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NCCIEJOBAHME JIBUKEHUA MATEPUAJIA B 30HE EI'O HIOCTYIVIEHUS
B PA3PABOTAHHOM ’KEKTOPHOM ITUTATEJIE HATHETATEJLHON
ITHEBMOTPAHCHHOPTUPYIOIIEN CUCTEMBI

Ha naHHBIII MOMEHT U3 00I1Iell CTOMMOCTH CPENCTB ISl HEMIPEPHIBHOTO TEePEMEIICHUS
ChIlyyero marepuana Ha Ttepputopun Poccuiickoit @Penepannu NTHEBMOTPAHCIIOPTHOE
000py0BaHKE COCTABISAET MPUMEPHO 6...7 %, T. €. TOTPEOHOCTH HAPOJAHOTO XO3SHUCTBA B 3TOM
BUJIC TPAHCIIOpPTa HE YJOBIETBOPSIETCS B TOJHOW Mepe, MPU STOM MHEBMOTPAHCIIOPTHOE
000pyI0BaHuUE SIBISIETCS OJJTHUM U3 HanboJiee MpOrpeCCUBHBIX BUIOB TPAHCTIOPTUPOBAHHSI, TAK
KaK TI0 CBOMM KOHCTPYKTHBHBIM W TEXHOJOTHYECKHM TapaMeTpaM COOTBETCTBYET
BBITIOJIHEHUIO CTPATErMYECKUX 3a/1a4, paCCMOTPEHHBIX B cTaThe. [IpeacTaBieHo 3arpy3ouHnoe
YCTPOWCTBO JUIsl HATHETATEILHON MTHEBMOTPAHCTIOPTUPYIOIICH CHCTEMBbI, KOHCTPYKTUBHBIE U
TEXHOJIOTMYECKHUE MapaMeTpbl KOTOPOTO MO3BOJIST 3HAUUTEIFHO CHU3UTH MMOTEPHU JABJICHUS B
30HE MOCTYIUIEHHUsI MaTepuaia 3a CUeT MpHJaHus €My HadallbHON CKOPOCTh, HA Pa3rOHHOM
yuacTke. PazpaboTaHHOe 3arpy304HOE YCTPONCTBO MpPEACTaBIsET COOON OTKPBITHIN CBEPXY
KOpoO, rae ero JmHa npeBocxoauT mupuHy B 8—10 pa3. KopoO coaepXUT cMeCUTEIbHYIO
KaMmepy, COEIMHEHHYI0 C MaTepuajoNpoBOJOM, B KOTOPOM YCTaHOBJIEHa pama C
pPEryJlUpyeMbIM YIJIOM HAaKJIOHa, Ha KOTOPOW 3aKpeIuIeHbl JIOTKH. JIOTKM pacrosoKeHbl
MOCIIE0BATENHHO BJIOJIb CMECUTENBHON KaMephl ¢ 00pa30BaHUEM MEXIy HUMHU KOH(Y30pHO-
muddy30pHbIX 3a30poB. Jlanee ObII0O pacCCMOTPEHO MOBEAEHHE 36pHOBOTO MaTepuaja B 30HE
MOCTYIUICHUS B CMECHTEIIbHYI0 KaMmepy C HaudalbHOM CKOPOCTBIO CXOJa C BOTHYTOU
HaMpaBJISIONICH JIOTKAa M BO3JCHCTBME Ha HEE BO3AYIIHOINO TMOTOKa. B kaudectBe
TPAHCIIOPTUPYIOIIETO MaTepuaia UCIOIb30BaIH cor. [1oApoOHO M3II0KEHO TEOPETUUYECKOe
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000CHOBaHHE BIHMSIHUS TEOMETPUYECKUX MAapaMeTPOB Pa3pabOoTaHHOTO IMUTATENS 3KEKTOPHOTO
THIIAa HATHETATEJIbHON ITHEBMOCUCTEMBI HAa CKOPOCTh JIBHIKCHUS 36PHOBOTO Marepuasa B 30HE
€ro IOCTYIJICHUA. B PE3YIBbTATC IIOJYYCHBI MATCMATUYCCKHUC MOJICIIM TOPU3OHTAJIBHBIX U
BEPTUKAIBHBIX COCTABIISIONIMX TPACKTOPHH MOJIETa M CKOPOCTU JIBM)KCHUS 3CPHOBKH Ha
PasrOHHOM ydYacTKe. BbIIo BBIABIEHO, 4TO pa3padOTaHHOE 3arpy304HOE YCTPOWCTBO 3a CYET
KOHCTPYKTHBHBIX U TEXHOJIOTHYECKUX PEIICHUH JaeT BO3MOXKHOCTh COKPATHTH IOTEPU
JaBJICHUS B 30HC IIOCTYIUICHUA MaTCpUalia IOCPEACTBOM MIPUAAHUA EMY HavaJbHOM CKOpPOCThb
Ha Pa3srOHHOM YYacTKe. JTO MMO3BOJISICT CHIU3HUTh BEPOSTHOCTD PA3pyILICHUs 3epHA, TaK KaK MPH
yiapax oOHO He OynaeT wuchbIThiBaTh aedopmanuoo. ChopMyTupoBaHO TEOpPETHUECKOE
00OCHOBaHHE BIIUSHHUS, KOTOPOE TI'€OMETpPUYECKHe IapaMeTpbl pa3padO0TaHHOIO MHTATEIs
9KCKTOPHOI'0 THIIA HarHeTaTeIbHOM ITHEBMOCHCTEMBI OKAa3bhIBAIOT Ha CKOPOCTh IABWIKCHUSA
3epPHOBOT'O MaTepuaia B 30HE ero MOCTYIUICHHUSI.

