WO 2004/ 094787 PCT/ 1 N2003/ 000167 APPARATUS ADAPTED TO
PERFORM AS COVPRESSOR, MOTOR, PUMP  AND | NTERNAL
wWOEONBOSITBON ENG NE. TECHANI CAL FI ELD: Thi s i nvROT/IN®R003/000167
relates generally to a rotary apparatus, adapted to
perform as conpressor, punp, notor netering device or
APP ARA TS ADA PTEIO Y | mgnmmewtmakmén BOMP
radi alvane Ul Tng device
aYALi GONIBNSTIL *‘.‘!-fltted mnth vanes such
that they are |ndependent of each other and relative
noti on between the vanes is used to achieve
TECHASHORAyRHIED: gas cycles. OBJECTI VE OF THE | NVENTI ON:
The objective here is to achieve a typical gas cycle
This ig¥entiondBH{FE SERSABY 10 H I APDAIEBIbAASDIAo o Prfegs compressor,
pump, CI%HR)E‘ ?r?e?% n %&Q’lce %? 'aH gnt%ﬁf On&ﬁ%f él!l QI? qné Mdt Iggfe pTa?t?cu&arW toa
parts an el r arrangemen para

radialtvmat tipe rcﬁaqyoﬂ&dﬁtaﬁdhﬁg dehbcev:ﬁaractelﬁisdr teyltwg afeeOyL Fi@8d with
during its operati y novenent of a set of cam

vanes si¢h (gkthey atg 1Hﬁitp§ngf‘dfé\9 gach athgpanthyelagiverpptionRatNFeIOite Vanes
is used & Ah¥evRRRBARN gay fest 0 perform as, conpressor,

punp, notor, ter V|ce or an interna

conmbustion engi ne conprising of two identical vanes,

OBﬁﬁmmm sl eeves, hollow cylindrical
i t ed Ilnkages coupl i ngs, shaft,
The SYjétiRR h&Bdisbiakbmgvard aaeire s’ f&é sV A &3nPrftiohhlt ‘ixﬁgmal

on to the curved surface of t eeves, one vane
combusdioh cagines eon@mmtetcammg pmsd@srxbaddurthm al to

sl.eey curved face one. of the e of .
The g€ N BriC TR e Pt R ghatd> GRS to achieve
differ&n fgﬁé‘@ﬁcl@sf @lrfdgd@SoRtionOby hltfrefleBENE: Sot ST LamaBHoHER, ttmlng
said ends, fitted with vanes are placed adj acent, W t h
devicgthe vanes angul arly displaced so that said vanes are
di spl aced from each other by a defined angle at al
tinmes; said sleeves so placed that their axis, the one
SUM]mﬂsYr(gFmE)mvmlamnter of their end surfaces, |ay
one line; said curved surfaces where the vanes are
A rotegy FERHEYS, A9APIER &0 BIERLAS, CPEIPESHN, rtnam etop|mejprng device or

an 1nté1ﬁalaédn%tlsﬁ$n {%qn@gérﬁ]gﬁ%ﬁ% Eigﬁjtl CRES: ¢ vgq g ov$ h)?lhndrlcal

axi s; ner sal rnet
sleevets,hholhive eyl«mdnmah‘ Hoee, tamd andmmcletedl lakages, cou‘:}ﬂir@ﬂ shadl chitch
ner surface |s ont our e the path traced by
and bvgwe_% BHGECRAT e%l Yaies aEp %ﬁe FhFLPFE @rﬁﬁfﬁct Rt)tlt_e slggves,

one vaife 0O h QRAVE GudiGhal MRQBRLLOH0 }Qﬂal Pty o é:li.tr éé nd at

sai d vanes di'vide the said encl osure orrre I Nsi
one off thpendy eif aach wsevesimesuel aowarrtbartmlﬁaufdhemmteéssmnﬁwe protrudes out

of thesﬁgév%ds énr ThRES §3d elfllhg’ | P t?edt ev%%gsogr%rﬁéce%t acent with the
vanes angularly displaced so that said vanes are displaced from each other by a defined
angle at all times; said sleeves so placed that their axis, the one passing through the center
of their end surfaces, lay on one line; said curved surfaces where the vanes are attached
on the sleeves, is such that it allows rotation of the adjacent vane and sleeve, about the
said axis; a liner is provide; said liner along with the sleeve surface to form an enclosure;

said liner’s inner surface is contoured along the path traced by vane edge while rotating
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sl eeves, are coupled and uncupled with. a shaft by

means of coupling arrangenent actuated by carne; said
wa@ 20v8/094767 pl aced on and, or driven by the sl eer€FIN2D6d/@0167

cans actuate said braking arrangenent such that each

vane is held at a predeterm ned position alternately,

abouttfiél shilexkaBgd vah& divRe thosdi@badiSsukdIf RGN imiddgkilefinto two
l'e alternat el y; said cans allows both vanes to

sealeq @g%mberwm @r@l@u@smysealﬁdd’r@n S@ﬁc%r@ﬂ%ﬂﬁ? ittesdl e eriuee; asadl two
f t
sleevgse a{r?:%)ug %gﬁ%% Dl y%cg gepe den %ﬁéﬁ rga a?rghgement

actua@ES@RbﬁHib@duﬁiafﬁlsl%@wm arfdi, @r Mriveh QWSthﬁl vt S%tﬁjd cams
fi % &%gj cting elevation and side view of sleeve, Fig
actuats. SaxhBigkIng; %mgm@a Sfl?l‘gt shegshoiennés kaldoba PdcErEingd gesition
fie p
sternflc R 1 Ao bl s B AhiBReh bbbk ap SRR ELLAG, saia
cams silopk bbthedhnes o rottﬁepsmtuiltagedublq thsongh an grezlefinacbarfgld and@efines
Fi shows sinplified fig., depicting |Iiner, vane and
the a@l%%wh&élst FrPES aresepiaiedy foftef smultppinyslyies midengidentled
fig. depicting |ine diagramof |iner, vane and sl eeve.
Fig 7- shows the sinplified fig. depicting vl and v2
BRIEK DESGRH’!TI@OE THEDRAWENGSc| usi ve angle of 2

ha bet Fi he si ified fi
Fig 15 P RGTRhaE A ian fsratioh T oo R AbRE S vi  OFi g
Fig 29shomcs\1ﬁpﬁﬁ&1 iy WRpictihe @llefvatgm e&lﬁﬁ,idét\hékg oflifg di agram
vl position z. Fig 10- shows the sinplified

Fig 3¢ $@WSd@ppbﬁ¢d1@g |depisting elgyvainnvdndisidel viemef @ vabe.posi t i on

e o2 RN REREN B BRIty ool it

Fig 5SiHowstsanprtsd ﬂ%__fcfeﬁmmg férd VAR andandvdesbhbRN Z
respectlvely ig 12 shows t he sinplified fig.

deépi Eieng v2 and vl at p05| t| on Y and p05| tion X

rig 6L TRRR T Mitelinch P PR kil o B i v

Fig 7aﬁllitiiifs’iﬂlempﬁﬁ@f fig. fplo"“o1|ngez\leand|:\’29aﬂlﬁﬁral §6@M‘@n @ith an inclusive
rrpllfled di agram of the canms fitted on sl eeves. a)

angleplf2|ap 2 gty °Bf cam d. b) FL2- follower of cam C2.

Fig 8 o (s Tl ok SR Vgl SO R encory
Fig 9t shpiwesathe viampdified Sigt depditing AMliagiagn With v bbyesitidnez.

