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Modern automation systems are integrated and they include control subsystems
interconnected by functions and levels. The integration method of the automatic
control system for industrial complexes of artificial microclimate in automated
production management systems is proposed. Developed by the authors algorithms
for automated air conditioning control and multifunctional mathematical models of
climatic equipment in the class of multidimensional systems are proposed to use at
the average level of the integrated automated enterprise management system in the
support and decision-making system. This increases the efficiency of the artificial
microclimate systems functioning during operating conditions changing.

The operational management methods for optimization of the artificial
microclimate system and operational management on the adaptation of the
artificial microclimate system are considered. As a result of the analysis,
multifunctional mathematical and algorithmic support for the control systems
integrating by industrial airconditioners into computer-integrated production
management systems is proposed. The developed models, methods and algorithms
are recommended at the stage of designing, debugging, and operating at the middle
level of production operational management. The offered mathematical models,
methods and algorithms of airconditioners control have been brought to practical
realization. The industrial applications results confirmed the high efficiency of
automatic control systems for industrial airconditioners, which are designed on the
basis of the application of conceptually integrated systems.

[IpennoxeHa MeToJMKa MHTETPUPOBAHMSI CHCTEMbl aBTOMATUYECKOTO YIpPaB-
JIEHUS JUIS TPOMBIIIJICHHBIX KOMIUIEKCOB HCKYCCTBEHHOTO MUKPOKJIMMATa B aBTO-
MaTU3UPOBAHHBIE CHUCTEMBbl YIPABIIEHUS MPOU3BOACTBOM. Pa3paboTaHHbIE aBTO-
pamMu aJrOpUTMbl aBTOMATHU3UPOBAHHOTO YIPABJICHUS KOHIUIIMOHEPAMH U MHO-
roQyHKIIMOHAIbHbIE MAaTEMAaTUYECKUE MOJICTH KIMMATUYECKOro 00Opy/I0OBaHUS B
KJIacCe MHOTOMEPHBIX CHCTEM IMPEII0KEeHO HCIIOIb30BaTh Ha CPEAHEM YPOBHE UH-
TErpUPOBAHHOIN aBTOMATU3UPOBAHHOW CUCTEMBbI YIIPABJICHUS MPEIIPUITHEM B CHU-
cTeMe MOJACPKKUA W MPUHATHS PElIeHU. DTO MO3BOJIUT MOBBICUTH IPHEKTUB-
HOCTHh (DYHKIIMOHHUPOBAHUSI CUCTEM HCKYCCTBEHHOTO MHUKpPOKJIMMATa MPH U3MEHe-
HUU yCJIOBHH 3KcITyaTanuu. PazpaboTaHHble MOJIEIH, METOBI M alTOPUTMBI pe-
KOMEHJYeTCSl MCIIOJIb30BaTh HA CTAUH MPOSKTUPOBAHUS, HANAAKN U TPU IKCILTY-
aTalMy Ha CPEHEM YPOBHE OINEPATUBHOIO YNPABIECHHS MPOU3BOJCTBOM. Pe3ynb-
TaThl MPOMBIIIJICHHBIX BHEAPEHUH MOATBEPININ BBICOKYIO 3 ()EKTUBHOCTh aBTO-
MaTHYEeCKHX CHCTEM YMPaBIEHUS MPOMBINIICHHBIX KOHAUIIMOHEPOB, MPOEKTUPYE-
MBbIX Ha OCHOBE IPUMEHEHHUS KOHLIETITYaJIbHO-MHTETPUPOBAHHBIX CUCTEM.

L KII im. leopa Cixopcokozo
2 KII im. leopa Cixopcokozo
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Beryn

CBiTOBa IpakTUKa BIPOBAHKEHHS 1HTETPOBAHUX CUCTEM KEPYBAHHS BU-
POOHHUYUM MIANPUEMCTBOM IOKA3y€ 3HAYHE MIABUIICHHS €(PEKTUBHOCTI iX poO-
00TH 32 paxyHOK 3MEHIIEHHS €Hepro3aTpar, BAPOOHUYUX MPOCTOIB, ONTUMAJb-
HOT'O PO3MOJILTY MaTepiaiIbHUX Ta €HEPreTUUYHUX MOTOKIB, BUKOPUCTAHHS IMPH-
XOBaHUX pe3epBiB. 3a octaHHi 20 pPOKIB JIIOJCTBO 3HAYHO MPOCYHYJIOCH Y
HalpsIMKY BiJI YacTKOBOI aBTOMAaTH3allll TEXHOJOTIYHUX Ta OpraHizaliiHo-
€KOHOMIYHMX MPOIIECiB O CTBOPEHHS €IMHOIO IHTETPOBAHOTO U(POBOTO BU-
pPOOHHUIITBA.

CydacHi cucTeMy aBTOMaTHU3allil € IHTErPOBaHUMU Ta BKJIIOYAIOTh y cede
B3a€MOIIOB’ 13aH1 32 QYHKIISIMH Ta PIBHAMM MIJICUCTEMU YIPABIIHHS. ApXITeK-
Typa Cy4acHOi IHTErpOBAaHOi aBTOMaTH30BaHOI cuctemu ympabiiHHA (IACY)
MIIPUEMCTBOM 300pakeHa Ha puc. 1.
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Puc. 1. Apxitextypa IACY mianpueMcTBOM

@OyHKIIIT mepmux TPhOX PIBHIB Peasli30BYIOThCS aBTOMAaTH30BAHUMH CH-
cremamu ynpapiinasa (ACY) rexnonoriaaumu nporecamu (TT1) i 3a0e3meuyroTh
ONTUMAJIbHE TPOTIKAHHS TEXHOJIOTIYHOTO Tporecy. Ha OuabIocTi yKpaiHChKHX
nignpueMmctB cuctemu ACY TII y nmeBHi# OUTBIIIOCTI BIPOBAKEHI, A€ MaJo Je
MOB’5I3aH1 B €IMHY CHUCTeMY. TuM He MeHIe, Jisg eheKTUBHOI POOOTH BCHOTO
BUPOOHUIITBA HEOOXiNHA y3rojkeHa poOota Bcix auigHok TII, mo mMoxkiIuBo
TUIbKU y pa3i CKOOpAUHOBaHOT poboTu Bcix AuisiHOK ACY TII. Jlns uporo Bu-
KOPUCTOBYIOThCSI ~aBTOMATU30BaHI CHCTEMHU YIPaBIIHHS BHUPOOHUIITBOM
(ACY B), sixi ciryryroTh 3B’s3yBajibHOO JaHKor MKk ACY TII ta aBTOMaTn30-
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BaHOI cucteMoro ynpasiinHs mignpuemctBoM (ACY I1) [1]. EdexruBna po6o-
Ta BCHOTO MIMPUEMCTBA MOXKE MPOXOJIUTH TUIBKH B PaMKax CKOOPJAMHOBAHOI
HaJIbHOI, TEXHIYHOI Ta MPOrpamMHoOI IHTErpalli.

Cyuacai TII AuKTYyIOTH BHCOKI BHMOTH JI0 CHCTEM IITYYHOTO
MmikpokiiMaty (CLLIM) BupoOHMIITBA, BIJ SIKOTO y 3HAYHIN MIpi 3a1€KUTh SIKICTh
MPOIYKIIi Ta 3MEHIIEHHS 1i co01BapToCTl. MakcuMalbHUl eeKT Bl aBTOMAaTH-
3a1lii MPOMMCIOBUX KOMILIEKCIB mITy4HOro MikpokiiMary (IIKILIM) nocsaraets-
Csl IUISIXOM IHTETpYBaHHS cucTeMH aBToMaTH4HOTO KepyBaHHS (CAK) mpomu-
cioBoro konauiionepa B ACY I1. V po6oTi [2] 3anpornoHoBaHO HOBY KOHIIEII-
mito apromaruzaiii [IKIIIM, y ocHOBy sKOi MOKJIaJI€HO CHUHTE3 CHUCTEMHU Ke-
pyBaHHS KOHJIWIIIOHEPOM y KOOpJWHATAX TEMIIEPATypu Ta BOJOTOBMICTY IT10-
BITPS 13 ypaxXyBaHHSM B3a€MOJI1 KIIMaTUYHOTO OOJIaIHAHHS Ta BIUIUBY OTOYY-
1090r0 cepenoBuiia. Po3ristHyTi npuHimnu aBToMatusailii [3] 3a0e3nedyroTh
niABUIICHHS €(EeKTUBHOCTI (DYHKI[IOHYBaHHS Cy4aCHOTO KJIIMaTHYHOIO 0O01aj-
HaHHS MPOMUCIIOBUX KOHJIUIIIOHEPIB 3a PaXyHOK BUKOPHUCTAHHS aJITOPUTMIB aB-
TOMATH30BaHOTO KEpyBaHHS KOHIuIlioHepamu [2°—°5] Ta GaraTtodyHKIlIOHATb-
HUX MaTeMaTHYHUX MOJCNIel KiiMaTuaHoro oonagHanus [6°—°10] y kiaci Oara-
TOBUMIpHUX cucTeM. Y [4] aBTOpaMu pO3IIISIHYTO METOIUKY PO3POOKH KOM-
IUICKCHUX MOJICJIEH MPOMUCIOBUX KOHIWIIIOHEPIB SK OaraTroMipHOro 00’ €KTa
kepyBanus (OK) y mpocrtopi cTaHiB, 110 BiIKpUBAE MOMJIUBICTh BUKOPUCTAHHS
Teopii BEKTOPHO-MATPUYHOIO JIJIsl aHAJTI3y Ta CHHTE3Y CUCTEM KepyBaHHS MpO-
MHUCJIOBUMH KOHJHUIIOHepaMu. OTpUMaHO AWMHAMIUYHI MOJAEN KJIIMaTUYHOTO
obmagnanus [TKIIM [6°-°10] i3 BpaxyBaHHSM HPUCYTHOCTI CIIUTBHUX 3MIHHHX
CTaHy, ¢ MaTeMaTH4YHa MOJIC]Ib MICTUTh MIHIMaJIbHE YHCJIO 3MIHHUX CTaHy, a
¢dopma ommcy Bianosimae miHiManbHik peamizamii OK. s CAK IIKIIIM po-
3p00JICHO TPOLIETYPY CHHTE3Y 0araTOBUMIPHOTO JiHIHHO-KBAIPATUIHOTO HH(}-
posoro perystopa (JIKIIP) [5], sika BpaxoBye joridi nmepeMuKaHHs y poOoTi
KJIIMaTHYHOrO oOsamHaHHsA Ta no3Boiiie CAK amanTtyBaTtucs 10 3MIHH JH-
HaMiyHUX BractuBocteit OK.

Po3po0iieHi MmaTeMaTH4HI MOJIEITI Ta anropuT™Mu KepyBaHHs [2°—°10] mo3-
BOJISIIOTH 3aCTOCYBaTH iX Ha cepenubomy piBHI [ACY mignpueMcTBa, sKka mae
lepapXiuHy CTPYKTYypy 1 3a0e3leuye onepaTUBHE KEPYBaHHS Cyd4acCHUM BUPOO-
HUIITBOM. SIK mpaBuio, Ha BCix piBHAX [ACY mianmpueMcTBa OpraHizoBYIOTHCS
aBTOMAaTH30BaHI CUCTEMHU JIUCIIETYEPCHKOTO KEePyBaHHS, SIKI OCHAIIYIOTHCS aB-
TOMAaTH30BAaHUMHU POOOYNMH MICIISIMH OIEpaTopa, 0 CKIaAy SKUX BXOJISATH CH-
CTeMH MiATPpUMKH puiHTTA pitrens (CIIIP) [12].

ITocranoBka 3amaui

3a mitepaTtypHuM orisgom aproMatu3aiii [IKIIIM, moxHa 3poOuTH BuC-
HOBOK, IO CTBOPEHI yCl MEPEAyMOBU JJIsi IHTETPYBAaHHS CUCTEM KEpYyBaHHS
mTydHuM MikpokiimatoMm y IACY mignpuemctBa. IuterpyBanns CAK I[NIKIIIM
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y ACY B 103B0JINTh NIABUIIUTH €(PEKTUBHICTH pOOOTH BUPOOHUITBA B LIIOMY
32 PaxyHOK: BUKOPHCTAHHS MPUXOBAHMX PE3EPBIB; ONTHUMAIBHOIO PO3MOJILITY
MaTrepiallbHUX Ta €HEPreTUYHHUX MOTOKIB; 3MEHIIEHHs Opaky MpoAyKUli Ta BU-
POOHHUYUX MPOCTOIB.

TakuM 4YHWHOM, PO3IJISIHEMO MPOILEAYPY Ta MaTeMaTU4HE 3a0e3MeueHHS
nst inrerpyBands CAK TIKIIM y ACY B.

InterpyBanns CAK mikpokiaimarom B ACY B

Posrisitnemo ctpykrypny cxemy CIIIIP gnst onmepaTUBHOrO KepyBaHHS
[NIKIIM, sika peanizyerbcst Ha cepeanboMmy piBHi ACY B y ctpykrypt IACY
nianpuemMcta (puc. 1). Ctpykrypny cxemy CIITIP naBeaeHo Ha puc. 2.

