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ABSTRACT

Yusuf Qtaru Sadiq, Liquid Fuel Burning System
For Ceramc Finding, Master of Arts, Industrial Design,
Septenber, 1990. 78 pages, 4 plates, 10 figures, 26

ref erences, 5 appendi ces.

This study is concerned with designing calibrating
and operating a liquid fuel systemfor firing ceramc
work as an alternative to traditional firing methods
such as gas and wood firing, A "coil burner" was
chosen and re-designed to elimnate prine novers
such as fans, punps and bl owers. Kerosene, the fuel,
was delivered by gravity feed, with a little water
added to assist automzation. Tenperature of 1280°C
and above, which are required for glazing ceramc
wor ks were achieved. The result was a nore rugged
fuel firing systemw thout prine novers, a system
whi ch can be operated even in rural settings where

ceramc activities need to be encouraged.
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Cperational Definition of Terms

Atomization -

Bagwonll -

means here, breaking of liquid
fuel to a fine spray;

refractory partition of contrelled
height to deflect flame as well as
prevent direct strike of flaome
against pots;

Cloggingy Plugeing - both arc terms describing

Combustlion —~

Dzins:: bricks =

Firebox -

Flrebricks -~

impedement on proper action of flow
of fuel thereby obstructing
combustions

is the burning of combustiblc
material or fuel mixed with air in
appropricte ratioe.

a low porosity and high density
refractory bricks capable of
absorving and conveying heat by
convection;

Opening at the bottom or sides of
th- %iln through which fucl is
introduced and where combustion
takes place;

are bricks made of fire~clay
refractory that arc resistant to

high temperature;



Firing

Kiln

Oxidation

Reduction

XV

refers to heat treatment process
during which pots change from raw
clay to ceramic products;

in primitive usage, refers to an
encleosed pit in which pots are
hardcned/baked by heat; and in late
application, is an insulated
chamber where ceramic articles

are ‘ired to high temprrature;

in tht context of firing,
oxidation is the utilization of
efficicent combustion so that the
pots are appropriately clearly
manufactured;

incomplete combustion which affects
somc ceramic raw materials in unique
ways; some positive, some rather
dullj;

Ruggedized principle = refers to a simplified

Underfirced pots

(otiwerwise) complicated system;

pottery lacks the anticipated
level of heat.



Chapter 1

INTRODUCTION

WL e S T

Lately, efforts are being made by varicus
institutions of higher learning, government and
private organizations in HNigeria not only to encourage
the production of tonls arnd materials for art works |
but also to stimulate the arowth of a basic science
culture in our society (Gadzama, 1987). Workshops,
exhilbitions and fairs in which ceramics have been
featured underscore the new intérest in this area.

Apparently, inadequacy of basic equipment poses a

LT
. e %
constraint on ceramic production. . XN
| o 7,
As part of its own effort, the University of a?;*%
PR
Maiduguri and some colleges of education jointly é%;gﬁ;
organised a workshep in Hona in 1988, aimed at ‘ %ﬁ%%
promoting the use of local raw materials in textiles, ﬁ%ﬁ
-
A
graphics and in ceramlcs studies, Despite the s

enthusiasm gensratad by this workshop, it iz a fact

that professionals in these fields generally lack the
expertise needed for fabricating or maintalning basic

| tdols and eguipment which they routinely use (Galevo, 1988).
This fact (among others) is the motivation for the
investigation of a burner svystem for liquid fuel firing

for ceramic worka : . A



Varicus methods of producing durable clay
articles include sun drying and firing processes
using wood, gas, coal, oils and sc forth. In Nigeria,
the use of wood or wood-derivatives is being
disccuragad by the Federal Government's policy on
Tre~forestation® and the fight to check drought and
desert enchrpachment (NN 7/16/87). This situation
leaves gas, electricity and coal as the more
appropriate sources of fuel for ceramlcs.
The avallabhility of gus and electricity i1s confined to
the metropolitan areas, a factor which militates agalnst
the spread of the ceramic industry to the rural areas

where it originated in Nigeria.

Besides, uneven supply and high cost of gas
fraquently frustrate productivity. Similarly, use of
electric powcr has its own limitations too. By its: .
very nature, electricity as a source of fuel for the
conduct of ceramic firing is much more costly than the
usual fuels. Moreso, clectric kilns are only economical
at high volumes of production, for example in the
production of building bricks; in studio.craft,
production volumes are usually small. Further, electrice
operated kilns, however, have to be imported with scarce
fereign exchange and therc is usually no local

expertlse to effect repairs and maintenance.



On the other hand, Nigeria is richly endowed
with coal resources and this fuel is already being
used in the eastern part of the country vihere coal is
available. In the Northern part however, it is
important to mention that the Dr. Ladi Kwali Pottery
Center in Suleja is building a new kiln that will be

coal«fired.

In view of the above, the search for alternative
means for ceramic firing is still a relevant area of
research in Nigeria; and, if the problem is approached
in this perspective, a future of improved production
scale can be envisicned. It is against this background
that this study sought to design, fabricate and operate

a liquid fuel device for the conduct of ceramic firinge.

1.1 Statement of the Problem

L e R . I T S A A e

"Firing is a phenomenon synonymous with the
production of nearly all ceramic works. Wocd, grasses,
coal, gas and at times dry animal dung and kernel
shells are rcmarkable Yepoch-making® fuels over the
time. Today, inspite of increasing demand for ceramic
products the use of some of these fuels especially
wood-derivatives is affected by government regulations
or, by reasons of labour, cost, maintenance or

convinience. F[aced with similar challenge,



S

Mossman (1982), believed that, a shift to alternative
energy scurces for ceramic preoduction is a step towards
self-sufficiency, decentralization and conmervation of
limited cncrgy resources. ¥oconomics® he argued, could
well be an overriding factor in such "alternative"
decisions Similarly, making particular reference to
the Nigerian situation Ahwan (1987) implied that the
problems faced by the ceramic industry is that of
government!s lukewarm attitude towards providing
machinery and tecinical impetus for the industrye.

Such too is the expericnce of schools and colleges
that offer ceramic courses. Really, the government's
attitude should pose a challenge for innovative
undertaking for an appropriate beginning to solving

the problems,

The study therefore is concerned with the
investigation of a liquid fuel burning system for

ceramic firinge.

1.2 Objectives of the Study

General Objective

The gencral objective of the study is to
determine the possibilities of conducting ceramic
firing with 1liquid fuel, with a view to obtaining an

alternative to the usual firing methods.



Specific objectives, as derived from the above

general type are:

1e to design, construct and test the use of a

liquid burner device;

2 to test the adequacy of such a system for both

biscuit and glaze firing;

3 to caliberatae the svstem in term of time -
temperaturce response vith respect to various

opcrating variables; and

la to compare fuel cost involved with gas and

wood firinge

1.3 Assumptions
The study was based on the following basic

assumptions:

1. that a cross.--draught gas kiln can be adopted to

accomodate 1liquid fuel firing; and

2e that the kiln atmosphere in fuel firing will

prcduce acceptable effects on wares.



tations

.
-- a wn

1.4

The investigations was conducted in a kiln designed
for gas firinge. Adjustinents were however made where

applicable for maximum controle.

