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Abstract

The production of pottery is an important industry on Java, Indonésia.current process is very
traditional and has been the same for maggnerations, whiclunfortunately means that the process of
producing pottery can be regarded as obsolete and needs improvement. The tempédratioee
furnaces is too low for the vitifation process to begin and this is partially due to the fuel used. The
current fuel used ifirewood that has a low calorific value aadransition to briquettes made from rice
husk or coconut shell need to happen sitlsese fuels hava higher calorit value. The purpose of this
project is to design a new and improved pottery furnace and to perform CFD simulations in order to
increase the understanding of how the flue gas flow behaves inside the fur@#uoer.purposes areo
develop a method to simate evaporation of bounded wateit the surface of the pottery antb
predictradiation between thepotteries. Evaporation is simulatewith one reactiorfor adsorptionand
onereaction fordesorption in equilibriumthe time when equilibrium is obtainedascalculated using
Matlab. The inlet temperature was set to 1073K in the simulations.

Theresults from the CFD simulation shawvslightly uneven temperature distribution inside the furnace
due to inertiamovementof the flue gas flow22% of the initialy bounded water evaporated during the
1100sec simiation and the reaction rates close éguilibriumreached8.415 mole/n's for the
absorptionand8.431 mole/m?sfor the desorption Radiation has a great impaoh the evaporation of
water and should not baeglected even at lower temperatures. Further work with the obtained model
could include a baffle to break the inertimovementand more detailed approximation of the pottery

The project also has a great cultural aspect since four month was spenbimelid in order to
understand the process of producing pottefyhe traditionalprocess of producing pottery hierge
limitations in available construction material and fbeit some traditional furnaces had a slightly
modern designSome obstacles in plaing the construction of the furnace were mapped and smooth
collaboration between academics and pottery makers was found to be a necessity.
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1 Introduction

1.1 Background

Pottery is an important product produced in Indonesia but the produt@egniques arainfortunately
obsolete and the country's economy could improve significantly if some modernization could be made.
One problem with the current production technique isttemperature in theurnaces thatis not high
enough resulting in a product more similar to dried clay than ceramic. A higher temperature would give
harder and denser pottery that could be matitenner, whichwould decrease the consumption of raw
materid.

Another challenge is Indonesia's decreasérefvood, whichis thecurrent fuelin traditional pottery
furnaces New techniques to make coal briquettes from rice husk or coconut shellstbemredeveloped
and a transit from firewood to rice husk oraanut shell briquettes should be made. Tiréquettes
containa higher calorific value comparedwmnod, whichis beneficial to achieve a higher temperature
in the furnace.

The Ministry of Science in Indonesia has acknowledged this issue and granted ton@adjah Mada
University (UGM) in Yogyakarta to develop and construct a furnace with improved properties.
Chalmers University of Technology (CifHpllaboration with UGMvill seek possible ways to improve
the traditional pottery production in ordeto develop theprocessas well as environmental benefits.

1.2 Traditional pottery

There are two villages close to Yogyakarta with pottery production as the main source of income. One is
Kasongan located just south of the city centre and the other one isdhgnahich is located further

south of Yogyakarta, close to the sea. A large variety of poiguyoduced in the two villagespme
urnshavea height of almost 2m and some has a height of 2dm. Some probacepractical uses and
somepottery ispurelydecoration. In Pundong it is common to produce very small pottebatoh sizes

of thousandswhichare given away as gifts to wedding guests.

Some products are for domestic sell and some products are exported, especially to Australia but also to
Europearcountries and other Asian countries.

1.3 Traditional furnace design

The traditional pottery furnace has a square shape with an open roof. The roof is covered with a layer of
straw that in turn is coverelly a layer of tile. It is fired & updraft furnace the fireplace is below the

load and the hot flue gases passes through the furnace from under and exits at the top. This is the most
common type of traditional pottery furnaces used in Kasongan and Pundong but a slightly more modern
version does however &t in Pundong where the furnace has a roof and a chimfikig. type of furnace

isa downdraft furnace Wwere the hot flue gases from the fireplace passes through a fireesatiérs the



furnace from above and exits at the bottom. An example on a traditiopdfaft furnace can be viewed
in Figurel and the more moderndowndraft,version can be viewed frigure2.

==
i

Figurel Traditionalupdraft pottery furnace



Figure2 A slightly more modern version of a traditional pottery furnadhat has downdrat.

