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A duo of 	res bearing the gei*ric n thy. 
e ootria coonets ebb 't a p ott3sr Apert when exposed 
to tsapsrstzre effect wtcb sa de"s1op nt of a ,potential 
diffsz!enee, a change in resistance with posh  or rgatiie 
"paraare ooefftoient of rests' 	These devices uhibiting  

lthsrr.catric effect, WA wide Wpicattons in the two- 
:end of te eras, psrsbzre or difference in Wsrature  
dependent physical veriablu. 

This dienertatlon deals with the applications of tie 
theraoeleotrtn effect for the me 	mrnt of physical r.. 	e 
inch as Preso and flow of iii6s, espectally liids, aaA 
particularly valor* by  plyLng the thermeeleotic Co oz n' 
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tpressure .*esurosut are surveyed with their significant 
fssbzrss aM opszstin obersctsrtet$cs. Thersorsaistors 

Ir u1uaU7 used in a brid circuit 	output of which is 
£ntrinsLoaUy eon -linear. Aaong ti resistors notal resistors 
are near over a 'fi d rawwhereas .*.00nduotii.y 
" h*rei vosis ►rs or thermistors r* 	non linear. The chief 
ohms' rimes of these devices  ei their sethodoLog7 of 
epplicstion are presented, The toohntqu.e of linearising  
thermistors and nraeurls circuit outputs using the raeeist. 

re 
ore ,:. as sensing 4eyIcsO presented. Thee* include reducing  
nonlineariy throu& choice of values of cos nsnte of s 
bridge circuit, ooi*neattng nonlinearity through another 
nonlinear function gen al*d wring . fid.*s or transistors or 
converting the thermal pine # rs into frequency or tise 
and uain *altivibrator bridge circuits. 

Pingg thermistor as a flow neaartng e3.en nt as 
evaluated and r ► of the inportent considerations are brought 
out. wo pee of pis that could to d with a particular ty; 
Of thermistor are dej+ t tom. sejrab1s limiat ion of the device 
andoeeteriatios, such as *aall sits and tis* constant are 
given. In cas. of thermistor, it is re eeeax to encapsulate  
the bead with glass or cork to prevent oxidation.  Tie power 
required, and the relation of the thermistor *Lee including 
encapsulation  e ► heat tee 'er In a deal case are worked 
MU 
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10 XLTRODUCTIO1I  

The present era to krn for its tacbno3ogJosi er 

eoientLfie 	 SOisnos discovers the 'Iwo of 

na 	bow they opsrato in It ' z $yeters, whereas 

eugw.ring is the epitoation at theee 4iaooverise of 
science 	 sake thi worms a better p3hflCS for san to l ve 
nit survIve. 

The current acblsvevante An space explorstion me 
•isndtng of nit on ou, the rote exploration Of th. Win's 
surface bl automatic stations aM other sarveis of spar 
have been aped* Possiblebeosnie of accurate, reliable cd 
reproducible,  as hent aM -  tnstzQ ntatton . fiord X lv1 n* s 



I a XODUCTZON  

The pveaeftt +yrs to kwn for its technological er 
. 	fio vance*►nt. Soi*noe diecovere the 	 ro Of 

n*ture w how they c.r&ta in Ilex "e' "em*, whersas  
engiserin is the 	 lSoat .an Of these isooverIes Of 
science sake- the wort et better VIM* for san to lip 
an SUMI 

The int eohievet*nte in Spam exploration The 
lalling of an on moons  the remote exploration  of the Jnr s 
surface by sutosaUc setons and other 	] e of specs 
have been made possible because of accurate • reliable and  
reproducible aeee 	nt 	tares ntatton • LorO lv n* s 



warning1that rknowledge not expressible in numbers was of 
meager and unsatisfactory kind'is as relav eht o day as when 

it was made, more so since science is &tplactflg blind beleif 
through enhighbened knowledge made possible by the ever 
more accurate and newer kinds of instruments probing into 
the secrets of jealous nature. 

Measurement and instrumentation are playing increas-

ingly important role in our technological society and has 
enabled man to exoercise greater control over his environment. 
Por his well being, may be through the field of physical 
sciences or life sciences he is becoming increasingly depend-
ent on measurement and instrumentation which makes possible 
automation#  mechanisation and remote control. This becomes 
simpler and more convenient when the physical variables are 
convertable to variable electrical .parameter as voltage, 
current, resistance, inductance. or capacitance. 

Nearly two third of the earth's surface 'is covered by 

water. Still one he are of shortage of drinking water or that 
fit for irrigation and such other purposes. That is the 
contradiction - in the midst of plenty there Is scarcity and. 
this is true of many other requirements of human society. 
This calls for study to control and distribute these. commodi-
ties in an equitable manner economically, which calls:-  in turn 
for accurate measurements, instrumentation and control. 

4 



Distbution *ntslu traneportatton ard an for as 
fluide are concerned with which this dissertation 4**U 
with and In particular liquids - water#  interesting pheno' 
ns non are ecoiurtersd, zob as the kLr4, of flow, i.e. 
whether 	flow Is pressure flow as in pipes or free eurfa' 
as flow as in rigs a osnee, type of flow, single phase 
or rrnslttphase flow and 	 one macb øituation calls for parti- 
oular tOohnLqies

parts- 
o 	of measurement an4 L strux*ntation auitable 
to .met the particular riot 6s ate. 

Correspondinglythere .t.te a wide variet r of .con v' 
ntiona3 fluid flow voter marant for iluetrial, and domestic 
(water or gas) fluids. Thea. range from the simplevane 
type of rater, to turbLrs t flow r 	r # vortex and ell 
meter#  the electromagnetic n4. ultrasonic flow motor*  pro - 
s . 	more complex and me,tLngetrioter speoistoations  

and special flow conditions. 

Like wise to ,ems fluid pressure there exists a 
wide variety of conientional d rvic s as the bourdon tube, 
beliowe estrs gam,  *to, belongs to the elastic pressure  
transducers class#  the 	t gam., 	tsr an the servo 
mainetsra, resister, inductance  and capacitanceend ,pier 
electric pressure tmeduosrs force, balance deticee *$av, 
varying in coilazLty accuracy 	 l ili o  for high 

esure (usually above a'! sphe re "); and 1b*rWA 4W ti ty 
and Lonieatior& gauges, for ,:,low absolute (or below ateosphs 
*via) pressures  upto le' tort. 



In research as distinct from industry or domestic 

metering, measurement and instrumentation techniques to 

study and develop various facilities and make way for 

scientific and technological advancement of man 

specialised devices become necessary. In the case of fluid f 

flow measurement these include the thermal techniques of 

hot wire and hot film anemome try , and such other heated 

sensors as metal film or foil sensors, for measurement of 

very low -velocities and at low Reynolds numbers of the 

laminar type„ to high velocity large Reynolds number 
turbulant and or multiphase flows. The latest - to arrive on 
the field is the Laser doppler veloai-meter2  to aid tur-

bulance measurement in gas or liquid. The hot wire anemometer 

has primarily been applied to measurement of velocities and 

velocity fluctuation in air. 

Bven here the hot wire anemometer has its disadvan-

tage. The wire is easily liable to break or burn out and 
frequent replacement is a cumbersome and time consuming job. 

This led to the search for a solid state therms sensitive 

element and the thermistor with its large temperature coeff-

icient of resistance could have been an alternative, but 

its time constant is too large for the purpose. It could 

sense average velocities and Ei.ow varying velocity fluctuai 

tion. 

For low velocity and pressure measurements the thermistor 

has been successfully applie.d3. The quantity of flow og„ gases 



in the range of 0.2 to 20 ]pb and fluid. to ram of 0.004 
to 0.4 7Lpb " *vs been ,suured uing rr ►etor$, 

TMreiistors, with the 'solid state' back quad is it 
•set3.y 3 table to be burnt out#  and torae an idea, replaces nt 
for the hot wire U its tjr constant could be reduced appreci- 
ably. Frtltes . i is f4ow range h=ae o b eteMed. 

fir . pressures below 10 torr oou3d be mNtsured using 
thermal conductivity si in this thsrrietora have tow mvVU- 
cation in the ram of 10 	I torr, whereas iras ooupl. is 
jai 	t0' ` torr andvttat resistors as in PiranL gauge  

to 10 torr. 

tat foU ws a airve ' of conventional flow meter 
low presmre t*szringdevices, 'l Bator, its 	teriettca 
and applications to liquid flow sstremsnt are presented. +d. 

Coiuiders:.atention is lowsys1 dervotea to uasurO«► 
!n% OtlOW SM UPS of the 	•i$t*)Xe as sensor and $ attempt 

is isAe to ,ztsnd the range f paticulw3y of therdstor as 
flow sensing •lemaitt and to lnear. the output obaraotertettce 
using a thorrdst,r probe for sensing velocity of flow. 

dam the staple deflecting vans tjpe to the move 

complicated turbtse flow aeter*#  eleotromagnetto, ultrasonlo 
vortex and awirinter for seating rate of flow, to fere 
tial pressure se►tar► sash as phot tubes, orifice plater, 
volas rate of flow asters, positive dispisoemint asters of 



6  

different type. and trscsr lodhuL+ s besides Il 	es 
of p . re á►au►s nrnt +sur Sato of the dittos s for the 
purpose find place in chapter to o. lroa b.reon attention 
is concentrated iaa2rø7 on th*rr0 sLstt s devices as thern000upli 

find little applications in as 	nt . of flow at liqzide or 
its pressure excepting for s ►ssureesnt of gee pressure below 
a'sosphsrio. Purr in cotsnttona2 tschniçes, flow snd  
psure are inter related whereas thermal motors because of 
their smaU size does not appreciably fsot flow conditions 
or system  systera pressure 	as snob flow meszureient is independent 
of the fluid presses in case of trs r web's fluids each as 
is being considered. Thum pressure measurement is also not 
cited s 

In chapter ire th.rzK*leotrie sensors are dsecribed 
with mention being a • of metal rs*tstore thermtetora, diodes 
and traasistars for t.mper Lure and has*rem difference  
roe es. Various methodology of circuit &Ad their , plicat- 
ton to fluid flow 	resit are censured and a comparison 

 these is made, 

In chapter tour teohntq.a sf. nearleatton of thermistor 
and output circuit through ptecei t lse Itmearisatton, function 
generation and parameter cony rsion snob as to tre esoy and 
lime, Ativibrator bridges s and their characteristics are dash 
with 

In #hC last but one chapter thermistor as a flow motor 



•l rn 	*XViif *d prom of the -consid+r t o in its  
*Alba afl for this urpoee presented. A flovaetsz' ba t, 
onthsrsietor as a Seer has been 	fid. Xts prJnoiple 
of operation# oonstuotLon of the probe0  as 	out- 
put colts 	described. Jr Unasrisation of the ao stsr  

a a i owl diode ftinctton gsnrstor is Lamd a i4. 
a. `' a of th. taste oondotsd in the 3 oratory 

In the last + hat.r,00ncZusions on this disoirtatton,. 
Lnolud tug the developii*nt Of the SIOW after aM Asti ons 
for further work in this field we brought out. 

of the femur: and definitions tions Per 	ng to the 
topic under diSi 	l, a assign n eonsi rra ons are pre isa- 
ted in the eptMices Al, A2, and £3 r.psctivsl7, 



2.1 Z1TRCDUOXON 

e it 	 of view of revenue, regulation or 
fes. distribution, ciars►te and reliable aethod of aeaerensnt 
of a ooaodil r that is under o idera on beoous a 086mar r if 
not aeentiai. this becozase U the re pronounced in thathe 

case of Uqat4e mz gee of uses consumption with United 

pp ` 

 

whether it pew . t er or oo t r or Avid- 

ua]s, and has been engagtng engaging the attention  of e g seze ever 

einoe men organised theaestvs. into fps or oom tee to 

face the task of survival. 

Counanrate With the vexioa. re-t t i me of tiae ed  

cause, devices were developed ` ° and oontiai.es • so even today* 
P 

be 	awa uss as s4 depend upon th quantit7 involved#  the 
curacy demanded,economics snd other specifications as 

msWrisle, quality and mint conditions. M thods 
and teohnis of fluid Slow  aearauc. nt have been 



*"lved, 4eping on wb.sth.r it is , r t' or eo irfe  

flow, pipe slow or pxesurs flow we $ whether  the fluid is 
eoarsaeible or non corssstble be e44ee flow wadi# 
$iid3arlt methods or tscbniqusa for the earnirenntof pree-
sure hays 

 
been el d dspenA.tng on whether' e prarnzre 

beingmr*nurr d to absoluis or m preenure an the order 

or sgnttadi of those pressure • The term fluid enoornpnseee  

both Ziqz&da and geese.  

In the followingfoUowlng pes varIous tochniqizee used in 

•esral, for fluid flow sod pres*rs isssttreaeat e diecucsad 

with s huffs on Uquid tum seasuremant. 

nt OM be ølaseifted o s into  

ostogories. 	iy1 
(a) rate of flow iA !ssureIl nt.. and 
h) aattt Of flow asasurarrient 

Rate of flow indioatss, the rate at which the fluid passes 

a given esetion or int in its path per unit tine.  

Qzantity of fbi i oa s the quantttof fluid 

Ing past a section or point In its Pith. In a given duration of 
ties. 

Both the rats and Ott*7`' specified a thsr In 
' l'' units or eaSe ms's and corrsapon6tngl they  are ternsd 
as volesor moo flow rate and volune or sass flow respectively. 

Usisily th. rate of flow to Monitored and is to t me 
integrated to obtain the , aantity or total flow* 



2.3 R 	OP XOW IR84 

2.3.1 DeflotLag vs 	ter 

Zn this methoda ptVOt*d YaM to gl000d in th• path of 
the ltd (t .2. 	. weft of 	 i 	,,it 
attains a position of iqLI1briude w upon the zesultwzt  
to"* boffin that due to the rate of +ire of ontua of 
the liquid, whish itesU is a function  t%*notiolt Of velocity, the welt 
of the van. and thø reaction at the pivot. A pointer diepliin  
the deflection is. suitably linkid to 	 • This device is 
suitable for as* SIA or flow of liquids and gases. it can  
be aaed to detect lead Slow in caster/ gas amply *Yates* 
wbexLn its a.nittivity to. low flow rate oculd be vantageous3j 
used* 

2.3.2 Rotating vats seter 

i_1 	 .j 	jjjfl 

of a di or attachod 	" 7luF pivoted spindle. 	(fiç.2,2 )  

with .t b ait Mn* v 	the 	sea* at 'sq t 1 ,, wt3i 
produce * continuous rotation. The rate of this rotation will 

a smars of 	 'velocity of the liquid through the aster* 

The hiad lase in 	:lar 	**d t firs* a sensitive to 
flow in *ter dfr.ot&oa or one demotion only.  This " of  
novesent i 	 dO*SsIUO and i 	i 
water implies of 	l oar upto about 20* 

The spite can be sai to drive a counter, tachoseter 
or gear tri, 
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Fl =~ 	2. 1 	 /  
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2 .3 ilelioni 'tea Motor 

In order tO assaure largsr quantities 	d flow 
say In *. range of 7 to 200 as 	r rotai vaas is 
replaced by a helical vans Ecunted with its axe along the 

s or flow. The limed La 6ixeo ( to e Tie unio 
by means of gtdMs, 

MagnetiC coupling is usually op oyed ' esn the 
unler Sea* and the motor regtstsr. This aster Is 
to 150 z 

2..3.4 Co tion 

h*n the flow SI *tates vids2y a ccbinition meter 
consisting of a large motor tical, tan or oar 	) in 
the main, rib a sm011 roti aster In th. by psea Is a d. 
The flow to directed into the sam or by pass by en sutosatto 
valve # with the uit,t aster xegistering the large 3owe end 
the 	motor rogietering the 	fps, depending  on the 
osningof the valve pct respond* to the sintss XUAt 
met for the man 	r. Max variationsof this type of motor 
ax. apsL3sb2s depending the Vey in Bch the reading Of 
the aster is arranged and houses. 

2.3.5. viae flow aster 

in this tps or astir ( .. ) a ,fiction free"rotor 
is tented along the axis of the eater tube. The rotor is 

designed  mob that Lts rate of rotation is proportional to the 
rate of nw of fluid throes the astir. The rotor "a to 
monitored by, (a) a pick  v toil in which a voltage is induced 
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due to a asgrsat use4 int the rotor or, (b) vrtifg the r.lw 
*tom of a asgnstic oixai4t or, Ce) the rotor blase rotation 
modulating I& radio frsqu0007 oirozit Of Bch the 4011 forte 
a Des 

This type of astsr Is eMs in eii&eo of 5 s to 500 MIR 

With 	MUaUst having a Linear range of flow of 0.109 to 
0,341.m /h .uiA the lie 	 .r 694 to 6540 x1A* 

2.3.6 Propeller type flow *ter 

This to adevice wherein the verity of .mow iartemo 
a 

	

	 ttonel speed to a propel3ar izt. rted at A ane (t .g.2 
into the line, Tue rotstonthe propeUsr £0 t nelatod into 
an ot&tt eig proper oiu&L to the flow throUsb the magnetic 

This seter is different from the turbine motor in  

uring Clint can be withdrawn from the line 
without removtng the body of the motor. 
installation doc8 not require zsnLfoiAo, Isolating 
valves, balancing neo, air*  or power eupplies. 

This s , 	I ,s Vo for maintatnence, conte Leon, The 
rsx'hiLity of the motor to 1 1  

2.3.? sçettc flower  

The opt of 	 t c flow 	 n ted the 
induction of a flow 4etorbing device in to the flow stream. 
and the consequent lose of head, This type  of aster vor. on  
the basis of 7arad 's law of electra oleo . 	 tic induction. The 

fluid act* as a inductor and sifted in. a 	tic fie]4, cute 
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the aws .c Urss Of force as it S'ls ira oouseqt*enoa of which 
an *Not* IS de lops4. "0 41000 co &of 	d to 

•qitv *nt to a conductor of lsnth D The a .s.f • developed  
isgLvenbr  

a .B D.v 	 (2.1) 

a uz d•nsi r $ D a Ungthh ' # conductor o! disc 
` r of the PAY* 	v sveloci ', $ 0 - Mon + Iwa 

Una quantity,  

so that 	* 	- (2.2)•  

who" AIsthe area of c 	0n O 	:Vigo* 

It 160 aait*stLe tie3d is. *'rating the Vole developed Is 
alternating and of the s.ss freq.y that of the aagrettc 
field and d.c. it the eagnetto field to steady. 

The requtsentt: ow successful work of this t 	► 
• is tt the thUd have a conductivity of not lose than 

0.02/so ( The conductivity of tap ware to of order I / *) 
W0t of 	LMustial or ase liquids other than inatLng  
hroOstbon*ean thus be 	 ►l s .cesetU3". Variation of flow 
velocity pr`ile or tib 	edos not *ffeot they accuracy; 

the bead loss across  t to aster to equivalent  to that of a s'si- 
ght length of pipe impend solids also 	 s not sfteot the, 
flow* As such 00 aster is a near idem one capable of W aeur- 
ing a ho* nous sixturs of aolLd/liqui4, soul or non 



14 

corroseive, with prtottceUy hs loss.  

