
Mě̌reńı proudu plynu

I = pS

• mě̌reńı malých proudů plynu v vakuové technice

• pr̊utokoměry

Výběr pr̊utokoměru:

• p̌resnost

• reprodukovatelnost

• mě̌ŕıćı rozsah
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Mě̌reńı malých proud̊u plynu v vakuové technice

• plynová byreta

• mě̌reńı pomoćı kapky Hg

• mě̌reńı pomoćı vodivosti

• mě̌reńı na základě silového působeńı

• dynamická expanze
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Plynová byreta

1
1J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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2
2L. Pátý: Fyzika ńızkých tlak̊u, Academia, Praha 1968
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3

3J.Král:Cvičeńı z vakuové techniky, ČVUT Praha 1996
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4
4L. Pátý: Fyzika ńızkých tlak̊u, Academia, Praha 1968
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Mě̌reńı pomoćı vodivosti

5

I = G(p1 − p2)
5J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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6
6L. Pátý: Fyzika ńızkých tlak̊u, Academia, Praha 1968
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I = G(p1 − p2)
t′

t

t - celkový čas, t′ - doba otev̌reńı ventilu.
Tlak v pomocném vakuovém systému: ∼ 1− 2.10−7 torr.
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Mě̌reńı na základě silového p̊usobeńı

7
7L. Pátý: Fyzika ńızkých tlak̊u, Academia, Praha 1968
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Dynamická expanze

8
8P.Klenovsky, Bakalá̌rská práce, Brno 2006
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9

9P.Klenovsky, Bakalá̌rská práce, Brno 2006
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Etalon na principu dynamické expanze

rozsah 1.10−1 − 10−6 Pa chyba mě̌reńı 0.6%− 2%

pref = I

(
1

S
+

1

G

)

I = p
V1 −V2

t1 − t2
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Pr̊utokoměry

• plováčkové pr̊utokoměry

• turb́ınové pr̊utokoměry

• ultrazvukové pr̊utokoměry

• pr̊utokoměry založené na Coriolisově śıle

• pr̊utokoměry založené na tlakové diferenci

• pr̊utokoměry tepelné
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Re =
%uD

η

10

10S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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11

11S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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12

12S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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13

13S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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Plováčkové pr̊utokoměry

14

14S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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A

(
%v2
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+ Vg% = Ap2 + Vg%2

qV = CdA2

√
2gV
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(
%2
%
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= f (A2)

A2 - plocha mezi plovákem a trubićı, %2 - hustota plováku, Cd - koeficient
ztrát - pro turbulentńı prouděńı p̌ribližně konstantńı
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Turb́ınové pr̊utokoměry

15

15S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
Vakuová fyzika 2 22 / 44



Ultrazvukové pr̊utokoměry

16

16S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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Změna rychlosti nebo frekvence ultrazvukového vlněńı pr̊uchodem
kapalinou.
frekvence 500 kHz - 1 MHz
sṕı̌se se použ́ıvaj́ı pro mě̌reńı kapalin, i kryokapalin (tekutý argon, duśık,
helium)
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Pr̊utokoměry založené na Coriolisově śıle

17

17S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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18

18S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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amplituda kmit̊u 0.8 mm, rezonančńı kmitočet 100-250 Hz
19

19S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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20
20S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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amplituda kmit̊u 0.1µm, rezonančńı kmitočet 500-700 Hz
21

21S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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max. pr̊utok 5 ml.h−1, frekvence kmit̊u 8 kHz, vstupńı otvor 0.5 mm
22

22S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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Pr̊utokoměry založené na tlakové diferenci

qV = f(
√

∆p)
23

23S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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24

24S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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laminárńı prouděńı, qV = f(p)
25

25S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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Venturiho trubice

26

26S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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Termoanemometr

konstantńı rozd́ıl teplot 27

27S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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Kalorimetrický hmotnostńı pr̊utokoměr

28

28S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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29S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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30

30S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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31

31S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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32

pr̊utok 2 - 500 ml.h−1, p̌resnost mě̌reńı 2%,
p̌ŕıkon vyȟŕıváńı 5-50 mW, reakčńı doba < 2 ms

32S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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Deformačńı pr̊utokoměry

33

33S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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34

34S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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Pitotova trubice

35

35S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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Prandtlova trubice

36
36S.Ďad’o, L.Bejček, A. Platil: Mě̌reńı pr̊utoku a výšky hladiny, Ben, Praha 2005
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