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UM SIMBOLO DA EVOLUCAO

“(...) uma criatura sé néo presta quando
debou de ser inquieta.”

Miguel Torga

"Educa¢ao e Tecnologla” é bem o simbolo da
evoluciao registada no Instituto Politécnico da Guarda
nestes dltimos seis anos.

Esta Revista firmou-se e afirmou-se
editorialmente, reuniu colaboragdes, projectou um
espaco de didlogo cultural, pedagdgico e cientifico,
definiu horizontes precisos, concretos.

Hoje, "Educacdo e Tecnologia” € bem uma das
miultiplas vertentes da Instituicdo de Ensino
Superior onde é editada com a periodicidade
estipulada desde a sua criag¢do. Nédo cristaliza
formulas e conteddos, antes pelo contrario assimila e
cria outras ideias e projectos, utiliza
progressivamente novos meios e tecnologias
colocados a sua disposiciao, do ponto de vista grafico
e técnico.

"Educacao e Tecnologia” assume, naturalmente,
um papel informativo mas dimensiona, igualmente, o
seu, cada vez malor, impacto difusor de tematicas e
ideias, rejuvenescendo em cada edigio.

O presente numero antecede a entrada em
funcionamento do novo edificio dos Servigos Centrais
do Instituto Politécnico e igualmente do Pélo de Seia
do IPG. Se em termos de colaboragdes e
participac¢des a nossa Revista consolidou uma equipa,
em termos de estruturas fisicas encontra assim,
doravante, uma nova e promissora realidade.

Jodo Bento Raimundo
Presldente da C. 1. do
Instituto Politécnico da Guarda



THE MEASUREMENT AND
INTERPRETATION OF THE STARCH
DUST-AIR EXPLOSION
PARAMETERS IN A CLOSED
SPHERICAL VESSEL

Luis Teixeira de Lemns® ¢ Robert Bourannes**

1. Introduction

Most combustible dusts,when dispersed and mixed with air,
if ignited, can explode with severe effects. This hazard exists in
all the industrial processes where pulverized dusts are handled or
manufactured. Agricultural dusts represent the major risk (over
than 50% of the accidents in the United States and Canada (Field
(1982)) and more than 60% in Germany (Bartknecht (1985)).

In order to get a better knowledge of dust combustion
characteristics, several experiments have been conducted in
isochoric condition,

A special attention is focussed in the flame temperature
measurement; a monochromatic emission-absorption pyrometer
was specially designed for the dust flame temperature
measurement,

2. Experimental Setup and Studied Mixtures

The isochoric combustion of starch-air mixtures is studied.

* Prof. Courdenador da ESTG
*t Prof. Catedritico da Universidade de Poltiers
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The experimental setup (see Fig.1), described in detail
elsewhere (Lemos et al. (1989 a)), consists of a 20 litre spherical
chamber with central electric ignition,

The starch-air suspension (chemical starch particles
(CeH1005)n of about 20 pm in diameter) is generated by
elutriation over a fluidized bed.

For this mixture, the stoichiometric composition
corresponds appraximately to a concentration of 230 g.m-3.

The explosion pressure, the maximal rate of pressure rise,
(presented elsewhere (Lemos et al. (1989a)), and the combustion
temperature were determined in the range of equivalence ratios
between 0.6 and 3.0.

2.1, Pressure measurements

The pressure measurements were made with a plezo-electric
pressure transducer {Kistler) connected to a charge amplifier.
This system allows the direct measurement of the rate of the
explosion pressure evolution,

2.2, Temperature measurements

The temperature measurements were performed with a
monochromatic emission-absorption pyrometer (described in
detail elsewhere (Lemos et al. (1989b)), in which the electronically
modulated source signal is easily separated from the flame's
signal.