Ha nmwxubomy piBai CIIIIP peanizytotsess CAK I[IKIIM 1 —N na npo-
rpamHo-soriaHuX kKoHTpoJiepax (ITJIK), ne 3acTocOBYHOThCS anropuTtMu 0e3mo-
cepeHbO-1IMGPOBOro KepyBaHHs, 1mo po3rigayTi y [3°—°5]. Ha IIJIK cucrema
kepyBanHs [IKIIIM moxke OyTu pearnizoBaHa 13 BUKOPUCTAHHSM OJHOMIPHHMX
mudposux perynsatopi (L[P), abo 13 Bukopucranusm 6araroBumipnoro JIKLIP.
Buxopucranus CAK 13 JIKHP mnokpamiye iHTerpaibHi MOKa3HUKH SKOCTI Y
1,2-23 pasu y mnopiBHgHHI 13 CAK 1e BHKOpUCTOBYIOTBCS OJIHO-
sumipHi I[P [3].

Cuctema 300py iHpopMmarlii 3A1HCHIOE CHCTEeMaTHYHE BUMIPIOBaHHS BCIX
notounux 3MiHHEX TII, cepen SKUX MIKpPOKJIIMAT BUPOOHHYMX MPHUMIIICHb.
[Tincucrema 06poOku nepBuHHOI iHPopMmarrii CIITIP BukoHye aHami3 30BHIIIHL-
oi BximHO1 1H(popMalii, monoBHtoe 0a3u nanux (bJ]) HOBOMNO 1H(DOpMalieO Ta
HaJla€ OMepaTUBHY 1H(OPMAIIII0 PO CTaH MPOMHUCIOBUX KOHIWIIIOHEPIB: BEIH-
YUHY 30ypIOI0YHMX BIUIMBIB;, PEKUMH POOOTH Kamep 3MminryBaHHs K3, BoastHUX
kanopudepi K1, K2, oxomomxkysauiB O, mnapoBux 3BosioxkyBauiB [13,
npumitieHs 1.

BukopucroByroun mMojeni KiIiMaTUYHOTO OOJIafHAHHS MiJCUCTeMa MOjIe-
JOBaHHS peanizye mojenb auHamiku ctany [IKIIIM. ®opmyBaHHS KOMIUIEKC-
Hoi mozeni [TIKIIIM BigOyBaeThes 3a METOIUKOIO, pO3TIIsiHyTOIO ¥ [4, 5]. Ha oc-
HOBI MaTeMaTUYHHX MOJIEICH KIIMAaTUYHOTO oOnamHaHHs [6°—°11] peanizyeTs-
Csl KOMILJIEKCHA JIMHAMIYHA MOJIEIb MPOMHUCIOBOTO KOHIUIIIOHEPA 32 JAaHUMU
PO TEXHOJIOTIF0 KOHIWIIIFOBAHHS IOBITPS, a TaKOX 3a CTaTHUCTUYHOIO 1HGOP-
Malli€l0 MpPO 30BHINIHI Ta BHYTPIIIHI 30ypeHHS Ha CHCTEMY IITYYHOTO
MIKpPOKJIIMATY.

[TlincucTtema BHpimieHHS 3aJa4 TOBWHHA 3aMpOTIOHYBATH OMEPATOPOBI
HaOlp MOXJIMBHUX CIIEHApIiB 13 omTUMI3allii Ta aJanTUBHOTO KepyBaHHS MPOMHU-
CJIOBUMHU KOHJIUIIIOHEpAMHU SIKI BUKOPUCTOBYIOThCS Ha BHUpPOOHUUTBI. Tyt
OL[IHIOETHCSI €(DEKTUBHICTH 3aMPONOHOBAHUX PIIIEHb 33 KPUTEPIsIMU, 110 BUOU-
pae omeparop. I[lpuiiHATi omeparopoM pillleHHS Yy BUIJIAA1 MapameTpiB
HanamtyBanHs CAK TIKIIIM nepenaroTbesi Ha HUXKHIN piBeHb KepyBaHHS s
BukoHaHHA y [IJIK.
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PoszristHemo 3a7aui onepaTUBHOTO KEPYBaHHA 13 ONTUMI3allll Ta ajanTtamii
CAK IIKIIIM, siki po3B’s3yIOThCS MIJCUCTEMOIO BUPIIIEHHS 3a]1a4.
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Puc. 2. Crpykrypa CIIIP nma aBromaruzoBanoro kepyBanus [IKIIIM



83
Po3zoinan 3. KepyBaHnHuis

OneparuBHe KepyBaHHs i3 onTuMizamii CHCTEeMH IITY4YHOIO
MiKpOKJIiMaTy

3amada onepatuBHOro kepyBanHsi ontumizaiieto [IKIIIM neobxinna nis
BU3HAYEHHS JOMYCTUMUX I'PAHULb TEMIIEPATYpPU Ta BOJOTOCTI Y TPOMUCIOBOMY
NPUMIIICHH], a TaKOX Koe(ilieHTa pPEeHupKysuii (AJI1 CUCTEM IITY4YHOI'O
MIKPOKJIIMATy 13 PELMPKYJSALIEI0), 1110 OOYMOBIIOE €KOHOMHE BHUKOPUCTaHHS
eHepretuyHux pecypcis CLIM.

Sx npuxnaa, posriasaemo [NKIIM 13 mapoBuM 3BOJIOKYBaueM Ta peLUp-
kysiero. J{ns manoro IIKIIM na puc. 3 npencrasieno h — d miarpamy miaro-
TOBKH 30BHILIHBOTO MOBITPs i3 BXiAHOI Temmeparypor 07 ...07 Ta BoIO-

ropmictom d"™ ...dJI™.

O, h 4
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max
A A
eITlﬂX
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e max
3

min
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3IM

min
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»
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min n min max max max
dy" d. d; d} dyy d, d
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Puc. 3. H—d ngiarpama migrorosku noitps mis [IKIIIM i3 mapoBum
3BOJIO’KYBAUEM 1 CUCTEMOIO PEIIMPKYJIISIIIT

Ob6macte V xapakTepusye TOMYCTUMHA MIKPOKIIMAT y TPOMHUCIOBOMY
NPUMIIIEHHI 13 Jlana30HOM 3aJaHoi Temneparypu 07" ...07% Ta BOJIOIOBMICTY

dM™...d™. Yum menma ob6xacts V, tum Bumii Bumoru TII 10 MikpokmimMaTy

MPUMIIIICHHS.

[Tpy miAroToOBIIi HABKOJMIIHBOIO MOBITPs (TOuKa A, A*) 10 3aJaHUX 3Ha-
genb (Touka D, D7) Burpara enepropecypcis ITIKIIIM 6ye MiHIMaTbHOIO Ha pe-
Opax rpanwuti obmacti V. Tomy gum Oinbmia o6macte V, THM MEHIIIE €HEPro-
HOCIiB HEOOXITHO Ha MiJTOTOBKY 30BHIIIHBOTO IMOBITPs. I3 iHIIOro GOKYy, 00-
nacte V obmexena Bumoramu TII go mikpokiiMaTy y mpuminieHHi. Jug om-
TUMI3alii oonacti gonyctumoro mikpokiimarty bJ[ CIIITP nmoBuHHA MICTUTH 1H-
dbopmarrito npo gonycTumi napamerpu MikpokiaiMary ycix TII BupoOHuiTBa.
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OnTumizanis 1o0yCTUMOrO0 MIKPOKIIIMATY Y IPOMHUCTIOBUX MPUMILIEHHSIX
BUPOOHHUIITBA 3/IIMCHIOETHCS MPHU MEPEXO/I1 TEXHOJIOTTYHOI JIIHIT HA BUTOTOBJICH-
Hsl HOBOT MPOAYKIIIi Ta CKIaJAA€ThCA 3 HACTYITHUX €TalliB:

1. OnoK NpUHHATTA PIIIEHb 1HILIIOE I1aJIOT 13 ONEPAaTOPOM Ta MPOIOHYE JTOMY-

CTUMI1 MEX1 MIKPOKJIIMATy y NPUMILIEHHI AJi1 BUTOTOBJIEHHS HOBOI IpO-

TYKITii;

dopmyeTnes imiTaniiina moaens [TKIIM 3a meroaukoro [4, 5];

3. miAcUCTEMAa MOJEIOBAaHHS MPOBOAUTH IMITAlLlHI PO3paxyHKH MHiATOTOBKU
HABKOJIMIIHBOTO TOBITPs — repexis i3 Touku 4 (4") B Touky D(D');

4. mpoBoauTbCA OlIHKA edekTuBHOCTI (pyHkuionyBaHHs [IKIIIM nHa ocHOBi
KpUTEPist MiHIMI3a1[1i €HEeProCIOKUBAHHS

iQi — min, (1)

ne N — kinpkicTh kiniMatnuHux amapatiB y IIKIIIM, Q, — eHeprocnoxuBaHHS

N

[-rO amnapary KOHAMIIOHepa; Uil BojsHOro temioHocia Q. =G, (6’,0 —49i),

ne G;, ¢; — BIIMIOBITHO BUTpATa Ta TEIJIOEMHICTh TETUIOHOCIA; By, 0; — TeMrie-

paTypa TEIUIOHOCIS Ha BXOJI1 Ta BUXO/I1 anapary;
5. omeparop Ha OCHOBI HAsIBHOTO JIOCBIly aHaNi3y€e€ OTpUMaHy iH(doOpMaIlito Ta

nmpuitMae pireHHs npo 3MiHy nonyctumoi oosacti 3aBnanas CAK [TKIIM;
6. maboparopHa JUISTHKA BUPOOHUIITBA MPOBOJUTH aHAJI3 BIUIUBY MIKPOKIIMa-

Ty TIPOMHCIIOBOTO MPUMIILICHHS Ha SKICTh MPOJYKIIii; MPU HEOOXITHOCTI 3a

eTanamu | — 6 Jiana3oH rpaHUIlb TOMYyCTHUMOI 00iacti V KOperyerhes ore-

paTopoM; TaKMM YWHOM, HAOUpPAEThCS CTATUCTUYHA iH(OpMalls, sika aae

3Mory ontumizyBatu BuTpary eHepronociiB [IKIIIM 3a paxyHok momycTH-

MOTO Jiala30Hy MIKpOKJIIMATy Y IPUMIIIEHHI.

CyrreBa miHiMiZallis ButpaTu eHepronociip [IKIIIM moxxnuBa 3a paxy-
HOK BUKOPHUCTAHHS PEIUPKYIISAIIl BUTSHKHOTO TOBITPS. Y THITI3aIls TETUIOTH BU-
TSDKHOTO TIOBITPSI JO3BOJISIE MPUBECTH MapaMeTPH MIKPOKIIMATy HABKOJIMIIIHEO-
T'O TOBITPS i3 TOUKH A y TOUKY B [yIst 3MMOBOI OPH POKY, Ta i3 TOUKH Ay TOU-
Ky B  mis mitHboi mopu poky (prc. 3). ToMy, BHTpaTa €HEproHOCIiB mix gac
0OpOOKH MOBITPS Ha OONAJHAHHI KOHAMIiOHepa (mepexix i3 Touwok B, B
BimmoBigHO y Touku D, D) 3HauHO 3MeHmyeThes. Y pasi 100% permpkymsiii
eneproedextuHicTs [IKIIIM makcumanbna. [Ipote, 3a caniTapHuMu HOpMaMu
Ta TMPaBWJIAMH ICHYIOTh HOPMATHBH IOBITPOOOMIHY 13 30BHINIHIM CEPEIOBU-
meM, Kl HeoOXiTHO BUTPUMYBATH y BUPOOHWYMX MPUMINICHHAX 32 HASBHOCTI
mpariBHUKIB. st ontuMizanii koedirieHTa perupKysiii MpOMUCIOBOTO KOH-
murtionepa bJ[ CIIIIP moBuHHA MICTUTH HOPMATHBHY I1H(pOpPMAII0 TPO IO-
BITPOOOMIH MK HAaBKOJHIIIHIM CEPEIOBHINEM Ta TIPOMHUCIOBUM MPUMIIICHHSIM
13 MpaIiBHUKaAMH.
Ontumizaiiss koedillieHTa PEUUPKYIALIl KOHAUIIOHEPA 31HCHIOETHCS

MpU MEPEX0/il CUCTEMH IITYYHOTO MIKPOKIIMATY 13 3UMOBOTO PEXUMY poOOTH
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Ha JITHIA Ta HaBOAKH, a TAKOX y pa3l 3MIHI KUIbKOCTI MPAaLiBHUKIB y TPOMHU-

CJIOBOMY MPUMIILLIEHHI Ta CKJIAJJAETHCS 13 TAKUX €TaIliB:

1. 610K MpUHHATTSA PIlIEHb IHILIIOE A1AJNOT 13 ONEPATOPOM Ta IMPOIMOHYE TOMY-

CTUMUHN KOE(ILIEHT PELMPKYJIALIL 32 KIIbKICTIO MPALIBHUKIB Y TPUMIIIEHH]

Ta TIOPOIO POKY;

dopmyeTnes imiTaniitna moaens [TKIIM 3a meroaukoro [4, 5];

3. miacucTeMa MOJIENIOBAHHS MPOBOJUTH IMITALIMHI PO3PAXyHKU MiATOTOBKU
HABKOJIHIITHBOTO TIOBITPS — mepexin i3 Touku A (4 ) y Touxy D(D);

4. npoBoauThbes oIiHka edektuBHOCTI ¢(yHKuHioHyBaHHA [IKIIIM Ha ocHOBi
MIHIMI3a1[li KpUTEpito eHeprocrnoxxuBanus (1);

5. omeparop 3MiHtoe koedinieHT peuupkysanii CAK IMKIIIM na ocHOB1 HasiB-
HOro 10cBiny Ta pekomenaanii CIIIIP;

6. anamizyerbcs eHeproedextuBHicth I[IKIIIM; y pa3i 3MiHM KUIBKOCTI
npaiiBHUKIB, abo pexumy pobotu I[IKIIM eranu 1 -6 nmo onTumizamii
Koe(illieHTa PEIUPKYJIIALIT TOBTOPIOIOTHCS.

