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Abstract 
 
The present study investigates the fewer strands casting operation in an industrial 12-strand tundish. Numerical simulations are employed 
to analyze the effects of different fewer strands casting cases on the molten steel flow, temperature distribution, and the length of the 
transition billet. Cases 1 to 4 are corresponding to the situations of all strand open, closure of strand 1, closure of strand 2, and closure of 
both strands 1 and 2, respectively. The results show that the volume fraction of slow-flow region is ranked as follows: Case 1 < Case 3 < 
Case 2 < Case 4. Fewer strands casting operation slightly increases the slow-flow volume, which hinders molten steel flow at the far-side 
strands 5 and 6. The residence time distribution (RTD) curve and flow characteristic results indicate that the Case 2 performs better 
than Case 3 in fewer strands casting, while Case 4 significantly worsens the molten steel flow at the far-side strands. The maximum 
temperature differences for Cases 1 to 4 are 30.9 K, 26.1 K, 28.7 K, and 26.4 K, respectively. In Case 2, the temperature profile of the 
near-side strands exhibits better consistency than in Case 3. The average  length of transition billets is ranked in the following sequence: 
Case 4 < Case 2 < Case 3 < Case 1. Both case 2 and case 3 result in a reduced billet length compared to the normal casting condition in 
case 1. In all, the Case 2 i.e. close strand 1 is the optimum case when closing one strand in fewer strands casting operation. The closing of 
two strands is not recommended. 
 
Keywords: Fewer strand casting, 12-strand tundish, Transition length, Grade change, Temperature distribution 
 
 
 

1. Introduction 
 
Continuous casting tundish is connected between the ladle and 

the mold, and is the final metallurgical reactor before the 
solidification of molten steel [1-3]. Proper tundish operation can 
improve inclusion removal, temperature uniformity, and 
intermixing [4-9]. The multi-strand tundish is more complex due 

to the control of flow and temperature consistency between each 
strand [10-11]. The 12-strand tundish [12-13] is currently the 
tundish with the highest number of strands known. Due to the 
structural limitations of ultra-multi-strand (12-strand) tundishes, 
two ladle shrouds and two separate tundishes are used to match 
one ladle in continuous casting [12]. In practice, due to 
considerations regarding annual production capacity or 
production pace, 12-strand tundishes are often subjected to fewer 
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strands casting, typically involving the closure of 1-2 strands. For 
fewer strands casting operations, researchers have conducted 
extensive studies [14-20] on the flow field, temperature field, and 
inclusion removal rate in 4-strand and 6-strand tundishes. 
Numerous conclusions have been drawn by researchers regarding 
tundish flow characteristics, optimal strand closure schemes, and 
flow control device optimization. For the 12-strand tundish with 
the highest number of strands, fewer strands casting is more 
common and widely applied. Only Zhang et al. [13] studied the 
flow characteristics after strand closure in a 12-strand tundish, and 
they found that the dead zone volume increased after strand 
closure. In addition, they concluded that closing the near strand 
(strand 1) is the reasonable single-strand closure solution. 
Research on fewer strands operation in a 12-strand tundish is 
relatively rare and required.  

In fast-paced production processes, when the steel 
compositions of the two consecutive ladles are similar, grade 
transition casting is employed [21-34]. Researchers have studied 
factors such as pouring level, casting speed, and flow control 
device optimization during the grade transition casting process. 
Physical and numerical simulation results indicate that lowering 
the initial pouring level in the tundish and increasing the casting 
speed are effective methods to reduce the length of the transition 
billet during grade transition operation, with the impact of initial 
pouring level being greater than that of casting speed [22-23]. In 
terms of tundish structure and flow control devices, an optimal 
combination of dams and weirs [24-25] along with the use of 
stepped tundishes [26], can also effectively reduce the length of 
the transition billet. During the grade transition casting process, 
not only the molten steel composition differs, but there are also 
temperature differences. The temperature difference induces 
thermal buoyancy and affects the flow field, which in turn affects 
the transition billet length. Temperature differences are also an 
important factor influencing the grade transition process [27-28]. 
Besides, during the grade transition casting process, it is crucial to 
ensure that the transition billet composition shifts from narrow 
specification steel to wide specification steel [29]. Recently, Song 
et al. [30-32] established a multi-field coupled three dimensional 
mathematical model for the grade transition process through 
numerical simulations, and predicted the composition of the grade 
transition billet. Ren et al. [33] analyzed inclusions in the grade 
transition billet and found an increase in number of inclusions and 
a significant decrease in billet cleanliness. However, during 
industrial production, grade transition casting is frequently 
operated under fewer strands casting conditions. Currently, there 
is no reported research on the grade transition casting process 
under fewer strands casting operations. It is unclear whether the 
length of the transition billet varies under these conditions. To 
avoid misjudging the transition billet length and reduce 
production costs, it is essential to study the grade transition 
casting process in the multi-strand tundish under fewer strands 
casting conditions. 

