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Sensitivity Enhancement for Thermophysical Properties Measurements via
the Vacuum Operation of Heater-integrated Fluidic Resonators

Juhee Ko'? and Jungchul Lee"**

Abstract

Microscale thermophysical property measurements of liquids have been developed considering the increasing interest in the ther-

mal management of cooling systems and energy storage/transportation systems. To accurately predict the heat transfer per-
formance, information on the thermal conductivity, heat capacity, and density is required. However, a simultaneous analysis of the
thermophysical properties of small-volume liquids has rarely been considered. Recently, we proposed a new methodology to simul-
taneously analyze the aforementioned three intrinsic properties using heater-integrated fluidic resonators (HFRs) in an atmospheric

pressure environment comprising a microchannel, resistive heater/thermometer, and mechanical resonator. Typically, the thermal
conductivity and volumetric heat capacity are measured based on a temperature response resulting from heating using a resistive
thermometer, and the specific heat capacity can be obtained from the volumetric heat capacity by using a resonance densitometer.
In this study, we analyze methods to improve the thermophysical property measurement performance using HFRs, focusing on the

effect of the ambience around the sensor. The analytical method is validated using a numerical analysis, whose results agree well
with preliminary experimental results. In a vacuum environment, the thermal conductivity measurement performance is enhanced,
except for the thermal conductivity range of most gases, and the sensitivity of the specific heat capacity measurement is enhanced

owing to an increase in the time constant.
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Fig. 1. Schematic diagram of heat transfer system in a heater-inte-
grated fluidic resonator (HFR) with a joule heating pulse in
atmospheric pressure and vacuum environment.
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Fig. 2. Conceptual illustration of (a) thermophysical properties of
three samples with different thermal conductivity and specific
heat capacity and (b) density measurements of the various lig-
uid samples inside HFR with real-time temperature and real-
time resonance frequency monitoring, respectively.
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Fig. 3. (a) Schematic illustrations of each component in HFR for
finite element analysis (FEA). The suspended length of the
cantilever, cantilever width, U-shaped fluidic channel width,
and channel thickness are 200 um, 50 um, 36 pm with two
16 pm turnaround channels, and 3 um, respectively. (b) Sche-

matic illustrations of cross-section of HFR along the line i
and 7i in (a). (¢) Temperature gradient of HFR during joule

heating.
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Fig. 4. (a) FEA results showing average temperature change of the
HFR filled with liquids with different thermal conductivity
ranging from 0.01 to 0.8 W/m-K in atmospheric (A=1000 W/
m’-K, black) and vacuum (A=0 W/m’-K, red) pressures under
a pulse heating. (b) Steady-state average temperature change

(AT) as a function of liquid thermal conductivity (k).
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Fig. 5. (a) FEA results showing average temperature change of the
HFR filled with liquids with different volumetric heat capac-
ity ranging from 100 to 6000 kJ/m’-K. To extract time con-
stant (t), exponential decay fit is used (dashed lines) for each
FEA result (semi-transparent lines). (b) Time constant as a
function of volumetric heat capacity (pc,).
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