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Abstract 

The purpose of this thesis has been to evaluate the use of a swirl blade in the uphill teeming process through plant trials. 
Two series of trials were carried out at Scana Steel Stavanger AS. In the trials a divergent entrance nozzle with a 62° outlet 
angle were used when casting duplex stainless steel on a base plate with two 6.2 tons ingots. All molds were burned onto 
the ingots; leading to problems with emptying the ingots from the molds and severe damages on the molds. To get a 
better insight during the casting and understand why the molds were burned onto the ingots; during the second series of 
trials one mold on each base plate were filmed in the beginning of the casting process. Evaluation of the castings indicated 
that splashing on the mold wall at an initial stage was one reason for the mold burned onto the ingot. Further, material 
samples were collected to evaluate the non-metallic inclusion composition and distribution with SEM when casting with a 
swirl blade compared to when casting without. The area percentage of the inclusions in the samples was 1% and 2% for 
samples casted with and without swirl blade respectively with d=2.8 mm. The inclusion size also varied for samples casted 
with and without swirl blade; 98% of the inclusions were in the size range of 0-10 μm when casted with and in the size 
range 0-20 μm when casted without swirl blade.  

Sammanfattning 
 

Syftet med denna uppsats har varit att utvärdera användningen av swirlblad i götgjutningsprocessen. Två serier med försök 
har utförts på Scana Steel Stavanger AS. I försöken användes en inloppssten med 62°-vinklat utlopp, där duplexa rostfria 
stål göts på stigplan med två 6,2 tons kokiller. Alla kokiller brände fast på göten, vilket ledde till svårigheter vid urtag av 
göten samt skador på kokillerna. För att få en bättre förståelse av varför kokillerna brände fast, filmades ett göt på vardera 
stigplan under den andra försöksserien. Utvärdering av försöken indikerar att en anledning till att kokillerna brände fast på 
göten var att det stänkte upp stål på kokillväggen i ett tidigt stadium. Vidare har materialprover samlats in för att utvärdera 
sammansättningen samt utspridningen av icke-metalliska inneslutningar i SEM då göt gjutits med swirlblad jämfört med 
utan. Area procenten i proverna var 1% och 2% då proverna gjutits med respektive utan swirlblad, med d=2.8 mm. Även 
storleken på inneslutningarna i prover som gjutits med och utan swirlblad skiljde sig åt, 98% av inneslutningarna var i 
storleksintervallet 0-10 μm för prover gjutna med swirlblad medan de som gjutits utan var i storleksintervallet 0-20 μm. 
 
 

Keywords: 
 SWIRL BLADE, INGOT CASTING, UPHILL TEEMING, PLANT TRIALS, INCLUSION. 

 



 
 

  



 
 

Table of Contents 

1. Introduction ........................................................................................................................................1 

2. Background .........................................................................................................................................2 

3. Purpose ................................................................................................................................................4 

4. Experimental Method ........................................................................................................................4 

4.1. Plant Description ...........................................................................................................................4 

4.2. Plant Trials ....................................................................................................................................5 

4.2.1. A First Attempt to Implement the Swirl Blade ......................................................................5 

4.2.2. A Second Attempt to Implement the Swirl Blade ..................................................................6 

4.3. Material Sampling .........................................................................................................................7 

4.3.1. Scanning Electron Microscope ...............................................................................................7 

5. Results .................................................................................................................................................8 

5.1. The First Series of Plant Trials ......................................................................................................8 

5.1.2. Ingot Surfaces - Casted in the First Series of Plant Trials ......................................................9 

5.2. The Second Series of Plant Trials................................................................................................10 

5.2.1. Filming During Casting ........................................................................................................10 

5.2.2. Ingot Surfaces - Casted in the Second Series of Plant Trials ...............................................11 

5.2.3. Analysis of Inclusion distribution ........................................................................................11 

6. Discussion ..........................................................................................................................................12 

6. 1. Evaluation of the Implementation of the Swirl Blade ................................................................12 

7. Conclusion .........................................................................................................................................13 

7. 1. Further Work ..............................................................................................................................13 

Acknowledgment ..................................................................................................................................14 

Appendix ...............................................................................................................................................16 

Appendix 1 Different Opening Angles on the Inlet to the Mold ........................................................16 

Appendix 2 Inclusion Chart ................................................................................................................17 

Appendix 3 Mold Burned onto Ingot 1.1 ...........................................................................................18 

Appendix 4 Mold Burned onto Ingot 1.2 ...........................................................................................19 

Appendix 5 Mold Burned onto Ingot 2.1 ...........................................................................................20 

Appendix 6 Mold Burned onto Ingot 2.2 ...........................................................................................21 

Appendix 7 Mold Burned onto Ingot 3.1 ...........................................................................................22 

Appendix 8 Mold Burned onto Ingot 3.2 ...........................................................................................24 

Appendix 9 Mold Burned onto Ingot 4.1 ...........................................................................................25 

Appendix 10 Ingot Surface – Ingot 1.1 ..............................................................................................26 

Appendix 11 Ingot Surface – Ingot 1.2 ..............................................................................................27 

Appendix 12 Ingot Surface – Ingot 2.1 ..............................................................................................28 



 
 

Appendix 13 Ingot Surface – Ingot 2.2 ..............................................................................................29 

Appendix 14 Ingot Surface – Ingot 3.1 ..............................................................................................30 

Appendix 15 Ingot Surface – Ingot 3.2 ..............................................................................................31 

Appendix16 Ingot Surface – Ingot 4.1 ...............................................................................................32 

Appendix 17 SEM images from Reference sample ............................................................................33 

Appendix 18 SEM images from sample A .........................................................................................34 

Appendix 19 SEM images from sample B .........................................................................................36 

Appendix 20 SEM images from sample C .........................................................................................37 

Appendix 21 SEM images from sample D .........................................................................................38 

Appendix 22 SEM images from sample E .........................................................................................39 

Appendix 23 SEM images from sample F ..........................................................................................40 

Appendix 24 New Entrance Nozzle ...................................................................................................41 

List of Figures 
Figure 1 A schematic overview of the uphill teeming process .................................................................1 

Figure 2 The swirl blade ...........................................................................................................................2 

Figure 3 Entrance nozzle ..........................................................................................................................2 

Figure 4 Different inlet angles ..................................................................................................................3 

Figure 5 Difference in the hump height ...................................................................................................4 

Figure 6 The setup of the entrance nozzles on base plate 1 .....................................................................5 

Figure 7 The setup of the entrance nozzles on base plate 2 .....................................................................5 

Figure 8 The setup of the entrance nozzles on base plate 3 .....................................................................6 

Figure 9 The setup of the entrance nozzles on base plate 4 .....................................................................6 

Figure 10 Collected material samples ......................................................................................................7 

Figure 11 Photo of the swirl blade used in the trials ................................................................................8 

Figure 12 Difference in the filling speed of mold 1.1 and 1.2 .................................................................8 

Figure 13 Difference in the filling speed of mold 2.1 and 2.2 .................................................................8 

Figure 14 Overfilled ingot ........................................................................................................................9 

Figure 15 Ingot 1.1 after empting of the mold .........................................................................................9 

