IOP Conference Series: Materials
Science and Engineering

PAPER « OPEN ACCESS You may also like

- Surface resistance effects of medium

Thermal acoustic phenomena in a cryogenic temperature baking of buffered chernical

polished 1.3 GHz nine-cell large-grain

helium distribution system cauites

Zhitao Yang, Jiankui Hao, Shengwen
Quan et al.

To cite this article: H. C. Li et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 502 012107 - Evaluation of predictive correlation
between flux expulsion and grain growth
for superconducting radio frequency
cavities
Zu Hawn Sung, Paulina Kulyavtsev,
Martina Martinello et al.

View the article online for updates and enhancements.
- Electron bunch train excited higher-order

modes in a superconducting RF cavit
Yong-Feng Gao, , Sen-Lin Huang et al.

c S| DISCOVER
i - how sustainability
The vi : intersects with

Electrochemical
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.21.104.72 on 14/05/2024 at 18:31


https://doi.org/10.1088/1757-899X/502/1/012107
https://iopscience.iop.org/article/10.1088/1361-6668/aca12a
https://iopscience.iop.org/article/10.1088/1361-6668/aca12a
https://iopscience.iop.org/article/10.1088/1361-6668/aca12a
https://iopscience.iop.org/article/10.1088/1361-6668/aca12a
https://iopscience.iop.org/article/10.1088/1361-6668/ace4fb
https://iopscience.iop.org/article/10.1088/1361-6668/ace4fb
https://iopscience.iop.org/article/10.1088/1361-6668/ace4fb
https://iopscience.iop.org/article/10.1088/1361-6668/ace4fb
https://iopscience.iop.org/article/10.1088/1674-1137/41/4/047002
https://iopscience.iop.org/article/10.1088/1674-1137/41/4/047002
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsupRuV1VcDMDCSIwk5Qb4c8RjujlXCyFZrfG30V8mOTr3kpJfWxdCgrF_iFycTjUk973D39oxHBB7bAog4hvQ1R5CecYheJ_dtEarBW-PkfcnMT__ZY0ti77LLKQVk_uXq7HQVPfiqpisHxoce-vdtaEHQTTSmF00hY6ECl_5Nh9pkD4NJXGP0oaZ5HQWaWKRrmwtBbHgEvCJEDTpAWIqb5gQ4HPl8-tI3cdU_2qQ_XuaBDBAwGN6FkCoAwBct7UfVDMZVllgX8ywzrL6qJJUEm2t8xYTw2m_8b0NLRKMeWDcpEgLjNbQuQqGWl-sYTAo_4GLLW8dXmWMzYkuDEI-RXz-KGew&sig=Cg0ArKJSzHmy9nz0vDhw&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

ICEC-ICMC 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 502 (2019) 012107 doi:10.1088/1757-899X/502/1/012107

Thermal acoustic phenomena in a cryogenic helium
distribution system

H. C. Li'% H. H. Tsai% C. C. Cheng'", F. Z. Hsiao?, P.S.D. Chuang’, W. R. Liao?,
W. S. Chiou?, S. H. Chang?, T. F. Lin?

! Department of Energy and Refrigerating Air-Conditioning Engineering, National
Taipei University of Technology, Taipei 10608, Taiwan, R.O.C.

2 National Synchrotron Radiation Research Center, 101 HsinAnn Rd, Hsinchu,
Science Park, Hsinchu 30076, Taiwan, R.O.C.

* newmanch@ntut.edu.tw

Abstract. During normal operation of the cryogenic helium distribution system for the TPS
superconducting radio frequency (SRF) cavities, thermal acoustic oscillations (TAO) occur
leading to pressure fluctuations in the cold helium gas processing lines up to 65 mbar at a high
frequency. The thermal acoustic phenomena present an additional heat load and affecting the
operational stability of the SRF cavities. Three gas buffers were attached to the exhaust pipelines
of the helium gas processing lines and the isolation valve of the gas buffers was kept half open
to prevent pulsation in the flow. These buffers successfully suppressed the TAO phenomena
without modifying the exhaust pipelines. The pressure fluctuations were reduced to not more
than 7 mbar satisfying the operational requirements for the SRF cavities. In this paper, we present
and discuss the solution for the thermal acoustic phenomena in the cryogenic distribution system.

