© Description Vane-cell machine and nethod for waste-heat utilization
usi ng vane-cell machines 5 Description The invention relates to a
vane-cell machine for 10 the expansion or conpression of gaseous

medi a, such as air, exhaust gases froman internal conbustion engine,
vaporous nedia or a mxture thereof, and also to a nmethod for

wast e-heat utilization, preferably nsstagiptibgast one 15vane-cel |
machi ne. Avane-cel | machi nei sknownfrom DE 201 17 224 Ul. So that the
expansion profile can be better adapted to thernmal requirenents and
20 so that a vane- c&iteneehl meachindeand aoeicleskd af ot owa Pt OdhEd & ONn
costs, a vane-cell machie; ane; I i ts_J raposed whi ch has
cell volupes increasi %g%ﬂ%%%%ag?%%% nv%ﬁ%_%?jf]zc Fon0t° rotati on.
25 The ob?ect on which the invention is based is to specify a
reliable and efficient vane-cell machine and just such a method for
the utilization of, wast.e_heat. This object is achieved by nmeans of
the features of the rédp&ttive independent claim Advant ageous

devel opnents are the subject matter of the dependent clainms. The
vane-cel | machi neqgccordi tQ t Lphvention serves f t he expansi on
or conpression of Tﬁgsggg}sé}gr:el I 'a, Pgﬁé e%sftol n pg?‘flfaéﬁfaiﬁ', MAGINS K505t
gases -1& - fromtgﬁ i fePRAL o ondu s tdcomperey e wictth gateomer ataid £a of
up to 500C, vaporgusnimediga @fiya MXbah h T, ane- ce

machi ne has a housing which has a Tar é’%lt; ?{ﬂ%fgnsdrigcﬁqr&/s%e i()ljrlt‘?arn?‘al
space of nonconst SRECHSEIEE RRI+RBRei WaARPEIHS vaiRdigel Py of tipcture
vane-cel | nmachi nethadeabso andi nhesopotd and adrRul | efoPOordsdie the,
space. A shaft isu@ﬂgggggo ccentrri ally in the housing. First and
second qui de plates arranged’ essenttai Ty ar A9619 168t o bARSENOtIRS
are providded on thenehatil Whehguede pl ates guide slides displaceable
essentially radially with respect to the shaft in the direction of
the inner wall of_ the housing. A vane cell is fornmed in each case by
means of two 15 Adj acdRESSISSdes andme@R1Rg] acenits r egi bnoeh t he firmmer
wal | of the housibE.2dhelvobzurerof tdie vane cehks éipéﬁ@i&?gitp%ﬁle
the inlet port di%ifrgefggr@the vol une. of the vane cells 1 n the

regi on 21:) the outTet port. AE&o 9D thetPAYBALI sFIULFEMents and

so that a vane-cell machine can be produced at low
production costs, a vane-cell machine with vane-
cell wunits is proposed which has cell volumes

increasing and decreasing in the direction of

rotation.

25
The object on which the invention is based is to
specify a reliable and efficient vane-cell machine
and just such a method for the utilization of
waste heat.

30
This object is achieved by means of the features
of the respective independent claim. Advantageous
developments are the subject matter of the
dependent claims.

35

The vane-cell machine according to the invention
serves for the expansion or compression of gaseous

media, such as, in particular, air, exhaust gases



20 slides displaceable radially in the direction of the inner wall of
the housing are preferably lubricated with pressure oil and gui ded
radially and axially by a guide track. The guide track is configured
at a fixed location with respect to the2 25 housing and is |ikew se
preferably lubricated with pressure oil. In a preferred enbodj nent of
the invention, a §49%t &Rd/ ckEEERRbNd CCHMISTIGEs gBNEaEr ackitBo 2
are/is provi ded. tetSegiide t backy rtbhess)@ogw deapsBcks tmemﬂas or a
limt the novenent, of the %{ldes aceable ra

al |
direction of the WA Swall ?ﬁe?%e h Si gt Fn® %g égélFﬁ sUR a®
way that the slidewritdhathistldehad & hbaséete mhlchdrBSatasgsceh@r a

| nner V\B‘ | of th ﬁ%&s'd‘ﬁ né%nééattl’g §§a1'&gef89drg§8§v9hgt tE%eSlvjag%’

noves, essentlall ree of contact, along its entire
nmovenment, past tHelikhertwahe otartwqﬂdusm@a@hme gnd ﬁﬂescvaﬁ@ deilet

machi ne accor di n@bch% theq Bﬁe@ﬁitqfétseﬁd/@@ {ar thhe s@é&@swnsﬁéft is
conpressi on of gaseous nedi a, such ai Jﬁgartlc ai r, _exhaust
%Hgl

gases b5 from an haErRd eohRBUEFLGR Wie h uﬁéﬁﬁbra?ﬁtﬁtoﬁﬂgp
to 5000C, vaporousdmdi agoida pilatese d:herrenpid é'ﬂeem’an&lkgl leamadiede

has a hoysing which has alargely evlindrcal.spage on.a space ofre

nonconst ant radlus for recerving t
machi ne and aJsc>gﬁidaﬂﬁﬁaQEﬁtggn@eaﬁ1©@@$eﬂlﬁﬁﬁﬁcﬁﬁbﬂﬁee§§§@él%A1Y

shaft is arranged.gecantrficglly |Qégy%gyn5¢@g thef i r8iafand ansecord
gui de plate arranged essentially parallel to one another are prOV|ded

on the shaft. Thé*TESGRHE DI HiesiYithe >t des BRephgusipge » vane
essentially radi aﬂel}yl vvlltsh Fespedt te tbecEhagasén kb}he et icoh Gzﬁﬂo

the inn wal | of u5| A van i h se
means ofgtmo adj§% gggﬁﬁ t fié ag;acen jF“%glon o?g§§8 (gé |nner
wal | of the hou5|xqpeﬂtwawblqﬁetbé m@@saaﬁe g sveundeck eghen vee

the inlet port d'%él%!ss i apd hﬁegé%ﬁ'”@f OEhé henyapepeek! g1ictRe from
regi on of the out ort. Accor toth |nvent|on the slides

di spl aceabl e ramQﬂQ3NQ¥PW%eO€|F@@tW@ﬁeoFe¥ﬂ§ttﬁeW%ﬁeFeﬁéPP 6f Fﬁ@
housi ng are pref Ql'tﬂ:tlé/c | yadcat eﬁc&\btcﬂu esswetﬁel angeareogyi dethe
radlallé and axi al.ly g %§ de t U|de tr ck # cgﬁfi ur,
at a fix8d Iocauﬁﬁt%ﬁ ht %E?a tﬁ? g BAndts FHREw 8%
preferably 30Iubnﬂ&atamnmnttwaxhsmﬁb ke, Mwuwlmgefemﬁedpma@aﬁah&ﬁ
of the invention, ]_f%%fgasr}eéfi ngieh b coni ! uRUS; ghde teadkaly

are/is provided. rack -o ese gurde 35 trac l'Tmts
linit the nnvenemﬁdﬁaxi@i§Y|b@samgﬂﬂ@&eéﬁﬁ@kraaﬁﬁI%Pi@ﬁthéaCk is

direction of the dgnsfowald 4 4 heihowsi fgatidneacBnCcaspkbtske the
way that the slide or that side of the slide_which
housing and is likewise preferably Iubricated with

pregsure oil.

In a preferred embodiment of the invention, a
first and/or a second continuous guide track
30 are/is provided. This guide track or these guide
tracks limits or limit the movement of the slides
displaceable radially in the direction of the
inner wall of the housing, in each case in such a
way that the slide or that side of the slide which
35 faces the inner wall of the housing, that 1is to
gsay the end face of the slide, moves, essentially
free of «contact, along its entire path of

movement, past the inner wall of the housing.



- 4 - faces the inner wall of the housing, that is to say the end
face of the slide, noves, essentially free of contact, along its
entire path of novenent, past the inner wall of the housing. 5 This
contact-free novenent is achieved, in-a3preferred enbodi nent of the
i nvention, by neans of a noncylindrical housing and a circul ar guide
track or by nmeans of a cylindrical housing and a 10noncircul ar guide
track or by neansrief aaﬁ@e@ém fiefdniofe thecbpashygg tandeiod tiheegiiide
track. In the case of adgonc |ndr|cal.hou5|ngPand 5£cgka a%%b%%

track, the fol | oWiHg Euaty ons® aF P13 be* soPVBESRTNMer cal P
according to R imedﬂakﬁsm©haasivénamaxqﬁaﬁkﬂredaenboaxhanstogaﬁﬁé

i nventiop: [err] é%gThgn =Yl pe g% equakh QRS Iwidsed,

for the preferre ign. In't 7S case, e fgllomnn abbreV|at|ons
appl y: 25x: the dissmarasyionPfhalaxke ér00r°<ﬁat%ﬁ=‘106@u%h@e§ﬁ@rt°¥o

the wall of the m%ﬁlgat-tﬁé’hﬁacwf dt hrigf t{gnslbdes onathenendhhacea
30b: the distance fromthe center point of_the

slides (140 - 15 U e f%@% ?ﬁ%e§Y|8¥ 1ngr§gaTsspace or a

space of nonconstant radiue for receiving the vane
10 cells of the vane-cell machine and alsc an inlet
port and an outlet port in the space. A shaft is
arranged eccentrically in the housing. A first and
a second guide plate arranged essentially parallel
to one another are provided on the shaft. The
15 guide plates guide slides displaceable essentially
radially with respect to the shaft in the
direction of the inner wall of the housing. A vane
cell ig formed in each case by means o©if two
adjacent slides and the adjacent region of the
20 inner wall of the housing. The volume of the vane
cells in the region of the inlet port differs from
the volume of the vane cells in the region of the
outlet port. According to the invention, the
slides displaceable radially in the direction of
25 the inner wall of the housing are preferably
lubricated with pressure o0il and are guided
radially and axially by a guide track. The guide
track 1is configured at a fixed location with
respect to the housing and is likewise preferably

30 lubricated with pressure oil.