Taxum ymnom, CIIIIP momomarae omepaToOpoBi ONTHUMI3yBaTU €HEProe-

(GeKTUBHICTh OO0JaJHAHHS MPOMHUCIOBOTO KOHJAMIIIOHEpa ©O€3 BTpaTH SIKOCTI

NPOAYKIlli HA BUPOOHUIITBI.

N

OnepaTuBHe KepyBaHHs i3 ajganTanii  CHCTeMH  IITY4HOIrO
MiKpOKJIIMaTy

3anmaya onepatuBHOro kepyBaHHs 3 aganTtaiii CIIIM HeoOXinHa 1Sl KO-
pekmnii HamamrtyBanb CAK TIKIIM, mo 3a0e3nedye SKiCHY IUHAMIYHY I10-
BEJIIHKY CUCTEMH KepYBaHHS HE3aJIe)KHO B1J] MIKpOKJIIMATy HABKOJIMIIIHBOTO Ce-
penoBuia. bynp-sika cuctema alanTUBHOTO KEpPyBAaHHS TONUISETHCA Ha JIBa
KOHTYpPH: BHYTPIIIHIA — KOHTYp Oe3mocepeHbO-1IU(PPOBOT0 KEpPyBaHHS,
30BHIIIHIA — KOHTYp oIliHku napameTpiB OK ta po3paxyHKy mapameTpiB pery-
asTopa. BHyTpimHINA KOHTYp alanTUBHOTO KepyBaHHS peanizyeThes Ha I1JIK, a
3oBHimHIi — y CIIIIP (puc. 2).

Ananramiss CAK IIKIIM 3aiiicHtoersest mia gac nepexoay CIIM i3 3u-
MOBOTO peXUMYy poOOTH Ha JITHIA Ta HAaBMaKu. AJIITOPUTM OMNEPATHUBHOTO Ke-
pYBaHHS 13 ajanTairii CKJIaJaeThbes 13 TAKUX €TaIliB:

1. OmoK mMPUIHATTS PIICHb IHIIIIOE 1aJIOT 13 OTEPATOPOM Ta MPOIOHYE MPOBE-
CTH OIIIHKY IMapaMeTpiB MAaTEMAaTUYHUX MOJIeNIeH KIIIMaTUIHOTO O0JIaTHAHHS
[6°—°11]; nnmsa mopeneit oOnagHAHHS OIHIOOTHCS KOC(IIIEHTH TEIIOBII-
Jadi Ta MacoBigaadi, K1 3aIeKH1 BiJ 6araTboX (HaKTOpPiB; IS OI[IHKH Iapa-
METpPIB MOKHA BUKOPHUCTATH METOJIW CKaHYBaHHS a00 TPaJi€HTHOTO MOIIY-
KYy; Y SIKOCT1 €TaJIOHHOI MOJIeJIi BHKOPUCTOBYETHCS HAaKOMMUYEHa iHpOpMAaIris
Bumipsiaux nanux [IKILIM, o mictutees y bJ1 CIIIIP;

dbopmyeThes imitaniiina mozgens [IKIIM 3a meToaukoro [4, 5];

3. mns obnacterd h—d giarpamu (puc. 3) BU3HAYAIOTHCS MapaMETPHU MaTpPHIILI

3B0pOTHOrO 3B’ s13Ky JIKIIP [5];

N
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4. mia po6oyoi obnacti h—d giarpamMu Ha OCHOBI KBaJpaTHUYHOTO KPHUTEPIIO
AKOCT1 MPOBOAMUTHCS oliHKa epextuBHOCTI PpyHKIionyBanHs CAK INKIIM
13 crapumu HanawmtyBanHsamu JIKLIP ta anantoBanumu;

5. omeparop 3MiHtoe napamerpu JIKIP, sxmio edhextuBnicts CAK ITKIIM i3
PO3paxoBaHUMHM MapaMETPAMU KpaIla;

6. eramu 1 — 5 mo aganTaii JIKI[P moBToprotoThcst y pa3i 3MiHH PEXUMY PO-
00TH TPOMUCIOBOTO KOHAUIIOHEPA.

Hns Bunaaky sikmo azgantyetbess CAK TIKIIIM 13 BuKOpUCTaHHSM O]I-
HoMipHuX [P m. 1 Ta m. 3 po3ristHyToro aaropuTMmy 3MiHsAThCS, aganTarito [P
IOPOMOHYETHCA MPOBOAUTH 32 AITOPUTMOM OINTHUMI3alli, SKUH PO3TISHYTO

y [13].
BucHoBkH

3anpononoBano Meroauky inrerpyBanHs CAK ITIKIIIM y ACYVY B. Po-
3po0JieHi y momnepenHix podotax [2°—°10] MaremaTU4H1 MOJEi Ta aJrOPUTMHU
KepyBaHHs 3alpOTIOHOBAaHO BUKOPUCTOBYBAaTH Ha cepennbomMy [ACY mignpuem-
CTBOM Yy CHUCTEMI MIATPUMKHU Ta MPUUHSATTS PillleHb, 110 JO3BOJIUTH ITiIBUIATH
edextuBHICTh PyHKIionyBanHs CIIM ming yac 3MiHM yMOB eKcIutyartaiii. ¥ pe-
3yJbTaTi MMPOBECHOI0 aHaJli3y 3alpOINIOHOBaHO Oarato(yHKI[IOHATBLHE MaTeMa-
TUYHE Ta aNTOPUTMIYHE 3a0e3MedeHHs JJIsi IHTErpyBaHHS CHUCTEM KepyBaHHS
IPOMHUCTIOBUMHU KOHIUI[IOHEpPAMH Y KOMII IOTEPHO-IHTETPOBaHI CHUCTEMH Ke-
pyBaHHS BUPOOHULITBOM. P0o3pobiieHi Mozeni, METOAN Ta alfTOPUTMU PEKOMEH-
IYy€ThCS BUKOPUCTOBYBATH Ha CTaJil MPOEKTYBAaHHS, HAJaroJUKeHHS Ta y pasi
eKCIUTyaTallii Ha CepeHhOMY PIBHI ONEPAaTUBHOTO KEPYBaHHS BUPOOHHUIITBOM.
3anporioHoBaHI MaTeMaTHYHI MOJIeJ, METOJIU Ta aJrOPUTMH KEpPyBaHHS KOH-
TUITIOHEpaMU JIOBEJICHO 10 MPAaKTUYHOI peaiizaiii. Pe3ynbrat mpoMHCIOBHX
BIIPOBA/KEHb MIATBEPINUIN BUCOKY €(EKTHUBHICTh aBTOMATUYHUX CHCTEM Ke-
pyBaHHS TPOMHCIIOBUX KOHIHUIIIOHEPIB, IO MPOEKTYIOTHCS Ha OCHOBI 3aCTOCY-
BaHHS KOHIIETITYaJbHO-THTETPOBAHUX CHCTEM.

Cnncok BUKOPHUCTAHOI JIiTepaTypu

1. Ilynena O. M. Ornsg cy4acHHX CTaHAApPTIB IHTETPOBAHOTO BUPOOHUIITBA /
O. M. Ilynena, I. B. Enpniepin,  P. MipkeBuu  //  ABTOMaruzariis
TEXHOJIOT1YHUX 1 0i13Hec-porieciB. — 2016, Ne 8. — C. 6374,

2. Toninxo I. M. TlpuHIUNU CUHTE3y aBTOMAaTUYHUX CHCTEM KepyBaHHS
npoMucioBuMu  KoHauiionepamu / 1. M. T'omiako // ABTtoMarm3arris
TEXHOJIOT1YHUX 1 0i3Hec-porteciB. — 2016, Ne 8. — C. 3342,

3. Toninko I. M. CuHTE3 CHUCTEMHU KEpyBaHHS INTYYHUM MIKPOKIIMATOM i3
BUKOPHUCTAHHSIM BIJTHOCHOI BOJIOTOCTI Ta BOJIOTOBMICTY MOBITPSI B SIKOCTI1
napamerpa crabumizauii / . M. I'ominko, I. €. Ianmunbka //Tndopmarniitai
CUCTEeMH, MexXaHika Ta kepyBamHs. — 2015, Ne 13, C. 88-98.



87
Po3zoinan 3. KepyBaHnHuis

10.

11.

12.

13.

DOI: https://doi.org/10.20535/2219-380413201566471

Toninko I. M. Onrtumizanis 0araTOBUMIPHUX CHUCTEM KEpYBaHHS IS
KOMIUIEKCIB wmTy4yHoro Mikpokimimaty / I. M. T'ominko, I. €. I'anmuupeka //
[Tpukapnarcekuii Bicnuk HTILL. Cepis Uucno. 2016, Ne 1(33). — C. 61-73.
Toninko I. M. Tlpouenypa cuHTE3y O0araTOBUMIPHOTO pEryjsTopa s
Opeuu3IMHOr0 KOHJIUIIOHEPA 13 mapoBuM 3BoJiokyBaueM / 1. M. Toninko,
I. €. I'anunpka // Mexanika ripockomigyaux cucteM. — 2017. Ne 34, C. 21-31.
DOI: https://doi.org/10.20535/0203-3771342017130225

Toninko 1. M. JlunamiuyHa MOJieIb TEIJIOOOMIHY /IS BOASTHOTO Kanopudepa
y mnpoctopi crtaniB / I. M. Tomuko, I. €. lanmuubka // Indopmariiini
CUCTeMH, MexaHlka Ta KepyBanHa.—2016, Ne 15. — C. 83-92.
DOI: https://doi.org/10.20535/2219-380415201686207

Toninko I. M. JluHamiyHa MOJENb TEMJIOMACOOOMIHY JJii  BOJSIHOTO
0X0JI0/KyBaua mnpomuciioBoro konauiiionepa / I. M. IN'ominko // Haykosi
BicTi HTYY “KIII”. —2014, Ne 6. — C. 27-34.

TI'oninko I. M. MaremaTtuHe MOJIETIOBaHHS MPOIECIB TEIJIO- TA MAaCOOOMIHY
st kamepu mapoBoro 3BojiokeHHs / I M. Tomiako, I. €. I'anunpka,
B. 1O. Crenanenko // Ilpukapnarcekuit Bichuk HTII. Cepis Yucno. —2014,
Ne 1(25). — C. 54-62.

lToninxo I. M. JlunaMiuHa MOJeIb TETUIOMAacOOOMIHHHMX TPOIIECIB y Kamepi
dbopcynounoro 3BosioxeHHs / 1. M. T'ominako, A. I. Kyopak, 1. €. 'anuneka
/Tadopmartiiini cucTeMu, MexaHika Ta kepyBaHs. — 2014, Ne 11, C. 61-71.
Toninxo 1. M. TIlpoMuciioBe TPHUMIIIIEHHS SIK TUHAMIYHUN €JIEMEHT CHUCTEMU
KepyBaHHs ImITy4HUM MikpokiaiMatom / I. M. Tominko, 1. €. Nanunpka
[MTadopmarniiini cucteMu, MexaHika Ta kepyBanHia. — 2018, No 18,
C. 104-114. DOI: https://doi.org/10.20535/2219-3804182018124840.
Poivkesuu, A. A. CucTeMHBIII aHaIW3 ONTHMHU3ALMH OOIE0OOMEHHOMI
BEHTWISIIIMM W KOHAMIIMOHMpPOBaHUsA Bo3ayxa / A. A. PeimkxeBuu. —M.:
Crpoiinznar, 2003. 272 c.

Pyoaxosa, I B. Mopaeni Ta MeTOIM KepyBaHHS OpraHi3amiiiHO-TeXHIYHUMH
CUCTEMaMU B KPUTHYHHUX pekuMax (QyHKIIOHyBaHHSA: Monorpadis /
I'. B. PynakoBa. —Xepcon: BumaBuuutso I1I1 Bumemupcrkuii B.C, 2014. —
316 c.

