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must be idered -in the selection of refrigs for een—'
trifugal compression cycles:

1. The pressure ralio Mmmmndcnw
pressure. It is o intai t.helowest.poulble

prmue ratio, in order to aclnm the est possible compressor-
eﬁmcy, and to obtain the pumthp!go:mble useful r;nge from -

pr .Normal tice in the refrig ustry has
beenw upw25perstageformulu-etage
machines, upwi.Sforsmgi&sugemachms.
2. The sonic of the refrigerant. The e.m.lve!omty
numaa'. the im), txptoobwn thereq matio
is related to the epeed of souird in the relation-

ehip (U./a,} is known as the im; E{ellu tip penphe:ra.l Mu:b number
(also known as the mt.u;onal ach number) Sonic velocities of;
y low, apd the phual
upeeda for theae ap, lluhona are usunlly dictated by num-,

considerations. thgp.nmmchaamrmdhdxum,wheresomc
ve_lm:uu are ‘much hnghnr hmnta on pcnph spwd u.ref :ﬁ:'

d by.the
irn :Ifumtnuona.l speedmu fixed, mauvel);nd hlghmaomc
ity requu-e a lmpdler eter,
rvsll t in a larger overall machine size.
3. Theratio of ﬁcwlwuoﬂhcnmanwpozhl:lhenfnm
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Open Type: Compressors . S

All early eenl.nfugal mmhmea were of the open type. ’l‘he
siecess of these machines is dependent upon the shaft geal.

The seal design for centrifugal is partmulnrly
critical because it must perform several functions:

1 Sealapmnlmkageufurmw the system when tl:eeom-
pZ Bre\lngmmtwtwnxdlmhgeolmlnguutwhentheoorm
pr;aosre;ls opeutmg‘labove atmosphmc pressure. -

against ol entering the system. B

4. Perform_the above both dunng jon .

when the machine is shut down. -

Avnnatyofsealshnvebeendewlopedmmeetthmem-
quirements. While' lndlvxdua.l dw@s vary, Lhe:e are several
points ) tovall comp s used for n.u'
frigeration: o T '

1. A ruuhngnm nnguﬁxedmﬂ:eshxftmd mum M.eom-

ring has » highly polished surface in a plane,

perpexdmllar to the'shaft.,

uan e_ﬂ‘ed Toge: er, items 1 and

order to obtain the

required pressure ratio. Thls item uwltlxshu tlxe Iimita .of dit’
mawandmuuonalspeed(or 'hmbthaemllbewn;asomble
P en rota~
u’nnalapeedma.lmﬁ'xed uﬂnm3ﬁlf)rpm(2{gl;:)dumdme
hcrmeuc compressors, the ﬁmttwox the impeller;
tip di and item 3 the capacity range for a given'

i
In the early development of centrifugal compressors -for-

refrigeration, the preceding factors led to the use of methylene
chloride as a refrigerant. However, a wide vanet.y of refriger-.

ants became available with,the devels of other halo:,
carbon ds. These make ible the of 8
refrigerant having suitable properties for virtually any specific.
use or type of equipment. Included in this group are the more.
common -refrigerants: 11, 12, 22, 113, and L14. Of these,
Refrigerant 11 has been used most extensively to date for.air.
conditioning with centrifugal refrigeration. Besides having

properties well suited to centrifugal compressors, it has.a' .

low operating pressure, high basic efficiency, and low cost.
Relrigerants 12, l3 ,deZhavebeenusedmh:gh
ReLngemnt 114

has been utilized in i di

neﬂlnngwﬁxedwthecomprmorcamngmd
does not.rotate. Ic is free to move along the axis of the compressor’
shaft when displaced, due to-thrust forces. It has a highly:
polished surface which contacts the rotating seal ring. This is the
pomv. at which the rotating element is sealed from the stationary_
structure of the compressor. T

3. The seal surfaces are lubnamed and cooled by. oil.
4. Ollwhldxmylmkmw&hewmprmsorpastthesml mem-
returved directly to the oil reservoir, usually by,

bu: is. then
5. glllukmgoutwudpast them.llseollecwd ma.noil mugn

oilruu‘vou-
Variations in seal dﬁngn involve the phy-sncal structuré
- and ar t of. the static ting rings, lubri-
mtxon and eoolxng provisions, md u:e metbud of seal oil
Onemlu.sedforlow refrig nts uses polished’
metal contact surfaces on i md ionary seal rings.’

