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l. L!aasurill§ the temperatures • 

llecording -
Compensation recorder with excbant;able range 

Sensors -
Ft 100 thermometer 
Thermooouples pt Rh-Pt H~-cr l'e-Oo 
Optioal p:rrometers 150 - 2000°c 
Contact thermometers :for measuring surf aoe temperature 

2. Measuring· the tsmperature gnd the dew win-G 

Compact unit 
plotting recorder + source - ~eutron 

Sensors -
pt 100 thermometer 
Li-Cl sensor of the dew point 

J. Measurinp; the flow velocit1 

Reoo:cding - plotting recorder 
Sensors for reoording - propeller anemometers 
Anemometers for direct measuring without recording .. Pittot s tubes + mioromanometers for direct measuring 

4. Lieyurinr; th@ bur8t Rroduots oomsijip,p 

Recording - plotting recorder 
Instruments - Intralit : gg2 

Pemolit - o2 

5. Ueyµrinp; the r;as quality 

Gas composition - O~satchromatograph 

Measur:tnc the ~&ti.lg valuo - instrument for direct 
• measuring the Wobbe • number 
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Instruments for Equipment of the Kobile lleasuring Laboratory 
of the Institute for Ceramics, Refractories and Raw Materials 

at Horni Briza - Czechoslovakia 

The urgent need of a mobile equipment for checking 
thel.'Dl81 processes in the plants of Czechoslovak Ceramic Works 
was felt ill the Institu·te in conuection with the elaboration 
~f the assignment "Research of the rational utilization of 
energies". In the initial phase the utilization ~f such an 
equipment was considered only for the f ollowinc; or thermal 
econo~ of heat1ng processes. Later, however, this issue was 
reconsidered in a complex way, 1. e. an equipment capable 
of measuring both the power and technology parameters was 
taken into account. 

The whole equipnen't of the mobile measuring laborator.v 
was installed in the van ll'A and its trailer. Measuring 
instruments were selected \11th regard to the possibility 
to.conduct power measui-ements, i.e. for determination of 
thermal balances and for asce1'"tainment of .teclmol.ogical 
~onditions in thermal processing of ceramic materialc. 

Besides · measuriJl& in driers and kilns also othel" 
heat processing equipment can be measured, e.g. boilers 
and generators. 

The instrumentcU. equipment of the van ~ontains also 
devices for checking and calibrating the instrument3 and 
for minor repairs. 

The measurements are extensive and heterocenous. 
The most important equipment available and its ~pplication 
is as f 'Jllows: , 

1) Mea;ni;Q.n6 the temperature 

In measuring the temperature most frequently measurements 
of. atmosphere temperature and of surface temperature are 
required. lor the atmosphere measurement orthodox sensors 
are applieds for the raJ1GO up to 60Q0 o - resistance pt 

thermometers, up to 1200°0 - thermocouple• N1-N10r are 

I , I I 

I 
I I 11 

J 
I I I 
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applied. In this case so cal.1ed coated thermocouples 
are used to a considerable exte~t. The advantage of these 
thermocouples is a substantially shorter time constant 
in comparison to orthodox wells. These thermocouples are 
al!Jo flexible and measurements can be conducted even in 
spaces with difficult access. These thermocouples are 
delivered in length up to 5 m and even 1011Ger (on request). 
!rile possibili~ies of application are considerable • .Por 
example the firing curves in tiu: multi-channels can be 
measured by these thermoc~uples. In this case they are 
applied 1n a similar WQ as in measuring the heat field 
in the gradient furnace. By inserting the thermoooup;Le 
intc the kiln and by its·grp-!ual withdrawing immediate 
firing curves on the followed channels were obtained 
within a few minutes. The measurements by the usual 
method would take some tenths, of ~ours. 

Por temperatures up to 1400°0 the thermocouple wire 
PtRh 10 - Pt is applied, for higher temperatures the wire 
P:tRh 30 - FtUh 6. 

Por the measurint; 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 cm. A great advantage of this recorder 
is the possibility of a prompt exch&nce of measuring 
ranges and of arbitrary combinations of two different 
ranges. 

One recorder can measure 12 measurine points. 
These recordera can be applied for measurinb and recording 
of temperature indications, besides they are provided by 

standard ranges in mv. The&e ra11ges enable a series of 
further measurements. For example simultaneous temperature 
measurement• and temperature· differences with increased 
sensitivit7 can be conducted. This measurinc method can be 
applied in following the heating rate of a setting. 

-·-=--·-····..,.t .. ,.,.,.~ 
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For measurinc the surf ace temperature ~he van is 
equipped by thermoelectric contact thermometers. For higher 
temperatnre ) fully radiating pyrometers with mutually 
overlqping r~es are applied which enables to take 
measurements and temperature recording if need be within 
the temperature range of 150 - 2000°0;. 

2) Measuring the ;;as flo\"I 

The van is equipped by orthodox.mechanical anemometers 
and mechanical-electrical· anemometers for r11ea."l1.lring the 
flows in driers and the sucking of fans. The anemometers 
con be connected to a specially adjusted recorder which 
enables to conduct a louc;-term ::.nvcstigation of floVI 
conditions. Thesa anemoroetera can bG applied also in 

measuring caJ.•s in channel driers. The van is also equipped 
by some types of Prand·~1' s tubes for measurin(; in the 
tubing. These tul?es can be applied also for meo.aurins the 
flow of the gene~ator gas. 

J) Measurjng the pressure 

The most frequent task is the meaaure1nent of low pressures 
both in pnewnatia equipiuent and in the ascertainment 
of draught conditions. To this purpose incliuable liquid 
micromanor11ete1•s aro appl~ed. In case of ueed to record 
the indication annular balance with the basic range 
I 50 Pa can be applied. ~or measuring higher presaurea 
the van is equipped by a series of precise manometers. 

4) lleg.suring tho.dew po1nt 

The knowledge of the dew point in the dryint; equipment 
is of a great importance. To this purpose tra..~~portable 
suts were applied produced by the form Feutron Groiz in 

'· / 

GDR. The equipment consists of 3 probes and one plotting 
recorder. Eve17 probo consists of a temperature resistance 
sensor (t£mperaturo of clr.y thermometer) and ot a dew 
poin.t sensor (temperature of wo'V thormon1otor) • Tho sensor · 
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of tha dew point is based on the tension co111pensat:ton 
of vapour produced by the LiCl electrolyte and vapo,ir 
of the ambient. The stabilized temperature equilibrium 
corresponds to the temperature of the dew point. Thia 
set in connection with mechanicd-electrical. anemometers 
represents an equipment by which the-basic '(>aremeters 
of the drying process - the temperaof;ure, tho dew point 
and the flow velocity of the dr.rins medium - can be 
measurEoi and recorded. 

5) Ueasuring the properties of combustion gases - annl:ysis 
of combus~ion products 

Por ascertainment of heat:lng gases compoaition the van 
is equipped by an Orsatchromatograph. Vii th regard to the 
difficult transport of this instrwnent the application 
of the Wobbe's number meter seems to be more suitable. 
The :f.nstrument delivered by the fi:."m Junkaler Dessau 
determines the Wobbe's number (the ratio oi the heatinB 
value and the second root of the gas dcns:i.ty) by measuring 
the temperature rise of a conatant quantity of the air 
flowing through the combusted gas. The output signal 
is the voltage of the thermobatter.y which is registered 
by the recorder directly in values of the Uobbe's number. 
The measurement precision reaches 5 - 10% with regard 
to the a~~lied calibration. The precise_oalibration 
is carried out 'bJ' means of calibration ens mix delivered 
by the producer. The instrwnent is a.9-3usted for measurinG 

' the \Yobbe s number of the generator and natural cae.os. 
This instrument was successfully applied in measuring 

tunnel kilns in one of our plants where the reasons of 
fluctuating firing temperature hnd to be ascertained. 

For checking the firing process the mobile laborator.y 
is equipped by transportable analyzers a11d by instruments 
installed in the van. ~he Instrument Ini'ral1t is applied 
tor the determination of the Co and co2 content where 
the aelective absorption of the intra.red radiation b7 the 
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measured gas is utilized for the determination of the 
conteut of the component looked for. For measuri.llg 
the oxygen content the instrument Permolit was applied 
working on the increased permeability of oxygen with 
reglJ.rd to other gases. 

The instrument for the determination o~ co2 and o2 
contents consists of cleaning and dryill6 tilters,m7itcher 
of withdrawal points, analyzers and plotting recorders. 
The operation-of recorders end switcher is syi1cbronized, 
consequently measuranents can be taken oimultene9us17 
in 3 points. The e..""Ctracti~n of combusted products is 
conducted by pumps through eJd1.raction probes from a 
corrund\Ull material. 

Analyzers are applied in checkinG combustion conditions 
and in inspecting thP. fUnction of burners. Also the ascertain
ment of the. air s·.:.clr:e.n. iu by leakages of kilns is important. 
It ia applied eapecially in tunnel kilns where the tightneas 
of sand grooves can be checked. The measurement Of the kiln 
atmosphere in the preheatin{; zone sho\1s the ccononw of kiln 
operation and potentia+ reaoons of creat temperatltre~ 
differences in the kiln profD.e. 

Analyzers are delivered with the calibratinG cae mix 
in pressure bottles enablinc a prompt and precise checkine. 

The basic equipment of the mobile measuri.JlG laboratory 
has been abridcedly prosented. The mea.mtrinc activity propor 
has been performed for some yea.rs. Durin,1 t~is time 
measurincs in tunnel kilns, channel di•ierr.;, .lr"'Jins mills m1d 
electric kilns hnve been token. The n1ear:urements are of 
di ff vrent character e.ccorll.inc to the requ:f.remcnta 0£ '.;he 

plants. Every measurement is accompm1iod by n complex 
assessment of the equipmel1t m1d oriented to the obJective 
followed by the client. The conducted measuranents are. 
evaluated from the following v1ew-po1ntss 

a) Heat balances 
b) 71r1ng curves related to technoloSY 
c) Waste heat utilization for dr.ving 
d) Heat losses thztouGh tbe lir1in~ into tho ru.1b~,cnt 

I I I 
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e) Substitution of fuels of high quality,_ by lo\Mr quality 
combustibles 

It ~ 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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UBIDO-Czechoslovakia Joint Programme for International Co-operation 
in the :rield of Ceramics, lklilding llaterials and Hon-metallic 

llimrral.a B.aaed Industries ------- ------- - ··-- ----------------· --· _._ ----- ... ---

!Jlera_22!!&..mt1!2D 
(b7 the Mobile Diagnostic Unit) 

-Specification of initial information for planning 
and preparat_ion of measurement of heat generating equipaent 
bJ' t~ llobile Diagnostic Unit is specilied as follows: 

1. Countr;r, establishment, k1ncl of production 
2. !rJpe of the equipment .to be testeC., producer of the 

equipment 
). Characteristic of the equipment to be tested 
4. ~echnical parameters 

a) energy suppl.y {voltage, periods/sec., gaa pressure, 
temperature of delivered m&di'Wll - e.g. 
dr;ring air) 

b) of the thermal process on the equipment 
Year of the putting the equipment into operation 
Description of present technical condition of the equipment 
Kind of the product, its ilnput and output qualitative . 
or;technological properties {if dealt with semiproduct) 
~ime 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) aot~al averag" ot the last .6:month8, related to the 

working time of the equipaent 

I I I I 
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10. Method of the output measurement of the equipment 
(ava:Ll.l\ble applied equi.paent with aeaauring technique) 

lle Technical parameters and CODSWRption of fuel (energ), 
its calorific value evaluated as the average of the 
last 6 months 

12. Method of energy conswaption measuring, available 
equipment with measuring techn1que 

1). Contributions ezpectecl: 
- energy conservation 
- quali't7 ~rovement 
- illllaterial· (heat balance, in;formation for reconstru.ction,etc.) 

14. Basic drawings - asseab:...r drawings, conception studies, 
proapectuaes of the producer, guaranteed parameters, 
l.q-outs,etc. 

