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INTERPRETATION OF GAS PERMEABILITY OF ANISOTROPIC S TRUCTURE
OF SKELETAL DEPOSIT

Summary

In the paper results of experiments on hydrodynaam8essment of gas flow through backbone (skeletatjus materials
with an anisotropic structure are presented. Theesrch was carried out on materials of differentrpgraphic
characteristics and origin of process (char). Thedy was conducted for a variety of hydrodynamieditions with the use
of air. As the basis for the hydrodynamics of daw fthrough porous material we assumed a gas stream result of
pressure forcing such flow. The results of measargsindicate a clear effect of the type of mateda the gas
permeability, and additionally — as a result ofithenisotropic internal structure — a significanffect of the flow direction
on the value of gas stream.
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INTERPRETACJA GAZOPRZEPUSZCZALNO SCI ANIZOTROPOWEJ STRUKTURY
Zt O ZA SZKIELETOWEGO

Streszczenie

W pracy przedstawiono wyniki batl@aoswiadczalnych w zakresie oceny hydrodynamiki preeptgazu przez sztywne
(szkieletowe) materialy porowate o anizotropowejlgtirze. Badania odniesiono do materiatléw ozmidowanej charakte-
rystyce petrograficznej, pochodzenia procesu teamago (karbonizaty). Badania prowadzono dlang&h warunkéw hy-

drodynamicznych z wykorzystaniem powietrza. Zatpedsoceny hydrodynamiki przeptywu gazu przezaziomateriaty
porowate przyto strumie gazu, jaki wynika z nadgiienia wymuszagego ten przeptyw. Wyniki pomiaréw wskazog
wyrazny wplyw rodzaju materiatlu na gazoprzepuszczaina dodatkowo — co wynika z ich anizotropowej strokwe-
wretrznej — na wyrany wplyw kierunkowdei przeptywu na wart@ strumienia gazu.

Stowa kluczowegazoprzepuszczalsd anizotropia, ztée adhezyjne, karbonizat, biogaz

1. Introduction

The gas flow through porous media, both in the espe

of their application in the industrial technologgdatheir
presence in the natural environment, is a very dexnjs-
sue that is not still fully recognised. As for aepbmenol-
ogical aspect this flow may be subject to varioydrady-
namic criteria, which is affected by a medium siioe, a
kind of fluid (one- and multi-phase) and a flow dimg
method (gravitational, pressure). A vast array obljga-
tions pertaining to this issue and thoroughly asedy
among others, in studies by Strzelecki [1], PieciahOr-
zechowski [3] or Btaszczyk [4] describing this issan a
research and analytical basis factorefer to the phenome-
non of filtration and they are generally identifiadth the
phenomenon of laminar fluid flow through granulapds-
its according to Darcy’s law [5]. Obviously, it doeot ex-
haust many other examples of the flow of fluidotigh po-
rous media. For the turbulent flow of fluids ther¢kdheimer
model [6] and the Ergun model should be distingdsfv].
The more advanced description of the flow for thatial lay-
out of capillaries in the form of the meanderingmahels is
also found in the Kozeny-Carman model [8].

The reference books frequently discuss other nsodlel
hydrodynamics of one- and multi-phase fluids flogvin
through porous media, considering the impact dtiffea-
tures and a kind of porous medium on the flow thiou
granular deposits [2, 3, 4, 9]. However, the vasajomity of
those models pertain to granular deposits but anfew
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studies analyse gas permeability through backbskeld-
tal) porous materials.

In this context, our own research assesses conslitid
hydrodynamics of the gas flow through backbonelét&b
porous materials with an anisotropic structure. Témults
of research upon the assessment of gas permeatbifitlid
porous materials have been presented and the assdassf
process conditions concerning hydrodynamics of dhe
flow through materials with a diversified interratucture
has been conducted.

2. Experiments
2.1. Scope and research methodology

To familiarise with hydrodynamic conditions of tgas
flow through porous materials, detailed experimetaats
were conducted to assess the gas permeability @fupo
materials with the diversified structure and, a¢ ttame
time, the diversified process characteristics. Tésearch
material comprised of solid skeletal constructiocisarin
situ and polyamide agglomerate of symmetrical spatial
structure.

Materials applied in research underwent the asss#s
of selected parameters describing features chaistatdor
porous materials resulting from their porosity qigsical
structure as basic process quantities affectinchittgody-
namics of the gas flow through porous material® gan-
tity-based assessment applied to such paramet¢ng ap-
parent density and porosity of a specific type (s@of
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the porous material. In this regard, structuraéaesh upon
the tested porous materials conducted on the lodisise
SEM scanning image [9] was helpful.

