INTRODUCTION

The goal in designing or working with a vacvum system is to remove enough
gas molecules froﬂ the space enclosed by the vacuum chamber to create the
desired low pressure. Gas molecules may be removed from the system through
a mechanical or a diffusion pump, or they may only be removed from free flight
by capture and retention on surfaces. The purpose of this experiment is to
familiarize the student with components and procedures used to produce a
pressure in the range of 10-7 Torr.

One Torr is the pressure exerted by a column of mercury one millimeter
high., Another common unit of pressure is the micron, abbreviated p, which
is 10-3 Torr. One standard atmosphere is a pressure of 760 Torr. Any pressure
significantly lower than this is called a vacuum. Degrees of vacuum may be

roughly classified as:

vrough 760 - 1 Torr

medium 1 - 10-4

high 1074 = 1078
very high 1076 = 1077
ultrahigh <10-9.

The degree of vacuum desired, and the temperatures which the ccmponents
are expected to withstand, essentially determine the types of components chosen
for use in a system.

~The gases-which must be pumped out of a system arise from various sources.

The obvious one is the gas originally in the system at atmospheric pressure.



The composition of.this gas may change as pressure is reduced, since some
gases pump faster than others. A second obvious source is gas entering the
system through leaks, usually at seals. The leak rate is expressed in Torr-liters/
sec or in 1liusec (liter-micron/sec = %u/sec). A third source is gas desorbing
or "outgassing" féom walls, expressed in Torr—l/cm2 sec. A fourth major source
is vapor from backstreamed pump oil or from system components. This source is
determined by the type of pump oil used, the amount of backstreaming and
materials used in the components. Permeation, or diffusion through wzalls, can
be a fifth soﬁrce.

Leaks, outgassing vapors, and pumping speed usually determine the pressure
which exists in a given system, except for one with a mechanical pump only,

where the ultimate pressure may be limited by the pump's compression ratio.

Important Basic Terminology and Definitions

There are three classes of gas flow, depending upon the pressure and the
system size. At high pressure gradients, the flow is turbulent and flow lines
twist in time and space. At lower pressures, flow lines are straight and
parallel to the pfessure gradient. This is called laminar flow. At still
lower pressures, the mean free path (A) of collisions between molecules becomes ‘
longer than the systemb dimensions, and molecules collide with system walls more
often than with each other. This is called "free molecule" or Knudsen flow. Iif
the Reynolds Number = Re = Eﬁi 2 2100, flow is turbulent (p = mass density,

v = velocity, d = characteristic system dimension, p = viscosity); if A/d 5 0.01,
flow is laminar; and if A/d 2 1.00 flow is molecular. In between the mzin

regimes are transitional types of flow. In vacuum work one need only ccncern

oneself with laminar flow, molecular flow, and the transition between.
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Sometimes it is necessary to know v, the number of molecules incident

on the unit area per second. From the kinetic theory for an ideal gas, v= 1/6 0V a*
s Hhe ?ar',(’ Je AM\M"‘V

whereAVa is the arithmetic average of molecular velocities = (8kT/mM) 1/2 , where

1/2 1/2

M = molecular weight. Thus, v = (2kT/mM) n/2 = P(2nkTM)

The flow rate or throughput of a system is defined as

Q = -~ éégzl = -~9£§%El-with Q in Torr-%/sec.

The reason for the negative sign will be apparent later. Usually T is constant
so that Q = - kTﬁ, which says that flow is proportional to the number of
molecules/sec crossing a given plane.
At the throat of a pump the pumping speed may be calculated if the pressure
is changing slowly enough to be considered constant. Then Q = pﬁ is the volume o% %as
removed per second. In a closed system the volume (V) may be considered con-
stant if the gas load frem incoming gas, desorbed gas, and ﬁapofs is negligible
compared to the gas present in the chamber. Then Q = pV.

At the plane of a pump inlet, -V =g8:= pump speed, in liters/sec. There-

fore S = -

?inlet

The pump may be characterized by a rated max speed (S_.) and a given leak rate (Q.).
Lt He pressare o dhe gums inlel de rcpms«m*';i ‘7 Pir Qg :

Then the actual amount of gas removed is Q = S -Q F (1- .
£ f f :Fl

Q = 0, the ultimate pressure (B ) of the pump has been reached. Thus Q f ?u"

bu

and the actual pumping speed of the real pump is S = Q. s (1— F—
i i

The effective pumping speed at any other plane of the system is determined

. A real pump may act as a source of gas to the vacuum system.

When

by both the actual pumping speed at the pump and the conductance between the
pump inlet and the plane at which pressure is measured. Conductance between

two points of a system is defined as

, in liters/sec,
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where P1 and P2 are pressures measured at the two points. Impzdance is defined as

PP,

Q

, in sec/liter.
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just as in electrical circuits. Formulas for calculating theoretical conductances
for various simple geometries for laminar, molecular and transitioned flow

may be found in the references.7

For a pump with real inlet pumping speed S = ,» connected to a chamber

Q

fs

ékpressure P, by components of total conductance C, Q must be constant through-
i

out, Thus, Q = Sﬁ = P, P-P, = 9.8 - Q_. Therefore, S =85
oi b

S . I
eff, i C Seff S eff S4C

Note that if a pump is very fast (S >> C), then Se = C, and the effective

| ff
|

] punping speed is limited by the size of connecting components.
‘ .

' As estimate of the effective pumping speed at any point in a system may

‘ be measured using a stopwatch or other timer and a pressure gage, if the volume

of the system is known. Since Seff = Q/% = - ?V/F, Seff/V = - p/?. Integrating

gives:

t+At p+A$

S
—eff 4 = - dp
v dt I P’ or

t P



| 2.3 P _
so that Seff 2.3 Xy 1oglo o+bp

Adsorption, Absorﬁtion, Outgassing, and Baking

A phenonenon which is signifiéant for high vacuum systems is adsorption
(and desorption) of gas and vapor molecules on chamber walls. The desorbed
gas contributes most of the gas load below 10—5 Torr. Adsorption is the
process of mclecules being attracted to and attached to solid
surfaces, resulting in a layer of gas molecules a few molecules thick. Ad-
sorption may be physical or chemical., Physical adsorption is characterized
by a weak attraction, with the heat of adsorption being < 8 kcal/molecule.
Chemical adsorption is similar to formation of chemical compounds, and the
heat of adsorption is typically 10-200 kcal/molecule. Since chen%orption
produces very strong bonding, heat must be added to desorb the compund.

The number of moleucles adsorbed per unit area of surface per unit time

-1/2

is given by Sv = Sp(2mnkT) » Wwhere S is the "sticking" coefficient” and

is the prcbability that a molecule striking a surface will be adsorbed}i
which is a function of molecular coverage and temperature. Barrington1 calculates
6

a time of 1.8 sec for a monolayer of air to form on a clean surface at 10

Torr and 15° C.

The desorption rate is given by Nof/ts for less than one monolayer.
N, is the number of molecules needed for one monolayer, f is the “"coverage" or
the fraction of adsorption sites occupied, and t_ is the "sojourn time" or

the average time spent by & molecule =zt an adsorption site. The temperature

Ha

RT

~ 1n-13 . .
t' ~ 10 sec, and Hd is the heat of desorption. Thus, at low temperatures,

variation is dominated by the exponential form of t, = t' exp(33), where ¢

adsorption is high, even for low Hd'
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Absorption is the process whereby gas diffuses into a solid and stays
there in a dissoived state, For gas dissolved in a solid, the equilibrium -
concentration is €= bpllj, where b is the solubility of the gas in the solid,
and j is the dissociation constant of the gas (j = 2 for diatomic gas in

metal and j = 1 for all gases in non-metals). Thus, as pressure is‘reduced,

dissolved gases diffuse out and must be pumped away. Time dependent diffusion

. & ae H
is described by D —3 =g » Where the diffusion constant D = D_ exp (- ==
dx dt : o JRT

et H 1s the activation energy for absorption and Do is a function of the gas
and the solid. In equilibrium flow, gas will diffuse through a wall from
high pressure to low pressure at a rate equal to the diffusion into the
wall on the high pressure side. This process is called permeation. The
desorption or outgassing of an actual system may be described as follows.
Let K be the rate at which gas appears to emanate from system walls per
unit area. As a function of pumping time, K may be described empirically
t-Y, where K

by K(t) = Ku + K is K at t equal to one hour, Ku is the

1 1
limiting value of K, and y is a funciton of time. A typical plot of K
versus pumping time is shown in figure 1, with and without baking. Note that

the scales are logarythmic.
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The effects of baking are to accelerate the rate of outgassing, so
that a lower pressure may be reached more quickly and also to reduce the
ultimate pressure which may be attained. In general, the higher the bake
temperature, the greater the beneficial effects, if the system is designed
to perform satisfactorily at the high temperature. Note that the bake
is started after pumping down to scme low pressure. It is necessary to
pump out physically adsorbed gas before baking a system. Otherwise,
the adsorbed gaﬁ)especially water vapor, may become chemisorbed, necessitat-
ing a prolonged high temperature bake for desorption.

Outgassing rates may also be reduced by ion bombardment or other clean-
ing methods. Gas evolution rates for typical vacuum materials are in the
range 10_7 torr—ﬁ/sec-cm2 for metals, 10_6 torr-%/sec cm2 for ceramics
and 10-5 torr-4/sec cm2 for elastomers, all for unbaked systems. More

specific data can be found in the referencelo.
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Vacuum pumps may be divided into two general categories: those with
moving parts and those without. A pump may be characterized by its pumping
speed, its baseé (lowest possible) inlet pressure and the upper limit on

pressure to which it can safely discharge.

Mechanical Pumps

The mechanical pump has two functions: (1) as a roughing pump, to
attain a rough vacuum so that a diffusion pump may be started if a still
lower pressure is desired and (2) as a fore pump to back a diffusion
pump. A mechanical pump can discharge against atmospheric pressure.

2 t0 1074 torr range

Minimum inlet pressures attainable are in the 10
and are essentially limited by the compression ratio. The rating is speed
at standard temperate and pressure (STP), which is displacement times
revolutions per unit time for the rotary type. Speed decreases with
pressure at the lower attainable pressures. A double vane rotary type
pump is described below. The principle is the same for other rotary types.

Gas from vacuum chamber

A moves into the expanding

volume B swept out by one
arm of the rotor. Maximum
volume (C) is reached and

maintained as the second

arm moves past the inlet.

