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AHANI3 PO3BUTKY TEOPIi PYXY NOTOKY B TPYEOMPOBOOAX

B cTartTi npuBeaeHo aHani3 nitepatypHUX AXKepen Woao po3BUTKY Teo-
pii pyxy noTtoky B Tpy6onpoBoaax. 3a y3araJibHeHUMM pe3ysibTaTaMm
aHanisy Ta TeOpeTUYHUX [OCAiIAYKEHb PO3KPUTO 3B'A30K MiXK NaMiHap-
HUM PEXXMMOM pPyXy Ta CTPYKTYPOIO NOTOKY B Tpy6onpoBoaax.

KniouoBi cnoBa: Teopisi pyxy NOTOKY, JlJaMiHApPHUM PeXXUM, CTPYKTypa
noToKy, Tpy6onpoBoaum.

B cyyacHux yMoBax CNoOCTEpiraETbCsA TEHOEHLIS PO3BUTKY B ranya3i
rinpoeHepreTUKN, TENIOEHEPreTUKN, TiAPOTEXHIYHOrO ByAiBHUUTBA SIK Y
CBIiTi TaK i B YKpailHi B uinomy. [Jnsa ycniwHOro npoeKTyBaHHS BEJIMKOro
psay 06'ekTiB HeobxigHe MpPoBeAEeHHS HOBMX HAYKOBUX AOCAIOXKEHb Ta
BNPOBaAXeHb y BUPOOHMUTBO. [Nna niaBuweHHA edeKTUBHOCTI | Hadin-
HOCTI rigpoTexHiYHMUX OO’EKTIB MOCTAa€ MUTAHHSA LWOAO0 HeobXigHOCTI Ta
YOOCKOHANeHHsA NiAXoA4iB A0 TiApaBAivyHOro PO3paxyHKy HanmipHUX Tpy-
6onpoBoAiB Pi3HOro NPU3HAYEeHHS, @ CaMe PO3BUTOK TEOPIl KIHEMaTUYHOI
CTPYKTYpPM NOTOKY B HuX [1; 2].

3aranbHoBIAOMO, WO TypbyneHTHI Teuil € HannowwupeHiwow ¢op-
MO0 PyXy PiAWHM i rasis, SKi NOBCAKAEHHO 3yCTPi4alOTLCA B NPUPOAI Ta B
ycix obnactax TexHiku. [pyn UbOMYy BOHW BiApPi3HATLCA HECKIHYEHHUM
Pi3HOMaHITTAM. Hanbinbw npocTi 3 HUX — Ue pyx B Tpybax, noTKax, KaHa-
nax Towo.

0. PenHonbac Bnepwe y 1895 poui BCTaHOBUB iCHYBaHHS ABOX pe-
YXUMIB MOTOKY — NNaMiHapHoOro Ta TypbyneHTHoro.

Ha puc. 1, a Ta puc. 1, r HaBepeHo rpadikun 3anexHocTi KoedilieHTa
rippaBniyHoro onopy A Big uncna PenHonbaca Re, Ha SIKUX PO3KPUTI
pPeXMMN pyxy noToky B TpybonpoBogax. EKcnepuMeHTanbHi TOYKM, LWO
npvBeneHi Ha rpadikax, OTPUMaHi Ha OCHOBI YHIKaJIbHUX eKCNepUMeEHTa-
nbHUX gocnigxens |. Hikypanse ta @.0. LLesenvosa [3-5].

3anexHicTb KoediuieHTa rigpaBniyHoro onopy Bifg 4ucna PenHo-
nbAca npu NaMiHapHOMY peXXMMi pyxy pPiANHN BU3HAYAETBLCA 3a HACTyN-
HOK HOPMYIIOK
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Puc. 1. 'padikm 3anexHocTi KoediuieHTa rigpaBaiyHOro onopy Big 4mcna

PeiHonbaca: a — Tpy6onpoBoAM 3 04HOPIAHO LOPCTKICTIO (32 AaHMMM
I. Hikypaase); 6 — Tpy6onpoBoam 3 rigpas/iiyHo rnaaKko nosepxHeto (3a gaHu-
mu . Hikypaase); B — HoBi cTanesi Tpy6onpoeoau (3a gaHumm @.0. LLiesensosa);
r — HOBi YaByHHi Tpy6onposoau (3a gaHumn @.0. LesensoBa); 1 — naMiHapHu

pPeXuM pyxy NoToKy; 2 — nepexigHa obnacTb; 3 — 06nacTb rNagKoro pyxy

(I'. Bnasiyc); 4 — o6nacTb AOKBaApPaTUYHOMO OMNOPY;
5 — 06nacTb KBaAPaTUYHOMO OMOpPY

