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The regenerator is a key component of any Stirling or pulse-tube cryocooler. While

playing a crucial role in rendering a positive heat lift possible, the inefficiency of the

regenerator is also often the main cause of losses in a cryocooler. An ideal regenerator is a

porous structure that has a low friction factor, low thermal conductivity in the main flow

direction, and high thermal capacity.

Traditional random and pseudo-random matrices such as stacked screens, packed sphere

beds, and packed fibers yield intolerably high pressure drop losses, thus motivating a

microstructured regenerators such as the Creare Microchannel Regenerator (CMR) in

small, high frequency (say, >100 Hz) cryocoolers to mimic parallel plates or parallel tubes,

which are inherently lower in flow resistance.

A novel, microstructured and synthetic regenerator filler has been under development at

Creare, Inc. that can offer an excellent overall performance. Stirling and pulse tube

cryocoolers are currently under development in which this microstructured regenerator

filler will be utilized. In this work we report on a methodology for deriving friction factor

and solid-fluid heat transfer correlations for the aforementioned microstructured

regenerator filler, using pore-scale CFD simulations.

 
(a) 

 
(b) 

 Figure 1. A pair disk of regenerator (a) the disk in its entirety, (b) zoom on the annulus section and

different crossing angles (θ).

Hot end temperature (K) 300

Cold end temperature (K) 80

Mean pressure (MPa) 3.87

Reynolds number range 2-18

Scaled inner diameter of annulus 0.762

Scaled outer diameter of annulus 0.927

Scaled outer diameter of disk 1

Scaled thickness of each disk 4.013e-3

Scaled total regenerator length 1.975

Number of required pared disks 246

Scaled thickness of each slot 1.185e-3

Porosity (Φ) of annulus 0.5

θ near the inner radii of annulus (degree) 35.8

θ near the midline of annulus (degree) 45

θ near the outer radii of annulus (degree) 55.3

➢ Geometry

➢ Operation Conditions

Table 1. Operation conditions and dimensions of the regenerator.*

*Scaled dimensions are normalized with the disk outer diameter.
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A methodology for the prediction and correlation of friction and heat transfer in a novel,

micro-structured regenerator filler was described in this paper. Using detailed pore-scale

CFD simulations, empirical correlations were derived for the friction factor and solid-fluid

heat transfer coefficient (Nusselt number). Pore-level analysis was done for single unit cells

as well as disk slices that contained a large number of nit cells. The derived empirical

correlations can be used in CFD simulations when the regenerator is modeled as a porous

medium.

Physical System

➢ Unit cell concept and boundary conditions

Figure 2. Unit cell selection, (a) cross section of

unit cell, (b) 3D unit cell in involute geometry, (c)

final unit cell, (d) solid part of unit cell, (e) fluid part

of unit cell.

Figure 3. Boundary condition, (a) inlet-outlet periodic,

(b) right-left periodic, (c) top-bottom periodic, (d) wall.

Figure 4. Schematic of different unit cells, (a)

θ= 35.8° Φ= 0.35, (b) θ= 35.8° Φ= 0.5, (c) θ =

35.8° Φ= 0.65, (d) θ = 45° Φ= 0.35, (e) θ = 45°

Φ= 0.5, (f) θ = 45° Φ= 0.65, (g) θ = 55.3° Φ=

0.35, (h) θ = 55.3° Φ= 0.5, (i) θ = 55.3° Φ= 0.65.

➢ Sensitivity analysis on the unit cell

θ = 35.8° θ = 45.0° θ = 55.3°

Φ = 0.35 21 21 21

Φ = 0.50 30 30 30

Φ = 0.65 39 39 39

Table 2. Hydraulic diameter in µm.

➢ Disk slice concept

Figure 5. Slice portion of regenerator.
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Figure 6. Fanning friction factor versus Reynolds number at different temperatures

for unit cells with (a) Φ=0.50 θ= 45.0°, (b) Φ=0.50 θ= 45.0°, (c) Φ=0.50 θ= 35.8°, (d) and

slice disk with angle 9°, (e) overlay plot.

➢ Sensitivity analysis results

Unit cell

Porosity & 

Crossing angle

Φ= 0.35, θ= 35.8° 0 0.095 40.503 0.522 7.220 0.165

Φ= 0.35, θ= 45.0° 0 0.094 39.798 0.516 7.356 0.171

Φ= 0.35, θ= 55.3° 0 0.096 40.533 0.520 7.222 0.165

Φ= 0.50, θ= 35.8° 0 0.035 39.198 0.499 8.226 0.204

Φ= 0.50, θ= 45.0° 0 0.043 37.372 0.512 8.382 0.216

Φ= 0.50, θ= 55.3° 0 0.050 38.858 0.479 8.224 0.204

Disk slice 0 0.048 38.180 0.509 8.333 0.210

Φ= 0.65, θ= 35.8° 0 0.019 34.832 0.562 9.221 0.259

Φ= 0.65, θ= 45.0° 0 0.016 34.753 0.604 9.221 0.260

Φ= 0.65, θ= 55.3° 0 0.016 34.820 0.616 9.221 0.259

➢ Contour plots for unit cell with Φ = 0.50 and θ = 45.0°

➢ Baseline results for Φ=0.50 

For the current geometry, when the slot crossing angles are not orthogonal, the

effective width of the solid webs in the crossing slot direction will get larger as the

crossing angle moves further away from 45°. Consequently, flow separation at the

entrance and exit will be more severe and therefore the total pressure losses will

increase. That is why the effective frictional factor (including form losses) near

the inner and outer radii of the annular porous structure will be slightly larger

than the midline area.

Figure 7. Fanning friction factors curve fitting for unit cells with different Φ and θ.

Table 3. Fanning friction factor correlations for Re range 2-18, average Nusselt

numbers, and figure of merits at Re=10.

Figure 8. Velocity magnitude profile. Figure 9. Temperature distribution.
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