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Su mmary 

The author s analyse th e criteria for th e po ssi bl e use of th e sc r ew 
expander within the co nt ex t of organic Rank i ne c yc l e s y s t ems. After a 
brief description of the sc r ew ex pa nder, t he y ju s tify th e c hoice of 
optimization paramet ers a nd give an example of its use . Th e y then 
pre se nt the c rit er ia for the po sss ible use of thi s type o f expander . 
The adaptation diagram i s work ed out for s ix diff e r e nt organi c fluid s 
Freon 11, 113 and 114, n - butane, toluene and pe rfluoroh exa ne ( Flut ec 
PP1l _ Thi s tool enables to establi s h a priori th e po ssi bility of 
u s ing the sc r ew e xpander for an organic fluid of a given nature as a 
function of the c haracteristics of the hot well, a ste p whi c h ha s 
hitherto remained rather intuitive. 

1. INTROOUCTION 

Th e usefulne ss of power unit s whi c h produ ce mec hani ca l or electri c ~l 

energy, whi c h are ba sed o n Rankin e c yc l e a nd whi c h use a s working 
fluid an organic fluid of high mol ecu la r mass , is no Ionger di s put ed . 
To appreciate this, one onl y has to co ns id e r the ma ny appli c ation s 
whi c h hav e already bee n d e veloped throughout th e world, in s uc h 
differ e nt fields as petrochemi ea l s a nd geothermal e ne rgy. 

Thi s study i s th e re s ult of a wider re sea r c h pr ojec t whi c h aimed to 
establi s h the c riteria for c hoo sing th e mai n e l eme nt s of organic 
Rankine c ycle s ys tems, using a thermodynami c modelling of the s ys t em 
as a whole . Thi s s tudy led us to co ns ider th e t he rmodynami c c ycle , 
the working fluid and the prime mover. A co mp arison of th e re s ult s of 
the model thus obtai ned with the chara c teri s ti cs of e xi s ting 
industrial in s tallation s e nabled us to verify th e latters "v alidity . 

2. THE SC REW EXPANDER 

The screw expander is based on an operating prin ciple similar to that 
of the screw compressor developed at the begin ning of the 1930" s by 
the Swede A.Ly s holm. There are very few c onceptu a l diff e r P. nces 
between these two types of ma chine - except for the fa c t that the 
direction in whi c h the rotors rotate a nd the fluid flow s out are 
re ver sed . 
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i s d ete rmin ed by the geometri c c hara cterist i cs of the machine and 
thu s co n stitute s an invariant for the l atter. 

Th e bullt 
pre ss ure at 

in ex pan s ion 
t he e ntran ce 

PE' 

PS 

ratio rri' d e fin ed as 
and ex1t to th e ma c hinc 

t.he ratio between 

( 2 ) 

ca n easi ly be dedu ce d from it, 1f one c onsider s Lhat the ex pan sio n i s 
ise ntr opic 

"Y 
"i 

( 3 ) 

It d e pend s o n bot h t he c ha racteristics o f the ma c h i n e a nd the n a tur e 
of t he fluid. Th e interna l expansion ratio h as n o upper lim1t, 
providing the pre ss ure jnvolved a r e c ompatible with th e mechanical 
limitalion s of the mac h i n e ( val ues of 20 bar, a nd exceptio n a lly 40 
bar ~an be ac hi eved). The mo s l co mm on expa n s1on ratio s lie between 
1 . 'j C1nd 5. 

Tlw tlr e on•tJ c al vo.l.ume flow rat(•, expressecl a ~ m1 / s ond ca.l c. ulatE'rl at 
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introdu ced into eq uatio n 15) will be ex pr essed as 

I 7 l 

If we r e gard the diam e t e r s o f the t wo rotors as id e ntical, subscript 
1 becomes s uperfluous and tt1 is co rnmon diamet e r c an be d e noted l1y cl. 

In relation (7) , the volu me flow rate is fix e d by th e c hara c teri s ti cs 
of the Ra nkin e cycle , while value s u 1 a nd 1/d c on s titute optimizalion 
parameters whi c h have to be optimally c ho se n in order to maximi ze the 
mac hin e effi c iency. We s tudied t he se nsitivity of th ese para me t e rs. 
The c urv es in figure s 1 a nd 2 s how the evolution of th e rotors ' dia 
meter and the male rotor rotational speed a s a fun c tion o f th e 
theoreti ca l volume flow rate at the entran ce t o the rn ac hin e , fnr dif 
ferent val ues of the periphera l s pee d u

1 
and of t he ra tio 1/d . 

