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SMEHIIEHHA AEPOAUHAMIYHOT O OIIOPY
KABIHU BAHTA’KHOI'O ABTOMOBLJIIO

IlidsuweHHs eapmocmi nAbHO20 MA NPUUHAMMS 6iAbUW HCOPCMKUX €KO/A02IYHUX HOPM 8 PO3BUHEHUX KpaiHax
ceimy sucysae aUMo2y 3MeHWeHHs CNONCUBAHHS NA/IbHO20 asmompancnopmom. 0cobauso 2ocmpo Ysi npobsiema nocmae
011 agmonomszie, AKUM 8.1aCMuei 3Ha4HI eHep20eMHICMb ma da/bHicmb nepeseseHb. EpeKkmusHuM wasXoM nidsuujeHHs
yiei npobaemu € 3MeHweHHsT aepoduUHaMi4HO20 onopy agmonomsieie. 3Ha4Hull iHmepec npedcmasasaioms 0aHi, 32i0HO 3
AKuMu 8idmoea 8i0 3acmocysaHHs 03epkas 3a0Hb020 eudy 8 KOHCmpykyii asmonomsizy 0038045€ ekoHoMumu 0o 6%
naauea. [laHa yugppa 6a4umscs 3HAYHOKW, 38axcaA04U HA Maay PpoHmansHy naowy d03epkasa 8 NopieHAHHI 3 KabiHOw ma
Hanienpuyenom. [IpogioHi aemosupobHuUKuU 3amicmb 0d3epka/s NPonoHylmMbs eukopucmosysamu gideokamepu 3a0HbO20
sudy. Memoto cmammi € 3MeHWeHHA aepoOUHAMIYHO20 0NOpY KabiHU CcidenbH020 MA2aya WASIXOM OOTPYHMYBAHHS Micys
posmautyeanHHs yugdposux npucmpoie 3a0Hb020 8udy. 3a 0ONOMO20H YUCEAbHO20 MOOEA8AHHS B8CIMAHOB/1EHO, WO
NpU4UHOK 8UCOKO20 AepOOUHAMIYHO20 0NOpy d3epKa/a 3a0Hb020 8UQJY € iX pO3MAaULy8aHHs 8 30Hi 38yxHceHHS Habi2a4020 Ha
KabiHy nomoky nosimps, I, Ik Hacaidok, e 30Hi 6invwoi do 4-x pasie lioco weudkocmi. 3anponoHOBAHO pPO3MIUjeHHS
gideokamep 3a0Hbo20 8udy nozady 60kosux deepell KabiHu, wo 3abe3ne4ye 3meHuleHHs UHAMIYHO20 MUCKY Habi2arwyo2o
Ha Hux nomoky nosimpsa do 100 pasis, i, ik Hacaidok, 3a6e3nevye ix miHimanrbHull aepoduHamivnuil onip. Llasxom
Yuce/bHO20 MOOeNI08AHHA nidmeepddceHo edhekmusHICMb 3aNPONOHOB8AHO20 MEXHIYHO20 PiUleHHS.

Karouosi cnosa: asmonomsie, cideavHutl msizay, aepoduHamivHull onip, ideokamepu 3a0Hb020 8UDY.
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REDUCING AERODYNAMIC DRAG OF A SEMI-TRUCK CAB

