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ABSTRACT

Mobile Diagnostic Unit /MDU/ serves as an effective
means of technical data collection thraugh diagnostic

measurements of the heat consuyming equipment in productiorn
plunts.

The evaluation of measured data by a team of spectaltists
resultg in recommendations on operation optimitzation to
reach energy savings, production intensification, quality

improvement and reject reduction.

The interest of numero.s developing countries, such as
Inaia, Turkey, Libya, Egypt, Brazil and Iran in the MDU operation
evoked the preparation of tnis paper in which the essential
information cbout the MDU equipment and measurement procedures
is presented. It also informs of the MDU crew and zontributions
from the realized recommendations which are worked out by the
the experts cn the basis of test results. A list of selected

suppliers of measuring equipment completes the publication.
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I. INTRODUCTION

Diagnostics of heat consuming equipment represent
an important item in the Seheme of energy management.
Providing the experts with an objective information about
energy consumptions and course of thnermal treatment in
the respective equipment, diagnostics enable to construct

conclusions and recommendations on the improvements in 1its
operation.

Mocbile diagnostice units used for many years by the
experts of the Research Institute for Ceramics, Refractories
and Raw Materials in Pilsen have proved tec be an effective
means of data colletion and evaluation. These units were
designed ai1d assembled Ey the experts and mechanics of the
Institute. Their utilization brings about large contributions
in the quality and intensification of production and in

energy conservation in production plants.

The UNIDO-Czechoslovakia Joint Programme for Internationa’
Co-operation in ‘he Field of Ceramics, Building Materials and
Non-metallic Minerals Based Industries in Pilsen is ready
to satisfy the requests from developing countries concerning
technical informotion, techrnical assistance and know-how transfer
to assist thus the developing countries in the eonstruction
and utilization of their own mobile diagnostic units and in

energy management programmes.

The decreased specific energy consumptions reached by
the application of energy management system bring about corpe-
titive prices of products and enable the entrepreneurs to
expand the production in conditions of a limited availability
of energy sources.




The equipment of MDU complies with the application
not only in the ceramic industry for whieh it was originally
designed but with the application in other industries, such as
glass, metallurgy and textile industries. Nevertheless, the
instrumentation is regularly supplemented in dependence on
the development of apparatuses available on the world market

which will facilitate the application of MDU.




II. DIAGNOSTIC METHODS - PRINCIPLES AND PROCEDURES

The diagnostic measurement provides the team of

experts with objective and detailed data about the thermal
unit operation. The sets of values obtained under common
working conditions being.completed with the information about
the technological parameters of the production unit and fuel
consumed are evaluated in an energy conservation study. This
study agrees with the user of the heat consuming unit as an
indispensable basis for his further technical, operational

and organizational measures axnd steps to improvs the production
parameters.

There are two types of diagnostie measurements, either
focused on the teechnnlogical process optimizatior or on the
energy conservation. Nevertheless, the complex measurements,
e.g. combination of the technological and energeiical types of
measurements, are the most advisable for the purpose cf energy
management. The complex measuremerts provide the team of
experts with the complete information about the unit. Thus
they can prepare to the user of the heat consuming unit the
objective and complex statement and draft all suitable and
recommendable adjustments and changes which are to be realized

for the perfect and effective service of the untit.

Regardless of the type of measurements (en. "getieal or
technological), the activities performed during the measurements
comprise three fundamental stages:
= Statement of thermal unit operation conditions, performance

of objective tests and functional measurements,
- evaluation of tests and measurements,

~ working out proposals for technical, energetical and
operational and organization.arrangements or recommendationg:

on heat balance or reconstruction purpose

v
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Technological Measurement

The technological type of measurement after its evaluation
forms the essential basis for working out proposals of
arrangements in the field of thermal technological process
optimization. The essential information in this case is
the course of thermal treatment of the ware and the temperature
distribution in the cross-section of the unit. These data
are expressed graphicaily by firing curves, measured in several
points in the cross-section (Figure l). The measuring points
must be located so thkat the measured temperatures give the
suffieient information about the temperature distribution in the
eross-section of the unit. The measurement must inform about
the temperature differences in the horizontal as well as in
vertical directions and about the differences between the inner

part and surface of the setting.

