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SYNOFPSIS

This project deals with he design and Fabricatjon of

Rotary 51iding vane COMPPQSSOF.
This sliage vane COMPFESSDP is d rotary compressor
which works on d sliding vane principle. The main gavantages
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GENERAL INFORMATION
1-1. INTRODUCTION:

A compressor is o device used to increase the pressure

of o compressible fFluid.

The inl et pressure level can be any value from a deep
vacuum to d high posit jve pressure. The di scharge pressure
can range from Sl;lbdtOﬂlOSPhef”iC levels to high volues. The
inlet and outlet pressure are reloted corresponding to the
type oOf compressor ondg its configuration. The fFluid can be
any iCOIﬁPI"QSSJ’ ble fluid, either gas ar vapour and can have d

wide molecular weight range.

A Feh typical Applications
1. Air separation

2. vVapour Extfactjon

3. 'Refrigeration

g ESteam I‘QCOMPI"QSSfDﬂ etl.
1.2 COMMON FEATURES:

Rotary CoOmpressors gre clossified as positive dis-
placement machines. This group of compressors hds severdal
fFeatures in common despite differences in construction. They
are similar in opercotion to rotary pump. Frobobly the most
important feoture js the lock of valves gs used on the

reciprocating Ccomptressor.



The I‘Dtdf"y’ is light in weight than the reci procator”

‘gnd does not exhibi t the shak ing forces of reci PI“OCCItJ' ng
compressor making the foundation requiremen ts less rigotrols.
Even though rotary compressors are rel agtively simple 1N
COﬂStf"UCtJ' Oofly the PhYSI'COI design can vary Wi aely. Both

multiple rotor and single rototr” COﬂStI"UCtI’Dn is found.

Rotor design is one of the mdin items that distinguish
the di fferent typess size and operating ronge is another ared

unique to each type of rotary.
1.3. SLIDING VANE COMPRESSOR

s1iding vane compressors can be used to draw gases OF
vapdur‘ from spaces under” pressutre below gtmospheric. such d
COIHP!FQSSDI"‘ is referr ed to s d vacuum  pUmpP- 51iding vane

VdClele pumps cregte d anZ VaC>Ule-
1.3-1. THE HEART OF THE PACKAGE:

The. major” moving part is d single clotted rotor which
AN

.I'Sj held eccentric to o cylindrical bore. When the trotor is

ariven oxtending vanes trap pockets of oir and the reducing

VO?UIIIES creoted by the eccentrjcj ty cause the air to com=

press.

The JQir enters insi de the compressaor through  an air

filter which fil ters dust and other impurities present in

air.



wgimplicity” iS the key to reliability and long 1life-
That's an engineering foct. And an oxomination of ony fFluid
gir compressor shows hoW thoroughly we have gbsorbed itS

implicoti ons.

For i nstance there is nNo 0il pUMPs no high speedss
jess stresss lower temperature. And you will experience nong
of the vweual © P oblems coused by cylinader head valves:

pistonsy ringss pearings os there are none-
1.4. GENERAL OUTLINE

The s1 iding vane comptressor consists of o si ngle rotor
mouhted in a cyl inder sl1i ghtly 1at~ger tharn the rotor. The
eccentri city 1is mai ntoined in the rotor end cover so that
wh:‘%]e in operation the rotor rotates eccentri cally insige the

cyli narical housinge.

The rotor has d series of roadial slots which hold d
cet of vanes. The vanes are free to maove rodially within the
rotor slots- They maintain contact Wi th the cvyl inger wall by

centri fugal force QEI‘IQI"(Jth gs the rotor” rotates.

7.5« FEATURES:
1.5.17- single ROtOr:

Minimum 50000 running hours pearing 1ifés pulsation

free output and 10W noise level.



1.5.2+ pirect dri ve:s
aof moving

High power: conversion rote minimises weatr”

ports.

1.5-.3- Integral designs

All major parts are safely enclosed and tamper” free.
Yy GCCQSSibIE.

All maintajnable items are easil

1.5-49- Ccompact design:

Easily jnStﬂIIQd ond saves SpUce.

1-5.5- 51iding vaness<
The vanes are made of Tefflofs grophites hylam or gun
Their 1ife and cylinder weor are censitive

£ the oil opplied.

metal Strips. to

+he quantity and quality O



-

WORKING PRINCIPLE OF ROTARY COMPRESSOR

Rotary compt-essors are CIUSSiFfEd as positive= dis=
p]acement machines they are similar in operation to rotary

PUMPS «

Most common are rotory cliding=vane CcCoOmptessors. The
basic dESién of O sliding vane compressor is 0Oss
As rotor mounted eccentrica]]y in cosing rototess the gos 1S
trapped if closed spaces formed by vanes anod conducted f1rom
the suction to the discharge chambet”. With this comptessor
dgesign charactefized by gdequate bolancing of moving mossSessy
a thh rotative sbeed can beimparted to the trotor of the

machine directly connected to an electric motor.

A running sliding vane compressor gives off large
amount of heat aue to mechanical fFriction. Therefores at

compression ratios above 1.5 the compressor casing is water-

cooled.

sliding vane compressors can be used to draw gases or
vapours from spaces unaer pressures below atmospherice. such d
compressor is referred 0 gs o vacuum pump. 51 igding vane

vacium pumps creagte o 95% vacuum.

The copacity of g s1iding vane compressor depends on

its geometry and rotative speed. Assuming that the vanes are

radial type ond the volume of 9ds caontained between two vanes
will be V = £1 (wWhere f = maximum Cross cectional area of

space between vanes 1 = vane length.



we can gssume as an opprox imagtian that

rd@+(r+ge)d@

g

- 29=22(P+9)d@

Hences

F = S qecr+el)dd = pecr+el

g
gince r+e=R and B=2m/Z (Where z=number of vanes)s

4mer

f—_—-——‘———

Z
ACCOFdfﬂQ to fig. the voilume of 9ds between vones is
4ner

zZ
revolution of comptressar shaft oogch space

puring one
and there fore the

petween vanes 1S Filled with 9as onces

gctual capacity of compressor 18
g=2er182n Nyl = 4meRr1i 'P\vot

where Al F capacity coefficients

in the range from 0.5 tO

g.8.
jnter‘na]

The capacity coefficient depends an the
~adial and oxial clegrancesy the thick=

leakoge of 9ds through 1

ness and number of rotor vanes-

14.2 POWER AND EFFICIENCY
The power of d woter—cooled rotary compressor stage is

from the i sothermal WOIrK -

coilculoted
Niso _PQlne ___

NEmmmmm————= =
liso 1o 4000 ;g5 I

Initiol Pressure

suction conditions

where P1
Ccaopacity undet®

at



For compressors with high rote agir copling

Nd
N = ——-—————————
10001 o
For an adjabatjl: PI"DCQSS, power is detef“mjnb"d £rom the fFormu
Ia.
K
K P2
k=1 P1
For slidjng-vane COMPPQSSOFS, the Pf‘OdUCtS' of effi=
7 respec~

ciencies and are in the ronge from 0-5 tO g.6 to O-

cively.
74-3;CﬁFﬁCITY REEULATIUN OF ROTARY CUHPRESSURS
COITIPI"ESSOI" copdc ity

an be ceen from the rotary

tional to th

e oadjusted by varyin

As C
e rotative speed Of

equation, copacity ig propor
g n.

compressor shaft. Hence @ can b
compressors are directly
4503 960+ 735 rem-

iogble speed gearr

Generallys, $1iding vone
comnectéd to electric motors running ot 1s
ires thot a var

ity f‘QQU] gtion requ
and compressor-

be i nterposed between the shaf ts of motor

He(‘e sy capac

The methods of copocity regulotion used For rotary
compressor  0f poth types are suction Fhrott1ings recycling
pcced gas into the suction 1if&s and sStart-stopP

the <C ompt”

opertion.



14.4 ROTARY. QGVPRESSQR DESIGNS

51iding vane compressos gre built for capacities upto
500 m3/min and copableé of generating pressues upto 1-5 MPa by

two stage compression with jntercooling.

T0 reauce ff‘iCiOﬁG] forces in the rotor sl10tSy the
vanes dare tilted 7 to 100 from the rodial posi tion in the
di recti on oOf rototion. As d result the di rection of force
appl iéd to the vanes by the CdS.ihQ and rel jef rings becomes
neger. to the directz’ on of vane movment in th sl ots and the

ft"fCt;fDﬂG] force decregses.

‘ 70 reduce 94s ledkoge thl‘"OUQh axial ¢l earancess the
rotor hub agccomodates seqaling rings thot are held by springs

against the heod faces:

A SPI"J'DQ"IO(JdE.’d Sstuffing box is installed at the

poi ht where the shaft éex tends through the heod.

