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ABSTRACT 

Energy dissipation in a launch channel focused on increasing the dissipation of 

initial water flow energy to protect against hydraulic structure failure. This was 

achieved by using rectangular baffle blocks placed within the launch channel, 

varying in angles and flow rates. The aim of this study was to determine the 

impact of different angles of the rectangular baffle blocks on flow energy 

dissipation downstream of a spillway structure. A two-dimensional experimental 

research method was employed to assess the water energy dissipation by varying 

the angles of the baffle blocks in the launch channel. The results of this study 

indicated that in the rectangular baffle block type with an angle variation of 300, 

the relative energy dissipation was directly proportional to the upstream and 

sequential Froude numbers. In contrast, for the baffle blocks with an 1800 angle 

variation, the relative total energy dissipation decreased as the upstream and 

sequential Froude numbers increased. The maximum value of the relative total 

energy dissipation occurred when the water level above the crest was high, but 

the minimum value happened when the water level above the crest was low. One 

key finding of this study was that the rectangular baffle blocks with a 300-angle 

variation and a relative water surface height of 2.5 cm above the crest provided a 

maximum total relative energy dissipation of 53.66%. The advantage of using 

rectangular baffle blocks was in their ability to gradually slow down the flow 

velocity through the gaps between the angled blocks, preventing the formation of 

back momentum in the flow. 
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1. INTRODUCTION 

A spillway is a hydraulic structure whose existence is very essential because it is 

built to release water surplus or flood discharge that cannot be accommodated in 

the dam (Parsaie et al., 2018; Chanson, 2021; Djunur et al., 2023). The spillway 

functions as a building to overflow water if there is an increase in discharge at the 
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dam (Djunur et al., 2023; Felder and Chanson, 2014; Matos, 1999). The spillway consists of five parts, namely the guide channel, 

transition channel, launch channel, overflow channel, and stilling basin building (Akramov et al., 2011; Rasoul et al., 2020; Hai-sheng et 

al., 2010; Daneshfaraz et al., 2020). The launch channel section is an open channel with supercritical flo properties at high speed (Zhao 

et al., 2012). A very high flow velocity can cause damage to the downstream section of the spillway channel structure (Johan et al., 

2011). 

Changes in flow conditions from supercritical to subcritical cause a hydraulic jump (Ujjawal and Parthajit, 2023; Rajaratnam and 

Hurtig, 2000; Xiaoguang et al., 2011). In this condition, there is a change in water depth from low to high depth (Wei, 2002; Sujit et al., 

2003). This change causes the flow energy to be reduced. This hydraulic jump phenomenon is used by energy dissipation structures to 

reduce the energy of water flow from the spillway (Cakir, 2003; Kumar and Deswal, 2002; Mykhaylovskyy et al., 2002; Zdzislaw and 

Halina, 2010). The most commonly used type of energy damper is a stilling basin equipped with damper blocks (Liu, 2013; Sadeghfam 

et al., 2014; Wűthrich and Chanson, 2014; Xiao-li et al., 2007). The damper blocks that function to cause a hydraulic jump is baffle 

blocks. The baffle blocks also have an effect on reducing flow momentum which will reduce flow velocity (Ghaderi et al., 2020; Jinli et 

al., 2012; Ascuitto et al., 2001; Stefan et al., 2010).  

The change in water level due to the hydraulic jump and the decrease in flow velocity causes a reduction in flow energy (Chun-

Xiao, 2010; Lifeng and Mary, 2010; Mathias et al., 2010; Peter et al., 2012; Kolodezhnov and Koltakov, 2001). Investigated energy 

dissipation downstream of a sluice gate using a weir and found that the optimal weir location is in the first half of the hydraulic jump. 

Investigated the performance of the Group Method of Data Handling (GMDH) and the Developed Group Method of Data Hand, ling 

(DGMDH) machine learning algorithms in predicting the characteristics of a submerged hydraulic jump at a sluice gate. The study 

demonstrated that both models could accurately estimate the relative submersion depth, jump length, and relative energy loss. 

Examined the effectiveness of five models in identifying flow regime conditions, estimating the discharge coefficient (Cd), and 

determining flow rate.  

To calculate Cd for the energy-momentum model with losses (EML) and HEC-RAS, new equation forms and techniques were 

developed (Kuldeep et al., 2021). Ujjawal and Parthajit, (2023) explored the effectiveness of perforated screens as energy dissipators in a 

mixed three-wall configuration for small hydraulic structures. Various efforts have been made to reduce flow energy downstream of 

spillway structures by engineering energy dissipation methods, including Stepped Spillways, Chute Spillways, and reducing flow 

velocity using various obstacle models (Yehia et al., 2018; Doron, 2000; Mohammadzadeh-Habili et al., 2018; Kuang et al., 2012). To 

minimize hydraulic jumps downstream of the spillway and protect riverbed and bank geometry Bainian et al., (2000); Chanson, (2015); 

Lifeng et al., (2011), energy dissipation structures are used. These structures modify flow parameters by altering baffle block 

dimensions, spacing, quantity, and the angle of the baffle blocks relative to the flow direction (Nakashima et al., 1996; Peyras et al., 

1992; Daneshfaraz et al., 2017; Afangideh and Udokpoh, 2022).  

The significance of placing baffle blocks in increasing the reduction of water flow energy has long been recognized (Alsabery et al., 

2024). Although numerous studies have explored the effectiveness of baffle blocks in reducing flow energy, both with and without the 

baffle blocks Ahmadi and Azimi, (2024), however there are still several important parameters that need to be studied and researched 

for the development of innovative methods in an effort to fill the gaps in previous research. The history of flow energy reduction itself 

has long been the subject of research, starting from the concept introduced by Leonardo da Vinci in the sixteenth century and 

progressing to Giorgio Bidone’s pioneering experiment in 1820 (Dashtban et al., 2024; Karamma et al, 2020). However, with the 

technology and scientific advancements, there remains significant potential for deeper research to understand the impact of baffle 

blocks on energy dissipation and their role in shortening hydraulic jumps across various structural contexts. 

Further research on the effect of variations in baffle block models on energy dissipation downstream of the spillway is crucial for 

enhancing the efficiency of hydraulic structures. In an effort to overcome energy reduction downstream of the spillway structure, 

found that baffle blocks with an upstream angle of 1200 and a cat-back design with a 90° angle on the rear side were more effective in 

reducing flow energy and shortening hydraulic jumps without causing cavitation hazards (Hadday et al., 2024: Rincón et al., 2024). 

