Proud plynu

Hmotnostni proud plynu

o m  dm
Tt dt
Objemovy proud plynu
%4 %4
Iy = PY _ d(pV) [Pam®s™! = W]

t dt

VAKUOVA FYZIKA 1



Proud plynu mizeme vyjad¥it pomoci po¢tu molekul v/,
které prochdzeji danym priitezem za 1s

dm m
= V =kT—
mov dr ' p mo

V=k——
mo p

(ﬂ) = ind_’" = kIV/
t p=konst p mg dt p

dv
v=/=P<—) = kT
dt p=konst

-~
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Objemova rychlost proudéni S

v
dt

) =S [m’s
p=konst
dv

I = _ =

P ( dt >p P3

VAKUOVA FYZIKA 1
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Zmeéna tlaku p¥i V = konst

Mé&jme nadobu objemu V' s plynem o tlaku p, chceme zménit tlak.

j=dV) _ (dp
dt dt ),

In(p) = ét + konst

S
vt

P = px€
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Zavislost tlaku na case

lnPA
S>0
S=0
Px
S<()
==
t
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Vadivost vakuového systému

p¥i rozdilu tlakd p» — p1 a proudu plynu /

/
G=—— [m’s7 ]
P2 — p1

Rychlost odéerpavani vak. systému je rovna jeho vodivosti, je-li na
jednom konci p=0Pa, G=S

Odpor vakuového systému
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P¥i paralelnim spojeni vakuovych dild
G=) G
i
P¥i seriovém spojeni vakuovych dilii

R=> R
i

I
5.:5?

I
\.Plﬁ
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Objemova rychlost na vystupu z trubice

Még&jme trubici s vodivosti G, protékanou plynem. Na koncich trubice
mé&jme tlaky p1, p2; po > p1 a objemové rychlosti S1, S».

I = G(p2 — p1)
I =pS
I = p252
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=t _ 1 _ 1
P2 Pl—G>P2—527P1—51
1 1 1
G S S

1
52251 S = 52<51
G
1
S1=S—¢
-G

pouze kdyZ G — 00 = S = 51
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Vliv netésnosti

o skute¢né netésnosti (netésné spoje, dirky, vady materiald,...)

d
_P — GN(Patm - Pl) ~ GNPatm

o=y P _
N dt

e zddnlivé net&snosti (desorpce plynil z povrchu), se vzristajicim tlakem
se desorpce zmen3uje a je nulova p¥i rovnovaze dané tlakem a teplotou
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Vliv netésnosti
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Mezni tlak

P¥i Zerpani, objemova rychlost S < 0 by mé&lo po nekonetn& dlouhé dobg
platit, Ze p = py = 0 Pa. Ve skutenosti vZdy plati pg > 0 (neté&snosti,
zdroje plynu, ... ).

_Iv
PO—S

t

<l»

p = po + pxe
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Zdraje plynu

Desorptlon
Diffusion Vaponzatlon
Internal
ermeation Leaks
Real
Backstreaming

Pump

Fig. 4.1 Potential sources of gases and vapors in a vacuum system.

'F.OHanlon: A Users Gaude to Vacuum Technology, Wiley (2003)
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PRISMA-QMESO, tlak 5.9 x 10~* Pa
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2.0e-04 E

1.5e-04 —

[Pa]

1.0e-04 =
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PRISMA-QMESO, tlak 1.0 x 10~* Pa
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Vodivost vakuovych spojii

Vodivost otvorl

P> > Py
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Molekularni proudéni

A>D

1
Uoh_1 =
2-1= 5
1
V12 = pMva = o

/
V=vy1—Vi2=

VAKUOVA FYZIKA 1
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1P,
4kT "
1P

4KkT "
1 v,

4kT(P2_P1)




1
Ia = kTV' Ay = ZvaAo(Pz — P1)

In 1
G = = Zu,A
Py,— P 4770
1
G = ZVaAO

T =293 K, My = 29(vzduch)

G = 115.6A¢ [m®s™]
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Vakuova vodivost kruhového otvoru p¥fi T= 293 K, v molekuldrnim rezimu

proud&ni pro vzduch:

Primé&r [mm] | G [I/s]
16 23.2
25 56.7
40 1453
63 360
100 908
160 2324
200 3622
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Otvor ve stén& koneénych rozméri

Plocha stény: A
Plocha otvoru: Ag
Plochu Ag nahradime efektivni plochou
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Laminarni proudéni

1 =N 2Kk mg
Sora -k (

1
2
m—lkT)

