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BrieuaTsstroniye nmokasaresy X0JIOMILHOTO K-
Jla CUCTEMBI HaJUlyBa C TIIyOOKUM OXJIaXJICHUEM HaJly-
BOYHOTO BO3/yXa JMAOMYCKAIOT BO3MOXKHOCTH IIapai-
JIETBHOTO MCIOJIb30BAHUSI arperaToB HaJylyBa JIBHTa-
TeJsl B KAa4yeCTBE XOJOAWIBHOH YCTAaHOBKH aBTOMO-
OWIBHOTO WJIM JKEJIE3HOJOPOKHOTO pedprkepaTopa
JUTS TIEPEBO3KH CKOPOHOPTSIIUXCS TPY30B.

3akJ0ueHue

1. IlpuMeHeHHe cHCTEM HaAyBa KacKaJHOTO
oOMEHa JaBJICHHEM C TIIyOOKMM OXJIaXKIEHHEM pac-
KPBIBAET TIEPCIEKTHBY 3HAYUTEIBHOTO YIYYIICHUS
TSATOBBIX M YKOHOMHYECKHX ITOKa3aTelleH JU3eIbHOTO
JBUTaTeNel, paboTaloMINX B CIIOKHBIX KIMMATUYECKUX
1 9KCIUTYyaTallMOHHBIX YCIOBHSX.

2. IlpencraBneHHass UMHTALMOHHAs MOJEIb C
JOCTATOYHOM, UIS TIPAKTUYECKHX LENCH, TOYHOCTHIO
MIO3BOJISIET OTNIPE/ICIUTh ITAPAMETPhl COCTABHBIX arpera-
toB KJIBC ¢ CHI'O KO/ Ha HepacdeTHBIX peKMMax.
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FUEL OIL ATOMIZATION CHARACTERISTICS SMOOTHED BY A LOGARITHM
NORMAL DISTRIBUTION FOR MARINE DIESEL ENGINES

Introduction

The quality of fuel oil atomization is character-
ized by many indexes, the most important of which are
dispersion (fineness) and uniformity of the atomization,
length, operating action range, and flame cone angle.
For objective estimation of the atomization quality by
the dispersion and uniformity of the atomization at the
final adjustment of the engine fuel oil equipment, it is
used atomization characteristics [1, p. 100].

In the view of the coming energy crisis due to
crude oil depletion the one of the possible alternatives
is to introduce coal-water slurries as a fuel for internal
combustion engines [2, p. 74]. That kind of fuel has its
own reologic and atomization peculiarities. Thus re-
searches of the atomization characteristics of different
alternative fuels are urgent. The urgency of the re-
searches is also dictated by a periodically partially in-
correct representation of the characteristics.

Naturally, accepting one or another sort of a fuel
for burning in the internal combustion engines of one
or another type is the matter of time and cost of the

fuel. Undoubtedly, subjective preferences of a decision
making person will also play some specific role [3, 4].

The innovation of the given article is in trying to
use a logarithm normal distribution for smoothing the
atomization characteristics of the fuel oil or coal-water
slurries for a certain example of the assumed experi-
mental data. It is also important to test a hypothesis on
a certain theoretical distribution by a statistical crite-
rion.

The problem setting in the general view relates to
some important science and practical problems of the
fuel oil or coal-water slurries atomization optimization.

Analysis of the latest researches and publica-
tions

In the study book [1, p. 100-104] it is shown at-
omization characteristics of some fuel oil dependently
on the number and diameter of the nozzles on condi-
tion of equal summarized cross-section for fuel oil
flow fig. 1, [1, p. 101, fig. 39].

On the fig. 1: the characteristic 1 is for 4 nozzles
with the diameters of 0.4 mm (4x0.4), 2 — 2x0.57 mm,
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3 — 1x0.8 mm. Summarized cross-section for fuel oil
flow is the same in all three cases.
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Fig. 1. Fuel oil atomization characteristics

It is also described different factors and their in-
fluence upon the dispersion and uniformity of the at-
omization there. But probably units on the vertical co-
ordinate axis on fig. 1 cannot be expressed in %. And
therefore the diagrams can be referred to as just a pre-
liminary image of atomization characteristics.

