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ABSTRACT

To develop the mathematical model of the heat feanelations between the tuyere and other high
temperature radiation objects in BF under the mangparent medium condition, based on the qualéati
analyses of burning-mixture flow regularity, chealigeactions, heat radiations and thermotechnical
characteristics of convection heat transfer ocogron the outside surface of tuyere, referringhe t
geometrical features of air-cooled tuyere and thewvfactors between radiating surfaces, eight
hypotheses were raised. By using radiosity confrgm radiation heat transfer theory, the exchanging
heat mathematical models between high-temperaadiating surfaces in blast furnace were developed.
Based on analyses of the order of magnitude oftiedj heat exchanged between radiating surfaces, th
smaller radiating heat is ignored and the algebexjoations to solve the heat radiosity set were
developed. Based on it, the general method to gblweadiant heat occurring on the outside surf#ce
tuyere was developed. The mathematical model l&gs foundation to solve the thermotechnical
parameters of outside surface of air-cooled tuyer@ points out the main research orientations heeso
the exchanged heat occurring on the outside sudfa#-cooled tuyere.

Keywords: Blast Furnace, Tuyere, Heat Radiosity, Radiatieat- ransfer, Mathematical Model

1. INTRODUCTION proposed the method of ceramic coat synthesized on
tuyere by In-Situ Combustion Synthesis method ajmin
As one of the important equipments for Blast Fuenac at protecting tuyere, but the thickness of ceraroiat is
(BF), whether the tuyere works well directly infhees  very thin. The researches from Fenal. (2009; 2010)
iron-making processes. Now BF tuyere in operasamade  demonstrated that the efficient methods to redinee t
of copper and cooled by cooling water to keep thetemperature of high-temperature zone in tuyeretare
outside-surface temperature of tuyere below 600°C.adjust the inlet hydraulic pressure of tuyere, iowerthe
Mathieson et al. (2005) and Chen (2005) did the inner structure of tuyere and the purity of matetea
researches about tuyere failure, the results shahad make tuyere. Numerical simulation on the tempeeatur
pulverized-coal wear, erosion and attack from hot- field and flow field in BF tuyere from Yongbaet al.
slag are important factors to destroy tuyere, the(2009) showed that the highest temperature iseafrtmt
researches from Han and Wang (2002) demonstraétd th top of tuyere which are over against the inlet tnedoutlet
the corrosion of tuyere nose is main reason to ecaus of cooling water. The method to improve the problsrio
tuyere failure. Yangt al. (2007) and Wamt al. (2007) change installation angle of tuyere. @&t al. (2010)
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solved the three-dimensional
mathematical model to simulate heat
devolatilization and combustion process of coaldas
tuyere and discussed the effect of different patanse

multi-phases 1.2. Analysis of Flow Processesin BF
transfer,

1.2.1. Flow of High-TemperatureAir

High-temperature air jets into the combustion space

on pulverized-coal combustion in tuyere channel. of BE through tuyere. When the air goes througtetey
Through numerical simulation, Du and Chen (2006) it mixes with the pulverized coal from injectiorpgi and
found double lances greatly reducing the operatingthere are reactions between them. When the misinde
cost of BF can substantially enhance the combustionintermediate products go into BF, they flow forward

efficient of pulverized coal instead of single lanc

In fact, the best method to prolong the tuyereififeo
innovate the tuyere structure and the materiaktalyce
tuyere. Sheret al. (2005) developed the tuyere with the
characteristics, but it is possible for the jetthmjes on
outside surface of the tuyere to be blocked byingll
molten iron-slag. To solve the problem, Shenal.

along the axial direction of tuyere, at the sameetithey
flow upward by the internal pressure of combustion
space of BF and the effect of jetting mixture and
intermediate products from other tuyeres. During th
process, there are chemical reactions betweenitlaac
other combustibles in the combustion space of Bf¢hv
result in much more high-temperature intermediates.