In a preferred embodiment of the invention, a
first and/or a second continuous guide track
are/is provided. This guide track or these guide
35 tracks limits or limit the movement of the slides
displaceable radially in the direction of the
inner wall of the housing, in each case in such a
way that the slide or that side of the slide which



a: the distance between the axis of rotation of the shaft and the
center point of the circular guide track S : the angle between the
line x and the straight |ine through the center point of the rotor
and the point of m ninum di stance betwe®n the shaft and 10t he housi ng
r: the radius of the guide track In the case of_ a cglindrical housi ng

and a 15 nonci rcidgieguilie drEcE, Ya-h Phr s BPefFiR¥ed Ebodt Frehf
of the inventiondaie did | oméingatel atfi ans applde, motes, fessentially

The expl anati on t he abbrevi ations is as 25fpllows: . -6 R e
adi ue of the cy R caf hodeeRge, Sidts “PLE! OMieird Baldl® of
movement, past the inner wall of the housing.

This contact-free movement is achieved, in a
preferred embodiment of the invention, by means of
a noncylindrical housing and a circular guide
track or by means of a cylindrical housing and a
10 noncircular guide trxack or by means of a special

form of the housing and of the guide track.

In the case of a noncylindrical housing and a
circular guide track, the following equations are
15 to be solved numerically according to R, in order
fo arrive at a preferred embodiment of the

invention:

q

2 T 2
%= 5—4—+ & —acos(gp—arcsin —2'-£——~J+ \jrz ~a2sin 2(4}:— arcsin -;—in

2 [ 2
2% = : +lb—a cos(;&-{- arcsin —-r—) + 2 -—::2 sin 2(§p+ arcsm —g—)
] 2x 2x

ry x

20 The higher value of the two equations is used for

the preferred design.

In this case, the following abbreviations apply:

25 x: the distance from the axis of rotation of the
shaft to the wall of the housing

t: the width of the slides on the end face
30 b: the distance from the center point of the guide

pins of the slides (140 - 151) to the end face of
the slides



e: the distance between the axis of rotation of 5the shaft and the
center point of the cylindrical housing t: the wdth of the slides on
the end face 10 : the angle between the line y and the straight |ine
through the center point of the rotor-and-the point of mninum

di stance between the shaft and the housing 15 b: the distance from
the center point of the guide pins of the slides to the end face of
the Isl i ges | aThetEQb(aiidf%igiceaCﬁétﬂéle tetet hexi@verdt i eocatidnaot
20cyl i ndri ca i nd_with a _noncircul ar i a IS .
particularly pr e;%' a.ﬁa fFF o Hffe FaRKkEDf p%éf%an?%alctﬁeonfégfu%?r
virtue of the neagurdess taegording to the invention, 25 virtually no
friction.occurs between the end face of each slide and the inner wall
of the housing. The useful life and the efficiency are thereby

mar kedly increased, as conpared with frictional vane-cell machines.
On ng to the absencenof 23@1EChaniEah €8B! actne t Re avanermbegl rar ghite
vane cells of the vane-cell machine according to_the invention
rotates or rotat e iFerFHPude ke %‘Ft%rr@?klgBI‘?fIB]ﬁkErrﬂﬁpfeﬁgﬁt 5
pressure between gdimt nbet npiorimanddasthetepdsdtwen athesusitaft hend
vane- 3? cel | macct}l Laceqr ing to the invention makes it possible to
use energy resources faving | ow pressure differences, as conpared
with anbient pressure, which it has not been possi ble - 7 -
previously to util. thlé/\nltamlalscqgg/eﬂ{é alayvanesgel | nmachine. Pressure
equal i zati on between the cells of the Vvane-cell machine via the small
gap between the end face of each slide and the 5inner wall of the
housing is virtualdy tnd elevaant .cfn a pepﬂ,emedcemboﬁbﬂemhgof ahbe a
invention, a first uldetrack Iate WhIChIS pLo Wi t rst
gui de t?gck isp y par aﬁLF ?ﬁgr%%rr%:’tds
gui de plate rot atdnd:gadmther qxﬁ t h ttlhae shafventhes fi rtﬂsne guﬁ@élpwa@flrg
plate is arranged. %bége);ms of rotation with respect to the
housi ng. 15In a furt r pre rr'ed enbodi nent of the

3
Yo Rz-—(e-sin :;?-4--:;—] ~¢-tos P-4

for
I<p=n

for

20
TRQR2m
The explanation of the abbreviations 1is as
25 follows:

y: the distance from the axis of rotation of the

shaft to the center of the guide track



i nvention, a second guide track plate which is provided with the
second guide track is provided, which is largely parallel to the
second guide plate rotating together with the shaft. The second

20gui de track plate is arranged fixedtyéin terms of rotation wth
respect to the housing. By virtue of these neasures according to the
i nvention, a conpact set-up of the vane-cell 25 nmachine and yet an
accurate guidance. ct addafuLeidie respedriaat heousings wal | of the
housi ng, of the slides of the vane-cell machine can be achi eved. The
two guide track plates can be adjusted accurately in relation to one
another. 30 The gestht & sraridd - beeweeaditdle nextaentt ofotdeishi dds.
The first and, i P, a 04 uLde a

preferably prOVIdng éﬁ?ﬂ% %gg g%%lve %ﬁﬁggﬁ?gg%k59|5%% ? zgu?ﬁlcal
that the di stancéx®isite end faces of the radially 35 novable sI|des
fromthe inner wall of the housing renmains largely constant during
the operation of the vane-cell machine. The first and %

appropriate, the Seddifd itde 2 ddie n'ﬂquefgké?/ﬁ sete el £33 adapted to
the eccentric arrangenent of the shaft in the housing in such a way

t hat thﬁ di stance of the end face of the slides fromthe inner wall

of the 8using-dé%reases during the 5 rotational novenent of the
vane cells and the Bbeompaniy nigetwesrasihreg pressyr &nd hble | $trgishy,

with an increasi essﬁg o cgtl srargesepapat g0k n
seal ed of f frontg%gﬁgnot ﬁﬁ%é#%?é??%%%?cgoy Thi s hgs °

an
advant ageous ef f &31n QétM&Q#WWEl§ﬁ§§a6FetH%a%%%%ncépﬁ neleht he 20
an advant ageous eHodid®wiitineof the invention, there is provision for
t he firsg and/ or the second guide track pIate to be screwed to the
housi ng=~ 15 Furthernore, there may be provision for the first and/or
t he second guidektrmme[ﬂiﬂmammeffmmmthheftesteanpb@ntthé sdeo i ighed

face of the housi 5gﬂggg nend ofod her i fyentdi o
there 20 is pro&ﬂslohﬁﬁor the des to be prOV|%ed i n each cas%
with a first and/or a second QU|de pin which is led in each case

through a | ongit ttdtéﬁaémﬁéawenwhla@&dﬁaﬁ@cht@aeaer Unsraradicn | yiwvht
respect _to the shaft ovided in rst and/or t

and is p
second §bi de pl at¥?! %Q e ﬁ?PFF“?réﬁl aHt dﬁs%?%%eh%h¥a5fgﬁﬁge
slides can theremrdusk ciar rpaect:mﬂlaﬁ]ry e iefheredd enbodi ment of the
invention, there 30 is provision for there to be provided on the
gui de pin a crescent-shaped guide track sickle which is novable in
rotati on about i tQwirshgie uthaalagki fantaiticiral gondedt byt Narfuicde

track. The guide g ackys mésfsatfeel y ddbriGaied wht hepeessureriilon,35
and/ or nounted with pressure oil means of the guide track si ckl'e,

the forées occurNﬁﬁfQﬁi%Wmﬁ%u?HécFFQEkO&GHQ%;Qqﬁy?%wl%Te end face’
di spl acenent of tdre shédesican kewdishsi buhed tela | &f geheat@asdfng.he

