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Y nucepraiiiiHiii poOOTI BUKOHAHO JOCHIDKEHHS, IO MawTh 3a METy
MiJBUILICHHS EHEPrOMICTKOCTI CKJIaJICHMX IIKIBIB 3 KaMEPHUM HaHOPIAUHHUM
OXOJIO/PKCHHSIM Ta ONTHUMI3allif0 KOHCTPYKTHBHUX W EKCIUTyaTalliiHUX IapamMeTpiB
nap TepTs CTPIUKOBO-KOJIOIKOBOTO rajbMa OypoBOi JEO1KH.

Y nepumiomy po3aiji 10KIagHO MPOAHATI30BAHO: OCOOIMBOCTI KOHCTPYKIIINA Ta
poOOTH CTPIUKOBO-KOJOJKOBUX TajlbM OypoBHUX Je0110K, (GPUKIIAHI BY3IM SKUX
IpeACTaBJICHI y BUTJISAAI TPUOOJIOTITYHUX CUCTEM; PIBEHh CHEPrOHABAHTAXKEHOCTI Ta
CXeMH IUPKYJIALIl TEIUIOBUX CTPYMIB B KOHCTPYKTHUBHUX €JIEMEHTaX TalbMOBHUX
IIKIBIB; €HEPreTUUYHUI OalaHC MPUIOBEPXHEBOTO IIapy HAKIAIKU 1 HOTO y4yacTh Y
dbopMyBaHHI PEXUMY POOOTH METAJIONMOJIIMEPHOI MapW TEPTs; TEIJIOBUM OajaHC
(GpUKIIHHUX BY3JIIB rajbMa; MeXaHi3MU 3HOCY MIKPOBHUCTYIIIB TEPTHOBUX IMOBEPXOHB
1 IepeIyMOBH YTBOPEHHS MIKPOTPIIIMH HAa poOOUii MOBEpXHi 0001y IIKiBa.

JlocmipKeHO TPUOOJIOTTYHI TIPOIIeCH, SKi BiIOYBarOTHCS Y MOBEPXHEBHX Iapax
nap TepTs CTPIYKOBO-KOJIOJIKOBOTO TajbMa OypoBoi 1e0iaku. Po3rstHyTo CKilaaeHuid
raJIbMOBHM IIKIB 3 KAMEPHUM TOBITPSHO-PIAMHHAM OXOJIOJKEHHSIM HOT0 000.1y.

JlocnipKeHHIO TUHAMIYHUX 1 TETUIOBHX MPOIECIB y Mapax TePTs PI3HUX BHUIB
raJIbMOBHUX IPUCTPOiB Ta GpukiiHNX MydT mpucssdeHi npaii M. [1. Anexcanaposa,
B. O. boromonoga, O. I. Bonsuenka, b. b. I'enboma, A. b. I'peneckyna, I'. C. I'yn3a,
B. A. lem’santoka, A. X. JI>xanaxmenona, I. B. Kparenscbkoro, M. B. Kingpauyka, M.
A. Tlogpurana, A. M. Typenka, f. C. ®apo0bina, A. B. Ununnanze, C. A. Uynakoga,
F. Charron, H. Dorner, R. Krauser, T. Newcomb, A. Sisson, G. Fazekas, Y. Weib Ta
HmUX ydyeHuX. [Ipore B iXHIX mpalsgx HE NOPUIUICHO YyBaru TEOPETUYHUM U

CKCIICPUMCHTAJIbHUM 3acCalaM OI_[iHKI/I eHepFOHaBaHTa)KeHOCTi map TCPTA HOBHX



KOHCTPYKII[1i PH X MOBITPSHO-HAHOPIIMHHOMY OXOJIOJIKEHHI, a TAKOK MIBUIIEHHIO
E€HEeProEMHOCTI 0001y TaJlbMOBOTO IIKiBa I yMOBaM 3amoOiraHHs BUHUKHEHHS 1
PO3BUTKY MIKPOTPIIIMH Ha Horo pobouiil moBepxHi. He po3risiHyTi TakoK MUTAHHS
onTHUMi3alii KOHCTPYKTHUBHUX MapaMETpiB €JIEMEHTIB T'ajlbMOBOrO IIKIBa OypoBOi
ne01IKH.

