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Abstract 

Hydro-electric turbines operating all over the world generate enormous amount of heat during their operation due to the friction 

between turbine shaft and guide bearings. Oil and grease have long been considered as one of the primary methods to lubricate 

and transfer the heat from oil to water. This thesis work outlines the optimization of finned tube oil cooler for turbine guide 

bearing application by effective utilization of area so as to extract and deliver more heat as compared to the existing system. The 

quest is to enhance the cooling capacity of the finned tube oil cooler by changing the fin material from aluminum to copper. This 

complete optimization and development provides the same operational reliability without any risk of accidental or operational 

damage to the environment.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

A finned tube oil cooler is basically a radiator with oil running through it instead of water, to lubricate the turbine guide bearings 

and transferring the heat generated in the turbine. They are typical shell-and-tube heat exchanger (STHEs) with an oil chamber 

being the shell and fins are attached to the water tubes to increase the heat transfer rate. The finned tubes arranged in an in-line 

manner. Fins are used to increase the effective surface area of heat exchanger tubing. These oil coolers are also called plug-in 

type because they are plugged into an oil chamber, filled with hydraulic oil to transfer the heat generated in the guide bearing. 

Oil chamber contains the oil for lubricating as well as for cooling purpose. Generally, it is cylindrical in shape with a circular 

cross section, although shells of different shape are used in specific applications. 

Finned tube oil cooler plays an important role in keeping a well running turbine continuous even when pushed to the limit. 

Maintaining a proper oil temperature is important to keep the oil in its proper lubricating state and to aid the radiator in keeping 

the equipment cool. Most of the oil coolers used in industrial areas are of finned tube oil coolers due to their robust geometry 

construction, easy maintenance and possible upgrades. Also, it suits high pressure application and these coolers can be assembled 

or replaced without much trouble. These oil coolers are designed to meet the specific duty condition, temperature and pressure of 

the fluids. 

Most of the oil coolers used hydro-turbines are of finned tube oil coolers due to their robust geometry construction, easy 

maintenance and possible upgrades. Also, it suits high pressure application and these coolers can be assembled or replaced 

without much trouble. By providing the fins, the transverse velocity of fluid that impinging on tube vertically is augmented 

greatly which enhances the turbulence and augments the heat transfer on the tube surfaces. 

Purposes of lubricating oil include reducing rolling and sliding friction in guide bearings, providing a seal to prevent mass 

transport from inboard (process) environment to the outboard environment and removing unwanted heat from the guide bearing 

zone. The suitability of lubricating oil to perform its tasks depends on its thermos physical properties. In practice, temperature 

control can be challenging. Sufficient heat must be removed so that the returned oil is within a desired temperature range. 

The AutoCAD drawing of arrangement of finned tube oil cooler and a model of the finned tube oil cooler used in guide bearing 

application of a Francis turbine is shown below in Fig. 1 and Fig. 2, respectively. 
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Fig. 1: AutoCAD drawing of arrangement of finned tube oil coolers in hydro-turbine guide bearing. 

 
Fig. 2: Model of a finned tube oil cooler. 

The energy balance equations for the lubricating oil and the coolant is given as: 

𝑄 =  𝑚ℎ𝑐𝑝ℎ (𝑡ℎ1 − 𝑡ℎ2)  =  𝑚𝑐𝑐𝑝𝑐  (𝑡𝑐2 − 𝑡𝑐1)         (1) 

Lubricating oil systems incorporate the oil coolers for heat rejection and temperature control. Heat is extracted from the 

lubricating oil through the heat exchanger wall. The heat extraction rate is a function of the heat transfer surface area, the 

resistance to heat transfer, and the logarithmic mean temperature difference. The generally recognized thermal transport relation 

is: 

𝑄 = 𝑈𝐴∆𝑇                      (2) 

Where ∆T = LMTD 
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II. CASE HISTORY 

A The standard size of oil cooler used in this project is diameter 200mm × 320mm long with an oil tank of diameter 267 mm. 

