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Fore vacuum

1000 mbar - 0.001 mbar

1000 mbar - 1 mbar: viscous (in general laminar) flow. Heat conduction
and viscosity are independent of pressure (heat transport by convection has

pressure dependence). Rough vacuum.
Mean free path 7%10® m - 7*10 m.

1 mbar - 0.001 mbar: transition range to high vacuum. Heat conduction
and viscosity are dependent of pressure (and gas!). Backstream against
main flow of gas can be important. Fine vacuum.

Mean free path 7#10° m - 7*10? m.
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Main fore vacuum pump types

Positive displacement pumps
Liquid ring pumps
O1l pumps (rotary vane, rotary piston)
Oil-free pumps (piston, membrane, Roots, scroll)
Other pumps
Sorption pump
Bernoulli-principle and impulse-transmittance pumps (ejector,
water jet aspiration, Venturi)

\_ /
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/ Working range \

PRESSURE RANGES OF VARIOUS PUMPS

of pumps ULTRAHIGH  HIGH ROUGH

VACUUM VACUUM VACUUM

ROTARY PISTON PUMP (i
DRY MECHANICAL PUMP
OIL-SEALED MECHANICAL PUMP i
} SOHPTION PUMP

-12 -10 -8
\ PRESSURE IN TORR (UNITS ARE IN EXPONENTS OF TEN) ’
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Liquid ring pump

\_

Simple, sturdy, high capacity

Good at high amount of
condensables (water vapor)

Water 20 tor (15 °C), spec. oil to
0.1 tor), exhaust pressure to 3 bar

Liquid should be cooled
Cavitation!
Precondenser increase capacity

Fore vacuum for Roots pump

‘ Discharge

Suction ‘

Liquid ring ‘

Shaft axis

Body and liquid ring axis
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Rotary vane pump

The ,,work horse™

Pumping speed 1-300 m3/s

End pressure 0.1 mbar
(one stage) - 0.001 mbar
(two stage)

iy S

Older ones with power belt /yane

drive (tension!), new ones
with direct drive coupling

10000* compression (o) (e}
Fig. 4.1 Vane-type mechanical pump: (a) diagram of the

movement; (b) view showing seal; (¢) view showin L'am;!/
\ construction,  ( Sargent-Welch Scientific Co., Skokie, Hﬁ}
i
Csonka lIstvan, Frigyes David ELTE 7

© 2004-



/ Rotary vane pump \
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Rotary vane pump

VANE

e

STATOR

OIL SEAL
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/ Rotary vane pump \

Fig. 6.2. Iniernal-vane, external-vane, and plunger-iype rotary vacuum pumps. It will be noted
that the internal-vane pump involves a rotor concentric with the drive shaft, but which is off-center
with respect to the stator. By contrast, the external-vane and rotary-plunger pumps have a rotor
which is asymmetric with respect to the shaft; however, the shaft 1s centered in the stator. All three
involve close tolerances, so the high-vacuum performance is impaired by particles of dirt or corrosive

gases. Some pumps are partially constructed from soft die-cast metal, which is eroded by mercury.
K Special corrosion-resistant pumps and inert fourinated pumps are used in the semiconductor indus- /

try.
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Rotarv vane pump
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Rotary vane pump
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Fig. 6.3. Comparison of the pumping speed of a typical two-stage mechanical pump with a single-
dage diffusion pump.
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BACKSTREAMING

/ Rotary vane pump

| | I |
102 -
10
MECH.
DIFF. PUMP PUMP
1 1 | | r
10 10-4 10-3 10-2 10-1

PRESSURE (TORR)

PUMPING AND LUBRICATION FLUID BACKSTREAMING
IN THE TRANSITION ZONE
BETWEEN DIFFUSION AND MECHANICAL PUMPS
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/ Rotary vane pump \

Need-to-knows in nutshell

Molecular sieve trap against o1l vapor (X-13, regular baking)
IN, trap against vapors

Brake vacuum on switching off to prevent oil flood of system
Check o1l (color, smell, consistency), change in case of doubt
Sateguard from solids