Jlpyruii po3ais npucBSiYEHO ONTUMI3AIll KOHCTPYKTUBHUX W €KCIUTyaTalliiHUX
napameTpiB GpUKLUIHHUX BY3J11B CTPIYKOBO-KOJIOAKOBUX T'alibM OypOBHUX JIEOIIOK.

CdopmynboBaHO MaTeMaTHYHY 3ajJady ONTUMI3alii KOHCTPYKTUBHHUX W
EKCIUTyaTalllfHUX NapamMeTpiB CTPIYKOBO-KOJOJKOBUX TalbM OypoBHX JI€OIJOK 3
ypaxyBaHHSIM KpUTEPiiB ONTHUMAaIbHOCTI Ta OOMEKEHb, IO HAKIAJAOThCA HA IXHI
GpukuiiiHi By3iad. PO3rNsiHYTO JOKanbHI W KOMIUIEKCHI KpUTEpii ONTUMAalbHOCTI
KOHCTPYKTHUBHUX €JIEMEHTIB (PPUKIIHHUX BY3JI1B rajibMa.

YCTaHOBJICHO BIUTMB IMMOBEPXHEBHX TEMIIEPATYypHHUX TPAJi€HTIB 000y IIKiBa Ha
GopMyBaHHS HANPYKEHOTO CTaHy HOTO TMOBEPXHEBUX 1 MPUIIOBEPXHEBUX IIAPIB.
YcTaHOoBIIEHO, 0 HANUOUIBIIT TeMIIEpaTypHI HANpPY>KEHHsI CIIOCTEPIraloThCsl y MICITi
3’€IHaHHSA 0001y IIKiBa 3 KPIMMJIBHUM BUCTYIIOM, & TAKOX Ha TOPIIX 0001y IIKiBa 3
pebopaamu.

VYhepiie B aHaNITUYHY 3aJ€XKHICTh 11 BU3HAYEHHS TEPMIYHUX HAIPYKEHb
0001y BBEJICHO MapameTp, KUK XapaKTepu3ye TEeMIT Horo HarpiBaHHsA. BuzHadeHO
TEMIIEpaTypHI TPaliEHTH 10 TOBIIMHI BUCTYITY 000y 1IKiBa 1 ¢iaHIis 6apabaHa.

3anmponoHOBaHO MeETOJ  OaraTOKpUTEpIadbHOTO TMPOEKTYBAHHS  €JIEMEHTIB
GPUKIIMHUX ~ BY3JiB  CTPIYKOBO-KOJIOJIKOBUX  TallbM IS BH3HAYeHHS  iX
EKCIUTyaTallifHIX TapaMeTpiB 3 ypaxyBaHHSM (YHKIIOHAIBHUX 1 MapaMeTpUYHHUX
O0OMEXEeHb.

Y TperboMy po3iji HaBEICHO TEOPETHUYHI i €KCIIEPUMEHTAJIbHI JOCIIKSHHS
MPUMYCOBOTO  TOBITPSHO-HAHOPITUHHOTO  OXOJIOJDKEHHS  CKJIQJCHOro  000ay
raJIbMOBOTO ITKiBa OypoBOi 1e01AKH.

P03p06IeHO KOHCTPYKLIIO CKIaAEHOro miKiBa. MOro BepXHs i HKHS 4aCTUHH
MaroTh nepdopalriro y BATJISAII KUTBLEBUX KaMep, 3’ €THAHUX MK COOOI0 3MIIIICHUMH
otBopamu. Ilepdopartis 3ymoBat0€ 301IBIIIEHHS IUIONII IOBEPXOHB 000ay 1

MIJIBUIIEHHIO €(PEKTUBHOCTI BUILHOTO 1 BUMYIIIEHOTO MOBITPSHOTO OXOJO/KCHHS, a



TaKOX pajaiamiiiHoro TemiooOMiHy. BepxHs dactmHa 0001y OMHUBAETHCS
LUPKYJIIOI0YUM MOBITPSM, @ HUKHS — MOBITPSAM 1 HAHOP1IMHOK. BHYTpillIHA NOBEpXHS
0001y MoJipoBaHa.

