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1. high pressure section, 2. low pressure section, 3. dump tank, 4. diaphragm,

5, 6, 7. piezo-electric transducer, 8. Langmuir electrostatic probe, 9. transient converter
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Fig.1 Apparatus diagram of the single pulse shock tube
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HR TSR E ¥ U ESY R XL, Ak SR A7 RN B AL %A NaNH,
YEA PR REF SRR IRAN. NaNH; BN T E &S FaEZE, A 200°C,
B4 400°C WEFRBYIRIRBE L, ERKEWRETRAHL. AR5 HE. LR EEE
REZEA Lsml BG5BT ERNXSRRE, WEFHELEREN 10 'mol L. MEEHERIE
BHMZIE (Pyggpn < 10Pa), EASBER 99.8% 1 Ar . TEASTFISUATHBUS SRS B
BIERT, ¥ NaNH, Bh NS ERE L, EEnEHRER, BMER Na 77 H NH,
#, BJ5 Na JRFHEBERE Nat fIBF. 4 T HFUE7E RS EE N HEEN BN (4 1ms) SERNERE
HRFBEEN - RFIERE, X8RP NaNH, FHERSK BB 20 pm. RLBEHT,
B2 20 pm () NaNH, SOR 4R 512 0 Y8 3 R R IERT B4 3H4 7 = 0.1ms, S 4] NaNH,
TR B B RFIE T B] 74 ~ 10~ "ms, Na JRFHREM4FER B 7 ~ 1ms. fITF 7 Ml 7a HENTR
SR I BE e R, AR, AR S o R A A B o R A S e 4 FH B BB 3R 4 ST R
m SEENERER, RAREAZZENEEPE, XS5TRRMAR. ERESRXIEE
R VR R R AR R SR P A RIR N, AT S IR Ve R T /N iR
fE B RE LI NaNH, £ SUBRTEBGRER N o, RITEEE 5 Rk TMEEREZ
BRSO 487 A KA Sh, TREES BUMIK R IR E/ERE 5 R EE&h —1MNEN. &
BEFREMESFFE, WA 2 iR, 52N, MASKEES B/xH#BEE S S KR
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Fig.2 Evolution of the pressure and ion number density Tso - Pso
at the region 5 of the shock tube
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Langmuir #BEEHE B iR ZHEANBE FRESHHEAR 1, RARKEE S HEMN
REE. ALBHTRAMREEZRSE ERBEHR Langmuir # R KN Na© REKRE. &
HAEME, Vp=-9V, Klp=13cm, ¥ rp =00lcm. KALERARET, HAIGH
Debye %42 Ap ~ 107° cm, ME F5MEEH R FREENFH A R A ~ 10~ em.

BT R A AR M IR E AR D R RS MR SR A TN, S RAGHFEREN
RRARARIX 10° He iR Wisksh (B 2). EHERSREILTRS HELRE (1om) FRIBHRHER
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9 \ 1/2
Omax = | — At)Y/?
(PCP) (89

Hi v ARMESK, p AEE, Cp ASHHLH. ALZBBRAEHET, Omax ~107%cm. EF
L EBRE I UAMFE K B AT, BRIH TERSHRERLEWT: Q) rp > dp, HETH
HERTHEFELE; (2) dna < Ap, TRBE AR EMER; (3) A\ < Ap, B RAERH
VIR TAERE, FELBEEERFRE TR AR 7B SR TR R R A m.
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FFAF) P BRHBEESHEREK, ENBZEB TR BNIBEEAUBRMIRER. BERE
HRA AU RE. HEEKXKEN P KEE Gy BB IRSAMMBEALEN S X
(ts <t <ty) ABHEAAEN RKX (t > tu).
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Ap/Xi = 6.90.TY2Np N3 M? (6)
Nyat+ = 1.01 x 10V, T2 /a, (7
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Fig.3 Variation of the three-body recombination rate Fig.4 Comparison of the two-body recombination rate
coefficient of sodium ion and electron with temperature coefficient at the ambient pressure of 1atm
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SHOCK TUBE STUDIES ON THE RECOMBINATION KINETICS
OF Nat WITH ELECTRON Y

Wang Su Cui Jiping He Yuzhong Fan Bingcheng Wang Jing
(Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100080, China)

Abstract The aim of this paper is to determine directly the three-body recombination rate coef-
ficient of sodium ion with electron in the ambience of argon gas with a new shock tube technique,
in which the test gas mixture is ionized by a reflected shock wave and subsequently quenched by
a strong rarefaction wave. As the quenching speed of 10° K/s is reached, the ionization is in a
non-equilibrium process. The experiments are carried out in a single pulse shock tube. Sodium
amide is chosen as the source substance introducing sodium ion into the experimental system. The
shock tube is run at the initial temperature T} = 343 K, pressure P, = 4kPa and Mach numbers
ranging from M 1 = 3.26 ~ 3.47. A piezo-electric transducer mounted on the end wall of the low
pressure section of the shock tube used to monitor the pressure varying history of the whole pro-
cess. The rarefaction wave cooling stage is treated as an adiabatic process. The varying history of
density and temperature of gas tested could simply be derived from that of pressure by use of the
adiabatic relations. The number density of sodium ion is measured with a cylindrical Langmuir
probe mounted on the end wall of the low pressure section. As the Debye length of the jonized gas
is somewhat greater than the mean free path of sodium ion in the ambience of argon gas in our
case, the probe works in the near free fall region and the influence of elastic scattering of ion with
neutral atoms in the probe sheath is corrected.

The variation of the three-body recombination rate coefficient of Nat and electron with tem-
perature has been obtained, The observed rate coefficient is expressed by least square analysis of
all the data points in the seven runs as k, = 3.43 x 10~147=3-"7cm®.5~1 at the temperature range
800< T' < 2600 K. The two-body recombination rate coefficients of sodium ion and electron k,[X]
are compared between the present work and other works!~7l at the ambient pressure of 1atm,
wherein X expresses the third body of collision. The result of the present work is of the same
order as those of the flame experiments at the flame temperature range, but covers a wide range

of temperature.

Key words sodium ion, ionization, recombination rate, coefficient, shock tube
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