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Review of the Equipment of the hMobile lcasuring Laberatory

1. Heasuring the temperatures .
Recoxrding -~
Compensation recorder with exchangable range
Sensors = [

Pt 100 thermometer

Thermooouples Pt Rh-P{ N ~Cxr Fe-Co

Optical pyrometers 150 - 2000°C

Contact thermomeiers for measuring surface temperature

2, Heasuring the temperature and the dew point
Compact unit
plotting recorder + source -~ Peutron
Sensors - '
Pt 100 thermometer
Li~Cl sensor of the dew point

3. Measuring the flow velocity

Recarding - plotting recorder

Sensgors for recording - propeller enemometers
Anemometers for direct measuring without recording
Pittot s tubes + miocromanometers for direct measuring

4. lHeasurinz ¢ t products ¢

Recording ~ plotting recorder

Instruments - Infralit -« CO
- 002
Permolit - 02

5. Ue & t

Gas composition ~ Orsatchromatograph
Measuring the heatiag vaiue ~ instrument for direot
measuring the Wobbe s number
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Instruments for Bquipment of the Mobile ileasuring Laboratory
of the Institute for Ceramics, Refractories and Raw Materials
at Horni B¥iza - Czechoslovakia

The urgent need of a mobile equipment for checking
thermal processes Iin the plants of Czechoslovak Ceramic Works
was felt in the Institute in commection with the elaboration
uf the assignment "Research of the rational utilization of
energies™, In the initial phase the utilization of such an
equipment was considered only for the following of thermal
economy of heating processes. Later, however, this issue was
reconsidered in a complex way, i. ¢. an equipment capable
of measuring both the power and technology parameters was
taken into account,

The whole equipment of the mobile measuring laboratory
was installed in the van IPFA and its trailer, Heasuring
instruments were selected with regard to the possibility

{0 conduct power measwrements, i.e, for determination of

thermal balances and for ascertainment of technological
conditions in thermal processing of ceramic materiale,

Begides - measuring in driers and kilns also other
heat processing equipment can be measured, e.ges bollers
and generators,

The instrumentul equipment of the van contains also
devices for checking and calibrating the instruments and
for minor repairs,

The measurements are extensive and heterogenous.

The most important equipment available and its application
is as follows: ’

1) Hessuring the temperature

In measuring the temperature most frequently measurements
of atmosphere temperature and of surface temperature are
required, Por the atmosphere measurement orthodox sensors
are applieds for the range up to 60Q°G - resistance Pt
thermometers, up %o 1200°C thermocouples Ni=NiCr are
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applieds In this case so called coated thermocouples
are used to a considerable extent, The advantage of these
thermocouples is a substantially shorter itime comstant
in comparison to orthodox wells., These thermocouples are
also flexible and measurements can be counducted even in
spaces with difficult access. These thermocouples are
delivered in length up to 5 m and even longer (on request).
The possibilities of application are considerable. For
example the firing curves in the multi-channels can be
measured by these thermoceuplea; In this case they are
applied in a similar way as in measuring the heat field
in the gradient furnace, By inserting the thermocouple
intc the kiln and by its gredual withdrawing immediate
firing curves on the followed channels wexre obtained
within a few minutes, The measurements by the usual
method would take some tenths, of hours,

For temperaturesup to 1400°C the thermocouple wire
PtRh 10 = Pt is applied, for higher temperatures the wire

"PtRh 30 - FtRh 6,

Por the measuring proper and for the recording of
indications through the resistance and thermocouple sensors
the equipment is provided by compensation recorders.

These recorders have a large precision (0,5%). The width
of the record is 25 cms A great advantiage of this recorder
is the possibility of a prompt exchange of measuring
ranges and of arbitrary combinations.of two different
ranges.

One recorder can mcasure 12 measuring points,

These recorders can be applied for measuring and recording
of temperature indications, besides they are provided by
standard ranges in mV, These ranges enable a series of
further measurements, For example simultaneous temperature
measurements and temperature differences with increased
sensitivity can be conducted. This measuring method can be
applied in following the heating rate of a setting,




For measuring the surface temperature the van is
equipped by thermoelectric contact thermometers. For higher
temperature 3 fully radiating pyrometers with mutually

; A overigping ranges are applied which enables to take
: measurements and temperature recording if need be within
: the temperature range of 150 - 2000°C, -

: 2) Measurinz the zas flow

The van is equipped by orthodox.mechanical anemometers
R and mechanicnl-electrical anemometers for measuring the

’ flows in driers and the sucking of fans, The anemometers
can be commected to a speciaily ad justed recorder which
enables to condict a long-term Investigation of flow
conditions, ‘hess anemoueters can be applied also in
measuring cars in channel driers., The van is also equipped
by some types of Prandtl's tubes for measuring in the
tubing. These tubes can be applied also for measuring the
£low of the generator gas,
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3) Measuring the pregsure

The most frequent task is the measurement of low pressures
both in pneumatic equipment and in the ascertainment

0 of draught conditions, To this purpose inclinable liquid
micromanoneters arc applied., In case of need to record
the indication annular balance with the basic range
I 50 Pa can be applied. For measuring higher pressures
the van is equipped by a series of precise manometers,

4) Megsuring thc dew point
The knowledge of the dew point in the drying equipment
is of a great importance, To this purpose transportable
suts were appl;ed produced by $he form Feutron Greiz in
GDR, The equipment consists of 3 probes and one plotting
recorder, Every probe consicte of a temperature resistance
sengor (temperaturc of dry thermometer) and of a dew
point sensor (temperature of wob thermometer), Thc Sensor
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of the dew point is based on the tension compensation

: of vapour preduced by the LiCl elecirolyte and vaponx

? of the ambient., The stabilized temperature equilibrium
corresponds to the temperature of the dew point, This
set in comnection with mechanicd-electrical anemometers
represents an equipment by which the basic parameters
of the drying process - the temperature, the dew point
and the flow velocity of the drying medium - can be
measured and recorded,

g e

5) Heasuring the properties of combustion gases - analysis
‘ . of combus+tion products

Por ascertainment of heating gases composition the van
is equipped by an Orsaichromatograph., With regard to the -
difficult transport of this Instrument the application
of the VWobbe' s number meter seems to be more suitable.
The instrument delivered by the fim Junkaler Dessau
determines the Wobbé' s number (the ratio of the heating
value and the second root of the gas density) by measuring
the temperature rise of a constant quantity of %he air
flowing through the combusted zas., The output signal
is the voltage of the thermobattery which is registered
/ by the recorder directly in values of the Wobbe's number,

‘ ' The measurement precision reaches 5 = 105 with regard
to the appiied calibration, The precise calibration
is carried out by means of calibration gas mix delivered
by the producer, The instrument is adjusted for measuring
the Wobbe's number of the generator and natural gaces,

This instrument was successiully applied in measuring
tunnel kilns in one of our plants where the reasons of
fluctuating firing temperature had to be ascexrtained.

Foxr checking the firing process the mobile laboratory
is equipped by transportable analyzers and by instruments
installed in the van, The Instrument Infrelit is applied
for the determination of the Co and 002 content where
the selective absorption of the infrared radiation by the
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measured gas is utilized foxr the detexrmination of the
content of the component looked for, Foxr measuring

the oxygen content the instrument Permolit was applied
working on the increased permeability of oxygen with
regard to other gases,

The instrument for the determination of 002 and 02
contents consists of cleaning and drying rilters,switcher
of withdrawal points, analyzers and plotting recorders.

The operation. of recorders and switcher is gynchronized,
consequently measurcments can be taken simultaneously
in 3 points. The extraction of combusted products is
conducted by pumps through exitraction probes from a
corrundum material,

Analyzers are applied in checking combustion conditions
and in inspecting the function of burners., ilso the ascertaine-
ment 6f the air sucked iu by leakages of kilns is important,
It is applied especially in tunnel kilns where the tightness
of send grooves can be checked. The measurement of the kiln
atmosphere in the preheating zone shows the economy of %xiln
operation and potential reasons of great temperature-
differences in the kiln profile.