The rising cost of fuel and the adoption of more stringent environmental regulations in the developed world the demand of
reducing the fuel consumption of vehicles. Especially sharply this problem arises for trains, which have significant energy content and
transportation distance. Effective way to improve this problem is to reduce the aerodynamic drag of trucks. The total aerodynamic resistance
of the train due to many factors. Of considerable interest are data showing that the rejection of the use of mirrors in design of the train
allows you to save up to 6% fuel. This figure appears significant, despite the small frontal area in comparison with cabin and trailer. Leading
manufacturers offer to use instead of mirrors, rear view camera. The concept car Aero Liner MAN has video cameras that are installed in
locations standard location of rear view mirrors on the mounts with low stiffness. Camera car Renault Optifuel installed on the holders of
increased rigidity, which, however, have a high resistance, the location of cameras standard. The following modification of this truck the
Renault Optifuel LAB 2 has modified the camcorder's streamlined shape, they are located above the side doors of the cab, but also near the
windshield. A similar placement of cameras have capoten and Buscopan Volvo trucks Concept Truck. The purpose of this article is to reduce
aerodynamic drag cab of the truck tractor by study of the location of digital devices. Numerical simulation of the aerodynamics of the trailer
was performed using the software complex FlowVision. The flow around the sides of the cockpit to clearly distinguish three characteristic
zones: the zone of air flow moving at a speed of 25 m/s; the zone of high air velocity (up to 40 m/s); zone of substantially reduced speed
(about 10 m/s). With the help of numerical modelling it is established that the cause of the high aerodynamic drag of the rear view mirrors is
their location in a zone of narrowing which is incident on the cab air flow, and, as a consequence, the larger area up to 4 times its velocity.
The proposed placement of cameras rear view behind side doors of the cab that provides a reduction of dynamic pressure impinging on them
flow of air up to 100 times and, consequently, provides minimal aerodynamic drag. Numerical simulation confirmed the effectiveness of the
proposed technical solution. The direction of future research may be experimental verification of the obtained results.

Keywords: road train, truck, aerodynamic drag, rear view camera.

IMocranoBka npodJieMu

[lizBuiieHHs BapTOCTI HAJbHOTO Ta NPUHHATTSA OUIBII XOPCTKHX EKOJOTIYHMX HOPM B PO3BHHEHHX
KpaiHaxX CBITY BHCyBa€ BUMOTY 3MEHILCHHS CIOXXMBaHHS HajbHOrO aBTOTpaHcnoproM. OcolnmBO roctpo s
npoOJeMa 1MocTae Ui aBTONOTATIB, SKHM BIIACTHBI 3HAYHI €HEPrOEMHICTh Ta JalbHICTH MEepPeBe3eHb. EQeKkTHBHIM
HIISIXOM MiJABUIIEHHS 1Ii€T TPOOJIeMH € 3MEHIIEHHS aepoJANHAMIYHOTO onopy aBTonoTAris [1-3].

3arajpHUI aepoJAMHAMIYHUK OIp aBTOIOTATY OOYMOBIIOETHCSI OaraTbMa YMHHHUKAaMM. 3HAYHUH iHTEpec
NPE/ICTaBIAIOTh JaHi [4], 3rijHO 3 SKMMH BIZIMOBa BiJl 3aCTOCYBaHHS J3€pKajl 3aIHBHOTO BHJIY B KOHCTPYKIIT
aBTOMOTATY JI03BOJISIE EKOHOMHUTH 110 6% manmBa. Jlana nudpa 6aunThCS 3HAYHOIO, 3BAKAIOYH HA May (PPOHTAIBHY
TUIOITY A3€pKaJl B MOPIBHIHHI 3 KaOIHOIO Ta HAIMIBIPUIETIOM.

TIpoBigHI aBTOBUPOOHHUKH 3aMiCTh A3EPKAI MPOIMOHYIOTh BUKOPUCTOBYBATH BillEOKaMEPH 3aHHOTO BUY.
Konnent-kap MAN Aero Liner mae BineokamepH, sSiki BCTAHOBJICHI B MICIISIX CTAHIAPTHOTO PO3TallyBaHHS JI3EpPKa
3aJIHFOTO BUIY HA TpHMadaxX 3 Majoro KOPCTKIiCTIO. Bigeokamepu aBToMo6imo Renault Optifuel BcTanoBJeHi Ha
TpUMavax MiJBMIIEHOI XOPCTKOCTI, 5IKi, OJHAK, BOJOAIIOThH IIJBHIICHUM OIIOPOM, MicCLe PO3TAlIyBaHHS Kamep
crannaptHe. Hactynna momudikanis mporo asromnotsary Renault Optifuel LAB 2 mae Buno3mineHi Bineokamepu
00TiyHO1 (hOpMH, BOHM PO3TALIOBaHI BHIIE OOKOBHMX JABEpel KadiHHM, ajie TakoXX OuIs caMoro J000BOTO CKIIa.
AHasnoriyse po3MillleHHs BiJleOKaMep MaloTh KalloTHI Ta 6e3KarnoTHi cifenbHi Tsradi Volvo Concept Truck.

