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CIL DIFFUSION PUMPS

PURP‘§E

The purpose of this ipetruction book is to present the
operating characteristics of o0id diffueion pumps. The instruc-
tions given in this book will cover the installation, operation
and maintenence of the diffusion pumps. An oll diffusion punp is
new and relatively simple, however, its mode of operst.on g such
that it is in a class by itself, beyond comparison to eny rutauing
or centifugal type of pump. Included in the appenuix of thie bouok
you will find a list of references for advanced reading on o1l
diffusion pumps,

When correspondence is sent to the compeny regaru.ng the
product that is covered by this instruction book, the complete
nameplate reading should be referred to in the letter in crdéer to
give the correspondence the immediate attention which it dewsnds,
Also in case of field problems please be very careful to siLet- vhe
problems clearly end completely as well as stating the attendant
conditions which prevailed when the trouble was encountered.

Vacuum systems are often times very difficult to get In-
to operation and frequent sources of trouble are ones own im-
petience and carelessness. Good vaguum technique has as its basis
patience and understanding. Anothe® characteristic vhlech can not
be overlooked is thoroughness and cleanliness in mothods of clean-
ing interior surfeces which are expoged to the vacuum. A clean
surface for vacuum work must be free from 0ll, rust, water and
dust. These impurities will prevent reaching the ultimate pres-
sure without doing an excessive smount of pumping. By cleaning
all the interior surfaces and keeping them protected during as-
sembly 1t will be possible, if there are no leaks in the systen,
to reacth the ultimate pressure within eight to ten hours.

The fundamentel purpose of the oil diffusion pump 1s to
produce & vacuum in the system, The pumps that are applied on
this ordey will pump down to an ultimate pressure in a tight
system of 5x10-Y mm., of Hg. The normal operating pressure cof the
pumn Is 1.5x10-> mm. of mercury &t the rated speed of 3500

- liters/second,

Oil Diffusion Vacuum Pump.doc 7
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DESCRIPTION OF APPARATUS

An oil diffusion pump consists of & pump berrel which
has a cylindrical section and a conical section welded together to
form the external portion of the pump. The conicel section 1s the
throat of the pump &s it is in this region that the low pressure,
high speed pumping takes place. The throat i1s made conicel for an-
other reason and that is to prcvide sufficient spece in the larger
pumps to place a baffle with minimum decrease in the pumping sveei.
The baffle also is designed.for the purpose of preventing migretién
‘of the pumping oil back into the system. Tke external portion of
the pump has cooling colls soldered on to the pump barrel to pro=-
vide the cooled surfaces inside the pump on vhich the ¢il vapors
will condense. The baffle is also equipped with cooling coils in
order to prevent as much oil migretion &8 possible. The eight ineh
pump has cooling colls on the external surfeces only. The interncl
- parts of the pumps, both eight inech and twenty inch are nearly the
same except for their size. The beciler on the twenty inch pump 1is
divided into two portions by two bell shaped spinnings. The pump
chimneys are attached to the two spinnings in the bcller ¢nd the
01l vapors are directed up the chimneys to the nozzles, then thru
the nozzle opening out into the pump vroper. The nozzles are or-
ranged in series so that one nozzle, the upper one, can be referred
to as a lovw pressure nozzle &nd the lower nozzle as the high pres-
sure nozzle. The fore-pressure against which the pump will opepate
is determined by the lower stage nozzle,

The oil molecules travel in straight lines after emergirng
from the pump nozzles. Various types of jet design will give con-
trol of the vapor by directing it towards the condensing surfaces.
After leaving the jet the o1l molecules collide with &ir moleculcs
and drive them out of the pump. It is by this moleculab s¢ction
that the pumping action is produced. It cen &lsc be said that the
01l molecules while in their travel and impinging upon the air
molecules give the air molecules a veloclty whiclh takes them down
the pump and out the exhaust port. In this travel the oil vapor
gtream carries along such gas molecules as drift Into the vapor
stream and thus carry them from the space ebove the jet to that be-
low the jet. After ocondensing on the surfaces the oil rung down .
into the outer boiler compartment and the process 1is then repeated. s

The heat for the boilers comes from the 4500 volt heaters
which are clamped onto the base of the pump. There are seven nests
of 56 volt heaters on the 20 inch pump which are all connected in
series and then energized by a 450 volt supply. The heaters are
equipped with shorting-out switches which can be opened o closed
to lower or raise the heat respectively. Wwhen the unites are ship-
ped they are connected for normal operation with the shorting-out
switch connected to the lzad to short out one nest of heaters. If
higher heat is reculred this cne lead can be shifted in the conduit
box tc the other terminal for shorting out two nests of heaters,