This pyrometer was designed for measuring solid particles
temperature and its wavelength of work is 940 nm,

2.2.1. Optical method.

The pyrometry by generalized emission-absorption Is a
variation of the reversal technique (Moutet et al. 1974). This
method permits the temperature measurement of flames when
the radiation emitted varies rapidly with time

A detector must collect three monochromatic signals
separately:

—R emitted by the reference source at the brightness
temperature TR

—B emitted by the flame alone

—RB emitted by the reference source through the flame
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The ratio I" determined by experience, may be written as:

B (1)
B+R-RB

In the case of a spherical flame, develloping from the central
ignition point, and according to the monochromatic radiation
intensity equation (see Lemos et al. 1990), it may be written:

R=C.lo (2)
0
B=C.kb.tf(l-7p).LB (3)
keb
2 o
RB=C.[1f.7h.Lo +l2b . tf. (1 -Tp).LH (4)
keb

Where

C is an equipment factor

Kab, Keb are respectively the absorption and the extinction
coeflicient of the burnt products

1, Tp are the transmittances respectively of the unbumt and
of the burnt mixture

LOp is the black body monochromatic radiation intensity at

T
Lo is the incident monochromatic radiation intensity

The ratio I' becornes then:
0

F=kb.zf(1-7h) IB (5)
keb (1 o 4 2f -tb) LO

For the limiting case, which corresponds to the end of the
combustion, the flame touches the wall, r=ro and 1=1.We may

write:
R=C.I, )
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0
B=C.lb.(l-1p).1B ]

keb
0

RB=C.[tp .Lo +lgb . (1-1p).LAl 8)
keb

) 0

I'=kh. Lp (9)

eb Lo
and

e=a=1-1p=B+R-RB (10)

R

Wien's law leads to the value of the burnt products
temperature TgB:

d1=-1_4A In. bl (11)
TB TR 02 keb

2.2.2, Pyrometer's principle.

The determination of the signals B and RB involves the
simultaneous measurement of the emission of the burnt gases B
and also of the emission of the reference through the burnt gases
RB. The optical assembly between the emitting reference source
and the detector must have two distinct optical ways.

The conception of the pyrometer MT4 and PIREA of the
O.N.E.R.A. [Moutet et al. 1974), (Charpenel 1979) is based in this
principle.

Neverthless the optical system may have only one optical
way if the two signals are obtained one after the other, by
modulation of the emitting reference signal. This modulation is
often mechanical (rotating disc) and the optical assembly
becomes simplified.

In order to treat easily the signal and to avoid rotating parts
in the pyrometer, the electronic modulation of the signal R was
chosen, Thus, in this case, the reference source is a pulsed infra-
red diode.

2.2.3. Optical assembly

The optical system is shown in Fig 2, and consists
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essentially of three borosilicate lenses of 22.4 mm in diameter.
This lens material was chosen because it has a transmittance of
0.93 at the wavelength of work,

The L] lens (focal distance 20 mm) projects the image of the
infrared source to a diaphragm. There, the Ly lens (focal distance
200 mm) produces a parallel beam. This beam enters the
spherical bomb through the borosilicate window hj, traverses the
chamber through its centerline and leaves it through the opposite
window ho. The L3 lens (focal distance 200 mm) projects the
source and the flame (whenever present} images upon the detector.

The emitting source is a light emitting diode modulated at a
frequency of about 2 KHz. Its brightness temperature is
adjustable.’In the present work it was fixed at a value of 2000 K.,

The emitting diode, the detector and the interference filter
have their peak response for a wavelength of 940 nm. For this
wavelength, the combustion products (at 2100 K) still radiate
strongly.

The detector is a photodiode. Prior to making measurements
it was calibrated with a carbon rod black body, set in the usual
emitting diode's place. The aperture of its radiation cavity is
aligned with the optical assembly axis center.

The brighteness temperature of the emitting diode is
obtained at each experiment by using the detector's signal and
based upon the calibration values previously found.