Ol

4 : The volume begins decreasin
£ quate 2 A Yuude Vane Retar Y Picm ‘9. ' B B
when the first arm moves past the exhaust part (E). The V¥olume D decreases

until pressure in D is greater than atmospheric, which causes discharge

valve E to open so that the compressed gas is expelled. After operation
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/ for some time, the pressure in D will be no greater than atmospheric, even
with maximum compression. Then the pump can no longer reduce the inlet
pressure and base pressure has been reached.

éﬁiﬁé at g, G, H between moving and stationary parts are maintained
by an oil film; Clearances at these points are obviously very small.

Efficient pump operation depends on smoothness of sealing surfaces
and the correct amount of o0il flow to lubricate and seal. Surfaces can
be damaged by scratches from solid particles in the oil or gentering from
the vacuum chamber. 1If oil flow is too great, air dissolved in the oil
Qill raise the base pressure, and if oil flow is too small, air will 1eak
directly into the chamber.

0il contamination is also a problem, which is reduced by the use of
“"gas ballast." 1In the compression stage, pressure may become great enough
for vapor in the gas to condense and dissolve in the oil. This vapor will
then re-evaporate on the low pressure side, limiting the base pressure.
Vapor may also chemically break down the oil so that sludge is formed to
interfere with pump operation. ''Gas ballast" involves admitting some
dry air into the compression chamber so that atmospheric pressure is i

reached at a lower compression ratio, so that less vapor condenses.

A mechanical pump necessarily vibrates a great deal. A solid con-
5 nection between the pump and the rest of the system will transfer this

i vibration to the whole system, creating strains which may cause leaks.

} : A flexible connection, such as rubber or plastic tubing réduces this
|

problem.

Mechanical Booster Pumps

{ A mechanical booster pump has a low compression ratio (~10/1) as

) : ’ 5 ]
compared with a mechanical rotary pump {up to 107/1) The booster pump
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is most useful on large systems,in the range of 1 to 500 u, where mechanical an«&
diffusion pumps are least efficient. It increases pumping speed in this

range when used between a mechanical pump and the vacuum chamber or diffu-

sion pump. An important advantage is that no sealing oil is required. A

Boots type mechanical booster pump is shown in fig. 3. The impellors rotate

at high speed in opposite directions. Very small clearances (1 mm) are

maintained between impellors and between impellors and housing.
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Other types of mechanical pumps are described in the literature.

7

To obtain pressures well below 10--3 torr the most common.pump used

is a vapor pump. Instead of gases being compressed and expelled to the

atmosphere by a rotating mechanical member, high speed molecules are used

to pump the gases from the chamber.

NDiffusion or Vapor Pumps

Diffusion pumps have a maximum discharge pressure limit of about 300
M, and therefore require a fore pump or backing pﬁmp. The inlet pressure
maximum is about 20 p when the oil is hot. The ultimate base pressure is

in the range 5 x 10-3 to 10-9 torr, depending on the type of fluid as well

as on the pump system.
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has a downward-directed velocity, which is imparted to gas molecules
diffusing into the inlet from the vacuum chamber. Vapor is condensed on
the sides of the pump chamber, which are cooled usually by air or water,
and it drains back into the oil reservoir to be re-evaporated.

If the fore pressure in the exhaust line is too high, pumping speed
will be considerably reduced and "backstreaming" of oil vapor into the
vacuum chamber will increase. Backstreaming is "drift of the working
fluid [vapor] of a pump upstream toward the vessel being exhausted."

If the fore pressure exceeds the critical limit, then pumping action
étops completely and the vessel is usually drenched with oil. Most
vacuum systems have a safety device which turns off the oil heater when

fore pressure is above a certain limit. Fore pumping must be continued

as long as the pump is hot, even after the heater is turned off.

Organic oils are subject to chemical decomposition at high tempera-
tures or when exposed to high pressure air when hot. Decomposition
increases vapor pressure and‘backstreaming. Silicone oils have greater
resistance to decomposition than organic oils.

Mercury was originally used as the working fluid in diffusion pumps.
Since it is an element, it cannot decompose, and thus can tole?ate a
higher fore pressure. However, it has a relatively high vapor pressure
and is highly toxic. It is also adversely affected by oil diffusing back

from the mechanical pump.

Baffles
‘Baffles, usually cooled, are placed in the line of sight (optical)
path between the diffusion pump and the vacuum chamber to control back-

streaming. Vapor which strikes the baffle is condensed and allowed to
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drain back into the reservoir. Baffles are also often placed in the
exhaust line to reduce loss of pump fluid. Conductance is reduced by
baffling and thus pumping speed may suffer but a lower base pressure is
usually made possible. Baffles should be designed so that conductance
is reduced as iittle as possible while reducing backstreaming as much

as possible.

Pumping by Iconization and Special Surfaces

Several types of pumps work by trapping the gas molecules within
the system. Devices with such pumping action are getter pumps, ion getter
pumps, adsorption pumps and traps, and cold traps and cryogenic pumps.
In these pumps gas is held captive on active surfaces.

A getter pump employs metal which is heated to evaporation and
deposited on the pump walls. The metal combines chemically with gases
to form stable compounds with very low vapor pressure. Metals such as
molybdenum, zircbnium, and titanium readily form compounds with many

gases; however, titanium is the most widely used. Evaporation followed

)
by deposition of metallic film may be intermittent so that a gas monolayer
may form before a new metal layer is deposited; or it may be continuous

so that the metal film surface is continuously renewed.

A fresh getter film is most active before completion of a gas mono-
layer. Continued pumping depends on deep penetration of gas by diffusion
or the formation of many monolayers.

Getters pump best with reactive gases such as oxygen, hydrogen and

nitrogen. They are ineffective with inert gases like helium and argon,

and complex molecules like hydrocarbons.
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Ion getter pumps are of two types -~- the cold cathode, also called
'sputter-ion or Penning pumps, and the hot cathode or evaporation-ion pump.
In a sputter-~ion pump, electrons emitted from a cathode in the vacuum chamber
ionize gas molecules as they are accelerated toward the anode. The posi-
tively ionized.molecules are accelerated to the cathode, where they are
buried. The impact sputters atoms off the cathode, which is made of a
getter material. An evaporation-ion pump works much the same way as a
sputter-ion pump, except that getter material is also evaporated from the
hot cathode.

In either ion pump, an external magnet may be used to cause the
electrons to move in a helical and therefore longer path, so that they
are more likely to collide with gas molecules.

Getter-ion pumps work well with reactive gases and are capable of
pumping inert gases to a lesser degree. Pumping speed with argon is
initially high because of ion burial at the cathode. But this mechanism
saturates, causing the ﬁumping speed to fall to about 1% of that for air.
Only about one ion in 100 striking the cathode is adsorbed after satura-
tion.

Complex molecules such as water vapor, ammonia and hydrocarbons are
easily pumped by getter-ion pumps. They become dissociated, and each
compcnent is pumped according to its partial pressure. However, it is
common for methane and other members of the paraffin series to be produced
in a getter-ion pump. Pumping speeds relative to air for various gases

in a getter-ion pump are shown below.



PUMPING SPEEDS FOR DIFFERENT GASES

%
Hydrogen 270
Deuterium 190
Light hydrocarbon 90 to 160
Nitrogen 100
Carbon dioxide : 100
Water vapor 100
Oxygen 57
Helium 10
Neon 4
Argon 1

The greatest advantage of getter and getter-ion pumps is the lack of
pump oil, whose vapor pressure limits the ultimate pressure. Another ad-
vantage is clean pumping without needing buffles or traps. Disadvantages
are that the getter material gets used up and needs replacement, and the
pumping performance of gettér félms depends on their condition and the gases
being pumped. These pumps are most effective below lO-5 torr and are not

practical above 20 u.

Adsorption Pumps and Traps

Materials such as charcoal, alumina\ and zeolite have a great capacity
for adsorbing gas, and can therefore be used as pumps. First the material
is heated to release the adsorbed gases which are then pumped out by another
pump. The material is then cooled under vacuum to room temperature oY
below (where adsorption is most efficient) and exposed to the volume to
be evacuated. Adsorbing material is often placed in a pipeline as a trap

for vapors entering from down stream.

Cold Traps and Cryogenic Pumping

Vapor is readily adsorbed and condensed on a cold surface. Water

vapor is condensed on a surface at liquid nitrogen temperature at the rate
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of 95 2/sec per square inch of exposed cold surface. If high adsorption
materials are used at liquid nitrogen temperature, a small system may

0'2 torr.

be reduced to 1
At liquid hydrogen temperature (20°K), all gases except helium,

hydrogen and neon are condensed. At liquid helium temperature (4.2°K),

all gases except He are condensed. Hitrahigh vacuum may be achieved with

the help of these cryogenic liquids.

A cold trap or adsorption trap may be placed in the line between

mechanical and diffusion pumps to prevent mechanical pump oil from diffusing

to the diffusion pump exhaust baffles and mixing with diffusion pump oil.
Mechanical pump oil decomposes readily at diffusion pump temperature and

has a high vapor pressure.



Valves i :Zf;

There are several kinds of vacuum valves in common use. The gate or
slide valve prcvides a direct optical path when open, an! thus has a high
conductance. As an additional advantage, it can be opened and closed very
quickly. In this valve a plate is moved perpendicularly to its own plane.
The plate carries an o-ring in a groove on its perimeter.

The quarter-swing butterfly valve also provides a high conductance,
direct flow path, and can be opened and closed very quickly. In this valve,
a disk is rotated about a horizontal shaft crossing the diameter of the
circular aperture to be closed. The seal is effected by an o-ring around
the perimeter of the disk.

The reedle valve provides fine control over gas flow. Consequently,
it has a very low conductance. The needle is moved up and down by means of
a screw device which can be calibrated. The seal between needie and seat is

metal to metal. It is possible to unseat the needle so that it won't close.

Dbroperly if the valve_is opened all the way, Therefore, ggﬁ;igg should be

used.

Angle vzlves are best described by self-explanatory diagrams in fig. 5.
Figure 5a shows an angle valve which uses elastomerseals. Figure 5b shows a
modification using a one piece housing and 2 metal to metal closing. The
closing employs one surface of soft metal such as copper which is shoved

(softly) against a hard metal knife edge. 4 metal bellows isolates the
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evacuated space from the driving mechanism, which is at higher pressure.

