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Abstract. Labyrinth seals have been widely used in rotating machines. In this paper, labyrinth seals with rectangular 
tooth used in seawater pump with axial flow distribution were studied. The effects of structure parameters of labyrinth 
seals on sealing performance were numerically studied by the commercial computational fluid dynamics (CFD) 
software. The sealing length was considered as a constant, while the cavity width, cavity depth, tooth width and 
pressure ratio were varied. A large number of models were calculated to study the effects of various variables on 
leakage of labyrinth seals. Firstly, the results show that the effects of the cavity depth on leakage could be ignored 
compared with that of the cavity width and sealing length. Secondly, the optimal labyrinth seals with lowest leakage 
can be obtained with the appropriate values of cavity widths. Furthermore, for a certain pressure ratio, the optimal 
cavity widths resulting in the lowest leakage were demonstrated to be stable irrespective of the values of cavity depth 
and sealing length. Finally, increasing pressure ratio gives rise to an increase in the optimal cavity width. It reveals 
that the higher the pressure ratio is, the longer the cavity width is needed to reduce the leakage. 

1 Introduction 
Seawater pump is the key component of the SWRO 
(reverse osmosis seawater desalination) system[1-3]. 
Seawater pump with axial flow distribution has the 
advantage of simplicity, reliability and tolerance. 
However, this structure has an inherent problem of 
leakage, which deteriorates the volumetric efficiency of 
the pump seriously[4]. The labyrinth seal featured by non-
contacting structure has been widely used in rotating 
machines for dynamic seal over the years[5-8]. In marine 
environment, however, the labyrinth seal shows the 
benefits of low maintenance and reduced particulate 
contamination. Therefore, the labyrinth seal structures 
with rectangular cavities have been designed in seawater 
pump with axial flow distribution for reducing leakage. 

For the labyrinth seal, both the shape and structural 
parameters of cavities have effects on leakage. For 
example, straight-through seals[6, 8, 9], stepped seals[1, 6, 10], 
honeycomb seals[10-13], interlocking seals[1, 14, 15] have 
different sealing performance. Furthermore, the structural 
parameters of cavities also influence the leakage of 
labyrinth seals, such as cavity width, cavity depth, cavity 
numbers and clearance size, etc.[1, 13, 16]. Actually, the 
sealing length is always fixed for a specific equipment. 
Therefore, it is significant to optimize the structure 
parameters of labyrinth seals considering the fixed 
sealing length.  

In this paper, the effects of structure parameters of 
labyrinth seals on sealing performance were numerically 
studied by CFD software. To begin with, the sealing 

length was considered as a fixed value. Moreover, the 
cavity width, cavity depth, tooth width and pressure ratio 
were defined as a constant. Then, a large number of 
models were calculated to try to find the changing rules 
between the leakage and structure parameters of labyrinth 
seals. Finally, effects of these parameters on leakage were 
obtained, which is helpful to the design of labyrinth seals 
with low leakage.  

2 Method 

2.1 Computational model 
Generally, increasing numbers of cavities can result in 
leakage reduction[10,17]. Thus, to exclude the effects of 
cavity numbers, the model with single cavity was 
performed, as shown in Fig. 1 (b). Wherein, the sealing 
length L was set to be 3 mm, 5 mm, 10 mm, respectively. 
The parameters of cavity width, cavity depth and 
clearance size were defined as B, h and c, respectively. 
There was differential pressure between the input and 
output of labyrinth seals. 

2.2 Computational method 

The numerical study presented in this paper was 
conducted by CFD software. Water was chosen as the 
working fluid. The typically standard k-ε model was used 
for turbulence. The pressure of the inlet and outlet was 
set to be 3 and 1 atmospheres, respectively. The effect of 
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grid density on simulation results was checked and then 
the total computational cells were set to be about 1×105.  

 

 
Figure 1. Labyrinth seal with rectangular structures, (a) the sketch of Labyrinth seal, (b) the model with single cavity, sealing length L, 

cavity width B, cavity depth h, clearance size c. 

