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ABSTRACT: As a major consumer of energy the steel producers are always mentioned as interesting field of
investigations. The aim of this paper is to establish the basic relations for a model in order to help to evaluate the
parameters of the heat transfer and energy consumption in the case of some metallurgical heating furnaces for
billets reheating. Starting from considerations about the burning process of the fuels, the paper establishes
connections between the heat exchange coefficients, energy and metallic material saving. Saving energy and lost
metal due to the oxidation process, means to have a cleaner environment. A new disposing system of the burners
inside the furnace can lead to saving energy and metal. The paper offer also a model to calculate the temperature
in the furnace (temperature of the flue gases) taking in consideration the global heat exchange, the technological
temperature of the billet in order to evaluate the thermal energy looses.
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INTRODUCTION — OXIDATION AND HEATING PROCESS

In the case of the heating process in furnaces using the combustion in view of rolling of the cast
billets, the source of energy can be analyzed from tow points of view:

a) as component which can reduce the material looses due to the oxidation process

b) as component which assure the technological conditions for the heating process

In order to analyze the source of energy as component influencing the steel oxidation process one
can use the partial pressures (p) of H,Oas), H, CO, and CO in the flue gases. So, it is obtained the K,

coefficient:
PH20/
Ky =Pt _Kn (1)
Pco/ Kc
Pco
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” In order to analyze how to influence the
heat exchange and to assure the thermal
technological conditions, one start from the
equation of heat exchange between the flue
gaze, the furnace thermal isolation and the
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Figure 1: Dependence of the quantity of the iron oxides,  that the heat exchange is simultaneously by
during the heating process of the non alloyed steelson  rqdiation and convection. So, the thermal
the fuel, temperature and air excess coefficient, ¢ energy, Qg received by the furnace isolation
from the flue gases is:

temperature o

Q=50 €,(0, -0, )+5-a.0,-6,) k] @)
where: S - internal surface of the thermal isolation, m’ @, temperature of the flue gases, °C; 6,
temperature of the thermal isolation, inside the furnace, °C; og,- radiation heat exchange coefficient
between the gases and the thermal isolation, kfm>h™K”; «a, - convection heat exchange coefficient
between the gases and the thermal isolation, kJm*>h™K"; &- emission coefficient of the thermal
isolation.
In the same time:
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Qep =Qom +5:0ex [kJ/h] (3)
where: Qpm - thermal energy from the
isolation of the furnace to the heated billets,
kJh’; gex - thermal flow thru the furnace’s
isolation, kJm*h™

The computation of the heat exchange
by radiation between the thermal isolation e
components can be calculated using the
angular coefficient of radiation, [1]. Figure 2: dimensions referring to the continuous furnaces
In the case of heating pushing type in order to establish the coefficient ¢ [B=h/b ; L=I/b]

furnaces and walking type furnaces, [1; 2], it was obtained (4), (figure 2):

1 1 1+B° J1+L°) 2 2 2 B 2 L
B=— —-lnw—farctg(L)—farctg(B)+f\/1+L2arctg +=V1+B’arctg——
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In the case of heat exchange between the thermal isolation (figure 3) and the billets, the
coefficient B is [2]:

(4)

ﬁ:1{8~arcsin = + = -arcsin B j (5)
27| 1482 JieB 2 VL Ji4B 112

ENERGY SOURCE AND MATERIAL LOSSES DURING THE HEATING PROCESS
Starting from the equation (1) it can be observed that it is necessary to calculate the quantity of
oxygen, resulted from the fuel and from the combustion air:
0, =0, .+0,21-v_,-4=C0O, +0,5C0+0,5H,0
where: v, - specific air volume, necessary for the reaction with 1m> of fuel, M’yiry M>y(uely ; CO5- in flue
gazes; A - coefficient of air excess.

It is obtained:
H,0=20,-c25%K

2 X

1+ K,
where: C=CO+CO,

Analyzing the oxidation phenomena of the steel in the case of the must usual fuel (the natural
gas), it can be deduced that the oxidation process is very fast for the temperatures up to 800°C. In order
to reduce the oxidation process, the theoretic burning temperature must be under 1360°C. If the
heating temperature of the steel in view of rolling must be 1200...1250°C, this case is not economic from
energetic point of view.

The calculation of the temperature of the source of energy starting only from the equation (1) is
valid if the oxygen content of the air combustion and of the fuel together can assure the transformation
in CO of the carbon resulted from the dissociation of the carbides. If the air excess coefficient is too
small to assure this transformation, the flue gases will include particles of black pigment.

Due to the law values of the equilibrium constant K=(pco,/p’co)= 10710, for the Bell-Boudoir
reaction (CO,+C < 2CO ), the presence of the black particles in the flue gazes is of low importance in the
case when the coefficient of air excess is over the normal values resulted from the chemical reactions.
METHODOLOGY — THE HEATING FURNACE TEMPERATURE AND STEEL OXIDATION

The theoretical output n,, indicate the efficiency of the use of the energetic sources (the fuel).

