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AHoTtanis. Pozenanymo meopemuuni nepeoymosu Nnpoyecié po3nunio8aHHs
Kpaneib 600U i ix nodanvuie 8UNAPOBYBAHHS NPU NOAbOMI Y HEPYXOMOM) Cepedo8UUI.
Ilooano amanis euceimienHss NUMAaHHA pO3NUTIOBAHHA PIOUHU, PYXY | UNAPOBYBAHHA
oucnepeoeaHux Kpaneib 6 CydyacHux Haykosux —eudauusax. Cghopmynbosano
MamemMamudHy Mooelb Npoyecié pyxy KpaniuH npu ix eunapos8y8aHHi ma OmpumaHo
cnpowieni opmynu 0N HAONUNCEHUX PO3PAXYHKI6 MpAEKmMOpIl NOAbOmy Kpaneiv 8
Hepyxomomy nogimpanomy cepedosuwi. Illpu cmeopenni mooeni 8paxoeano, wo
Koeghiyiecumy onopy 6 npoyeci nepemiujeHHss Kpanii 3MIHIOEMbCA, | ye NiOGUWUILO
MOYHICMb  PO3PAXYHKIB. 3a OMPUMAHON MAMEMAMUYHOI MOOENLI0 NPOBEO0eHO
YuCI08Ull ananiz 8 xkomn 'romepuomy cepeoosuwyi MathCAD ma ompumarno epagiuni
3aneHCHOCmi  eKcno3uyii 8UNapo8y8anHs CQepuyHux Kpaneivb pi3HUX NOYATNKOBUX
po3mipie, mpaekmopii pyxy kpaneib. Ompumari 3a1exHCHOCmi 0aioms 3M02y OYiHUMU,
AK  BNIUBAE NOYAMKOBUU pO3MIp Kpanii HA yac ma 6i0CmaHb 00 NOBHO20 il
sunaposyeants. Ilpointocmposano epagiuno Ounamiky 3miHu napamempise nogimps Ha
8Ux00i poznunrogaua. AHaniz  OMPUMAHUX — 3aledCHocmeli  00380J14€  eUOpamu
napamempu posnuno8aia; OUCNepCHICMb, Kym BUIbOMY [ NOYAMKOB) WEUOKICb AKI
3a6e3neuyoms piGHOMIPHE 36010HCEHHS NOBIMPsL AOO HeOOXIOHOI NoGepxHi (NIOWUHU).

KuwuoBi cioBa: posnunennsa 600u, oucnepzo6ani Kpanii, 3680/10M4CEHHA
nogimps

AKTyaJIbHiCTb. 3BOJIOKEHHS TMOBITPS  PO3MUIIOBAHOIO  BOJOI0  HIUPOKO
3aCTOCOBYETHCSI Y arporpoOMHUCIOBOMY BUPOOHHUITBI ISl KOHJWLIIOBAHHS TOBITPS Y
BUPOOHUYUX TPUMILIEHHAX, OXOJOJKEHHS TMOBITPS 1 PpOCIUH B TEIUIMYHOMY
rocrnojapcTBi Ta TBapuH 1 MNTHUII B MNPUMINIEHHAX B TNEPIOJU CTIMKO-BUCOKOT
TemriepaTypu armocdepHoro moBiTpsa. I[lpu BuOOpi HPHUCTPOIO ISl 3BOJIOKEHHS
[UIIXOM PO3MWIIOBAHHS BAXKIMBO BU3HAUUTU sSIKa camMe MoJelb (TUIl amapary)
HalKpallle peanizye KOHKPETHI arpo- i1 300T€XHIUYHI BUMOTH. 3 BUPOOHHYOTO JTOCBIAY
BIIOMO, IO HaMKpalli pe3yibTaTh MOXYTb OYTH IOCSATHEHI NMpU BUOOPI HE MPOCTO

€KOHOMIYHOI MOJENi, a ONTHUMaJbHOI 3 TOYKH 30py 3abe3reueHHs KOM(OPTHOTO
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pPEXUMY, MOKIMBOCTI aBTOMATH3allli 1 TOYHOCTI PEryJlOBaHHS 3BOJIOXKEHHS. Tomy
3a/layl BU3HAYEHHS JTMHAMIYHUX XapaKTEPUCTUK MPOLECY 1 MPUCTPOIB PO3MUITIOBAHHS
BOJIM 3AJIMILAIOTHCS aKTyaIbHUM.

