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Abstrac t 

Thc fai lure of scrcw l'OIIIprcssors whl'll opNatin g; with a low visrosit.y liq uid , s11 rh as watPr, 
as t.he coo li11 g a11d sca li11 g; IIICd iHIII is Hsuall y d11 c t.o eiLher llliSHi tab ll' rotor pro filin g or 
surf;w(' materia l propcrt ics. T his papcr dcscribcs thc rcsnlts of a Lest. progrannnc on a t.win 
scrPw co1nprpssor in which t. he rotor profi lcs wcrc basl'd 011 a rac l< gcnerat.ion procPdure. 
This p<'nnitt.cd involn tc nwshin g on thc ront.act. bclt. wi th low t.orqul' t.ransfc r bct.wecn 
I hc· rotors , bot.h of which fcat.urcs arc dcsira bk w11l'n ln bricat.ion is poor. T hP machine 
of >l 5/6 c·o nfi !!, ll ra.t. ion with ö main rot.or di am et.er of J 28 111111 cl ian1 et<'l' was dcsigncd and 
L('st.ed. l t. was t.cst.cd first. wit.h oil injcct.ion and lat.t• r , nsin g bot.h coat.Pd and nncoat.cd 
rotors , wit h wat.er injc•ct.ion only. No pcrfo rnmn cc dc t.e riomtion wit.h t i11w was obsl' rvl'd 
in a ny of t.hesc cascs and , in t hl' casc of wat.er injec t ion, aft.c r 150 hours OJJC'rat.ion wit.h 
roatC'd rot.o rs and 5 hours wit.h uncoat.ed rot.ors , t.hcrl' wen• no signs of rontac t. wca r. 
ll owc•vc• r, LI H• Lest. n•sult.s showt'd t.ha t. t he volnlllctrir cfl'icienry was lowcr and ad ialmtic 
c>ffiriPII l')' was higl1 cr for wat.c•r inj ect.ion tha11 for oil injC'ct. ion. 

K ey Words Sn ew co111 pressor prrfonm\llcC, low v i scos i t~· liquid i11j ect. ion, i11 volut,c• profi lf' 
rot.o rs 

Zusammenfassun g 

Das Srhl'itNn l'ines Schranbvcrdicht.Prs, rl cr mi t ein er Nied rigv iskositiit.sfli iss igkeit. wie 
das Wassl'r als ein l(ühl - und Verrli cht. nngsmcd ium arbr it.r t , ist r nt.wrdr r durch r in 
nngPt: igHl't.e Profi li ernng odrr durch die nnw frirdenst.cllendc• Gigcnscha l't.en dc•s ol)(' rfliir h­
lirlH•n iVIat.Nia.ls vcrmsacht.. Dieser Artikel bPschrPibt di r ErgC'bnise Pi nes Trst prngra mmPs 
111it <·inl' lll Schrallbenvr rcl idll,cr, wobei sich d ie Hot.orprofi lc a.nf ei11cr Zah nst.a ng;c• :C' nPra­
t io n Prozed nr basir n' IL Dies r rmöglicht.c ei n c•vo lvt• nt.l's lncinanderg;rcigfen in der 1\ont.akt­
zo nt· mit Piner niedrigen Dn·hmo1nent.iibert ra.gung zwischC'n ciP II Rot.on' n, was man als sehr 
gcw iinscht IJI'tracht.r t. , wenn dit' Schmir n111 g II II Wrcidlc'nd ist. Die Maschine, cliP ent wor­
fen un d konst.r11i crt. wurclr, hat eine 5/ 6 l(onngm at ion mi t dem 1-laupt. rot.ordmchnlesser 
vo 11 l28 nllll . DiPsc• Maschillt' wm dc wc•rsL mit. dPr Öieinsprilzlln g, und danach nm nJi L drr 
'v\ 'assPrei nspritznng, wobei beschichtete als auch die nnbeschicht et.C' Hoturen in den Be­
i ri eb geset.z t, wurden , get.('s l.ct. . Im Lau fr des Tcstprognu11111 rs wmdcn kcin l' Lc!ist.nngsvPr­
scht lechcrnngcn gc lll l'SSPII , und im Fall r der \>\lasscrcinsprit.znng gab es nach 150 Stunden 
rks Lauf<'s 111i t. dC' n bcschi r htct.Pn und 5 Stunden mi t den unbeschicht.e t.cn Rowrcn krinc 
ZPiclwn de r Abnutzung vo 11 Beriihru ngs fl ächcn . .J edoch, die Ergebnisse habt' ll gewigt., 
dass die volumetri sche Ll'istnn g niedriger und diP adiabat isclw Leist ll ll ß höchrr für die 
Wass~: re in s pri t.w n g war a ls fiir die Ölcinsprit.zung. 

