
2090539 ENERGY EFFICIENT APPARATUS AND PROCESS FOR VAPORIZING. A LIQUID AND
CONDENSING THE VAPORS THEREOF TECHNICAL FIELD This invention relates to a
novel apparatus and process for conducting a distillation and specifi-
cally relates to a novel vapor degreasing apparatus and 5   novel process
for vapor degreasing.  Additionally, this invention relates to an apparatus
and process useful for carrying out a chemical reaction under reflux condi-
*    tions. BACKGROUND ART 10              It is known to use the condenser
and evapora- tor coil of a closed refrigeration system to heat a fluid and
to condense the vapors of a fluid.  Illustra- tive of this type of prior
art are U.S  Patent 1,466,670 to Monti, U.S. Patent 3,070,463 to Barday,
U.S. Patent 15   3,091,098 to-Bowers, U.S. Patent 3,234,109 to Lustenader,
U.S. Patent 3,299,649 to McGrath et al., U.S. Patent 3,460,990 to Barday,
U.S. Patent 3,461,460 to McGrath, U.S. Patent 3,486,985 to McGrath, U.S.
Patent 3,492,205 to Webber, U.S. Patent 3,699,006 to Hasslacher, U.S. 20
Patent 3,869,351 to Schwartzman, U.S. Patent 4,003,798 to McCord, U.S.
Patent 4,014,751 to McCord, U.S. Patent 4,209,364 to Rothschild, U.S.
Patent 4,210,461 to Moree et al. (column 2, line 66 through column 3, line
11), and U.S. Patent 3,308,839 to Barday. 25              Also known is
control of the vapor level    -2- within a degreaser apparatus by using a
temperature sensing device to actuate a flow control valve that regulates
the flow of cooling fluid in the cooling coils.  Exemplary of this type of
prior art is U.S. 5   Patent 4,078,974 to McCord, which discloses that the 



heating element thereof may be a condensing coil in a refrigeration system
(column 3, lines 43-45). The Schwartzman patent, listed above, shows the
use of a coil 25 to provide an additional cooling 10   effect and in order
to warm the seawater prior to entry into the tank thereof.  Coil 25 is
located above evapor- ator coil 24 of the refrigeration system thereof.
U.S. Patents 3,308,839 and 3,460,990 to Bar- day, listed above, show use of
a water-cooled heat- 15   absorbing element 56 for maintaining thermal
equili- brium.  However, Barday's apparatus unnecessarily enables removal
of some of the sensible heat in the working fluid passing from the
condenser to the evapor- ator coil of the refrigeration system thereof, by
sup- 20   plemental heat absorbing element 58. This prior art and the other
prior art of which we are aware fails to provide an energy efficient
apparatus and process for vaporizing a liquid and con- densing the vapors
thereof that utilizes heat of com- 25   pression for vaporizing the liquid
and that is capable of maintaining thermal balance in the apparatus by
modulation of heat extraction from vapors of the liquid. Furthermore, this
prior art fails to provide an energy efficient apparatus and process of the
type described 30   above that results in an increased distillation rate,
an increased condensation rate, an increased delivery of heat to a
condenser of the closed refrigeration system, and an increased coefficient
of performance. DISCLOSURE OF THE INVENTION 35              It is
accordingly one object ot. the present invention to provide a novel
apparatus and method that utilize heat of compression for vaporizing a
liquid and that maintain thermal balance in a closed refrigeration    - 3 -



system used to vaporize the liquid and condense the vapors thereof, by
modulating heat extraction from the vapors. A further object of the present
invention is to provide an apparatus and process of this type that provides
an 5  increased distillation rate, an increased condensation rate, an
increased delivery of heat to a condenser of the closed refrigeration
system, and an increased coefficient of performance. According to one
aspect of the present invention there 10  is provided apparatus for
vaporizing a liquid and condensing the vapors thereof, comprising a still
for containing a liquid to be vaporized and a closed refrigeration system
to utilize heat of compression for vaporizing the liquid, said
refrigeration system comprising a compressor, a 15 condenser in said still
to be in heat transfer relationship with liquid to be vaporized in the
still and an evaporator coil, provided in the still at a location to form a
main cooling coil to condense vapor which has been evaporated from liquid
heated by the condenser, means being provided 20 for preventing excess heat
building up in the apparatus during use thereof through the supply of
energy to operate the compressor, said means for preventing heat build up
comprising an auxiliary cooling coil provided in the still at a location
beneath the evaporator coil 25 but in a position to contact vapor rising up
the still, a temperature sensor, and means forlcontrolling the flow of
coolant through said auxiliary cooling coil responsive to said sensor.
4- The auxiliary coil serves to contact the vapors resulting from
vaporization of the liquid and to extract from the vapors  heat in excess
of that necessary to maintain thermal balance in the apparatus.  The
auxiliary coil 5  is separate from the refrigeration system, and is
situated 



