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RESEARCH ON RELATION OF HEAT AND OTHER FACTORS THAT
INFLUENCE THE GAS SUSPENSION FLOW IN THE GUNITE LANCE
OF THE 160T CONVERTER

The position of a blast tube for supply of gas-powdered mixture and oxygen in the lance
with different levels of the outflow. Using such constructive solution gas suspension is
heated from the wall of the lance’s body by means of convective heat flow, delivered by
the wall to the carrier gas. there is no danger in its heat-up through the separating wall
of the line because the temperature t,, of the wall of the lance’s body, but increasing of the
temperature O, is recommended. In order not to let the line of the oxygen blast tube in the
moment of the 90° turn of the gas-powdered flow wear out. The results of numerical cal-
culations of the equilibrium two-phase flow in the gunite lance with the extraction of the
gunite mass at different levels along its length are shown that with such a constructive so-
lution pressure, velocity and density change in leaps and bounds. Also shown that if the
body becomes heat exchanger, the energy potential of the gas-dispersed flow significantly
changes. It is recommended to perform the pipe of the lance stepped in order to reduce
the loss of the compressed gas suspension flow.

Keywords gunite lance, energy potential, gas suspension flow.

Xapnawun I1.C., Bonowun B.C., Accuun Moxammeo Kaoxum, Xasanuy FO.B. Hccne-
ooganue COOMHOUWIEHUT MeXHCOy MEniom U Opy2UmMu (akmopamu, eauUAWUMU HA
meuenue z2azoeseecu 6 mopkpem pypme 160-monnozo xonsepmepa. B pabome pac-
CMOMPEH 31eMeHMm 2A300XAaAANCOAeMOl MOPKPem-Qypmul, U3 KOMOPo2o 6UOHO, KAK pac-
NOOJCEHbL CONNA 0151 NOOAYU 2A30NOPOUKOBOL CMeCU U KUCIOpOoOd 6 hypme ¢ paziuy-
HBIMU YPOSHAMU pacxooa. TIpu makom KOHCMPYKMUSBHOM peueHuU 2a30838ech Haspesa-
emcs Om CMeHKU KOopnyca (pypmul 3a cuem KOHBEKMUBHO20 MeNI08020 NOMOKA, nepeoa-
68aeM020 CMEHKOU Hecyujemy 2azy. 3a cuem mepmuyecKo20 COnpOMuUBIeHUs memnepamy-
pa t;; eazoezeecu Oyoem 6ce20a Hudice, Yem memnepamypa t,, CmeHKu Kopnyca gypmul,
HO nogvlwenue memnepamyput O, odceramenvro. Ymobduvl He donycmums UsHOC mpyoKu
KUCTIOPOOHO20 CONNA 8 MOMEHmM NOBOPOMA 2A30N0pOuK06020 nomoxa Ha 90°, ciedyem
npedycmompems YCMAaHOBKy Kepamuieckux 6cmagok. [Ipedcmasienvl pe3yibmamol quc-
JIEHHBIX pacyemos 08yX(hazHo2o0 pasHO8eCcHO20 meueHus 8 MmopKpem-pypme ¢ 6b16000M
yacmu MopKpem- MAccvl HA Pa3Hblx YPosHAX no ee onune. Tloxazano, umo npu maxom
KOHCMPYKMUBHOM peueHuU 0agieHue, cKopocmb, NIOMHOCb 2A30836€CU USMEHAIOMCS
ckauxoobpasno. Tloxkazano, umo eciu KOpnyc ¢ypmvl CmaHOBUMCs mMeni00OMeHHUKOM,
Mo 9HepeemuyecKull NOMEHYUAN 2a300UCNEePCHO20 NOMOKA CYWECTNBEHHO 803DACmaen.
Pexomendosano, 0ns ymenvuenus nomepsb ROMEHYUALA CHCAMO20 HOMOKA 2A30836€CH
mpyoy cmeona Qypmul 8bINOIHAMb CHIYHEHYAMOLL.