SchI ußwörter: Srl1 rau bc'll vcrdicht.eriP ist.llllß, ir d rig viskosi t.iit.flii ss ig;kc i t.st'i nspri t.zllng, Ro­
lon•n n1i 1 Evo lvt' llll ' ll flankc•n 
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1. Introd uction 

A programm r for t hr cl eve lo pm ent o f sccw compn•ssors a ncl ex pitnders is bciug carri ed 

0 11 t as rcpo rt<'d in Smith et al, 1996 a ud Sto,qic et al, 1997. Iu t iiP ca~c of machines usccl 

for two- ph asc• fluid s , t hc poss ibili ty of re ly ing on Llw wo rking flui d fo r rotor lu brica t io n 

was cous idc r<'d s in c<' it has a lread y been shown by /( u.udwr mul Dämgen, 1994, t ha t a 

con1prPsso r with coatcd rotors could n111 succcssfull y us ing wate r injcc tion . 

Ln t hc p n•sc• ut dcvc!o pment , t he est i111 a t ed clmrac tcri s ti cs o f t hc rotor profi lcs wcre con­

sidcrcd to 111akr t lll' poss ibili ty rn orr favo urable. T hese a re shown in Fig J. The.v a rc of a 
novc l ty pe whi ch havc becn dcveloped and tes ted hcre ex tens ivc ly. Both m ale a nd fcm a l 
Io bes a n• gcnerat.cd fro m a rack which has the form of a s tra ight linr in the rcgio n o f 

thc• contact ba nd . T his givcs t hcm an invo lutc form in t hat a rca which impl i('s t ha t t he 

contact 1ll'twceu the two ro tors is t he best poss ible. A furth er fcaturP of t his rotor pro file 

is t ha t t hr rr is vcry little torquc tra nsmission through the fcrn a le roto r a nd hcncc the 

rontact fon·cs bc twccn the rotors a re sm a ll. T hey a lso havr o t her adva ntages including 

a vc ry high tTOSS sc•tt iona l fl ow a rca, st rong gatc rotor Iobes a ncl a c leamncc di s tribu t io n 

such I hat iu I hP l'Vl' lll o f hard contart bctwc•c•n th e ro i.ors, th ey wi ll no t sr iY.c. Patent 
a pp1icat io riH haw bern hlcd for t hr· fa rnil y of profi lcs thus genemtcd . S tosic 1996. 

As a prl'ii 1uirr ary trs t , it. was co ns idc·red Lo bc wor t hwh il r to evalmtte Llw a ir compresso r 

to run wit ho ut t. irning gear us ing water as a coola nl in o rd Pr to o bta in hig h pressure 

d isd1ar1\e wit lr o ut Ov<'rheat in g. A fur t lr c r objec t of such tes t.s was to detcnnitH' the suit­

abi lity of ;t novrl coating p roccss to r na b lc ro t.ors to mn in contac t. witlrout. oillubricatio n. 

/\cco rcli ugly a prograrnm c was implemr 11ted to carry o u t a 150 hour cnclu ran cc test 011 
t lrc nmchin c• usi ng coatecl roto rs whcn running al thc sarn c spccd a nd pressure ra tio as 

t.IH· a ir co t11prrsso r. T hi s was followr cl by a fur t her 5 ho m s running uml er t hc sam e oper­

a l.in g condi t. ions bu t wit h unco;ttccl rotors. Tlrc progmrn ru r was ca nicd ou t in its ent ir<'l.y 
bc• l WP<' II Sepi.Pmbr r 1997 and .J a nua ry 1998. 

2. G eneration of a 'Low Contact Stress' Involute profile 

Twiu snc•w CO I! iprc•sso r roto rs havc parallel axrs a nd ;t unifo rm Iead ;wcl th ey ar(' th ercfore 

a fo n rr o f he lical gc•ars. T hry tlworN irally nmke lin r ro nlact. , bnt contact. is l.('l'tllinatrcl 

iu rc•g ions n•n 1otl' fro11 1 tl1 e pi t.ch circk s in order to r11inirni <:r t hr s li di11 g ro r11 po nent of 

111 01 io11 bet.wr•c• n thr rn . ThP conjugacy cri tc ri on in tlw tnwsvcrsr pla ne perpcndicu la r t.o 

r lr l'ir axt's is i. lr l' sanw lor lr c li ca.J rotors as for spm gcars, i.r. it. is full y clcfinccl in onl y 
Otl l' pla nl'. 

