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ABOUT THE PRECISION OF THE LIQUID DOSER
OF SLIT TYPE WITH WAVEFORMATED SURFACES

S.G. Nekrasov, nekrasovsg@susu.ru
South Ural State University, Chelyabinsk, Russian Federation

The device is used as an executive element of systems of biomedical assignment and can is used
as the precision doser of liquid. The doser represents the slot-hole camera with waveformated sur-
faces. In contrast to the devices of peristaltic type with an elastic hose the considered device has no
essential restrictions of downstream pressure and doesn't contaminate the transported liquid.

In work the current of an incompressible fluid in a flat slot of infinite width is considered. Two
cases of creation of the waveformated movement in an operating slot are analyzed: the movement in
the form of the running wave and the movement in the form of the fluctuations modulated by
the running wave. In the latter case, it is possible to implement, irrespective of the required frequen-
cy of the running wave, rather big resonant fluctuations of elements of the piezoelectric transducer.
It, in turn, allows to receive, at high resonance frequency, a small-size design of the piezoelectric
transducer. At the same time in its operating slot there is a longitudinal movement of waves of reso-
nant vibration, and the pressure differentials corresponding to them.

Flow of an incompressible liquid in a flat gap is considered. The equation of Reynolds is used
for the description of driving of the fluid environment, the decision concerning pressure is brought to
analytical expressions or quadratures. The lubricant flow rate and difference of pressure is defined
on working length in an explicit form. Increase in pressure and expense in thin layers of an incom-
pressible fluid with growth of amplitude and frequency of wave movements is shown. It is noted that
it is slightly less magnitude of pressure differentials and expenses in layers with the fluctuations
modulated by the running wave, than in layers with the running wave. These results are assessment
from above and can be significantly less at emergence of cavitation in liquid.

The analytical results received in work allowed to consider also questions of ensuring accuracy
of operation of the doser in the different modes of its operation. It is shown that the largest accuracy
of dispensing is reached when transporting liquid from a vessel in a vessel with identical pressure or
in case of overlapping of a gap crests of a running wave.

Keywords: doser, slot, running wave, amplitude, Reynolds's equation, incompressible fluid,
analytical decision, lubricant flow rate , pressure, accuracy, relative error.

Introduction

Now in instrument making as the executive elements of management systems, etc. peristaltic (hose)
pressurizer, doser and transporters are widely used [1, 2], the principle of which is based waveformated
motion of the working body (the hose) in which the transmittable material comes into contact only with
the inner surface of the hose and not with any moving parts. They have unique properties, as suitable for
transportation of corrosive, abrasive and other products with solid particles and liquids sensitive to hy-
draulic agitation, so the task of improving these device is relevant.

In Fig. 1 and 2 examples of the devices of transportation of peristaltic type developed [1] the Long-
er Precision Pump Co company are presented. In Fig. 1 device of biomedical appointment for dispensing
of liquid is presented which is supplied with specially developed syringes and the valve and allows to
minimize significantly mistakes in a pipetting. In Fig. 2 the transportation device for a hemodialysis
with the brushless direct current motor ensuring stable functioning with low noise level which has the
small size and is suitable for the OEM equipment and tools is presented.

It should be noted that the inevitable wear of a hose at his deformations complicates use of the de-
vice in some sensitive areas, for example, chemical since products of wear of a hose can pollute eventu-
ally liquid. Besides, pressure at the exit of the device is limited to strength properties of an elastic poly-
meric hose and can't be sufficient in the majority of applications. There are also restrictions on tempera-
ture of the pumped liquid.

124 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2018, vol. 18, no. 3, pp. 124-132



Hekpacoe C.I". O moyHocmu do3amopa Xuodkocmu ujesieeo020 muna
C 80/IHOO6pPa3yWUMU NIo8epxXHOCMsMU

B @
==
=
— - . '
T—
Fig. 1. Precision doser of biomedical appointment Fig. 2. The liquid conveyor for a hemodialysis

Obviously, if you replace the flexible hose of an elastic cylinder made of metal and provide
waveformated motion of its surface, the working body of the pump will be almost perpetual, and
the magnitude of the output pressure will be limited to only the design and operational features of
the engine, which in this case must be performed on the basis of piezoelectric materials. Small amplitude
of oscillations of the working surface of the piezoelectric motor (vibration motor) defines the small va-
lue of gap, which is implemented waveformated motion. It superimposes more strict requirements on
composition and properties of the transferred liquids and enters natural restriction for productivity for
one cycle of oscillations which, however, can be compensated for the score of the appropriate increase
in operating frequency.

