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A different ial m·t I . 
into the · 't 1emat1ca l model ofth e thermodynamir process in i\. Sr rl'w engin l', in rorporat ed 
T computat iow I k SC:O A1' (S 0 . p . Hermo I . . ' a pa c age . · HP II , crew f'ompressor pt una l Hotor rofi l111g and 

'Ynam1cs) t t l . 1 . . 
to improve . · . oge . 1<'r Wlt 1 a general speclfi ca iiOJJ of the scrcw gconw tl')', Wi\.5 <• mploycd 
a slendcr 

1 
the en~JJH' J> <' l'fo rm ances by the op l. imi za tion oft he lohe profi l!'s. A new profii<• of 

a !arger c~ 1a pe w~r.h t. hin ner Iobes in bot.h the mili JJ a nd gat.c• rolor is ronsid Ned. whi r h yields 
Same ti oss-sc:t lonil l arPa. a nd shorter sea ling lincs resnlling in high<'r ddi1·crv ra l!'s for the 
tl1e gar.: ;~peed .. f he P<lJ><•r discusses some mod!'lli ng issuPs and fonJSes on the opl.imizalion of 
of the ma ~tor ll~ radi ns as an cxa mple wh ir h demonst rai i'S one of lll il iiY poss ihle appli rat ions 
cngine. t 

1
cmatlca l model li ng to the optimizil t.ion of d<'sig n and operafing condi t ion of a srrew 

~ 
Scrcw en . 
dry, oil flg

111
es find nowadays a diversity of applira.tion as CO III JH<'sso rs or expil lldcrs, operat ing 

oodcd o r w' rl tl fl 'I · · I · · I · I · · Process . I I 0 I(' J' lll< S IIIJC<:lCC 111 PII I( III CS C IJI'IJJ g I II' COIIlfli'CSSIO Jl OJ' I'X)liiiiSIOII 
refrigc." A _variety o f wo rking fluid s are used, ra11gi11 g fron1 air illld rommo 11 g<~ ses lo III'W 
I ilnts Jnvolv · · · · · 

t Je cas •ng com pl!'x two-phase nows alld pl!il Sf' r hall p;es WJI.IIIII l.h<• <' 11 1(111 1'. Earl• of 
es ment ion d . . . . 

OJ>C'ra tin _ . c ' as Wf'll as "1any subvan aul.s, usua /ly r<'rpurC' a spc>rrfi c ci C'srgn . a.." Wt'll ftS 

confi gur:t_reglme in o rder to a.c hieve optimum performa11 ces. lle11ce , 11 eit hl' r 1111i versa l ro lor 
Cngines. ßiOn llOr Set o f t he WOrkill g pa ra.metprs r a JJ be dcfi11cd CVC II for a 11 a rrow d ass of thc 
thermoc) cca~l se of geometric complex ity a11d a va riety of a pplira tions. a r losN in sight iuto l.hc 

Yna.nuc pro 1 · · n f · 1 · I engine , r ess a.nc an a.nalys1s of the 111 IIPII C<' o v<~nous c c•SJg n paraml'll'rs on t 1c 
t Per,orm an · ' I I · I Yl>esof . . ces are prohably more importa lll , t hough ll'ss slralgllt,,orwarc , t "' " 111 ot 1er 

eng111es wl · 1 ' 1 ' · · · · I and Weil d llr 1 JlCI'J OI'Ill simi lar fu nctions. F'or t. ha l reasons a nee< JOI' il ll optmii Za liOII too 
a · efin ed critp .·. · · · ' 1 · · · r ' · 1 · ·r· PJ>hca t · · I Ja 1s a. prereq111S1te 10r ac '"'"1ng opl. !lnlllll pcr, orm a 11 ccs 101 eac 1 spen 1c 

. 1011 • for fu rtl · · . · II I r I I . I . appJicat' ler rmprovemenL of screw eng111cs df's1g11 . as W(' as an( ror >roacer11ng I H'll' 
· 1011 versat ility. 