Ha nymky aBTOpiB cTaTTi, OnMcaHe PO3MILIEHHS BiJ€OKaMep 3aJHBOTO BUJYy HE CIIPUSE MaKCHMAJIbHO
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MOXJIMBOMY 3MEHIIIEHHIO iX aepOJMHAMIYHOTO ONOpY. AKTyaJbHUM € p0o3poOKa HOBOTO TEXHIUYHOT'O pillIeHHS, sIKe O
JIO3BOJIMJIO CYTTEBO 3MEHIINTH a€pOMHAMIYHUH OIip BiJjeoKaMep 33 HbOTO BUIY BaHTaKHUX aBTOMOOIIB.
AHaJIi3 0CTaHHIX TKepes

B pobortax [1-3] HaBemeHi y3arajdbHEHI YHCIIOBI JaHi BIUIMBY OKPEMHUX YHHHHKIB Ha 3arajbHUI
aepoIMHAMIYHUN OIp aBTOMOTATY. ABTOpH [5, 6] TpencTaBWid pe3yJabTaTH MOJCIIOBAHHS aepoIuHAMIKU
aBTOTIOTATY CTaHAApTHOI OymoBH. ABTOpaMu poOoTH [7] Oymo mOCHIIXKEeHO e(DEeKTHBHICTh 3aCTOCYBaHHS 3aHIX
crioiniepiB. Y BimoMuX poOoTax HE MOSCHEHO MPHUPOITY BUCOKOTO aepOIUHAMIYHOTO OTIOPY A3epKall 3aIHHOTO BHILY
aBTOMOTATIB. TakoX He 3alpONOHOBAHO TEXHIYHUX PillleHb, SKi O JO3BOJISIN CYTTEBO 3MEHIIUTH aepOIUHAMITHHMA
Omip BiJicOKaMep 3aIHHOTO BUJY.

MeTo10 cTATTi € 3MEHILICHHS aepOANHAMIYHOTO ONOPY KaOiHM CiIEIbHOTO TSATravya IUISIXOM OOIpyHTYBaHHS
Micus po3TairyBaHHs HU(PPOBUX IPUCTPOIB 33JAHBOTO BHIY.

Bukian ocHOBHOr0 MaTtepiany

B cratTi BUpilyBaNKuCh HACTYIHI 3aBJaHHS:

- 32 JONOMOTOI0 YHCEIFHOTO MOMETIOBAHHSA IOCHIAWTH aepOAWHAMIKY CiJeNIFHOTO TATada Ta
BCTAaHOBUTH MPWYMHN BUCOKOTO aepOANHAMIYHOTO OIIOPY A3epKajl 3aIHHOTO BUY;

- 3ampoIlOHYBaTH TakKe PO3MIIIEHHS BiJleOKaMep 3aaHBOTO BUIY Ha KabiHI CiIENBHOTO TsiTada, ske O
3a0e3meuyBaiio X MiHIMaJIbHHUHA aepOIUHAMIYHUHN OTTip;

- 3aco0aMy YHCETHLHOTO MOAEIIOBAHHS OIIIHUTH €(DEKTHBHICTH 3aIIPOIIOHOBAHUX TEXHIYHUX PIIICHb.

- IlpwifHATI HACTYNHI JOMYMIEHHSA: O00'€KTOM JOCTiIKeHb 00paHo 3D-Mozens aBTOMOTATY MapKH
«(IVECO New Stralis XP», BmIMB reoMeTpHUYHHX IapaMeTpiB KaOiHM Ha OCOOJIMBOCTI 1 aepoJMHAMIKH He
BPaxOBYBABCsI, aBTONOTSAT PYXAETHCSI MO MPSIMOJIIHIHIHN IUIOCKIH TOBEPXHi.

