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Abstract. The results of the study of flow curves of various liquids and ways
to reduce hydraulic resistance during flow in pipes by the addition of neutral
fillers in the flow of the transported fluid are presented. Numerous studies have
shown that the additives have a certain pattern: if the proportion of the additive
is higher than the proportion of the carrier liquid, the onset of turbulent regime
occurs earlier, if the additive lighter, than fluid, the turbulence is delayed. It has
been shown that some additives significantly influence the flow resistance.
Heavy oil of Kursangi oil field (Azerbaijan) with additives of polyisobutylene
(PIB) of different concentrations have been investigated.

Series of studies on the effect of soluble additives on the flow curves of the

dispersion medium were carried out. The study of hydraulic characteristics of
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such fluids is very important due to the rather wide range of their application.
Determining of velocity gradient of fluid flow through the averaged
parameters even in the pipe wall is impossible without knowledge of the
velocity distribution along the radius. The fracture behavior of liquid structure
largely determines the distribution of the velocity gradient in the pipe section. In
the experiments ordered the destruction of the structure is observed, for which
the law of distribution of velocities in the pipe section is set more accurately.
Conducted researches showed that the rheological characteristics of liquid
containing soluble additives are largely dependent on their concentration. An
essential feature of these liquids is that their rheological description is made by
inherent dependence. Fluids with fillers are characterized by a single rheological

dependence that is independent of the concentration of solid additives up to 5%.

AnHoTamusi. B pabGoTte mnpuBeneHbl pe3ynbTaThl HUCCICIOBAHUS KPUBBIX
TEUEHUS] PA3JIUYHBIX JKUJIKOCTEH W TMYyTU CHIKEHUS TUIPABINYECKUX
COMPOTUBJICHUN MpPU HUX TEUCHUM B TpyOax NyTeM JT00aBOK HEHUTpaIbHBIX
HAIOJIHUTENIEH B TIOTOK TpaHcHopTupyemoro dimronna. MHoOrouncieHHbIe
MCCJIEI0BAHMS MIOKA3aJIH, YTO 100aBKH UMEIOT ONPEEICHHYIO 3aKOHOMEPHOCTD:
€CJIM YJIeIbHBIN BeC TOOABKHU BBIIIE, YEM yIETBHBIN BEC HECYIIEH KUIKOCTH, TO
HACTYIUICHUE TYpOYJECHTHOTO pPEXHUMa MPOUCXOIUT paHbIIe, €clu J00aBKa
JIerde >KUJIKOCTH, TO TypOYJIEHTHOCTh 3amna3jbpiBaeT. [lokazaHo, 4TO HEKOTOphIE
n00aBKM CYIIECTBEHHO BIHUSIOT M Ha THAPABIMYECKOE COMPOTUBIICHUE.
HccnenoBanuto mojsepraiach BHICOKOBsI3Kast HeQTh MecTopoxkaeHUs KropcaHrs
¢ no6apkamu nosuuzodytusieHa (I11Mb) paznuyHoil KOHLIEHTpALIMH.

bl mpoBeneH psAa UCCAENOBAaHUM, TMOCBSIIEHHBIX HM3YYEHUIO BIIMUSHUS
pPacTBOPUMBIX JO0OABOK Ha KPUBBIC TEUCHHS JUCIIEPCUOHHBIX cpen. M3yuenue
TUAPABINYECKUX XApPaKTEPUCTHK TaKUX JKUAKOCTEH BEChbMa aKTyaJbHO
BCJIEZICTBUE JOBOJBHO OOIMIMPHOMN Chephl UX MPAKTUIECKOTO TPUMEHEHHUS.

[Ipy  §OBWKEHUU  CTPYKTYpPOOOPa3yIOIIMX  KUIAKOCTEH  OmpeseseHue
rpajiu€HTa CKOPOCTU Y€pe3 OCPEIHEHHbIE MapamMeTphbl JaXXe y CTEHKU TPYObI

HEBO3MOKHO 0O€3 3HaHHMS 3aKoHa pacopeaciiCcHud CKOPOCTHU II0 paauycy.
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XapakTep pa3pylICHHs CTPYKTYPbl JKMAKOCTH B 3HAUUTEIBHOW CTEIEHU
OTpeeNsieT W paclpeiesicHne TpaJueHTa CKOPOCTH B CEUYCHHH TpPyObnl. B
OTBITaX UMEET MECTO YMOPSIOUYCHHBIN XapakTep pa3pylIeHUs] CTPYKTYpPHI, s
KOTOPOM 3aKOH pacHpe/iesIeHHs] CKOPOCTEN B CEUEHUU TPYObl YCTaHABIMBAETCS
0oJiee TOYHO.

[IpoBenenHbie UCCIIeI0BAHUS MOoKa3aJu, 4TO PEOJIOTHUYECKHE
XapaKTEPUCTHKN  KUAKOCTEH, COJAEP)KAIIUX pPAacCTBOPUMBIC JTOOABKH, B
3HAQUUTENBHON CTENEHU 3aBUCAT OT MX KOHUEHTpauuu. CylleCTBEHHbIM
OTJIMYMEM  TaKUX KUJIKOCTEM OT IKUJIKOCTEH ¢  HEpacTBOPUMBIMU
HAMOJHUTENISIMH COCTOMT B TOM, UYTO HX PEOJOTUYECKOE OIHCAaHUE
MPOU3BOJIUTCS TPUCYIIEH €l 3aBUCUMOCTHIO. JKHIKOCTH C HAMOJHUTEISMHU
XapakTepU3yrTCS OJHON PEOJIOTMUYECKON 3aBUCHUMOCTBIO, HE 3aBUCAILECH OT

KOHIIEHTpAIUU TBEPAbIX 100aBOK 10 5%.