83 

,-----.-----.-----.-----,----,10000 

0.2 0 .4 0.6 OB 1 

v l h (m3/s) 

Fig . 1 Fig . 2 

4. APPLI CATION TO ORC IN STALLATION S 

Unlik e axial turbine s and to a l esser exte nt radial turbl nes , ther e 
are very few predi c tive e ffi cie nc y co rr elati o ns of e sc r ew ex penuPr. 
We have found no reliable forrnulation whi c h wou.ld e nabl e us l o 
perform a predictive ef fi cie nc y c al c ulation on th e basi s of th e 
ma c hine' s geometric or operating c hara c teri s t1 cs. Ne ver th e.less , 
se vera l manuf act ur ers and re sea r c h in s titut es ha ve c arri e d out te~ t s 

with air, s team or Freon . Unfortun a tely, t hese s tudi es ~re only se l 
domly ex ha u s tive, and ca n th ere for e not prouuce r e li a bl e 
cor rel atio ns. In additio n, th e r es ults of lh ese l es t s arc not 
g e nerall y valid be yond the machi ne or type uf mac hinc s tud ied . A 
re ce nt study [ 2] offer s one o f U1 e r a r e e ff1 cie 11 c y c urvP s, wh1 c h one 
would be t empt ed to descri be as "univ~r sa l" a nd wh1c h give s lhe 
efficiency of a sc rew expander as a fun c t io n of 1ts s pecif 1c s peed. 



84 VDI BERICHTE 

We s hould neverth e le ss s tr ess th a t th e r e an· no b i b l .i ogr a ph.i c 
refer e nc e s whi c h wo uld e nabl e on e t o c he c k th e va lid it y u f t he mod a l 
propo s ed. Howe ve r, a comp a ri so n with th e c harac t e ri s ti cs o f variou s 
exi s ting in s t a llation s ha s prov ed s uff ic i e ntly va lid f or u s to be 
able to a c c e pt thi s correlation . 

We believ e it would be of gr ea t interest t o pe rf o rm t es t s who se a im 
would be to establi s h corr e l a tion s whi c h would pe rmi t a pr e di c tiv e 
effi c iency a ss e ss ment of a sc rew e xpand er usi ng a n th e on e h a nd ai r, 
and o n th e oth e r hand s uperh ea t ed vapou r ( steam o r h i gh mol ec ul a r 
mass organi c fluid vapour) . 
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Let us now exa mine a low - power electrical energy producing unit using 
as heat source a heat ca rrier fluid whi c h recovers heat of ga s 
ef fluents from a c hemieal s industry . Let us assume the not fluid 
inlet temperature to the vapour generator to be 85·c and the 
temperature of the ~eat sink to be 2o·c. If we co nsider a heat source 
ma ss flow rate of 2 kg/ s , we rea c h a net power output of about 11 kW, 
as s hown in table 1, whi c h give s the main c haracteristi cs of an 
in sta ll a ti o n functi oning on n- but ane. The se characteristics are 
derived from a systema ti c optimization per formed in the document 
referred to under [3). 

5. SC REW EXPANDER UTILIZATIDN DOMAIN S 
5. 1. Utilization limit s 

Unlike expansion turboma chine s , there a re no Jimit s to the use of the 
sc r ew ex pa nd e r whi c h are intrinsically link ed t o its e nthalpy drop. 
Th ere are, however, limits whi c h are indirectly dependent of this 
enthalpy drop. Mo reove r, tne ma ss flow rate of the fluid which 
ex pands through th e ma c hine ha s a considerable influence on 1ts 
geometri c c naracteristi cs. 

Th e main limit to tne u se 
t he ratio between th e 

o f the single sta ge screw expander lies in 
volume flow r ate at the exit and at the 

e ntran ce of the machi ne. Thi s ratio ca nnot exceed a parti c ular value. 
The ge ometri c dimen s ions of the ma c hine have to permit the three 
ba s ic phase s of its operation, i. e. the inlet of the high pre ss ur e 
fluid, itb oxpansio n and .i.ts outl et t o the out s id e. Thi s ratio 
betwee n the volume flow rate at the exit a nd at th e entrance to the 
ma c hi ne i s equa l to the built in volume ratio a nd ca n be expressed as 
a function o f tn e built in ex pansio n ratio, pr oviding the nature o f 
th e fluid i s known a nd o ne ack nowl edge s that the ex pan sion i s 
ise ntropi c. 

For f luid of a given nature, whi c h ex pand s up t o a giv e n 
co nd ensatio n pressure, t o limit the built in voJu me ratio also Jparls 
to l i m.i.ting the ent halpy drop, whi c h can however only b(! rl elcrmin ed 
if the prime mover' s effic i ency is known. A st udy of the 
c haractPri •t i cs of different ma chi nes mad e by v~rious manufa c turers 
.lerl u ~. tu ad(>pt a ma x unum va lue nf 6 f or t he built in volumP ratio 
I V i ' 6). 