The constructz'on employs roller bedarings. LUbI".iCOtJ'On
is . done with medium-v:’scos:‘ ty engine 0il through sight-f‘eed
1ubricotorse. The ports subject to jubricotion are the relief

ringss end=face segling +ingsy and stuffing bOX.



MECHANICAL CONSTRUCTION

2.1 MECHANICAL CONSTRUCTION

The housing is generally constructed of cast iron. The
hose is mochined and brought to ¢ good f inish to reduce the
vone sliding friction. The inlet connection is screwed to the
housi’ng-end-«:over. The rotor ond shoft extension may oglso be
'Inach;z'ned from o single piece of bor. The materigl is carbon
steel for single piece models. .Thé larger compressors using
the two piece rotor arrongements use corbon steel for the

Shdf';t and cast iron for the rotor body.

The rotor body is keyed to the shaft by means of O
Pdl"d:] led key vones attached to the rotor body by means of
mil I%Qd slots. For o non=lubricoted design carbon or hylam is
useq. The vane number influence the differential PPQSSUI""Q
between ad.jaéent vone cells. This influence becomes less ds

the number of vanes incregses.

Roller beoarings or ball bearings ore generally widely
used. Ralls are either g paocking or mechanical contact type.
since this is of o non-=lubricated dary type compressor iu=
bri ént should be opplied to the vones frequently so oOs to
reduce the weor of the vanes due to sliding friction. Vone
weor should be moni tared in order to schedule replocement

before the vanes become too short ond wear the rotor slots.



If the vanes agre permitted to become too worn on the
cides or too shorts the vane may break and wedge between the
rotor and the cylinder woll gt the point of eccentricity
possibily breoking the cylinder. Shear pin couplings oe some
rimes used to prevent damage from o broken vane under sudden

stall ‘conditjons. The bearing are seagted in the housing end

cover.

23 DYSTINGQYSHABLE FEATURES FROM RECIPROCATING COMPRESSORS S

1- The reciprocting comptessors reciptrocating motion 1S
transmitted-tb a piston which is free to move in d cylindet .
The dkSDIGthQ gction of the pistion together with the inlet
va]ve%cduses a quantity of Qdé to enter the cylinoer where it

is in turn comptessed ond discharged.

In the cliding vane compressor QS rotor mounted eccen<
trically in the cdsing rototes the gas is trapped in closed

SPGC?S formed by vanes and conaoucted from the suction to the

discharae chomber .

2. The sliding vane compressor performs the compression in
agn intermittent mode which is not in the case of g recipro-
coting compiessor.

J. The s1iding vane compresor do not use iniet and discharge

valves which are present in the reciprocating CoOmMpressor.



t continubus flow Of

The sliding vane compressor gives ou

ssible in the

4-
gir which is not PO I‘QCiPI‘DCdtiﬂQ compressor.
ge of d reciprocating compressor is the

y on tending from
con be used to 3.5 bar

5. The pressure ran
vacuum to

boarodest in the comptessor fFamil
The s1iding vane compressor

300 bar-
when stoged can b

nale stage form and

e used to 8 bar.

in si
e suitable for large discharge ot

~ooating compressors gre suit

Rotary COIHP!"QSSDI"S ar
ressure recipt

6-
oble

10W discharage P
for 10W discharae ot very high discharge PFQSSUFQS.

loncing problem in rotary comptessor where

7. There is no bd
procating COmP

or problem in reci rreSsSor .

gs it is d moJj

8. Air de]ivered by rotary compressors is more clean ds it
does not come in contact with jubricaoting oil.

9.1 Lubrictaing cystem is more complicated in reciprocating
mple in rotory compressor-

COWPPQSSOF which iS8 very si



5.4 ADVANTAGES OF SLIDING VANE COMPRESSOR

sence of valves used

1« The most important fFegture is the ob

on the reciprocating compressor.

ght than the FQCiPFOCdtOP and

P The rotary is lighter in wei
hence can be hondled manually-
bit the shoking forces of the redprocat-

3. Jt doeés not exhi
tion Pequirements l1es

moking the fFoundd

ing compressor s rigolr=

ous.

4. 'You will experience none of the usual problems caused by
cylinager head valvess pistony rings and bedrings.

cible which ic ogbsent in the

5.  Continuous gir low is Pos

reciprocting compressor.

6« ]t does not need StOFdQQ tonks to store compressed air ds

the flow iS continuous.

7 jt is more compoct and has an integtroted desian.
y to reliobility ond 10Ng life.

the caore of d sliding

8- Simplicity jis the ke
That 's an engineering foct which is in
vane compressor os it is simple in construction.



2.5. APPLICA TIONS?

looked applicatjon for the s1iding vane

An often over
vice where in

1-
single stage

is that of vocuum ser

compressor
Form, it can be used to 0.90 bar-
= The cliding vane comptressor jic used in gas thhQFiHQ and
qQos baostjng appljcations in direct competition with the
reciprocting compressor-
extraction

ressor is o180 widely ds o vapour

3. The Comp
f app]ications which include stedm

mochine in d wide variety o
turbine condenser” service for agir extraction.

da s51iding vane comptressor can be used to draw guases or
vapours frrom spoces under ptressures helow dtMOSPhQFjC.






CONSIDERED FOR ROTARY CGMFRESSORS

DESIGN FACTORS 10 BE

only 10W
1

s are nor*many S table for"

Rotary COMPFQSSO
machiness CDMPFQSSiﬂQ fFom

ratios(as two stoge
of

o for small and
reciprocatin

compression
medium gmounts

gt theé most) an
They have o

to 11 atda
Q mossess

e Qds dQIiVQFEd.
rotatjandl s

peeds ond ore COﬂSQQUQﬂt]V of

cause ony mec

fre

permitting high
hanical

since they do not
giffFiculty fFrom the point of

y be the 50

small dimensions.
~esent little

put they ma

that pf
urce o £ an

vibrations
view of fFoundation materi
~oquency-

objectionable noise of high fI

usually no disch
the other hands

cls
They have nNo suction

arae VOl VeSs and POSSQSS small

fFriction and
n with turbo~=

vl ves . ands
leakage

clearance volume. 0N
josses are oredaters their ports comparisio
Ccompressoss they have rhe odvantoge of high officiencies when

ina small quantities of gds-

pump
According to their design We gdistinguish theé fFollowWing
- types
q. \ane (or blode? compressors (multi=vane)l
Pendu]um type)compressors

Rotating eccentric type(or
(singale vane)

type CDMPPQSSDS.

3. Liquid piston

4. Do

Uble-jmpeller COMPFESSOFS.



ROTARY VANE L‘MPRESSDRS

These machines(a]so termed sliding vone CDMPFESSOFS)
haove the rotor seated QCCEHtPdeIlV jin such d way thot it
glmost contacts the cylinaer woll. peep clots are milled fnto
the rotore mostly rodial but sometimes oblique in which move
VGAQS(PIGtQS)SUbdiVidiRQ the crescent shaped space between
the rototr” and theé cylinaer into d number: of compartments.
when fhé rotor 18 runnings CEHtFiFUQG] fForce arives the vones
out to the cylinaer” wall- Thus the action is that jnitially
tﬁe space between the rotors the cylinder and tWO adjocent
vénes is QHJGFQEd, and the gas is arawn into this EPUCQ. when
thé PDéitiOﬂ OPPOSitQ to the eccentricity of the rotor is
redcheds suction hGS'ffniShEd, and auring fFurther rrotation
the enclosed space decregdsess COMPFESSiOﬂ of the 9ds occurs
(GS in reciprocating COMPFQSSOFS) ond Finally it dischatges.
These COMPFQSSOFS exhibit d very uniform rorques SO thaot d

flywheei can be dePQﬁSEd with. They 've o 10W weight.

AdVGﬂCEd types are QQUiPPQd with bronze or cost iron
rings of o somewhat smallelr” diameter” than that of the
cylinder these rings rotate togethel” with the pistons taking
up the CQﬂtPifUQdI force Of the vanes. A small clearance

remains between the vane and the cylinder- OtheFNfSQ the wedrl”

of the vaones on the fFriction surfaces would be considerab]e.