This aster am** in sue range of 1.5 n to 1800 me, 

2.3 ,8 Variiblo reluotenco :l aster 

The varabls reluctance flow aster 	. 
operates an the principle Very mob X.^ lto the linear  

variable dUferen L.IL mo r. In 0n syitsa, a aagra tic 
flow Irl is mzspirndd betewi bolter springs in the orifice  

of a vend bar. two bala *d eleotroasgnetta calls with 
coria. +ems connections srI int on the tbsr `ods. Stresa 
flow fomes this spool 	 s 	the liquid dreg is  
balanced by 	 spring force. When the spool Is csntsrsd bs 
wean the calls thO 	o rebsotance paths and 00 ie anoes 
are equal,. Dicplaceaent of t+ 	]► Care an increasein 
lapedance of one coil and decreaSe in the other with +ropor 
#on +banges itt aLos ` 3 fie. With an &*Go Lip* ► voltag.  
to the coil, a fUtsxid diode bridge r.otifisr foras a i1~► 0 -► 

1attng aircuit to" provide a startd..rd 0s100 aV 4. 0. output 
sign" praporuonal #n flow rate. An 	Log** voltage integrating  
Diet prides pose sus for an electronic  to r for 
blending and sizing operations, 

TM flow meter ooas tn rises 25 as to 100 am with 
flow rates of 	 110 * with 	outing presses 
of $0 kg/ca2. Linearity  to + 2 fun scale,. 

2.3.9 Ultrasonic flow aster 

An Oar non Lntsrtsring t flAw ar e is the ultra 
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ao o flow tir. it Is based on thC p iioiplethat sow 
wate. travel throsgb a wateria2 Vii*. 04 if The diva 8 

the Sound waves a" carried with it. A trantng mad ► 
ocr to l a (. on ors side of the pIpe and Wo receIving t m 
des ore fItted on the err aid* of th. PIP*. The sound 	s 
wilt b rectived earlier by the receiver down e" 	of 
tranei4tter than that Masi of 'the trema .tt r, The djff•i. 
rena. in trenj  it ti s.y be ceas*red . ` : '• as a phasedfftre- 
cc 	

- 
of 	 sound wawea dying at * receivers or as a tise 

dAttsr. ma. or intervaL.. lit both ods relationship between the  
transit tiae and tl rate is linear • ' or"'tI ` bursts 
of sound are propagated9  alternately in opposite direotloas  
between one air: at ts  d r s situated diagonally along the 
pipeline. The sigma Willing up.treaa is d*lsyed,  areas 
that travelling 401. $ to speeded up by the flowing:: 
fluid. 

Equipments cable of gIving an accuracy of '. for 
pipe sizes 40 to 400 sn at flowratssfros I a/s are sv 	l* 
This deIcd to La itainly *aide for lids but devices a" 
Made for gases 

2.3, 10 0 Vortex flow motor 

One of the most "tent amts into 	 timid of tow 
rrLeur ant I 	vortex flow whew which Is predioted to oee  
revolution In flow ss 	nt tscbniqta.s. It to based on 

the Baal phenoasnon ern as vortex shedding. When en 
obstacle sar a cylindrical rot a, or s other b]uffbody Ci...  
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Lned object) is present In the f1iidflow path, it 
liar been kwa for q t* a Ion the that voices are Erhard 
and mss shed behind the body in the d tton of ' e flow. 
The bond.ry layers of slow Wiring vtsaona fluid foreed  
along the o* ter suaoes of th. obstacle 	ao tx  follow the 
contour of the, body on the dovnstremr aids and the separated 
Wore beco 4etacbd and rd theaMlYss into vortices in 
the low presses regions behind the , body. ft. 	rtL s a. 

shod a alternate old** of the er o.ud the frequency at  
which they are shod to proportional to the velocity of flow10. 

The oscillating fre tency to z.Kmttorsd by two .leotr-
oriLoel]y s2.fhea ►d sensors whose teiperstur. and thus rests-
tanos 

 
very with locaUa.6 fes. The restetance variations. 

the esneor axe then conwrte4 Into volts signala and aaplL 

fieri* It to also e.ursd by capacttse asna, wherein the 

trane4ucer terse part of the blftbody itself. 

" bis type of aeler has xsoving parts and Can used 
for sesmiring dirty liquid., as well ,mss and shies and 
highly corostv. liquids, Plow rote res fros 4.5 to 450,000  
lies per striate with a given linearity of 	.5 Z. the 
condition being Rn  (R 	Ws fir) ainlais  
about 10,000. 

2.3.11 The eLrl mater 

The swirl aster depends on the oscillatory nature Of 
vortices. The swirl to i art*d to the body or flowing liquid 
by curved inlet blades which give a t►angsnttal eo anent to 
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the ted ,mow, to begin vitbthe axis of to fluid rotation 
is the +*+s ► oéntré' line of the seter. I ehan4s in dpi- 
tion of the zo tatioxial axis firs, pl 	(prou0os an) when the 
rotatIng UiId enters the sni*r 6 section (fig12,44a* s ng 
the regIon of highest velocity to rotate about the voter aie.  
This produoss an Oscillation or preosesion, the frequenoy of 
which o proportional to the volw trto flaw rate 

The sensor used to isessuxe the frequencis a be 
thLstor oexatsd to the oo nt int mod**  to got an 

' 1Q 6ity  change. 

Tpiesl iiqidd flew race sxe.0J6 to 3.6 	for 
3 

the 25 	 et se to *0.8 to i . a /As for the 150 as size. This 

is also s4tabia for ,0 flow osae'ir.sente. The corresponding  
range for gas flow is 8 50 m3, and 100 2500 *3  -Ths 
freqaeno range for limos to 2 to 150 Us and for Same 20 to 

OO He. I,tnsartty to 	4, 1 7 	. 	tr aa 	stabiltty,% .25 

ofrat*. Operating 	 : rang' upto 40 bar, and tsper*tzre  
0 to "000 +r poceibl„e 

2.3.12 ?berasl flow motor 

The 1 raal " at rUW aster has -a bested sensor 
plated Lfl the path of the fluid flow. Tb. esiworthe 	is supplied  
with a constant heating pars The f3owi *g f nit carries sway 

paw of the best fros thedepending on 	 am* flowing, 
its s o Cic beat*  and the difference in teeratzrobetween 
the sy rand the  fluid. A che*ge In the ane low rate thus 
cams a tern 	change In the sener. This tsap.rstre  



Change eauaee a change in resist 	of the senor •ia nt 

loading to a chi in current through the sleiat or a awe 
of a voltage eoroee the eleat when the voltag, or cant 
respectively' ere mant n t Co?* t. U the tempereti of 
the sensor ie maintained coni$irnt, the rosiaterice of the alo at 
remains' constant I with a constent current. source feeding the 
elemat,fpr caets*tO7 of fir, the voltage drop across the 
element changee. 

This way the following *e of orattona result 
1 constant c nt OI* tiOA 
it) constant teperatire motion 

The senior 620VOI U004 18 nsuelZy 8 metallic wire *. 
latter rtd um # or . en of a tat mime diater and 

a tow 	engtfih. thvar&ous configurations. 

M 	. methods are msit]3 apUOa2e fOr Sao flow seaeu- 
remante, but 	 SCO finding *ppliøatione in liz4 , flow mesn-. 
reunts with aodUied probes/sensor to withstand the mass effect  
B pnrt c .e t t ; 

The sensor metes ether mass rateof flow or 	c - 
'C,9 4i flow 

2.4 	 RS 

`b ' tie of meters gives an thdication which to propor-
t.tonal to the quantity of fluid which but flowed in a given tLme. 
The fluid pass** in the tOri of successive isolated quantities 



vulovo Vo muro Bob costalum has known flied capacity. 
The prattort of the initraasnt is sib to that of s 
Log Q. vuaulw of ltq'dd tr*nsS erred fros 01* container to 
oar by 06un*in the m..r of the esi*xsd a"fore. 

The quantity tze,  eftrd thus sq be unite of weight 

or units of volum of Uw 1Lq44 or gee 

2.4.1 Ws1th6 ir 

tzn 
VW liqut4 It conan reaches 4 pred.tsrsined 3u51 or height 
a oontaizr overtorns and eaptisa In succ*ieion. The nussr of 

tiass * COntstiX or Ist Of oontsiners overturns to *000X4S4 oil 

QoisAUr, which £Aica15a the totil weight of liquid that b*e 
flowed • This 	to 404sity Ona t.rstu dependent, flaw 
other variations of the esthod are possibla such as collecting 
tsi*on a pliitOr* be3.snce , or strsingatz load cells., 

2.4,2 YOL. trio asters 

(a) 	 in the st. lost form of "to seed 
tank is allowid to mi snd wtion the liquid reaches a level,* 
•yphon action aflows It to flow outs of Uses as 
liquid is nyphoned out is a aseeurs of the qu.tLty of of 
which sq be tndtcated by a float op*.tsd esohanisa. Other 
arraniewants Inol*.e **lttple tsuts with aito tic letOff and 
1e114n to each tank depending upofl the 3*ie1 in the previon 
to*,* Th* nusber of tLrnes the cycle of tIlling ts1s p1*05 is 
indiostSd on a float operated . obantea at cou$ter. 



20 

-iderivad mat the pious type to th. 3 iti  	1soaastlt 
GOUVO In this type of tnstrunt, as the liquid flovs 
through 	 tsr it 	0 a SO&SWI g e alt t which seals 
off the asasur tug oar into a 8enLse of 	 tug oosr 
tints  b holding a defini. volu. 	sstariug s 
cut, no" these B ar i$ are .*CD*e*Lv*y filled and 
•*p *4 . Thus for oma► cc pisto cycle of the .rnring ilrnnt  
a fixed quantity 	iq, is psrittsd to peas tros the inlet 
to the us of the tsr. 

Positive t 1 oent otors we uosd where bii It 
4• a of sccttreoy and good repeatability Lf celled taro ThS  
most coi on torso of pooitIve dipliossout s 
ibed below..  

(b .i) 

	

	r LI the 	,Uee,, a 
piston reciprocates (f . 6) Inside a cylinder in nuch the 

In a stems •ejt --, the softy p.r b.Lng  
sided by te 11 	weer Px**WA • he inlet . 
one or sore cylinders. At +scb stroke of the piston a asrnzred 
quantity of liquid La deliver st the outlet e e 
suitable choic. of satertals, mob sotirs are jpltoabl* to 
co4 or hot irstsr,oflu, corrosive liquids1  +iso* 	ough it  
is mainly *n .ed for Cold water* 

As the piston reciprocates, a ratchet attached to the 
piston turn ► a pinion which turns a counter, reoordtng  
quantity of liquid flows 
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t r is widely ueed in rte 	do*ems water supply but 
it to inorensingly being eppUed ' oil and ohetitcal iMuetr.  
Los's Here the piston acts as a ung'. oma (t .1) tri 
eferring a + tifiv 	]of 3,q44 tMa the in to the 
outlet part during eaOh ole of its motion* 

(b.3) 	"'r . AL$2 f_  1. The water" flowing through the 
utter#  In this case giver a 	ting,-on (king motion) 
to a tat iso12  which drives a gear train of the meter. The 
disc baa xadtei slot into which the division plate of the 
mowing chamber  fits. The die* is thus "s 	d 0  that 
It movee up and dawn the path p is whi1e the upper and 
of the 4100 spindle moves In a cirete driving the *Water 
uoObaaim. Oxi edge of the disc Is in aontact with . t e upper 
edge of the moasuning oars  vbi .e the opposite edge 10 In 
cont with the mer edge of the cb&br (fig. 6 	the  
TUU flows the points of oontsot of the died and car 

move around the d ,s-  . 

Such tensnilsb Lu the rad of 27 to 135 3  
have , a meterIng accuracy of ► Y; over the whole rated capacity. 

fluted rotor suorted in cleave type bearings and mounted so 
as tt ► rotate lOce genre La a 3 q id tig1t case. Tb. Villers 
are oaretuU,y machined, and. ar. in 6ynai&o and tstio bs+uuaoe, 
with ► 	r relative position beIng controlled by 'fro baUcal 
timing gears. The rotation of the impellers 	 synOm rsd 
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thus and there it no astel to metal contsot„ 	14 w.ar 
and tsar. The shape of the rotor La suchis 	that a unttors u ► 
interrupted rotation is produosd by the liqutd. 	.lsrs 
in torn rotate a *Ruiner indicating th total quantity of flow. 

Suchnotsrs are 	fleble in gazes Via* 25 a to 600  
to Cover a rae of flow from 1.6 to 3200 	and Waste► 
upto 80 bare The cured fros aaztsszrn to 20 1 of the  Wilted 
flow Is of order „ 0.1 ', . This tris o" mater finds 	o - 
tions is petzolsua or chemical tudutriss. 

A mot of vis slide La and out through slots in the 
rotor (f .2 9) depending on the Lr relative poli on With 
respect to a fwd came The rollers at on one end of the 'vanes 

follow contour of the *am 	the liquid flow Causes the 
rotor to rotate in the meter body  and- around the ease The Y* 
rn 
body w&U,s beingfniiy extended bby the tine It reaches - the 
beginning of the measarLng chamber. The Van. ahead of this 
i0 fully ended. A neaauriog +bar to thus formed d be ne: 
the two Vanes *nd tb. body lop and bottom was.  A contigs 
series of* 'ru are thus forned for each row Flu on 
(as aarq ca re as there are mss). 

Thi type of meter produces a +o ' ."t vellow pre *a  

Ure loss and can used upto .5 bars rg: pressure wt a 

mated capacity upto 80 * /Pk. The accuracy is of order, 0.1 l~ 
►s rated capacity down to 20 Z of Ito 



(b.6) 	LXNlf  ► Ur I The principle or operation of 
this type of mater to similar to that or the sling venae type, 
Rare the measuring oft rre 	torme4, by four half noon shaped 
varies sped equidistant on the rotor •oi,r iaae 	, A the 
rotor revolves the vows 1Mm to form sealed.  0haebe a beWeei 
the rotors the meterbodys 

This t of voter is a.ilsble for p reqs up €35 bar.g, 
grit c *oitis* rn. f 3.8 tO 270 z3 vetch possibla fou» 
racies Ipto 0.1 i+, f4t flow down to 20 ;; of the rated capacity. 

(b,7) 0 	a 	+, I The 	 portion here condo s 
of two ttttermsebtngoval gear mels rotated by the fluid pis- 
log throu the meter. The rotattoi of the oval soar is , ► 
a tt*6 tO C0Wta2 ISOh*U 	thzOW& * $pLfldlC or " 	g the 

bo flow spindle of one of the oral gear. to a follower by asns  
of - tenets emb.ddM in the gear whoal *nd follower, or it  
mey rotate an slsOtronio Vie* 

$uch metes am * 	is In the.range 10 to 400 mm *is* 
for proseuras upto 60 berg and flow a paittiee from 0.06 MI 
to 1200 As 	+ wr*Lei+ range from 0.257tor the Viler 
10 to 65 	Oise taO.ifor sines larger than 	e 

The ;$f' ' motor doe e* ibe : 3L far' In this secUc n era  
mot a lu~ 1p unnt for Ujxi4a, re epecifl @old y..Zor iater. 

withauittc 	f co o in w.a'triale, eealnt aM solsts  
Lou It to po4ble to use ice stern for any ie of l&eaidc.  
.Same arLttty terD W1d ter ,has flowar 	aezaE3ieao -► 
bad 
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.e 	{ w. 	9tej"` 	r widelyused Co*isrcLsl 
service mot."' to 	 x tip.. It ooriass four 

mseisrirg aospert'onte which opsrete eim*ltansouaal , some 

filling' -end soas emptying 	ntis]ly wing a unifora 
delivers or gas. The maiber Of time ems, =Damming  chasr 
is till and . emptlod to zgtst.red cit a comer thereby 
giving 	 indication  of the total voiui in ~x on the index. 
The mater register to operated fraa  a crank that to  La rotated by 
tie - movement .of the d&hr.gas. notion, Of the meter asob *. 
is* occurs when there is a pro sure dW*"ntia l of at least 
2.5 mm of water., 

(b*9) 	 This meter is u.fua for mess.0 
ring amsU .fir of gasos for ate, o -- testa and asrements 
of eniorific velte of fuel gar* . It or is of an outer char d- 
a r of tinned broom containing a rotary portion of s 
partitions faming our *easuring obsaboze Me of light tinned d 
plate free to rotate on a centre spindle. Gas entering by sit 
UL . $ near is cent lis at the top through the outletpipe 
at 'the top of the outer casing, The 	.stsring chambers are 
eenlmd oft  by water or other anitable Itguid. The level of the  
water Le ao X8004 that then one chamber berms waled to 
thS outlet Sids the titin between it and the next car 
$*_ ll it Off from the inlet pipe. The mewing chamber w&U  

s + Oa definite volu of 	from the inlet to the 
outlet of The instrument. The MWOOxetve tiUingsaealLngisrad  
•ithsasting of the measuring oheabers result in a rotation of 

s Spur which is recorded on a register, which can be 
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caUb 3POW In 'vo3 	" * 

The type  of ester is designed  for ►l ar flow of 6 to 
% litres per hour* 

It is not 	for gat t a high teaparatuxe, requi- 
res. sa*.n ;z 	, oration, snd irtodiositopping up of 
the sealing liquid. 

(b.1O)  to ► l _ OUR ! _  I This type at eater is vary 
**Oh stailar to the rotating 	 ►U er type for liquids. The 
aster bully consists of two istl*rs housedin a casing 
and supported on rolling tearing. Weer and lour are prevented 
and OsliberstiOn is retained for ester life on account of the 

clearance of thS order of few tans or eiorone begin the In"",  
for and casing. 

The idUU 	mooed to rotate by decrease in ? o5  
u crested  &It the motor oust by the use ofgss. Each ties an 

012.r pie** thrgh the vertical position pocket of S+ 
Is sic.ntarily trapped betwen th• i*peIIer and the oing. 
You pockets of gas are thertore 	pd and espelled during 
each oosiets revolution of the index shaft. The rotation of 
the p•  sr is 	tted to the aster ocuntor by suitable 
gearing for the meter to esd you of gas In r3* 

Such asters are available for pressures  cwt► 60 `far «g 
and flow rates of 12 a 	1000 a3 with an accuracy of 

ori 	lcO° Of+hera do + 	Ic. 



2.5 DZnREWUg4 PBBSSUi 	R8 

This asthod, the zea*t- vtdc3y used of the flow moastarea 
cut **%*do#  is bsaics11r dependent on th difference to press-,  

rbetween two seottone In a flow stream. Thi! preeeuxe 
difermac. La ore sted when a+ ► Ic onsnb sa an orifice 
plots, a venturi tab* etc. are pled in thee: flow path. 
Due to the constriction the area of cross station to reduced, 
With the 	Of coatintitty holding  mod, velocity at this sect- 
ion increases at 	expens. of pressure. Pressure just before  
the oo•nsLotjon, P1  is larger thn thst at the constriction,  

' .. 	4W*x*w ► Of pressure r exists. This pressul!. difference  
is a funot on of f1W 	v 	flow rate Q can be 
deduced fro. a nowle4e of the difference of Presses 	I 	'' 2 ) ... 
arcs ( at chi 	icon) A, through which fluid flows 
end a flow cc ffont C1 for the constrIction. Thus 

a C1.C20lar. (P1" 	) 	." — (2.4) 

where is conversion factor 

Various 	 + 	used "vols the dU eren .al 
pxees**res and the preosuz loss WA asurement accuracy depend 
upon the thod used. 