For the firing curve investigation in a tumnn~l kiln, a

measuring Xiln car is used (Figure 2). The kiln car lining is

. drilled through and thermocouples are pushed through the hoies
and fixed in the measuring positions. Cold junciions of the
thermocouples are fixed under the steel boggie of the measuring
xtln car. They are connected with a recorder or a data logger
through the inspection tunnel of the kiln. While the measuring
kiln car proceeds through the kiln, temperatures in the
measuring points are measured and recorded. Thus the firing
curve and temperature distribution in the cross-section
of the kiln are obtained (Figure l). Besides the firing curve,
the pressure of the kiln atmosphere i1s measured and combustion
gases analyses are done as well.

A drier being tested,; the most important data are as follows:
- course of temperature
- course of the dew point

- drying medium flow veloecity




A probe, measuring the drying medium dew point, 1s sent
through the drier together with the dried material to investigate
the drying conditions (Figure 3). This probe consists of a
temperature resistance sensor and of a dew point sensor. The
drying curve resultates from this measurement. The drying
medium flow velocity ts measured either by anemometers or by
Pitot' s tubes.

All the technical data gathered by measurements together
with the information about the location of regulating
elements at the unit, conditions of the heating system, level
of combustion processes, heat transfer in the unit and the amount

and quality of production arc evaluated using a computer.

The real firing (drying) curve obtained by measurements
is then compared with the optimal one of the unit at this phase
of work. The recommendations on the adjustment of regulating
elements are worked out to minimize the difference between
the real and optimal firing (drying) curves. Thus the optimal
thermal treatment of fired (dried) material is reached. This
interference with the adjustment usually causes the production

intensification and quality improvement,

Energetical Measurement

The most important information for energy consumption
minimization 18 vhe heat balance of the tested equipment.
It includes all items of heat energy entering and leaving

the unit and shows the possibilities of energy conservation.

The most significant items of heat balance of a kiln

are as follows:




heat input

- ts determined from the calorific value and amount of
the fuel consumed

P=M.H /kW/

M ... amount of fuel consumed /kg.s-l/

H ... calorifie value of tke fuel /kJ.kg_Z/

To reach a better precision of the heat input determination
and to check the results obtained by the direct method,the in-
direct method is used very frequently. The heat input is calculaced
from the combustion gases analyses and from the amount of

combustion gases drawn from the unit by this method.

A4 small portion of the heat energy entering the unit
is formed by specific heat of the fuel (usually 1 to 2%).

flue loss

- is determined from the volume, temperature and specific

heat of combustion gases

PZ = V.t .oc /kiW/

V. ... wvolume of combustion gases /m’s_z/
t ... temperature of combustion gasges /K/
-3 .
¢ ... 8pecific heat of combustion gases /kJ m K Z/

The volume of combustion gases is calculated from the flow
veloeity and the cross-gectional area of the duct. The flue loss is
the nececsary phenomenon of a firing process. It cannot be
lowered under a certain limit ensuping proper pressure conditiong
in the kiln,

The flue loss of a tunnel kiln with opened fire forms
usually about 25% from the input.




loss by heat conduction of brizckuwork
- for continually operating kilns it can be dertved from tke kiln
atmosphere temperature, heat conductivity of brickwcrk, suwrface

area of lining and temperature of the ambient

P2 k. at .S /kW/

. - - -2
k ... heat transfer coefficient /kd s L K t m /
a4t ... temperature difference between
inner and ambient temperature JE/
S ... Llining area /m?/

The loss by heat conductivity of lining forms usually
about 15 from the input of a contiiually operating kilns
with the clussical type of lining (e.g.combination of fireclay
and red bricks) and less than l0% from the input of a kiln
insulated by up-to-date insulating materials (e.g. light-weight

refractories and fibres).

loss by heat accumulated in kiln cars

- to ascertain this lcss, the average temperature of the kiln
ear lining and average temperature of iron boggie must be
determined from several measurements. The loss by accumulated
heat is than calculated from the average temperature and

specific heat of material.

