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Abstract: This paper presents the developed equipment, the process optimisation and the applications for the new fog 
dissipation method using a compressed air jet with solid dry ice grains. The fog dissipation by dry ice blasting is fast, 
efficient, environmental friendly and sustainable. For the above mentioned process we have used dry ice grains at a 
temperature of -78,5 °C and at almost the speed of sound as blasting medium. Our machine consists of a compressor, an air 
treatment system, a dry ice blasting machine, and special jet nozzles. The results will show the optimisation of the jet range 
as well as the dry ice grain velocity and diameter in the jet. We will report on experiments where the fog disposal technique 
was studied using micro-physical methods as well as video recording with a high speed and thermal detector camera. The 
fog dissipation system can be stationary and mobile mounted on different vehicles. The new method shows many 
advantages compared to conventional techniques with liquid gases, chemicals, thermal, and mechanical seeding methods. 
We believe that our method may be the first in the centennial history of fog disposal which could be efficiently applied to 
solve the problems in road and air traffic, sports events, open-air building and production sites as well as in the military and 
border check. We have registered the application by patents and it will be distributed world-wide by the company Weather 
Technologies (Berlin, Germany). 
 
 
1  INTRODUCTION 
 
A lot of different technologies for fog dissipation have 
been developed and tested in the course of the last 
century. Almost all of them are very slow, have low 
efficiencies, require high investment and operational 
costs, and there are considerable effects on the 
environment such as water, soil, and air. The existing 
technologies mostly use liquid gases, chemicals, thermal, 
and mechanical seeding methods. Until now none of 
these processes are of industrial importance at airports or 
highways. 
 
Reduced visibility during fog causes a lot of fatalities and 
injuries in traffic as well as expensive equipment failures 
or delays. The following examples can be cited for an 
assessment of the economic consequences: 
 
In 1997 there were more than 10 casualties in the US in 
accidents that were due to fog. 103 persons were injured. 
In 1997 alone, the overall cost of these accidents 
amounted to 1.7 Mio. US$ [1]. 
 
In 1990 and 1991, 4 accidents that were caused by fog 
took place on US limited-access highways. More than 
240 vehicles were involved in these accidents. There 
were 21 casualties and 80 people injured [2]. 
 
Between 1981 and 1989, accidents where fog was present 
had resulted in more than 6,000 fatalities on all classes of 
US highways [2]. 

 
 
In Germany, there were 24 deaths in road accidents 
which were caused by fog in 1999, whereas 255 persons 
were seriously injured and 500 were only slightly injured. 
The economic costs for life, invalidity, accident or health 
insurance amount to several million Euro each year. 
 
The German airport Frankfurt am Main which is one of 
the biggest European airports, accounts for fog-bound 
costs of app. 250,000 US$ per hour . 
 
In this context, the development of an industrially 
applicable technology for fog dissipation is of 
outstanding economic significance. The presented 
technique for fog dissipation by dry ice blasting has the 
potential to solve a multitude of problems.  
 
By applying the innovative process fog dissipation by dry 
ice blasting, customer have the following advantages: 
?? Careful treatment of natural resources, 
?? Reduction of exhaust fumes in traffic, 
?? Higher level of security for humans, technology and 

the environment, 

?? Diminution of costs by dispensing with delays, 
equipment failures, accidents, injuries or casualties 
and 

?? Better security of planning and calculation  



2  FOG DISSIPATION BY DRY ICE BLASTING 
 
The fog dissipation by dry ice blasting is based on the 
mechanism of collision nucleation. The solid dry ice 
grains are blasted into the fog and collect several fog 
droplets by a mechanism called dynamic impact. After a 
short time the fog disappears. The dry ice grains collect a 
few droplets and the conglomerate freezes or remains as 
big super cooled drops. Additionally, local cooling leads 
to condensation growth. The jet impulse leads to an 
increase of the turbulence and this leads to the 
elimination of the fog in the adjacent air volume elements 
next to the zone that is effected by the dry ice grains.  
 
A mobile application of this technology removes the fog 
in a corridor of a width of app. 300 m. Since the fog is 
dissipated extremely fast and efficiently, longer distances 
such as a runway or part of the motorway can be cleared 
of fog within a very short period of time. 
 