The asthods used 	I 

i) area I& bold constant 	a variation in be Is a seseure 
of flow,thie to const are 
variable head sethod. 

) flow is constant 	8 ares and bead e cons t, this 



10 ionsteat eres ooneta.nt bei 

''. 
iii) heed is constant 	 ow in s is a &im*re of 

the flow, this is constant heads-
variable ares method. 

iv) bead and ares des 	* measure of head and ares t i p 
flow this, to Mable bead' V 
L U area meted. 

2.5.1 C* stat area vary bead uters  

►)  	 tbi  s The pi tot tzbe tg.2 1O) is a 
used device for making 	 rary measurement of flow* When 

a tubs is plod , With its opsa eM facing a strei of mid, 
th fluid impinging on the open ønd will be brit to rest 
and tto kinetic enema eoiwart.d Into esu .ner O be 
pressure In the tale will be mater then that 'of the Iris a 
am y the ipactpress and will depend upon the square of 
the velooiy of the stress. The difference bsWeen the pressure  
In the tube and the static pressure of the sass will be a 
mrd of the i*paCt pressure and thereforeof the vsloo&ty of 
the etre. By Bernoulli's equation, the d 'fe n 	pressure 
or ipact pressure h, developed is given by 

V2/2g or V 

(2,5) 

It 16 possible that the whole or the etrSsa flowing on 	the 
end of the tube Is not brought to rest sx$ to t ► cars of this 
a coefficient 0 is introduced, tevmsd phot tube coefficient.  
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Themost elesentary form of pi tot tube consists of a 
beat tabs with a separate atatiC pressure tapptn. 

flo6jfiosflons inolud. the ellipsoidal 	 standard 
pi tot static tabs, * 	,fit' a p&tot tom, Pitt venturi tube.  

Pitot ender, Pitot ep.re and +A* siuzubar, The Pitot 
Mer and phot sphere are used $0 Wi veZootty cooments 
at fixed 	*s to the ezie of tlm the othm bo ng 4UiCd. 
&Uaas of the baeio pitot tabs for better 	 '+ 	r and Go" 

ftictent , 

The pit+ t venture: tube a 2,i1 has Wa .oonceratrio  
nturi torr arr 4 $0 that • *"nine# Us in the sue► 

plans and the irar venturi+ 	rye at the mat at the  
outer veaturi. Pluid flows *Mu& both VW inner and outer 
venturi tubes, Their ii a calibrating ring on the outer 
vent i 'fir t"h$ position of which affects 	 static pX*aSUXS  

at the exit of the outer venturi. Mesa coshIned, develop a 
differential pressure ' about ton tom.$ that of VW  staple 
Pitot tube. 

The snnuráb 	f .2.1 In a more p.raansn$ type of 
pi tot tube wherein the pressure boles an located in such -a 
way that they seasurs the reprssntattve dynamic pre.stu* of 
• Qom► sannit • 

28 

(b) 	tubs  I•  Ike venturi or th. conloal type 
comes La three patterns, The long patten _ .veuturt, the short 
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pattern venturi, and the standard veal., wherein the inlet 
Cons angle and the outlet cone angle are `ferent with the 
not lose of pressure b*tog sash, large and sodium respectiv.2.  
The ven (f 	.2.1) has in 	 nr 	. 5 parts : 	(i) a Shirt 
cylindrical accurately o 	inlet section ot ths eaas 61a.-* 
motor as the matzo pipe with a hole or a mor of holes 3atned 

to►,  a .ring,, called p1zoring for sssurtng static pressure; (2) the 
►trance Coag which includes an angle of 21° 3otnsd to the inlet 

by a asooth curve (3) a short oyhtndricah throat a0curats17 
machined, fitted with one bole or +ra ► holes, and a Fiesoring 
to measure the pressure at the most. Th. throat disaster to 
0.224 to 0.742 of the entrance pipe diameter v th a ainirnua  
of 19. 	1 (4) an exit cone .Ich i.ncluee an angle of 5' to 
13 ' 1 (5) oonnea g flava 

Zn the abort pattern a standard :fir nos l• oar be 
introduced after the Short inlet oyhin4er, in pleas of the 
Int eons # The overall pr*saure 3.osa in a *tit tube ie 10 
to 20 "1 of the iffersatial p aeu * 

(C) : 	 This Is 	A venturi tube, 
such shorter in length then the standard vend tube and shorter 
than the short venturi tubs ill, The differential pressure  
developed for a given .lo .rats 1a also arh .:ager aM the 
pressure lose to oto less than that of a. vend Ube . ( about 

5 Y. of the loss). Fluid flowing thr"ou the tub. first strikes 
the cam 'ig. 2.14) at a ,0  flows through a short steep Inlet 
ecus to a cyhinarioah so tion on each aide of the throat slot, 
passes two more sharp edges at $ *ud e, through the Short 
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r omry C r bwrsm 40 i a]►ide6 angle of 15, snd`. 
udsrjoes a sudden az erg mint to ThS pie df 	r at f 
T` • whole device is about 2 pip* diameters  to 	M 
swath CUr SB as in the venturi ' rO. 

d 	 In !tfeOt the flow n nae (fig.2.15)  
is a vsr abort entLd tube ► It has an eritrenoe core which to 
bell shaped. It does not have an exit cone. Its ange is held 
betwasa pipe flanges and press spin take th* fora of 
annular rings with slots cpenisg into  ,the Min pip* at each  
aide of the flange of the AOSOU or Gil* isle (cow 
drilled through the - fin clone to The nornle 

(The dtamiir at th pressurebole or the Width Of the ►ss* 
slot Q.OD where d/D  4 0*67 and O.02X)where 
>0.67) 

It to not suzitable tar vi000ue f34de. Its psesere 3ose In 
large, 30 to 40f of the differential pressure.  

(I) 	1?.*t*1f 
(a, 1) 	 f 	$ They orS Los Plato 

(' s*206) to the oldest and the most oo►n differentia. 
pressure 4+ c*. In its slit tore it consists at a thin 
shunt mites having a square edge hole which iS concentric with 
the pipe at its centre. 	 e #mss inoinds the ccc niø  
ones plat . and tbs segmental o'it1cs plate. The eccentric 
one is used en dirty tluido or fluids With i21Sen6Sd solids 

r to be aster!, when the lower edge of the orifice coincides 
with th boy  of the pIpe allowing th solids to pass through.  
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The orifice plates sr be used for Ming flow of gases, 
.r 4a or vours. Zt is not suitable for viscous flu.di flow 
a ire sent or for a tical flow metering. 

Corner, D D/2, ,flange tapping 	 do, Orifice 
plates are Mable for asure merits of flow, for ezea ratt( 
0toO.5,B.10,00O and upwarda,torpLpedia25into5O mm  
and ara rstio 0 +a O 7 ,R5 .2O,QQ0adgeatorandpips 
is 6 50 mm d sbOYe. 

The pressure 1008 18 of the Oar of 507. of the diff-* 
erentLsi pressure. 

Zn this type of ortftoe plate, the edge is not sharp 
but a qu&rant of a o olo facing the flow, It 1a in between 
the fl..ow nosrle and the orifice plate. The difte nti p esa-. 
lU'S remains 	 t over a wide vat of R ( 500 to 20000). 
It is used when mat ccuraoy to re&xod  with seesuroinent 
of viscous fluids and especially 	 viscosity verse 
or is not Win. 

tai . 0 3 s 	The Dali orifice is a stcue-d 
version of this Deli. tube which to about O, pipe diameters  long 
and can be belated bseen ptpe flims.. 

"A M" ot,, to * The Gentile flow tubs In a 
short 	 neat whose Limer periphery in equipped with, 
groups of pressure nos lse. Ome group ponts np"itreaa and Is 
exposed . to the z io pr►ssure • The other r 	up point& down 
stzeut, thereby not responding to tact pressure,  but measures  s 



the s' .c pressure • The n stile groups are interconnected by 
two sepirate prerenre rings fros which øonMotiozie Can be *M* 
to a conventional d.rentis3 pressure ter It In suitable 
for clear water,,, r*► sewage, sludge black 3quer and other flu- 
140 carrying solids in suspension (with suitablepurge systema). 

(a) nifuQ i  : i hula ming thugh a right  
Wiled bend in a pip* 0 where the bend is in the form of a 
esooth sent of a circle, has tndenoy to contig to re 
In a straight line, its pressure of the fluid an the outer 
radiwi of the Pipe well will be mater than that on the inner 
radius. The dift•rsncs in press spends Up** ibe ltd 
density end v.2ooity. 	=as flow rate W Le gL"n b ' 

(2.7) 

where e o sass density of ter fluid. 

flow nter, alsofOrred to as LeaLnar '3  were spsoie3y 	u* 
loped for a ing row flow rates i of fluid. U'* the resistant 
sle te primo or flow atSr ele nt) are g IL sade up 
of either  ppm plug8, or d► ► is of ainter.8 brace, or in 
Bogie oases of capillary 	 e. 

Zn the 	 flow through porous atvi s, the axial 
pa ssu ,g t *n A h/ o Z to directly proportional 	 O 

mean filter velocity v, by meter of Dam's low 
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. aainobatactOristiOe of these flow ietsre may be 
modified on the, basis of the thiOkneae of the ,porous *Umen*#  

pe of tubs, resistant *l**nt dieter ratios, 44 dent 
oharaotsristi1cs of the porous materia,, 'am* C iinLi the  
#dsrteges of Uneer roeietanee flow aster wtth the positive.  
charsoterstica of th orifice platsi 

Tarts resvLts prelentad show a aar tr* limier relation  
b.'+ *on Q and Q b for the range of flows upto a Ipa, '!ham 

P,igurr 2.17 gives 	*at 	p*roraanOs for the 
orifice plate, flow no e, v.ntri tube and venom girls, 

2.5.2 Ooatsnt &"a constant ,a 

In a 	 stir the flow through $ 
s smart win rein const so long the ft of the element 
and the 	srertt preeure across the eient  
onto this is the principle of the constant yrs oo 	►t h*aA 
asters such as the funel aster, the flow prover and ° e ccns 
tant flow rte, *aL'nest th gas tIm, mNssur rnt. 

(a) 	 The twm.1 ter Oono&ats of a 
sow* of orifices, in a plate in the *ad of a tank or .n the 
large end. of a fl, which dinobarga Into the air. Por a 
particular test the difl.rential prem eoroe the 91wtsr to 

cofletant and rat. of flow to coned by the giber 
of orifices that 	open. Thus both the dIfter• ntist pro.e. 

and the ares raaIn constant for a par tioular test. It 
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Is i 	caloulats the ditt'S tial prassuxe to be 6 
Sro* an s irio for4a LrLvoivin spec to grsit'aM 
; a M of gee to alculs . the ,rear of mow. 

	

(b) 	 I- Th. flow per Is an iapro d fun 
I aster OouaiStLng of apair +of Orifios aster tleng n fitted 

with inlet and outlet Motion on and or a to 10 ptpà disiiwt.rs 
in iexigth. Between the flanges a nbsr of tntrchangsabis  
orifices of different class asy be fitted.+ h r orifices 

calibratedn r * differential preesure, plated troa 
an sipS.rical fora al* with a gas of known density, and nosinal  
rate of flow  Is established, This motor In Win aced for 
checking o'er gas fit aster irnttaUstious. 

	

o) 	- a Zn its usual torn the niven is a const 
.zea tri it b**d aster. it has in Ovitum in the 'otter or 
old* of a Voss*% and the flow vsriee an the heig ht of limed 
aboi.* the orifice whLh to asasured by *&$ Vis, float or 
O'er suitable devios, The usual equation for or fios asters 
app1 in this Como 

Zn the constast flow aim the bet&$ of liquid above 
the comics to arranget to be comet by  
flow rrangeasnt Which is a3ustabls. ,. flow throtagh the  
orifice wtfl 'hen rein constant as long as the orifice In 
not alter due to Wear end tsar or dirt oo so o 

24 ' Variable area .Co 	i head aster 

' a taming the d 	retia pressure mss an 
orif to. constant, by adjusting. the ares of the orifice, t r 
ares of the c.Lficr vii) be an most on Of the rats of flaw. 



In this case the rate of flow can be arranged to be ., of 
proportional  the ares of the oma 	cone aCy 
several difficulties with COi tent Via, ?a iabl• he iters 
Includi.ng the square l dr flow VOISUon sri over * Such 
ratern liner also been designed Inc which aooura r La Independent'  
of the raft of flow and V . D*L of the fluid. S of hess  
area of etsrs are described below. 

 $ Zn thke et.r ' .2,18) a 

gate is introduced itto . the flow stress 	 the ares of the 

0939106 (Of flow) is var 4 by raising or lowering the gate 
which can be done either 	 ttioaUy so as to 

in 	n a constant pre.swe drop oats** the entice.This 
pressitre am is 46aeure6 bl two ' 	o in the sm pip., 
one each aid* of the gate • As the rate of flow through  
orLftce &norssee, the *"a or the orttioe to Liessd0, The  
position of the gate is 	 es ►d by a sal* which ;dura the 
rate of flows This rate of flow La not lin.sr do* to the 

01V of p sbk': iY rOseing with Lucre sd rate of flow, 
This is ove o 	 pressure at  
sass and Oda by the usual static esaune. 

^) 	I F IIl 9 
	y ~ 	8 	this type of motor'# 	own' 

In tig. 2.19 consists of a cif.ar o r lax into which a tope 
a plug fits• The. foui of the plug to - such that the aria of  

the annular spa** beWeen the plug and orifice is prc.tional  
to the 1$ of the plug*r.+ z the52uid Slows past th* plug, 
the plug riles,, end the + r t by which it rises In a asseuri  
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ot the rate of fl* 

A aOUCIAd four of this motor is the Gout and +! 
'yp. • (!'i,. 2.2O) Hers prisary s 	unt is a piston or disc  
moving in a ooaiesl *her sO that the force due to th* 

a~►U•rsatisl pxsssrs begin the two sides of the disc ala»• 

no** the wit of th digit By m4t*bi1V shaping the Obsaber 

a* flow ass be *ad* pro,the flow Cen be *sd* propc*tLousiLtothe lift of the disc. 

(a) IWAWL'Amaxe r 	*tear) $ this p* of 

moor usis 	i$ozsl ted 	glass  

tubs with the NisU ssotiofl at the bottoa and the longer 
soma at the top,# With the i4s of the tabs vs ttoal.A mat 
the .lust of whit is _ In the shsp* of a b bab mss. 
rely wtthZn th*s Ube oeatrafl7 slung a 

As the 	 " flow t 	the mat 	,2,21) rie.e 
in the tube inøre.stng US annalar spao and keeping the ditf.' 
reittial pressure sass the float at mrd wai.. B aitabie  
desk of th. mat a const flow pattern and discharge oef*. 
S1oieat for "I Slows bangR 	40 has been achieved.  
instruasat thus 	OapaOi of givinga W% 

Of flows 	for large ram of visoos. ties of 	metered 
fluid. Zt can also be armnged to give an indication of weight  
. punt of auiaU chess iii 0 soifto grsvtt7 at the etorsd 

fluid. 

When tertng opq'as liquids or when glass cannot be 
r6,, the tab. and float are pads of non s►gnotia steel and the 
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float post tion iid1csted by s exIsne&on of the float +o. sing 
a as 	thi aossartt or whioh to picked up by a fo]low 

magnet and transmitted 	 indIcator, 

The soozrsoy bia 	+ 2 % osr a 10*1 rang: of 
flows. Glass tAbe rota sere ha,e flaw ranges from 30 to 450 alph 
upto 1.36 13. * 	(lids), Presaro range is 8 bar for 
larger one end upto 32 bar tar the smalir erne 

Pøtal U100 rots z*tDr can go up** 2OCO bar, one cap t 
1*4 as large as 410 a jh. 

2. 5,4 ''far&ctrl* he*, yart I. *a '~C,eirs 

The range of •the twal difterenttsl pressure Slow setor 
La of the oar of 1011 • To obtain poster flow rang. and at  

aU dU 	sus a motor wee sloped in whip the 
orifice a**. increases as the flow increases. with this it is 

possible ► measure ruvo. down a 	of the meter err" 
us with art socmrscy of better than , 1 0 of the rang. when the  
rts tar Is used in the 	•: ) ire with linea` 

relationship give a flow ow rang* "' 1000o 

This p. of meter 	.2 42) has a easing to Bch to 
wed one. end of a bellow, th. other end of which is S ed to 
the O?ifice housing. At the ott ice Wining there to a shspd 
Plug whom* position is timd. As the dtfS.renti$l preseure  
cis,, is bellow expo or contracts alterIng the Via' 
gap betwesn the plug and the orifi. The plug to oaUad the 
ceral conA mebr. Tb. displacement of the bellow 
corse u n'l' that of t •rjft.e attached d to it cis a change  



e will *hanl. in flow rate a#d dffsrentts3. pressr.. For 

$ g ven aster the rlstieft bs can t r three parters is 
unique. Zn the no flow motion 	orifice x* ns olased, 

moose with 	nt ice plat' dUterentialweee*rs at 

10 7 Of the aaziZ* gL r t s rssabi3ity of 3al on flow, then 
this e 	z't aUe4 629U pri I" *l *n1., will gus a 	• 

4 	' or i0*1 C 10!0 the a" . s ` eletnt and the wide range  
• w ant C seatlo lth*d,o a 	ili.# of 3011 * 

T1 chief v*ntsge or this device is that for 1 7. a ' 
the asitatis differential Pressure thi Umar * ►5*Pat's Will 
s . ' 7 of motor saziaua sur while the widersna eisasnt 

will X0.1," of the asxisua flow.- 

These meters are aT4labia in sizs pea with rum rater 
24 l,p,b to 600 as size with flow rate 	 3000 a3  /h. 	1 
sizes the diffe itta2 pnseezrs at 	.car Its 250 as Hg. 

2.5.5 Target flow motor 

tesperature the aster. dealt with so for are Lnads*sto. Zn 
such oases the 	 get Slow seter Is used (fig.2.23). RAN* the 
differential pressure , o 	e. 	' d and is used for 
the 	rent of now of hot asphalts tao oils and slurries 
at press. zpto 100 'bar. 9 st 	as low as 2000. 

A. target ON disc is pfd in VW flow path* The liquid 
ispinging on this disc or ta.t will bi.r baght to rest so that 



+e pressure Lnoxss. s 	to"S 7 is existed on the 
tsrgst. This for** 

39 

(2.9) 

target area' 

 

y =ve3oaity at 1.tqd4 through 	ewivar ring 
t• 	.a 	y 	Yr 

9 m to ooustsnt 
and to bled by sir p r 	in th* beflows so that- a 0* 2 to 

barsignel prop ortions1  the o 	root of * tow to 
• obtained. t u► Dime square edged target to sttaohed to the 
for" bar so that thtsot Is G ntri:o with the pipe forming  
an annular o tf ice. 

The rsngr Of this 	.r varLes tenor 0 .* 2«7 to 0 .' 12 
for the 19 a. cia. at erasers of 4ØQ0Ø ►,r f 

O482 to 	 75 2.p,a for the 100 a. Oise as 	ramie to 26000 
Th* overalls+d~o *cy1* 	*5Z. 

