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Abstract 

In this paper, 2-D simulation of a 61 m 

long inclined snow chute flow and its interaction 

with a catch dam type obstacle has been  carried 

out  at Dhundhi field research station near 

Manali, Himachal Pradesh (India) using a 

commercially available computational fluid 

dynamics (CFD) code ANSYS Fluent. Eulerian 

non-granular multiphase model was chosen to 

model the snow flow in the surrounding 

atmospheric air domain. Both air and snow were 

assumed as laminar and incompressible fluids. 

User defined functions(UDF) were written for the 

computation of bi-viscous Bingham fluid viscosity 

and  wall shear stress of snow to account for the 

slip at the interface between the flowing snow and 

the stationary snow chute surface. Using the 

proposed CFD model, the velocity, dynamic 

pressure and debris deposition were simulated 

for flowing snow mass in the chute. Experiments 

were performed on the snow chute to validate the 

simulated results. On comparison, the simulated 

results were found in good agreement with the 

experimental results. 

 

Keywords: Bingham fluid, chute flow, wall shear 

stress 

 

 1. Introduction 
Avalanche dynamics numerical models are 

useful tools for avalanche hazard mapping to assess 

risk to different infrastructure on account of snow 

avalanches. Several models are available for 

describing the dynamics of snow avalanches. Some 

of the popular avalanche dynamics models are 

Voellmy [1], Perla et al. [2] and Christen et al. [3]. 

These models describe the avalanche as a solid block 

of snow, deformable body, in particular as a 

continuum, with the hydraulics approach based on 

depth-averaged equations or as a granular material. 

These models are used in a number of Countries and 

can predict the run-out distance and flow velocity of 

a snow avalanche in 2-D and 3-D terrains. The 

computational requirements of these models are 

quite low. However, it is not possible to use these 

models to determine the vertical velocity distribution 

and pressure as these are based on depth-averaged 

equations. There are also some other models which 

are based on a different numerical framework. Lang  

 

et al. [4, 5, 6] proposed the AVALNCH model 

which is based on the numerical solution of Navier- 

Stokes (N-S) equations. Recent work by Bovet et al. 

[7] and ODA et al. [8] use CFD techniques solving 

N-S equations for avalanche flow. Different 

approaches are also used to describe the constitutive 

behavior of flowing snow: Newtonian fluids, 

Criminale-Ericksen-Filby fluid [9], Bingham fluid 

[10, 11, 12], Nishimura et al. [13] or Cross fluid 

[14]. It is observed that snow avalanche flows down 

the mountain just like a fluid and it comes to 

complete rest in the run-out zone (slope angle < 12
0
) 

and piles up to form debris [10]. This debris presents 

the solid behavior of snow. By the basic property of 

a Newtonian fluid, it keeps on deforming till some 

stress is acting on it. So, if flowing snow is modeled 

as a Newtonian fluid, snow will keep on moving till 

it completely spreads over the ground and flow 

depth reaches to zero. This is contrary behavior in 

comparison to the observed one where snow is seen 

to come to rest with a finite depth where stress is 

non-zero. That means for the snow, a yield value 

occurs when the deformations become small, and 

consequently the snow can rest with a non-zero 

shear stress.  

In the present paper, we have simulated 

flow of snow on an inclined 61 m long snow chute at 

Dhundhi field research station located near Manali 

(India) as multiphase flow of incompressible snow 

and atmospheric air using commercially available 

CFD code ANSYS Fluent 13.0. Bi-viscous Bingham 

fluid model was applied to simulate the fluid and 

solid dual rheology of snow as described in the 

above paragraph. Commonly used no-slip boundary 

condition at the wall in fluids was replaced with wall 

shear stress model to account for the slip at the 

snow-wall interface. The chute flow was simulated 

by varying parameters of wall slip factor, internal 

friction angle, volume of snow in the hopper and 

others. Snow chute flow interaction with a simple 

catch dam type obstacle has also been simulated. 

The simulated flow parameters were compared with 

the experiments. The Froude numbers exhibited by 

Dhundhi snow chute flows lie in the range of 6 to 

12, which are matching with the range of Froude 

numbers exhibited by real-scale avalanches [15]. So, 

behavior of avalanche-like flows generated in the 

snow chute experiments can be considered similar to 

the real avalanches. The previous studies mentioned 

above discussed Bingham fluid, wall slip etc. but not
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Figure 1. View of snow chute setup at Dhundhi (20 km from Manali, H. P., India) 

 

much has been described about the application of 

these models for computation of wall slip, snow 

debris and run-out distance for snow chute and real 

avalanche flows. Another goal of the present paper 

is to demonstrate the capability of user friendly 

commercial CFD code for modeling of complex 

snow flow under gravity.  

