Ha puc.2 naBeaeHuil npukiag po3paxyHKy MOTOKY HOBITPsI HA MEPBUHHIN AUIBHULI CHCTEMH
BEHTWIALIT 31 BCMOKTYBaJbHUM TNapacojieM Ta [I-BUIHMM MOBITPOBOJAOM. 3 PHUCYHKY BHIHO
BUXPOBI 00nacTi y mapacoui (TeMHi JimbHHULI 3 000X OOKIB, 31 IIBUAKOCTSIMHU MOPSAKY 1 — 5 m/c),
0 MOXYTh 3aiiMatu 10 30% rmuromi momepedHoro mepepizy nosirposoay. Came Ha Wil AiAHIT
MaloTh MiClleé MAaKCHMajbHI BTpaTW HAmopy MOBITPs, BUMAIHHSA BAaXKUX YacTOK 3a0pyTHEHb Ta
MOBEPHEHHS 1X y IPOCTIp MPUMIILICHHS.

[Toanpmuii pyx MoOBiTpsl y HOBITPOBO/II HAPAKAETHCS HA 3aCTilHI Ta BUXPOB1 30HU Y KYTOBIH
obunacri (JTiBOpyd 3BepXy) Ta 3a MOBOPOTOM (IIPaBOPYY), € MOXKYTh HAKOTIMYyBAaTUCS OCHOBHI Macu
3a0pynHeHb. OCHOBHOIO 337a4er0 MPOEKTYBAaHHS MOMIOHMX oOnacTeil MOTOKY € aepoAMHaMivHa
ONTHUMI3allil TeOMETpii MOBITPOBOAY 3 MiHIMI3alli€l0 BUXPOBUX 30H Ta BU3HAUYEHHS MOKJIMBHX
MICIIb BUMAIIHHS 3a0pyIHEHb, a/pKe IPU 00CIYrOBYBaHHI CUCTEMU BEHTHIIALIT Ta OUMIICHHI 11 1ei
aCIIeKT BUTPAE CYTTEBY POJIb.

MopenoBaHHs ONTUMAIBHOI 3 aepoJMHAMIYHOT TOYKH 30py IPOMHCIOBOI CHCTEMH
BEHTWIALIT J03BOJISIE 3MEHIUIUTH BTpaTH Hamopy a0 18 — 22 % i TtakuM 4YMHOM 30UIBLIMTH
e(eKTUBHICTh OYHUILEHHS MOBITPS Bi/l MIKIATUBUX 3a0pyIHEHb.
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EFFICIENCY CONDITIONS FOR THE VORTEX TUBE APPLYING IN AIRCRAFT
EQUIPMENT COOLING

The problem of heating of the electronic on-board elements of aircraft systems appeared with
the advent of electronic equipment. The efficiency of the electronic equipment is low, only a few
percent of the total energy supplied to it from the power source is used for signal processing. The
rest of the energy is released as waste heat. One of the main factors limiting the size reduction
tendency of the electronical equipment casing (computers, radios, cellular equipment) is the
temperature at the operational mode. A large number of electronic components require additional
heat removal (cooling), which leads to an increase in the weight and dimensions of the product,
which is unacceptable in aviation.

The complex design solutions aimed at reducing the temperature of the radio equipment
require significant expenses. During the development of the design of the radio equipment, the cost
of development of the cooling subsystems should be kept as low as possible.

With waste heat emission in range of 0.2 — 1 W/cm? the cooling fans are used. At the same
time, it is mentioned that there is the possibility of use of the vortex tube (Rangue tube) to increase
the intensity of the heat sink. The advantages of this device are its simplicity, small size and the
possibility of significantly reducing the cooling air temperature. The main drawback is the low
efficiency. At the same time there are no recommendations for the effective use of a vortex effect in
the aviation in literature sources.

In this paper the approach to assessing the comparative power consumptions while cooling the
flat surface located in a sealed compartment is being developed. An air flow of axial flow fan and
the air flow from the cold zone of the vortex tube are being compared. In the first case, the air
supplied to the cooling chamber has a temperature and the power consumed by the fan. In the
second case, the air is compressed by the compressor and a portion of it having a lower temperature
is supplied for cooling. The bases of calculation are given according to the heat transfer coefficient
in the boundary layer on a flat plate, which allows establishing a connection between the
temperatures of the incoming flow and the wall with the air flow rate in the boundary layer.
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The analysis allowed determining the conditions under which the use of the vortex tube is
energetically more favorable than the traditional fan. One such condition is the temperature of the
cooled surface have to be less then 40° C when the ambient temperature in the compartment is 20° C.
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Iixxoam 10 MoeIIOBAHHSI BBeICHHS IHTEJIeKTYAJIbHUX JATYUKIB y PO3ILJIaB MOJiMEPHOr0
KOMIIO3ULIIHHOT0 MaTepiaxy

