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Characteristics of MEMS Flow-sensor with Thermopiles and
Development of Flow-Meters Using the Flow-sensor.

Seiji ODA", Yasuhiro OKAMOTO" and Michiaki YAMAURA™

Abstract:

A MEMS flow sensor with thermopiles as temperature sensor is developed. The sensor
has the characteristics of a thermopile in that it does not generate heat itself and the
temperature can be measured in straight lines. Short response time is achieved by
placing the hot junctions of the thermopiles close to the heater. Using characteristic,
the development of an instantaneous flow meter is realized. A high accuracy flow meter
is realized despite the simple constant voltage heater drive, using normalization from
outputs of two thermopiles arranged perpendicular to the direction of flow. This flow
meter can also be used as a mass flow meter when measuring natural gas.
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Photol The photograph of the MEMS flow sensor
using thermopiles. This is a basic layout type.

Photo2 The photograph of the MEMS flow sensor
using four thermopiles as a flow rate monitor and
a temperature distribution monitor.
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Fig.1 The schematic layout of the thermopiles used
as thermal sensor of the MEMS flow sensor.
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Fig.3 The flow and pressure waveforms measured
pulsating flow using the instantaneous gas flow

meter.
Photo3 The photograph of the instantaneous flow o flow rate "
meter using the MEMS flow sensor. any flow rate
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Fig.4 The explanation of the normalization effect using
TP3 and TP4 as the temperature distribution monitor.
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Fig.2 The schematic sectional view of the fluid gas
tube in the instantaneous gas flow meter.
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Table 1 The consistence and the density of the various 13A.
CHa C2Hes CsHs H2 Density
13A-0 0.8447 g/l
13A-1 85% 0% 15% 0% 0.9122 g/l
13A-2 55% 0% 15% 30% 0.6397 g/l
12 4.0
10 X '—' 3.5
=)
/ g 3.0
f— ° e
= 3: 2.5
[
- CH4 o 20
5 2
3 —+—C2H6 g1s |
3 -»-C3H8 o
= - Nn-C4H10 g 10r
—-o-Air If—: 0.5
=
t t 2 0.0 | t t t t
) -0.5
mass flow rate [ g/hr ] mass flow rate [ g/hr ]
(@) (b)

Fig.5 The comparison between the non-normalized and normalized output curves against the mass flow rate of the
paraffin gases and air. (a) The non-normalized output V1 curves. (b) The normalized output VV1/VV2 curves.
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Fig.6 The comparison between the non-normalized and normalized output curves against the Reynolds number of
the paraffin gases and air. (a) The non-normalized output V1 curves. (b) The normalized output VV1/V2 curves.
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Fig.7 The comparison between the non-normalized and normalized output curves against the mass flow rate of the
various 13A gases. (&) The non-normalized output V1 curves. (b) The normalized output VV1/V2 curves.
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