In order to investigate the effect of fewer strands casting on 
molten steel flow, temperature distribution, and the grade 
transition casting process, this study focuses on an industrial 12-
strand tundish and employs numerical simulation methods to 
analyze the overall flow field and slow-moving molten steel zones 
in the tundish, and the residence time distribution (RTD) curve, 
temperature variations, and transition billet length of each strand. 

The study will provides a theoretical basis for the fewer strands 
casting process in 12-strand tundishes, and offers practical 
references for industrial production operations. 

 
 

2. Model and Methods 
 
To study the effects of the fewer strands casting operation on 

molten steel flow, the temperature variation when high-
temperature molten steel from the new heat is continuously 
injected into the lower-temperature molten steel from the 
previous heat, and the grade transition casting process, the flow 
field and temperature field were calculated independently. 
 
 
2.1. Computational Fluid Dynamics Model 
 
2.1.1. Geometric model 

The 12-strand tundish is consist of two separate 6-strand 
tundishes. The schematic diagram of the 12-strand tundish 
pouring system is presented in Figure 1. This is a long tundish 
with inlet (ladle shroud) located at one side but not the center. 
The tundish dimensions measure approximately 7 meters in 
length and 1 meter in width. The strands from the tundish pouring 
area are numbered 1 to 6. The production parameters are as 
follows: the ladle capacity is 150 t, and the tundish capacity is 50 
t. the billet cross-section is 150×150 mm and the casting speed is 
2.8 m/min. For the tundish, the ladle shroud has an immersion 
depth of 300 mm and a diameter of 71.76 mm, while the outlet 
nozzle diameter is 25 mm. The tundish liquid level is maintained 
at 820 mm. 

 

 
Fig. 1. Schematic diagram of the 12-strand tundish pouring 

system 
 

The 1/2 model of the tundish, which is similar to a 6 strand 
tundish, is studied. The geometry and mesh of tundish is shown in 
Figure 2. The mesh of the tundish is in total of 662,278 cells. The 
solution of numerical model is performed in Simcenter STAR-
CCM+ V2021.3 software. The realizable k-ε two layer model is 
used to describe the turbulent phenomena. Besides, chemical 
reactions are not considered. The steel melt is assumed to be 
incompressible fluid.  
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Fig. 2. Geometry and mesh of the 12-strand tundish 

 
2.1.2. Governing equations 

The flow phenomena in the tundish are described by the 
unified equations (1). 

 

,u effΓ S
t x x x

∂ ∂ ∂ ∂ + = + ∂ ∂ ∂ ∂ 
φ φ

φ φ φρ ρ
                                

(1) 

 
where ρ is the density, kg/m3; ϕ is the solved variable, which 

in this study includes velocity, concentration,  turbulent kinetic 
energy, and turbulent dissipation rate; u is the velocity vector, m/s; 
t is the time, seconds (s); Гϕ,eff is the effective diffusion coefficient 
of the solved variable, m2/s; Sϕ is the source term. x is the spacial 
coordinate. 

 
2.1.3. Species Transport Model 

The species transport model is used to predict the transport 
process of a tracer as well the strand concentration during grade 
change in the model, and the equation in the model can be 
described as 

 

( ) ( ) ( )ρω ρ ω ρ ω∂
+∇ ⋅ = ∇ ⋅ ∇

∂
u effD

t                 
 (2)

 
 
where ω is the volume fraction of the tracer in the 

computational domain. Deff is the effective diffusion coefficient of 
passive scalar, m2/s.  