2. Methodology 

2. 1. About the experimental site 

The experimental work was carried out on 

the 61 m long and 2 m wide snow chute at the 

Dhundhi station. At this site, on an average, 

cumulative seasonal snowfall is approximately 11m 

and winter ambient temperatures vary from a 

minimum of -15
0 

C to maximum of +10
0
 C. The 

chute consists of five sections as shown in Fig. 1. 

The bottom surface of the chute is made of mild 

steel (MS) sheets. The side railing of the snow 

chute is 1 m high which is covered with transparent 

polycarbonate sheets to minimize friction between 

the side walls and the flowing snow. The 

transparent side walls also facilitate observation of 

the flow through the side walls of the chute. 

Alternate red and yellow colors are painted at every 

0.5 m interval on the bottom surface of the chute 

for ease in measurement of snow flow parameters. 

The snow chute structure is erected on the concrete 

pillars. There is provision for changing angle of tilt 

of 5.5 m long snow hopper from 30
0
 to 45

0
 with the 

help of hydraulic system. In the present studies, this 

angle is kept fixed at 35
0
. Snow hopper can be fed 

maximum up to 11.0 m
3
 volume of snow. The 13.5 

m long diverging-converging channel inclined at 

35
0
 is provided to ensure that snow does not move 

like a solid block down the chute and proper 

fluidization of snow takes place. The 22 m long 

chute channel inclined at 30
0
 acts as accelerating 

path for the snow and snow attains maximum 

velocity near the end of this channel. The 8 m long  

chute channel inclined at 12
0
 ensures reduction in 

momentum of snow flow and snow completely 

comes to a halt on the 12 m test bed inclined at an 

angle of -1.8
0
. 

2.2. Mathematical model 

In ANSYS Fluent software, three different Euler-

Euler multiphase models are available: the volume 

of fluid (VOF) model, the mixture model, and the 

Eulerian model. In the present work, non-granular 

immiscible Eulerian fluid model (fluid-fluid flows) 

was chosen for solving a set of momentum and 

continuity equations for incompressible snow and 

air phases. Coupling is achieved through the 

pressure and interphase exchange coefficients. The 

immiscible fluid model for Eulerian multiphase 

enables sharp interface treatment between the 

phases [16]. 

 

2.2.1. Flow governing equations [16] 

The description of multiphase flow 

incorporates the concept of phasic volume 

fractions, denoted here by αq. Volume fractions 

represent the space occupied by each phase, and the 

laws of conservation of mass and momentum are 

satisfied by each phase individually. Air is 

considered primary phase p and snow as secondary 

phase q. The basic flow governing equations solved 

by ANSYS Fluent are described below. 

The volume of phase q,   
 

 is defined as: 

  
   

  
                                                                              

                                                                               

So, the effective density of phase q is αq ρq where 

ρq is the density (kg m
-3

) of the phase q in the 

solution domain. V' is the total volume. 

2.2.1.1. Continuity equation 

The volume fraction of each phase is calculated 

from the continuity equation: 
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The solution of (3) for the snow phase 

along with the condition that the volume fractions 

sum to one allows for the calculation of the volume 

fraction of the air.      is the velocity vector of snow. 

2.2.1.2. Fluid-fluid momentum equations 

 The conservation of momentum for a fluid phase q 

is: 
 

  
                                     

  

      +          +                                             (4) 

          is the phase stress-strain tensor of phase q, 

given as:  

                       
  

        
 

 
 
 
                         

ηq and λq are shear and bulk viscosity of 

phase q, respectively.      is the unit tensor. Since 

snow is considered incompressible, second term in 

(5) vanishes.      is acceleration due to gravity (m s
-2

) 

and p' is the hydrodynamic pressure shared by both 

the primary and secondary phase (Pa). Kqp is the 

interphase momentum exchange coefficient (kg m
-3 

s
-1

). In the present work, it is calculated as below: 

      
          

   
                                                       

Where f is the drag function which can be given by 

model of Schiller and Naumann as: 

  
     

  
                                                                         

CD is the drag coefficient which is function of 

relative Reynolds number Re, given as: 

 

   
 
                     

 
  

                                                      

     
           

     

  

                        

                               
 

For symmetric model, density ρqp (kg m
-3

) is 

calculated from volume averaged properties: 

 
  

                                                                 

Particulate relaxation time         is given as : 

    
 
  
     

 

   
  

                                                          

Where viscosity   
  

  is calculated as: 

 
  

                                                                                                                         

Here, droplet diameter dqp=0.5*(dp+dq). 