I friction clytch, . .
Fig 13- Ih%lwr;gche 51Imp ified fig. (lfep?ctmg line diagram with v1 and v2 at position Y and

position X respectively. ’
Fig 11- shows the simplified fig. depictihg vl and v2 moving simultaneously from
position Y and position Z respectively.
Fig 12- shows the simplified fig. depicting v2 and vlat position Y and position X
respectively( initial position).
Fig 13- shows simplified diagram depicting shaft placed in hollow annular space of the
sleeve.
Fig 13a- shows a simplified diagram of the cams fitted on sleeves.

a) FL1- follower of cam C1.

b) FL2- follower of cam C2.
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a) SL - splines b) Fp - Friction pad Fig 17 to Fig 23
- shows the various steps of apparatus working as
wapouglogs781 r oke | C engine. a) ExV - Exhaust vaP@EIN20)3/000167
SuV - Suction valve Fig 24 to Fig 31 - shows the
vari ous steps when apparatus working as Two stroke IC
Fig 1&8ngsiens ik ddgribd-of thsitd tvaeposittoniny) CAM., Su2- Suction
. .valves Fig 32 a- shows different view of cam operating
F¥1@U@PW§Hﬁé¥Wﬁg%Mﬁﬂ%ﬁh%ﬁ%t val ve of single stroke IC
e@gineSIg)mﬁﬁw- Profile b) Bc - Base circle Fig 32 b -
shdws outline fi g. of cans for operating val ves and
cdns fdip pbsctisropidng vanes, fitted on sleeve. Fig 33

. .= shows different view of cam operating valves.for t
Fig 17, DOpE 2hgnevs Ty Vpras ot St DUetnbs sefsiahe 1C
enginEl E- Profile for exhaust valve Fig 34- shows sleeve

wi t hout depression. a) CSF - Curved surface Fig 35 -
stidws dixdevdExhianst vdbysr ession b) st - step on sleeve

c).Fl o- oldng fluid outlet hole. d) Rcf - receiving
cor)1e fosru%s)'l iédﬁcﬂanf’%jiv?ﬁti on clutch. e) Fli- cooling

Fig 2flifdg 1301 eghdvish@ie FaribBY stepdleBE€ahRius workind s -Twheiske 1C
vane a) stvs - strip to fit vane on sleeve b) Pis -

engingj ston. c) Gps - groove for fitting piston rings. 3

g ?rwo%_%%gs}(ﬁ% 26) WO 2004/ 094787

c) Sul,Su2- Suction valves
Fig 32 a- shows different view of cam operating suction valve and exhaust valve of single
stroke IC engine.
a) Pr — Profile
b) Bc — Base circle
Fig 32 b — shows outline fig. of cams for operating valves and cams for positioning
vanes, fitted on sleeve.
Fig 33 — shows different view of cam operating valves for two stroke engine.
a) PrS — Profile for suction valve.
b) PrE- Profile for exhaust valve
Fig 34— shows sleeve without depression.
a) CSF - Curved surface
Fig 35 — shows sleeve with depression
b) st — step on sleeve
) Flo- cooling fluid outlet hole.
d) Ref — receiving cone for sliding friction clutch.
e) Fli- cooling fluid inlet line
f) DPr — depression.
Fig 36 — shows vane
a) stvs — strip to fit vane on sleeve
b) Pis — Piston.
c) Grps — groove for fitting piston rings.
3
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Fig 37 - shows liner. a) SO+ split on outer half. b)
PKV - pocket for valve. <c¢) OHcapital - Piter j a;f
wa@ 2oolop#787 spl it on inner hal f. DETAI LED DESCRI RIT/0@¥000167
Fi 3Zt|EhIVIV\§/.I\1¢'EI ON: Initially the parts, their arrangenent
1225031 thdtons are described and depicted with the
hel p ofSCailgpliik bh ethegBaEt ric figures for easy
perception and | atter the machine parts are described
i ®)det A8V —Prekeidei valymarts are: 1. Sleeve 2. Liner.
Vane 4. . 4 ngs 1) Sleeve There are two
n% er SOI%?E@PZG\}JEES%%U}%&* hol | ow cylinder of outer
didarmet SIH -eBplit engrfer half. and thickness "t' depicts
these sl eeves. Hereafter the two sleeves are referred
as Si and S2. The Sl eeves are depicted in fig.No 1 2)
DETAINED DRSCRIPRIQNSOR AL IRVENTPY! ow cyl i nder of
Aner  di anet er — T engtm Dy and thickness "T"
Initially the partsc thedr awangemept and funofiodzodrh depatthed Hnd depicded with the
ates.have a hole of .dianmeter “d". (The hole ..
help § SrBRarT oS Houits o RV S tevctyand Bl efasting parts are
descrilB@in Bdgi, is depicted in fig.No 2. 3) Vanes There are
two nunbers of Vanes. The vanes are depicted by a
The hasistparggares- pl ane of length “L" and width" r" such

that r ~= (D- . eaftar t;he two vanes are referred
L. as ??VizaIﬁ er'bé%leéth?\%mmSisheﬂlpglmﬁg. 3. The half |ength of

1) Slekwe edge (of length "L') of VI, V2 is rigidly fixed on
, S2 respectively, such that a) The pl ane (of .
Theresaye fisoapmirers\ofsleeyss. | A hpHew gylinder gf quigndiamgter (A’ dengflp ‘I” and
. o it f f
tickffs® o (bR B ANGAES HPRARUREREF sl e Bibnfd o) and 52
The STéewed/dre dBpictadtinifizdNe 8 here. referred to as VS1, The V2,
.S2 fitting is here referred to as VS2 The Vane and
2) Livgroeye fitting is depicted in fig.No.4. VS 1 and VS2
The B8 i depfided By [0 BRinded $ENnhdiadiambter SEPSTenbl by “I.” and
SHEET (RULE 2B)
thickness “T” with circular cover plates on both ends. The cover plates have a hole of

diameter “d”. (The hole diameter is ame as that of sleeve’s outer diameter). The liner is
depicted in fig.No 2.
3) Vanes
There are two numbers of Vanes. The vanes are depicted by a rectangular plane of length
‘L” and width” r”* such that r = (D-d_/2. Hereafter the two vanes are referred as V1 and
V2. Shown in fig.No.3.
The half length of one edge (of length ‘L’) of V1, V2 is rigidly fixed on S1,S2
respectively, such that

a) The plane (of surface) of V1, V2 is radial to S1,S2.

b) V1, V2 are fitted on one of the two ends of S1,S2.

) Half length of fixed edge projects out of the sleeve end.
The V1, S1 fitting is here referred to as VS1, The V2, S2 fitting is here referred to as VS2
The Vane and Sleeve fitting is depicted in fig.No.4.
VS1 and VS2 are fitted in the liner, such that

SUBSTITUTE SHEET (RULE 26)



