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REFRIGERATOR-OVEN COMBINATION FOR AN AIRCRAFT
GALLEY FOOD SERVICE SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to transport aircraft galley systems, and more particularly
relates to a refrigerator-oven combination for heating of food, and storage of food and

beverages.
2. General Background and State of the Art:

Aircraft galley systems for modern transport aircraft incorporate self-contained
refrigeration units which are cooled to prevent spoilage of food prior to distribution to
passengers, and to keep beverages at desired serving temperatures. These self-contained
refrigeration units have in the past been interfaced with cold air supply systems in the
galley designed to cool the interiors of the self-contained refrigeration units. Conventional
calley refrigeration systems typically utilize self-contained air chillers which provide the
cooled air directly to the food carts or refrigerated compartments. Such air chillers are
typically installed above, below or otherwise within close proximity of the galley, and

deliver cooled air via air ducts.

Such aircraft galley systems also commonly contain separate ovens for heating
food in the preparation of hot meals to be served aboard aircraft. Currently space must be
allocated for each of the heating and cooling devices separately, either in the same galley

or in different galleys.

With the advent of long-range flights and larger passenger loads, the demand for
more food and beverages on aircraft has dramatically increased. The need to provide
multiple meals on very long flights has required extensive food chilling compartments.
Also, because of the length of flights, more hot meals are being served, requiring more

oven space.

It would be desirable to provide a system for heating of food and cooling of food
and beverages for aircraft galley systems that overcomes the shortcomings of current

systems requiring separation of refrigerated spaces from oven spaces in aircraft, and
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conserves space and weight in aircraft in providing for both hot and cold food and beverage

service. The present invention satisfies these and other needs.

INVENTION SUMMARY

Briefly, and in general terms, the invention provides for a refrigerator-oven
combination for an aircraft galley food service system, that allows for efficient hot and cold

food and beverage service and the conservation of space and weight in aircratt.

The present invention accordingly provides a refrigerator-oven combination for an
aircraft galley food service system, said refrigerator-oven combination having a heating mode
for heating food items, and a refrigerator mode for cooling food and beverage items, the
refrigerator-oven combination comprising: a housing defining a thermally insulated
compartment; a steam heating device including a steam injection valve disposed in said
thermally insulated compartment for providing heated steam into the compartment for heating
at least a portion of an interior of said compartment; and a refrigeration device disposed in
said thermally insulated housing for cooling at least a portion of the interior of said
compartment.

The heating device may additionally employ common heating techniques, such as
radiant heating, convection heating, or combinations thereof. In one presently preterred
aspect, the heating device includes an electric heater, which can be energized to provide
conventional convection heating, as well as a steam injection valve, which allows hot
moisture to be injected into the interior of the food compartment, to provide for additional
heat and moisture during the heating mode. One or more temperature sensors may also be
disposed in the compartment for measuring temperature in the compartment during the oven

mode, and a timer may also be provided for controlling heating and cooking of food 1n the

compartment.

The refrigeration device can either actively or passively cool at least a portion of the
interior of the compartment for cold storage of food or beverages. In one presently preferred

embodiment, a chilled fluid is supplied from a remote source, and is piped into a heat
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exchanger mounted to the compartment. Alternatively, the chilled fluid supplied from a
remote source is piped through tube assemblies mounted to an internal wall of the
compartment. One or more temperature sensors may be located within the compartment, and a
regulating valve controls the temperature of the compartment by metering the flow of the
chilled fluid through the heat exchanger or tube assemblies as a function of temperature

sensed by the one or more temperature sensors.

In another presently preferred embodiment, a separate refrigeration unit 1s mounted to
the back of the compartment and is used to directly provide chilled air during the food or
beverage cold storage mode. In one presently preferred aspect, the separate refrigeration unit
may be a thermoelectric cooling device attached to the compartment in order to provide
cooling during the refrigeration mode. The refrigeration device typically would also include a
system for automated defrosting of the interior of the compartment during the refrigeration
mode, and a temperature control system receiving input from the one or more temperature
sensors for controlling cooling temperatures to prevent freezing of the food. A motorized fan
may also be provided in the compartment for circulating air within the compartment, to allow
for rapid cooling of the contents of the refrigerator-oven combination, and the fan can be shut

off when a desired chilled temperature 1s reached.