The advantages of the new process are the following: 
?? Eco-friendly due to the sublimation of the dry ice 

grains, 

?? Process is fast (less than 3 minutes) and sustainable, 
?? Wide range, 
?? Can be applied both in a mobile and stationary way  
?? Low operation cost. 
 
During fog dissipation by dry ice blasting, solid dry ice 
grains are blown into the fog. Dry ice is solid carbon 
dioxide. The chemical and physical properties of the dry 
ice grains are [3]: 
?? Chemical composition:  

99.95 % CO2, 0.05 % H2O and NH3, 

?? State of aggregation: solid, 

?? Temperature: -78.5 °C, 
?? Hardness: 2 - 3Mohs, 
?? Density: 1,000 kg/m³ and 

?? Powder density: 820 kg/m³. 
 
The dry ice grains are produced in large gas companies. 
A worldwide production and distribution network is 
already in existence. The used carbon dioxide is a waste 
or recycling product from waste air, e.g. from ammoniac 
synthesis or from the production of hydrogen.  
 
The dry ice grains are manufactured in pelletizers (fig. 1). 
Liquid carbon dioxide which is stored in a tank at a 
temperature of –20°C and a pressure of 12 to 20 bar, is 
transported through pipes into the pelletizer. The liquid 
carbon dioxide is pre-cooled in a heat exchanger and then 
reduced to a pressure of 1 bar in a piston chamber. 
Besides gaseous carbon dioxide that is used for cooling 
in the heat exchanger, solid CO2 (dry ice snow) of a 
 

 
 
temperature of –78.5 °C is formed. The dry ice snow is 
pressed through a matrix until dry ice grains are 
produced. 

 
Fig. 1:  Production process of the dry ice grains [4] 
 
The first investigations concerning fog dissipation by dry 
ice blasting were performed at the Institute for Machine 
Tools and Factory Management at the Technical 
University Berlin in May, 1999. Closed cubic measuring 
chambers filled with fog were used. The chambers had a 
volume of 1 m³ and a vertical glass tube (length: 2 m, 
diameter: 400 mm) with a volume of 0.25 m³. The fog 
was produced with medical equipment. For the fog 
dissipation, dry ice grains with a diameter of 100 to 200 
µm and dry ice pellets with a length of 5 mm and a 
diameter of 3 mm were inserted. The dosed dry ice grains 
and pellets were inserted from the top of the measuring 
chambers. Both the insufflation of the jet air as well as 
the insertion were investigated. The fog dissipated within 
only a few seconds. 
 
The speed and the efficiency of the process were verified 
during a large scale technological investigation in Berlin 
in November, 1999. In the months of October and 
November 2000, we made a second campaign south-east 
of Munich. The findings of these measurements were 
most of all technological data (range, diameter and 
velocity of the dry ice grains) and specifications about 
the optimum selection of different installation 
components. 
 
Another campaign will be in March/April 2001 in the 
Harz Mountains (Germany). During this campaign, the 
influence of the wind velocity and temperature on the fog 
dissipation technology will be examined. 
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Fig. 2:  Schematic construction of the mobile installation for fog dissipation by dry ice blasting 
 
3  MACHINE 
 
The mobile fog dissipation with dry ice blasting 
installation (fig. 2) is a modular container with 
mechanical and electrical interfaces. The customer may 
install it on a trailer, a normal vehicle or even on a 
special vehicle, such as a snow smoother. The mobile 
installation will have a mass of app. 3 t and the 
dimensions of about 3 m x 1.5 m x 1.5 m. 
 
The installation consists of several technological sub-
systems. Essential parts are the compressed air machine 
with a diesel-driven screw compressor, a compressed air 
processing unit and a reserve tank, a proportioning 
system and jet nozzles for the dry ice grains. Further the 
installation comprises a drive and control technology for 
the jet nozzles, the proportioning system and for the 
entire installation. The development and construction of 
the ready-to-market and industrially applicable 
installation prototype will be finished by November 
2001. 
 
4  PROCESS OPTIMISATION 
 
A high-speed video system was used to visualise and 
optimise the jet with the dry ice grains after leaving the 
jet nozzle. The high-speed video system was a 
Motionscope PCI by Redlake. It consisted of a digital 
high-speed camera, a PC, a video recorder and a special 
evaluation software. The jet was illuminated by 4 cold-
light fittings with a total luminous intensity of 10 million 
lux. The exposure rate was 8,000 frames per second at an 
exposure time of 1/80,000 s and a total recording time of 
1 s per setting [5]. 
 