(2003) developed a new tuyere structure again, itsWhen part of the mixture of the air and the intediates

characteristics are that (1) it consists of mulliwa
concentric sleeves which structures are separdjethé
tuyere shell is made of composite material which thee
temperature resistance of 1800°C and can stanaktinek
from falling molten iron-slag; (3) there are nottijgg
holes on the outside surface of tuyere shell;H{d)medium
to cool tuyere is cooling air with 800°C or abo@98C; (5)
the cooling-air to cool tuyere goes into BF andigigates
in the chemical reaction in BF instead of goingR¥
Direct at the air-cooled tuyere developed by Steh
(2005), in order to analyze the heat transfer mEeee
occurring on the outside surface of tuyere and atoes
numerical calculations, based on the hypothesis
transparent medium filling the BF combustion spéilce,

penetrates into the melting zone of BF, there are
chemical reactions between it and coke, it and ralse
and other mixture flows circularly under the int&rn
pressure so that the ellipse flow space or peapesha
space is formed in front of tuyergig. 1).

1.3. Flow of the Unburned Pulverized Coal and
the Combustion Reaction Products

The pulverized coal is carried into the combustion
space of BF by the hot blast through tuyere. Before
going into BF, the heated pulverized coal in blqwepi
and centre flow channel of tuyere releases thetilela

Olmatter which undergoes chemical reactions inside th

central flow channel of tuyere. Due to the limitaus of

mathematical model describing the heat transfersspace size and residence time, more combustiblersat
occurring on the outside surface of tuyere was ld@eel  jet into the combustion space of BF from the outiet
by Shenet al. (2009). In fact, the combustion space in tyyere before they burn out, the combustible mstter
BF is full of heat radiation medium and there is jnclude the unburned pulverized coal particle ahe t
convection heat transfer on the outside surfadeyafre.  yojatile matter separated from the pulverized cle
So attention of the work in the study is on develgghe  mixture is formed by them and the intermediate dham
mathematical model describing the heat transferssypstances and the combustion reaction productenwh
occurring on the outside surface of tuyere undem-no the mixture flows forward, it gradually flows upwiar
transparent medium environment. turns upward at the centre of BF combustion spatarge
portion of mixture goes into the melting zone bottof
BF and some flows circularly along a circular tiailthe
combustion space of BF so that tuyere racewayrtisefd.

1.1.Qualitative Analyses of Gas Flow, Heat
Transfers and Chemical Reactionsin BF

There are complex processes in BF, such as the flui

flows, the chemical reactions and the heat trassfer 1.4. Flow of Molten Iron and Slag

which are consistent throughout iron-making process

The fluid flows include the ones of gases, liqualsd
solid particles. The chemical reactions include dhes
between gases, gas and liquid, gas and solid leartic
liquid and solid particle. The heat transfers ideu

The flowing molten iron and slag is from the maitin
zone bottom of BF. In general, it flows downwarddan
part of it flows past the outside surface of tuydheis
there is convection heat transfer between the molte
iron and slag and the outside surface of tuyere tl®

radiation heat transfer and convection heat transfe effects from the gas mixture, other fluid and pees

Three processes occurring in the combustion spaBE€ o
were analyzed qualitatively as follows.
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in BF, when it flows downward, the flow track of
molten iron and slag is shifty.
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Fig. 1. Simplified structural representation of verticacson of blast furnace

For the internal environment in BF is very slag and other high-temperature matters in BF. When
execrable, the full and accurate measured datacoke in melting zone goes into the combustion space
reflecting the flow track of molten iron and slagda  there are chemical reactions between it and high-
other parameters in BF can't be gotten. temperature air and carbon dioxide. It is worthimpt
1.5. Analyses of Chemical Reactions that a I.ayer of coke _particle floats on the surfade

molten iron and slag in the hearth of BF and thkeco

There are many complicate chemical reactions in theparticle in it flows indiscriminately for it is ingzted by
combustion space of BF such as ones between ta@dir  high-temperature air and other combustible gases an
the pulverized coal, the air and the coke, theantf the  go|ig particles. The combustible volatile gasesasaed
unburned volatile matter separated from the puteeti  om pulverized coal almost burn out in blowpipedan
coal, the carbon dioxide and the pulverized coa t central flow channel of tuyere and the unburnedtitel
carbon monoxide and the air, the water vapor _|raad gases go into the combustion space of BF and take p
f?oenrggéhgfazogﬁ doihrc)eu'cvoelzezi(: fhoealblirvi:ﬁ;é%eag;g in chemical reaction. The combustion processeskn B

are a very complex ones, the carbon monoxide is the

elements in molten iron and slag and the oxiddm, t . .

