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Simulation and design of an acoustic focusing system for flow cytometer

Cheng Zhen', Yang Bin', Xu Youchun®

(1. Department of Precision Instrument, Tsinghua University, Beijing 100084, China;
2. Department of Biomedical Engineering, Tsinghua University, Beijing 100084, China)

Abstract : This work demonstrates a standing wave focusing method to complete two-dimension and sheath-free focusing of particles for
flow cytometer. Cells or beads in a volume of less than 82 pL are forced to cross the detection area one by one under a flow rate higher
than 0.5 mL/min, which can improve the analysis accuracy and realize undiluted sample recovery. The principle of standing wave
formation, acoustic resistance matching and the particle force equilibrium are discussed, and the motion trajectory of particle under
different parameters is simulated. Referring to this model, an acoustic focusing experimental platform driving in a frequency of
1.462 MHz is built to verify the feasibility and performance by polystyrene beads in diameters of 10 and 20 wm. The results showed that
beads in random distribution can be focused into a plane, and more tightly focusing can be achieved at low flow rate and high driving
voltage. It is proved that the bigger beads are focused more easily than the smaller ones. All the experimental results coincides well with
the simulation.
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Fig. 1  Ilustration of acoustic standing wave

formation in capillary tube
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Fig.2 Stimulation results of moving trajectory under

different beads diameter and driving voltage
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Fig.3 Stimulation results of moving trajectory under

different flow velocity and viscosity coefficient

PEAT RN 05 B, i W] R A 20 b B oK, SR 4
HRPE MR o 75 S A ) R R R B E B R A A
R RGP . BAEFEEHR T R SAE 2 5L
BRI AL A, SOAE SR AP T 0 B o X L8l H AT 4
TR SR AR CSIOH (9 2R, O R GE BT RS g a0 A
7T 18] o

4 BRIt

41 ERTLHERE
SR O R R AP 4 R, B A
TSPV A R 6 B o s A0 B o B
ARSI 2 T U 5 2 B A A1 i PR
[0 1 SRS + 55 B A T 2 T B 3
JEHRE I PP T R PRI IE SRS T T8
B AL, I A DL RO L 2207

K4 A RERGNRER

Fig.4 Ilustration of acoustic focusing systems
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Table 1 Parameter settings of capillary tube
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Fig.5 Original and processed pictures of moving beads

under different working conditions
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Fig. 6 Statistical results of beads position

distribution under different flow velocity
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Fig.7 Statistical results of beads distribution width

under different flow velocity
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Fig. 8 Statistical results of beads distribution width under

different driving voltage
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