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Abstract: In an anemometric flow transducer, the effect of flow rate of a fluid on the heat transfer
from a heated surface in contact with the flowing fluid is utilized in order to measure the mass flow
rate of the fluid. In the present paper a modified approach of design of an anemometric flow transducer
has been described. In this transducer the temperature sensing IC AD590 has been used as a flow
sensing element and the effect of fluid temperature has been eliminated by using four identical IC
units. The performance of this transducer has been theoretically analyzed. Experiment has been
performed to verify the theoretical characteristic equations. The results of experimental study are
presented in the paper. A linear characteristic in the laminar condition and a nonlinear characteristic in
the turbulent condition with very good repeatability have been observed. Copyright © 2008 IFSA.

Keywords: Anemometer, Flow transducer, Heat transfer co-efficient, Temperature sensing IC.

1. Introduction

Flow rate is one of the most important process variables, which are required to be measured and
controlled in any process plant in order to obtain better quality product at a lesser cost with better
safety of operation. There are various types of flow transducers [1-3, 22] well accepted in process
industry. The orifice plates with DP transmitters [1-3, 22] are still being used as the volume flow rate
sensor of a process fluid through a pipeline. The electromagnetic flow meters are used for accurate
measurement of flow rate of a conducting liquid. Turbine flow meters are used for flow measurement
of a clean fluid. The ultrasonic and vortex flow meters [1-3, 22] are also common in volume flow rate
measurement. Development of smart and intelligent flow meters like coriolis mass flow meters, multi
variable flow meters [2, 3] have also become popular in industry. For the last few decades attempts are
being made by various workers to design flow sensors by intelligent application of different physical
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phenomena. Various works on anemometer technique of flow measurement of a fluid in a pipeline are
being reported in recent times. In hot wire anemometer [3-4] mass flow rate of a fluid is measured by
measuring the change in resistance of a constant current hot resistance wire immersed in the fluid. In a
self-balancing bridge technique [1, 3] the temperature of the fluid velocity sensor is kept at a constant
value and the feedback current to restore equilibrium is taken as the measure of the index of the fluid
velocity. Both the methods are well established and have numerous applications in hot wire
anemometers. Turbulent eddies may cause random variations in the rate of heat exchange with a
heated temperature detector. In thermistor type anemometric flow sensor [1-3, 22], the effect of these
eddies on flow rate measurement is detected by running the sensing element at constant voltage or
current. H Fujita et al, [12] have used thermistor for low flow rate measurement. M. S. Beck et al [18]
have utilized the cross-correlation of temperature fluctuation for liquid flow measurement whereas P.
G. Bently et al [19] have reported the application of transit time fluctuation analysis for fluid flow
measurement. G. A. Sokolov et al [14] have used the microprocessor based computation for a thermal
type flow meter. L Spassov, et al [15] have used thermo-sensitive quartz resonator for liquid flow rate
measurement where the change of frequency of the sensor is taken as a measure of flow rate. S G Joshi
et al [17] have reported a new technique of flow measurement using surface acoustic wave, where the
frequency of the device changes with flow velocity as an effect of heat transfer. Application of
semiconductor diodes as thermo-anemometric flow sensor has been reported by M.M. Ismailov et al
[16]. Using anemometric technique a digital flow meter has been developed by K. Oktamoto et al [13].
A highly accurate flow measurement technique using alternative direction method for thermal flow
sensors has been developed by J. A. M. Michael et al [11]. A new technique of temperature
compensation of hot wire anemometer has been reported by R. P. C. Ferreira et al [10] and the same
group has reported the performance evaluation [8] of that sensor. A hot film anemometer in high
pressure application has been studied by U. Schmid [9]. A surface micro machined out of plane hot
wire anemometer has been developed by J. Chen et al [7]. W. R. M. Almeida et al [5] have utilized
sigma delta modulation technique to develop an accurate thermo resistive anemometer. All these
anemometric flow sensors work on the principle of heat transfer [20-21] from the heated surface of the
sensor into the flowing fluid.

