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POLOHA SULKA KUKURICE NA ZACIATKU JEHO
VYMLATU VO VZTAHU K POSKODENIU ZRNA

THE POSITION OF MAIZE SPADIX AT THE BEGINNING
OF ITS THRESHING IN RELATIONSHIP TO THE GRAIN DAMAGE

J. Piszczalka
Slovak Agriculture University, Nitra, Slovak Republic

ABSTRACT: Some authors dealing with the threshing of grain maize incline to the opinion of inlet of spadices by their side
to the threshing gap of tangential threshing mechanism as a way to minimize the damage to grains. Whereas by own
observations their opinion cannot be confirmed, it should be necessary to verify the way of inlet of spadix by the testing
threshing. Laboratory and field measurements on harvester-thresher adjusted for maize threshing showed more advantageous
threshing when a spadix is entering by the point, i.e. by the base or top. This way is ical, less d Jing and
grain-saving, i.e. less damaging to grain.

maize threshing; way of spadix inlet; grain damage

ABSTRAKT: Niektori autori zaoberajiici sa vymlatom kukurice na zrno sa nazorovo priklafaju k vstupu 3ilkov svojim
bokom do mlétacej medzery tangencidlneho mlatacieho ustrojenstva ako k spdsobu menej poskodzujicemu zrno. KedZe na
zdklade vlastnych pozorovani nedd sa tplne sihlasit s ich tvrdenim, bolo potrebné overil spdsob vstupu 3ilka pokusnym
vymlatom. Laboratérne a polné merania na obilnom kombajne upravenom pre vymlat kukurice ukazali na vyhodnejsi vymlat,
ked Siilok vstupuje hrotom, t.j. zdkladiiou alebo vrcholom. Tento spbsob je energeticky, menej ndro¢ny a viac Setriaci zrno,

t.j. menej ho po¥kodzujici.

vymlat kukurice; spésob vstupu 3iilka; poSkodenie zrna

UVOD

Na vymlat zrnovej kukurice sa vé¢Sinou pouZiva
tangencidlne mlatacie astrojenstvo ako ustrojenstvo
upravenych obilnych kombajnov. Toto ustrojenstvo
mlati kukuriéné ¥ilky, ktoré si oldmané zo stebiel ku-
kuri¢nym adaptérom. Slky si podavané do mlatacieho
ustrojenstva, priCom vchidzaji do mlifacej medzery
(medzi rotujici bubon a mlataci k6%) ako kusovy ma-
teridl dany rozmermi: hribka od 21 do 57 mm a dlzka
od 90 do 305 mm (Kromer, Noble, 1987). Silok
je charakteristicky tvarom valca, zrezaného kuZela ale-
bo predlZeného sidka (Prochazka et al., 1989).

Pre mlateny $ulok si moZné tri spdsoby jeho vstupu

do tangencidlneho mlatacieho ustrojenstva:

~ vstup hrotom - $ilok vstupuje svojou zakladiiou ale-
bo vrcholom,

— vstup bokom — hlavna os $iulka je paralelni s osou
mlétacieho bubna,

— néhodny vstup.

Sledovanie vymlatu $ilkov poas ich réznych spso-
bov vstupu do mlatacieho dstrojenstva je opodstatnené,
nakolko medzi vyskumnikmi existuje nejednotnost na-
jmé Co sa tyka poskodzovania zrna pri jednotlivych
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sposoboch vstupu. Mnohi autori Mahmoud, Bu-
chele, 1975; Tadi&, 1984; Loc, 1986; Pro-
chéazka, 1989) sa nizorovo priklafiaji k vstupu bo-
kom ako sposobu menej poskodzujicemu zrno.

MATERIAL A METODA

Uvedena nejednotnost viedla k zaoberaniu sa touto
problematikou, pri¢om bolo treba siahnu( po starSich
literdrnych prameiioch. Merania niektorych autorov
v citovanych publikdcidch a aj vlastné pozorovania
a merania poukazovali na existujice odliSnosti v do-
siahnutych vysledkoch. Vznikla teda potreba overit
uvedené spdsoby vstupu §ilkov do mlatacieho ustro-
jenstva v laboratérnych a polnych podmienkach v kon-
texte vplyvu spdsobu ich vstupu na po¥kodenie zrna
a energeticku naro¢nost.

Po stranke metodickej malo rieSenie tieto fizy:

1. zhodnotenie vysledkov dosiahnutych inymi autormi

v stivislosti s dejinnym vyvojom vymlatu kukurice,
2. niektoré overujice merania vysledkov dosiahnutych

inymi autormi,

3. laboratérny vymlat orientovanych ¥dlkov (poloha
hrotom, bokom, ndhodilé),
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4. sledovanie préace zlep§ovacieho navrhu laboratérny-
mi meraniami,

S. overenie upravy orientujicej Silky v polnych pod-
mienkach na upravenom obilnom kombajne.
Vysledky merania tykajice sa bodov 2, 3,4 a 5 uva-

dza vo svojich pricach Piszczalka (1989, 1991,

1995). Tento &lanok je porovnanim vysledkov merania

citovanych autorov a vlastnych merani, ¢o umozZnilo

dospiet k zaveru o jednotlivych spdsoboch vstupu 3dl-
kov do mléatacieho ustrojenstva tangencidlneho typu.

VYSLEDKY A DISKUSIA

Z literarnych pramefiov vyplyva, Ze vymlat oriento-
vanych kukuri¢nych $ilkov bol robeny este pre rokom
1975. Mahmoud a Buchele (1975) mlatili po-
lohovo orientované $iilky v laboratérnych podmien-
kach pri vlhkosti zrna 24 %, pricom $ulky vkladali do
mlétacieho dstrojenstva ruéne:

a — hrotom,
b — bokom,
¢ — ndhodne.

MnoZstvo poskodenych zin pri jednotlivych vstu-
poch autori zoradili v takomto poradi: a, ¢, b — ¢o zna-
mend, Ze najviac poSkodenych zfn sa vyskytlo pri vstu-
pe hrotom — takmer dvakrat viac ako pri vstupe bokom,
kedy $ulok v mlatacej medzere mal moZnost sa odva-
Toval. Autori tito skuto¢nost vysvetlili velkym bodo-
vym tlakom mlatky bubna na zrno na $Glku. Sdlok
ru¢ne vkladany hrotom, kym ho mlatky zachytili a strh-
li do mlatacej medzery, bol niekolkokrat udrety rotuju-
cimi mlatkami. Sved¢ia o tom podla autorov po$kodené
korunky zin.

Na zéklade vlastnych merani sa d4 konStatovat, Ze
poskodzovanie korunok zin je typické pre vymlat
s velkou mlitacou medzerou voéi hribke $ilka (Pis -
zczalka, 1991). Mahmoud a Buchele (1975)
v metodike prace neuvadzaji velkost mlafacej medze-
ry, s ktorou sa vymlat uskuto¢nil. Tvrdenia autorov
o vyhodnejSom vstupe Sulkov bokom a najmi zdovod-
nenie dosiahnutych vysledkov nie si celkom presved-
Civé, kedZe pre kaZdu orienticiu sa analyzyloval iba
jeden Silok, a to jeden z ru¢ne vkladanych Silkov, kto-
ré neboli rozdrvené. Tieto zavery laboratérnych merani
o vyhodnejfom boénom vstupe $ilkov boli preberané
dal§imi a dal§imi autormi a stali sa vychodiskovym za-
kladom mnohych publikacii a technickych rieSeni.

Pokusy iba s jednym zrnkom, t.j. uvolfiovanie jed-
notlivych zfn zo Sulka, mali za ciel stanovit silu spaja-
jicu zrno s vretenom. Zrné boli vytrhavané $pecidlny-
mi klieStami meracieho pristroja (Frontczak,
1987), alebo odstredivou silou (Lamp, Buchele,
1959) po umiestneni $ilka do odstredivky.

Sila spéjajuca kukuri¢né zrno v zavislosti od vlhkos-
ti zrna a polohy zrna na $ilku bola sledovani u viace-
rych hybridov.

Pri kvézistatickom vytrhdvani jednotlivych zfn
Mosz, 1986; Frontczak, 1987) bolo zistené, Ze
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najvicsia spajajuca sila potrebnd na odzrnenie sa vy-
skytuje v strednej Casti $ilka. Pri zmene vlhkosti zrna
z 9 na 37 % sa sila zvacSila trikrat.

Brandini (1969) (in Mahmoud, Buchele,
1975) mlatil jednotlivé zrna z vretena kukurice néraz-
nikom kyvadlového typu. Zistil, Ze smer aplikovanej
sily nemal G&inok na velkost sily potrebnej na odtrhnu-
tie zrna z vretena. Sila v smere hlavnej osi §alka a sila
podla doty¢nice k prie¢nemu prierezu $iilka mali rov-
nakd velkost. Autor nezistil rozdiel vo velkosti sily
podla smeru jej priloZenia.

Pokrafovanim tychto merani boli pokusy (Feren-
czi, 1991) s mlatkou na kyvnom ramene Sharphyho
kladivka pohybujicou sa rychlostou 2,3 m.s™. I8lo
o vyrazenie rovnakého poctu zin (12 ks) zo $ilka, pri-
¢om vyraZacia sila pdsobila na zrno na Silku podla
jeho doty&nice k prie¢nemu prierezu $iilka a potom po-
zdl% jeho hlavnej osi. Merany vyrez Silka bol tuho
uchyteny v tvarovanych Celustiach zvierky. Merania
ukazali, Ze pri pozdlZnom pohybe ramena iba prvé zrna
pridu do priameho kontaktu s mlatkou. Iba prvé zrna
st priamo vystavené rdzu s nebezpecenstvom ich vys-
Sieho po3kodenia. Ostatné si uvolfiované predchidza-
Jjucimi zrnami. Hrubo poskodenych zfn (podla hybrida,
typu a vlhkosti zrna) bolo od 2 do 5 %.

Pri doty¢nicovom pohybe ramena bol priamo za-
siahnuty vic¢si pocet zin a hrubo poskodenych zin bolo
dvakrat az $tyrikrat viac ako v predchadzajicom pripa-
de. Tieto merania ukazali, Ze z hladiska ¢o najniZ8ieho
poSkodzovania zrna je vyhodnejSie odzriiovat $ilok
v smere pozdlZ jeho hlavnej osi. Energetickd nérocnost
uvolfiovania zrna vo vietkych sledovanych variantoch sa
podla Ferencziho (1991) ukdzala o 20 % niZ8ia, ak
sa mlatka pohybuje pozdiZ hlavnej osi §tlka a pritom pri-
amy zasah obdrZi mensi pocet zin.

Sledovanim sil vyskytujucich sa v mlatacej medzere
sa zaoberalo mnoho autorov(Mahmoud, Buche-
le, 1975; Sestak, Sklenka, 1978; Tadi¢,
1984; Loc, 1986 a ini).

Podla Sestdka a Sklenky (1978) je radidlna
a tangencialna sila na vstupe mlatacieho koSa vzdy
vidsia neZ na vystupe, a to 1,4 aZ 1,6krat. Jej vieobec-
né zavislost bola vyjadrena hlavne na obvodovej rych-
losti mlatacieho bubna a priechodnosti mlatacieho
ustrojenstva takto:

F=a.(v,0,)+b

kde: F = sila (N)
a b -} y zodpovedaj nastaveniu mlafacieho tstro-
jenstva
v, - obvodova rychlost mlifacieho bubna (ms™")
@,, - priechodnost mlatacieho strojenstvia (kgs™)

Merania sil v mlatacej medzere pokracovali uloZe-
nim mlatacieho ko$a na snimate (Mahmoud, Bu-
chele, 1975), umoznili sledovat oscilografické prie-
behy tangencidlnej a radidlnej zloZky sily pri vymlate
kukurice. Merania ukézali, Ze maximum radialnej (nor-
mélovej) zloZky sily sa vyskytuje na okolo 20° dlzky
ko$a a maximum tangenciélnej zlozky je voci zloZke
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radidlnej oneskorené o dallich 20 aZz 30°. Ak 3dlok
vstupoval bokom, mali obidve sledované zlozky rovna-
ku velkost. Pre vstup $iulka hrotom dosiahla radidlna
sila iba 75% urovne predchddzajiceho pripadu. Tento
doleZity poznatok ukazuje na potrebu menSieho silové-
ho u¢inku mlatacieho ustrojenstva na mlateny 3ilok
a sveddi o niZlej energetickej naro&nosti vymlatu v pri-
pade, ak $ilok vstupuje hrotom (vrcholom alebo zi-
kladiiou). TaktieZ vytvara predpoklad niZ3ieho poskod-
zovania zrna.

Doteraz uvedené laboratérne merania nepotvrdili
postuldty o vstupe Silka bokom do mléfacej medzery
ako o vyhodnej§om spdsobe vymlatu. Naopak spdsob
odzritovania pozdlZ hlavnej osi $ilka sa ukazal menej
energeticky ndro¢ny a viac Setriaci zrno.

Potvrdit alebo vyvratif uvedené poznatky znamenalo
pokradovat v meraniach najmié v polnych podmienkach
pri vymlate kukurice obilnymi kombajnami. Pre vymlat
(vidcSieho mnozstva) Silkov v prevadzkovych pod-
mienkach bolo potrebné zariadenie schopné zabezpe&it
polohovi orientéaciu $ulkov pred ich vstupom do mla-
tacieho dstrojenstva. V patentovej literatire bol néjde-
ny stroj na orienticiu Sulkov (Kravienko et al,
1980), ktory nezodpovedal kladenym poZiadavkam.
Robustny stroj (s pohonom od elektromotora) s nizkou
vykonnostou nemohol byt namontovany na obilny
kombajn.

RieSenim tohto problému bol zlepSovaci navrh
(Piszczalka, 1989), schéma ktorého je uvedené na
obr. 1 a 2. Vychodiskom pre rieSenie sa stal existujici
spdsob dopravy Sulkov v Sikmej komore kombajnov
typu E, Bizon a dal3ich. Sikmy refazovy dopravnik
svojou spodnou vetvou (pomocou list spajajicich reta-
ze) hrnie $ilky do mlatacieho ustrojenstva, pri¢om za-
bezpe&uje ich usporiadanie bokom pre ich orientovany
vstup do mlatacieho ustrojenstva (Piszczalka,
1995).

Podla uvedeného zlepSovacieho nivrhu upravena
Cast stroja, namontovana na vystup $ikmej komory, za-
chytéva pohybujice sa Silky a spdsobuje ich pootoce-
nie (obr. 2). V tomto okamihu zachytdva mlétacie
ustrojenstvo kombajna $ilky v polohe hrotom. (Sklon
prstov upravy v smere pohybujicej sa hmoty zabrafiuje
pripadnému upchatiu vyistenia Sikmej komory. Nad-
merne dlhé Silky a Casti stebiel maju vdaka tomuto
sklonu moZnost prechidzat nad prstami dpravy.)

Laboratérne merania Sikmého dopravnika potvrdili
poZadovani &innost pravy zabezpelujicu orienticiu
Silkov pre ich vstup hrotom. Preto sa pristipilo k pol-
nym meraniam.

V polnych podmienkach sa uskutoZnili merania za-
merané na porovnanie spdsobu vymlatu, kedy ¥ilky
vstupuji do mlafacieho ustrojenstva orientované bo-
kom alebo hrotom. Namerané vysledky minimalne
troch opakovani su uvedené na obr. 3.

Na zéklade rozboru zin odobratych zo zasobnika
obilného kombajna sa d4 kon§tatovat, e pri vstupe ¥dl-
kov hrotom bolo namerané niZlie poskodenie zrna.
V oblasti obvodovych rychlosti mlatacieho bubna nad
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1. Uprava umozZiiujica vstup $ilkov do mlafacicho Gstrojenstva
v smere ich pozdlZnej osi — Adjustment inlet of spadices into thresh-

ing h along their longitudinal axis

-

-
2. Sct i ia upravy orientuj kukunéné !ﬂlky pred ich
vyml - Diag of position of adj g maize
spadices before thc|r thrcshmg
1 - Sikma k L ~ obli hamber of harvester

2- exlsmjlm refazovy dopmvnik - c)usung chmn convcyer
3 - dprava ori Silky - adj T

4 — mlétaci ko3 — threshing basket

5 - mléfaci bubon — threshing drum

10 =1

6 \ /B ot
\.-- A

4 1
s 15,7 18,6

m.s~!