P3 =M. t.c JkW/
M ... mass flow of material /xg s-l/
... Qaverage temperature of material /K/

¢ ... 8pecific heat of material /kJ kg-ZK—Z/




The loss by heat accumulated in kiln curs forms

about 3% from the input of a kiln with properly adjusted
ecoling zone.

loss by heat accumulated in vare

- the process is similar to that of kiln cars. This loss jorms

about 5% from the input.

loss by heat conduction of foundations

- this loss is very difficult to ascertain due to tke complicated
conditions of heat conduction. The item of heat conduction
of foundations in the heat balance is usually lower than § - LO%
from the thermal unit heat input. Therejfore, this loss 18
usually comprehended in the so called undeterminable losses
together with the loss by leakage and that through the in-

spection tunnel. ALl these losses form about 15% from the

thermal unit heat input.

Technological loss

- comprehends all losses for physical and chemical transformations
in the material of ware. It alternates from 3 to about 25%
from the thermal unit heat input aceording to the type and
composition of the fired material. The amount of heat
necessary for endothermic recctions can be determined by

laboratory tests of a ceramic body.

loss by heated air draught from the cooling zone

- is calculated from the amount of heated air multiplicated

by its temperature and specific heal

p V.t .c JkW/




V ... amount of heated air /e’ s_l/
t ... temperature of air /K7
-3 —
¢ ... specific heat of air /kJ m K Z/

To determine the amount of heated air, the average air
flow velocity must be multiplicated by the cross—sectional
area of the duct.

n S - AL +1

e Py . y +
Despite of the use of heated air from the co

(o}

ling zone

in the technological process (e.g. for drying or preheatirg

of the material), jor the purpose of heat balance, this heat

is considered as a loss. This item of the heat balancerof a tunnel

kiln amounts from 20 to 35%.

production of kiln

- the knowledge of this value is necessary for the purpose of
the specific energy consumptiorn determination. The energy
consumed during the measuring period devided by the production
volume during this period forms this important index enabling
the comparison of various kilns mutually, from the operation

economy point of view.

The other tests, performed during the energetical measurcrment:

combustion gases analyses

The samples of the kiln atmosphere for the purrsse of
the combusiion gases analyses are taken through the aight holes
of the kiln. The economy of combustion ts deitarmined by theuc
analyses. The air excess coefficient 18 calculated from the
portion of COZ in the combustion products and expresses the
excess of burning air above the theoretical volume. The fuel
consumption of a kiln can be calculated from the pcrtion of CO2
in the combustion products, from the amount of these products
and from the tneoretical portion of CO, in the combustion

products.




stack draught

A sufficient value of the stack draught enables the operation

of a kiln in optimal pressure conditions.

The drier being the object of testing, following values
must be determined:

- heat input

- heat losses

by efficiency of heat exchanger
- flue loss
- by exhausted drying medium from drier
- by heat conduction of brickwork
- by heat accumulated in dried material
- by heat accumulated in residual water
- production of drier
- combustion gases analyses
- relative moisture content of exhausted drying medium
- relative moisture content of entering material

- relative moisture content of dried material




III. MDU ADVANTAGES AND CONTRIBUTIONS

The advantageous arrangement of measuring instruments
and of an evaluation centre in a mobile diagnostie wnit
brings about an effective and operational uttlization of the
equipment in different production plants. The partial evaliation
of measurements on the Spot minimizes undesirable production
conditions. The contributions reached by the realization of

proposed recommendations are direct and indirect ones:

Direct Contributions

realized by

adjustment of burning conditions (adjustment of optimal aip

excess, adjustment of the outlet temperature of burners, ete. )

- adjustment of pressure conditions (reduction of too high
pressure in the firing zone brings about reduced penetration
of kiln atmoszhere to inspection tunnel)

