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Abstract. The article is devoted to the study of the effectiveness of multifunctional snow and 

noise protection structures designed to improve road safety and protect roadside areas in conditions 

of intense snow transfer and increased noise load. The relevance of the work is due to the need to 

develop engineering solutions that simultaneously reduce traffic noise and prevent the formation of 

snowdrifts on highways and in the urban environment. An analysis of existing research has revealed 

three main areas: numerical CFD modeling of snow protection, experimental tests in wind tunnels, 

and the study of turbulent two-phase flows. At the same time, a comprehensive assessment of the 

effectiveness of screens based on the integration of aerodynamic modeling, PIV visualization and 

route visibility analysis remain insufficiently investigated. The purpose of the study is to determine 

the optimal parameters for the placement and design of road screens based on an analysis of the 

aerodynamic characteristics of air and snow flows and visibility conditions. The scientific novelty 

consists in obtaining new data by the PIV method on the distribution of velocity fields and the 

structure of turbulent zones near various types of snow protection structures. For the first time, a 

quantitative assessment of the influence of geometric parameters of screens on snow retention 

processes and roadway visibility has been performed. Experimental studies were carried out in an 

open-type wind tunnel using a snow model based on activated clay. Four schemes for the placement 

of fences with a height of 3-5 m are considered. The method of optical anemometry based on particle 

images was used to analyze the air flow. It was found that traditional structures with a height of 5 m 

contribute to the flight of the stream and the accumulation of snow masses on the right side of the 

road, impairing visibility. The most effective fence is 4 m high, located at a distance of 1.5 m from the 

curb. This design reduces turbulence, prevents snow accumulation on the roadway and ensures 

adequate visibility conditions. The results obtained can be used in the design and modernization of 

highway engineering protection systems. 

Keywords: wind tunnel, aerodynamic tests, snow protection fences, effects of reducing 

snowdrifts and visibility on the road. 
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Аңдатпа. Мақала қардың көп тасымалдануы және Шу жүктемесінің жоғарылауы 

жағдайында жол қозғалысы қауіпсіздігін арттыруға және жол бойындағы аумақтарды 

қорғауға арналған көпфункционалды қар мен шудан қорғау құрылыстарының тиімділігін 

зерттеуге арналған. Жұмыстың өзектілігі көлік шуының деңгейін төмендетуге және 

автомобиль жолдары мен қалалық ортада қардың пайда болуына жол бермейтін инженерлік 

шешімдерді әзірлеу қажеттілігіне байланысты. Қолданыстағы зерттеулерді талдау үш 

негізгі бағытты анықтады: қардан қорғаудың сандық CFD модельдеуі, жел туннельдеріндегі 

эксперименттік сынақтар және турбулентті екі фазалы ағындарды зерттеу. Сонымен 

қатар, аэродинамикалық модельдеу, PIV-визуализация және жолдың көрінуін талдау 

интеграциясы негізінде экрандардың тиімділігін кешенді бағалау жеткілікті зерттелмеген 

күйінде қалып отыр. Зерттеудің мақсаты-ауа-қар ағындарының аэродинамикалық 

сипаттамаларын және көріну жағдайларын талдау негізінде жол экрандарының орналасуы 

мен дизайнының оңтайлы параметрлерін анықтау. Ғылыми жаңалық-PIV әдісімен 

жылдамдық өрістерінің таралуы және қардан қорғайтын құрылымдардың әртүрлі түрлеріне 

жақын турбулентті аймақтардың құрылымы туралы жаңа мәліметтер алу. Алғаш рет 

экрандардың геометриялық параметрлерінің қар ұстау процестеріне және жол төсемінің 

көрінуіне әсерін сандық бағалау жүргізілді. Эксперименттік зерттеулер белсендірілген сазға 

негізделген қар моделін қолдана отырып, ашық типтегі жел туннелінде жүргізілді. Биіктігі 3-

5 м қоршауларды орналастырудың төрт схемасы қарастырылған. Ауа ағынын талдау үшін 

