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The paper covers investigations of the specific heat energy consumption dependence upon the 
productivity and frequency of the isolation maintenance in a pusher-type furnace of a strip and billet 
rolling mili. 

U okviru ovog rada istraživana je ovisnost specifičnog utroška toplinske energije od produktivnosti i 
učestalosti odražavanja izolacije na primjeru potisne peči u valjaonici traka i gredica. 

1 Introduction 

Systematic decreasing of the fuel consumpt ion per unit of a 
product should be one of the most important tendencies in 
Yugoslav rolling mills. However , the dynamics of the spe-
cific fuel consumpt ion decreasing has recently been stopped 
in some heat ing furnaces and has assumed, for the various 
reasons (mostly objective), an inversed trend. Thus, even 
a decreased vvorking intensity of heating furnaces leads to 
an inereased specific fuel consumption. This often happens 
to appear in the rolling mills ment ioned, especially lately. 
This is the reason that the paper deals with the investigation 
of the specific heat energy consumption dependence upon 
the productivi ty of heating furnaces and, especially, upon 
the f requency of isolation maintenance on the example of 
one of the two pusher- type furnaces of a Sisak Ironwork 's 
strip and billet rolling mili (Sisak, Croatia). 

2 Heat energv balance and fuel consumption 

Rough values for specific fuel consumption decreasing in 
the čase of inereased working intensity of heating fur-
naces can be obta ined by heat energy ba lance 1 ' 2 . The total 
heat energy consumpt ion ( ]T E , ) can be derived into two 
groups: 

1. one depending on the mass of steel being heated in a 
certain heat ing furnace: 

• heat energy of steel being heated (Ei), 

• heat energy of scrap developing in the course of 
steel heating ( E 2 ) , 

• heat energy losses ( through the walls to the out-
side, by eool ing water etc.) independently to the 
mass of steel being heated ( £ 3 ) ; 

2. one depending on the level of fuel utilization in a cer-
tain heating furnace: 

• heat energy losses because of mechanical un-
burning, incomplete chemieal combust ion and by 
fuel gases going out ( E 4 ) . 

Obviously, it is (per unit share) 

Ex + E2 + E3 + E4 = l ( 1 ) 

First, let 's take that a quantity of condit ional fuel A „ is 
consumed to heat a mass of steel Mn, i.e. 

E1Xn + Eo Xn + E3 Xn + E4 Xn = Xn (2) 

If the intensity of steel heat ing inereases 2 t imes, the 
consumption of the condit ional fuel inereases up to the value 
of A ' 2 , and the equation (2) takes the follovving form: 

(3) z(L\ + E2) Xn + E3Xn + E4Xt = Xz 

From the equation (3) we can now derive a quantity of 
the conditional fuel X , , i.e. 

A 2 — A , 
z{Ex + E2) + E3 

1 - E4 
(4) 

Based on these, it is possible to define a decrease of 
the specific fuel consumption, as a result of the intensity of 
steel heating inereased r times, as follovvs: 

Ax = 
A, 
AL 

A . 

zMr, 

• 1 0 0 = 

• 100 = 

A , + B1) + E3\ 

1 -

zMn 

z{El+E2) + E* 

z{ 1 - E4) 

100 

100 (5) 

Consequently, as a result of the inereased vvorking inten-
sity of the heating furnaces, i.e. the process of steel heating 
being intensified ; times, the the specific fuel consumption 
(in %) vvill be decreased in a ratio: 

z(Ex + E2) + E3 

r ( l " E4) 
• 100. (6) 



3 M a i n character is t ics of a pusher-type furnace 

A three-zonal pusher- type fu rnace observed, des igned by 
Amer i can Rust Furnace Co., vvas built in the year 1972. 
Beg inn ing f r o m the charging side the f u m a c e has a pre-
hea t ing zone , a hea t ing zone and a soaking zone. In the 
prehea t ing and heat ing zone a charge vvas heated both f rom 
the upper and the lovves side, vvhereas in the zone of soaking 
it was hea ted only f r o m the upper side. Burners vvere in-
stal led laterally on the furnace , above and belovv the charge 
in the prehea t ing and heat ing zone. In the preheat ing zone 
five burners vvere instal led above the charge and five burn-
ers belovv the charge . Tvvo burners vvere installed above 
the charge on one side and three on the other side of the 
fu rnace . T h e burners vvere also installed belovv the charge, 
but p laced inversely to those above the charge. In the heat-
ing zone six burners vvere installed above the charge and six 
burners belovv the charge. On each side of the furnace three 
burners vvere p laced above the charge and three belovv the 
charge . In the soaking zone six burners vvere placed on the 
f ronta l side of the f u m a c e . Othervvise, the furnace is not of 
a convent iona l profi le and is of a convent ional temperature 
r e g i m e 3 . By opera t ing measu remen t s it vvas found that the 
firing f r o m the lovver side and that f rom the upper side have 
the equal eff ic iency. The fu rnace profile, as vvell as its ma in 
d in tens ions are presented schematical ly in Fig. 1. 
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F igu re 1. S c h e m a t i c presenta t ion of a pusher- type fu rnace profi le . 