The aluminum fins are attached to the Cu-Ni (90/10) water tubes of 19 mm OD and 1 mm thickness. The oil cooler has heat 

dissipation capacity of 3.7 kW. AutoCAD drawing of this oil cooler is shown below in fig.3. 

For a number of reasons, the return oil temperature during periods of high ambient temperature conditions approaches the 

alarm setting, causing shutdown of the power plant. It is supposed to eliminate this threat to the turbine guide bearings and 

potential reduced output. 

The solution obtained is that the modification should be done on the oil coolers so as to increase its heat dissipation capacity 

and to reduce the plant down time by optimizing and modifying the oil cooler without any risk of accidental or operational oil 

discharge to the environment. 

 
Fig. 3: AutoCAD Drawing of Standard Oil Cooler (Hydro-electric Francis Turbine). 

III. METHODOLOGY 

 Comparative study of different types of coolers 

Many different types of coolers have been used for guide bearing oil cooling. The choice of a cooler depends on the heat needed 

to be dissipated for a specific speed and size of turbine. Enough velocity & pressure head needs to be generated for hot oil flow 

to take place in case of external coolers. This disadvantage can be overcome by placing the cooler right inside the oil. These 

plug-in type internal oil coolers which can be assembled or replaced without much trouble. 

 Approach Followed 

The standard of the Tubular Exchanger Manufacturers Association (TEMA) describes various components of STHE in detail. 

The fin material is replaced from aluminum to copper. The calculations are made for both aluminum and copper fins and their 

efficiencies are compared. 

 Design development of a new compact cooler 

The new cooler under design must be capable of dissipating heat more than the existing oil cooler. Our quest is to enhance the 

cooling capacity of the plug-in type oil cooler by replacing aluminum fins with copper fins, thereby increasing the cooling 

capacity, while essentially retaining the compactness. The overall dimensions of modified oil cooler are same as the standard oil 

cooler. The recommended standards (IS: 4503 or TEMA) are followed. 

 Design and Operating Parameters 

The heat generated in turbine guide bearing is transferred from hot oil to water through a number of fins and water tubes. The 

design parameters for these fins and water tubes are shown below in Table 1. The oil used for lubrication and heat dissipation 

purpose is ISO VG 46 hydraulic oil and water is used for cooling purpose. The properties of the hot and cold fluids used in the 

oil cooler are given below in Table 2. Other descriptions and boundary conditions for the oil coolers are show below in Table 3. 
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Table - 1 

Design Parameters for the fins and water tubes for standard and modified oil cooler. 

Description 
Standard Oil Cooler Modified Oil Cooler 

Fins Water Tube Fins Water Tube 

Outer Diameter, D 132 mm 19 mm 132 mm 19 mm 

Quantity, in numbers 150 8 150 8 

Thickness, tk 0.15 mm 1 mm 0.15 mm 1 mm 

Length, L (0.15 × 150) 200 mm (0.15 × 150) 200 mm 

Material Aluminum Cupro-Nickel (Cu-Ni 90/10) Copper Cupro-Nickel (Cu-Ni 90/10) 

Surface Temperature 250C 250C 250C 250C 

Thermal Conductivity, k 205 W/mK 40 W/mK 385 W/mK 40 W/mK 

Table - 2 

Thermal properties of hot and cold fluids for standard and modified oil cooler 

Description ISO VG 46 Hydraulic Oil Water 

Dynamic Viscosity, µ 4.048 × 10-2 N-s/m2 8.9 × 10-4 N-s/m2 

Kinematic Viscosity, 𝑣 4.6 × 10-5 m2/s 8.9 × 10-7 m2/s 

Density, ρ 880 kg/m3 1000 kg/m3 

Specific Heat, cp 1.760 kJ/kgK 4.186 kJ/kgK 

Thermal conductivity, k 0.134 W/mK 0.606 W/mK 

Flow 18 LPM or 0.264 kg/s 30 LPM or 0.50 kg/s 

Velocity, u 2 m/s - 

Coefficient of Volumetric Expansion, β 0.007 K-1 0.003 K-1 

Table - 3 

Other description and boundary conditions for the oil coolers 

Description 
Values 

Standard Oil Cooler Modified Oil Cooler 

Overall Cooler Size Diameter 200mm × 320mm Long Diameter 225mm × 425mm Long 

Diameter of the Central Hole 40 mm 40 mm 

Pitching of Fins 745±5 Fins per meter 745±5 Fins per meter 

Maximum Bearing Temperature 750C 750C 

Oil Inlet Temperature, thi 500C 500C 

Water Inlet Temperature, tci 250C 250C 

Maximum Change in Cooling Water Temperature 40C 40C 

IV. CALCULATIONS 

On the basis of given design parameters and boundary conditions, following calculations are carried out: 

