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Study on reducing recoil mechanism of jet gas with
laval nozzles with double chamber

SONG Jie, LIAO Zhenqgiang, LI Hongqiang, QIU Ming

(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract; To solve the problem of overload-recoil when launching the high muzzle velocity grenade by grenade
machine gun system (GMGS) , a new effective technology of reducing the recoil force using laval nozzle device with
double chambers is presented, and the device is designed and applied to the GMGS. Based on unsteady one-
dimensional gas dynamic theory, the interior ballistic duration and after-effect period gas dynamics equations of the
recoil device were derived. The rationality of the built mathematical model was validated by contrasting the test date
and simulation results. The gas pressure of back chamber, front chamber, gas operated device and nozzle chamber
was calculated and the variation laws were analyzed. The bore pressure and muzzle velocity of laval nozzle device
with double chambers and conventional weapons were compared. The distribution of gas parameter in nozzle with
time and the distribution of gas parameter in nozzle with position were selectively analyzed. The influence of
launching performance of laval nozzle with double chambers were discussed. The results show that the GMGS can
achieve low recoil launching by setting reasonable parameters of the laval nozzle device with double chambers,
while the projectile velocity is unaffected.
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Fig.1 Lauching principle chart of laval nozzles with

double chambers for GMGS
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Fig.2 Numerical simulation model of recoilless structures

bylaval nozzles with double chambers
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Fig.3 Curves of gas chamber pressure for laval

nozzles with double chambers
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Fig.5 Curves of recoil
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Fig. 10 Impact of back charge mass on thrust of nozzle
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Tab.3 Impact of back charge mass on performance parameters

/e Max(F,,)/ I(F,))/  1(p3)/ v/ o/
kN (N+s) (N:s) (m-s™')

12 7.38 17.80 67.98 311.1 25.76

13 8.24 19.31 68.12 311.8 27.79

14 9.12 20.82 68.20 312.4 29.90

15 10.02 22.33 68.34 313.0 31.93

16 10.94 23.85 68.43 313.6 34.04
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Tab.4 Impact of gas port diameter on performance parameters

Impact of gas port diameter on thrust of nozzle

Max(F )/ I(F.,)/ I(p3)/ vy/
d,/mm 2 2 (ps 0 Ny’ %

KN (Nos)  (N-s)  (w/s)
6 3.91 19.36 70.30 323.8 24.63
8 6.27 22.30 69. 67 320.4 29.92
10 8.71 23.45 69. 06 317.1 32.52
12 10.94 23.85 68.43 313.6 34.04
14 12.37 24.02 67.82 310.2 35.20

D=6 mm
D,=8mm
D,=10mm

D,=12mm

D,=14mm

4 6

1/ms
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Fig. 12 Impact of inside diameter on thrust of nozzle
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Tab.5 Impact of inside diameter on performance parameters

Max(F,,)/ I(F,)/ I(p3)/ vy/

D,/mm " Npe/ %o
kN (N-s) (N-s) (m/s)
6 4.03 16.34 69. 80 321.1 20.91
8 6.38 20.08 69. 46 319.2 26.94
10 8.54 22.11 69. 13 317.4 30. 43
12 10.13 23.23 68.78 315.5 32.61
14 10.94 23.85 68. 43 313.6 34.04
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