In the monograph [2, p. 166-197] it is considered
problems of coal-water slurries atomization quality.
There are criterion relationships for a spray droplets
mean diameter by Sauter. But there are no curves of a
density of the droplets diameter distribution there.

In the study guide [5, p. 192-197] attention is
paid to fuel oil atomization and it is shown on fig. 2,
[5, p. 195, fig. 7.4] the fuel oil atomization characteris-
tic for a six-cylinder four-stroke supercharged diesel
engine with 25 cm bore and 34 cm stroke.
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Fig. 2. Fuel oil atomization characteristic

On the fig. 2: 1 — relative frequencies curve of the
characteristics, 2 — relative summary curve. For the
summary curve: dy — diameters of droplets, n — total
number of droplets that have dimensions form mini-
mum up to the given diameter, n, — the total number of
droplets. For differential curve 1: d; — given value of
droplets sizes, d(n/n.) — the increase of the droplets
number, d(dy) — the increase of the diameter.

However like in the work [1, p. 101, fig. 39] the
density of the distribution measured in % which appar-
ently is not correct. Moreover in the related text block
it is mixed numbers that denote differential and cumu-
lative curves.

In the newest publication [6, p. 174] denoted the
utmost importance of the size of the fuel droplets for
the combustion process quality. Although there is no
any curves of the size distribution.

An attempt to analyze some parametric re-
searches on reologic properties of coal-water slurries
for their use in ships’ internal combustion engines was
made in the paper [7]. It is quite natural to continue
analytical researches in the field of fuel supply flow,
injection, and spraying.

Analytical researches was made in the mono-
graphs [3, 4], where it was given a theoretical back-
ground for solving problems of a technical state on the
basis of subjective analysis and problem-resource ap-
proach.

As it is seen from above mentioned speculations
there is a necessity to remind principles of statistical
estimations and using them to get the low of distribu-
tion.

Problem setting

The intention of the given paper is to research the
adequacy between experimental and theoretical distri-
butions for fuel oil atomization characteristics. Also it
is to plot diagrams of distribution curves and test the
hypothesis of a logarithm normal distribution.

Main material

It is necessary to determine droplets diameter of a
spray before plotting atomization characteristics. It can
be used one of the simplest and most commonly used
way of putting a smoked plate into the spray. Then the
droplets dimensions have to be measured with the help
of a microscope [1, p. 101; bilo, p. 174].

After this procedure we get so-called “simple sta-
tistical sample” or “simple statistical series”. The sim-
ple statistical sample is a primary form of a statistical
material registration and can be proceeded in different
ways. One of the ways of such a treatment is plotting a
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statistical function of a distribution of the random vari-
able [8, p. 134].

Statistical function of a random variable D, is a
frequency of the event D, < d; in the given statistical
material:

F'(d)=P'(Dy <d;), )]
where F*(d,) — statistical function of the distribution,

P* — statistical frequency.

In order to determine the value of the statistical
function of the distribution at the corresponding d, it is
just enough to calculate the number of droplets with
the value of Dy less than dy and divide the number in
the total number of droplets.

When the number of observations is quite large
(a few hundreds) a simple statistical sample becomes
an inconvenient form of registration of the statistical
material — it becomes inexpressive and poor for presen-
tation.

To get it more compact and good looking the sta-
tistical material should undergo an additional treatment
— it is to be plotted a so-called “statistical series”. As-
sume we have some results of observations on the ran-
dom variable Dy, performed in a simple statistical sam-

ple. Then we divide all diapason of the observed values
of Dy into intervals and calculate the number of values
m;, for each i interval. We divide these numbers into
the total number of the observations n and get the fre-
quency, corresponding to the given interval:
7i : 2
Total sum of all intervals, obviously, should
equal one.

pPi =

Plotting a table in which it is given intervals in
the way of their appearance on the abscise axis and
corresponding frequencies we get a statistical series.

Assumed experimental data

First we plot a statistical series.

According to the curve 1 on fig. 1 it probably was
implied some distribution there. Let us assume it was
primary experimental data performed in a simple statis-
tical sample. The table 1 is performed as a statistical
series correspondingly. In the table 1 I; depicts the in-
tervals of droplets diameter in the spray.