between the condenser and the evaporator coil whereby the excess heat is
removed prior to the vapors contacting and condensing upon the evaporator
coil.  The auxiliary coil has heat extraction controlling means, which
control 10  heat extraction by the auxiliary coil whereby the excess heat
is removed by the auxiliary coil from the vapors. In a particularly useful
embodiment, the apparatus further includes a trough for collecting the
condensed vapors.  The trough is located within the still and 15  situated
between the condenser and the auxiliary coil, as a result of which the
condensed vapors are collected within the still for removal therefrom. A
further aspect of the invention provides a process of vaporizing a liquid
and condensing the vapors thereof 20  wherein heat of compression is used
for vaporizing the' liquid, such process comprising passing a working fluid
through a closed refrigeration system including a condenser located within
a still containing a liquid being vaporized, the condenser being in
heat-transfer relationship with 25  the liquid, an evaporator coil also
located in the still acting as a main cooling coil to condense vapors
rising up the still and a compressor, and controlling the removal of excess
heat from the system so as to maintain thermal    5 balance in its system
by additional cooling under the control of a sensor in the still or the
refrigeration system, the additional cooling being done by means of an
auxiliary cooling coil located in the still beneath the 5 evaporator coil
but above the level of liquid in the still, the flow of coolant through the
auxiliary cooling coil being automatically controlled in response to
changes in the temperature parameter sensed by the sensor to maintain a
required level of vapor in the still. 10         The invention will be
further described with reference 



to the accompanying drawings the single figure of which illustrates a
particularly useful embodiment of apparatus embodying the present
invention. In the especially useful embodiment described below, 15 the
condensed vapors are collected in a trough located within a still in which
vaporization takes place, for 'removal of the condensate from the still.
In    -6- this embodiment, the apparatus of the present invention is used
with particular advantage as a vapor degreaser. However, when the present
invention is used for carrying out a chemical reaction under reflux
conditions, the 5   condensed vapors are allowed to return to the still
bot- tom, and repeated vaporization and condensation occurs. In another
embodiment of the present invention, the con- densed vapors are collected
in a pot or flask located exterior to the still, rather than within the
still it- 10   self.  Thus, the present invention is useful for con-
ducting a distillation in which vapors are collected outside a still, is
useful for carrying out a chemical reaction under reflux conditions, and is
useful for vapor degreasing purposes.  Useful distillations include 15
producing fresh water from salt water. The invention will now be described
with reference to the particularly useful embodiment shown in the drawing.
In this embodiment, an apparatus according to the present invention
includes a still, a closed 20   refrigeration system, an auxiliary
condensing coil, means for controlling heat extraction by the auxiliary
condensing coil, and a trough for collecting the con- densed vapors. The
closed refrigeration system includes a 25   condenser located within a
still and in heat-transfer relationship with a liquid to be vaporized.  The
refri- 



geration system further includes an evaporator coil, also located within
the still, a compressor, and a line connecting the condenser to the
evaporator coil.  In 30   operation, the refrigeration system contains a
working fluid; the compressor raises the working fluid to a high pressure
and adds heat of compression thereto; the con- denser transfers heat
including heat of compression from the working fluid to the liquid, as a
result of which 35   the liquid is vaporized and the resulting working
fluid contains sensible heat; and the line passes the result- ing working
fluid from the condenser to the evaporator coil whereby the working fluid
entering the evaporator    -7- coil contains the sensible heat. The
auxiliary condensing coil is separate from the refrigeration system, and is
situated between the condenser and the evaporator coil.  In this location,
5   the auxiliary coil contacts the vapors prior to the vapors contacting
and condensing upon the evaporator coil.  This location of the auxiliary
coil enables this coil to remove from the vapors heat in excess of that
necessary to maintain the apparatus thermal balance. If 10   the excess
heat were not removed, it. would enter the refrigeration system upon
condensation of the vapors on the-evaporator coil, and the apparatus would
become un- balanced and fail. Although the drawing shows only one auxiliary
coil, additional auxiliary coils could be used 15   in combination with the
auxiliary coil'shown. Heat extraction by the auxiliary coil is con- trolled
so that the amount of heat removed from the vapors by the auxiliary coil is
in excess of that neces- sary to maintain thermal balance in the apparatus.
Con- 20   trol is achieved, for example, by providing a needle valve in a
line feeding a cooling fluid such as water to 



