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How much oil is in your air system?
Evaluation of oil-removal equipment for compressed-air

systems can be a problem. Analysis and reasoning help,
but a practical experimental setup is necessary, too

By Alton P Swett, Ingersoli-Rand Co, Painted Post, NY .

Oil in droplet form. size of the droplets.
oil in vapor form. measurement of the
amounts, quality of the air in compari-
son with that from a nonlubricated
compressor—all these are aspects of the
problem of evaluating a system for tak-
ing oil out of compressed air.

Particle size of oil droplets in com-
pressed air has been fairly well estab-
lished as in the aerosol range of 0.1 10
1.0 microns {a micron is a millionth of a
meter or 39.37 X 10~ in.). Droplets
around 0.3 microns are probably the
most difficult to remove. In gaseous or
vapor form, oil will be molecules of
0.0002 10 0.0 microns dia.

The amount of oil vapor in air de-
pends on mixture temperature: Some
molecules of oil exposed to air will boil
off and mix with the air. the number
being determined by the oil-vapor pres-
sure (see table at right). It would be
easy to establish a maximum amount of
oil vapor or droplets, because the air
cannot contain any more oil than what
enters or is added to the cylinder. The
table shows that the maximum amount
in the intake will be insignificant at nor-
mal intake temperatures.

For the oil added to the cylinder.
compressor manufacturers normally
speak of hp-hrs per ounce of oil: a good
average would be 100. If 20 brake hp is
needed per 100 cfm of air, then 100 hp-
fr per ounce of oil is equivalent 1o
30,000 f13 of air per ounce of oil. This
means that 27.2 ppm of oil in the air is

the maximum at any temperature, be-
cause it is all the o1l available.

Cooling of compressed air from, say,
350F o 100F will reduce this 27.2-ppm
maximum to the 0.4 ppm given in the
table. The 26-plus ppm of excess oil be-
comes an aerosol 1o be removed.

In evaluating methods of oil removal,
a method of measuring oil content is
necessary first. Initiallv the attempt was
made to weigh all oil added to the com-
pressor and all o1l drained from the in-
tercooler, aftercooler, receiver, and pip-
ing. In theory. the difference would be
the oil in the compressed air. The mea-
surements proved impractical because
stabilization time after a change was so
long that it prevented an accurate read-
ing. This was probably because oil col-
lected in low spots in piping and ¢n
walls of piping and receiver. Separation
of oil from condensed water was also

"Qil-vapor amounts vary

?

widely with temperature

Temperature Vapor pressure ppm
degF mm Hg
50 0.000015 0.03
100 0.0002 0.4
150 0.003 6
200 0.02 40
250 0.5 1000
300 0.6 1200
350 6.0 12,000

Fliter pad In metered flow from compressbr can check oll In alr

After some expsrimanting, the final test
setup is thal shown at right. Fiiters and
saparators were tasted two or thrae at a
time, with air coming trom a &ingle source.
All equipment wes tested at the same flow
rate, set with flow mater and throitte vaive.
Pressure was read upstream and down-
stream of each device. Qil coltected from
each device was weighed. Since flow
through the device was known, the drain-
age could be converted to parts per mil-
lion. The amount coliected was the re-
mainder after removal of at least 50% in
the coolers and recewer.

A sampling monitor filter took eir sam-
ples upstream and downstream of the fil-
ters under test. This sampiing setup was in
a side stream off the air supply, with its til-

Power, October 1975

ter rated to remove 99.95% of all particles
over 0.3 micron. A flow meter on the line
allowed a very small known quantity of air
to pass through the filter for a known pe-
riod. The sampling filter was weighed be-
fore and after test, with a drylng period
just after the test to eliminate water. A sec-
ond tiiter placed in series from time to time
gave a check. The second filter pad never
gained any measurable weight, indicating
that the sampling tilter was ettective.

Eight ditferent devices were completely
testad. All but one gave less than 1 ppm
downstream when upstream air varied in
oit conlent from 4 to 8 ppm. Pressure
drops through the devices varied, how-
ever, as mentioned above, from %% to
20% of upstream pressure. ’

very difficult. Results varied—from 25%
10 75% of the compressor-added oil was
collected at the receiver drain, an
amount equivalent to 20- to 7-ppm oil
carryover out of the compressor. Sev-
eral proprietary oil-measuring devices
were tried. too. but good. repeatable
quantitative results could not be ob-
tained. until the method described in
the box below was introduced.

