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Summary. A large number of articles have been devoted to the problem of calculation of main parameters
for single-tier tuyeres. Various methods and equations on the matter have been proposed in the papers. However,
they do not provide the necessary information which of these methods allows the obtaining of the main design
parameters of single-tier tuyere, which will correspond to the existing standard structures, i.e. will be adapted to
modern working conditions of national iron-and-steel enterprises of Ukraine. The creation of above-mentioned
methods of calculation is an important question, as it will contribute to the development of more advanced single-
tier tuyeres. Five methods have been developed for calculation of the main design parameters of single-tier tuyeres.
Appropriate analytical and computational research was conducted using these five methods.

It was found that the approximate comparison results of the modern main design parameters of single-
tier tuyere on the converters of National iron-and-steel enterprises of Ukraine can be obtained by methods one
and four. However, the method four requires some additional graphs which can complicate the development of
the calculation program for this method.
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method.
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Problem statement. At present the share of steel obtained in the oxygen steel-making
converters in Ukraine is over fifty percent from total amount. LD-process of the converter bath
has been the most widely spread one in oxygen-converter plants of national iron-and-steel
enterprises of Ukraine [1-18]. The process mostly involves using the single-tier tuyeres aimed
at efficient melt blowing and quality metal semi-product obtaining.

We must admit that the problem of calculation of single-tier tuyeres design parameters
has been described in a great number of papers among which the most important are [1-15].
Various techniques and relevant equations have been proposed there. Nevertheless, there is no
information concerning the choice of methods enabling to obtain main design parameters of the
single-tier tuyeres that will correspond to the current standard structures, i.e. they will be
adapted to modern working conditions of national iron-and-steel enterprises of Ukraine. The
development of such methods is quite an urgent problem as it will facilitate the creation of
perfect design of overhead tuyeres. The problem of their introduction is also caused by difficult
opeartional conditions being observed nowadays in oxygen-converter plants of national iron-
and-steel enterprises of Ukraine.

Analysis of the latest research and publications. The papers [1-15] can be divided
into three groups according to the approach dealing with tuyeres parameters calculation. The
characteristics of blowing mode are mostly the output data in the approach to the calculation of
the first group [6, 13, 14]. Due to this only the parameters concerning the geometrical
dimensions of nozzles of a single-tier tuyere tip can be calculated in this case. The papers [4, 5,
12, 15] characterize the approach to the second group. In this case apart from the blowing mode
characteristics the design parameters of converter plant and its charge are taken into account
both as output data and for the equations of the tuyere parameters. All necessary basic design
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parameters of a conventional tuyere can be determined by these methods. The papers [1-3, 7—
11] deal with the approach of the third group. According to these papers the main design
parameters are determined using mostly output data that is similar to the approach of the second
group. But the papers from the third group expect the use of equations allowing the diameter
and depth of interaction reaction zones, core length of oxygen jets and a number of other
characteristics to be calculated. It is very important regarding the oxygen jets and the bath
surface interaction. Moreover, the equations to determine the initial and operation height of a
single-tier tuyere location above the metal melt bath at rest have been proposed in these papers.
All this study together with basic design parameters allows having an idea concerning the
overhead tuyere operational lifetime and blowing efficiency. Thus, the papers referring to the
third group of approaches have enabled us to describe the interconnection between the
characteristics of the blowing mode, parameters of converter plants and development of macro
physical phenomena which are observed during the blowing. This complex approach may
enable to obtain the necessary main design parameters of a single-tier tuyere. Due to this
approach the efficient mode of converter bath blowing will be provided preventing a number
of errors while in operation.

It should be emphasized that despite the presented separation most of the methods under
discussion have enabled to determine the same basic design parameters of single-tier tuyeres.
According to the fig. 1: n, —the number of Laval nozzles, pcs; « — Laval nozzles angle of

inclination to the tuyere vertical axis,°; ¢ — approach angle between axes of neighboring Laval
nozzles,s d,, —enter, d, —critical and d,, —exit diameter of Laval nozzle, m;
I, —subcritical (confuser) and 1, — supercritical (diffuser) length of Laval nozzle, m.

