ESF Il projekt Zapadoceské univerzity v Plzni

reg. ¢. CZ.02.2.69/0.0/0.0/18_056/0013239

EVROPSKA UNIE =
Evropske strukturalni a investi¢ni fondy
MINISTERSTVO SKOLSTVI
ILADEZE A TELOWYOHOWY

Operacni program Vyzkum, vyvoj a vzdélavani



03 Méreni tlaku

Experimentalni metody v mechanice tekutin a
termodynamice

ZCU: Zkouseni energetickych strojti

4 Prof. Vaclav Uruba
UT AVCR, ZCU Plzen, CVUT Praha

http://home.zcu.cz/~uruba/ZES/
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http://home.zcu.cz/~uruba/ZES/

Obsah kurzu

* Teorie fyzikalniho modelovani

 Méreni teplot

* Méreni tlaku

 Méreni viskozity tekutin

* Méreni rychlosti proudeéni

* Méreni prutoku potrubim

 Méreni povrchového treni

* Optické metody

e Zaklady sbéru a zpracovani signalu a chyby méreni
* Experimentalni zarizeni v mechanice tekutin
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Obsah prednasky

* Tlaky

 Staticky tlak

* Celkovy tlak

* Dynamicky tlak
* Méreni tlaku

 Méreni smeéru proudéni
* Manometry

<
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Tlaky

 Bernoulliova rovnice:
e Staticky tlak 1
« Dynamicky tlak p+5
 Celkovy tlak
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Staticky tlak

fﬁ.mall holes
L2 FI- N - o =
Flow —, - Y
streamlines N I
| | Stem —-IJ
i 1
, v To manometer or
Tlakové odbéry el
) Wall pressure tap Ub) Static pressure probe http://192.237.171.6/products/method-
Qgggignsa;:naﬁzﬁgr;ﬁﬁé ‘ 20 pressure taps Centerline 2c—sta nda rd_pItOt_tu be

Diskova sonda

12 pressure taps on
bottom surface

https://www.researchgate.net/figure/Layout-of-the-static-
pressure-taps_figl 278242986/download
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Celkovy tlak

Flow

[
P
Small hole

Pitotova sonda

Odchylka sméru +-3°

Kiel sonda
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To manometer or
pressure gage
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http://192.237.171.6/products/standard-

pitots
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Kombinované sondy

Pitot-static, Prandtl

Static taps
= (several, equally

sspaced circumference)
B T o

Streamlines

Lol
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[
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https://www.unitedsensorcorp.com/pitot.ht
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Stagnation point

F

/

1 “

i - 8d -
1 L[
’ q T =
F - 7 g

t
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|l Differential Total Slatic
¥ manometer pressure pressure
| hole holes
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https://www.efunda.com/designstandards/ https://instrumentationtools.com/pitot-tube-
working-principle/ 7

sensors/pitot_tubes/pitot_tubes_theory.cf
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Smeroveé sondy

* 2D ———
* 3 odbéry
« 3D

e 5 avice odbéru

Omnidirectional
® 9.5mm
12 odbéri

http://76.12.33.167/3d.html
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Jednotky tlaku

Pascal [Pa = N/m?]

mm H,O (9.81 Pa)

mm Hg, Torr (133.322 Pa)

bar (10° dyn/cm? = 10~ Pa)

atm (1.0133 x 10° Pa) — sea level

at (kgf/cm? =0.981 x 10° Pa) — tech. atm.
psi (Pound-force per square inch = 6895 Pa)
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Manometry

* Typ

e Differential pressure - PSID

 Absolute pressure (rel. to ref.) - PSIA

 Gauge pressure (rel. to atm.) - PSIG

e Vacuum pressure (negative gauge)

 Sealed pressure (rel. to atm. at sea level) - PSIS
*  Princip

 Kapalinové

e Elastickeé
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Kapalinovy manometr

p=hpg
p[Pa|=h|mm]-k
K=p-9

Voda K=9.8

Alkohol k=7.6
Rtut K =133

\\\\\

EVROPSKA UNIE
Evropske strukturalni a investiéni fondy
Operacni program Vyzkum, vyvoj a vzdélavani