VYcraHoBIieHO, 1110 HaliBUIlA €PEKTUBHICTh OXOJOMKEHHS JOCSITAETHCS 3a YMOBH,
KOJM  BEJIMYMHA  BIJHOIIEHHA  KOE(IIEHTIB  BUIPOMIHIOBAHHS  MAaTOBHX
(OXONOI)KYBaHMX) MOBEPXOHb J0 MOJIpOBaHOI (poO0YOi, HArpiBHOI) IOPIBHIOE
BIJIHOIICHHIO IUIOII IIUX MOBEPXOHb. Y CEpIHHOMY TaJIbMOBOMY IIKIB1 PO3O1KHICTD
MDXK BKa3aHUMU BeJIMUMHAMU ckiiana 8,4%, y ckinajgeHomy — 5,2%.

[lin BHYTPIIIHBOIO MOJIPOBAHOIO TIOBEPXHEIO CKJIQJCHOr0 0001y IIKIBA
pO3TalllOBaHO Kamepy, SKa Ma€ BIYCKHMM 1 BUNOYCKHUM kianaHu. [lpu
eKCTIIEPUMEHTATBHUX JOCIIKEHHIX KaMepy 3aloBHIOBAIM Ha 2/3 00’ eMy BO010 2060
HAHOP1IMHOO (CYMIIIIITIO BOJIA 3 HAHOYACTUHKAMU AJIFOMIHIIO0, MiIi, IMHKY a00 1HIINUX
BHUCOKOTETUIOMPOBITHUX METAJIIB).

3 ypaxyBaHHSM OCOOJIMBOCTEH KOHCTPYKIII CKJIAJIEHOTO IIKiBa 3MOJCIHOBAHO
floro pigWHHE OXOJIOJDKEHHS B Ja0OpaTOPHUX CTEHAOBHX YMOBax. B olumacti
MOTPAHUYHOTO IIapy YCTAHOBJICHO HASsBHICTH O€3BIIPUBHOTO OOTIKAHHS BUXPOBUMU
MOTOKAaMHU PIIWHUA CTIHOK KaMepH CKJIAJEeHOro IIKiBa. I[HTEHCHUBHICTh OOTIKaHHS
3aJIeKUTh BiJI EHEPrOHABAHTAXXEHOCTI Map TepTs rampMma. [lpu pizkoMy raabMyBaHHS
BUHHUKAIOTH BEJIMKI TPAJIIEHTH TUCKY PIAMHU B HAMPSIMKY ii pyXy.

Bu3HaueHO 1HTEHCHBHICTH MEpEMIlIyBaHHS IIapiB PIIMHU B KaMepi CKIIaJIEHOTO
raJbMOBOTO IIIKiBa B 3aJIC)KHOCTI Bl MIBUJIKOCTI HOT0 00epTaHHS. Y CTaHOBJICHO, 110
TypOyJI€HTHE JIOTHYHE HAMPYXKEHHS IO Iepepidy MOTrPaHUYHOTO Iapy PIAUHU €
BEITMYMHOIO CTaNI00. BOHO NOPiBHIOE TOTHYHOMY HAMPYKEHHIO HA CTIHII KAMEPH.

Hupkynsiis piAnHN B KaMepi MIKiBa XapaKTepU3yeTbCs HEOTHOPIMHICTIO MOJIIB
IIBUAKOCTI 1 TeMIiepaTypu. Bijg HUX 3aleXuTh IHTCHCUBHICTD i1 CUJI BHYTPIITHBEOTO
TEPTS, KOHBEKTUBHOTO MIEPEMIIICHHS YaCTUHOK PIAMHM 1 3aradbHUX 1HEPIIHHUX CHII
MOTOKY.