·--... ... ,..,,._ ,,.~ ... ~~ ~ ..... ~,, ~ .... _. ...... ~ ' 
I I 

I 111 I II I II 

1 

_J 
I I 



• 

ll 
I I II 

' 

TECHNXC.\L Ra>0nT 

ON Tue· IlM:STIGr\TlOrl OF OPcr.,.;.nON 

CARRia> WT ON A. TUi#~L laUI FOR 

FIRING ~&V·IXC S·IQZ:.XC TILES 

/based on roeoarch actiVit1o& of tho Resoorch 
Inatitute for Cerogics. Rof roctorioa and 
Rew Hatoriela at ttomi Dfiza - CZochoelovakia/ 

. 
1' \ 

t 

J 
I 

I I 



C 0 HT E ti TS 

Pogo 
.., 

' '!- 1. lntroduction 
.. 

• t:-

t 2. Technical paras:ietera of tho plant 2 

r 3• Hathod of uoaeuroaont . 3 

~ • t' :> ~- t10aaur1n9 condition• 3 ,. 

5. Hoaeured end calculated \-Uuo• 5 < 

r 6. ttoat balenee of tho kiln lS 

' 
. 7 • Evaluation of teoi:Lng reoulto 17 
;;, 

; 
~ 

o. Propoaal of arrangementa ~1 

~ 

r· u. Expected contrtbutiono 23 

i 
c 10• Conclueion 

;!3 

• AnnOx Ho. 1 • Uet of obbroviationa ;:4 

f 
t-. t.nnex No • .I:. • List of t;ibloo 2.G 
,; 

'· 

t 
AAnox No. J • schomo ot o rJOoour~a kiln car f!.7 

Mnox uo. 4 • Firing curvoa ~B 

l ·~ ' I - J 
II 

II I 1111 I II I I I I II I I I I 11 



n . 

. 

t 

. 

-2-

l. IN!RODUCTIOlJ 

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 of ce:ramics, building. 
materials, non-metallic based indusjries and energetics. 

The target of the measurement was to appreciate the 
econOJll1'·&Dd (lUality of the firing process and to investigate 
the reasons of increased breaking of support plates for 
fil'."ing mosaics. 

2. TECHNICAL PARAMETERS OP THE PLANT 

project present state 

Type of the kiln ••••••••••• tunnel semimuffled kiln 
·p1red product ••••••••• clazed mosaics glazed mosaics 

2x2cm 4x'l1.cm 

Puel ••••••••••••••••••••••• town gas 
Output in mosaics ••••• 550 ~h 
Output including 
firing furniture ••••• 1997 kc/h 
Pirine temperature ••••••·• 
Year of putting 
into operation •••••••••••• 

4 x 8 cm 
14445,0 kJ/lrm.) · 

505 kg/h 

1923 kc/h 
1050°0 

1975 
Number of burners 10 pairs ot auxiliary burners plus 

ll pai~s of main burners 
·lfumber of cara in 
the kiln •••••••••••••••••• .. 27 
Mass of the setting 
on the car •••-•••••••• 489,6 kc 427,4 ka 

I ' I • ' 
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Piring curve - measuring kiln car: 

The measurement wae taken by four jacketed thermocouples 
N'i-HiCr place as shown in Amlgx iio. t: With i•egai•d to 
a considei,bie high temperature in the inspection tunnel 
(more than 250°c) a compensation line lfiCr could not 
be us~d. Therefore the connection without compehsation 
was applied an1l temperatures of the heads of thermocouples 
were registereh and corrections of meamu"ed values 
additionally calculated. This arrangement had partly negative 
influence upon the accurancy of measurement. 
TJ:.9 offtake of combustion products for analysis as well as 

the checking of.the firing curve were .done thl·ough the 
sight holes of the kiln. 

4. DASURDlG CONDITIOlJS 

The measurement was taken in the course of stabilized state 
of the kil.r.. operation. (Uniform advance of k~ln cars, 
no interventions with the kiln were carriud out). 
The average kiln car advance: each 4&. 5 rain. l car 

:Basic operatinc values and settinc of baoic reculating 
elements is ailown in the followiJl3 table (see next page). 

Average gas preesures Liain burners 
Auxiliary burnera 
Radial burners 

)9,24 lcP& 
J,4.3 kPa 
1,08 kPa 

I I I I I II I 
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---------------
Section J.ia:i.n burners Radial burners 

------------ -----------------+ 
Gas Air Gas Air ------------- -------------.. 

5 . JJW:i. tched off --------------··,--,,,. ... _____________ _ 
switched off 

7 swi,tched off 
',• --------------- -------------

7··8 ignited 

8 ,• D9 4 open-net ignited -------- -------------- -----------------
c 1~5 4 

9 ignited 
-------------~-----

-~9-10 A9 4 

10 A 8.5 4 swi .. ~hed off 
-------------------

11 B2 4 

---------- ---------------
12 1/4 5/8 open-not ignited ---------

______ .. _______ _ 
---------------- --------------------

12-13 ii:llitcd -------- ------------- -------------~--- ----~-~-------------
13 1/4 1/2 

---------- ----------------- --------------------
ll·-14 open-not ignited 

--·-------- --------------- -----~----------- ---------------------
14 1/2 1/4 --------- ------------- ----------------- ----~---~----------
14-15 1/2 'J/8 switched off 

-----.. --~- -------------~~ 
_____________ .. ____ -------.. 1';-----------

+ opening of the inlet (om) 

l __ J 
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5. llBASURED AliD CALCULADD VALUES 

5.1 Piring curves measured in the cross-section of the kiln 
are indicated in the table l:o. l. )'or comparison 
indications measured through the sight holes of the 
kiln are given and the indication of the pe:rmanentl-7 
i~talled operation ll8&8Ur1ng instruments. 
The location of thermocouples on the measuring kiln 
car and the graphical demonstration are shown in the 
.Annex do. 1. 
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f Table No. 1 Courge of tem2eratux·e !!1 the kiln 'QC) r 
i 
t 
~ 

;~--~r~~;~~~~~ 
-- ------l through operation '> .. sight measuring r. .. 

f holes , 
' 

.. ____ 
------------.. ----------------- ~------ -----------

I ) 3.7 728 678 467 400 545 

l ).5 4.4 809 748 496 468 740 
4 5 859 81) 569 542 
4.5 5.6 IJ29 8)7 .656 629 

- 5 6.2 88) 897 78) 757 795 
5.5 6.8 945 960 ~2 951 
6 7.5 1024 1024 1040 1026 
6.5 0.1 1035 1040 998 1013 10)0 885 

r 

f 1 a.1 1060 1065 1025 1035 1050 
1.5 9.4 1080 1055 10)7 1034 1020 975 '-

i 8 10.0 1080 1058 1050 1055 1010 t 8.5 10.6 1060 1050 1071 1081 1055 
t' 9 11.2 1075 107~ 1092 1105 1010 ;:>" 
"" 

i 9.5 11.9 1045 1055 1065 1092 1030 
10 12.5 100) 1020 lOlS 10.30 f 10.5 13.1 1042 1067 1058 1078 1080 1040 • ;:. 

~ 11 13.7 104~ 1065 1045 1092 1055 
i e 11.5 14.3 960 1008 966 1024 10)0 t 
~- 12 15.0 819 888 813 904 1000 0. 

r 
12.5 15.6 725 785 8)9 870 ; 

1) 16.2 735 786 851 877 
1.3.5 16.9 715 794 768 789 
14 17.5 648 708 698 71.3 645 
14.5 18.l 546 584 613 643 6.30 
15 18.7 494 532 589 613 
15.5 19.4 513 550 500 608 490 
16 20.0 51.3 580 613 652 
16.5 20.6 522 570 584 642 -- ------ -------~-~-~--~~------------- -------- ------~-

l_, ~-- J 
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5.2 Draur..ht curve and kiln atmosphere . 
The draught curve and the kiln atmosph~re ~ere measure~ 
by sight holes. The kiln, howeve;-, has not sight holer 
along the whole length of the kiln which is a certain 
shortcoming. 
The measur~d values are given in table llo. 2. 

Table No. 2 ~!!ID!£!_£~~-!!!~-22~R2!!!~Y 
2!..£2!g!!!~2~-~~g~~! 

----------- -------------------T-----------------
section r£62 pressure /Pa/ 
------------ -~~---------~------ ------------------

8 9.5 8.7 
8-9 9.0 11.0 
9-10 7.5 15.0 
10 H 5.5 19.7 
12 H 6.o 22.8 
12 D 17.J 
lJ H 5.5 23.6 
13 D 18.9 
14 II 4.8 24.4 
14 D 10.9 
14-15 11 4.1 24.4 
14-15 D 19.7 
18 H 25.2 
18 D 19.7 _ .... _______ 

------------------- ----------------

I 
.,.,., .. ~ .. ---.....-- .. H _,,,._ 

I 

I II II I 11 I 
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5.3 OUtlet temperatures of the setti:qg 

The outlet temperatures weLe measured by the contact 
thermometer along the length of the car immediately 
after drawing it out of the kiln. 
Tha found indications incl. the temper~ture of the 
metal bogie are given in the table Iro. 3. 

Table No. ) 2!:!!!2!_i_~~2~!!~~2f-~!-!h!_!£!!~ 
and the metal bogie 

-------- _______ ... __________________ ------------... 

car No. l 

car No. 2 

upper
0 part ( C) 

l<'\7er
0 part ( C) 

---------------.... --------
87 

130 
140 

95 
121 
135 

140 
173 
170 

153 
167 
175 

bggic 
( C) 

----------~ 
65 
82 
BC 

76 
00 

82 

----------- -------~-------------------- ------------
average 118 l6J 77.5 
-~--------- ------------------~-~----- ------------

Average out)et· temperature of the sett1113: 
Average temperature of the car linincs: 

I I I I I I 
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5.4 Gas consumption 

The consumpt!nu of gas was determined by the indications 
of sas meters. 

-------- ----------··------- -----.-...-------
Date Consumption /H~/ Avcrag5 per hour 

/l:m /hi 
-------- ----------------- -----------------
19.J 
20. ). 

21.J. 
22.3. 

6907 
7277 
756) 
726~ 

288 

)OJ 
)15 

303 
__ , ____________ ,..... _____ ~---------------- ----------------~---

Average 725) 302 

--------------------- ---------------------

5.5 g,uantity of combustion ai~ 

I 11 

The air - the quantity was ~measured by anemo~eters 

located in front of suckinc fans. 
The air for auxiliary burners: 
Diameter of the sucking openin{;s o.J m, i. e. the 

surface S• 0.0707 m2 

Temperature: 26°c 
Average velocity: Va= 7.66 m/s 
Volwne Va= S • Va= 0.541 m3/s 
After recalculation to normal conditiono: 
~ • 1730 nm3/h . 

The ai~ for burners of tho preheating zone. 
Diameter of the sucking openin{;s 0.34 m 
Temperatures 26°c 
Average velooit7s i•• 5.66 m/s 

I I I 

I I II I I I II I Ill I I I 111 I II Ill I I II 

J 



l_ 

- 10 -

Quantit7: Va = 1849 m3/h 

r> = 1642 Iim3 /h a 

The air for burners of the heating zone. 
Diameter of ti.1e sucking opening: 0.34 m 
Temper&i;llre: 26°c 

Average velocity: 5.52 m/s 
Quantity: V6 c: 180.3 m3/h 

~ = 1601 IlmJ/h 

After correction regarding the leakaGe of the inlet 
(by 10%) : v~ =. 1440 Nm3 /h 

The air for radial burners. 