In order to pf“event leakdge of the campréssed Qds from
déii'ver*v to SUCtiOﬁ glong the f‘etajnz’ng ringss they 've small
QI"DOVQS(?F; to 30> on thé‘if"‘ outer PE’I"iPhEI"Y. smoll plaotes of
insiani fFicant moss ore inserted. These produce g very small
centri fuaqal Force resulting in jittle wedr - The PE’I"iPhE!‘dl
QI“DOVQS and the opening in thems fdtl‘l'l.itdte the supply of o0il

to the inner surfaoce of the rings«

gven when the centti FugoUl force of the vanes 15 token
up by rhe ringss the vane wear iSs very highs 05 are the fric-
tibn and 1eakage 105585« The effect of centri Fugal force can
bef el iminated,however, in the system SUQQQSth by KOZDUSK(EZ)
cdmbining two GPPDSité vanes into one units the cylinaer and
the rotor with the thit~oush slots. UPPOSi te vanes are combz'ned
into dOUbIE"'VGI'IE?S.‘ The outet” cliding edges are enlarged and
BEGI" (JQOfﬁSt the bars which have d segment shaped cross
cectiofn. These rotate CODCQHtI"iCO]lV with the cylinder ot the
same agnaular velocity as the rotor. puring rotation the
double—vane slides in relation to its QUide remoining perpen=
:diCUIO'I" to it- This fFriction path for- one r‘evolution is equal
to four times the ECCE‘ntl"iCitV COI’)SQCIUEF)tJY it 18 very smoll.
CIF separate double vanes are to be useds one o tWo double=
vanes are usually employed. In the patent DPPIiC.‘dt.iOI‘) by
KDZOUSEK there are also descr“jptjons of methods of polancing
the centri fFugol agnd the coriol is m:ce}er“ating fForces by
1inking the vones. vane CDIHPI"QS‘SOF‘S canstf“ucted in this way

are ba]anc:ed and are thus sujted fFor very high f"DthiOﬂdl

cpeeds.



NUMBERs 1A TERIAL AND: CONSTRUC TION OF VANES=

jt is apparent that the utiljzation of the capacity of
the cylinager improves gs the number: of vones jncredses. with
g large number af vaness howeverl® the volume occupied by the

vanes must be considered.

whetre ds in d single—vane CDMPFQSSOP the crescent
shaped spdce between cylindefr” and rotor is filled once in
QOCh FQVO]UtiOﬂ, in a dotble vane machine d space only littie
smail jer than that of the si ngl e~-vaone COMPI‘"ESS‘OI"‘ is fill ed

twice in each revolution.

n b four=vane compressor the space petween two vanes
is fFurther reduced in compairrison with the dOUbJQ’VOﬁQ ma=
chines bUf the number of 905 intokes is doubleds again in=
CfédSiﬁQ the volume pumped- As the numbetr” of vanes continues
tb jincrease the quuntity pumped further” iﬂCFEUSQS;bUt he

~elative gain in this respect steadily diminishes.

A further gavantaoge of hoving d large number of wvanes

is that the pressure di ffrerence petween gdjocent spaces ig
SMG]IEF resulting in smaller leakdge l1058s8es. Thus, to cater
fFor laraer pressure di f Ferenc sy 05 for ~ example in refriger=
‘ating agmmonid EOMPFESSOFS, the rotor i usudlly QQUfPPQd with

.20 to 30 vanese



Thé vanes are mostly mode of steel. I f they ore mode
of synthetz‘«: fibrous moterialSs no retaining rings are E’IH"‘i"
p]oyed. If 4 lorge numbelr” of steel vanes are useds their
thickness ig usually 1 to 3 mm- Machines which have to
supply oil=free L’_‘OIHPI"QSS‘Ed gir are usually Fitted with carbon
vanes. The QIEC’”"CH‘ICQ of the vanes in the slots is only ag.a1
to 0.04mme depending upon he thickness of the vaness which
VCif"‘J' es from 3 to 10 mm. The thickness dgepends upon the pres=
sure di Ffer“enée and the rodgial wioth of the vanes- The Sur=
faces of the carbon vanes in contact with the cylinaer” are
rounded with d rodius equal to or clightly smaller than the
I"dBiUS of the cylindéra Ccyl indet” and rotor should be mode Of
COI"I"‘OSJ’DI’I"!“ESI'StGHt metal dé hard ds POSSibIé, with surfaces

contacting corbon fFinely grounds ond the interior of the

cylinaet” honed.

The coeffici ent of fFriction betweern carbon and pol-

jshed hard metal 1S about 0-10-

AS DPPOSQCI to reci procat ing c DMPFQS‘SOI"S ’ vane
CDMﬁI"QQSOf“S can be made wWith no cl earance volume. This is
ef fFected by grinding the cyl ingers glong the sige Of the

| QCCQntI“.iC.i tys to the same rodius ads that of the rotor and
| gdjusting the eccentr;‘icj ty sO that the }“OtDI“ neorly contacts
the cyl inder in this region. This ar ~gngement besides elimi=
nating clearance volume dlso has thé greatef” agagvantage that
sealing of the Ql"édtes‘t pressure di fFference does not toke

place in the 1ine of contaoct but across o I"Q]CItJ'VQ]V wide

surfaces here d thin ail Film contributes to good seqgling.-



< and high VD]UMQtFiC efficjencies

ance of minimum C]QGPGHCQ

LOW power” input

on the mainten

tor with its vanes agnd the cyl

highel” compres

generallV depend UP
inder with itS
For this

between the ro
cion ratios-

QSPQCiG]IY at
s of thermdl

coverss
reasors areat care must be taken with CGICU}OtiOﬂ
eXPGﬁSfOﬂS-thQ PFQCiSQ manufacture of the parts ond restiric=
tion of all CIEGFGHCES due to wedat .«
he com-

d not only by t

gince vanes and rotor are heate
presed gas but glso by frictiofl their temperdature is taken to
h in calculating rthe clearanceé cupto 2/3 of the

h of the

~2) The 1engt

pe. rather hig
ession tQMPEFGtUI

gdiabdtic compt”
ween rotorcor”

Final
vane? ond cover must be

~gnce QoP pet

cledr
sd = ==~ qL(tad-ts)+f mm
3
Nhere x 1is the coefficient of thermal expansion
! the 1ength of FOtOF(OF vane) in mm
ts temperature of induced gas(assumjng that this
is equadl to the temperature of the cooled

cyljnder),

f thickness of the oil FiImeca-1 to 0-2 mm)

BY substjtutjng the raodius ,ointo the fFormuld instead
"

Ly We obtain t radiol clearances

. of the 1enathy he necessary

between rotor and cyljnder.
TF the auter edges of the vanes are shaped in compli=
once with the theol™¥ of liquid Frictions meChdniCUJ 105SSESy
mainly the wedl” of theé vaness are COHSidQPUb]V FedUCEd.



Lefew“e(Sé) claims that vanes of this desighn permit
»mean™ peripheral velocity of rhe vanes of rhe cylinder (v =
w.R) of 12 to 16 m/secs while Mashinostr“oieniye(éo)
recommends for compressors with ringss @ velocity of 10 to 12

m/secs qgiving 13 m/sec as the maximume- with carbaon vaness

howevel . d maximum velocity of 10 m/sec is FECOMMQnde.

For medium compression ratios the overdall ddidbdtic
efficiencv of vane COMPFEESDF is GPPPDXiMGtQ]Y the came ds
that of recjprocating machines- Theit piggest advantage
betomes apparent when DPQFGtiDQ gt o 10W CDMPFESSiOR rotio
béCGUSQ valve lossées are 1argely eljmjnated. DiSChGFQQ valves
are sometimes mounted between the cylinder and the gelivery
Chdﬂ?béf" gllowing vari gtion of the compr‘essi on ratio which
would DthéPNiSQ be QOVanEd by the POSitiDﬁS of theé port. The
éhdft cedl i% cimilar ta the cimpler type of sedl used in
refrigerating COMPPQSQDPS, i.e- ceqling is not effected on
‘the cy]indrjca} surface of thevshaft put on d ring perpendic-

‘ulor to the 0XiS of the shaft.

