SCDMS Helium Heat Exchanger Thermal Simulation
Erik Voirin – Fermilab – evoirin@fnal.gov – 630-840-5168 – August 28, 2015

Computational Fluid Dynamics Model with 10K Inlet:
Boundary Conditions:
Half Symmetry Used in simulation, though results are mirrored for clarity.  
Copper Conductivity:		1000 W/m/K
Cold Head Temperature:	 (Performance Curve of Cold Head)
Helium Pressure:		120 psia
Helium Mass Flow Rate:		1 gm/sec
Helium Inlet Temperature:	10 K
Results:
Results for total heat and mass transfer are shown below in Table 1.  Figures 3 through 11 show results for temperature of the helium and copper blocks, as well as velocity and pressure distribution. The helium inlet is on the positive X side, and the outlet is on the negative X.  Figures 4-10 are high resolution (2048 x 1536), zoom in on figures to reveal greater detail.    
Table 1:  Overall Results for Heat Exchanger Performance.[image: ]
The heat exchanger performs well, Outlet Temperature is within 0.262 K from Cold Head temperature, or 84% of the difference from 10K to the cold head temperature of 8.354K.   If a perfect heat exchanger would let the outlet temperature match the cold head temperature exactly, we can say this heat exchanger performs at 84% of a perfect heat exchanger.  
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Figure 4:  Temperature of plane through center of all cooling channels.
[bookmark: _GoBack][image: C://Users/evoirin/.cfx/CFX_TEMP_10664/Figure002.png]
Figure 5:  Heat Flux at fluid-solid interface between helium and bottom block, inlet is on right side of figure.
[image: C://Users/evoirin/.cfx/CFX_TEMP_10664/Figure005.png]
Figure 6:  Temperature of Bottom Copper Block.

[image: C://Users/evoirin/.cfx/CFX_TEMP_10664/Figure006.png]
Figure 7:  Temperature of bottom copper block
[image: C://Users/evoirin/.cfx/CFX_TEMP_10664/Figure004.png]
Figure 8:  Absolute Pressure of XY plane through centerline of all cooling channels, which shows negligible pressure drop)
[image: C://Users/evoirin/.cfx/CFX_TEMP_10664/Figure003.png]
Figure 9:  Tangential Velocity of XY plane through center of all cooling channels.
[image: C://Users/evoirin/.cfx/CFX_TEMP_10664/Figure008.png]
Figure 10:  Helium Gas Streamlines from inlet (positive X side) to outlet (negative X side)

[image: C://Users/evoirin/.cfx/CFX_TEMP_10664/Chart001.png]
Figure 11:  Mass Flux through centerline of all cooling channels; shows greater flow at the outsides of the heat exchanger.  See Figure 7 for pressure distribution.
III.  Determine Overall Heat Transfer Coefficient of Assembly and Copper for Simple Correlation: 
We perform several CFD simulations and hand calculations and develop an equation to calculate the system performance.  We find the heat transfer can be described by the values and equations below: 
TCC =  	5087.9 W/m2/K
TCH =  	(0.023* Re 0.8 * Pr 0.33) * kHe / Dh    (Use Average Helium Temperature Properties)
TCHX = 	(TCC -1 + TCH -1) -1
QHX = 	AreaEq * LMTD * TCHX
LMTD = [(TIN –TOUT)] / [ln(TIN –TCryo) - ln(TOUT –TCryo)]
Where: 
Dh 	is the hydraulic diameter of the cooling channels = 0.0625”
TCC 	is the Thermal Conductance of the Copper Block
TCH 	is the Thermal Conductance of the Helium
TCHX 	is the Thermal Conductance of the Assembly
AreaEq 	is the equivalent surface area of the Heat exchanger = 0.050484005 m2
QHX 	is the Heat Transfer of the Heat exchanger, which must match the cryocooler capacity
LMTD	is the Log Mean Temperature Difference
TIN	is the Helium Inlet Temperature
TOUT	is the Helium Outlet Temperature
TCryo	is the Cold Head Temperature, which must be on the performance curve at QHX.
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Calculate Performance Curve of Heat Exchanger
and Cryocooler Head Assembly

We use the data from several CFD simulations to calculate the performance of the heat
exchanger and cold head assembly under various conditions. We include the temperature
dependant cooling capacity curve for the cryocooler; and apply cooling as a convection to the
cold head area, instead of a fixed temperature, which is more realistic. We attempt to quantify
the system performance and make it possible to calculate the temperature easily by hand at
various helium inlet temperatures and flow rates.
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We show only the area of the cooling channels, as well as the total heat transfer area, since there
is additional heat transfer area in the manifolds. As long as we are consistent with this area
value in all our calculations, it shouldn't matter what value we use, so we choose to use an
"equivalent” area which makes our thermal conductance calculations for the helium side match
the Dittus Boelter equation for forced convection in the cooling channels. This allows us to
easily perform hand calculations for performance under different flow rates.
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Total Conductance and Resistance of Heat exchanger with 1 gm/sec of flow and an inlet
temperature of 10K.

Using the Copper Plate Conductance/Resistance, the calculated
Conductance/Resistance of the helium using the Dittus-Boelter equation and the
cooling capacity of the AL300 cryocooler, we should be able to calculate
performance for the assembly at any flow and temperature conditions.
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Top Copper Interface 0.01911 8.401 8.354 11.137 10.000 8.616 1.384

Bottom Copper Interface 0.04012 8.395 8.354 11.137 10.000 8.616 1.384
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