There is also provided a refrigerator-oven combination for an aircraft galley food
service system, said refrigerator-oven combination having a heating mode for heating food

items, and a refrigerator mode for cooling food and beverage items, the refrigerator-oven
combination comprising: a housing defining a thermally insulated compartment, said
thermally insulated compartment including a wall; a steam heating device including a steam
injection valve disposed in said thermally insulated compartment for providing heated steam
into said thermally insulated compartment for heating at least a portion of an interior of said

thermally insulated compartment; and a thermoelectric cooling device mounted to said wall of
said thermally insulated compartment for cooling at least a portion of the interior of said

thermally insulated compartment.

There is further provided a refrigerator-oven combination for an aircraft galley food

service system, said refrigerator-oven combination having a heating mode for heating food
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items, and a refrigerator mode for cooling food and beverage items, the refrigerator-oven
combination comprising: a housing defining a thermally insulated compartment, said
thermally insulated compartment including a wall; a steam heating device including a steam
injection valve disposed 1n said thermally insulated compartment for providing heated steam
into said thermally insulated compartment for heating at least a portion of an interior of said
thermally insulated compartment; a refrigeration device mounted to said wall of said
thermally insulated compartment for cooling at least a portion of the interior of said thermally
insulated compartment; and a motorized fan disposed in said thermally insulated compartment

for circulating air within said thermally insulated compartment.

Other features and advantages of the present invention will become more apparent
from the following detailed description of the preferred embodiments in conjunction with the

accompanying drawings, which illustrate, by way of example, the operation of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a schematic diagram of a first embodiment of a refrigerator-oven
combination according to the present invention, in which cooling 1s provided by a chilled
fluid supplied from a remote source to tubing in the compartment of the refrigerator—oveh
combination.

FIG. 2 is a schematic diagram of a second embodiment of a refrigerator-oven
combination according to the present invention, in which cooling is provided by a chilled
fluid supplied from a remote source to a heat exchanger mounted to the compartment ot the

refrigerator-oven combination.

FIG. 3 is a schematic diagram of a third embodiment of a refrigerator-oven
combination according to the present invention, in which cooling i1s provided by a

refrigeration unit mounted to the compartment of the refrigerator-oven combination.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, which are provided for purposes of illustration and by
way of example, the present invention provides for a refrigerator-oven combination for an
aircraft galley food service system. The refrigerator-oven combination advantageously has
a heating mode for heating food items, and a refrigerator mode for cooling food and
beverage items, to permit for conservation of space and weight in an aircraft, while

allowing for full hot and cold food and beverage service.

As 18 illustrated in Fig. 1, in one presently preferred embodiment, the refrigerator-
oven combination 10 includes a housing 12 defining a thermally insulated compartment
14, typically including shelves and a door for access to the interior of the compartment. A
heating device 16 is disposed in the thermally insulated compartment for heating at least a
portion of the interior 20 of said compartment. The refrigerator-oven combination may
employ any standard heating method including convection, radiant or steam heating. In a
presently preferred aspect, the heating device includes an electric heater 22 in the
compartment, which when energized provides conventional convection heating. In
addition, the heating device preferably includes a steam injection valve 24 located in the
compartment of the refrigerator-oven combination for providing heated steam from either
a remote source of steam or directly from a supply of water that can be heated by a heating
coil or other heater on demand, to allow hot moisture to enter the compartment. Steam can
thus be injected via the valve for additional heat and moisture during the heating mode.
Although the electric heater and steam heating are described as being used in combination,
the compartment may be heated by the electric heater alone, or by steam heating alone, or

alternatingly, as desired.

The temperature in the compartment during the oven mode can be monitored and
controlled by a closed loop control unit 25 and one or more temperature sensors 26 located
in the compartment, and by a timer (not shown) for measuring heating time. A motorized
fan 28 may also be provided in the compartment for circulating air within the
compartment, which is useful for improving efficiency of either the oven mode or the

refrigeration mode, as will be further explained below.