The only advantage of the all metal valve is its bakeability.
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Two metal or glass flanges with smooth surfaces joined together make a
good mechanical union, but narrow microscopic channels remain between them.
Even channels of micron size (here 1 micron = 10'-6 in.) can produce a
considerable legk in high vacuum systems. Consequently a third, somewhat
resilient part is compressed between the flanges and fills up small ir-
regularities of the surface. Important properties to be considered for
vacuum gaskets are pl%%icity, elasticity, permeability, vapor pressure and
permissible temperature range.

The most widely used gaskets are elastomer o-rings fitted into flangé
grooves and are made of synthetic rubber type materials such as neoprene,
butyl, silicone, teflon and viton; Viton is a very good material for high
vacuunm work due to its very low outgassing rates and may be heated to 150° C

(without grease). Surfaces o~rings make_contact_should be in-

)
e}
lad
=
el
=
lm
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efore assembling, Large compression loads are

not necessary when using elastomer gaskets.

Sometimes a very thin coating of low vapor pressure vacuum grease is
applied to o-rings to facilitate sealing and prolong o-ring life. Grease
should not be used for any high temperature applications due to decomposi-
tion of the grease, A table of properities for Apiezon vacuum greases is

shown bz2low,
Vapor Pressure

at Room Temperature
Type Melting Point (°C) : (torr)
47 <1070

L

-7
M 44 <10
N
T

43 <1078
125 1078
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When bake temperatures above 150°C are used, gaskets must be metal.
Metals commonly used are soft ones like gold, aluminum and copper. Common
shapes are flat rings or circular wires. Metal gaskets require very high
compression loads.

Special seéis are designed to accomoda?e motion. The ion acoustic
wave experiment employs two common types. One is an o-ring seal for re-
ciprocating motion. The other is a swivel seal which allows both rotating
and reciprocating motion. Special seals are also designed for electrical

lead-ins and vacuum gage mounts.
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VAPOR PRESSURE DATA FOR A NUMBER OF COMMON GASES
(Prom R.E. Honig and H.0, Hook, RCA Review 21, 360 (19¢0). with permission)

Data *
Temp. Temperatures (°K) for Vapor Pressures {torry)
Range, )
Symbol Compound ok 1013 | 10712 | 1011 ] 10710 | 109 | 108 | 10-7 | 106 | 10°5 | 1074 | 10°3 | 10°2 | jo°! 1 10! 102 103
‘ Ar Argon 82- 88| 20,3 1.3 22.5 23.7 25,21 . 26.8 28.6 30.6 33.1 35,9 9.2 43.2 48,2 54.4 62.9 73.4 © 89.9
[ Bry Bromine 253-331102.0 | 106.5 | 111.0 | 116,85 |122.0 | 128.5 (138.5 | 143.5 | 152.5 | 163.0 174,5 | 188,85 | 204, 224, 248, Q282, 339.
- CHgy Mecthane 48-1121] 24,0 25.3 26.7 28.2 30.0 | J32.0 34.2 6.9 39.9 43.5 47.7 52.9 $9.2 67,3 77.7 ©91,7 [115,0
’ co Carbon Monoxide | 56-133| 20,5 21,5 22.6 23.8 25.2 26.7 28.4 |  30.3 32.5 35.0 38.0 41.5 45.8 St.1 57.9 ,\' 67.3 84.}
;’ CO, Carbon Dioxide 107-196 | 59.5 62.2 65.2 68.4 72.1 76.1 80.6 85.7 9.5 98.1 106.0 | 114,5 | 125.0 |137.5 |153.8 [173.0 (198,00
COS Carbony! Sulfide |162-224 ’ (124.5) ©139,5 [159.5 |[187.0 229,
Cs, Carbon Disulfide |194-319 (160.0)0177.5 |199.5 [228, 249, 329,
Ciy Chlorine 162-420| 66.1 69.1 72.4 76.0 80.0 84,4 89.4 95.1 | 101,58 | 109.0 117.5 | 127, | 140,0 |155.0 o173.0 |wiy 245,
Fy Fluorine 54- 89 N(52.2) © 59.$ 70.8 §71.9%
Hy Hydrogen 14- 21| 2.67 2.8 3.01 .2 3.45 an 4,03 4.40 4,84 $.38 6,08 6.90 8.03 9.55 | 11,70 15,10 |} 21,4
HBr Htydrogen Bromide [120-205} 51,8 54.3 $7.1 60,2 63.7 67.6 72.1 77.1 82,9 °\ 89,6 97,5 I07.0\|lll.5 132.5 [IS%1,0 (175.0 ©209,
HCl Hydrogen Chloride({132-195| 49,7 |. 52.1 54.6 57.% 60.6 64.1 68,1 72.5 77.6 83.4 90.1 98,1 108,55 [121.0 |137.0 |158.5 @193.0
HF Hydrogen Fluoride)240-290 - ' Fl79.0) 01207, 245, 301,
H,0 Water 175-380|113.0 | 138.8 [ 124.0 {130.0 | 137.0 | 144.83 | 1S3.0 | 162.0 | 173.0 |} 185.0 198,5 | 215, * | 233, 256, 284, 31s. .
HaS Hydrogen Sulfide |[153-213] $7.1 59.8 | 62,7 65.9 69.5 73.5 78.0 83.1 89.0 95.7 103.5 \113.5 | 124.8 138,83 [156.5 |180.5 ©O218,
He Hcelivm 0.9-5.2 : 0,980 1,268] 1,738~ 2.634] 4,518
1 lodine 398-456 [141,5 | 147.5 | 154,0 | 161.5 | 169.5 | 178.5 | 188.5 | 199.5 | 212, 226, 243, 262, 285, 2, us, Oae9, 4,
Kr Krymon 63-121{°27.9 29.4 30,9 32.7 34.6 36.8 39.3 42.2 45.5 49.4 53.9 59.4 66.3 74.8 85.9 IIOI.O 0123.8
N2 Nitrogen S4-1281 18,1 19.0 20.0 -| 21.1 22.3 23.7 25.2 27.0 29.Q | 3.4 34.1 37.5 41.7 41,0 54.0 03.4 80.0
N,0 Nitrous Oxide 103-186| S5.8 58.3 61.1 064.2 67.6 71.3 75.% 80.3 85.7 91.9 99.0 | 107.5 | 117.5 |129.5 |144.0 [162.5 189.5
NO Nitric Oxude 73-1804 37,7 39.4 41.3 43.4 45.6 48,1 50.9 54.0 57.6 61.6 66.3 | 7.7 78.1 85.7 95.0 {106.5 ©l23.5
NH) Ammonia 145-2401| 70.9 74.1 77.6 81.5 85.8 90.6 95.9 | 102.0 { 108.5 | 116.5 125.5 | 136.0 | 148.0 |163.0 {18i.0 ©O206. 245,
Ne Neon 15- 45} 5.50 5.79 6.11 6.47 6.88 7.34 7.87 8.48 9.19] 10.0S 11.05] 12.30] 13.85 | 15,80 | 18.45 | 22,1 © 27.5
0, Oxygen 57-1541 21.8 ‘22,8 ™\ 24,0 25.2 26.6 28.2 29.9 3.9 4.1 36.7 39.8 43.3 \ 48,1 54.1 © 62.7 74.8 92.8
SOz Sulfur Dioxide 178-261| 78.9 82.4 86.3 9.4 95.1 100.0 | 106.0 | 112.5 | 119.5 | 128.0 137.5 148.5 | 161.% |177.0 {195.5 ©225. 269.
Xe Xenon 110-166] 38.5 | *40.5 42,7 45.1 47,7 50.8 54.2 58.2 62.7 68.1 .74.4 82.1 91.5 [103.5 {118.5 |139.5 1170-0
© Melting point for the compound .
\ Transition point for the compound . .
3 ,
. / .
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CHAPTER 2
GAS FLOW IN VACUUM SYSTEMS

Turbulent, viscous and molecular flow. Conductance.
Molecular flow conductance.  Combined viscous and
molecular flow. Gas flow data.

TURBULENT FLOW

TuEe behaviour of a fluid as it flows through a pipe depends on the
pressure at cach end of the pipe, i.e. on the mean pressure and on
the pressure drop along the pipe. The latter governs the flow velocity.
If the pressure and flow velocity are sufficicntly high, the flow is
turbulent and is characterised by eddies which appear and disappear,
while the fluid pressure and velocity of flow at any point fluctuate
about mean values. Although irregular, the flow can ncverthcless
be described by laws of probability. Thus, according to Hinze?-"
‘turbulent fluid motion is an irregular condition of flow in which the
various quantitics show a random variation with time and space
co-ordinates, so that statistically avcrage values can be discerned .
The criterion of turbulent flow is the value of the Rcynolds
number R which is defined by the equation
UDp
-t
n

where U = mean fluid velocity,

D = pipe diamcter,

p = fluid density, and

n = coefficient of viscosity.

The flow is turbulent if R > 2200, This leads to the result that the flow
of air at room temperature through a circular pipe is turbulent if
PFID > 5x 10°
where Fis the flow rate through the pipe in L/s,

P is the mean air pressure in mtorr, and

D is the pipe diameter in inches.
13
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4 VACUUM TECHNIQUE

A study of turhulent flow would be of little practical value to the |

vacuum enginecr, which is fortunate since the subject is somewhat
complex. This type of flow can occur in the pipe between a rotary
pump and a vacuum system in the carly stages of pumping the
systcm down from atmosphcric pressure. Its duration will be brief
cnough to be neglected, however, unless the pump is fast and the
pipe is narrow. Let it suffice to say that a vacuum cngincer who
connccts a narrow pipe to a fast pump deserves a Gilbertian punish-
ment to fit the crime,

VISCOUS FLOW

As the gas pressure is reduced and the Reynolds number decreases
below 2200, the nature of the flow changes. Eddies cease to appear
and the energy which is provided by the pressure pradient along the
pipe is used completcly in maintaining a steady flow. The gas
velocity and pressure become uniform with time and the flow
becomes streamline, i.e. the lincs of flow are smooth and continuous
and curve gently in the neighbourhood of bends and other irregu-
laritics in the pipe. Near the pipe walls the gas is almost at rest,
but progressing towards the centre the layers of gas slide more
quickly over one another until the velocity reaches a maximum at
the centre. Now the viscosity of a fluid is defined as the tangential
force per unit area of either of two horizontal planes at unit distance
apart in the fluid, one plane being fixed and the other moving with
unit velocity. In other words the coefficient of viscosity is a measure
of the internal friction and is therefore important in determining
the amount of gas passing per second through a pipe under these
conditions. This type of flow therefore is generally known as
* viscous ’, or more rarely as *laminar* flow and is governed by
Poisscuille’s law, viz.:

4
Q__xoF
P, -P, nL
where O = product of volume flow and corresponding pressure,

2.1)

n = gas viscosity, and
K = numecrical constant,
This equation will be put into a more practical form later.

