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Conductance

In a permanent flow, N=N; =N, &

Vv
\25 N = 51n1 = Sznz

“a N =C(n; —ny)
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1 (ny—n,) 1 1
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Conductance - #
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N =N, +N,
N, = Ca(ng — ny)
Ny = Cp(ng — ny)

—

C, = Cq

Ny + Ny, =N = C,(ny —ny)

+ G}

Ca=1
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N =Cy(ny —ny) = Cp(ny, —n3) = Cs(ny —n3)
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M 4. 578 Hetz 2oty & 7tAE0[ S7HE QUL
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O &l 5. O|X| 40| M &7 7tAT S7tH0| LSSt HWHEHe

Z HfZtO| conductanceE HZASIE RS MEHFUCE
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Ofl A

Of| M| 6. Foreline2| &1 A2 =t2tSHH HY 29| conductance
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2 7

NW LA (mm) ISO i (mm) JISAB LHE (mm) VG LHE (mm) ANSI i (mm) DN LHE (mm)
NW10 10 6A 1/8B 8.1 VG20 25.7 1/8" 6.833 DN6 7.82
NW16 16 8A 1/4B 104 VG25 325 1/4" 9.246 DN8 10.40
NW20 21 10A 3/8B 13.9 VG40 471 3/8" 12.522 DN10 13.80
NW25 24 15A 1/2B 17.5 VG50 59.0 172" 15.799 DN15 17.08
NW32 34 20A 3/48B 23.0 VG60 743 3/4" 20.930 DN20 22.48
NW40 40.5 25A 1B 28.4 VG80 87.1 1" 26.645 DN25 27.86
NW50 51 32A 1 1/4B 371 VG100 112.3 11/4" 35.052 DN32 36.66

ISO63 70 40A 1 1/2B 43.0 VG125 136.8 11/2" 40.894 DN40 42.76
ISO80 83 50A 2B 54.9 VG150 162.2 2" 52.502 DN50 54.76
ISO100 102 65A 2 1/2B 70.3 VG200 213.3 21/2" 62.713 DN65 66.90
1ISO160 153 80A 3B 83.1 VG250 264.4 3" 77.927 DN80 82.80
1SO200 213 90A 3 1/2B 95.6 VG300 314.5 31/2" 90.119 DN90 95.50
1ISO250 261 100A 4B 108.3 VG350 351.6 4" 102.260 DN100 108.20
1SO320 318 125A 5B 133.0 VG400 402.4 5" 128.194 DN125 134.50
1ISO400 400 150 6B 158.4 6" 154.051 DN150 161.50
200A 8B 208.3 8" 202.717 DN200 211.58
250A 10B 2594 10" 254.508 DN250 264.72
300A 12B 309.5 12" 304.800 DN300 314.76
350A 14B 345.6 DN350 346.04
400A 16B 396.4 DN400 396.84




Conductance
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Gas flow

. pvD
State of the gas Flow regime Condition Reynold number; R, = T
Turbulent Re > 2100, Q > 200D (air D
_ @i Knudsen number; K, =—
Viscous D/A > 110
Laminar Re < 1100, Q < 100D (air)
p Z|MBEE, v:EE,
D £t X g,
Transition Intermediate 1 < D/A <110 n: 385,
L HAXIHZ (mean free path)
Rarefied Molecular D/A < 1
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Gas flow

Knudsen Number

Mean free path : A

T
A=233%x1072°

[cm] —_—

2
f P 20 °C air
T [K], P [Torr], & [cm]
diameter of molecule
Reynold Number
0 PV p D2
L _py
pvD 4
R, =—— >
1 __MmP
p=mm=pT
Re 9.06 x 10 Re
2100 190.26
1100 99.66

5 x 1073 D__ D% 110
X - —
=——— D x 1073
A=——0F— mmmp —>110 > A 5x10
. DP > 0.55
— Mp 4Q B_ 4M Q M=28.98

¢ " R,T mD?P 1 nR,Tn D

For 20 °C air,
@ Quir = 9.06 X 1072R,D

D:[cm], Q:[Torr liter/sec]

R,=62.364 Torr liter/K
n=1.829 x 104 poise
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Turbulent flow (BL#: &)

QE 0| SAMSD YA M2
E X|
U 9 ST} A|ZH B2t mp2t
SEAEA Hot
Q nD* _ D* _
C = - P=182—P p_h*P
P—P, 1281l % L =

20 °C air

N

Molecular flow (2 F7: = X&)
Knudsen flow
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Conductance

In a permanent flow, N = S§;n; = S;n,

N =C(n; — ny)
Jka

NkT = C(n{kT — n,kT)

NP

w
PV =—R,T

" ~_ T

W : gas2| mass

M : gas2| molecular weight
R, : ideal gas constant
=8.314 x 107 erg/K'mole

(

)

