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Abstract: The characteristics of the flow in vertical slot fishway depend mainly on the specific pool design, such as the 

geometry of the pool. We present the results of a study on comparison between four different designs of vertical slot fishways. 

The results indicated that central baffle cannot cut down the value of the velocity substantially, but it can stabilize the flow pattern, 

and it can make energy dissipation uniform. Simultaneously, slope has significant impact on hydraulic characteristics like 

velocity and flow pattern in the fishway. Of the four designs studied, design 4 is recommended for practical use, in terms of 

velocity and flow pattern. 
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1. Introduction 

Lots of hydropower stations had been built to meet the 

demand of electricity. These hydropower stations not only 

relieved the tension condition of electricity, but also had 

important significance to some problems such as flood control 

and ecology environment. However, fish populations were 

highly dependent on the characteristics of their aquatic habitat, 

since it provided the support for all their biological functions 

[1, 2]. This dependency was more critical in the case of 

migratory fish which required different habitats to complete 

their life cycle; dam obstructed the normal migration of these 

migratory fish, and would give rise to destructive effect on the 

migratory fish [3]. Fishways are structures that facilitate the 

upstream or downstream migration of aquatic organisms over 

obstructions to migration such as dams and weirs. Fishways 

were generally studied under three types [4, 5]: 1) pool and 

weir fishways [6], 2) Denil fishways [7], and 3) vertical slot 

fishways [8]. The earliest vertical slot fishway was developed 

in about 1943 for use at Hell’s Gate on the Fraser River in 

British Columbia, Canada [9]. The vertical slot fishway was 

constructed by installing baffles at certain spacing along a 

sloping rectangular channel to create a series of pools. The 

baffles were so shaped that part of the flow was turned back 

upstream to create recirculation regions in the pools where the 

fish would rest before ascending the fishway through the slots 

using their burst speed [10]. Water runs downstream through a 

series of vertical slots from one pool to the next; the water 

flow forms a jet at the slot and the flow energy is dissipated by 

jet mixing in the pools [11]. 

The characteristics of the flow in vertical slot fishways 

depended mainly on the specific pool design, such as the 

geometry of the pool. This paper conducted four different 

designs of vertical slot fishways with “I” or “L” shaped baffle 

(see Figure 1), and in two different slopes. The four different 

designs were: the first design (design 1, or original design), “I” 

shaped baffle, S=5.4% (Sdenotes “slope”); the second design 

(design 2), “I” shaped baffle, S=2.7%; the third design (design 

3), “L” shaped baffle, S=5.4%; the fourth design (design 4), 

“L” shaped baffle, S=2.7%. 

Figure 1 showed the geometric characteristics of a pool 

with “I” or “L” shaped baffle. 
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Figure 1. Geometric characteristics of a pool with (a) “I” shaped baffle;(b) 

“L” shaped baffle. 

2. Experimental Work 

Figure 2 showed photos of experimental work.  

 

(a) 

 

(b) 

Figure 2. Photos of experimental work. 

The size of vertical slot fishways with “I” shaped baffle 

(design 1&2) are shown in Figure 3(a); and the size of vertical 

slot fishways with “L” shaped baffle (design 3 & 4) are shown 

in Figure 3(b), where, b is the slot width, 0.15 m. The height of 

these four designs are the same, H = 1.5 m. 

 

(a) 

 

(b) 

Figure 3. (a) Pool design with “I” shaped baffle; (b) Pool design with “L” 

shaped baffle. 

2.1. Experimental Work of Design 1 

The original design, “I” shaped baffle, S=5.4% (S denotes 

“slope”). 

 

(a) 
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(b) 

Figure 4. (a) The velocity map of design 1; (b) The photo of design 1. 

Table 1. The value of the velocity of Figure 4(a). 