Average shop air supply varies from 3
to 13 ppm of oil aerosol. so that over
50% of the original 26-plus ppm of oil
aerosol is coilected in the intercooler.
aftercooler. piping. and receiver.

Of the eight filters tested. four gave
less than 0.3-ppm downstream. but
pressure drop across the various devices
was from 7% to 20%. Three other filters
gave more than 0.6 ppm with a pressure
drop of 1 t0 3%. One filter gave between
0.3 and 0.6 ppm with a pressure drop of
%% 10 1%.

Conclusions from the study: (1) The
sampling-monitor results compared
well with calculations from oil amounts
in filter drains; (2) better separators
have higher pressure drops: (3) very
good air quality is possible with sophis-
ticated filter-separators at sacrifice 1n
pressure drop: (4) relatively good qual-
ity is achievable with only a small pres-
sure drop. WwOK

This paper was prepared for the Techni-
cal Article Progrum of the Compressed
Air & Gas Instite.
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OIL FREE AIR BY SULLAIR

S . pR

Paradoxically, the SULLAIR compressor is THE answer to oil free air.
the production of o0il free air was one of the primary objectives when the com-
pression cycle or system was designed. We can, however, understand the initial
disbelief when one is told the unit is internally flooded with oil. So pleuse
stay with us through the explanation. We suggest you pull the enclosed schematic
and put it before you for convenience. Each numbered paragraph which follows

applies to the matching number on the schematic.

(1) Atmospheric air is never just air. Included is water, dirt and usually
objectionable gases. The inlet filter will remove Just the dirt and unless con-
siderable investment is madg in an elaborate filter, all the dirt or particulate
is not removed, And theh there is maintenance - or the lack of it. Our standard
filter is a simplé dry type, two stage with inexpensive replaceable cartridges.
Included on the instrument panel is a fouling indicator which shows red when the
filter requires servicing. »

We fully recognize very fine particles will get through to the compressor,
but here is the best part. These particles are not harmful to the compressor
(even large pleces of foreign matter)} plus the oil system ddes a beautiful serub-
bing job, ultimately disposing the matter in the oil filter, and not in your air

system, or an intercooler (which we do not have) or aftercocler.

(2) The air enters the compressor inlet and is literully flooded with oil
(25 gpn in a 650 cfm size, for example). Please note the hydrodynamic action
of the compressor rotors turning together in a flood of oil. There is no shearing

effect on the oil which is very important in the oil free air process. The

shearing of oil, as in the case of piston rings against a cylinder wall (lubri-

cated recip) or of the vanes against the stator and guide slots (sliding vanc ////

compressor), is what produces the fine mist or aerosols which elude all practi-
cal, commercially available filters. None is produced in the SULLAIR compressor.
The .above is important, but even more important is the discharge temperuature

of the air-oil mixture. It is 90 deg. F. above ambient or 190 deg. F. total

with a2 100 deg. F. ambient. At first glance this seems impossible for single

Stage compression. But go back to the flood of cooled oil. The heat of com-

pression is rejected to the oil during compression. We exaggerate only slightly

whep!myiyb tongue in cheek, we claim to approach isothermal compression. Ser-

lously, this is of primary importancg’ . )

In tact,
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As long as oil remains below its "bweakdown¥ or "eracking" temperature, it

remains oil and is not chemically altered., The o0il used in the SULIAIR is stan-

dard SAE-10-HD and has a breakdown temperatﬁre of at least 240 deg, F., which is
well above our 190 deg. F. discharge.

We are well aware of the headaches encountered through the years by‘indus-
try in trying to filter or separate oil from the air after compression by reEips.
The severe temperature to which the oil is subjected is the primary source of i
trouble. Under these temperatures the oil chemically changes and the products
of the chemical breakdown include hydrocarbon gases which completely elude any
practical filter, but even worse, they recombine in the presence of dense oxy-
gen to form gum and varnish plus the sludge and carbon always found, from the

discharge valves of the compressor throughout the air system,

So, when the air and oil leave the SULIAIR after compression, oil is still
0il; no shearing action to cause aerosols; no temperature to cause chemicul
breakdown. The net result is Qt this point the o0il is easily and simply taken
completely out of the air.

