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AIRCRAFT GALLEY AIR CHILLER SYSTEM
CROSS-REFERENCES TO RELATED APPLICATIONS

This application claims priority from the U.S. Provisional Application No.
61/842,805, filed July 3, 2013, and from the U.S. Non-Provisional Application No.
14/321,435, filed July 1, 2014, incorporated by reference in their entireties.

BACKGROUND

Large commercial passenger carrying airplanes predominantly employ one of two
systems for keeping perishable food stuffs and non-perishable drinks at desired
temperatures. Chilling is necessary to preserve perishables and make certain beverages
and foods more palatable, especially during long haul and ultra-long haul aircraft journeys.
The first method utilizes a standard vapor cycle based air chillers that utilize conventional
refrigerant gas compression and expansion technology to generate a secondary re-
circulated chilled air loop. The chilled air is generally supplied and returned via thermally
insulated air ducting to and from a suitable storage structure, such as a galley. The air

chiller may be located on or in the galley or mounted in part of the aircraft airframe.

The second method utilizes the same conventional refrigerant gas compression and
expansion technology, but the cooling medium is a chilled liquid rather than a gas. This
chilled liquid is pumped in a closed loop to and from a suitable storage structure such as a
galley. The chilled liquid in some cases are configured as a large centralized system for
the whole aircraft. In other cases, the chilled liquid can be circulated at each separate
aircraft door galley complex to form a local area chilling loop, or be based on each
individual galley as a standalone system. At the galley, the liquid is passed via a control
valve and electronic control system to a heat exchanger, where an electric axial (or other)
fan blows or sucks air through its matrix around enclosed areas of the storage structure
that requires chilling, for example: a galley cart bay or compartment. The heat exchanger
fan and its control system (though not necessarily all) are grouped together to form a

chilled air recirculation unit that may be fitted in the galley or remotely spaced from it.

One drawback of these various chiller systems is that they take up a large
percentage of available space in the galley, which is at a premium in an aircraft for
obvious reasons. Further, the chillers tend to be very heavy, which is also a drawback to

their use on aircraft. There are also issues with condensation collection and removal, and
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the need for improvements in heat transfer efficiency. Accordingly, it would be beneficial
to have a chiller system that takes up less space and reflects a reduction in weight over
conventional chiller systems currently in use, while providing for condensation collection

and improved heat transfer efficiency.

SUMMARY OF THE INVENTION

The present invention is an aircraft chilled air distribution system with a reduced
overall foot print and reduced weight, and with an improved overall heat transfer
efficiency. This compact system is particularly well suited for an aircraft galley that
requires refrigerated or cooled carts or trolleys, and/or carts carrying standard meal boxes,
and/or chilled food and beverage compartments. The chiller system of the present
invention uses a cooling unit adjacent the beverage carts and below the work deck of the
aircraft galley, which includes ducting leading away from the beverage cart storage to
carry away heated air during the cooling process. The chiller comprises a housing with a
plurality of fans located preferably along an upper surface for drawing air into the unit to
be introduced into a vapor cycle. The vapor cycle includes an evaporator, an expansion
valve, a liquid cooled condenser, and a compressor, all arranged in a compact
arrangement. The cooled air is forced through a chilled air vent into the beverage cart
compartment, thereby chilling the beverage carts and other storage compartments with
perishables. A display may be provided on the unit for controlling the temperature and

other operations of the unit.

The location of the invention plays a useful role in both the galley foot print and
weight reduction, as well as the efficient distribution of chilled air around the below work
deck installed trolley or cart. The through work deck air path, ductwork and air guiding
devices are positioned for the efficient use of the chilled air to meet the certification

requirements of the aircraft manufacturers.