recombination reaction between various compours, t “?S“.'t from the Chem'c"’?' reaction betvx_/een the aarbo

complicate local mass transfer processes are iadoiv dioxide and the carbon in the_combustlon sbace E)T B

it. The types of chemical reactions are diffusion and when the carbon monoxide reacts with the air in
the combustion space of BF, the carbon dioxide is

combustion and dynamic combustion. ;
The pulverized coal mentioned above is the one leftformed. In the combustion space centre, the process

after it experiences the volatility gas evolutionda P/ays @ minor role. When the other compounds in
burning which occur in the blowpipe and the centre Molten iron and slag go into touch with carbon

channel of tuyere. During the processes of volgtfas ~ €/€ment, there is reducing chemical reaction.
evolution and burning, the size of pulverized coal  1he molten slag is generated by the combination of

particle becomes smaller gradually untii a small the gangue iniron ore, the coke, the ash fromepided
spherical mass is formed. The matters maintaincoal, the limestone in BF and other fusing agents.
burning and flowing before they go into the combmrst For the complex of the processes in BF, the
space of BF and the part of pulverized coal leketa  complete and accurate mathematical models desgribin
part in the chemical reaction with the molten iramd the chemical reaction are not developed.
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1.6. Analyses of Heat Transfer Processes

resistant to high temperature erosion and molten-ir
slag abrasion. The outside shell is not conventiona

The aim in the study is to develop the mathematicalgyface coating, it has a certain thickness andbezn

model of the heat transfers occurring on the oatsid
surface of tuyere ,which is directly or indirectiiated

high-temperature erosion and impact from the oatsid
hot fluid and fine particles. The working princigdta the

to the heat transfers in the combustion space of BFtuyere is the cooling air with more than 800°C soible

such as ones between the solid walls in BF, thal sol
walls and the burning flame, the high-temperature
fluid and the outside surface of tuyere, the high-
temperature fluid and the inner wall of BF. Theigol
walls include the melting zone surface, the insigdl,

the surface of molten iron and slag in the heafrtBFoand
the outside surface of tuyere. The flame radiatafers

to the radiations of various gases with the charaoof
radiating capacity, the high-temperature and higbesl

fine particle in the combustion space of BF and thedistributions of spatial ~temperature

falling molten iron and slag. For the limitationt lmad
environment in BF and measuring technology, theeacu
thermal parameters about them have not been gotten.

The emphasis of the research is to develop the hea
describing the heat

transfer mathematical model
processes occurring on the outside surface of &yyer
the research for fluid flow is not within the scopg

the study. More detail description about the heat

transfer is as follow.

The heat transfers occurring on the outside surface

of tuyere include the radiating heat transfers &mal
convection heat transfers. The radiating heat feagss

include the ones from the melting zone surface, the

inner wall, the outside surfaces of other tuyetes t
surface of molten iron and slag in the hearth ofaBid
the radiating flame to the outside surface of teyer

The radiating exchanged heat between the radiating

surfaces in BF and the outside surface of tuyetbas

final result of repeated absorptions and repeated

reflections of heat for a beam of radiating ligthe

transferring heat is also absorbed, scattered and

reflected by heat-absorptive gases and particlesnwh
it goes through the flame in the combustion space.

The convection heat transfer includes the ones from

molten iron and slag (mainly from the melting zaver
the tuyere) and high-temperature flowing compound
mixture (including a lot of fine particle) flowingast the
outside surface of tuyere.

1.7. Simplifications of Sructure and other
Characteristics of Air-Cooled Tuyere

Figure 2 is simplified structural sketch of air-cooled
tuyere in the research. A prominent advantage of ai
cooled tuyere is the innovation in its structuréheT
structure consists of the toughening layer andcativaular
cooling-air channel and the outside shell which is
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walls of annular channel of tuyere in convectiorathe
transfer way when it goes through the annular flow
channel, then it cools the outside composite wafls
tuyere in heat conduction way, finally it jets inRBF
through the jetting holes at the top of tuyere &hes part

in the BF-inner chemical reaction. Its structurexigreat
feature for the air-cooled tuyere.

In fact, the temperature distributions on the mejti
zone surface and side wall of BF are not uniforte T
and other
parameters of the flame in the combustion space are
also not uniform. If the different studied surfadeBF
are divided into many smaller research cells, the
omputed data can reflect more accurate spatial
istributions of different parameters theoreticalBut
the data of parameters to be employed in calculaie
estimated data, the calculated data are proximate
estimated data, the process increases the diffidolt
calculation. Dealing with the mathematical modethwi
multiple parameters is a complex research work and
raising the number of independent variable in
mathematical model will result in multiple
computational costs and the algebra mathematical
model is welcome to industrial application.