l'or s uch ruacl rincs t.o perfo rn1 efl'ectivl'iy, t he rot.o rs must rnee t a ll t hc cngaging rcquire­

nH·nts of lr rl ical gea rs a ncl , in ad cli t.ion , Ur cy s lr ould rn a in tain a scal a ro un cl Ur e ent ire 

pro fil c. T h<' c' rll·r lo pl' rn ethocl whiclr staLes tha t two 8'tt7faces an~ conjugate if eru:h gene1·­
o.tes m· r·nvl'lops /Iw othe·r mule1· u. S]i!'l'ified 1"Clative motion rn ay IJl' invo kcd to m cct t.h e 

gea ri ng r<'qnirr rn e nt s. E it hr r rral or lr y po theti cal roto rs rn ay b l' usccl to defill t' prima ry 

an·s. A CO II Vt• rri r nt Otl l' is a m ck, which is a ro tor with infinite racli us. 
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Fig. 1. " N" Profi le Rotors as Used in the Screw Compressor Tests 
Bi ld 1. " N" Rotoren benutzt in Schraubenverdichtertesten 

y 

Fig. 2. Coordin ate Systems of Helical Rotors 
Bild 2. Koordin at ische Systemen der Schrägverza hnung 
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T he rack ha;; advantages ove r an~ othcr , real or imaginary type of rol.o r. . T hc lcng th o f t h <" 

rack profi lc is s hor ter than t imt o f a ny othcr roto r , wl11ch rn eans t hat tl. will be tra n;;po ncJ , 

to othcr rotors without loops during thc gcucrat ion. This is spccially s ig uifica11 t, fo r r ot< c~ 
manufactming. A lso, a rotor gcncrated frorn a rack eua bl cs iu vo lu tcs tu bc ~c n e rated 0 

l 

t he rol.ors fro m th c straig ht lin es 0 11 t hc mck. Thc in volutcs 011 bo th rotors ena bl c ;,
0 

°1
i 

. I . . f I" 1· I I t.or contact with thc la rgest poss tb le CO III JJnatJOn o rac 11 o curvat ttre I. !Cl'<' Jy c tt ;; 11 ri 11 . 
11 'f l I d ' ·1 1· · I 1· g ' 1 <:.' sma llcs t ro tor contac t s tress. ·1c rotor c camncc ts tn J U .1011 m ay Je• ac J ustc•d 1.0 1. . 

. , I lllt t 
thc roto r conL<tct to a shor tcr profi lc lcngth adjacent l.o t hc pitch circl cs than fü r OL l 

I C'r 
rotors. 

Prirnary a rc coordinates Xr a11d y,. >tre g iven a~ a rbitra ry fun ctions of a pa ra mc!t,e t· t O ll 
thc rack. 

.'l:r = :cr(l) 

Yr = Yr(l) 

( 1) 

(2) 
Fro m t his, the sccondary a rc coordin a tcs 011 onc of t he rotors a rc dc ri ved as fun c ti o ns o f 

bol. lt , I a ncl 0, whcrc 0 IS a pos tt!O n panuncter. T he rtt a llt rotor profdc Coordin ates x
1 

a n 
1 

y 1 a n• o iJi.a iH cd frorn thc rack in coordin atc sys tem g ive n in Fig. 2: < 

:~· 1 = .1: 1 (t , 0) = (1:,. r 1 ) cos 0 - (y,. - 7' 1 0) s in 0 

Yt = Yt(l ,O) = (:L·r + 7' 1)sin0 + (y,. - r 10) cos O 

The gat<' rotor profile coorclinatcs x 2 a nd y2 obtaincd frorn the rack a re: 

(:J) 

( 4) 

(5) 

0 0 0 
Y2 = Y2(t, 0) = - (Xr + 1'2) s in -,. + (y,. - ~'2 -:- ) cos -,. (6) 

l 1. 1. 

T hcrc, ~'1 a ucl r2 arc l. he main a nd gatc rotor pi tch circlc radi i r r.s pect ivcly. fJ rcprt•st> tt ts 

tli<' valm• of l. lt c rotat io n a ngle of the main rotor al. wlti clt th c print a ry a tT on i.lt <' rack a nd 

i.IH' sc•conda r y an; 0 11 thc gal.c ro l.o r havc contac l. fü r cach valuc oft . To cns urr propfT 
nt <'s ltin g, tltis ang le musl. satisfy a n envclopc conjugacy condi t ion: 

(7) 

T lw rxpandcd fo r111 is: 
ßy,. ( 
a- f't0 - yr) - x, = O (8) 

1;r 

Onc<' obtaincd , l.lw distribution of 0 = O(t) a ra und t hc profile may bc uscd to calc ul ate 

conjugatr rotor pro fil e point. coordin atcs as w<' ll as to dctcrrnine thc scaling, or contact 

litt <'S a nd pat lts bctwccn tlt c l.wo ro l.ors. 

