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Design and flow characterization of annular gap laminar flow elements
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Abstract: To address various challenges associated with conventional laminar flowmeters ( LFM), such as inadequate linearity,
significant length-diameter, inconvenient processing and use, and susceptibility to fluid-induced effects, a novel annular-gap laminar
element structure is proposed, drawing inspiration from the double-cone flowmeter. This innovative design is accompanied by a
comprehensive elucidation of its measurement principles and an analysis of the sources contributing to non-linear pressure losses within
the flow conduit. Central to this design is the maintenance of coaxial alignment between the outer jacket cylinder and the cone and
circular cylindrical, resulting in a flow channel characterized by concentric circular annual. Computational fluid dynamics ( CFD)
simulations were leveraged to ascertain the optimal cone angle of the conical guiding structure and establish the dimensional parameters of
the laminar element. Furthermore, pressure taps were strategically positioned within the fully developed laminar segment of the flow
channel, thereby theoretically mitigating localized losses at the inlet and outlet typical of conventional capillary-type LEM, as well as
kinetic energy dissipation within the laminar development region. Experimental validation involved the fabrication of three distinct test
specimens with varying gap dimensions, followed by rigorous testing. Results revealed that for flow rates below 53 ml/min, the
measurement error of the laminar element remained within an acceptable margin of 3%. Likewise, within the flow rate range at ( 130~
6 189) mL/min, the measurement error was constrained within the range of £2%. Notably, a robust linear relationship between pressure
drop and flow rate was observed, affirming the efficacy of the proposed design in circumventing the non-linear influences inherent in
traditional LFM. The elucidation asserts the structural efficacy of annular gap laminar flow elements in effectively mitigating the nonlinear
influences characteristic of traditional LFM. Simultaneously, it highlights the adaptability of the measured flow range, which can vary

with alterations in gap size.
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Fig. 1 Traditional laminar flow meter structure and pressure loss
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Fig.2  Structural design of annular gap type LFM
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Table 1 Parameter design under different gaps
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Fig. 4 Axial distribution of velocity in the flow channel
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Fig.5 Experimental device and flowmeter
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Table 2 Test data of annular gap type laminar

flow element (r,=9.5 mm)

Ap/Pa  Q,"/(mL/min) Q./(mL/min) Q,/(mL/min) /%
1.2 19.53 52.98 51.41 2.96
3.0 48.59 130. 42 127.94 1.90
8.0 129.97 341.94 342.20 -0.08
11.9 194. 87 509. 63 513.08 -0.68
17.8 291.58 760. 09 767.71 -1.00
27.9 455.73 1185.95 1199.92 -1.18
37.6 615. 12 1 601. 69 1 619.57 -1.12
62.6 1.023.02 2 665.95 2 693.55 -1.04

*3 BEEEXERTEMNREE(r,=9.3 mm)
Table 3 Test data of annular gap type laminar

flow element (r,=9.3 mm)

Ap/Pa Q,'/(mL/min) Q./(mL/min) Q,/(mL/min)  §/%
1.5 59.04 135. 46 137. 68 -1.63
4.9 195. 67 457.06 456. 32 0.16
9.9 392.21 901. 36 914. 67 —1.48
18.0 714. 44 1 650. 09 1 666. 16 -0.97
25.7 1 024.03 2 384.53 2 388.16 -0.15
35.8 1422.89 3 338.45 3318.34 0. 60
45. 4 1 804. 68 4264.49 4 208.73 1.31
55.1 2 190.77 5191.01 5109.12 1.58

x4 DEEBEXERTHEIRBHE(r,=9 mm)
Table 4 Test data of annular gap type laminar

flow element (r,=9 mm)

Ap/Pa  Q,"/(mL/min) Q./(mL/min) Q,/(mL/min) /%
1.1 174. 58 216. 10 220.13 -1.87
2.9 477.82 598. 44 602. 49 -0.68
5.0 826. 68 1 026.95 1 042.37 -1.50
10.0 1 637.70 2 043.77 2 064. 99 -1.04
14.8 2 439.06 3 100. 37 3075.43 0. 80
19.9 3262.12 4152.75 4113.25 0.95

24.7 4 062. 04 5190.93 5121.87 1.33
29.4 4 820. 64 6 189.61 6 078. 40 1. 80
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