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ABSTRACT

Evolution of variation characteristic of fluidicezhents was analyzed. There was given technicalmation of
reliability control fluidic devices based on loriglél experience:

« In control system of parameters aviation powerp(gas turbine engine) in such environment as high a
low temperatures, pressures and vibrations;

* Inflight control system in such environment astperation action electromagnetic or nuclear radrati

New organization method of combined flight consgstem created on automatic elements of differbgsipal
nature is proposed. In this control system themddat one was realized wholly on fluidics.

Keywords: fluidics, sensor of angular velocity, backup control channel, flight vehicle, pressure of
workspace, air, reliability, hostile environment.

INTRODUCTION

The control systems (CS) of flight vehicles (FV)vaa&o maintain operability in the real conditions
including electromagnetic fields and radiationhtiging discharges, and so on. Reliability of the €Y is
increased if the control hardware is based on dévesets of elements. A special place among the
automation facilities is occupied by the fluidi@eing a natural continuation of the traditional pmatics,
fluidics improved its speed by the order of twajueed the outer dimensions of the control facditiend
expanded the area of their application mostly owimghigher reliability of operation in the extreme
conditions. These qualities are due to the exeeuifdhe functional tasks of control on the flowslaid
media such as gases or liquids without using theimgomechanical parts and to the possibility ohgsi
the printed-circuit board technology to produce ¢omponents such as the primary functional elesnent
communication channels, resistances, capacitocssaron. Virtually all electronic elements perfangi
combinational (logic) or multistep (flip-flops, $hiregisters, and so on) operations have fluidic
counterparts. Fluidics was very popular in theyed8i60’s. It was believed that one of its main saiskthe
design of slow but reliable computers. This enthsisi (or delusion from the today standpoint) was
characteristic of many experts. A computer repiicathe structure of a large electronic computes wa
constructed in the USA (Glaskin, Jacoby and Redd85). Similar studies were also carried out im th
USSR (Kasimov, Mamedli, and Melnikov, 2000; Kasinamd Popov, 2002).

Later on the designers and users for various resasgperience disappointment caused by a reduction
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of the application areas of fluidics. In our opmichis was due to the regard for the general lafvs
operation of systems with many primary fluidic etts and developed interaction chains where faults
occurred sometimes. Leaving aside the “romanticiefithe designers of these days who believed in the
possibility of replacing electronics to a largeest it is possible to specify the following points

- fluidics can operate in severe environments charzed by high and low temperatures and
pressures, vibration, shocks, electromagnetic neisirnal radiation, and directed radiations of
energy of diverse electrical nature;

« the functional fluidic elements can be manufactuggrinting, the devices can be integrated;
« fluidics restores operability after possible oveads in supply and environmental pressures;

» the fluidic systems can be manufactured as a rola tiniform materials such as plastics, glass,
metals, and so on, which makes them availableflang time owing to the lack of chemical
corrasion, ageing, and deterioration of the phygicaperties of the components.

The practice of designing the fluidic systems isemted to their realization in the form of
programmable chains, which rules out the softwarere Therefore, the need arises, on the one hand,
explore ways to increase speeds of the fluidicas/up to some feasible limit and, on the othedham
study the possibility of designing devices exeautime tasks of control in the rigid real-time scale

FLUIDIC ELEMENTS, MODULES, AND AGGREGATES

The functional characteristics of the primary figiglements are most important for high performaoice
the fluidic control devices. An intensive experirtarstudy of various fluidic elements enables usdiect