For the tracer transport process, the simulation process uses 
the ‘stimulus-response’ method, and the residence time 
distribution (RTD) curve is used to analyze the flow 
characteristics of the steel flow in the tundish. This is used for 
study the transport process of tracer as a classical chemical reactor 
engineering method. The overall descriptions are similar to 
previous work [19-20]. The pulse injection time interval of the 
tracer is 1 s. During the pulse injection, ω = 0 in the whole region 
cells except the tracer injection cells, while in the tracer injection 
cells ω = 1. After injection, the ω in the injection cells are set to 0. 
ω (outlet cross-section area averaged) of the outlet is used as the 
outlet value for the analysis of the RTD curve. 

For the grade transition casting process, continuous tracer 
injection is used to simulate the composition change of the new 
heat of ladle. In the simulation, the initial concentration ω in the 
tundish is set to 0, and, after t=0, the concentration ω in the inlet 
region cells are set to 1. Afterwhile, the concentration gradually 
changes from 0 to 1 in the whole tundish. The changes of 
concentration at each strand are monitored, thus obtaining the 
concentration-time variation curve. In this case, the strand 
concentration ω represents the ratio of the concentration 
difference of chemical elements between the two heats during the 
grade transition casting process, as shown in equation (3). 

S P

N P

w w
w w

ω −
=

−                                                                      (3) 

 
where wS, wN, and wP represent the mass fractions of the 

chemical element at the strand outlet, new heat, and present heat, 
respectively. 

 
2.1.4. Heat Transfer Model 

The variation of density with temperature is considered 
through the Boussinesq model, as shown in equation (4). 

 
(1 )st Tρ ρ β= − ∆                                                            (4) 

 
where, ρst is the density of molten steel, kg/m3; β is the 

thermal expansion coefficient, β = 9.72 × 10⁻5 K⁻¹; ΔT is the 
temporary temperature difference, ℃. 

To simplify the analysis, this study does not investigate the 
temperature drop process of the two heats of molten steel. The 
temperatures of the two heats are set to 1793 K and 1844 K, 
respectively. The specific simulation process for the ladle 
changeover process is as follows: the initial temperature is set to 
1793 K, and the heat flux on all wall surfaces is set. After 
iterative calculations, the computation is stopped when all 
residuals are less than 1×10-4, and the steady-state wall 
temperature distribution is obtained. The steady-state results are 
used as the initial conditions for the transient simulation. The 
actual scenario simulated is the process where, after ladle 
changeover process, the higher-temperature molten steel (1844 K) 
from the new heat is continuously injected into the lower-
temperature molten steel (1793 K) in the previous heat's tundish. 
 
 
2.2. Initial Conditions and Solution Details 

 
The boundary conditions are set as follows: the solid surfaces 

are treated as no-slip, rough wall conditions, with a wall 
roughness of 0.00027; the inlet is set as a velocity inlet. 

The specific parameter settings and boundary conditions are 
shown in Table 1. The inlet turbulent kinetic energy (k) and 
turbulence dissipation rate (ε) are provided in Equations (5) and 
(6)： 
 

23 ( )
2

k I= v  (5) 

 
3 4 3 2C k
L

µε =  (6) 

 
where, I is the turbulence intensity (I=0.02), v is the inlet 

velocity, Cμ is the proportional coefficient (Cμ=0.09), L is the 
characteristic length (L=0.07D), and D is the ladle shroud 
diameter. 

 
 



A R C H I V E S  o f  F O U N D R Y  E N G I N E E R I N G  

Table 1.  
Numerical simulation parameters and wall boundary conditions 

Parameter Value 
Density of molten steel(kg·m-3) 7020 

Dynamic viscosity(Pa·s) 0.005967 
Inlet velocity(m·s-1) 1.558 

Turbulent kinetic energy(J·kg-1) 0.001456 
Turbulent dissipation rate(m2·s-3) 0.001807 
Free surface heat flux(kW·m-2) 15 
Bottom wall heat flux(kW·m-2) 1.4 
Long wall heat flux(kW·m-2) 3.2 
Short wall heat flux(kW·m-2) 3.8 