In regards to higher hestiuy, wetteges for botk pluacs theonr con- 2
necivreons Lrce eimller andé the conirols ~orlk in much the same mannet.
5669 _ _
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The o0il diffusion pumps gain their speed of pumping action
from the molecular collisions between the oil and air molecules,
The pumping process can be described as driving the air molecules
out of the pump when they drift into the vapor streams by the re-
peated molecular collisions. The ultimate vacuum pressure thet one
can expect from an oil diffusion pump is llmited by the vapor pressire
of the pumping medium itself. This limit can be lowered by a pro-
cess frectionation. 1In this process the high pressure volatiles are
boiled out of the pumping medium when it is in the first boiler com=-
partment. The high pressure volatiles are then used in the lower
nozzle of the pump which is in the high pressure pumping region of
the pump. The oil which reaches the inner or second boiler compart-
ment is relatively free from the higher pressure volatiles and its . 1
vapors can be used for the low pressure pumping in the region of 'uﬁﬁﬁ?
the upper nozzle. It is these oil vapors which preduce the lowest “%
bpressure or the ultimate pressure in the pump. e

The pumping speed at which an oil diffusion pump operates is
nearly constant thru out the pumping range of the o0il diffusion
pump. The pumping speed 1is affected somewhat by the wattage at
which the pump is opcrated. As the wattage 1s increased the pumping
speed will be decreesed slightly. The reason for applying more
wattage to the pump is to enable the pump to operate at higher leak-
age rates. For example, if & system has been in operation for some
time and a leak occurs, rather than shut down, the additional heat xF
can be applied and the pump will operate at somewhat higher;nesmuva“ag.
and of ten handle the increased amount of air which is leaking into = |
the pump. il
The occasion may arise when 1t will be neceesary to check

the cil in the pumps. This can be accomplished rather easily by
-using the 0il drain and fill plug which is located in the base plate

of each pump., It would be advisable in meking this check to shut

the pump down and allow it to cool before opening up the drain and

111 plug. The depth of the oil .in the twenty inch pump should be

one inch and this requires approximately five quarts of oil. The

eight inch pump is filled to the same depth and 1t requires about £
7 of one quart.

The cooling water for the pumping unit should flow through
the cooling coils on the baffle first, then thru cooling coils on . . !
the pump barrel and the cooling coils on the cross-over connection, - .
then thru the cooling coils on the barrel of the elght inch pump and .
then to the discharge connection. This flov is indicated on the
pump drawings by arrows and also by indicating the inlet and outlet
connections. The water flow can be reversed if necessary, but the
best method is to cool the baffle with the cold water and then cool
the rest of the system.

Oil Diffusion Vacuum Pump.doc 9



OPTICAL COATING FACILITIES

BOUGHT OUTSILE /PPARATUS

The following items are purchased complete frumm suppliers
other than Westinghouse. These items include hesticis, therns. i
releys and the vacuum oil. The following will give the propur
identification for the various items for replacement.

1. Heaters - Bought Outside from - Edwin L. Wiegand Cc. -
Pittsburgh, Pa.
20 Inch Pump
Similar to A-20 - 6€ volts - 230 watts - 7 per pump
Slmilar to A-50 - 65 volts - 350 watts - 7 per pump
Ball & Socket Be&ds - Fub5TL - .35 I.D. from - lmerican lLaove
. Corp. Chattanoouga, Tenn.
& Inch Pump
Similer to RA-862 - 217 volts - 760 watts - 1 per pump
Similar to RA-50 - 159 volts - S0> watts - 1 per pump
Similar to RA-20-3 - 42,5 volts - 305 watts - 1 per pump
Ball & Sock&t Beads - .25I.D. Neo. SL-1L06-12 from -
Stupekoff Ceramics & Mfg. Co.
2. Mercoid Riser therm - Bought Outside from - Mercoid Corp.
Chicago, Illinois,
Fig #35 - Clemp-On type - Hand Reset
. 3. Litton 011 - Bought Outside from - Litton Engrg.Lahoratpr;ea,
Redwood City, Calif. as Noleculer Lubricsnt o Litton "C"

SAFETY FOR_PERSCNNEL

The installation anu operetion of equipment of this nature
requires that certain precautionary measures be taken to prevent
any mishaps or serious accidents to the operating personnel. The
following list will offer a few suggeestions.

