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Description
BACKGROUND

[0001] The invention relates generally to organic rank-
ine cycle (ORC) systems, and more particularly to an
economical system and method for the same.

[0002] DE 199 14 287 A1 discloses structured bodies
positioned inside a pressure tube which are in heat-con-
ducting connection with one another and with the pres-
sure tube wall.

[0003] GB 983 620 A discloses a pressure steam gen-
erator for enhancing heat transfer and US 6 158 221 A
discloses a waste heat recovery system. In both docu-
ments heat transfer tubes are described with internal and
external fins.

[0004] With the advent of the energy crisis and, the
need to conserve, and to more effectively use, our avail-
able energies, rankine cycle systems have been used to
capture the so called "waste heat", that was otherwise
being lost to the atmosphere and, as such, was indirectly
detrimental to the environment by requiring more fuel for
power production than necessary.

[0005] Common sources of waste heat that are pres-
ently being discharged to the environment are geother-
mal sources and heat from other types of engines such
as gas turbine engines that give off significant heat in
their exhaust gases and reciprocating engines that give
off heat both in their exhaust gases and to cooling liquids
such as water and lubricants.

[0006] In general, ORC systems have been deployed
as retrofits for small- and medium-scale gas turbines, to
capture from the hot gas stream desirable power output.
A working fluid used in such cycles is typically a hydro-
carbon at about atmospheric pressure. However, the
working fluid may degrade beyond a critical temperature,
such as, but not limited to, 500 deg C. In a gas turbine
system, the temperature of the exhaust is comparable to
such high temperatures and hence, there is areasonable
probability of degradation of the working fluid due to direct
exposure to the hot gas from the exhaust.

[0007] In order to avoid the aforementioned issue, an
intermediate thermal fluid system is generally used to
convey heat fromthe exhaust to an organic Rankine cycle
boiler. In an example, the fluid is oil. However, the inter-
mediate fluid thermal represents up to about one-quarter
of the cost of the complete ORC. Furthermore, the inter-
mediate fluid system and heat exchangers require a high-
er temperature difference resulting in increase in size
and lowering overall efficiency.

[0008] Therefore, an improved ORC system is desira-
ble to address one or more of the aforementioned issues.

BRIEF DESCRIPTION
[0009] In accordance with an embodiment of the in-

vention, an ORC system configured to limit temperature
of a working fluid below a threshold temperature is pro-
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vided. The ORC system includes a heat source config-
ured to provide waste heat fluid. The ORC system also
includes a heat exchanger coupled to the heat source,
wherein the heat exchanger includes multiple external
and internal enhancement features. The external en-
hancement features are configured to reduce a first heat
transfer coefficient between the working fluid and the
waste heat fluid from the heat source, external to the heat
exchanger. The internal enhancement features are con-
figured to increase a second heat transfer coefficient be-
tween the working fluid and the waste heat fluid from a
heat source, internal to the heat exchanger.

[0010] In accordance with another embodiment of the
invention, a method for providing an ORC system to limit
temperature of a working fluid below a threshold temper-
ature is provided. The method includes providing a heat
source configured to convey waste heat fluid. The meth-
od also includes providing a heat exchanger coupled to
the heat source, wherein the heat exchanger includes
multiple external and internal enhancement features.
The external enhancement features are configured to re-
duce a first heat transfer coefficient between the working
fluid and the waste heat fluid from the heat source, ex-
ternal to the heat exchanger. The internal enhancement
features are configured to increase a second heat trans-
fer coefficient between the working fluid and the waste
heat fluid from a heat source, internal to the heat ex-
changer.

