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Abstract- Intermediate bearing heating model and convective 

heat transfer model between intermediate bearing and 

lubricating oil were set up. On this basis, the finite element model 

for heat analysis of intermediate bearing was established. The 

influence of the amount of supply oil on the temperature of the 

roller in contact with the inner and outer raceway is analyzed. 

And the optimum amount of supply oil, which is the amount of 

the supply oil when the location of the highest is temperature 

lowest, is obtained. The influences that the change of 

intermediate bearing radial force, rotating speed of inner ring 

and outer ring speed to the optimum amount of supply oil were 

analyzed. The results show that the optimum amount of supply 

oil of inter-shaft bearing is related to radial force, the rotating 

speed of the inner ring and outer ring speed and the oil 

temperature. And with the increase of them the optimum amount 

of feeding oil increases. 

 

Keywords- The generation of heat, convective heat transfer, 
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I. INTRODUCTION 

With the increase of the working speed of the intermediate 

bearing, a series of problems such as the sliding between the 

cage and the roller, the damage of the contact surface, and the 

instability of the cage are caused [1, 2, 3]. If effective 

lubrication and cooling cannot be obtained, the working 

temperature of the intermediate bearing will be too high, 

resulting in bearing failure. For example, the ring raceway and 

rolling element backfired or burned, and the cage guide surface 

is ablated et c. Affects engine performance [4, 5, 6 ]. The 

change in bearing temperature is not only related to its own 

heating, but also related to its own heat dissipation capacity [7, 

8]. One of the main ways of bearing heat dissipation is to 

transmit it to the bearing seat through the outer ring. The other 

is to transfer heat to the surrounding lubricating oil. The former 

is not easily changed due to its inherent structure. The second 

type is the convection heat transfer between the inside of the 

bearing and the surrounding lubricant. 

When changing the amount of oil supplied, On the one 

hand, it will change the convection heat exchange between the 

 

   

parts inside the bearing and the lubricant. On the other hand, it 

will also change the loss of viscous friction power of the 

bearing and the operating temperature of the bearing chamber. 

This paper mainly studies the optimum oil feeding when the 

maximum temperature of the intermediate bearing is the 

lowest, so as to facilitate the determination of the oil feeding of 

the intermediate bearing. 

II.  HEAT GENERATION MODEL OF THE INTERMEDIATE 

BEARING 

The power loss in the intermediate bearing due to friction 

slip between the internal parts is as follows: 

A. Elastic hysteresis friction power loss. 

When the bearing is in normal operation, the rolling body 

rolls on the inner and outer raceway under radial load, and the 

contact surface between the rolling body and the inner and 

outer raceway will produce elastic deformation. However, due 

to the elastic hysteresis of the material, the resistance moment 

of the pressure on the contact surface of the front half to the 

rolling body is greater than that of the rear half. Therefore, 

elastic hysteresis friction power loss is generated [9,10]:  

𝐻𝑒 = ∑ 𝑀𝑒𝑗𝜔𝑏𝑗
𝑍
𝑗=1           (1) 

Where: 𝑀𝑒𝑗  is the elastic lag friction moment; 𝜔𝑏𝑗 is the 

angular velocity of the rollers; 𝑍 is the number of rollers. 

B. Sliding power loss between the roller and inner and outer 

rings. 

When the bearing rotates at a certain speed, the linear speed 

on the contact surface between the roller and the inner and 

outer ring raceway may not be equal, resulting in relative 

sliding. The resulting power losses are: 

𝐻𝑠 = 𝑇0𝑉0 + ∑ 𝑇𝑗𝑉𝑗
𝑁
1          (2) 

Where: 𝑇𝑗 is the roller shear stress between the roller and 

the inner and outer ring raceways; 𝑉𝑗  is the relative sliding 

speed between the roller and inner and outer ring; 2𝑁 + 1 is 

the number of carrying rollers. 