EKATERINA V. SAVELYEVA, Ph. D. of Engineering Sciences, Associate Professor
DMITRIJ A. LOMONOSOV, Ph. D. of Engineering Sciences, Associate Professor
Primorskaya State Agricultural Academy, Russian Federation, Vladivostok
ALEXANDER S. LOSEV, Ph. D. of Physico-Mathematical Sciences,

Associate Professor, Senior Research Olfficer

Institute for Applied Mathematics Far Eastern Branch of the Russian Academy of Sciences,
Russian Federation, Vladivostok

STUDY OF MATERIAL MOVEMENT IN THE ZONE
ITS INFLOW IN THE DEVELOPED EJECTOR FEEDER
OF THE DISCHARGE PNEUMATIC CONVEYING SYSTEM

At the moment, pneumatic conveying equipment accounts for about 6...7 % of the total cost of
means for continuous movement of bulk materials in the Russian Federation, i.e. the need of
the national economy in this type of transport is not satisfied in full, at that pneumatic conveying
equipment is one of the most progressive types of conveying, since by its design and
technological parameters it meets the strategic objectives discussed in the article. A loading
device for the discharge pneumatic conveying system is presented, the constructive and
technological parameters of which will significantly reduce the pressure loss in the zone of
inflow of the material due to giving of the initial speed, at the acceleration section. The
developed charging device is a box opened from above, where the length exceeds the width by
8-10 times. The box contains a mixing chamber, connected to the material line, in which a frame
with adjustable angle of inclination is installed, on which the trays are fixed. The trays are
arranged in series along the mixing chamber with the formation of confusion-diffusion gaps
between them. The behaviour of the grain material in the feed area of the mixing chamber and
the effects of the air flow on the concave trough guide was then considered. Soybeans were
used as the conveying material. A theoretical substantiation of the influence of geometrical
parameters of the developed feeder of ejector type of the discharge pneumatic system on the
velocity of grain material in the zone of its inflow is described in detail. As a result,
mathematical models of horizontal and vertical components of the flight path and velocity of
the grain material in the dispersal area have been obtained. It was found that the developed
charging device by means of constructive and technological solutions provides an opportunity
to reduce the pressure loss in the entrance area of the material by giving it the initial velocity in
the acceleration area. This reduces the probability of failure of the grain, as it will not experience
deformation on impact. A theoretical substantiation of the influence that the geometrical
parameters of the developed feeder of ejector type of discharge pneumatic system have on the
velocity of grain material in the zone of its receipt is formulated.
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OBOCHOBAHUE TAPAMETPOB YPABHOBEIIIUBAIOIIE CUCTEMBI
B BETPOJABUI'ATEJIAX CO B3AUMHO INEPIIEHAUKYJAPHBIMU BAJIAMUA

