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Characteristics of Flow Sensor Using PTC Thermistor
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Abstract

Flow sensor was fabricated with PTC thermistor usually operating as thermostats. The PTC thermistor

was manufactured with (Bag:Sro)TiO; powder and its resistivity as a function of flow velocity

was

investigated. The resistivity changed from 4.45 kQ-cm to 395 k@2-cm as flow velocity varied 0 cm/s to 5

cm/s The sensitivities of the PTC thermistor were
velocity of 1 em/s and 5 cm/s, respectively.

=204 (2-cm)/(cm/s) and -24 (2-cm)/(cm/s) at the flow
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| introduction

Many researches have been carried out on a
that

velocity with high accuracy

universal flow sensor could measure flow
over wide ranges.[1]
There are many different types of flow sensors on
used flow

manufacturing

the market. However, most commonly
their

processes are quite complicated. A great effort has

sensors are expensive and

been given on the less expensive flow sensors
which operate accurately. We fabricated flow sensor
with PTC

thermistor and its characteristics were investigated

(Positive Temperature Coefficient)

on this paper. PTC thermistor is very useful for the

thermostat, self-heat, and current  density - limit
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The

thermostat can be used for flow sensor because the

devices.[2-5] thermistor operating as a

thermistor is sensitive to the power dissipation
caused by the flowing fluid. The power dissipation
when the thermistor is
placed in the flowing fluid. PTC thermistor is
manufactured with BaTiO: and some additives.[6-8]

varries with flow velocity

The resistivity of fabricated thermistor increases
abruptly about 1207,

to operate as a flow sensor.

which temperature is too high
(Ba,Sri-)TiO3 PTC
thermistor can be achieved by substituting Ba in
BaTiO; for Sr and its curie temperature moves to
which is suitable for a flow
when it contains more Sr.[78] The PTC
thermistor is very sensitive to the flow velocity and
temperature. The resistivity of the PTC thermistor
must depend on the flow velocity and is independent

lower temperature,
sensor,

of the temperature of the fluids. PTC thermistor,

thus, has to compensate the temperature of the
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fluids. The reference PTC thermistor is used for
temperature compensation of the fluid Differential
amplifier circuit is used for the flow sensor and
temperature compensation. The voltage difference
between the
reference thermistor is applied to the input of the
differential amplifier, which is amplified to measure

flow-sensing thermistor "and the

the output voltage of the circuit. The elements of
the circuit can be changed for the flow sensor
operating at different flow ranges.

Il Experimental procedure and
measurements

As-received (BagsSrp3)TiOs powder is used to
manufacture the PTC thermistor. The powder is
pressed at 1 ton/em” for 60 seconds and sintered at
1340C for 2 hours. The temperature increase and
temperature decrease are at a rate of 200T/h and
100C/h, respectively. Al is evaporated on the both
sides of PTC thermistor for the electrode, which is
annealed at 400C for 1 hour. The circuit for the
flow sensor using PTC thermistors is shown in Fig. 1.

Veeo
PTC %im Rou
i > o
Ry > Vo : Vo2
\\?l
R
= Re
Ve

Veez12V, Ra=Reo=3.3kQ, Re=5.6k 82,
Ri=R=202, Ry=1008

Fig. 1. Circuit for flow sensor using PTC thermistors.

Thermistors A and B are used for the

and for the

measurement of flow velocity

The
resistivity of the PTC thermistor increases with time

temperature compensation, respectively.
when the voltage is applied to the circuit at t = 0 s,
which is leveled off with further increase in time
due to self-heating characteristics. There is no
if the

thermistors A and B are identical, which is very

voltage difference between Vo and Vo
difficult to manufacture. Therefore, the resistances
R¢ and Rs are necessary to get the output voltage
difference zero. The fluid is nitrogen and flow
velocity is calculated measuring the quantity of the
flowing gas by flow meter(UESHIMA Co,
R-2-15-D, Fig. 2
incorporating two PTC thermistors. PTC A is to
flow velocity and PTC B

compensate the temperature of the fluid(nitrogen).

glass). shows a system

measure the is to
The output voltage in Fig. 1 is zero when the
nitrogen does not flow, even if the temperature of

The resistivity of the PTC
remains while the

nitrogen  varies.

thermistor B unchanged,
resistivity of the PTC thermistor A becomes lower

the flow

dissipation  when

because of energy
changes.
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Fig. 2. Set-up of a flow sensor using the PTC
thermistors.

