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2 ECU  

          v 
 

1 0 0 12 0 0 0 12 0 0 0 OFF ON

2 12 0 12 0 0 0 12 0 0 0 OFF ON

3 12 0 12 12 0 0 12 0 0 0 OFF ON

4 12 12 12 0 12 0 0 0 0 0 OFF ON

5 12 12 12 0 0 0 12 0 0 0 OFF ON

6 0 0 12 0 0 0 12 0 0 0 OFF ON

7 12 12 12 0 12 0 12 0 0 0 OFF ON

8 12 12 12 0 12 0 12 0 0 0 OFF ON

9 12 12 12 0 12 12 12 0 0 0 OFF ON

10 0 0 12 0 0 0 12 0 0 0 OFF ON

11 12 12 12 0 12 12 12 0 12 0 OFF ON

12 12 12 12 0 12 0 12 12 0 0 OFF ON

13 12 12 12 0 12 12 12 0 12 0 ON ON

14 12 12 12 0 12 0 12 12 0 12 OFF OFF

15 12 12 12 0 12 12 12 0 12 0 ON ON

1 ECU  

                                                                  v  
 

1 0 0 12 0 0 0 12 12 0 12 OFF OFF

2 12 0 12 0 0 0 12 12 0 12 OFF OFF

3 12 0 12 12 0 0 12 12 0 12 OFF OFF

4 12 12 12 0 12 0 0 0 0 0 OFF OFF

5 12 12 12 0 0 0 12 12 0 12 OFF OFF

6 0 0 12 0 0 0 12 12 0 12 OFF OFF

7 12 12 12 0 12 0 12 12 0 12 OFF OFF

8 12 12 12 0 12 0 12 0 0 0 OFF OFF

9 12 12 12 0 12 0 12 12 0 12 OFF OFF

10 12 12 12 0 12 0 12 12 0 12 OFF OFF

11 12 12 12 0 12 0 12 12 0 12 OFF OFF

12 12 12 12 0 12 0 12 12 0 0 OFF OFF

13 12 12 12 0 12 12 12 0 12 0 ON OFF

14 12 12 12 0 12 0 12 12 0 12 OFF OFF

15 12 12 12 0 12 0 12 12 0 12 OFF OFF
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kPa N 

 

V 

 

 N/  

130 40.8 0.032 0.020  

137 43.0 1.517 0.948 2.37 

145 45.5 3.163 1.976 2.40 

157 49.3 5.670 3.543 2.40 

kPa N 

 

V 

 

 N/  

200 62.8 0.033 0.020  

222 69.7 3.509 2.193 3.18 

231 72.5 4.620 2.887 3.39 

238 74.7 5.940 3.712 3.23 

kPa N 

 

V 

 

 N/  

252 79.1 0.032 0.020  

265 83.2 1.943 1.214 3.42 

272 85.4 2.754 1.721 3.69 

279 87.6 3.750 2.343 3.65 
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Vol 19 p 39-40 (2015)

  3  

kPa mV
kPa 

mS mV 
 

kPa 
mS mS

103 360 90 46.6    280

125 340 85 33.3 20 5 253 280

201 273 68 33.3 66.6 16 233 313

251 226 56 26.6 46.6 11 213 226

54



  

 

Keywords:  

 

20

10

 

 

 

 

 

1 2
(1)N2(2)

N2 2

N1 N2

1

1

N2

N1

N2

1

N2 N2

N2

N3 N3

2

N2

N2

N2

1 45

 

徳島工業短期大学紀要 2016．Vol.20 55



 

2003

p.214

p.211

2003

2003

p.50-51

2005

p.26

2005
(3)

2005 p.120

 

 

 

 

 

 

 

 

 

6

1 420

56



1

1

2005 2006

2

5 13 10 13 55 6 14 00 14

45 2

1 10 3

2  

5 29 5 6 26 4  7 29 4

3

2

2

YES/NO

3

3  

 

 

 

 

 

 

 

 

徳島工業短期大学紀要 2016．Vol.20 57



4

 

 

1 10 1

2

10 9 4 11 13 3 12 18 3

1 15 3

3

10 9 11 13

100

12 1

1 7 1

3

12 18

2

1 15

5 6

4

12

1

1

 

 

 

58



 

2015 12 18

11 10 1

2

1

9 2

2

3

11

4

4 2 1 5 1 2

5

7 6

6 4

4 2

1

2

2 1 5

1 2

5

4

2

6

2016 1 17 1 21

4

3

1  

2  

3  

4  

5 28

 

6

1

2

徳島工業短期大学紀要 2016．Vol.20 59



3

4

5 6

 

 

facebook

(1)