As 1s illustrated in Fig. 1, in the first embodiment, a refrigeration device 30 is

provided for the thermally insulated housing for cooling at least a portion of the interior of
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the compartment. The refrigeration device may be either active or passive, and is used to
cool the interior of the compartment so that the compartment may also be used for cold
storage of food or beverages. In a presently preferred embodiment, a chilled fluid is
supplied from a remote source 32, and is piped through tube assemblies 34 mounted to an
internal wall 36 of the interior of the compartment. The control unit and a regulating valve
38 control the temperature of the compartment by metering the flow of the chilled fluid

through the tube assemblies as a function of one or more temperature sensors 40 located

within the compartment.

Referring to Fig. 2, in a second embodiment, in which identical elements of the
refrigerator-oven combination are identified with the same reference numbers as in the first
embodiment, a refrigeration device 50 is provided for the thermally insulated housing for
cooling at least a portion of the interior of the compartment, in which a chilled fluid is
supplied from a remote source 52, and is piped into a heat exchanger 54 mounted to a wall
56 of the compartment. The control unit and a regulating valve 58 control the temperature
of the compartment by metering the flow of the chilled fluid through the heat exchanger as

a function of one or more temperature sensors 60 located within the compartment.

As is illustrated in Fig. 3, in a third embodiment, in which identical elements of the
refrigerator-oven combination are identified with the same reference numbers as in the first
embodiment, the refrigeration device 70 provided for the thermally insulated housing for
cooling at least a portion of the interior of the compartment consists of a separate
refrigeration unit 72 mounted to a wall of the compartment and controlled by the control

unit to directly provide chilled air to the compartment during the food or beverage cold

storage mode.

Referring to Fig. 4, in a fourth embodiment, in which identical elements of the
refrigerator-oven combination are identified with the same reference numbers as in the first
embodiment, the refrigeration device 80 provided for the thermally insulated housing for
cooling at least a portion of the interior of the compartment consists of a thermoelectric
cooling device 82, such as a Peltier cooling device, for example, that is attached to a wall
of the compartment and controlled by the control unit in order to provide cooling during

the refrigeration mode.
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Any of the foregoing refrigeration devices preferably would typically also include a
system for automated defrosting of the interior during the refri geration mode, and a
temperature control system receiving input from the one or more temperature sensors for
controlling cooling temperatures to prevent freezing of the food. The motorized fan may
also be used in the compartment for circulatin g air within the compartment during the
refrigeration mode, to allow for rapid cooling of the contents of the refri gerator-oven

combination, and the fan can be shut off when a desired chilled temperature is reached.

It will be apparent from the foregoing that, while particular forms of the invention
have been illustrated and described, various modifications can be made without departing
from the spirit and scope of the invention. Accordingly, it is not intended that the

invention be limited, except as by the appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A refrigerator-oven combination for an aircraft galley food service system, said
refrigerator-oven combination having a heating mode for heating food items, and a refrigerator

mode for cooling food and beverage items, the refrigerator-oven combination comprising:
a housing defining a thermally insulated compartment;

a steam heating device including a steam injection valve disposed in said thermally
insulated compartment for providing heated steam into the compartment for heating at least a

portion of an interior of said compartment; and

a refrigeration device disposed in said thermally insulated housing for cooling at least a

portion of the interior of said compartment.

2. The refrigerator-oven combination of Claim 1, wherein the heating device further

comprises a convection heating device.

3. The refrigerator-oven combination of Claim 1 or 2, wherein the heating device

further comprises a radiant heating device.

4, The refrigerator-oven combination of Claim 2, wherein the convection heating

device comprises an electric heater.

5. The refrigerator-oven combination of any one of Claims 1 to 4, wherein the

refrigeration device comprises an active refrigeration device.

6. The refrigerator-oven combination of any one of Claims 1 to 4, wherein the

refrigeration device comprises a passive refrigeration device.

7. The refrigerator-oven combination of any one of claims Claim 1 to 4, wherein the
refrigeration device comprises a chiller for supplying chilled fluid through a tube assembly

mounted to an internal wall of the compartment.

