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ABSTRACT
Gas-gap heat switches (GGHSs) featuring no-vibration, high-reliability and high engineering 

adaptability and are critical components for sub-Kelvin sorption coolers (SKSCs). A GGHS which 
contains a miniature activated charcoal pump was designed and assembled for a SKSC. The proto-
type GGHS was performance tested at about 4 K. Using 4He as the working medium, the O N-State 
thermal conductance was 0.03 W /K and the O FF-State thermal resistance was 2500 K/W , giving a 
switching ratio of about 7 5.

INTRODUCTION
Gas-gap heat switches (GGHSs), as a kind of effective thermal control devices,1 are operated 

by changing the pressure in the gas gap.2 The GGHS has no moving parts, and thus it possesses a 
high-reliability and can switch frequently. Furthermore, GGHSs have no field interference and can 
be operated in a wide operating temperature range. As a result, it has been widely applied in the 
space sub-Kelvin refrigerators, such as adiabatic demagnetization refrigerators and sorption coolers.3

A typical ex ample of GGHS is shown in the Figure 1. It consists of a switch body and a 
sorption pump. For the switch body, the gas gap is built by two coax ial cylindrical copper blocks. 
A supporting shell restricts the blocks and seals the gap. A capillary pipe connects the switch body 
with the sorption pump which is used to pump the working gas from the gap or release the gas back 
to it. O ne end of the GGHS attached to the preceding cooler end is named the “base” end, and the 
other one thermally anchored to the heat load end is named the “top” end. There are high accuracy 
req uirements of the machining and assembling of the GGHS, since the width of the gap of the GGHS 
should be narrow enough (~ 0.1 mm) and the two ends cannot contact each other.

The thermal resistance of a GGHS is determined by the flow state in the gas gap. In the con-
tinuum flow region, when mean free path of the gas molecules is much smaller than the gap width, 
collisions among molecules is dominant. Under this circumstance, the GGHS is in the O N-State. 
However, in the molecular flow region when the mean free path of the gas molecules is much larger 
than the gap width, heat is transferred relying upon ballistic scattering between molecules and 
gap wall. In this case, the conductance is low and the GGHS is in the O FF-State.4
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Since the first GGHS was developed,5 numerous fundamental and practical studies have followed. 
The switch ratio, calculated by dividing the ON-Conductance by the OFF-Conductance, is widely 
regarded as one of the most significant performance parameter6. The ON-Conductance and the 
OFF-Conductance of a G G HS have many contributions, such as the siz e of the G G HS, the materials 
of the components, the gap structure, the thermal properties and the amount of the working medium. 
An efficient GGHS tends to have a larger surface area of the fins that contacts the gas, a narrower 
gas gap and a thinner supporting shell7. In our laboratory, a sub-Kelvin sorption cooler (SKSC) is 
being developed. Based on the design calculations for the SKSC, a G G HS which would be used in 
the SKSC was designed and its performances were measured.

DE G ISN AND ASSE MBL Y
The thermal performance of the G G HS is affected by its siz e and structure. In the ON-State, the 

heat conduction through the gas in the gap plays an important part. The switch tends to have a larger 
heat transfer area of gas gap and a narrower gap.8 The OFF-State Conductance is limited mainly by 
the thermal resistance of the supporting shell. Hence, both the gas gap and the supporting shell should 
be considered in the design. For the goals of performances and the convenience of machining and 
fabrication, a G G HS with a single cylindrical gas gap was designed (as shown in Figure 1). A stain-
less steel supporting shell aligns and encloses two copper blocks, forming a gap of 0.2 mm and a gap 
surface area of 5.35 cm2. A stainless steel tube connects the gap with a sorption pump which is used to 
pump the working gas from the gap or release back to it. The sorption pump has a volume of 11 cm3

and contains 6.8 gr activated charcoal. The mechanical parameters of this G G HS are listed in Table 1.
For the switch body, there are high accuracy requirements of the machining and assembling to 

keep no contact between the two ends, since the gap of the G G HS is narrow and long. To avoid the 
thermal deformation of the fins in welding, the laser weld should be the final weld. Beyond that, the 
fins should be repaired and the concentricity of copper fins should be ensured by an auxiliary tool 

F igure 1. A diagram of the GGHS.