[0011] In accordance with another embodiment of the
invention, an ORC system configured to limittemperature
of a working fluid below a threshold temperature is pro-
vided. The ORC system includes a heat source config-
ured to provide waste heat fluid. The ORC system in-
cludes a heat exhanger coupled to the heat source. The
heat exchanger includes an evaporator configured to re-
ceive the waste heat fluid from the heat source and va-
porize the working fluid, the evaporator further configured
to allow heat exchange between the waste heat fluid and
the vaporized working fluid. The heat exchanger also in-
cludes a superheater configured to receive the waste
heat fluid from the evaporator, the waste heat fluid being
at a relatively lower temperature due to the heat ex-
change and allow contact with the working fluid at a high-
est temperature. The heat exhanger further includes a
preheater configured to receive the waste heat fluid from
the superheater and allow contact with the working fluid
in a liquid state, wherein the evaporator, the superheater,
and the preheater include multiple external or internal
enhancement features. The external enhancement fea-
tures are configured to reduce a first heat transfer coef-
ficient between the working fluid and the waste heat fluid
from the heat source, external to the heat exchanger.
The internal enhancement features are configured to in-
crease a second heat transfer coefficient between the
working fluid and the waste heat fluid from a heat source,
internal to the heat exchanger.
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DRAWINGS

[0012] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

FIG. 1 is a schematic illustration of an ORC system
configured to limit temperature of a working fluid be-
low a threshold temperature in accordance with an
embodiment of the invention.

FIG. 2 is a graphical illustration of temperatures of
the working fluid within a heat exchanger employing
the ORC system in FIG. 1.

FIG. 3 is a schematic illustration of another exem-
plary ORC system configured to limit temperature of
a working fluid below a threshold temperature in ac-
cordance with an embodiment of the invention.

FIG. 4 is a graphical representation of temperatures
of the working fluid within a heat exchanger employ-
ing the ORC system in FIG. 3.

FIG. 5is a flow chart representing steps in a method
for limiting temperature of a working fluid below a
threshold temperature inan ORC in accordance with
an embodiment of the invention.

FIG. 6 is a flow chart representing steps in a method
for providing an ORC system in accordance with an
embodiment of the invention.

DETAILED DESCRIPTION

[0013] As discussed in detail below, embodiments of
the invention include an organicrankine cycle (ORC) sys-
tem and method to limit the temperature of a working
fluid within the system, below a threshold temperature.
In one embodiment, the system and method provide a
waste heat fluid that flows into various sections of a heat
exchanger to enable optimal heat exchange between the
waste heat fluid and the working fluid thereby avoiding
overheating of the working fluid. In another embodiment,
the heat exchanger includes external and internal en-
hancement features to provide optimal heat exchange
between the waste heat fluid and the working fluid. It
should be noted that both the embodiments may also be
employed in conjunction with each other. As used herein,
the term 'threshold temperature’ refers to temperatures
in a range between about 250 to about 350 deg C.

[0014] Turning to the drawings, FIG. 1 is a schematic
illustration of an organic rankine cycle (ORC) system 10
configured to limit the temperature of a working fluid 14
below a threshold temperature. The system 10 includes
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a heat source 16 that conveys a waste heat fluid 18 at a
temperature, for example, between about 400 to about
600 deg C. A heat exchanger 20 is coupled to the heat
source 16 and is configured to facilitate heat exchange
between the working fluid 14 and the waste heat fluid 18
in a manner that does not overheat the working fluid 14,
as will be discussed in greater detail below. The heat
exchanger 20 includes an evaporator 22 that receives
an inflow of the working fluid 14 and vaporizes the work-
ing fluid 14. The evaporator 22 receives the waste heat
fluid 18 from the heat source 16 and promotes heat ex-
change between the waste heat fluid 18 and the vapor-
ized working fluid 15 that is at a relatively lower temper-
ature, for example between about 150 to about 300 deg.
C and produces an evaporator outlet flow including a
lower temperature waste heat fluid 23 and an elevated
temperature working fluid 25. In one embodiment, the
temperature of the elevated temperature working fluid 25
exiting the evaporator 22 is about 230 deg C. In another
exemplary embodiment, the waste heat fluid 18 and the
working fluid 25 are in parallel flow configuration in the
evaporator 22. The term ’parallel flow configuration’ re-
fers to heat being transferred from an inlet of the heat
source 16 to an inlet of the evaporator 22 and likewise,
from an outlet of the heat source 16 to an outlet of the
evaporator 22.