1. Do not touch the portion of the pump which 1s painted
gray, when the pump is in cperation a¢ this is in the
heater area and the temperature is high enough to produce
serious burns.

2. Cere must be exercised in hendling liquid air traps due
to the fact they are made of glsss in some applications
and secondly liguid air can produce serious burns if it
comes into contact with the body for any length of time.

3+ Avold the fumes of hot oil if cleaning & pump when it is
comparatively warm. The fumes are not hermful but they
have a very objectionable odor which may be nauseating.

4. Allow the pump to cocl down before any openings are made
into the pump. This will help %eep the ovil in good oper -
&ting condition,

5. Be sure the heaters are open circuited before attempting
tc replace any of the heating elements.
5659
130 i M
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INSTALLATION
Storage

The interior psrts of the pumps are spreyed with Iitton oil
before shipment in order to prevent any rust from forming on the
sand or shot blasted parts. The openings, the inlet to the twenty
inch pump end the exhsust part of the eight inch pump, are closed
off by blanking flaenges to exclude dirt and other foreign matter.
These flenges are not vacuum tight. The storage room shculd be dry.
The pumps chould be stored in & vertical positicn when possible and
right side up to avoid oil seeping out of the flanges. If the
pumps ere belng stacked several layers high, & cranc will be re-
quired &s thé pumps are too heavy to 1ift by hand.

Hendling & Unpacking,

“hen the pumps are finally prepsred for shipment they are
wrapped in paper and then creted . in a2 vood crate. This protects
the walls anl cocling coils of the pumpfrom bwnps thet they might
recelve whije 1n transit. Vhen the pump 1s being unpacked care
should be taken not to use any long bars as they might puncture the
3/16 thick wall of the pump. Once thc crating has been removed the
bump should be picked up by the 1lifting lugs by & crane. The lifting
lugs have been located to keep the pump in & neer vertical position
when picking up the two pump unit and alsc when picking up the
twenty inch pump alone. .

In lowering the pump to the floor care should be taken to
lower it in a vertical position su that the smell e.gnt inch pump
doesn't bear all the load,

After the pump hes been uncrated and the flanges removed the
interior parts should be inspected for rust which msy have formed
while the pumps werc in storage or in transit. Any rust can be
removed by any of the following methods.

1. Sand Blasting
2. Shot Blastin;;
3+ Wire Brushing
4. Hand Sanupapcr

ffter the surfaces hiave been cleauned it moy be advisable to
clean them with carbon tetrachloride or benzcl. This will remove
any dirt or oil which mey have accumuleted. It would be & recom-
mendable prectice to keep the pumps covered nfter they have Qeen
cleaned &nd before they are attached to the system in order to keep
out the dust and dirt which is ccmmon arcund & nev building under
construction.

' Installation

During the instellation 1t is very importsnt that all of the
inierior parts of the vicuum system be kept as clewn and free from
dirt &s possible. This may be difficult and involve considerable

5669 4
13C gl 2
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inconvenience but it will pey large dividends in the end. Check
all parts of the vacuum system for rust and dirt which may have ac--
cumulated and remove as previously descrilbed.

The thermal relay has been adjusted at the plant and it has
been checked for operation. It has been set to trip out at H5°C
with temperature rising. This relay is & lockout device and it 1is
necessary to menually reset 1t once it heas opencd the operating clr-
cuit of the contactor. The relay is reset by removing the cover and
prying back on & spring lever which hus a small button velded on the
flat side of the short spring and the mercury capsule will tip up
80 the mercury covers the contact points, if the temperature hes
returned to normal. '

The water connections should be made with cold water flowing
into the baffle and then into the cooling colls on the outside of
the pumps. The preferred method of connecting the pumps 1s with
the cooling coils of the two pumps in series. However, if the water
pressure is not adequate, the twenty inch and the eight inch pump
cooling coils may be connected in parallel. This method of con-
nection will require a flow control valve on the inlet at the watcr
line to each pump. The gallons per minute flow should be such es
to limit the temperature of the discharge water to :5°C for the

-best pump operation. The presgure-flow curve in the fore part of
this book will give the pressure drop across thg pump for operating
conditions as given &bove.