AHaJi3 OCTaHHIX aocjizkeHb Ta myOaikanid. HuHi nutanHs po3nuiiOBaHHSA
pIAMHY, pyXy 1 BUNIAPOBYBAHHS AMCIEProBaHUX Kpamelb JOCTATHHO MOBHO BUCBITIIEHI
B CydacHMX HayKoBUX BuAaHHAX [1-4] 1 okpemux myOmikamisax [5-9]. B po6ori [2]
pPO3IJIIHYTO (akenbHI MpOLECH MPU PO3MUIIOBAHHI PO3YMHY B HEOOMEKEHOMY
MpocTOopi; B poOoTi [3] HE BpaxoBYEThCS «pPEaKTUBHA» CUJIA Bl 3MIHU MacH; B poboTax
[4—6] pO3rIIsiHYTO pyX Kpamesib Y HOBITPSHOMY MOTOLl — BOAO — MOBITpsiHUM (aken. B
poOoTi [8] po3risiHyTO AUdY3iiHUI MacomnepeHoC MpHU BIACYTHOCTI BIJHOCHOTO PYyXYy
kpamnenb. [lporiecaMm MacooOMiHYy mNpu «BOpacyBaH1» JAUCHEPrOBaHUX Kpameib Y
HEpPYXOME TMOBITPSHE CEpEeJOBUINE NPUIUIEHO Majlo yBaru. Ale, came BIJICYTHICTh
TPAHCHOPTYIOYOTO  MOBITPSHOTO  (CYMYTHBOTO) TMOTOKY 1HTEHCU(IKye Tpolec
BUIIAPOBYBAHHS Kparelb 1 3BOJIOKEHHS MOBITPS, 110 3a0e3euye MOBHE BUIIAPOBYBAHHS
Kpareib.

Meta nociigkeHHsi — cQopMylOBaTH MaTeMaTUYHy MOJENb NPOLECIB PyXy
KpaIluIMH MpU iX BUMApOBYBAaHHI 1 OTPUMATHU CHpolIeH] (HOpMYIH sl HAOIMKEHUX
PO3paXyHKIB TPAEKTOPi MOJBOTY Kpareib B HEPYyXOMOMY MOBITPSHOMY CEpEIOBUIIII.

Marepianu i Meromm pnociaimkeHnsi. s QopmyntoBaHHS — MaTeMaTHYHOI
MOJIeJIl PO3TISAAETHCS PyX OJMHOYHOI KPAIUTMHU y BUIJISI/II MaTepiadbHOT TOUYKH, Maca
SIKOT 3MEHIIIYEThCSI B TIPOIIECT EepeMillieHHs (TI0JIbOTY) 3 IHTEHCUBHICTIO SIKa 3aJICKUTh
BiJl IIBUJKOCTI pyXy 1 MapaMeTpiB MOBITPSHOIO CEPENOBHUIIA B SKOMY BiAOYBa€eTbCS
npotec. Jns crpoleHHs onucy NpUHHATI Takl NPUIYIIEHHS, 11eali3yl0uu Ipolec, ajne
HE CIIOTBOPIOIOYHM 3arajibHy (i3M4HY KapTUHY:

— Kpamisi mae (opMmy Kyl 1 B Mpoleci BUIAPOBYBaHHS He Ae(OpPMYETHCA
(bopmy He 3MiHIOE); Kparli MK CO00I0 HE B3a€EMO/IIIOTh;

— 3MiHa Macu 1 BIANOBIAHO pO3MIpy Kparuli BiAOYBaeTbCAd ILUIIXOM
BUIIAPOBYBAHHS B OTOYYIOYE CEPEAOBHINE, MapaMeTpU SKOro, 30 4ac BUIAPOBYBAaHHS

Kparuli He 3MIHIOIOThCS; PYIITHHOIO CUJIOI0 BUIAPOBYBAHHS MPHUIHSATA PI3HULIS MAacOBOT
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KOHIIEHTpaIlli BOJOTM HaJ MOBEPXHEI Kparull (KOHIEHTpallisi HACMYEHOI Mapu Mpu
TeMIiepaTypi Kparuii);

— CWIa ONopy MEPEMIIIEHHIO Kparull B TIOBITPSIHOMY CEPEIOBUIII 3aJIeKUTh BiJl
HIBUAKOCTI Kparull Ma€e KBaJpaTUUHY 3aJI€KHICTh;

— TeMIiepaTypa Kparuli B Ipoleci BUMAPOBYBAaHHS HE 3MIHIOETHCA 1 JIOPIBHIOE
TeMIiepaTypi MOKpOro TepMOMETpa.

