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About the Cover

The cover depicts an important episode 
in aerosol history—the Pasadena 
experiment and ACHEX. It includes a 
photograph of three of the key organizers 
and an illustration of a major concept 
of atmospheric aerosol particle size 
distribution. The photograph is from 
Chapter 8, Figure 1. The front row shows 
Kenneth Whitby, George Hidy, Sheldon 
Friedlander, and Peter Mueller; the back 
row shows Dale Lundgren and Josef 
Pich. The background figure is from 
Chapter 9, Figure 13, illustrating the 
trimodal atmospheric aerosol volume size 
distribution. This concept has been the 
basis of atmospheric aerosol research and 
regulation since the late 1970s.



The Development of FIDO 
(Fog Intensive Dispersal Operation)

Ian Colbeck

ChAPTER 13

Introduction
Fog disposal research has been carried out for more than 100 years. Early 
patents concerned fog dispersal for the safety of trains and boats. For 
instance, in 1896 a patent entitled “A New or Improved Method of, and 
Apparatus for, Dispersing or Otherwise Removing Fog from the Path of 
Moving Bodies or Vessels” postulated that fog could be removed by spraying 
a liquid or liquefied gas of greater density than the constituents of the fog in 
advance of the moving body or vessel (G.B. Patent No. 189608928, 1896). 
With the introduction of aircraft, especially in warfare, emphasis began to 
be placed on clearing runways of fog. In 1923, questions were raised in the 
House of Commons regarding the United Kingdom’s awareness of work on 
fog dispersal, using electrically charged sand, by the US Army Air Service 
(Brooks, 1923). Investigations into fog dispersal continued throughout the 
20th century; even today, patents are still being filed on the subject.

Any method of fog dissipation technique requires a basic knowledge of fog 
formation and decay. A combination of two basic factors appears to control 
fog formation (Mason, 1957). These are the concentration and type of nuclei 
and the concentration and temperature of the water vapor. To succeed, fog 
dispersal techniques must change at least one of these basic parameters. 
Many methods, including the use of supersonic waves, electrical discharges, 
drying by refrigerating and outdoor air conditioning apparatus, had been 
tried in both the United States and the United Kingdom. Brunt (1936, 1939) 
concluded that only two methods needed to be seriously considered: the 
chemical method and the thermal method. The first aimed to remove part 
of the water vapor from the air, with consequent evaporation of the water 
drops. Brunt proposed that a saturated solution of calcium chloride would 
be sprayed into the air. However, the spray would have to be distributed from 
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pipes at about the level of the top of the fog. Such a pipe installation would 
be a formidable obstacle on an aerodrome. The pipes and nozzles used for 
the projection would also be susceptible to serious corrosion. If the method 
were to be available for use at short notice, very large and costly storage tanks 
would have to be installed; alternatively, if the chloride were stored dry, a plant 
would be required for rapidly dissolving the very large amounts needed. Brunt 
concluded that the various difficulties made the chemical method an unlikely 
practical solution to the problem of fog dissipation. 

The second method suggested was based on heating. Brunt calculated that 
if initially the temperature within the fog increases by 5°C from the ground 
to 110 yards, it would be necessary to heat the air sufficiently to convert the 
variation of temperature with height to the adiabatic rate to cause the fog to 
dissipate. The temperature at the top of the fog would have to be increased 
by 0.5°C in order to evaporate the fog droplets at that level, and the surface 
temperature would have to be increased by 6.5°C, thus requiring an average 
temperature increase of 3.5°C through the fog. The heat required could be 
obtained by burning 7,500 cubic feet of domestic gas, or about 20 gallons of 
paraffin per minute.

Trials were carried out between 1936 and 1939 by staff of the Royal Aircraft 
Establishment. The first experiments involved trays containing smokeless 
liquid fuels; this was succeeded by agricultural spray burners fed by pipes. 
Further developments involved two 600-foot pipelines at right angles to each 
other, with burners 10 feet apart, until finally the pipelines were doubled 
and the burners staggered so that they were effectively 5 feet apart. For a 
fuel consumption of 8 gallons per burner per hour, test results indicated that 
visibility could be increased threefold. The heat generated was not sufficient 
to raise the temperature by the required amount to fully dissipate the fog. 
However, the test had shown that the method was feasible. Because of the 
predicted high fuel consumption, further work was abandoned with the 
outbreak of World War II (WWII).

Development 
In the early stages of WWII, Royal Air Force (RAF) aircraft and their crews 
were being lost at a faster rate than they could be produced and trained. 
The War Cabinet became aware that the losses due to crashes not caused 
by enemy action were significant and they identified fog as a major factor. 
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Lord Cherwell reported to Prime Minister Winston Churchill that urgent 
action was required.

