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1. INTillDUCTION 

Limited energy sources evoked the need to ~ attenU.on 

to the enerQ aanapment in tba cODSumption o-r energy all over 

the world. laergy conaervation is tbere:tore wr.r actual pro -

graume -t>or a:u ~ountriea in all braacbe& o:t industrial. pro -

ducti~~': 

It is in the fi.eli of silicate 1Ddwst17 •bare the aolu -

't1011 of energy saving problaas ia tba aoat important and ur -

gent due to its relatiftl-7 high Specific 848rQ CODS'laption. 

Detailed lcDoWledge ar technical and operaticmal. ccmditiona of' 

beat cCJD8um1ng unit f'oms tbs base :tor mes.auras tending to tba 

enera savings. 

Por obtaining o:t the :aecessar.y technical data o:t a tbar-

1181 tmit optration tbe mobile d18£llostic·anit ( MDU ) o:t the 

Basearch Institatt :tor Ceraaics, Bet'ractories and Non-metal -

lie Ball Material.a at Pilsen ia used by the te• of spacialists. 

Tbis unit is tbs aain implem·ant. of tbe objective determiDation. 

It enables to ftnd out directly, under the working conditions 

all the outside and inside circmstances a.ld conditions which 

1.nfl.uence the optima1 energy conaanption in a tecbnological 

plant. Kver.r t7P8 of' a beat cans.1m1ng unit requires the appli­

cat:.on o:t the modified measurement eat by U51ng suitable mea -

aur.lng and recordi.Dg tecl:miquea. 1'ba aeta o:t values obtained 

under cc:umon world.ng ccmditi=a beillg completed with the l)a -

sic in:tormation o:t techrwlogicQl pu'ml•tara o:t the production 

unit and tual conam.o<1 ere tban objectively evaluated 

l 
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in energy conservation study. This atudy agrees with the 

user of a heat consuming unit as an indispensable basis 

tor his :f'urtber technical, operational and organizatio -

nal measures and &~eps to reach advisable energy savings, 

product~on iotensitication, improvement in the quality ot 

the products and reducing the rejects occurence. 

(' 2.. TYPES OF MEASUREMENTS EXECUTED 

c 

~e diagnos~ic measurements executed with the use of' 

MIXJ by th~ team of specialists can be focused to two main 

fields : either to mini.z:tize the energy ~onsum.ption or to 

optimize the thermal technological process. It is a mat -

ter ot course that both these fields are closely connec -

ted. Due to this connection it ir recommended to make 

both energy and technological measurements and s·urveye 

coincidentally to be able to prepare to the user an objec­

tive and complex statement and to draft all suitable and 

recomm&~~~ble adjustments snd changes which are to be 

realized for i 1 s p·4rfect and effective service. The MDU 

is used most frequently for testings of al i. types of' kilns 

and driers, but boilers, gas producers and heat exchan -

gers are teated as well. 

The basic information fer minimalization of onergy 

consumption of a the:t"mAl. unit is the heat balance of tas­

ted equipment. Heat balance includes all items entering 

the tested unit and all items leaving the unit in the form 

of he!!t energy. Graphicsll,y ia the h~.:.t t\qlance expr~ssed 
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by Senkey•s diagram( Fig. 1). To find out the heat ba -

lance of the unit all the qualitative aa well as quanti" 

tative values of applied energies and all kinds of ther-
. 

mal losses are measured. Very important index showing 

the operation econom;.y of the heat consuming unit is spe­

cifia consumption of heat energy. It expresses the amount 

of heat energy necessary for firing 1 kg of ware or the 
-

amount of heat energy necessary for evaporation l kg o~ 

water (in drier}. 

For op,i:nalization of the thermal technological pro­

cess the knowledge of firing (drying) curve and temperg­

ture distribution in profile of the kiln (drier) is 

essential (fig.2). 

Whatever the aim of' the testing is i.e. energy con­

servation or thermal technological process optimalizati­

on the activities performed include following three sta-

ges: 

statement of' the operation conditions of' thermal 

unit, perf'ormance of objective tests and functi­

onal measurements 

evaluation. of' performed tests and measurements. 

working out proposals for techl:ical, energet~c 

and, if need be, oporation-organizational 

arrangements or recomandation on heat balance 

on reconstruction purposes 

I 



-. ' 
' 

I ~----
i I -

t 
; 

(. 

c 

----~----- ~--·- ---·------------~-.,,..--.,..---~. -1 
. : , ...... -

-- _, _ 

6_.,. 
-------------------

15.lS 

25.0 

. I 

.. ', 
_ . 

. I' : , - •• .Ill_. .,. • - . '• • .J_,_ . ., .. 

Ioaa through 
lining and 
f ounda~iona 

Lose b7 beated 
air traa 
cool~ zone 

:_-., 

---

·­··-

Loaa through -
1n8pect1on tU12-~l 
8D4 by leakage 

Tachnolasica1 
laaa 

nue loaa 

'..:'. 

I 



I --.-.. ""-.-. ·-.. --------··-----1 
? 
F 

f 

.. ·. 
·.?: 

. 