[Tpu TermooOMiHi 1 Audy3ii BUHUKAIOTH TEIUIOBUN 1 Muy31iMHUIA MOTpaHUYHI
mapu. Y HUX TeMmIeparypa i KOHIICHTpAIlis MapopiAMHHOI CyMiln 3MIHIOIOTHCS B
HaIpsMKY BIJ] CTIHKH JO 30BHIIIHHOTO MOTOKY. Y CTaHOBIIEHO, 0 AuHaMiunuil (1),

rermoBuit  (II) 1 gudyziiauit  (III) morpanuuHi 1mwapu OPOCTATAIOTHCS 10



HECKIHYEHHOCTI Yy pajlaJJbHOMYy HampsMKy (HOpMaII0 10 poO0o4oi MOoBEpxHI 0001y
CKJIQJEHOro IIKiBa). Y JAMHAMIYHIA oOJacTi mIapy piIMHU CHIU B’ S3KOCTI
NEPEBUIIYIOTh JIEAKY JOBUIBHO 3aJjaHy BEJIMYUHY, OUIbLIY 3a CWIM IX 1Hepii. Y
TEIJIOB1M 00JIACT1 €HEPTisl BHACIAOK 3MIHU B’ A3KOCTI1 1 TEIIONPOBITHOCTI MEPEBUIITYE
JesKy JOBUIBHO 3aJaHy BEJIMYMHY, OUIbIIY 3a BEJIWYMHY 3MIHM €Heprii, Mo
B1JI0YBAa€THCS BHACIIOK BUIBHOI Ta BUMYIIEHOI KOHBEKIIIi, a TAKOX JIii cuJiI iHepuii. Y
nudy3iitHiA 001acTi Al€ Tpafle€HT MapIiaJbHOT0 TUCKY AUPYHIAYIOUOT CyMIIIi.

Beeneno Hose nouartsa nepuoi (1o 110 °C) 1 apyroi (mo 150 °C) gomyctumoi
TYCTUHH TETUIOBOTrO MOTOKYy. [Ipm TemmepaTrypax, IO NMepeBUINYIOTh 3a3HAYCHIi, B
piIAMHI KaMepu BUHUKAIOTh OyJNbOAalIKOBUH 1 IUTIBKOBMM pPEXHUMH KHUITIHHS, SKi
HEraTUBHO BIUIUBAIOTHh HA IHTEHCUBHICTh TEIUIOOOMIHHMX MPOIIECIB.

Pesynbrati mociimkeHp mokas3aiu, mio:

- 13 3aCTOCYBaHHAM 3alpONOHOBAHOL KOMO1iHaIii TEIJIOHOCITB
€HEeproHaBaHTaXEHICTh 000y IIKiBa 3HU3MUJACSA B cepeqHbomMy Ha 28%. YHacmigok
IIbOTO 3MEHIIWINCS TIOBEpXHEBI Ta 00’€MHI TeMIepaTypu, L0 3amolirae MosBI
MIKPOTPIIIMH Ha poOOUili MOBEPXHI 0001Y;

- BUOIp HAHOYACTUHOK 3 YypaxyBaHHAM iX (DI3UKO-XIMIYHUX BIIACTUBOCTEH €
NpaBWIBHUM 1 3a0e3neuye MakcUMajdbHUU e(eKT oxolomkeHHs. JloBeraeHo, Mo
Koe(iIieHT TETUIONPOBITHOCTI A MaTepially HAHOYaCTHHOK MA€ 3HAYHO NIEPEBUIIYBATH
A MeTaly CKJIaJICHOTO IIKiBa;

- TUHaMIYHUN Koe(ilieHT TepTs 30uTbmuBCcs Ha 16%, ralbMOBHII MOMEHT — Ha
15%;

- CHEprOHABAHTAXKCHICTh TMOBEPXHEBUX IIApiB METAJOMOJIIMEPHUX Tap TEPTs
sMmeHmmiacs Ha 25-30%, 3Hoc PpUKIIHHUX HaKIaA0K 3HU3HUBCS Ha 12-14%.