C. Friction power loss between roller and cage pocket. 

When the bearing operates normally, there is a normal force 

between the roller and the cage pocket, and the rolling 

experience is in a free state in rare cases. Sliding friction power 
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loss due to interaction between rollers and cage pockets (Liu et 

al., 2020; Lu et al., 2021; Deng et al., 2017): 

𝐻𝑏𝑐 =
𝑓𝐷𝑏

2
[𝐹𝑐0𝜔𝑏0 + 2 ∑ 𝐹𝑐𝑗𝜔𝑏𝑗

𝑁
𝐽=1 + [𝑧 − 2𝑁 −

1]𝐹𝑐𝑢𝜔𝑐𝑢]                       (3) 

Where: 𝑓  is the sliding friction coefficient; 𝐷𝑏  is the 

roller diameter; 𝐹𝑐𝑗  is the normal force between roller and 

cage pocket; 𝐹𝑐𝑢 is the normal force between roller and cage 

pocket in the on-bearing area; 𝜔𝑐𝑢 is the rotation speed of the 

roller in the non-load bearing area. 

D. Sliding friction power loss between cage pocket and 

guide ring. 

The friction between the holder and the guide collar is: 

𝐹𝑐𝑙 =
𝜂𝜋𝑊𝑐𝑟𝑐𝑛𝑑𝑐𝑟(𝜔𝑛−𝜔𝑐)

1−
𝑑1
𝑑2

 (𝑛 = 𝑖, 𝑒)  (4) 

Its power loss is: 

𝐻𝑐𝑙 =
1

2
𝑑𝑐𝑟𝐹𝑐𝑙𝑐𝑛(𝜔𝑛 − 𝜔𝑐)(𝑛 = 𝑖, 𝑒) (5) 

Where: 𝜂 is the dynamic viscosity of lubricating oil; 𝑐𝑒 =
1，𝑐𝑖 = −1; 𝑑1 is the smaller of the diameter of the guide 

surface of the cage pocket and the diameter of the guide surface 

of the side guard; 𝑑2 is the larger of the diameter of the guide 

surface of the cage pocket and the diameter of the guide surface 

of the side guard; 𝑑𝑐𝑟  is the diameter of the guide surface of 

the cage pocket; 𝑊𝑐𝑟  is the width of the guide surface of the 

cage pocket. 

E. Viscous friction power loss. 

In fluid-lubricated bearings, the rollers are subject to flow-

around resistance when they rotate in a mixture filled with oil 

and gas lubrication. When the roller rotates around its axis, it 

will suffer the flow resistance moment of the fluid. 

Roller flow around resistance is: 

𝐹𝑑 =
𝜋

8
𝐶𝑑𝜌𝐷𝑏𝑙𝑏(𝐷𝑚𝜔𝑐)2      (6) 

Where: 𝐶𝑑 is the drag coefficient of flow around; 𝜌 is the 

density of oil gas mixture; 𝑙𝑏 is the length of roller; 𝐷𝑚 is the 

diameter of the bearing pitch circle; 𝜔𝑐  is the cage pocket 

speed. 

The loss of friction power is: 

𝐻𝑑 =
𝐷𝑚𝜔𝑐𝐹𝑑𝑧

2
          (7) 

The total power loss of the intermediate bearing is: 

𝐻 = 𝐻𝑒 + 𝐻𝑠 + 𝐻𝑏𝑐 + 𝐻𝑐𝑙 + 𝐻𝑑   (8) 

III. CONVECTION HEAT TRANSFER SYSTEM BETWEEN THE 

INTERIOR OF INTERMEDIATE BEARING AND LUBRICANT. 

A. Calculating the convection heat transfer coefficient 

between the end face of bearing inner and outer rings and 

the end face of intermediate bearing inner and outer rings 

and the raceway surface. 

In the calculation, the model is simplified as the 

convective heat transfer model when the fluid sweeps the flat 

plate. Different feature sizes and Reynolds numbers are used 

for specific heat exchanger surfaces: 

In the laminar flow: 

𝐾 = 0.332
𝜆

𝑙
𝑃𝑟

1

3 𝑅𝑒
1

2  (𝑅𝑒 < 5 × 105)   (9) 

In the turbulence: 

𝐾 = (0.037 𝑅𝑒0.8 − 850) 
𝜆

𝑙
𝑃𝑟

1

3
  (5 × 105 < 𝑅𝑒 < 107)                           

(10) 

Where: 𝑃𝑟  is Prandtl criterion, 𝑃𝑟 =
𝐶𝜌𝜐

𝜆
； 𝑅𝑒  is 

Reynolds number， 𝑅𝑒 =
𝑢𝑙

𝜐
； 𝐾  is the convection heat 

transfer coefficient; 𝑙  is the characteristic size; 𝑢  is the 

relative flow rate of the fluid relative to the heat transfer end 

face; 𝜆  is the thermal conductivity; 𝐶  is the specific heat 

capacity; 𝜌 is the density; 𝜐 is the kinematic viscosity of the 

fluid. 