. } 
c 
rl 

··-.. 
. J 

rl 
CJ 

~-= -.. .) 
:r. 

:.... 
0 

,... ··l - II.I 
:.~ 

~ --~· 
.; 

c:o t: ..... ,, 
..... 
L: .. 

•-1 
~ .. 

•ro 

--· 



I 
I 

c 

- 7 -

Put into practice the arrangements may lead to one (oI· 

more) of four main contribution9: 

energy conservation 

quality improvement end reject decreasing 

of product manufactured through the improve­

me:tt of he.it technological c:ondi tions 

output increase of the heat unit 

substitution of high grade :fr~el by low grade 

one 

3. MEASURING EQlJIPMENT OF THE MOBILE DIAGNOSTIC UNIT 

Measuring instruments for the mobile measuring la­

boratory were selected with regard to the possibili~y 

~o perform power measure~ents i.e. for determination 

of heat b&lances and for ascertainment of technological 

conditions in thermal processing of ceramic materials. 

nie inatrumental equipment of the MDU contains 

3lso devices tor checking and calibrating the inst?"~ -

ments and tor minor repairs. 

The measurements are extensive and heterogenous. 

!he most important equipment available ~nd its appli -

cation is as follows: 

A. Temperature Measurements 

In measuring the temperatures most frequently 

-, 
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measurements of atmosphere temper9tU.L"e and ~t su~ace 

tempera~ure are required. 

For the atmosphere meesur6ment orthodox sensors 

are applied: 

for the rsnge up to 

6oo0 c resistance Pt thermometers 

mercury thermometers 

1200°C 

- 1400°C 

- 1600°C 

Cu-Ko thermocouples 

Ni-NiCr thermocouples 

Pt-Pt.RhlO thermocouples 

PtRh6-PtRh30 thermocouples 

Besides standard thermocouples Ni-NiCr with pro -

tective ceramic tubes so called jacketted thermocouples 

are used to a considerable extent. The advantage of these 

thermocouples ie a co~siderebly shorter time constant 

in comparison to orthodox wells. Jacketted thermocouples 

are also flexible and measurements can be taken even in 

spaces with difficult access. For example when temperg -

ture distribution in profile of the kiln is measured the­

se thermocouples are successfully used.These thermocoup­

les are delivered in length up to 5m and even longe~ (on 

request). The possibilities of application are cvnside­

rable. For example the firing curves in the multi chan -

nel kilns ~an be measured by means of these thermocoup 

les (fig. J). By inserting the thermocouple into the 

l 
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kiln and itB gradual withdrawing firing curv~ of ~he chan­

nel is obtained within a few minutes. The measurement by 

the usua1 method would take some tenths of hours. 

For the m~asuring prorer and for recording of indi­

cations through the resistance and thermocouple senaors 

the equipment of mobile laboratory fs provided by compen­

sation recorders. These recorders have a large precision 

(error max. 0.5$) and writing width 250 t:m. A great 

ad~·antage of these recorders is the possibility of a 

prompt exchange of measaring range modules and of arbi ~ 

trary combinations of two different range ~odules. One 

recorder has 12 inputs, so it can record.information 

from 12 measuring points simultaneously. 

Besides temperature indications the record·?rs are 

providad by standare ranges in mV. These ranges enable 

a series of further measurements. For example simulta­

neous temperature measurements and~. temperature diffe­

rences with increased sensitivity can be performed. 

This measuring me~hod can be applied when the heating 

rat£ of a setting is followed. 

Fer measuring the surfa~~ temper9tur@ 'ne mobile 

laboratory is equipped with thermo~lectric contact 

thermomt1'ters. For higher temperatures three :fully ra -

diating pyrometers with mutually overlaping ranges are 

applied. ~~ey enable to take measurements end tempera­

ture recording if need be withia the te~perature rsnge 

150 - 2oco0 e. 

l 
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a. Gas :flow measuremen~s 

The MDU is equipped with orthodox m.echanicel ane­

mometers and with mechanical-electrical anemometers for 

measuring the flows in d"C"iers and the sucking of fans. 

The anemometers can be connected to a specially adjus­

ted recorder which enables to conduct a long-term inve­

stigation of ~low conditions. These anemometers can be 

applied also in measuring cars in channel driers (:rig. 

4). The mobile laboratory is also equipped with seve­

ral types of Pitot's tubes for gas ~ow measurements 

in tub~ng. Pitot's tubes can be applied also for mea -

suring the flow of the generator gas 

c. Pressure measu~~m~nts 

The most frequent task during operation tests is 

the measurement o~ low pressures both in pne~tic 

equipment and in the ascertainment of draught condi -

tions, For this purpose precisious liquid micromano -

meters are applied. These devices have changable mea­

suri~: ranges. In case the record of pressure is nee­

ded the indication 9nnubsr ballance with the oesic 

range ! 50 Ea can be applied. Fer measuring higher 

pressures the equipmentcontaios series of precise ma-

nometers. 

