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ABSTRACT 

Mobile Diagnostic Unit /MDU/ serves as an effective 

means of technical data collection through diagnostic 

measurements of the heat cons~ming equipment in productio~ 

plunts. 

The evaluation of measured data by a team of specialists 

results in recommendations on operation optimization to 

reach energy savings, production intensification, quality 

improvement and reject reduction. 

The interest of numero.is developing countries, such as 

Inciia, Turkey, Libya, Egyp~. Brazil and Iran in the MDU operation 

evoked the preparation of this paper in which the essential 

information rbout the MDU equipment and measurement procedures 

is presented. It also inform3 of the MDU crew Jnd ~ontribution~ 

from the realized recommendations which are worked out by the 

the experts en the basis of test results. A list of selected 

suppliers of measuring equipment completes the publication. 

I 
' 
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I. INTRODUCTION 

Diagnostics of heat consuming equipment represent 

an imporLant item in the Scheme of energy management. 

Providing the experts with an objective information about 

energy consumptions and course of thermal treatment in 

the respective equip~ent, diagnostics enable to construct 

conclusions and recommendations on the improvements in its 
operation. 

Mobile diagnostic units used for many years by the 

experts of the Research Institute for Ceramics, Refractories 

and Raw Materials in Pilsen have proved tc be an effective 

means of data colletion and evaluation. These units were 

designed a1d assembled by 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 Pilaen is ready 

to satisfy the requests from developing countries concerning 

technical information, technical assistance and know-how transfer 

to assist thus the developing countries in the construction 

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 cor.1pe

titive prices of products and enable the entrepreneurs to 

expand the production in conditions of a limited availability 
of energy sources. 

-I 
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The equipment of MDU complies with the application 

not only in the ceramic industry for whi~h it was originally 

designed but with the application in other industries, such as 

glass, meta~lurgy and te~tile industries. Nevertheless, the 

instrumentation is regularly supplemented in dependence on 

the development of apparatuses available on the wo1•ld market 

which will faciZitate the application of MDU. 
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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 a~d steps to improvg the production 
parameters. 

There are two types of diagnosti~ measurements, eithar 

focused on the technnlogical process optimizatLor. or on the 

enerby conservation. Nevertheless, the complex measurements, 

e.g. combination of the technological and ener9e;{cal 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 dtatement and ~·aft all suitable and 

recommendable adjustments and changes which ave to be realizeJ 

for the perfect and effective service of the unit. 

Regardless of the type of measurements (en~ ?getical or 

technological), the activities performed during the measurementa 

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 organ{zation.arranaements or recommendation~ 

on heat balance or reconatruc~ion purµoae~. 

. I 
I 
' 
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Technological Measurement 

The technological type of measuremen~ 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 graphically by firing curves, measured in several 

points in the cross-sectio~ (Figure l). The measuring points 

must be located so t~at the measured temperatures give the 

sufficient information about the temperature distribution in the 

cross-section of the unit. The measurement must infor~ about 

the temperature differences in the horizontal as well as in 

vertical directions and about the differencec between the inner 

part and surface of the setting. 

For the firing curve investigation.in a tunnr-l kiln, a 

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

drilled through and thermocouples are pushed through the holes 

and fixed in the measuring positions. Cold junc~ions of the 

thermocouples are fixed under the steel boggie of the measuring 

kiln car. They are cor.nected 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). Beside~ the firing curve, 

the pressure of the kiln atmosphere is measured and combustion 

gases analyses are done as well. 

A drier being tested; the most important data are as followa: 

- courRe of temperature 

- course of the dew point 

- drying medium flow velocity 
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A probe, measuring the drying medium dew point, is 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 is measured either by anemometers or by 

Pitot' s tubes. 

All the technical data gathered by measurements together 

with the information abJut 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 ar~ 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 o~timal 
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 is ~he heat balance of the tested equipment. 

It i~cludes 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 fo1,lows: 
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heat input 

- is determined from the calorific value and amount of 

the fuel consumed 

M 

H 

P = M . H /kW/ 

amount of fuel consumed 

calorific value of tt~ fuel 

-l /kg.s I 
-l /kJ.kg i 

To reach a better precision of the heat input determination 

and to check the results obtained by the dii'ect method,the i1;

direct method is used very frequently. The heat input is cale~lat~d 
from the combustion gases analyses and from the amount of 

combustion gases drawn from the unit by this method. 