Tab l e 1. Design parameters of the GGHS.
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Figure 3)

A diagram of the sorption pump (left) and a sectional drawing (right).

The GGHS prototype (before filling with 4He).
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before laser weld. After assembly, the switch was testified that there is no internal contact between 
the two ends by X-ray inspection.

For the sorption pump, in order to enhance the heat transfer between activated carbon particles 
and, meanwhile, minimize the heat leakage, two sets of fins which were not contacted mutually 
were set in the sorption pump (as shown in Figure 2). After reaction for 24 hours at a temperature 
of 150 0 C by vacuum pumping, 6.8 gr of charcoal particles with a diameter of 1 mm were filled 
into the sorption pump.                                                                                         

The sorption pump and the switch body were connected by a diameter of  2 mm stainless steel tube. 
A by-pass capillary was set on the middle of the connecting tube (as shown in Figure 3). A pressure 
of 7 0 kPa 4He was filled into the GGHS through this capillary. After filling, the capillary was pinched 
off and then the cutting section was capped by an epoxy-filled sleeve to ensure mechanical stability. 

E X P E RIME NTAL  RE SUL TS
This testing system consists of the following parts: (1) the tested GGHS; (2) a 150 Ω ceramic 

heater which was thermalized to the top end of the switch body, and a 20 Ω film-heater which 
was mounted at the hot end of sorption pump, (3) four silicon diode thermometers, one of which 
was mounted at each end of switch body and pump, (4) a two-stage GM cooler which can provide 
1.5 W  cooling capacity at 4.2 K, (5) a direct-current power supply and (6) a data acq uisition system. 

F igure 2. A diagram of the sorption pump (left) and a sectional drawing (right).

F igure 3. The GGHS prototype (before filling with 4He).
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The base end of the switch was thermally jointed to the 2nd cold head of the GM refrigerator via a 
copper plate, which was maintained at about 4 K during ex periments. The cold end of the sorption 
pump was thermally anchored to the heat sink by two copper wires with a length of 20 cm and a 
diameter of 0.8  mm. For reducing the radiation from the vacuum chamber, the switch body and the 
sorption pump were insulated by multi-layers super insulation.

Heater power Q ̇  was applied on the top end of the switch. The temperatures were collected and 
the steady-state temperature differences ∆T between two ends were calculated. This procedure was 
then repeated with different heater powers. During the testing, a vacuum environment of 5x 10- 5 Pa 
was maintained. Noting that the temperature of the top end of the switch Tt is higher than the base 
end of the switch Tb when no power is applied to the top end. This is attributed to a heat leakage 
on the top end. As a result, an original temperature difference ∆T0 is subtracted. The thermal con-
ductance is given by Q ̇ /(∆T− ∆T0) .

In the O FF-State, the plot of Q ̇  versus ∆T is displayed in Figure 4. In this case, the tempera-
ture of the hot end of the sorption pump (Tpump-hot) is ~ 24 K and the cold end of the sorption pump 
(Tpump-cold) is ~ 11 K, giving an O FF-State resistance of 2500 K/W . As can be seen that the original 
steady temperature difference is up to 44 K with no power applied. This is caused by a large heat 

F igure 4. Input power Q ̇  vs. temperature difference ∆T in the OFF-State.

F igure 5. Input power Q ̇  vs. temperature difference ∆T in the ON-State.
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leakage which also interferes the measured O FF-State thermal resistance. These heat leaks might 
derive from heat conduction through the constantan wires of the heaters and thermometers and the 
radiation from a thermal shield mounted on the 1st cold stage of GM refrigerator. In order to reduce 
the heat leakage, the constantan wires will be replaced by phosphorus bronze wires and the another 
thermal shield will be added on the 2nd cold stage of the GM refrigerator in later tests.

