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A rapid vent system is designed, fabricated, and tested in preparation for sudden 
and excessive heating followed by over-pressurization in liquid-nitrogen cryostat. 
This system is applicable as a safety unit to HTS magnets or HTS power devices 
including SFCL. In order to allow a rapid escape of boil-off gas, the top plate of 
the cryostat is designed to be lifted up. The opening pressure is determined by a 
number of springs that are mounted along the periphery on the upper surface of 
the top plate and supported by a fixed flange above. A sudden pressure rise is 
generated by dropping thermal mass made with thin copper sheets at room 
temperature into liquid nitrogen. The internal pressure and vertical displacement 
of the top plate are measured as a function of time. It is proven that the proposed 
system is very effective in preventing over-pressurization and allowing prompt 
recovery to the normal operating condition.  

INTRODUCTION

Rapid vent system is required for a cryogenic liquid container in order to prevent mechanical breakdown 
due to a sudden over-pressurization, for example, caused by quench of superconductor or vacuum failure. 
This system is especially useful to superconducting fault current limiter (SFCL), where liquid nitrogen is 
contained in a closed vessel, because superconducting elements may generate a great amount of heat in 
case of an excessive fault current [1-2]. 

Standard vent system of a cryostat is composed of a relief valve and a rupture disk as shown in 
Figure 1(a). For normal operation, the internal pressure of the cryostat is maintained with the relief valve. 
But when a large amount of liquid nitrogen is vaporized in a short period of time, the rupture disk may 
burst to allow the prompt escape of vapor. Once broken, the rupture disk should be replaced by a service 
person, which may not satisfy the requirements for the SFCL to be reset automatically and quickly.  

A simple open-up design, as shown in Figure 1(b), appears to be a solution for these problems. This 
design is very similar to standard vent system except that the bolts to fix top plate on the cryostat flange 
are not completely tightened. At low pressure, the top plate is settled on the flange by its weight, but 
when the pressure becomes higher than a certain value the boil off gas may escapes through a gap 
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between the top plate and the flange. However, this design is difficult when the opening pressure is much 
greater than atmospheric pressure with a reasonable weight of the top plate.  

It is proposed in this paper for high-pressure applications that the elastic force of springs is added on 
the top plate with the open up system as shown in Figure 1(c). The springs, which are arranged on the 
upper surface of the top plate and supported by upper fixed flange, press the top plate. The opening 
pressure in the proposed system can be greater in accordance with the increase of elastic force. In the 
SFCL systems under development, 300~500 kPa is required to subcooled liquid nitrogen. This study 
intends to design a prototype and experimentally observe how this proposed rapid vent system works at a 
sudden and excessive pressure rise. 

DESIGN OF PROPOSED RAPID VENT SYSTEM 

In this proposed system, the top plate is designed to be pressed by a number of springs and be lifted when 
the internal pressure of cryostat reaches a certain pressure as shown in figure 2. The opening pressure, Po,
is determined by the number of springs, n, the spring constant, k, and the pre-compression length, xo, as   
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where Pa, A, M and g are the atmospheric pressure, the surface area of top plate in contact with gas 
nitrogen, the mass of lifted body including the top plate, and the gravitational acceleration, respectively. 

When an opening pressure is given, there are a variety of combinations for the spring set with n, k, xo.
More springs and smaller spring constant will be advantageous in lifting the top plate horizontally than 
less spring and larger spring constant, even if they may have the same opening pressure. On the other 
hand, the number of springs is limited by geometric dimensions and too small spring constant may need 
an excessive length. 

(a) Standard system                  (b) Simple open-up design             (c) Proposed rapid vent system

Figure 1 Schematic illustration of three different methods for rapid escape of boil-off nitrogen gas 
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Figure 2 Design of spring-supported rods of rapid vent system

We decide to set 12 springs with a spring constant of 255 kN/m, maximum compression length of 
19.2 mm, spring length of 60 mm. Our experimental prototype is designed such that the pre-compression 
length of springs can be adjusted with the nuts at the top as shown in figure 2. The pre-compression 
length is variable at 3.9~7.7 mm, which is equivalent to average set pressure at 300~500 kPa as defined 
by the operation specification in SFCL. 

EXPERIMENTAL SET-UP 

To experimentally verify the rapid vent performance of the fabricated system, it is necessary to pressurize 
in the liquid nitrogen cryostat for a short period of time. One of the simplest methods is to drop a warm 
object into liquid nitrogen in a closed space. The required energy to pressurize is difficult to estimate, 
because the spatial temperature distribution in the vapor space after the drop cannot be exactly determined. 
A simple estimation can be made with an assumption the boil-off gas is adiabatically compressed for a 
short period of time after the drop. For example as in Figure 4, if the vapor space is 0.32 m3 the required 
energy is 33~60 kJ to increase the internal pressure up to 300~500 kPa. In an actual test, a larger heating 
energy may be needed because bubbles are suppressed in sub-cooled liquid nitrogen under heat impulse 

Figure 3 Drawing and photographs of fabricated rapid vent system
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and formation of a vapor layer on the thermal mass surface may slow down the heat diffusion to liquid 
nitrogen [3-4]. For the system with above 500kPa opening pressure, we decide a copper with a mass of 
1.3 kg, which corresponds with the required heating energy above 60 kJ, is estimated roughly by simple 
energy and mass balance [5]. 