Weter Rates & Pressurg
Recommended Values based onkgoo water

Original Design

Q
=
]
w
-

|
@

20 Inech 2.3 35.0
8 Inch o7 5
20 Inch & 8 Inch 3.0 655.0
in Series

% oy

The rubber geskets should be put in the grooves in the fol-
lowving menner. Place the gasket on the flange of the pump apd the-
with the thumb press the gasket into the trepanning groove at
intervals ¢f perhe s every inch and a half. This should be follpwed
until the gasket has been put in plece Iin the groove. This pro-
cedure will give uniformity in the amount of rubbey vhich 1s nluced

around the gasket seal. The loops of the gasket can then be pressed

into place in the groove.

Power Conpections

The puwps on this order are equipped with single phase 460
volt heaters to be energized from a L0 volt single phase supply t<
each pump set, The information concernipg the heager conneagtions

5669 :
136 . 6 im
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is given on the following dravings.

20 Inch Pump - 14-A-8117
€ Inch Pump - 9-B-T113-
Schematic - Q-B-7070

These drawings also give the calculated values of the watt-
ages for the vaerious heats that are available for use on the pumps.
The circuits are protected from overloed by thermel drop ocut
elements in the shorting-out switches and also by heater elements
in the-combination linesterter. The chort circuit protection 's
gained by the "AB" breaker ahecd of the linestarter in the coim-
bination linestarter box. The normel vattege for continuous lheatire

is:
8 Inch 20 Inc
1650 W 4070 W
L L e < 2
Testing
When & vacuum system is assembled it is asdvisable to run “ fﬁ

tightness tests on as meny parts of the system &s possible. The
tightness test consiste of pumping the system down to & low pressur: i
and then isclate the spece to be tested from pumping action by el
valves and record the pressure rise over &n hour op longer. 1If the "' 1
leakage rate is too bhigh es per contract specificatlons then a leak :i
is present in the parts involved. There are several methods that e
can be used to find leaks in vecuum vessels.

1. Soap Bubble Test

Yhen it hes been established that & vacuum vessel
has a leak in it the pump should be shut of f the system
and the system filled with air under about ten pounde of
pressure or a velue that is safe for the vessel being
tested. Then with e scap solution anu & swall brush the
welds and the suspected surface:s can be checied by paint=-
ing with the soap solution. Only a small amount of weld,
four inches of length, or several squere inches of ares
should be covered ut one time. If larger amcunts are
teken the test isn't nearly as effective as it is too
difficult to weteh. In care the leak is very small it
may be necessary to watch the scap covered areas thru a
magnifying glass. After a vessel has been checked by
this method most of the leaks should have been uncovered.
Testing technique will improve very much after this tect ¥
has been tried sevcrel times and several leaks have been
located.

|
E

el

2. Acetone Test

If" the pressure will not come down to the ultimate
pressure the vessel can be checked by the following
method. Take a bottle of acetune and by using & small
brush coat the suspected areas with the acetone. At ths {
same time keep &n eye on the lonization gauge pressure A
indicating meter. When the lezk is filled with acetone N g

5609
136 =7 w
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the meolecules will enter the vacuum vessel and ccuse the
lonization gauge to produce ¢ large deflection. Vhen the
large ceflectlon cccurs on the meter the lesking area has
been located. The reason for the temporary rise in the
pressure l1s that the size of the acetone molecule 1s much-
smaller than the air molecule and they will penetrate
thru small lecks and cause the pressure to rise. The ion
gauge should be watched very carefully in order to detect
any small leaks which may b: in the system, This test is
very sensitive when uscd on small vacuum vessels and when
used on larger vessels 1t requires very close watching of
the pressure indicating meter.

. Freon Gas Test

Another way of looking for lecks 1s to fill the
vessel with freon gas and then by poing over the surface
of the vessel with & gas flume a leak can be detected by i
a greenish dlscoloration in the flame of' the gus jet,
This type c¢f test 1s very useful if it is permissable to
use a gas Iin the vacuum system.

b - o

Immersion Test

This test is mentioned only for checking the vacuum
tightness of small vessels which c&in be immersed in a
teank of water. 1In this type of test the vessel to be
tested 1s cut under five to ten pounds or = safe value of
air pressure and then immersed in a water tenk. Any air
bubble which is formed end continues to form indicates a 7N
leek in the vacuum vessel. This Is & very positive type :
of test 1 the leak 1is large enough to form visible
bubbles in & reasornable length of time end the size of e,
water tenk is the only limit to the size of vessel which i
cen be tested in this manner. g

. Gasket Test

The paskets on the pumps on thils order are double
gaskets and they are provided with testing connections
which will incicate whether the geskete are tight. The:» i
seal tests cen be made by attsching & pump connection to '

‘the test adsapler and pumping out the space betwsen the i

gaskets. The pressure risc can then be Zetermined and .
also the condition of the sesl will be indicated. If the
soace bectween the gaskets is pumped down to & few microne
and then if pressure 4n the vessel decreases the leak 1y
across the inner gesket. .lso if the inner gasket is
leaking it cen be detected simply by attacning a McLeod
pgauge to the test connection, The pressure will decrease :
Lo a point where it can be read on the McLeou gauge which
me&ns that the vacuum pumps on the system are drewing sir
into the chembsr across a fauvlty seal in the gaskets.

