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[57] ABSTRACT

Heat transfer apparatus comprising a pair of heat ex-
changers connected in a closed system containing a
heat transfer fluid made up of a mixture of at least two
fluids having different boiling points, the starting fluid,
i.c., the fluid with the lower boiling point having a
freezing point lower than the freezing point of the op-
erating fluid, i.e., the fluid with the higher boiling
point; the application of heat to the first of the heat
exchangers converting liquid fluid therein to vapor
which flows into the second heat exchanger from
which heat is extracted for converting the vapor
therein to a liquid at a temperature and pressure lower
than in the first heat exchanger; means to feed liquid
from the second heat exchanger into the first heat ex-
changer; and means for trapping liquid starting fluid as
it is produced by the second heat exchanger during
the initial application of heat to the first heat ex-
changer and for preventing the return of the trapped
liquid starting fluid to the first heat exchanger as long
as sufficient heat is applied thereto whereby the oper-
ating fluid circulates around the system after the start-
ing fluid is trapped.

15 Claims, 4 Drawing Figures
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HEAT TRANSFER APPARATUS

This invention relates to heat transfer apparatus of
the type having a pair of heat exchangers intercon-
nected in a closed system, and more particularly to a
closed Rankine cycle power plant.

Heat transfer apparatus of the type having a pair of
heat exchangers interconnected in a closed system
finds wide use in many industrial processes. An ex-
tremely simple example is that of a water boiler furnish-
ing steam to a heat exchanger in which heat is extracted
from the steam in carrying out anindustrial process
thereby condensing the steam producing water which
can be fed back into the boiler to complete a cycle. A
more complex example is- a closed Rankine cycle
power plant that operates with an organic working
fluid. Such a power plant corresponds to the above de-
scribed heat transfer apparatus because the boiler that
vaporizes the working fluid constitutes one of the heat
exchangers of the apparatus, and while the other heat
exchanger is constituted by the turbine and condenser.
The turbine expands the vapour furnished by the boiler
and drives a load such as an electrical generator while
the condenser converts the turbine exhaust vapor into
a liquid at a temperature and pressure lower than in the
boiler. Suitable means are provided in the power plant
for feeding the condensed liquid back into the boiler.

Power plants of this type are described in detail in
U.S. Pat. Nos. 3,393,515 and 3,409,782. They can be
designed to be highly reliable and relatively efficient;
and are currently used, therefore, in powering commu-
nication equipment on either a continuous or standby
basis in remote unmanned relay stations which, by rea-
son of their inaccessibility, can be refuelled and ser-
viced only infrequently.

A suitable working fluid for this type of power plant
is ortho-dichlorobenzene (ODB) which has good ther-
modynamic properties, is satisfactory for lubricating
the bearings of the rotating components of the power
plant, and does not corrosively attack the material of
the power plant at the usual boiler operating tempera-
tures which may be as high as about 200°C. ,

Power plants using ODB are satisfactory in any envi-
ronment where the ambient temperature exceeds the
freezing point of ODB, which is about — 17°C. In gen-
eral, the coldest part of the system in contact with the
working fluid is the condenser which is usually de-
signed to operate under steady state conditions at a
particular incremental temperature difference above
the ambient temperature to provide the desired rate of
heat rejection. Thus, under steady state operating con-
ditions, the liquid in the condenser can be maintained
at a temperature above its freezing point, and the tem-
perature of all the components in contact with the va-
pour can be maintained at a level that exceeds the dew-
point of the vapour. The problem, however, is in start-
ing up the apparatus under ambient conditions below
the freezing point of the working fluid when all of the
components of the system are at ambient temperature.

In order to start up successfully, it is necessary to
slowly and carefully warm the various- components
while at all times ensuring that liquid working fluid.con-
densing on cold componerits will not freeze and block
the system; and considerable time and manual éffort is
usually involved. This is not acceptable in any installa-
tion where, for example, the apparatus is on a standby
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basis and must be capable of automatically starting up
and rapidly reaching a steady state operating condition
after being put into service.

It is therefore an object of the present invention to
provide a new and improved heat transfer apparatus of
the type having a pair of heat exchangers intercon-
nected in a closed system, and more particularly a
closed Rankine cycle power plant, in which the above
referred to disadvantages and difficulties in starting up
are substantially reduced or overcome.