Figure 16 Ingot surfaces from base plate 1 and 2 .....................................................................................9 

Figure 17 Ingot 3.1 after empting of the mold .......................................................................................10 

Figure 18 Ingot surfaces from base plate 3 and 4 ...................................................................................11 

Figure 19 A schematic overview of the half of the steel surface covered with mold powder and where 

the ingots were burned onto the molds ...................................................................................................12 



 
 

List of Tables 
Table 1. Composition of the Steel – Base Plate 1 and 2 ...........................................................................5 

Table 2. Composition of the Steel – Base Plate 3 and 4 ...........................................................................6 

Table 3 Measurements from the Setup on Base Plate 3 and 4 .................................................................6 

Table 4 Position of the Mold Powder in the Mold ...................................................................................7 

Table 5 Composition of the Mold Powder ...............................................................................................7 

Table 6 Compositions of the Inclusion ...................................................................................................11 

  



 
 

 

 



  
 

Plant Experiment Using a Swirl Blade in the Uphill 
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The purpose of this thesis has been to evaluate the use of a swirl blade in the uphill teeming process through 

plant trials. Two series of trials were carried out at Scana Steel Stavanger AS. In the trials a divergent entrance 

nozzle with a 62° outlet angle were used when casting duplex stainless steel on a base plate with two 6.2 tons 

ingots. All molds were burned onto the ingots; leading to problems with emptying the ingots from the molds and 

severe damages on the molds. To get a better insight during the casting and understand why the molds were 

burned onto the ingots; during the second series of trials one mold on each base plate were filmed in the 

beginning of the casting process. Evaluation of the castings indicated that splashing on the mold wall at an initial 

stage was one reason for the mold burned onto the ingot. Further, material samples were collected to evaluate the 

non-metallic inclusion composition and distribution with SEM when casting with a swirl blade compared to 

when casting without. The area percentage of the inclusions in the samples was 1% and 2% for samples casted 

with and without swirl blade respectively with d=2.8 mm. The inclusion size also varied for samples casted with 

and without swirl blade; 98% of the inclusions were in the size range of 0-10 μm when casted with and in the 

size range 0-20 μm when casted without swirl blade.  

 

Key words: Swirl Blade, Ingot Casting, Uphill Teeming, Plant Trials, Inclusion. 

 

 

1. Introduction 

 

With a heavy turbulent flow in the initial filling 

in the uphill teeming process, formation of non-

metallic inclusions due to entrapment of the mold 

powder in the steel are most likely to arise. The 

non-metallic inclusions composition, distribution 

and total amount in the ingot will affect product 

properties and quality. Since it is most difficult to 

refine steel products after casting, a harmful amount 

of non-metallic inclusions can lead to rejection and 

reclamation of the casted product.
[1-12]

 Figure 1 

illustrates casting of an ingot in the uphill teeming 

process.  

 
Figure 1. Filling of the mold. The molten steel enters the 

trumpet from the ladle; steel flows throw channels in the base 
plate and enter the mold from the bottom, modified figure.[2]  

 

Non-metallic inclusions may also form due to 

other sources than mold powder; for example wear 

of the refractory lining or slag entrapment.
[2, 9, 12]

 

Studies have been carried out when the amount of 

non-metallic inclusions in the ladle were compare 

to the amount in the mold; both when casting with 

and without mold powder the amount of inclusions 

found in the mold were more than the amount 

found in the ladle. Furthermore, elements with 

origin from the mold powder were identified in the 

inclusions; this indicating that mold powder and 

steel reacts.
[1]

 Mold powder bags are often 

suspended above the molds bottom or placed 

directly at the bottom in the uphill teeming process 

and if the mold powder is released to close to the 

molds inlet this can lead to entrapment of the mold 

powder; hence addition of mold powder is a most 

crucial process.
[4, 15-16]

  

Moreover, some steel grades can only be 

produced in the uphill teeming process due to 

segregation of the steel or due to a small production 

quantity. Also, mold powder provides important 

benefits and casting without mold powder increases 

the risk of reoxidation of the steel.
[1-6]

 Other 

benefits such as thermal insulation, lubrication 

between mold and steel and absorption of 

inclusions are provided by mold powder; therefore 

mold powder is of most importance in the casting 

process.
[13-17]

 To achieve a more even mold powder 

distribution on the steel surface plant trials have 

been carried out with reinforced mold powder bags, 

thus minimizing the reactions between the mold 

powder and steel surface when prolonging the time 

1 
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for releasing the mold powder bags.
[10, 18-19]

 

Additionally a more even mold powder distribution 

has also been achieved when implementing a swirl 

blade in the uphill teeming processes. Besides a 

calmer filling condition a swirling flow renders a 

lower hump height and thus a more even mold 

powder distribution.
[7-10]

  

Water models and CFD-models have 

investigated the implementation of a divergent 

entrances nozzle with a swirl blade.
[7-9, 20]

 

Additionally, effects from implementing a swirl 

blade in the uphill teeming process have been 

evaluated in this thesis. In the industrial trials a 

cone shaped entrance nozzle with a 62° angle outlet 

was used; this instead of a straight entrance nozzle 

which is in the production today. A helix shaped 

blade, twisted 60° around its own axis was placed 

vertical at the bottom in the entrance nozzles; in 

Figure 2 the swirl blade can be seen and the 

entrance nozzle can be seen in Figure 3. 

 

 
 

Figure 2. The swirl blade. (a) Swirl blade viewed from 

above. (b) Side view of the swirl blade. Dimensions of the swirl 
blade; 3 ~ 6cm; 3a ~ 4.5cm; 3b ~ 4.5cm.[21]  
 

 
 

Figure 3. Entrance nozzle. Schematic drawings of the 

entrance nozzles used in the trials. The x marks where the swirl 
blade was placed in the entrance nozzle.[22]  

This study is part of a larger effort to obtain 

cleaner steel production in the uphill teeming 

process with a new casting standard.
[5, 7-9, 20, 21, 23]

  

 

 

2. Background 

 

The actual effect of how mold powder influence 

the steel cleanliness have been investigated by 

Eriksson et al. Inclusion samples were taken from 

the ladle as well as from molds both when casting 

with and without mold powder. The results showed 

that several more complex oxides were found in the 

mold than in the ladle; thus confirming that steel 

and mold powder do react with each other. Also, it 

was found when casting without mold powder that 

both the total number and the individual size groups 

of inclusions increased in the ingot compared to 

casting with mold powder, i.e. reoxidation of the 

molten steel surface is prevented by mold powder.
 

