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IMopiBHAIbHA IMHAMIKA BUTIKAHHS Comparative dynamics of liquid outflow from
piaunm i3 eMHOCTElH NEBHUX reOMeTPHYHHUX containers of certain geometric shapes

(¢opM B 3aJIe:KHOCTI B 3MiHU oci depending on the change in the axis of
o0epTaHHs. rotation.
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B memanypeitinux nionpuemcmeax, Ha Oeskux 3a600ax ma Gadpuxax 8 MEXHONOSIYHUX Npoyecax
3ACMOCOBYEMbCA PO3NUBAHHS DI3HO20 POy DIOUH (YasyH, cmaib, 3010MO, Cpiblo, WOKOAA0 mMowo) i3
BEIUKUX EMHOCMEL PI3ZHUX 2eOMEMPUYHUX YOPM 8 MeHULi CIaHOapmHi opmMu MemooomM nOBOPOMY EMHOCHII
BIOHOCHO 3aKpInieHOi mouku abo Qikcosanoi oci i euIUBanHI uepe3 Kpal. Bajcnueo, wob npu ybomy nomik
Ppiounu 06y6 piHOMIpHUM, WO 8 OTUCHOCHI He CNPABONCYEMbCS HABIMb NPU NOCMILHIL KYMOSIU WeUOKOCmi
obepmanns. B Oamiti pobomi pozensnymo npoyec po3nugy iz eMHocmell KOHIYHOI ma napaboriunoi gopm—
HAUOLIbW YHCUBAHUX HA npakmuyi. B po3sumox pobim asmopieé no yill memi, po3easHymo HUU MexaHiam
NOBOPOMY, WO 4aACO 3YCMPIYaEmvCs, a came, NoGopom GIOHOCHO OiamMempa 6epXHbOi YaCMUHU KOMAA.
Ompumani pe3yromamu GUGUEeHHsI OUHAMIKU 3MIHU pO3X00Y DIOUHU 8 3ANeHCHOCMI 6i0 Kyma HAXUTLY,
AHANIZYEMO 6 NOPIGHAHHI 3 Pe3yIbIaAmamu NONepPeoHix pooim asmopie i NOOAEMO BUCHOBOK-PEKOMEHOAYTL.
Bpaxosyrouu yi meopemuuni docnioxcents, pobomy HOBOPOMHUX MEXAHIZMI8 8 KOJNCHOMY KOHKDEMHOMY
BUNAOKY MOANCHA NIOKOPe2y8amu, UpPOOUBLUL AT2OPUMM HOCTIO08HUX Oill, W0 3a0e3neuyioms PiBHOMIpHICD
npoyecy UnUEAHHS.

Kniouosi cnoea: eeomempuuna ¢opma, obepmanns iOHOCHO 3aKpinieHoi mouku abo oci, Kymosea
WeUOKICMb 00epMAHHS, Kym HAXULY, PO3XI0 PIOUHU NPU PO3TUGI, OUHAMIKA SUMIKAHHS, PIGBHOMIDHULL GUMIK

In metallurgical enterprises, in some plants and factories, in technological processes, pouring of various
types of liquids (cast iron, steel, gold, silver, chocolate, etc.) from large containers of various geometric
shapes into smaller standard forms by the method of turning the container relative to a fixed point or a fixed
axis and pouring over the edge It is important that the flow of liquid is uniform, which in reality is not true
even at a constant angular speed of rotation. This paper examines the process of pouring from containers of
conical and parabolic shapes, which are the most widely used in practice. In the development of the authors'
works on this topic, another mechanism of rotation, which is often found, is considered, namely, rotation
relative to the diameter of the upper part of the boiler. We analyze the obtained results of the study of the
dynamics of changes in fluid consumption depending on the angle of inclination in comparison with the
results of the previous works of the authors and provide conclusions and recommendations. Taking into
account these theoretical studies, the operation of rotary mechanisms in each specific case can be adjusted
by developing an algorithm of sequential actions that ensure the uniformity of the pouring process.

Key Words: geometric shape, rotation relative to a fixed point or axis, angular speed of rotation, angle of
inclination, liquid flow during pouring, flow dynamics, uniform flow.
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Beryn

B poGorax [1] Ta [2] pO3rIISTHYTO AWHAMIKY
MPOMHUCIIOBOTO PO3JIMBY PiJIMHU 13 EMHOCTEH MEBHHUX
reoMeTpudHuX (HOpM TPHU TOBOPOTI BiTHOCHO OCi,
IO MPOXOAWUTh Yepe3 HIDKHIO TOYKY €EMHOCTI.
PosrnsiHEMO TyT MWHAMIKY BUTIKAaHHS, SKIIO BiCh
o0epTaHHa 1€ JlaMeTp BEPXHBOI  YACTHHU
TrCOMETPUYHOI (HOPMHU.