Am · 
c aJor break tl . . . 
".Y lhe. - lro11g h "' t. hc profile dcvelopme11t. was t hf' r<'plac~IIH'IIt of s.v mm N nr profdes 
·· 1 "-~Ymmet . SllM · · . I . I 81

C c of tl n c · sha.pe where a. sys tem of cyr l01des "'"' llllrocl ll cecl '" t '" l11g 1-Jli'PSS ilrc 
Je lob · . · · . . 

and a co es IIIS f<'a.d o f CJrcles. T his lecl to a subs l.<ll lti al recl ll r tJon 111 the blow-IJOI<' a rea , 
additi01 rllrcsponding inrrea.RC in ci Piivery rat.P and effi cienry. T hc front siele of t. he lee t h was 

Ia Y m l'fi , , . . . . 
corresp01 d·. oc 1 I Cd thro ugh the errcnt.r icity of t.IJ e gale rolor nrrlc•, wl11 r h res llli i'CI 111 dlfrNenl 1 

lllg sha.pe ofth " lo be front. ofth e main rotor. Thc• res 11 lting S H~f "('" profi ll' <'llle rged 
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a~ th <' mos t s ur ccss ful tw in sc rcw pro fil c a nd is s till w idcly used for ~'(Hio u s ;~pp li ca t. i ~ n s . ~·f~~r 
.Y<'<trs o f int<• usi vC' usc, it ha.s hccn rccognizcd , however, t hat furth er unprovcrn cnts a t e possJ e 
<1 11d dt's ira hl t• a.nd in r-;o mc a ppli catio ns th e " C" profi le ha.s bec n recentl y su hst ituted by som e 

nf'w , mo rc efllcicnt lohe shapes . 

A m<1jo r i urcnt i vc fo r an in t cnsifi cd sca.r ch for new profi les came from rece nt dc vclopm en t o f 

tlu• m a l hematical m o d cllin g and computc r op t.imi zatio n. ln fac t , t he a pproa.ch to thc op timurn 
d ps ig n o f I h!' s rrcw ro to rs lo be p rofil cs ha,s s ubs tantiall y e vo lved over th c past fc w .YCM S t hro ug h 
a m o rp ex l Pnsi v<' use o f compute r mod cllin g a nd it is likely to Iead in thc nea r futurc toward s 
furt lw r imp ro vern c nt of th e C11 g ine pcrfo rrn a nccs. Unli ke in t he pas t, wh c n th c im provf> m c n t. s 
we r(' a.c hi(.~ved by lu c id i11tu itio n a nd tcdio us t ri a. l-and -cr ror tcs ls, th c com pu tcr modclling offc r s 
nowildays a po wc rful tool for proccss a na ly s is a ud optimizat ion . J-l owe vcr , th e com plcx process, 
a s weil il.."i g<'O ill (' try, rC'quires that va. r io us pl1ysical pheno nl<'ll a bc 1no dcll ('(l in a n approx i111ate 
ma nn (' r , /e,w in g lll illl ,Y poss ibili t ies fo r mo d c llin g imp ro v,C' Ill C' n t s. Comp u te r mo d C' Is a nd numC'ri ca l 
rodPs. r(' po rtcd in o pC' n lit C' raturc, diffc r bc t wf'c n car h o th c r oft <• n in t lw a ppro a.d1 a 11d c ve n 
mo rC' in rn al h<• m a. t.i ca.l le\'(' ) r~t w hich vr~riou s p he nouwna arc mod<' IIC'd. A hl c k o f cornpa.rat ivc 
<' X p C' riiiH' IIl r~ l VC' rifi rn tio n hind cn~ s till a ro mprc hc nsivt• va lid r~tio n of mo df'llin g <·o ucPpl s . hut in 
s pi tC' o f t ha.t. t hc mo d C' IIin g a.nd computc r o ptimizatio n arc s tcadi ly g a.i ni ng in (.Tcd ihili t .v a.nd 
arc he in g mo r<' a.nd rn o r(' c mployN I fo r dcs ig n improvc Jn ('nt. 

TIJ C' p rcsC' nl paprr desc ribcs somc rcs ults o f a rcrcnl c ffor t to irnpro vc t he COI!Ipu t;lt. io lla l m o cl c l 
o f lh c proef'ss in il sc r('w <' ng in c. ll re po rt a lso o n t ll c rn o del ;.lpp licilt io n t.o l iH• d C' vcl o pment o f 

a II ('W pro ril<•, wit.l1 thinn C' r Iohes in bo t /1 t hP m a iu aJJd gr~l <• ro t.ors, y i<'ldin g lt-l rgc r r ro ss SPCt io n 

a r~as " '" ' Pna h lin g l1ig hN ddi vN _v rates fo r t he S>lllll' t ip s peed s . T!J e ne w profi l!' h a s a lso 
s hor lr r Sf'a lin g lin es rPs nl t in g in lowcr !C" rtkn gC's. 'fh r p;tper desc riiH:•s t hr m o d c ll iJl ß b ;.tck g ro unrl , 
d i s c H S~PS th e ra tio nn iP bc hind th e nc w lo be s hfl pes a nd foc usps o n lh C' infi iJf' ll CC' of OnC' of th e 
Jn ajo r lo bC' pa ra.rn c l.<' rs - th e ga. tc ro to r tip r t-~ diu s a nd its o ptimizalio n . 