The useful 1life and the efficiency are thereby
markedly increased, as compared with £fricticnal
vane~cell machines. Owing to the absence of
30 mechanical contact, the wvane wheel or the wvane
cells of the wvane-cell machine according to the
invention rotates or rotate even in the case of a
markedly lower differential pressure between the
inlet port and outlet port. As a result, the vane-
35 cell machine according to the invention makes it
possible to use energy resources having low
pressure differences, as compared with ambient

pressure, which it has not been possible



- 9 - guide track and/or, if appropriate, of an oil film as a result
of which, in particular, the frictional |osses and therefore possible
wear can be reduced. By neans of pressure-oil lubrication 5 and/or
pressure-oil nounting preferred accordiAg-to the invention, the
rotational speed of the shaft of the vane-cell machine can be

mar kedl y i ncr eas&F VAL Iipar & wi 338 | i g Efounfi ng CORNERETEREL
medi a with mar kedianchiqgher fnamaehat urmeséﬂr@amquumm:f edeafveen
faults. OnM ng to the pr sure mountin i tr i e,
axi al forces whic ear‘?%ﬁ,f%aﬁ &? b\éa%%s%gjb “‘acﬁl%%nS’?l a@st%&g) %ln%lill
rol I'i ng nounti ng.gathi behasen ;tdrsa t end efdart ofn 4d ebfliidieenzyd the

overal | size, 15usgful Ji-fe o%]q;rfee'k{cﬁ%hrigt i Of 10§, mane- celd 1 Spok ne

according to the invention. I'n a fur od| ment of” the i1 nvention,
there is provision for the first and/or the second guide 20 track to

be formed by a C@HI &U0?§egékgédtréﬁﬂ50§iﬁéﬁe Whi Chrtis preferalny, a
mlled in the in sur

ace of the fjrst and/or, of the ond_gui
track plate. Ac 1“35;1'Jc9‘tdt‘?\/etraa{:‘ﬁd?rda‘_’t““ée a‘i?ﬁ]al?%l f%b?ﬁoﬁﬁﬁag tg“f t?kﬁ
slides in the racﬁladstanguﬂaéhe;mdlal idi rmmvmedz,anwhhtehebys béargely
achi eveg In one a}m nt, fhe \é?jrégrcﬂ%sgac ng-ac %g trgttdtgeing

|nvent|on has du carry icatrng and
| ubricating oil t@@@ttdi@trhewgﬁhdet]{tﬁn sHwd or Fh@ giujrﬁ»‘étt r%%:lkd%l @F@]aélk

and/ or in each Cazgd agl a@fﬁéﬁgegxtfel@@@g;rgam@gr@goqy@ ebtkReon
slide in the first and/or the secqond guide plate. The supply of

| ubricating oil pHéferaBiBFYakes tﬂ}eaéléwﬁjéi t |east one duct 35

carrying lubricating oil in the shaft and/or the di scharge of

| ubri c?.%%ng oi | qef er, abl ¥ tgﬁg; pL&Tgl cd {;1egt %}ﬁ] g9Qnhe. duct ¢ 61,18

di schar gt ng Iubrlcatlng of T 'R" t h and/ o e second
gui de plate. As amesiitonthe red¢abd |qty¢dmdtﬁ-’ﬁ§kef]f>1@t@nd§h%€a‘h B&

mar kedl y inmproved, by, \dd %@& é‘h@o%%b%h% Igiﬁr@stserw{thg ?%@tla@@al
speed and the tenperature of the_mediumused in the vane-

machi ne accor di ng/Ri¢h hé Si n@r@ﬁﬁ?éﬁ FRE2MEEhod™Ac ddtRli (TGABS hguide

invention for wagliertcheaitatild zaddorhés piehethdl yhhipl emhst edcasidng

at Ieas&oone van%-u%%{e tral]{ne according to tl(]ie

late 18 arranged fixedly in terms of

rotation with respect to the housing.

By wvirtue of these measures according to .the
invention, a compact set-up of the wvane-cell
25 machine and yet an accurate guidance, contact-free
with respect to the inner wall of the housing, of
the slides of the wvane-cell machine can be
achieved. The two guide track plates can be
adjusted accurately 1in relation to one another.
30 The result is a tilt-free radial movement of the
gslides. The £first and, 1f appropriate, also the
second guide track are preferably provided in the
respective guide track plate in such a way that
the distance of the end faces of the zradially
35 movable slides from the inner wall of the housing
remains largely constant during the operation of
the vane-cell machine. The first and, if

appropriate, the second guide track may likewise



10 invention. The exhaust gas froma stationary or nobile conbustion
apparatus is supplied to a first heat transfer device and/or an
exhaust gas turbocharger. A first vane-cell machi ne conpresses the
air which is under anmbient 15 pressure$ and the conpressed air is
supplied to the heat transfer device. The heat energy contained in
the exhaust gas ibs t REAPSEPpl ted the t RECEHIFEEssRETaRgenan§edind the

vane-cel | machi neiands, orndecappEeagesihhesGoRPressed, antheated
20 air to a pressure which is | ower Ct{hgn t he greﬁsurel,of thg exh%t}%_t
gas from the comsistiddeppar &%s T A EpftlopFfat 141G ker LT AN e
pressure of the exhaiist wgad adft theoouhbetioh thdectesabeshatgeing Thie
decompregsed ai r .and Lhe,, 25 exfaust 9as | eaying.Lhe foal. {ransf o,
device or, if appropriate,” t he ‘exhaust "gas turbocharger are supplied
to a third vane- celdommohiiter Thersds g vanessele  nddlitnel expandst-he

m xture of exhaus}; 9as;ANng RifeQ RATDLLOLSREESS YIS 2R tAlvARe SRT8 o

30time perforns useful work. The nméthod according™to the invention is
di stingui shed by gyFPFFFRCHT afB2LFer GFUIHIY Wpen2ParBECeMOTe
machi nes accordi RE et i3k1he TAVENthAR are daedntafbous td®rect on
expedi e utilization of ener r urces Wwhi are .ot herwi se sinply
di schargéd, unusgél,e i ctllﬂ?é“%\ﬁffo Nt cacf]lun]m S5 e way.
According to one enbodi nrent of the invention, there is provision for

the first vane-cel] grchife, According Lo ddiedfventi ahd 0 16QMPkESS:, S

the air under anbient pressure or atnospheric pressure to
appr oxi mat el y douBlera Hes regsifioniienechat Férsprendipe ket gecond

exhaust gas at thguekhadshcraRifald ob the senbusii en appar aus iok.
if appropriate, to approximately double the 10pressure_of Ep}e gtitrlsect
pressure-of the ﬂ?&gge[r%'do BT 4RV oSt BF TUrDthat ger “1%h

efficiency of thaddimenttba cardiergbydee tiardiheplavpr dredfoddl frhene
enbodi ment of the RN ALEOHNGL AN LANVEN] Qe HlehEolSin

provi sion for thé co I‘on” apparatus to be supplie t corrperl'essed
anbi ent air which has been conpressed by the first vane-cell machi ne.

As a result, in the £aspeolraeq2@ubigtialhe caTbuss i ohvappabatl Ushelres
ef ficiency can |ikew se be increased. ne enbodi nent

In, .qQf _the
inventi®f, a secdid BRI ANSFR ki Tt %spFBVPBeBFOW‘Ig@ﬂ ig each
supplied 25 wthkaieatwestergyfirem andgehi ng sedamd tgoidéhpin which

conbustion apparatus, and.wth the _residual hea f Lk S
gas/air m xture of° fjhee&tﬁ?rﬁa\?énéjggeel It%n%% t.ithe%‘“ ?ﬁ%gggggéﬁgﬂné&oﬁﬁe
di schar ged by t helsiedontn heatht reassf erwnevirediid lax paridedrdyract 3¢

fourth vane-cel | mpchinesand, at é%h STR M M8, Perd oF 1B s ghul oWOrhe

By virtue of this neasure according to the invention, the waste heat

of the 8%oling cigeEeNd oBUARS nPeRREI cBNDYABEIVN erfdilte & arssiial

advant ageousl y bejiuildZ8@dtn35%+ ntpae seibed e ehetdey nBehedrried
according to the Oiur{_aventi on, there is provision for the second heat

in a preferred embodiment of the invention, there
30 ig provision for there to be provided on the guide
pin a crescent-shaped guide track sickle which is
movable in rotation about its longitudinal axis
and which is guided by the guide track. The guide
track is preferably lubricated with pressure oil
35 and/or mounted with pressure cil. By means of the
guide track sickle, the forces occurring on the
guide track during the radial displacement of the

slides can be distributed to a larger area of the



transfer device to be an evaporation device which - 12 - is supplied
with liquid extracted froma liquid reservoir and acted upon with
pressure by a punp, in particular water, nitrogen dioxide or

cycl osi | oxanes. Theef fi ci ency, al ready - 5 achi evabl e by neans of the
nmet hod according to the invention, in the utilization of waste heat

can thereby be fuftiker t@f@&@vegndyarpnelﬁ :L:Qifeth%ﬁ nuant -en,
there is 10 provi,sion for gase? gﬁ Expanded four}L.B
vane-cel | machi né '8 be®Suppl FEIULE effsat i on é’ aﬁ’vvh fi

t he gaseous nedi ymicardendes] @k at ahhet&am‘efbm&e puhssa:ﬂta]rega&edmeatan
and the 11auid |9 SUPBLIEly! 0si NGl Ul 8 Ind SREINAIT EMM%E&E%R“

this nmeasure, an advan ageous Iose circuit
resi dual 5 heat of aride’ cexhpousesygastaild Mot @an@rede rngest eaﬁéatfdﬂl@m

