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Abstract

In SuperKEKB accelerator, particle acceleration is performed using a superconducting acceleration cavity, and the
acceleration cavity is housed in a cryostat that can maintain an extremely low temperature environment called a
cryomodule. In STF accelerator and cERL accelerator, since the cavity is cooled with 2 K superfluid helium, it is necessary
to control the cooling at even lower temperatures. The control valves that perform coolant flow controls have a structure
in which the cryogenic region and the room temperature region are connected by a valve stem, and unintended air column
vibration may occur between the valve stem and its housing. In addition, the pipes installed to measure the pressure in
the cryogenic part also have a structure that connects the cryogenic region and the room temperature region, and there is
also the possibility of causing air column vibration. These vibrations, also called thermal vibration, have the property of
efficiently transporting a large amount of heat from the room temperature side to the cryogenic region. On the other hand,
the thermoacoustic theory suggests that the cooling mechanism using a pulse tube refrigerator can be understood from
the pressure oscillation of the enclosed working fluid, and the heat is actively transferred from the low temperature side
to the high temperature side. There is a certain similarity between the operation of devices that want to pump up a heat
flow (cryocooler) and the phenomenon in which heat flows from the high temperature side to the low temperature side
(air column vibration). In this research, by comparing the heat transport phenomenon caused by air column vibration and
the cooling mechanism in the pulse tube refrigerator, we will examine the method to prevent unintended heat transport.
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Figure 1: Case samples of thermal oscillation in KEK and
FNAL.
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Figure 2: Oscillation model in a cylinder. Small volume
part of the working fluid is vibrating with amplitude § .
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Figure 3: Time evolution of P- & contour. Rotating
direction is fixed.
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Figure 4: Modified contour on P- £ plane. Each straight
part shows corresponding thermodynamic processes.
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Figure 5: Oscillation model in isothermal condition.
Associated heat flows are also drawn.
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Figure 6: Schematics of pulse tube cryocoolers with a)
orifice and buffer tank type. b) inertance tube inserted.
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