However, in the recent literature, there is still a need to deepen our understanding how the shape, orientation and composition of 

rectangular baffle blocks influence the efficiency of spillway protection system. The reduction of energy downstream of spillway 

structures to mitigate the risks of landslides and erosion caused by hydraulic jumps is increasingly critical. Preliminary research about 

the flow characteristics of submerged hydraulic jumps with baffle blocks serves as an essential first step in addressing this issue.  
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This study will provide valuable insights into the efficiency of energy dissipation in both submerged and free jumps, while also 

exploring the influence of factors such as the Froude number and damping factor on hydraulic behavior. To address this phenomenon, 

a laboratory study is needed to investigate the energy damping that occurs downstream of the launch channel in the process of water 

flow movement. Understanding the energy dissipation process is essential for identifying the flow parameters that influence energy 

reduction downstream of the channel. This knowledge will support further control and protection measures to prevent damage or 

collapse of the spillway structure. For this purpose, the effectiveness of rectangular baffle blocks with varying angles in reducing flow 

velocity and energy will be examined, as this configuration is expected to minimize hydraulic jumps and mitigate damage downstream 

of the spillway. 

 

2. RESEARCH METHOD 

The experiment was conducted at the Hydraulic Laboratory of the Department of Civil Engineering, Universitas Hasanuddin. The 

scouring depth research was carried out in a recirculating flume measuring 600 cm in length, 100 cm in width, and with an effective 

depth of 30 cm, as shown in (Figure 1). 

 

Table 1 Data Description 

No Description Dimension Size(cm) 

A Spillway Dimension 

1 Lighthouse Type Ogee I (upstream upright) 

2 Lighthouse Height 5 

3 Spillway Width 68 

4 Regulating Channel Length 57.5 

5 Straight Launcher Channel Length 120 

6 Trumpet Launcher Channel Length 20 

7 Stilling Basin Length  32 

B Rectangular-Type Baffle Block 

1 Height 30 

2 Length 50 

3 Width 20 

 

   
Figure 1 Overview of the Research Flume 
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(a)                                                              (b) 

Figure 2 Variation of rectangular porous baffle block angle (a) Angle 1800; (b) Angle 300 

 

 
Figure 3 Rectangular-Type Baffle Block Model 

 

Dimensional Analysis 

Based on the experiment of placing various baffle block models on the launch channel to reduce water flow energy, several parameters 

affecting energy reduction on the launch channel were obtained as follows: 

y = f (hd, hm, y0, yt, ρw, g, v, ɑ, he) 

Based on the dimensional analysis, the dimensional equation for energy dissipation in relation to other variables can be written as 

follows: 

𝑓 = (
ℎ𝑚

ℎ𝑑
,

𝑦0

ℎ𝑑
,

𝑣

√𝑔. ℎ𝑑
,

𝑦𝑡

ℎ𝑑
,

ℎ𝑒

ℎ𝑑
, ɑ  ) 

Based on the combination of several dimensionless parameters, the dimensionless equation is used to analyze its relationship to energy 

damping against changes in flow energy. Based on the results of the simplification of several dimensionless parameters, it can be 

expressed as a function of a dimensionless relationship. 

ℎ𝑒

ℎ𝑑
= 𝑓 (𝛼,

ℎ𝑚

ℎ𝑑
,
𝑦𝑡

𝑦0
,

𝑣

√𝑔ℎ𝑑

) 

Where  
ℎ𝑚

ℎ𝑑
 : relative height of water above the crest, 

𝑣

√𝑔.ℎ𝑑
 : Froude number, ɑ: model variation angle, 

𝑦𝑡

𝑦0
 : relative height of water surface 

before and after the baffle block model, 
ℎ𝑒

ℎ𝑑
 : energy dissipation dimension. 
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Figure 4 Flowchart of research 
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Flow Measurement 

The method for measuring flow depth and velocity involved dividing the channel into 36 observation point segments. Then the 

measurements of the flow depth and velocity were conducted at 12 observation point segments within each segment, focusing on the 

left side, right side, middle side and between the baffle blocks. These measurements were taken using buoys and current meters to 

calculate the river discharge, using the formula: Discharge (Q) = Volume (V) × Area (A). Fixed parameters during the observations were 

flow discharge (Q), water level above the crest (hd), baffle block location, flow velocity measurement location (vm) and flow height 

measurement location (hm). 

 

3. RESULTS AND DISCUSSION 

Result 

Hydraulic Dimensions of the Spillway Structure 

The hydraulic dimension of the spillway structure was determined through the analysis of maximum rainfall data using the Thiessen 

Polygon Method. The annual maximum rainfall data were analyzed using the Log-Normal and Log-Pearson Type III methods, with 

goodness-of-fit tests evaluated using the Chi-square and Smirnov-Kolmogorov methods. Based on this analysis, the design rainfall for a 

1,000-year return period was determined to be 201.17 mm, and the corresponding design discharge was 402.37 m³/s. These values were 

then used to determine the dimensions of the spillway structure. The hydraulic dimensions of the baffle block were calculated based on 

flow velocity measurements at the upstream section of the spillway chute.  

Using a trial-and-error method, the flow velocity was calculated to be 2.431 m/s. The flow was classified as supercritical, with a 

Froude number (Fr) of 6.50, which was used as the basis for defining the baffle block’s hydraulic dimensions. The determination of the 

geometric scale was adjusted to the capacity of the flume tank and pump in the laboratory, the availability of materials, and the 

required accuracy for measurements. The spillway model, as shown in Figure 5, was constructed at a scale of 1:50. This model 

represents a perfect geometric congruence (without distortion) and dynamic congruence, adhering to the conditions dictated by the 

Froude number. 

 

 
(a) 

 
(b) 

Figure 5 (a) the Layout of the Spillway Structure; (b) Longitudinal Section 
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Flow Characteristics in Spillway Structures 

The Froude number is defined to identify the type of flow occurring in the spillway model with three variations of flow discharge 

during the flow process. This can be described based on the Froude number (Fr). The results of the Froude number analysis are as 

follows: 

 

 
Figure 6 The relationship between the distance of observation points (P) and the Froude number in the spillway structure 

 

Based on the figure above, it can be stated that the flow characteristics that occurred in the spillway channel model in this study 

were classified as supercritical flow with a value of Fr> 1, where the highest Froude number value occurred in section 21 when the 

water flow was downstream of the launch channel with a water level above the crest hd1 = 1,5 cm with a Froude number value of (Fr) = 

2.54 (supercritical), water level above the crest (hd2)  = 2.0 cm with a Froude number value of (Fr) = 6.14 (supercritical) and water level 

above the crest (hd3) = 2.5 cm with a Froude number value of (Fr) = 6.50 (supercritical). 