JocnimkeHHsT eeKTUBHOCTI 3aCTOCYBaHHSI PO3pOOJIEHOr0 Croco0y MPOBOIMIOCH IIISIXOM YHCEIBHOTO
MO/ICTIFOBaHHS aepOAMHAMIKN aBTONOTATY i3 BUKOPHCTaHHSAM nporpamuoro komiuiekcy FlowVision ta SolidWorks
Flow Simulation. basoBumu B Martemarnuniii moneni Oynm piBusiHHA Has'e-Crokca, piBHSHHS HEpPO3PHBHOCTI
MIOTOKY, PiBHSHHS TypOyJieHTHOI B's3kocTi. KpiM TOro, B Mozienb BXOAATH PIBHSHHS Uit TYpOYJIEHTHOI eHeprii i
MIBUAKOCTI AWCHIIALi TypOyIeHTHO1 eHeprii. B maHiii poOOTi B X01i MoJemoBaHHs Oylia BUKOpHUCTaHa k-€ MoIeIh
TypOyJIeHTHOI Teuii B'SI3KOi piMHYU 3 HEBEIWKUMH 3MiHAMHU TYCTHHH TIPH BEJIMKUX 3MiHaxX uucia PefiHombaca. Y
PO3paxyHKy OyJIH BUKOPHCTAHI HACTYIIHI apaMeTpH: TYCTHHA TOBiTpst 1,2 Kr/m’; TeMieparypa mositps t=20 °C;
MIBUAKICTh HAOIrarouoro moBiTps 25 M/c (BiANOBiIae pyXy aBTOMOTATY 31 MBHAKICTIO 90 KM/TO).

Ha puc. 1 mokazaHo pe3yibTaTd MOJCTIOBAHHS — IIBHUIKICTh TOBITPS NpH OOTiKaHHI aBTOMOTATY. B
KOHTEKCTI METH JaHOi poOOTH HaNOIMbIIMIA iHTEpeC MPEACTaBIIAe 30Ha KaOiHU cimenpHOro Tiarada. [Ipu oOTikaHHI
O0KOBOI CTOPOHM KaOIHM YITKO BHIUISIOTHCS TPHU XapakTepHi 30HM (puc. 1): 1 — me 30Ha Habiraro4oro MOTOKY
HIOBITPsI, BIH pyXaeThcs 31 MIBHAKICTIO 25 M/c; 2 — 30Ha migBumeHoi mBuakocti nositps (zo 40 m/c); 3 — 30Ha
CYTTEBO 3MEHIICHOT MBUAKOCTI (Ou3bko 10 M/c).

a) 0)
Puc. 1. 3D-mozneas apronotsiry IVECO New Stralis XP Ta pe3yJbTaTH BU3HAYEHHS HIBUAKOCTI NOBITps npH ii 06TikaHHi:
a) 3D-Mojaes1b aBTONOTATY; 0) pe3yJbTaTH BU3HAYEHHS IIBHAKOCTI NOBiTPs, M/¢
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IIpoBeneHi HaMK JOCIIHKEHHS TO3BOJMIIM BCTAHOBHUTH, IO KJIACHYHE PO3MIIICHHS K I3EPKall 3aJHBOTO
BUJY, TaK 1 BiZlcOKaMep 3aHbOTO BHIY HE CIIPHUSIE MAKCHMAIBHO MOXKJIMBOMY 3MEHIIICHHIO a8POIMHAMIYHOTO OTIOPY
[IMX EJIEMEHTIB.

Haii6inpmuit aepoIuHaMITHHN OTTip BIACTUBUH M3epKay 3aTHHOTO BUIY, SIKE MA€ KIACHYHE PO3MIIICHHS
Ha KkaOiHi aBTomoOimio (puc. 2, 0). Ile 0oOyMOBIEHO po3TallyBaHHSAM J3€pKajia B 30HI 3BY)KCHHS IOBITPSHOTO
MIOTOKY 1, SIK HACJIIOK, B 30HI IMiIBUIIEHOT HOTO MBUAKOCTI. IIBHIKICTh MOTOKY B MaHii 30Hi € Oibmoro B 1,6 pasu
B TIOPiBHSHHI 3 BUTLHUM OOTiKaHHIM J3epkana (puc. 2, a). OnucaHi BHIE KOHIENT-Kapu OCHAIICHI CyJacHUMH
BiJleOKaMepaMH 3aJHLOTO BHJY, OJHAK MiCIIe iX pO3TallyBaHHs 3aJIMIINIOCh HE3MIHHUM (pHC. 2, B).