the cooling circyif @het h?nQQH@SJéB' on: RPPaFALS: drfa Achigaued. 020 The
vane-cel |l machi ne according to the invention and the nethod accorglng

to the inventionSéttwaste-Heat Yati9 ikt o aPenBestd? b&f i BERD

detail bel ow by ma@fedexegpl afcmﬁmﬁh RenhS,a 2@ 1Usimg ﬁlbaw;mgg,
whi ch are not necess aril ue to a r.ef er nce s

desi gnate identi &l ‘?V?%e &SI I‘V@Et f“ﬁﬁisﬁét ﬁ]sghﬁr ? eP révgnbﬁeé
30figuredl shows canvares ce‘h$eqinachfneeacodr difagnlite -t hementt@n thea
sectional draw ng, whichJlJiustyabesshie apenal | BaiRel neiple ageqndng

to the invention, I gure ows a first systémaccording to_the
i nvention for wasEdHeatoqfqs |‘i%%¢}é)nal'0\ﬁ?hclaé‘f erlafc ¢ o2 RBPEPSE heln

net hod accordi ng @t d nventi on ks1deseri bethntamd. - dis fhgeread
shows a second s stem, accorgt%lgﬁto th |nv§@t| on for waste-

t.
utilization whic Or?&é:lﬁ@en ePH nprovEd; l&é'eBSPFpar%%eW]trhﬁatc’ﬁée’

first 5system useful 1life and reliability of the vane-cell

machine according to the invention.

In a further embodiment of the invention, there is
provision for the first and/or the second guide
20 track to be formed by a continucus guide track
groove which is preferably milled in the inner
surface of the first and/or of the second guide
track plate. A cost-effective, accurate and
reliable guidance of the slides in the radial and

25 the axial direciticn can thereby be achieved.

In one embodiment, the vane-cell machine
according to the invention has ducts which carry
lubricating oil and which supply lubricating oil
30 to the guide pin and/or the guide track sickle
and/or in each case to a radially extending
running groove of the slide in the first and/or
the second guide plate. The supply of lubricating
0il preferably takes place via at least one duct
35 carrying lubricating oil in the shaft and/or the
discharge of lubricating oil preferably takes
place via  at least one duct, discharging

lubricating oil, in the first and/or the second



Figure 1 shows, by means of a diagrammatic cross- sectional draw ng,

t he operating principle of a vane-cell machine 100 according to the
invention 10 for the expansion or conpression of gaseous media, such
as air, exhaust gases froman internal ;conbustion engine, vaporous
media or a m xture thereof The hou5|ng 101 of the vane-cell nmachine

100 has a Iargelyqoardte2 Eﬁylangcros es&§tsegﬁgogegggbpﬂimgagﬁdc%hls

102 to 113 in its argely cy rical "innéet sSpace an
inlet port 114 and: f& cgrniast QﬁntbalﬁﬁrAEdﬁwv@mmeﬁﬁdmﬁvshaftuil@fls

arranged eccentri %a'ﬂué’sé{bié'el%lf%'a@% 101 chef ivttatquirda p%@é@d 13%q
and a second 20 guide plate (not |Ilustrated) are provided on the

shaft 116. The gui phefieerytitae ofi d&e 11ed %Bmlﬁéeﬁnjéhc a waye-

that thesslides carimvwe essentdaldndiradi@l lohaMitdyarasipect to the
shaft 116 in the direction of the inner wall 118 of the 25housi ng

101. When the shaft 116 is driven nechanically, it rotates, together
wi th the guide pl athes,metrhedieahousingg By wihra uenofnitihen céntr whedgal-

force, the 30 sl ides 14910, 129,4r e moyerk Ladial | ymgvyerfoduringg

rotation. In this case are ustrated) In ea
case between two gﬁidée@éil§mﬂnYﬂﬁQﬂ%?¥bsméﬁéén?oQQQQ jinte b@aﬁ@@

and whi ¢h cl ose (notvddditstrated) khavsanes£el keoh02 38at 00dd3
together with the shaft 116, with respect to the latter. Eac ¥ the

vane cells is thefS¥oréE opfsfblitvitdl FERALNE G4% t HE r 4P T ect off,
insofar as the vamd e |hést nokransfés deNQGMJﬂhdﬁbﬁrmnreghansbfg@he
inner wall 118 of 101, The,

wal | 118 of the wﬁqrb?%éﬁﬁiggto say th%%%% terxéﬁggq%% prepgggg
largely or end fam§mE§§&ﬁSea§h@shaﬁ¥61Ehight dﬁstwmﬁ?¥roﬁﬂ¢ﬁ@nt

housi ng;101, paStﬁHE%éiH@r Lhe %h‘d%&ﬁ%&%é§b42§1§nqj§|égﬁéliga tQ
129 nove, conpletely free ‘of contact, past  the inner wg% of the
t

housi ng 101. In tHiE exRFPFar F EBEdEmentSVAFE - undé® a %Ehe@P@rgy

contained in the exhaust gas is then supplied to
the compressed air. A second vane-cell machine
expands or decompresses the compressed and heated
20 air to a pressure which is lower than the
pressure of the exhaust gas from the combustion
apparatus or, if appropriate, lower than the
pressure of the exhaust gas at the outlet of the
turbocharger. The decompressed air and the
25 exhaust gas leaving the heat transfer device or,
if appropriate, the exhaust gas turbocharger are
supplied to a third wvane-cell machine. The third
vane-cell machine expands the mixture of exhaust
gas and alr to ambient pressure and at the same

30 time performs useful work.

The method according to the invention is
distinguished by high efficiency and,
particularly when vane-cell machines according to
35 the invention are used, allows the expedient
utilization of energy resources which are
otherwise simply discharged, wunused, into the

envircnment in an undesirable way.



10 pressure is located in the region of the inlet port 114. Wen the
shaft 116 is rotated cl ockwi se 180 nechanically, for exanple by an

electric notor or internal conbustion engine, the air passes via the
inlet port 114 into the 15 subsequentd w1l argely cl osed vane cell 106.
Onits way fromthe inlet port 114 to the outlet port 115, the air is
conpressed on account of the decreasing volune of the vane cell. The
conpressed air |l eaves the vane-cell machine via 20 tE§1outlet %ort

115. Part of the E&HFEESE &°r PBRai FEPPHTRREvane &9, 8Kgntton.
according to the itmeanrti os thiksvakions eéxpandgde t ofatspspheneecell

pressure on its way fromth l. por t 51 Ll p :
25 By contrast, i fn}gé:r%”‘lnr?cr Eélgggggﬁfgéssﬁéetz#eev%ﬁfég}?ﬁbﬁhg;? eg%ﬂﬁ}%%s
the outl &t port 11Hhe asiconpaded werhiehe ipHeds\port orl4atagdrhReic

shaft 116 can rot %ﬁésﬂ&e'yofégﬁwxiha@ewt |8 Y ted 5530 besomes
an inlet port and'the 1nlet port 114 becones an outlet port of the

vane-cel | machi ne @60, OPRLERI PEAFTITE heTr VP s&P1BtEssIRak s plFace,

and the vane-cel | dmghisie GeCOPPI@SSES thhe Pgaseousi sedapgpreatesi ng.,

In this case, theé.;thaft 35116, ig rotated counter clto%Ié\évi sg %}ean%he

for exanple, drives anf@BredTie-fotor® ndtPHiTUSH dted, TRal-Fs to

say thelgane-cel |l pmcEmne onfi tsheshafit 1216 perdormns wdr kihe - exbaust

According 1o the iquentighy Jherg,is provighan fen baendoysing 104e
ap

with a largely circul ar cross section per se to have in art region
182 a 5 radius i rcifdasiangy r odf t hEheut Hewesdritom 1553 t heSFAPEt t
114. As a result, ghempid WHcyenters the vane cell 113 (in the
event of a novenent of the shaft 116 countercl ockw se 181) and is
under atnospheric pressure is expanded to a | ower 10 pressure, for
exanpl e16. 95 bar. THhien¢ressudeéndntf efernde assilsid dbeordimgi bn ahe
the shaft and cons tly i es_t fl.cie o] h el
machi ne 100. 15In %S%Z}n“t o] ’agﬁlﬁggg gsl }%é)g’{lyélc%éln?%%lf- P%e%s?@g‘?%%l&
the end face 131 dfereactisl i de pastsurhe jatherivial Fompgessetdhamkdasitng

