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setra-fleld-guide-to-understanding-pressure-

transducers.pdf (teesing.com)
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https://www.teesing.com/files/downloads/whitepapers/setra-field-guide-to-understanding-pressure-transducers.pdf
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_YJ— jj /f;% /l_:\g% Piezoresistive Pressure Transducer)

B i /%[

= : %H%/J\# fF%;EEEéU | B3
e Piezoresistors 4 == —+
Diaphragm N e 5 I-SH 9:'_ \$ #ﬁ ﬁ\l—, =5 H ﬁ_

PR 18 B
i Deformed
" . i | Diaphragm % H 7I= 1% n_»ﬁ%' : XTIZ:
1ezoresistors

iE/JIIlJ-H- _rR'f'tZ—!&/u\
(a) (b)

(19) (PDF) A micro-capacitive pressure sensor design and modelling
(researchgate.net)



https://www.researchgate.net/publication/299529453_A_micro-capacitive_pressure_sensor_design_and_modelling
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Lead wires

Capacitor Plates

Sensing diaphragm

Rigid Insulation

Gil fills

Isolating
diaphragm

Welded seals

High
frequency
oscillator

— (00000 » Advantages of Capacitive Pressure Transducer:
* Inaccuracy 0.01 to 0.2%
¥ l NN'. * Linearity
) * Fast response
8 * Range of 80Pa to 35MPa
o
[P S « Disadvantages of Capacitive Pressure
T ~L Transducer:
/s N .
/ q \\ * Temperature sensitivity
!/ g g . L 22 ) * Stray capacitance problem
\ 28 8% /’ * Vibration
\\ e = *s, * Limited overpressure capability
N e 7 + Cost

/
\
\

Capacitance Differential Pressure Transmitter Working
Principle - Eastsensor Technology



https://www.eastsensor.com/blog/capacitance-differential-pressure-transmitter-working-principle/
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* fiber-optic pressure sensor
* Fabry-pérot effect for pressure sensing A= E-IRT T 751X

A \ WLED Fabry-Pérot L
N/ sensor 117 [ R A St ISPRT DY SN PRSI VST ISP PR [P N ST B
input spectrum

- FO-coupler q——»JZl 12.0
P i i
= = :

airgap PN
for multlple reflections _‘/_<O- =Y
\ “\ ?‘// 40

| ! S o

-~ 20
llllll

b : 00
TR ___, Agorithm — 5 HAT 70 60 50 40 -30 20 1.0 00 10 20 30 40 50 60 7.0
LTy (Michelson) i

Membrane Position [a.u.]

——Membrane mirror - - —Reference mirror —— Optical Beam (schematic)
Spectrum simulated with Fabry-Pérot and light source model Gap calculated from spectrum
0.50 0.15
o
0.40 ll 010
0.5 | A
\ 5030 045 f
output reflected spectrum 0% Ml A . Avﬂvmé/\ \
. \ 2020 1 1 g 10 10t 12 A
reflective surface o 1| ‘f\ a V \
. . : M b m -0.05
reflective diaphragm ! 1
005 —M V\ -0.10
6o M
0.40 0.50 0.60 0.70 0.80 090 015
Wavelength [a.u.] Gap distance [a.u.]

, RSN E - RIER K .
https://doi.org/10.1117/1.)B0.18.5.050903 o vvaegﬁlresearch.com/DownIoad/DPWR FPPS.gif



https://doi.org/10.1117/1.JBO.18.5.050903
http://waegliresearch.com/Download/DPWR_FPPS.gif
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y=mx+c
-z
* m: REBUE sensitivity

A

)

-p
- .-*||.l:_|
~ Sensitvity —1—”
— A,
=
[_.