- g2t
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OPERATION & MAINTENANCE

Starting Up

In starting the pumping unit it 1is first necessary to
start the mechanical pump. As soon as the mechanical pump 1s
started the valve in its water line should be opened a sufficient
amount to permit a flow of water thru the cooling jackets of ap-
proximately one half or one gallon per minute. The cooling coils
on the diffusion pumps should be filled and the water flow set for
about three gallon of normel operation.

After the mechanical pumping system has been started it
will be approximately a half hour before a vacuum pressure can be
read on the Mcleod Gauges. When the pumping unit has been in op-
-eration for a period of one hour the pressure should be approxi-
mately five microns. The pressure readings that are taken during
this period indicate vacuum tightness and cleanliness conditions.
If the pressure goes down to five to twenty microns and remeins
steady 1t 1s an indication that the vacuum system has moisture in
it. he only way to remove water vapor from a vacuum system of
this type is to continue pumping until the water vapor has been
pumped out. 1In some cases it may be that the vacuum system con-
tains rust which has absorbed moisture and will not permit pumping
down to a good vacuum readily. In this case it will be necessary
to clean the pump and start the pumping process once more.

When it 1s indicated that the vacuum system 1is tight and
the cold leakage rate 1s satisfactory the heaters on the oil dif-
fusion pumps should be energized. In some cases this may happen
after a very brief pumping period, usually about forty five
minutes,. In about three hours of operation of the oil diffusion
pump the pressure should be approximately 5x10~° mm. of mercury.
This is also a test on the system and if this pressure can be
reached, another three hours of pumping should produce the ulti-
mate pressure of 5x10-° mm, of mercury. If the cold leakage rate
of the system is unsatisfactory the system should be checked.
Moisture will be the worst offender in attempting to get a good
vacuum., If excessive moisture gets into an oil diffusion pump it
will be very difficult to obtain any pumping action until the
vater that 1s present is exhausted.

The following table indicates the approximate condi%icra
which may be expected from the pumping unit when operated on 1its
three heats.

Wattage Table
20 Inch Pump - 8 Inch Pump - 20 Inch Head Pressure - 8 Inch Exhaust

No Leak Microns Fore Pressure
4000 W 1640 W - 0.005 100
4900 W 1820 W - 0.004 125
5800 W 1940 W - 0.002 140
5669
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OPTICAL COATING FACILITIES

wWhen the pump is handling 1ts moximum volume cf air the
needle of the ion gauge will fluctuets over the scele indicating
that the pump has reached its maximum cperating condition. This
condition could be 2ltered or helped by increasing the heat which
is applied to the pump,

Shutting Down

-

In shutting the unit down, close the twenty inch valve first.
This shuts the pumping unit off from the system. Then open the
electrical circuit to the heaters. The cooling water should be
lef't flowing thru the cooling coils on the o0il diffusion pumps and
also thru the mechenical pump. The mechanical pump should be left
in operation in order to keep a vacuum on the pump side of the
twenty inch valve to prevent the gesket from being dislodged from
its groove. In case the system is belng opened to etmosphere with
the atmospheric pressure on the menifold side the gasket will be
held in place by the flenge groove itself. /Lnother reason for
leaving the mechsnical pump in operation 1s to reduce the condition-
ing pericd when the unit is put beck into service.

The oil in the mechanical pump reservolr should be insvected
frequently and kept uv tc the proper o1l level. In some cases,
changing this o0il helped the operation of the mechenical pump.

This condition may be averted by decreasing the amount of cooling
water flowing thru the mechanical pump and thereby increase its
operating temperature. This will only be effective when the emount
of water going through the pump is keeping the mechenical pump too
cold.

The following list wiil give the items which may require
maintenance and repair thru out the 1life of the pump.

&. Pumping oil
b. FKeaters and heater connections
c. Gaskets

d. Cleaning or flushing water cooling coils.

009
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