Before going on, note we mentioned earlier that atmospheric air ulways con-
tains water and usually objectionable gases. In the case of water, it is still
with us at this point - but well into superheat and this is important. We pur-
posely keep the oil temperaturebwell above dew point to prevent any condensation.

In the case of the gases, and this is just a naturally built-in extra (ut
no extra charge), please note the oil is an excellent absorber. Most gases will -
stay in the oil and not go into the air system. The oil system capacity is rglu-
tively great enough compared to the absorbed gases so thot dilution of the oil
is not a factor.

Should the rate of dilution become high, then either the oil

is changed more frequently or a simple side stream clean-up system is added.

(3) The air and oil go directly to the receiver-separator where most of
the oil falls to the sump. Note the pressure on top of the oil in the sump is
at discharge and remember the oil is injected to the compressor at inlet pressure,
ie., there is no oil pump.

The flow of o0il is obvious, through the full flow filter, to the cooler
(which is either air or water cooled) and back to compressor inlet. The cooler

is bypassed with the proper quantity, by the temperature control valve,

(4) The ofl which does not drop to the sump is carried with the air but it
is st1ll 1liquid oil, even though the size of the droplet is small. The primary
coalescing separator removes virtually all of these droplets returning the col-

lected oil to the sump, and the air to the discharge line.

de

o~
-

We said "virtually all of the oil droplets". We mean that as far as replenish-

ing the oil to the compressor system is concerned, the amount is nil, Specifi-
cally, the addition of oil to the system will be required about every tw; to three
months based on 24 hours per day, seven days per week operation.

The 0il droplets which do pass through the primary coalescing separator ob-
viously go with the air to the aftercooler. Specifically, the accurately measur-
ed quantity is 15 PPM by weight, and it is still oil. At this point the air is

only 99.999% oil free.

(5) The aftercooler-separator performs its normal function, ie., removes

moisture from the air to saturation at pressure and temperature.

(6) There are several excellent secondary coalescing separators available
on the market which are capable of removing absolutely all of the remaining oil

in the air from our compression system. We normally furnish the Pall Trinity

Mirco Corporation Reverse Ultipor unit which removes all droplets down to 0.6 g
micron which is well below any oil droplet size from the SULLAIR system. Mainte-
-nance of this separator-filter is nil because the oil is oil énd not.gum, varnish,
etc., and the dirt which usually carries over from any other compressor is back

in our oil filter. The oil which is collected simply drains to the PTM sump

and is trapped off, and does not clog the elements.

(7) Tne air is now 100% oil free, but saturated with water at 100-125 PSIC
and 100 deg. F. If no further reduction in dew point is desired it is ready to
use. However, unless the ambiert is 100 deg. F. or more, moisture will condense

in the distribution system, causing many problems,

For 35 deg. F. dew point at 100 PSIG, a mechanical refrigeration dryer can
be employed. For lower dew points, either absorber or adsorber dryers are uvail-

able. In any case, the dryer sees only air and water. With other compressors
(lubricated and non-lubricated recips, sliding vane, or centrifugal) the dryer
usually receives, besides air and water, everything from oil, varnish and sludge
to dirt to other gases, all or any of which causes the dryer to require more

maintenance.
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10, 0il Carry-Over

In the cowpressor industry, the aingl-e-stage. o0il.cooled screw unit is known
as an "oil flooded" machine. Recognizing that the machine has many outstanding
advantages over other designs, skeptics frequently seize on the direct a.;r-oil
cantact in the compressor as an offsetting disadvantage. The concern is that
mixing the air with oil during compression will cause substantial amounts of
oil to be carried into the air distribution system. Many Plant Engineers and
Maintenance Engineers have had undesireable experiences with oil-fouled air
1inss. In fact, a Sullair screw compressor will pass far less oil into the

lines than any other lubricated machine. The machines are even being used to

supply air in the most stringent absolutely oil free applications: breathable /

air and film t.ransport_. for example.

The key to low oil carry-over fram the Sullair screw compressor is the extremely

low operating temperature: about 180°F at the campressor discharge. At these
low temperatures, the oil remains top quality liguid oil. Liquid oil may be
readily, efficiently separated from air, first by velocity (in the compressor
sump), and second by mechanical means (a msmbrane ,sepu-at.ox" g0 fine that it
will not pass cigaretts smoke). Downstream of the air-oil ssparator, the
quality of the air leaving the Sullair system is far superior to that leaving
the reciprocating machine.