For some years, work was done in a leisurely fashion by the Air Ministry 
on the best way of clearing aerodromes of fog. Though the experiments 
were promising, they were discontinued. It may be that the expenditure 
is too great to justify the adoption of these methods in peace-time; but 
such arguments have no weight today. In view of the appalling losses we 
occasionally suffer from unexpected fogs…it seems urgent to take up this 
work again…. If we have even two or three aerodromes fitted to disperse 
fog in case of need the cost would be recovered in a very short time 
(quoted in Williams, 1995).

Experts did not hold out much hope of success, but Churchill, after 
consulting with staff from the Air Ministry and the Ministry of Aircraft 
Production decided to entrust the task to the Petroleum Warfare Department 
(PWD). Within days, the PWD experimental station at Moody Down and an 
unfinished reservoir at Staines were in a position to conduct trials. In addition, 
wind tunnel experiments could be undertaken at the Earl’s Court ice-skating 
rink. 

The project had several, short-lived names (Williams, 1995). It was 
suggested by Lyn Urwick of the PWD that FIDO (Fog Intensive Dispersal 
Operation) would compliment PLUTO (Pipe Line Under The Ocean), which 
was already in use. The earliest documents referring to FIDO date from 
September 26, 1942 (Williams, 1995).

At Moody Down, petrol burners were installed, and the initial experiment 
of November 4, 1942, cleared the fog between two rows of burners 160 yards 
long and 100 yards apart. However, this produced considerable smoke. On 
the same day, coke braziers were used at Staines, and clearance was confined 
to ground level due to the low heat output. As a result, an experimental 
coke-burning installation was installed at Lakenheath. Considerable effort 
was invested into improving the petrol burners before adopting the HAIGAS 
(Hartley Anglo-Iranian Gas) burner. Here the delivery pipes were laid around 
the burner so that the incoming petrol was heated prior to combustion. 
Another pipe was perforated and the escaping petrol vapor was lit so that the 
petrol flames extended beside the runway like two walls of flame. This system 
was installed at Graveley airfield.
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Field Trials
The initial requirement set by the RAF was for a space 1,000 yards long and 
100 feet high over the runway to be cleared of fog. For safety reasons, burners 
also had to be 50 yards from the edge of the runway. Brunt’s earlier work was 
confirmed by measurements at Staines and in the Earl’s Court wind tunnel: 
the air temperature had to be raised, on average, by 3°C–4°C for fog to clear.

The system at Graveley was tested February 18, 1943, with the successful 
landing of a Lancaster bomber. The pilot reported that the heat from the 
burners had produced little turbulence and that the conditions were like 
daylight. The runway could be seen from a distance of 60 miles, whereas 
searchlights were visible from only 5 to 10 miles. Clearance was given 
by the PWD for FIDO to be installed at the Downham Market airfield. 
Throughout these trails, work continued on improving the burners and 
the Hartley Anglo-Iranian Gill (HAIGILL) design replaced the HAIGAS. 
With the HAIGILL design, 40 gallons per yard per hour could be burned 
with no smoke, and the pipe work was easy to install with the minimum of 
obstruction.

Successful trials in foggy weather were held July 16–17, 1943. Visibility was 
between 100 yards and 200 yards, and FIDO was able to clear the runway for 
several takeoffs and landings. The Air Ministry gave permission for several 
FIDOs to be installed elsewhere. 

Concurrent research with the coke braziers was not as promising due to 
problems increasing the heat output and the difficulties of transporting and 
handling vast quantities of coke. The Lakenheath installation consisted of 
340 braziers; 9 feet 6 inches long by 3 feet 9 inches wide, enclosing a total area 
of 425 yards by 150 yards. The braziers contained 70 tons of wood shavings, 
90 tons of firewood, and 200 tons of coke. They were sprayed with paraffin 
prior to ignition. At a trail on February 20, 1943, the fires created a copious 
amount of black smoke, and the great heat caused a breeze of its own, which 
blew around burning debris. This resulted in the abandonment of such 
installations.

Aviation history was made on November 19, 1943, when four Halifaxes 
of No. 35 Squadron landed safely at Graveley in the first operational use of 
FIDO. By the end of 1943, 39 successful landings had been made.
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Wind Tunnel Contribution
A number of full-scale experiments in the open air could have been carried 
out from the start. However, this would have been  a very lengthy and difficult 
process because the lack of control over atmospheric conditions would have 
restricted observations to the occasions when conditions were favorable. 
Hence, there was the need to carry out experiments on a much smaller scale, 
under artificial conditions that were reproduced whenever required. 

