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1. Maximum Entropy Principle
2. Mazut
3. American Society for Testing and Materials-Miscellaneous Materials
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Tble 1- Chemical parametrs of fuels

Kinematic viscosity Dynamic viscosity Density Surface tension
(m?/s) (kg/ms) (kg/m®) (kg/s?)
Diesel (25 °C) 2.7315x10°° 0.0022601 828.75 0.026195
Mazut (80 °C) 56x10° 0.05 936.31 0.027
Mazut (90 °C) 33.405x10° 0.03 930.745 0.0263
Mazut (100 °C) 10.81x10°° 0.01 925.21 0.0255
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Table 2- Measured characteristics uncertainty percentage

Parameter Uncertainty percentage
Mass flow rate (gr/s) 3.045
Angle (degree) 1.3
Breakup length (mm) 4.52
Mean diameter (Lm) 4.8
Temerature (°C) 0.2
Pressure (bar) 1.25
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Figure 1- Fuel testing equipment
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Figure 2- Control volume of cone-shaped spray
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Table 3- The measured mass flow rate
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Table 3- The measured spray cone angle
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adgl Sy Jobo

ol 09l oo oaily o2 Sals b ol b g5l 5l g, ol o p > QT 30 &S Cewl slalold adgl clSs b

d%‘ﬁ&ﬂﬁao)‘yobwﬁm 0)5.‘;)3 u.cl) 6)......4‘ él.v) \)5_Q.> W‘de)ﬁumjd|]o|=\bm‘_§>|).’a)é 4.1..0[3
(et ol 00l &l aule  og 5ee wlid LSl Job und 51 [YV] ), Ke 5 o Loy (VA) (o i dons ddolae

s S oslital g 5 gole phed S oo e sl (VA) albne 3 [YA] ], e 5 ygalisl 5 [YA] o] 5 53

. .05
pioln (%) hcos(z)

pgz U2

g 020 oo Hlis mle ot eSS e jo |y ae (placel Sl iz assls My el gm0 cull SO C ((VA) doles o
3,5 L VY gAY %;qln(’%) 5 C oo axlllas (! o ol gulo wlid s (55, e oLisEl adsl aselsmo
el 00

Vo S (sl Y 3t e LS et s (sl 595 5 (o S o oty s V) S
R4 (595 5 o178 S ol Vel ey glaylad ST )0 Ll o)ls 05z (6,58 5 (220 @l m 6, IST gl
6355 5 (0570 B m Dgld 1 s YL (69,31,5 L Slule sl 65555 5 (278 @S G D9l (rizmen 5505
olPl gae wb; g5 el slos o jlad lBIL culi JLad jo 69518 el bt Sl 955 L olle sl
Cely e s ol 381 LS o 15095 mule 485 el 0uls ool Las VV-b g VY- sl IS (o aST el len ol il Ll oo
WD WS I e Awgy ol Aotio 390 oo o A5 D0l o0 e Ao (55, S aialo b 5668 clilicél sl
s iolisS o can o vl G215 Sl 5,5 (535 b 5 i i3l Sl 4S5 (55,0 Tl

Iy las ao s 5 apd oo 1,8 duglie 3,90 (VA) alayl) 5l onsliwody canSs Job L) oy Sl Job O Jgo
Slyesd b g eVl slo)lad Sl S mle mhaw (55, 2 oo Slolazél aels Joe jo ol lo)lad o S e 315
13 Sy ol 45 oy (S o ek oo HLETEN el (] e g (gl 1 OS5 gl S0 5 Las i
Gl 5oy 352y s ol g el 00t Bl conds @] gl (6 sl alS Sio b g drpgs sl (gl 45 ((VA) ala]

Ll 030l

A



VEe e 5l e o)t oo oz Jlo (3l g S (g —(cele 4 585

—

Fxpermamad b Db 10057
Lteopedisd L bzt 1) L)
Expermemal T, b Wz 8350

LY Lo o Thespeloml b (dExet 00 T
124 s % Edpursienil LB 83 °CH
"-. b~ Theoreical [ bouazee 8050
- i ", v Frpermeamsl T_b el 25700
Band  oa — i Theorwical [_h (Tismat 25 %)
o i b M ]
¥ ik 3 2 -
e 4 & N i
g 1 e L
1 e -, b &
[= e "\-x - -
I P i - g gl e
i EE T S L ;
= - T i
k- P i ~ g %
o —
4 7 Pt T
(al =
b T 1
] 5 0] 15 20
AP (har)
17 &
£} =
T,

i
£ “‘q“%ﬁ.,_‘_:‘ﬁ.
g SR
I ey il
£ e g S8 T
Ty T
> %, 28 148

g
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Table 5- Percentage error of experimental and theoretical breakup length

Diesel (25 °C Mazut (100 °C) Mazut (90 °C) Mazut (80 °C)
> > > > > > > > > > > > > > > > > >
TIPIP|FRIRIR| IR | R|F| || FPIR|IT|T|T
— w (%] — — [ (%] — — [ (%] — b [\ (%] — p— [\
o o |l || w |2 = S “ S o o “ =) = S “ =}
8 g |8 o |lg|o| 8 o o o | 8 o o g | 8 o o o
g g |8 g g g g g g g g g
Ly (mm) - B e S 2l Sl |22
(Experimental) AN AR (e I A - BT o BN i R e o Rl IV I A e
Ly, (mm) I o | o & w W 0 =) ~ ~ = =~ W W I~ o =) o
. H —_ Nel W (o)} w o0 (=] Q o o] B H o0 o] R
(Theoretical) 3 — o | S| = | = x ° < & 3 S || & &3 to
% Error o SHE i > | & .:') @ S S 8 04: g = 8 S = >
° I || E|lS || (BRI |z|a|S| 3|24
n 3
Zi=1 NiDi