the basic printed primary fluidic elements (pra)léor construction of more sophisticated fluidavites.
The following requirements were satisfied at thadr the active (powered) fluidic elements perforgnin
logical operations, the boundaries between theratiscstates «0» and «1» were moved more apart by
increasing the static stability of «0» and «1» wiite use of additional internal (aerodynamic) axtermal
(channel) negative feedbacks with the passageetpdkitive feedback at the instants of switchiranfr
«0» to «1» and vice versa (Kasimov, 1965). As lier passive fluidic elements (without pressure syppl
only the internal aerodynamic feedbacks were usgedhat, the aerodynamic noise to the other fluidic
elements was reduced, and for the continuous-aéiiadic elements the output noise components were
reduced (Korotkov, Vanskiy, Zazulov, and Peisahloyvik976). Modules executing the standard OR, NOR,
AND, NAND, FLIP-FLOP and other operations were domged of the primary fluidic elements
(Mamedli, Samedov and Sobolev, 1998). On the standaard, the logic functions are realized, at,that
with pressure-normalized and flow-normalized inpatsl outputs. Combination of active and passive
elements within a module improves their mutual nsodd operation and in fact minimizes the
aerodynamic input and output noise, which enablae to interconnect the modules into more
complicated circuits without mutual updating of ithadjustments. As applied to the FV control, such
molded-plastic modules are intended for the starultayaft CS's.

AIF was developed for control of the aviation GTE®pov, 1988). In it, the fluidic elements weré cu
out from the stainless metallic plates through igsfon the programmed electro-erosion machines and
then assembled into aggregates which executedefieed algorithms of control of the engine indivatiu
parameters. The AIF was intended for designing-hédjlability CS’s powered by the on-board air from
the GTE compressor at the temperature of 600°Another distinction of the AlF is its modularithat is,
the possibility of using the same blocks to desitirer control devices.
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Fig. 1. Fluidic boards

Standard 9G 40 or 40x 40 mm plates (Fig. 1) of thickness 0.6, 0.8, O6rviere used to manufacture
the fluidic and communication boards, whereas tpacars were made of 0.5 mm-thick plates.
Breadhoarding of the individual circuits makes wiethe boards with the required set of different
elements that are assembled into a packet withespatamped between them. The width of the supply
channels of the active fluidic elements varied frém to 0.8 mm depending on their purpose. The
modular coordinate grid with 3.5 x 3.5 mm cells @lifies the interlayer conjugations of the element
boards and allows one to assemble promptly anyitiny means of the breadboarding connecting boards
or plastic tubes and carry out the necessary tesfiine designed and refined units are individual
aggregates having their installation places onetingine. The fluidic aggregates operate under ulestab
supply pressure (of 0.5 kPa and higher) and vaiablironmental pressure. The AIF has a library of
programs developed for automatic cutting of moranthwenty primary discrete and analog fluidic
elements, as well as various configurations of oe&nwith branchings and turns. Devices for actjarsi
of information about the control parameters suclthasangular velocity fluidic sensors (AVFS), sesso
of pressure ratio, revolutions per minute, flovesnperature, and so on are essential for the fl@dts.
The purpose of AVFS is to generate the feedbaakasipr control of the FV spatial position. The ASF
was designed for the backup flight control syst&teganov, Kasimov, Belukov and Vologodskiy, 1999).
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Fig. 2. Diagram of the sensitive elements

Figure 2 depicts the diagram of the sensitive etémdJpon leaving the supply nozzle 2, the laminar
air jet 1 propagates in the inertial space and sommdwo differential reception channels 3 andmithie
case of no angular velocity, jet 1 is not shiftédwat the reception channels 3 and 4, and the diffar of
static pressuresp in channels 3 and 4 is zero. In the presenceecéfigular velocity, the free jet is shifted



about the axis of pressure receivers. The shiftaportional to the angular velocity and is meadurg
the difference of pressurasg in channels 3 and 4.
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Fig. 3. Static characteristic of angular velocity
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Fig. 4. Amplitude-phase-frequency characteristic

