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ABSTRACT

This dissertation deals with the design and develop-
ment of an electronic psychrometer for the measurement of
humidity. Thermistors have been used as basic temperature
sensing elements. One thermistor has been used as dry bulb
thermometer and the other thermister as wet bulb thermometer.
Tre changes in the thermistors resistance values havé béen
processed using astable multivibrator circuits. The output

of the system has been given to a digital display unit.

Existing material on relative humidity measurement

has been reviewed in earlier part of the dissertation.
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CHAPTER -~ 1

INTRODUCTICON

1.1 General

psychrometer is a device fof the measurement of
humidity i.e. measurement of water Vapour present in the air
or gases. Usually the mass of water vapour present in air or
gas is expressed in terms of relative humidity (RH). Relative
humidity is defined as the ratio of the partial pressure of
water vapour present'in ‘the gas to the partial pressure of
water vapour in‘ saturated gas. In other words it is the
ratio of the amount of water vapour present in the air to the
maximum amount of water vapour that air could hold at the

same temperature.

Some terms are widely used in the literature of
humidity measurement and in order to familize'with them, these

are listed in Appendix I.

1.2 Necessity of Humidity Measurement in Industries

In many industries, menufacture of certain types of
components and products is possible only by maintaining pre-
determined value of humidity in surroundings. In such appli-
cations it is necessary to closely monitor the value of humi-
dity. some of such applications in which humidity measurement

is necessary are given below.



1.2.1 Humidity influence on textile products

The measurement and control of moisture and humidity
is very important in the textile industries. The cotton
fi bers have their good strength and stiffness at a relative
humidity of 65 percent. This specified value of RH can ke
maintain by humidification or dehumidification of the surround—‘

ings (19)-

The similar process is used in jute fibers and wool
fiberse. In the case of jute and wool fibers, the RH value

will be maintain at 50 percent and 90 percent respectively.

1.2.2 Humidity influence on wood and timber
There is a close relation between the atmospheric

humidity and the weight of moisture, present in timber and
its products. As humidity increases molisture content increas-
€s and vice-versa. The amount of moisture changes the several
properties of wood and timber. anong these dimensional stabi-
lity is most important. Wood shrinks as it dries. So far
maintaining the specific value of dimension it is necessary

to change the amount of moisture. Hence humidity measurement

is essentiale.

For the seasoning, preservative treatments, polishing
etc. also needs some specific value of moisture. In general
a 30 percent relative humidity needs for wet timber in the

process of drying at room temperature.



1.2.3 Humidity influence on pulp and paper product

The problems of measurement and control of moisture and
humidity in pulp 2nd paper mills are very similar to those in
textiles. The physical properties of paper such as strength,
weight, electrical resistance and dielectric properties are

affected by its moisture content and atmospheric humidity.

A change in the moisture content causes a change in
the dimensions of the sheet., Therefore for a desired dimen-
sions of the sheet, moisture and relative humidity is main-
tained constant. Some specified value of water vapour is
also essential for the pulp and paper products. Such‘as an
overwet paper may crush in the calender rolls and the desired
may never be obtained. Hence dehumidification is essential‘
at given value of RH,

1.2.4 Humidity influence on foods and allied agricultural
products

The moisture plays an important role in the storage and

processings of different tymes of foods and agricultural prédvcts

(23). The biéiogicai and cnamical effeets croduced in'grains

and seeds during the process of storage at different values of
moisture and RH, under practical storage conditions, the moisture
content is usually the prinecipal governing factors keeping in view
the quality of food grains and other agricultural products. For
any given level of moisture content in the grains, there is a

corresponding level of atmospherie humidity(18), The value of



moisture can be changed ky the humidification or dehumidi fi-
cation at given value of RH. If it is not maintained at a
specifiad value deterioration, heating, insect damage etc.
may be take place. The protein, fat and carbohydrate of
the food products can be maintained only at specified value
of moisture of relative humidity. Humidity and moisture
plays Vvery important role in the sugar and sugar products

as well as fruits and dairy products.

1.2.5 Humidity influence on drugs and pharmacetical materials
The fundamental influences which are responsinle for
the deterioration of drugs are humidity, light, temperature
and the oxygen of air. The more visinle agents of deteriora-
tion arise secondarily as a result of growths, which can occur
only under certain conditions of humidity and temperature.

Ther

I\

are in the atmosphere innumeranle spores and germs

which settle on all exposed surfaces in the ‘form of dust. If
the humidity and temperature are suitaale will quickly germi-
nate and develop into organisms, such as oacteria, molds,
mites and inssts. All of which will attack drugs when condi-
tions are favourable (20)s. As protoplasn cannot exist with-
out sufficient moisture, it is a suitadle degree of humidity
which most largely affects the development of these living

organisms. Hence humidity measurement is necessary.



1.2.6 Humidity measurement in ar conditioning

Air conditioning is the simultaneous mechanical control
of temperature, humidity, air purity and air motion. It is
clear that humidity plays an important role in the air condi-
tioning. The control of temperature can mean either cooling
or heatiné. The control of humidity can mean either humidi fy-
ing or dvehumidifying. An air conditioning systém can maintain
any atmospheric condition regardless of variations of the out-
door atmosphere. Hence humidity measurement is essential. The
comfortauvle value of RH is 50 percent in the temperature range

from 22020(: to 2607OC (2).



CHAPTER - II

METHODS OF HUMIDITY MEASUREMENT IN INDUSTRIES

There are basically two methods for measurement of rela-

tive humidity in industries

(i) Hygrometric method

(ii) Ppsychrometric method.

2+1 Hygrometric Methods

The hygrometric methods are based on the absor‘ption 61’:‘
water vapour Ly hygroscopic materials. These materials are
humén hair, animal skins etc. The dimensions of the hygro--
scopic material changes with the change in relative humidity
of the surrounding atmospheres Following hygrometers kelongs

in this categories

(1) Mechanical or hair hygrometer.
(ii) Salt conductivity hygrometer
(iii) Eléctrolytic hygrometer

(iv) 1Infrared absorption hygrometer

(v) A long path infrared hygrometer.

2+1.1 Mechanical or hair hygrometer

The expansion and contraction Of human hair has been
Used to measure relative humidity for nearly two centuriese
The amount of water vapour taken up by the hair from the
surrounding atmosphere is an indication of RH. ‘The length of

hair increases with increase in water content in its surrounding
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Fig.(2.1.la) shows a typical curve of hair elongation as a

function o f relative humidity.

For the measurement of RH, human hair is mounted on a
suitable structure as shown in Fige(2¢1+1b). The instrument
has spring, pointer and a RH scale. A number ofvhairs are
used as one hair is not enough stronge The human hairs used

as sensor should ke free from fats and oilse

The rolling of hair is essential for the faster response.