101, according to fihe jywenton akcheashn e HH A9, tRekr130:i $ane-
provi ded. The guide track 130, illustrated 20 diagrammtically,

deterni nes the radi®ll pBECHiEs -of Peach 19T @191t 128, Ghee ©°f 2
conti nugys gui de tdwacledls prefeiabl yn aaguh det gs povesoefgicdendycitan
(not illustrated) ich is.located in the rear side of a guide track

plate (not illustrat&d e 22 Wititds largely parallel to the
guide plate 117 rotating together with the shaft 116. In contrast to

the gulde plate 1ih dde GSeALackp ahe (B0bak bESt EatebnlS neat
arranged fixedly i'n terns of rotation wth respect to the housing
101. 30 Preferablyraneguidgdiceacks plraadicescr @8t ol $ hé Upedsiony

and cl oses the hoysimg ypuar (Qﬁérg‘y QEEQﬁ_ R Nc349: 18 ?e&l:d&fitea@fl glHede
119 to 129 runs preferably with aformfit in the quide tr&;}:k 1;0.
During the rotati GiPBSHOshaPParases 3% svibe &S’t?vi Hedtaieh aeat

gui de pin is guidest itHed exipieset gasyned posttienc¥i ahkhehfietimviinke -of
O rark a0 iRl "SI h8: LRSPEELLNE SR ® by
the second heat transfer device is expanded by a
30 fourth wvane-cell machine and at the same time
performs useful work. By virtue ocf this measure
according to the invention, the waste heat of the
cooling circuit of an internal combustion engine
can also advantageously be utilized.
35
In one embodiment of the method according te the
invention, there is provision for the second heat

transfer device to be an evaporation device which



- 16 - respect to the inner wall of the housing and yet a contact of
the end face of each slide with the housing or with the housing wal |
is largely avoided.- An essentially friction-free rotation of- 5 the
vane cells is thereby achieved, wtheutisthis | eading to any

appreci abl e pressure | oss via the gap renai ni ng between adj acent vane

cells. Overall, the egli;bgsl:@@@yw@fcht he fane- eetkapaehi Fe okl aﬂz@%dt:ing
to the inventi on is markedly C;eg“hcg%ﬁ Ot han in_ known frictjion

vane-cel | nachi ne§esﬁ)ﬁv§)l§pﬁq i SR TR P RBEES DB ° Ig\lﬁlmp’
di fferential pressuresphettiesndiatrhe waltetr,por nidmdgent | efiparitie or
because, even in t vane ells % and

wor k on account oTLjyt g%?ﬁgfggé%?. “al fr%e omfro C{rj'lq%:r't?cltl'gn m%gtﬁtgp st
to known5hi ghly f eicdticomealley ape- ¢galdnsmaehi dse Bétbﬁét gamprding to

differential pressyes; cad@lse, beputidd zed: 1t hervapewael fagmehipac
according 20 to the invention or_its vane cells may be designed with
| arger di mensi ons S8y EGHEF NS SN GHRGedIP i S%e di mensi ons of
known frictional vane-cell machines also increases their frictional
forces to be over orre and _t her.ef or 5 i.,n knaown v cel .
machi nes, this nme §hr8 goegmiﬁ]%linga togan‘%/h(le rrplrnoveenrrer}f% there s
preferrgd enbodi memovdfsitdre Foversti gas¢not imddistm aEéé)ﬁndﬁﬁe by the

under si de of the 0 3hLse- c%%haaaeﬁ%bdeéoorbét ﬁ)f@iﬂﬁjtrt%pk
pl ate screwed to t hou5| ng and having a guide track for guidin

| ower pins (not |IqQP§jt‘%nﬁa§d)°r\/\/rﬁl%‘hl%?e Ilflkéwl§§l a*%}ieac%%ﬂe?‘éstﬁ@d um
sl lddelsl 35|OM nglt@dﬂ&m&f | gnguindanges bhresldides ebscherges dadat,
radially, largely tiJt-free. Furthernpre, according,to the in entlon
the pins may be szWi det*Fn éé@ﬁlgaselsv\n t AUEP§OFde tracki%l ck\r{

- Whi chlgan be row@d:va:bmjt t Bg pinsram wriich tkigui d@hsbyret,he an
gui de track. As compared Wi a Blded e guide track sioklie:es pe

| ar ger contact sur e gw track, which is preferably 5
| ubricated with prsssigheloiheatyi eh tth@ e uS it HER S {aer s FReEe and

pressure falls, frifdigasts faiherrsrduced @@gm%l abircitiy of usefeul
life increases. 10Preferably, the sI i des an h?ﬁpw de pins or the

gui de track si ckl ESTERS HABY iEREF Ei in their guides via

7

sui tabl goducts (not illustrated) carryl ng lubricating oil. Wat is
preferred is preS%¥&§-§gAe|égEiC%gE Qngraccordlnq to the invention

and the method according to the invention for
waste-heat utilization are described 1in more
detail below by means of exemplary embodiments,
25 using drawings which are not necessarily true to
scale. The same reference symbols designate
identical or identically acting elements. In the

drawings:

30 figure 1 shows a wvane-cell machine according to
the invention in a sectional drawing which
illustrates the operating principle according to

the invention,

35 figure 2 shows a first system according to the
invention for waste-heat utilization, with
reference to which the method according to the

invention is described, and



15 pressure-oil mounting, since higher rotational speeds and higher
tenperatures of the nmediumused than, for exanple, in rolling

nmounti ngs, can be i-nplenented, with the result that the efficiency

ri ses and the structural dinensions andz20consequently the costs can
be reduced. Figure 2 shows a first systemaccording to the

i nventionfor waste- heatutilization,mﬁth reference to which the nethod
according to the |nven% IS describgg S stey1qfcord£ng

the invention has ‘a<titbu ﬁwﬁpﬁﬁr%?ﬁ% 0fY%a ré%“%e Hrans er
device 204 with annvﬂnﬂlqnujﬁmmthwaateuhbet em&bxhamswngaéniﬁl has

t ur bochar ger 205, r 1Mﬁﬂ? hi o] t |l 30
210, a second vane c mac |neﬁ§%%0§%g agghggﬁ 32%@ ggeﬁ Eg%hFﬁg%t
214. The5conbust|6ﬁ5§§ﬁ&ratus 201 sucks in air 202 under ambi ent
pressure or atnospheric pressure 35 and expels hot exhaust gas 203.
The hot exhaust gas is supplied to the first _heat  transfer device 204
viaits inlet. Arifds atihispier?¥ BralsuPé 307 PITEREREG S U6V She
first vane-cell rnxﬁuﬂnbnai.18raw26§,anﬂm£0@peesBEﬂgt@mammn@&enamélw
doubl e the outl et _pressur X S e u ni.fql d
of the conbustron‘%%ﬁ%felgsq£?#ﬁf%§ Eggtrast%ﬁﬂﬂgrﬁ%mégg ghv%% o
appar at U8 has an édrausthes g%&paw$b@@ha@§erCoaﬁrEBEE§ﬂraP§d JEISE O Sr

is conpressed by theyfdrstsyane- 8@"a&%cm'B%Héhéﬂﬂ”&%é@@tek¥oﬂ0U%he
the outlet pressure of the exhaus downstream of "t he exhaust gas

t
t ur bochar ger . Dun%ﬂ}%ﬁ%%ﬁe%%WBHStﬁgﬁ SV t KRP2BCRdnBEstifon°r @
apparatus nay be exiimactediaodiof] | Tisé raved)ngr 0Lt be theshawm%eeﬂﬂl

machi ne. The conpressed air .209.15s Ied nt o e connectin
whi ch connects th€103P1§i &P% Bapi r &t V%F%?%%|| r%rgﬁﬁg to %#%
inl et ol5the seconﬁﬂﬁﬂxvanendelmaﬁaohuﬁe 2¢llsThEOZorimect fAg 31 nd tZ10

I's arranged (not iyl ustrat ilh@rwng%%ef é}%aée %ésobewabﬁwe%tn

transfer device 204, in-order to transfer a_large part of the heat
energy 208 cont ai rigd-Stn RHE exHhaadtd gad Petife PBKpr esSed®20T4VE I°&d

through the conneqdingd igtea 210116 nit herheatetir anskat rdewilce, ihhehe
conpressed air is _heated unt er cur r.ent

t he i ncipl
approxi mately to éﬁ%“?éﬁbeﬂﬁkur% rr?Eeg%kﬂ%ugrg§§2?52n§“9h8 EXHRNS
gas i s gool ed approxidmtElac25(tot t hel tenpetatiur eref prheidedpressec

air. The heated cQpr&ss ai nters,th n e-cel N
211 and deconpresse j%irf eavgggtﬁgfég%oﬁééggge%ge%% Egﬁﬁ%ﬁ£a§$ae%§ r
energing from the l&&tond vanehcerl waghi beallithas sl iptessmea 3gOve

which lies bel ow té},%eqrt%sltrrye QfadEQQl?Xh@i"@E gass RS gi-Bg tf,rr@mstheet
conbustion apparatus or, If “an exhaus as turbocharger is gresent

as illustrated, bél‘dwihehs e%‘s{ﬁ‘étb‘?nt‘% Eﬁﬁa%f‘eéaé’aéﬂmﬂ nGIf o

the exhagst gas twdeehayger.. 35 A further connecting |ine connects
the outlet of the heat transfer device 204 to the inlet of the

