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The interactionbetween incampressible fluid flovand aplate includesawholegroup of
phenomena, differing inthe physical featuresof the flovdeviationprocess. Theyare, for
exanple, the longrtudinal streamliningofaplatewithdifferent intheir matheratical
expression floas, the blowof the flovagainst aplateat differentangles of attack, the
deviationofthe flavagainstaperpendicularplate.

Therearenotanydetail data in referencesabout the interaction betweenan axial-
symetrical flomithfree limitsandamobi leplate. Thiseffectoould beused forthedesign
of fluidamplifierswithmechanical deviationof the flov. Inorder to investigate it,
numerous exper iments have tobemade, resulting into same conclusions.

The present paper concemsa longitudinal ly streamed plate, which in itsdeviation
frantheaxial positiondeflectsthe flan.

1. Interaction betweenafree flovand a longitudinal ly streamed plate

Athinplate has been placed againstan inmobi le feed nozzle. The Flow isdivided
intotwoparts, thatenter the correspondingoutputholes (Fig- 1).

Acoording to the references data the distributionof the relative pressurealong the
stream longitude isdescribedby theexpression [3] -

p, k
O n=——t=-—-,
p, X?
where p_istheflovpressure; p, —thefeedpressure, x=x/d- the relativeaxial distance,
d isthediameter of thefeednozzle.
The constant k can be represented as
k

1

k=—-2.
m2
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For the main partof the flovn=0,2[1].

Fig. 2 gives the experimental results foranozzlewithadiameter 1,5mm. The
dharacteristic n=f(Re) consistsof three sections: alaminar, atransitionandaturbulent
ore [4].- Trerelative pressure increases inthe laminarsection, and taking intoaccountt the
autting tensionscausing losses Apwithinthe range X, it isacocording totheexpression:

k, X
@ n=1- —2-.
Re

Inthe transitionsection the Flovexpandsand the relative pressure decreases. The
relationn=f(Re) isdescribedbyequation (1) . Frontheexperimental data [3], the relation
between the coefficients and Re can be approximated from the parabolaequation:

(©)) m=a, Re*+bRe+c,,
andthe relativepressure becomes:

kl
é n=

x?(a,Re?+bRe + c, )?

whereg , b, ¢, areexperimental ly defined coefficients.

Inthe turbulent section, theangle of the flovexpansionand the coefficient mare
constantand ) iscomputedwith respect toequation (1) -

The relative pressureacross the flovcanbe defined by theexpression [3]:

(&) =exp(ay ),
whereaandbare experimental ly defined coefficients.
These coefficientsare studied in [4] where thelr valuesax~ 3,8 and b=2,3havebeen
obtained and equation 5 takes the form:
@ ﬁ:exp (_318y 2,3)1
wherey =y/y_ .

This dependence is represertted in [4] and compared with some experimental data.

The prablemset istodetermine the possibi l ities for using theeffect of interaction
between afree flowand anaxial ly positionedplate for the purpose of designingacertain
typeof transducers.

After thebasic relations of a free Tlovabove described, we shal | consider some
relations inthestreamliningofa thinplate, that couldbeused afternards.

Asshom inFig.- 3, dependingon the flovmode, thereexista laninar anda turbulent
boundary layer . The flow inthe boundary layer is characterized by Reynold’s number,
expressed by the thidkness § of theboundary layer, the rateu, of theextermal flovand the
kinematicvisoosity V. Increasingd, Reynold”s nurber canachieve inacertainsection its
critical valueRe_ and after this sectionaturbulentboundary layerwill be formed. The
transition froma laminar tonardsa turbulent boundary layer isdoneatagivendistance
alagtheaxis x. Intrefirstsectionwith length x , the flowis laminar. After thatatransition
regionfol loas between the points T, and T, and after T, the turbulent Flowsection cones.
Experimental data [6] showthat the posittion of points T, and T, depends onthe rate of the
flow, thevisaosity, thedegreeof turtullency .

The determination of the locationof the point of separation T, isof importance for
thedharacteristicsof the flovelemants, includingastreamlinedplate.

Asimplifiedsdhere, inwhichthe transitionsection isexcluded, i .e. , thetransition
froma laminar intoaturbulent flow is suddenatpoint T , isoftenused instead of the
scheme ofaboundary layerwith three sections.
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In[Z] thefollovingexpressiondefining thedistance XL isgiven:

0) Re = 5, 10043,105
Vv
® X, = (5,10°+ 3,10°)v/u,.

