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Razpad plodtatega tekoéega curka
Disintegration of Flat Liquid Jets

IVO BAJSIC — BOGDAN BLAGOJEVIC

V prispevku je analiti¢no obravnavan razpad plostatega curka oziroma plostatih
lamel, ki nastanejo pri razprievanju s plodtatimi tlatnimi Zobami. lzstopna odprtina
plodcatih 2ob Ima elipticne obliko. V primerjavi s centrifugalnimi tlacnimi sobami so
ploséate fobe energijsko ugodnejie. samodistiine. curek pa stabilnejél. Uporabnost sob s
pledéatim curkom je lahko vsestranska na razliénih podrodjih procesnega strojnistva,
Izhodi2éna teorija je povzeta po delu [1]. Na podlagi dopolnjenega matemati¢nega modela
smo opravill nekaj tipicnih simuliranj za razli‘ne hidrodinamicne pogoje ter snovne
lastnosti razprdene kapljevine in obdajajotega plina.

This paper presents an analysis of disintegration of (lat liquid jets or flat liguid
sheets, which are produced by atomization of liguid with flai pressure nozzles. The
orifice nozzle has an elliptical form. These nozzles are betier in terms of energy than
centrifugal pressure nozzles. Flat pressure nozzles are self-purifyving and produce more
stable flat jets. In many applications In the process engineering. flat pressure nozzles
can be used. The theoretical basis is taken from [literature [1]. On the basis of mathe-
matical model, some typlcal simulations for different hydrodyvnamic conditions and di-

fferent thermophysical properties of atomized figuid in co-flowing pas are made.

0. UvVoD

V prispevku bomo podrobneje analizirali razpad
plogtatega curka. Teorijo razpada =mo delno povzeli
po viru [1).

Slika 1 shemati¢no prikazuje razpad ploscatega
curka. Na povréinl gladke lamele se pojavi valova-
nje zaradi asrodinamiénth vplivov. Vzvalovane la-
mele nastanejo pri manj viskoznih kapljevinah. Na
prostem robu se vzvalovana lamela trga na vezi.
katerih Zirina je pred kontrakcljo enaka polovici
valovne dolZine motnje. Vezl zatem razpadejo na
kapljice. Pri razpadu nastanejo kapljice razli¢nih
velikostl. Spekter kapljic lahke nadomestimo z
enotnim srednjim premerom kapljic. Fri razprie-
vanju je to Sauterjev premer Kapljic. Pregled raz-
préevanja tekotin najdemo tudi v [2] in [3].

0. INTRODUCTION

In this paper we will analyse in detail the
disintegration of flat liquid jet. The theoretical
hasis Is summarized from the paper [1].

The disintegration of a flat liquid Jet 1s shown
schematically in Fig. 1. On the surface of the flat
sheet waves are induced because of aerodynamical
influences, Undulating sheets occur with less vis-
cous lquids, Undulating sheets break-up into liga-
ments on the edge, Belore the contraction, the
width of ligaments is equal to one half of the wave
length of the disturbance. After disintegration,
droplets of different sizes are produced. Droplet
size distribution can be replaced with Sauter mean
diameter. The review of the literature on this
subject ean also be Tound in [2] and [3].
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Sl1. 1. Poenostaviljen prikaz razpada ploscatega curka (1),
Fig. 1. Schematic reprasentation of disintegration of st Hguid jet. [11,

1. MATEMATICNI MODEL

Podrobneje bomo predstavili razpsd ploscate
lamele, ki se oblikuje pri razprievanju kapljevite
faze = plo&Eatiml tla¢nimi Zobami v prostor, na-
polnjen & plinom.

1.1 Razpad plo&zate lameole

Fizikalnl in matematiénl model oziroma teo-
reti¢na Izhoditta povzemamo po [1]. Na =likl 2 je
prikazan pre¢nl prerez vzvalovane lamele.

plin

thy
Sl. 2. Precnl prerez vevalovane famefe 11
Fig. 2. Side view of undulating flat sheet. {11

Poglavitne predpostavke modala so0;

— tekofa lamela =e giblje v smerl x skozi
plin, ki se nahaja v staclonarnem stanju. Njena
srednja hitrost je enaka korenski srednji kva-
drati¢ni vrednoestl: U/ = 0,5 Uf+ Li* . kjer sta
U, hitrost zgornje povrdine lamele in U, hitrost
spodnje povrsine lamele;

— glbalno enatbo neviralne osi, ki je v sredini
med dvema plinsko Kapljevitima mejnima povrsi-
nama, dobimo na podlagi ravnoteija sil. Pri tem
smo upostevali sile, ki imajo velik vpliv na razpad
lamele: tlatne sile Fp. sile povrainske napetosti
Fg. vetrajnostne sile F, in viskozne sile F .

— za nevtralno os dolZine lamele dx velja
naslednje ravnotetje sil:

1. MATHEMATICAL MODEL

In the continuation, the disintegration of flat
liquid sheet. which occurs In the atomization of
liquids with flat pressure nozzles In the gas
ambient. will be presented in detail.

1.1 Misintegration of liquld shoota
The theoretical and mathematical model and
the theoretical hasis are taken from [1). In Fig. 2,

the side view of undulating flat sheet 1s shown,

nevzvalovana povrdina
undisturbed interface

ﬁ%‘?:# E %
—_ ..4 -.E.‘ S e

The basic assumptions of the model are:

= & liquid sheetis moving indirection x throu-
gh the statlonary gas with mean velocity L, which
is equal to the square root of the mean value:
U=0511% (15 . where U, Is the velocity of the
upper and L of lower sheet surface, respectively;

= momentum equation of the neutral axis
midway between the two gas liquid interfaces Is
obtalned from the statement of balance forces, We
take Into account forces, which have slgnificant
Influences on the disintegration process: pressure
forces F,. surface tension forces [, inertial
forces F,, and viscosity forces Fy;

— the total force on the neutral axis with
length dx Is:
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FP*F_,*F‘UZ*FFK-Epn{fzyzdx*ﬂﬂh_—fzdx—
2 k]
N 3y @a_v] : A i (n
FK(haH "3t at zdl+FKhatax’3dx ! :

kjer Je h debelina lamele, py gostota kapljevine,
p gostota plinaste faze, p valovno &tevilo la-
mele, pe dinamiZna viskoznost kepljevine In o
povrainska napetost. Po krajSanju z yzdx lahko
enatbo (1) zapldemo:;

where fi is sheet thickness, pg I8 liquid density,
g is gas density. n is wave number of the sheet,
g 15 dynamic liquid viscosity and o Is surface
tension, respectively. If eq. (1) Is divided by yzdx,
then:

z 3
B el ( 3 ELV) R
denll'y + 2o i P | B PRy “K”a:ax‘ﬁ 0 (2).

Te sile delujejo le preéno na smer toka:

— zaradl delovanja aerodinamiénih sil se na
povrEinl lamele pojavi motnja ¥ = y(t, x). ki se
spreminja s ¢asom £ In krajem x. Funkeclja p =
= y(t, x) je reditev parcialne diferenclalne enatbe
(1) In prikazuje preéni odmik lamele od nevtralne
osl;

— za motnjo predpostavimo, da se sinusno
apreminjar

y= Tithsinlny + £)

kjer Je T(t) amplituda motnje In £ fazni premik.
Ce predpostavimo, da se amplituda motnje ekspo-
nentno spreminja s ¢asom, lahKo (3) zapidemo tudi:

¥= Thexplrii)l

kjer pomeni funkcija expl/f(¢)] razmerje med
amplitudo motnje T(¢) In amplitude zatetne
motnje Tj.