VY yeTBepTOMY PO3/iJi PO3TISHYTO METOIH 1 3aCO0M TTOKpaIaHHs ¢()eKTUBHOCTI
GPUKIIHHUX BY3/11B CTPIYKOBO-KOJIOJAKOBOTO TaJlbMa OypOBOT JIEOiIKH.

[IpuHIIMNIN  eHepreTUYHUX TpoleciB, SBUN] Ta e€(EeKTIB y MeXaHIYHHX,
CIEKTPUYHUX, TEIUIOBUX, XIMIYHUX Ta EJICKTPOMArHITHUX TONSIX (QPUKIIHHOT
B3a€EMO/IIT TIap TEPTS TAIBMOBHUX MPUCTPOiB 0a3yIOThCS Ha TPAAICHTHIN Teopii 3MIHH
(G13UKO-XIMIYHUX BJIACTUBOCTEN 3aCTOCOBYBaHMX MmaTepianiB. Ha ocHOBI cyuacHHMX

ySBIIGHb MPO 1€papxiyHl EHEPreTUdHi piBHI TPUOOCHPSIKEHb  3aMPONOHOBAHO



KJ1acuQikaIiro OCHOBHUX MOKa3HUKIB. J[0 HET BXOJATH TaKi CKIaJ0B1: TEIUIOBI MOTOKH,
BUJIM TEIUIOOOMIHY, MOTEHI[Iadd, CTPYMH OMMBAIOUOIO CEpPEOBUINA, TPATIEHTH
OCHOBHHUX IapaMeTPiB, TEMITH MPOXOIKEHHS IPOLIECIB.

BaxnuBy posib y BUHUKHEHHI MOTEHIIANIB BIAICPAIOTh IMOJBIMHI €JIEKTPUYHI
mapu, ki (OpMyIOThCS Ha MOBEPXHAX Nap TepTsA. Y METaJoNoIIMEpHHUX Mapax TepTs
Ha rpaHulsax (a3 nailoTh ajxcopOuiHi Ta AU@y31HHI MOTEHUIadu, SIKI CYTTEBO
MIJCUITIOIOTh TPUOOEEKT.

PosrnsiHyTO KpekiHr-mporec y poOoumx mapax (pUKIIHHUX HAKIaIO0K TMpHU
TeMIepaTypax, 10 MEePEeBUIIYIOTh JOMYCTUMY. Y CTaHOBIEHO, 0 HAa IHTEHCUBHICTH
KPEKIHT-TIPOLIECY BIUIMBAIOTH Taki (hakTopu: TeMmrepaTypa, MUTOMi HaBaHTaKEHHS,
KOe(QILIEHT B3aEMHOTO MEPEKPUTTH, MPUCYTHICTh IHEPTHUX Ta3iB, a TAKOX XIMIYHI
BJIACTUBOCTI KOMITOHEHTIB TIOBEPXHEBOTO IIapy MOJIMEPHOT HAKIIAKH.

