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Abstract Industrial and experimentalinduction furnacesare used for melting various types of ironingots, returned
scraps and DRI sponge pellets to produce high purity cast - iron and steel heats. The lowest consumption of electrical
energy determined for continuous feeding operation is 0.3 KWH/Kg for the production of cast - ironina 1.5 - ton
industial furnace and 0.45 KWH/Kg for the production of steelina25- Kgexperimental furnace. The optimum feeding
rate for lowest energy consumption is 12.5 grams per second for continuous feeding of DRI in a 25 - Kg induction
furnace. Similar measurements show that the optimum size of the DRI pellets is around 7 milimeters.
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INTRODUCTION

It has been more than three decades since Direct
Reduced Iron (DRI) was introduced as an alternative
charge material for electric melting processes. Al-
though extensive investigations have been carried out
on the melting of this material in electric arc furnaces
(EAF)|1-8], theamount of work done on feeding DRI
into an electric induction furnace (EIF) is very limited
[9 - 11]. In this paper, the results of the studies carried
out on the performance of DRI sponge iron pellets in
the EIF under various circumstances are described.
The main objective of this work is to find alternative
ways for substituting DRI pellets for other raw
materials such as sorrel metals, steel scraps and pig -
iron ingots usually used in cast iron shops.

The DRI melting process is considerably influenced
by the physical, chemical and thermal specifications of
the charged material [5, 6]. Some of these specifica-
tions are shape, size, density, chemical analysisand the
degree of metallization. Other parameters such as the
method of charging, the type of furnace, the tempera-
ture of bath, the chemical composition of molten
phases and the flow of fluid inside furnace and around
the particles are also of appreciable importance, [12 -
14]. : ‘
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Considerable information is needed about the
chemical and thermal mechanisms that control the
melting process of the DRI particlesinthe EIFinorder
to predict their optimum feeding conditions. There-
fore a number of experiments are designed to obtain
the information necessary for characterizing the
behavior of the sponge iron (SI) particlesin an electric
induction bath. The results are used for modeling DRI
electric induction melting. The mathematically pre-
dicted data are compared with the experimental
results.

MODELING

The feeding of the DRI materials to the uncovered
center of the crowned iron surface (Figure 1) createsa
unique chance-for the SI pellets to exchange heat and
mass directly with the molten metallic phase. Because
of the smaller density of the SI pellets they float on the
surface of the iron melt before they can completely
melt. A relatively large volume of gas can be produced
as a result of the reduction reactions between carbon
and oxygen during heating and melting of each pellet.
The volume of the gases evolved is a function of both
the temperature and the rate of rise of temperature. A
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typical example studied earlier by the auther is shown
in Figure 2. The volume of the gases evolved from the
DRI pellet is determined from this curve.
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7Figure 1. Continuous charging of granular materials into the
induction bath.
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Figure 2. Distribution of the gases evolved from DRI samples, %0=
2.01, %C=1.06 [16].

Experimental evidence shows that the amount of
agitation produced at the surface of the liquidisenough
to expel the floating solid or liquid islands away from
the external surface of the gassing pellet, except that
the rate of charging is so muchas not to allow the
particle to retain its surrounding domain. A highly
active DRI pellet with a relatively low metallization
degree and high carbon content can, therefore, be
assumed to behave like an isolated gassing particle
floating on the surface of the liquid melt. The whole
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heating and melting process can take no more than a
few seconds for such a case (Figure 3).
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Figure 3. Melting time of a) 92.5% metallized, highly gassing and b)
97% metallized low-gassing DRI pellets charged onto the surface of
liquid iron melt. Other Characteristics of the pellets are given in
Table 3.

In the case of the highly metailized low- gassing DRI
particles, the melting time is distinctively high for two
reasons. The first is that these particles are easily
surrounded with nearly insulating molten oxides
exerting out from them and/or by slags gathered
around the internal side of the walls of the cru—
cible.The second reason is that they do not
produce any substantial surface turbulence due
to the gassing effects. A comparison is made in
Figure 3 of the melting time of a number of
gassing and non-gassing DRI pellets.

The calculations on the average melting time of the
DRI pellets are based on the mathematical modei used
in Reference 5. However modifications are made for 1)
the on- surface melting of the floating DRI pellets, 2)
the direct contact between the DRI pelletsand the iron
melt and 3) the mechanisms for transfer of heat to the
DRI pellets floating on the surface of the hot iron
phase.