A small amount of water or solvent can be removed by ballasting do not
forget to close ballast gas)

Rotary direction of three phase electric motor

Q not obstruct exhaust, vent to ventilation J
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Rotary piston pump
High capacity, high el E
longevity (decades of = t:r\\\‘?‘j;/ SEPARATOR
work)
0.1 mm fitting, low rpm /’ T
(400-600 1/min), viscous  § ——— o YRR S | 2
pump oil — ,,dust proot™ A) SRSRAReE
Pumpmg speed 1 ) NN [IT7777777 77777, S’Etd% 7777 /4/; SLIDE PIN
1500 m3/h ~ PISTON SLIDE
End pressure 0.01 mbar  waren. /7 é - ke
Liquid cooling i STATOR
Industrial e
\ e MOUNTING }
/BN u”’ PADS
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Rotary piston pump
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Piston pump

Drabec (Ganz)

Italvacuum - Saurus

Sacrificial oiling (min. 10 g/h,
FDA-approved oil, food and
pharmaceutical), dust and
corrosion proof (p.e. drying HCI-
salts)

one (few mbar) or two stages
(<mbar)

Roots for pump (1/100 mbar)

Industrial (few hundred m3/h)

Related to steam engine in
construction and sturdiness
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Piston pump
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1 Barrel - 1st stage 4 Rod
2 Barrel - 2nd stage 5 Discharge valves

3 Piston

6 Oil-feeder for recirculated oil

4

7 Oil-feeder for the injection of non-reusable oil
8 Discharge
9 Intake
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/0il-free pumps

~

For high purity demands, as fore vacuum of oil-free high vacuum
pumps

Substitution for water jet aspirator pump

In lack of cooling effect of o1l, usually more stages with lower
compression (20-100)

\_
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Oil-free pumps
Piston (Varian)

EXHAUST
EXHAUST

Frt

G e e ? L
PUMP OPERATING NEAR '
ATMOSPHERIC PRESSURE Pupgm? ,';EEQ;E}?EA

Teflon or fluorinated surfaces (self lubricating)

\Variable compression (as in case of two stage oil rotary vane pump)/
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Oil-free pumps

Membrane
| N7 7 : 7 = I
w75 s
Multistage (1-2-3-4)
,,Chemical” with fluorinated plastics /
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Oil-free pumps
Blower (Roots)

3-4 magnitude pressure
difference, the usual ones
require a fore pump
(membrane, liquid ring, rotary
vane)

Beware of warming: tight
fittin
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Oil-free pumps
Scroll pump

Spiral labyrinths

Face sealings wears, needs
regular replacement, can
produce some dust

Small power consumption.
I.e. 9m3/h, 102 mbar: 270 watt

/
A - =
A - T
)
»
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Sorption pump

GAS LIQUID NITROGEN
RELEASE CONTAINER
/ VALVE (DEWAR)
MOLECULAR

STAINLESS SIEVE
STEEL
NECK =4

WRAP-AROUND '

HEATER T~ GAS ACCESS

SCREEN

== |quiD
NITROGEN

ALUMINUM
BODY

PUMP BODY
CROSS SECTION

)
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/Sorption pump \

Easy fore pump of oil-free UHV

Limited capacity (few 10000 mbar*liter): more set, while regenerating
one, the other works. Venture fore pump

He, Ne, H, are not pumped, anything else do (freezing or adsorption)
Possible fire/explosion on warming up (organics + O,)

Keep IN, level

Overpressure at warming up

Vent poisons to fume hood

Can be home made. Do not use active carbone, reacts with oxygen. N,
doe not fit into pore 4 molecular sieve, therefore pore 5 and 13

Heat conduction! 10+ minutes starting up
If does not pump (10 s-min), close and regenerate to avoid

backstreaming
Ql 5-6 cycles baking at 250 °C to remove water J
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Steam ejector pump