! _Cp

VAKUOVA FYZIKA 1
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P ) r“W vISkezn]
0=5em W po
B vzduch (20 k4 §>f00
p’g«f
¥
%
roudéni
12 mg/e{wléml ~
p<ilo 7 Pa %7
V) |
I 19° 74 10? mj&.?q w7
0 1072 1077 1 101 10% P

2J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Vodivost trubic
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Obecné plati

1 1
R=R Ro=—+—
7o GT+GO
specialni p¥ipady:
L—-0=Rr—-0=R—>Ro

L>D=Rr>»Ro=R— Rt
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Molekuldrni proudéni

Dlouh3 trubice s kruhovym prifezem

L>D , A>1L

v,-,,=\/£ , P=nkT
T™mo

1 Py
A= M kT
1 P>

Vg = —MV, = ———
2T 47T anmokT
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Py — P

W=y —Vv=

\/27rm0kT
/
I=KTvhy, G= 5 p
= CkTw = G= KT _ ¢ [ KT

vV 27Tff70kT 27rm0

Pro vzduch, T =293 K a kruhovy pritez trubice:

D3
G =121— [m3s™1]
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Znameli vodivost trubice pro vzduch, pak vodivost pro molekularni
proud&ni pro plyn X je dédna vztahem:

MO(vz)
Gx = Gy,
Mo(x)
ProL=1m,D=40mm, T =293 K:
Plyn G [I/s]
vzduch .
H> 29.3
He 20.7
Ar 6.5
Xe (M=131) 3.6
dif.olej (M~ 500) 1.8
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Laminarni proudéni

rozdéleni rychlosti ma osovou symetrii, sloupec plynu ve valci s polomé&rem
r se pohybuje plisobenim sily F, = 7r?(P, — Py)
tteci sila plisobi na plose 27rL a je rovna F_ = —n27rrL%

<
)

N
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P, — P
dvy, = — 22771_ Lrdr
Py —
Vy = — 2477 [ L2 + konst
D P, — Py D?
pror:EjevX:O=>konst.: 2417LIT

P,—pP (D>
Vx = — —r
4nlL 4
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oznaéme P, = %(Pz + P1)

Vv
dl = P.d (Ci!_t) = PsvydA, = 2Pmvyrdr
Ps
P, — Py) [ D?
dl = ps% (T _ r2) rdr
j— p,T(P2—P1) /2 D7 2 4
27’]L 0 4
~ D* T D*
=P = (P,—P))=G=——
“Togy L2 P) = 6= g, P
" D

VAKUOVA FYZIKA 1



Pro vzduch, T =293 K, My =29

D4
G = 1358P; [m3s™1]

pro jiny plyn a teplotu T =293 K

dg(x) Mo(vz)

Gx = G
. Vz dg(vz) MO(X)
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7006

Y516y,
'\\1‘{\
w > Obr. 2.39. Vodivost potrubi G jako
; kaﬂléf i funkce tlaku p,, v §irokém oboru
’” nr V::,,Ic""“ tlakd. Vzduch o teplots 20°C,
7 kb Lo potrubio L = 10cm a D= 1cm
w4 w? ] n? w4 P

3J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Vakuova vodivost ohybu (kolena)

V prvnim p¥ibliZeni pouZijeme aproximaci trubici s délkou rovnou osové
délce oblouku (kolena).

Los < Lef < Los+1.33x D
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[}
b
> !
e T
i,—:--t—t'.—nJLe—[J--

R = Rp1 + Ri1 + Rp1/2 + Ri2 + Rpa/3 + Ris

*J. Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Urceni vodivosti vakuového prvku

e vypoltem
e simulaci - metoda Monte-Carlo

e mé&fenim

VAKUOVA FYZIKA 1



Vypoctem

pro molekularni proudéni:

e a - pravdépodobnost

e A - plocha otvoru
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Table 3.1 Transmission Probability a for Round Pipes

vd a vd a

0.00 1.00000 1.6 0.40548
0.05 0.95240 1.7 0.39195
0.10 0.90922 1.8 0.37935
0.15 0.86993 19 0.36759
0.20 0.83408 2.0 0.35658
0.25 0.80127 25 0.31054
0.30 0.77115 3.0 0.27546
0.35 0.74341 3.5 0.24776
0.40 0.71779 4.0 0.22530
0.45 0.69404 45 0.20669
0.50 0.67198 5.0 0.19099
0.55 0.65143 6.0 0.1659
0.60 0.63223 7.0 0.14684
0.65 0.61425 8.0 0.13175
0.70 0.59737 9.0 0.11951
0.75 0.58148 10.0 0.10938
0.80 0.56655 15.0 0.07699
0.85 0.55236 20.0 0.05949
0.90 0.53898 25.0 0.04851

