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Abstract 

Many parameters can be influenced by speed flow, like form resistance and speed flow. Form obstacles influence structure 

turbulent flowing water, so that can raise potency change speed and pattern flow around the structure building. This study 

considers the tilted corner prisoner structure triangle and incoming water flow to influence the pattern and speed flow that 

occur after the genre through the obstacle triangle using IRic simulation. IRIC is a simulation platform that supports 

numeric and various breaker computing problems in water science and engineering. The variations of the corner prisoner 

plate triangle used in this study are 30°, 45°, and 60°. The transverse channel is blocked with a ratio of β = 1/10, and 

upstream-downstream boundary conditions are open. Results show what will happen in the genre critical moment pass 

structure. Because the change is significant, Froude's number. Observations that took place showed that speed flow on each 

slope was stable before the pass structure and was not stable after the pass structure. Whirlpools occur on a 45° slope, so 

the speed flow that occurs will increase significantly. On an incline of 60°, it will have the largest Froude number, which 

is caused by the depth (D) created by the 60° angle being higher in comparison with another slope. For an incline of 30°, 

show speed, more flow, and a constant flow with a bigger Froude number. 
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1. Introduction 

Well-known research topics primarily focus on hydraulics and river engineering, specifically aimed at simulating 

water flow in rivers. Pattern changes can occur in the channel due to the presence of buildings and other structures, 

potentially resulting in a change in speed around these structures. One alternative method for dampening energy that 

travels along the channel is the use of a dam with channel obstruction. The influence of structural turbulence affects the 

flow of water. This is because the current turbulent behavior deposits turbidity as suspension sediment [1]. Moreover, 

since the flow is separated by a non-movable barrier (such as buildings) placed on the base of the river, the flow speed 

increases and influences the sediment base from the acceleration and deceleration of flow around the barrier. The 

placement of an obstacle at the base of the channel influences the change in speed (friction, u*), which is then compared 

backward to maintain the integration (C). The speed value swipe (u*) will increase to match the speed swipe under 

normal conditions (u* L), causing the flow rate to slow down in the area upstream of the obstacle. This is because the 

obstacle impedes the flow rate, requiring more energy for the flow to return to its normal state [2]. 

Previous studies have focused on analyzing flow stability through obstacles and flow speed [3-7]. These studies have 

identified ways to mitigate the risk of dam failure by accurately estimating the effective parameters concerning energy 
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dissipation, dam collapse, and flooding direction around both natural and artificial obstacles downstream [3]. 

Additionally, Yaghoubi et al. (2017) demonstrated that an area with negligible speed growth and increasing real 

concentration upstream around every obstacle becomes larger [5]. An experimental and numerical study was conducted 

on obstacles placed at the bottom of a channel, where a vortex shedder (a common component of a vortex flow meter) 

is situated on the same side as the structure flow around a cylinder triangle. Flow characteristics such as contour vortices, 

current line cross-section patterns, vector speed, field speed, Reynolds stress correlation, Strouhal number, and drag 

coefficient were examined using Particle Image Velocimetry (PIV) techniques and the Large Eddy Simulation (LES) 

turbulence model [4]. The study also utilized the RANS (Reynolds Averaged Navier-Stokes) type of turbulence model, 

which is widely used in practical applications [8]. However, due to its impact, it requires more CPU and memory time 

compared to LES and DNS. Despite these potential drawbacks, the advantages, limitations, and areas for improvement 

of the RANS model are still worth considering. To address the Reynolds stress term in the mean Navier-Stokes equation, 

the k-𝜀 model is commonly used [8, 9]. This research further explores the phenomenon of flow patterns spilling vortex 

behind triangle barriers, showing significant changes with the Reynolds number [10]. The approach suggests that flow 

phenomena slow down before passing the obstacle but experience no change in speed after passing the obstacle, 

especially when the obstacle is placed in a submerged condition at the bottom of the channel. The ultimate goal of this 

research is to review the variation of obstacle effects in flow damping using the simulation iRic-Nays2DH, with the 

damping effect varying based on the Froude number. 

2. Basic Equations of the Model 

2.1. Equality Conservation of Fluid Mass 

As established in previous studies, the principle of eternal fluid mass dictates that the incoming fluid mass is 

equivalent to the outgoing mass. This principle forms the basis for writing the mass balance equation for fluid particles. 

The equation considers the rate of mass particle flow and the clean mass rate in the fluid element. 

The rate of mass particle flow can be represented as follows: 

𝜕𝜌

𝜕𝑡
(𝛿𝑥 𝛿𝑦 𝛿𝑧)  (1) 

where, ρ is mass type (kg/m3); t is time (s) and (δx δy δz) element volume fluid (m3). 

Additionally, we delineate a flow passing through a fluid element on a plane using three dimensions, as depicted in 

Figures 1 and 2. 