 Surface Area of Heat Transfer 

Surface area of heat transfer for standard and modified oil cooler is given by, 

As = Am = Heat transfer area of the fins + Heat transfer area of the water tubes 

As = Am = 3.057 m2 + 0.085 m2 = 3.14 m2 

 Characteristic Length 

For complex figures, characteristic length is given by 

𝐿𝐶 =
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑜𝑖𝑙 𝑐𝑜𝑜𝑙𝑒𝑟

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑜𝑖𝑙 𝑐𝑜𝑜𝑙𝑒𝑟
 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑎𝑛𝑑 𝑚𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝑜𝑖𝑙 𝑐𝑜𝑜𝑙𝑒𝑟 =  
𝜋

4
𝐷2𝐿 = 2.74 𝑚2 

So,  the characteristic length of standard and modifiedoil cooler, 

𝐿𝑐 = 0.872 𝑚 

 Outlet Temperature of Hot fluid 

Since the maximum change in cooling water temperature is 40C. So, calculating the outlet temperature of hot fluid with respect 

to 20C rise in cooling water temperature. The energy balance equation (from eq. 1) is given by, 

𝑄 =  𝑚ℎ𝑐𝑝ℎ (𝑡ℎ1 − 𝑡ℎ2) =  𝑚𝑐𝑐𝑝𝑐  (𝑡𝑐2 − 𝑡𝑐1) 

0.264 × 1.76 × (50 - th2) = 0.50 × 4.186 × (30-32) 

𝑡ℎ2 = 410C 
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 LMTD (Logarithmic Mean Temperature Difference) 

LMTD of Standard Oil Cooler, 

𝐿𝑀𝑇𝐷 =  
(𝑡ℎ1 −  𝑡𝑐2) −  (𝑡ℎ2 − 𝑡𝑐1)

𝑙𝑛
(𝑡ℎ1 −  𝑡𝑐2)
(𝑡ℎ2 − 𝑡𝑐1)

                                (3) 

∆𝑇𝑠 =  
(50 − 32) − (41 − 30)

𝑙𝑛
(50 − 32)
(41 − 30)

 

∆𝑇𝑠 = 14.2140C 

 Overall Heat Transfer Coefficient 

Convective heat transfer coefficient for oil side (hi) is calculated as: 

𝐺𝑟𝑎𝑠ℎ𝑜𝑓 𝑛𝑢𝑚𝑏𝑒𝑟, 𝐺𝑟 =  
𝑔𝛽ℎ(𝑇𝑠 − 𝑇∞)𝐿𝑐

3

𝑣ℎ
2  

𝐺𝑟 =  
9.81 × 0.007 × (50 − 25) × 0.8723 

0.0000462
 

𝐺𝑟 = 5.38 × 108 

𝑃𝑟𝑎𝑛𝑑𝑡𝑙 𝑁𝑢𝑚𝑏𝑒𝑟, 𝑃𝑟 =  
𝜇ℎ𝑐𝑝ℎ

𝑘ℎ

 

𝑃𝑟 =
0.04048 × 1760

0.134
 

Pr = 531.68 

𝑅𝑎𝑦𝑙𝑒𝑖𝑔ℎ 𝑁𝑢𝑚𝑏𝑒𝑟, 𝑅𝑎 = 𝐺𝑟 × Pr   
Ra = (5.36 × 108) × 531.68 

Ra = 2.86 × 1011 

Ra = For 107 ≤ Ra ≤ 1012 (turbulent flow) 