The presence of a pressure gradient causes adjacent laycrs of
gas to exert a pressure on each other in the direction of the negative

PN T VL ¥ (PN TIPRY NN PTG SORDIIPRRETY Lo A
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pressure gradient, thus setting the gas in motion as a whole, i.c. a
velocity along the lines of flow is superimposcd on the Maxwellian
velocities. Viscous flow can occur only when the mean frec path is
small compared with the pipe diameter. Only those molecules ncar
the walls will actually collide with the walls and since these will
represent only a fraction of the total number of molccules present,
the nature of the walls docs not have an important effect on the
flow rate.

MOLECULAR FLOW

If the gas pressure is lowered even further (still maintaining the
pressure gradicnt along the pipe), then as the mean free path
approaches the pipe diameter, the nature of the flow must change.
The laminar nature of the flow will disappear because molecules
now collide with the walls of the pipe rather than with each other.
When the pressurc is low enough, the molecules move about inside
the pipe indcpendently of each other and the flow is said to be
*molccular . The pressure gradient along the tube docs not now
act as a driving force pushing the gas along the tube in a stream.
At these low pressures the molecules niove in random directions
and there is a nct transfer of gas from the high to the low pressure
region simply because there are more molecules per unit volume
at one end of the pipc than at the other. If the pressure at the left-
hand end of the pipe is higher than that at the right-hand end, then
more molecules will pass per second across a section perpendicular
to the pipe axis from left to right than will pass in the opposite
direction. Thus molecular flow can be treated as a statistical
problem.

CONDUCTANCE

Any pipe or duct offers a certain resistance to gas flow of any type,
causing a pressure drop along the pipe. If F is the volume of gas
flowing per second across any cruss-section of the pipe and P is the
pressure at that section, then the quantity Q of gas passing per
second is FF. The resistance R (or impedance) of a length of pipe is
defined by R = (P, —P,)/Q where P, and P, are the pressurcs at
the upstream and downstrecam ends (this is analogous to Ohm’s
law in an electrical circuit, i.e. R = (V,-¥,)/i). Thus R has the
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dimensions of s/1. and C, the reciprocal of R, is called the conductance
of the pipe in L./s. Thus
C = Q/AP

Conductances in parallel

Consider two pipes in parallel having conductances C, and C,.
The mass flow in each pipe is given by Q, = C,.AP and
Q, = C,;.AP. The total flow Q = Q,+ Q, = (C,+C,).AP. If the
two pipes were to be replaced by a single pipe of conductance Cy
which gives the same total flow, then Q = C;.AP.

Thus Cr=C,+C, 2.2)

Conductances in series

Consider now two conductances C, and C, in scries, e.g. a pipe
joined at one end to another pipe of different diameter. Let AP,
and AP, be the pressurc drops along the first and second pipes and
let @, and @, be the mass flow rates. Let AP, be the total pressure
drop along the two pipes in series and let Q5 be the corresponding
mass flow rate. Then by definition

AP, =Q,/Cy; AP, = Q,/C,;
But AP1~=AP|+AP1

Furthermore, the mass flow rate must be the same throughout the
system, otherwise there would be an accumulation of gas in the

APy = Qr/Cr

systcm, i.e.
0y =0Q;,=0r
Hence 1/Cr=1/C,+1/C, 2.3)
VISCOUS FLOW CONDUCTANCE
Round pipe
For air at 300° K Poisseuille’s law (equation 2.1) can bé rewritten
as
F o (Pi=P}).D*
0-68LP
Now P}—P} =(P,+P,XP,—P,)
=2P.AP
AP.D*
Hence F

= 03aL
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GAS FLOW IN VACUUM SYSTEMS i?

This expression enables the flow, in 1./s, to be calculated in terms
of the pressure gradient along the pipe. Note that F is the volume
flow rate mid-way along the pipe where the pressurc is P, The
difference between F at the centre and at either end is usually
negligible since the pressure drop AP along the pipe is generally
small compared with the total pressure P.

Now, by definition, C = Q/AP = PF/AP

2:94PD*
Hence = 294PD’ L/s 24)
L

Rectangular duct

Let a = long side of rectangle (in),
and b = short side of rectangle (in).
Then for air at 300° K

30a%b2KP
C= —fz-— Ls 2.5

where K is a shape factor whose value depends on b/a, as shown
in Table 2.1. Thus the conductance increases rapidly as the cross-
section changes from a slit to a square,

TaBLE 2.1. Shape Factor for Viscous Flow
Conductance of Rectangular Duct

bla K bla K

01 0-032 06 0-126
02 '| 005 07 0133
03 0-081 08 0-137
04 0-100 09 0-139
0-5 0-115 10 0-140

As in the case of a round pipe, the above expression for C leads
to a relation for the volume flow in terms of the pressure drop
along the duct.

C = PF/AP,  whence F = C.AP/P
252
ie. F = 30a Lb K .AP /s
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13 VACUUM TECHNIQUE

General

Viscous flow is difficult to treat quantitatively since it dcpends not
only on the shape of the duct but also on the gas pressure. As a
result there is very little information availablc on the subject.
Fortunately, at the pressures which are of most intcrest in high
vacuum technique, flow is molecular rather than viscous. On thosc
occasions when viscous flow is of interest, conditions arc usually
fairly simple, c.g. when the problem is to find the time required to
evacuate a tank, or volume of some sort, through a pipe which is
usually circular in cross-section.

MOLECULAR FLOW CONDUCTANCE

The formulae given below refer to conductances for air at 300° K,
but can be applied to any gas of molecular weight A at a tem-
perature 7°K by multiplying the stated values by 0-31(T/M)},

%
i.e. by ( T . i , taking the molecular weight of air as 29. Table 2.2
300 M

comparcs the conductances for various gases of a given duct with
its conductance for air at the same temperature.

TABLE 2.2
Gas - Conductance for gas
Conductance for air
Hydrogen . . . 38
Helium . . . - 21
Water vapour . . 13
Carbon dioxide . . 0-81

Knudsen’s formula

An expression for the mass flow rate of gas at low pressure
through a long cylindrical tube of any shaped cross-section was
first derived by Knudsen. By equating the momentum communicated

- rans o

S i g
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by molecular collisions to the wall area of a short length of the tube
with the momentum produced by the pressure drop over the same
length, he arrived at the result'>?) that the mass flow rate dG/dt
through a tube of cross-sectional arca A, perimeter B and length L
is given by

dG _8 ( 2m\! A2
dr 3 nkT) RS

where P, and P, arc the pressures at the ends of the tube and m, k
and T have the usual significance. Expressing the gas flow as volume
flow rate F x pressure P, since from equation (1.6) mass

G = (m/kT).PYV, then

8 /2kT\* A2
=PF= - —|.— -
Q B(Rm) BL (P ~Py)

Hence the conductance of the tube is given by

8(2kT + A2
C=-{ —]) —
3 um) BL

' In.deri.ving his formula, Knudsen assumed that Maxwell’s velocity
dlstnbut_non was approximately true for the moving gas—an
afsumpu.on which may Icad to appreciable error in calculation of
differential effects such as, in this casc, the momentum produced
by the pressure drop over a short length of tube. Modern statistical
treatmefnt ?f the problem produces an expression for the rate of
flow which involves integrals whose values depend on the geometrical
form of the tube cross-section. Thus the molecular flow conductance
of a long tube is written as

3 42
c-Sk(2T) £
3 \nm/ BL
where K is a dimensionless constant whosc value depends on the
geometry of the tube cross-section. When A*, B and L are expressed
in inches,
KA?
C =400 *B—E l./S (2.6)
for air at 300° K.

V.7, c
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Long circular pipe
For a circular pipe, K=1, 4= aD?*/4, and B = nD, where D
is the diameter of the pipe (in). Hence
C=T19D|LL/s @
A more casily memorised form of this equation is as follows. If R
is the radius and L’ the length of the pipe, both cxpressed in
millimetres, then C = R3/L’, C being in L/s as before.

Short circular pipe

Equation (2.7) is accurate only for pipes of infinite length.
There arc many cascs in practice when it is important to know the
conductance of a short length of pipe, in which case the conductance
of the entrance aperturc must be taken into account. Clausing?-¥
studied the problem extensively but found that it was impossible
to obtain an accurate formula in terms of known functions. Instead,
he worked out a close approximation which cnabled him to tabulate
as a function of length L/diameter D of the pipe a factor a which
is uscd to multiply the * long pipe * formula in order to obtain the
*short pipe® conductance for that particular valuc of L/D.
Kennard®*# has given an empirical expression which reproduces
Clausing's values within 15 per cent for all values of L/D. His

expression reduces to

3
C=y:i-.al./s

(2.8)
15LID+ 12(L/D)?
where o = 30+ 38L/D+12(L/D)}
Values of a calculated from this equation are given in Table 2.3.
If the diameter of the vessel from which the gas is flowing into the
short pipe is at least five times the diameter of the pipe then the

formula

79D°
C=f+13D @9)
gives values for the conductance of the pipe which are within about
5 per cent of those obtained from equation (2.8). This cquation is
derived by considering the entrance effect as an aperture of arca
" nD?/4 and conductance 75z D?/4 1./s in series with the conductance

79D/L 1./s of the pipe itself.
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TabLE 2.3. * Short tube * Conductance Factor

LID o LID ]

0-04 0-028 2:0 0-540

0-08 0-055 50 0-700

01 0-068 10-0 0-840

0-2 0-130 20-0 0-910

05 0-250 50-0 0960

1-0 0-300 =100 T

Orifice

Suppose we have a large vessel 1 connected b i

. y a pipe of cross-
sccftlon Ay s.md length L to a second large vessel 2 through an
orifice A (Fig. 2.1). Gas moving towards the right from 1 has first

KN NE

FiG. 2.1. CONDUCTANCE OF ORIFICE Ao A
I e L
of all to find the orifice 4. It then travels down the pipe L and has

to find the orificc 4 in order to enter 2. The .
. overall left-to-
conductance Cy is given by eft-to-right

1/Cy = 1/Cy+1/Cy+1]C,
where C, = conductance of orifice A, within vessel 1,
C, = conductance of pipe L, and
C, = conductance of orifice 4 within the pipe L.
Gas moving towards the Icft from 2 has only to find the orifice 4

and flow down L in order to reach. 1. The overall right-to-left

conductance is simply
l/Cr = llc‘+ llC3

where C, = conductance of orifice 4 within the vessel 2.