[1]
 Possible reactions that may occur due to 

reoxidation are: 

 

4Al    +  3O2    2Al2O3   (1) 

   Si    +    O2    SiO2   (2) 

2Mn  +     O2    2MnO (3) 

 

Moreover, mold powder contributes to 

lubrication between the mold and ingot, isolate the 

surface thermally and absorb inclusions that floats 

up to the surface; hence mold powder is an 

important component in the casting process.
[11, 13-17, 

24- 25]
 In addition to formation of non-metallic 

inclusions due to turbulent flow, erosion of the 

refractory and air entrainment due to element in the 

molten steel with high oxygen affinity also results 

in non-metallic inclusions.
[2-4, 11, 12, 24]

  

The size range of inclusions originated from 

mold powder are between 10-30 µm and in order 

for the mold powder to absorb them the steel flow 

ought to be optimised; which can be done by 

changes in the entrance nozzle. To achieve a 

cleaner steel production the entrance to the mold is 

of most importance in the gating system; since a 

calmer flow and velocity on the steel that enters the 

mold will minimize drag downs of mold powder 

and the size of the eye, i.e. minimizing the risk of 

reoxidition of the molten steel.
[2, 6-9, 11, 21, 24, 26-27]

 

When the steel enters the mold through a swirl 

blade in combination with a divergent entrance 

nozzle this will result in a swirling flow on the steel 

that enters the mold. The conditions for taping the 

steel from the ladle through the gating system to the 

mold can be expressed with Bernoulli’s equation: 

 
 

 
   

           

 
   

          (4) 

 

A calmer filling condition can be achieved without 

the need of lowering the pouring rate and removal 

of inclusions lighter than the steel melt will be 
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performed as they centrifuge towards the centre and 

aggregate.
[6, 8, 21, 28]

 The small inclusions will be 

pushed upwards by a buoyancy force and dragged 

down by a drag force; where the terminal velocity 

can be assumed to move the inclusion upward can 

be expressed as: 

 

          
                      

     
        (5) 

 

Where µeff=the effective viscosity of the bulk liquid; 

g is the gravity constant; R=the inclusions radius; 

ρparticle=the densities of the particle; ρsteel=the 

densities of the liquid.
[11]

 

In earlier work four different angles (0°, 10°, 20° 

and 30°) in the inlet were modelled. A straight 

nozzle resulted in a steel flow straight up while a 

divergent inlet angle resulted in a decreased hump 

height; this can be seen in Figure 4.
[2]

 

 

 
(a) 

 

 
(b) 

 
 

(c) 

 

 
 

(d) 

 
Figure 4. Different inlet angles.[2] 

 

The hump height has also been investigated with 

water models; where the hump height was observed 

to decrease when using a divergent nozzle and the 

hump height decreased even further when 

implementing a swirl generator with the divergent 

nozzle.
 [8]

 The results from the water models can be 

seen in Figure 5 and states the same as those in   

Figure 4; a divergent nozzle generates a decreased 

hump height. 
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(a) 

 
(b) 

 
(c) 

 
Figure 5. Differences in the hump height. (a) A straight 

nozzle without swirl results in a high hump. (b) A divergent 

nozzle without swirl results in a hump. (c) A divergent nozzle 

with a swirl generator results in an almost flat surface.[8] 

 

Also, in Appendix 1 different inlet angles in 

combinations with the movement on the surface can 

be seen for water modelled values. 

The steels flow pattern can thus be controlled 

since a swirl blade will create a uniform velocity 

distribution and an almost flat surface. With a large 

hump height there are a lager surface that will be 

unprotected by mold powder; also movement on the 

steel surface can lead to reactions between the mold 

powder and the steel.
[2, 6-9,11]

 With a swirl blade 

positioned in the runner bricks and with a 15° 

angled entrance nozzle the mold powder were 

allowed to be released closer to the mold bottom in 

plant trials, due to the resulting decrease in the 

hump height.
[9]

  

Effects of the use of a swirl blade in the uphill 

teeming process require evaluating; since 

implementation of a swirl blade are believed to 

influence the distribution of non-metallic 

inclusions, mold powder consumption and the 

ingots surface quality. 
[2, 5-9, 11]

 

 

 

3. Purpose  

 

The purpose of this project is to ensure the actual 

effect of the use of a swirl blade in the uphill 

teeming process. Evaluation of the swirl blade’s 

effect in the casting process includes the 

distribution of non-metallic inclusions, casting 

time, turbulence during casting, mold powder 

consumption and mold powder defects on ingot 

surfaces.  

Material samples will be collected from the ingot 

bottom after casting and from the bottom and the 

top after forging. Thereafter the inclusion 

distribution in the samples will be analyzed at the 

Royal Institute of Technology using Scanning 

Electron Microscope (SEM).  

Parameters such as the casting time, turbulence 

during casting, mold powder consumption and 

surface defects on ingots will be observed during 

plant trials.   

 Industrial support is received from Scana Steel 

Stavanger AS in Norway, i.e. casting with a swirl 

blade in the uphill teeming process will be carried 

out at the steel plant. 

 

 

4. Experimental Method  

 

The plant trials were carried out at Scana Steel 

Stavanger AS in Jørpeland, Norway, to evaluate the 

use of swirl blade in the uphill teeming process. 

During implementation of the swirl blade in the 

first series of trials, the surface quality and the 

entrance nozzle design were observed. After 

empting the molds material sample were collected 

from the bottom of the ingot. 

In the second series of plant trials, one mold on 

each base plate was filmed during the beginning of 

the casting. One base plate (3) was casted with the 

bottom of the swirl blade positioned vertically 

towards the runner bricks in the base plate (V). The 

other base plate (4) was casted with the bottom of 

the swirl blade positioned parallel with the runner 

bricks in the base plate (P). The ingot surfaces were 

observed and material samples were also collected 

from all 4 molds, from the bottom and the top of the 

ingot; this after that the ingots had been forged. The 

material samples were later analysed with SEM. 

Because of the time limit and problem that arose 

during the first series of trials only 4 base plates 

were casted i.e. 8 molds were casted of what 7 were 

casted with a swirl blade. 

 

 

4.1. Plant Description 
 

Scana Steel Stavanger AS is a scrap based steel 

plant. The process of Scana Steel Stavanger AS 

when melting steel scrap is as following:  scrap 

charging; scrap melting; deslagging; deoxidation 

and alloying; heating and stirring; uphill teeming. It 

should be noted that this steel plant has no vacuum 

and degassing station operating in the process. The 

steel products are used in industries such as marine, 

gas and oil.
[29]
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 4.2. Plant Trials 
 

4.2.1. A First Attempt to Implement the Swirl 

Blade  

 

The first series of trials with a swirl blade were 

carried out with a 62° outlet angled entrance nozzle 

(see Figure 3). Two base plates were assembled 

with two 6.2 ton molds each and casted with duplex 

stainless steel. The composition of the steel grade 

casted on base plate 1 and 2 are shown in Table 1. 

 

In the first setup both molds were casted with the 

entrance nozzle but only one horizontal positioned 

swirl blade were used in one entrance nozzle. The 

mold constructed with a swirl blade in a divergent 

entrance nozzle is referred to as 1.1; the mold 

constructed with a divergent entrance nozzle but 

without a swirl blade is referred to as 1.2. The swirl 

blade was positioned with the bottom of the blade 

along with the direction of the runner bricks. The 

entrance nozzles used in the settings on base plate 1 

can be seen in Figure 6. 

 

 
(a) (b) 

 
Figure 6. The setup of the entrance nozzles on base plate 1. 

(a) Entrance nozzle 1.1 (b) Entrance nozzle 1.2. Both viewed 

from above. 