Rinder, 1984 uscd a s imil a r proccdurc to geucrate hi s in volut.c rotors. 

Morr dl'tail s o n t lt <' app lication o f tlt c cnvclo pc rnet hod l.o sc rcw comprcssor mtor graring 

111 av IH' fo und in Stosic 1998. 
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Roc k 

Curves on the rock 

E-F Line 
F- G Circle 
G-H Line 
H - J T rochoid 
J-K Trochoid 
K- A Circle 
A- B Parabola 
B- C Lin e 
C-D Ci rcle 
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Rotors 

Fig. 3. " N" Rack and Rotor Profile Key Points 
Bi ld 3. Die Hauptpunkte der " N" Zahnstange und Rotorenprofi le 

Fig. 4. 

Radial Forces and Torque: 
1. No contact points . 
2. Interlobe contact at one pomt, 
3. Interlobe contact at two pomts 

Bi ld 4. 

Radialkräfte und Drehmoment : 
1. Keine Berührungspunkte, 
2. Die Berührung in einem Punkt, 
3. Die Berührung in zwei Punkten 
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The follow ing is a brief des<.:ription of a rotor profil c, typi cal of a whole farni ly, designed 
for the efti cient comprcssion of air , common refri gerants a nd a number of process gases, in 
which thcrc is specia l emph as is on obtaining low contact st ress between the rotors. Th e 
a im is reached by cornbining the optima l involu te rotor contact a nd low contact force. 

T he coordinatcs of all primary arcs are defined on the rack and sumrn a riw d here relative 
to the rack c:oordin a te syste rn. The division between the profile arcs is denoted by capita] 
Jettcrs a nd each a rc is defin ed sepa ra tcly, as shown in Fig. 3 where the rotor rack and 
rotors a re shown together. More detailsare givcn in Stosic and Hanjalic, 1997. 

Segment E - F is a s tra ight Jine a nd F - G is a circula r arc . G - H is a s traight line 
which fonns the upper involu t e. To minirnize the blow-hole area, segment I-I - J on the 
rack is cu t as a t rochoid generated by the sma ll por t ion of the arc J-/2 - h on the gate 
rotor, wh ilc seg rncnt J - A on the rack is a nothcr trocho id generated by the srn a ll portio11 

of t he a n: A 1 - ] 1 on t he rna in rotor. J( - A is a circular arc whi le segrnent A - B is a 
parabolic a rc on the rack. This cnsures both a !arge rotor di splacement and a low torque 
on t he gate rotor B - C is a st raight line on th e rack which is rcquired for the lower 
involute , whik C' - D is a circul ar arc on the rack. Segment D - E is a straight lin e on 
the rack which completes parts of t he rotor innerfouLer circlcs. 

A vari ety of profil cs can be generated from t his template. The profil e des ign is a compro­
mise between i) f"ull ti ght ncss, ii) s rna ll blow-hole area, iii ) !arge di splacerncnt , iv) short 
sealing lincs, v) smal l confined vo lumes, vi) involute rotor contact and vii ) proper gate 
rotor torquc distributiontage ther with viii) high rotor mechanical rigidity. The blow-hole 
area may bc controlled by adjustment of t !Je tip radii on both the ma in and gate rotors 
a ncl a lso by making thc gatc outer d ia rncter equ al to or less tha n the pitch d ia rneter. Ro­
tor instability, wh ich is often caused by inappropriatc torque dist ri but ion in the gate rotor 
may be avo idcd by t unin g t he exponent of t he rotor pa rabola. Furthermo re, full involu te 
contact betwecn the "N" rotors enabl es any additional contact Ioad to be a bsorbed more 
cas il y than by other types of rotors. 

3. Contact Forces on Screw Compressor Rotors 

Sc rew con1presso r rotors a re subjec ted to sevcre pressure Ioads. The rotors, as weil as the 
rotor bcarings mus t sat isfy rigid ity a nd elast icity requiremcnts to ens ure appropriate a nd 
reli abl c compresso r Opera tion . Thc contact force between t he rotors, which is determined 

by l. hr torque transferred between rotors, plays a key ro le in cornpressors with direc t rotor 
contact. T hc co ntact forcc issma ll in the case of a rna in rotordriven compressor. In the 
casc of a ga te rotor drive, the contact force is substantially !arge r. Therefore th is latter 
ca.sc is cxcl ucl ed frorn a ny sc ri ous consideration for low viscos ity fluid flooding. 