The objective of the technological investigations was the 
development of a flow model to determine the flow type,  
the jet range, the jet diameter and the turbulence of the 
jet, as well as the optimisation of both the diameter and 
the speed of the dry ice grains.  
 
The developed flow model (fig. 3) displays the 
dissemination of the jet at the speed and the mass flow of 
the flow gas (air + CO2) and the dry ice grains. The  
 

sublimation of the dry ice grains causes a reduction of the 
dry ice grain mass flow with increasing jet length. In 
contrast, the dry ice grain velocity does not decrease as 
rapidly as the gas velocity, which is due to the mass 
moment of inertia of the dry ice grains. 
 

Fig. 3:  Flow model of the dry ice jet [6, 7] 
 
 

Fig. 4:  Dry ice grain diameter in the jet [5] 

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

air filter
screw compressor
oil trap, cooler, filter 
pressure controler
air cooler
adsorption dryer
refrigerating dryer
surge tank
steam trap
micro filter
jet pressure controler
dosing disk
dry ice tank
mass flow controler
jet nozzles

M PI

6

2

3

7

9

11

13

14
15

12

10

8

5

4

1

jet nozzle diameter dD

dry ice grain diameter dP

jet diameter dK

d P

dD

dK

0.0-0.1 0.1-0.5 mm 1.0-1.5

50

%

30

20

10

0

dry ice grain diameter dP

fr
eq

ue
nc

y 
ra

tio
 H

%

jet nozzle

boundary layer

vgx O

vPxO

jet corevgx 1(y)

v Px1(y)

vgx3(y)
vgx2(y)

vPx3(y)
vPx2(y)

surrounding
medium

gas velocity

dry ice grain velocity

vgxi(y)

vPxi(y)

.

.

.
mges

mg

mP

total mass flow

gas mass flow

dry ice grain mass flow

m
as

s 
flo

w
 m

.

jet length x

.

.

.
mges

mg

mP



A digital measuring system served to analyse the video 
recording, determining the diameter of the dry ice grains, 
the number of certain grain sizes per time unit as well as 
the velocity of the dry ice grains. 
 
Fig. 4 shows the frequency ratio of the grain diameter 
ranges. According to this, 45 % of the dry ice grains 
display a grain diameter of less than 0.1 mm, 35 % 
between 0.1 and 0.5 mm, 17 % between 0.5 and 1.0 mm 
and 3 % higher than 1.5 mm. Die grain size is not a 
function of the jet pressure [5]. 
 

Fig. 5:  Dry ice grain velocity in the jet [5] 
 
Fig. 5 presents the experimentally determined dry ice 
grain velocity as a function of the jet pressure, as well as 
the result of the regression analysis for the flow model. 
The grain velocity increases almost linearly with rising 
jet pressure, while it decreases with increasing dry ice 
mass flow. At a jet pressure of 11 bar, the mean dry ice 
grain velocity is 280 m/s [5].  
 
In the course of future developments, new high 
performance laval nozzles will be constructed and 
manufactured. With these nozzles, it will be possible to 
reach gas and dry ice grain velocities above sonic speed. 
The range of the dry ice grains in the fog will increase so 
that the process of fog dissipation with dry ice blasting 
can be accelerated and hence its efficiency will 
significantly improve.  
 
5  CONCLUSION 
 
An innovative process for fog dissipation by dry ice 
blasting was presented. The economic framework, the 
process fundamentals, the construction of the installation 
for an a industrial application and the technological 
investigations were discussed. Important results of the 
process optimisation include a flow model for the dry ice 
jet as well as the description of the correlations between 
the set parameters and dry ice grain diameter and the 
velocity in the jet. 
 
Fig. 6 displays the relevant fields of application for fog 
dissipation by dry ice blasting. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
??airports 

??highways, roads,  
  harbours 

??skiing, sport events 

??building / production sites,  
  coal mining 

??military, border check 
 

Fig. 6:  Applications for fog dissipation by dry ice 
blasting 
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