------------------ 4-X‘—-—--%;§—;—-—

RO,

Figure 1. Schematic representation of the main design parameters of single-tier tuyere

Paper purpose. To determine which of the methods under discussion in the paper will
enable us to obtain the main design parameters of the single-tier tuyeres that will correspond to
the current standard structures, i.e. they will be adapted to modern working conditions of
national iron-and-steel enterprises of Ukraine.

Problem setting. To achieve the goal set we should consider and develop some methods
based on the papers [1-14]. We will adjust certain calculations of the main design parameters
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of the single-tier tuyeres to the operational conditions of 160 oxygen converters at PJSC
«ArselorMittal Kryvyi Rihy, PJISC «<AMKR» and 250 at PJSC «Dniprovskyi iron-and-steel
works», PISC «DMK» as they are the leading iron-and-steel enterprises of cyclical turnaround
in Dnipro region.

According to [1-14], the obtained results of calculations must be compared with the
characteristics of the main design parameters of current standard tuyeres on these enterprises
which are given in [16].

Main material. A great number of scientific articles discussing the problem of
calculation of single-tier tuyeres has been found and analyzed. It was proved that the most
efficient of them regarding to the current operational conditions of national oxygen-converter
plants of iron-and-steel enterprises of Ukraine are those which can be determined by the papers
[1-14]. Further study of the papers [1-14] has enabled us to formulate five methods of
calculation of the main design parameters of the single-tier (conventional) tuyeres. Each of the
techniques has specific characteristic features concerning the calculation algorithm and
corresponds to the requirements of the goal and problems specified in the paper. Moreover, we
should admit that the developed techniques have covered all three groups of approaches to the
calculation of the main design parameters of the single-tier tuyeres.

Having compared the above-mentioned five methods developed by the papers [1-14],
it was found that they mostly have had the common output data but some of them require the

following additional ones: [2] V,© —specific volume of the converter, m®/t; P, — initial pressure

ahead of the Laval nozzles, MPa; T, — 0xygen temperature against the nozzles, K; [4] Q22 —

zag
specific intensity of blowing, m®/t-min; P, — Laval nozzle exit pressure, MPa; [5] Py —0as

rob
f, max

pressure in workshop pipeline, MPa; h — maximum working height of a tuyere at blowing,

m; [6], [12] m,, — 0xygen mass consumption per time unit, kg/s; D,, — cross section diameter

of oxygen supply pipe, m.

Regarding the calculation procedure the methods under consideration have the
following specific features. The first developed method according to the papers [1, 3, 7-11]
makes possible not only to determine the main design parameters of the single-tier tuyeres but
to prove the operational capability of the tuyere of such parameters use in the converter working
space. The developed technique consists of 37 equations. It should be admitted, that the above-
mentioned calculation technique can provide the designing of shortened Laval nozzles. In this
case their geometrical dimensions can be determined by taking into account changes in pressure
and gas consumption on entering the nozzle. It allows the Laval nozzle operation in calculation
mode under maximum low pressure and gas consumption conditions with little deviation from
standard indices. Due to this fact the efficient mode of converter bath blowing has been
provided avoiding the tuyere tip erosion caused by the nozzle exit parts removal in contrast to
the nozzles which are usually calculated for the exact values of pressure and gas consumption.

According to the second method described in the papers [2, 13, 14] 28 equations are
required to make calculations to determine the main design parameters of a single-tier
(standard) tuyere. Unlike the previous calculation, it allows, first of all, determine the most
efficient number of nozzles under specific technological conditions. Depending on the chosen
number of nozzles further determination of other main design parameters of the tuyere is taking
place.