Thewide range of the critical Reynold”s number, defining the poirntof turbulences
of the laminar boundary layer, is explainedwith the difference of the experimental
conditions. Thedisturbances, entering the flow, forexanple thesharp-edge of the plate,
same roughness and others, speedup the turbulization. Whentheplate is inmobi leand it
isstreamlined, the flovturbulency accelerates the turbulizationof the laminar boundary

) Inaccordancewiththecharacteristics of the carbinattion* nozzleplate” investigated
and inorder tocreate a transducer device, we shal l use theminimal value of X :

()] X, = 5.10°%v/u,.

TheexpressionofBlazius in[2] isapplied for the thickness of the laninar boundary
laer
@ 8=5Wx/u,,

whichwi Il beused inthe computations inour researchwork.
Incaseof aturbulentboundary layer the fol loving expression isused in [6]:

@ 8=0,37 (v /u)> x5,

Inthe corbination, shom inFig. 1, the lengthof the initial sectionx =5dwill be
probeblyof significance comectedwiththe selectionof the pllate length.

The relation X =T (Ap) fromequation (9) isshom inFig. 4, and 5=F(x) - In
Fig. 5foroil withv=27.10°m?/s and p=893 kg/m".

Theoconstructive pararetersof the plate, serving foradeflector, are inportantforthe
Flowstabi Ity andhence for the stabi lityof thearpl ifier—transtucer, using theacarbination
inestigated.

Theexperimental investigations [3], dorewithadeflectorwiththicknessof 0.1nm
and0.3mmand lengthequal to the lengthof the initial sectionshow, that the thickness
reflectsnore thedistributionof the pressure, when the flow isnot submerged. The flow
stability isconsiderably better at thinner plates, inthiscase-0.1m.

Inorder to define the functioning characteristics, the conputing of themaximal
distance inthepressureonboth sides of the deflector dependingonthe deviationagle, is
ofaonsiderablesignificance.

Ifuweassure, that the pressure inthe input holes after the deflector dependsonlyon
the quantity of the fluidentering them, the fol lowving dependence between the relative
pressure andthe deviationangle f canbederived [3]:

2 _ ) xkﬁ
@ n=— [x prZ-(xp)2+r? arcsin—1],
mr, r,

where r istreradiusofthe feednozzle; - thedeviationangle [rad]; x =5d, —theinitial
sectionofthreflov[1].
The relation n="1(B) fromequation (12) isshom inFig. 6 (ford,=1,5mm)
Inafrequency modeat B=A, sinwtand n= Asm (wt+‘P)fr0T1ﬂ”|esaneequatlm
for two cases: AB—Z" 0,035radand A, =4°=0, 07rad thevariations of the relative
pressureareshowm inFig. 7.
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Fig. 8andFig- 9showthediagramfor apossible useof the corbination investigated
inatransformingdevice. Theelectraomagnetic transducer deviates theplate and the flow
isdistributed intotwo output channels. The input lovponer signal is thecurrent strength
1, and the output—thedifference inthe pressuresat theoutput holes.

2. Transferand logarrtmicdharacteristics

Electromechanical transducer
The condition for dynamiic balance of themoments, acting on the transducer (Fig. 10) is
(13) M| = Mm + Iv'h + Mspr’

where M, is the electromagnet moment; M — the moment of the mobile parts; M, —the
moment fromthe viscose frictionwith theplate; Mspr—merrme”rtofﬂ"espringfom (the
plateand thecentering springs) -

Thisequation, considering the pointofhangingof theelectranegnetiic transducer,
hesthetype:

d’z dz
@ k, 1= m——+h——+(c, +c )z
daee  dt

wheremisthemass of themobi leparts, inthis case—thedeflector; histhecoefficientof
the viscose friction of the plate intheoil, goingout of the nozzles (incasesucha
corfiguration isacoepted); ¢ andc, arespringconstants.