The burner design was dictated by symplicity.
The resulting burner must be one in which fuel is
supplied by agravity fced and combustion air supplied
by natural drauchte This climinates the need for
pumps, primc movers and blowers that may not be
available in rural settings or may be out of reach

due to costse.

1.5 Delimitations

The coil burner system was chosen for this
investigation, with a view to by-pass complications
associated with using pumps or blowers as earlier
stated.s The study in the same vein did not pre-~occupy
itsclf with quantitative details, as they may also

apply to other burning apparatusegrand kilns.

1.6 Scecpe of the Study
The: scope of the study covered reviewing of
related litcrature, designing, fabricating and test-
running of a coil burner and determining the
suitability of the burn=2r to “»a gravity feed method

of fuel delivorye




1.7 Justification for the Study

- LR ey - -

The trend of ceramic production in Nigeria has
come to a point where the problem of operating a
ceramic workshop (among other factors), is not just the
cost of fuel but availability of the fuel itself.,

Fuel 1is onc very important basic consideration in

starting a studio/workshop or industry-scale productione.
Infact, lack of fucl has restricted the ceramic industry

to urban centers and nrevented its expansion to the rural (xr:»
areas, bccause bottled gas is the major fuel used in
existing studios and small-escale ceramic ventures in Nigeria.
'Coal on the other hand, has yet to be properly harnessed,
while electricity is only economic in large scale production,
as diseusscd earlier in the introduction. Above all, the
cost and availability militates against the use of firewood
as a fuel aespeclally in vicw of government's campaign for
ircforestation' .- @@ a result of over usc of wood.

Clearly, for the ceramic industry in Nigeria to
expand t and move into rural arecas, thcre is need for a
fuel which is readily available even in rural areas. Such a
fuel is kcroscne which is being used for lighting and
cooking domestically both in the cities and rurzl settingse
This is tho rationale for choosing kcrosenc for the
investigotion.

However, it might be argued that this type of
investigation should be the work of cenagincers and
technologists and by implication, that, thc ceramic
professionals should pre--occupy themsclves with only
the craft. This argument docs not take into account

the fact that ccramic craftsmen are daily required to
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design, construct and maintain most of their major
production equipment. Their success particularly in
rural secttings and in developing countries depends
very much on being able to carry out the above
functions. Also, access to technical design is blocked
by both language barriers and inability to pay the cost
of engineering consultancy. This is the basis of
Cardew'!s (1969) philosophy that, ceramic craftsmen
should be titechnical jack of all traces?. Hence there
is a necd for the ceramic professionals tc be involved

in this type of researchs

In linc with the above, the Department of
Industrial Design, Ahmadu Bello University, Zaria
has recently turned its attention to design and
construction of ceramic equipment. For example, a
gas~fired kiln with gas burners and pottert's wheel
have becn designed constructed and used. The need
for more work in this area was lately highlighted by
Bwulc (1937) by his call for #a possibility of total
development in ceramic'. This project therefore
conforms in spirit to BEwule's position. It is also
in tune with the recent national emphasis on
fabricating as much as possible tools and eguipment
for production in all sectors of our economye. Given
the considerable quecta the ceramic industry can
contributc to the national economy by way of gainful

employnent of both skilled and unskillced people, steps



taken to find alt:rnative means of incrcasing

production constitute a viabkle economic policye.

To this end, 1t is hoped that the study will
scrve to stimulate students, profussionals and other
practicing individuals towards experimenting with the
viability of somez petroleumederived oils as they
exist in our refinerins, as a way of diversifying
sources of <nergy for production purposes. Similarly,
it is anticipated that the study will contribute to
knowledge in that it will serve as a background for

involvement of the groups mentioned above,

1.8 Summary
Chapter one has introduced the study, defined
the problem with which it is concerncd, stated the
objectives; it has alsc discussed its limitations,
delimitations and scope, and made assumptions; the

justification for the study has also been stated,

Tho chapter is preceeded by contextual

definition of sclected termse.
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Chapter 2

Introcduction

According to Considinet's (1976) definition, a
burner is a vrincipal component of combustion; and
applies to burning of fuels with air to generate heat.
It is a mechanical device for preparing fuel and air
under controllcd atomization or vaporization for

~ombustion, (The Amcrican Society of Heating,

Refridqerating and Air Conditioning Engineers, 1976).

On the other hand, o0il/liquid fuel burncr as it applies
to the subjcct of this discourse, is an atomizing device
designed primarily to initiate, promote and sustain
combustion. An oil firing system essentially consists
of the ¢il burner and its auxiliary equipment such as
oil pump, air blower, oil tank, the oil lines and the

controls.

Rhodes (1268) emphasised the need for air when he
wrote that; "Anyone who tends a fire-place has learned that
the secret of a lively blaze is getting the air to the

fire®,

This synthesis of literature includes relevant
materials from boocks, proposals and seminar papers,
journals, newspapers, professional discussions and

research reports; and is used to determine the choice
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of fabrication and sclection of appreopriate procedures
for the studye. The scauence of its presentation is

as follows:

1.
1e Barly/ ¥modcrn® Firing ronrc:s;-%ﬁ%fg
e, .,
2e Liquid Fuel Firineg,/3urner; and '4:6§%5
ftl '.<" '/!’
3, ¥iln Operation. o,
*, Gy %
)
N
X0
v/
241 Zarly/"Modern® Firing Sources %

Up to the present time, the circumstances that
led to the discovery of fred heat® (at and above
600°C) remalns a subject of debates Two rival
theories - the #Baskct Theory" and the ‘Hearth
Theory® = have emergeds The former according to
Counts (1260), claims that the clay-coatud
domcstic baskets were burned by fire accidentally,
producing a burnt clsy. Cooper (1972), attributes the
discovery of burnt clay to observing th: domestic
hearth used by early men for cooking and warming
himself, From this discovery, primitive kilns were
later developed for firing clay products using
various carbonacecus m~tericls like grass, fire wood,
animal dung and such other carbonacecus fucls,

The most commonly uscd kilns available to the early
potters in many parts of the world then (

were in the form of pit or open/bone fire,.
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Considcrable advances were in 1900 in kiln
deslgn and conctruction, in the wake of the
Industrial Revolution in Burope, especially in
England. At this time according to Rhodcs (19€8)
burner design was not as advancéd as kiln designe
Finally burner dcsign has been perfected with the
result that Ytunnel? and Yintermitient” kilns using
both liqguid fuel and gas are being used by potters

of todaye.