The third method is based on the paper [4], where 23 equations are required to calculate
the main design parameters of a single-tier tuyere. Unlike the previous methods, it does not
allow to find the approach angle between the Laval nozzles axes, to take into account the
difference in blowing intensity and pressure in front of the nozzles in the tuyere tip. It must be
necessary for the certain production process conditions.
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The fourth method has been developed on the basis of paper [5], previously proposed
by the Iron and Steel institute. According to the method, the number of nozzles must be
determined due to the minimal or maximum blowing consumption specified for the production
needs. Other parameters of the tuyere can be found by the chosen number of nozzles from 18
equations and special developed graphs. The calculation performed by [5] is the only one which
has been studied in the paper allowing main design parameters of the single-tier (standard)
tuyere to be determined due to graphs and equations. In this case the determination of values of
main design parameters of the tuyere is based on the interrelation of certain characteristics. By
this method the calculation of shortened nozzles of a tuyere is possible. Method [5] does not
allow the approach angle between the nozzles axes to be found. Nevertheless, it determines the
diameter of circumference where the axes of nozzles exit cross sections are located.

The last, fifth, method [6, 12] allows the calculation to be made only by 15 equations
without any additional graphs. Due to this fact most of main design parameters of the single-
tier (standard) tuyere can be found as quickly as possible. Unfortunately, the method does not
allow the angle of inclination of Laval nozzles to the tuyere vertical axis and the approach angle
to be found. Other main design parameters are determined according to the type of calculation
of Laval nozzle.

According to the five methods under consideration developed on the basis of the
material of papers [1-15], the tables 1-5 have been compiled. The equations to calculate the
specified in the paper main design parameters of the single-tier tuyere have been given in the
tables. Table 1 represents the equations for calculating the number of Laval nozzles in a single-
tier tuyere according to [1-15].

Table 1

Equations for calculating the number of Laval nozzles in a single-tier tuyere

Ne Equations Symbols and units of measurement References
| I i v
_ 02 \147  pr2
1] n™= O,35~(Qzag)k—l70 n, —number of Laval nozzles, pcs. (2, [12]
V)"
02 V117 3
2 =1, (Qzag;—” Ho— converter bath depth at rest, m. [2]. [12]
Hy;™ -100
InHy+0,163
3 o G, — converter nominal volume, t. 3
n, =(G, -Qzaé Ve 0428 n [3]
09 H , — height of converter notional free volume, m;
_ qosn 0
4 n = 2,34 q.2 — oxygen consumption per group of Laval nozzles, (1], [7]
(H,/085) osn -
m3/min.
5 - qfazg qzoag — blowing total intensity, m3/min; 2], [12],
| =
e g, 2 — intensity per nozzle, m¥/min. [13]
InH,+0,163
o G, — nominal volume (capacity) of converter, t.
° 1 n=G, Q@ n (capacity) (3
q22 0y \dop .
7 = zag (9,2 )™ — allowable oxygen consumption per Laval [4]
(g2 )% nozzle, m¥min.
02 o : .
8 () = Qg ,2 - theoretical oxygen consumption through the 5]
o q7? Laval nozzle, m3min.
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(to be continued)

| I i v
( 02 _ 492 0y - . .
9 n — Gza — Yo Ogeq — blowing intensity on additional group of nozzles, [9]
" (H,1085)% me/min.
max_ Kis ‘(ch;f; -Gy) kis=150-10"* — proportionality coefficient;
10 n=——m—— ° . [14]
Hé'“ u = 0,67 — degree index.
Q2 .G L -
mex_ | <9 n kis = 9,0-10° — proportionality coefficient, from the
11 N7 =Ky . . [14]
( k) Ly experimental data.
0
O2 \LA7 _ fr25 K o -
12| n, =023 (Qzzg ) m— 0 V, - specific volume of converter, m/t; [15]
(V') Qgg — specific intensity of blowing, m3/t-min.

The efficiency of single-tier tuyeres use [1-15] is also greatly influenced by the angle
of inclination of Laval nozzles « to the conditional vertical axis of blowing plant. The angle
of inclination of Laval nozzles to the vertical axis of the single-tier tuyere can be determined
by different equations as well. These equations are given according to the table 2 compiled by
the papers [114].