Kolomogoroff’s theory of isotropic turbulence is
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applied to caiculate the rate of transfer of heat to the
gassing solid pellets. A correlation similar to that used
for the melting of spherical solid parficles in a liquid
slag phase [5]isused todescribe the effects of agitations
due to gas evolution (Equation 1), except that the rate
of dissipation of energy is estimated through adifferent
precedure based on the new conditions:

Nu =2+ 0.83 Ko 0% (1)

Nu, Ko and Pr are theNusselt, Kolomogoroff and
Prandtl numbers indicating the behavior of the system
as related to the transfer of heat, dissipation of energy
and transfer of momentum, respectively. The rate of
dissipation of energy is calculated from the reversible
cxpansive work done by the evolving gas:

> Too

\A ]
P,.dV=fP, v V)= P, Vi >
v ( p) e ()

p a

E, is the amount of energy dissipated, £, is the fraction
of work done on the liquid phase, P, is the atmospherlc
pressure, V, is the volume of the DRI pellet, V, *and VEI
are the total volumes of gas measured at the lquId and
ambient temperatures, respectively, T isthetempera-
ture of the liquid phase and T, is the ambient
temperature. The assumption is made that the gases
are ideal and have a total volume initially equal to that
of the pellet and finally equal to that when released to
the air. The formerisnot, of course, considerable when
compared with the latter,

The rate of dissipation of energy can, therefore, be
obtained from the following expression:

e=£P, V3, T /T, (3)
> o]
\'f“g is the rate of evolution of gas measured at ambient

temperature. The quantity f; is assumed equal to the
volume fraction of the pellet submerged in the iron

phase. This quantity is calculated from the buoyancy

forces acting on the pellet:

Pp '
f = 4
P Pm @

p, and p,, are the densities of the DRI pellet and the iron
phase.
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If the rate of feedingisso great that the DRI pellets
may thermally interact with each other, the following
correlation can then be used for calculation of the rate
of transfer of heat into them:

‘Nu=2+0.26 Ko 0 pr33 (5)

"Equations 1 and 5 are utilized for estimation of the rate

of transmission of heat from turbulent eddies contact-
ing with the DRIsufrace. The areaof this surface can be
estimated from the submerged fraction f.:

A, >4, (6)

~ A, is the area of contact and R is the radius of the DRI

pellet.

Evolution of gas is not the only mechanism influenc-
ing the rate of heating of the DRI pellets, Magnetic
stirring does, for example, help this process, too. But
the amount of its effect is relatively small because the
difference between the velocity of the DRI pellets and
that of the liquid iron phase is, at least, initially
negligible. This is due to the small density of the DRI
pellets which does not allow them move with adifferent
velocity than that of the liquid melt.

The total amount of heat required for melting a unit
mass of the DRI pellets is a function of their chemical
composition and the melting ratc. The effect of the
chemical composition is due to the differences in the
specific heats of the materials and reactions (Tables 1
and 2). The effect of the melting rate is principally on
the heat losses from the electric heating system. The
heating efficiency, n, can be calculated from the
theoretical anG measured heat effects. The applied

definition is as follows:

AHc
- AHM

n= (o) 100 Y

‘in ‘which AH. and AH,, are the calculated and

measured heat values, respectively,

DRI CHARACTERISTICS
The studies are carried out with DRI sponge peilets
made at the Ahwas Steel Complex. The compression
strength of the pellets is 1.704 MPa, their abrasion
index is 5.34 percent minus .5 mm and their tumbler
index is 77.03 percent plus 6.3 mm according to the
standard used at the Ahwaz Steel Complex. These
numbers are determined after 15 impacts of a 14 Kg
weight dropped from a 43 cm height over the pellets
contained in a cylinder of 7.5 cm diameter and 5 cm
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"Table 1. Thermal Data Used in Calculations [17].

No. Substance o KJ
OH 673 208 ol
1 Ca0.2AL,0, (748)
2 3Ca0.Si0, (627)
3 2Ca0.Si0, (473)
4 Ca0.MgO Si0, (465)
5 2Mg0.Si0, (376)
6 AlL0,.8i0, (343)
7 $io, 116.4
8 ALO, 301.0
9 Ca0 162.0
MgO 154.5
11 Feyg,,0 122.5
12 Fe 71.3
13 Pig Iron (61.6)
EIF Steel (79.5)
15 Sponge Iron (91.4)
1

T . R P

“* Figures in parentheses are calculated from other data.