• 
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D. Dew point measurements 

The knowledge of th~ dew point in the drying equip­

ment is of a great impcrtance. Together with temperatu -

re and ~low velocity it gives the basic information about 

drying process. For dew point measurements the trans­

portable sets a~e applied. The equipment consists of 

three probes and one plottjng recorder. Every probe has 

a t~mperature resistance sensor (temperature of dry ther­

mometer) and a dew point sensor (temperature of wet ther­

mometer). The sensor of the dew point is based on the 

tension compensation of vapeur produced by the LiCl 

electrolyte and vapour of the ambient. The s~abilized 

temperature equilibrium corresponds to the temperature 

o~ the dew point. This set in connection with mechani­

cal-electrical aner4ometers represents the equipment by 

which the basic parameters of the drying process - the 

temperature, the dew point and the f'low velocity of the dry­

ing medium - can be measured and recorded. 

E •. Keasuring the properties of combustion gases­

- analysis of combustion products 

For aecerte~nment of heating gases composition the 

mobile diagnostic unit was equipped by an Orsatchromato­

graph. With: regard to the difficult transportation of 

this instrument the application of thP Wobbe's number-

- meter proved to be more practicable. This instrument 

~ete~mines the Wobbe's number (the ratio of the heating 

---~ 



-

( 
·, 

( 

va1ue and tht! seccnd root of the gas den~ity) by mea­

suring the temperature rise of a cc,natant quantity o-r 

the air flowing through tbe combusted gas (f'ig.5). 

The output signal is the voltage of the thermobattery 

which is registered by the recorder directly in values 

of the ifobbe' s number. ?he measurement pr3cision rea -

ches 5 - 10 ~ with regard to the app11.ed calibration. 

The precise calibration is carried out by means 01: ca­

libration gas mix delivered by the producer of Wobbe's 

number meter. 'lhe instrument can be adjusted for mea -

suring the Wobbe's number of the generator gas, natural 

gas and town gas. 

The ~obbe's number meter was successfull.~ app1ied 

in measuring tunnel kilns in the plant where the causes 

of f'luctuating firing temperature had to be ascertained. 

For checking the firing process the ~obile labo -

ratory is equipped by transportable analyzers and by 

instruments installed 1•.i the van. The instrument Infra­

l.yt is applied for the determination ot' the CO and co2 
content. The selective absorption of the infrared ra -

diation by the measured gas is utilized for the deter­

mination of the content of the component looked for. 

For measuring the o~gen content the instrument Permo­

lyt was used working on the increased permeability of 

o:xygen with regard to other gases. 

rhe instrument for the determination of co2 and o2 

contents consists of cleaning and drying filters, swit-
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cber of me,.~uring points, analyzers and plotting recor­

ders. The operation of recorders and sWitcher is Qn -

chronized. Consequently meaaln'el:lents can be taken in :5 

points at a time. The e.xtraction of combusted products 

is conducted by pumps through extraction probes f'rom a 

corrund1.111 material. 

Analyzers are used in check1"8 ccmbuation conditi-

(' ons and for inspecting the :f\mction of bamers. Al.so the 

ascertainment of the air sucked in by leakages of kilns 

is important. It is applied especi~ in tunnel kilns 

where tlla tightness of sand grooves can be checked. ~ 

measurement of the kiln atmosphere in the preheating zo-

c 

-
ne shows the economy of kiln operation and pctential 

reasons of great temperature differences in kiln profile. 

Gas analyzers can be successf'ully applied in non 

direct determination of £uel consumption cf t!lermal. unit. 

It is calculated f'rall maximal portion of co2 in combus­

tion gases possible, real portion of co2 measured by 

analyzers and f.\ow of combustion gases. 
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4. HEAT BALANCE OF 'l.'HEBKAL UHIT - PBJCESS OF ME.ASU'REJAENTS 

Besides the tests and measurements pre>per the eta -

tanent of the operating conditions of thermal unit must 

be done and recorded during the whole time of testiIJg. 

Working order of equip11ent a.nd al:. circanstances nth s1-

gnif1eant influence upon the operation of the thermal 

unit must be and out. It is for eD111ple the type of 

regulation, working order of tubing, :tans, regulators, 

operating thermocouples and recorders etc • . 
It is a matter of course that all the measurements 

and tests must be done in the course of stabilized statr1 

of the thermal unit operation ,1.e. ~or instance the 

uniform advance of the kiln car·s, no intervations with 

the unit etc.) • Jdjustment of all regu..1.ating eJ.ements 

must be recorded to apecif7 the meaauring conditions. 

'Dl3 va1uea to be measured during the measurements 

and ~eats are as follows: 

A. Testi.Dg of a kiln 

- heat input 

- heat losses: - f"l.ue loss 

- by conduction of brickwork 

- heat ~ccumulated in kiln car 

- b.eat accumulated in ware 

by conduction of 'f Jund».tions 

- tecbnologicsl loss 
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- heat b'aa cool.1.Dg zone 

draught f'or otbar purposes 

- the productian of the kiln 

- ccabustion gases an~s 

- preaeure of tbe kiln atmoepbare 

- ataclc draught 

- is cal.cul.ated :f'rom amount of :tu.el cons\llled and its 

calorif1c value : 
• 

P = •·H 1kJI/ 
• 
14 • • • • amount of' ~l /kg/ sf 

H. • • • • cal'-'rific value I kJ/kg I 

Ind1 rectl.y c:an be the heat input calctll.ated frail com­

bustion gases a~s and the amount of' combustion 

gases. Very often are both these methods used paralelly 

to reach better precision ot the measurement. 