Table 2

Equations for calculating angle of inclination of Laval nozzles to the vertical axis of the single-tier tuyere

Ne Equations Symbols and units of measurement References

| I I v

o — angle of inclination of nozzles, °.

1 | a=arcsin (sing/2)/(sin180/n;) | ¢ — approach angle between the nozzles [[17]]’ [[3;)]]'
axes, °. '

D L,, —depth of oxygen jet penetration into
2 | a >arctg —— metal, m; [2]
4-(hy + L, )-sin180/n, h — height of a tuyere location at blowing, m.

3 a=3-n, n, — number of nozzles in a tip, pcs. [4]
4 a = arctg . D,, D,, —-reaction zone diameter,- m; [13]
4-sing /2-(h+L,,) h — height of a tuyere at blowing, m.

It must be emphasized, that the blowing mode is greatly influenced by the angle «
value. Moreover, « influences the configuration and pattern of reaction zones formation while
oxygen jets are interacting with the melt surface in the converter bath. At its low value the
reaction zones can run into single combined zone of interaction. In case of its high value they
are divided into separate zones and form some local sites of jets interaction with the melt surface
in the oxygen converter bath. Apart from angle « the pattern of reaction zones of interaction
formation, their configuration is greatly influenced by the approach angle ¢ . To determine the

approach angle ¢ between the adjacent nozzles axes in the blowing unit the equations given in
the table 3 have been proposed.
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Table 3
Equations for calculating the approach angle between the adjacent nozzles axes in the blowing unit of the single-
tier tuyere
Ne Equations Symbols and units of measurement References
I I i v
d, — minimal distance between the nozzles axes
I max _ 4 of internal contour, m;
—_9. rz v
1 ¢ =2-arclg 2-(h'® +1) h.,, — tuyere working height, m; [11. 171
D, ™ _ maximum diameter of initial zone, m.
—approach angle between the nozzles axes, °; «
180 o hangleb h I
2 p=2- arcsin(sin a- Sin—J —angle of inclination of nozzles in a tip,°; [2], [12]
n n, —number of nozzles in a tuyere tip, pcs.
s D,, — diameter of initial zone, m;
3 @ = 2-arctg | | [12]
2-(hy +L;;) L,, — depth of initial zone of interaction, m.
12" _ Jength of initial speed core, m;
D« — maximum diameter of jet part of reaction
4 D zone, m; (3]
@ =2-arctg e o ) )
2-(12°"+05-Ly, ) | Lnin — minimal length of jet part of reaction
zone, m.
I min _ g D, ™ _ diameter of initial reaction zone, m;
—_9. rz v
> ¢ =2-arctg 2.(hr0b +1) | — length of jet of initial reaction zone, where the 0]
f last one approaches the maximum diameter, m.

The basic geometrical design parameters of Laval nozzles at the tip of single-tier tuyere
have been proposed to determine from the equations give in in the tables 4 and 5. Laval nozzles
must provide the continuous flow of gas jets and steady run of blowing. We should also take
into consideration the balance of basic geometrical indices of nozzlesd,,, d,4, di, I,, 1, @S

it must guarantee the efficient throughput capacity to supply cooling water in the single-tier
(standard) tuyere tip. It is greatly influenced by the nozzles size and their number. It should be
emphasized that the length of subcritical 1, (diffusor) and supercritical parts of Laval nozzle 1,

(confusor) depend on the diametersd,,, , d,, , which are the basic parameters in most equations
for their calculations according to table 5.