 

Flow Energy at the Downstream Section of the Launch Channel 

The amount of energy that occurred downstream of the launch channel was obtained by comparing the amount of energy in the 

upstream section with the downstream energy of the launch channel. The amount of energy reduction in section 22 was obtained by 

comparing the amount of energy in section 8 with section 22. 
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Figure 7 The Relationship between water level above the crest (hd) and flow energy downstream of the launch channel (he) in non-

porous baffle block model variations 

 

From the image above, it can be stated that the amount of water flow energy downstream of the launch channel that occurred due 

to changes in flow parameters that had an impact on increasing flow energy, namely when Q1 = 3303.91 cm3/sec, the water level above 

the crest hd3 = 2,5 cm with an angle (α) = without an angle with the water flow energy at downstream of the launch channel of  he = 

23,994 cm. The decrease in water flow energy occurred downstream of the launch channel, namely at Q3 = 6861.66 cm3/sec, the water 

level above the crest (hd1) = 1.5 cm with an angle (α) = 300, resulting in downstream energy of (he) = 3,749 cm. 

The flow in the launch channel model without any variation of the baffle block produced greater flow energy. This occurred 

because the speed of the water flowing in the launch channel model did not have hydraulic resistance that could hold the speed of the 

water flow. The decrease in flow energy occurred in the baffle block model variations due to the presence of hydraulic resistance, 

which reduced the flow speed. Additionally, the water flow, that was held back by the baffle block model, gradually slowed down, 

further reducing the flow energy. 

 

Flow Characteristics Downstream of the Launch Channel 

The flow characteristics that occurred in the flow process in the channel model can be described based on the Froude number (Fr), 

where the water flow velocity greatly affected the Froude number and energy attenuation in the launch channel. Analysis of the 

relationship between the water level above the spillway crest and the Froude number (Fr) during the flow can be seen in the following 

description: 
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Figure 8 Relationship between water level above the crest (hd) and the Froude number (Fr) downstream of the launch channel in 

variations of the Non-Porous Baffle Block Model 

 

From the figure above, it can be stated that the magnitude of the Froude number that occurred downstream of the launch channel 

due to changes in flow parameters and variations in the non-porous baffle block model had an impact on increasing the Froude 

number that occurred downstream of the launch channel model with variations in the model without baffle blocks. The increase 

occurred when Q3 = 6861.66 cm3/sec, the water level above the crest (hd3) = 2.5 cm with α = no angle with a Froude number (Fr) 

downstream of the launch channel of Fr = 1.3. The decrease in the Froude number occurred at Q1 = 3303.91 cm3/sec, the water level 

above the crest (Hd1) = 1.5 cm with an angle (α) = 300 with a Froude number (Fr) downstream of the launch channel of Fr = 0.7 . 

The downstream flow at the launch channel without any variations in the baffle block model produced a higher Froude number. 

This occurred because the water flow in the launch channel did not have hydraulic resistance that could hold the water flow rate back. 

A decrease in the Froude number occurred downstream of the launch channel in the variation of the non-porous baffle block model 

due to hydraulic resistance, which reduced the flow velocity. As a result, there were changes in flow characteristics along with changes 

in the Froude number downstream of the launch channel. 

 

 

Relationship between parameters that influence energy dissipation downstream of the launch channel 

The Relationship between Froude Number (Fr) and Water Energy Damping at Downstream of the Baffle Blocks (
ℎ𝑗𝑒
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). 

Froude number is a characteristic of water flow required at each stage of flow. In this study, the Froude number was generated at each 

observation point along the spillway channel. Based on the test, the resulting Froude numbers varied but showed a certain trend. 

Because the Froude number was a function of the length of the water jump downstream of the spillway, in this study the Froude 

number (Fr) was considered important because it was related to the length of the jump downstream of the spillway. In this test, a 

relationship was found between the Froude number (Fr) and the water energy dissipation downstream of the baffle blocks (
ℎ𝑗𝑒

ℎ𝑚
). 
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Figure 9 The Relationship between Froude number (Fr) and energy dissipation (
ℎ𝑗

ℎ𝑚
) 

 

From the figure above, it can be stated that the relationship between the Froude number (Fr) and the magnitude of water energy 

dissipation downstream of the baffle blocks (
ℎ𝑗

ℎ𝑚
), at both stages of flow showed a similar tendency, where at the discharge flow stage, 

it tended to be linear. The R-squared (R²) suitability value was based on the data distribution pattern on the graph which indicated that 

the flow stage had a good trend. The tendency of the relationship was linear and had a strong relationship with an R-squared (R²) value 

= 0.7233. 
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)  and Energy Dissipation at Downstream of Baffle Blocks  (

ℎ𝑒

ℎ𝑚
). 

The height of the water jump upstream and downstream of the baffle block model is a crucial factor required at each stage of flow in 

the launch channel. The height of the water jump in this study was produced at the observation points of the upstream and 

downstream parts of the baffle block model variations in the launch channel. Based on the tests, the water jump height upstream and 

downstream of the baffle blocks showed varying observation data but followed a certain trend. Therefore, the height of the jump 

upstream and downstream of the baffle blocks functions as the energy dissipation in the flow downstream of the spillway structure. 

The height of the jump upstream and downstream of the baffle blocks was considered important in this study because it was related to 

the dissipation of the water flow energy downstream of the spillway structure. In this test, a relationship was found between the water 

jump (
𝑦𝑡

𝑦𝑜
) and the energy dissipation downstream of the baffle blocks (

ℎ𝑒

ℎ𝑚
). 
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Figure 10 The Relationship between Water Jump (
𝑦𝑡

𝑦𝑜
)  and Energy Dissipation (

ℎ𝑒

ℎ𝑚
). 

 

The relationship between water jump (
𝑦𝑡

𝑦𝑜
) and energy dissipation downstream of the baffle blocks (

ℎ𝑒

ℎ𝑚
). At both stages of flow, it 

showed the same tendency, where at the stage of discharge flow, the trend tended to be linear. The R-squared (R²) suitability value was 

based on the data distribution pattern on the graph which showed that the flow stage had a good trend. The linear relationship 

tendency in the variation of the baffle block angle showed a strong correlation, with an R-squared value of R² = 0.6319. 