In the treatment of rolling, the hair is passed cetween two
rollers which change the circular cross~section of hair to an
elliptical cross section. Rolled hair response much faster
than normal hair. The response time is reduced y a factor of
5 to 10 depending on the rolling pressure used. The cost of
hair is less. The overall de\lrice is usually simple al;ld in-

is its non-

expansive. The main disadvantage of the devic:

[

(

linear responses The instrument generally coVers a range of
RH from 15 to 85 percent. It has poor stability at high tempera—

ture and sluggish response at very low temperaturese.

2.1.2 salt conductivity hygrometer

A definite relationship exist - betwesen the concentration
of the salt solution and the relative humidity of atmosphere.
1f the value of RH is changed, then concentration of salt solu-
tion, exposed in the atmosphere, is also changed. If atmos- |
pheric humidity increases, then concentration of salt in salt |

solution decreases and vice-versa. Due to change in the
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concentration, the électric conductivity of the solution is
also changed. This effects has been put to practical use

in a humidity measuring device. It consists of a thin
Aluminium tube of length of awout 4.5 cm and diameter of
about 1.2 cms, The outer surface of the tube is painted with
a layer of insulating water resistance varnish. A bifilar
winding of palladium wire is placed on the varnished surface.
Over the hpifilar winding a moisture sensitive film of poly-
vinyl acetate, containing the appropriate quantity of salt
solution is placed as shown in Fig.(2.1.2). The variation in
resistance of the bifilar winding, according to atmospheric
humidity, is measured with a suitanle resistance measuring
device. This value of resistance gives the value of RH. It
has non-linear variation of resistance. Which may be consi-

dered as a great disadvantage of this method.

2¢143 Electrolytic hygrometer
The phosphorous pent oxide has a property to apsorb
the water. 1This pruperty is utilized for the measurement of

RH value in air or in any other gases.

When humid air or gas is passed through pho sphorous
pentoxide, it absorbs a good amount of water. This absor bed
water is electrolytically decomposeds There is a flow of
current in the circuit due to electrolysis of water. This
value at current is taken as a direct measure of amount of

Water in the air or gas. It is calibrated in terms of RH
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valuese A gmall diameter plastic tube is thz heart of the
electrolytic hygrometers The tube has a bifilar winding of
noble metal wire in contact with its inner surface which coated

with phosphorous pent oxide.

A fixed rate viz 100 cc/min of air or gas can be main-
tained using a pressure regulator, valve and a rotameter as
shown in Fig. (2.1.3). The electrolytic current is indicated
oy a milliammeter which is connected with oifilar winding. The
current can also pe measured and recorded by a recorder. The
value of current in the circuit gives the RH value in the air
Or gas passing through the tube. This instrument is widely

used in natural gas industry.

2+1+4 Infrared absorption hygrometer

The infrared absorption hygrumeter is an optical instru-
ment which is designed to measure the absolute humidity of the
atmo sphere by measuring the apsorption of radiant energy over a
given optical path in the spectral region of an infrared water
Vapour absorption bande The yelation of apsorption to the

absoroing water vapour mass is expressad by the relation,

\1/2
A = (p/po)l/ (Tofr)l/4 K(w)l/2  eee(241.4)
where, A = fractional absorption
T, = Saturated temperature
P, = Saturated pressure

T =normal temperature
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el
It

normal pressure

=
it

constant depending on the spectral region of
apsorption

W = absorbing water mnasse.

The relation (2.1.4) shows that the absorption increases
linearly with the square root of the water masse. Therefore,
the relation holds good only for a limited range of absorp-
tionss For strong absorptions, the increase in absorption
is less than the square root of the water masse It is fact
that the exact form of the water mass absorption function is

not known and probably cannot be expressed by a single relation.

The rate of change of absorption increases with a decrease
of water vapour concentration in tﬁe optical path (24). This
behaviour results in an increase of sensitivity in the infrared
absorption hygrometer with a decrease in water Vvapour absorp-
tion. For the infrared absorption hygrometer, 1.27 u water
vapour absorption band is used. Its selection criteria can be
expressed with the help uof spectrogram shown in Fig.(2.1.4a).
It is clear from the spectrogram that the band intensity or
‘coefficient of absorption varies from band to bands. For long
optical path and high humidities, a shallow band, such as the
one at 0.93 M should be used, while for a short optical path
and low humidities, a deep band such as the vne at 2.7
would be more desirable. A band which will saturate 100 I;e
cent absorption for water vapour of interest ‘is not satis

torye For best results the maximum absorption should ke
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to 40 percent or less. This requirement hold good for an

optical path of a meter or less with 1.37 4 band.

The infrared absorption hygrometer desired to take
advantage of the inherent qualities of the apgorption speétra
method, has a number of features not cummon to other instru-

ments for measuring humidity. The features are s

(i) High sensitivity at low water vapour councentrations
(ii) Past speed of response for all water vapour concentra-

tion Se

A schematic arrangement of the 1.37 n absorption band
hygrometer as shown in Fig.(2.1.4b). masically it consists
an optical train and the electrical and electronic assemb_lies.
The major cumponents of the optical train are a lamp, uscilla't-
ing filter, modulator, mirror, lens, monitor photucell and
detectur photucell:. The major electrical and electronic compo-
nents and assemuolies are a servomotor, servoamplifier, lamp

power supply, and phase shift networke

When air passes through a narrow slit the water vapour
is observad by energy of light beam near 1.37 W gpectral
region. The lelectrunic circuit configurations are designed
to always give a null signal at detector-phutocell. This
null signal is oprtained oy autumatically adjusting the lamp
temperature and hence the energy distritution of the beam to
Compéen sate for water vapour apsorption losses in the apbsorp—

ption spectra of the beam. oOther munitor photocell output is



. . { t 1 ! ! { 1 4 4
T BN R N | [11 Lid IJ_,LJ_J_LL_LLLLLLLLLLLLHlL.LL;4iiLJ_lJllIln {1 uhud

H0 AND Co,;

J9 10 11 12 1

-
B

3 1.4

18 16

' 1.8 19 20 21

22

FIG 2.1 4(a) NEAR-INFRARED SPECTRUM IN THE NEOUGHBOURHOOD
CF THE 1.37/4+ WATER VAPOR OBSARPTION BAND

" MIRROR

AR INLET — =TT /

qa

KOGUL ATOR

— e e e o A et b ek M e e e v— s —

r——-t
! PHA SE
{ SHIFT
: NETWOR X
|
|
| SERVO
i AVP
I
l b
|
|
i_ __A T LINE

RECORDER
l' -DETECTOR
"UENS
Yool
y.,fr’f — 1 _
~ 7 " T9— [AiR OUTLEY
H ' ' MONITOR PHOTO CE LL
- o) Lalwp
R
1
|
1
LAMP POWER
SUPPLY
7
[
|

rlG 2 7 4 (b) 1-METER FOLDED PATH INFRARED ABSORFTION

HYGROM

ETER

23



12
‘an index of lamp temperature and an indication o f the water
vapour in the beam. This output of monitor photocell is record-
ed py a recorder and gives humidity of the air. The instrument
is still classes as a special purpuse device and is not yec

suitable for general field applications.

