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Design Study on the Helical Fusion Reactor 

Whether or not the FERP has shown continued progress on upgrading and
refinement of the helical reactor design study
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In this regard, the most important step the FERP has taken is to begin 
incorporating into the FFHR-d1 design innovative ideas that can address 
feasibility and attractiveness issues for fusion. Examples are 1) the use of HTS to 
allow a joint that can expedite the helical coil winding process; 2) a segmented 
molten salt blanket with improved efficiency at lower temperature; and 3) a liquid 
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metal “shower” divertor. At this time, the reference Japanese DEMO design is not 
based on the stellarator, though the stellarator offers advantages that could make 
it the best long-term solution. In the meantime, the FERP is addressing a general 
need for fusion to evaluate the potential of innovative solutions, such as HTS and 
liquid metals, that can improve the prospects for any concept. This is best done in 
the framework of an integrated machine design study, as the FERP team is doing. 
It is suggested that the FERP team include plans to make a comparative 
evaluation of benefits and risks for the “ asic” and “ hallenging” ”Innovative”) 
approaches. It is important both to pursue innovations that offer potential 
advantage, but also to come to conclusions as to whether the advantages are 
actually realized.
The reactor study FFRH-d1 is in the focus of the FERP and the key questions of
fusion power station engineering are posed in this context. These are namely high
Tc superconducting coils based on ReBCO, liquid metal divertor, molten salt
blanket modules (all considering helical geometry). In addition cost analysis is
performed and structural materials are investigated. The challenges of a coil
segmentation with about 4000 SC joints to be installed have been clearly
identified. The main issues of helical liquid blanket modules are
installation/maintenance as well as high neutron flux combined with thermal flux,
whilst the former is more critical in helical symmetry. These issues are
appropriately addressed by the FERP. An interesting idea is also the liquid tin
shower divertor (REVOLVER-D) which might well be the best solution for a
FFRH-type reactor. Reactor plasma core and startup simulations complete the
package. In my opinion, there is considerable progress in the refinement of reactor
design studies based on the FFRH-concept. All relevant topics are carefully
addressed.
It is recommended to include remote handling of in-vessel components in the list
of relevant engineering topics to be addressed for a fusion power plant.
Very good and continued progress has been made, especially on integrated
modeling.
The FERP has demonstrated good progress in improving and enhancing the
helical reactor design. It has performed simulations of the plasma operation and
startup and it has produced innovative engineering ideas for the design of systems
for handling the heat and particle fluxes in a reactor. In particular, it has
generated new solutions for joint winding for Helium gas-cooled HTS based on the
lap joint technique, ideas for implementing chain-guided liquid metal shower
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divertors in helical configurations, and designs for molten salt blankets with good 
maintainability. The leading candidate for the blanket is FLiNaBe, with Ti 
powders to increase Hydrogen solubility. Designs have been developed for both 
horizontally and toroidally segmented blanket modules. Advances in 
computational capabilities enabled by recent upgrades were put to good use 
through neutronics and thermofluid analyses, as well as real-time simulations of 
plasma operation control. In particular, the “Helioscope” systems code has led to 
the development of a Q~10 scenario for FFHR-d1. 

 

 
 
 

 
Whether or not the FERP has summarized the conceptual design study of the 
helical fusion reactor and embodied the numerical targets for each development 
issue 
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As reported at the review meeting, the FERP has issued a voluminous conceptual 
design report in which quantitative targets are documented. At an appropriate 
time, NIFS should consider holding an international peer review of the design 
report as a way to disseminate findings and to obtain feedback on the innovative 
technology concepts being investigated.  
A comprehensive report on the FFRH-d1 has been published (in Japanese).It is 
recommended to prepare a translation in order to make the document available to 
the international community. 
The present conceptual design of helical fusion reactor is fine. More detail reactor 
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plasma performance targets can be further evaluated and improved. 
The conceptual design study listing concrete numerical target for principal 
systems has been published. This report describes the progress achieved by the 
FERP during the period 2010-2015, including both helical reactor design and 
Research and development activities. The report lists in its appendices the 
numerically specified design parameters describing the magnet system, the in-
vessel components, and the blanket system. 

