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The Optimum Design of a Rotary Valve in a 4K GM Cryocooler
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Fig.1 Comparison of contact pressure and frictional torque on a
conventional valve (a) and a novel valve (b).

Table 1. Comparison of the expectation of exerted force on the
valves and 2™ temperature with 1.0 W heat load.

Conventional Valve| Novel Valve
Exerted Force (kN) 0.62 0.35
2" Temperature (K) 3.98 4.00
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Fig.2 Schematics of a conventional valve (a) and a novel valve

(b).
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1. INTRODUCTION

It is a general understanding that GM refrigerators were low
efficiency. After the 13% efficiency was achieved by an active
buffer pulse tube refrigerator, 14% efficiency of the GM
refrigerator also was reached. In this paper, the ideal and real
GM refrigerator are discussed based on isothermal model,
which is useful for the efficiency up of GM refrigerators. The
efficiency up of the GM refrigerator is very important for the
energy saving of cryopumps, MRI, and other systems which
use GM refrigerators as cooling source.

2. PULSE TUBE AND GM REFRIGERATOR

The ideal active-buffer pulse tube refrigerator has no
intrinsic valve loss. The efficiency is equal to that of no work
recovery brayton cycle. This is the reason that the active
buffer pulse tube refrigerator can reach high efficiency. There
are two differences between the GM refrigerator and the
active buffer pulse tube refrigerator. One displacer is solid
and one is gas. One expansion work is recovered, one is not.
So the theory efficiency of the GM refrigerator is higher than
that of the active buffer pulse tube refrigerator, higher
efficiency should be got by the GM refrigerators.

3. IDEAL GM REFRIGERATOR

Figurel shows the schematic of the GM refrigerator. The
working process is as following. The low pressure valve is
opened, the displacer moves to the left to push gas flow out at
low pressure. The low pressure valve is closed, the displacer
continues move to the left, the cold gas in the cold space is
pushed to the room temperature space, the pressure increases to
the high pressure. The high pressure valve is opened, the
displacer moves to the right to pull the high pressure gas into
the cold space. The high pressure valve is closed, the displacer
continues move to the right, gas in the warm space is pulled to
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Figure 1 Schematic of GM refrigerator
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Figure 2 Ideal PV diagrams
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the cold space, the pressure decrease to the low pressure.
Figure 2 shows the ideal PV diagrams of the GM refrigerator at
different refrigeration temperatures. The efficiency of the ideal
GM refrigerator is equal to Carnot efficiency.

4. REAL GM REFRIGERATOR

Figure 1 shows that the PV area at 80K is too narrow. It is
not realistic. In real design, the valves are closed a little late to
increase the PV area. Figure 3 shows the ideal PV diagram and
it changes with temperatures. In real GM refrigerator, the
pressure is not increased to high pressure when the displacer
reaches the left end. There is a pressure difference across the
high pressure valve after the high pressure valve is opened.
The pressure is not decreased to the low pressure when the
displacer reaches the right end. There is a pressure difference
across the low pressure valve after the low pressure valve is
opened. Then the theory efficiency is lower than Carnot
efficiency, but the PV area is largely increased compare to that
of the ideal one. With temperature decreasing, the PV diagram
is gradually changed to near ideal one, at 20K, becomes ideal
one. So for a given GM refrigerator, there is a maximum
efficiency, because the valve loss is increased with
temperature increasing and other losses such as regenerator
losses are decreased with temperature increasing.

The valve loss can use valve efficiency which is the ratio of
the exergy flow after valves over the exergy flow before valves
to judge. The valve efficiency also can be called cycle
efficiency.

Pressure, MPa
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Figure 3 Real PV diagrams

5. CONCLUSSION

The theory efficiency of the ideal GM refrigerator is same
as Carnot efficiency. So the efficiency of GM refrigerator can
be higher than that of the active-buffer pulse tube refrigerator.
At lower refrigeration temperature, the PV diagram of the GM
refrigerator is near ideal condition. At higher refrigeration
temperature, it is a little far away from ideal condition.

6. REFERENCE
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Comparison of different regenerator geometries design for magnetic refrigeration system
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1. Introduction

Magnetic refrigeration is considered to be 20 to 30% energy
efficiency improvement comparing to the compressor
refrigeration technology. It uses water as refrigerant which is
friendly to the environment. Moreover, it does not use
compressor which means it can be designed compact and
quiet.

One of the important problems in magnetic refrigeration
(MR) system is regenerator geometry for the efficient heat
transfer between magnetic material and heat transfer fluid
which is the major loss mechanism in cooling system. In order
to improve the performance of MR system, it is important to
point the advantages & disadvantages of different regenerator
geometries. Packed sphere and flat plate regenerator are
widely used in MR system. Meanwhile, micro—channels
structure has a potential to be a proper regenerator design for
the high rate of heat and mass transfer in both from
experimental and theoretical studies in the literature.
1-dimention models of 3 kinds of regenerators have been
constructed.  Micro—channel structure regenerator is
considered to be micro—channels with rectangular cross
section. 3 kinds of regenerators have been compared from the
point view of performance and entropy generation. Finally, the
suggestions of Optimized regenerator geometries design for
different magnetic refrigeration systems will be given.

2. Approach

(1) 1 dimension model has been constructed which can
simulate various regenerators with no geometry limitation in
(11.

(2) Packed sphere and flat plate regenerator have been
compared from the point view of performance and entropy
generation in [2].

(3) Construct Micro—channel regenerator

Fig.1 Micro—channel structure

According to [3], the laminar friction factor or flow
resistance reaches a minimum value as

min(b,c)

——==05
max(b,c)

In order to keep the ration between the fluid and material as
0.356, the dimensionless ration a/b is 1.

3. Result & discussion
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regenerator

Compared to the simulation results of flat plat and packed
sphere regenerator, Micro—channel regenerator does not show
any advantage. It shows similar cooling capacity and smaller
COP. However, according to [3], heat transfer coefficient
increased between 300% and 900% compared with the
theoretical value for laminar flow based on a Nusselt number of
4.36, which implies that the experiment results might be much
better than the simulation results.
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Development of detector system with superconducting TES bolometer using closed-cycle 3He sorption fridge
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detector system.
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