
Transactions of the Korean Nuclear Society Spring Meeting 

Jeju, Korea, May 12-13, 2016 

 

 

 
Bed system performance in helium circulation mode  

 
Yeanjin Kim

 a, b
, Kwangjin Jung

 a, b
, hee-suk Kang

 b
, Do-hee Ahn

 a, b
, Sei-hun Yun

 c
, Hongsuk Chung

 a, b*
 

a
University of Science and Technology (UST), 217 Gajeongro, Yuseong, Daejeon 305-350, Korea 

b
Korea Atomic Energy Research Institute (KAERI), 1045 Daedeokdaero, Yuseong, Daejeon 305-353, Korea 

3
National Fusion Research Institution(NFRI), 113 Gwahakro, Yuseong, Deajeon 305-353, Korea 

*
hschung1@kaeri.re.kr 

1. Introduction 

 
As a part of the International Thermonuclear 

Experimental Reactor (ITER) Project, We have 

conducted an experiment for storing hydrogen to 

depleted uranium and zirconium cobalt (Refs.1-6).  The 

helium blanket effect has been observed in experiments 

using metal hydrides. The collapse of the hydrogen 

isotopes are accompanied by the decay heat and helium-

3. Helium-3 dramatically reduces the hydrogen isotope 

storage capacity by surrounding the metal. This 

phenomenon is called a helium blanket effect. In 

addition the authors are working on the recovery and 

removal techniques of helium-3. In this paper, we 

discuss the equipment used to test the helium blanket 

effect and the results of a helium circulation experiment.  

 

2. Experiments 

 

Figure 1 shows the test rig of the helium blanket 

effect experiment. The test rig consists of a ZrCo bed, 

2.6 L tank, manifold, metal bellows pump (MBP), 

rotary pump, turbo molecular pump (TMP), MFC, 

MFM, pressure gauge, vacuum gauge, DAQ, and HMI 

system.  

 

 
 

Fig. 1. Test rig of helium blanket effect experiment. 

 

The HMI system of test rig was designed with 

LabVIEW. Using the HMI system, it is possible to 

control the equipment such as pump, MFC and acquire 

the data. We can verify the data in real time and draw 

graphs using live data. The amount of time saved is 

shown below of the screen, and we can save the data 

during the desired period of time. In addition, this 

system based on the schematic diagram, so, it is 

convenient to view. 

 
 
Fig. 2. Schematic diagram of helium blanket effect 

experiment test rig. 

 

Fig. 2 shows a schematic diagram of the helium blanket 

effect experiment test rig. Fig 2 shows the positions of 

the valve and equipment and indicates the direction of 

the gas flow. 

 

3. Experimental Results 

 

3.1 Helium circulation 

 

The helium circulation experiment was carried out in 

the following order. First, we filled the amount of 

helium to the 2.6 L tank, and then ran the MBP. 

 

 
 
Fig. 3. Pressure in the circulation of 765 torr helium. 

 

Fig 3 shows the pressure in the circulation of 765 torr 

helium. The pressure difference between the front and 

back of the MBP is 446 torr. The pressure of the tank 

and the bed also show the influence of by the MBP. 

Figs. 4 and 5 show the pressure in the circulation of 860 

torr helium and 965 torr helium. The pressure 

difference between the front and back of the MBP is 

482 torr and 536 torr. 



Transactions of the Korean Nuclear Society Spring Meeting 

Jeju, Korea, May 12-13, 2016 

 

 

 
 

Fig. 4. Pressure in the circulation of 860 torr helium. 

 

 
 

Fig. 5. Pressure in the circulation of 965 torr helium. 

 

 

3.2 Change process gas of MFC 

MFC and MFM of our test rig are set to measure the 

flow of the hydrogen. However, the actual gas used in 

the experiment is helium. Therefore, it is necessary to 

recalculate the flow rate of the MFC and MFM for 

helium. The gas conversion formula is as follows.  

OG flow rate ×
𝐶𝐹 𝑜𝑓 𝐶𝐺

𝐶𝐹 𝑜𝑓 𝑂𝐺
= CG flow rate                      (1)   

 

 OG is the original gas, CG is the current gas and CF is 

the conversion factor. The CF of hydrogen is 1.008, and 

the CF of helium is 1.386. The maximum hydrogen 

flow rate of the MFC is 30 SLM, and if we convert the 

gas into helium, the maximum flow rate is 41.25 SLM. 

First, the flow rate of hydrogen is shown in Table 1. We 

then calculate the flow rate of helium using formula 1.  

Table 1: Flow rate of the hydrogen 

 MFC (SLM) MFM (SLM) 

765 0.8 0.9 

860 1 1 

965 1.2 1.2 

 

The actual flow rate of helium is shown in table 2. 

Table 2: Converted flow rate for the helium 

 MFC (SLM) MFM (SLM) 

765 1.1 1.2375 

860 1.375 1.375 

965 1.65 1.65 

 

The current flow rate is less than the error value, and 

thus we can-not control the flow rate. To increase the 

flow rate, we need to adjust the amount of the initial 

helium.  

 

4. Conclusions 

 

Helium-3 is created by the collapse of the hydrogen 

isotope. The helium-3 produced surrounds the storage 

material surface and thus disturbs the reaction of the 

storage material and the hydrogen isotope. Even if the 

amount of helium-3 is small, the storage capacity of the 

SDS bed significantly drops. This phenomenon is the 

helium blanket effect. To resolve this phenomenon, a 

circulating loop was introduced. Using a circulating 

system, helium can be separated from the storage 

material. We made a helium loop that includes a ZrCo 

bed. Then using a metal bellows pump, we tested the 

helium circulation. A study on controlling the flow rate 

and research on more efficient gas circulation will be 

conducted.  

 

ACKNOWLEDGMENTS 

 

This research was supported by the National Fusion 

Research Institute and the National R&D Program 

through the National Research Foundation of Korea 

(NRF), which is funded by the Ministry of Science, ICT 

& Future Planning (NRF-2009-007065).  

 

REFERENCES 

 
[1]  J. M. Lee et al., “Isotope effects of hydrogen delivered 

from a ZrCo storage bed,” Journal of the Korean 

Physical Society, 65, 1239–1242 (2014). 

[2] D. Y. Chung et al., “Hydriding and dehydriding 

characteristics of small-scale DU and ZrCo beds,” 

Fusion Engineering and Design, 88, 2276-2279 (2013). 

[3]   H. S. Chung et al., “Korea’s progress on the ITER tritium 

systems,” Fusion Engineering and Design, 84, 599-603 

(2009). 

[4]   M. H. Shim et al., “Hydriding/dehydriding characteristics 

on fast heat transfer response ZrCo bed for ITER,” 

Fusion Engineering and Design, 84, 1763-1766 (2009). 

[5]   M. H. Shim et al., “Characteristics of ZrCo Alloy for the 

Storage of Hydrogen Isotopes,” Journal of the Korean 

Physical Society, 49, 369–373 (2006). 

[6] Y. Kim, K. Jung, D. Goo, H. Chung, et al., "Test 

Operation of a Hydrogen Storage and Measuring 

System", Trans. of the Korean Hydrogen and New 

Energy Society, Vol. 26, No. 6 (2015) 541-546 