PosrnsiHyTo pexkumu pyxy 1 3MIHM MapaMeTpiB HaHOPIAMHHM 1 Tapy B3JOBX
TBIPHOI KaMepH Yy HaIpsIMKY BiJ] 3alleMJICHOTO 10 BUTBHOTO Kparo oboxy. Ilo #oro
nepepizax BUIUIEHO ITSATh oO0JjacTeil: mepma — O0AHO(A3HOTO KOHBEKTUBHOIO
TEMJI000MIHY HAHOPIAWHU, TYT HPHUCYTHI AUISHKHA TEIUIOBOI Ta TiAPOAWHAMIYHOI
CTaOUTBLHOCTI; pyra — MOYAaTOK KUITIHHS HAHOPIIUHU; TPETS — MOYATOK IHTEHCUBHOTO
NapoOyTBOPEHHS, BHACIIOK I[OTO CYTTEBO MiJBUILYETHCS TEIUIOBIa4a; Y YETBEPTIH
0o0JacTi CTUKAIOThCS NPHUCTIHKOBI JBO(da3HI ImIapu, pexuM pPyxy CyMimni
Oynb0anIKOBHIL; I’ iTa 00JIACTh — MOTIK CKJIAJIAE€THCS 3 IIEPETPITOrO Mapy 1 HAHOPITUHU
3 TEMIIEPAaTypOI0 HACHYCHHS, BIAOYBAETHCS IOCIIIOBHA 3MiHA PEXHMIB Tedil (Bix
OyIb0AITKOBOTO JI0 TUCIIEPCHO-KIIBIIEBOTO).

3a momoMoror 0araTOKpHUTEpIaJbHOTO METONY BH3HAYEHO ONTHMAaJbHI
KOHCTPYKTHBHI W €KCIUTyaTalliiiHi TapaMeTpud OJHO- 1 JBOMAPHUX BY3JIIB TEPTA
CTPIYKOBO-KOJOJKOBOT'O TajbMa MPU PO3MIIIEHHI HAKIAJIOK Ha TalbMOBIiil CTpidili
(mepruit BapiaHT) i OITOBiM JOPIXKINI MIKiBa (APYyruil Bapiant). Y MEPIIOMY BUIAAKY
BUKOPHUCTAHO BiCIM OCHOBHHUX MapaMeTPiB, y IPYTrOMY — J€B’STh.

Jnst  pamioHansHOTO BHOOpPY MaTepiamiB  mapud TEpPTS  3aMpOIOHOBAHO
TPUOOETEKTPUYHUIA METOJI. 3MICT METOJy TOJISATaE B TOMY, 10 (hOPMYIOTh PSIIHA 32
BennunHaMu  TpUOOEPC, eneKTpOHHMMHU BJIACTUBOCTAMHU 1 TemIO()I3UYHUMHU

XapaKTEpUCTUKAMU METAIB.



Knwouosi  cnosa:  OypoBa  nebigka,  CTPIUKOBO-KOJOAKOBE  TralibMO,
METaJIONOJIIMEPHA Tapa TepTs, CEpIMHUN 1 CKJIAJeHUM TaJbMOBHI IIIKIB, CHCTEMa
MPUMYCOBOTO TMOBITPSAHO-HAHOPIIMHHOTIO OXOJIOJ)KECHHS, HAHOPIJIMHA, TpaJl€eHTU

napameTpiB, MapaMeTpu €PEeKTUBHOCTI i EHEPrOEMHOCTI.



ABSTRACT

Chufus V. M. The cooling intensification of band-shoes brakes of draw-works
friction units to increase their efficiency. - Qualifying scientific work on the rights of
the manuscript.

The dissertation on competition of a scientific degree of the doctor of philosophy
(PhD) on a specialty 131 - Applied mechanics. - Ivano-Frankivsk National Technical
University of Oil and Gas, Ivano-Frankivsk, 2021.

In the dissertation work the researches which are for the purpose of increase of
energy consumption of the assembled pulleys with chamber nanofluid cooling and
optimization of constructive and operational parameters of friction pairs of a band-
shoes brake of the draw-works are carried out.

In the first section the following is analyzed in detail: features of constructions
and work of band-shoes brakes of drilling winches which friction assemblies are
presented in the form of tribological systems; the level of energy load and the scheme
of circulation of thermal currents in the structural elements of the brake pulleys; energy
balance of the near-surface layer of the lining and its participation in the formation of
the mode of operation of the metal-polymer friction pair; heat balance of friction brake
units; mechanisms of wear of microprojections of friction surfaces and preconditions
of formation of microcracks on a working surface of a rim.