Key words: laminar flow, turbulence, hydraulic resistance, rheological

properties, filler, polyisobutylene, oil coke, viscous-elasticity, viscosity.

KarwueBbie CJIOBA! JAMUHApHOE TE€UYEHHUE, TypOyJIEHTHOCTD,
TUAPABINYECKUEC CONPOTHUBJICHUS, PEOJIOTUYECKHE XapaKTePUCTHUKH,

HAIOJHUTENH, TOJIM300YTUIICH, HEPTAHON KOKC, BA3KOYIPYTOCTh, BI3KOCTb.

Experiments and calculations show that distribution of liquid velocity in pipe
section area under laminar flow follow the parabola low. The liquid alongside of
wall adheres to the pipe and almost not moving. In contrast, in the center, where
the minimum wall effect, the velocity reaches its maximum.

When a flow is moving slowly, all the bumps seem to be in the "boundary
layer" and do not affect the character of the movement. Under high speed of
flow, boundary layer becomes thinner and around bumps, "microvortexes”
formed. Getting frustrated with tubercles, the vortices screwed into the flow and
creates turbulence motion. It is clear that the effect will be the more, the higher
the bumps.
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It is known that under laminar flow, the resistance is less, therefore, in those
cases where this is important, artificial laminarization applies.

In several studies conducted, it has been proven that various additives and
physical fields can promote maintaining of laminar flow. Additives of relatively
neutral matter (rubber crumb), surfactants and other soluble substances may
delay the onset of turbulence.

Numerous studies have shown that additives have some pattern: if the
proportion of the additive is higher than the specific gravity of the carrier fluid,
the onset of turbulent regime occurs first, if the additive lighter fluid, turbulence
is delayed [1, 2].

Some additives significantly affect the hydraulic resistance. The ability to
control of the main hydraulic characteristics of the liquid has great practical
importance and already is used in various industries.

For example, the reduction of hydraulic resistance in the flow of drilling
fluids provides tangible benefits under drilling turbodrill, in the process of lifting
and transport of liquids.

In mud, which drives the impeller of turbodrill, coal-alkali agent added, that
allows to either reduce the pressure drop while maintaining the same power.

With variation of the hydraulic resistance under dispersion medium (slurry)
flow in the pipe compared with the flow of the same fluid without filler, one of
the important tasks is finding of rational formulations of the compositions and
additives concentrations.

With the aim of search of most stable, not subject to aging or degradation, as
well as widely manufactured matters additives of polyethylene wax particles in
water and petroleum coke in oil have been tested.

As it was noted, the main objective was to find the optimum concentration of
additives. At the experiments we have measured volumetric flow rate of water and
mixtures of water with the addition of plastic particles (with particles diameter d = 2
mm) and water with additives paraffin particles (d = 1.5 - 2 mm) of the experimental

facility is shown in Figure 1 consists of the following main units:
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1 - capacity for liquids;

2 - pipe (length =1.5 m and diameter d = 0.04 m);

3 — bypass;

4 - pump 2KN;

5 -6 —valves;

7 - of-way for fillers;

8 - trap for trapping particles after transportation;

9 - differential manometer.

At the start of the experiment, the pipeline was filled with the transported
fluid (water). The dependence of the flow rate to differential pressure AP was
measured. Then in the tank 1 a mixture of water with the addition of
polyethylene and paraffin with different concentrations was prepared under

closed valve 5 and valve 6.

6 Aa
-4
8 V-3

Figure 1. Scheme of experimental setup

Next, by closing the exhaust - 7, valve 5 was opened and, mixture was fed
into the pipeline through the pump by measuring changes in flow rate Q to
pressure drop AP .

The results of the experiments are shown in Figures 2 and 3.
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Figure 2. Flow curves of water with the addition of paraffin particles
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Figure 3. Flow curves of water with the addition of plastic particles

Similar experiments for mixtures of kerosene+petroleum coke (particle
diameter 0.125 — 0.325 mm) and oil+petroleum coke were conducted by Prof.
Bakhtizin R.N. [3]. Experimental setup with a metering area following
parameters (d = 0.004 m; | — 0.45 m, I/d = 100) was used.
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For different weight concentrations of coke (C = 0; 0.1; 0.2; 0.3; 0.4%)

curves by measuring flow rates at more than 20 different pressure drops were

obtained.
e N
0,9 // 7,/'/
0,76 /,//.//
) -
5 //Z
< 0,62 =—0%
// -2-0,2%
0,48 =4=0,4%
0,34
0,7 19 3,1 4,3 55
AP, MPa
\_ Y,
Figure 4. A flow curves for kerosene with coke additives
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Figure 5. A flow curves for mixtures of oil with coke additives
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All experimental data were processed in AP, Q/Q, coordinates where Q, -

flow rate under the P = 0.5 at and results are shown on Figures 2 - 5. As can be
seen from the figures, the experimental points lie on a universal curve

(independent of concentration) and describes by the equation
g =bAP? (1)

Approximating Q. = Q(0.5; c¢) by a polynomial q=bAP®, we obtain the

relationship of volume flow from pressure drop and particle concentration
Q (PC) —Q(c) bAP? 2)

The value of Theil criterion [4] for all experimental points equal to 0.03 +
0.04 and characterizes the degree of proximity approximated dependence.