Traditional Nigerian pottery and centres arc dlso
affectzd by this trende. High--fired pottery was first
recorded in Migeria in 1881, pioneered by one
Ds Roberts cxperimenting with indigenous ceramic oxides
at Abeokuta, Ogun State. Much later, the late
Michaecl Cardew inspircd the beginning of the then Abuja
Pottery Centre in 1951, This was followwed by Ckigwe
Pottery in Imo State in 1952, to mention a few of them.
Other pottury centres however sprang up around the
countrye. About 70 percent of them going by Ewule's
(1988) figures use firewood while the other 30 percent
employ gas for firinge. At this time, coal was being
used on a small scalc in Higeria, especially in the

eastern part of the countrye

tiorsker (1287) reported that firewood and
agriculturesl wastes which, previously were the main

fucls all over thce wvorld now represent only about 0.4
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percent of the encrgy used in industrializ:d world;
25 percent in the developing countries, while the
less doveloped regions account for 40 percente

To this end, there is no doubt that the trend of
devaelopment worlde--wide indicates a gradual
replacem . nt of firewood with gas or fuel oil, and yect
other possibilities - ‘Firing with Solar Encray®

(Brisson, 1981).

The implication of thoe abeve figures therefore
is that both tha developing and the less developed
countrics like Nigerla are yet to catch up with
the advancements in rospoct of coramic firing
activity in the inductrialiscd nations. Howcver,
besides that governmcnt policy may not favour use
of fircwood In many countries, liquid fuel may be
much preferable where firewoced and/or gas is scarce

or costlys

2.2 Ligquid ¥uel Firing Burncrs
0il does not burn as a liquid; it is oid .
vapour that is burned. <Quick combustion requires
(among other factors), quick evaporotion, which is
usually attained by producing a very large surface
for a given guantity of oils Maximum surface arca
is obtaincd when the il is sub=divided into

extremely small dropse This'is so because for
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spherical drops the surface area is preportional to
the square of the diameter, wherecas thc volums is
proportional te th.: culz, hence the surface arem per
unit volume is inverscly proportional to the

diam:tera.

Ancther important factor in vaporisation of oil
is the temp:raturce of the surface of the dreps because
temperature increasns the rate of evajornticne.

High temperature of th.: curface of drep is caused by
high temperaturc of the oll or the surrcunding gas e
A third factor in quick combustion is thorough mixing
of oil droplets with aire Thus, the ideal fuel burner
must be capable of brecking the bulk oll into fine
droplets, injucting the droplets into 2 hot gas to
increasc evaporation and mixing the droplets with

combustion air.

The process of producing a fine oil spray or
aerosol should be called "acrosolization® but is
commonly called “atomizntion® although the smallest
drop actually contazins thousands of fuel molecules;
ceven the melecule of kerosenc contains about 32 atoms.
Clearly, the word atomization with its implicit
connotation of reduction to the atom is a misnomcre
Howevaer, this word is firmly entrenched in the
literaturce Atomization occurs if a fine stream of

liquid flows at a high vaolecity through a gase
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Conversely, atomization alsc occurs if a gas is blown
against a finc spray of liquid, The mechanics of the
process is explained as shown in figure 1 belowe
A drop is flattened and, by the effect of surface
tension, brcaks into two smaller drops. The greater
the relative velocity, the smaller are the resulting
dropse . . .

(== 8_}: =2 Q

L,) —= ()

Fige 1: Fucl Drop Broken by surface tensions

As previously stated, atomization occurs when a
low=viscosity liquid and a gas penctrate each other
at hiogh relative velocity. To produce a given oil
velocity requires about 700 timcs as much pressure as
is needed to impart the same velocity to air, since oil
is 700 times a dense as aire. Pumping air for the
purpose of gencmating velocity, however, requires
considerably more power than is needed in pumping oil for

the same purpose, because of the bigger volume of aire

Unit volume of the average fuecl requires 10,500 volumes

of air for combustione

In view of the above, it is usually the oil

that is pumped to achieve the relative velocitye
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The principal function of a burncr is atomizing
the liquid fuecle /tomizing burners may be classified
according to the source of encrgy used to disintegrate

the fucl into the groups:

ae pressure jets, in which pressure enercy is

used directly;

be. rotatary atomizers, in which centrifugal

ecnergy is Imported tc the fucl; and

ce blast atomizzrs, in wanich a gas is impinged

on the liguid.

ThHuse atomizers differ as to the size of
droplets and the shape of the combustion zonee.
Prescure jects give a conical spray, rotatory
atomizers give a very uniform droplet size over a
wide area, and blast atomizers a narrow hot and long
pointcd flamc with a morce variable droplet size than

eithcr of the other types (Williams, 1976).

In rotatoury atomizers, atomization is achieved
by centrifugal forces. The oil flows through a
caentral pipe to the inner surface of a revolving
hollow tappered cupe. It spreads over the surface and
is thrown off the oeriphery of the free end cf lipe
2ecaus: of the uniformity of the surfac« of the cup the
thickness of the oil film and the velocity of the oil

are the sane over the circumference of the rim of the
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Cupe Good atomization is obtzined and drcoplet size is
more uniform for this type of atomizer than any other
tvypes The cup is usually rotated by an clectric motor,

a turbinc, driven by a nroportion of th: atomizing air.

In blast atomizcrs, atomization is produced by
the shearing effect of a highevelecity stream of air
or stecam of o0il flowing through ~n orifice at low
prossure, for the vact majority of applications, air
is the atomizing fluid at low, medium or high
pressuress For the hioh viscosity coal-tar fucls and
residual fucl oil:, steam is the prefered fluid,

They are further classificd as either internal mixing
or external mixing blast burners, according to
whethor the stcan or air and oil impinge within the
turner asscubly, or the oil is releascd into the
atomizing fluied at the burner cutlet. The internal-
mix burner tvpe is the more common one and is used

for all throe oreossure CclasscSe

The pressure jet burner is the oldest type of
atomizer and is still the most commonly uscd in view
of its rlative simplicitye. Here oil is forced at
high pressure througsh a nozzle to produce a spray of
fine droplet size. Since a low viscosity value for
the fuel 611 favours atomization, the oil (and

especially heepy oils) are pre~heated to reduce their
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viscositys The flow rate through a nozzle is
proportional to the sguarc root of the pressure.
Droplet size is directly proportional to the
viscosity and inverscely proportionz! ta the cube root

of the pressurc,

Similarly, high-pressure gtcam may be used as
the only source of atomization in pressure jet burners
and where this is the case the entire combustion air
can be applicd as secondary air (Krivandin and Markov,
1980); this may be donc via special secondary holes

crecated around the flame zonce

In this investigation, the pressure jet
principle has been emonloycd in designing a burner
which does not roguire any prime movers. Pressure
required to force the fuol through the nozzle was
obtaincd by employing a gravity feed method of fuel
deliverye. Preheating of the fucl to reduce its
viscosity was achicved by passing the fuel through pre-
heating coils before the fucl exi®s- at the nozzle.
A sketch of the burncr used is shown in figure 3.
Importantly, the pressure jet principle was employced
bcc3u5u it leads to “simplicity" which is the bias of

this study.
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2¢3  Kiln Operaticn
Beside choosing a particular kiln option and
slze, a number of factors arc as important in
operating = kiln,
Since fuel is by far the most expensive of
pottert's raw materizls, practical operaticnal

efficiency of the kiln muct be foremost in cur mind,

to

eénsure economy of th. fuel (Cardcw, 1969). Kiln shape

(1.¢e, height, length, ctyle etc.) is & principal
phenomenon around which 21l the other auxiliary
structural features arc determined. Most important
among thesc arc the Chimney dimensions; dimensions
of the fireboxes; location of burners; cffecct of
bagwalls; channellihg effect of kiln shelvas; and,
even the thickness of the wslils of kiln among othor

factorse.

