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Minimizing indoor infection risks with automotive nanofiltration  

and with laminar vertical flow 
 
ARTICLE INFO  The knowledge about nanoaerosols, their potential health effects, their measurement, limitation and admin-

istrative-legal treatment has been developed in the last 3 decades in connection with the exhaust gas cleaning of 

the combustion engines. Nanofiltration, which has thus become known, almost completely eliminates nanoparti-

cles with filters of high durability, high specific filtration areas, and reasonable costs. On the occasion of the 
Covid pandemic, NanoCleanAir experimentally proved that the viruses in an automotive filter substrate are 

separated as well as the combustion particles and are also deactivated. To minimize cross exchange of infectious 

aerosol, new attention must be paid to flow management in ventilated spaces. Digitized flow analysis has also 
received significant inspiration from engine technology in the past. This paper provides information on some 

basic investigations and gives valuable advice based on the experimental and numerical results of a retrofitted 

classroom. 
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1. General 
A SARS CoV-2 infected person may emit up to 10 mil-

lion viruses with each m
3
 of exhaled air, and on the other 

hand, the infection dose may be as low as 500–1000 virus-

es. Given these numbers, the infection risk in a room cannot 

be sufficiently reduced by periodic window ventilation or 

by partly cleaning with mobile air cleaners but requires  

a continuous perfect virus elimination. Furthermore, lateral 

flow from the infected persons to their direct or distant 

neighbors must be avoided. This sounds utopic but can 

indeed be solved by body heat-induced vertical laminar 

flow and ventilation from floor to the ceiling, extracting the 

contaminated air at the ceiling and recycling it via a filter 

back to the floor. Filtration must be very close to 100%. 

Since the «naket» Corona virus has a size of 60–150 nm, 

which is the typical size of particles emitted by combustion 

engines. The diesel particle filter DPF, a honeycomb type 

ceramic wall-flow filter, was selected for this nanofiltration 

task. These filters reach > 99% efficiency for soot particles 

of 10–500 nm and have attractive properties since their 

filtration surface is > 1 m
2
 per liter bulk volume, they can 

easily be cleaned in situ, if needed thermically disinfected 

or catalytically coated, and have the life, the quality, low 

bulk and low cost of an automotive product. To test the 

bioaerosol filtration properties, bacteriophages MS2, which 

are non-pathogenic to human, animals and plants and have 

a viral particle size of 30–40 nm were used for the test as  

a proxy for SARS-CoV-2 virus. The wall flow filters 

reached a filtration rate of > 99% for these bacteriophages 

and the survival test resulted in 1% active viruses after 24 

hours, zero after 48 hours. To test the whole system,  

a classroom was selected as a pilot case. The ventilation 

was designed to exchange the room’s air volume five times 

per hour. Contaminated air was extracted at the ceiling and 

recycled to the floor corners after filtration. Fresh air from 

outside supplied for CO2-control was also filtered to clean it 

from ultrafine traffic related carcinogenic particles. The 

dynamic cleaning process and room distribution was tested 

with salt nanoparticles simulating the virus source by  

a cloud concentration of 80,000 particles per cubic centime-

ter. The lateral flow reaching the neighbor desk of the in-

fected schoolboy contained only 2–300 P/cc, demonstrating 

that the contaminated air escapes vertically, showing  

a cross-contamination risk reduction of 2–3 orders of mag-

nitude. This virus protection system is universally applica-

ble, not only for applications in classrooms, but can also be 

scaled and adapted to industry, hospitals and public 

transport environments including aircraft cabins.  

2. Introduction  
Corona viruses, like combustion soot, are among the 

smallest suspended particles [11, 17, 23]. When exhaled by 

an infected host, they are usually surrounded by a liquid 

envelope and reach 500–10,000 nm, but the aqueous enve-

lope evaporates rapidly [8], leaving particles with a thin 

mucus envelope in the size range of 300–500 nm [9, 20]. 