CHECK VALVE

1n ordef” to PFEVQHt gscape of the COMPFESSEd gir from
the FQCQiVEF guring idle FUNﬁjHQ of the compressor or the
rotor being ariven in the reverse direction gfrter the com=
pressor has been StOPPQd, g single ring valve with high 1ift
and 1iaht spring is mounted in the diSChOPQE chombeér - This
must PFQSQHt the least PDSSib]E PQSjStdﬁCQ to the normal

C F10W- The continuous delivery of 90s by the CDMPFESSOP mean:



-

d and this in tLrn ol 10WS the Uuse

e=ring vaglve offers much

that o high 1ift can be Use

a single ring valve- The singl

of
~mdt 1 multjport valves.

pettéer” sedling than the not

TWO~STAGE TYPES

ratio higher” than s rotary vane
usually hoving both

For campression

COMPFQSSOFS are puilt as two=stage Unitss
stages in 1ine- The desire to reduce the overdll length of
rise to the construction of

recently given
mounted obove

the second stage

the machine has
the

jed units with

gir= ¢€oo
eing 1inked bY a

Fith, both stages b pair of spur geal"s.
rRotary vane=type CDMPFQSSOFS can be used 4s single~
S&OQQ mochines for PPESSUFQS of upto 3 atm and ds two-stage
um when operating as

The moximum vact

cors upto 8 otm.
ingle=stage and

unts to grg for S

CQMPFES
upto g9%

g vocuum pump amo

for two-stage machines-

LUBRICATYUN OF VANE COMPRESSORS?
gh the covers

o the cylinaer: thtrotl

out to the
In a czecho=

is supplied t
ft. The pil f1OWS

The o0il
cylinder”

‘gt o point near the shda
n-f]uenc:e of centr‘i fLIQ(J] fOf‘Ce-

is supplied th
the fI1ONW being

‘wdlz unaet the i
slovak jnventions the o0il rough the bored shaft
coused by

rotof” slotSs

the bottom of the
press L€ -

to

the di f Ference botweerl the dischargé and syction

This jnventian will probably eliminate rodidal vibration of
g of the interior surface

the vaoness which often cause ripplin

of the cylinder.



: The JUbI".i Cdt‘ing il for vaneg COI”PFE’SSDI”S is usual 1y
hed;iEF than that for I"QCin"DCatan COMP"QSSOI‘S, par‘ticu]ar“ly
when the vanes are not held by the Petainjng rings diSCUSSQd
eagrliefra If the oil feed is not beUth about by the gas
PFQSSUFQ. the cyljnders are Fitted with fOFCQ-fEEd jubric=
tors. The bearinds and the shaft sedl nust be lubricoted oS
well ags the vane- An effjcient 0il separator must be P]GCEd
in the diSChGFQQ l1ine fFrrom d vane COMPFQSSOF- After Filtrao=
tians the pil can be FE'iﬂjQCtEd into the cy]jndeP ot 4d very
high .Pate in ot~aer to reduce the jeakage joss5es and to pro=

vige for interndl conling of the cylinder-

OVERALL VOLUMETRIL EFFICIENCY OF VANE COMPRESSORS
AND VACUUP PUMPS?

vane-tyPe machines Of normal design with moderate
jubrication usuolly have an overall volumetric efficiency be
tween 0.6 and g.95 with jnternal o0ils cooling and no clear=
ance volumes 10rge mochines caon reoch o values g.95 even With

a COMPI"QSSJ'DH rotio of 5.

CAPACITY REGULATION OF VANE COMPRESSORS

vane CDﬂ?Pf"ESSOI‘"S are f"QQLI]OtEd by ei ther

Cd)d variotion Ofvthé f*otatjonal speed or

‘b)) closing the suction by d PnQUIHC‘It.iCGIIY COHtI"OIlE.’d valves
closing the gelivery by d check valve or by—passjng frrom
delivery to suctions or

c) StDP"StGI“t control in the case of small machines-



DESIGN OF THE PROJECT

3.1 DESIGN CDNSIDER%TIONS
The relative gdimensions of vane tyPe compressor are as

a rule for 10W PFESSUFQ COMPPQSSOFS.

where
ot is the radius of the rotor”
‘R’ IS the rodius of the cylinder”
gt is the QCCQntFiCitY of the rotor
If the fFinal COMPFQSSiOﬁ temperature does not exceed 60 C no

cooling ig useds

3.1-1- pP1STON-SWEFPT VOLUME:
etween two vanes is inen by the

1argest volume b
e hatched

The
ot oand th

e 1ength of the cylinder”

product Of th
Fig (3-1)

gred as shown in the

fk = R1 V1 ¥e RZ ,
and vz reféer to the apprapridte points on

where R1s RE , Vi

the dioaram.
The djstonce of the vane contact paint y from the axis O

the rotor or’ will b



k=)

Thé angle

Cif th@ numaer

fK

theaty

1,  4
Q%= R (1+2E cOsE 7

nééJe@tjng~the~te

LD@EB ; LDb

,Tne area fk is JJV
‘dﬂﬁ”‘agfﬁ =
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b]ﬁ ﬁ
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£ cos Z8J -> (3.012
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opms containing £ ond E ond putting
5

B - bln B
Bn by‘the FEIGti@n

2 ’\§? 3 g 2 £
A “yg-ma-E) R

0 |
2 sinZB) =y (3:020)

ing £he number nf vanes ip the rotofr.

= ma/m s M bei
- cufficient o

‘of vones 15 greater than 12

coLracy is

n/m ﬂﬁd Elnqﬁ - Lm/m

o FK EECOMEb

2
=

= 4R En

gnd the total SWe

—
-

m

ept volume dguring one FEVD]UtiOn.

ML = 49n RreL m3/rev‘



|
[n this colcplation we hove neglected he volume
vanes,| which is for one chomber

| | | | g
s@=-m) L = SR E (1+coSE = Es2 sin BIL

where '5° is the thicknESS'of'the;vane_

accupyed by the

-> (3.087



For o lof + cosg ~ 1 and neglect the

~ge. numoer of vones wWe con U

lost tefrm.
The loss (a2 VDIUME in aone choamber is then

5@ =riL = PSREL = 25eL

\
\

Therefore the the swept volume per revolution is

| - ,

: ; 3 ‘

s Pel (n D = M8 )yom srev = (3.7

rodius = 52.5 MM

rodius - & 628 mm

ume Per Revolution

pems) m /rev

.‘Q,ﬁ{>'3 o =3 o -3
1wz0ow10  (Px125K10 = 6X6X10 )




; -3 3
vV = 'Ieﬁzé *x 10 m /rev

The ID%EPMEdetE Ared petween two vones %]

g = Re [ (Z=EJB + seingoosg + E/SXSincE cosER 1

-3
= 62.5%10 *‘0-01[(2*0-16)30+251‘n(30)*’cos('150) +

0. 16/2%sin2(30) cosz(1507]
-4 | -4
=2 5x10  [0.96-0-015+6.04%10 1 =

-4 Z

@ = 5.9%10 M

 3.2.3- Compression Ratio
1/M

B/ 7K

[Fo/P1

o -4 =3 5 C1/1-42
= (B.9x10  /C1.309%10 0 F [¢1.03%10 3/P1

3.2.49. Angle of the Discharge Edge: |

1

Htif;en the chomber moves from rhe position of the Jorgest

VOJUM@ where the Ccross cectional ared is o moximun iz by “the

ang]é{ g the hotched ared chonges co the volume f@ and ot the
|
cometime the 9as pressure Fices from the volume Fo to p. For
n .
polytropic compression (PY =C) the raotio of the choded ored 1S

detemined frrom . the compresion raotio
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e | 5 -
power = ==="==" X 1.03 x 10 Xx 1.4926 x 10X

316 KW
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: 6
7 26.24 X 10

J A

d.

3 -6
;::5;.04 X 10

0
n

|speed: af the motor

P LWEI" of . the motor

Mam. m:w:z ng pressure

F f’@é (JJ Il dE’] 1 VQI"E‘d

: h‘t of the

gxget*m.g ;
- rompressor

d = ‘ila g1gm  d.e.

delivered:.

ped
&

= 26.24 x 10 N/m

6
"6-'741\’10 Xd/32‘Xc.

---—.—-I'——uhnv-

g .= 18 mm-

.8 i t/bE’L

200 om

= 105 mm

= 200 w0

= 31.14






4.1 FABRICATION?

Mochining of various Ccomponents:
q4.11 HOUSING?

A wooden pattern in first PI"EPUI"Qd fFor moul ading operda=
tion. A fter moulding in the Founaorys molten cost i ron from
the cupold fFurnace is POUI"Qd into the mould. Hence d cylin-

orical block is Obtdinéd.

The outer SUf"faCE’ of the hOUS.inQ is fFirst MGChand in
a lothee. TUf‘ninQ DPQI“Uthn is Caf"f".ied out ysing a turning
tool. Then fFOCing OPEI"C’tfon ic doneé. The inner botre of the
Cy’]fnder‘ is ﬂn’ChfﬂQd in d bot~ing maChan ysing d bot~ing tool.
AFtér“ maCh.inan to theé f"equ.ir‘Ed dfmeﬂSfDnS the inner bore of
thé CY]fndeCO] hDUSan is Qr‘OUﬂd in (2} jntef"ndl Qf‘jnd.ing
madhfﬂe to obtain o very fine SL”"f'aCQ f-.ianh to reduce the
vahe c1iding friction. The, grinding is 1imited to 4g or 20

microns. rRefer to drowing no.04-

in the poth sioes of the housing flange Six equdl
holes of 11 mm diameter an agngle of 60 between each hole is

drilled in the radial dril1ing maching.

