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Abstract:

The observation is focused on liquid suspensions, an area of multiphase systems. In the process of
sedimentation, the particles are set in motion. The basic features of the hydrodynamic motion resalt
in a particular structure of the deposit, growing beneath the settling layer. Our goal is in analysing
the deposit structure, using visualisation of particles and cavities. Expetiments are done in water
with a limestone powder. Commercial program MATLARB is used to graphic analysis. All our
partial results gathered in this study contribute to comprehension of hydrodynamic behaviour of
collective particle sedimentation and can explain questions of creating cavities in sedimentary
geology. '

1. Aims:

Generally, our goals were divided into two distributions and one comparison, The first
distribution manifests an end of particles sedimentation and we can describe it with the question:
»Where will fall a how big particle? “. Second one is concerned cavities in a sedimentary deposit
and we can ask similarly as in a previous case: , Where are cavities after sedimentation in a deposit?
**. The comparison of both of particles and cavities distributions leads directly to the main question.
Which particle is responsible for creating cavities?

2. Motivations:

We have two approaches on the contribution about the sedimentary process. It has little
known zbout collective particle sedimentation, especially about real shaped particles (sec fig. 1).
What is happening during a particles settling? Do hydrodynamic instabilities have an influence on 2
finish state of sedimentation or do not? There is 100 many mechanical interactions affected whole
process and of course other parameters. We have chosen few of them, probably most important for

- Creating cavities in a deposit, size of the particles fraction and ratio of the fractions. All these

mentioned facts belong into chemical engineeting approach and they are the subject of this study.

Fig. 1: Representative sample of crushed limestone as & real material. On the left side is trigonal
pm large particle of limestone (calcite). Limestone silt (4-63 um) is at the right,

The cavitics in deposit interest a group of geological society. Sedimentary deposit tums to
the stone after long time. We were able to imitate some of the cavitics structures in laboratory
conditions in a previous work (fig. 2). Shapes and volume of cavities, structure of sample patterns
help to geologists to recognise origin of cavities and storyline going along origin of sedimentary
rocks. So it can be an important guide to find the effects, which are participating in the creation ol
petrified deposit and time before it.

Fig. 2: Similarity of the cavity shapes between a laboratory deposit (particles of limestone) and
Petrified geological deposit (sedimentary whinstone).



3. Preparation of experiment:

The liquid suspension is composed of water and differently large particles. Limestone rock
is crushed and sieved in five fractions by size. The particles are divided either differently by size
coloured litnestone or only white multi-sizing limestone (see fig. 3). For measuring of particles
distribution are using coloured particles and colourless water. White limestone particles and blue
water are used for measuring of cavities. We get “how deep is particle falling in the vessel” from
the first measurement, particle size and density is playing main rule here. Of course We cannot
measure holes like by clear limestone particles, because of stained surface. Therefore we bave
prepared the same uncoloured mixture. Then for better visualization of cavities blue water was
used. Each particles fraction in a mixture is in volume ratio 1:1.

Fig. 3: Five limestone fractions by size, vessel with coloured particles and water, vessel with white
particles with blue water.

4, Device and experimental procedure:

Very simply device was used for the experiment (see fig.4). Two-plug glass vessel with 8
suspension can turn upside down around a holder. Vessel
was filled with prepared mixture and completed with
water 1o the punch mark. The air at the top of a vessel
serves for agitating a mixtre. Completely homogenizing
mixture in water is an initial state. Initial state must fulfil
the conditions of repeatable (error max. 5% afler 5 s)
curves of sedimentary rates (see fig, 5). Then let the
sample seitle in a vertically direction after an initial state.

Fig. 4: The rotatable device.

Fig. 5: Five boundary states
sedimentary rates for determin:
of initial state conditions.

For visualisation deposit on the bottom are stabilized conditions like brightness and com

: §&  For stable brightness was used light-diffusion tent lighting by three lamps (3 x 1 kW), For s

contrast was used reflex camera with macro objective.

8, Principle of image analysis:

Image analysis is the principle of data evaluation created in the softwarc MATLAB, The
output of each experiment is just a one photography, which can be decomposed into pixels. The
- tach pixel is assigned by a characteristic colour. For better identification of colours they must
belong into the “edges” of a RGB spectrum cube (000-black, 100-red, 010-green, 001-blue, 101
| violet, 110-yellow, 011-cyan and 111-white). We used just 6 of 8 colours, other 2 unused colou
falls simply to the black box. It is created then new 8-numeric matrix, where pixels are counted
' line (horizontal axis), The sum of cach characteristic pixel is a function of the vessel height (ve:
| Wis). Such function is called as the distribution of particles here, Distribution of cavities is crea
Sinilarly like distribution of particles. We are working with grey scale image, It is sufficient to
ey scale image in BW (Black and White) spectrum, BW is standard opcration of software
.Egm- graphic toolbox. It can be set up only threshold of gray spectrum here (see fig. 6 anc



. First results come from meagurement of missing fraction. Every fraction is in bulk volum
1:1. Initial state is S-fractiona] semple continuous in the size 0 — 4 mm (see the left side o

). Such sample of coloured or white particles follow 30 logic combinations of less than the 5
ional example, where one fraction (resp. two, three and four fractions) is missing, So it §
ted non-continuous fractions, where are size gaps. One of such example is pictured in fig. 9|
can we observe the double time larger cavities than in the 5-fractional initial state,

_
_
Fig. 6: Photography, image and distribution of patticles.