WD 2004/ 094787 PCT/ 1 N2003/ 000167 a) V 1 and V2 are
inside the liner, b) The three edges (other than the
woe@4fop478ed rigidly to sleeve) of both vanes, POLINROI®O167

i nner surface of the liner, c) Half |length of vane
edge (the one projecting out of the sleeve ends) touch
the outer curved surfaces of facing sleeve, d) The
ends surfaces of the sleeves present inside the |iner

a) tUdmdé/&aremsm@the&;)wmengt hs of (1-L/2) of both

o) TAEIRS B Brih B oML ESRYET L £ 0L 28l e

thme@lsm(fadeaffﬂ&mﬂﬁewf liner, Si and S2 is «collinear.
H%#Z?Iﬁner this axis is referred as Central axis. The
| ehvare sdesdhe pre piogsktiog auf Réihe glgere envld) touch the

slo%@eyeur»eaﬁmgwgafﬁm Ggd.in fig.No.5. VSL and Vs2

separate the space inside tthe liner into two parts. It
d) | dhessdsmufacbasf thy slBetds prdsentipsdethediner it@lfa:lh&heldoﬁhlél@m

each ot her d 1o 1he annul ar space of the sl

o tenets of () ebboth éf?ﬁveﬁég?mtr%lﬁpg the eafl gaxerrate Reles of lner,
vapgs., nor through the end surfaces of the sleeves,
touchi ng each other inside the liner. b) The spaces

f) i Adledwis hessinigribrovghahé sedtert eﬂtlfercdmutdne:ndpaf dinoy)tHi ael S2 is

t he,liner the.sp on right side

( EPBORH J%efg%&é?hlaﬁxlalvgf?&e @SQSHV@ &l as space ahead
The ®ie dian@i oFi bhaticyvikReos RAGE Vﬁﬁe tahg dighk- lht%ﬁig ol cﬂ:%mted in

(counter clockw se side) of fhe vane is addréssed

fig.Ne.face behi nd of vane. The si rrpl ified line diagram of

VS2 t| n with vanes
VS1 %dd\gs%léegﬂag ﬁlcglmﬁ 11335 1ner ih &a&ta trlig gss T\%thét
a) Tlm)ﬂdelss: Epamés efb rsblaﬁemﬁbmoeadhgotﬁér M@l ks @ﬂm&nﬁﬁ&é of the
of the machine with help of sinplified |ine diagrans

sleevegy 1. es. l%jeﬂ\‘}}de\‘f’rﬁfbﬂe@ikl mﬁ figm they sidess of ke jvanesi gonghreygh she end
surfac%?o fé‘é@es g!d}éﬁl'g %}P&géhh&ae ldfé' neﬁlI ly V1,V2 are
p aced y I'pha

part”’ egrees, such that] a) V 1,V2
b) iTée opaoes fisitte thé Heerafe ishlated&‘fdm dal sppteangsiddihe Tiver.

i cal plane bj sect s the i cI usi ve angl e between V1
Hereafiggthg 3Pacerririghyside 4! offeuist side) offa YaRe isatdressogbaseiapceaticad of
vane; rs%ﬁirﬁ Ehet %a@@ on RESHH- g}lrdxmd@ u.g){?e‘?tcl W% ﬁge). of the vane is
the above nentl epicted”’in
addlemegaNspa?e bploind Wtaries rot ated about its central axis in

The mmﬁlik e\gl Toe 1Iaér%mCt (I)io side V1ew cﬁ“ %%Il\yygsg'_ﬁtmg %Wl %ar%c?s) depicted

by radial lines) is depicted in fig.No.6.

The description of functioning of various components of the machine with help of
simplified line diagrams of side view of liner with vanes (as in fig.No.6) is as follows.
Initial position

Initially V1,V2 are placed part by 2 alpha degrees, such that]

a) V1,V2 lie on either side of the vertical plane,

b) The vertical plane bisects the inclusive angle between V1 and V2.

This Initial position of the V1 is hereafter referred to as ‘POSITION X, and that of V2 as
‘POSITION Y’: the above mentioned is depicted in fig.No.7.

Now VS1 is rotated about its central axis in clockwise direction.
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WO 2004/ 094787 PCT/ 1 N2003/ 000167 This leads to

reduction of volunme of space ahead of V 1 and increase
wo oob418E of space behind V1, thus any gaseoPeT/iN2003000167

present in these spaces gets conpressed and rarefied

respectively. This conpression and expansion forma

part of the thernobdynam c gas cycle. The above

. mentioned is depicted in As VS1 is rotated through
This leagso sediicipm pt yelymeeaf space ahepd of Vi pwidtingaaseria fve umesjof space

A n ] 3 . t H I 1 I 1 n
vein Sy RS0 G A By Pl IS8 1 eRR8 b i
respedtivglynoThis ddepreddish, MER exeacion Folbh B gt ¥f tROHeith6dNn¥mic gas

r ectively, VSl is stopped and VS2 continues to
cycle, Shb e mration 1sidepigtdi iR digd o8- fi g. No. 10. Like VSL,

As VWeR MRt dlS (F¥ak TEY) Ziegh i) aYdsiton/

5 r ot atred till t%le)g @t t alﬁ%b P%I%Fg\ll?ﬁtng ap%ﬁ?]b%%@ea to as
“POSTEQNeL thevesfigr. Dhentipenmmg ihds plespiicot eudh (VB If dngl. W82 4fe mieded. The
No 12.épb@LVS%)start's rotating and the full cycle is

Same }Sedpegflﬂe o™ 282 %Ent i nuousl y rotating the vanes in this
Wherf ¥S/jVB2. rdable POSITHANES, ROSIFIONIIN aapedtslely, abs1 ROSbp&Nand
X, POSITION Y and POSITION X alternately,” one in every
V32 vgtinersde e@dater ot ati on of any of the two vanes. The
S i-ni iphtial position once in every
The Sér{%?% deginctte?l lﬂ'f'%%\lt-%ig

at acr ites placenment of accessories |ike

Like VBl eahed VSeadtias/ POSIIONEL CtheAthotd ¥8d, & Webl ared@tdt@Bll they
points on the liner. Heat Is added to conpressed gases
t

attain RO FEN B TIQNeY respertsiyrl ON X and  POSI TION Y.

The s3H€1d (IR M %ie2N0 £ afl N P.PE DEtMEEn VI and V2 1S of
particular 1 ; his is the mninmum angle

Now ¥B1 stepér mtdting ahé thwefell cyeleésreptated.l tinmes. (i.e. vane
can onhh:reach a 0S) ti ere it is at an an‘gl:te of

on
On copbnpesly FUHTMEnEe yPRES InBRelasiian.1Be e yanesan sunalfqpraysly at
POSI’IFR%}? RNPOSIHON 8P ZhA P THGN Xeéltetn:[%el OBRE 2RV 360-degree

ratio. By altering this angle, Conpression ra
rotatidye of lhay @ dh¢ wivo hvaned. urfibei vesiesl etthinimgr initiadl (®bitieuedse in every

ot S e SRS o o B S50 SRR B8 e, wen
definddeponay sh eMaleyes, ports/Fuel Injector, (Spark Plug) at
suitable points on the |liner, the machi ne acts as

- Heat dppgrled dorcasmpressad egases teppesl deivasneragieneatoPOSBIION % and
POSI ) TUTE SHEET (RULE 26) WD 2004/ 094787
I"N2003/ 000167

The inclusive angle of 2 alpha between V1 and V2 is of particular importance, as this is
the minimum angle of separation between vanes at all times. (i.e. vane can only reach a
position where it is at an angle of 2alpha from the other vane and not less than 2 alpha).
This angle of separation defines the compression ratio. By altering this angle,
Compression ratio can be changed (with volume inside liner and sleeve’s outside
diameter, maintained constant)

By placing conventional suction (Intake), delivery (exhaust)/Valves, ports/Fuel
Injector,(Spark Plug) at suitable points on the liner, the machine acts as compressor or

internal combustion engine or motor.
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The above-nentioned pattern of vane novenents and a
continual rotary output is achieved with help
wa@ermpomgsl s, described bel ow. 6) Shaft 7) CansP@niN2003/000167