- adjustment of firing curve (1f the temperature in some part of

the kiln is higher than necessary, its reduction brings about

lower losses by conducetion of brickwork)

=~ adjustment of entrance and exit air locks, ete.

accomplished usually by

= firing curve optimization
- temperature equalization in tﬁe eross-section (by the use
of mixing fans, by pressure ahrue adjustment, by setting
optimization, ete.)

can be realized by:

- optimalization of setting(with optimal heat transfer to and
from the fired material)




- temperature equalization in the cross-section of the untit,
firing curve optimalization (it enables in some cases to

shorten the firing ciyele and thus inecreasc the output)

Detailed knowledge of material thermal treatment gained
by the diagnostic measurement enables a suczessful substitution
for the fuel wused, together with the second measurement,
serving for optimal adjustment of the untit, firing the new
fuel.

Indirect Contpibutions

Besides the direct contributions, an indirect profit can
also be gained. A detailed technical information about the
heat consuming unit serves as the basis for
- constructional improvements
- decision about the stage of modernization *
- pecommendations on waste heat utilization (utilization of
the heat escaping From the cooling zone, by combustion products,

ete.)




IV. MEASURING EQUIPMENT OF MDU

A Temperature Measurements

Apparatus_-_sensor range

Resistance Pt thermocouples up to 600°cC

Mercury thermocouples up to 450°¢C

Ni-NiCr thermocouples in protective o

ceramice tubes up te L2oo ¢

Nit-NiCr fiexible jacketted o

thermocouples up to l200°C

Pt-PtRh thermocouples up to 1400°¢ perganently,
reaks up to L6007 C

PtRh6-PtRh30 thermocouples up to 1600°¢C permancntly,

veaks up to ZBOOOC

Digital thermometer Ni-NiCr
for both atmospheric and surface

temperature contact measurements up to 120000
Radiometer Thermopoint for surface o
temperature measurements -30 - Lloo¢C
Total radiating pyrometers 150 - 2000°cC

B Gas Flow Measurements

Apparatus range piece
Mechanical anemometer 0 - 15 m.s—Z 2
Mechanical-electrical -1
anemomecer with two ranges 0 - § m.s -1

0 -~ 30 m.s 2

Set of Pitot' s tubes with
direct indication of gas
flow veloecity length from
0.5 to 2 m 4




C Pressure Mzasurements

Digital micromanometer with
additional direct indication of
gas flow veloeity with 3 ranges

Micromanometer with changeable
sensitivity

Set of precise manometers

Annubar balance with recorder
and changeable sensitivity

D Dew Point Measurements

Digital relative humidity
measuring instrument with
temperature indication

Dew point measuring set

"Feutron"” consisting of

three probes and one plotting
recorder, each probe measures
the temperature of dry thermo-
meter and the temperature of
wet thermometer

E Combustion Gases Analyses

Transgportable analyzer "Infralyt”
with two ranges

for 002 content

S00 Paiz
- 28 m.s

- 25600 Pa

O OO OO
t

maximum
0 - 2 450 Pa 2

- .00 kPa -
0.5 MPa

(30

maximum
- 200 - 200 Pa A

range piece
S - 98%

rel. hum,

0o - 70 1

0 - L0o0%

rel, hug.

0 - Ls507¢C 2
range piece

o O
1
[N
o
o
[\U)




for CO content 0 - 2.5%
0 - 5% l
for 302 content 0 - 0.57%
0 - 1.0% 1
Apalyzer "Permolyt" for
02.content 0 - 10%
0 - 25% 1
F Gas Quality Measurements
Apparatus range ptece
Wobbe' s number meter with Wobbe' s number
built-in recorder of gemerator gas,
town gas, natural
gas and propan l
G Recording and Evaluation
Apparatus range ptece
Digital data logger with 6 inputs for
built-in printer and Ni-NiCr
automatic timing thermocouples

6 inputs for
Pt-PtRh
thermocouples

6 mV inputs [A

Compensation recorder,
writing width 250 mm 12 inputs for
Ni-NiCr thermo-
couples or FL-PtRh
thermocouples or
mV - changeable by
range modules 3

Small computer with built-in
thermal printer for 2l digits

and 16 digits display, stored
programme system with 1024 steps
in main routine and two levels of
subroutines of the capacity 1024
steps each. External storage of
the programme on magnetic cards.