Figure 3 shows the static characteristic, and &ighe amplitude-phase-frequency characteristic
(APFC) with jet flight length L = 12 mm and suppiypzzle 2 width 0.8 mm. The angular velocity is
measured within the range of 0...80°/sec. Linearitthe static characteristic of the AVFS with tengst
fluidic amplifier with gain 105 on the whole islatist 1%, the phase shift is 10° at the frequenidy 4nd
load in the form of a flowless chamber. At connattof a load in the form of a long pipeline (d =ghm
I=15 m), the phase characteristics worsen apprigciibe time constant in angular velocity of theien
fluidic channel at that exceeds 100 ms. Any condy@item needs a storage or generator of the referen
parameter such as either the level of signal iitegressure, for instance) or the relative disttion of
the levels in space (digital code) or time (frequemperiod, phase, pulse shape). For the FV dpgrat
under different supply and environment pressutss, difficult to have a constant reference pressim
this case, the constant (reference) frequency préwebe the most useful parameter. The AIF system
includes a reference frequency generator (RFG) fliildic excitation system retaining its operalyilit
under variations of the supply pressure, tempesatand environment pressure and under dynamic
overloads. Examination of different schemes andgdssof the fluidic RFG’'s demonstrated that the
fluidic mechanical oscillation generator with thadge scheme of excitation of the balance resorngttie
best choice (Stepanov and Shihman, 1992).

The pulse scheme of excitation enables one to timitsupply of excessive power to the mechanical
generator and thereby reduce the impact of presmniations on the balance oscillation swing and,



consequently, on the frequency of its natural tsains. The coordinating communications lineup the
exciting pulse and the peak of the balance osoiljatelocity. The balance wheel has the form ofaamar
disk connected to the stationary axis by flexilgekes. At its periphery there are shutters withnampgs
whose edges at oscillations of the balance modaldlew coming to the input of the excitation ciiicu
The force pulses from its output are directed B lozzles to the planar flexible spokes to push the
balance at the passage of the neutral position.RF@ is excited by the supply pressure of 20 KPa.
Figure 5 shows the frequency f vs. the supply pressThe error in frequency is 0.12% within the
dynamic range of supply pressure variation 1:10.
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Fig. 5. Frequency vs. the supply pressure

The existing maneuverable aircraft use configuratiovith aerodynamic (static) instability at the
subsonic flight modes, which increases the requergmon the reliability of the CS maintaining theeg
characteristics of aircraft stability and contrbilay. Reliability of the electrical remote contreystem
(ERCS) is based on the multiple redundantizatiothefcontrol channels, but even in this case itois
protected against transient failures of the on-tb@dectrical power supply. It was required to eatignthe
possibility of designing a fluidic backup for theergency control of the aircraft longitudinal maetias a
solid body using the hydro-mechanical part of theeteo-hydraulic control actuator (CA) of the ERCS
(Vanskiy and Kasimov, 1976).
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Fig. 6. Working model of fluidic backup control channel

Figure 6 depicts a block diagram of the working elodf the fluidic backup control channel. The
system has an input circuit from the control stickkhe CA input summing amplifier and a feedback
circuit from the attack angle sensors  (AAS) amelangular velocity sensors (AVS) of the aircrathw
correcting filters (CF), as well as the loop by fiwsition of drive rod and the sliding valve (Vaiys&nd



Kasimov, 1976).The pneumatic «nozzle—shutter» thacer having actually no dynamic errors within the
control frequency band was selected as the seffighe dinear displacements for measuring the pmsiti
of the pilot's control stick, CA rod, and hydrautiontrol valve. Air was chosen as the working madiu
despite its essential disadvantages such as thechigpressibility and relatively low sound speedcivh
limit the length of the pipeline connections owittgthe requirements on the dynamic characteristics
the fluidic system paths. As compared with theiiquedium, the advantages of the gas medium liban
availability of the working medium (air), possilylito work at low pressure, small size, mass, anlgp
supply, fire-resistance, virtual insensitivity teesloads, and simplicity of operation.
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Fig. 7. Block diagram of the fluidic CACS