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
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic of a refrigeration system using the chiller of the present

invention;

FIG. 2 is an elevated perspective view of the galley cart storage area with the front
wall removed, illustrating the position of the chiller within the compartment and the air

ducting leading away from the cart compartment;

FIG. 3 is an elevated perspective view of the chiller unit, partially in shadow to

illustrate the components and their positions;

FIG. 4 is an elevated perspective view of the chiller unit and the liquid cooling

unit, partially in shadow to show the components and their positions;

FIG. 5 is an elevated perspective view of the chiller unit and liquid cooling unit

with supply air ducting;

FIG. 6 is a perspective, rear view of the galley cart compartment and the

chiller/liquid cooling unit with supply ducting; and

FIG. 7 is a another elevated perspective view of the galley cart compartment and

the chiller/liquid cooling unit with supply ducting and return ducting.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates a schematic of a new liquid cooled refrigeration system that is
particularly suited for the galley of a commercial aircraft, as set forth below. The system
incorporates the basics of a vapor cycle refrigeration system, including a compressor 20, a
heat exchanger 30, a refrigerant sight glass 31, a refrigerant filter and dryer 32, a thermo-
expansion valve ("TXV") 40, and an evaporator 50. Cooled "supply" air 22 is delivered
by the evaporator 50 as part of the evaporation process, as ambient air 24 is drawn into the
evaporator 50. A liquid cooling system is employed circulating a coolant such as
polyethylene glycol water ("PGW"), which passes through a liquid cooled condenser 60
and into a liquid reservoir 70 where it is collected. The coolant is then pumped via a
liquid pump 75 to a pair of heat exchangers 80a, 80b, where fans 85a, 85b cool the
coolant. The chilled coolant is then returned to the condenser 60 to cool the refrigerant

from the compressor 20.
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For illustration purposes, a chiller system was constructed using the present

invention having the following characteristics.

EXAMPLE 1

Liquid-Cooled Point of Use Chiller

5 Cooling capacity: 700 W (Ground case), and 300-400 W (In flight case)

Coolant: PGW (60/40)

Electronic controller with display panel.

Liquid Pump and Reservoir Assembly:

Liquid pump: 4 1/m with 50 Psi. pressure rise

10 Reservoir: Aluminum light weight design

Heat Exchanger 1

Located in aircraft CAX air system,

Maximum airflow: 40 1/s

Inlet temperature: 22° C (in flight), and 29° C (Ground, worst case)

15 Max. outlet air temperature: 70° C

Heat Exchanger 2

Located in aircraft floor heater area,

Maximum airflow: 100 I/s

Inlet temperature: 22° C (in flight), and 29° C (Ground, worst case)

20 Max. outlet air temperature: 25° C(to thermal comfort zone), 70° C (to

lower level)
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Figure 2 illustrates a galley cart compartment 100 filled with beverage/serving
carts 110 used in food and beverage service for an aircraft. The carts 110 are arranged
side-by-side in the galley cart compartment 100, which is traditionally cooled by a unit
located in another part of the aircraft that uses ducting to bring cooled air to the
compartment. In the present invention, a point of use ("POU") air chiller unit 120 is
located inside the cart compartment 100 to more effectively chill the compartment with
less heat losses and better efficiency. The chiller unit 120 can be located inside the cart
compartment 100 because it is designed to have a footprint and spatial characteristics that
make it fit within the compartment between two beverage carts. The compartment
includes CAX air ducting 130 to carry away heated air, and a heat exchanger 80a utilizes

the energy from the heated air to recover some of the thermodynamic losses.

Figure 3 illustrates the chiller unit 120, which comprises a housing 140 having a
plurality of fans 150 on the upper surface 160 for drawing air 24 into the chiller 120. At
the same time, circulating refrigerant enters the compressor 20 in the thermodynamic state
known as a saturated vapor and is compressed to a higher pressure, resulting in a higher
temperature as well. The hot, compressed vapor is then in the thermodynamic state known
as a superheated vapor and it is at a temperature and pressure at which it can be condensed
with cooling coolant (e.g., PGW). This hot vapor is routed through the condenser 60
where it is cooled and condensed into a liquid by flowing through a coil or tubes with cool
coolant flowing across the coil or tubes. This is where the circulating refrigerant releases

heat from the system and the released heat is carried away by the coolant.