Golinko, I. M. Engineering Method of Optimization of Digital Control
Systems / 1. M. Golinko, A. P. Ladanyuk, A.I. Kubrak //Journal of
Automation and Information Sciences, 2014, Vol. 46, No. 2, p. 67-75.


https://doi.org/10.20535/2219-380413201566471
https://doi.org/10.20535/0203-3771342017130225
https://doi.org/10.20535/2219-380415201686207
https://doi.org/10.20535/2219-3804182018124840

88
IndpopmaniiiHi cucTeMHu, MeXaHiKa Ta KepyBaHHA

Yac nonsory,

c 35 95,1 173,1 243,9

CtpykTypHa cxema 00’€KTYy KepyBaHHS

Jnst kpamoi urroctpanii nuHamika BIIJIA Oyno ckiageHo CTpYKTYpHY
cxemy 00’exta kepyBaHHs (puc. 3). Llg cxema Oyna ckiazeHa Jisi JOCTYITHOCTI
MOSICHEHHS 3B’SI3KIB MK napameTtpamu o0’exty kepyBanHs (OK), a Takox miis
JOCIIPKeHHsI BIUTMBY OpraHiB KepyBaHHs (TOOTO pyJliB BUCOTH Ta HAMpsMy), HA
KepOoBaH1 BETMYMHU — OOKOBY 1 BEpTUKAJIbHY KOOPJAMHATH PAKETH y 3€MHIN CHC-
TeMu KoopauHart. [lix "yac ckiagaHHs CTPYKTYpPHOI CXEMHU JaHOTOo 00’ €KTy Ke-
pyBanHs, OK OyB po3riisiHyTHH SIK TBEp/AE TUIO0, U0 PYXAETHCS MiA 1€ 30BHI-
IIHIX CHJI.

e
157 .5; _
i Y Ya Yo
0, M M @ & 7L .
RSP TR REVNEAR, I ¥ S22 SUATVAL AN S A
Caes TSI T R T ST %
G
ar
(Mz:fﬁm_ a}Z
i vz
2 @
= ]

Puc. 3. CtpyktypHa cxeMa 00’ €KTy KepyBaHHS

Ha cxemi 0; — 1e BigXWICHHS aepOJWHAMIYHUX PYJIiB y3araibHEHOI pa-
KeTH, Yy — e il KoopIMHATA y 3€MHIM CUCTEMi KOOPJWHAT, a caMe, BUCOTa. Sk

BUIHO 31 cxemu, BITJIA pyxaeThcs mia giero migioMHOT Fyz CHUJIH, sIKa € (DYHKITI-
€10 KyTa aTakH, a TAKOXK BiaxuieHHs pyiiB. Kyt o 3anexurts Big MmomeHTy M ,

. MoMeHTH y KO’)KHOMY KaHaJl 3aJIe’KaTh Bij TapaMeTpiB JaHOTO KaHaly (KYTiB,
KyTOBUX IIBUJKOCTEH 1 BIIXWICHb PYIIB), €

=1, =1, (2)

KoeoitienTy i3 XBUiscToro Jidiero (Hanpuknan, ¢ a/y, i M2 inmi) — ne
100yTOK BIAMOBITHOTO aepoAMHAMIYHOTO Koe(ilieHTa Ha MBHIKICHUN HAaIIp i
Ha XapakTepHy Mionry (a s KoedimieHTa MOMEHTY — e ¥ Ha XapaKTepHHM
po3mip). Tobto
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JlaHa CTpyKTypHa cxema J03BOJII€ MPOCIiIKYBaTH TOPU3OHTAIbHUN pPyX
uentpa mac BIUIA, 3anexxHo BiJ pyxy Kepyrouyux opraiB. Takum 4uWHOM, 1O
JaHid cxeMi MOkHa npociiakyBaTu peakiito BITJIA na Oyab-ski npoOHI Kepy-
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104l BIUIMBH, HANPUKIAJ, HA OJUHUYHUHN IMITYJIbC 1 CTPUOOK BIAXWJIEHHS Opra-
HIB KEpYBaHHS, HA TAPMOHIYHY KEPYIOUYy A1I0 TOLIO.
Y naHiil CTPYKTYpHiH CXeMi He BiToOpaxaeTbCs pyxX mo oci Xq. Le

OB’ 13aHO 13 TUM, 110 3T1IHO 3 YMOBOIO MOCTAaBJIEHO1 3a7a4l, 3MIHHI CTaHy, SIKH-
MU MOTPIOHO KEpyBaTH, 1€ TOPU3OHTAIBHE 1 BEPTUKAJIbHE BIAXUIJIECHHS LIEHTPA
mac JIA. BoHu He 3anexarhb Bil KOODAMHATH Xy, a JIUIIC BI LIBHAKOCTI.

Po3poOka cucremu kepyBanus aiast BIIVIA

[Ticns oOrpyHTyBaHHS OOpaHHS CTAPTOBOTO KyTa HAaXMWILy TPAEKTOPIii He-
00X11HO po3pobuTH cuctemy kepyBanHs st BITJTA.
Jns ~ 3abe3medeHHsT  KpUTEpiiB 0<Ygp <25kinoMeTpiB  Ta

X g4 — Max HeoOX1IHO po3pOOUTH TaKy CUCTEMY KEpYBaHHS, 5IKa 103BOJIUTh

HE BHMTH 3a 4ac poOOTH JIBUTYHA 3a BUCOTY MOJBOTY 25 KUJIOMETpPIB, Ta JI03BO-
TuTh 3a0e3nedyuTd OUTbIIy HAalbHICTh MOJBOTY TMOPIBHAHO 13 OaJiCTUYHUM
MOJILOTOM 0€3 BUKOPHUCTAHHS CHCTEMH KEPYBaHHSI.

Jlns 3a6e3neueHHs BxokeHHs BITJIA y mianason Bucotu Bix 0 10 25 Ki-
JIOMETPiB HEOOXITHO PO3MOYNHATH KEPYBAHHS JIITAJILHUM arapaToM IIe Ha eTa-
i poOOTH IBUTYHA, OCKUTBKH JBUTYH CTBOPIOE BEJIMKY MITHOMHY CUITY, il HEOO-
X1IHO KOMIIEHCYBaTH, a came, MepejaTH Ha MPUBOJIM KEePYyrOUl CUTHAIH, SK1 J10-
3BOJIATH He BUXoauTu BITJIA 3a 3amanuii miamna3oH, i1 TOMY 30UIBIIUBIIN JaTb-
HiCTh 1oK0TYy BITJIA.

BpaxoByroun mapamerpu atmochepu, a came, 110 31 30UTBIICHHSIM BUCOTH
I'YCTHHA TIOBITPS 3MEHIIYETHCS, IO MPU3BOAUTH O 3MEHIIEHHS JIOOOBOTO CY-
npotuBy BIUIA, morinsHO Oyi0 6 3a JOMOMOIOK OpraHiB KepyBaHHS yTPUMY-
BaTH JIITAJLHUMA amapaTr Ha MaKCHMMalbHIM BHCOTI, ajie He OibIe HiX 25 Kijo-
METpiB, MaKCUMAJIbHUM MPOMDKOK 4acy, ajie BpaXOBYIOUH, IO 3a BiIXUJICHHS
OpraHiB KepyBaHHS Ha MaKCUMAaJIbHY BEJWYHUHY PI3KO 3pocTae KoeilieHT Jio-
OO0BOTO CYMpPOTHUBY, IO PI3KO MO3HAYUTHCS HA MIBUIKOCTI JITAIBHOTO amapary,
Ta TPU3BEJIE 10 3MEHIICHHS ajJbHOCTI MOJBOTY, TOMY JIOTIYHUM € MPUIYIICH-
Hs1, TIPO MOCTYINOBE BIIXWJICHHS OpraHiB KEPYBaHHS JO MaKCUMAaJbHOTO 3HAYCH-
HS B 3aJIC)KHOCTI BiJl 3MIHH BUCOTH TIOJIBOTY.

3rifgHo 31 3pOOJICHUMH TPUITYIIIEHHSIMHU OYJI0 CUHTE30BaHO CUCTEMY Kepy-
BaHHS 3 BpaxyBaHHSAM 3yCTpiuHOro BIiTpy 31 mBuakictio 20 m/c. Jlns meMoH-
CTpailii poOOTH CUCTEMU KepyBaHHS HUX4Ye Oy/ie HaBEICHO OCHOBHI MapaMeTpu
K1 3MIHIOIOTBCS y TI0Nb0TY BITJIA, BKIIFOWHO 3 BiZIIpaIfOBaHHIM OpraHiB Kepy-
BaHHSI.

3a pesyabTaTaMH IMITAIMHOIO MOJEIIOBAHHS TPAEKTOPIS MOJIBOTY
BIUTA i3 3ananumu mapameTpamMu Mae BUTIIsIT (puc. 4)
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TpaekTopia nonboty BINJIA npu cTapToOBOMY KyTi Haxuay
TpaeKTopii 45 rpaaycis Ta 3 CUCTEMOIO KEPYBAHHA

25000
20000
15000

10000

BucoTta noibOTY, M

5000

0 20000 40000 60000 80000 100000
[anbHicTb NoNboTy, M

Puc. 4. Tpaexropis nonsoty BITJIA 3 cucteMoro kepyBaHHs

Ha puc. 5 300paxeHo BiIIpaltoBaHHS OpraHiB KEPYBAHHS MO30BXHBOTO
KaHay KEpYBaHHS 32 YaCOM:

BignpautoBaHs opraHiB N0340BXHbOr0 KEPYBaHHS 3a
4acom

15

-15

BiaxuneHHs pynis, rpag,

-25

Yac nonbory, C

Puc. 5. BianpamoBanHs opraHiB MO3J0BXHBOTO KEPYBAaHHS 32 YacoM
MOJIBOTY

Sk GaunMo 13 Tpadika BIAMpaLIOBAHHS OpPraHiB KEPyBaHHS PO3MOYATIOCS
e Ha eTani Habopy BUCOTHU JJis TOro mo0 He no3BonuTtu BIIJIA Buiitu 13 mia-
Ma3oHy BUCOTH 25 KinoMmeTpiB. TakoK BUIHO, IO MICIS JOCSTHEHHS MIKOBOT
BHUCOTH PYJIl HOYATIU BIAXWISTUCS B MPOTUIIEKHY CTOPOHY, JJI TOTO 1100 CTBO-
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PUTH JONATKOBY MiAloMHy cuiy, ajke BIIJIA Bxke mouyaB maaiHHS Ha 3€MITIO
M1 J1€I0 CYUTH TSOKIHHS.
Ha puc. 6 300paxkeHo rpagik 3MiHA LIBUJKOCTI MOJBOTY 33 YACOM.

LsnakKictb nonboty BINJIA B 3an1€XHOCTI Big, vacy
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Yac nonborty, ¢

Puc. 6. I'padik 3MiHM MIBUAKOCTI MOJIHOTY 32 YaCOM

Ax BunHo 13 puc. 6, BIIVIA HabupaB MBUIKICTH Ha MOYATKOBOMY €Tarli
MOJIBOTY, a caMme, i yac pobotu aBuryHa. Ilicis kiHisg poOOTH ABUTYHA IIIBUI-
KiCTh ITOCTYIIOBO TI0Yaja CraJaTH.

Taxkum 9MHOM ITiCIIS PO3POOKH CHCTEMH KEpyBaHHS, Y pe3yJbTaTi iMira-
IIHHOTO MOJICJIFOBaHHS OYyJIM OJiepKaHI pe3yJbTaTH, 10 MOBHICTIO 3aJ0BOJIb-
HSIOTh BUMOTH, 5IK1 OyJIM 710 HEl TOCTaBJIEHI.

BucHoBkmu

Buxoasuu 13 BChOTO BHUIIE CKAa3aHOTO MOYKHA 3pOOWTH BUCHOBOK, IO ITiC-
7S CHHTE3y CUCTEMHU KepyBaHHS OyJIO MOKPAIICHO JIbOTHO-TEXHIYHI XapaKTepu-
ctuku BITJIA, Ta 3a6e3nedeHo OCHOBHI KpUTepii, a came, 30UThIICHHS JaIbHOCTI
MOJIBOTY Ta Jiara3oH BUCOTH moiaboTy BIUIA menmie 25 ximometpiB. Sk BUIHO
13 rpadikiB, JATBHICTh MOJBOTY 3a JOIMIOMOTOI0 BHKOPHUCTAHHS CHUCTEMHU KEpy-
BaHHA Oyino 30utbmieHo i3 101768 merpiB 1o 106727 meTpiB, HE 3MIHIOIOYH Ta-
O6aputHo-macoBi xapaktepuctuku BITJIA. ToOTo manpHICTH MOIBOTY 301TBIIH-
nack Ha 4,8 %, pu bOMY 3aJTUIIUBIINCH Yy /11ala30H1 BUCOTH 25 KUTOMETPIB.

Cnucok BUKOPHUCTAHOI JIiTepaTtypu



92
IndpopmaniiiHi cucTeMHu, MeXaHiKa Ta KepyBaHHA

1. Topbamenxo C. A., Supcm M. M. n np. Mexanuka noneta. CipaBOYHHK. —
M.:Mamunoctpoenue, 1978, — 419 c.

2. Mameees B. B., Pacnonog B. /I «OcHOBBI TIOCTpOoeHHUs OectiaTOopMEHHBIX
WHEpLUHANbHUX HaBUranumoHHbIX cuctem». [HI[ P® OAO «Konuepn
«ITHUU «Dnextponpudop», 2009.