SmalJ portion of heat input f'orms also the beat 

enteriilg the unit by the specific beat of fuel. 

tl.ua loss 

- is cal.cn1ated :tram amotmt of' combustion gases, t•pe -

rature and specific heat of these gases : 
• 

P1 = V•t•c I kW -/. 

V •••• •ount of' comb. gases I m'ls I 

t • • • • t•perature of comb. gases I K I 

c •••• spec:!.~1c heat of comb. gases I kJ/m'K I 

I 
I 
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Flus loss is ditterent for ditterent types ~ Jcilna. 

For exaaple the fiue loss of a muttled kiln is ~ -

ral~ b1gb•r than that ~a kiln with opened fire. 

loss by heat conduction of brickwork 

- can be calculated f'.rom kiln atmosphere t'•perature, 

heat conduct! vi ty 'Jf brickwork and mbiec.t tempera -

ture: 

P2 = k•At•S / kW I 

k • • • • beat-transfer coetticient I kJ/ s • K•m2 I 

6 t •••• temperature difference I KI 

S •••• brickWork area I m.2 I 

It can be determined f'ram. surface temperature of 

brickwork and heat-transfer coetti.cient too. 

loss by heat accumulated in kiln car 

- to ascer...ain this losa tba average temperature c4 the 

kiln car l.1n1ng and average temperature of iron boggie 

must be d3term1ned fram aeveral. measarem.snta. !Das by 

accum.ulated beat ia than calc· llated frClll average tempe­

rature and apeci!'ic heat of material : 

Pl = i•t•c I Jdl I 

A • • • • mass f'low I kg/ s I 

t •••• average temperature of material I IC I 

c •··. specific heat of material I kJ/kg•IC I 

loss by heat accmulate'1 in ware 

- process is sim.ilm.• to that for baat ·accumulated in the 

kiln car. 

··~ 
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loss b~ heat conduction of' t'oundationa 

- this loss is ver,. ilff'icul.t to aacertain due to compli­

cated conditions of' heat conduction" The item of heat 

conduction of foundat:i.ons in heat bal.ance is usually 

lCIW&r than 5 - 10 S of' thermal unit hea't input. There-. . 
fore this loss is usualJ.7 camprelland in so called un -

determinable losses, as nll aa loss b7 leakage and 

lo11s .. -: te.ro1lgh inspection tunnel. ill these losaes 

f'cmn in ordinary cases about 15 I of thermal unit heat 

input. 

technologica1 loss 

- CClllprehends Ul. losses for peys:1ca1 and chami.cal tnns­

formations in tl:le material of' ware • 

heat :tram cooling zone dn.ught for other purposes 

- is caJ.culated f'ram the amotm.t of' heated air mul tipli -

cated b7 its temperature and specific heat! 

P4 = V• t• c I kYl I 

~ • • • • ari.ount of heated air I m 'Is I 

t • • • • temperature of air I X: I 

c • • • • specific beat of heated air I kJlm 'x: I 
Though this beat :is usually used in tecbnological pro­

cess (for eDUnple for drying or preheatiDg o~ ware) , 

:f'rom heat balance-point of' view it presents heat loss. 

production of the kiln 

- knowledge of production is necessary for calculation 

of the specific consumptiln of the kiln. This impor -

•••• ,_ 7 d 

l 
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tant index enables to compare varioua types of lc1 lna or 

varicua kil~a ~ the e~ type mutuall3' fr<lll operation 

eCODCllQ .. point Of Tie•. 

ccmbustion gases analyse 

- is clone ua~ through tbs a1&11t hol.as of the kiln or 

by meaauri.Dg lciln car and shows tho ecooamy of combus­

tion (fig.6). From the portion of co2 in cambuation 

products i~ determined the air excee coetticient which 

&%presses tbs e:ess of air for burning and thua the 

econrnv of burning. Js mentioned above f'rolll the porti­

on of co2 in cambwstion gases at staclc draaght and the 

amount of cambuation gases can be indirectly calcula -

tad fuel consumption o-r the kiln. 

pressure of the kiln atmoapbere 

- is measured through tbe sight boles ~ the kiln to in­

vestigate its distribution a:Long the kiln. It baa tb8 

inf'lUP.nce upon thermal lossea through. inspection tun -

nel and by leakage. 

steck draught 

- baa direct 1n:t1~e upon regulation poasibilities of 

the kiln :tram pressure distribution-point of viaw. 

l 
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B. Testing of a drier 

- beat in~ut 

- heat losses: - by 4t:!'ficienc7 of beat excbanger 

- fiue loss 

- beat accumulated in dryad material. 