Table 4

Equations for calculating the diameters of the main cross sections of the Laval nozzle at the tip of single-tier

tuyere
Ne Equations Symbols and units of measurement References
| | I v
2 \2 P — OXygen density in critical cross section,
_ Prr * Wyr 3.
dy =dy 3| 1-——7-| kg/m3;
1 Pun - Wan w,, — velocity in critical cross section, m/s; [2]
dy, =1,26-dy.; IS'fOCh — core length of initial velocity, m;
d,., =a-12"/034 a — coefficient of jet turbulent structure, a = 0,08.
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(to be continued)

[ I i I\
dy =2/ f Jr;d,y =2 /fvhd /z: | fw — area of nozzle critical cross section, m?;
: . ).
2 dy =d, +2-1,-cOS /2 — f,g — area of nozzle exit cross section, m?; [3].[11],
- — B — expansion angle of the supercritical part of [15]
—ry\3+4-singl2-4-sin? /2 nozzle. ©
m, - ti it of
d. 2(4‘ o /n)o,s; Mo, oXygen mass consumption per unit o
3 ( )015 time, kg/s; [4]
Ay =4 Mo, /7 pyy - Wy W, — velocity in the tuyere pipe 50...100 ms.
& —nozzle expansion degree;
4 Gypa = ‘/; i d ., —diameter of nozzle critical cross section, m. [6]
02 o - . .
d, -1118 G . 0, 2 —blowing intensity per nozzle m¥/min; PL"
5 PR — full initial pressure, MPa; [5]
dy, =(11+13)-d, d,, — diameter of Laval nozzle entry (inlet), m.

Table 5

of single-tier tuyere

Equations for calculating the length of the subcritical and supercritical parts of the Laval nozzle at the tip

Ne Equations Symbols and units of measurement References
| 1 11| v
|- (thd iy )/2 g g2 I, — length of the subcriti_cz_all part of nozzle, m; (281, [11]
1 | —05.4 I, — length of the supercritical part of nozzle, m; [1‘5] '
d Tk d,.s — diameter of the nozzle exit cross section, m.
- (d,, —d,) d,, — diameter of nozzle entry (inlet), m;
2 d ) ,tg'[’;d P4 — expansion angle of the subcritical part of nozzle [4]
2 P4 from 20 to 30°.
3 Iy =(05+10)-d,, d,, —diameter of the nozzle critical cross section, m; [5]
A = \/f_¥ _ \/f_kf r,, — Laval nozzle radius in critical cross section; [6]
\/; -tg /2)) S — expansion angle of the supercritical part of nozzle °.

Due to the great number of equations according to [1-14] given in tables (1-5) which
can be used for the calculation of the same main design parameters of the single-tier (standard)
tuyere one should find out which of them are necessary for the tuyere standard design
calculations. It means which of them are adapted to the current operational conditions of
oxygen-converter plants of national iron-and-steel enterprises of Ukraine.

For that purpose the calculations for the operating condition of oxygen converters of
PJSC «ArselorMittal Kryvyi Rihy», PISC «KAMKR» and PJSC «Dniprovskyi iron-and-steel
works», PJSC «DMK» have been made by five selected and formed methods using the
equations from the tables 1-5. We must admit that PJSC «<AMKR» and PJSC «DMK)» are the
leading iron-and-steel enterprises of cyclical turnaround in Dnipro region.

Analysis of calculations results. According to the results of calculations made for the
operating condition of 160 converters at PJSC «ArselorMittal Kryvyi Rih» and 250 at
PJSC «Dniprovskyi iron-and-steel worksy five options of main design parameters of the single-
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tier (standard) tuyeres have been obtained for each enterprise. Five methods have been used on
the basis of papers [1-14] keeping to the same output data in each type of calculation. They
have been compared with parameters of conventional standard design of the tuyere of PJSC
«AMKR» and of PJSC «DMK>» and the results are given in tables 6 and 7.

