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1. Introduction

Theprincipal diagranofafluid““Flapper-and-nozzle’” sensor isshomn inFig. 1. Itsmain
elements are the constant and Inconstant choke and the circuit chamber (4).

Fig- 1

The constant choke iswith unchanging section (F),, determined by thediameter d, and
the inconstant choke— withasection (), representing acylindrical surfacedefined
by the diameter (D) of the emitting flapper (2) and by the distance Xup to
nozzle (3) . The cbtainingof an informational signal about the alterationofadefinite
physical parameter of the object perceived by the sensor isaresult of the alteration
of thedistance X, respectivelyof the section fof the inconstant doke, asa resultof
whichthe staticpressure P, inthecircuit chamber is changed. The alterationof this
pressurewith respect to thedistance Xdetermines the operating staticcharacteristics
of the sensor and the sensor type is defined by the characteristic form, specified by
theconditions:
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where: S is theslope of the characteristic in its gperating range; X—theflapper shift;
P, —the output informational signal .

In conformancewith these condirtions, thestatic informational dharacteristics of
the “Flapper-and-nozzle” pneumatic sensorsmay be as the one shoawn in Fig. 2, where

H and K denote the beginning and the end of the sensor operating range.

2. BEwpiric deteminationof thestaticdharacteristics
of a““flapper-and -nozzle’” type sensors

Themethods determining the static characteristics of the sensorsof the typediscussed,
aredescribed in[3, 4] . Sarealgorithmsdefining thestatic characteristicsatdifferent
modes of Flowing through the sensor constant and inconstant choke aredescribed. The
sensor static features arederived on the basisof theequal ity of the flow rates through
the two chokes, assuming that the flow through the chokes is turbullent, isothermal and
steady. Atundercritical airflowfor the twochokes (P,>P_/2andP>P /2), the static
informational characteristic isof the form:

© P=16-—-——-2_PX2,

where o, and o, are discharge coefficients through the first (the constant) and the
second (the inconstant) choke respectively; AP, and AP,—the pressuredifference after
the Tirstand the second choke, respectively.

Inmost of the reference sources the equation of the informational characteristics
(@) isproposed inasimplified form, assuming that the discharge coefficients for the
two chokes are equal and the pressure difference created by them issmall:
P d4

0

© P, d4+ 16D2X2

It should be noted that the values of the output informational signal defined by
equation (3) are not exact enough, since thisformula does not reflect precisely the
physical processof flovingoutand the real discharge coefficients. The lastare regarded
as constant values, depending on chokes geometryonly. Infact they dependonthe air
parameters also and hence they are with variable values . An attempt has beenmade by
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theauthors [5] formore exactdetermination of the discharge coefficientsduringair flow
through turbulent chokes. Here the Flow characteristic of the pneumatic choke is
defined as arelation of the Flow rate of the passing air Q and the conmon pressure
differenceAP:

2
® Q:Cf\/E\/_AP,
Po

where T isthe choke cross surface; C— the correcteddischarge coefficient:

(©) C=uas,
where o isadischarge coefficient reflecting the lasses fron the flovshrinkage at the
inputand its expansion at the choke output; e—amodifying coefficient, reflectingthe
alterationoftheairfightduring its flovthroughthe choke, determined by the relation:
©) € = \ / Po. ,
P

where p, is the airfight under normal conditions (T,=288Kand P, =101 325P,
N/iP); p,— theairfight infront of the choke.

Empiric relations for the corrected discharge coefficientwith regard to the
pressure difference AP caused by the choke and with regard to the relative geaoretric
parameters of the choke L (L=1 / d) and F (F=d?/D?) are derived:

O] C=0.7442+0.000 AP ;
® C=0.73+0.125L+0.0019L2 ;
(©)] C=0.8329-0.4334F +0.4519F2 .

The equation of the static informational characteristicof the pneuratic sensor
discussed, at undercritical airflovthrough i'ts two chokes, canbe derivedusing the
equationfor theair flovrate (4):

@0 SR S ,
Ps C12 ¥ 2 + C22 T[2D2X2

whereC, and C, are the corrected coefficients of air discharge through the constant and
the inconstant choke respectively, deteminedwith the help of equation (9) as fol lows:

a C,=0.8329-0.4334F+0.4519 2,
1673 C,=0.8329-0.4334F +0.4519 F2 .

