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Abstract 
Hydraulic models are often used as a tool for the prediction of the hydrodynamic behavior of flow. But scale effects in the hydraulic 
modeling process due to deviations of the results from the prototype. This paper discusses to scale effect in the hydraulic flow model. The 
goal of the research is to investigate the effect of geometric distortion on the flow characteristics and the degree of deviation of the results of 
distorted models from the prototype, which is done using the two-dimensional numerical model MIKE21. First, the hydrodynamic conditions 
of the flow were simulated in four models of straight channel, convergent channel, divergent channel and curved channel with four degrees 
of distortion one (undistorted), two, five and 10. Then, assuming the similarity of the Froude number, the results of the models were 
compared with the prototype and the relative error in the result of channels was investigated. The results showed that the difference in depth 
and average velocity in distorted models with prototype is small, but the difference in transverse velocity profile of sloping model with 
prototype increases with increasing degree of distortion. So that the relative error in transverse velocity modeling in straight, convergent, 
divergent and curved channels with a degree of G10 was two, 29, 33 and 39 percent, respectively. 
 
Keywords: Distorted Model, Distortion Ratio, MIKE21 Model, Prototype. 
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Table 1. Prototype specifications 
Side Slope Bed Slope Bottom width (m) Roughness (s/m1/3) Depth (m) Discharge (m3/s) Length (km) Channel 

1:5 0.0005 150 0.035 5 1490.44 4 Straight 
1:5 0.0005 150 0.035 5 1490.44 2 Convergent 
1:5 0.0005 150 0.035 5 1490.44 2 Divergent 
1:5 0.0005 150 0.035 5 1490.44 2 Curved 
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Figure 1. Prototype plan and cross sections a) straight, b) convergent, c) divergent, d) curved channel 
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Table 2. Scales in models 
Distorted 
Degree  

(G) 

Vertical 
scale 
 (YR) 

Horizontal 
scale 
(XR) 

Models 

1 100 100 Undistorted Model (G1) 
2 50 100 Distorted Model 1 (G2) 
5 20 100 Distorted Model 2 (G5) 
10 10 100 Distorted Model 3 (G10) 
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Table 3. Calculated values of hydraulic parameters using scales 

Side  

Slope 

Bed 
 Slope 

Cross area 

(m2) 

Wetted Perimeter 

(m) 

Hydraulic radius 
(m) 

Bottom Width  
(m) 

Depth 
 (m) 

Length  

(m) Models 
5 0.0005 875 200.1 4.35 150 5 4000 Prototype 
5 0.0005 0.0875 2.001 0.043 1.5 0.05 40 Undistorted Model (G1) 

2.5 0.001 0.175 2.038 0.085 1.5 0.1 40 Distorted Model 1 (G2) 
1 0.0025 0.437 2.207 0.198 1.5 0.25 40 Distorted Model 2 (G5) 

0.5 0.005 0.875 2.720 0.321 1.5 0.5 40 Distorted Model 3 (G10) 
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Figure 2. Flow depth profile of straight channel  Figure 3. Transverse velocity distribution of straight channel  
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Table 4. Statistical parameters for the average 

velocity in the straight channel 
R2 MAE RMSE Models 

0.99  0.001 0.013 Undistorted Model (G1)  
0.97  0.003 0.063 Distorted Model 1 (G2)  
0.97  0.004 0.084 Distorted Model 2 (G5)  
0.96  0.018 0.135 Distorted Model 3 (G10)  
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Figure 5. Flow depth profile of convergent channel Figure 4. Average velocity of convergent channel 

  

Table 5. Statistical parameters for the average velocity in the curved channel 
R2 MAE RMSE Models 

0.99 0.003 0.053 Undistorted Model (G1) 
0.99 0.006 0.077 Distorted Model 1 (G2) 
0.99 0.019 0.138 Distorted Model 2 (G5) 
0.99 0.077 0.277 Distorted Model 3 (G10) 
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Figure 6. Transverse velocity distribution of convergent channel at sections A to D 

  
Table 6. Relative error percent in the transverse 

velocity distribution in the convergent channel 
Max Channel center Min Models 

0.58 0.04 0.01 Undistorted Model (G1) 

9.0 3.0 0.25 Distorted Model 1 (G2) 
18 11 1.84 Distorted Model 2 (G5) 
33 20 2.26 Distorted Model 3 (G10) 
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Figure 7. Transverse velocity distribution of divergent channel at sections A to D 

  
Table 7. Relative error percent in the transverse 

velocity distribution in the divergent channel 

Max Channel center Min Models 

0.47 0.05 0.01 Undistorted Model (G1) 

9.0 3.0 0.26 Distorted Model 1 (G2) 
18 9.3 0.80 Distorted Model 2 (G5) 
33 19 0.25 Distorted Model 3 (G10) 
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Figure 8. Flow depth profile of curved channel Figure 9. Average velocity of curved channel 

  
Table 8. Statistical parameters for the average velocity in the curved channel 

R2 MAE RMSE Models 

0.99 0.002 0.023 Undistorted Model (G1) 
0.98 0.003 0.057 Distorted Model 1 (G2) 
0.98 0.014 0.012 Distorted Model 2 (G5) 
0.90 0.034 0.180 Distorted Model 3 (G10) 

 

 

 
Figure 10. Transverse velocity distribution of curved channel at sections A to D 
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Table 9. Relative error percent in the transverse velocity distribution in the curved channel 
Max Channel center Min Models 

0.67 0.09 0.02 Undistorted Model (G1) 

10 8 0.25 Distorted Model 1 (G2) 
25 15 1.2 Distorted Model 2 (G5) 
39 21 2 Distorted Model 3 (G10) 
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