Analyzers are delivered with the calibrating ges mix
in pressure bottles enabling a prompt and precise checking,

The basic equipment of the mobile measuring laboratory
has been abridpedly presented, The measuring activity proper
has been performed for some years, Duriny this time
measurings in tunnel kilns, channel driers, 1rying mills and
electric kilns have been taken, The nieasurements are of
different character according to the requirements of the
plants., Every measurement is accompanicd by a complex
assessnment of the equipment and oriented to the objective
followed by the olient., The conducted measuranents are
evaluated from the following view=-points:

a) leat balances

b) Firing curves related to technology

¢) Waste heat utilization for drying

d) Heat losses through the lining into the ambicnt
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e) Substitution of fuels of high quality by lower quality

combustibles
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It may be concluded that the measurements are
oriented to the improvement of firing processes, heat
savings, intensification of heat processes and higher
‘ware quality with regard to established technology.
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UNIDO-Czechoslovakia Joint Programme for International Co-operation
in the Field of Ceramics, Building Materials and Non-metallic
' Minerals Bused Industries

- Technical Questionmaire for the Testing of Industrial !
Energy Conservation '
(by the Mobile Diagnostic Unit)

Specification of initial information for plamning
and preparation of measurement of heat generating equipment
! ﬁ by the Mobile Diagnostic Unit is specified as follows:

1. Country, establishment, kind of production

2., Type of the equipment .to be tested, producer of the
equipment

3. Characteristic of the equipment to be tested

4. Technical parameters .

a) energy supply (voltage, periods/sec., gas pressure,
temperature of delivered medi'hm - €o8e
drying air)

b) of the thermal process on the equipment

5¢ Year of the putting the equipment into operation
: t 6. Description of present technical condition of the equipment
7. Kind of the product, its dnput and output qualitative
or ‘technological properties (if dealt with semiproduct)
8. Time course of heat process
a) according to the project
b) according to the actual situation ~ average of the last
6 months
9. Average output of the equipment (machinery)

a) projected

b) actual averags of the last 6 months, related to the

"~ working time of the equipment

e e Y AN T AT T M e e e S
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11.

4.

Method of the output measurement of the equipment
(available applied equipment with measuring technique)
Technical parameters and consumption of fuel (energy),
its calorific value evaluated as the average of the
last 6 months ‘

Method of energy consumption measuring, available
equipment with measuring technique

Contributions expected:

- energy conservation

- quality improvement

- immaterial (heat balance, information for recomstruction,etc.)
Basic drawings - assemb.y drawings, conception studies,
prospectuses of the producer, guaranteed parameters,
lay-outs,etc,
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§ TECHNICAL REPORT
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.2.

INTRODUCTION

The measurement of the tunnel kiln for firing glazed
mosaics was taken by the measuring team of the Institute
for Ceramics, Refractories and Raw Materials, This team
is permanently engaged with research and investigation
of thermal processes in the field c¢f ceramics, building
materials, non;metallic based industriés and enexrgetics.

The target of the measurement was to appreciate the
economy- and quality of the firing process and to investigate
the reasons of increased breaking of support plates for
firing mosaics. '

TECHNICAL PARAMETERS OF THE PLANT

project ' present state

Type of the kilh eeeeceseses tinnel semimuffled kiln

"Fired product ceeeseees glazed mosaics glazed mosaics
2x2cm . 4 x%4 cm
4 x8cm
Puel ceceecocevscoceecsenses towm gas 14445,0 kJ/HN?
Output in mosaics se.e. 550 kg/h 505 kg/h
Output including
firing furniture ..ece 1997 k@/h . 1923 kG/h
. Piring temperature eeeeee o 1050°¢C

Year of putting
into operation eeoovvecveey 1975

Number of burners 10 pairs of auxiliary burners plus
11 pairs of main burners

" Mumber of cars in

the kiln X X XXX X Xrxrxrxr. : 27

Mass of the settiing
on the CBY seecececvvee 48906 ks 42704 kg
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3.

4.

EETHOD OF NEASUREMENT

Firing curve - measuring kiln car:

The measurement was taken by four jacketved thermocouples
Ni-HiCr place as siown in Annex HKo. I. With regard to

a considerable high temperaturc in the inspection tunnel
(more than 250°C) a compensation line HiCr could not

be used., Therefore the connection without compensation
was3 applied anil temperatures of the heads of thermocouples
were registeren and corrections of measured values
additionally calculated, This arrangémeut had partly negative
influence upon the accurancy of measurement,

T2 offtake of combustion products for analysis as well as
the checking of. the firing curve were done through the
8ight holes of the kiln,

MEASURING CONDITIONS

The measurement was taken in the course of stabilized state
of the kiln operation. (Uniform advance of kiln cars,

no interventions with the kiln were carricd out).

The average kiln car advance: each 46,5 min, 1 car

Basic operating values and setting of basic regulating
elements is sinown in the following table (see next page).

Average gas pressure: liain burners 39,24 kPa
Auxiliary burnexrs ' 3,43 kPa
Radial burners 1,08 kPa




7 Section kain buriaers Radial burners Auxiliary “jurners
Gas Ai-;' Gas Air
% 5 , M_,sm;tched ot
% switched off
'4 switched off
‘ |\ T7-8 ignited
8 - D9 | 4 open-nct ignited
8-9 C 1.5 4
9 ignited
‘9-10 A9 4
10 A 8.5 4 swiwched off
11 B2 4 ignited
12 1/4 5/8 open-not ignited
® 12-13 ignited
: 13 1/4 1/2 X
13-14 open-not 'ignited
: 14 1/2 1/4
t 14-15 1/2 3/8 switched off

* opening of the inlet (cm)

B T
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5« MEASURED AND CALCULATED VALUES

5.1 Firing curves measured in tae cross-section of the kiln 4
are indicated in the table ilo. 1. For comparison
indications measured through the sight holes of the
kiln are given and the indication of the permanently
imgtalled operation measwring instruments.
The location oi thermocouples on the measuring kiln

car and the yaphical'dmnstration are shown in the
Annex do, 1. ‘
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Table No., 1 Course of temperature in the kiln (°¢C)
ti/llllf/ section| _position of thermocouples_ ggzg‘;gh ;ggz:,i:g
1 2 3 4 holes
3 3,7 728 678 467 400 545
3.5 4.4 809 = 1748 496 468 740
4 5 859 813 569 542
4.5 5.6 829 837 . 656 629
5 6.2 683 897 783 757 795
5.5 | 6.8 945 960 42 951
6 7.5 | 1024 1024 1040 1026
6.5 8.1 1035 1040 998 1013 | 1030 885
7 8,7 | 1060 1065 1025 1035 | 1050
7.5 9.4 1080 1055 1037 1034 | 1020 975
8 10.0 1080 1058 1050 1055 1010
8.5 | 10,6 | 1060 1050 1071 1081 | 1055
9 11.2 1075 1072 1092 1105 ‘ 1010
9.5 11.9 1045 1055 1065 1092 | 1030
10 12,5 1003 1020 101 1030
10,5 | 13,1 1042 1067 1058 1078 | 1080 1040
11 13.7 | 1045 1065 1045 1092 | 1055
11.5 | 14.3 960 1008 966 1024 | 1030
12 15.0 819 888 813 904 1000
12,5 | 15,6 | 725 785 839 870
13 . 16.2 735 786 851 877
13.5 | 16.9 715 794 768 789
14 17.5 648 708 698  T13 645
14.5 | 18,1 546 584 613 643 630
15 18,7 494 532 589 613
15,5 | 19.4 513 550 580 608 490
16 20,0 513 580 613 652
20,6 522 570 584 642
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5.2 Draught curve and kiln atnosphere

The draught curve and the kiln aitmosphere were measured

by sight holes. The kiln, however, has not sight holer
along the whole length of the kiln which is a certain

shortcoming.

