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Fig. 1

Comparison of flow rate simulation of GHM and MHM. (a)(b) Structural model; (c)(d) flow field distribution (upper left and

lower right images are the flow field details at the dashed line of the model); (e) comparison of cross section flow rate
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Highly Sensitive Flow Rate Sensor Based on High Quality Graded Hollow-
Core Microcavity
Wan Hongdan', Zhang Shuai, Chen Yufang, Zhang Shutong, Wang Jingli, Shi Weihua
College of Electronic and Optical Engineering & College of Flexible Electronics (Future Technology), Nanjing
University of Posts and Telecommunications, Nanjing 210023, Jiangsu, China
Abstract
Objective Flow rate detection plays an important role in various fields from biochemical detection to national defense

security protection. In particular, microfluidics technology has been widely used in cell and biomolecular detection, drug
screening, and chemical synthesis and analysis. Currently, various flow rate sensors have been developed, such as
electromagnetic flow rate meters, vortex flow rate meters, ultrasonic flow rate meters, and fiber optic flow rate meters.
Most of these flow rate meters have problems such as complex detection, susceptibility to interference, and limited flow
resolution. Whispering gallery mode (WGM) optical microcavity has the characteristics of high Q value, small mode
volume, and high optical field density, and it has attracted much attention in the field of high-sensitivity optical sensing.
When combined with microfluidic technology, hollow optical microcavity can be used as a microfluidics channel, high Q
value, and strong light matter interaction, so it has extensive research value in high-precision fluid detection and other
biochemical sensors. However, there is still room for improvement in flow rate sensitivity. Moreover, higher-order radial
modes require high coupling conditions and relatively low excitation efficiency. We propose a flow rate sensor based on
graded hollow-core microcavity (GHM) with axial gradient, which achieves direct detection of fluids under micro-pressure
conditions using the resonant light field of the microcavity. The sensor has excellent flow rate sensing performance and

high application value in high-sensitivity fluid detection, water quality detection, and other fields.

Methods
computational fluid dynamics (CFD) algorithm and finite element analysis of algorithms. High Q value GHM is fabricated.

The distribution of fluid rate, pressure, and light field in GHM 1is analyzed theoretically by using the
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GHM and tapered fiber are coupled precisely and packaged, WGM resonance spectrum is excited and varied according to

the change of the flow rate in real time. The flow rate of the liquid is controlled by adjusting the parameters of the
peristaltic pump (TJ-3A, the minimum flow rate is 7 pl./min) (flow rates are 15 pl./min, 30 pl/min, 45 pl/min,
60 pL./min, and 75 pL./min, respectively).

Results and Discussions Experimental results show that the resonance wavelength shifts towards a longer wavelength as
the flow rate is increased (Fig. 5). This is because the sensitivity of the sensor is mainly related to the wavelength of the
WGM spectra, the refractive index of the microcavity, and the energy distribution of the WGM in the liquid core region.
As the resonance wavelength increases, the flow rate sensitivity will be enhanced. In addition, flow rate sensing is
performed on GHMs with different coupling positions and outer diameters (Figs. 6 and 7). The results show that the flow
rate sensitivity increases for the larger outer diameter of the GHM. By using an axial gradient structure to increase the
interaction between the microcavity WGM light field and the flow field, high-performance flow rate sensing with a flow
rate sensitivity of 0. 270 pm/(pL./min) (Fig. 7) and a resolution of 1.43 pl./min is obtained (Fig. 8). In addition, the
sensor has great stability (Fig. 8) and fast response ability (Fig. 9).

Conclusions We propose and demonstrate a highly sensitive flow rate sensor based on high-quality graded hollow-core
microcavity (GHM), which achieves direct detection of flow rate by the resonant light field of the microcavity's WGM
oscillation with minimum intracavity pressure. Firstly, the flow rate and light field of the GHM are theoretically analyzed
by fluid dynamics and finite element method. Secondly, GHM with a high Q value (Q=>107) is prepared by fused biconical
tapering and gas pressure control methods. High @ WGM spectra are excited by high-precision and low-loss coupling
between the microcavity and tapered fibers, with five dimensional high-precision displacement stages involved. The flow
rate sensing characteristics of the proposed sensor are experimentally investigated by WGM spectra and measured with
different cavity sizes and coupling conditions. The maximum flow rate sensitivity is measured to be 0.27 pm/(pL/min),
with a flow rate resolution of 1.43 pl./min. This flow rate fiber sensor has high repeatability and real-time performance,

and it has potential applications in various fields such as high-sensitivity fluid detection and water quality detection.

Key words graded hollow-core microcavity; flow rate detection; whispering-gallery mode; sensitivity; resolution

2023003-9



	1　引        言
	2　理论与实验
	2.1　传感机制理论分析
	2.2　GHM的结构详细分析

	3　GHM的制备与其表征
	4　基于GHM的高灵敏度流速传感实验
	4.1　同一耦合位置不同共振波长流速传感
	4.2　同一GHM不同耦合位置流速传感
	4.3　不同最大外径的GHM流速传感
	4.4　传感器的稳定性和分辨率
	4.5　传感器的实时性和重复性

	5　结         论