Diameters for the sucking openiJlsa: 0.245 m 
~.3Dlperature: J5°c 
Average velocity: 6.54 m/s 

. ., 
Quantity: Va = 1109 mJ/h 

~ 1: 956 um3/h 

The toial air quantity for burners~ total = 5929 Nm3/h 

e 5.6 Air quantities f!J_r entrauce m1d exit air lock 

The air for the kiln entrance air lock. 
Diameter of the sucking opening: 0.26 m 
Temperature: J0°c 
Average velocity: 5.24 m/s 
Quant~tys Va a 1001 m.3/h 

~ •· 877 Nm3/h 

,, ?~Q#)),;g,_,,,, .. ~- .. ..-
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The air for the kiln exit air.lock. 
Diameter of the sucking opening: 0.34 m 
Temperature: 25°c 
Average velocity: 9.5 m/s 
Quantit7: Va = 3103 m"J/h 

v: = 2766 11m3 / h 

5.7 l'iring conditions in the kiln 

Average air consumption of the kiln: V dg = )02 llm) /h 

5929 
Air excess in firing: 

V: total 
n= ----- = ------------ a 5.7 

vat.vdg 
302 • J.42 

Theoretical qu&1tity of moist combustion product. 
Vm = 4.10 •Nm3/Nm3 d.g. 
Theoretical quantity of co•buation products for the 
above consumption: 1237.J um3/h 
The ma.ximum attainable co2 content in combustion 
products: co2 max •• 14.88 % 
Actual co

2 
content measured in the chinmey exhaust: i.ao.,.; 

1or the high air excess nk is cnlculated by the formulas 
theoretical quantity 

co2 max. 
·~ • 1 + --------- - 1 co2 

. 
. . lA..88 

• 1 + --~----- - l 
1. a • 

of dry comb11otion products 

------------~-------------- . theoretical quantit7 
of air 

~. 20 -"------ • 7.80 
).42 

J 
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5.8 Qu.antit1 of combustion products 

Dr.r combustion products: 

vd a vat (~ - l ) + vdt a 3.42 • (7.8 - 1) + ).20 ~ 
= 26.46 Hm)/Hm) of dr.J gas 

iat •••••••••• theoretical air quantity Hm.3/IJml of gas 

Vdt ~~··•••••• theoretical quantity of dry combustion 
products :rrm3fNm3 of gas 

Moist combustion products: 

vm C vd + •ter I: 26.46 +·0.90 D 27.36 J'flA3fNm3 Qf. dry g&8 

The outeoing quantity of moist combustion products 
~ 1 )/ v111 • vm • VA.... • --- :i::s 2.30 lfm s 

~ )600 

S.9 Air gu&ntitz e::ghaµsted from the kiln cooline zone 

Temperature: t = 44.5°0 
Diameter of piping: 700 mm 
Specific mass: 1.1) kg/m3 

Pd/Pa/ ).15 4.7 6.) 6.) 6.) 6.) 6.) 7.9 7.9 7.9 6.) 6.) _______ .. ________ .. ________________________ .... --------~------
v /m/s/ o.a l.o 1.1 1.1 i.1 1.1 1.1 l.J 1.3 1.3 1.1 1.1 

4.7 4.7 4.7 
------------l.O l.O 1.0 

+ Tho direct kiln cooling and auxiliary exhausts on the 
·bounda.i7 between the coolinc and heating zone were 
closed dur:f.nt; this mensuring. 

J 
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1I d2 ) 
V = v • --··-!.----- = 0.406 m /s a a 4 
___ g7J __ 

273 + t 
• ..?L..t...la = 0.350 m.3 /s 

Pn 
Pa - atmospheric p1--esaure 

p8 - static pressure 

Pn - normal atmospheric pressure 

6. HEAT BALANCE OJ.i' TIB KILN - SPECil'IC COJTSUUPTIOR 

Heat innut hy gqs combustion 
l 

Qg • v dg • adg = 302 • 14445 • io-o- a i212 w 

Hdg ••• calorific value of to\".u c::;aa ( kJ/:ifm3) 

H~at losaes !l1 heat contajg"lcd in co1ilbqation Dl'Oducts 

Qcp • V: • ccp • (tm - 20) = 2.3 - l.J1 - (l.30 - 20) = 
- ).)9 k'.t' 

••• specific heat of combustion pi"Oducts (kJ/ltmJ 0 o) 

• 

• 

J 
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Jly heated pr f~ the cooling zone 

1 r 

I 

~ .. J! • o, • (ta - 20) • 0.35 - l.JO·. (44.5 - 20) - U kW 4 

c, ••• specific heat of air (kJJ'Bm3 °o) 

ta ••• temperature of air (0 c) 

Br outmwc •teripl q 

• lli' -· 0. - ... c,. • h., - 20) - 0.14 - 1.13 • 120.5 • 

• 19 kW 

l-~· ---

By m1n1111r7 materials: 
a) Kiln fta"lli ture: 

Qf • ~ • of • Ctf - 20) • 0.394 • 1~13 • 120.5 • 54 kW 

b) Lining of the kiln car: 

Q9 • •e • c9 • (t8 - 20) • 0.305 • l.lJ • 09 • 31 kW 

o) Uetal bogie's · 

<2p.8 •-iii.Pe• o~e • Ctp8 - 20) • 0.093. 0.55. 57.5 • 3 kW 

masses of \7are and awd.liart 
materials (ks/a) 

specific heats (kJ/Jcs 0 c) 

temperatures of ware and aux:f.l:Lar.v 
materials (...O) 

J 
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Heat balance of the kiln -----·----iiiiiiii .............................. ..._ 

Losses through kiln 
lininc, kiln .to.mdations, 
inspection tunnel, 
distribution and 
leakage1 losses on 
physi!';al and chemical 
transtormation of 
products 755 

------------- I m M -------...... - --- - - - ------------· 

1 

r J 
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6.1 Specific consumption 

Table lfo. 5 

-Kiln 

~7hJ 
(kg/h) 
~--------

~ consumption 
( /h) 

------------Specific 
consumption 
related ~o final 
mduct 

J/kg) 
-

(kcal/kg) 

--~----------Specific 
consumption 
related to 
final product 
+ auxili81'7 
materials 
(kJ/kg) 

(kcal/lq;) 

Ascerta.~~!~-!!!U~~ of specific 

!!S!!'!!um:e:ion 

--
19. J. 20. ). 21. J. 22. ). ----- --

J 
42.75 40.75 44.75 41.25 42.38 .. ---

509 486 535 492 505 -
288 JO) .315 )0) ;l2 

-
-

8156 8987 8407 8077 8626 
~---~---------~-------
1952 2151 2031 2125 2064 

---------------- --
-

. 
2154 2294 2.325 2206 2264 
--------------------------~---- -

516 549 556 547 542 

--~------~--------------------~----~---~--------~------· 

1 

• 
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7. EV ALUATIOU OF TBSTllfG IlliSULTS 

1.1 Courae m.d quality of .firins 

II I I I I I 

The measur~ results of firinf; curves (see .A.~1ex No. 2) 

show that considrabl.y rapid heai;in(; is realized in the 
preheating section. The extreme velocity is in the upper 
parts of the settin(;; the avereoe increase of tempcratui~ 
is 241°C/hour. The actual ·velocity ia probably lli{;hcr, 
considerin[; that the first section is not heated ~ith 
regard to the settin8 of control elements and the cold 
air beinG blown in the air lock of the entrance, the mate
rial is not preheated in this section. The high heatL&g 
rate causes here the breakiug of plates in the kiln. 
The difference between the terapc1-atw..•ea of the lower 
and the·upper part of the setting is also considerable. 
This difference amo·nts to 200°c in the Jrd section. 
This teDipera~ure di·· ~rence is lov1ered · in the 7th 
section by the fii•st igl1i ted bur.a.er. In the area of 

.semimu.ffles the temperature of the low7r part of aetting 
is permanently lower than under the ai•ch of the kiln. 
Equalizine; and on the contrai.7 an increase of tempera
tures in the lower ~art of the setting takeo place in 
the area of radial burners. 
Prom the results of f'irinc;: curve a Jncaa1.tremc!1t and 

the scattered results of water abaJrption tests of ware . 
in the profile of the kiln that aro aho\'m in the to.ble 
no. 6 the following evaluation of the quality of firins 
can be accomplished. 

!?able No. 6 Absorption capacity o! products oa,~pled 
in the profile of ·~fie kiln /view in the 
direction of the advance of kiln cara/ % 

-------~----~--------------~-~~---------------~--------
4.4a 
G.39 
7.50 

I II 

J.6a 
4.60 
5.62 

1 
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· The lower parts and the cent::-e of the setting show the 
. worst firing results. 

Auxiliary burners which are to equalize the te.mperatures 
of the lower parts of se~ting have not evidentl.7 a sufficient 

output. According to the measured firing curves the radial 
burners act for a short time and the setting is not 
sllfficientl.7 heated. In this \78:3 apparent discrepanc:y 
between the absorption capacit:y and the course of firing 
curves can be-. explained. !file centre of the setting in the 
lower part ShoUli be equalized only by auxiliary burners 
which again have insufficient output and outlet velocit:y 
of combustion gases. The assessment of bui"'D.ers requires 
a deeper anal.7sis. At present, however, the parameters of 
burners are not available. Nevertheless, it can be 
concluded that in principle the possibilities of improving 

the uniformit:y of firing rests in increasing the thermal 
input and the outlet vel4citJ' of combustion gases in the 
kiln car grate if need be. 
In the cooling zone irreglll.arities appear c«used evidently 
b:y unsuitable setting of control elements of the cooling zone. 
Un3ustified is the slow cooling immediatel.7 laf ter the 
firing zone. Outlet temperature of the car is relatively 
high. µi principle these temperatures can be lo\vered b:y 

setting the kiln control properJ.7. 

Pressure conditions 
...._.._..... ____________ _ 

The kiln runs in a considerable overpressure starting from 
the 8th section /1st sight hole/. The pressure in the 
lower part of the lciln in the firing zone amoWltf.l almost 

to 20 Pa. In the upper part of the kiln is the overpressure 
aven higher. In the direction to the cooling zone the 
pressure still increaaes due to the pressure produced by 

the exit .U,r look. These overpressures are very high. 
' 

The overpressure in the zone of maximum temperatures 
ehoul4 not exceed 10 Pa in the low part of the kiln. 

1 
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Contemporar.t .higher pressure c~es the penetration .>f 
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 c~nditions of the kiln ---- - ----· - - k----·-
~ comparison of the 1heoretical air requirement and the 
actua1 air amount supplied b7 f ana to the burners shows 
a considerable excess of air, 11 a 5. 7. This excess 
corresponds partl7 a1so to the measurement of kiln 
atmosphere as shown in the table Ho. 2. It deteriorates 
the combustion econo~ but it can be partly justified 
from the technological point of view as it might ensure 
the . ware from being locally overfirea lrl. th recard to a 
comparatively high temperature of the flame. 
The comparison with the operation of a kiln of similar 
design applied for a more sensitive bisque firinG of 
carbon silicate wall tiles justifies the conclusion that 
the excess of. air for burners should be decr~ased. 
The air excess in the chimney exhaust (n = 7.0) is oven 
more unfavourable. This increased surplus, however, ia 
caused also by additional air applied for the kil11 entrance 
air lock as well as by the air driven into tile kiln through 
the preheating not t;ri ted burners. 

Heat balance of the kiln _____ .. _________ ,_~--~-.... 
In the hea.t balance all items could not be specified. 
The determination of the heat losses thranG}l the furnace 
brickwork is ver:1 problematic in this kiln due to non-typical 
design ot walls, especially in the coolin(; zone. 
'l!he determination or the heat loss to tho f oundatior'. l 
anc1 to the inspection tunnel is also problematic. These 
,losses ~e co11prehen4ed in the item of undetermined losses• 
1 (62,3%). Jrom the other losses tlw fluo loss (27.97%) 
I 

11 I 
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is compai,ble with other kilns but the possibility of 
its reducing cennot be eliminated. 
The increased losa by accwnulated heat in the WB.&.-e and 
firins fumiture leavinc the kiln is caused by considerab~ 

high temperature of this matei"ial. The loss by accumulated 
haat can be reduced by the proper setting of control 
elements 1for 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 pemanentl;y discharged out of the kiln to the 
atmosphere above the roof of the f acto17 building. The 
amou:it of this air QJld the ensuing heat loss ia reduced 
to an extremel;y low value due to the closed direct exhaust 
and the limitation of indirect cooliJl{;. 
The cooling is performed mostly by the air from the kiln 
exit air lock. ~ a1r is heated in the cooling zone 
and blasted into the firing zone. This ~etbod of operation 
conaiderabq improves the econo~ of operation but high 
pressure of kiln atmosphere increases the temperature in 
the inspection tunnel. This fact is documented by the 
specific consumption. 