Dependence (2) on ¢ has a non-monotonic nature and if a given Ap exists an
optimal, in the sense of reducing the hydraulic resistance, c=c, concentration,

which is easily determined by (2) equation.

In the second series of studies the effect of soluble additives on flow curves
of dispersive environments was examined. It is very important to investigate the
hydraulic characteristics of such fluids due to the wide area of their application.
Despite numerous long-term studies, there are still questions having the
discussion. It is known that the peculiarity of such liquids is that they have
viscoelastic and spatial patterns in the resting state, which qualitatively
distinguishes them from ordinary liquids with additives of various particulate
fillers. By now a significant laboratory material accumulated for the study of
rheology solvent, structured liquids. However, insufficient attention to the
physical side of the process has resulted in the most varied of dependencies
associated with the experiment and the interpretation of results [4 - 7].

It is known that liquids with soluble additives exibit various phenomena:
nonlinear and linear viscoelasticity, the restoration of the structure (or

thixotropy); fracture patterns, etc. Therefore, during studying of that fluids flow
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it is important to take into account degree of elastic recovery of the structural
properties that quantitatively determines the amount of the shear stress and
shows the variability of this parameter in a particular time period. Moreover,

each value corresponds to z, and .

If this option during the research is not controlled, you can almost get the
rheological curve of any nature. It is obvious that the study of the rheological
characteristics of the fluids patterns changing can be diverse: this is true for the
mixing pump, fluid inputing in the pipeline and so on. And the nature of the
violation patterns can lead to the emergence of variant quasi-suspension with
different degrees of dispersion. In other words, if the amount of liquid with
recovered structure to expose disordered strain, along with volume elements
with a totally destroyed structure will be exist elements with intact structure.
And in the limit tends to zero the more intense the mixing process, the higher the
dispersion system.

Naturally there is also ordered type of structure changes, which can be
associated with a gradual increase of the pressure gradient in the pipe or smooth

change in the number of turns of the rotational viscometer.

The existing diversity of 7= f(%) dependence arose not because these

parameters are not controlled, but also due to the fact that in different settings

with different nature of the fluid and different type of structures measurements

researchers use the average values of the parameters in the definition of @. So

dn
for the case of flow in a pipe is commonly used dependence
du 4
du_ 49 3)
n 7R

where % —velocity gradient;

Q - fluid flow; R- pipe radius.
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Although, as we know, the definition of the (3) expression is acceptable only
for laminar mode of non-Newtonian fluid, where the distribution law of
velocities over the cross section of flow is parabolic. Under structural fluid flow
determination of the velocity gradient through the averaged parameters even at
the pipe wall is impossible without knowledge of law of velocity distribution
along the radius. But, since, as noted above, the fracture behavior of liquid
structure largely determines the distribution of the velocity gradient in the pipe
section, it is preferable at the experiments to have ordered destruction of the
structure, for which the law of velocities distribution in the pipe section can be
set more accurately.

Exploring liquid with soluble additives, it can be concluded that there are

two plots of the velocity distribution for Q, and Q, flow rates and plots of

tangential stresses, respectively, for each flow. Change of structure occurs in
layers as it grows z. It is logical to assume that the area with the changed
structure meets the following conditions:

a) the viscosity of the fluid in this area is equal to the viscosity of the

modified structure (= u,.);

b) the nature of the velocity changes in this structure exactly corresponds to
the case of laminar flow mode of Newtonian fluid.

The study was subjected to high-viscosity of Kursanga oil field with the
addition of polyisobutylene (PIB) in various concentrations. Processing research
data on the proposed scheme [5, 7] it can be obtained results, qualitatively

confirming the basic provisions of the proposed hypotheses (Figure 6).
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Figure 6. Rheological curves for Kursanga oil field with the additives of PIB
(processed under the Cross technique)

Conclusions

Studies have shown that the rheological characteristics of liquids containing
soluble additives, largely depend on their concentration. A significant difference
of such liquids from liquids with insoluble fillers is that they rheologically
describes by inherent dependence. Liquid fillers are characterized by one
rheological dependence does not depend on the concentration of particulate
additives up to 5%.
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OnbITEl M pacyeThbl MOKA3bIBAIOT, YTO MPHU JAMUHAPHOM TE€YEHUH CKOPOCTb
KHUJKOCTH B CEUEHUHM paclpejaeneHa Mo mapabone. Y CTEHOK KHUAKOCTb
OpuaunaeT K Tpyoe M ImpakTUUEeCKU He aBuraerca. Hamportus, B LeHTpe, T1e
BJIMSIHAE CTEHOK MUHUMAJIBHO, CKOPOCTh ABUKEHUS JOCTUTAeT MAaKCUMYMa.

Korna nmoTok ABmXeTcs MENJIEHHO, BCe OYTOpKHM pacrojararorcs Kak Obl B
«IOTPAaHUYHOM CJIOE» W HE BIIMAIOT Ha Xapakrep ABrkeHHs. [Ipu BbICOKOi
CKOPOCTH TOTPAaHWYHBIA CJIOW CTAHOBHUTCS TOHBIIE M BOKPYr OyropkoB
o0pa3yloTcsi  «MHUKpOBOJOBOPOTHI».  CpblBagicb ¢  OyropkoB,  BUXpHU
BBUHYMBAIOTCSA B MOTOK M TYpOYIM3UPYIOT ABMAKEHUE. O4eBUAHO, YTO 3PPEKT
OyzeT Tem OoJibllie, YEM BBIIIE OYTOPKHU.