2,5.6 rLt meter 

Ourrent asters hers a rotor or prop. Liar that Is driven 
by the 	 d mow. It a.m. the velooity at the fluid. 
Current  rtsrs find Wide pUe tion with arum t of VOIDO 
of rum III large pipes, open ahs 3a 	X384+010x1 ods. 
Dasiosly the nuser of revolutions ads by the ieiler is 
counted by lad phone, ringing ` bell, lighting ► of a 19p 



*to. for every tow say te*t gevol*itiois of the puller In 
e.ase of esall velocities snd sloe tro recbca]/el.otronio 
counters In *am of large - loot ies. They come In site$ of 
rotor ranging from abotit 10 mm or er to 100 	 for flew 
.looiUes in the ram of about I oWó to about 150 s/e 

" he rotor ay be cup nh ped in the larger sizes and v!i type, 
helical or screw t in eafl sires .and for large TQoc.ttios. 

The tietbods of flow aseenzz*nt so for 6eeor1bed 
pertain to moa 	ente where in 	fluid in fes' is bounde4o  
Zn flow system wh ro the fluid has t*as marfece (i.e one 
surface of the fwd as open to s 	he aeiwents  
are p ied out natng wed anA notches where in the quantity 
of flow is a :unction of hesd over the weir or notch ► d the 
aro of flaw* The area itee3i is a function of head of ow . 
Soiie of the d.1vtoee  'ltd for th*s type of flow eaBarezent Sr 
di e,o  od below. These are generally applicable to water flow 

The weLt provides a fora of reati lot Ion in the flow 
path w heYs a variety of she o. 1p.nding upon the ehoe 
of the opening th aclassified as rectangular weir, rest-
angular or stere notch, V notch#  traposoidal or cippol*tt i 
we Lt, 3og*rithaio weir eta.  

T .L Iist is the rectangular weer - straight edge 
over which the 1iijitd flows. The n weLt is used where large 
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Slows ere bstirg Wred 	the flow wtth wt' is lair . 

Fm aetu Log 	 ` 	1. flow. a reottmguler zwtoh is 
used When the flow Is sasil say upto about 200 s3, a V notob 
Is used, this noteh having anglo fa + !3 	** Vsiaw ► ' v 
Ob 	d 

_ When ths flow Contain  mmPe ed soUds a V`s uri" 
(oalle . ParebalI f u ) to used* 

The head of flow in these ams In the height of the 
`a 

 
SUrface froá the *dge of a reatangAar weir c the apex 

of the V iwtcb tsóurd at a point 	at the notch where the 
level just Starter opptng. 

Zn case of largo tlumea Q'canels gangs of ourzMnt u urs 
are ua.d &tstribute4 along the width of the 

velootty 4tetrtbtztio. Tracir teohoiques are also IVOPte4 for 
velocity guugiig in cu e and river of 	. 

login of I3eOtiOn a for Flo in cis or rimers or in 
pipos Lu ease of V1eoous " taosr' 4 and  dye áilottoa 
teohntqw are Uied, soluble obsaical that Is inert in 
Introduced Wt a cortaiii as otion of a given concentration and 
its concentration 	two other sections dOwnatresa  
fir ,- Bch gives concentration as a functIon of veloiii,r 

One of the itablosett IN L ..r* salt d union "had and an 
oar In the +fir injection  ray 
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stale 	wwgels are used for zssuring ieiootty' 
of boraogorteoue Material In a closed votes such is a pipe 
Here th* radio isotope to iriocted £nto the ftow.*tre.rn w3a Its 
position Lis dsteoted by wavis of O:M oounters or NeZ 
eointi2lstion deotOra. 

Per ae*puri ent. of flow of geese The (tiffsont absorptw 
ivity of nfra-rød f çwtte poet** by vartozs gases is 
use of 	aoer gas is ir4soted into tfle etresa by a. pz 
consisting of a reaiprooMtrg difforentirl area piston driven by 
line gas presstrer • Zia red deteotore plsoeO inside the pip*  
line at Uo different pint ss a aeafl .2atric heater eieaent 
to generals infra red. &tnttn whtah it pttsic4 through * 
aep)4xe winnow to a spherftiai mirror* Redation in re*leOted from 
the airror throh a eeond shire window, a xeobanioeZ ohoppr 
and an optical fLlter,betore Wag reoetved by the cteteetor,. 
zLtroe oxide and carbon aenozide hoe been need an tr*oer gases, 
AccuraCy of O.i2 Y,  hom been $ChLSV*4 sad it to unatfeetod by 
changes in prsssux., te*perature or wlooSty. 

To detect the flow rete of 241e.hflo. ft*Ung 4 
rocket it to seasured oxie S .ntally by 'tagging ihe Mid esg-
tiaaUy and timing Ste travel ttoi.eri tracer and detector point. 
In this ease the pipe line carrying the gas pauses between the 
poles of a pe tent asgzst td two r$, salla surrmad the pip* 
line a short distance *art, The apeman coil is acntwt2 
energised by a acuare wnvs aecUletor and magnaUamMy tags a 
segment of the precesstng magustic t3Lpol at the fluid* The 



tr d ee, nt smite en r.t. a gl of the gee r frequency  
the preceesing lVaUs 	Its pr5i5 ► to detected by the 
down-stesas pick coil. no Use taken for r fluid to 
travel bs' en th o done Is sad by an ileotronios 
counter ama is a a*ir. Of th. fluid elooity. 

Cate cries nly 
(I) press aboVe stmapheric 

(ii) pressure biow staospherio 

Xnstruasnts that seasure the pressure sbovrr aspberio  
press we called pressure gs2gaa ai that below amorph*r#o 
press as ? 	Vie. 

2.6.1 Pressure gds. 

Pressure 	 r bS ..sured directly, 

(a) by baling 	prsaurs paced against a 
coli of Ud4 of known density or  
by allowing the pressure to act over IL known area 
*a seasure the resultant force, This form which 
to *cini to press x area ssy be rasured by 
baking it Inst a known wsigbt or by the strain 
or df rs* u is produces  on an seam sedius. 

Depei*Ung on the technique used preeeurs sessurent say 
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thus be gifted as 

O Prear.a.seureasn$ by bale against a Dolan of 
liquid of lmown density wiiob i ia, 

8t le U tube with vertical or tno]tned ii (fig.2.24) 
Rom* a step)* anap JLt (glass or 	s ) tubs to 

psr tl3Y r tU.d with a liquid of kxwn specific gravity. 
The fluid whose pr*.anrs io to be WMaw*Nd to lot into one 
of the liab, wit the other O *U to atiphsre in Which am" 

• $1!* **UZ1.4 to that Z* 	at h 	or 
th* obiter limb 	connected to another pressure line when 

O nod preesu, will be rslattvs to this reference 
press. Various 	Q s such as neroury transtorsr oil, 
Cin $straoh3oride, brorfora. eta, we used as the asno 

metric amid depending Won o range of presmu. pre 	 to be 

resolution  nsrdad 

Wh*n very low pressures are to be used one. of the 

3iab is toolined so that for a given press a greater dtep3 

m ft length of 3iq4d i0 available depending Upon the 

angLe of incltnatio. 

` t ►L ng one ] 	and filling the $ bo with the. 

required liquid, abiolwts prem can be measured. This is 

Viler to baroseWr and the pressure ► 	d is that. relative  

to the Torriceflisu vscu. 

Thus by use 19 tibe meter It to possible to measure  

pressure abovi The atmosphere,  below the atmosphere,  solute 
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emar. or djttorentia  pressure.  

For I strIa3 u such devices come ixt a rugged 
and st ar&ti*d form# 

(b) Prom" asuresat by balancing against a kia 
toss which incluas. 

(b .1) PIston pe pre osure gsng 

In this case the pressure to be iasur6 to applied to 
one end of a piston of known ares of ± 	cion which is 
free to move inside a cylinder. Tb. piston Oer&snces 
force and it is diiplsc.4. It Is b utht b 1 to the original  
or reference position by adding weights to the piston The 
pressure is thus given by the (vs ;fit added + weight of the 

piston) + the ores of the piston. This is also odd desA  

weight tooter and is used to calibrating other pressure Vis, 

This to suitable for pressures uto from I to 1100 bar g. 

(b.2) Ring balance p. prey 

Thin 1. of Inezrnent is used wherein press differences 
of order 100 mm or less of water ,gsugs 	*sur.d 
conl3ieto of a hollow ring (t 	2.25) of Circular section 
partitioned  at its upper part and p all: tIlled With a lid 
in order to tom two pressure neasuring chambers.  c+ y 
of the ring is supported at. its centre on gjf  edge or 
roller bearing. The fluid whose press difference is 
required to led Into th. ring 	tluxible connsction# The 	ring 
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derjasr which rsrars pressure iMixect1. The pressure is aa4s 
to sot on a diaphragm to wbLQh atral t aw* e are fixed d 
concted in the fore  of a halfbridge or full bridge circuit. 
The pressure sating on the &taphragrs causes strain to be induced 
in it which is a asure of pressure,  avai. 1e in the torn 
of an dl•otrical output voltage due to 'riffs ba]awe. 

The pre.uure cz be as45 to sot - on a pie so electric 
c rystel (its) out In a ap*ctal way .eM placed- be on We 
plates ogre of which ma r be fixed WA preset to be measured 
is applied on to the other plate, when an e.a.f. will be set 
up between the plates which to a peace ot press. This 
usthod is used for tasuring. very hi. pressures. 

two plate by ohsnging the area between the plates or dieplaoing  
the dielectric,, which Le given out ae an s.c. bridge output 
voltage or trquenoy aM calibrated In terms of krwtz press 
by otter ,metes, By this method, very lowa ssures to very 

Other indirsot pressure measurement Include variable 
inductance, variable  relucfiance aM the Misr varIable date 
retial neformezi. 

,ASL, the above pressure mewing techniques could be 
used in conjunction with the differential preaware 'law metering 
devices* 
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to b.1.rbO.8 by * control weft which is at Its lowest point 
when the pressure to the son on both s es of the partition. 

as e gauge.' 

In this type of pressure gauge (f .2.26) the fir 

produced by the difference of pressures 03 the LOO S end  
outside of a bell in ba 	.id against a weight or against the 
force produced  r a oor.ssJon Wring (fig.2.26-) 

on a k 	aea.seit sse In cnalsstic sedium. 

Zn this category *" a by a.d the Boon tubes of the 

'C' pe, the spiral typ, arid, the helical typed. This to the 
cosncst typ. of pressure i.sazrtug deuce and Is eppliM to 
*sstzrunt of pressure air  stsosbpere below atmosphere and 
differential press depending on the construction. Usually 
It rode pressure above atsossphere i.e. from I to 70 bar a* 
when .* joint► are soft soldered or bra sed 1. npto 350 bar g 
when the tubs ii solid drum heat treated bez' Ulan copper 
with 'bra fonts, and up ► 6000 bar g when the tubs * Is boy 
steel With 3erewed o o] sd joints, 

Another type of device is this category 10 the disphrsga  
type .it *r stiff artaflis diaphragm or bellows, or slack 
+i ..~ and di,ive plate, 

(a) 	Other we od. of pressure 90asurez*nt. 
Zn this category of presammoamriug devices are Included  
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2.e.2 	4szgSe 

(a)  Thereal C#7d ot&viW 0sagSs 

Tb... are deii 	aexi y foxy operations  
as aphorlo pressure aa* are based on the prinotpls that 
'#hsr I eOIAUOU 'L or g.* In the region " th.•r. `k 'i z1 

tom, path is it i*4igib e + 	d with the i*tancebet► 
wren VLi beat iou r and 	The X$ZtI400fl forw a caa to 

i1 n sir 

where 'Qft a brat snefer raW,  
• Stes prisire  

8 Kaci ares of the heat source, 
T • dbient  

A? m tespetiz dLtier.noS between boa", source 
saG1 sink. 

T0+ n*tat 
Trsnduoers bared on th primol1p)1. 3484 their sensitivityabove  
10 to rr When + uctiyi ' b aortra In"POA ent of gas pressure.  

(a•4) . ' `h•r 	le viugg 

The #hirsoo,cple 	a► g 	mists Of a hot mtrten., 
either a th** t1 eip or wire wee te*perature aa be  
controlled by .rying  the Dint pat .tng through it. 7cr a 
gwru heat cent an& fir, the teapraturs assurd by the 
hot eurf ► a.pezfs on pressure. This teaperstzr. is is.uri4 

by a thersocoupie welded on to the hot 	` $, 	Glare 
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the Pirml ,a ge • instead of the s s1 .Uio resistance elements 
s tezapiratiare sensitive *raietoro are used* These ,mss her 

a range of 1O to I torr. 

When a high errgy err  slam strikes a gas mole, thee. 
is a definiteprobabilt that It will drive an electron o*t  
Of the leoule leaving At as a pos 	y charged Lon* 

In the toniaation gauge a stream of electrons emitted 

at the ost code strike gas locules in itp path of travel end 
liberate eeconder7 elect" ons, lee 	rwl.aules es pond. 
ttve tone. The a*rnbr of positiv, tons thin! fold Is dixectll  
proportional to the electron Cent isand the gas prey 
Having a fixed due of te, the rate of Production of ions is,$ 
for a given gas a direct seasur. or the molar or gas leculee 
per unit volume and thus of pie asur. • The positive ions are 

attracted to a mgati 	charged dextro • Bch carries thC 
Lon current. 

When toni,salton occurs as w refit of the electrons 
emitted du# to t erM4. s r, '' epp tod to the cestode it is regi►-* 
rved to as thermenfo ionizaatton. gauge • Their range. Is from iO 
to iO 	'coir.. 

Instead or hot caThod e it radio sotive. source emitting 
a particles 	used to lontee the gee in the grn*ge it result. 
the radio tivo tone ation ,gauge which is used In the range of 
10 to 16-3 %Orr. 

CENTAL URRARY U?E Fl Xsfiy OF RQOl~I(EE 
w ROORKEL 
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2.e.2 ! 	Ods 	' 

s TheraZ c s ty Ods 

'mss are designed isari tar operations bot 
at#epherto presairs sn are based on the principle that 

•al aorguotvit r of jssss In the zion who" the seas 
tre• path is not isgflgible coipsrsd with the 1istanoe beb 
sen the heat sow and sin3. The l dssn tam 
Written ss 

Wt a AC J qT 	 ( ) 

where Qf t 0 best iiatsr rats,  
P * $ pressure 
$ 	" 	area or the beat source,  
T a abient tsersture 
I • traps 'sue 4U`erer*os between beat source 

and sink* 
Tyr + fit 

Transducers find on t principle lse their sensitivity above 
10 to = when conductivity b rows independent of gsa pressure.. 

a, o4) !her 	3.• '!*OUU* sug 

The sus pl• 	► gds consists of a hot surface, 
either s tb** seta s tp or wire whose ' ngsxs r sa be 
ao t oUed by waryin thO current passing through It. tort a 
given hating current and  si gas, the Waperaturs ass d i by the 
hot uctwo depends on pressure. This ts"retwo is meseurs4 

by a thersocouple welded on to the hot surface. The glass 



envelops at moron or other con trailed to erature is the cold 
surtace oonetttutinrn the sibient 	rrature • This tpe of  
ga*ge is aail able to awzre psestire in the range of 1O 
to I t► , ( sg; 2..z7) 	 V 

(a.2)  Reotstas ' hert*cu r gauge  (Pirani gauge). 

In this type of gtuge (f16.2.28) the station of beating 
end tei p*rsture maeureusnt are combined In a single eiezant. 
The resistirne elect nt is in the Sora of four coiled tonget ►n 
wires ooivoted in parallel and supported Inside a gloss .tel- 
ope to which the gas whano preosure to to besyssured is 	It.  
ted, The  cold or reference te,eraturs surface is the glans tubs. 
Generally two &deittoat tubee rs Wit, where In one in highly 
evacuated and sealed a to the oar gas is sdiitted. The 
sealed tabs cote as a refers a gas tubes  and compensates for 
temparaars changes and bridge excitation voltagea abangee on the 
output re.tng. Cent flowing through 	 astui element 
heats it to a temperature depending on gas pressure. Thio 
electrical r.s1atw c e of the elor flt changes with tenperature 
and th.te resistance change causes a bridge bake wThe bridge 
is initially  balanced in 	n gas and at very low preen 
A ohm of pressure will unbalance the bridge arid and this unbalance 
voltage is a measure of the gas prem • These augse are 
available in the range of io 5  #* I #Oxy* 

& ) Tberaistor 1V" ua Gauges 

Theraletor vacuuza gauges operate on the same principle as 
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the Pireni gauge. stead of the rtallio resistance tl• xt1ts 
the #empsratur. sensiti 	r ,etors are used. These gds have  
a range of 1O" to I torr. 

Zonisatton gam. 

when a 'tub e r e3sotron etrl1s a goo lecul. there 
to a ôeinLte probabili that it will drive an electron out 
of the M aoule leaving it an IS 	tiVel7 charged ion 

In the !ontsation gang. a stresa of electrons emittedeaittsd 
at the cathode strike gas l eo t1e a In its path. of travel and 
liberate secondary electrons,  leaving the 	1.aules as pose. 
tive ion.. The xiumber of positive lone thus formed Is direot3  
pro r d to the electron cent 1* and the gas pressure. 
flaying a fixed value of ,.the rate of production of Ions is. 
for a given gas a direct 	 of to number of gee leculsa  
per wait Voter and thus of pre srr. The positive Lone era 
attracted to a negatively charge  electrode, which Marries the 
ion int. 

When Lonisatton occurs as a result of the electrons 
e tted due to thermal .1*r ' applied to the cathode it is ref+ 
rved to as there mic jon cation. gauge. Their range to from. jes 
to iO tout. 

Zurrtead of hot cathode if a radio active.ni. esttt5ng  
4 Particles are Used to louise the gas In the gouge It re Its 
the radioactive tonieatton gauge w i Sb is use : in th. range of 
1O to O torr. 

CENRAL L11RAKY UNI ERSITY F~ 
RQORKEE 

1v ROORKEL 
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14 another type the Philips Penning ionieat&on gauge 
high temperature filament and the problems associated with 
it are tackled by using a cold cathode tube and a high 
accelerating potential. A euperimpoeed of magge tie:3tield 
causes the electrons objected from the cathode to travel in 
long helical path to the anode which rets in more collisions 
with gas molecules and thus greater ionisation. This type of 
gauge is useful for measurement Lu the range of i cè  to ' Q torr. 

2,,8 COMPARISON 

in this Chapt r raDiOue :tlpea of devices and to lhniquea 
used in flow measurement have been dealt with*  These . are invaz'i- 
ably the primary elements as tr example the deflecting vane, the 
rotating vane, vortex meters, ewirlmeter, sliding vane, w# the 

and notches eta. These are in other words the flow censors. The 
•ventutimetsr by itself cannot give g useful flow date* 

Pressure measuring de 	aea such as mercury maanome to r s # 

bourdon and diaphragm games, bellows and bell pressure gauges 
suitable for a wide range of pressure or differential pressure 
were also cowed. briefly, boeides some of the electrical tech« 
n 	se like strain gauge d capacitance type pressure trema tueer 
Vacuum measuring devices like Pisani gauge, thermocouple gauge 
eta. have also been dealt with briefly.. 

Theme mechanical gauges are being used extenetvely in 
conjunction with d fferential pressure flow meters. It is time 
that elootricat/eleotronio transd oere Sind, a much wider appli 
cation with their f uzibtiity at signal processing. 