- heat accanul.ated in residual water 

~- by e:zbauated air :trm.l drier 

• beat condaction of walls and 

f omidations 

- :Product:Lon of the drier 

- cambuation gases analyses 

- relative mgiature content of exbauated air 

- relativa moisture content of dr,yee material 

---· ~ --~ -. . I 
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For optimalization of tbe~"mal technological pro -

cee· s the basic informatio~ is the course of tbermal 

tre.:\tment of manufactured materiel. For a ltUn it is 

represented b;y firillg curve and by distribution ol? tam­

perature in lcUn profile. For a drier the most il&por -

~ant information is the course of temperature, ~ourse 

ot the dew point and f'low velocity. 

In the same ·~ as by detemination of the heat ba­

lance· the statement of the operating conditions of ther­

mal c.nit and recording of ad.justment of all- regulating 

elements is done. 

A. Firing curve and temperature dis-f~ibution of tunnel 

ld.l.n 

For investigation of firing curve the measuri..Ilg 

kiln car is used (fig. 7) • The lining of measuring kiln 

car is drilled through and thermocouples are pwshed 

through the holes. It need be, thejprobe f~r combustion 

gases anal3ses can be pushed through the ho:es together 

with thermocouples. Positions of measuring points are 

selected so as the;r give the sufficient 1.n.formation 

about temperature distribotion in profile of the kiln. 

For this purpcsa the jackett~d thermocouples are succes­

sf'ully used. Cold junctions of thermocouples are connec­

ted by compensating lead-wire with recorder through the 

l 
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Fig. 7 Me"lsuring 
kiln c~r 

Fig. 9 Megsuring or tiring curves 
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inspection tUilI18l of the kiln Cng.a). This way the 

temyerature in all. measurillg pointtll 1s recorded conti­

nually. (.:t:.g .2) • Besides the firing carve the pressure of' 

the 1cUn atmosph~ and combustion gaaes ~ses are 

done as well Cng.6). On the baae of' measured valaes are 

proposals lead.1 ng to the optimalization of tl:.armal tech­

nological process worked out. 

B. Drying curve of a drier 

For investigation of drying conditions the pt-obe 

for measurements of the dew point is send together wt th 

dr,yed material. tr.rot•gh the drier c~.9). This probe con­

sists of temperature resistanc.e sensor and of dew point 

sensor. It is connected by cable With ?lotting recorder. 

This recorder is provided with three inputs so that it 

can record information of three probes simultaneously. 

Drying curve (f'ig.9) shows the drying ccnditions along 

the drier. 
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6. OTKER UNITS TF.STED 

Kilns and driers are the most frequent~ tested beat 

consuming Wlit~ in silicate production plants. But be -

sides the MDU is used for testizlgs of boile:a, beat ex -

changersand gas producers. The testing in these cases in­

cludes statement of operating conditions and heat balance 

of the mli.t with special attention p81Qd to the operation. 

efficiency. 

A. Boilers 

- the most important values measured duri.Dg the testiog 

of boilers are as follows: 

- :tuel consumption 

- quantity, temperat~"'e and pressure of the steam 

produced 

- temperature at.a quantity of f1111Ilg water 

- temperature, quantity and composition of can -

bustion gases 

- temperature and quantity of combustion air 

- analyses of fuel samples 

- 6D.alyses of ash samples 
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s. Gas producers 

-testing of gas producers incl.udes :following main 

measurements : 

- tael consumption 

- quail ties o:r f'Uel. - ~a of :tual. aaaplea 

- quantity, temperature and pressure ot gaa pro-

duced 

- composition of gaa produced 

- quantity o:r air :ror burning 

- ~..-'8Jltity and temperature o:r stec :ror satura­

tion 

- analyses of ash scples 

b measured values and results of testi.iJga areteval.u­

ated in energy conservation studies. 
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7. PRACTICAL EXAMPLES OF THEmw. UNITS TESTED 

A. Sem1muttled tuanel kiln :tor ~ cerlllllic moaa:Lc ti.lea 

Target of measurement : 

- to appreciate the economy and ~ualit7 of the ~ 

process and to inwdtigate the reasons of increased 

brealcf ng of support plates for ~iring mosaics. 

Saaic .·technical paraaeters o:t ~ plant 

Fi.red product. • • • • • • glazed mosaics 4x4 cm and 4:3 cm 

Fuel •••••••••••••••• town gas 14 445 kJ/fia'-

Output in mosaics. • • 505 Jrg/li 

Output 1nclnd1ng 

firing f'Ui.niture •••• 192'.5 kg/h 

Fi.ring temperature. • 1050 °c 
Number of cars 
in the kiln ••••••••• 27 

llass of the satti.ng 
on the car •••••••••• 427.4 kg 

lfethod of measurement 

Target of measurement ca1prebeuded both the economical 

and technological. poin'ta of view. 1'harefore heat balance 

as well aa firing curve were measured. With regard to 

the maximal temperature below 1200 °c the jaclcatted 

thermocouples Ni - N1Cr were used. SampleB of combustion 

products :tor CLalyees were takan tbroUBh the sight holes 

o:t the kiln. 
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Bas'1lts of the testiJJg 

Heat balance of the kiln 

Itm 

Heat input B.Y gas cambu.stian 

Heat losses nae loss 

By heated air tram 
the cooling zone 

B7 beat accm.ulated in 

ware, kiln turni ture 
and kiln car 

~chnological. loss 

losses through kiln 
lining acd foundations 

. 
Losses through 1.nspection 
twmel and leakage 

Specif'1c consumption 

.- related to final product 8487 kJ/k'g 

- related to final product 
+ anx1 liar.y materials 

Heat quantit7 

lkFI I SI 

l2l2 100 

'.5'.59 27.97 

11 0.91 

107 a.a, 

295 24.,4 

202 16.67 

258 21.28 

Graphically is tbe beat balance shown w.t fig .10 

Tbe 1.nr..r•ased loaa b7 accumulated beat is caused b7 cona1-

darably high temperature of material leavicg the kiln. 