Figure 7 depicts the block diagram of the fluidid@S. The issues of conjugation of the fluidic
channel with the electric backup channels are situdsed here. The differential signal of the sdim o
signals from AAS and AVS arrives to the inputs 8 &mwof the amplifier A1. The routes of the fluidicain
of the control signals from all feedbacks are daagmed in Fig. 8. The pipelines of 3 and 12 m that a
defined by the location of the pilot’s control &tiand the weathercock AAS are the weak points ef th
chain. The AVS is located closer to the CA drivedese its characteristic is independent of theeptdic
installation.
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Fig. 8. Routes of fluidic chain of control signals

The CA with fluidic control based on the hydro-manltal part of the redundant electro-hydraulic CA



has a two-chamber power hydraulic cylinder (PHQjottling hydraulic control valve, and the
multichannel autopilot servo controlling the pasitiof the hydraulic control valve slide. The fludi
actuator CS was constructed by substituting in afndie redundantization channels the fluidic eletmen
for the electrical ones with retention of its sture. System operability was verified by includitige
aircraft mathematical model into the closed loophwhe physical CS breadboard. The heaviest flight
modes were modeled in both the statically stabld atatically unstable variants of the aircraft
configuration. The basic aim of modeling was tdneate the possibilities of providing stability diet
closed-loop system. The aforementioned AlF systaohedies the designs of more than twenty fluidic
controllers of various GTE parameters using thdram the GTE compressor at temperature up to 600 °
C.The pneumatic CS’s enable one to provide thematicharacteristics of the power unit by using
nontraditional control parameters characterizing dir flow through the engine such as the ratioaiof
pressure in different sections of the engine, chamg the relative local velocity, values of thedbMach
number, changes in the position of compressionlkshatriking angles of air flow on the compressor
blades, and so on. The flight tests of the fluid® of the air inlet wedge bar panels were succigsfu
carried out in previous work by the author (Vikigrd976Two schemes used the ratio of the static
pressureP; on the internal wall of the air inlet channel e tfull pressur@st*. In one of these schemes,
the pressure ratio signal was generated by meamdfow reduction gears and one static pressakert

off the channel wall with support of the moBgP.q1 > &€ > Ps/Preq> In the second scheme, the reduced
full pressure was compared using the Laval nozitle two static pressures supporting the mBge” < ¢

< Ps. The system was supplied either by the engine cesspr or the approach ram air. In the third
scheme, control was based on the local Mach vglatithe channel within the dead zone. To retaa th
anti-surge margins, correction by means of the pradic weathercock sensors of the attack angle (AAS)
and sideslip, as well as by the signal of air presslrop after the compressor was used in theraydie

all schemes, as soon as the work signals leavdehé zone the logic unit generates a signal lo pu
the wedge panels in or out subject to the mismsitnin The flight tests of the fluidic CS were cadriout

at the Mach velocities from 1.1 to 2.1 within theidht ranged=12...20 km in the course of horizontal
rectilinear speedup and deceleration, at climmsuand sliding with the extreme deviation of pedabk
well as at engine throttling and pickup, in the m®df surge and autorotation. In the course dfiffligsts,

the CS worked faultlessly in all of these modesod>oharacteristics demonstrated by the air inlet CS
made for further successful use of fluidics in BEE automation. The passage of the psychological
barrier of distrust to such control systems wasmless importance.

Controllers of the compressor bypass valve andningt directing apparatus (IDA) were designed for
the GTE family to prevent the surge in the engin8@of the YAK-42 aircraft (Viktorov, 1976). The
controller relies on the fluidic sensor of the pree ratio, gas-dynamic divider, flow reduction rgea
fluidic comparison element, fluidic amplifier, aad actuator generating commands to the mechanitms o
air bypass from the compressor. The controllereheday characteristic with hysteresis within 0.1250
Its mass is equal to 2.5 Kg. Such modular fluidintoollers were designed and found wise use for the
GTE’s of passenger aircraft such as YAK-42, AN-2#N-74, I1L-96, Tu-204, and others. There was not a
single claim for replacement during the entire tiofi¢heir use. An experimental small two-mode atfibd
was designed (Viktorov, 1976) for which an ast#ticlic control system of hydrogen flow in the C@da
cooling system was selected. This engine was #@ffitht time tested in flight by the hypersonicirfyg
laboratory (Vaiser and Kasimov, 1975). The engiag-dynamic parameters in the form of pressuregatio
in the sections of engine channels were used fotraoof the hydrogen flow. On the whole, the
implemented fluidic CS of fuel flow that worked farshort time at a temperature of more than 900 °
performed all the necessary functions at four fligfarts in all modes along the flight trajectongluding
limitation of the CC wall temperature and preventiaf surge at thermal CC blocking with repeated
engine startup.