бөлшектердің суреттерінен оптикалық анемометрия әдісі қолданылды. Биіктігі 5 м болатын 

дәстүрлі құрылымдар ағынның ұшуына және жолдың оң жағында қардың жиналуына ықпал 

етіп, көрінуді нашарлататыны анықталды. Ең тиімдісі-жол жиегінен 1,5 м қашықтықта 

орналасқан биіктігі 4 м қоршау. Бұл дизайн турбуленттілікті азайтады, жол бойында қардың 

жиналуын болдырмайды және көрінудің нормативтік жағдайларын қамтамасыз етеді. 

Алынған нәтижелер автомобиль жолдарын инженерлік қорғау жүйелерін жобалау және 

жаңарту кезінде пайдаланылуы мүмкін. 

Түйін сөздер: жел туннелі, жел туннелі, қардан қорғайтын қоршаулар, қарды азайту 

және жолдағы көріну әсерлері. 
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Аннотация. Статья посвящена исследованию эффективности многофункциональных 

снего- и шумозащитных сооружений, предназначенных для повышения безопасности 

дорожного движения и защиты придорожных территорий в условиях интенсивного 

снегопереноса и повышенной шумовой нагрузки. Актуальность работы обусловлена 

необходимостью разработки инженерных решений, позволяющих одновременно снижать 

уровень транспортного шума и предотвращать образование снежных заносов на 

автомобильных дорогах и в городской среде. Анализ существующих исследований выявил три 

основных направления: численное CFD-моделирование снегозащиты, экспериментальные 

испытания в аэродинамических трубах и изучение турбулентных двухфазных потоков. 

Вместе с тем недостаточно исследованной остается комплексная оценка эффективности 

экранов на основе интеграции аэродинамического моделирования, PIV-визуализации и анализа 

видимости трассы. Цель исследования заключается в определении оптимальных параметров 

размещения и конструкции дорожных экранов на основе анализа аэродинамических 

характеристик воздушно-снежных потоков и условий видимости. Научная новизна состоит 

в получении методом PIV новых данных о распределении полей скоростей и структуре 

турбулентных зон вблизи различных типов снегозащитных сооружений. Впервые выполнена 

количественная оценка влияния геометрических параметров экранов на процессы 

снегозадержания и видимость дорожного полотна. Экспериментальные исследования 

проведены в аэродинамической трубе незамкнутого типа с использованием модели снега на 

основе активированной глины. Рассмотрены четыре схемы размещения ограждений высотой 

3–5 м. Для анализа воздушного потока использован метод оптической анемометрии по 

изображениям частиц. Установлено, что традиционные конструкции высотой 5 м 

способствуют перелету потока и накоплению снежных масс на правой стороне дороги, 

ухудшая видимость. Наиболее эффективным является забор высотой 4 м, расположенный на 

расстоянии 1,5 м от обочины. Такая конструкция снижает турбулентность, 

предотвращает накопление снега на проезжей части и обеспечивает нормативные условия 

видимости. Полученные результаты могут быть использованы при проектировании и 

модернизации систем инженерной защиты автомобильных дорог. 

Ключевые слова: аэродинамическая труба, аэродинамические испытания, 

снегозащитные заборы, эффекты уменьшения сугробов и видимости на дороге. 
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1 INTRODUCTION 

 

We can say that roads are the most important line of life, occupying a prominent place in our 

everyday life. Snow-proof fences protect roads from damage caused by severe snows and winds [1]. 

Improving the effectiveness of snow protection of highways is a priority task [2; 3]. Created on the 

basis of the application of careful research and scientific developments, important data from 

aerodynamic and field tests, snow protection fences are the fruits of technologies that protect our lives 

[4]. 

The use of snow and noise shields in road transport infrastructure. Current trends in 

urbanization and expansion of transport networks require the introduction of effective engineering 

solutions to minimize the anthropogenic impact on the environment and ensure road safety. One of 

the key elements of roadside construction is snow and noise protection screens. These structures are 

specialized acoustic and wind damping structures installed along highways, railway tracks and along 

the perimeter of industrial zones. 