Table 1
Assumed experimental data
#t |1 3 4 5 6 7 8 9 10 11 12 13 14 15 |16 | X
I; 0-1 [ 1-2 |23 (35|57 |79 |9- 10- | 11- | 14- | 17- | 20- | 25- | 30- | 35- | 40- | 0-45
10 | 11 14 17 |20 |25 [30 |35 |40 |45
m |0 3 28 | 230|492 | 630 | 321 | 312 | 828 | 633 | 480 | 540 | 270 | 150 | 80 | 45 | 5042
*
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When grouping the observed data of the random
value into an interval, there is a question arising about
what interval the value, which is precisely on the bor-
der of the two intervals, should be kept to. In such a
case we conditionally reckon it belonging to both in-
tervals and add to the numbers m; of the one and the

other interval % .

The number of intervals which the statistical ma-
terial has to be divided into does not have to be too
great (then the series of the distribution becomes inex-
pressive, and frequencies in it show irregular oscilla-
tions); on the other hand the number of the intervals
does not have to be too small (when we have few in-
tervals properties of the distribution is described too
rough by such a statistical series). Practice proves that

in most cases it is rationally to choose the number of
the intervals from 10 to 20.

The more representative and uniform the statisti-
cal material the bigger number of the intervals can be
chosen when composing the statistical series. The
lengths of the intervals can be both the same and dif-
ferent. It is easer, of course, to choose them equal.
However, when forming information about random
values, distributed utmost irregularly, sometimes it gets
convenient to choose in areas of the highest density of
distribution intervals narrower than in areas of low
density.

Then we perform the statistical series graphically
in the shape of a histogram. We have done it like this.
On the abscise axis we put intervals, and on each inter-
val as on the basis we plot a rectangle, the area of
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which equals the frequency of the given interval. To
plot the histogram it is necessary to divide the fre-
quency of each interval into its length and use the ac-
quired value as the height of the rectangle.

In case of equal by length intervals the heights of
the rectangles are proportional to corresponding fre-
quencies. It comes out of the histogram plotting that its
total are equals one.

In this example of the assumed statistical data the
length of intervals are not equal because the prototype
distribution has a very sharp increase of the distribu-
tion density in the area from 4 to 12 pum (see fig. 1,
curve 1). Therefore the intervals from # 1 up to # 8 are
narrower than from # 9 up to # 16.

In the table 2 it is given data for plotting the his-
togram.

The histogram constructed accordingly to the data
given in the table 2 is shown on fig. 3.

On the fig. 3: x — d, N,gg> — 1, f{x) — a smoothing

,E? — the number of

curve, N§;> — the frequency, N
droplets.

In principle plotting the statistical function of the
distribution already solves the problem of a description
of the experimental material preliminary illustrated on
fig. 1, 2. However plotting the function of distribution
with the aid of the equation 1 is not so convenient — in
the sense of imagination ability. Often it is better to use
other characteristics of statistical distributions, analo-
gous not to the function of a distribution but the den-
sity of the distribution. This method uses the equation

Q).
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Fig. 3. Distribution, histogram, and smoothing curve

Table 2
Data for plotting the histogram

#it Ii m;

