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The centennial of the founding of ASHRAE’s predecessor society, 

ASHVE, was celebrated in 1994. That celebration included pub-

lishing Heat & Cold: Mastering the Great Indoors. The original manu-

script featured a chronology of significant innovations in HVAC&R. 

However, space limitations precluded its inclusion in the book. For the 

American Society of Refrigerating Engineers centennial in 2005, the 

original chronology was updated with the AC&R information excerpted. 

The new version is available at www.ashrae.org/chronology.

Keeping Cool
Timeline of Refrigeration & Air Conditioning
By Bernard Nagengast, Member ASHRAE; and Gerald Groff, Fellow/Life Member ASHRAE

Here is a sampling of the chronology, 
with some illustrations added, covering 
some technical innovations of a century 
ago.

1904
Public Debut of Air Conditioning: Mis-
souri State Building, St. Louis World’s 
Fair. To commemorate the centennial of 
The Lousiana Purchase, a World’s Fair 
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Figure 1: The Missouri State Building was the public’s first demonstration of mechanical cooling.
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was held in St. Louis in 1904 – 05. Officially titled The Louisiana 
Purchase Exposition (informally known as the St. Louis World’s 
Fair), the fair was the site of the public debut of comfort air con-
ditioning. Although some comfort air-conditioning installations 
had been engineered before 1904, the Missouri State Building 
was the first place where the general public experienced the 
benefits of mechanical cooling en masse (Figure 1).

When planning for the fair commenced, a proposal was made 
to cool many public buildings and food concessions. However, 
this was thought as too ambitious by the fair’s managers, and 
the cooling plan was scaled back to only one building.

At this large public gathering place, the Missouri State Build-
ing contained a rotunda and 1,000 seat auditorium, which was 
cooled during the summer. 
Thirty-five thousand cfm (16 
517 L/s) of partially recircu-
lated air, cooled by direct ex-
pansion, was delivered through 
mid-height wall registers. 

No doubt this installation 
impressed fair visitors, many 
of whom experienced comfort 
cooling for the first time. But 
it really caused a stir among 
refrigeration engineers, and 
the trade journal Ice and Re-
frigeration ran an extensive 
article on the installation. The 
editors concluded, “The practi-
cal application of mechanical 
refrigeration to air cooling for 
the purposes of personal comfort, no doubt has a field ... and the 
day is at hand, or soon will be, when the modern office building, 
factory, church, theater and even residence will be incomplete 
without a mechanical air cooling plant.”1

First Air-Conditioned Bank: Hanover National Bank, New 
York, by Alfred Wolff. 1904 was the site of another comfort 
cooling installation. For the first time, a bank was air condi-
tioned. New York consulting engineer Alfred Wolff designed 
the system. (Wolff was no stranger to the new science of air 
conditioning, having designed large comfort cooling systems 
for the Cornell Medical College in 1899 and the New York 
Stock Exchange in 1901.) 

Wolff designed a cooling system in 1903 for the Hanover 
Bank in New York. The system was in full operation by 1904, 
using a 100 ton (352 kW) ammonia absorption refrigeration 
system to furnish cold brine to pipe coils in a 2,560 ft2 (238 
m2) bunker, through which the building air was circulated. The 
conditioned air was distributed near the ceiling through orna-
mental grillwork. A heating coil was located in the airstream 
parallel to the cooling coil, with the airstream regulated with 
a damper so the air could be switched either to the heating 
or cooling coil. The system was regulated by thermostat and 
humidistat. 

Initially, the cooling system was designed to maintain an in-
door temperature of 70°F (21°C), but when the outdoor summer 
temperatures approached 100°F (38°C), the occupants reported 
that the 30°F (17°C) of thermal shock “…was too sudden, and 
severe colds and rheumatic twinges were the immediate results.” 
The system control was changed so that the indoor temperature 
was maintained 10°F to 15°F (5.5°C to 8°C) below the outdoor 
temperature.2 

1904 – 05 Founding of ASRE. “The first general meeting of the 
American Society of Refrigerating Engineers was a most agree-
able surprise to everybody, including even the officers and found-
ers.… It gave promise of being the first of many annual meetings 

which will become the guide of 
the student and the operating 
engineer in the science of main-
taining temperatures below that 
of the atmosphere. There was an 
honest ring to the papers and 
discussions which betokened 
the purpose of America’s fore-
most experts on refrigeration 
to get down to facts regardless 
of anybody’s pet theories or 
interests, but it was also evident 
that the search for Truth will 
be fostered without malice or 
prejudice.”3

The ASRE was founded in 
1904 at the suggestion of Wil-
liam H. Ross, who was associ-

ated with the trade journal Cold Storage. The first organizational 
meeting was held December 1904 in New York City. Ross was 
secretary of the organization from 1905 through 1927. 