3. Jlebeoes A. A., Yepnobposxun JI. C. Jlunamuka mosieTta OECIUIOTHBIX JieTa-
TENbHBIX annapaToB. — M.: Mammnoctpoenue, 1973, — 44 c.

4. Jlebeoes A. A., Yeprnobposxun JI. C. lunamuka noneta OECIUIOTHBIX JieTa-
TeJIbHBIX anmnapaToB. — M.: MamunocTtpoenue, 1973, — 55-56 c.

5. llonakos K. FO. Teopusi aBTOMaTUYECKOTO YIPABICHUS ISl «HaWHUKOB.
//CankTt-IlerepOypr 2008, — 21-22 c.

6. Cuneenazoe B. M., @inawxkin M. K. ABTOMaTH4HI CUCTEMH YNPAaBIIHHS MO-
BITpsiHUX cyneH. — [ligpyunuk ni1s aBianiiiaux By3iB. — K.: KamkkoBe Bua-
BaunTBo HAY, 2005, — 193-219 c.

7. Ivan F Mondragon, Miguel A Olivares-Mendez, Pascual Campoy, Carol
Martinez, Luis Mejias. Unmanned aerial vehicles attitude, height, motion es-
timation and control using visual system. 2010. Conference on Methods and
systems of navigation and motion control — 2010.

8. Mywenrxo A. C. CuHepreTuyecKkuii CHHTE3 3aKOHOB B3aHMMOCBS3aHOIO
yIpaBlI€HUs TPOJOJIbHBIM JBI)KEHUEM JIETaTeNbHBIX armapaToB. M3Bectus
TPTYVY, 2006.

9. I5n K., Yyaun H. A. ANropuTMbl CTaOWUIW3AIMU 1T aBTOMAaTHYECKOTO
VIPABJICHUS TPACKTOPHBIM JBWKEHHEM KBaapokonrtepa. — MBTY
uM. H. D. baymana, 2015.

10. Kpuwenxo A. I1., Kanamuuxos A. H., Tkaues C. b. JlonmycTiMBbIe TTpOCTpaH-
CTBEHHbBIE TPACKTOPUHU OECIMIIOTHOTO JIETATEIBHOTO anmapara B BEPTUKAIb-
HOM 110cKocTH, 2014.

11. Kopocmenvos O. I1. «TeopeTnyeckre OCHOBBI MPOEKTUPOBAHUS CTBOJIbHBIX
ynpaBisieMblx paker». KueB, W3marensctBo DEFENSE EXPRESS
LIBRARY — 2007.

YK 629.735

DOI: http://doi.org/10.20535/2219-3804202019194417
A. C. PyzleHKO?’, 6akxanasp, I. C. KpuBoxaTbko®, doyenm, k.m.H.

$ KII im. leopa Cixopcokozo
* KII im. leopa Cixopcokozo


http://doi.org/10.20535/2219-3804202019194417

93
Po3zoinan 3. KepyBaHnHuis

JOCIIKEHHA BIIVIMBY TEXHOJIOI'TYHUX BIIXUJIEHD HA

En

Ru

AEPOINHAMIYHI XAPAKTEPUCTUKHU BE3IIVIOTHUX

JIUTAJIBHUX AITAPATIB

At the stage of serial production, all the potential of the aircraft must find a
practical realization. Such features of the contour such as projecting rivets, surface
waviness, steps, cracks, and flashing lights cause the additional drag.

Methods for additional drag calculating can be found in various sources, but
there is no confirmation how these methods are regular for low Reynolds numbers.

The influence of technological deviations on the aerodynamic characteristics
of the unmanned aerial vehicle was investigated by the computational fluid dy-
namics method.

The study was performed in Profili 2.27 software, which uses the XFOIL
code. It shows a high convergence of calculation results with experimental data for
low Mach numbers and a wide range of Reynolds numbers. Each of the airfoils
was considered with different positions of the deviation and with its different
depth. The calculation was also performed for different Reynolds numbers.

Eighteen polars of SD8040 (10 %) and HN-417 (10 %) airfoils were received.
Twelve dependencies of drag coefficient and maximum lift coefficient from the
cavity depth, its coordinate and Reynolds number were also presented in the form
of tables and graphs. A comparison of the determined impact of surface deviations
on aerodynamic characteristics with generalized regularities was made. As a result
of the calculation, it was shown that, in general, the cavity shifting backward de-
creases its effect on the aerodynamic characteristics, since the thickness of the
boundary layer increases and the relative cavity depth to this thickness becomes
less. Mainly, the Reynolds number decreasing reduces the influence of the cavity
on the airfoil aerodynamic characteristics for the same reason. The obtained results
meet the known patterns and confirm the correctness of the chosen research meth-
od. The impact of the cavity with a 0,5 % depth of the chord can significantly re-
duce the maximal lift coefficient (from 1,28 to 1,21). At the same time, it was
found that the effect of deviations from the theoretical contour depends essentially
on the particular airfoil shape, even if these airfoils have the same thickness and
are geometrically similar. Comparisons with analytical generalizations indicated
that the calculated results have one order of value, but unlike theory, they are more
complex nonlinear dependences on the cavity depth.

Further studies of other airfoils of different thickness and curvature with simi-
lar deviations from the theoretical contour are promising as well as using more
powerful numerical methods (solving Navier-Stokes equations).

B pabGoTe mMerosaMu 4MCICHHOW a’3pOAMHAMHMKHM MCCIEJOBAHO BIMSHUE TeX-
HOJIOTHYECKUX OTKJIOHEHHH B BUJE BIAJUH HA adpOJAMHAMUYECKUE XapaKTEPUCTHU-
KM Kpblla OECHMJIOTHOTO JIeTaTeNIbHOTO ammapara. MccienoBaHue MpOBEAECHO C
pacuetHbIM KoJioM XFOIL. PaccmoTpens! Ba THnMYHBIX U1t Majibix BJIA aspo-
JMHAMUYECKUX TPOoQMIs C Pa3HBIMU KOOPAMHATAMU PACIOJIOKEHUS BIAJIUHBI U C
pa3HON BEIMYMHON OTKJIOHEHMs OT TeopeThdeckoro kKoHrtypa. IlokazaHo, uto B
LIEJIOM CMEIlleHUe BIaJWHBI Ha3a]l yMEHbIIAET €€ BIUSHUE HA adpOJAUHAMHUYECKHUE
XapaKTepUCTUKH; yMEHbIlIeHue yucia PeiiHonbaca Takke yMEHBIIAET 3TO BIIUS-
Hue. OtkinoHenue BenuunHon 0,5 % XOpHapl MOXKET MPHUBECTU K CYLIECTBEHHOMY
cHUXKEHUIO Cymax (¢ 1,28 1o 1,21). BausiHue OTKIOHEHUS OT TEOPETUYECKOTO KOH-
Typa CYIIECTBEHHO 3aBUCHT OT (POPMbI KOHKPETHOTO HPOQHIIS, JaXe €CIU ITH
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npouIM UMEIOT OJUHAKOBYIO TOJIIIMHY U T€OMETpHUYECKH Onn3ku. CpaBHEHHE C
AQHAJTMTUYECKUMHU 00O0OLICHUSIMH OKA3aJI0, YTO PacYETHBIC PE3yIbTaThl HMEIOT C
HUMU OJIMH MOPSIOK BEIMYNH, HO B OTJIIMYME OT TCOPUH IPEICTABISIFOT cO00it 60-
Jiee CIOXKHbIC, HEJIMHEHHBIC 3aBUCUMOCTH OT ITyOUHBI BIIaAUHBI.

Beryn

Ha erami cepiiftHOoro BUpPOOHMIITBA TMOBUHEH 3HAWTH MNPAKTUYHY pe-
anizaniio BeCh MOTEHIIaN, 3aKJIaJeHUN IPU CTBOPEHHI JIITadbHUX anapatis (JIA)
BUYCHUMH, KOHCTPYKTOpaMH, TEXHOJIOTaMH. besneka ekcruryaTarlii cepiiHux
JITaKiB € METOI0 BUKOHAHHS BCE OUIBII MKOPCTKUX cepTU(dIKAIHHUX BUMOT, a
€KOHOMIYHa e(DeKTUBHICTh eKciulyaTalli Bupobnaenux JIA y Benukii mipi 3ane-
KUTh Bl AKOCT1 iX BUroToBieHHs. Ha manuBHy ekoHoMmiuHicTh JIA, mopsan i3
BUTPATHUMH XapaKTEPUCTHKAMHU JBUTYHIB, BILTUBAE PIBEHb HOTO aepoIuHaAMIY-
HOT SIKOCT1. BIiTIMIHHICTh NMPaKTUYHUX 30BHINIHIX 00BO/IIB JIiTaKa B/l HAMKpaIuXx
TEOPETUYHUX (OPM MOXKE ICTOTHO CIIOTBOPUTH ONTUMAIBHUN PO3IMOALT THCKY i
3HHM3UTH acpoJWHAMIiYHy sSKicTh. HameBHO, 0 3a KOMIIOHYBJIBHHMH, TEXHO-
JIOTIYHUMU 1 CKOHOMIYHMMH MPUYMHAMH MOBHICTIO YHHUKHYTH TaKUX HEJIOCKO-
HanocTed (OpMH Y CydaCHUX KOHCTPYKIIISIX JIITaKiB HEMOKIIUBO.

SKicTh BUTOTOBJICHHS 30BHIITHLOT TTOBepXH1 JIA y Benukiid Mipi BIUIMBAE
Ha HOTO KOHKYPEHTOCIPOMOXKHICTh. [1i/1 IKICTIO BUTOTOBIIEHHS 30BHILIHBOI MO-
BepxHi JIA po3ymieThcs ii aepoAMHaMivHa TIaAKICTh, KOTpAa BU3HAYAETHCA HE
TUTBKM T€OMETPUYHOT TJIaAKICTIO, @ W BEIMYWHOK W KUTBKICTIO BIIXWJIEHb Bij
TEOPETUYHOTO KOHTYPY MOBEpXHi. ICHYIOTh NOKYMEHTH, IIO PErIaMeHTYIOTh
JOTYCTHMI BIIXWUJICHHS Ta SKICTh 30BHINIHBOI MOBEepXHi JIA — ramy3eBuii cTaH-
napt (OCT) 1 ctBoproBaHi Ha Horo 6a3i Texuiuni ymoBu (TY) ab6o TexuiuHi Bu-
moru (TB). Lli moxyMeHTH OOrpyHTOBaH1 aHaAJIi30M BIUIMBY PI3HUX BHUIIB Je-
¢dekTiB moBepXxHi Ha JI0OOBUH orip yiTaka. Bukonanus TB a6o TY Ha rpannuHi
BIJIXWJICHHS 1 SIKICTh 30BHIIIHBOT IMTOBEPXHI € 000B’SI3KOBUM TIiJ] 9aC OTPUMaHHS
JIA ceptudikara tumy. [{luM BCTaHOBIIOIOTHCS TPaHWYHI BIAMIHHOCTI y T€O-
MeTpii pi3HUX MPUMIPHHUKIB JITAKIB OJHOTO THUIMY, M0 (PAKTUYHO XapaKTEPHU3YE
MO>KJIMBOCTI BUPOOHUIITBA. Y pa3i HeMOKIUBOCTI BukoHanus TB abo TY Bupo-
OHUIITBOM, MPHUITYCTUMI1 BIIXWUJICHHS MOBHUHHI OyTH 30UTBINCHI 13 BIATOBITHUM
30UTBIIIEHHSM HIKIJIMBOTO OIMOPY 1 3MIHOO JIbOTHUX XapaKTEPUCTHK.

[mxeHepH1 cayxOn 3000B’s13aHI BXXMBATH 3aXOJIB 100 3HWIKCHHS ITiJT
gac eKCIUTyaTarlii JOJaTKOBOTO OMOpY TepTs, MpodiIbHOTO Ta 1HIYKTHBHOTO,
[0 BUKJIMKAHO PO3BUTKOM 1HIMBITyaIbHUX O0COOJIMBOCTEH JIiTaKiB. TexHOMOTIs
pemoHTy oOmuBkH JIA ToBMHHA 3a0e3medyBaTH MaKCUMAaJbHY TJaj-
kicth [1], [2].

Cryninp BIIUBY AePEKTy 30BHINIHBOI TOBEPXHI HA aepoAMHAMIYHY
SAKICTh 3aJICKUTh BIJl MICIS pO3TAllyBaHHS WHOTO Je(deKTy. YMOBHO BCS
30BHIIIHS TTOBEPXHS JIiTaKa pO30MBAETHCS HA 30HM, IO BIAPI3HAIOTHCS CTYyIle-
HEM BIUIMBY SIKOCT1 MOBEPXHI Ha MOro aepoJIMHAMIYHI XapaKTePUCTUKHU. 3a3BU-
yail Takux 30H OyBae 181 abo Tpu [3].
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Taki 0cOOMMBOCTI KOHTYPY OOIIMBKH, SIK BUCTYIAI0Y1 3aKJICTIKU a00 XBHU-
JSACTICTh MOBEPXHI, CXOJMHKH, HIUTUHU, MPOOJMCKOBI BOTHI TEX BHUKIUKAIOTH
JIOIATKOBUH OTIp.