Thi.a lo¥can be reduced by the proper setting of control 

elftmQnts for the cooling zone. 

~ slender loss is also included among losses9 namely 

l 
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the loss by the air f'ram the coolillg zone (0.91S). This 
air is permanent~ discharged cut o~ the kiln te 'the atmo­

sphere above the root' ot' the t'actory building. Th~ count 

of this air and the ensuing beat loaa ia reducec to an er­

tremeq .low value due to the closed direct exbaust and the 

limitation of indirect cooling. 

The coolillg is performed mostl,y by the air from the 

kiln ent air lock. This air is heated 1n the cooling zo -

ne and blasted into the :::.~ nr>ing zone. Such method ot' 

operation considerably improves the econOIZcy" ot' operation 

but high pressure of kiln atmosphere increases the tanpe -

rature in the inspection tunnel. 1his fact is docwented 

by the specific consumption. The specific consumption re­

lated to all heated material above the platfom. of the car 

amounts to 2'25 kJ/Jrg and is unus~ low. 

Course and quality of firing 

The measuring results of firing curves (fig.ll) show 

that a rapid beatiog is realized in the preheating zone. 

Tbe extreme veloc:i ty is in tbe upper part., ot' the settiog. 

1'he average increase of temperature is 241 °clh. Thia .bi~h 

heating rate causes here the breaking of supi><>rt plates. 

'Iha ditterence between the temperature ot' tha lower and 

the upper part of the setting is also conaider'-lble and 

&mounts to 280 °c 1n tba ~ section. This temperature 

difierence is lowered 1n tbe 7th section by the first igni­

ted burner. In the area of semi.mu.tf'les the temperature of 
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the lower part of setting is pemanentl7 lower than an -

der the arch ~ the kiln. Equalizing and on the contrarJ" 

an increase of temperatures in the lower part of tha set­

ting tabs place in Ula area of radial burnera 1n the fi­

ring zone. 1he lower parts and the centre of tba aetting 

~· the worst n..r1ng results due to unsu:rf'icient thermal 

treatment. 

Peessure .. onditiona 

'l'he kiln runs 1n a considerable overpressure atarti.Dg 

tram the ath section. Th& pressure 1n the lonr part of 

tbs kiln in the firing zone amounts al.most to 20 Pa. In 

the upper part of the kiln is the overpressure even hig­

her. In the direction to the cooling zone the preasure 

still increases due to the pressure prodoced by the exit 

air lock. ~ae overpressures are veey high. The overpres­

sure in the zone of maxi mi.m temperatures should not ex -

ceed 10 Pa in the low part of the kiln. High overpressure 

causes the penetration of the kiln atmosphere to the 1n -

spection tunnel through th& gaps between cars and sand 

seals. It brings about overheating of bogies and reduc -

tion of the life time of cars and bearings of wheels. 

Proposals of arrangements 

'l'he accomplished testing cd general evaluation re­

veal that the short preheating zone is an imperf'ection 

in the design o! thB kiln. This failure brings about ope­

ration complications with intense heating and braaldng 
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of support plates a.a well as unequal f'iriJJg in the cross­

-section o:t tbe lciln. 

To reduce the plates breaking it ia necessar;y to lo­

wer the heati.og rate in the upper parts o:t the settillg:l 

in the first f'our sections of the kiln. This operating 

ordar can be implemented by the :toll.owing measures : 

I.. 1'be exhaustion of combustion products needs to be 

concentrated into the e:zhausts of the f'irat two sec­

tions o~ the ld.ln. SClll8 e:zbausts immediately behind 

the kiln entrance are nowad~s closed and consequen­

tly the ware in this part of the kiln is tmauff'ici -

ently bea+:ed. 

J B. ·ro improve baati.Dg immediately behind the kiln en -

trance the present kil:l entrance overpressure air 

lock requires to be converted to the underpressure 

air lock b7 reversi.Ilg the air discharge and the suc­

kiilg of the fan.. This provision will reduce the pre­

sent cooling attect of the entrance air lock and si­

mul taneousl.y the combustion products will be drawn 

into the entrance part of the kiln. ·l'he closiag 

ettect of' the entrance air lock will not be affected. 

The air discharge of the f'an can be attached to the 

chil.Dney ot the kiln. 

c. The extsting perms.nent overpressure of the kiln atmo­

sphere is not accaptable. 'llle overpressure should be 
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lowered by the adjustment of th3 cooling /opening 

direct •xhausta b;r reducing the power or the ld.l.n 
•Xi t air lock/. 

