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Abstract. Considering small pressure change in the gas film of hydrodynamic 
gas-lubricated journal bearings, the corresponding nonlinear Reynolds equation 
is linearized through appropriate approximation and approximate Reynolds 
equation is derived and solved by means of finite difference method (FDM). 
The gas film pressure distribution of hydrodynamic gas-lubricated journal  
bearing is attained and load capacity is calculated. The approximate numerical 
solution shows better agreement with experimental data than direct numerical 
solution and demands less computer time. It is of interest to note the eccentric-
ity ratio ε at which approximate numerical solution is better agreement with 
experimental data is different when bearing number is changing. The approxi-
mate numerical solution is slightly larger when the eccentricity ratio is smaller, 
and becomes slightly smaller when the eccentricity ratio is larger.  
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1   Introduction 

Gas bearings operate with the pressure generated for lubricating film. Because gas 
bearings have such characteristics as low fiction, high precision and low pollution, 
they have been successfully used in many commercial applications, such as naviga-
tion systems, computer disk drives, high-precision instruments and sensors, dental 
drills, machine tools, and turbo-compressors [1]. There had been a research boom of 
gas bearings in the 60-70 of 20th century. In recent years study on gas bearings has 
been paid much attention to with the advent of MEMS research [2, 3]. 

Reynolds equation is the fundamental equation with which the performance of hydro-
dynamic gas-lubricated bearing is investigated. Duo to gaseous compressibility,  
Reynolds equation is nonlinear and its analytical solution usually is difficult to obtain. 
Therefore numerical method is an effective means to study gas-lubricated journal bear-
ings. All numerical methods used will be treated in two classes: analytical-numerical and 
direct-numerical [4]. In the former class either some features of the particular bearing 
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under study are taken advantage of or some approximations are made in order to partially 
solve the problem by analytical means. Harrison first presented solutions for infinitely 
long gas-lubricated slider and journal bearings [5]. His work on the infinite journal bear-
ing was improved upon by Katta and Soda [6] who gave an approximate analytical solu-
tion. Ausman [7] published the linearized ph solution for small motion of journal bearing 
of finite length. Methods of the latter class approach the problem immediately with nu-
merical approximations, the accuracy of which is often easier to control. Elrod and 
Burgdorfer [8] presented solutions for the infinite journal bearings, i.e., length-to-
diameter ratio is infinite ( L / D = ∞ ). Ramondi [9] obtained solutions for full journal 
bearings with L / D ratio of 2, 1, and 0.5. Qi [10] transformed Reynolds equation into 
standard elliptic partial differential equation form and gained solutions using Matlab’s 
PDE solver. 

Because increased amount of time is spent on solving the non-linear Reynolds 
equation with direct numerical approaches, it is essential to find a simple and conven-
ient method for the problem. Considering small pressure change in the gas film of 
hydrodynamic gas-lubricated journal bearing, the corresponding nonlinear Reynolds 
equation is linearized through appropriate approximation. Approximate Reynolds 
equation is derived and solved by means of finite difference method (FDM). The gas 
film pressure distribution of hydrodynamic gas-lubricated journal bearing is attained 
and load capacity is calculated. Finally the approximate numerical solution shows 
better agreement with experimental data than direct numerical solution, which proves 
its validity. 

2   Reynolds Equation for Hydrodynamic Gas Journal Bearings 

Reynolds equation, which determines pressure distribution of the bearings, can be 
derived from the motion equation, continuity equation and energy equation for gas. 
The gas-lubricated journal bearing model, composed of two plates, is shown in Fig.1, 
in which the upper plate is stationary and the lower one is moving at the velocity 0u .  

¦ Á

u  

Fig. 1. Gas-lubricated journal bearing model 

By assuming steady conditions and neglecting the inertial terms, body forces, x-
direction and y-direction components of viscosity force induced by flow gradient, as 
shown in Fig.1, Reynolds equation is derived 
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where ρ is gas density, μ gas absolute viscosity, h is gas film thickness, p is gas 

film pressure, 0u is x-direction component of gas velocity, t is time variable. 

Reynolds equation relating pressure, density, surface velocity, and film thickness is 
a 2-dimension elliptic differential one, which is fundamental in gas-lubricated journal 
bearing field. The solution to the Reynolds equation provides the pressure distribution 
throughout the film, given the geometry, property, and state parameters. Once the 
pressure distribution is known, the other properties of the gas film are readily deter-
mined. 

Gas-lubricated film obeys a polytropic relation [1], 

constantnpρ− =  (2) 

where n is the polytropic gas-expansion exponent, whose value lies between 1 and 
γ . When flow is adiabatic, i.e., there is no transferred heat and the change in internal 

energy equals the compression work, (2) with p vn c cγ= = follows directly from the 

equation of state and the energy equation. When flow is isothermal, (2) with 1n = de-
rives from the equation of state. pc is the specific heat per unit weight for constant 

pressure and vc is the specific heat per unit weight for constant volume. 

The viscosities of common gases increase with temperature but are comparatively 
insensitive to moderate temperature and pressure changes. Within a gas lubricating 
film, temperature and pressure changes are normally small, and viscosity is consid-
ered to be constant. 

Therefore, by assuming constant temperature, (1) becomes 
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For hydrodynamic gas-lubricated journal bearings shown in Fig. 2, (3) becomes 
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The non-dimensional form for (4) is 
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Fig. 2. Schematic diagram of hydrodynamic gas-lubricated journal bearing 

where ,θ ζ is the non-dimensional circumferential coordinate and axial coordinate 

respectively, H ,P is the non-dimensional gas film thickness and gas film pressure, 
r is journal radius, ω is journal angular velocity, ap is ambient pressure, ε is eccen-

tricity ratio and 0c is radial clearance. 

