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高速度ビデオでの運動解析プログラムの開発 
― CPUおよびGPUによるトレース高速化の検討 ― 
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Research on the long-term trend of solar radiation at Tokai University Space Information 
Center in Kumamoto

Shu TAKESHITA (Department of Optical and Imaging Science and Technology, School of Engineering, 
Tokai University)

Yasuhiko Ohba (Tokai University Space Information Center)

Keywords: solar radiation, UV-A radiation, long-term trend, suspended particle matter

To evaluate long-term trend of solar irradiance, global Total irradiance and global UV-A irradiance 
measured at Tokai University Space Information Center in Kumamoto from 2001 to 2015 are analyzed.  
Daily maximum global Total irradiance recorded over solar constant is 52 days.  It is considered that this 
enhancement in global Total irradiance is caused by the multi-reflection between low layer cloud and ground.  
Long-term trend of global Total and global UV-A irradiances integrated daily from 2008 to 2015 shows 
statistically decreasing trend about -0.62 %/year in Total and -0.23 %/year in UV-A, respectively. It is 
considered that these decreasing trends caused by the increasing trend of sunshine duration.  A decreasing 
rate of global UV-A irradiance integrated daily is smaller than that of global Total irradiance integrated daily.  
Long-term trend of the suspended particle matter (SPM) measured at the town office of Mashiki shows 
decreasing trend in this period.  It suggests that decreasing trends of global Total and global UV-A
irradiance integrated daily caused by the decreasing trend of sunshine duration are cancelled by the 
cleanness of the atmosphere.
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Figure 2 Global Total irradiance measured at Tokai 
University Space Information Center from Jan. 2001 to 
Aug. 2015.

(a) Daily integrated irradiance, (b) Daily maximum 
irradiance

Figure 1 Photograph of solar radiation monitoring 
system installed at Tokai University Space Information 
Center.
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Figure 3 Global UV-A irradiance measured at Tokai 
University Space Information Center from Jan. 2001 to 
Aug. 2015.

(a) Daily integrated irradiance, (b) Daily maximum 
irradiance

Figure 4 365-Days moving average of global Total 
irradiance measured at Tokai University Space 
Information Center from Oct. 2004 to Aug. 2015.

(a) Daily integrated irradiance, (b) Daily maximum 
irradiance
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Figure 5 365-Days moving average of global UV-A
irradiance measured at Tokai University Space 
Information Center from Oct. 2004 to Aug. 2015.

(a) Daily integrated irradiance, (b) Daily maximum 
irradiance

Figure 6 Daily integrated global Total irradiance and 
daily sunshine duration measured at Kumamoto 
Meteorological Observatory of Japan Meteorological 
Agency from Jan. 2001 to Aug. 2015.

(a) Daily integrated irradiance, (b) Daily sunshine 
duration
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Figure 8 Monthly average of SPM density measured at 
the town office of Mashiki from Jan. 2001 to Aug. 
2015.

(Up) 12-Months moving average from Oct. 2004 to 
Aug., (Down) Monthly average of SPM density

Figure 7 365-Days moving average of global Total 
irradiance and sunshine duration measured at 
Kumamoto Meteorological Observatory of Japan 
Meteorological Agency from Oct. 2004 to Aug. 2015.
(a) Daily integrated irradiance, (b) Daily sunshine 

duration
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The motion of gas-dynamic pattern after the interaction of a plane shock wave 

with pulse volume discharge in shock tube 

Kuznetsov A., Mursenkova I., Sysoev N. and Znamenskaya I. 
Lomonosov Moscow State University, Faculty of Physics

Low-temperature nonequilibrium plasma of gas discharges is widely used in many technological processes. In 
plasma aerodynamics, the generation of controlled plasma areas can be used to reduce dynamic and thermal loads 
on the surface of an aircraft, to correct the flow regime and to ignite the fuel in the engines. To influence the 
high-speed flows, it is necessary to know the mechanism of interaction of the shock wave with the plasma region. 
For nanosecond discharge, a rapid change in the state of the gas occurs, including rapid heating in the energy input 
region, which leads to the gas-dynamic discontinuities breakdowns at the boundaries of gas and plasma. The 
shadow visualization and analysis of the flow field after the interaction of pulsed discharges with a plane shock 
wave inside the discharge volume and outside it give information on the peculiarities of the motion of shock-wave 
patterns after the discharge.  
The dynamics of the combined volume discharge of nanosecond duration in the airflow with the plane shock wave 
was studied. The combined volume discharge with plasma electrodes providing uniform energy input into the gas 
due to the diffusive form was studied in stationary air and in the gasdynamic flow with a plane shock wave. The 
presence of shock waves in the discharge volume may change the discharge current regime, the spatial distribution 
of charged particles, and the radiation structure and duration. Shock wave with Mach number 1.9-4.5 was in the 
discharge volume or near it while the electric pulse was switched on.  The radiation spectra and the discharge 

currents were registered in the air pressure range 10-150 Torr, a 
pulsed voltage of 25 kV, and an electric current ~1 kA. It is shown 
that the electric current duration depends on shock wave position 
relative to the discharge gap and does not exceed 500 ns at various 
conditions.   
Because of discharge energy input, the shock breakdown occurs 
with the formation of shock waves and contact surfaces. The 
high-speed shadow imaging was used to study the flow evolution 
after the discharge pulse. The experimental data on shock waves 
and contact surfaces positions is is used to determine the energy 
input during the discharge electric current time. 

