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y be d as high as the
condensmg presure but it has been learned that s pressure
about 25 percent lower gives better performance.

Valves

Suction valves are not required by rotary comp since
suction side flow is continuous. However, it is common prao:
tice to equip small ma.chmeswlthacheckva.lve,a.nhewcm
inlet, to close aut, ically when the p

The discharge valve is usually a simple reed valve mnde of
high grade steel supplied for the purpose. The stock ia chosen
thick enough to give the desired strength snd to provide
good For hines below five horsep , thickness
uumaﬂymthermgeofOOOSﬁoOOHm. Int.hedwgnof
these valves the material is not stressed beyond 50,000 psi;
In most machines 15,000 to-35,000 psi is more typical. The
lower values apply to small machines and the hxgher vnlue to
larger ‘machines. Particular care is exercised in the
valve to avoid nnu:hed or rough edges particularly along the

stressed areas so as to avoid stress concentration due to

notch effect. For the more heavily stressed valves it is good
practice to hone valve edges to obtain desired smoothness.

If the stock is too thin the valve opens quickly but closes
too elowly and may fail to close entirely. On the other hand
the ﬂncknm should not be apprecmbly gmm thx.n reqmmd
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and viscous drag) very good mechanical efficiency can be
achieved. In a typical small machine, which is well designed,
these losses may amount to about 15 percent of the shaft input
for s compressor producing about 900 Btuh at 10 F suction
and 135 F condensing, operating at 1750 rpm. On the other
hand, a 2 hp machine (3500 rpm} at 45 F suction and 130 F
condensing exhibited friction losses of just about 10 percent
of the shaft input to the compressor.

LUBRICATION

‘The function of a good lubricating system is to'¢irculate an
ample supply of clean oil to all working surfaces, such as
bearings, ‘blades, blade slots, and seal faces. In an arrange.
ment where the shell is “‘wthehygh-
pressure or condenser side of the sys'.em the oil is auto-
matically at a sufficiently high pressure and requires only
that passageways be provided to distribute the oil within-the
mechanism. Larger machines may include a simple impeller
to urge the oil along and thereby further insure the reliability
of the system.

Low-side machines, where the housing is connected to the
suction side or the evapomator circuit, require some sort of
pumping means to maintain the dmired oil pressure. In such
systems appropriate venting is provided so that leakage gas
can not intrude and prevent complete formation of the
lubricating film.

Regardless of other details of the system, the passagewnys
connect to outlets in order to permn free flow of the excess
lubricant. These outlets should be carefully arranged so that

High mechanical efficiency is d
of other sources of friction lossaswel.laa\‘.hose mf.hebesrmgs
-Buch losses occur between the blades and the slot walls; at the
blade tip on the cylinder wall and between the rotor fn.ees a.nd
the front and rear heads.

If friction power losses are studied in relation h) sizg and
geometrical - mlnuonshlps, two unporh.nt facts will be ob—
served. First, as d d (for an optimi
design oonﬁgurahnn) by a gwen factor, friction power loss
increases by & smaller factor. Second, friction power losses are

related to compressor geometry such that for amali machines.

a fairly wide range exists within which a suitable choice of
dimensions may be made. However, as displacement is made
larger power losses become more cnt\ca.lly dependent upon
geometry and therefore a more pmmse choiee in. dxmenslons
must be made.

One important factor relating to hlgh meclmmca.l eﬂimency
is the achievement of a successful run-in process. The run-in
process materially reduces the friction losses of the blades and
bearings. An unpmvement of about six percent in power mput,
of which a large part is reduced fnctmn, is typical. This repre-
sents a much larger improvement in percent of fndum. Su.r-

minute particles are flushed through to the sump. If such
particles can become d within the hanism at the
bearings or other working surfaces, locahzed aress of nbmsxvc
wear may result. .