Once released as an aerosol in indoor air, they remain sus-

pended for many hours. When they reach surfaces that do 

not contain host cells, they remain firmly bound there by 

van der Waals forces, like other fine particles, and lose their 
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activity after a few hours [4]. Today, it is recognized that 

only consistent suppression of aerosol transmission in 

closed rooms, where long periods of residence prevail, can 

reduce the risk of infection [25, 36]. Thus, ventilation is 

required.  

It is further essential to recognize that the air exhaled by 

an infected person may contain up to 10 million viruses per 

m
3
 [10, 27]. In contrast, the infectious dose is only 500–

1000 viruses, and that infection can occur with a few 

minutes’ exposure [18]. Thus, it makes little sense to aim 

for dilution by a factor of 2–5 and be satisfied with filter 

removal efficiencies of 60–80%, which is often considered 

sufficient for ventilation. Still, much more efficient meth-

ods must be sought to ensure adequate protection.  

Firstly, the separation efficiency must be high, especial-

ly in the diffusion range, i.e., below 1000 nm. Secondly, the 

ventilation air flow pattern must under no circumstances 

lead to lateral transport of the virus cloud, which otherwise 

would favor cross-contamination and accelerate its spread 

in the course of turbulent dilution of this cloud. Instead, 

laminar displacement principles are required that reduce 

cross-contamination by at least two orders of magnitude, 

and filtration should reach values > 99.9% in the size range 

< 1000 nm.  

Thus periodic window ventilation seems not very suita-

ble because it tolerates a high concentration towards the end 

of this period, which can be sufficient for contagion and 

contributes to the rapid expansion of contamination. Also, 

the use of portable air cleaners by filtration or UV-light, 

which clean only part of the air but otherwise mix the air in 

the room by its turbulent flow pattern contribute strongly to 

the distribution. [7, 21]. 

If filtration is used, the air supplied from outside should 

also be filtered efficiently because urban air contains, 

among others, cancerogenic ultrafine particles from traffic 

(soot particles and metal oxide particles from exhaust gas, 

brake abrasion, tire, and road abrasion) in the same size 

range as the viruses [30, 35] and in much higher concentra-

tions, namely often > 20,000 particles per cubic centimeter, 

i.e., about one million more than the maximum expected 

virus concentration.  

Both tasks can be solved in combination, which would 

finally make a significant contribution to mitigating the 

high mortality risk [12, 34] from traffic-related nanoparti-

cles and avoiding virus infections. In the following, a new 

technical approach for a sustainable solution to these tasks 

is presented, which has already been investigated in a class-

room as a pilot application by numerical flow simulation 

and experimentally by salt particle tracing and has fulfilled 

the requirements mentioned above during a full year of 

flawless operation [26, 28].  

3. Recent developments of ceramic multicell wall 

flow filters  
Over the past thirty years, a filter development has taken 

place, which, surprisingly, has been completely limited to 

the application in the exhaust gas of internal combustion 

engines. From the beginning, the requirements were very 

high because of the high temperatures in the exhaust tract, 

the mechanical and thermomechanical demands, the neces-

sity to manage with a very small bulk volume under vehicle 

floors at low backpressure, and after the introduction of the 

particle number criterion by Switzerland with a request for 

high separation efficiency according to VERT [33] of  

> 98% for particle sizes from 10 nm. 2007 this has been 

adopted with slight modifications (lower limit 23 nm) by 

the EU, later by China, India, and many other countries.  

Meanwhile, these filters are used in almost all new ve-

hicles, diesel, petrol, and gas. It is estimated that about 300 

million vehicles are equipped with particle filters, i.e.,  

a large series product manufactured at comparatively low 

cost and subject to the stringent quality criteria of the auto-

motive industry. The author team has been involved in 

developing this technology and the particle metrology re-

quired for it from the beginning [2, 5, 19]. 