Enacba (1) je homogena parclalna diferencialna
enatba. Njena splodna resitev je vsota pomikov |a-
mele v preénl smerl, ki ith povzroéijo motnje raz-
liénih valovnih Stevil n in zacetnih amplitud T,

y= Z'I,; explf(t)] sinlnx + £]

Razpad kapljevitih lamel povzrode valovi, ki
imajo enako valovno dolfino kakor val z najvetjo
rastjo valov. Valu z maksimalno rastjo pravimo
tudi dominantni val. MoZno je lahko. da dominantni
val nima meaksimalne razti v ¢agu njegovepra tra-
janja oziroma ohstoja.

Z upostevanjem (4) zapigemo (2) kot:

2pnU* - 2an° - Oy [h[%] s b

These forces cause movement only in the y
direction;

— because of acrodynamical Influences on the
sheet surface, disturbance y= y(t x) emerges,
which varies with time ¢ and location x. Functlon
y=yit x) is a solution of partial differential equ-
ation (1), which shows movement away from
neutral axls In the transverse direction;

— a slne wave motlon for a disturbance Is
assumed:

(3),

where T(t) is the wave amplitude and ¢ phase
angle, respectively. Assuming that wave amplitude
varies with time t, (3) can be written:

ginlny + gl (4),
where function exp [F(¢)] is the ratio of ampli-
tude T1e) to initial amplitude T,.

Equation (1) s a homogeneous partial differen-
tial equation. lts general solution 1s the sum of
the displacements In the transverse direction
caused by disturbances with different wave num-
bers n and initial amplitudes T,

(5),

Dizintegration of the liquld sheet causes
waves, which have the same wave number as the
wave with maximum wave growth. This wave Is
also named »the dominant wave«. It Is possible
that it does not have maximum growth rate
throughout 1ts life.

Combining equations (2) and (4):

ar

ar-

g f

L o
—'—]-p‘ﬁhnﬁ-ﬂ (6]
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Na podlagl velikostne analize ¢lenov v (B) sta On the basis of order analysls in (6), the
drugl In tretjl élen v oglatemn oklepaju zanemarlji-  second and third term In square brackets may be
va v primerjavl s prvim (1), zato ju lahko zane- neglected compared to the first term [1]. Equation

marimo, Poenostavljen zapls (6) je seda]: (6) can now be written:
af ¢ g 0f
2 4 2 = e LI = — [? a
2enU” - 200" - p.h {at ) thn e 0 )
Ce v (7) upostevamo definicljo razmerja rasti If the definition of the wave growth rates p
valov p: is consldered In (7):
af
e ) (8),
ot
je zapls (7) enak; than (7] Is equal to:
2enl® - 2an® - php” - pchn'p = 0 (a)
NEVISKOZNA KAPLJEVINA NON-VISCOLUIS LIQLID
Za ta primer (g, = 0) izhaja 1z (9); For this case (g, = 0), it follows from (9):
7 b X
p= .g{- = '/_p;- (pli"n -dn'll—h (10).
In po integraciji dobimo: which by Integration glves:
2 - 1
2 5
= TRLE I'n=an I - (11).
i { Pic (;:{ n=an ) : 1"77 dt
Valovno Atevilo lamele n Ima najvetjo rast The wave number of the sheet n has maxi-
valov prl ekstremu funkclje £. Iz pogoja za ekstremm  mum growth rate at the extreme of functlon F
funkclje 3f/9n = 0, dobimo: Using the condition extreme af/an=0:
pU”
Mo = 95 ™ Mmekis (12).
Ce vatavimo enatbo (12) v (10 in (11), dobimo: Substituting (12) in (10) and (11}, it follows:
pll* f 1
f = — — dt (13)
By - b
K=ol o200 s Th
In arul
pls7te |
- — (14).
M=o * oz T
VISKOZNA KAPLIEVINA VISCoOUS LIQuiD
Valovne stevilo Wave number
Valovno stevilo viskozne lamele (g = 0) se Wave number of the viscous liquid sheet
za faktor N razlikuje od valovnega stevila ne- (gg > 0) differs by factor N from wave number
\'Iskozne‘ lamele, (N =1): of the inviscid sheet. (N £ 1):
Nyess Nnuk_n M P (15).
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Razmerje rasti valov F

Brezdimenzljskoe razmerje rastl valov P je
definirano kot razmerje med rastjo valov viskozne
lamele p In neviskozne lamele (14):

Rim.p

Celotna rast valov F

Brezdimenzijska celotna rast valov je raz-
merje med celotno rastjo valov viskozne In ne-
viskozne kapljevine:

L
Fo= J; Purc o "

v 2hpy.o

Nan-dfmepsfonal wave growth rate P

Mon-dimenslonal wave growth rate P ls
defined as a ratio of wave growth rate of viscous
sheet p to growth rate of Inviscld sheet, (14):

(16).
plU*
Total growth ratio F

The total growth ratio F Is the ratlo of
growth of the viscous liquid to growth of the
inviscid loguid:

{l
ol Zheed colh

(17).

]; Py 5 ot

Z upoitevanjem enacb (15), (16) in (17) lahko
(9) zapidemo z brezdimenzijskimi parametri:

2N -N*-P

kjer Je parameter V doloten z (19):

)

¢ U’ 1

dt
{Zho o +h

Combining equations (13), (16) and (17), (9)
can be written with non-dimensional parameters:

V=

o VPNP=D (18),
where parameter V' is defined by (19):
e pU*
S P (19).
2 2o ﬂl{

Enatba (18) je veljavna za viskozno In ne-
viskozno kapljevito lamelo.

1.2 Lamela spremonl jive doboline A

V resnicl se debelina lamele tanjsa s ¢asom.
Predpostavimo lahko, da je debelina lamele na-
Sprotno sorazmerna r-ti potenci casa In premo
sorazmerna konstanti &

h=

V nafem primeru predpostavimo, da je stopnja
potence r = 1.

Y&
A5 ¢

Iz enatbe (17) dobimo za lamelo spremenljive
debeline naslednjo povezavo:

5

Equation (18) 1= valld for viscous and non-
=viscous liquid sheet,

1.2 Sheot with varlablo thicknoss h

In reality, the sheet attenuates with time.
We assume that sheet thickness is in the Inverse
proportion to the r-power of time and In propor-
tion to the constant A:
(200,

r

t

We assume In our case that the power r
equals 1.

(21).

From (17) It follows for attenuating sheet:

(22).
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Z upostevanjem enacb (16), (18) in (22) sledi:

F--E VN*

Z odvajanjern enatbe (23) po N poistemo
ekatrem funkclje F. Takrat doblmo za val z
maksimalno rastjo zvezo med parametrom V'
in NV:

1 1 [
b 1o ity
1 S BN-4AN® (

From equations (16, [18) and (22):

asl2
PN+ (BN - 4N*}) = v*w‘] (23).

Differentiating (23) with respect to N and
aquating to zero, the lollowing relation between
parameters V and N is obtained for the wave with
maximum growth rate F:

4
V= =2 il [[v’m* + 8N - 4;~.r=)"i o v*w”] '

“3N (8N - aN°)®

1
*3N BN - AN7)

£a doloen /V lahko z iterativnim natinom re-
&evanja najpre] lzratunamo parameter Vpo (24) in
za tem parameter F po (23). Vrednostl |zratunanih
parametrov, zbrane v preglednici 1, se nekoliko
razlikujejo od vrednostl v [1].