Knwueswvie cnosa: pypma, snepeemuueckull NHOMeHYUa, meyenue 2a30636ecCu.
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meuito 2azocycnensii y mopkpem-gpypmi 160-m xoneepmepa. B pobomi posenswymo
eleMenm 2a300X0N00ACYEMOU MOPKPem-hypmu, 3 K020 UOHO, SIK POZMAUOBAH CONIA
01 nodauu 2a30Cycnensii ma Kuchio 8 Qypmi 3 pisnumu piguamu eumpam. Ilpu maxomy
KOHCIPYKMUSHOMY DIULEHHI 2A30CYCREH3Is HASPIBAEMbCsL 8i0 CMIHKU KOPNYCY Qypmu 3a
DPAXYHOK KOHBEKMUBHO20 MENI0808Y NOMOKY, WO Nepeddcmvcsa CMIHKOI0 2a3y HOCI0. 3a
PAXYHOK MepMIiuH020 CYNPOMUEY memMnepamypa t;; ea30Ccycnensii 3aacou 6yde Huicue,
Hidic memnepamypa t,, cminku Kopnycy gypmu, oouax niosuwgenus memnepamypu O,
basicane. L]ob ne donycmumu 3HOUWEHHS MPYOKU KUCHEB020 CONAA Y MOMEHM NOBOPOMY
nomoky eazocycnensii na 90°, cnio nepedbauumu YCMAHOBKY KepaMIiYHUX BCMABOK.
Ilpeocmasneni pesyrbmamu YUCIEHHUX PO3PAXYHKIE 080X(DA3HOU PI6HOBANCHOI meuii y
MopKpem-ghypmi 3 6UB00OM HACMUHU MOPKPEm- MACU HA PI3HUX PIGHSIX NO il 006HCUHI.
Toxaszano, wo npu maxomy KOHCMPYKMUBHOMY DilleHHI MUCK, WEUOKICMb, WIiNbHICMb
2azocycnensii sminioromuvcsi cmpubkoobpasno. Ioxkazano, wo axuo Kopnyc ypmu cmae
MENI06UM OOMIHHUKOM, TO eHepeemudHull NOMeHYianl 2a30-OUCnepcHoi meuii 3HAYHO
spocmae. Tomy, wob 3menwumu empamu y meuii 2a30CYCnen3ii, peKomMeHoyemvbcs 3po-
oumu mpyoy @ypmu cmyniH4acmoro.

Knwuoei cnosa: ¢hypma, enepeemuunuti nomenyian, meis 2a30Cycnensii.

Description of the problem. During implementing of the high technology in the metallurgy
must reducing the expenses on energy and resources. Also must to increase lining life in the oxygen
converters during steel production. We used during experimental-industrial analysis of lining slagging,
gas-cooled gas-powder lance. nitrogen is warmed during movement in the stem. It is also proved that
if gas suspension is warmed, it is more efficient to use gas-cooled lance with the body as a heat ex-
changer. in the new technical solution earlier lost warmth can be used for gas suspension warm-up in
the lance and increase of its energy potential during gas-dust flowage in the converter’s void space.
Besides, at present technologies are developed and in accordance with these new technologies before
lining shotcreting junk is put in the empty converter, and coal - on top of it. Coal penetrates into form-
less junk, firing and space burning occurs from the shotcrete flame’s warmth. Usage of part of the ear-
lier lost warmth of the flame for junk warm-up enhances heat balance of the following melting. Alos
there was developed a mathematic model of gas suspension flow in the lance for blow of liquid-alloy
considering velocity non-equilibrium of the phases, besides there were taken into account particle col-
lision with the walls, non-standard heat supply to the flow through channel’s walls, heat-up of the gas
and particles in the lance. It should be noticed that double-speed and dual-temperature model of the
gas suspension flow must be used for coarse powder.

Analysis of the last researches and publications. At trial approbation slag lining used gas-
cooled gas-powder lance, while driving in the trunk of heated nitrogen. If you heat the gas suspension,
it is advisable to use a gas-cooled lance body which acts as a heat exchanger. The relevance of the
technical solution is obvious - previously lost by heat can be used to heat the gas suspension in the
lance and increase its energy potential at the end of the gas-dust flow into the cavity of the converter.
In addition, the technology currently being developed, in which the lining before gunning into an
empty converter scrap poured and poured it on top of the coal. Coal enters into a shapeless mass of
scrap from the heat of the flame sprayed is its ignition and combustion volume. The use of the previ-
ously lost heat torch to heat the scrap improves the thermal balance of the next heat. A mathematical
model of the flow of the gas suspension in the lance for blowing the melt with the velocity nonequilib-
rium phase, which takes into account particle collisions with the walls, unsteady heat supply to flow
through the channel walls, heating gas and particles in the lance. Note that the two-speed and two-
temperature model of the flow of the gas suspension should be used for coarse powder.