[0015] The evaporator outlet flow from the evaporator
22 is conveyed to a superheater 24. The superheater 24
further heats the elevated temperature working fluid 25
to produce a working fluid 29 at a relatively higher tem-
perature within the heat exchanger 20 compared to the
temperatures of the working fluid at the evaporator 22
and a preheater 28. The superheater 24 promotes heat
exchange between the relatively higher temperature
working fluid 29 and the lower temperature waste heat
fluid 23 to produce a superheater outlet flow including an
elevated temperature waste heat fluid 27. It should be
noted that the waste fluid 18 directly from the heat source
16 is at a higher temperature compared to the lower tem-
perature waste heat fluid 23 entering the superheater 24.
Hence, by allowing the waste heat fluid 18 to enter the
evaporator 22 prior to entering the superheater 24, the
contact of a relatively higher temperature working fluid
29 contained in the superheater 24 with the waste fluid
18 from the heat source 16 that is also at a relatively
higher temperature is avoided. Thus, a potential degra-
dation of the film of the working fluid due to contact with
the relatively higher temperature waste fluid 18 from the
heat source 16 is eliminated.

[0016] The elevated temperature waste heat fluid 27
exits from the superheater 24 and is conveyed to the
preheater 28. In one embodiment, temperature of the
elevated temperature waste heat fluid 27 exiting the su-
perheater is between about 375 to about 425 deg C. The
preheater 28 contains a relatively lower temperature
working fluid 29 in a liquid state and promotes heat ex-
change between the relatively lower temperature work-
ing fluid 29 and the elevated temperature waste fluid 27



5 EP 2 423 473 B1 6

resulting in a relatively lower temperature waste fluid 31
exiting the heat exchanger 20. In one embodiment, the
relatively lower temperature working fluid 29 and the el-
evated temperature waste fluid 27 are in a counter-flow
configuration in the preheater 28. In a presently contem-
plated embodiment, the working fluid 14 is a hydrocar-
bon. Non-limiting examples of the hydrocarbon include
at least one selected from a group of cyclopentane, n-
pentane, propane, butane, n-hexane, and cyclohexane.
In another embodiment, the heat source includes an ex-
haust of a gas turbine. In yet another embodiment, the
waste heat fluid is in a gaseous state.

[0017] FIG. 2 is a graphical illustration 50 of tempera-
tures 52 of a waste heat fluid, the film temperatures 54
of a working fluid, and bulk temperatures 56 of the work-
ing fluid in the preheater, evaporator and superheater
sections of a heat exchanger employing the flow arrange-
ment in FIG. 1. The graphical illustration 50 is a result of
simulation. X-axis 51 represents flow length as a fraction
of the total length of the heat exchanger, while Y-axis 53
represents temperatures in deg C. As illustrated, tem-
peratures 52 of the waste heat fluid increases from about
100 deg C at minimal flow length at the preheater section
58 to about 510 deg C at a flow length of 1 unit at the
superheater 62 section. Similarly, the film temperatures
54 of the working fluid in contact with the waste heat fluid
increase from about 80 deg C at preheater 58 to vary
between about 244 deg C to about 273 deg C in the
evaporator 60, and further to reach a temperature of
about 240 deg C at the superheater 62, which is well
below a threshold temperature of the working fluid. The
bulk temperatures 56 of the working fluid also increase
from about 71 deg C in the preheater to vary between
about 233 deg C and 231 deg C in the evaporator, and
further reach a temperature of about 240 deg C in the
superheater. A narrower gap between the bulk temper-
ature and film temperature of the working fluid, especially
in the superheater section, is clearly indicative of a great-
er stability of the film temperature in the superheater and
limiting of the temperature to a safe limit.