l'l'!odPII ing Hational<• 

T h,. f' ff<•r t s o f pro filc mod ifira.tio ns wa ~ iu vcs t iga.t ed by c mploy in g a. comput~t. ti o n a l n10d c l, ba­
~cd O ll ro nsC' rvatio n Pq nal io ns fo r m ass a.11d r nt• rgy in a diffe rf' nt.ial fo rm , w hi cl1 d csc ribe t.h c 
l hc rmocl y na uli c a.ud fl ow proccss in a sc rc w c ng in f' in tc rrn s o f t hc ro t<1t.io nal ii JJgl c (or li lll <' ) . 
T lw modt• l a lso in co rpora les t l1 e difl(•rc llti a l kin c meli c rPiat io ns hips w hi c h d pfi n<' t li e in s tan ta­
llro us OJH'rat ing volnrn r rt nd its dl illlgt' wit.h t.h t• ro tati o n a ng le. Tl1i s <• nah /('s tiH~ f Omp ul t-•li o n 
o f I II <' rvolulio u o f o:t ll I hr rm o dy H;:tJni c a nd fluid p ro prrt. i<'s in t im e w it llin t l1c ru g in<' r_yclc . Th c 
com pu tal io n is rarri C'd o ut thro uJ?;h s<·vc> ra l <·v rl<'s nnlil th C' r-;o lu t. ion herO III C'S rc peatah lc a nd 
iud <• pr rtd <• n t o f LIH.' iuiti a / co uditio ns . The mori(' l w~t s cJpsn ·ihcd in d f' t.ails in re f. pJ , [7], (10] a nd 
[ II ] . 

. Mod<' lli ng o f proresses in a sr rf'w e ng i n<> , ba.sC'rl o n di ff(' rl' ll 1 ir. l rill c cq u;:t t.i o ns fo r lll ;:t ~~s an cl <' ne rgy, 
PJl S I! f('S iu prinr ipl f' a re p ro du ct io n o f th c th c e ng inc I IJ (' rrn o dy n;un ics ;Jild fluid no w . ll o wcvc r , 
it s a hil ily t o m im ic" r~a l proc!'SS d e p cnd s s tro ng ly 0 11 l1 o w fa i thfnll y tl1 e m o dd arco unts fo r 
an·omp;.•ni Pd p he nom t> ua. a nrl e ffrcls , w hic h have to be mo d PII ed in a n a pprox inl t-l le m a nn c r . 
A rnong t hr sc Jn Ofit i lll po rt r. n t a re 1 hc (I u id a nd c n('rgy Iosses t h ro ug h t hc cl ca.ra nccs be twcc n 

t h<' ro tors a nd casiJ il{, a s w(' /1 a s bC"twecJt th <' lll flin a nd ga t<• ro lo rs th c Jil scl v<'s, h<•t-ll t ra ns fe r 
IJf' IW('(' JI t /1 (' Ouid a nd t hP (' fl VirounH' Il t , fluid fr i<- lio n lasses, rr;tl pro p r rtics o f wo rking: nui d , 

p l!ilM' c!J a ngps a nd inl~rph asP tr;; ns fer in I !J r raS<• o f l.wo - p l! a S<' fl o ws. Jt is th e mo d <• llin g o f t hcsc 

pff<•r t s, w lli r h dis t in g uis lw s tl1 c rnod f' llin g a pproa ri1 PS ;:t JI(/ l(•vel of Pmpirici s m ad o ptf'd hy vario us 

fHJti JOrs. In SU Jll<' ra ..... f's, mos t o f t llf' p ffN· t s ar~" acro unl<•cl for by intt)g rtt l e mpiri ra l co rrcl;:tl io ns, 
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using similarity arg um e nts and dime ns iona l analysis, and obtained o n th e bas is of th e bend1 test 
of a s pecifi c e ngine- a pr ivil ege of on ly few m a jor sc re w engin e rnanufacturers- a nd curve fitting 

through th e data . Howeve r , a lthough th ese correlations may be t un ed to a.ccount weil for th e 
cons ide red effects in a. pa rti c ular e ngin e, their gen erality and ex trapol a tion to a. ne w situ a tion , 