The objective of the article. The aim is to show the way heat supply from the heated wall of
the shotcrete lance with changeable gas suspension outflow, also to show how influences of mass
powder concentration (p), outflow change m;, on different levels, pressure p, mixture velocity w;,
along the length / of the lance, also density p;,, volume ratio &, of the solid phase in the transverse sec-
tion of the lance.

Basic material. The number experiment was executed relating to the shotcrete lance of the
160t converter from one of plant in Mariupol, the calculations were performed using following basic
data: inner hydraulic diameter of the tube of the shotcrete lance D = 98 mm, the length of the lance
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in the area of high temperature 1 = 12 m, outflow of the carrier gas (N,) is V = 480 m*h, powder
outflow was changed within the range m, = 200-800 kg/min, where mass concentration corre-
sponded p = 40-80 kg/kg [1]. It was given that particles’ heat capacity ¢, = 800 kJ/(kg.K), equiva-
lent diameter of particles and their density 6, = 0,05 mm, p, = 1900 kg/m?, a number of blast tubes
on the same level n = 2, quantity of levels z; = 3, inner diameter of the blast tube Dy = 39 mm, dis-
tance to the upper level of the blast tubes 1, = 1,5 m, equivalent undulation of the lance’s tube A =
0,06 mm, Mehaelidis coefficient of the losses K = 0,06, coefficient of the lance’s finish part. The
temperature of the wall of water-cooled lance’s body was t,=30°C the temperature of the dust-gas
flow in input t; = 27°C. The quantity of checkout nodes N; = 600. In this work heat exchange be-
tween high-temperature gas of the converter’s cavity and outer wall of the lance’s body wasn’t cal-
culated, and it only was calculated equal t,, = 30-700°C.

If the body of the shotcrete lance is gas-cooled, i.e. it works as a heat exchange, than intensive
heat transfer occurs from high-temperature flare of the converter’s cavity to gas-disperse flow through
separating wall of the lance with given temperature t,.

Mathematic model: the equation system for gas-disperse flow in one-velocity and one-
temperature we can write in this form:

- Motion equation

d dp
E(GIZWIZ):_a_Eu_Fp]Zg_ZW]Z; (D
- Energy equation
d dp
E(GIZCPIZT):W]ZE'FQW—)(CPIZT. 2)
While mixture moving by the openings of the blast tubes in the channel y#0:
x=niGi/D. 3)

In the equations (1) - (3) there are following markings of the parameters of equilibrium flow of
the gas suspension (pseudo gas): Gy, - given outflow, kg/(sm?); wi, - flow velocity, m/s; p — statistic
pressure, Pa; F - frictional force of pseudo gas along the wall of the blast tube of the lance’s body,
N/m?; py; - density, kg/m?; y - intensity of decreasing mixture outflow along the length of the channel,
kg/(em®); ¢, - heat capacity, kJ/(kg.K); T — statistic temperature, K; Q,, - quantity of the heat, deliv-
ered by the convection from the wall to the gas suspension, Watt/m?; n; - quantity of tube blasts on the

i level; D — inner diameter of the shotcrete lance, m.
Heat exchange intensity of the carrier medium with channel’s wall is defined with the equation

45t T, -T
0, :FPIZCpM/IZ DT X Ty, 4)

et 1
Where Stanton criterion St=Nu/(RePr) for high-velocity subsonic flow is calculated with
Guhman formula
St=0,0167/(Re;Pr;) " ( Tor/Ty)™>. (5)
The calculation was made with the following conditions: the temperature, T, of the tube’s wall
was given, and it stayed constant along the whole length / of the lance. Naturally, the temperature t;,
along the length of non-water-cooled shotcrete lance’s body grows along the length /.