We will study the main characteristics of a liquid gap with the waveformated motion of surfaces
which are mathematically described by functions like the running wave, we will consider at the same
time not only surfaces with the running wave, but also with the fluctuations modulated by the running
wave that provides a number of technical advantages at realization of the device.

1. The increase in pressure and flow in a thin layer of incompressible fluid

To estimate the main characteristic of the doser — dosing accuracy — it is necessary to have trans-
formation function [3], i.e. dependence between input and output value. For the solution of this task we
will consider a task about the planar flow of viscous
incompressible fluid in a thin layer of infinite width,
enclosed between a flat moving surface 1 (Fig. 3)
immobile and 2, forming a longitudinal running
wave in the direction of the coordinates x. We will
apply Reynolds's equation in form with pressure [4,
5] to the description of the movement of the envi-

ronment.
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where @ — instant value of pressure in a layer, &, — environment pressure.

Fig. 3. The gap with waveformated surface

The gap function will describe the following two expressions:
by = h, {1 + Eqcos| o(t—x / V):l} , hy =h {1 + Eycos[ o(t—%/ V):lcosvt} , (2)
in which A, is the mean value of gap (Fig. 3), E, =E/h, is the dimensionless amplitude of the running

wave, ®=2mo is the circular frequency of the moving wave; v — circular frequency normal gap fluctua-
tions (o< v), V' =AvV — the velocity of the running wave, A is the wavelength. Gap function 4, (2) de-
scribes the process of kinematic excitation of the liquid layer waveformated motion of the running wave
type, and the function /4, — layer with the fluctuations modulated by the running wave, i = 1, 2 (the author
proposed invention the reference node with the wave of the form /4, [6], which facilitates the task of
designing).
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Proceed to dimensionless parameters [7, 8] P=®/® , H,=h;[h,, t=0t, x=X/A, which allows
to obtain the following equation for the pressure distribution:
OH, 0( ,30P
A, =g 3
® ot 6x( ' GxJ )
_ 12p0)?

where H| =1+ Eycos2n(t—x), H, =1+ Ejcos2n(t—x)cos(2ntv/®), A 2
Foho

()

Boundary conditions for pressure:

P=1,at x=0;P=P, at x=L 4
and L = L/ — dimensionless length of the layer.

The solution we will make for the layer thickness, defined by the expression 4, (2), and the result
for the layer /; will receive in the form of a special case, assuming the frequency v — 0. We will inte-
grate with x equation (3) and substitute the result into the expression for the time derivative and the di-
mensionless gap H,:

3 OP

H, P A, {EO sin 27T+ x)cos(2ntv / ) —(2nv / ©) Ey cos 27t(t + x)sin (2ntv / 03)} -G, (5)
X
Here C; is a constant flow rate, defines the average of fluctuations in the mass flow rate of the fluid
— 1
G=k,[ Cr. ©)

To obtain expressions for the pressure distribution we will integrate with x the expression (5):

P= A;fo {cos(2mv / (D)[—Al (‘E)+ A4 (‘E —x)} +(v/ a))sin(2mv / (so)[—A2 (r)+ 4, (r _ x)]} _

-C, /(2m)[-B(t)+ B(t-x) |+, (7)
in which the 4,, A, and B parameters are similar to the parameters received in work [9]. The constant C;

and G, are determined from boundary conditions for pressure (4):
Cl = 1 N

C, =2n(B, —1)- EgA,, {cos(2ntv/ o)[ 4 (1) - 4 (t-L) ]+ (8)
+v/ @-sin(2n1v / o) =4y (1) + 4, (1 —L)]} /[B(x)-B(x-L)].

We consider the case when the length of the layer is divisible to the length of the running wave.
We assume that /=n)\ and so L =n, n=1, 2,3, ..., and then, after some transformations, we obtain
the average flow rate over the period of a running wave

_ ko 2 = o
G, :;?[3&?‘]1 (Eg)A,, _;Jz(EO)(Pn _1)} =Gy + GZ/’ ’ )

2,2
2n cos”(z)dz 2‘j2n (I_Eo cos (Z))d i :P(Pohg

here J, = - ok, .
WA I 0 2+ Ejcos’(z) o 12

0 2+ EZ cos? (z)’

(10)

To estimate the magnitude of fluid flow caused by action of moving wave vibration, we assume
P.=1, then from (9) it follows

(o)

— koo
G,, =—3EyJ A, . (11)
2nv
We can assess the possibility of medium with vibrations modulated running wave as compression,
we need to put (_}2 =0, then from (9) we can find the magnitude of the pressure drop:
AP, =P, —1=3E5A nJ; 1 2J,. (12)

