Office de la Proprieté Canadian CA 2694682 C 2014/12/02

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 694 682
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 2007/07/27 51 ClInt./Int.Cl. FOTD 25/76(2006.01),
(87) Date publication PCT/PCT Publication Date: 2009/02/05 FOTM 717/00(2006.01), FOTM 71/06(2006.01),

F16N 371/00(2006.01)
(45) Date de délivrance/lssue Date: 2014/12/02 _
(72) Inventeurs/Inventors:

(85) Entree phase nationale/National Entry: 2010/01/26 COGSWELL, FREDERICK J., US:
86) N° demande PCT/PCT Application No.: US 2007/016943 JONSSON, ULF J., US;

o o BIED_RIVIAN BRUCE P US:;
(87) N° publication PCT/PCT Publication No.: 2009/017473 MATTESON, PETER S.. US

ARNER, MICHAEL D)., US

(73) Proprietaire/Owner:
UNITED TECHNOLOGIES CORPORATION, US

(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/S.E.N.C.R.L., S.R.L.

(54) Titre : RECUPERATION D'HUILE PROVENANT DE L'EVAPORATEUR D'UN SYSTEME A CYCLE DE RANKINE

ORGANIQUE (ORC)
(54) Title: OIL RECOVERY FROM AN EVAPORATOR OF AN ORGANIC RANKINE CYCLE (ORC) SYSTEM

TURBINE
INLET
VAL VE 86 i
15 — 5
22h 26 "
| 4]
APORATOR HIeH 28
a PRESSURE f
VOLUTE
F1—== _-——— | 46

42 57

sasounce | # O — L] 1
32 HOUSING

Bl s ol @l @ Tesassl Rty

- 104
fc}*ﬁ\1 |
24 I MOTOR ROTOR I
B>y W TUPELLER 2
EXCHANGER 42
! | | 76 Ol il
l . SUMP PLIME
' j 10
e e HIEH | 59
A & PRESSURE Y~ 44 Eﬁ
VOLUTE

) o6 70 72

l

| 80 o EDUCTOR

84 -
} U
78 &2
68 o4
SECOND EDUCTOR
b o wm o e o w w— — — . p— —

(57) Abréegée/Abstract:
A method and system for recovering oll Is used In an organic rankine cycle (ORC) system to recover oll from an evaporator of the

ORC system and return the oll to an oll sump. The ORC system includes an evaporator, a turbine, a condenser and a pump, and Is
configured to circulate a refrigerant through the ORC system. The oll recovery system includes a recovery line configured to
remove a mixture of oll and refrigerant from the evaporator. The mixture of oll and refrigerant passes through a heat exchanger In
order to vaporize liquid refrigerant in the mixture and produce a mixture of oll and vaporized refrigerant. A delivery line Is configured
to deliver the mixture of oll and vaporized refrigerant to the turbine, at which point the oll may be separated from the vaporized
refrigerant and recycled back to the oll sump.
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(57) Abstract: A method and system for recovering oil is used in an organic rankine cycle (ORC) system to recover oil from an
& evaporator of the ORC system and return the oil to an oil sump. The ORC system includes an evaporator, a turbine, a condenser
& and a pump, and is configured to circulate a refrigerant through the ORC system. The oil recovery system includes a recovery line
e\ configured to remove a mixture of oil and refrigerant from the evaporator. The mixture of oil and refrigerant passes through a heat
exchanger in order to vaporize liquid refrigerant in the mixture and produce a mixture of oil and vaporized refrigerant. A delivery
line is configured to deliver the mixture of oil and vaporized refrigerant to the turbine, at which point the oil may be separated from

the vaporized refrigerant and recycled back to the oil sump.
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OIL RECOVERY FROM AN EVAPORATOR OF AN ORGANIC RANKINE
CYCLE (ORC) SYSTEM