The following hypotheses are given to develop the
mathematical model of heat transfer for the outside
surface of tuyere conveniently:

The melting zone is a plane with uniform
temperature Tand emissivitye;.

The temperature of inner side wall in BF ig Tts
emissivity ises.

The temperature of flame in combustion zoneds T
its emissivity ises,

Compared with the sizes of other exchanging heat
surfaces in BF, the size of tuyere is smaller. [8o t
following hypothesis is given

The structure of tuyere is a cylindrical one

Figure 3 is the simplified sketch of air-cooled tuyere.
In fact, only the front part of tuyere goes into BB
shown inFig. 3, the upper surface of the part suffers
the strongest heat. To regard the whole outsidacer
of tuyere as studied object will meet very complex
problem and difficulty from calculation due to then-
uniform heat flux distribution along the circumfaoe
direction of outside surface of tuyere shell.

AJEAS
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Fig. 2. Sectional structural representation of air-cotlsere
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Fig. 3. Simplified computing structural representatioruyere
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If the whole outside surface of tuyere shell issidared  1.9. Emissive Power Equations for Radiating
to suffer the heat flux equal to the one of the arpp Surfacesin BF

surface of tuyere, the research results have iraport
guiding significance to predict the heat erosioanir
which the tuyere shell suffers and the operatirig dan
guarantee tuyere in stability and safe runningustafo
the temperature distribution of the outside surfate X
tuyere is supposed as follow. Q =¢ Q)('I]J

The temperature for the outer surface of tuyere is = * 71100
uniform and it is T, its emissivity i,.

Based on the above analyses, to do heat transfeyhere, i = 1, 2, 3, 4. Qs the radiating heat flux from
research of the outside surface of tuyere shellsyrface i is emissivity for surface i, £s black body
conveniently, a strip cell on the upper surfacduyere  radiation coefficient and £= 5.67W/(Mf.K%, F and T
shell is selected as research ObjeCt in the Sthdyength are the radiating area and the temperature foacairt,
direction of strip cell is the one of tuyere axi@he cell The parameters with subscripts 1, 2, 3, 4 applyh®
has length L, width a (width used in calculatiostead  melting zone surface of BF, the outside surfaceipére,
of circumferential length due to too small compavéth  the inside wall of BF and the surface of moltemisnd

Referring to the book edited by Yang and Tao (2006)
the emissive power equations of high temperature
radiating surfaces in BF are Equation 1:

F (1)

other size) and areg,= Lxa. slag in the hearth of BF, respectively.
The surface of molten iron and slag in the heafth o ) o

BF is below tuyere, the parameters for it is ndfarm. 1.10.Equations of Radiating Heat Transfer

To do the research conveniently, the parameters &oe between Radiating Surfacesin BF

supposed as follow. _ _ When radiating heat reaches some solid surface, par
The temperature of surface of molten iron and 8ag ¢ adiating heat is absorbed and other is reftecte

Ty, ItS emissivity I, do analysis of radiating heat transfer convenieritlis

Affected by the interior working conditions of BF, good method to apply radiosity to calculate the

the temperature of molten iron and slag fallingniro 5 jating heat between surfaces introduced in thekb
the melting zone is variable, but the changing gadi edited by Yang and Tao (20086).

temperature is smaller. So the hypothesis is gaen Based on the radiosity concept and the relation

follow. between heat transfer amount and radiosity intreduc

The temperature of falling molten iron and slag s the book edited by Yang and Tao (2006), the below
There are many tuyeres in a BF which are inSta"edequations are given Equation (2):

on the inside wall of BF uniformly. For they arethée

same high position, the distributions of thermal Q. =1F (-& B, ()
parameters for the outside surface of tuyere shell

considered to be the same. For the tuyere shell isyhere, i =1,2,3,4, = 1,2,3,4..Qs the radiating heat
regarded as cylinder (the shape of air-cooled ®igbell  from i surface to j surface; dnd F are the radiosity and

is cylinder), the studied cells at the upper swfaof  radiating area for surfacess is the emissivity for flame
tuyere shells are invisible. Actually, comparedwother  in the combustion space of B#;; is the view factor
exchanging heat, the radiating heat between tuyisras between surface i and surface j.

smaller. So the below hypothesis is given. The melting zone bottom of BF is concave shape