Mpu TypbyneHTHOMY peXxuMmi B 06nacTi rnagkoro pyxy koediuieHT
rigpasniyHoro onopy BiAg yncna PenHonbaca Bu3HayaoTb 3a GopMynoto
. bnasiyca

0,3164
l —

en Reo’zs . (2)

MNpu TypbyneHTHOMY pexxuMi B 061acTaX AOKBaApPaTUYHOMO Ta KBa-
OPaTUYHOrO pPyxy NOTOKY Koe@ilieHT rigpaBniyHOro onopy 3aneXxuTb He
TiNbKK Big yncna PenHonbAca, a i BiA BHYTPIWHbOI NOBEPXHi Tpybonpo-
Boay. TOMy iCHY€E BeNIMKaA KiNbKiCTb 3aJIeXKHOCTEN, SKi € B OOBIOKOBIN Ni-
TepaTypi [1; 5]. Bci BOHM peKOMeHOOoBaHi TiNbKM AN KOHKPETHUX YMOB
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(MaTepian, BMA LWOPCTKOCTI MOBEPXHi, BUCOTA BUCTYNIB, BiACTaHb MiX
HUMWK, X popMa Ta po3TallyBaHHA MO NOBepPXHi). ALeKBaTHY 3aNeXHiCcTb
3MiHM KoediuieHTa rigpaBniyHOro onopy Bif BCiX OCHOBHUX Aitounx dak-
TOPiB MOXHa BCTAHOBUTU TiNbKW AOCAIAHUM LWiaxoM [5].

HeobxigHo BigMiTUTK, WO rpadik 3anexxHocTi 3MiHM KoediuieHTa ri-
ApPaBnivyHOro onopy Big yncna PerHoNbAcCa PO3KPUBAE TiNIbKU PEeXUMM
PyXy, afne He pPO3KPMBAE CTPYKTYPM NOTOKY, iKY HE06XiAHO BpaxoByBaTh
npw rigpaBnivHNX po3paxyHKax Tpybonposogis.

OQHMM 3 Neplwunx BUAATHMX BYeHMX 19 cToNITTS, WO 3aMMaBCs po3-
POOKOK TEOPETUYHUX OCHOB CTPYKTYpu noToky € C. HaB'e, skun BBIiB y
andepeHuinHe piBHaHHA J1. Ennepa nopaTKoBi YneHun ons BpaxyBaHHS
AOTUYHUX HaNPYXeHb, AKI BUHMKAOTb NPWU HASABHOCTI rpajieHTa WBuA-
KOCTI.

Po3noginn AOTUYHMX HAMpPYXXeHb CUN TepTsd BiGOMUW 3 OCHOBHOIO
PiBHAHHSA PiBHOMIpHOro pyxy pianHu (puc. 2) i BUpaXKaeTbCsa PiBHAHHAM

r Re’v? 7
T=7Ty—~= ,0/1—2—
"o 8d” 1y

ne p —rycTUHa piauHu, r/cM’; v — KiHeMaTuM4Ha B'A3KiCTb piguHu, mM%/c;

: (3)

d - piameTp Tpybonposoay, M; 1, — BHYTPILIHIA paaiyc Tpybonposoay, M;
r — BiACTaHb Bif 0Ci TpyOM 00 KOOPOMHATU TOYKMU, M.

s s s v —-a v —a— v —1

Fo
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y - y r -y v — . v — o=

To

Py

Puc. 2. Po3nofin OTUYHUX Hanpy»XeHb CUN TEPTS MO XXUBOMY
nepepisy B UMNiHOPUYHOMY TpybonpoBoai

Y 1845 poui k. CTOKC 0TpMMaB pilieHHs oudepeHLinHOro piBHAH-
Hs C. Hag'e. Moro TEOPEeTUYHi pe3ynbTaTy NOBHICTI ChiBNann 3 gaHUMKU
AOCNifiB NpoBeAeHMX y Tpybax Manoro AiaMeTpy Npyu Manumx WBUOKOCTAX
(namiHapHuit pexxum pyxy) [1].
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PiBHaHHA HaB'e-CTokca B andepeHUinHin ¢opMi Mae Bug

2 2 2
Gux+ux6ux+uy6ux+u26ux: x_i@_p_v 6u2x+6 u2x+6uzx
ot Ox oy Oz p Ox Ox oy 0z
ou ou ou ou 1 dp 0%u 0%u 0°u

L, — Sy, — = F - ——— - Yy, 2, (4)

ot ox oy oz P Oy o’ 6y2 oz’
Ouy , ~Qu  Ou Ou_ . 13p o%u, o%u, ou,
o0 “ax Ty o poz | ax? @ &

