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in the conveying pipe of a skip pneumatic winder

Vitalii M. Tauger', Aleksandr A. Leontiev'
"Ural State Mining University, Ekaterinburg, Russia
*e-mail: tauger2016@yandex.ru

Abstract
Introduction. The article considers thermodynamic processes in the conveying pipe of a skip pneumatic
winder.
Research aim is to analyse the establishment of temperature regime of pipeline s operation and estimate
the influence of air refrigeration on the velocity of a skip in the conveying pipe of a skip pneumatic
winder.
Methodology. A mathematical model has been built of “mining blower—skip-lifting pipeline—surrounding
media” system, which will make it possible to get the dependence of conveying medium temperature and
loaded skip velocity on depth. The formulae are introduced to estimate pipeline wall heating and air
refrigeration inside the pipeline. The ratio has been found, which makes it possible to determine the time
of heating upon the expiry of which the process of heat exchange in the initial part of the pipe will be
steady.
Results. The relevance of the problems has been justified. Dependences of air-flow rate and air velocity
in the pipeline on the vertical height coordinate are presented together with skip winding velocity
variation conditioned by air flow refrigeration. The solution to the inverse problem is described: the
calculation of air blowing station capacity required to provide the calculated value of average velocity,
the results of which will allow to determine the value of mining blower capacity which provides for skip
calculated average winding velocity, predetermined cycle duration, and unit capacity.
Summary. The ratios, obtained as a result of the calculation, make it possible to determine the value of
mining blower capacity required to provide for skip calculated average winding velocity, predetermined
cycle duration, and unit capacity.

Knrouesvie cnosa: winder; skip; pneumatic system; pipeline; heat exchange processes; mathematical
model; mine winding.

Introduction. Increase in the depth of deposits and the capacity of heading machines
and shearers demands larger skip capacities and winding velocity. Limited operational
characteristics of cable winders condition the need for the alternative means of mine
winding with higher specific capacity. The analysis of various means of transport
clearly indicates the potentials of the specific type of pneumatic container conveying —
skip pneumatic winders [1-5].

When developing the systems with gaseous conveying medium, the problems arise
associated with the determination of the influence of physical, particularly
thermodynamic, properties of a medium on the system parameters. Mathematical
description of the units of heavy duty with the motion cycle being strictly determined
is extremely challenging. Mine winding systems must run at a steady pace, and with
high energy load, pipeline length being hundreds of meters. In such conditions, in the
mathematical model of a system, it is essential to take into account physical effects,
connected with the properties of air of both enclosing and conveying medium.
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Methodology. Mathematical model of mining blower—skip—lifting pipeline—
surrounding media system will make it possible to get the dependence of conveying
medium temperature and loaded skip velocity on depth. The indicated dependences in
turn will make it possible to determine the velocity of a container in the depth function.

Thus, mathematical description of thermodynamic processes made in this work will
become the constituent part of the calculation of skip pneumatic winder duty cycle
duration.

The analysis of heat exchange processes. Air blowing station delivers flow into
the conveying pipe, the temperature of the flow is significantly higher than the
surrounding air. This fact is explained by energy loss when pressurising with blower
rotor active elements. Modern mining blowers SIEMENS have got the coefficient of
efficiency of 80—-85 % [6, 7], and this number reduces with the increase of head capacity
of a unit. Although it is rather high for a turbomachine, about 20 % of the unit’s power
is expended to heat gas.
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Fig. 1. A fragment of the pipe’s wall
Puc. 1. dparMeHT CTEHKH TPYOBI

Heated air comes to the conveying pipeline under pressure and conveys the loaded
skip to the surface. As a result of heat exchange the pipeline gets hot, while the air
under the skip cools. This is an isobaric process; temperature drop is accompanied by
air density growth and winding velocity reduction.

The study of heat exchange processes between the heated flow and pipe wall and
between the pipe wall and the atmosphere provide for the solution of two problems:

— pipeline operation temperature conditions establishment;

— the estimation of air cooling influence on skip velocity.

The first problem is relevant because it is essential to determine whether pipes made
of polymeric composite materials, precisely of fibreglass, are able to function at
calculated temperatures.

As the skip elevates, flow cooling leads to air density growth and corresponding
consumption reduction, which impacts on the velocity of a container. The determination
of dependence between the loaded skip velocity and its coordinate will make it possible
to calculate an average velocity of winding and the duty cycle of the unit.

Fig.1 represents a fragment of the pipe’s wall. Notation: 7, — air flow temperature at
the outlet of the mining blower; T}, T, — the temperature at the internal and external
surfaces of the wall correspondingly; 7, — the temperature of the atmosphere; 8 — the
thickness of the wall.

The pipe’s wall is cylindrical, but as long as its thickness is much less than the
internal diameter d, the calculation can be performed using formulae for a plane wall
with no significant errors.
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Heat flow density ¢ through the wall is [§]
q= k(]—; - Ta )a

where k& — the coefficient of heat exchange.
The value of the heat exchange coefficient is determined by the formula

where o, —is the coefficient of the internal flow heat transmission to the wall; o, — the
coefficient of heat transmission from the wall to the atmosphere; A — the coefficient of
heat conductivity of polymeric composite materials.