with a purpose o f predi c ting t he engine be hav io ur , may be high ly qu es tionable. Dy adopt ing a 
more general a pproach based o n th e differe nti a l treatment ofthernass a nd ene rgy balan ce fo r a n 

elementary control volume for an in cre me nt in the rotat ion a ngle, it is poss ible to defin e mos t o f 
the phenom e na mention ed a lso in a differentia l form for the local rotation angle, and integra.te 

all equ ations s imulta.neous ly over th e cycle. In s uch a way the accompany ing effects are treated 

al so in a differe ntial form . For example, the clearance fl ow leakage, m,, can be ex pressed in 

t erms o f local variables a t a pa rtic ular position in the e ngine, 

( I) 

wh e re 11 = WfPI is th e loca.l mass veloc ity of the lea kin g fluid . !11 = I ~ is the clearan cc ( 'gap ') 
c ross-sec ti o nal area, a.11d /'I is th e 'di scharge' coenl cie nt. The lcakagc ga.s velocit.y fo llows from 
the diffe re nti a l mom e n t. um cqua.ti o n , a.cco untin g fo r t hc fluicl -wil ll fricl.i o n 

dp wf dx 
1111 dw, + - + f - - = 0 

p 2 D, 
(2) 

w he rc /(Re, Ma , lji) is t hc fri ction coeffi cie nt depend ent o n local ll ey no lds a ncl MMh nnmbe rs, 
a.s weil a.s fac tor lji , which a.cco unts fo r t he s ha pe of th e clcaranre gap. All va ri a.bles ra.n be 

de fin ecl loca lly at a. pos itio n in thc e ng in e a nd in fnn ctio n o f th e rota.ti o na l angle. For t he 
ele me nta ry control volum c t he e flc rt.s o f lea kage is t he n accou nt.cd fo r by adding and s ubt.ract in g 

co rres po nding localleakage ga in s a nd Iosses i11 mass a.11d energy. T h<• model is s ufn ciently fl ex ible 

to a llow not o nly th c di s tinct.io n I>Pt.ween diffc re11t ty pes o f r i<'<Ha nccs ( leadin g a.nd t.raili11g rotor 

t ip - ho us i11g, in te rlo be clca.rance, rotorfront - ho using), but a lso a variab le clea ran ce ga.p as weil 
a.s diffe re nt di sc ha rge cocnlricnts (a.Jiowin g fo r difl"e rent. a.nd Vilr iable s ha pcs ) o f each cleamnce 
type . 

Like wi se, t he working fluid fri ct io n Iosses ca.n be dcfin ed a lso lora.lly in tNlli S o ft.h c loca l fri ct ion 

factor , loca.l fluid veloc ity ( rclated to tip speed) a nd dens it.y, a.nd ele mentary fri ct ion a.rea.. 

T he sam e approach wa s adopled for modelling the o il (o r o ther fluid ) inj<'ct io n and its e ffecls of 

ga_s cooling. Ass umin g tha.t. t. he o il injec lio n nozz le has kn ow n characte ri s t ics so that. t he mean 

Sauter d iarneter can be a.p ,-io,-i de fin ed , th e loca l heat tra ns fcr b!'t.wec n the o il dro plel s a.nd ga.s 

y ields t he cx press ion for t.h c rate o f ciHlnge o f t he d rop lc t. t. e mpcra.t.lll"<' 

dT0 ho A,, (7~.,,- T0 ) 

der = 111 0 C0 W 
(3) 

w here index 'o' denoles o il , /1 0 are m 0 t he drople t area a nd nliiSS respcr t.i vcly, C0 is th c oil s pecifi c 

heat , w is th e rolo r a ng ul a r velocity, and h 0 is th e heat transfcr coeffiri c nt be t.wcc n th <' drople ts 

a.nd ga.s, evaluated fro rn th c fo rmul a N11 = 2 + 0.6Re~·6 p,. o .Ja 

Dy using t he loca.l fluid pro pe rlies fo r t he partiCLii a r pos it io n in th c e ug ine a t a. loca l rotat ion 

a ngle o, supplied frorn se pa.ra.te subprogra rnm es, a11d incorpo rat i11g th e loca l va lu cs o f leakage 

fl o ws, fri c t.ion Iosses and o il -gas intcra.c ti o n, o 11 e ca.n int.cg rate t hc modcl to yic ld lhe evolut.io n 

o f a ll th e rm o dyn a. rni c a.nd fluid pro pe rli es in fun ction o f t hc rot.a.l io n angle. The obt.a ined da.ta 

can furth erbe integra.t.ed ove r th c cycle t.o ob tain bulk pro pe rlies dc fiuin g th c e ng ine outpul 

and pe rfo rm a.nce e ffi ci<' ncy. 
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T he modcls of th ese and ot her effects must be verified either separately or within t he th e cOin -
r · · · d "ctio n J>UrJ>oses. puter prog ramme as a whole, before it can be employed .or optumzat1o n o r pre 1 . b 

T he present model usPd fo r thc optimization example described in thi s pa pcr was_ ve nfi ed ai~ 
comparison with Iaba ratory measurements of all important instant and bulk properlies •n a n 
sc rew compressor, y iclding satisfactory agreement with experimen ts . 