InstrumentationTools.com —
—4
p

{a) Constant sensitivity  INPUT ( g, )

. : a ; . USE OF SUBMERSIBLE PRESSURE TRANSDUCERS IN
Differential P S Calibration P dure - Inst Tool t tationtools.
ifferential Pressure Sensors Calibration Procedure - Inst Tools (instrumentationtools.com) WATER-RESOURCES INVESTIGATIONS (usgs.qov)



https://instrumentationtools.com/differential-pressure-sensors-calibration-procedure/
https://pubs.usgs.gov/twri/twri8a3/#N104F8
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o RZIRZE bias error
e MR 2 random error
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= =
EfE+2kPaft a5
Typ. Units
:\___ ﬁ AN QE- }—J& Accuracy
I K e |:| J J Linearity +0.05 %FS
Repeatability +0.05 WFS
Pressure Hysleresis +0.05 WFS

ERE B E

0.05% £ &7 0.05% £ E7F 0.05% £ E7F
2.0Pa 2.0Pa 2 0OPa
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= ‘4— - Repatbiy S——are—
— epeatatl e s L
g&l \/:— §8L Pressure Hysleresis +0.05 %FS
‘O BF
- ERELERBELNEE
A PR
Best fit straight line — e * 7~E/ RE L,'Llazi
- . ~
= f'”\}f’? * F.S. = Full Scale 2= {E
= g 7 X
> - L;":\ e * M AccuSenseEfE+2kPafs Bey
= - "fj‘” A 31, F.S. 54.0 kPa
~ - - - ~ Error caused
“f s _,,F" - by nonlinearity ° 8L< 20 Pa
= -fi,,r” g <0.05% F.S.
= 95% HIR IR 2 <2.0Pa
= -
TRUE VALUE

USE OF SUBMERSIBLE PRESSURE TRANSDUCERS IN
WATER-RESOURCES INVESTIGATIONS (usgs.gov)

Pressure Calibration — Blue Sky Biomedical



http://blueskybiomedical.com/pressure-calibration/
https://pubs.usgs.gov/twri/twri8a3/
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Typ. Units E 7R IAFEFFIXEE  Madein China
Accuracy
N F \\-H+ = 8 Linearity +0.05 %FS
\N /')~ Repeatability— ——— |~ —— +0:05 —— %FS_ _
j\—- / [1J X H S Pressure Hysleresis +0.05 WFS =

i 5 s FENEANE YR, FE
7' i%m. _ BIE R XN EH B IR,
‘ ¢, <0.05% F.S.
j | G HER TR 248 <2.0Pa DINFFIEHBCZ (8] B RE

Maximuim
|r1pul

hysteresis ® Ei}{ <:: :2"() |:)Ei

— TR GRZE

N

USE OF SUBMERSIBLE PRESSURE TRANSDUCERS IN
WATER-RESOURCES INVESTIGATIONS (usgs.gov)

Why Is Pressure Sensor Accuracy Important? (setra.com)



https://www.setra.com/blog/pressure-sensor-accuracy-importance
https://pubs.usgs.gov/twri/twri8a3/#N104F8
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digital ready” for conditioning through digital signal processing. Lg ua ‘)-b *\
The accuracy of a pressure transduce(is traditionally qiantified by the root sum square HELFFIX BB Madeiti China
(RSS) method:

\ I I > % Accuracygss = +/ (Non — Linearity)?+(Non — Repeatability)? + (Hysteresis)?2
y
r—1 _Z N\ — I \ == +- Better accuracy (a lower % FS) is achieved when each of the three values are as small as
J nnccihla Tha thran chAaractarictice Af tha acciirams calrnlatian ara chonar in NiaAarame A & KNAan
N -

Why is Pressure Sensor Accuracy Important? (setra.com)
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o Z{LEF(AccuSense N E RN ENHEER:
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https://www.setra.com/blog/pressure-sensor-accuracy-importance
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SPECIFICATIONS
Excitation: 12 to 36 Vdc
Output: 4 to 20 mA (2 wire)

Operating Temperature: -29 to 85°C
(-20 to 185°F)

Compensated Temperature:

= —— ———
—

Zero: 0.015% full scale/°’F )

— —_—
—— ———

Burst Pressure: 50 psi
Static Pressure: 100 psi
Qage_ Type: quacitance

IDUI INnIAL 1Nnanmvivin sl 1en

0-0.1 to 0-200 inH.0
0-25 Pa to 0-50 kPa

PX656 Series

LYEAR 2 NIST E

Standard

PX656-100DI,
shown smaller
than actual size.