We hav e s tudied th e influence of the increasu i n buiJt in volume 
ratio on the flu .t d' s exit VPl oci ty, and t o th1s end we have 
es l a bli s he< l • co rrelatiun in order to calcula t e lhP area of th e ex it 
s ection of the mac h1n e on the ba s i s of 1ts rotor diame ter. Th is 
cc>rre l at.i.o n i~ clerived frc •m d <~la o fl th e co mpl e t e r<~nge nf mac hi11 es o f 
one manuf act urer [4 ) . We r>b sP rved that f or the different fluid s und e r 
consi dera t io n and f or a built in voJume rati o wh1ch does not exreed 
6, the ~lach numb!!n. al \ti P exit to the ma c h.tne r•· 1n a in ed 111oderatP. 

A !;eco nd .l.crn it t o ti1P usP nf the sc rew ex pander is related to the 
ma ss f l ow rate of th e working fluid. r or a given temperature of dry 
sa turated vapour at thP e ntran ce to th e ma c hine, a n in c r ease in mass 
fl ow rate lead s to a 11 in c r ease in th e di ameler s of the rotors and a 
reduction in their r o tational s peed ( see figur es 1 and 2 ) . As is 
common pra c tice, we s hall r estriet the s peed at whiLh th e male rotor 
rotates t o th P followlng r a ng e : 
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1500 rpm ' ni ' 20000 rpm . 

We feel that the rotor diameters whi c h it is curr~ntly pos si ble to 
construct lie between the following extremes 

0,04 m ' ct ' o.ao m 

We h ave al s o retain r d th e following r ange o f variations in the 
opti m~ zation parameter s 

20 m! s < u
1 

( 70 m/ s 

. 0 ( ~ " 1. 7 

Fin a.lly , we f1xed a .lower .limit to the ef f1 cie 11 cy below wtüu, we 
acknowledge that the s Lrew ex pand er does not ~ uit 

ur=0.70. 

Adaptation diagrams 

ll si ng n, ~ mod e .lJ .tng progr amme dE' ~ · Cl'llwct .tn [ 'J]. W 8 ~yst.ematica.lly 
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d.tfferent working flu1d s , the ~n tha.lpy drop an t he y - axis and t.hP 
1n a~.s f.low r ;d .e un U1P x ax .i. ~ I figun· 3 I The urgan1 c. f .l UJ.d ~· wP 
c nn ~ .t<il'r"cl <>n· FreCJn II, 113 '""J 11 4, n but il i'IH, t n.l uene ar,cl 
pe rf.l uoro t> exa nP. I fl ut pc rr I I. A proyr <>mm ed thPrrnodyn ;11n1 c va pour 
tabl e . who se s tru c turr t s indep e ndent from the nature ,,f th e wurk>ng 
flu.td, wa s d e ve.lnped to t h .t ~ en d [5] 
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c, p €•vrJ W<i\ flf1l S E't. Tt~t• c ur v es p r 8 !' <· n t !' d • n• t t"' r e f o n· c· n v"' 1 o p e c ur v P !: 

·'=' u ~ lyirtg w.ith.ln thE> :l nt. c rval s p P c.i rio cJ atHJVP. 

power a r e a.l s o pJot.ted an F1gurp 3. 
r u 1 r (I t . 1 t :i (lrt :1 J 
( ur v (' " n f e q u n .1 

WE> s twu.lcl po.tnl Clut th at tt>E' PI".>nw mover w.t .l.l be suitecl prov1ding .tt s 
geonw trH '' ncl <>e rott>errno clynamJ. c C'harac t!·r.t s tiC' s cor r espo nd to t.t"' !·!-' 
Ci('flllet.l. Th~ r ;, ct that ttl!' lnnlhjne .l $ Sill(! UfiSII.L t.ab .lp d08 5 not. neC !'.$ · 
!. c1 1 1 l y m f' a n t /1 ;:1 t. .1 l t !. u n b u 1 J. c1 ;:, b .1 e , I:H J l r <1 t r, e r t h a t 1 t ~ 

IJt•m tl1•;· rt(•rm <, Wf:' r~::·vt~rcl CiS <, tctncl,,ld. 
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The shape of the bound ar y lines in figure 3 ca n be explained as 
follows. The ma ss flow rate lower limit is determined by an increase 
in rotational s peed a bove the limit we se ttled an. Similarly, the 
ma ss flow rate upper limit is determined by the de crease in 
rotational s peed beiow the limit set. Neverthel ess , in certa in cases, 
t he increase in rotor diameter, a co nsequ ence of the increase i n the 
ma ss flow rate, ca n make the latter go beyond the upp er limit se t 
before the rotatio nal s peed get s t oo low. For increasing e nthalpy 
drop s and a fixed mass flow rate, the volume flow rate in creases . 
Usi ng relation (7), we can i nfer that on the one hand, the rotor 
diameters also in c reases for a fixed ratio t/d and a fixed peripheral 
s pe e d u

1 
and that on the other ha nd, the r o lational s peed fall s ( s ee 

figur es 1 and 3). As a co n &e qu e nce, the ma ss fl ow rate upper Jimit 
de c rea ses. Thi s explain~ the s hape of the right - hand ends of the 
curves in figur e 3. 