“Table 2. Enthalpies of Reactions Taking Place During Heating of DRI Pellets Evaluated from the InformationGivenin

Reference 17.

r No. Reaction Enthalpy Change*

1 L1"Fe0", +Fe,C 4.05Fe,+0.9C0 , +0.1COy,, 5.72 (JICm?)

2 1.1"Fe0”,+C>1.05Fe,, +0.9C0,,,+0.1C0,,, 5.64 (J/Cm’)

3 Fe,C,,;>3Fe,+C -5.14 (Vgre )

4 "Fe0"y+C gy—>Fey,+COy, 5.34(J/Cm’)

5 Con=>C 1.78 (XJ/g)

6 2Ca0y,+8i0,,) »2Ca0.8i0y, -2.18 (KJ/gsio0)

|

“*The data are for the range of stability of phases and materials and cubic centimeter of cold gases.

height. The apparent density of the pelletsis 2.9 grams
per cubic centimeter and their porosity is around 60
percent [9].

The chemical characteristics of the fused SI pellets
are determined by melting 150 grams of DRIsamplesin
an alumina crucible heated in aresistance furnace. The
molten phases formed in the crucible are then
separated, weighed and analyzed [9]. The results given
in Table 3 indicate that around 8.9 percent of SI goes
into the slag. It is, however, obvious that with a higher
carbon content the quantity of the slag would be less
(This is the case with the molten bath used for
production of ductile iron illustrated in Table .

Although the initial amounts of carbon and oxygen
present in SI are generally balanced,as a result of the
oxidizing conditions of the furnace during the melting
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~ process, a portion of FeQ is transferred into the slag. If

the carbon content of the molten metal is sufficient for

reduction of the total amount of FeO of the slag, not

only is the slag volume diminished, but the recovery of

the metal can also be increased.

Chemical analysis of the producedironshows that SI

is a suitable material for the production of various

ferro-alloys with precisely controlled analysis. Accord-
ing to the data given in Table 3, the melting product of

the SI is a relatively pure material without any

undesirable trace elements. Hence, it can be concluded
that SI can be favorably used for the production of

special steels which are usually constrained with very
small amounts of impurities used for electrical pur-
poses and low carbon maraging steels, forexample, can
be produced by melting SI materials, too. These
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“Table 3. Properties of the Slag and Metal Phases Produced by Melting 150 grams of the Ahwaz Sponge Iron Samples.

" Chemical Analysis (Weight Percent) " Weight " Other
” Material . \ | | ' Properties
! c | si| s| P | N | Fe|sio, IAl,o, Ca0 MgO‘ MnO | P,0, |Grams| Percent
Total
, i y - ! ' N - - i
sponge | 1.6 | — [o0.002] — | — [921| 1.6 |1ip, | 029|032 | 0.077]0.042| 150 | 100 | Degree | Reduced
Iron 104 Metalli- |Iron
| | [ i zation | .
- - 9255 8524
Total Total
93.70 3.37 .
- —
B= CaO + MgO
Slag | | _f— | — | — |184l4ra1f265 | 252|345 _ | _ | 13 |89 $i0,
0.145
T |
- B 2
Iron  0.005{0.006/0.0030.012/0.025 132-5I188-4 HVu(ermm)
I S T T

‘applications, in addition to the use of the SI peliets in
the production of nodular cast iron, can be of great
significance in the iron melting industry.

EXPERIMENTS AND RESULTS

Quantitative studies can be made of the effects of (a)
the size of the induction bath, (b) the type of the charge
material, (c) the method of charging, (d) the rate of
feeding and, (e) the size of the SI pellets on the
chemical composition of the hot metal, rate of melting
and electrical energy consumption. In this study, two
types of experimental and commercial induction
systems with respective capacities of 25 and 1500 Kilo-
grams are used. The refractory lining of the former is
made of magnesite and the latter is made of silica. The
results are descirbed.

