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Development of the pressure potential differential type laminar flow
transducer for gas flow measurement
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Abstract ; Based on the pressure potential differential (PPD) type gas laminar flow technology, a new type of laminar flow transducer is
designed and tested. The flow transducer is composed of two components, i. e. main part and integrated cover plate. The shell of the
transducer is machined from a block material, and capillary components are fixed in the two channels of the shell. There are internal
embedded channels in the cover plate for pressure acquisition, which can replace outside pressure tubes. Other components, such as
capillary components/bundles, mesh filter, and pipe connector, are designed with the idea of modularity. The differential, absolute
pressure sensors, and temperature sensor are integrated on the pressure acquisition cover plate. The principle of the PPD gas flow
transducer is analyzed and the correction formula is given. Based on a piston gas flow standard device, the PPD laminar flow transducer
was calibrated with air, and tested with air and nitrogen gases. The maximum flow rate is about 50 L/min. The results show that, the
flowrate measurement errors for the two kinds of gas are within 0. 8% , and the turndown ratio is about 250. It is predicted that the PPD
laminar flow transducer will be used in the micro & small gas flow measurement fields.
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Fig. 1 Schematic diagram of a PPD laminar flow

sensing unit and its pressure drop
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Fig.2  Schematic diagram of PPD laminar flow

transducer structure
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Fig.3 Schematic diagram of PPD laminar

flow transducer structure
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Fig.4 Schematic diagram of pressure acquisition plate
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Table 1 Main parameters of pressure and

temperature sensors

& IRAR A FR A #S: FESEL
S5 -
SRR NPC-1210-10WD-3s L it 0~2.5 kPa

I £0.5%

MELALFEN 0~350 kP
U TEAEIRSS  NPC-1210-030 A3N 4
K £0.5%

ML N -55 C ~+125 C,

Thi A% IR
i K 0.5 C

DS18B20

AT AR B AE E AR R T MRS P O B A [, B
JE 36 AN FE A B8 B FLG I, B L %% ) Pl Ak 1 5%
RES, PRUEIOR AL $ b 2 &

SeR— AL TR B AN 4 BRI R 4R
AR AR U SRR AL AR AL, AR T N TR e
A 45 2 SRR HEAL, , DR UE A% 8% T SE PR RS e 1, I
SCY RN S Bis

KI5 PPD JZ i AR S
Fig.5 Picture of the PPD laminar flow transducer
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Table 2 Design parameters of capillary components
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Table 3 The calibration data ( with air)

F%  Qs/(L-min™") AP/Pa Q,(air)/(L-min™")
1 0.202 3.5 0.225
2 0.4 6.9 0. 447
3 0. 601 10.3 0.671
4 0. 811 14.0 0.914
5 1.016 17.6 1.15
6 2.014 34.9 2.275
7 4. 006 69.0 4.499
8 6. 002 103 6.732
9 8.024 138 9.003
10 10. 121 173 11.349
11 20. 358 348 22.759
12 30. 098 518 33.799
13 40.118 697 45.359
14 50. 066 875 56. 639
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Table 4 Testing data of air
F%  Q/(L-min™')  Q./(L-min”") 802/ %
1 0.204 0.205 0. 490
2 0. 405 0. 406 0. 247
3 0.617 0.616 -0.162
4 0. 823 0.817 -0.729
5 1. 047 1. 041 -0.573
6 2.063 2.054 -0. 436
7 4. 046 4.023 -0.568
8 6.077 6. 089 0.197
9 8. 108 8. 108 0. 000
10 10. 331 10. 336 0. 048
11 20. 160 20. 036 -0.615
12 30. 209 30. 146 -0.209
13 40. 082 39. 898 -0. 459
14 50. 218 50.238 0. 040
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Table 5 Testing data of nitrogen

5 Qs/(Lemin™)  Qy(xy/(Lomin™") Sya/ %
1 0.208 0. 209 0. 481
2 0. 404 0. 407 0.743
3 0. 609 0.611 0.329
4 0.823 0.828 0. 608
5 1.003 1.008 0. 499
6 2.001 2.004 0.150
7 4.023 4.028 0.124
8 6.012 6.015 0. 050
9 8.092 8.091 0.012
10 10. 177 10. 182 0. 049
11 20. 169 20. 092 -0.382
12 30. 335 30. 302 -0.109
13 40.177 40. 192 0.037
14 50.224 50. 172 -0. 104
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Fig.7 Relative measurement errors of air and nitrogen flow
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