Point Velocity(m/s) Point Velocity(m/s) Point Velocity(m/s) 

(1) 1.52 (6) 0.64 (10) 0.77 

(2) 1.13 (7) 0.63 (11) 0.51 

(3) 1.06 (8) 0.57 (12) 0.32 

(4) 0.95 (9) 0.88 (13) 0.31 

(5) 0.87     

The velocity map of design 1 was shown in Figure 4(a). The 

distribution of these 13 measure points were: point (1) to point 

(5), the maximum velocity line, which was defined to indicate 

the location of the maximum velocity in each column; point (6) 

to point (9), and point (10) to point (13) in these two vortex 

zones, respectively. Table 1 showed the value of the velocity 

of Figure 4(a). The average velocity was Vd1,av = 1.106 m/s, 

according to the value in measurement point (1) to point (5). 

The maximum velocity that appeared in design 1 was Vd1,max = 

1.52 m/s. Figure 4(b) is the photo of design 1, it showed the 

flow pattern clearly. 

2.2. Experimental Work of Design 2 

“I” shaped baffle, S=2.7% (S denotes “slope”). 

 

(a) 

 

(b) 

Figure 5. (a) The velocity map of design 2; (b) The photo of design 2. 

Table 2. The value of the velocity of Figure 5(a). 

Point Velocity(m/s) Point Velocity(m/s) Point Velocity(m/s) 

(1) 1.26 (6) 0.66 (10) 0.75 

(2) 1.11 (7) 0.62 (11) 0.49 

(3) 1.07 (8) 0.58 (12) 0.34 

(4) 0.82 (9) 0.78 (13) 0.29 

(5) 0.85     

The velocity map of design 2 was shown in Figure 5(a). 

The distribution of these 13 measure points were: point (1) to 

point (5), the maximum velocity line, which was defined to 

indicate the location of the maximum velocity in each column; 

point (6) to point (9), and point (10) to point (13) in these two 

vortex zones, respectively. Table 2 showed the value of the 

velocity of Figure 5(a). The average velocity was Vd2,av = 

1.022 m/s, according to the value in measurement point (1) to 

point (5). The maximum velocity that appeared in design 2 

was Vd2,max = 1.26 m/s. Figure 5(b) is the photo of design 2, it 

showed the flow pattern clearly. 

2.3. Experimental Work of Design 3 

“L” shaped baffle, S=5.4% (S denotes “slope”). 

 

(a) 
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(b) 

Figure 6. (a) Thevelocity map of design 3; (b) The photo of design 3. 

Table 3. The value of the velocity of Figure 6(a). 

Point Velocity(m/s) Point Velocity(m/s) Point Velocity(m/s) 

(1) 1.41 (6) 0.59 (10) 0.61 

(2) 1.11 (7) 0.65 (11) 0.35 

(3) 1.01 (8) 0.56 (12) 0.26 

(4) 0.89 (9) 0.82 (13) 0.37 

(5) 0.93     

The velocity map of design 3 was shown in Figure 6 (a). 

The distribution of these 13 measure points were: point (1) to 

point (5), the maximum velocity line, which was defined to 

indicate the location of the maximum velocity in each column; 

point (6) to point (9), and point (10) to point (13) in these two 

vortex zones, respectively. Table 3 showed the value of the 

velocity of Figure 6 (a). The average velocity was Vd3,av = 1.07 

m/s, according to the value in measurement point (1) to point 

(5). The maximum velocity that appeared in design 3 was 

Vd3,max = 1.41 m/s. Figure 6 (b) is the photo of design 3, it 

showed the flow pattern clearly. 

2.4. Experimental Work of Design 4 

“L” shaped baffle, S=2.7% (S denotes “slope”). 

 

(a) 

 

(b) 

Figure 7. (a) The velocity map of design 4; (b) The photo of design 4. 

Table 4. The value of the velocity of Figure 7 (a). 

Point Velocity(m/s) Point Velocity(m/s) Point Velocity(m/s) 

(1) 1.14 (6) 0.39 (10) 0.65 

(2) 1.03 (7) 0.45 (11) 0.38 

(3) 0.92 (8) 0.36 (12) 0.22 

(4) 0.75 (9) 0.46 (13) 0.25 

(5) 0.76     

The velocity map of design 4 was shown in Figure 7 (a). 