Ideal Applications
+~ Boiler Inlet Air Systems
+» HVAC

v Industrial Fume Hoods
+” Level Control

SPECIFICATIONS
Excitation: 12 to 36 Vdc

EaNE-REEN A
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EURIH P RERIEE COIRRRE S| eehon
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Resolution and Frequency Response in Pressure Transducers | Validyne
Engineering

| Resolution
 DPRITEE—FBIIRE, $B |
\ETE%#:F)—_%_Z_— IETJ \/ﬁ ’«Z‘Q&E%%\ o PRESSURE INPUT -
BEAEBNMEEERDHFHR

Understanding Pressure Sensor Accuracy | Building Automation Systems |
Industry Articles | Dwyer Instruments (dwyer-inst.com)

ELECTRICAL OUTPUT

N



https://www.validyne.com/blog/resolution-and-frequency-response-in-pressure-transducers/#:~:text=Resolution%20Resolution%20of%20a%20pressure%20transducer%20is%20defined,devices%20and%20the%20resolution%2C%20in%20theory%2C%20is%20infinite.
https://www.dwyer-inst.com/articles/industry/powderbulk/understanding-pressure-sensor-accuracy/understanding-pressure-sensor-accuracy.cfm
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s EREBREFHMETER. =R
EEHEIEHYERER (FEfzero
drift )

« HMAAER, USFAERE,

« T UBITRMEBRZIFERYIE,
s FNENTHNRZRDSEY. REUEZER
span drift, sensitivity drift.

- EFIRE

USE OF SUBMERSIBLE PRESSURE TRANSDUCERS IN
WATER-RESOURCES INVESTIGATIONS (usgs.gov)
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The Fundamentals of Pressure Calibration (mensoPEiayEE



https://pubs.usgs.gov/twri/twri8a3/
https://info.mensor.com/pressure-calibration-fundamentals#howoftenshouldyoucalibrate
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Model Pressure Measurement | ONERA



https://www.onera.fr/en/windtunnel/model-pressure-measurement
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AR ZE T MEFLAN AP

 UFEFL E R AN 5
S NN & = 4 52N gﬁ
dt = du, /v ,:F@j( & @

AP
_ :E -~ alf
I=—" #&X R|N
° d
Dertail of static holes

Re[)

—a— 1.3%10°
—a— 1.8x10°
——— 2.3x10°
— 3.1x10°
—v—— 4.4x10°
—0— 6x10°
—0— 7.2x10°
— — — 103x10°
---------------- 10.8% 10°
—-— 11.7x10°
13.6x 10°
— — — = 145%10°
— Shaw [4.8]

0 1000 2000 3000 4000 5000 6000 7000 8000

7 7
\
AP //d \ 1 D D Fig. 4.2 Effect of hole size on pressure error, I7, in pipe flow (After
— f[ bt 31] \ A McKeon and Smits [4.13]). Each curve corresponds to the error found
T - 1§ p } d ? d ) d *  from a set of wall tappings with 0.002 < ds/D < 0.02 at one pipe
0 \ / ’ Reynolds number, i. e., the variation in local Reynolds number d',

R. Shaw, JFM 1960, 10.101//50022112060000281




Fig. 4.7a,b Magnified images of wall tapping with dg = 2.381 mm.
(a) Rejected due to burring (¢/ds = 0.63x107) and (b) Accepted
(After McKeon and Smits [4.13])

.| Orifice

h

o MEFLIN T B ¥ th 2 3 U 8 7= 2
-

To

McKeon & Engler, Pressure Measurement Systems, in
Springer Handbook of Experimental Fluid Mechanics

ICE Cavity

HangHua HiteRis
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AP
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84