The model work had been carried out between April 1943 and December 
1944. The wind tunnel was 100 feet long, 30 feet wide, and 12 feet high; the 
sides and roof were composed of wooden boards. At one end, the rectangular 
cross-section was flared down to a distance of 30 feet to a square cross-section 
of 12 feet side, and thereafter to a circular channel 10 feet in diameter, which 
housed an electric fan. The wind speed in the tunnel ranged from 0.5 feet to 
5 feet per second. Initially, cup anemometers were used but it soon became 
evident that such anemometers were not sufficiently accurate to measure low 
wind speeds. In addition, for the scale of the work, the anemometers were 
too large and interfered with the air flow. This led to the development of the 
hot-wire anemometer (Simmons, 1949).

One of the main goals of the wind tunnel work was to investigate heat flow 
pattern downwind of a burning line with crosswinds of various strengths. 
The idea was to scale up the results to determine how much heat should be 
provided in a burning line and where the line should be placed relative to the 
axis of the runway so that fog clearance may be achieved to adequate heights 
over the middle of the runway. A scaling model was developed to predict the 
behavior of full-size installations and hence to specify the requirements of the 
successful dissipation of fog. Figure 1 shows a comparison between the model 
and field observations at Staines.

Operational
Several airfields were identified for the installation of FIDO (Figure 2). 
Most were coastal airfields that used FIDO to help bombers returning 
from the raids and to combat sea fog. The airfields at Carnaby in Yorkshire, 
Woodbridge in Suffolk, and Manston in Kent were used as emergency rescue 
stations, and their runways were 250 yards wide and 3,000 yards long. This 
posed problems because the burner lines needed to be at least 270 yards apart. 
Using the results of the wind tunnel experiments, it was shown that if the 
normal 20 gallons per yard per hour for 150 yard spacing were increased to 
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55 gallons, clearance could be achieved. The HAIGILL burners were capable 
of burning 40 gallons per yard per hour, so the solution was to install two 
rows of burners 20 feet apart down each side of the runway. 

Figure 1. Petrol 
burning at Staines on 
December 14, 1942. 
Wind speed normal to the 
burning line at 8.5 miles 
per hour; convective heat 
flux 22.4 therms/year per 
hour.
Comparison of model 
predictions with field results 
(Redrawn from Rankine, 1950).

Figure 2. Location of 
FIDO-equipped airfields. 
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At every FIDO installation, storage tanks with sufficient capacity to 
allow 6 hours of continuous burning had to be installed. Early installations 
required a convoy of road tankers to meet the demand, but later all airfields 
were equipped with storage tanks with capacities ranging from 80,000 to 
250,000 gallons. Delivery to the tanks was typically via underground pipes 
from a railway siding. At Woodbridge this involved a pipeline over 4 miles 
long, while at Manston the pipeline was 1½ miles long with an ascent of 
150 feet.

By the spring of 1944, FIDO was in operation at eight airfields. Later 
that year, during the Ardennes Offensive, FIDO enabled 400 landings in 
November and 704 in December. From November 1943 until the end of 
the war, an estimated 3,000 allied planes took off or landed with the help of 
FIDO. The FIDO at Woodbridge enabled more than 90 aircraft to land one 
foggy afternoon in December 1944 with landings nearly every 2 minutes. 
Operations were fewer in February and March 1945 with 233 and 54 FIDO 
landings, respectively. Overall, FIDO was involved in over 2,700 operations, as 
shown in Table 1.

Table 2 shows the use of FIDO in fogs of various thicknesses. Not all 
occasions are recorded, and some records have not survived. However, this 
indicates that over 700 aircraft landed with the aid of FIDO, which translates 
into approximately 3,500 aircrew.

Table 1. Summary of FIDO operations

Number of landings in fog and conditions of low visibility when the 
whole or a major part of the installation was used

 1,068

Number of landings in poor visibility when a few burners were used 
as markers

 1,456

Number of takeoffs  182

Total  2,706

Source: Williams, 1995.
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The US Navy became interested in FIDO for use in the Aleutians where 
bad fogs prevailed. The first installation was on the Army Air Base at 
Amchitka where the first aircraft test occurred on July 25, 1944. The burners 
were lighted just before dawn, and within 10 minutes the area over the runway 
and downwind of the burners had been completely cleared of fog. In August 
1944, the Amchitka equipment was used tactically for the first time when, in 
spite of heavy fog, six aircraft were launched with the aid of FIDO to form an 
anti-submarine screen for President Roosevelt who was in the Adak area. 

At the end of the war, the FIDO installations fell into disrepair. RAF 
Manston continued to use FIDO until 1949—it was on standby for London 
airport. After that, radar had so improved that FIDO was phased out. In 1949, 
a system patterned after FIDO was installed at the Los Angeles International 
Airport (Christensen & Frost, 1980), but this system was abandoned in 1953 
after it was found to be too expensive to operate.
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