P e .
[%(L"*N‘+BN—4N‘} (elt*-N‘w-HM-ﬁv"N*‘J (24)

Parameter V¥ (24) can be calculated iteratively
for the typical value of the parameter N. Then pa-
rameter F can be calculated from (23). Values of
the calculated parameters are included in Table 1
and differ slightly from the values in [1].

Preglednica 1: Viednost! brezdimenzijskih parametrov N, V. F, V F =0 in F 3N =172
Table 1: Calculated values of non-dimensional parameters: N. V. F. V F =12 ond F1YIN =172

N v F

.lr_.F.-w"E Fw‘.:lhr-lfz

1.00 0,0000 1.0000
095 00363 0.9746
090 0.0793 09483
085 01305 0.9213
050 01917 05033
0,75 0.2656  0.5644
070 0,554 05346
065 04658 05036
060 06032 07715
035 07767 0,7381
050 10000 07031
045 12035 0,666
040 16903 06278
035 22453 055658
030 30576 05425
020 43206 04951
0.20 6.4606 0.4424
0,153 105995  0.3525
0,10 20,6760 0.3123
005 61,5052 0.2206

£ upoitevanjem enath (16), (21) in (22) dobimo:

0.0000 1.0000
0,0366 1.0172
0.0507 1.0356
0.1341 1.0354
0.1991 1.0765
0.2755 1.1000
03775 1. 1253
0.3010 1.1532
0.6577 1.1540
0.5595 1.2156
1.1246 1.2546
1.4509 1.3021
18740 1,353
2.6520 1.4151
3,7453 1,4593
3.4615 1.9522
§5.4757 1.7035
14.5950 1.5745
301751 21455
1002, 3006 2702

From equations (16). (210 and (22]:

I!.

2 2
[=% FoU {EPHM (25).
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(e vstavimo enacbo (21) v (19) In izrazimo
¢as 1z (19) ter (23), doblmeo funkcliske zvezo
parametrov:

lr".F_lljs"# V—"‘&
K

Dolocitev velikosti vezi

Na dolo¢enl razdaljl od Zobe razpade lamela
sirine A/2 In debeline b na vezl, ki Imajo val jasto
oblike. Toje tudl temeljna predpostavka Webrove
teorlje oziroma prilagojene Raylelighove teorije [4].
Premer nastallh vezl Je enak:

4 h
di® Y ¢

Iz enadb (27) In (25) Izrazimo debeline lamele
I

h-kF*”[

Iz enacb (27) In (25) dobimo premer vezl:

5 poznavanjem parametrov F'in N izratunamo
Plrage=la premer vezl pa dolotimo po enatbi
(29). Za funkeljsko odvisnost med AN SR
VF =7 sta Dombrowski in Johns predlagala
naslednjo aproksimaci jsko enatbo:

FY3N =72 = (c v aVF -u”:q)"'

Enatba (30) ima tudi fizikalno razlago: vred-
nost lzraza (30) mora biti za neviskozno kapljevino
enaka 1. V tem primeru je vrednost parametira 1’
enaka ni¢, zato mora bitl vrednost parametra ¢
enaka 1. Vrednostl parametrov smo doletili z ne-

linearno aproksimacijo po metodi najmansih
kvadratav [61, [7], [8]:
a = 209029
b = 0,18322
¢ = 1,00000

Vrednostl v oklepaju so povzete po [1).

Boljse ujemanje z vrednostmi 1z preglednice |
bomo dobill, ¢e dolotimo z nelinearnim priblizkom
pe metodi najmanj&ih kvadratov tudi parameter c.
V tem primeru so vrednosti parametrov:

a = 209793

2 == 13
ar de.k:I
Ep?bu

6k o ]
9 pp, U

b = 0,15301

If (21) i=s substituted Into (19) and time I=
expressed from (19) and (23). the following depen-
dence between parameters:

Lo (26).
4Bfpg o

Determination of ligament size

At the same distance from the nozzle, a sheet
with thickness h Is separated Into llgaments
which are Initlally A/2 Iin width and then contract
into cylinders. This is the basic assumption of the
Weber's modilication of Raylelgh's jet-breakup
theory [4]. The diameter of these ligaments equals:

(27).

From equations (27) and (23) the sheet thick-

ness N is caleulated:

(28).

Combining (27) and (28) glves:
-1/8
(29).

Il the values of parameter F and N are
known, then the product F 3N =172 15 calcula-
ted and diameter of ligaments is given by (29). For
the depﬁndence between products £ '7* N =" and
VF ='*® Dombrowskl and Johns propose this
approximation equation:

(30).

Equation (30) also has a physical meaning:
the value of [30) must equal 1 for non-viscous
liguid. In this case the value of parameter V' must
vanish, so the parameter ¢ must equal 1. The
values of the parameters &, b, ¢ can be determined
numerically by the least squares method [6), (7],
[5]:

(a=2.6)
(b=10,2)
le=1.0)

The values in brackets are taken from [1].

Better agreement with values in Table 1 can
be obtained il the parameter c is also determined
numerically by the least squares method. The
values of the parameters are:

c = 106615
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Ce vstavimo enatbo (30) v (29) in upo&tevamo
(26), doblmo konénl lzraz za lzrafun premera vezl:

i3 .,zl.-l"ﬁ e b
a-2lsr) (Fag) Lo 80rs |
L®\3F! \ieds “x Vasrp% o°

S preizkusl je bilo ugotovljeno, da ima pri
rezpadu lamele funkclja £ ne glede na vstopne po-
goje stalno vrednost f(¢.) = 12 111, 5], kjer po-
menl ¢ fas razpada lamele. To Je posledica stal-
nega razmerja med amplitudo motnje prl razpadu
lamel In amplitudo zafetne motnje.

V é&lanku [5] je zapisana definicija parametra
debeline lamele K. Debelino lamele v pol jubni todki
lzrazimo Kot:

fr=

kjer ima krajevnl polmer x izhodiste v notranjostl
ustja Zobe. Krajevnl polmer izratunamo:

Lt
Parameter debeline K lahko dolotimo tudi s
preizkusi (11, [3], [3].

Z upostevanjem enach (32), (33) in (21) lzra-
tunamo konstanto k:

k=

Premer vezi zapifemo z upostevanjem enatbe
(34):

4 172 ,H' o
2
LB 2(31") (U'ppl{)

Doloditev vellkost] racunskega In Sauterjevega
prameara Kapljic

Vezl se glbljejo vzdolEno skozi obdajajoci plin
in razpadejo po Webrovi teoriji v veéje In nato
manj3e kapljice zaradi simetriénih valov.

Ratunski srednji premer kapljic je 2 upodte-
vanjem zakona o chranitvi snovi [4]):

die ==d

b | e

z
L

Velikost kapljic, ki nastanejo po Webrovi teo-
rijl, lzracunamo po enachbi:

1 1
i o

o %

KU

e

[+

If we substitute (30) into (20) and use (26),
we get the (inal formula for the size of ligaments:

(31).

Experimental ohservations show that at the
break-up of liquid sheets, function f has a con-
stant value Independent of operating conditions
fle,.) = 12111, [3]. where ¢, is the time of break-
-up of the lquid sheets. This implies a constant
ratin of amplitude of the waves at break-up to the
initial disturbanes,

Definition of the thickness parameter K s
written In the papar [5]. The sheet thickness Is at
any point equal to:

Krx (32),

where x Is the radial distance from the nozzle
arifice, calculated from:

(33).
The thickness parameter K can also be de-
termined experimentally [11, [3], [3].
Comblining (32), (33) and (21), the constant &
can be calculated:

(34).