The experiments pertained to two different measure

ment systems thoroughly analysed in other own wiRs
11, 12]. The first system was used to assess thmagadil-
ity of porous materials in the barbotage conditidnsthis
case, the shape of samples resulted from natuwhtgined
parts of the native material with an unspecifieanglke
shape - Fig. 1a. The latter one was applied toyaaathe
permeability on the basis of the samples configuoethe
shape of the cubic solid - Fig. 2a. In this systie gas
flow might be directed with respect to the arbityase-
lected X, Y and Z axes. This required the develamnoé a
special measurement system that is currently beétented
by us [13]. In their geometrical form those cubiaged

hand, the non-linear tendency of those charadsist
proves the dominance of the turbulent flow, whishalso
associated with the deviation from Darcy’s law [14]

The analogous characteristics of permeability were
made for the cubic-shaped samples (20x20x20 mmjsby
ing the measurement system assessing permeabilityei
directional flow - Fig. 2. At the same time, thesearch re-
sults shown in Fig. 3 prove that the permeabilityhe po-
rous material is not affected by the sample shapdp its
internal structure. The layout of the experimergaints
shows that in the same conditions of the refergmessure
between the volume coal char sample and the cinzipesi
sample (the Fig. 3 shows averaged air flow valuds,
permeability characteristics of this material afeasimilar
nature and within the same scope of values.

In this measurement, example results of measurement

samples were parts of volume samples and were gethpa for coal char in situ and polyamide agglomerate are

with them with respect to their internal structure.

In both cases, the tests were conducted witheeéer to
air to the extent of the permeability stream rasglfrom
the reference pressure. The permeability functibrthe
pressure decline in the porous deposit was indegeiyd
carried out, assuming the so-called multi-dirediofirac-
tal) system for the gas flow through samples witlspeci-
fied shapes (Fig. 1b) and the directional flow X¥&arac-
teristic for cubic-shaped samples (Fig. 2b).

2.2. Research results and their analysis

The basis for assessing the hydrodynamics of tlse
flow through deposits and porous materials is teracter-
istic of their permeability resulting from the psese induc-
ing this flow. In each case, this characteristidésermined
by calculating the impact of the available overpuee on
the obtained gas stream or vice versa - the impfatie gas
stream on the value of this overpressure that spards to
a decline in this stream pressure. In the lattse cthis cor-
responds to the determination of complete resistant the
gas flow through such deposit.

The results shown in Fig. 3 prove that with respect
porous materials in the form of coal char the retaf
changes in gas permeability functions is highlyedsified.
For the same coal char situ (I-1, 1-2, 1-3) there are ob-
tained highly different permeability characteristend their
common deviation is expressly affected by the stmecof
the porous material. Moreover, those charactesistice
parabolic, which proves their similarity to the hgdynam-
ics of the flow through the closed channels. On dtteer

a) b)

Q

XY,z

Multi-directional
stream

Fig. 1. Sample of unspecified shape [12]: a) redeara-
terial, b) flow chart (multi-directional - fractébw)

illustrated in Fig. 4 which shows characteristi¢sttee air
permeability in three independent flow directioXs ¥, Z).
The layout of experimental points shows that the
permeability of coal char is considerably affectad the
direction of the gas flow. This proves the expliitect of
the flow asymmetry with respect to the selectedwflo
direction (axis) and, consequently, the explicitsatropic
structure of this type of material. On the othendhaor the
porous polyamide that forms the agglomerate of spdie
particles of identical dimensions (diameter of i), the
permeability characteristics are not practicallfeetied by
the gas flow direction. At the same time, the dateed

gicharacteristics prove that this porous polyamidspite the

fact its porosity is much smaller compared to colahr
(30% [9]), has similar characteristics of the glasvf This
proves the observation that the greater effect fof t
permeability of various kinds of coal char is rathhe
result of their porous and gap structure rathem tha result
of their porosity. It is interesting that the peabdity
characteristic of the porous polyamide is also af-tinear
nature, which - with respect to the measurememioves
the advantage of the turbulent gas flow.

3. Summary

The recognition of hydrodynamics of gas flow thghu
porous media with a skeletal structure has showanhtttere
is very little information in the literature on theubject.
In this respect, appropriate experimental studiepooous
materials were carried out, and hydrodynamic phemam
resulting from gas flow resistance were evaluated.

a) b)

Multi-directional stream

Fig. 2. Cubic-shaped sample [12]: a) research madter
b) flow chart (X,Y,Z-direction flow)

Rys. 1. Prébka nieokflonego ksztattu [12]: a) materiat Rys. 2. Prébka w ksztalcie seianu [12]: a) materiat ba-
badawczy, b) schemat przeptywu (przeptyw wielokieru dawczy, b) schemat przeplywu (przeptyw ukierunkgwan

kowy-fraktalny)
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Fig. 3. Gas permeability of coal char for samplés oFig. 4. Layout of experimental points charactedgsthe asym-
various shapes [12] metry of the air flow in relation to three main axaf the cube
Rys. 3. Gazoprzepuszczalddarbonizatu dla pro- (XYZ) for coal char and polyamide agglomerate [12]
bek r&nego ksztattu [12] Rys. 4. Rozklad punktéw sddadczalnych charakteryzigych

asymetryczn@ przeptywu powietrza wzglem trzech gtéwnych
osi szécianu (XYZ), dla karbonizatu i spieku z poliamid@]f
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