Chimnoy draught of a kiln is in most cases

influenced by the height (morce than the arca) of the

chimncy; in every kiln this parame ter has to be

worked oute Gencrally however, many authoritics
believe in the rule of “3ft of chimney for cvery
foot of downward pull,plus 1ft for every 3%ft of

horizontal pull®, Cardew (1969) however doubted the

Interpretation and this rule in any given kiln option

although he refered to Bourry as saying that the

draught in any chimney of given height and diameter
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reachos a maximum when the c¢scaping gases are at 150°¢
stating further that it would be most ideal to go
slightly higher than this temperaturce oll these factops
depend cn the chosen fucle Wood, withh its long flame

in combustion, requires = taller chimney stack.

Alsc, the dimensions of firebox«s should
relate in geod propertion to the zize and typa of
kiln, as wcll as fucl in usce The positior. of burner
in the fircboxes is essontially determinediin relation
to its flome lengtin and combustion intensity(liquid
fucl has higher intunsity burning). Similarly, this
means that proper positicning of bag.ull and its height
would be very efficaciouses Perforation are sometimes
even made on the bagwall to cnhance heat work within the

kiln chambore

Another factors is the arche In both archad-kilns
and the non-arched typcs the movement of heat in the
kiln chamber i, to a considerable cxtent affected by
the roof/top construction of the kiln which in
practice dictates, as praoviously seid the direction
and/or specd of hcate /A5 a result, the arching of a

kiln should be done with coreful dimenzions.

Kiln loading (arrangement of pots and shelves/
kiln furniture) contributcs significantly to

efficient firing; thercefore the potter must nave
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enough stock of pots commensurate with the capacity
of his kilne A half~filled kiln with a lot of spaces
between the Ysaggars® will fire bodly (Cardew,19€9;
and Norsker, 1987). Actually, the kiln should be set
with narrow passages for hot gases to travel rather than

wide ones.

Finally, in several works with oil xilns
Parks (1960) suggested only simple meodificotion to
switch a gas kiln to o0il usise. This might include
bricking up somc of the gas kiln firvboxez and
cnlarging the boxes to accept the longer and hotter
oil flamce TFor oil firing Parke shared certain industry
recommended short fir:boxes with corbelled bagwalls.
The firebox should be lohg enough to prevent
destruction and short enough to promote combustion,
with optimum loading spacc. He further suggested
a 3: 1 ratio of floor loading space to fircbox as

practicable,

iln Atimosphere

L S

In contrast to the fomiliar bright and clcar
atmosphere in gas kilns, the peculiar oil flamc is
ocrang«, long and bushye. 2ven at the pcak of a
desired temporature the kiln atmosphere in oil firing
could e murky but still produce good results that is
more oftcn than not, raduction, (Parks, 1980).

Practically howevar, the murky burning of oil can be
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made very advantageous in terms of "colouring'; that
is, manipulating it to vary surface treatment/
appearance such that it supplements the glazing effect,
Sometimes pots arc even prefered az “final% at
bigcuit stage especially when burnished, to vnhance the
subletics of heavy smokinge More importantly:

eeenNO two kilns fire identically
one kXiln may not fire the same
tiice in a row; ench firing

varies accorcing to how it is
packed; what the weather is like
outsidc; what burners are uscd,
who watchcs the kiln, and many
unrccorded nauncos. This schadule
is a synopsis of an oil firing

wien everything coes well,
Parks, (1930)

2e4  Summary

Here, a gencral definiticon of burncr has been
looked at; with a brief introductory discussion on the
liquid fuel burncr. The literaturc revicw has also
¢iscussed, very bricfly, the trend in ceramic

firing as it affccts Nigeriae. Th generally looked
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at three classcs of pressure atomizing devices which
suggested the reason for choosing the coil burner

for the study.

Finally thc effect of the kiln and its features

o Iliring operations was also briefly discussed,
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Chanter 3

RESEARCH DESIGN AND PROCEDURES

R ey R e

Any roscarch study can b: characterised by its
type, arcus of interest, data collection procedure and
analysis or, by its ‘urnosce As an adaptive re-design
investigation, the study was guided by the “empirical"
procedurcs and this consisted of trisl--running/firing
of the standard coil hurner with modification

informed by the recult obtained in test-firing.

The result is a model coil burner for ceramic
firing which can be censtructed cheaply in a rural
setting and run without the use of prime movers for

either fuel delivery or air supplye

;- B0-cubic=foot gas kiln was used for the tcst-
running of tho standard coil burner to dotermine
suitable operating variables considered in the design
of the model system. The use of a gas kiln, as
earlier stated under the delimitations, was suggested
by the fact that only slight modification or adjustment

is required to switch a gas kiln to oil firinge.

The standard coil hurner was obtained from
Metallurgical Engirnccrinc Department, Ahmadu Bello
University, Zaria originally designed to deliver fuel

by a compresscd air systome
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A small motor=powured compressor was employed in
the ccursc of test-firing. Cones 04, 5 and 6 (as the
only available cones) were used, after which hour
estimation plus a “lock through the shy hole? helpaed

to determine tempcrature rise and end of firing.

In the design of the model coil burner,
personnel and technical assistance were sought at the
Metallurgical and Mechanical Engineering Department

workshopse

32 Empirigcal Testing

Using the gas kiln and two burncrs scveral

trial—-firings were conducted by:

1. varying nozzle orifices;
2. supplyiof fuel through different methods; and

3 air.--assistod atomization

1e Varyina Nozzle Orifices

Nozzles in the raenge of 1 - 3mm diameter
orifice were test-run, using kerosene. Those between
2 « 3mm diamcter orifices were found most suitable,
Smaller orifices were difficult to make and when used,
flred with significontly shorter flames, giving problems
of doyzing and blockage by nyrolytic products of
comhustion. Nozzles with orifice over 3mm diameter

gave poor atoinization which l2d to bushy and soothy
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flames. At some noint in use also, the pulsating character
demonstrated by thiz range of orifice freouently heated the

rear line of the burner thoreby cncouraging the pyrolisise.

