
                                    
Al-Rafidain Engineering Journal (AREJ)                                          Vol.30, No.1, March 2025, pp. 1-13  

  

Al-Rafidain Engineering Journal (AREJ)                                                    Vol.30, No.1, March 2025, pp. 1-13 

The Effect of Adding Geometric Configurations in Pool of 

Fishway on The Flow Pattern and Maximum Velocity 

 
      Omar Yousif Elias                              Mena Ahmed Alsawaf 

omar.21enp43@uomosul.edu.iq                               m.alsawaf@uomosul.edu.iq 

Dams and Water Resources Engineering Department, College of Engineering, University of Mosul, Mosul, Iraq  

 

Received: July 1st 2023 Received in revised form: August 16th 2023 Accepted: September 13th 2023  

 

 

ABSTRACT  
Fish passes are hydraulic structures widely used to facilitate the migration of fish groups and contribute to 

maintaining their diversity in rivers with natural flow barriers, both environmentally and biologically. These passes are 

designed with various engineering modifications, resulting in flow patterns with hydraulic characteristics suitable for 

specific fish species. This study aims to analyze the hydraulic characteristics of flow, including maximum flow velocity and 

flow pattern in a standard vertical slot fish pass and its sensitivity to modifications in the pass shape by adding geometric 

structures in the form of letters L, T, and I inside the basin. A laboratory model was constructed at a 1:4 scale, testing four 

incline values of 5%, 6.25%, 7.5%, and 8.75%. For each incline, five discharges were tested for the standard shape (without 

modifications) at 3.83, 5.89, 7.89, 9.69, and 12.41 l/sec. For the modified shapes, three discharges were tested at 3.83, 

7.89, and 12.41 l/sec. Results showed that flow in the standard design exhibited three patterns, with the second pattern 

being the most favorable and the first pattern the least desirable, typically forming with higher discharges. Regarding 

maximum velocity, it increased with the incline and discharge. When modifying the pass shape, only two patterns were 

formed, the second and third patterns, eliminating the undesirable pattern. The modifications also contributed to reducing 

the maximum velocity, especially when the modification changed the flow pattern from the least favorable to the most 

favorable. The maximum reduction in maximum velocity reached 28.22%, and higher values of velocity reduction ratio 

were associated with higher discharges. Therefore, these modifications are crucial, especially for high discharges. 
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1. INTRODUCTION  

Dams are important infrastructure built on 

rivers, serving to control floodwaters, increase 

water flow in the river when needed for irrigation 

and navigation [1]. For decades, dams have also 

been constructed for water storage and 

hydroelectric power generation [2]. Despite the 

benefits provided by dams, they have direct and 

indirect environmental impacts on the river 

ecosystem, altering flow patterns, deteriorating 

water quantity and quality, and disrupting and 

diminishing riverine aquatic habitats [3]. Dam 

construction is consedring an obstruction of fish 

migration along the river course [4], as dams can 

block the migration path of fish, affecting their 

growth and reproduction [5]. Fish migration 

involves two main journeys: the downstream 

migration, performed by fish in the early stages of 

their lives, and the upstream migration, undertaken 

by fully grown fish. Since fish are integral 

components of aquatic food chains, supporting the 

biological ecosystem and providing a natural 

protein source for humanity [6], it becomes 

essential to address the negative impact of dam 

construction on fish migration. This can be 

achieved by building hydraulic structures above or 

around barriers created in watercourses. The main 

purpose of designing and constructing such 

structures is to create safe and suitable means of 

transportation for fish during their migration 

upstream[7], and these structures are known as fish 

passes [8]. 

Among the various types of fish passes, 

the vertical slot fish pass is considered a applicable 

option for reconnecting river sections and 

establishing a pathway for fish movement [9]. The 
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significance of vertical slot fish passes stands out 

for several reasons: firstly, fish can move between 

basins at their preferred depth [10]. Secondly, they 

can handle significant variations in water levels 

upstream and downstream, making them suitable 

for adapting to changes in river discharge [11]. 

Finally, they are less prone to debris and sediment 

blockage compared to other types of basin passes 

[12].The vertical slot fish pass consists of a 

inclined channel with a rectangular cross-section 

that divides the channel into several equal basins 

[13], achieved by placing barriers inside the 

channel. These barriers have a vertical slot 

extending to the height of the barrier, designed to 

allow fish to pass upstream through the channel, as 

shown in Figure (1). 

