HEMETI C MOTOR COOLI NG FOR HI GH TEMPERATURE ORGANI C RANKI NE CYCLE
SYSTEM 5BACKGROUND The present disclosure relates generally to
Organi ¢ Ranki ne Cycle (ORC) systens and, nore particularly, to a
secondary cooling systemtherefor. The Organi ¢ Ranki ne Cycle
(0RO 15 a vapor BMEFICCYYEOR CHOIING FAR HIGH TEVBERAJY R

i nstead of wat er/st eam &RGANMORANKINE GYCLEISYSAEMIi ng fluid is 10
heated in an "evaporator/boiler" by a source of waste or |ow quality
heat. The fluid starts as a liquid and ends up as a vapor. The

hi gh- pressure refrigerant vapor expands in the turbine to produce
power. sThe | ow pressure vapor exmt@lkgq%(jﬁﬂﬁthe turbine is condensed
then sent back to the punp to restart the cycle. The sinple Rankine

cycl e used for ﬂ%"‘ﬁ{es&‘?rh?%%sh%r%&%éu%ﬁe@gﬁoowgﬁﬁé %g%@%g%%l? i%%)ﬁcl) 0

Adi abatic pressure rise rou ; sobaric

a preheat eystey apdmadro panicdlaslyperdweadseiary &jolifdisphiahitieerefopansi on in a
turbine; and 4)_lsgbarjc _heat rejectiaon .in a condenser, although .
other cycle nodite @eaPEn3a I@%S&@Ei@&)gaéwa&gr PRECTENFIG Wik 2 Organic

vapor - t0- | gl thGBEHPRIRAE of HC/SEAPLAYAY Sofile ARid MBI fluid is
Non- he S

non- hernetic. nnetic generators 20 do not are the working
f | ui d 16nviheatedemn &adhparao’yglecaby g sowst ef waytcair lowrquahtydreat. Héenfibtid c

t d. led b fri . th i | e.
L Gur o 1 SERBR PO | G0 4 B3 2ns 5B Y DS OTeR e 1T R ot
Cycle SYSt&Pﬁﬁﬂstillﬂth%_tt@i’Mﬁé' 18 PREdURE hbed ENRY 1B re AR VaRBr cxthaB&Bd From the

secondary flow of liquid réfrigerant is extracted fromthe punp exit
and conmmurintbiteas consiensrd themsanhbank t shecpusimiy. restart thei eyclgase the fluid

is fi f ed h . | i j ack d i.al | il
whi e pi cking. dbenate REREEE <8 1<BE b8 BSFh BRI Kloutk Bl nrleess
refriger amkddrs 15 hanatse geduientife tHisuglohQfunyd! DMBoPArtKh&Y ddditheain a

fromrotor and wi ndage | osses. The vasorllze [ refrigerant is then
vent ed dowrdicrEansvepoaies and rperBeatsh Sl stdiaztic sypmigon in a turbine; and 4)

Isobaric heat rejection in a condenser, although other cycle modifications are possible
such as the addition of a vapor-to-liquid recuperator.

ORC generators may be hermetic or non-hermetic. Non-hermetic generators

20  do not share the working fluid environment and are typically cooled by air or water.
Hermetic generators share and are cooled by refrigerant from the main cycle.

Figure 1 schematically illustrates a conventional Organic Rankine Cycle
system with standard hermetic generator cooling. A small secondary flow of liquid
refrigerant is extracted from the pump exit and communicated to the generator

25  casing. In this case the fluid is first fed through a stator cooling jacket and partially
boils while picking up heat from stator losses. The remaining two-phase refrigerant is
then sprayed into the rotor volume picking up heat from rotor and windage losses.

The vaporized refrigerant is then vented downstream of the turbine exhaust.
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SUMMARY

An Organic Rankine Cycle (ORC) system according to an exemplary aspect

of the present disclosure includes a turbine driven by a working fluid and a generator



driven by the turbine. The generator includes a rotor volume at
sub- at nospheric pressure, the working fluid sprayed into said rotor
vol une. An Organi ¢ Rankine Cycle (ORC) system according to an
exenpl ary aspect of the present disclosure includes a secondary
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following detailed description of the disclosed non-limiting embodiment. The
drawings that accompany the detailed description can be briefly described as follows:
15 Figure 1 is a schematic diagram of a RELATED ART organic Rankine cycle
in which the low-side saturation temperature is cool enough to provide generator
cooling; and
Figure 2 is a schematic diagram of an organic Rankine cycle with a low side
saturation temperature is too warm for direct generator cooling and a secondary
20 cooling flow circuit according to one disclosed non-limiting embodiment;
Figure 3 is an expanded view of a turbine generator of the organic rankine
cycle with a secondary cooling flow circuit.
Figure 4 is an expanded cross-sectional view of a shaft seal with dual
labyﬁnth seals.

