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Study on the Pressure Potential Differential Type Laminar Flow

Transducer for Gas Flowrate Measurement

Zhang Hongjun, Wang Qingqing, Huang Haoqin, Dong Shuangshuang, Li Guozhan
(College of Metrology and Measurement Engineering, China Jiliang University, Hangzhou, 310018, China)
Abstract: Designing and test works on a pressure potential differential (PPD) type laminar flow
transducer is introduced in this paper. 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.
There are internal channel in the cover plate for pressure acquisition, which can replace outside
pressure tubes. Other components, such as capillary 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 correction formula is given. The PPD transducer was tested based on a
sonic nozzle gas standard flow device. The flow range in the testing is (0.0821-5.2008)m*h. The

results show that, in the whole flow range, flow measurement error is less than +0.8%, and the
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turndown ratio is great than 60, which prove that the design work is successful. It is predicted that
this new kind of flowrate transducer will be used in the micro and small gas flowrate measurement
field.

Keywords : Gas flow measurement; Small flow; Laminar flow transducer; Pressure potential

difference type; Modularity

5

ik

JFRiE T R A TR S B TE . MR BRI AT, AR RN R
BRI AR R R AT T B RS

SRR TR T AR E A AR, BZE AR I T AR T TR S 2
SytEMRIELE, SRR T ERARSRG R E. Kb b, SRR E TR RTE
P 3 [ 22 5 B T AN TR R VE R 2R, X R TR 00 R R SR T Bl R4 FHL R Rk 2 26
YER, TR TR AN BE DR R BB N O BOR BB 45 R AN B PR UEZR 41,
N T IB/NAREIEE S, — BRI R BN E KAR LI E, B2 AR K 3 3h B
PAEZESEUE

HRT AU Z I T il 0 5 A — /e okPa bl b, 30 T LER AR KR T . N
T e AR R B RS B K R R 78 20 A SR i B T2 MR i, RN B — ELAE K
B J5 . 20104, Fernando5 B 17— =AMUE S Z AR E TR &R, Dtk
A A R B R R, RS I BB 5 i R B, JXRE— 7 T AT DA 4
A 22 I AR AR N v B 57— T R el 22 IR AR ZR MR B 0 o B, ANA D T A SR 5 32 1Y
MY WIIYIHRS, REMN R, 20194, FEFERZEEFEORD 7 —MESXZR
TEARREOR, KA BE A BB BN 2 s 2 2 TS, nIiEkR
HEH R EUR AR RN H B sh 3 AR PR st 2k o sk R A2 %07 i /5 2 A 22 A% s
o AN, T ELIE N R R N — MR 22K

N T v ZES NERRENERARKAL, o EERAP RO T s 2
JEFRUR N R BRI, AZBOR KO B AR MG & A 4 B0 R AL B A5 SO AR
TEZER, BUR AL ZE TS E, TR B e 2 1R AR A2 i 1 Bt s
PR AEARLNE BT AR, DRI AT DASRAS 5 ey ARORE LA 98 (R b . XA R SR AL =
FRSEORIE EARS IR, PR A Seprr i, 7R B AT se R d i sttt . A0 H



A3 T IR OB R TR A AR, B0 — B BB IR U BN R A
B3, R ARSI AT
1 EANERERRE LR RN

HRARM AR I s e, X TR T IR A R R R RN, R R MR Ik
2SS LN

ST
=,
d-FE (BYE) Wiz,
L-ZRIIE K
TR BN JTRG L

Piv Pt R EUS RASTRAA I AT -

PR A, A (1D, WHEE IR RPN E R AR RN
K, FUEREGOLT, ASRGRACR B, SefR b, 0 T RERIRE RO, A0 (D
HAEREITAURR LT 34, SR RN, BAE R 8k it th O R sk . B4
RN D BURAI R S AR LR 2 o SEPR M, H[BME KRR RN, EiRARZTE
PR IE R I B iR Z2 T LA, AU IR T AR K

Je b = R AR R IF LS W 1, AR T P BAUTE H P9 2% A (R PR 3Bk S B
Mo ST B BB EHEAOMOD. ON@, AT ELN S BME BRMEtE
AR, 4 DB AR XFR, BOM@KEZRY L, OQMOKEFRA L, PIsH
TPHAHEARE . QM@ 18] @F@Z A Y BUE K % .

|
L2

B2 REHMIEAERREERETKERRER
Fig2 Schematic diagram of a PPD laminar flow sensor unit and its pressure drop
s 7w A A, MERRT R EN O, W T WA IR SR I3 B R AH
A, WA SCER R EAR R, 2908 012 PISRIFIBRSCBR LM FIAL IS F3389 08 Po, kv TR SCHEHL