the auxiliary coil.  The valve is adjusted to regulate the flow of the
cooling fluid into the auxiliary coil. Control is automatically modulated.
25   Suitably, automatic modulation is achieved by locating a regulating
device such as a thermocouple at the normal vapor line in the still.  The
regulating device responds to the location of a line formed by the vapors
within the still by adjusting flow of the cooling 30   fluid through the
auxiliary coil.  As the vapor line rises to the normal vapor line, the
regulating device operates to increase the flow of the cooling fluid
through the auxiliary coil.  As a result, the vapor line drops, and the
regulating device then operates to de- 35   crease the flow of the cooling
fluid. Conveniently, there is provided a main feed line with needle valve,
which serves as a primary valve. This valve is adjusted so that the flow of
the cooling    -8- fluid is insufficient to totally absorb the heat of
compression under load conditions.  Additionally, there is provided a
parallel feed line that bypasses the por- tion of the main line having the
primary needle valve. 5   This bypass line has a needle valve, which serves
as a secondary valve, and a solenoid valve located upstream from the
secondary valve.  The solenoid valve is opened or closed by the regulating
device.  When the solenoid valve is in an open position,' additional
cooling fluid 10   flows through the auxiliary coil, and when the solenoid
valve is in a closed position, cooling fluid flow is determined only by the
primary needle valve. Automatic modulation is also achieved by sens- ing
temperature change in the refrigeration 15   circuit and adjusting the flow
of the cooling fluid in response. 



Conveniently, evapo- rator coil discharge is monitored by locating a
modulat- ing device such as a thermostat downstream from the 20
evaporator coil.  The modulating device suitably oper- ates a system of the
type described in the previous paragraph, in place of the regulating
device. -     . The trough is located within the still, and is situated
between the condenser and the auxiliary 25   coil.  As indicated above, the
auxiliary coil and. the evaporator coil are also located within the still..
As a result, the condensed vapors are collected within the still for
removal therefrom. 30   tion, the auxiliary coil and the evaporat
il are located exterior to the still, and         ondensed vapors are
collected in a pot or flas   ocated exterior to the still.  Thus, the
trough        necessary.  In this embod- iment, an apparat       accordance
with the present in- 35   vention is used to conduct a distillation..  The
trough is also  needed when an apparatus, in accordance with the
invention, is used to carry out a chemical reaction    -9- An energy
efficient process for vaporizing a liquid and condensing the vapors thereof
using the par- ticularly useful apparatus set forth above, will now be
described.  In the first essential step of the process, 5   in accordance
with the invention, a working fluid in a gaseous state is passed from the
evaporator coil to the compressor.  In accordance with the invention, in
the next step, the gaseous working fluid is compressed to a high pressure
and heat of compression is added thereto. 10   In a third essential step,
the high pressure gaseous fluid containing the heat of compression is
passed to the condenser whereby heat including heat of compression is
transferred from the high pressure gaseous fluid to 