 
Fig. 1 Schematic of Vertical Slot Fishway [14] 

 

The elements controlling the 

effectiveness of fish pass design for watercourses 

are the targeted fish species and the pass itself [15]. 

For example, understanding the swimming ability 

of the targeted fish species governs the 

specifications of water velocities when designing 

the pass [16]. The design of the pass itself plays a 

crucial role in its effectiveness [17]. For instance, 

a researcher [18] studied the hydraulic 

characteristics of the standard vertical slot fish pass 

(velocity, flow pattern, recirculation zones, and 

turbulent energy) and compared these 

characteristics when changing the shape of barriers 

between basins to an L-shape. Improved flow 

patterns for fish, reduced velocity values, and 

recirculation zones were observed. Another 

researcher [19] conducted a detailed hydraulic 

study of various geometric shapes of slots, 

showing the impact of changing the deflection 

angle between small and large barriers on 

maximum velocity in the slot area and also on the 

flow field in the basin. The results indicated that 

the water level difference between adjacent basins 

is a crucial factor in determining the flow field and 

maximum velocity in the fish pass. By improving 

the slot design, it is possible to achieve the same 

discharge and maximum velocity even with larger 

differences in water level between adjacent basins, 

significantly reducing the cost of constructing the 

fish pass. Furthermore, a researcher [20] studied 

the flow disturbance differences between the 

standard design and a simplified design of the 

vertical slot fish pass, revealing higher values for 

maximum velocity, turbulent kinetic energy, and 

Reynolds shear stress in the standard design. 

Another researcher [21] investigated the 

differences in water depth for vertical slot passages 

without a central barrier. The adjacent basins 

should have the same front and rear elevation 

differences to prevent significant fluctuations in 

water depth, rather than being homogeneous along 

the fish pass course. Additionally, a researcher [14] 

studied some engineering modifications to the pass 

involving the introduction of cylinders into the 

basin, changing the shape of the barrier, and the 

position of the vertical slot. The sensitivity of flow 

behavior was evaluated for various discharge and 

incline values. The results showed that introducing 

cylinders reduced maximum velocity by up to 

8.2%. Placing vertical slots on alternating sides 

increased the values of turbulent kinetic energy 

and exposed areas to higher values. Another 

researcher [22] studied the impact of changing 

geometric parameters of the basin, such as barrier 

shape, bottom slope, and water level difference 

between two basins, on the hydraulic 

characteristics of the flow. Two barrier shapes 

were used, one resembling the letter H and the 

other resembling the letter L. The velocity values, 

turbulent kinetic energy, energy dissipation rate, 

and vortices were lower with H-shaped barriers 

compared to L-shaped barriers. Moreover, a 

researcher [23] investigated the effect of changing 

the slope on the hydraulic characteristics of the 

standard vertical slot fish pass. Flow patterns 

generated with slopes less than 6.67% were more 

consistent with fish swimming capabilities, 

providing two-dimensional behavior and hydraulic 

conditions more suitable for fish. Higher 

turbulence levels in basins were observed when 

increasing the slope value. Additionally, a 

researcher [24] studied the flow patterns formed 

within the vertical slot fish pass when changing the 

ratio of the short barrier length to the total width of 

the basin. Three patterns were identified, with the 

second pattern (FP2) found to be the most efficient. 

It produced a gradient in velocity distribution, 

providing an important stimulus for fish migration 

behavior, helping fish move within the basin with 

less energy consumption. FP2 also offered a clear 

migration path for fish. The characteristics 

favoring FP2 include the areas of recirculation near 

the outlet, which have a negative impact on flow 

behavior in other patterns. FP2 exhibited the 

lowest energy dissipation rate, not only with lower 

velocity values but also with two-dimensional 

flow, where the vertical velocity component was 

negligible compared to the third pattern, which had 
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three-dimensional flow [25], as shown in Figure 

(2).