A small portion of the heat energy entering the unit 

is formed by specific heat of the fuel (usually l to 2%). 

flue loss 

- is determined from the volume, temperature anJ upecific 

heat of combustion gases 

v 
t 

pl = v . t . c /kW/ 

volume of combustion aases 

temperature of combustion gases 

specific heat of combustion gases 

/m3s-l/ 

/K/ 
/kJ m_JK-l/ 

The volume of combustion gases is calculated from the flow 

velocity and the cross-sectional area of the duct. The flue loJu iv 

of a firing proceuu. It cannot be 

lowered under a certain limit ensui'ing pro~er preaaure conditionu 
in the kiln. 

The flue loss of a tunnel kiln with opened fire formu 

usually about 25% from the input. 
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loss by heat cond"ction of bri~kwork 

- for continually operating kilns it can be derived from the kiln 

atmosphe1•e temper,ature, heat conductivity of b1•ickwcrk, s;,,.1•face 

area of lining and temperature of the ambient 

k 

At 

s 

P
2 

= k • A t . S /kW/ 

heat transfe 1• coefficient 

temper•ature difference between 
inner and ambient temperature 

lining area 

-l -l - 2 
/kJ s K m I 

/Kl 

The loss by heat conductivity of lining forms usually 

about l5 from the input of a continually operating kilns 

with the classical type of lining (e.g.combination of fireelay 

and rad bricks) and less than l0% from the input of a kiln 

insulated by up-t~-date insulating materials (e.g. light-weiaht 

refractories and fibres). 

Zoss by heat accumulated in kiln cars 

- to ascertain this less, the average temperature of the kiln 

car lining and average temperature of iron boggie must be 

determined from several measurements. The losa by accumulated 

heat is than calculated from the average temperature and 

specific heat of material. 

M 

t 

a 

PJ = M • t . c /kW I 

mass flow vf material 

average temperature of material 

speaifia heat of material 

/kg s-l/ 

/K/ 
/kJ kg-lK-l/ 
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'!'he loss by heat accumulated i.n kiln cai•s foi•ms 

about J% from the input of a kiln with properly adjusted 

cooling zone. 

Zoss by heat accumulated in ~2re 

the process is similar to that of kiln cars. This Zoss forms 

about 5% from the input. 

Zoss by heat ~onduction of foundations 

- this loss is very difficult ta ascertain Jue to tke complicated 

conditions of heat conduction. The item of heat conduction 

of foundations in the heat balance is usually lower than 5 - l07o 

from the thermal unit heat input. Therefore, this loss i;:; 

usually comprehended in the so called undetermir.able losse~ 

together with the loss by leakage and that through the in

spection tunnel. All these losses form about l5% from the 

thermal unit heat input. 

rechnological loss 

- comprehends all losses for physical and chemical transformationa 

in the material of ware. It alternates from J to about 25% 

from the thermal unit heat input according to the type and 

composition of the fired material. The amount of heat 

necessary for endothermic reactiona 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 heat 

p4 = v . t . c /kW/ 
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v· amount of heated air Im"' -l ' s I 

t temper'ature of air /Kl 
_J 

K-ll c specific hear; of air /kJ m 

To determine the amount of heated air, the average air 

flou velocity must be multipli~ated by the c1•o::;s-sectional 

area of the duct. 

Despite of the use of heated air from the ~oolina zone 

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

of the material), JOI' the purpose of heat balan~e, this heat 

i.s considered as a loss. This item of the heat balance• of a tzwnt.! l 

kiln amounts from 20 to 35%. 

production of kiln 

the knowledge of this value is necessary for the purpose of 

the specific energy consumption determination. The energ& 

consumed during the measuring period deviJ~d by the prod~ciion 

volume during this period forms this important index enab!ing 

the comparison of various kilns mutuallb, rr·0.71 the oper·ation 

economy point of view. 

The other tests, performed during the energetical meaaur~Munt: 

combustion gases analyses 

The samples of the kiln atmosphere for the purr~se of 

the combusr..ion gase;; analyses are taken thr·ough the sight hoZ.:.; 

of the kiln. The economy of combustion is de~armined by the~~ 

analyses. The air excess coefficient is calculated from the 

portion of co
2 

in the cvmbustion products and expresses the 

excess of burning air abnve the theoret~cal volume. The fuel 

consumption of a kiln can be calculated from the p~rtion of co 2 
in the combustion products, from the amount of these produaiu 

and from the theoretiaal portion of co 2 in tht combuation 

products. 
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stack draught 

A sufficient value of the stack draught enables the opeI'ation 

of a kilr. in optimal pressure conditions. 

