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Steel is continuously cast by 
draining liquid steel from a 
tundish, through a nozzle, and 
into a water-chilled copper 
mold.  The steel in contact with 
the mold forms a solid shell 
while it is being pulled through 
the mold.  The purpose of this 
problem is to understand some 
of the fluid mechanics issues 
involved with keeping this 
level in the mold constant 
while constantly providing 
metal to make up for the steel 
removed from the bottom of 
the mold. 
 
(a) What is the hydrostatic 
pressure at level C? at level B? 
 
(b) If the rate of steel 
production is m& = 120 kg/s, 
what is the velocity of the steel 
through the nozzle?   
 
(c) Calculate the Reynolds 
number based on the nozzle 
diameter and the metal velocity 
there.  Using the Moody 
diagram, and assuming a 
smooth pipe, estimate the 
friction factor, f, for flow 
through the nozzle. 
 
(d) Calculate the total frictional 
losses, taking into account the 
entrance into the nozzle (Kent = ½), the outlet  of the nozzle (Kout = 1000), and the friction in the 
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straight nozzle.  Can we neglect any of these three sources of friction in the system? 
 
(d) Using the modified Bernoulli equation between level A and level B, find the height, hA, 
necessary to maintain the flow rate m& = 120 kg/s.  Assume that hA remains constant during this 
process. 
 
ht = 4 m hsurface = 2.5 m   hB = 2 m   
d = nozzle diameter = 0.3 m   ρ = 7800 kg/m3 
A t = surface area in tundish = 3 m2  µ = 0.007 kg/m s    