 
Fig. 2 Illustrate of flow patterns in one chamber [24] 

 

The researcher [26] analyzed the velocity 

and turbulence field within the vertical slot 

fishway, where the higher discharges in the basin 

were strongly associated with the average depths 

of the upper flow and were slightly less correlated 

with the higher values of volumetric dissipated 

energy. Velocity field analysis indicated minimal 

variations in velocity values with depth and 

discharge. However, the turbulent kinetic energy 

field and volumetric dissipated energy fields were 

influenced by discharge in the region near the 

barriers. In this area, there was a slight increase in 

quantities associated with an increase in the flow 

rate. Nevertheless, the non-significant differences 

in discharge make vertical slot fish passes 

versatile, allowing fish to swim through a wide 

range of discharges, resulting in minor changes in 

flow characteristics. Additionally, the researcher 

[27] studied improving the performance of vertical 

slot fish passes by making some modifications to 

the standard pass, such as using passes with 

multiple slots, determining which modifications 

enhance the pass's hydraulic performance. The 

results showed that velocities were about 30% 

lower in multi-slot passes, and turbulence 

decreased by up to 70% in Reynolds shear stress 

and 50% in turbulent kinetic energy. Furthermore, 

another researcher [17] studied the effect of slot 

width on the hydraulic characteristics of the pass, 

using five values for slot width. Any increase or 

decrease in slot width affected flow velocity. The 

best flow velocity value, 1.23 m/s, was obtained 

when the slot width was 0.3 m, representing 15% 

of the basin width. The researcher [28] examined 

five different angles between barriers, four 

different widths of the basin, and introduced 

cylindrical elements placed after the slot behind 

the barriers. The results showed that as the angle 

between the barriers increased, the maximum 

velocity value decreased, and turbulent kinetic 

energy increased. This was also the case for the 

addition of cylinders and an increase in basin 

width. Moreover, a researcher [29] analyzed the 

flow behavior in the case where the flow pattern 

was of type FP1 in the vertical slot fishway. The 

study also assessed the influence on the flow field 

and turbulence when modifying the pass shape and 

adding geometrical structures inside the basin. For 

the FP1 flow pattern, the main flow streamline 

moved directly from one slot to the next without 

any bending or spreading within the basin. This 

caused an increase in the streamflow flow speed as 

it moved downstream of the river channel [Figure 

(3)]. Adding geometrical structures inside the 

basin contributed to improving the flow field and 

velocity by reducing both the maximum velocity 

from 2.04 m/s to 1.42 m/s and the average velocity 

within the basin from 0.67 m/s to 0.58 m/s. It also 

increased the percentage of the basin area where 

the velocity is less than or equal to 0.3 m/s 

(considered favorable for fish and should occupy 

the largest possible area) from 30.33% to 43.69%. 

The turbulence field also improved, with a 

reduction in turbulent kinetic energy from 0.214 

m²/s² to 0.132 m²/s² and a decrease in the rate of 

turbulent energy from 0.05 m²/s² to 0.042 m²/s². 

Additionally, the percentage of the area where 

turbulent energy is less than 0.1 m²/s² (considered 

suitable for fish) increased from 86.13% to 

99.81%.  

Fig. 3 Velocity distribution [29] 

 

The researcher [30] conducted an analysis 

of the flow characteristics between the standard 

vertical slot fishway and a modified model 

representing changes in the vertical slot location. 

Geometrical structures in the form of an H were 

added inside the basin to improve the velocity 

field. The results showed a 28.5% decrease in 
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maximum velocity, a 21.5% decrease in average 

velocity, and an increase in the area where velocity 

is less than or equal to 0.3 m/s from 35% to 43%. 

Regarding the turbulent kinetic energy field, it 

improved by reducing its maximum and average 

values by 30% and 12%, respectively. 

Additionally, the area where turbulent kinetic 

energy is less than or equal to 0.1 m²/s² increased 

by 16%. 

The current research aims to study and 

analyze the velocity and depth distribution in the 

vertical slot fish pass and compare it when adding 

geometrical structures in the form of the letters L, T, 

and I inside the pass basin to enhance its hydraulic 

performance, a topic not addressed in previous 

studies. 

 

 2. LABORATORY WORK: 

Experiments were conducted in the 

hydraulic laboratory of the Department of Dams 

and Water Resources / College of Engineering at 

the University of Mosul. A metallic channel, 

previously used by researcher [31], with a length 

of 8.16 m and a width of 1.55 m, was employed. 