Experiments with a 25-Kg Induction Furnace: The SI
pellets aredividedinto different sets according to their
size distribution. Samples weighing 500 grams from
each set are continuousty fed into a molten bath with
the chemical compositionsimilar tothatgiveninFigure
4. The experimental set-up is illustrated in Figure 5.
The apparent melting time of the SIpelletsismeasured
by the direct visual method. The consumption of the
electricity is measured by the meter of the furnace. The
results are given in Table 4. The initial temperature of
the bath is the same inallexperiments. Due to the small
ratio of the weight of the samples to that of the bath,

ealativaly cmall chaonaoacin thachamiral camnngitinn nf

iciats VCIJ Sliraii CllﬂllECD I taIcviIviiiinal \-Ulll}lUDlllUll vl

the bath is obtained (Figure 4).
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In order to determine the effect of the method of
charging on the heating and melting process, 1 Kgof SI
pellets is charged firstly in a batch process andsecondly
through a continuous feeding operation into the
induction bath of Figure 5 The melting time and the
energy consumption are determined for several experi-
ments. The average of the results are illustrated in
Table 5.

The effects of the feeding rate on the melting time of
the SI pellets and on the electric energy consumption is
studied by the continuous charging of 1 Kg SI pellets
into the induction bath of Figure 5 at different rates.
The starting temperature of the tests is kept the same
(1550°C). Other conditions such as the inlet electric
power of the furnace are also nearly unchanged. The
results are given inTable 6.

Experiments with 1.5- ton Electric Induction Furnace:
1100 Kilo -gramsof hot metal is produced by melting
various iron ingots and casting scraps. The chemical
analysis of the molten bath is given in Figure 6. A
mixture made of 400 Kg STand 8 Kg granular graphite is
continuously fed into the melt. The continuous
charging is done by the assembly shown in Figure 1.
The crowned surface of the bath facilitated the direct
charging of the SI pelletsto the clean metallicsurface of
the bath. The slag is pushed toward the crucible walls.
Because of their relatively small density, the S pellets
are carried by the stirring liquid metal towards the walls
and underneath the slag phase. Thisis the place where
they reside for the remainder of their lives. The highly

acrtivae gaccing NIRRT nallate nargict hawever in an
alaave gassiilg i o poulis POTSISt, nOWover, 1 an

oscillatory motion until they totally meit away.
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_Figure 4. Chemical analysis of the hot metal produced by adding different percentages of sponge iron into a molten induction bath.
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"Table 4. Effect of the size of pellets on the time and energy required for melting 500 grams of SI in 25- Kg
experimental induction furnace.

Electrical Energy Heating
Size(mm) Melting Time(sec) Consumption (KWH) Efficiency (%)

<1 60 0.360 53
1.8 36 0.270 70
34 40 0.198 96
5 355 0.194 98
8 54.5 0.293 65
8.5 37 0.191 99
10 53.5 0.266 71
15 100 0.513 37
mixture
of all 57 0.302 63
Sizes

Table S. Effect of the feeding method on the melting time and energy consumption in 25-Kg induction furnace.

" Melting Time " Energy “Heating
7Feeding Method for 1 Kg SI Consumption Efficiency
Pellets (sec) (KWH/Kg) (%)
“Batch T202 1134 34
Continuous 82 0.45 84

At the end of the melting process, 18 Kilograms of
ferrosilicon (75% purity) is added to the bath in order
to correct the silicon content of the bath. Similar
experiments are carried out with higher proportions of

42— Vol.3, Nos. 1 & 2, May 1990

‘sponge iron pellets. The results show that the contents
of the impurities can be reduced as a result of the
dilution of the molten iren with the relatively clean SI

materials (Figure

6).
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Figure §. Continuous feeding of 8] into 25- Kg electric induction bath.

Table 6. Etfect of feeding rate of the SI pellets on the melting time and electrical energy consumption in 25- Kg induction

furnace.
) ) Energy Heating
Test Feeding Rate " Melting Time Consumption Efficiency
No. (gr/sec} (sec) (KWH/Kg) (%) B
1 nn 0.522 73 '
2 21.27 67 0.333 114*
3 16.39 0.486 78 )
4 14,92 90 0.486 78 !
5 14.70 82 0.459 83 :
6 14.08 89 0.504 75
7 12.50 90 0.360 106*
8 11.90 132 0.666 57
9 11.11 92 0.504 75
10 10.10 9 0.522 73
11 9.90 101 0.531 2
12 8.85 146 0.72 53
13 7.75 183 1.053 36
14 6.62 216 0.882 43
15 6.58 182 0.792 48
16 6.29 178 1.008 38
17 5.78 202 1.134 34
18 5.55 211 1 38

*Excess heat may be due to the oxidation of elements.