 

The Relationship between Water Flow Height  (
𝑦𝑡

𝑦𝑜
)  and Energy Dissipation downstream of the Baffle Blocks (

ℎ𝑒

ℎ𝑚
). 

The height of water flow upstream and downstream of the baffle block model was the required height at each stage of flow in the 

launch channel. The height of water flow in this study was produced at the observation points at the upstream and downstream parts 

of the variation of the baffle block model in the launch channel. Based on the tests, the observed water flow heights varied but 

displayed a consistent trend. Therefore, the height of the water flow upstream and downstream of the baffle blocks was a function of 

the energy dissipation of the water flow downstream of the spillway structure. This height was considered significant in this study 

because it was closely related to the energy dissipation occurring downstream of the spillway structure. In this test, a relationship was 

found between the water jump (
𝑦𝑡

𝑦𝑜
) and the energy dissipation downstream of the baffle blocks (

ℎ𝑒

ℎ𝑚
). 

The relationship between water flow height  (
𝑦𝑡
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) and the dissipation energy downstream of the baffle blocks (
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𝑦𝑜
) at both stages of 

flow showed the same tendency, where during the flow stage the discharge tended to be linear. The R-squared suitability value was 

based on the data distribution pattern on the graph, which showed that the flow stage had a good trend. The tendency of the 

relationship was linear, and the variation of the baffle block angle tended to have a strong relationship with R² = 0.7707. 
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this decrease in flow velocity made the flow energy dissipation greater. 

 

y = 0.3983x + 0.5087
R² = 0.6319

 -

 0.200

 0.400

 0.600

 0.800

 1.000

 1.200

 -  0.200  0.400  0.600  0.800  1.000

h
e

/h
m

yt/yo

BBTP

Linear (BBTP)



 

ARTICLE | OPEN ACCESS   

 

 

 

Indian Journal of Engineering 21, e11ije1688 (2024)                                                                                                                                          12 of 17 

 

Figure 11 The relationship between water flow height (
𝑦𝑡

𝑦𝑜
) and energy dissipation (

ℎ𝑒

ℎ𝑚
). 

 

 
(a). 

 
(b)                                                                                         (c) 

Figure 12 The Angle Variation of Rectangular Baffle Block during Water Flow Energy Dissipation (a) Non-Baffle Block; (b) Baffle Block 

1800; (c) Baffle Block 300; 
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resulted in a hydraulic jump, and the presence of the baffle block angle caused energy loss in the flow without damaging the structure 

and the channel bed. 

 

 
Figure 13 The Presentation of the Flow Energy Dissipation 

 

From the analysis of the relationship between the water level above the crest and energy dissipation, it can be concluded that the 

variation of the baffle block model with a larger angle variation was able to dissipate energy better. This was largely due to the 

magnitude effect of the baffle block angle and with the gap between the baffle block angles being able to dampen or regulate the water 

flow to slow down the water flow speed that would pass through the variation of the baffle block model in the launch channel. From 

the figure above, it can be stated that the greatest energy dissipation in the variation of the baffle block model at the angle variation (α) 

= 300, resulting in an average energy dissipation of (he) = 53.66% in the launch channel. 

 

Discussion 

The placement of rectangular-type baffle block angle variations upstream of the launcher channel significantly contributes to energy 

attenuation downstream of spillway. The use of rectangular-type baffle block on the slope of the launcher channel causes an increase in 

bistable flow. An increase in flow discharge correlates with greater turbulence downstream of the stilling basin and the smaller the 

energy loss value. Specifically, energy loss efficiency increases as discharge variation decreases, showing the effect of placing porous 

rectangular-type baffle block angle variations at the start of launcher channel to reduce energy and water surges in spillway structures.  

Research on reducing flow energy to shorten water jumps in an effort to protect downstream spillways, including: Abdelhaleem,  

(2013) researched about baffle block type semi-circular, by considering the flow pattern, it can be seen that the tip of the water jump 
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resulting in a dotted line and a large negative pressure on the upper surface of the beam has increased the lift. Researched about baffle 

block type semi-cylinder. the flow pattern across the baffle block arrangement results in overtopping flow over the bulkhead, diverting 

the flow between the screens to form a curved eddy current, which forms a vortex in front of the screen. Eshkou et al., (2018) researched 

about angled baffle block. the flow pattern indicates that using baffle blocks in a convergent arrangement decreases the relative length 

and depth ratio of the hydraulic jump sequences.  

High pressure in front of the baffle block and low pressure behind it causes secondary flow, which tends to increase the energy loss 

in the head tank. Al-Mansori et al., (2020) researched about baffle block type V. with a change in angle, the ratio of the length of the 

hydraulic jump to the initial depth is inversely proportional to the angle of intersection in the vertical and horizontal positions and 

directly proportional to the value of F. The value of the drag coefficient in the form of Froude's number shows the value of the drag 

coefficient with the arrangement of baffle blocks with a vertical position having pattern conditions relatively good flow compared to 

the baffle block arrangement in a horizontal position. 
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Placing baffle blocks in a hydraulic jump with a particular slope causes hydraulic jump stability, increases bistable flow, and 

produces a stable hydraulic jump. Using baffle blocks in a convergent arrangement improves the hydraulic jump characteristics 

compared to a diverging configuration. The selection of the baffle block type considers that when the discharge outflow of a small 

overflow does not occur in full flow, it avoids air vacuum. The water jumps in the churning pond when the large discharge does not 

overflow the wall. One way to reduce the energy due to the jumping of water from the turbulent pond into the river is to build an 

energy dissipation (Plunge Poll) in the chute channel so that it can change the type of supercritical flow to subcritical flow. 

 

4. CONCLUSION 

The total energy dissipation relatively increases with the rising initial Froude number (F1) and decreases with the increasing upstream 

Froude number (Fu) and sequential Froude number (F2). The maximum value of the relative total energy dissipation is obtained when 

the water level above the crest is higher, and the minimum value is obtained when the water level above the crest is lower, regardless 

of the magnitude of the baffle block angle. The presence of baffle blocks in the launch channel with an angle variation of 300, provides a 

greater energy dissipation value compared to baffle blocks with an angle of 1800. In the case of baffle block angle variations, a water 

level above the crest of 2.5 cm results in the maximum value of relative total flow energy dissipation, whereas a water level of 1.0 cm 

above the crest provides the minimum value of flow energy dissipation. 