Internal wall (dam, weir, stopper) heat 
flux (kW·m-2) 1.75 

Initial temperature (K) 1793 
New heat temperature (K) 1844 

 
The governing equations are solved based on the finite 

volume method using Simcenter Star-CCM+ V2021.3 software. 
The steady-state flow field is calculated iteratively using the RKE-
2L model, and the steady-state simulation results are used as the 
initial conditions for the transient simulation. The pressure-
velocity coupling is solved using the semi-implicit (SIMPLE) 
method for pressure-coupled equation sets to solve the 
concentration or temperature equation. The convergence criterion 
requires that the residuals of all variables be less than 1×10-4. For 
the transient simulation, the time step increases gradually, with an 
initial time step of 0.002 s, a growth factor less than 1.25, and a 
maximum time step of 1 s. Each time step includes 30 iterations. 

 
 

2.3 Studied Cases 
 
The research cases presented in Table 2 was designed based 

on operational data from a 12-strand tundish continuous casting 
process at an industrial steel plant, and after reviewing relevant 
literature reference [13]. Case 1 is the normal or reference case, 
with all strands open. The strand 1 and strand 2 are closed in Case 
2 and Case 3, respectively. In addition, both the strand 1 and 
strand 2 are closed in the Case 4. 
 
Table 2.  
Studied cases 

Cases Strand close scenarios 
Case 1 all strands open 
Case 2 strand 1 
Case 3 strand 2 
Case 4 strand 1and 2 

 
 
 
 
 
 
 
 
 

3. Result Analysis 
 
 

3.1 Mesh Independence Verification 
 
The velocity distribution at the tundish strands for three 

different mesh configurations is illustrated in Figure 3. The mesh 
configurations, denoted as Mesh 1, Mesh 2, and Mesh 3, consist 
of 521,216, 662,278, and 920,611 grids, respectively. The 
velocity distribution along the line crossing strands 1 to 6 reveals 
six distinct peak values. Notably, the peak velocity initially 
increases and subsequently decreases. Overall, the velocity 
distributions for all three meshes demonstrate similar trends. 
Balancing simulation accuracy and computational efficiency, this 
study selects the mesh with 662,278 grids for further analysis. 
The distance between individual mesh nodes in this configuration 
is 0.035 m. 

 

 
Fig. 3.  Velocity distribution at the strands of tundish with 

different mesh numbers 
 
 

3.2. Tundish flow field 
 

The flow field results of the tundish are shown in Figure 4. As 
shown in Figure 4(a), the flow field in the tundish can be divided 
into three regions. The first is the high-speed impact region. In 
this region, the molten steel flows from the open area of the 
impact zone through the space between the strand 1 and strand 2 
into the pouring area. It forms the main flow direction along the 
length of the tundish. The second region is in the central part of 
the tundish, a large circulation zone is formed and is located from 
the strand 2 to strand 3. Besides, a vortex is formed near strand 1 
of the tundish. The third region is located around strand 4 to 
strand 6 in the tundish, and the steel flow forms a slow-flow 
region. After the molten steel passes the short wall on the right 
side of strand 6, a backflow forms. The slow-flow region, with 
the steel flow velocity less than 0.0025 m/s is visualized in Figure 
4(b). This is based on the definition by He et al. [35]. Figure 5 
shows the volume fraction data of the slow-flow region for each 
case. In Case 1, the slow-flow volume is 0.88 m3. In Cases 2 and 



A R C H I V E S  o f  F O U N D R Y  E N G I N E E R I N G  

3, the slow-flow volume increases to 1.13 m3 and 1.11 m3, 
respectively. In Case 4, the slow-flow volume is the largest with a 
value of 1.40 m3. The volume fraction of the slow-flow region is 
ranked as Case 1 < Case 3 < Case 2 < Case 4. This suggests that 
performing fewer strands casting in the tundish increases the 
slow-flow volume at the far-side strand region, which hinders 
molten steel flow and mixing. From the volume fraction data, 
closing strand 2 is slightly better than closing strand 1. After 
closing both strands, the slow-flow volume increases significantly. 
 