A delivery hole of 8.5mm diameter gt an angle of 160

from the suction hole is arilled in d rodial grilling ma=
chinege« Topping operation is done using d 10 mm tap Of pitch

1.5 mm.



-

A circular groove of 166mm pitch circle diometety, dig
BEm ond depth 2mm is machined in o lathe is order to seat the

‘g ring.

4-1.2 ROTOR:

A wooden pattern is prepaored ond metol is poured
into the mould in the foundry. The cylindrical solid block is
First mochined in o turret lothe. [nitiolly metol is removed
by . turning ond facing operation in the lothe. Boring opera-
tion is done in the Boring machine according to the shoft
diameter. A key woy is mochined olong the length of the rotor
jnja key way milling machine. Rodial slots ot an angle of 0
apgrt is morked on the rotor and slots ore milled in o mill=
ing machine along the length of the rotor. Thus the rotor .js

macl‘hz‘ ned to the I‘.QCIUJ' red dimensions. Ref: Qro.No.gz.

4.1.3 SHAFT:

The shoaft is mochined in [athe. ACCOPdiﬂQ to the drowing
as ;ShONn in the figure step turning, facing aoperaotion is done
according to the dimensions os in the arawing. The bearing
dz’ameter‘s are ground in o cylindricol grinding machine to Jb

toierance; Refer‘ to drowing no.f3.
9.1-49 HOUSING END COVERS:

A pattern is made for the end cover and rough casting

is prepared in the founadry. The center of the end cover boss

is shifted from the end cover centre to o distonce of 10 mm

thér‘eby Iﬂ_Ol'ﬂtOJ'nJ'ﬂQ an eccentricity of 1gmm.



NdChfniﬁQ i carried out in Lathe. Boring operation ig

glso corried out in the lathe.

prilling is carried out in Raodial prilling Mochine. 70
the pitch circle diameter of 165mm six equal holes af 10mm

diometer ot an angle of 60 between each hole is drilled.

A suction hd]e ic drilled in one of the end covers. In
the end cover boss 4 equadl holes of 4.5 mm diameter at an
ang{e of 90 opart is drilled in the universgl bench drilling
machine. Topping operation is done using a émm top of pPitch

1.5mm. Refer to drawing no.gi ond §.5-

‘A circular groove of 1656mm pitch circle diameter,
diabeter 5mmy depth of 2mm is mochined in a lothe in order to

seat the '0° ring.
4.1.5 BEARING END CAP:

Mochining is carried out in lathe os per the draowings.
To o PitCh circle diameter of 65mm, 4 equadl holes of b6mm

dqueter ot on angle of 90 opart is dgrilled in o uwniversal

bench adrilling machine. Refer to drowing no.0é6 and 0r7.

4-2 DYNAMICS
4-2-1 INTRODUCTION:

gne of the bosic problems with any mochine is unwaonted
vibration. Becouse the machine dynamic rotation vibration

will be present primorily because of unbdlance.



In the rotory comptressors the design has more control
as they have no inherent shoking force other sources such os
ariver induced ibraotion or component PI"‘Db] ems can cantribute

to the machine shaking.

If the vibrations are left unchecked damage to the
compressor will occur such as premature foilure of bearing
and in extreme case component fotigue and failure. Secondory
effects may tesult from the shaking forces being tronsmitted

through the frame to the foundotion.
9.2-2 SHOFP BALANCE MACHINE

This is where most balaoncing of rotors taokes ploce.
The component can be individually balonced in o precision
man}::’r*e]. By precision it meons the runout is (g.001 inch. The
runput hich spot should be scribed on the mondrel. The new

combonent now can be reasonably well balonced.
9-2-3 ROTARY SHAKING FORCES:

Normally these forces are rother insignificont relg-
tive to the weight of the compressor.Rotory ond dynamic
COﬂ?PI“E’SSOI" have in common the force due to an balonce. The
objective is to balance the rotor to (.19 or better o force

equal to or less thon 10% of the rotor weight.

This represents o shoking force at o frequency equal
to  rotor speed. For foundotion design, o value of 5 to 10

times the residugl unbalance or 1/2 to 1 times rotor wei ght



at operoting speed would be o rescnable design volue. ‘ The
direction ?pf the force is perpendicular to the shoft, and

operates OS o rotaoting vector which can be centered between

the beorings.
9-2-9 ROTOR DYNAMICS:

Lateraol criticol speeds are some whot misnomed since
they are now thousht of as o domped response to some form of
rotor excitation. When the rotor geometric dato shoft diome-
telry lengths, element size and weights o put together, the

moss stotic rotor system con be modelled.

The fig 4.1 shows o typical rotor response plot

(‘COLEII"tQSY of the Americah Petroleum Institute.)



I

A L

. Nt. -

k : i
i

Ysech o

Mux conkinous speed. 1087

o

. ‘fl._u\/u— X A4. 1»%\ ,

B . N
Wi = |



ASSEMBLY AND TESTING

5.1 ASSEMBLY:

Assembly is the final work to be done after machining
of oll the components. 70 start with first the bearings are
fixed to the housing cover by means of hammering it. bThQ

bearina gets segted on the step provided in the covelr .

The shaft is keyed to the rotor by means of d rectan-
gular Key.

The cover is fixed to one end of the shaft where there
is o step to grrest the outer rays of the bedringsy by means
of‘hammefing it with hard plostic headed hammer. The rotor is
DO& introduced into the housing. NOW bolts are introduced
COthétan the housing to the CDVQF.‘ gimilarly the other
CDVPP is fixed to thé other end of the bearing by hommering
it and the cover is tightened to the hDUanQ by meané of
héXGQOHdl round hédd@d bolts. Holts are tightened equally
first on both sides of the cover and finally they are mode

Jam tight. Bearing end caps dre screwed to either side of the

shaft ends.

The housing isS NOW ploced on the bose plote and is

fostened to the base plote by means of two metol sheets

screwed to the bdse plote. Flexible coupling is keyed to one

end of the shaft. NOW the compressor jc couplod with the

motor .Refer to draowing no.00.



5.2 DIFFICULTIES ENCOUNTERED DURING ASSEMBLY?

When the rotor is placed inside the housing and the
end covers fixed ond fastened to the bdse plaote the rotor

does not rotate freely.

1. It wos becouse the end coves should be tightened equally

on both sides.

pags Secondly all the vanes have to be ground equally ond has

to go into the rotor silot without protruding outwards.

Fven if one of the vanes protrude out of the rotor
sl O:t when ploced inside the siot the l;‘OtlJI" doesn 't rotate
bQChUSQ at the point of minimum eccentricity the design 1iSs
al mbst of (.1mm clearance between the rotor ond the housing
henjce, if the VOI'IES protrude out of the slot it gets Jjammed

with the inner cylindet walls.
5.2.1 VIBRATION:

Vibrotion wos encountered when the compressor wds not

oligned properly on the bore plote and if it wads not fastened

to the bore plaote rigidly.

Also it hos to be securely tightened to the foundation
MOI;QOVQF‘ the compressor has to be coupled to the motor occu-

rately. There has to be g cleoronce between both the compres-

sor and mator couplings.



5.2-2 BACK FLOW:

There wWas some OmOUI'It of bock flow of oir inside the
compressory this was odue to leokage in  the syction side
housina covers when made jam tight the back flow wWds reduced

to o considerable extent.



TESTING

5.3 INTROODUCTION:

The word test is quite broad in its definition, and
mony of the inspection steps in the course of the compressor

moanufacturing CYC]Q can approxpriately be called tests.

6.3.1 OBJECTIVES:

The question generally arises "why test?”

, There are reasons why from both the monufacturers and
users point of view Testing is expensive and manufocturers
have no incentive to test low value items except where conse-

quential gamoge con be caused to fhe equipment supplied.
The testing has to be reviewed with regord to

7. Verification of design parameters.
2 FProof testing of all functions.

3. Correction of faults found.

. The longest time requitred for modification is in the
ordering of row motericgl. The extent of this should be in=-
versely proportiondal to the monufacturers expetience ond

directly proportional to the fFinoncial consequences of l1ost

proguction.



! one o f' the most i mpor‘tan t porometers is speed.

CGPGL‘ ity is directly proporti onal to speed on a1l
CDMPL"‘ESS‘D/"S. Becouse of ‘thé’v Lignificane “ af the speed
PD/"L'Jlmé‘t‘EI", it is  important that accurate speed
measurements bhe  mode gll during test. The speed ix

megsured using o tachometer.
|

5;3.3 Fressure :
The m@at Jmpartant Of o011 the tests is. h@ testing
of pr@suure thgh is essentzal in g1l ‘the aceM@réQSbrs.