8. The refrigerator-oven combination of Claim 7, wherein the refrigeration device

further comprises at least one temperature sensor located within the compartment and a regulating
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valve connected to the chiller for metering the flow of the chilled fluid through the tube assembly
for controlling the temperature of the compartment responsive to said at least one temperature

SCISOT.

9. The refrigerator-oven combination of any one of Claims 1 to 7, further comprising
a temperature sensor disposed i1n said compartment for measuring a temperature in the

refrigerator-oven combination during the heating mode.

10.  The refrigerator-oven combination of any one of Claims 1 to 9, further comprising

a motorized fan disposed in said compartment for circulating air within the compartment.

11.  Therefrigerator-oven combination of Claim 1, wherein the heating device further

comprises an electric heater.

12. A refrigerator-oven combination for an aircraft galley food service system, said
refrigerator-oven combination having a heating mode for heating food items, and a

refrigerator mode for cooling food and beverage items, the refrigerator-oven combination

comprising:

a housing defining a thermally insulated compartment, said thermally insulated

compartment including a wall;

a steam heating device including a steam 1njection valve disposed in said thermally
insulated compartment for providing heated steam into said thermally insulated compartment

for heating at least a portion of an interior of said thermally insulated compartment; and

a thermoelectric cooling device mounted to said wall of said thermally insulated
compartment for cooling at least a portion of the interior of said thermally insulated

compartment.

13.  The refrigerator-oven combination of Claim 12, wherein said steam heating

device further comprises a convection heating device.

14.  The refrigerator-oven combination of Claim 12 or 13, wherein said steam

heating device further comprises a radiant heating device.
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15.  The refrigerator-oven combination of Claim 13, wherein said convection
heating device comprises an electric heater.
16.  The refrigerator-oven combination of any one of Claims 12 to 15, further

comprising a temperature sensor disposed in said thermally insulated compartment for

measuring a temperature in the refrigerator-oven combination during the heating mode.

17.  The refrigerator-oven combination of Claim 12, wherein said steam heating

device further comprises an electric heater.

18. A refrigerator-oven combination for an aircraft galley food service system, said
refrigerator-oven combination having a heating mode for heating food items, and a

refrigerator mode for cooling food and beverage items, the refrigerator-oven combination

comprising:

a housing defining a thermally insulated compartment, said thermally insulated

compartment including a wall;

a steam heating device including a steam injection valve disposed 1n said thermally
insulated compartment for providing heated steam into said thermally insulated compartment

for heating at least a portion of an interior of said thermally insulated compartment;

a refrigeration device mounted to said wall of said thermally insulated compartment

for cooling at least a portion of the interior of said thermally insulated compartment; and

a motorized fan disposed in said thermally insulated compartment for circulating air

within said thermally insulated compartment.

19.  The refrigerator-oven combination of Claim 18, wherein said steam heating

device further comprises a convection heating device.

20.  The refrigerator-oven combination of Claim 19, wherein said convection

heating device comprises an electric heater.

21.  The refrigerator-oven combination of Claim 18, 19 or 20, wherein said steam

heating device further comprises a radiant heating device.
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22.  The refrigerator-oven combination of any one of Claims 18 to 21, wherein said

refrigeration device comprises an active refrigeration device.

23.  The refrigerator-oven combination of any one of Claims 18 to 21, wherein said

refrigeration device comprises a passive refrigeration device.

24.  The refrigerator-oven combination of any one of Claims 18 to 21, wherein said
refrigeration device comprises a heat exchanger mounted to said wall of said thermally

insulated compartment and a chiller for supplying chilled fluid to said heat exchanger.

25.  The refrigerator-oven combination of Claim 25, wherein said refrigeration
device further comprises at least one temperature sensor located within said thermally
insulated compartment and a regulating valve connected to said chiller for metering the tlow
of the chilled fluid through said heat exchanger for controlling the temperature of said

thermally insulated compartment responsive to said at least one temperature sensor.

26.  The refrigerator-oven combination of any one of Claims 18 to 25, further
comprising a temperature sensor disposed in said thermally insulated compartment for

measuring a temperature in the refrigerator-oven combination during the heating mode.

27.  The refrigerator-oven combination of Claim 18, wherein said steam heating

device further comprises an electric heater.
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