VY pizuux mkepenax [3], [4, c. 5-6, ¢. 120-121], [S] MmokHa 3HaiTH iHOP-
Malilo M0JA0 METOAMK OOYHUCIEHHS J0JIaTKOBOI'O OMNOpY, ajlé HE Ma€ MICLS
MITBEP/KEHHIO, HAa CKUIBKU 111 METOJUKHU SIBISIOTH COOOI0 3aKOHOMIPHICTb,
TOOTO MOXYTh IPETEHIyBAaTH HA YHIBEPCAJIBbHICTh PO3PaXyHKIB.

[HImMMU ciioBamu, SIKIO HA eTari BUpoOHUITBA JIA, y IEKIIbKOX MICIAX
Oyzne aehopMOBaHO OOIIMBKY KpHJIa, @ MU 3a JOTIOMOT'O0 BIIOMHUX METOAMK PO-
3paxyeMo JIOAATKOBUH OIip BHACIIAOK LUX AeopMaliid, He (pakT, 1o oTpuma-
HY 1H(pOpPMaIIiI0 MU MOKEMO BUKOPUCTOBYBATH Y MOAANIBIIOMY /JI1 BUBHAUEHHS
JIOJIATKOBOTO OMOPY, Maroui 3a iH(pOpMaIlilo TUTBKH MICILIe Ta Xapaktep aedop-
Martii.

VY Teopii Taka 3aKOHOMIPHICTH I[IJIKOM JIOT14HA, aje €KCIIEPUMEHTAIBLHOTO
HIATBEP/DKEHHST Y BIAKPUTHX JKEpenax He BHUSBICHO, TOMY 3ajada 13 J0-
CJIIJDKCHHSIM BIUIMBY TEXHOJIOTIYHUX BIAXWICHb HA aepOJMHAMIYHI XapakTepH-
CTUKM 1 JIbOTHO-TEXHIYHI XapaKTEPUCTUKU OE3MUIOTHUX JITAJbHUX araparTiB
(BILJIA) moci 3anuiaeTbest B POIIECi BUPIICHHS.

ITocTanoBka 3axaui

B naniii po60oTi MeToaMu OOUYUCTIOBAIBLHOT aepOAMHAMIKN JTOCIIIKEHO
BILJIUB T€XHOJIOT1YHUX BIIXWJICHh HA a€pPOJMHAMIYHI XapaKTEPUCTUKH 1 JTbOTHO-
TEXHIYHI XapaKTePUCTUKN OE3MUIOTHUX JITATbHUX arapaTiB.

O0’eKT a0CaiKeHHA

Jlns nocnimkeHHs 6yio0 oOpaHO Taki BUX1THI JaHi:
— THIOBI a€pOJUHAMIYHI TIPOd1Ti, MO0 BUKOPUCTOBYIOThCA 11l Maiaux BITJIA:
HN-417(10%), SD 8040 (10%) (puc. 1, puc. 2);
— KoopauHatH nmoyaTky BiaxmieHHs: X=20 %, 40 %, 60 %;
— BEJIMYUHU BIIXHWJICHHS BiJ TeopeTHuHOro kKoutypy: h = 0,125 %, 0,25 %,
0,5 %;
— ypcna Petiroapaca Re=200 000; 500 000; 1 000 000.

Airfoils in comparison : HN-417-10% =

SD8040 (10%) =

Puc. 1. IopiBusaHs reomeTpii mpodiiB HN-417(10%), SD8040 (10%)
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HN-417-10% = e e
Re = 200000 m
SD8040 {10%) =

Cl{alpha): ClCd):
1.5 15—

sma=a=t-r-r=ma-d=r=r=r-r--a-

-10 -5 0 5 10 15 0.00 0.01 0.02 0.03 0.04 0.05 0.06

alpha Cd

Puc. 2. TlopiBusinns aepoaunamiku rnpodimiB HN-417(10%) 1
SD 8040 (10%)

MeToa g0cCaiKeHHA

Jocmimkennass nmpoeeaeno y nporpami Profili 2.27 ¢, ska BuUKOpHCTOBYE
po3paxynkoBuii kojq XFOIL, mo moka3aB BHCOKY 30DKHICTh PE3yJbTaTiB Po-
3paxyHKY i3 €KCIIEPUMEHTATPHIMH JTAaHUMH ISl HU3bKUX Yuces Maxa Ta y mu-
poKoMy miama3oHi uncen PeitHombaca [6, ¢. 59]. Kosxken i3 npodiniB 6yB mpopa-
XOBaHUH 3a PI3HUMHU KOOPJMHATAMH PO3TAIIyBaHHS BIIXWJICHHS Ta 3a PI3HOIO
BCJIMYMHOIO BIIXUJICHHS BiJ TEOPETHYHOrO KOHTYPY (puc. 3).

Takoxx mporneaypa po3paxyHKy Oylia mpoBeleHa ISl pi3HUX ducen Peii-
HoJb/ICa (pHC. 4).
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Airfoils management >

Management |mport Export Process Polars  Ribs-templates  Genius

List of airfoilz found in databaze: Selected airfoil :

e

M ax thickness 10.00% at 29.3% of the chord
b ax camber 253% at 33.5% of the chaord

Filter by name -» I ISDBD40 [10%)

Filter by parameters [advancead)

Show airfoilz gimilar to the selected one....

Begin printing a b or a template far the selected airfoll

< >

IEhronoIogicaI zarting ;I 5 aiffals inlist [ Enable Genius Exit |

Puc. 3. IIpodins SD 8040 (10%), miaroToBiaeHu# Ajig po3paxyHKy 3a
KoopauHaToro BinxuiaeHHs y 20%.

— Ajrfoill analyziz

[V Aifoil #1 name - |HN-417 [10%)

<- Select airfoil

v irfoil #2 name : IHN-41 T 03 w20-23h0.1 25 <- Select airfoil

v Airfail #3 name : IHN-41 0% w20-26R0.25 <- Select airfail

v Airfoil #4 name ; IHN-41 7 (10%)"+20-32.5h0.5 <- Select airfoil

- Select airfail

I

[ Airfoil #5 name : |12°/0JDUKDW'SKI

— Alpha angle analysis

Lower alpha : -5.00 Upper alpha : |1 300 Step : 050
Reynalds number : |2DDDDD vl [pre-processed values listed]

[ Clip the drawings into the grid V¥ Fe-compute polars

| Draw I Cancel |

Puc. 4. TIpodins HN-417(10%), miaroToBICHUI I pO3PAXyHKY 32
KOOPJIMHATOIO TToYaTKy BimxuieHHs y 20 % Ta urciom
Re =200 000



98
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Pe3yabTaTn gociixxeHHs

Bcboro Buiiimio BiCiMHAIIATE TOJISAP pi3HUX mpoditiB (puc. 5, puc. 6).

$D8040 (10%)~x20-23h0.125 =

SDB040 (10%)~x20-26h0.25 =

)

SD8040 (10%)~x20-32.5h0.6 =

cl(Cd):

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

Puc. 5. Tlonspa npodinto SD 8040 (10 %) 3a KOOpAUHATOIO TOYATKY
BinxuieHHs y 20 % Ta unciom Re = 1000000

Re = 500000 SDB0MO (10%) = = €0 e
SDB04D (10%)~X20-23h0.126 = ———— &
SDB040 (10%)~X20-26h0.25 = ———— € o
SDBO04D (10%)~%2082.5M0.6 = ———— o e
Cl(alpha): Cd(alpha):
1.5 0.10
ol -
- d
Y4
1.0 0.08
F 4
4
0.5 008\
\
cl ol cd
0.0 0.02
7
/
P
Mo
05 : 0.02
10 5 0 5 10 15 10

alpha alpha

Puc. 6. ITomspa npodimro SD 8040 (10%) 3a KoOpAMHATOIO TTOYATKY
BigxwmieHHs y 20 % ta guciiom Re = 1000000



99
Po3zoinan 3. KepyBaHnHuis

Takoxx Oyno mpeacTraBieHO  JBaHAALUATH  3aJ€KHOCTEM ¢, 1
Comax = T (h, x,Re) y Burmsii Tabmuip i rpadikis. Himkue npuseneni HaitGinbur
[IKaB1 pe3yJbTaTH, K1 MOKA3yIOTh 3arajbHy KapTHUHY JOCIIKEHHS:

SD —-8040 (10 %) — x40 (CX = f(h, x, Re)

Tabauya 1.
Re h=0 h=0,125 | h=0,25 h=0,5
200 000 0,0096 0,0094 0,0089 0,0087
500 000 0,0058 0,0057 0,0073 0,0084
1 000 000 0,0047 0,0051 0,0064 0,0072
0,012 4
ik
0,01
__—_‘—-h"""-l-__
0,008 /
Re 200000
0,006 -
Re 500000
0,004 Re 1 000000
0,002 -
0 T T T ki
0 0.1 0,2 0,3 0.4 0.5 0.6

Puc. 7. I'padik 3anexxHocTi KoedimieHTa Omopy BiJ MTUOWMHU 3amaJuHu IS
npodizro SD 8040 (10 %) 3a koopauHaToro BiaxwieHHs y 40 %

[TopiBHsHO 13 BinxwieHHsIM Ha X =60% BigxwieHHs Ha X =40% 3Haxo0-
JUTHCS. Ha MEHIII TOBIIMHI TPUMEKOBOTO IIapy, TOMY Ma€ BILUTUBATH Ha aepo-
JTUHAMIYHI XapakTepucTuku Oinmpmie. OKpiM TOro, mMpu OUThIIUX yuciax Peii-
HOJIbJICA TOBIIMHA MPUMEKOBOrO IIapy OyJae MEHIIOI0, a BIUITUB 3alaJHHA —
OinmpmmM. 3aeKHOCTI Koe(illieHTy onmopy, HaBe/eHl Ha puc. 7, MATBEPIKYIOThH
JaHUM e(EeKT.

SD 8040 (10%) — X60 (C, = f(h, X,Re)
Tabnuuysn 2.
Re h=0 |h=0125| h=025 | h=05
200 000 1,3285  1,3285 1,328  1,3189

500 000 1,3899 1,3899 1,3932 1,3761
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Re h=0 h=0,125| h=0,25 | h=0,5

1 000 000 1,4905 1,4905 1,4948 1,4846

1,52
Ty
1,5
148
146
1,44
1,42 ——Re 200000

1.4 =——Re 500000

1,36
1,34
1,32 ——
1,3
0 0.1 0.2 0.3 0.4 0,5 0.6

Puc. 8. I'padik 3anexHOCTI MAKCUMaIBLHOTO KOSQIIIEHTY MiiHMaTIbHOT
cuu B ruOunu 3ananuuu st npodino SD 8040 (10 %) 3a
KOOPJAMHATOO TTOYATKY BigxuiaeHHs y 60 %

Js mpodimro SD 8040 Touka MakCMMalIbHOT KPUBU3HU MEHIIE, HIK JIJIs
npodimro HN-417, Tomy Horo XxBocToBa 4aCTHHA CTBOPIOE MEHINY IiTiMaIbHY
cuity. BinnmoBigHO pO3INIAHYTI BIIXWICHHS B IeHTpaibHId (X=40%) 1 xBo-
ctoBiil (X =60% ) yactuni SD 8040 He IPOBOKYIOThH BIAPUB MOTOKY. 3MEHIIICH-
HS MaKCHUMajJbHOTO Koe(ilieHTa MigiiManbHOT CHJIM HE3HAYHE 1 CTaHOBHUTH

MEHIIIE, HIXK ‘Acymax‘ <0,02. 30utbIIeHHS KOE(DIIIEHTY OMOPY MPU PI3HUX YHC-
nax PeiiHonbaca nis qaHoro npodiTio TaKoXK HE3HAYHE.
HN —417 (10 %) — x20 (CX = f(h, X,Re)

Tabauuysn 3.
Re h=0 h=0,125 | h=0,25 h=0,5
200 000 0,0088 0,0087 0,0086 0,0108
500 000 0,006 0,006 0,0067 0,0094
1 000 000 0,0058 0,006 0,0074 0,0084

BigxuieHHsT BiI TEOPETUYHOTO KOHTYPY B IepeaHii dactuHi ( X =20%)
npodimo 8040 He3HAUHO BIIMBAE HA MAaKCUMAJIbHHUM KOCDIMIEHT MiAIMMaIbHOT
cuiId, a npu raubuni h= (0,25...0,5)% CTBOPIOE BINUYTHUN TOJATKOBHI omip

(ACx =0,0020... 0,0035) :
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0012
cx

0,01 J/

0,008

/ —— Re 200000
0,006 ~Fmm—

= Ra 500000

0,004 Re 1 000000
0,002

0 h
0 01 0.2 03 04 0.5 06
Puc. 9. I'padik 3a51e3kHOCT1 KOEILIEHTY OMOPY BiJ INIUOWHU 3aMaIuHu

npodizro HN-417 (10 %) 3a KoOpAMHATOIO TOYATKY BIAXHICHHS
y 20 %

HN - 417 (10%) — x40 (c,,, = f(h, x,Re)
Tabauuys 4.
Re h=0 | h=0125| h=0,25 | h=0,5
200 000 12839 1,2789 1275 12766
500 000 13713 1,3643  1,3298 1,337
1 000 000 14711 1465 14319 1,188

15
cy

145

14
Re 200000

e K/— — R 500000
Re 1 000 000

13

125 h
0 0.1 0.2 0.3 0,4 0,5 0,6

Puc. 10. I'padix 3anexHOCTEH MaKCUMATBHOTO KOSQIIIEHTY MiTIHMaITBHOT
cwm ipodimro HN-417 (10 %) 3a koopAMHATOIO TIOYATKY
BingxuieHHs y 40 %

[Tix gac cepegnboro posranryBanHs BiaxwieHHs Big TK (X =40%) BoHO
BIJTUBA€ Ha MaKCUMAaJIbHUN KOEQIIIEHT MiAiHManbHOI CHIM Y pasi yucen Peii-
Hoipaca 0,5 maH. Ta 1 MiH. 1 mpakTuyHO He BriuBae 3a 0,2 muH. Ile mosc-
HIOETHCSI TUM, 1110 32 MallUX yKciiaXx PeliHONb/ca TOBIIMHA TPUMEKOBOTO IIapy
Outpina. BenwunHa 3amauHU BITHOCHO TOBIIMHHM TPUMEXKOBOTO IIapy Oyie
MEHIIIOI0, TOMY 1 BIUIMBAaTH Ha JIAMIHAPHO-TYpOYJIEHTHUN MepexiJ 1 po3MmoAil
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TUCKY 3a npoduiem, BoHa Oyae meHmie. ToMy npuiycTuMi OUTbIIT BIAXWICHHS
BiJl TEOPETUYHOTO KOHTYPY, HIK IIpH OUTbIuX yuciax PeliHonbaca.