In the course of development, the ceramic wall-flow fil-

ter design has emerged as the standard solution [13]. De-

rived from the multicellular structure of a catalyst substrate, 

but with porous walls (pore size around 10 μm), flow 

through the walls is forced by alternately plugging the cells 

(Fig. 1). Since the sum of the wall areas is very large (up to 

1.5 m
2
 per liter of filter volume), the flow velocity is re-

duced from an inflow around 50 m/s to a flow of about  

5 cm/s through the walls. Thanks to this low velocity, the 

separation of nanoparticles by diffusion in the pore laby-

rinth is enabled (Fig. 2), and the pressure drop remains 

within narrow limits set by the engine.  

 

Fig. 1. Ceramic wall flow filter for Diesel application DPF and gasoline  

 application GPF 

 

Starting in the 80's with a cell density of 100 cells per 

square inch [cpsi], today we are at 300 cpsi and have 

achieved unprecedented compactness of these filter cells, 

which allows them to be installed even in small vehicles. 

In Diesel engines this filter achieves these high collec-

tion efficiencies only after establishing an initial soot layer 

on the porous filter walls (Fig. 3), which precedes the wall 

pores with a finer pore structure. This effect of pore grada-

tion can also be achieved by ceramic membrane formation 

or using hierarchic pore structuring techniques [3] so that 

filter substrates are available today which reach the high 

efficiency right from the start and are therefore also suitable 

for the filtration of viruses, whose concentration in the air is 

much lower than the concentration of soot particles in the 

diesel exhaust gas and which would therefore only form  

a filtering layer after far too long a time. 
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Fig. 2. Diesel soot particle filtration by number > 99% acc. to VERT [33]  

 

Fig. 3. Filtration efficiency increase by initial soot layer build up on  

 a Diesel engine [33] 

 

Fig. 4. Filtration of soot generated by two CAST settings [15], measured  

 by SMPS und CNC [31] 

 

These filters have numerous properties which make 

them suitable for use in exhaust air purification, air condi-

tioning, and, in the present case, for the efficient purifica-

tion of air from bioaerosols, not only in building services 

but also in the medical sector and in public transport: low 

construction volume, light, catalytically coatable, safely 

heatable for disinfection, easy to clean in situ, do not 

change their properties due to vibration or wetting or aging 

and can be easily integrated into a wide variety of geome-

tries and systems. 

4. Filtration of infectious bioaerosols  
According to the laws of aerosol physics, it may be as-

sumed that viruses behave similarly to soot particles in  

a filter matrix, i.e. that their flow pattern is determined 

primarily by mobility, i.e., by size. However, this has to be 

verified. Therefore, a sensitive test method is needed that 

provides information on the volumetric concentration of the 

bioaerosols, and even more precisely, it must provide in-

formation on the number of active viruses in the sample 

volume because the number of deactivated viruses or virus 

fragments does not make sense for the evaluation of a virus 

protection filter. 

Working with pathogenic viruses, especially highly 

transmissible ones, poses great health challenges. Due to 

the high contagiousness (transmissibility) and virulence of 

SARS viruses in general and SARS-CoV-2 in particular, 

experiments would have to be carried out under the highest 

biosafety measures (BSL-3), which makes an experimental 

facility with aerosols practically impossible.  

For these reasons, using bacteriophages as surrogate vi-

ruses is state of the art in environmental biology [1, 6, 14, 

24, 29]. Bacteriophage MS2 is morphologically, structural-

ly, and genetically similar to human viruses such as SARS-

CoV-2, noroviruses, or rotaviruses enabling it to be used as 

tractable and safe surrogates for human viruses. As a prac-

tical surrogate virus, the Escherichia coli bacteriophage 

MS2 can be used together with biological safety laboratory 

strains of Escherichia coli as target cells which are safe for 

humans and the environment.  