IIpyHuMn [EHCTBUS HEKOTOPBIX COBPEMEHHBIX BETPOJABHUIATENICH OCHOBAaH Ha
HCIIOJIb30BAaHNU CUJIOBBIX CBOMCTB BeTpa. PAa3HOBUIHOCTHIO TAKUX BETPOABUTATENIECH SBIISIOTCS
KOHCTPYKIIMU C IEPUOIMUECKH MEHSIOIIEHCS aKTUBHON MOBEPXHOCTHIO Jionacteil. Cpean HUX
0co00e MeCTO 3aHMMAIOT BETPOJBHUIaTeNId CO B3aUMHO MEpPIEHAUKYISIpHbIMU Basamu. [Ipu
paboTe TakuX BETpPOJBUraTesNell JIONAcTU MEPUOAMYECKH BBIBOAATCA U3 30HBI BO3IEHCTBUS
BETpPA, YTO JOCTUTAETCS MX MOBOPOTOM OTHOCUTEIILHO TOPU30HTAIBHOIO Bajia M OOpallieHuEM
pedpoM K BETPOBOMY IIOTOKY. B  COBpeMEHHBIX BETPOJBUIATENsX CO B3aUMHO
NEPIEeHIUKYISIPHBIMU BaJlaMU ITPOCTPAHCTBEHHAs MTEPEOPUEHTALIUs JonacTeil TpedyeT 3aTpat
DHEpPTUU, 4YTO CHWXKAaeT uX d¢pdektuBHOCTE. B cratbe paccMOTpeHa KOHCTPYKIHUS
pacupoCTPaHEHHOT'O BETPOABUTATENS CO B3aMMHO MEPIIEHINKYJIIPHBIMHU BalaMH, COCTABIICHbI
U IPOAHAIM3UPOBAHBI YPAaBHEHUS BpaLIAIOUIMX MOMEHTOB, JEHCTBYIOIIMX Ha JIONACTH
OTHOCHUTEJIbHO TOPU30OHTAIILHOIO M BEPTUKAJIBHBIX BaJlOB. YCTAaHOBJIEHO, YTO JUIs
yJIOBJIETBOPUTEIHHONH pabOThI M3BECTHOTO BETPOJBHTATENSl CKOPOCTh BETpa JIOJDKHA OBITH
OoJbIIe KBaApaTHOTO KOPHA M3 YacTHOTO OT JeleHHsl JAByX IHpousBeneHuil. IlepBoe
IIPOU3BENIEHUE (JIETMMOE) COCTABIISIIOT COMHOKUTENH: YBOCHHAs CUJla TSXKECTH U Pa3HOCTh
CHHyCa M KOCHHYyca yrjla, oOpadyeMoro OOKOBOW CTOpPOHOW MOAHMMAIOIIEHCS JIONMACTH ¢
BEPTUKAIbHBIM BaJloM. BTopoe mnpousBeneHue (AeauTeNlb) — TOBEPXHOCTh JIOMACTH,
K03 PULKMEHT J000BOr0 CONPOTHUBIEHHS M IUIOTHOCTh Bo3ayxa. IlokazaHo, 4ro uis
yYMEHbIIIEHUs TpeOyeMOl CKOpPOCTH BeTpa BETPOJBUIATENb II€JIECO00Pa3HO OCHACTUTH
ypaBHOBELIMBAIOIEH CHCTEMOW, KOTOpas TMpeicTaBiIseT co0oil JBa NpOTHBOBECA,
BBIMIOJTHEHHBIX B BUJE IITOKOB C YKPEMJIEHHBIMU Ha UX KOHIAX rpy3amu. [Ipu aToM KaxabIil
IITOK YCTAHOBJIEH Ha TOPU3OHTAJBHOM Baly C IPOTHUBOMNOJIOXKHOW CTOPOHBI OT
COOTBETCTBYIOIIIEH JIONACTH B OJTHOM € HEIO MIIOCKOCTH, IITU(T YKPEIJIeH Ha TOPU30HTATBHOM
Bally, a Ha TOpLE WITH(TAa yCTAaHOBJEHA yNpyras IJaCTUHKAa C BO3MOXKHOCTBIO yIopa B
BEPTUKANbHBIA  Bajl. OCHOBHBIM  TNPEUMYILIECTBOM  BETPOABHUIATENsl CO  B3aUMHO
NEPIEHIUKYJISIPHBIMA BaJlaMd ¥ ypPaBHOBEIIMBAIOIIEH CUCTEMOW SBIIAETCSA IOBBIILIEHHAS
3¢ (EeKTUBHOCTh MCIOJB30BAaHUS SHEPTUU BETpa, MO3BOJISIONIAS €ro AKCILIyaTHPOBATH INPHU
c1aboM iU cBepxciiaboM BeTpe (Ipu ckopocTu BeTpa 1...2 m/c).

SERGEY A. ANDREEV, Ph. D. of Engineering Sciences, Associate Professor
NIKOLAY A. SHEVKUN, Ph. D. of Agricultural Sciences, Associate Professor
Russian Timiryazev State Agrarian University, Russian Federation, Moscow

JUSTIFICATION OF BALANCING SYSTEM PARAMETERS
SYSTEM IN WIND ENGINES WITH MUTUALLY PERPENDICULAR SHAFTS

Some modern wind turbines are based on the power properties of the wind. A variety of
these wind motors are designs with periodically changing active surfaces of the blades. Among
them the windmotors with mutually perpendicular shafts hold a special place. During the
operation of such windmotors the blades are periodically moved out of the wind zone, which is
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achieved by turning them relatively to the horizontal shaft and turning the edge to the wind
flow. In modern wind-motors with mutually perpendicular shafts the spatial reorientation of the
blades demands the consumption of energy, which reduces their efficiency. The design of
widespread wind-motor with orthogonal shafts is considered in the article, the equations of
rotating moments influencing on the blades concerning horizontal and vertical shafts are made
and analysed. It is established, that for satisfactory work of known wind-motor wind speed
should be more the square root of the quotient of division of two products. The first product
(dividing product) consists of factors two times power of gravity and difference of sine and
cosine of the angle formed by the lateral side of the ascending blade with the vertical shaft. The
second product (divisor) is the surface of the blade, the drag coefficient and the air density. It
is shown that to reduce the required wind speed it is reasonable to equip the wind turbine with
balancing system, which is two counterweights made in the form of rods with weights fixed on
their ends. Each rod is installed on the horizontal shaft on the opposite side from the
corresponding blade in the same plane with it, the pin is mounted on the horizontal shaft and at
the end of the pin is installed elastic plate with the possibility of resting in the vertical shaft.
The main advantage of a windmotor with mutually perpendicular shafts and a balancing system
is the increased efficiency of wind energy utilisation, which enables it to be used at low or ultra-
low wind speeds (at wind speeds of 1...2 m/s).
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