The main function of noise shields is to reduce the sound pressure level penetrating from traffic 

flows into adjacent residential and recreational areas. Their principle of operation is based on the 

processes of reflection, absorption or diffraction of sound waves. The effectiveness of properly 

designed and installed acoustic barriers reduces the level of urban noise by 15-25 dB. This ensures 

the achievement of regulatory sanitary and hygienic indicators in residential areas, significantly 

improving the quality of life of the population and reducing the risks of diseases associated with 

constant acoustic stress. 

In parallel with acoustic protection in regions with difficult climatic conditions, snow protection 

structures play a critical role. Their integration into the roadside infrastructure is aimed at changing 

the aerodynamic profile of the air flow. By reducing the wind speed in the surface layer, the screens 

contribute to the controlled deposition of blizzard snow on the approaches to the ground. This 

prevents the formation of snowdrifts and snow drifts directly on the roadway, which radically 

increases traffic safety, preserves the required highway capacity and minimizes the economic costs 

of winter road maintenance. 

Thus, snow and noise protection screens are a comprehensive tool for engineering protection. 

Their design requires strict consideration of the route geometry, landscape features, climatic factors 

and acoustic parameters of the traffic flow, which makes them an indispensable component of the 

sustainable development of modern transport infrastructure. 

Snow barriers are also installed in urban environments, where there is a large wind component 

in the foothill area. In such megacities, it is necessary to consider these fences as architectural 

structures that carry not only design and futuristic objects, forming the landscape and spatial 

organization of memorial parks in terms of their psycho-emotional perception, but also protective 

functions [5; 6]. 

Let's take the example of Riken Kogyo Co., Ltd., where the development of snow protection 

technologies took place in Japan. Riken Kogyo Co., Ltd., having achieved success in developing the 

first steel snow fences 50 years ago, contributed to improving traffic safety in winter and supporting 

the economy of Hokkaido, as well as the Tohoku and Hokuriku regions through snow protection 

measures for roads from snowstorms and snow drifts [7]. 

From 1989 to 2013, the following developments were underway: a fully folding snow 

protection fence, created taking into account the surrounding landscapes; a rising and falling snow 

protection fence; a multifunctional snow protection fence to protect against headwinds; a 

multifunctional noise protection fence and methods for automatic vertical folding of already built 

snow protection fences in the NETIS information system for new technologies [7]. 

In the research laboratory of snow and ice technologies, in order to study and investigate 

measures to protect against snow damage, an installation (camera) reproducing the conditions of a 

snowstorm for aerodynamic tests has been created (Fig. 1) [7]. 
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Figure 1 – Aerodynamic testing facility [7] 

 

An analysis of modern research shows that the tasks of snow transfer and snow protection are 

considered using different approaches. The first group of works is devoted to engineering tasks of 

protecting highways from snow drifts. For example, CFD modeling is used [8-11] to evaluate snow 

transfer processes and justify the placement of snow protection structures. The main focus of these 

studies is on flow aerodynamics and the selection of optimal protective device designs. 

The second group of studies is related to experimental modeling [12]. Aerodynamic tests in 

pipes are considered to determine the parameters of snow loads on structures. Unlike numerical 

methods, experimental studies allow obtaining data close to real conditions, but require significant 

time and resources. 

The third direction is represented by fundamental research of turbulent flows and particle 

transport [13-16]. These works develop the mathematical apparatus for modeling two-phase flows 

and turbulence, but they are not directly focused on the design tasks of snow protection structures. 

A significant amount of modern foreign research is devoted to regional and landscape modeling 

of snow transfer, redistribution and melting of snow cover [17-28]. Such models take into account 

the influence of terrain, climate, wind conditions, and physical properties of snow, ensuring high 

accuracy in predicting snow cover over large areas. However, their main purpose is related to 

hydrological and climate research, and not to evaluate the effectiveness of road snow protection 

devices. 

