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THE INTRODUCTORY INVESTIGATION OF ATOMIZATION
OF A LIQUID-PULVER MIXTURE

Summary. The influence of presence of the coal pulver in a li-
quid on the comminution degree of this liquid mixture was investi-
gated by means of the experiments with the model liquid which soli-
difies in flight. The pulver gram fraction in mixture as well as
the grain coarseness were taken into account. Experimental results
are presented by formula @@).

The development of a general fuel situation in the world led to the
increase of importance of heavy liquid fuel mixed with the combustible
pulver Among the numerous problems connected with the
combustion of such fuel there also appears the problem of a quality of
atomizing and so far this is not reflected sufficiently in the literature.
The present paper is the attempt of an introductory experimental investi-
gation of the influence of an amount and size of solid suspension in li-
quid on the comminution degree at atomizing.

The liquid fuel was substituted by the model liquid (CgHgCOOH), [5]1-
The droplets of this liquid solidify in flight. The droplet sizes were
determined by means of the sieve analysis. The investigations were carried
out in the simple installation (Fig. 1) without any burning.

The figure 2 presents the examples of some gram distributions of the
solidified droplet diameters d atan atomizing process of the mixture
of various gram fraction of coal dust. The size of thi3 dust was within
the range of 0-54 xim. The quantity G is a ratio of the mass of droplets

of the diameter not larger than d to the mass of all droplets. The fi-
gure 3 presents the distribution ofdiameter d at various dust grain
coarseness and at the dust gram fraction of constant value of g = 15%. 1In

both cases (Fig- 2 and 3) the temperature and the manometric pressure of
mixture and atomizing air were equal (433 K, 0,04 MPa). The atomizing air
and mixture gram quantity ratio was about 0,75. The mixture was atomized
without any swirl. Measurement results allowed to present the relation-
ship of a mean mass diameter d of solidified droplets on the gram dust
fraction g in the mixture (Fig, 4), at a constant dust grain coarseness

of the dust diameters within the range of 0-54 am.



128

Fig.
8
o A
o *
00
.0
°1
t
0.1 0.2

Fig. 2.

1.

0.3

Installation

for

0.6

R. Petela, A. Za.ldel

investigation

gram froctton g of coa 1
oLlist in nxturt °
000 —0.000
ooo - 0,077
AAA —0.200
dltst sizt? : o-54jim
07 oS 0.9 10 u
d mn

Distribution of droplet diameters at constant dust size



The introductory investigation. 129
10
>
1
- o}
; o
JR——
Y *
o
A
06 A
0 atH#t c/ust size 0-54 um
0 # aaa dust size 59-/4 um ,
QA :
0© A dust gram -fraction Ot5
1 \
o - |
A -
02 - A
.o
- *
0 A
(o] o1 02 05 04 0.5 06 0.7 08 09 10 11
d mm
ig, 3. Distribution of droplet diameters at constant oust gram traction
mm
026 /
d mm
O /
022 / Jfust gran7 /radio 1:015
o/ © o m
dust size 0-54jum
018 018
01 02 03 "0 002 004 006

9

Fig. 4. Mean droplet diameter versus
the gram dust fraction

dd mm

Fig- 5. Mean droplet diameter
versus the mean dust diameter

The value of 9 as dependent on the mean dust diameter 3~ at the con-

stant gram fraction g = 15%. 1is shown

in Figure 5. The value of 3° is

determined as a middle value of the ranges of 0-54 and 54-74 "“m.

The obtained data show to what an extent the droplet (grain coarseness

increases with the increase of the gram dust fraction in mixture as well

as of the dust grain coarseness.

The conditions during creation process of the droplets one can describe

by means of the criterial similarity numbers of Weber
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we = 93530
(1)
and Laplace
Do &
Lp = @
\%

where

jpa< w0 - density and mean velocity of atomizing air at an atomizer

outlet,
o - surface tension coefficient of liquid,
g.1i -density and viscosity dynamic coefficient of atomized mixture,
D - diameter” of atomizer outlet.
So, the obtained experimental results one can use to formulate, for

example, the following relationship

| = a(We Lp)b A

where

a, b - searched values.