Thus, the int~rmediate size of 2mm diameter functioned
most effeciontly anc was thereforc choosen and used in

subsequent firingse

2. Supply of Fuel Through Different Methods

A pressurc container Jdesigned to deliver fuel by air
pressure supplind by a comoressor was first used. This was
followed by use of similar contalner with an in--built hand
pumpe In cither instance the smaller orifices (suiteble for
this delivery) conducted the firing to barely the desired biscuit
temperatura (900°C) as a rcsult of frequent plugging from
sludge. This tempercsture was attoined in over tvo and a half
hours. Apart from frequount scizure in fuel supply, the use
of prime movirs or fons is against the bias of this
investigation., Next, fuel supply by gravity feed was used.
A 50-gallon ‘lopestic drum was installed at a height of 4
meters and connuctzd to the burncr by a pipe with various
fittings far contirole Tho burner had a 2mm diameter orifice
nozzlee The oressur: attained was sufficient to supply fuel
to thc burncr. liowever, natural conveoction could not provide
sufficicnt air to suosport comnlete combustion. The flame was
sooty an’ a temnvraturc of 20°C was attained.
3.  AlrsAscisted Atomizstion | |

In vicew of the sooty flamc and insufficient air for
complcte combustions compresscd-ailr system woas cmployed in
order to :xtiornally acrate the fu:l as it exited

the nozulo. Conmréssd zir was directed at the



27

atomized fucl spmay at its exit, from the nozzle.
Then a trial (glazing) firing was conducted.
Eventually, the 1iring ended with the air pipe
tangentially positioncd to the noz:zlz2 (arngle where it
most favoured it)es The result was a “mature" glazing
(designec for 1280°C), achieved in approximatcly 10

hourse.

Inspite of effectiveness of the cexternal
aeration, tlic usc of prime movers as carlier stated
was not desirable. Also, this jetting ef the fuel
spray with air improved atomization but it did not
solve the rroblems of Internal clogging of the coil at
especiclly high temperature where they are more
scnsitive to pyrolysis problems. (sce some of the test=

firing loqg in appcndix IX).

However, this activity presupposed the Ysteam
(oxygen) cffect of watcr on oil%, In this connection
anothuer trzil=firing was started and continued for a
short pcriod of one¢ houre. Droplcts of water was
intreocduced on the preheoting nozzle and/or brick on
which nozzle rosted. As water steamed out around the
brick and nozzle thc zone of combustion became

apparently further atomized. .

Subsequently, watur 2t this peint was properly
incorporated into the system; and, controlled burnner

system was fabricated for the systceme
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In related studics, Parks (1980) and lMorsker,
(1987) reported that steam added to oil will gencrate
extrr oxygen and reduce possible carbon clinker
depositse Parks rccalled the warning of his childhooc's
“Noever throw water en an oil firet It will only make
the fire get worse®., In this case the water steams,

oxygenab@® .- ~nd intensifics the firce

3.3 Summary

Chapter three dxfined and identified the
resecarch design and proccdures that guided the
studye These includ.d several operational tests
with existing coil burner, using diiferent sizes of
nozzlce orifices to ascertain the most suitablej; the
procedures also incluied fuel delivery from
diffcrent mcthods, which altogcthor suggested a

simplc system, using coil burner compositione
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Chapter 4

DESIGN AND FABRICATICH OF A MODEL COIL BURNER

R R . .

Having identificd some design options from tne
experimentztions in chapter three, it was then
appropriate to design and construct a model coil burner,

using materials such as:

1. 1e5m liigh~pressura
pipe (10mm insidelia; Mild steel 1

dmm oulside diae)e

2 ocme Hexagonal pipe

for nozzle (march Brass/Mild 1
slze to pressure Steel
pipe).
3. Sfopucock or valve Brass/Mild ,
€ steel
4, U=joint pipe (march
size to pressure pipe) Mild steel 1
5« Water hose (fixable as long
Rubber ong as
size to pi .
pLpe) desirable
6e 5cme extra pipe (match
Steel |

size to pressure pipele



L}

w4

441 Goiling of Burnor Pipe

The burner was coiled from a 1.5m long pipe,
(Fig. 2). The coiling invelves heating. While it was
being heated the pipo was colled round a 2% pipe
(already clamped in a vice {(Fig. 3A) leaving forth about
ona--tenth of the length of the pipe (Flg. 3A(a) to
servae as the U-joint and nozzle end; and to allow a grip
of the uipe by a sacond person during colling. Helding
the remalning length of pipe, 1t was colled in three
folds. On tho fourth fold the rest of the pipe was
turned hehdnd the {ormed ¢oil as in Fig. B,A{bj}.
Then tho remaining bit previously laft before the coll was
.returned to remaln parallel with the entire burner,
Figa. S.A(ai) maintaining a gap, the.diameter of the

V-

ring itsolf.

A stop-cock or valve was welded to the rear end of the
burner, torminating with a plece of extra pipe as
illustr-ted in Fige fa A U-jolnt was alto welded to the
nozzld holder such that the nozzle, when fixed becomes
concentric to the diameter of the coil. One end of the
U--jodint must have beon troated on the inside on which teo
“fiEY and screw the nozzlie, Between the burner line
and the nozzle holder is a flame holder (optional) which
enhances contrel of flame out of the coil. If positioning

of nozzle 1ls made concentric te the coil, a flame holder
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may not be very nec

cessary; moreso, the flame halder
can consi

siderably limit circulation of primary air

around the nozzle if welded too clese to the nozzle.
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DIAGRAM SHOWING PIMENSIONS OF PIPE

SECTION QOF PIPE

S

Fig 2: THREE DIMENSIONAL VIEW OF PIPE



MAKING OF THE BURNER sl

a. SECTIONS.
1. VIEW, BEFORE BENDING PiPE BACKWARD
b . VIEW, AFTER BENDING PIPE BACKWARD
L
F C

Fig- 3° THREL DIMENSIONAL VIEW-
OF COLED PIPE (RURNER)
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BURNER WITH REGULATOR AND NOZZLE ON.

- STOP-CORK OR REGULATOR CYUINDER WELDED

S —

ﬂcmpull _. i | T | SR —

_ _ NOZZLE SCREWED TO-
EXTRA PIECE OF ” BURNER..
SIZEABLE PIPE. _

N ___ ._ . I

_ 4 . |

o . f g |

. i \ |

| \ _

/ =\ 1 approximately 500mm | _ “
I

I

*
TA ey ) m_un..QQBEH_: 1000 mm

s f WORKING PIAGRAM OF BURNER. W/ITH - 1

| S

CROSS SECTION OF NOZZLE REGULATOR & JozzZEoN

WITH FUEL QUTLET iN MIDDLE (24m)

-

Fig- 4 EINAL THREE DIMENSIONAL VAEW OF
BURNER WITH nmocﬁ%m NOZZLE ON).
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4,2 Firing a VWater and Oil Mix

—— s wiwe e a -

Watcr and oil tanks were instzlled at slightly
varied heights (Fige 5)e To obtain equal pressures
of water an’ oil at thu nozzle, the prelutive heights
of watcr and oil tanks were in the ratio of 8:10.

A wcter hose of appropriate length woas fixed te the

tap on the basi level of the water container.

The hosce was connected to a T--junction wunit’ on the

end of tha fuel linc wher~ water mixes with the
onilowing fuel to thc burn=r. The section cof the
T=junction tnct holds the water hosc must be constructed
or thinned down to almost an orifice, for effoctive

control of the required zmount of water.

442+1 Further Trial- Firing with Water and Oil

T ss W s v

Using the model coil burner, further test-
firing with water and oil mix was conducted.
A successful firlng was obtaincc and the result was a
"mature®” glazing (designed for 1280°C) achieved in 14
hours. Whon subscguently two burncr were uscd a
reducing siioky kiln atmosphere, which is not
acceptablc, was obtaincd, Hence one burncr was usc

in all subscguent firings.
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Pinally, firing with mixed water ar?! il
(k=rosen:) now tellices with the Yruggedlised” principle
sought in this invesiig tion. At this point however,
othar op:rational a7 justr. nts were mcc2 beth in the

Eiys = &+ ¢ L DBrEd.