2.2.4. Electronic assembly
This assembly commands the modulation of the emitting
diode and the separation, in the detector, of the continuos
component due to the flame B, from the component R'=(RB-B) due
to the pulsed emitting diode.
The ratio I" comes then:

I=B/(R-R) (12)

This assembly includes (see Figs. 3 and 4):

—A modulation command working at 2 KHz (signal time 3
us, total time 500 ps)

—aA modulation system of the emitting diode

—A separating circuit (an high frequency pass filter and a
low frequency pass filter) which allows the separation, in the
received signal RB, of the continuos part B from the modulated
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signal R’
—A blocking and integrating system (also modulated as the
the emitting diode) to integrate the signal R'.

A signal acquisition system allows the acquisition and the
treatment of the three needed signals : R {before the expertment),
B and R/, which allows the flame monochromatic emissivity and
the flame temperature determination.

3. Experimental Results

For starch-air mixtures the maximal values of the
explosion pressure (see Fig.5) (13.4 bar) and of the maximal rate of
pressure rise (see Fig.6) (92 bar.s-1) are obtained at an equivalence
ratio of 3.0 while the maximal value of the combustion
temperature (see Fig.7) (2170 K) corresponds to an equivalence
ratio of 1.7.

This kind of situation has already been noted with fine
pulverized-coal air mixtures (Horton et al. (1987)), {Smoot et al.
(1977)), (Cashdollar (1979)), (Cashdollar et al. (1983)}, (Cashdollar
et al. (1985)).

The theoretical pressure and temperature values were given
by the "QUATUOR" code (Heuze (1985)) in the adiabatic isochoric
hypothesis and supposing that the starch burns completetely in a
gaseous phase.

4. Results Discussion

Experimental pressure values are, for lean mixtures
(equivalence ratiocs less than 1.6), slightly lower than the
theoretical ones; for rich mixtures they are higher than the
theoretical ones, calculated in the case of solid carbon formation,
and dramatically different from those calculated without solid
carbon,

Experimental temperature values are, for lean mixtures,
much lower than the theoretical temperatures and for
equivalence ratios greater than 1.6 they are very close to the
calculated ones.
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This situation may be explained by the fact that theoretical
calculated temperatures are burnt gas final temperatures while
experimental results correspond to mean final solids
temperatures and not gas temperatures (gas radiation is
negligible at the wavelength of work). For lean mixtures those
solids must essentially be starch particles that pyrolyse ahead
the flame front at a much lower temperature than the burnt gas
temperature and for rich mixtures those solids must be very fine
solid bumt particles, whose temperature would be very close to
the bumt gas temperature.

Both results are consistent with the cobservation, after
combustion and for equivalence ratios greater than 1.6, of a thick
black cloud in suspension inside the chamber, probably
containing solid carbon particles.

The measured emissivity (see Fig.8) also increases, In an
almost linear way with the equivalence ratio, confirming that
the solid burnt products are present in growing concentration for
rich mixtures,

For those mixtures, the burnt gas composition changes,
presenting an important concentration of typical pyrolysis
products (see Table 1) such as: CO9, Hg, CH4 and other low density
hydrocarbon gases.

All these results indicate that for rich mixtures, the
combustion is not complete.

5. Conclusion

The infrared emitting-absorbing pyrometer described here
is an useful tool for measuring particle temperatures in dust-air
flames, giving good experimental results. It can be used either in
trasient flames such as the explosion flames treated in the
present case or In stationnary flames such as bummer flames.
Concerning the starch flames propagation mechanism, previous
work has shown that starch particles pyrolyse almost completely
prior to flame front arrival (Proust et al. (1988a)} ,(Proust et al.
(1988b)).

Present results let us suppose that, for lean mixtures
{equivalence ratios less than 1.6), starch dust particles
completely pyrolyse before the flame front arrival, originating a
classic gaseous premixed type flamne without solid residue
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formation. On the other hand, for rich mixtures, the presence of
the fine solid residue, of the pyrolysis gaseous products and the
similarity of the experimental results with the calculated ones (in
the hypothesis of solid carbon formation) indicate that although
all the starch is pyrolysed, only a part of it completely burns in
the gaseous phase. The rest continues its transformation behind
the gaseous flame emitting strong radiation.
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Table 1 - Bumi composition (% per volume)
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