2he specific consWilption related to all heated mater!ala 
above the platform of the car amounts to 2264 kJ/kg 
(542 kcal/kg). This value is unuanally lo\v. The actual 
specif io oonswnption for the f irins of products is 
considerably higher (8626 kJ/kg) due to cre~t.proportion 
by weight of fir1ng fUrniture. 

1 
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To reduce th• ?lo~ea breaking.it. is neceoeery to lower 
the heating rate in the upper parts or t.~e Gett.inc 
in th• tiret tour aectiona or tne kiln. Tllie or-crnting 
order can be im.ple~ente4 b7 the tollo~ing Q&asuroa• - . 

: a.1. 'l'be ell'hauaij.on · ~ cocbuetion product.a neeJs to be· 

• ·· caocent.ratei into t.h• exhau:.1ts ct the tirat. tv;o 
a ·wotions ot th• kiln. ~om• exhaust.a i~iintel7 
behi~ 'the tiln entrance are nowal91a cloae1 and 
conaeq_uenU, the ware in this part. ot tbe kiln is 

, 

unautticient.~ heate~. 

a.2. ~o il:lprove besting immediately behin:l the kiln 
entrance tna present kiln entrance ov8r?ressuro eir 
lock requires to be convert.ej in the undar preeaure air 
lock b.J revereing the air '1iocnarto an·~ t.he suc;cinc 
ot t.he tan. Tnie provi3ion will reduce the prasont. 
cooling ottect. or t.lle ent.rr.:nce· oir lock end 
siaiultaneouel.1 t.:·ae comb\ls't.i'on proJact.e will be. ~1ra·.m 
into tile enti-once ~art ot the kiln. Tbe closing errect. 
of tfle entrance air lock will not. be atfecte~. The oir 
diechmtge ot th• tan can b~ at.t.acbo~ to the cl.1i:mo7 

ot \;11 kiln. 

a.}. Thi present ct~t• would be i~ ~ov~d b7 settinr, µp 
a :>rehectiftg tunnel obove tne o~pply tr'lcl< or lo'l·le .\ 

. care. It th• Pl'8:1eoti.ng ot the 'kiln earn to at lcoet. 
,c0c i• reoc~ed, t.bo heat s~ock coul~ be eli~inctod 
to wnich nowaiJ&7• t.ne eupport plot.ca ere aiibJectol. 
Th• preheat.ins tunnel may be hoot.S bJ t.ne loo~ heat I 

~ \be oooliQ& zone wbioh wcul4 be ut.11ize4. . 

_J 
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In ·tbia case however, the t.e•perature or the cooling 
aone auat. be_a.lJust.ecl eo as t.o attain 8;> - ioo0c. 

b/ Reduc;tion gt te;uergtµreo in the inspectipn. t.unne1
1 

imprpyigg U1@ geryice life of kiln c0r~. 

s.4. ~· exiaUng permanent. over?reasure in.tile kiln 
ataoapbere ia not. acceptable. The overpressure 
should be lowere~ b7 the adjuat:aent. or cooling 
/opening direc\ oxbausta b7 _re.:Jucing the power ~ 
Iba kilD nit. air loek/. ~ in extreae caoe 
the kiln ~raught eboul4 be adjust.od. 

c/ ImargycmeM. et firjng uriifonitz_ 

Q,,, 'J'o i&prove the tiring unit9cr:;i t.,y it. i a necessary 

to increase tht•quantit.y ~4 possibly the velocity 
. - , . 

o~ combuation pr~ucta.delivereJ to t.be lower ?art. 
~ the kiln croea sect.ion. SimultaneouGly only 
t.i-ie inlet. hole• in the lower ·rart. of ue::iimu.ftles 
G!lo\ILS bo tept. opened, ln t~ia "tl¥ the out.let. velocity 
ot .corctnaat.icr.1 ;>rO\luct.e wf il be increaaed an.! · 
a great.er &!nOWlt ot cocbuat.ion products will reach 
the central ?•rt. ct the oar anj central grap in 
the sett.ins. 
Auxil1817 burners ehould be checkod ~ith reeDrd to 
tboir output pcwer. Ir poaaiblo, all tne30 burn~ro 
should oper.~te. It ehou14 be also nscori.ained 
met.Ur thee• bu.mer• -So not. operato wi tli a ioo 11i&h 
air esceea wbiah aisht cool ine aeiting, 

4/ M.1pqt,;pcn& At qpolios 

1 
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b;y ~·e er direct. exnausta 80 ti·u1t t.1.0 reduction of 
exi~ temperature 8114.si:aultaneouoly the reduction 
~ over?resuure in the coolins zone m:J.y bo reached. 
l'be indirect cooling in tho first third ot U-ae coolins 

. &one should be tullJ cpened by oetting accorJi~el;f 
t.'le control elei:ienta or tile cooling z'>Oe. ln the 

direcUon ot the exit direct cooling woul4 b:i 
preterable. 

9. iXfiCTED CONTRIBUTIONS 

. ,. -

Sp~oiti~ conswaption related to heat.el Qaterial ia ver-1 
low and no :further reduction can be expected. T!1e increase 
ot specific conauaption because ot technologica~ roaoons 
ia not out ot the question. 

The cont.ributiona in this ca3e will be moot.17 in the 
reduction ·or operation coat.a. Especiall;f t.be i te:a o'f 
aup~ort plates repr~uction ebould be conoilerably reducea.· 
Improved tiring conditiona ebould be renected in hi.;:;her 
qual.ii., aod 1Gl.abilit1 ot prod.ucta. 

io. ~cacw~ION 

The accOiDpliehed testing and eeneral evaluation revoel 
that the short. preheotit>B zone ie an imperfection in tne 
doaign ot the kiln. Thie :ailure bringo about operation 
co:ilplicationa with intenoe beatin~ ond bronkinc or plates 
ao wall as unequal tiring in the crooa-eection ot the kiln. 

T.1e report contains propoaala wnicn can to a certain 
extwnt •olvo th• exiotins proble~a, i~prove tno quality 
and rcjuoe th• coat• on auxiliar, zatorialo. 

l~ 
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I TABLE OF ABJ!U.VIA~IO?r.i 

r::~ .. ::; 
l 
~: 

"' ~"' apeciric heat ot"air 
~~ Ca -
f. ccp apecitic heat ot co3~st.i.on product• • 

·Ct - apecitic heat or kiln t~rni\ure 

~ cl - specific heat ot kiln car linin;: 

c~a - · apecitic heat ot kiln car )?ogie 
~ 

e c. specific beat ot ware 

d. - diamet.er 

lid& ~ calori tic value of ·~:cy gaa 
\ . 

' lllr - mass ot kiln tumit.ure 

~. - aiass ot kiln car bocie 

~ 
J. - ma3s ot kiln car lining 

""' - ma:Js of ware ,, 
~ - exceus air coetticient. 

t Pa - atmoopheric ~reesure 
~ nor:ilal at~osrheric pros~ut'• h. 

.Pn t· -
• e r .. 
l!; 

Pe - atatic preasure 
! 
~( ,. 
~ tlue le.de l·, 

--~ -'ep 
Cg - neat input. by 'bumins ,gos 

~: - power loeaea by heat occumulated in tue kiln 
furniture 

~F< - power losses b;r 11o·at accwnulaied in tlle kiln 

car bucie 

~ - power loeaea b1 heat eccu.-nulated in tbe kiln • car lining 

~ - power lo&see by boat aocumulat.14 in tb• ware 

~. - powei- lo•••• b)' tho •.ir trc:a \be caoliag ~one 
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total power loaae~ by accumulated heat 

aurtaca 

t.eillperat.ure 

temperature or air 

t.e::i?erature ot kiln rurniture 

temperature of kiln car bogie 

·t.em~eratura of kiln car lining 

teaperature the ware 

avareg• velooit7 

air volm• 

air volume recalculat.e4 t.o et.a~ar.1 condit.iona 

~ iat - ·theoretical ~r voluze 

v: total - total recelculated air volume 

volWDG ot ~r1 coir.'buet.ion prO-Suct.a 

f olume or dcy gaa 

theoretical voluze or dry cc~bustion ~ro~uctu 

volume ct moiat. cQmbuet.ion products 

theoretical volwao or moist co:&buotion pro1ucte 
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ANNEX. No.3 

.. ·SCHEME OF THE. MEASURING .. CAR :~. 

. :· 
' .. · .-: 

. . ·.. " . . . 
,: ;j .. 

.•. _ .. 

... ( .. ; .... · .. ·. -.-~ . · 
.. ·, ' .' .. 

.:·· .. · : . 
I:"· 

'It'; 
... 

·.· !· I ,,;_ .. 
; ..... 
•'. 

~ ·; .. 
•' 

. . . 
_!'" 

" .. .. 
l, •• 

·. 
' -

...... -. 
· .. !·.' ... · 

· . ... 
.......... ,,,. ........ ----~· ~ .. ----... -.. 

' . 

...... 
. ,_.,.. ___ . 

I 

-. 
'• 

.. :._.-, .. . 
: :_ ;.:-~· ... . 

. ' 

. -~ 

. -.. 
- ... :,. 

. ·.--

· . .r-

.. --.. . 
" -~:-· .. ... 

. .,. . • . ., .... :·.' -.: ~ 
·. ,· .. ·· 

~ ~-." ' 

... 

'· 

I 
:· 

·, 

··., 

!·-·· 
:. 

, . 

·' 
1-: t 

'.· .. 

1. 

" .· 
~·~ ... 

. ·,: 
'. 

'•\i . 

'" 
r•·· 

···.· 

". . :;_. 
" 

,, 
;' 

. • .. 

I 

... 
.: .... 
·.··· 

·: .. 
-· ... · .. 

•. - -~ 

, .. :· 

.• . 
· .... ·. . . .. . 

• • =-~ ... 

-,: 
• . 

I 
,· . 

· . .. 
·, -

"• 

·. -:. 

·_ .. 

. ··.· 

..,, .. . . ·· ... ·,. 
. ... 

..· 

.. ;_ 

. '. 

. : 

.• 

• . .. 

.. ·; 

0 .,, 
0 -

' 

•· 

~ .. '.- . 

,· 

.· 

._ 

·1 . ; 

.,.·, 

_J 



n 

I 
t 

" 1 
l 
' 

l 
f 

f . 
• r 

i 
f 
i ~ 

' i •· 

' ~ -

:· 

~ 

l I 

---I .. 
I · 

I :b·~ ·.··.· .. 
0 -----------

-·'"''• ------.-...·---------- -
,_.....__ ____ ......_ ____________ ------- ----

: .. -. . 
~... r 
: . • lco

2
i ANAL Y~t$ Of COMf-ttJS TIOflt Pi,"f)UUCl~ 

;·. . . Xl, - -
I I~~--·:· 

; 

. I 

.• 

·. 

I; .. . . .. 

i 1or . 

. . !,f ' ... . . . 
oL--____ ":: .. ·---- -- ------- .. 

1100 
FIRING CllRVF.$ ., 

' 

• 

I SECTION 

.. 
---~--~- .. -

~----- -

• 1111 • v •' • i 

1 I 

_.__, 

15 

lt \JI .. 
: . .. 
~ 

... 



- -- -------=---- -
'"': -- ·----- ----- ---· ------' . . -:- --·- -----.. _......_. ____________ _'. 

