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Abstract. The mean free path of gaseous molecules was revised by introducing the tangential 

momentum accommodation coefficient. The effective viscosity coefficient equation was 

deduced. Based on Muijderman narrow groove theory, the performance parameters of gas film 

were calculated by the trial method for the spiral groove dry gas seal. It has been found that the 

leakage rate decreases and the opening force of the gas film increases with the increasing of the 

tangential momentum accommodation coefficient, and both of them change little when the 

tangential momentum accommodation coefficient is bigger than 0.4. Both of them increase 

with the increasing of rotating speed and spiral groove angle, and change little when the spiral 

groove angle is bigger than 20º. The leakage rate increases and the opening force decreases 

with the increasing of film thickness. 

1.  Introduction 

When the dry gas seal operates at a lower speed, the gap between the rotating ring and the stationary 

ring is very narrow, and close to the mean free path of the gas molecule, so the slip flow effect of the 

gas cannot be neglected. 

Ruan et al. calculated the performance of dry gas seal at the low speed and the low pressure by 

using finite element method, and found that slip flow effect of gas is obvious, and cannot be 

neglected[1]. Xu et al., Wang et al., and Yin et al. revised the Reynold equation by the first order slip 

flow model built by Burgdorfer, and analyzed the effect of slip flow on the performance of the dry gas 

seal[2-4]. Zhao et al. solved the Reynold equation based on Fukui slip flow model, and analyzed the 

performance of the spiral groove gas seal at low speed[5]. Ding et al. solved the Reynold equation 

revised by the first order slip flow model built by Burgdorfer by the approximately analytical 

approach[6]. Xu et al. solved the Reynold equation revised by both surface micro-scale slip flow effect 

and thermal viscosity effect, and analyzed the effect of slip flow effect and thermal viscosity effect on 

the performance of the dry gas seal[7]. Peng et al. analyzed the performance of the dry gas seal by 

considering effects of both real gas and slip flow[8]. 

In this paper, the tangential momentum accommodation coefficient was introduced to revise the 

mean free path of gaseous molecules, and the effective viscosity coefficient equation of dry gas was 

deduced. Based on Muijderman narrow groove theory, the performance parameters of the gas film 

were calculated by the trial method for the spiral groove dry gas seal. 
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2.  Effective viscosity coefficient equation of gas 

The macroscopic performance of slip effect is equivalent to the reduction of viscosity, the gas 

viscosity considering the slip flow effect is called the effective viscosity coefficient, and it built by 

Burgdorger is 

n

e
K61




                                                               (1) 

Where   is dynamic viscosity of gas, and nK  is Knudsen number.  

Knudsen number nK
 
is the ratio of the mean free path,  , of gaseous molecule to the film 

thickness, h , of the gas film, and 

h
Kn


                                                                       (2) 

For the complete gas, the mean free path of the gaseous molecule can be calculated by Ref.[9] 
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The tangential momentum accommodation coefficient represents the proportion that occur diffuse 

reflection after the gaseous molecules enter into the seal gap[3]. According to Refs.[2-4,and 10], the 

effect of the tangential momentum accommodation coefficient on slip velocity is remarkable, it is 

introduced to revise the mean free path of gas, and 
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Where 
v  is the tangential momentum accommodation coefficient. 

Substituting Eq.(4) into Eq.(5), the revised mean free path of gaseous molecule can be obtained, 

and it is 
21

'

RT2

2





















v

v
                                                   (5) 

The relationship among pressure, density and temperature for the gas is  

RTp                                                                       (6) 

Where R is gas constant. 

Substituting   in Eq.(2) with 
'  in Eq.(5), the revised nK  can be obtained, and 
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Substituting Eq.(7) into Eq.(1), the effective viscosity coefficient can be obtained, and it is 
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3.  Governing equations of lubricant film pressure 

According to the narrow groove theory of Muijderman[11], the governing equations of gas film 

pressure along the radial of sealing ring are 

In the region of sealing dam, 

prh

RTq

dr

dp m 16
3

0


                                                          (9) 
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In the region of spiral groove, 

prhh

RTgq
r
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Where mq  is the mass flux of gas, kg·s-1. 0h  is the film thickness of gas, m. 1h
 is the film 

thickness in the region of spiral groove, and ghhh  01 , m. gh
 
is the depth of spiral groove, m.   

is the angular velocity of rotation of seal ring, rad·s-1.  and  are the coefficients of spiral grooves, 

respectively, and 
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Where   is the angle of spiral groove, º.   is the ratio of width of groove to weir. 1H  is the ratio 

of the film thickness in the sealing dam to spiral groove, and 
ghh

h
H




0

0
1 . 