the liquid, which is in heat-transfer relationship with 15   the condenser.
As a result, the liquid is vaporized and the resulting working fluid
contains sensible heat. In accordance with the invention, in the fourth
essential step, the resulting working fluid is passed to the evaporator
coil by the sensible heat- 20   conveying line whereby the working fluid
entering the evaporator coil contains the sensible heat.  In the next
essential step, heat in excess of that necessary to maintain thermal
balance in the apparatus is removed from the vapors resulting from
vaporization of the 25   liquid, by heat transfer contact between the
vapors and the auxiliary coil. The excess heat is removed in the manner
described above, prior to the vapors contacting and condensing upon the
evaporator coil. In accordance with the invention, in the next step, the
condensed 30   vapors are collected in the trough for removal of the
condensate from the still. In other embodiments briefly noted above, the
condensate is not collected in the trough.  Rather, the condensate is
return to the still 35   bottom. In the particularly useful embodiment
described in detail above, the apparatus of the present invention is very
useful as a vapor degreaser. In this    -10- case, the liquid is a
degreasing solvent.  In a vapor degreaser, there is in combination at the
still bottom, a degreasing solvent and high boiling contaminants such as
lubricants.  A suitable degreasing solvent ranges in 5   boiling point from
about 70 to 120 [err] (21 to 49C). Exemplary solvents are
trichlorotrifluoroethane (R-113), an azeotrope of R-113 and isopropanol, an
azeotrope of R-113, ethanol, isopropanol and nitromethane, an azeo- 



trope of R-113 and methylene chloride, and trichloro- 10   fluoromethane
(R-ll).  High boiling point solvents are also useful.  These include
l,l,l-trichloroethane (boil- ing point of 165F) (73.9 [err]C),
trichloroethylene (boiling point of 188F) (86.7C) and perchloroethylene
(boiling point of  [err]  Thus, the solvent may have 15   a boiling point
up to about 250F (121.1C). The working fluid is any suitable refrigera-
tion fluid, with R-12 being particularly suitable for use in the present
invention. In a vapor degreaser, automatic modulation of 20   the heat
extracted by the auxiliary coil is advantageous since work loads introduced
into the still extract heat from the vapors as the temperature of the work
load rises to the vapor temperature, and since the boiling point of the
liquid material in the still bottom 25   increases as the degreasing
solvent is vaporized, con- densed, and removed from the still.  Automatic
modula- tion is also advantageous in conducting a distillation. Reference
is now made to the drawing accom- panying the application which exemplifies
a vapor 30   degreaser in accordance with the invention.  In this drawing,
still 10 contains a degreasing solvent and con- taminants.  Closed
refrigeration system 12 includes a condenser 14, an expansion valve 16, an
evaporator coil 18, an accumulator 20, and a compressor 22.  Located 35
within the still are condenser 14 and evaporator coil 18. Also located
within still 10 is auxiliary condens- ing coil 24. Line 26 feeds a cooling
fluid such as water to auxiliary coil 24.  Line 26 has a needle valve
28.  Bypass line 30 has a needle valve 32 and a solenoid' valve 34 upstream
from valve 32.  The cooling fluid exits auxiliary coil 24 by line 36.
Situated in still 10 at the normal vapor line is a thermocouple shown as Y 



5   in the drawing.  The drawing shows in phantom a sensor S for monitoring
temperature change in the discharge of the evaporator coil. The sensor is a
thermostat. In operation, liquid refrigerant at high pres- sure and
containing residual heat is passed from conden- 10   ser 14 by way of line
40 to expansion valve 16.  The refrigerant is expanded through valve 16
into evaporator coil 18, where it evaporates at low pressure. The heat of
vaporization is absorbed from the vapors, causing the vapors to condense.
The refrigerant gas leaves coil 18 15   via line 42.  This refrigerant gas
contains the sensi- ble heat and the heat of vaporization. The gas enters
accumulator 20, which traps any residual refrigerant liquid.  The
refrigerant gas, free of any liquid, is drawn through line 44 by suction
from compressor 22.' 20   Compressor 22 raises the refrigerant gas to high
pres- sure and in doing so, adds heat of compression to the heat extracted
by the gas in evaporator coil 18. The high pressure refrigerant gas is
passed by line 46 to condenser 14, which is immersed in the degreaser
solvent 25   and contaminants.  Heat, including the heat of compres- sion,
passes from the refrigerant to the liquid material in the bottom of the
still causing this liquid material to boil and vaporize. The refrigerant is
condensed to a liquid at high pressure.  Auxiliary coil 24 contacts 30
the vapors first and removes from the vapors heat in excess of that
necessary to maintain thermal balance in the apparatus. The vapors then
contact evaporator coil 18. Troughs 41 collect the condensate for removing
the condensate from still 10. 35              The thermocouple shown as Y
responds to the location of the vapor line within still 10 in the fol-
lowing manner. As the vapor line rises to the normal vapor line, the
thermocouple opens solenoid valve 34    