The diameter of ligaments can be wrltten

by (34):
i

|:r * A

Determination of the =ize of calculated
and the Sauter drop size diameters

_J?_'_L__
4 lp, o*

The ligaments move transversely through the
gas environment and then breakup according to the
Weber® s theory into droplets of different sizes.

Calculated mean diameters of droplets are ob-
tained according to the mass conservation law [4]:

dnd]
n

= (36).
L L

The size of droplets according to Weber s

theory Is:
3#[{ ]I/!

e (37).
llfﬂk dﬂl:.
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Ra¢unskl premer kapljic dobimo 1z enacb (36)

in (37);
G 1.3
H'K"(:'Er) gy ['
Povezave med eksperimentalne dolotenim

Sauterjevim premerom kapljic d,, In ratunskim
premerom kapljic di podaja naslednja enatba [1],

dy, = Cydye

kjer je C, korekeljski koeficient.

1.3 Lamela konstantne debaline h

V tem primeru se debelina lamele & s tasom
ne spreminja. V¥ literaturl (4] je prikezan model
razpada plostate lamele, kjer se debelina lamele ne
tanj3a. Izhodi3fna enatba Je 3e vedno enatha (9).
Pri konstantnl debelinl lamele med njenim razpa-
dom (h = konst), funkeijo rasti valov zapisemo kot
linearno funkcijo &asa:

fle) =

kjer je B faktor amplitudne rastl valov. Za lamelo
kKonstantne debeline A, je po enatbi (8) p = B. V
tern primeru Zaplzemo (9):

2onlU? - 2an® - ph-hﬁ': - FKhuzﬁ =1

Lamela bo razpadla, ko bo imel faktor B naj-
vedjo vrednost, zato poldtemo ekstrem funkelje
B 38/an =00

plU* - 2gn - e hnf =10

Ce vstavimo enatbo (42) v (41), dobimo
valovno 3tevilo, pri katerem lamela razpade na
vezl:

Pk B
=0 s h

Sedaj uporabimo Webrove teorijo razpada
curka. Enatbo (43) vstavimo v (27) in dobimao:

Ce upostevamo enacbo (33) in eksperimental -
no ugotovitev [11, [3], da Ima funkcija flt) v tasu
razpada lamele t. Konstantno vrednost 12, enatbo
(44) zapizemo kot:

R
BN yingh )/PK“

The caleulated drop size diameter 1s obtained
from equations (36) and (37):

]1/’»’.

The correlation between the measured Sauter
d,, diameter and the calculated diameter dg is
glven by the following formula [11, [3]:

ﬁr.rK

e (38).
Y eod,

(39),

where C, 1s the correction factor.

1.3 The shoot with constant thickness A

In this case, the sheet thickness h does not
vary with time ¢ In literature [4), a model of
disintegration of the sheet with constant sheet
thickness is shown. The basic equation Is also
(9). The function of growth rate £ can be written
as a linear functlon of time for the sheet with
constant thickness (/i = const):

Bt

where g Is the amplitude growth factor. From
equation (5) it follows for h = const that p = B.
In this case. equation (9) can be wrltten:

(40),

(41).

The sheet will breakup when the parameter
8 has a maximum value. Since (353/3n = 0) for
the maximum:

(42).

Substituting (42) in (41), the wave number
of the sheet Is obtained, at which the sheet bre-
aksup Into llgaments:

(43).

According to the Weber's theory, (43) Is
substituted into (27):

(44).

Il we consider (33) and experimental finding
[11. [3] that function £(t), for liquid sheet, has a
constant value of 12 In the break-up time of sheet
... (44) can be written:

(43).
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Upostevajmo e funkcijsko zvezo med K, h in
X (32). Premer vezl dl_ Je enak:

1
dl.‘ ﬁ_

V enachi (46) se pojavljata dve neznanl veliéini
hin d ki sta med seboj prav tako povezani. Poleg
tega 33 v enatbl pojavi tudl parameter debeline la-

mele K, ki ga moramo dolo¢itl s preizkusi. Zato sta
v literaturl [4] loteno obravnavana dva primera:

a) neviskozen fluld (p, ~ 0):

_-‘L{_E_
h K

Considering also the dependence between K, &
and x, (32). The diameter of ligaments d; |s:

(46).

In (46) there are two unknown variables h in
dy. which are dependent on each other. In the
equation, there Is also the thickness parameter K,
which must be determined experimentally. In lite-
rature [4], two cases are separately treated:

a) inviscid fluid (g, — 0):

4 r Ko 1
R (47),
bl zanemarjen vpliv povriinske napetost b) surface tension is neglected (g = 0):
{a—=0):
i {_.E_ K’ (48)
oy, & 0Vey U Fk A

Z namenom, da bi hkrati upostevali vpliv
viskoznostl In povréinske napetosti, smo enadbo
(43) vstavili v (42) in dobill kvadratne odvisnost
debeline lamele h:

6u B + 320h - p B d =0

V enatbi (49) nl parametra debeline lamele K.
Od dveh korenov (49) bomo upostevali samo pozi-
tivnega, ki ima dejanski pomen:

To obtain a solution which considers the In-
fluence of viscosity and surface tenslon, (43) Is
substituted into (42) and the quadratic equation for
sheet thickness h obtalned:

(49).

In (49) the thickness parameter K 15 not
found. Only positive solution of the quadratic equa-
tion has a meaning:

2320 +f (R0 + Mo d)

(30).

gy B

Za nastanek kapljic smo prevzell Webrovo
teorijo z upostevanjem enacbh (36). (37) in (35).

2. RACUNALNISKI ALGORITEM IN ANALIZA
IZRACUNANIH VREDNOSTI

2.1 Opis algoritmov

S sodobnimi optiénimi brezdotikalnimi me-
todami, kot sta npr. PDA ali PDP [9], je mogoce
meriti hitrost in velikost kapljic. Zato smo ractu-
nalnigkl.algoritem priredill po matematiénem mo-
delu tako, da Je vstopnl podatek =lzmerjen« Sau-
terjev premer kapljic. V matematitnem modelu se

For evaluation of the drop diameter, the

Weber' s theory 1s used. (36), (37) and (35).

2, COMFUTER ALGORITHMS AND ANALYSIS
OF CALCULATED VALUES

2.1 Description of algorithms

The new aptical measurement methods, such
as the PDA or PDP systems [9], offer measure-
ment of velocity and droplet size distributions. For
this reason. a computer algorithm was adapted on
the hasis of the mathematical model, so that an
input value is the measured Sauter diameter of
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tokrat kot neznanka pojavlja parameter debeline
lamele K. Najprej iterativno redujemo enathe (36),
{39) In (30), dokler ne doseZemo predpisane tocé-
nostl za parameter debeline K. Ratunalniika
alporitma smo 1zoblikovali za lamelo spremenlji-
ve debeline b = k7t In lamelo stalne debeline
hkunsl‘.'