Table 6

Comparison of calculation results by the developed methods according to works [1-14], with parameters of a
standard design of single-tier tuyere for 160 t converters of PJISC «<AMKR»

Calculation results by the developed PJSC
methods «AMKR»
5%
Basic de5|gr;upir:arr:jit;rsnfiﬁr a single-tier symbols :| -:r—-| = g E‘
y gning ~ o5 = o = =
o — = = = S 5
- o, = 25
? 3
| I i v \% VI VII VI
Number of Laval nozzles, pcs n 4 4 5 5 6 5
Angle of inclination of Laval nozzles, ° o 15 14 15 14 - 20
Approach angle of Laval nozzles, ° 4 20 20 - - - -
Entry (inlet) diameter of a nozzle, m dvh 0,04 | 0,041 | 0,043 | 0,037 | 0,042 0,036
Exit diameter of a nozzle, m dvhd 0,042 | 0,041 | 0,046 | 0,041 | 0,044 0,039
Critical diameter of a nozzle, m o 0,035 | 0,033 | 0,03 | 0,032 | 0,035 0,032
Subcritical length of a nozzle, m lg 0,018 | 0,017 | 0,03 | 0,024 | 0,018 0,015
Supercritical length of a nozzle, m I, 0,067 | 0,044 | 0,092 | 0,06 | 0,049 0,064
Table 7

Comparison of calculation results by the developed methods according to works [1-14], with parameters of a
standard design of single-tier tuyere for 250 t converters of PJSC «DMK»»

Calculation results by the developed PJSC
methods «DMK»
59
Basic detsi:agrntliaaer?én::;rs:ﬁ]r a single- symbols ::‘ E‘ = g E‘
yere fesigning T g | E|EBE| =] 22
o - ) T 5
— &, — 25
el T O
» g
| I 1l v \ VI VII VI
Number of Laval nozzles, pc n 5 6 10 5 9 5
Angle of inclination of Laval nozzles, © a 20 19 30 18 - 17
Approach angle of Laval nozzles, © @ 23 18 - - - -
Entry (inlet) diameter of a nozzle, m dvn 0,048 0,45 04 | 0,047 | 0,42 0,046
Exit diameter of a nozzle, m dvhd 0,057 | 0,046 | 0,048 | 0,062 | 0,43 0,060
Critical diameter of a nozzle, m dr 0,041 | 0,036 | 0,028 | 0,042 | 0,34 0,041
Subcritical length of a nozzle, m ly 0,0205 | 0,018 | 0,018 | 0,031 | 0,022 0,014
Supercritical length of a nozzle, m I, 0,069 | 0,057 | 0,046 | 0,121 | 0,052 | 0,0715
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Tables 6-7 prove that most of calculations made on the basis of material in the papers

[1-14] allow the approximate values of the main design parameters to be obtained in case of
standard single-tier tuyere. First of all, it is made for the tuyere design in 160 converters at
PJSC «<AMKR». In case of 250 converters at PJISC «DMK», the most suitable results have been
obtained by method one [1, 3, 7-11] and four [5].
Moreover, we should admit that according to all calculations made and given in tables 67 for
the operating conditions of PJISC «kKAMKR» and PJSC «DMK)» the obtained values of angle of
inclination of Laval nozzles to the vertical axis of the single-tier tuyere » do not correspond to
the standard design parameters. In case of PJISC «KAMKR» calculation values « range from 14
to 15°, but for the standard design is 20°. For the operating conditions of PJISC «DMK»
calculation values range from 18 to 30° unlike the standard tuyere where it equals to 17° We
can assume that these are the values of Laval nozzles angles of inclination & of standard design.
They have been chosen due to certain technological and design consideration by the developers
of these options of the tuyere design for PJISC «<AMKR» and PJSC «DMK».

From five developed methods on the basis of papers [1-14] the most approximate results
by most calculated main design parameters for the operating conditions of PJISC «<KAMKR» and
PJSC «DMK)» have been obtained by the first [1, 3, 7-11] and fourth [5] methods.

Nevertheless, in case of method 4 [5], whilst calculating the operating conditions for
PJSC «DMK>» a considerable deviation of values in Laval nozzles length is being observed. It
can be explained by the fact that the nozzles on the current design PJSC «DMK)» are purposely
made as shortened ones [16] to be adapted to pressure range from Pmin t0 Pmax and gas

consumption from q,,;, t0 g, at the entry to subcritical section of Laval nozzle so that to

provide the efficient mode of blowing of the converter bath and avoid the tuyer tip erosion
under unstable operating conditions of oxygen-converter plant. This is very important for the
current operating conditions of national iron-and-steel enterprises of Ukraine. We must
emphasize that while making calculations for PISC «<AMKR» and PJSC «DMK> whose results
are given in tables 6-7 according to method 4 [5] we did not take into consideration the
possibility of the tuyere with shortened Laval nozzles development. Though their calculation is
possible if necessary similar to the method developed according to [1, 3, 7-11].