Thmemﬂaeesmsepamwd whennmmng ‘and the seal i
maintained by a stream ‘of oil flowing between the ml
faces. Durmg shutdown, the sealing faces are held t.ooether

by spring pressure. .
Amf.her type of mal employn one or more additional sml

I)nn.ng recent years, t.be advent of . duect-dnve hermetic.
created 8 req for refrigs with high'

specific volume in order to obtain lower cnpaclty ratings at
theﬁmdmmhomlspeedofawo m. Direct-drive, 60-cycle.

- herefore, employ Ref) ', t 113 to obtain lower.
capacities than those which could be efficiently obtained with.
Refrigerant 11. Currently, however, this same load range is
bmngeoveredbyhxgherspeedsmgle—smgeRefngemntlleom—

A A md AN 1 ﬁe!dﬂ thael

chlonde, ‘isobutane, methyl chlnnde, ethylene, buta.ne
propane, sulfur d,\ox:de dichloroethylene, and wahe.r vapor
have&llbeenusedurengemntsmcentnfupl

ting rings. One or more
mrbon nngs are held between the rotating and’ st.ahonary
seal rings by.spring p oil p ora
of the two. The seal faces and ‘carbon ring are lubricated and
cooled by oil, mdmhﬂdmnﬁmdmlauonshxpweachother
while operating and,when shut down. The carbon ring is free;
to rotate bet; the’ ing and stati v seal rings. .
Mn.nysddmomlsealmngementsuemusethntmas
effective as those described. Those listed sre ‘merely mfended
to show the dxvemxﬁ.ed dmgns available to meet the ba.su:
for ift ession duty.. .
Open type machmes mybepmv!ded with mfheranmboard
orou\‘.boa:dbeenngdmgn Vﬁthtbemboardde.mgn,the

systems.
COMPRESSOR TYPES

The centrifugal eompmnur has been used e.rtenmvaly in
cycle ref b of its simplicity, its

early development, and the fact that its optimum size falls
within the useful capacity range. The centifugal compressor
is 8 relatively high speed machine, in which a continuous

bers are vented to the refrigerant passages and’
a smgle shaft seal is employed. With the outboard design, the
bearing chambers and ol reservoir are vented.to atmosphere,
and shaft seals are provided on both ends of the shaft, be-
tween the gas passages and the bearings. ‘With the Intter
design, oil lea.knge outward drains d.lrectly to the oil reservoir.
Inward oil lealmge may have provisions for automatic return
to the reservoir, or may be limited to such mmu(e nmount.s
that oil return is not deemed necessary.
Open type machines have been built w1t.h from ‘one or two
st.s,ges (for water chilling applications) to nine stages (for use
ia) 'I'hreeandfourstagmmofmnusedfurlow

stream of gas is d by & hination of eentrifugal
force and the conversion of kinetic energy into pressure by
dxﬂumon.Smeef.hemohomsone olpum i 1tm

to obtain amooth vit ] op

tempemture "applications requiring 'a high' pressure- ratio.

Compressors

sm‘;ia,l drwe»lh-raugh compressor arrangements with as many
as twelve stages have been built, for very high compression
ritics. While hermetic compressors are now used for most
standard electrically driven water chilling i the
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‘open type compressor is still used with steam turbine drives
and other suitable prime movers for special, industrial, and
chemical applications. Some open type machines use variable
inlet-guide vanes as a capacity control, but many use variable
speed or puction throttling, or both. Mast open type com-
pwrwsmpmmadeofnhlgh grade cast'iron and are
horizontally split for easy assembly, inspection, and’service.
Impelers are either fabricated of carbon steel (which is often
lead coated for cormson pmtecuon) mn.uufacmred of stain~
less fial; or are cast of VBmwd steel
and brazed forged aluminum are also used. -
Barrel-type casing designs are used with high pressure re-
frigerdnts. Themtemnldemgnmsxmﬂubothatoﬂ.hchan—
rontally split casing machines, but the entire unit is wrapped
in a fabricated steel or forged steel barrel with'enid-flange type
construction. The bearings arid seals are mounted on the end
flanges. This design offers’ considerable reduction in-casing
orshall) t.l:ucknmas, nnd hence redum manhme size a.nd welght

Hermetic Compressors

", The hermetic compressor is bas:ca.l]y similar to the open
type, except_for the inclusion of the motor within the refrig-
em.nt. space, which ehmmates the shaft seal. However, certain

i and i have ch ized the hermetic
machines. They have been limited to either one or two, stages,
utilizing variable inlet guide vanes for capacity control, The
two-stage models use, the guide vanes on cither one stage’ or

and for i refri| i
syszems are of the horizontal shell-and-tube type. (See Chap-
ters 42 and 43.) The most common versions have a steel shell
and copper tubes of the integral rolled-fin type, with water
inside the tubes and refrigerant in the shell, and with-two or
more support sheets to support the tubes. Some have fabri-
cated or cast-iron separable water boxes and others have
integral welded water boxes All have separate end plates
(some mnmunng the water nozzles) which can-bé removed so
that the tubes e¢an be cleaned by mechsanical means from
either or both ends.