The drier being the object of testing, fQllowing 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 matdrial 

- relative moisture content of dried material 

... 
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III. MDU ADVANTAGES AND CONTRIBUTIONS 

The advantageous arrangement af measuring instruments 

anJ of an eval~ation centre in a mobile diagnostic unit 

bi•ings about an effective and operational utilization of the 

equipment in different production plJnts. The partial eval1ation 

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 

f ~~~~~-£~~~~~~~!ie~ 
realized by 

adjustment of burning conditions (aijustment of optimal air 

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

- adjustment of pressure conditions (reduction of too high 

pressure in the firing zone brings about reduced penetration 

of kiln atmos~here to inspection tunnel) 

adjustment of firing curve (if the temperature in some part of 

the kiln is higher than necessarb, its reduction brings about 
lower losses by conduction of brickwork) 

- adjustment of entrance and exit air locks, etc. 

accomplished usually by 

- firing curve optimization 

- temperature equalization in the cross-section (by the use 

of mixing fans, by pressure a'urve adjustment, by setting 
optimization, etc.) 

can be realized by: 

- optimalization of setting(with optimal heat tranufer to and 
from the fired material) 
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temperature equalization in the cross-section of the unit, 

firing curve optimalization (it enables in some cases to 

shorten the firing cycle and thus increas~ the output) 

Detailed knowledge of material thermal treatment gained 

by the diagnostic measurement enables a d~~~dssfu! substitution 

for the fuel used, together with the second measurement, 

serving for optimal adjustment of the unit, firing the new 

fuel. 

Indirect Contributions 

Besides the direct contributions, an ir:Jirect 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 • 

- recommdndatio~s on waste heat utilization (utilization of 

the heat egcaping :rom the cooling zone, by combustion produ~tu, 

etc.) 
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IV. MEASURING EQUIPMENT OF MDU 

A Temperature Measuremer.ts 

Resistance Pt thermucouples 

Mercury thermocouples 

Ni-NiCr thermocouples in protective 
ceramic tubes 

Ni-NiCr fiexible jacketted 
thermocouples 

Pt-PtRh thermocouples 

PtRh6-PtRhJO =hermocouples 

Digital thermometer Ni-NiCr 
for both atmospheric and surface 

temperature contact measurements 

Radiometer Thermopoint for surface 
temperature measurements 

Total radiating pyrometers 

B Gas Flow Measurements 

Mechanical anemometer 

Mechanical-electrical 
anemome;er with two ranges 

Set of Pitot' s tubes with 
direct indication of gas 
ffow velocity 

!'.~~!!£ 

0 - l5 m.s-l 

-l 
0 - 5 m.s -l 
0 - JO m.s 

length from 
0.5 to 2 m 

up to 600°C 

up to 450°C 

up tc l200°c 

up to l200°C 
0 

up to l400 C perman~ntly, 
l600° c peaks up to 

U[J to Z6oo0 c 
1;eaks up to 

up to l20o0 c 

-JO - ll00°C 

l50 - 2000°c 

2 

2 

4 

pe11r;~nenc;ly, 

lB00° C 
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C Pressure Measurements 

Digital microm~nometer with 
additional direct indication of 
gas flow velocity with 3 ranges 

Micromanometer with changeable 
sens.itivi ty 

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 Analyse~ 

Transportable analyzer "Infralyt" 
with two ranges 

for co2 content 

0 - l20 Pa;_l 
0 - l4 m.s 

0 - 500 Pa;_l 
0 - 28 m ,, . " 
0 - 2500 Pa 

max-z.mum 
0 - 2 450 Pa 

- :oo kPa 
0.5 MPa 

maximum 
- 200 - 200 Pa 

5 - 98:~ 

rel. hum. 
0 - 70°C 

0 - ZOO% 
re Z. hum. 
0 - l50°C 

0 - l0% 
0 - 20% 

2 

5 

2 

2 
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for co content 

for so
2 

content 

Attaiyzer "Pe 11 mo l y t" for• 
o

2
. content 

F Gas Quality Measurements 

Wobbe'~ number meter with 
built-in recorder 

G Recording and Evaluation 

Digital data logger with 
built-in printer and 
automatic timing 

Compensation r>ecorder, 
wr>iting width 250 mm 

~mall computer with built-in 
thermal printer for 2l digits 

u - 2 • .5 % 
0 - .5 % 

0 - 0.5% 
0 - l..0% 

0 - l.0% 
0 - 25% 

Wobbe' s number> 
of generator gas, 
town gas, natur>al 
gas an.d p1'opa11 

6 inputs fo2• 
Ni-!Ji Cr 
chermocoup les 

6 inputs fo"f' 
Pt-PtRh 
thermocouple,; 

6 mV inputfJ 

l2 inputs foi' 
Ni-Ni Cr the r•mo
c::oup le s or ~l-PtRh 
thermocouple;; or> 
mV - changeable by 
r•ange moduleG 

and l6 digits display, stored 
programme system with l024 steps 
in main routine and two levelD of 
subroutines of the capacity l021 
steps each. External atorage of 
the programme on magnetic cards. 