1. Introduction

The Taiwan Photon Source (TPS) is a 3 GeV electron accelerator at the NSRRC operating with a beam
current of 500 mA. Two superconductive radio frequency (SRF) cavities have been installed in the
storage ring to supply the necessary power. Each helium cryogenic system has a maximum cooling
capacity of 890W at 4.5 K providing the required cooling power for these SRF cavities. One cryogenic
distribution system was installed to transfer liquid nitrogen (LN>) and liquid helium (LHe) from storage
dewars to SRF cavities and also to recover the vaporized cold helium (GHe) and nitrogen gas (GN>)
from the SRF cavities through independent vacuum-jacketed multichannel lines (MCL) [1]. The relief
valves and their exhaust pipelines penetrate the outer case of the distribution valve box (DVB) and then
connect to the LHe, LN», GHe and GN, process lines inside the DVB. During normal operation of the
distribution system, we found freezing phenomena at the surface of the exhaust line for the GHe process
lines of the DVB, which was due to thermal acoustic oscillations (TAQO). This phenomenon and its
treatment are presented and discussed in this paper.

2. Study of TAO in the helium cryogenic distribution system

TAO are often observed in the fill or exhaust lines of low temperature dewars where the tube is capped
at the hot end. The typical geometry of a half-open tube is shown in figure 2. A large axial temperature
gradient makes the cold gas in the half-open tube to expand rapidly, pushing the heated gas into the cold
open end. The gas flow causes a low pressure at the warm end causing the flow reverse and the cold gas
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enters the warm end creating a large radial temperature gradient. The gas is heated and duplicates the
process. TAO are oscillation instabilities, which are observed frequently in helium cryogenic systems,
because there is a sufficient temperature ratio between the cold and warm end of the tube, where the
warm end is always closed. Experimental results show that the thermal load to the TAO lines can be 10-
1000 times greater than its thermal conduction [2]. The complete solution for developing TAO is
complex, even in a simple straight tube. This difficulty comes from the need to solve the complete
hydromechanics equation. Predictions of the presence of TAO and preventing it from occurring in
cryogenic systems for a geometry of a half-open tube and low temperature conditions has been presented
in many studies [3-6]. Figure 2 shows the stability characteristics of TAO, which can be used to
determine if TAO occur or not. Unstable regions are drawn using selected dimensionless parameters for
various ratios of warm to cold lengths and ratios. If the value of the dimensionless parameter of a given
system placed in the curved region exceeds unity, oscillation is expected. The stable characteristics of
TAO in a liquid helium system is shown in figure 3. [2], where an one-meter long tube is used in plotting
these stability curves, with 7 is tube radius, « is the ratio of the temperatures at the warm and cold ends
of the tube (T3, /T), and ¢ is the ratio of the lengths in the warm and cold section of the tube (Ly,/L.).
The location separating the warm and cold sections of the tube is defined as the point where the
temperature equals to (T, /T,)/2. The characteristic stability curve is plotted versus the same value of
&. If the characteristic point, determined by a and r, is located under the curve, the TAO characteristic
is stable, otherwise unstable. Although theory and experiment have successfully predicted TAO within
a typical geometry of a half open tube, predicting TAO in a complex cryogenic system is still difficult
or impractical.
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Figure 1. Configuration of exhaust pipeline and helium gas process lines in a
cryogenic DVB
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Figure 2. TAO in a typical half-open tube and Figure 3. Stability curves for TAO
associated parameter profiles. in a helium system when & > 1.

The geometric structure of a single exhaust pipeline in the TPS distribution valve box, shown in figurel,
is similar to the typical half open tube shown in figure 2. We can analyse the DVB by applying the TAO
characteristic stability curves. The 80K intercepts connect to the thermal shield, cooled by liquid
nitrogen, located between outer case of the DVB and gaseous helium process lines shown in figure 4.
The 80K intercepts not only reduce the heat transfer from 300K room temperature environment but also
mitigate the TAO [6]. As for stability, results were obtained with a tube length of one meter. The actual
tube radius of the exhaust pipeline in the DVB has to be corrected before using the stability curves in
figure 3. The values of the corrected tube radius r' is calculated from

T
r_\/f\/L_ (1

where r is the actual tube radius, L the actual tube length and L’ is the tube length used in calculating
the stability curves (L'is equal to one meter in figure 3). Table 1 shows the necessary parameters of the
TAO for the DVB. Condition 1: we assume the 80K intercepts works properly, and the cold open end
will be the location of the 80K intercepts. According to the stability curve, the TAO should not occur in
the DVB, indicated as the characteristic point A in figure 5. If TAO do happen, the thermal link of the
80K intercepts is insufficient. In this case, we do not consider the thermal effect of the 80K intercepts
in condition 2. We find the characteristic point B of condition 2 located in the unstable region, which is
above the curve of £ = 2.67 shown in figure 5.