In the present paper a modified anemometer technique of flow measurement has been developed. In
this technique the anemometer effect i.e. cooling effect of flowing fluid on the heat sink metallic
surface of a temperature sensing IC unit like AD590 is utilized to measure the mass flow rate of the
fluid. In order to compensate the temperature effect of the fluid, four identical IC units are used and
mounted in the same diametrical plane along two perpendicular diametrical directions. The flow tube
is mounted in the horizontal position in such a way that it is always filled up with flowing fluid. Four
identical temperature sensing units (AD590) are mounted at equidistance apart in the same diametrical
plane of the flow tube, of which two sensing IC's are mounted along a horizontal diameter and the
other two IC's are mounted along the vertical diameter in the same plane. As a result the cooling effect
of the fluid on the IC's along horizontal diametrical positions may be assumed to be different from that
on the IC's along vertical diametrical position. All the IC units are supplied from the same stabilized 5
Volts dc source so that their heat supply rate is identical. The output of each IC is a current signal
passing through a load resistance and is not dependent on the value of load resistance up to a certain
limiting value. The dc voltage developed across each load resistance has been found to be related with
fluid flow rate. Sum of the voltage signals developed for two horizontal IC's has been subtracted from
that of the voltage signals for two vertical IC's. As a result the effect of temperature of the fluid is
nullified and the resultant after this subtraction may be assumed to be a function of fluid flow rate
only. This function of the flow sensor has been theoretically analyzed and its characteristic equations
for streamline and turbulent flow conditions have been derived. Experiment has been carried out to
find these characteristics of the flow sensor in both streamline and turbulence conditions. Experimental
results are reported in the paper. It has been observed that these experimental characteristics almost
follow the theoretical ones. A linear characteristic under laminar condition and a nonlinear
characteristic with an appreciable linear region under turbulent condition have been observed. Hence
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using a suitable linearization technique in the turbulent region the proposed sensor may be used as a
detecting device for measuring the flow rate of a fluid through a pipeline. Moreover these
characteristics can be utilized to determine the transition between streamline and turbulent condition of
a flowing fluid through a pipeline.

2. Method of Approach

Let us assume that the metal cap of a temperature sensing IC (AD590) is mounted on an insulating
pipeline section of a flow head so that the outside surface of the metal cap is in contact with the fluid
flowing through the pipeline as shown in Fig. 1. For a metallic pipeline section the IC may be mounted
with proper thermal insulation between pipeline and its metallic cap so that the heat loss or gain
through the surface of metal cap may only be convected into the fluid in contact.

- ¥,
AD300 H T n

B d L

Flow

J-.,' (il
]
=

Fig. 1. Mounting of AD590 in the flow head.

Let us assume that at no flow condition, the temperature of the fluid and that of the metallic cap of

AD590 directly in contact with the fluid is Tr and Ty respectively. Let the output current of the IC

through a load resistance R be o . Hence the energy balance equation may be assumed to be given by
lo (V-10R) = hq A (To-Te), 1)

where V is the supply voltage, ho is the heat transfer co-efficient of the metallic heat sink of the IC unit
and A is the effective area of its metallic surface in contact with the fluid.

Now due to flow of fluid, the heat transfer coefficient changes [20, 21] with mass flow rate (q) of the
fluid. Let the Taylor’s series expansion equation for this heat transfer co-efficient be given by,

hq=ho+ (8hq/8)q Aq + (1/ 2 1) (8°hg /8G°)q, AG? +....... , (2)

where hg is the heat transfer coefficient at no flow condition and hq is its value at a flow rate g and
fluid temperature Tk.

For streamline flow Ag® and higher order term are negligible

Hence
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hg=ho+ a Aq, (3)
where
o= (8he/39) q @
As a result, more heat will be transferred to the fluid and temp of AD590 will decrease from Toto To-
AT and output current will decrease from Iy to lo-Al. Hence energy balance equation at steady state will
be given by
{V- (lo-3l0) R}(lo-8l0) = (ho+ o AQ)A( To- AT-T) ®)
or,
hoA (To-Te) + Aa ( To-Tr ) Aq - hoAAT = 1o{V- o R} {V- lo R}8lo+ R 16510 (6)
Combining the equation nos. (1) and (6), we have,
A ( To-Tr ) AqQ - hoAAT = -{V- 1o R}8lo+ R 1581,
or
Ao ( To-Tr ) Aq - hoAAT = (2R 1o-V)dl, @)