1 0-1 0 00 0

2 1-2 3 3 1 0,000595 | 0,000595

3 2-3 28 28 | 0,005553 | 0,005553

4 3-4 | 230 | 115 0,045617 | 0,022808

5 4-5 11510 0,022808

6 5-6 | 492 | 246 | 0,09758 | 0,04879

7 6-7 246 | 0 0,04879

8 7-8 | 630 | 315 0,12495 | 0,062475

9 8-9 31510 0,062475
10| 9-10 | 321 | 321 | 0,063665 | 0,063665
11| 10-11 | 312 | 312 | 0,06188 | 0,06188
12 | 11-12 828 | 276 | 0,164221 | 0,05474
13 | 12-13 276 | 0 0,05474
14 | 13-14 276 | 0 0,05474
15| 14-15| 633 | 211 | 0,125545 | 0,041848
16 | 15-16 211 |10 0,041848
17 | 16-17 211 1 0 0,041848
18 | 17-18 | 480 | 160 | 0,0952 0,031733
19 | 18-19 160 | 0 0,031733
20 | 19-20 160 | 0 0,031733
21 | 20-21 540 | 108 | 0,1071 0,02142
22 | 21-22 108 | O 0,02142
23 | 22-23 108 | O 0,02142
24 | 23-24 108 | 0 0,02142
25 | 24-25 108 | 0 0,02142
26 | 25-26 | 270 54 1 0,05355 | 0,01071
27 | 26-27 5410 0,01071
28 | 27-28 5410 0,01071
29 | 28-29 5410 0,01071
30 | 29-30 5410 0,01071
31| 30-31 | 150 30 | 0,02975 | 0,00595
32 | 31-32 300 0,00595
33 | 32-33 300 0,00595
34 | 33-34 300 0,00595
35| 34-35 30| 0 0,00595
36 | 35-36 80 16 | 0,015867 | 0,003173
37 | 36-37 16 | 0 0,003173
38 | 37-38 16 | 0 0,003173
39 | 38-39 16 | 0 0,003173
40 | 39-40 16 | 0 0,003173
41 | 40-41 45 9 1 0,008925 | 0,001785
42 | 41-42 910 0,001785
43 | 42-43 910 0,001785
44 | 43-44 910 0,001785
45 | 44-45 910 0,001785

| 045 |soa2| |1 1
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Smoothing the statistical series by a logarithm
normal distribution

Often it happens to be desirable to compare to
experimental data such a distribution of a random
value x in an interval (a, b), so that some function g(x)
would have a normal distribution, i. e. for the class of
distributions by Captain [9, p. 613]:

@, (x)= @{m} (3)

Og

where (Dx(x) — integral of probabilities, ®, —

normal function of distribution, p — expectation, 6, —

standard deviation.
The density of the distribution:

BT l{M}

G V27 2| o,

4g|

dx|’ @

¢, (x)=

The random variable x, described by distribution
(3, 4), can be considered as the limit of the sequence of
the random values
X =%, +z,h(x,) (r=0,1,2,..),
each of which is the result of an action of small inde-
pendent impulses zy, zi, ..., z1, that satisfy conditions of
the limit theorems (by Chebyshev, central limit theo-

rem), moreover

<X -X [ dx
1+ 2y +. . 2z, = LzJ‘—zgx.
e 2756 i

In particular, if A(x) =x, that is the effect of an
impulse action is proportional to already achieved
value of the random wvariable, and x,=1, then
g(x) = Inx, and we have logarithm normal distribution

0 (xSO),

_ 2
(P(X)— 1 exp{_l{lnx—u}} (x>0). &)
X027 2 o

According to the shape of the histogram N ,E;y on

the fig.3, and theoretical reasons (5), we choose
p=1n12,661 and 6=0,5765 in such a way that the
curve f(x) on the fig. 3 would have similar shape to the

N

The hypothesis test of a logarithm normal dis-
tribution

To test the hypothesis about accordance between
the theoretical distribution (5) and assumed experimen-

tal data we use one of the most commonly used tests:
the chi-square goodness-of-fit test.

The Pearson criterion % is calculated by the for-
mula [8, p. 152]

k *
XZ _ nz (pl pl) , (6)
i=1 Ppi
where k& — the number of intervals, p; — theoretical
probability for random variable D, to get to the speci-
fied i™ interval of the testing distribution given by the
density (5).
Or on the condition of (2) the measure of diver-
sity (6) has the view of

szzzzk:(mi—”Pi)z _ 7)
o1 np;

Distribution of x* (6, 7) depends on a parameter r,
which is called “the number of degrees of freedom” of
the given distribution. It is calculated by the formula

r=k-s, ®)
where s — the number of imposed restrictions.

In this problem setting it is just one

k
d>op=1. ©)
i=1

In the table 3 it is illustrated the results of calcu-

k

lations. The sum of p;: z p; =0,986086 =1 because
i=1

the normalizing condition for the case of the logarithm

normal distribution (5) means

'[ f (x)dx =1,
0
which accomplishes.

The number of degrees of freedom (8) with re-
spect to the restriction (9) at the k= 16

r=16-1=15.

Using special tables composed for y* distribution
for the values of ¥ =10,24 and r=15 we get prob-
abilities p=0,8 at the ¥*=10,31 and p=0,9 at the
¥ =8,55.