According to the present invention, there is provided
heat transfer apparatus comprising a pair of heat ex-
changers connected in a closed system containing a
heat transfer fluid made up of a mixture of at least two
fluids having different boiling points, the starting fluid,
Le., the fluid with the lower boiling point having a
freezing point lower than the freezing point of the oper-
ating fluid, i.e., the fluid with the higher boiling point;
the application of heat to the first of the heat exchang-
ers converting liquid fluid therein to vapor which flows
into the second heat exchanger from which heat is ex-

tracted for converting the vapor therein to a liquid at

a temperature and pressure lower than in the first heat
exchanger; means to feed liquid from the second heat
exchanger into the first heat exchanger; and means for
trapping liquid starting fluid as it is produced by the
second heat exchanger during the initial application of
heat to the first heat exchanger and for preventing the
return of the trapped liquid starting fluid to the first
heat exchanger as long as sufficient heat is applied
thereto whereby the operating fluid circulates around
the system after the starting fluid is trapped. '
During the initial application of heat to the first heat
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the starting fluid boils off before the operating fluid be-
gins to vaporize. The vaporized starting fluid will give
up heat to all of the components of the heat transfer ap-
paratus in contact therewith and will eventually con-
dense in the second heat exchanger and be trapped.
Having a relatively low freezing point, the condensed
starting fluid will not freeze when the ambient tempera-
ture is below the freezing point of the operating fluid.
By the time most of the starting fluid in the system has
been condensed by the second heat exchanger, the
components of the heat transfer apparatus including
the second heat exchanger, will be at a temperature
above the freezing point of the operating fluid in the
liquid state. At this point, the operating fluid will begin
to be vaporized by the first heat exchanger and will
begin to circulate around the system, the trapped start-
ing fluid remaining trapped as long as sufficient heat is
applied to the first heat exchanger.

In the preferred form of the invention, the liquid
starting fluid is trapped in a tank connected to the sec-
ond heat exchanger, the trapping being carried out au-
tomatically and independently of any sensor and con-
trol by means of a check-valve in the liquid line con-
necting the tank to the first heat exchanger. The check
valve prevents pressurized liquid in the first heat ex-
changer from flowing into the tank but effects the grav-
ity flow of liquid in the tank into the first heat ex-
changer in response to the termination of the applica-
tion of heat thereto. In alternative arrangements, the
check valve may be replaced by a solenoid or pneumat-
ically operated valve which is closed when a sensor de-
termines that all of the starting fluid has been trapped
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in the tank, or even by a manually operated valve if the
circumstances of use permit. ,

In one embodiment of the invention, the check valve
is positioned below the tank and remains closed until
a predetermined quantity of the liquid starting fluid is
in the tank. The location of the tank relative to the first
heat exchanger is such that after such predetermined
quantity of starting fluid is in the tank, the hydrostatic
head on the check valve causes the valve to open and
effects the passage of liquid from the second heat ex-
changer into the first heat exchanger. Most or all of this
liquid will be in the operating fluid. In this form of the
invention, the starting fluid may have a boiling point
much lower than that of the operating liquid. In the
preferred embodiment of this form of the invention, the
heat transfer apparatus is in the form of a closed Ran-
kine cycle power plant, the boiler of which constitutes
the first exchanger and the turbine and condenser of
which constitute the second heat exchanger. In this em-
bodiment of the invention, the starting fluid is prefera-
bly a lower aliphatic monchydric alcohol of up to three
carbon atoms, and is preferably methyl alcohol while
the operating fluid is preferably ODB. Alternatively,
the heat transfer fluid could be a mixture of inorganic
fluids such as SnCl,; and SnBr,.

In another form of the invention, a connection may
exist between the vapor side of the tank and the vapor
side of the second heat exchanger for feeding vaporized
starting fluid back into the second heat exchanger
when the vapor pressure in the tank exceeds the vapor
pressure in the second heat exchanger. With this ar-
rangement the starting fluid should have a vapor pres-
sure at ambient temperature which is no greater than
the vapor pressure in the second heat exchanger under
steady state operating conditions. This arrangement
will preclude feedback of the vaporized starting fluid
under steady state operating conditions but will permit
feedback to occur when the temperature in the second
heat exchanger begins to drop to a level which may re-
sult in the freezing of the liquid operating fluid in the
second heat exchanger. The feedback of vapor of the
starting fluid into the second heat exchanger under
these conditions will result in the condensation of some
of the starting fluid, and the resultant liquid will mix
with the operating fluid in the liquid in the second heat
exchanger thereby depressing its freezing point and
preventing solidifcation.