MS2 is one of the smallest viruses with a diameter about 

2–4 times smaller than SARS-CoV-2. Like SARS-CoV-2, 

MS2 is a positive-strand RNA bacteriophage. It specifically 

infects Escherichia coli F+ bacteria and can therefore be 

detected actively (alive) with very high sensitivity in the 

form of "plaques", which are formed by the multiplication 

of the viruses in the infected bacterium (up to 1 million 

viruses in one bacterium) and thus enlarge it to the point 

where it can be counted visually. In addition, bacteriophage 

MS2 is highly persistent in aerosols, making it an ideal 

virus for testing the efficiency of air and water filtration 

systems; bacteriophage MS2 (ATCC 15597-B1) and its 

corresponding Escherichia coli F+ safety strain C300 

(ATCC 15597) are available from the American Type Cul-

ture Collection (ATCC).  

The following figures show the wind tunnel-like test fa-

cility (Fig. 5, 6), sample collection through gelatine filters 

(Fig. 7), and sample counting the plaques before and after 

filters (Fig. 8). The equipment and the procedure are de-

scribed in detail in [28]. Example of result is given in Fig. 

9, which illustrates a calculated filtration of > 99.99%. 
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Fig. 5. Flow channel to dry and homogenize salt particles or CAST soot  

 for filter test 

 

Fig. 6. Actual test installation at FHNW with aerosol sampling points for  
 particle counting 

 

Fig. 7. Test installation at AMI Uni Fribourg for bacteriophage filtration  

 test under the hood 

 

Fig. 8. Agar plates, from which the number of plaques are counted before 

(left) and after filter (right). The solution was highly diluted to make it  

 countable. Each plaque stays for one original virus 

 

Fig. 9. Typical counting results of « plaques » resulting numerically to  

 values > 99.99% 

5. Deactivation of separated viruses in the filter 

matrix 
Filtering alone is not enough because even if the degree 

of separation is very high, the viruses must be completely 

deactivated in as short a time as possible, because otherwise 

there remains an uncertainty as to when, in the course of 

time, with higher loads or in conjunction with moisture, 

discharge occurs, so that, as is known with bacteria, the 

filters themselves could become a dangerous source of 

pathogenic germs.  

In principle, there are many possibilities for disinfection 

of this type of filter. For example, the filters could be coat-

ed with silver or copper or other virucidal substances, or 

they could be periodically heated to a temperature sufficient 

for complete desinfection. When used against bacteria, this 

would certainly be necessary and is basically also provided 

for this filter design. With viruses, however, the problem 

may be easier to solve, since viruses are not viable over  

a long period of time without host cells, they lose their 

activity or virulence. A detailed report on the loss of activi-

ty of SARS CoV-2 viruses deposited on dry solid surfaces 

is available in [32]. A relatively consistent logarithmic law 

is shown, although it depends on the materials. After 2–3 

days, virulence is hardly detectable. Whether this also ap-

plies to the filter materials investigated here had also of 

course, to be systematically proven.  

Paper [28] describes the test shown in Fig. 7: a certain 

volume of air with a very high concentration of viruses was 

passed from the test channel in parallel over several small 

filter samples and analyzed after different times: immedi-

ately, after 24 hours, and after 48 hours. Of the 20 million 

PFU (plaques forming units) that could be counted in the 

fresh sample, an average of 1–2% were still active after  

24 hours at room temperature, and practically none after 48 

hours. 

Therefore, it can be concluded that, in line with litera-

ture, the viruses deposited on the ceramic surfaces rapidly 

lose their activity even without virucidal coating, i.e., that 

no active viruses can be discharged. This test should be 

carried out on all materials used for filtration, and a possi-

ble influence of moisture should also be checked. 

6. Ventilation to avoid cross contamination  

in a classroom  
It cannot be known who in a group is already infected 

and can spread the virus through his exhaled air wherever 
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he goes. Is there a way to avoid infecting people within  

a distance of 1 m? 

Basically there is only one safe place: in the airspace 

above the heads. This is where the viral cloud must be 

transported to as soon as possible after exhalation. First and 

foremost, only body heat can serve this purpose. Every 

person constantly emits about 100 watts to the environment. 