 

 

 
Whether or not the design study of the helical fusion reactor and the R&D 
activities of the major components are closely related with each other 
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Clear evidence was presented, both in the reactor design and in the R&D sections 
of the presentation, that design and R&D activities are well integrated. 
Examples include: 1) the short-sample test of HTS at 20K completed, and coil test 
planned; and 2) tests of metal powder to reduce the hydrogen permeation in 
molten salt breeders.  
Adequate research on HT superconductors, molten salt with added metal powder, 
and liquid metal jets is conducted in different test stands. These studies are 
targeting directly to the challenges related with a helical fusion reactor. 
It is recommended to consider building a large-size HT superconducting test coil 
(not necessarily a helical one) to investigate systematically the impact of stresses 
and strains on the superconductor. 
The activities for R&D are excellent. 
The R&D activities for the major components are progressing at a good pace. 
These activities consist of the development of HTS magnet, the molten-salt 
blanket, and the liquid-metal divertor. The priorities of the component R&D are 
responsive to the needs highlighted by the design study for the helical fusion 
reactor, particularly as concerns the challenges caused by heat and particle 
handling as well as the need to minimize recirculated power. The research into 
adding Ti powder into molten salts to improve hydrogen retention is a significant 
breakthrough. The experiments on liquid metal jets are very interesting and likely 
to attract international interest. 
While the relations between the design study and the R&D activities are apparent, 
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they were not explicitly identified in the presentations, as this question seems to 
request. It would strengthen the program, particularly as regards long term 
planning, to have the links set forth more explicitly and examined. 

R&D Study on the Fusion Technology Basis 

Whether or not the FERP has served as a COE dedicated for the fusion technology
development
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The FERP is serving an extensive academic community in Japan by constructing 
and operating a large set of user facilities for basic research at the forefront of 
fusion technology development. One example is their investigation of mechanical 
alloying methods to improve the strength and radiation resistance of copper heat 
sinks for solid high heat flux targets. Another is their investigation of tritium 
permeation barriers by metal-organic chemical vapor deposition. These activities 
are exploring solutions to critical fusion problems. The presentation identified by 
name over ten universities that are collaborating with FERP and using FERP 
facilities for fusion divertor or blanket research. 
A key to FERP success as a COE is maintaining high availability of its user 
facilities. These facilities offer, as a centralized resource, advanced capabilities 
that to a large extent can only be sited in a laboratory like NIFS that can provide 
the scientific and technical staff necessary to ensure both high scientific rigor and 
high availability. 
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FERP has a clear road map to attack the most pressing engineering issues on the 
path towards a (helical) fusion power reactor. In this frame, FERP is making use 
of the broad expertise that exists in Japanese universities, thereby acting as a 
COE. The coordinating role of FERP is of utmost importance and is highly 
commended. In addition to the engineering subjects discussed above, the key topic 
of tritium handling is investigated in collaboration with four different universities. 
This as well is of great value for the international fusion community. 
Yes. 
The FERP has benefited from a broad collaboration system that organizes a 
number of universities around five research topics vital to fusion energy: low 
activation structural materials, large-scale high field superconducting magnets, 
high heat-flux plasma-facing wall research, long-life liquid blanket research, and 
trace tritium control technology. Highlights of the research include the study of 
thermal creep of high purity V-4Cr-4Ti alloys; the development of high-strength 
Nb3-Sn strand and indirect-cooling large-current Nb3-Sn conductor; the 
development of high-strength Cu alloys by mechanical alloying and hot isostatic 
pressure (HIP) methods; the study of degradation by thermal cycling in coatings 
by metal-organic CVD for tritium permeation barriers and electrical insulation; 
and the development of Tritium control technologies such as surface control and 
exhaust gas processing techniques including isotope separation. 
The distributed nature of this research effort and the role of Universities seems 
especially effective in sourcing talent through a wide root system and nurturing a 
base of expertise that can benefit the fusion program as well as export fusion 
know-how to the broader economy.

 

 
 
 

 
Whether or not the FERP is enhancing the interdisciplinary researches to 
strengthen the basis of the fusion engineering study 
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The presentation included examples demonstrating activity in this area.
There is a significant amount of interdisciplinary engineering research, reaching
from chemistry to automotive to medicine. Both scope and breadth of the work
looks reasonable to me.
Progress has been made and more solid base has been established.
Many of the core activities are inherently interdisciplinary, but the FERP is
additionally participating in collaborative projects such as investigations of micro-
arcing in the context of automobile transmissions, the application of metal casting
techniques to proton-conductors for H monitoring and the application of
microwave heating techniques to chemical processes. In a separate project,
scientists also carried out target development for boron neutron capture therapy.
The level of interdisciplinary activities is commendable and successful in its goal
of strengthening the basis of the fusion program and generating spinoff benefits
along the way.
The FERP interdisciplinary research leans strongly towards finding applications
for the science and technology developed within the fusion program. High
temperature superconductivity is a good example of an external technological
development that the FERP is importing into fusion. Examples where advances
in other areas of science, by contrast (e.g. materials science for the alloy
development), were imported into the FERP to advance the fusion program may
have been implicit, but they would benefit from being highlighted more explicitly.