Now lg is proportional to T and hence we have,

8lo = k AT, (8)
where k is the constant of proportionality.
Hence the equation (7) is reduced to
(2R 1o-V + hoA K)8lo= Ao To-Tr)Aq, (9)
where K = 1/k
or

8'0 = - Aa(To-TpAQ
(V- hoA K-2R Io)

(10)

So the change of output signal across the resistance R due to a change of flow rate by Aq is given by,

8Vo =R 8'0 = - RAOL( To-TF)Aq
(V- hiA K-2R 1) (11)

Integrating both sides, we have the output signal under laminar condition given by

Vo=-Kiaq+Ky, (12)
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where

K1 =_RA(To-Tg)
(V- hoA K-2R Ip)

(13)

and K; is the constant of integration.

So under streamline flow condition, the output voltage across the resistance R is linearly related with
flow rate.

Now under turbulent condition the heat transfer co-efficient given by the equation no. (2) may be
approximately given by,

hg = ho +(8hq/ 8G)q Aq + (5°hq/ 89)q Ag ® (14)
or
hg=ho +  Aq + B Aq?, (15)
where
B = (8°ha/ 39°)q (16)

Hence putting o Aq + B Aq 2 in place of a. Aq in equation (11) it is reduced to

8Vo=- RA( To-Te ) Ag + B Aq ?)

(V+ oA Ki-2R Ig) (17)
or
(8Vo/ 8q) = - Ka{a + B AqQ} (18)
Now if we assume Ag as a small deviation of flow rate from an initial flow rate g, then the above
equation is reduced to
(8Vo/ 80) = - Ky[o + B (9 -qo)] (19)
Integrating both sides we have the output signal under turbulent condition given by
Vo=-Kiaq-KiBg?/2+ Ky B goq+Ks, (20)
where Kjis the integration constant
or
Vo=- K1 B’ /2 - Ky(o- B go)g + Kg (21)

Now if a single IC sensor is used then the above equation nos. (12) and (21) will depend on fluid
temperature (Tg). So with the change of fluid temperature the output will change. In order to eliminate
this effect four identical IC sensors are used in the present design. These IC sensor units (AD590 with
metal cap) are mounted in a cylindrical pipeline in the same diametrical plane equidistant apart of
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which two IC units are mounted along vertical diameter and two other IC units are mounted along
horizontal diameter of the pipeline as shown in Fig. 2.

R |
S —
f—

D

| —
—]
- —

by Cross-section of flow head

(2} Flow head Wit IO nits

Fig. 2. Mounting of four IC units on the PVC pipeline section of the proposed flow head.

Now the heat loss by the IC units is transferred to the fluid and the hot fluid particles always move in
the upward direction due to convection process. So for the top IC unit only the upper portion of the
fluid in the diametrical plane take part in the heat transfer process. For the bottom IC unit whole liquid
in the diametrical plane take part in the heat transfer process. For each of the IC units along horizontal
diameter, the upper semicircular part of the fluid takes part in the heat transfer process. Hence heat
transfer co-efficient for the four identical 1C units mounted in different locations may be assumed to be
different.

Let under no flow condition of the fluid, the heat transfer co-efficient for the top IC unit A;, bottom IC
unit Ay, and horizontal IC units An; and Anz be respectively hot, hob, hons and hgnz and the values of heat
transfer parameters o and 3 under flow condition of the fluid for these IC units be (ou, Br); (ow, Bb);
(o1, Bra) and (o2, Bre) respectively.

Hence from equation (12), the sensor output across a load resistance R under streamline condition, for
the IC units Ay, Ap, An1 and Ap, will be given by the following set of equations (22)

Vots = -K1 ot q + Ky
Vobs = -Kiop g + K>
Vonts = -Kran g + Kz
Vonzs = -Kionz g + Kz

(22)

From equation no. (21), these equations will be modified under turbulent condition, by the following
set of equations.