Hamu npomoHyeThest po3TalryBaHHs BiZlcOKaMep 33aJHBOTO BHJAY B XapaKTEpHii 30HI MOHMKEHOI (10 3-4
pasiB) MIBUAKOCTI HOBITPSIHOTO MOTOKY, SIKa YTBOPIOEThCS NPU 00TiKaHHI KabiHu aBTOMOOLMIO (puc. 2, T). B Takomy
pa3i TypOymizalisi NOBITPSHOTO IOTOKY Ta aepoJMHAMIYHMH Omip Bileokamep 3aAHBOIO BUAY OyIyTh
MiHIManbHUMHA. [JI1 HAJEKHOTO OTJISY 30HH Ol MEpeaHIX KOJiC AOIIBHO TMependaunuTH Takox i GppoHTambHI
KaMepH.

Ha puc. 3 moka3zaHi pe3yJbTaTH MOJEIIOBAHHs aepoIUHAMIKH KabiHM CTaHAApTHOI OyIOBH i3 I3epKajioM
3aIHFOTO BUy. Ha omHiit O0KOBii CTOpOHI KaOiHM MOKa3aHO 0COOIMBOCTI OOTIKaHHS J3epKaia, Ha APYyTid — KabiHu
0e3 m3epkana. SIk BUAHO 3 pHC. 3, HAABHICTH J3epKajia CIPUIUHIOE TTiIBHUINEHHS MIBUAKOCTI HA0Iratoyoro moToKy
TOBITPsA B maHiit 30Hi 3 90 xm/ron mo 144 km/rox. J[3epkano 3HaXOAMTHCS B 30HI HAWOIIBIIOTO JOOOBOTO THCKY
noBiTps (puc. 3, 6). OTke, 3HAYHA EKOHOMIs IMajMBa MPH BiJMOBI BiJl BUKOPUCTAHHS J3epKall 3aJHHOTO BUAY B
KOHCTPYKLIT aBTOMOTSATY JOCITA€ThCs 3aBASKA TOMY, IO BOHM PO3TAlIOBYIOTHCS, IO CYTi, B HAWTIPIIOMY 3 TOYKH
30pY aepOJMHAMIKH MICIli aBTOMOO1ISL.

Ty -

=25 M/C |

a)

AN 1 .
- -
B) Y

Puc. 2. CxemHu po3TanryBaHHsl IPUCTPOIB 32JHLOT0 BUY Ta iX 00TikaHHS NOBITPSIHUM NOTOKOM (KabiHa cizeJbHOro TAraua, BHJ 3Bepxy)

a) 0)
Puc. 3. Pe3yabTaTn Mo/Ie/II0BAHHSI 2¢POIHHAMIKH NOBITPSIHOTO MOTOKY NPH 00TikaHHi Ka0iHM i3 3epkajaMu 32aTHBOTO BUY:
a) WBUAKICTb, M/¢; ) TMHAMIYHUIi THCK, [Ta

Ha puc. 4 moka3aHo aepoAMHaMiYHi BIACTUBOCTI KaOiHM MIPH BUKOPUCTAHHI BilleoKamMep 3aJHHOTO BUIY. 3
OIHi€l CTOPOHM KaOiHM Kamepa pO3TalllOBaHAa SK Yy BIJIOMHX KOHIENT-Kapax, cnepeny (KOHCTPYKLisS Kamep
BiAnoBigae KOHCTpyKuii kamep asromotsry Renault Optifuel LAB 2). 3 inmoi croponn kabiHm Kamepa
po3TaloBaHa 3a po3pOOJEHUM PIIICHHSM TEXHIYHUM PIlICHHSM 110331y OOKOBHX ABeped KaOiHH (BiIMMOBIIHO 10
puc. 2, r).
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Sk BuAHO 3 puc. 4, 3alPONOHOBAaHE PO3MILEHHS BiJICOKaMEPH NPU3BOIMTH JI0 3MEHIICHHS MIBUAKOCTI
Haliraro4oro noTtoky Ha Hei y 3 pasu, 3MeHIIeHHs THCKy moBiTps mo 100 pasiB Ta 3MeHIIEHHS 10 2-X pasiB
TypOyi3amii MoBITPSHOTO MOTOKY. Bce 03HaueHe MOBOMIUTE TIepeBary 3amporoHOBAHOTO PO3MIIIICHHS KaMep 103311y
OOKOBHX JIBepel KaOiHM aBTOMOTATY.