For single dispersed phase, dp=dq. So, dqp= dq is the 

diameter of the secondary dispersed phase set at 

default value of 10
-5 

m for all the simulations. As 

inter granular collisions, cohesions and other 

significant granular properties of snow are 

neglected in the present model, the flow rheology 

of snow is similar to a continuum fluid. Momentum 

equation for the primary phase p is written similar 

to (4). 

2.2.2. Snow as non-Newtonian fluid 

The constitutive equation of a Bingham fluid is 

made up of two parts. First, if the shear stress 

intensity τ (N m
-2

) is below a yield stress value τ0 

(N m
-2

), no deformation takes place and material 

behaves as a rigid solid. Second, if the stress 

intensity is above this value, deformation takes 

place and is proportional to the amount that the 

stress level exceeds τ0 (Fig. 2).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Flow rheology of a bi-viscous Bingham 

fluid   

 

Following the work of Dent et al. [10], in 

this paper, bi-viscous Bingham fluid model has 

been used which allows small deformations to take 

place according to a linear viscous flow law in the 

locked portion of the flow (dotted lines in Fig. 2). 

The viscosity used in this region  
 
 (in the present 

paper taken as 10
4
 Pa s) is taken so high that the 

resulting deformation can be neglected relative to 

deformations outside this region [8]. Adopting from 

[8, 10, 17, 18], the effective Newtonian viscosity 

for a Bingham fluid can be given as: 

 
 
 

  

  
      

  
 

  
                                                  

Where k= viscosity coefficient of snow 

after the yield region (Pa s). Following [8], we have 

taken value of k as 0.02 Pa s for all the simulations. 

This value is reasonable as snow flows like a 

Newtonian fluid with low viscosity after the yield 

region.  
 
  strain rate in the locked flow regime(s

-

1
). This is computed as: 

  
 
 

  

 
 

                                                                           

The yield strength of snow τ0 is considered 

as the function of hydrodynamic pressure p', 

cohesion strength c and internal friction angle of 

snow φ [8, 19]: 

                                                                       
Substituting (15) into (13),  

 
  can be re-written as: 
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    is the shear strain rate after the yield region 

which is related to the second invariant of rate of 

deformation tensor,    as [16]: 

    
 

 
                                                                       

Here                  
  

On simplification and algebraic manipulation, (17) 

reduces to  

        
  

  
 
 

   
  

  
 
 

 
  

  
 
  

  
 
  

  
 

 
  

  
 
  

  
 
  

  
                            

u, v are the velocities in X & Y-direction, 

respectively. 

2.2.3. Wall shear stress model 

The no-slip boundary condition, in which the slip 

velocity is set to zero, is widely and successfully 

used in many fluid flow simulations. However, it is 

observed in experiments that in rapid flow of 

granular materials down the slopes, even the lowest 

particle layer in contact with the bottom boundary 

moves with a non-zero velocity [20]. Recently, an 

advanced model for calculation of wall slip velocity 

has been presented by Domnik et al. [21]. 

However, it was found difficult to implement this 

model in the commercial CFD code as ANSYS 

Fluent requires values of X and Y component of 

wall shear stress at the wall  to replace no-slip 

boundary condition. In this paper, we propose a 

simple model for wall slip as described here (Fig. 

3). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Wall shear stress components of snow on 

an    inclined plane    

 

Refer Fig. 3, total wall shear stress  τq|wall (N m
-2

) 

along the chute flow can be given as: 

                  
 
 
  

  
 
  

  
                            

Here, β is the wall slip factor whose value 

can vary from 0.0 to 1.0. Value of 0.0 means 

minimum slip and value of 1.0 means maximum 

slip, at the snow-chute surface. Indirectly, high slip 

implies low Coulomb friction coefficient at the 

snow-chute surface and vice-versa.  Value of wall 

shear stress remains same in X'-Y' plane when X-Y 

plane is rotated through angle θ due to uniform 

transformation of each of u, v, x and y through cosθ 

as is clear in Fig. 3. Resolving   τq|wall into X and Y 

components, X-component of wall shear stress is 

given as: 