7 12
http://www.jlpt.jp/iNdex.html 2016 3

12  
(2) N1 N2 N3 N4 N5 5

N1  
(3) 2003

p.276

2003  
2  

p. 44-67 
9

p. 209 226 

p. 245-281 

(2005)  

41 2005
 

6 2006  

60



 
 
 

       
Keywords MRI  

 

1600

(1),(2)

PIV
45

MRI

GE Healthcare BRIVIO355 1.5T
MRI MRI

3 1
0.015mol

MRI

MRI

100L
PMD581B2E

35L/min SMC
PF3W740

ZR-RX25V

0.1
MRI

MRI

2
1 45

40 36mm

V V-3-60 70 50 40mm

Figure 1 The entire device Overview 

 

Figure 2 pin fin configuration 2  

table  Pin Fin Dimensions 2  

 9.0 
H/ d  2.08 

P 1/ d  1.98 
P 2/ d  2.42 

W/ d  3.98 
 45 

 7 
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MRI 3 MRI
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(3) 3DPC
200cm/s MRI 3
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Table 2 Experimental condition 

No. 
Re Q

L/min  T  
NEX 

1 5100 23.6 19.5 5  
2 5100 23.6 19.8 10  
3 3000 13.5 19.8 10  
4 1000 5 19.8 10  

2
No.2 MRI

4 3  

Figure 3 Velocity distribution at row 4 (
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Figure 4 Typical flow visualization sections 

 
Figure 5 Velocity distribution around row 4 pin fin 

at near endwall A (  

 
Figure 6  Velocity distribution around row 4 pin fin 

at middle height (  

 

 

Figure 7  Velocity distribution around row 4 pin fin 
at near endwall C (  

A,C
(2) MRI

8 / 9
9 Y=70mm 4

MRI
8 9 10 11

Nud

MRI

 

 

Figure 8 Heat transfer coefficient distribution on 
endwall A (Red=5000  
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Figure 9 Velocity distribution at section A 

(Red=5100  

 
Figure10  Heat transfer coefficient distribution on 

endwall C (Red=5000  

 

Figure 11 Velocity distribution at section C 
(Red=5100  

 

MRI Y 40 60 80 100mm

3 3D-PC PIV
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1 0.53mm³
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2 3
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4 PIV LIF

(1) Takeishi, K., Nakae, T., Watanabe, K., and 
Hirayama, M., “Heat Transfer Characteristics of a 
Flow Passage with Long Pin Fins and Improving Heat 
Transfer Coefficient by Adding Turbulence Promoters 
on an Endwall,” Proceeding of ASME Turbo Expo 2001, 
Paper No. 2001-GT-178, 2001. 
(2) Takeishi, K., Oda, Y., Miyake, Y. and Motoda, Y 
“Convective Heat Transfer and Pressure Loss in 
Rectangular Ducts with Inclined Pin-Fin in a 45-deg 
inclined pin-fin channel Wavy Endwall,” Trans. of 
ASME, J. of Engineering for Gas Turbine and Power, 
135, 061902, pp. 1-10, 2013. 
(3) Markl, M., Chan, F. P., Alley, M. T., Wedding, K. 
L., Draney, M. T., Elkins, C. J., Parker, D. W., Wicker, 
R., Taylor, C. A., Herfkens R. J. and Pelc, N. J., “Time 
resolved three dimensional phase contrast MRI 
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(4) Oda, Y., Takeishi, K., Motoda, Y., Sugimoto, S., 
and Miyake, Y., “Heat Transfer Characteristics of 
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J. Therm. Sci. Technol., 4(4), pp. 507–517, 2009. 
(5) Benson, M., Elkins, C., Mobley, P., and Eaton, J., 
“Three-dimensional concentration field 
measurements in a mixing layer using magnetic 
resonance imaging”. Exp. Fluids, 49(1), pp. 43–55, 
2010. 
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Naoto Kushida, Kaewchoothong Natthaporn, Norihiro Oi, Motofumi Nishimura 
Masaki Asahara and Kenichiro Takeishi 
2nd International Forum on Advanced Tchnologies  IFAT2016 (2016.3) 
 
Abstract 
 The main objective of this research is to confirm the accuracy of Magnetic Resonance Imaging (MRI) velocimetry by using a free 
jet flow (preliminary test). The experiments are based on magnetic resonance velocimetry, which allows the collection of a large 
three-dimensional volume of three-component velocity measurements in a short period of time. The technique, called 3D 
magnetic resonance imaging (3D-MRI), is used to measure the mean velocity distribution in fully developed Reynolds number 
turbulent pipe flow, Re=15,000 and 30,000 are based on hydraulic diameter and bulk mean velocity. 3D MRI is able of 
completing full-field measurements in three-dimensional volumes with sizes on the order of magnet bore diameter in less than 
one hour which accuracy of this main result is acceptable. 
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