[0018] FIG. 3 is a schematic illustration of another ex-
emplary embodiment of an ORC system 70 to limit tem-
perature of a working fluid 71 below a threshold temper-
ature. A heat source 74 introduces waste heat fluid 76
into a heat exchanger 78. The heat exchanger 78 in-
cludes multiple external 82 and/or internal 84 enhance-
mentfeatures. Inthe illustrated embodiment, the features
include fins. The external enhancement features are con-
figured to reduce a first heat transfer coefficient between
the working fluid 71 and the waste heat fluid 76, external
to the heat exchanger 78. A non-limiting example of ex-
ternal enhancement feature includes fins. Similarly, the
internal enhancement features are configured to in-
crease a second heat transfer coefficient between the
working fluid 71 and the waste heat 76, internal to the
heat exchanger 78. Non-limiting examples of the internal
enhancement features include internal fins, turbulators
or boiling surfaces. In one embodiment, the heat ex-
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changer 78 includes a preheater, an evaporator, and a
superheater.

[0019] Asillustrated herein, the working fluid 71 enters
apreheater 92 inaliquid state. The preheater 92 includes
fins 93 external and uniformly spaced at equal lengths
relative to each other. Further, the working fluid 71 enters
an evaporator 94. A portion 96 of the evaporator 94 in-
cludes fins 98 external at lengths shorter than that at the
preheater 92 and uniformly spaced. A portion 102 of the
evaporator includes external fins 104 and internal fins
106. The external fins 104 are at shorter lengths than
that of the fins 98 and are typically uniformly spaced. The
internal fins 106 are disposed to increase a first heat
transfer coefficient between the working fluid 71 and the
waste heat fluid 76, while reducing a wall temperature of
the evaporator experienced by a film of the working fluid
71. In a particular embodiment, the first heat transfer co-
efficient ranges between about 3000 to about 5000 W/
m2-K . on the fluid side, and has a value of approximately
100 W/ m2-K on the side of the waste heat fluid, in the
embodiment in which that fluid is a gas. The area of the
finsis reducedin sections of the heat exchanger 78 where
the working fluid 71 is vulnerable to overheating. Simi-
larly, in order to compensate, the area of the fins is in-
creased in sections where the working fluid 71 is not vul-
nerable to overheating and to reduce a second heat
transfer coefficient external to the heat exchanger 78. In
an exemplary embodiment, the second transfer coeffi-
cient ranges between about 20000 to about 40000 W/
m2-K on the fluid side, and has a value of approximately
100 W/m”2-K on the side of the waste heat fluid, in the
embodimentin which that fluid is a gas. Furthermore, few
or no external fins are disposed in a superheater 108,
while internal fins 110 may be disposed. In an exemplary
embodiment, a third heat transfer coefficient, on the
working-fluid side of the superheater, has a value of ap-
proximately 15000 W/ m2-K.

[0020] FIG. 4 is a schematic graphical illustration 120
of exemplary temperatures of a working fluid in a pre-
heater, evaporator and a superheater of a heat exchang-
er 78 (FIG. 3). The X-axis 122 represents various sec-
tions of the heat exchanger, specifically, the preheater
124 (also referred to as ’eco’ in FIG. 4), evaporator 126
(also referred to as ’boiler’ in FIG. 4), and superheater
128. The Y-axis 130 represents temperature in deg C.
Curve 134 represents temperature of a waste heat fluid
from an exhaust. The temperature at an exhaust outlet,
represented by reference numeral 136, increases steep-
ly across the preheater, evaporator and superheater at
an exhaust outlet location, represented by reference nu-
meral 138. Similarly, curve 140 represents temperature
of the working fluid increasing starting from an inlet of
the working fluid, represented by reference numeral 142,
in a preheater 124, to reaching a steady state 144 in the
evaporator 126, and further increasing slightly, as shown
by 146, in the superheater 128. It should be noted that
the temperature of the working fluid is maintained below
athreshold temperature, indicated by horizontal line 150,
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in the evaporator and superheater.