                   
 
 
  

  
 
  

  
                     

Similarly, Y-component of wall shear stress is 

given as: 

                    
 
 
  

  
 
  

  
                   

3. Meshing, boundary conditions and 

computation 

The 2-D geometry of snow chute was drawn in 

Gambit 2.4 pre-processor of ANSYS Fluent 

software with total computation domain as 73 m 

long snow chute surface with 5 m air space above it 

(Fig. 4). Test bed of the chute was drawn 12 m 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  Boundary conditions for 2-D geometry 

of snow chute 

 

extra to accommodate snow flows beyond 12 m 

which happens occasionally in snow chute 

experiments at Dhundhi. The complete domain was 

divided into uniform quad map mesh of 0.05 m 

size. Snow and air were defined as fluid zones in 

the geometry. Pressure outlet boundary condition 

was applied at the top surface and end section of 

chute to represent the boundaries open to 

atmosphere. A UDF for computation of wall shear 

stress as described in section 2.2.3. was written and 

hooked to the chute surfaces AB, BC, CD and DE 

(Fig. 4). We applied no-slip boundary condition on 

test bed surface EF as due to deceleration of snow 

flow, velocity of snow reduces to zero at this 

surface and as a consequence, friction between 

snow-chute interface increases significantly [13]. 

Symmetry boundary condition was applied at the 

start of snow flow to represent wall with zero shear 

stress at the back of hopper. 

Transient Eulerian immiscible non-

granular multiphase model with explicit scheme 

was selected for computation of flow of snow and 

air phases.  For air, default fluid properties were 

selected. For snow, Bingham fluid viscosity was 

computed through a UDF as described in section 

2.2.2. Value of     was taken as -9.81 m s
-2

 in the Y 

direction. Computation time step for all simulations 
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was uniformly taken as 0.001s. Residual and other 

solution parameters were set default as per the 

ANSYS Fluent 13.0 solver. 

4. Results and discussion 

Snow is a complex granular material whose 

properties like cohesion, adhesion, grain size vary 

within short time. Consequently, yield strength of 

snow changes which in turn affects the flow 

behavior. It is observed through the snow chute 

experiments done in the present work, after release 

from the hopper, freshly fallen snow of density 

150-200 kg m
-3

 flows lesser distance as compared 

to the settled high density snow of density 300-400 

kg m
-3

. Dendritic or stellar fresh snow crystals have 

the highest angle of repose (up to 80º), decreasing 

to 35º for rounded forms and highly wet snow 

(slush type) can avalanche off of slopes of 15º or 

lesser [22]. Angle of repose is related to internal 

angle of friction, φ for a granular material [23]. 

Based on the above observations and studies, we 

propose that fresh low density snow has high 

internal friction angle φ and low wall slip factor β 

as compared to other types of snow. However, for 

the purpose of parametric study, we have arbitrarily 

varied values of φ, β and other parameters in some  

simulations. The complete simulations plan under 

varying parameters of internal angle of friction φ, 

In a particular comparison out of parameters; 

internal friction angle φ, density ρq, volume V'', 

cohesion c, slip factor β or obstacle height, only 

one parameter was varied and rest all other 

parameters were kept constant. 

The simulation results based on realistic 

assumptions of flow parameters (marked by*) were 

compared with the snow chute experimental results 

(labeled as E1, E8 etc.) described in Table 2. These 

experiments were performed on the snow chute 

during February-March, 2012 at Dhundhi. Snow 

was manually fed into the hopper with shovels from 

the surrounding undisturbed area. At the start of 

each experiment, snow was released after opening 

the gate of hopper. Density of snow was measured 

by weighing small blocks of snow cut with a 100 

cm
3  

cylindrical sampler.   

 

4.1 Parametric study: without any obstacle in the 

path 

As shown in Fig. 5a, keeping density of snow 

constant as 200 kg m
-3

, when φ  is varied from 35
0 

(case S1) to 45
0 

(case S3), at time step of 5 s, run-

out distance was found longest in case S3 (Ref. Fig. 

4,  flow crosses point D) and shortest in case S1( 

flow stops much before point D). This is due to the 

fact that with increase in φ, yield strength  τ0 of 

density ρ, slip factor β etc. for the 2-D snow chute 

geometry is given in Table 1. 