 

Suggestions 

This study requires a further testing to determine more accurate flow constant values. Additionally, a more in-depth analysis of the 

hydraulic structure of the baffle block is necessary to enhance its effectiveness in dissipating flow energy within water structure 

constructions. This effort aims to advance and develop sustainable water resource management strategies. 

 

Acknowledgments  

The first author of this study would like to express the greatest gratitude to LPDP (Indonesia Endowment Fund for Education), 

Ministry of Finance, Republic Indonesia for providing financial support for doctoral study at Hasanuddin University, Indonesia.  

 

Author Contribution 

Conceptualization: LHD, MSP, RK, and BB; methodology: LHD; software: LHD; validation: MSP, RK, and BB; formal analysis: LHD; 

investigation: LHD; resources: LHD; data curation: LHD; writing—original draft preparation: LHD; writing—review and editing: LHD; 

visualization: LHD; supervision: MSP, RK, and BB; project administration: LHD; funding acquisition: LHD. All authors have read and 

agreed to the published version of the manuscript. 

 

Informed consent 

Not applicable. 

 

Funding 

The authors received financial support from Indonesia Endowment Funds for Education (LPDP), Ministry of Finance of the Republic of 

Indonesia, for the publication of this article.  

 

Ethical approval 

Not applicable. 

 

Conflict of Interest 

The author declares that there are no conflicts of interests. 

 

Data and materials availability  

All data associated with this study are present in the paper. 



 

ARTICLE | OPEN ACCESS   

 

 

 

Indian Journal of Engineering 21, e11ije1688 (2024)                                                                                                                                          15 of 17 

REFERENCES

1. Abdelhaleem FSF. Effect of semi-circular baffle block on scour 

dwonstteam clear-overfall weirs. Ain Shams Eng J 2013; 4(4):6 

75-684. doi: 10.1016/j.asej.2013.03.003 

2. Afangideh CB, Udokpoh UU. Environmental impact 

assessment of groundwater pollution within cemetery 

surroundings. Indian J Eng 2022; 19(51):100-115. 

3. Ahmadi A, Azimi AH. Effects of ramp slope and discharge on 

hydraulic performance of submerged hump weirs. Flow Meas 

Instrum 2024; 96:102520. doi: 10.1016/j.flowmeasinst.2023.102 

520 

4. Akramov TA, Stavarek P, Jiricny V, Stanek V. Minimum 

Energy Dissipation under Cocurrent Flow in Packed Beds. Ind 

Eng Chem Res 2011; 50(18):10824–10832. doi: 10.1021/ie20000 

67  

5. Al-Mansori NJH, Alfatawi TJM, Hashim KS, Al-Zubaidi LS. 

The Effects of Different Shaped Baffle Blocks on the Energy 

Dissipation. Civ Eng J 2020; 6(5):961-973. doi: 10.28991/cej-202 

0-03091521  

6. Alsabery AI, Salih SM, Ismael MA, Hussein AK, Hashim 

I, Jalil JM. Enhancement of cooling process of hot blocks 

mounted inside a horizontal channel using flexible baffles — 

Alternative arrangement. Int J Thermofluids 2024; 23:100805. 

doi: 10.1016/j.ijft.2024.100805 

7. Ascuitto RJ, Kydon DW, Ross-Ascuitto NT. Pressure loss from 

flow energy dissipation: relevance to Fontan-type 

modifications. Pediatr Cardiol 2001; 22(2):110-5. doi: 10.1007/s 

002460010172 

8. Bainian Q, Costas G, Gogos. The importance of plastic energy 

dissipation (PED) to the heating and melting of polymer 

particulates in intermeshing co-rotating twin-screw extruders. 

Adv Polym Technol 2000; 19(4):287-299. doi: 10.1002/1098-232 

9(200024)19:43.0.CO;2-K  

9. Cakir P. Experimental Investigation of Energy Dissipation 

through Screens, Doctoral dissertation, M.Sc. Thesis. 

Department of Civil Engineering, Middle East Technical 

University, Ankara, Turkey, 2003 

10. Chanson H. Energy dissipation in hydraulic structures (IAHR 

Monograph) [M]. Leiden, The Netherlands: Taylor and 

Francis, 2015. 

11. Chanson H. Hydraulics and energy dissipation on stepped 

spillways-prototype and laboratory experiences [C]. 

Proceedings of the 2nd International Symposium of Water 

Disaster Mitigation and Water Environment Regulation, 

Chengdu, China, 2021. 

12. Chun-Xiao X. Multi-scale analysis of subgrid stress and 

energy dissipation in turbulent channel flow. Acta Mechanica 

Sinica 2010; 26(1):81-90. doi: 10.1007/s10409-009-0325-8 

13. Daneshfaraz R, Majedi M, Bazyar A, Abraham J, Norouzi R. 

The laboratory study of energy dissipation in inclined drops 

equipped with a screen. J Appl Water Eng Res 2020; 184–193. 

doi: 10.1080/23249676.2020.1799877 

14. Daneshfaraz R, Sadeghfam S, Ghahramanzadeh A. Three-

dimensional numerical investigation of flow through screens 

as energy dissipators. Can J Civil Eng 2017; 44:850–859. doi: 1 

0.1139/cjce2017-0273 

15. Dashtban H, Kabiri-Samani A, Fazeli M, Rezashahreza M. 

Hydraulic jump in a circular stilling basin by using angled 

baffle blocks. Flow Meas Instrum 2024; 96:102562. 

16. Djunur LH, Pallu MS, Karamma R, Bakri B. Pegujian model 

fisik terhadap karakteristik hidraulik saluran peluncur pada 

bangunan spillway. Prosiding KoNTekS 17 Universitas 

Balikpapan, 2023; 1(1). ISSN 3031-6308. 

17. Doron C. Chaos and Energy Spreading for Time-Dependent 

Hamiltonians, and the Various Regimes in the Theory of 

Quantum Dissipation. Ann Phys 2000; 283(2):175-231. doi: 10. 