The calculations made by the method 1 developed on the basis [1, 3, 7-11] had to
determine the main design parameters of a standard single-tier tuyere by the algorithm of
37 equations. In case of method 4 [5], the calculations were made by the algorithm of 18
equations. Thus, method 4 has cut down the time consumption considerably and enabled quite
approximate results to be obtained by [5] for the standard design of single-tier tuyeres both on
PJSC «AMKR» and PJSC «DMKy. Nevertheless, the thing is that unlike the method 1 [1, 3,
7-11], it is impossible to determine the approach angle between the neighboring axes of the
tuyere nozzles by method 4 [5]. In case of [5] a number of important parameters can be obtained
only by graphs construction. Without relevant graphs any further calculations are impossible
and this makes some difficulties in the calculation program development.

Conclusions. Thus, we have come into conclusion that nowadays there is no idea what
kind of method is the most efficient one to determine the main design parameters of the
conventional single-tier (standard) tuyeres, i.e. the tuyeres which will meet the requirements of
the current standard design adapted to modern conditions of national iron-and-steel enterprises
of Ukraine.

Necessary analytical study has been conducted on the number of papers concerning the
matter under discussion. Five methods aimed at determination of the main design parameters
of the single-tier tuyeres have been developed. These methods have specific characteristic
features in calculations algorithm and meet the requirements of the set purpose and problems.
We should also emphasize that these methods cover all three groups of approaches to the
calculation of the main design parameters of the single-tier tuyeres.
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The appropriate analytical-calculation study has been conducted on the basis of the
developed five methods. As a result, five options of the main design parameters of the single-
tier tuyeres for the operating condition of 160 converters at PJSC «ArselorMittal Kryvyi Rih»
and 250 at PJSC «Dniprovskyi iron-and-steel works» have been obtained. The calculation
results have been compared with the parameters of standard design of conventional single-tier
tuyeres. It has made possible to find out that the most suitable results to the current operating
conditions of national iron-and-steel enterprises of Ukraine can be obtained due to the methods
1 and 4. Method 1 expects the calculation algorithm consisting of 37 equations to be used and
allows the main design parameters of the single-tier tuyeres to be obtained. Moreover, it enables
to calculate the shortened Laval nozzles. Unlike previous method, method 4 makes calculations
using 18 equations. In this case time consumption is less though we need to construct some
additional graphs. Besides, method 4 does not allow the approach angle between the tuyere
nozzles axes to be calculated. Thus, the necessity of some extra graphs construction by method
4 may complicate the development of appropriate calculation program.
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YK 669.184.244

CHIBCTABJIEHHA METOAUK PO3PAXYHKY OCHOBHUX
KOHCTPYKTUBHUX TAPAMETPIB OJHOAPYCHUX ®YPM

ITaBao FOmkeBnu

Incmumym uopnoi memanypeii imeni 3. 1. Hekpacoea Hayionanonoi akademii
Hayk Ykpainu, /{ninpo, Yxpaina