The mechanical devices rnenttod aye, the time tested and 
proven devisee. Devices such as the vortex meter, ewirimeter, 



tares motor s. of ooaporttivs2y reosat origin un6er n, 
further dei1opasate towards rs3IsbUit 	gednees aM better 
p.rtorasao*, 

With ioh*aLoal deuces the distance to Vic ► thfora'  
titin about the me 	aM ; is tr*nl*ittsd AS restricted, This  
a* be overcoas by using ci trical output traue&osrs, 11 

place of the u►l asr011r7 i* 	r or pressure Vis*  such 
as strain gauge or V D ' . ' 1+ ? pre sours transducers aM #b  of * 
•qusatiy totau ;r v, flo MM si.so be ptrtoraad rets 

the iase of $ d&ce dspend on the nature  of flow  
aaaeursznent problem to be awl . When lose of heM esanot 
bs tolerated aM aggressive fluids have 	rid the 
coaveational flow mix" have essentially to yi,34 plsos to  
the eleo IOM" 	s or ultrasonic flow *st.r or th Vortex or 

astste with their ° e otr c eteet rs avant aouing 
parts Lu th. lid. 

* most of the ters 4iaazased oar t those wherein 
at on has been made 4soostty, d.asiti end oor.ssLbility 

affect the aster accuracy, as s3so teperaturs which affeot all 
these properties to sose s nt. These provide an ,aosntis  
to the ►daalopaeat of a itsr which to . 	to the t .- 
mum mer of u6.s$red vari .ee. 

Thermal. flow rare espeote3ly thermistor air 
With no moving parts, lira affecting the. flow pattern, +err to 
its small eLse, With the glass encapsulation  resis 	chemical  s 
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sot ton could pose  sipirs to b* a► Idmi flaw 	rl.;. This 
ofeours. seem 	a long way to go as yet by way of 

d+ ]opasnt er4 sppUCstLon. 

This chapter could not without a #ntton 
of one of the lateøt r4vnnoen to i 	nt ' 0 r . 
nme ly fid►laser dopp er islooity * tsr, a competitor par  
.xceUent of "0 mento ► ,tot tubs a hot wtr./tils  
zssours*snt. Zn this ease the vs loot 1r znsarnr 	zit Is dict, 
bseid.o reqiiixt ng z phystosi ob3ect to be pfd in VW flow 
path oouled With low sensing voloste and high frequency $ 	. 
The coat and coplexi Lot thevital question that has. confined 
this method to to Resa arch at Dmlapsnt Laboratories that 
too rich, 



] 	c 	ai*t*e of a oozotor alesu ea that 

*at 	► 	 r° r suitingfros a potential -Utf 
reacs flied across it is inhibited. ma resister to the 

flow of current ops host, to be developed in the oorftato 
or the reate air. in case the heat builds up without being able 
to be seipated quid eracu into th. '. i*n8ings, a rise in. 
the *pexsture at the resister aen4 sets, 

Pi*zon.. The ream of the ooz4uotor increases in ao is  
* r~rac in r 	► Icopper, sluetnius, plstinva, iron etc. . 
whereas the resistance decreases In aateriais like carbon, 

insula 	materiels aM seateD oXi s. 



~ 	55 

The ohng* in ' :*iietancrconsequent with aheng. in # 
rotors per degree cent.tgrs4e Is tern d the tserstaxs eos 4- 
cient of rssistsnCø of saterL.l, iaUy donated by a. When 
there i* 	increase In reetanOI with trioreftil of te*ratur 
the is ria3 Is said to have a poeitifl tizsrstirs 000!"tioi- 
ent (P.T,O.) of resistance. Whui there IS w d+c 	In reste. 
tance with menus In terperatur. the material is said to her 
negative temperature coefficient of resistance 1. .O ) 

T* .rsture sensitivematerialsssni eeting a cue in 
tha#r electrical ohar ris io or state or 	re sppropniatel 
exhibit hent o-ele otrioftact. are brossSly Wiped  un6*r the 

- generLo name then*oslsatrio devices si€ include i 	ouplee, 
ital there re atetdrs,, a 	*i ooinotor '#herac resistors. 
Of those the th.rw couples axe asst axciucively used for 
temperature and its other ► acct n,, low pressure Wasureient 
has already been covered. 

3.2 THMMUR IC ]ZYIZS 

3.2.1 MStalresistors 

some of the con zetali used so temperature sensitive 
re e tstonr include platter, cop rs  slu*tntua, nickel, 	!ke 
alloys, ngaton etc * OS mer plat.nzs and its alloys ti 
wide application u temprsture s enIorso in fluid velocity  
meaeurements, tur A 	moments as with hot vim snceoaetry 
and soonw 

The gsz*rsl oxpreuiozs giving the resistance temperature 
relation tar Metal resistor is 

• Ra  C 1 + oa AT + 0a a '2 4'  Y I3  +...) 	(3.1) 
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whsxs 	a !as!stsnce as te*pirntirs 

Rte, as 

 

EøistsztøC at a ret.retos tIsrstre Ta 

A T • Cbl or 	 `e r nos in temparatixe (Toa) 

To a first eprozitstionlaUd genersU  in the tsar of 
0 - 1000 this eiaflon y be etpZif1e4 by oattttng higher 

0 

Bch is a linear S tion. 

Platter: has a 	 e•it*i* coeftjoient of resist Of 
03 Z 	dew 	e.au1 tuneton O4 Y. per degree cent- 

The thsrsltconstant depende on the dt aton. 
used and 4i+  4ia end oomdittons, end range 

trot 2 nis to 60 seconds or iwrs.  

22 ThexaLetor 

P:. 	momio thsoit'of aattsr it La w*U kn that  
with Lz see in te eratisre the lattice vibration norsess 
an re : ctr*IW beam. sable Sor con4ioflon and hence 
co 	w Of eeaiounthsetin&j and rating maters in 

to eemicondnotore in 4ditLon it is possible by pa r 
*bole* of the sUoytng or dorkt element end impurityeons 
tration to ob in resistors With desired value of a in a give 
ran. Sit  resistance decrees with increase in trams 
~s 

 
is I gst .. in same cases it is poeeib3s to get * positivea 

U. 



The resistance ! *pft& 	relsUon of sooaduotor 
the resistor otherwi kriovna. 	 t* '.*s 	n 
La natt*re.In case of O th.xiusistora, nn#r zero p.3 #o! 
dittone t.e. under the off► on whea Win* fl rr .10 sasU 
•ncuØ: as an to cause increase * int : tØ4rIItUrS Of 

the *e*ator. is ; est can 	 presrn 

The powr 	

R 

dissipated a to P 	VI ► D( 	T) 	- (3.4) 
wher D s a constant of propor ions1it termed dissipation 

onstsnt or thersa conductance.  
a*n*tant  

Voltage arc asthermistor  
• chat 	thermistor 

sad C • sss of aster  logaritha 2,1183 3 
r s 	 pA 	 1. 	 ♦ 	a 	td 	,r' 	"fe - 	W 	-KY 

beat a s sq**a n Is) 

0 0. (« T) 	* - .' 

when per dissipation in the thermistor La appreciable the 
re gene equation ia 

0 	w P4.D(TlT) . 40 (3.6) 

The teapersture coefficient of resistance of thermistors 
?r, 1r 	V. p.r°  to • 6O ° o r°O and this baszd* Its 

sppUcstton to iair.iwattteas more attlU"O  becaus.  
larger output sad reduced signal coaditLoain. 



o*Ldes Or atztuz of sstü oxides oh Cobalt*  fir, 
iron, 	r*saiw, tin. urani, boron eta. and eO*I iii taxes» 
L4 ► sir * and cenfiur.tions. Th ea VU,sst tbsraistor was 
of fro ed b f • 	and leading to tram 
sstal Cdr; sysWa. 1*rtue, baron, sssrsiva s silicon 
oxides exhibit  stbit flTC haiaotoristio ale doped matzo,, Bi, 
riand other rare earth *le*nte 3b, W eta, 	bit 
PTO ►+rsoinvi i . The PTO • *t$ oaf'` OVer a 11 ted  
toeratr. 

moraL stars find wide opplio a ons in the .uzrsint 
or rst m o #s Srstur* Oo*pene*tion in biasing circdt 
of + Ilifi.rs, 	U*tid. stab t a 1► on in 	 l 	vo*  

distant or rsta uvitoh&ng etc. At present sa 	w 
are fixable to operate i to SCC and work to flop 

for te*perstares upto 90000 are uer wear& 

The thereal ter oonstautt of tbor* star *i 	a 

fution of the 	r`' * the osterial, ath, and 	Mae 

range troa I to 200 seconds for s su u'" d ods* With 
.oapsnlsted thersisters t constants of 0.010 have been 

remised. 

theraistor eharact.rLstioa $ 

The V*► ,atm, t.ristLo of the O th.raistor is shown  
In fig. Y. * Fox er wU cinthrough the theraistor, 
the voltap amp across it varIes himsrlj(for A giw.n t ► 
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psrsture) *spt r a certain point. In this Region the ther*iiitcr► 
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b mss as * 	eteitce and obeys Ohas Uro When the 

Ozrrent is Ur1.er Vie* the of 	ristic bonds ovez 

and begins to gip. Yurtbr Lnósas of mat cue a 
in Voltage which eaMniwit a constant after 

a cert 	at. The citrrent  
begins to doom Is referred to as the ~ _ r 

The R-T cherriat  is own fig (3) 
earl part of the exonøntisl curve the thermistor is Vats 
ssnsitLvo to # t 	om I # 	and "$NVera1 

firther inrs*acd the hange in resistance a2ast bss 
come nss.UIibls after a certain Usrature i.e. 4T -o 0 
or e.g. for a cin tberD*stor j5 c 	in *Oleg 

ems dte000 t 1900 is op"im ]y 1, ohs teras 
range of eq 400 to Sea it is tbout 150 ohs • in oar words 
4RftT is sip and gradin bei. almost t. 14ks thre  
scold "3.*W it s► 0 said thre to a 
and say be d*fLiwd'_ at 	 + AT iths n 	/d'# tendo "fir 

o constant or in other words War b.gtns to izressa  
rapidly at less the this tepsr*are, 

l MOU*V sheistio which is of interest ' t not v=mw 

fig. (303)* When the volt* eplied mss a thermistor 00 . 
resistance rb1nstii is vied, the cent lip determined  
by the z sick of r series resistor and the resistance of 
the thermistor. The cent flower in the theraictor 
internal power dte.tp*ttonand coaseqLnt lowering of resistance 
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 mer Ipases the Ourrent, "s + + win nt' 
,is tLU the th.rid.tor resohes Its 	tesperaturetemperature p 
el bis for the mWunt of Wirer avisiable at which a *tom 
stalls will begin to eat. The tii It takes for a  
tor to bat up to its asxiaai iasperaturs for a given pow+r 
Is a fenotion of its ono  vaitte of the sai leC zaistaoa  
and the eppited voles. 

3.293 D. e 

tit gzsanius ssd øtlicon the mat oomonly used .ssi-* 

conductor r orlaU, thsrsal erg  is 	'ticlsttt ven at 	 '!i 
son$ tespersture to ala few sleotrone to break the oo..n$ 
bond and oss duston mwrsnt, which ii tssporstzre 

•rpt. As a p.n jwtton to subjected to Yaryingtei*i*rature  
it to found that, this diffusIon cent increase. exponentially  
and mac doubles for Feer 1OO rise to t*praturs tar both 

a' and gs + 	. 

• This 'term sensitivi of oous 1*1 yrs junction 

	

( ,od.s) b been 	O 16  to 	 rstare change. 
in the rim of 400C to * 1OOC in conjUnOttoit with $ aicro  
meter used as AL WV ter, both with Os and Si ►e s. With 
the configuration uthown In fig. 3.4 they outs & U des 
fro*2OOtc 450aYfoxOesnd45Otol3OiWfor$j, Us volts 

output * tseper*tur. relation is Li.t truly Ii ear (fig. 3.5 

The enable tsaprature Is that of thr Ube or that 

	

Of a bat. In which 	 diode 1s Revd and 	r ,U" is 



varied grattally arid the ousts a* soos4. The relation 
'fir tween self heatirsg at the 4 	,ors due to diode Soywerd  
ct 	 jg attendemt sooling in 	appear 10 to  
have been sdL.4. WO Otn*d7 tgetMr with the art 	' 
response and 'da* constant 'cow prow. useful in its  VUo*t" 
Son to flow rwwrsaur.sent prob2s. 

3.2.4 TVvmsLS ors $ 

are also affected by tspersture. The parameter affiotad 
h to a, A 4 b, the b current # the 1 UU.sc r' t" 

to# wA 
 

the current gain Pi or h. 

A ail. transistor th :meter circuit is shown in 

fig. (306) and the ts*p.rature ye "ice output tth The trs 
Astor itself aet1nes a single etagi 	ltf er is shown LA 

fig. (3.7). Par the circuit oo i 	Win. shy f ,3 6) t S 
relations beWeen output and te*psratuxe is linear from 20CC 
to .7000 apprornate37 for 	 trsntor and 	 + 1QO 0 
for Si. Tb* output$ ar theft caeoar 	tromOto6Yand  
1.5 to 6 voltsVol"aasp ectLvsl. Por the cases shown t*ai co► 
*auto of 1.5 seconds in Ztqdd a din nd in sir 

have been repo 

Transistors 	 seam to h*ie found appItestion as 
temperate sensors yet, maps on aecou% of the more 
compatative titeratetor,vat wttstandtng its own abi1trto 

U►and xegiona of zs 	, A transistor t?saraetsr is 



r  i  ~ 

'1  

. 	 !  

f,  4 

T 
~T k 
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reported and experimental results made ava .iable17. To become 
an effective temperature sensing device, the ttime wec nStant 
of the transistor needs to be reduced and packaging designed 
for the purpose. 

3.3 M THODOLOGY OF APPLICATIONS 

Thermo resistive elements whether of metal orct' semi-
conductor such as thermistors, are arranged in different 
circuit configuration depending upon the requirements. Then 
include (a) constant curve circuit ; (b) constant temperature 
circuit .1 (o) mixed operations. Each of these methods has its 
own advantages and short comings. Each of these type of oper-
ation is described in some detail and finally a comparison Is 
made of these different configurations. 

3.3.1 constant current method 

The constant current method 18" 21  is the oldest and 
most widely used method with anemometer . In this method the 
current through the sensor is maintained,#  essentially constant 
usually by connecting a large resistance in series with the 
sensor (fig. 3.8), so that the current flow is controlled by 
this series resistance. The change in current flow due to the 
sensor resistance change Is made of the order of 1/100th or 
less as to be inconsequential. The operating temperature of 
the sensor for a given condition is selected by the choice of 
the series resistor. 



This condition of operation is applicable to any  

heated sensor more particularly to metallic wire sensors 
as in hot wire anemometry wherein platinum or its alloys 
of upto 0*15 mn dia and 1.5 mm log are used as sensors 
with typically 5 ohms sensor resistance under operating 
conditions.-The sensor is heated by a constant current and 

heat is developed. This heat Is transferred to the surra► 
ounding fluid as a function of the fluid flow velocity. 
At the elevated sensor temperature its resistance is 
increased and with fl©w velocity temperature reduces# so 
that resistance reduces, ' end consequently with constant 
current 'flowing through the sensor,, the voltage developed 

across the sensor reduces. This voltage is related to flow 
velocity by calibration for a given probe configuration and 
flow media, 

in place of the wire sensor thin films of the same 

metals (now a days aluminum film is also used) are deposited 
at the tip of specially shaped quartz, s lioa or other 

insulating rods and are used in Liquid flow measurements.., 
with the main aim at turbulence measurements. 

The constant current mode of operation Is resorted 

to In the case of thermistor censors also. In the design of 

instruments, wherein heate* thermistor are;.,.~ueed* the char«- 
aoterietios of importanoe are the sensitivity to changes In 

3t) 

the fluid temperature and eeaiitivity to relative velooity20i 



The a. n.i$LvitiIs 	dsfir*d 	the traottonal rate of 
,CbAuW of thrmi.tor voitee i.Ltb re apcCt to 01W vwUkbU. 
the other yartab)$ rematnln8 constant. 

The rsdy state heat transfer •QU$tio4 (3.6) for 
theratator an be written an 

2 R5  B( VT i/g) 	 0 

where D(v) a ve)oOity dopeadont d*sLpstion constant 
Tx 0  *rnbi.nt 1W*Z'*t1*r* of the I1QUI4 

conelderlAs T as a fUnction of the parameter A and the vamUmm  
bie Tx AM v, 

of iici. 	1 	 (3,8) 

i -(T/'T*) QM) (/sy) j 	(3.9) 

The vo3tse as na tt'v3ttas am 

* m(X2) [t/ft.mm) I 	(3.10). 

where S a asnLtLvi to te ratsz *boa"  

Ov * SODAtivilw to ,eiooity chan 

When US th.ristor heating current to rreU, the isnaLttv&t 
to to*ratuze TfliPt*tiOfl 1* largo*  8PDO*OhLX1g ax as I ter4a 
to ter* At the Sao tiee the esns1t3vtt to S1t*L4 V810011V  



variatioA i aU and lends to am with the ourrent i ► 
iig to two* 

With tisheating int, the tragi 
8ensitjyj ` decza.ass s *onotoncaU7, +M approsbh.i the Z1Lt 

+Dx 	 (3.12) 

ThS a nstt&vlty to speed is o Inores. 1 With 
ci*rtent pro sob i the ►lue 

' .. 1 	(4D/ ) 	 (3.13) 

TWO b proper chow of the thera.etor blas eurrent, 
it to estb3 	ask t it sensitive to flow ► :0Ot 7 or tO 

s*blent 	ods. This fect is sue clear ; 
' ►• R If curve of the theratetor. When the tberr4stor to 
operated in , sr'egian ,.es  high saistsnoe ohangs (t `..2) it 
10 very *sr2stttvS to to ers rs - M*e 14 the ]LOW sI 

char region it to not aenia ir* to tesrsture. The
pear region Of kation along the R curve can be 
realised 11th. r b *zt'slbeaUng of 	thertstor Or by 
intirnal heating due to powerdissipated In the theriitor, 
this being achieved through a proper  bias recietor for a #Ives 
supply v► 	. 

3. 3.2 Gonetant tosparati*re sethod 

In this iutbomethod the zc tu,s of the sensor to held 
carat an. as a oonaeqience the resietanoe of the sensor 
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taat.As eo atant, This armed to otherwisa other 	 ret 	d to 

so a. tb 	` 1~!t rasistanos tho6. 

In the sass of sstai seer either the viz', or the 
ills type an ttrsase lit flid velocitys a poster heat  
dissipation  Into the fluid mew* a a rae4t the toersrs, 
of the arrear tdcs to t' EreasinS the resistance. T. 
altars in t t, xedu.oes te c'ew'$ ib a z@ter connected 

in Morias with the 	 r.. Ths overoo of this ' "c, Plane 

wh* $box* ii a rsdvotiwt in f1U1 velocity. Thus the ± a nt 
t 	themete, is A nsasu of the flow velocity. 