If in the furnace is introduced a quantity of thermal energy, resulted from the fuel combustion:

sz =Qq 77 Ve 'ega Cp (6)
where: vg - volume of the flue gases related to a thermal unit of the fuel (for example to 1000kJ),
[Nm?/10°K]]; 6 o~ temperature of the flue gases at the exit from the furnace, °C; c, - thermal capacity of
the flue gases, kJm?>yK".

If Qu, is a unit of the fuel, it can be written:
Vga'ega G :Vot'ega'cp+(¢a_1)'voa 'Hga'ca (7)
where: v, theoretical volume of the flue gases related to the thermal unit of the fuel, [Nm*/10°kJ]; Voq-

theoretical volume of air combustion related to the thermal unit of the fuel, [m’y/10° kJ]; ¢, - air
combustion thermal capacity, kJm3yK’.
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If the fuel and the air combustion are heated and the real air combustion volume is @,Voq, it
results:

6 - 4. - v..-0, -c G, -c
N, =14+Q, Vy, - —2 a  YobCp ot TgaTp —(p, =1)-v,, —1 (8)
ch Hi ch ch
The equation (8) establishes a correlation between the theoretical output, the nature of the fuel
g, ¢
and the air excess coefficient [by the factor (p, —1)-v,, - g(; 1
cb
Else, the oxidation process of the metal can be controlled by the air excess coefficient.
If it is defined “the factor of the fuel”:
0, -c.
ch = 1+% (9)
it is obtained:
— )
N =Kg +O._ /1(1 Voa '0a "Cq Vot 'ega S _((pa _1)'Voa 'gga Gy (10)
cb

The equations (8) and (10) can be used to choose the thermal source (gas fuel) in correlation with
the preheating degree of the fuel and the air combustion and with the coefficient of air combustion
excess which control the oxidation process in the heating furnace.

HEAT EXCHANGE COEFFICIENTS AND THE THERMAL PROCESS IN THE HEATING FURNACE

If all the thermal energy radiated by the isolation, Qm, is receipted by the heated metal, it is
possible to write:

Qpm = %pm " Epm -S'(Hp —Hm) (11)
where: 0, temperature of the metal, °C; apm- heat exchange coefficient by radiation between the
thermal isolation and the metal, kfm*h™K"; s - heated surface of the metallic material (billets),
(reception surface, S, in fig. 3), m*

But, a part of this radiation is absorbed by the flue gases. The absorption process depends on the
partial pressure of CO, and H,O. The absorbed thermal energy by radiation, Qs is equal with the
quantity of energy which the metal could receive from the flue gases if the temperature of the gases is
equal with the temperature of the thermal isolation:

Qabs =Cgpm " &p 'S (0;) _em) (12)
where: o - heat exchange coefficient from the gases to the metallic material, if it is considerate that
the temperature of the gases is the same with the temperature of the thermal isolation, kfm>h™K"

So, the real value of Qum is:

me = S(O[pm 'gpm _agpm "9p ) (Hp _am) (13)
Replacing, it is obtained:
S-(agp £, )-(Qg —Hp):s-(apm “Epm — Agom *€p )-(Hp -0, )+S-qex (14)
If o= %, equation (14) will be:
Hg -(agp & +ac)=t9p -(agp Ep A O Ay Epy — O gy -gp)— (15)

-0, -O'(apm “Epm ~ Agom " Ep )+ J ox
Equation (15) correlates the temperature of the flue gases, temperature of the thermal isolation
and the temperature of the billets (6,). But, the establishing of the values of the heat exchange
coefficients is yet difficult.
The thermal flow sanded to the metallic material (billets) includes:
- radiation thermal flow from the thermal isolation

Apm = (apm “Epm ~ gy Ep XHP —Hm) [k)m*h"] (16)
- radiation and convection thermal flow from the flue gases
A gm =(agm “Em +a616’g —Gm) (17)
The total thermal flow received by the billets is:
d=0pm +qgm (18)
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Starting from the equation (15), it is noted:
(6,-0,)+0,-0,)=(0,-06,) (19)
Then, the coefficient of the global heat exchange can be calculated:
(agp Epta. ) l(eg ~0, )_ (Hp —0n ) = O-(apm “Epm T %gpm " Ep Xep —0n )+ Gex

(Qp —Hm)- [G(apm “Epm ~ Agpm *€p )+(agp g, ta, )J+ Gex =(Hg -6, Xagp £, +ac) (20)
Replacing the expressions of the thermal flows, it is obtained:
g= (apm Em gy &) ) (Qp -0, )+ (agm “Em +ac)-(¢9g —Qm) (21)

Eliminating (6-6y) and (65-6,) from the last two expressions, there are obtained the following
expressions regarding the complex heat exchange in the analysed furnace:
1. The heat exchange coefficient between the thermal isolation and the billets:

Z A, & +A
= . agp-5p+ac+o--apm-gpm—0'-agm-5p+7 [kJm ‘h™K"] (22)
: Ogp €, T 6,-6, )
2. The heat exchange coefficient between the flue gases and the _b'_'_'?_t_s
: a. &
‘= o’ o™ Fepm’ % | O 8,0~ Gex + Oy G O [k-’m h"K’] (23)
: Oy &yt 0" (apm “Eom—, gpm-gp) 0,-6,