𝑁𝑢𝑠𝑠𝑒𝑙𝑡 𝑁𝑢𝑚𝑏𝑒𝑟, 𝑁𝑢 = 0.15 𝑅𝑎
1

3⁄  
Nu = 988.30 

𝐵𝑢𝑡, 𝑁𝑢 =  
ℎ𝑖𝑠𝐿𝑐𝑠

𝑘ℎ

 

So, hi = 151.90 W/m2K 

Now, convective heat transfer coefficient for water side (ho) is calculated as: 

𝐺𝑟 =  
𝑔𝛽𝑐(𝑇𝑠 − 𝑇∞)𝐿𝑐𝑠

3

𝑣𝑐
2

 

𝐺𝑟 =  
9.81 × 0.003 × (50 − 25) × 0.8723 

0.000000892
 

𝐺𝑟 = 6.16 × 1011 

𝑃𝑟 =  
𝜇𝑐𝑐𝑝𝑐

𝑘𝑐

 

𝑃𝑟 =
0.00089 × 4186

0.6065
 

𝑃𝑟 = 6.145 

𝑅𝑎 = 𝐺𝑟 × 𝑃𝑟 

Ra = 6.14 × 1011 × 6.145 

Ra = 3.78 × 1012 

𝑁𝑢 = 0.15 𝑅𝑎
1

3⁄ ==  2337.57 

𝐵𝑢𝑡, 𝑁𝑢 =  
ℎ𝑜𝑠𝐿𝑐𝑠

𝑘𝑐

 

So, ho = 1624.50 W/m2K 

Now, the overall heat transfer coefficient for standard oil cooler is given by, 

𝑈𝑠 =  
1

1
ℎ𝑖

+
𝐿𝑐

𝑘𝐴𝑙
+

1
ℎ𝑜

= 87.32 W/m2 

And, the overall heat transfer coefficient for modified oil cooler is given by, 
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𝑈𝑚 =  
1

1
ℎ𝑖

+
𝐿𝑐

𝑘𝐶𝑢
+

1
ℎ𝑜

= 105.67 W/m2 

 Number of Transfer Units 

Number of transfer units is given by, 

𝑁𝑇𝑈 =  
𝑈𝐴

(𝑚𝑐𝑝) 𝑠𝑚𝑎𝑙𝑙

 

Since, 𝑚ℎ𝑐𝑝ℎ = 0.264 × 1.76 = 0.46464 and 𝑚𝑐𝑐𝑝𝑐 =  0.50 ×  4.186 =  2.093 

Therefore, the number of transfer units for standard and modified cooler will be, 

𝑁𝑇𝑈𝑠 =  
87.32 × 3.142

0.46464
= 590.48 

𝑁𝑇𝑈𝑚 =  
105.67 × 3.142

0.46464
= 714.56 

V. RESULT ANALYSIS AND DISCUSSION 

The heat transfer rate from the oil cooler is the function of overall heat transfer coefficient, surface area and logarithmic mean 

temperature difference. The generally recognized thermal transport relation for heat transfer is given by, 

For standard oil cooler, 

Qs = UsAs∆Ts =  87.32 ×  3.142 ×  14.214 

Qs = 3899.74 W ≈ 3.9 kW 

For the modified oil cooler, 

Qm =  Qs  ×  
NTUm

NTUs

= 3899.74 ×  
714.56

590.48
 

Qm = 4719.20 W ≈ 4.7 kW 

VI. CONCLUSION 

It is seen from the test results that the heat dissipation capacity of the modified oil cooler is more than the capacity of standard oil 

cooler at design condition. The calculations are carried out at 30 LPM cooling water flow rate. At the sites of hydro power 

projects, cooling water flow rate is likely to be higher than 40 LPM, which implies that the heat dissipation capacity of the 

modified oil cooler is likely to be even more. 

The heat transfer rate of optimized oil cooler is also compared with the existing oil cooler. It is found that the heat transfer rate 

is less in existing oil cooler due low thermal conductivity of aluminium fins as compared to the copper fins. Thus the design can 

be modified for better heat transfer by changing the fin material. 
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