[0021] FIG. 5 is a flow chart representing steps in an
exemplary method 170 for limiting temperature of a work-
ing fluid below a threshold temperature in an ORC sys-
tem. The method 170 includes introducing waste heat
fluid into a heat exchanger in step 172, wherein the heat
exchanger includes an evaporator; a superheater and a
preheater. The waste heatfluid is conveyed into the evap-
orator in step 174 to promote heat exchange between
the waste heat fluid and the working fluid at an elevated
temperature vaporized within the evaporator to produce
an evaporator outlet flow including a lower temperature
waste heat fluid. In a particular embodiment, the waste
heat fluid is conveyed in a parallel flow configuration with
the working fluid in the evaporator. The lower tempera-
ture waste heat fluid is then conveyed from the evapo-
rator to a superheater in step 176 to promote heat ex-
change between the lower temperature waste heat fluid
and a relatively higher temperature working fluid con-
tained in the superheater and further producing a super-
heater outlet flow including an elevated temperature
waste heat fluid. In one embodiment, the lower temper-
ature waste heat fluid is conveyed at a temperature be-
tween about 425 to about 475 deg C. The elevated tem-
perature waste heat fluid is further conveyed from the
superheater into a preheater in step 178 to promote heat
exchange with a relatively lower temperature working flu-
id in a liquid state contained in the preheater. In yet an-
otherembodiment, the lower temperature waste heat flu-
id and the elevated temperature waste heat fluid are con-
veyed to the superheater and the preheater respectively
in a counter-flow configuration with the working fluid.
[0022] FIG. 6 is a flow chart representing steps in a
method 190 for providing an organic rankine cycle sys-
tem to limit temperature of a working fluid below a thresh-
old temperature. The method 190 includes providing a
heat source configured to convey waste heat fluid in step
192. A heat exchanger coupled to the heat source is pro-
vided in step 194. The heat exchanger includes multiple
of external and multiple of internal enhancement fea-
tures, wherein the external enhancement features are
configured to reduce a first heat transfer coefficient be-
tween the working fluid and the waste heat fluid from a
heat source, external to the heat exchanger. Further-
more, the internal enhancement features are configured
to increase a second heat transfer coefficient between
the working fluid and the waste heat fluid from a heat
source, internal to the heat exchanger. In one embodi-
ment, providing a heat exchanger includes providing at
least one of a preheater, an evaporator or a superheater.
In another embodiment, the external enhancement fea-
turesincludefins. In yetanotherembodiment, the internal
enhancement features include fins, turbulators, and boil-
ing surfaces.

[0023] The various embodiments of an organic rankine
cycle system and method to limit temperature of the work-
ing fluid provide a highly efficient means to avoid over-
heating and decomposition of the working fluid. The sys-
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tem and method also eliminate the usage of the com-
monly used intermediate fluid loop thus reducing signif-
icant capital cost and complexities. The techniques also
allow for a reduced footprint of a plant, permitting usage
in a wide variety of applications such as, but not limited
to, off-shore oil platforms, where space is at a premium.
[0024] Furthermore, the skilled artisan will recognize
the interchangeability of various features from different
embodiments. For example, the use of a parallel flow
configuration between the working fluid and the waste
heat fluid described with respect to one embodiment can
be adapted for use with a heat exchanger including ex-
ternal enhancement features and internal enhancement
features described with respect to another. Similarly, the
various features described, as well as other known equiv-
alents for each feature, can be mixed and matched by
one of ordinary skill in this art to construct additional sys-
tems and techniques in accordance with principles of this
disclosure.

Claims

1. An organic rankine cycle system (10) configured to
limit temperature of a working fluid (14) below a
threshold temperature, the system (10) comprising:

a heat source (16) configured to provide waste
heat fluid (18);

a heat exchanger (20) coupled to the heat
source (16), the heat exchanger (20) compris-
ing:

a plurality of external (82) and a plurality of in-
ternal (84) enhancement features, wherein the
external enhancement features (82) are ar-
ranged to reduce a first heat transfer coefficient
between the working fluid (14) and the waste
heat fluid (18) from the heat source (16) external
to the heat exchanger (20) and the internal en-
hancement features (84) are arranged to in-
crease a second heat transfer coefficient be-
tween the working fluid (14) and the waste heat
fluid (18) from the heat source (16), internal to
the heat exchanger (20).