\Tﬁe» d}&Ch@PQE prebsure ig meabured ubzng - hsensitjve’

measur:ng d@v:ce dn the LUHL uf o ul:danj vomne

var:aua mﬂ:ﬁt& mw th@ ‘mauuc : Irhe’

\ffdf?

”va:brdt:on W Found to be B2 to 32

mDeroture mecsurement :

fTﬁénﬁémberutufé ot the dischorgs end wos . measured
g azgztal thermameter. The~0i@j¢al themometer = wos
attjcngd_,;aﬂthe hOUSING and the MOXimum tempérdture wos

measured - as 60 C. At he time of megsurement the room
. | |
tempergture wWas found to be 30 C.

‘ ;

|

! ’



5.4 suagestions for further [mprovemen t.

5.49.1 Housing;

The housing inner surface wos ground  on internal
grindina Mmachine. If it was honed in o Honing machineg the
SUI"FOCQ Finish would be much better and it may reduce the

vane sliding friction to o considerable extent.
5.49.2. vanes:

The vones used here is mode up of hylam. [f carbon wos
used os vones it offers much more resistance to weor than
hylam. Carbon waos not used in our project because of its

exorbitont price. Also carbon is o self lubricant.
5.49.3 Cooling:

In this project the compressor is ‘Of g dry type. Henhce
more heot is generated during operation due to the sS1 iding
,VUI’M‘Q friction. If proper oil cool ing system is coupled with

the compressor it con cool the compressor to o great extent.

5.49.4. Rotor:

Rotors if made of "lighter materiols like agluminium or plostic

the weiaoht of the compressor cdan be drasticoll y readuced.



ROTARY COMPRESSORS AS AN ADI ABATIC OR ISENTRGPIC MACHINE

THE rotary compressor is the least KnNown and least
. popular type Of Qds comptressor. Rototy compressotrs have been
proposed d4sS the answer to the compressor dilemma d mochine
suyitable féP voriable compression rotio ond d wide copacity
Pdhge, one that operates gt electric motor speeds ond has d

potential maintenance history equal to thot of 4 centrifugal

COmPressor.

This project considers the rotary comptessor to be an
adiabotic or isentropic mochine. It has no valves. It oper=
GEQS by conffhing a volume of 8ds in o rototing pocket. The
éénfjned gas pockets coverage into the discharge chamber. The
0¢ti0ﬂ is thdt cimple. The speed of the gos is nomingl and
.ﬂbt great enough to cause POI?tPDPiC effects such ds are
e&perjenced in centrifugal compressors when neor sonic gas

|
velocities impinge ggainst the vane ond volute obstructions.

Why then does the discharge temperature exceed the adiobatic
| .

rise?

The premise Of this chapter is that this type oOf
MHChjne has three' gerodynamic 10SSes. The first loss is that
incurred in charging and exhausting the pockets - which in-
cregses the compression ratio Within the pocket. The second
joss concerns the leokdge potween the rotors and between the
rotors and the case. The third loss is the thermal burden

coused by the intoke warm=up-



The pocket changing losses are considered to be d
fFunction of the rotor tip speed. The 9d0s mqktrfozlow in the
woke oOf the pocket tip which is continuously opening in the
inlet chamber. It is necessary to expcond d certain head to
motch the rotor speed. This is equivalent to the Net Fositive

suction Head (NPSH) required to charge d centrifugol pump.
TABLE 5-1
CHARGING AND EXHAUSTING FPRESSURE LOSSES FOR RD?ARY TYPE

COMPRESSORS
/
/ { DIFFERENCIAL PRESSURE
‘ ! |mmm—————————————— eSS S E s
TIF SPEED | VELOCITY | SUCTION D15CHARGE
‘ ! HEAD I
——— O - = = - l / -------------------------------
/I 2 ! { {
MACH fps | U s 29 | PSI ! R=21 R =3
/ / / c ! fas
| / / I I
0-71 807 !/ 10,000 / B.35 ! 8-69 { 11-70
‘ / / ) !
g.45 510 | 4:025 / 2.15 { 3.50 i 4.70
: ! ! / {
0-38 430 | 21875 ! 1-50 ! 2-46 | 3.32
! { i !
0.26 296 ! 1+360 { 0.71 ) 116 | 1.57
! f { { \
.14 162 { 400 { .21 ) 0.34 ! 0-496
‘ { { : ) /
0-10 108 ! 180 / a.10 / 0-15 ! 0-21

--’-------- —————————————————————————————————————————————————

Toble 5.1 shows the pressure di fferential that must be sacri=
ficed to attain g velocity equivalent to the rotor tip speed.
The sonic velocity of the gir considered herein is 1,130 f{PS

gt o suction temperoture of 60 F. These velod 1losses dare

opplied to E quaotion 5.1 to produce the “BT correc tion

factor. This modifies the visudl, line pressure Rc to the more



reglistic intrinsic pressure differentiagl as it exists in the
converging SCréens. This example COﬂSEHPPS two cases: 0One
where Rc = 2 or P. = 29.4 and the other where Rc = 3 or P2
= 44.1 with P1 = 14.7

B=(1.0+ p2/P22/(1- P1/F1)

Nad=¢Rca=12/(BRA-1

These equations apply the "B" correction to RC ond give the
CDMPPQSSEOH efficiency in reference to the minimal odiabotic

o power requirement.

The compression éffjciencies prodguced from one K of
resistonce are too optimistic. Those produced from two K are
tO@ COOSQPVOthE. A compromise that uses 2 velads of suction
FE#iStOﬂéE ond one velaod of discharge resistaonce oppears to
befrea}istjc. }hjS resolution of compressor performance does
not thQ the supporting test doto that should be allocated to
such o project. It does present the rudiments ond suggest the
ou%]ine for such o test program. In the interim it offers the
ma;t comprehensive procedure for projecting the performance

of high speed rotary compressors.

Presume thot one velad is consumed in ‘overcoming the
m%si ctonce oOf the compressor chamber, entering and dedd
héadz'ng into the rotor pocket. The absolute velocity of the
air must also match thot of the rotor tip. This totals 2
velods for the charging operation or 2(2-15) = 4.30 psi. This

leS is expressed os o decimal froctiony 4.3/14.7 = 0.293 or

Eb.B percent of the suction system pressure.



Jt is further presumed that the bgi]t-in clearance
relegses the tropped air at or very close t‘O the discharge
chomber pressure, so that no overcharging or undercharging
exists in the exhaust pocket. The aobsolute velocity of the
gos leaving the rotor and entering the discharge chamber
represents another velod expenditure. The onalytical differ-=

ence between the suction ond discharge velod is the change

in the gas specific volume. The discharge V is Vos/Rcl/K
‘ sd

13-1/2£19 = 5.95 cf/1b, and gas head per psi is 144(5.95)
857 ft/psi. The gas is dispelled into the discharger chombert
wjéhout the benefit of ony convergence devices to recover the
veﬂocjty energy of 4,025/857 = 4.7 pPSi per velad. This enetrgy
jsiwasted ond represents 4.7/44.1 = 0.106 decimal fractionson
oF%the discharge system. This doto is applied to Equotion 5.1
to evoluogte B = (1 + 0-1062/(1 = 0.293> = 1.106/0-707 =
1.565. This makes the intrinsic BRc = 4.7. This value opplied

to' Equotion 5.2 makes the adiabatic compression efficiency

nod = (3.0 - 12/¢4:,7% = 1) = 0.37/0555=66.5 percent.

This procedure con be resolved into the following

simplified equations:
4 5

§ = 2.5 m(lY 2/7¢C102 => (6.37
1 i

Nhef“e m represents the moleculor weight of the gas, U is the

male rotor tip speed in fps and T is the 9ads temperaoture R-

This equotion includes two velods of resistance. The exhoust

loss equotion below includes one velod of resistance.

8 = 8 /72(R )7 - => (5.4)
19 i fall¥ o



Thé two resistancesy, 6 and 8 are used to evaluote the
i e

intrinsic pressure correction foctor "B".

B= (1.0+6 /(1.0 + 8§ 2 => (5.5
e i

LEAKAGE

[ eokage is the next step to evoluote. The rotory
compressor configuration offers three longitudinol lines oOf
eccope. Two lines follow each rotor ond the casing, and the
third 1line is the addendum of the converging rotors. The
intérnal leakage for rotary mochinery follows the equation:

: g.5
W = 23LP G/CT 2 ib/min ‘ -> (5.6
L z 2

The displacement of o rotory machine is:

go = d LUX, efm -> (5.7)

The copocity of the mochine is dependent upon the
ch?rging pressure. Eq&atian 5.3 has established the percent=
age of the suctjon_pressure‘that is lost in the charging
operation. The volumetric efficiency simply follows as:

3 =100 - (6 + W /R 0; - 2> (5.8)
vr i s cC

where the suction charging l1oss is not avdailable, use

tHe approximote express, E = 98 - VV Rc. Taoble 5.3 gives an
; v

overage V foctor for eoch type of rotary compressor.