3. Vplyv dpravy orientujicej $ilky na makroposkodenie zrna
kukurice v zdvislosti od obvodovej rychlosn mlafacieho bubna - The
effect of dj g spa on ge of maize
grain as d ded on ci fe | velocity of th ing drum
A - verzia s tpravou - version with adjustment

B - verzia bez tpravy - version without adjustment

priechodnost mIMacneho ustrojenstva — clearness of threshing
mechanism: I -4 kg.s™'; 11 - 7 kg.s™

vlhkosf zrna — grain moisture: 30%
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14 ms! (nad 450 min"') sa dosiahlo preukazné zniZe-
nie hrubého poSkodenia zrna o 1 %. Ide o nezanedba-
telné mnoZstvo poskodenych zfn, ktoré je mozné ziskat
jednoduchou a nenékladnou tpravou obilného kombaj-
na, ak zoberieme do uvahy, Ze poskodenych kukuri¢-
nych zifn pri vymlate je okolo 5 %.

ZAVER

Sposob vstupu $ilkov do mlatacej medzery, hodno-
teny mnoZstvom hrubo po$kodeného zrna, sa ukazal
ako dolezity fakt tykajuci sa procesu vymlatu. Treba
vyslovit nizor doloZeny viacerymi laboratérnymi po-
kusmi a potvrdeny polnymi meraniami, Ze z hladiska
kvality vymlatu je vyhodnejsi sposob, kedy Silky do
tangencidlneho mlatacieho ustrojenstva obilného kom-
bajnu vstupuji hrotom, t.j. zdkladiiou alebo vrcholom.
Dosiahnuté vysledky spochybiiuji jednoznagnost tvr-
denia o vyhodnejSom vstupe Sulkov bokom.
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THE VARIANTS OF DRYING AUTOMATION
OF AGRICULTURAL PRODUCTION BY ACTIVE
VENTILATION

VARIANTY AUTOMATIZACE SUSENI ZEMEDELSKYCH PRODUKTU
AKTIVNIM VETRANIM

V. Petrusevicius

Lithuanian Institute of Agricultural Engineering, Raudondvaris, Kaunas r., Lithuania

ABSTRACT: The relative air humidity sensors are used to automate hay and grain drying by active ventilation. They are
unfit to operate in dusty and moist environment. The possibility to do only with the air temperature sensors to design the
automation means was investigated. The intensity of the drying is described by the temperature difference of the inlet and
outlet air under certain conditions. The merits and shortcomings of such automation method are pointed out. The main part
of the work is the analysis of the possibility to manage only with the inlet temperature of the air measurement to automate
the drying by active ventilation. It is supposed that at night when the temperature is minimum the air is saturated with moisture.
Its absolute humidity is characterized by the temperature. The influence of the change of absolute air humidity was analyzed.
Investigations show that the air temperature under different meteorological conditions (except the rainy weather) can accu-
rately characterize the relative humidity. The conclusion was made that when the air temperature has been measured by the
sensors absorbing the solar radiation, it was possible to get the information about the air suitability for the drying.

relative air humidity; absolute humidity; tepmerature sensors; drying by active ventilation

ABSTRAKT: Snimace relativni vlhkosti vzduchu slouZi k automatizaci sudeni sena a zrna aktivnim vétranim. Nejsou vhodné
v pra§ném a vlhkém prostiedi. K projektovéini automatickych zafizeni byla zkoumana moZnost pracovat pouze s &idly teploty
vzduchu. Intenzita su3eni byla popsana podle rozdilu teploty vstupu a vystupu vzduchu za ur€itych podminek. Jsou zdiraz-
nény klady a zdpory této automatizace. Zakladem préce je analyza moZnosti pracovat pouze s mé&fenim vstupni teploty
vzduchu k automatizaci suSeni aktivnim vétranim. Pfedpoklada se, Ze v noci, kdy je teplota minimalni, se vzduch nasycuje
vlhkosti. Jeho absolutni vlhkost je charakterizovana teplotou. Byl analyzovin vliv zmény absolutni vlhkosti vzduchu. Vyzku-
my ukazuji, Ze teplota vzduchu za riznych meteorologickych podminek (krom& destivého pocasi) miZe pfesné ur€it relativni
vihkost. Z toho lze ucinit zavér, Ze kdyZ se teplota vzduchu méfila ¢idly absorbujicimi slune¢ni zafeni, bylo moZné ziskat
informace o vhodnosti vzduchu k sudeni.

relativni vlhkost vzduchu; absolutni vlhkost vzduchu; teplota vzduchu; su$eni aktivnim vétranim

INTRODUCTION

The drying of agricultural products, especially grain
and hay, by active ventilation, is very popular because
of the small energetic and labour expenditures. In many
countries different variants of equipment and drying
technologies, including the automation means and
methods, are designed.

It is impossible to do it without the measurements
of the air, the temperature of dried material and the
moisture in the most popular automation methods
(Sharp, 1982; Smith, 1984; Baumgartner,
1991). For this purpose we need sensors suitable to
operate under complex conditions of agricultural pro-
duction.

During the last years the production of automation
means including the sensors developed rapidly. In spite
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of this fact until now there are no sensors to measure
either relative air humidity or material moisture suit-
able to operate in the dusty and damp environment
(Miihlbauer, 1991). This stimulates the search of
the ways to create the means for the automation of the
drying by active ventilation, to manage only with the
temperature sensors as very stable and reliable means.

THE TEMPERATURE DIFFERENCE OF INLET
AND OUTLET AIR AS THE FACTOR DESCRIBING
THE DRYING INTENSITY

The danger to spoil the products limits the period of
the drying by active ventilation. In most cases when the
hay was dried for some period it was possible to find
the days when meteorological conditions were suitable
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for the drying. When the grain was dried under unfa-
vourable conditions the air was heated to get the de-
sired drying intensity. The air is usually heated so much
that its relative humidity corresponds to the moisture
of the dried grain.

The air blown through the dried product releases the
heat that evaporates moisture from it. Thus the air tem-
perature decreases when it flows through the dried
product. This change of the air temperature (when the
inlet air temperature is constant) describes the drying
intensity. This is assumed as the basis to design the
device for the automation of the grain drying.

The change of the ambient air temperature makes
the influence to the relationship of the temperature dif-
ference of inlet and outlet air to the moisture absorp-
tion. This influence is insignificant because the tem-
perature of the blown air is increased and vice versa
when the inlet air temperature and simultaneously the
moisture absorption from the dried grain decreases.
Consequently, the temperature of the inlet air changes
insignificantly.

With the use of such automation method the drying
can be finished automatically. This is possible when the
ambient air temperature remains constant and the air
heating is maximum. Then the drying intensity and the
temperature difference reach the minimum amount that
is grounded technologically and economically.

When this method is used to determine the end of
the drying, the layer width of the dried grain and the
deviations of the maximum relative humidity of the air
from the amounts used to estimate the intensity of the
air heating have the influence to the moisture of the
dried grain.

Such device was made and tested in the laboratory
and during the drying. Though the operation of the

- t°Cird,glkg 0% 10
90
”: 80
25 70
60
20 50
40
“-/N\WN\ “
10 20
10
6 0

22 24 2 4 6 8 10 12 14 16 18 20 22 24 2
3

1. The change of the air temperatures and humidities on a sunny day
t — air temperature; d — absolute air humidity; @ — relative air hu-

midity

130

device was evaluated satisfactory, the shortcomings of

such automation method were noticed:

1. This method can be used when the drying under
unfavourable weather is continued and the inlet air
is heated.

2. When the grain is kept in the bins installed in a close
storage, the outlet air temperature of other bins has
the influence to the temperature of the outlet air.

3. The sensor measuring the outlet air temperature
complicated the drier operation.

4. It is expensive to automate every aggregate that
blows and heats the air. The maintenance of such
aggregates becomes more complicated.

These shortcomings stimulate the search of the ways
to manage without the measurement of the outlet air
temperature, when the relative humidity of the ambient
air and the temperature as one of its indices are as-
sumed as the drying criterions.

THE INLET AIR TEMPERATURE AS THE INDEX
OF RELATIVE HUMIDITY

The relative air humidity is the main factor to influ-
ence the moisture absorption from the dried product.
The relative air humidity depends on the moisture con-
tent of the air, i.e., the absolute air humidity and the
temperature. When the absolute air humidity is con-
stant, the relative humidity depends on the temperature
alone. Day and night are the periods of the change of
the air temperature and the relative humidity. To be
able to guess the relative humidity of the air from its
temperature one should know the moment in the
24-hour period when the air absolute humidity is
known. Such moment can be only at night when the
temperature is at minimum, having in mind, that the air
is saturated with moisture at that time. The work object
was to determine the change of the absolute air humid-
ity during 24-hours and the influence of this change to
the relationship of the relative air humidity to the tem-
perature and the meanings of the relative air humidity
when the temperature is at minimum.

Fig. 1 shows the weather characteristics of the sunny
day. The absolute air humidity at the beginning of the
day at 0 a.m. reached the maximum amount. At this
time the relative air humidity is close to saturation (¢ =
90%) and the moisture condensation has started on the
ground surface, where the air temperature is the lowest.
Thus, the absolute air humidity begins to decrease. The
air saturates with moisture and the moisture excess con-
denses into a dew and a mist when the air temperature
still decreases. The absolute air humidity increases but
the relative humidity remains constant though the tem-
perature increases by 2.9 °C during this period. At 8.00
a.m. when the sun rises the ground surface heats and
the vertical air movement forms. Although the evapo-
ration of the moisture becomes more intensive the ver-
tical airflows transfer more water vapour than it was
formed and the absolute air humidity decreases. Such
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decrease of the absolute air humidity lasts until
2.00 p.m. when the intensity of the solar radiation is
maximum and reaches the absolute minimum of the
day. After 2.00 p.m. the intensity of the solar radiation
decreases, the intensity of the vertical airflow decreases
faster than the intensity of the water evaporation and
the absolute air humidity begins to increase and conti-
nues to increase until 8.00 p.m. when the relative hu-
midity reaches the saturation point. After 8.00 p.m. the
water vapour begins to condense on the ground surface
and the absolute humidity begins to decrease again.
Consequently, the absolute air humidity has two mini-
mums and two maximums on a sunny summer day.

The change of the absolute air humidity on
a gloomy but rainless day is shown in Fig. 2. In this
case the change of the absolute air humidity is similar
to that of the absolute air humidity on a sunny day, only
the character of the change is not so clearly expressed.
The moisture evaporation in the morning, and vertical
airflows later are not so intensive.

The rainy day is shown in Fig. 3. During the rain
the air is saturated with moisture all the time. Thus the
character of the change of the absolute air humidity is
analogous to the air temperature change.

There are not many summer days when it rains all
the time. Short showers are the most usual. Such a day
is shown in Fig. 4. It was raining from 3.36 p.m. to
5.00 p.m. on that day. As the day was gloomy, the
increase of the absolute moisture in the morning was
insignificant. The air temperature decreased when the
rain started, the absolute moisture increased and the air
saturated with humidity. When the rain stopped and the
sun began to shine, the moisture of the vertical airflows
is raised higher, then the absolute air humidity de-
creases and only at 8.00 p.m. when the intensity of the
solar radiation decreases, the absolute air humidity be-

0, o,
53 L Cirdglkg (P./.|°°
21 %0
i 80
7
17 0
60
15
50
13
40
" ,—-ﬁ—b—‘/\‘/—\_\’/ »
9 20
7 10
s+
24 6 8 10 12 14 16 18 20 22 24

2. The change of the air temperatures and humidities on a gloomy day

The marking see Fig. |

ZEMEDELSKA TECHNIKA, 43, 1997 (4): 129-136

gins to increase and increases until 10.00 p.m. when the
air saturates with moisture that begins to condense.
Since then the character of the change of the absolute
air humidity becomes similar to that of the temperature
change.

The abrupt change of the air temperature and mois-
ture occurs when the new air masses approach bringing
warmer or colder, damper or drier air. Then it is diffi-
cult to determine the character of the change of the air
parameters. Such phenomenon is shown in Fig. 5. At
2.00 p.m. on the first day the air temperature reached
30.7 °C. Then it began to decrease rapidly and at 8.
p-m. fell to 22 °C. Then the absolute air humidity
reached 14.7 g/kg. Now cold and dry air masses
reached the observation place. At 4.00 a.m. on the next
day the absolute air humidity was only 9.7 g/kg and
remained almost unchanged until 10.00 a.m. The
shifted cold air mass forced warm and damp air to rise.
The water vapour condensed there and the rain started
at 6.15 a.m. The rain lasted until 11.30 a.m. The rela-
tive air humidity was 96% during the rain. The subse-
quent change of the air parameters is similar to that of
other days’ parameters discussed.

The tests show that the relative air humidity during
the day changes because of the influence of various
factors. The rate and the character of the change de-
pends on the rain, the cloudiness, moving air masses
and other factors.

The conclusion was made that in the summer night
when the temperature was minimum the relative air
humidity reaches 95-97%, i.e., the air saturates with
moisture. From all the days tested only 6.7% did not
reach such humidity. Consequently, the assumption
that the air at night reaches maximum relative humidity
can be made while designing the means for the drying
automation.
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When the absolute air humidity is constant, the inlet
air should be heated by 7 °C to get the required value
for the grain drying of 65% relative air humidity. Then
the temperature of the introduced air is minimum and
the relative humidity is maximum. The air heating
should be reduced, accordingly, when the temperature
increases. When the air is heated by 7 °C, then the
drying is possible without artificial air heating.

Fig. 6 shows the block scheme of the control of the
grain drying process by dynamics of the ambient air
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a short rain

The marking see Fig, |

t°Cird,g/kg 0.%
35 100
%
30 “
70
25
60
20 50
“
15 .
20
10
110
5 , At 3
121416 18202224 2 4 6 8 10 12 14 16 18 20 22 24
T,h

5. The change of the air temperatures and humidities when one air
mass changes another

The marking see Fig. 1

132

temperature (Piatruszjawiczius, Brazdei-
kis, 1996).

Micro-controller 4 constantly fulfills two algo-
rithms: the search of the 24 hour minimum of the am-
bient temperature and the control of the heating power
of the air introduced into the grain. The temperature
minimum is defined when the ambient air temperature
begins to increase after the long lasting decreasing (ap-
proximately 3-4 hours). The determined minimum is
registered in the temporary memory with the reserve
feeding source. This memory can preserve information
for 3—4 hours after the feeding was stopped.

For the control of the heating power of the blown
air the difference of the minimum and the measured
temperatures during 24 hours is calculated and the rela-
tive air humidity is determined and is subject to this
difference:

©=100%-K . At m

where: K — proportion coefficient between the change of the tem-
perature and its relative humidity when the absolute hu-
midity remains constant

The heating power P of the blown air is defined by
an expression:
¢—=¢,
P=P,. ————— 2
T (2)
where: Py — installed power for the air heating (kW)
¢ - measured relative humidity of the air (%)
@, — relative air humidity corr ding to the humidi
the dried grain (14%)

y of

6. Control of the grain drying process in accordance with the dyna-
mics of the ambient air temperature (the block scheme)

1 - the sensor of the ambient air temperature (resistance thermal-ex-
hanger); 2 - exch voltage; 3 — analogous-digital
exchanger; 4 — micro- controller 5 - the temporary memory with a
reserve feeding; 6 — buffer amplifier; 7 — power controllers; 8 —
electrical heaters; 9 — ventilators; 10 — grain storage
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What influence has the change of the absolute air
humidity to this automation method? When the inlet air
temperature is raised to 7 °C, the relative air humidity
will change from 73 to 43% on a sunny day. With some
accuracy it can be assumed that the moisture of the
dried grain corresponds to the average relative humid-
ity of the air introduced during the drying period. The
average relative air humidity was 62.7% on a sunny
day when the tests were fulfilled. The relative air hu-
midity will change from 71 to 57% and the average
relative air humidity will be 62.3 on a gloomy day. The
relative air humidity will change from 77 to 63% and
the average relative air humidity will be 68.8% on
a rainy day. The relative air humidity will change from
90 to 53% and the average relative air humidity will be
68.2% on a day with a short rain. The relative air hu-
midity will change from 70 to 50% and the average
relative air humidity will be 58.4% when the front
passes. According to the program the heated air still
does not reach the required rate of its average humidity
on a rainy day or on a day with a short rain. Conse-
quently, the duration of the air heating and the intensity
would be adjusted or the temperature sensors would be
used under such meteorological conditions.