. - --- ... ~·- --· ---,.,__:.,. ___ ----·- -- --- ··- ·-- ------ - - : 

.. -:4 -::. :--.-·--- -·- ----. -- --- -::- -.- - .... ·-- . ---- ... 
. . : ~1-: 
~. r c~ ~~ -
.... , t! ~-

-- ~~-- ~ :.:.4._ __ _ 
I -- -··- - --...--_--· -1 

•. 
i_:: - :_~---~_,_-_. :L :.-._ ~--

- ""' --- - -~---- --1 .• - .. I 
' ,_-.·-;: . : I 
.. i:; ~ -:-- --- . ·; 
t· - } 

MEAS!JP.:NG 
KILN CAR -----

------------~·,~-·~~~- < -- ~- t ~ ~ -- -. - -- ------:- - - • - - .. 

;.:_ 

~~•'.ii I .1 
I i.s.-. ~--------_J __ _._:.-. ¥:_ ; • i' 

··W;_ •I~ r 

!; !!: - ;-I: " 
I ,. 
:·. ~ 
~ ~-: - -- --· ................ ·- --- ---

==~~--. ~~ .. --

~J.J: 
. :~it: . ,.:Ji .. 

·- ·.J['_ '. .. ~ -~ .:.. 
-·~. 

.• : .f • •• - -- ... 
~.-1· -! 

.. ·--~-~I 1· 
•·, .. 

~- ~ i .L 

... 
- . . .. ;"I . 

. -- ·-... -~ ~--;:::-'"'!""'-----------. -:~:'! .... 15 ---~----
' : ' :, 

·' 
..... f tn ' II) 

.:> 
~ :~ 

I :J: 
I)( 

:I 
•LU 

)( 
.UI 

l : 

., 
.1 i.. "" l ,.. 

:"< 'E • ... .. 
"' 

• 

'® , 
' . 

I SECTION 2 
.. ~ 

INPUT 1212 KW 
-· ---------

_O~!PUT _ ---· _S_~~f'-
SPECI FIC KJI 

~=N:::SUMPTION 8626 11 

-~~. _---~-----~--~~---~~=-J 
I 

-· ....... _J 
i ---1 

--- - --- -· - -----4 
i --1 

-----~ 

··- ~- --~ 
- . I 

i 

.. 
• • ..... 
·=:! 

·' 
.. 
·} .. 

..•. 
" ., 

--

... . ,, 

- ·---·----, ..... IVFJ-ITARY 
POiit rtC... OF lHF. " 

~) . --, 
.. ... ..... 
... t- l 

·1 
I ~ 

I 

~ 
•I 

I I I ~;;: 
I 



' 
• 

\ 

• 

• 

... ~ ,.,- ........ -- ...... l. -

' --~ .. , ... J..,.- ........ ,.,,,~· 

•• -- , . -.c.·1· , .... n_ Tl'· .. , .. - ... f -·-... . \.;I ..................... -·;. ............ - ..... - .... _ .............. . 

• -· • --, - ~ I.- o·, .; ~ ·--~---1 -.... _. ....... ·.:..-; vv .._ ·~ 
-· '• ....... 

,.,. -··.. ·t..,-· :·1 .,._,.· 
"· ~Jio-• ..ll ~ t 

/ba-::e~J on re,ea.·i!ti ;-;.'1t"ivJ.~.t.es • ... f t:ie :e·ean::. 
,:t(~Qt~U:ote {01~ !':era.:.:.=~. ;:et ra-.• ~o.·.i.eC a·~J 
£;a;.; Hatct" .ial.; cu ;:->r••:t ~;~l;:a .... .....!•..1i.:;i.,.(,!0v;,.,!.; ... ,~/ 

.. "'· rJ.•:.' .. 

. } 

J 
I 



' ;. 

l __ ~ 

• 

_l 

G 

.. - ... -

ne~m':t aJ cons.Ji ti0i6S 

He.at La:..aa:;e· 

conclusiOrr 

-. .... 

.. 

.. 

i;; 
. ... 
,.; . .:. 

... u 

.:7 

-./• .... 

J 



I 
' 

• 
c 

t 
L .. 

"··• 

.. ~ -

1118 ~as::Jeae .• ~s of ti·e :.;aol:tn ~o-ive~·or Llrie1s CA·• 
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: urv::1 of col cul:: to'-: ()~r:on<:i~l 
i)l.-:•"vL~'lturC Oi ~r.i..;rJ lvi· i>;;t;i tioJ clri·;riJ 

Ct:tput - 111lot uatcriol /t/h/ -1.'l dry .f'.&Jttor /tih/ 

· ;:::c1cluol \·•.:itct /t/h/ 

.;c:-i-:~u:irt!o•l of oil j'.;.oJh/ 

·:::.mntity of o!.-· 
iC1r. b·Jrnor:> /&~ ... s /r;/ 
0~c .. sa ois- coof~iciuut 

-~~:cnt!ty uf 111Vdi~r.1 
:la c,;~:·,~uJtS /C!Q.;I /G/ 

-~i::.;itit\• ot dry r.:lr 
1:1 e~;r.1.Jot /r-:~~ /o/ 

i~~::~i1vu J.lC1ieturo cuntcot 
in c.r.!1ouot /,.'/ 

, -· 
-·~ 

I II I I I 

- GC. 
l ~·..:~tiWJ 
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lG.~·~ 
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. 
-- · .!.l,e~onctrpU.en of C:l~1~l(!tin.1 ~thn<l 

\'l 
'~ • ~-lAl • _(_~~ 1~> .. 14.cc • (l - v.ZU) • 10 •. ;.; rJ~1 

• 

:;at • o~os of untc;;r1n:J uoto1"1ol 

-· o~t.rv ao1aturQ contont 

B~GG of CV&ii'gratod \'?n~o ,. ;, 

Hr.a 
\"11 - \'l.. . 

11-• - ·-............ -r~. -.. 
11\"i • maoo of ~.iot~r- at ~ho gntry into tho drJ.or 

.. 
w,, •·OX1t caoicturo content -
...... '/,. r·-" •• ,,_ l!o •a l ·' ... .., l'" '4 • c r. , ,.,. t n,. I A a llU,lo • • t\,H;J - tiu D "W>•wv • "'••• • ... ...:.., D ;::_1··-'" .• ,/ JJ. 

Vaa - volumo of ao1~t o1r 

vv - volUli\O of rlCitor vo;>or 

, 

I II I 11 I I I I 
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• .a k • - .-::7J llR o ns o l'·"" 9 c ..::73 .ry: ... c. - ,,.. -·-7 v:;. • ••• v
8

• ~LlJ+r • pn • ..... ~. • ••.• _. • .L•. l. '! a ~.~..,# 
., I· ~ -~.J• ~ •"" Jb..,, /G 

· v• - ovor~c voloc1ty of oir flon 

t • tooporoturo of oir 
pb - baronetr.f-c prosouro 
pn - nol"loial bon>Qatric; proonuro 
k - corractlon coofficient for 0\'1tch1nn off ~ho 

thoraoroou).ct~on 

ChiQRl3y o:chAust of tho i 0 toxchonoor 
c:. co. tip5 • ~6·* n • t ... cu... • 1.s ,, . ... . ... 

)!.s'lUL'r.l of conhuct,a.pn product~ 

~cpQrat1on oi oil con::.uu;Jtion. for int!.\vid;.:nl dri"~r:.l ta.ioJt bo 
dong for tho purpoOCJ of tho do~cn;iim>tion of cor.lbuct1on 
producto voluao of particulcr c:;chnnccro. 
Tho follor1ing QOthod of GUporat:lcn r.roo u;,pliod \11th rOQ~nl 

to ouo?ltion of lool:eoo of tho oxchanaor uo. :: • 

Ccp;~.'j:1'llJOJJ 0 f tho '·Gt f,p:c:11oj) '10 r 

r~l. !0·~~~ • 10:.4 kg/b 

V: • wlu:ao of oir for bun10r /iJQ-;. /•/ 

n • oxooo• oir ooof ficionc 

V: • thoorctiool no~d of air for bumor /ua3 /oL 
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Vit - theoretical. voluao of D010t coub. pioducto /f~"l /l:.;;/ 
Vat • thoorot:i.enl voluag of air /Ila-.;, /l:.'J/ 
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s. l:cqt bglpncQ, 

tieat balancosof tho b.ltb tootin!)\i aro pro~ontod 1n tc:,lG 
fJo. 10. Pl"OCQtn:od voluoa otond for tllir, both dr.ioro QQ 

ono unit. 

Tabl.o No. lo -

H~at 1npul, •• • • 
Cy bu1-n!ng oil 

l;or CV'1t"lor2t1••n 
of to1otor 

t.ont hc."!t OJ.ttUH_t 
a an I - 41 

FJ.uo lo.u:> 

. Leos l-:s;-2t out:)n 
•••T IPR 1¢ 

l°J'/ <.1Xh~uGtod oir 
f1·o;:a lir.:l.~ro 

Cy ho'1 t accunulo• 
tod tn d..-y alt tar 

J..s.Rt hcpJ O,kJ.tn.,us . 
oy ho:ic occlnulo• 
tod ~ rooi..Suol 
T:O'tCr 

J !\):"J t.,.a!µ19 t!,01) 
Irfil;pa. . 

19ttoGt1nJ ~ndt·~st1nQ 

...:;~ ,,~, lC·O ~l ft:I iu;; -

.;;1co k\'I ti0.17 ;t!7;.:Q f-;:'J co.a:; 

717 k.: lu,W 

7~1 k'J lv, 7u 

,,., ,,, J 
.... v ....,, 

. c.;,37 

undoton.linod 100000 GZO JGJ J.,..:,;.:U ~..44 l:'i !:i,4S 
.... ..,n .... ._ ... .....,.....,. ••• uaa•aa ............ ,.. ••• .._..llWl9 

&.>ocifio conougpti• 
O'l /k:J/kg uvop • 
tQtor/ (J,,:!30 fa::nl/1;3) (l(J~() r;cr.1/ko) 

•~aaug•.,...•D,..a•a••~rat•D~D•&GaGa~~-·~au~~P•"A¥&~•WAYaouua 

I I I I 
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~xnnolo ot tho ho.1t lmlon-:il c:ilculctir..111 - . . - .. 
s.1. !k>3t dol1~rod b•t fir1nti f· .. "Ol 

t10sa o~ o1l: r:o • 300 ksJh 

tlaat in?U~ by firing Ail 1 

t"l.ft. • Uo • Uo • ~--a~ • 4!.!07 • 3~0 l A~ -.~ t •. ·: "'"'"" - ~ • s~..v • v"r .... ., •.•• 

uo • boar copoc1ty of 011 

· liOat nocueuory for &VO."lOnltion of l ka of ·riilto .. c 
ci. • ~G-•U IW 
'Vi:J 

Hoai output nocoo~ry for-.,~~">or~=:~n of l:.otar~ ,, 
'1v,~ • H,vo ~ '9-o • ~~t" • ""~ • .. \:..,;,C • ~ • •. lG;,; 

!i.:S. fluo io$g_ /dner uo. 1/ 

•·· . ....... -
II .... v (t ''O) l . ·s '· ri-1'\ (' ''l -" --··-·) -··r. 1 ,.;·r "cp • wcp• ~?· ~~ a .-.; .v.i,;IJ~ • • :.;..> .~ • ::.;:;?•- •• 

Gcp - opocific hoot of cocbuotion_produ~to 

Vcp - v.,,luuo of °"'"buiJtion 1>ro<*u~to 

'ei> • •ura,">urotunJ "f cc.lid.»u.ettiota s>•"V~u.-~&J 

txhouot t:O. 11 
· .oo

1 
• Ga•V: • (ta1~") • l..l • 3~7" • (71.0..-.!0) .. ~;:;,? l;U 

~Xhct.tOt Ho. ~I ~ • ;.s!) kl"! ... 
Totol1 •:Jo • 'Joi + !JO~ • ·~iz .~··: 

o
0 

• epucifJ.c hoot of oir 
c

8 
~ teQPGracuro of owuotod a:l.1". 

