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Analysis of several cases in design and application of pressure potential
difference gas laminar flow element
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Abstract: Numerical simulations were conducted to investigate three non-standard design or non-ideal situations that may arise in the
design, fabrication, and usage of PPD laminar flow elements. For the non-standard design with different numbers of capillaries in two
branches, in which the numerical simulations were conducted, the pressure drop curves and differential pressure-flow relationships
obtained showed minimal differences compared to the standard structure. The relative deviation between the calculated flow rate and the
accurate flow rate, as determined by the pressure drop calculations, was within £0. 4%. Additionally, the experimental data from flow
rate measurements confirmed the simulation results, further demonstrating the applicability of the PPD principle to structural designs with
varying numbers of capillaries in the two channels. Regarding the potential occurrence of blockages at the capillary inlets or outlets
during fabrication or usage, calculations revealed the presence of nonlinear deviations in the differential pressure. Depending on the
location of the blockage, either positive or negative deviations may occur. Furthermore, when there is a deviation in the capillary
diameter between the two branches, the impedance characteristics of the two branches become dissimilar. This dissimilarity in flow rates
and velocities within the capillaries of the two branches leads to incomplete compensation of local resistances at the inlets and outlets,
causing the differential pressure-flow curve to deviate from the ideal curve. The aforementioned research findings hold valuable insights
for the practical application of PPD laminar flow sensing technology.
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Fig. 1 Structure diagram of PPD laminar flow

sensing element and its pressure drop
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Fig.2  PPD models with different capillary

tube numbers in the two branches
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Table 1 Parameters of PPD models with different

capillary tube numbers in the two branches
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Fig. 3 PPD model with capillary end being partial blocked
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Fig. 5 Schematic diagram of the calculation mesh
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Fig. 6 Static pressure variation curve in the flow channel
of PPD laminar flow element with different numbers

of capillaries in the two branches ( Re=500)
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Table 2 Data for the PPD elements with

different capillary numbers
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Table 4 Experimental data of PPD elements with

different capillary numbers in two branches

Qs,8/ Qc.n/

Re AP/Pa C, 8"/ %
(L'min™") (Lemin™")
153 286. 60 1. 10 1.20 1.20 -0.15
435 799. 25 1. 10 3.41 3.40 -0.51
580 1 054.70 1. 10 4.53 4.51 -0.36
726 1 308. 10 1. 10 5.65 5.64 -0.27
873 1 555.70 1.10 6.70 6.75 0.69
1016 1791.60 1. 10 7.77 7.82 0. 68
1229  2129.50 1. 10 9.45 9.39 -0.55
1472 2 505.60 1.10 11. 16 11. 14 -0.17
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Table 5 Flow rate in the two branches

when a capillary is partially blocked

0./ X1 2
Re (kg-s™") ‘Iml/(kg‘sil) qmz/(kg'sil)

x107¢ x107¢ x107¢

100 1.41 0. 69 0.72

200 2.83 1.36 1.47

500 7.07 3.32 3.78

A REE 800 11.31 5.16 6.14
1 000 14. 14 6.37 7.76

1 200 16.97 7.53 9.38

100 1.41 0.72 0. 69

200 2.83 1.46 1.36

500 7.07 3.75 3.32

B RHE 800 11.31 6. 14 5.18
1 000 14. 14 7.68 6.36

1200 16.97 9.34 7.56

100 1.41 0.73 0. 68

200 2.83 1.48 1.35

C ik 500 7.07 3.80 3.27
800 11.31 6.18 5.08

1 000 14.14 7.81 6.32
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200 2.83 1.35 1.48

b 500 7.07 3.30 3.81
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1200 16.97 7.48 9.49
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Fig. 8 Static pressure curve of two branches in case
of capillary end being partial blocked ( Re=500)
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— 1
% (d,=0.4 mm, d,=0.5 mm)
5000 Table 7 Flow rate data when the diameter of the
4000 capillaries in the two branches are different
& (d;=0.4 mm, d,=0.5 mm)
B 3000
i 0,/ Gmet” e’ Qe
2000 (kges™) AP/Pa (kges™')  (kgesT')  (kgesT) /%
x107° x107° x107° x107°
1000 1.203 407. 48 0.35 0. 86 1.21 0.16
o , , , , , , 1.785 606. 53 0.52 1.28 .80  0.67
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