BACKGROUND
[0001] The present disclosure relates to an organic rankine cycle (ORC) system.
More particularly, the present disclosure relates to an improved method and system for
recovering oil from an evaporator of an ORC system.
[0002] Rankine cycle systems are commonly used for generating electrical power.
The rankine cycle system includes an evaporator or a boiler for evaporation of a motive
fluid, a turbine that receives the vapor from the evaporator to drive a generator, a condenser
for condensing the vapor, and a pump or other means for recycling the condensed fluid to
the evaporator. The motive fluid in rankine cycle systems is often water, and the turbine is
thus driven by steam. An organic rankine cycle (ORC) system operates similarly to a
traditional rankine cycle, except that an ORC system uses an organic fluid, instead of water,
as the motive fluid.
{0003] Oil may be used for lubrication in the ORC system, particularly inside the
turbine. For example, oil provides lubrication for the bearings of the turbine. During
operation of the ORC system, the oil may migrate from the turbine to other areas of the
system. The o1l may travel, with the refrigerant, from the turbine to the condenser and then
to the evaporator. In some cases, it may be difficult to recover the oil from the evaporator,
which results in a decrease in an amount of oil available for operation of the turbine.
[0004] There is a need for a method and system for recovering the oil from the
evaporator of the ORC system and delivering it back to the turbine.

SUMMARY

[0005] An o1] recovery system 1s used in an organic rankine cycle (ORC) system to
recover o1l from an evaporator of the ORC system and return the oil to an oil sump so that
the oil may be used in the turbine as needed. The oil recovery system includes a recovery
line configured to remove a mixture of o1l (liquid) and refrigerant (liguid and vapor) from
the evaporator. The mixture of oil and refrigerant then flows through a heat exchanger in
order to vaporize liquid refrigerant in the mixture and produce a mixture of oil and
vaponzed refrigerant. At this point the oil is separable from the vaporized refrigerant and

recycled back to the oil sump.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0006] FIG. 1 1s a schematic of an organic rankine cycle (ORC) system, including

. an evaporator and a turbine.

[0007] FIG. 2 1s a schematic of the evaporator and the turbine from FIG. 1, as well
as an oil recovery system for removing oil from the evaporator.
[0008] FIG. 3 1s another schematic of the evaporator, the turbine, and the oil
recovery system, as well as an eductor system fm" removing oil from the turbine and
delivering it back to an oil sump.

DETAILED DESCRIPTION
{0009] An organic rankine cycle (ORC) system may be used to generate electrical
power. Oil is used within the ORC system to provide lubrication for various pieces of
equipment, particularly inside a turbine of the ORC system. As the ORC is operating,
however, the oil may travel to other parts of the ORC system. Commonly the oil travels
with the refrigerant from the condenser to the evaporator. If the oil is not recovered from
the evaporator, there may not be enough oil in the oil sump to startup the turbine or continue
operating the turbine. In that case, a technician may be required to physically add oil to the
o1l sump to enable a startup of the system. The excess oil is then manually removed from
the ORC system once the turbine is in an operational mode. This disclosure focuses on a
method and system for recovering the oil from the evaporator so that the oil sump has an
adequate amount of oil, especially for startup.
[0010] FIG. 1 1s a schematic of ORC system 10, which includes condenser 12, pump
14, evaporator 16, turbine 18, and eductor system 20 connected to turbine 18. Refrigerant
22 circulates through system 10 and is used to generate electrical power. Liquid refrigerant
22a from condenser 12 passes through pump 14, resulting in an increase in pressure. High
pressure liquid refrigerant 22a enters evaporator 16, which utilizes heat source 24 to
vaporize refrigerant 22. Heat source 24 may include, but is not limited to, any type of waste
heat, including fuel cells, microturbines, and reciprocating engines, and other types of heat
sources such as solar, geothermal or waste gas: Refrigerant 22 exiting evaporator 16 is a
vaporized refrigerant (22b), at which point it passes through turbine inlet valve 26 and into
turbine 18. Vaporized refrigerant 22b is used to drive turbine 18, which in turn powers
generator 28 such that generator 28 produces electrical power. Vaporized refrigerant 22b
exiting turbine 18 is returned to condenser 12, where it is condensed back to liquid

refrigerant 22a. Heat sink 30 is used to provide cooling water to condenser 12.
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[0011] Eductor system 20 is connected to turbine 18 and is configured to remove oil
from those areas of turbine 18 where it may commonly collect. As explained in more detail
below in reference to FIG. 3, eductor line 32 receives a portion of vaporized refrigerant 22b
tlowing from evaporator 16 and delivers refrigerant 22b to eductor system 20.

