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Analysis on the thrust characteristics of flexible deformable
self-pressurized water rocket

LIU Longbin, DING Shaozhe, ZHANG Shifeng”
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract ; Since the thrust characteristics directly affect the launch speed, altitude and flight range of the water rocket, in order to improve the
thrust performance of the water rocket, a flexible and deformable self-pressurized elastic air pressure cabin scheme was designed on the basis of the
existing fixed volume pressure chamber, and its performance was evaluated. With Bernoulli’s theorem and deformation coordination relation, a
coupled model of internal pressure, nozzle velocity and thrust of water rocket was established. Moreover, the influence of different initial states
(water volume ratio and inflation air pressure) on water rocket thrust was also studied with the numerical calculation method, and the thrust
difference was compared and analyzed further between the fixed air pressure cabin and the elastic air pressure cabin under the same initial
conditions. The research results show that the improved flexible and deformable self-pressurized elastic air pressure cabin can effectively increase
the water jet velocity during the launch, and the thrust generated by the water rocket in the same initial state increases significantly by 46.95% .
The designed scheme can provide important reference for improving the flight performance of water rockets and the optimal design of new flexible
deformation water rocket scheme.
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Fig. 1 Structural diagram of water rocket with

flexible deformed pressure chamber
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Tab.1 Simulation parameter of the water rocket

TR Gincs HufE LiXDs
TN SRR E 4.50 x10°  Pa-m"'
AL o M, 0.55 kg

L AR A, 4.42x10°° m’
FHAEmR A, 7.90 x10°* m’
WS IES b PRI 1T Pa 1.01 x10° Pa
ik BT Vo(1=0) 2.13x10°° m’
NSRS pu(t=0)  7.00x10° Pa
AAMAR V,.(1=0) 1.21x107° m’
AR ARR Vo (e=0) 9.20x107* m’
AR EE  m,(1=0) 0.92 kg
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Fig.3  Comparison curve of water rocket thrust with time
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Tab.2 Simulation results of water rockets with

different initial water load

B HEB/m’ WIRREKEZ K HEBERHK /s

1 1.02x10°° 0.478 9 0.730
2 1.12x10°° 0.525 8 0.814
3 1.22x10°° 0.572 8 0.903
4 1.32x10°° 0.619 7 0.999
5 1.42x10°° 0.666 7 1.103
6 1.52x10°° 0.713 6 1.220
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Tab.3 Simulation results of water rockets with

different initial inflation pressure

o ARSI/ MPa HESIE/N R/ s
1 0.60 37.594 4 0.713
2 0.65 41.501 4 0.679
3 0.70 45.415 6 0. 649
0.75 49.338 9 0.622
5 0.80 53.2552 0.599
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Tab.4 Simulation results of water rocket with

different elasticity modulus

S SRR (GPa -m™) HEJIHIME/N SRR /s

1 2.5 47.671 6 0.452

2 3.0 46.634 4 0.553

3 3.5 45.689 8 0.647

4 4.0 45.539 9 0. 648

5 4.5 45.415 6 0. 649
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SRR, A T BE IS ] 4722 16 -5 7K s
FEARAHANTT T 7359 o3 AT T A G [ E AR ARUK
TG R AT A K AT AR R [
AWEFE T IR K i G T U T LA R =
AT =SS B K IR R BRI AL
R, EEEEWT

1) 5 1 5030 30 [ 5 A ARUK JCHRTAH EE , B 22
PEAE T S vl 7 KR A B PR A0 4 713
{HHRTF 46. 95% 5 F kU= ] U5 Mo 52 U i
P s T AR R 5, IO T SRR AR T U AR PR 7K
KHTAEHE BE B 45 AU /K3 B R T 13.31%
1T A G 38 3 [ A AR UK KR T R T 39.91%

2) GG 1 E AR BRUK KCHEAH B, BT T
ESE S| AN A EWSEEE T R & 0} sl DS i
FERBEZ K

3) 7KK AE A R /INBE A 0 46 T8 s T i 3
RMHE R AHIE R 90 46 58 TR J7°K5 2 ZOK PR
AR R A e

4) PPERE /T 3.5 GPa » m I, AU
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(R RE A7 858, B Bt 1] 1R Bl 540 5 5Hk:
BER T 3.5 GPa - m ™5 WA AR L
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