Ig the reciproc:f.in; machine, oil is 1njacta§l in small quantities for cylinder

lubrication only. Temperatures of 400°F gnd higher within the

. compression chamber are common. A worn valve or ring will cause local

temperatures to rise still higher. At these elevated temperatures,

oll becomes vapor rather than liquid. Furtheremore, the vapors decompose
to hydrocarbon components rather thnn‘ lubricating oil., The vapors and
gerosols are extremsly difficult to separate from air. In fact, they

shall combine with the denss oxygen components in the compressed air

ard reforn as the bleck carben dut.lm/or sludge found in many plant

air systsms. These chemical changes common to lubricating oil in hot
running compressors preclude .t.hQ use of a "tight" mechanical separator

of the type used in the Sullair system. An extremely fine scparator '

‘ 11111 clog almost immediately with the hydrocarbon sludge.

Any snall quantity of oil which may pass into the air system from a
Sullair screw unit ie still top quality oil.separated in secondary
systems for absolutely oil.free air or allowed to pass harmlessly

through the ;ﬁmng. The larpger quantities of oil which are fed into

GENERAL

This story of the SULLAIR system was primarily prepared to explain how oil

free air is produced. Other important.considerations are summarized as follows:

1. Packaged unit - no foundation required, not even tie down bolts.

2. Any type driver is available. With variable speed (steam turbine or
engine) the pressure line on a recorder will be a circle from zero to
100% capacity.

3. There is no surge point - any number of units can be run in parallel
without elaborate controls.

4. Stepless capacity control at constant speed.

5. No receiver required - line pressure is held to plus-minus 2 PSI.

6. Except for bearings, there is zero wear in the compressor,

HyOHi1L0Y
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the air system from the reociprocating machine, by contrast, pass as
vapars which condense to foul valves, too'l:s. trap;. and ultimately

+
ooy

the entire piping system.

7. Compressor end.is unconditionally guarantced for two years. If any- s
thing should happen in the two year period, we replace the air end in =
o
its entirety, and it takes about six hours for the chungeout. bl
_{
<
8. Forget spare parts. In ten years, if, say a.bearing goes out, a com- o
- m
plete air end is furnished in exchange for the old one at about one-third -
>
the price of the parts alone to overhaul other compressors. Shipment is -
: n
either from local or factory stock. Maximum shipment time is 24 hours g
z
to ‘the nearest airport. >
9. Unattended operation for months. We even furnish a locking device on
the canopy to prevent unauthorized persons from making "adjustments". - =
5 Ph 2
10. 1deally suited for "end of the line" installation. QQ/‘ =t
. ~
There is more to our story, but we will stop here. If it sounds incredible, o %
z
we can only offer this explanation. The SULLAIR people, all of whom have been 5{}
associated with compressor manufacturing for years, operate with the basic pre- %
mise that a customer should be properly treated. 9 @
| k-]
We hope to be doing business with you. nR >
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Rotary-screw compressor
improvements are continuing

Better oil-removal systems and controls
enhance rotary screw’s competitive position

By Henry Van Ormer, ingersoil-Rand Co

The oil-cooled rotarv-screw compressor
has been around the industry for over
40 vears. But until recentdy, it was con-
sidered only for engine-driven portables
and low-hp clectric-motor-driven units,
In 1970. the introduction of the asym-
metrical profile gave about 13% im-
provement in o etnciency—enough 1o
make the tvpe desirable for continuous
duty in sizes to 500 hp and 2300 cfm.
Efliciency is now almost the same as
that of single-stage. double-acting recip
units and centrifugal compressors. and
only about 107 less than for two- stage.
double- acting rgup units,

The oil-cogled  rotary
such s the one shown below. works by
interaction of the two rotors. The fe-
male rotor grooves uct as-cvlinders that
seal off air ulhlrgg,\ and the male rotor
lobes act as pistons to squeeze the air
against the discharge cover. At the be-
sinning of compression. oil is spraved
into the cvlinder through orifices along
the ulmau wall. The cool filtered oil
not onl_\ absorbs the heat of compres-
ston as it is generated. but also lubri-
cates and seals the rotors. Compression
continues until full dir charge pressure is
reached as the groov  end turns to the
outlet portin the hou ng.