PesynbraTH gociaigkedb Ta ix oOroBopeHHs. [IpuitmeMo, mo nodaTrkoBa
MIBUJKICTh KpaIll JOPIBHIOE OKPYXKHIM IIBUAKOCTI PO3NUIIOBAIBHOTO IUCKY V.
[loyatoxk KOOpAMHAT HAa KPOMII AMCKY B TOYIIl CXOAYy Kparull 3 JHUCKY, KyT Haxwuiy
MOYAaTKOBOI IIBUJKOCT1 TOBUIbHUHI. Bick O x cHpsiMOBaHO rOpU30HTAIBHO, a Bich 0y —

BEpPTUKAILHO BHU3 (puc. 1).

0 >

v

Puc. 1. Po3paxyHkoBa cxema JJisi BU3BHAYEHHS PyXy KpaIJii 3MiHHOI MacH

Pyx kparii 3 ypaxyBaHHSIM 3MIHU Macy IUISXOM BHUMAPOBYBaHHS y MPUHHATIN
CUCTEMI OpIMHAT B TMPOEKUIAX HAa BIUIMNOBIAHI BICI OMNUCYEMO HACTYNMHUMU
nudepeHIliaIbHUMU PIBHSIHHSAMU:

PiBHSIHHS pyXy KpaIUIMHU 3alUIIEMO Y BUTJISIL:

dv. dm 1 2
m—>+V —=——C_(Re)p SV ; 1
dT xdT 2 x( )pV X ()
dv, dm 1
— 24V, "= =mg——C, (Re)p,SV?; 2
Tar a8, y( o, g @
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pne V.V, — npoexuii 3MiHHOI IIBHAKOCTI KPAIUll HA TOPU3OHTAIIbHY 1 BEPTUKAIBHY
- o . _ . r -
Bici; C,,C, — 3MiHHI KOe(illieHTH OmOpY; m — Maca Kpami; Re = 7Vx’y — KpuTepii

PeitHonbnca; v — KoedilieHT KIHEMAaTHUYHOI B’SI3KOCTI CEPENIOBMINA;, ¥ — pajiyc
KpaIIMHK; O, — TYCTHHA HOBITPs; S — MIJEIIB IEPETUH KpaIull 3MIHHOTO pajlyca; g —
MPUCKOPEHHS BUILHOTO MaI1HHS.

AnHaniz 3MIiHM BeJWYMHU 4Yuclia PeliHonbaca mpu MOJAbOTI CPEPUUHUX YACTOK
niamerpom 10...250 MKM 1 moyaTkoBOow MmBHAKICTIO 10 60 m/c, mokazaB [9], mio
HaWOLIBII JOCTOBIPHI pe3yJbTaTH B TEpexiAHIA o001acTi Mae anpoKCHMaIlis
KoedilieHTa aepouHaMidHOrO ornopy 3a dhopmyinoro JI. Kisuka:

24 4
¥ Re 3/Re )

: : : 3
Busnavaroun napameTpu Kparuii: Macy Ta po3Mip depes ii pajiyc: m = 2 DT

w

S =m" (ne p,, — TYCTHHA PEYOBHMHU KpaIljil); NepenuiieMo piBHsIHHA (1) y BUrmsai:

BennunHa BepTUKANbHOI CKJIAI0BOI IIBUAKOCTI pyXy Kparli, 3HAYHO MEHINa 3a
TOPU30HTANBHY CKIIAOBY 1 mpu umciax Pelinonbaca: Re <10...15 Bupas (3) moxHa
3aMIHUTHU CIIPOIIECHOIO 3aJISXKHICTIO [9]:

24
C,(Re)= Re T225: (5)

[lepenumemo piBHAHHS (2) 3 BpaXyBaHHSM (5) y BUTIISIAL

34V, (r) dr(zr) 3 p, 12v
4dT+4Vy(T)dT—4q—pw(Vy(T))2 Vy(T)r(T)+2.25 ' (©)

3MiHy MacM Kparjii TIpH BHUIAPOBYBaHHI B TOBITPI BU3HAYMMO PIBHSHHSIM

BOJIOTOBi//1aul (MaTepiaabHUM OallaHc):
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O =N, (o) (a0,)-d o ™)

r L . .
ne Nu, = D S — macoobminHui kputepiit Hycenbra; D — xoedimieHT qudy3ii napu B

noBITps; 3 — KoedilieHT MacooOMIHy; d "(0 ),d — BOJIOTOBMICT HACUYEHOI Mapu Mnpu

m Vv

TeMIlepaTypi MOKPOro TEpMOMETpa Ta MOBITPSIHOTO CEPEAOBHILIA.
Yucno Hycenpra 3alexuTbh Bil  aepOJAUHAMIYHOTO  PEXKUMY,  SKUAN
XapaKTepu3yeTbcst YuciioM PeifHonbaca 1 BIAMOBIAHO 110 [S] Moxke OyTH BU3HAUYEHO 3

KpUTEPIAIbHOT'O PIBHIHHS:
Nu =2+0.55Re™ P, (8)
ne Pr — kpurepiit Ipanmis, crana Beauuuna (Pr’?® =0.7).
3aJIe’)KHICTh HACMYEHOTO BOJOTOBMICTY MOBITPS BiJl TEMIEpATypud B MEPUIOMY
HaOmkeH1 (1HTepBan Temmeparypu 6, =5...30°C) Moxe OyTH anpoOKCHMOBaHa
JHIAHOIO 3aJIEKHICTIO:
d"6, )=a+bé,, )
ne 6, — remnepaTypa Kparull.
3 ypaxyBaHHsM (opmyiu (8) BUpa)katouu BeIMYMHY MacHu Kparuli uepes ii paaiyc

piBHsAHHS (7) MepenuuemMo y BUTIISIAL

_djz_f):gmdzrl(r)(mo.ss iVy(r)r(r)j. (10)

Taxkum uyHOM OTpHUMaHa cucTeMa piBHSAHD (4), (6), (10) mpu MOYATKOBUX YyMOBAX:

X(O) = y(O) = 03 X'(O) = VxO = VO cos aO s y'(O) = VyO = VO sin aO) (IIC

2 . . .
VO Z\/(on) +(Vy0)2,060 — HMBHUAKICTH 1 KYT CXOIKCHHA Kpalil 3 JUCKOBOTO

pO3NMWIIIOBaya) SBJS€ MAaTEeMAaTUYHY MOJENb BUIAPOBYBAHHS Kpalull MpU MONBOTI Y
HEPYXOMOMY CEPEOBHILLI.
JluHamika 3BOJIOXKEHHS IOBITPSA B INPUMIIIEHHI 3 00’€MOM V, BHU3HA4a€ThCS

PIBHSHHSIM MaTepiajibHOro OanaHcy:
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VP, = BF,(d"(6,)-d,), (11)

ne I, — 3arajibHa MOBEPXHs Kpaneis y (akenl po3nuiy.
Bennuuna F,, — 3aJeXuThb Bl BUTPAT PO3NMIIOBAHOI BOAU 1 JUCIEPCHOCTI
posnuiny; Tomy npuitHasmu SF, = const piBHsAHHA (11) MoXHa mpolHTerpyBaTH. 3a
ymoBH 7 =0; d, =d , po3B’sI30K OTPUMaHO y BUIIIAL:
_ PR
d(z)=d"(0,)-(d"(6,)-dy)e " . (12)

ne BeluyuHa d "(Qm) BU3HAYAETHCA CIIBBIHOMIECHHSIM (9), 3HaUe€HHA [ pIBHSIHHAM

2r(z‘)

BioMoi [ 1] popmymnu:

B =Nu, . 3MiHa BIIHOCHOI1 BOJIOTOCTI MOBITPS B NPHUMIIIEHHI BU3HAYAETHCS 3

olc) d(r )10’