Figure 1. Discharge photoimages and shadow images of the flow field in 

the first series of experiments (x = -7 mm, left) and in the second series of 

experiments (x = 8 mm, right). The left side of the marker indicates the edge of 

the discharge volume. Initial shock wave moves from left to right. 
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Fig. A schematic diagram of quantitative visualization of rotating detonation wave with point diffraction interferometry. 

総合科学技術研究所　2018年度　第1回シンポジウム 
「流体工学に関するトピックス」

21



* 
*  

総合科学技術研究所　2018年度　第1回シンポジウム 
「流体工学に関するトピックス」

22



* 
*   

2

8%

2

3  

総合科学技術研究所　2018年度　第1回シンポジウム 
「流体工学に関するトピックス」

23



* ** 
* **

75%
10%

1/5
0mm 100mm 20mm

6 2
CP CP

 

FULCOME  

総合科学技術研究所　2018年度　第1回シンポジウム 
「流体工学に関するトピックス」

24



* ** *** 
* ,

** , 
***

WHO 3 1

Bio-degradable

Particle-resolved 
approach

Reynolds

2 Navier-Stokes Euler-Newton

Level set Ghost cell  
Fig. 1

Fig. 1
Fig. 2

Reynolds  (Rec = 2000) 
Reynolds  (Rec = 6000) 

 

Figure 1. Vorticity distribution at Re = 4000. Figure 2. Points of adhered particles at a bottom wall. 
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(4)  

1) , pn. 0507, 2pp. (2013)
2) N. Fukushima, et. al., Proc. TSFP 9, pn. 1B2, 6 pp., (2015)
3) , 2pp., (2018)
4) N. Fukushima, et. al., Proc. Comb. Inst., 35, pp. 3009–3017 (2015).

Fig. 2 Instantaneous 2D distributions of one in-plane component of velocity at t = 3:0 and Re  = 175:4 with ǻ/ init =22.7: (a) 

filtered DNS, (b) Smagorinsky, (c) Bardina and (d) scale self-recognition mixed models. 

Fig. 1 Contour surfaces of the second invariant of 

velocity gradient tensor colored by the streamwise 

velocity fluctuation. 

Fig. 3 Temporal developments of distribution of heat release

rate (T’init = 6.1 K, ’init= 0.00) without heat loss (a), with heat

loss (b). 

(a) 

(b)
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Fig.2 Drag coefficient of each results 

Fig.3 pressure coefficient distribution diagram of each square cylinders. 
(a) S0 (b) SC (c) SH [cp] 
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Fig. 1 Schematic illustrations of microfluidic device and system. (A) Microfluidic device integrated with 
microfluidic probe channels. (B)Microfluidic system consists of the device with the jig, syringe 
pumps and a microscope.

(1) M. J. Berridge, P. Lipp, M. D. Bootman, “The versatility and universality of calcium signalling”, Nature Reviews

Molecular Cell Biology, 1(1), 11-21, 2000
(2) D. Juncker, H. Schmid, E. Delamarche, “Multipurpose microfluidic probe”, Nature materials, 4(8), 622-628, 2011
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2
Fluid Dynamic Interaction between Two Dolphins Swimming Side by Side

Yoshinobu Inada , Maako Miyake, Yukina Marushima (Department of Aeronautics and Astronautics, School of Engineering)
Shotaro Nara, Shun Takahashi (Department of Prime Mover Engineering, School of Engineering)

Email: inada@tokai-u.jp

Abstract
Swimming in company is often observed in dolphins in nature. When two dolphins such as a mother and a calf swim 
side by side, so-called “dolphin drafting” occurs owing to the fluid dynamic interaction between them. The dolphin 
drafting may be influenced by the geometrical factors such as the relative position or the size of two dolphins and the 
shape of their body. In this research, the fluid dynamic force acting on the mother and the calf in dolphin drafting was 
investigated in the various geometrical conditions by conducting wind tunnel experiments. As a result, the fluid 
dynamic drag acting on two dolphin models was clarified to have characteristic features of drag reduction not only for 
the calf but also for both the mother and the calf, and the head shape of newborn calf was optimum for reducing the 
drag in the dolphin drafting indicating the adaptive relationship between the behavior and the body shape. 
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Fig. 4  Wind tunnel experiment