The benefits of a downdraft furnace anéimportance The vertical temperature distribution will be

more even in the downdraft furnace since the flue gases exits from the bottom through a chimney that
due to natural convectiowill give a natural cingdation in the furnace. In an updraft furnace the hot flue
gases causes hot plumes on the floor and cold areas between\tieoh gives an uneven temperature
distribution close to the floor.

1.4  Production of traditional pottery

The production of traditiongbottery starts with mixing clay with sand and water. It is very important to
get a homogenous mixture otherwise the risk of cracks @ameven quality will increase. The mixture is
formed into its desired shape and size and is set to dry before fireddfjheut not fired body is called a
green body. The green body is dried outside fer @ays depending on whether it is dry season or wet
season. It is important that the bodies are not dried direathgler the sun but in the shadow

The green bodies amensely packed in the furnace, smaller bodies fills the voids between the larger
ones. The furnaces are never fired tatipty andthe pottery maker prefers to wait until the batch size
of green bodies is large enough to fill the entire furnace. An exaofglee dense packing is showed in
Figure3.



Figure3 A denselypacked furnae covered with a layer of tildut no straw. Everything is paaed randomly and small items
are placed between bigger ones.

The burning starts early in the morning and the temperature are initially increased slowly, if the
temperature increases to fast then the pottery will cratkaditional furnaces havsvo channe shaped

inlets thatare fired at equal rate. During the preheatipgriod,the fire is held outside the inlet and is

slowly pushed into the inlets. The feeding rate will increase throughout the burning and eventually the
pottery will start to "glow", at hispoint, the feeding will stop and the fire will burn out. The firing is
stopped after approximately 8 hours and it takes several hours for the pottery to cool down. The pottery
needs to be completely cool before the furnace is unloaded.

The quality éthe finished product is controlled and occasional cracked pottery is sorted out before the
pottery is painted or glazed.

1.5 Aim of project

The process of producing pottery in Indonesia needs to be improved in many ways. The Ministry of
Science has grantedoney to theproject, whichneeds to be spent carefully and wisely. It is possible to
builda new and more modern furnace and this furnace needs to be designed and analyzed. This
hypothetical furnace will be developed using CFD and used to answer genestibgsregarding the
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burning process and to increase the understanding of how the furnace behtigalso of interest to
find a way to simulate evaporation of bounde@ter and radiation.

The cultural aspects of this project are considerable since a largésparnducted in Indonesia. It is
important to find a beneficial collaboration between the pottery maker and academics from UGM and
CTH. The issue of finding a traditional pottery nrak#ling to try new ideas should not be
underestimated.

It is also of importance to investigate the necessary change ofdttbker and to encourage the pottery
makersactivelyto make the transition.

1.6 Limitations

When designing the new furnace considerations regarding building techniques had to be taken as well
as available building materials. It was not possible to design the optimal furnace from strictly a technical
point of view because the most modern materiate too expensive. Another important approach is

that the most inefficient furnace is an unused furnace, meaning that if the new furnace is too different
and foreign to the pottery makers then they will not use it. The development of Indonesia's pottery
production needs to be taken step by step.

1.7 Objective
The obijective for this project is to design a new furnace and to perform CFD simulations to predict the
flue gas flow.

1 Understand the behavior of the burning process
0 How is the flue gas flow inside therhace behaving?
o Is the downdraft within the furnace enough to get a satisfying temperature profile?
0 How could the model be further developed?
1 Develop a method to simulate the burning process
0 How could the radiation within the furnace be simulated?
o0 How coud the evaporation of the bounded water be simulated?
o Discuss how pottery can be approximated in the model
o Investigate the temperature profile in order to make stinat the construction material
will endure the stresseandto obtain an even quality of #npottery.
0 Simulate the radiation from the walls as well as the pottery
0 Simulate the evaporation of water from the surface of the pottery
1 Investigate the possibilities to build the designed furnace and map the obstacles.
1 Discuss the options to make theansition from firewood to briquettes made from rice husk or
coconut shell.

11



2 Theory
This chapter iglivided into three theory parts to increase the knowledge about the performed project.
The first part is CFD theory, the second part is heat transfer theory and the third part is pottery theory.