 

 
(a) Streamline figures; (b) Slow-flow region 

Fig. 4. Flow field calculation results for each case in the tundish 

 
Fig. 5. Volume fraction of the slow-flow region for each case 

 
The RTD curves at each strand further illustrates the flow 

characteristic and consistency of the strands. Figures 6-9 show the 
RTD curves at different strands for Cases 1-4, respectively. Table 
3 presents the flow characteristic parameters for each case. As 
shown in Figures 6(a), (b), and Table 3, in the all strand open 
Case 1, the response time at strands 1-4 gradually increase. The 
minimum response times at strands 1 and 2 are 16.7s and 23.3s, 
with high peak concentrations of 7.85 and 9.93, respectively. The 
peak concentrations at strands 5 and 6 are below 1.5. The 
minimum response times are extremely long, the values at strands 
5 and 6 are 130s and 339.5s, respectively. This phenomenon 
corresponds to the flow in Figure 4(b), the strands 5 and 6 are 
located at the slow-flow region. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Table 3.  
Flow characteristic parameters of each case 

Case Parameters Strand 
1 2 3 4 5 6 

Case 1 

Minimum response time/s 16.7 23.3 43.0 68.3 130 339.5 
Peak concentration time/s 34.7 39.0 65.1 98.8 226.7 888.8 

 Peak concentration 7.84892 9.93189 7.79684 4.97351 1.20712 0.61629 
Mean residence time/s 200.4 256.0 353.1 507.3 999.3 1063.9 

Case 2 
Minimum response time/s  27.0 50.8 80.7 138.6 377.5 
Peak concentration time/s  44.6 78 118 223.2 1177.5 

 Peak concentration  10.28272 7.01653 4.89262 1.67688 0.60596 
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Mean residence time/s  300.8 442.4 576.5 971.5 1314.3 

Case 3 

Minimum response time/s 19.6  49.9 80.1 154.8 387.6 
Peak concentration time/s 42.4  76.2 117.6 272.9 958.5 

 Peak concentration 7.50878  8.37232 5.07191 1.28124 0.67533 
Mean residence time/s 276.8  436.1 605.5 1094.1 1341.5 

Case 4 

Minimum response time/s   64.4 105.2 191.4 503 
Peak concentration time/s   100.9 157.9 320 1245.9 

 Peak concentration   7.42341 4.61376 1.43682 0.76246 
Mean residence time/s   422.8 578.8 993.9 1615.1 

 

  

  
(a) Strand 1-4; (b) Strand 5-6 

Fig. 6. RTD curves for each strand in case 1 
(a) Strand 1-4; (b) Strand 5-6 

Fig. 7. RTD curves for each strand in case 2 
 
For fewer strand operation in Case 2, as shown in Figure 7 

and Table 3, the response time and peak concentration time at 
strands 2-4 gradually increase, which is slightly higher than that of 
Case 1. The peak concentrations varies slightly for the strands 2-4. 
Compared to Case 1, the peak concentration time at strand 5 
decreases slightly, and the peak concentration increases to 1.68. 
This indicates an improvement in the flow at strand 5. The peak 
time at strand 6 increases significantly, rising from 888.8s in Case 
1 to 1177.5s. 

As shown in Figure 8 and Table 3, in Case 3, the flow 
characteristic parameters at strands 1, 3, and 4 are similar to that 
of Case 1. The peak concentration at strand 3 increases when 
compared with Case 1. Compared to Case 2, the minimum 
response time at strand 5 increases to 154.8s, and the peak 
concentration time significantly rises to 272.9s, while the peak 
concentration decreases to 1.28. Typically, for RTD curves with a 
sharp increase and decrease, the flow state at the outlet is short-
circuit flow. While a slightly increasing RTD curve (positive 
sinusoidal) indicates the slow flow from the outlet. The observed 
extension in peak concentration time coupled with the reduction in 

peak concentration at strand 5 suggests a deceleration in the 
molten steel flow velocity. These flow characteristics demonstrate 
that the operational conditions implemented in Case 3 have 
adversely affected at strand 5. The peak concentration time at 
strand 6 is 958.5s, which decreases slightly compared to Case 2.  
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(a) Strand 1-4; (b) Strand 5-6 

Fig. 8. RTD curves for each strand in case 3 
 

As shown in Figure 9, in Case 4, the minimum response time 
and peak concentration time at strands 5 and 6 significantly 
increase when comparing the other cases. In conjunction with 
Figures 4(b) and 5, closing strand 1 and strand 2 in Case 4 leads to 
an increase in the slow-flow volume in the tundish, which worsens 
the flow of molten steel at far-side strand region. 