Self-Contained Electric Refrigerator Displayed at St. Louis 
World’s Fair. At the turn of the 20th century, most refrigeration 
technology was applied to large installations and refrigeration 
for homes and stores was in its infancy. Many entrepreneurs 
were attempting to solve the technical problems stymieing the 
development of a foolproof refrigerator. 

One of the earliest successful small size refrigerating systems 
was designed by Richard Whittaker of New Brunswick, N.J. Whit-
taker applied for a number of U.S. patents in 1904 and 1905 cover-
ing the elements of such a system (U.S. patents: 795,014; 795,015; 
821,563; 848,277; 911,635; 932,599; 936,065 and 1,013,348). 

The Brunswick Refrigerating Co. began manufacturing small 
refrigeration systems for homes and butcher shops in 1900. In 
particular, the company advertised a refrigerator that had the 
refrigerating system self-contained with the refrigerator, an 
unusual design for the period, as early as 1904. Normally, the 
refrigeration compressor and condenser were located remote 
from the refrigerator. 

The company displayed a model of the refrigerator (Figure 2) at 
the 1904 – 05 St. Louis World’s Fair. “A good sized box, between 

Figure 2: The Brunswick self-contained refrigerator.
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5 ft and 6 ft (1.5 to 1.8 m) high has at one side a small compart-
ment, about a foot-and-a-half (0.45 m) wide, but extending the 
height of the refrigerator, in which is placed a self-contained, 300 
pound (136 kg) capacity (this refers to pounds of ice equivalent), 
refrigerating machine built by the Brunswick Refrigerating Co., 
New Brunswick, N. J., with coils of brine piping in the upper sec-
tion of the refrigerator. The machine is operated by a little motor, 
attached, and is said to work very satisfactorily, easily keeping the 
temperature in the refrigerator at 40°F (4.4°C) or under.”4 

The Brunswick Refrigerating Co. manufactured small-size 
refrigeration equipment for many years, later merged with 
Kroeschell Brothers Ice Machine Co. to form Brunswick-
Kroeschell, which merged with Carrier Engineering Corp. to 
form Carrier Corporation.

Introduction of Enthalpy and Plotting of Calculation of 
Refrigerating Machines by Richard Mollier. Thermo-
dynamic Properties of Carbon Dioxide and Ammonia 
Published. The term enthalpy was introduced into theoretical 
thermodynamics by J.W. Gibbs in the 
1870s. Richard Mollier introduced it 
into applied thermodynamics in 1902 
and used it as one coordinate of his 
thermodynamic diagrams (the other 
was entropy or pressure) beginning 
in 1904. Mollier (1863 – 1935) was a 
professor at the University of Dresden 
who, like Willis Carrier, saw the need to 
provide engineers with more easily used 
tools for designing thermodynamic 
systems. Mollier published an article 
entitled “New Diagrams for the Tech-
nical Caloric Theory” in a 1904 issue 
of the VDI magazine. His charts were 
recognized to have given great impetus 
to the advancement of thermal engine 
development. He subsequently applied 
this approach to his “New Tables and 
Diagrams for Water Vapour.” In 1923 
the International Congress of Thermo-
dynamics, held in Los Angeles, passed a resolution to designate 
all diagrams that represent the heat capacity on a coordinate, 
after Richard Mollier. 

1905
Modern Automatic Expansion Valve Patented by Albert 
Marshall. As the application of mechanical refrigeration spread 
to uses requiring small systems, the need to control refrigerant 
flow became evident. Various schemes to control refrigerant 
flow began to appear in the 1880s, and one of the first successful 
approaches that saw production and use was the constant pres-
sure expansion valve (commonly referred to as the automatic 
expansion valve) invented by Albert T. Marshall who filed for 
a U.S. patent in 1904 (U.S. Patent 785,265 granted in 1905) 
The patent text says the invention “relates to an automatically 

controlled valve for regulating the admission of anhydrous 
ammonia or other refrigerating medium to the expansion coils 
of a refrigerating apparatus.” 