A typical  soh ' for this type of operatlon~ is 
aho 	` ..' . ','the sensor terse rte of a bridge oirtt t, 
with a t 	ratio am and the refiningam has either a:. 

resistor identical with the sensor or a aentrol resistor. 
carrent throt*lh the sensor is ad* ted to Lntein the 

U* 
 

teaerstore. As the flow 	►oi ► Irtors sees Past 
ths seer, it vOl tend to owl# the ststtrnoe decreasas, 
causing the volts across the censor to deoreses, which in 

"0 the voles tiut to the shier, The p : 
of t s UtLer Is such ' that this, decrees In volts will 
O $*an LnOz'IWI54 output from the 	tier, to increase 
the Seer currant. A hi g n' arnplULar will tend to 
kep its input vir *lose to the ban t condition • Thus 
any change in 	 sis nce of the senooritemsdlate1y eo 
oted by an inoreass or decreer in the ciarrent through the 
sow* 



the o5 2QGt O byat Ut i~ ti or thevoltage 

ou put of the aizp3if tarsent this orr t through the 
sensor. Withthe food back control the resistances in the 
tri4s dire t an constant and the voltage mss the bridge  
is directly proportional cirriitt throu b the sensor 

eMpower 
(3.15) - 

Therefore, the aqua" of the voltageweld on p of ths  
'fir& is duftotly ropert&ond to the U tantannze beat 
trttnsfe * between the aensor an4 its environmen. 

r ie r aleo oaa! be operatod ►  nstazit t. pera*. 
turs ed the iiag cuz*nt *erøLctor being 

d oa fM ir4tc&tton Of £1I&t looit' Or 'o 	t. As In 
the cue of the vivo or fila sor z aotsr ;xseonu time 
co4d be eehieve4 with 	operation. The response  

U" to vS.rtua3y coritroUsd by the servo system or ampUfler 
in the food b 	that control the thertstor o rn . 

Oonewri ' 	a pAracotvs vpa .0 (3.7) the 
constant a. tsr* resiutivitine 	defined as 

ali s #,1,/ 	• l/2( *) 	 (3.16) 

*HIAA. 4 	•1 	/ 	 (.17) 

where 	a curre*+*tt 

X v * o rent sensitivityow velooLt' # 
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Mol mind sods of oprstion 

In this usthod of operation neither the int nor 
th* to *perstre of the sensor La maintained constant. Thi 
sensor resistance to one Um of a doe's wheat Stone brie. 
the u 	bridg YOltagi: so is a. *ft" of the flow 
V*IOGLIV V. 

Two aftS of this brtdg• have resistance of value K 
and the third am has a 4s0i65 resistance box*  to balwwo the 
bridge. The balanced Tabu* a, of this am is the resistance 
of the th.reistor snbjsoted to fluid Slow veloetty. 

In operation the bridie to balanced under no flow 
conditions. Then a flow v*Ueliy v oa*eeu a brl4ge unbalance 
voltage 

 
D(v) ii obtaind as a function e i.e, ID now 

becosee a function of ow yelcoit,  v, 

tba relatIonship bWen 'V and 	is shown (tJ.9.3.10) 
for thereistor type TX1641, with the SUBS 	u1040A remo,vs4 
to obtain superior the" lblue Oonatmt# and hewing a resistance 
of 3300 Ob" at 2730Z. 1010 flow during eautration, was linear 
With Rn, wU Waw i200a:for**fl*2L40014haldstOpo' 
Powr 4t$sipaflon at w a 0 is 1d.6 uw. 

3.4 	apax Leon 

Mstal wire end Stia saemossy, eepscLe14 the four
to well setablished for Mm am*reasnt, particularly tirbuli. 
sflO* s.sazre seat, in air or gases. Vo wire With *oditicaticne 



and . film with quartz coating are available for liquid flow 

measurements.  

Thermistor has not found wide spread applications 

on account of its large time constant, thermal inertia and 

its ,rre_produc .ble eharacteratio even for a given type 

leading to replacement difficulties entailing the whole 

range of readjustments and oalibrat .on. Thiel defect has to 

a very large extent been overcome in present day thermistors, 

but time constants have not yet been reduced comparably. As 

such thermistors are suitable for low velocity, steady state 
fl.cw measurements and have been applied to blood flow measure-
ment23  the nature of whi6h is pulsatile ,satisfactorily. 

The question of the advantage of using one or the 

other type, whether constant current, constant temperature or 

mixed mode # therefore is pertinent more to the wire and film 
type rather than the thermistor. But the arguments are appl,i » 

cable to thermistor measuring systems as well, 

The constant current system although the Olde*t of 

the systems employed has the disadvantage that metehing of 

the frequency characteristics of the amplifier to that of 
sensor is required to obtain a flat frequency response. With 

this matching the frequency response " ., extends to several 

hundred S z. Mother major draw back Is that the frequency 

response of the sensor depends, not only on the sensor oharact-

eristics but also on the flow characterieties. This leads to the 

necessity of adjustment of the frequency compensation when ever 
the mean flow changes. This limits the use of the constant 



ouxDeat $►sus* to ettustion, ►re the float" o in loss 
oily are 	os 	td wLtb the seen velocity. 

The feed back loop III the const teapersture  
as hod sl siustes or overcoass the anre 6tffioul. Iurthe.r 
It has the sdrant*gSs Of reduced Seer burn out andto 
rater o rnsstion .' -- possiblity, the output to direct 
do*# and is suitable for large  uc sttiona in velocity. 

In the case* of the theraistor applications cited„ 
the a i a velocity a 	Is abOut 0.5 a in water. In 
Wiese cases the theratator at the dip of a boat glow rod 
hsa been rotated inside a ciewa, 3ar2 ` containing VW liquid, 
with .' e motion that the te.rature gr Tent d 4s 
outs constst. Zn th o hie' the theraistor Orbe to 
introduced Intl. a pyrex tubs in which 0014 or asthano]. W 
the asdtua kept at 0°C. Both these e.thode obiiated the 
ford for tsap.rstur. coi psnsstion±~ 

In practice howsverg. in the process  of prolonged 
a me It is qulxs possible the fluid*abient Wer* 

sir Cis and %e ram cospsMsttoncones seeentL 
Inviting chess to the systsa of s mot tsssuremsnt, 
increasing the +oiezi-ty although not in su rawuntab1e, 
These reports20'22 hii mss availabl, data for fher work 
than providing 9 flow asasurernent eystes as such. 

Z is on response time of a thersistor flow meter using 

CENT Uhf UUlYElf" OF R0"g 
ROORKL.. 	~E 
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boron boft6 tbsr*istor fabr 3t* ! for tts purposr to reported2 .  
u*rLos1 solution of tbs nonlinesr &tfterentisi sizatioit 
3.6) to prossnt d 	a x lationsbip bseeft t 	spons.  

and theral time constant  . attempted • It has beau 
found cor&veAtent to blue the thermistor at high current to 
Obi.ve goce senattiv1t► 	 vot''. 
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4]  ['BI  

be out"* of most of the transducer. oXo non Unearo 

iple, the d,00 bridg, output, *.=i conductor Strain 
thermistor, and hot wire bridge outputs etc. In =WW 
ins It. Le dseirb3 or a essstt.l that the Zta1 
LndIoation be 11•*r function of the input vntebe 

L ph.io*l .y. tea Is said to be linear it the rsi*tiozi 
the forcing function and its output response can be 
id by a ltnar differ. nttil ogmallono if the forcing 
i Le x and the response to this, of th* ayste* In 
ro mW be related by an equ*ton of the type 



It) 

7t • 	" + 	# ,• + • 	' 

where a# b, a, d o  g are oonstante. 

Further,  ' the forcing function x, armies response y"1 
and $ forOi 	cue a responseY2' thsn a forcing function  

• bx2  cars a response q1  .. by2, whre a andb are 
constants. Thus lftarttj also ipUoe that the Principlea of 
superposition in Taltd. 

iinsarisation zans sproxiation of a given oharaot  
aristic by a streiftUns over the range of expected variation 
of the variable ar over given *l n l Vis. 

.1.1 dao of . 	tsation 

Laricatton Can be divided Into four slue. z 
1' 	MU balms midges with sensing deviceo to pro- 

v, a+ 	once :ate at + *a * of slope of the set ;print 
reetetanas. 

11 futton generation technique, which use paseie 
devices to gensrat. the rsqUre4 curve. 

U) deflection st uds which are non nuUed bridga, 	
0 

which  bi the curve of the output current of a bridge 
with the Cir of a sensing *lee  (plus an accastone curves 
of other variables) to provide  ooz t t output elopes. 

nonlinear dial displays which ept _ spacing of the 
disi to give correct readout. 

The atn feat of a good linesniestion met&ode are 
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i) provision of some minimum required worst case 

tracking error, depending on the application. 

ii) be physically realisable implying economy, ease 

of maintainenoe, etc 
iii) be applicable in a variety of situations, 

iv) ability to 'lend itself to simple caiibrat and 
adJustments. 

4.1.2 binearisaabilitY 

Suppose a resistance transducer responds to a physical 
Quantity such as displacement or temperature or pressure etc., 
of value say x either directly or indirectly, it is shown27  
that the relationship of the transducer output y;' to the input 
x can be linearised by linear methods if and only if both the 
resistance and conductance of the transducer are concave up-
ward functions of the variable x (tig.4.1) . This result applies 
to - .AUeither deflection output or null balance outputy the 
linear methods it is possible to line arise thermistors and 
linear metals ( e.g. copper), in terms of the physical quantity 
say temperature #, but not platinum 

Platinum and other sensors can on the other hand be 
linearised in terms of the reciprocal of the absolute tempera-• 
tore. 

Linearisation is often a convenience for readout rather 
than an absolute necessity for making measurements. 





4.2 LINARISATION OP SENSOR 

4.2.1 Metal resistor 

The resistance-temperature relation of pure metallic 

elements can be represented by an equation (3.1) 

i.e. R.l, 	► eta  (1 + aaL T + Pa  T2  + YaAT 

Usually as a first approximation these elements are considered 
like linear and represented by 

" RT a  Ra (1  

over a it ted range of temperature. 

nvar .abily these +elements are used in bridge circuits 
for temperature measurements. By suitable choice of the bridge 
components and configuration limited linearity could be achieved. 
A common telhnique of linearisation also known as hybrid linear-
isation, Is to suppress the negative second :.term nonlinearity 

: 	5.08 x 10-Z ) by connecting the platinum sensor in 
series with a nickel sensor ( : 	6.535 x 10'"6 ) . This way with 
a ratio of Pt/Ni of about 19, a *e&r 100 ohm sensor with a 
sensitivity of 0.4056 ohm iC can be achieved28. Where the 
fluctuation in temperature is large, the . greater nonlinearity 
is smothered by using other techniques as linearising circuits 
using diodes or transistors ( valves in older circuits) to 
generate a nonlinear function, the resultant of these together 
giving a linear output. Such techniques are described in 
subsequent sections. 
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4.2 09 tbomis oa 

ThsrRtstors as already Dsntionsd Used t a 'ver 
3srg. eztsn#t Is the aeaaursnt of tssratre, bseause of  
its lare tempratur coefficient of resistance, mow" other 
q t t es such as preosure, velocI r eta. are to be awamd 
using theraisto"*  its ohm& of resist duo to a change 
in its 	 rat, brought about as a , l% of tutirsolOn. 
of heat transfer  or free the surrounding tu* or varist 
ton of Its dies psUos const, or its V - I characteristics 
are aadt nec of 

in the r resent" of fbi (clow velocity), for 
instance the thereistor Is ether directly heated (Self ttis d ), 
or indirectly heated (i.e. seperately heated through a heat-
ing eleMut which to in tier. ontaot, btzt electrically  
mated from it), to a certain te*persture or :te obtain a 
cerin valur, of resistance. The now of the fluid pies 
asy a part of the heat thus reducing 	teEperaturl and i r' 
easing the siDUMS. BasIcally, this seans the thersietor I 
temperature dependent. 

t)thods of linearisation have + oons.qusntly been devel-
oped  to a large sztent as applied to teeratiars s seur* rnt. 
These setboda cad h 	r be appti,4 equallywell to  measure- 

sent of other variables„ with sUght sodifiestions to suit the 
particular operating conditions. Technique of linsariestion 
thus become dependent upon the i lr being sward 	the 
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law coxrnsbting the variable to the theratetor pasters 

Unsarietng thsrrdotor the coon technique  
bean, to as 	29  # an a starting point the relation 

R w e 

i ixt the Output from the 	work, containing the device 
is expanded in terms of ascending powers, and the Condition 
under which the first t of the nonlinear expansion term vazisb e:e 
La determined. From this condition the design values of the 
circuit parameters are obtained. 

Pinally the error is estimated by determining the 
value of the remainder terms. 

The basic draw back with the msthod, is the initial 
ac 	tion of the resistance temperature relation and itv  
ability to fit well 	the experimental curve. The other 

t draw back is omission of the higher order tem in the ..aeries 
e ens .oas. 

The earliest method of compensation or the nonlinear 
R.T characteristic +aa$ by ene of a pa s e shunt28, By 
means of low parallel or high aeVies resistance with the ther'► 
stator a point of inflection is developed about which near  
linear effect* are possible over a reasonable rase of operation3? 

This method was 	4 upon to achieve greater 
linearity and eta. of Bo b#  ( which way not too with previous 

rt n 
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'one). Usre the ti. rata r is used In a bridge with an easily 
varied exte►rnsi resistance whtoh Is used to set the bridge 
voltage for!?a particular tesraturs. When the reetetivitiee 
at both ends of the scab, are ads equal it is found that the 
linearity i'ty requirements are fairly yoU satisfied. TM bridge  
output Vole equation to e e d in series as usual after 
ins srttng the Assd ed thermistor c3 racteriatto. 

A network of N tMriatore in cerise with fixed rests-
i. ,~,~ * . t have been able to moot the requirements for 

a linear characteristic, maintaining still sufficient sensitivity 
s LntZvale exosding 1000 (tig.4.2 ) 

i aris+~ ion has also been et4eved by balancing the 

non linear effects of the sensor Output against a generated non. ». 
linearity rather than by st, ly reducing it 29. Her* a 

lat o o 	e 
It 	[. + 
	 (4.1) 

a*b&T 

which i* Prod to:,bei linear, is assumed. This equation is fitted 
to three of upertaintal points from the characteristic of the 
device and the error between the assumed equation and the e 
imental curves of the. sensing device is est&aated # The nonlinear 
output term of the bridge output equation 	equated to ssro, 
and from this the desired walusa of the circuit parameters  

obtained tnvalving involving 	 sppa xima' 3o . 

n 
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4.3 1 ARISMON OF AS 1' O C ? OU UT 

4 

Sensorsrami a cwt give seasara.b2 output* 
They 	to be used In a tvork eoapxis1n of other Cao 
zits as resistors, induotors, capacitors and so*iø oiroutt 
03.~rm~rntso In 	isLng it bebecoass usoessary that the entire  
network be linssrisa4. The most coarnon network used is a 
bridge circuit, the output of WbteIi L. tntrinsicsUy MOA. 
By cont&gtring and Ohotos of *ozpcment -value properly, such 
as for i 	pX• having a high e t :o been the fixed end yenl 
able szs of aegnitud. mater then ton, the ohanjs In the 
sensor itself being e l s the ► 	► t zt tet 'fit 	+ linear. 

Other techni qaee of in risatiork alt generatIon of a 
linear Ott n*, and consnting with It the sensor network  
output* Pl j 	s 5fl5 in an1 	a teUsr to and 

eyetie; conversion of the neck Dint v1togc or cent 
into other 	 as tom►, trsqueney or phi in a linear 
manner and so on. 80* of Vase technics are ezaained in  
50* d*tel hereunder, 

4.3,1 rim circuits 

the most eon fora or bride circuit is the 6*00 
Wheat S 	brims circuit 	4. 	Rig R 0, 113- axe standard  
resists, % Is the therrc.tsttve sew. The bridge  

mould be MU belaneS" In which case one of 	 sis 

sow ft, Is ds Mable .e 	o e resistor box or a isaiti 



turn i t pa of ,OaMP#S ). T brLgs is bled each ti 

R4  ewe either rnz.0 La a ]e caase-o or be=ane of 

servo oortro1 in ams where oontlamoueteat responses . 

ar requirS.I 

The other parade :. at ri 	option Is to tnttLaily 
obtain 'b 	br .snc* wader standard condition and &low the  
bri' nba1ancs v"ottoge to flap. This unbalance bridge 
voles fro  is. a Sunotioa of t, chi i.e. a function of 
the oh . Iii t o 	aril '. 

The first method is os lod the ''' method and the 
n• one the deflection ithoi, Zn the inzU method a cel-

` rs d varLsb3e resistor B3  is rsq ired ii error duo to ohangi  
Lu k.i4 app'  ioltaga V to not lntoO. d„ whereas in the 
deflection on %had ohm in V a toes n same« 

Zn the as. 	* electrical q*zantttie. br 010-*dc- 

etrt0ii3 aetbods the defile tion aetbod has been ti b greater  
on *A- soconnt of Its sizspioity although .t the asorL 

t Lee of + 	sa of t Ov"r of agnitua Of that of the rant 
*hod. in fl  is case Wtisrity is a *t when change in the 

seer.. ZBt*tanCQ any R << 4.0 so that L1 the current tough 
the detector can be assused proportional to the Chae.  

L1 ¶WI 

where s b 9re constants for a given brtdge and is a. motion of 

so 



RI , R e  R3,, R4  and Rm  øø that im, w i (A R4) and is a non'► 

linear function, 

With a NTC thermistor the R "T relation being exponen--

tial it is possible that the bridge can supply nonlinear out-
put to cancel the sensor nonlinearity32. A variation of this 
method uses eeneoi in two adjacent bridge arms. 

In fig (4.3) if RI  .R4  , 	and R2  * R3  aR1  and R 
changes by + R4  and RI  by •- R1  then the bridge output 
current .m  is giVen 'by, 

R1  2(1 +n) (A R4/R4  ),2  

The relative nonlinearity of the detector siate is given by 

R 
2 (1 + n) 	R4  

Prom this equation it is evident that higher the value of n 
the lesser the nonlinearity; i.e. by having a high ratio of 
R2/R I  , the bridge output nonlinearity can be reduced to . noo-
sequence if not eliminated. 

4.3.2 Piecewise linearisatiofl 

(a) "unction generation using diodes 

Ltnearieatton of output through a line arising function 
matching an actual calibration curve for a speoX 'io type of 

sensor and system, is finding greater usage because of the 



high &o *rsoy as Compared to Ur*arisatioa► based o x 
+ p i to Iwo cOA ti iz t'on pt 	* o of s s' t of 
as 	nt', 

14n.arising tuaotLoA is 	rr tod using active and 'ps 
seive devtcse, in .33 Uusarisingquits diode v$lvss were 
being gid. These gave way to sea*coaduotoz' diodes, being .ore 
reliable and requiring low alt.gss. - 

The V 1 characteristic both s ideas snd the practical,  

of a semiconductor diode is shown in fig, 4,4. A little above 
the out in . age in the region a - b the characteristic to 
linear. It the length of the 	nt is reduced th linearity 
is sore pronounced. Diode$ nre used to generate Wear saints 
of u ni& 	* % th: illope of the 	 t being +1 otd► 

ded by resistor networks#, 

The basic r Lp e of diode wave "*pug to &Uma' 

lard in fig. 4.5 where there is a ' .ud diode and the circuit  

oharactenietto to shown irt fig. 4.6 Here th. diode connection  
determines the permissible cent flow and direction, and the, 
battery voltage only sets the - break point loction. The cornb  
1usd c t response of 	 .leasnts Is found df"OU fros 
KIXfrchofts Voles and current Iwo Por the circuit of f1644#6#  

+`., 	V+i4R tonLOorvY  
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21w 	s at V dhte : s the point at which the  diode 
starts to coduat. 