The force F| , that characterizes adhesion on the wall while gas suspension is in the tube, can be
defined with Darcy-Weisbach formula [2].
Fw:C;]ZPIZW]ZZ/(2D):§]2GW]2/(2D); Cn=6,+¢,. (6)
The coefficient of hydraulic losses ¢, taking into the account gas adhesion on the channel’s
walls, can be calculated with Altshool formula
£, =0.11(A/D+0.68/Re,)"; Re,, =Dw,p, /1, (7
where A — height of undulation bumps, m; D — diameter of a tube, m; p, — density of a carrier

gas, kg/m*; n — coefficient of gas dynamic viscosity — carrier, Pa.s.
For calculation of the coefficient of hydraulic losses ¢, , driven by disperse phase, the best re-
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sults give Mehaelidis formula [5], in which the calculations are performed through Froude number
¢, =Ku/Fr where Froude number  Fr,, = w;, / (gD). (8)

12 »

An empiric coefficient of the losses of Mehaelidis K depends on particles’ material and wall’s
material. There were given results of experiment (=600 p.) and were found values of the coefficient K
for steel tubes, which depending on oiling ability of the material (glass, coals and others) changes in
the limits K = 0,041 — 0,194. For a system “steel tube — coal powder” K = 0,058.

For solving equation system (3-5) border conditions are given: in input of the lance (x = 0) —
outflow of both phases G, = G, + G,, the temperature Ty, in output (x = 1) — counter pressure p.

Calculations’ results and their analysis: Using the method mentioned above, we show the in-
fluence of defining factors, including hardly predictable, with the example of the fuel and flame-proof
powder’s flow in the shotcrete lance of the 160t converter [3, 4].

Length of the lance [. gas suspension heats up intensely, its density p;, falls and solving the con-

tinuity equation m,, = p,,w,, f =const makes it necessary to raise the pressure p along the whole

length /. when the temperature ¢ of the wall rises,
When density pi, of gas suspension lowers, its velocity w;, somewhat increases in the shotcrete
lance and pressure p rises in front of blast tubes’ blocks on different perspectives of the shotcrete lance

(fig. 1).

pressure, MPa
Velocity, m/s

length, m

Fig. 1 — Influence of the temperature t,, of the tube’s wall on the reticulation of the static
pressure p (-) and velocity wy;, (--) of the gas suspension along the length / of the shotcrete
lance with 3 levels of the outflow

The most interesting processes for the lance with variable outflow occurs in the finish part of
the lance, where gas suspension is withdrawn on several horizons. Unlike preceding pictures, let us
look into details of the specifics in the flow along the length of the lance 1 = 8,5 — 12 m, which could
not be presented on the preceding parts.

The (fig. 1) shows that gas suspension heat-up completely changes the gas-powder flow move-
ment in the lance.

leads to considerable increase of so called heat resistance of the flow movement which calls for
pressure raising p from 0,46 MPa to 0,82 MPa. Under these conditions.

On the one hand, this velocity increase is caused by the equation of the impact transformation,

and, on the other hand, it corresponds with the continuity equation m,, = p,,w,, f = const .

The (fig. 2) also shows that velocity w), increases when temperature t increases. For example,
on the distance 1 = 9,5 m if the temperature t,, of the wall of lance’s tube increases from 30°C to
700°C, than velocity wy; increases from 22 m/s to 45 m/s. These values t correspond with the tempera-
ture of the gas suspension t;, = 30°C and t;, = 697°C.

The results on the (fig. 2) show correct calculations with usage of mathematic model. For ex-
ample, if the lance is made with several levels of withdrawal for gas suspension outflow, than parame-
ters in the blast tube block with several horizons of the powder draw will not be subject to famous ob-
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jective laws for a case with constant outflow m;,. For example, with temperature t = 700°C gas sus-
pension’s velocity on the area from 8 m to 10,3 m gas-disperse mixture speeds up, and then velocity
abruptly falls down to minimum — 64,4 m/s to 44,7 m/s, and in the second level, which is 61 mm be-
hind the preceding one, velocity falls down from 48 m/s to 12,1 m/s and so on (fig. 2).

Velocsty,m/s

0 e L A A
8 9,5 11 Im
length, m

Fig. 2 — Velocity change wi, along the length 1 of the tube with variable outflow of the
powder my on 3 levels at different temperature t of the wall of t he shotcrete lance

Concentration of the shotcrete body . The (fig. 3) shows that with concentration p increase
pressure p before the lance grows at any temperature t. At the same time concentration  increase
pressure in the lance’s input considerably grows. For example, when t increases from 30°C to 700°C
pressure p increases from 0,59MPa to 0,9 MPa.