Fig. 3 shows the operating points of the two PTC
thermistors. The power dissipated by gas flow can
be expressed by

P=FkdTx - T0) (1

where P is the power dissipation by gas flow, ki
is a proportional constant, Tx is the temperature of
PTC thermistor when gas flows, and Tv is the

-
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temperature of PTC thermistor when no gas flows.
The power dissipation determines the temperature of
the PTC

resistivity.

thermistor, and correspondingly its

The change in resistivity, therefore,
becomes a function of flow velocity. Eq. 1 can be
expressed as
P=alx+b
where a and b are constants, Power dissipation is
linearly proportional the
flow-sensing PTC thermistor. When there is power
to be the

thermistor operates as a

(2)

to the temperature of

dissipation, power has supplied to

thermistor hecause the

thermostat.
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Fig. 3. Operating point of the PTC thermistor

with or without gas flow.

Il Results and Discussion

(Bao7Sr0a) 1103 is sintered at 1340T for 2 hours
and the resistivity~temperature(p-T) characteristics
of the PTC thermistor is shown in Fig. 4. The
resistivity  abruptly 60TC. The
resistivity at the maximum

increases nearby
room temperature,
resistivity, and the resistivity jump (the ratio of
room temperature  resistivity and  maximum
resistivity) are measured with 230 2-cm, 12x10° 2

-cm, and 52X 10", respectively.

Resistivity(Log(Q-cm))

1 i

50

100 150 200 250 300
Temperature(°C)

1

Fig. 4. Resistivity versus temperature characteristics
of (BaoiSro3)TiOs PTC thermistor sintered
at 1340 for 2 hours.

-

Fig. 5 shows the current density-time (J-t)
characteristics of the thermistor when gas does not
flow. Electric field is applied at t = 0 to measure the
current density. The current density decreases with
time. Current densities at t = 0 are 113 mA/cm’, 192
mA/cm’, 304 mA/em’, and 374 mA/cm’, whereas the
current densities at t = 25 seconds are 256 mA/cm?2,
234 mA/em’, 21.1 mA/em’, and 196 mA/cm’, when
the applied electric fields are 50 V/cm, 100 V/cm,
150 V/em, and 200 V/cm, respectively. The static
field(J-E) the

thermistor is distinguished by the maximum current

current densitv-electric curve of

density (at t = 0) followed by the nearly constant
limiting-current density region as the time increases.
The current density does not change after 25
seconds, which indicates that the thermistor is in
equilibriurn condition and operates as a thermostat.
The higher the electric field, the lower the current
density, because constant power is supplied to the

thermistor to operate as a thermostat.
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Fig. 5. Current density versus time characteristics

of PTC thermistor sintered at 1340C for 2 hours.

Fig. 6 shows the static current density-electric
field(J-E) characteristics in equilibrium. We assume
that the thermistor operates in eguilibrium after 60
seconds because the current density is not changed
after 25 seconds. The joule heating increases the
which
resistivity and hence decreases the current density.

thermistor  temperature, enhances  the
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Fig. 6. Current density versus electric field
characteristics of PTC thermistor sintered at
1340C for 2 hours.

The thermistor’s resistivity as a function of the
flow velocity is shown in Fig. 7. The resistivity
decreases with increasing the flow velocity. The
resistivities are 445 k@Q-cm, 418 k@2-cm, 407 k@
-cm, 3.97 kQ2-cm, 3.9 kQ-cm, and 395 k@Q-cm at
the flow velocities of 0 cm/sec, 1 cm/s, 2 cw/s, 3
cm/s, 4 cm/s, and 5 cm/s, respectively.

