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Abstract. According to the study on the shape of plunge pool in the horizontal swirl spillway tunnel, the 
design scheme of a plunge pool with better energy dissipation effect is proposed. Based on the hydraulic 
physical model test, which includes atmospheric pressure and decompression tests, and combined with the 
different design scheme of a plunge pool, measurement results of fluctuating pressure. Main frequency and 
sidewall pressure are analysed. The results show that the inlet section of the plunge pool is connected by a 
gradual variable section which length of gradient segment 6m. The shape of the gradient section is a long 
round variable gate hole. To improve the side wall pressure, the inlet section is increasing from 6.0m to 14.0m. 
Finally, the proposed plunge pool has the advantages of simple design and convenient construction, and these 
studies provide reference and support for the design of hydropower dams in western China. 

1 Introduction 
In the various structures of dam engineering, the plunge 
pool is one of the main engineering measures for flood 
discharge and energy dissipation of the dam (Figure 1). 
Whether the structural shape is optimised or not is an 
important factor affecting the safe operation of the dam[1-
2]. At present, the research on the shape of a plunge pool 
is mainly carried out by hydraulic physical model test, 
theoretical calculation and numerical simulation[3-4]. 
These methods could improve the stability capability of 
the plunge pool by shape optimisation[5]. At present, the 
research on the shape of a plunge pool is very rich, but the 
research on the shape of a plunge pool around horizontal 
swirl spillway tunnel is relatively less. So this study uses 
hydraulic tests to carry out the comparative design of 
various shapes. Moreover, the energy dissipation of 
plunge pool under normal pressure and decompression test 
is analysed. These could provide support for similar 
horizontal swirl spillway tunnel plunge pool shape design 
of hydropower stations. 

2 Introduction of shape optimization test 

2.1 Experiment purpose 

The plunge pool is the connection area between the 
swirling tunnel and the dewatering tunnel. It is not only an 
vital part of adjusting the flow pattern, but also an 
important part of water energy dissipation. The degree of 
flow turbulence, aeration concentration and fluctuating 

pressure in the pond are important factors affecting 
operation safety. Therefore, the study's goal on the shape 
of the plunge pool is to reduce the fluctuating pressure (the 
standard deviation of fluctuating pressure is not more than 
50 kPa, and the minimum fluctuating pressure is not less 
than −70 kPa). The outlet flow is stable. The structure has 
a good energy dissipation effect. What is more, it is simple 
and convenient for construction. 

2.2 Experimental scheme 

2.2.1 Suggestions for experimental design 

According to the spatial position of the plunge pool, the 
study on the structural shape of the plunge pool is divided 
into two regions, namely, the connection part between the 
inlet of the plunge pool and the swirling tunnel (inlet) and 
the connection part between the outlet of the plunge pool 
and the return tunnel (outlet). 

For the inlet area of the plunge pool, the cross-section 
of the swirling tunnel is circular, and the cross-section of 
the plunge pool section is gate-shaped. The gradient 
section is longer, set at the connection between the swirl 
tunnel section and the plunge pool section. The change of 
shape is slow, the gradient of the flow line is small, and 
the hydraulic conditions are good. If the reconstruction 
project is large, the water flow energy dissipation rate will 
decrease. The length of the gradient section becomes 
shorter and the hydraulic conditions become worse. In 
addition, the engineering quantity of reconstruction is 
small, and the energy dissipation rate of water flow will 
increase. Therefore, the length of the gradient section 
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should be as short as possible based on meeting the 
hydraulic conditions, structural safety and water flow 
energy dissipation requirements. 

For the outlet area of the plunge pool, the contraction 
pier at the outlet of the plunge pool is used to form the 
plunge pool in the tunnel in the downstream section of the 
swirl tunnel. It is promoting energy dissipation of water 
flow in ponds to increase energy dissipation rate. And the 
strong turbulent flow in the pond is unfavourable to the 
lining structure. Moreover, the modification of the shape 
of this part will also cause a series of changes in the 
discharge capacity, pressure, flow velocity and energy 
dissipation effect of other parts. Therefore, various factors 
should be comprehensively considered when studying the 
structural shape of a plunge pool. 

2.2.2 Experimental model 

According to the design criterion of the plunge pool, three 
types of plunge pool are designed, and the specific design 
scheme is as follows: 

The first kind (Figure 1 a): the connection between the 
inlet of the water cushion pool and the cyclone hole is 
suddenly expanded, and there is no transition slope section. 
The thickness of the outlet side pier and bottom triangular 
ridge are 2.2m 

The second kind (Figure 1 b): there should be some 
ramp connection around import, which length is 6m. The 
exit side wall and the triangle vertex of the middle pier are 
on the same section and the downstream slope is slowed 
down. 

The third kind (Figure 1 c): the import structure is 
same as the second kind. There is triangle continuous 
bucket in the downstream exit end, which height is 2.5m. 
And the shape of side wall is triangle bucket, which height 
is 2.3m. 

 
a the first kind 

 
b the second kind 

 
c the third kind 

Fig. 1. The picture shows that three types of plunge pool(Unit : 
meter).  