DISCUSSION
The contents of the trace elementsin the SI pellets are
relatively small. The addition of these materials to the
charge of the induction furnace has, therefore, the
effect of lowering the contents of the impurities
contained in the hot metal existing in the bath. This
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effect for 25- Kg and 1.5-ton induction furnaces is
compared in Figure 7. The reduction of some of the
elements, such as S and P in both furnaces is especially
beneficial as a result of the elimination of the refining
processes.

The effect of both the type of the charge material and
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the method of feeding on the rate of melting, weight
percent of the slag produced and the consumption of
the electric energy is summarized in Table 7. As is
indicated in the table, the melting rate of the charge
material is reduced when SI pellets are fed instead of
iron ingots and returned scrap into the hot bath. The
melting rate, however, improves when the continuous
charging is practiced instead of the batch process.
These changes can be due to several inter- relating
effects: _

a) The thermal conductivity of the SI pellets is much
lower than that of the metallic ingots and scraps, thus
they can be heated up much slower than the latter.

b) The density of the SI pelletsissmaller thanthatofthe
molten metal, hence they float over the surface of the
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“bath. Floatation of the SI pellets results in a partial

surface contatt and a relatively small heating rate.

¢) The batch feeding operation enhances the interac-
tions between cold solid particles and causes the
formation of relatively slow melting islands floating on
the surface of the hot metal.

d) The continuous feeding operation can result in
reduction of solid- solid contacts and improvement of
the liquid- solid heat effects. This process can especial-
ly result in enhancement of the melting rate, when the
SI pellets are directly charged into the slag- freecentral
part of the surface of the metallic phasc (Figurc 1).

The weight percent of the slag produced is aiso a
function of the type of the charging material. The iron
ingots and returned scraps are nearly slag- free
materials, whereas, the SI pellets contain at least 8
percent of slagging materials (Table 3). Part of the slag
can, however, be reduced and returned to the metallic
phase. The datalistedinTable7indicate that the higher
contact between the molten metal and the solid
particles can result in a lower amount of slag as is the
case for the continuous SI feeding operation.

The experimental data summarized in Table 7 also
indicate that the consumptionof the electrical energy is
at its least value when the sponge pellets are continu-
ously charged into the melt. These results can be
considered in good agreement with the previous data,
if the smoother operation of the furnace during the
continuous feeding of the pellets is being paid enough
consideration.

The experimantal results, in general, indicate that
the SI pellets are advantageous materials for the

“Journal of Engineering, Islamic Republic of Iran_



Table 7. Effect of the type of charge material on the rate of melting, electrical energy consumption and the amount of slag

produced in 1.5- ton induction furnace.

Experi Materials Method of Rate of Weight of Consumption Heating
Charged Melting Slag
ment into the Charging Produ ced of Electricity Efficiency
hot melt (kg/min) (Percent) (KWH/Kg) (%)
Russian
1 Ingot and Batch 220 3.0 0.4 3
Returned Scrap
Sponge Iron .
2 Pellets Batch 11.2 7:5 0.48 60
Sponge Iron
3 qu etgs Continuous 18.0 5.3 03 97

production of cast- iron and steel, especially when
utilized in continuous feeding operationsinto the core-
less induction furnaces. A more advanced technique
seems to lend itself to a continuous process composed
of charging, melting, deslagging and tapping stages.
Such a continuous process, if technologically is proved
to be feasible, can help us to diminish the size of the
coreless induction bath and enhance the production
rate. Application of the dynamic systems analysis and
optimization techniques can help one toobtain the best
design with the least expenditures.

The effect of the rate of feeding on the time and
energy required for melting one Kilo-gram of SIpeliets
charged in a continuous way into the 25- Kginduction
bath of Figure 5is illustrated in Figure 8. The datashow
that the melting time and the energy consumption can
both be reduced in increasing the rate of feeding of the
sponge pelletsintotheinduction bath.These results
indicate that if the induction power can be sufficient
enough to provide and maintain the temperature of the
bath at the required level, the greatest use can be made
of the capacity of the furnace by continuous feeding at
the maximum possible rate. InTable8,acomparisonis
made of the effect ofthefurnace size and the charging
method on the melting time, energy consumption and
the heating efficiency of the system.