The measured values are given in table Ro. 2,

% Table No, 2 Pressure_curve and composition
g‘ of combustion productis
é seetion %co., pressure /Pa/
8 9.5 8.7
' 8-9 9.0 11.0
‘ 9"10 Te5 15,0
10 H 5¢5 19.7
¢ 12 H 6.0 22,8
12 D - 17.3
13 H 565 236

13 D - 18,9

14 | 4.8 24,4

14 D - 18,9

14-15 H 4.1 24.4

J4-15 D - 19,7

18 H - 25,2

18 D - 19,7
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5.3 Qutlet temperatures of the setting

The outlet temperatures weie nmcasured by the contact
thermometer along the length of the car immediately
after drawing it out of the kiln.

The found indications incl, the itemperature of the
metal bogie are given in the table lio. 3.

Table Ho. 3 Outlei temperaturcs cf_ the setting
and the metal bogie
setting bsgie
upper, lover (°C)
part (YC) part (7C)
car No, 1 87 140 65
130 173 82
140 170 8c
car No. 2 95 153 76
121 167 80
135 175 82
average 118 163 7765
Average outlet temperature of the setting: 140,5°C
Average temperature of the car linings: 109°¢




B R A AT VEIRECIRE FOP RN

g T

J e

5.4 Gas consumpiion

The consumptina of gas was determined by the indications

of gas meters,

Date Consumption /Nm?/ Averagg per hour
/nmS/h/
19.3 6907 288
® 20. 3. 1277 303
21.3. 7563 315
2243, 7265 303
Average 7253 302

5.5 Quantity of combustion air

. The air - the quantity was -measured by anemonleters
located in front of sucking fans.

The air for auxiliary burners:

{3 Diameter of the sucking opening: 0.3 m, i. e, the

Temperatures 26°C

Average velocity: vg= 7.66 m/s
Volume Va= S ., vg= 0,541 ma/s

surface S= 0,0707 m°

After recalculation to normal conditions:

V0 = 1730 Fm’/h

The alys for burners of the preheating zone.
Diameter of the sucking opening: 0.34 u

Temperatures 26°C

Average veloocity: ig- 5066 m/s
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Quantitys V, = 1849 m3/n

»

Vo = 1642 Ha/n

The air for burners of the heating zone,

Diameter of tne sucking opening: 0,34 m
Temperaiure: 26°¢

Average velocity: 5,52 m/g
Quantity: V, = 1803 md/n
Vo = 1601 HaP/n

" After correction regarding

the leakage of the inlet
(by 10%):  v° = 1440 Wud/n

Thg air for radial burners,

Diameters for the sucking openings: 0,245 n
Tomperature: 35°%

Average velocity; 6.53 n/s
Quantity; Vo = 1109 m’/h

Vo = 956 Hm3/h

The todal air quantity for burners va total = 5929 Hm3/n

. 5.6 Air guantities for entrance and exit air loclk
The air for the kiln entrance air lock,

Diemeter of the sucking opening: 0,26 m
Temperature: 30°¢

Average velocity: 5,24 m/g
Quantitys V_ = 1001 m3/p

Vo = 877 ¥n’/n
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The air for the kiln exit air lock.

Diameter of the sucking opening: 0,34 m

Pemperature: 25°C
. Average velocity: 9.5 m/s A
: Quantity: V, = 3103 /b
v = 2766 I’/ b

5.7 Piring conditions in the kiln '

Average air consumption of the kiln: Vg, = 302 Yo’ /b

. v total 5929

Air excess in firing: n= ~Bemee—e = e 5.7
_ 302 . 3.42
at’® dg

Theoretical quantity of moist combustion product.

V, = 4,10 “Hl/En dege :

Theoretical quantity of combustion products for the
above consumption: 1237.3 1> /h

The maximum atteinable 002 content in combustion
products:  CO, max, = 14.88 %

: ® Actual C0, content measured in the chimney exhaust: l.8%

SRS WA OVSIE N I T P SR R ORI e

e NORELINS YT T

" For the high air excess n, is calgglateg b{ the fgrmula:
‘ theoretical quantity

€O, max. of dry combustion products
'nk = 1 + Bas AR evan anen 0 89 1 N =
o, theoretical quantity
of air

= 1 + -l&&gg-- - 1 ™ ‘ -2-‘-29-- = 7.80

1,8 3.42
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5.8 Quantity of combustion products

-

Dry combustion products:

Vg = Vg (np = 1) 4 Vg = 3.42 . (7.8 - 1) + 3.20 =

= 26,46 En> /N’ of ary gas

-—

at °°°°°° o; eeo theoretical air quantity Hm3lﬂm3 of gas

th Sheccessees theoretical qua.ntity of _dry combustion
products Nu’/lim> of gas

Moist combustion products:

V=V, + vater = 26.46 + 0,90 = 27.36 i’ /i of. dry gas

The outgoing éuantity of moist combustion products
V; V dg ° 3600 2030 Hm /B

9 Air guantity exhausted from the kiln cooling zone

Temperature: + = 44,5°
Diameter of piping: 700 mm
Specific mass: 1,13 kg/m

Py/Pa/ 3015 407 643 643 603 603 663 Te9 To9 To9 6.3 643

v /m/s/ 0.8 1,0 1,1 1,1 1,1 1,1 1.1 1.3 1.3 1.3 1.1 1.1

4.7 4.7 4.7
1,0 1.0 1.0

+ The direct kiln cooling and auxiliary exhausts on the
‘boundary between the cooling and heating zone were
closed during this measuring,
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Vg = 1,056 m/s graphically integrated

2
Quantity: Vo=v_ . -Z& : & - 0.406 m3/s

Vev ., 2D | Pt B 350 md/s
e 8 273 + ¢ P,

Py - atmospheric pressure

p, - static pressure

p, =~ normal atmospheric pressure

6. HEAT BALANCE OF THZ KIIN - SPECIFIC CONSUMPTION

Heat input by sas combustion
= = -L— =
Qg vdg o Hdc 302 . 14445 . 3500 1212 kW

- ]

Hdg ees calorific value of towvn gas ( kJ/lIm3 )

Heat losses by hegt contained in combustion pioducts

Qp = Vo« ©p o (¥, = 20) = 2.3 - 1,34 - (130 - 20) =
| = 339 ki

Cop eee specific heat of combustion products (ked /N> °c)




- Totals

neate ir from the €00l zone

Qe = V2, Oy o (¥, - 20) = 0,35 - 1,30, (44.5 - 20) -

a °°° Specific heat of air (kJ/Nud %)
T, eeo temperature of air (°c)
u ter

Byﬁére: Q."m'o cwo (tw'20)30014-1013012005.

= 19 kw
By auxiliary materials:
" a) Kiln furniture; A
Qf = mf ™ °1’ ™ (tf - 20) 300394 . 1013 Py 120.5 = 54 kW
b) Lining of tne kiln car:

Qe .me ™ ce o (te - 20) bd 00305 . 1013 e 89 = 31 kw

©) Metal bogie} -

QFe g.idlae . oFe o (tpe - 20) - 00093 . 0055 . 5705 = 3 kW

m,, m eee maBSes o ware and auxiliary
“wr Tigr Bor Tpe materials (kz/s) i

Cpo Cps m,, Moo ' oee Bpecific heais (kd/Xg °c)
%

ter t, & temperatureg of ware and auxiliary
w2t Tet Tpe cee materials (00) |

Q" Q4 Q4 Q + G, = 207 Ky

11 kw




Table Ho. 4 Heat balance of the kiln
e
Iten Heat quuntity
/xi/ /%/
Heat input . By gas combustion 1212 100
Heat losses By flue loss 339 27.97
By heated air from
the cooling zone 11 0,91
By heat accumulated in
ware, kiln furniture
and kiin car bogie 107 8,83
Losses through kiln
. lining, kiln 2emdations,
inspection tumnel,
distribution and
leakag:{ losses on
physizal and chemical
transformation of
products 755 62,29




6.1 Specific consumption

Table No, 5 Ascertained values of specific
consumption ’

Kiln 19, 3. 20. 3. 21, 3, 22, 3. | @

ey :