Substituting the effective viscosity coefficient 
e  in the Eq.(8) into dynamic viscosity   in the 

Eqs.(9) and (10). The gas film pressure governing equation revised by tangential-momentum-

accommodation coefficient can be obtained. 

In the region of sealing dam, 
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In the region of spiral groove, 
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4.  Solution of governing equations 

The boundary conditions of Eq.(11) and (12) are irr pp
i
|  at the inner diameter and 00

| pp rr   at 

the outer diameter of sealing ring. 

According to Song, et al. [12], the solving approach is that the mass flux of gas flowing through the 

sealing dam is equal to the mass flux flowing through the region of spiral groove according to the law 

of conservation of mass. Assuming the mass flux mq , the gas pressure, gp , at the root of spiral groove 

was calculated according to irr pp
i
|  and Eq.(11), and the gas pressure distribution,  rp , from ir  

to gr  was obtained at the same time. Substituting gp  into Eq.(12), the gas pressure distribution,  rp , 

from gr  to 0r  was obtained, and  0rp  was obtained. If  0rp = 0p ,  rp  was the pressure 

distribution between end faces. If not, the mass flux mq  was assumed again, the trial procedure was 

repeated until  0rp = 0p . 

1g 2g
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5.  Results analysis and discussion 

5.1.  Example 

The parameters of mechanical seal are ir =30mm， gr =34.8mm, 0r =42mm, gh =2.5μm, 0h =1μm, 

=1, and  =20°. The medium is air,  =1.79╳10-5Pa·s, R =287J/kg·K, T =300K, ip =0.6MPa, 0p

=0.1MPa. 

5.2.  Results and discussions 

5.2.1.  Effects of 
v
 
and   on the performance of dry gas seal 

The effects of 
v  and   on the performance of dry gas seal are shown in Figure 1. It can be seen that 

the leakage rate, Q , decreases and the opening force, F , of the dry gas film increases with the 

increasing of the tangential momentum accommodation coefficient 
v , and both of them increase 

with the increasing of rotating speed  . Q  and F  change little when 
v >0.4. 
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(a) Effect of 
v and   on Q                          (b) Effect of 

v and   on F  

Figure 1. Effects of 
v
 
and   on the performance of dry gas seal 

The increasing of 
v  means the number of molecules occur diffuse reflection increases, which 

makes the wall shear stress of gas increase. The momentum loss lost in the wall of incident molecules 

increases, and therefore Q  decreases. Thus, a large number of molecules are accumulated between the 

end faces, and which makes the opening fore of gas increase. 

With the increasing of  , the centrifugal force of gas increases, and which makes both of Q  and

F  increase. 

5.2.2.  Effects of 
v  and 0h  on the performance of dry gas seal 

The effects of 
v  and 0h  on the performance of dry gas seal when  =500r/min are shown in Figure 

2. It can be seen that Q  decreases and F  increases with the increasing of 
v , and Q  increases and 

F  decreases with the increasing of film thickness 0h . The smaller 0h  makes the leakage channel 

become narrow, which makes Q  become small. However, the smaller 0h  makes a big number of 
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gaseous molecules accumulate as well, which makes F  become larger. It can also be seen that Q  

and F  change little when 
v >0.4. 
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(a) Effect of 
v and 0h  on Q        (b) Effect of 

v and 0h  on F  

Figure 2. Effects of 
v  and 0h  on the performance of dry gas seal 

5.2.3.  Effects of
v and   on the performance of dry gas seal 

The effects of 
v  and   on the performance of dry gas seal when  =500r/min are shown in Figure 

3. It can be seen that Q  decreases and F  increases with the increasing of 
v , and Q and F  

increase with the increasing of  . With the increasing of  , the pumping effect of spiral groove 

increases gradually, which makes the pressure between end faces increase gradually and makes the 

accumulating effect of gaseous molecules increase. Therefore, Q  and F  of gas film increase, and 

larger pressure makes the leakage rate and opening force larger. It can also be seen that the changing 

amplitudes of Q  and F  decrease when  >20º and 
v >0.4. 
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(a) Effect of 
v and  on Q      (c)Effect of 

v and  on F  

Figure 3. Effects of 
v
 
and   on the performance of dry gas seal 
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6.  Conclusions 

(1) The mean free path of gaseous molecules was revised by introducing of the tangential momentum 

accommodation coefficient. The effective viscosity coefficient equation was deduced. Based on 

Muijderman narrow groove theory, the performance parameters of gas film were calculated by the trial 

method for the spiral groove dry gas seal.  

(2) It has been found that Q  decreases and F  of the dry gas increases with the increasing of 
v , 

and both of them change little when 
v  is bigger than 0.4. Both of them increase with the increasing 

of   and  , and change little when   is bigger than 20º. The Q  increases and F  decreases with 

the increasing of 0h . 
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