Thus with the probability more than 0,8 the di-
versities between experimental and theoretical data
occur due to random factors and the hypothesis of the
logarithm normal distribution of fuel droplets sizes in a
spray with the parameters of p=1In12,661 and
6 =0,5765 can be recognized as the one that does not
contradict to the experimental data.
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Table 3
Calculations for chi-square goodness-of-fit test
HH I p: i (Pi — D )
Pi

1 0-1]0 0,000005 | 0,000005

2 1--2 | 0,000595 | 0,000679 | 1,04957E-05

3 2--3 | 0,005553 | 0,005566 | 2.81096E-08

4 3--5 1 0,045617 | 0,04728 | 5,85062E-05

5 5--7 1 0,09758 | 0,09846 | 7,85931E-06

6 7--9 1 0,12495 | 0,12493 | 3,33654E-09

71 9--10 | 0,063665 | 0,06426 | 5,50533E-06

8 1 10--11 | 0,06188 | 0,06247 | 5,56838E-06

9 | 11--14 | 0,164221 | 0,16558 | 1,11614E-05
10 | 14--17 | 0,125545 | 0,12616 | 2 9939E-06
11 ] 17--20 | 0,0952 0,09075 | 0,00021824
12 | 20--25 | 0,1071 0,09489 | 0,001571217
13 | 25--30 | 0,05355 | 0,0517 6,6212E-05
14 1 30--35 | 0,02975 | 0,02839 | 6,51592E-05
15 | 35--40 | 0,015867 | 0,01588 | 1,11064E-08
16 | 40-45 | 0,008925 | 0,009085 | 2,82971E-06
z 0-45 | 1 0,986086 | 0,002031122
* 10,24091577

Subjective preferences of fuel atomization
quality accordingly to the shape of the droplets sizes
distributions

According to the theory of fuzzy sets it is formu-

lated functions of belonging. There is an arbitrary sub-
jective approach in that portrays some personal ideas
about uncertainty. The newly developing theory of
subjective analysis [3, 4] offers introduction of subjec-
tive preference functions which allows estimation in a
real view the influence of psychological factors upon a
decision making person.

There is a formal analogy between the distribu-
tion of some preferences and distribution of probabili-
ties, and we can use many results of the theory of
probabilities, mathematical statistics, and the theory of
information, giving them, although, every time an in-
terpretation in terms of the subjective analysis
[3, p. 115].

Here it is used some variation principle of the
maximum of the subjective entropy of certain subjec-
tive preferences. The corresponding functional taken in
a rather general view [3, p. 119, (3.38)]:

O, . =aH, +Pe+yH, (10)
where H, — the subjective entropy; € = &(w, U, ...) — a
function of subjective effectiveness; N — normalizing
condition; a, B, y — structural parameters, they can be
considered in different situations as Lagrange coeffi-

cients, weight coefficients or endogenical parameters
which represent certain psychic properties.

The optimal distribution that we get as the result
of using the variation principle has the view of:

*BLL(Gi)
ch(ci)zNe—, (11)

Z e*ﬁLL(Gi )

J=1
where 1 (o;) — a function of negative preferences of a
subject concerning achievable for him alternatives o; ;
L(Gi) — a function of losses («harmfulness»).
When considering required for each alternative
resources — R™(c;) (o, €S,), where S, — a set of

achievable for a person’s goals alternatives, we have a
problem-resource situation. In every problem-resource
situation there is its own distribution of the required
resources. It is also there is a possibility together with
the use of absolute required resources to use normal-
ized resources. If

N
R =" R, (12)

j=1

then normalized resources
req
Rrei(o,) = %) ) (13)
Z Rreq (Gj)
j=1

We can make an  assumption, that

L(c;)=R"™(c;), or L(c;)=R"%(s;). Then a func-
tion of the negative preference [3, p. 127, (3.64)]

—BR™ (Gi )
7 (o) =, (14)

j=1
The sense of this distribution — the more the re-
quired resources needed for achieving the o; alterna-

tive the less that alternative preferable to a person.

It can be chosen an exceeding value or an in-
crease of some disposable resources over required as a
function of positive preferences. There are two possi-
ble variants. Disposable resources: R, if they are
universal (for example money), do not depend upon the
alternative being chosen by a subject. Then the in-
crease is

R‘”(G,-)z RIP _Rred(s).
If disposable resources are specialized, then
[3, p. 127, (3.65)]
R ()= R™(0;)-R"(c;).  (15)
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According to an accepted technical and economi-
cal strategy a subject chooses fuel atomization quality
by the shape of fuel atomization characteristics as a
kind of alternatives portrayed by curves fig. 1-3 based
on the constructed distributions and histograms with
the aid of the formulas (1-5) and tested by the proce-
dure (6-9) in accordance with a certain criterion.