2.1 CFD

In simulation of turbulenflows, computational fluiddynamics QFD) is a very powgi tool with many
applications. It gives detailed local information of the simulatgstem, whichimproves a qualitative
understanding of the proces€FD solves Navi&tokes (N.S.) equations numerically in an iterative,way
N.S. equations describes the momentum transport of fldvesninar flows can often be described very
accurate with CFD simulation since it is dominated by viscous fdMc&salso describes turbulent flows
but the properties are too complicated to be gedfor with CFOn any real engineering applications.
The turbulent flow has a very large range of tismales, whicimakes direct solving of N.S. (DNS) only
applcable for small systems attide turbulent flow has to be modeled in some way largersystems

For these larger and more complex systems one method used frequeRiyi®ldsAverage Navier
Stokes (RANS) where the turbulent fluctuations are averaged resulting in simulations with sufficient
result on scales larger than the grid. Limitatiovith RANS include scales smaller thanghie that
remains unsolved fgi.e. mixing of chemicals or drops in turbulent flovis).

2.1.1 Governing transport equations

Some assumptions must be madesolving fluid flowsThe flowis assumedncompressiblevhich is

defined as no variation in density along thieeamlineand this assumptioneduces the equation of
continuity to equation2.1.1). The flow is also assumed to be considered as a Newtonian fluid. For a
Newtonianfluid, the viscous stress is a linear functmirthe rate of strainand thisis true for most

common fluids such as gas or water whéhe viscous stress can be written as equatiadri ). Based

on these assumptions the equation of motion is written as equaf®h3). Note thati andj denote the

tree dimensions. In equatior2 (1.3) the first term describes accumulation, the second term describes
convection, the third term describe rate of change of pressure due to motion, the fourth term describes
diffusion and the last term is the source term.

. 2.1.9)
Por 2.12)
— Y= -—— — = — 0 (2.13)

These equations are solved numerically by CFD software by dividing the computational domain into cells
and thus reformulate them from partial differential equations to algebraic equations. This reformation
also leads to numerical errors and the magnitude of these errors depends of the cel sinaller cell

size will decrease the error but increase the congpisinal time which is costly. When working with

CFD a compromise between accuracy and expense must always be(frjade.

12



2.1.2 Turbulence modeling

A turbulent flow greatly enhances the heat and mass transfer rates compared to laffoiwawhich is
why the turbulent flow is suitable in industrial applications. Modeling of the turbulent flow is thus an
important element in CFD aided chemical engineeringbulent flow has some characteristic features,
it is irregular and consist ovenade range of turbulent eddies antlis diffusive due to the chaotic
motion. The turbulent flow is highly instable and randanlarge Reynolds numbeeventhoughthe

N.S. equations are deterministic, it is also intrinsically-tteeensional since vortex stretching and
vortex tilting cannot occur in two dimensions. Another characteristiissipation of turbulent energy
commonly referred to as the energy cascadeere the energy enteythe turbulence at the largescale
and by inviscid processes is transferred into smaller and smaller turbulent scales until it dissipates by
viscosity (1)

2.1.3 Reynolds decompaosition

To reduce and simplifhe information about the turbulent flow statistical methods are used, Reynolds
was the first to introduce this concept in Reynotiiomposition. In Reynolakecompositionthe

velocity is divided into its mean and fluctuating part as in equat@h4) where the mean velocity is
defined as in equatior2(15).

Y OYO 6 (2.14)
6YO — YQo (2.15)

With Reynoldslecompositionthe flow can be considered as randomly varying components affecting a
mean flow The intensity ofthe velocity fluctuation can be measured by the turbulent kinetic energy per
unit mass according to equatioB.( 6) where 1, 2 and 3 denotes the three dimensions. The kinetic
energy in a specific point is described by equatii.{) which can be decomged according to

equation @.18).