D. ~ improve the fizoing tmit'ormit7 it is necessary to 

increase the Quantit,y and possibly the velocit7 ar 
Combustion products deliVered to the lower part or 
the lciln cross-section. Simultaneous~ o~ the in­

let holes in the lower pax-t ot aemimutnes should 

be kept opened. In this •q the outlet veloeity or 
combustion products Wi.ll be increased and a greater 

amount of combustion products Wi.ll reach the central 

part of the car and central gap in the setting. 

E%pected contributions 

1'he contributions 1n this case Will be mostly in 

!he reduction of operation costs. Eapecial.1J' the item of 

support plates reproduction should be considerably re -

duced. Improved firing conditions should be re~ected in 

hi&her quality and aalability of products. 
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7 .B. Tmme1 kiln with opell6d tire for :tiring stoneware pipes 

'?arget o~ measurement: 

- to investigate the reasons for increased breaking 

of fired pipes. 

Basie tacbni.cal. parameters: 

Fired product •••••••••••••• stoneware pipes o 20 cm and 6 60 cm 

Fue1 ••••••••••••••••••••••• heav;y heating oil. 

Output ••••••••••••••••••••• ,5 028 t/year 

Fi.ring temperature ••••••••• l.280 °c 

Humber of kiln cars 

in the kiln················'' 

Method of measurement 

With regard to the aim of measurement for investigation 

of :t1r1ng carve was used measuri.Ilg Jcµn car with thermo-

couples Pt - PtBb.. 

Besul ts of measurt'ment 
6th 

Firing curve is sho1ln at fit .12. To the aection was the 

temperature in kiln profile satisfactor11y distributed. . 

From the 6th section the temperature ditterence between 

lower and upper part o"! profile increased and in 10th 
the 

section it reacbed 250 °c. In 12th section began tlla re-

duction of temperature difference between lower and upper 

part ot profile. In 16th and 17th sections was realized 

rapid heating of lower part of setting Cu~ to 280 °c/h). 
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The rest of the firing curves didn't shoW 8Il7 extreme con­

ditions. 1be breaking ot pipes. c&11e in the part ot the 
the 

kiln With most rapid heatirlg which cauaed extreme ten-

sion in material. 

Proposals of .arrangements 

A. To loser the output of burners in t.lle part of rapid 

beatil:lg and to raise the output ot tiurners in the pre­

vious ,art of the kiln. 

B. ~o raise the stack draught which would briilg the mli.­

f'ormity o~ heati.Dg in the part f'ron 16th to 18th sec­

tion. To eliminate tbe decline of temperature in the 

f'i.ring zone by raised output of' burners. 

c. If the µ-evious arrangements were not sufficient, to 

inatall aunliary burners in p.-ebeating sections of' 

tbe kiln tor better unifcmnit;y of' preheating. 

Contributions 

'l'be tirst tw'o arrangements proved to be sufficient for 

reject decreasing tram 19 $ to less than 4 $ and quality 

improvement of products due-to better firing conditions. 
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1.c. Tunnel kiln •1th opened fire for tiscuit :riring 

of wal.1 tiles 

~arget of testing 

To appreciate the :r1r1ng c~nditions and operation eco-

nomy for the purpose of output :J.ncreasing and produc -

tionmod~zation. 

Baaic tecbnical parameters 

!'ired product ••••••••••••••• biacuit firing of wall tiles 

Puel •••••••••••••••••••••••• generator gas 

OUtput •••••••••••••••••••••• 1.192.000 m2
/year 

0 
Firing temperature •••••••••• 1240 C 

Number of cars 
in the lciln ••••••••••••••••• 68 

~tity of tiles 

on the car •••••••••••••••••• 184 m 
2 

Method of measurement 

·m ce&ply with the target of testi.Ilg the firing ~urve as 

well as the heat balance ot the kiln was meaaured. Due to 

tbe firing temperature over 1200 °c t~ thermocouples 

Pt - ptBh were used. 

~l 
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Basal ts of testi.I\g 

Heat balance of' the kiln 

Item Heat quantity 

/kW/ ISi 

Heat input a, gas ccmbuaUon 24,, 100 

Heat losses Flue loss 644 26.47 

87 baated air frail 
the cooling zone 815 ,,.50 
'"37. heat accumuJ.ated 
in ware and kiln car 72 2.96 

Loss through 
lcU.n 11n1ng 196 a.ca 

Otber losses 
Ctecbnological, 
tbrough foundations, 
inspection tucnal 
and by leakage) 706 29.02 

Specific consumption: 656'.S kJ/lrg of product 

Course and quality of firing 

Fi.ring curve presents fi&.14. Fi.ring curve displays 

sever~ imperfections. First ot all it is a great tempera­

ture difference between lower and upper part ot the aettiDg. 

Maximal temperature difference amounts to '40 °c • It is 

caused by uneven flow of combustion products in pro~ile 

-1 
' 
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B,y gaa·cClllbwstion 

8.0'5 

29.oa 

Loaa through 
kiln lining 

nue·1oss 

Technological loss 
+ . 

losses through 
f'oundations and 
by leakage . 