Tre Gosrertine P e meereaofid enfiiul iy ouput is
achle\géél?&gﬁﬁ gx’,ﬂp ‘ct&nféﬁléhl?s tibkibed\belget i mes’ I and

are dinmension's of the sleeve) The
6) Sh$ﬂ|t1aft passes through the holl ow annul ar space in the
sleeyes an rotrudes out of the ends. It is depicted
7)Cam§ap ‘%&R Two no cans are used, one filtot ed
8) Slié gq‘ﬂsﬁbrﬁdlﬁﬁﬂe The cans are concentric to the sl eeve
its profile is negative and the profile ends
9)b1’%1?ﬁlbé%d5an angl e of 4al pha to the center. Camfitted on
Sl S2 are named as C,C2 respectively. The place
——tbl secting the profile of O is parallel to the plane
The Shﬁfttlé‘laf ageh . andSllisinkr I'B° tuvh thhtae Hitgeestl ngd tB&<{‘d’-‘t’).
(gl g of C2 is paraIIeI to the plane of the vaneV2.
r, hFére imspsionss ofithe 186V€8a. The cam fol | owers actuate

The sjhbftfe ﬁﬁ%@ét}ﬁ Sht SR AluAN ol $ENE3WEydshAAd TrAAMRS out of the
W he  shaf At the sane tinme actuating brake

ends.bdnid slepioted b HeNudl ¥ ahldﬂ el ease the sleeves. Description of

cam operation follows. Wien V1 is at POSTION X the
Camg o) | ower of Cl is just out of the profile,

Twoﬂb%@rﬂgéﬁé'dg&i %%e&i&@@bhescwﬂswe and engagi ng brake bands
so as to hold S2 at rest. On VI reaching POSITION Z
The Eaphd amecronomtuc t ithke sleoye @mdeltp meefileds negatvgsindgths agidle ends

B e 5 SIS0 Bl A0 g s .o

respe%ﬁ@ély O'Ifﬁé ﬁlacé\bméd’tinﬁ‘g tﬁ@pﬂiﬁlé of Cowefaralfel G‘althle $>le&1te of elm wme V1.

profil . e. l'ine bisecting the profile.
Slmlbrlacﬂ@esslan%blls@é@ﬁttmpr@ﬁé? olds? FRpTI DR PLe ojdie vege V2. This

S ntioned earlier, is achieved. It is seen
Showtnﬁg RE:S gle of profile defines the angle 2 al pha
The €tegTeiésvdrs actubtsdinitagdsnionas angigegoindsdisargags the gécveh avith the

Shaftaf 1 86 FERe R Aot R RO LB (0 ol cigth Tole i e ves.
Desc?% 1{5’1% 8%; %eléf V#éraﬁ&?fo‘ﬂ%%d WeS ¢RRER lidﬁIOth%%ll&ﬁer of C1 is

ce versa. The camis so shaped that a
just @ft dfhikee profild, ldésengroadiS? fsom thershat esd an@gutgjbrakg\banrg so as to

holdf,i’fpé?q?&?o(gq %ﬁﬁgpa%ggg%(hgﬁA{Sﬁgkr 30110%\)/(&50{ & lflldtesTc’ oin the profile
releasing brake band of S2 and engaging it with the shaft. Now both the sleeves rotate.
As V2 brake band holds it stationary. At this point follower of C1 is at center of profile
i.e. on line bisecting the profile. The process is repeated and desired movement of VS1
& VS2, as mentioned earlier, is achieved.

It is seen that the angle of profile defines the angle 2 alpha degrees i.e. the minimum
angle of separation of the vanes is equal to the angle that the beginning and end of profile
makes to the center of the cam. This angle of profile if increased decreases the
compression ratio and vice versa. The cam is so shaped that angle of the profile
gradually increases and thus moving the cam follower along the central axis results in

variation of compression ratio.
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SUBSTI TUTE SHEET (RULE 26) WO 2004/ 094787
PCT/ 1 N2003/ 000167 The camis shown in fig. No.13b.
wbkdodiopygst ri ction clutch There are two sli di ngPET/INDOIHV0167
clutch. The clutches are fitted on the shaft, one on
_each_ of its ends. The friction clutch has slots on
r.. g and nakes sliding fit on simlar
Thec%%?iégggﬁé%ﬁﬁﬁéﬁis%ft. The shape andgf eat ures of
Sliding Ifi-idtiowg clutékct i on cl utch are shown in fig.No.14 The

e ShE S USSR, RCLGEhI RERR ¥ B B omcoch o

its en®d. UTRE flietfort Bl%tc?anﬁisesl@tfs dHone 11%@@@&&1*161@ ol slakey ehdinlgl fit on
positive on sliding friction clutch) is equal

similat bglinck an dte shefipThs skapeiapd frakayekslidsielristion th&éﬁéhown m
G Na inst the sleeve, the friction between sl eeve and
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beta. The exhaust valve lies in the space beind vane
clearamce.POSI TI ON X and ahead of vane at POSITION Y. The
Valv vaI ves are opened and closed, so as to conmunicate

e space inside the liner to space outside it.
The vaivek sSara sir@bethabysed G 6Bnvantlonal seciprbdatovgriLC. @pgimes. Circles

them Step-1) Initially V1 and are at POSI TI ON X
on thgmﬂmsrpina@mof(theﬁm@aé@owtéh%va1V$S>/@% 17. The fig. also

The Raﬁ% O?tthls Eggqri.% shews e arp ﬁ'%%d 'td:’ sifigdn V@iﬁlek AsiRd SEbIRMDT a two-

I'ner aust valves are in
strok€b@ggd position. Now V 1 |s rot ated. The gases ahead

of V1 gets conpressed. 8
a) Single strokg P

There are two valves installed on the liner, one suction and one exhaust. They are
angularly displaced by an angle of beta. The exhaust valve lies in the space beind vane
at POSITION X and ahead of vane at POSITION Y. The valves are opened and closed,
so as to communicate the space inside the liner to space outside it. Linkages actuated by
cams and its followers open them.

Step-1) Initially V1 and V2 are at POSITION X and POSITION Y. Please refer
fig.No.17. The fig. also depicts the exhaust and suction valves installed on the liner. The
suction and exhaust valves are in closed position.

Now V1is rotated. The gases ahead of V1 gets compressed.
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SUBSTI TUTE SHEET (RULE 26) WD 2004/ 094787

PCT/ 1 N2003/ 000167 Step-2) As VI reaches a position
waeooh/op418t it makes an angle of theta to POSI TPQMIN2003/000167

the exhaust and suction val ves open. This position of

vane is referred as POSITION Z1 here after. The angle

Step-2)Ned W1 kSachetcpdiin dubg tﬁé@ﬁ@nﬂ@§ ath 93¢ 8EtHRASH POMTION Z, the

suction val ve and space ahead of rotating vane is
exhaugteraidegicionoval eescipenn Thisl pesitioplof ages isa¢lerred pyPRSITION Z1 here

a POS u n
atter. cHEPaRle s shEPGRL IR, FERhA! ok oS ot SIeBR 72N apg space
aheadStf Wa’éﬁg Now 19 Sdalle Ve Sudtihatabrea Peavd redrdi ﬁoneac h
TILON Y and POSI TI ON X resFect ively. Please refer
i

Step- Sf)l @n No¥ bgeachgngt Eﬁ)gITé@N“Z theagictien a6 «hschareeqelves are closed.
I ggas (simlar to conventional I.C. engines).

Pleas%%@g}i%iﬁéc‘liorl spark plug is placed on the |iner between

Step- zecmwmarm XamndrofEShrd YN ahd VRIaeacdZPOSITAOBSY aditlePQSEHON X

beh V2 e%p nd _and ahead of V2 gets conpressed. The
resPeCé‘k’ﬁ qa@e@ Mﬂ;&& V2. This is the power stroke for

At th1¥§)011§th%9t' Radfsd WtHe%%&?éssg@és (sfN1£k0 %H gnﬂgﬁ(il.gngines).

tion val ves open haust i n" space behin
The irgedospgddplag o ﬁla@slh)ndhahgfﬂ heswaethQ&IUF&@N X 8nbROSIHON Y.

