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The present paper deals with design and realization of a new mass flow sensor using the
Peltier effect. The sensor, shaped as a bimetallic circuit includes two continuous parallel
strips coated with a great deal ofmetal plated spots. In such a device, one track performs
as a classical thermoelectrical circuitry whose both plated and uncoated parts provide
the thermopile junctions. The other strip is subjected to electrical current so as to gen-
erate numerous small thermal gradients owing to the Peltier effect. Then, the resulting
differences in temperature induce a Seebeck e.m.f, detected by the other strip acting
as a receiver. The thermal coupling between transmitter and receiver tracks depends on
many variation of the surrounding environment heat transfer coefficient. Therefore,
such a device allows us to detect any shift in physical properties related to the apparent
thermal conductivity. In special case of a steady state fluid, the induced e.m.f, in the
receiving track hinges on the thermal conductivity. When the fluid is in relative motion
along the sensor, the velocity can be read out as a funotion of voltage as an application,
the sensor is placed into a tube conducting a fluid flow, in order to design a new mass
flowmeter.
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1. INTRODUCTION

The hot wire anemometer has been used for many years as a research
tool in fluid mechanics [1]. A hot wire anemometer usually refers to
the use of small electrically heated element placed in a fluid with the
aim of measuring a property of that medium. Normally, the property
being measured is the velocity. Since these elements are sensitive to
heat transfer between the element and its environment, temperature
and composition changes can also be measured. Film type sensors
have been used for a great variety of measurements such as turbulent
levels in a wind tunnel, flow patterns around models, etc. Monolithic
silicon thermal flow sensors for measuring the velocity of gas or liquid
have appeared in the literature [2] and can be used as the hot wire for
mass flow measurements in a pipe. In this paper a new sensor based on
the Peltier [3, 4] effect is presented which is particularly useful for the
purpose of measuring mass flow in a pipe.

2. OPERATING PRINCIPLE

The sensing element is basically a thermopile (Fig. 1) compressing a
thin continuous strip foil of low conductivity overlaid with numer-
ous electroplated patches of copper coatings of high conductivity. It
has recognized [6] that when the plated portions are located in a

FIGURE Schematic view of the cell used P, pyrex tube; F, fluid; T, thermoelectric
sensor; o, output coaxial cable.
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temperature gradient between a heat source region and a heat sink
region a number of thermocouples junctions operating at the coat-
ing boundaries are interconnected in series. If such a thermopile, im-
mersed in a fluid, is operating without electric current flowing through
it, the junction points are kept at the fluid temperature. If the fluid
temperature is uniformly distributed in space, the temperature dif-
ference between each couple ofjunction points is equal to zero and so
is the output voltage measured between the ends of the continuous foil
strip. Let us now assume that a very low current has been flowing
through the circuit, generating the Joule effect for a sufficiently long
time to reach thermal equilibrium. On account of the difference be-
tween the conductivities of the surimposed metallic materials most of
the current will pass through the electrodes placed in parallel with the
poorly conducting support (Fig. 2). Since the part of the current that
enters and leaves the poorly conducting continuous foil strip passes
near the junction points and near the electrode ends, heating and
cooling effect by the Peltier effect (as low as 12 lxW for a current of
1 mA) alternately localized at the junction points take place.

heat heat

absorption generation

electric
current

Electric current lines deflected

by plated electrodes

FIGURE 2 (a) Heat generation and absorption with Peltier effect on thermoelectric
junctions. (b) Electric current lines deflected by plated electrodes close to the thermo-
electric junctions.
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At the initiation of the electric current, temperature difference AT
are then developed between each couple ofjunction points giving thus
a Peltier e.m.f, depending directly on the thermal resistance between
the junction points. Consequently, any change in the thermal resistance
between the junction points is directly converted into a proportional
change in the Peltier voltage. Since the thermal resistance between two
consecutive junction points is directly influenced by the fluid acting
in parallel with the thermopile material, any change in the fluid heat
transmission characteristic will be directly converted into electric volt-
age which may be used to measure it. To perform measurements based
on the Peltier effect, it is essential that any change in the heat trans-
mission characteristic of the fluid can be operate a change in the part
of Peltier heat conducted in the thermopile material from the hot to
the cold junction. In other words, any decrease in the heat transmis-
sion characteristic of the fluid will decreased the part of Peltier heat
removed through convection into the fluid from the junction points.
Moreover, since heat generation by the Peltier effect at the junction
points is maintained at a constant rate, a greater part of Peltier heat is
conducted from the hot to the cold junction in the thermopile materials,
thus developing a greater Peltier voltage. Conversely, any increase in
the fluid heat transmission characteristic will decrease the part of
Peltier heat conducted through the thermopile materials and thus give a
proportional decreased in the Peltier voltage, generated around the
thermopile circuit. In order to obtain high sensitivity to the fluid
heat transmission characteristic, which may be increased or decreased
around a reference value, it is desirable to select the dimension and
shape factor of the plated electrodes in such a way that the part of
Peltier heat conducted from the hot to the cold junction through the
thermopile is nearly equal to the part removed through conduction and
convection into the fluid in its reference state. Under such circumstances,
the thermal resistance of the thermopile between two consecutive junc-
tion points is matched to that of the fluid between the same points.
The problem then remaining is to find a method to measure the

Peltier voltage occurring in the strip. When current I flows through the
strip, the actual output voltage is equal to the sum of the ohmic drop
due to the circuit electric resistance plus the Peltier voltage.
On account of the electrical resistance temperature dependence, the

ohmic drop changes which are in fact one or two orders of magnitude
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FIGURE 3 Section of the thermoelectric sensor.

above the Peltier voltage to be measured, renders its direct extraction
from the output voltage quite impossible.