3anponoHoBaHi HAMU KOHCTPYKTHBHI 3MiHH BiJIIOBiaIOTh TIOJOKEHHSIM TEOpii TEXHIYHUX CHUCTEM, 3T1IHO
SIKHX HOBOMY TMPUHIMITY [ii eJeMeHTa Ma€ BIiJNOBiIaTH HOBUW MOPSIAOK HOro pPO3MIMIEHHS YW CIOCIO
BHKOpHUCTaHHA. Ha po3po0biieHe pilieHHs mo1aHo 3asBKy Ha BUHAXIA [8].

Crtig BiZMITUTH, 10 aHAJIOTIYHE, 3a/THE, PO3TANTYBAHHS BiZlcOKaMep Mae CydacHHi enekTpokap Tesla Semi
[9], sixuii Bepuie OyB mpencTaBieHHH CBITOBIM criybHOTI 16 mucronana 2017 p. TexHiuHe *k pillIeHHs, HAaBEJCHE Y
it cTari, Oyn0 po3pobIieHo paHilie 1 Horo onuc Takox OyB omyOsikoBaHui panime [8, 10].

a) 0)

B) r)
Puc. 4. 3D-mozei kabinu cieILHOrO TAraya Ta pe3yJbTaTH MO/ETIOBAHHS AePOIHHAMIKH MOBITPSIHOr0 NOTOKY NpH 00TikaHHi Kabinu 3
nu(ppoBHMH BigeokaMepaMH 3aJlHLOI0 BHIY: a) HIBUAKICTH, M/c; 0) TuHaMiunuii THCK, I1a; B) eHepris TypOyaenTHocrti, x/Kkr; r) 3D-
Mo/1es1b KabiHM CileIbHOTO TSraya i3 po3ralyBaHHsM BileOKaMepH 32 JHLOI0 BU/LY 32 PO3P00JIeHUM TeXHIiYHUM pilleHHAM

BucHoBknu

3a JOIIOMOrOI0 YHCEIBHOTO MOAENIOBAHHS BCTAHOBJICHO, IO IPHYMHOIO BHCOKOI'O aepOAMHAMIYHOTO
OTIOPY JI3epKall 33JIHHOTO BHY € IX pO3TallyBaHHS B 30Hi 3BY)KeHHs Habiraro4oro Ha kabiHy IMOTOKY MOBITpS, i, SIK
HACJTIJIOK, B 30Hi 011101 10 4-X pa3iB HOTO IMIBHIKOCTI.

3anponoHOBaHO PO3MIIIEHHSI BiJlcOKamMep 3aJHbOTO BHIY M03aay OOKOBHX JBepell kabiHu, 1o 3abe3neuye
3MEHIICHHS AMHAMIYHOTO TUCKY Halirarodyoro Ha HUX MOTOKY HOBiTps 1o 100 pasis, i, K HacmigoOK, 3ade3neuye ix
MiHIMaIbHUH aepoauHamiyHui  omip. IngXoM YHCETBHOrO MOJENIOBAHHS MIITBEPKEHO e(EKTHBHICTH
3aIPOIIOHOBAHOT0 TEXHIYHOTO PillICHHSI.

HanpsiMkoM nopaipInx A0CIiKEHb MOKe OYTH eKCIIepUMEHTaJIbHA MepeBipKa OTPUMaHHUX PE3YJIbTATIB.
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