Conclusions

The experimental data for fuel oil or coal-water
slurry atomization characteristics, assumed accordingly
to [1, 5] can be in the view of the sense of the formu-
lated problem smoothed by a logarithm normal distri-
bution.

The ordinate axis measurement units for differen-

tial curves of the droplets sizes distributions should be

o
expressed in

in [1, 5]. Apparently there is a mis-
pm

printing in the books.

Testing the hypothesis of the logarithm normal
distribution with the parameters of pu=1n12,661 and
6 =0,5765 by the Pearson criterion y” allows to accept
the hypothesis. Chi-square goodness-of-fit test gives
values of % = 10,24, and at r = 15 we get probabilities:
p=0.8atthe y*=10,31 and p= 0,9 at the x* = 8,55.

Concerning following researches the quality of
the fuel spray, which depends upon fuel oil or coal-
water slurry characteristics, injectors tips, injectors
apertures, pressures, temperatures, viscosities, and
other reologic characteristics, as well as the technical

VJIK 621.436

state versus economical factors, will exert an influence
upon a decision making person subjective preferences.
There is a tool for such researches in the view of (10-
15), that is a kind of a variation problem which in-
cludes the subjective entropy of the subjective prefer-
ences.
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BJIMAHUE TEMIIEPATYPbI CTEHOK KAMEPBI CTOPAHUS HA
HUCITAPEHUE U BBI'OPAHUE TOIIVIMBA B ®OPCUPOBAHHBIX JU3EJIAX

AHamm3 pazButusi (HOPCHUPOBAHHBIX IH3eNeil mo-
Ka3bIBACT, YTO 3HAYUTCIIbHOC MMOBBIIICHUE TCMIIEPpATYP
TIOPIIHSI TIPUBOJUT K HEOOXOIMMOCTH HCIIOIb30BAHMS
UX TEIUIOBOW 3allUThl M3 YCIOBUH oOecreyeHus: Ha-
JIeKHOCTH M JOJTOBEYHOCTH. JIJIs1 TEIUIOBOM 3aIlUTHI
orHeBoit nmosepxHoctu kamepsl cropanusi (KC) oObrd-
HO NPUMEHSIOTCS BCTaBKU U3 TEPMOCTOMKUX CTaJei,
COCTaBHBIE MOPIIHU ¢ HaKJIaakamu u ap. Hanpumep, B
KOHCTPYKIIMU BBICOKO(OpcHpoBaHHOTO am3ens [1]

yeThIpexTakTHOro ausens 1o 820 K, nByxTakTHOTO 10
1220 K [1] . B pa3pabarbiBaeMbIX JBUTaTeNsAX IS
MIPUMEHEHHS aTbTCPHATUBHBIX IHU3EIbHBIX TOIJIMB, B
YaCTHOCTH PACTHTENBHBIX Macesl, OMOTOIUINB BEICOKHE
temnepaTypsl creHok KC oka3piBaroTcss HEOOXOIUMBI-
MU Ui OpraHM3alliM KayecTBEHHOro paboyero
mporecca [2].

Opnnako, oOecriedeHHe BBICOKMX IOKa3arenei
pabouero mporecca IpH TEIUIOU3OJSAIMOHHON 3aIlUTe
TIOPIIHSI CBS3aHO C PEIICHHEM IIEJNOro psijia MpoOJIeM.
Ha xadenpe JIBC HTY «XIIM» Obutm mpoBenEHBI
KOMIUIEKCHBIe ncnbitanus auzens 44YH12/14 ¢ cepwmii-
HBIMH U C TEIUIOM30JIMPOBAHHBIMH 3JIEMEHTaMHU pado-

TeMIeparypa MOHOMETAJINYECKOTO MOPIIHS
orpannyeHa 620K. IlpumeHeHme  KapOCTOMKIX
HaKJIQJIOK Ha TOPLIHAX  II03BOJSIET  IOBBICHTH
JOIyCKaeMyto TeMIIepaTypy  CTEHOK KC
40
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