OcHOBHA YacTHHA

I. Hexaif emHIicCTh — 11e KOHYC 3 mapamerpamu R
Ta H, HanoBHEHMH PIOUHOI 1 MOBEPTAETHCA
BITHOCHO 3aKpiruieHoi oci F( 3 OCTIHHOI KyTOBOO
mBHIKiCTIO w. Ha Puc. 1, L — xono 1oTuKy piauHu
Ha MOYaTKy Haxwiy KoHyca, L' — micis Haxuiy Ha
KyT ¢, A — TOYKa BUJIUBY.

=

Puc. 1 Koniuna emmicmo

SlcHo, mo L' — eminc, mapameTpu sIKOro a Ta b
3MIHIOIOTECS B 3aJI€3KHOCTI Bifl 0.
E — uenTp emninca JiexXuTh Ha JiHII HEHTPIB €JIICIB,
DK — cepenust  nminis A0AB, AC = 2a —Benuka
Bich, MN = 2b — maa Bicbk. B cucremi koopauHar,
BuOpaHii sk Ha Puc. 1, B momunai XOY KyToBuit
koedimienT npsimoi AC Oyne

kac =k=tg(p,§=tga.

Hesaxko Gauutu [1], sxmo C(x.,Yy.), TO
kR—H H-kR 2RHV1+k?2
Xe = Y. =H VAC =2a = ————.
KR+H KR+H kR+H

3naiinemo temep b. Ha minii MN mepernHarOThCS
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Kpyr ¢ meHTpoM B Toumi O, pajaiyca p Ta eirc,
BelnKa Bich sikoro AC = 2a. Toxi i3 40, EM maemo,

X4+ kR?

b? = p? — (04E)?, ne O,E = xp =-42"—t=
p (0,E)?, ne 04 E B YR+H
R R ya+ RH H—kR
p=—yp =24 - =T To6ro b =R ,
H H 2 KR+H H+kR

H—kRZO,k=tg<pS%=ctga.

TakuM yuHOM,

(H — kR)(1 + k?)
(H + kR)3

Tyt S,/ — TuIOIIA MOBEPXHi PiAMHY TiCIISI HAXUITY
Ha KYT (.

3HaiIeMo Po3Xi piHA Py, AKWii BU3HAYAETHCS
SK 00’€M BHTIKAIOUOI PIIMHU 32 OJWHUIIO Yacy i
JOPIBHIOE JOOYTKY IJIOII NOBEPXHI BUTOKY PIIMHHU
Ha BEpPTUKaJbHY CKJIaZOBY V) HMIBHJIKOCTI PyXy
TOUYKU A BiIHOCHO oci oOepranHs FQ.

Maemo, v =wR, v, =vcos@ =wRcosy,
TOOTO

S,y = mab = nR*H

P<p=SL"vJ_=

(H — kR)(1 + k?2)
(H + kR)3

= nR?’HwR

cos@ =

3 cos(a + @) cos? ¢
=nR’wcosa .
cos3(a — @)

Hocnimamo P, Ha EKCTpEMyYM, MaeEMO

cos(a + ) cos? g\’ B
cos3(a— @) ~ cost(a— @)

X (=3sin(a — @) cos(a + @) cos o —
—2sin¢@cos(a — @) cos(a+ @) —

—cos @ cos(a — @) sin(a+¢))=0.

cos ¢

Abo
cos ¢ (—3sin(a — @) cos(a + ) —
—cos(a — @) sin(a + @)) —
—2sin@cos(a — @) cos(a + @) =
=cos @ (sin2¢ — 2sin2a) —
—sing (cos2a + cos 2¢) =
=sing —2cos@ sin2a — sin@ cos 2a =
=sin@(l—cos2a) —2cospsin2a =0,
TOOTO

; _5 sin2a =2t
ge= 1—cos2a g«

[0 HEMOXKIIHBO, 00 tg ¢ < ctg a.
Takox cos@ #0, 60 ¢ < g —a, aHaJoTi4HO

cos(a — @) # 0. Takum unnom, P,' <0 mms 0 <

(p<E—af i P,— BiJX

=3 () MOHOTOHHO CHIajaac€
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MaKCUMaJbHOro P, |q)_0 =nR3w 10 MiHIMAIEHOTO 3uaiinemMo Tenep posxin piguau F,, Maemo:
P<p| . =0. Fop=S,r-v,,

P=a e v, =vcos@ =wRcos .