Resistivity (0.cm)

300 -

2 3 4
Vetocity(cm/s)

Fig. 7. Resistivity versus nitrogen's flow velocity

for the flow sensor.

The sensitivity of the PTC thermistor shown in
Fig. & is influenced by the flow velocity. The
sensitivity is defined by

A
S = "Z‘g‘ 3)
: v

where S is the sensitivity of the PTC thermistor,
p is the resistivity of the PTC thermistor, and v is
the nitrogen flow velocity.

Sensitivity[(0-cm)/(cm/s)]

-250 s a i
] 1 2 3 4 5 8

Velocity(em/s)

Fig. 8 Sensitivity versus nitrogen’s flow velocity
for the flow sensor.

The sensitivities are -204 (£2-cm)/(cm/s), -9 (2
-em)/(cm/s), ~72 (2-cm)/leny/s), =36 (2-cm)/(cny/s),
and -24 (2-cm)/(cmy/s) at the flow velocities of 1
cm/s, 2 cm/s, 3 cm/fs, 4 cm/s, and 5 cm/s,
respectively. The  sensitivity with
increasing the flow velocity. The resistivity of the

decreases

thermistor A in Fig. 3 becomes lower compared to

that without flow. The temperature difference
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becomes larger when the flow velocity increases.
However, the energy dissipation of the thermistor
becomes saturated when the gas flows faster. The
thermistor is more sensitive at lower flow velocity.
Power dissipation of the thermistor as a function of
flow velocity shown in Fig. 9 is calculated from the
current density and resistivity of the thermistor.
Power dissipation increases with increasing the flow
velocity, but the increase of the power per unit
velocity decreases with increasing the flow velocity.
Therefore, the sensitivity of thé thermistor decreases
with The
ascending PTC curves are desirable for the highly

increasing the flow velocity. sharply

sensitive flow sensors where 4 o/ T should be as
large as possible. However, measurable range of the
flow velocity becomes narrower when the PTC

thermistor is more sensitive to the flow velocity.

400
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Fig. 9. Power dissipation versus nitrogen's flow
velocity for the flow sensor.

The voltage gains in Fig. 1 are calculated to get
ACy = -029, ADyv = -200, and CMRR = 690. V.
decreases with increasing flow velocity but Ve
increases. The voltage difference(Vy2 - Vo) increases
with increasing flow velocity. Base input voltage of

Qi in Fig. 1 is given by

Ry
Ve = 555 Ve 4)
BT R+ Ry + Ry €
R, decreases as flow velocity increases.
Therefore, Ve increases as flow velocity

increases allowing I¢i to increase. Eq. 1 shows that

-7

V. decreases with increasing flow velocity. Vg is

a constant when gas temperature remains

unchanged. Two input voltages can separate as

follow
14 -V
Viou = BB . BB2 )
1% +V
VCM = ___ﬁﬁl_é___B@l (6)
output voltages are
Va = AcuVer + ApuVou (7)
Vo =AwuVen — ApuVou (8)
therefore
VO = Vog - Vol - _ZADMVDM (9)
Fig. 10 shows the relationship between flow

When the flow

velocity increases, output voltage increases and the

velocity and output voltage(V,).

sensitivity decreases. This flow sensor will be useful
for nitrogen flow sensor. The sensing range of the
flow sensor depends on resistivity-temperature(p-T)
characteristics of PTC thermistor. It is, therefore,
the controllable PTC
thermistor at wide ranges of flow.

desirable to manufacture
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Fig. 10. Output voltage versus nitrogen’s flow

velocity for the flow sensor.

IV Conclusion

We have manufactured flow sensor using PTC
thermistors. The resistivity of the PTC thermistor
changes 4.45 kQ2-cm to 395 k@-cm as flow velocity
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changes 0 cv/s to 5 cmv/s The resistivity decreases
with increasing flow velocity. The sensitivities of
the PTC thermistor are ~204 (2-cm)/(cn/s) and -24
(2-cm)/(cm/s) at the velocities of 1 cm/s and 5
cm/s, respectively. The PTC thermistor is more
sensitive at low flow velocity.
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