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Continuous casting of steel

-ccc.mechse.uiuc.edu
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Review: Con1d simulation domain in 
the steel and mold

Liquid centerline

-Con1d9.6 user’s manual
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Review: Con1d heat flux in the mold

-Con1d9.6 user’s manual
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Review: Velocity and temperature profile 
assumed across interfacial gap

-Con1d9.6 user’s manual
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Review: Con1d heat transfer 
between rolls
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-A.Behera,2006,ccc report

Spraying water temperature

Water flux rate

Fraction of heat extraction to roll

---Nozaki’s model

University of Illinois at Urbana-Champaign • Metals Processing Simulation Lab • Xiaoxu Zhou 8

Con1d predicts surface temperature 
down strand
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New features for Con1d9.6

• Several minor bugs in Con1d8.0 are fixed in Con1d9.6.
• Two new options for defining interface (mold/shell) heat 

flux
– enter average mold heat flux
– enter mold cooling water temperature increase 

• New simulation domain. (New domain)
• Spray zones heat transfer is assumed the same on both 

sides as the CON1D8 file. Changes should be made by 
the user to introduce differences in the CON1D9.6.

• New heat transfer coefficient profile. (Click here)
• Leidenfrost effect implemented. (Click here) 
• Browsing the new example input file. (Click here)
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Simulation domain for Con1d9.6

Go back

Model both sides of caster at the
same time (Inside and Outside Radius)
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Spray-nozzle heat transfer coefficient can vary along caster

(input as 4 piecewise linear line segments)

casting direction
roll rollA DB

spray region

C E

hB=h1*hspray

hC=h2*hspray

hD=h3*hspray

hA=0

hE=0

( )spray 1nh A C W bT= ⋅ ⋅ ⋅ −

Input three (z, h) points: 
(z1, z2, z3, h1, h2, h3)
z1=AB/AE, z2=AC/AE, z3=AD/AE\
The symmetry of profile is not required.

•A. C=0.3925, b=0.0075, n=0.55
•T is the cooling-water spray temperature
•W (L/m2s) is the average water flow rate in              
the spray zones.
•hspray gives average heat transfer coefficient 
in the spray zone.

Nozaki correlation:

Con1d8 just use hspary in the spray zone.

Spray
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--from Vapalahti’s 2006 ccc meeting report:

“Delavan Nozzle Characterization at CINVESTAV”

Water flow used in nozzle experiment

Example h profile

Estimate heat flux profile 
based on Nozaki correlation
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Compare h profiles
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comparison between htc_con1d and nozzle experiment

Delavan 19813-3
htc in con1d

•New h profile in Con1d 9.6:
• z1   z2   z3  h1  h2 h3

0.37 0.50 0.63 0.50 6.11 0.50

•The spray length is properly elongated due
to the accumulation of water on the strand.

Old h in con1d8.0

Go back

h from Nozaki using measured water flux profile for

h from Nozaki using measured water flux profile for

New h in con1d9.6
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Leidenfrost effect (optional)

1000

1.6

1050.900.800700.temperatures

1.02.21.21.0h-multipliers

• To increase h to account for boiling heat transfer effect, a set of 
multipliers can be input to Con1d, such as follows:
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Leidenfrost effect on shell surface 
temperature prediction
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Con1d9.6 input file
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Con1d9.6 input file (Cont…)
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Con1d9.6 input file (Cont…)
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Con1d9.6 input file (Cont…)

University of Illinois at Urbana-Champaign • Metals Processing Simulation Lab • Xiaoxu Zhou 20

Con1d9.6 input file (Cont…)
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Con1d9.6 input file (Cont…)

University of Illinois at Urbana-Champaign • Metals Processing Simulation Lab • Xiaoxu Zhou 22

Con1d9.6 input file (Cont…)
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Con1d9.6 input file (Cont…)
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Future work

• Accurate Leidenfrost effect h-multipliers 
and temperatures needed.

• Continuous improvement for Con1d 
needed.
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