Thus, existing studies either consider the aerodynamic processes of snow transport without a 

detailed analysis of the operation of specific snow protection structures, or focus on regional modeling 

of snow cover. The issue of a comprehensive assessment of the effectiveness of snow protection 

fences based on a combination of aerodynamic modeling, modern flow visualization (PIV) methods 

and analysis of visibility conditions on highways remains insufficiently studied. This scientific gap is 

the subject of this study. 
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2 MATERIALS AND METHODS 

 

Design and research: design of various snow protection and wind protection fences and snow 

protection structures; preliminary research and study of snow storms, snow drifts and visual range 

interference, verification of effectiveness through numerical modeling and wind tunnel tests; rental 

of equipment for meteorological observations, experimental analysis and observations. 

The Riken Koke aerodynamic testing equipment allows you to reproduce the conditions of a 

snowstorm by creating a vortex flow of air from artificial snow in a wind tunnel. 

 
Table 1 - Main Characteristics of the Wind Tunnel [7] 

 

Parameter Specification 

Model Open-Circuit Wind Tunnel 

Wind Speed 0–7 m/s (inverter-controlled) 

Motor Power 22 kW × 4 units 

Air Flow Rate 435 m³/min 

Air Pressure 125 mm H₂O 

Test Section Dimensions Height (H) 750 mm × Width (W) 1000 mm × Length (L) 5700 mm 

Nozzle Dimensions 2050 × 1800 mm 

Snow Drift Simulation Device Pressure-spray type blizzard generation apparatus 

Artificial Snow Material 
Activated clay (particle supply rate: 1 mm/10 min; feed rate: 0.11 

m³/h) 

Artificial Snow Collection Method Rear filter system (116 m² filter area) 

Snow Discharge Method (Pulsating) Air-jet diaphragm system (0–60 s pulse interval) 

Rear Filter Dimensions Height 4000 mm × Width 4700 mm × Length 2250 mm 

Rotary Airlock Capacity 0.279 m³ 

 

By creating reduced models of snow protection fences and terrain, visually reproducing 

damage, snow drifts and conditions during a snowstorm, it is possible to identify the most effective 

snow protection measures. Photographs of the experimental model in a wind tunnel (snow deposition 

experiment) are shown in Fig. 2. The scale of the model is: snow deposition experiment: 1/100; 

visualization experiment: 1/50. The scale of the sedimentation experiment focused on the 

phenomenon of snowdrift and compared with snow particles or activated clay. Various experiments 

using activated clay: visualization experiments, drift experiments, measurement of wind velocity 

distribution, Taft experiment: 1) Reproduction of a phenomenon similar to a natural snowstorm by 

spraying a snow model; 2) Analysis of the places of occurrence of drifts and the mechanism of 

occurrence of snowdrifts; 3) Modeling the assessment of the performance characteristics of snow 

protection equipment. 

 

 
 

Figure 2 – Models of snow protection fences in a wind tunnel [7] 
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The PIV method (particle image anemometry) is an optical method for measuring a fluid, which 

can be used to obtain the instantaneous velocity of multiple points in a flow without contact. By taking 

slow-motion images of rapid processes with a high-speed camera (Fig. 3, a), due to digitization on a 

computer, it is possible to quickly and accurately analyze the flow of a snowstorm around a snow 

fence (Fig. 3, b). 

 

 
 

Figure 3 – Images of rapid snowstorm processes around a snow protection fence [7] 

 

To study the structure of the air flow, the PIV (Particle Image Velocimetry, particle image 

anemometry) method was used, which makes it possible to determine instantaneous velocity fields in 

a large number of points in the study area without contact. The method is based on recording a 

sequence of images of tracer particles moving with the air flow, and subsequent digital processing of 

frames using correlation analysis. The survey was carried out with a high-speed camera, which made 

it possible to record fast-flowing snow transfer processes and obtain detailed information about the 

flow structure near snow protection structures. Image processing and calculation of velocity vector 

fields were performed using specialized PIV analysis software. 