TEMPERATURE SENSORS

When the air temperature is measured the attention
should be paid that the fluxes of the radiant energy
from other bodies would have no influence on the ther-
mometer readings. To avoid this the sensitive part of
the standard thermometers: these are made with the
surface reflecting the rays. The assumption is made that
such thermometers get no energy nor transfer to the
surroundings when the temperature is constant.

The moisture content in the air and its relative hu-
midity simultaneously increase during the rain and for

some time remain constant after the rain has stopped.
The relative air humidity also responds immediately to
the changes of the solar radiation. Such thermometers
do not react to the rain in case that the temperature is
equal to the ambient air temperature. Such thermome-
ters do not respond to the intensity of the solar radiation
either.

The thermometer covered with a material absorbing
the solar rays would respond to the intensity of the
solar radiation. To make such thermometer to react to
the change of the relative air humidity due to precipi-
tation, the coating material should have high hygro-
scopic characteristics. The thermometer coated with
such material would not respond to the rain in case
when the air is saturated with moisture during the rain.
Such thermometer would show the lower temperature
than the standard one after the rain, when the moisture
absorbed by the coating starts to evaporate. To make
this thermometer to react to the rain, the moisture from
its coating should evaporate during the rain. Conse-
quently, the thermometer should be given some energy.
The electric energy is the most suitable for this pur-
pose.

The influence of the meteorological conditions to
the readings ¢, t, and #3 of the standard thermometer
R\, the thermometer covered with a material absorbing
the solar rays R, and the heated thermometer coated
with a material absorbing the solar rays Rj, respec-
tively, was determined. The characteristic days —
sunny, gloomy and rainy ones - were chosen from the
period tested.

The change of the air temperature on a clear night
and morning is shown in Figs. 7 and 8. At 3.00-5.00 a.m.
the relative air humidity was 87-90%, the average rela-
tive air humidity was 89%. At 5.00-7.00 a.m. the rela-
tive air humidity was 86-91% and the average relative
air humidity was 90%. There is no solar radiation or it
is insignificant and equals to 1 = 1;(t3~1))gyerage = 0.1 °C
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8. The air temperature change on a clear morning

The marking see Fig. 7
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at night and in the morning. The temperature t; is ap-
proximately 1.6 °C higher than the temperature f, be-
cause of the heating.

Fig. 9 shows the meteorological conditions of
a gloomy and rainy morning. At 6.00-7.30 a.m. the
relative air humidity was 90-92%. From 6.00 a.m. to
6.48 a.m. it was gloomy and (fp—1{)ayerage = 0.3 °C, i.c.,
it was almost the same as that on a sunny day, but
(t3-tp)average 2.1 °C and (13-1|)qyerage = 2.4 °C. It was
raining at 6.48-7.12 a.m.. Now ¢, is higher that ¢, and
(t21))average Coincides with that on a sunny day morn-
ing, (t3~t1)average = 1.7 °C and (t3~1)qyerage = 2.2 °C is
close to that on a gloomy morning.

On a sunny day when the solar radiation increases
and the relative air humidity decreases, the number of
the factors influencing the readings of the separate ther-
mometers increases. The temperature readings of the
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separate thermometers are shown in Fig. 10. The aver-
age amounts of (13-7))qyerage Per hour are shown in Fig.
11. We see that (£3-1))3yerage COnstantly increases in the
morning from 1.8 °C (at 6.00-7.00 a.m.) to 4.2 °C (at
10.00-11.00 a.m.). At 11.00 a.m. — 2.00 p.m. (t3-1}),.
verage decreases because of a small cloudiness. In the
evening the small relative air humidity remains con-
stant longer and at 7.00-8.00 p.m., when (f3-1),yer.
age = 4 °C, it still remains 31% (Fig. 11).

The gloomy day is shown in Fig. 12. On such a day
the thermometers R, and R heat only from a dispersed
radiation. The temperature difference t3-t; during the
measurement time was 2.6-3.8 °C.

The most interesting phenomenon is seen in the day
time when it rains and after the rain stops. Such a day
is shown in Fig. 13. When it was raining at 9.30-10.06
am. i3-t) = 2.3-2.9 °C, i.e., as in a gloomy or rainy
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I. Measurement results under different meteorological conditions

Time and meteorological conditions Ui St Relaiye;aic humidity @
t,-1, (°C) t-1, (°C) (%)
Clear night (3.00-5.00 a.m.) 0.0+ 0.5 1.1 +2.0 87-90
Clear morning (5.00-7.00 a.m.) -03+05 1.3+22 86-91
Gloomy morning (6.00-6.48 a.m.) -0.1 +0.5 2.1 %27 91-92
Rainy morning (6.48-7.12 a.m.) 0.5+0.7 2.1+26 90-91
Rainy day (9.30-10.00 a.m.) 0.0+ 0.6 23+29 90-91
0-1 h after the rain has stopped -02+0.5 24+33 88-90
1-2 h after the rain has stopped -0.9 +0.2 26+4.0 88-70
2-2.5 h after the rain has stooped -0.1 +3.6 23+36 69-66
Gloomy day (11.30 a.m.-12.30 p.m.) 0.9+20 26+38 65-69
Clear day (3.00-5.00 p.m.) 28+57 32+6.8 31-32

morning. When the rain stops t; increases more rapidly
than ¢|. This means that the water from the coating of
R; has evaporated during the rain. The dispersed solar
radiation influences the temperature t3 and the water
evaporation from the coating of the thermometer R.
We failed to determine the influence of the temperature
t3 to the water evaporation. During the rain and up to
11.06 a.m. the relative air humidity was 90-88% and
the water did not evaporate from the coating of R,.
With the decrease of the relative air humidity the water
began to evaporate from the coating of the thermometer
R,. The temperature reading of the thermometer de-
creased and at 11.12-11.54 am. t,-1; =-0.5 +-0.9 °C.
At 12.06 p.m. the water from the coating evaporated,
ty-t; began to increase and at 12.30 p.m. reached
3.6 °C when the relative humidity was 67%.

The measurement results under different meteoro-
logical conditions are given in Tab. L.

The average data of Tab. I is shown in Fig. 14. We
can see that clear or gloomy but rainless weather is
characterized by the temperature difference t,—t; and
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13. The air temperature change during the day when it rains and after
the rain
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t3—t;. When 1p-1; > +2.0 °C or 13-1; > +3.8 °C, then
the relative air humidity is smaller than 67% and such
air can be used for the drying of agricultural products
(Piatruszjawieczius, Brazdeikis, 1996).
The temperature difference f,~#, should be used for the
automation because this temperature difference is rea-
lized by simpler means.

Can the described methods and devices of the grain
drying automation be used for the automation of the
hay drying?

The hay is dried by the heated air. The blower, that
blows the air through the hay, is stopped when the
moisture absorption from the hay becomes small and
energetically inexpedient. Usually the blowers are
switched on in the morning and switched off during the

(tz-tohia °C i (ts-thia °C 9,%
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14. The temperature differences #,-1;, and f,-t; at different time
during 24-hour period at various meteorological conditions

I — clear night (3.00-5.00 a.m.); 2 — clear morning (5.00-7.00 a.m.);
3 - gloomy morning (6.00-6.48 a.m.); 4 - rainy morning (6.48-7.12
a.m.); § - rainy day (9.30-10.00 a.m.); 6 — 0-1 h after the rain has
stopped; 7 — 1-2 h after the rain has stopped; 8 - 2-2.5 h after the
rain has stopped; 9 — gloomy day (11.30 a.m.-12.30 p.m.); 10 - clear
day (3.00-5.00 p.m.)
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rain or in the evening, when the relative air humidity
increases. The conclusion was made that it was rational
to switch on the blowers in the morning when the tem-
perature difference of the inlet and outlet air was
0.3 °C, when the temperature difference of the inlet and
outlet air was taken as a hay drying index, and to
switch off in the evening when this difference was
0.6 °C.

During the day the hay heats as the heated air is
blown through it, and in the evening when the air tem-
perature decreases, it heats when passing the hay, and,
in spite of the fact that the temperature of the air that
passed the hay is lower than the temperature of the
blown air, the hay dries.

It is inconvenient to use this automation method for
the drying with intervals because the blowers cannot be
switched on by the temperature difference. In the morn-
ing it is possible to switch them on by the time or the
lighting increase and this makes automation means
more complex and not so reliable. The density of the
stacked hayloft is different in various places. The intro-
duced air flows unevenly and it is difficult to determine
the places where the temperature sensors would have
to be installed. Depending on meteorological condi-
tions the hay is stacked in several days with intervals.
The temperature sensors hinder the loading works. In
this case every blower needs the separate automation
device, the temperature of the air escaping from the
other haylofts reduces the control accuracy. The men-
tioned reasons compel to refuse this drying automation
method.

It is more convenient to control the drying of hay or
grain by meteorological conditions of the environment.
The tests show that it is expedient to switch on the
blowers when the relative air humidity is smaller than
80% and to switch them off when the relative air hu-
midity becomes greater. The attempt to use the hay
drying automation device (to record minimum tempera-
tures of the day and night) for the grain drying auto-
mation was promising.

As the relative air humidity is determined not only
by the temperature but by absolute humidity as well,
its change during the morning hours, when the absolute
humidity increases, is different than in the evening
when the absolute humidity decreases. During the tests
the air reached 80% relative humidity in the morning
when its temperature was 5.5 °C greater than minimum
temperature and in the evening smaller than 80% rela-
tive humidity remained as long as this difference was
greater than 4.0 °C.

It is rational to use temperature difference t, and ¢,
for the hay drying automation. In such case the hay
drying would be stopped not only at night, but also
during the rain in the day time.

CONCLUSIONS

1. When the temperature of the drying air is constant,
the drying intensity is characterized by the tempera-
ture difference of the inlet and outlet air.

2. The temperature difference of the inlet and outlet air
as the factor describing the drying intensity can be
used for the automation of the drying process when
the drying is continuous.

3. The assumption that the air temperature at night is
minimum and the air is saturated with moisture can
characterize the relative air humidity on clear days.

4. The rainy weather can be characterized by the tem-
perature difference when the temperatures are mea-
sured by the thermometers with various ray absor-
bing and hygroscopic characteristics.

5. During the rain the water evaporates from the ther-
mometer coating and do not characterize the relative
air humidity decrease after the rain. The change of
the relative air humidity is described by the tempe-
rature difference t, and ¢,.

6. When agricultural products (e.g., hay) are dried with
intervals, the temperature difference 7, and ) can be
taken as the drying criterion.
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EXERGETICKE HODNOCENI VYMENIKU PRO VYUZITI]
TEPLA VETRACIHO VZDUCHU

EXERGY EVALUATION OF EXCHANGERS FOR UTILIZATION
OF HEAT OF VENTILATING AIR

R. Adamovsky’", J. Kéra®

Y Czech University of Agriculture, Praha, Czech Republic
2Research Institute of Agricultural Engineering, Praha-Repy, Czech Republic

ABSTRACT: The contribution presents the design, verification and analysis of the method of evaluation of the quality of
construction and operating properties of exchangers for heat recuperation from ventilating air by exergy balance and exergy
efficiencies. Determination of exergy balance of exchanger given by relation (3) is based on T,/T-Q diagram, presented in
Fig. 2. Exergy of different heat flows was calculated according to the relation (4). By the ratio of exergies of heat flows of
heated and cooled air according to the relation (5) is expressed exergy efficiency of heat transfer ,,, obtained from dissipated
cooled air into heated air. Exergy efficiency of heat utilization from ventilating air n,, ; is evaluated by the equation (6). The
total exergy efficiency of exchanger n,, . was defined by relation (7). A proposed method of evaluation has been verified by
measurement of board recuperation exchanger ZV 3-022 in stable for milk nutrition for 615 to 620 calves. Operating
parameters of an exchanger (Fig. 1 and 3) were measured immediately after its installation and again after eleven months of
operation. Results of measurements required for determination of exergy balance of a new exchanger (A) and an exchanger
after eleven months if operation (B) are processed in Tab. I. Tab. II presents calculated values of exergies of heat flows and
values of exergy efficiencies. In view of qualitative evaluation of operating parameters, i.e. especially after contamination of
heat-exchange areas in exchanger, the measurement showed: - decrease in exergy efficiency of heat utilization from dissipa-
ted, cooled air n,,; by 2.4% caused by contamination of heat-exchanging areas on the side of dissipated air, — decrease in
exergy efficiency of heat transfer from dissipated air conducted into heated air Nexp bY 7.2% influenced by contamination of
heat-exchanging areas on both sides, — decrease in total exergy efficiency of exchanger 1, . by 4.5%. Increase in exergy E,,
given by reduction of efficiency 1, ; and decrease in exergy E,,, induced by decrease in efficiency Nexp and increase of loss
flow of exergy E, follow from diagram of percentage distribution of exergies of heat flows in a new exchanger (A) and in
exchanger after eleven months of operation (B), processed in Fig. 4. In evaluation of measured variables was showed that
more significant results of changes of exergy efficiencies of exchangers characterizing its operating properties should be
obtained during measurements in dusty, operation-demanding stable, e.g. for fattening of chick broilers on deep litter and dry
feeding. Results of measurements and calculations showed that a proposed method of evaluation of exchangers for heat
recuperation from ventilated air by means of exergy analysis gives a complex view of passing thermodynamic actions and
allows to optimize them. The method takes down in detail the quality of construction of exchanger as well as the changes in
its properties given by operation of exchanger.

ventilation of stables; recuperation exchanger; exergy; energy; efficiency

ABSTRAKT: V prispévku je navrZena a analyzovana metoda hodnoceni kvality konstrukce a provoznich vlastnosti vyméniki
pro zpétné ziskdvani tepla z vétraciho vzduchu pomoci exergetické bilance a exergetickych G¢innosti vyuZiti tepla z odvadé-
ného vétraciho vzduchu a pfenosu tepla ziskaného z odvadéného ochlazovaného vzduchu do pfivadéného ohfivaného vzdu-
chu. Metoda byla aplikovana pfi hodnoceni deskového rekuperaéniho vyméniku ZV 3-022, instalovaného v pavilonu mlé¢né
vyZivy telat. Vysledky méfeni ukézaly, Ze po jedenicti mésicich provozu v pomé&rné malo pra$ném prostfedi poklesla exer-
getickd ucinnost vyuZiti tepla z vétraciho vzduchu o 2,4 % a uginnost prenosu tepla z odvétravaného vzduchu do privddéného
ohfivaného vzduchu o 7,2 %. NavrZené hodnoceni provoznich vlastnosti vyménikii pomoci exergetické bilance ddva kom-
plexni pohled na probihajici termodynamické déje a umoZiiuje tyto dé&je hodnotit i optimalizovat.

vétrani stdji; rekuperaéni vyménik; exergie; energie; ucinnost
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UvoD

Energetické bilance vyméniku tak, jak se v technic-
ké praxi b&Zné potitaji, vychézeji z 1. termodynamické
véty a zahrnuji pouze okamzZité kvantitativni stranky
tepelnych toku. Nelze proto viibec (nebo jen ve velmi
omezené mife) definovat ztraty energie podminéné ne-
vratnosti d&ju a ztraty, které miZeme omezit icelnym
vedenim procest pfenosu tepla. Tyto vlastnosti muZe-
me vyjadfit exergiemi tepelnych toka, které maji pfiro-
zeny nulovy bod ve stavu okoli a ohodnocuji tak v sou-
ladu s II. zdkonem termodynamiky kvalitu pfenosu
tepelnych toku, resp. transformovatelnost energie.