M3BecTHO, YTO NpH JIAMUHAPHOM TEYEHHH COIPOTHUBIICHHE JBHKECHUIO
MEHbIIE, TO3TOMYy B Te€X clydasdx, KOIJla OTO BaXHO, MPUMEHSIOT
VCKYCCTBEHHYIO JJAMUHAPU3ALMIO IOTOKA.

B pspe uccnenoBaHuii, NpOBOAUBUIMXCS B MOCIEIHUE TOJbI, YCTAHOBJICHO,
YTO COXPAaHECHHUIO JIAMHUHAPHOIO PEXHMa MOMKET CIOCOOCTBOBATH PAa3IMYHBIE
n00aBku U duzudeckue mois. JJo6aBKu Takoro, OTHOCUTEIIBHO HEHWTPaIbHOTO,
Marepuaiia, Kak pe3uHoBas kpomika, [IAB u WHBIX pacTBOpHMBIX BEIIECTB
OTJAJISIOT HACTYyIJIEHUE TYpOYJIEHTHOCTH.

MHoOrounciaeHHble UCCIENOBaHMUsS MOKa3ajih, UTO J00aBKM HMEIOT
ONpPEEICHHYI0 3aKOHOMEPHOCTh: €CJIM YJEJIbHBbIM BeC JOOAaBKU BBILIE, YEM
yIeJIbHBIA BeC HECYLIeH >KUIKOCTHU, TO HACTYIUICHHE TYypOYJEHTHOrO peKuMa
MPOUCXOJUT paHblle, €CIM J00aBKa Jierde >KUJIKOCTH, TO TYpOYJIEHTHOCTh
3anasapiBaet [1, 2].

Hekotopeie 100aBKM CyIIECTBEHHO BIMSIOT M Ha THAPABIMYECKOE
conpoTuBjiIeHUE. BO3MOXHOCTh PEryJMpOBaHUS OCHOBHBIX THIPaBIMYECKUX
XapaKTePUCTHK >KUIKOCTH HMeEET OOJIbIIOE MPAKTHUYECKOE 3HAUEHUE U YiKe
UCITOJIB3YETCS B CaMBIX PA3JIMYHBIX OTPACIIAX TPOU3BOACTBA.

K mnpumepy, cHMXKEHHE THAPABIMYECKUX COMNPOTUBICHUM MpU TEYEHUU
IPOMBIBOYHBIX JKUIKOCTEH JAET OLIYTUMBIE BBITOABI IPU OypeHHH TypOoOypoM,

B IIponeccax nmoabeMa u TpaHCiopTa }I(HI[KOCTeﬁ.
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B rimHMCTBIM pacTBOpP, KOTOPBIM, KAK W3BECTHO, NPUBOJIWUT B JIBUIKCHHE
TypOuHKH TypOoOypa, mobaBna0T yriaemenoyHod pearent (YIIIP), uyto
NO3BOJIIET YMEHBIIUTH I€penajg JaBICHUNW TPU COXPAHEHUU TIPEKHEH
MOIIIHOCTH.

[Ipy “3MEHEHUH THIPaBIMYECKOTO CONPOTUBIIEHMS B MPOLIECCE ABMKECHUS
TaKON JUCIIEPCHOM Cpelbl (CYCIEH3MH) B TpyOax MO CPaBHEHUIO C JIBUKEHUEM
TOM JK€ JKUIKOCTH O€3 HANOJHUTENs, OJHOM W3 BAXHBIX 3a7au SBIAETCA
HaXO0XJIEHUE PALlMOHAJIBHBIX PELENTYpP COCTABOB U KOHIIEHTpALMil 100aBOK.

C wenpro moucka HamOOJee yCTOWYMBBIX, HE MOJBEPrarOIINXCS CTAPEHUIO
WIN JIeTpajalii, a TaKKe IIUPOKO BBIMTYCKAEMBIX MPOMBIIUIEHHOCTBIO TIPU UX
HU3KON Cce0eCTOMMOCTH, OBLIM HCIBITaHbl JOOABKM TUIA IOJIMATUICHOBON U
napapMHOBOM YacTULl B BOJE U HEPTAHOTO KOKCa B HEPTH.

Kak ObLI0 OTMEUEHO BbIIIE, OCHOBHAs 33/Jaya CBOAMJIACH K HAXOXKICHHUIO
ONTUMAaIbHON KOHIIEHTpAIH 100aBOK.

B skcnepumeHTax 3aMmepsiicsi 0ObEMHBIA pacxoll BOJAbI M CMECH BOJA C
N00aBKaMH TMOJIMATUIICHOBBIX yacTull (amamerp vactuibl d = 2mm), a Takxke
Boma ¢ jgoOaBkamu mapaduHOBRIX dacthn (d = 15 — 2 mm) Ha
HKCIIEPUMEHTAJILHON yCTaHOBKE, MPUBEIEHHON Ha pucyHKe 1 M cocrosiien u3
CJIEYIOLIMX OCHOBHBIX Y3JIOB:

1 - eMKOCTb AJIS KUIKOCTH;

2 - Tpybonposox (mmunoi | =1,5 m u quamerpom d = 0,04 m);

3 - Oaitmac;

4 - pqacoc 2KH;

5 - 6 — BeHTHIIN;

7 - 0TBOJIA /I HATIOJHUTENEH

8 - JIoByIIKA JUIsl YJIaBJIMBAHUS YaCTHIIBI, OCJIE TPAHCTIOPTUPOBKH;

9 - muddepeHmanbHBIA MAHOMETD.