Fig. 5 Result of wind tunnel experiment (mother and calf)

Fig. 6 Result of wind tunnel experiment (two adults)

Fig. 7 Result of wind tunnel experiment (head shape)

Fig. 8  CFD result (pressure distribution)
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Fig.1 nozzle 1
case1-1 case1-2 t* = 118.8 Mach
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case1–1  Plasmajet flow     case1–2  Non–heated flow 

Figure 1 Distributions of velocity magnitude and Mach number at non-dimensional time 
of  t* = 118.8.  
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Figure 2 Distributions of velocity magnitude and Mach number at non-dimensional time of 
t* = 118.8, showing the influence of total temperatures of plasmajets on jet acceleration.  

Figure 3 Distributions of velocity magnitude and Mach number at non-dimensional time of  t* = 118.8, 
showing the influence of Mach numbers of plasmajets on jet acceleration.  

Fig.2 nozzle 1 1000 K case2-1 2000 K
case1-1 3000 K case2-2 4000 K case2-3 t* = 118.8
Mach

Mach 1000 K 2000 K 3000 K 4000 K

Fig.3 Mach Mach 1.8 case3-1 1.9 case3-2 2.0
case3-3 Mach Mach
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Figure 2. Vortex distributions and cylinder velocities. 

Figure 1. Isosurface of Q-criterion and particles. 

総合科学技術研究所　2018年度　第1回シンポジウム 
「流体工学に関するトピックス」

38



 PSP  

* 
*   

  

(Pressure-Sensitive Paint, PSP) PSP 

 PSP 
 PSP 

PSP 
PSP  ( ) 

 PSP  ( ) 
 PSP  

 PSP 
 2  PSP 

 PSP 
 PSP 

 2  PSP  2  PSP 
 PSP 

総合科学技術研究所　2018年度　第1回シンポジウム 
「流体工学に関するトピックス」

39



Reduction of aerodynamically undesirable influences due to engine cooling airflow of FF car 

Takuto SAWAGUCHI, YokoTAKAKURA  

(Tokai Univ., Course of Mechanical Engineering, Kitakaname , Hiratsuka,Kanagawa, 259-1292 Japan) 

 

 
Key Words : Drag, Lift, Air inlet system, Underfloor velocity, Multi-point pressure measurement 

 

Abstract 
The purpose of this research is to clarify the change of characteristics of aerodynamic drag and lift of an FF 
car with the engine loading system of width placement by the air inlet system in wind-tunnel experiments 
and to consider methods to reduce the drag and lift A simplified 1/5 scale car model was produced with 
reproduction of the engine room covered with the transparent acryl externals for visualization In the 
wind-tunnel experiments the moving-belt ground board was adopted to capture ground effects with force 
measurements by use of load cells. As results, with enlargement of the opening area, the drag increased, the 
front lift increased and the rear lift decreased. As the exhaust air to the underfloor increased the turbulent 
intensity measured by RMS increased and the underfloor velocity decreased Consequently it is considered 
that the higher pressure in the engine room and on the front surface increased the drag, and the higher 
pressure under the engine room and downward momentum of the exhaust air increased the front lift, and the 
lower pressure under the floor in the downstream of the engine room decreased the rear lift. It is suggested 
that treatment of cooling-flow exhaust is important to reduce the drag and lift.  
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Engine

Transmission 
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Width placement for FF Length placement for FR
Fig.1 1/5 scale model 

Fig.2 Type of engine loading system 
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width of air inlet length of air inlet 
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full length 980mm 

full width 350mm 

full height 315mm 

wheel base 670mm 
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width: 180mm 85mm 
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Table 1 Specification of 1/5 scale model Table 2 Size of air inlet 

350mm 

Lower position Upper position 
Fig.3 Detail of air inlet

前輪駆動自動車のエンジン冷却風による空気力学的悪影響の低減
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(a)without radiator 

(a)without radiator 

(a)without radiator 

(b) with radiator 

(b) with radiator 

(b) with radiator 

Fig.4 Relation of height of air inlet and drag

Fig.5 Relation of height of air inlet and lift

Fig.6 Relation of height of air inlet and lift
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Fig.7 Visualization of engine room by smoke method (side view) 

Fig.8 Measurement position of velocity under floor and RMS 
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Fig.12 Comparison of pressure under floor
Fig.13 Comparison of pressure on cabin
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Fig.14 Measurement points of engine

Fig.15 Comparison of pressure on engine top Fig.16 Comparison of pressure on engine front 

Fig.17 Comparison of pressure on engine bottom Fig.18 Comparison of pressure on engine back
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Fig.19 Measurement points on back board behind engine
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