Under molccular flow conditions, the gas molecules in any
system move in all dircctions. Thus, in the system of Fig. 2.1 the
left-to-right and the right-to-left conductances must be equal. If
they are not, then, starting from a uniform pressure throughout the
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9 VACUUM TECHNIQUE
system, there would be a net gas transfer in the direction of the
greater conductance, which is not possible. Thus
1/Cy+1/Cy+1/C3 = 1]C4+1]C,
whence . 1/Cy = 1]C4—1/C,y
Now it is readily shown from kinetic theory considerations

(equation 2.5) that the amount of gas flowing per second through
an aperture of arca A4 in? out of a vessel which is large compared

with the aperture is
Q =75(P,—P,)A |. mtorr/s

where P, and P, arc the gas pressures in mtorr on either side of
the aperture. Hence the molecular flow conductance of the aperture

1S

C=175AL]s (2.10)
and in the problem above, C, = 754,
and C, =154
Thus Cy =154 A[/(Ag— A)

To sum up, the molecular flow conductance of an orifice of area
A in? in a plate which blocks the end of a pipe of cross-sectional
arca Aq in? is given by

C =1754¢A/(Ao—A)L[s (2.11)

If the area of the orifice is small compared with the area of the
pipe in which it is situated, then Ao/(Ao— A) is approximately
unity and

C =754 (cf. equation 2.10)

It is interesting to note from equation (2.11) that the molecular
flow conductance of a given orifice becomes larger if the cross-
sectional area of the surrounding pipe becomes smaller. For
example, compare the conductance of a 2 in diameter orifice in a
plate blocking a 12 in diameter pipe with its conductance when
blocking a 3 in diamcter pipc—242 L./s in the first case compared
with 425 1./s in the second.

Loevinger has suggested that the correction factor Ag/(Ay— A)
is also applicable when the flow is viscous®-*).

Elliptical pipe
The conductance of a long elliptical pipe has been calculated by
Turnbuli®®, If @ and b are the semi-major and semi-minor axes,

;
J
!
i
i
:
?
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respectively, of the elliptical cross-section and L the length of the

pipe (all expressed in inches) then the conductance C, of the pipe is
given by
C, = 632ab*/L L[s (2.12)

Compare this with equation (2.6) for the conductance of a tube of
any cross-section. The cross-sectional arca 4 of an cllipsc = nab
and its perimeter B = a[2(a® +b2)]* approximately. Substituting
these values in equation (2.6) gives
- 400n%a’b’K

aL[2(a?+b%)]}
= 632ab?/L (from equation 2.12)
632[2(a*+ b’)]_*

400na

= 0-71[1+ b*/a*]}

If the elliptical pipe communicates with a large tank of cross-
sectional arca A, then the conductance C; of the cntrance into the
pipe is found from the orifice formula, equation (2.11), multiplied
by the shape factor. Then if 4 is the cross-sectional area of the pipe

(= nab),

G

Hence the shape factor K =

C, = ;"5”“; x 0-71[14b?/a?]t

and the overall conductance C is given by

Rectangular duct

Consider now a rectangular duct communicating with a large
tank. The conductance C, of the length of the duct is given by
equation (2.6). If a and b are the lengths in inches of the long and
short sides of the rectangle, respectively, so that the cross-sectional
area A = ab and the perimeter B = 2(a+Db), then

200ab?

(a+b)L
The shape factor K is obtained from Table 2.4, in which the values
have been computed from a paper by Barrett and Bosanquet(?-7),
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TasLe 2.4, Shape Factor for Molecular Flow Conductance
of Rectangular Duct

bla K | ba K
1 1-108 1 1-297
i 1-126 1 1-400
} 1151 s 1-444
} 1-198

Next, the conductance C, of the entrance into the duct is found

from the orifice formula, equation (2.11), multiplied by the shape-

factor K. Then

_154,4
T Ap—A ,
where A, is the cross-sectional area of the tank in in2. The total
conductance C is, of course, given by

1/C =1/C;+1/C,
- 1200424,
. 164(Ag—A)+3A,BL"
Example: Determine the conductance of a rectangular duct 10 ft
long with a cross-section 2 x 6 ft leading from a tank having a

cross-sectional area of 16 fi2.
In this case /g = } so that K = 12,

200 x (12 x 144)?
T (8 x 12)(10 x 12)
From equation (2.11) multiplied by the shape factor,
_ 75 x (12 x 144) x (16 x 144)
T (16 x 144) — (12 x 144)
Then C = 56,600 1./s.

C, K

whence C

Then C,

x 1:2 = 62,200 L./s

&

x 12 = 622,000 L./s

Annulus formed by a thin disc within a pipe

The conductance is taken as being that of an orifice (from
equation (2.10)) of area equal to that of the annulus, multiplied by

GAS FLOW IN VACUUM SYSTEMS 25

a shape factor K. Thus C = 754K. If D, is the diameter of the thin
disc and D, the diameter of the pipe, K has the values given in
Table 2.5 (computed from Barrett and Bosanquet's paper?-"),

TaBLE 2.5. Shape Factor for Molecular Flow Conductance

of Thin Annulus
D'/Dz K 'D|/Dz K
0 1 0-707 -1:254
0-259 1072 0-866 1-430
0-500 1-154 0-966 1-675

Annular passage formed by a solid cylinder placed coaxially inside
a tube

The conductance C; of the entrance is found from the thin plate
formula indicated in the previous paragraph. The conductance C,
of the length of the passage is found from equation (2.6) where, now,

A = cross-sectional arca of annulus, in?,

and B = length of outer perimeter of annulus plus length of inner
perimeter, in.

K is found from Table 2.5.
Thus, 1/C = 1/(15AK)+ BL{(40042K)
h . 120042K
whence 164+ 3BL
Slit-like tube

Let a and b be the lengths in inches of the sides of the rectangular
section of the tube and let b < a.

Area A=ab
Perimcter B = 2(a+ b) = 2a approximalely

Thus the equation C = (4004%/BL)K becomes C = (200ab?/L)K,
where K is obtained from Table 2.6.
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U VACUUM TECHNIQUE
TaBLE 2.6. Shape Factor for Molecular Flow Conductance

of Slit-like Tube 4

I |

L/b K L/b K '

0-1 0-036 30 0-520 3

0-2 0-068 4-0 0-600 ;

04 0-130 50 0-670 '

08 0-220 10-0 0-940 !

10 0-260 > 100 IInL/b

20 0-400 ;

Bend or elbow ' E |
The resistance of a bend or elbow in a duct of circular or rect- ;
angular cross-section is usually taken to be equal to the resistance {
of the entrance to the bend (where it joins the straight length) plus H
the resistance of the bend measurcd along the centre line as though 15

it were straight. Thus, the conductance of a bend of circular cross-
scction is the same as that of a short circular pipe of equal diameter
and of a length equal to the length of the bend mecasurcd along its j
centre line, p
r—z}' - ]
I A — :
Ly
B~ I |
[ K
[
3
Ly 6y o}’ Fic. 2.2, Coan:RcI:NCE OF VAPOUR ]
- - 1
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GAS FLOW IN VACUUM SYSTEMS 27

Example of calculation of molecular flow conductance
Consider the vapour trap shown in Fig. 2.2. Suppose that it is
mounted on top of a diffusion pump and is, in turn, sur-
mounted by a large vesscl. As gas flows from this vessel due to the
pumping action, it has first of all to find the orifice 4, in order to
enter the trap. It then flows through the short length L, of 4} in.
diameter pipe, after which it has to find the annular aperture A4,
in order to flow down the annular passage L,. All the gas flowing
down L, finds the short length of 47 in diameter pipe L,, so that
there is no entrance effect to be taken into account here. The gas
then has to find the orifice A, in order to leave the trap.
The successive conductances are thus as follows:
(@) C,, the conductance of the orifice 4,. From equation (2.11)
_ 154, 4,
' 4,- A,
where A, = cross-sectional arca of the body of the trap where the
' orifice is situated (in?) and
A, = area of orifice 4, (in?).
751 % 2:44% x 1-132
2-442~1-132
=383 L/s
(b) C,, the conductance of the pipe L,. From equation (2.7)
C, = 79x4-88%/1-38
= 6613 L.[s
(c) C,, the conductance of the annular aperture A4,.
Cy=1754,K (sce p. 25)
where A, = area of aperture (in?) and
K = shape factor given in Table 2.5
= 1-3 since D,/D; = 0-72
Hence Cy = 75n(2-44*—1-75%) x 1-3

Hence C,=

= 870 L/s.
(d) C4, the conductance of the annular passage L,. From p. 25,
40043
C‘ = LB K
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8 VACUUM TECHNIQUE
where A, = area of aperture as in (c),
B = total length of inner and outer perimeters of annulus

(in),
L, = length of passage (in), and

»’

K = shape factor as in (c).
Hence C, = 400 x 8922 x 1:3/(263 x 6-5)
=2431/s

(¢) The conductance of the pipe Ly = C,, the conductance of
L,, since L, and L, have the same dimensions.

(/) For the same rcason, the conductance of the orifice 4; = C,,
the conductance of A,.