Whether or not the FERP is improving the facilities for the fusion engineering
study and enhancing the joint-use and collaboration
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This is an important question and is closely related to Question (1), given the 
importance of maintaining state-of-the art facilities for NIFS to fulfill its COE role. 
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Examples of reported improvements include: 1) preparation of a large-bore high-
field magnet test facility; 2) dual loop for testing both LiPb and molten salt 
breeders, including magnetic field effects; 3) super-clean facility for mechanical 
alloying (MA) and hot isostatic pressing (HIP) development; and 4) several 
thermal creep test facilities. These investments show that NIFS is performing well 
in providing capable, up-to-date facilities for its user community. 
A key to FERP success in enhancing joint use and collaboration is to ensure that 
the resources to maintain high availability of these user facilities is provided. 
Quite a number of engineering test facilities is available, namely 

High field magnet test facility, 
Liquid metal loops combined with 3T magnet, 
HIP capsule manufacturing device in clean environment, 
EB facility, 
TEM combined with a FIB, 
Thermal creep test facilities. 

This is an impressive range of facilities and they are used by both the FERP and 
jointly with prestigious collaborators, in particular Universities of Osaka and 
Kyoto, QST, MIT and PPPL. The facilities are permanently improved and seem to 
be the state of the art. 
Yes. 
Improvement of the facilities: The control system and the cooling system in the 
ACT-2 electron beam device has been improved (this system serves to test the W-
Cu divertor target). This is a successful program in a priority area with 
international visibility. Eight thermal creep test facilities were also installed for 
testing advanced materials at high temperature and high vacuum. 
Joint-use and collaboration: The superconducting magnet facility is a versatile 
tool that the FERP utilizes for international collaborations. In particular, 
preparations are under way to test the MIT twisted stacked tape cable in February 
2018 using the 13T large-bore high magnetic field test facility. 
The FERP also operates the Oroshhi-2 (Operational Recovery Of Separated 
Hydrogen and Heat Inquiry-2) that is used in several investigations of liquid 
metal systems. 
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Whether or not the FERP is enhancing the collaboration research by utilizing the 
frameworks of “Bilateral Collaboration Research” and “LHD Project Collaboration 
Research” 
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The presentation included examples demonstrating satisfactory performance in
this area, although it appears that collaboration with the LHD project is limited
to trace tritium research.
With the end of the LHD project foreseen in about eight years, it is important for
FERP to have a strong role in discussions regarding possible successors to LHD.
Technology issues now have increasing prominence in international fusion R&D,
due to ITER and the plans for DEMO-type devices in several countries including
Japan. With its strong innovative technology program, NIFS is poised to make
important contributions to fusion solutions, not limited to its focus on helical
device research. In deciding on its future after LHD, NIFS should consider how to
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maximize its impact on fusion technology. 
There is a broad range of collaborative actions under both schemes. They are 
conducted in all those areas where significant expertise is available at the 
respective collaboration partners. In that sense FERP is a key element in fostering 
the national collaboration in fusion engineering research. 
Yes. Very productive cooperated work between NIFS and university has been done. 
The FERP animates a broad collaboration network of universities (Tsukuba, 
Kyoto, Kyushu, Osaka, Toyama, Tohoku) that perform complementary and 
mutually-supporting research activities. The research topics (e.g. for bilateral 
topics: divertors, edge plasma, co-deposition, liquid metal, Tritium behavior, and 
PWI) are very strategically chosen, offering Japan a great deal of leverage in the 
international fusion program. Similar observations apply to the extensive list of 
LHD collaboration projects.