The condensed liquid refrigerant, in the thermodynamic state known as a saturated
liquid, is next routed through an expansion valve 40 where it undergoes an abrupt
reduction in pressure. That pressure reduction results in the adiabatic flash evaporation of
a part of the liquid refrigerant. The auto-refrigeration effect of the adiabatic flash
evaporation lowers the temperature of the liquid and vapor refrigerant mixture to where it
is colder than the temperature of the beverage cart compartment 100. The cold mixture is
then routed through the coil or tubes in the evaporator 50. A fan circulates the warm air in
the enclosed space across the coil or tubes carrying the cold refrigerant liquid and vapor
mixture. That warm air evaporates the liquid part of the cold refrigerant mixture. At the
same time, the circulating air is cooled and passed through the chilled air outlet 175,

thereby lowering the temperature of the beverage cart compartment 100 to the desired
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temperature. The evaporator 50 is where the circulating refrigerant absorbs and removes
heat which is subsequently rejected in the condenser 60 and transferred elsewhere by the
coolant used in the condenser 60. To complete the refrigeration cycle, the refrigerant
vapor from the evaporator 50 is again a saturated vapor and is routed back into the
compressor 20. An electronic controller 190 is interconnected to each component of the
system, and regulates and oversees the operation of the system. A user interface is
manipulated by a control panel 200, which includes a display for exhibiting the conditions

and output of the system.

Figure 4 illustrates a liquid cooling unit 210 that is positioned below the chiller
unit 120 within the cart compartment 100. The liquid cooling unit 210 includes a liquid
reservoir 70, a liquid pump 75, a heat exchanger 80b and a fan 85b. By placing this unit
inside the beverage cart compartment 100, a more efficient system is derived with less
losses due to extended or unnecessary ducting between operational components. The heat
exchanger 80b removes the heat from warm coolant, and discharge the warm air, through
fan 80b, to the floor of the aircraft. This heat may be recovered for reducing the usage of

aircraft floor heaters.

Figure 5 illustrates how the components of the chiller system is arranged in an
aircraft galley beverage cart compartment 100. The chiller 120 can be mounted to the
ceiling of the compartment 100, with a supply air duct 220 disposed rearward to deliver
chilled air to the compartment away from the entrance 230 to the compartment. The liquid
cooling unit 210 is located adjacent to or immediately below the chiller 120, and has
approximately the same width as the chiller. Thus, space is conserved and efficiency is
promoted by incorporating the entire system (save the ducting to carry away the warm air)
and the heat exchanger 80a to remove heat from the warm coolant. Note from Figure 5
that the cooling system is no larger than and takes up no more space than a beverage cart

110, and is approximately half the width.

Figure 6 shows the rear of the galley cart compartment 100 (with the chiller system
in phantom) illustrating the supply ducting 220 to distribute chilled air to the compartment
100 along the rear wall. Also shown is return ducting 250 that draws air from the
compartment. The return ducting brings air from the galley into the system, where it is
chilled and distributed to the carts as shown. This can also be seen in Figure 7, where the

overhead ducting and heat exchanger is shown to remove the heat from the warm coolant
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and reject the warm air to the aircraft. The warm air may be used to recover some of the

heat therefrom.

The present invention serves to demonstrate an inside-the-compartment, or POU,
chiller system for a beverage cart compartment of an aircraft galley. The system is
effective at removal of condensate from the evaporator, and improves the overall heat

transfer efficiency of the evaporator and the system in general.

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 present invention. Accordingly, it is not intended that the
invention be limited but rather all modifications and substitutions that would be
recognized by one of ordinary skill in the art are intended to be included in the scope of

the invention.
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We Claim:

1. A temperature controlling system for an aircraft galley having a compartment for

housing chilled food and beverage carts, the system comprising:
a vapor cycle refrigeration system located within the housing;
a liquid cooling unit located within the housing;

wherein the vapor cycle refrigeration system and the liquid cooling unit have a
combined footprint that is less than a footprint of a food and beverage cart within the

housing.

2. The temperature controlling system of Claim 1, further comprising a heat

exchanger outside of the housing for converting heat from exhaust air to usable energy.

3. The temperature controlling system of Claim 1, wherein the vapor cycle
refrigeration system is contained in a first enclosure, and the liquid cooling system is

contained in a second enclosure, and the first and second enclosures are stackable.

4. The temperature controlling system of Claim 1, further comprising a distribution
vent on a rear surface of the vapor refrigeration system for distributing chilled air to a back

portion of the compartment.