10012} Within system 10, oil is used primarily inside turbine 18. More specifically,
the oil is commonly used for the gears and bearings of turbine 18 (see FIG. 3). During
operation of system 10, however, some of the oil may leave turbine 18. In that case, the oil
is typically carried by vaporized refrigerant 22b to condenser 12. The oil then combines
with condensed refrigerant 22a exiting condenser 12 and travels with refrigerant 22a to
evaporator 16. Depending on a design of evaporator 16, however, vaporized refrigerant 22b
exiting evaporator 16 may not have enough velocity to transport the o1l back to turbine 18.
At some point, an oil level in an oil sump of turbine 18 may become too low. Heat
exchanger 34 is connected to evaporator 16 and is configured to receive a mixture of oil
(liquid) and refrigerant (liquid and vapor) from evaporator 16, and vaporize the liquid
refrigerant. The mixture of o0il and vaporized refrigerant then travels to turbine 18, at which
point the o1l and refrigerant are easily separated. The oil is then deliverable to the oil sump
in turbine 18. This is described in more detail below in reference to FIGS. 2 and 3.

[0013] As shown in FIG. 1, ORC system 10 also includes bypass valve 36 and
bypass line 38, which may be used to prevent refrigerant 22b from passing through turbine
18 during a startup. During a startup of system 10, turbine 18 temporarily runs in a bypass
mode, at which time it does not receive any refrigerant, in order to reach the predetermined
operating conditions (i.e. temperature and pressure) for turbine 18. In that case, refrigerant
22b flows through bypass line 38 and is directed through bypass orifice 39 to increase a
temperature of refrigerant 22b, and imitate operating conditions inside turbine 18. After
passing through bypass orifice 39, refrigerant 22b is directed to condenser 12. In some
embodiments, bypass valve 36 is closed when turbine inlet valve 26 is open, and vice versa.

10014] FIG. 2 1s a schematic of a portion of ORC system 10 from FIG. 1, including
evaporator 16, turbine 18, and heat exchanger 34, which is part of oil recovery system 100.
As described above in reference to FIG. 1, evaporator 16 receives liquid refrigerant 22a and
uses heat source 24 to vaporize refrigerant 22. In the exemplary embodiment shown in FIG.
2, evaporator 16 1s a tlooded evaporator, and includes a pre-heater section in bottom portion
16a and a saturated section in top portion 16b. Both the pre-heater section and the saturated

section of evaporator 16 include a plurality of tubes, which are oriented horizontally inside
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evaporator 16. Refrigerant 22 flows over the tubes and is vaporized so that essentially all of
refrigerant 22b traveling to turbine 18 is vaporized refrigerant. The liquid level of
refrigerant inside evaporator 16 is maintained in order to keep the tubes wet during

operation.

[0015] Oil recovery system 100 includes heat exchanger 34, scavenger port 102,
restriction oritice 104, refrigerant inlet line 106, refrigerant outlet line 108, and delivery line
110. Scavenger port 102 and restriction orifice 104 form a recovery line to remove a
mixture of o1l and refrigerant from evaporator 16 and deliver it to heat exchanger 34.
Scavenger port 102 is located on a side of evaporator 16 above a top of the tubes in top
portion 16b. In a preferred embodiment, port 102 is located approximately one inch above
the top of the tubes. During operation of evaporator 16, the level of liquid refrigerant in
evaporator 16 which surrounds the tubes is normally maintained at a level near the location
of scavenger port 102. The refrigerant in evaporator 16 is “pool boiling” over the tubes in
the saturated section of evaporator 16. The .resulting bubbles rise to the surface and a foam
of refrigerant and oil forms. Oil inside evaporator 16 is concentrated at or near this surface.
[0016] The oil/refrigerant mixture is removed from evaporator 16 through scavenger
port 102. The oil in the mixture is a liquid and the refrigerant is commonly in both a liquid
and a vapor phase. The oil/refrigerant mixture then flows through restriction orifice 104 in
order to restrict a flow of the fluid entering heat exchanger 34. The temperature and the
pressure of the oil/refrigerant mixture decreases as it passes through orifice 104.
Alternf;itively, orifice 104 may be substituted with an adjustable valve to control or restrict
flow of the mixture to heat exchanger 34.