Discugsion

It was found th=t £ lowcr bricks on thea
bagwall which was ntruck dircctly by the flame have
hegun to melt ad rrpour glaze. This was duc in part
to th: intensc flime from the burncer being too close
to the bacwall and, br.crus> the bagwall was constructed
with inzul=zting brick. It was also suggestive that the
bagwall b: iIncransed o coursne higher to improve heat

tr".‘.ve l.

.......

1s A brick work was cre~ted at the entrance of the

burnzar port toc incrcasc the langth of the fircbox

4 Th.: insulating brick beagwzall was re-«constructed
with densc brick. This is bocouse dense brick
transfers heat Dettur od is more refratary.
On: more cours. waon addad to the nrovious Lwo-

courss bagywall brick arnd, laid ¢dge on edgi.
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3. Tho chimney suction ceffect was chacked, the
flue channel in the kiln was ndjusted by ralsing

the base shelf in the kiln ffom 3cnis to about 6Cme
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KEROSINE

—-——F WATER

T ~JUNCTION,

QD-—-T—)UMCHOIU

Fig-BZDIAGRAM SHOWING TWO BURNER SYSTEM WITH Y-AXIS
CONNECTED TO THE WATER/FUEL SYSTEM.

—
—
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Fig- &
DIAGRAMS SHOWING KILN ELEVATION
AND PLAN SECTIONS QESPECTNELY,
WITH RELEVANT DIMENSIONS,

(SCALE 1:10)
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443 Subsequent Production Firing

To start, it was L:tter te put a second burner
on a stand~by should clogging or blockage of the one
in use occur. Also, since two burners produce a
reducing kiln atmosphere, on2 of the fireboxes was con-
trolled rather to ;orve as socondary alr source.
The design of the burner component as shown in (Fig.5)
is such that the Y~axis can be detached for one burner

to be fixed to the T junction directlye.

Howuver, furthcr production firings werc
conducted in the usual operationzl meodc: ignitings
pre=hcating; full starting; stoppince and collinag and

cleaning of the burncre

Zgniting:
Starting thc firing was precceded by first pre-

hcating the coil for five minutes or more by burning

a plece of rag, dry grasses or other such carbonaceous

matters in the coil spacc or flame holder. "when fuel

is introduced into thce precheating coil thereafter, it

vaporises and swirls through the burncr orifice in the

form of gas, igniting =t the corificc.
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Bryheating

During picheating, fuel supply i3 adjusted te a
minimum (about the level turned on for ignition)
ensuring that the flanc was not so dcense as te axcessively
smokc up the kiln chambere Preheating was continued
for over an hour during which the melsture contoents of
the pots would have ascapece At prohoating, the
damper was allowed a maximum opening to onsure good

escape of the molsture,

At the end of preneating the firing was fully
continued with more intense heat by incroasing fuel
supply to a maximune This is better done watchfully
as turning thc valve abruptly fully on would result
in rulsation und »v:nce smoke and recuction in temperaturce
Water wos also introduced at this point for th:
commencement of full firinge The danmper brick was now

pushed in for consistaent chimney draugihte

Stopping and Cooling

when the operational temperaturc was reached, the
firing was stopped bv shutting off fucl supply,
The burncr unlt was then o Jdetached with the residual
fuel draincd into contalner for recyclinge The burner

port must ba ¥iclamped® as socn as possible,
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Gleaning of the Burncr:

Aftor the burner has been draincd cf residual
oil, it wis safer to further pour fresh oil into it
to remecve zny likcly lirt and bleow wlth mowth while

the contrel valve was fully turned opeéne

However, thian the burner became sericusly blocked
in osaration, this was undone by supplylng excess
water to flush tine burner coil; and if the blozkage
persisted a compressor or any pressure pump was employed
to unplug it. It is important to note here that the
major cause of plugging in the coil is over heating if
the burner is wut too far into the hot zone of the

firechox.

The first Tiring tock 13 hours consuming about
20 gallons of kerosens, After preheating, steam was
introduced by turninc on the previcusly closed water
tap, water would flow dovn to a T-junction where it
makes contact with the onflowing. fuel, to the preheating
burner coll, and, to scrve as steam. (See firing log

in anpendix IV).
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L et e L

This was preheated in the same way as above,

after wihidich stceam wes introduced to continue a full
filring. With a beticr packing of the iziln than in
the first firinc the second operation fired in ten
IOV S e
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Discussion

- -

The kiln was fired with comparatively clear
atmosphere. As a result, the pots were neither
reduced nor oxidized. The firing therefore becama

normal.
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The third firing was stopped before completion
became oi profuse leak: and dissengagement of hose
couplings in the fuel supply line. Beforc the
interruption however, the rate of kiln temperature
rise was slow but, favoured some of the low glaze pots

at conc 6 (1207°C).

Plate III: Third Firing Result
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Didscussion

AR Y

Worn-—out clips were replaced to make hose/pipe

couplings firmer.

The mature (low/grave) pots removed replaced with
fresh pots for the fourth firing, Examination of kiln
performance showed that increasing the neight of the
bagwall was counter productives This essentially
suggests that the original 2.course hagwell of the

kiln is appropriate.

14344 Fourth Firing

The fourth firing was completed in over 10

hours with 18 gallons of kerosenee.



V: Fourth Firing Result

mosphere during the firing was much
in the second firing, bright and clear;

the down portion of the kiln which fired

.~ zomparatively ) ) slowly as the lower placed

similarly,

(5) and six (6) bant down one hour later

ame cones at the top had bent. This was,

au tc faults in kiln loadinge. As a resulk

e pieces from the down shelves were underfired.
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“s4 Cost Analysis of Kergsene, Gas and Firewood

/.lthough the actual prices of kerosene, gas and
fircwood vary with time their relative cost should
remain f-irly constante.

4.4e1 Operational Cost Estimate of Kerosenec

Gas and, Firewood ™

-

Th: present price of the above fuels are used to
obtaln a rough cstimated firing cost of each, using
@ 10--cubic—foot kiln of the size used in this

investigation is as secn below:

Price Per Gallon/ Quantity per Cost per-

" .- -tcyal-i-ng.e-r-- - .- o Fi r—i-ng“ firini -
Kerosane H#2+50/gallon 16 gallons N4O
Gas NE0 ,00~1i80 00 /50kqg 1 50kg Cylinder N60-80
cylinder
Fir:wood H1,00~ (i1.50/kg about 20kg N20-30

The fuels, in terms of operatlonal costs suggests
firewood as the least cxpensive. Its continued use,
however, runs against government leglslation in
Nigerla.>pdthough it is noteworthy that, smaller
kiln of this sizec consumes significantly larger
quantity of fircwood than bigger ones new “fast-firing®
wocd kilns have becn designed in the ~..o. ¢ ik
United States . and Britain (Olsen, 1983), which requires
comncnsurably loss wood consumptione Therefore the

above price cannct be a "hard and fast® costinge
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Ges firing is the most costly. Gas supply is
very erratic on the Nigerian market leading to wild
price fluctuaticns. Hence gas firing introduces an
anpraedictable cest element into production costing.
Furthermorc, it requir :s special machine-fabricated

nozzlcs, which have to be imported in its burners.

