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[Ipu NpOEKTUPOBAHMU HOBBIX TEXHUYECKUX YCTPOWMCTB HEOOXOAMMO YUYUTHIBATH BIIHUSHUE
MHOKECTBA BHEIIHUX W BHYTPEHHHUX (AKTOPOB, OCOOCHHO TIpH pa3pabOTKe MHUKPODIIOUIHBIX
yctpoiictB [1]. B pabore paccmaTpuBaeTcsi mapaMeTpHUYECKOE€ KOMITBIOTEPHOE MOJEIUPOBAHKE
CHUCTEMBbI OXJIAKJEHUS KaMWUIIPHOTO MHUKpo3axBaTa [2, 3] ¢ HECTallMOHAPHBIM BXOJIHBIM MOTOKOM
OXJIAJIUTEJISI C TIOMOIIBIO0 OPTOTOHAIILHOTO IEHTpaIbHOTO Kommo3uimonHoro miana (OLIKIT) [4].

Ha puc. 1 npencraBineHa reoMeTpusi U3y4aeMoi MoJielid ¢ 0003HAYCHHEM TPaHUI]: BHYTPCHHSS
CTEHKa Kamepbl ['1; rpaHulla MEXIy paauaToOpoM M KUAKOCTbIO ['2; BXomHoe 1'3 m BeixomHoe I'4
OTBEPCTHS; TPaHUIA MEXKIY paauatopomM u sneMeHnToM Ilenbthe ['s. PaccMaTpuBaroTcst Tpu BapuaHta
FEOMETPUU: C KaHAJIaMH, PACIOJIOKEHHBIMH TOPU30HTAJIBHO Y OCHOBAHMS KaMEphl, U PaJUaTOPOM,
KOHTAKTUPYIOIIUM ¢ ropsiueii cropoHoi aniementa [lenbrhe (G1); ¢ rOPU3OHTAIBLHBIMU KaHAJIAMH,
PacIoIOKEHHBIMU TIOCEPEMHE KaMephbl, ¥ PaJuaTopoM, coCTosAmM u3 oaHoro (G2) wiu tpex (Gs)
pebep. Mexanu3m TeruionepeHoca B KaMepe OXJIaKJICHUs CICAYIONIUNA: Topsiyasi CTOPOHA JIEMEHTa
[lenpThe mepemaeT Ha paauaTop TEIMIOBYH0 MoIIHOCTH W uepe3 rpanuily ['s, XojomHasi >KHIKOCTb
BTEKAET BO BXOJIHOE oTBepcThe '3, HarpeBaeTcs uepe3 KOHTAKT ¢ paauaropoM [z (oxmaxknas ero) u
BBIBOJMTCS 4epe3 BeixoaHoe oTBepcTHe ['4. Ctenka ['1 TeruonsonupoBaHa.
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Puc. 1. 'eomeTpus kKaMepsl OXJTAKICHNAS MHUKPO3axBaTa

PaccmarpuBaeTcs HecTal[MOHAPHOE TEUEHHE KUIAKOCTH B BUAE Um = UctAU cos(2xft), roe Ue —
CpenHssl CKOPOCTh MKHUIKOCTH; AU — aMIUTUTYyJa OTKJIOHEHHUS CKOPOCTH YKUIKOCTH OT cpefHei; f —
4acToTa W3MEHEHHs CKOPOCTH. J[JIsi KaKIOHW TEeOMETpPHH MPOBOJIMIACH CEPHUS BBIYHCIHTEIHHBIX
skcriepumerToB MetoaoM OLKII o cnenyromuMm gakrtopam: cpeaHsisi CKOPOCTh BTEKAHUS KUIKOCTH
Uc=[3, 5] em/c (X1); kodddpumment Temmonepenaun a=[1.5, 2.5] kB1/(M?-K) (X2); gacToTa mMymbcarmii
ckopoctu xuakoctu f=[0.15, 0.4] 'y (X3) u ee ammmryma Au=[0.25, 0.75]uc (X4). Onpenensiuch
creayiomue menessie GyHKuu Ym, M=(1,3): MakcuManbHas TeMmmeparypa paauaropa Tm=max(AT)
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(Y1); ammuntyna konebanuii Temmepatypbl ATm=max(AT)—min(AT) (Y2); BpeMs Bbixoja Ha pabouunii
pexum Tt (Y3) B Buze (Xi — HOpMHupoBaHHbIe Ha [-1,1] 3HaueHus X;):

Ym = bO,m +bl,mX1 +b2,mX2 +b3,mX3 +b4,mx4 +b5,mX1X2 +b6,mX1X3 +b7,mX1X4 +b8,mX2X3 +b9,mX2X4 +bl0,mx3x4 +

+bll,m (Xlz _B) +b12,m (XZ2 _B)+b13,m (X§ _B)+b14,m (Xf _B)v B: 4/5.