[0017] Heat exchanger 34 receives the oil/refrigerant mixture and uses saturated
vapor refrigerant, also from evaporator 16, to heat the mixture. In an exemplary
embodiment, heat exchanger 34 is a counter flow, flat plate heat exchanger. The saturated
vapor refrigerant is removed from an uppermost part of evaporator 16, and is delivered to
heat exchanger 34 through refrigerant inlet line 106. After passing through heat exchanger
34, the refrigerant is returned to evaporator 16 via refrigerant outlet line 108. Only a small
percentage ot saturated vapor refrigerant inside evaporator 16 is used by heat exchanger 34,
and the refrigerant is recycled back to evaporator 16. Thus, using vaporized refrigerant to

provide heating in heat exchanger 34 has little or no effect on operation and efficiency of

evaporator 16.
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[0018] Due to heat transfer from the saturated vapor refrigerant, the oil/refrigerant
mixture is now comprised of an oil-rich liquid and vaporized refrigerant. As such, the oil is
now easily separable from the refrigerant. The oil/refrigerant mixture exits heat exchanger
34 and is delivered to turbine 18 via delivery line 110.

]0019] As shown 1n FIG. 2, scavenger port 102 is fixed to the side of evaporator 16.
The location of port 102, as described above, is determined based on an operating level of
liquid refrigerant inside evaporator 16. In an alternative embodiment, instead of scavenger
port 102, an oil skimmer, which floats inside evaporator 16, may be used to remove oil (and
refrigerant) from the surface of the liquid refrigerant. Thus, the oil skimmer moves with the
refrigerant level inside evaporator 16. A tube connected to the oil skimmer may be used to
deliver the oil and refrigerant mixture from the oil skimmer to a port on a top or side of
evaporator 16. The oil/refrigerant mixture is then delivered from evaporator 16 to
restriction orifice 104. |
[0020] FIG. 3 1s a schematic of evaporator 16, turbine 18, and oil recovery system
100, all of FIG. 2, as well as eductor system 20 for removing oil from turbine 18 and
delivering it to oil sump 56. Turbine 18 includes impeller 40, discharge housing 42, and
high pressure volute 44. (Volute 44 is designated as “high pressure volute” since the volute
is at high pressure when turbine 18 is operating. However, volute 44 is at low pressure
when system 10 and turbine 18 are in the bypass mode during startup.) During an
operational mode of turbine 18, vaporized refrigerant 22b (from evaporator 16) passes
through inlet valve 26 into high pressure volute 44, and then through nozzles 46, which
impart motive force to impeller 40 to drive shaft 48 inside gear box 50. Gears 52 connect
drive shaft 48 to generator 28, which uses the shaft energy to generate electrical power.
Gear box 50 also includes bearings 54, oil sump 56, and oil pump 58.

[0021] During operation of turbine 18, oil may commonly collect in discharge
housing 42 and high pressure volute 44 of turbine 18. Eductor system 20 is used to remove
oil from these areas of turbine 18 where 0il is not needed, and in some cases may cause
damage to the equipment. Eductor system 20 is configured to remove oil and return it to oil
sump 56, making the oil available for other areas of turbine 18, such as, for example, gears
52 and bearings 54. Eductor line 32 is connected to eductor system 20 and is located
upstream of turbine inlet valve 26. Line 32 is configured to receive a portion of vaporized

refrigerant 22b exiting evaporator 16 (and flowing to turbine 18) and deliver it to eductor

system 20.
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[0022] Delivery line 110 delivers the mixture of oil (liquid) and refrigerant (vapor)
from heat exchanger 34 to discharge housing 42 of turbine 18. Discharge housing 42 acts as
a separator such that the liquid oil collects in a bottom of discharge housing 42 and the
vaporized refrigerant exits turbine 18 through a vent, and then travels to condenser 12. The
oil from evaporator 16 is combined with any oil 76 already inside discharge housing 42, all
of which may be removed from discharge housing 42 using eductor system 20.