The unique characteristic of the
FOtAry-screw compressor is its oil cool-
ing. The heated oil exits with the com-
pressed air and goes to a heat ex-
changer. which cun be water- or air-
cooled. The oil is never cracked or
burned by high operating temperatures.

compressor,

Speed optimizing gears

Rigid flonge-type

Moror motor mount

This Tets the compressor run contin-
uousty at full load and pressure.

In some units producing nonlubri-
cated air. uming gears drive the rotors
and keep them from contacting each
other. The more-common  oil-cooled
screw-compressor machines. however.
relv on one rotor to drive the other.
Usually. the stronger male rotor drives
the female rotor by pichline drive.
similar to helicul gearing.

Rotor profiles were orwm.lll\ svni-
metrical. but the profiles put the ma-
chine at an efficiency disadvantage com-
purcd with other tvpes of high-capacity.
continuous-duty  compressors.  Asvim-
metrical rotor design reduced the leak-
age path back to the inwke. giving
lower Lomprexsmn losses and hwln.r h\-
draulic efficiency in handling the air/oil
mixuure,

Today. the oil-cooled rotary-screw
COMPrEssor is a compact source ol con-
tinuous-duty compressed air. A 300-hp
unit requires only about § x 12 tt of
floor space and weighs onlv about
14.000 1b. It can be installed on anyv sur-
face that will support its static weight. It
cun serve in a central compressor house
or as a semiportable or portable unit.
motor- or engine-driven.

Noise suppression is relatively casy.
Motor-driven models producing 75
85 dbA at one meter in the Cagi-Pncu-
rop test-code setup are commercially
avatlable.

Efficiency of the rotary-screw ma-
chine is lower than that of some other

Male drive rotor

Gear-Ttype
.01 pump

Free-turning femolé rotor

Speed-optimizing gears in this rotary-screw unit drive male rotor only. Pitchline contact
then powers the female (lower) rotor. Note shaft-driven gear pump for oil

\lp"\

RY . 3990 .24l Raw R/7 1)
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continuous-duty types. but other factors
should be identified to tind the real total
power cost. Job conditions are impor-
tant for this. Installation cost—in time
and material—should include piping. air
receivers and other auxiliaries. Interest
on investment. operating cost. mainte-
nance cost and cooling-water cost must
be added 1n, too. Resale value less cost
to “uninstall” 1s the final factor in a
complete evaluation.

Judging oil separation

Early oil-separation systems were of
the absorption type. with felt pads. Per-
formance proved limited. because the
pads absorbed oil and plugged. and
thus tended to cause excessive pressure
drop and consequent high temperature.
O1l carryover also became excessive.

Vurious types of filter elements were
tricd. One of the most effective was the
compartmentalized virgin-wool separa-
tor. which ettectively separated the oil,
and did not experience suddgn failures
that dump laree amounts of oil into the
discharge air. Attempts have been made
to develop inertial/mechanical ele-
ments that do not work by absorpiion.
but merely trap the oil and let it return
o the compressor.

FFiber glass and metal or plastic forms

cre obviously the right materials.

axl\ designs. when sized correctly, did
separale e efTe sctively, but they were al-
wavs threatened by sudden failure from
aleak. crack or pinhole anywhere in the
clement or at sealing edges. Buildup in
pressure as the element became dirty
could also cause a sudden failure by
colapsing the element.

Vertical mount rather than horizontal
is most common for oil-separator ele-
ments. I a separator element is verti-
cally mounted and the unit is run at
lower pressures. even 15-20% lower. the
scavenging system cannot handle the in-
creased amount of oil. Re-entrainment
oceurs, causing excessive oil carryover,

A duul oil-separation system is a new
way o improve oil-separation ability.
Such a separator, shown in left drawing
on lucing page. is a double unit with a
horizontal first stage and a vertical sec-
ond stage. This is entirely iner-
tial/mechanical. and does not depend
on absorption for performance. With-
standing a minimum of 50-psi difler-
ential pressure. the separator will not
collapse from dirt buildup, becatise the
safety cutofl system will shut down the
compressor at fur below this differ-
ential. The scavenging system has no
pickup tube to handle the oil. and so
can operate effectively even at low pres-
sures. Fuilure of the first stage in this
separator will show up as gradually in-
creased vil carrvover and pressure drop,
which will be noticed during normal
operation and  maintenance. Sealing

46  AIR, GAS and LIQUID HANDLING
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ends of the clements are protected by a
strong rolled edge and a special bond-
ing agent.