2.1+5 A long-path infrared hygrometer

Thi s hygrometer measures the total atmo spheric water
vapour content in a collimated beam of light.' A peam of energy
propagated over a measured path, is cullected at a receiver
through a single aperture. Temperature compensated lead sul-
Wide cell detectors are used tu sense the intensity of the
cullected energy in two bands of the infrared spectrum, one
centered at a wave-length of l.9vy, the other at 2.2 Mo The
former band is subjected tu attenuation ky water vapour while
the latter is not. The ratio of received band energies is thus
sensitive tu the total amount of water vapour in the light path
(24). The choice of wave-length of 2.2 and 1.9K, for reference
and sensing band respectively, is made because (i) both wave-
lengths lie within the range of beak sensitive of uncooled, lead
sulbhide cell detsctors, (ii) pack ground radiation at such short
waveélengths is practically nonexistent and (iii) ordinary glass
tranénits nearly 100 percent of incident enerqgy at these wave-

lengths.

In a long path infrared hygrometer the collimated beam is
collected at the receiver through a single 6.5 cm diameter

aperture. A 180-degree prism beam splitter located behind the
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entrance aperture and collihating tube directs approXimately
half the incident energy through 2.2 u raference filter and
half through 1.9 m sensing filter. ®th arms of the split

peam are then focused into carefully matched lead sulPhide

cell infrared detectors; The comparison of the two detector
output signals would provide a measure of the water vapour
content of the atmosphere Qithin the beam of collected energy.
The ratio between the two signals provides the much more relia-
ble comparison because errors that could arise due to a decrease
in the general level of sensed energy caused gy the pfesence
of fog in the light beam would theregy be eliminateds For the
determination of ratio between two signal the high d.c, biase
voltage applied to the cells. The light beam is chopped
mechanically at the receiver aperture ky a simple paddle type

choppers

AeCscarrier signals are fed through capacitor coupled a.c.
logarithmic converters as shown in Fige(2.1.5). The converters
rectify the a.c. signals and give d.c. output proportional to
the logarithm of the rms value of the input signals. These
outputs are fed into a decedifferential amvlifier to obtain
the difference between the two logarithmic signals. The out-
put from the differeutial amplifier, which is pruportional,
now, to the logarithm of the two ratio of the band energies
sensed. Then the output is fed to strip chart recorder which
gives the total amount of the water vapour pressnt. This

hygrometer measures the total amount of water vapour in path
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through the atmosphere betwean source and recelver.

2.2 psychrometric Methods

The evaporation of the water vapour is utilized in fhe
psychrometric methods for measurement of RH values Psychro-
meter uses the readings of two thermometers for measurement
of relative humidity. oOne of the thermometers has its bﬁlb
diractly exposed tu the measurand medium and the other has
its bulb covered wy a wick maintained éontinuously.wet. The
first thermometer measures actual temperature of measurand
while the second one gives the thermodynamic eguilibrium
temperature reached pbetween the cooling, effected oy the eva-
poration of water and heating by CUnVectiQn ¢ill the surround-
ing air pecomes saturated. Readings of these two thermometers
are relatzd to relative humidity by psychrometric charts.
2.2.1 Theory of psychrometé}f}'_ L Loasdt UsiEaSity . (0t

R wride

Psychrometry was well estaklished on the emperical
basis before any satisfactory theory was developed. James
Clark Maxwell in 1877 develuped the theory based on a relation

between ucooling and heating.

According to thnat the readings of wet and dry mlb thermo-
meters can be related tu relative humidity py means of a psy-
Chrometric chart (4). Readings of two thermmometers are related

by the expression,

e =¢ - AP (t-ty)
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where, e = partial pressure of watsr vapour in Hg, correspond-
o
ing to wet and dry bulb thermomsters ty and t°F,

respectively.
"el = gaturatcod pressure of water vapour, in Hg at the
wat bulp temperature thF.
P = Total atmospheric pressure in.Hg.
A = 0.0W367 {1 +0.00064 (t, - 321

The partial pressure of wWater vapour as calculated apove is

convertad into relative humidity by the following relation
RH % =3=x 100
s

where e, = Saturated pressure of water vapour at dry hulb

l

temperature,

Relative humidity

]

RH

There are different schemes available to sense wet bulb
and dry ialb temperaturcs. Based on the sensing methods, the

psychrometers are classified as follows -

(i) siling psychrometer
(ii) Asamann psychvometer

(iii) Thermmocouple psychrometer
(iv) EBlevated temperature psychrometer

2.2.2 siling psychrometer
The simplest form Of the wet and dry oulb temperature is
the siling psychrometere This consists of two mercury in -

glass thermometors mounted on a suitable frame. The frame can
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be arranged with a whirling mounted handle at one end so that
it can pbe swing rapidly to give proper air velocity. One of
the bulos (the wet bulo) is covered with a knitted cotton wicko

It is shown in Flgl(ztzcz)o

The wick of wet bulb thermometer is wetted with clean
watere The frame is whirled for 15 to 20 sec. in a regqular
circular path. Readings of two thermometers are taken 'quickly.
The wet bulb reading made first, because as soon as whirling
stops its temperature starts rising very fast. The whirling
procedure is repeated until two successive readings of the wet
bulb are same. The dry bulb must be kept free of molsture

b
throughout the procedure. If whirling time is too long then the

ok

i

wick will dry and the wet mlb temperature will rise agaiﬁ; It
is essential that the wet bulb and wick pe kept clean, other-
wise, it will not absorb water properly. The water must ke

cleane Matching of wet and dry thermometers is important.

The sling psychrometer is simple and inexpensive [t
capable of guod accuracy when carefully used. The chief advan—
tage is portability. The principal disadvantage is that it
gives seriovus error for careless prucedure. Breakage of thermo~

meters is frequent when used by semi-skilled persone.

2.,2,3 Assnann psychrometer
The Assmann psychrometer is a modification of the siling

psychrometers. It is a forced ventilated instrumente It congisgts
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two mercury thermometer viz wet mlb and dry kulb thermometer,
as shown in the Fige(2.2.3). The circulating air is produced
by a motor fan set (il). In this case a high speed air pass-
es in the medium surrounding wet and dry bulbs for a time
'period of 15 to 20 sec. The temperatures readings of wet
and’dry bulb changes due to tne circulation Of the air. The
readings are taken and the prucedure is repested until two
successive readings of wet bulb thermometer are same. Finally
with the help of wet and dry mlp temperature readings and

psychrumetric chart, relative humidity is calculated.

Since proper air flow is provided by the fan hence there
are less chances of error in this method than with siling

psychrometer.

2.2.4 Thermocouple psychrometer
The principle of thermocouple psychrometer is based on

Secback and Peltier thermal electromotive force (EMF) effects.