 

 
 
 

 
Whether or not the FERP has served as a COE to contribute to the international 
activities including ITER and BA, jointly with universities 
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The presentation included examples demonstrating important FERP 
contributions to both ITER and Broader Approach (BA) activities. The FERP 
tested ITER toroidal field (TF) conductor joint samples in their magnet facilities 
to confirm compliance with resistance requirements. With respect to the BA, one 
of the JT-60SA central solenoid coils was tested in FERP facilities and several 
material-related studies supporting Japanese DEMO R&D have been performed. 
The Japanese DEMO team has issued an action plan for contributions to their 
R&D needs, many of which match well with NIFS interests and capabilities. 
Examples of possible FERP contributions were shown. NIFS should seek to make 
its unique resources and intellectual capabilities, as well as those of its university 
partners, available to Japan’s DEMO R&D activities. Strong NIFS participation 
in DEMO R&D will be mutually beneficial. 
FERP makes notable contributions to the ITER and BA programs. In particular 
the know-how in superconductivity, divertor and blanket materials is made 
available via different collaborative schemes. Remarkable is the strong 
contribution of atomic and molecular data to the international GENIE data base. 
The role of universities is here not obvious to me, but one can assume that via the 
various university collaborations their specific know-how flows in. 
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Very good cooperation between Asia and US. Need more efforts between NIFS-EU 
and NIFS-ITER. 
ITER: The FERP collaboration has contributed to the development of two systems 
for ITER: the SC magnet and cryo system, and the NBI system. For the latter, it 
tested the joint samples and developed a code, C-PREST, to simulate the cryo-
system including, for example, the flow of LHe from the reservoir to the 
compressor section. 
BA: FERP also participated in the broader approach, including JT-60SA (magnet 
testing), IFERC (Tritium control, creep rupture for RAFM, PWI experiment) and 
IFMIF-EVDA (H monitoring in Liquid Li). An action plan for a tokamak DEMO 
has been issued by the joint core team listing 15 major items including five that 
are closely related to the activities of the FERP. Examples include electron-beam 
welding, HIP, reinforcement of ferritic steel by oxide-dispersion strengthened 
joining. NIFS will also continue its contributions of atomic and molecular data to 
the GENIE worldwide search engine. 

 

 
 
 

 
Whether or not the FERP is providing distinctive education in the field of fusion 
engineering research, taking advantage of the function as an inter-university 
research institute 
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The presentation provided clear evidence that NIFS is supporting important 
research by Ph.D. students.  
The close collaboration of the FERP with Japanese universities is a pivotal 
element in attracting talented young researchers to work in fusion engineering. 
The number of awarded academic titles based on FERP research has further 
grown and the Ph.D. program starts to develop. A good number of FERP 
publications have been (co-) authored by students. This looks all reasonable and 
promising. 
Yes, Excellent for training young scientists. 
Thanks to the central role played by universities in NIFS, and with the help of 
SOKENDAI, the FERP is playing an important role in educating graduate 
students and providing them with unique opportunities to participate in world-
leading research. The educational role of FERP is best demonstrated by the nearly 
100 student-published papers and by the breadth of science revealed by these 
papers. 
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Whether or not the FERP has been closely cooperating with foreign institutions 
by enhancing researcher exchange and collaboration, based on the international 
agreements 
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NIFS is an important center for international collaboration in fusion. The TITAN 
and PHENIX collaborations in materials-related research are considered to be 
among the most successful in the long history of the U.S.-Japan fusion 
collaboration agreement. The collaboration provides NIFS scientists with access 
to important U.S. facilities for thermofluid (MTOR at UCLA), tritium (TPE at 
Idaho National Laboratory), and irradiation (HFIR at Oak Ridge National 
Laboratory) studies and provides a strong justification for continued U.S. support 
of those facilities. Likewise, U.S. scientists benefit from access to FERP facilities, 
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such as their large-bore magnet facility and the Orishhi-2 liquid breeder test loop, 
which are unmatched in the U.S. Also FERP scientists play leading roles in 
planning and hosting workshops in the U.S.-Japan Reactor Studies series and are 
among the leaders in technical program planning for the IAEA DEMO Programme 
Workshop series. 
There are intense collaborations with the US, China and Japan under the roof of 
either IEA or IAEA. This includes exchange of researchers. 
It is recommended to look for more collaborative projects with European research 
institutions and universities. There are numerous bilateral funding schemes 
available and the FERP is a highly potential partner. 
Very good but need enhance activities between EU-JP. 
The FERP is involved in two IEA, one IAEA and three bilateral collaboration 
programs. Some of the contributions to these programs were described in the 
responses to previous questions in this report. Joint projects in the US-Japan 
collaboration, for example, include an investigation of the thermo-fluids of liquid 
breeders in magnetic fields and a study of plasma exposure of neutron-irradiated 
materials. The collaboration program with China involves the HL-2A experiment 
at SWIP and the EAST device at ASIPP on the Chinese side and both JT-60SA 
and LHD on the Japanese side. The topics of interest include reactor design and 
magnets. 