Racunalnizki algoritem smo priredili tudi tako,
da je poudarjeno eksperimentalno dolodanje para-
metra debeline K. V¥ literaturl (5] Je oplsana moZ-
nost merjenja parametra K z laserskim Interfero-
metrom In hitre kamero, s katerima lahke meri-
meo valovne dolZine vzvalovane lamele. Druga
moZnost merjenja je opisana v [3], Kjer uporablja-
mo posebno lovilne komoro. V literaturi (3] je
podana formula, po kateri lahko lzratunamo vred-
nost parametra debeline lamele K:

K=hy =~

kler pomenl 2y kot prl razpadu plos¢atega curka.
Prav tako lahko Izratunamo ekvivalentnl premer
Sob dog:

Opisan algoritem smo lzoblikovali za lamelo
spremenljive debellne h = K/ ¢.

Po rafunalnizkih algoritmih smo izdelali tudi
ratunalniike programe, s Katerimi lmameo mognost
simuliranja razllénlh vstopnlh podatkov. lzstopne
veli¢ine so debellna lamele h, ¢as razpada lamele
ty, premer vezl dy, ratunski premer kapljic di In
parameter debeline lamele K all Sauterjev premer
kapljic d,,.

2.2 Anallza Izratunanlh vrednostl

Z ratunalnizkimi programl smo simulirall
lzotermnl razpad vodne lamele In lamele plinskega
olja v zraku, gostote p, = 1,16 kg/m?*. Tempera-
tura fluidov je bila 20°C, snovne lastnostl vode In
plinskega olja so:

— gostota vode: 998 kg/m?,
— gostota plinskega olja: 750 kg/m?,
— povrainska napetost vode: 0,072 N/m,
= povriinska napetost plinskega ol ja:
0,0258 N/m,
— dinami¢na viskoznost vode: g = 0,001 Pas,
— dinami¢na viskoznost plinskepa olja:
ti = 0,05 Pas.

droplets. Thickness parameter of the sheet K Is
the unknown In the mathematical model. The
equations (36), (39) and (50) are solved by Iteration
until the prescribed accuracy for parameter K Is
achived. The computer algorithm was made for
attenuating sheet i = K/t and for with constant
sheet thickness f.onst-

A computer algorithm was also adapted to
emphasise the experimental determination of
thickness parameter K. In literature [5]. a possi-
bility of using an Interferometric method for
measurement of the thickness parameter K Is
described. The second possibility Is described In
[3]1. where a speclal Interception chamber Is used.
The thickness parameter K can be calculated from
an equation found In [31:

"‘J'Hq
2

£

(51],

where 2y Is the disintegration spray angle of flat
jet. The equivalent diameters of nozzle dg, can
be calculated:

qd 4

dui= 1

e |
T

The described algorithm Is made for the
attenuating liquid sheet h = k7t

On the hasis of computer algorithms, compu-
ter programs were made which glve a possibi-
lity te perform simulation for different inlet
conditions. The outlet varlahles are: the sheet
thickness h, the time of sheet break-up (., the
diameter of ligaments oy, the calculated diameters
of droplets di. the thickness parameter K and the
Sauter diameter d,,.

2.2 Analysis of calculated values

lsothermal disintegration of liquid sheets was
gimulated on the basls of computer programs.
Slmulations were made lor water and oll shests
in alr at a density of p, = 1.16 kg/m®. The tempe-
ratures of flulds are 20 °C and the thermophysical
properties are:

— density of water: 998 kg/m?,

— density of oil: 750 kg/m?,

— surface tension of water: 0.072 N/m,

— surface tension of oll: 0,0255 N/m,

= dynamic viscosity of water: g =0.001 Pas,
= dynamic viscosity of oll e = 0.05 Pas.
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Za lzbrane vstopne podatke smo proutevall
odvisnost med di, d,. b x, £, Nin dyq od iz
merjenega Sauterjevepa premera kapljic pri raz-
préevanju vode in plinskega olja. Pri tem smo
upoitevall vrednost faektorja korekcije C, = 0,676
(38), [1), hitrost lamele L' = 20 m/s In vrednost
funkclje £ v casu razpada lamele fle.) = 12 [1],
[5]. Rezultatl simuliranj so zbrani v preglednicah
2 do 5 In prikazanl na slikah 3 do 10. 8 tem simu-
liranjem smo primerjall tudi oba matemati¢na
modela za b = E/¢ In h = konst, |z Izratunanih
vrednostl ugotavl jamao:

— DolZlna razpada lamele raste z narad¢anjem
ds,. Podobna ugotovitey velja za parameter debe-
line K, premer vezi di_ in ratunski premer kapljic
d

31°
i TR T A =
i ]
mm | ‘, = 0
b | =20 mfe
y P o= 118 kg/m”
04} ’

C, ® Wa78

o

0.3 0.3 o4

"

t T e

L 0.5
L
= WATER LA — ERTER Ea.r.-.q

B &I‘ﬂu.,"ﬂ —H.—Emﬂ-l.l‘w

A Curm

Sl. 3. Odvisnost med racunskim premerom kapljic
di In Sauterfevim premerom kapljic d,,.

Fig. 3. Dependence between the calculated dy
and Sauter drop sizes d,. .

L. ]
mm b
b
0.14 ¢ = f
o2 r
U =20 mSs
ok 4
A = Lid kg/m

o.0m -
. €, = 0.870

a1 0.2 o3 a4

ity
— R e i 32 o

YT
= WATER &* sesn
—a- PUMAKO BB o iy -5~ PLISKD OLK. & Lo
ol

Sl. 5. Odvisnost med debelino lamele h in
Sauterjevim premerom kapljic d,..

Fig. 5. Dependence between sheet thickness h
and Sauter drop sizes d,..

For these Inlet conditlons, dependences of dye,
. hox. ot N and I‘Lq on the measured Sauter dia=
meters of droplets in alomization of water and oil
were examined. In these simulations the value of
0.676 is taken for correction factor C,, (39), [1l.
The veloclity of sheets was [/ = 20 m/s and the
value of function F(¢,) = 12, [1], [5). The calcula-
ted values are contained in table 2 to 5 and shown
In figures 3 to 10. The comparison between two
mathematical models for # = k/t and i = const
was also made. On the basis of calculated values,
we came to the followlng concluslons:

—The break-up length of liquid sheet Increases
with the increase in o,,. A similar conclusion is
valid for the thickness parameter X, the dlameters
of ligaments ) and the caleulated droplet diame-
ters d,. ;

L%
[T t, =20'C
L U =20 mfs
| 4 L
a8 £ o= 118 kgfm
b ¢, =067
oz "
| g .
0 I-:_",—"I/
>
[ i i
0.1 0.2 [ 8] 0.4 mm 0.5
iy
— Tatia b4 —— WATER &+ roat

FLEEKD DL 4
S b A

Sl. 4. Odvisnost med premerom ligamenta dy in
Sauterjevim premerom Kapljic d,,.

Fig. 4. Dependence hetween the dismeters of
the ligaments dy Sauter drop sizes d,,.

ma 3
g g ¥ 0
ok i =320 m/e L
3
sl I:L = 1.18 kg/m I
o
K ©, = 0&78

b

0.1 0.2 a3 0.4

SNTOA s heaad

WATER B o resai

e PLINEND G A = kst
[ E b ganat

WIHIA s
= e A b

PLSKD 0K 42 iy
Sk B. Oddvisnost mwd parametrom debeline K in
Sauterjevim premerom Kapljic d,.,.