According to Seekeck, in a circuit consisting of two
dissimilar metals formed into two junctions, a current flow is
induced wy a temperature difference between two junctions viz
hot and cold junctions. Current flows in such a direction as
to equalize the temperature of junctions. The hot junction
tends tuo cwl and liberate héat energy to its environment and the

the cold junction tends tu warm and absorb heat energy from it

environment.
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According to pPeltier effect, current flow is induced oy
a pattery in a circuit having two dissimilar metals formed

into two junctions, one cools and other one heat up.

The Peltier effect is used in the thermocouple psychro-
meter to cool one junction (known as wet junction) below dew-
point temperature for the purpose of cundensing watere. This
condensation of wat:r has been done with a mattery cunnected
in circuit. Due to Sezbeck effect, on EMF generates when con-
densation takes place. The reading of EMF can oe taken just
after terminating current flow in the circuit. Bcause after
termination, the condensate starts evaporatings The value of
thermal EMF gives the value RHe The thermal EMF is anplified
through the DC amplifier and recorded oy the chart recorder
as shown in Fig. (2.2.4). @nerally cooling currents 5, 10, 15
and 20 ma fiuw for a duration of 15 30, 60 and 120 seconds at
an environment temperatures of 10, 24.8 and. 50°cC. Copper and

constantan wires are used for making the thermocouples.

2.2.5 Elevated temperature psychrometer

At low terhperatums, relative humidity changes are large
in proportion to the diffsrunce between the wet and dry bulb
readings.  when the wat tulb readings are ﬁear OOC, it is diffi-
cult to determine the exact state of equilibrium. Therefore for
determination of relative humidity of air at temperature of 0 to

o
-407C, an elevated temperature psychrumeter is usede
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The elevated temperature psychrometer is a conventional
method for méasurement of relative humidity below freezing
temperature after dstermination of dew-point (23). The dew-
point is determined witnh help of elevated wet and dry lilb
thermometer '!‘e&dil‘]gso Relative humidity is calculatad from
the ratio of water Vapour pressure corresponding to the dew-
point tamperature to the water vapour prassure correSponding
to saturated air at the ampient dry bulo temperaturee. 'Ihe‘
theory and procedure for determination of dew-point from wet
and dry lulb readings at higher tamperature values are dis-

cussed below _(22 ) e

A schematic diagram illustrating an arrangement of
different components to pruvide for an elevated temperature
Of Wwet— and dry ailps is shown in Fig.(2.2.5). It consists
~a fan for sucking the atmospheric air, a electricCal heater
for increasing the air temperature and three thermometers.
One thermometer is usad to measures the tamoeratures of enter=
ing air to device. This is the anbient temperaturz of dry
Qilo. Other two themmometers read tne temperature of wet and
dry bulos. Initially air circulation fan is started. The
entering air is heat»d with electrical heater and then passed
intu an insulating mixing chamber which consists of wet and
dry kulps. The baffles are used for mixing up of heated
air. The air is heated without any change of moisture content.

The water reservoir is enclosed for this purposes. With the
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help of wet and dry ulo thermometer readings and psychro-
ﬁetric chart, dew-point is calculated. Water vapour pressures
are calculated corresponding to this dew-point and ambpient
temperature. Relative humidity is foundent ~after calcula-

tion of two water vapour pressurass



CHAPTER - 111
ELECTRONIC PSYCHROMETER

341 Introduction

The electrunic psychrometer is a device which indirectly
measures th: relative humidity in digital forme. It is based
on the measurament of the temperaturz ratio between wet hbulb
and dry bulb temperature readings. Two thermistors are u sed
instead of thermumetars for the measuremant of wet and dry

bulb temperature.

5¢lel principle of measurement of relative humidity

The tamperature ratic of the wet and dry bulbs is cal-
culated in the fom of frequency ratio (18). The frequency
ratio is in digital form. With the help of this digital read-
ing and calipration curve shown in Fig.(3.l.la;, RH is obtained.
Tne curve is drawn vetween relative humidity and temperature
ratio of ;et bulb to dry bulb. A Table (3.1.1) is obtained
with the help of psychrometric charts as given in Fig.(3.1l.1b).
This tawvle gives the calibrated curve. It has been noted from
psychrometric chart that relative humidity is linearly related

to ratio of wet oulb thermometer reading to dry bulb thermo-

meter reading.

For the calculation of wet and dry bulb temperature
ratio in the form of frequency ratio, an electronic circuit is
used. Two identical astable multivibrator circuits are used

for linear temperature to ffequenCy conversion « one with two
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thermistor in astable multivibrator circuit for wet bulb
thermometer. Both circuits are identical which means that
thermi stors have same resistance value\s- Hence both astable
multivibrator generate same frejuency when corresponding
thermistors are subjected to same temperature. These
frequencies vary linearty with temperature. An integrated
circuit gives the freduency ratio corresponding to wet and

dry bulb temperature ratio. 'This ratio can be read with

"digital counter circuit and display. An electric fan is used

to circulate the air around the themmistors with an air speed
of more than 2.5m/s.

Table (3.1.1)

O E T L T e B RIS S S I L ERA RO TR S Tpe T i, T v o -

Sl. Relative Huni- Dry bulb tem— wet bulb

Q:-Jis-a

No. dity perature o c1)-_em1;>erature
(Ty) - (1)

1 10 30 13.5 0.450
2 20 30 - 15.8 0,576
3 30 30 17.9 0.596
4 40 30 2040 0. 666
5 50 30 21.9 0.730
6 60 30 23.8 0.793
7 .70 30 2545 0.850

80 30 27.2 0.906
9 90 30 28.8 0.960

10 100 30 3040 1.000

2 eeerane. e ——
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The observations can be taken more accurately with
electronic psychrometer due to digital displaye Thermistor is
very sensitive to temperature. It can be used to measure RH

“upto 100 percent.

3.2 Basic BHock Diagram'of Electronic Psychrometer

The complete block diagram of an €lectronic psychro-~
meter is shown in Fige(3.2)¢ It consists of wet and dry bulo
sengors and linearizing circuits, frequency divider,‘ di fferen-
tiators and clipners, *timer circuit, frequency ratiometer cir-
cuit, inverter and counter. The details of the block diagram

are given below.

34241 Sensor

In the electronic psychrometer, thermistor is used
as temperature sensing element. Thermistor is a thermally
sansitive variaole resistor. The electrical resistance of
thermistor is function of its temperature, which depends upon
ambient temperaturce, atmospheric temperature and internal

power dissipation (12).