Similar results for the layer with the moving wave can be obtained by removing high-frequency fil-
ling from the resulting solution (v/®—0):
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where
2 2
_ 3E2 _ 21— E2 (1—50)
le:kg2+E§ Ay, Gip=—k, T (P, -1). (14)

2. Some results of calculations

Judging by the fluid flow, the medium with a running wave significantly exceed the capability of
the medium with a moving wave in the presence of vibrations, and with the growth of v/ ® it becomes
more remarkable (Fig. 2). However, it is necessary to consider, that in the design realizing the modulat-
ed fluctuations [6], it is possible to set independently the resonant frequency of fluctuations of an active
surface and frequency of the running wave that significantly facilitates physical realization of the device.

The dependence for lubricant flow rate G, is presented on Fig. 4 and indicates the linear growth
of flow rate with growth of frequency parameter A . The dependence for flow rate C_ilw isn't provided

in a graphic form because of the evidence, for example, at E, = | quantity G, = koA, . The expenditure

C_im doesn't depend on viscosity and, therefore, such mechanism of transfer of the incompressible liquid
environment isn't connected with the relative movement of its layers.

On the contrary, flow rate 61] is inversely proportional dynamic viscosity of the liquid environ-
ment, and increase in amplitude of vibration leads to increase AP, reduction G o that can be regarded
as increase in effective viscosity [10] of a layer.

The dependence of pressure differentials AP, (Fig. 5) has linear dependence on parameter A and

doesn't depend on the relation v/ . The average pressure differentials, generated by a layer in lack of
vibration, is slightly more (AF > AP, ), and this ratio will be carried out irrespective of relation size

v/ ® when performing a condition v/®>2.
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Fig. 4. Flow rate, average during fluctuations, Fig. 5. Pressure differential a layer
in a layer with the modulated running wave with the modulated running wave

Use of a layer with the running wave as the doser of liquid it is possible, because from the expres-
sions of flow rate we see that the flow rate are linearly dependent on the frequency parameter A, and,
therefore, increasing the frequency of the running wave, theoretically, arbitrarily large flow rate and
pressure differentials can be obtained. There are also other ways of creation of the flow rate [11] on
the basis of a layer of compressible fluid with vibration. However, this option has no competitors on ef-
ficiency for the compressed [12] and incompressible liquid.

BecTHuk HOYplY. Cepusi «<KoMnbloTepHble TEXHONOTMK, yNpaBreHue, PaanoaneKkTPOHUKay. 127
2018. T. 18, Ne 3. C. 124-132



KpaTtkme coobLieHus

3. Operational accuracy of the doser

In operation of the doser of an error, connected with instability of parameters of the generator which
provides a multiphase power supply of a piezoelectric engine, are the most essential. They are, in fact,
entrance if to consider the doser as the converter of input electric parameters in mechanical. Distinguish
long-term and fast instability which can be connected from a different look by the noise induced in the
electromagnetic way in different cascades of the multichannel generator of sine wave voltage of
a power supply or fluctuations of mains voltage, or failures of system of an auto-adjust of frequency, etc.
Fast instability are the most essential since time of their existence usually corresponds to typical operat-
ing time of the doser, and they come down, generally, to change of frequency of ® and amplitude of
supply voltage that in proportion leads to change of frequency (frequency parameter A ) and ampli-

tudes of £y of fluctuations of the running wave.

We will consider at first the accuracy of a task of pressure in the closed camera. We use for such
linear assessment, the expressions received in an explicit form for difference of pressure. We will exe-
cute two, known in theory of errors [13], auxiliary operations: we take the logarithm expression for AR

(16) (the line over symbols is hereinafter lowered) and then we differentiate it. As a result we find:

2
d(APl):d(Am)_'_szO +3dEO E02 ) (15)
AR A, Ey By 1-E
From there, their relative error from a task of pressure 6(AFR)will be
E2
8(AR),, =8(A,)+8Ey| 2+3—2= |, (16)
1- E;
where
s(ar) =21, 5 ) = Aa) 5y ).
AE Am EO

A(AR), A(A,), A(E,) — relative and absolute errors of a task of pressure difference, frequency and

amplitude of fluctuations respectively.
Mean square relative and absolute errors from task of pressure are equal:

