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Effects of throat shape design on propulsion performance
of micronozzles

LIU Zhao miao, ZHANG Tan, PANG Yan

(College of M echanical Engineering and A pplied Eleetronics T echnology,
Beijing University-of T echnology, Beijing 100124, \China)

Abstract: Characteristics_of flow- field in~Laval micronozzles Avith 34 Hm throat-width
were studied numerically by using continuum-and direct simulation Monte Carlo (DSMC)
method. Three types of\micronozzles with different throat shapes were designed, such as:
sharp corner, smootlhr corner and flat corner.~Based on the geometric structure design,
effects of throat shape and expansion ratio on flow field and propulsion performance were an-
alyzed, respectively. It is discovered from the results that, the comprehensive propulsion
performance of thé micronozzle with smootlr corner throat is the best, while the micronozzle
with flatcorner throat has much better specific impulse efficiency. W hen the ex pansion ratio

becomes larger, both thrust and specific impulse will increase.

Key words: micronozzle; throat shape; propulsion performance; continuum;

direct simulation Monte Carlo (DSM C); numerical simulation
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1 [4]
Table 1 Performance parameters of micronozzles with diff erent throat shapes and comparisons

with the data from literature [4]

m/ (mg/s) F/(mN) I/s I T Cy
1 N-S 1.765 0.997 57.57 0. 884 0. 800 1. 103
2 N-S 1.780 1.007 57. 64 0. 893 0. 801 1. 113
3 N-S 1.719 0.975 57.85 0. 864 0. 803 1. 074
4 DSMC 1.468 0.943 65. 47 0. 836 0. 909 0. 919
5 DSMC 1.475 0.949 65. 57 0. 841 0.911 0. 924
6 DSMC 1.489 0.960 65. 72 0. 852 0.913 0.933
DSMC Sharp 1.476 0.949 65. 66 0. 842 0.912 0. 925
[4]
DSMC Smooth 1.472 0.943 65. 47 0. 837 0. 909 0. 922
DSMC , ,
Baytlgj [12]
M arkelov  Ivanov 2.2
[5] . 1% . -
’ .7 DSMC
; 701
4: 1 , 7.1
’ (3.36  3.3%)
’ : (3.55)
DSMC )
s 2 7.1

—

Fig. 7 M ach contours in micronozzles under expansion ratio 7:
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Table 2 Performance parameters of micronozzles under expansion ratio 7. 1

m/(mg/s) F/(mN)

I,

/s un ﬂi,p Cq

1 1.508 1.034

1 1.514 1.047

69.91

70. 49

0.917 0.958 0.943

0.928 0. 966 0.946
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