 

 

Table 1. Simulation plan of snow chute flow 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For clarity, various simulations cases were labeled 

as S1, S2, S3 etc. Results of various simulations 

were compared as per the highlighted plan shown 

in each column of Table 1.  

 

Table 2. Detail of experiments conducted on the 

snow chute 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

snow increases due to which viscous resistance of 

snow increases. Corresponding variation of snow 

velocity is shown in Fig. 5b. As shown in Fig. 6, 

simulated (Ref. Table 2) maximum front velocity 

of avalanche varies from 12.3 m s
-1

 to 19.4 m s
-1

.
 

Exception lies in simulation S6 in which no-slip 

boundary condition is used at the snow-chute 

interface. The maximum front velocity was also 

estimated for the experiments mentioned in Table 

2, based on analysis of CCD camera recordings of 

the snow chute flow. As shown in Fig. 6, the 

experimental front velocities were found close to 
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corresponding simulated values. Time of snow flow 

from snow hopper to test bed in all the simulations 

varied from 8.0 to 8.5 s which is also in agreement 

with the actual time of flow observed in the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 5.  Effect of variation of internal friction 

angle φ of snow (cases S1, S2, S3) at time step t= 

5.0 s on (a) snow deposition profile (b) velocity of 

snow 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 6. Simulated vs. experimental avalanche  

maximum front velocities 

 

experiments i.e. 7.5-8.5 s. 

Increase in density of snow has not much 

effect on the flow behavior as is evident from the 

comparison of snow debris for simulation cases S4 

and S12 (Fig. 7a). This is due to the incompressible 

assumption of snow density. This may not be true 

in reality as viscous and frictional properties of 

different density snow samples are quite different. 

However, as expected, when arbitrarily cohesion 

factor c=100 N m
-2

 is introduced in the yield stress 

of snow in (16), snow stops on the chute before 

point E in simulation case S7 as compared to the 

case S1 in which flow crosses point E (Fig. 7b). 

From Fig. 8, it can be seen that when no-slip wall 

condition was used (case S6), snow did not flow 

down till the test bed. Instead,  most of the  snow 

was still  moving  on the diverging-converging 

section before point C  while at the same time t=8.0 

s, in case of  wall condition with β=1.0 (case S5), 

snow  moved beyond point F of the defined domain 

of  snow chute; in case of β =0.3 (case S4), snow 

stopped at  a distance of approximately 15.0 m 

from point E and  in case of  β =0.0 (case S3), some 

mass of the snow  stopped  before point E on the 

12
0
 slope channel. These results introduce the 

significance of wall slip condition at the snow-

chute interface. 

4.1.1. Simulations vs. experimental results (without 

obstacle)    

As mentioned earlier, some of the simulated results 

were compared with the experiments conducted 

under similar conditions. There was about 10-15 % 

difference between the measured snow density in 

the experiments and that considered in the 

simulations. For all the simulations in this paper, 

average density of the snow filled in the hopper is 

considered. Debris profile was measured with a 

meter rod at three points; extreme left, middle and 

extreme right of the debris at every 1 m length 

along the snow flow direction. Further, as 2-D 

simulations were required to be compared with 3-D 

observed debris profile, average values of the 

observed debris height were plotted in all the chute 

experiments. Fig. 9b shows that for fresh dry snow 

of density 200 kg m
-3

, match between the observed 

(E1) and simulated (case S1) snow debris profile is 

quite close.  However, longitudinal spread of 

observed snow debris on 30
0 

slope is more as 

compared to the simulated profile. There is certain 

disagreement between the observed (E8) and 

simulated (case S8) debris profile in case of snow 

of  density300 kg m
-3

 (Fig. 10c). This needs to be 

investigated further.  

 4.2. Parametric study: with presence of obstacle in 

the path 

 Snow flow was simulated assuming presence of
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(a)                                                                                                 (b) 

 

Figure 7. Snow debris profile comparison at time t=8.0 s  for (a) snow of  density 200 kg m
-3

 and 450 kg m
-3

 at 

(cases S4, S12)  (b) snow with cohesion factor; c=0.0 N m
-2

 and c=100.0 (cases S1, S7)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.  Effect of wall slip boundary condition on  snow chute debris profile (cases S3, S4, S5, S6) for snow 

of density 200 kg m
-3

 at time step t=8.0 s 

  

catch dam type obstacle of 0.62 m and 1.0 m height 

(one at a time) on the test bed of snow chute, at 1.0 

m distance away from point E on the snow chute 

(Fig. 11). When snow volume V'' in the hopper is 

reduced to one half of the maximum volume i.e. 