PROMISING FLIGHT VEHICLE CONTROL SYSTEM

Tests and practice of using fluidics in FV contreliggest promising principles of designing the
backup CS’s not only for the FV’'s. In connectiorttwihe advent of sophisticated technological plants
complexity of their CS’s grows dramatically, an@ér requirements are presented on their survitsabil
under the action of the destabilizing factors (DRYleed, any fault of the FV CS's, nuclear powatishs,
oceanic liners, passenger coaches and trains eantdeunpredictable consequences and catastrophes
entailing huge human and economic losses. Thathis survivability of the CS’s of such plants is so
topical. The redundant electronic high-performakR¥CS’s support acceptable operability in rigidlrea
time upon occurrence of physical malfunctions &and failures) in their individual elements (\éais
and Kasimov, 1976). Since the methods of detedtiegdesign errors in the applied and system softwar
also are well developed for these systems in posvigork by the author (Zalmanzon, 1965), they find
wide use as the main FV CS’s. However, even thet reoghisticated redundant electronic structures
(Zalmanzon, 1966) cannot protect them against xkexr@al DF’s that can entirely disable them for som
time, which in rigid real time implies inadmissibigerrupt of the control and loss of the FV.

Let us consider an FV CS protected against botiniterent and external DF’s. It operates in two
modes. In the working mode, the main, electronicap8rates in the control loop, whereas the backup,
fluidic one idles, although calculates in paratlted same algorithms as the main system. Expectialy,
backup CS channel has lower accuracy. Therefarr, @fich basic cycle the main CS channel corrects i
backup counterpart. Consequently, the CS backupneh@ver small intervals must approach accuracy of
the main channel. Upon occurrence of an externaltibd-system switches to the emergency mode and
activates the backup channel. Upon cessation oétternal DF, computations are resumed in the main
channel using the information from the backup drtee above structure providing the virtually abselut
survivability can be realized only upon attainirig tdesired speed of the fluidic elements and digita
integrators of the indicated type. As was show(Zaeimanzon, 1965), the speed of fluidic elementsvgr
with reduction of their linear dimensions  andrease in the velocity of gas flow in the supply ramheals.
Therefore, the main methods for increasing the dpeethe fluidic element-based backup CS are as
follows:

e Miniaturization of the fluidic elements primigri by narrowing the supply channels of the
fluidic elements to 0.1 mm and less;

« Use along with air of less dense gases subielasn, hydrogen, and helium-hydrogen mix;
* Use of the working gases having higher soundevepeeds (the same helium and hydrogen);

* Improvement of the manufacturing technology drahsition to devices with the degree of
integration of up to 15...20 and more elements hia tubic centimeter. Obviously, by using the
aforementioned method, one can reach the maximesdsp

The planar technology is most popular in the mastufe of the fluidic devices. The fluidic elements
and functional modules in the form of printed b@awdth communication channels are assembled into
multilayer modules performing the desired conteatd. In these constructions, it is the linear disiam
that plays the speed-defining role because theagassf signal through the device circuit dependg on
it. Therefore, in what follow we consider only itspact on the speed of fluidic elements. For thadient
motions, the dynamic similarity criterion is exmed by the dimensionless Strouhal number