Ae x, y, Z — KOOPAMHATU TOUYKN BOAHOTO NOTOKY; uy, U, u, = npoekuii
ocepeflHeHOI WBMAKOCTI Ha KoopanHaTHi oci Ox, Oy, 0z; ¢ —vac; F,, F,
F, — npoekKuii NpUCKOPEHHS MacoBUX CU HA KOOPAWHATHI OCi; p — TUCK.

k. CTOKC ONs 3aMKHeHHSA gudepeHLUinHoro piBHAHHSA (4) BpaxyBaB piB-
HAHHA HENepepBHOCTI

ou, Ou, ou
x 4 y + Z -0
ox oy 0Oz
N NPUNHSAB HACTYMHI KPanoBi YMOBMU:
- PyX BOAW YCTaNeHUM, TOMY YaCTKOBI NOXigHi

, (5)

ot ot ot
- MPOEKLUiT NPUCKOPEHb MAaCOBUX CUJT HA KOOPOMHATHI OCi

F.=0,F,=0, F, =-g;
- pyx BoAu BiAbyBaeTbCs y LMAIHAPUYHOMY TPy6ONpoBOAi padiycoM 7 i
AOBXWHOLO [;
- pyx Boau BigbyBa€TbCA Npu HAsBHOCTI nepenagy TUCKY Ap B Mexax
TpybonpoBoay;
- NPpU NaMiHAapHOMY pPeXXUMi pyxy BOoAM BOAA MA€E KiHEMATU4YHY B'A3KICTb
V= f(T):
- NiHIT TOKIB MNOTOKY pO3TalOBaHi CUMETPUYHO 1 NapanesnbHo oci Ox, TO-
MY u,, =0,u, =0,
- Ha BHYTPILLHi noBepxHi TpY6u (7 = 1), B HacNiAOK NpUnMNaHHs Ao Hei
4acCTOK BOAM, MPOEKLis ocepefHEHO! LWBUAKOCTI IX CTAHOBUTb u, =0;

du,

- Ha oci noToKy (7 = 0) noxigHa =0.

r
k. CTOKC BCTAHOBMB, WO OTPMMAaHe pilleHHs afeKBaTHO OMMUCYE
CTPYKTYPY MOTOKY NpPY JTaMiHAapPHOMY PeXXUMi AN BCiX TOYOK, CYKYMNHICTb

73



Cepist «TexHiuHi Hayku»
Bunyck 2(86) 2019 p.

AKWUX npencTaBneHa Ha rpacdiky Hikypaase niniero 1 (puc. 1), ona npuk-
napy Ha rpadikax nokasaHi Touku A i B.

1. OTpuMaHe piBHSAHHA PO3NOAINY OCEPEHEHOI WBUAKOCTI PyXy pi-
AVHW NpUY NaMiHapHoMy pexuMi (puc. 3).

Uy, = iRezé(roz —r? ) (6)

X, U,
r F

Y
=

ry

Puc. 3. Po3nogin ocepefHeHOI WWUBUOKOCTI pyXy pigvHu

2. Bu3Ha4veHa BiacTaHb Bifg oci TpybonpoBoAy A0 TOYOK, WO MakwTb
CepeaHto WBUAKICTb
_ I
F=-0 (7)
J2
3. OTpMaHe 3HaYeHHS MaKCUMManbHOI LUBUAKOCTI MOTOKY

1%
= AR 1. (8)
8d
4. BU3HayeHe BiQHOWEHHS MAaKCUManbHOI LWWBUOKOCTI 40 CepeaHbol
B Tpybonposoai

ux max

X max :2 (9)

5. OTpMMaHe 3Ha4YeHHS KOMMOHEHTIB BMX0piB (puc. 4)
o L[ Oy
2 0y 0Oz
0 :1(% @_j AR
Y 2 8d3

oz ox
0

o, =Ly x| s Y,

2\ ox oy 8d°

(10)
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[oBeneHo, WO BUXPOBI NiHIl € KOHLUEHTPUYHMMWN KONaMu 3 papiy-
COM 7, LEHTPU SIKMX PO3MiLLLeHi Ha oci Tpybu

y2+22:r2. (11)
Buxpoea
JHiA

=7

W max

ry

Puc. 4. Po3nopgin KyToBOT WWBUAKOCTI 06epTaHHS YaCTOK pignHu
Mo XXWUBOMY Nepepisy B UMNiHOPUYHOMY TpybonpoBoai

KyToBa WBMAKICTb 06epTaHHA YaCTOK pPiANHM NOTOKY BIAHOCHO BU-
XPOBUX NiHIM BU3HAYAETLCS 3@ 3aNIEXKHICTIO

2V

2
= \/a) +0,” +o, —/1Re
sd®

: (12)