In order to remove the starting fluid from the cycle
after the heat transfer apparatus is brought back to its
desired operating conditions, the connection between
the vapor side of the tank and the vapor side of the sec-
ond heat exchanger preferably includes a distillation
column separate from or functionally a part of the sec-
ond heat exchanger for condensing starting fluid from
the vapor in the second heat exchanger. Optionally, a
shut-off valve may be interposed between the tank and
the vapor side of the second heat exchanger, which
valve is controlled, for example, by a sensor, by a float
in the tank, or by manual operation.

In the preferred embodiment of this form of the in-
vention, the heat transfer apparatus is a closed Rankine
cycle power plant wherein the operating fluid is ODB.
The preferred starting fluid is methylcyclohexane. To
provide additional control over the feedback of the va-
porized starting liquid from the tank, it is optional to
maintain the tank at a substantially constant tempera-
ture independent of ambient conditions. One way in
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4

which to achieve this when the boiler is heated by burn-
ing fuel is to locate the tank in the flue through which
are vented the gases produced by the burning fuel.

The heat transfer fluid according to the present in-
vention is preferably a mixture of the starting and oper-
ating fluids. Optionally, however, the heat transfer fluid
can be any mixture of other fluids with the starting and
operating fluids such that the starting fluid is separat-
able by distillation. In general, the heat transfer fluid
according to the present invention could also be a mix-
ture of organic and inorganic fluids, or all inorganic flu-
ids. For example, the starting fluid could be SnCl, and
SnBr, which are suitable for turbine operation.

Embodiments of the invention are illustrated by way
of example in the accompanying drawings, wherein:

FIG. 1 is a block diagram of one form of a transfer
apparatus according to the present invention;

FIG. 2 is the preferred form of the embodiment
shown in FIG. 1;

FIG. 3 is another embodiment of the present inven-
tion; and

FIG. 4 is a control system particularly applicable to
the embodiment of the invention shown in FIG. 3.

Referring now to FIG. 1 of the drawings, reference
numeral 10 designates heat transfer apparatus of the
type having a pair of heat exchangers 11 and 12 inter-
connected in a closed system. Contained within the sys-
tem is a heat transfer fluid made up of a mixture of two
fluids having different boiling points. The fluid with the
lower boiling point is termed the starting fluid and has
a freezing point lower than the other fluid which is
termed the operating fluid. For example, the operating
fluid may be water and the starting fluid may be methyl
alcohol.

When apparatus 10 is in its quiescent state, all of the
heat transfer fluid is contained within the heat ex-
changer 11 and all of the various components of the
system are at ambient temperature which may be in the
range between the freezing points of the two fluids that
constitute the heat transfer fluid. As heat is applied to
heat exchanger 11 to start up the system from its quis-
cent state, the starting fluid vaporizes before the oper-
ating fluid by reason of its lower boiling point, and va-
porized starting fluid flows into heat exchanger 12
where heat in the vapor is extracted and the vaporized
starting fluid is converted to a liquid which flows down
into vertical pipe 13. Check valve 14, closed by the
pressure in the heat exchanger 11 due to the applica-
tion of heat thereto, is also closed to the flow of the
starting liquid in pipe 13 above the checkvalve. At this
point, a discontinuity exists in the closed cycle and the
starting fluid vaporized in heat exchanger 11 is not re-
turned to the heat exchanger. Instead, the liquid start-
ing fluid travels through pipe 15 and collects in tank 16.