Prof. Z. Rant z Univerzity v Braunschweigu formu-
loval v roce 1953 na konferenci o teple v Lindau/Bad
Schachen pomoci exergie a anergie I. i II. termodyna-
mickou vétu. Zdkony formuluje takto:

1. zdkon o zachovini energie = pfi viech procesech
z0stdva suma exergie a anergie konstantni;

II. zakon o znehodnocovani energie = pfi vSech ne-
vratnych procesech se méni exergie na anergii, pouze
u vratnych procesi zistiva exergie konstantni.

Ve smyslu téchto zakonu lze energii tepelného toku
Q sdéleného ve vyméniku rozdélit na exergii E (vyuZi-
telnou, transformovatelnou energii) a anergii B (nevy-
uZitelnou energii). Exergie a anergie jsou veliiny
komplementarni, tzn., Ze dil energie, ktery neni exergii,
je anergii.

Metoda hodnoceni kvality konstrukce i provoznich
vlastnosti vyméniki pomoci exergetické bilance
a ucinnosti nebyla podle naSich znalosti dosud publiko-
vana. Exergetické bilance se vyjimecné pouZivaji pfi
hodnoceni elektrarenskych provozt (Lier, 1963), pro-
cesu spalovani (Rant, 1961) &i procest chlazeni
(Grassmann, 1961). Teoretickymi rozbory exergif
tepelnych toku pfi sdileni tepla ve vyménicich se zaby-
vali Bergman a Schmidt (1969) pfi hodnoceni
vyménika tepla pro regenera¢ni ohfivani napéjeci vody
v elektrarné. V publikaci je vSak feSena zejména otazka
finan¢niho ohodnoceni exergie jako nikladové veli-
&iny.

Uvedené skutecnosti a presvédceni o tom, Ze hod-
noceni konstrukce a provoznich vlastnosti vyméniku
pomoci exergetické bilance miZe priikazné vypovidat
o procesech sdileni tepla, nas vedly ke zpracoviani to-
hoto pfispévku. Cilem prace je navrhnout, ovéfit a ana-
lyzovat metodu hodnoceni vyméniku pro zpétné ziska-
vani tepla z vétraciho vzduchu pomoci exergii
tepelnych toku a exergetickych cinnosti.

METODA
1. TEORETICKY ROZBOR

Uvazujeme-li dil&i asek vyméniku tepla (obr. 1), ve
kterém teply odvétrivany vzduch i odevzdiva energii

ve formé tepla chladnému vzduchu e, pak vzduch i
piedédva tokem tepla dQ tok exergie:
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2 !v. ,
: vnitini prostiedi

tei; hei; Xer Z> :Zm; hig; Xt
Ve Vi

venkovni prostiedi
ti2; hia; Xi2

Lu - Calculati h

1. Vypoétové schéma rekupera¢niho vy
of recuperation exchanger

vnitini prostiedi — internal medium
venkovni prostfedi - external medium

T,
d55=(‘-7'.')~dQ (W) n
Chladny vzduch e v3ak dostane pouze tok exergie:

T,
dE,=(1 -T”) .dQ (W) )

kde: T, - termody ickd teplota tepelného toku e (K)
T; - termodynamicka teplota tepelného toku i (K)
T, - termody icka teplota okolnih fedi (K)

g

Rozdil dE—dE, je tok ztracené exergie, tedy tok
exergie, ktery se nasledkem kone¢ného rozdilu T;-T,
pfeméni na anergii.

Pfi stanoveni exergetické bilance vyméniku jsme

TI
vychézeli z obr. 1 a diagramu 7’— Q (Bergmann
a Schmidt, 1969). V diagramu na obr. 2 je vynesen
T
pomér %‘ v zavislosti na sdéleném teple Q. Teplota
T, je termodynamickou teplotou venkovniho vzduchu
vstupujiciho do vyméniku, tedy termodynamickou tep-

T
lotou okolniho prostfedi. Pomér TLl =0, protoZe T, je

T,
nekone¢né vysokou teplotou. Dolni pomér ,,,—'l= 1.

el
ProtoZe exergie tepelného toku Q je definovani jako

T,
soucin Q. (1 ——;,—l), predstavuji plochy mezi rovnobéz-

4 Tel B . o1y Tel

nou pfimkou — =1 a pfimkami prub&hu teplot —

T, T

exergie tepelnych toku, které se podileji na sdileni tepla
ve vyméniku. Plati tedy podle obr. 2:

Ep+E +AE=E; -E; (W) 3)
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T/T.=0

.|

T/Tu=1 )

2. Exergeticka bilance vyméniku tepla — Exergy balance of heat
exchanger

kde: E.; - exergie tepelného toku ohfivaného venkovniho vzdu-
chu (W)

E,., - exergie tepelného toku ohfitého venkovniho vzduchu (W)

E; - exergie Iného toku ochl ho vnitiniho vzdu-
chu (W)

E;; - exergie tepelného toku ochl ho vnitfnih duchu (W)

AE - ztritovy tok exergie (W)

Jednotlivé exergie tepelnych toku jsme vypocetli ve
smyslu rovnic (1) a (2) podle vztahu:

T,
E= it thmh) (- W) @

kde: V- objemovy tok vzduchu (mJAs“')
p - m&ma hmotnost vzduchu (kg,m"‘)
x - mérnd vlhkost vzduchu (kg.kg‘l s.v.)
h - mé&ma entalpie vzduchu (J.kg")

Z rovnice (4) vyplyva, Ze exergie tepelného toku
ohfivaného venkovniho vzduchu E,| = 0, protoZe T =
T,;. Pomérem exergii tepelnych toku ohfivaného
a ochlazovaného vzduchu vyjadfujeme exergickou
G&innost 1, , pfenosu tepla ziskaného z odvadéného
ochlazovaného vzduchu do vzduchu ohfivaného:

3. Schéma instalace rekuperaéniho vyméniku a méfeni — Sch of
installation of recuperation of exchanger and measurement

1. deskovy rekuperaéni vyménik ZV 3-022 - board recuperation
exchanger ZV 3-022

2. axidlni ventilitor LAN W 450.4 — axial ventilator LAN 450.4

3. klapky obtoku vyméniku - valves of bypasses of exchanger

4. perforovany foliovy rukdvec — perforated foil sleeve

5. odvod vnitfniho ochla ho vzduchu - dissipation of i |
cooled air

6. pfivod venkovniho ohfivaného vzduchu - supply of external
heated air
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Ep-E,
= () )
&P Ey-Ep
Exergetickou ucinnost vyuZiti tepla z odvadéného
vétraciho vzduchu m,, ; hodnotime podle rovnice:
=R 1 ©
T‘CX.I E‘l
Celkovou exergetickou a¢innost vyméniku ., .
jsme pak definovali vztahem:

EL’
Nexe = Nexp * Nex,i = E_,? =) 7

Tato ucinnost odpovida termické, resp. entalpické
ucinnosti vyméniku, definované pomérem rekuperova-
ného tepelného vykonu k celkovému vykonu, ktery je
moZné ziskat, kdyby se podafilo vyuZit cely teplotni
spad mezi vnitinim a venkovnim vzduchem.

Pfi vypoltu mérnych parametrii ochlazovaného
a ohfivaného vzduchu jsme pouZili zndmych vztaht
(Recknagel etal., 1994).

2. METODIKA MERENI{

Meéfeni jsme uskutecnili ve stdji pro mlé¢nou vyZivu
pro 615 aZ 620 telat v ZD Zal§i v Kosofiné. Ve stéji
z lehké ocelové konstrukce s hlinikovym oplasténim
a tepelnou izolaci byla telata ustijena v bezstelivové
technologii na ocelovych rostech s vyvySenym stanim.
Tekuté krmeni davkoval do koryt mobilni krmny stroj.

V této staji jsme ovérovali deskovy rekuperacni vy-
ménik ZV 3-022, vyrobeny ZD Horni Brusnice.

Technické parametry vyméniku:

— rozméry: délka 0,98 m, §ifka 0,57 m, vyska 0,63 m
~ hmotnost: 280 kg
- pocet Clanka: 16
— svétlost vzduchového kandlu mezi ¢lanky: 0,015 m
— teplosménné plochy: ploché desky z pozinkovaného

plechu o sile 0,55 mm
— objemovy pritok vzduchu: 0,4-0,7 m’s7!

— vstupni prifez pro odvadény vzduch: 0,62 m?
— vstupni prufez pro privadény vzduch: 0,34 m?
— dva ventildtory LAN W 450.4

Provozni parametry vyméniku jsme méfili ihned po
jeho instalaci a po jedenécti mésicich provozu. Pro sta-
noveni exergetické bilance vyméniku byly méfeny hod-
noty podle obr. 3:

a) teploty ochlazovaného odvadéného stijového vzdu-
chu #;, t; (°C),
b) teploty ohfivaného venkovniho vzduchu 1, 1,5

(°0),
c¢) rychlosti proudéni ochlazovaného a ohfivaného

vzduchu v;, v, (m.s'l),

d) relativni vlhkosti ochlazovaného vzduchu @;;, ¢;5,
e) relativni vlhkosti ohfivaného vzduchu @, ¢,;.

Pro méfeni teplot a relativnich vlhkosti jsme pouZili
odporova teplotni ¢idla PT 100 s nap&fovym vystupem
a psychrometry s nucenym ochlazenim mokrého teplo-
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1. Vysledky méfeni deskového rekuperacniho vyméniku ZV 3-022 — Results of measurement of board recuperation exchanger ZV 3-022

Naméfené hodnoty?
Mgéteni'
m Vi, Ve, lit Piy I P2 ley Py ley P
(m's™) [ (m's™h) (°C) ) (°C) () (°C) ) (°C) =)
0,58 0,42 19.60 0,48 12,8 0,42 -6,00 0,70 9.20 0.37
0,54 0,28 21,7 0,40 14,80 0,63 2,20 0,80 14,80 0,35

1meusuring. measured values

Vp. V.~ doj y tok ochla: ¢ho a ohfivaného vzduchu - rates of flowing of cooled and heated air

t; - teploty ochl ho odvidénéh i] vzduchu — es of cooled dissipated stable air
t, - teploty ohfivaného venkovniho vzduchu — p of heated outdoor air

@¢; - relativni vlhkosti ochlazovaného vzduchu — relative moisture of cooled air

¢, - relativni vihkosti ohfivaného vzduchu - relative moisture of heated air

I1. Exergie tepelnych tokil a exergetické ucinnosti — Exergy of heat flows and exergy efficiency

it E; Ep E AE Nexp Nex.i Nexe
st W) W) W) W) : & &)
A 2 308,71 1 126,52 494,66 687,53 0,418 0,512 0,214
B 1 118,36 57291 188,60 386,85 0,846 0,488 0.169
'mensuring
E; - exergie tepelného toku ochlazovaného vnitfniho vzduchu - exergy of heat flow of cooled internal air
E;, - exergie tepelného toku ochlazeného vnitiniho vzduchu — exergy of heat flow of cooled internal air
E,, - exergie tepelného toku ohfdtého venkovniho vzduchu — exergy of heat flow of heated external air

ztritovy tok exergie - loss flow of exergy

Nexp — exergickd dci T tepla z ochlazovaného vzduchu do vzduchu ohfivaného - exergy efficiency of heat transfer from
cooled air into heated air

N,.; — exergetickd acinnost vyuZiti tepla z odvadéného vétraciho vzduchu - exergy efficiency of heat utilization from dissi | ilati
air

Moo — celkovi exergetickd ucinnost vyméniku — total exergy efficiency of exchanger

méru s proudovym vystupem. Rychlosti proudéni
vzduchu jsme méfili anemometrem firmy Ahlborn.
Vzhledem k tomu, Ze teploty ani rychlosti proudéni
vzduchu nebyly ve vytokovych prifezeh konstantni,
rozdélili jsme prifezy na n stejnych ploch o velikosti
F,, zméfili hodnoty v jednotlivych polich a vypocetli
stiedni hodnoty pro cely prifez.

VYSLEDKY A DISKUSE

Vysledky méfeni vyuZité pro stanoveni exergetické
bilance nového vyméniku (A) a vyméniku po jedenécti
mésicich provozu (B) jsou zpracované v tab. I. V obou
pripadech pracovaly vymeéniky v suchém provozu bez
kondenzace vody z odvddéného vzduchu x;) = x;,.

V tab. II jsou uvedeny vypoltené hodnoty exergii
tepelnych toki a hodnoty exergetickych dinnosti.

Z hlediska kvalitativniho hodnoceni provoznich pa-
rametri, tj. v naSem pripadé zneciSténi teplosménnych
ploch vyméniku po jedenécti mésicich provozu, méfeni
prokazalo:

1. pokles exergetické ucinnosti vyuziti tepla z odva-
déného ochlazovaného vzduchu n,, ;, 0 2,4 %, piiemZ
relativni pokles ucinnosti vaci Géinnosti nového vymé-
nihu dosahl hodnoty 4,69 %. Toto sniZeni ucinnosti je
zfejmé zpusobeno znecisténim teplosménnych ploch na
strané odvadéného vzduchu;
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2. pokles exergetické ucinnosti pienosu tepla z od-
vadéného vzduchu do pfivadéného, ohfivaného vzdu-
chum,, , 072 %. V relativni hodnot& ¢ini pokles G¢in-
nosti 17,22 %. SniZeni ucinnosti pfenosu tepla je
ovlivnéno znedidténim teplosménnych ploch na obou
strandch;

3. Celkova exergeticka uc¢innost vyméniku n,, . se
sniZila 0 4,5 %, tj. v relativni hodnoté o 21,04 %.

Exergeticka u¢innost nového vyméniku dosahuje re-
lativné nizké hodnoty 21,4 %. Tato hodnota naznaCuje
moznosti zlepSeni prostupu tepla v délici sténé, napf.
vhodnym tvarovanim teplosménnych ploch za icelem
dosazeni turbulentniho proudéni pfi nizsich rychlostech
vzduchu. Uvedenou hodnotu exergetické ucinnosti
viak nelze povaZovat za mimoradn& nizkou. Exergetic-
ké analyzy procesu svétové dulezitosti, jako je vytapéni
budov, ukdzaly (Bosnjakovic, 1969), Ze exergetic-
ka cinnost dosahuje hodnoty sotva 10 %, tzn. Ze pro
vytapéni budov spotfebujeme desetinasobek nebo i vi-
cenasobek teoreticky potfebného paliva.

Diagram procentuélniho déleni exergii tepelnych to-
ki nového vyméniku (A) a vyméniku po jedenécti mé-
sicich provozu (B) je zpracovany na obr. 4. Z diagramu
vyplyva zvySeni exergie E;; dané sniZenim uCinnosti
TNeyx,; @ SniZeni exergie E,; vyvolané sniZzenim d¢innosti
Nex,p @ ZvySenim ztratového toku exergie AE.

Pfi vyhodnocovani naméfenych velidin se ukazalo,
ze prakaznéjSich vysledki zmén exergetickych ucin-
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4. Schéma toku exergii v deskovém rekuperaénim vyméniku ZV
3-022 - Scheme of flows of exergies in board recuperation ex-
changer ZV 3-022

A - novy vyménik — new exchanger
B - vyménik po jedenicti mésicich provozu — exchanger after eleven
months of operation

nosti vyméniku charakterizujicich jeho provozni vlast-
nosti bychom dosahli pfi méfeni v prasné, provozné né-
ro&né stéji, napf. pro vykrm kufecich brojleri na hluboké
podestylce a pfi suchém krmeni. V takovém provozu do-
chézi k vyznamnému znecisténi teplosménnych ploch jiz
po nékolika dnech (Adamovsky et al., 1996).