The channel operates with a water recirculation 

system. The dimensions of the studied part were 

5.6 * 1.23 * 0.5 m in length, width, and height, 

respectively. The channel was equipped with water 

through a pump with a maximum discharge of 

approximately 12 l/s. The physical model of the 

fish pass was constructed inside this channel. The 

model consists of two parts: the first part, with a 

variable slope of 3.35 m length controlled by a 

beam in the channel, linked to iron bars connected 

to the beam on one side and to the bottom of the 

pass on the other side. This part includes chambers 

and basins of the pass. The second part of the 

model, with a length of 2.23 m, consists of a 

horizontal channel with the same width and height 

as the pass. Its purpose is to provide tailwater for 

the pass and determine the discharge within the 

pass, as it contains a baffle (submerged weir) at the 

end of the channel [32], with a height of 20 cm, as 

shown in Figure (4). 

The model was built according to the 

standard design of the vertical slot fish pass [33], 

as shown in Figure (4). This model was chosen as 

it is the most common design and the standard 

reference most widely applied [20]. The key design 

parameter for the pass is the slot width, represented 

by "b0," which serves as a reference for all 

dimensions and details of the pass, as illustrated in 

Figure (5).

 
Fig. 4 Schematic of the laboratory channel
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Fig. 5 schematics of the standard vertical slot fish pass according to [33]. 

 

The vertical slot width of the fishway was 

chosen to be 0.3 m. Due to the difficulty of 

implementing the pass at these measurements 

within the laboratory channel, as it does not 

accommodate the pass with actual dimensions, the 

model was executed at a 1:4 scale of the standard 

dimensions. This scale corresponds to the 

laboratory channel dimensions and achieves the 

modeling criteria of the Froude number [34]. Thus, 

the slot width became 0.075 m, and the basin's 

length, width, and height were 0.75 m, 0.6 m, 

respectively. The basin's length and width were ten 

times and eight times the slot width, respectively, 

to be suitable for fish [33]. 

Modifications were made to the standard 

model in the form of the letters L, T, and I inside 

the basin, resulting in four designs: the standard 

design and three modified designs represented by 

Figures (7) and (8). Four slope values were tested: 

5%, 6.25%, 7.5%, and 8.75%. For each slope, five 

discharge values were tested: q1=3.83, q2=5.89, 

q3=7.89, q4=9.69, q5=12.41, with the discharge in 

l/s for the standard design. For the modified 

designs, three discharges (q1, q3, q5) were used for 

each slope. For each experiment, readings of flow 

depth were taken using a Point Gage, with 56 

readings per experiment. Flow velocity was 

measured parallel to the pass bottom using a Pitot 

Tube. The actual number of velocity readings for 

each experiment for the standard design was 32 

readings, as shown in Figure (6). The middle basin 

was selected for velocity readings to ensure 

hydraulic balance, where the extreme conditions at 

the top and bottom of the water channel have no 

effect [35]. Surfer 13 contour mapping software 

was used to draw velocity distribution maps for all 

experiments. These contour maps, along with the 

addition of dye inside the pass to trace the flow 

path [36], were used to determine the flow pattern. 

  

 
Fig. 6 Illustrates the mesh points for velocity 

readings, all dimensions in meters 

  

3. RESULTS ANALYSIS: 

The velocity distribution inside the basin 

was determined for the level located 20% to 25% 

below the water surface, relative to the total flow 

depth, to identify the maximum velocity value. 

Regarding the flow pattern, ink was added to the 

basin during operation to monitor the flow pattern 

formed and compare it with the calculated contour 

maps of the velocity distribution. 

3.1. Flow Pattern: 

 In general, there are three flow patterns 

[24], as illustrated in Figure (2). The first pattern is 

represented by the streamline of a main flow along 

the side wall, sloping steeply towards the next 

opening, without a central streamline curve in the 

basin. This pattern is abbreviated as FP1. When the 

main flow transitions from the opening to the basin
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Fig. 7 Diagrams of the standard design and the modified designs 

  

Fig. 8 Images of the laboratory model 

 

in the form of a curved streamline spreading in the 

basin's center before converging again towards the 

next opening, this is called the second flow pattern, 

FP2. It can be considered a transitional pattern 

between the first and third patterns. The third 

pattern, FP3, involves the streamline of the flow in 

a curved form reaching the opposite side wall of 

the pass. 