As seen from the above few examples even the s imple differenti a l equatio ns fo r each pheno­
mena described, influ<'nce the engine ~erforman ces in a complex manner so that the o ptirnum 
geometry and working conditions can not be es tablished even when considerin g on ly cach cf~ect 
individually. ln rea lity a ll e ffects are present and o ften they exercise opposing e ffcct , cmph a..SJZ ' "F 
furth er th e need fo r a n o ptimization with respect to a ll importa nt pa ra metcrs, bc it o n a benc 

1 

stand in laboratory, or by computation modelling. A case in point a re the leakage a nd fri ct io n 
lasses , wh ich, parti r ularly at high t ip speeds are tl1 e major eJIC' rg,Y lossN> in t he screw <'n_gin t•s. 

Pressure drops at the inlet and discharge, as weil a.s fric;t ion Iosses du ring t ll c cornpress lo n ~r 
cx pansio n proccss a rc pro po rtio nal to t he squ a. re o f th e tip sp<'NI. Sincc tll<' fluid fl ow r<Jt.C 15 

a lso roug hly pro portio na l to t he t ip spccd , spec ifi c cncrgy Iosses du c to frirt.ion per unit fl oW 
rate of t he working fluid incrc•-'e approximately lin <•a rly with th<' tip spccd . On the o t her ha nd . 
gM leakage is not very sensiti ve to th e tip specd , but rcla.tive lcakage pc r unit wo rkin g fluid fl ow 
rate is inverscly proportional to the tip speed. lt is obvious that tlu.• rc must hc an op timurn 
tip spccd which will result in th c min imum sum of t hcse two major encrgy Iosses pcr uni t fi ow 

rat<' , or unit power o f t he eugine. Of course, t his is ;'111 oversimplifi ccl pi ct urc•: I h<• re a r<' 111 '"111Y 
ot her factors influencing thc process w hich ca.r1 be a.ccou nted for onl ,v h,v complcx opt.imi za.t io n. 

lt sho uld be a lso point ed o ut t hat t he o ptimization niteria s ho nld bc d ~ fin ed for earh l'"rt.ku ­
lar ca.se, depencling on t. hc cngine a.p pli cation, cx ploi t.a.t ion rc-gimc spcd fi <· cos t. - crfec ti vE> n <'~s o r 

tcc hnological requirenwnt.s. a1Hl othcr fa.ctors. 

Profi le Opt.imizat ion 

There arc seve ra l genera l rriteria fo r sr rcw profilcs o pt.imizatio n, whi ch areva lid irres per live o f 
the engin e ty pe a.nd d n ty. An effi cient screw e11 g ine is cxpect.cd t.o c ns ure t.he (,ig hes t poss ib lc 
fluid flow ratcs for thf' givcu enginc sizc and rotor spcccl . w hi r h irnplics as ln rgc as possi b le 

fluid fl ow cross-scct iona l ;"~ rea. Of coursc, t he rnaximum deli vc ry per un i t. sizc o r wcig h t. o f th c 

engine must be a.ccompanicd by opt imum power ut.ili za tion - 1 h(' nlinirnum fo r a comprcssor 

and maximum for an expander - w llich implies ;t m ;1ximum c ffi ci<' HCY of t hc t' nc rgy irrtC'rCII itngc 

bctwecn t he fluid a nd t l1 e engi nc. This mea.ns t hat nnavo id a hl <• fluid a.nd encrgy Iosses must 
be kept at minimum. Si11 re the fluid lcakagc is th e majo r loss in sr r<'w eugi n<'s, o n<' of t.hc 
most important requirc ments is to achicve smallcs t poss ible clcamnccs a nd the s hort!'st possi blc 
sealing lines . All th esc requirements must be fulfilh·d in s urh a wa.y, as no t to im pair thc 
machinin g of the ro to rs by mi lling or ho bhing wit h avail ah le macllinc tools. no r to jeoparcli ze 
th e desircd accu racy ilnd s urface quality. 