Wﬁi’i c)Ja.Q).‘a.‘B el (D32 =SMD =m) ).:L» la.ww).‘aﬁ é.:Lo Lg)lmo)]a.@ LngJM‘)L: U")"W )| gsi'
28l oo VT LSis g 3l oo3b 5o

&



P GgMe (> § (soiy ol]]

Dgds oo dunlie VV-a K& o [V ]adSel, Sivwes 5l sanlcwmsda jlo bugie i L oy Slo lawgie ,hd
5 10) 5Yb sl )Lid 53 Sgle Cgms 5l Jols 025 Lo Lawgie b sansl ol ool (Lis 1Y-b JSE 53 a8 jsboslen
5 oty il Lagie e o B Lad 2l L el GulSol) Siecen 5l Jols slo haugie b 4 i3 (L Y-
CEgm lod Gl L6l s (2 Sl bawgte jlad oy BN imren Whiee GRIH Sgile s sl 6,
e Rl L B8 e S sw sl 65l s (025 Sle lawgte JlaB e Dolds il oo Rl g3l

b oo EalS Sgile g (gl jlid g Lo iol8l L sl lawgie Hhad a5 wies oo Lid VY-b g VY2 sl IS
Eg 3l faS S50 S gms 915 12 00l 5Lad plod 50 Dgjle Edgus &y Led (5265 Sl Lawgio Jlad 300 S35
W8l o sl JalS yaio ad a7 ol g by oo ralS Sl Jawgine yhad Ol o (S g HLid g Lo o8l L el Og5le
Sy o5 Sl st b ol

L1 A .
1o Tra . EMD =730 0 A

104 ¥ N (Fadchife)

irgter {pom)
£
'L
1
4
L]
¥
LH-.I_I.I

wehurg mens diae
L
L

35 | =
-.:l:l 1 T 1 1
o 1 4]
AP (be')
~—#--Expermental Thimt 00 °C) —M— Liperineabl s 8 50)
— &— Ixpecmentl Pufizst 3070 - Eapecineatl (Diesd 25.750)
Radeliffe {Pufmet 300 *C O Padcifs Qoo 0200
Farcliffs (Puboret 50507 O Padchffe [Diesst 2530)

@ e TR
i s -
. L L

B - 1““::..,1_’“' g

Bk anhigy St (hof)

- ﬁl-"iu-_i
B -

& - I-%r..“‘:

LTS """mmm'”"”ﬁ-:
- =

- 4 e
LCA

-

Figure 12- Sature mean diameter changes (a- in terms of pressure difference (bar), b-in terms of temperature (°C)

(31,5 535Lw) Lod s g3 (i «(5L) HLid SV coma g (A« 5L Lrwgito phad ol ynis —1Y S

e lid o 5o o sw ¢l p sl oal &1 # Jaaz ;0 ballas ws )5 ol edds (6,95 9 (2,50 yile Jawgio ad polis
(S (o 0 098 o e Clpeds lag] o2 (5 mS03lail g olelis gy g g co S SgS Hlws lyd Jlad YL
Glalos Caawdy g5le az y 08l oo 3Ll SYL slo,lid o Oy lawgie el 6,055 5 o220 polie (yu U do o iuliél



VEe e 5l e o)t oo oz Jlo (3l g S (g —(cele 4 585
6[&:} Qo )0 g 00gs ))u?‘) Lbu] ).’43 61.450)‘..\)‘ 9 g.)b.’aﬁ )ajta.v w.> so..\...m.\.Jﬁ.v ))uj)f u‘)o ).’43 ).’al.’>=\.v ")5)(5" )-'Q—“-‘l)
b SRl (65555 5 (0275 polie

299 9 (278 g b ()l jae slas o yd —F Jgux
Table 6- Percentage error of experimental and theoretical mean diameter

Diesel (25 °C) Mazut (100 °C) Mazut (90 °C) Mazut (80 °C)
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Figure 13- The changes in Ohnesorge number in terms of Reynolds number for Mazut fuel
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In this research, an attempt has been made to use experimental and numerical methods to measure the
powdering parameters of a heavy non-Newtonian oil fuel called Mazut and a light petroleum fuel called diesel,
as well as to investigate the spray behavior of these fuels. Very powerful imaging equipment was used to record
the spray images of the fuels and the data were extracted by analyzing the images. Finally, the method of
maximum entropy was used for numerical analysis of the distribution function of fuels spray. From a pressure
difference of 15 bar onwards, the mass flow rate of the fuel remains almost constant (between 1.6 and 1.8 g/s).
The angle of the Mazut fuel spray cone initially increases, and after the flow approaches full atomization (at
temperatures above 90 ° and pressures above 15 bar), it reaches approximately a constant value of 80° (the
diesel spray cone angle also reaches an almost constant value of 85°). The breakup length and droplets diameter
also decrease with increasing fuel temperature and pressure, and with the full development of the flow, they
tend to almost zero. The diameter size distribution of droplets becomes smoother and more uniform by
increasing the viscosity of the fluid. Also, the velocity distribution of droplets becomes smoother and more
uniform by decreasing the viscosity of the fluid.

Keywords: Experimental testing, Atomization, Numerical solution, Maximum entropy
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