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Abstract. It is for the first time when a method of design calculation based on universal dimen-
sionless quantities and analytical linear dependence between hydraulic gradient, initial shear stress,
effective suspension viscosity and volumetric flow rate was proposed for systems for storing tail-
ings in the form of highly-concentrated slurry. A distinctive feature of the proposed non-linear de-
pendence between diameter of the pipeline, initial shear stress, effective suspension viscosity and
volumetric flow rate is versatility of coefficients, which do not depend on the properties of solid
phase and diameter or material of the pipeline.

The findings have been resulted in a decision which helps specifying diameter of the trunk
hydrotransport complex providing controllable flow of highly-concentrated pulp, in accordance
with the Bingam-Shvedov rheological law, in a structured flow regime with taking into account
flow-pressure characteristics of the intended pumping equipment.
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Mining Processing Plants (MPP) are the basis for industrial regions of Ukraine
sustainable development and simultaneously the source of the greatest environmental
threat. MPPs consume the considerable amount of the primary ecological resource —
clean water and also require more land areas for enrichment process wastes storage
[1]. However the amount of process water becomes less and there is no land allot-
ment for new wastes storages.

In these circumstances the only way to save the functionality of MPPs and the
sustainable development of regions where MPP are located is an implementation of
the retrofit technologies which assume getting of the enrichment process wastes in a
form of the high concentrated pulps (HCP) with more than 30% of the solid particles
inclusion volume fraction.

Today the technologies are known that make it possible to thicken the enrichment
process wastes up to such concentration but the resultant HCP has rheological properties
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and also plastic fluid properties appear. For those fluids the dependences of rheologi-
cal properties and some of hydraulic characteristics while flowing over the pipeline
are known. Modes and operating standards of hydrotransportation and storage tech-
nologies of such wastes are unknown that restrains those prospective technologies
implementation at the homeland MPPs.

While calculating of the hydrotransportation parameters the goal of the calcula-
tion is the evaluation of the critical speed value, the hydraulic gradient or the pipeline
critical diameter for the chosen material, the specified pipeline diameter with the pre-
scribed pulp charge or the stream of supply depending on the suspension concentra-
tion. However the definition of the critical speed for HCP does not correspond to the
same definition for the low concentrated pulps [1]. The most part of HCP generated
from the enrichment process wastes are plastic fluids and correspond the Bingham-
Shvedov Rheological Law. Some researchers offer to calculate the critical speed for
HCP according to the condition of the complete flow core destruction and structural
flow regime finishing[2-4]. Other scientists suggest to use the evaluation of input into
the hydraulic gradient of an item that contains the viscosity of the suspension [1, 5].

This work has as its goal to ground the possible modes of operation for the
hydrotransportational complexes that provide enrichment process wastes storage in a
form of and also to develop the method of their designed calculation.

For the grounding of the modes of HCP pumped flow regimes it is reasonable to
overwrite the dependence for the hydraulic gradient using the dimensional quantities
scales included into it. [3, 5].

.7y Q

i=Y%4= 1
P (1)
a=2090 (2)
2
/OOQ”D4
=, 3
7 167 (3)
;o:afo’ (4)
n=pn, (5)

where i — hydraulic gradient; 4 — upper yield point module; x — rate of discharge of
hydrotransportational complex line [1]; p, — water density; g — gravity acceleration;
7, — upper yield point (UYP); n — pulp effective viscosity (EV); Q — HCP volume
flow rate; 7, — UYP effective value; 7 — EV effective value; D — pipeline diameter;
a, p — coefficients of approximation indices of the Buckingham’s complete equation

solution.
The expression (1) includes two items, each of them dominates in its flow regime.
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The first item dominates in the Shvedovskiy regime, the second item dominates in the
pseudo-laminar regime. Thus the Bingham’s regime is the flow regime where the in-
fluence of both of the items is comparable to each other [3, 8 — 10].

It is not difficult to show that the Shvedovskiy regime is realized with the volume
flow rates complying with the following inequation [2 — 7]:
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the hydraulic gradient in such regime can be calculated by the formula:

~
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where Q. - line input equivalent value.

In much the same way for the pseudo-laminar regime the volume rate should be
[2-5]:

Q.<Q, (10)
_=10Q,, (11)

the hydraulic gradient in this regime can be calculated by the formula:

i—112 (12)
u

after simple transformations it can be rewritten in this way:

2
i = ﬁ% (13)
Po 79D
A :1,1/3%, (14)
Re

where A. - adjusted coefficient of hydraulic friction.

For the grounding of an adequacy of using the suggested formulas it is necessary
to investigate their correlation with the limit values of Reynolds criterion:



50  ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2015. Ne125
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On the basis of the expression (15) and taking into consideration the inequations
(6) and (10) the following limitations for Reynolds number in the Binghamovskiy
flow regime were received:

0,1Kr < Re <10Kr. (17)

According to this the hydraulic gradient is calculated by the formula (13).

