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Abstract: This study explored the effect of varying the angle of attack of airfoil on the output performance
of the valveless piezoelectric pump. It placed symmetrical and asymmetrical airfoils in the tube respective-
ly, and designed valveless piezoelectric pumps with airfoil baffles at various angles of attack (0%, 5%, 10" and
15%). Output performance tests were conducted on the piezoelectric pump. Additionally, flow field simula-

tions using COMSOL software were performed to analyze the vortex structures and energy dissipation
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characteristics. The experimental results showed that the National Advisory Committee for Aeronautics
(NACA) 0015 piezoelectric pump performs optimally at a 0° angle of attack, achieving a maximum flow
rate of 235. 56 ml/min. Under the same angle of attack, the performance of the piezoelectric pump with
symmetrical airfoil baffles was better than that of the piezoelectric pump with asymmetrical airfoil baffles.
As the angle of attack increased, the piezoelectric pump performance decreased. The simulation results in-
dicated that the scale of the vortices around the airfoil baffle during the reverse flow was higher than that
during the positive flow; under the same angle of attack, the vortices around the NACA63-412 airfoil were
significantly denser and larger than those around the NACAOO015 airfoil. Increasing the angle of attack led
to vortex aggregation and intensity rise, accompanied by escalated energy dissipation. The study con-
cludes that the angle of attack significantly affects the pump's performance, with larger angles exacerbating

energy dissipation and reducing output. This research provides new insights and theoretical foundations for

the design and optimization of high-performance valveless piezoelectric pumps.
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Tab.1 Structural design parameters of the valveless

piezoelectric pumps with airfoil baffles

Parameters Value/mm

Pump chamber diameter 40
Pump chamber depth 4
Vibrator diameter 45

Vibrator thickness 0.25
Chord length of airfoil 10
Length of the flow tube ahead of the airfoil 10
Length of the flow tube behind the airfoil 10
Inner diameter of tube 8
Outside diameter of tube 12
Length of the flow tube 30
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Fig. 3 Assembly diagram of the valveless piezoelectric pump with airfoil baffles
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Tab.2 Results of the mesh independence verification

Net output flow
No. Mesh number

ratio
Gl 1. 6 million 99.897%
G2 1. 8 million 99. 954 %
G3 2. 0 million 99.977%
G4 2. 2 million /
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(a) Schematic diagram of vortex structure in positive flow
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Fig. 6 Distribution of vortex structures within the internal flow field
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Tab.3 Flow resistance coefficient and impedance ratio of tubes with airfoil baffles

Airfoil NACAO0015 NACA63-412

Angle 0° 5° 10° 15° 0° 5° 10° 15°
£ 2.476 2.677 3.434 4.916 2.445 2.662 3. 475 4.846
& 2.590 2.760 3.517 4.936 2.545 2.748 3.516 4.865

/o 1. 046 1. 030 1.024 1. 004 1. 041 1.032 1.012 1.003




% 8 1 BB, A5 SR P AT I T R A S [R] A ) i o P 1209

Positive flow  Reverse flow
6x10~r 0015-0° 0015-0°
— 0015-5° ===-- 0015-5°
— 0015-10° ----- 0015-10°
= 5x10°F \—— 0015-15° ----- 0015-15°,,2==="===== -
é4X10'5-
>
20
& 3x109}
2x10-¢

0.00 005 010 015 020 025 030 035
1/s

(2) NACA-00155 B () e B FERE AR ZL
(a) Energy dissipation rate curves of NACA0015 airfoil

] Positive flow Reverse flow
6x10-Mt} 412-0° 412-0°
\ —412-5° --- 412-5°
- T 412-10° - -~ 412-10°
= 5x105M |\ 412-15° 412-15---__ |
5]
é4XIO'S
>
20
£ 3x10°
2x10°F

000 005 010 015 020 025 030 035
t/s

(b) NACA63-412 B A i RE ERERAR M Z:
(b) Energy dissipation rate curve of NACA63-412 airfoil

Il 0015-Positive
5x10° - ] 0015-Reverse
Il /4 12-Positive

] 412-Reverse

4x10°

3x10°

2x10°

Energy loss rate/W

1x10°

0° 5° 10° 15°
Ailfoil inclination angle/(°)
(c) MMERITE E RS P HYBE RLFERLZE

(c) Energy dissipation rates under stable state of two airfoils

P 7 T RR SR A 1Y B B FE R

Fig. 7 Energy dissipation rates of two airfoils
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