8: Five continuous fractions are statistically processed (8 particles and 8 cavities aﬁﬁcﬁm_ﬁu

Fig. 7: Photography, image and distribution of cavities

.G 9: Four continuous fractions are statistically processed (8 particles and 8 cavitics &B._ccnon.&
he second biggest fraction (yetlow colour) is taken away.

Each result sample is an average of 8 distributions. The average will be statistically

Moothed in respect of great numbers of pixels. Then it will check approptiatcness of each i _Eumn
Other resules and complete analysis is still waiting for our following investigation.

Nl



7. Conclusions:

This particular study opens new possibilities, how to sy gramular material. Softy

n_nco._ovoﬂ_ in ICPF is able to process cofoured pictures. It is working with RGB spectrum of
and it can: - identify sample in a vessel, ool
- choose volume of pixels,

- statistically processing of more samples together.

Vybrané elementérni d&je v pivni péné
Jovik'Z, M. Baszczyiiski'™”, T. Brinyik’ M.C. RilZitka', M. Zednikova', J. Drahot’

tstov chemickych procesii AV CR, Rozvojovd 2. j65 02 Praha 6 — Suchdol, e-mail:
. icpf.cas.cz .

It promises next analysing after identification of a sample. For example, how much sedimenty, 3 sav kvasné chemie a bioinZenyrstvi, VSCHT Praha, Technickd 5, 166 28

materials are hided inside of a vesse!?

From the first several pictures we have been able 1o predict, than the biggest particl, ,
responsible for the large of cavities. Generally it can be said: “What the bigger particle 9“ .
larger cavity.” Second one new piece of knowledge is about missing fraction. If one fracti
taking out of a mixture and the mixture is non-continuous (it has fraction gap or gaps}, than ?mn .-.‘
cavities emerge in a sample (sedimentary deposit). . s,

1Uvod ,
Jednim z hlavnich znakd charakterizujicich pivo patfi hustd a dlouhotrvajici péna.
A mvon.&:nﬂ hodnoti kvalitu pivni pény z riznych hiedisek, jako naptiklad stabilita pZny, barva

penys jej chuf, pfilnavost na skle (tzv. krouzkovani pény), struktura atd. NejddleXit¥jtim
- Kritériem, jednak pro spotfebitele, ale také pro pivovary, je stabilite pivni pény. Péna je
' dynamicky gystém, procesy tvorby a rozpadu probiha sonfasné, co? komplikuje stadium dilgich
| a4 Mezi zikladni typy d&jd ovliviiujici pivni péau patti tvorba bublin a j¢jich ndsledny
- yzestup k hlading tvofice tak na ni vrstvu pény, praskéni kapalného filmu, edvodiovéni pény
(drainage) a vzéjemné rozpousténi bublin (disproporcionace).! Tyto déje probihaji do maZné
| miry soulasné B navzajem se oviivituji. Pro stabili pény je rozhodujfcf, které procesy v dany

 okamsik pteviddaji.
(4R 1.1 Tvorba bublin

Péna je tvolena z bublin (disperze plynu v kapaling), proto jejich vznik zésadnd oviiviiuje
. stabilitu pény. V pivu vznikaji nejéastéji bubliny po naliti do sklenice heterogenni nukleaci]
;  zplesyceného piva. Zérodkem pro vznik nové bubliny md¥e byt koloidni &istice, ncfistota,|
:  povrchové merovnost na sklenici (ryha, prasklina atd)."* Vaznik bublin v pivu homogenni
- mukleaci se nepfedpoklida z divodu nizkého flaku plyou v piva. Minimalni ptetlak potfcbny pro
¥ ik bublin homogenni nuklaci je asi 100 MP2.! Rychlost a mnoZstvi vytvofcaych bublin zhvis
-+ ma velikosti w..&o_n- kapaliny (.rychlost nalévéni piva“) a chemickém sloZeni plynu 41&
F rozpudténém.” Bublina na nukleagnim centrum zv&t3uje svitj objem do doby, ne? vetlakovd si
piscbici na bublinu (Fvz=ApgV) pickond situ adhezni (Fa=a0), kde Ap je rozdil hustot mezi
kapalinou a plynem v ni rozpulténém, g je gravitain{ konstanta, V je¢ objem bubliny, O je obvod
nukleatniho mista a & je povrchové papéti piva. Poté se bublina odihne a stoupd vzhiiry
k hlading, Velikost odtriené bubliny zdvis na polomZru nuklae&niho mista a povichovém napdy

piva.(Rov. 1)*

' Rb= (3Rma24pg)"” (Rov. 1)
i kde Rb je polomér bubliny, Rm jc polomér nukieaénitio mista.

j Rychlost stoupdni bubliny k hlading vyznamné ovlivituje koncentrace surfaktantd v roztok
.V disté vodZ a v kencentrovanych roztocich surfaktanti bublina po cdtrleni z nukleatnibo mi
i akceleruje (piisobeni vztlakové sily) a brzy dosahne rovnovahy sil na ni plsobici. Diky to
- dojde k rychlému ustileni vzestupné rychlosti. V roztocich surfakiantd o nizké koncentraci d
| v diislediu nikicrych jevh jako je Marengoniho efckt apod. ustali rovnoviha sil plisobici o
bublinu mnohem pozdji. Povrchove aktivnich litky také ovliviiuji vzajemnou koalescent
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