Thermistors are essentially semi-conductor device.
They have both types of temperature coefficient is.es negative
temperature cozfficient (N.T.C. ) as well as positive tempera—
ture coefficient (P.T.C.)s Their temperature coefficient is

not constant but is an inverse function of temperature.
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P.T.C. thermistors are made from two kinds of
material & é:ompound having the parium titanate (Ba'l‘io3 )
structure (posistors) and diamond lattice type semiconductow
such as silicon (silistors), fThese types of thermistors
have their temperature resistance characteristic as shown in
Figs (3+2.1a)s. Posistors and silistors have tneir tempera-
ture 60 percent peroK and 0.8 percent ;;er°K. They are not

used for measurement purposess

N.T.C. thermistors are made of metal oxides and
their mixtures viz. oxides of cobalt, copper, nickel, maga-
nese, iron, tin, magnesium, titanium, uranium and zinc. The
resistanCe range at tamperatures varies from a few ohms to
few mega ohms and the room temperature coefficient of resis-
tance usually lies betwean - 4 percent and -5 percent perok.
These thermistors are approximately 1O times sensitive than of
common metal like platinum or coppere. Due to this characteris-
tic, these are extensively used for the measurement purposes
over the tamperature range from -100 to + 300°C. These have
their temperature resistance characteristic in the exponen-
tial form as shown in TFige (3.2¢1lb)e The variation of
resistance is given Ly the equation o

B -~ =)
R =R, e ©

T
o

where R

1

T = resistance of thermistor at tempe. K.

=
]

p = resistance of thermistor at temperature TO.?K

B = Thermistor material constant lies patween

3400/°K to 3900/°K.
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3.2.2 processing and linearizing circuit

At previous discussed that NTC type thermistors are
used for temperature sensing element in an electronic psychro-
meter. Thermistor has exponential characteristic between
temperature and resistance. Therefore, it is necessary to
linearise the response of thermistors. The variation of
resistance can be linearized ry several methods (6). A
simple astable multiviirator circuit with OPFAMP is also
used for this purpose. Here astaule multivikrator lineariZing
circuit is wused to linear temperature to frequency conver-
sion. Basically astable multiviprator is a square wave gene-
rator, As shown in Fig.(3.2.2a) circuits,.around.'t_he OPAMP A,
perform the function of an astakle muléi\}ibratof, where as
the OPAMP A, isolates the multivibrator section from the
frequency counter circuit. 7The OPAMP A, contains a diode in
feedback loop to provide square wave pulses for TTL logic

sy stams.

Astable multiviprator circuit consists of thermistor
Rp in the output side with resistor r and R, in series. The
output Voltage v, is grounded uy two zener diodes connected
back to pack and is limited to either tV, (+ 5 V). a fraction
Oof the output voltage 8 U, avallable across the thermistor-
resistor compination is fed back to the noninverting input
terminal. B is feadback ratio and is equal to (R +Ry)/

(r * R *Ry)+ The generation of square wave voltage can te

under stand as follows
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FIG 3.2 2{1) ASTABLE MULTIVIBRATOR CIRCUIT FOR LINEAR
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The differential input voltage Vi is given ty

v, = Vc - B VO

X
o
15}

=
I
<
I

capacitor charging voltage.

When value v, is negative the capacitor c charges
exponentially towards lower zener diode voltage v, thfough
the integrating R, comkbination (18). The output voltage
remalns constant at v, until Vc equals + v, at which_time‘
the output reverses to - V,. NoW v, charges exponentlially
towards upper zener diode until v, equals - v,. The output

voltage Vv and capacitor voltage waveforms are shown in Fig-

(3020213).

IC741 OPAMP has been used here. It has very high
input resistance (idealy R, = w ), very lowoutpnt resistance
(idealy R, =0), high voltage gain (ideally A, ==-w ) and
high band width (ideally = ). It is a 8 pin IC. Its

connection are given belows

pin No. (1) - offset null

Pin No. (2) - inverting terminal (-ve)

Pin No. (3) - Non- inverting input ( +ve)

Pin No. (4) - negotive supply voltage (-12 V)
Pin Nou. (5) - offset null

Pin Nu. (6) - output

Pin Nu. (7) - positive supply voltage

Pin No« (8) — Not connected.
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according to thermistor characteristor (7)

K - )
T T Rp © © eee (1)

o

The frequency of sjuare wave is given gy the eXpression a

f:: e~ L W ) (2)

1+
2rC {n e
R +R
T
Where B = “'""‘g“"”"'""'”" K (3)
v+ RC+QT

From the eguation (2) and (3)

£ = 1.
- TR OFR
2rC fn 3+ -9-_.__'_1'..__,.:\
T+ R+ Ry
= _ 1 _
- TFR.F RoFR_F Ry
2rC fa( =~ e S D)
T+ R+ Ry~ R, = Ry
—_ —_ 1 .
- - TR+ R
e (et 2T
1
= 1
ZQC ZR'T )

u-2~ o e . —ay

[ Q
2rC {n ( -‘;-'.I'...(l.;.ﬁ?; +2_%T)
Q
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= 1
D oL LI
2rC fn -Z-RT e“"’f“'i'—) l+?_c_:_+r
v T, o = toe
T T
from the equation (1)
_ 1
53 - J',i:—) Ry R, r
2RC fn e O +fn === (l4 3= + =—===)
Y R
T 2 R
T
= 1
2RT R '
Re HE-E +fn —2(a+S - S
T TO i 4 RT 2 RT
= l — soo(4-)
B B_ " R
rell = TO/_{(n - F‘(l*f‘!;.C_ *gr:t”"‘ ¥
s PR, 3
- c T i \
lfA _.'I-‘;‘-yn “?* (l+ﬁ.€[—: + Z‘R"’) ...(C\
then £ = e
B
2RC (& - &)
= 1
1 A
2rCB ( T )
- T
2rep(1- & 1)
B
1 T \
B ?T)C; ) . i 000(6/.
‘ (- 2 1)

The equation (6) shows a linear relationship between
the frequency and the temperature, provided AT/ 3 remainé

congtant.
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This can be achieved in practice if the circuit compo-
nents are selected in such @ way that A varies linearly as the

reciprocal of the temperatur'e iece

A ‘:..-e-‘«-c?- . c.n(?)

where AO is the value of A at T = To'

From the equation (5) it is clear that A is dependent upon the
temperature mainly because of the presence of R . since v is
negligible compared to R As the temperature increases, R
decreases and this causes A tu decrease (1). Fur a T, = AT,

practically it & possible to select an optimum value of QC/RT.

For this a relation can be optained from equation (5) and (7)

as

R

c
(Folopt . r

To
e R D (B T <D - R AR T )
14 (o2 )
opt
To
p N

Thus a value of (~—T~~)th satisfying equation (8) keeps AT/B

constant over a wida rangs of temperature and hence we get a

linear response.

™o astable multiviprator circuits as described
@arlier are used for measurement of wet bulb and dry bulb
temperatures. Initially ooth multivibrators generators equal
frequencies if both wet as well as dry bulb thermistors are

eXposed to same atmospheric conditions. They generate different
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frequencies. When wet bulb thermistor is immerged in the
water with wick and dry bulb themistor is exposed in the
atmosphere. Symbolically these arewritten as £, and £4 for

wet and dry bulo thermistors respectively.

\

54243 Frequency divider

For the ratio of frequency £, to the f, it is necessary
tu divide f£3 by an integer N(10U0)s An IC 7490 is used for
division by 10. This division oy 10 can pe easily under stood
the block diagram as shown in Fig«(3.2.3). For division by
1000, three 7490s are cascaded. The IC 7490 has 14 pin and |

there connections are given below .

