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CONSTRUCTION OF THE CHOICE FUNCTION OF THE
PREFERENCE SOLUTIONS FOR THE PELLET BURNER

Annotation.Object modeling — the burner with fuel granules (pellets) for heat-
ing. It was investigated the effect of the five physical parameters on the three
output parameters of the burners. The experimental results are compared with
each other, and with the help of expert estimates it was constructed the com-
plete matrix of the binary choice relation. It was constructed the mathemati-
cal model of the choice function. As arguments — the values of of physical pa-
rameters of the compared pairs solutions, as functions — the value 1 or 0 de-
pending on whether a pair physical parameters is preferable.

Key words: choise function, binary relation, mathematical model, expert
evaluation.

Problems formulation

There are considered tubular gas heater [7]. This heaters design
is burner, pipe for supplying primary air, pipe for supplying fuel and
tubular heater. As fuel could be used different fuels. But the article
deals with using biofuels such as pellets. According to the authors it is
the most promising and needy research.

Burner design characterized by following components: burner
area and effective area for primary air penetration. Heater is certain
pipe diameter. In the interval between tubular part and burner gets sec-
ondary air. Traction creates by ejector at the tubular heater outlet.

Fig. 1 shows principle tubular gas heater pellets burner block dia-
gram and shows main elements.
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Fig. 1 Tubular heater pellets burner principle block diagram

Tubular heaters design parameters are below:

-Burner area, S;

- Useful area for primary air passage, S¢i,;

- Primary air flow, L;;

- Total air flow, Liy;

- Burner power, W.

Also it could be shown criteria by witch being heaters work
evaluation:

-Ash transfer by the time, A;

- Concentration CO at exhaust gases, Cco;

- Concentration NO, at exhaust gases, Cyox-

There are following requirements for parameters that char-
acterize tubular heaters work: for CO it is less than 130 mg/m® and for
NO, — less than 250 mg/m3. Therefore such tags as CO and NO, are
shown at tubular heater schematically block diagram. Also such parame-
ter as ash is typical because of strengthened primary air supply creates
unintended carring out ash from the burner. It leads to tube clogging,
which degrades heat transfer and reduces tube efficiencytime.
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Thus, to the input parameters that characterized tubular heaters

working include following: burner characteristic size, pellets using,
primary and total air flow. To output parameters include following: ash
transfer by the time burner works and CO and NO, concentrations in
exhaust gases.

There are conducted research and decided to build choise function
mathematical model for this heaters. For this experimental data were
transformed tubular heater in pair comparison matrix type work.

Recently research analysis

Tubular heaters have been widely used in late twentieth century.
They used mostly for industrial facilities autonomous heating sys-
tems [9] such as greenhouses [3], workshops. Using these heaters in
residential and public buildings is not allowed [1].

There are various heaters construction schemes including air
heating systems [8], systems with recirculation, etc.

One of the perspective directions is tubular heater using in build-
ing construction [11].

There are various approaches for tubular heaters modeling [2, 4,
10, 14]. But these article problems substantially differ from current.

Article aims

Authors set goal to build full choise function [5, 12]. For accom-
plishing this aim was built pair comparison table by experimental
points. Each of these points represents experimental mode for witch
were made relevant measurements.

Main material

As researches result were obtained experimental data table. It
present in table 1.
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Tablel
Experimental data converted into dimensionless kind and in relative
form from O to 1

max=130 | max=250

Ne| S |Smep Lgar L, A\ 3 Cco Crox
10,5 0,572]| 0,7155 | 0,440252|0,335|0,175| 0,012 0,964
21| 0,5 0,572 0,6795 | 0,430464 | 0,313 0,240 | 0,153 0,681
31]0,5 0,572 0,6795 0,397 |0,547(0,231| 0,001 0,852
4 1 [0,643| 0,792 0,738 0,18 | 0,018 | 0,102 0,845
5 1 ]0,643| 0,8145 0,828 0,32 10,039, 0,016 0,674
6 1 ]0,643| 0,855 0,736 |0,355|0,458| 0,003 0,757
7 1 0,643 | 0,7785 0,924 0,828 0,233 - -
8| 0,5 0,254 | 0,8865 0,38 0,26 | 0,024 - -
9 | 0,5 0,245 | 0,7425 0,484 0,32 | 0,018 - -
10| 0,5 | 0,254 | 0,7515 0,509 0,36 | 0,010 - -
11| 1 |0,287| 0,819 0,769 0,3 |0,083 - -
12| 1 10,287| 0,774 0,872 0,6 |0,278 - -
13| 1 |0,287| 0,742 0,787 0,94 | 0,202 - -
14| 0,5 | 0,572 | 0,723 0,218 0,18 - 0,051 0,431
15| 0,5 | 0,572 | 0,671 0,134 0,2 - 0,016 0,753
16 | 0,25 | 0,084 | 0,25125| 0,134 |0,064|0,298| 0,063 0,293
170,250,084 0,21 0,244 0,09 | 0,583 0,066 0,441
180,25 | 0,084 | 0,20625 0,26 0,18 10,833 | 0,164 0,359
190,250,084 | 0,188 0,337 0,18 /10,583 | 0,178 0,411
20|0,25 0,084 | 0,268 0,102 (0,047 |0,133| 0,032 0,48
21|0,25|0,084|0,25125| 0,139 |0,113 0,408 0,03 0,635
220,250,084 | 0,245 0,153 0,1 |0,417| 0,023 0,691