When calculating the convection heat transfer coefficient 

of the inner rings of the intermediate bearing, 𝑙 =
𝑑+𝐷𝑖𝑟

2
,𝑢 =

0.25𝜉𝑙𝜔𝑖

2
. 

When calculating the convection heat transfer coefficient 

between inner and outer rings of bearings, 𝑙 =
𝐷+𝐷𝑒𝑟

2
, 𝑢 =

0.25𝜉𝑙𝜔𝑖(𝑒)

2
. 

Where: 𝑑 and 𝐷𝑖𝑟  are bearing inner diameter and inner 

ring retainer diameter respectively; 𝐷  and 𝐷𝑒𝑟  are bearing 

outer diameter and outer ring retainer diameter respectively. 

When calculating the convection heat transfer coefficient 

on the raceway surface of inner and outer rings of the bearing, 

𝑙 = 𝐷𝑚, 𝑢 =
0.07𝜉𝑙𝜔𝑖(𝑒)

2
. 𝜔𝑖(𝑒) is the rotation angular velocity 

of the inner (outer) rings of the bearing. 

B. Convection heat transfer coefficient between cage pocket 

and inner and outer ring. 

𝐾 = 0.175
𝜆

𝑅
 

√
𝑅𝜔𝑖(𝑒)𝐶

𝜐
√

𝐶

𝑅

𝑙𝑛(1+
𝐶

𝑅
)

       (11) 

Where: 𝑅 takes the inside diameter of the cage pocket 

when calculating the convection heat exchange coefficient 

between the inner ring and the outside diameter of the holder 

when calculating the convection heat transfer coefficient 

between the outer ring; 𝐶  take the gap between the cage 

pocket and the inner and outer rings respectively. 

C. Convective heat transfer coefficient of roller surface. 

𝐾 =
0.19(𝑅𝑒2 +𝐺𝑟)𝜆

𝐷𝑏
         (12) 

𝐺𝑟 =
𝐵𝑔(𝑇𝑠−𝑇∞)

𝜐2           (13) 
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Where: 𝑇𝑠 is the surface temperature of roller; 𝑇∞ is the 

fluid temperature; 𝑔 is the acceleration of gravity; 𝐵 is the 

thermal expansion coefficient of flow volume; 𝐷𝑏  is the roller 

diameter. 

IV. ESTABLISHMENT OF FINITE ELEMENT MODEL 

While the twin-rotor system is in operation, the rollers 

need to go through the load-bearing and non-load-bearing 

zones for one revolution in the raceway, but the rotation time 

of the rollers is relatively short. For example, if the inner ring 

speed is 10000r/min, it will take 0.006s for the rolling body to 

rotate once. During this time heat diffuses less into the solid. 

Therefore, it is assumed that the temperature of the bearing is 

axially symmetric when it is stable. You can simplify 3D to 2D 

for calculation. 

 

The simplified finite element model is shown in Fig. 1: 

 

Fig. 1. Finite Element Model. 

Fig. 2 shows the temperature distribution of intermediate 

bearing under a certain working condition. It can be seen from 

the diagram that the temperature at the contact area between 

roller and inner and outer raceways is higher. This is the area 

where failure is likely to occur due to high temperatures. The 

influence of changing oil feed on contact point temperature of 

roller and inner and outer raceways is mainly analyzed below. 

 

Fig.2.Temperature distribution of intermediate bearing. 