Pin 1 - input () Pin - 8 - Q

C
Pin 2 - Ro(l) pin - 9 - QB
Pin 3 - r (2) Pin -10 - Qp
PIN 4 - NC Pin -11 - QD
Pin 5--Ncc pin -12 - QA
Pin 6 - R (1) pin -13 -~ NC
Pin 7 - Rg(2) pin -14 - input (A)

5.2+4 Frequency ratio circuit
The frequency ratio has been obtained oy using an AND
gate. If pulses of two frequencies are in high level i.e. at

logic 1, than AND gate will pe ON, otherwise, it will be in OFFe
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Mathematically if there are two freguencies fw and'fd
and fy is divided by N (an integer) in order tu get a wave—
form of frequency £4/N. pulses of f and £,/N are passed
through AND gate when  ooth types of pulses are in high
level. The number of positive pulses n of frequency f is °

calculated as below (10).

The time period of the frequency £5/N i.e.

Ty = B -
£4/N

The no.of positive pulses of frequency £ during up

counting cycle i.e. in the time period T4/2,

T
_ d
n --wa2
N
:fwx.,,.,.._.
2fd
Sy
2 4
. g,q 2
LA = =~ . I ovo(l)
fd N

According to equation (1) if we count the pulses n and then
it is multiplied oy 2/N, the actual ratio of twovfrequenciés
is obtained. For AND gate an IC 7408 is used. It has four
gates as shown in Fig.(3.2.42). oOnly two gates are used here

one forr frequency ratio and other for counter. The waveform
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FIG. 3.2.4 (a) BLOCK DIAGRAM OF IC 7408
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of frequencies ratio i1s shown in Fig.(3.2.4p) Truth taple

of AND gate is given in Tadle (3.2.4).

Taple (30204')

A vt e e MRS 1 Pty TV A T

A B 4
0 U 0
1 0 0
0 1 0
1 1 1

AN oy e 2 b o ol st R 14 R T Y Y ST e B Y] 1 T8 . =

3.2+.5 Differentiator - inVertasr - clipper circuit

A monustable timer circuit regquire short duration
negative pulse for its triggering. since f3/N frequency has
its pulses of long duration and hence unable to trigger the
timer monustacle circuite. For making a short duration pulses
i.2e spikes a differentiator circuit can be used as shown
in Fige(3.2.52)s It is a comuination of capacitor Cp and
résistor R_. For the design of differentiating circuit the

D
time constant will be less thau one tenth of the pulse widths

An invertor ie.e. NOT gate and clipper is used for the
synchronise of timer monostakle multivikrator circuit with
AND gate. NOT gate invert the output pulses of di fferentiator

circuit. An IC 7404 used for this purposes. It has inverter
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gatesas shown in Fig.(3.2.5b). The clipper circuit is a comni-
nation of diode and resistance. It cljpes the positive spikes
and gives only negative spikes for triggsring the timer mono-
stable multivibrator circuite The clipper circuit is given in
Fig. (3.2.5c).‘ The value of resistance Rp will be geometric
mean of the forward and reverse rasistanCes of the diode Dp.
The output waveforms of differentiator, invertor and clipper

are shown in Fige(3.2¢5d)s

3.246 Mono-Stable multivitrator using timer (555)

For counter circuit it is necessary to have set and
resst pulses. A monostable multivibrator circuit is used for
this purposess It is an one shot timer. The output Oof mono-
stable multivibrator gives a designed pulse width whatever the
width of input pulse (9). These pulses are shown in Fig.(3.2.6)
Monostable multiviprator circuit contains a combination of
capacitor C . and resistor Ry for giving the desired width of
output pulsess When negative pulse is applied to input, the
vVoltage across the capacitor rises exponentially with time cons-
tant R C . When the voltage acruss the capacitor equals
Z Voo the éapacitur discharges rapidly and drives the output
o its low state. The circuit triggers on a negatiVe going

input signal when the level reaches & V The time that the

3 “ec’
cutput is in high state is given by t =1.1 R G . The timer
used is 535 IC. It consist eight pin. Its connection are

given below.
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pin 1 - Ground

pin 2 - Trigger

Pin 3 - Output

pin 4 - Moset

pin 5 - éontrol voltage
pin 6 - Threshold

pin 7 - Discharge

pin 8 - Supply (VCC)

3.247 Inverter circuit
It is a NOT gate which gives an output to counter and
latch circuit in antiphase to that of counting input pul sess

The truth table of NOT gate is as below.

A y
0 1
1 0

3.248 counter unit
The counter unit consists decade counter, latch circuit,
decode driver and seven segment display. The details of these

circuits are given below.

5.2.8.1 Decade counter assembly

Decade counter is a circuit which produces vne single
output pulse for every ten input pulses. The scale of -16
counter has a cascade of four flip flops (2). A scale of ten
or decade counter can be achieved to eliminate the first six

states of a scale -16 counter. Its block diagram is shown in
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Fige (3+2+8¢la)e The initial condition of decade counter will
be 0110 (decimal 6)s» In this condition, transistor Q4 and Q6
must be in the OFF state. For decade counter truth table is
given in Taple (3.2.8.1) and wave forms are shown in Fige

(3020801b)’0

Table (30208'1)

Qg Q¢ 04 Qo Decimal count
D C B A

0 1 1 0 0

0 1 1 1 1

1 0 0 0 2

1 0 0 1 3

1 0 1 0 4

1 0 1 1 5

1 1 0 0 6

1 1 U 1 7

1 1 1 O 8

1 1 L 1 9

Re set(j) v v ° lO) Re set

V] 1 1 0 0"

Decadecounter IC 7490 has been useds. Three cascaded
IC 7490 can count upon 999. They count unit, tens and hund-
reds respectively in BCD form. 1Initially all 7490 are reset

tu
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Qg -J
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FIG 3.2.8.1(b) COLLECTOR WAVE FORMS OF FOUR FLIP-FLOP
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FIG. 3.28 2@) D-FL/P FLOF

FIG.3.2.8.2 {b) TRIGGER CLOCK PULSES
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DCBA = Ullv

This is done by applying a reset pulse éimultaneuusly
to all 7490s. The clock pulse drive first 7490. After nine

clock pulses, the unit counter has an output condition of
DCp = 1111

All other counter still have

DCaA = U1llv

On the tenth clock pulsz, the D output of the unit counter
goes from a 1 to a O and triggers the tens counter. Because

of this the, output condition of all three 7490S is

0110 0111 0110 eguivalent to decimal 10.
As each additional clock pulse arives, the unit counter
advances one count. Every time the unit counter resets to
0110, it triggers the tens counter, which advances one counte.