The tribological processes that take place in the surface layers of the friction pairs
of the band-shoes brake of the draw works are studied. The folded brake pulley with

chamber air-liquid cooling of its rim is considered.

The works of M.P. Alexandrov, V.0. Bogomolov, O.l. Volchenko, B.B.
Genbom, A.B. Gredeskul, G.S. Gudz, V.A. Demyanyuk, AH.
Dzhanakhmedov, 1.V. Kragelsky, M.V. Kindrachuk, M.A. Podrygal, AM.
Turenko, Ya.S. Farobin, A.V. Chichinadze, S.A. Chudakova, F. Charron, H.

Dorner, R. Krauser, T. Newcomb, A. Sisson, G. Fazekas, Y. Weib and other scientists.
However, their work does not pay attention to theoretical and experimental principles
of estimating the energy load of friction pairs of new structures during their air-

nanofluid cooling, as well as increasing the energy consumption of the brake pulley



rim and conditions to prevent the occurrence and development of microcracks on its
working surface. The issues of optimization of structural parameters of the elements of
the brake pulley of the draw works are also not considered.

The second section is devoted to the optimization of design and operational
parameters of friction units of band shoes brakes of drilling winches.

The mathematical problem of optimization of constructive and operational
parameters of belt and block brakes of drilling winches is formulated taking into
account the criteria of optimality and restrictions imposed on their friction units. Local
and complex criteria of optimality of constructive elements of friction assemblies of a
brake are considered.

The influence of surface temperature gradients of the pulley rim on the formation
of the stress state of its surface and near-surface layers is established. It was found that
the highest temperature stresses are observed at the junction of the pulley rim with the
mounting protrusion, as well as at the ends of the pulley rim with flanges.

For the first time in the analytical dependence to determine the thermal stresses of
the rim introduced a parameter that characterizes the rate of its heating. Temperature
gradients on the thickness of the protrusion of the rim of the pulley and the flange of
the drum are determined.

The method of multicriteria design of elements of friction assemblies of tape and
block brakes for definition of their operational parameters taking into account
functional and parametric restrictions is offered.

In the third section, theoretical and experimental studies of forced air-nanofluid
cooling of the folded rim of the brake pulley of the draw work sare carried out.

The design of the folded pulley is developed. Its upper and lower parts are
perforated in the form of annular chambers connected by offset holes. Perforation
causes an increase in the surface area of the rim and increase the efficiency of free and
forced air cooling, as well as radiation heat transfer. The upper part of the rim is washed
with circulating air, and the lower - with air and nanofluid. The inner surface of the rim
is polished.

It is established that the highest cooling efficiency is achieved under the condition

that the value of the ratio of radiation coefficients of matte (cooled) surfaces to the



polished (working, heating) is equal to the ratio of the areas of these surfaces. In the
serial brake pulley, the discrepancy between these values was 8.4%, in the folded -
5.2%.

Under the inner polished surface of the folded rim of the pulley is a chamber
having inlet and outlet valves. In experimental studies, the chamber was filled to 2/3
volume with water or nanoliquid (a mixture of water with nanoparticles of aluminum,
copper, zinc or other highly heat-conducting metals).

Taking into account the design features of the folded pulley, its liquid cooling in
laboratory bench conditions is modeled. In the area of the boundary layer, the presence
of a continuous flow of eddy currents of the fluid of the walls of the chamber of the
folded pulley. The intensity of the flow depends on the energy load of the friction pairs
of the brake. At sharp braking there are big gradients of pressure of a liquid in the
direction of its movement.

The intensity of mixing of the fluid layers in the chamber of the folded brake
pulley depending on the speed of its rotation is determined. It is established that the
turbulent tangential stress across the boundary layer of the fluid is a constant value. It
is equal to the tangential voltage on the wall of the chamber.

The circulation of fluid in the pulley chamber is characterized by the heterogeneity
of the velocity and temperature fields. The intensity of the action of internal friction
forces, convective movement of fluid particles and the total inertial forces of the flow
depends on them.