There is not exchanging heat between tuyeres. (Fig. 1), the curvature of the concave shape for different
. i BF is different. The height of fanned of verticabfile of
1.8. Radiating heat Transfer Equations Between concave shape is small for a normal operating BiSel
Radiating Heat Sourcesin BF on easy heat transfer calculation and the simglifie
. . . . requirements of radiating surface referring to sk
Radiating surfaces in BF include the melting zone, edited by Yang and Tao (2006),Y the melting zone

surface of molten iron and slag in the hearth of BF plane is an invisible one to itself, the view faapg., = 0.
The mathematical models are developed by methodThe studied cell on the outside surface of tuysre i
of heat radiosity. convex one, so the view factdg., = 0. The studied cell
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on the outside surface of tuyere is invisible ® sirface  1.13. Radiosity Analyses of Radiating Surfaces

of molten iron and slag in the hearth of BF. So ¢leav in BE

factor ¢,, = 0. Based on the above analyses, the

exchanging heat Qbetween surfaces is zero when (1) i ~ Compared with the sizes of other radiating surfages
=j=1;(2i=2andj=24; (3)i=4and 42 BF, the studied cell on outside surface of tuysrgary

smaller, so the radiant heat from it to other sigfais

very smaller. Thus, the radiant heat from it toeoth
The combustion space in BF is in front of the surfaces is elided.

tuyere and below the melting zone of BF, there are o .

complex and violent chemical reactions in it, these 1.14. The Radiosity of Melting Zone Plane

ﬁo(rﬂguztr']bfre g?(')sceilsjcesduﬁgrea?hg?ertji(s)nmurgr?r;%)gggartand Quantitative mathematical relation of radiosity for

inyit sgch as uFr)lburned-out pﬁlverized coal and carke me!ting zone plane is r_adiosity of melting zon_enplaz

ash. Shifty falling molten iron and slag goes tigioit as ~ €Missive power of melting zone plane+ reflectivevgo

well. So the flame has radiating characteristioere are  Of radiant heat from flame + reflective power olient

1.11. Flame Radiation Equations

radiating exchanging heat between it and wallsraatdu heat from the surface of molten iron and slag ie th
The equations of radiating heat from flame to other hearth of BF + reflective power of radiant heatnfro
surfaces are Equation (3): inside wall in BF + reflective power of radiant héam
. melting zone plane itself.
Q. =£.C (TSJ E ®) ~ For the melting zone pIar_1e cannot see itself, the
1 100) ! simplified mathematical equation to describe thevab

relation is Equations (5):
where, j = 1,2,3,4 Qs is radiating exchanging heat
from flame to other surfaces; 8 contact area between B T Y T\
flame and solid surfaces; and T are emissivity and 111 =8| 100 ) T ESM 00 B
temperature for the flame in the combustion zonBFfof
(L-8)+ L., (-eg)(Ee, )

1.12.Equation of Convection Heat Occurring on
J3|:3(p3_1(l—€5)(1—81)

Tuyere

The molten iron and slag falls downward from the 1.15. The Radiosity of Inside Wall in BF
melting zone of BF until it reaches the surface of o ) o o ]
molten iron and slag in the hearth of BF. The fali The quantitative relation of radiosity of insidella
molten iron and slag over tuyere will flow past the radiosity of inside wall = emissive power of insidell
outside surface of tuyere shell, so there is cotiorc  + reflective power of radiant heat from flame Heefive
heat transfer between them. The equation ofpower of radiant heat from the surface of moltemiand
convection heat transfer between them is: slag in the hearth of BF + reflective power of eadi
Q_, =¢ (T, -T,) 4) heqt from the me_Itin_g zone plane + reflective powkr

radiant heat from inside wall itself.

The mathematical equation to describe the above

where, b = axL, it is area for the studied cell on relation is Equation (6):

outside surface of tuyere. Qo and ¢, are

respectively the convective exchanging heat and 4 4
convection heat transfer coefficient between the 33|:3:g3c0[Lj |:3+55(:0[LJ
molten iron and slag and the outside surface oértely 100 100
shell, Tg is the temperature of molten iron and slag.
Compared with the convective exchanging heat
between the molten iron and slag and the outside l-¢,)l-¢,)

surface of tuyere shell, the convective exchanging >~ °° °° (6)
heat between the high-temperature mixture of gases

and particles and the outside surface of tuyerd she  3.F0.(1-&5)(1-¢;)

smaller. So it is ignored and it does not appear in

Equation (4). +J; R0, 5(1-€5)(A-¢€;)

Rl-g)+J,F
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1.16. The Radiosity of Surface of Molten Iron > Q,=3F (e, ,+ L (ke 0,
and Slagin the Hearth of BF !