Vor = -Ki(ou - Bt o) q — (K1 th2 ) 12 +K3
Voot = -Ki(ow - BoGo) 4 = (K1 B0’ ) /2 +Kg
Vontt = -Ka(otha - Br1 o) 4 — (K1 Bre 07 ) /2 +K3
Vonat = -Ka(otnz - Bra Go) d — (K1 Pra0” ) /2 +K3

(23)

If we subtract the sum of the output signals (Vonis , Vonzs) for the horizontal IC units from the sum of
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the output signals (Vois, Vobs ) for the top and bottom IC units then the resultant output under laminar
condition will be given by

Vors = (Vots + Vobs) - (Moh1s + Vonas) (24)

or,
Vors = - Ky (01t + atp - Otha- Gtz ) (25)

or,
Vors = Ky (atha+ athz - 01t - oy ) (26)

o,
Vors = K30, (27)

where

Ky = Ky (0tha+ othz - 0t - oy ) (28)

Now if the fluid temperature increases from Tg then the magnitude of each of Vonis, Vonzs, Vots and Vops
decreases by same amount and so the equation (24), (26) and (27) may be assume to be independent of
fluid temperature.

Similarly from equation no. (23), the resultant output voltage under turbulent condition is given by

Vort = Ki{ (0tha+ 0tnz - 0t = oty ) + (Bra+ Bhz -Br - Bo )do 30+ (K1/2) (Bra+ Brz -Bt - Po )9 (29)

or,
Vort = Ksq + Kg 0 (30)
where
Ks = Ka{ (otni+ anz - o - o ) + (Bnat Bhz -Pr- Bo )qo F 31)
and
Ke = (Bnat Bha -Bt - Po )do 39+ (Ko/2) (Brat Pz -Pr - Po) (32)

In this case also the effect of fluid temperature on the four IC units will be identical and will have no
effect in the equation nos. (29) and (30).

3. Design

The flow head is designed with a PVC pipeline section of length 80cm, 30cm outside diameter and
25cm inside diameter with flange joints at both ends as shown in Fig. 2 (a). At the middle section of
the flow head pipeline, four IC units are mounted at equidistant apart in the same diametrical plane as
shown in Fig. 2(b). The outer surfaces of the metallic sinks of the IC units are just in contact with the
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flowing liquid and produce negligible obstruction to flow. Each IC unit is supplied from a stabilized
5V DC source through a load resistance of 1 kilo ohm. The DC voltage signals across the load
resistances of the top and bottom ICs (A;and Ay are added by an adder circuit consisting of op Amp
A; as shown in Fig. 3. Similarly the voltage signals across the load resistances of two horizontal IC
unit's (An; and Ay,) are added by another adder circuit consisting of op Amp A,. The resultant output is
obtained by subtracting the output of second adder circuit from that of the first one by the differential
circuit consisting of op Amp Az as shown in the same figure. This electronic circuit is mounted on a
PCB, which is again mounted inside the flow head box not shown in figure. Thus the four IC units and
the electronic circuit together form the proposed head mounted flow transducer.

A, ih l A ‘Lq .
i

4[—4-1( s l’--'lfl:H“M | -Tt

Fig. 3. Design of flow transducer using op Amps.

4. Experiment

The experiment was performed to find the static characteristic of the proposed flow transducer with the
experimental setup as schematically shown in Fig. 4. In this experiment clean water was used as the
experimental liquid. The water level of an overhead tank was maintained constant by feeding
continuous water supply to the overhead water tank by a centrifugal water pump and allowing the
excess water to discharge through an overflow line. Thus a fixed water head of about 5 meter was
maintained throughout the experiment.

g
flowr rate W2 =W1 i
Head mounted =:_—_: =
transducer =SS
! ovethead tanl
Fotameter — l l
WAl
bl
Flow head

DJ. Excess flow
P

utp Storage tank

Fig. 4. Experimental setup.

90



Sensors & Transducers Journal, Vol. 89, Issue 3, March 2008, pp. 83-92

The experimental flow head was installed horizontally in the discharge water line and the output was
taken through a regulating valve and a rotameter. Now the mass flow rate through the flow head was
increased in steps by observing the reading of the rotameter and at each step accurate volume flow rate
was calculated from direct collection method and then it was converted into the mass flow rate by
multiplying it with the density of water. In each of these steps, the output of the flow transducer is
measured by a digital 4 and %2 digit multimeter. The static characteristic graph of the transducer was
then drawn by plotting the transducer output against flow rate. The characteristic thus obtained is
shown in Fig. 5.