 

Evaluation of the swirl blades impact on ingot 

surfaces was enabled when casting one reference 

mold with the same entrance nozzle. To minimize 

bad ingot surfaces due to worn out mold surfaces 

new molds were used for casting of mold 1.1 and 

1.2. Further both nozzles were prepared with a steel 

wire that was secured with a collar; this to make 

sure that the nozzle would stay in place during 

casting. The nozzles were also glued on to the base 

plate after the swirl blade had been assembled into 

the nozzle (only nozzle 1.1 was assembled with a 

swirl blade). After placing the nozzle onto the base 

plate the position of swirl blade in 1.1 was 

corrected.  

On the second base plate both nozzles were 

assembled with one swirl blade each and no steel 

wire was used; this to enable comparison between 

the two base plates and see if the wire was 

important. The swirl blade in entrance nozzle 2.1 

was positioned with the bottom of the blade across 

the direction of the runner bricks and in 2.2 the 

bottom of the swirl blade was positioned along with 

the direction of the runner bricks. The setting of the 

nozzles 2.1 and 2.2 on the base plate can be seen in 

Figure 7. 

 

 
(a)  (b) 

 
Figure 7. . The setup of the entrance nozzles on base plate 2. 

(a) Entrance nozzle 2.1 (b) Entrance nozzle 2.2. Both viewed 
from above. 

 

One important parameter to evaluate during this 

sequence was the filling time which was compared 

to a reference casting performed with the regular 

cylindrical nozzle and two 6.2 ton molds.  

The molds 2.1 and 2.2 were not new since the 

primary goal was not to evaluate the ingot surface 

on this base plate and casting but the filling time. 

The time was taken from that the sliding gate was 

opened and the steel entered the trumpet to when 

the sliding gate in the ladle was closed. The 

opening and closing of the sliding gate was based 

on the eye sight of the operator; whom performed 

this manually. 

 

 

                    

Table 1 Steel Composition 

                        

Composition 

[%] C Si Mn S Mo Cr Ni Al Fe 

Base Plate 1 0.019 0.40 0.71 0.001 3.94 25.44 7.10 0.008 61.49 

Base Plate 2 0.017 0.34 0.82 0.001 3.89 25.07 7.00 0.008 61.83 
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 4.2.2. A Second Attempt to Implement the Swirl 

Blade  

 

 The same type of entrance nozzle and swirl 

blade was used in the second series of trials (see 

Figure 3). Two base plates with two 6.2 ton molds 

each were assembled with an entrance nozzle and 

swirl blade and casted with duplex stainless steel. 

The composition of the steel grade casted on base 

plate 1 and 2 are shown in Table 2. 

To determine if the position of the swirl blade 

influenced the casting base plate number 3 was 

assembled with the swirl blade in position V; i.e. 

mold 3.1 and 3.2. The setup of the swirl blade is 

shown in Figure 8. 

 

 
(a)  (b) 

 
Figure 8. The setup of the entrance nozzles on base plate 3. 

(a) Entrance nozzle 3.1 (b) Entrance nozzle 3.2. Both viewed 

from above and the swirl blade is in position V.  

 

Base plate 4 on the other hand was assembled 

with the swirl blade in position P; i.e. mold 4.1 and 

4.2. In Figure 9 a close up on the assembly can be 

seen.  

 

 
(a)  (b) 

 
Figure 9. The setup of the entrance nozzles on base plate 3. 

(a) Entrance nozzle 4.1 (b) Entrance nozzle 4.2. Both viewed 
from above and the swirl blade is in position P. 

 

When preparing the base plate, the swirl blade 

was positioned in the entrance nozzle before the 

nozzle was glued onto the base plate. Also, before 

placing the mold onto the base plate the position of 

the swirl blade was assured. The measurements 

from the setup on base plate 3 and 4 are shown in 

Table 3. 

 

                    

Table 2 Steel Composition 

                        

Composition 

[%] C Si Mn S Mo Cr Ni Al Fe 

Base Plate 3 0.020 0.40 1.22 0.001 3.86 25.17 7.12 0.004 61.13 

Base Plate 4 0.021 0.29 0.58 0.001 3.65 24.99 7.35 0.002 61.31 

          

         

      

Table 3 Measurements from the Setup on Base Plate 3 and 4 

                        

Measurements 

[cm] H
ei

g
h

t 
- 

E
n

tr
a

n
ce

 N
o

zz
le

 

H
ei

g
h

t 
- 

S
w

ir
l 

B
la

d
e
 

O
u

te
r 

H
ei

g
h

t 
- 

C
o

ll
a

r 

In
n

er
 H

ei
g

h
t 

- 
C

o
ll

a
r
 

O
u

te
r 

D
ia

m
et

er
 -

 C
o

ll
a

r 

In
n

er
 D

ia
m

et
er

 -
 C

o
ll

a
r
 

T
o

ta
l 

L
en

g
th

 -
 R

u
n

n
er

 

B
ri

ck
s 

O
u

te
r 

D
ia

m
et

er
 -

 S
p

id
er

 

In
n

er
 D

ia
m

et
er

 -
 S

p
id

er
 

In
n

er
 D

ia
m

et
er

*
 -

 M
o

ld
 

Mold 3.1 19.8 ~6.0 28.3 12.0 

  

103.3 25.9 ~7 84.6 

Mold 3.2 19.5 ~6.0 27.5 12.8 

  

103.4 

   Mold 4.1 19.4 5.9 28.2 10.5 110.7 66.6 103.0 25.6 ~7 

 Mold 4.2 19.4 6.0 30.5 19.0 110.5 62.2 103.1       

           *Measurements from the drawings 
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The mold powder bags were suspended from the 

molds ears at two different heights, referred to as 

position 1 and 2. The placement of the mold 

powder was performed by eyesight of the operator, 

after that the mold powder bags had been 

suspended the height from the bottom was 

measured and the measurements are shown in 

Table 4. 

        

Table 4 Position of the Mold Powder  

 

in the Mold 

         

Position [cm] 1 2   

Mold 3.1 20 50 

 Mold 3.2 20 40 

 Mold 4.1 20 50 

 Mold 4.2 20 30   

    Further the chemical composition of the mold 

powder can be seen in Table 5. 

        

Table 5. 

Composition of the Mold 

Powder
[30] 

        

Composition  [%]     

SiO2 52.5 

  CaO 33.5 

  MgO 5.0 

  Al2O3 4.0 

  Na2/K2O 3.0 

  Fe2O3 1.0 

  Cfree 0.5 

  CO2 

   Ctotal 0.5 

  H2O 0.6 

  
L.O.I. 1.5     

 

In the trials old molds were used and hence the 

ingot surfaces were difficult to evaluate; 

imperfections on the surface could be due to bad 

surfaces in the mold. Also, the casting time was 

difficult to evaluate due to problems that arose with 

breakage from the ladle when the steel was tapped 

from the AOD to the ladle. 

 

 

4.3. Material Sampling 

   

During both series of trials material sample were 

collected from underneath all 8 ingots before 

forging, containing the swirl blade when casted 

with a swirl blade. Where the samples were 

collected can be seen in Figure 10. 

 
 

(a)  (b) 
 

Figure 10. Collected material samples. (a) The white line 

marks where the material sample was collected from the ingot. 

