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PUMPING SPEED OF OIL DIFFUSION PUMPS

FOR HYDROGEN AND AIR

By: H, Reese, Jr,

May 12, 1950

The pumping of hydrogen with an oil diffusion pump has been recognized
as a problem different from that of pumping air for quite some time,A
Pumps in the past and most present pumps have been designed on the basis
of pumping air and thus have some rated pumping speed for air which is
usually published by the manufacturer, There is usually no data given for
hydrogen, For accelerators employing hydrogen for the production of protons
this becomes quite important because the pumping speed is a limiting factor
on the maximum beam current, The pressure in the tube rising too high for
operation due to admitting hydrogen at the ion source, If pumps of sufficient
speed are used at the bottom of the tube, it is possible that no others will
be required,

The theoretical speed of a diffusion pump is inversely proportional
to the square root of the molecular weight, 4An ideal diffusion pump can
be likened to an aperature with a perfect vacuum on one side, The molecules
being pumped are lost once they go through the diffusion pump aperature,
For an aperature of this type the pumping speed is inversely proportional
to the square root of the molecular weight, A fundamental assumption
in the kinetic theory of gases states that the translational energy of
a gas molecule is only a function of temperature, If this is true then
the velocity of the gas molecule must be inversely proportional to the
square root of the molecular weight. Then the rate at which molecules
strike the walls of a container, at pressures where we have molecular flow,

would also be inversely proportional to the square root of the molecular
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weight, If there is an aperature in one wall and we have molecular

flow with a vacuum on the outside, the quantity of gss leaving would be
inversely proportional to the square root of the molecular weight of the
gas, Since the ratio of the molecular weight of air to hydrogen is
approximately 14,4, we would expect a diffusion pump to pump hydrogen 3.8
times as fast as air, This, however, assumes that the gas on the fore-
pressure side of the vapor jets does not diffuse back through the jet to
the high vacuum side, This assumption is very difficult to realize in
practice when pumping hydrogen or other light gases with a pump designed
for aif, since the light gases diffuse through a vapor stream much more
readily than air, The problem is further complicated by the fact that

if the pumping speed for air of a diffusion pump is known there is no
relationship between this speed and the speed for hydrogen except that

it will be in the range of O to 3,8 times the speed for air, As a re-
sult of this, if a diffusion pump is to be used for pumping hydrogen, its
speed should be measured for hydrogen and not assumed or gotten from a
ratio of hydrogen to air speed of another pump,

Having a given pump we can increase the pumping speed for light gases
over the pumping speed at normal operating conditions by reducing the back
diffusion of the gas through the vapor stream, There are two methods of
doing this, First the oil vapor stream from the jets can be made denser by
increasing the heater voltage and thus the rate of boiling of the oil, How-
ever, there is also a tendency to boil off more contaminants from the oil
and increase the high vacuum pressure, For small increases the effect is
to increase the speed due to the higher density of the vapor stream but if
the heater voltage is increased too much the effect of the increased oil
vapor pressure overrides the effect of the increased vapor jet density and

the speed of the pump will decrease, If the heater voltage is raised further
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the oil will "crack™ and form carbon in the pump giving a very low pumping
speed and necessitating cleaning of the pump, Second, we could decrease
the pressure drop across the vapor stream and decrease the back diffusion,
Both of these things should be heeded when pumping light gases,

From the graphs attached it can be seen that the pwmping speed for
hydrogen is quite critical with regard to heater voltage, more critical
than for air, The pumping speed for the Distillation Products Inc, type
VMF-260 was plotted in figure 5 for a given voltage with two different
forepressures for hydrogen at 130 volts on the heater, This difference
in forepressure has little effect on the pumping speed for air but; as
can be seen, has a very large effect on the pumping speed for hydrogen,
This would be expected because the back diffusion for air is small at
even the higher forepressure whereas the back diffusion for hydrogen is
quite large at the higher forepressure and can still probably be lowered
further than that at the lower forepressure to advantage,

As a result the pumps should be operated with minimum possible fore-
pressure when maximum pumping speed for hydrogen is required but the heater
voltage should not necessarily be as high as possible, There is usually
some optimum value which should be found experimentally, A brief description
of each pump tested follows, and graphical data is enclosed at the end of
the report,

D, P_I, TYPE VMF=260

This is a water cooled, metal, three stage fractionating oil diffusion
pump, The normal heater voltage is 110 to 120 volts (314 to 372 watts)
and the normal cooling water flow is about 1500 cc/min, The attached
graphs for the VMF-260 show a peak pumping speed of about 100 liters
per second at 5 X 10-4 MM for hydrogen and 88 liters per second at