==
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0 L 10 15

Ilass flow rate n Egitun

Fig. 5. Static characteristic graph of the proposed flow transducer.

5. Discussion

From Fig. 5, it is found that the static characteristic graph of the flow transducer is almost linear under
streamline condition and it is nonlinear under turbulence condition of the liquid. Thus the transducer
characteristic was found to follow approximately the theoretical equation nos. (26) and (27). The
experiment was repeated for both increasing and decreasing flow rate and the same characteristic was
obtained. The transducer characteristic was also found to be independent of liquid temperature by
repeating the experiment with hot water.

Using a suitable linearization technique such as microprocessor based or analog electronic circuit
based piece-wise technique can make the characteristic linear easily. Moreover from Fig.5, it is also
observed that there is a distinct change of slope of the characteristic graph in the streamline and
turbulent regions. Thus the transducer may be utilized to determine the transition between laminar and
turbulent conditions of a flowing fluid through a pipeline.

Acknowledgement

The authors are thankful to the All India Council of Technical Education (AICTE), MHRD, Govt. of
India for their financial assistance in the present investigation and the Department of Applied Physics,
University of Calcutta, for providing the facilities to carry out this work.

References

[1]. J. P. Bentley, Principles of Measurement Systems, 3rd ed. Singapore, Longman Singapore Publishers (pvt)
Ltd., 1995.

91



Sensors & Transducers Journal, Vol. 89, Issue 3, March 2008, pp. 83-92

[2]. E. O. Doeblin, Measurement System Application and Design, 4th ed., McGraw-Hill, New York, 1990.

[3]. R. C. Baker, Flow Measurement Handbook: Industrial Designs, Operating Principles, Performance and
Applications, Cambridge, U. K., Cambridge Univ. Press, 2000.

[4]. Ulrich Buder, Andreas Berns, Ralf Petz, Wolfgang Nitsche, and Ernst Obermeier, AeroMEMS Wall Hot-
Wire Anemometer on Polyimide Substrate Featuring Top Side or Bottom Side Bondpads, IEEE Sensors
Journal, Vol. 7, No. 8, August 2007, pp. 1095-1101.

[5]. Almeida, W. R. M., Freitas, Georgina M., Palma, Ligia S., Catunda, Sebastian Y. C., Freire, Raimundo C.
S., Aboushady, Hassan, Santos, Francisco F., Oliveira, Amauri, A Constant Temperature Thermoresistive
Sigma-Delta Anemometer, Instrumentation and Measurement Technology Conference Proceedings, 2007
IEEE,1-3 May 2007, pp. 1-6.

[6]. C. Clark, M. Zamora, R. Cheesewright and M. Henry, The dynamic performance of a new ultra-fast
response Coriolis flow meter, J. Flow Meas. and Inst., Elsevier sconce. (U. K), Vol. 17, Issue 6, 2006,
pp. 315-414.

[7]. Jack Chen, and Chang Liu, Development and Characterization of Surface Micromachined, Out-of-Plane
Hot-Wire Anemometer, Journal of Microelectromechanical Systems, Vol. 12, No. 6, December 2003,
p. 979.

[8]. Rémulo Pires Coelho Ferreira, Raimundo Carlos Silvério Freire, and Gurdip Singh Deep, Performance
Evaluation of a Fluid Temperature-Compensated Single Sensor Constant Temperature Anemometer, IEEE
Transactions on Instrumentation and Measurement, Vol. 12, No. 5, October 2003, pp. 1554-1558.

[9]. Ulrich Schmid, Theoretical and Experimental Investigations of a Novel Hot-Film Anemometer for High-
Pressure Automotive Applications, IEEE Sensors Journal, Vol. 3, No. 2, April 2003, pp. 229-240.

[10].R&mulo Pires Coelho Ferreira, Raimundo Carlos Silvéiro Freire, Gurdip Singh Deep, Jose Sérgio da Rocha
Neto and Amauri Oliveira, Hot-Wire Anemometer With Temperature Compensation Using Only One
Sensor, IEEE Transactions on Instrumentation and Measurement, Vol. 50, No. 4, August 2001,
pp. 954-958.

[11].J. A. M. Michael, H. P. Maurice and F. P. Anton, Highly accurate flow measurement with thermal flow
sensors using the alternative direction method, IEEE, Vol. 4, No. 6, 1996, pp. 527-530.