Q-0 w0 ®0O (2.16)
o =YY (2.17)
00 -06Y0 6 0YO 6 O - dYBYO @O O 1 (2.18)

The pressure also has to be decomposed in a similarffaraypcompressible flowbut there is noneed
to decompose other quantities besides these to solve the N.S. equations. For compressihlgh#ows
density must also be decompos€d)

2.1.4 Reynolds Averaged Navier Stokes equation

Several turbulence models are based onriRéys decomposition and these are denoted Reynolds

Averaged Navies Stokes equations (RANS equations). Using the Reynolds decomposition N.S. equations
can be written as in equatior2(1 9) which is the general form for RAE§uations. Note the term

" 6 Cthat is the Reynoldstressesvhich introduces a coupling between the mean diudtuating
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parts of the velocity field. The modeling of the Reynolds stress term is the sole purpose of RANS
turbulence modelingRANS turbulence models closes the N.S. gguswith an adequate balance
between accuracy and computational time and this project is basew/o of these modelsthe k-¢
model andthe k. Y2 @S5t @

6 O

Y6’ @@ "% 60 (2.19)

2.1.5 The Boussinesq approximation

In modeling theReynoldsstressterm that closesN.S. equationghe Boussinesq approximation is used

in several RANS turbulence models. The Boussinesq approximation assumes that the components of th
Reynolds stress term are proportional to the mean velocity gradients. This assumption implies that the
Reynolds stresses can be modeled analogous to molecular viscosity with a tusbstesityalso

denoted eddy viscosity. The Boussinesq approximasierritten as in equation2(1.10). The analogy to
molecular viscosity leads to some limitations for the Boussinesq approximation when predicting simple
flows as for example channel flows but it is still considered to be very cost effective which i$ a grea
benefit. (1)

- (2.110)

2.1.6 Two equation models

For most CFD simulationrieal engineeringapplicationsfwo equation models are used determine

the velocity and lengtlscales thatlescribe the local turbulence and thereby clase RANSequations

with the eddy viscosity concept. Two equation models solves#guation for the velocity scale and

the l-equation for the length scalejuite often an alternative property than the length scale is solved for

in the second equation providing it is possible to explicitly determine the length scale from this property.
The two equation models have some limitations but they are quite favordxeto their robustness

and inexpensivenes{l)

21.7 Thek-r |11 AAI

Theks Y2RSf Aa I NRodzAG FyR SlFraiafte AYyGSNLINBGSR Y2R
engineering flow simulations. It does however impose some limitatiorpredicting flows with

streamline curvature, swirling flows and axisymmetrical jets.kfhe Y2 RSt gl a4 RSNAGSR F2
high Reynolds numbers and is not the best choice for regions with low Reynolds ndimdééequation

is written in equationf dmdmm0 YR (2 Of24S GKAA Sljdz GAz2y GKS S
modeled with a second transport equation (2.1.12).

N

— fyo— 900 (2.111)

— 8Yo— 6 - 292009y - (2112
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218 Thek-d5 11T AAI

When modeling regions with low turbulencethek Y2 RSt Kl & @SNE 3I22 R LIS NF 2 N
to predict the law of the wall and thereby eliminate theed for wall functions. It does however

requires a fine mesh close to the grid with the firgtigbelow y=5. Thek-equation is written as is

equation .1130 | Y ReqiiaKo8 is written as in equatio?(1140 ¢ KSNB . A& GKS &aLISoO
dissipation which is the inverse of the time scadmoted © -7Q The turbulent viscosity is calculated

from equation @.1.15). (1)

60 08 0O 6 O ~

oGy 0 290080 iy . (2.113)
_ gYe— | 20 0000 4 . (2.114)
- (2.115)

2.1.9 SST model

The SST modelusesthe Y2 RSt Ay GKS 02dzkRSR2BREf { TARHARYE FNRS
thus combining the strength of both models without being computationally expensive. It requmees f

mesh close to the wall but no wall functiorf%)

2.1.10 Mesh

Meshing is an important part in working with CFD since an inadequate mesh can for example cause
longer computational timend numerical diffusion Grids can be divided into structured and
unstructured grids where the structured grids are build up by quadrilateral element while unstructured
grids are build from different element, for example quadrilateral and triangular elements. The
structured gris are resolved faster, require less memory and have better numerical propé&ities.
complexgeometriesijt is not always possible to mesh only using structured mesh and solvers must be
able to handle both.

The area near walls must be handled carefutigl the angle between the wall and the grid line should

be close to 98 To avoid inaccurate solutions due to meshing adjacent cells should be of equal size and
high skewness should be avoided since is leads to instabilities and lower accuracy. Fonlohgrthels

cells can be stretched along a coordinate axis, @ékenghthe aspect ratio are increased this will still be
acceptable since the gradients are low in that direction. It is often good to use different grid spacing in
different regions of the gd.