2,3 X 10-4 MM for air with a forepressure of 15 microns, The heater voltage
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in both cases is 130 volts (438 watts), This was the maximum safe volt-
age to use with this heater but higher pumping speeds can be obtained with
a higher wattage heater, 130 volts on the heater should not be used
continuously when Octoil-S is used as a pump fluid because it was found
to decompose with time and lower the pumping speed. This is probably
caused by local superheating of the oil and resultant "cracking® of the
oil, Octoil and Anoil would probably be better in this respect because
they are more resistant to cracking and would not affect the pumping speed
to any great extent,

when the VMF-260 was used with only a Welch #1405 forepump so that
forepressure was about 50 microns, the pumping speed at 5 X 10~4 MM was
about 10 liters per second for hydrogen as can be seen in figure 5,

The lowest ultimate pressure obtained with this pump was about
1,51 10-6 MM and does not change much with heater voltages, There is
a small baffle integral with the pump so that no baffle is necessary to
obtain the ultimate,

D,P I, TYPE MCF-300

This unit was designed for pumping hydrogen and is a water cooled,
metal, three stage, fractionating oil diffusion pump., It has a four inch
high vacuum lead and is one of the best oil diffusion pumps for air and
hydrogen, As can be seen in figures 8 and 9, it has a pumping speed
greater than 300 liters per seconf for hydrogen and about 150 liters per
second for air with 110 volts (412 watts) on the heater, It does not have
a built in baffle so that the ultimate vacuum is quite .poor (about 10-5),
However when a conical baffle similar to the D,P,I, type wB-8 is used at
room temperature the ultimate vacuum is about 1,5 X 10-6 MM, The ultimate
vacuum decreases with heater voltage for this pump and the lowest was ob-

tained with about 85 volts (246 watts) on the heater, The pumping speed
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of the baffle and pump combination remains about the same, indicating that
the decreased conductance of the system was offset by the reduced oil vapor
pressure,

It is necessary for this pump to be backed up by a high capacity
forepump of about 5 liters per second or else used with a booster pump
and a lower capacity forepump, “The reason of course being that the fore-
pressure must be maintained below 100 microns and lower if possible when
pumping hydrogen at 300 liters per second, A satisfactory arrangement is
to use a D,P,I, type VKB-8 booster pump and a Welch #1405 forepump, The
booster pump is capable of holding the forepressure on the diffusion pump
to about 20 microns when the pressure at the forepump is about 600 microns,

D,P I, TYPE VMF-204

This is a metal, air cooled, two stage fractionating oil diffusion
pump, It is a very good for small static vacuum systems, The ultimate
vacuum is about 10-6 MM and the pumping speed at 10=4 for air is about
15 liters per second with 105 volts (150 watts) on the heater, The
maximum pumping speed for hydrogen is about 34 liters per second with 115
volts (175 watts) on the heater, The ratio of two for the pumping speed
of hydrogen to air indicates that the vapor stream is fairly dense, No
booster pump was used with this diffusion pump, only a Welch #1400 forepump,

D P I, TYPE VKB-8

This is a water cooled, metel, oil ejector booster pump, Its rated
pumping speed is seven liters per second at 100 microns, Since an ejector
type pump inherently has a dense vapor stream, one would expect it to pump
light gsses faster than air, Very little quantitative data were obtained
for the VKB-8, but it was determined that the ultimate vacuum is about 2
microns and the pumping speed for hydrogen is about twice the rated speed
for air or about 14 liters per second at 100 microns, Cooling water re-

quired is about 2 liters per minute,
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It is recommended by the manufacturer that the heater voltage should
be adjusted until the sight glass is three fourths full with oil, It was
found, however, that this does not give maximum pumping speed or highest
ultimate vacuum, These were obtained with a heater voltage of about 80
volts (430 watts) which does not permit any oil to build up in the sight
glass,

D,P.I, TYPE MC-275

This is a metal, water cooled, three stage, fractionating oil diffusion
pump, Quentitative data were not obtained for this pump but when used on
an sccelerator tube it was determined that it was slightly better than the
VMF-260 but did not have nearly as much pumping speed as the MCF-300,

EXPERIMENTAL PROCEDURE

A block disgram of the equipment used is shown in Figure 1, The con-
ductance of the connection between the pump and the ionization gauge has
been neglected since it is approximately 2000 liters per second, This would
tend to make the actual pumping speed slightly higher than that shown on the
graph, There are no baffles or cold traps used in the system other than those
that are a part of the pumps, It was thought that a more accurate picture
of the particular pump would be obtained in this manner since the pumping
speed would be that of the pump and not that of a cold trap with a pump,
0il diffusion pumps sre frequently used without cold traps,

The high vacuum readings were taken with a VG=1A ionization gauge
corrected for hydrogen, Octoil-S pump oil wes used in all of the diffusion
pumps and Myvane-10 oil was used in the VKB-8 booster, The forepressures
were taken with a type 701 National Research thermocouple gauge, A calibre-
tion curve for hydrogen for this gauge is shown in Fig, 2, This was

obtained by comparing the gauge reading with a McLeod gauge for dry hydrogen,
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