The application of the product (We Lp) in formula (3) let to eliminate
from considerations the quantity of 67”. The mixture density can be de-
terminad on the baae of valuea of liquid density <" and dust density
by means of the following formula

in which there was assumed for simplicity that the volumetric contraction
ratio c¢ = 1.

The mixture viscosity one can determine by formula [2] transformed as
follows

\ o=x1 17 (CY)

where

- viscosity dynamic coefficient of liquid.
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Using the experimental re-
sults it was possible to cal-
culate the values a = 4,66
and b = - 0,188.For these va-
lues the relationship () is
presented in Figure 6.
The used coal pulver and
the obtained solidified drop-
lets were observed by a mi-
croscope. The shape of the
coal particles was very irre-
gular.The solidified droplets
were in general of spherical
regular shape and only the
Vie-Lp -10 large droplets,of a diameter
larger than about 385 ¢im.

Fig. 6. Diagram of formula (3)
were hollow inside.

REFERENCES

[1] Oonnard A.: Colloidal Fuel Development for Industrial Use. Kansas Sta-
te College Bulletin, 30, 1946, nr 2.

[2] Hobler T. : Ruch ciepta 1 wymienniki. WNT, Warszawa 1968.

[31 Maier H., Huning R.: Untersuchungen zum Verbrennungstechnischen Ver-
halten von Kohle (Wasser) 01 - Gemischen. Brennstoff-Chemie 48, 1967,
nr 1.

[4]1 Mishra P., Brown A.: Use of Coal-0il Mixtures as Industrial Fuel. Ge-
neral Motor Corporation, 1, 1974 (not published).

[5]1 Petela R., Wilk R.: Okres$lanie rozktadu $rednic kropel w rozpylanej
cieczy na podstawie rozktadu masy opadu. Archiwum Termodynamiki i Spa-
lania, vol. 7, 1976, nr 4.

[6] Petela R., Zajdel A.: A Model Investigation of Droplet Size Distribu-
tion in an Atomized Liquid-Powder Mixture. The V-th International Sym-
posium on Combustion Processes, Cracow. September 1977.

[71 Rudzki E.M., Pease B.K,, Weinder T.H.: Use of Coal-in-0il Mixtures of
Improve Open Hearth Furnace Performance. Oournal of The Institute of
Fuel, 38, 1965. nr 4.

WSTEjJPNE BADANIA ROZPYLANIA CIECZY ZAWIERA3ACED PYL

St roszczenie

Zbadano doswiadczalnie jak wptywa obecno$¢ pytu weglowego w cieczy n<
stopien rozdrobnienia przy rozpylaniu. Zastosowano ciecz modelowy, kto ej
krople zastygaty w locie. Uwzgledniono udziat gramowy pydu w mieszaninie
oraz ziarnistos$¢ pydtu. Wyniki doswiadczen przedstawiono za pomoca /zoru ,3-
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rspiyC .t,» PACTIa HHBaHHH hhakocih
coNp-"rXJi.:

P e i » Me

m'c0o.TSfloaaHO oKcnepHMeHiajibHO Kaie BJiHaex npncyrciBKe yrojibaoé nbuik b
3CKAKOCXH Ha MejIkOCXb paCHbilHBaHHH. UCn0Jrb30BaHO MOflejlbHyiO XHAKOCIb, KOiopoa
Kan,™ 3aiBep,neBa,xHCb b nojiéxe. yaecino BecoBoe ynacme iiiuin b Ci-ieon u 3ep-
HHCiocib nuiiH. Pe3yjibxaibi npenciaBjieHG MaxeMaiHaecKOii saBuciiMocTio (3).



