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Comparative analysis of annular nozzle and linear nozzle in
CW DF/HF chemical laser
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(College of Opto-Electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract : Annular nozzle array is principally used in cylindrical laser. It contains two geometrical configurations of
straight-throat style and circular-throat style. Both of them can be acquired by transforming linear nozzle array. Under
conditions of constant gain volume, transverse dimension of annular nozzle array will reduced to 1/ of linear nozzle
array. Thus annular nozzle array is especially suitable for the design of small-volume chemical laser. Annular nozzle ar-
ray with circular throat is more applicable in actual chemical laser. Consequently flow field characteristics of annular
nozzle unit with circular throat and linear nozzle unit were calculated based on three-dimension computational fluid dy-
namics methods. The numerical siumulation results demonstrate that Mach number and velocity magnitude in annular
nozzle exit plane are higher by 4.03% and 0.356% as compared with linear nozzle under conditions of constant noz-
zle section dimension and throat area, whereas static temperature and static pressure of annular nozzle is lower by
6.08% ,19.7% . Boundary-layer thicknesses of convergent section of two kinds of nozzles grow basically according to
same trends and dimensions, nevertheless mean velocity magnitude of annular nozzle exit plane is faster than that of
linear nozzle. As a result recombination proportion of F-atom is lower appreciably in annular nozzle exit plane than in
linear nozzle exit plane.
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(‘a) transforming linear nozzle array to annular nozzle array
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with straight throat

(b) transforming linear nozzle array to annular nozzle array

with circular throat
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Fig. 1 transforming linear nozzle array to annular nozzle array
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Fig. 2 computation models and meshes of linear nozzle
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Tab.1 Nozzle inlet parameters
total total species mass fraction
pressure [temperature]
/atm /K F F, He DF N,
nozzle
inlet 6 1900 |0.20841| 0.0015 |0.24305|0.40174| 0. 1453
parameters
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Tab.2 Mean value of gas flow parameters of

nozzle exit plane

A&xil/A throat Mp T/e/( m/s) ?e/K Ep/atm
linear nozzle 68 6.2975 2413.8 128.85 |0.0024973
annular nozzlel  79.53 6.5513 2422.4 121.01 |0.0020048
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Fig. 6 growth of boundary-layer thickness in convergent section along

the direction of gas flow
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