The second pattern (FP2) is considered 

the best for fish, as it allows fish to pass with 

minimal energy consumption and provides a clear 

migration path due to the gradual velocity 

associated with this pattern. The patterns formed in 

the standard design were as follows: for a slope of 

5%, the pattern FP1 was formed with discharges 

q3, q4, q5, while for discharges q1 and q2, the 

formed pattern was FP2. When the slope increased 

to 6.25%, the flow behavior for discharges q5 and 

q4 followed FP1, while q3 and q2 formed the FP2 

pattern. The change in flow behavior for discharge 

q3 from FP1 at a 5% slope to FP2 at a 6.25% slope 

is attributed to the reduction in flow depth, 

especially at the basin's entrance. This resulted in 

a decrease in the momentum of the moving water 
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mass due to gravity, allowing the influence of the 

flow outside the opening at a 45o angle to 

overcome the momentum effect of the water mass 

towards the outlet. The flow behavior for 

discharges at a 7.5% slope remained the same as at 

a 6.25% slope, except for discharge q1, which 

formed the FP3 pattern instead of FP1. At a slope 

of 8.75%, the flow pattern for discharges q3, q4, 

q5 was FP2, while q1 and q2 formed the FP3 

pattern, as shown in Table (1). The obtained results 

are consistent with the findings of researcher [37], 

indicating that the flow pattern changes due to an 

increase in slope, either from FP1 to (FP2 or FP3) 

or from FP2 to FP3. 

3.2. Maximum Velocity: 

Based on the results, the highest velocity 

values were observed at the basin's entrance for 

FP2 and FP3 patterns, indicating energy 

dissipation within the basin [14]. Meanwhile, the 

maximum velocity value at the basin's exit was 

associated with the FP1 flow pattern, consistent 

with researcher [29]. It was noted that, at low 

discharges, the maximum velocity was observed at 

the entrance, regardless of the flow pattern, due to 

the approaching water depth at the exit to the stable 

water depth at the channel's end. Additionally, the 

FP1 pattern provided higher velocity values 

compared to other patterns. It's worth mentioning 

that the comparison of maximum velocity values 

between experiments was made regardless of their 

location. For example, between two experiments, 

the highest maximum velocity value was 

considered, whether its location was symmetrical 

or not. For instance, in one experiment, the 

maximum velocity was at the entrance, while in the 

other experiment, it was at the exit. 

3.2.1. Effect of Slope Increase on Maximum 

Velocity:  

The maximum velocity value is related to 

the slope in a quadratic relationship, as confirmed 

by researcher [23]. The percentage increase in 

maximum velocity value is affected by the flow 

pattern. For discharge q1, the maximum velocity 

increased by 22.1% with a slope increase to 6.25%, 

while the increase was 6.2% and 14.3% for slope 

increases from 5% to 7.5% and 8.75%, 

respectively. This variation in the percentage 

increase in maximum velocity value is due to the 

different flow patterns, with FP1 at a 6.25% slope, 

FP2 at a lower slope, and FP3 at a higher slope. On 

the other hand, discharge q2 produced the FP2 

pattern for all slopes except at 8.75%, where it 

formed the FP3 pattern, resulting in nearly 

identical maximum velocity values. The increase 

in slope affected discharge q3, changing its flow 

behavior from FP1 at a 5% slope to FP2 at 6.25%, 

as an increase in slope reduced the flow depth, 

especially at the basin's entrance. This resulted in 

a decrease in the momentum of the moving water 

mass due to gravity, allowing the influence of the 

flow outside the opening at a 45-degree angle to 

overcome the momentum effect of the water mass 

towards the outlet. The flow behavior for 

discharges at a 7.5% slope remained the same as at 

a 6.25% slope, except for discharge q1, which 

formed the FP3 pattern instead of FP1. At an 

8.75% slope, the flow pattern for discharges q3, q4, 

q5 was FP2, while q1 and q2 formed the FP3 

pattern, as shown in Table (1). 