The vent of operations] lifier has stlifi.d the 
wave * r Ong cwt. The clow loop goin of an ► #ion" 
1. splUiir for the .'. inverting 4e of operation is given by  

B 
The Lnt'ttug input to also xtsrrd to as a. s, on point 
to that the tput is as#za of ths inputs at this point. 

Y': 	• r ... v 	1- 	I 	s 

with opr*ttonal wwUt .re by the 	 of p riate nonlinear 
fed bak 	ork •The mat general wy of gM*ttng such 
functions La thr 	' 3 80 of piece Wine linear p xLaat* 
ion as thown to fig 47 The scoursoy of the  th approxtaation 

depeeds Won the 3 nr-  of a! ;ventre used, di i 	`a"e , the 

mater "a timber of Iii;  nte, The coaptets curve La obtained 
by 	 of the isdividual line ss ota, whose. brwr 
voltages and slopes r. drtersi d separatelyfor each sg nt. 

rig, 4,8 shows a general øtruLt diagram of a function 
generator whiob haS three -hatter networks ply & pct ice' 

sib R4 , S h of the tow psthi to Its euaatng unctton 
has a particular abort Quit War conductanc, as shout 
LA the bloom tiagras of t ..9, The upper time paw crests 
the break points T TB'  To (f .4 O) with three associated 
Wine of output elope The total transfer characteristic 
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to PZOPOZtt0l to the total short o& ,t tr 'eI ohsr*cta 
ietic or tra ni er_ con uatame Lord between v and the nl.ng 
junction. . Pig. 4 i0 shows the rseulng over all transfer 
obersotortetto. With ; "to"n' to fig. 4.0, the resistor 1, 

11 ,E 

 

with the 4tod• 3  picyidse the break point, 

	

VA a - 	L 	 (4.5) 

	

.t* 'vi Ci A#D5  Is Q9. D, + 	D2 aretom. 

the slope is established by both R3  and R4  

In the interval when ' < r3, 	VV, the s3Dpe is date"A  
tued on ► by R4  (all theall 	, diorite are oft) 	hem 

 RPA4 	 (4.7) 

The next break point TB **a=* When D2  00208 Off' when 

V«R2 ' 	* "a 	 (4.8) 

sndinthettiterv$ B 	i < 1, 

slope  S 
2 R4 	R2 

4.9)  

The last break point io Yo 	 (4,10) 

f Y0  t Vi  ' tb D2 	D1 	r on 

•lop* 	r -r , 	 (4.1$) 
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A general purpose diode function generator#  with adjustable 
slopes and break points is shown in figs 4.11. The transistor 
emitter followers prevent loading the breakpoint setting ,; r 
potentiometers R4, R3 % Por R1  = R2 	121, and R7  R8  the 
break poikits are merely 2V1  and 2V2. It is possible to have 
slopes of both .are and -ve poiarities,*. 

• Diode function generators are used to deal with a wide 

Olaus of functions including muli variate functions37. 

cb) unotion generator using transistors 

Pig. 4.13 shows a circuit diagram in which transistors 
are used to generate nonlinear functions. The base of each 
transistor Q is connected to the input while each emitter is 
connected through a bias resistor RR  to a potential Vg  produced 
by the resistor chain rR„ rl  r x • • 4 +.rK, • • * orx  The bias voltages 

Y 2"'' V11..... V'R  are formed by passing a constant current 
10  through the resistor chain. The output is essentially the 
total current i. The voltage drop iR across Rl  is used for 
convenience. 

In designing the circuit two assumptions are made38  

L) The resistors r1 , r2  t  s . * $ rx1 . w . , rN  that produce 

the bias voltages are small as compared to the emitter series 
resistances K1, R20 •- R i,  * .ORI or that ( i/i0) 44 1. 

ii) The transistor base—emittervoltage is independent 
of the *o .lector current and a collector emitter current ratcio. 1, 
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Semiconductors being inherently temperature sensitive 
temperature stabilisation or compensation ieds to be provided. 
In the function generator referred two temperature compensating 
elements are provided, one to take care of temperature dependent 
collector leakage Current under out-off conditions, and the 
other the base emitter voltage V although assumed constant 
is temperature dependent, which has the effect of shifting the 
input voltage b the entire chain. 

4.33  Linearis#.ng amplifier 

Thermal flow meter used in physiological and pharmaco-
logical research are based on heat convect ion, which means that 
the temperature difference between the measuring and oompensa-- 
ting device Is related hyperbolically to the flow velocity 
In this case linearisation will be necessary to obtain a direct 
reed ng instrument. 

To measure the temperature difference between the heat 
oon resting element - of the flow meter and passing blood two 
matched thermistors are mounted as adjacent arms of a bridge 
change in temperature of the convecting element produces a 
directly proportional . variation of the output of the bridge 
depending on the sensitivity of the therpometery. This is 
approximately 4 7 resistance change per degree centigrade. 

The bridge is fed by a pulse generator so that heat 
production in the thermistor is considerably rsduoed « The out-
put of the bridge is amplified and Unearised by an antilog 



operator foUovd t a peak d tsctor. 

The log WA flog sUXier 1k as of V *pproxtt 
aatrlC lOgsrttl a relation between great and voles in a 
semiconductor p n juaotion which is given by  

1• 	)*rfttUZ d*peM*n* term related to reverse bias 
out. 

V - tmerature eçdyalen# of vol 	' / 	 ?fii,600 i 
rn 	is an alpiri0at parameter related to device cohost" 

xx hawing viib 	I for and for 4i, 

a $notion sitter of a diode,  or of a transistor  

with 	 base eixmatt g4 is uid in the teed baok Path 
of 04 Operational a Utter Li  to got a* tu*otion. To 
provide tt r rte e ± r' 	the Ont P* Of  thia, 	er is 
conneoted through another similar 	lator Q to the but 

operational 	 L r£2 with a be bused Hugh 

positton of RI,  and g2  an interohanged Q2 now $0 in 00 e± 
beck part of Li  ønd m grounded bus transistor RI to 	rr*#*6 
to thsLnputO'.d +. heoutvoltsgs  

'02 	* 0 to , (D ?j ' y ) 

for the flog operstorø WheS V02  is the otitput of 

,D • input divider freot on 



* 	arature vsistio,t term 	s 	to the ice# 

value `ilat 

The entilog opsrstor used in the flow motor rfsrred to 
is 8 ].moo ext. 43 'P# 

4*%4 8 $ cpersoml iii o 4*  

Pu. 4.14 shows a + n* opirstional aipiuu.r used 
with a differs ntis Input end a *fin reference Yolte. B3  
Is the thermistor used to asasrs 	. With this 

mala" l  0 aid. of the * 	W r cen b grounded and  
o3eo•triosU 'insulated from the host a►urce ' LT 	6, 
The output voltage #0  

so 0 (4,14) 
3 

w 	- . ,
• 

or 	 0, 	(.. 	 c4,15) 

RA * 0r 

so 	(i (Z+1)- 	/ (I ± OcM) 	(41.16) 

the second dirivativo of 	/ 1. CCS 

whioh Is &pendent of Z to seas 

eT s 1/0 (4.17) 
indioeting that 0 given Sizes ths vdu. of Cl  Pur r this 
functioncan be made linear over a rsnje of values of 	and 
the output voltage equation  (4 ' will be linear with : * 
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to 2 on, this rang. of T. '0.1 this vq umar to * #iare 
jadLostjon as been obtaine4 Cir` a range of 10 W 

4.3.5 J.? ?. L sising o kl1 * 

The o* t of w 'land at t ► tor*  

• 2 
	

(4.10)  

can be .*x. 42 it voltage ooutroflsd ;rector (v c'.)  
an w1 in the f` d book aWier oft t V"12Tha "Ut 

# 	Y 
	

(4.19) 
for the tx ►ni given by e (4,10). The ce*esry cowterns 
for this is 

R~ * EI /sY) ,1 	 (4.201  

whirs b/ w to positive ( , being counts ) # 

Bar ° E 1 (b/ Y)#0) 	.. (42i)  

when a to nsgsttvs, 

p - chsnS1 J.P .T+'e are used for +b/a WA 	, ,F 	t 
ar 	 d for /s 

4.3.6 Astable vidcfu vibrator bridge 

The us. of *ltivibrator bridge for 	 isat of 
t.aperalMrs of tasperature differs s p advsatagis over 
the conventional aetbode In that esndtivitt aUnsar ran 
of operations can be ►mr d considerably43, 

In the usual astab]& cAtvibr*tor circuit the tl.e 



P
t) 

duration a* inter. can be combined by a change in either 
R01, R2 or02 	 «F 	t, a 	ptl 	i.II give 7l 
by 

` '1C' log 02 	' z  *? + 2  )a g2 (4.2*) 

where a smell change odours in s p► of these component.. I.1 ,1L2  , C 1  

`o?° 02 Will differ from t2  by .&t. A high irripod 	 *OU  

voltmeter connected between paints A and B will indicate a 
ermall out of balanea voltage s * ZfS ism amplitude of the 
square pulse  

42 
2t . dt 	2t + At 

t being dependent on A 'I or A a 

0 IJUor 
to 	201 A0 	 4 

It I1 Or It2  is substituted by a non-linear resistor, tor,, It was 
found to Introduce a curvature into the calibration  of opposite 
direction to that due ito the natural. nonflnearity of the bridge: 
itself. .e a result the output of the bridge to proportional to  
temperature over a much wider range than a linear resistance of 
similar resistivity.  

eenai itar, Stlioon transistor and Germanium an- 
sister have each been substituted for R or t 	the transistor 
in the open base oonfigurationi. Sensitivities of 73 mv/°C for 
P.T.0, resistors and 83 mv/00 for s ,aeon transistor (2N3638) 
from 15 to 4000 and 650 mv/00 for Go transistor over en I8o+ 
have been reported (' 4..16). , 
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The diiiaidvsnteges of the ansistior are their 

bulk n4 the large ties oo t tt of 20 a or mar* # which 
3thits Qek, sppUoetton to slowly varyIng 	► ure and 
for 	i nts of 	tizrs 	i• nte.. 

As slz'saAv stated# ltuesrity Is r surd over a 
Uidtod range of *ram +• Greater linearity has been 
Obtained by 3Lze arising the eatable MdU br* r end the 
point of its inflection, the condition being44  

820' 

 

* 01R0 (B = Ò) / (3 + 0) 

This gives for output voltage at inflection point  

T * v~ 2T 

At the point of IntIec on , the s.a.v bridge to Unbalanced 
having cutout vo].tage in*pendent of brims eluent relations, 
At 	 inflection point th* seneiflvtty of the a*m.v bridge  
to twice that of th► wheat atone bridge ax them are only  
two 	 jed iZstabl. paraoterRI 0 A 0.2's the. two tine constants  
t, &'t 	in this 0* 55, + o tired to four elsialnts in the Wtboat 

sone brims. 

4. 3.7 	 stele Ott*vibrator bridge 

The aonostabls zlttvtbrator brims (b) with const 
triggering pulse frequency  has a linear resistance voltage 
ohaxaoteristio. Because of this reason a linear teaperaturs to 
° l age cb$xaotsristio could be obtained 	 ►ratator with 
line sl w teeratur. resistance Characteristic  is used 
(Parallel Connection of passive resistor with t motor) o 



The thersistor s.a.b wt'tb co met 1igring pulse frequency 
represent. Q sisple i*er teaperstiaz to tias convrt.r. 

` the triggertn ptA for the s. .b are eupplied by 
a liftS*riSsd aab s  .e. by a Unearteed Ion" ;to tequu 
•xu converter still bigbir sensitivities ltd be obi . 

The 	 UMsxly sesetuMrs q*e r  d*viatione of the 
tiggering P40 	' a sensitivity is higher than the 06 *A 
the amb with coast triggering pulse , This fir ► r - 

+l r = :. eharactertettos of the** bri 0 are Ohms in fig. 4.11. 

4. #8 Col.sentsry ltivibrator 

By using ' or e ►r in pince of the resistance riser 
fining frequency of the oo le tery ralti,ibrator 	►err 
ture and tserstsre dtUerences could  be converted mot r 
into frequency or tt 

Pig. 4.18 shows a ootent*astble zlttvibrator 
the frequency of which is oontroUed by the tmsperatare e si- 

p current 	 or consisting of traru is or and therMss 
tor asork R, (t) .- The rr .e Is m rased by W not 
work,► The conversion of teaperstuze (T) to :IV*" 	`) 
ezaablse digital re+ aut factllty vetch to 02M%y but steadily 
diep]eMng the analogue readout. 
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4,4 CO Q 

Yerious 'ee$ R* of Uneexieation Of thesensor 
Itself twaxi*b37 of the e. oo 	r tb*rrnoreestor a' 
ther stor has been d.a3t with, In rUia sitistione where  

• the operation is restricted to a hatted range of texç.rature  
those techniques could a sJU be applied with the oort a' 
tant , a t' city In oiroi4ttr and eco no, Where the range of 
operation is w d., greater  ma y. and sensitivity are 
AeiTed th. other 'chni , function generator to match the 
'off Output charaotsriatto could.pp ed This appears.  

to be the aoet versatileawthod as far as sloes signal  
conditioningia o noez d, T logsrithizio arid atflogar&ththtc 
oo +irators Cotild in this Ught be Oonnidcred a ""LAI 

or specific toast of matin generators, All these techniques 
boot= perhaps abeote All the charisma of the digital tech 
nology which is fast replacing *nlogus 'techniques of display  
largely due to muter facility and ese of interfacing with 
it beside s the marc psychological satiSfaction of dealing 
&treotly with 	 ns rather than poettions or liars. In this 
context the ciultivibrator briers could find greater epphioca'  
tiort as the output could be obtained In the for& of Asea . 
and the frequency c 	d by an sleotronie mater Or  
dital display for the specific purpose could be built in 
directly with out going Hugh the process of 	 mo o . 
In spits of this it Viers the analogue system could not be 
the 'over board as .tihl the ' athad of psrarvnt reoord t 



In .+ s'~ fir' oo, 	1tteot aoos.s tora is torr strip 
chart rsc rdtr sum U 'rt iH ink or mesa type.  Alt 
other ayetes of recording such as yrs or aloro fila is 
possIb s the sow0020 Of aom er.ion back has to b fix* 
tAmueh to sake the 4a' *vallable egetn* with acoi4entsi 
lose belt* perhaps a salient tes 

?ii1y the choice Of the particular d AVISit 
technique Is dictated b;' the req : 	nts of the Mote 
system and for a21'that r needs not to b resoristt to 
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S. MVI PINT 

TM1ISTOR 	1R  

5*1 IN1tODøflON 

Bas + rrIO to faoiU.tato tho ovoorAont of tho ictor 
flo t* have boen a v'r iiablo . A thozmietor f1oswr dovGaiopcd 
for the reaffrom91t of bloodt flo ond caudtao +oat has boon 
reportd, IIQYO a m . r ts.iba is hoetøI by r i s of a beat]  
coil and thO thorvtstorr concti*'xttz 	5io ormn of a b 
oizouit maws the tecetiro d1tfoz,ønco betwoen the heated 
bot y and te pana.t blood, The thormiøtors acct as dtfforoa tial 

r Gr 	' ho 	tOr, The bridge io Supplied. with pulsed 
irolteje of fixed .ali t i do and the aurrontthrough tho thoVjn4thc  
tori, Is limited as that calf hoatin5 is negligible. The po ►o 
4io8ipatOdv  in other wore to Itmitod to a few z orotra to 
In other coo the a ien' fIud tuoratuxo f uottaatton Ao 
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eliminated by establiehing establishing 	 the relative fluid velocity by 
rotating the thermistor probe In a dswer bottle containing 
the liquid20  or by passing the luid at constant texp raturs22  

through a pipe wherein the thersiator probe is situated. These 
obviate the need for salt conpsnaatton due to ambient tempera- 

1re variations.  

In other th*rmal flow meter also it appears conrensation 
for temperature changes of the : lu.id to not provided. ?or 
example, in the case of velocity ineeeurenent in air using bot 
wire anesoseter, the probe measures the stream velocity and 
the t emperators at the stagnation point Ls eeperatoly 11E6Wrad 
and corrections applied or velocity is obtained from graphs 
or tables for given *peratare ohangec, 

The problem of self compensation becomes mors aooeU -
tu►ate# when thermistors ere used in the self heated mode 
compared to the indirectly heated or non self heated modes 
(as In therao 	r) 

It a thermistor flow meter is to operate snacesefly 
and as a conttnons baste, i.e. it it is to become an eftectvs  
competitor to the conventional flowzetera, it Is important 
that Its indicatioA .fie under practical conditions of 
operations* This Elias in other words that reference to 
graphs and charts or perlodioal calibration be: t resod too 
often. Yor this reuirent self ao eneaUna for fluid 
temperature fluctuation is nec. see 	? her the 51ww rate 



has to be direct on an indicating meter and be susceptible 
to recording and or time integration for purposes of flow 
totalteation, 

. 	r 
The velocities encountered in practic. are rather 

large s tl w in invariably turbulant especially In pipe 
oryprseaure flows e where Reynolds nwnber Is of order 5x105  
or reater. Laminar flow is rarely encountered (Reynold 
fiber 2400) • The data safer available has been in addition 
to the resirictione on apsrature, been limited to a max 
imunitquid velocity of 75 ams/sec, 

In this chapter an attempt is being made to furthr 
eXtend the operating range o#' thermistor f3.owmeter and 
Une ariSe it to ° give  output directly in terms of velocity. 

y 	 1 

5.2Z49 NQI i I DI . 

A °bead 'therxdstor, is 'self heated by the passage of 
current' through it to a' temperate higher than that of 
the liquid media, in which the velocity or t4w measurement 
is to be made. Due to the flow velocity the - heat from the 
thermistor Is removed, its temperature Uoee,th.refore Its 
resistance increases*- This increase of resistance changes 
the current through the thermistor and the voltage across it. 
By measuring one of these` and Oallbrating the probe for a 
set of ,  conditions it in possible to mew flow velocities 
in other similar eituatione 



The heat from a heated body, placed across the flow, 
• (thsrf eto,) is mainly removed by forced oonvootiort and 

the amount of heat removed depends on the difference in 
temperature between the thsr stor (or its encapsulation 
surface) and the flowing liquid, the thermal conductivity of 
the fluid, # d certain rtondmeneiona1 p nteters' ' an 

Remolds number (Rs), the grand member r ) $ surer the Wteselt 
tuber (Na).  •A theore ti . calculations of the flow velocity 

and hest transport relation is quite complicated snd there 
Sort It has not been attempted hors, 

The thermistor probe is calibrated Instead ,, under 

different flow conditions and ambient to rates variation, 
to evaluate Its performanci. Be Md on these results signal 
conditioning is attempted to provide an indication  of flow 
velocity directly. The object is to aobieve flow measurement 
as simply an possible. Purtber the measurement to limited to 
average flow velooitiee, Rpidiy fluctuating or instantaneous 
turbu3.ant flow velocities art nct considered %**ease of the 
relatively large time constants of practically all thermistors. 
Sen for this it is advantageous to have thermistors with 
abort time Constant so as to respond to slow variations. 