0 100 200 300

Fig. 4.6 The effect of the condition of the tapping orifice &S
edge: the variation of the pressure error IT with relative &=t
burr height € /ds (After Shaw [4.8]). The dashed line 1s the -
small-tapping, zero-burr error 27
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303-781-8486
industrialspec.com/shop/plastic-tubing

Silicone Tubing Specifications "\
[ Working \p,yngs

ISM Item # D:.:ﬁ:gfer g:;f;‘:; Length/ F;%ﬂ:’ YPer 100
(21°C)* \Feet
S-11618-100 116" 178" 100! 10* lo.s
S-116316-100 116"  3/16" 100 207 l1.3
$-332532-100 3/32"  5/32" 100 10 lo.7
S-332732-100 3/32"  7/32" 100 15* 16
S-18316-100 18" 316" 100 10° o9
S-1814-100 1/8" 14" 1000\ 20 /20
\ )/
HIHRIHELBEMRHRAD) - WRA : Bt
T QRMHENE, RSB, BANRE. TemnRe, MRARIRR, WRRLHRWE (k 18819714465 \ ~ Ve / — \

Part Number & P i Working Pr Ibs.
Color Code ﬂﬁ:"s";'z'l? w Stardird Colore 75°F/25' 15:?;,:;5'c| o
foclures 10247: = 100'Bog | 0 gron  o23e @io: 420pd 250831 .)\5 3/8" Pl C
1A247- — 2500' Reel ; |
1J-200. — 100" Bag | |
1€:200- — 500' Reel . . , .
15200, — 1000' Ry /8 093" 016 (01]05]06]07 -5 27051 160s| .2% /2" PLC
1A-200- — 2500 Reel | |
11201. — 100" Bag ‘ |
1C:201- — 500’ Reel
" " " 03 08 (.):10; .
IBo0l. — 1000 Rey 3/37 106" 025 Dos DD @osDiiop) 350 P%I 210Psl 5’l| 1/2 Pl C
1A-201- — 2500’ Reel \ |
11202. — 100' Bag \ /
1B202- — 500' Reel 3/16" .138" .025"  (PDD Do 260PSl\ 160PSI /55  5/8" Pl C
1A-202- — 2000' Reel \ /
1J214 — 100'Baa_ - ) N_7 1
Silicone Tubing Technical Specifications from ISMiwis
. . 28 %
(industrialspec.com) [=]



https://www.industrialspec.com/shop/media/catalog/pdf/silicone_tubing_spec_sheet.PDF
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Lecture 19: Standing Sound Waves and Musical Instruments
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* "Clarinets" (B2 Z&E, B H): as a string
with one fixed and one free end.
Even harmonics are absent. Allowed

wavelength are
A=4L 4L/3, 4L/5, ... 4L/(2n+1)

Open vs Closed pipes (Flutes vs Clarinets) (unsw.edu.au)

c BHHE R ERZINELS R
jJﬂ]\'TEEL_/)t\/EZ
Yg%wﬁkﬂﬁ

(ualberta.ca)



https://sites.ualberta.ca/~pogosyan/teaching/PHYS_130/FALL_2010/lectures/lect19/lecture19.html
http://newt.phys.unsw.edu.au/jw/flutes.v.clarinets.html
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Nobach & Tropea, Fundamentals of Data Processing,
Springer Handbook of Experimental Fluid Mechanics
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2E PSI (INTE) ESPZE%Z:

PERFORMANCE
Static Accuracy ®
@100% range *  *0.03 % FS range = 10 psid  >140 kPa
+0.06 % FS range = 10 in WC to < 10 psid
+0.15 % FS range < 10in WC <25 kPa

Miniature Electronic Pressure Scanner with 64 Channels | ESP-64HD Series | TE
Connectivity

=iz,

==Y =N
== N
EfE:
==t b
==t =
‘EiE:
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E P A fePSUN & & 45