Fig. . Dependence bot ween thickness parameter
K aml Sauter drop sizes d,,.
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81.7. Odvisnost med parametrom N in Sauterjevim
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Fig. 7. Dependence betwean the parameter N and
Sauter drop sizes d,, in atomizatlon of water.
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Fig. 5. Dependence hetween the parameter N and
Sauter drap slzes d,. In stomization of oll.
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Sl. 9. Odvisnost med ekvivalentnim premerom

Zobe In Sauterjevim premerom kapljic d,.,.

Fig. 9. Dependence between equivalent nozzle
diameters dyq and Sauter drop sizes d,,.

Sl. 10. Odvisnost med dol2ino razpada lamele x In
Sauterjevim premerom kapljic d,, .
Fig. 10. Dependence between the break-up length
of sheet x and Sauter drop sizes d,,.

Preglednica 2: [zracunane vrednosti za razlicne Sauterjeve premere kKapljic
pri razpréevanju vode, h = k7L,
Table 2: Calculated values for different Sauter diameters of droplets in
atomization of water for h = kAT,

X

N

dy,

d,

32 r 3 B
mimn mim s mim mim- mim mim
0,10 20,62 0,0010 0.005 0.1012 0.999 0,078 0,35
0,15 30,96 0,0015 0,011 0.3426 0,995 0.117 0,67
020 413 0,0021 0,020 0.58134 0.995 0,156 1.04
0,25 31.67 0,006 0,031 1.99 0.995 0.196 1.46
0,30 62,02 0.0031 0044 275 0997 0235 1.91
30 if2 38 - 0.0036 0,060 4,365 0.997 0,274 241
040 8274 0,0041 0,075 6,522 0,996 0,313 295
045 9309 0,0046 0,100 8,255 0.996 0.353 3,92
0,50 103,45 0,0052 0123 1274 0995 0392 4,12
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Preglednica 3: [zratunane vrednost! za razlidne Sauterjeve premere kapljic
pri razprsevanju vode, h = konst,
Table 3: Calculated values for different Sauter diameters of droplets In
atomization of water for h = const.

mim mim s mim mim- mim mim

0,10 13,74 0,0007 0,003 D,0675 0,999 0075 0,30
0,15 20,64 0,0010 - 0,01 0,23255 n.a99 0117 0.55
020 27.54 0.0014 0,020 05426 0,804 0,156 0,55
0,25 3444 0,0017 0,031 10610 0,944 0,196 1.18
0.30 41,35 0.0021 0.044 1.5340 0995 0235 1.56
0,33 4825 0.0024 0,060 29144 0995 0374 1.97
D.40 35,13 0,0025 0,079 41,3535 0.995 _ 0313 241
043 62,06 0.0031 0,100 6.2002 0997 0353 257
0.30 65.97 0.0034 0.123 5. 20633 0.9497 0.382 3.37

Preglednica 4: lzracunane vrednosti za razilicne Sauterjeve premere kapljic pri razprievanju
plinskeea olja. h = kst
Table 4: Calculated values for different Ssuter dismeters of droplets in atomization of
off for i = kL.

d,, X 2 h Koo N dy T
mim mm = mim I’ﬂl‘l‘I: mim mm

0.10 13,60 0,0007 00.006 0.0565 0.506 0039 0,34
015 21,00 0.0010 0.014 0.2957 0747 0092 0.63
0,20 3556 0.0014 0.024 0.6062 0700 0,124 0,96
0.25 36,25 0.0015 0.037 13426 (1,661 (.155 1.34
0.30 44.03 0.0022 0052 22530 G35 0192 1.75
035 5147 0.0026 01K 3.5709 0.601 0.226 215
040 59.78 0,0030 0,055 2.2449 0.377 0260 2.64
045 67.73 0.0034 0.105 73407 nas6  0.295 3.13
050 75.74 0.0035 0,131 0.9764 033 0329 3.64

Preglednica 5: fzracunane vrednosti za razlicne Sauterjeve premere kapljic pri razprievanju
plinskega ofja, h = Konst,
Table 5: Calculated values for different Sauter diameters of droplets in atomization of
ofl for h = const..

d,, X e h K N i i
mim mm E mim mim- mim mm

0,10 9.05 0,0005 0,007 0.0609 0.852 0.059 0.29
0,15 13.97 0.0007 0,015 0.2104 0.780 0,092 0,53
020 1599 0,0009 0.026 0.5004 0756 0,124 0.82
02 2409 0.0012 0.040 0.9722 0.7 0138 1,14
030 2925 0.,0015 0.057 16643 0.650  0.192 1,489
035 3445 0,017 0.07% 26130 (0.6 0.276G 1.57
040  39.70 0.0020 0.097 digar2 b3S 002en a3
045 4497 00022 0,120 201 RHIY 0.295 269
050 30,28 0.0025 0. 146 T35 05497 0.330 3.13
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— Lamele plinskega ol ja so debeleje od vodnih — The oil sheets are thicker than the water
lamel. Debelina lamele z veZjlm d,, hitreje sheets. The sheet thickness increases rapidly with
narasca. the increase in d,-;

— Vpliv viskoznosti kaze parameter N, ki je — The parameter N shows the influence of

pri vodni lamell skoraj konstanten, (N = 1), Pri  viscosity of fluids. The values of N are nearly
plinskem olju vrednost parametra N pada z nara- constant for water sheets, (N = 1), whereas N
itanjem d,. decreases with the Increase in dy, for oll sheets;

— Ekvivalentne premere Zob d,, smo lzra- — The equivalent nozzle diameter Is calculated
tunall po enatbl (31) prl lzbranem kotu razpada form (31) using a selected disintegration spray
2y = 60° Z narastanjem d,, se povedujejo tudl pre-  angle 2y = B0°. With an Increase In dy,, the equiva-
merl Zob. Za plinsko olje so premerl Zob nekollke lent nozzle dlameters also Increase. The nozzle

man &l od premerov Sob prl razprievanju vode. diameters in atomization of ol are slightly smaller
— Ujemanje med modeloma h = k/t in h = than nozzle dlameters In atomization of water;
konst, opazime prl lzratunu premerov vezl, ra- = Agreement between the two models h = k/t

¢unskih premerov Kkapljic In debelin lamel. Prl  and h = const is found for diameters of ligaments,
plinskem olju, kjer je wvedjl wvpliv viskoznostl, ecalculated diameters of droplets and sheet thickness,
(N < 1), modela odstopata prl 1zratunu del2in In With oll, where the Influence of viscoslty Is grea-
#asov razpada lamel. Cas razpada lamele pri  ter. (N < 1), the models differ In the ealculated
konstantnl debelini b lahko izrazimo s ¢asom  break-up length and time of liquid sheets. The break
razpada lamele, izracunanem po modelu h = k7t 2 -up time at a constant liquid sheet thickness h =
enatbo: const ig expressed by the break-up time for atten-

uating sheet h = kSt with the following equation:

o C2thekse Frais h = konse (52)
- konst :
e 3 Fhekonst -k

Za vodno lamelo, kjer je: For water sheet:
142 12
N = I: hh‘.kﬂnst /hh-]-r./t T Fhﬂk/t /F = konsat =1
enatbo (52) lahko poenostavimo: the equation (32) can be simplified:
2
th=konst ¥ 3 lh-k/t (53).
Podobna ugotovitev velja tudi za dolzino As similar statement Is also valld for the
razpada lamele: break-up length of liquid sheets:
2
Xh=konst = 'j' Xhe=kst (54).
MNa zlikah 11 do 16 In preglednicah 6 in 7 =o The calculated values are contained in tables 6

prikazane in zbrane izracunane vrednosti za pri- to ¥ and shown in figures 11 to 16. These values
mer razpada vodne lamele in lamele plinskega olja  were obtained for water and oil sheets at different
pri razlitnih izstopnih hitrostih tekofine iz %obe.  outlet nozzle velocity, The thickness parameter K
Parameter debeline lamele K je v tem primeru  was equal Lo 3 mm-. On the basis of simulation for
3 mm?®. Na podlagl simuliran] za model h = k/t the model /i = k/t. the conclusions are as follows:
lahko sklepamo: = With the increase in velocity U the break

