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ABSTRACT 

This paper describes the experimental study of a single stage Gifford McMahon (GM) type 
pulse tube refrigerator (PTR) with neon as the working gas. An orifice valve and a gas reservoir 
are adopted as phase control devices in the fabricated PTR. In experiments, both neon and 
helium are used as the working gas in the same compressor and pulse tube refrigerator. No-load 
temperature, cooling capacity, and compressor input power are measured as a function of the 
operating frequency and orifice valve position for each working gas. Cooling and operating 
characteristics for two different working gases are compared and discussed with experimental 
results. The fabricated PTR in this study shows improved cooling performance with neon gas. 

INTRODUCTION 

A pulse tube refrigerator (PTR) has the advantages of high reliability, simple construction and 
low vibration because it has no moving parts at its cold part. However, pulse tube refrigerators 
generally show a poorer cooling performance than Stirling cryocoolers and GM cryocoolers.  
Several researchers have tried to improve the cooling performance of a PTR through research and 
development of analysis tools, design optimization, reducing thermal losses, improvement of heat 
exchangers and so on. One possible improvement is the substitution of a new working gas which 
typically uses pure helium. Chen, et al. showed the improvement of cooling performance with 
mixtures of helium and other gases1,2. They modeled the refrigeration cycle of a PTR with the 
modified Brayton cycle, and predicted the specific cooling power and COP as a function of the 
mixture ratio. They also experimentally showed the improvement of cooling performance with 
helium-hydrogen mixtures. They achieved a 40% improvement in the cooling performance with a 
2 stage GM-type PTR which uses Er3Ni as the regenerator material and operates near 30 K. 

In this study, we compare the cooling performance and compressor operating characteristics 
for two different working gases; helium and neon, with using same compressor and pulse tube 
refrigerator. A single stage GM-type pulse tube was fabricated and tested. The fabricated PTR 
adopts an orifice valve and gas reservoir as the phase shift device. In the cooling performance 
test, no-load temperature, compressor input power and pressure waveform are measured as a 
function of the orifice valve turns and operating frequency. 
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EXPERIMENTAL SETUP 

Figure 1 shows a schematic diagram and a photo of the fabricated pulse tube refrigerator. A 
commercial helium compressor (Genesis 2.1) is used. The regenerator is filled with #200 
phosphor bronze screen mesh, and the fabricated metering valve has the flow coefficient of 0 ~ 
0.08 as shown in Table 1. 

In the fabricated PTR, the orifice valve is fabricated to have a wide range of flow 
coefficients. Its flow coefficient is measured using Eq. 1 which is suggested by the manufacturer 
of the commercial metering valve3. In the measurement, static pressures at both ends of the valve 
are measured for dry nitrogen flow. Flow coefficient as a function of valve turns and flow 
direction are measured and shown in Figure 2. 
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Figure 1.  Schematic diagram and photo of fabricated PTR. 

 
Table 1  Specifications of fabricated PTR. 

Regenerator 
• 38.1 (O.D.), 0.4 (t), 100 (L) in mm 

• #200 phosphorous bronze screen mesh 

Pulse tube • 31.8 (O.D.), 0.4 (t), 100 (L) in mm 

Gas reservoir • 1 liter of internal volume 

Orifice valve 
• Fabricated metering valve 

• Flow coefficient: 0 ~ 0.08 (see Figure 2) 

        (a)  (b)
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The measured flow coefficient linearly increases as the number of valve turns is less than 
4 turns, and shows that the valve is almost fully open after about 5 turns. A negligible change in 
the flow coefficient is noted as the flow direction reverses. 

EXPERIMENTAL RESULTS 

No-load Temperature 
In experiments, the cooling performance test is performed with the same charging pressure 

of 1.6 MPa for both helium and neon. No-load temperature is measured for operating frequencies 
of 2, 3, and 4 Hz and a range of valve turns. Figure 3 shows the results of measured no-load 
temperature and compressor input power as a function of the number of valve turns. For the case 
of helium, optimum valve turn increases and compressor input power decreases as increase of 
operating frequency and the best cooling performance is shown at an operating frequency of 3 Hz. 
Compressor input power shows relatively higher dependence on operating frequency than cold-
end temperature. For the case of neon, the no-load temperature is shown at the wide range of 
valve turns except at an operating frequency of 2 Hz.  Cold-end temperature dramatically 
increases above 2.5 valve turns with a 2 Hz operating frequency. The dependence of compressor 
input power on operating frequency for neon is relatively small compared to helium.  The results 
in Figure 3 indicate that a PTR charged with neon is less sensitive to the orifice valve position, 
and may give a slight performance improvement. 

Pressure Measurement 

In experiments, pressure waveforms are measured at four points: supply (PH) and return line 
(PL) of compressor, inlet of regenerator (Ps) and warm-end of pulse tube (Ppt) as shown in Figure 
1. 

Figure 3.  Results of cooling performance test: (a) No-load test, and (b) Compressor input power 
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Figure 2.  Measurement of flow coefficient of fabricated metering valve. 
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                        (a)                                           (b)  

Figure 4.  Example of measured pressure waveform; (a) helium, 3Hz, 1/2 turns, and (b) neon, 3Hz, 2 turns 
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Figure 4 shows an example of a pressure waveform during operation with each working gas. 
The waveform of pulsating pressure for helium shows almost rectangular shape and thus, short 
rising and falling time as well as no significant pressure difference between Ps  and Ppt.  For neon, 
the rising and falling time are relatively longer and there obviously exists a significant difference in 
amplitude and phase between two pressure waveforms, Ps  and Ppt. This indicates that the 
regenerator has the characteristics of large pressure drop and a compliance effect for neon flow. It 
is thought that these characteristics result from the high viscosity and small gas constant of neon. 

Pressure waveforms for each operating condition are measured and are processed to determine 
the average value of PH and PL, as well as the peak-to-peak value of Ps and Ppt over the period. The 
processed data are shown in Figure 5. From the results, neon shows a smaller dependency on the 
operating frequency; however, the larger pressure drop across the regenerator is observed.  

Figure 5.  Results of pressure measurement as a function of valve turns and operating frequency: (a)
Helium/average of PH & PL, (b) Helium/peak-to-peak of Ps & Ppt, (c) Neon/average of PH & PL, and (d)
Neon/peak-to-peak of Ps & Ppt. 
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SUMMARY 

In this study, we fabricated a single stage GM-type pulse tube refrigerator and tested with 
both helium and neon gases. From the measurement of the no-load temperature, the PTR 
operation with neon shows a slight improvement in cooling performance and the optimum 
performance over a wide range of valve opening positions. For the compressor, input power and 
pressure have less of a dependency on operating frequency when neon is used. From the 
measurement of the pressure waveform, the regenerator shows characteristics of a larger 
compliance effect and pressure drop for neon.  The use of neon as the working gas may yield 
decreased sensitivity to orifice valve position, resulting in more stable operation of the GM-type 
PTR. 
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