DO
w

0,250,084 | 0,2275 0,214 {0,128 0,300| 0,018 0,697

[\V]
>

0,250,084 | 0,2225 0,14 0,053 0,150 | 0,018 0,661

DO
ot

0,250,084 | 0,208 0,167 |0,045|0,058| 0,049 0,526

Thefollowingtable 1 belowshowspaircomparisons. If the point that
compared better comparison point than we get 1. Vice versa we get O.
This method (matrix task) is the best for such problem [6].
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Table2

Experimental modes comparison (Column mode compared to line regime,

if its better than 1, on the contrary — 0)

10 |11 (12 |13 |14 |15

9

8

0
0
0
0

0
0
0
0

10
11
12

13
14
15

16
17
18
19
20
21

22

23
24
25
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Continuance of the table2

Experimental modes comparison (Column mode compared to line regime,
if its better than 1, on the contrary — 0)

Z
[y
(=]
[y
N|

18 19 20 21 22 23

Do
TN
[\
ot

[\
[\V]

[\)
VM)

Do
TS

1 1 0 0 0 1 1 1 1 1 1
2 1 1 0 0 1 1 1 1 1 1
3 0 0 0 0 0 0 0 0 0 0
4 1 1 1 1 1 1 1 1 1 1
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 1
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 1 1 1 1 1 1
15 0 0 0 0 0 0 0 0 0 0
16 1 0 0 0 1 1 1 1 1 1
17 1 1 0 0 1 1 1 1 1 1
18 1 1 1 0 1 1 1 1 1 1
19 1 1 1 1 1 1 1 1 1 1
20 0 0 0 0 1 0 1 1 1 0
21 0 0 0 0 1 1 1 1 1 0

0 0 0 0 0 0 1 1 1 0

0 0 0 0 0 0 0 1 0 1

0 0 0 0 0 0 0 1 1 0

0 0 0 0 0 0 0 1 1 1

[\
ot

Formally choise function [13] can be written in following form:
C.(X)={xe X/Vye X, xRy} (1)
where:
C.(X) - choise function;
x — single presentation;
X — incoming presents amount;
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R — binarychoise relation.

Table 1 at fact is matrix setting choise function R but only on
conducted experimental set.

It is interest to expand choise function (extrapolation) on investi-
gation area. It is applicable different approaches. In this article pro-
posed for specify choise used indicator choise function form as:
® 0L 2Dy

Z(A), 0y eees Qg X5 X5 50

2 ,.2) ( )

Y(x, x®) = int( 5
Z(A;, Qg5 eees Oy 5 X173 X 5eney X5 ) 2)

Y €{0,1}

zIe:

xl(l),xz(l),...,x5(1) — parametersvalues at the point 1;

xl(z),xz(g),...,x5(2) — parametersvalues at the point2;
ai,as,...,4;1 — choise function parameters.

ThusifY=1 than valuexMpreferable thanx®.

ThusifY=0 than valuex(z)preferable thanx®.

Recovery choise indicator function (2) task formulated as follows.
It is necessary to find unknown parameters a;,as,...,a;; meaning such
that the indicator choise function value at experimental data (table 1)
points best correspond to comparison table 2.

Specific depending form (2) may be different. There are studied
as linear and nonlinear dependings. For example for construction de-

pendence:

1 ®n .1 My — 1 1 1 1,1 1,1
2, gy ees Qg X175 Xy 5eeey X)) = A H A X + A X, +0,X 5 +A,X,X 5 +0gX X

and:
@) .2

Z2(Ayy Agsenr @y, 2, 62000, xP) = ag + a, 0% + agx?, + agx’, + ax’ X0+ a, X0 x
As values deviation minimizing results for indicator function (2)
from table 2 comparison matrix meanings obtained parameters that pre-
sented at table 3:
Table 3
Choise function models parameters

Ne a; ap as ay as ag ag ag ag ajg ap

Koef | -28.27 | -3.46 | 20.65 | -5.07 | 2.07 | 0.56 | -0.37 | 42.93 | 15.83 | -0.15 | -15.87

Thus choise function identification achieved percent is 78%.
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Conclusions

There are choice function’s construction’s sequence are sets.

There are posed point comparison results that characterized tubular gas

heater’s condition with expert’s evaluation using. Also posed output

functions comparisons by which can be characterize improving tubular

gas heater’s performance or vise versa.
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