The curve of Q ̇  versus ∆T in the O N-State is shown in Figure 5. In this case, Tpump-hot =  67  K and 
Tpump-cold =  51.5 K. The O N-State thermal conductance is 0.03 W /K. Taking the average temperature 
as the calculation temperature of charcoal, the heat leakage from the sorption pump to the switch 
body through the stainless steel tube is ~ 2.2 mW . This heat leakage could be decreased effectively 
by increasing the mass ratio of gas to charcoal.

A graph described the process from the O FF-State to the O N-State is shown in Figure 6. The Tt 
drops with the heat powers applied to the hot end of the sorption pump and then the GGHS is 
turned O N. During the switching process, no power is provided to the top end. W hen the Tpump-hot =  67  K 
and Tpump-cold =  51.5 K, the complete O N-State is achieved and the temperature difference between the Tt 
and Tb is about 0.6 K. However, when the Tpump-hot = 50 K and Tpump-cold = 30 K, the Tt has already dropped 
by 8 5% . At this moment, the heat power applied to the sorption is ~ 0.07 5 W .

CONCL USIONS 
A gas-gap heat switch with an activated charcoal pump for a sub-Kelvin sorption cooler was 

designed and fabricated and its thermal performance was measured. An O N-State thermal conduc-
tance of 0.03 W /K and an O FF-State thermal resistance of 2500 K/W  at 4 K are achieved with 4He 
as the working medium, giving a switching ratio of 7 5.

The measured O FF-State thermal resistance is less than would be ideal. It may be attributed to 
heat leakage in the cryogenic measurements and results in the greater actual applied heat powers. 
Nevertheless, it is probably adeq uate for the intended use in SCSK. The heat leakage is probably 
derived from the radiation and the heat conduction through wires. It is possible that an optimum 
performance could be obtained after these factors are reduced.
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ABSTRACT
Self-contained, sealed 4He sorption modules, interfaced to low-power mechanical precoolers, 

provide simple, reliable and economical access to temperatures below 1 K. The technology for 
low-power sub-Kelvin cooling is well established and available products offer fully automated 
operation, require no special supporting infrastructure and little or no cryogenics expertise. In this 
paper, we present breaking developments with the very latest products of this type. 

Chase Research Cryogenics' (CRC) compact GL4 modules are designed to interface to the 
Sumitomo RDK101 cold head, run from a CNA-11 compressor, which is air-cooled, utilises single-
phase electricity, and is small enough to fit under a desk or even into a 19-inch rack. A medium-sized 
GL4 module runs at a base temperature of approximately 800 mK and typically provides around 
40 hours run time under a 100 µW applied load [1]. 

We are testing a new design of GL4 which incorporates many improvements to give a more 
consistent performance. We also compare and contrast the performance obtained using the RDK101 
cold head with a new cold head in development by Sumitomo, the 2KGM. This new cold head, an 
evaluation version which has kindly been made available to us by Sumitomo, is even smaller than 
the RDK101. It has superior cooling power to the RDK101 at the second stage, and hence reaches 
a lower operating temperature, while still using the compact CNA-11 compressor. 

Our results clearly demonstrate that the lower temperature of the 2KGM produces a signifi-
cantly better performance from our GL4 modules, enabling longer run times and greater heat lifts.  
Operational characteristics such as cooldown time and GL4 recycling time are the same for both 
RDK101 and 2KGM. The new medium-sized GL4 provides a run time of around 45 hours when 
operated under a 100 µW applied load with the RDK101/CNA-11 combo, but the 2KGM further 
improves the new GL4’s performance under all load conditions.

INTRODUCTION
In this paper, we present results from testing a new generation of GL4 module, incorporating 

design and manufacturing improvements to give more consistent performance. Like our existing 
GL4, the new module is designed to interface to a Sumitomo RDK101 cold head. We compare 
the early results for this new module with the ex tensive performance data we have for our current 
production version of the GL4 (see reference list), and we assess the merit of the changes made.

We also compare and contrast the GL4’s performance when using different GM cryocoolers to 
precool the GL4 module. We have evaluated the performance of our new GL4 module with three 
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