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 1 

A

(cm.Torr)-

1

B

V(cm.Torr)

E/P

V(cm.Torr)

H2 5 130 150-600

N2 12 342 100-600

Air 15 365 100-800

CO2 20 466 500-1000

He 3 34 20-100





84

(1)

2

2
2

2

2
1

2
1

1

1

22
Z

g

V

g

P
Z

g

V

g

P     (1) 

111 RTP        (2) 

1

1
1 RT

P        (3) 

VAQ        (4) 

VAm        (5) 

P1 = 6 x 101 x 103 Pa (gage) = 707 x 103 Pa (abs)  ;  P2 = Patm = 101 x 103 Pa ; V1 =  0  ; Z1 =  Z2

R = 0.287 kJ/kg-K ; T1 = T2 = 30+273.15 = 303.15 K 

D = 8 mm or 8 x 103 m

32 169.1
m

kg

25

23

105
4

108
mA

-  (3)  find  
1

1
1 RT

P

33

3

1 126.8
15.30310287.0

10707

m

kg
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-  (1)  find  V2

2

2
2

2

2
1

2
1

1

1

22
Z

g

V

g

P
Z

g

V

g

P

P1 = 6 x 101 x 103 Pa (gage) = 707 x 103 Pa (abs)  ;  P2 = Patm = 101 x 103 Pa ; V1 =  0  ; Z1 =  Z2

31 126.8
m

kg  ;
32 169.1

m

kg

12

2
1

2
2

2

2

1

1

22
ZZ

g

V

g

V

g

P

g

P

12

2
2

33

0
81.9281.9169.1

10101
81.9126.8

10707
ZZ

V

81.92
88078869

2
2V

6281.922
2V

s

m
V 88.342

-   (4)    find  VAQ

s

m
V 88.342  ; 25105 mA

min
10564.104744.110744.110588.34

3
35 l

s

l

s

m
Q
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-  (5)  find  m

31 126.8
m

kg  ; 
s

m
V 88.342  ; 25105 mA

s

kg
m 014.010588.34126.8 5

 (1) 

P1 (Pa) V1
(m/s) Z1 (m) 1

(kg/m3) P2 (Pa) V2 (m/s) Z2
(m)

2
(kg/m3)

A nozzle
(m2)

m
(kg/s) 

707000 0 1 8.126 101000 34.80 1 1.169 5.03E-
05 0.014

606000 0 1 6.965 101000 34.80 1 1.169 5.03E-
05 0.012

505000 0 1 5.804 101000 34.80 1 1.169 5.03E-
05 0.010

404000 0 1 4.643 101000 34.80 1 1.169 5.03E-
05 0.008

303000 0 1 3.483 101000 34.80 1 1.169 5.03E-
05 0.006

(2)

eOeNON E 222222

NNN2

OOO2

 (N2) 77 %  (O2)

23%
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1.  (N2)  (O2)

 (N2)  (O2)2.

3.  (N)  (O) 

4.  (IE)  (N)   (O) 

(1)

-  (N2)

    28 x 10-3  kg/mol 

    14 x 10-3  kg/mol 

   942  kJ/molNN

 1  1402  kJ/mol

-  (O2)

    32 x 10-3  kg/mol 

    16 x 10-3  kg/mol 

   494  kJ/molOO

 1  1314  kJ/mol

(2)  (N2)

 (O2)  77 % : 23 % 

22 ONair mmm
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airairair mmm 23.077.0

-  (N2)

 = 
31028

77.0 airm

 = 
31014

77.0 airm

-  (O2)

  = 
31032

23.0 airm

  = 
31016

23.0 airm

(3)

  - 

 (N2)  = 942
1028

77.0
3

airm

 (O2)  = 494
1032

23.0
3

airm

  -  1

 (N2) = 1402
1014

77.0
3

airm

 (O2)  = 1314
1016

23.0
3

airm

-

 1
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494
1032

23.0
942

1028

77.0
33

airair mm
E

                   1314
1016

23.0
1402

1014

77.0
33

airair mm

airmE 3333 1089.181011.771055.31091.25

airmE 31046.125

 100 % 

 1 

airmE 31046.125

 100 %E

 1  kW 

airm  kg/s  

 100 %  1 

 0.006 kg/s  100 % 

 1 

3125.46 10 0.006E

752.8E kW
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(3)

 380 V 

d

V
E max

max     

  Emax

    Vmax  380 V 

 field efficiency factor  0-1  

    d   0.2 cm 

   max

380

0.1 0.2
E

max 19000
V

E
cm

 30 A, 40 A  50 A 

   -  30 A 19000 30 570
kW

P
cm

-  40 A 19000 40 760
kW

P
cm

-  50 A 19000 50 950
kW

P
cm
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  25  2523 

 2538 

 2541 

 2548 

 2551 