10023] In the embodiment shown in FIG. 3, eductor system 20 includes first eductor
62 and second eductor 64, which operate as venturi devices, and each includes a primary
flow inlet and a secondary flow inlet. In each eductor, high pressure refrigerant from
evaporator 16 flows through the primary flow inlet, creating enough suction force to draw
liquid out of turbine 18.

[10024] Eductor system 20 also includes first line 66 and second line 68, both of
which are connected to eductor line 32. First line 66 is configured to deliver refrigerant 22
to primary flow inlet 70 of first eductor 62. Secondary flow inlet 72 of first eductor 62 is
connected to line 74 and delivers o1l 76 from discharge housing 42 of turbine 18 through
first eductor 62. Oil 76 thus includes oil from evaporator 16 delivered through line 110. (It
1s recognized that although the liguid sucked out of discharge housing 42 is primarily oil,
the liquid may contain some amount of refrigerant.) Second line 68 is configured to deliver
refrigerant 22 to primary flow inlet 78 of second eductor 64. Line 80 is connected to
secondary flow inlet 82 of second eductor 64 and delivers liquid removed from high
pressure volute 44 of turbine 18. Liquid extracted from high pressure volute 44 is mostly
oil; however, the liquid may include some of the refrigerant flowing inside turbine 18.
After flowing through eductors 62 and 64, the refrigerant and the oil collectively travel to
oil sump 56 through line 84. The refrigeraﬂt, which 1s vapor, may be recycled back to
discharge housing 42 from sump 56 via line 86.

10025] Although eductor system 20, as shown in FIG. 3, includes two eductors, it is
recognized that eductor system 20 may operate with only first eductor 62. Oil may collect
in both discharge housing 42 and high pressure volute 44. Second eductor 64 is able to
remove oil from high pressure volute 44, where it commonly collects once the oil is
separated from the vaporized refrigerant inside volute 44. Using a two-eductor system

improves overall recovery of the oil because the oil may be removed from both areas around

impeller 40 where it can accumulate.
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[0026] [n terms of recovering oil from evaporator 16, only first eductor 62 1s required
to effectively recover the oil to sump 56. Second eductor 64 is used to remove oil from high
pressure volute 44 and, generally speaking, does not impact recovery of oil from evaporator
16. As explained above, however, second eductor 64 improves an overall recovery ot o1l that
collects around impeller 40 of turbine 18. Thus, in one preferred embodiment, ORC system
10 uses a two-eductor system in combination with oil recovery system 100.

[0027] As stated above, discharge housing 42 of turbine 18 functions as a separator to
separate the liquid oil and the vaporized refrigerant from heat exchanger 34. In an alternative
embodiment, the oil/refrigerant mixture may be separated upstream of turbine 18 using a
separator located along delivery line 110. The separator functions similarly to discharge
housing 42. Thus, in some embodiments having a separator upstream of turbine 18, discharge
housing 42 may be omitted from the turbine design. In that case, line 74 of eductor system 20
may be connected to the separator to remove the oil from the separator and deliver it through
first eductor 62. Moreover, an additional line off of the separator may be included to deliver
the vaporized refrigerant from the separator to condenser 12.

[0028] Using oil recovery system 100 and eductor system 20, ORC system 10 may be
started up even when there is essentially no otl in o1l sump 56. Oil recovery system 100 is
able to effectively recover oil from evaporator 16 and deliver the oil to turbine 18, while
system 10 is still in bypass mode, at which point eductor system 20 s used to deliver the oil
back to oil sump 56. This may decrease or eliminate failed startups caused by not being able
to supply oil to the gears and bearings inside the turbine. In some cases, if the o1l sump was
low, oil was manually added to the oil sump before startup. This added costs to operation of
the ORC system and usually required that the added oil be removed from the ORC system,
once the turbine was in an operational mode. ORC system 10 alleviates a need to manually
add oil to sump 56 by providing a method of effectively recovering the oil from evaporator 16

and delivering it to sump 56.
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CLAIMS:

l. A system for recovering oil in an organic rankine cycle (ORC) system having
an evaporator, a turbine, and a condenser, the system comprising:
a recovery line configured to remove a mixture of oil and refrigerant from the

evaporator;

a heat exchanger configured to increase a temperature of the mixture such that
liquid refrigerant in the mixture 1s vaporized to produce a mixture of oil and vaporized

refrigerant; and

a delivery line configured to deliver the mixture of oil and vaporized
refrigerant to the turbine, wherein the delivery line delivers the mixture of o1l and vaporized
refrigerant to a discharge housing of the turbine, and wherein the discharge housing

separates the oil and the vaporized refrigerant.