During heat exchange and diffusion there are thermal and diffusion boundary
layers. In them, the temperature and concentration of the vapor-liquid mixture vary in
the direction from the wall to the external flow. It is established that the dynamic (1),
thermal (11) and diffusion (111) boundary layers extend to infinity in the radial direction
(normally to the working surface of the rim of the folded pulley). In the dynamic region
of the fluid layer, the viscosity forces exceed some arbitrarily set value greater than
their inertia forces. In the thermal region, the energy due to the change in viscosity and
thermal conductivity exceeds some arbitrarily set value, greater than the magnitude of

the change in energy that occurs due to free and forced convection, as well as the action



of inertia. In the diffusion region there is a partial pressure gradient of the diffusing
mixture.

A new concept of the first (up to 110°C) and second (up to 150° C) allowable heat
flux density is introduced. At temperatures exceeding these, in the liquid of the
chamber there are bubble and film boiling regimes, which adversely affect the intensity
of heat transfer processes.

The research results showed that:

- using the proposed combination of coolants, the energy load of the pulley rim
decreased by an average of 28%. As a result, surface and volume temperatures are
reduced, which prevents the appearance of microcracks on the working surface of the
rm;

- the choice of nanoparticles taking into account their physicochemical properties
Is correct and provides the maximum cooling effect. It is proved that the thermal
conductivity coefficient A of nanoparticle material must significantly exceed A of the
metal of the composite pulley;

- dynamic coefficient of friction increased by 16%, braking torque - by 15%;

- energy load of the surface layers of metal-polymer friction pairs decreased by
25-30%, wear of friction linings decreased by 12-14%.

The fourth section discusses the methods and means of improving the efficiency
of the friction units of the band shoes brake of the drilling winch.

The principles of energy processes, phenomena and effects in mechanical, electric,
thermal, chemical and electromagnetic fields of frictional interaction of friction pairs
of brake devices are based on the gradient theory of change of physicochemical
properties of applied materials. On the basis of modern ideas about hierarchical energy
levels of tribocouples the classification of the basic indicators is offered. It includes the
following components: heat fluxes, types of heat exchange, potentials, currents of the
washing medium, gradients of basic parameters, rates of processes.

An important role in the emergence of potentials is played by double electric
layers, which are formed on the surfaces of friction pairs. In metal-polymer friction
pairs, adsorption and diffusion potentials act at the phase boundaries, which

significantly enhance the triboeffect.



The cracking process in the working layers of friction linings at temperatures
exceeding the allowable is considered. It is established that the intensity of the cracking
process is influenced by the following factors: temperature, specific loads, mutual
overlap coefficient, presence of inert gases, as well as chemical properties of the
components of the surface layer of the polymer lining.

The modes of motion and changes of nanofluid and vapor parameters along the
generating chamber in the direction from the clamped to the free edge of the rim are
considered. There are five areas along its sections: the first is single-phase convective
heat exchange of nanofluids, there are areas of thermal and hydrodynamic stability; the
second - the beginning of boiling of the nanofluid; the third - the beginning of intensive
vaporization, as a result of which heat transfer essentially increases; in the fourth area
the wall two-phase layers meet, the mode of movement of mix is bubble; fifth region -
the flow consists of superheated steam and nanofluid with saturation temperature, there
is a sequential change of flow regimes (from bubble to disperse-ring).

Using the multicriteria method, the optimal design and operational parameters
of single- and double-pair friction units of the band shoes brake when placing the pads
on the brake belt (first option) and the treadmill of the pulley (second option) were
determined. In the first case, eight basic parameters are used, in the second - nine.

A triboelectric method is proposed for the rational choice of friction pair materials.
The content of the method is that they form series in terms of triboEMC values,
electronic properties and thermophysical characteristics of metals.

Keywords: draw works, band-shoes brake, metal-polymer friction pair, serial and
folded brake pulley, system of forced air-nanofluid cooling, nanofluid, gradients of

parameters, parameters of efficiency and energy consumption.