ZAVER

Vysledky méfeni a vypocti prokazaly, Ze navrZena
metoda hodnoceni vyméniki pro zpétné ziskavani tepla
z vétraciho vzduchu pomoci exergetické analyzy dava
komplexni pohled na probihajici termodynamické déje
a umoziuje je optimalizovat. Metoda podrobné zachy-
cuje kvalitu konstrukce vyméniku i zmény jeho vlast-
nosti dané provozem vyméniku.

Méieni deskovych rekuperaénich vyménika ZV
3-022 vyrobenych ZD Horni Brusnice ukézalo, Ze po
jedenacti mé&sicich provozu v pomérné malo naroném
prostiedi z hlediska pradnosti i poZadovanych teplot
poklesla exergeticka ucinnost vyuZiti tepla z vétraciho
vzduchu o 2,4 % a ucinnost prenosu tepla z ochlazova-
ného do ohfivaného vzduchu o0 7,2 %.
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POSOUZENI EXTRAHOVANYCH REPKOVYCH SROTU
JAKO PALIVA

CONSIDERATION OF EXTRACTED RAPE GROATS AS A FUEL

H. Kolomaznikova', J. Ondracek', Z. Skéla®

'Mendel University of Agriculture and Forestry, Brno, Czech Republic
2Technical University, Brno, Czech Republic

ABSTRACT: Larger utilization of rape oil for technical purposes raises requirements for using of by-products arisen in press
oil process. Besides all these by-products are extracted rape groats whose contents of residual oil is 2-3%. Except utilization
as foodstaff it is necessary to find another way of their employing above all in the energy utilization. We solved combustion
of the groats. We found out essential fuel characteristics and we carried out practical burning tests for emission determination
releasing in their combustion. Calorimetric tests proved lineary dependence of heating value on increasing oil contents and
decreasing water contents. Heat of combustion of standard groats sample (water contents to 10%, oil contents 2.6%) is
18.6 MJ.kg‘I and calculated heating value is 17.1 MJ.kg". Combustion of extracted rape groats in boiler ARK 1000 with
fluid pre-boiler showed that it was possible to burn groats without any problems. All of ion limits for 1 by law
were fulfilled, except CO contents in flue gas caused by bad technical state of boiler.

rape; extracted rape groats; combustion; emission

ABSTRAKT: Rozvijejici se vyuZivini fepkového oleje k technickym dfelim klade zvySené poZadavky také na vyuZiti
vedlej$ich produktl vznikajicich v procesu lisovani oleje. Témito produkty jsou mimo jiné extrahované fepkové 3roty se
zbytkovym obsahem tuku 2 aZ 3 %. Kromé& krmivafského vyuZiti je nutné najit jiné moZnosti, pfedevsim energetického
zpracovani Srotl. Pfispévek fedi otdzku spalovini extrahovanych 3rotd, tzn. zjiSténi zakladnich palivafskych charakteristik
a uskute¢néni topné zkoudky, k urleni obsahu plynnych $kodlivin vznikajicich pfi jejich spalovani. Kalorimetrické zkousky
prokazaly linedrni zdvislost vyhfevnosti na rostoucim obsahu tuku a na sniZujici se vlhkosti. Spalné teplo standardniho vzorku
rotd (vlhkost do 10 %, obsah tuku 2,6 %) je 18,6 M.I.kg'l a z n¢ho vypodtena vyhfevnost 17,1 MJ.kg". Spalovini extra-
hovanych fepkovych Srotd v kotli ARK 1000 s fluidnim pfedtopenistém prokazalo, Ze $roty lze bez problémi spalovat,
pfi¢emZz emisni limity dané zikonem byly splnény aZ na obsah CO ve spalinich, zpisobeny patnym technickym stavem
kotle.

fepka; extrahované fepkové Sroty; spalovéni; emise

UvoD

V roce 1991 byl v Ceské republice nastartovén
.Oleoprogram* MZe, zaméfeny na vyuZiti fepky pro
vyrobu biopaliv a biomaziv jako nihrady tradi¢nich fo-
silnich zdroji. B&hem péti let byly v CR vybudovény
vyrobni kapacity na 60 tis. tun bionafty za rok. Nejvétsi
podil na této produkci ma podnik MILO Olomouc (30
tis. tun), ktery v ramci technologického postupu vyuZzi-
va horkého lisovani fepky s naslednou extrakci zbytko-
vého tuku. Produktem jsou extrahované fepkové $roty
s obsahem oleje 2 aZ 3 %. Malé lisovny fepkového ole-
je v procesu studeného lisovani produkuji fepkové po-
krutiny s obsahem oleje 14 aZ 17 %, které jsou hodnot-
nym krmivem a s jejich odbytem nejsou vé&tsi
problémy.

Odbyt extrahovanych fepkovych Srotl pro krmivéi-
ské ucely béhem let kolisal; v soucasnosti, kdy se zna¢-
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na Cast exportuje do zahranici, je poptivka na trhu vEtsi
neZ nabidka. Do budoucna, predevsim v konkurenci se
séjovymi Sroty, je ale tfeba zvaZovat také jiné moZnosti
jejich vyuZiti. Soucasné s evropskym trendem sniZovat
vyuZiti pudy pro potravinafskou produkci muzZe stejna
situace nastat i u nds. Produkce fepky pak bude muset
byt vyuZita Cisté pro technické ucely, a to fepkovy olej
pro vyrobu bionafty a biomaziv a fepkové Sroty pro
energetické zpracovani.

Nase price je zaméfena na tuto energetickou oblast
vyuZiti extrahovanych fepkovych srotii (ERS), a to na
jejich spalovéani. Z hlediska energetické bilance je to
nejvyhodnéjsi cesta; pomér energetického vstupu ku
vystupu Cini u varianty vyroby a uZiti bionafty (bez
dobropist — glycerin, slama, Srot) 1 : 1,17, u varianty
vyroby bionafty a uZiti $rotu jako krmiva 1 : 1,78
a u varianty vyroby bionafty a termického zpracovéni
Srotd i fepkové slamy 1 : 3,42 (IFEU Heidelberg,
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1. Analyza extrahovanych fepkovych 3rotd (obsah v % hm.) — Analysis of extracted rape groats-ERS (contents in wt. %)

Palivo' C H N S o Cl Mg Ca K Si P
ERS 41,74 531 5,47 0,54 31,20 0,044 0,51 0,63 1,01 0,018 0,564
'fuel

I1. Dodatek k analyze etxrahovanych Fepkovych Sroti (obsah v mg.kg™" v susin€) — Addition to extracted rape groats analysis (mg.kg™' d.b.)

Palivo' F Zn Cd Pb Cr Cu As Hg Mn Fe Ni
ERS <2 33,0 <0,5 <0,5 <0,5 5.5 <0,5 0,03 38,5 121 1,23
'fuel

I11. Palivafsky rozbor extrahovanych fepkovych $rota — Fuel charac-
teristics of extracted rape groats

Stanoveni' Jednotka? Vzorek?
Voda* % hm. 921
Popel® % hm. 6,49
Spalitelné latky® % hm. 84,30
Prchava hoflavina’ % hm. 65,84
Spalné teplo® Mikg™! 16,87
Vyhfevnost’ Mikg™! 15,50
CO,max % obj. 19,13
'determi Zunit, * le, *water, “ash, ®combustible sub-

P

stances, "volatile combustible, *heat of combustion, °hcming value

SRN). Metodika vypo&tu energetickych bilanci se 1isi
podle autora a podle rozsdhlosti vstupi, které do bilan-
ce zapocitava.

Cilem prace bylo zjistit, zda jsou ERS vhodné ke
spalovéni, a vykonat praktickou topnou zkousku ke
zjist€ni koncentraci kodlivin ve spalinich.

METODA

Pokusnym materidlem byly ERS. Jejich palivaiské
vlastnosti jsou, stejné jako u ostatnich paliv, posuzovany
podle nékolika charakteristik. Jsou to: chemické sloZeni,
spalné teplo a vyhievnost, obsah prchavé hoflaviny a ob-
sah popele (tab. I-III). Parametry charakterizujici ERS
dodané podnikem MILO Olomouc, a. s., byly v soula-
du s CSN 07 0305 ,,Hodnoceni kotlovych ztrat* a se
souvisejicimi normami CSN a ISO stanoveny na
V8CHT Praha, Ustavu energetiky.

STANOVENI SPALNEHO TEPLA

Zavislosti spalného tepla na vlhkosti a obsahu tuku
jsme zjistovali kalorimetrickymi méfenimi. Mé&Ficim
zafizenim byl kalorimetr s dvojitym vodnim plastém
a uzavienou kalorimetrickou bombou plnénou kysli-
kem KL-5. Pro analyzu obsahu tuku byly sesbiriny
fepkové pokrutiny z nékolika vyroben pouZivajicich
rozdilné technologie lisovani fepky. Obsah tuku byl
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stanoven extrakei vzorku éterem. Jeden vzorek Srotl
o obsahu tuku 2,6 % byl vlhéen na razny obsah vlhkos-
ti a podroben kalorimetrické zkousce.

Vyhfevnost paliva byla stanovena vypoétem z na-
méfeného spalného tepla odectenim vyparného tepla
vody vzniklé pfi spaleni Sroti:

0,=0Q;-2458 (W+894H) (klkg™)
kde: Q — spalné teplo (kJ.kg™")

Q; - vyhfevnost (kl.kg ")

W - vlhkost paliva vztaZena na suinu (%)
H - hmotnostni podil vodiku v palivu (%)

STANOVEN[ KONCENTRACI SKODLIVIN

Dile byla provedena prakticka topna zkouska. Mé&-
fenym zafizenim byl kotel Vihorlat Snina ARK 1000
s upravenou zadni sténou pro prediazeny fluidni reak-
tor. Technologické zafizeni je tvofeno &tyfmi provoz-
nimi celky: zauhlovéni a pfiprava paliva, kotel s fluid-
nim pfedtopenistém, odpopeliiovani, zafizeni umélého
tahu a odpopilkovani (obr. 1). Ze tfi provoznich kotli
byl vybran jeden pod oznafenim K3 o jmenovité vy-
konnosti 1 160 kW. Béhem topné zkousky byl provo-
zovdn na 60 % jmenovitého vykonu. Odbérové misto
spalin bylo zvoleno bezprostfedné na vystupu spalin
z kotle v misté snimani jejich teploty pro méfeni a re-
gulaci kotelny. Méfeni se konalo v koteln& ZOD Plos-
tina-Loucka 24. 9. 1996, a to pfi spalovani:

- aditivovaného hnédouhelného hruboprachu (Hp 4 ad

748),

— smési 20 % ERS a 80 % aditivovaného hnédouhel-
ného hruboprachu,

— smési 40 % ERS a 60 % aditivovaného hn&douhel-
ného hruboprachu,

— extrahovanych fepkovych Srotu.

MERICI ZARIZENI

Méficim pfistrojem byl FLUE GAS ANALYSER
GA-60, jehoZ méfici princip je zaloZen na vyuZiti elek-
trochemickych pievodniki. Pfistroj ukazuje koncentra-
ce téchto sloZek spalin: kyslik, oxid uhli¢ity, oxid uhel-
naty, oxid sifi¢ity, oxid dusnaty, oxid dusicity
a chlorovodik. Soucasné byly méfeny teplota spalin a pie-
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Zésobnik
paliva

Pneumatickd doprava

Vélcovy
Slozists .. e
v Tredis
------- Tok paliva
1. Schéma méfeného zafizeni - Sct of d

sloZisté uhli - coal dump

vélcovy drti¢ — cylindrical crusher

tfidi¢ — separator

pneumatickd doprava paliva — pneumatic transport of fuel
zasobnik paliva - fuel bin

spalovaci vzduch — heating air

primérni vzduch - primary air

bytek vzduchu. Interval méfeni byl stanoven na dvé
minuty.

VYPOCTY

Naméfené vysledky jsou uvadény ve tiech varian-
tach:
— objemova koncentrace v ppm,

IV. Naméfené hodnoty spalného tepla (MJ.kg™") v zavislosti na obsahu
tuku (%), vypogitani vyhfevnost (MJ.kg'l. obsah H = 5,31 %) - Total
heating value (MJ.kg™') in dependence on oil contents (%) and cal-
culated heating value (MLkg". content of H = 5.31%)

Vzorek | Tuk®> |Spalné teplo®| Vihkost* | Vyhtevnost’
&islo' (%) (MJ/kg) (%) (MJ/kg)
1 2,63 18.60 12,27 17,131
2 3.10 18,77 9,40 17,372
3 13,89 21,23 8,71 19,849
4 14,04 21,40 7.40 20,051
5 14,56 21,712 7,22 20,375
6 14.76 21,16 7.51 19.808
7 14,95 22,12 10,26 20,700
8 16,20 22,26 8,70 20.879
9 17,25 22,03 7,59 20,676
10 19,97 22,56 757 21,207
11 21,46 23,29 8,69 21,909

'snmple No., fat, *heat of combustion, “moisture, 5heating value
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nisypka kotle - filling of boiler
fluidni reaktor - fluid reactor
sekundéarni vzduch — secondary air
kotel - boiler

popelnik — ash pan

cyklon - cyclone

komin - chimney

tok paliva - fuel flow

hmotnostni koncentrace za normalnich podminek

(273 K; 101,33 kPa) v mg.Nm™,

— hmotnostni koncentrace za normalnich podminek
(273 K; 101,33 kPa), vztaZend na zadany obsah kys-
liku v mg.Nm‘3.

Podle Opatieni FVZp (1992) plati emisni limity pro
spalovéni tuhych paliv pfepoctené na obsah kysliku ve
spalindch ve vy$i 6 % obj. pro uhli a 11 % obj. pro
spalovani dfevniho odpadu. ERS nejsou v tomto zéko-
né vyslovné uvadény jako palivo, proto pro jejich hod-
noceni byly pouzity emisni limity platné pro dfevo.
Koncentrace na referencni obsah kysliku byly prepoc-
teny podle vztahu:

20,95 - (6,11)

wer - | 20,95- 0, ]

C,,; (6% resp. 11% O,) = C,

kde: Cpr (6% resp. 11% O2) — koncentrace zneCitujici litky pfe-
pocitand na 6%, resp. |1% obsah
kysliku ve spalinich

Cir - naméfend koncentrace zneciStujici
litky ve spalinich
0, - naméfeny obsah kysliku ve spalinich

Integraci, primérovani hodnot a piepocty koncen-
traci z ppm na mg.m'3 vykonava zabudovany mikro-
procesor automaticky.

VYSLEDKY
Podle elementarniho rozboru $roti Ize fici, Ze obsa-

huji zhruba stejné mnozstvi C, H, O jako dfevo. NiZsi
obsah kysliku u $rotu je nahrazen vy$§im zastoupenim
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V. Naméfené hodnoty spalného tepla (MJ.kg") v zévislosti na ob-
sahu vody (%), vypodteni vyhfevnost (MJ.kg". obsah H = 531 %,
obsah tuku = 2,6 %) - Total heating value (MJ.kg”') in dependence
on water contents (%) and calculated heating value (M.l.kg'l. con-
tent of H = 5.31, oil = 2.6%)

Vzorek Vlhkost? Spalné teplo® Vyhtevnost*
&islo! (%) (MJ/kg) (MJ/kg)
1 487 19,40 18,113
2 12,27 18,60 17,132
3 18,53 17,27 15,648
4 21,77 17,37 15,668
5 23,79 16,41 14,658
6 30,59 14,42 12,501
7 3343 13,78 11,791
8 38,45 12,31 10,198
9 43,25 11,68 9,450
10 4793 9,84 7,495
11 48,66 9,79 7,427
lsamplt: No., *heat of b ‘henting value

popelovin a dusiku. Na rozdil od ostatnich druhi bio-
masy obsahuji Sroty také urité procento siry, piestoZe
se dnes péstuje pouze ,,00“ repka.