The displacement multiplied by the volumetric
efficiency gives the capacity of the compressor. The capacity
divided by the specific volume gives the capocity in terms of

pounds per minuters



W= 0.093 dmn E LUx P /7 =-> (5.9
vr 7 1

The slip leockoge is the rotio of (Fquation 5.6/7Equation 5.9)

which reads:?

1.9 a-5
W = 30.7 €0.577 G + 0-00038) R asm E LXU
s c v

(5.102

The manufocturer usudlly determines the volumetric
efﬁjcjenCQ in a unique manner. The speed required to sustain
the design pressure gt zero (10w 1S KNOWn as the slippage.
The decimol fraction of the slippage speed divided by he
roted speed is the volumetric efficiency. For example, the
static slippoge for on 8-inch, stroight-lobe compressor is
12b»rpm ot 3 psig ond 144 rem ot 10 psig. The percent slip in
reference to the roted speed of 1,200 rem is (120712007 or
10 percent for the 3 psig stotic system. The slippoge Nz for
thé 10 psig system is 12 percent and the manufacturers’

volumetric efficiency is 88 percent.

This method does not consider the dynamic 108s which
is evalugted by Fquotions 5.3y 5.8 ond 5.10. The tip speed
loss in most other types of rotory comptressors is so l1ow that
i£ - is negligible. Toble 5.4 shows that the tip speed must
exceed (.12 Mach before it J'S-SJ'QI?J' #jcant. These =Fero=fIl10ow
sSpeeds provide valuoble checks on the clearaonce gap and
('.71 meons of estimoting the Zero-flow pressue. Hoving the
pér“cent of sl1ip speeds NS*, the likely discharge pressure is

1.9 ' 0-5

R &= N *m LE Xy X/30.7d (0.-5779+0-0038)
c = vr v

In



Using G os the octudl gop = 0.133 ond G* as the effec-

tive gop = 0.0095s Us = remid)/229 = 1449(82/229 = 55 NS* =

0.5
0.12 € = (.98 ossume [ = di X = 0.265s U = 2.23 and m
v =
= 29:
1.9 A :
R =0.12¢29)0- 98¢0.265)2.23/30. 7(0.0095)=T
c

R =2.80s P = 2-80(14.7)= 41.2 psid or 26-5 psig
c Z

Having the speed and the discharge pressulre, it is
possible to | solve or the clearance gaop  in the same

equation. %

The average clearance gap G for small (3 to 4  inch)
rotors .is 0.010s 0-020 for 13=inch rotors and 0.030 for 20=

i ‘
inch and larger rotors. A is g geometric coefficient baosed
‘ P ‘

UPQI? the open=-end ared divided by the squore of the male
rotor diometery d is the diagmeter and | is thelength of the

rotor, both in inches.'rhe A ond X coefficients for the
‘ ' e

various rotory configurati ons ore given in Toble 5.3 (X =
J. 7235Ae) The exponent 1.9 is on averaoge value suitoble for
digtomic ond heavy polyotomic gases. The complete exponent is

1 1+ (k +1)/2ky where k is the ratio of specific heat at the

mean compression temperature.



TABLE 5.3
SUMMARY (IF ROTARY DISPLACEMENT COMPRESSOR FPERFORMANCE DATA
Helicol Spirol Straight Side Liquid
Screw Axial Lobe vVane Liner

Configuration | 4 x &

X4 | 2x2 |8 Blaodes /) 16

!

FeaturescMalex} / ! / | Sprockets
Female ! / / { /

/ ) / / /
Max Displace 120,000 | 13000 | 30,000 165000 113,000
-ment, icfm ! / / / /

! / ! / {
Max Dio., in | 25 / 16 ! 28 /! 33 /I 98

! / ! { /
Min pDig., in | & / 6 {10 { 5 [ 12

/ / / / /
Limiting Tip | @g.30 | §.12 ! 0.05 [ 0.05 [ 0.06
Speegd y Mach | / ! / /

/ / / / / ‘
Normol Tip Spel (0.24 | 0.09 { 0-.049 ! 0.04 [ 0.056
-ed y Mach ! / / / /

‘ / ! ! / /
Mox.t /70 Low ! 1.62 | 2.50 ! 2-50 ! 3.00 /I 1.7
pressure ! / / / /

{ / / / /
Normal [ /D ! 1.00 | 1.50 ! 1.50 ! 2.00 ! 1.0
High Pressure ¢ ! / / ‘ /

; ! / / / /

"4 factor for | 7 /! 3 ! 5 / 3 ! 3
Volumetric eff| / / / /

| ! - / / / /

X factor for 10.0612 | 0. 133 | 0.27 [ 0.096 | (0.071
displacement | / / / /

1 / / - / / !
Normal gverallt 75 /I 70 ! 68 I 72 /I 5O
effect. g / / / / /

; / / ! / /
Normal Mech ! 90 ! 93 /! 95 ! 94 ! 90
erffeqgt.ot / / / / /
+/= 100 hp 2 | / / { /

i / / / / {
Normal ratio | 2/3/49 | 3 [ 1.7 ! 27379 | &
oFf Compression] ! / / /

Rc ! / / / /

/ / / / /
Notrmal / 6 / 5 / 5 / 7 /! g
Blonk=0ff Rc | / / / /

. / ! / / !
Dispalcement (g.462 | 1 00 | Z2.00 | 0.395 ! 0.535

/ / / / /

fl)'Cth": A

Note : Moch =1250 PSS air ot 185 F



TABLE 5-4
ADIABATIC SLIP AND THERMAL EFFICIENCIES

!
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E :.fi

Toble 5.4 gives the percent leogkdage for tip speed varia=
tion of NnN.1 to 0.35 Mach in reference to the total weight flow
for o typical g=inch rotory compressotr having o nominal clear=
ance gap Of 0.0133 inch. The ]éOKGQQS were calculated from
Equation Kk.10. A voriagtion in the diameter or the gop credases

the leokowe in direct proportion. The R is the most sSsignifi-=
[

cant factor that offects the leokoge.

TABLE 5.5

ANTICIFPATED LEAKAGE PERCENTAGE
OF TOTAL WEIGHT FLOW

2 R
| - c

Moch No. e e e e
(Tip Speed) : 2.0 2.5 3.0 4.0
--F+-------------:— ------------- - G S (0" o -
0.35 ¢392 fps) = 4.0 5-2 8.7 15.2
0.26 (300 fPs) = 4.1 6-3 8.8 15.5
0.12 (136 fps) : 5.5 8.6 12.0 20.9
0-10 ¢113 fps) 5.9 9.1 12.8 22.4
Averoge :  B.O 7.5 10.6 18.5
o) Temp Rise :' T F 12 F cg F 48 F
POWEr 0SS 1.3 % 2.3 % 4.1 % 8.9 %

NOtQ (C) The obove leokdge raises the suction temproature by

the amount shown.



Table BK.5. also shows the amont of worm=up resulting from
byp&Sg leokoge to the incoming flow. The percent of power
1068 is directly proportional to the increase in the Rankine
tempeoture. This leakoge percentage is glso shown in  Table
5.5. A simple expression for evaluoting the leakage WOrm=up
effect for edach percentage of leakdage is

Xt = 0.12(Rc) + (.07 => (5.11

Equations 5.10 ond 5.11 offer o means of evaluoting
the legkoae oand warm=up losses. Neither ares in redlity,
dynbmic losses ond should not be corrected by o 9os head

| _

alteration. The leokage and the thermol burden directly
affect the horsepower and can be opplied os aon efficiency
foctor in the denominator of the power equation. The leokage
»ef#ect is given in Equation 5.12. The thermal effect of the

sudtion warm=up is given in EFquation 5.132

n =1=W =>(5.127
s s
n =1 =W (0.-12rR )+ 0.021 =>(5.13>
t s c '
o
Adhp = 0.0468(R =12 W Z T /7m0 =>(5.142
c

The bosic odiagbotic horsepoweris the some for dll

types of compressors, nomely:

Where W is the gos flow in pounds per minute, 7 is the
comprescibility foctor and r is (kK =1) /K

Gas hp = Adhp/n (7 mn => (5.15)
‘ oa s t

| 0-4
Bhp = Gas Hp + friction{(gas hp) => (5.16>



JACKET ~ WATER REQUIREMENT

The slide vane ond piston compressors have common
difficulties in their lubrication and Joacket temperaoture.
There is g scarcity of credible refetrence data on both sub-=
Jects and for that regson these datg ore included. The quon=
tity of heat obsorbed by the jocket water is best determined

frrom these equations:

H = gt - t ) +100 s BTU /bhp=ht =-> i
J o9 oW

The letters t represents the average of the gas temperdature
ag

(t +t ondt ) is the averoge jocket water temperature.
out in aw

The heat rejection is 3.12 £ of the mechanicol heat equivo-
lenty, PR45 btusbhphr. Statements advocating 20 ond even 30%
of the totol power heagt equivolent ore absured. gne o0il
company has operated its entire system of gos compressor with
dary Jackets for over 15 years. They hove no detrimental
experience. There hos never been o creditoble reduction in

the‘ power as o result of jocket wotetr heat rejection.