1 0,12
0.8

& 0,09
=2
5 08 e
v 006 &
2 0
b9 0.4 :;0;_-)
= 0,03 82
o 0,2 g O

0 0

20 40 60 |y, kg/kg

conctntration, kg/kg

Fig. 3 — Influence of temperature t of the wall and concentration p of powder on the
change of pressure p (-) before the lance and volume concentration (--) before the blast
tube block

As we see in the (fig. 3) volume ratio of the solid phase ¢, increases if p as well increases at any
temperature of the wall t,,. leads to increase of the volume ratio of the solid phase &,. It is caused by

Y. P
Hop
increases. It also results from the continuity equation m, = &,p,w, [’ = const as t with p increase

-1
the fact that ¢, = (1 + ] with p increase and all other equal conditions, coefficient &, only

only decreases and ¢, increases.
The velocity wi, of gas suspension with concentration decrease p lowers at any temperature t,,
of the wall of the lance’s body (fig. 4). It is caused by resulting from the continuity equation

m, = p,,w F = const . density p,, increases from 39 kg/m*® to 90 kg/m* under same conditions. As

12
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for density p,, , resulting from the pseudo gas condition m, = p,(1+ u) — the more p is, the higher
value of p,, is. For example, at t = 500°C with p increase from 20 kg/kg to 80 kg/kg leads to increase
of p,, from 40 kg/m’ to 90 kg/m®.

Velocity, m/s

A O

(§)] o
Dencity, kg/m3

w
o

-
(&)}

concentration, kg/kg

Fig. 4 — Influence of mass concentration p of the powder on the velocity change wy; (-) of
the gas suspension and its density p,, before the first level of the outflow m,
(1=10,34 m) at different temperature t,, of the lance’s wall

The temperature t,, of the lance’s wall. Specialists take considerable interest in the influence
O on allocation of thermal-gas-dynamic parameters during gas suspension flow in the lance. The
(fig. 5) shows that with o increase velocity wy, increases as well. For example, when the tube’s wall is
heated up to 700°C, 10 times O increase, from 0,01 mm to 0,1 mm, velocity w, double increases from
46 m/s to 91 mV/s. It is caused by the fact that when O increases, for example, 10 times, than mid-phase
surface of the adhesion 100 times decreases.

w2, m/s P12 kg/m®

80

60

Velocity, m/s
Dencity, kg/m’

0,01 0,03 0,05 0,07 0,096,mm
Diameter, mm

Fig. 5 — Velocity change wi, of the gas suspension and its density z depending on the di-
ameter of the powder’s particles at different temperature t of the wall of the shotcrete
lance’s body

With the same diameter of & temperature increase leads to wy, increase. For example, when
0 = 0,07 mm and temperature of the wall t increases from 30°C to 700°C the flow w, speeds up from
30 m/s to 65 m/s, gas suspension density p,, decreases from 91 kg/m’® to 33 kg/m’. It results from

pseudo gas formula p,, =(p,/RT;)(1+ p)— the higher T, of the carrier gas is, the lower p,, .

It is seen in (fig. 6) that if concentration p is controlled by the gas outflow V,, the picture
changes drastically. As in the regimes previously researched, gas suspension velocity wy, along the
length of the lance 1 = 0 — 10 m increases at any value of . It follows from the impact inversion law,

13
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on one hand, and, on the other, - from the continuity  equation
m, = p,w,f =p,(1+pu)w, f = const, in accordance with which pressure P and density p, low-
ers on the length of the lance, and the flow only speed up.

Wiz, m/s €2
50

o 0,15
40 :\\\\\ 0,12
2]
Eso 0,09 %
= (0]
é 20 006 §
Q
~ 10 003 ~
0 0

Length, m

Fig. 6 — Influence of the powder concentration £ on allocation of the gas suspension ve-

locity wy, v(-) and volume ratio €, along the length 1 of the shotcrete lance with 3 levels of
the outflow

Verification of the results from numerical research. In the lance, it is quite difficult to perform a
physical experiment, situated in the converter’s cavity. So if:

o [ts required that density be lowers and pressure be higher for gas carrier heat up, to provide the
same outflow of less dense gas through the tube of the constant flow (fig. 1, 3).

e Impact conversion law subsonic flow in the tube of constant section with carrier gas heats up,

only speed up with m,, = const .

o Along the length 1 of the lance’s tube, the velocity of the flow of gas suspension should lower
(fig. 1, 2).

o the flow speeds up if the diameter & of the powder increases (lowering of quantity of particles
in gas suspension) (fig. 5).

laws of movement of gas-powder flows in the tubes, completely corresponds with received objec-
tive laws of gas disperse flow in the shotcrete lance. And the results of given research are representative.