After 99 clock pulses, the ECD output of the three 7490s is

0110 1111 1111 equivalent to decimal 99.

on the 100th clock pulse, the tens counter resets to 0110
and triggers the hundred counter. Therefore, after 100 clock

pulses, the BCD output of the 74905 is
0111 0110 0110 cquivalent to decimal 109

3.2.8.2 Latch circuit
A latch isolates the display devices from the counting
circuits while counting is in progress. At the end of the

counting time, a signal tu the latch causes the display to
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change tu the decimal equivalent of final condition of the
counting circuits. If the input frequency is constant then
the displayed count remains constant. The counting circuits
continue to count the input frequency and the latches are
repeatedly triggered to check the displays against each final

stage of the counting circuits.

The working principle of the latch is based on D flip—
flop as shown in Fig.(3.2.8.2a). This kind of flip~flop pre-
vents the value of D from reaching the y output until a clock
pulse occurse When the clock pulse is low, both AND gates are
di sabled, therefore, D can change values without affecting the
value of Yo On the other hand, when the clock is high both
AND gates are enahbled (15)s In this case, y is forced to equal
the value vof D. When the clock again gues low, y stores the

last value of Ds

The IC 7475 contains four D-type latches. It 1s some-
times called a 'quad pistaple latch'. Due to four D-flip—-flop
it is a temporary storage of four-bit data. Briefly for the
display of decimal 999, the working function of the system is
descriped with the help of Fig.(3.2.8.2b). Between time A and
B, the 7490s are counting in the ECD form. The BCD outputs are
the data input to the 7475S. Because of the inverter, however,
the 74705 are disabled while counting is taking place. The BC®

vutput of 7490 is

1111 1111 1111
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At point B the 74755 are enabled, therefore, the KD output
of 74905 transfer through the 7475s to the 7447s. The IC 7447
is a BCD decoder/driver suitasle for seven segnent indicators.
At the point B the nuﬁber 99 is displayed. At point C the
74905 are reset to zero and new count begins. At the same
time the 74755 are disabled and retains the BCD output of

1111 1111 1111.

This BCD number is temporarily stored while the 74908
are going through a new count. Thus readout continues dis-
playing decimal 999 while new count is in progress. At
point D, the displayed gives new count. The 7475 avoids a
blinking read while 7490 counts.
3.2.8.3 Binary to decimal and decimal to seven segnent display

conversion

The output of a decade counter can be given in binary
form if collector voltages are read as 1 when high and O when
low. For display purposes, it is necessary to convert this
binary n umper to decimal with seven segment display. For the
conversion from binary to decimal IC 7447 is used while MaN 72
is used for seven segment display; These conversions can be

understood with the Fig.(3.2.8.3a).

It consists two diode matrix, one for binary to decimal
conversion and other one for decimal to seven segment conver-
sion (2). There are ten transistors (Q;, - Qig)+ The transis-

tor emitters are commoned and connected to ground via diode D4l'
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The presence of D41 ensures that the pbase voltage of each
transistor has to be approximately 2 VBB above ground level

for it switch ON. Each gate transistor has Your diodes connect-
ed to its base. When the cathode of one or more of these diodes
is at O (i.e. near ground level ), the transistor base is held
below the switching V«Sltage- In this condition the transistor
cannot switch ON. When the cathodes of all four diodes connect-
ed to the base of any gate transistor are at 1, the diodes are
rever.se-bi.t sed, and the transistor is niased ON via base resis-
tance RB; At a time only one transistor will be ON i.es when
Q,, is N, all other gates transistors (Qll - 019) must be

biased OFF.

\
For the seven-segment display, the anodes of the LEDs
are commoned and have a positive supply voltage (+ 5V ). The
cathodes from each segnent (lettered a tog) have separate termi-

nal se

The collectors of each transistor (Olo to ng) have
seven diodess The cathode of the diodes are connected to the
transistor collector so that they are forward kiased when

transistor is ON.

Now consider the collector voltage levels and decimal
count for the decade counter. For a decimal count ova, read-
ing all transistor collector levels, Qg to Q; are read as
Ol 10 10 0l. At this condition diodes D » Do, Dz and D4

Which are connected to the base of QlO are reverse-olased. Base
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current flows from VBB via RB into the base of QlO' There fore

Qlo will be ON and collector of this will be at O level., For
this diodes Dyp to Dyny will be forward-biased, therefore LED
segments a, b, ¢, d, ¢ and f will be energized. With this
seven seguent display, indication is of the form f:; . Simi-f
larly, other decimal (1 to 9) can be cbtained. These conver—
sions can be logically represented as shown in Fige(3.2.8.3Db).

The pin connections of 7475 and 7447 are below.

IC 7475
Pin 1 - 1@ ' Pin 9 - 4Q
Pin 2 -~ lQD Pin 10- 3Q
Pin 3 - 20, Pin 11~ 3@
Pin 4 - Enable 3-4 pPin 12~ GWND
pin 5 - Veo Pin 13- Enable 1-2
pin 6 - 3D pin 14~ 2Q
pin 7 - 4D pin 15 2Q
pin 8 - 4D ~pin 16- 1Qq

IC 7447
Pin 1 - B input Pin 9 - e
Pin 2 - C input ‘ Pin.10- d
pin 3 Pin 1l- ¢
pin 4 Veo pin 12- b
pin 5 pin 13- a
pin 6 - D input pin 14~ g
Ppin 7 - A input Pin 15 f
pin 8 - QD pin 16~ V

cC
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5¢3 Complete-Circuit Diagram

As shown in Fig. (3.3a,, it is a comple circuit diagram

of electronic psychrometer.
N f

. W,
For the measuring the frequency ratio EWE; it is

required to count it by counting circuit. As shown in Figs(3.38)

. , N fw
The output of AND gate 1 ise. pulses of frequency £ ( 7 z )
£

N "w
passes through AND gate 2. The sjuare wave pulse 7 Eg passes

to the counting circuit only when output of timer will be ét
high level i.e. (i) will be at logic l. Since for the timer
monostable multivitrator time period T = 2 second. Therefore,
timer output is alternately at level 1 for one second and at
level U for one second. Consequently the AND gate 2 is alter-
nately ON for one second and OFF for one second. - During the

time that the AND gate 2 is ON, the pulses of g-;ﬁ' triggers the
d

counting circuitse. The exact number of input pulses are counted

during that time and it will be g %ﬁ .
a
The output (ii) is in antiphase to (i). This pulse is
employed for reseting the counter c¢ircuits and for opening and

closing the latches.

At the beginning of the counting time output (ii) is a
negative going pulse. This triggers the reset circuitry in
each decade counter. since output (ii) is at logic O during
the counting time, its application to the latching circuits

ensures that each latch is OFF. That is during counting time,
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nothing pass~:§s through latch circuit. &t the end of the count-
ing time, the pulse fed to the latch inputs gues to logic 1.
This triggers ench latch ON so that the condition of the dis-
plays are corrected. During the latch ON Time, the AND gate 2
is OFF and no counting occurse Therefore, once corrected, the
display remains constant. The display remains constant al so
during the counting time, since the latch circuits are OFF.

These are shown in Fig«(3.3b).