B Hauane skcnepumeHTa TpyOONpPOBOJ 3aIOJHSIETCS TPAHCIOPTHUPYEMOM

KUJKOCTBIO (BOAOM). DUKCUpPYETCS] 3aBUCHUMOCTh pacxoja KUJIKOCTH Q OT

nepenaaa naeineHuss AP. Ilocne yero B eMkocTH 1 roroBAT cMech (Boja C
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no0aBKaMHM TOJMATUJIICHA M TapaduHa pa3IU4HON KOHIEHTpAlUu) Tpu

3aKpBITOM BEHTHWJIE - S U KpaHe - 6.

6 4
-4

Pucynok 1. Cxema sKCIepUMEHTAILHON YCTaHOBKHU

Jlanee, 3akpbiBasi OTBOJ - /, OTKPBIBAIOT KPaHBI - 5 M Uepe3 HACOC CMECh

MoJaeTCsl B TpyOONPOBO/I C 3aMEPOM M3MEHEHUs pacxoaa Q oT AP.

Pe3ynbTarhl 5KCIEpUMEHTOB MPUBEACHBI HA PUCYHKaX 2 U 3
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Pucynox 2. KpuBsie TeueHus: Bojbl ¢ Jo00aBKaMu 4acTHI] napaduHa
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Pucynok 3. KpuBblie TeueHus 1151 BOABI C 100aBKaMU MOJUATUIICHOBON YaCTHUIIbI

AHaIOTUYHBIC 3KCIEPUMEHTBI JUISI CMECH KEPOCHHTHE(PTSIHOH KOKC
(mmametp yactur 0,125 — 0,325 mm) 1 HedTh+HEPTIHON KOKC OBLITN MPOBEACHBI
npod. baxtusuneiv P.H. [3]. Ilpu stom Obuta HcCHoOB30BaHA YCTaHOBKA C
3aMepHBIM ydacTKoM clieayromux mapamerpoB (d = 0,004 m; | — 0,45 m, I/d =
100).

Jliis pa3nuyHbIX BeCOBBIX KoHIeHTparuii kokca (C = 0; 0,1; 0,2; 0,3; 0,4%)
OBUIM TOJTyYeHBI KPUBBIC IyTEM 3aMEPOB TIOKa3aTesei pacxoaa npu Oosee, yeM

20 pa3mUUHBIX TIepenagax JaBICHUSI Ap .
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Pucynok 5. KpuBsie Teuenus 111 cMecu HeTH ¢ JoO0aBKaMH KOKca
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Bce skcnepumenTanbHble JaHHBIE ObUTH 00paboTaHbl B KOOpAuMHATax AP,
Q/Q, roe Q, - 3Hauenue pacxoja npu AP = 0,5 aTM U NpUBEJICHBI HA PUCYHKaX

2 - 5. Kak BUAHO 3KCHEpUMEHTAJIbHbIE TOYKH XOPOIIO JIOXKATCS HA OJHY
YHUBEPCAIBbHYIO KPHBYIO (HE 3aBUCALIYI0 OT KOHUEHTpPALMH), OMHCHIBAEMYIO

ypaBHEHHEM:
q =bAP? (1)

Annpokcumupys Q. = Q(0,5; ¢) momurHomMom @ =DbAP?, mogy4um CBsI3b

00BEMHOT0 Pacxo/a OT Mepenana AABICHNs U KOHIIEHTPAIIMH JACTHII.
Q (PC) —Q(c) baP® )

3nauenue kputepus Teiina [4] Mo BceM SKCIIEPUMEHTAIBLHBIM TOYKAM PaBHO
0,03 + 0,04 u xapakrepu3yeT cTeNeHb OJM30CTH aANMPOKCUMHUPYEMOM
3aBUCUMOCTBIO.

3aBucuMOCTh (2) IO C MMEET HEMOHOTOHHBIM XapakTep W TpU 33aJaHHOM
3HAYEHUH Ap  CYHIECTBYET ONTUMalbHas, B CMBICIIE YMEHBIICHHUS
TMJIPABIMYECKOTO COIPOTHUBIICHHS, KOHLEHTpaluss C=C,, KOTOPYIO JIErKO
onpenenuts aupdepenunpoBanuem (2).

Bo BTOpOIi cepun nccaeaoBaHuil ObIIIO pACCMOTPEHO BIUSHUE PACTBOPUMBIX
N00aBOK Ha KPUBBIE TEUEHUS TUCTIEPCUOHHBIX cpel. M3ydueHne ruipaBIndecKux
XapaKTEPUCTUK TAKUX >KUIKOCTEM BECbMa aKTyaJlbHO BCJEACTBUE JOBOJIBHO
oOmupHOW  cdepbl UX NpaKTUYECKOro mnpuMeHeHus. HecmoTps Ha
MHOTOYHUCJIEHHBIE PE3YJIBTATHI MHOTOJIETHUX HCCIIEJOBAaHUM, BCE €IlIe
CYILECTBYIOT BOMPOCHI, HOCSIIHE IMCKYCCHOHHBIM xapakrtep. M3BecTHO, 4TO
0COOEHHOCTBIO TAKOT'O POJIa KUAKOCTEH SABISETCSA HATMYHUE Y HUX BA3KOYIPYTOid
U TNPOCTPAHCTBEHHOW CTPYKTYpPhl B COCTOSIHUM IIOKOS, YTO Ka4eCTBEHHO
OTIIMYAeT UX OT OOBIYHBIX JKUIKOCTEH C J100aBKAMM PA3IMYHBIX TBEPIBIX
HanonHuTened. K HacrosimeMy BpeMeHH HAaKOIJIEH BECOMBIN J1abOpaTOpHbII

