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Figure 1.  Visualization of outlier detection used by the inner function by the previous version of the
model when outliers were determined as values greater than 4 standard deviations from the median value
of enthalpy. Shown is the raw enthalpy data returned from REFPROP (left) and enthalpy data stored after
outliers had been removed (right). Hh and Hc are the enthalpies for the hot and cold (high and low
pressure) streams, respectively. The specific example shown is for 10% nitrogen, 72% ethane and 18%
pentane at a load temperature of 150 K with suction and discharge pressure of 100 and 300 psi, respectively.
In this case, the inner function does not return a minimum ÓhT as all values of enthalpy returned by
REFPROP have  been identified as being outliers and the mixture was discarded.
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Figure 2.  Visualization of the two-stage outlier detection used by the inner function in the updated
version of the mixture optimization model. Shown is the raw enthalpy data (top left), the enthalpy data
stored after the min/max restriction is implemented (top right), and the enthalpy data stored after isoutlier
is implemented (bottom). Hh and Hc are the same as described in Fig. 1 as is the specific example shown.
In this case, the inner function does return a minimum ÓhT.
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Figure 3.  Visualization of the check for thermodynamically inconsistent enthalpy data for “low”
(left) and “high” outliers (right) used by the inner function in the previous version of the mixture optimization
model. The plot shown on the left is for a mixture of 50% methane, 45% pentane and 5% propane at a load
temperature of 115K and suction and discharge pressures of 22 and 363 psi, respectively. The plot shown
on the right is a theoretical rendering of a thermodynamic inconsistency that could occur. The circled data
points are values of enthalpy considered thermodynamically inconsistent and removed from the data set.
The bold dashed line is the trend line then interpolated by the model.
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Figure 4.  Visualization of the check for thermodynamically inconsistent enthalpy data for “low”
(left) and “high” (right) outliers used by the inner function in the updated version of the mixture optimization
model. The specific examples shown are the same as shown in Fig. 3. The circled data points are values of
enthalpy considered thermodynamically inconsistent and removed from the data set. The bold dashed line
is the trend line that is then interpolated by the model.
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Figure 5.  Plots of the refrigeration per molar flow rate, QÉ/nË, (top left), percent of the temperature
range that is two-phase for the optimal hydrocarbon (bottom left) and synthetic refrigerant (bottom right)
mixtures, and maximum temperature gap (top right) as a function of the load temperature  for suction and
discharge pressures of 100-300 psi for the previous and updated model. Values for the high and low
pressure streams (HP and LP) are shown for the percent of the temperature range that is two-phase and the
maximum temperature gap.
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Figure 6a.  Plot of the cooling load as a function of the load temperature for the optimal hydrocarbon
and synthetic refrigerant mixtures with a molar flow rate of 0.04 mmol/s, supply temperature of 343.15K,
pressures of 50-150 psi and UA of 0.25 W/K.  Each point on the plot is a unique mixture identified by the
model.
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Figure 6b.  Plot of COP as a function of the load temperature for the optimal hydrocarbon and
synthetic refrigerant mixtures with a molar flow rate of 0.04 mmol/s, supply temperature of 343.15 K, pressures
of 50-150 psi and UA of 0.25 W/K.  Each point on the plot is a unique mixture identified by the model.
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Figure 7.  A SOLIDWORK CAD software rendering of the JT cryocooler prototype and a picture of
the assembly are shown in the top and bottom images, respectively. Not shown for visual simplicity in the
software rendering is the G-10 composite mandrel and G-10 composite end plug with PRT support structure.
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Figure 8.  Plot of the cooling load as a function of conductance for various molar flow rates for the
optimal refrigerant mixture at a load temperature of 130K.

Figure 9.  A SOLIDWORK CAD software rendering of the heat exchanger sleeve.
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Figure 10.  Images of the flange and nipple end cap design. The indium groove can be seen in the
nipple (left). The additional bolt holes in the two C-pieces of the flange (right) are to make it easier to
separate the nipple and flange after use of the indium seal.

Figure 11.  Images of the PRT and support structure. The assembly to secure the PRT to the
support structure is detailed on the left. The size of the PRT and support structure is shown on the
right.

314 J - T AND SORPTION CRYOCOOLER DEVELOPMENTS 



COP
COP

Ó

IOP Conf. Ser: Mater. Sci. Eng

IOP Conf. Ser: Mater. Sci. Eng

DESIGN OF A J-T COOLER FOR MIXTURE OPTIMIZATION 315