Now Vadollis” PRig BB Foth 2 RATL T b SR DAL SaPpESScly oThe
expan@lr@S@€esAsush WOWTHidls Elh@i_’;lad\l@er%’?rokesfo@ R2/) Now both V2, VI
rotate and reach POSI TION Y, POSITION X respectively.

This is the initial position. V2 is now put to rest.

step- R 2k PORAHE 2 EPPLFERE pETRE T Rl Bt in space

behing W24k Gcafv@ﬁ%eﬁ ahd $teoh targd\RNBERREd. KhoOnIh ?No pepeat s
successi ve The position of valves with respect to

StepRy@) Flaig ar009$54ﬁ1ées lftliﬁ?és FiHi Y2 eackas QSIGROVZ @%@@auatrﬁglﬂé@cﬂon
valves%@%?os ﬁg%%h%%qﬁ Npohune of spaces inside the liner,
ar e

suc ssed gas or conbustible
Step- Z)aIsI ewlisoth N&, Gl eataer asisieach ROSIEXPANS | ROSITIONS Xurespkctively.
ati.c) can. result in spontanequs |T(%g| tion,

This ig .thqﬂélrtla@yowa Vs powmublo 155t dfeat rddiion tp BssoBwEGSERThgases
aheadlof 2 taft I%%OVP)PIEXQ réifef g?‘lo '}fgr e are two valves, one

suct | on d one exhaust on the |iner. They
Now poveer saokjeifaarV lystatits pl aced by an angl e gamma. The
suction valves lies in the space behind vane when the

Now sfehral fosStop-7PeRsets BRFSRSIVEly:  SUBSTI TUTE SHEET (RULE 26)
The position of valves with respect to vertical plane, the initial position of vanes, angles

alpha and theta and volume of spaces inside the liner, are such that the compressed gas or
combustible gaseous charge(compression and expansion is assumed to be adiabatic) can
result in spontaneous ignition, either by self ignition or by spark as in conventional I.C.
engines.

b) Two stroke

There are two valves, one suction and one exhaust installed on the liner. They are
angularly displaced by an angle gamma.

The suction valves lies in the space behind vane when the vane is at POSITION X.
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WD 2004/ 094787 PCT/ 1 N2003/ 000167 space outside it.
Li nkages actuated by cans and its foll owers open them
wo-e004024087 under st andi ng of nechani sm i nvol ved, PCTMN2003/000167

N fi
spacs iy e Lkaed 2efrons af s RiBusipehbnal |y o
For e¥dh M?de@it@ncﬁﬁg E%Ea—ﬁag‘dnﬁnvg%ﬂﬂvg\ku&lbﬁ ARE Gvd “8hMist valves are

Please refer fig.No.24. Now rotation of VI is
shown i thedfige d hewaretrames Srb Sudel, &3 opens. Al remai ni ng

s {ENERICHA LRGBSy e A Ly o

fic.Ngadd4. ahead of V | gets conpressed. Step-2) As V1
reaches P(BI TION Z, SU1 1S CLOSED. Shown in
Now roigtipi 058/ isripifiateyl, sicthn syng tigme Nulvopesat Al apmainigcralyas are

closeﬁa) %ﬁe}@ ?gn’a( Tfe%cﬁh@%rété@ﬁ&?&& V\f e%h,;{]eetol 1?5'%2)?21.’(10?1 %ﬁ%}é’; I1nochharge.

conpressed gases | nside’ tiol
The gat abdudrafé)l g corsprassed. st opped and V2 rotates. This is

step-aLRe 3T Ehcte RS, £aSudit 2 Bel soifindn sodvo.25 " ¥

t -
Step- 5)9351.'\!&2%‘31 @%@{Oﬂ %&é@azrﬁgrae%&f‘%&gsmg@gf P(%h(l)%\l}@?(es?’%dmw'

Heat psegpe @ddﬁzdeﬂoyconmwsed gasesn owidedte dinen (poitipnesfohdroghsV1 is now
s now opeped as

f V. f ch

stoPER VA TOREY: RSB ERBNECFOaOF S2d Sepvdher

Step- 3} A%'\QD @(St}{tes EE@ aBRAIRT \b@%b@@o}ﬁﬂres@é@aw 1@9&1‘@@ rPC%I‘TRKﬁ Z as
VI) the gas ahead of V1 is expelled (heat

ShOWK@}Eﬂ&@_occurs) Step-6) As V 1 reaches PCBI TI ON Z,

s SR SR RO e SO Ry, s

now AddedhfoSconifresied fohs ahebdSUR VOPRAZ onNOMeNto S NS AGW Ofned as

rotates. V2 now expel s exhaust ahead of it and sucks
S OW&M&&& behind it as shown in Fig; No.30. Step-8,)

Now W1E8 SRSaReR € QBT Y o LR AR B e o
V1) andtlat @sahelad@faﬁmsml]lad@ba)ﬁrqeﬁloﬂ%bﬂﬂsﬂ\l \
position. Now step 1 to

ti th tial
step-6FAD Y8 et Bt HON 4 A flosero SuhpminBimbolRle || nor
I
e L V8 afiaft (o3 RA POSPIION Y PCRIPRTS Hisbatyfy. ¢ s
point i renid @ dpemy i Mes Wadtopssind Ve wjpreesed and cl osed by

V2 nig ORGSR BT B SicktiPon dualcechimiod Bras Baw it e

No.3¢.he vane's is fitted on their respective sleeve or

fitted on separate shafts, driven
Step-8) When V2 reaches to POSITION Z, E1 and Su2 are now closed as shown in

fig.No.31.

Step-9) Both V1 and V2 rotate and reach POSITION X and POSITION V respectively

i.e. the initial position. Now step 1 to step 9 is repeated.

1. The volume inside the liner, minimum angle of separation if altered results in
change of compression ratio.

In both type of above mentioned engines valves are opened and closed by linkages

actuated by cams. As the valve function depends on vane position, individual Cams for

cach of the vane’s is fitted on their respective sleeve or fitted on separate shafts, driven

by its respective sleeve.
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by its respective sleeve. 10 SUBSTI TUTE SHEET ( RULE
26) WD 2004/ 094787 PCT/ 1 N2003/ 000167 The cam for
woep@rai78y sucti on and exhaust val ve of singl ePGT/INE3/000167
type engine is shown in fig.No.32a. The cam for
oper ating suction and exhaust valve of two stroke type
The eamyiforeopiesating lsovtion amdfexpalNovade off Biaglestroks f}/@efehgi-ne‘ri:sf shown in

ch?}g Icl)ro rating valves and POSI TION cans is shown
e ijE. %%ﬂggﬁ.o Bsustion aidifrhenss valor ef BryptrakeThies engine is
showali8 figo 83 Mg he {b@ﬁﬁgﬁ%cﬁ c%ms%fjoli)eﬁ:%i(légveagle?%ﬁg P%)SllTﬁ(g’lq! cams

.S 2 respective actuate or ~openi
is sheyte icfigspAgb.suct i on and exhaust val ves when V1