/n) 42,75 40,75 4475 41,25 | 42,38
(kg/h) 509 486 535 492 505
G:s consumption
(m’/h) 288 303 315 303 22
Specific
consumption
related to final

duct
kJ/kg) 8156 8987 8487 8877 8626
(kcal/kz) 1952 2151 2031 2125 | 2064
Specific
consumption
related to
final product
+ auxiliaxry _
materials .
(kJ/kg) 2154 2294 2325 2286 2264
(keal/kg) 516 549 556 547 542
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7- EVALUATIOH OF TESTING RESULTS

Ts1l Coursec a:d quality of firings

The measuring results of firing curves (see Amex Ho. 2)
show that considrably rapid heating is realized in the
preheating section. The extreme velocity is in the upper
'par?s of the setting; the averaze increase of temperature
is 241°C/hour. The actual ‘velocity is probably higher,
considering that the first section is not heaied with
regard to the setiing of control elements and the cold
air being blown in the air lock of the entrance, the mate-
rial is not precheated in this section, The high heating
rate causecs here the breaking of plates in the kiln,
The difference between the temperatures of the lower
and the upper part of the setting is also cohsidcrable.
This difference amo mts to 280°C in the 3rd section,
This tenmperature di- 2rence is lowered in the Tth
section by the first ignited burner, In the arca of
. semimuffles the temperature of the lower part of getting
is permanently lower than under the arch of the kilu,
BEqualizing and on the contrary an increase of tempera~
tures in the lower nart of the setting takes place in
the area of radial burners.
Prom the results of firing curves measuremeni and
; : the scattered results of water absorption tests of vare
¢ in the profile of the kiln that are chowm in the table
j Ho. 6 the following evaluation of the quality of firing
: can be accomplished,

Table No, 6 Abscrpiion capacity of products sampled
in the profile of tne kiln /view in the
direction of the advance of kiln cars/ <

b 1 -

4006 4048 3'68
4.90 6,39 4460
5,88 7650 5662

[t e et . | .-
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The lower parts and the centre of the setting show the

. worst Ifiring resultis,

Auxiliary burmers which are to equalize the temperatures
of the lower parts of se*ting have not evidently a sufficient
output, According to the measured firing curves the radial
burners act for a shoxrt time and the setting is not
sufficiently heated. In this way apparent discrepancy
between the absorption capacity and the course of firing
curves can be explained., The centre of the setiing in the
lower part should be equalized only by auxiliary burners
which again have insufficient output and outlet velocity
of combustion gases, The assessment of burners requires
a deeper analysis. At present, however, the parameters of
burners are not available, Hevertheless, it can be
concluded that in principle the possibilities of improving

. the uniformity of firing rests in increasing the thermal
: input and the outlet veldcity of combustion gases in the

kiln car grate if need be,

In the cooling zone irregularities appear cdused evidently

by unsuitable setting of control elewents of the cooling zone,
Unjustified is the slow cooling immediately jafter the

£iring zone, Outlet temperature of the car is relatively
high, In principle these temperatures can be lowered by
setting the kiln control properly.

Pressure_conditions

The kiln runs in a considerable overpressure starting from
the 8th section /lst sight hole/. The pressure in the
lower part of the kiln in the firing zone amountes almost
to 20 Pa, In the upper part of the kiln is the overpressure
even higher, In the direction to the cooling zone the
pressure still increases due to the pressure produced by
the exit air lock, These overpressures are very high,.

The overpressure in the zone of maximum temperatures
should not exceed 10 Pa in the low part of the kiln,
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Contemporary higher pressure causes the penetration of
the kiln atmosphere to the inspection tunnel, through the
gaps between cars and sand .eals, It brings about
considerable overheating of bogies and reduction of the
life time of cars and bearings of wheels,

Combustion conditions of the kiln

The comparison of the theoretical air requirement and the
actual air amount supplied by fans to the burners shows

a considerable excess of air, n = 5.7, This excess
corresponds partly also to the measurement of kiln
atmosphere as shown in the table Ho., 2, It deteriorates

the combustion economy but it can be pertly justified

from the technolozical point of view as it might ensure

the ware from being locally overfired with regard to a
comparatively high temperature of the flame,

The comparison with the operation of a kiln of similar
desizn applied for a more sensitive bisque firing of
carbon silicate wall tiles justifics the conclusion that
the excess of air for burners should be decxicased. '
The air excess in the chimiey exhaust (n = 7.,8) is even
more unfavourable, This increased surplus, however, is
caused also by additional air applied for the kiln entrance
air lock as well as by the air driven into tne kiln through
the preheating not igrited burners,

Heat_balance of the Lila

In the heat balance all items could not be specified.

The determination of the neat losses through the furnace
brickwork is very problematic in this kiln due Yo non-typical
design of walls, espeoia.ily in the cooling zone.

The determination of the heat loss to the foundatior:s

and to the inspeotion tumnel is also problematic., These
losses are comprehended in the item of undetexmined losses*®
:(62.3%). Prom the other losses the Lluo loss (27.97%)
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is comparable with other kilns hut the possibility of

its reducing ceunot be eliminated.

The increased loss by accumulated heat in the ware and

firing furniture leaving the kiln is caused by considerably

high temperature of this material. The loss by accunmlated |

" heat can be reduced by the proper setting of control

elements >for the cooling zone,

A slender loss is also included among losses, namely

the loss by the air from the cooling zone (0,91%). This
air is permanently discharged out of the kiln to the
atmosphere above the roof of the factory building. The
amount of this air and the ensuing heat loss is reduced
to an extremely low value due to {the closed direct exhaust
and the limitation of indairect cooling,

The cooling is performed mostly by the air from the kiln
exit air lock. This air is heated in the cooling zone

and blasted into the firing zone, This method of operation
considerably improves the economy of operation but high
pressure of kiln atmosphere increases the temperature in
the inspection tummel, This fact is documented by the
specific consumption,

Specific ggggggpﬁggg

The specific consumption related to all heated materials
above the platform of the car amounts to 2264 kJ/kg

(542 kcal/kg). This value is unusually low, The actual
specific consumption for the firing of products is
considerably higher (8626 kJ/kg) due to great proportion
by weight of firing furniture,

\e
3
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8. FROPOSALS OF ARRANGZMERIS

&/

i £.s peazing

To reduce the plates treaking. it is necessary to lower
the heating rate in the upper parts of the setting
in the first four osections of the kiln. Thia opcrating
order can ba japlesented by the following aeasures:

-8e1¢ The exhaustion of conbuetion products neeis to be’

concentrated into the exhauvts cf the first two

- grotions of the kiln. liome exhausts inzeliately .
behini the kiln entrence are nowalays ¢losel and
consequently the ware in this part of the kiln ie
unsufficiently heated.

8.2, T0 inpbove hesting iamediately behind tne kiln

entrance the present kiln entrance overpreesure air
lock requires to be converted in tae undar preasuré air
lock by reversing the air digcnarge and the suexing
of the fan. Tais proviaion will reduce the presont
gooling effect of the entrsnce air lock end
simulteneously tae cozbustion products will be drawa
into the eatrance nart of the kiln. The closing effect
of the entrance air lock will not be affected. The air
dischadge of the fan can ba attached to the ciaianoy

~ of tue kiln.

