13 4 Vol.13 No.4

EXPERIMBENTS AND
1999 12 MEASURBEMENTS IN ALUID MECHANICS Dec. 1999
1 ] 1
( , , 100080)
10°K/ s, , L angmuir
NO* + e
‘.64 A :1007-3124(1999) 00-0036-04

A shock tube method for Deter mination of the
rate congantsfor ionization recombination

FAN Bing-cheng, QUIJi-ping, HE Yuzhong, WAN Shi-xin
(Laboratory of High Tenperature Gas Dynamic , Inditute of Mechanics,
Chinese Academy of Stiences, Beijing 100080, China))

Abstract :A new shock tube method has been developed for determination of the rate
congant of ionization recombination , in which the premixed gas is ionized by the reflec
tion shock wave and subsequently quenched by a grong rarefaction wave. The quenching
eed is D rgpid as 10° K/'s , That the ionization is in far from equilibrium during the
quenching process. A piezodectric transducer and a Langmuir probe are used to nonitor
the changing higroy of the gates and the ion dendty , by which adl the sate parameters
can be obtained during the process. The rate congantsfor the ionization recombination of
NO™ +e are sudied. It is shown that the method is Srrple and reliable.
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(5] b = 44n‘m,
1.2m, ® = 44mm, 1.8m, T 20L
99.8 % , 4.7%
A/D PC
' T, = 323K ,P = 4 x 10 °MPa, Vi = (1.41 +
5%) mm/ds, M1 = 4.06, Ts = 4150K,

Ps = 4.0 x10 'MPa,
Tsg 30Q s

p(/ps = [p(0)/ ps]?Y,
T(t)/ Ts = [p(t)/ ps]¥ O,
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Y In[p(t)/ ps] t
: In[p(t)/ ps] ¢t :
In[p (t)/Ps] =- 1.66 x 10°t + 2.14t° - 9.5 x 10" *¢® 2
t S, 2 , :
, , , t <5Ws
, , Ss<t<30Q s .
In[p(t)/ ps] =- 1.04 x10°(t + to) ,5x10° < t <3x10* (3
, S ,  To
0 tp = 5 x 107 , 5 s
0.1 300 s ,
X 02 :
g -0.3 :
0.4 : :
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i/us
2 5 Langmuir ,
Fig.2 Density variation o shock tube ’
region(5) vs. time in the quenching process (1) o = 1% 10° Zcm
2 Debye Ap = (keT/ 4T ne €9) V2, ks , Ne
e ,T = 4000K, ne =3x10%cm?® Ap= 3x
10 *cm Aol rp = 1072
(3) — ANia= (ngi 2" 0ia=1x10 "cn?, Na = 8 X
10%cm™3, Ai. = 1x10 ‘cm,
(4) , o :
10°Hz, ,
0 mex At ,
8 e = %K?p)uz(At)yz 4
K P ' Cp dmx= 103%m, Ap
1" = 'i‘_c An* (5)
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In([NO*]/[NO*]s) =- 6.53 x 10°t + 8.7t* - 4.31t%, (t S (6)
3 . IN[[NO*]/[NO*]s] 5Ms 30s
IN([NO*]/[NO*]s) =- 4.26 x10°(t + tg) 5x10° <t <3x10"* (7)
to = 5Q s,
(1)
d['NQ—ldt = [No*]‘mOlt - k' [NO"][e] + k'[N][O] €3)
kK = k' k' , [NO™] = [e],
+ +1 _ _d. _d- + +
k'[NO"] = (dtlrp - g¢/nINO D/@- k M[Nd]z) (9)
ki (1) , NO™
’ 0
!(9) ’ '—-0'5
2
t >5Ws (9) =-Lof
[N] [O] : %
20 + Ar =0, + Ar , N+ = b3
Ar =N, + Ar , N+O+Ar -NO+ . , : )
Ar N+O _NO* +e , 0 200 ;4/(:‘05 600 800
5 , [N] [O] 3 5 NO*
6 ’ Fig.3 NO™ concentration variation of shock tube
(6] region (5) vs. time in the quening process
[NO™],p [N], [O] 9 ,
ke = 5.5 x 10" T %%cm® . ol - st (10)
(10) 3100K < T < 3700K Lin  Teare'* ., Dunn
Lordi 1! 3 [8]
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