l 

l 

l 

3 
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H Ac>cessor·ies 

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 
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V. MDU CREW 

The ere~ of the MDU consists of the following experts and 

technicians: 

A Team Leader - expert on energy management experienced 

in production cechnoZogy 

B Expert on thermaZ processes and waste heat utilization 

C Exvert on measuring methods 

D Expert on technicaZ calculations and measurement evaZuation 

E Mechanician and driver of MDU 

On the basis of the data obtained by the measurement proper, 

che experts prepare an energy conservation study with the 

recommendations on possibZe improvements in the Jpheres of en~ray 

conservacion, rationaZization of firing processes, rejects 

reduction and quaZity controZ. 
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VI. LIST OF SELECTED SUPPLIERS OF EQUIPMENT 

AMR Holzkirchen, FRG 

AIRFLOW Rheinbach, FRG 

AGA Infi•ared Sys terns, 
Danderyd, Sweden 

Ari Industries, Farnborough, 
Great Britain 

BBC Brown Boveri, FRG 

Comark Electronics Ltd. 
Rustington, 
Great Britain 

Hewlett Packard, 
Palo Alto, USA 

Honeywell Inc. 
Phoenix, A~izona, USA 

Keithley Instruments, Inc. 
Cleveland, Ohio,USA 

Neotronics Ltd.,Takeley, 
Great B1•itain 

Phillips Eindhoven, 
the Netherlands 

Servomex Ltd., 
Crouborough, Sussex, 
Great Britain 

temperature measurements, 
relative h~midity measurements, 
losses through the brickwork, 
gas flow velocity, 
recorders, 
data loggers 

gas flow veloeity, 
pressure measureme,ts, 
relative humidity measurements, 
temperature measurements, 

temperature measurements, 
thermovision systems 

thermocouples, resistance thdrmo
meters 

electric multimeters, 
recorders 

temperature data lopgers, 

data loggers, computers 

recorders, multichannel recorders, 
flou meaaurements 

digital thermometers 

electronic digital micromanometer~, 
combustion gases analyzers 

temperature measurements, 
humidity measurements, 
gas analyzerr;, 
recorders 
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Testoterm KG, 
Lenzkirch,FRG 

Takeda Riken Co., Ltd. 
Tokyo l76, Japan 

Taylor Ltd., 
Great Britain 

Ultrakust, Ruhmann3jelden, 
FRG 

VDO Mess-und Regeltech~ik 
GmbH, Hannover, FRG 

VEB Junkalor Dessau, GDR 

VEB Thermometerwerk, 
Gerabe:rg, GDR 

Wilhelm Lambrecht, GmbH, 
Go'ttingen, FRG 

• 

temperature measurements, 
gas flow velocity, humidity 
measurements, pressure 

_l __ _ 

measu1•emen ts, flue gases ana lyze1·;; 

data loggers, 1•,u:order;;, 
computing data loggers 

analyze i's 

temperature measurements, 
gas flow velocity, 
recorder;; and data loggers, 
relative humidity measurements 

reco:rder-s 

gas analyzers, pressure 
measurements, Wobbe' s number 

thermocoi..p le s 

gas flow velocity 
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VII. FINAL NOTE 

The diagnosr;ie rr:._.isiu·..;;:«n;;:,;:; oj heat consuming equipr1ent:; 

have: an in.iisc;ensai.il~ ~·.>.;,-ti.Jn ·in the systtJm of energy manaaer.~.:rzt. 

They help to solve er:ei··;nJ pl•oblems which become ever more the 

U,,,rit-ing facto1•s of furthe1• inJitstr>ial develapment in both 

the industrialized and developing countrie:;. 

KnowleJge and experience gained within the Trust of Czechoslo

vak Ceramic Works with the application of mobile diagnostic unicu 

of the Research Inscitute for Ceramics, Refractories and Raw 

Matei•ials in Pilsen have showed a high effect b1·ought about. 

Annual contributions reach up to 55 TJ of heut energy which 

1•epresents lJBO tonnes of fuel oil. 

The UNIDO-Czechoslovakia Joint Programme for International 

Co-oper•ation in the Field oj Ce!'umie;;, Buil..,Ung .~Jcilerials and 

Non-metallic Minerals Based Induutries in Pila~n elaborated thiu 

paper as an initial information for the developino countrieJ 

intending to construct and i..cilize their own mobile diagnoutie 

units. 

t 
I 
; 
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AN:VEX 

List of Fi9u1•es 

Figure l Firing Curves of a Tunnel K~ln 

Figu::oe 2 Measuring Kiln Car 

Figure J Di•ying Curves of a D1·i<:1· 
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F'igure 2: Meaouring Kiln Car 