A Jn athCJlla l.i caiJnodcl, represented by a set of equations which describe the p hys ics of the 
co1nplcte proccss in a comprcssor is uscd to calculate th e cont.act forces acti ng between the 
com pressor roto rs. The equat ion set consists of t he conserva tion equations für energy and 

mass as we il as t.he momentum equation supported by a number of a lgebraic equations 
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lefinin g leakage a nd fluid iuject ion a nd othcr accompanying plw nomcna. 

Thc so lution of t hc cquation set is pcrforrncd nurncrically by employing the Rungc-l<utta 
4th ordcr method , wit h appropri atc ini t ial ancl bou nclary conclitions for thr fl uid suct ion, 
comprcssion a nd d ischa rge. As a n'sul t , t he trappecl rnass , prcssurc a nd tcmpcrature in 
t hc work ing t'hambcr is calcu lated as a fun ct ion of thP rot.ation a.nglr 0. T hese arc tlw n 
used in fur t her calc ulations on thc p - V d iagram to obl.a in cornprcssor power, comprcssor 
fluid fl ow and o il flow, turbu lcnec a nd hcat transfer. Fimtlly, t.he spcc ific power, volumetric 
and adiabat.ic cffi cicncies MC calcul at.cd t.o give complete information of t hc co tnprcssor 
process. For cxarnplc, p is t.hcn uscd for calculat ions of t he rotor cont.act forces. More 
clctail s of t he modclling proccd ure a rc givcn in Hrmjnlic nnd Stosi c, 1997. 

T hr calcula t.ion proced ure of pressure Ioads follows Hindet· 1979. The prcssurP p = ]! (<p ) 

fun ction is known for a ny instanta ueaus ;w glc of rotatimt <p , with a rcasonable angle 
in cremcnt. Fig. 4 prcscnts the rad ia l and circumfcrcntial forccs in a rotor cross scction. 
A pressurc 7J act. · in l.he corresponding int.erlobcs normal to linc Aß. A <tnd B a rc eit her 
on t.he sealing lit te bctween t hc rotors or a n thc rotor tips. T hcy arc fn lly dcfi ned from 
t lt e rotor geomet ry. 

In position l , t hcrc is no contact between thc rotors, sincc A and ß a re on the circle 
and overall forces F1 a nd F2 act towards t lw rotor axes. T hPrc is no t.orquc· caused by 
pressurc forces in t.his pos it ion . In l,hc ncxt pos ition t hcrc is only on<' contact point 
lwtwccn thc rotors ; poin l. A . Fm·ccs F1 a nd F2 arc rc<:C'ntric , t hcy comprise t hc radial and 
circumfe rcnt ia l contponcnts. T hc lattcr cause t hc torq ue. l n the casc of a main dr iven 
rotor, t hc l.o rq m' on t hc gatc rotor, whiclt is significant ly smallcr t hcn t he main rotor 
t.orqu<' , dcfin cs t hc contact force. In pos ition 3, both contact points arc a n thc rotors ancl 
thc overall a nd radial forces a rc equal for both rotors but thcrc stil l is a. torqnc between 
t hc rotors. 

T he torq uc which clefin es Lhe contact forcc bctwcen rotors is: 

! 11 fß 2 'l T = p A xdx + p A ydy = 0.5p(:c1; - :1;" (9) 

A and B are on t he sealing linc. T he abovc eqnation is in tcgrated around t hc profil e 
for all profi le points . T hcn it is integrated for a ll a ngle s t.cps to compktc one n•volu t ion 
cmploying a given pressurc history. F in a lly, the sun1 is 1nade for a ll rot.or in te rlobcs, 
tak ing into accou nt Lhe piHlSf' shift as weil as t he ax ial shift bctwecn thP interlobcs. 

The calcnl ation resul ts a rc prcsentcd in F ig. 5 in t hc form of a tnrqm'-anglc' d iagrant. :\s 

may bc notcd , t.lw torque bctwccn t hc t.wo rutors causecl by pn•ssun· , is low but is always 
positi v!'. T his mt'ans t hat contact bctwecn t ht' t.wo rotors will IH' on Ult(' s idP of t.hc rot.o rs 
onl y. 
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Fig. 5. Main and Ga te Rotor Torque Distribution in one Compressor Revolution 
Bild 5. Haupt- und Nebenläuferdrehmomentverteilung in einer Kompressorumdrehung 

Fig . 6. Layout of Air Compressor test Ri g as Modilied for Operation with Water lnjection 
Bil d 6. Die Anordnung eines für den Betrieb mi t der Wasse reinspritzung modifi zierten 

Luftkompressorexperimentstandes 
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4. Machine Design and Manufacture 

For test purposes fonr pairs of rotors wcrc ma nuf<tctnrcd a nd paircd uy a specia list rotor 
ma nufacturr r. Two of t hcsc pairs wcre coated whilc t hc othcr two wr rc lcft in thl' finis lt ed 
meta! st.a.tc. 

