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ABSTRACT 

       At our laboratory, radiation characteristics of air micro-plasmajets have been studied systematically. Up to the present,
we measured radiation of the plasmajets mainly on a flow axis at atmospheric and low pressures. Temperatures were 
estimated with the aid of spectral matching method and Boltzmann-plot method. Rotational temperatures were estimated 
5,000 to 8,000 K, and vibrational temperatures 34,000 to 70,000 K, both with some axial variations. Electronic excitation 
temperatures of oxygen atomic lines were estimated 5,000 to 9,300 K. It was found that the rotational temperatures had large 
difference from the gas temperature based on an empirical formula for a supersonic free-jet, but decreased downstream in the 
expansion flow region, and also the vibrational temperatures were much higher than those expected. The present paper 
showed the preliminary results of radiation characteristics at an off-axis position in the expansion flow region, too.  
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Fig. 1 Schematic view of experimental setup
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Fig. 2 Photograph of air micro-plasmajet at 11.3kPa
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Fig. 3 Experimental spectra at 11.3kPa
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Fig. 4 Detailed spectra of molecular bands at 11.3kPa
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Fig. 5 Peak intensities on flow axis at 11.3kPa 

(a) Peak intensity of molecular bands 

(b) Peak intensity of atomic lines 
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Fig. 8 Spectral matching for N2
+ 1  bands 

at 5.0mm from nozzle exit 
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Fig. 7 Spectral matching for N2

+ 1  bands 
at 2.0mm from nozzle exit 

Fig. 6 Experimental spectra 
at 2.0 and 5.0mm from nozzle exit 

2 mm
5 mm

Wavelength [nm]

R
el

at
iv

e 
in

te
ns

ity
 [a

.u
.]

N
2+  1

 (5
,4

)

N
2+  1

 (2
,1

)
N

2 2
+ 

(0
,1

)
N

2+  1
 (1

,0
),

C
N

 V
 (1

,0
)

N
2 2

+ 
(2

,4
)

N
2 2

+ 
(1

,3
)

N
2 2

+ 
(0

,2
) C

N
 V

 (0
,0

), 
N

2+  1
 (1

,1
)

N
2+  1

 (0
,0

)

340 360 380 400
0

2

4

6

8

10

JAXA-SP-07-016146

This document is provided by JAXA.



E
Tex

11.3kPa 2.0mm

Tex 9,300K

10,000K 12,000K

6,900K

Tv
Tr

Tex

11.3 kPa
Ashkenas-Sherman

Ashkenas-Sherman

3,000K

2.0mm 4.5mm
5,000K 10,000K 0.5mm 3.0mm
10,000K 20,000K

500K 1,000K

2.0mm 0.2mm

z = 2.0mm
r = 0.4mm

280 480nm N2 2+, 
N2

+ 1 700 900nm Wavelength [nm]

R
el

at
iv

e 
in

te
ns

ity
 [a

.u
.]

N

N
O

N

Oz  = 2.0mm
r  = 0.4mm

300 400 500 600 700 800 900

0

2.0

4.0

6.0

8.0

Fig. 9 Example of Boltzmann plot for O lines and 
N lines at 2.0mm from nozzle exit 

Fig. 10 Temperature distributions on flow axis  
at 11.3kPa 
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Fig. 11 Example of experimental spectra at 11.3kPa 

T
Tr
Tex by N  lines
Tex by O lines

Distance from nozzle exit [mm]

Te
m

pe
ra

tu
re

 [K
]

Gas temperature

v

0 1 2 3 4 5

103

104

105

Energy of upper state [cm-1]

ln
 ( 

I
 / 

Ag
 )

777.34 nm

844.65 nm

615.73 nm

P   =   
z    =     2.0mm

11.3kPa

868.02 nm

821.70 nm

746.88 nm
869.92 nm

Tex for O line = 9,300K
Tex for N line = 6,300K

Oxygen line
Nitrogen line

85000 90000 95000 100000 1050005

6

7

8

9

10

11

147

This document is provided by JAXA.



2.0mm
0.4mm

Tv 42,000K
Tr 6,000K

2.0mm
0.2mm

0.4mm 0.6mm

6,000K

0.2mm
0.4mm

0.5mm
2.0mm 0.2mm

280
900nm

2.0mm

2.0mm 0.4mm
0.6mm

N2
+ 1

72 715
 B  (2005)  pp. 628-633.

CCD
N2

+ N2

(2006) pp. 255-256. 

N2 2+

71 704 B
(2005) pp. 1107-1112. 

CCD
(2004)

pp. 1-4. 
Ashkenas, H. and Sherman, F. S., "The Structure and 

Utilization of Supersonic Free Jets in Low Density Wind 
Tunnels," Proc. 4th Int'l Sympo. Rarefied Gas Dynamics, 
Vol. 2, (1965), Academic Press, pp. 84-105. 

Fig. 12 Comparison of experimental and  
theoretical spectra 

Fig. 13 Radial temperature distributions at 11.3kPa
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