[ .S, 2 actuate |inkages for opening and
%@M&%Wd exhaust val ves when V2 rot ates.
Therd bey Bvatand, WamR[yOf(d ESaN“@RSNpLAMR s aX] Lshl-aced
such that the .pay?h traced by ap pro ?]] %elﬁid%%zl %Sgﬁﬂug&?’ Cal
actuafeinkages forioppnitpend elosing seaionent eshaushvavdsevisn Wl tdtates. Ca
. her file. The profiles makes
2 acrlgBlinloch 1t BLRG o Bobinf st s Shauiy et Wi host v diess.
Therofre an® pasfiles on Rhéc esimt Bﬂl*ﬁll%l!’d%éj)lﬁ:e& %ﬂ@hh rtl?a%(%ﬂ@folath ’%r%ced by a
e us

ITION Z1, it begins to ride over the profi
Pf"ﬁg%%h% it §ul Eqtetion dorp apidntgrssct qudntsifate, mithchatof tHearther profile.
' [ wo_stroke engi ne
The SRAITHIARG MElele RS 1o RTREPOLANE The cams. are
The follgwelsyof tamedrean plaved st ftlen iandap aRGRRPOSI TEOR!Y, Q6 Wiins to
<o Jhe shaf{.’hvin CGfl fitted on it is driven by $ an
nde Qish e |y leﬁgusd‘ uating vatyegnlhere g typisiraitarpamspfor agerating fuel
pumpsS Observed that each valve is operated once every
720 degrees of rotation the shaft is driven at half

Camgfgg;mmmmfengim‘t of the sleeves. There are two

rofiles on ea two cans. There are two

h_of
Ther%?,r&x‘f@ggrn%ﬁqag)gghcﬁaa[ﬁdr@gi al |y displaced such that the
The cRfdshard figiaBdikd onawllsBhftd BdEHniBg d_fteﬁcﬂc (ﬁdl«lsr r’[?l'ie%héf? Having Cf1
f th that of the ofher

does not i

s not intersect or interfere w

fitted poftip glrivemn &y py end iskaft bavisg 2 Vittedeonritkiesiraven 9982 As it is
- . degrees to the center of the ca | .

obser i, B R AP RV s CRUGRE ol i filh S afetacon the shat is

driven et half e sbeedeof 1Bkt ¢I1iB¢ Sle@fesalBR rk @D pRIFRESTO) orithE two
follower 1Is ar;&;ﬁl arly displaced by hal Tp al pha degrees
cams T§gxer e twey BEATHG oigeash cameaxaldy displaceibsuchéhas timapath traced by

* ool MEOE R TR b s A ot SR REREBAD 1) of i other
profilpane is at that position, the profile is at (1

The fgg@g! 1§E %@dgag{/g %}Sagfasg gnmla'églg ro%?l,%@?gagglg)e dgggrggsl ‘loethfeocrenter of the
cam. If the follower is so placed that when the vane is vertical (i.e. at angle of alpha from
POSITION X) the follower is angularly displaced by half alpha degrees from the
beginning of the profile.

As the exhaust valve opens only after a vane undergoes power stroke and reaches
POSITION V and it remains open till the vane is at that position, the profile is at
(180+alpha) degrees from the end of the profile for suction valve. Please refer fig. 33.

There are two similar cams, for operating fuel pumps, placed on shaft having Cfl and
Cf2.
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There are two simlar cans, for operating fuel punps,
pl aced on shaft having Cf1 and M 11 SUBSTI TUTE
WERBEDI(RULE 26) WD 2004/ 094787 PCT/ | N2003/ 00 ORGTIN20682000167
i r &t's now follows. The parts,
Thed?%g%kggﬂﬁﬁﬁﬁ%Bg#§§ﬁg§ﬁg> “and expl oded vi ew of
The fpdrtst ithas fatieg iatrbusenieat eddi expldded. Wow3df fittirfgs garblaillBdirated in
S§EEVE Jhg sl eeve as described earlier is a hollow
fig Nyt {0 88&No-3lit has step of | arger diameter at one of
SLEEVR ends. The end surface at the larger dianeter end
curved such that it forns a quarter of a circular
The shel¢ endescribed Snkeras hépﬂ@mtybmde&dw hassstep af kaager yliameter at one

of 1ts-|q{ggegllﬂ\; Wﬁag% g? %h ][%f E’ é%eé?r %rﬁiglsf réllg\(f:ettdl q{(]:h thgt ff r}"orms a

quartéiedif 5@}?&@5} hdﬁomﬁﬂu@gev?hé/\d)th&%ﬂd SHERELS SbMiBallySsiBPONBainB as that
34 A sleeve with depression is shown in fi

of thq\xildm frxszAREslutohs Theespirondsivyfageaiche begeriend has Bre d@ﬁ%@sswn A
sleeve %‘m%%ut) cieg X 15 éﬁf}%& 183’41?0‘3345 C§ege V\Qﬁxrtfel‘qpe@ﬂ?ﬁ(f%séhown in fig.

I"'eeve 'S’ requiredso ro e Wt

No.35.nside the liner. As described earlier the vane while
rotating is required to sweep the volune inside the

VANESher. It constitutes of a circular plate of dianeter

As pf‘e@ﬁﬁa};}/r@égcrw Iﬁleﬂ.esar@ttﬁg‘vslﬁ%é%%nﬂy $iel %(1}\"&1&: %P:e{fé% (o?‘lg fo{ﬂeeach

ontot s’ curved surfaced
sleevbl)’mmlvle Im}iux’e& td hugtate iwithr the Sloove, fnssdeoths linet. hAgdemouibed earber the

f.ached to the vane on the asi.te sides of vane
vane g ?éota@?%tsaﬁqmlfeﬁﬁ@éwe%ﬁife vg eﬁaglé e thedipetn

It corfsﬂﬂﬁ@ﬂsf‘ LhRblak ﬁﬁte ENGLRAGR: 1RE fabicht q@l id ditab Q] 808N Svhich is
piston ri press agai nst the liner inner

to besrmglﬂb’cfé}mdSb‘IDtmtllﬁ n;lefelvg’s Norvedaurfa¢addrit upeevdrgdhby thelipgr. Two

pistoR With EAIoVEY B5cEeS rihe bt ot Sppeeriees fpRubPlaf iston
rmgst Qanfl@ ammb Qllsécpi’ﬁ shdvertigial T @Shgind§eart FRA ifitBERERIve®f The
l'iner hollow (the pipe dlaneter) is W It is

plstos ptlng$ piieps agatr@ttharhmelr wner sunars: &hopoin @as\e. Bpt ti ng and
LIN jsassenbly. The inner half is further split into two
arters. The outer half and inner quarters are

The Tintrti§f tiehbpe off H oK @ircalat qusivhg (apipeofitavelas bﬁﬁ§ section
so_as to nmake the inner surface overlapping at. th
bent apdiys e jRinsdIso s del famg p hollaycircplas 802 htl beHner diameter of the

i S ACGRI DB SR 1t cach oiher ing

It is S}ﬁal in @fterspricidaci hedivebefor leasy fitterg dndodisass@ablgs Thatishedéhalf is
further éplit into two quarters. The outer half and inner quarters are further split.

The outer and inner halves have steps so as to make the inner surface overlapping at the
ends. Thin polished strips are fitted at the interfaces which rub against each other during
operation. The face to face contact of these strips seals of spaces inside the liner from
spaces outside.