The temperatures of the internal and the external surfaces of the wall are determined
according to the formulae:

r =1 -<;
G'B
(1)
T,=T,+L
o

Formulae (1) provide the value of maximum temperature 7', the impact of which
the material at the inlet of the pipeline is exposed to; formulae (1) make it possible to

calculate average wall heating temperature Ty (fig. 1) in the condition of the steady-
state heat exchange:

Of interest is the time of heating, after which the process of heat exchange in the
initial part of a pipe will be steady.

The problem of unsteady-state heat exchange calculation is rather labour-intensive
[9]. Taking into account that at the present stage of investigation, heavy demands are
not imposed on the accuracy, we will confine ourselves to rough estimate.

Let us make some assumptions:

—there is no heat transmission from the external surface of the pipe to the atmosphere
(o, = 0); B

— the pipe heats to temperature 7, throughout the length.

Then, for a minor fragment with a mass m and internal surface area s of the pipe near
the entry end, the following equality is true

cmdAT' = o sAT'dt, )

where ¢ — the specific heat capacity of polymeric composite materials;
AT'=T — Y_’y — the difference of flow and pipe temperatures at a time; dAT" — pipe

temperature increment in a time dz.
The relation & << d between the thickness and the internal diameter d of the pipe
means that internal and external diameters of the pipe are similar in value, consequently,

m = pso, (3)

where p — the density of polymeric composite materials.
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Substitution of (3) into (2) eliminates undetermined parameters m and s:
cpdd AT' = a, ATdt,
from which

dAT" _ o g (4)
AT ¢pd

Integration of (4) makes it possible to find temperatures difference dependence on
the time for the initial conditions (¢t =0; AT'=AT, =T, -T,):

AT’ = AT, £1 - exp(— “;D (5)
cp

Having expressed 7 in terms of (5), we get the unknown duration 7, of pipe heating
up to the average temperature T :

T -T
t =—@1n[1— d YJ. (6)

Y a, AT,

Formulae (5) and (6) provide a rough idea of the dynamics of wall heating process.

Study of heat processes influence on the winding velocity. It is convenient to

build rough dependence of flow temperature on the coordinate of arbitrary cross-section
of a pipe with the help of the equation by V. T. Shukhov [10], reduced to

knd
AT = AT, ——x,
0exp( e xj (7)

B

where AT — flow temperature rise over the temperature of the atmosphere at a height of
x from the pipe’s entry end; AT, — the same but in the entry end (at the outlet of the mining
blower); M — air mass flow rate under the loaded skip; c, — the specific heat capacity
of air in the pipeline; x — the distance between the entry and arbitrary cross-sections of
a pipe.

Using Gay-Lussac law [11, 12] and formula (7), we get the dependences of air-flow
rate Q and air velocity @ in the pipeline on the coordinate x:

AT, knd )

0=0, l:l— 73 [1—exp£—M—CBxD},

el

v=1v,|1- I—exp| ——x |||
273 Me,

_ 40,
° ngd?’ ()

o

where O, v, — consumption and average velocity at the entry end of a pipeline.
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Not taking into account the periods of acceleration and braking of a skip, we get
flow rate which is average for the shaft depth:

from which

izv{l

H
I—ATO 1 —exp —Mx dx;
b1 273 Me,

B

AT, AT Mc, kndH
- + 1 —exp| — , 9)
273 273kndH Mc

where H — the length of a pipeline, roughly the size of the depth of a mine shaft.
According to (9), it is convenient to determine the average winding velocity of a
skip during the calculation of the duty cycle of the unit.
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Fig. 2. Variation of flow
velocity in the pipeline:
o(x) — dependence between
velocity and x-coordinate;
o — average velocity
Puc. 2. l3meHeHue ckopo-
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Fig. 2 illustrates skip winding velocity variation
conditioned by air flow cooling.
Air mass flow rate under the loaded skip is
M = p zQO' (10)
In (10) p, — the density of air at the outlet of a mining
blower is

+ A
P: = Po: P Ap:pm[l"‘ij,
o P

where p,, — the density of air under the atmospheric
pressure and temperature which the air gets after passing
through the mining blower; p, — the atmospheric pressure;
Ap, — overpressure under the loaded skip.

Overpressure Ap_is calculated by the following formula

_4m, +m)g

A
r nd’

B

where m_, m_— the mass of mineral and the proper weight
of a skip correspondingly; g — gravitational acceleration;
d — internal diameter of pipelines.

The formula by V. T. Shukhov is devised for
horizontally oriented pipe, that is why a question arises
about it applicability to the vertical pipeline. In [13],
heat transmission coefficient o, dependence on the
coordinate of a point on the wall of a vertical pipe is
shown. Thus, the applicability of the case under

consideration is well founded.