Naméiené hodnoty spalného tepla, vypoltend vy-
hfevnost a zavislosti spalného tepla na vlhkosti a obsa-
hu tuku jsou uvedeny v tab. IV a V a graficky vyjad-
feny na obr. 2 a 3.

Hodnoty naméfenych plynnych znecistujicich latek
vznikajicich pfi spalovani uvedenych druhd paliv
a hodnoty doprovodnych veli¢in jsou uvedeny v tab.
VI a VIII a grafické hodnoty stfednich hodnot plyn-
nych emisi na obr. 4 aZz 7.

Vyhievnost aditivovaného hnédouhelného hrubo-
prachu je 9,34 MJ.kg'l, vyhfevnost extrahovanych fep-
kovych Srotd 15,50 MJ.kg™".

DISKUSE

Vyhfevnost extrahovanych fepkovych $rotu roste se
vzristajicim obsahem tuku ve Srotech a klesa s obsa-

VI. Koncentrace $kodlivin (O,ref = 11 %) — Concentrations of pollutants (Oyref = 11%)

Méfeni' Jednotka? Uhli? Smés 20/80° | Smés 40/60° ERSS Emisni limity”
Yy

0, % 13,73 153 17,9 18,1

Pomocné COo, % 6,9 5.2 2,6 23

i

veliciny teplota spalovéni® | °C 173 186 188 190
lambda 2,77 3,67 73 8.3
co mg/Nm? 1 634 1 034 1112 614 250
NO mg/Nm? 321 370 398 248

Plynné

emise!? S0, mg/Nm? 1159 989 945 377 2 500
HCI mg/Nm? 358 376 385 206
NO, mg/Nm? 497 573 616 384 650

Poznamka - Note:

3. aditivovany hnédouhelny hruboprach — additive brown coal rough dust
4. sm&s 20 % extrahované fepkové Sroty + 80 % aditivovany hn&douhelny hruboprach — mixture of 20% extracted rape groats + 80% additive

brown coal rough dust

5. sm&s 40 % extrahované fepkové Sroty + 60 % aditivovany hnédouhelny hruboprach — mixture of 40% extracted rape groats + 60% additive

brown coal rough dust
6. extrahované fepkové 3roty — extracted rape groats

'measurement, 2unit, *coal, *mixture 20/80, *mixture 40/60, %extracted rape groats, Temission limits, Bauxiliary variables, “burning tempera-

ture, '"flue emissions

VII. Koncentrace $kodlivin (O,ref = 6 %) — Concentrations of pollutants (O,ref = 6%)

Mfeni' Jednotka? Uhli? Smés 20/80° | Smés 40/60° ERS® Emisni limity’
0, % 13,73 153 17.9 18,1

Pomocné co, %o 6,9 5.2 2,6 23

e

veliciny teplota spalovani? | °C 173 186 188 190
lambda 2,77 3,67 7.3 8.3
co mg/Nm? 2455 1547 1 650 910 250
NO mg/Nm? 482 553 590 367

Plynné

emise!" S0, mg/Nm? 1741 1479 1 403 559 2 500
HCI mg/Nm?* 538 563 571 305
NO, mg/Nm?* 747 858 915 569 650

For 1-10 see Tab. VI
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2. Zavislost vyhievnosti na obsahu tuku — Dependence of heating
value on oil contents

spalné teplo — heat of combustion
tuk — fat

€O (mg/Nm3)

O2ref = 11%

M#eni &.

4. Graficky prubéh stfednich hodnot plynnych emisi (CO) - Mean
values of flue emissions (CO)

Meéfeni ¢. — measuring No:

1 - aditivovany hnédouhelny hruboprach —additive brown coal rough dust
2 - smés 20/80 — mixture 20/80

3 - smés 40/60 — mixture 40/60

4 - extrahované fepkové Sroty — extracted rape groats

hem vlhkosti. Technologicky proces lisovani a extrak-
ce fepkového oleje produkuje extrahované 3roty s kon-
stantnim procentem zbytkového tuku a v ustilené syp-
ké formé, ktera je nejvhodnéjsi pro spalovani ve
fluidnim topenisti. Pro spalovani v rostovém kotli by
bylo nutné formu $rotd upravit granulaci. Jako optimal-
ni se projevuje spalovani §roti o vlhkosti do 15 %.
Topnéa zkouska ukdzala dobrou spalitelnost Sroti.
Z hlediska splnéni emisnich limitd se jako nejvyhod-
né&j8i zda byt spalovani extrahovanych fepkovych $roti.
Vyrazny je zejména pokles emisi CO, coZ je zpisobeno
lep$im promichanim uvolnéné hoflaviny a spalovaciho
vzduchu. Méfeni sazového &isla Bacharachovou meto-
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3. Zavislost vyhfevnosti na obsahu vody - Dependence of heating
value on water contents

spalné teplo — heat of combustion
vlhkost — moisture

E 8 8

SO2 (mg/Nm3)

g

O2ref = 11%

~
w
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Méeni &

5. Graficky pribéh stfednich hodnot plynnych emisi (SO,) - Mean
values of flue emissions (SO,)

dou ukazalo postupné sniZovéni jeho hodnoty b&hem
méfenti, pfi¢emZ u $rotd pokleslo aZ na hodnotu 4. Také
emise SO, se znatné sniZily. Diivodem je niZ8i obsah
siry v extrahovanych fepkovych Srotech.

Prubéh méfeni obsahu NO, ve spalinach odpovida
vzniku NO, z dusikatych latek obsaZenych v palivu,
Pfi spalovéni uhli a smési extrahovanych fepkovych
Srotl mirné naristd obsah NO, v dusledku zvySovani
procentualniho obsahu dusikatych latek ve spalované
smési. Pfi spalovani samotnych extrahovanych fepko-
vych 3rotd zménou spalovaciho reZimu, dosahované
teploty hofeni a pfedev§im rychlosti pyrolyzy dochézi
k vyhoteni dusikatych latek v oblasti niZsiho pfebytku
vzduchu, a tim k niZsi vysledné tvorbé NO,.

Vyhtevngjsi ERS by pfi dlouhodobgj§im spalovéni
mohly zpusobit poSkozeni vyzdivky kotle, proto v pfi-
padé praktického vyuZiti doporucujeme spalovini smé-
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HCI (mg/Nm3)
g

O2ref = 11%

Méfeni &

6. Graficky prubéh stfednich hodnot plynnych emisi (HCI) - Mean
values of flue emissions (HCI)

si 20 % ERS a 80 % uhli, kterd pfi m&feni vykazala
niz§i obsah $kodlivin neZ smés 40 % ERS a 60 % uhli.

LITERATURA
LADOMERSKY J. a kol.: Spalovanie drevného odpadu

z ekologického a energetického hladiska. Vedecké a pedago-
gické aktuality, 1993 (6). 68 s.

NOx (mg/Nm3)

O2ref = 11%

B 8 & 8 8

g

Méeni &
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APLIKACIA MIKROLEGOVANE] VYSOKOPEVNE] OCELE
PRE POIL'NOHOSPODARSKE NASTROJE

APPLICATION OF MICROALLOYED HIGH-STRENGTH STEEL
FOR AGRICULTURAL IMPLEMENTS

E. Zdravecka', A. Simon’

Technical University, KoSice, Slovak Republic
2Research and Testing Institute of VSZ Ocel, Kosice, Slovak Republic

ABSTRACT: In this article the results of abrasive wear of selected materials are given. These materials from domestic
production of VSZ, a.s., Kogice, Slovakia are intended to substitute the materials imported from abroad for production of star
wheel. At the present state it is obvious that in designing of implements for soil cultivation, the sources of desirable solutions
should be found in the material-technical area. The possibilities of utilization of microalloyed high-strength steel KODUR E
700 TS in the abrasion conditions on the basis of experimental results are the aim of this contribution. Not only the selection
of materials is important from the point of view of wear resistance but also their adequate life-time to their costs.

cultivation of soil; star wheel; abrasion wear with mild impacts; resistance of material; microalloyed steel

ABSTRAKT: Cielom prispevku je na ziklade experimentalnych vysledkov poukédzal na moZnosti pouZitia vysokopevnej
mikrolegovanej ocele KODUR E 700 TS v podmienkach abrazie. Pri siasnej ustdlenosti kon§truk&nych rieSeni naradia pre
spracovanie pddy je zrejmé, Ze zdroje potrebnych rieSeni je treba hladat hlavne v materidlovo-technickej oblasti ich vyroby.
V ¢&lanku si uvedené vysledky abrazivneho opotrebenia vybranych materidlov uréenych pre vyrobu hviezdice drvica pddy
pouZivaného pre kultivacii pody. Materiély si na baze tuzemskej vyroby z produkcie VSZ, a. s. Pri vybere materiélov pre
podmienky intenzivneho opotrebenia nie je prvoradé iba hladisko odolnosti proti abrazivnemu opotrebeniu, ale aj to, aby

niklady na vyrobu tychto nastrojov boli primerané ich Zivotnosti.

kultivdcia pddy; hviezdica drvi€a pody: abrazivne opotrebenie; odolnost materidlu; mikrolegovana ocel

UvoD

Mnohé siicastia a naradia pre spracovanie pody si
v prevadzke intenzivne opotrebovavané ucinkom tvr-
dych &astic. Na odolnost proti opotrebeniu pre pracov-
né nastroje v polnohospodarstve ma vplyv vela fakto-
rov. Je to samotny materidl néstroja, jeho tvrdost,
mikro§truktira a fyzikdlno-mechanické vlastnosti.
Podny nastroj je v interakcii s okolitym prostredim
a pddou, ktoré tieZ opotrebenie ovplyviiuju.

ZloZenie pddy, vlhkost, Struktira, podna reakcia aj
s okolitym prostredim sa podielaji na vyslednej Zivot-
nosti opotrebovavanych néstrojov. Medzi faktory, ktoré
sa zvaZuji pri vybere materidlov pre podmienky abré-
zie, sa Casto ako kritérium uvadza tvrdost materialu.
Mikrostruktira materidlov, velkost a typ karbidickej
fazy sa spolupodielaji na vyslednej odolnosti proti ab-
razii (Balla, 1996; Tolnai, 1996).

Krehkolomové vlastnosti, hodnoty medze sklzu
a pevnosti sa uplatiiuji najmi v podmienkach abrézie
s miernymi rdzmi. Pri rieSeni ndhradného materialu pre
vyrobu hviezdice drvia pddy, ktory je v siasnosti do-
vozovym prvkom, sme skimali vysokopevnu mikrole-
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govani ocel tuzemskej vyroby. Pri vybere boli akcep-
tované vysoké hodnoty medze sklzu a pevnosti, hodno-
ty vribovej hiZevnatosti a charakteristick4 jemnozrnna
mikrostruktira tejto ocele.

MATERIALY A METODA

Na zéklade teoretickych predpokladov a experimen-
talnych prac sme pre naSe podmienky vybrali material
systému Fe-C-Mn-Si-Ti-Nb-B-Mo-Zr, vysokopevni
komplexne mikrolegovanii ocel KODUR E 700 TS.

Chemické zloZenie ocele KODUR E 700 TS:

C=0,09 % Mn = 1,73 % Si=0,19%
S =0,007 % P =0,007 % Al = 0,046 %
Zr=0,012 % N =0,012 % Nb = 0,062 %
Mo = 0,168 % Ti = 0,169 % B = 0,008 %

Materiél ocele KODUR E 700 TS sa vyznaluje vy-
sokymi hodnotami medze sklzu a pevnosti:

Re = 700 MPa, Rm = 790-960 MPa, Asy = 15 %,
KCU pri 0 °C = 60 J.em™2, KCU pri —20 °C = 40 J.cm™>,
uhol ohybu pri skiske lamavosti o = 180° pri priemere
tfiila D = 3.7 (t = hribka plechu). Tento material vyka-
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zuje okrem uvedenych zdkladnych mechanickych cha-
rakteristik velmi dobré unavové vlastnosti, krehkolo-
mové a tvarne vlastnosti a zvySenud odolnost proti ero-
zivnemu opotrebeniu (Hudédk, 1989; Bur§ak et
al., 1996; Jurko, Simon, 1996; Zdravecka et
al., 1996).

P6da ako mnohotvirne pracovné médium ma z tri-
bologického hladiska Siroki $kalu trecich vlastnosti,
ktoré nemoZno jednoznacne aplikovat pri laborat6r-
nych skidgkach. PouZitd metodika skuSok, opisana
v tomto prispevku, umoziuje simulovat podmienky
opotrebenia v oblasti dotyku abraziva s nastrojom. Pre
laboratérne ski$ky bol pouZity pristroj s pruZznym ko-
tacom (obr. 1).

1. Schéma pristroja s pruznym koti¢om - Diagram of device with
clastic disk

| — zdsobnik abraziva - reservoir for abrasive

2 - dyza - nozzle

3 - pruZny koti¢ - elastic disk

4 - skudobna vzorka s drziakom - testing sample with holder
5 - zévazie — weight

6 — zberaC abraziva — collector of abrasive

7 - protizivaZie — counter-weight

Abrazivny uinok vyvolavali astice sypané medzi
vzorku a rotujuci pruzny kotiu¢. Modeluji sa tak pod-
mienky blizke prevadzke strojnych zariadeni pracuji-
cich v zemine.

Parametre pri skuSke: klzna draha 716 m,
obvodova rychlost kotica 2,3 ms™ zataZujuca sila na
vorku 40,52 N.

Pouzité abrazivo: zlievarensky piesok O-36
Provodin KO-II1-32-38-C/D-CSN 72 015, preosiaty na
site s velkostou oka 0,8 mm.

Pri svojom prechode oblastou kontaktu vzorky a ko-
tica spdsobuje abrazivo opotrebenie na povrchu vzor-
ky. Pohlad na opotrebeny povrch vzoriek je na obr. 2.
Na obr. 3 je pohlad na néastroj pre kultivovanie pody,
pre ktory bola overovand materidlova inovacia. Krité-
riom pri hodnoteni bola pomerna odolnost proti abra-
zivnemu opotrebeniua uréovana zo vztahu:
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2. Opotrebeny povrch vzoriek po skiske — Worn surface of samples
during the test

3. Pohlad na opotrebenu hviezdicu drvica pody — View of worn star
wheel

_ WiETALoN
Wi vzorky

kde: Wiye hmotnostny tbytok etalénu
Wyvz — hmotnostny tibytok vzorky

(n

Na zédklade uvedeného vztahu boli hodnotené hmot-
nostné ibytky s presnostou 107 g. Vzorky o rozme-
roch 68 x 22 x 6 mm boli merané v poradi 1 -2 - 1,
aby sa vylucilo pripadné kolisanie abrazivity kremici-
tého piesku. Vysledné hodnoty W;, boli spracované ako
aritmeticky priemer z troch merani.

V procese opotrebenia sa na vyslednom efekte odol-
nosti proti abrizii spolupodiela aj samotna mikro§truk-
tira opotrebovivanych povrchov. Pri analyze procesu
opotrebenia sme pouzZili opticki mikroskopiu a analyzu
morfolégie opotrebovivanych povrchov na REM.

VYSLEDKY
Na zaklade nameranych hodndt hmotnostnych tbytkov

bol podla vzahu (1) spracovany graficky priebeh pomer-
nej velkosti proti abrazivnemu opotrebeniu (obr. 4).
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4. Porovnanie tvrdosti a pomernej odolnosti proti abrazivnemu
opotrebeniu skudanych oceli — Comparison of hardness and relative
abrasion resistance of tested steels

Vysledné hodnoty si spracované v pomere hmotnostnych
dbytkov etalénu a skisanej vzorky. Etalén tvoril material
ocele 12 014 normalizacne Zihanej o tvrdosti 100 HV.