Marshall’s expansion valve was used by The Automatic 
Refrigerating Co., a pioneer in development of small refriger-
ating systems. Marshall invented other automatic controls for 
refrigeration, including a constant superheat (thermostatic) 
expansion valve, patenting it in 1911.

1906
Apparatus for Treating Air Patented by Willis Carrier. Wil-
lis Carrier’s first attempts to control humidity in heating and 
ventilating systems at the Sackett-Wilhelms printing plant used 
pipe banks to dehumidify the air. Carrier “…observed that as 
dehumidification was taking place, the air was in contact with 
water on the pipe surfaces.… Why should we not, then, spray 
the cold water into the air stream, thus increasing the surface 
of contact and reducing the resistance to air flow.”5

Although the idea of using an air washer to control humidity 
had been proposed as early as 1894 by 
Hermann Rietschel, and air washers 
commonly were used to clean and 
humidify air in heating systems for 
large buildings, Carrier realized that 
the idea of controlling humidity with 
an air spray was an engineering and 
marketing feasibility. He applied for a 
U.S. patent in 1904, and was granted 
patent 808,897 in 1906. His patent 
“Apparatus for Treating Air” says, “The 
object of the invention is to provide an 
efficient practical apparatus of simple 
construction which will thoroughly 
separate all solid impurities, floating 
particles, and noxious material from 
the air either with or without altering 
its temperature and humidity.” 

Carrier’s improved air washer was 
marketed by Buffalo Forge Co. and 
was used by Carrier in most of his early 

industrial air-conditioning installations.

Psychrometric Chart Developed by Willis Carrier. In 1906, 
Willis Carrier developed a hygrometric chart to aid in the de-
sign and operation of air-conditioning installations (the term 
“air conditioning” was actually not coined until 1906 by Stuart 
Cramer). In his work on the Sackett-Wilhelms printing plant 
installation in 1902 – 03, Carrier was frustrated with the lack 
of engineering tools to calculate process state points for his 
system. Available data on moist air properties were limited to 
Marvin’s psychrometric tables, published by the U.S. Depart-
ment of Agriculture in 1900.6 These tables consisted of 67 pages 
of data. The relation of humidity to dew-point depression only 
could be searched out by laborious subtractions—but it was 
not self-evident in the tabulated data.

Figure 3: First use of term “air conditioning.”
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The first exposition of Carrier’s chart was in a 1906 catalogue 
of the Buffalo Forge Company’s air washers and humidifiers. On 
Carrier’s chart, curved lines representing “percent of saturation” 
were plotted against “temperature of dry bulb” and “grains of mois-
ture per cu. ft. of air.” Total heat was not shown but otherwise this 
chart established the basic form of the psychrometric charts used 
today. Carrier formally published this chart in his landmark ASME 
paper “Rational Psychrometric Formulae” in December 1911.

When ASHRAE undertook, around 1960, to establish an 
official Society chart, the academic community insisted that 
dry-bulb temperature (which Carrier had used successfully as a 
surrogate for enthalpy in his charts for practical reasons) should 
be replaced as a major coordinate by enthalpy. Thus, we now 
have enthalpy and specific humidity as the main coordinates 
used in air-conditioning process calculations. 

The Term “Air Conditioning” is 
Coined by Stuart Cramer. Stuart 
Cramer, a textile mill engineer from 
Charlotte, N.C. who is credited by Willis 
Carrier as the contemporaneous discov-
erer of some of the basic relationships of 
humidity and temperature in air, was the 
first to use the term “air conditioning” 
(Figure 3). Cramer filed for a U.S.patent 
in April 1906 (U.S.Patent 852,823). The 
patent was titled “Humidifying and Air 
Conditioning Apparatus.” Cramer’s 
invention was a device to automatically 
regulate the temperature and humidity 
in factories. 

Cramer also used the term in his May 
1906 address before the American Cotton 
Manufacturers Association in Asheville, 
N.C. Excerpts are reprinted in his 1906 
book Useful Information for Cotton 
Manufacturers. “…I have used the term 
‘Air Conditioning’ to include humidify-
ing and air cleansing, and heating and 
ventilation.”7

Fascinated by this history? See more 
of this proud heritage, beginning more 
than 2,000 years ago, at www.ashrae.
org/history.
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