When the shaft 116 is driven mechanically, it

rotates, together with the guide plates, in the

housing. By virtue of the centrifugal force, the

30 slides 119 tfo 129 are moved radially outward

during rotation. In this case, they are guided

(not illustrated)} in each case between two guide

walls which are fastened to the guide plates and

which c¢lose (not illustrated} the vane cells 102

35 to 113, together with the shaft 116, with respect

to the latter. Each of the wvane <cells 1is

therefore open outwardly only in the radial

direction, insofar as the wvane <cell 1s not



exhaust gas turbocharger 205 and supplies this - 19 - with the

cool ed exhaust gas fromthe conbustion apparatus. The exhaust gas
conpressed by the exhaust gas turbocharger 205 and | eaving the
turbocharger at the outlet 212 is conbhped with 5 the conpressed air
di scharged fromthe second vane-cell machine 211. The m xture 213 of

conpressed air anqo%fatgermmsgge Ust 9as drhe suppbiedatio tneg i pket
of the third vane-cell machi ne 214 i ch expands the conpresse

mxture 10 to a mtREuteBERhatt hg gpﬁoseﬁ%r?%c%réééuroef TR nallde
deconpression in uhaiﬂurzbaamev@elleﬂncﬁlaelamﬁ dihke dratd ef rqer £bens

wor k, for exanple.via an 3%@ quﬂgr Orsiﬁfﬁ Secgﬁ%gpetﬁgaQBHQQ

the third vane- celpnﬁﬁcw
according to the wauént |’tdm"tf ostvvasI esheathet idliidss ohl%lt@h s been

further inproved I.QN he  firs e 0 kLl usbmrat kn
figure 2. In addlkggﬁ%fgkeg %@s |r§% sy%&%ﬁggtnhggecg%d gggteﬁggo

has a second heatPﬁﬁ§ﬁ§ﬁ@ﬁYdé@ﬂ@@¥MIPrzf%%ﬁﬂ??ﬁﬁﬁl?%%?tO§0§OBFaFFe
combustion appar atys+20dhe alf’lﬁ@ﬁft heananescel o smaethé nﬁo&@‘imga mnw dn

305, 306 t d
xpanted m xtur o GG I XhaLST QAL IS, offakgl (LT T of ERECLRFHG

vane-celd machi neparéstire cool ilbgatkedcuit 302 heaginy tife ezondlhéat
G 33%0 %“Hﬂ'a;y gﬁ%}ﬁeﬂ% gé’h%ftt{' 3P SESE%%BG%OE%@E%H

devi ce. An evapor ‘e o] resen reservoir
is punped into thé8§@c@ﬁ@hﬁ@apaﬂﬂahsféﬁmde@B@@PB? tﬁ@ pafp 886CTtFAC

the second heat transfer (deviige301L1 t@%mbh@%h@nSUBﬂbh%@ i Sthe air
evapor at ed on account of the 35 heat energé Bglled v&a t.he cooLkng

circuit 302 and t R@S#%%t ur 81215 0t© ex

exhaustigas. The %@&@@qh@&taypﬂﬁﬁﬁyﬂkyV&ﬁdﬁbdswdnqﬁmﬁllhaﬁ6then its
pressure of the Iiquid t i % or
is supplied to t he&'% nI%{O gPﬁe3¥Bﬁ$i LS%ﬁeqée @5 % 'g%ﬁga 3Pa
the outlet of thelﬂéttethes suppliisedcoapirers seke @Rp&h%¢@ﬂﬂ%ﬂ of the
deconpression of & the vapor, (L9,lhe cgrdensglion, devi cec309. Thee

| iquid 308 occurring in the condensation device is reC|rcuIated into
the liquid reservGOMPIBSSEOurdhy e VEparss oN28F FRed vdpRfrhiiheVia

fourth 240 vane- celle r@ghidte 304cpanfor neatisebyl vner kcoﬁlpfegé(@dfpb&r
via an el ectric generator flagﬁed to the ﬁ aft _qof the vane-ce

machi ne 304. 1f tRETICenk! | Flst e Thtfi §ifes 22 3 %re° 18°
provided W th vaneénceidtimachi nessaccior diisg ¢rpihecdnvent eamosgseirsc

f d di to . th Nt
B ot Tt sheql” (niedulde GIVELE Sy (B0 | DR SYREIR Hdie 115 to

di stingui shed, in“particul a par arIy I enci es.
Mor eover, even Iowh@'hméﬁénmmgﬁ ﬁﬂébsures can be 20utilized for
performng work or for generating

By contrast, if an increased pressure prevalls in
the region of the outlet port 115, as compared
with the inlet port 114, and the shaft 116 can
rotate largely freely, the outlet port 115
30 becomes an inlet port and the inlet port 114
becomes an outlet port of the vane-cell machine
100. In this «case, the reverse process takes
place, and the vane-cell machine decompresses the
gaseous medium entering. In this case, the shaft
35 116 1is rotated counterclockwise 181 and, for
example, drives an electric motor, not
illustrated, that is to say the vane-cell machine

or its shaft 116 performs work.
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current. - 21 - List 100 101 of reference synbols:
machi ne Housing 5 102 to 113 Vane cell 114 I nl et port

- 15 -

According to the invention, there is provision
for the housing 101 with a largely circular cross
section per se to have in a part region 182 a
radius increasing from the outlet port 115 to the
inlet port 114. As a result, the air which enters
the vane cell 113 {(in the event of a movement of
the shaft 116 counterclockwise 181) and is under
atmospheric pressure 1s expanded to & lower
pressure, for example 0.95 bar. This pressure
difference assists the rotation of the shaft and
consequently increases the efficiency of the

vane-cell machine 100.

In order to achieve a largely contact-free
sliding of the end face 131 of each slide past
the inner wall 118 of the housing 101, according
to the invention at least one guide track 130 is
provided. The guide track 130, illustrated
diagrammatically, determines the radial position
of each slide 119 to 129. The continuous guide
track is preferably a guide groove or guide duct
(not i1llustrated) which is located in the rear
side of a guide track plate (not illustrated) and
which is largely parallel to the guide plate 117
rotating together with the shaft 116. In contrast
tc the guide plate 117, the guide track plate
(not illustrated) is arranged fixedly in terms of
rotation with respect to the Thousing 10C1.
Preferably, the guide track plate is screwed to
the housing and closes the housing upwardly. A
guide pin 140 to 151 of each slide 119 to 129
runs preferably with a feorm fit in the guide
track 130. During the rotation of the shaft, each
slide provided with a guide pin is guided into a
predetermined position via the form fit of the
guide track and pin, with the result that the

respective vane cell is largely sealed off with



115 Qutlet port 116 Shaft 117 Quide plate 10 118 I nner wal |
119 to

- 16 -

respect to the inner wall of the housing and yet
a contact of the end face of each slide with the
housing or with the housing wall is largely
avoided. An essentially friction-free rotation of
5 the vane cells is thereby achieved, without this
leading to any appreciable pressure loss via the
gap remaining between adjacent vane cells.
Overall, the efficiency of the vane-cell machine
100 according teo the invention is markedly highex

10 than in known frictional wvane-cell machines.

This applies particularly in the case of low
differential pressures between the inlet port and
outlet port, because, even in this case, the wvane
15 cells can rotate and perform work on account of
their essential freedom from friction, in
contrast to known highly fricticnal wvane-cell
machines. So that low differential pressures can
also be utilized, the vane-cell machine according
20 to the invention or i1ts wvane c¢ells may be
designed with larger dimensions. By contrast, an
increase in the dimensions of known frictional
vane-cell machines also increases their
frictional forces to be overcome, and therefore,
25 in known vane-cell machines, this measure does

not lead to any improvement.

In a preferred embodiment of the invention (not
illustrated), the underside of the housing also

30 has provided on it a guide track plate screwed to
the housing and having a guide track for guiding
lower pins ({not illustrated) which are likewise
attached to the slides.

35 Owing to the double guidance, the slides can be
guided radially, largely tilt-free. Furthermore,
according to the invention, the pins may be

provided in each case with a guide track sickle
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which can be rotated about the pins and which is
guided by the guide track. As compared with a
pin, the guide track sickle has a larger contact
surface with the guide track, which is preferably
5 lubricated with pressure oil, with the result
that the surface pressure falls, friction 1is
further reduced and reliability or useful 1ife

increases.

10 Preferably, the slides and the guide pins or the
guide track sickles are lubricated and/or mounted
in their guldes via suitable ducts (not
illustrated) carrying lubricating oil. What is
preferred is pressure-oil lubrication or

15 pressure-o0il mounting, since higher rotational
speeds and higher temperatures of the medium used
than, for example, in rolling mountings, can be
implemented, with the result that the efficiency
rises and the structural dimensions and

20 consequently the costs can be reduced.

Figure 2 shows a first system according to the
invention for waste-heat utilization, with
reference to which the method according to the
25 invention is described. The system according to
the invention has a combustion apparatus 201, a
first heat transfer device 204 with an inlet and
with an outlet, an exhaust gas turbocharger 205,
a first wvane-cell machine 206, a connecting line
30 210, a second vane-cell machine 211 and a third

vane—-cell machine 214.