The ends are stepped, so as to make the ends overlapping. Clearance is provided at ends
to make up for thermal expansion. The ends are made zig zag so that the piston rings

(pressing against the inner surface of the liner) can smoothly pass over them during vane

rotation. The liner is illustrated in fig.no.37.
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The ends are stepped, so as to nmake the ends
over |l apping. Clearance is provided at ends to nmake up
wo or4phssTal  expansion. The ends are nade zi g PEDINW003/000167
 sedifoRlortlieil: 3 EhOPf L RLSHE1 ng agal nst. the i nner
surface of the Tiner noot hly pass over them
Aseqimquhwmheendsas glidvamnin fih&ld.3ner is illustrated in
7. ..12 _SUBSTI TUTE SHEET ( RULE 26) WO
One et 3 35 i 7 1R a9 kP etRe oMt gBtTh N fushavith the

cu:rve!dSsurfabéJ of it ﬁ&vé’@ dnki%acd Ol"héséuarér Sﬁfo'nocﬁ" tﬁ% hhﬁtethﬁphjcs on the

ends is shown in fig. . uarter o
sleevgj qoy eﬁﬁh%“@lobeﬂwevealrﬂdlrﬂabmobuhe elreesmezicapea grhall snm@rwlneﬁre the vane

f t curve rface of t | eev
s 1o Hetfednrifer AR, LB BT O T iehavTickan e Sesg and the
depreiskien isfidigv@vek@MsT the Tingr. VIR Be ttldsid oW foﬁﬁepogfcetg I?gr cooling
sl eeve except a small strip where the vane

fluidf | Vheeppokeisriah camenpigsisdatoeuppist el crivmhiencs uhmgh holes in the
slecyer face of the sleeve and the depression is fully
covered by the liner. The depressions now form pockets
The dxplodeddbimeric Miaw df aTdhevbeal aingr afRr GOAMRIIEAE 8¢ illRtrated in
Fi N:sﬂq@oly and return lines through holes in the sleeves.
18- expl oded isometric view of a sleeve and I|iner
The dx t
R e, e art T R B ustratea
in fig|Nnét. | nner quarter fitting is illustrated in
The .expl qded I somet l , View of tvvo sl eeves

The el idtpistinev St R dre e ot Py, o ipperquAEsr fifting exith yanes

ﬁtted@ﬁ@lé@e isSilthdthaustinatefoi4n. Fi g. .42, The isometric view
of the sl eeve, vane and I|ner inner quarter fitting is

The ispmegicrdewdf trhe sldeye.Neané Jand Theer dingerl quartei Sipfirgc &nhiktrated in
ﬁgNgggvveen the radial plane of the grooves of a vane is
such that rings fitted in them press against the

The angolar digpRtéeent Obtwdef thé RRlial pladetdTdhoBroobss W%et 5SUéh that

g,n which the vane is fitted i.e. the distance ween
rings figfgd i Bt Prass aaawﬁbe fngx @@ﬁr@n Oéthedime\fﬁtedl @ the\seme sleeve

0 covered t he
on whiPitnd Bhelts HebaP] of BE F® thlcontBE REHES ofho'aF fitied on o
sleeveylig arovh diah tha martnrwrthsqstﬁp &t snddveretlBnge dndl ne: cida?ter fitted
litting lines. The flanges of inner quarter rest

Ontheagﬁfrvﬁst correspondi ng surfaces of the sleeve. Dowel

The 1iREPS o@8r E:ﬂfeandsr‘lnﬁ a?tla‘{? & ﬁaﬂ ALhd; tthrg *h%g pes. n]g'l,eeﬂanges

quarter froms uring pera
of inngr @Mald@dresmagana,t conespendiing esavfheeg dfhtﬁe @tdaeé DSlvdl R8s bR the
The liner's outer half is

eration.
Sleevepfilp‘%?j reatibcr %Egr HIST qwatier tropysiinpiner dwriwgoppeatienc Tbe pins are
provided chl ¥ &nB@nd leaving the other end free to expand during operation.

The liner’s outer half is placed over the inner half and the former is enclosed in a casing.
The casing is held together by fasteners at its flanges.

The flanges of the outer half are further extended to provide a flange parallel to the step
on the sleeve.

These flanges are fitted with bolts so as to press a sliding ring against step on the sleeve.
Thus pressing the two sleeves against each other. (Rollers can be provided at the sliding

ring and sleeve interface to reduce friction).
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The casing is held together by fasteners at its

flanges. The flanges of the outer half are further
wezxdoenoeg’ t o provide a flange parallel to the BCEIN20@000167

the sl eeve. These flanges are fitted with bolts so as

to press a sliding ring against step on the sl eeve.

Thus pressing the two sl eeves agai nst each other.

The exptedadeisemetsin view of thel @eer kall ehkiner|andistidingringg ozgidthe sleeve,

N e to.redu i gfion). 13 SUBSTI TUTE
vane a@hﬁ&&?ﬁ%ﬁ%ﬁﬁn% 55‘8%%/“3 g&%‘?‘fvm | N2003/ 000167 The
The egiplia@dBOmeaRNEtyi ¢f the @OnPonéMe i tHeepretidut fQf ahd Mgy canth is

sliding ring, over the sleeve, vane and |iner inner
showngfig o845 ng i s shown in fig.No.44. The expl oded
. (0) d

Uhostoi A Elg o 46 B Blnch it 40 WP ARty B o Fetdlon he
sleeveFi g. No. 46 is isonetric view of cam and val ve operating

camfi.tting on the sleeve. Illustrated in f.ig,No.47
tustefiG i Btq T S re e VOB eomristiengsserby Bd 6840 sleves
with chifls $AI98 ¥B&atiNg & ARV GRES LI Af cams and fuel

punp operating cam Illustrate inFig.No.48 is top
Hlustrate emFeg. No K48 isrtophiiens of whet machane, petlt svoopartsi afdimen avter half over

hal f. over .the fitting shown in fig.no.47. Illustrated
the fitting ﬁom_f&ggnq.g/f.”om vi ew of conponents arrangement

lustrSBO W figNPERW PO vidd of camPHientd ArthnbAbht ABAnShig#énsys fig.
friction clutch. Illustrated in fig.No.50 is isonetric

along withwhofit andhelidirgirigiipnclideding in place. Illustrated in
1.9 ' [ Vi of . i ne. wi-t h, shaft
s 90 5, 45 Tt B B UG B L e
Mlustrsted af YigINGS1 gnddaeiehast themachihe anitiages: dranGedrps @8 8O Broke
. ratio can be altered during operation by sliding of
enging. ol | oners of cans. 2. There is no reversal of inertia
3. It is possible to reverse the engine
‘AD‘QQSE?E%ESthat is angularly displacing the CAM profiles
The rotary IIC. etk had inamyesadsabfagss el i m nating geari ng
arrangenents. 4. As the aft is |ong the, weight of
L themprssion gytie cae|be digwed QP’(}%% {OREr2HAR fseidirg fof yfollowers of
. 5. The size of the engines is considerably
smal | er than conventional engi nes of sane
2. There is no reversal of inertia forces. :

3. It is possible to reverse the engine easily, that is angularly displacing the CAM
profiles w.r.t. CAM followers thus eliminating gearing arrangements.

4, As the shaft is long the weight of the shaft by itself can serve the purpose of fly
wheel.

