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I. Finite Element Model:
Boundary Conditions:  
Quarter Symmetry Used;  	Top Copper cover not included in model.    
Copper Conductivity:		1000 W/m/K
Helium Channel Heat Flux:	6900 W/m2 
Cold Head Temperature:	50 K, mounted to bottom copper block
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Figure 1:  Boundary conditions with 50K applied to the cold head diameter, and heat flux applied to cooling channels.


FEA Model Temperature Results:
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Figure 2:  Copper bottom block temperature.

Heat Transfer Results:
Thermal Reaction:	54.254W * 4 = 217.016W
Area of Heat Flux:	0.007863 m2 * 4 = 0.031452 m2
NOTE: Cryo-cooler performance curve for AL300 only shows 200W capacity at 50K




II. Computational Fluid Dynamics Model:

Boundary Conditions:
Half Symmetry Used in simulation, though results are mirrored for clarity.  
Copper Conductivity:		1000 W/m/K
Cold Head Temperature:	50 K, mounted to Bottom Copper Block.
Helium Pressure:		120 psia
Helium Mass Flow Rate:		6.4 gm/sec (0.16 gm/sec per channel average)
Helium Inlet Temperature:	58.75 K
Copper Bottom Plate to top plate interface is vacuum brazed.  The Thermal Conductance used in the model is 10 kW/m2/K, though this is believed to be a very conservative value, much higher conduction would be expected for a high quality braze.  

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.
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NOTE:  Cryo-cooler performance curve for AL300 only shows 200W capacity at 50K, here we show 230W was transferred to the helium by the 50K surface.   However we can see that the heat exchanger itself performs well under these conditions, with the helium outlet temperature reaching less than 2K from the cold head temperature.    



[image: ]Figure 3:  Temperature of Helium and Copper at 5 different cross sections of heat exchanger.  Cold head is mounted to bottom copper block.  
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Figure 4:  Temperature of plane through center of all cooling channels.
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Figure 5:  Heat Flux at fluid-solid interface between helium and bottom block, inlet is on right side of figure.
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Figure 6:  Temperature of Bottom Copper Block.
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Figure 7:  Temperature of bottom copper block
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Figure 8:  Absolute Pressure of XY plane through centerline of all cooling channels
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Figure 9:  Tangential Velocity of XY plane through center of all cooling channels.
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Figure 10:  Helium Gas Streamlines from inlet (positive X side) to outlet (negative X side)
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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.
Sensitivity Analysis on Braze Joint:
A sensitivity analysis on the braze interface showed increasing conductance one order of magnitude, from 10 to 100 kW/m^2/K had very little effect on the heat exchanger performance.  It changed the overall heat transfer coefficient by 3.3%.  Table 2 shows the difference between the two simulations:  
Table 2:  Comparison of brazing conductance.  
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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 =  	5593.2 W/m2/K
TCH =  	(0.023* Re 0.8 * Pr 0.33) * kHe / Dh
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 = 0.046145 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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Table 3 shows the temperatures, performance, and conductance values calculated from CFD simulations, which are in excellent agreement with the hand calculations. 

Table 3:  Temperatures, performance, and conductance values calculated from CFD simulations
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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 heat area, instead of a fixed temperature, which is more realistic. We attempt to quantity the
system performance and make it possible to calculate the temperature easily be hand at various
helium inlet temperatures and flow rates.
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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 6.4 gm/sec of flow and an
inlet temperature of 70K.

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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We Test Our equation with a different mass flow rate and Inlet
temperature to test the robustness:
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Excellent agreement between the correlation equations, and CFD simulation
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