3.2.2. Effect of Discharge Increase on Maximum 

Velocity:  

For the same slope, increasing the 

discharge led to an increase in maximum velocity, 

as confirmed by researcher [14], considering the 

flow pattern for each case. At a 5% slope, the 

percentage change in maximum velocity between 

discharges q5 and q1 was 32.59%, a relatively 

large difference due to the difference in the formed 

flow pattern in the basin. The FP1 pattern formed 

with discharge q5, resulting in the highest 

maximum velocity possible, unlike the FP2 pattern 

accompanying discharge q1, where the maximum 

velocity value was at its lowest, and its location 

shifted from the basin exit to the entrance. At a 

6.25% slope, the percentage change in maximum 

velocity was 26.32%, with the highest maximum 

velocity at discharge q5 and the lowest at discharge 

q2, not q1. This is because the formed pattern with 

q1 was FP1, while FP2 formed with q2. At a 7.5% 

slope, the percentage change in maximum velocity 

between discharges q5 and q1 was 31.17%, with 

the same pattern behavior as at a 5% slope, except 

that FP3 formed with discharge q1 instead of FP2. 

On the other hand, at an 8.75% slope, the 

percentage difference in maximum velocity 

between discharges q5 and q1 was 19.1%, with the 

pattern behavior being similar for discharges 

forming FP2 and FP3, resulting in a smaller 

difference while maintaining the maximum 

velocity in their respective locations, as shown in 

Table (1). 

3.3   Impact of Adding Confegrations: 

  Experiments were conducted for 

modified shapes of the passage and compared with 

the standard shape for discharges q1, q3, and q5. 

The additions contributed to the formation of flow 

patterns of types FP2 and FP3, avoiding the 

formation of the FP1 pattern, which is considered 

undesirable due to its mismatch with fish 

movement and energy. 
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Table 1: Illustrates the effect of increasing the slope and discharge values on both the flow pattern type, 

location, and value of maximum velocity 

 
3.3.1. Modified Design with Shape l 

Confegration: 

This modification altered the flow pattern 

for all discharges and slopes. The predominant 

pattern was FP2, except for discharge q1 at slopes 

6.25, 7.5, and 8.75, where the pattern was FP3. 

Three scenarios for changing the flow pattern 

behavior were identified: the first scenario 

involved a shift from FP1 to FP2, resulting from 

the addition of geometric structures inside the 

basin that disrupted the flow pattern, leading to its 

deviation to the center of the basin and a 

subsequent change to FP2 or FP3 (Figure 9). This 

scenario is the most important and effective, 

providing the highest percentage reduction in 

maximum velocity, reaching up to 28.22%. The 

second scenario maintained the FP2 pattern both 

before and after the modification, showing less 

impact compared to the first scenario, with a 

reduction in maximum velocity ranging from 0.0% 

to 10.56%. The third scenario, the least favorable, 

involved maintaining the FP3 pattern without 

modification, leading to an increase in maximum 

velocity by 1.37% to 8.01% (Table 2). 

3.3.2. Modified Design with Shape L 

Confegration:  

This design resulted in the formation of 

only the FP3 pattern, as the added geometric 

structure in the basin pushed the flow pattern 

toward the far side wall (Figure 9). The following 

scenarios were observed: the first scenario 

involved a shift from FP1 to FP3, achieving the 

highest percentage reduction in maximum velocity 

at 24.41%, which is comparable to the first 

modification scenario. The second scenario 

involved a shift in flow pattern behavior from FP2 

to FP3, resulting in a reduction in velocity ranging 

from 0.81% to 11.29%. The third scenario 

maintained the FP3 pattern both before and after 

the modification, leading to a slight increase in 

maximum velocity, with a lower percentage 

change compared to the first modification (Table 

2). 

3.3.3. Modified Design with Shape T 

Confegration: 

This modification resulted in the 

formation of both FP2 and FP3 patterns. The 

primary cause was the shape and location of the 

added geometric structure inside the basin (Figure 

9). Four scenarios were identified: the first 

scenario involved a shift from FP1 to FP2, 

achieving the highest percentage reduction in 

maximum velocity, slightly exceeding 24%. The 

second scenario maintained the FP2 pattern both 

before and after the modification, with a slight 

decrease in velocity compared to the previous 

scenario, achieving a maximum reduction 

percentage of 3.77%. The third scenario, similar to 

previous modifications, led to an increase in 

maximum velocity by a percentage ranging from 

6.45% to 1.83%, maintaining the FP3 pattern 

before and after the modification. Additionally, a 

fourth scenario involved a transition from FP2 to 

FP3 in one case, resulting in a 14.36% reduction in 

maximum velocity, as shown in Table 2. 
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Fig. 9 Illustrates the effect of the modifications inside the basin on the flow pattern for the case of discharge 

q5 and slopes 5% and 8.75%. 
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Table 2: Illustrates the impact of added shapes on velocity values and flow patterns 