Dalsim hodnotenym materidlom bola ocel 11 523
s feriticko-perlitickou §truktirou. Této ocel sa obvykle
v ramci VSZ porovnava s inymi druhmi oceli tejto sku-
piny, preto bola orienta¢ne zahrnuta do skusok. S po-
uZitim tohto materidlu pre polnohospodarske nastroje
sa v3ak nerita. Hodnotenie oteruvzdornosti malo Spe-
cificky vyznam pre podnikové ucely.

Materidl KODUR E 700 TS, ktory bol tepelne spra-
covany (ohrev 880 °C, vydrz 10 min, ochladenie vo
vode), mé na obr. 4 oznacenie KODUR E 700 TS/K.

Metalografické pozorovania boli vykonané pre
povodny materidl hviezdice drvica pddy (obr. S), ktory
ma Struktiru martenziticko-bainitickd pri hodnote tvr-
dosti 500 HV10.

Zakladna Struktara materialu KODUR E 700 TS je
zrejma z obr. 6. Je to jemnozrnnd Struktira acikularne-
ho feritu a bainitu s hodnotou tvrdosti 270 HV10. Cha-
rakter povrchu po skiske pévodného materialu hviez-
dice drvica pddy vidno na obr. 7. Vysledny ryhovaci
ucinok abrazivnych zfn na povrchu sa prejavil mensou
hibkou a Sirkou ryh, ¢o koreSponduje jednak s namera-
nou hodnotou oteruvzdornosti tejto ocele, jednak s pri-
tomnostou martenzitickej matrice v jej Struktire. Po-
rovnavany materidl KODUR E 700 TS ma vicSiu hibku
a Sirku ryh pri rovnakych podmienkach skasky (obr. 8),
Co suvisi s jeho Struktirou a tvrdostou.
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5. MikroStruktira materidlu hviezdice drvica pody (zv. 1000x) -
Microstructure of the material of star wheel (1,000 times magnifica-
tion)

6. Mikrodtruktira materidlu ocele KODUR E 700 TS (zv. 1000x) -
Microstructure of the material of steel KODUR E 700 TS (1,000
times magnification)

7. Charakter ryhovacieho cinku abraziva pre pévodny material
hviezdice (zv. 50x) — Character of grooving effect of abrasive for
original material of star (50 times magnification)
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8. Charakter ryhovacieho u¢inku pre material KODUR E 700 TS (zv.
50x) — Character of grooving effect for material KODUR E 700 TS
(50 times magnification)

DISKUSIA

Struktira opotrebovdvaného povrchu vyrazne ov-
plyviluje intenzitu abrazivneho opotrebenia a jej prie-
beh. Podla literatiry (Tolnai, 1996; Zdravecka
et al., 1996) dochadzame k zaveru, Ze najmensiu odol-
nost proti abrizii maji ocele s feritickou matricou
a ocele s martenzitickou matricou maji odolnost
vicsiu nez perlitické ocele. S tymito zavermi kore$pon-
duji aj ziskané vysledky, podla ktorych feritickd mat-
rica ocele 12 014 ma odolnost proti abrézii najniZSiu
a materidl hviezdice s martenzitickou matricou ma
hodnotu najvysSiu 1,482. Material KODUR E 700 TS
ma odolnost proti abrazii o hodnote 1,082. V reilnej
prevadzke polnohospodarskych nastrojov sa na opotre-
beni spolupodiela aj u¢inok dynamického namahania
vplyvom miernych razov. Superponovanim experimen-
talne nameranych vysledkov a vysokych mechanickych
vlastnosti ocele KODUR E 700 TS a z laboratérnych
skusok mozno vyslovil pozitivny zaver v prospech ma-
teridlovej ndhrady pévodného dielu drvi¢a pddy. Pred-
pokladani Zivotnost pre tito nihradu hviezdice z ocele
KODUR E 700 TS je cca 65 az 70 %.

Kazdy vysledok laboratornych skaSok sa da chapat
ako urcity druh vyberu materialov, pricom kone¢ny za-
ver bude stanoveny po prevadzkovych skuskach.

ZAVER

Cielom préce bolo na zdklade experimentov porov-
nat odolnost proti abrazivnemu opotrebeniu réznych
druhov oceli v podmienkach namdhania polnohospo-
darskych zariadeni. Z vysledkov je moZné stanovit tie-
to zavery:

1. Nie je priama imernost medzi opotrebenim a tvr-
dostou pouZitého materidlu, ale rozhoduji aj dalSie
charakteristiky, ako je pevnost, hiZevnatost, nirazova
odolnost, §truktira materidlu atd.

2. Z hladiska Zivotnosti vykazuje ocel KODUR E
700 TS cca 65 az 70% Zivotnost v porovnani so zahra-
ni¢nou, analyzovanou v prispevku. Praktické skasky
a ekonomické aspekty st rozhodujice pre ich pouZitie
spotrebitelom. Pri uplatneni v prevadzke sa rozhoduju-
cou mierou budi podielal na vyslednom efekte druh
a stav spracovévanej pody, ¢im prepokladan4 Zivotnost
mdZe kolisat v Sir§ich hraniciach.
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PREDBEZNE SDELENI

EVALUATION OF PNEUMATIC BIO-COLLECTOR

AND THERMAL PROPANE FLAMER FOR THE CONTROL
OF COLORADO POTATO BEETLE (LEPTINOTARSA
DECEMLINEATA [Say])

ZHODNOCENI POUZITI PNEUMATICKEHO SBERACE HMYZU
A ZARIZENI S PROPANOVYM PLAMENEM PRI REGULACI VYSKYTU
MANDELINKY BRAMBOROVE (LEPTINOTARSA DECEMLINEATA [Say])

M. N. Rifai', V. Taborsky?, M. Hodik>

'Nova Scotia Agricultural College, Truro, Canada
2Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: A front-mounted insect pneumatic collector ,bio-collector*, and rear-mounted propane flamer Reinert DA-211
were tested in the potato fields. The functional performance of the two machines were evaluated for their quality of work,
ease of operation and adjustment, rate of work, power requirements, safety and reliability. Measurements were taken and
observations were made to determine the effectiveness of these machines in the control of the Colorado Potato Beetle. This
study demonstrates the potential of pneumatic control for Colorado Potato Beetle adults and larvae. About 87% of dislodged
adults were collected but dislodging efficacy averaged 60%. Efficacy on larvae was even lower, about 46% of dislodged
larvae were collected but only about 45% were dislodged.

pneumatic bio-collector; propane flamer; physical methods; Colorado Potato Beetle (Leptinotarsa decemlineata)

ABSTRAKT: Celné neseny pneumaticky sbéraé hmyzu typu ,biokolektor** a plamenometné zafizeni Reinert DA-211 pro
ochranu brambor k hubeni mandelinky bramborové propanovym plamenem byly pouZity v polnich pokusech. Funk&nost obou
stroju byla vyhodnocena z hlediska kvality price, snadnosti obsluhy a sefizeni, vykonu a narokd na vykon traktoru, bezpec-
nosti price a spolehlivosti. Méfeni byla soustfedéna na ucinnost uvedenych stroju pfi regulaci vyskytu mandelinky brambo-
rové. Tato studie ukdzala na potencidlni schopnost pneumatického sbérade redukovat pocet dospélct asi 0 53 % pfi jednom
prijezdu. U larev byl vysledek hordi, bylo dosaZeno redukce asi o 24 % larev bez rozdilu vyvojového stadia pfi jednom
prijezdu. Pneumaticky sbéra¢ hmyzu typu ,biokolektor* pracuje pfi pojezdové rychlosti 4 az 5 km/h. Stroj ma pét odnima-
telnych pracovnich sekci se zdb&rem ¢&tyf fadki a sekce jsou nastavitelné podle sponu fadku. Kazda pracovni sekce md svij
vlastni hydraulicky motor, kterym lze regulovat G¢innost sbéru. Pro kvalitu sbéru je kritickym momentem vysledna rychlost
proudéni vzduchu. Kazdy hydromotor je fizen hydraulickym systémem zavéSenym na zadnim zavésu traktoru, ktery obsahuje
olejovou nddrZ a hydrogenerdtor. Také pracovni &ést stroje je sefiditelnd podle profilu fadka a stavu pidy. Zafizeni Reinert
DA-211 se pfipojuje na zadni zavés traktoru a mé zabé&r tfi aZ Ctyfi Fadky. Pracovni pojezdova rychlost je 4 aZz 5 km/h.
Pracovni sekce — plamenné hofdky — jsou horizontdlné i vertikdlné posuvné a také Gihel nastaveni plamene hofiku ve sméru
pojezdu je ovladatelny. Uhel vstupu plamene do porostu se zd4 byt vyznamnym faktorem pro vysledek pouZiti plamenometu.
Zatizeni obsahuje dvé 11kg propanové lihve, které jsou uloZeny v nadrZi s vodou, coZ ma fadu vyhod, zejména bezped-
nostnich. Mezi jinym se tim tlumi otfesy pfi pojezdu a zabrafuje prudkym vykyvim teploty, a tim tvofeni namrazy. Pro oba
stroje je nutné pouZit traktor o vykonu nejméné 60 kW.

pneumaticky sbéral hmyzu; propanovy plamenomet; fyzikdlni metody; mandelinka bramborové (Leptinotarsa decemlineata)
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INTRODUCTION

According to Norman et al. (1981), more than
one hundred years has passed since the first uses of
chemicals to repress the Colorado Potato Beetles
(CPB), Leptinotrasa Decemlineata. The use of chemi-
cal insecticides for crop protection has greatly contrib-
uted to the increase in crop yields. Nevertheless, many
pest insects have demonstrated a remarkable ability to
develop a considerable resistance to such kind of
chemicals. A good example of course is CPB which is
considered to be the most defoliating potato insect in
North America and Europe.

The trend of using tremendous amount of chemical
pesticides for the past forty years certainly keep in-
creasing at least for the few coming decades despite the
implementation of some alternative control methods of
CPB. This heavy reliance on chemicals to control in-
sects has resulted in severe environmental and health
problems. Consequently, continuous efforts have been
deployed by researches in the pesticide application area
in order to find some other efficient alternative for
chemicals. To achieve this objective several control
methods were developed in the recent years.

One of these alternatives is the pneumatic insect
controller. This technology has been used since the
fifty’s in the cotton fields in the USA. Unfortunately,
it disappeared as soon as more efficient pesticides were
introduced. But now, because of the public awareness
and the danger resulting from the use of those chemi-
cals the idea of using pneumatic insect controllers have
been emerged again.

To date, about eight companies throughout the
world have tried to manufacture insect vacuums
(CRIQ, 1991). However, the efficiency of the vacuums
developed is very variable despite the degree of success
to some extent reported for some crops. Boiteau et
al. (1991) evaluated vacuum collector developed in
Massachusetts. The machine was able to remove at
least 48 and 40% of the adults and small larvae, respec-
tivelly, but only some 27% of the large larvae. Boiteau
concluded that this device would yield maximum effi-
cacy when targeted at the control of colonizing adult
CPB, and also of young larvae, that both drop less
readily from the potato plants.

During the past few years, several thermal methods
have been evaluated for the control of CPB. Some of
these methods, such as the use of microwaves
(Colpitts et al., 1992, 1993) and propane flamer
(Duchesne etal, 1992; Moyer etal., 1992), take
advantage of the susceptibility of the insect to high
temperature. The propane flamer can be used also for
weed control. The tests of one year study indicated that
flaming may find an important spot in a weed-control
program from corn, onion, and carrot (Rifai et al.,
1996). A small Backpack Propane flamer is available
in the market for vegetable gardens and small organic
farms. Results of two years’ experimental work showed
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flame weeding as a very labour saving and profitable
support for organic farmers (Rifai et al., 1996).

The CPB populations have risen dramatically in the
Maritime during recent years, mainly as a results of
development of resistance to chemical insecticides in
local beetle populations. In an effort to curtail the cycle
of resistance, the Nova Scotia Agricultural College,
Truro concentrated its efforts on the development of
new control methods which utilized alternative strate-
gies to diminish beetle populations in potato fields. For
this reason two new machines were purchased, the
pneumatic bio-collector and the thermal propane flamer
to investigate their potential in a North Eastern Cana-
dian potato production system.

MATERIALS AND METHODS

A pneumatic insect bio-collector designed for the
control of the CPB, and Propane flamer were tested on
potatoes in 1995.

The bio-collector unit was manufactured by Fritz
Engelhardt, Bio-Landtechnik Mauehlhausen, Germany.
The pneumatic insect collector is mounted on a three
point hitch on the front of the tractor. The bio-collector
blows two opposite and offset horizontal air streams
across the plant rows to dislodge the insects and collect
them into floating trays (Fig. 1). The flow of the air
stream and the creation of vacuum is controlled by five
hydraulic motors mounted in hoods above each of five
trays. The motors’ speeds are controlled individually
by separate flow control valves, which supply each mo-
tor with its oil flow. The oil supply for the motors is
directed from a hydraulic system consisting of a reser-
voir and a pump mounted on the rear three point hitch
of the tractor and powered by the PTO shaft. The work-
ing height of the machine is controlled by two castor
wheels and two depth wheels and the front three point
hitch of the tractor. The average forward velocity of the
vacuum unit was 4 km/h. Two varieties of potato were
used, Yukon Gold and Red Pontiac. Four different air-

1. Bio-collector, front-mounted pneumatic pest control machine
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2. Reinert-DA 211, rear-mounted thermal propane flamer

flow speeds with three replications were used on each

of the two varieties. The potato was planted on May

23, and the hilling took place on June 20. The experi-

mental plot was eight rows, 90 cm apart and 15 m long.

The plots were chemically treated for weed control us-

ing Gramoxone.

Fig. 2 illustrate the propane flame thrower Reinert-
-DA 211 which has six burners 250 mm wide each with
two propane gas tanks, each has capacity of 11 kg. It
is equipped with preheating unit for preventing the lig-
uid gas tank from icing up and for raising evaporation
rate, with an integrated temperature monitoring device
and safety cut-off valve (cuts off at a temperature of
35 °C). According to Rifai and Terry (1995) this
results in the following advantages:

a) greatest possible reliability and safety in operation,

b) more output from lower gas stock,

c) gas tank does not ice up,

d) no burn-on when switching over from operation to
pilot flame (no residues of gas in the pipeline).
The flame thrower has seven valves, each has its

function:

1. tank’s valve,

2. pressure regulator valve with manometer which can
be set from 0.8-2.5 bars,

3. master cut-off valve,

4. switch-over valve with facility for changing over
from operation to pilot flame, within easy reach of
operator,

5. regulating valve (pilot flame),

6. quick closing valve,

I. Dislodging and captured efficacies of CPB adults

7. safety cut-off valve.

For the evaluation of the propane flamer only one
variety was used, Golden Yukon.

Three replications and four treatments were used:
T1 - control
T2 - one flaming June 29
T3 - two flamings, June 29 and July 6
T4 — three flamings, June 29, July 6 and July 12

The propane flamer was operated at a pressure of
250 kPa and travelled at a speed of 6 km/h. The angles
of burners were set at 60° from the horizontal and 30°
from the row centre line. Thiodan was applied to all
plots on July 25 to reduce larval populations. Field data
on CPB adults and larvae were collected weekly from
July 12 to August 20.

RESULTS

With the bio-collector the dislodging of CPB adults
was not improved by increasing the speed of the air
(Tab. I). Average dislodging efficacy was 60 * 16%.
This lower dislodging efficacy could be explained by
the higher foliage density of the potato plants. More
adults of CPB could be shielted from airstream by plant
leaves under these conditions. No improvement in cap-
ture efficacies of CPB adults was reached. Average
capture efficacies were 53 = 18%. An average collec-
tion ratio estimated from dislodging and capture values
was for all treatments 87 * 23%.

Tab. II illustrates the dislodging and capture effica-
cies of CPB larvae. Higher air velocity has improved
both insect dislodging and capture, but the effects of
different treatments were not significant. Average dis-
lodging and capture efficacies were 45 + 16%, 24 +
15% respectively, and collection ratio was 46 + 24%.

