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@ Abstract

The wind tunnel tests by using sub-scaled models play important roles for the development of the
air-breathing propulsion system for a hypersonic transporter. However, in some cases, the flow of
the wind tunnel is "vitiated" due to the heating process and/or the complex flow-path of the facility.
To rise the total temperature to produce the high Mach number flow, a combustion heating is usually
applied, introducing the water vaper to the air stream. The complex flow-path of the facility would
increase turbulence. Both the phenomena might affect the supersonic combustion process. To clarify
the effects of the flow vitiation and ultimately, to establish the adjustment methodology that can
deduce the data of real flight from the wind tunnel data, JAXA has initiated the 5-years study. The
final goal is conducting the flight experiment to obtain the data on the supersonic combustion in an
actual flight condition and verify the methodology by using both the flight data and the

corresponding wind tunnel data.

@ Reasons and benefits of using JAXA Supercomputer System
Recently, hydrocarbon fuels become more promising fuels for a supersonic combustor than
hydrogen because of those high thrust density. A gaseous ethylene is selected as the fuel for the
present flight experiment. Ethylene is rather simple hydrocarbon, but much more chemical species
contributes to the combustion process than hydrogen. In addition, the flow conditions in the
supersonic combustor and those around the hypersonic flight test vehicle are quire severe. As a result,
the CFD for the present design evaluation requires large computation time. Furthermore, many cases

of the CFD must be executed for aerodynamic design of the flight test vehicle and the combustor
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model within the scheduled period. Therefore, the use of the JSS system is essential for the success

of the present research program.

@ Achievements of the Year

(1) Development of a tool for predicting facility dependence on supersonic combustion:

We are constructing a CFD tool that predicts the performance of an ethylene-fueled supersonic
combustor for a flight test planned by JAXA. Supplemental ground tests by Ramjet Engine Test
Facility (RJTF) were conducted for the combustor model before the flight test, and the tool is for
predicting the difference between both the tests, especially capturing the effect of water vapor in the
mainstream of RJTF. The CFD tool is based on a RANS method coupled with a reduced reaction
mechanism and efficient Diagonal Algorithm to reduce the computational time. To modulate some
parameters related to CFD, results obtained from the tool were compared to RJTF test results in
terms of wall pressure distributions inside the combustor. Application of a partially stirred reactor
(PaSR) model which takes into account turbulence-chemistry interaction to the tool seemed to be
promising for reproducing the RJTF results (Fig. 1). In addition, CFD of a supersonic combustor
flow for the JAXA RDI1 flight experiment was conducted at three flow conditions, those represent
the flow condition along the flight test trajectory. Fuel supply profile for the flight experiment was
discussed using these results.

(2) Thermal and aerodynamic analysis of flight experiment model

Using CFD, which has been validated by comparison with the wind-tunnel test data, acrodynamic
analysis of the flight experiment model for supersonic combustion was conducted with the flight
Mach number range from 2 to 7, and the aerodynamic-characteristic database was constructed for
the flight trajectory calculation. In addition, the aerodynamic heating to the flight experiment model
was predicted by CFD, and the thermal analysis of the flight experiment model was conducted by
using the CFD result to estimate the temperature rise of the model surface. The results showed that
the surface temperature did not rise to the extent that there would be a risk of melting. Fig. 2 shows
an example of CFD results, the distribution of the pressure coefficient on the surface of the flight
experiment model and the Mach number distribution around the model.

(3) Thermo-fluid analysis to evaluate the effectiveness of the cooling for the instruments installed
in the launch system for the flight experiment model.

Most electronic devices installed densely in the common instruments (CI) module of the launcher
system for the flight experiment, such as an inertial sensor unit (IMU), are activated and start working
before the launch. Therefore, the temperature inside the CI module rises due to the heat generated
by the electronic devices, and there is a concern that the devices may malfunction or be damaged if
the temperature would exceed the upper limit of the operation condition. To suppress the
temperature-rise in the CI module before the launch, a nitrogen gas purge is applied. The nitrogen
coolant gas is supplied from the outside into the CI section via a hose. Since the interior of the CI
module is a complicated space, the heat transferred from the device surface to the nitrogen coolant

gas was predicted by CFD, and using this, the time variation of the device surface temperature was
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estimated by a simple prediction tool, and the cooling effectiveness was evaluated. An example of
the results of thermo-fluid analysis are shown in Fig.3, which shows the streamline of the nitrogen
coolant gas (color indicates the gas temperature) and the surface temperature distribution of the
onboard components. The figure on the left is a view from the nose of the launcher system, and the
figure on the right is its bird's-eye view.

(4) Development of a tool for predicting facility dependence on acrodynamic heating:

CFD analysis was performed using surface temperature distribution as a boundary condition. The
calculated surface heat flux around a sphere at Mach 6.7 agreed well with the theoretical value
predicted by an empirical formula, showing the validity of the calculated result. However, the
calculated surface heat flux is lower than the experimental value. The calculated heat flux with

turbulence showed a good agreement with the experimental value (Fig. 4).
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Fig. 1: Comparison between CFD results with PaSR model and experimental data

by RJTF (wall pressure distributions on combustor top wall)
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Fig. 2: Computed pressure coefficient on the wall surface of the flight experiment

model and Mach number distribution around the model.
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Fig. 3: The streamline traces of the coolant gas (color shows the gas temperature)
and the surface temperature distribution on the onboard devices in the CI module,

left: view from the nose of the launcher system, right: bird's-eye view
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Fig. 4: Surface heat flux distribution of a sphere at Mach 6.7
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@ Usage of JSS

® Computational Information

Process Parallelization Methods MPI
Thread Parallelization Methods

OpenMPI + Automatic Parallelization

Number of Processes 1-960
Elapsed Time per Case 70 Hour(s)
® JSS3 Resources Used
Fraction of Usage in Total Resources™(%): 4.31
Details
Computational Resources
CPU Resources Used i .
System Name Fraction of Usage (%)
(core x hours)
TOKI-SORA 101,187,946.33 4.92
TOKI-ST 255,159.10 0.31
TOKI-GP 0.00 0.00
TOKI-XM 0.00 0.00
TOKI-LM 15,188.29 1.13
TOKI-TST 158.27 0.00
TOKI-TGP 0.00 0.00
TOKI-TLM 0.00 0.00
File System Resources
File System Name Storage Assigned (GiB) Fraction of Usage (%)
/home 34591 0.34
/data and /data2 23,094.24 0.25
/ssd 702.95 0.18
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Archiver Resources
Archiver Name Storage Used (TiB) Fraction of Usage (%)
J-SPACE 8.34 0.06

*I: Fraction of Usage in Total Resources: Weighted average of three resource types (Computing,

File System, and Archiver).

*2: Fraction of Usage : Percentage of usage relative to each resource used in one year.

® ISV Software Licenses Used

ISV Software Licenses Resources
ISV Software Licenses Fraction of Usage (%)
Used
(Hours)
ISV Software
Licenses 3,909.74 2.74
(Total)

*2: Fraction of Usage : Percentage of usage relative to each resource used in one year.
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