0.95 0.52625 30.0 0.04097
1.0 0.51423 35.0 0.03546
11 0.49185 40.0 0.03127

12 0.47149 50.0 0.02529

13 0.45289 500.0 0.26479x107

1.4 0.43581 5000.0 0.26643x0°

15 0.42006 ® adil

®F.OHanlon: A Users Gaude to Vacuum Technology, Wiley (2003)
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Fig. 3.5 Molecular transmission eprinted
probability of a round pipe. Repri;
with permission from Le Vide, No 103, p. 42 L. L L’;xtuon et al.
Co:eynﬂmt 1963, Société F des I ot Techni '
Vi

&

°F. OHanIon A Users Gaude to Vacuum Technology, Wiley (2003)
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Fig, 3.10 Molecular transmission probability of an elbow. Reprinted
with permission from J. Appl. Phys., 31, p. 1169, D. H. Davis. Copyright
1960, The American Institute of Physics.

"F.OHanlon: A Users Gaude to Vacuum Technology, Wiley (2003)
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Simulaci - metoda Monte-Carlo

_Fig. 3.4 A computer graphical display of the trajectories of 15 molecules entering an elbow
in free molecular flow. Courtesy of A. Appel, IBM T. J. Watson Research Center.

8F.OHanlon: A Users Gaude to Vacuum Technology, Wiley (2003)
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MéFeni vodivosti trubice

k vyvéve

9], Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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1°F OHanlon: A Users Gaude to Vacuum Technology, Wiley (2003)
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(A+B)r =L/

Porovnani: simulace - bod, experiment - x, vypotet !

'F OHanlon: A Users Gaude to Vacuum Technology, Wiley (2003)
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Cerpaci rychlost

Cerpaci rychlosti se rozumi mnoZstvi plynu, odéerpaného vyvévou z daného

prostoru za jednotku &asu p¥i daném tlaku.

dv
S=-—"
dt
Vv dp
V =(p—dp)(V+dV Z oy
pV =(p—dp)(V+dV)=p— -
s _dv__Va
dt pdt
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g VP
oznaéme pg mezni tlak
dp S
g =y P)
S
In(p — po) = _Vt+ konst, prot=0s, p=p1
konst = In(p1 — po) = In ( P~ Po ) = —Et
p1 — Po v

p—po=(p1— Po)e(_%t)
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pro po < p1
p=po+pie\ Vv

tento vztah uddva hodnotu tlaku v ¢ase t pro S=konst

VAKUOVA FYZIKA 1



Priimérna Cerpaci rychlost
v ¢ase od t; do tp

vV _
Stzftl _ /n (pfl pO)
th—t1 Pt2 — Po

v pt1
pro po K pr1 @ po K Py, = Sty—t; = In (—t)
th—11 pt2

doba potfebna k snizeni tlaku z p;1 na pso , pfi konstantni Eerpaci rychlosti

S
4 ptl)
t=th—t; = —=In|{ —
? ' S (Pt2
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Okam#Zitd &erpaci rychlost

_@—i( _ )
A S (P,
Vv P vP

Po

s=s(1-2)

je okamzitd &erpaci rychlost pfi tlaku p.
Viasset=0sapfip>pyjeS,~S
V &ase t — 00, p=poje Sp =0 m3s~1
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Méreni cerpaci rychlosti

e Metoda stdlého objemu
e Metoda stilého tlaku

e Metoda stdlého mnoZstvi plynu
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Metoda stalého objemu

Je zaloZena na mé&feni zavislosti p = f(t) pro V = konst

V _
5t2-t1 — In (ptl pO)
th—t Pt2 — Po

plati pokud mohu zanedbat desorbci plynu ze stén
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Metoda stalého tlaku
Je zaloZena na méfeni proudu plynu na vstupu do vyvévy p¥i daném tlaku
/ /

p P —po

k vokuometry
o I -

50

12
12 ) Groszkowski: Technika vysokého vakua, SNTL, Praha 1981
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Fig. 7.1 Test domes for the measurement of mechanical and high pumps. Right:
F_lowmcter method test dome. This dome is used for speed measurement in pumps with &
diameter greater than 50 mm. Left: Conductance (orifice) test dome. This dome is used for
speed measurement at low gas flows. Reprinted with permission from J. Vae. Sci Tackesl.
4.5.p. 2552, M. Hablanian, Copyright 1987, The American Vacuum Society.

13
13F OHanlon: A Users Gaude to Vacuum Technology, Wiley (2003)
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Metoda stalého mnozstvi plynu

Plyn cirkuluje v uzavfeném okruhu

l:G(Pz—Pl):P15:>5:G(%—1>

1
| LD 1
S, . . S,

\/
A\
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