1 

• 

J 
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CV lwst ._ccuc;ul(.tu(l :1n t.ry r.mt1:c .. : 
Qd a l1dl:l • c

0 
• ( tox - ~G) • lCh.!Sti.0.07 .(..-:Q-.;.O) 

t1d" • Q3GG of dry nottur 

clil • a;>ecif1c heat of dry ~.attor 

tDX - ex1'C tOr.li>oraturo of catoricl 

I II I I I I 
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In a;1n0.;;\j" ..: .tmd ll df°\4-"l!J con\.Iitiono 1n dry".-.'1~ 
conolG Ol"U ~r:.ttJhically plottod. TI>a porG::t-~tCJro 
of too drJino codiw oro opp .. o:cilk"ltoly !dvntic~l 
~n tho both canulo. 
i11u tcm~oroturo on tho ourfccc, of dried kool1n 
loyor ottaino rN°c.. lkJru o difV"om:~ of ~0.; · 

~~;oat"S botl"A>on tl,o o;orot:l.on wooo~nn.l'Jnt b~ 
porc~ncntly !notollod cotorG and tho actual 
tOD?Ue-~turc. ovor tbo aotoriol loyor. 
n~ rolot1v:J ei.- huQ.!d1ty l1cco bo~'10on l~D ~; 
along tho \'•holo lonnth of cctlvo dry1."1:J• 

'i1;o t~l>loo t.lo. :.;. 4 ond Q chow thot t:-:o u•·1oro 
L'IOr~ o;.>orotmJ "'i~h en output uhich ''""o jjJ tho 
f£rot ncoourin~ by ll ~' r.i;1~ U. t••~ wcoml OODUU• 

1"1n!J by 41 ;~ · hinhor t!)D.'1 t:;o or1o1neslly plc.n•XJd 
output. 
Durin~ p;,,.t1cul~.- nca:>:.tro:-.~ntG tho s->J ... ~uirc~ e>ui:lct 
hUO:.d1ty of lO :; \'J.:l'l nrJt vch!"'V-'d• T.la co;i;:mr1coo 
of oucputo ood outlot iu.:u!~!C!,Ja or f~c:il:l.n ·1'> of 
into .. oct. llor\J tho dicio!v.z, infl~K1r1.;:g of inlot 
bwitlity ot tho <intry .1nto tho uooolo fJC;!:in:.; 

Qachino i~ ov1c.!ont. \i1th tho inlet hv1.11~1ty up to 
ZO.J ~~ Ohort OO<;dloo ChO~i!OJ 0 cliotui•b:,:.d OUl'"~OC.J 
c.ro produoJcJ. "i'h.:>oo nooulo:;; how a conoic.l-:1•obly 
lor~1r ourfacv f'or uva•>orQU.ou ~md t:soy covur 
ownJly tho bolt of tho dr.icr •. Th~ ckiaroa of 
dorAlcor:ing :lo .S.n th2..o ooo_, uom;..1'101•olJly· hiohar. 

I 
I I I Ill I I I 
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Th-1 rclot!vo hua1d1ty er outlo"C o!r fr~a t:;o 
drioro t:Nl low • :.:s ~~ in tho f ;i.rot il:ld .;~ ~; 
:l.ll tho ~~om.I r:aioa&ur1n;;. lh!:. fuct :;!:<,,\.'G t!i~t 
tliO t>OrDCW ti;r& 0 f 'thi> Ury1.n!) tl:?Git!ta /tOt"{i;.;rott:r~ • 

Nlot1vc i1iJ;;:Ld1ty. fl~i" wlo..:!.ty (!o not _C(•n~~it'-!to 

ur{.ltl1:i,11.tr.t i'1r tho ro~uirod c::utpa~. •1za roilooi1 rc~t 

prc.Jut)inuntly in t!·u~ do$1U•l of Ui':i.CiO ur"1 wy 
l>~ . OU:lfl.=ir;. CJ:1 OG f ~llC'.'JO: 

a/ o\l?li~tion of purful"atod Ghv3t for tho 
c':>nVll•'tir b:>lt. The: v,1rc-,·:\lvun bcit ~o tlOl"Q 

QQVi'hltOGU~us fl"';,o thu vlc.w point of oir 

?':> r .:.u..;:;;il! ~y. 
b/ U;1rvo~ll1t•ility <Jr a ten.11 f"r turnin:J ovar tho 

J;~cl1n lt.1}~1'" !n a P''o!t1on of t;io bolt r:horo 
t~i::l k"5oJ i,1 cur~·~c.:1 l.i.1c,.n1; dry. 

c/ ~:1 dry.in~ tv1;vu•·.itur\::. . 

Thu ovor!o.t.cli!la of \l•:uiptmnt rt rro.:;.to uv!a.:mtly 
:i:.oo tha <lL'ality or r!~11nc. Th;io fvCt iG 
conir1rr.lod L·y tho ovcr~::;u .;Ji.Jti..'U\: :Ln &;h~ u.ru-:-
·hol-:-y~ur-. 
f'rcd:Jction in tho ft .• ·ut :1aiolf"•y.J:1,. 

V~OnttiOH titlO 
/wo rtJr;a; ou~)ut :ln dr/ uubt. t,.nc'l 
f'lcrM.;.:f.! ,'iJ' ..:>j~c::uu/ .:ut,_,ut 
in dry uub~:unc~ 

G.Z • ll··:i£. t b.1J.cnco cf d ri~' r;a 
- .. 1 -· r-w# a I e -

z l',.,J.! h 
l(J.30 t/h 

u.~ t/h 

Th" tL1blo ljo. lJ Ghoun that tho ''~"'t 1nput IX>~;cr 
"'-'o nowrly o~;u.s.vol.cmt .1'~ th~· both r.:~::.aur1n~z~• 
7h::.u .t.c u!oo d:.t.l to tl•fl f.:~~t that thu cxchM!;~ro 
ore cpc..ro~ud '. :1ti1 full (•UC?a.;t. 
TI-10 in1Jut pc~.'Or of cxc.hi•noorB 10 rCJu~<.;;:jd by 1~ ~~ 
~n ~0'1p:u·1oon uitia &.ho prc.;joct~\J output. \'JJ.tb 

rocor" to tlioir hichor cop.:a1ty :I. f c~••)oro4 

• 

' 
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! 

I 
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to tlioir rotmj ponur tllG Q\:tuclly wl!v.:>rod 
pol·.ror ~o dr!oro :tc lm.ior by only 7 ~: •• /7!10 

in;:rcotto of output pm·.or cf t~1u (l;:·.:f1e:nrJ"r ~G 
111.:titcd by tha qtJo.'ltity encl ci.r torJ;•~·roturo 
ot tho outl:t r1hol"'O tho lir~l.t ·t>Unm.::tc·r:l or~ 
ao1ntoincd./ l:a t:;o heat b.!'il~n~~ t!11J usurul 
hoat r0proo,nto ~v. l7 OJnd co.c.:; ;~. '!E·rc o;;oin 
n::.>-ro fmto1JrtultJ oi,crot.1on condit1orn• du.-iilo 
tho ce~our~riont Uo ~·er~ rcil~ctod. 
Tiic chinoov oxhoust lco3co of tho C.iJCC:itlt•Gl).-0 

rc?ru~\:.'nt lG ~·;> of h:>ut inpL.t po•~r. 1110 rated 
lo~# or pr-od~C·lr oakt;:: ~: . .: ~ .• Th1s fc:VCtUruulo 
sttit~ ic:; ~Ch1~-.t3d hy tho Op t1:iuia O~ttin!) or 
f1r1r::; coJ~tlition~. '' ct:rt:;!n rczcc-vo c::1ctG 
1r. t!a'J c1;.:~·~·nocr t:(i • • ! • !t:r t!~!•t .... •1·.o~ :!G 
diatur'r...lc:d t;:;(J tho t?ryinJ r..11:9 lc.if;G irito ti io 

f irinu c~z.c~. Th:.:; ·:!.:> i'.i.u111t (":;. tcd by .o;<cu~o o g 
G.1r 1.n th~ c:!1i~m1;y • TI·•> lco.;. iil:.kc3 (i • 71 ~:i of 

thr; tOt~l J.n~>Ut ~g.·.ur or dri<.: ;"O /:!,,; , •• !;rJ/ • 

;°\ f~rt:1cr UtrJUr"t'Uilt S.trJQ of l\Jt>Ou;l 10 t:lU 
ho:it dr~m off liy tt}o drt.at:·;·ht cir f":-o:i tho 
<lrior. l~:l.;;l~r.:r loc:;r.:~ ~ru iri~J..;c:..;rJ L>y tl•u 
ao~surinrJ Uo 1 r:i;ich l'.i~q;o,.u;t;.li ~y r_.,;~a::u&:r;d.,_l y 
.1n;;'-'• .. •·i.!,1'-•.11l uj1ul'd::&.liU .J:aci r...,u;,;.;11 jlC ... lit:..y uy 
hi~f,cr tt:U0")Cr'1t~u·or.; ·or; t:lo O::h:i:,iut 0 r uriOrG• 

. .... . 
Un1clr.mti f!.cd loct.;.:.;:J r~)rc~~.flt iJ ~,, of tho 

totol nnd th"J~ 1:1cy bo rocu.!.t t1f o·:!r.,!i::od 
inuecuracS.oo of tho othor o-;,acuro:.lonto. 

·r.1u t.;,!Jlo ;~"- 10 ~nJ.t~~~'-"' tht1t '1~.::"·~nt o,">or·o· 
t1'-'n c.:.n;;~;J.cr.u Qf ~ri.li'"~ ~nr.:.u·..;n;;u i;h.,;, ope.Jc1i'1o 
t•;;.'1t ~.-m.:.1.u.1•>t:1on t: . .w. rH.1forcnc"' Li..1i11u t:. .. ;O SQ 
/~2.2 kcol/ por k:J of «>Vc;torotud sw:stC1• ... 

I I I I I 11 I 

J 



r 

,; 

- .:.; -
Tho obtaiood dnta !JiVO thu GUJY~ of tlw 
oporotion of driorca 

Clutput 1n dry c~botonco /f/h/ 
Puol. conou~?t1c,,1 /k~l•/ 
Fuel co;1:)ur:l~:ition ;l.:r ton cf 
dry G~batunco Jk;J/ 

~r>oc~J11\:; h~at concur.~tlon eon 1·1otor dev~por~t!Ott ,:,;J,l;:;J 

r X i.pproxi:i:ctoly dc.ton:ain!.~ V3:'.tm b.:r.;d o;l O~•rti!]il inlt.t hl-'f.lid!tiOG 

·. 

L_ .. 

of tho U(;OCUra;~ntG !:•>· l cne .. :. Ti·.crc .;:;r.;; i~C rC:Cl)((:G Gi huai{!.iti~;, 

" . 