HN - 417 (10%) — x60 (C,,, = f(h, x,Re)
Tabauuys 5.
Re h=0 | h=0125| h=0,25 | h=0,5
200 000 12839  1,2783 12737  1,2126
500 000 13713 1,347 13376  1,3376
1 000 000 14261 14486 14375 14375

15

1,45

14

Re 200000

1,35 \\—— —— Re 500000

Re 1 000000

13

1,25 \

1.2 h
0 0.1 0.2 0.3 04 0.5 0.6

Puc. 11. I'padik 3anexxHOCTEH MaKCUMaIBHOTO KOE(]IIlIEHTY
migiiManbHoi cuim 1t npodinto HN-417 (10 %) 3a
KOOPJIMHATOO TTOYATKY BigxuiaeHHs y 60 %

Sk mpaBuio, BIIXWJICHHS TIOBEPXHI BiJl TECOPETUIHOTO KOHTYPY Y 3aJIHII
JacTUHI NMpo(dUII0 MEHIIIe BIUTMBAIOTh HAa acpOIWHAMIYHI XapaKTEPUCTHUKH, HIK
y mependii vactuHi. s mpodimo HN-417 i3 3amaaumHOI0 Ha KOOPJWHATI
X =60% maHe TBEp/DKEHHS CIipaBe/uMBe Npu yuciax Peitnonsaca 0,5 miH. 1

1 mutH: BennumHa C HE3HAYHO 3MIHIOETHCS 3a h=(0,125...0,5)%. Ane 3a

y max
Re=0,2 miH. namiHapHUA TPUMEKOBUHN Iap mocsArae Touku X =60%, y axii
MOYMHAETHCA BIIXWICHHS KOHTYPY Bim TeopeTnyHoro. JlamiHapHuii mpu-
MEXOBHI IIap BIAPUBAETHCS JIEeTINE, HDK TypOyneHTHu# (skuii OyB 3a
Re=0,5 man. i Re=1 mun.). Tomy 3amaguna BenwuuHoro Oimsme h=0,25 %

CIIPUYKMHIOE Pi3Ke 3MEHIIEHHS MaKCUMalIbHOI migiimansHoi cum: 3a h=0,5 %
c 3HIKY€EThes 13 1,28 mo 1,21.

y max
HN — 417 (10 %) — X60 (CX = f(h, X, Re)
Taonuys 6.

Re h=0 h=0125| h=0,25 | h=0,5

200 000 0,0088 0,0087 0,0088 0,0611
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Re h=0 h=0,125 | h=0,25 h=0,5
500 000 0,006 0,0062 0,0065 0,0374
1 000 000 0,0058 0,0069 0,0056 0,0271
0,07

X
0,06
0,05
0.04 7 Re 200000
0,03 ——Re 500000

Re 1 000000

0,02
0,01

0 01 0,2 03 0.4 0.5 0.6

Puc. 12. I'padix 3anexHocTel koedilieHTY onopy BiA IITUOMHY 3anauHU s
npodizro HN-417 (10 %) 3a KOOpAMHATOIO MTOYATKY BIAXHICHHS
y 60 %

Po3BuTOK BiIpUBY MOTOKY Y 3aJHINA YacTHHI NMPOPUIIO CIIPUUNHIOE 1 pi3Ke
30UTBIICHHS KOEdIliEHTY OTOpY, IO OCOOJIMBO BIAYYTHO Y pa3zi MaJIMX YHCEN
PeitHoMNb1ICa 1 TaMIHAPHOMY ITPUMEKOBOMY IIapi.

[TopiBHSHHS pPO3paxyHKOBOTO BIUIMBY BIIXWJICHb MOBEPXHI Ha aepoiu-
HaMiYH1 XapaKTepUCTHKW 13 Yy3arajJbHEHHMMH 3aKOHOMIpHOCTAMHU [5, 5-7,
puc. 10-1] naBeneno na puc. 13.

0,07
cx
0,06
0,05
0,04 ——Re 200000
Re 500 000
0,03
Re 1 000000
0,02 2 ——TeopeTHyHo
0,01 -
[ —
0 0,1 0.2 03 0.4 0.5 06

Puc. 13. Po3paxyHKOBI Ta aHAIITHYHI 3aJI€KHOCTI KoedillieHTa onopy
Bix rimmOwHM 3amaaunau ;s HN-417 (10%) 3a koopanHATOO
nouatky BinxwieHHs y 60 %
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Bucunosku

3a pe3yJbTaTaMu MPOBEJAECHUX PO3PAXYHKIB OYJI0 MOKa3aHO, 1I0:

— 3arajoMm 3MIIIEHHS 3alaJuHu Ha3aJ 3MEHILYE il BIUIMB HA aepOAMHAMIYHI
XapaKTePUCTUKH, TaK SIK TOBLUIMHA IPUMEKOBOTO IIapy 30UIbIIYEThCS 1 TIIH-
OMHa 3amaJIMHH BITHOCHO IIl€1 TOBIIMHHU MEHIIIC,

— 3araJiloM 3MEHILIEeHHs yuciaa PeliHonbaca 3MeHIy€e BIUIMB 3allalUHU Ha ae-
pPOJIMHAMIUHI XapaKTepUCTUKU MNPOUI0 13 Ti€l )X NPUYMHU 30UTbLIECHHS
TOBIIMHU TIPUMEKOBOTO IIapy.

Otpumani pe3ynbTaTH BIANOBIJAIOTh BIJIOMHUM 3aKOHOMIPHOCTSIM 1 €
MiATBEPHKEHHSIM KOPEKTHOCT1 00PaHOTO METOY JTOCTIIKEHHS.

Pazom 13 TMM Oyno BUSBIEHO, 110 BIUIUB BIAXWICHb Bl TEOPETUYHOTO
KOHTYPY CYTTEBO 3aJ€XHUTh Bl (POPMU KOHKPETHOTO MPO(]iII0 HABITH SAKIIO i
npodisli MarOTh OJIHAKOBY TOBIIMHY Ta FEOMETPUYHO On3bKi (puc. 1).

OxpiM TOro, OyJ0 BHUSBICHO BUKJIIOUYEHHS 13 3aKOHOMIpHOcTel 1) 1 2);
st npodimo HN-417 HailOumbliuii BIUIMB BIIXWIEHb KOHTYPY Ha OIip Ta
HiTiiiManbHy CHUJTy CIIOCTEpIraeTbCs MPHU 3aJHROMY pPO3TAllyBaHHI 3amagiHU
(koopauHaTa oYaTKy X =60% ) Ta Hu3bkoMy umcii Perinonbaca (Re=200 000).
[TosicHeHHs ()eHOMEHY MOJISTae y TOMY, IO 33 JaHUX YMOB 3aJIHbOT YaCTHHH
npod I AocsITaE JaMiHAPHUM MPUMEKOBUHN IHap, KWW Tipiie 3a TypOyJIeHT-
HUN TPOTUCTOITh HECHPHUSATIMBOMY T'paal€HTy THUCKY. BinmxuieHHs Bin Teope-
TUYHOTO KOHTYPY MPOBOKYE BIIPHUB MPUMEKOBOTO APy 13 PI3KUM MOTIpIIEH-
HSIM a€pOJIMHAMIYHUX XapaKTEPUCTHK.

[TopiBHSHHSA 13 aHANITUYHUMH Yy3arajJbHEHHSAMH IOKa3ayio, 10 po3paxo-
BaH1 pe3yibTaTH MalOTh 13 HUMHU OJWH TOPSAOK BEJIIMYMH, ajie¢ Ha BIAMIHY BiJ
Teopii € OUIBII CKIATHUMHU, HEMHIMHUMHU 3aJICKHOCTIMHU BiJ TIMOWHM 3ariajiu-
HU.

[lepcrieKTUBHHMHU € TIOAQNIBIINI JOCIIDKCHHS 1HIIMX aepoJMHAMIYHUX
npodLIiB pi3HOI TOBIIMHU Ta KPUBU3HHU 13 aQHAJOTIYHUMH BIIXWIICHHAMHU BiJ
TEOPETUYHOIO0 KOHTYPY; a TaKOX BUKOPUCTAHHS OUIBLI MOTY)XKHMX YHCIOBUX
MeToiB (po3B’sa3anHs piBHsAHb HaB’e-CTokca).
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ANALYSIS OF COOLING OF ELECTRIC MOTOR BY RADIAL FAN;
REALIZATION OF THE EXPERIMENTAL ANALYSIS OF CFD

Uk [Tokazan aepoAWHAMIYHHMKA aHai3 BEHTWIATOPIB 1 iX KOXYXIB PI3HHX
reomeTpid. ['apHe 0OJyBaHHS B3HIDKYE TEMIEpaTypy y ABUTYHI Ta 30UIbIIye
TEPMIH HOTO CIyKOH. 3HIKEHHS Temneparypu Ha 10 rpaayciB MOXKe TIPOJOBKUTH
TEPMIH CIYKOM eJIeKTPUUYHOT 130JIALii JBUTYHA Y J1Ba pa3u. [ BU3HAYEHHS OII-
TUMaJIbHOT T€OMETpii BEHTHJIATOpPA 1 HOTO KOXKyXa, a TaKOXK OIIHKH ii e(deKTy,
aHaJIi3 IPOBOJUTHCS 32 OJJHAKOBUX YMOBax. MeTOI0 IbOTO JIOCHIIPKEHHS € BU3HA-
YEeHHs CTaHy MPOEKTOBAHOTO €NIEKTPOJIBUTYHA, KU He Mae mporoTumy. g ko-
pendiii aHami3iB i3 HATYpHUMH €KCIIepUMEHTaMHu OyB BUKOPHUCTAaHUUN MapaMeTp -
IIBUJKICTh BXOAY MOBITpsA. ExcriepuMeHTanbH1 pe3yabTaTH MOXKYTh OyTH BUKOPH-

HaMIYHHX XapPaKTCPUCTHK.

Ru [TokazaH a’poiMHAMHUYECKUI aHAU3 BEHTUISTOPOB M UX KOXKYXOB Pa3IUYHBIX
reomeTpuil. Xopomiee 001yBaHHEe CHIKAET TEMIIEPATypy B JBUTATENE U YBEIUYH-
BaeT CpOK ero ciayxObl. CHukeHue temmnepaTypsl Ha 10 rpagycoB MOXeT Mpo-
JUTUTh CPOK CITYXObI 3JIEKTPUUYECKON M3O0JISALUK ABUraTens B ABa pasa. [ns ompe-
JIEJIEHUs] ONTUMAJIBHOM I€OMETPUHN BEHTHIIATOPA U €r0 KOXKYXa, 8 TAKXKE OLIEHKH
e€ a¢ddekra, aHATN3 MPOBOAUTCS NMPU OJMHAKOBBIX ycinoBHsX. Llenbio 3TOrO MHC-
CIIEOBAHUS SIBJISETCS ONPEIECIUTD COCTOSIHUE MPOEKTUPYEMOIO JIEKTPOABUIaTe-
751, KOTOpBIA HE UMEET MpoToTUMa. 11 KOppeasiuuu aHaJIN30B C HATYPHBIMU JKC-
NepUMEeHTaMu ObLT HCIOJIB30BaH MapaMeTp - CKOPOCTh BXOJa BO3AyXa. DKCIEepH-
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MCHTAJIbHBIC PC3YJIbTAThl MOT'YT OBITH HCIIOJIB30BAHEL JId IPOCKTUPOBAHUA 3JICK-
TpOHBHFaTCHeﬁ, a TAaKXKC IJId ONTHUMHU3AIUH HX a3POAWMHAMHNYCCKUX XapPaKTCPHU-
CTHK.