8.3, The present stote would be iy woved by setting vp

a preheating tunnel above the oupply track of loaiel
. egrs. If the nreieating of the xiln cars to at lcast
50°C s reoched, the heat shock could be eliminotad
to which nowalays the support platce ere subjected.
“The preheating tunnel may be hootdd by the loni'hcat
froa the cooling zone which would be utilizgd.
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In this case however, the tecperature of the c'ooling
zone must be aljusted so as to attain 80 - 100%.

b/mmmn&mm

dmoroving the gervice life of kiln cars,

8.4. The exibtina peruanent overpressure in the kiln
- atmosphere ia not acceptable. The overpressure |
should be lowered by the adjustment of cooling
/opening direct oxhausts by reiucing tae power of
fhe kiln exit air lock/. Only in extreme case
the kiln dravght should be adauatcd.

c/xmmm.nr_nmgmm

~ 8¢3+ To improve the firing uniferaity ii is necessary

to increase the quantity and possibly the veloeity
of combustion products delivered to the lowver part
of the kiln croes section. Simultaneously only
tiae inlet holes in the lower part of seaimuffles
gaould be kept opsned. In this way the outlet velocity
of cozbustion producte will be increaged anl
a greater anount of combuotion products will reach
the central part cf the car ani central gap in
~the setting.
~ Auxiliary burners should be checked with regarld to
" their output pewer. I possible, all these burners
should oper.te. It should be elso nscortained
shether these burners do not operato with a too high
air excess waich aight cool the asotting,

¢/ idiuataeat of cooling
It is reconnended to increese tie intensity of cooling
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by aese of direct exnausts so taat tae reduction of
exit temperature and simultaneously thie reduction

of overprescure in the cooling zone may be reached. .
The indirect cooling in the first third of the cooling
_zone ehould be fully cpened by setting accordingly

the control elements of tie cooling znne. In the
direction of the exit direet cooling would b:
preferable. :

>90 EXFECTED CONTRIBUTIONS

Specifie consumption related to heatel materisl is very

o low and no further reduction can be expected. Tie increase

of specific consumption because of tachanclogicel recasons
is not out of the question.

The contributions in this case will be mostly in the
reduction of operation coste. Especially the itea of

- support plates reproduction should be considerably reduced.

10.

Improved firing conditions should be reflected in aisher
quality and salability of producta.

SONCLUSION

The accoaplished testing and general evaluation revesl
that the ghort preheating zone is an imperfection in tae
dogign of the kiln. This failure brinss about operation
coaplications with intenoe hesting snd breaking of plates
as well as unequal firing in the croos-section of the kiln.

Tae report contains proposels whica can to a certain
extent solve tae exicting problems, inprove the quality
and reluce the costs on auxiliary waterials.




-2h- l

E . TABLE OF AS3REVIATIONS
¢
%: g L - specific heat of air
%; . Cep -  epecific heat of combustion products 4
-Cp - gpecific heat of kiln furaiture
¢y - specific aeat of kiln car lining
Coe - \»apecific heat of giin car bozie
¢ - epecific heat of ware

-  diemeter

a
g - galorific value of 3ry gas
Be - mass of kiln furniture

' n, - mass of kiln car borie

- mass of kiln car lining

- wass of ware
- excess air coefficient

- atmospherid yressure

- static preasure

.
:
£
5
H

L"_'

- flue loaa'.

o
&
By~
Ny
Py
Py - noraal atmosrheric pressufe
Ps
sep
eg - heat input by burning gos
Co

- power losses by heat accumulated in tae kiln

furniture
Qr( - power losseés by hoat accumulated in the kiln
o . car borie
Co - power los3es by heai accunulated in the kiln
‘eer lining :
:Q' - power locses by host accuaulated in the ware

Q‘. "« power losses by the air froa the caoling zone
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total power losses by accuculated heét
surface .

texperature

teaperature of sir

tenperature of kiln furniture
temperature of kiln car bogle
"t;emp\eratura of kiln cer 1lining
teméératuro thie ware |

averege velocity

air volume )

air volume recalculated to standerd conditions

‘theoretical air voluxe

-~ total recelculated air voluae

volume of 3ry combustion producte

folume of 4ry gas

theoretical voluze ¢f dry ccabustion yroducts
volume cf moist cozbustion prolucts

theoretical volume of moist coxbustion products
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Zurvzy of cslisulated estentdsl

SOrGR3Tors 87 Cricrs Foo Lot the Srizes

. .. ’lmt-;sting ..m'vt;.:..:.:;‘: 3
Cutput = inlot nateriol s/ 13,55 , 26,00
P
ia dry ratter Jt/0/ 16,24 13,500

‘Cveporated wetar /Ui 2,50 S

- nocidunl water /t/!l/ 1,68 P

TR S A e DL PING L Y WL AN A e
. .

Sensumption of odl Jk/fl/ S5 <20
Ce - R € .
unntity of aire’ a1 o, Y1 o i
P " for burnera Jfuso o/ G 37 Gelu LG Gl ’
} ixcuss afr coofficiunt 1.5 1,71 Lght 1,79
uratity of ceabuction !
orcdusis /i /0/ RO 1403 ARG 1,225
aeatity of mediun
40 oxhmusts /e /c/ 2 15,< S
a ~usatity of dry oir
L in cxhGust /iC/o/ 1:,10 15,06

3iotive noisturo contont
in cxhouot £/ -5 2l
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. _ 151
1k = Fal o (L= ) = 14,08 o (1 = 0.302) & Jowid B/

ual - noos of entcring matorial

Uy - ontry moisturd content

LperatEes © v

b z .- tincs of cvaporatod vxtoly '
: Y , ,_
; - w ‘m v‘l - "‘l‘: ' 14 :';-.,3 ot l“g.l LN AT a4 .
g: MR 2 s .o 1‘6'”. ,"""'-"w' a «G8 o = lve o Lo ChNe
My w nooo of vetor at the ontry into the drior
: W, =-oXit woigsturc content
P : " ' ' ,
’ ‘tiass of posidunl v:ator
: Sir m HOL = 1D = $0 1 24,02 = 10424 = 2,86 o 2,20 L5

volura of tb , elr 33 tho exhoust

O . Via w Vag = W m 13,40 = S ¢ ieed o 1o 0 /s
W R

Via = volums of moict air

. W = volug of wgtor vepor
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Atr for tho burnor /oxchengor Ho.l/

Ve k3T, "7!7'% . 1‘;-‘,- ® 0,55¢0.103.3.C 33::'(,, - c';?
- [ £ .. ,L—; 0

surfaco of sucking oponings & = G,245.0.44 = C,1C0 e

- V. = avorage volocity of air flow

e

t « tenperaturc of eir

ab - Darosetric proscura

pn - norual baoroustric prossure

k « corcaction coofficient for switching off tho
thoraorogulotion '

Exceag ofr cocfficionty ” (

Chinnay exhaust of tle 1°taxc!mnr or - !
Y ) ,

n.g:-""oc-_‘pm 1"'6-1.5 ;

veluna of conbustion products

Separation ofF 0il conssuption for incividual drisrs west bo
done for thc purpono of tho Coicrainotion of combusiion
producto volune of particulcr cxchongeros

The following mothod of cuporaticn v spplicd vith rogard
to gucpition of loskago of thie oxchangar {io. C.

tiol = zsw q s 132,48 kg/h
,' e Vgt

v: « voluzc of air for bumpor /un:'/o/

f1 « 0%0000 8ir coofficiont

V: = thoorsticol novd of air for burncr /maz’/c[
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.COhsu;;;ntia'g' of tho :i"dor.éliaa?',ar
volune of tho conbusticn preducts

o, [V" V. el |- B2 .;1.5“11.(1..»-1)]

e ) ~ s 0,000 Un /s

. " U8t e theorctical volunc of noist coibe pioducis ﬁiasﬂ;gJ
i Vat » thoorotical voluus of air /unS/I:g/
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5 boat balanco

hopt baloncosof thie both tostings arc prosontod in teble

lo. 10, Proceatod valuos otond for the both driers oo '
ono unite ’
Table No. 10
ileas_balencs of drices
R
3 d
_ 1%%tosting =eosting
¢ Uzae Snout M
31 L4 1““" L owmmpuledovpamen
Ey buming o1l . 5o el Ka Rt B ) 186
P -
: % Usoful hoot ous:ut {
For cvanorztion
of wator S169 I uC,17 0 2756 W 60,05
* toeat fiont outnut
* Fluo 1059 LR 16,60 717 ki 16,00
3 R
: -Logt boat outous
® 3y oxbousted oir

ivoa Griveo $07 ki 200 751 k' 15,70

Lese Liont outout

By hicat accumulae ' S

tud 4n dry mattor 0 I G,46  Z4 4 G,54
L ARy -

Logt hicpt sutput -

Oy hoat cccinulae
tod 3n residual

wator . 16 kLi/ c Qg 37 15 k. Gl
Hont rrdiotion '