MOTOR SELECTION,

" The xmparhnt factors to oonmder in “selecting & hermetic
motor are: i ifig materi , break
down’ torque, stalhng torque, smmng curreut, eﬁclency,
power factor, cost and nvm]xbdxty

A number of good insul havebeen’ loped
for hermetic motor use. These systems were developed to
obtain properties suited to the requirements for compatibility
with the refrigerant-oil combinations which have come iatd
use. Tha choice most suitable in any individual case, is the one
which will meet the temperature requirements, and which
achieves suitable chemical stability. The determination nf
stuublhty is made in part from the resulta of benr.h tests and
have been
reported wn.h the use of the mass spectrometer to determme
the rate of formtmn of nnn—condensable gases on other

{ace finishes and surface treatmenta which assure &
run-in can now be specxﬁed ‘The wear-in pn)m must be non<
des'.ruchve in ch and wh pl d for ly, is
sell ting after a ively short period of use.

Friction losses are ususlly about equally divided between
the losses due to viscous drag along the rotor faces and the
losses due to bearing friction and blade friction." Blade fric-
tion alone is about two-thirds as great as the bearing friction.
For example, a typical 3{ hp compressor was shown to have
about 830 watts shaft input to the compressor (conditions
1750 rpm, 45 F suction, 130 F condensing) with total friction
losses of about 110 watts made up s lollows: bearing loss
pearly 33 watts, blade friction about 22 wnus, and vxseous
friction nearly 56 watts.

The amount and distribution of the fncuon lom wdl vn.ry

d to

ducts. of : 1 d in the system on test.
Whether a test of this kind or accelerated life tests are used,
reliable information requires that the tests be made with
complete systems which as nearly as possible, simulate those
of actual operation.

For most systems nnd combmahons of mabenals the maxi-
mum all idered to.be
about 250 F. Alt.hough visual tests may mdwefe no serious
deterioration after several weeks of continuous operation at
higher temperatures, say 280 F, experience- h.as shown ﬂmt
high temperatures senously shor'en the life of these machines.
Hence the usual practice ia to limit the peak temperature to
about235Fbysdequnweoohngmeansandtheuseofa

depending on the design, but if care is
friction in each of the three important areas (blades, bearings

Breakd torque requi depend onthedxs'
1 t of the the choxee “of xefngemnt, md
the ti diti A small for refrj;

Compressors

duty (home freezers or household refrigerators). with: R12:
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horsepower requirements. In .current pract:ce these com-

refrigerant employs about 36 to 38 os-ft ol breakd torque
(displ

are limited to operation at eompremon ratios not

per cubic inch of
cubic inches per lution). Larger such as.re~
quired for window air conditioners (with Refngemnt 22) em-
ploy about 67 to 69 oz-ft of breakdown torque per cubic inch
of displacement. Ol particular interest i is the fact that due to
the high vol ic eﬂicnency hibi by t.he mfary mis-
chine the motor torque required for a given ng range
is almost constant over a wide range of suction pmure

diti For le, st 10 F

ding 7:1 and the actual point is determined by the
specxﬁc ]Ob in quest.lon They are A!so limited to operation at

ively low diff of stresses result-
ing in thc blades and bearings, and rotor deflection.

PART Ill: CENTRIFUGAL COMPRESSORS
T'hxs chapter covers the more l.mporf.mt overall' design

Btu output of a given machine is about half of the Bta output
of the same hine at 45 F The
wnttagc for a head p over the sanie
range is nearly constant because the coefficient of performance’

varies from about 4.75 (approx. 135 F condensing) at the 10 F-

oondshontnabothGaHheﬁFoondxtmu
For most pphi rotary hi; do not require
ding for ful etarting and therefore'it is

and performance capabilities of centrifugal re-
Engeratmn compressors. Specific desxgn information relating
to the various p of , such as
the'impellers'and diffusers, are not discussed. Infommtwn can
be found in the Bxbhogmphy at the end of the chapter. .