Effect of the size of particles on the time and energy
required for continuous melting of 500 grams of SI
pellets into a 25- Kg induction bath, shown inFigure 9,
indicates that the optimum size of the pellets for
obtaining minimal values for the melting time and
energy consumption is around 7 mm. This figure
depends on the conditions prevailing the motion of
heat and fluid in the bath. These conditions are
functions, clearly, of the systems used for heating and
the materials charged into them.

Through increasing the rate of feeding of the DRI

“Journal of Engineering, Islamic Republic of Iran

7pellets, a considerable amount of turbulence can be

produced at the surface of the molten phase (Equations
2 and 3). A violently stirred liquid phase is capable of
heating solid particles with a higher rate. If the rate of
feeding does not exceed an extremum where the multi-
pellet interactions start to prevail, the most desirable
condition for a continuous feeding operation can be
obtained. The fractional concentration of the DRI at
the surface of the liquid melt is an important factor
here. For very tiny DRI pellets, for instance, the
fractional concentration is so great that the multi-
pellet interactions can result in a.relatively small
melting rate (Figure 9). To resolve such complexities
which are adherent to the system, utilization must be
made of the theoretical and experimental evidences
through the application of the thermophysical data
available to predict the behavior of the system under
various circumstances and to obtain the optimum
feeding conditions.

200 :‘\‘.A @ Melting Time, Measured 15
: \ d -—— Melting Time Calculated =
]
\e A Energy Consumption, T
—_ \
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3 100 tA 4, 0s 5
1 ' \\\ - U
= * e ‘~-‘,___ é =
® @ g T b
A A 2
w
50 b 0
5 0 25

15 2
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Figure 8. Effect of rate of feeding onthe time and energy required for
continuous melting of one Kilo-gram of SI pellets into the 25- Kg
induction bath of Figures 4 and 5.
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Table 8. Comparrison of the Operation Characteristics of the melting systems.

EF | 25—Kg 1.5—ton
80 . , Continuous Batch Continuous Batch
Bath Condition T=1550"C, C=0.030% T=1420'C, C=3.75%
Melting Time (sec/Kg) 82 202 (3.33) (5.36)
Energy Consumption 0.45 1.134 03 0.48
(KWH/Kg) E
Heating Efficiency 84 34 96 60
(%)
r T 106 “as indicated by Equations 1 to 5 can be utilized to
‘ g explain the behavior of the multi- pellet DRI melting
100~ Melting Time, Measured @ 2 . . . o th
o / ] system shown in Figures 8 and 9. Any increase in the
_ Melting Time, Calculated —~ - . . .
2 ) 404 2 rate of feeding of the spongeiron pellets can resultinan
8 A\ Energy Consumption A s S i A .
T |e . g enthancement in the rate of melting provided that:
E \‘\ ‘/ i 'g 1) A uniform distribution of the DRI materials can be
£ Sor : T — 0.2 S achieved through a well- controlled continuous feeding
3 ‘ 2 ' z technique.
I 2) The energydissipation due to the gassing process be
t \ . 0 & well suited to produce the maximum amount of
0 0 s 10 15 turbuience. . -
Size of SI Pellets (mm) 3) The rate of feeding does not exceed the maximum

Figure 9. Effect of size of SI pellets on the time and energy required
for comtinuous melting of 500 grams SI pellets in 25- Kg induction
furnace.

CONCLUSIONS

Continuous feeding of sponge iron pellets into the
electric induction furnace is a convenient way of
producing high quality cast- iron and steel. The
diminision of the contents of the undesirable trace
elements as a result of the utilization of the DRI
materials, can provide the iron- maker with arelatively
clean bath that does not need subsequent purifying
processes.

The minimum amounts of the electric energy
consumption and the cold materials melting time can
be achieved with the continuous charging of SI pellets
directly into the hot bath with optimal rates of input of
electric power and feeding materials. The maximum
capacity could be used with the equipment, if the
melting system and SI characteristics can be designed
carefully.

Although the formation of around 6 percent slag at
the top of the furnace is a matter of little concern, the
advantages obtained in the utilization of the SI
materials especiallyin a continuous feeding operation
can easily cover this unavoidable deficiency.

The Kolomogoroff’s theory of isotropic turbulence
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permissible amount for a non- interacting multi- pellet
operation.

4) The size of the DRI pellets issosellected to keep the
surface density of the sponge pellets for the maximum
conversion of the dissipated energies to the local
turbulence,
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