-12- to increase the flow of cooling fluid to auxiliary coil 24.  As a
result, the vapor line drops, and the thermo- couple then operates to cause
solenoid valve 34 to close so that the flow of cooling fluid from line 26
to auxil- 5   iary coil 24 is determined only by valve 28. The below
examples are illustrative of the in- vention.  It is to be understood that
these examples are not in any way to be interpreted as limiting the scope
of the invention.  Rather, it is intended that the scope 10   of the
invention be defined by the claims appended hereto. EXAMPLE 1 Using the
apparatus of the drawing, which is described in detail above, and operating
under the con- 15   ditions set forth in the Table, it is found that a com-
pressor input (Compr. Load) of 3,739 BTU/hour (1095W) produces a heat input
to the condenser (Cond. Heat) of 13,833 BTU/hour (4051W), a distillation
rate (BUR, that is boil up rate) of 219 pounds/hour (0.0276 kg/s), and 20
a coefficient of performance (COP) of 3.7.  The refri- gerant is R-12.  The
coefficient of performance is cal- culated by dividing the heat delivered
to the condenser by the compressor load. In the Table, "Evap. Heat" is the
heat extracted from the vapors by the evaporator 25   coil, and the "Cond.
Rate" is the condensing rate of the condensate. COMPARATIVE EXAMPLE Using
an apparatus and procedure identical to that described in Example 1 except
that a heat exchanger. 30   is placed in line 46 between compressor 22 and
condenser 14 and auxiliary coil 24 is not operated, there is obtained a
heat input to the condenser of 10,641 BTU/ hour (3116W), a distillation
rate of 169 pounds/hour (0.0213 kg/s) and a coefficient of performance of
2.84. 35   By comparison, it can be seen that Example 1 provides an
increase of 30% in the coefficient of performance at no 



increase in energy consumed.    -13- EXAMPLES 2-5 Using the apparatus of
the drawing, which is described in detail above, and using the conditions
shown in the Table, runs are conducted using four other degreasing
solvents. The results are shown in the 5   Table.  These results show that
R-ll is the most energy efficient of the degreasing solvents tested. The
Comparative Example shows that an appara- tus in accordance with the
present invention, when com- pared with an apparatus that removes excess
heat from 10   the refrigeration system prior to the refrigeration fluid
reaching the. condenser, results in an increased boil up rate and an
increase in pounds per hour (kilo- gram per second) of condensate
recovered. Furthermore, there is, as mentioned above, an increased
coefficient 15   of performance.  These improvements are at no increase in
energy consumed. The degreaser shown in the drawing is a vapor- only
degreaser. A multiple sump degreaser in accordance with the present
invention may be constructed.  In this 20   type of degreaser, the
condensate from an evaporator coil in a first sump is fed to a second sump,
and so forth. INDUSTRIAL APPLICABILITY The novel apparatus and process of
this inven- 25   tion is useful for conducting a distillation in which
vapors are collected outside a still, is useful for car- rying out a
chemical reaction under reflux conditions, and is useful for vapor
degreasing purposes. 30 35  



TABLE Boiling    Boiling Point       Point Example    Solvent        [err]
[err]          COP. 1           A         117.6       (47.6)      3.70 5
2           B         115.7        (46.5)     4.09 3           C
112.0       (44.5)      3.58 4           D          97.7       (36.3)
4.47 5           E          74.9       (23.8)      5.69 R-12         R-12
Cond.       Cond. Flow         Flow         Heat        Heat 10   Example
Lbs./Hr.       Kg.            BTU/Hr. 1        233          (293.6)
13,833    (4051.3) 2        263          (331.4)    15,742    (4610.4) 3
222         (279.7)    13,654    (3998.9) 4        237          (298.6)
15,249    (4466.1) 15      5         233          (293.6)    15,529
(4548.1) Evap.         Evap.       Cond        Cond Heat          Heat
Rate        Rate Example   BTU/Hr.                  - Lbs./Hr.   Kg. 1
10,641        (3116.5)       169       (212.9) 2      12,102
(3544.4)       151       (190.3) 20      3       10,500       (3075.2)
133       (167.6) 4      11,983        (3509.5)       115       (144.9) 5
13,045        (3820.6)       168       (211.7) Compr.    Compr. BUR
BUR        Load       Load 25   Example   Lbs./Hr.        Kg./
BTU/Hr. 1        219           (279.9)      3739    (1095.1) 2        197
(248.2)      3849    (1127.3) 3        173           (217.9)      3816
(1117.6) 4        147           (185.2)      3412    ( 999.3) 30      5
200          (251.9)      2727    ( 798.7) The solvents used are as
follows:  A is tri- chlorotrifluoroethane (R-113), B is an azeotrope of 