1006/aphy.2000.6052 

18. Eshkou Z, Dehghani AA, Ahmadi A. Forced Hydraulic Jump 

in a Diverging Stilling Basin Using Angled Baffle Block J Irrig 

Drain Eng 2018; 144(8):06018004. doi: 10.1061/(ASCE)IR.1943-4 

774.0001328 

19. Felder S, Chanson H. Effects of Step Pool Porosity upon Flow 

Aeration and Energy Dissipation on Pooled Stepped 

Spillways. J Hydraul Eng 2014; 140(4):1-38. doi: 10.1061/(ASC 

E)HY.1943-7900.0000858 

20. Ghaderi A, Daneshfaraz R, Dasineh M, Francesco SD. Energy 

Dissipation and Hydraulics of Flow over Trapezoidal- 

Triangular Labyrinth Weirs. Water 2020; 12(7):1992. doi: 10.33 

90/w12071992 

21. Hadday AN, Yasin NJ, Jehhef KA. Investigation of heat 

transfer enhancement of heated block by using baffles. AIP 

Conf Proc 2024; 3105(1):030012; doi: 10.1063/5.0212627 

22. Hai-sheng L, Yun-kai L, Yan-zheng L, Pei-ling Y, Shu-mei R, 

Run-jie W, Hong-bing X. Flow characteristics in energy 

dissipation units of labyrinth path in the drip irrigation 

emitters with DPIV technology. J Hydrodynamics Ser B 2010; 

22(1):137-145. doi: 10.1016/s1001-6058(09)60038-x 

23. Jinli Z, Shuangqing X, Wei L. High Shear Mixers: A Review of 

Typical Applications and Studies on Power Draw, Flow 

Pattern, Energy Dissipation and Transfer Properties. Chem 

https://libgen.is/scimag/10.1021%2Fie2000067
https://libgen.is/scimag/10.1021%2Fie2000067
https://libgen.is/scimag/journals/9531
https://libgen.is/scimag/journals/9531
https://www.sciencedirect.com/journal/international-journal-of-thermofluids
https://libgen.is/scimag/10.1002%2F1098-2329%28200024%2919%3A4%3C287%3A%3Aaid-adv5%3E3.0.co%3B2-k
https://libgen.is/scimag/10.1002%2F1098-2329%28200024%2919%3A4%3C287%3A%3Aaid-adv5%3E3.0.co%3B2-k
https://libgen.is/scimag/10.1002%2F1098-2329%28200024%2919%3A4%3C287%3A%3Aaid-adv5%3E3.0.co%3B2-k
https://libgen.is/scimag/journals/626
http://dx.doi.org/10.1002/1098-2329(200024)19:43.0.CO;2-K
http://dx.doi.org/10.1002/1098-2329(200024)19:43.0.CO;2-K
https://libgen.is/scimag/10.1007%2Fs10409-009-0325-8
https://libgen.is/scimag/10.1007%2Fs10409-009-0325-8
https://libgen.is/scimag/journals/284
https://libgen.is/scimag/journals/284
https://doi.org/10.1139/cjce2017-0273
https://doi.org/10.1139/cjce2017-0273
https://www.sciencedirect.com/journal/flow-measurement-and-instrumentation
https://libgen.is/scimag/10.1006%2Faphy.2000.6052
https://libgen.is/scimag/10.1006%2Faphy.2000.6052
https://libgen.is/scimag/10.1006%2Faphy.2000.6052
https://libgen.is/scimag/journals/1480
https://libgen.is/scimag/10.1061%2F%28ASCE%29HY.1943-7900.0000858
https://libgen.is/scimag/10.1061%2F%28ASCE%29HY.1943-7900.0000858
https://libgen.is/scimag/10.1061%2F%28ASCE%29HY.1943-7900.0000858
https://libgen.is/scimag/journals/13778
https://doi.org/10.3390/w12071992
https://doi.org/10.3390/w12071992
javascript:;
javascript:;
javascript:;
https://doi.org/10.1063/5.0212627
https://libgen.is/scimag/10.1016%2Fs1001-6058%2809%2960038-x
https://libgen.is/scimag/10.1016%2Fs1001-6058%2809%2960038-x
https://libgen.is/scimag/10.1016%2Fs1001-6058%2809%2960038-x
https://libgen.is/scimag/journals/13780
https://libgen.is/scimag/10.1002%2Fchin.201233280
https://libgen.is/scimag/10.1002%2Fchin.201233280
https://libgen.is/scimag/10.1002%2Fchin.201233280
https://www.sciencedirect.com/journal/chemical-engineering-and-processing-process-intensification


 

ARTICLE | OPEN ACCESS   

 

 

 

Indian Journal of Engineering 21, e11ije1688 (2024)                                                                                                                                          16 of 17 

Eng Process: Process Intensif 2012; (57-58):25-41. doi: 10.1016/j 

.cep.2012.04.004 

24. Johan H, Johan J, Rodrigo VDA. Adaptive modeling of 

turbulent flow with residual based turbulent kinetic energy 

dissipation. Comput Methods Appl Mech Eng 2011; 200(37-

40):2758-2767. doi: 10.1016/j.cma.2010.11.016  

25. Karamma R, Pallu MS, Thaha MA, Hatta MP, Mustari AS, 

Syukri AS. Analysis of longshore sediment transport at 

theesturies of Jeneberang river and Tallo River caused by 

waves on coast of Makassar, IOP Conf. Series: Materials 

Science and Engineering 2020, 797; 012010, doi:10.1088/1757-

899X/797/1/012010 

26. Kolodezhnov VN, Koltakov AV. Analysis of the Process of 

Heat Transfer for Free Steady-State Flow of Liquid in a Flat 

Channel in View of the Dissipation of Mechanical Energy and 

of the Temperature Dependence of Viscosity. High Temp 

2001; 39(2):277-283. doi: 10.1023/a:1017583018522 

27. Kuang SB, Zou RP, Pan RH, Yu AB. Gas–Solid Flow and 

Energy Dissipation in Inclined Pneumatic Conveying. Ind Eng 

Chem Res 2012; 51(43):14289−14302. doi: 10.1021/ie301894d 

28. Kuldeep P, Diwakar P, Ashish K, Kulbhushan P. Prediction of 

Morphological Change of a Meandering River using Time-

Series Data from Satellite Remote Sensing Imageries. Indian J 

Eng 2021; 18(49):68-78. 