TobTo

Il. Jlami posriasHEMO €MHICTh — mapaboJioin R% (2H — R tg ¢)?
oOepranHHg 3 mapamerpamMu R Ta H, HamoBHEHUH ® = 21H2 cos @ wRcos ¢ =
piauHOIO, O0epTaerbcst BigHOCHO oci FQ 3 TwR3
MOCTIHHOI KyTOBOKO MBUAKICTIO w. Ha Puc. 2, L — = VT (2H — Rtg ¢)? =
KOJIO JIOTHKY PITUHA HA [IOYaTKy  HAXWIY R 2
napabonoina, L' — micns Haxuiy Ha KyT @, A — = TtwR3 (1 ——tg q;) )

2H

TOYKa BUJIUBY. .
Hocnigumo P, Ha ekcTpeMyM

P, =2 R3<1 R, )( R_1 )—o
p T m 209\ 2Hcos? @) =

R
1)1—§tg<p=0,
2H
tg ¢ =— =19 Pmax,» ¢ = Pmax -

R
IIpu upomy Py, = 0 — HaiiMeHIIIE 3HAYCHHSL.
— 2
2)C032(p—1+tg p#0.
Tobro P," <0, P, — cianae Bix

P, =nwR3 — max mo P, =0 — min.
(p|‘P=0 qD|‘»‘7=§0max

I11. IlopiBHAJbHA TMHAMIKA

A) Po3riisiHeMO KOHIYHY €MHICTh Ta JBa CIOCOOU
BUJIUBY.
1. B [1] Oymo pO3rasiHyTO BHJMBaHHS PiTUHA
o0epTaHHsIM HaBKOJIO BepUIMHU KoHyca. Ilpu
TakoMy croco0i BUIIBY

P, = mR*w+/R? + H?cos a

X sin(a + @) .

1
Puc. 2 IapaGonoio Byno nmokazano, mo B,,, 3a yMOBHU 3 <cos2a<1

Oyse Tpu TOCTPOMY KYTi ¢, IO 3aJ0BOJBHSE
piBHOCTI
Y BuOpaHiii TakKUM YHHOM CHUCTEMi KOOPIWHAT, 3cos2a—1
MOJKHA TTOKa3atH [2], mo npoekuis L' Ha X0Z — 1e tgp=ctga 3cos2a+ 1"’
KOJIO 13 3MIILIEHUM LIEHTPOM, PIBHSHHSI IKOTO

T
kR2\? R2 OS(PSE—(X=§0max.
x——| +2z2=—=(2H —kR)?,

1
SIKIIO K yMOBA — < cos 2a < 1 He BUKOHAHA, TO

2H 42
nek =tg . Pnax = P(p =0) = tR?’w\/R? + H?sina ,
. _ _ R T
Paniyc nporo xomar = R (1 h tg (p), TOMY Ppin = P (¢ = 5~ a) =0.

2. Y BUNIANIKY, PO3TIITHYTOMY B IIi# cTaTTi

I1 S
Sy = —Pxoz>r’ = P — R3 cos(a+¢) cos? ¢ Pl
cos @ o — T wcosa —cos3(a—(p) y Fp v, IpUIOMY

2 2 _ 2

- Zﬁz (2H ~ R tg ¢) Prax = P(p = 0) = 7R,

cos cos
@ q02H Pmin=P(§0=_—Q)=0.
ne 2H—Rtgp =0 abo tg o <—=1tg Pmax 2 _
. R . B) PosrisiHemo Tenep napaboiuHy €MHICTh

(motmyna 10 mapabomun B Toulli A Ma€ KyTOBHIA 1 1 6 . . ..
_ ZH) . pru OOCpPTaHH1 HABKOJIO 3aKpIJICHOl BCPIIMHU

KOeIieHT K = tg Pmax= 7/ [2], maemo ipu H > R, Ppax = P(¢1), Iie
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3 RH
2H

< QPmax = arctg ?,

nR? (2H — R tg ¢1)*
=—>w\R?+ H? X
4gz? + coS @4

<2H2 +R2>
0< ¢, =arctg

Pmax

H
X cos (arctg E - (pl) .
Ilpu H = R,
Prax = P(¢ = 0) = mR?wy/R?* + H? X
H
X tg —),

COS(arC g R)

Pminzp((pmax)zo-

2. SIkuio obepraHHs Oyje BigHOCHO aiamerpa FQ, To
2
P, = twR? (1 - % tg go) — MOHOTOHHO CIIajiae i
Pnax = P(¢ = 0) = mwR?,
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Pmin:P((Pmax)zo-

BucHoBku

Matoun 1i Ja”i mIpo JUHAMIKy PO3XOAY PiAUHU
JUISI €MHOCTEH pI3HUX TeOMETpHYHUX (HOpM TpH
pi3HUX cmoco0ax BWJIMBY, MOXHA B KOXHOMY
KOHKPETHOMY  BHNAAKy  BHPOOUTH  aJTOPHTM
MOCJIIZIOBHUX il YIpaBJIiHHA MEXaHI3MiB, sKi
3a0e3MeyyloTh NPOoLEeC BUJIMBAHHS TaK, L0 BiH CTA€
JIOCTaTHBO PIBHOMIPHHM.

Ha  3aBepuieHHS ~ BHCJIOBIIOEMO  TOMSKY
mpodecopy Bacmmik O.l. 3a yBary Ta KOpHCHI
HOpajIy.
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