— 5§ povecevanjem hitrosti U’ se zmanjiuje -up length of sheet decreases. The break-up length
dolZzina razpada lamele: Pri man)3ih hitrostih je Is greater at smaller velocities for water sheet as
dolZina razpada lamele vetja od lamele plinskega compared to oll sheet. The Sauter diameters and
olja. Vellkostl Sauterjevih premerov in ratunskih  the calculated diameters of droplets are smaller at
premerov vodnih kapljic so pri veéjih hitrostih  higher velocities for water sheets and slightly
lamele manj%e od kapljic plinskega olja. Pri manj-  preater at lower velocities as compared to oll
Zlh hitrostih so nekolike ve&je vodne kapljlice. sheets.



80 STROMNISKI VESTNK — JOURNAL OF MECHANICAL ENGINEERING, LJUBLJANA (39) 1993/3—4

X } 0.4

2 )
:
£ %
}'{
'
[
f'lr

a3 7
\\;\: 4y i g ‘--_L,H‘H‘
TR T e—eaaaly) AEdead fpiae-hemet in
dg 0.4 '* = 20°C —-_._______-___‘_' oy 0.2} i" = 200 ——— ]
K =30 - | & =30 mm
8IF p o= as kg/m bl B =18 kae/m"
£, = 0.670 £, = 0.678
#—l——-- ke ——— —— e - n — e S i
10 14 L] |3 =2 28 mr oo 10 14 18 y R wm WY 50
—'—mi'lﬂ == RPEROAR . e —— e A —f [PRINRD O v iy
Sl1. 11. Vpliv hitrosti lamele U na racunski premer S1. 12. Vpliv hitrost! lamele U na premer
kapljic dy . ligamentov dy .
Flg.11. Effect of the sheet velocity U on the Fig. 12. Effect of the sheet velocity U/ on
calculated diameters of droplets . the dismeters of ligaments dj .
0,08 e
T '_.___,_.-—-'—-—-_F-- osk
0.08 s - gz - ":‘«‘I._H.H
L ____.---"""f (] S
_,.,-"'F-* __'__u.-""-_ I -‘a-‘"—____‘_:\__:__-*_
Ao “1:’ o . dmoal an'e e
f _____,.-""'Fr' *r m3C 1 i = E -._____.____-__—:_—-—..-
et & = 30 mml ogfk & = EX] mm.l a3
ﬂ-ﬁ'i B o= L1 egfm’ | A = s eg/m'
0.1
¢, = 0.678 €, = 0878
0 - - : : 0 .
10 14 18 &2 24 m/i 3g 18 14 L 22 # ms M
u u
.._..wn e nry = &IIKDDL‘ b —-—"‘_'D':"I*-‘ T _._u_mma.t o

S1. 13. Vpliv hitrosti lamele U na debeline lamele h.  S1.14. Vpliv hitrosti lamele U na Sauterjev premer
kapljic d,..

Fig. 13. Effect of the sheet velocity U an Fig. 14. Effect of the sheet velocity U on Sauter
the thickness of sheet h. diameter of droplets d,.
12 120 ;
mm | f, =20°C
] II:IGL,H‘ ¥ =38 i
ml--‘*“-“\ sol “““‘--H___ § = 118 keg/m’
L T : ‘""‘--..____ "op, = oeme
N DAk i, _“tt ‘h-"_"--—-__q____*__-_ r “?_"‘q_ﬂ‘*‘_‘_—_‘ "‘——-__,____________-_-_.
oel X =20 ma' D Tl R = S ST |
B =118 kg/m’
oz} ml
c, = [+ K. 7] ]
o i i L O L L i i
19 14 18 i 22 8 mfs a5 10 14 T = 2 ™ 3
— e, = b1 —h PIERD 0L <y — L EEEA —— PLRSKD LRy

Sl. 15. Vpliv hitrosti lamele U na parameter N, S|, 16. \pliv hitrosti lamele U na dol2ino razpada
lamele x,

Fig. 15. Effect of the sheet velocity U on Fig. 16. Effect of sheet velocity U on the break-up
the parameter N. length of the sheet x.



STROJNSKI VESTNK — JOURNAL OF MECHANICAL ENGINEERING, LJUBLJANA (39) 1993/3—4 91

Preglednica 6: Vpliv izstopne hitrosti vode iz Sobe pri razpréevanju kapljic, h = k-t
Table 6: Effect of sheet valocity in atomization of water droplets for h = k/t.

u X L h N di, dy d,,
mss mm S mm mm mim mim
10 101,28 0,0101 0,030 0,999 038 0,724 0,450
11 95,05 0, (56 0,032 0,999 0360 0680 0460
12 59.70 0,0075 0,033 0999 0340 0641 0,433
13 85,40 0,0065 0,035 0999 0322 0608 0411
14 50.95 0.0058 0.037 099 0307 0579 0.39
15 77.31 0.0051 0.039 0995 0293 0553 0,374
20 63,55 0.0032 0.047 0997 0242 0457 0,309
25 332,06 0,0022 0,055 0995 0209 0394 0,266
30 458,79 00,0016 00.061 08993 0.155 0349 0.236

Preglednica 7: Vpliv izstopne hitrosti plinskega olja iz sobe pri razprievanju kapljic, i = k-t
Table 7: Effect of sheet velocity in atomization of oil dropfets for h = kAL

L) X £l h N iy, [, dy,
mss mm & mm mim mm mm
10,00 63,70 00,0069 0.0436 05660 03002 D677 0457
11,00 65,22 0.0059 0.04680 0.5834 025845 0644 0435
12,00 62.21 0.0052 00452 0805 02713 08615 0416
13,00 249,64 0.0046 00303 0782 02601 0591 0399
14,00 37.42 0.0041 0,0522 075 02503 D570 0385
15,00 0,45 0,0037 00341 0731 02419 0552 0,373
20,00 48,65 0,0024 00617 0611 02118 0457 0,329
25,00 44,45 0.0015 0.0675 0515 0,1933 0447 0302
30,00 41,60 0.0014 00721 0,437 0,1504 0419 0,283

— Medtem ko so vodne lamele debelejse od la-
mel plinskega olja, se premerl vezl d) zmanjiujejo
z narastanjem hitrosti [ Absolutna vrednost gra-
dienta |3d, /3 U| je pri vodni lameli precej vecja.

— Vpliv viskoznostl tekoéine najbolje prika-
zuje vrednost parametra N, ki je pri vodni lamell
skoraj konstanten, (N = 1], pri plinskem ol ju pa se
s povefevanjem hitrostl Uparameter N zmanjsuje.

Do podobnih ugotovitev smo prigli tudi pri
simuliranju drugih vstopnih pogojev [101.