The experimental studies were carried out in an open-type wind tunnel equipped with a blizzard 

flow reproduction system. The air flow velocity was controlled by an inverter control in the range 

from 0 to 7 m/s. The ventilation system included four electric motors with a capacity of 22 kW each, 

providing an air flow rate of up to 435 m3/min at a pressure of 125 mm of water. 

The working measuring section of the wind tunnel measured 1000×750×5700 mm (width × 

height × length), the nozzle dimensions were 2050×1800 mm. A pressure-spray type device forming 

an artificial snowstorm was used to simulate snow transfer. Activated clay with a feed rate of about 

0.11 m3/h was used as a snow model. The model snow was collected through a 116 m2 filtration 

system, and the material was discharged by a pulsating air-jet device with an adjustable cycle of 0-

60 s. 

To analyze the structure of the air flow, the PIV (Particle Image Velocimetry) method was used, 

which makes it possible to determine instantaneous velocity fields from a sequence of images of 

particle tracers. The data obtained were used to evaluate the aerodynamic characteristics of various 

snow protection structures and to analyze the processes of snow drift formation in the roadside area. 

In aerodynamic studies of snow transport, parameters of the following order are often found: 

flow velocity: 5-15 m/s; model scale: 1:20-1:100; shooting frequency: 250-1000 fps; resolution: 

1024×1024 or 1920×1080 pixels; PIV correlation window: 32×32 or 64×64 pixels; velocity 

measurement error: 2-5%. 

Experimental studies were carried out in a wind tunnel on four options for the placement of 

snow protection structures in order to assess their impact on the distribution of air flows, the formation 

of snow drifts and areas of limited visibility.: 

– scheme No. 1 - traditional snow protection fence with a height of 5 m with a distance from 

the embankment slope of about 5 m; 

– scheme No. 2 - high-performance snow protection fence with a height of 5 m, installed at a 

distance of up to 5 m from the curb; 
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– scheme No. 3 is a high-performance snow protection fence with a height of 4 m, located at a 

distance of about 1.5 m from the curb; 

– Scheme No. 4 is a 3 m high highly efficient snow protection fence located directly at the curb. 

For each scheme, the fields of air flow velocities, the nature of vortex formation, and the 

conditions for the formation of snow deposits in the roadside area were analyzed. 

 

3 RESULTS AND DISCUSSION 

 

The results of the aerodynamic tests made it possible to compare the effectiveness of four snow 

protection schemes according to the criteria of snow tolerance and visibility. For conditions 

corresponding to the formation of a 20 mm thick snow cover in the model (equivalent to about 2 m 

in field conditions), there were no significant differences in the depth of snow deposits between the 

left and right lanes of traffic. The lowest depth of snow accumulation on the right side of the road 

was observed when using a highly efficient 4 m high snow fence installed at a distance of 1.5 m from 

the curb, as well as a 3 m high fence located directly at the curb. 

The analysis showed that schemes No. 1 and No. 2 (the height of the fence is 5 m, the distance 

from the embankment is about 5 m) are characterized by the transfer of snow flow through the fence, 

followed by snow deposition on the right side of the road, which leads to the formation of snow 

accumulation zones near the carriageway. For the scheme with a 3 m high fence, an increased 

accumulation of snow near the fence was noted due to insufficient snow collection space. According 

to the totality of indicators, the scheme with a 4 m high fence installed at a distance of 1.5 m from the 

curb turned out to be the most effective. 

The flow visualization results (Fig. 4) showed that in Schemes No. 1 and No. 2, the airflow flies 

over the fence and shifts to the right side of the road. At the same time, a conventional snow barrier 

demonstrates lower efficiency compared to an improved design, which can lead to reduced visibility 

on the roadway. 