Thanks to this heat, a convective movement towards the 

ceiling takes place in the undisturbed air, which is superim-

posed by the exhalation speed and slowed down somewhat 

by the evaporation of moisture (Fig. 10 and 11).  

 

Fig. 10. Infrared camera picture shows the body heat 

 

Fig. 11. Porous textile tubes at the ceiling collect the particles 

 

Fig. 12. Clean air returns to the classroom at the bottom 

There is probably only this possibility to quickly re-

move the viruses from the infection space, and this move-

ment must not be disturbed by turbulence. It must be sup-

ported by a laminar displacement of the room air from the 

bottom to the top. 

At the ceiling, the air is extracted without leaving dead-

water zones before it would return down along cold walls 

or windows, then perfectly cleaned in the nanofilter, en-

riched with fresh air, and returned well-distributed at floor 

level via skirting boards (Fig. 12). Probably only this ap-

proach, derived from the principle of displacement ventila-

tion, can avoid contagion in closed rooms. Even with this 

method, extreme cases such as coughing and sneezing can-

not be controlled, but these will be exceptions that can be 

controlled by hygienic behavior. 

It is clear that this method of transporting the contami-

nated air by displacement in conjunction with thermal up-

ward drift from the source to the ceiling, where it is collect-

ed and extracted, can only serve its purpose if the separa-

tion in the filter is very close to 100% because otherwise  

a part of the viral load would be constantly returned to the 

room and widely distributed there.  

7. The classroom pilot application  
The experimental installation shown here does not yet 

have the character of a finished product but was set up as  

a laboratory, so to speak, to check the effect of the 

measures and to carry out an initial optimization. The two 

figures below (Fig. 13 and Fig. 14) show the room and the 

installation scheme. The recirculation system is designed 

for fivefold air exchange per hour and contains a fresh air 

supply with which the CO2 level in the fully occupied class-

room can be controlled to a setpoint value of around 1200 

ppm, i.e., one does not have to accept the large fluctuations 

of window ventilation. Heat exchange of fresh air and ex-

haust air supplement the energy balance. The system is 

deliberately designed to optimize a single room, is compact, 

and manages with a very low ventilation power. 

 

Fig. 13. General arrangement for laminar vertical flow, high nanofiltration,  

 controlled supply of filtered fresh air 

 

The air guidance in textile hoses with well-characterized 

porosity allows optimum distribution with low turbulence 

excitation. However, it will still have to be optimized for 

commercial application, using similar design solutions to 

those used for displacement ventilation. The principle of 

avoiding the risk of lateral cross-contamination by captur-

ing emitted viruses overhead and efficiently removing them 

by nanofiltration can be transferred to many other applica-
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tions, especially to applications in the hospital sector and in 

modes of transport up to aircraft cabins, where the reverse 

flow direction from top to bottom massively increases the 

risk of infection today. 

 

Fig. 14. Pilot classroom with hot plates to replace the students body heat 

8. Computational flow simulation 
Using the SIEMENS STAR-CCM+ software, the 

schoolroom was digitally simulated to calculate the flow 

conditions in the entire room in short time steps (Fig. 15). 

The aim was to represent the three-dimensional flow pa-

rameters such as direction and speed in the whole room as  

a function of the free design parameters such as air ex-

change rate, flow distribution during suction, backflow as  

a function of the permeability design of the porous pipes, 

body temperature, exhaling temperature, filtration efficien-

cy, wall temperature and radiator temperature in their tem-

poral development.  

The particles are assumed to be solid particles without 

post-evaporation using a Lagrangian approach similar to 

fuel injection in a diesel engine. A two way coupling as an 

interaction between the particles and the flow and vice 

versa is used. The 10 students and the teacher realistically 

exhale and inhale (8 times per minute) and emit 3045 parti-

cles per second, which perfectly follow the airflow due to 

their small size of 100 nm. A particle loss by inhalation is 

not assumed. Each particle path is tracked and thereby any 

risk of infection can be detected by marking the particles. 