2. The system (10) of claim 1, wherein the heat ex-
changer (20) comprises a preheater (28), an evap-
orator (22), and a superheater (24).

3. The system (10) of claim 1 or claim 2, wherein the
external (82) enhancement features comprise exter-
nal fins (93).

4. The system (10) of any one of the preceding claims,
wherein the internal (84) enhancement features
comprise internal fins, or turbulators or boiling sur-
faces.
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The system (10) of any one of the preceding claims,
wherein the heat source (16) is configured to intro-
duce the waste heat fluid into the preheater (28) or
the evaporator (22).

The system (10) of any one of the preceding claims,
wherein the threshold temperature comprises about
300 deg C.

The system of any one of the preceding claims,
wherein the first heat transfer coefficient comprises
a range between about 3000 to about 5000 W/ m2-K
on the working fluid side, 100 W/m”2-K on the gas-
eous waste heat fluid side.

The system of any one of the preceding claims,
wherein the second heat transfer coefficient com-
prises a range between about 20000 to about 40000
W/ m2-K on the working fluid side, 100 W/ m2 -K on
the gaseous waste heat fluid side.

The system of any one of the preceding claims,
wherein the heat source comprises a gas turbine ex-
haust.

A method (190) for providing an organic rankine cy-
cle system to limit temperature of a working fluid be-
low athreshold temperature, the method comprising:

providing (192) a heat source arranged to con-
vey waste heat fluid;

providing (194) a heat exchanger coupled to the
heat source, the heat exchanger comprising:

a plurality of external and a plurality of internal
enhancement features, wherein the external en-
hancement features are arranged to reduce a
first heat transfer coefficient between the work-
ing fluid and the waste heat fluid from a heat
source, external to the heat exchanger and the
internal enhancement features are configured
to increase a second heat transfer coefficient
between the working fluid and the waste heat
fluid from a heat source, internal to the heat ex-
changer.

The method (190) of claim 10, wherein said providing
(194) a heat exchanger comprises providing at least
one of a preheater, an evaporator or a superheater.

The method (190) of claim 10 or claim 11, wherein
said external (82) enhancement features comprise
external fins (93).

The method (190) of any one of claims 10 to 12,
wherein said internal (84) enhancement features
comprise internal fins, turbulators, and boiling sur-
faces.
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Patentanspriiche

1.

Organisches Rankine-Kreisprozess-System (10),
das dazu konfiguriert ist, die Temperatur eines Ar-
beitsfluids (14) unterhalb einer Schwellentempera-
tur zu begrenzen, wobei das System (10) Folgendes
umfasst:

eine Warmequelle (16), die dazu konfiguriert ist,
ein Abwarmefluid (18) bereitzustellen;

einen Warmetauscher (20), der mit der Warme-
quelle (16) gekoppelt ist, wobei der Warmetau-
scher (20) Folgendes umfasst:

eine Vielzahl von externen (82) und eine Viel-
zahl von internen (84) Verbesserungsmerkma-
len, wobei die externen Verbesserungsmerk-
male (82) so angeordnet sind, dass sie einen
ersten Warmeubertragungskoeffizienten zwi-
schen dem Arbeitsfluid (14) und dem Abwarme-
fluid (18) von der Warmequelle (16) aufRerhalb
des Warmetauschers (20) reduzieren und die
internen Verbesserungsmerkmale (84) so an-
geordnet sind, dass sie einen zweiten Warme-
Ubertragungskoeffizienten zwischen dem Ar-
beitsfluid (14) und dem Abwarmefluid (18) von
der Warmegquelle (16) innerhalb des Warmetau-
schers (20) erhéhen.

System (10) nach Anspruch 1, wobei der Warme-
tauscher (20) einen Vorwarmer (28), einen Ver-
dampfer (22) und einen Uberhitzer (24) umfasst.