Manometry s elastickym sensorem

* Elasticky sensor
 Bourdonovy trubice
* VInovce, kapsle
e Membrany
 Meéreni deformace
 Mechanické
e Kapacitni
e Piezorezistivni tenzometry
* Elektromagnetické
* Piezoelektrické
e Optické
* Potenciometrické
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Bourdonovy trubice Fixace Slepy konec

T S (f_ﬂ

MOTIO

PRESSUR

PRESSURE

SPIRAL TUBE HELICAL TUBE

PRESSURE

MOTION

PRESSURE MAJOR
TWISTED TUBE C-SHAPED TUBE
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Bourdonova trubice

Bourdon
tube

pointer
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s Diaphragm ¢ Pext
Membran = — Pexc- et
y NN i
e Membrana 'Trﬁ?;ﬂ;

q (pressure) Diaphragm in un-deflected position

Ly

S .

* Hladka | + . | ‘,
a . I‘T'I__

(a) Side view (b) Top view : Circular and square diaphragm

https://link.springer.com/article/10.1
007/s00542-019-04601-1/figures/2

e Zvlnéna

https://www.kuze.com/bellows/en

. . 15
I - orsi une <glish/dia-frame.htm
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Membrana

V4 ’

Mechanické snimani

.-'--'

http://users.telenet.be/instrumentatie/pressure/diaphragm-pressure-gauge.html
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Kapsle, vinovec 5
* Kapsle z

}

process
pressure

Process prassure

* VInovec

http://users.telenet.be/instrumentatie/pressur

e/

P process [~
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Membrana

Meéreni deformace
pomoci kapacity (el.)

Lead wires

Capacitor Plates

Sensing diaphragm

Rigid Insulation

Qil fills(dielectric)

Isolating

diaphragm Welded seals
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ressure

,i,
N\ o

/
O
% « Pressure
.

Isolating N Isolating
diaphragm = \ diaphragm
Silicone Sensing

fill fluid  4i30R
phragm

https://instrumentationtools.com/differential
-capacitance-pressure-sensor-circuit/
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Kapacitni snimace

 Robustni

e Linearni

* Vysoka presnost
e Stabilita

e Rozmeérné
 Nizka frekvence

19
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Piezorezistivhi membrany

Piezo-resistors Excitation

current .

R

400 um x 400 um
square membrane
(diaphragm) of a
MEMS pressure
sensor

Excitation
voltage U,

e

Piezoresistor
embedded in the
membrane to detect
the pressure changes
as a result of
membrane deflection

Diaphr
apTaet _‘Output signal U

https://www.researchgate.net/figure/Miniature-piezoresistive-
pressure-sensor-chip-Wheatstone-bridge-
circuit_fig2 305850597

https://www.pmcl.com/products/sts-oem-
piezoresistive-pressure-transducer-td/

20

EVROPSKA UNIE

Evropske strukturalni a investiéni fondy

Operacni program Vyzkum, vyvoj a vzdélavani MINISTERSTVO SKOLSTVI
VLADEZE A TELOWYCHOWY




Piezorezistivhi membrany

* Vysoka citlivost

* Vysokeé frekvence
e Malé

 Teplotni zavislost
 Nelinearni

e Krehkeé

21

S~

EVROPSKA UNIE
Evropske strukturalni a investiéni fondy

Operaf:ni program Vyzkum, vyvoj a vzdélavani W Www-ji,n bo ma ri ne.com




Tlakovy skener

* Piezorezistivni
* az 64 snimacl
* Elektronika, procesor

sssss
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Nateéry citlivé na tlak

Na povrchu, staticky tlak
Deaktivace organickych luminoforu
vybuzenych svétlem vlivem O,
(quenching).

Indikuje parcialni tlak O, .

H. Kautsky a H. Hirsch v 1935.
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Lamp/Laser/LED _Opitcal fiber

—

Camera
Huminator ;)

Computer Monitor
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External calibration chamber Wind tunnel for calibration
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Natery citlivé na tlak

e Kvalitativni
e Vysoke tlaky a rychlosti

RozlozZeni tlakl na povrchu
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Otazky pro studenty

Jaké znate tlaky?

Jakymi sondami mérime tlaky?

Uvedte typy manometru.

Jaké jsou dalSi moznosti indikace tlaku?
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