LD 4500 ) :

undotorninad lossos 5SSO K4 1.,:0 Aly bl 545
ENEDRUIISRBEOLIRSSBAILDNNBRIIRBRBIESICNSL BN BRGS0 & IS N B L0508 NS
Specifio congsupptie 5250 kJ/kg 4338 k3/hyg

on /kI/kg wvope

vator/ (1230 heal/ka) (1025 kead/lig)

BESSDUBVONBNNEEERGRONAWISDRDESEDBLG S el e UG MIME LW SIS 135S '
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txanplao of the hioat bhalonsa ealculgtion
S5¢ls llo2t dedivercd by firing fuct
Maso of oil: tio = 363 kg/h : A
Heat idnpus by firing oil: - 4

5
i
by
¥

Qo-uo.:-xo.g%w-.:ﬂ.c

iio - hoat capacity of cil |
E ® Sele Heat outpiit oouor pacuscnry YOr ovaporatios of wuaser
i— - - {idat pocussary for ovoporation of 1 kg of vatore
; Gy ® <658 k3
; " Heat output nocecsary for ovaporation of t.ater.
Qu ™ o+ Guo + TTET * S « S50 Zip e o
] Sede Eluo lnsg Jdrier tioe L/ . :
;" Q p cp cp. (t Q-O) -} 1.‘”5.‘—'.\#3.(#‘-&1.“) | v)o).-o Ln
Sop - spocific hoat of coubuation products
F .

ch - voluno of cowbustion procucto

® ' T, ~ SeRperature of coubustion provucis
) L
53, Koot output leot by exbauctc

Exhauot (0. 13
G0y ® © oV o (tag=0) = 163 o 3e7% o (714G=20) » 532 LiJ

cxhauot H0e <3 @5 s .35 (4
Totols Yo w» Qal ¢ ua, - 07 K.

Sp = epucidic hoot of oir
t, = tooporeture of oxhaustod air




o 0w

5.5 licgt _Jlogses by gxccunulgtad heot
by lwat accunulatod in €ry ROtICE3 .

_ a .G L
"My, = RIS of dry nattor
Cy = specific heat of dry rattor

2 -  tox = exit tomporature of casorial

Dy rosicual vwters ]

N 2 . an '.!.:‘-"G ™ . . 1r ? %

; Yor = Vur.® G ° (tox=.0) & &0 4,157,(0=:0) = 20 k.

: H
b oy = cpacific hoot of wioter .

H
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Gedo 2rusng concistions

In aanoxoe I aad 12 drysag conditions ia dirying
cunales arv gruphically plottod. o parcnators
of tho drying codiun aro epproxinatoly idontical
in tiio Loth canolg,

iho tenporature on tho surfoco of dricd kaoolin
leyor ottaing wWoC. loru a diffronce of <%
ex0ars batwwon tho oporotion avosuroncal by
porsonontly inctallod wotors ond tha actual
tompuirature ovor thic naterial layor,
0 rolative oir huaidity 2ice botoon LieSO i
along the wliolo longth of activo drying.

Dosie onvraticn poroncicrs of orlors

Tho tabloo Lo, 3, 4 ond O Shiow thot tho dirloro
Voeo operatad wich on ou:p st whideh viua in tho
firot acosuring by 11 5, wad 40 Lo Sucond RUDUUw
ring by 41 [ hishior than thia originally pl..mod
QULHRUL e

Buring particular acasurunonio tho FOGLARSO Quidct
aidity of 10 ;) vios nut ochiovod, Tho comparicon
of outputs ond outlut hwnlditics of Leolin i3 o?
intoroct, Hora tho dicisive inf? luonaa m- inlot
hualdity ot tho watry &nto tho novdlo u..::'.n,.
wachino io ovident, /4th tho inlot hunidity up to
36,3 ., oliart noudluo clioiiing o distuibed eurfcea
ore producad, Thooo noodlos how o cong siderably
dorgar surfaco for ovoporation and tuoy cowurp
ovoidly tho bolt of tho drior. Tho dagrog of
dosiotoring 16 1 this caso considorably higlor,
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The relotive hunidity of outlot air frowm 9

drioro wes low s 25 35 sn tho firot ond <5 0

an the second soasuring. This fuct shug taat _
sha paroauters of the drying padivg Jtennsrotinre, .
relative humidity, flow wolosity do ROT CORSTILULe

urbptimun for tho ruguirod cutpule Tho rFoasoin FUSt
produniaantly in the desiga of dricro ol oy

bo “guanar: 633 as fulloviss '

o/ ~pplication ef purforatod chust for tho

. convoyor bolte The wirc=viovun Leit 40 aore
v ' advaatogecus fron the vicw point of air
? pIrasesilitye

b/ Uacvallelllity of a tool for turalnjg ovar tio
Laolin loyue in a position of tio balt vlioro

 tho kaoldia surfsca booone drye.
g/ Lowi drying Longoritiics

The overlezding of enulpnent affoste cvidontly
aloe the quality of drying. This foct 1o
confirned Ly tho pverpge sutput 0 tiw firgle

liglfeylure .
Production in the ficot hslfeysar 39 Lt
9 Useration ting 2 420
Averacs osutput dn dry tubstingd 10,38 t/0
Flonned [ projeciud/ cutput

in dry cubstuaca - 0,:9 t/M

Gede fi20t bolzac ¢f driosrs
Tho toble tise lu ehows that tho Lieat dnput power
was Nocrly eguivelont L tou Doth moogurinise
Thic ie oloo due to tiw fuct thot tho CXCRansuro
ore cperntud cAth full cutpule

L4

Tho input pevur of oxchengore a0 roducsd by 15 %)
in comparivon with tho projectcd outpute 1i14th
rogard to thoir higher caposity 1f compared




to thedr ratad powwer the actuclly Jolivorcd
powor to driers is lowor by only 7 e /ihia
. : increcuse of output poer ef the exshicngor 46
limized by tho quantity end gir tonpcrnlture
ot tho cutdt whore the linit poranetors oro
aaintalncds/ In tho hcat Lalance the usoful
heat vopresints 56,17 aad €883 [l. llere ajoin
asre fovours blu opcration conditions during
ths mgasureront tio < ¢eo reficctod,
e chinncy oxhoust lcgses of tho TRCGANGOTY
rereoseat 16 ., o. Lisat dnput povare Tho reted
19%% of producar nalkes oo oo Tids fovourshlo
stuty 4o cehinved by the optinua s2tting of
firing conditions. A cortzin rozecve ciicis
in the exihionger toe o, Ito ticht _n.as 1o
disturbed ord tho drying oir lc.iks into the
firing cprcs. This s tumifcsted by axcuse of
alr in the chilonsy, T less atkes 6,77 9 of
tho gotal input pover of dricrs I 0 350 @

' ' A furtiior dnporteat $tom of losces 1o tho
hoat drovm of f Ly tho drav-ht oir $ron th
drior. Lighue locses av Anddcossd by tlio
pozsuring o b wiidch wagkouccd Ly ro; reated 1y
Aakervepiud opurction and coisy Mantly by
bislier teuperaturos on thc arh14ut oi Jdriors
Unidontified losues roprcouns o ), of tho
tetal and they mey Do rasult of alnised
inuccuracions of the other poccurononto,

Ged, Lngcafis wonnunntion

B2 Sl Wrie 8. 00w
Tou thlo Hue 10 Anddcate that JLfforunt GO Qe
tien concitlions of driore influance chy onpecific
Leat canuuuption the diftaronce belng .0 kI
/=22 keol/ por kg of ovgporeted wiatar, .
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The obtainud data givo tho surwy of tho
oparation of driorc:

FVEPLOS BLGLO Poasurens Sicasurencnd 4
for it holfe ol Zncreasud $0.--"CpLiuun”™
’ =y3ar 37 inoat heproicy daoet el ter

j Gutput in dry substonce /¥ N/ 106,30 N (VI _ I uel

Fuol concunptics skishy/ S56 36O &T1,5

: Fuel coansunstion per ton ©f

i dry subatenco /kay/ 35,5 - 35,5 oL P

Spoeific hieat coisungtion x _

L. 'on viater dovaporaticn s/ Geriod 5.550 ity

o

X /pproxizatoly deturaincd value bostd od avwraga inlet heniditios
: of tho ncasuramunts Lo, I anc S, Therc v ie recurcs of hHuaiditics
. for-longar poricds in. ke pladn,. ;

Concluzions Sanod nn tho glhove data:

3 &/ Twa Fuul conocunption Lid consucieitly . tho
: hwat faput power fiustuate dncinnific@atlye
. b/ Vas epoucific heat cuniturption 10 in o
exdnstlig nethed of opcratien only the fuactlon
" of dasing ond dnliot headdity of tlie dried
' watorial., '
¢/ The cvercsd otate 1o neoely oouivilont
to Mzauuriny canditions o. J,
¢/ The uguipment docs not Yuldil tho opezific
heat concunaption indice g Ly tho nrosucur
AN SAY CI53e Thd BLLIUPEIGHE Hve o BhioWs i
shalloct differonco froa v rotdd Fprodectud/
valuo uf 400 ik Nator/e Ths nousuraed
consuuption of i LBk, Junter/, Louvwr,
vico achiuved vlth subetontiolly in crecsud
producticin cuthute Thern 1o no s;;t';:'.r';mtc.o to
achlovi this resude ond proecive S dndet
rualasy of rou matordal uacor aoninal outdut,




‘Tho possibility of nproving the avorage
epacific hicot value 1ia2g &n ho cndouvour

to achifovo tho wvoluo fornd by tho moacuromcat
lioe Zo UNCIr cupposition of obcarving tha
sultoblo hupicity of row watorial aad ra.,u..ar
operation of tho rliole lii.

.
o
i
+
S
-

7e Pronnsals of orrenconzats

® ' 7ed,  The 3upply of hot pir to tho drying spaco

E siwuld bo chiangod according te the picturo 0e.l.
This chiange consists in bringing tho liot oir
83 ¢loso 03 possiblo to circulavion {ais, Ly
thio mogsure tho teopornturs of tiw drying
sudiun vidll bo ncrocesd by approiinatcly 0%

PRI B IAL 2  ern Sne

7ede Tiw lociksgzo of tho o..ciz:.n,,or lide 2 chould Lo
ronovad. If the oxporiacont of weliding crauks
a0 0t cuccuosful coranic elwuats can o
vorifiocd,

7e3¢ Continuous mupoc.ion of Gporation of dricerd
ond clesing noodlu toliing machitnoes chould bo
e introduced 6o to avold oporotion of emply
dricro. In case of necossary tntorvals tho
Livat oxchangero chould bo ctoppod, °

7é4e Rocordurs chould bo lnotalled to rocord outlot
torperoturus of the dryinyg nodise in tits vay
ovoiy etopning of tho Lult and thio duroticn
of otundotill would bo redially registored.
Aloo tihe oparation of umpty dricis wwuld bo
signolled, '

745, Tha knob for rogulating outlot ton'mmi.um
shiould bo orrosted on tho valuo of ECLu%
The prociso voluo chiould bo dotorninod m.ch
. regord to porg 7.4,
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In the ontry of deicrs tho 3nlat hunidity
up to WS ghould Lo pointaincede Tha
fuifilncnt of this point is decicive for
coconunic operation of dricrc. 70 tiiia
roquireauant the operction of filturprucccs
ghould ha adjustode

vho conbustion praducts §ron the exchanycro
are drivcn out Lith the tamperature .:a:&-.;z.ikcc.
and discharged froa tha chin:fy owver tio roof
of tho pronisese In ductiaj thiv conbustion
gacce through cxchongors and cooling ties by
56%C a poer of cca L b would bo ebtainud
ecqualling 1576CG0 10 L & warly c;juratiod for
oot hiours. Tao applicatiecn of thils hoat Yor
drysing vould cave 45 tung of hvuting cil pur
yeors it vould be necogoary ta aropose and
conufacturc @ ouitablo oxchicngulle

O, Cxpacted congributiond

Colo

Coewto

flede

Tho implencntation of ths adjustoent acseriing .
to pora Zele wculd asccolorate tha drying
grocoes aml recusy the spucific ceasuniptione

The imploncntation of punsurcd propoucd

i para 7eie = Jele vould nedues ti gpucdiic
avarogo consunption dovay to tho valua cbinincd
Ly tho socourciaont lJoe Lo Tha aCTusl LIVINLG
conot bo backcd by o snloulatien 2 thid Cosle
The roduction of opocific conouption 1o
55006008 £0 DO UPto 4 L.e

The saplenation of the mcagurcs 8s por pora
oo DG 7e7e viould bring ‘phout ciavinge of
haat powsr arbunting to 2 ek oLl LD/ YOG
/Jecualliag 62 tond of heoting 0il/e




ho results of noocurcncnts havo climsny that tlic hoat
gonorating oquipnont of tio plaat is rua with

a highor opocific consunption than guarantcad by tho
producdre

tioruover, tha prooossed matorial 19 porcancntly dieiod
to hichor huoidity thon roguirvde This ie duo to
. tocimical shortccaings of tho cjudxcnte Cn tho otiwr
. hand tix output of tho oquipoont 1o over tho rating
capacity of tho producer thich affocto uafavourablye
tho operation pParunctorde

B i AR
.

i

P

70 L&provo tho cxiating 6atc, OCaouUrds wero proposcd
i oincd to roducing encray contwticn Gud Iuproving

; doying proucste THO woLt 4a5ortant OCOCURe CONUVASLS
in Louping tho inlct porasvters of dricd matoricl
~ vAthin otZiulatad 1iaits ond oupplying continuously
tho driorge
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spacdfic hout of.air

opucific heat of combustion precucts
gpocific hwat of mettor

epecific hoat of victor

heat capacity of alld

Mu88 ofF dry aostiap /cubo::ucé/

rass of notorisl inlot |

nage of oll

Lass oF residiol {:s:::. i

#2908 of avepIratod wWTor

nzo3 of vetae ceavent in uatariol inlot
hoat cut;ut oot by‘m:m Lo

flus logy

hioat cdtiut puwilr 266T Ly hilat covunuletod in
dry natiase

heas dnpus poior by faring vl

hcat ontwt paver for ovapororion of wates

hoat nasqucory for ovaparation o L kg
ef woter

hoat cutsut pover 103t by heat accwnidatd
in rosidiol water

temacratire of air
somaeratre of coubussica pred. e

oxit tarpernturs

. -+ " T
voluae of oir Zor bucsc~o recalcnlatnd
on nornal ccnvictvng
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averaps welocity of eir flow
shoorotical volume of air
theorotical acad of air for'bumun
volusc of conbustion procductis
voLu of dry air

rocalculatod volune of Golot corwustion
arcducts

voluac of noist air

thooretionl volume of woist combuction producto

. volunoc of vater vapour

inles adisturge contoat

cutlet soioture content
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int of tableos

Tcoperoturas and relative nolsture
Contenis o drior doe' 3

Touoraturca ohd rclative woigture
CONtNIte = Crior (ide «

Survoy of oogsurcd valie = 3%%ecoting
Survoy of naocurcd valuco = Meograng

Lrioe lige 1 = cuantity of cxlouotuld uire
= Y03 oxiioust

Orior il0e I » cuantity of Giliauatod uife
e . 0d ¢hauoe

Drior {0 2 = cuontity of cxliaucted alre
‘ - 20C Oxuouut

Orior lio, & = quandity of cxhauctid asre
e .0 0XIAUGE

survoy of colculntad osooatial
parcaotors of dricre for both tho driors

twot baloncu of dr:.ero'

(]

e e o e
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b HEAT BALANCE - 1St TESTING R

- HEAT OUTBUT Los't' )

"BY HEAT ACCUMULAT ,
IN_RESIDUAL WATER . o
™BY HEAT Aocunuurso .
IN.DRY MATTER .- - ~
P ,
~ - A % » 3 LY .