MaTepuall I10 HCCIIEAOBAHHIO peoJIOTNHA PaCTBOPAIONIHNX,
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CTPYKTYPOIIPOSIBISIOIINX KUAKOCTEH. OJHAKO HEIOCTaTOYHOE BHUMAaHHUE K
buznyeckoil CToOpoHe MpoIecca MPUBENIO K MOSIBICHUIO CaMBIX Pa3HOPEUUBBIX
3aBHCHUMOCTEM, CBS3aHHBIX KaK C TIIOCTAaHOBKOW JKCIEPUMEHTa, TaK U
MHTEpIpEeTae TOTYYCHHBIX pe3yIbTaToB [4 - 7].

W3BeCTHO, YTO XHUAKOCTSAM C PacTBOPUMBIMHM J100aBKaMU CBOWCTBEHHBI
Takue  SBJIECHMS, KaK: HEJIMHEWHas W  JIMHEHHass  BS3KOYNpPYrocCTb,
BOCCTAHOBJICHUE CTPYKTYpbl (MJIM THUKCOTPOMMS) M Pa3pyLIEHUE CTPYKTYpPHI.
CrnenoBaTellbHO, NIPU U3YYECHHUH JABWKCHHUS TAKUX KXUAKOCTEH HEMAIIOBAXHOE
3HAYEHUE HMMEET CTENEHb YNPYTrOCTH BOCCTAHOBIICHHSI CTPYKTYPHBIX CBOMCTB,
YTO KOJMYECTBEHHO OIpPEAENSIeT BEIUYHMHY, TaK Ha3bIBAEMOTO, HANpPSHKEHUS

CcaABHUT A (Z'O) H CBHACTCILCTBYCT O HCIIOCTOAHCTBC JOTOI0 IIapaM<CTpa Ha

OIIPpCACIICHHOM OTPC3KEC BPCMCHHU. HpI/I‘leM KaXKA0OMY 3HAYCHHUIO COOTBCTCTBYCT

CBOE 3HAYCHUE T, U L.

Ecmm »stOoT mapamerp B XOA€  TNPOBEACHUS  MUCCICAOBAHUM  HE
KOHTPOJIUPYETCS, MOXKHO MPAKTUUYECKH IMOJYUYUTh PEOJOTHMUECKYI0 KPHUBYIO
aroboro  xapakrtepa. OuYeBHIHO, YTO TMPU HU3YYEHHUU PEOJOTHUYECKHUX
XapaKTePUCTHK  JKUJKOCTEH  W3MEHEHHWE  CTPYKTYpPhl  MOXET  OBITh
pa3HOXapaKTEPHbIM: OHO MPOMCXOAMT B MeEIIAJKaX HAcOCOB, MECTaxX BBOJA
KUAKOCTH B TpyOompoBon u T.1. [Ipudem xapakTtep HapylmeHUS CTPYKTYpPHI
MOJKET NMPUBECTHU K MOSBICHUIO BapuaHTa KBA3UCYCHEH3UN pa3IMYHON CTENEeHU
nucnepcHoctd. MHbIMU ciioBaMH, eclii 00BEM KUIKOCTH C BOCCTAHOBJIEHHOM
CTPYKTYpOl TOABEPTHYTh HEYMOPSAOYCHHONW JedopMaIii, TO Hapsay C
JJIEeMEHTaMU 00beMa C TMOJHOCTBIO Pa3pyIIEHHOM CTpPYKTypoil OyayT
PUCYTCTBOBATH DJIEMEHTHI M HEPA3PYIICHHON CTPYKTYphl. Yl ueM MHTEeHCHBHEE
IpOIECC TMEPEeMEIIUBaHUs, TEM BBIIIE AWCIEPCHOCTh CHCTEMBI, B TMpeaene
cTpeMsiIasics K HyJIto.

B npupose cymecTByeT u yrnopsI09eHHbIH BapHaHT U3MEHEHHS CTPYKTYPHI,
KOTOPBIA MOKET OBITh CBSI3aH C IUIABHBIM HapallliBaHUEM TPaJUEHTa JaBJICHUS
B TpyOe 5nbO ¢ MIaBHBIM HM3MEHEHMEM 4YHCEI OOOpPOTOB B POTALMOHHOM

BHCKO3UMCETPE.
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o du
CyuiecTByromiee MHOTrooOpa3ue 3aBUCUMOCTEH 7 = f(d—) BO3HHUKIIO HE
n

IIOTOMY, YTO 3THU IIAPaAMCTpPbl HC KOHTPOJIHUPYIOTCA, a €IIC U U3-3a TOI0, YTO B
pa3IMdHBIX YCTAHOBKaxX C Pa3/IM4YHbIM XapaKTCPpOM JABHKCHHA KHUAKOCTU H

pa3sIMYHBIM  TUIIOM H3MEPCHHH CTPYKTYp HCCICIOBATCIIM  IOJIB3YHOTCS
du

CpEIHUMH 3HAYCHHUSAMH IMApaMEeTPOB, IIPU ONPEIACICHUU an’ Tak ma cnyyas
n

TCUCHU B TPY6G JOBOJIBHO 4aCTO HUCIIOJIB3YCTCS 3aBUCUMOCTb.