 

 
 
 

 
Whether or not the FERP has contributed to creating the research results from 
universities 

 

 



- 34 -

1

1



- 35 -

 

 
The presentation provided data on publications, awards, and projects by 
university researchers demonstrating excellent performance in this area.  
The FERP has considerable impact on fusion engineering research conducted by 
Japanese universities. About 50% of the publications in the period 2013-2017 have 
been authored by university collaborators. This is a very convincing figure. In 
addition, there are numerous grants, awards, talks awarded to university 
researchers based on the FERP collaborative program.
Yes. 
The strong interaction between Universities and the FERP has already been 
described in answers to questions 2 (1), (4) and (6). One measure of the 
productivity of the program is offered by the publications and presentations at 
international conferences that number between 40 and 50 from year to year. The 
grants that the program has helped University researchers secure provides 
another measure of the program’s success: these typically number between 5 and 
10 but reached nearly 20 in 2016. Looking at the program publication output as a 
whole, one finds that a little more than 10% of the 440 publications from 2013-
2017 concerned themselves specifically with Reactor design, the rest addressing 
other R&D topics such as magnet and cryogenics, low activation materials, 
blanket and first wall, divertors, tritium safety etc. Approximately half were 
written by non-NIFS staff and a quarter by students. 
In conclusion, the FERP is a well-balanced and productive program with a broad 
network of roots distributed across the university system. It has carved a strategic 
place for Japan in the international fusion program and will give it a head start 
in the eventual commercialization of fusion. 
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Design Study on the Helical Fusion Reactor 
 

 
Whether or not the FERP has shown continued progress on upgrading and 
refinement of the helical reactor design study 

 

 

 

 
Whether or not the FERP has summarized the conceptual design study of the 
helical fusion reactor and embodied the numerical targets for each development 
issue 
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Whether or not the design study of the helical fusion reactor and the R&D
activities of the major components are closely related with each other

R&D Study on the Fusion Technology Basis 

Whether or not the FERP has served as a COE dedicated for the fusion technology
development
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Whether or not the FERP is enhancing the interdisciplinary researches to 
strengthen the basis of the fusion engineering study 

 

 
Whether or not the FERP is improving the facilities for the fusion engineering 
study and enhancing the joint-use and collaboration 
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Whether or not the FERP is enhancing the collaboration research by utilizing the 
frameworks of “Bilateral Collaboration Research” and “LHD Project Collaboration 
Research” 

 

 
Whether or not the FERP has served as a COE to contribute to the international 
activities including ITER and BA, jointly with universities 
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Whether or not the FERP is providing distinctive education in the field of fusion 
engineering research, taking advantage of the function as an inter-university 
research institute 

 

 
Whether or not the FERP has been closely cooperating with foreign institutions 
by enhancing researcher exchange and collaboration, based on the international 
agreements 
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Whether or not the FERP has contributed to creating the research results from 
universities 
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Figure 3.2.3.2-3 Relation between heating profiles (above) and gyro-Bohm normalized 
pressure profiles (below) in LHD. As the heating profile changes from peaked one 
(rightmost) to flat (second right) and hollow ones (leftmost and second left), the peak value 
of the gyro-Bohm normalized pressure profile decreases. The rightmost figure is the data 
from electron cyclotron wave heating (ECH) and the formation of electron internal transport 
barrier (e-ITB) is observed. In such case, fitting by zeroth order Bessel function 
underestimates the peak value of the normalized profile. The leftmost figure is the data from 
full-detachment discharge (Serpens mode) with the electron density at peripheral region 
which exceeds the Sudo density limit. In such case, penetration length of neutral beam (NB) 
is very short and the heating profile becomes extremely hollow. 
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Figure 3.2.4.2-5 Nuclear heating and cooling flow for the first layer of the FFHR helical 
coils made from CIC conductors. 

Figure 3.2.4.2-6 Temperature rise and pressure 
drop in the first layer of the FFHR helical coils 
made from CIC conductors. 
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Figure 3.2.4.3-1 Comparison between LTS indirectly cooled superconductor and CIC 
conductor. 