System (10) nach Anspruch 1 oder Anspruch 2, wo-
bei die externen (82) Verbesserungsmerkmale ex-
terne Rippen (93) umfassen.

System (10) nach einem der vorstehenden Anspri-
che, wobei die internen (84) Verbesserungsmerk-
male innere Rippen oder Turbulatoren oder Siedeo-
berflachen umfassen.

System (10) nach einem der vorstehenden Anspri-
che, wobei die Warmequelle (16) dazu konfiguriert
ist, das Abwarmefluid in den Vorwarmer (28) oder
den Verdampfer (22) einzubringen.

System (10) nach einem der vorstehenden Anspri-
che, wobei die Schwellentemperatur etwa 300 Grad
C umfasst.

System nach einem der vorstehenden Anspriiche,
wobei der erste Warmeuibertragungskoeffizient ei-
nen Bereich zwischen etwa 3000 und etwa 5000
W/m2-K auf der Arbeitsfluidseite, 100 W/m2-K auf
der Seite mit gasférmigem Abwarmefluid umfasst.

System nach einem der vorstehenden Anspriiche,
wobei der zweite Warmetubertragungskoeffizient ei-



10.

1.

12.

13.

11 EP 2 423 473 B1 12

nen Bereich zwischen etwa 20000 und etwa 40000
W/m?2-K auf der Arbeitsfluidseite, 100 W/m2-K auf
der Seite mit gasférmigem Abwarmefluid umfasst.

System nach einem der vorstehenden Anspriiche,
wobei die Warmequelle ein Gasturbinenabgas um-
fasst.

Verfahren (190) zum Bereitstellen eines organi-
schen Rankine-Kreisprozess-Systems zum Be-
grenzen der Temperatur eines Arbeitsfluids unter-
halb einer Schwellentemperatur, wobei das Verfah-
ren Folgendes umfasst:

Bereitstellen (192) einer Warmequelle, die so
angeordnetist, dass sie Abwarmefluid transpor-
tiert;

Bereitstellen (194) eines Warmetauschers, der
mit der Warmequelle gekoppelt ist, wobei der
Warmetauscher Folgendes umfasst:

eine Vielzahl von externen und eine Viel-
zahl von internen Verbesserungsmerkma-
len, wobei

die externen Verbesserungsmerkmale so
angeordnet sind, dass sie einen ersten
Warmedubertragungskoeffizienten zZwi-
schen dem Arbeitsfluid und dem Abwarme-
fluid von einer Warmequelle au3erhalb des
Warmetauschers reduzieren und die inter-
nen Verbesserungsmerkmale so konfigu-
riert sind, dass sie einen zweiten Warmed-
bertragungskoeffizienten zwischen dem Ar-
beitsfluid und dem Abwarmefluid von der
Warmequelle innerhalb des Wéarmetau-
schers erhéhen.

Verfahren (190) nach Anspruch 10, wobei das Be-
reitstellen (194) eines Warmetauschers das Bereit-
stellen mindestens eines von einem Vorwarmer, ei-
nem Verdampfer oder einem Uberhitzer umfasst.

Verfahren (190) nach Anspruch 10 oder Anspruch
11, wobei die externen (82) Verbesserungsmerkma-
le externe Rippen (93) umfassen.

Verfahren (190) nach einem der Anspriiche 10 bis
12,wobeidieinternen (84) Verbesserungsmerkmale
innere Rippen, Turbulatoren und Siedeoberflachen
umfassen.

Revendications

1.