2
E2
S(AR) = S(Aw>2+6E02[2+3 °2j, (17)
5 5 2 Y 3E2A n
A(AR) = [8(A ) +8E" | 2+3—— 0" o - (18)
0

2(1-£5)(1-£5)?
Having performed similar operations, we can find an error of a task of the lubricant flow rate G,

depending on the frequency and amplitude of the running wave, and the flow rate G;p directed opposite

G, and depending on difference of pressure:

E2
8(Gyy), =6(Am)+25(E0)(1—2 0 ] (19)
v 1+ E}
E; E;
3(G, =8(E,)| 3 +2 ) 20
( lP)np ( 0)( 1—E§ 2+E§] ( )

In Fig. 6a relative limiting 8(AR),, and mean square relative 8(AR),, errors of a task of pressure

np
are presented, and the mean square error (a curve 2) usually is considered more reliable. It is obvious,
that with growth of amplitude of Ej the relative error of a task of pressure, as well as pressure, grows,
striving at £y — 1 for infinity.

In Fig. 6b relative errors of a lubricant flow rate are shown. It is visible that the relative error of
a flow rate of Gj, connected only with action of the running wave has the minimum size. The error of
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frequency 6(A,) enters a relative error G, of an additional variable and has no features. The error of
the return flow rate of G,p perceives all features of an error of pressure differential AR and also aims at

infinity at E; — 1. Diagrams of the relative errors make purely technical sense here and illustrate,
in fact, the intermediate calculated data.

Several other result is visible on schedules of absolute errors in Fig. 7. It is visible that at value of
the setting absolute errors of A(Ey) = 0,01E, and A(A,)=0,01 A, the absolute error of G, practically

doesn't exceed one cell in all range of dimensionless amplitude of Ej.

Errors of a setting a pressure Errors of setting a flow rate
18 16
16 ) e
1- ‘S‘(&Pf)np 14 1- J(Gif-.r)np
14 = ] .
2 - AP 12 2- AHGyphyp

10 KEp= K A=1% 5

AE,)= &A)=1%

Relative error, [9]
Relative error, [%)]

0 0,2 0.4 0,6 0,8Fg, [-]1
Fig. 6. Relative errors of pressure (a) and flow rate (b)

Errors of setting a flow rate

1- AGahpke\e
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; AE = ﬁ;l@}=1

Absolute error, [-]

0 0,2 04 0,5 0.8Eg, [-]1

Fig. 7. Absolute errors of a lubricant flow rate

In the same conditions the absolute error of lubricant flow rate of Gjp also doesn't exceed one cell

in all range of dimensionless amplitude of Ey, and for £y — 1 amplitudes, when on crests of the running
wave there is a full blocking of a gap, the return flow rate and its absolute error tend to zero (a curve 2,
Fig. 7). Maximum total absolute error of a flow rate doesn't exceed dimensionless size 0,02 at £y = 0,8.
Here it is necessary to represent that though the relative error is much more often used in practice because
of convenience, however, the essence (physics) of an error always contains in its absolute value [15].

Conclusions
The considered doser has no shortcomings of peristaltic devices with flexible polymeric hoses and
allows to receive the no-wear working area of slot-hole type with theoretically beyond all bounds big
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feed pressures of liquid. The largest accuracy of dosing is reached when transporting liquid from a ves-
sel in a vessel with identical pressure and also in case of blocking of a gap at £y — 1.
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O TOYHOCTWU OO3ATOPA XUOKOCTU LWLENEBOIO TUNA
C BOJIHOOBPA3YHOLWMMUN NOBEPXHOCTAMMU

C.I". Hekpacoe
FOxHO-Ypanbckuli 2ocydapcmeeHHbIlU yHusepcumem, 2. YensbuHck, Poccus

yCTpOfICTBO MPUMCEHACTCA B KAYECTBC MCIOJHUTECIBHOI'O 3JIEMEHTA CUCTEM 6I/IOM6}II/IHI/IHCKOFO
Ha3HAYEHUS] U MOXKET MCIIOJb30BAaThCsl B KaUECTBE MPELU3MOHHOIO J03aTopa >KUIAKOCTH. Jlo3atop
MIPECTaBIsIeT COOON IUIOCKYIO INENIEBYI0 KaMepy ¢ BOJTHOOOPA3yIOIIMMHU MOBEPXHOCTSIMH. B oTiun-
Yhe OT OOBIYHBIX YCTPOHCTB MEPUCTATHTHYECKOTO THITA C PA0OYNM OPTaHOM Ha OCHOBE 3JIACTUYHOTO
LUIaHra PacCMaTpUBAEMOE YCTPOMCTBO HE MMEET CYIIECTBEHHBIX OIMPAaHUYEHHI Ha BEJIMYUHY BBI-
XOJIHBIX JIaBJIEHUH U HE 3arpsi3HAET TPAHCHOPTUPYEMYIO KUIKOCTD.