The tubes fill the lower part of the shell in the evaporator,
in such a manner that a number of different pass arrange-
ments can be obtained on the water side. Liquid-refrigerant,
plus the expansion-flashed gas, flows in at the bottom of the
partially flooded evaporator. The boiling action serves.to
splash liquid over the full tube surface area. The space used
for ing the liquid splashed up by the boiling action is
directly above the tubes. Some designs have sufficient space
for gravity separation, and others have eliminators.with gas
space above, through which the dry vapor flows..to .the
evaporator discharge pipe.

‘The tubes fill the major part of the shell in the condenser,
leaving only enough extra space to distribute the gas through-
out'the shell. Just as in the evaporator, the tibes are laid out
to permit a number of different pass arrangements. Them are
norum.lly no segmented baffles to control crossflow, but there
is often a plate directly in front of, the condenser inlet w
deflect the flow from the compressor to either side, t.hus

on bol.h stages. Hermem: have e:ther hrouded or

They .are Iy single-p urpose
machinés used for water cln]lmg applications. Some two.
stage models consist of two smgle-elages mounted oo oppomfé
ends of the motor, with a pipe b

voiding direct i of the high velocity. compressor
disclm.rge gas on. Lhe tubes. There may a.l.so be a longnbudmal
baffie to assist in 4.
for eﬁiment removal. The load on the ccndenser of a sysfem
of the load plus the work of compression.

the first stage volute and the second & stage inlet. Other models
have' two stagm mounted axially on the same end of the motor,
with 8 con b the stages. The two,
stage machines are normally d.u-ect.ly connected to Lhe motor
shaﬁ.,a.ndnrednvenbyZ-polemomrs. . )
Single-stage units which utilize smaller d impelle)

See Chapters 42 and 43 for heat transfer and other details of
of evaporators and condensers. )
To obtain a more Yo dmgnxtw ible to bi
the evaporator and condenser in 8 single shell, Several reee.nt
dwgns have been oﬂered on Llns basis. 'l'1:e evsporabor and
I baffle

driven at higher rotational speeds are pow, available. Most of

these designs utilize speed increasing gears for 50/60-cycle
electrical power. However, they are also available as d.uect-
driven units, with high frequency power supplied by specm.l

7 motor-generator sets.

~

The eatly hermetic’ ‘designs ‘were in t«he low l.onnage ra.nge
(100 to 400 tons) employing. Refrigerant
11. These were followed by units employi ngenm
up to a capacity of 1500 mns, and. Rdngerm 11

refrigerants to reduce
mmxmum With the smaller compressor casmgs, itis posnble

to mnu.nt. the ors on the heat exch to give a
bled cooling ! imimi
msl.&llaunn costs nnd space mqunemanl.s . ’
Motar cooling on b p has been
aoeomphshed by:

Water cooling. Cu'cuhhng chﬂled water or condenser water
f-hn‘m a 1a.cket or cored passages in the motar stator.
2 ing. Dtawing suction, intercooler, or condenser gas
3 P kg o
ling. Injection of hi ressure liquid ref; 1
into the motor, at either normal colggegnmg gmturem
cooled to a pomt. below eondenmng t.empernuue, where it is ex-
Panded to suction pressure.’ -

d by a
which acts to seal the high ‘side (eondensex) tube bundle from
the low side (evaporator) bundle.

Other Components

Another major part of every refrigeration system is the
refrigerant flow control device. In centrifugal refngeumon
the most common refrigerant flow control device in use is the
float valve, which is especially suited for use wnh flooded type
heat exch and which the flow
of refrigerant from the condenser to the evapomu)r The float
is usually placed on Lhe high pressure gide of the valve, thereby

the jally free of liquid.

Maay standard centrifugal refrigeration machines today
have a lubricating system that is vented to the refrigerant.
Some machines have an integral pump, driven directly, or by
gearing, from the compressor shaft. Others use s separate
motor-driven gear pump, immersed in the oil sump which is
usually contained in the compressor base. Journal bearings
and collar, or Kingsbury type, '.hru.stbeanngs,mused
almost exclusively; one exception is the special high-speed
aircraft refrigeration compressor which uses ball beanngx.

Centrifugal refrigeration systems, especially those operatmg
with refrigerants having pressures bélow atmospheric, require

N\,