CUT-AWAY VIEW OF
STEAM JET EJECTOR

o

Filtration, evaporation, drying,
distillation

End pressure: few mbar
Sensitive to overload

(Steam engine: Hardy vacuum break,
forced draught through chimney © )

gt
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Suction flow Mo in kg/hr
Suction flow Vo in m3/hr

“1 2 L 6 10 20 4060 100 200 500

Fig. 2 Suction pressure in p, in mbar

2 steam jet and 1 water jet stage

I mbar
\25 kg/h steam, 3.4 m’/h water
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Venturi pump

Few tens of mbar end pressure
I.e. fore vacuum for sorption pump

Inert gas, not air, 1f possible

AIR

—— PRESSURIZED
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Water jet aspiratory

Filtration, evaporation, drying,
distillation

End pressure: vapor pressure of
water (few tens of mbar)

Drying with silicagel

On verge of extinction: high water
consumption, polluting water (organic
vapors), sensitive to water pressure

Exists with water recirculation

o

Csonka lIstvan, Frigyes David ELTE 29
© 2004-



-

Main types of fore vacuu

~

m gauges

Direct (Toricelli, McLeod)

With calibration (Bourdon, diaphragm)
<

Heat conductivity principle
(Pirani, thermocouple)

F=A*p principle: does not depend on quality of gas

Depend on quality of gas
(usually reads air, M=29)

” - Non-linear signal-
pressure function

,, VISCOSIty” gauge D

Consider: reading vs. real pressure (conductance, condensation,
@urities, temperature differences etc.)

/
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Pressure range of gauges
TYPICAL GAUGE PRESSURE RANGES

TORR [10-" 10-72 10-™ 10-% 10-® 10-4 10-2 10° 102
] | I

| | | | ] | l | |

BUL|IHDOI\II GAUGI:E
1
THEHMOCPUPLE| GAUGE

FIII:iANI GAUGE

| COLD CATHODE
RESIDUALFL |  GAUGE

|

NITROGEN

ANALYZER IONIZATION
] JGﬁUGE

RESIDUAL GAS
ANALYZER

| | |
CAPACITANCE MANOMETER [ "]]
i

\ BaE S i
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o
Toricelli

Theoretical limit: vapor pressure of mercury
(0.001 mbar)

Practical limit: accuracy of reading (capillary
effect, Hg impurities, vibration etc.) - 0.1 torr, in
fact 1 mbar

Can be used continuously, can be used for
controlling (i.e. electric contacts in Hg column)

Hg-pollution

o
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McLeod

; ; Al
Gas laws: compressing a given A0
starting volume, reading end 1 |
volume (precalibrated scale) o -
;ﬂ; Tﬁ-’:r : : i ) :'.Elﬂ:- by
Even down to 10 mbar! 1l |
. . | I’rl-_
Calibration purposes AN
/AN
Not continuous, not automated 'y
Beware on condensing vapors! |
. / '-.1 Fig. 11.1 MecLeod gange.
\ To atmosphere
Breaks easily || S T
P = 0 s
!
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F=A*p
McLeod

capiliary .\F?'E‘Hrvnlr
R"'\.
’(TO e Capillary '
(with closed end) I
T F ~Jlle
j Eg@
f; 5

COMPARISON
— CAPILLARY

MOVABLE | ]
MERCURY
RESERVOIR
Hg LEVEL PRIOR - - - ks ce i
TO MEASUREMENT ig. 7.8, Tilting McLeod gauge. The gauge rotates around the center section. This center section
5 so contains a nipple (extending out from the back of the drawing) which may be attached to the
"R“EQEA’V"‘(}]RF 2 wuum system through a hose. For a more permanent arrangement, the center section is attached to
e SR h e ,1/3\ vacuum line by means of a standard taper joint and the base is disq:uﬂedl. Iﬂi?iu]l_\-. lh.u:- gauge is
T e - FLEXIBLE HOSE  ,su40d 5o that the mercury runs into the reservoir. When pressure equilibrium is established with

ine system being measured, the gauge is rotated back so that gas is compressed into the dead-end
capillary and the top of the mercury in the reference capillary coincides with the tn!:rfnd :-_E the dead-
end capillary. Generally, the gauge is provided with a scale which may be read directly in terms of
pressure. These gauges cover the medium-vacuum range, but generally do not extend into the high-
rACUNMm region.