The boundary conditions for (5) are 
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Equation (5), a non-linear partial differential equation with respect to non-
dimensional pressure P , can be solved directly by the finite difference method 
(FDM). However, as mentioned above, the disadvantages of direct-numerical method 
are: increased amount of computer time, the need for an efficient computer system 
and instability in the convergence of iteration process. 

3   Reynolds Equation Approximation 

Because Reynolds equation is a non-linear partial differential one, the calculation 
method of direct-numerical solution is more complex and occupies much more com-
puter time. In order to simplify calculation, Reynolds equation is linearized as fol-
lows. First (5) becomes 
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Considering the compressibility, small viscosity and small pressure of gas-

lubricated journal bearings, 
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approximation, 
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Harrison [5], Katto and Soda [6] substituted ap c for ph in deriving linearized 

ph solution of Reynolds equation, and the same approximation is adopted here. 

Therefore, the non-dimensional pressure P in the denominator of right hand in (7) is 

replaced by 0 1

1

P
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As soon as (9) is solved by the means of FDM, the characteristics of gas bearings, 
such as pressure distribution, load capacity, etc., are obtained. 

Load capacity of hydrodynamic gas-lubricated journal bearings is constituted by 
two parts: one is HW in the direction of center-line, and the other is VW normal to the 

direction of center-line, as shown in Fig.2.  
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After discretization of solution region, (10) becomes 
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where n,m are the circumferential and axial nodes of gas-lubricated journal bearings. 
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4   Load Capacity Calculation and Comparison 

To demonstrate the validity of approximation numerical solution, numerical results 
are compared with experimental data in the literature. The parameters for gas-
lubricated journal bearings have the same value as that in the literature [11], as shown 
in Table 1. 

Table 1. Gas-lubricated journal bearings parameters 

Parameters Value 

Journal radius r ( mm ) 25.4 

Radial clearance 0c ( mm ) 312 7 10. −×  

Bearing width L ( mm ) 76.2 

lubricant Argon 

Absolute viscosity 

μ ( 2N s / m⋅ ) 

52 29 10. −×  

Ambient pressure ap ( 2N / m ) 51 033 10. ×  

 
Fig.3 demonstrates the pressure distribution of hydrodynamic gas-lubricated journal 

bearings. It can be seen that pressure distribution for gas bearings is different from that 
for oil bearings because of gas compressibility. (1) There is large pressure peak value in 
the convergent region while small pressure peak value in the divergent region, i.e., the 
magnitude of pressure in the convergent region is larger than that in the divergent region. 
(2) The pressure in the convergent region ascends smoothly while that in the divergent 
region descends quickly. (3) Contrary to oil bearings, the magnitude of pressure change 
is small, which explains smaller load capacity of gas bearings. 

Comparing with direct numerical solution, approximate numerical solution de-
mands less amount of computer time. When the geometry parameters of journal bear-
ings and computation nodes are the same and the bearing number is different, the 
computation efficiency of the two methods in solving bearings’ pressure distribution 
can be compared from CPU time data of Table2. 

Table 2. CPU times for the approximate numerical solution and direct numerical solution 

Bearing number Λ  
Direct numerical 

solution (s) 

Approximate numerical 

solution (s) 

3 124.5156 105.0313 

5 128.2500 81.7813 

10 110.4531 46.9219 

20 85.9531 17.9844 
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Fig. 3. The non-dimensional pressure distribution of hydrodynamic gas-lubricated journal 
bearings 

It is of interest to compare the calculated values with experimental data. The com-
parisons of load capacity versus eccentricity ratio ε among direct-numerical solution, 
approximation numerical solution and experimental data for different bearing number 
Λ are shown in Fig.4, 5, 6.  

It can be seen that load capacity for hydrodynamic gas-lubricated journal bearings 
increases with increasing eccentricity ratio ε . For the same bearing number Λ , both 
the value of direct numerical solution and that of approximation numerical solution 
are larger than experimental data. The difference between approximation numerical 
solution and experimental data is smaller than that between direct numerical solution 
and experimental data. Especially when the bearing number Λ increases, the consis-
tency between approximation numerical solution and experimental data is better. 

In addition, the eccentricity ratio ε at which approximating numerical solution is 
better agreement with experimental data is different when bearing number is chang-
ing. The approximating numerical solution is slightly larger when the eccentricity 
ratio is smaller, and becomes slightly smaller when the eccentricity ratio is larger. 
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Fig. 4. Comparison when the bearing number Λ is 1.63 
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Fig. 5. Comparison when the bearing number Λ is 3.26 
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Fig. 6. Comparison when the bearing number Λ is 4.89 

5   Conclusion 

As a non-linear partial differential equation, Reynolds equation for hydrodynamic gas-
lubricated journal bearing is difficult to obtain exact analytical solution. It is simple and 
convenient to transform Reynolds equation into linear partial differential one through 
proper approximation and attain numerical solution by the means of FDM. The study 
demonstrates that the approximating numerical solution shows better agreement with 
experimental data than direct numerical solution and demands less computer time, from 
which we think it superior to the direct numerical solution. It is of interest to note the 
eccentricity ratioε at which approximating numerical solution is better agreement with 
experimental data is different when bearing number Λ is changing. The approximating 
numerical solution is slightly larger when the eccentricity ratio ε is smaller, and becomes 
slightly smaller when the eccentricity ratioε  is larger. 
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