29. Kumar R, Deswal S. Surface Wave Propagation in A 

Micropolar Thermoelastic Medium Without Energy 

Dissipation. J Sound Vib 2002; 256(1):173-178. doi: 10.1006/jsvi 

.2001.4175 

30. Lifeng W, Jacky L, Edwin LT, Mary CB. Co-Continuous 

Composite Materials for Stiffness, Strength, and Energy 

Dissipation. Adv Mat 2011; 23(13):1524-1529. doi: 10.1002/ad 

ma.201003956     

31. Lifeng W, Mary CB. Bioinspired Structural Material 

Exhibiting Post-Yield Lateral Expansion and Volumetric 

Energy Dissipation During Tension. Adv Funct Mater 2010; 20 

(18):3025-3030. doi: 10.1002/adfm.201000282 

32. Liu L. A new method for evaluating drag reduction in gas–

liquid two-phase flow based on energy dissipation. Chem Eng 

Sci 2013; 95:54-64. doi: 10.1016/j.ces.2013.03.023 

33. Mathias W, Michael S, Norbert R. Investigation of the local 

specific energy dissipation rates in a jet-zone loop reactor for 

halogenation of ketones. Can J Chem Eng 2010; 88(3):359–366. 

doi: 10.1002/cjce.20284 

34. Matos J. Air entrainment and energy dissipation in flow over 

stepped spillways [D]. Doctoral Thesis, Lisbon, Portugal: 

Technical University of Lisbon, IST, Lisbon, Portugal, (in 

Portuguese). 1999. 

35. Mohammadzadeh-Habili J, Heidarpour M, Samiee S. Study of 

Energy Dissipation and Downstream Flow Regime of 

Labyrinth Weirs. Iranian J Sci Technol Trans Civil Eng 2018; 

42(2):111–119. 

36. Mykhaylovskyy VV, Ogawa T, Sugakov VI. Roles of Intersite 

Interactions and Energy Dissipation in Photoinduced Phase 

Transitions by Domino Mechanism. Physica status solidi 

2002; 231(1):222-230. doi: 10.1002/1521-3951(200205)231:1<222: 

aid-pssb222>3.0.co;2-c 

37. Nakashima M, Saburi K, Tsuji B. Energy Input and Dissiption 

Behaviour Of Structures With Hysteristic Damper. Earthq Eng 

Struct Dyn 1996; 25(5):483-496. doi: 10.1002/(sici)1096-9845(19 

9605)25:5<483: aid-eqe564>3.0.co;2-k 

38. Parsaie A, Haghiabi AH, Saneie M, Torabi H. Prediction of 

Energy Dissipation of Flow Over Stepped Spillways Using 

Data-Driven Models. Iranian J Sci Technol Trans Civil Eng 

2018; 42(1):39–53. doi: 10.1007/s40996-017-0060-5 

39. Peter EH, Dmitry K, Thomas B, Jörg S. Statistics of the energy 

dissipation rate and local enstrophy in turbulent channel flow. 

Physica D: Nonlinear Phenomena 2012; 241(3):169-177. doi: 10 

.1016/j.physd.2011.06.012 

40. Peyras L, Royet P, Degoutte G. Flow and energy dissipation 

over stepped gabion weirs. J Hydraul Eng 1992; 118(5):707-71 

7.  

41. Rajaratnam N, Hurtig KI. Screen-type energy dissipator for 

hydraulic structures. J Hydraul Eng 2000; 126(4). doi: 10.1061/ 

(ASCE)0733-9429126:4(310) 

42. Rasoul D, Sina S, Azadeh T. Experimental Investigation of 

Screen as Energy Dissipators in the Movable-Bed Channel. 

Iran J Sci Technol, Trans Civil Eng 2020; 44(8):1237–1246. doi: 

10.1007/s40996-019-00306-7 

43. Rincón MJ, Caspersen A, Nngwersen NT, Reclari M, Abkar M. 

Flow investigation of two-stand ultrasonic flow meters in a 

wide dynamic range by numerical and experimental methods. 

Flow Meas Instrum 2024; 96:102543. 

44. Sadeghfam S, Akhtari R, Daneshfaraz R, Tayfur G. 

Experimental investigation of screens as energy dissipaters in 

submerged hydraulic jump. Turkish J Eng Env Sci 2014; 38(2): 