H Accessories

Filters for gas cleaning

Calibrating gas for analyzers and Wobbe'! s number meter
Cables

Compensating lead wires

PVC pipes

Set of tools

Protective aids

Communication set - three pieces of short-wave transceivers




V. MDU CREW

The crew of the MDU consists of the following ezperts and

technicians:

A Team Leader - expert on energy management experienced
in production technology

Expert on thermal processes and waste heat utilization

Expert on measuring methcds

Expert on technical calculations and measurement evaluation

m o O W

Mechanician and driver of MDU

On the basis of the data obtained by the measurement proper,
the experts prepare an energy conservation study with the
recommendations on possible improvements in the spheres of energy
conservation, rationalization of firing processes, rejects

reduction and quality control.




vI. LIST OF SELECTED SUPPLIERS OF EQUIPMENT

AMR Holzkirchen, FRG temperature measurements,
relative humidity measurements,
losses through the brickwork,
gas flow veloectity,
recorders,
data loggers

AIRFLOW Rheinbach, FRG gas flow velocity,
pressure measuremeits,
relative humidity measurements,
temperature measurements,

AGA Infrared Systems,
Danderyd, Sweden temperatur:2 measurements,
thermovision systems

Ari Industries, Farnborough,

Great Britcin thermocouples, resistance thermo-
meters

BBC Brown Boveri, FRG electric multimeters,
recorders

Comark Electronices Ltd.
Rustington,
Great Britain temperature data loggers,

Hewlett Packard,
Palo Alto, USA data loggers, computers

Honeywell Inc.
Phoenix, Arizona, USA recorders, multichannel recorders,
flow measurements

Keithley Instruments, Inc.
Cleveland, Ohio,USA digital thermometers

Neotronics Ltd.,Takeley,
Great Britain electronic digital mieromanometers,
combustion gases analyzers

Phillips Eindhoven,

the Netherlands temperature measurements,
humidity measurements,
gas analyzers,
recorders

Servomex Ltd.,
Crowborough, Sussex,
Great Britain 0, analyzers




Testoterm KG,

Lenzkireh,FRG temperature measurements,

gas flow veloectty, humidity
maasurements, pressure
measurements, flue gases analyzers

Takeda Riken Co., Ltd.
Tokyo 176, Japan data loggers, recorders,
computing data loggers

Taylor Ltd.,
Great Britain analyzers

Ultrakust, Ruhmannsfelden,

FRG temperoture measurements,
gas flow velocity,
recorders ard data loggers,
relative humidity measurements

VDO Mess-und Regeltechnik
GmbH, Hannover, FRG recorders

VEB Junkalor Dessau, GDR gas analyzers, pressure
measurements, Wobbe' s number

VEB Thermometerwerk,
Geraberg, GDR thermocounles

Wélhelm Lambrecht, GmbH,
Gottingen, FRG gas flow velocity




VII. FINAL NOTE

The diagnostic melIsuremencs o heat consuming equiprents
have an indispensabl. pos.:Zon in the system of energy managerent.
They help to solve erergy problems which become ever more the
limiting factors of further industrial develspment in both

the industrialized and developing countries.

Anowledge and experience gainea within the Trust of Czechoslo-
vak Ceramic Works with the application of mobile diagnostic units
of the Research Institute for Ceramics, Refractcries and Raw
Materials tn Pilsen have showed a hkigh effect brought about.

Annual contributions reach up to 55 TJ of heut energy which

represents 1380 tonnes of fuel oil.

The UNIDb-CzechosZouakia Joint Programme for International
Co-operation in the Field of Cerumics, Bullding Materials and
Non-metallic Mimerals Based Industries in Pilsen elaborated this
paper as an initial information for the developirg countrics
intending to construct and wutilize their own mobile diagnostic

units.
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