 

Figure 1. Direction of mass flow in fluid elements 

 

Figure 2. Grid points count on x and y 

(𝑥, 𝑦, 𝑧) 

𝑥 
𝑦 

𝑧 

𝝆𝒘 +
𝝏(𝝆𝒘)

𝝏𝒛
.
𝟏

𝟐
𝜹𝒛 

 

𝝆𝒘 −
𝝏(𝝆𝒘)

𝝏𝒛
.
𝟏

𝟐
𝜹𝒛 

 

𝝆𝒗 −
𝝏(𝝆𝒗)

𝝏𝒚
.
𝟏

𝟐
𝜹𝒚 

𝝆𝒖

+
𝝏(𝝆𝒖)

𝝏𝒙
.
𝟏

𝟐
𝜹𝒙 

 

𝝆𝒖 −
𝝏(𝝆𝒖)

𝝏𝒙
.
𝟏

𝟐
𝜹𝒙 

𝝆𝒗 +
𝝏(𝝆𝒗)

𝝏𝒚
.
𝟏

𝟐
𝜹𝒚 



Civil Engineering Journal         Vol. 9, No. 12, December, 2023 

3138 

 

Equation 2 represents the fluid rate continuity equation, which is expressed in (kg/s). Given that the volume of the 

fluid particle element remains constant, it can be formulated as follows: 

𝜕𝜌

𝜕𝑡
+

𝜕(𝜌𝑢)

𝜕𝑥
+

𝜕(𝜌𝑣)

𝜕𝑦
+

𝜕(𝜌𝑤)

𝜕𝑧
= 0  (2) 

Equation 2 above is an equation for the continuity of fluid flow that is not permanent (unsteady) in three dimensions. 

Meanwhile, if it is reviewed in two dimensions, the equation is as follows: 

𝜕𝜌

𝜕𝑡
+

𝜕(𝜌𝑢)

𝜕𝑥
+

𝜕(𝜌𝑣)

𝜕𝑦
= 0  (3) 

2.2. Fluid Momentum Equation 

According to Newton's second law, the change in momentum of a fluid particle is equal to the sum of the forces 

acting on the particle. The change in fluid momentum in the x and y directions is as follows: 

x-direction: 
𝜕(𝜌𝑢)

𝜕𝑡
+

𝜕𝜌𝑢2

𝜕𝑥
+

𝜕(𝜌𝑢𝑣)

𝜕𝑦
 (4-a) 

y-direction: 
𝜕(𝜌𝑣)

𝜕𝑡
+

𝜕𝑢𝑣

𝜕𝑥
+

𝜕(𝜌𝑣2)

𝜕𝑦
 (4-b) 

Equations 4-a and 4-b represent the equations of change in momentum, where the product of mass speed (kg/s) and 

velocity (m/s) is considered. According to the Nays2DH solver manual (2014) [11], the motion of the flow is divided 

into two coordinate systems. One is the orthogonal system (x, y), and the other is the linear curve or moving boundary 

fitted coordinates (MBFC) system. 

3. Materials and Method 

3.1. Determination of Geometry 

The Nays2DH is a computational model designed to simulate two-dimensional (2D) horizontal flow. It accounts for 

any obstacles within the calculation target area, which is determined based on cell calculations. There are various 

arrangements available for defining the end boundary conditions upstream and downstream. These include periodic 

boundary conditions, setting elevation at the end face downstream, and speed at the end upstream. This flexibility makes 

it easier to set boundary conditions based on observational data. For each cell calculation, an object can be defined to 

identify obstacles. 

In the simulation study, we used a specific geometry for the channel. The channel is 6 meters long, 40 cm wide, and 

50 cm high. An obstacle, in the form of a triangle, is placed in the middle section of the channel, 3.00 meters away from 

the upstream channel, with a slope of 0.001 (see Table 1). 

Table 1. Model design 

Open Channel (cm) Triangle Model (cm) Shape 

Square 

Slope (tan Ɵ) 30o 

 

L 40 

h 6 

P 21 

Slope (tan Ɵ) 45 o 

 

L 40 

h 6 

P 12 

Slope (tan Ɵ) 60 o 

 

L 40 

h 6 

P 6.9 

3.2. Outcome Simulated Network 

The simulation integrates Nays2D and Morpho2D to provide an accurate flow simulation. It uses regular software 

capabilities to simulate changes in flow patterns within channels and various obstacles within the target area, based on 

cell-based calculations. For each cell calculation, an object is determined to identify obstacles. As a result, a channel 

with a hydraulic structure can be combined into a single downstream channel. The steps used for combining are 

accommodated by the application for determining Type A mergers: branch junctions or Type B: T Junction. 
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4. Result and Discussion 

4.1. Configuration System 

The flow design assumes two-dimensional Ux and Uy, with isothermal and kinetic flow constants. The relevant 

equations, which are derived from Equations 3 and 4, describe the intended kinetic flow, which is measured by the 

Froude number. The Froude number is a non-dimensional parameter that indicates the relative effect of inertia to gravity. 