Introduction

The purpose of this research is to simulate the cooling state of an electric
motor that does not yet have a prototype. In the induction motor, energy which
cannot transform to the mechanical energy will appear like heat energy. The in-
duction motor will run as efficiently as it can be cooled. The cooling mechanism
Is as follows; the radial fan connected to the main shaft of the motor gives the air
in the radial direction. The fan cover allows the radial air to pass over the induc-
tion motor and the heat to move to the atmosphere by convection and radiation.
Convection cooling is the simplest and one of the earliest techniques used [2].

The parameters can be changed in this experiment are quite limited. For
example, it cannot be made a change in the speed of rotation of the fan. Because
the fan is hardly connected to the main shaft of the motor and turns at a speed
equal to the speed of the shaft. In other words, it cannot be connected gear sys-
tems such as multiplier or reducer. The point can be influenced in constraints is
the flow mechanism. It was ensured the optimization of the evacuation of this air
flow by increasing the performance. The things it can be entered into this bor-
der; the fan itself, the fan cover, the fins on the motors. If it cannot be changed
the fins, it can be made the air circulate around these fins. So it needs to be well
known what direction the air is present in, speed value, flow rate and pressure.
Thanks to these, it will be known the clear aspects of the improvement in the
new design.

Expressed as the ratio of the inlet velocity (Vinlet) to the free flow veloci-
ty (Voutlet) with discharge condition. This ratio is the minimum value of the
Vinlet/VVoutlet that the vortex cannot form [3]. Because of this gap between the
induction motor fan and the fan lid, it is practically not possible to create a vor-
tex. However, it can be measured and minimized.

The actual working airflow is determined by the intersection of the fan
curve and the system resistance curve. There are three options for estimating this
working point: experimental measurement of the system using ther-
mal/mechanical modeling, calculation of the operating point using airflow net-
work methods, or calculation of the system.

The main issue for most CFD applications is the modeling of turbu-
lence [4]. In these experiments, visual and numerical results of flow analyzes
were obtained using CFD. Streamlines in particular have many perceptual bene-
fits due to their ability to provide a snapshot of the vectors near key features of
complex 3D flows at any instant in time. However, streamlines do not lend
themselves well to animation [5]. So vector and contour views were used.
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Material and Methods

It was used 112 frame, 1500 rpm, 5,5 Kw induction motor at these analy-
sis and experiments.

Experimental Models:
1. Fan Models: The following three types of fans in fig. 1 — fig. 3 are designed
for flow analysis.

Fig. 3. Fan 3

2. Fan Cover Models: According to the results of the first experiment, despite
changing fan geometry has positive effect on the flow, the negative effect
created by the vortexes has also been tested in experimental models of the
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fan cover designs on the elimination of the vortex formation. The following
three types of fan covers in fig. 4-6 are designed for flow analysis.

Fig. 4. Fan cover 1 Fig. 5. Fan cover 2 Fig. 6. Fan cover 3

Results of Calculation of CFD

1. Fan Models
Fan1

Fig. 7. Vectorial View of Result of CFD for Velocity for fan 1/fan
cover 1 About Inside Fan Cover

As a result of the above analysis, it appears that some of the air does not
go upright from the rotating volume. This creates a vortex effect at the edge of
the fan cover. This effect reduces the speed of the flow, as well as the flow of air
coming in through the fan door.

elocky Vectors Colored By Velocty Mapntude (mvs) 3

Fig. 8. Vectorial View of Result of CFD for Velocity for fan 1/fan
cover 1 Over Induction Motor Body
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As a result of the above analysis, it is seen that the air has lost its velocity
and direction by hitting the protrusions on the induction motor.

Inlet velocity:3,3[ms”-1]

Fan 2

Fig. 10. Vectorial View of Result of CFD for Velocity for fan 2/fan
cover 1 About Inside Fan Cover

The above analysis also shows that some of the air does not rise steeply
from the rotating volume. This creates a vortex effect at the edge of the fan cov-
er. This effect reduces the speed of the flow, as well as the flow of air coming in
through the fan door. Also, as can be seen from the colors, the flow rate is lower
than the previous analysis result.

/T Velocky Vectors Colored By Velocky Magnzude (nvs) &3

Fig. 11. Vectorial View of Result of CFD for Velocity for fan 2 / fan
cover 1 Over Induction Motor Body
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As a result of the above analysis, it is seen that, like the first analysis, the
air has lost its velocity and direction by hitting the protrusions on the induction
motor.

ANSYS . Inlet velocity:2,28 [ms"-1]
RV .1

cover 1

Fig. 13. Vectorial View of Result of CFD for Velocity for fan 3/fan
cover 1 Over Inside Fan Cover

The above analysis also shows that some of the air does not rise steeply
from the rotating volume. This creates a vortex effect at the edge of the fan cov-
er. This effect reduces the speed of the flow, as well as the flow of air coming in
through the fan door. Also, as can be seen from the colors, the flow rate is high-
er than in previous analyzes.

(T Vehociy Vectors Colored By Velocky Magntude (nvs) _ E3

b s ’ ; (e - R~ A\ il
e . vt 2 - K\ L

Fig. 14. Vectorial View of Result of CFD for Velocity for fan 3/fan
cover 1 Over Induction Motor Body
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In the above analysis, it is seen that, like the results of the previous analy-
sis, the air has lost its velocity and direction by multiplying the protrusions on
the induction motor.

ewi v

Inlet velocity:3,27[ms"-1]

i
Probe At [8.687016-05 [-0-000352068 J 022503 1 = [veooty clpmmpnen ] @
Fig. 15. Contoural View of Result of CFD for Velocity for fan 3/fan
cover 1

2. Fan Cover Models
Fan Cover1/Fan1

|
|
|11 1IN

Fig. 16. Vectorial View for Result of CFD for Velocity for fan 1/fan
cover 1 About Inside Fan Cover



112
IndpopmaniiiHi cucTeMHu, MeXaHiKa Ta KepyBaHHA

View1 v

AN

Fig. 17. Vectorial View for Result of CFD for Velocity for fan 1/fan
cover 1 Over Induction Motor Body

0,200 (m)
I

Fig. 18. Contoural Result of CFD for fan 1/fan cover 1
Fan Cover 2 /Fan 1

Viewl v .

2 =
ol 00375 N e e

Fig. 19. Vectorial Result of CFD for fan 1 / fan cover 2 About Inside
Fan Cover
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The above analysis also shows that a portion of the air does not rise per-
pendicularly from the rotating volume. It appears that some of the convex struc-

ture on the cover allows turbulence to enter and exit, although the flow area in-
side the fan is less.

Veew 1 ¥

Fig. 20. Vectorial Result of CFD for fan 1/fan cover 2 About Induction
Motor Body

In the above analysis, as in the previous analysis results, the air seems to

have lost its velocity and direction by multiplying the protrusions on the induc-
tion motor.

Fig. 21. Contoural View of Result of CFD for Velocity for fan 1 / fan
cover 2

The fact that there is no significant change in the entrance speed indicates
that the level of turbulence cannot be reduced much.
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Fan Cover 3/Fan1

View

Fig. 22. Vectorial View of Result of CFD for Velocity for fan 1 / fan
cover 3 about inside fan cover

As a result of the above analysis, it is seen that a very large part of the air
is generated perpendicular to the rotating volume. Since both the fan left in the
flow cover and the fan cover are designed in a concave shape, the air coming di-
rectly to the fan cover is directed out [6]/

i

View1 v

cover 3 about induction motor body

In the above analysis, it is seen that, like the results of the previous analy-
sis, the air has lost its velocity and direction by multiplying the protrusions on

the induction motor. As can be seen from the colors, the flow is much higher
than the other analyzes.
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Fig. 24. Contoural View of Result of CFD for Velocity for fan 1 / fan
cover 3

The fact that the turbulence level is reduced significantly indicates that the
incoming air can effectively exit the fan lid.

Results of Natural Condition Experiments

To correlate the analyzes with real experiments, the velocity of inlet was
used as a parameter.
Fan 1

Fan 2

Fig. 26. Measured Input Velocity for fan 2 / fan cover 1
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Fan 3

Fig. 27. Measured Input Velocity for fan 2 / fan cover 1

Comparing of the results

Fan 1
. "
Inlet velocity:3,3 [ms"-1] Inlet velocity:3,09[ms"-1]

i I:_L oo

Fig. 28. Compaison of the Measured Input Velocit with The
Analyzing Input Velocity for fan 1 / fan cover 1

Fan 2

Inlet velocity: 2,28 [ms~-1]

Inlet velocity:1,40[ms”-1]

Fig. 29. Comparison of The Measured Input Velocity with The
Analyzing Input Velocity for fan 2 / fan cover 1
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Fan 3

Inlet velocity: 3,27 [ms-1]
Inlet velocity: 3,29 [ms~-1]

Fig. 30. Comparison of The Measured Input Velocity with The
Analyzing Input Velocity for fan 3 / fan cover 1

Results and Discussion

It appears in fig. 7 — fig. 9 that some of the air does not go upright from
the rotating volume. This creates a vortex effect at the edge of the fan cover.
This effect reduces the speed of the flow, as well as the flow of air coming in
through the fan door. the air has lost its velocity and direction by hitting the pro-
trusions on the induction motor.

It appears in fig. 10, at fan 2/fan cover 1, some of the air does not rise
steeply from the rotating volume. This creates a vortex effect at the edge of the
fan cover. This effect reduces the speed of the flow, as well as the flow of air
coming in through the fan door. Also, as can be seen from the colors, the flow
rate is lower than at fan 1/fan cover 1.

It appears in fig. 11 also shows that some of the air does not rise steeply
from the rotating volume. This creates a vortex effect at the edge of the fan cov-
er. This effect reduces the speed of the flow, as well as the flow of air coming in
through the fan door. Also, as can be seen from the colors, the flow rate is high-
er than fan 1 and fan 2.

According to the results of the first experiment, despite changing fan ge-
ometry has positive effect on the flow, the negative effect created by the vortex-
es has also been tested in experimental models of the fan cover designs on the
elimination of the vortex formation. The following three types of fan covers in
fig. 5-7 are designed for flow analysis.

It appears in the fig. 19-21 that some of the convex structure on the cover
allows turbulence to enter and exit, although the flow area inside the fan is less.

As a result of the analysis, it is seen in the fig. 22 — fig. 24 that a very
large part of the air is generated perpendicular to the rotating volume. Since both
the fan left in the flow cover and the fan cover are designed in a concav shape,
the air coming directly to the fan cover is directed out. The fact that the turbu-
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lence level is reduced significantly indicates that the incoming air can effective-
ly exit the fan lid.

3,5 3,30 3,09 3,27 3,29
3
L 2,5
£ 2
> 1,49 1,4
'S 1,5
o
9] 1
>
0’5 l l
0
fan1 fan 2 fan 3
M CFD Results 3,30083 1,48934 3,27402
M Natural Experiment 3,09 1,4 3,29
Fan Type

B CFD Results W Natural Experiment

Fig. 31. Correlation between CFD results and Natural Experiment

As seen in the fig. 31, CFD results were correlated with the results of real-
ization experiments. The realization experiments and CFD results confirm each
other very high. This shows that the CFD analyzes give very close results.

— 25 19,81
2 20
£ 15 9,88
2z 10 %29 8541 17,80 ~— 6,78
S Em: Hm
g 0 N
inlet of the fan cover at vortex in the fan cover first meeting with fin
M fan cover 1 3,30083 8,53787 9,8805
M fan cover 2 3,09341 7,80162 6,78043
fan cover 3 9,28848 2,30571 19,8146

Fan Cover type

B fancover1 M fan cover2 fan cover 3

Fig. 32. Velocity of Flow According to Fan Cover Changing

As seen in the fig. 32, the realization experiments and CFD results con-
firm each other very high. This shows that CFD analyzes give real results.

As seen in the fig. 33, the highest vortex formation on the first cover, the
highest inlet velocity and the highest first meeting with the fin velocity achieved

on the third fan cover.

Conclusions

What we have seen in the results of the analysis;
The air from the fan cover entered a large turbulence in the first region

that reached the fins,
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inlet of the fan cover at vortex in the fan cover first meeting with fin
Efan1 3,30083 8,53787 9,8805
mfan 2 1,48934 1,26 5,74175
fan 3 3,27402 8,03587 10,1308
Fan Type

Efanl M®fan2 fan 3

Fig. 33. Velocity of Flow According to Fan Changing

After air was removed from fan out radially, departed. (Because the radial
face of the wings was flat, the flow could not know where to go and was divided
into two). Some part of the flow went to the surface of the motor efficiently, and
some part went in the opposite direction and broke the productive side, creating
a turbulent flow there and inefficient the flow. The three designed fans showed
small differences but could not solve the turbulence problem. The second of the
designed fan covers could not eliminate the problem of turbulence. The third
one from the designed fan covers prevented the turbulence to a large extent with
its concav structure and greatly improved performance.
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