The upper limit to the enthalpy drop is, in turn, du e to the maximum 
value of the vol um e built in ratio. As the latter i s independent from 
the ma ss flow rate of the working fluid, this boundary line will be 
parallel t o the x - axis. 

If we take a l ook at figure 3, we nolice fir st of all that the l awer 
limit to the mass fl ow rate i s , for all flu ids except R114, outside 
th e range of flow rates we se ttled nn. On the othPr hand, th e working 
rangf• of lhe expanden; us.ing tlte thr ee Fr eo n co nsidP r ed are quite 
c lo • e lo uneanoth~r. HowE>ver , expanders working on toluene nnly 
per rn it very low mass fJ ow rate~. bul high er t' fiU1 alpy drup s . N but.anP, 
as for it, permit s tl1 e u !;e of a sc r ew ex pand e r w.i n1ir1 a wid P range of 
ma ss flow rat~ a nd e nlh al py drop s. 

FigurP 4, cirawn up for Fre on 11, shows th e evolution of th e rotor 
dlamPIPr and the rotational s peed of the rnal e rotor an those ma c hines 
wl,oor,• d1 arH l eris ti c.s .li e on the upper boundary linP in figure 3. 

In T;d'l" I! w.- givf' lhe rn ax .imu m r,-va pora t.ion t"mperalure s of Ra nk HI P 
c y c .1 " • p r• r m i t t .i n g t h f' cu; f! n f tt1 P s c r P w e x p a n d er f o r t h e v a r i "" !' 
f .luHis ufl<.if·r Ct~n < icl f•ratic,n. As th c: con clen s ation tempr,-rature was fix ed 
;. t 30 "C, tt1 e ma xi mum t emperalur e!. give11 below c.M1 be .l.ikr,-fiPCI Ln ttl e 
maxi rnum e nth a lpy drops 6hT given in fig urP 3. 

NCJt.P hPre t.ti« L ltif",e va lu c!. ~n• giv"" l.1y way o f exa mplc· . Th f: rn axinwrn 
p c· nnlt tc·d en l tlii .l py drnp f 11r a uiv('n f .l uicl ca n .in fa c L vary ~" 

fun1 t .ion o f tlt P ma !. ~ . fluw r (ttf·. 

R 11 
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m (kg /s) 

6. CONCLUS I ONS 

Th e adaptation diagra ms worked out for the different fluid s enable us 
to guide t he choice of prime mov e r and in parti c uJar the c hoi ce of 
screw expander. It i s thu s po ss ible to es tabli s h a priori the 
possibility of us ing a screw expander in a given case. UntiJ now, 
thi s s te p has remained a fairly intuitive o ne . In fa c t, manufacturers 
are currently far from unan1mous about the c hoice of type of prime 
mover suited to an ORC instaJlation. The fa c t t hat they know one 
mac hi ne better t han anot her is often t he only ju s tif icati on for t heir 
c hoice. 

The mod eli sat io n we nav e carr1ed out e nab l es us to i nc lude th e type 
of prime mov er in the s et o f c har acter 1st i cs c on s 1d ered Jn the 
c on ceptual c hoi ces of an ln~ta11atlon. Final ly , l et u s add that thi s 
s tudy ha s e nabled u s to co nfirm the promi s ing Futur e whi c h awai.ts the 
use of l ow - powe r sc rew expanders in ORC in s tall a ti.on s. 
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Li st of s ymbol s 

d rotor diam e ter 
h specific ent halpy 
6h specific e nthalpy drop 
t rotor length 
m mass flow rate 
n r o tor rotational s peed 
n spe c ific speed 

s p pr essure 
P power 

s pecific entropy 
t temperature "c 
u per iph era l s pe ed 
v s pe c ifi c volume 
0 volume flow r a t e 
z numb er o f lobes 
y isentropi c ex ponent 
v built i n volum e ratio 
rr built _in ux pa n sio n r atin 
1J e ffi cie nc y 

Subsen pt ~ 

l r e l.1tjny t u flld1c• rutc'r 
2 relatiny tn femalu rotor 

(t rJ c uncl enc:a tJOrt 

e relati ng to th e e ntr a nce t o thu ma c hinP 
ru.l Jt.i ng tu l l1 e exit to the ma c hine 
buiJ t 1n 

T nda t_ing t(l t.h e pJ'.im,, mov >'r 
th th('oreti cd J 
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