Ny
V

)

N4\ P
=n=<_A>_ P
R,)T

N, : Avogadro’s number
=6.023 x 10%* molec/mole
n : number of molec. per unit volume

k = 2 : Boltzmann constant

Ny

= 1.3805 x 107" erg/K
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Conductance — viscous flow

A &
P P
’ s
a - X
L
Poiseuille’s law D% For other gases, multiply H, 2.046
Q= 128”LP(P1 — P) He 0.918
N, 1.030
0, 0.904
.__0 D4 5 1820_‘*}3 Ar 0.815

~ P —P, 1281L T L

20 °C air
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Conductance — viscous flow
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1285 For= 45270 yepm (P4 Fo) d: 474, L: 58] Qo
hm ye1 mmi.....th :3 (P, +P)Y, um__mmf&mﬁ
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Conductance — viscous flow

Orifice

1 (Y—l)/ /2
co 2134 (P V{Z_Vﬂll_ P2 V]}
1-P2 \p, y-1M P,
1

For 20 °C air, P, >10 P,

C,=1724  [Is]

(A : orifice area, [cm?])

22|z A

0 2.7 mm

20°C, Air
P,>10P,, then C~constant

Pa=(20 Torr)(0.27 cm) > 0.5
.". viscous flow

C

o,min

= 17.2 (3.14x0.1352)
~ 1 (lls)

= 17.2 A (cm)

rot
Hl
2
OK
N
>
e
1
%
%



Conductance — molecular flow

rd

7 9 8

o

T 1/2 D3 D3

20 °C air

Orifice

Y
__Q _ (7)™
C=p—p, =364x10°(57) 4

T\ "2
—364x(—| A=1164
()

20 °C air
of| A|

+ 20°C, Air

? 3.4 mm C=116 A
= 11.6 (3.14x0.172)

~ 1 (Ils)
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Conductance — molecular flow

|:|.ol=

rd

rd

3.44 x 10*

o L_ B (2T V2 g2\
° " “3ym\m ) \BL) &

)" 2

I L

A—”T B =mnD A=ab B=2(a+b)

1 1
g (T) 2D . _344x10%(T\72 a??
S TTTA\M L = 2yt M) (a+b)L

K= correction factor

For 20 °C air

D* i B o
Cair = 12— air =309 B

Z0] [cm], C [liter/sec]

equilateral triangle (a)

_V3at .,
4

an

1
kT /2a3
C =0413 —

a
Cair = 479 T

L

Two concentric tubes with D, & D,

= Z(Dg —D?) B =n(D, + D;)

1
L_m(kT /2(p2 - p?)* K,
- 3\2mm (D, +D;) L

K,= correction factor

2 KO
Coir = 12-1(Do - Di) (Do + Di)T
St ils7|=dxe



Conductance — molecular flow
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Conductance — molecular flow
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@ i ﬁ c-s.mD-L{-ﬁ) - 122
£ 3 2 J]
- D[ T\ (D; - D,}D; + D,)
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Conductance - transition flow

71§ =2
Dt /2 13 4 D3
= P 81— —=182—P +12.1—
C =gt T30 (M) N A l?

For 20 °C air

Conductance (l/s)

L:100cm,D:2cm

1.E+02

1.E+01

1.E+00

1.E-01

1.E-02
1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01

Pressure (Torr)

F

s
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Conductance - transition flow

Transitional flow -} ———— Diameter (mm)
250 150 100 70 40
10,000 = — - — e
s alis £ 25 Flow ranges in vacuum as a function of P-D
4 i 4
1,000 i = = BS ;:::: 16 100 T
111 TT1H M 12 em Viscous
=z :% aill iV °
‘E z e % Transition regime
- 10 . LN A 8 Y § 107
0 0 F 5 °
5 . 2 .E“
[ W 7 o
2 4 y
& 1.0 i Molecular
3 A0 1
c _#,.er 1 +
£ X — 0% 10* 10° 10% 10" 10° 10" 10?7 107
E 01 = = hPa
S - - : 3 Pressure p
L
/m/ ; \
104 1073 102 \107 1 \10 100
Molecular flow Average Pressure (torr) Viscous flow

From Pfeiffer-vacuum.com

Conductance in 1 m long pipes
ol 7|sgdt e

From https://vacaero.com



Conductance — molecular flow

=

Jlot

HE

e Cosine law

Conductance of a pipe
= Conductance of inlet (orifice) x transmission probability (a)

C=aC,

2. FTICH LI HE

. Diffuse reflection

C=aC,

a ; transmission probability

(Clausing coefficient)

For 20 °C air

C =11.6ad /]
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Conductance — molecular flow