VT
S=T (1)



where V is the gas flow spe€ljs the characteristic time (period for the transjgeriodic processes);
and L is the characteristic linear dimension. & trariables VT, and L take different values denoted
below by the subscripts 1, 2, ... n, then for them®dynamic processes

Vil o VT

Lh=e= Tt )

n

If the mean flow speed does not vary (for the fluielements this will take place for constant syppl
pressure), then

L, Loy

[

L.
e 3)

—

n

Therefore, the process time is directly proportidgadahe element’s linear size. Hence, reductiothin
linear dimensions of the supply channel (flow arefijhe fluidic element reduces the flow of working
medium proportionally to the square of dimensiohe power of the supply flow is reduced by the same
factor. This characteristic is extremely importdat the FV because it defines the CS size-mass
characteristics (SMC). The physical characteristiesl parameters of the working gas define the
gas-dynamic processes in the fluidic elements:ge supply pressure, pressure in the environment to
which the gas is discharged upon passing the fiuddvices, the gas itself with its density and dpeafe
sound wave propagation in it. Let us consider theaict of these parameters of the working medium on
the speed of fluidic elements. We assume for soitplthat the coefficient of working medium flowoim
the nozzle retains constant value at variationshef supply pressure, working medium density, and
absolute environmental pressure. For the subdritma speeds, the air mass obeys the formula:

k+1

2
K [(p )< (P )*
G=dqg 20,0 ——|| 2| | Po|" |
g popok_l(poj [pj "

wheree is the flow coefficient, f is the fluidic elemenbzzle cross-section area, g is the gravitational
acceleration, poand p are the absolute gas pressures before and a#tesupply nozzle, k is the
isentropic index, angy, is the density of gas before the supply nozzlec&ithe gas density after the
supply nozzle follows ¢gRT, where R is the gas constant dnds the Kelvin absolute temperature,
expression (4) is representable as

2 kil
k k
G = g 20 kK |[R|_[P , (5)
RT k-1{\ p, Po

according to which the weight flow of gas throudte tsupply nozzle is for a given absolute gas
temperature a function of the absolute pressutbeanozzle input and the ratio of this pressur¢éhto
absolute gas pressure after the nozzle (environmé&ormula (5) is calculated using the tables of
gas-dynamic functions. However, comparative anslgan do without accurate determination of flow; it
suffices to determine the qualitative nature ofdependence of speed on the aforementioned pam@smete
within the range of observation of the self-simthaprinciple of gas-dynamic processes. Therefares
possible to use formula (3) which provides resthist are close to those obtained through (2) fer th



entire range of the subcritical flow modes if thees glensity is calculated from the pressyre

G =efgy20(p, - p,). or G =efg/20Ap, (6)

whereAp is the difference of pressures before and afeentizzle. Correspondingly, for the volume flow,

Q=sig | 2P ()
yo,

For the same nozzle cross-section and differemt @onditions, the relations of the weight flows are

representable as
G, \Vp.\Ap,

and those of the volume flows as

Q. F B, ©
Q. P\ Ap,

For the FV CS'’s, the most important characteristicghe fluidic elements are speed, weight flow of
the working medium, and power consumption. Int,falcey define the FV CS SMC. Let us also
consider the dependences of these characteristitiseosupply pressure, choice of the working medium
and pressure of the environment into which it scdarged. For convenience of specifying the nattire
these dependences in the fluidic elements, wedote relative coefficients and compare them with
certain coefficients used as the initial ones. &érain values for the active fluidic element hgviupply
channel width 0.4 mm, operating on air with exocessiupply pressure 1 kPa at absolute environmental
pressure of 100 kPa are used as the initial vallieder these conditions, the volume flow Q = 40.r#t
that, the specific weight of air is 1.29 kg/nand the weight flow is G = 0.05 kg/h. We introduie
following relative coefficients. The relative speaukfficienti, corresponding to the ratio of the gas flow
through the supply nozzle at operation with theselmoworking gas and supply pressures of the wgrkin
medium and environment to the speed of flow thotlghnozzle under the aforementioned conditions. In
the calculations oy, the ratio of speeds can be replaced by that efvtiume flows under the same
conditions. The relative coefficientg andiy define the corresponding ratios of the weight #oand
powers to the same initial values, the aforemeetiorpefficients for these conditions being equalrtiby.
The coefficients for the fluidic elements operatimigh different working media such as air, helivamd
hydrogen at different excessive environmental press (0.1; 1.0; 10, and 100 kPa) and absolute
environmental pressures (100; 10, and 1 kPa) wadoeilated from formulas (3) - (6) and compiled iato
table. In all cases, the flow of working medium veassumed to be subcritical. The calculations asdume
that the flow is isothermic and the working medémsities are proportional to the absolute envirartaie
pressure.