The check valve 14 is spring loaded to prevent the
fluid in vertical pipe 13 from returning to heat ex-
changer 11 until a predetermined pressure differential
exists across the valve. Consequently, tank 16 fills with
liquid starting fluid as this fluid is boiled off in the heat
exchanger 11 and is condensed in heat exchanger 12,

During the time that the starting fluid is filling tank
16, the heat in the vaporized starting fluid is given up
to the piping associated with the heat transfer appara-
tus as well as to the structure of the heat exchanger 12
thereby warming all of these components. Eventually,
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all of the starting fluid will be boiled off in heat ex-
changer 11 and condensed in heat exchanger 12, the
liquid starting fluid being trapped in tank 16. At this
point, the components of the system will be warmed to
a temperature at least above the freezing point of the
operating fluid, and most of the components in contact
with the vaporized operating fluid will be at a tempera-
ture above the dew point of the operating fluid. The
vapor pressure in the tank 16, combined with the hy-
drostatic head of liquid in the vertical pipe 13, acting
in one direction on the check valve 14 will now exceed
the combined spring load on the check valve and the
pressure and hydrostatic head on the valve due to the
liquid and the vapor in heat exchanger 11. Conse-
quently, the check valve will now open and the liquid
in vertical pipe 13 will begin to flow through the valve
and into heat exchanger 11. Such liquid, at this point,
will be the operating fluid which will continue to circu-
late around the system to the exclusion of the starting
fluid which remains trapped in the tank 16 as long as
heat is applied to heat exchanger 11. Thus, by the time
the operating fluid begins to circulate through the sys-
tem, the latter will be warmed sufficiently to prevent
any condensation of the operating fluid from freezing
despite an ambient termperature that is below the
freezing point of this fluid.

Alternative to the above described arrangement,
which is a passive system that is automatically operable
without sensor and controls, the check valve may be
replaced with a pump which is turned on when the lig-
uid in tank 16 reaches a predetermined level as sensed,
for example, by a float valve, indicating that all of the
starting fluid has been trapped in the tank. This ar-
rangement eliminates the gravity feed aspect of the ap-
paratus and is of general application when the density
of fluids employed and the space considerations in-
volved are not amenable to the arrangement for gravity
feed shown in FIG. 1. '

In one embodiment of the present invention based on
the general system shown in FIG. 1, the heat transfer
apparatus takes the form of a closed Rankine cycle
power plant 20, as shown in FIG. 2, utilizing an organic
or an inorganic operating fluid. Here, boiler 21 corre-
sponds to heat exchanger 11 ih FIG. 1, and turbine 22
and condenser 23 correspond to heat exchanger 12. In
a power plant designed to furnish power in remote
communication relay stations, the preferred operating
fluid is ortho-dichlorobenzene (ODB), and in its ready
state of operation saturated vaporized ODB from boiler
21 is delivered to turbine 22 which expands the vapors
driving electric generator 24 which furnishes power to
an electrical load 25 through a load sensor device 26.
Condenser 23 functions to convert the turbine exhaust
vapor into a liquid at a pressure lower than in the boiler
21 and at a temperature that is a predetermined incre-
ment above ambient temperature which may lower
than the freezing point of ODB, namely lower than
about —17°C. In steady state operation, therefore, the
liquid in the condenser will not freeze since the con-
denser is designed to hold the liquid at a temperature
of above its freezing point.

As explained in the U.S. patents identified earlier, the
condenser liquid may pass by gravity through the bear-
ings 27 of the rotating components of the power plant,
and by reason of the hydrostatic head in vertical pipe
28, the liquid therein may pass through check valve 29
and into boiler 21 completing a cycle. Heat is applied
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to the boiler by burning fuel such as a bottled gas con-
tained in a tank 30 and supplied to a burner 31 through
control valve 32 whose setting is established by the load
sensor 26.

When the power plant is on a stand-by basis in an en-
vironment, such as Canada or Alaska where the ambj-
ent temperature is often below the freezing point of
ODB, all of the liquid in the system will be drained into
boiler 21. The contents of the boiler under such cir-
cumstances will be the operating fluid ODB and the
starting fluid which may be lower aliphatic monohydric
alcohol of up to three carbon atoms, and preferably is
methyl alcohol. The volume of starting fluid will be
such as to completely fill tank 33 at the instant check
valve 29 is opened by the hydrostatic head thereon.
With this arrangement, the initial application of heat to
boiler 21 occasioned by the opening of control valve 32
and the ignition of burner 31 will cause the starting
fluid to boil off and pass into the turbine and con-
denser. The starting fluid, having poor thermodynamic
properties so far as having the turbine extract work
therefrom, will have little effect on driving the turbine
with the result that the bearings 27 will be lubricated
well before rotation occurs. More importantly, how-
ever, all of the various structural members and the vari-
ous components of the power plant will be heated to a
level that will prevent freezing of condensed operating
fluid when the latter begins to boil off in the boiler.
Thereafter, the operating of the power plant 20 is the
same as described above in connection with FIG. 1.