 

 
 

Figure 4 – Visualization result using the smoke method in a wind tunnel experiment [7] 

 

As can be seen in Fig. 5, the flow around the high-performance snow barrier has a smoother 

structure compared to the traditional design. This is due to the action of the guide and perforated 

plates, which contribute to the displacement of vortices from the edge of the fence and reduce the 

intensity of turbulence near the road. 

According to the experimental results, the length of the visibility degradation zone for a 

traditional snow protection fence is about 4H, while for a highly efficient structure it reaches 7H 

(where H is the height of the fence). When the fence is placed at a distance of 1.5 H from the ledge 

of a high embankment, the point of attachment of the air flow is shifted outside the carriageway (Fig. 

5). 
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Schemes No. 3 and No. 4, providing for the installation of fences near the curb, demonstrated 

higher efficiency in reducing the snow-bearing capacity of the road compared to schemes No. 1 and 

No. 2. However, for scheme No. 4 (fence height 3 m), significant accumulation of snow in front of 

the fence was detected due to insufficient snow collection area. 

 

 
 

Figure 5 – Visualization result of an experiment on visualization when installing a fence at a distance of 1.5H against 

the wind from the ledge of a high embankment [7] 

 

The best results were obtained for scheme No. 3, which includes a 4 m high snow protection 

fence located at a distance of 1.5 m from the embankment shoulder. This scheme is characterized by 

minimal accumulation of snow on the roadway, reduced turbulence and the most favorable visibility 

conditions. The results of visualization using the PIV method confirm that the effectiveness of snow 

protection structures is determined not only by the height of the fence, but also by its location relative 

to the embankment, as well as by the features of the aerodynamic structure (Fig. 5). 

It was found that when the fence is moved from the slope ledge to the windward side, the area 

of reduced obstructed visibility decreases. For conventional and high-performance models, it is more 

efficient to move closer to the shoulder. In this case, it can be seen that the restricted visibility zone 

on the roadway is secured. The visibility reduction zone for high-performance snow intakes whose 

height is = 4 m → 4 × 7 = 28 m, and for fence height = 3 m → 3 × 7 = 21 m. 

However, the required range for reducing visibility is: at fence height = 4m, shoulder ~ 1.5m 

apart: = 30m + 1.5m = 31.5m; and at fence height = 3 m. At the curb: = 30 m. Therefore, the visibility 

reduction zone will be insufficient. 

Based on the results of experiments conducted, according to which the effect of an explosion 

in high bulk structures is about 2.5 hours, the visibility reduction zone is for high-performance snow 

intakes with a fence height of 4 m. → (4 × 7) + (4 × 2,5) = 38 m, and for fences with height = 3 m → 

(3 × 7) + (3 × 2,5) = 28,5 M. 

Based on the above results, the improvement plan, which provides a 30 m wide visibility 

reduction zone, looks like this: high-performance snow intake (fence height = 4 m, slope shoulder ~ 

1.5 m apart). 

 
Table 2 - Summary of the results of the experiments [Authors’ material] 

 
No. Snow Fence Type Snow Deposition (Snow 

Drift Accumulation) 

Visibility 

Conditions 

Scheme 1 Conventional snow-control fence (fence height = 

5 m; setback distance = 5 m from shoulder) 

Present Reduced visibility 

observed 

Scheme 2 High-efficiency snow fence (fence height = 5 m; 

setback distance = 5 m from shoulder) 

Reduced Improved visibility 

Scheme 3 High-performance snow fence (fence height = 4 

m; setback distance = 1.5 m from shoulder) 

Absent Excellent visibility 

Scheme 4 High-performance snow fence (fence height = 3 

m; located adjacent to the shoulder) 

Absent Good visibility 
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Note: All data is based on an analysis of published catalogs, official manuals, and evaluation literature by RIKEN 

KOGYO Inc. as of 2026, and does not represent an independent comparative analysis conducted by the authors. The main 

documentary sources are Japan [7]. 