-./ lt•o iu .. ,l c~ncu;.1,'ltioa "''~ conGwq\.!t.:rltly. t:;o 
hoot input po~1~r fi.u·~\:uc.~~ ino!.~nificB.-')tly. 

b/ 1hl (;µi;>c1f1c b<::~t C:JH:.ul.'.;1tion 10 i.n ti•O 

a~in:1H!J ucthccl of or-c r.;;ti<m c.rily th~ :-uilot!o~1 

of doo;:.nr; ~nd inlot h..::iJ.Jity of the cir1cd 
mo tar J.c.l1 •• 

C/ n~o t:v.;rc·J'' ot:itc 1n r.t:-rl•t G:~uiv:1J.cnt 
to t!~~=·uriarJ com.iit~1.om• i:o. J.. 

d/ ·rho oc:1.:!:·:c:cnt d"'oa m>t ~:uliil tl>_.J o~Jo::;i~1<.: 
. . 

ht~t c:mr~u~.lption inc!:Lc-:. tccl l.i\' t•so pro•:uc1J&-
ir. ~°'Y c:~~. T!•.:.i nc..-..01.:r:..::1-:.n• i:o • .:: ~ltO\',:!J ti:~ 

;,;1:.a!lt;C#'t Ui i'~..:r,;,nco f ro1.1 ;;;..; r~1~thl iPi'•JjC.:•.:tr.:c!/ 

V£1luo uf 4lC~ :,;:V~•~; 1\·1;,tor/. 1'i1.J r.11:.:.iourc.:d 

COl1Gi.lr.l~>ti";1 c,f 4:;~~ !;.:.;.r~~,j /~:e;,t:.:r/. l;OHv'"·w· 
\"mo Dch:t~v.;d ,· . .t.th oi:!,,cti1ntiolly 111 c.-,1~~0:.Ju 

. . 
produ1~tici1 cmt;;;,)i. 1'11on> 1c no uu:-:r,·i~ltc,o to 
:u;l;;~c·.:~; ·ti;:!.:: r,r.;:.:lt cm~ p:-::t·c-..·i;; ti~ inlet 
quol1;y of r.,..,u r.1utor;S.r.Al um~or noi.1~nal CJLU::>ut. 
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• •r. --;,; -
tho poagtbi.lity of Ui;Jn:w1no th\l ovorD~ 
G;')Oc1 fie hcot wluo lii:o i."l ;ho cnclo:,,vour 
to ,och:!.\>vo tho valuo -fot.wnd by tho cooouro~nt 

IJo. ::.:.. un\lor CU??OS1~1on of oboorving tho 
eu1toblG huoid1ty of ro\1 1:1atori.al ond ruaul:Jr 
opcro~1on of tho r.ilaolo li.lio. 

7.1. 7ii'J 3u;>~ly of hot o1r to tho dry!:,o o;>~co 
choul.d bo cil:ia,!JOd oec&>n!ing t\J the. pictuN Uo.l. 
ni;.&.o c:..,.100 conoioto in br.Ln:Ji."l:J tho -l;ot oir 
03 c;loao OQ ftO~Siblo to Circulat1on ,,Jn::;. Liy 
th~ ~oa~un.l tho tocvoroturo of tho ~r~'1no 
a;ud1-.:g \'1ill bo :!.ncrccc;;d !.>y Dp;>ro:::i..."'l:ltoly lvtl~. 

7.Z. Ti1'J 10£:ics30 of t•20 o~h;.noar uo. ~ dlculd oo 
rotlOVutl. :f tho ox;lorioo1>t of n.::ldin!J cr.m.:l:c 
,.~o not G>uccuo&iul car13;1ic C:lf.tu.,ta ~a w 
wr.t.fi'ld. 

7.3. Cont1nuouo 1n~oc~ion of cporntion of (!rioro 
ond clooina noodlu tlDf;in~ '1oci~inoo ohould ho 
1ntrouucod oo to avoid 0;1or"tj,oo of oopty 
dricro. l:n ea~ of ncC(J~~r'I/ 1ntorvo!o tho 
hoot oxch~nsoro ohould bo c.;topp::d. · 

· 7.4. r.ocorouro ohould IJo 1noto!lod to ~cord outlot 
tot"q;o,.aturuu of tho dry1nu CKsd1ui.s. ~ ti110 ·•:~1y 

"w1y GtvPi'i.•u of th'-i bult ond ti1t1 ,_.urou.~n 
of ot,•nd~till ,-:oul<l t;o. rt:la!nbly r\:oiocoNd. 
1\loo t:;o Oi>wrinc~on of <if:ipty cJriuro \;uuld bo 
Gifjl~illlcd • 

7.s. nY.t knob for rooul1>t.1n'1 outlet tan;1oro~uro 
ohould bo Ol"rootc~ on tr;o vali.:o> "' ~c-1, .. .:P~. 
1110 proc1oc1 voluo ~houl<l bo dotom1ncd r11th 
rouonl to µoro 7.4. 
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. 7.G. In tha ontry of d,-icro tho inlot hun1d1ty 
u;> to :Ju.~ ~> Glkluld bl ll:lint&ii.ncd. ill-l 
fulfil.L1ont of thlG point iG dccicivc for 
'1conuoic Oi>Ol-O'tion of drJ..orc. To thio 
ro'luiro~nt tho op~rc-Cign of f ilturprocccG 

ahoulci ho> adjuot~d. 

7.7. '."e11Q COUUUlltiOil ;>roduetG .fron thll O:tGhtdlilC.ro 

m-e driven out ,.1.tb tho tUt1iJcrct~ro .;w-:..:..~
0

.;. 
ond cU.achttrued froa tho chin:fy ow_. tho roof 
of tho p.-;;,Cliue-Ge ln ducti.:aJ thu eoabu:;tion 
sncca throuah g;(choouoro and cool!nJ thca Ir/ 
sv0 c o p~-,~r of cco l~AJ '••' .-,oulll bo oiltilin~d 
~'=.luoll1n!) 1.:;7;.;c;~ nJ :!.:l a ~'\.lnrly o.~i;rJl:!uil f vr 
GC(.·Q houro. 7ho Gi>~l!.cntioa of di10 hc1nt for 

drying 1:ould t"lnvc (..~ \t1n~ of h,1uti."lJ oil p~c
y\ior. 4:1: ~•oulJ be r.;.:.:.;:Juon_.y ta ;JJ"o;;u~ ~ml 
W>nufncturc o ouito~lo oxch~n:J-.r• 

c.1. Tho in;,lonontnt!~tl of tlc~ n<~ju~ttumt i1c~crJ!.r.3 .. 
to par.a 7.1. tlcul'1 .accalcr~to th .. 1 clry!n!J 
~ruccga •'ml ru~u·.;·J th'1 c,>"c:L.fic cua~unilti•JUe 

c~. Tho 1J.l~1'iil\Jrttot1on of p~c.ot,.1.-CO pro;>OOC;d 
~n para 7.:;. • 1.c,. \'li..iUld o.:ducr.: taat.o c~luL:i~ic 
ov~roao commoption do'..'Rl to th•> v.-ilu.J cbt•.d.m:ll 

l:y th\J 1au::-.c!Jr.:i1:.ont lk) • ...! • Th" oct:ll.::l a:.;.oV!i"i:JC 
CGrll10t bo b:ic;!,c-:1 l>y o t:,lcult•U.<;ll !n th:!.3 co~:>. 
Tho a-eduction of G~locif.~G conout.i;>t1.on :I.a 

,-,:.;o.:or.o'1 t" bg u;lto ,:, ~~. 
0-3. The i1t1plcrmt!cn "'i the ~co~urcG oo por p:.ro 

7 • .2.e amd 7.7. \;oul<J b ... !n9 ·f':JuU&: cavil1~C# or 
h(t~t c>or1r,r or.Ou•1tinJ to .::!.,:~\,;.~Cu _•<tJ/.,-oc.r 
/O£;utill1'1l C...~ ton~ of lwotir•O oil]. 
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o. ~ncl9p1on 

ilio roculto of aoocuroaonto t.ovo ollOl.n that tliO hoot 
QOnOnltiQa 01.JUi£)QQllt of thO pl.alt :iG run '°'iCb 
a h1:1boc- q>ocific cvn31Jqltion tl~"lll ~ootDra~cad Ir/ cha 
producor. 

liO~r • 'tha pro::on30d ~toriol ~o pon:...iflCntly dt'iod 
co 111~:.ur buoi.dity tlJOO roquJ.n;d. Ths.o 10 &lw tu 

. tOC:mcal ohorccom.noo of tho o.:;ui~t. en tha ot:i..Jr 
bond t:1'l outpu~ of tho oqut."'JCOnt :Lo owr tho n>tino 
co;>ocJ.ty of tho ptoduccr di:Lcb offQ~~o u."lfc.voarllblv. 
tl10 otJCrat1on par-JDOto~. 

io Sttprow tC'\CI gx!.atio~ ot~tc. re~our.lo •·~<0ro p .. ~~.,oacd 

oiaod to rutlucin:s cncr:r1 cunuuo.•~>t1oo aml ir.t;.Jr~V-.!o:J 

d.-yinQ pr~.;o. ttl'1 1-lC'-' t io.x>rtooi; ~curo cono1~1,;o 
in kou;>ino tiiv inlet iJO~turo of d1•J.cd oat-JrJ.cl 
mthm ot~-;ulotod Uaito tsnd ou.P?ly1n:J conu.nuouoly 
iho drJ.Gro. 
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C?~01f.1c h.:;~t of e1r 

0:>0c:lf1c hc~t of coriibuo~io•• prc~ucto 

o;iou1 ¥to hoat of cottor 

ept.>cif1a ni:ot of t.&tor-

hoat cnp:!C1 ty of oil 
. 

~oa e.>f llry •l:.:t t::r ittt:uc. ~~nc\:/ 

cmoo of Jacitor:l.:;l :Lnlot 

11::1~~ 0 f t•il 

l;~o.;t f;Jt!•\:f; ,l•.Ji."t.l. :oc: uy i&..:.;l' ~c~~;.~:Jlctod 1n 
dry t\Ott:11• 

h•JD~ iUiJ'1'C po~•ur &1·1 i~r.::.nu o~l 

hc:.t o:tt;•ut f:'o,·ter tor ov.tl:m1·or:t.cn nf "'·')to.

hoot n'1c·~uizo~i for ovnrmr;;t1on o .. • l r,g 
0 f t;;(lt\! .. 

hcor cue.Jut paui:r loilt by hoot nucu~:nilD'i:'~d 
in rosid·ADl ,,._,tcir 

tOP;JOl°Ot Jr«.i of D!r 

toa~>i:r~t·.ir~ of c.01.1buG·;1'::n ~a·cd•. ·;·~.., · 

·I 

volur.l" of (11r 1or burnc ... o rcenl~11lc.t-::d 
"'1 norr.tal ocnvi t 1u1lO 
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- .. ver~u.:> w!oc1ty of otr flou· 
VO -
vet - thooroticol volusio of a1r 

~'t - th~roticol nood of 0:1..- fi.lr bun1ara • 
·Vcp - vol~o of co~.bu~tio~ prouucto 

~ Vt!o - vuluco of dry oir 
t 
i 

0 
Va • roO£ilculatod volU:la of m:Niot cotkiuGtl.Oil 

' t ;>rcdu~to 
f. e l 
k 

Vaa - volu.'1V ci noiGt cir 

V:t - th1.1oretiool volLmO of uo1et coc-.bootlon producto 

t' 
i Vv - voluno of V!iltt?r v°'.,our 
t 
!, \'11 - inlc:: coic.turo cvr.toa• 
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•~o;,orotur..i>O and rolotS.w m.t.Gture 
c:o9-.tcntG - .in,gr wo.-1 
Tof.1t-"rl".1t~a r.nd n:lotS.w uo1Gtuna 
aontOAW • ~r u.-... 
~rvoy of aooourod voluo• • 1•ttootin!l 

~rvoy of~ wJ.wo -..:°"tOGtir.:J 

lJr;J.Or l». 1 • <?DRt~~/ of .;:::!10!.l:.ltv'1 "ir-
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on.or uo. l - qwntS.ty of c;;:1ouotoJ v!r-
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Drior lk>e ;: • quonc1ty of c=::i::.u~t<.1d air• 
· - lot u"'iaou~t 
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• .... nd O~JOU~i 
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UNITED NATIONS IBDUSTRIAL DEVELOnmHT ORGANIZATION 
UNI DO 

Mobile Diagnostic Unit - Pilot Project on Energv Conservation 
in Ceramics, Building Materials and Non-meta1lic Minerals 

I 

Based Industries 

JOB DESCRIPTION 

Post title: Expert in heat processes in ceramics, building 
materials and non-metallic minerals ba~ed industries 
- team leader 

Duration: 

Date required: 

Dut7 station: 

DUTIES 

I 

The expert will be team leader of the teem of 
experts conducting the investigations of heat 
processes in industi ~ plants by means of the 
Mobile Diagnostic Lai ~~atory according the ~he 
pilot project. He w1· · be in contact with the 
counterpart nominate-. < the country of deDtination 
to ensure conditions ior activities of the Mobile 
Diagnostic ~nit. Speeifically he will be expected to: 

1. control the team work, prepare the work programme, 

2. contact th3 company heads to get the data and 
basic docwnents required for the preparatory steps 
for the measurements, 

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

4. maintain contacts with the company heads so thc,t 
all condi+.ions to find all the required valued 
could be made, 

5. be responsible for the elaboration of the final 
report on ti-d measurements,and its completeness 
to meet the ordering party s requirements. To . 
specify the main conclusions and remedial steps. 