The combustion apparatus 201 sucks 1in air 202
under ambient pressure or atmospheric pressure
35 and expels hot exhaust gas 203. The hot exhaust
gas 1s supplied to the first heat transfer device
204 via its inlet. Air under atmospheric pressure

207 is sucked in by the first vane-cell machine
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206 and compressed to approximately double the
outlet pressure of the exhaust gas at the exhaust
manifold of the combustion apparatus. If, by
contrast, the combustion apparatus has an exhaust
5 gas turbocharger, as illustrated, the air 1is
compressed by the first wvane-cell machine to
approximately double the outlet pressure of the
exhaust gas downstream of the exhaust gas
turbocharger. During compression, tap air for the
10 combustion apparatus may Dbe extracted {not
illustrated) £from the first vane-cell machine.
The compressed air 209 is led into the connecting
line 210 which connects the outlet of the first
vane-cell machine 206 to the inlet of the second
15 vane—cell machine 211. The connecting line 210 is
arranged (not illustrated) in the form of heat
coils in the heat transfer device 204, in order
to transfer a large part of the heat energy 208
contained in the exhaust gas to the compressed
20 alir led through the connecting line 210. In the
heat transfer device, the compressed air 1is
heated on the countercurrent principle
approximately to the temperature of the exhaust
gas, and the exhaust gas i1s cooled approximately
25 to the temperature of the compressed air. The
heated compressed air enters the second vane-cell
machine 211 and decompressed air leaves the
second vane-cell machine. The air emerging from
the second vane-cell machine 211 has a pressure
30 which lies belcow the pressure of the exhaust gas
emerging from the combustion apparatus or, if an
exhaust gas turbocharger is preseant, as
illustrated, below the pressure of the exhaust
gas emerging from the exhaust gas turbocharger.
35
A further connecting line connects the outlet of
the heat transfer device 204 to the inlet of the

exhaust gas turbocharger 205 and supplies this
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with the cooled exhaust gas from the combustion
apparatus. The exhaust gas compressed by the
exhaust gas turbocharger 205 and leaving the
turbocharger at the outlet 212 1is combined with
the compressed air discharged from the second
vane-cell machine 211. The mixture 213 of
compressed air and of compressed exhaust gas is
supplied to the inlet of the third wvane-cell
machine 214 which expands the compressed mixture
to a mixture 215 having atmospheric pressure.
During decompression in the third wvane-cell
machine 214, the latter performs work, for
example via an electric generator flanged to the

shaft of the third wvane-cell machine.

Figure 3 shows a second system according to the
invention for waste-~heat wutilization which has
been further improved in relation to the first
system 200 illustrated in figure 2. In addition
to the first system, the second system 300 has a
second heat transfer device 301, a cooling
circuit 302 of the combustion apparatus 201, a
fourth wvane-cell machine 304, a liquid reservoir

305, a pump 306 and a condensation device 309.

The expanded mixture of air and exhaust gas 215
emerging from the third vane-cell machine and the
cooling circuit 302 heating the second heat
transfer device 301 supply heat energy to the
second heat transfer device. An evaporable liguid
307 present in the liguid reservoir 305 1s pumped
into the second heat transfer device by the pump
306. In the second heat transfer device 301, the
liquid supplied is evaporated on account of the
heat energy supplied via the cooling circuit 302
and the mixture 215 of expanded air and of
expanded exhaust gas. The wvapor has a pressure

which is higher than the pressure of the liquid
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in the 1liguid reservoir 305. The vapor 1is
supplied to the inlet of the fourth vane-cell
machine 304 and via the outlet of the latter is
supplied, after the expansion orxr decompression of
the wvapor, to the condensation device 309. The
liquid 308 occurring in the condensation device

is recirculated intc the liquid reservoir 305.

During the expansion of the wvapor, the Zfourth
vane—-cell machine 304 performs useful work, for
example via an electric generator flanged to the

shaft of the vane-cell machine 304.

If the systems illustrated in figures 2 and 3 are
provided with wvane-cell machines according to the
invention, as 1is preferred according *To the
invention, then the systems are distinguished, in
particular, by particularly high efficiencies.
Moreover, even low differential pressures can be
utilized for performing work or for generating

electrical current.
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308Li qui d 309Condensati on device 15 2723 - Clainms [1] Patent d ains
51. A vane-cell machine (100) for thesgxpansion or conpression of
gaseous nedia, such as air, exhaust gases froman internal conbustion
engi ne, vaporous nedia or a mxture thereof, wth a housing (101)

whi ch has a (hargelparH? eylindyi cal space for receiving the vane
cells (102 -113) of the vane-cell nmachine and also an inlet port

(114) and an outlet port (115) in the cylindrical space,

with a shaft (116) .ar pangetk ec€ent macalihy | M AGY héchousiangexpanl ian

[heStpand 2 second uide Rndheditt) & A0S o oReRtd Bl LYcRA0R! bek 1 O
exhaust gases from an internal combustion
engine, vaporous media or a mixture thereof,
with a housing (101) which has a largely

10 cylindrical space for receiving the vane
cells (102 -113) of the wvane-cell machine and
also an inlet port (114) and an outlet port
(115) in the cylindrical space,
with a shaft (116) arranged eccentrically in

15 the housing,
with a first and a second guide plate (117)
arranged essentially parallel to one another
on the shaft,
with slides (119 - 128) guided by the guide

20 plates and displaceable essentially radially
with respect to the shaft (116) in the
direction of the inner wall (118) of the
housing (101), a vane cell (102 - 113) being
formed in each case by means of two adjacent

25 siides (119, 120; 120, 121;..) and the
adjacent region of the inner wall (118) of
the housing, and the volume of the wvane cells
in the region of the inlet port (114)
differing from the volume of the wvane cells

30 in the region of the outlet port (11i5),
characterized in that
the slides (112 - 129) displaceable radially
in the direction of the inner wall (118} of
the housing (101) are guided by a guide track

35 (130}, and
the guide track is at a fixed location with

respect to the housing (101).



with slides (119 - 129) guided by the guide 20 plates and

di spl aceabl e essentially radially with respect to the shaft (116) in
the direction of the inner wall (118) %f the housing (101), a vane
cell (102 - 113) being fornmed in each dse by neans of two adj acent
25 slides (119, 120; 1 and it he adj.acgnt. i

i nner wal | (118) of ehouasl?éng?e% dm?ﬁ%lr\llol %qure 0 JTWL(;%Qvl?tIgegce{t s7i'n
the region of the i nI eﬂlamqte(rlm)d dithf egi ngifrsem rhatvolgms ofuthe

vane cells 30in the regio 0€1§cﬂe 91-1&68% aorée&okﬁé)coﬁbﬁﬁé@ugr?égeel n
that the slides (119 - 12 di spl acea radially in the djirectiqn of

the inner wall (118) Gfraicﬂfe%tfé? Mgt R ) the SUGUFBREt byt atlhi déitiPgck
35(130),5and the gui detltlrsack i 323 adhispedckasak omamlhnlryesaact the

t he housing (101). 24 - 2. hefvagg cell rrachl |ma6§% E
claim1, characteri ze&hE)?C&lP“r sPrco Fnublﬁl%eﬁw"&ae ra(c 8(%13 antfor
a second conti nuous glicthitackimhezdh| casés intheuny enemy ofhéhethe
siides o (129 129) Aol ageablecragiq) | ge | Bubhe.x cﬂ@c%hQBho%aEQﬁ
inner wall (118) of the housing, Tn each case in suc way tha e
slide or that side of thife igiriege Wahli e P ¥ ades Reies inger CRAFI l@f tph&ay

housingipthat is to sane 1@ndhe rand faae1(13%f oknkhesslisde, moves,
essentially free of contact, al on%lts entire ath of novenent |E)Last

the inner wall of the SREGIIHG Y5 releneo%a(ﬁ%m_c ﬂ?ﬁelEE EP&i
inclaiml or 2, charaefer izedndyenreht | spagti dhet rzanie:plxaabl whi clihies
provided with the flr%[ %w de track (130) and which is arranged
fixedly in terns of atiom with respect to the housing 20 (101)
and largely parallel to the first guide plate (117) rotating together

with thesshaft (116). meTheyyanescel lma@ﬁq_hbnea@sc%%gad i &lalm 2,
25 characterized by a second guide track plate whic¢h is gE)row ded vva{th

the second guide trackfant WwHildF 3E S Za79elY f ixedlFySFn &1 6FaC
rotation wth respect ghatthestionsi ng gmdvhaégelmmﬁrta’ué efltgtt heide
second gui de plate 30r ota geth r t.he shaf

vane-cel | machi ne as ﬁ?ed(gll n ‘ong" W#ﬁ?gl of° tahrérabr cedl ng c?‘% i
characterized in that ttetmtsf iafstrotred iorn twiet s ecosplegui de the hOUSlng

20 (101) and largely parallel to the first guide
plate (117) rotating together with the shaft
{116) .

4, The vane-cell machine as claimed in claim 2,
25 characterized by a second guide track plate
which is provided with the second guide track
and which is arranged fixedly in terms of
rotation with vrespect £o the housing and
largely parallel to the second guide plate
30 rotating together with the shaift.

5. The vane-cell machine as claimed in one or
more of the preceding claims, characterized
in that the first and/or the second guide

35 track plate are/is screwed to the housing.