To obta in tiH' bcs t performancc frono comprcssors with advanced rotor profi lcs il is es­
sr nlial t ha t all othcr components a rc dcsigncd lo take advantagc of the brncfi ts which 
LIH· roto rs cnnfcr . Specia l care was givcn lo minimisc t lw tl ow Iosses in t he suct ion aml 
d ischargl' porls. T hc low pressurc port was posit ioned in th r housing to Iet thc ai r cntcr 
with t hc fcwest possible bcnds and t he air approach vclocity was kcpt low hy making t he 
fl ow a rca as !arge as poss ib le. T bc high pressurc port sizc was first dct ermined by esti­
rmüing thc huilt- in-volumc ratio rcquircd for optirnum thermodynamie performancc. lt 
was t hen in creascd in ordcr to reduce t he cxit a ir vclocity and hencc obtain t he minimum 
combin a ti on of intern a l and discha rgc Aow losscs. 

The cast iron casing, which was carcfully dimensioncd to minimizc its weight , contai ned 
a reinforcing ba r ac ross thc suct ion port to improvc its ri gidi ty a t lli gher prcssm cs. 

5 . Compressor Performance Measurements 

5.1 The Test Rig 

A Lest rig has bccn dcsigned and conslructcd at t hc C ity Uni vcrsity omprcssor Cent,re 
Labaratory a nd ccrtific>d hy Lloyd 's Register as mcct ing Pnrurop/Cagi rcq uircments for air 
conoprrssor acce pta nce tcs t.s. High accurac,v tcs t eq uipmcnt, is usrd for t hc mc<tsun·mcnl of 
a ll r<' IP\·anl p;tnunrlers. All nwasurern cnts <lrl' !ll adr by t.ransduccrs a nd are rrco rdcd and 
processrd in a data Iogger. Dnl' to t hc !arge !'lcctrica l power rcquirPmr nts of the cngine 
Ia baratory in which t hc lest facility is locat.rd , a 100 kW turbo chargcd in tcrcoo lcd diesei 
enginc is used as the power sourcc t.o d ri ve t hc comprcssor which is conncctccl to the 
cornprcssor tes t bccl by a ver belt drive with a 2.5: l rat io spccd stcp up. T his may 
opC' raLr at var ia bk sprl'd to tcst liquid-Aoodccl a ir compressors with di scharge ratcs of up 

to IG m"/m:in. 

Th is t !'SL rig was dcvrloprd primarily for t.hc t.cs t ing of oil injert.cd twi n sc rew air comprrs­
surs. T he conoprcssor no ay bc conu ccted t.o eitlwr cud of t:hc drive shafl, which is mountcd 
iu plunomcr ul ocks , in ordr r to !'limimü.r si el e Ioads in thc fin al drive . T his a rra ngcmcnt 
tilll s a llows for compn.'ssor rot.at ion in l' ilhcr direct.ion. 

A ona jor r ollopon<' nt of the t.C's t asscmbly is t he oil S!'parator which is bnilt in two stagcs. 

O il sPpa ra tcd from the di scha rgrd a ir at high prcssurp is rrin.it'c tc·rl int.o th!' comprcssor 
t.hrough t hc oil inj cct io11 jct. wit hin t: hr ma in conoprrssor cas ing. Dr illings wit hiu t.he 
comprcssor body also Iead sorm' of thc reinj cctcd oi l t.o lu bricale t.lw comprcssor beari ngs. 
For t lo c purposl' of t hcsc tcs ts , t hr oil separat.or was com·crt.l'cl lo a watcr scpanttor aud 
slo re . T lo c o il inj cction jel a nd intNn a l oil circula t ion dr ill ings in t hr comprcssor wrre 
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blankcd off and a ll t hc water injec ted was aclmitted direc t ly t hrough t hc inlet por t o f t he 
compressor Logether with t hc a ir. In addit ion provision had to bP madC' to recover watcr 
wh ich leaked into t hc bearing housings a nd pum p it. back to t he a ir inl ct port. In o rder 
to minimise corrosion , t he injected watc r conta ined 20% of rthylenC' glyco l. A diag ra rn 
of the rn od ified rig a nd relevant mcasnrcmcnts takcn ar<• shown in Fig 6. T hP foll ow in g 

para mctcrs a rc mcasurcd d ircctl y. 