Oil flow is the life-blood

Because the oil in a rotarv-screw
compressor cools. seals and lubricates.
the quality of the oil cooling. filtrution
and flow has a high impact on life of the
bearings in the machine. Most oil-cool-
ing syvstems operate at' 100-110 deg F
above ambient. with a minimum tem-
perature of 170 IF to prevent internal
water contamination of oil by conden-
sation. Oil filtravon 10 the bearings
should be at least 25 microns. but most
manufacturers install up to 10-micron
filtration for optimum results.

'Oil circulation is by two methods—
pressure differentics or an oil pump. In
the pressure-difterential system. oil flow
results from the difference in pressure
between the oil sump tank at about 100
psig and the injection area i the com-
pressor. about 25-35 psig at full load.
These syvstems generally maintain full
lubrication at all times by fail-safe de-
sign: A minimum-pressure valve as-
sures adequate internal pressure for oil
circulation. because the valve cahnot
open before that pressure is reached.

Two busic disadvantages of the pres-
sure-differential  svstem are (1) that
flow to beurings may not be optimum at
startup, and (2) that power is somewhat
higher than for an oil pump. These
drawbacks may be imsignificant. de-
pending on the use.

The oil-pump svstem gives immedi-
ate optimum flow o bearings at startup
and requires less unloaded power

But the system has its inherent disad-

vantages. Dependence on the pump is

one. A pump failure means danger of
destruction lor the entire compressor.
Another disadvantage is the limit on
flow. For higher-pressure operation. this
could make the flow marginal. In the
pressure-differential - svstem. on  the
other hand. the higher the discharge
pressure. the higher the flow,

Combination of the two systems has
been achieved recently. Diagram at
lower right on facing page shows an ex-
ample. At low operating pressures,
when discharge pressure ulone might be
inadequate. the pump gives enough
flow. At high pressures. when more oil
is needed. it is moved by discharge pres-
sure. On cold startup. with thick oil. the
pump forees oil into the compressor. so
that Jubrication need not wait until dis-
charge pressure builds. Presence of the
oil pump allows the receiver o be com-
pletely unloaded and bled down. saving
considerably on unloaded power.

The housing of a packaged unit is
also w support system vital 1o the success
ot the package. Noise control. for one
example. depends partly on the sound-

attenuating qualities of the housing.
Shock mounting of - the unit’s major
components and application of heavy-
duty hose instead of pipe wherever pos-
sible are two other factors in noise con-
trol. of course. ,

Environment in the housing can con-
tribute to optimum conditions for each
component. Auxiliary cooling for the
motor is an example. Ductwork and
well-planned design can prevent recir-
culation of motor cooling air. Result is
lower operating temperature for the
motor windings than if the motor were
running on an open floor. Longer life
for the motor is obtained.

Control of operating temperature for
the compressor and oil system is an-
other function of a proper enclosure. If
certain parts of the System experience
an overly cool temperature. below
about 150 F. during humid weather,
condensation can occur inside the com-
pressor. contaminating the oil and cut-
ling bearing life. If condensation does
occur, the compressor must be shut
down for 5-6 hr to allow water and oil
to separate. The compressor then is ob-
viously not a 24-hr-a-day machine.

Prefiltering of air entering the enclo-
sure can protect components. Self-seal-
ing doors and controlled intakes figure
here. but the compressor must still be
easily accessible for maintenance.
Control usually modulates

Three basic types of controls for
rotary packaged units are supplemented
by several other versions. Modulating is
the standard control on most models, A
modulating inlet control automatically
matches air supply to air demand. The
inlet control plate modulates or tloats.
throttling air. A pressure regulator con-
trols the action. and the compressor op-
erates in a murrow pressure range be-
tween no-load and load. Except in
extreme cases. NO air receiver is neces-
sary with this type of control. and dis-
charge is still pulsation-free.

Air-receiver cost is eliminated. and
system  pressure is held with lower
power demand under maximum load
conditions, because buildup 1o a high
cutout pressure is unnecessary. unlike
other control systems. Where average
load on the compressor is 70-100%,
modulating control is most efficient in
power use.