6. The vane-cell machine as claimed in one or

more of the preceding claims, characterized



35track plate are/is screwed to the housing. - 25 - in that the
first and/or the second guide track plate fornmiforns the first and/or
the second end face of the housing. 57. The vane-cell machine as
clainmed in one or nore of the preceding>clains, characterized in that
the slides (119 - 129) are provided in each case with a first uL%g
pin and/or with a secéfd §irBe Pt ﬁﬁ#@ﬁ-iénﬁZHrint%%cﬁ*“ﬁﬁx%aggl e
t hrough a | ongitudi nakrgceovie1 £460 forh/Epxwi Chhé n feach cas®/dstinshe
radially with respect to the shaft 11%) %%Qk{%IJHPVided in the first
guide plate (117) andPSFOH W& S8 & gl e 49 15 8. The
vane-cell machine as clainmed in one or nore of the preceding clains,
charactegized in bhat jifae guhde.pin Rasnnayided Ofbided in one or

crescent -shaped gui'de ‘track sickl'e which is 20novable in rotatian
about its |ongitudi namca® sohnd-hghi BReFedgundedl ding he Charas teracrs

9. The vane-cel |l nachijke @ga€! ahaed iimeene( 019 nor e of) thee ppeoedided
clains, characterized,K 25 in that the. first gnd/or t he secpnd

i de
track are/is formed byTa ST 7G58 GuFde 3t r %ﬁsbrg&}gevﬁ% F@é/or
preferably mlled in twheh nhetesand ageidé phe fwlristh armd/ bed ofint kech

second ide track pl . 3 he_v - I i | & i_n
one or %gre of the prg%gﬁingh%$39%£,acﬁ%@ﬁi?%???%%fbgﬁﬁ%%Fg 3H¥§ﬁ
carry lubricating oil 183d whihéahsuppl §atbbréass i Agnsi | radiahey gHiidé
pin 35 and/or the guideddacksiad el o(118) eash ¢asprbeiacuadinal
runni ng groove of the slide in the first and/or th? second guj de
plate, the supply of It#6rieatPhg Btpr & &Sl y 1170 2630 AR Mg plt&Ee
via at |east one duct seaiond RGidebieatsi.ng oil in the shaft and/or

t he disggarge of lubricating oil preferably taking place via at |east
one duct; 5discharging lubricating oil, in the first and/or the
second gui de pl at &. 1TheAnedhedfel hastetiiaet uel| iZkintgrl in one or

more of the preceding claims, characterized
in that the guide pin has provided on it a
crescent-shaped guide track sickle which is
20 movable in rotation about its longitudinal

axis and which ig guided by the guide track.

9. The vane-cell machine as claimed in one or

more of the preceding claims, characterized

25 in that the first and/or the second guide
track are/is formed by a continuous guide

track groove which is preferably milled in

the inner surface of the first and/or of the

second guide track plate.

3G
10. The wvane-cell machine as claimed in one oOr
more of the preceding claims, characterized
by ducts which carry lubricating oil and
which supply lubricating oil to the guide pin
35 and/or the guide track sickle and/or in each

case to a radial running groove of the slide
in the first and/or the second guide plate,

the supply of lubricating oil preferably



preferably using at | east one vane-cell 10nmachine (100) as clained in
one or nore of the preceding clains, characterized by a stationary

or nobil e conbustion apparatus (201), the exhaust gas (203) from
which is supplied to a first heat transfer device 15(204) and/or to

an exhaust gas turbocharger (205), a first_vane-cell pachine (206)
whi ch conpresses air &E<amsi ént2$? e¥ddr &Y 2092580 PPeand SuppRrey e
to the heat transfer dewrGeatd@g( 2@4)1 anich i nchdi cehdeat endygy (2@8)

contained in the exhaust gas is suppli to the conpr.esse [y ,

210), a second vane- EeFF S neo(9211§€%§1p%% §%r (felgLorrpgé:%éﬁeeg éng

conpressed and heat edtalkingo R5aaepressare ahi chlaasstd onend hafutche

pressure;of the exhau%gsg@lt%hrégql% fremsthe ;¢ ushi on ;appaiat ug4¢-201)
n e

or, if appropriate, |ower pressure of the exhaust gas at the
outlet (212) of the exhadstr §as EeAsechaigee F0EFG5), the
deconpressed air and the exhaust gas (213) |eaving the heat transfer
device (204) O ,ifappropriate,theexhaustgas turhocharger (.205) ,are
supplied to a thi H'S%an@%ﬁ?gn&cﬁpﬁe (ﬂaﬂﬁ?e%h%ﬁtthe”?ﬁi%tl&atlon’
vane-cel |l machi ne (21l4refepandy t hesimxt uae oflesdtausdngas vame-gied L
(213) t - 27 - anbient, press 2 . t S i]_ma[E f Qr=ns
wor K. 129 The net hod g“r(:h\?%lé%t etjj;fg%g ué%'lél?lizj%fr?%% ggl ‘ clgi me &%1 o
claim 11, characteri zéde presedinge fiaiss vaiereatemwss iy (206)

conpresses the air under, aihi©eninDRESSHI 8oL 18t ABEBNBEH GnPEESHERUS
(207) to approxi mately double the pressure of t&gpc%ut |_et pr@is?re .of

p
the 10exhaust gas (203R%t t hEhex i Standfsl d t hEXEB8mb n**
apparatus (201) or, ifsupppriepr i ake, at o fapproxhwatel yrdousiflee t kevice

pr essurfsof t he outlet(2|%r4 ssgrrlg/gé the exhayst gas é;&%&%‘%ﬁa&%@@

of the
(205),

- a first wvane-cell machine (206} which
compresses alir at ambient pressure (202, 207}
and supplies it to the heat transfer device
20 (204) and in which heat  energy (208)
contained in the exhaust gas is supplied to
the compressed air (209, 210),
- a second vane-cell machine (211) expands or
decompresses the compressed and heated air to
25 a pressure which is lower than the pressure
of the exhaust gas (203) from the combustion
apparatus (201) or, 1if appropriate, Iower
than the presgsure of the exhaust gas at the
outlet {212) of the exhaust gas turbocharger
30 (205),
- the decompressed air and the exhaust gas
(213) leaving the heat transfer device (204)
or, if appropriate, the exhaust gas
turbocharger (208) are supplied to a third
35 vane-cell machine (214), and
- the third wvane-cell machine (214) expands

the mixture of exhaust gas and ailxr (213} to



15t ur bocharger (205). 13. The nethod for waste-heat utilization as
claimed in claim1l or 12, characterized in that the conbustion
apparatus is supplied 20w th conpressed anbient air which has been
conpressed by the first vane-cell naechife- 14. The method for
wast e- heat utilization as claimed in one of the preceding clains,
25characteri zed in thambisatsenonsiheat (Elahsfard devi coe( 3 | §ime
provi ded, which is su i i eat energy froma cooling circuit
(302) of the conbusti%%kg%%gggkggm(201) and with the 30 residual
heat of the exhaust gas/air m xture (215) of the third vane-cel

machi ne (214), andy- the gaseelsy Mediumy3903)-hsehangedibycibe as
second heat transfer device (301) is expanded 35by a four h.vane-cgl

machi ne $304) and t he SLLFEL att He Ssidtre *tir meS et 0T 7L dot k A0 - “Bg
15 The nethod for wastecheatrdtt i Yadattobl asacdhdined(2®6 onecnprehees

precedi ng clai ns, character.ized in that. the n e -
device (301) is an evapsr &tifon ! ﬁkﬁﬁ%ﬁf%&iéﬁggggggpg%iééﬁ§$%ﬁérlc
liquid (307) extractedresemra |i(g0id reserapiro{B3e8)eland dacbde upbh

W th pressure by a pumpo(308), e pa@aacubau\e@t ey rdidyegen, di oxjde
or cyclosiloxanes. 10 16 The method for waste-heat utilizatjon_ as

cl ai medl?n one of thecpladsdi MRl &%) Bhardé #¥FEtPt Mithtohas8dus
medi um expanded by thenkour tbnyapeiegl | smehiseué304)201 1mrsuppkifed
to a condensation device %?09) in ich_the gaseou ned'uqkﬁgnd%g%es
and at the sane tinme GPSCREFGES Sheat ® andPPREF TG Y( 308X

supplied to the |iqui ¢greesereoi roff 306he outlet pressure of the
exhaust gas (212) downstreamn of the
15 turbocharger (205).

13. The method for waste-heat wutilization as
claimed in claim 11 or 12, characterized in
that the combustion apparatus 1is supplied

20 with compressed ambient air which has been

compressed by the first vane-cell machine.

14. The method for waste-heat utilization as
claimed in one of the preceding claims,
25 characterized in that
- a second heat transfer device ({(301) 1is
provided, which is supplied with heat energy
from a cooling  ¢ircuilt (302) of the

combustion apparatus (201) and with the

30 residual heat of the exhaust gas/air mixture
(215) of the third wvane-cell machine (214),
and

- the gaseous medium (303} discharged by the
second heat transfer device (301) is expanded
35 by a fourth wvane-cell machine (304) and the

latter at the same time performs work.
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The method for waste-heat wutilization as
claimed in one of the preceding claims,
characterized in that the second heat
transfer device (301) is an evaporation
device which is supplied with liguid (307)
extracted from a liquid reservoir (305) and
acted upon with pressure by a pump (306), in
particular water, nitregen dioxide or

cyclosiloxanes.

The method for waste-heat utilization as
claimed in one of the preceding claims,
characterized in that gasecus medium expanded
by the fourth vane-cell machine (304) 1is
supplied to a condensation device (309), in
which the gasecus medium condenses and at the
same time discharges heat, and the 1liquid
(308) 1is supplied to the liquid reservoir
(3C5).



