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Effective and safe filling of voids in longwall with the caving mining system requires careful
selection of fill mixtures and correct prediction of flow parameters in hydraulic transport sy stems in
coal mines. On the basis of laboratory test results a new method for calculation of flow parameters
in the transient flow regime has been presented, which adopts a modified Blasius formula with
respect to lower friction factor values than calculated with formulas for turbulent flow. Additionally,
a new approach to the subject of optimization of fly ash - water mixtures composition has been
proposed, which has been derived from the relation between the density of the mixture and specific
head losses calculated for constant flow rate.
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1. INTRODUCTION

Longwall systemwith roof caving is the dominant mining systemin Polish hard coal
mines. A significant part of the currently selected seams contains coal with a high
propensity for spontaneous combustion. In order to eliminate the endogenous fire hazard,
filling of cavings with the fine-grained, solids-water mixture is used. In the aim to avoid
creating of underground water reservoirs and risk of flooding of mine workings, the
mixtures used for filling should stabilize and solidify. For this reason, fly ash from hard
coal combustion is used as a fill material, mostly without any additives (binders) to
minimize costs ofthese operations, (Palarski et al. 2011).

Calculation of the flow parameters supported by rotational viscometry analysis of
theological properties of mixtures is often subject to considerable errors, therefore there is
a need to use more accurate methods, such as laboratory studies of pipeline models, as it
is being practiced in some research institutions.

The maximal permissible density is based on the observation that actual hydraulic
transport systems, which are in use in coal mines nowadays, do not operate on a full feeding
mode basis as it was the case in traditional backfill pipelines. The pipelines operate
frequently in a partial feeding mode, in which pipelines are not fully filled up with
amixture during its flow. This situation creates an opportunity to increase the density of
the mixture, which in turn generates a higher head loss, and consequently moves the
operation mode toward a full feeding mode. From the other side, changing of mixture’s
density and apparent height of free mixture levelin a vertical part of the pipeline (generally
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in themine shaft,in which the pipeline is installed) leads to a variable range of horizontal
distance, at which the fly ash — water mixture may be transported with satisfactory flow
rate. In the aim of efficient and safe modification of this parameter, the rheological
characteristic of the mixture must be known in a wide range of density.

2. MATERIALS AND METHODS

Mixtures of fly ash from coal combustion with by-products of semi-dry
desulphurization processes and fresh water have been used for the tests conducted by
Strozik (2018). Its apparent density was 2118 kg/m?. In terms of particle-size distribution,
99.53% of the fly ash mass contains grains smaller than 0.1 mm, dso=0.04 mm Selected
fly ash represents atypicalexample of an industrial waste widely used in Polish coal mines
for the filling of cavings.

Range of mixture densities used in tests ranged from 1105 kg/m3 up to 1605 kg/m?,
however interesting from the point of the view of mining practice, are in the first place the
mixtures of densities closer to the upper limit of the considered range, which exhibit
properties of non-Newtonian fluids. Analysis of flow parameters has shown that such
properties possessed samples of mixtures with a density of 1447 kg/m? and larger. General
parameters of tested mixtures of'this group are presented in Table 1.

Table 1

General parameters of fine-grained mixtures used in laboratory tests in therange of non-Newtonian
rheological characteristics

Number of | Density Volume. Mass . Proportion Amount of solids'
mixture pm [kg/m’] Concentration| Concentration WIS [-] ey [kg/m’]
C, [%] Cu [%0]
1 1447 0.400 0.585 0.709 846.8
2 1486 0.435 0.620 0.614 920.1
3 1529 0.473 0.655 0.526 100.,2
4 1559 0.500 0.679 0.472 1059.0
5° 1605 0.541 0.714 0.400 1146.1

"'mass of fly ash per 1 m’ of mixture
2 flow only in turbulent regime registered
3 flow only in laminar regime registered

Research has been conducted in a laboratory facility equipped with a pipeline of
diameter D = 0.08 m, operating in a closed circuit. The electronically controlled pump
allowed for maximal flow velocity varying from around 3.5 m/s up to 6.0 n/s in relation
to its rheological parameters. Pressure difference has been measured on a distance 0of 2.0 m
located in the middle of 6.0 m long straight part of the pipeline to eliminate distractions
resulted from piping curvatures. Measurements of the head loss have been taken after
15-25 minutes of flowing in the circuit, what is an adequate time of flow in a mine pipeline
of round 5000 m length. In conditions of mine mixture preparation plants, saline water
(industrial water) is used instead of fresh water, however, the difference in viscosity is
negligible when the overall accuracy of the measurements is considered. The effect of the
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temperature of the mixture was corrected in the phase of determining the viscosity, taking
as the reference the temperature of20 °C.

3. RESULTS AND ANALYSIS

The results of the measurements of fly ash — water slurries described in Table 1 are
presented graphically in Figure 1.
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Figure 1. Results of specific head loss measurement in the function of flow velocity for mixtures
witha density from 1447 kg/m® to 1605 kg/m’

Analysis of grain-size distribution and particle fall velocity (sedimentation) has shown
that mixtures of water and fly ash used in test flows in the pipeline facility may be
considered as quasi-homogeneous, thus the application of theory and of actual liquids may
be adopted.

The pressure head loss Ap that occurs during the flow of a mixture with an average
speed viy in a pipeline of diameter D and length L, has been described by well-known
Darcy-Weisbach equation in the form:

L p, v,
D o M

where A is the flow friction factor, which depends on Reynolds number Re, thus, it is
variable dependent on the mixture’s density and flow velocity.

In the analysis of pressure drop during flow, it is more convenient to use specific head
loss, which is theratio of total pressure drop along the pipeline to its length Ap; = Ap/L.

Taking under consideration that both geometrical parameters of a pipeline and
properties of a mixture represented by its density and viscosity are known, and also
assuming that the local head losses (like turns or tees) may be ignored as insignificant in
comparison to the linear friction in long pipelines, the only parameter, which makes the

Ap=A7
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