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VVacuum Ranges and Data

It is common in vacuum technology to subdivide its
wide overall pressure range - which spans more than
16 powers of ten - into smaller individual regimes.

These ranges do not have universally agreed defini-
tions, but a typical distribution is as the graph bellow:
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Pressure <107 103-107 1-10°3 1000-1
Particle number density cm3 <10° 103-10° 10%-10% 10%°-10%
Mean free path cm >10° 10-10° 102-10 10°-107?
Molecular collision rate [« X <10° 10%7-10° 10%-10v 10%-103
Monolayer time s >100 102-100 10°-10° <10°®
Type of gas flow - Molecular flow* Molecular flow* Knudsen flow** Viscous flow***

*Molecular flow: gas flow determined by gas-wall collisions

**Knudsen flow: transition flow

***\/iscous flow: gas flow determined by molecule-molecule collisions
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CONVERSION TABLE OF PRESSURES

‘ pbar ‘ Torr ‘ atm ‘ |?si
(dyn.cm?) (mm Hg) (Ibf.inch?)
1 Pa (N.m?) 1 1.10° 1.10° 10 9.87.10° 1.4510*
1 bar 1.10° 1 1000 1.10¢ 750 0.987 145
1 mbar 100 1102 1 1000 0.75 9.87.10* 1.45.1072
1 pbar (dyn.cm?) 01 1.10% 1107 1 7.5.10* 9.87.107 1.45.10°
1 Torr (mm Hg) 1333 1.333.10° 1.333 1333 1 132103 1.93.102
1atm 1.01.10° 1.013 1013 1.01.108 760 1 147
1 psi (Ibf.inch?) 6.89.10° 6.89.10% 68.9 6.89.10* 5171 6.8.10° 1

SOME EXAMPLES ABOUT VACUUM RANGES

PRESSURE PRESSURE Torr :
(Pa) (mbar) MEAN FREE PATH MOLECULES/cm

Standard atmosphere,
for comparison 101.325kPa

2.5.10%

Vacuum cleaner approximately 8.10* 600 70 nm 10%

Liquid ring vacuum pump approximately 3.2.103 24 1.75pm 10

1.155 kPa to 0.03 kPa
Mars atmosphere (mean 0.6 kPa) 8.66 10 0.23

Freeze drying 100t0 10 1t00.1 100 pmto 1 mm 10% to 10%
Rotary vane pump 100t0 0.1 1t01073 100 pmto 10 cm 10% to 10%3
Incandescent light bulb 10tol 0.11t00.01 1mmtolcm 10% to 10*
Thermos bottle 1t00.01 102t010™* lcmtolm 1010 10%
Earth thermosphere 1Pato1.107 10210107 1 cmto 100 km 10%t0 107
Vacuum tube 1.10°t01.10°® 107to 101° 1 to 1 000 km 10°to 10°
Cryopumped MBE chamber 1.107t01.10™° 10°to 10 100 to 10 000 km 107 t0 10°
Pressure on the Moon approximately 1.10°° 10 10 000 km 410°
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GAS FLOW AND LEAK RATE
| Pa.m3.s? | mbar.l.s? | Torr.l.s? atm.cmd.s lusec
1 Pa.m3s? 1 10 75 9.87 7.510° 592 0.592 441104
1 mbar.ls? 01 1 0.75 0.987 750 59.2 5.92107° 441.10°
1 Torrl.s? 01333 1333 1 132 1000 789 7.89.10° 5.85.10°
1 atm.cm3.s? 0101 101 0.76 1 760 60 6.107 44510°
1 lusec 1.333.10* 1.333.10°3 103 1321073 1 7.89.10° 7.89.10° 5.86.10°%
1sccm 1691073 1.69.10° 1.27.10° 167.10° 12.7 1 103 745107
1slm 2.69 169 127 16.7 1.27.10* 1000 1 745104
1 Mol.s? 2.27.10° 2.27.10* 1.7.10¢ 2.2410* 1.7.107 1.34.10° 13410° 1
PUMPING SPEED
mist 1 103 3600 6.10* 21210°
l.s?t 103 1 3.6 60 212
m3.h?! 2.7810* 2.78.101 1 16.7.10° 5.89.101
l.min? 167.10° 167.10° 6.10% 1 3.536.10%
cfm 4,72.10% 047195 1.699 2832 1
TEMPERATURE
1K 1 K-27315 5/9x (K -459.67)
1°C °C+27315 1 5/9x(°C+32)
1°F 5/9 x (°F + 459.67) 5/9 x (°F - 32) 1
-50 0 50 100 150 200 250
-58 32 122 212 302 392 482
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