Inverse problem solution also becomes possible, which is necessary for design
calculation of a unit: the calculation of capacity Q, of an air blowing station, which
is necessary to provide calculated value of average velocity .
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Substitution of (8) and (10) into (9) allows to get the following expression

Y

T = 4Qg 1— AT, " ATp O, 1—exp| - kndH ’
nd 273 273kndH p,0,C,

which is an equation towards O, under the predetermined .
The complexity of equation (11) solution comes from the fact that the unknown

value is a part of the exponent’s index. With the account of the approximate character
of calculations it is advisable to consider that the following equality holds

_kndH _ kndH
th()CB pOQCB ,

where O — relative air flow rate, determined according to the average velocity:

~  _md?
O=3g iR

Then (11), after algebraic transformations, will be written as the following equation

O, +AQ,-B=0

/A2 A
Qo_ T"'B_E’ (12)

with the positive root

where

pOQcB

68,35kn’d’ H (13)

ATpec,|1- exp(— knc_l ]
pOQCB

Summary. The ratios (11), (12), and (13) make it possible to determine the value of
mining blower capacity required to provide for skip calculated average winding
velocity, predetermined cycle duration, and unit capacity.

Y [273 ~ lj kmdH ‘
AT, { ( kndHH’
pc,|1—exp| -

B =
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PacueT Ten1000MeHHBIX POLECCOB B MNOXbEMHOM
TpPyOONpOBOI€E CKUIMOBOIl MHEBMONOAbEMHOM YCTAHOBKH

Tayrep B. M., JleontbeB A. A.!
! Vpanbckuii rocynapcTBeHHbIH TOpHBIA yHEBepcuTeT, ExarepunOypr, Poccus.

Pegpepam
Beedenue. B cmamve paccmompensi mepMOOUHAMUYECKUE NPOYECChl, NPOUCXOOAUUE 8 NOOLEMHOM
mpybonposode CKuno8oli NHeGMONn0ObEeMHOL YCHAHOBKI.
Ilenv padomwr. [Ipoananusuposamsv YCMAHOGIEHUE MEMNEPAMYPHO2O DPENCUMA  IKCHIYamayuu
mpybonposooa u oyeHums GIUsSHUE OXIANCOCHUSI 6030YXA HA CKOPOCHb OBUINCEHUSI CKUNA 8 NOObEMHOM
mpybonpogooe cKunogol NHeBMoOn00beMHOLL YCMAHOBKIL.
Memoodonozua. CocmagieHa MamemMamuyeckas MoOelb CUCHeMbl «8030YX00YE8KA—CKUN—TO0bEMHbLI
mpyoonpogooO—oKpyscaiowas cpeday, KoOmopds NO360AUNM NOIYYUMb 3AGUCUMOCIY MeMNepamypbl
MpaHcnopmupyroweii Cpeobl U CKOPOCIU SPYHCEHO20 CKUNA om 21yOouHbl. Beieedenvl ghopmynvl 01 OyeHKU
Hazpesa cmeHKu mpybonpoeooa u oxaaxcoenus 6030yxa 6Hympu mpybonpogooa. Haiioeno coommnowenue,
nosgousiouee onpedenrums 8pemMs Hazpesd, No UCMedeHUY KOMOopPo2o Npoyecc meniooodMend Ha Ha4yatbHOM
yuacmie mpy0vl Cmanem yCmaHo8USUIUMCSL.
Pezynvmamut. O60cHO8aHA AKMYATLHOCID NOCMAGLEHHBIX 3a0ay. TIpusedenvl 3a8ucumocmu 00beMHO20
Pacxooa u ckopocmu 8030yxa 8 mpyoonposooe om KoOpOUHAMbL GbLCOMbL, A MAKICE UBMEHEHUS] CKOPOCU
noovema cKuna, 00yclo8IeHHO20 OXNAANCOeHUEM 6030VuIHO20 nomoxa. Onucano peuieHue oOpamHou
3a0auu: evluUcCIeHue NPoU3800UMENbHOCTU B030YXOHAZHEMAMENbHOU CIMAHYUY, KOMOPAs Heobxoouma
0151 obecneuenus pacyemHoz0 3HAHYEHUs CPeOHell CKOPOCMU, pe3VIbIambsl KOMOpo2o HNO360NAM
onpeodenums 3HaueHue nooadu 8030yxo0yeKu, obecneuusarouiell paciemuyto CpeoHIio CKOpoCHs NOObeMd
CKUNA, 3a0aHHYI0 NPOOOIICUMETbHOCHb YUKIA U NPOU3B0OUMENbHOCTG YCIAHOBKU.
Bo1600b1. Tlonyuennvie 6 pamkax paciema cOOMHOUEHUSL OAION 603MONCHOCHb ONPeOeIumyb 3HAYeHUe
nooauu 8030yX00yeKu, Heobxooumoe 0Jisi 0becneyeHuUs paciemHol cpedHell CKOpOCmU NOObeMd CKUNA U
3A0aHHBIX NPOOOIIICUMENbHOCU YUKILA U NPOU3EOOUMENbHOCIIU YCINAHOGKL.

Knrouesvle cnosa: nodvemnas ycmamoska, CKun; NHEBMOCUCTEMA; MPYyOONpogood; MeniooOMeHHbie
npoyeccovl;, MamemMamuyeckas Mooeib,; pyOHUYHbI NHEEMONOOBEM.
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