du_ 4Q
dn R°

(3)

du
rac d_ — I‘paI[I/IeHT CKOpOCTI/I;
n

Q - pacxon KUIKOCTH;

R - paauyc TpyOBl.
du
XO0Ts, KaKk W3BECTHO, OMPEICIICHUE an o BbIpaKeHHIO (3) TpHEeMIIeMO
n

TOJILKO B TOM Cllydae, KOrja B TpyO€ OCYIIECTBIISIETCS JIAMUHAPHBIN PEeXUM
JBUYKEHUSI HBIOTOHOBCKOM JKUIKOCTH, TJI€ 3aKOH paclpeiesieHus CKOPOCTEN 10
CEUYECHMIO MOTOKa - mapadosmyeckuid. [Ipu ABMKEHUU CTPYKTYpOOOpa3yrOIMIMX
XKUIKOCTEN OIpeNesIEHnEe TPaJueHTa CKOPOCTH YEpe3 OCPEAHEHHBIE TapaAMETPhI
JaXe y CTEHKHM TpyObl HEBO3MOXKHO 0€3 3HAaHUS 3aKOHA paclpeacieHUs
CKOpoCcTH 10 paguycy. Ho, NOCKOIbKY, Kak OTMEYaloCh BBIIIE XapakTep
pa3pylIeHHs] CTPYKTYpPbl KUAKOCTH B 3HAYMUTEIBHOM CTENEHW ONpEelessieT U
pacmpejielieHde TpaJueHTa CKOpPOCTH B CEUEHHMHM TpyObl B  ONBITAX
IPEANOYTUTENBHEE UMETh YIOPSAIOUYECHHBIA XapakTep pa3pyLIEHUs CTPYKTYpHI,
JUTsl KOTOPOM 3aKOH pacIpesielieHnuss CKOPOCTEH B CEUYEHUU TPYObl MOXKET OBbITh
YCTaHOBJIEH 00Jiee TOUHO.

Hccnenyst KUAKOCTH € PACTBOPUMBIMU J100aBKaMH, MOXHO MPUUTH K
BBIBOJY, YTO 3JE€Ch MMEIT MECTO JIBE€ JIIOPbI PACIPENEICHUs CKOPOCTEH IS

pacxonoB Q m Q, M PMIOPHI KACATENBHBIX HAIPSKEHUM COOTBETCTBEHHO IS
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KaXI0ro pacxoja. l3MeHeHue CTPyKTypbl NPOMCXOIUT IOCIOHHO MO Mepe
pocta 7. JIOTHYHO TPEANOJOXKUTH, YTO O0JACTh C M3MEHEHHON CTPYKTYpOu
OTBEYAET CIEIYIOIINM YCIOBUSIM:

a) BSI3KOCTh JKHUJKOCTH B 3TOW O0OJIACTH paBHA BSA3KOCTH C W3MEHEHHOM
CTPYKTYPOH (1 = 1,,);

0) xapakTep W3MEHEHHUS CKOPOCTH B OTOM CTPYKType B TOYHOCTH
COOTBETCTBYET CIIy4ar0 JIAMUHApHOTO pEeXHMa TEYEHUS HbIOTOHOBCKOM
KHUTKOCTH.

WccnegoBanuio mojBeprajiach BBICOKOBsI3Kass HE(OTb MECTOPOKIACHUS
Kropcanrsa ¢ no6askamu nonunzoodyrtuieHa (IIMB) paznuyHol KOHIIEHTpaIUu.
OOpabatbIBasi JTaHHBIC HCCIICIOBAHUS IO MPEIIOKEHHON cxeme [5, 7] MoxHO
MOJIYYUTh PE3yJbTaThl, KAUECTBEHHO MOATBEPKIAIOIINE OCHOBHBIC MOJOKECHUS

npejiaraeMoi TUoTe3bl (PUCYHOK 6).

- N
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Pucynok 6. Peonorunueckue 3aBucumMoctu - HeTh MecTopoxkaeHust Kiopcanrs
¢ no6askoii [T1Ub (06padoTtka mo metoauke Kpocca)
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3ak/IroueHue

[IpoBeneHHbIE HCCIIEIOBAHUS ITOKAa3aJH, 4TO PEOJIOTHYECKHE
XapaKTEePUCTUKU  KUAKOCTEH, COJEep)KalluX pacTBOpUMbIE J00aBKH, B
3HAQUUTEJIBHON CTEMEHU 3aBUCAT OT WX KoOHIEHTpauuu. CylllecTBEeHHbIM
OTJIMYMEM  TaKUX KUIKOCTEM OT IKUJIKOCTEM €  HEpPacTBOPUMBIMHU
HAlOJHUTEISIMH  COCTOMT B TOM, 4YTO HX PEOJOTUYECKOE OINUCAHHE
MPOU3BOAUTCS TPUCYIIEH €M 3aBUCUMOCTHIO. JKHAKOCTH C HANOJIHUTEISMHU
XapaKTEPU3YIOTCS OJHOM PEOJIOTUYECKOM 3aBUCUMOCTBIO, HE 3aBUCSIIEH OT

KOHIICHTPAIUU TBEPJBIX 100aBOK 110 5%.

References

1 Choi K.-S., Orchard D.M. Turbulence management using riblets for heat
and momentum transfer // Intern. J. Exp. Thermal Fluid Sci. 1997. Vol. 15, No.
2. P. 109 - 124,

2 Choi K.-S.,Yang X., Clayton B.R et al. Turbulent drag reduction using
compliant surfaces // Proc. Royal Soc., A453. - 1997. - P. 2229-2240.