Complex geo metry o f thc sr rcw engi ncs brings in thc pl a.v a numhcr o f geonwtry para.n1ct.crs. 
Alt ho ugh in prin ciple a ge ncral multi -va riable opti111izatio n met hod can be ap plicd to y ie ld 
t he opt irnurn cornbi n;.tion for t l1 e defi ncd critcria, it is o ft<' ll more rat.iona.l t.o adop l. a JH'io ti 

certain parameters and rest ri et the optimiza.tion to o nly few of those, whi ch infl nencc t. hc cngi ne 
performa.nces in cornplcx manncr , not known in adva.n ce. f'or cxa.111plc, t hc Lys holrn comhin o:tl.i o n 

of cycloides o n thc high pressnrc s idc, ensuring t he rotor contac t up to thc monwnt whe n they 
touch the housing and rcducing thus far th e blow-hole a.rea to a minimnm , has ho.rdly any 
a lternative. Mino r variat io ns may be introdu ced by s hort<' nin g o r ex t<'n ding t. l1 (' radi a l li ne 
app roach ing the gatc rotor rolling circle. T he lobe cont~ ct at th e low prcssure s ide s ho uld a lso 
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be as long as possible to ensure a Ionger clearance and consequently a smaller interlobe leakage, 
but also to yield a shorter sealing line. Doth requirements are satisfi ed when t he same ci rclc is 
cmployed fo r the contact line between the main and gate Iobes. Unfortunately, in this casc the 
Iobes are not rolling, but sliding, what may be inconvenient if liquid is being processed . Forthis 
reason the circles must be displaced eccentri cally, meaning that one of them must be a cycloide. 
For example, the SRM patented profile had one of the circle centered eccentrically on the gate 
rotor , whereas the main rotor Iobes of newer design consist of two or more ci rcular arches. In 
the search for a new profile, we have adop ted the above described features as a starting point , 
reducing the number of free parameters to on ly few. In the present case the following geometry 
variables were selec ted to vary free within a prescribed domain: 80 , r, r, and r0 (Fig. I) In such 
a case, the optimization proced ure can be reduced to a simple variant search by considering 
series of di sc rete values of each of the variables, which are subjected to the op timization. An 
example of such ana.lysis is discussed la.ter in thc text. 

Fig. 1 . Compressor rotor pair with new lobe profiles : the optimization parameters are denoted 

In the present wo rk we employed the SCORPATII code (S.new .[ompressor Q.ptima.l Rotor 
frofiling and T Hermod yna.mics ) which provides farilit.ies for gencra.ti ng new profi les on thc 
basis of pre-specificd set o f lobe a.rches (segmcnts ) in a. genera l form, a.nd for reprodu cing thc 
t hermodynamic process in the comp rcssor o n thc bas is of the rnat.h ema.tiral model in a different ial 
form. T he com puter packa.ge contains also the packa.ges for r alcula.t.ing t hc thermodyna.mic a.nd 
fluid properlies of a. nu mber of different ßuids, incl udiug most of the new refrigerants. 

Alt hough the com pu te r codc can be a.ppl icd to any type of screw engines, and to a vari ety of 
lluids , in the present exam ple we consider a com pressor , which is more sensitive to t hc dcsign 
detai ls than expa ndcr. A dry air compressor seems a suit.a.ble choice sincc t he proccss is close 
to ad iabatic with a la rge isent rope exponcnt , " • close to 1.4. A ' 102 m.m' com pressor wit h axcs 
d istance of 80 mm with a modest tip speed of .50 m./ s was sclected to serve as a basis for t he 
optimizat ion. Typical inlet conditions, p0 = 1.0 b and T0 = 300 11· were adopted to comply 
with t he usual com pressor practice. T he disch;trge pressure was /)d = 3.5 b, correspouding to 
the bu il t-in volume ratio of 2. As a.n exa.mple we consider only one pa.rameter, t he gate rotor 
tip rad ins r0 . All other geomet ry a.nd Operating para.meters were kept constant. T his radins is 
known to a ffect direct ly the cross-sectiona l arca.. In the case of asymmetric profiles, whcn t he 
Lysholm cycloide pair is used to d<•fine t he lobe profi les on thc high pressure side, t he gatc tip 
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. . . . . . . ~rdcd 
radws T'o 1s t hc maJor panuncter Jnfl ucncing the blow-holP tlrea , wl11 dt IS rornmonly rC'~ st . 1rno. 
as thc weakest point in th e lobe J>rofi le design In fact t he size of t he blow- ho le area 15 a. Iei 