Complex regions often require a denser grid compared to free flow since areas with large gradients
often contains larges eors. The grid can be refined coarsened in an appropriate way to increase the
accuracy of simulations performegl.)
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2.1.11 Reaction modeling

The evaporatioof the bounded water is regarded as a surface reaction with one forward and one
backward reaction in equilibrium. Theactions ardaminarfinite-rate where the turbulent fluctuations
are ignored The reaction rate is determined by the Arrhenius expression showed in equatiohd.

Q &vYQ T (2.1.16
Where A=preexponential factor, B=temperature exponent and E=activation eng&tpy

2.1.12 User defined function - UDF

A user defined function is an external code often written in C++ that provides additional information to
Fluent. In thigroject,a UDF is used to set the absorption coefficient in the firewall and in the porous
bodies. The code can eithiee compiled or interpreted by Fluent and it was chosen to interpret the
codein this project The code can be viewed in appendix)
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2.2 Heat transfer
Thethree basic mechanisms of hefitansferare conduction, convection and radiatiofhe fundamental
equations will be describeth this chapterand theirrate of energy transfer will be evaluate(@)

2.2.1 Conduction

There are two governingnechanisnsin heat conduction. The first mechanism is molecular interaction

where a temperature gradient is the driving force. The second mechanism is heat transfer by free

electrons. This mechanism is significant in metals since the concentration @lécteons is high in

metals but does not exist in nonmetallic solids. The equation describing heat conduction is referred to as
C2dzZNASNDa FANRG ¢ 2 &sinkdpatiin(2.0.9 whBrdk@sihe thefmal Y R A & 6 NR
conductivity and is indepermght of direction makng this expression isotropi(2)

o (2.2.1)

2.2.2 Convection

Heat convection involves heat transfer between a surface and an adjacent fluid anceiisttevo
different types of conveabn; forced convection and free or natural convection. Forced convection
implies an agent forcing the fluid past the solid such as a fan or a pump. Free or natural convection
causes movement of the fluid by density difference resulting from the temperatariation in the fluid.
The rate equation is referred to as the Newton rate equation and is writtén @eguation @.2.2 where
hisanalogoustkA 'y C2 dzNASNRa (1@ 2F KSIG O2yRdz0GA2Yy ®

— @Y 2.2.2

2.2.3 Radiation

Heat transfer by radiation differs some compared to conduction and convection since no medium is
required for its propagation. StefaBoltzmann law of thermal radiation describes the rate of energy
emission from a perfect radiator referred to a blaclkdgand it is written as iequation(2.2.39 ¢ K S NB
is the StefarBoltzmann constant. Heat transfer by radiation is of great imgmre at high

temperatures.(2)

— KY .23
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2.3 Technology of Pottery
The technology behind pottery making is examined through investigations of the clay minerals, the
importance of drying and reactions occurring during firing of the clay body.

2.3.1 The clay minerals

One important property of clay is its plasticity. Plasticityhiaracterized as a materiadility to deform
easily when processed but does not deform once it has a desired shape. This property is derived from
the clays mineral content. The most important clay mineral is kaolinite with the sum formula
AL(SpOs)(OH) and it is derived from breakdown of the mineral feldspar or of similar minerals formed
under high temperature.

The structure of kaolinite consist of a two layer silicate sheet structure in whicts#@){ has a
tetrahedral geometry. These ions are made electrically neutral by the adjacg®tH)f layer as shown
in Figure4. (3) However the structure is rarely this perfect and disorder of the structure affects the
ceramic properties. One group of kaolinitic clay is halloysiteerals thathas the same sum formula as
ideal kaolinite but differs structurally)Vater molecules exist betweethe layersin halloysite minerals
and thismakesthe mineralhydrated.The sum formula for halloysite minerals can expressed as

AL(OH,)S}0s2H,0. (4)

Al (OH)42* Layer

(Si205)2— Layer

Figure4 Structure ofkaolinite clay (3)
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2.3.2 Drying of clay

Drying of clay is an important step in turning a clay body into a ceramic ware. Water is often added
during forming of the desired shape and as this liquid is removed during the drying process, density and
strength is enhanced. A body that has been dried but not fired is called a green($pdy.