Load/no-load control with modu-
lution is a control type for installations
where air demand varies. A full-unload
feature gives minimum unloaded power
consumption. The modulating control
operates in the same way as the stan-
dard control. but when a low-demand
period is encountered. the intake valve
closes fully. A rise in system pressure to
2-3 psi below full-unload signals for this
action. The compressor then runs with-
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out delivering any air. A timer is simul-
tancously activated. and if discharge
pressure holds for. say, 5 min, the com-
pressor automatic-blowdown valve
opens. and the compressor continues to
run at lowest power consumption.

Unloaded power consumption with
this control type is usually less than 25%
-of tull-load power in the bled-down
condition. Type of oil system influences
the actual value. The control is the most
eficient from a power-demand stand-
point when the average demand in un-
der 70% of full-load capacity. or if the
duty cycle varies from continuous duty
at one ume to intermittent duty at oth-
ers. Although an air receiver is not nor-
mally required for this control. one is
recommended.

Start-stop control is a load/no-load
control with built-in automatic ,com-
pressor start and stop. After the com-
pressor blows down its internal pres-
sure. a second timer usually set for 5
min, is activated. and stops the motor
when it times out. Restart is automatic
when system  pressure falls to cut-in
value. A selector switch gives either
constant speed or start-stop control.

Air-storuge volume is essential with
this system., to get most efficient oper-
ation. At least a gallon of storage capac-
ity. in system piping or air receiver. is
recommended for each cfm of acwual
COMPressor cupacity.

Check hidden factors

Performance and power cost are af-
fected by factors that are not alwavs
readily evident. Pressure drop across an
oil-separation sysiem is an example.
Some manufacturers rate compressors
on total unit performance. which takes
all system losses into account. A per-
formance rating based on bare-com-

pressor output ignores such losses as in-
take filter. oil system and oil separation.
To illustrate what this can mean: In the
100-psi operating range. every psl in-
crease equals about 1% increase in in-
put power for an oil-cooled rotary-
screw compressor. A difference of 8 psi
in oil-separator pressure drop in a 500-
hp unit would mean about 20 hp saved.
or $2000 to $3000 a year.

Drive systems in rotary packaged
compressors should have no or minimal
misalignment. Flange mount of com-
pressor and motor is probably best. A
heavy base is mandatory to assure good
compressor/motor alignment. and

‘mounting on heavy-duty vibration-iso-

lution mounts helps with alignment and
cuts noise.




Woven-type packed oil-separator elements are being removed frpm hpusing herg.
Fittration effect of this type-usually results in at least 25-30 ppm oil in discharge air
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In dual oil separation (above), vertical
second-stage elements back up horizontal
first stage to slow oil carryover if first-
stage failure occurs. At right, two oil-
circulation systems—the oil-pump and
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to obtain advantages of both and give
backup capability in oil return
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Design factors affect basic perform-
ance. of course. Axial vs radial inlet, the
built-in pressure ratio, the length/
diameter ratio. the helix angle, seuling
strips. rotor clearances and finish are
some. Two definite rules always apply.
however: Rotor tip speed must be close
o optimum, and larger-diameter rotors
are always more eflicient than smaller-
diameter ones at a given tip speed. Dif-
ferences in tip speed are puarty respon-
sible for performance-range width s
great as 21.5 to 32 bhp/100 cfm. The
farger figure holds for some smaller
units in the 7.5-10-15-hp span.
Multistaging is sometimes a ftactor
with rotary-screw machines. In recip
and other “non-oil-cooled™ compres-
sors. multistaging increases the  effi-
ciencey primarily because of intercooler
action. In the oil-cooled rotary-screw
compressor. however, heat of compres-
sion is removed by the oil. Two-stage
machines of this tvpe are somewhat
more eflicient than  single-stage. but
only because the lower pressure differ-
ential across cach screw set reduces
blowby or leakage. Intercooling would
be unnecessary. Discharge pressures
must be over 150 psi before two stages

-become economical in the oil-cooled

JHE A M@Mfﬁ;

rotary-screw compressor. Nonlubricated
rotary-screw  machines are jacket-
cooled. and can, of course, benefit from
intercooling in two-stage design.  wok
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This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.
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