It measures the resistance from a moving object through the water and compares objects of different sizes based on 

speed or different distances [12]. The formula for Froude's number is Floc=
Umax

√g Dcosθ
, where U is the maximum flow 

speed, g is the acceleration due to gravity, D is the diameter of the pipe, and θ is the angle between the pipe diameter 

and the flow direction. Figure 3 shows a schematic cross-section of the channel, with a triangle obstacle placed in the 

middle of the channel. The transverse cross-section of the channel shows a straight, upright direction of flow with a tall 

channel (H), length of the channel (L), and inflow length (l). During the simulation, the area is divided into 600 grid 

points in the x direction (Nx) and 43 points in the y direction (Ny). The flow limit conditions are free and uniform, and 

the roughness base uses the Manning method. The upstream condition is open. The parameter values can be seen in 

Table 2 and Figure 4. The model cross-section of 3D channels and obstacles has been presented in Figure 5. 

 

Figure 3. Schematic cross- section channels and barriers 

Table 2. Simulation Design 

Parameter Notation Value 

Number of grids on x Nx 601 

number of grids on y Ny 43 

input Discharged Q 0,01 

Manning Coeeficient n 0.01 

Block Ratio β = d/H 0,10 

 

 

Figure 4. Schematic concept of the grid on the (a) Type A and (b) Type B grids 
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Figure 5. Model cross-section 3D channels and obstacles 

Figure 6 shows the flowchart of the research methodology through which the objectives of this study were achieved. 

 

Figure 6. Flowchart of the research methodology 
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The geometry scheme for 2D channels and barriers triangle has been presented in Figure 7. 

 

Figure 7. Geometry scheme for 2D channels and barriers triangle 

4.2. Simulation Result 

The simulation results indicate that the flow around all obstacles is modeled based on Nx/Mrs, with the ratio of the 

height of the water level (ho) to the height of the channel being β = 1/10. A tall obstacle of 6.00 cm is used, with 

variations in slopes of 30°, 45°, and 60° (Figure 5). The analysis of the flow pattern reveals that the upstream area 

experiences an increase in water surface level and then encounters resistance (downstream), leading to a decrease in 

water level. In the downstream area, the flow tends to stabilize at a 30° inclination, but instability occurs at slopes of 

45° and 60° (Figure 8). Observations (Figure 9) show that the flow pattern immediately past the obstacle causes a relative 

reduction in flow speed. However, fluctuations occur due to the release of eddies in the downstream area of the triangle, 

with conditions taking place along its channel (downstream). From the three obstacle triangles, the largest velocity flow 

and fluctuations occur in the 45° slope model (M2). However, the velocity is the smallest relative average after passing 

the obstacles. 
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M2=45 ° 

 

 

M3=60 ° 

Figure 8. Flow pattern speed and connection depth (D) vs Time (T) 
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Figure 9. Flow pattern speed and connection depth (D) vs speed (U) 

The Froude number on channels is significantly influenced by the flow speed. The Froude number is compared 
directly with the flow speed. In the simulation, the dimensions of the channel used remain the same, as the Froude 
number varies differently for each triangular plate shape being simulated. All triangular plates have a Froude number 
greater than 1. The maximum Froude number is achieved at an angle of 30°, reaching a value of 2.67, which corresponds 
to a supercritical flow type. However, after the triangular plate, the Froude number decreases significantly until it reaches 
a value less than 1, indicating a subcritical flow type. Each triangular plate differs in this regard. When marking the 
Froude number at 60°, the results show a smaller Froude number, even less than 1, at all distances. Thus, it can be 
concluded that at a 60° angle, the flow type is subcritical (see Figures 10 and 11). 
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Figure 10. Flow pattern based on connection Depth (D) vs Froude (Fr) 
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Figure 11. Profile elongated Froude Number (Fr) 

4.3. Validation of The Simulation Result 

In validating the simulation results, computations were performed using the i-Ric Nays2DH reference for validation. 

This is an empirical calculation based on the average flow rate in an open channel, a calculation that had been conducted 

by researchers in the past [13]. A triangular structure with a 30° incline was used in the simulation. Figure 12 illustrates 

the similarity between the simulation results and the experimental results. 

 

Figure 12. Profile elongated Froude Number (Fr) 

5. Conclusion 

The study demonstrates that the Nays-2DH simulation produces reliable results for examining the flow of fluid 

around structures. The results indicate that the critical moment of flow passing through an obstacle is marked by a 

significant change in Froude's number. Observations taken during the simulation show a steady flow before the structure 

and increased turbulence afterward. Furthermore, the slope with maximum velocity and the greatest Froude number is 

at a 45° incline. The largest vortex occurs at a 45° slope, causing a significant increase in flow velocity. The highest 

Froude number occurs at a 60° slope, which is attributed to the higher depth (D) created by the 60° angle compared to 

other slopes. For a 30° incline, the flow speed is more consistent, with a larger Froude number. 
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