Po - Atmosphcric pressurc [rnmHg) 
p1 - Suction prcssure [b) 
p2 - Discharge pressure [b) 
p3 - O rifi cc plate pressure [b) 
6p - O rifice platc pressure difference [Pa) 
n - Comprcssor specd [Tpm) 

t 1 - Suct ion temperaturc ["C) 
t2 - Discharge temperaturc ["C) 
t :r - O ri ficc pla te ter n pcra m e ["C) 
13 - Wat.cr inject ion temp. ["C) 
M - Torque [Nm) 

5.2 The Test Programme 

T he req uirernents for t hc complete Lest programme wcrc as follows: 

i) O bta in a set of samples of t he coat.cd rotor surface. 

ii) lnstall the coated roto rs in thc compressor a ncl ru n at 3600 rpm a nd apower in put of 
30 kW corresponding t.o a diseilarge pressure of 7 bar. to carry out: a) A 5 hom ini t ia l 
tcst run followcd by a partia l st ri p down a nd inspection of t hc rotors and obtaining a 
sccond set of rotor surfacc samplcs. b) A furth er 145 hours Operation fo llowecl by a st rip 
down a nd fu rther inspection of t he rotors a nd the tak ing of a fin al sc t of sampl es front 
t hc coated rotor surfaces. 

iii ) Rebu ild the cornpressor with pla in meta! rotors and run for a fur t her 5 hours at 3600 
rpnr and 7 bar diseil arge pressure. 

T hr init.ial run ning of t he compresso r was carri ed out a ftcr a se t of sarn p les of l:he coated 
rotor surface was obtai ncd a nd rotors washed with acctone. Soon a fl:c r star t up it was 
found t hat wate r was leaking in to t he lu bricating oil. Jt was thcrcforP clecicled to shu t 
dow n a fter 90 minutes running to replacc t he oil lubricat ion syste rn wit.h grease. At t. hr 

samr time, thc roto rs were inspected a nd further su rfacc samples were taken. 

Tcs ting was then rcsurned a ncl t he cornprcssor was run for a fur t her 123.5 hours . At 
this t im e l: he comprcssor fa ilecl to start up at the beginning of the day 's run. lnspect ion 
rrvealccl t ha t t hc inne r track of t he ou ter ring of t he fema le rotor discha rgc bearing was 
hmvily worn . lt wa~ t hought to be due to corros ion caused by ingress of water into t he 
grease packed bearing. T he bearing was repl acecl a nd t hc rerna ining 25 hours runn ing 
t imr was t hen completed successfull y. 

The rotors wcre t hcn inspcctcd again and sam ples wcre ta ken of their surfaces. Rotor 
wrar app<'ared to bc negligible wit h only a light po lish on thc contact balldS of each rotor. 
This is shown in F ig. 7. The inner track of the outer ring of the fema le rotor d ischarge 

hearing wa~ rxarnined and found to have worn in a simila r ma nn er to t hc one it had 
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rr pi Rcl'd hn L no l. 50 hNwil y. Fur t he r inspcction thcn rcvealcd t ha t Lhf! fa ilurc was not duc 

Lo corrosion bul. rathe r to loose fi ttin g o f thc o ute r bearing racc in t he compressor cas ing. 

Th is had causcd fr c tti ng act ion which led to thc first bcaring fa ilure . 

Tbc com pressor was t hen reassembled with uncoated ro tors a nd run for a furth er 5 ho urs 

withou t fa ilurc. O n complet io n of t hc fina l fivc ho urs opcration , thc ro tors wcre inspcc tcd 

a nd fon nd to hr on ly Ii g ht ly po lished a lo ng thc ir contact bc lts. 

Aparl fro n1 Llw be;uing fa il urc rcported , whi ch was duc to acccptRncc o f Lhc cas ing with 
t.lw bcar ing hons in g bore ovcr t he rn;tx imnrn a llowcd tolcrance, Lhc comprcsso r ran we il 

wit h Rllnost no vari RL ion in spccd , d ischa rgc prcssure , a pplied torquc a nd a ir di scha rge 

and ilea ring l.t·1npcra turcs ovcr pro lo ngcd run ning peri ods of up to 12 ho urs pcr day. 