25
DETAILED DESCRIPTION

Figure 2 schematically illustrates an Organic Rankine Cycle (ORC) system

20. The ORC system 20 generally includes a power producing turbine 22 which is

30  driven by a working fluid such as Siloxane MM, Novec649, or other high boiling
point refrigerant. The turbine 22 drives a generator 24 that produces power. A
refrigerant pump 26 increases the pressure of the working fluid from a condenser 28.

An evaporator 30 such as a boiler receives a significant heat input from a heat source

circuit (thermal oil in this example) 36, vaporizes the working fluid with the vapor

2-



25 DETAI LED DESCRI PTION Figure 2 schematically illustrates an Organic
Ranki ne Cycle (ORC) system 20. The ORC system 20 generally includes a
power producing turbine 22 which is 30 driven by a working fluid such
as Siloxane MM Novec649, or ot her boi li ng point refrigerant.
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t he st at olinfldv turbine 48 rotates the rotor 44 about the axis of rotation A within the stator 42.
15 The example shown in Figure 3 is an oil-free high-speed direct-drive system with
magnetic bearings and no gears, but other embodiments will have the same seal and
cooling requirements.
A secondary cooling flow circuit 51 communicates a relatively small amount
of the cooling fluid to the generator 22 to provide thermal management thereof. The
20  secondary cooling flow circuit 51 generally includes a cold heat exchanger 52 to
condense the working fluid and effectively pulls the working fluid out of the housing
40 through a main drain line 54. The secondary loop condenser 52 also receives
cooling fluid. The main drain line 54 removes vapor and liquid working fluid from
the housing 40 and generates a sub-atmospheric pressure within the rotor volume G.
25 Below the cold heat exchanger is a receiver tank 53 to accumulate liquid. A
pump 56 pumps the condensed/cooled working fluid from the receiver tank 53 to a
valve system that consists of a restriction valve 57, and a check valve 59. The valve
57 is varied to set the pressure at the pump exit. If the valve 57 is wide open then the
pump exit pressure will be only slightly above the rotor cavity pressure and well
30  below the primary system pressure. The check valve 59 will remain closed and no
refrigerant will flow through line 261
As valve 57 closes, the pump exit pressure rises until it exceeds the primary
system pressure at 26 and refrigerant flows out of the secondary cooling loop 51 to

the primary loop. This flow is necessary because flow leaks into the secondary
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15 The exanple shown in Figure 3 is an oil-free high-speed
direct-drive systemw th nagnetic bearings and no gears, but other
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It should be understood that relative positional terms such as "forward,” "aft,"

non

"upper,” "lower," "above," "below," and the like are with reference to the normal
operational attitude of the vehicle and should not be considered otherwise limiting.
It should be understood that like reference numerals identify corresponding or
30  similar elements throughout the several drawings. It should also be understood that
although a particular component arrangement is disclosed in the illustrated
embodiment, other arrangements will benefit herefrom.

Although particular step sequences are shown, described, and claimed, it

should be understood that steps may be performed in any order, separated or
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20 fromthe radial in flow turbine 46 from bl owi ng through the seal
46 into contact wth the bearing system 60 which supports rotor 44.
In the disclosed, non-limting enbodi nent, the seal 46 may include a
circunferential groove 62 or other passage which delineates the
separ at i orcobdtingsie wntdse otbergrisey ahdipateds dndoiwitl hetilt Urdpehie fuah utne Presaite
groove 6251 in_conmmunication with the seal bleed line 58 to thereby
provi de 2 é‘% 5Ss fromthe rotor seal 46 to the main drain |ine 54.
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The foregoing description is exenplary rather than defined by the
limtations within. Various non-limting enbodinents are discl osed

herei n, however, one of 5 ordinary skill in the art would recognize
that various nodifications and variations in |light of the above
teachings will fall within the scope of the appended clains. It is

therefore to be understood that within the scope of the appended
clainms, the disclosure may be practiced other than as specifically
descri bed. For that reason the appended clains should be studied to
determ ne true scope and content. CLAIMS What is clained is: 1.
An Organi c Rankine Cycle (ORC) system conpri sing:



5a turbine driven by a working fluid; and a generator driven by
said turbine, said generator includes a rotor volune at

sub- at nospheric pressure, said working fluid sprayed into said rotor
vol une. 2. The systemas recited in claim1l, wherein the working
fluid is Siloxane M 10 3. The LABMSas recited in claimi,
wherein the working fluid is Novec649. 4. The systemas recited in
claim1l, mere'\ﬂ/hﬁﬂ's@la‘ﬁﬂﬁ&‘lsng fluid is conmuni cated over a stator of
said generator. 15 5. The systemas recited in claim1l, further
conprising a rotor seal Whl ch separates said rotor volunme froma

t ur bi ne vol une. esste recited in.claim5, further
conpri si ngta bl@é&)rﬁnh‘ép‘ gﬁﬂﬁgﬁﬁg‘éﬁ%‘ﬁnﬁﬁ’mﬂngﬁgd rotor seal. 7.
The system as raet%glﬁéidﬂl%nqjﬂ%&m fhilihgtq conprising a main drain
line in comunication with said rotor volume. 258.The system as
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2. The system as recited in claim 1, wherein the working fluid is Siloxane MM.
10
3. The system as recited in claim I, wherein the working fluid is Novec649.
4. The system as recited in claim 1, wherein said working fluid is communicated
over a stator of said generator.
15

5. The system as recited in claim 1, further comprising a rotor seal which

separates said rotor volume from a turbine volume.

6. The system as recited in claim 5, further comprising a bleed line in

20  communication with said rotor seal.

7. The system as recited in claim 6, further comprising a main drain line in

communication with said rotor volume.

25 8. The system as recited in claim 7, wherein said bleed line is in communication

with said main drain line.

0. The system as recited in claim 8, further comprising a heat exchanger in
communication with said main drain line.

30
10. The system as recited in claim 9, further comprising a pump downstream of

said heat exchanger.



10. The systemas recited in claim9, further conprising a punp
downstream of said heat exchanger. 11.An Organic Rankine Cycle (ORC
system conpri si ng: a secondary cooling flowcircuit in

comuni cation with a rotor volume at sub-atnospheric pressure, said
secondary ool i4w Orgave Bakéng €ydpfQRE) ayshsm kPHBIISINEi d into said rotor

volune. 5 12. T i fed.d im.1L. j i
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seal which 10separates said rotor volune froma turbine volune. 14.
The syst et@ssajddtard@ume-cl ai m 13, further conprising a bleed line in
comuniccation with said rotor seal. 1515. The systemas recited in
claim14, further conprising a main drain line in comrunication with
sai d rotorl2vol Ufte apslemaiad bicéed] ini redaim 16, Wheemy shEmvemkingciflugd isn
claim15, further c ri sing a_heat exchapger in conmunication with
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a operable to increase a punp exit pressure until the punp exit
pressure exceeds a primary system pressure such that said working
fluid flows. outThef systeintl as eeated aimyclgion| 1il n durtheo rotpriaingr 4 metoy seal owhinh
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14, The system as recited in claim 13, further comprising a bleed line in

communication with said rotor seal.

15 15. The system as recited in claim 14, further comprising a main drain line in

communication with said rotor volume and said bleed line.

16. The system as recited in claim 15, further comprising a heat exchanger in
communication with said main drain line and a pump downstream of said heat
20 exchanger, a operable to increase a pump exit pressure until the pump exit pressure
exceeds a primary system pressure such that said working fluid flows out of said

secondary cooling loop to a primary cooling loop.

17. A method of operating an Organic Rankine Cycle (ORC) system comprising:

25 spraying a working fluid into a rotor volume at sub-atmospheric pressure.

18. The method as recited in claim 17, further comprising:

communicating the working fluid over a stator prior to the spraying,

30 19.  The method as recited in claim 17, further comprising:
separating the rotor volume from a turbine volume with a rotor seal; and

bleeding the working fluid from the rotor seal.



25spraying a working fluid into a rotor volune at sub-atnospheric
pressure. 18. The nethod as recited in claim 17, further conprising:
comuni cating the working fluid over a stator prior to the spraying.
3019. The nethod as recited in claim117, further conprising:
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