Design no.2 Design no.1  

discharge 
 

slope 
% 

Reducing 

velocity 

% 

Velocity at 

outlet 

cm/sec 

Velocity at 

inlet 

cm/sec 

Flow 

pattern 

type 

Velocity at 

outlet 

cm/sec 

Velocity at inlet 
cm/sec 

Flow pattern 
type 

10.56 45.93 64.95 FP2 54.99 72.62 FP2 q1 

5 24.05 56.25 72.62 FP2 95.61 89.92 FP1   q3 

28.22 77.31 64.95 FP2 107.71 100.97  FP1 q5 

16.59 66.67 73.97 FP3 76.24 88.68  FP1 q1 

6.25 8.72 73.97 78.45 FP2 78.45 85.94  FP2 q3 

22.54 84.74 80.6 FP2 109.4 107.83  FP1 q5 

-8.01 74.98 83.33 FP3 72.74 77.15  FP3 q1 

7.5 0.00 79.27 87.21 FP2 79.27 87.21 FP2 q3 

15.71 92.73 94.49 FP2 112.1 110.61 FP1   q5 

-1.37 79.12 84.2 FP3 73.69 83.06 FP3   q1 

8.75 1.21 87.55 88.28 FP2 81.11 89.36 FP2   q3 

4.66 96.24 97.88 FP2 88.28 102.66 FP2   q5 

Design no.4 Design no.3 

discharge 

 

slope 

% 
Reducing 

velocity 
% 

Velocity at 

outlet 
cm/sec 

Velocity at 

inlet 
cm/sec 

Flow 

pattern 
type 

Reducing 

velocity 
% 

Velocity at 

outlet 
cm/sec 

Velocity at 

inlet 
cm/sec 

Flow 

pattern 
type 

14.36 59.29 62.19 FP3 6.91 45.93 67.6 FP3 q1 

5 24.05 66.56 72.62 FP2 19.14 64.95 77.31 FP3 q3 

24.12 81.73 77.31 FP2 22.15 83.85 70.16 FP3 q5 

11.04 73.97 78.89 FP3 16.59 69.19 73.97 FP3 q1 

6.25 3.77 80.17 82.7 FP2 11.29 72.56 76.24 FP3 q3 

24.41 79.75 82.7 FP2 24.41 82.7 78.45 FP3 q5 

-6.45 77.15 82.13 FP3 -4.89 69.48 80.92 FP3 q1 

7.5 2.20 79.27 85.29 FP2 0.87 83.33 86.45 FP3 q3 

18.89 83.73 90.92 FP2 15.71 90.19 94.49 FP3 q5 

-1.83 81.11 84.58 FP3 0.93 80.72 82.29 FP3 q1 

8.75 -3.92 87.55 92.86 FP2 0.81 83.06 88.64 FP3 q3 

3.08 93.89 99.5 FP2 3.70 91.13 98.86 FP3 q5 

4. CONCLUSIONS:  

This research focused on studying two 

crucial hydraulic characteristics of fishways with 

vertical slots: the flow pattern inside the fishway 

and the maximum velocity value. The 

investigation explored how these features change 

with variations in slope and discharge. Four slope 

values were tested, and for each slope, five 

discharges were examined for the standard design. 

The study was conducted under clear water 

conditions, and modifications were made to the 

standard fishway by adding structures in the shape 

of the letters "l," "L," and "T" inside the fishway 

basin. Three discharges were tested for each slope 

with the modified shapes. The following results 

were obtained: 
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1. Design 1 (Standard): Regarding flow patterns, 

the second and third patterns dominate for lower 

discharges, while for higher discharges, the flow 

behavior tends toward the first pattern. Similarly, 

for the same discharge, higher slopes tend to shift 

the behavior of high discharges toward the second 

pattern. The maximum velocity increases with 

higher discharge for the same slope, and it also 

increases with higher slope for the same discharge, 

provided that the sequence of flow pattern change 

from the lowest to the highest discharge or slope is 

from the second or third pattern to the first pattern. 

