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Chemical Kinetics Simulation for H-+ NCI; + HI Chemical Laser System
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Abstract In order to optimize the H -+ NCl; + HI chemical laser system, a Matlab code for chemical kinetics
simulations was developed and the process of 4= NCIl(a'A)-I energy transfer chemical laser of the system was
simulated using a one-dimensional premixed model. The influences of H, NCl; and HI initial number densities and
their ratios on small signal gain at different temperatures are examined. The optimum NCl; /H and HI/H ratios are
determined by scanning computations when the temperature and H number density are fixed. Finally, the influence
of H, NCl; and HI ratios on maximum small signal gain coefficients and gain durations are discussed. It is shown
that when temperature is assumed 400 K, initial H number densities are assumed 1X10* ecm™*, 1X10** em™*, 1X
10" em™*, the maximum small signal gain coefficients can reach 2. 6X10* cm ', 2.6X10 ¥ cm ' and 2. 6 X 10 *
em !respectively. The optimum NCI; /H and HI/H ratios to achieve maximum small signal gain are 45% and 11%,
respectively. It is also shown that the optimum NCI;/H and HI/H ratios increase with the temperature, as well as
the maximum small signal gain coefficients.
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Table 1 Elementary chemical reactions and their reaction rate constants in the pre-mixed model

. . Reaction rate
Chemical reactions

. . Reaction rate
Chemical reactions

ronstants constants
1 X 107 X T%°
H+ HI—-1+ H, 1Xx10 M1 NCl(a'A)+ T — NCI(X) + T
Xexp (—320/T)
H + CLL— Cl + HCI 2.52X10 " NCl(a' A)+ HI - NCI(X) + HI 6.9>X10 "
H + CL(B) — Cl + HCI 2.52X10 M 2 NCI(a' A)— NCI(b) + NCI(X) 6X10 "
1.13X107 % X
3Cl—=Cl+ Cl, T 088 X 2 NCl(a' A)— products 7.2X1071

exp( 725/T)
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Chemical reactions

Reaction rate

Chemical reactions

Reaction rate

constants constants
5.65X10 % X
2Cl + Cl;— 2 Cl, T8 X 2 4 NCl(a' A)— N, + 2 Cl 7.02X10" %
exp (725/T)
1.13X10 % X
2 Cl + He — Cl,+ He T8 2 NCIC X) = N, + Cl, 8§X10 "
Xexp( 725/T)
2. 52 X 100" X i
Cl + H,— HCI + H NCI(b) — NCI( X) 1.59X10°
exp (—2214/T)
Cl + HI - I + HCI 5X10 1 NCI(b) + Cl =NCl(a'A)+ ClI 3.6x10 M
Cl,(B) + NCl;— NCI,+ CI + Cl, 3X10° " NCI(b) + Cl,— NCl(a'A)+ Cl, 1.8X10 %
Cl,(B) — 2 Cl 1X10* NCI(b) + HCI — NCI(a'A)+ HCl 3.8x10 "
Cl,(B) + Cl — Cl,+ CI 1.6Xx1071% NCI(b) -+ IClI — NCl(a'A)+ ICI 7.2X107*
H + NCl;— HCI + NCl, 4X107" 2 NCI(X) - N, + 2 Cl 8.1X10*
Cl + NCl;— Cl, + NCl, 1.6X10° " "+ L—>1+1, 3.6x10 "
] 3.4X10 "X
NCl; + NCl;— N, + Cl;+ 3 Cl 1" + HCl - I + HCI 1.4Xx10° "
exp(—3250/ T)
2 NCl,— N, + Cl;(B) + 2 Cl 6X107"4 I"+ ICl = 1 + ICI 2.3X107 "
H + NClL,— HCI +NCla' A) 1Xx10°% I"+ ClLb—>1+ Cl, 2X107 M
0.67X107'" X
Cl + NCl,—~ Cl,+ NCI( X) I"+ Cl—=1+ Cl 1.5X107"
exp(—1900/ T)
4 NCI(a'A) + Cl, > NCI(X) + 5X107% X
2.9x10 1 31>-1+1,
Cl, exp(2120/ T)
NCl(a'A) + HCl — NCI(X) + 5.5X107% X
1.5X107 " 21+ He— I,+ He
HCI exp(575/ T)
3.5X10 % X
NCl(a'A)+ H,— NCI( X) + H, 1Xx10°% 21+ 1,— 21,
exp(2120/ T)
1.1X10 10X )
NCl(a'A)+ T — NCI( X) + T* 21+ HI - I,+ HI 8§X10*
exp(—519/ T)
NCI(a'A)+ Cl - NCI( X) + Cl 1X10 % 1+ Cl + He — ICI + He 6.3X10 %
NCl(a'A) + NCl; - NCI( X) +
1.1X10 %

NCl,

Note: The units of the first-order, second-order and third-order reactions are s ',cm’® *s ' Fl cm® +s™!

(a'A), NCI(H), NCIC X ), I" and Cl, (B) represents NCl(a'A), NCI( 5 X "), NCI( X* X ), I(5*P,;) and Cl, ( B* 11,

, respectively. NCI

respectively.
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Table 2 Optimum NCl;/H and HI/H and responding maximum small signal gain coefficients

and gain duration at different temperatures and H number densities

Temperature/K [H],/ecm™® [NCL Jo/em ™ [HI],/em*® Gain coefficient/ecm™"  Gain duration/ps

300 1X10" 410" 810" 1.17X107* 730.9
300 1X10% 410" gx 10" 1.18X10°* 73.9
300 1X10" 410" 8X 10" 1.19X10°* 7.5
400 1X10" 4. 5x10" 1.1x10" 2.60x10"" 1009. 3
400 1X10" 4,.5X10" 1.1X10" 2.60X107° 101

400 110" 4. 5X10" 1.1X10' 2.61X10* 10. 2
500 1Xx10" 4. 5x10" 1.2x10" 3.56X10°" 1981.9
500 1X10" 4.5X10" 1.2X10" 3.56X107° 200. 5
500 1X10" 4, 5X10" 1.2X10' 3.56X10* 19.7
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