Proutevall smo tudi vpliv Korekcijskega
kolitnika €, in vrednost funkeije fl¢.) modelov
h=Ek/t In b = konst. Pri tem smo simulirali
vstopne podatke, kakrini so bill pri eksperimentu
[6]. Za nastajanje dvofaznega curka je Bajsié upo-
rabll tlatno razpriilnoe Zobo, ki jo je izdelala to-
varna Lechler Iz Fellbacha v Nemélji. Foglavitni
geometrijski podatki za Zoho so bili:

— manjia polos eliptiéne odprtine: 0.77 mm
— velja polos elipti¢ne odprtine: 1.3 mm
— Iztoénl prerez razpriilne obe: 314 mm®
— kot razpada: adD”

= Water sheets are thicker than oil sheets,
whereas the diameters of ligaments o) decrease
with the Increase In velocity. The absolute value of
gradient |3d) /37| is much greater for water sheets.

= An influence of viscosity Is best shown by
the value of parameter N, which Is almest constant
for water sheats, (N =~ 1). The parameter N de-
creases with the Increase In velocity [V

Similar conclusions are obtalned from si-
mulations at different inlet conditions [101.

An influences of the correction factor | and

values of lunction f(t,.) for two models h = k/t
and fr = const were also examined. We simulated
the same Inlet conditions as In the experiment by
Bajsi¢ [6]. For generation of a two-phase jet, the
author used pressure atomization nozzle manu-
factured by Lechler Company from Fellbach in
Germany. Its main characteristics were:
— smaller half-axis of the elliptical outlet: 0.77 mm,
= longer half-axis of the elliptical outlet: 1.3 mm,
= putlet section area of the nozzle: 3.14 mm’,
— angle of disintegration: s 40°
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Izstopna hitrost vode Iz 3obe je znadala 17.24
m/s, Sauterjev premer kapljic pa 0.267 mm, para-
meter debeline K, ki smo ga lzratunall po (31), je
enak 4,5 mm®. Rezultat! simuliranj obeh madelov
fhi=Kk/tin h= konst za vrednosti £(z.) = 12 in 20,
so zbranl v preglednicah 8 In 9. Pri tem smo upo-
stevall korekeljo C,=0.4627. V preglednicah so lz-
ratunane tudi vrednosti, pri katerih smo upostevall
korekecljo C, = 04267, ki smo jo dologili po (39).

Iz ratunskih rezultatov lahko ugotovimo. da
smo dobili ujemanje ratunskega premera Kapljic in
Sauterjevega premera kapljic ob upostevanju ko-
rekcije C, = 0,4627 obeh modelov. Pri obeh simu-
liranjih se dobro ujemata tudi ekvivalentna pre-
mera sob,

Prav tako lahke ugotovimo, da se prl poveda-
nju funkcije f,,. v tasu razpada lamele za 67 %
sorazmerno poveéa tudi dolZina razpada lamele.

3. SKLEP

Iz dobljenih vrednosti, ki so zbrane v pregled-
nicah 2 do 8 in prikazane na slikah 3 do 16. upo-
tavljamo:

— ratunalnigkl algoritml omogotaje pomod pri
eksperimentalnemn  preverjanju  matematiénera
modela razpada tanke lamele;

The outlet nozzle velocity was 17.24 m/s and
the measured Sauter diameter was 0.267 mm, the
thickness parameter K was calculated by equation
(51) and equaled 4.5 mm°. The calculated values
for both models h = &/t and b = const and for
fit,) = 12 and 20 are contained In tables Sand 9.
The value of parameter C, was 0.4627. The calcu-
lated values for correction factor C, = 0.4627, de-
termined from (38), are also In tables 8 and 9.

From the calculated values it can be conclu-
ded: agreement between the calculated diameters
of droplets and the measured Sauter diameter Is
good for hoth models at C, = 0.4627. In these si-
mulations the caleulated and measured equivalent
diameters of nozzles also agree well.

We also conclude that with the Increase In
the value of fi, for 67 %, the break-up length of
sheets Increases proportionally.

3. CONCLUSION

From the obtained values, which are collected
in tables 2 to § and shown In figures 3 to 16, we
conclude:

— The computer algorithms enable experl-
mental verification of the mathematical models of
dizsintepration of liguid sheets;

Preglednica 5: Vpliv funkeije ((t,.) in korekcijskega kolicnika C, pri razprievanju
vadnih kapljic, h = kL.

Table 8: Effect of function f(t,) and correction factor ) in atomization of
water droplets for h = K7L,

iy i 16 e h K N dy. e a5 £t dnibe,
mm  mm s mm mm* mm mm mim
. 0,267 55,19  0.0032 0.0261 .40 0995 0200 0,395 1,39 12 067600
0267 0198 00053 00261 2.402 0995 0.200 0.305 1.79 20 067600
0,267 8068 00047 00560 4500 0998 0.306 0.577 2.00 12 0,46270
0,267 117 46 0,0065 0,0560 7,500 0,995 0.306 0577 238 20 0.46270
Preglednica 9: Vpliv funkcije f(t.) in korekcijskega kolicnika C, pri razprievanju
vodnih Kapljic. b = konst.
Table 9: Effect of function f(t.) and correction factor C, in atomization of
water droplets for Iy = const.
d,, x [ h K N (R i Hoq rie.) C,
mm  mm s mm mm- mim mim mm
0267 36,79 00021 0.026 1.9613  0.999 0.209 0,395 1.132 12 06760
0,267, 61,31 0,0036 0.026 1.6021 0,999 0.209 0,395 1.462 20 06760
0,267 53,72 0,0031 0.056 3.0025  0.908 0.306 0.577 1.634 12 0,4627
0267 8964 00052 0.056 50041 0999 0306 0.577 2.8 20 0,4627
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— po lastnih eksperimentalnih podatkih (6], [7)
za porazdelitev velikosti kapljic (d,, =0,267 mm]),
smo dologill debelino, razdaljo in ¢as razpada la=
mele ter dolo2ill premer nastalih vezi;

— ratunalnizkl algoritern omogoeta simuliranje
razliénih hidrodinamiénih pogojev in snovnih last-
nostl kapljevite In plinaste faze, od Katerih je
odvisen proces razprievanja;

— pplsane ratunalniske algoritme lahko vgra-
dime v Ze znane modele toka Kkapljic In plina,
npr. [6], [11);

— v prihodnje bomo eksperimentalno sprem-
ljall In proutevall razpad kapljevite lamele s so-
dobnimi optiénimi metodami brez dotika. lzmerke
bomo primerjall z rezultatl, ki so dobljeni 1z ratu-
nalnizkih algoritmoy;

— pri konstruiranju razprailnih naprav mora-
mo pravilne izbratl tlatno Sobo. Opisan matema-
titnl model bo olajial delo prl pravilnl izhicl, saj
poZnavan je nr:-'32 ni zadosten podatelk za optimalno
delovanje razprélinih procesov,

= On the basis of own experimental data [6],
7] for droplet size distribution (dy, = 0.267 mm),
the thickness of sheet, break-up length, break-up
time and diameters of ligaments were determined;

— The computer algorithms enable simula-
tions for different hydrodynamical conditions and
thermophysical properties of liquid and gas phase;

— The computer algorithms can be Incorpora-
ted into own models and models of other authors
for two-phase droplets/gas {low, like as in [6], [11];

= In the continuation of our research we will
investigate experimentally the disintegration of
liquid sheets with new optlical measurement me-
thods and svstems. Experimental data will be
compared with the values obtained from the com-
puter algorithms;

— the pressure nozzle for the construction of
the atomization devices must be selected [:\crrectly.

The described algorithms can help us with the
solection, because d,. is not a sufficlent data for
the optimal execution of atomization processes.
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