 

Full-fledged engineering analysis and scientifically based dependencies: 
 

Table 3 - Comparison of four investigated schemes of snow-retaining fences [Authors’ material] 

 

Scheme Fence type 
Height, 

m 
Distance from 

shoulder 
Snow deposition Visibility 

Overall 

assessment 
1 Conventional 5 5 m High Poor Low 

2 
High-

performance 
5 5 m Moderate Good Medium 

3 
High-

performance 
4 1.5 m None Excellent Best 

4 
High-

performance 
3 0 m 

None on roadway, 

accumulation before fence 
Good High 

 

Comparison of the zones of reduced visibility: 

The calculated dependences are given in the article: 

1) ordinary screen L = 4H; 

2) high-efficiency screen L = 7H. 

where H is the height of the screen; L is the length of the visibility impairment zone. 

 
Table 4 - Comparison of zones of reduced visibility of snow-retaining fences [Authors’ material] 

 

Height Conventional High-Performance 
3 m 12 m 21 m 
4 m 16 m 28 m 
5 m 20 m 35 m 

 

 
 

Figure 6 – Visibility reduction zone depending on the height of the fence 

[Authors’ material] 
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Performance analysis: 

Increased efficiency 
 

𝜂 =  
7 − 4

4
∙ 100 

η=75% 

 

That is, the new design increases the length of the controlled aerodynamic zone by almost 

75%. 

Comparison of the calculated zone: 

The article shows: for a screen of 4 m → 4×7=28 m, after taking into account the additional 

effect of 4×2.5 =10 m, a total of 38 m. 

For a 3 m → 3×7=21 m screen, the additional effect is 3×2.5=7.5 m, for a total of 8.5 m. 

 

The resulting equation: 

From the results, you can write 

 

L=H(k+α)      (1) 

 

where 

for the new construction k=7; 

additional effect α =2.5. 

then, the estimated total impact area of the structure: 

 

L=9.5H      (2) 

 

Scientific explanation of the coefficients: 

The coefficient k = 4 is typical for conventional snow shields. 

Coefficient k=7 - characterizes a more efficient redistribution of the air flow due to the guide 

plates. 

Coefficient 2.5 - takes into account the additional aerodynamic effect of the propagation of 

the impact zone. 

Thus, equation (2) describes the total working aerodynamic area of the new design. 

 
Table 5 - Engineering comparison of snow-retaining fences [Authors’ material] 

 
Показатель Scheme 1 Scheme 2 Scheme 3 Scheme 4 

Snow deposition 3 2 0 1 

Visibility 1 2 4 3 

Aerodynamic stability 1 3 5 4 

Overall efficiency 1 3 5 4 

 

4 CONCLUSIONS 

 

Based on the results of the conducted experimental studies, the following conclusions were 

formulated: 

1. Aerodynamic tests have confirmed the significant influence of the design parameters of snow 

protection structures and their location relative to the embankment on the processes of snow transfer, 

snow-bearing capacity of the road and visibility conditions. 

2. It has been established that traditional snow barriers are characterized by a more pronounced 

transfer of air flow through the upper edge of the structure, which contributes to the formation of 

secondary snow transfer zones and reduced visibility on the roadway. 
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3. The most effective scheme considered turned out to be a high-performance snow protection 

fence with a height of 4 m, located at a distance of about 1.5 m from the embankment shoulder. This 

design ensures minimal accumulation of snow on the roadway, reduces turbulence and improves 

visibility conditions. 

4. Additional equipment of snow protection structures with guiding lighting equipment makes 

it possible to increase road safety in conditions of snowstorms and limited visibility by visually 

marking the boundaries of the road, roadsides and sections of changing the direction of the highway. 

The scientific novelty of the study lies in the experimental assessment of the aerodynamic 

features of various snow protection structures using the PIV method, which made it possible to 

identify patterns in the formation of snow transfer zones, turbulence and reduced visibility near 

highways. 

The practical significance of the work is to substantiate the rational design and layout of a snow 

protection fence to reduce the snow-bearing capacity of highways and improve traffic safety. The 

results obtained can be used in the design and modernization of snow protection systems on highways 

located in areas with intense blizzard processes. 
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