Conclusions

1. Usage of algebraic and differential equations with Numerical researches on the gas suspension
flow in the shotcrete lance allowed to get allocation of parameters of gas-disperse flow —pressure
P, velocity wy, density pip, volume ratio of the solid phase ¢,, at any random section of the shot-
crete lance considering several levels of shotcrete mass draw out.

2. Used equations of movement and energy are of high informational capacity — they help to consider
threshold nature as of gas suspension flow as well as of heat exchange on several horizons of the
lance with variable outflow.

3. than energy potential of gas-powder flow before the blast tube block of the shotcrete lance consid-
erably grows, If the body of the shotcrete lance is heat exchanger, and aero-dynamic characteris-
tics of the shotcrete flare improve.
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CTPYKTYPA BATBEPAEBHIEI'O METAJUUIA KAK HACJIEACTBEHHOE
CBOMCTBO XUMHUYECKOI'O COCTABA KHJIKOI'O PACILJTABA

Obnapysicero, 4umo npu niagke cmaiu 8 H1eKmponedu Oeticmeue KOMNOHEHMO8 PACHAA8A
HA HACTEOCMBEHHYI0 CIMPYKMYPY 3aMEepoesuieco Memaiia 3a8UcUm Om XUMU4ecKo2o
cocmasa memania. Paspaboman noxaszamenv cmadbunoHocmu gheppumnoii. cmpykmypbi
cmanu ¢ UCNOIL308AHUEM DNIEKIMPOOMPUYATNETLHOCIU DTIEMEHMO8.

Knrouegvle cnosa: sxcuokas cmanv, HACIEOCMBEHHASL CIMPYKMYPA MEepo020, HEPABHO-
6ECHOCb CIMPYKIMYPbL, (peppum, Nepaum.

Ckpeoyoe O.M., Xnecmoe B.M., Kauixos O.C., Cexauos O.0., Tep3i B.B. Cmpyxmypa
3ameepoinezo Memany AK CRAOKOGe 6/1ACMUBICHIb XIMIUH020 CKNAOY PIOKO20 PO3NNAg).
Busieneno, wo npu naasyi cmani 6 enexkmponeui 0ito KOMROHEHMI8 PO3NAABY HA CNAOKOBY
CMpYKmypy 3ameepoiiozo Memany 3aaedcums 6i0 XiMiynozo cxnady memany. Pospobie-
HO NOKA3HUK CMAOIIbHOCMI (eppumuol CmpyKmypu cmaii 3 6UKOPUCTHAHHAM e1eKmpo-
He2amuBHOCMI el1eMeHmis.

Knwuoei cnosa: pioka cmans, cnadkoga Cmpykmypa meepoozo, HepagHO8eCHOCHb CIpY-
Kmypu, gpepum, nepuim.

O.M. Skrebtsov, V.M. Khlestov, O.S. Kachikov, O.0. Sekachev, V.V. Terzi. The struc-
ture of the solidified metal as an inherited property of the chemical composition of the
liquid melt. It is found that when melting steel in an electric furnace to melt components
acting upon the inherited structure of the solidified metal depends on its chemical compo-
sition. The experiments were performed in a 20 - ton electric arc furnace for smelting
peritectic steel of the following composition: 0.17 - 0.25 C%, 0,90 - 1,4 Mn%, 0,30 -0,50
Si%, < 0,030 §%,; < 0,040 P%, < 0,30 Cr%, < 0,30 Ni%, < 0,60 Cu%, 0,07-0,13 V%.
For metallographic studies all samples were subjected to standard metal annealing to
eliminate the influence of microstructure on inherited sufficiently rapid cooling from the
liquid state. From annealed samples prepared Micro-sections that etched in a 4% solu-
tion of nitric acid. With an increase from 100 to 500-fold sections were examined on an
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