In order to measure the small Peltier voltage independentely of the
ohmic drop influenced by the temperature of the circuit, the sensor in-
cludes two continuous parallel tracks, one track (transmitter) is crossed
by an electrical current in order to generate temperature gradients
between its junction points. The other parallel track (receiver) used
to detect these temperature gradients (Fig. 3) and generates a voltage
proportional to the temperature differences between junction points.
A sequence of data points, which represents the Peltier voltage, is

thus obtained. It is the sum of the temperature differences taking place
on the bimetallic sensor as it varies with time. The problem that re-
mains now is to relate that Peltier voltage to the mass flow rate for a
fluid flow.

3. EXPERIMENTAL RESULTS

The experimental part presents a whole set of results which are pro-
duced by a new sensor based on the coupling between transmitter and
receiver tracks. We have realized two parallel bimetallic printed ir-
cuit (copper-constantan) on Kapton support (Fig. 4). Each bimetallic
track of width 0.2mm and length 800mm is folded up in order to
be placed into a pipe. The junction points are localized on the line
borders of the plated electrodes and the spacing between them is 3 mm.
The sensor thus produced is dimensioned in order to be placed in a
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FIGURE 4 Apparatus used to obtain a steady mass flow rate.

conduct, where a fluid of known thermoelectric properties may cir-
culate and where the fluid velocity changes may be controlled.
The experimental device used to obtain a steady mass flow rate is

shown in Figure 5.

3.1. Measurement of Thermal Gradients Caused
by the Electrical Current

When the electric current has been flowing through the transmitting
track, the temperature gradients generated by Peltier effect are localized
on the junction points. The temperature differences are directly con-
verted into a proportional Seebeck voltage.
The variation of this voltage against a current flowing through the

transmitting track is represented in Figure 6 for a fluid (water).
The calibration curve is linear and are proportional to the dissipated

Peltier power in the transmitting circuit. For a determined current in-
tensity, the temperature differences between junction points are more
significant when the fluid conductivity is low. This is due to the in-
fluence of the fluid conductivity on the thermal resistance between the
junction points.
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FIGURE 5 Thermoelectric sensor includes two parallel strips.
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FIGURE 6 Variation the output voltage against the electric current.

3.2. Application for Measuring Mass Flow

The sensor was mounted on the center of a rectangular flow tube. In
order to take flow rate measurement, the experimental procedure
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which we have adapted is:

pass a constant current in the transmitting track so that thermal
gradients are created and,
measure the detected e.m.f, by the receiving track as a function of
the flow rate.

In the absence of the fluid, the output voltage V0 takes a reference
values (zero flow value) depending only on the fluid thermal con-
ductivity. When a flow is induced, there is a spacial change in the
convective heat flow from the lateral surface which depends on the
thermal boundary condition on the material surface. Thus a change in
the temperature differences between the junction points gives a change
in Seebeck voltage. By measuring the variation AV V0- V, the mass
flow measurement can be obtained. In order to not take account the
dissipated Joule power P in the transmitting track, we trace the varia-
tion A V/P.
The calibration curves (Fig. 7) are non linear with maximum sen-

sitivity at the low flow rates decreasing towards high flow rates. A
significant advantage of the non linear output characteristic is the
ability to make measurements over a wide range of flow rates while
maintaining a nearly constant "percentage of reading" accuracy. By
changing the fluid pressure in the sensor over the range (0.01-1 bar)
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FIGURE 7 Variation the output voltage against mass flow rate: Conductivity of oil is
0.169 W/m. K; Conductivity of water is 0.569 W/m. K.
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while maintaining constant the flow rate measured by the reference
flowmeter, it was shown that the output as well the calibration curves
were interchanged and not dependent on the fluid pressure
variations, it clearly appears that the fundamental measured variable
is the mass flow rate. The volumetric flow may also be obtained
wherever density is constant.

3.3. Dynamic Response

Another important characteristic of a flow sensor is its dynamic
response. This was measured using a system in which the fluid flow
could be controlled so that the flow originally equal to zero was then
abruptly established through the Pclticr sensor. The response time
defined as the time to reach full scale is approximately 26 ms. Since
electronic circuitry time response was lower than ms, this suggested
that the measured response was due to the sensor. The inherent speed
of Pclticr clement is very high since it responds to changes in heat
transmission characteristic of the fluid and not to temperature itself.

4. CONCLUSION

This study demonstrates that the Peltier sensor is very sensitive and
versatile flow sensor, giving a zero flow output depending on the fluid
thermal conductivity. It suggests that the prospect for highly repro-
ducible manufacture of this device is good. The reproducible at any
given flow level suggests that the Peltier sensor has interesting applica-
tions as a transfer standard in the detailed calibration of flow sensor
against a well defined standard.
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