T T T

L A |

Berman

a=1+y" —y\ [y’ +1

__[@-y Wy +1+y’ -2F

0.01 1

459y +1=4.5In[y ++/3* +1]

I | L PO T R T T B |

i

0.1

1 10
y= Ld

tid a L a e a L Ad a
0.1 0.90822 3.7 0.23824 7.4 01404 14 6 0.07885
0.2 083408 3.8 0.23376 7.6 0.137239 14.8 0.07781
0.3 0.77115 3.8 0228945 78 i0.13451 15 0.07eg8
0.4 O.71779 4 0.2253 a 013175 15.2 0.07603
0.5 O.67198 41 02213 8.2 i.129 15.4 D.07521
0.6 0.63223 4.2 021745 84 0.12656 15.8 007436
.7 0.59736 4.3 0.21374 8.6 0D.12412 15.8 0.07352
0.8 0.56651 44 021015 8.8 02177 16 D.OF2T
0.9 0.53898 4.5 0. 206865 g 0.11951 16.2 0.0718
1 0.51423 4.6 020334 g2 011733 16.4 0.07112
1.1 0.49185 4.7 02001 9.4 011524 16.6 0.07036
1.2 0.4715 4 8 019687 9.6 0.11322 16.8 0.06861
1.3 0.45289 48 0.19383 g8 011127 17 0.06B8Y
1.4 043581 5 0.190893 10 0.10938 17.2 0.06B16
1.5 0. 42008 5.1 0.18814 102 010756 17.4 D.0ET45
1.6 040548 5.2 0.18538 104 0.10581 17.6 0.068677
1.7 0.39195 53 01827 10.6 01041 17.8 0.06603
1.8 0.37935 5.4 0,180 10.8 i3.10246 18 D.08543
1.9 0.36759 5.5 QATTET 11 0.10086 18.2 0.08478
2 0.35658 56 017512 11.2 i0.09932 18.4 0.068415
21 0.34624 5.7 017273 11.4 003782 186 D.068353
2.2 0.33652 5B 017041 11.6 009637 18.8 0.08232
23 032736 58 0.16815 11.8 0.09488 18 0.06232
2.4 0.318711 B 0165896 12 0.03359 19.2 0.06173
2.5 0.31053 6.1 0.16382 122 009226 19.4 D.0B116
2.6 0.30279 6.2 0.16174 12.4 0.09087 19.6 D.08058
27 0.29543 6.3 0.15871 12.6 0.08371 19.8 0.06004
28 0.288B44 6.4 015773 12.8 0.08845 20 0.055459
248 0.28179 6.5 01558 13 00873 20.5 0.0&5B17
3 0.27546 6.6 0.15382 13.2 008815 21 0.05691
3.1 0.26941 6.7 015208 13.4 0.08502 218 0.0857
3.2 0.26364 6.8 01503 13.6 0.08383 22 0.05455
3.3 0.25812 6.9 0148585 13.8 i0.0B2B6 225 0.05344
3.4 025283 T 0.14664 14 0.08162 23 D.0&237
3.5 0.24778 T 014517 142 0.0B0B 235 0.05135
qﬁ' Fu Ml F Lolaf NI B AL» NENNNN Fs W B L- 1=~ I B SN R a b n 1= Lo S N P B T P = e o N

re) a1 | A
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Conductance — molecular flow

AXH =@

10 cm
010 cm

20 cm

* 20°C, =11 (cm)

C=11.6a4
=11.6(0.3561)(3.14x52)
=324.4 I[s

C=11.6(0.35658)(3.14x52)
=324.9 Is
(L/d=2, a=0.35658)

* 2AL ~0.13%
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Conductance — molecular flow

joil
]
o

s

Elbow

aR =1
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aR =3
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Conductance — molecular flow

O] S Si=E i S Sat=E

L : ® Calculated points
./ | I Experimental points |
7 J © 60° chevron a
) ——- - - R :
A=/ A 0" chevron I
. : b

0.8

0.7

0.6

Pr

0.5

roir=0.25
Ir =050

s

0.4

rofr =075

0.3

0.2

0.1




Conductance — molecular flow

1. M= olo ozt Zate WS =4

* 20°C, 31| (cm)

0910 cm C=11.6(0.51423)(3.14x52)
=468 I/s

10 cm (L/d=1, a=0.51423)

=325 I/s
(L/d=2, a=0.35658)

1 C=11.6(0.35658)(3.14x52)

2. HEIEIA Y FTAl AL
N
—=—+—+..
c C

“THI/LAT 25 2

*Entrance effect; directional or random ?

*Beaming effect
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Conductance — molecular flow

| —

0.51423
a=
2

-
Q
wa|‘—‘

aclausing = 035658 (L/d = 2)
N =

(MTPEIp= ThHEr ) C=C
(Li+L,)/d
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Conductance — molecular flow

]
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