 

 

 
(a) Strand 1-4; (b) Strand 5-6 

Fig. 9. RTD curves for each strand in case 4 

In Case 1, the mean residence time exhibits a gradual increase 
from strand 1 to strand 6. Compared to Case 1, the mean residence 
time of each strand in Cases 2 and 3 increases, suggesting that the 
closure of individual strands leads to reduced flow velocity of 
molten steel. Notably, in Case 4, while strands 3 to 5 show 
decreased mean residence times compared to Case 3, strand 6 
exhibits a substantial increase, reaching a maximum value of 
1615.1 s. 
 
 
3.3. Temperature Field in the Tundish 

 
When new heat of ladle is poured into the tundish, its 

temperature is usually higher than that of the present heat. Figure 
10 shows the temperature field in the tundish for each case during 
the pouring of new heat into present heat. A temperature 
difference exists between the higher-temperature new heat and the 
present heat. At 120s, the surface temperature in the impact area 
and near strand 1 is higher, while strands 2-4 form a temperature 
transition area. The free surface temperature ranges from 1701K 
to 1773K, and the temperature significantly drops at strands 5 and 
6, where a lower temperature region exists. From the temperature 
distribution on the long wall, the temperature in Case 1 is around 
1820K, while the temperature in Cases 2-4 show a gradually 
decreasing trend. 

By monitoring the temperature of the molten steel flowing out 
from each strand, the temperature change curves as a function of 
time for each case are obtained, as shown in Figure 11. In practice, 
the weight of molten steel in ladle is 150 t, and the time for 
casting one heat is 28.3 minutes. The 1800 s is used for study and 
covers the casting time. As shown in Figure 11(a), in Case 1, 
when new heat is poured for 120 seconds, the temperatures at 
strands 1-4 gradually increases by 2-6 K. At strands 5 and 6, the 
steel remains as old molten steel in the previous heat with a 
temperature of 1793 K, which is 16 K lower than that at strand 1. 
With continuous casting of new heat, the temperature of each 
strand gradually rises. The temperatures of strands 2 and 3 tend to 
be consistent and they are overlapped in figure 11(a). While the 
temperature of strand 5 increases rapidly at 180s, and the 
temperature of strand 6 rises at 300s. At 532s, the maximum 
temperature difference between strands 1 and 6 is 30.9K. 

 
 
 
 
 
 
 
 
 
 
 
 

 



A R C H I V E S  o f  F O U N D R Y  E N G I N E E R I N G  

 
Fig. 10. Tundish temperature field after pouring 120s for each case 

 

 

 
Fig. 11. Temperature variation at different time points for each case (a) case 1, (b) case 2, (c) case 3, (d) case 4 

 
As shown in Figures 11(b) and 11(c), the temperature curves 

of strands 2, 3, and 4 in Case 2 are generally more consistent than 
those of strands 1, 3, and 4 in Case 3. This indicates that the 
temperature field in Case 2 is more uniform. During the period 
from 180s to 300s after casting of new heat, the temperature of 
strand 5 in Case 2 increases from 1793.6K to 1799.8K, while in 
Case 3, the temperature of strand 5 increases from 1793.2 K to 
1797.2 K. The temperature increase in Case 3 is slightly smaller 
than that in Case 2. Additionally, in Case 2, the temperature 
difference between strands reaches a maximum value of 26.1 K at 
702s, while in Case 3, the temperature difference reaches the 

maximum value of 28.7 K at 601s. The maximum temperature 
difference in Case 2 and Case 3 is smaller than in Case 1. 

As shown in Figure 11(d), in Case 4, the maximum 
temperature difference between strands 3 and 6 is 26.4 K at 870s. 
At 1200s, the temperature of strand 6 in Case 4 is 1801.6K, which 
is 4 to 7 K lower than that in the other cases. At 1800s, the 
temperature is 1812.5K, which is 5 to 10 K lower than that in the 
other cases. 
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3.4. Impact of Fewer Strands Casting on 
Transition Billet Length 

 
In this study, the concentration difference ratio of 20% to 80% 

between two heats as the standard for grade transition billet, as 
shown in Figure 12. A concentration difference ratio below 20% 
is considered as the composition of the old grade, while a 
concentration difference ratio above 80% is considered as the 
composition of the new grade. The range between 20% and 80% 
represents the transition billet. 