 

Fig. 15. Digital modelling of the classroom with students and teacher; in 
the arrangement shown here the flow comes from top to investigate the 

 worst case for virus protection  

In the two following illustrations, Fig 16 and Fig 17, it 

is assumed that the students exhale continuously, and the 

streamlines starting at the student’s mouth and ending at the 

porous tubes on the ceiling are computed.  

 

Fig. 16. Ventilation flow from floor to ceiling. Particles are perfectly  

 guided from the infected student to the safe room overhead 

 

This representation is possible for each individual stu-

dent and also collectively, but then becomes confusing. The 

protective vertical movement is apparent in all cases, alt-

hough the current threads form sometimes some unforeseen 

recirculation zones on the ceiling. These may be sugges-

tions for further optimization of the layout or permeability 

distribution, which could help to further reduce the flow 

losses. 

 

Fig. 17. Same as Fig. 16 but a different student. The virus protection effect 

 is also apparent. Flow pattern is a bit more complex 

 

Suppose we visualize all the particles in the room for  

a certain time. In that case, we get the following two pic-

tures, where Fig. 18 shows the correct ventilation from 

bottom to top, Fig. 19 the wrong arrangement with ventila-

tion from top to bottom, which counteracts thermal drift 

and therefore keeps many more particles in the whole room, 

although the same amount of air is exchanged and filtered 

equally efficiently.  

One is tempted to consider the total number of particles 

as a measure of the quality of the process, but this leads to 

wrong conclusions because the particles collected overhead 

cannot contribute to the contagion and also cross-conta-

mination is a superimposed local phenomenon. 
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Fig. 18. Flow from floor the ceiling, all students exhaling particles. The 

 lower part of the room stays clean, No cross contamination visible  

 

Fig. 19. Ventilation from ceiling to floor against the thermal body heat 

 convection. Heavy cross contamination in the whole room results 

 

It can be investigated by the numeric simulation, wheth-

er particles from student X – who may be infected – reach 

student Y, as was also done in [16, 22] for the contagion 

ratios in aircraft cabins. The calculation allows to run 

through this question for all students and to show only the 

"particle packets" that reach student Y, from each other 

student and the teacher. In the related overall picture Fig. 

18, this "cross-contamination" phenomenon is hardly visi-

ble; the numbers in the considered control space are also 

small in relation to the total number in the space. Finally, 

Fig. 20 shows the total number of particles in the room 

during 300 seconds, wherein black represents the ventila-

tion being switched off. In blue, the wrong direction of 

ventilation from top to bottom is assumed. In red, with the 

correct ventilation direction from the bottom to the top,  

a flattening effect quickly appears at low concentration. At 

the same time, the other two curves will continue to in-

crease over time. For these 300 seconds, the high-

performance computer already needs several days. The 

modeling allows to perform optimizations relatively quick-

ly and agrees reasonably well with the experimental results 

below. 

 

Fig. 20. Total particle number comparing 3 situations: without ventilation 
(black) ventilation from ceiling (blue) and from floor (red). Calculation for  

 longer time further illustrate the flattening effect 

9. Experimental analysis 
The most crucial target of the experimental verification 

of the system functions was the scanning of the entire class-

room with respect to nanoparticles released at one point, in 

order to quantitatively and repeatable verify the risk of 

infection or the reduction of this risk depending on the 

control parameters of the system. Since this is not possible 

in a crowded classroom, the thermal function of the bodies 

for vertical drift was replaced by adjustable heating plates 

of appropriate power and temperature (Fig. 21). Instead of  

a virus source, a nebulizer with a 3% NaCl-solution was 

placed, which emitted a very regular stream of droplets for 

15 minutes (Fig. 22). The water evaporates within fractions 

of a second, leaving dry salt crystals. Thus, a salt particle 

cloud of a concentration of about 80,000 particles per cubic 

centimeter was generated at this location.  