Centrifugal compressors are essentially high speed,” high
capacity machines. Single-stage or multi-stage arr&ngemenfs
are avm.lable to meet speuﬁc dmgn requirements in air-

rarely necessary to specify exceptional or high starting-

torque. The starting torque available in atandard split-phase
motors is ample for the emall gizes. Start-¢apacitor motors are
used on 3¢, 4 and some 3£ hp sizes to limit the starting current
as required by regulations of the Underwriter’s Laboratories.

Permarent split-capacity motors for the air conditioner sizes "

provides sufficient starting torque and improve the power
factor to the requlred range. Motor mnnufacture:s' test daf.a
and tions should be lted in sel

suitable motor for any specific application. These momrs
range in efficiency from nearly 70 percent for small eplit-phase
motors to about 85 percent for the larger PSC motors. |

LARGE ROTARY COMPRESSORS -
The p D ive of small rotary’
a3 used in h hold refri
condmumng units up to 2 tons capacity.
However, there presently exists another xmportant field of
application for larger rotary compressors. This is the low-
temperature field in which the rotary serves the useful purpose
of a high cfm low-stage or boaster compressor These booster
compressors are applied at d tion diti
from — 125 F to —5Fw1thRe£ngeranta 12, 22,
and 717, (Ammonia). Availsble units range in horsepower from
10 to 600 hp and in displacement from 60 cfm to 3600 cfm in
a single unit. The basic design of the compressor is similar

to that shown in Fig. 6'with the exception-that many equally”

spacedbladmueusedmplaceufthetwoshow‘nmdnodxs—
charge valvé ia used. Gas is trapped between successive’

—xbladu and is compressed by'the volume reduction regulting

as’ ﬂ;_g_‘mmpressor rotates. The discharge port is located o
23 to communicate at the desired poxnt ‘during compression.
‘This is called the design point of the ¢ compxmor, aid although’®
Lhe compressor will opersite at compression ratios either above
of ‘below this design pomt either undemmpmou (back-
flow) or over losses occur resut
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and refr
Fig. 9 il the basic cycle which s fre-
quently used with single- or two-stage centrifugal compres-_
sors. Although the basic cycle has an eﬁcmncy somewhat
less than that of more complex cycles, it is often used on
packaged centrifugal chillers. Improvement in the basic cycle
efficiency can be effected through the use of liquid sub-coolers.’

Multi-stage ‘centrifugal p are’ readily ad b
to cycles mvo]vmg mtemoolmg umludmg mtem.nge l:q\ud
flash cooling ( d to as . Fig.. 10

illustrates this eycle, where part of the condensed refngemnt
is flashed to gas at the interstage pressure. This results in a
power saving because the.enthalpy of the liquid is reduced
and the resulting flash' gas does not pass through the first
stage-of compression. In a three-stage compressor, two stages
of intercooling can be utilized.  For the same overall tem-
perature lift, two stages of.intercooling will result in better
cycle efficiency than one stage, and each added stage with
intercooling will result in better cycle efficiency and further
improvement, but with diminishing returns.

The lmprovement in cycle efficiency. through the use of
economizers is greater for those reingerants having low basic
cycle efficiencies. This is because the amount of flash gas
required to cocl the liquid is greater for these refrigerants
than for refrigerants having higher basic eycle efficiencies.
Thus, a larger propomon of refrigerant vapor bypassa the
first st.age of p and, corresp , 8 greater

duction in h > is""‘Themultmgcycleeﬁi-
ciency is still lower than for the refngemnt lmvmg high basie
efficiency with the same number of economizing stages. -

REFRIGERANTS

Since a general discussion of refrigerants will be found in’
Chapter 19, this discussion is limited to the more important
factors wl:uch are unique to centnfugnl refrigeration. )

As fa.r ‘as the compressor is concerned, the following factors

’ Fig. Id Comprcss(cn Refngammn Cydc B
~ . With'Economizer .- . v
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