On the other han ., operational cost of firing
kcrosen~ Ls corparati.:ly cheap (as this applies to
cfrllar cvadd :ils [‘k: dicsel, drain oils etc.)
Verorn 1s th? most cowon petroleum nroduct which
is alrcady heinc us Z for domestic cooking and
hcating. It is also available in both urban and
rural setting in Nigeria. Finally the burner nozzles
can be fabricated locally, vielding a lecally

produceable burner.,

4.4,2 1Initial Capital Cost Estimate of
TKergs.ne,Gas, and, Fircwood

The initial capital/infrastructurzl investment
in each firing option must also be considered. Wood-
opcrated kilns have the luaét initial investment costs,
which comprisc of the cost of storage for fire wood.
Gas firing roquires having in stock cylinders of gas
with cach empty cylinder costing about one thousand
naira (.#1000); includirg a gas guage alsc costing about

onc thousend naira (i#1000). Furthermore, the nozzle
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for burncrs have te be imported and cest on the average

one hundred naira (8100). Kercosene firing requires a

small domastic drun, costing one hundred naira (H100) be store
kerosefe.. and z locrlly iabricated burner, which can

be fabricated for thres hundred and fifty naira (N350)

per burner; plus th2 oil lines and controls estimated

at two hundr-4 anl 7 fhv naira (8250). On the average

one neceds half as many fucl burners as gas burnerse

Hencoe the ratio of fixed capital cost for gas and

fuel firing is about T:1.

Finally, firing with kecrosene dclivered in the form
of the "ruggedised® coil burner system in this discourse
make significant cost diffcrence nothwithstanding its
dirt, attentior and early smoke burning (although a
phenomcnon with nearly all oil-operated systems).

Hence the kerosene firing option has the following

distinct advantages over the gas system:

1e Kerosene is more readily available than gas;
henca its prica is more stable;

2e Keroscne 1is casier to slore; gas storage requires
expensive cviinders and guagese 31AT

3e Kerosene is safor; gas leakage can causc explosionse

Ae The kerosane burner can be fabricated locally
vhereas gas burners contain import itemse

o — i .



4¢5 pdvantaqes ond Disadvantages of Liquid Fuel Firing

Thc main advantages of liquid fuel firing over
other fuel firing includes.s

1e¢ A high combustion intensity

2a I, high combustion efficluncy in that a limited
unraact.d (unburnt) fucl as much as possible,
lca~" = “h ‘. stion chambera.

3. Compaved to solid fucls, deposition of soot on the
cont L L ans2 wills is minimal in liquid
fucl operations.

4« The higher calorific value of oil fuels enables
much greeter furnace heat output from a given
welcht ard/or volum: of fuel.

S5 Solid fucls arc susceptible to spontancous

combustion and deterioration during storage.
For example. oills can be stored more securcly
than cocal and they are easily handled and moved
about the firing premisese.
6 Gaseovs €Y £i-*ne pequircs spacial safety
precautions to prevent explosion which occurs
if any 1lin2 of burner slichtly leaks or opense -
7 Ligqula {..x Swcratlon attracts less cost compared
to most other fuel types except wood.
Be Possihilitics of acliieving and experimenting with
different stone warc surface effects are

availahlc in oil firing compared to gase
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44542 Disadvantages

There is the early smoky burning which makes its
operction very messy and which perhaps explains

its non--popularitye.

Liguid oil burning recuires more attention
especially, givoen its Pearly smoke® and

tendency to plug.

It is more pronec to producing a roducing

atmoschere than gas firing.

Liquid fuel operations constitute limitations on
kiln options; this is directly applicable to the
"muggedised result¥ in this investigation.
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Chapter 5

IMPLIC, TION, CONCLUSION AND RECOMMENDATI

5.1 Implication

It is evident that the coil burner even when
operated with prime movers is not very viable because
of the frequent problcm of ¥Yplugging” which actually

necgates its cheapness,

Except wherz burner and/or kiln is taken into
cdoeiagn consideration, crossdraught/downdraught and
catenary arch kilns scem most suitable for oil burner

construction.

The empirical procedurcs employcd in this study
justifics that a coil bucrner operated with oil mixed
with a little watcer works, with the Qatur serving
dual cfficacy of atomizing fuel flow in the coil and,
to a considerable extent preventing clogginge.
Howoever, it is imperative that the fuel be properly
filtercd before entering the burner; the water shliould
not b2 dirty either.

It is also implicd that two burners of this
type woula fire densc¢ in the size of kiln usede.

This numbcr of burners will perhaps be just suitable for

ahout twice the size of the kilne "When firing with



gas,

59

the 0ld'kiln rule was that the more burners you

stuck in, the more likely the kiln was to hcat evenlys

Firing with oil, multirle burners are redundanti,

Parks (19€0).

wcre

1.

2

3.

5¢2 Conclusions

Bascd on the {indings of the study, conclusions

drawn that:

inspite of the adeptable result, the behaviour
of fuel and watcr system implies that an
instrumented componcnt will function more

cfficicently.

having chosen high tompcrature to fire, it

1s concluded that the system firces well to
biscuit tempcrature (900°C and above); and
lends its suitability to conducting burht
brick firing for building purposcse. Low
glazing temperatures (1000°C - 1200°C) as well

as stonewarc temperatures (1280°C and above)

arec also within its potential.
firing time 1s rcasonable
surface character produced on the fired pots in

oil firing is the same as that obtained in gas

firing, 1f an oxidizing atmosphere is maintained.
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5 firing with kcrosene on coil burner attracts
only modest cost in terms of the fuel, storage,
burner construction and operation as compared

to gas and firevond,

6. finally, it is practicable that the coil burner
system i1l conduct otier hcavicr oils like
diesel, drain oil and so forth, when appropriately
preheated (as implicd by literature investigation)

te reducce viscositye.

5.3 Recommendations

The following gonceral recommendations have been

varranted by the findings oi the study:

1e Following thc ideas of Parks (1980) who called for
exchange cf idcas among potters in order to
realize the potontial of "waste oil%, it is
rccommended that doesign systems capeshle of
conducting other oil products besidces kerosence
should be encourageds In this way the Nigerian

potter may find alternative fuels to gase.

2 Also, it isusuggestad that technicalities
inherent in constructing oil burning devices
and/or adaptability of kilns to them be

purposefully simplificd and taught in ccramic
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training classes particularly, now, that the
Federal Military Government is campaigning for
utilization of availahle human and natural

resources ir torms of “basic technology™e.