There hos been consideraoble ddmage experienced as o
result o cold cylinder Jjoacket woter system in haondling wet
QGSQS at or gas close to the saturationgon line. The colid
liner causes the liquids in Qs to condense and wash of the
Jubricant. regucing the 1ife of the .‘.;1‘] iding vanes to o matter
Of weeks. In instances of this order, it is ddavisable tao
redguce the woter circulaotion so that the temperoature leaving

the cylinder is within 10 F of t . The Jocket woter tempet-
og



- -

gture rise in equation (ii) should be 2 & 5 forr o  warm

(140. Fisystem.

The <sliding vane compressor is not suitoble for
hondlina soturated and supersaturated vopour. It is porticu=
larly inopt with cold Jjockets. This increases the cylinder
woll condensation. The best operation requires o worm Jjocket
ond uwse of lubricaotion with o solvent resistant inhibitor
such os ropeseed oilslonalin or tallow.The manufactures
govocote rather generous quontity of cold jocket water 1ubri=
cont.

The o©il rote is doubled for ‘the 20 inch cylinder
and tripled for cylinders over 30 inches in diameter. The
vanes ore mode of laminated phenolic resins.Their 1life ond
cylinder wear are sensitive to the quantity and quality of
the lube 0il applied. The most success opplication of the
Slide vane compressors has been with the 100 he 360 9/m
portoble = construction type air compressor. The rotors are
cooled with lubricant. These vil rotes are on the ordet of 10
times thot required for equivalant piston machinery service.
The toble was compiled from 20 yeors dota occumulated on
reciprocoting compressor by o Colifornia il company's 9os

plant.



GQUANTITY

Range of
Cylinder
diameter

OF LUBE O0IL

Normoi
discharge
Pressure

REQUIRED FOR COMPRESSOR  CYLINDER

LUBRICATION

Film
Thickness
Micraoinch

bhp=hr/ comptressor
qulions Lube (il,
( Thousands )

13 1-5

19 )

24 g.8

32 g.6

24 g.8

27 g.7



SAFETY PRECAUTIONS

Vari DU_"-% safety regulati DI')S‘, depending to oo large
extent upon the gas handled, must be observed when operating

o compressor plant.

The main hazords are:

Rursting of vessels and piping by the compressed gos.

-AC cidents due to unpro t:QC ted moving parts of com
pressors and motors.

Poisoning by toxic goses.

Burns by hot surfoces on the delivery side of the
COMbI"QSSOI" and by vorious gases.

| Fire caused by inflammoble ond explosive gases.

Accidents due to electric current where electric
motors are used.

Accidents by parts of domaged Ccompressors.

Accidents in mounting heavy parts of the compressor
Pl qn t.

In certoin industrial fields, the safety rules stipu-
loted for compressor plants ore incorporated into vorious
CDC;QS -

n mi I?J’ﬂé these ore the Boord af Mines Regulaotions(d)
ond the newer Technical=@gperational Regulotions for the
gstrave=Karving RegQion(85) ond further successively intro-

duced specificotions.



In the field of refrigerotion there is the Safety Code
for Rékfr‘j gerating Plants of an output of upto 40000 kcol/hr
gccording (CZzechoslovak Standard CSN 149 0695 and the Safety
Lode for Refrigeraoting FPlonts of an output exceeding 40000

kcalszhr contained in Czechoslvak Stanagord CSN 149 06496-

In other inoustriol fields no detai led sofety
regulations concerning compressor plants have been issued.
Receivers, compressed gos bottles and other pressure  vessels
used in compressor plonts S“hOU ld be designed, monufactured
and tested in accordance with the pertinent sofety rules. The

necessary certificates should be delivered with these compo-

nents.

In order to eliminote the couses of occiden ts,y the

following rules must be observed:

7. - Mechanizaotion ond automotion must include o means of

signaling dangerous conditions.

A sofety wvalve is essential for eoch stage of da
compressor. [f o pipe closure is inserted between compressor
ond safety valve it must be open whenever the plant is oper-

ating or is agbout to be storted.

2. Enclosing of all moving mochine pParts, especially belts,
in the proximity of personnel. Enclosing big couplings by

railings.



3. Efficient sealing of all pipe and vessel joints, good

ventilation Ghd lighting of the comptressor room.

’

4. Covering or insulating of hot surfoces of comptessors and
pipes. pucts for piping and for caobles, pits for coolers and

separators etc.y, should hove covers of ddequate stf*ength‘.
5. Correct design and mounting of electric installotions.

6- Building platforms for mointenance of comptressors ond
parts out of reoach from the floor. These plotforms should
have o railing ot least 1 m high and reaching down to 18 cm

or less, above the p]qtfor*m.

7 B Instruction of operators in sSofety regulations ond
conditions for sofe working ond o system of ensuring thot the

regulations are corried out.

A 8- Unconditional prohibition of smoking or the use of an

open flome wherever inflaommable and explosive gases ore

handled.

g. Clear notices on oll doors of the compressor room

forbidding entry tao oll unouthorized persons.

10. Systematic, regular maintenonce of the entite compressor

plant.

171. Cleanliness of the compressot plant, especiglly the
floor. FPetrol ond other easily inflommable moterials should

not be used for cieaning the internal ports of compressors.



12. The machine ond piping should be adjusted prior to
assembl )", making sure that no sSPANNers, nuts,

cleaning material or other objects have been left in them.

13. Welding of pipes ond vessels for inflommoble ond
explosive gases only ofter they have been evocuoted ond

filled with aon inert gas.

74. Wherever o positive gos pressure has been operaoting on
any parts such as covers, flames, screwed connections etc. y
this pressure must be relieved before dismontling. Toxic ond
inflommaoble goses must be evocudted before opening the plont.
S tdp - valves of hi gh bl‘ééSUf‘Q pPiping must be opened very

slowly to avoid sudden pressure changes and poscibility of

explosion.

156. = Steps must be tqken to prevent the mochine being storted
aguring cleaning ond repair work. Before dismantling o machine
fO{]OWiﬂQ breagkdown the main switch should be disconnected
and the fuses removed. A worning notice should be Placed in o
PI‘DMJ'ﬂQﬂtV posi tion to the switchbooard to indicote thdt- re=

pairs are in progress.

16. Lubricaotion with aon adequote quontity of oil recommended

by the manufocturer.

17. Monthly inspection and cleaning of the o ompressor

valves.



18. -+ NO WOrk should be carried out on the machine while in

operation.

19. Use of suitable working cloths for normol operation and

of protective clothes, goggles ond Masks for repairs to the

plant.
0. Adequote insulation between pipes dnd electric cobles.

21. Safe thermal insulation of the discharge line whenever

it posses through the wolls of inflammoble moterial.

Pl A traoined operotor must be constantly in ottendonce

unless the plont is fully outomotic.



CHAPTER 51X

6.1. Bill of Materials and cost Fstimations:

S.Na. Part Nome MOt WE.  MFo/ No.  Totol
. k9. Bo OFF  Cost

1. Housing - FG 200 8 @ Mfg 1 200.00
2. Rotor FG 200 10  Mf9 1 250.00

50.00

O

3 Vones Hy1am -324 B0
4 End Covers FG 200 4 = Mfo 2 90.00
Beoring End  FG 200 0.8 M9

i
- cup |
6+ = Shoft C 15

3]

2000
Mre ) 45.00

™

7. Bose Plote  FG 200 5 Mg 1 4p.00
 Cowpling FEE0 2 B0 1 30.00

od M5 0.3 B0 &  4.00
M5 0.6 B0 12 12.00
- -~ B0 2 150.00

1$ _ Adr Filter - - B0 1 30.00

~;~1§;fs  'g?fRin9s - = BO 2 24.00
| retor = B - . 945.00
’rmtdé &Détﬁafﬂtﬁ@ucampﬁessQr‘=0R5m9%5.00

3 KW 960 rpm motor cost = 3,600.00

TOtol cost of the unit = 4,550.00



