The quantitative relation of radiosity of the sadaof
molten iron and slag in the hearth of BF is radjosif
the surface = émissive power of the surface fmﬂe Where,ZQi_2 is exchanged heat from the heat sources
power of radiant heat from the flame + reflectivamer i
of radiant heat from the melting zone plane + i@  in BF to the studied cell on outside surface ofetey
power of radiant heat from the inside wall + refilee shell, i =1,3,5,6.
power of radiant heat from the surface itself.

For the surface cannot see itself, the simplified 1.19. Solution of Radiosities for Radiating
mathematical equation to describe the above relatio Surfaces
Equation (7):

4
T, )
+85C0 ﬂ) E+F B;2|:(T6_ Tz)_ J,F

The formulas to describe the radiosity for differen
radiating surfaces are very complex, the below sets

4 4
JE=eclt| FreclTs| (e, ¥ were given to help formulas be deduced easily.
44 40 100 4 5 100 4 4 Let:
JE 1- l-eg , (= £ @)
R, (-gs)de ) LRp, ,(Feg)Fe,) A=JF.B=1FE.C- 1E,0- JF

1.17. The Radiosity of Sudied Céell on Tuyere

T 4 T 4
Ezslco[ilJ E’Gzescﬂ(ij FEe,)
The quantitative relation of radiosity of the stdli 100 100

cell on tuyere is as follow. =@, (1-€)1-¢€).l =@, (1-€;)(1-¢))
radiosity of the studied cell on tuyere = emissive . .
power of the studied cell + reflective power of iead L :egco[LJ FM :esco(Lj F(-¢.)
heat from the flame + reflective power of radiaeah 100 100
; N . :
from the melting zone plane + reflective poweradiant N =@, (1-£)(A-£.),P= 0, ,(-€ )€ ,)

heat from the inside wall + reflective power of iead

heat from the studied cell itself. T\
For the studied cell is a convex, it cannot seelfjts Q =%_3(1—85)(1—83),[3=€4Co(lT;Oj F

the simplified mathematical equation to describe th

above relation is Equation (8): T, Y
X= ssco(l—oso) F@-¢,)n=0,,0-¢;)(¢€,)

_ T, \' T\ . “
Lmes0{10g) Fresd{ g Beves) 0=0, (A-e)-e)R=e,Cf 1]
+J, ':1(91—2(1_85)(1_52) (8) 4
+3,F0, ,(1-g)(-¢ ) S=8500(%J E(e,)W=0,, (e )(te,
1.18. Mathematical Models Describing the Heat X =g ,l-e)l-¢,),Y =(1-£)p, ,

Transfer Process Occurring on Tuyere
4
The heat transfers occurring on tuyere include the Z=(1-¢)p, :Ssc"(%)j F,

radiating heat transfer from other radiating suefac
the convection heat transfer from falling molteanir
slag and the radiating heat transfer from flame.

On the basis of energy conservation law, th

Formulas (5), (6), (7) and (8) could be written jgiyn
R follows Equation (10):

Exctt'lar;ged h?ﬁt on ?et_studledfcell oitl:zere ::ja:hmni A=FC+ID+E+G
eats from other radiating surfaces e radiatieg _ CXC AR+
from the flame + the convection heat from the ffgli BEWA+XC+R*S (10)

C=PA+Q.C+ ND+ L+ M

molten iron-slag — the radiosity of the studied! aei
D=nA+0cC+B+A

tuyerer, the equation to describe it is Equation (9

’//// Science Publications 168 AJEAS
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Four unknown quantities A, B, C, D appear in
Equation set (10) and the number of unknown guastit
is equal to the number of equations, so the equastid
can be solved.

The final forms of solutions for the equations are
Equation (11-14):

(c+n@M)OM'+PL[E)+

D= (B'+HDE')E(1_Q_ Pl]-) (11)
@-nO)M-Q-pPr)
—(o+n)UN+PO)
_(N+PO)D+ M +P[E (12)
- 1-Q-PD)
B=(X+WIT+WIOD+R'+W[E (13)
A=l[C+ID+E (14)

where, E'= E+G, R’ = R+S, M'=L+Mp‘= B+X.