Thus the overall conductance Cy is given by
t 2 2 1 1

.~atetete
s 2.2 L.
383 6613 870 243
Cr=931/s

whence

COMBINED VISCOUS AND MOLECULAR FLOW

As the gas pressure is lowered, the change of flow characteristics
from viscous to molecular is by no means clear-cut®®. The change
is gradual and there is a transition region where the flow is partly
of one type and partly of the other. This region is somewhat difficult
to treat mathematically, but for most practical purposes it is suffi-
cicntly accurate to consider a duct in this pressure region as having
a viscous flow conductance C, in parallel with a molecular flow
conductance C,,. Thus from equation (2.2) the total conductance Cy
is given by Cy = Cy+Cy. If under these mixed flow conditions
there are several conductances Cy,, Cr,, ... €tc., in series, then the
" overall conductance Cy is given by

1/C1~ = 1/C1|+1/C1'1+ eoe
1 1 1

—_—= + +...
Cr Cy,+Cy, Cy,+Cy,

ie.
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Circular pipe _

It has previously becn stated (equation (2.7)) that the molecular
flow conductance of a long circular pipe is 79D3/L. This is strictly
true only at low pressures. The complete expression derived by
Knudsen for the molecular flow conductance of a round pipe of
diameter D and length L inches (L » D) through which air at
300° K flows at a mean pressure P mtorr is

¢ 9D 1+0620P

L "14076DP

Thus, in the mixed viscous and molecular flow: region, the total
conductance of the pipe is

__2-94PD‘ 79D% 1+0-62DP

==L L ivoeop

It is instructive to compare the magnitudes of the two conduc-
tances in a pipe through a wide pressure range from, say, 1 to 1076 .
torr. This is done in Table 2.7 for a 1 ft length of 2 in diameter
pipe. Values are for air at 300° K and the entrance cffect is neglected.

The following points emerge from this table:

(1) at high pressures Cy, is almost negligiblc;

(2) at low pressures Cy, is negligible;

(3) C), varies by less than 20 per cent throughout the whole

pressure range.

(2.13)

Cr

(2.19)

TanLe 2.7. Conductance per Foot Length of
Two-inch Diameter Pipe

Pressure - Cy Cu Cr

(torr) /) (/) (/s)

1 3910 43-3 3953
10~! 391 434 434
10-2 39-1 440 83
1073 391 47-2 51
1074 0-391 519 52
10-* 0-039 52:9 53
10°¢ 0-004 530 53
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The third point is readily explained by reference to equation (2.13)
which shows that the maximum value of Cy, is 79D%/L while the
minimum is 0:62/0-76 (i.e. 82 per cent) of the maximum.

Equation (2.14) can be used to find the lowest pressure above
which only viscous flow. conductance need be considered and the
highest pressure below which only molecular flow nced be consi-
dered. In the first case let the necessarily arbitrary criterion be that
Cy, shall not be greater than 10 per cent of Cy, i.e.

79D% 1+0:62DP _01x 2:94pD*
L "14+076DP L
Hence P = 220/D mtorr. Thus for pressures above this value it

can be assumed that Cy = Cp, with an error of not more than
10 per cent.

1000— } i _—
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P, MEAN PRESSURE - MTORR
Fi0. 2.3, CONDUCTANCE OF CIRCULAR PIPES

Similarly, the criterion in the second case shall be that C; shall
be not greater than 10 per cent of Cy. The limiting condition is
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GAS FLOW IN VACUUM SYSTEMS 3

then that P = 2:2D mtorr and for pressures below this value
Cr = Cy within 10 per cent. Conductance per foot run is plotted
against pressure for four standard pipe diameters in Fig. 2.3.

SUMMARY OF GAS FLOW DATA

Nomenclature

P = gas pressure (mtorr)

F = gas flow rate (L/s)

D = pipe diameter (in)

L = duct length (in)

A = cross-sectional area (in?)

B = length of perimeter (in)

Turbulent flow
Air flow is turbulent if PF/D > 5x 10,

Conductances in parallel
C1' = Cl + Cz

Conductances in series
lICT = l/C' +1IC2

Viscous flow conductances
(i) Long circular pipe
C =294PD*IL (L.[s)
(i) Rectangular duct
232
C= 3‘.’."_1."1.'-’ K ()9

where. a and b (in) are the lengths of the long and short sides of
the rectangle and K is a shape factor. varying from 0-032 for
bja = 0-1 to 0-140 for bja = I.

Molecular flow conductances

L ircular pipe
() Long cireuar Pt C="79D%L (L[s)
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4 VACUUM TECHNIQUE
(ii) Short circular pipe
_ 7903
T L+133D
(iii) Orifice of arca A
S C=1754 (l].s)
(iv) Orifice of area A in a plate blocking the end of a pipe of
area A,. ‘

c (approx.) (L./s)

_154,4
T Ag—A

C (1./s)

(v) Long elliptical pipe
C = 632ab?*/L (l.[s)
where a and b (in) are the semi-major and semi-minor axes, respec-
tively, of the elliptical cross-section.
(vi) Long rectangular duct
200ab?
where a and b (in) are the lengths of the long and short sides of the
rectangle and K is a shape factor varying from 1-444 for b/a = 0-1
to 1:108 for bja = 1. '
(vii) Annulus formed by thin disc within a pipe
C=T754AK (l.[s)
where A is the annular area and X is a shape factor varying from
1 for D;/D, =0 to 1-675 for D,/D, = 0-966, D, and D, being
the diameters of the disc and the pipe, respectively.
(viii) Annular passage formed by a solid cylinder placed coaxially
within a tube
_ 120042K
" 16A+3BL
where A = annular area and
B = length of outer perimeter of annulus plus length of inner
perimeter (in).
The shape factor X is the samc as in (vii).
(ix) Slit-like tube

(1./s)

- 200ab?

C K (Lfs)

< e, oA
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where a and b (in) are the lengths of the sides of the rectangular
section of the tube (b < a) and the shape factor K varics from
0-036 for L/b = 0-1 to 0-94 for L/b = 10,

(x) Bend or elbow. The conductance of a bend of circular cross-
section is the same as that of a short circular pipe of cqual diameter
and of a length equal to the length of the bend measured along its
centre line (sce (i) above).

Combined viscous and molecular flow conductance
- Conductance of long circular pipe
2:94PD* N 79D° 14-0-62DP
L L '1+4076DP
For pressures above 220/D mtorr the molecular flow contribution

to Cy is ncgligible. For pressures below 2-2/D mtorr the viscous
flow contribution to C; is negligible.

Cr=
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Instrument

dependent or Indepen-
dent on nature of gas
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gauge

Thermal conductivity
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Viscosity gauge
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BayarDp-ALPERT ionization
gaugo
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Repneap (for ultra-high
vacuum)
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Total pressure
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Total prossure

Total pressure
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dependent
dependent
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’?%: SHOULD READ THIS INSTRUCTION MANUAL

" BEFORE INSTALLING, USING, OR SERVICING THIS
EQUIPMENT :

This manual is for use only with Series 274 lonization Gauge Tubes
with the following part numbers.

274002 274007 274015 274020
274003 274008 274016 274021
274005 274012 274017 274022
274006 274013 274018 274023
274028

SAFETY INSTRUCTIONS -

SAFETY PAYS. THINK BEFORE YOU ACT. UNDERSTAND WHAT
YOU ARE GOING TO DO BEFORE YOU DO IT. READ THIS IN-
STRUCTION MANUAL BEFORE INSTALLING, USING, OR SERVIC-
ING THIS EQUIPMENT. IF YOU HAVE ANY DOUBTS ABOUT HOW
O USE THIS EQUIPMENT SAFELY, CONTACT THE GRANVILLE-
PHILLIPS PRODUCT MANAGER FOR THIS EQUIPMENT AT THE
ADORESS LISTED ON THIS MANUAL.

implosion and Explosion

Glass ionization gauges if roughly handied may implode under
vacuum causing flying glass which may injure personnel. Be sure
that cabling to the gauge tube has proper strain relief so that cable
tension cannot break the glass. It pressurized above atmospheric
pressure, glass tubes may explode, causing dangerous flying glass.
A substantial shield should be placed around vacuum glassware to
prevent injury to personnel.

Electrical Shock

All connections to the gauge tube pins should be covered by insuls-
tion. All gauge tube pins should be covered by connectors or by pin
covers. In normal oparation, 180 voits is on the grid connections.
During electron bombardment degas, as much as 700 voits may be
applied to some electrode pins. Do not touch any gauge tube elec-
trodes while the tube is connected to the controller.

Temperature

Ouring degas, the envelope of the gauge tube becomes heated
much more than in normal operation. Be sure that materiais that
are heat sensitive are not in contact with the gauge tube, and be
sure that the gauge tube is not Icoated where personnel perform-
ing necessary system operations might come in contact with the
gauge tube.

Overpressure )

Do not use quick connects or other friction type connections where
positive pressure will exist within the gauge tube, such as in
backtilling operations.

N\)

INSTALLATION INSTRUCTIONS
Receiving Inspection

Domestic Shipments
Inspect all material received for shipping damage.

Confirm that your shipment includes all matarial and options
ordered. If materials are missing o damaged the carrier that made
the delivery must be notified within 15 days of delivery in accor-
dance with Interstate Commerce regulations in order to file a valid
claim with the carrier. Any damaged material including all con-
tainers and packing should be held for carrier inspection. Contact
our Customer Service Department, 5675 East Arapahoe Avenue,
Boulder, Colorado 80303, (303) 443-7660 if your shipment is not
correct for reasons other than shipping damage.

internationatl Shipments

inspect all material recsived for shipping damage. Confirm that
your shipment includes all material and options ordered. it items
are missing or damaged the carrier making delivery tc the customs
broker must be notified within 15 days of delivery.

Example
i an airfreight forwarder handles the shipment and their agent
delivers the shipment to customs, the claim must be liled with
the airfreight forwarder.

it an airfreight forwarder delivers the shipment to 2 specific
airline and the airline delivers the shipment to customs, the
claim must be liled with the airline, not the freight forwarder.

Any damaged material including all containers and packaging
should be held for carrier inspaction, Contact our Customer Ser-
vice Dapartment, 5675 East Arapahoe Avenue, Boulder, Colorado
80303, U.S.A. Telex 045 791 GPVAC Bidr or telephone (303)

443-7660 it your shipment is not correct for raasons other than
shipping damage.

Vacuum Connections

1. Location on system. The gauge tube should be located as close
as possible ta the section of the vacuum system where pressure
measurement is important. Valves or other constrictions be-
tween the gauge tube and the area where pressure measure-
ment is required may cause erroneous readings.