 

Fig. 21. Researcher installs the particle source at one desk, all other desks 

 have particle counters and heated plates to simulate the students  

 

Fig. 22. Nebulizer is used to form a spray of salt solution droplets, drying 
 fast, forming a cloud of 30 nm particles, about 80‘000 per cc  

 

A particle counter was placed on each school desk to 

measure the particle concentration in the room. The elec-
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tronic recording of the signals would provide a synchronous 

instantaneous picture of the distribution throughout the 

room in function of time. An optical counter from Sensirion 

was chosen as the sensor, which, however, only detects 

particles above 300 nm. The control with a diffusion charg-

ing device, which detects all particles above 10 nm, showed 

that although the Sensirion measurement only counts 1/25 

of all particles, this factor remains largely constant so that 

the relations are detected accurately enough. 

Figure 23 is the overall view and shows from these 

measurements the build-up of particle concentrations as the 

average value of all 10 sensors in the room over a period of 

50 minutes after switching on the salt particle source. The 

blue curve reflects the case when the ventilation is switched 

off. The particle concentration in the whole room increases 

more or less linearly and would continue to increase, so 

after 2 hours, a concentration of about 4000 P/cc would be 

reached. In the case of the lower 3 curves, the system is in 

operation. A plateau is formed after a few minutes, which 

hardly changes even with a substantial increase in the total 

number of particles fed in (blue). In the case of green, the 

fan is running at target speed, in the case of red only at 

60%, and in the case of the black curve, the heat sources 

have been switched on. After a running time of one hour, 

the entire room has only 10% of the particle concentration 

that would occur without the system; after two hours, it 

would be only about 5%, and so on.  

 

Fig. 23. Development of particle concentration after nebulizer start. Aver-
age of all desk counters. Without ventilation (blue), with 60% ventila-

tion (red) with 100% ventilation (green); with body heat in addition 

 (black) 

 

Figure 24 is the single view of the lateral spreading, 

leading to an infection. Brown is the concentration at the 

source, repeatedly interrupted by refilling the nebulizer; the 

other colors show all other sensor locations in the whole 

room, including the two neighboring tables of the "infect-

ed", which are less than one meter away from the source. 

At first, the extraordinarily uniform distribution in the room 

is surprising, reaching a level of 2–300 P/cc after only 10 

minutes, which hardly seems to change any further. In this 

case, the fan was running at nominal speed, and the heating 

plates were switched on, i.e., the case of the lowest curve of 

Fig. 23. The level of this set of curves is more than two 

orders of magnitude below the level of the source. The risk 

of infection is thus reduced by a factor of > 100 even 

among the immediate neighbors of a potentially infected 

person. 

 

Fig. 24. Cross contamination defined by particle concentration of the 
source (80,000) compared to number at the desks (2–300), even at the 

neighbor desks. Distribution over the 10 desks is very uniform. Refill 

 nebulizer four times 

 

10. Conclusions  
The use of vertical drift by body heat, combined with 

laminar ventilation from the floor to the ceiling, extraction 

of contaminated air from the ceiling, and nanofiltration of 

contaminated air, makes it possible to sustainably reduce 

the risk of infection by infectious agents such as corona 

viruses in closed rooms to a minimum of a few percent. 

This statement is valid even in case of high occupancy of 

the rooms, presence of several infected persons, and for  

a long time. At the same time, the fresh supply air is com-

pletely purified from carcinogenic ultrafine dust from traf-

fic, and a CO2-level is kept at the desired set point of 1000–

1200 ppm. This method of leading the contaminated breath-

ing air immediately after exhalation into the safe space 

"overhead" and removing it from there is not only applica-

ble in buildings but in many other cases. In this way, the 

risk of virus spread among passengers of commercial air-

planes could be virtually eliminated, where today individual 

ventilation from top to bottom explicitly contributes to  

a distribution of the viral load. 
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