The liquid that flows over the velocity sensing probe 
also flows over a temperature peratu compensating thermistor around 
which a stagnation chamber is created so that it is not 
subjected to flow velocity, thus providing compensation to 
fluid ambient temperature Cha o • 
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5." 	'LOWJMSMR S(EMATIC~ 

Pig. 5.1 ire the black schematiC of the flowrnstez!. 
A ; ►tax probe introduced into the ;ring fluid °* -sal* 

bride snd Its output #0 to gLen to an aUf1.er which 
raises ths voltage le' l eitabls to food in the lthearisngs 
ejizplitiir, The ithasrising circuit also amplifies the but 
signal v1 and its Dint is fail to a aoving tail volt tees, 
which reads directly the velocity* it can be ► ed to 
reed flow directly prrovid.d the are ► of orosessetton of flow 
aed r sec on is created vhs at velocity distribution Is 

5.4  NSORL.: f 

5. 4.1 Thersistor Selection. 

The thermistor is salt heated and placed in flowing 
water to mr**uXS its velocity. Aurto velocity of flow the 
heat it carried away by the liquid. The quantity of head 
generated ehOtld be wiob as to divelop 'the thermistor 
s 	a Particularins for a particular veioeity. In 
other words 'W2psratirs drop st be a, funotion of ' loony, 
The heat developed in the thermistor dta. to flow Of 	mt 
is givsn by 

* i2 , watts 	 3.1 

U. 14* 1' J. ' *# unite 	 5,2 
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to®  

where Ri  is the thermistor Ve sistenoe at ourrent I 

0Q  is a conversion factor for electrical power to 

heat unit. 

The heat transferred from The heated thermistor, the thsrmi- 

spar being considered as a cylinder of diameter 0) and  
length (L) Is dependent on flueee2.t err, Prandtl number 
of fluid P and 	Grid' a number R where auffix D.  here 

stands  for diameter of the thermistor outer most heat co 
vecting surface.  

Thee* factors are related by the equation50  

where► 	* 'heat transfer coefficient. 

K:  s thermal conductivity at the fluid at mss film 

temperature 

p * 

 

Pre,n4tl irnmber for the fluid at 'T 

8e, in, n have values given in the table below 

in 	a 

*.A 50 0691 0.385  

50 00 iO,000 0.60 	0.5 	4.31 



`rom this relation the host traner coefficient as a function 
of S1OOLty can be obtained Calculate the quantity of heat 
required as a funotion of velootty and thereby determine the 
range c t current for the given velocity range of interest 
from equation 5.2 and 5.4. Thus 

q a + 3  rI/2  n1/,k,' 	 5.4 

or qsàry 	 5.5 
Prom 5.4 it is evident that the cylindrical surfacebol 
proportionately effects the quantityof heat or power# To 
limit this within reasonable tzatts and or ator ratings 
DOL tws to be reduced to the tt ni . T)4e in also a function 
of 	end smaller 	the ruler is the quantity of 'heat 
rid and power Ueeipated. As a rough indication for a 

bead thermistor of dtarnetsr I mm aM. longi I a the power 
ro qui din 210 mW fora velocity o: 0 - o mis as shown 
*tA 0 

As thermistor of the required dimensions could not be 
procured, experiments were conducted with an available glass 
Snoapeulsted bead thermistor 

5.4 Thermistor Specifications  

Ty`;po 0  Glass encapsulated typo BA2I 
Materia.. sono t a B 300 
Power dissipation - 0..06 W 

' perat 	«• 20000 
R*SietaflCi 	1500 „+ 20. °; 
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Resistance in ohms at 00 	5000 	100°c 	150°C 

3750 690 200 36 

Dissipation constant 	0.35 rnw/°0 
Tiiae oonatant 	- 5 8005.  

Current 	Fes,_ 	a 40 . - 
Threshold voltage at 25*0 * 2.2 ~► 

These tberi .otors are of the axial lead typo* The onr-
all length of the Bare encapsulation  Is 32 mm and dia*ter 
2,,5 mm with the thermistor bead situated at about the middle . 
of the glass tube (fig. 5.2) . 

5, 4.3 Probe Co 	utotion 

Two typos of probes  wore fabricated. In pa A the 
thermistor is mounted such that it is parallel to the flow 
(fig. 5.3). In t o B the thermistor is mounted so as to be 
perpendicular to the axle of flow (fig. 5,4) 

Probe A is of bent brass tube of inside diameter of 4 mm 
and outside diameter of 5 am4 It has anenxiliary tube of 
1.5 mm I,D. by 2*5 zona 0.D. with a tip tube of3 mm I.D. aot 
as a mechanical support for the glass tube and carrying the 
had. This tube is soldered on to the main brass tube through 
the nsi4e of which both the leads are taken oust. A email 
piece of Very thin brass tube (2..5 mm 1.1). x } mm D.D. ) is 
inserted with a cambric sleeve to make it fit tight into the 
main tube and limit beat conduction. toads are taken out 
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through the main tube and the support tube, the tt,ermtator 

leads 
 

are moldered to this and ear.fly'paahed in and its 

body seated in. Wax is melted and puze4 over the open end of t 

the support lube and over the cambric sleeve to form a water 

sealant and lead insulation. 

Probe B is also tike rise made • Here the thermistor is 

perpezi.tcular to flow or along the'axis of the main support 

tube. Three supports are provided, tuna of steel rods and the 

other a small brass tube throes which lead to taken as in 
type A. The supports are spaced: 1200  apart on the tube surface 

5.4.4 Preliminary Studies on the sensor 

rOIPiLaary experiments were conducted to determine the 
thermistor characteristics and choofe the operating point. The 
thermistor VaX characteristics is plotted for ambient tempera. 
ture in water and in air (fig. 5.5). Prom this plot a surge of 
current Ve ReoLstanoe of ' e° ermistor was derived. From the 

resistance temperature curve of the thermistor its reciatanos 

at a given temperature is used. From the I Ve R curve at this 

resistance vai'ue the current is known. Thus for any field 

temperature the tent to be. passed through the thermistor in knows, 

or the thermistor bias int can thus be decided to produce a 

certain temperature at the thermistor surface, Prom the data, 

the over beat ratio„ that is the ratio of the thermistor tem e- 

ratua a to the water temperature can be decided. The heat 

transfer from the thermistor to the water depends on the difference 

In temperature etienthees two and hence -;?fie velooity measurement 
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A bridge circuit is assembled co ting of to th.raistors 
Lu s3ao.nt eras. The 	*fie Of these tharsistors  
Varied by using a conitsat t rstuxs bath. For variaas 
difference  in tsupersture the bridge output to shown Lu ft .5.6. 
The me txr ►rs 	whtoh the x for hew been 
eitposet La 14°c. For the seas differences  in t►iperatre but 
dLfferent ferencs l►m►eratzres,. the bridge output. wed 
eiose3.y with the curve 'T.jg5.6 if nct coincided. 

5*9 i,IARZSAtXON  

SU act.si ve]ooJty Vs bridge output curve cou3* not be 
obtained for 	 cr a3xeedy aentioned, Hence for a rposs 
of co1etLng the f2rnvaster, a curve of the tips shy in 
fig, 54 is usu.d for the vdocity Vs bridge output volt 
relation on the bsa s of the previous rrks and the our" is 

The pr&rtoipls of th* diode Ston generator his been 
described earlier In section 4.3. Hxs a five segesut diode 
function gei*retor is designed to give the inverse curve of 
that show to fig, 5.1 sr denoted ,std liusarising curve 
La figs o$*. In the region 0 -► I s In fig 54 the dope r of 
the curve 6+r0/dv to large a n: ii nearising curv. this 
elope mt be rte. so that the r.stAtant of the Wo is aids* 

ire bin these two curvs0  In the san aenner the slops 
required  4t# other pointeare lmit4 	aM fixed by the resistor 
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5.6 	COIF 2Z oIacatT OP TJ PWW M&! 

The complete flow meter  oironit comprises of a Wheat 
Stone bridge circuit employing thermistor in one arm Ctig,.5.9) 
or two thermistors in adjacent arm (figt5.1O) incorporating 
tempera a oompeneati 	• a bridge suppi7, bridge amplifier 
and Unoarisin amplifier(ftg 5.11) 

5.6.1 Bridge Supply 

the thermistor bridge Used in that shown in fig.5 1O 
i.e.the two thermistor temperature compensating typo,* The 
bridge in supplied through a eon tint current source. 

This 000stct current source (fig. 5.11) consists of a 
transistor Qi. an emitter resistance comprising a fixed value 
re resistors Rj i to limit the maxtimim current in series with a 
variable resistance Rig, 00 that current in the range of 5 
to 50 mA could be supplied to the bridge. This transistor 
bars is biased through Rio and sopor diode Dog, so that 'the e 
base bias remains constant for small changes in the supply 
voltage. 

5.6,2 Bridge amplifier 

The bridge amplifier consists of an operational amplifier 
A, operated in the di feren ►ial mode, to which the bridge 
unbalance Voltage to connected. The gain of this ompl for 
in set w decided by R14  and R15. this amplifier output is thus 

e, '*2) '. . • 1. This is the voltage applied  to the 

linolins arising amplifier.. The bridge output for temperature 
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difference hto been obtained as shown in .dig«5.6 

5.6.; Linsarisinn amplifier 

The basic lineerising circuit has been deaoribed 
earlier. This linearteing amplifier is a network of diodes, 
diode biasing resistors and slope deciding resistors. The 
diodes start conducting in succession when ~►i excludes the 
diodes reverse bias* The linearisingcircuit is a five e.g 
went diode motion generator. 

The linearising curve caeeary for the assumed. velocity 
Vs output relation is ' shown in fig 5.8 Points i.2...5  denote 
the position at whtob elope for the linearising omit are 
deteridned. In the cir 	the slope is determined by the 
ratio of R15 R ..# to `15 and the corresponding break 
points to these positions are decided by the chain of 
resistors R16, , 8. *.. 4. These are in all 5 diodese 5 
break point resistors and 5 slope resistors to this 5 segment 
function generator. 

For the output meter a ll a=ster converted to read 
0 - 5 volts full scale is used 

5.7. 	RESULT 

Some Of these results have already been presanted.In 
fig.5.0 is shorn the V.1. characteristics of the thermistor 

In fig. 5.8 is shown the curve obtained for ern inputs 
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at the 3nearieLng auqiifier input. The curvoe differ 

slightly because of the 	deviation in cox ponent values, the 
curve is s 	oth and without sharp corners that are present 
due to segment eation on account of the out in part of the 
diodes-  being not sharp arm well defined as In the idealised 
diode characteristic*  whieb is all the nore better for this 
boas 
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I 

In the preoee4tsg ohopters, a shy of pious types 
of co n t ion' 	um 	r some p ast*re a. 	devices 

end sone not uiacorsentions3 flow z*esuring dt ore, '"their 
rsn and pplioetions tieve been desl` . The rnunr *nd yrs 
of thee dvioss dealt with are quits large but Is not likely 
to be e'o l.t• 

The 'ham flow 'er of th. hot file and hot 'ire 
type and the rid or foil ti49  which 10 an altumtiia to 

the hot fUI type of devios beingmore ragged and lore 
sizisptble to burn outs h boon` in led for gas 
or sir flow studies. ThS file and the toll typrhave bean 
tried on liquid flow asursasnt but not found yetis eotor o 
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The s ai ivt1W of tharaistor to flow velocity  
fluid tep.ratur. S 	on* and their liaLtin vanes 
hii been brought ou$*  Zinsariastion of the nonli ar ate ► 
put ohersoteristic. have bean considered. 

A flow probe raring theraistor Was constructed and 
assumingsasiasing hyperbolic velo.it output relation this ohrr #r' 
tr1 a has been nsarised based on ptacswise linsarisaton 
through funOtion generation using diodes •  Zt is possible to 
ad just thS slope snd out4n points by inducing presents 
In s.r e.S with the resistors determining rim 	point {r's) 

! with slops deciding resistors 	(fig. 49), 	also 
hme sitter poatttve or negative psa ThUs this technique ►que 
of 1 art+ tion co* U. be pled pr t oafy to an, ipe of 
output cnn to obtain Uneari. 

Theraistons ire been Used to isure 'fit velocitias in 
the laminar reg ono  The as here has been to used this to 
higher velocitIes s t alsotbulsnt conditions  of terse 
not aiming the low freçz.noy response of the thermistor 

Zn ' ltterat2re cited, velaoi# ` i* 	appears 
not to have been the prim purpose, butx0asurt*aat of tSsp' 

eratare at various levels as the probe was lowered at a 
certain apse6 Into the omen In oceanographic etaidice. 

It Is felt if thaxsator axe to be .tocesa t 3,y applied 
to "ILOCI ' asseurtuwats, oar tichniizes have -to 'fie tried; 
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In this context It is possible, *tcona ettng oxide 
d. ettsa on a cersaic zbstrate, IikS the hot fila probe, 

slow casted,, -is► be in a position to awry fiucb&-
akting fluid volooltiss iore successfully, The diunsl one 
h&ve to be quits sash in order that, iL is sal and ► 
power requirements are with- with-in the thermistor ratings. 
IS only ooaaezotal thermistor are to bi mrd, the rastleet 
avatlable mould bS examined 	 point of hating 
RrsD for the values of 'velocities to be encountered. 

10r trn*ratare cozisnsation it it x ►t necessary to 
use an idtioel thermistor  as the 'velocity measuring ore, 
but one having soma* ton"ratsrs cacti latent or resistance e 
as the velocity sensing thermistor A. Its operating rte, 
which z*ed t be *4l unless the temperature ,fluctuation 
of err liquid also as tepid which ILA Mice is not likely. 

the auk course of works  hence, Vro:r t&%U could 
be devoted to thin ' 	er stor deposition on cera 
substrate aM tea eratre cOrpensmtton through a + 	. 
thermistor. itter all innovation to the call of ire. 
It the t constant rid be aft lotively reduced to a few 
milliseconds or less, t u could pr+ itself to be a very 
useful flow study device. Directional sensitivity amid also 
be sobisied by depositing th thermistor on a ceramic 
substrate. These metes it is felt could reduce U not 
eliminate the short fuels of the thermistors  in fluid flow 
eppitoations. Further by employing one of the .tivibr for 
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bridge circutts and friq1iaO7 counting Or Voltage to 
► qulnO7 Conversion of their bZLdgS output voltage 00  

Lie quenoy counting the int trend towards 
d gi4*atton aad digits) readout can also be not with* 
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8. AP OZZ 

3 

M - £' 

So,. of the terms and ro 	2.a r. used in oonisotjon 
With fluid now a" given 	I 

u density is the 	 ! per unit volun and La 
enevAls denot.4 by 

P 
	Mess 

4m dCnsity or specific weft is the weight of 
fluid aess per unit voluas and Is denoted by or  

Weight of fluid 
Yo3ums of the fluid id 

where g so eOcslsrstion duo to gray 
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3. Viscosity is that Property of a fluid which resists  
re3,stL motion of its s4jaositt 3sers, The relative velocity 
beWsen sajso.nt mid tars Induces show sass t5 
which is proportions] to the velocity rsdisnt, dy/dy 

The shear I 	ø, s 

Bersfr is cat. 4 coefficient of VIMOSSty or simply viscosity. 

4. Zir*sstic viecosity is th. ratio of the absolute sao. 
at ► to the ams density a to demoted by 

7i '"' 	' 	"'` '~'' 

P 	Wl~ 
Both /A ,i) vary With tseratore  

5,0Reynolds wrber R is the 	 ► o ,ot inertia f roes to 
viscous face. it is an iiportant nonud 	.nsional number 

i 

where v a velocity of the fluLd 
d significant 41*snstona  

Unenatjvisco*ity  

The diansLona of isportanae in case or thermistor in fluid 
path Is its disaster si the Reynolds ber to R. 

6« 	LasInar or vita flow to OZOin which fluid particles 
move in layers or ins and there is no exchange of particles 
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`t Aw n ad3.esnt IWre. Ther flow of flni4r In pipe wh.n 
is less than MO ii UN"W* 

7. 	Tuxta*lsnt flow La ofwherein the y ] ooi tvaries 
fros point to point to the flow path in both atrsetton, aM 
~ r aM froa instant to insert. The flow of fluid in 
pipe when Hn is g ivter than 3000 is t*ziilsnt. 

as 	Bernoulli's trhsorm $ 
The total .t*r of a flowing 	 .d co,tsing of 

kine' is .nsrgy, potential err r . elevation enr' rsmaina  

Considering 	points 1* 2 in a flow pith, whore P 
v,, * denote resp.otivey the pros x, iSloott eM elevation 
the BernoulWs eqzatLoa is 

P1 
+ 	 b12  

where b 18 r 3„009 of h0 	1l tresis point& I aM 2 
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Pow *ireasnt using tras. Wohniques dep*n on 
r brat transfer from ths heated sensor, .i :;r vire, tan 

or to tharsistor to the a roiuing body. This but transfer 
the aist i*portant being convective 'brat transfer r0 far as 
iiqi4ds are conoerr is gosrn.6 by 'fi* heater m*-
ff'iclent beta * the bested body ,a the surrowtng fluid. 

aor 	nsiO 1. yrs of iortnoe In #hie regard  
given below 

hzir  

gradient in the fluid IM14M .► in contact with the surface 
to a refer. rice ' bweratzre PVA ieM. 

rare L is a significant ).Ong% 

113 the conductivity of the alb at ian► 
tosratws. 

Prand il► n*z r (e) is a fUnction of fluid properties. 
It to dsfinsd as the ratio of 1 inenstio '+isooei of the fluid 
to the thersal diffusivity of she fluid 

Pr • 
a 

where a is the thiraal diffusivity  of the fluid or the *leaa►ler 
diffuei ty Of best  

where is the specific 'beat at constant prem 



± ; .4 	k 	F' `t Vit ..  

0onsiderin a thermtntor bead of dArn.tsr. ) 1 m, 

length () I m with 	encapauletion w! unUorm sizrface 
teisrsturs, z*gltbibls cc active 	 r 	t boat transfer, 

	

a K, %Dm. p I 	A 3.1rf 

uzi r sasuaing R V in#"fit races of 50 to. 100000, 

ma0,5, iia 0031 	a0*6 

Let the f 1uic ''npsr'stnre * 0 3O 
Let the best szr 	upe * T C 
The difference fe"ms Ia # !3 # a e +•t 	d' 
The an fJl ts. 	s 30+ 60 rmr.. 	a 4500 

At this ian t. 	turs 	* .37  

	

h► s A . To brat ► tom 	 £3.2 
.0. 	 1/ 	1/2 
ho 	 V° 

V 	w r1 v ~ 

ZM 1/2  

at a jIYSSI t ra?5tUXe 	p , -0 era oonstatit so That 

12 

• DO 	 ► 3.4 



v 1/2 and q ° ~2 { 	n Do .L. Q T or 
0 

q a 03 ,1/2 Doh/2 L M. 	 A 3.5 

here 03 includes a conversion factor to the electrical power 

in watts required. It is clear q is directly proportional 
to Do1/2D for a given velocity. 

Hence the conclusion that D and D .should: be as small as 

possible to limit thermistor power dissipation 

For the- example considered 

q = .3081v watts 

?or a velocity of day »5 rn/a power required is 

q 	.308 '.5 	.21 or 210 mW. 
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