126–138. doi: 10.3906/muh-1401-15 

45. Stefan H, Nikolaus AA, Andrzej JD. Letter to the Editor: On 

the evolution of dissipation rate and resolved kinetic energy 

in ALDM simulations of the Taylor–Green flow. J Comput 

Phys 2010; 229(6):2422-2423. doi: 10.1016/j.jcp.2009.11.017 

46. Sujit KK, Abel MS, Sonth RM. Visco-elastic MHD flow, heat 

and mass transfer over a porous stretching sheet with 

dissipation of energy and stress work. Heat and Mass 

Transfer 2003; 40(1-2): 47-57. doi: 10.1007/s00231-003-0428-x 

https://www.sciencedirect.com/journal/chemical-engineering-and-processing-process-intensification
https://doi.org/10.1016/j.cep.2012.04.004
https://doi.org/10.1016/j.cep.2012.04.004
https://libgen.is/scimag/10.1016%2Fj.cma.2010.11.016
https://libgen.is/scimag/10.1016%2Fj.cma.2010.11.016
https://libgen.is/scimag/10.1016%2Fj.cma.2010.11.016
https://libgen.is/scimag/journals/4919
https://libgen.is/scimag/10.1023%2Fa%3A1017583018522
https://libgen.is/scimag/10.1023%2Fa%3A1017583018522
https://libgen.is/scimag/10.1023%2Fa%3A1017583018522
https://libgen.is/scimag/10.1023%2Fa%3A1017583018522
https://libgen.is/scimag/journals/8710
https://libgen.is/scimag/10.1021%2Fie301894d
https://libgen.is/scimag/10.1021%2Fie301894d
https://libgen.is/scimag/journals/9531
https://libgen.is/scimag/journals/9531
https://libgen.is/scimag/10.1006%2Fjsvi.2001.4175
https://libgen.is/scimag/10.1006%2Fjsvi.2001.4175
https://libgen.is/scimag/10.1006%2Fjsvi.2001.4175
https://libgen.is/scimag/journals/15319
https://libgen.is/scimag/10.1002%2Fadma.201003956
https://libgen.is/scimag/10.1002%2Fadma.201003956
https://libgen.is/scimag/10.1002%2Fadma.201003956
https://libgen.is/scimag/journals/469
https://libgen.is/scimag/10.1002%2Fadfm.201000282
https://libgen.is/scimag/10.1002%2Fadfm.201000282
https://libgen.is/scimag/10.1002%2Fadfm.201000282
https://libgen.is/scimag/journals/466
https://libgen.is/scimag/10.1016%2Fj.ces.2013.03.023
https://libgen.is/scimag/10.1016%2Fj.ces.2013.03.023
https://libgen.is/scimag/journals/4032
https://libgen.is/scimag/journals/4032
https://libgen.is/scimag/10.1002%2Fcjce.20284
https://libgen.is/scimag/10.1002%2Fcjce.20284
https://libgen.is/scimag/10.1002%2Fcjce.20284
https://libgen.is/scimag/journals/23512
https://libgen.is/scimag/10.1002%2F1521-3951%28200205%29231%3A1%3C222%3A%3Aaid-pssb222%3E3.0.co%3B2-c
https://libgen.is/scimag/10.1002%2F1521-3951%28200205%29231%3A1%3C222%3A%3Aaid-pssb222%3E3.0.co%3B2-c
https://libgen.is/scimag/10.1002%2F1521-3951%28200205%29231%3A1%3C222%3A%3Aaid-pssb222%3E3.0.co%3B2-c
https://libgen.is/scimag/journals/19527
https://libgen.is/scimag/journals/19527
https://libgen.is/scimag/10.1002%2F%28sici%291096-9845%28199605%2925%3A5%3C483%3A%3Aaid-eqe564%3E3.0.co%3B2-k
https://libgen.is/scimag/10.1002%2F%28sici%291096-9845%28199605%2925%3A5%3C483%3A%3Aaid-eqe564%3E3.0.co%3B2-k
https://libgen.is/scimag/journals/6135
https://libgen.is/scimag/journals/6135
https://libgen.is/scimag/10.1016%2Fj.physd.2011.06.012
https://libgen.is/scimag/10.1016%2Fj.physd.2011.06.012
https://libgen.is/scimag/journals/19522
https://doi.org/10.1061/(ASCE)0733-9429(2000)126:4(310)
https://doi.org/10.1061/(ASCE)0733-9429(2000)126:4(310)
https://doi.org/10.1007/s40996-019-00306-7
https://doi.org/10.1007/s40996-019-00306-7
https://libgen.is/scimag/10.1016%2Fj.jcp.2009.11.017
https://libgen.is/scimag/10.1016%2Fj.jcp.2009.11.017
https://libgen.is/scimag/10.1016%2Fj.jcp.2009.11.017
https://libgen.is/scimag/journals/12868
https://libgen.is/scimag/journals/12868
https://libgen.is/scimag/10.1007%2Fs00231-003-0428-x
https://libgen.is/scimag/10.1007%2Fs00231-003-0428-x
https://libgen.is/scimag/10.1007%2Fs00231-003-0428-x
https://libgen.is/scimag/journals/8634
https://libgen.is/scimag/journals/8634


 

ARTICLE | OPEN ACCESS   

 

 

 

Indian Journal of Engineering 21, e11ije1688 (2024)                                                                                                                                          17 of 17 

47. Ujjawal KS, Parthajit R. Energy dissipation in hydraulic jumps 

using triple screen layers. Appl Water Sci 2023; 13(1):17. doi: 

10.1007/s13201-022-01824-y 

48. Wei Q. Variational bounds on energy dissipation in an 

incompressible channel flow with uniform injection and 

suction. Acta Mechanica 2002; 159(1-4):1-9. doi: 10.1007/bf011 

71443 

49. Wűthrich D, Chanson H. Hydraulics. Air Entrainment and 

Energy Dissipation on Gabion Stepped Weir. J Hydraul Eng 

2014; 140(9):04014046. doi: 10.1061/(ASCE)HY.1943-7900.0000 

919 

50. Xiaoguang C, Zheng P, Shuang D, Chongjian T, Jing C, 

Huifeng L, Mahmood Q. Specific energy dissipation rate for 

super-high-rate anaerobic bioreactor. J Chem Technol 

Biotechnol 2011; 86(5):749–756.  doi: 10.1002/jctb.2583 

51. Xiao-li Y, Nai-zheng G, Lian-heng, Jin-feng Z. Influences of 

nonassociated flow rules on seismic bearing capacity factors 

of strip footing on soil slope by energy dissipation method. J 

Cent South Univ Technol 2007; 14(6): 842-847. doi: 10.1007/s1 

1771-007-0160-7 

52. Yehia KA, Shazy S, Aya OK. Energy dissipation downstream 

sluice gate using a pendulum sill. Alex Eng J 2018; 57:3977-39 

83. doi: 10.1016/j.aej.2018.01.019 

53. Zdzislaw J, Halina M. LES and URANS modelling of 

turbulent liquid-liquid flow in a static mixer: Turbulent 

kinetic energy and turbulence dissipation rate. Chem Pap 

2010; 64(2):182-192. doi: 10.2478/s11696-009-0106-7 

54. Zhao YW, Lijian Q, Xuzhao W. A prototype experiment of 

debris flow control with energy dissipation structures. Nat 

Hazards 2012; 60(3):971-989. doi: 10.1007/s11069-011-9878-5 

 

 

https://doi.org/10.1007/s13201-022-01824-y
https://doi.org/10.1007/s13201-022-01824-y
https://libgen.is/scimag/10.1007%2Fbf01171443
https://libgen.is/scimag/10.1007%2Fbf01171443
https://libgen.is/scimag/10.1007%2Fbf01171443
https://libgen.is/scimag/journals/283
https://libgen.is/scimag/10.1002%2Fjctb.2583
https://libgen.is/scimag/10.1002%2Fjctb.2583
https://libgen.is/scimag/journals/26264
https://libgen.is/scimag/journals/26264
https://libgen.is/scimag/10.1007%2Fs11771-007-0160-7
https://libgen.is/scimag/10.1007%2Fs11771-007-0160-7
https://libgen.is/scimag/10.1007%2Fs11771-007-0160-7
https://libgen.is/scimag/journals/12618
https://libgen.is/scimag/journals/12618
https://libgen.is/scimag/10.2478%2Fs11696-009-0106-7
https://libgen.is/scimag/10.2478%2Fs11696-009-0106-7
https://libgen.is/scimag/10.2478%2Fs11696-009-0106-7
https://libgen.is/scimag/journals/4037
https://libgen.is/scimag/10.1007%2Fs11069-011-9878-5
https://libgen.is/scimag/10.1007%2Fs11069-011-9878-5
https://libgen.is/scimag/journals/17872
https://libgen.is/scimag/journals/17872