V.  ANALYSIS OF CALCULATION RESULTS 

Fig. 3 shows the variation of temperature at the contact 
point between the roller of intermediate bearing and the 

inner and outer ring raceway with the amount of lubricant 

entering. It can be seen from the figure that there is a 

lubricating oil flow, which makes the temperature at the 

contact point between the roller and inner ring and outer ring 

the lowest. When the fuel supply is higher or lower than this 

value, the temperature at the contact points will increase. 

That is, the optimum oil feeding of the intermediate bearing 

under this working condition is the oil feeding quantity that 

makes the temperature at the contact point the lowest. 

 

Fig. 3. Lube oil inlet temperature 70 degrees. 

Fig. 4 shows the relationship between radial force and 

optimum oil feeding. It can be seen from the diagram that 

the optimum oil feeding to the bearing increases with the 

increase of radial force. And when the oil inlet temperature 

of the bearing is changed, the optimal oil feeding of the 

intermediate bearing also increases. When the radial force 

of the intermediate bearing increases, the speed of each part 

of the bearing changes less, and the power loss of the 

bearing increases accordingly. This results in an increase in 

the optimum oil feeding. 

 

Fig. 4. The diagram of the optimum oil feeding changing with the radial 

force. 

Fig. 5 shows the relationship between bearing inner 

ring speed and optimum oil feeding. It can be seen from the 

diagram that the optimum oil feeding to the bearing 

increases with the increase of inner ring speed. The 

optimum oil feeding of the intermediate bearing increases 

when the inlet temperature of the bearing is changed. When 
the speed of the bearing inner ring changes, the angular 

rotation speed of the roller decreases, and the convection 
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heat exchange between the roller and oil decreases. At this 

point, the power loss of the bearing increases with the inner 

ring speed. The optimum oil feeding for the intermediate 

bearing increases accordingly. 

 

Fig. 5. The diagram of the optimum oil feeding changing with the inner ring 

speed. 

Fig. 6 shows the relationship between bearing outer 

ring speed and optimum oil feeding. It can be seen from the 

diagram that the optimum oil feeding to the bearing 

increases with the increase of outer ring speed. The 

optimum oil feeding of the intermediate bearing increases 

when the inlet temperature of the bearing is changed. When 

the speed of the outer ring of the intermediate bearing 

increases, the rotation angle speed of the roller also 

increases, and the convection heat transfer between the 

roller and the lubricating oil also increases. The power loss 

of the intermediate bearing increases as well. However, the 

increment of convection heat transfer is less than the 

increment of bearing power loss, which leads to the increase 

of the optimal oil feeding of the bearing, but the increment 

is smaller than the change of inner ring speed. 

 

Fig. 6 The diagram of the optimum oil feeding changing with the outer ring 

speed. 

The optimum oil feeding is related to radial force, low-

pressure rotor speed and high-pressure rotor speed. When a 

certain parameter is changed and other parameters remain 

unchanged, the optimum oil feeding under a certain working 

condition can be determined. According to the recorded data 

(Fig. 4~Fig. 6), use 1st0pt software to fit the formula. The 

calculation formula for determining the optimum oil feeding is: 

𝑞𝑜 = 𝑎 ∗ 𝐹𝑟 + 𝑏 ∗ 𝑙𝑜𝑔10(𝑛𝑖) + 𝑐 ∗ 𝑙𝑜𝑔10(𝑛𝑒) + 𝑑 ∗

𝑇 + 𝑒                (14) 

Where: 𝐹𝑟 is the radial load; 𝑛𝑖 is the low-pressure 

rotor speed; 𝑛𝑒 is the high-pressure rotor speed; 𝑇 is the 

oil inlet temperature. 

𝑎 = 0.361770971761543 

𝑏 = 35889.8701658327 

𝑐 = 15097.875935 

𝑑 = 46.7673 

𝑒 = −182276.054881019 

VI. CONCLUSION. 

The optimum oil feeding and the radial load of the 

intermediate bearing, the inner ring speed, the outer ring 

speed and the inlet temperature are related and increase as 

they increase. 

The oil feeding value calculated according to different 

radial loads, inner ring speed and outer ring speed. And the 

oil feeding value obtained at a certain value of the inlet oil 

temperature. A formula for calculating the optimum oil 

supply of intermediate bearings is presented. 
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