HEAT OUTPUT LoST " °
av Exm\usreu AIR

"WEAT OUTPUT' FOR .
EVAPORATIDN ,or wmsn
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HEAT BALANCE _ZNTESTING . L
”BY HEAT ACCUMULA"‘ED ST
:  IN RESIDUAL \wvr.m,.E ‘ BESE SRt
NN ' e . N .
7"BY HEAT ACCOMULATED *. " "}1 2 0 oi ™ EATEN
N DRY MATTER: - 1 h R
B
i }
'HEAT ourpuf FOR
ewwoswlou oF; wxrsa
i
; " ”r', .
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! ) ’ LI ' (BT ‘ ol
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UNITED NATIONS INDUSTRIAL DEVELOFMENT ORGANIZATION
UNIDO

Mobile Diagnostic Unit - Pilot Project on Energy Conservation

in Ceramics, Building Materials and Non-metallic Minerals
Based Industries

JOB DESCRIPTION -

Pogt title: Exgert in heat processes in ceramics, building
‘ materials and non-metallic minerals based industries
- team leader

Duration:
Date required:
Duty station:

DUTIES The expert will be team leader of the team of
experts conducting the investigations of heat
processes in industi al plants by means of the
Mobile Diagnostic La' vratory according the the
pilot project, He wi' ' be in contact with the
counterpart nominate. ._ the country of destination
to ensure conditions i1o0or activities of the Mobile
Diagnostic Unit. Specifically he will be expected to:

1. controi %he team work, prepare the work programme,

2. contact the company heads to get the data and
basic documents required for the preparatory steps
for the measurements,

3. specify the measurement conception and selection
of tests which are to be carried out,

4. maintain contacts with the company heads so thet
all conditions to find all the required values
could be made,

5. be responsible for the elaboration of the final
report on t*2 measurements and its completeness
to meet the ordering party s requirements. To .
specify the main conclusions and remedial steps.

/

QUALIFICATIONS: Mechanical or electrical engineer having wide
experience in the field fo thermal cum power
engineering capability to elaborate the

. measurement conception in dependence on the
technological anagysis of the production in
question, , .

L4




i

LANGUAGE:

BACKGROUND
INFORERATION:

Englisk. and other as per the territory in which
the measur-ments are ito be undertaken,

The inquired information should be delivered by .

the country of degtination requesting the
consultancy services., It should be specified
%Ei:he Questionnaire of “he Mobile Diagnostic
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ty statlont *
DURIEIs The *ermewd will be o Lo ponbes working

under Lhe cupervision o tia bema lovder
wii 1o cupecied tod

1, spoclfy tae accsuring rnothod to ~ot the
N

vilues ug rejuizci by the tera lecder;

. 2. solect nvopos uceswin tochnique [cenzors,
connoction cleanitid, mo.rmring ond
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LAJGUAGES

BagiiC0usD
LiDCATION:S

Lleetricnl englucer hzviugs exparlcuce in
nersuring and thewunl techuigue, conversiad
witi operation nequurcucnts,

The iaguired inloru:tic: guould be deiivered by
the couiiry of des In.tica requasiling tao
consulteoncy services. It ouould ve onecificd

in the Tuestlounnire of the .iobile Diugnostic
Unit,
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Post titles Lxnest ia tocinlerl cnlculntions ond
evnluationne

. Durations )
Dto regulred:
Mty siciions

LLRXTS s The expert will be o to . menber voriing uader
tae gupexvisioa of the tena lerdes ¢nd is
o=pecyed fo3

1. corey out routine erleul~tions cnd eveluations
o7 the¢ wwcogured volueu oo o busagis Lo
cmcc LSying furtier toasuscuent procons

‘ ' 2, £iad out tho ¢~pclty d:-te os to tho quoniity
' end qu:llty of the praductlon Lfiou e
manlecburer rejulred Lo tho cuiiray
tlonlaviongy

3¢ Verify tiio correctiicss of the mousnred
valueo;

4o coripile tho avalu tiang Jven the individunl
wmecauen velues oud to pravy out the main
cnlenl-tlons Loxr the fincl mornurcucnt
renors; '
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Flectricenl enrincer, :wiicotlelen, emporicnced

I the fleld of mersuwcaens G elledcolon
techiniqie, conversant witii ¢he opsxsiioncl

neacaxaent evoluatlions.

Tosllsa ead obhor o3 poa tho tooriiony 3u

ZULCue2vd 02g $9 Yo uatortilone

13

The i*' uired ini'crLi. ol aiould Lo deliverwd
by tre comatry of deciinniica re-uegsilng il
exvicoc. I% siwowld bo apecilicd -

ia tae Fl.u.xta.ownira of the ille Dinriosiis
Ull.Lt.

consulione e
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 Hiobile Dissmostic Unit - Pilot Projégt on Zaorgy Congepvaticn
Buildins sintepinlg and il - -
B2 Indugtric

JOB DESCRIPTION

T

Post titles Technician for messurins inatrusente

Darations
Date requireds

Duty statioans

DUTIESS The experti will Ve a teem aember working
under tue suporvision of tiue team leader
and is expected tos

ls engure ao troublefrec operation of the
mecsuring dnstruments during the measuring
® proocus; '

LU ‘
2o chock rnd orlibaato tho wenguring instrunentsg

3+ collnboratoe with the operator in tho
instollation of tac neasurlns sonoors on
the equipment to bo tosted 12 and when
Nnecesoary. '
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QUALIFICATIONSS Heotrical technician experienced in the -
f£ield of the measuring technique.

\
. .

-

LAIGUAGES -

BACKGROUWD A ' |
THFORIATION s The inquired inforuation should be delivered
by the country of destination requesting the
consultency services. It should be specified
B in the Questionnaire of the liobile Diagnostic
. - Unite. - S , -

¢
}
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gt . ; 16 = rilot Prodcof on aitull Connosveiica

1. Coxnaicd, Buildbyeiidenisla oad e eiobile ineslg
= ; Dbamined A8 ML A < FERTRT T\ B

Daced Induzirieds '

Jor bunocals 0.
. Tost t._i.tla.; measuri.;.xg 1choyakory oncrubor
Pumtions
Date regulreds )
Ly stations
DURIES: Tne exvert will ve ¢ temn neuver working uader

the supervision of the teon Lezder cnd 1o
o::pocted tos

, 1.\i.n.'f;'tall the ecouria; sonsors ol tho
® ' cquipaent to be teoicd cud to councet
thon wita tho ue cupdin; rnd »a dubretion
ingtranonts o direeted by the ensinocer
in clre;o of tho wer puroaonts

2, driva tae meosurin;; dic nostle wiilt fruck
to tha individucl spots of nensurenent
. ené to do tne routilne winteninco ol the
truock,.
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-wde

fecaniciun macehmaic:l or oleairicnl

expoxriczcod in opoxationsl toating.
Drlvide - ' .

?he Inquliod {nTowitton siiotdd be delivered
by Ve cuunely o2 Qogbinbion o unsihyg the
connultancy gexvices. i she uld be snoeilled
1n the Gucotlomnalie or ie - ahile ‘)it #2.0054623

Ulli ve




FINAL HOTEC

Tho prosonted docunente furnish the boscic
nfornation on advisory survicoo in CHOVYY

conservation in curanico, building notoriols aad

non=notallic bascd industriccs Tho nothod of

thidio octivity 4o bacod oa tho application of

o nobilo diognootic laboratory cncbling decp
oporation analyses of heat goncratlng eruipnont
in cittd oand tho rocommundation of iuploncntablo
doorovaiento. 1o applicotion should bo vary
gffoctivo in Jowvoloping countriug whore tuchnicel
oorvices oro wnsufflcicnt ond tho dmpact of '
inflution fuel prices on locol ocunonico 18
dioastroun,
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