In HCP flow regimes for which the Reynolds number value exceeds the upper
limit from the set of inequalities (17), the hydraulic grade can be calculated by the
formulas (12) and (13). While the exceeding of the HCP consumption and the start of
the turbulent conditions the hydraulic calculation for the hydrotransportational com-
plex is calculated similar to the flow regime of the low concentrated hydromixture
but the coefficient of hydraulic friction in the formula (13) is calculated by the fol-
lowing expression [2, 7]:

0,075

I =g (18)

where A; - coefficient of hydraulic friction for the turbulent flow regime.

Alternatively to the majority of all known recommendations the inequations (17)
take into consideration not only the rheological parameters of HCP, the density of the
solid phase particles but also the pipeline diameter. The adherence of Reynolds crite-
rion limits (17) as it is not difficult to show make it possible to implement the core or
structure flow regimes of HCP for the relative flow core radii over the range between
0,132-0,753.

The designed calculation is made with the aim to fix the pump applicability fac-
tors that are the pipe diameter and the pumps total pressure head and that are neces-
sary for the scheduled parameters and operative modes for the hydrotransportational
complex if to follow the conditions (17) and the given pulp intake [2 — 5].

With the given productivity of hydrotransportational complex for HCP

Qs <Q<Qy, (19)

it is easy to introduce the limits in a form of the pipeline diameter limitations

0,464 < 2D <2154, (20)

*
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and corresponding limitations for the hydraulic gradient

~4 ~4
O,5113/7~ZT0 <i<23,7293/7~no | (22)
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where Q; - scheduled suspension flow; R. - pipeline typical radius.

Formulas (20) — (22) allow choosing the possible pipeline diameter variation
range and the necessary pipe pressure due to the given consumption, the concentra-
tion and the rheological properties of the pulp. For that firstly the relative input of the
installation is calculated
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where q — relative input of the installation; Q, — rheological input module.

Then due to the qvalue limits of the acceptable values for pipe diameters and
pumps pressure are calculated:

%
9

0,438/q—° <D <2,08/q (25)
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where H(Q, ) — flow pump pressure certified value with the input ofQp; y — coeffi-

cient of recalculation of consumption and pressure peculiarities (CPP) of the pump
changing water to HCP; AZ — difference of line dead lifts; k, — coefficient that takes

into consideration local hydraulic resistances.

Formulas (23) - (26) make it possible to estimate the variation ranges of mentioned
values. For calculating of the specific value it is necessary to choose the pump an oper-
ational field of which will obey all the parameters (26) and then to calculate the modi-
fied pressure linear head:
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r:ZH(QP)_IOAZ ’ (27)
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and to estimate the necessary pipeline diameter value with the solution of the equa-
tion (27)

i = 27, 1677QP4 (28)
PogD Po97D

where i - modified pressure linear head; p - relative density of the suspension.

The equation (28) according to D is not complete algebraic quartic equation that
after simple substitutions can be reduced to

y'+6y-1=0, (29)
y=( 222 (30)
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Real roots of the equation (29) are cross points of quartic parabola with turned up
branch lines and parabola vertex in the coordinate origin and direct line that cross ax-
is of ordinates and axis of abscises in points (0;1) and (9‘1;0) respectively. Function
charts of such functions always intercross in the first and the second quadrants of the
coordinate plane. In this case there can be only two cross points. On the ground of
this it can be concluded that the equation (29) has two real and two complex roots
thus it can be represented in the following form:

((y—e)z—fZX(y—c)2+d2)=O, (32)

where e, f,c,d - real numbers.

Removing the parentheses in the expressions (32), collecting similar and equating
expressions for coefficients with argument coherent degrees to coefficients in the
equation (29) the system of non-linear algebraic equations to figure out e, f,c,d is

obtained. The solution of this set of equations resolves itself into finding the real
roots of cubic equation with constantly positive discriminant. Thereby considering
that the root of the equation (29) must be real and positive, analytic expression for
calculation can be shown in the form of (Fig. 1, 2):
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Figure 1 - The dependence of value y on the parameter € for 1< €
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Figure 2 - The dependence of value y on the parameter € for 1< €
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The numerical analysis of the dependences (33) and (34) illustrates that the equa-
tion solution can be approximated with engineering relevance with the following
functions:
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that after substitution in them the formulas (30) and (31) makes it possible instead of
the expression (33) to use these formulas
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The solution sets the essential nonlinear dependence between the diameter of the
pipeline that is scheduled by the consumption and rheological properties of HCP. In
accordance with the value that was calculated with the last formulas the nearest big-
gest diameter is chosen from the pipeline assortment. Then the adherence to the spec-
ifications (25) is checked. In a case when it is satisfied it is calculated by the formulas
(27) and (26) the pressure loss and the prescribed pipe pressure are adjusted. The de-
signed calculation is finished by the conditions checking (19) and the estimation of
motors capacity of chosen pumps with the reserve in 30%.

Thus for the first time for the systems of the enrichment process wastes storage in
a form of HCP it was suggested a method of pipeline diameter calculation based on
universal dimensionless values that take into consideration the high concentrated
pulp, flow and pipeline specifications.

For the first time it was grounded the analytic dependence between the pipeline
diameter, the upper yield point, the effective viscosity, and the volume flow rate of a
suspension, coefficients of which do not depend on the solid phase properties, the di-
ameter or material of the pipeline.