Duringdrying, some shrinkage also occurs ahid is due to removal of water initially surrounding the
clay minerals. The rate dfying is also of importance since diffusion to the surface where evaporation
occurs is rate controlling. If the rate of evaporation is higher than the diffusion rate, the surface will dry
and shrink more rapidly than the interiowhich increases the rigif cracks, distortion or warpage of the
body. These stages of drying asbown inFigure5. (3)

Figure5 The sages of drying. The left one shows unbound moisture, the middle one bounded moisture and the right one
showsthe dry body: (3)

The thickness of the body also influences shrinkage because a thick body runs highearaiskraform
shrinkage thateads to deformation of the body. The initial water content of the body is obviously also
of importance and should be kept as low as possii3g.

2.3.3 Bounded and unbounded moisture content

The total mosture content in clay can be divided into bounded moisture and unbounded moisture. The
unbounded moisture can be removed by saturated gas and the removal of this moisture is not the
critical part of drying clay. The bounded moisture is the equilibrium tm@scontent at 100% humidity

and at intermediate states of humidity the total moisture content can be divided into free moisture
content and equilibrium moisture content. This relationship is illustrated graphicafigime6. The

vapor pressure in equilibrium will be lower for bounded moisture compared to unbounded moigijire.
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2.3.4 The action of heat on clay minerals

The clay minerals undergo several important steps while heated. ACA2@ latticeof kaolinite will

begin to break up due to evaporation of water, this process is endothermic and finishes’at1850ing

a noncrystalline material called metkaoline. At 908C an exothermic reaction occurs which is
significant for the enhancement oi¢ mechanical properties. This reaction is referred to as vitrification
where gradual formation of a liquid glass takes place. The liquid glass flows into and fills some of the
pore volume and the result after cooling is a dense, strong body. The degvésgfmfation increases
GAUK AYONBFaAy3d GSYLISNF GdzZNBZ BFANAY3I GAYS | YR
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3 Method

3.1 CFD

The overall way of working while developing the model was done in an iterativetapthy-stepway.
Simulationsvas done and reloneasknowledge about the behavior increased and the simulations got
more and more detailed and advanced. It is not necessary to present all steps in the development of the
final model since they should only be considered as intermediges and not final models.

3.1.1 Overall development of the model
Some important crossroads are of interest during the development of the final model. The results from

these simulations will be neglected to present since they wsedonly to develop the moddurther.

The geometry was altered by an increased inlet area.

The modeling of the firewall was refined.

Absorption of heat in the outer walls was added.

Simulation of radiation was added to the model.

The modeling of pottery was enhanced to become naetailed.

Evaporation was simulated thus changthg simulationsrom steady state to transient.

o O WDN PP

3.1.2 Development of the geometry

The geometry was created in the Design Modeler from the ANSYS Workbench platienter
dimensionf the furnace weredecided through discussions and evaluations of existing furnaces. One
conclusion was that the pottery batch size will remain unchanged and a larger internal surface area is
not required, the height of existing furnaces were considered to be to low since sottegypcannot fit.

The resulting dimensions are seerFigure7. Another important aspect was thatmst traditional

furnaces are updraft furnaces. Sireelowndraftfurnace isnuch more preferable it was chosen to

make the design as a downdraft furnace. The traditional furnaces also has two inlets but it was believed
that one inlet was sufficient to give an even temperature profile. Since it is more difficult tootonty

fires, one inlet should be preferable if the simulations would give satisfying results.
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Figure7 Outer dimension of the designed furnace.

The internal shape was developegingFluentin astep-by-stepprocedure where the geometry was
thoroughly investigated and then revised and redone until acceptable results were obtained.

In the first casethe inlet dimensiondor the flue gasesvere set to 25x25cm and the height the

firewall was set to 1.8nThetotal outlet area was set to 7% of the total floor surface area according to
(6). It was later decided to increase the dimensions of the inlet to 50x50 cm but the other dimensions
were kept unchanged. A third geometry was tatieveloped which included a 7cm thick firewall. This
geometry was considered as the final one.

The pottery was approximated with one large porous body with the height of 1n8me first approach
The reason for this crude approximation was to faciditdte simulations of the flue gas flow and see if
the flow spread evenly throughout the space above the pottery giving an even temperature distribution.

A second approximation for the pottery was later made where the porous body was divided into several
40x40cm bodies with a distance between them. The reason was to investigate how radiation from one
piece of pottery affected other facing pieces of pottery. The two pottery approximations are shown in
Figure8 and inFigure9.
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