placed in the vacuum chamber, reducing convection heat loss from the
microtubes. The present experimental study is currently in progress. The preliminary result of the numerical study on laminar sCO2 flow
shows the strong effect of property variations near the pseudo-critical temperature on velocity profiles, pressure drop and heat transfer.
The successful completion of the present study will be a steppingstone to the development of microchannel heat exchangers that utilize
sCO2 fluid near the critical point with the purpose of being applied to micro-scale electronic devices.
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Estimation of speciﬁc absorption rate via non-invasive vector measurement system
Sangwoo Kang and Joe Wiart
Chaire C2M, LCTI, Télécom Paris, 19 Place Marguerite Perey, 91120 Palaiseau
Nowadays, not only the smartphone but also various wireless and wearable devices are continually being developed and used widely in our real life. Since the
devices emit the radio-frequency electromagnetic ﬁelds (RF EMFs), which can be absorbed and inﬂuence to the human body, it is necessary to assess human
exposure to RF EMFs. So, the International Commission on Non-Ionizing Radiation Protection (ICNIRP) and the Institute of Electrical and Electronics Engineers
(IEEE) have established the guidelines of the restriction in terms of a Speciﬁc Absorption Rate (SAR). The SAR means a rate that at the human body absorbs
radio-frequency radiation. So it is natural that the accurate and eﬃcient evaluation of SAR has been attracting signiﬁcant research interest. The traditional
system to evaluate the SAR of the device proposed in the reports IEC62209-1, IEC62209-2, and IEEE1523-2013 is to use single moving probe measuring the
magnitude of the electric ﬁeld at various locations inside of liquid-ﬁlled phantom. Even though such technology is widely being used in many industries, it
requires excessively computational times. To speed up the process, some researches have been attempted by determining optimal sets of measurement
samples to reduce the overall number of measurement. Nevertheless, the traditional system does not grantee the accurate estimation of SAR for some newly
emerged devices, because the upcoming and future communications standards will incorporate a complex multiple-input multiple-output (MIMO) antenna.
To overcome such limitation, the new SAR measurement systems have been proposed which use the array of vector probes in IEC62209-3. Here, the probes
measure both phase and amplitude of EM ﬁelds contrary to a single probe approach in the traditional measurement system. The new measurement systems
can be categorized into invasive and non-invasive ones depending on the positions of the probes. Even though such the invasive approach is quite simple and
much faster than the traditional method, the probes are still located inside of phantom. In other words, more eﬀorts for accurate measurement are needed to
handle the calibration issue for the speciﬁc phantom ﬁller. The simple way to avoid the inherent diﬃculty is to measure the data outside of phantom, i.e., noninvasive measurement. Then, the measured data from the system has better accuracy, and we can estimate more accurate SAR values, even though the
development and application of numerical techniques are still needed. According to IEC62209-3, source reconstruction techniques, which is another wellstudied category of approaches, can be applied to estimate SAR. Because Love’s surface currents can evaluate the inside of the electric and magnetic ﬁeld of
the phantom via the integral representation formulas. Recently, several works have been considered based on a boundary element method (BEM) formation.
In this talk, I will present the BEM approach to estimation of SAR value of dielectric target.
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