BenunuunHa KyTOBOI LUBMAKOCTI 06€pTaHHA YacTOK Ha CTiHUi Tpybon-
poBofay 7 = 1) HabyBa€ MaKCMManbHOro CBOro 3Ha4YEHHS

max R€—2 (1 3)

)

6.Micna iHTerpyBaHHa AundepeHuinHoro piBHaHHSA Has’e-Ctokca
TaKO0X OTPUMAHO PiBHAHHSA PO3MNO0Ainy TUCKY B Tpyb6onposogai (puc. 5)

p=po+pglny+r), (14)

e p, —no4aTKoBMN TUCK B Tpybonposopi, M1a; g — npuckopeHHa cunu
TSXKIHHA, €=9,81 M/c?
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Pwuc. 5. Po3nogin rigpoanHamiyHOro TUCKy No »XMBOMY Nepepisy B
unniHgpuydHomy Tpybonpoeogi

BucHoBoK. B naHin po6oTi BCi 3aN1€XXHOCTI, IKi PO3KPMBAKTb CTPYK-
TYPYy NOTOKY BUpa)eHi yepes3 yncno PenHonbaca ta KoediuyieHT rigpas-
nivyHoro onopy. Taknn 3anuc GopMysa NPUNHATO 3 MeTOH, OO NoKazaTu
3B'SI30K MiX PEXMMOM pyXy Ta CTPYKTYPOH MOTOKY.

HeobxigHo BiAMITUTHY, WO Ana TYpOyNeHTHOrO peXXuMy aHasnorivyHo-
ro0 PO3KPUTTS BHYTPIWHbLOI CTPYKTYPU NOTOKY A0CI He icHye. ToMy B Ha-
CTYMHUX CTaTTAX 6yayTb NpuBeReHi cnpobu po3KpuUTTA L€l npobnemu.
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FLOW THEORY DEVELOPMENT ANALYSIS IN THE PIPES

In order to improve the reliability of the hydraulic structures, it is
necessary to improve the approach of the hydraulic calculation of
pressure pipes. That is, we need to develop this theory of kinematic
flow structure. The article describes the literature analysis about the
development of flow theory in the pipes.

It is noted that the graph of the dependence of the friction factor on the
Reynolds number reveals only the flow regimes, but does not reveal
the flow structure, which is necessary when considering the hydraulic
calculations of the pipes. J. Stokes obtained the solution of the
differential equation of S. Navier. His theoretical results completely
coincide with the data of experiments conducted in small diameter
pipes at low velocity (lLaminar flow regime). To close the differential
equation, he considered the continuity equation and accepted the
boundary conditions. J. Stokes found that the result obtained
adequately describes the structure of the laminar flow for all points
on the Nikuradze graph.

The results of the analysis and the theoretical studies summarized.
The relationship between the flow laminar regime and the flow
structure in the pipes has described. Equations for calculating flow
parameters determined: the equation of distribution of the averaged
flow velocity in laminar flow regime, the distance from the pipe axis to
the points with average velocities, the value of the maximum flow
velocity, the ratio of the maximum velocity to the average flow velocity
in the pipe, the value of the vortex components. It is proved that vortex
lines are concentric circles whose centres located on the pipe axis.
The equation of the particles rotation components of the flow and the
maximum value of the angular velocity of rotation of the particles on
the inner surface of the pipe were obtained. After integrating the
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Navier-Stokes differential equation, the pressure distribution equation
in the pipe obtained.

All equations that determine the flow structure expressed by
Reynolds number and pipe friction factor. Such formulas have adopted
to show the relationship between the flow regime and the flow
structure. The flow structure for turbulent regime is still unknown.
Therefore, we will describe the solution of this problem in the future
articles.

Keywords: flow theory, laminar flow, laminar flow regime, flow
structure, pipes.
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AHANU3 PA3BUTUSA TEOPUN OABUXKEHUSA NOTOKA B
TPYBOMNPOBOAAX

B cTratbe npuBeaeHbl aHaNu3 NMTepaTypHbIX UCTOYHUKOB NO Pa3BUTUIO
Teopumn ABMXKEeHUA NoToKa B Tpyb6onpoBoaax. Mo 0606wWweHHbIM pe3yib-
TaTaM aHaNiM3a U TeopeTUHECKUX UCCTIeA0BaHMI PacKpbIiTa CBA3b Me-
YXAY NaMUHAPHbIM PEXXUMOM ABUMXEHUS U CTPYKTYPOM NOTOKA B Tpy6o-
npoBoaax.

KnrwueBbie cnoBa: Teopys ABUXKEHUA NOTOKA, JIAMUHAPHbIN PEXUM,
CTPYKTypa NoToka, TpybéonpoBoAbl.
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