11.0 m
3
 (case S13), pattern of debris profile 

remains similar to that in case S14. However, as 

expected, height of debris is lesser in this case 

compared by varying the height of obstacles (Fig. 

11c). The simulated results predicted the expected 

behavior of more snow retention by the taller 1.0 m 

structure as compared to 0.62 m structure. With the 

help of CFD simulations done in the present study, 

it is possible to estimate dynamic pressure on the 

structure. Variation of dynamic pressure at time  

steps t=4.6 s, 5.4 s and 6.0 s is shown in 

compared to case S14 (Fig. 11a). When wall slip 

factor β at the snow chute interface is increased, 

from 0.3 (case S14) to 0.65 (case S15), as expected, 

more snow mass crosses the structure and run-out 

distance is more in this case (Fig. 11b). Keeping all 

other parameters same, simulation results were  

 

in Fig. 12a. As snow just hits the   structure at time 

t=4.6 s, dynamic pressure of snow is maximum and 

approximately equal to 16.0 kPa. The 

corresponding variation of snow volume fraction 

with time is shown in Fig. 12b and variation of 

snow velocity with time is shown in Fig. 12c. 
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                                           (b)

              Figure 9.  Debris profile (a) simulated (b) simulated vs. observed for snow of 200 kg m
-3

 density    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Debris profile (a) simulated (b) observed (c) simulated vs. observed for snow of density 300 kg m
-3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Simulation of snow chute flow for snow of density 200 kg m
-3

 when (a) volume of snow in the 

hopper varies from 5.5 m
3
 to 11.0 m

3
 (cases S13, S14) (b) wall slip factor β varies from 0.30 to 0.65 (cases S14, 

S15)  (c) height of obstacle varies from 0.62 m to1.0 m (cases S14, S16) 

 

  4.2.1. Simulations vs. experimental results (with 

obstacle)  

Comparing the simulated debris profile with observed 

debris profile is difficult task as reproducing 

conditions in the simulations, exactly same as in the 

experiments is not possible. However, we tried to 

simulate the conditions as closely as possible to the 

experiments. As a trial, simulated results of case S9 

were compared with the results of experiment E10 for 

0.62 m high obstacle. Most of the simulated snow 

stopped before the structure in comparison to the 

experiment in which some snow passed over the 
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structure. Then case S10 with β =0.3 was tried whose 

comparison with the results of experiment E10 is 

shown in Fig. 13c. In this case, simulated and 

observed debris profile are in good agreement. 

However, simulated debris had higher run-out 

distance as compared to the observed one. In case of 

simulation for 1.0 m high structure (case S11), snow 

debris partly jumped over the structure while in case 

of experiment (E11), it was observed that whole of 

the snow got retained before the structure (Fig. 14). 

Densification of snow as it flows down the chute, 

which is neglected in the simulations, may also be 

responsible for the deviation between the observed 

and simulated results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

 

 

  Figure 12. Simulation of snow flow parameters as snow hits a 0.62 m catch dam type obstacle (case S14) 
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     Figure13.   Debris profile (a) simulated   (b) observed (c) simulated   vs. observed   debris profile for snow of  

     300   kg m
-3

   density interacting with 0.62 m obstacle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                       

                                                               

 

 

 

 

 

 

 

 

  

     

     Figure 14.  Debris profile (a) simulated   (b) observed (c) simulated   vs. observed   debris profile for snow of  

     300 kg m
-3

  density interacting with 1.0 m obstacle 

 

5. Conclusion 

From the present investigation, it is found 

that the  internal friction angle of snow φ and wall 

slip factor β play most important role in affecting  

the debris profile, dynamic pressure, run-out 

distance and velocity pattern of  flowing snow on the 

chute. Flow interaction with a simple catch dam type 

obstacle has also been studied. The present 2-D CFD 

model for snow chute flow can be quite helpful in 

setting the design parameters for various avalanche 

control structures. The proposed model can be used 

to calibrate the CFD model of avalanche flow for 

real mountain avalanches also. However, the model 

does not consider the densification of snow mass, 

lateral variation of snow properties and role of snow 

granular collisions and cohesions in bringing snow 

to rest. These factors need to be incorporated in the 

near future for development of a more accurate CFD 

model for snow flow. 
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