3.4 Design of Circuits

3¢4¢1 Astable multivibrator circuit design

Thermistor resistance R = 33 Kohms
o
Thermistor material constant B = 3500/°K ohms

Since maximum atmospheric temperature will be upto 50°C. Hence

we design the circuit upto a temperature of 50°¢.

Registance of thermistor at 50°C.
3500 L _ L

R 33 o 323 273

Ts50

Il

13.29 K ohms

i

According to relation

C
( R‘To )Opt TQ RC
—g— 4 == [0 1 H &= )Opt
(l + ﬁg‘ )Opt o |
T, T, 2 Ry
= ] - E—w ]{n ........;..-L-). )
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(i)

j
i

LD L

t

e - —X PULSES - — w»-NO PULSES -~

le—  ANDGATE —sbc— ANDGATE -
2 ON ‘ 2 OFF

ke~ COUNTING CIRCUIT

RESEY
COUNTING (N ——'-1
PROGRESS !
pe--L ATCH OFF  _pie LATCH ON e

E
e DISPLAY - si=— DISPLAY -x
CONSTANT CORRECTED

FIG 3.3(b) WAVE FORMS FOR COUNTER ANC LATCH
C:RCUIT
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According to relation

Value of A at 50°C i.c.

A5O = 4—0686

Since astable multiviprator circuit can gencerate only upto

10 KHz. Hence for a frequency 8 KHz the value of

R = 2,2 K ohms
C = 0.004 uf
Value of resistance Qd = Rw = Rf Rr

Where Rf forward resistance of diode

Y
Il

reverse resistance of diode

3

5 x 1077 x 100

]

lecs Qd ;R‘

=2.2 K ohms

3¢4:.2 Design of differentiator

Pul ge width of differentiator's input frequence &

810 ] o ¢
P = ._'L,Q.(z,.-,—.--‘ = 0.0625 SeC . . N = lOOO

Therefore time constant

' «0625
Cp Rp ¢ 052

for this



44

Hence RD=lO K ohms and Dd =D"'=D

)

il

01 ME

3.443 Design of monustable multivibrator circuit
Therefore

= 2 g&a
R‘m Cm SaC e

o o R =200 Kohms

O
It

10 nE

Load resistance RL = 10 K ohms

3.5 Fabrication of Circuits

The circult has been fapbricated on printed circuit bkoard.
The pfepared printed circuit board is as shown in Fige(3.5).
The line diagram for P.C.B. Was finalized and drawn on graph

pPapere

3.6 Testing Result of The Circuit
Finally circuit is tested at different points. The
variation of thermistor resistance and frequency with resis-

tance is given in Table (5.6).

Table (3+6)

si. Temperature Thermistor resistance Frequency
ok K i

1 298 33.00 4558

2 303 27,08 4646

3 308 22,41 4731

4 313 18.68 4820

5 318 15.72 4902

6 323 13.10 ' 4995
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CHAPTER - IV

CUNCLUSIONS

The mezasurement of relative humidity in many indus-
tries ¢ like textiles, paper and pulp mills etc. is an
important paramcter. There are two types of devices used for
the measurement of RH value of humidity. ihese are based on

hygrometric and psychrometric principles.

Hygrometric devices are hair hygrometer, salt conducti-
vity hygrometer, electrolytic hygrometer etce These are used
in industries for measurement of PH value kut gives poor per-

formance due tou non-linearity behaviour and sluggish responses

sling psychrometer, Assmann psychrometer etc. are
psyChrometer devices. In the case of psychrometer the accurate
rcading of wet bulb is a necessary facth. It is difficult to
read exact value of wet bulb temperature due to its fast rise
and fall. Therefore, measurement with these devices is suscepti-

ble to errorse

It is, therefore, necessary to have a humidity meier
which has, as far as possitle,linear and smooth response. In
this dissertation the aim was to design and develop an electro-
nic psychrometer to give linear electrical output corresponding

to RH value directly.

After a review of other methods availadle for RH
measurement, the electronic psychrometer has been designed for

this measurement with a digital readoute
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It is based on the principle of finding out the
frequencies corresponding to wet and dry bulb temperatures
and relate a ratio of these frequencies by a calilrated
curve between RH and frequency ratio. It has éeen that the
freQuency ratio varies linearly with wet and dry bulb tempera-
ture ratios The calibration curve has been plotted with the
help of psychrometric chart and is a linear characteristics
between the ratio of wet ulb to the dry bulb temperatures
and RH values. 1If the abscissa reacting of the curve is
multiplied by a prOpoftionality constant (g = ngg) then it

gives direct value of RH in terms of frequency ratio.

Thus in actual development two thermistors are used
as wet and dry bulb temperature sensors in the proposed ele-
ctronic psychrometer. These are very sensitive to temperature.
Therefore this psychrometer gives a fast re5ponsé than other

methodse

Astable multiviprator is the heart of this device
which gives linear relationship between temperature and fre-
quency. Two such multivilkrators are usede. They are fed Ly
wet and dry bulb temperature‘sensurs give two frequencies.
AND gates are used for getting the ratiou of these frequencies.
The counter and display unit is suggested tu give a digital

readout.
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Such electronic psychrometer can be used to measure
RH value in industries like textiles, pulp and paper millss
It gives directly a digital output as against any conventional
type RH measuring device. This output in digital form can be

fed to computers for further processing.

It can alsu be used in an automatic control system
for measuring and recording RH by remote control. Further,

such a psychrometer is free from human judgement errorss
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APPENDIX~T

(i) Moisture:- The amount of water vapour present in the air,
(1i) Dew=point:- is the temperature at which a mixture of air
and water vapour is saturated.

(1ii) Humidity(H) ;=~ mass of water vapour associated with:

unit mass of dry gas.

(iv) Humidity of Saturated gas (H,):- Humidity of the gas’

when it is saturated with vapour at a given temperature

% humidity = -g— x 100
(e}

(v) Absolute humidity :- It is the weight of the vapour (wh)
W
in unit weight of the dry gas (Wy) i.e. H = Wﬂni;
- g

(vi)Humid heat :- Heat required to raise unit mass of dry gas
and its associated water vapour through unit tempera-

ture difference at constant pressure.

(vii) Humid Volume :- Volume occupied by a unit mass of dry
gas and its associated vapour (5).

(viii) Saturated volume:~ It is the humid volume of saturated

gas.

(ix) Humidification:- The process of adding moisture to the

air is called humidification,

(%) Dehumidification:~ The process of removing moisture

from the air is called dehumidificatioh.

(xi) Saturated Air :~ It is air which contains all the water

vapour that it is capable of holding at that partieular
temperature and pfessure. When the air is saturated
the dry bulb, wet bulb and dew~-point temperature aré

the same.
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Appendix~I (Contd.) t

(xii) Psychrometrics :—~ The science which deals with'the

(xiii)

relationships that exist within a mixture of air

and water vapour is known as psychrometricfs (14),

Psychrometric chart:- It is a diagram which re-

presents the wvarious relationships that exists
between the heat and moisture content of air and

water vapour.
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