Sl ika 1. Shemal sk i pr ikaz profi la pot isne peči. 

During the energet ic balancing slabs of St 12 (per DIN) 
quality, d in tens ions of 4 3 0 x 190 x 3 8 0 0 m m and mass of 
2 5 0 0 kg s ingly vvere heated in the pusher- type furnace. The 
f u r n a c e vvas fired by natural gas having the heating value 
of 37300 k J / m 3 . Gas consumpt ion vvas 2347 m 3 / h , and 
consumpt ion of air necessary for its combus t ion vvas 24286 
m 3 / h . Air t empera ture at the metal recuperator exit vvas 
3 0 0 ° C . Accord ing to the request of the rolling mili train the 
fu rnace product iv i ty vvas kept at 37 t/h, and the slabs vvere 
hea ted up to the final tempera ture of 1230 -1250° C. Hovv-
ever, the fu rnace vvas des igned to achieve the product ivi ty 
of 67 t/h vvhen heat ing slabs of stated quali ty and dinten-
s ions . Th i s shovvs that the coeff ic ient of capaci ty util ization 
of the f u r n a c e vvas about 0 .55, vvhich indicates that vvorking 
intensi ty of the fu rnace can be increased 1.81 times. 

4 Fuel c o n s u m p t i o n dependence upon the productivity 
and frequency of a pusher- type furnace maintenance 

For a ca lcula t ion of the specif ic fuel consumpt ion decrease 
heat energy consumpt ion in a pusher- type furnace vvas 
found .The heat energy consumpt ion (per single i tems) in 

the furnace vvhen heat ing the slabs of the stated qual i ty and 
d imens ions is given in Table 1. 

Table 1. Heat ene rgy c o n s u m p t i o n in a pushe r - type f u r n a c e vvhen 
heat ing slabs of St 12 qual i ty and d imens ions of 

4 3 0 X 1 9 0 x 3 8 0 0 m m 

Heat energy 
consumpt ion i tems 

Quant i ty of heat energy Heat energy 
consumpt ion i tems M W % 

Ei 8.998 33.32 

E-, - -

e3 6.108 22.61 

EA 11.902 44 .07 

LE, 27 .008 100.00 

The follovving step enables to f ind out hovv m u c h the 
specific fuel consumpt ion decreases if the vvorking intensity 
of the furnace increases 1.81 t imes. 

Applying the equat ion (6) we get that the specific 
fuel consumpt ion decreases for 18 .09%, providing that, as 
stated, the vvorking intensity of the pusher - type furnace in-
creases 1.81 t imes, i.e. 

1 .81 0 . 3 3 3 2 + 0 . 2 2 6 1 \ 

1 .81(1 - 0 . 4 4 0 7 ) J 
100 = 18.099? 

The value obta ined also anables calcula t ing the specific 
fuel consumpt ion in the čase that the fu rnace vvorks full 
capacity. Resul ts of such a ca lcula t ion shovv that the specific 
natural gas consumpt ion in the fu rnace decreases f r o m 63.43 
to 51.96 m 3 / t , cor responding to the decrease of the specific 
heat energy consumpt ion f r o m 2366 to 1938 kJ/kg, i.e. for 
4 2 8 kJ/kg. 

To get a real picture of the d e p e n d e n c e of the specific 
heat energy consumpt ion upon the vvorking intensity of the 
puscher- type furnace , a three-years per iod of the furnace 
vvork has been analyzed. Only the data referr ing to the 
furnace vvork during the St 12 qual i ty slabs of 4 3 0 x 190 x 
3 8 0 0 m m dimens ions being hea ted vvere delt vvith. The 
dependences of the specific heat energy consumpt ion upon 
the furnace product ivi ty be ing got that way are presented 
in a fo rm of a d iag ram in F ig . 2. 
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F igu re 2. The d e p e n d e n c e of the spec i f ic heat ene rgy consumpt ion 
upon the pusher - type f u m a c e product iv i ty . 