2. Gauge port. Pressure measurement in the high vacuum range
does not require special attention 1o port size. However, as the
pressure of interest more and more approaches the ultra-high
vacuum range, 8 smali conductance between the gauge tube
and the system volume of interest can cause 3 significant dif-
ference in the two pressures. One inch tubulation is minimat,
and at extreme vacuum the nude tube geometry is best
wr:'ereby the gauge tube actually protrudes into the chamber
volume.

TUBULATED GAUGES NUDE GAUGES
Ve F—FILAMENT
0000 G—GRID
C—COLLECTOR
=
{3
SUSISIANT TEPL ' o At
@ 3e70s @
a1 " gl
CONNECTOR FOR TUBULATED GAUGE' GPC CONNECTORS FOR NUDE GAUGES

Figure 1 Gauge Tube and Cabile Connaector Data
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"/’3 Mounting orientation. All orientations are acceptabie.

4. Connections. When using O-ring quick connects on glass
tubulations, care must be used when shiding the §lass tubula.
tion into the quick connect and when gently tightening the
compression ring so that the glass tubulation is not chipped
or cracked. Non-rotatable flanges are ordinarily instailed on
g'ass gauge tubes becausa the bolt ring of rotatable flanges can
inadvertently be dropped on the tube and break the glass
tubulation.

Electrical Connections

Fig. 1 shows the pin connection coda for the various Series 274
gauge tubes. ;

Do not use gauge cables with exposed conductors such as alligator
clips. Al gauge tube pins shouid be covered by connectors or by pin
covers. Gauge cables should be firmly clamped to the vacuum
station to provide strain relief. This helps insure there will be
negligible strain transmitted to the gauge tube pins if there is
relative motion between the vacuum station and the ionization
gauge controler.

It the resistance heated degassable nude gauge is being used with
an electron bombardment degas controlier, be sure that the
unused grid pin is not exposed. Cover it with a suitable insulator if
necessary.

OPERATION
1. Operating Voitage Potentials

The recommended potentials are: Collector, OV; Grid, +180V:
Filament, +30V. The dependence of ion current on variations of
these parameters is shown in the Specifications Section.

2. Filament Emission

As a general rule, low emission current is used in the high
pressure end of the range of the gauge tube. This helps to avoid
the ion current turn-around phenomenon and glow discharge.
High emission current is used at ultrahigh vacuum to obtain ion
Currents that are large enough for convenient measurement.
Typical values are 100uA at 10~3 Torr and 10 mA at 10-9 Torr.
The trade-offs on emission current are that high emission cur-
rent gives betlter readout stability and sensitivity but more
gauge tube pumping if the gauge tube is clean and more gauge
tube outgassing if the gauge tube is contaminated. Likewise,
low emission currents minimize gauge tube outgassing (impor-
tant for a contaminated gauge tube) and minimize guage tube
pumping (important for a clean gauge tube at low pressures)
but yield low 1on currents which are sensitive Lo electronic noise
and are difficuit to measure at lower pressures.

3. Gauge Tube Degas

The contamination level and thus the outgassingrateof agauge
tube may be greatly reduced by heating the electrodes and (asa
consequence of the hot electrodes), heating the envelope
thereby cleaning the tube. The two types of cleaning (degass-
ng) used are resistive heating (I?R) of the grid, and electron
bombardment (E.B.) of the grid and collector. E.B. degassing is
signilicantly preferable only at low pressures but is more expen-
sive. IR heating requires longer degassing periods. Gauge
tube degas s only uselul at pressures below 104 Torr and only
8 lew minutes degas is required at pressures above 106 Torr
since at these higher pressures, the recontamination of sur-
faces occurs readily. if a system is going ultimately to the UHV
range. it 15 useful to degas in the 10-6 Torr range and then
again as the system pressure approaches the expected
ultimate. :

The tubulated gauge and the I2R degassable nude tube may be
degassed by either I’Ror €.B. degas. The E.B. degassable nude
tube may be only E.B. degassed.

4. Gauge Tube Bakeout

It 15 also useful to externally bake the gauge tube if the entire
system s expected 10 pump down 10 an ultraciean state. Gauge
tubes must not be baked over 450°C as glass soltening occurs
just above thal temperature.

-t

v

S. X-ray Limit

The X ray hmut refers to the lowest pressure indication wh
may be obtained in a Bayard-Alpert gauge when all the coliec
(output) current is due to X-ray induced photo-emission a
there is an absence of gas. The photo-electron current ha
value equivalent 10 3 pressure indication of approximately
10-10Torr in glass gauge tubes, approximately 4 x 10~ 10Tor:
2R degassable nude gauges. and approximately 2 x 101 T,
in E.B. degassable nude gauge tubes.

6. Gauge Tube Accuracy .

Due to geometric variations in electrode structures, 3 giv
gauge tube is accurate to within £20% when reading the g
type for which it is specitied.

TECHNICAL INFORMATION

1. Pressure Indication

lonization gauge controllers actually measure the positive ic
current in amperes from the gauge tube but the meter readou
is graduated in pressure unils. Even more specifically, thes
pressure units are direct reading only for the gas lor which

is specified, usually nitrogen {aiso air); this is called a readot
of nitrogen equivalent pressure. Other gases may give muc
different readings from nitrogen.

2. Gauge Tube Sensitivity

To be able to present conversions lables from gas type 10 ga

type, the gauge tube sensitivity, K, is defined:

K = _l+, where i, is the positive ion current to th.
i.P  collector, 1. is the electron emission curren
from filament to grid, and P is the pressure

The glass envelope gauge tube and the I12R degassabie nud:
gauge tube have K = 10/Torr for nitrogen (or air), and the £.8
degassable nude gauge tube has K = 25/Torr for nitrogen (ot
air).

Gauge tube sensitivities tor various gases are tabulated in
reference material in two general ways. One, directly in Torr -}
and listed, lor example, as K,,,x, such as Kn, = 10 Torr— 1. Two,
listed as related to N, by r = K, /Ky, ; thus v, = 1.0,

3. Gas Type Conversions

in general there are two ways to read the pressure of a gas
other than the gas for which a gauge tube is specified. Method
A, perform a mathematical conversion on the direct pressure
readout (usually nitrogen equivalent pressure). Method B, use
an emission current other than the value for which the ion
gauge controller is set up.

Method A: Tocorrect for an ionization gauge controller which is
set up for some other sensitivity (KN, cont) than the gauge tube
(Kn,.tube). the following correction to the pressure readout will
yield the nitrogen equivalent pressure:
Kn,. cont
PN, = Ppg T —-
KN.. tube

To convert the reoddut also to some other gas, the equation
must also include K, 4 00, thusly,

KN,. tudbe KN.. cont

K‘a\l. tube KN,. tube

this then can be written either

P = Py e or
o . Kull. tube
P = PM KN,, con
Y1y g - —— —— -
f, ’ KN.. {ube



Example: For the nude tube of Ky, = 25/Torr using 8 controlier
of Kn, com = 10/Torr and for gasy of argon for whichr, = 1.2,

) py = fra 10 2Pl
12 25 3

Method B: The usual ionization gauge controller is designed for
some calibrated set-point of emission = i_. The new emission
that will correct both for controlior sansitivity andfor gastypeis

Table iI, lonizaiton Gauge Sensitivitios As Reported in the
Literature, from NASA Technical Note TND 5285, by Robert L.
Summers, Lewis Ressarch Center, National Aeronautics and
Space Administration. Pleass see this reference for further
definition of these average values and for calculations of the
gauge sensitivities of other gasas.

To convert ionization gauge readout from nitrogen equivalent
pressure, divide the readout by the values listed forr,.

o Kyucom Average \'I(alues
i2=i. Gas . = gask
gask, tubs [ “"2
ai KL Kugoomt He 0.18
ry Ky, tube Ne 0.30
0, 0.35
i actual emission current is not read out in current units, then Hy 0.46
these equations may be expressed as fractions of full scale as N, 1.00
Air 1.00
i . cont il K. 1.01
B et g £ L e G 105
- Kxwee - s Ko H,0 112
Note that Method B is useful only for decreases in emission NO 1.16
current of small increasss. Ar 1.29
co, 1.42
4. Gas Sensitivity Tables Kr 194
The following table lists relative gauge sensitivities for various SF 2.50
gases. The values lisicd are averages of several gauges and Xe 287
several references from the literature. These values are from Hg 3.64
)
ORDERING INFORMATION
Ysin.od. lin.0.8.
{19.1mm) {25.4mm)
Catalog No. Catalog No.
Bayard-Alpert Type Gauges
Tubulated gauges with iridium coated burn-out resistant filament
Pyrextubulation....coeeeavresisisccenens venenecsssatsernasaoss tresssnestesscsasncationsiarns 274 002 274 005
Kovar tubulation ....oovveerseises cesecesserrane eeesasessssassnne eeseresecssrrassiesscassoes 274 003 274 006
Kovar tubulation flanged with 2%sin.(70mm)o.d. non-rotatable ................ Ceversasereecanns . 274 007 274 008
CuSeal flange
Kovar tubulation flanged with 1-5/16in.(33MmM)0.8. ...voouvernurennersinrnineernsioncresennees 274 020
non-rotatable Mini-CuSeal flange
Tubulated Gauges with dual tungsten filaments
Pyrextubulation........... esesesessaneceststnsressteentstarisassietiras RN 274 012 274 015
Kovartubulation ....eeevveeccvancnrsess cerees 274 013 274 016
Kovar tubulation tlanged with 2%in.(70mm)0.6. nON-rotatable ....ococoiieiiiiiiiiiiniiee, cenrs 274 017 274 018
CuSeal flange
Kovar tubulation flanged with 1-5/16in.(33mm)od. ...... eeesescrssasesessacsssessens cessessess 274 021
non-rotatable Mini-CuSeal flange
Nude Gauges
With dual tungsten filaments, EBdegasonly, on 2Yiin.(70mm)o.d. Contlat flange, EBdegasonly ..... 274 022
With dual thoria coated filaments, on 2% in. (70mm)o.d. Conilatfiange, EBdegasonly............... 274 023
274 028

With thoria coated filament, EBor IR degas,on 2% in.(70mm)o.d.Conflatflangs ... cevens e



v ————— o b

COLLECTOR et wI- |, Gy

REPLACEMENT PARTS AND ACCESSORIES

Replacement filament assembly, tungsten, for use with 274 022 nudegaugesonly ...................
Replacement filament assembly, thoria coated, for use with 274 023 nudegaugesonly ...... tesesians

Replacement tilament assembly, thoria coated, for use with 274 028 nude gaugesonly ................
Flange gasket for 2% in.(70 mm)o.d. CuSeal fiange, OFHC copper, perboxof30.........ocevvvennenes
Flange gasket for 1-5/16in.(33 mm)o.d. Mini-CuSeal flange, per boxof 10.. .....
Flange bolit, nut and washer set, for 2% in.(70 mm)o.d. CuSeal flange, perboxof25...................
Flange boit, nut and washer set, for 1-5/16 in.(33mm)o.d. Mini-CuSeal flange, per boxof 25..............