[12].Hiroyuki Fujita, Tadahiko Ohhashi, Masahiro Asakura, Mitsuhiro Yamada, and Kenzo Watanabe, A
Thermistor Anemometer for Low-Flow-Rate Measurements, IEEE Transactions on Instrumentation and
Measurement, Vol. 44, No. 3, June 1995, pp. 779-781.

[13].K. Oktamoto, T. Ohhashi, M. Asakura and K. Watanabe, A digital anemometer, IEEE Trans on
instrumentation and measurement, VVol. 43, No 2, April 1994, pp. 116-120.

[14].G. A. Sokolov, Yu. A. Novichkov and A. L. Lyashenko, Thermal microprocessor flow meters, Thermal
Engg (Russia), Vol. 41, No. 6, 1994,

[15].L. Spassov and Y. Yankov, An Application of a thermosensitive quartz resonator for liquid flow rate
measurement, Rev. Sci. Instrum. (USA), Vol. 65, No. 3, 1994, pp. 721-723.

[16].M. M. Ismailov, G. V. Mun, A. A. Petrenko and A. Yu. Streltsov, Diode Thermal Anemometric Flow
Meter, Instrm. Exp. Tech. (USA), Vol. 36, No. 5, 1993, pp. 801-803.

[17].S. G. Joshi and Y. Jin, Application of a surface-acoustic-wave device for measurement of liquid flow rate,
IEEE Transaction on Ferroelectrics and frequency control, Vol. 37, No. 5, Sept. 1990, pp. 475-477.

[18].M. S. Beck and S. A. Abeysekera, Liquid flow measurement by cross correlation of temperature
fluctuations, IEEE Measurement and Control, Vol. 5, 1972, pp. 143-147.

[19].P. G. Bently and D. G. Gauson, Fluid flow measurement by transit time analysis of temperature fluctuation,
Transaction society instrument Technology, Vol. 18, 1966, pp. 183-193.

[20].R. Byron Bird, Warren E. Stewart and Edwin N. Lightfoot, Transport Phenomena, John Wiley..

[21].Oleg A. Kabov, Heat Transfer in Cooling Systems of Microelectronic Equipment with Partially Submerged
Condensers, IEEE Transactions on Components, Packaging, and Manufacturing Technology-Part A,
Vol. 19, No. 2, June 1996, pp. 157-162.

[22].R. C. Baker, Flow Measurement Handbook: Industrial Designs, Operating Principles, Performance and
Applications, Canbridge, U. K., Cambridge Univ. Press, 2000.

2008Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.
(http://www.sensorsportal.com)

92



Sensors & Transducers Journal /“

Guide for Contributors

Aims and Scope

Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and
application specific papers, short notes, letters to Editor and sensors related books reviews as well as
academic, practical and commercial information of interest to its readership. Because it is an open access, peer
review international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high
publicity. The journal is published monthly as twelve issues per annual by International Frequency Association
(IFSA). In additional, some special sponsored and conference issues published annually.

Topics Covered

Contributions are invited on all aspects of research, development and application of the science and technology
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to:

Physical, chemical and biosensors;

Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and transducers;
Theory, principles, effects, design, standardization and modeling;
Smart sensors and systems;

Sensor instrumentation;

Virtual instruments;

Sensors interfaces, buses and networks;

Signal processing;

Frequency (period, duty-cycle)-to-digital converters, ADC;
Technologies and materials;

Nanosensors;

Microsystems;

Applications.

Submission of papers

Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 6-14
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript
are available from the journal’'s webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors
must follow the instructions strictly when submitting their manuscripts.

Advertising Information

Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media Kkit:
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2008.pdf



WILEY

1807-2007
KNOWLEDGE FOR GENERATIONS

‘This book provides a
good basis for anyone

Data Acquisition and
: entering or studying the

' |
S|g“a| Prnl:ESSIIIE ﬂ] field of smart sensors
Smaﬂ Sensors not only for the

inexperienced but also
very useful to those
with some experience’

firom |[EEE Insirumentation &
Measurement Magazine review)

Order online:
http://lwww.sensorsportal.com/HTML/BOOKSTORE/DAQ_SP.htm

www.sensorsportal.com