(b) The material samples collected from base plate 1 and 2. 
 

Additionally samples were collected after the 

ingot had been forged in the second series of trials.  

The later material samples were collected from 

the bottom and the top of the ingot; this was 

executed on all 4 ingots casted with a swirl blade in 

the second series of trials and on an ingot casted as 

a reference later on. 

Samples collected from underneath the ingot 

were not analysed in the SEM. These samples were 

primly collected in order to evaluate the impact on 

the swirl blade and because of problems that arose 

with the machinery and time limits for the project 

all samples could not be prepared and therefore not 

analyzed in the SEM.  

In the second series of plant trials the intention 

were to collect material samples during filling of 

the mold, due to the danger in the environment the 

material samples could not be collected in this 

manner. Thus material samples were collected after 

forging of the ingots.  

 

 

4.3.1. Scanning Electron Microscope 

 

Material samples collected from the second 

series of trials from bottom and top of the ingot 

after forging were analyzed with SEM. Material 

samples from an ingot casted without swirl blade 

and divergent entrance nozzle were used as a 

reference. A rod was cut out from the ingot after 

forging. From these rods additionally samples were 

collected which were analyzed in the SEM. 

After cutting, grinding, polish and diamond 

polishing samples the composition of inclusions 

was analyzed with SEM and the surface was 

photographed to compare the distribution of 

inclusions when casting with and without a swirl 

blade.  

Furthermore, Jernkontoret’s inclusion chart II for 

the assessment of non-metallic inclusions was used 

to classify the inclusion distribution in the steel 

samples, the chart can be seen in Appendix 2 and is 

describing the contents of images and ratings 
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according to physical parameters such as area 

percentage. The area percentage was calculated of 

the total amount of inclusions in the samples. This 

since the results then can be compared with 

inclusions within the same size range even if the 

visual field diameter differs. For the standardisation 

to be valid the magnification, the size of the 

included inclusions, the sample range, where the 

sample was collected in the product and the visual 

field diameter needs to be listed.
[31, 32] 

 

The size range within where inclusions in the 

sample are estimated is decided by the visual field 

diameter (d). Also, inclusion sizes not included by 

the d can be complemented with a wider d and 

separate inclusions can also be mentioned as odd 

inclusions. Generally d can be expressed as follows: 

 

d = Lmin * f (6) 

 

Where Lmin is the smallest inclusion size of interest 

for the analysis; f1 = 24 for separated inclusions of 

type A and for strings of type B; f2 = 18 for 

separated inclusions of type C; f3 = 200*√2 for 

separated inclusions of type B and D.
[32] 

 

 

5. Results & Discussion 

 

5.1. The First Series of Plant Trials 

 

During the setup of both base plates 1 and 2 the 

assembly of the swirl blade proved to be difficult 

since the fit between the swirl blade and the 

entrance nozzle was poor. The entire swirl blade did 

not fit into the entrance nozzle and about 3-5 mm of 

the swirl blade stuck out from the bottom of the 

nozzle. Also a noticeable gap was observed 

between the swirl blade and the inner wall in the 

entrance nozzle resulting in that the swirl blade was 

a bit loose; this can be seen in Figure 11. 

 

 
 

Figure 11. Photo of the swirl blade used in the trials. When 

the swirl blade was placed in the entrance nozzle there was a gap 

between the nozzle’s wall and the swirl blade, viewed from the 
nozzles bottom. 

 

While casting base plate 1, mold 1.2 was 

observed to have more turbulent initial filling 

condition compared to mold 1.1 which showed a 

more even filling condition; although compared to 

casting with a straight nozzle and no swirl blade 

casting of base plate 1 was less turbulent. This was 

also confirmed by the operators during the trials. A 

noticeable difference in filling speed between mold 

1.1 and 1.2 were also observed, the difference can 

be seen in Figure 12. 

 

 
 

Figure 12. Difference in the filling speed of mold 1.1 and 

1.2; to the right is mold 1.2 and to the left is mold 1.1. 
 

The filling conditions during casting of base 

plate 2 were calm for both molds; where both 

molds were casted with swirl blade. Although, it 

was a noticeable difference in the filling speed 

between mold 2.1 and mold 2.2; mold 2.1 was filled 

more rapidly compared to mold 2.2. In Figure 13 

the difference in the filling speed can be seen. 

 

 
 

Figure 13. Difference in filling speed of mold 2.1 and 2.2; to 

the right is mold 2.1 and to the left is 2.2. 
 

Because the molds that were filled fastest were 

placed on the same side on their base plate 

respectively there was a chance the floor was 

slightly tilting. Although, according to the operator 

there is common that one mold is filled faster than 

the other mold on a base plate.  

During the casting of both base plates the mold 

powder only covered half of the steel surface 

leaving the other half exposed; this can be seen in  

both Figure 12 and Figure 13. 

After both molds were filled the finishing time 

was determined. Due to the faster filling time in 

mold 2.1 steel flowed over the mold; the amount of 

steel that flowed over the mold can be seen in 

Figure 14. 
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Figure 14. Overfilled ingot; during the casting mold 2.1 was 

filled faster than mold 2.2 resulting  in that steel flowed over. 
 

The casting time where for: two 6.2 tonne molds, 

whereas one mold was casted with a swirl blade, 

8.5 minutes; two 6.2 tonne molds, both molds 

casted with one swirl blade each, 8.5 minutes; two 

6.2 molds, a reference casting without any swirl 

blade and with the standard nozzle, 6.5 minutes. 

While the molds were emptied it was discovered 

that all molds were burned onto the ingots at the 

bottom; this leading to difficulties to remove the 

ingots from the molds. In Figure 15 ingot 1.1 can 

be seen after emptied from the mold, in Appendix 

3-6 more photos of the all ingots can be seen. 

 

 
 

Figure 15. Ingot 1.1 after empting of the mold. 
 

It was a lot of material the burned onto the ingot, 

which lead to disposal of some of the molds. The 

material loss from the molds varies between them; 

although for all of the molds the damages were as 

its worst at the bottom of the ingots. The damages 

dimensions were about 30x50 cm for the worst case 

and the depth was about 5-10cm. For the reason of 

the burned mold it was difficulties with removing 

of the ingot; although all 4 ingots were removed 

during the trials. 

 

 

5.1.2. Ingot Surfaces - Casted in the First Series 

of Plant Trials 

 

The ingot surfaces casted on base plate 1 and 2 is 

shown in Figure 16, in Appendix 10-13 more 

photos of the ingot surfaces can be seen. 

 

 
 

(a) 

 

 
 

(b) 

 

 
 

(c) 

 

 
 

(d) 

 

Figure 16. Ingot surfaces from base plate 1 and 2. (a) Ingot 
1.1. (b) Ingot 1.2. (c) Ingot 2.1. (d) Ingot 2.2. 
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5.2. The Second Series of Plant Trials 

 

The main emphasis during the second trials was 

to investigate how different positions of the swirl 

blade affect the process, due to the mold burned 

onto the ingot during the first series of trials. The 

two positions for base plates 3 and 4 were V and P 

respectively (vertical and parallel with the runner 

bricks). Also, the trials were filmed in order to see 

if there occurred any initial splashing onto the mold 

wall.    