T at, +b622°

Pe3ynpTaTi 4MCIOBOTO aHajIi3y OTPMMAHOI MaTeMaTUYHO1 MOJIEN, TPOBEIEHOTO
B komm’totepHoMy cepegosuili MathCAD mnpencraBieHo 3alneXHOCTSIMU  3MIHU
po3Mipy KpaluiMH B 4aci (puc. 2) (KIHETHKa BUIIAPOBYBAHHS), 1 TPAEKTOPISIMU PyXy
(mepeMillleHHsl KpaluliH B JIBOMIPHOMY MPOCTOpP1) MPHU PO3MNHIIOBAaHHI NPHUCTPOEM 3

BEPTUKAIBHOIO TUCKOBOIO HacaaKolo [4] HaBelleHl Ha puc. 3.

Puc. 2. 3mina po3mipy kpamJii B yaci (Ipu pi3Hiil 1MCIEPCHOCTI PO3NUILY):

1 — 50 mxm; 2 — 100 Mmxm; 3 — 150 MkM
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Puc. 3. Tpaekropii pyxy Kpanejb Ip¥ BUIIAPOBYBaHHI (I03H. puc. 2)

Jj1st HaOJIMKEHOTO BU3HAUYEHHS MapaMeTpiB pyXy GpOHTY CTPYMEHIO pO3MHIIEHOT
piauHu  (MIBUAKICTH, AANBHICTh, Yac), METOJAOM pPYXy I130JIbOBAaHOI KparuiuHH, 13
cucremamu pisHsaHb (1), (2) mpu cropouryroyoMy TpunyiieHi: dr/dt =const=y 3a
METOJIMKOIO pO3B’ 53Ky HaBeneHoMY B [10] MOXyTh OyTH OTpUMaH1 aHATITUYHI BUPa3u

JUTSL IPOEKLINA MBUIKOCTI PYXY 1 IEpEMILIEHb 32 KOOPAUHATAMM:

v (c)= S0Py oy (13)
8r0pw
3CY 3V
V(e)=""r 2Py T ey (14)
g 810Py "o g

7€ 7, — IOYaTKOBUI pajlyc Kparuii.

Inrerpyroun Bupasu (13) 1 (14) Bix 0 1o T MaTumMemo:

3G by 2y o (15)
647,

3CV 0P, V. o 4
y_7<)PVOT2+ Y0 74 ror . (16)
321; 4r, 8r;

['padiuni 3a1€KHOCTI TPAEKTOPiIN PyXy Kpareiab OTpUMaH1 CyMICHUM pPO3B’SI3KOM
piBHsHb (13,15) 1 (14,16) B xomm’totepHomy cepenonuii MathCAD HaBezneH1 Ha puc.
4.
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Puc. 4. lunamika 3MiHM NapaMeTpiB MOBITPA HA BUXO0/I PO3NWIIOBAYA

Takum YHUHOM, OTpI/IMaHi 3aJIEKHOCTI JO3BOJIAIOTH BI/I6paTI/I mapamMeTpu

pO3NUIIOBaya: AUCHEPCHICTH (7, ), KYT BUIBOTY () 1 IOYaTKOBY WBUAKICTH (V) K1

3a0€31euyI0Th PIBHOMIPHE 3BOJIOKEHHS MOBITPS a00 HEOOX1HOT MOBEPXH1 (TUIOLIHUHH).

BucHoBKM i mepcneKTUBH.

1. Ha oOcCHOBI TEOPETHMYHOrO aHANI3y MEXaHIKO-TEXHOJOTTYHUX  3acaj
chopMyIbOBaHA MaTeMaTHUyHa MOJENb OAICTUKH Kpareib, 10 BUIAPOBYIOTHCS MPHU
MOJIbOTI B MOBITPSHOMY CEpPEOBUIIII NPUMIllIeHb. MoeNb BpaXxoBy€e 3MiHY KOE(ILIEHTY
OTIOPY B TPOIIeCl IEPEMIIICHHs Kparul, 1[0 3HAYHO MiABUIIYE TOYHICTh PO3PAXYHKIB.