ﬂeh’araiperﬁaﬂsferﬁrr:ti%n acceptingas input— the control currentand output
—theplatedeviation, is[10]:

z(s) k.
® W(S)=———= ——m—mt ,
I(s) T2s*+2¢&T s+l

where

m
s TE _____ >

cSpr + cpl

h

(17) aE: —————
2\m . *tc)
l‘(I
(@3)) k= ———t— .
cSpr + cpl

Thefirstseriesof theelectrohydraulic servo-valves of CK-1 type produced inthe
country are simi lar transducers and the transfer function for themhas the form:

7.10*

5.10°s+2 .10s+1
The logaritmicampl itude-freguency characteristicshas the type:

() W)=

@) L.(W) =20 Igk_— 20 Ig Y (1-WT2)?+4 (£ WT.)2.
The logaritimic phase-frequency dharacteristicsis:
28 wWT,
@ Ve (8)=- arcty ——=——"- .
1-T2w?
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For atransducer of CK-1 typewithk =7.10* cn/imA, it isobtained:

@ L.(w) =— 63— 20 IgV (1-W? 5.10€)2+4.10%2 ;
2.10°
@ v, () =- arcty ———————
1-5.10%

Thesecondunit (Fig- 10) isproportional, z= 1t~ 1 withatransfer-function (for
smallvaluesof f3)
p(s) 1

@ W(s)=-——-=—.

The logarititmicampl itude-frequency and phase-frequency characteristicsare re-
spectinely: L
€5 LW)=201g .
@) y,(W) = 0.

Thethirdunit, definedfranequation (12) , canbesinplifieddevelgping the first tem
inthe rightside intoaporer seriesandneglecting the lovorder terms. Itisassured for
‘the second term, due tothe smal l angles of deviation ($=0:6") that

Xp x B
arcsin ——~———
r-O r-O
Then
4
@ n= ——XpB.
nr,
The transfer functionand the logarithmic frequency characteristicsbecare:
(S) 4
@ W(s), = o=
Is) =,
4x,
¢°)) Ln(W) =201g —;
nr,
(€Y)) \un(w) = 0.
The common transfer functionwill be
n® k. 1 4x
@ W), == WEOWEWN () =~ - ——
1® T2s?+2ETs+t1 I, nr,

The logartmic frequency characteristicsare correspondingly:
Lw) =L (w)+L (W)+L w) = 4
X,

(G2) =201gk_-201g \/(1—WZT2)2+4 EWT)*+20 Ig—— +201g——%;
Tr,

@ v =y W)+ W) +y, (W) = — arctg ————— .
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Thesetofequations (12)-(20) , accounting the frictionforcesand thealterationof
themotionqual ity, isthe systemofequations, defining thediagramdiscussed:

oz
(gD kII:m___+CsprZ+Rfr_Rx;
ae
® z=1,1pB;
2 S _oxB
(€ n=-— [ xpVrz- py+ rrarcsin-—-T1;
nre r,
(€)) R, =c. TP _;
(€3)) R=pFfu?(1l-cosp).

Equation (37) determines the friction force between the flovand theplate, ¢ being
thefrictionccefficient, T thesurfaceof thestreamlinedplateadR —thepressure, defined
by thecurveof pressuresdistribution (Fig- 2) -

Thefrictioncoefficientisdefiredby [2] -

(€2) €= ———— = —————e ,

Conclusion

The resullts dotaiined lead tothe conclusion that the investigated effectsof interaction
betweenaflowof incorpressible fluid andaplate streaml ined by It canbeused todesign
sametransducer and control devices.
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SIIEKTPOTUOPABIMUECKUN YCUJIUTEJIE C MeXaHMYe CKIM
OTKJIOHUTEJIEM CTPYU

ﬁOpﬂaHBeHBOB,BoEaaHCTOHHOB,EMEﬁKoHéﬁqu

UHCTUTYT MHPOPMALIMOHHEIX TexHoJormit, 1113 Copus

(PeswomMme)

VccrenyeTcsa BO3MOXHOCTE MUCIIOJIb30BAHUA CBOOOIHOM CTpymn HECK/MAEMOM XUIKOCTI
C MOIOBVDKHOM TIJIACTUHKOM IJIS CO3IaHMSA SIIEKTPOIMOPABIINMYE CKMX YCT/IJ'H/I‘I‘GJ'I@TZ.
VccienoBaHO ODTEeKaHME TOHKOM ILJTACTUHKMA . Hpe;:r,naraeTCH CXeMaTrMHeCKOoe peleHme
YCWIJIATETIS . BEIBEIeHEl CTaTUUECKUE, rnepenaTOoOYHBE VM HaCTOTHEIE XaPaKTEPMCTVIKNA .
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