1.20. Method to Solve the Heat Transferring to
the Studied Cell of Tuyere

Based on the radiosity calculated above, referting
formula (9), the heat transferring from heat sosrge
BF to tuyere can be computed, which is used to
calculate the temperature of contact surface betwee
tuyere shell and toughing metal equipment in tuyere
the temperature of the outside surface of annular
channel and the volume flow of cooling air.

2. DISCUSSION

2.1. Discussion of Related Calculating Parameter s

The heat transfer equation for the studied cell on
tuyere is a complex equation related to many playsic

For various technical limiting factors, now the

simulated experiment can not be carried out. So the
above mentioned parameters are not gotten now, the

related equations can not be solved. It is theréutu
research focus to design an experiment which stesila

the real situation in BF to the greatest extent.

2.2. Qualitative Analyses of Exchanged Heat
Occurring on Outside Surface of Tuyere

There is heat transfer between the outside sudfce

tuyere (air-cooled tuyere, or water-cooled tuyeaep

other heat sources in BF. But the difference betvtbe
exchanged heat for air-cooled tuyere and the ome fo

water-cooled tuyere is great.

For exchanged radiating heat, the temperature of
outside surface of air-cooled tuyere is kept in 85
but the temperature of outside surface of watetembo

tuyere is kept below 700°C (preventing the copper

material against metacryst texture at 800°C). S® th
exchanged radiating heat between air-cooled tugede
other radiating heat sources in BF is smaller thaa
between water-cooled tuyere and other radiating hea
sources in BF.

When the convection heat transfer occurring on the
outside surface of tuyere is Considered, for the
temperature of outside surface of air-cooled tuyiere
very higher than the one of water-cooled tuyere th
difference between the temperature of outside sarfa
of air-cooled tuyere and the one of molten iron alad
flowing past the outside surface of tuyere is serall
than the one between the temperature of outsidacsur
of water-cooled tuyere and the one of molten irad a
slag flowing past the outside surface of tuyere tred
difference between the temperature of molten irod a
slag and the one of outside surface of tuyere shell
main factor affecting convection heat transfer. t8e
convective exchanged heat between the molten indn a

parameters. To solve the mathematical model, manyslag and the outside surface of air-cooled tuyere i

independent variable parameters must be provided. D
to very poor conditions in BF and the combustioacsp
in BF is a closed space, it is difficult to meastine

smaller compared with water-cooled tuyere. In féfct,
the temperature of outside surface of tuyere i9wel
1350°C (the molten temperature of iron and slag is

parameters. So many independent variable parameterg@etween1350 and 1550°C, the normal value of molten

in equation can be measured only by simulated
experiment. The parameters include: the emissyiie
melting zone bottom, the inside wall of BF, the teal
iron and slag in the hearth of BF, the flame spautr
The convection heat transfer coefficient betweea th
outside surface of tuyere and the molten iron dad s
flowing past the outside surface of tuyere is key
parameter in the equation and the datum for it loan
gotten only by simulated experiment.
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temperature is 1450°C), a protection layer of stagn
iron and slag will form on the outside surface of
tuyere, although the thickness of the layer is senal
it protects the tuyere very well.

2.3. Analysis of Saving Energy Effect for Air-
Cooled Tuyere

Just as mentioned above, after the cooling airscool
tuyere, it goes into BF and takes part in the chami
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reactions in BF. But the cooling water to cool wate amount in the whole combustion air can be deterdhine
cooled tuyere goes out of BF. Thus it can take hhek  and it must be below 4%, otherwise it will influenthe
whole heat carried away by the cooling water tol coo normal operation of BF.

water-cooled tuyere. The temperature of coolingisir Compared with water-cooled tuyere, the cooling air
above 800°C, it can prevent the composite materialto cool tuyere directly goes into the combustioacgpof
against failure for the stress resulting from the BF and takes part in the chemical reactions in the
temperature difference between the outside walltaed  combustion space of BF, the temperature of outside
inside wall for tuyere shell. The high-temperature surface of air-cooled tuyere shell is higher tham one
cooling air only is a small part derived from théaole  of water-cooled tuyere, the air-cooled tuyere hademt
high-temperature combustion air, it avoids othetreex saving energy effect.

heater and air source. Certainly it must be cotdethe

required temperature by a specially designed heat 4. ACKNOWLEDGEMENT
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