2. The system of claim 1 wherein the recovery line includes a scavenger port to

remove the mixture of oil and refrigerant from the evaporator.

3. The system of claim | wherein the recovery line includes an orifice to restrict a

flow of the mixture, prior to passing the liquid mixture through the heat exchanger.

4. The system of claim 1 wherein the recovery line includes an o1l skimmer
configured to float on a liquid refrigerant inside the evaporator, and remove the oil and

refrigerant mixture from the evaporator.

5. The system of claim 1 wherein the turbine further comprises a vent, and
wherein the oil separated from the mixture within the discharge housing collects in the
bottom of the discharge housing and the vaporized refrigerant exits the turbine through the

vent.
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6. The system of claim | further comprising:

a first eductor for extracting liquid out ot the turbine and delivering the liquid

to an otl sump.

7. An organic rankine cycle (ORC) system for generating power, the ORC system
comprising:

a condenser configured to condense a vaporized refrigerant;

a pump configured to increase a pressure of the condensed refrigerant;

an evaporator configured to receive the condensed refrigerant and vaporize the
refrigerant;

a turbine configured to receive the vaporized refrigerant and generate power;

an o1l sump for storing oil used to operate the turbine;

a heat exchanger located downstrcam of the evaporator and configured to
receive a mixture of oil and refrigerant from the evaporator, and vaporize liquid refrigerant in
the mixture such that the oil is separable from the refrigerant and recoverable by the oil sump;

a separator configured to separate the oil and the vaporized refrigerant from
the mixture, wherein the separator is a discharge housing of the turbine; and

an eductor system tor delivering oil from the separator to the oil sump.

8. The ORC system of claim 7 wherein a saturated vapor refrigerant from the
evaporator passes through the heat exchanger to vaporize the refrigerant in the mixture of oil

and refrigerant.

9. The ORC system of claim 7 wherein the ORC system further comprises a
delivery line and the turbine comprises a vent, and wherein the delivery line delivers the
mixture of o1l and vaporized refrigerant to the discharge housing of the turbine, and wherein
the discharge housing separates the oil and the vaporized refrigerant such that the oil collects
In a bottom of the discharge housing and the vaporized refrigerant exits the turbine through

the vent.
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10. The ORC system of claim 7 wherein the eductor system comprises:
a tirst eductor configured to extract liquid from the separator; and

an eductor line for delivering refrigerant to the first eductor to drive the first

eductor.

11, A method of recovering oil in an organic rankine cycle (ORC) system having
an evaporator, a turbine, an oil sump, and a condenser, the method comprising:
removing a mixture of oil and refrigerant from the evaporator;
increasing a temperature of the mixture using a heat exchanger such that liquid
refrigerant in the mixture vaporizes;
separating the oil and the vaporized refrigerant after the mixture has exited the
heat exchanger, wherein a discharge housing of the turbine separates the oil and vaporized
refrigerant; and

delivering the oil to the oil sump.

12. The method of claim 11 further comprising:

delivering the vaporized refrigerant to the condenser, after separating the oil

and the vaporized refrigerant.

|13, The method of ¢claim 11 wherein delivering the oil to the oil sump comprises:

removing the oil from the discharge housing using an eductor system.

14, The method of claim 11 further comprising:
restricting a flow of the mixture of oil and refrigerant using an orifice, prior to

iIncreasing a temperature of the mixture.
15. The method of claim 11 wherein the discharge housing separates the o1l and

the vaporized refrigerant such that the otil collects in a bottom of the discharge housing and

the vaporized refrigerant exits the turbine through a vent in the turbine.

1O
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16. The method of claim 11 wherein removing the mixture of oil and refrigerant

from the evaporator is performed by a scavenger port connected to the evaporator.

17. The method of claim 11 wherein removing the mixture of oil and refrigerant

from the evaporator is performed by an oil skimmer inside the evaporator.

[ ]
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