It is now important to determine how to prepare the thermal mass with copper, because the 
pressurization speed is dependent on its geometric shape. If we want the heating time as short as 0.1 sec, 
as in the case of typical SFCL, the so-called thermal penetration depth of the copper should be smaller 
than 9 mm. We decide to use copper sheets with 0.1 mm thickness [6] for the thermal mass.  

The pressure is measured through a 1/4" tube connected to the top plate. The pressure sensor is a 
piezoelectric sensor (Sensys PSHJ0020KCIG), which has an accuracy of ±1.5 kPa in the range from 100 
kPa to 1000 kPa and a response time of 0.001 sec. The vertical displacement of the top plate is measured 
at three locations with an equal distance apart as shown in Figure 3. The displacement sensor is a linear 
position sensor (Senstech LPS-30S) which has a non-linearity of ±0.06 mm and can measure up to 30 mm 
by a resistance. The sensors are mounted on the upper flange. To confirm liquid level, E-type 
thermocouples (Omega TT-E-36-E type) are attached every 3 cm on a slender G-10 rod fixed at the top 
plate of cryostat. A relief valve (Swagelok SS-4C-10) set at 180 kPa is connected on the top plate through 
a 1/4" tube for safety. Pressure, displacement and temperature are recorded at interval of 0.01 sec with 
A/D board (National Instruments PCI-6221) as a function of time. 

The experimental procedure is illustrated in Figure 4. The thermal mass is hung down from the top 
plate by a solenoid hook, after the cryostat is filled with liquid nitrogen up to 25 cm below the top plate. 
Then rapid vent system is installed on the experimental cryostat which contains liquid nitrogen. In this 
process, the thermal mass is pre-cooled by convection of boil-off gas which results in a smaller heating to 
liquid nitrogen after the drop. To prevent this problem, a sheet of paper is placed above the liquid level as 
a baffle and is torn upon dropping. In addition, warm air is blown through the side neck port of the 
cryostat before dropping the thermal mass. In the experiment, the temperature of the thermal mass at the  

(a) Steady state                 (b) Over-pressurization state          (c) Photo of dropping thermal mass

Figure 4 Schematic illustration of a performance test and photo of dropping thermal mass 
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moment of dropping is not spatially uniform but is estimated around at room temperature. It is followed 
that the actual heating energy by the thermal mass may be different slightly test by test. The same 
procedure is repeated with various values of an average set-pressure by adjusting the pre-compression 
length of springs. 

RESULTS AND DISCUSSION 

Figure 5(a), (b), and (c) are the measured history of the internal pressure and the vertical displacement of 
the top plate, when springs are pre-compressed by 7.7 mm, 5.8 mm, and 3.9 mm, respectively. These 
values of displacement are equivalent to the average set pressure at 500 kPa, 400 kPa, and 300 kPa 
according to Equation (1). Time is measured from the moment of dropping the thermal mass.  

In Figure 5(a), the internal pressure sharply increases up to around 450 kPa for about 1.7 seconds 
after dropping thermal mass, and then decreases quickly to about 180 kPa, which is the set pressure of 
relief valve. The top plate is clearly opened around at 1.3 sec and closed around at 2.9 sec. The vertical 
displacement is not same at the three locations, which indicates that the top plate is not lifted horizontally. 
The main reason is that all the springs are not pre-compressed by exactly the same length. Obviously, this 
is also the reason why the top plate is opened at a lower pressure than average set-pressure at 500 kPa on 
account of uneven distribution of compression force by springs. 

Similar pressure and displacement history are observed for average set pressure at 400 kPa and 300 
kPa, and the measured peak pressure is approximately 350 kPa and 270 kPa, respectively. The pressure  

(a) Average set-pressure: 500 kPa    (b) Average set-pressure: 400 kPa     (c) Average set-pressure: 300 kPa

Figure 5 Internal pressure of cryostat and vertical displacement of top plate history 
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and displacement curves for Figure 5(c) are flat at the peak, which means that the top plate remained open 
for a period of time. The open time is estimated at 1.7, 2.5, and 3.2 seconds for the three cases, 
respectively. The top plate must have returned after the rapid vent, because the internal pressure is almost 
equal to the relief valve pressure of 180 kPa. It is not clear why one of the displacements in Figure 5(c) do 
not return to the value of zero. One of the possibilities is that the sensor rod may have been off its vertical 
position.

SUMMARY AND CONCLUSIONS 

The proposed rapid vent system was designed, fabricated, and tested to verify its rapid vent performance. 
The rapid escape of boil off gas through the gap between top plate and flange of cryostat was successfully 
confirmed by measured the internal pressure and vertical displacement of the top plate after the thermal 
mass was dropped into the liquid nitrogen cryostat.  

It was observed that the top plate was opened at lower pressure than the average set-pressure by 
springs because the open-up of the top plate was not uniform along the peripheral direction due to an 
uneven distribution of the compression force. It was also demonstrated that when the pre-compression 
was larger, the top plate was closed quickly, but when the pre-compression was smaller the top plate 
remained open for a period of time. The internal pressure came to be stable toward the set pressure of 
relief valve within 5 sec in every case. It was concluded that the proposed system was effective in 
preventing the over pressurization of the cryostat and allowing a quick recovery.  
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