2. Design 2 (Modified with "l" Shape): The 

second pattern was produced for all discharges 

except the first discharge for slopes 6.25%, 7.5%, 

and 8.75%, where the third pattern was produced. 

The transition from the first pattern to the second 

pattern reduced the maximum velocity by a 

percentage ranging from 8.72% to 28.22%. If the 

third pattern remains unchanged, the maximum 

velocity increases by a percentage ranging from 

1.37% to 8.01%. 

3. Design 3 (Modified with "L" Shape): This 

modification produced the third pattern for all 

discharges and slopes. The transition from the first 

pattern, present in the standard fishway before 

modification, to the third pattern after modification 

reduced the maximum velocity by a maximum 

percentage of 24.41%. Note that this reduction 

percentage is lower than that achieved with Design 

2. There is a slight increase or decrease in 

maximum velocity when the third pattern remains 

unchanged, with or without modification. 

4.Design 4 (Modified with "T" Shape): The 

dominant pattern was the second, except for the 

first discharge for all slopes, where the third 

pattern was produced. The transition from the first 

pattern to the second pattern showed a similar 

behavior to Design 2, with a maximum reduction 

percentage of 24.41%. Similarly, if the third 

pattern remains unchanged, the study showed a 

behavior similar to Design 2. 

The study concluded that adding modifications to 

the standard shape of the main fishway always 

produces better patterns for fish, excluding 

undesirable patterns. Therefore, modifying and 

improving the patterns contributes to reducing the 

maximum velocity inside the basin by a percentage 

that can reach up to 28.22%. 
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 الملخص: 
 الأنهار   في  على تنوعها  الحفاظ  في  وتساهم  المهاجرة  الأسماك  كبيرة لامرار مجموعات  بصورة  تستخدم  ةهيدروليكي  منشات  معابر الاسماك هي  ان

 خلال  من  تدفق  أنماط  ستتشكل  وبالتالي،  الهندسية  التعديلات  من  العديد  مع  المعابر  هذه  تصميم   تم.  وبايولوجيا  بيئيا   تفصلها  عوارض  الطبيعي  جريانها  يقطع  التي

معينة  لأنواع  ملائمة  هيدروليكية  بخصائص  التعديلات  هذه القصوى    ةالهيدروليكي  الخصائص  تحليل  الى  الدراسة  هذه  تهدف.  اسماك  السرعة  للجريان ومنها 

. الحوض  داخل  l  ،L  ،T  الاحرف  شكل   هندسية على  تراكيب  باضافة  المعبر  شكل  تعديل  تأثرها عند  ومدى  الجريان في معبر الفتحة الراسية القياسي  ونمط  للجريان،

  للشكل   بالنسبة  تصاريف  خمسة  اختبار  تم  ميل  % ولكل  8.75،  7.5،  6.25،  5  للميول وهي  قيم  اربع  اختبار  وتم  ، 1:4  بمقياس  مختبري  نموذج  بناء  تم  حيث

ثا.  /لتر  12.41،  7.89،  3.83  تصاريف  ثلاث   اختبار  فتم  المعدلة  للاشكال  بالنسبة  اما   ثا،/لتر  12.41،  9.69،  7.89،  5.89،  3.83(  تعديلات  بدون)  القياسي

ثلاثة انماط للجريان الافضل هو النمط الثاني والاسوء هو النمط الاول الذي يتشكل بالعادة مع  يكون على شكل    القياسي  التصميم  في  الجريان  ان  النتائج اظهرت

سيتكون نمطين فقط وهما النمط الثاني والثالث وبالتالي   التصاريف العالية وبالنسبة للسرعة القصوى تزداد بزيادة الميل والتصريف. اما عند تعديل شكل المعبر

الاسوء   التخلص من النمط غير المرغوب فيه. كذلك ساهمت التعديلات في خفض قيمة السرعة القصوى خصوصا عندما يغير التعديل نمط الجريان من النمط

ودائما ما تصاحب اعلى قيمة لنسبة تقليل السرعة القصوى التصاريف   % 28.22الى النمط الافضل فقد وصلت اقصى نسبة لتقليل قيمة السرعة القصوى الى  

 تالي تزداد اهمية هذه الاضافات مع التصاريف العالية.الاعلى وبال
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