2. Jns aHamizy poO3paxyHKIB TpPAEKTOPIA pyXy MOXHA BHKOPHUCTOBYBATU
CITPOIIICH] 3aJIeKHOCTI.
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MATEMATHUYECKHUE MOJIEJIU UCITAPEHUSI KAIIEJIb B
IMPOIIECCE JIBHKEHUS B BO31YIIIHOM OFbEME NIOMEIIEHUM
B. A. I'puwenxo

AuHoTamus. Paccmompenvl  meopemuueckue — NpPeoOnoOCHLIKU — NPOYECcos
pacnvlieHus Kaneib 800bl U UX OdlbHelulee Ucnaperue npu nojeme 8 HenoOSUNCHOL
cpede. IIpeocmasnen ananusz oceeweHus 80NPOCA PAcnblieHUst HCUOKOCU, OBUNCEHUS
U ucnapeuuss OUCNepeUpOBaAHHLIX Kaneiv 6 cospemenHuvix uzoanusax. Chopmyauposarno
MAmemMamuyecKylo Mooeib NpoYecco8 OBUIICEHUsT Kaneilb NpU UX UCHAPeHuUu U
NOTYYeHbl YNpoueHHble popmyvl 0isi NPUOIUICEHHBIX PACUEmMO8 MPAeKmMOopull noiema
Kaneib 6 HeNnoOBUNCHOM 6030VWHOU cpede. llpu cozoanuu moodenu yumeHo, 4mo
K03 uyuenm conpomusnenuss 8 npoyecce nepemeujeruss Kaniu MeHsAemcs, U 3mo
NOBbICULO MOYHOCMb paciemos. 1o nonyuenHou mamemamuieckou Mooenu npogedeH
YUCNeHHbL aHanuz 6 KomnviomepHou cpede MathCAD u nonyuenst epaguueckue
3a8UCUMOCIU  IKCHO3UYUU UCHAPEeHUs. ChepuyecKux Kaneivb pAa3IUYHbIX HAYATbHLIX
pasmepos, mpaekmopuu osudiceHus xanenv. [lonyuenuvie 3a8UCUMOCU NO360JIAIOM
OYeHUMb, KaK G1usiem HA4albHblll pazmep Kaniu HA 8pems U paccmosHue 00 NOJIHO2O
ucnapenus. Ilpounmocmpupoano epaguuecku OUHAMUKY USMEHEHUs Napamempos
8030yxa Ha 6vixode pacnvliumens. AHanu3 Noay4eHHuIX 3asucumocmeti NO380.1em
8blOpamsb napamempvl pAacnvlLiumens. OUCHEPCHOCMb, Y20l 8blilemd U HAYATIbHYIO
CKOpOCMb  KOmopble 00ecnedusaom pasHOMEPHOe YGIAdCHeHue 8030yXa Uil
He0OX00UMOU NOBepPXHOCMU (NIOCKOCIUL).

KiroueBble cji0oBa: pacnolieHue 600bl, OUCHEPZUPOBAHHbBIE  KANJIU,
Y6naxcHeHus 8030yxa
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MATHEMATICAL MODELS OF EVAPORATION DROPS IN THE
PROCESS OF MOVEMENT IN THE AIR VOLUME ON THE PREMISES
V. Hryshchenko

Abstract. The article discusses the theoretical background of the process of
spraying water droplets and their further evaporation when flying in a stationary
medium. An analysis of the coverage of the issue of fluid dispersion, movement and
evaporation of dispersed droplets in modern editions is presented. A mathematical
model of the processes of droplet movement during their evaporation has been
formulated and simplified formulas have been obtained for approximate calculations of
the trajectories of the flight of droplets in a fixed air environment. When creating the
model, it was taken into account that the drag coefficient in the process of moving the
drop changes, and this increased the accuracy of the calculations. According to the
obtained mathematical model, a numerical analysis was carried out in the computer
environment MathCAD and graphical dependences of the evaporation exposure of
spherical droplets of various initial sizes, the trajectory of the droplets movement were
obtained. The dependences obtained allow us to estimate how the initial drop size
affects the time and distance to complete evaporation. lllustrated graphically the
dynamics of changes in the parameters of the air at the outlet of the sprayer. The
analysis of the obtained dependences allows you to select the parameters of the sprayer:
dispersion, departure angle and initial velocity that provide uniform moistening of the
air or the desired surface (plane).

Keywords: spraying water, dispersed drops, air moistening
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