[ToydeHs! clieAyomuUe pe3yabTaThl: Tm 3HAUUTEIBHO 3aBUCHT OT BHIOPAHHOW F€OMETPHH — IS
reomerpun Gibo1 =7.42 C; mns G2 — 5.0 C; s Gz — 2.85 C; BeAymuM JIMHEHHBIM [MapaMeTpOM
aBIsieTCs KOd(D(UIMEHT TerIonepeaadu o; CPeaHsas CKOPOCTh TeUeHHUs Uc, yactoTa Koiebanuii f u
aMIUTMTy/1a KojeOaHui AU CKOPOCTH JKHUIKOCTH SIBJISSFOTCS 3HAYMMBIMHU (DaKTOpaMHU; 3HAYUMBIMH
HapHBIMH B3aMMOJEHCTBHAMH SBIISIOTCA Uc 1 AU B reomerpun Gi, f u Au B reomerpusx Gi u Go;
napameTpsl Uc U O BHOCST IIOJIOKUTEIILHBIA KBaJPaTHUHBIA BKIAT, JUIS aMIUIATYIbl KOJICOaHHI
temrepaTypbl ATm 3HAUYUMBIMH JIHHEHHBIMH (DakTopaMu sBJSIOTCA dvacToTa f W ammiuTtyna
KojieOaHusl CKOPOCTH AU, a TakkKe HMX IMapHOE B3aUMOJICHCTBHUE; I BPEMEHH Tt 3HAYMMBIMHU
JMHEHHBIMU (akTOpaMu ABIsIoTCs o, f u Au.

PexomeHyeTcst ucnoib30BaTh reoMeTputo Gi Ui CUCTEMbI OXJIKICHUS MHUKPO3axBara, a
reomerpun Gz 1 Gz — B MEHEE YyBCTBUTEIIBHBIX K KOJICOAHUSIM TEMIIEpaTyphl yCTPOHUCTBAX.

Cnmcok Jureparypbl

1. Convery, N. 30 years of microfluidics / N. Convery, N. Gadegaard // Micro and Nano
Engineering. — 2019. — Vol. 2. — P. 76-91.

2. Darintsev, O.V. Microgrippers: Principle of Operation, Construction, and Control Method /
O.V. Darintsev // Smart Innovation, Systems and Technologies. — 2021. — Vol. 187. — P. 25-37.

3. Nasibullayev, 1.Sh. Computer 2D modelling of a micro-grip fluid cooling system /
I.Sh. Nasibullayev, O.V. Darintsev // Computational technologies. — 2021. — Vol. 26. — No. 2. —
P. 4-20.

4. Nasibullayev, 1.Sh. The development of a computer model for the main element of the fuel
metering unit. / 1.Sh. Nasibullayev //Computational Technologies. — 2016. — Vol. 21. — No. 2. —
P. 26-41.

Ceenenus 00 aBTOpax
HacuOynnaes Wnbmap Hlamunesud, k.d.-M.H., cTapmuii Hay4yHblii coTpyaHuk. OOnacth
Hay4HBIX UHTEPECOB. TEPMOTUAPOANHAMUKA, KOMIIBIOTEPHOE MOJCIMPOBAHNE TEXHUYECKUX CUCTEM.

PARAMETRIC SIMULATION OF UNSTEADY THERMOHYDRODYNAMIC REGIME
IN MICRO GRIPPER COOLING SYSTEM

Nasibullayev 1.Sh.
Mavlyutov Institute of Mechanics, UFRC RAS, Ufa, Russia, sp.ishn@gmail.com

Keywords: hydrodynamics, heat transfer, cooling system, capillary microgripper, orthogonal central composite
design.


mailto:sp.ishn@gmail.com

Llecmas mexdyHapodHas Hay4YHO-meXHUYecKasl KOHghepeHyus «[JuHamuka u eubpoakycmuka mawur» (DVM2022) | 31 13 151

The computer simulation of the fluid cooling system of the capillary microgripper with an
unsteady inlet flow of the coolant is presented. Using the method of orthogonal central composite
design analytical dependences of the maximum temperature on the radiator, the amplitude of the
temperature change on the radiator, and the time of establishment the operating mode versus the
average coolant velocity, heat transfer coefficient, fluid oscillation frequency, and fluid velocity
amplitude are obtained. A parametric analysis of the influence of the physical parameters of the fluid
and device on the operation of the cooling system was carried out. It was found that the geometry that
provides a high degree of cooling and faster achievement of the operating mode leads to an increase in
the amplitude of temperature fluctuations on the radiator. Recommendations for selecting the cooling
chamber geometry considering the features of the cooled devices are given.