Sl ika 2. Ovisnos t speci f ičnog u t roška top l inske energ i je od 
produkt ivnos t i po t i sne peči . 
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C o m p a r i n g the calcula ted va lues for the specific heat 
energy c o n s u m p t i o n with those obta ined by operat ing mea-
surements for the stated qual i ty and d imens ions of the 
charge, the results of vvhich are presented in a fo rm of a 
d iag ram in Fig. 2, we can see that the d i f fe rences are rela-
t i v e ^ small . Cons iderab le d i f fe rences are the consequence 
of inc luding a consumpt ion of natural gas for "b l ank" fir-
ing to the opera t ing data o n the natural gas consumpt ion. 
Also, the changes of energet ic losses per i tems of energetic 
balance , in the course of the fu rnace utilization for its iso-
lation repara t ion betvveen the two stoppings, can bring to 
some b igger d i f f e rences betvveen the calculated and oper-
ating va lues for the specif ic heat energy consumpt ion in a 
certain fu rnace product ivi ty . 

2500 

0 2 4 6 

Maintence frejuence, mth 
Figure 3. The dependence of ihe specific heat energy consumption 
upon the frequency of the isolation maintenance and the pusher-type 

furnace floor cleaning. 
Sl ika 3. Ovisnost specifičnog utroška toplinske energije od 
učestalosti održavanja izolacije i čiščenja poda potisne peči. 

The analys is carr ied out for the fu rnace vvork betvveen 
its last tvvo s toppings , because of the beam cleaning and 
of the isola t ion repara t ion , shovved that vvith the produc-
tivity of 50 t/h (real ized annual product ivi ty) the specific 
heat energy c o n s u m p t i o n increases f rom the initial 1480 to 
the final 2 2 4 0 kJ /kg , in o ther vvords the average value is 
1860 kJ/kg (Fig . 3). Bes ide others , the course of that is al-
most up to 8 0 % of re f rac tory m a s s falls off the skid carrier 
so that energy losses by cool ing vvater are cons iderab le 4 . 
The increase of isolat ion main tenance f requency, as vvell as 
that of b e a m c lean ing f r o m the layers, to the half of tirne 
(6 months ) of the p rev ious (12 months ) vvould decrease the 

average heat energy consumpt ion f r o m 1860 to 1670 kJ/kg 
(Fig. 3), i.e. for 190 kJ/kg. 

Hovvever, for a rather long per iod of t ime in s o m e vvest-
ern countr ies a quartal f r equency of pusher - type f u m a c e s 5 

maintenance has been pract ised, so regard ing to this, there 
are no reasons to m a k e the first step in our strip and billet 
rolling mills as vvell. 

5 S u m m a r y 

Results obtained analytical ly shovv that the specif ic heat en-
ergy consumpt ion decreases for about 18% if the p roduc-
tivity of the pusher- type fu rnace obse rved increases f r o m 
37 to 67 t/h. Also, the opera t ing data analysis of the fur-
nace vvork does not shovv s ignif icant devia t ions f r o m the 
results obtained analytically. Hovvever, because of the lack 
of coordinat ion betvveen pusher- type fu rnaces and roll ing 
mili train capacit ies , even in normal p roduc t ion condi t ions 
it is impossible to realize. T h e s a m e way, the increase 
of the pusher- type fu rnace isolat ion ma in t enance f requency 
and that of the layers removal f r o m the floor to the per iod of 
6 f rom so far 12 months , vvould decrease the specif ic heat 
energy consumpt ion for about 10%. Th i s can be real ized 
successful ly by better m o n t h and vveek p lann ing of rol l ing, 
vvhich vvould assure heat ing of the charge hav ing the same 
quali ty and d imens ions in the cour se of a fevv vveeks. In 
such a čase it could be poss ib le to s top o n e of the fu rnaces 
if ano ther ' s passing capaci ty per hour vvould sa t is fy the re-
ques ts of the roll ing mili train. Such per iods some t imes 
occure now, too, as vvell as those in vvhich p lans of rolling 
change f rom shift to shift together vvith p lans of heat ing. 
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