Table 1. TAO calculation in the gas helium process line

Conditions Ty T, a L L, L ¢ r r' TAO
® K (m) (m) (m) (mm) (mm) Status
1. Thermal intercepts 300 80 375 21 1.8 03 6 8.6 5.9 No

2. No Thermal intercepts 300 7 429 33 24 09 267 8.6 4.7 Yes

3. Preventing TAO in Helium Distribution Systems
There are several methods to mitigate the effects of TAO [6]. Installing an additional buffer is the
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Figure 4. 80K Thermal intercepts Figure 5. Characteristic stability points for the helium

DVB.

easiest solution for the DVB. The additional gas buffers connect to the warm end of the tube (after its
isolation valve) with the same effect as extending the length of the warm tube for the TAO system. The
equivalent length ratio &' is always greater than the actual tube length ratio, which is determined by

Ly + Ly,

§ =t @)

where Ly, is the actual warm tube length, L. the actual cold tube length and Ly is the equivalent length
of the additional volume of the gas buffer. The quantity L, can be determined by

v,
LhS = T2 (3)

where V; is the additional volume of the gas buffer and r the radius of the connecting port. Table 2
1ndlcates the value after correcting with the stability curve. Note, that the volume correction can increase
the value of the tube length ratio significantly when the additional buffer is large. The additional buffer
is shown in figure 6. According to the parameters of Table 2, we can indicate the TAO characteristic
point C in figure 7. It is clear that the condition 3 is located in the stable region, while & > 5.

Table 2. TAO calculation in the exhaust line of helium gas process line with buffer

Conditions Ty T, a L, L. Vs Lps ¢ r' TAO
K (K (m) (m) (cm3) m (mm)  Status
Additional buffer 300 7 429 24 09 2748 11.8 158 22 No

4. Experimental results

To understand the TAO effect of an additional buffer, we install one buffer to one pipeline and open its
isolation valve, while the other two pipelines remain closed. Table 3 shows that the pressure vibration
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Figure 6. Gas buffers Figure 7. Stability characteristic points for

helium DVB with gas buffer.

of the pipeline with the gas buffer is reduced significantly. There is one interesting phenomenon in case
4, when the TL2-GHe pipeline buffer is open. The pressure vibration of the other two pipelines become
much larger than before. This phenomenon results from complex hydromechanics by interactions within
the distribution system being a future research topic. Case 5 assumes that three buffers are installed on
the isolation valve of the pipelines remaining fully open. The TAO phenomenon did not appear. The
best situation was found in case 6 with half open isolation valve and installed buffer. The pressure
vibration of the three gas lines were 3mbar, 7mbar, 3mbar, respectively. The minimum pressure
vibration is due to the same effect between gas buffer with half-open isolation valve and resonator with
a small radius neck tube, mentioned in reference [6].

Table 3. Pressure vibration in different cases

DVB-GHe TL4-GHe TL2-GHe
case  Valve Pressure vibration Valve Pressure vibration Valve Pressure vibration
status (mbar) status (mbar) status (mbar)
1 X 14 X 60 X 65
2 o) 6 X 50 X 80
3 X 16 o 8 X 60
4 X 200 X 100 O 5
5 0O 25 0] 35 o 25
6 A 3 A 7 A 3

X: Close A: Half open O: Fully open

Figure 8 shows the pressure behaviour of the gas processing line in the DVB when the isolation valves
are suddenly closed. The freezing phenomena appear on the exhaust pipeline with deteriorating pressure
stability and inability to satisfy the operational requirements for the SRF cavities.
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Figure 8. Gas helium pressure vibration with/without gas buffer

5. Conclusion

Thermal acoustic oscillations in a helium distribution system have been investigated in this study. TAO
are a dynamic phenomenon occurring while the temperature and pressure fluctuations move the system
into an instable regime. TAO can be well-controlled by thermal intercepts but a weak thermal link can
still cause TAO. In our case, the thermal link will also be an alternative solution to mitigate the TAO.
TAO not only introduce an additional heat load but also affect the operational stability of the SRF
cavities. The pressure fluctuations for the helium gas process line were about 65 mbar during TAO.
After three buffers were mounted to the pipeline and keeping the isolation valve half open, the system
enters a stable TAO zone while the pressure fluctuations decrease to less than 7 mbar for all three gas
pipes. These buffers successfully suppress the TAO phenomena and reduce the pressure fluctuations
without modifying the tube in the DVB.
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