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Proton Beam Dump
The Proton Beam Dump is a 
component made of seven steel 
plates surrounded by a steel baffle 
and concrete that absorbs the proton 
beam.

It needs a Heat Removal System 
where air circulates in forced 
circulation because the concrete 
temperature should not go over 95 °
C.
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Task description

Verification of the operative conditions 
of the Heat Removal System of Mu2e 
Proton Beam Dump 

● 165 CFM vs 250 CFM
● Arbitrary power distribution 

generated by MARS code
○ Accident condition (6.7 kW)
○ Normal operation (1.7 kW)
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Checking the results of the Excel file
Correction of minor errors in turbulent flow correlations

● P.K. Swamee and A.K. Jain formula
● Colebrook formula

Rewriting of the sheet formulas in clearer VBA language
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Results with 165 CFM: very small heat transfer coefficients

Results with 250 CFM: slightly bigger heat transfer coefficients



CAD Elaboration
Presence of both solid and fluid 
components file CADs

Merging of the solid CAD and the fluid 
CAD in one file

Checking for coincidence of the 
to-be-coupled surfaces

Refinement of details (removal of 
holes, small imperfections) to facilitate 
the meshing process
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ANSYS Coupled Simulation
Necessity of a coupled simulation to get the most accurate results

Decision of the blocks to put inside of the simulation

ANSYS offers the System Coupling block that couples different phases

6/16



Boundary conditions - Heat transfer

Imposed 15 C temperature on the bottom 
surface of the lower concrete block

Perfect insulation as default conservative 
assumption

System Coupling Surfaces: the eight 
coupled surfaces 
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Boundary conditions - Heat generation
Heat generation from MARS distribution with 1.325 kW of power deposited locally
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Mapped heat distribution (obtained) Mapped heat distribution (previous)



Boundary conditions - Fluid

Imposed inlet velocity

Imposed outlet gauge pressure

Fluid properties: air

Energy equation: on

Thermal boundary conditions: via 
System Coupling surfaces

9/16



Two-way data transfer

Two-way data transfer

Data is initialized in the uncoupled 
simulation and transferred on the 
coupled interfaces

More coupling iterations to get the 
converged and common value
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Coupling conditions
To make the coupled convection work, for 
each surface two transfers are needed :

● Heat Transfer Coefficient from 
Fluent simulation to Convection 
Coefficient of Thermal Steady-State 
simulation

● Near Wall Temperature from Fluent 
simulation to Convection Reference 
Temperature of Thermal 
Steady-State simulation
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Running and convergence
The simulation runs and converges
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Presentation of the preliminary results
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Steady-state thermal results (obtained) Steady-state thermal results (previous)



Verification of the results

The results are not fully coherent with the previous 
Excel calculations and separate ANSYS simulations: 
more work to be done

Slow Fluent convergence noted due to complex 
geometry and coarse mesh

Convergence threshold on residuals had to be 
increased from the default value due to otherwise 
very high computational time required 
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Future improvements and solutions

Fix the coupled convective heat transfer 
from the steel to the air due to convection

Remove the fixed heat flux between the 
steel plates and the baffle

Improve convergence speed by tweaking 
the relaxation factor and improving BC/mesh
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What to achieve in the end
Fully independent coupled two-way 
simulation that emulates exactly the 
behaviour of air, steel and concrete

Heat transfer coefficients for each of the 
coupled surfaces (to double-check them)

Understanding if the constraints on the 
temperatures of the steel and the 

concrete have been met for all the different 
operating conditions
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