B pabote paccmaTpuBaeTcs TeUeHHE HEC)KUMAEMOU KUAKOCTH B TUIOCKOH Ienu O€CKOHEYHOMN
IMPUHBL. AHATH3UPYIOTCS JBa CIydasi CO3AaHUs BOIHOOOPa3yOIIero IBIKCHUS B pabodeM 3a3ope:
IBIDKCHUE B BHJC OCryImied BOJHBI W ABIDKCHHE B BHAC KOJICOAHWH, MOAYIHUPOBAHHBIX Oerymien
BOJIHOHM. B mocnenHem ciydae yaaetcs He3aBUCUMO OT TpeOyeMol 4acTOThl Oeryieil BOJIHbBI peau-
30BaTh CPAaBHUTEIHHO OOJBIINE PE30HAHCHBIC KOJCOAHHS 3JIEMEHTOB ITbE30aKTHBHOTO IMpeodpas3o-
Bareis. JT0, B CBOIO OYEpPEb, IO3BOJISIET HA IOCTATOYHO BBHICOKOW PE30HAHCHON YacCTOTE MOIYYHUTh
MaorabapuTHYI0 KOHCTPYKIIHIO IhE30aKTUBHOTO IpeoOpas3oBaTels, B pabodyeM 3a30pe KOTOPOro
MIPOUCXOOUT IMPOJOJIBHOC IBUKCHNUE KAaK BOJIH pe3OHaHCHOI71 BI/I6paHI/II/I, TaK 1 COOTBETCTBYIOIIUX UM
MepenaioB AaBJICHUH.

Jl1s1 onucaHus JBUKEHMS )KMIIKOM Cpelibl UCIIOIb30BaHO YpaBHEHHUE PeliHobACaA, pellleHne KO-
TOPOIr'0 OTHOCUTENBHO JABJICHMS JOBEJCHO 10 aHAIUTUYECKUX BBIPAXKCHUM WM KBaapaTyp. B dact-
HOCTH, OIPEICIICH pacXo/l ¥ Iepenaj JaBIcHUI Ha pabodell AuHe B ssBHOM Buje. [lokazaHo yBenun-
YCHUC )IaBJ'IeHI/Iﬁ " pacxoda B TOHKHUX CJIOAX HECO)KMMAaEeMOH KUIAKOCTHU C pOCTOM aMIIIUTYyAbl U Yac-
TOTHI BOJTHOBBIX JBIKEHUH. OTMEUaETCsl, UTO BEIMYMHBI TeHEPUPYEMBIX TAKMM 00pa3oM IMepenagon
JABJICHUI U PacXOJOB B CIIOSIX C MOAYIMPOBAaHHBIMH O€TYIICH BOIHON KOJEOAHMSMH HECKOJIBKO
MEHBIIIE, YeM B CJIOsX ¢ Oeryieii BoaHOM. JJaHHBIe pe3yNbTaThl SBISIOTCS OLIEHKOM CBEpXy U MOTYT
OBITH CYIIECTBEHHO MCHBIIC ITPU MOABJICHUU KaBUTAIIMU B JKUIKOCTH.

[Momy4yeHHBIE B pab0OTEe aHANUTHYCCKUE PE3YNBTAThl MO3BOIIIN TAKXKE PACCMOTPETh BOMPOCHI
oOecrieueHUs TOYHOCTH PabOTHI A03aTOpa B PAa3MYHBIX pEXKUMaX €ro dKcIuryaranuu. [lomydeHbr
AHATUTUYECKUE BBIPAKEHUS JUIS TIOTPENTHOCTEH, MOKa3aHo, YTO HAUOONbIIas TOYHOCTH JO3UPOBa-
HUSL JOCTUTAETCS MPU TPAHCIIOPTUPOBKE )KUJIKOCTH U3 COCYJa B COCYJ C OJUHAKOBBIMU JABICHUSIMU
WIH B CITydae MEPEeKPBITUS 3a30pa rpeOHSIMH OCTyIIeH BOTHBIL.

Kmouesvie cnosa: ooszamop, wenv, becywas 6oina, amnaumyoa, ypaeuenue Peiinonvoca, He-
corcumMaemas H#HUOKOCmy, aHATUMuU4ecKkoe peweHue, pacxoo, 0deieHue, MoYHOCMb, OMHOCUTNENbHAS
NnocpeuHoCmb.
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