3 Bakhtizin, R. N. The study of the processes of heat and mass transfer and
inverse problems in decision making in oil and gas production: author. dis.... Dr.
nat.-Mat. Sciences. Baku: the Institute of mathematics and mechanics of
Azerbaijan Academy of Sciences, 1992. 37 p. [in Russian].

4 Mirzadjanzade A. H., M. Khasanov, M., Bakhtizin, R. N. Studies on the
modeling of complex systems of production. Non-linearity, equilibrium,
uncertainty: a monograph. The Ufa state petroleum technological University.
Ufa: Oil and gas business, 2009. 431 p. [in Russian].

5 Fragments of oil and gas development/ mirzadjanzade A. H. [and others].
Baku: EIm, 1997. 408 p. [in Russian].

6 The Production of heavy and viscous oils/ Ametov I. M. [and others]. M:
The subsoil. 1985. 240 p. [in Russian].

© DnexTpoHHBIN Hay4YHBIH )xypHaT «Hedrerazoroe gemoy». 2015. Nel http://www.ogbus.ru




199

7 Mandrik 1. E., Panahi, M., shahverdiev A. H. Scientific-methodological
and technological foundations of optimization of the process of improving oil

recovery. M.: 1zd-vo "Oil industry", 2010. 288 p. [in Russian].

Chnucok HUCIOJb3YEMBIX HCTOYHUKOB

1 1 Choi K.-S., Orchard D.M. Turbulence management using riblets for heat
and momentum transfer // Intern. J. Exp. Thermal Fluid Sci. 1997. Vol. 15,
No. 2. P. 109 - 124.

2 Choi K.-S.,Yang X., Clayton B.R et al. Turbulent drag reduction using
compliant surfaces // Proc. Royal Soc., A453. 1997. P. 2229-2240.

3 baxtm3un P.H. MHccnepoBanme mpolieccoB TemioMaccorepeHoca |
oOpaTHBIX 3aJ1a4 MpU MPUHATUN PEIICHUI B HEPTerazonoosue: aBroped. auc. ...
n-pa ¢uz.-mat. Hayk. baky: HNHctuTyT Martematuku u MexaHuku AH
AzepOaiimxana, 1992. 37 c.

4 Mup3amxkanzaae A.X., XacanoB M.M., baxtusun P.H. Otoasr o
MOJICJIMPOBAHUU  CIIOXKHBIX  cucteM  HedrenoObrun.  HemuHeHHOCTS,
HEpPaBHOBECHOCTh,  HEOMpeAeNeHHOCTh:  MoHorpadus. YIHTY. Va:
Hedrerazosoe aeno, 2009. 431 c.

5 ®parMeHTbI pa3paboTKH He(dTera3oBbIX MECTOPOXKICHHH/
Mup3zamxkan3ane A.X. [u ap.]. baky: Oiam, 1997. 408 c.

6 JloObrua TspKenbix U BhICOKOBs3KUX Hedreil/ AmeroB U.M. [u np.]. M.:
Henpa. 1985. 240 c.

7 Manapux WN.D., IlanaxoB [I'.M., IllaxsBepaueB A.X. HayuHo-
METOJAMYECKHME M  TEXHOJIOTMYECKHME OCHOBBI  ONTHUMM3ALMU  Ipoliecca

NoBbIIeHUS HeTeoTnaun miactoB. M.: u3n-so «HedrsHoe xo3siictBoy», 2010.

288 c.

© DnexTpoHHBIN Hay4YHBIH )xypHaT «Hedrerazoroe gemoy». 2015. Nel http://www.ogbus.ru




200

About the authors

Cgenennsi 00 aBTOpax

R.N. Bakhtizin, Doctor of Physical and Mathematical Sciences, Professor,
Full Member of Russian Academy of Natural Sciences, President of the
Academy of Sciences of Bashkortostan, Corresponding Member of the
Academy Sciences of the Republic Bashkortostan, Acting Rector of FSBEI HPE
USPTU, Ufa, the Russian Federation

baxtuzun P.H., a-p ¢us.-mar. Hayk, npodeccop, AEHUCTBUTEIbHBINA YJICH
PAEH, IIpesunentr AH Pb, unmen-kopp. AH Pb, n.o. pexkropa ®I'bOY BIIO
YI'HTY, r. Yda, Poccuiickas @enepanus

G.M. Panahov, Doctor of Engineering Sciences, Head of "Fluid Mechanics"
department of the Institute of Mathematics and Mechanics of Azerbaijan NAS,
associated member of Azerbaijan National Academy of Sciences, Baku,
Azerbaijan Republic

[TanaxoB I'.M., n-p TexH. HayK, pyKOBOAWTENIb oTAena «MexaHuka
XKUJKOCTH U razay Mucrturyra Matematuku u Mexanuku HAH Azepbaiimkana,
yiieH-koppecnonienT HAH AsepGaitmkana, r. baky, AszepOaiimxaHckas

Pecnybnuka

V.G. Guseynov, Institute of Mathematics and Mechanics of Azerbaijan, of
Azerbaijan National Academy of Sciences, Baku, Azerbaijan Republic
I'yceiinoB B.I'., Mnctutyt marematuku u mexanuku HAH AszepOaiimxkana,

r. baky, Azepbaitmkanckas Pecrrybnuka

© DnexTpoHHBIN Hay4YHBIH )xypHaT «Hedrerazoroe gemoy». 2015. Nel http://www.ogbus.ru