Systeme a cycle organique de Rankine (10) confi-
guré pour limiter la température d’un fluide de travail
(14) en dessous d’une température seuil, le systéeme
(10) comprenant :

10

15

20

25

30

35

40

45

50

55

une source de chaleur (16) configurée pour four-
nir un fluide de chaleur résiduelle (18) ;

un échangeur thermique (20) couplé ala source
de chaleur (16), I'échangeur thermique (20)
comprenant :

une pluralité de caractéristiques d’amélioration
externes (82) et une pluralité d’internes (84),
dans lequel les caractéristiques d’amélioration
externes (82) sont agencées pour réduire un
premier coefficient de transfert thermique entre
le fluide de travail (14) et le fluide de chaleur
résiduelle (18) a partir de la source de chaleur
(16) externe a I’échangeur thermique (20) etles
caractéristiques d’amélioration internes (84)
sont agencées pour augmenter un deuxiéme
coefficient de transfert thermique entre le fluide
de travail (14) et le fluide de chaleur résiduelle
(18) a partir de la source de chaleur (16), interne
a I'échangeur thermique (20).

Systeme (10) selon la revendication 1, dans lequel
I’échangeur thermique (20) comprend un préchauf-
feur (28), un évaporateur (22) et un surchauffeur
(24).

Systeme (10) selon la revendication 1 ou la reven-
dication 2, dans lequel les caractéristiques d’amé-
lioration externes (82) comprennent des ailettes ex-
ternes (93).

Systeme (10) selon I'une quelconque des revendi-
cations précédentes, dans lequel les caractéristi-
ques d’amélioration internes (84) comprennent des
ailettes internes, ou des dispositifs de turbulence ou
des surfaces d’ébullition.

Systeme (10) selon I'une quelconque des revendi-
cations précédentes, dans lequel la source de cha-
leur (16) est configurée pour introduire le fluide de
chaleurrésiduelle dans le préchauffeur (28) ou I'éva-
porateur (22).

Systeme (10) selon I'une quelconque des revendi-
cations précédentes, dans lequel la température
seuil comprend environ 300 deg C.

Systeme selon 'une quelconque des revendications
précédentes, dans lequel le premier coefficient de
transfert thermique comprend une plage entre envi-
ron 3000 et environ 5000 W/m2-K sur le c6té fluide
de travail, 100 W/m2-K sur le cété fluide de chaleur
résiduelle gazeux.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le deuxiéme coefficient de
transfert thermique comprend une plage entre envi-
ron 20 000 et environ 40 000 W/m2-K sur le coté
fluide de travail, 100 W/m2-K sur le cété fluide de
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chaleur résiduelle gazeux.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel la source de chaleur com-
prend un échappement de turbine a gaz.

Procédé (190) pour fournir un systéme a cycle or-
ganique de Rankine afin de limiter la température
d’un fluide de travail en dessous d’'une température
seuil, le procédé comprenant :

la fourniture (192) d’'une source de chaleur
agencée pour transporter un fluide de chaleur
résiduelle ;

la fourniture (194) d’'un échangeur thermique
couplé a la source de chaleur, I'échangeur ther-
mique comprenant :

une pluralité de caractéristiques d’amélioration
externes et une pluralité d’internes, dans lequel
les caractéristiques d’amélioration externes
sont agencées pour réduire un premier coeffi-
cient de transfert thermique entre le fluide de
travail et le fluide de chaleur résiduelle a partir
d’une source de chaleur, externe a I'échangeur
thermique et les caractéristiques d’amélioration
internes sont configurées pour augmenter un
deuxiéme coefficient de transfert thermique en-
tre le fluide de travail et le fluide de chaleur ré-
siduelle a partir d’'une source de chaleur, interne
a I'échangeur thermique.

Procédé (190) selon larevendication 10, dans lequel
ladite fourniture (194) d’'un échangeur thermique
comprend la fourniture d’au moins I'un parmi un pré-
chauffeur, un évaporateur ou un surchauffeur.

Procédé (190) selon la revendication 10 ou la reven-
dication 11, dans lequel lesdites caractéristiques
d’amélioration externes (82) comprennent des ailet-
tes externes (93).

Procédé (190) selon I'une quelconque des revendi-
cations 10 a 12, dans lequel lesdites caractéristiques
d’amélioration internes (84) comprennent des ailet-
tes internes, des dispositifs de turbulence et des sur-
faces d’ébullition.
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