As there were problems with assembling the 

swirl blade during the first series of trials the swirl 

blade was carefully hammered into the entrance 

nozzle. The swirl blade was hammered just enough 

so the whole swirl blade was fitted into the nozzle.  

The casting time for base plate: 3 casted with 

two 6.2 tonne molds, both assembled with a swirl 

blade each placed in position V, was about 8.5 

minutes; 4 two 6.2 tonne molds, both casted with a 

swirl blade each placed in position P, was about 8.5 

minutes. 

While empting the mold it was discovered that 

all molds had burned onto the ingots at the bottom; 

this leading to difficulties to remove the ingot from 

the mold. Although during the first series of plant 

trials the ingots were more difficult to remove from 

the molds and the amount of material was also less 

during the second series of trials. Ingot 3.1, 3.2 and 

4.1 all needed to be banged against a wall one time 

in order to be removed from the mold. Ingot 4.2 on 

the other hand was impossible to remove even 

though made attempts; this could not be done until 

the next working day, i.e. the ingot was left inside 

the mold for 2 days. In Figure 17 ingot 3.1 can be 

seen after emptied from the mold; in Appendix 7-9 

more photos of the all ingots can be seen, with 

exception of ingot 4.2.  

 

 

 
 
Figure 17. Ingot 3.1 after empting of the mold. In the figure 

the impact can be seen and where the mold burned onto the 
ingot. 

 

 

Problem areas resulted by the mold burned onto 

the ingot were not of the same magnitude as those 

from ingots casted on base plate 1 and 2. The 

dimensions were 10x20 cm and the impact was 

neither as deep; the depth was about 5mm.  

 

 

5.2.1. Filming During Casting  

 

Mold 3.2 was filmed from the beginning of 

tapping, during 3 minutes and 43 seconds. The 

mold powder bags placed in position 1 were 

released right away whereas the bags in position 2 

were released after 1 minute and 14 seconds, which 

was 10 seconds after the steel surface had reached 

the bags in position 2.  

An eye formation was observed during the entire 

filming; at first the eye was at the wall to the right, 

i.e. on the mold wall farthest away from the 

trumpet. After 21 seconds the eye formation was 

moved to centre and then to the left side of the 

mold wall, i.e. on the mold wall closest to the 

trumpet. The size of the eye was estimated to 16% 

of the total surface and later decreased to 8%. 

Mold 4.1 was filmed from the beginning of 

tapping, during 2 minutes and 49 seconds. The 

mold powder bags placed in position 1 were 

released right away. After about 54 seconds into the 

filling of the mold, the steel surface covered with 

mold powder reached the mold powder bags placed 

in position 2. When 1 minute and 3 seconds had 

elapse the mold powder bags that now were laying 

on the rising surface were released.  

During the filming an eye was observed the 

whole time, first in the centred and after about 50 

seconds the eye had moved to the left mold wall, 

i.e. on the mold wall closest to the trumpet. In the 

centred the size of the eye was approximately 12% 

of the total surface, when the eye moved to the left 

to the mold wall the size was increased to 20% and 

later to 30% of the rising steel surface. 

To compare with, tow other base plates with 4 

3.4 tonne molds and 3 4.5 tonne molds respectively 

were casted. The purpose was at first to see which 

position that was most optimal and how the mold 

powder should be added in order to receive good 

conditions for the filming. However, the films show 

that when casting with a straight nozzle the steel 

plant do not have the same problem with the eye 

formation. Even though an eye formation was 

observed in the centre at the beginning of the 

casting in both molds it disappeared completely 

after that all mold powder bags had been released. 

The size of the eye formation was 20-25% and 15% 

respectively. 
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5.2.2. Ingot Surfaces - Casted in the Second 

Series of Plant Trials 

 

The ingot surfaces from mold 3.1, 3.2 and 4.1 

are shown in Figure 18, in Appendix 14-16 more 

photos of the ingot surfaces can be seen.  

 

 
 

(a) 

 

 
 

(b) 

 

 
 

(c) 

 
Figure 18. Ingot surfaces from base plate 3 and 4. (a) Ingot 

3.1. (b) Ingot 3.2. (c) Ingot 4.1.  
 

However, ingot 4.2 was stuck inside the mold 

and could not be emptied until the next working 

day whereas the surfaces could not be observed. 

 

 

 

 

 

5.2.3. Inclusion Distribution 

 

Collected samples were analysed using SEM, 

where images of the surfaces were taken and the 

composition in the inclusions was analysed. After 

forging of the ingot the samples were collected 

from both the bottom and the top. In Appendix 17-

23, 6 images from each analysed sample can be 

seen as well as where the sample was collected 

from the ingot. 

The smallest inclusion size in the SEM images in 

Appendix 17-23 was about 10 μm; with equation 6 

and f3 the d was calculated to 2.8 mm. The area 

percentage from the reference sample was 

calculated to approximately 2% and sample A was 

calculated to approximately 1%. For the rest of the 

samples the area percentage was calculated 

approximately to: 1% for sample B; 4% for sample 

C; 3.5% for sample D; 3.5% for sample E; 3.5% for 

sample F.  Additionally, inclusion size differed 

from samples casted with and without a swirl blade. 

Almost all inclusions in sample A (98%) were in 

the size range 0-10 μm and about 2% were in the 

size range 20-30 μm and in sample B no inclusions 

lager than 10 μm were observed. Whereas in the 

reference sample inclusions were observed to be in 

the size range 0-10 (59%), 10-20 (39%) and 20-30 

(2%). Although, the amount of inclusions 

distributed in the ingot did not vary considerably 

when comparing samples collected from the bottom 

and top of one ingot. 

Analysis of the inclusion composition showed 

elements from the mold powder; elements such as 

calcium, aluminium, magnesium, silicon and 

oxygen, in Table 6 some of the elements in the 

inclusion composition can be seen.  

 

            

Table 6. 

Compositions of the 

Inclusion 

             

Sample 

[wt%] O Al Si Mg Ca 

Ref. 31-37 10; 33 1-3 0.5 0.08 

A 30; 46 16; 50 1-2 1-2 2-7 

B 30 10   0.4   

C 30-35 1-2 1-3 0.5 20-30 

D 25-30 1-5 30-50 0.2-0.3 0.1-0.3 

E 1-3 1 1 1 1-3 

F 10; 30 2; 17 1; 15 1-2 3-6 

       

As many inclusions composition as possible 

were analyzed. Since this was a very time 

consuming process all inclusions could not be 

analyzed; a selection of representing inclusions 

were made. 
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6. Discussion 

 

6.1. Evaluation of the Implementation of the 

Swirl Blade 

 

Observations from plant trials and collected 

material samples showed that the swirl blade 

managed the strains from the process. Parts of the 

swirl blade were found in the collected material 

samples and in material from the runner bricks on 

base plate 3, parts of the swirl blade were visual 

after removing the ingot, thus showing that the 

swirl blade stayed in its place during the casting 

process.  