It was obtained the estimation of dimensionless flow rate intervals where the high
concentrated pulp viscosity or upper yield point input into the hydraulic gradient value
are dominant.
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AHHOTanms. BriepBeie 11 cHCTEM CKIIaQUPOBAHHS OTXOJO0B O0OTAIEHHs B BU/E MYJIBITBI BHICO-
KOW KOHIIEHTPAIMHX MPEAJIOKEH METO]] IPOSKTHPOBOYHOIO PACUeTa, OCHOBAHHBIN Ha YHUBEPCATIHHBIX
0e3pa3MepHBIX BEIMYMHAX M AHAJIUTUYECKOH JIMHEWHOW 3aBHCUMOCTH MEXy THIPABINYECKUM YK-
JIOHOM, HayaJIbHBIM HAINPSHKEHUEM C/IBUTa, S(QEKTHBHON BS3KOCTH M OOBEMHBIM PAacX0JOM CYyCIICH-
3un. OTIMYUTENFHON OCOOCHHOCTBIO MPEUIOKEHHON B CTaThe HEIMHEHHON 3aKOHOMEPHOCTH MEXK-
Iy AMaMETpOM TPYOONpPOBOJIa, HAYATGHBIM HANPsDKEHHEM CABUTa, S(QEKTUBHON BI3KOCTH U 00BEM-
HBIM PacxoJIOM CYCIICH3HH SBJISIETCSI YHUBEPCAIBHOCTD KOA(P(PUIIEHTOB, HE 3aBUCAIINX OT CBOWCTB
TBepAOH (a3bl, qUaMeTpa WK MaTepuaia Tpyoornposoa. B pesynbrare IpoBeEHHBIX UCCIEIOBAHUM
MOJTYYEHO pelIeHHe, BIEPBbIe MO3BOJISIONIEE YCTAHOBUTH AMAMETP MarucCTpalid THAPOTPAHCIOPT-
HOT'O KOMILJIEKCa, 00ECTIEYMBAIONIETO PETIIAMEHTHPOBAHHBIN PAaCXO0/1 MYJIbIIBI BEICOKOH KOHIICHTpa-
MM, IOJUUHSIONICHCS peosiorndeckomMy 3akoHy bunrama-1lIBenoBa, B CTpyKTYpUpPOBaHHOM PEKHU-
M€ TE€YEHUS, C yIETOM PacXOIHO-HAIIOPHON XapaKTEPUCTHKH IPEANOIaraéMoro HaCOCHOro 00opy-
JOBaHMS.

Ki1roueBble ¢j10Ba: OTXO/BI, 1ACTa, TEUEHNE, CKIIOH XPaHUIIHIIA, MAcCca OTXOJI0B

AHoTauisg. Briepiie 3anponoHOBaHO METO/ MPOEKTYBAIBHOTO PO3PAaXyHKY IUIsl CHCTEM CKJia-
JyBaHHA BIAXOAIB 30araueHHs y BUIJISA1 MyJbIU BUCOKOT KOHIIGHTpAllii, 3aCHOBaHMI Ha yHiBepca-
JTHHUX O€3pO3MIPHHUX BEIMYMHAX Ta aHATITUYHOI JIHIMHOI 3aJIe)KHOCTI MIXK TiJPaBIiuHUM YXHUIIOM,
MOYaTKOBUM HAIPYXEHHSIM 3CYBY, €EKTUBHOI B'A3KOCTI 1 00'€MHOIO BUTPATOIO cycrensii. BinMin-
HOI0 OCOOJIMBICTIO 3aIIPOIIOHOBAHOI B CTAaTTI HENIHINHOI 3aKOHOMIPHOCTI MIX JlaMeTpoM TpyOoI-
POBOJly, IOYaTKOBUM HAIIPYKEHHSM 3CYBY, €(EKTHBHOI B'SI3KOCTI 1 00'€MHOIO0 BUTPATOIO CyCIIEH31{
€ YHIBEpPCAJIBHICTh KOe(]illieHTIB, K1 3a1exaTh BiJ BIacTUBOCTel TBepnoi ¢a3u, aiamerpa abo Ma-
Tepiany TpyOomnpoBoay. B pe3ynpTaTi mpoBeneHUX TOCHTIIKEHb OTPUMAHO PIIIEHHS, SIKE BIIEPIIE
JI03BOJIsIE BCTAHOBHUTHU JllaMETp MaricTpaii TiJIpoTpaHCIOPTHOIO KOMILIEKCY, 110 3a0e3nedye per-
JTAMEHTOBAHUN BHUTPATY MYJBITH BUCOKOI KOHIEHTpAIii, SIKA IMiJKOPSETHCS PEOJIOTIYHOMY 3aKOHY
binrama-11IBeoBa, B CTpYKTypOBaHOMY PEXHMI Tedii, 3 ypaxyBaHHSIM BUTPATHO-HAIIPHOI Xapak-
TEPUCTUKH HACOCHOTO 00JIaHAHHSI, [0 Mepea0avaeThCs.
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