. . hüll 
<hrcctl y pro portion<tl to th e gate tip radius ro a ndi n order to red uce the blow-hole, ro 5 

1 ·eh 
' . ' ) "'" bc madc assmall as possiblc . ldeally, r 0 = 0 shou ld he eq ua l to zero (o r even neg<tt tve ' Ouid 

would theoret ically eli min<ttc the blow-hole area but eve ry reduction in ro decrcases t he f 
• . .' . II 1,1es o 

fl ow cross-scct10nal a rca a nd t he flow rate Bestd es the roto rs w tt h extremcly sma va 1 . . · · ' . . 0 t 1cr 
ro ~re d tffi cult to manufacture <tnd to maintain in the com p ressor explo ttat tOIL T here a~e Fig. 
mdtrect e ffcct s of ro such as on t he fl ow leakages but t hese e ffect s a re dtfficu lt to q ua nt tf)'· 
2 shows th e two rotor pairs with two d ifferen t ti ~ rad ii, ro = 0.5 an d 3. A blow-u p of t he ro to r 

tips arc show n in Fig. 3. 

Fig . 2 . Rotor pairs with new profi les for two different gate rotor ti p radi i 
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Fig . 3 . A close Iook at the rotor tips with two different tip rad ii, showi ng the blow-ho le area 

ß ecause o f com plex Pfft>c t. s o n th e Png in e pe rformil.n ce, th c o ptimum va lu c o f ,.o, cx pcc ted to hc 
a s m a ll pos it ive valu e , c;w be fo un d o nly by opt irni zin g l. hc pro fil e wit h res pectcd to th c choscn 

o ptirnization crite ri a . 1!..-es pect ive o f t he crite ri a, howcvcr, r 0 = 0 ra n scr ve as t. hc lo wc r lw und 
o f t he o ptimiz<t.t io n do main . The o th er bo und can Iw freely chosc n . in I he prese nl s t.ud y ro wa.s 

a.do pted to vary bc tween 0 and 3 m m.. A ser ics o f d isr re t.e va lu <'s o f r0 wcre sc lec t.ed a nd fed 
in to the SC O R PAT JI preproccssor , w hich genc ral ed co rres po nding ser ies o f differe nt pro fil <'s . 

For each of the profiles th <' t hern10dy nilm ic process was simulit.ted y icldin g a ll re leva nt process 
pa.ra.rn cters. Sin ce thc optimum performanccs vary depcnding on thc cngine applicat ion, spccifi c 

requ ire me nt , ex plo ita tio n r<'girnc, a ll rn a.jo r para rn c t.e rs werc plot. ted in ter ms o f r o. in t he presen l. 
s t.ud y we seek for the m inimum specifi c po we r, bu t a lso o th c r perfo rm a 1H·e chuac tcri sti cs have 

becn cons id e red. T hc fi g ures whi ch fo llow s how t he res u lt s o f co mpu l.it.l. io us. Fig. 4 and Fig. 5 
s ho w t he compresso r po we r a nd de li vcry ra t e, hoth in rreil.s iu g mo no lo ui ra lly by a pprox irna tc ly 

20% with a n inc rea.se iu r0 fro rn 0 .5 mm. 1.0 3 m m . Of co urse, du e 10 t.h e lasses, I hc two c ur ves "'"" 
not d irectly pro portio nit. l, rn eanin g t. hal. th eir ra l.io s ho uld ex hi hit. il. ll ex trc mu111, co rres po udin g 
to th e o ptirnum solution . Thi s is illu s tra t.ed in th e f ig. 4 , s how ing l he ro mprcsso r power pcr unit 

delive ry rate ( 'unit power ' ) . T he o rd in a te sca lc has hc<•n hlow n up 10 e mphas ize th c va ri a tio n o f 
th e uni t power, a lth o ug h , a drni t. t cdly, t. hc ch a.nges lw t.wecn th e minimurn a nd th e lit. rgesl. value 

in t hc co ns id e red ran g<' o f va.riat.io n o f ,.0 is less t.h a n o ne pcrce nl. Jl o wcver , il s ho uld hc noted 
t ha.t th e comp u t a. tio ns y ie ld ed a ex pcct.ed s moo th va.ri a.t io n in a. consis l cnl ma 1111cr with a. very 

pro no un ced rninirnurn il t ,.0 = 1.6 mm, indi ca tin g a. romplcx <' ffcr t of t hc t ip ra diu s ro o n t he 
c ng in e e ffi c ie ncy. 