Similarly, in hcr cxperimentation with solar
encrgy for ceramic firing, Brisson (1981) has
stated that attintion must be given to new
method of ¢nergy while thic modern technology

1s still utilized. In this vein it is further
thought worth while that authorities in

ceramic and other related arcas should create
opportunitics for inter-~disciplinary exchange of
ideas for this helpced this research work grow
into a co--ordinated direction. Brisson further
stresscd that, "To mcet today's and tomorrow's
cnergy nceds, many civoerse avenues of research
must be considered for possible development; this
will rc-uirc an ~nen mind tower? unconventional

and innovative approachés to the problem”,.

ibove all, given the cmerging enthusiasm about
operating an unfamiliar system of firing as this,

students! firing choiccus can be broadened if
further encouraged. DBy the samc token, the
ceramic progrommn: of /hmadu Bello University,

Zaria, would add another achievement to her
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alrcady impressivc record. This new research
will inspire other institutions. /lso, it further
broadens the technical and economic possibilities

avallabl> to ceramic studios/workshonpa.

5341 Recommendation for Further Reszarch Work

This rescarch work is, at this stage, essentially
~vnerimentale Thercfor. it is further emphasized that
more work should be directed at instrumenting the
system so as to optimiz. its efficiency and
temperature potential, espocially Hnder reduced- operating/
finishing timeces /Altogetner, more rescarch 1s required
in tcrms of making kilns most adaptable to cil

burning systems.
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Appendix I

COLOUR WITHIN / KILN DURING FIRING.

Temperature (°C) Colour Fired Ware
500 dull Red
750 red enamels
1,000 brightred bisquit and
earthenware
1,100 orange red glaze
1,150 bright red high bisquit
1,200 white stoneware: bone
orange China bisquite,
white
1, 350 blue white porcelain
T —— ——— v —— % - ——— T S & 8 ——

David Hamitton (1974).

Pottery nnd Cer-mics, the Themes nnd
Hudson Mnnual, London.
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Appendix IIX

A e 4 Fa A AR SES S TR BT R AT R R A S TS B E R BT e e S 8 W ———

:5.7:/90 Junction Remarks
‘Jl.‘il-q .
prehzating (one low pressure; dense
. ~00pem, burn=r) flame and smoky
chimney;
5 .00% a0 2nd burncr improved flame;
i introduced s me chimney;
3.455um full firing clear chimney
TUETES (air--assisted); kiln atmosphere
damper closad ppicking red heat
red, bushy
r'-).n - L .
6+30p.m atmosphere
as a result of cone 4 (top) starting
7.00 pems bushy burning one to bend; 04 (below)
burner removed still erect; chimney
draugint high
7 450 One burner topcone, 4 (1160°¢)
e Ll still going down flat
dovin cone, 04
e . n )
1Ea80Pem (1060°9C) also down
flat (irregular
timing with ahove)

1400 “Biaiia 2nd burner before removal of

pic s introduced 2nd burner, bushy
again; removed burning atmosphere
soon afitor in kiln and out of

chimney reappeared

e T R Sas AR BT E SR A RS AR e
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15/4/90 Function Remarks

B e I e L L R e e R

2,00 aem one burner cones 5 (top) and
. e functioning hetter 6 (below) are only
slightly titled;
same atmosphere as

above
2.30 a.m = i cone 5 (1180°¢C)
o s way cown.
) cone 6 (1200°C)
3.45 Aaellle " . A
going down
A e R B B L e B T B 8 Sl S e W e s W W - mea s
4.45 ae.me " cone & half way there
515 ase " cone ¢ down
525 aeme " cone 6 down flat
GaN5a.me i about an hour after

cone b, kiln put
off, ending with
strong blue-white
but steady flame

LR e I i e e e R I e e et B e A et e A
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EST~FIRING LOG 2

e R e a——
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18/4/90 Function
Time

.

Remarks

nreheating (one

e s ——

dull flame, now

$430 Pemn burner - air readily smoky
assisted operation chimney
2nd burner strongar flames
5¢00 peme introduced chimney now smoky
fircbox bricked chimney less
6409 pems out, burners smcky
repoei tioned
with motor-powered
compressor
introcducad

€40804alMe above depraciated sudden bushy/doense
after 2 hrs. and burning had already
discontinued bagan
8. 200 i one burncr kiln atmosphere
Ll discontinued; clear and glowing
arange
8615 peme one burner cone 4 (1060°c)
operating down
9.33p.m. - do - cone 4 (10600(:)
11420 Pemae - do - cones 6 (top) and
S (below) still
standing
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%fé%/Qo Function demarks
11.,20p.m. lone burner cones 6 (top) and S
operating (down) still
standing,
11,27p.n, - do - atmosphere bright

yellow, cone 6
bending-top wares
showing shine down,

otherwise,

11,20p.m, " i

PSR e s ———— e —————— - — - W e e v

1.15a.m. " cone 6, 2 way downm,

1.40a,.m. " flame pulsates at
short intervals,
burncr ipe gets
very hot; thus the
bricking the firebox
removed,

2.,00a,m, " rbove changes
dissapear, draught in
chimney goes higher to
about half the height
of the chimney.

2.15a.m, " cone & (top down; 5
(down) still same,

2.10a,m, " cone 6 gone flat, S

same as above:;
chimmey draught good.

BN . ——— e ¥ . s - - o= . o e e —



18/ /90

Time Function

e At W E L .8 8 a8 Pes s aeea WS w o W e o

lone burner
operating

L|—o15aamn

byl ah P - AW S WS v e .

7%

Heunrks.,

- s . - B b R B a -

after cone 6 near 2
hours earlier cone 5
stand still erect;
firing however is
discontinued; with
conc S down pots may
have been underfied.

4 BB FmMEs e A B B 8 " magwm
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Appendix IV

KEROSENE/WATER OPERATION - FIRST FIRING.

- . — T e R W R SR e S s 0 WS B B R B eere—

%géglgo Function Remarks

B S —— i w— % . - ———— EWR WS SRR AR g o WOt Cm R e e e—

1e45p.m. preheating g starting well ,
o T
2.48p.m. full firing, with starting well,
introduction of
steam,‘

— L — e — O — - — A —— A Ww B e B

- —

5.00p.m, 2nd burner tried starting well,
on) /

.- - ———— s W O o® % - % % o m oW W — -

S.10p.m, introduction of cloudy atmosphere +
burner chimney; reduction
introduces smoke in temperature,
then removed, /

b —— - — -m B T . e e——

6,30 - the one burner clear chimney
7.00p.m. siezes but Riwmshed restored too,
flushed with /

excess water
allowed; hence
function restored;

—— i T I i I e

7+ 30p.mn, ~ do - clear chimney
restored too,
P

—— S S ALy TR . e W SN ———

8.15p.m. " c.ne 0 downs
chimney as above.

. — L e T v o e wiamame

10.53 " ¢c.ne 6 begins to tilt;
bright yellow
atmosphere, hot
chimney and improved
dranght,

-

e S

L T



Appendix V L

KEROSENE/MATER OPERATICN = THIRD FIRING

LA e = LT R e

Q
%Eézf‘c Function Remarks

L e e LR - . -

L o I B R e L T T T T e P LS - . - P e v es s

2¢00 Duma raheadling smoky
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