QUALD'ICA~IONS1 ?4echanical or e.•lectrical engineer having wide 
experience in the field f o thermal cwn power 
engineering capability to elaborate the 
measurement co::ition in dependence on the 
technological ysis of the production in 
que•tion. 

.I 

• 

J 



IT 

I 

' 

~ 

• 

I_ -

LANGUAGE: 

BACKGROUND 

EnglisL and other as per the territory in which 
the measur~ments are to b& undertaken, 

INFORllATIOli: The inquired information should be delivered by . 
the country of de~tination requesting the • 
consultancy aervices. It should be specified 
in the Questionnaire of ~he Mobile Diagnostic 
Unit. 
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Tho • c:}c:. .. ii \'.'ili be:. u t c·-~:.: i:~1: nhc;:- \110::-1:1.""1.::; 

un'-1;};.:o. ~l:.u ::u.~··c.:.•viaio::. 0:: th~ tGc. ,, lc;~·~<!cr 

U."111 ic o;.1mc·iicd to I 

l~ llPO<.:iiy tac r."l~;.~:;L&::·in~-: T.•otiw<.1 to .·:-ot U1c 

V"illlo::i ~·o ~a;ui;;."o:d h:r the: tc: ,;i h,c.,kr' 

2. ::.iolc:ct :i:i.•opr: ... " 1:1c1·oJu:..'1..11:: t•Jc!lr..1.·-;ua /cr:;.i:.vr~, 
cvm1oct!.c.11 clc.:l~h-:;~;, ;;1::: .. ;;;.irin:; c1•u 
....... ,.1.--. 1· •··~·:Lo- "'l."._.,.,,.l,..·••+r/" .. ,.'"_, '"'" .. ··., ..... ~ .,.,.,,,_ ... "' ........ ~ , 

oqui-~r'•,~' !·.t to :,o te:"~(.!l .:·~~:t.j ;;1.~ ,:1::,·~ 

:~l~i-:;r h1.l'J f:ll".CQ:;!;.:;~ t C>.:' t~lQ :.•(·:~;; TJ..1 ::; 

ncco1'•U:1~~ ·~o ~~i.r) r:..·::.·t:Lr 'l rt.J:::'.•.l t;: cl:~·:>:..'"- ~cd 
I • 

bj' t~·.:.o cn, .. !..:.·,,,<Jr :i,;: (.::~.1'.~";_:Q r/: C:i· ... ~.t•t-.~lo:if 

•·c·:=i:,:.."~ cicco ... ·;J.1H.'. to ~~HJ v lu•1;; _..,._,:d er.cl 
CLlc;1 .. "L.:to£1 i°,l,.Ol'·6 tho rr.:,··1,~;l,t·n~J.Oil i."1,t::."'J.t.>(:.1~;; ' .. 
1.•r.<l t~ r>·r-rio.~:1 t~w L1M.vl•.~l~-' l ;'c:i!:1 ::i-J c.Z tl10 

ai:-, .. u:l1; ·1,·1.i. 
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Electrical ont;incer h~-V"i~c c~paric:!1co in 

tiOt'.Gwrln:; :l!ld the~"L1:il tcchai~uo, c1nvcr~:.-.nt . 
'ln-f ,.!, O"'~"'c>'-i·'Y· .,..,.,,,..,.U,'·-. ·":'••f;,. ..... ..,,. ~\;·'"·" v .......... " • ..., .-.. ............... . 

:i!h_a Ll(!uil'Ctl in:or.X!ti1;!:. ci.:.ould UO uoli;;c.:.•cd. by 
the cou.&it~, ~ de.:. t!u:. Uoa i•cquo.;tlru; tho 
co:ir:ul t!'.'i1cy ;;ei.-vico::. It 0:1ould ho apecif'ir.:?d 
1.n tho i::uo.ct1onnn1ro ot tllo ;.\obilo Di.dc;no;Jtio 
Unit. 
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Poat title: 

e DL:r~ tion s 

DJ.to required& 

Dut;; F.r:;c.tion.1 

J 0 ~ 
- ,!,;, 

T I 0 U -
:;::r:!)o:..•ii i;-1 toci.l.:iicn.l cc.lcul;. tionu mul 
evrlu~tionn. 

·r11c· c:::i)cl.·; \':ill b c r.. tc · .::i t~C!:&:JOr ,-·or;:1n3 u..-i::?or 
·t;\O rin;ie::.'"'.ti[:io:l or t~w tc:-,~1 lor..do~ l'Jld it.: 

o::;>cc·~9J toa 

l. cu-.. .. .1.•y out :routino cr:.lcu1·-.tlo1!"J end oV~'.lU!itionc 
o-: tl;o uco.curou vr.:l~cu oc tJ. i.woio !or 
cr)ooj.l.':;ill~.; rurti•c::.· t:ii!B~U:6."'.mo:--, t prOCClOQ I 

2. fi:ltl ou"w t~o C".1.,· .. cit:J <l'.· ~t'. a:; to tllo qu~.ntlt:; 
C'ncl !1l.L:l1ty o-: ti'c ;.->:i.. .. .,,l1uctio1i !':;;•r.iu tho 

iJ:.t:~u.r~c ~u:.•c:.. .. l.--<quii.·od for tho cm.;.:r~17 

ct:lonl1: !iioac1 

'· \•,;:r~~.!:J ti10 co4•;;.·co~~·o;:;.J or ~ho r:-io·.t:mi•cd 

vcluco; 

4. cou~tlo t•10 ow1lu tinafJ l°\"t::i ti.10 i11d:i.v:i.1J1ml 

1iiCn;::1.1:'l:•1 Vt~luco ~~i.cl to e~·1~-:.·:i· out t~o r.l::?.in 
cr..lcLi.1,.· t:I.omj 1·,,r tl''o !'im l rJO·:- ;;u•·c:~cnt 

ro:lort; 
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7:1 er. t:·.tc·!:"'.. '311::iucor, a; ;:1c-.:!·~ t:tcl!·n, l'hpcnc:icad 
1::1 tbc i'icld of l;,1J;·.i;t:.J..•ei::-..,."!n-;; :·.;,ti ~.:ulc.iiioa 
t"chn:t,p.Hi, oonvor:Jr..nt \'li~i.l i;ha op•2.>s.t.;;.on.·;J. 

mc:r!~i.U."V1.1~ot ev:~1luatio:..1s. 

Tl•~ ir.a.!~tli.r~d ird"or .. ~f;lou "h~uld l:o uo1.iV!>.:"~1 

by ti-.'1 couatry of dc:.:·,in·~~J.c;1 ~~c•.;ue~tlng ·i;!!o 
cc1w!.:.l t::iic:: oorvioo.o. It ~;;i;uulJ lJO o,pcc~ic~l 

1~1 t:1c C:i.:oution.,r:.~o cf tho ::,):>!le Dl.~!~;'.J,.:;:Olu 

Uuit • 
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WllED lUi.TIONS nrnusT!".IJ .. L DEVELOP=.IBN:l? OilG.ARIZATION 
UNIDO. 

1-tobile D!arnootic Un~t - 11lot Proie_qt on 7;ag_r::;:r. Co~l"Vaticn 

in C(Qrpgics, BJli\c1!1~jJn;terinls nnd i~ou-getqllic ;:i.J;6~lg · 
Dc.ggd Induotric!J.& 

- . . ·~ 

•' .. 
Poat titles 

Durations 

Date requireda 

Du't7 staticma 

W2IES1 

J 0 li D E S C R I P T I 0 It 

• 

Technician for r.iea3urin~ :lnot1'\li.1enta 

~e e~pert t1ill be a team Liuraber wo1•kine 
under tho ouporvioion of t.i:ie tea:n leador 
and is o~-pectsd to1 

1. entiure Q troublofrao oporution or the 
mec.s~ 1uatnwcnta durinc ti1e ceo.ourin\"; 
prooouo; 

r ' 
2. chock ~nd Cl'.lih.io::ito tho i;1ors.auri11c; 1nstrwao:nto1 

J. ooll11boi~to ,·:i·i;h the opcl. .. ntor in tho 
1notall:1tioi1 or ti.le r.:aa:nu-1110 c~noo~D on 
tho equipwont to bo tooted il and when 
necesoary. 

1 
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LAJIGUAGEa 

• 

... 

• 

Electrical technician experienced s.n·the 
field of the meas~ technique. 

: . . . 
'· 

' . 

~he. in~uired inforcation should bo dolivorod 
bt·tne countr; of destination requestine tho 
consultaney services. It should be specified 
1n the Questionnaire of the Uobile Dia&Jlostic 

·Unit • 
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we I - q a =*• 

e root titlo' 

Duty .:::tationa 

• 

·~::le c:::':.>crt •.:ill be r. ·to~ ~l r.i0:.lhor wori::inr; u:.-ider 

tb(\ ~1.!por·vi~;ioa of tbo tc!.n:l le:: cl or L'.nd io 

o::poctc·d toa 

le..., inott:.l l th~ 1:tefJ.otirt~.; ::;cn-:,;or11 o:i. tllo 
C<&'-tipacn t to uc tc . ..; tell c1:i.u t,, corn~cct 
t,100 \'1iti1 tilo uc.:i.~:uria;; 1·.ml :-.:i .. :1u~>.~~ .. tion 
intit1'".Ulo:1t:J c.n i.li:t·~utcd \J/ t~~e en.:·;in.oor 
in cwr.:;o or tho we;·· uu~·cr.:icnt; 

2. dri vo t!io uic:.'.;j\.U."'in;; dir.~ _;Ho::: t lo c.ui t ti·ucl; 
to tll!l incl:!.vi<lu~l ::,rnto oi' n.on:;crc::r.•nt 

" rnd to clo tno rol\t1no 1;1.'1.into1.1:·:nco o-: tho 

truok. 
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T"cimi.c1•Ul illC'1~ic :!l or olcotricol 
e:Qor1o.aoo'1 ill opo:4'i:?.i:io:wl to<JUng. 

DriVui.•e. 

Q:)lltJU1t~-...~1C:f DL?:ri:f.C:O:Je :;:~ ;--;\Lr;ulJ hO or;ocii°!Cd 
in tho {~~cot10'.lll~.d.l·"1 o.~: ~ilC ;:_}l!ilO 1)1.n~~o:;t;l~ 

Ua"lt • 
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FliJAL. UCiTCl 

1110 prooontc:;.\! docuocnto fun11oh tho l>ocic 

infora::.tio."l on t.Klviucry curv1~0 in ouo~uv 
conGOrvou.tn in curOilico, builJ.•na t).titoriol~ u1d 
non-oott'lllic bnood .inc?wcri.co. nao notl~od of 
thio oc,ivicy io bosod on tho or&>licntion of 
o aot>ilo diounootiQ lnborotory eanoblinn doo;.> 
O?Qrnu.on onal~u o~ 1100~ ocui.:r-otln;J oqu1pm:mt 
1n cit'\..l ond tho rocoi:1w:mt!.;;tion of 1r.tpll1r.t~ntr1ulo 
1u;H"UWrn .• ntu. Ito ~16)plic-.:t~on chm:ld bo vary 
offoctiw in <;.iovolup:tno cc;untr1oo ~•horo tochniccl 
oorvic'1o oro a..nouff1c1Gnt end tho 1~,1~ct "f 
infl~t1on f uol pricoG on locnl OGunoo1oo io 
dio.:iotrouo • 

• 
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