 

3 Results and discussion 
 Fig. 2 depicts the influences of the cavity depth, cavity 
width and sealing length on leakage of labyrinth seals. 
Firstly, it can be seen from Fig. 2 that the longer the 
sealing length is, the lower the leakage is in labyrinth 
seals. To be specific, labyrinth seals with the sealing 
length of 10 mm have a lower leakage than that with 
shorter sealing length of 5 mm and 3 mm. Secondly, for a 
fixed sealing length, both the cavity width and depth have 
influences on the leakage of labyrinth seals. Obviously, 
the effect of changing cavity depth is smaller than that of 
cavity width and sealing length. As shown in Fig. 2, for 
the same value of L, the leakage Q is nearly equal with 
the different cavity depth, h, 0.5 mm, 0.75 mm, 1.0 mm 
and 2 mm, respectively. Finally, it is clearly seen that the 
leakage firstly decreases and then increases with the 
increasing of cavity width B. It is obvious that the lowest 
leakages could be obtained with the changing of cavity 
width B. It should be noted that all the labyrinth seal 
models with different parameters almost acquire their 
lowest leakage in the same value of B. In other words, the 

optimal labyrinth seal model with the lowest leakage can 
be found by the nearly constant value of B irrespective of 
the values of cavity depth and sealing length. These 
results could contribute to the optimal design of labyrinth 
seals with rectangular structures. 
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 Figure 2. Effects of labyrinth seals structure parameters on 
leakage 
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Figure 3. Effects of pressure ratios on optimal cavity width, (a) h=1.0 mm, P=1.5, (b)  h=1.0 mm, P=3.0, (c) h=1.0 mm, P=5.0, (d) 
h=1.0 mm, various values of P. 

The results show that the optimal labyrinth seal 
models were mainly decided by the cavity width has been 
obtained. The pressure ratio was another important factor 
which influences the leakage of labyrinth seals. Therefore, 
the value of cavity width B for optimal labyrinth seal 
models in different pressure ratio situation was studied 
further. As shown in Fig.3, three different pressure ratio 
was considered with the value of 1.5, 3.0 and 5.0 and the 
results were shown in (a), (b) and (c), respectively. For 
the reason that cavity depths have small effect on leakage, 
models with the value of 1 mm for cavity depth were 
typically carried out. On one hand, it depicts that there 
are different values of B, where the leakage of labyrinth 
seals come to the lowest value, for various pressure ratio. 
On the other hand, the almost equal values of B were 
obtained in a certain pressure ratio regardless of the 
values of sealing lengths. Finally, more values of pressure 
ratios were calculated to try to find the rule between 
pressure ratio and optimal cavity widths BG, where 
acquire the lowest leakage. Fig. 3 (d) reveals that 
increasing pressure ratio increases the value of optimal 
cavity width BG. It means that with the higher pressure 
ratio in actual conditions, longer cavity width is needed to 
reduce the leakage irrespective of the values of sealing 
length and cavity depth. Furthermore, the fitted curve was 
obtained to provide supports for more operating 
conditions, as followed equation:   

0.89 0.17GB P      (1.5 7P  )           (1) 

4 Conclusion 
In this paper, labyrinth seals with rectangular teeth were 
studied. Firstly, labyrinth seals with longer sealing length 
have lower leakages than that with shorter sealing lengths. 
Secondly, when the sealing length comes to a constant 
value, the effect of cavity width on leakage follows the 
trend that decreasing at first and then increasing. In 
addition, cavity depths have smaller influence on leakage 
than cavity width. Finally, the value of optimal cavity 
width resulting in the lowest leakage does not change 

over the cavity depth and sealing length, but changes over 
the pressure ratio. The increasing pressure ratio increases 
the value of optimal cavity width. It means that the higher 
pressure ratio is, the longer cavity width was needed to 
reduce the leakage irrespective of the value of sealing 
length and cavity depth. The results is valuable for the 
optimal design of rectangular labyrinth seals with low 
leakage adapt to the given operating conditions with 
various pressure ratios and sealing lengths. 
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