[Tpu BBenenHi inTenekryanbHux naryukiB (I/I) y po3minaB moiaiMepHOro KOMIIO3HLIITHOTO
MaTepialy BaXXJIMBO JOCSITTH BHCOKOI TOYHOCTI BBEAEHHS Ha MEBHY IIIMOMHY TOTOBOTO BHUPOOY.
ExcnepumenTansHuid iTepamiiHuil miglip HEOOXITHMX TEXHOJOTIYHUX PEKUMIB A TOYHOTO
BBEJICHHS MPHU3BOAMUTH J0 3HAUYHOTO 30UTBIICHHS 4acy HaJlalITyBaHHA oOjanHaHHS. BusHadeHHs
TEXHOJIOTTYHUX MapaMeTpiB MIPU MOJIETIOBAHHI 103BOJIUTH 3HAYHO 3MEHIIMTH Yac HAJAIITYBAaHHS Ta
BBEJICHHS y €KCILTyaTallilo.

3a OCHOBY IIpH MOJICIIOBaHHI B3sTHI NpucTpiid BBeaeHHs 1/, onucanmii y npami [1]. Cxema
KaHaJly, 1[I0 BUKOPHCTOBYBANACs Il MOJICIIOBaHHS Mpoliecy BBeAeHHs 1] y po3ruiaB moniMepHoro
Mmarepiany, npeacTaBjeHa Ha puc. 1.

BeenenHa naT4mkie

Pucynok 1 — Cxema kanaxy ajisi BBeaeHns 1]

[Tpuctpiif, cxema sxoro 3o0pakeHa Ha puc. 1, mpairoe HacTymHUM YUHOM. HeoOXigHy
KUIBKICTH 1/l BBOAATH y HEBEIMKY J03Y HOJIMEPHOIO MaTepialy, Iicis 4Oro CyMIll MOJA€ThCS Y
OCHOBHMI TOTIK pO3IUIaBY Kpi3b Kamiisp, pO3TAlIOBAaHUM MiJ KyTOM 1O OCHOBHOTO KaHaly, IiJ
THUCKOM, IO BHIIE 3a Iepenaja TUCKY y OCHOBHOMY KaHaii. B 3B’$3Ky 3 HaJ3BUYailiHO HMU3BKOIO
KOHIICHTPALII€I0 TaTUYMKIB Y CYMillll BOHU HE MPHU3BOJATH JI0 3MIHU i1 BIACTUBOCTEH.

ITpu BBenenHi [J] oHuM 3 HalBaXIMBIIMX MAapaMETPIB FOTOBOTO BUPOOY € IIIMOWHA 3aHYPEHHS
JIATYUKIB, aJpKe MPH KOHTPOJI1 HANPY>KEHO-/1e()OPMOBAHOTO CTaHY 3a JIOTIOMOTO0 JATYMKA BaXKJIUBO
CMIBBIZIHOCUTH OTpPUMAaHI JaHI 3 MICIEM pO3TallyBaHHsA JaT4yMKa, a caMe — [IMOMHOI0 Horo
3aHYpEeHHS JUIsl HerlepepBHOTo BUpoOy. B 3B’s13Ky 3 MM, MpU BUPOOHHLITBI BaXKJIMBO JIOCSITTH BUCOKOT
TOYHOCTI BBeIeHH: [/ Ha meBHY rMOMHY TOTOBOTO BUPOOY.

MeToro MOJIeNIIOBaHHSI € BCTAHOBJICHHS BEJIMYMHU BIUIMBY TEXHOJIOTTYHHUX IapaMeTpiB
MpOLIeCy eKCTPY3ii MOJIMEPHOr0 KOMMO3HIIKHOTO MaTtepiany 3 iHTerpoBaHumu IJ[ Ha rnubuny
3aHypEeHHsI JIaTYUKIB y po3miiaB. [ JOCATHEHHs MOCTaBJIEHOI METH HEOOXiAHO o0patu (i3u4HY
MOJielb T4 BU3HAYMTHU ONTHMAJIbHI MapaMeTpy MaTeMaTHYHOi MOJEJi;, MPOBECTHU PsA UYUCIOBHX
MOJIENIOBaHb 3 PI3HUMHU TE€OMETPUYHMMHU IMapamMeTpaMH Ta TPAaHUYHUMH YMOBaMH, OTPUMAaTH
eMITIpUYH] PIBHSAHHS BIUIMBY JOCTUKYBAaHUX MapaMeTpiB Ha MPOIEC 3a JTOMOMOT0I0 alpoKcUMaIllii
3aJISKHOCTEH, OTPUMAHUX [IPU YUCIOBOMY MOJICIIOBAHHI.

MopenoBanHs mpouecy BBeAeHHS [/l y MOTIK moJjiiMepHOro Matepially 3J1HCHIOETBCS Ha
OCHOBI TIOJIOXKEHb METOJAY CKIHUEHHUX eJeMeHTIB. Po3B’A3yeTbcsi crallioHapHa 3ajada B
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