Whereas if the swirl blade stayed in its position 

during the casting has not been validated; since the 

fitting of the swirl blade inside the entrance nozzle 

was poor and there was a gap between the nozzle’s 

inner wall and the swirl blade it is not known if the 

swirl blade moved during the initial stage of the 

filling. The material in both components managed 

that the swirl blade was hammered into the entrance 

nozzle without being damaged. When this action 

was made the results concerning mold burnet onto 

the ingot were improved.  

During the casting problems arose when the 

mold burned onto the ingot, the area where the 

mold burned onto the ingot surface can be seen in 

Figure 15, in Appendix 3-6 more photos of how  

the surfaces of ingots and molds were affected can 

been seen. In Figure 19 the interconnection 

between where the ingot was burned into the mold 

and how the mold powder covered the surface are 

shown. 

 

 

 
 

Figure 19. A schematic overview of the half of the steel 
surface covered with mold powder and where the ingots were 

burned onto the molds. The placement of the bottom of the swirl 

blade is marked in the centre of each mold. The red X marks 
where the ingot burned onto the mold.    

 

As mentioned previously where the mold powder 

is realized is of importance. Also, from the filming 

of the initial stage in the casting process it was 

observed during the second series of trials that the 

mold powder bags in position 2 were not release 

until the steel surface had reached them. Since the 

mold powder bags in mold 4.2 were placed in 

position 1 and 2 at 20 cm and 30 cm above the 

bottom respectively it would be of interest to see 

how future trials are affected by the position where 

the mold powder is placed; this since ingot 4.2 was 

impossible to empty during the trials. The height 

difference between position 1 and 2 was only 10 cm 

which could mean that all 6 mold powder bags 

were released at almost the same time at the initial 

filling of the mold. Mold powder bags that are 

released to close to the inlet in the mold can result 

in large mold powder entrapment.  

However, CFD simulations made by Tan
[33]

 and 

the films from the plant trials both indicate that the 

steel flow that enters the mold is in contact with the 

mold wall. In the simulations a splash was observed 

and the images from the filming showed that the 

eye formation was at the mold’s wall in mold 3.2. 

With simple algebra it can be calculated where a 

steel beam would hit the mold wall. Using values 

from Figure 3 and Table 3 yields equation 7: 

 

42.3cm*tan(62°) = 79.5cm  (7) 

 

Thus a steel beam continuously hitting the mold 

wall would hit the wall at about 80cm from the 

bottom of the ingot. The results from the plant trials 

showed that the damages where from the bottom of 

the ingot to about 20-30cm up; also the damages 

were worst precisely at the bottom. Moreover, in 

Figure 19 it can be seen that the problem area was 

on the side where the molten steel surface was 

exposed, i.e. the mold powder could not cover the 

whole steel surface because of an eye formation. 

Therefore it is most likely the burned mold arises 

because of steel splashing onto the mold wall. 

A new design of the entrance nozzle has been 

developed where the simulations show no splashing 

on the mold wall, although the hump height was 

increased; in Appendix 24 the new design can be 

seen.
[34]

 Validation of the effects of this entrance 

nozzle need to be done by executing new plant 

trials.  

In the inclusions elements with origin from the 

mold powder were identified; both when casting 

with and without a swirl blade. In the inclusion 

composition elements that could be found in the 

mold powder were identified. Besides high oxygen 

values, alumina and silicon were also high; which 

can be explained by they both having high affinity 

to oxygen. The high content of alumina in the 

inclusions also indicates that it depends on air 

reoxidation; during all of the castings a lot of the 

steel surface was not covered by mold powder. 

In the collected samples there were no difference 

in the amount of inclusions from the ingots top and 
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bottom; though the inclusions size range differed 

between samples casted with and without a swirl 

blade. The received results were not sufficient 

enough to provide any information whereas if the 

swirl blade generated less drag downs of mold 

powder, if the formation of non-metallic inclusions 

were unaffected or how the steel flow affected the 

non-metallic inclusion distribution. Analyses of 

additionally castings with a swirl blade need to be 

performed in order to statically verify this. 

 

 

7. Conclusion 

 

The conclusions can be summarized as follows: 

 

 No impact was observed on the swirl blade 

after casting and it was also observed that 

the swirl blade had stayed in the entrance 

nozzle; thus it is actually possible to 

implement the swirl blade in the process. 

Further, during the initial filling mold 1.1 

was observed to have a calmer filling 

compared to mold 1.2, which was casted 

without a swirl blade.  

 

 The mold powder consumption was neither 

less nor more than usually. All the mold 

powder bags were added before casting, thus 

it is impossible to say if the swirl blade 

resulted in decreased or increased mold 

powder consumption. Although, an eye 

formation was observed during casting of 

mold 3.2 and 4.1 and when casting base 

plate 1 and 2 the mold powder only covered 

half of the molten steel surface. Since the 

mold powder distribution were more even 

during the second series of trials it cannot be 

concluded that more mold powder need to 

be added as praxis when casting with a swirl 

blade. 

 

 Evaluation of the ingot surfaces was 

difficult since the difference between the 

surface of ingot 1.1 and 1.2 was difficult to 

observe. It was only ingot 1.1 and 1.2 that 

was casted with new molds to enable 

evaluation of the ingot surface. All molds 

used during the casting in the second series 

of trials were old ones that was going to be 

scrapped, this since the molds from the first 

series of trials were damaged.  

 

 During the first series of trials all 4 molds 

burned onto the ingot when using the 62° 

angled outlet entrance nozzle. Ingot 1.2 was 

casted as a reference without a swirl blade 

but with the same divergent nozzle, the 

problem arose for this ingot as well 

indicating that the burned mold was due to 

the molten steel flow and not because of the 

swirl blade. Further, casting of base plate 3 

and 4 did not yield the same amount of mold 

burned onto the ingot.  One reason to why 

ingot 4.2 was stuck inside the mold can have 

depended on a too abrupt release of the 

mold powder, besides eventually splashes. 

 

 Inclusion distribution when casting with and 

without a swirl blade varies; the area 

percentage was 1% and 2% respectively. 

Also the inclusion size differed, when 

casting with a swirl blade the size of almost 

all inclusions was in the size range of 0-10 

μm whereas compared to casted without the 

inclusion size varied between 0-20 μm; i.e. 

inclusions larger than 10 μm were not found 

in samples casted with a swirl blade. 

 

 

7. 1. Further Work  

 

The emphasis for this thesis was statistically 

verifying the effect of the implementation of swirl 

blade in the uphill teeming process. Since the molds 

burned onto the ingots during the first series of 

plant trials further trials were postpone; this made it 

impossible to ensure the effect of a swirl blade and 

the entrance nozzle with a 62° outlet angle. A new 

entrance nozzle was developed by Ersson and Tan 

with a 52° outlet angled entrance nozzle and of the 

nozzle’s inlet the straight height has been changed 

to 165 mm instead of 90 mm, see Appendix 24.[33] 

Because of time limitations for this thesis and 

delays in manufacturing of the new entrance nozzle, 

plant trials with this new entrance nozzle were not 

performed. A longer series of trials need to be 

performed in order to ensure the implementation of 

the swirl blade in the uphill teeming process.  