Starting fluids other than those identified above can
be utilized with the power plant shown in FIG. 2 subject
to the constraint that the starting fluid should have a
freezing point of the operating fluid ODB, and a boiling
point considerably below the boiling point of ODB. Al-
ternatively, inorganic fluids such as SnCl, and SnBr,
can be used as the heat transfer fluid.

One of the problems with the power plant shown in
FIG. 2 is the possibility that under certain ambient con-
ditions and under very light loads on the power plant
the temperature of the liquid in condenser 23 will ap-
proach the freezing point of the operating fluid. Under
these circumstances it would be desirable to feed back
into the condenser some of the starting fluid trapped in
tank 33, in order to have the vaporized starting fluid
condense in condenser 23 and lower the freezing point
of the liquid therein. In this manner, a portion of the
starting fluid will reamin in the operating fluid main-
taining the temperature of the liquid in the system at a
level above its freezing point. The problem with this ap-
proach is the elimination of the starting fluid from the
system once the power plant is brought back up to
higher power levels or when the ambient temperature
increases. i

This problem is solved, by utilizing configuration 40
as shown in FIG. 3. In this configuration, the boiler 42
is positioned below the main condenser 41 at a level
that provides a sufficient hydrostatic head for the con-
densed liquid to enter the boiler. Associated with the
vapor side of the condenser is a distillation column des-
ignated generally by reference numeral 43 and de-
signed to condense starting fluid contained in the main
condenser and cause the liquid starting fluid to be col-
lected to tank 44 which is connected to -boiler 42 by
means of check valve 45 operating on the same princi-
ples as the check valve in the previous embodiment.
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During steady state operating, the tank 44 is prefera-
bly held at a fixed temperature by jacket 46 through
which pass the flue gases 47 generated by the combus-
tion of fuel by the burner. Consequently, the vapor
pressure in the tank will be maintained at a substan-
tially constant level independent of ambient weather
conditions. The starting fluid is. selected so that its
vapor pressure at the reference temperature estab-
lished by the jacket 46 will be no greater than the vapor
pressure of the operating fluid in the condenser at its
design operating point. Consequently, when the
weather turns colder than the design calls for or the
load on the turbine is lighter than the design load, the
temperature of the liquid operating fluid in the con-
denser will drop causing a drop in the vapor pressure
in the main condenser. With a suitable starting fluid in
the tank 44, feedback of vaporized starting fluid will
occur depressing the freezing point of the liquid circu-
lating through the power plant thus preventing the
freezing of the liquid in the main condenser. When the
weather turns warmer or the load increases, the starting
fluid will be distilled out of the vapor in the condenser
and collected once more in tank 44. At shutdown, the
liquid in tank 44 will pass through check valve 45 due
to the decrease in the boiler pressure and into the
boiler as described previously.

At start-up, the starting fluid will boil off first and
function to heat up the structure and the components
of the power plant or as described previously. The pre-
ferred starting fluid for this embodiment is methylcy-
clohexane whose vapor pressure, boiling point and
freezing point have the desired relationship with the
vapor pressure boiling point and freezing of ODB in the
temperature and pressure range of interest.

Holding the temperature of tank 44 at a constant ref-
erence temperature is the preferred arrangement since
this will isolate the control of feedback from ambient
temperature. This will also ensure that the starting fluid
will not freeze under extremely cold conditions during
steady state operation. However, it is also possbile
under many circumstances to dispense with the jacket
46 and permit the tank 44 to be exposed to ambient
conditions.

In a further optional arrangement, it is also possible
to control the feedback by means of a valve interposed
between the distillation column and the tank in which
the starting fluid is collected. Reference is made to
FIG. 4 which shows one way in which the disconnec-
tion of the distillation column from the tank can be
achieved. Specifically, a valve is provided in the line
connecting the distillation column to the trap, and the
operation of the valve is controlled by a float in the
tank. In this manner, the level of liquid in the tank can
be utilized to effect its disconnection from the distilla-
tion column. Alternatively, disconnection can be by
way of a solenoid, pneumatic or manually operated
valve.