\Small ,yotating” 1s excellent for quick checks down to 0.001 mbar
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F=A*p
McLeod

Mc Leod vacuummeter Mc Leod vacuummeter Mc Leod vacuummeter Mc Leod vacuummeter Mc Leod vacuummeter Mc Leod vacuummeter
1B LB B po 1P, l]r.v
0 o Ta P=p+p.g*
I :
1P P 5 P P
lume l l l

Sl g
&
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Bourdon

Bourdon tube

Closed end

To 1 mbar

Used for pressure as
well, as on gas reductors

Mechanical link

Easy to buy from dairy
industry supplies
(milking machines work

Fixed open end

with vacuum) }

Applied pressure

Fig. 7.5. A metal Bourdon gauge. The thin Bourdon tube is sensitive to the pressure differential
\ between the surrounding atmosphere and the gas contained within the tube. The tube deflects an /

indicating needle which allows a direct pressure determination from the calibrated scale.

e
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Membrane

To 0.001 mbar accurate,
usable to 10> mbar, only
3-4 magnitude range

o

(ABSOLUTE ONLY)

ELECTRODES

~

PFI - ( Px*l—-P
D [

DIFFERENTIAL

EVACUATED

\\\\\

ELECTRODE
CONNECTIONS

Can measure pressure AUACUATED Bep
Capacitance (Baratron), ABSOLUTE
piezoelectric Pq PORT CAPACITOR  SENSOR BODY AND
(DIFFERENTIAL ONLY) ELECTRODE DIAPHRAGM ASSEMBLY

Py PORT
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Heat conductance of gases

~Linear range

s A —

Heat transport/W
> Thermal radiation

- A

!

—

10-3 1 p/mbar /
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/Thermocouple

Temperature of
heated wire with
calibrated scale

FIL

/

™

THERMOCOUPLE GAUGE PRINCIPLE

AMENT

To 0.001 mbar e

(=)

Can became dirty,
wire can burn out

Slow

Newer ones utilize
convection and can
gauge to over
atmospheric pressure.

\_

THERMOCOUPLE

=L

METER
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Pirani

PATH 1

Most abundant ~" o O\ TO SYSTEM

Fast, range 0.0001-2
mbar (+convection up to
2 bar)

Electric resistance of
heated wire or power
demand of keeping
steady temperature-

COMPENSATOR

REGULATES HEAT

,_TO THE LAMPS

OR RESISTORS

resistance
(compensated) Y~
Wheatstone-bridge PATH 2 \BALANCES
. . METER TO 0
Can became dirty, wire POWER SUPPLY
\Qburn out
/
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/ ,VIscosity” gauge \

phase

\_

VERTICAL |
MAGNETIZATION
OF BALL
. N

Gauges impulse transfer PERMANENT | _ VERTICAL

between surface and gas ; coiL
PICK-UP COIL{ s
102 - 5*107 mbar: 1% et
_ N LATERAL MAGNETIZATION _

Ancient type: 2 — OF BALL

attenuation of vibration of o ~—VACUUM TUBE
. . BALL|

quartz fiber (tuning fork) >

For calibrat “ ™ o

or calibration purposes, PERMANENT | STAE
not for everyday use S
END VIEW
CROSS SECTION
SPINNING ROTOR GAUGE /
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Vacuum-control

~

mass regulators

buoyancy through gas volume)

1.75. abra. Egyszer(i

\ manosztat

Most electronic vacuum gauge can control. At least a switch relay

Vacuum control: valve open-close, rpm of electric motor, Vacutron,

Ancient systems: Hg-bubbler, Cartesian-diver (pressure affects

4

'y

el

//

1.76. dbra. Cartesius-manosztat
A-0sz6, B-higanyos edény, Cés
D—csapok, E—gumidugo.

S—csatlakozas az alland6 nyo-
mason levd térhez

-
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