2

raE

0-700 kPa (FRJE) ., BE: Ef2(E0.05% (350.0 Pa);
0-200 kPa (FR/E) ., HBE: Ef2(E0.05% (100.0 Pa);
0-30.0 kPa (EJE) , HBE: EfEE0.07% (21.0 Pa);
0-30.0 kPa (&]%) , ¥BE: EFfEE0.07% (21.0 Pa);
0-2.5 kPa (FRIE) , BE: EfE(EH0.11% (2.75 Pa);

+1.0 kPa (&%) , FBE: E7#£E0.10% (2.0 Pa);

1
NN =] + kS kS 31 : -
ZimiE FRFEm AR S - ATERHEY (hanghualab.com) by
SRS



https://www.te.com/usa-en/product-CAT-SCS0067.html
http://www.hanghualab.com/pd.jsp?id=57#_jcp=2&_pp=120_0
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AR, 'q(

g
ar

q
S A8 247
T L,,U’bu (3.43)

Oq =

""‘ "1:‘..‘guun(mﬂ' MOZCZ I, AR VAT E TR SRl o8 (ot (),

qleyy) = oty (3.44)

g&myﬁ,uyzm AR O SR 1, 1)

7 . dg (')g " v
Y - | Y O Ay (3.45)
1* % ﬁ*ﬁ%lt AL (3.43) M3
%Eﬂﬁ“i q:l E‘JK%EE O = b+ dy (3.46)

An lntroductlon to Error AnaIYS|S ] I RGOSR, W 2+ y AIEIES T 2 5 y BOAH0EEZH .

The Study of Uncertainties in Physical Measurements

% —hr

QO (3.13) T LLHEP BT 4RO g B
BIHLES, (LA (3.43) LU

FEALIN () 5 WES A O TEKEAS th SE AR ):

ST M TTEE
ERT 2,z AT, E0TATELESTH S b, -+ 02,
3T RS g, 1 2) 0 IR oo 2 BYAHSE BEADSE
ABHL. T4 g BASHISERE

b= (B3e)" +-+ (%52)
FEATHE T, S A 2 ATl A9 i

0q %
B8 < = 5

O vaeats

oz

bq=|g_z. bx (bu: ---:62:0) (3«49)
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X °
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Time Time
constant
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“For the approximately 200 surface microphones on hand,
their robustness, dynamic range and mounting flexibility
make them especially suited for acoustic fatigue analysis. ”

Surface Microphone Put To The Test At Airbus | Bruel & Kjeer (bksv.com)



https://www.bksv.com/en/knowledge/blog/sound/microphone-quality-test

Measurement of surface pressure fluctuations B4 RFFFKEE  Madein China

IAG HangHua MteRisy

afa=1"

W=y Xi40M0D EmE =
80 00

8.0 |[Pa)

’ v 1% TS-Amplitude

Sennheiser KE4-211-2

microphones

sampling rate 16 kHz

resolution 12bit

Briel & Kjaer 4226

Acoustic Calibrator
LWT-overview

Measurement techniques | Institute of Aerodynamics and Gas Dynamics |
University of Stuttgart (uni-stuttgart.de)



https://www.iag.uni-stuttgart.de/en/institute/test-facilities/laminar-wind-tunnel/measurement-techniques/
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20) (PDF) Time domain analysis technique for aerodynamic

Pressure distribution

vind tunnel model studies (researchgate.net)

Scanivalve system:
4 x 48 port
0.01/0.1/1/10bar HBM-PD1

PSI-system:
3 x 64 port
0.025/ 0.05 / 0.35bar ESP64HD

Calibration:
MKS Baratron 120
0.01/ 1bar

0

PC-controlled
pressure scanning systems

IAG

Uriversiti Stutigert

LWT-overview
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Measurement techniques |