---------------------

J

274 02:
274 02!
274 024
214 12¢
214 71t
214 12¢
214 71¢

1CuSes! fanges sre manutactured to geometries kcensed by Varian Associstes, inc. CuSesl flanges are produced in-house by Granwille-Phatiips and conform 10 AVS Standard 3.2-3 965

SPECIFICATIONS
Tubulated Electron Bombardment
PHYSICAL DATA Gauge Degassable Nude Gauge
Tubulation % in. (19.1 mm) or N.A.
1 in. (25.4) mm) dia. x
2% in. (57 mm) long.,
Kovar, Pyrex, or flanged
Enveiope Nonex 7720 glass, Nude
2% in. (57 mm) dia. x
5 in. (127 mm) long
Mounting Position Any Any
Collector Tungsten Tungsten
Filament Dual tungsten or Dual tungsten or
thoria coated iridium thoria coated iridium
Grid Refractory Metals Relractory Metals
Overall Length 6 in. (152 mm) 4-1/8 in. (105 mm)
Insertion Length NA. 3in. (76 mm)
OPERATING DATA
Sensitivity for N, 10/Torr & 20% 25/Torr £ 20%
X-ray Limit About 3 x 10~9 Torr About 2 x 10~ Torr
Electron Bombardment 100 watts max. 40 watts max,
Degas
Resistance Heated Degas 6.3to7.5Vat 10A N.A.
Bakeout 450°C 450°C
+] "
3
1. }
i ‘ g .
B
g ' Palslt'ion g '
Pl it lov ! i.-ul-uq
=0ty f=0min
G M wm (e M
= 100 10/ 1o Gauges ™ ’ . ]
5= d A 28/ Tor Gougm ? ‘ s "
{ ] W It Cougm
oo o om " M,',‘“,, wou
GRID VOLTAGE—E (voits) GRID CURRENT—|, (mA)

Figure 2. Operating Characteristics for Series 274 lonization Gauge Tubes.

Resistance Heated
Degassabie Nude Gauge

N.A.

Nude

Any
Tungsten
Thoria coated iridium

Refractory Metals
4.1/8 in. (105 mm)
3in. (76 mm)

10/Torr £ 20%
About 4 x 10~ 1% Torr
100 watts max.

6.310 7.5V-at 10A
450°C
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1 IFFUSION PUMP
1S SERIES
NRC HS2

. ')O TYPE NO. 0160-0

GENERAL

This specification sheet contains all information relating Inlet Flange Connection:

to the physical and operating characteristics of the NRC (s]+] 0 .nches

HS2 Ditfusion Pump, Type No. 0100-0, T 3, inches

. . . THICKNESS ', inch

Befoire unpacking and installing the pump, the user should BOLT CIRCLE 4% diameter

tamiliarize himsell with the information in this specificae NO. OF HOLES p "

tion asheet and the basic insttuctiun manual for the HS- and . N

NIN seties pumps. SIZE OF HOLES ', diameter
: ORIENTATION Straddle @

OPLRATING SPECIFICATIONS GASKET GROOVE - 3'%, 1D x ¥, wide

GASKET O-RING 39HK-16
OPTIMUM OPERATING RANGE:

2 3 &t corr to less thun 3 5 10™° tore Foreline Connections
28" liters/second for sit HEIGHT 12, nches - Allow sdditronal
MANXIMUM FOREPRESSUREL 3;’.}"‘0, heatet removal
l":l:.‘lh:t:sl 33: :g-s :::: JET ASSEMBLY Self-alipning, fractionating design
N : R with 3 diffusion stages and one
weThalh HRCUGHPUT, L et e
BACKSTREAMING RATE AT PUMP INLET: :::.::? half moans with snap ring
0.0009 mg ‘cm?® ‘min (with cold cap) .
POWER REQUIRED (APPROXIMATELY): Mot Conducticn coaled
. 450 wates ' .
, HEAT UP ;ms: CONNECTIONS ', FPT body and quick cool.
/ \‘, % minutes ' Materials of € -
. CQOL-DOWN T'A‘E: aterials o onsrruction:
S nunutes o ‘hreak™’ jet . BOOY Stainless Steel
* 10 minutes 1o vent pump FLANGE Mild Steel
FLUID CHARGE: JET ASSEMBLY Aluminum
100 ¢c¢ All conventional and high performance pump FORELINE BAFPFLE Stainless Steel
fluids, COOLING COILS Copper, Welded to Body
COOLING WATER REQUIREMENTS: HEATER REFLECTOR Polished Aluminum
0.1 gpm at GOl to HO®F inlet temperature COLD CAP ‘" =  Copper, Nickel Plated
BACKING PUMP SIZE RﬁCOMMENDED: ’
3 ctin or larger far optimum chroughput. *(Use %ID 2 1% OD rubber hose for vacuum service,)
.
SPEED CURVE
% y 7
K
e
g 00 -
o -t W Fp &
- I ‘ - =
. (%1145 1P hg =
a 300 6~
3 |1| i g o . pe g
A £ z
:_: 200 . » 'R 3
> -
. - 1
- at
s 100 aﬁ ] zg
- - ; :
. 8 T % -
£ o - = -
o 0° 0 0 o’ 2 w0 0 0°? 0! 0"
PRESSURE -TOAR )
Speed Curves Based On° dard AVS t.“ Procedures *Nomnal backing pump lp..d in 8 typical AVS test installistic

-’

P



*PHYSICAL SPECIFICATIONS Cont.

Hester: Carcridge Type
STD VOLTAGE (Nom.) 115V  1¢

OPTION (Nem.) 220V 19
POWER 430 Vaus (Approximately)
CONNECTOR Plug-in, 115V, aates with

Huboell #5269. (220V, mates
with Hubbell #5669)

EXTERIOR FiINISH Green

lo.pounds
20 pounds

ACTUAL WEIGHT
SHIPPING WEIGHTY

OPTIONAL COMPONENTS

647%02-150 Heuter, 450W, 240V
8011-02-400 Cold Cap (Conduction Cooled)

When ordering replacement parts, quote type number and
sctial aumber of pump.

LIST OF REPLACEABLE PARTS

WLEY FLANGE-6°0 0

'00
3:13/3210 s 1386 wk
0-Aing - 3900 -8

WATER tLLY —~

Y

Quee COoL

Cataleg Ne. Description
6473%02:12% Heater, 4509, 120V —
6608-93-238 Inlet O-ring ~ Butyl
0181-82914 Jet Assembly
8014-02-029 Foteline Baffle -
6601-56-010 Baff{e Retaining Ring
8017-02-073 Heater Reflector -
8015-02-010 Heater Heat Transfer Block
8018-02-02% Heater Platen
6460-18-010 Heater Clip
Stendard Heacer Clip Screws 4-40 3 %, Rd Hd
M/S Ni Plate
Standard Reflector Nuts 10-32 Hes-S/S
Standard Reflector Vashess #10 Sed Flat - S/8
Standard Heater Screws - %-20 x 1°, Hexs Hd C
Sc/Lock washer = §/S
LECTRICAL
oML CY 10w

WATEN JQuTET

Norton Company ressrves the right te changs design and specifications without notice.

.-,»« 3t ‘

&£ 1968 Norton Compeny

‘e e eeeimm e

‘.;*‘/V'UI?TD({( J VACUUM EQUIPMENT DIVIION

FORMERLY WAC EQUIPMENT COAP.
160 CKARLEMONT ST. NEWTION. MASS. Gors/

PRINTED IN U S.A.

P
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Guaranteed Pressure
0.1 micron (McLeod Gauge)
0.0001 mm Hg (1 x 10-4 torr)

Free Air Displacement
160 liters/minute, 5.6 CFM
(9.6 M3/hr)

Specifications:

Number of Stages 2
Guaranteed Ultimate Pressure
1x 10~* Torr (McLeod Gauge)
Pump Speed 525 RPM
Motor 12 HP

Motor Speed 1725 RPM

Drive  1V-Belt~—
Oil Capacity ( 214 Qts. (2.13 liters)
Tubing Required”

13/16in.1.D. (20.6 mm)

Intake Connection

Nipple Thread Type, 1-20

¥%in.1.D. (19 mm)

Exhaust Connection

Thread Type, 1-20

Weight (pump only)

75 Pounds (34 kg)

Shipping Weight (pump only)

82 Pounds (37.2 kg)

Weight (pump, motor, base, drive)
112 Pounds (50.8 kg)

Shipping Weight (pump, motor,
base,drive) 125 Pounds(56.7 kg)

LITERS PER MINUTE

10° 10 0 102
PRESSURE. TORR

Coafer 4 edeced
X 363 # (fo-

o b5 4 Tt

Overall Dimensions

19%a"L x 12Va"W x 15%"H
(48.9x31.1x39.7cm)

Exhaust Filter  Optional, 1417A
Filter Element 1417G

Vented Exhaust  Standard
Belt Guard Standard

Quick Disconnect Coupling
Optional, 1393C

1402 Pump, Only  Without
base, motor and belta

1402B-01 Pump  Complete with
base, motor, oil, belt, belt guard and
cord with line switch and plug. For
operation from 115/230 volt, 60 Hz

power, wired for 115 volt operation.

1402C-01 Pump  Identical with
1402B-01 but for operation from
230 volt, 60 Hz power.

1402K-01Pump  Similarto
1402B-01 but for special helium
transfer and not equipped with
vented exhaust. For operation from
115/230 volt, 60 Hz power, wired for
115 volt operation.

CUBIC FEET PER MINUTE

1402L.-01 Pump  Identical with
1402B-01 but for operation from
110/220 volt, 50 Hz power.

1402M-01Pump  Identical with
1402B-01 but for operation from
3 phase, 230/460 volt, 60 Hz power.

This model is available with
many other motors than those
listed above, including totally
enclosed and explosion proof
types.
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