Table 1. Coefficients of fluidic elements with different working media

Overpressure of Absolute pressure of environment
Workspacelpower supply 100 kPa 10 kPa 1kPa

10



kPa v A AN v A AN v e AN

0,1 0321 0,32 003 10| 01| 01| 3,2 0,032 0,32

_ 1,0 1 1 1 32 032 32| 0] o1 10
Alr 10,0 32| 32| 32 10 1 100 | - - -
100,0 10 | 10 | 1000 - - - - - -

0,1 1,2 |0,084] 0,12 3,8 |0,026] 0,38 | 12,0] 0,008 1.2

Hydrogen 1,0 376 |0265]| 376 | 12 |o0084]| 12 [376] 0026 | 37,6
10 12 | 084] 120 | 38 [0,265] 380 | - - -

Analysis of the tabulated data suggests the foligvd@onclusions:

* Independently of the gas used by the fluidic elelsighe density of the working medium
is the main factor defining the coefficients, As , andiy for the given excessive supply
pressure.

* The speed of the fluidic elements grows dramaticaith reduction in the working gas
density and absolute environmental pressure. At thare is an appreciable power gain
as compared with that reached only by the increafee supply pressure.

For example, in order to increase by the factothofe the speed of elements working with air at
supply pressure under normal condition, a ten-falease in the supply pressure (up to 10 kPa) is
required. At that, power consumption is increasgdhe factor of 30. With helium and the same supply
pressure, the speed increases by the factor @iréipower increases by the factor of 30. With hgdm
this gain is even more pronounced: the power isgeéy the factor of 30, the speed, by the fadt@éfo
Yet, if the absolute environmental pressure is cedufrom 100 kPa to 10 kPa, then we get the same
increase in speed without any increase in the gypelssure. At that, the power increases only ttinees,
and the weight flow decreases three times. At gamelbus reduction in the absolute pressure witlhiskee
of light gases, the speed of fluidic elements maynwre than 30 kHz. The above discussion conchens t
fluidic elements with the supply channel width of énm. The up-to-date technology allows one to make
channels of width 0.1 mm, which increases speedhkyfactor of four and enables the speed of
100 kHz. Further increase in speed up to 200 kHzosssible by making the supply channels of widths
smaller than 0.1 mm and increasing the flow speagziso 800 and over 1.000 m/sec, respectively, for
helium and hydrogen, the speeds of sound beinggectigely, 965 and 1284 m/sec. Special studies are
required to optimize transmission of the informatgignals under such conditions.

CONCLUSIONS

« The backup FV CS’'s may be implemented with thedftuelements as special-purpose
computers.

« High-speed fluidic-electrical and electrical-fluidionverters with switching frequency of
at least 5 kHz are required for fast real-time infation exchange between the main and
backup CS’s.
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* Substantial increase in the speed of fluidic dessiseconcerned primarily with reduction
in the linear dimensions of the primary functioflaidic elements and in the absolute
environmental pressure (in the cavity of workingdmen discharge) and with the use of

light gases.
« The present level of science and technology enaplesd of fluidic element of the order
of 200 kHz.
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