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Figure 5. Expanded view of the measured cooler performance in the steady state (science acquisition)
temperature region as measured on three instances of the CHA hardware. Again, data from the following are
plotted: a) FM HSA and FS 6K HX tested in ATP1a is shown for two different helium fill pressures. The
solid triangle data points are the measured data points for a return pressure of approx 4.02 bar, with a dashed
line connecting these points simply to guide the eye. The square points are the measured data points for a
return pressure of approx 4.57 bar, with a solid line connecting these points simply to guide the eye. b) FL
HSA and FM 6K HX tested in ATP1c: The the large circular point is the measured data point for this test. c)
DM HSA and DM 6K HX Cooler in the DM Test: The unfilled small triangle points are the measured data
points for this test with a dashed line connecting these points simply to guide the eye.

OM HX lift vs. temperature has the characteristic linear decrease in lift with temperature of the
Pulse tube precooler. When the temperature is well below the JT inversion temperature of approximately 30 K (typically at approximately 16 K-18 K), the helium is sent through the JT recuperator
and restriction. The additional refrigeration provided via the Joule-Thomson effect causes the refrigeration to increase as the temperature drops. Once the OM HX has reached the requisite 6.2 K
the cooler switches to the third, “steady state” mode. In steady state mode the cooler’s input power
is reduced to meet the steady state science power allocation, which reduces the refrigeration lift.
The required minimum lift at the OM HX is shown in Figure 4 as the horizontal line. The lift in
all hardware instances and in all cooler modes is seen to meet the requirement.
The data in the steady state science mode is shown again in Figure 5, with the scales expanded
so that the data points corresponding to the three different hardware instances can be identified. In
this figure, as in Figure 4, the lines connecting the data points are purely to guide the eye.
The measured data in steady state can be compared with a simple lumped thermodynamic
model in order to determine how effective the CHA is compared to an ideal system. The simple
lumped model consists of a lumped recuperator with an effectiveness of Ü followed by an isenthalpic restriction and an ideal heat exchanger. The recuperator effectiveness [Reference 6], is defined
as the ratio of the actual enthalpy exchange between the high and low pressure gas streams to the
maximum possible enthalpy exchange between them, Ü=ÛHactual/ÛHmax. Note that which one of the
two streams has the limiting heat capacity changes depending upon the pressures of operation, so
the limiting ÛHmax must be ascertained for each operating point. The enthalpies at the state points
labeled “1” and “5” in Figure 3 are determined from the known temperatures and pressures and the
NIST published values for helium enthalpy as a function of temperature and pressure [7,8]. The
ideal refrigeration based on the CHA’s incoming helium gas temperature and pressure, and its
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Figure 6. Comparison of measured refrigeration to theory using helium Properties from NIST Refrop 8.
Recuperator effectiveness of 99.85% provides best match of theory to data.

Figure 7. Comparison of measured refrigeration to ideal lumped theory using helium properties from
NIST Refrop 8 and Refrop 9.

return gas pressure can then be determined using an effectiveness of Ü =1, which is compared to the
measured data for steady state operation at two different fill pressures (Figure 6). Since there was
a significant change in the published helium properties in the region of temperature and pressure
that the CHA operates that occurred [7,8] during the time frame of these tests, both Figures 6 and 7
show comparisons against both versions of the published helium properties. The actual effectiveness (which in this case includes not only the effectiveness of the recuperator but all the potential
heat transport through the bypass circuit) is that which results in the lumped model best matching
the data. As shown in Figure 7, this "best match" effectiveness ranges from Ü = 99.70% to Ü = 99.85%,
depending on whether NIST properties from 2007 [7] or 2013 [8] are used. This indicates that the
combined recuperator and valve effectiveness is very near the ideal limit.
CONCLUSION
The measurements reported here demonstrate the ability of the MIRI Cooler’s Coldhead Assembly to meet the MIRI cooling requirements within the allocated power and thermal rejection
constraints. The end-to-end cooler performance as a function of helium fill pressure was characterized, providing a basis for determining the optimal fill pressure for the flight cooler. The comparison between the DM, the FL-HSA, and the FM HSA Cold Head Assemblies shows that the design
and manufacturing techniques are well understood and captured. The comparison of the measured
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refrigeration performance to a simple four-port thermodynamic model indicates that the refrigeration performance is near ideal and is well understood.
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