Duc to t hc wal.c r injrc t io n , thc tempcral. ure rise o f t he comprcssed a ir was onl y ur the 

on!Pr nf 8"C whill' thc wal.cr l.cmpcm l.u rc, which was mucl1 cooler o n a dmiss ion , rose 
by approxinmtely 17"C . ß cnw sc of t hi s ncar isothrnwt! comprcss io n o f t he a ir , thc 

co1npn•sso r 01wratf'd with an cxccpti ona ll y high acliRbatic c ffi c iency, dcspite th at fact 
I hat. it.s bnil t in volu1n P rat iowas too sm<t ll for thc rcquin!d di scha rgc prcssm r. 

Ano l ht• r fcal.un• o f t ht• wal.t:r injccl. io n was that duc Lo t hr ve ry low tcm p rraturf' ri sc o f 

Lhf' a ir , t hr aJ IJ OUllL o f wa.l,cr vapour w!J ic!J could bc carri ecl o ft· by evapomtion in to t hr a ir 

was ve ry Sill a ll ;wd a n• oun l.t•d to lit l.! c n• o n· t ha n 15 lil.res ovc r Lh<· cnL irc t. c~t. progratnn tc' 

A prob!t' JJJ which occmred a.~ a n :sul l. of running wit h watn iuj cc l. ion was t hat. , cven 

wit h adc!Pd rl. hy ll'fH' g lyco l. t hr con•prcsso r ntsing Lclldrd Lo rus l. whr n lc fl. s tati c. To 
pr<'Vt' ll l. t hi s wh<' ll t hr con1presso r was switcht•d o fr al. lli ght , wa.nn a ir !'rum a fa n hcater 

was din·c tt•d oV<' r lht• comprrsso r t.o ri s<' il s lt•J n peralmt• a l ap p roxi nHtL<' Iy 80"C a nd d ry 
it. 

5.3 Test Results 

Log shl•el s wr rf' m a int a in r cl l'o r I Iw <' nLire tr s l. progra mmc. Pe rform ance analyscs wcre 

ca rrit•d on l. on l. ht• I. <'S I. data a lld t he resu !l.s o f thcsr a rc show ll in F' igs 8- 10. As may be 

dcd ucPd fro111 LhPJJJ , l.hr t hr avt' ntß<' ad ia.b;ü ic a nd vo lu1n et ric r fficicnc ies o f t hc co m prcs­

so r durin g o pt•mti o n w<• rc 94% a nd 88% rcspcct ive ly whilf' l.hc Sj) Pf:ifi c power inpul. was 

a pprox inJat.<' ly G.9 kW / m3/ n•in . Thr h ig h <td iabal. ic <' fl ic icncy is, o f course, duf: to t hc 

<'X<'<'pLi onal coo li ng cfl'cc l.s of l. ht• waL<'r bul. l.!w vo lunw l.r ic cfikiency is so Jn cwhat lowf' r 

than nonna ll y o blai nPd fo r a machinc o f Lh is ty pe using o il injcc Li o n . II. is beli cV<'cl t hat 

I h is is dtH' t,o Lll<' watf'l' hav in g, a JJJ UCh lowcr viscos iLy a nd hcnu ' no t sPa!in g, Llw clcarance 

gaps so pfft· t· ti vl' ly. T he spec ific power inpll L is s li g htl y h igh<!r t. ha n obtain ed for a s im ilar 

IJ JachiJw ru n as a n o il floocled co lnprl'ssor. T his is dnc Lo t he rcduced volnm cLric e fli cicncy. 

Ot hf•rwi sf•. wil. h such a hig h adi aba l.i c l' fli c i c n c~• , il wou ld havf' been signifi cantly lowcr . 
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6. Conclus ions 

T hr lllcthocl of sn cw ro to r pro fi lc gcncm t io n usccl by t lw a ut hors fü r a long t im e to 

generate sc rPw ro lor p ro filcs has been d cmo ns tratccl . l t is convc n ic nt both fo r th l' cl es ig n 

of new rotors a ncl t hc im provc ment of ex isti ng cl esigns. T bc m a t herna t icall y r igoro us 

mct hocl used ha.s the add it iona l ad vantage o f s implicity whi ch enab les a va ri c ty o f pro fi les 

be crCfltecl in a shor t t ime by a lmost a ll m echa nical cng incc ri ng d cs ig nc rs , whcreas at 

pr<>sc nt , s uch sk ill s a rc known to on ly a limi tccl num bcr o f exclus ivc s pcc ia lis ts. 

Coatcd rotors showccl excc ll cnt wear cha racteri s t ics a fter 150 hours ru nni ng t ime. T he 

conclition of th c u ncoatecl rotors at t hc end of 5 hours Ope ra t ion was vc ry cncouraging 
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