Oeca.u se t he e ng in e per fo nn a nr('s Cil ll I)(' va h ~<•d o n t.h e bit. s is o f d iffNc nl o pl imi za tion c ri tcri a , 

two o th e r e fTi c ie ncy pa ril..nw lcrs, t h<' it. d i<Lba li c " '" ' volum e l r ir dfi r ie nry, " '"~ plo tt ~d in fun r l.io n 

o f ro in Pig ures 5 a nd 6, r~s per t.i vt> l y. Thc a di a.ba li c c ffi r i ~ n cy ha.• it s pca k ilt ro = 1.65 mm, 
closc to t he optim urn o f nnil powe r , wh e r as t he vo lnm c l ri r ~ ffi r i en ry rt>ar hcs il s max imum a t 

ro = 1. 1 m.m. This indi rat~s t.ha t th c o p t imum va.lu c o f th c tip r it. din s r 0 is not un icpl <' iy de fin cd 
a.nd its cho ice requires a. rlosN d t> fin it io n o f t. hP o pl im iza tio n rrilcri a, o r a s ubjcr t.i vc a na lysis 

wit h a.r coun t for sonw o ll1 c r far to rs. In a.ny r a.sc, il. is o bvio us th it. t I hc zcro r o is fa r fro m t hc 
o ptimurn . 
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Fig. 5. Variation of compressor delivery rate 
with the tip radius 

:1 .200 · ~•nto n'"'''l' ''"""l''"'"'' 'll''' n"' '''"''''"''"''''"l 
o.OQ o.e,o 1.00 t.$0 z.oo z.ou a.oo a.6o 

rO (mm) 

Fig. 6. Variation of unit power with the tip radius 

A furth er insight in thc eff~rt of the ronsidered geomct.rir<~ l pa.rametPr ca.n hc oht;~i n <'d fro m 
Fig. 7, wherc th e computcd 71 - V diagra ms fo r four diffe rent valucs of r 0 a re plotted together. 
Figure clcarly indicates t he in crea.se in th e unit work, a.nd conscq uently of t.h e power fo r the 
samc rotor speed , with an in r rea.sc in r 0 , but apart from that , thc dia gram givcs no indica.tion 
on the process qu a li ty. 
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Fig . 7. Variat ion of the compressor adiabatic 
efficiency with the t ip radius 

Fig . 8 . Variation of t he compressor vo lumetri c 

efficie ncy wi th t he t ip radi us 
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Fig . 9 . ln di ca tor diagrams for four va lues of t he gateroter t ip rad ius 

ThP ro mputatio nal parkap;(' SCO HPAT II has bccu app licd to d<• rn onstratc thc possihilit y of 
oplimizing t he dcsip; n a nd working paramclNs of srrcw ~ugiuc rote r proft iPs , "·' weil as for 
fu rth<•r improvc rn cut of thc d ~s i p; 11 <tlld c!l giuc 1wrforma u r~s. T hc romp ulcr pa r ka gc. d~vc lopcd 
by aut hors, prov idcs th <' p;c nNa l specifi cat iou of thc Johl' S<'gmPnts in t.cru1 s of SPVcra l kcy 
pa ramct.crs, whi r h C<lll p;c ncrilt <• various lohe shilpcs. <'nah lin p; t lw romput a tion of instaut rross­
scct io na l a.rC'a flnd working volt1nH' in tcrm of rot:1 tion a np; lt• . T'ht• fHH'krtp;C' cout tt ins al so t.hc 
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. f .. t d l' roccsses mathcm;<tica.l mo del o f t hc t.h crmod y n<Hmc prorcss, as w~ll as modcls o assoCia c . . . 
11 

cncountc red in real engines , such as variable fluid leakages , oil fl ooding or othe r fluid ti1JCC~ 10 
' 

heat Iosses to the enviro nment , fri ct ion Iosses and other e!fects , all ex pressed in diffe rent ia l 0 .rm 
. . ' 1 f th a pl>li catiOll in te rm o f an mcrement of t he rotatton <tngle . 1 he paper presented an examp e o e d' 

of t he package to th e a na lysis of the effects of V<tri<tble gate rotor tip radius, as weil as to fin tng 
its optimum value . The t ip radius W<tS chose n because of it s complex e ffects upon the saew 
engine pe rfo rm<tn ccs, bnt the compute r package could be applied to multi-v<tr iable optimizatiOll 
of the engine geo mctry a.nd its wor kin g pa ra meters for the de fu1 e o pt imizatio n crite ria. 
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