,,.50'i. Loss by heated 
air trom 
cooling zone 

.····~ 
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of the kiln at tbe first 25 sections. It is confirmed also 

by combustion gases analyses (fig .14) • 1he concentration 

of' co2 1a conaiderabl.J' higher in the upper part of the kiln 

jJrot'Ue. Thia unfavourable state is cawsed by higher dens1-

"t7 of the aetting compared to tba proj~ct (45 and '6 co­

lrana) and by 1Jllperf'ect1on of' the kiln design. Preheating 

zone from l'th to '°th section has no temperature equali­

zation. In the part :rrcm ,,r<i to '8th section cames rapid 

beati.Ilg of setting in lower part of the kiln profile (up 

to 175 °c/h). rh:Ls is the moat critical part of' firing 

curve. file decline of temperature in the coolillg zone is 

too slow in the part tc. tbe temperature 750 °c (19 °cth) • 
In the f'ollowiDg part of cooliilg zone which is critical 

from reject point of' Vie• is the decline 1of temperature 

on the contrary considerably higher. 

Presscre conditions (fig .14) 

Though the stack draught is adjusted at maximal value 

tba overpressure of the kiln atmosphere ia too high. It 

causes tbe increased lpss ot heat to the inSpection tun­

nel and the loss by leakage. 

Proposals ot arr&Xlgements 

.U all the cliff'1cu1ties are DLOstly caused by imper­

f'ections of the kiln design the recamnendationa ref'er 

mostly to the reconstruction of' the kiln focused to the 

better regUJA~ion of preheati.cg and cooling zones. 

A.. To improve the pressure conditions by 1.ncre&aic8 of' 

the atack dr&tJBht ( inatallati~n of' the f'aa) • 
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B. To renovate the closing e1ementa o~ tba kiln 

c. To renovate the recirculation· in prebeatillg zone 

D. To repair and renovate the brick.Work of' the cooling 

zone 

B. To extend tbe cooling zone to the 4f°4 aection of' the 

kiln 

F. To increase the output ot :tans at the exit air lock 

Contributions expected 

Better UD.iformity of' firing and possibility of' output 

increasillg. 

Reject decreasing. 

Energy conservation due to reduced losses. 

7.D. Belt driers for washed kaolin 

Target of' measurement 

To asses the quality and economy of dryi.Ilg process and 

to determine the specific heat consumption. 

Buie technical parameters of' the equipnent 

Type of' drier ••••••••••• conveyor drier with f'o~ed 
cireulation 

Dr.r1z:!medium •••••••••••• air 

Heating the air ••••••••• oil-f'ired beat e:r.changer 

Output of' dri•r ••••••••• 5.lJ tlh /l01o output hllmidity/ 

Inlet h•Jm.idi ty •••••••••• 28A1 

Outlet humidity ••••••••• lOlJ 

Guaranteed specific 
consumption •••••••••• ~ •• max. 4180 kJ/kg of' evaporated 

water 

l 

.. 
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Parameters or heat •zcha?Jger 

Fual ••••••••••• 011 s ,9776 JcJ/Jrg 

Heat input ••••• 2585 kW 

Heat power output ••• 2020 JcW 

Qwmtity of heated air •.• 5.BJ •'Is 

lrfetbod of measurement 

The installed operation meter was applied for determi­

nation of consumption., Dryicg curve waa m.eaaured by tbe 

dew point senaor • 

.Results of testiDg 

Heat balance of driers 

Heat input 

Usetul heat 
output 

Heat losses 

a,- baming oil 

For evaporation 
of water 

Flue loss 

By e%hausted air 
~om driers 

BT acct111ulated 
heat 

Heat radiation 

Beat quantity 

/kV// Ill 

4481 

2726 

717 

751 

4, 
244 

100.00 

16.00 

16.76 

0.96 

5.45 

Speci.tic consumption: 4''8 kJ/lr8 of evaporated water 
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a. l'DIAL NOTE 

'l'he attention of Czechoslovak Ceramic Works· and Besearch In­

stitute for Ceram:i.cs, Ba:tractories and Hon-metallic Ba1r Ila -

terials at Pilsen is traditionally ~d to the :field of 

energy aav:l.Dgs. 1'ha programmed eoergy savings are therefore 

reached in recent ye~ in Czechoslovak ceramic industries. 

It is so tbanlrs to tha fact that the energy conamption con­

trol f'ram energy management-point of vi.aw leads :tram the 

centre down to the·planta. 

Special basis for whole Czechoslovak ceramic industry 

is Research Institute for Ceramics, Refractories and Non-me­

tallic Baw J:ateriala, which in cooperation w1. th the Head -

quarters of Czechoslovak Cermic Works and power-supply di -

rectoru at plants performs diagnostic measuraments of al.l 

heat constJD1ng units .. With regard to the importance of this 

activity about one houndred 8lJ8i.neera are joill8d and they , 

p~. 'l'his activity pay both ~ society and business-point 

of view because energy coats fol.'m more than 50 ~ of a.11. costs 

in ceramic induatriea. 
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