5. The temperature controlling system of Claim 1, further comprising a return ducting
disposed below an upper surface of the compartment for returning air to the chiller from

the aircraft galley compartment.

6. The temperature controlling system of Claim 1, wherein the vapor cycle
refrigeration system includes a compressor, a heat exchanger, an expansion valve, an

evaporator, and a liquid-cooled condenser.

7. The temperature controlling system of Claim 1, wherein the liquid cooling unit

includes a liquid reservoir, a pump, and a heat exchanger.

8. The temperature controlling system of Claim 7, further comprising a fan in

proximity with the heat exchanger, where the fan is located within the compartment.
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0. The temperature controlling system of Claim 1, where the liquid cooling unit

circulates poly ethylene glycol water ("PGW").

10. The temperature controlling system of Claim 1, wherein the temperature

controlling system is located between two food and beverage carts in the compartment.

11. The temperature controlling system of Claim 1, wherein the vapor cycle

refrigeration system includes an electronic controller.

12. The temperature controlling system of Claim 11, further comprising a display

panel and a user interface coupled to the electronic controller.

13. The temperature controlling system of Claim 1, wherein the vapor cycle

refrigeration system includes a plurality of fans for drawing air over an evaporator.

14. The temperature controlling system of Claim 1, wherein an outlet vent of the vapor
cycle refrigeration system is disposed between the system and a rear wall of the

compartment.

15. The temperature controlling system of Claim 1, wherein the warm air from the

vent heat exchanger is used to extract a portion of the heat therefrom.



PCT/US2014/045279

WO 2015/003073

Iy Uinge
Iy uinoy Al
ve S
&
05 /"]
W L~
JIy Ajddns
{4

0c

aAjeA pIous|oS

||||||||| B0 i |" sseyb Jybis

Jabueyox3 Jeay |

10SSa.dWwo)

— — — — — — — — —— — ——— —

I oM

= XH |
= NN
(0) 7
2,08
pue ‘st ‘06 ‘0 ‘z¢
-dwa] 18/ur MOd
Josugpuoy [
pajooo-pinbry
MO dwng
50 Jb o </
MOd
Jionsasay 0L
pinbr7
XH
ue.
i Xvo
mm.%-&

r eos



000000000000000000000000000000

T /Dﬁ JJS
//Dﬁ e
1] "%
El= ﬁ
El=
El= jﬁ




PCT/US2014/045279

WO 2015/003073

377

12

\\\\\\\\\N\\ /|
il

\ /
neEs\N=
// /| =“
)
/
/
/
/
/

S —
A /

FIG. 3



PCT/US2014/045279

WO 2015/003073

47

Y]
il




PCT/US2014/045279

WO 2015/003073

57

10

23

12

/

FIG. 5



PCT/US2014/045279

WO 2015/003073

6/7




PCT/US2014/045279

WO 2015/003073

7/7

13

80a




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/045279

A. CLASSIFICATION OF SUBJECT MATTER

INV. F25D17/02 B64D13/06
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

F25D B64D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

30 April 2009 (2009-04-30)
Y abstract; figures 2,3
paragraphs [0007], [0016],

abstract; figure 1

26 March 2008 (2008-03-26)
abstract; figure 1

X US 2009/107163 ALl (LU QIAO [US] ET AL)

[0022]

Y US 2007/084226 Al (SIMADIRIS GEORGE [US] 2
ET AL) 19 April 2007 (2007-04-19) 1

Y EP 1 902 647 Al (ELECTRO CALORIQUE [FR]) 10

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

19 September 2014

Date of mailing of the international search report

29/09/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bidet, Sébastien

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/045279
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2009107163 Al 30-04-2009 US 2009107163 Al 30-04-2009
WO 2009058837 Al 07-05-2009
US 2007084226 Al 19-04-2007 US 2003042361 Al 06-03-2003
US 2005178908 Al 18-08-2005
US 2007084226 Al 19-04-2007
US 2008289800 Al 27-11-2008
US 2012222443 Al 06-09-2012
US 2014000837 Al 02-01-2014
EP 1902647 Al 26-03-2008  EP 1902647 Al 26-03-2008
FR 2906121 Al 28-03-2008

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - drawings
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report