JENE % 15 38 Py Py, PR 2 18] B 22 e AP RN . 360 2 (PPD, pressure potential

difference) , M|
AP=R-P=(h,-P)-(H,-K) @

AL, AP AT EHEHOMOMERE 2. W T WA EMF, B A
OMGEEH AR A SR AR R DBk A F, S48 HOMGS S FE A R &2
MEARTE, AP AT BHMEHOBLRN M N 2 FMMFRENESR A RMIRK) « B
ME 2 URIm sl Dt NTe o Rt Be (B iR Ra fRIE) o BRBUE P B 5 e B 7™ A% 2 e AR -
TR ERE, MAeTMEHOMRE

4
Q_ nmd p (3)
2 128uAL

A, BN BYNE AL R B AR
AL-KFEMEKEZ 2, AL=L-Li, H, LANEEMNEKE, LAKEBMEKE.
MAEL BT R E

nmd*
64 uAL
2 BHALPPD E T E AR RAR BT
2.1 HEEEfRARABIFER
AIUTAER H 2 Bt — sk AR E N R 45 5 2 . Thaese . LR s
B EE A . (O BRREG =, IRE T RSB E R
1) F Kt Sm/h;

2) EFEHANT506%;

0= (4)

3) MEAETE, £0.8%:;

4) JEJ3iEE, 0.05-0.3MPa (Z/%) ;

5) WEMAME: EEAUE

6) SR, MUkt st
2.2 {RREBEH BT

FIE EREOR, BT TARIRES A BT, WERFTR . AR AR IR AR i
RSy Jorh, MBSO BAVE A IERRVE SRR, R A T
g, PASGARRIIE. EEERTIEE: SR R s SRR A B IR . 4R Ai



JEAR A AL, DhRe R DU MBEAT 22 5 . 28 S AR B, AT 85 S .

FeR BB Tk (13D, S IANRIE (IR 1944 B 408 4L 2R AE IR
W, PRUE R B E AL E S SONAR, IS B L RONHUR =, IS 1
JE i 22 SRR R AL B I R ) o ST A — A AR TR IR, B a s UK 22 % it
T T o 7 PP B 2 AR B T A B Lo B e 1 P ke ] A e AR P o, DB IR
FEPE 2 18], AL RE A,

BUR R (B4) — oA m AR SL, A BN T 5e ik ERBUR AL, R A e st
AIEHEIE, KA BUEALS 3R 5 — P Z RISl — A I R LA . SRR
THEAFIUE 55 R 5 22 R AN 268 T A% T s ELRGE IR A 5 ZHE L WO HUR A, G540 5 Hg sk
PR o OO P 322 I A IRt T 200 T A JR R WA [ 0 AR U st b, LIS 7035 01 70 3 5 U i
R 22 M s LA 4 [ 00 s LR B e, o il E A% IR e Ak 2 e A U s AR DM i L
K E . fRikas EESHIITEL.

T PR B AE SRR (IR A O AR A [ 22, U s RO S i B AU FLx I, BUR
FLAE B AT R FIRE, PRIERUSfLER AN & 5

FefR— AN TAN B H . DB B IERAT . AR . USSR AL,
fEAF ity I TN AR H 7 5 SEOUARHEAL,  DRAE AR IS rT S MEAN AR E 1

El2 PPDEBRAEIHEESREHE

Fig.2  Structure diagram of the PPD laminar flowrate transducer
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Fig.3 Diagram of shell
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Fig.4 Structure diagram of the cover plate for pressure acquisition
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Table 1 Model of the transducers and their main perimeters

RIS BFR AR S FESH
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FEEE: £0.5%
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Table2 Design parameters of capillary bundles
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Table 3 Test data of PPD laminar flow transducer

AP Os Re Ow (%)
(Pa  (m¥h) (m’/h)

)
21.0 0.0816 19 0.0821 0.59%

130 0.4944 114 0.4916 -0.56%
211 0.7968 184 0.7938 -0.38%
320 1.2073 278 1.2040 -0.27%
454 1.7016 394 1.7046 0.18%
536 2.0039 465 2.0106 0.33%
672 2.4984 581 2.5116 0.53%
1088  3.9487 916 3.9612 0.32%
1242 4.4429 1032 4.4610 0.41%
1335 4.7452 1099 4.7508 0.12%

1489  5.2395 1203 5.2008 -0.74%
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