RESULTS, DISCUSSIONS, ANALYZIS
A general solution to modeling the thermal regime

Using the ratio o = 7, it can be deduced the temperature of the flue gases:

a, & +a.+o-a, £ —O A, & Ay Epy — Ol ™ &,
‘9g:9p gp “p " pm " “pm gpm p_gm, o —pm “pm_ Tgpm “p . Gex (24)
Qg &, + O, Qg Ep + Qg &, + O,

In the case when heating the billets in view of rolling there are used, in the most of the cases,
natural gas, high furnace gas and cocks gas (fig.1). In this case the values of the emissive coefficients are:

&, = 0,77...0,8 ¢ =0,8..0,88 & = S =0,8...0,81 (25)

m ’ ’ pm
1 1
—to| ——1
Em [EP ]

In these conditions it is obtained in (23):

0,8-la,, +a +ol\a,, —apm
) — l 8p ( p gp )J [kJ,m—Z,h—I.K—IJ (26)
0,8-ay, +a,
0,8, — %y
a, =c ( p gp ) [kJm2h1K1] (27)
0,8-ag, +a
So, the temperature of the flue gases will be:
q
0,=a,-0,+a, -6 +—— [ 28
g p p m m 0,8'Olgp+0!c [ ] ( )
where the conduction thermal flow is:
‘gp _epex 2.1
G =" 7 5 [kIm*h7] (29)

where 6,x- temperature of the outside of the thermal isolation layer, °C

Using practical data from [3], [4], [5], [6], for the steels, thermal isolation materials and chemical
composition of the flue gases, there where established the values for the coefficients gy, Cpm, Cgpm
(figures 4 and 5).

In the equation (25) the temperature of the billets is considerate as “known data” from the
technological conditions. So, it is necessary to establish the values for 6,.

In order to follow, it is necessary to use the equations (20) and (23). For the beginning it is
considerate that 6,=6,, in order to establish the necessary data for the equation (23) (figures 4 and 5).
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Figure 4: Variation of the coefficients ¢y, agmand oy, Figure 5: Variation of the coefficient a,m depending on
depending on the temperature of the furnace, thermal the temperature of the furnace, thermal radiation’s
radiation’s length and the ratio o length and the ratio o
The exact value of the temperature of the thermal isolation (inside the furnace) will be:
le
Op =0 — (30)

[°q
gpm gp)
Equation (30) can be in correlation with the particularities of a kind of furnace. For example, in the

case of a rotary type furnace for circular billets it can be established the dependence of the flue gases at

the exit from the furnace (6,), furnace’s productivity (P) and the disposal mode of the burners [7]. It can
be deduced using the equation (28):

a-(apm-gpm—a

0, =ap-9p+am-9m+L=é—B-y+C [°c (31)
08-ay,+a. y
where: Q- total looses due to the heat conduction in the furnace’s isolation
P-c_-(6.-6
A:L B:4 Cm (2 1) (32)
7(D+d)-V, -c, 7-K-b-(D+d)

where: D, d: dimensions of the circular furnace, m; 6, 6- final and initial temperature of the billets, °C
Vg flue gases debit, m*h™; K: coefficient of the furnace, depending on the design, dimensions, output
and working temperature [7]

CONCLUSIONS

0 The quantity of the metallic material lost by oxidation during the reheating of the billets depends on
the chemistry of the atmosphere in the heating furnace, on the temperature and on the duration of
the thermal process.

0 During the reheating process, the soaking duration of the billets at the high temperature must have
a minimum value. This is recommended from the points of view of oxidation a decarburising process
and for energy saving too. In practice, in most of the cases, the soaking duration of the billets is too
long and the temperature is too high. It is necessary to impose that the plastic deformation
temperature (the rolling beginning temperature) are reached by the billets moment of the
defournement or just a few minutes before. On the other hand, the deformation temperature must
be minimum admitted for the category of steel.

0 To reduce the oxidation and decarburising process an important action regards the control of
chemical composition of the flue gases. This is possible by the control of the air combustion excess
coefficient and the designee of the heating furnace.

0 Using the proposed general solutions for the remodelling of the thermal regime it can be obtained a
better control of the temperatures in each heating zone of the furnace and to correlate it with the
necessary temperatures of the billets. It is also possible to control the temperature of the thermal
isolation, and by this to save thermal energy.

0 Using the above established equations it is possible to control the flue gases temperature in each
heating zone of the furnace in correlation with the temperature of the metallic material. It is
possible also to control the temperature of the thermal isolation and by this to save important
quantities of thermal energy.
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0 The coefficients o, am, agm are at the basis of the control process of heat exchange between the
flue gases, metallic material and the thermal isolation. The values of this coefficients are established
in the present work

O The basics of the general solution to modeling the thermal regime allowed establishing the disposal
mode of the burners in connection with the design of the furnace and the necessary output. The
design of the furnace can be also changed having in view the thermal and the dynamic
particularities of the flow gases.
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