Figure 3.2.4.3-2 Photograph of the prototype indirectly cooled superconductor (left) and 
conceptual scheme of friction stir welding (FSW) (right). 
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Figure 3.2.4.3-3 Schematic of the conductor for FFHR. 

Figure 3.2.4.3-4 Method of cooling windings. 
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Table 3.  Number and rated current of SC feeders in ITER 
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HTS Paschen
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80 kA 68 kA 80 K

Loss of flow accident time 380
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Bi-2223 DI-BISCCO 200 A 
ITER TF HTS

DI-BISCCO 2
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Figure 3.2.6.1-1 Box-shaped blanket modules proposed in the early stage of the 
FFHR-d1 design study. 
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FFHR

T-SHELL Toroidally-Sliced, HELically-Linked breeder blankets
3

3.2.6.1-2 [3.2.6.1-1]

Figure 3.2.6.1-3  Concept of CARDISTRY-Blanket (CARtridges Divided and InSerTed 
RadiallY) proposed in the FFHR-d1 design study to improve both the fabrication process 
and replacement process dramatically. [3.2.6.2-1]. 

Figure 3.2.6.1-2  Concept of T-SHELL blankets Toroidally-Sliced, HELically-Linked 
breeder blankets proposed in the FFHR-d1 design study to improve the replacement 
process. [3.2.6.1-1]. 
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Figure 3.2.6.2-1 Distribution of nuclear heating 
in a FLiBe blanket for a neutron wall loading of 
2.0 MW/m2.

Figure 3.2.6.2-2 Distribution of nuclear heating on each material used in a FLiBe blanket for a 
neutron wall loading of 2.0 MW/m2. 
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7.7

3.2.6.2-5 =0

[3.2.6.2-1]

[3.2.6.2-1] T.  et al., presented at 13th International Symposium on Fusion 
Nuclear Technology (ISFNT-13), Sep.25-29, 2017, Kyoto, Japan. 

Figure 3.2.6.2-5 Direction of magnetic field in a blanket module at  (toroidal angle) 
= 0o. (a) Front view and (b) side view. [2.6.3]. 

Figure 3.2.6.2-4 Calculated distribution of magnetic field in blanket coolant channels. The 
maximum field strength is ~7.7 T [3.2.6.2-1].  

Figure 3.2.6.2-3 Calculated magnetic field 
strength in FFHR-d1. 
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shield. [3.2.6.3-1] 

Figure 3.2.6.3-2 Attenuation of fast 
neutron fluxes (>0.1 MeV) in two-layered 
FS/ZrH2 and FS/TiH2 neutron 
shields.[3.2.6.3-2] 
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[3.2.6.3-1] T. Tanaka et al., Fusion Engineering and Design 87 (2012) 584-588. 
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Figure 3.2.6.3-3 Evaluation of irradiation damages on a Cu material at the novel divertor 
position [3.2.6.3-4] 
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3.3.1.6-1

3.3.1.6-1
4.2 K 20.3 K 27.1 K 77.3 K

Table 3.3.1.6-1 Properties of various coolants 

(n-H2)

(1 MPa )
(K)  4.222  20.28 27.09 77.31 
(kg/m3)

4.222 K 
5 K (0.1/1 MPa) 
20.28 K (1 MPa) 
27.09 K (1 MPa) 
77.31 K (1MPa) 
300 K (1 MPa) 

16.85 125 
11.97 143.3 
2.405 (23.65) 
1.797 (17.39) 
0.6296 (6.115) 
0.1625 (1.597) 

1.339 70.8 
0.9483 (62.47) 
0.3182 (3.186) 
0.08184 (0.8033) 

9.592 1205 
3.186 (32.00) 
0.8193 (8.053) 

4.624 806.8 
1.138 (11.25) 

7.42 52.9 125.6 174.5
(kJ/L) 2.59 31.54 103.28 160.47

(kJ/L)
192.88 248.5 340.8 189.12

(K)
(MPa)
(kg/m3)

5.1953 
0.2275 
69.641 

32.938 
1.2838 
31.359 

44.440 
2.6530 
483.23 

126.19 
3.3978 
313.11 

(K) 36 195 221 609

1 MPa
125 kg/m3

5 K, 1 MPa 143.3 kg/m3

2.59 kJ/L 0.2275 MPa
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