Institute of Aerodynamics and Gas

Dynamics | University of Stuttgart

(uni-stuttgart.de)
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https://www.researchgate.net/publication/276332164_Time_domain_analysis_technique_for_aerodynamic_wind_tunnel_model_studies/figures?lo=1&utm_source=bing&utm_medium=organic
https://www.grc.nasa.gov/WWW/K-12/airplane/tunpsm.html
https://www.grc.nasa.gov/WWW/k-12/airplane/tunptm.html
https://www.iag.uni-stuttgart.de/en/institute/test-facilities/laminar-wind-tunnel/measurement-techniques/
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Millivolt
output signal

Pressure
inle

Traveling |/ / Rotor

volume
Thrust / H

bearing From stepper drive
Source: [2]
Test pressure
Pe -, P scanned at up to
Peay ,E'E_ N 20 ports per second
.
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Computer
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MPS4264



https://scanivalve.com/products/pressure-measurement/miniature-ethernet-pressure-scanners/mps4264/
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http://www.hanghualab.com/pd.jsp?id=57#_jcp=2&_pp=120_0
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153 =5
-B72: +1.0kPa (RE) , HBE: Si2(850.10% (2.0 Pa);
-B72: +2.1kPa (RE) , HBE: Si2(850.10% (4.2 Pa);
-E78: 0-2.5 kPa (F[E) , fE: £12(H0.11% (2.75 Pa);
-8f8: +5.5kPa (FE) , HBE: Ef2(H0.10% (11.0 Pa);
-E£f8: 0-7.0 kPa (FE) , HBE: E7(H0.07% (4.9 Pa);
-278: £10.3 kPa (FE) , FBE: E7%(H0.10% (20.6 Pa);
-E78: 0-30.0 kPa (RIE) , FEE: EiE(H0.07% (21.0 Pa);
-E718: 0-30.0 kPa ({8IE) , #[E: E=72{H0.07% (21.0 Pa);
-E718: 0-100 kPa (FRFE) , fEE: E72(H0.05% (50.0 Pa);
-E718: 0-100 kPa (£BFE) , f&fE: £72(H0.05% (50.0 Pa);
-E78: 0-200 kPa (FEME) , ¥E: E72{80.05% (100.0 Pa);
-E78: 0-200 kPa (#FE) , f5E: Bf2{80.05% (100.0 Pa);
-E72: 0-700 kPa (FME) , ¥E: E72{80.05% (350.0 Pa);
-E72: 0-700 kPa (#FE) , ¥E: E72{80.05% (350.0 Pa);
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devised to calculate the drag from the balance of momentum, the
most commonly used is that of Jones. This method allows the cal-

culation of drag from measurements made only in the wake with an
|n an mcompressible flow, assuming that the pressure in the station

Russo, Aerodynamic measurements, p234




Aerodynamic Forces @
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Pressure forces act perpendicular i
to the surface. ”j_ ////n y ,' ‘\\-\K
= e

Force on the body is the vector sum~ /

of the pressure times the area 7 S~
around the body. ree Stream Velocity T e
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Glenn

Center of Pressure=cp Research

Center
Aerodynamic
Force
Low Angle High Angle
of Attack Pressure of Attack
Variation
(/ g
—_— Center of
Moving Fluid Pressure

Center of Pressure is the average location of the pressure.
Pressure varies around the surface of an object. P =P(x)

Sx p(x) dx

PE <p(x) dx

ot
Aerodynamic force acts through the center of pressure.

Center of pressure moves with angle of attack 53
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153 & 40 45,m/s

s AESNHR, HiED=5cm,

-1.5 -1 0.5 0 0.5 1
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8x8 ARSI HET .
3 S }\ A o : § 8 2.

Journal of Fluid Mechanics: Volume 888 - | Cambridge Core EElE-REEN A



https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/volume/E0C53222045B8891F947ECB550F70538
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(1) (PDF) VORTEX FORMATION IN INCOMPRESSIBLE SR & - FRIER Y
AXISYMMETRIC FREE JETS (researchgate.net)



https://www.researchgate.net/publication/272184248_VORTEX_FORMATION_IN_INCOMPRESSIBLE_AXISYMMETRIC_FREE_JETS/figures?lo=1
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