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Simplified analytical models for performance prediction
of valveless pulsejet

WEI Tao, WU Xiao-song, CAI Wen-xiang

(Department of Aeronautics and Astronautics, School of Mechanical Engineering,

Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: The simplified physical and mathematical models of the working process in
valveless pulsejet based on the analysis of such engine cycle were proposed. The flow princi-
ple of combustor of charging process and the relationship of the mean velocity of discharge
with thermodynamic parameters and combustor pressure were achieved, then the equations
of the operation frequency and mean thrust were given. The results show that non-dimen-
sional mean velocity of discharge increases with the increase of the compression ratio, and
tendency is mitigated; the errors between the results of operation frequency and mean thrust
models and experimental data are less than 10% and +17%; in addition, the equation of
thrust is suitable for valved pulsejet. The study shows that presented simplified analytical
models are reasonable, and the accuracy is acceptable. The conclusions offer instruction for
designing, experiment, predicting the performance and optimization method of valveless

pulsejet.

Key words: pulsejet design; performance prediction; simplified model;

operation frequency; average thrust

( ) -

:2011-02-27; :2011-06-29
(20080441055)

(1986—)., s s



226 27

[1.3]

. [5] 1.1

[6-7] L .o

1 , . 1Ca)
. Zinn B T[gj ’ . @ 1 2 s
Green , « »l4]
’ , , 1(b)
’ NE) 2 s
’ b b 3 ’
) 4 , . l(C)
.D 3 4 ,
Helmholtz 1/6 D
’QL?JF@JT‘H]

1
2l
_PlNL 40 4
.q‘u'-::'il_ 2 2 f

S .

(a) BRBET B (b) MK i Bt (e) FESCRIE AE R B (o) L A0 L 4 8 B (e) HALEEE R S h 2k

1
Fig.1 Valveless pulsejet cycle
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Fig. 2 Schematic diagram of valveless pulsejet
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Fig. 3 Pulsejet thermodynamic cycle

2.1

[4]

Aza A39

V

Fig. 4 Charging process of inlet
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Table 1 Frequencies obtained from experimental data versus those obtained from the analytical model
D,/mm L,/mm D.,/mm L/mm D/mm L,/mm Thex /K Sf/Hz Sf/Hz /%
25.40 76. 20 62.23 110. 49 31.75 557.53 C; Hg 1350 273.5 246 9.15
12.70 76. 20 62.23 110. 49 31.75 481. 33 C; Hg 1650 197.9 183 8. 14
12.70 76. 20 62.23 110. 49 31.75 557.53 Cs Hs 1600 193.9 178 8.93
6.92 25.40 19. 20 32.25 9. 60 167. 35 H. 1550 1110.4 1010 9.94
6.92 25.40 19. 20 32.25 9. 60 285.35 H, 1520 908. 5 830 9. 46
16. 00 100. 00 62.00 110. 00 32.00 534. 00 Cs Hs 1423 233.3 214 9.02
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Table 2 Frequencies obtained from a computer simulation versus those obtained from the analytical model
D,/mm L,/mm D.,/mm L./mm D,/mm L,/mm DPoin/MPa P/ MPa f/Hz f/Hz /%
6.92 25.40 19. 20 32.25 9. 60 167. 35 H, 0.0885 0.1183 1131.4 1080 4.76
6.92 25.40 19. 20 32.25 9. 60 285.35 H 0.0883 0.1200 921.8 806 14. 37
16.00 100.00 62.00 110.00 32.00 534.00 C;Hg 0.0850 0.1220 256.4 227 12. 95
22.00 100.00 62.00 110.00 32.00 330.00 H, 0.0709 0.1511  412.0 370 11.35
Gibbs 203 (8) sV m;
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Table 3 Average thrust obtained from experimental data versus those obtained from the analytical model
V./m? f/Hz DPein/ MPa
15ecm BMS H, 8.52X10 ¢ 1010. 00 0.0825
50 cm BMS C, H; OH 3.00X10°" 240. 00 0.0410
Lockwood u C; Hg 8.83X107° 82.74 0.0810
Argus V1 CsHg 0.214 46. 00 0.0712
Pumsx/ MPa V. /(m/s) /N /N /%
15ecm BMS 0.1200 33.92 0. 36 0. 35 2. 86
50 cm BMS 0.1710 235.51 20. 77 25.00 —16.92
Lockwood 0.1560 235.85 211.08 245. 30 —13.95
Argus V1 0.1965 190. 28 2294.52 2224. 60 3. 14
+17%. ;
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