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Simultaneous Measurement of Fluid Velocity Vector and Thermal Properties of
Inclined Multiply Layered-Sand with QPHP Sensor’

Akira ENDO * Michihiro HARA **

Abstract  The specter of soil-and-groundwater contamination looms over rural areas, sub urban areas and industrialized areas.
Endo and Hara (2003) conducted simultaneous measurement of thermal front advection velocity (TFAV) and thermal properties
with Quintuple-Probe Heat-Pulse (QPHP) sensor for the water-saturated sand column under steady state water flow condition. As
a result of this experiment, measured TFAV and thermal properties are in good agreement with the set values. Afterwards, to
verify the utility of QPHP measurement in unsaturated condition, we observed temporal change of the TFAV and thermal properties
in the inclined multiply layered-sand under infiltration condition. Fine and coarse textured sands were packed in a transparent box
(W150cm>H80cm>T5cm) to get 0.03cm® cm™ of volumetric water content and 1.5kg L™ bulk density. Then QPHP sensors
were inserted through a wall of the infiltration box. We conducted wetting front observation in 5 to 15 minute intervals supplying
water to a narrowband of the sand surface. Measurements using the QPHP sensors under infiltration condition were done. Pore
water velocity measured with QPHP sensor was in good agreement with the advancing velocity of the wetting front. Volumetric
heat capacity pc for the sensor position naturally tended to increase when wetting front reached to that position. Values of
volumetric water content corresponded to those of pc. The pore water velocity V,, identified with QPHP sensors was slightly
smaller than the velocity of wetting front advancement V.  Thus, we achieved the simultaneous measurement of fluid flow vector
and the thermal properties under unsaturated condition in infiltration and found that values obtained with the sensor measurements
well reflected the wetting front observations and gravimetric measurement of water content. Hereafter, practical use of inclined
multiply layered method to the control of contaminant flow and the detection of flow condition with QPHP sensors there are
anticipated.

Key words : Quintuple-probe heat-pulse (QPHP) sensor, velocity vector, thermal properties, inclined multiply layered-sand,
controlling for the water flow in soils
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Fig. 1 Schematic view of the funneled type preferential flow
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Table 1 Calibrated rod-to-rod spacings and heater resistances per unit length

i) QPHP

QPHP

i)

QPHP

Sensor No. r I Iy Iy R/L
mm mm mm mm QO m?
1 10.33 9.39 8.76 10.30 315.8
2 9.23 9.64 10.43 10.31 531.4
3 9.23 9.83 9.51 10.28 434.5
4 941 9.51 9.96 10.28 395.2
5 9.86 9.52 9.80 9.43 550.1
6 9.73 10.26 10.25 8.67 431.3
7 9.68 9.02 9.39 10.12 406.5
8 9.82 9.72 9.24
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Fig. 2 Schematic view of the QPHP sensor
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(A) Infiltration box

Fig. 3 Schematic view of the experimental setup.
Consist of Infiltration box (A), Mariotte (B) and Measurement system (C)
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Fig. 6 Schematic view of the capillary barrier duration and downward
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Fig. 7 Schematic view of the flow-direction ¢ detected with QPHP
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Fig. 8 Temporal change of wetting front. A, B, C and D show single layered sand with {=0deg, triple layered sand with {=0deg, single layered sand with
£=11.3deg and triple layered sand with {=11.3deg, respectively. The colored circles indicate the QPHP sensors. Sensor No.1, 2, 3, 4, 5, 6, 7, and 8 are
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See the caption of Fig. 8 for the meaning if A, B, C and D
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