5. The size of the engines is considerably smaller than conventional engines of same
power output.

6. There is no need to maintain large lubricating oil slumps.

7. As the vanes are rigidly fixed to sleeve there is no slapping of vane, as is the case
with pistons on liner in conventional I.C. engines. This results in reduced noise

and vibration levels.
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power output. 6. There is no need to maintain |arge
lubricating oil slunps. 7. As the vanes are rigidly
wo 200a@94787 S| eeve there is no sl appi ng of vane, PEFIN2003/000167
CLAﬁ\blg.case with pistons on liner in conventional 1.C
~—=engines. This results in reduced noise and vibration
| evel s. 14 SUBSTI TUTE SHEET (RULE 26) WO 2004/ 094787
PCT/ | N2003/ 000167 CLAIMS : 1. A rotary apparatus
adaiiay aPprpRis pdmntehs, PEloHB B8 sUBRPIeSS AP UNRp FIGFOTGF 2R Anternal
r fa)ioe-C : S i.S4: 06
combluficf Sinc; o dhprile RAMEAme g P RARLS (40 SRR piftica
sleevasy holhalw icybhdiidah diner, cams aaddssemtel htleged, i dcolplires, shaft, clutch

coupl j ngs, shaft, clut.¢ch and braking/!ockin
and béﬁ??%ﬁ’é t AT GEYONE R IS VARE Wtf{t@g Yhta glet Wé‘g@@uﬂv@ﬂe of the
sleeveiUbhA6en dalE sleStL Y, Sth?,tqggvéslr?eg %@ﬂ&dﬁ@@sl@é&/@?&r velllface

that the vanes are radia eve's curve ace

and atinde af tonendsf of erehashgtye ofaid aaessire eu dittegathat thanese’srsarface

o firt that the yvane' s surface root.rudes ou .
protnifs ot bEfhe' Sekuses Sud s e e oG Liat fcin 8ids Pt wit
vanes@€plackd t atc?&bew&, tiith e ReBesPdBuRkIFCRh1 AN 26HM kandd &b disPRiced

vanes angularly displaced; said vanes are displaced
from e¢gchratherdly adefanediapgls af el itineed; spidyblecves salplaced dind theimaxds, the
| eev. S | aced t:hat. their.axi the one SSI
one posi 7o BR 4P B, Or i iR B s BT SR where
the vane# gie S@tkbdsat fhaGREvMRIsAch tHACI\WABRS rétaBordbt e NRffacht vane
t he sl eeves, is such that it allows rotation of the

and slgeijeléiEing, abatibtheapid axiseenjé vanes praiplaceddpsite ¢ Haer s3id liner along
with ﬁ? 'sReve Qlrfack ?ﬁﬁﬁs @{ &c&’dsﬁl%egaih ”ﬁﬂfle‘?es iAndy! Rfhce fUoflioukdBilong
along w the sl eeve surface forns an encl osure;
the paslatidcdd yevare ddgaevhileudlatng abait clongaddincic saidinger dunface allows
.path traced by vane edge whi]e rotating aboyt the sgfj@d
rotatigfy P§ thes yangs jabRut the ridads;afafbianes rByide itn syfl wpiosygfegmed
. . o | - . .
insiaEher B S sCal cham bl SoAAERRIH SRR Tpltes quiide the
encloahersit tsyo dedves, anctapledent snsegleidwith ashapby esanudsiodpling
the enclosyre; said fwo,sleeves, are coupled and, .
arrangﬁq@&a Bptgateaﬁ)(yrpaglsscr{d*t er&i}nwgéﬁglcsﬁp; S@%%a[qqu%r timing devices are
depen@EfiB80 SIEBRY pREHHRLEE dBhsCREnRE RVIRES abtuleNdiddekingAocking
said cans or timng devices are dependent on sleeve
arrangsosints owh thatiedclt vare is heldiatiapgeditarindess! positieatadtegatedy, and the

br aki ng/ | ocki,n arr ement.s such that.,each vane.is, .
vanes it feq b toUiy ivE IR SrenSoBaLE A tnte e sHid PRy ot ingigvices
allow VIR SyaféL1d Edifte! SmbBARbEsly RR@UgR aﬁgpr@@éﬂﬂéﬂchn 1tglseid cams or

alternately; said cans ore timng devices allow both

timing derdeestdsfings the angle i whictethe yeges die sengtntedh rejpied simyltsgeously
. | e i 0 Ll i deyi ef 4 the angle
T L
simul taneously or independently in a pattern as
described in the conplete specification. 2. Arotary

2. aﬁpﬁftﬁ?%p%uﬁla@clﬁ?ﬂed h Qhidl Mid wWhichMAk &Bnd A8 s¥aRdahA only
so fitfed that only

one the vane’s surface protrudes out of the sleeve’s end.

3. A rotary apparatus as claimed in claim 1 in, which the said shaft is external to the

sleeves so that the sleeves are not hollow.
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one the vane's surface protrudes out of the sleeve's

end. 3. Arotary apparatus as clained in claim1l in,
wohiogio47Be sai d shaft is external to the sl eeR€FIN003/000167

that the sleeves are not hollow 15 SUBSTI TUTE SHEET

(RULE 26) WD 2004/ 094787 PCT/ 1 N2003/ 000167 4. A

4. T A adtiryopparaiisus Asinfelah eartnltrtnctvatcm the kdid sl’é‘é{/&sharé Rfiven by
sai d sl eéeves are driven % or dr|ve a shaft

or drizp aghathby eeurdingemengemnanty ha ggeding m‘galmemntgenent
5. A rotary apparatus as clainmed in claim1 in which

th eeve end su fac ent ch ot her _are

5. oSt rRaRs sl B St & ¥hich oo e Ghi SiRES adjacent
to ea§1€QJﬂhd’*%:rE|p}8V1d@d Qe séaﬁing 85desy rtf)ﬁﬁl%é D1BeH s Realing line

| eakage flow as practically possib 6. Arotary

aroungspighard pyriaees dilenking Jeakage lom as prnctwhlly: hoss#ilel vanes
are provided with sealing elenents bl ocking a | eakage
romra ross .the van l i, i nner
s rdle i SR Bodaimnl a whheqdvans He ppidegavic
seahr%seléﬂn@htﬁﬁﬂoél@ng? bhajeMake | fhidoHH 2588 tHROv ! Q1386 %&‘tlﬁer inner
are placed at the liner and sleeve interface bl ocking

surfage dsaupcdigally pedsthld.| ow across the said |iner and sleeve
interface as practlcally p033|ble 8. A rotary

appar.at us as. cl ai which said
%FQ}%‘Q’ AEPFFIUSAY © %‘!elpﬁi i C?Qlﬁlemni \pdél]ch gﬁaéim.g Arraugenaents are placed

at m&ﬁﬁ@%ﬂcﬂ’é&g iRerfaQabBekihg aSRAGES M FoWCadiB8 the said liner and
enclosure. 9. A rotary apparatus as clained in clai-m38

sleevg migifrice las prastiedlymessiblet i ng device or  flow regul ati ng
devi ces such as valves, is so placed, operated and, or
ti med, such that the apparatus be used as a

8. CONRSRSS&fpardtid &' claibdlin Vlaif MR ShidhGatE¥idiesurelforméd within
rotary apparatus as clainmed in claim8 wherein neans

the lingr ang vandsde eomppnigaigil or sspledde spaaep oulsidgftheenelosared, or
other fornms of energy, between spaces wthin, outS|de

sai d osur.e. f the.liner and van
9. SQtaYyapaarr%r SR ST RYs b St (i RpRERRe dfgice or
flow fegmmrig da¥icEOsudB bk (815 es, A$b pl@dedTBRdEe@ bn® R illYed, such that the
dition and renoval are so placed operated and, or

appargfUs e Usest aSHe COnRIessph encipip AVaD 08 a etergiedlenioea pri me
mover |ike an internal conmbustion engine. 12. A rotary

o B A et S RS P i
or rereyRPOF Addt ﬁnéiﬂﬁ%-fhér%lﬂ% &Bnergy, between spaces within, outside the said

enclosure formed by the liner and vanes.

11. A rotary apparatus as claimed in claim 10 wherein the communicating devices
and, or means of energy addition and removal are so placed, operated and, or timed, such

that the apparatus be used as a prime mover like an internal combustion engine.

12. A rotary apparatus as substantially as herein described with reference to figures of

accompanying drawings.
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