Peziome. [Tumannio po3spaxynHky KOHCMPYKMUGHUX NAPAMEMPIE 0OHOAPYCHUX PYPM NPUCEAUeHA 8eUKA
KibKicmb pooOim, 8 AKUX 3anpOonoHO8AHO DISHOMAHIMHI MemoOuKu ma pieHAHHA 01 ybo2o. OOHAK 8i0CYMHs
ingopmayia w000 Mmoo, AKI 3 Yux Memooux 00380AI0Mb OMPUMAMU OCHOSHI KOHCMPYKINUGHI napamempu
00HOAPYCHUX PYypM, wo 6yOyme 8ionosioamu OHOYUM UWMAMHUM KOHCMPYKYISIM, A0anmMOBaHUM 00 CYYACHUX
ymoe pobomu Hayionanvhux memanypeitinux nionpuemcms Yxpainu. Hasenicms ceiduens cmocoeHo maxux
Memoouk HeoOXiOHA, mak sk 6yoe cnpusimu po3pooeHHI0 00CKOHANIWUX KOHCMPYKYil eepxHix gypm. [lompedba
BNPOBAOICEHHS 8 HUX NOCMANA Y 36 A3KY 3i CKAAOHUMU YMOBAMU POOOMU, WO CROCMEPI2AlOMbCA HA CbO2OOHT Y
KucHego-KoneepmepHux yexax Hayionanonux memanypaiiinux nionpuemcms Yrpainu.

Tlposedeno ananimuuni docriodncenns 3a paoom pobim 3 yvoeo numants. CQHopmosano n’samv Memooux
01 6U3HAYEHHS OCHOBHUX KOHCMPYKMUBHUX napamempie ooHoapychux @ypm. Koocna 3 memoouk mae neemi
Xapakmepni 8iOMIHHI pucu 8 aneopummi po3paxyHKie ma 8ionosiode 8UM0o2am NOCMABLEHOI Memu i 3a80aHb Y
pobomi. Tpeba maxoxc @i03nauumu, wo chopmosani MemoOuKu OXONIIOMb YCi mpu epynu nioxodié 00
PO3PAXYHKY OCHOBHUX KOHCIMPYKIMUSHUX NAPAMEMPIE OOHOAPYCHUX QYDM.

3a yumu n’amoma mMemooukamu npoeeoeHo GiON0BIOHI AHANIMUYHO-DO3PAXYHKOGI 00CHiOJceHHs. V
pe3yabmami ompumano n’amo eapiayiil OCHOSHUX KOHCMPYKMUBHUX NAPAMEMPIE OOHOAPYCHUX QYPM 015 YMO8
pobomu 160-mu rxoneepmepie I[IAT «AMKP» ma 250-m I[IAT «/[MK». Cniscmaeénenns ix 3 napamempamu
WMAMHUX  KOHCMPYKYIL OHOYUX OOHOSPYCHUX @YPM  00360IUN0 S6CMAHOSUMU, WO HAUOLIbW GIONOGIOHI
pe3yabmamu 00 cyyacuux ymos pobomu Hayionanvnux memanypeiiinux nionpuemcme YKpainu MO#CIUBO
ompumamu 3a MemooOuKoo 00UH ma YoMmupu.

Memooduka ooun nepedbauae arzopumm po3paxyHky 3a 37 pisuannamu. Bona 0o36o01a€ ompumamu yci
OCHOBHI KOHCMPYKMUGHI napamempu 05 0OHOAPYCHOI QYpMU 3 MOUCIUBICIIO POPAXYHKY YKOPOUEHUX CONel
Jlagans. Memoouxa womupu Ha GIOMIHY 8i0 NONEpeoHbOi HAOAE MONCIUBICHb NPOBeCmu pO3PAXYHOK 3a 18
pisHannamu. Lle cymmego cxopouye sumpamy uacy, ane 0N MeMOOUKU YOMUPU HeobXiOHe npogedenHs psaoy
dodamkosux epaghiunux nooyoos. 3a MemoouKow YOMmupu HEMONCIUBO BCMAHOBUMU KV Y NAAHI MIJIC 0CAMU
conen @ypmu. Heobxionicme npogedents 000amrosux epagiunux nooyo0o8 3a uemsepmoin MemoouKorn Moxice
VCKNAOHUmMY PO3POONEHHA PO3PAXYHKOBOI NPOSPaAMU.

Kniouogi cnosa: oonospycna ¢pypma, koneepmep, 8epxHs HpOOYEKA, OCHOBHI KOHCMPYKMUGHI
napamempu Qypmu, Memoouxa po3paxyHxy.
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