R-113 and isopropanol, C is an azeotrope of R-113, ethanol, isopropanol and
nitromethane, D is an azeo- 35   trope of R-113 and methylene chloride, and
E is tri- chlorofluoromethane (R-ll).    -  15 - CLAIMS 1. Apparatus for
vaporizing a liquid and condensing the vapors thereof, comprising a still
for containing a liquid to be vaporized and a closed refrigeration system
to utilize heat of compression for vaporizing the liquid, 5  said
refrigeration system comprising a compressor, a condenser in said still to
be in heat transfer relationship with liquid to be vaporized in the still
and an evaporator coil, provided in the still at a location to form a main
cooling coil to condense vapor which has been evaporated 10  from liquid
heated by the condenser, means being provided for preventing excess heat
building up in the apparatus during use thereof through the supply of
energy to operate the compressor, said means for preventing heat build up
comprising an auxiliary cooling coil provided 15  in the still at a
location beneath the evaporator coil but in a position to contact vapor
rising up the still, a temperature sensor, and means for automatically
controlling the flow of coolant through said auxiliary cooling coil
responsive to said sensor. 20       2.  Apparatus according to claim 1,
wherein a trough is provided within the still for collecting condensed
vapors, the trough being positioned at a level beneath the auxiliary
cooling coil but above the condensing coil such as to collect vapors which
have condensed within the 25  still for removal therefrom.    



-16- 3.  Apparatus.according to claim 1 or 2, wherein the sensor is a
temperature sensor located within the still to sense the temperature of
vapor at a level in the still whereby the temperature at such level can be
5 controlled by control of flow of coolant through the auxiliary coil. 4.
Apparatus according to claim 1 or 2, wherein the sensor is a temperature
sensor located downstream from the evaporator coil in the refrigeration
system to 10  respond to the temperature of working fluid passing from the
evaporator coil. 5.  A process of vaporizing a liquid and condensing. the
vapors thereof wherein heat of compression is used for vaporizing the
liquid, such process comprising passing 15  a working fluid through a
closed refrigeration system including a condenser located within a still
containing a liquid being vaporized, the condenser being in heat- transfer
relationship with the liquid, an evaporator coil also located in the still
acting as a main cooling coil 20  to condense vapors rising up the still
and a compressor, and controlling the removal of excess heat from the
system so as to maintain thermal balance in the system by additional
cooling under the control of a temperature sensor in the still or the
refrigeration system, the additional cooling 25  being done by means of an
auxiliary cooling coil located in the still beneath the evaporator coil but
above the level of liquid in the still, the flow of coolant through    - 17
- the auxiliary cooling coil being automatically controlled in response to
changes in the            sensed by the sensor to maintain a required level
of vapor in the still. 6.   A process according to claim 5, wherein the 5
condensed vapors are collected in a trough which is 



located within the still beneath the auxiliary cooling coil. 7.   A process
according to claim 5 or 6, wherein the flow of cooling fluid through the
auxiliary cooling coil is controlled by a temperature sensor disposed in
the still 10 to sense changes in temperature indicative of the level of the
vapor in the still. 8.   A process according to claim 5 or 6, wherein the
adjustment to the flow of cooling fluid through the auxiliary cooling coil
is in response to a sensor positioned 15 to respond to the temperature of
working fluid leaving the evaporator coil in the refrigeration system. 9.
A process according to any one of claims 5 to 8, where the liquid in the
still is a degreasing solvent. 10.   A process according to claim 9,
wherein the 20 degreasing solvent comprises trichlorotrifluoroethane or
trichlorofluoromethane. 11.   A vaporizing and condensing apparatus
constructed and arranged to operate substantially as hereinbefore described
with reference to and as illustrated in the 25 accompanying drawings. 12.
A process of vaporizing a liquid and condensing the vapors thereof
substantially as hereinbefore described with reference to the accompanying
drawings.    