Further, the results from the implementation of 

the swirl blade differed for both series of trials; thus 

it is of interest to continue the attempts of usage of 

the swirl blade. Although the molds burned onto the 

ingots in both trials, the amount of material from 

the molds that burned onto the ingots differed 

significantly. For this reason it is of interest to pay 

attention to the things that differed during the trials. 

Firstly, during the first series of plant trials the 

swirl blade was assembled by hand and it was 

observed that the swirl blade did not fit perfectly 

into the entrance nozzle; there was a gap between 

the swirl blade and the nozzle's inner wall. Further, 

the swirl blade could easily be moved when one 

touched it. During the second series of trials more 

attention was focused to make sure that the swirl 

blade was not lose and was hammered down into 

the entrance nozzle. With exception of ingot 4.2 the 

mold burned onto the ingots were much less and the 

ingots were easily removed from the molds in the 

second series of plant trials. In collaboration with 
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this thesis Tan
[33]

 has run CFD-models and has 

found that different position of the swirl blade 

yields both different hump height and will affect the 

steel flow that enters the mold differently.  

Secondly, when measuring the height of the 

position of the mold powder bags during the second 

series of trials the height from the mold bottom 

differed from 30 to 50 cm on the mold powder bags 

in position 2, see Table 4.  

The suggestion for further work is therefore to 

make sure that the swirl blade is assembled so it 

will stay in the same position during the whole 

casting process; this so that the swirl blade’s 

position do not be affected by the steel flow since 

the position of the swirl blade will have influence 

on the steel flow that enters the mold. Also that one 

measures the position of where the mold powder 

bags are suspended, to make sure that all mold 

powder does not release at the same time. 

Lollipop samples were planned to be collected 

from the mold during casting at 25%, 50% and 75% 

of completed filling, thus enabling evaluation of the 

swirl blade’s impact on the inclusion distribution in 

the ingot.  Due to that sampling could not be 

performed securely at Scana Steel Stavanger AS the 

samples could not be collected. From the trials 

material samples were collected after forging and 

analyzed with SEM. One of the swirl blade’s 

advantages is supposed to minimize the amount of 

inclusion and since analyzed samples indicated that 

the amount of inclusions larger than 10 μm are less 

frequent when the ingot was casted with a swirl 

blade this needs to be further investigated. Further 

suggestions are collecting inclusion samples from 

representing parts of an ingot casted with a swirl 

blade and evaluating the inclusion composition and 

distribution.  

Finally, plant trials need to be performed with 

the new entrance nozzle with a 52° angled outlet. If 

there is no problem with molds burnet onto the 

ingot one should collect material samples from the 

bottom and top of the ingot to verify that the larger 

inclusions are removed from the ingot. The 

operators have the knowhow to go through with 

further trials by themselves. The critical moment 

will be placing the swirl blade and entrance nozzle 

on the base plate, this since the nozzle will be 

placed directly over the outlet of the runner bricks. 

Also, filming during casting is vital for 

understanding of how the position of the swirl blade 

affects the steel flow in the initial stage in practice. 
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Appendix 1. Different Opening Angles on the Inlet to the Mold. 
 

 

 
Table 1. Presentation of different opening angles and classification of the movement on the steel surface.[21] 
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Appendix 2. Inclusion Chart. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Jernkontoret’s inclusion chart II for the assessment of non-metallic inclusions.[32] 
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Appendix 3. Mold Burned onto Ingot 1.1. 

 

 
 

 
 

Figure 2. Ingot and mold 1.1 after emptying. 
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Appendix 4.  Mold Burned onto Ingot 1.2. 

 

 
 

 

 
Figure 3. Mold 1.2 after emptying of the ingot. 
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Appendix 5.  Mold Burned onto Ingot 2.1. 

 

 
 

 

 
Figure 4. Mold 2.1 after emptying of the ingot. 
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Appendix 6.  Mold Burned onto Ingot 2.2. 

 

 
 

 

 
Figure 5. Mold and ingot 2.2 after emptying. 
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Appendix 7. Mold Burned onto Ingot 3.1. 
 

 
 

 
 

Figure 6. Mold 3.1 after emptying. 
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Figure 7. Ingot 3.1 after emptying. 
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Appendix 8. Mold Burned onto Ingot 3.2. 
 

 

 
 

Figure 8. Mold 3.2 after emptying of the ingot. 
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Appendix 9. Mold Burned onto Ingot 4.1. 
 

 
 

Figure 9. Mold 4.1 after empting of ingot. 
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 Appendix 10. Ingot Surface – Ingot 1.1. 

 

 
 

                        
Figure 10. Photos of the ingot surfaces. 
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Appendix 11. Ingot Surface – Ingot 1.2. 

 

 

 

 
 

Figure 11. Photos of the ingot surfaces. 
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Appendix 12. Ingot Surface – Ingot 2.1. 

 

 

 

 
 
Figure 12. Photos of the ingot surfaces. 
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Appendix 13. Ingot Surface – Ingot 2.2. 

 

 

 

 
 
Figure 13. Photos of the ingot surfaces. 
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Appendix 14. Ingot Surface – Ingot 3.1. 

 

 

 

 
 
Figure 14. Photos of the ingot surfaces. 
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Appendix 15. Ingot Surface – Ingot 3.2. 

 

 

 

 
 
Figure 15. Photos of the ingot surfaces. 
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Appendix 16. Ingot Surface – Ingot 4.1. 

 

 

 
 
Figure 16. Photos of the ingot surfaces. 
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Appendix 17. SEM images from Reference sample. 

 

 

 
 

 
 

 
 
Figure 17. Reference sample, sampling from the bottom of the ingot, which was casted as a reference. 
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Appendix 18. SEM images from sample A. 

 

 

 
 

 
 

 
 
Figure 18. Sample A, sampling from the bottom of the ingot, which was casted on base plate 3. Sample A and B were collected from the 

same ingot. 
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Appendix 19. SEM images from sample B. 

 

 

 
 

 
 

 
 
Figure 19. Sample B, sampling from the top of the ingot, which was casted on base plate 3. Sample A and B were collected from the same 

ingot. 
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Appendix 20. SEM images from sample C. 

 

 

 
 

 
 

 
 
Figure 20. Sample C, sampling from the bottom of the ingot, which was casted on base plate 4. Sample C and D were collected from the 

same ingot. 
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Appendix 21. SEM images from sample D. 

 

 

 
 

 
 

 
 
Figure 21. Sample D, sampling from the top of the ingot, which was casted on base plate 4. Sample C and D were collected from the same 

ingot. 
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Appendix 22. SEM images from sample E. 

 

 

 

 
 

 
 

 
 
Figure 22. Sample E, sampling from the bottom of the ingot, which was casted on base plate 4. Sample E and F were collected from the 

same ingot. 
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Appendix 23. SEM images from sample F. 

 

 

 
 

 
 

 
 
Figure 23. Sample F, sampling from the top of the ingot, which was casted on base plate 4. Sample E and F were collected from the same 

ingot. 
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Appendix 24.  New Entrance Nozzle. 

 

 
 
Figure 24. The new entrance nozzle where measurements are given in mm, modified figure.[35] 

 