Fig- 3andFig- 4showthe graphic type of the characteristics of asensorwith the
most frequent diameters of the constant (d=1 mm) and of the inconstant
(D=3 mm) choke, obtained at supply pressures P_ within the range 60-140 kPa,
determined by the theoretic relation (3) (P,, =T (X)) and by the empiricequation (10)
P, =T (D). Fig. 4representsalso the characteristics of the same sensor experimental ly
obtained, confirming the considerably higher accuracy of characteristics determination
wi'th the help of the approach proposed.
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3. Sensitivity of “Flapper-and-nozzle” sensors tonards the input signal

The sensitivityof ““Flapper-and-nozzle’” sensors tonards the input signal isdefinedby
the steepness S (S=AP, /AX) of the informational feature in itsoperating range- Inmany
references [1, 3, 4] somealgorithms and approaches are proposed which increase the
sasitivity (thetransfer coefficient) of the sensorsof the typediscussedal tering the size
and the formof the chokes and of the circuit camera. Incasesofanalready built
pneumattic sensor, 1'ts sensitivity canbe increased rising the supply pressure PS. Fig- 5
shows the graphic relations of the steepness on the feeding pressure for the two cases
of their determination— theoreticandenpiric. Similar relations canbe analytically
representedwith thehelpof theequalities:

a3) S,=4.99P_,
1€%)) S,=6.29P_.
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Asevident fronthe graphicsand equations (13) and (14) , the sensitivity tonards
any alterationof the output informational signal with respect tothe input is changed
proportional ly tothe value of the supply pressure, beingwithagreater coefficient in
(1% . This fact must be taken in mindwhen selecting the sensor operating pressure
syply-

4. Sensitivityof the““Flapper-and-nozzle’” sensors tonards supply pressure

The sensitivity of the “Flapper-and-nozzle’” sensors towards the supply pressure,
expressed in the change of the output irformational signal with respect to the pressure
supply, can be defined for each value of Xwi'th the help of the proportionality
coefficient intheequalities, dotained fromeguations (3) and (10) respectively,

) Por = K¢ s
(16) I:’Oe = Kt PS’
inwhichK and K are coefficients determined by the expressions:
d4
an K= —=mmmmme :
1+ 16D2X?
C,2F?

@8) K, = - s
C12 ¥ 2 + C22 T[2D2X2

where C, and C, are defined by equalities (11) and (12).

Fig.- 6 shows as acamparison the values of the two coefficients inthree typical
cases. Itisaoviousthat the proportional ity coefficientsKe arewithgreater values than
the coefficientsK; inthebedding regionof the sensors (X=0-0.2mm) and they are
smaller outside it. Onthe other hand the two coefficients enlargewith the decrease
of distance Xand vice versa—they diminishwith Its increase. Hence, the sensitivityof
the output informational signal with respect to the supply pressure depends toagreat
extent (in inverse quadratic relation) on the distance X between the sensor and the
objectof peroeption.
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Fig. 7 isan illustration of the degree of influence of the geometric parareterdon
the alterationof the sensitivity of the output informational signal considering the
pressure supply. The results are obtained for typical distances X between the sensor
and the object percieved. It isclearly observed that for valuesof d up to 1 mmthe
sensitivity increases slowly and very quickly —after this value. This fact shouldbe
accourtted in the selection of the cross section of the sensor constart choke.
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5. Conclusion

Onthe basisof the theoretic-experimental resultsobtained after investigations con-
nectedwith thestatic informational characteristics of some fluid sensorsof ““Flapper—
and-nozzle” type, the fol lovingmain inferences canbe done:

—asemi-enpiricrelation (10) isderived for the informational static character-
istics of the pneumatic sensor of a““flapper-and-nozzle” type, inwhich corrected
coefficientsare introduced for theundercritical air flov through its twochokes. The
relation proposed contributes togreater val idity in the determination of the output
informational signal within the range of sensor bedding.

—asemi-empiric relation is defined from the study and the analysis of the
sensitivity of the output informational signal with respect to the input, inthe sensor
bedding region. This relationmakes quantitative estimation of the al terationof the
informational signal sensitivitywith respect to the input inthe range of sensor bedding,
depending on the supply pressure value.
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CTaTrUHM XapaKTEPVCTUKY Ha (QITyrOHM ceHBopu “mo3a-nperpana’”

E. CTosiHOB, 1. Bessos, B. IlerueB

MHCTUTYT 10 MHPOPMALIMOHHN TexHoJIo0TMy, 1113 Codmsa

(PesoMme)

CTaTrATa UBCIeNBa CTATUUYHUTE XapaKTEPUCTUKY Ha CEeH30p “mo3a — nperpana’ -
[penJIoXeHUTe 3aBUCUMOCTHU NOMPUHACAT 3a [I0-T0JAMa NOCTOBEPHOCT MPK
ompefesgHe Ha U3XOOHVS MHOOPMALIMOHEH CUTHAJI B yUaCThKa Ha CpaboTBaHe Ha
CEeH30pa.
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