Field data on Colorado Potato Beetle adults and lar-
vae were collected weekly from June 29 to August 20.
Fig. 3 represents a typical graph that illustrates the
number of CPB adults that were collected. The popu-
lation of adults in the field were significantly lower in
the flamed plots than in the untreated ones. The average
number of adults in the flamed plots was 8-20% of the
number of adults in the untreated plots.

Similarly the number of larvae on potato plants was
significantly lower in the flamed plots than in the un-

Mean capture efficacy Mean dislodging efficacy
Treatments SD* (%) SD' (%)
Air speed (m/s)
Yukon Gold Red Pontiac Yukon Gold Red Pontiac
20 42 (31) 64 (31) 54 (20) 7121
25 48 (9) 57(7) 54 (16) 59 (10)
30 51.(5) 55 (17) 53(11) 64 (13)
35 47 (25) 60 (15) 62 (21) 63 (13)

SD" - standard deviation
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IL. Dislodging and capture effi of CPB larvae
Mean capture efficacy Mean dislodging efficacie
'Tren(ments SD* (%) SD" (%)
Air speed (m/s)
Yukon Gold Red Pontiac Yukon Gold Red Pontiac
20 12.(11) 18 (14) 33 (16) 32 (13)
25 26 (10) 17 (1) 41 (7) 48 (11)
30 25 (27) 3217 54 (20) 40 (32)
35 38 (23) 24 (9) 49 (17) 63 (13)

SD" - standard deviation

treated. The graph in Fig. 4 shows that the average
number of larvae counted in the flame plots was only
9-21% of the number counted in the untreated plot.

CONCLUSIONS AND RECOMMENDATIONS

Since the ban on the use of some insecticides such
as aldicarb because of environmental concerns, other
insecticides are currently used at higher dosage, thus
increasing production costs. The expected development
of resistance to new insecticides, the increasing devel-
opment costs of these products, and the increase de-
mand for potatoes free of pesticide residues may all
contribute into making pneumatic and thermal CPB
control an interesting alternatives for growers.

The two machines are relatively expensive at this
time but the situation may change. If these technologies
continue to improve, volume business will make possi-
ble more efficient production lines and more competition,
two factors that exert downward pressure on prices. In
case of satisfactory implements for pest control with an
acceptable working capacity are developed and marketed,
flame and pneumatic equipment will also be of interest as
a supplement to chemical pest control. The improvement
development of these machines is going in a promissing
way, which perhaps means that there will be acceptable
implements on the market in few years.

The test of this one year study indicates that these
machines may find an important spot in pest-control
program for CPB. Flaming and pneumatic technologies
promise to be more attractive as an added pest-control
method rather than a replacement for standard chemical
control. It is impossible to rely on thermal method over
the length of the growing season, because the damage
to the plant will be higher. Therefore the thermal
method should be recommended in early spring.

The major inconvenience of the pneumatic and ther-
mal machines at this stage is that they cause soil com-
paction, eliminate beneficial insects, and sometimes
even damage the plants themselves.

Flame and pneumatic insect control methods have
more room to be used on all organic farms with con-
siderable vegetable areas. Furthermore, these two pest
control methods could be of interest in relation to the
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production of the so-called pesticide-free vegetables for
infant’s food and public institutions.

A 60 kW tractor is the minimum tractor size recom-
mended to operate both the propane flamer and the bio-
collector. The two machines were safe to operate provided
that normal safety precautions were observed. The most
important adjustments that should be performed with spe-
cial care are the height and the angle of each burner and
the pressure setting of the propane gas. With respect to
the pneumatic insect colector the speed of the air flow is
very critical for the dislodging and transport of the insects
by the pneumatic control system.

Adults per 30 Plaats
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4. The population of Colorado Potato Beetle larvae per 30 plants
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USTREDNI ZEMEDELSKA A LESNICKA KNIHOVNA,
PRAHA 2, SLEZSKA 7

Ustfedni zem&dglska a lesnickd knihovna v Praze (dale jen UZLK), kterd je jednou z nejvétsich zemé&délskych
knihoven na sv&t&, byla zaloZena v roce 1926. JiZ od pocétku $lo o knihovnu vefejnou. Knihovna v soucasné dobé
obsahuje vice neZ jeden milion svazku knih, cestovnich zprav, dizertaci, literatury FAO, svizanych roénika Casopisi
z oblasti zem&dé&lstvi, lesnictvi, veterindrni mediciny, ekologie a dal3ich obori. Knihovna odebird 750 tituld domécich
a zahrani&nich Zasopisu. Informaéni prameny ziskané do fondu jsou v UZLK zpracovivany do systému katalogt — je
budovan jmenny katalog a pfedmétovy katalog jako zakladni katalogy knihovny a déle riizné specidlni katalogy a kar-
totéky. Poatkem roku 1994 piistoupila UZLK k automatizovanému zpracovani knihovniho fondu v systému CDS/ISIS.

Pro informaci uZivatelii o novych informa&nich pramenech ve fondech UZLK zpracovavé a vydavé knihovna nasle-
dujici publikace: Piehled novinek ve fondu UZLK, Seznam &asopisti objednanych UZLK, Prehled reersi a tematickych
bibliografii z oboru zemé&délstvi, lesnictvi a potravinafstvi, AGROFIRM - zpravodaj o pfirustcich firemni literatury (je
distribuovan na disketdch), AGROVIDEO - katalog videokazet UZLK.

V oblasti mezindrodni vymény publikaci knihovna spolupracuje s 800 partnery ze 45 zemi svéta. Knihovna je ¢lenem
IAALD - mezindrodni asociace zemé&dé&lskych knihovniki. Od zafi 1991 je Clenem mezinarodni sit€ zemédélskych
knihoven AGLINET a od 1. 1. 1994 je depozitni knihovnou materiald FAO pro Ceskou republiku.

Knihovna poskytuje svym uZivatelim nésledujici sluZby:

Vypijéni sluzby
Vypijéni sluZzby jsou poskytovdny viem uZivatelim po zaplaceni ro&niho registradniho poplatku. MimopraZsti

uZivatelé mohou vyuZit moZnosti meziknihovni vypijéni sluZby. Vzacné publikace a Casopisy se v3ak pljéuji pouze
prezen¢né.

Reprografické sluiby

Knihovna zabezpe&uje pro své uZivatele zhotovovini kopii obsahii ¢asopisii a nasledné kopie vybranych &lanki. Na
polkéni jsou zhotovovany kopie na piédni uZivateli. Pro praZzské a mimopraZské uZivatele jsou zabezpefovany tzv.
individualni reprosluZby.

Sluzby z automatizovaného systému firemni literatury
Jsou poskytovany z databaze firemni literatury, kterd obsahuje téméf 13 000 zdznamu 1 700 firem.

Referenéni sluzby

Knihovna poskytuje referen¢ni sluzby vlastnich databazi kniZnich novinek, odebiranych asopisu, redersi a tematic-
kych bibliografii, védeckotechnickych akci, firemni literatury, videotéky, déle z databézi pievzatych — Celostatni evi-
dence zahrani&nich Casopisi, bibliografickych databizi CAB a Current Contents. Cilem je podat informace nejen
o informa&nich pramenech ve fondech UZLK, ale i jiné informace zajimajici zem&d&lskou vefejnost.

Pijcovani videokazet

V AGROVIDEU UZLK jsou k dispozici videokazety s tematikou zem&d@lstvi, ochrany Zivotniho prostfedi a pfi-
buznych obori. Videokazety zasili AGROVIDEO mimopraZskym zdjemciim po3tou.

UZivatelim knihovny slouZi dv& studovny — vieobecnd studovna a studovna &asopisi. Obé& studovny jsou vybaveny
pfirutkovou literaturou. Ctendfi zde maji volny pfistup k novinkdm pfiristkii knihovniho fondu UZLK.

Adresa knihovny:

Ustfedni zem&d&lska a lesnicka knihovna
Slezskéd 7
120 56 Praha 2

Vypujéni doba:

pondéli, ttery, &tvrtek: 9.00-16.30
stfeda 9.00-18.00
pétek 9.00-13.00
Telefonické informace:
vedouci: 24 25 50 74, e-mail: IHOCH @uzpi.agrec.cz
referencni sluZby: 24 25 79 39/linka 520
&asopisy: 24 25 66 10
vypijéni sluzby: 24 25 79 39/linka 415
meziknihovni vypajcni sluzby: 24 25 79 39/linka 304
Fax: 24 25 39 38

E-mail: UZLK @uzpi.agrec.cz
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POKYNY PRO AUTORY

Casopis uvefejiiuje pivodni védecké prace, kritka sdéleni
a vyb&rové i prehledné referdty, tzn. price, jejichZz podkladem
je studium literatury a které shrnuji nejnovéjsi poznatky v da-
né oblasti. Prace jsou uvefejiiovany v esting, slovenstiné nebo
angli¢tiné. Rukopisy musi byt doplnény kratkym a rozsifenym
souhrnem (vcetné klicovych slov).

Autor je plné odpovédny za pavodnost prace a za jeji véc-
nou i formalni spravnost. K prici musi byt pfiloZeno prohla-
Seni autora o tom, Ze prace nebyla publikovina jinde.

O uvefejnéni price rozhoduje redakéni rada Casopisu, a to
se zietelem k lektorskym posudkim, védeckému vyznamu
a prinosu a kvalité price.

Rozsah védeckych praci nema presahnout 15 stran psanych
na stroji véetné tabulek, obrazkd a grafl. V prici je nutné po-
uzivat jednotky odpovidajici soustavé mérovych jednotek Sl
(CSN 01 1300).

Vlastni dprava rukopisu mid odpovidat stitni normé CSN
88 0220 (format A4, 30 fidek na stranku, 60 thozi na fadku.
mezi fadky dvojité mezery), k rukopisu je vhodné pfiloZit dis-
ketu s praci pofizenou na PC v nékterém tlextovém editoru,
nejlépe v T602, a s grafickou dokumentaci. Tabulky, graty
a fotografie se dodivaji zvlast, nepodlepuji se. Na viechny
pfilohy musi byt odkazy v textu.

Pokud autor pouZivi v prici zkratek jakéhokoliv druhu, je
nutné, aby byly alespofi jednou vysvétleny (vypsiny), aby se
pfedeslo omylim. V nazvu price a v souhrnu je vhodné zkra-
tek nepouZivat.

Nazev price (titul) nema pfesahnout 85 hozi. Jsou vylou-
ceny podtitulky ¢lanka.

Kritky souhrn (Abstrakt) je informa¢nim vybérem obsa-
hu a zdvéru ¢lanku, nikoliv v3ak jeho pouhym popisem. Musi
vyjadfit vSechno podstatné, co je obsaZeno ve védecké prici,
a ma obsahovat zakladni Ciselné udaje véetné statistickych
hodnot. Musi obsahovat klicova slova. Nema pfekrocit rozsah
170 slov. Je tieba, aby byl napsan celymi vétami, nikoliv hes-
lovité, Je uvefejiiovan a mél by byt doddn ve stejném jazyce
jako védecka price.

Roz3ifeny souhrn (Abstract) je uvefejiiovin v angli¢ting,
mély by v ném byt v rozsahu cca 1-2 strojopisnych stran ko-
mentovany vysledky price a uvedeny odkazy na tabulky a ob-
razky, popf. na nejduleZit¢jsi literdrni citace. Je vhodné jej
(vCetné nazvu prace a klicovych slov) dodat v angli¢tiné. popf.
v ¢estiné Ci slovensting jako podklad pro pieklad do anglictiny.

Uvod mi obsahovat hlavni divody. pro¢ byla price realizovana
a velmi stru¢nou formou ma byt popsin stav studované otazky.

Literdrni pfehled ma byt kratky, je tfeba uvidét pouze
citace majici Gzky vztah k problému.

Metoda se popisuje pouze tehdy, je-li pivodni, jinak posta-
Cuje citovat autora metody a uvadét jen ptipadné odchylky. Ve
stejné kapitole se popisuje také pokusny materidl.

Vysledky - pfi jejich popisu se k vyjadfeni kvantitativnich
hodnot divi prednost grafum pred tabulkami. V tabulkéch je
tfeba shrnout statistické hodnoceni naméfenych hodnot. Tato
¢ast by neméla obsahovat teoretické zivéry ani dedukce, ale
pouze faktické ndlezy.

Diskuse obsahuje zhodnoceni prace. diskutuje se 0 moz-
nych nedostatcich a prace se konfrontuje s vysledky dfive
publikovanymi (poZaduje se citovat jen ty autory. jejichZ price
maji k publikované praci bliz8i vztah). Je pfipustné spojeni
v jednu kapitolu spolu s vysledky.

Literatura musi odpovidat statni norm¢ CSN 01 0197. Ci-
tace se fadi abecedné podle jména prvnich autorii. Odkazy na
literaturu v textu uvadéji jméno autora a rok vyddni. Do sc-
znamu se zafadi jen price citované v textu. Na price v sezna-
mu literatury musi byt odkaz v textu.

Na zvlastnim listé uvadi autor plné jméno (i spoluautori).
akademické, védecké a pedagogické tituly a podrobnou adresu
pracovi§té s PSC, &islo telefonu a faxu, popf. e-mail.

INSTRUCTIONS FOR AUTHORS

Original scientific papers, short communications, and selec-
tively reviews, that means papers based on the study of tech-
nical literature and reviewing recent knowledge in the given
field, are published in this journal. Published papers are in
Czech, Slovak or English. Each manuscript must contain
a short and a longer summary (including the key words).

The author is fully responsible for the originality of his
paper, for its subject and formal correctness. The author shall
make a written declaration that his paper has not been publish-
ed in any other information source.

The board of editors of this journal will decide on paper
publication, with respect to expert opinions, scientific impor-
tance, contribution and quality of the paper.

The paper extent shall not exceed 15 typescript pages, in-
cluding tables, figures and graphs.

Manuscript layout shall correspond o the State Standard
CSN 88 0220 (quarto. 30 lines per page, 60 strokes per line,
double-spaced typescript). A PC diskette should be provided
with the paper, written in an editor program, preferably T602,
and with graphical documentation. Tables, figures and photos
shall be enclosed separately. The text must contain references
to all these annexes.

The title of the paper shall not exceed 85 strokes. Subtitles
of the papers are not allowed either.

Abstract is an information selection of the contents and
conclusions of the paper, it is not a mere description of the
paper. It must present all substantial information contained in
the paper. It shall not exceed 170 words. It shall be written in
full sentences. not in form of keynotes, and comprise base
numerical data including statistical data. It must contain key
words. It should be submitted in English and if possible also
in Czech or Slovak.

Introduction has to present the main reasons why the study
was conducted, and the circumstances of the studied problems
should be described in a very brief form,

Review of literature should be a short section, containing
only literary citations with close relation to the treated pro-
blem.

Only original method shall be described, in other cases it is
sufficient enough to cite the author of the used method and to
mention modifications of this method. This section shall also
contain a description of experimental material.

In the section Results figures and graphs should be used
rather than tables for presentation of quantitative values. A sta-
tistical analysis of recorded values should be summarized in
tables. This section should not contain ecither theoretical con-
clusions or deductions, but only factual data should be presen-
ted here.

Discussion contains an evaluation of the study. potential
shortcomings are discussed, and the results of the study are
confronted with previously published results (only those authors
whose studies are in closer relation with the published paper
should be cited). The sections Results and Discussion may be
presented as one section only.

The citations are arranged alphabetically according to the
surname of the first author. References in the text to these
citations comprise the author’s name and year of publication.
Only the papers cited in the text of the study shall be included
in the list of references. All citations shall be referred to in the
text of the paper.

If any abbreviation is used in the paper, it is necessary to
mention its full form at least once to avoid misunderstanding.
The abbreviations should not be used in the title of the paper
nor in the summary.

The author shall give his full name (and the names of other
collaborators), academic, scientific and pedagogic titles, full
address of his workplace and postal code, telefon and fax num-
ber or e-mail.
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