The calculated transition billet length for each case are shown 
in Table 4. In Case 1, the transition billet length at strand 1 is 

52.13m, and the lengths at strands 2, 3, and 4 are ranged from 66 
to 72m. The transition billet lengths at strands 5 and 6 are close to 
88m. The average transition billet length of all strands is 72.41m. 
Overall, the transition billet length at strands 5 and 6 is too long. 

In Case 2, the transition billet lengths at strands 2, 3, and 4 are 
between 63 and 65m, while the lengths at strands 5 and 6 are 
74.16m and 84.41m, respectively. The average transition billet 
length is 70.16m. Compared to Case 1, the transition billet length 
at strand 5 is reduced by 13.01m. The results indicate that fewer 
strands casting can reduce transition billet lengths to some extent.  

 
 

 
Table 4.  
Transition billet length of different strands for each case (m) 

Case Strand 1 Strand 2 Strand 3 Strand 4 Strand 5 Strand 6 Average 
length 

Case 1 52.13 68.04 66.41 72.01 87.17 88.70 72.41 
Case 2  63.48 62.23 65.5 74.16 84.71 70.16 
Case 3 54.60  63.45 68.01 81.63 83.83 70.30 
Case 4   55.55 59.38 70.29 76.59 65.45 

 
This is because closing strand 1 prevents new heat of molten 

steel from quickly exiting through strand 1, at the same time the 
concentration of new heat of steel increases at the other strands. 

In Case 3, the transition billet length at strand 1 is 54.60m, 
which is slightly increased when compared to that in Case 1. 
While the lengths at strands 3 and 4 are 63.45m and 68.1m, 
respectively. They are slightly decreased when compared to that 
in Case 1. The transition billet length at strand 5 is 81.63m, which 
is lower than that in Case 1, but it is 7.47m longer than that in 
Case 2. The average transition billet length in Case 3 is 70.30m, 
which is very close to than in Case 2. 

In Case 4, since strands 1 and 2 are completely closed, the 
molten steel of new heat can exit at higher fractions through the 
far-side strands. As a result, the transition billet lengths at all 
strands in Case 4 are significantly reduced. The transition billet 
length at strands 4 and 5 are between 55 and 59m, and the length 
at strands 5 and 6 are ranged from 70 to 76m. The average 
transition billet length in Case 4 is 65.45m, which is reduced 
significantly than that in the other cases. 

 

 

Fig. 12. Transition billet concentration-time curve at each strand 
during the grade transition casting process and schematic diagram 

for determining the new and old grade  
 
 

4. Conclusions 
 
1) Fewer strands casting in the 12-strand tundish slightly 

increases the slow-flow volume, which hinders molten steel 
flow at the far-side strands 5 and 6. The volume fraction of 
slow flow is Case1 < Case3 < Case2 < Case4. Based on the 
analysis of RTD curve and flow characteristic parameters, 
Case 2 performs better than Case 3 in fewer strands casting, 
while Case 4 significantly worsens the molten steel flow at 
the far-side strands. 

2) The maximum temperature differences between different 
strands in each case are 30.9K, 26.1K, 28.7K, and 26.4K, 
respectively. In Case 2, the temperature curve of the near-
side strands is more consistent than that in Case 3. With 
closing the strand 1 and 2, the Case 4 shows a smaller 
maximum temperature difference, but the temperature 
curves of each strand are less consistent. 

3) The average length of transition billets is Case4 < Case2 < 
Case3 < Case1. Both Case 2 and Case 3 show a reduction in 
transition billet length compared to the normal casting Case 
1. The transition billet length at strand 5 in Case 2 is 
reduced by 7.47m compared to Case 3. Fewer strands 
casting operation prevents new heat of molten steel from 
flowing out from the near-side strands, thereby promoting 
an increase in the intermix of molten steel at the far-side 
strands. 

4) Evaluated from the flow characteristics, temperature 
distribution, and length of transition billets, the Case 2 i.e. 
close strand 1 is the optimum case when closing one strand 
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in fewer strands casting operation. The closing of two 
strands is not recommended in this study. 
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