We claim;

1. Heat transfer apparatus comprising:

a. a pair of heat exchangers connected in a closed

system,

b. a heat transfer fluid contained within the system
and made up of a mixture of at least two fluids
termed the starting and the operating fluids, the
starting fluid having a lower boiling point than the
operating fluid, and a freezing point lower than the
freezing point of the operating fluid whereby the
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application of heat to the first of the heat exchang-
ers converts liquid fluid therein to vapor which
flows into the second heat exchanger from which
heat is extracted for converting the vapor therein
to a liquid at a temperature and pressure lower
than in the first heat exchanger;

“c. means to feed liquid from the second heat ex-
changer into the first heat exchanger; and

d. means for trapping liquid starting fluid as it is pro-

duced by the second heat exchanger during the ini-
tial application of heat to the first heat exchanger
and for preventing the return of the trapped liquid
starting fluid to the first heat exchanger as long as
sufficient heat is applied thereto whereby the oper-
ating fluid circulates around the system after the
starting fluid is trapped.

2. Heat transfer apparatus according to claim 1,
wherein the means for trapping the liquid starting fluid
includes a tank connected to the second heat ex-
changer, and a check valve in the liquid line connecting
the tank to the first heat exchanger for preventing pres-
surized liquid therein from flowing into the tank and for
effecting the gravity flow of liquid in the tank into the
first heat exchanger in response to the termination of
the application of heat thereto.

3. Heat transfer apparatus according to claim 2,
wherein the check valve is positioned below the tank
and remains closed until the tank fills with liquid start-
ing fluid after which the hydrostatic head on the check
valve causes the valve to open and effect the passage
of liquid from the second heat exchanger into the first
heat exchanger.

4. Heat transfer apparatus according to claim 2
wherein a shut-off valve is interposed between the tank
and the check valve for selectively disconnecting the
tank from the first heat exchanger.

5. Heat transfer apparatus according to claim 1
wherein the heat transfer apparatus is a closed Rankine
cycle power plant, the first heat exchanger is a boiler,
and the second heat exchanger includes a turbine for
expanding the boiler vapor and driving a load such as
an electrical generator, and a condenser for converting
the turbine exhaust vapor to a liquid at a temperature
and pressure lower than in the boiler.

6. Heat transfer apparatus according to claim 5,
wherein the starting fluid is a lower aliphatic monohy-
dric alcohol of up to three carbon atoms, and is prefer-
ably methyl alcohol, and the operating fluid is ODB.

7. Heat transfer apparatus according to claim 2,
wherein a connection exists between the vapour side of
the tank and the vapour side of the second heat ex-
changer for feeding vapourized starting fluid back into
the second heat exchanger when the vapour pressure in
the tank exceeds the vapour pressire in the second heat
exchanger.

8. Heat transfer apparatus according to claim 7,
wherein the starting fluid has a vapour pressure at am-
bient temperature that is no greater than the vapour
pressure in the second heat exchanger under design op-
erating conditions.

9. Heat transfer apparatus according to claim 7,
wherein the connection includes a distillation column
separate from or a part of the second heat exchanger
for condensing starting fluid from the vapour in the sec-
ond heat exchanger.
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10. Heat transfer apparatus according to claim 6,
wherein a shut-off valve is interposed between tbe tank
and the vapour side of the second heat exchanger.

11. Heat transfer apparatus according to claim 10,
wherein the shut-off valve is operated by a float in the
tank.

12. Heat transfer apparatus according to claim 7,
wherein the heat transfer apparatus is a closed Rankine
cycle power plant, the first heat exchanger is a boiler,
and the second heat exchanger includes a turbine for
expanding the boiler vapour and driving a load such as
an electrical generator, and a condenser for converting
the turbine exhaust vapour to a liquid at a temperature
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and pressure lower than in the boiler.

13. Heat transfer apparatus according to claim 10,
wherein the operating fluid is ODB and the starting
fluid is methylcyclohexane.

14. Heat transfer apparatus according to claim 12
wherein the tank is maintained at a substantially con-
stant temperature independent of ambient conditions.

15. Heat transfer apparatus according to claim 14,
wherein heat is applied to the boiler by burning fuel

and the tank is heated by the flue gases.
* % #* * %k