2.2.3 Experiment process 

The optimum design experiment of horizontal swirling 
tunnel plunge pool is divided into two stages. First, 
through the normal pressure hydraulic model test, the 
preliminary shape is determined in three kinds of design. 
Then further verification and optimization of structure by 
hydraulic model test. 

3 Results analysis 

3.1 Analysis of normal pressure test 

Through the collation and analysis of the test data, the inlet 
water in scheme one suddenly expands(Table 1), the 
surrounding eddy current occurs, and the flow pulsation is 
large. There is no cavity pocket in the lower exit. The 
range of low fluctuating pressure is large. In addition, 
there are characteristics of small pulsating pressure, small 
low pressure and low main frequency in the second kind. 
But due to the complex construction of the second kind, 
this makes construction difficult. And the third kind is 
close to the first kind in the aspect of the fluctuating 
pressure. In addition, its structure is simple in shape and 
convenient in construction. At last, the third kind is 
advised to design the plunge pool in the study. 

Table 1 The results of normal pressure test results 

Scheme 
 

The 
First 
kind 

The 
Second 
kind 

The 
Third 
kind 

Standard deviation 
of maximum 
fluctuating pressure 
/kPa 

Import 59.66 49.24 56.44 

Exit 38.9 <40.0 39.9 

Minimum pulsating 
pressure（kPa） 

Import <-70 -34.6 -
29.28 

Exit <-70 <-70 <-70 

Maximum principal 
frequency（HZ） 

plunge pool 2.33 3.50 12.39 

Dewatering 
tunnel 1.00 2.69 1.86 

Number of points below − 70 kPa 
pressure 13 2 6 
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3.2 Analysis of normal pressure test 

A similar scale of the decompression hydraulic model 
developed in this study is 1:40. The inlet section of the 
plunge pool is connected by a transitional section. Its 
length is 6m, and its shape is transformed from a circle to 
a gate hole. There appears some phenomenon in the inlet 
section (i.e., separation of sidewall flow, large negative 
pressure at measuring points and evaporating pressure). 
The form of contraction section at the outlet of plunge pool 
is bottom and side triangular bucket. There is an obvious 
cavitation separation phenomenon in the outlet section. 
The cavitation characteristics of the exit section is weak. 
In addition, there are weak cavitation clouds in the 
retreating tunnel and its junction with the diversion tunnel. 
So it can be seen that the import, export and joint areas 
need further optimization design. This study takes the inlet 
section of plunge pool shape as the main research object 
to carry out the optimization design. The specific 
decompression test results are as follows: 

First of all, the test and comparison of the average 
pressure of the inlet section under normal and 
decompression conditions are carried out. A total of 24 
pressure measuring points on two cross-sections are 
arranged (Figure 2,3&4). The time-averaged pressure 
values of each measuring point under design and check 
conditions are shown in table 2. The pressure values of the 
first circle of the joint section is low. Measuring point 
pressure reaches or exceeds vaporization pressure at 
atmospheric pressure in this area. The minimum pressure 
for decompression is -8.97 × 9.8 kPa. In order to improve 
the sidewall pressure and anti-cavitation performance, the 
import section is extended from 6.0 m to 14.0 m. Normal 
pressure test of modified scheme shows the side wall 
pressure of this part is positive (Figure 3&4).The pressure 
of 3 # and 12 # measuring points in decompression test is 
slightly lower than normal pressure. The pressure of 6 # 
and 9 # measuring points is slightly higher than normal 
pressure (Table 1). After modification, the flow is 
smoother, but it has a certain impact on the energy 
dissipation effect. 

 
Fig. 2. The picture shows that modification diagram of 

connection section between swirling tunnel and water cushion 
pond and layout of pressure measuring points 

 
a Original Scheme-Normal (9.8kpa) 

 
b Original Scheme-Decompression(9.8kpa) 

 
c Revised scheme -Normal(9.8kpa) 

Fig. 3. The observation point is located at the junction 
of swirling tunnel and plunge pool ( first circle ) 

 
a Original Scheme-Normal (9.8kpa) 
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b Original Scheme-Decompression(9.8kpa) 

 
c Revised scheme -Normal(9.8kpa) 

Fig. 4. The observation point is located at the junction of 
swirling tunnel and plunge pool (second circle ) 

4 Conclusion 
In this paper, the hydraulic model test is used to carry out 
a variety of plunge pool design comparison, and the 
energy dissipation design method of plunge pool is 
proposed. The main results are as follows: 

(1) The length of the gradient section should be as 
short as possible based on satisfying hydraulic conditions, 
structural safety and flow energy dissipation requirements. 

(2) Through normal pressure test, the preliminary 
design of plunge pool as follows: there should be some 
ramp connection around import, which length is 6m. the 
import structure is the same as the second kind. There is a 
triangle continuous bucket in the downstream exit end, 
which height is 2.5m. Moreover, the shape of the side wall 
is triangle bucket, which height is 2.3m. 

(3) The inlet section of a plunge pool was taken as the 
main research object, and the inlet section was lengthened 
from 6.0 m to 14.0 m. The atmospheric pressure test of the 
modified scheme shows that the flow is smoother after 
modification, but it has a certain impact on energy 
dissipation. 
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