The distribution of these 13 measure points were: point (1) to 

point (5), the maximum velocity line, which was defined to 

indicate the location of the maximum velocity in each column; 

point (6) to point (9), and point (10) to point (13) in these two 

vortex zones, respectively. Table 4 showed the value of the 

velocity of Figure 7 (a). The average velocity was Vd4,av = 0.92 

m/s, according to the value in measurement point (1) to point 

(5). The maximum velocity that appeared in design 4 was 

Vd4,max = 1.14 m/s. Figure 7 (b) is the photo of design 4, it 

showed the flow pattern clearly. 

3. Discussion 

3.1. Flow Patterns 

Depended on the geometric dimensions of the pools, two 

different flow patterns had been observed, named flow pattern 

1 for “I” shaped baffle (design 1 and design 2), flow pattern 2 

for “L” shaped baffle (design 3 and design 4). In both flow 

patterns, three different regions could be distinguished: a main 

flow region defined by a high velocity jet, where the 

maximum velocities in the pool occur, and two low velocity 

recirculation regions. 

For flow pattern 1, the main flow followed a curved path as 

it crosses the slot, and directly hit the opposite wall. Two low 

velocity recirculation regions appeared in the two sides of the 

jet, as Figure 4 (b) and Figure 5 (b) showed. 

For flow pattern 2, the main flow first passed the slot, then 

flowed back after blocking by the “L” shaped baffle. The flow 

headed down when it meeting the central baffle, and then 

flowed to the next pool, as Figure 6 (b) and Figure 7 (b) 

showed. As for these two low velocity recirculation regions, 
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they could be explained like this: the flow narrowed by the slot 

at the entrance, when the obstacle disappeared, the condition 

of the flow boundary was changed greatly, rapidly varied 

flows were formed along two sides of the main flow, and then 

low velocity recirculation regions appeared. 

The comparison between Figure 3 (b), Figure 4 (b), Figure 

6 (b) and Figure 7 (b) indicated that design 4 was much better 

than the others, in terms of flow pattern. 

3.2. Velocity 

One of the critical factors that determined the efficiency of a 

vertical slot fishway design was the velocity near the slot, as 

the experimental results showed that the maximum velocity 

appeared in the jet direction behind the slot. Fishuse their 

burst speed when ascending the slot from one pool to the next. 

Table 1–Table 4 showed that the average velocities in the 

maximum velocity line of these four designs were: Vd1,av = 1.106 

m/s, Vd2,av = 1.022 m/s, Vd3,av = 1.07 m/s, Vd4,av = 0.92 m/s, and 

the maximum velocities were: Vd1,max = 1.52 m/s, Vd2,max = 1.26 

m/s, Vd3,max = 1.41 m/s, Vd4,max = 1.14 m/s, respectively. 

Compared with design 1, the average velocity of design 2 to 4 

were cut down: 7.6%, 3.3%, 16.8%; and the maximum velocity 

of design 2, 3, and 4 were cut down: 0.26 m/s, 0.11 m/s, and 0.38 

m/s, respectively. The results pointed out that design 4 was much 

better than the others, in terms of velocity. 

4. Conclusions 

The efficiency of a vertical slot fishway design is 

determined by the agreement between its hydraulic 

characteristics and the requirements and swimming 

performance of the target species. A hydraulic parameter 

which is a mainly factor in order to evaluate the migratory 

efficiency is the velocity in the fishway. 

The discussion part of this paper indicates that the central 

baffle are not an effective way to cut down the velocity in the 

fishway, but it can smooth the flow pattern; Simultaneously, 

slope have significant impact on hydraulic characteristics like 

velocity and flow pattern in the fishway. Thus, it is recommended 

that a vertical slot fishway with a slope of less than 5.4% 

according to the experimental results. Of the four designs studied, 

design 4 in this paper could be an example for vertical slot 

fishway design, in terms of velocity and flow pattern. 
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