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Experimental Analysis of Hydraulic Oil 

Cooler by Application of Heat Pipe 

Abstract – The thought of heat pipe is effectively utilized in mechanism. The heat pipe device 

has less maintenance price, house and running price. The heat pipe equipped hydraulic oil 

cooler uses heat pipe module includes of a base metal block with oil channels machined on 

the highest face of metallic element block on that top plate is fitted. The heat pipe wont to 

transfer the heat from the new oil to the encircling air through fins is press fitted within the 

cavity of this metal block. The heat pipe evaporator section is in direct contact with hot oil 

whereas the condenser section of the heat pipe is fitted within the circular cavity in the 

spiral radial fin structure. The spiral fins act as heat improvement technique as they 

provide most expanse 

 

Index terms - Heat Pipe, Hydraulic system, Effectiveness, Capacity ratio 

 

I. INTRODUCTION 

A heat pipe is a heat transfer machine with an 

extraordinarily excessive high thermal conductivity. The 

heat pipe has its easy configuration is like a cylindrical 

vessel with the internal walls lined with a capillary 

structure or wick that is saturated with a working fluid. 

When the heat enter at the evaporator section, fluid 

vaporizes, this creates a strain gradient in the pipe. This 

strain gradient forces the vapor to waft alongside the pipe 

to a cooler part the place it condenses giving up its latent 

heat of vaporization. The working fluid is then back to the 

evaporator by using the capillary forces developed in the 

wick structure. All heat pipes have an evaporator and 

condenser section the place the working fluid evaporates 

and condenses, respectively. Heat pipes can be designed to 

function over a wide vary of temperatures from cryogenic  

purposes  utilizing  titanium alloy/nitrogen heat pipes, to 

high  temperature functions  the use of tungsten/silver  heat 

pipes. Applications of heat pipe for cooling cause is widely 

available. Heat pipe supplied with cooling fins to increase 

its contact floor with surrounding medium. A heat pipe 

with cooling fin is commonly termed as a heat pipe cooler. 

 

II. LITERATURE SURVEY 

There are a lot of studies on heat pipe and working fluid 

interior heat pipe.  Heat  pipe  is  a  passive  cooling  gadget  

with  excessive  thermal  conductivity. Heat pipe is most 

reliable, efficient in heat transfer, low cost, and excessive 

overall performance cooling factors [1]. Applying the heat 

pipe methodology for cooling usually integrates with 

cooling fin to make bigger its contact floor with cooling 

medium. A heat pipe built-in with cooling fin is generally 

named as a heat pipe cooler. Nowadays, cooling efficiency 

can’t attain a targeted value, which is the fundamental 

query of a heat pipe cooler. Most of research on the heat 

pipe cooler  omitted  the  issues  of the  changed  heat  

switch  property  inner the heat pipe and investigated  

solely  the Integration  structure  of  heat pipe cooler [2,3]. 

Experimental studies on diagram and fabrication of coaxial 

dual-pipe heat pipe in connection with cooling water and 

cooling fin for improving the heat transfer property is 

carried out. The heat pipe is influenced by using the 

backyard cooling apparatuses is additionally considered 

[4,5]. The coaxial dual-pipe heat pipe cooler has developed 

the adiabatic  section  and  extended  the  positive cooling 

length of the heat pipe, which will  further  amplify  
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cooling strength of the heat pipe cooler [6].Heat pipe is an 

environment friendly  heat  switch  machine  for  maximum 

heat transfer. ANSYS-based FEM models have been 

developed via Q. Wang, Y. Cao, and R. Wang for heat pipe 

cooled piston crown. This numerical effects are in contrast 

with the experimental measurements. The positive thermal 

conductance of the annular heat pipe used to be determined 

to be about 3980 W/m-°C, about 240 times that of the 

crown material [7]. The notion of heat pipe has 

additionally used in hydraulic motor pump for enhancing 

heat dissipation. The heat pipe radiator mannequin is 

developed through Yongling Fula, Meng Zhang, Haitao 

Qilb, Gaocheng An [8]. The obtained consequences 

Temperature distribution are simulating by means of the 

usage of ANSYS software. The result suggests that the 

heat generated is challenging to transfer only via herbal 

cooling. The average oil temperature is located to be 

150.080C [8]. When the heat pipe radiator model is used, 

the average oil temperature is found as 73.844 0C. It 

suggests that the heat pipe radiator used in the hydraulic 

motor pump can work in an gorgeous range. It can 

significantly limit the temperature of the oil in hydraulic 

motor pump. This makes the oil in the hydraulic motor 

pump at a low level and also helps in reducing the 

temperature gradient. C. R. Kamthane, P. M. Khanwalkar 

has developed hydraulic oil cooler the usage of the heat 

pipe cores that have a shroud with fins and different 

brackets and braces to tightly close the elements into the 

reservoir. The learn about showed that the modules of heat 

pipe have been tested to check out the traits of heat pipe. 

Since the mannequin is developed for oil cooling, tests 

were carried out over a temperature difference of forty 

five ̊C to eighty ̊C of inlet and outlet of oil. Heat dissipated 

via single module is discovered near about200 watt, and 

with herbal convection it will be one hundred twenty watt 

[9]. 

III. PROBLEM DEFINITION 

Typically hydraulic fluid temperatures above 180 °F 

(82 °C) damage most seal compounds and boost up 

degradation of the oil. The operation of any hydraulic 

device at temperatures above one hundred 80°F have to be 

avoided, fluid temperature is too high when viscosity falls 

under the premier fee for the hydraulic machine’s 

components. This may occur nicely beneath a 180°F, 

relying at the fluid’s viscosity grade. To maintained solid 

fluid temperature of hydraulic gadget its capacity to 

dissipate heat must exceed its heat load preventing the 

system from overheating.  There are ways to clear up 

overheating problems in hydraulic systems either decrease 

heat loador pipe heat dissipation of oil. Hydraulic systems 

use up heat of oil through the reservoir.  Consequently, 

take a look at the reservoir fluid stage and if level is low, 

fill to the correct degree. Additionally keep away from any 

obstructions to air flow around the reservoir, consisting of 

a build-up of dust. The potential of the warmth exchanger 

to expend heat is depending on the float-rate and 

temperature of each the hydraulic fluid and the cooling air 

or water circulating through the exchanger. So there's need 

of such heat   exchanger that could burn up maximum heat 

as compared to conventional machine. Dissipating most 

heat cools oil which improves its viscosity. As the 

viscosity is greater the pumping energy require for oil may 

also be less this is an advantage of efficient oil cooler. 

IV. METHODOLOGY AND WORKING 

Heat pipe enhanced cross flow hydraulic oil cooler: 

The concept of the heat pipe enhanced cross flow hydraulic 

cooler is an oil to air cooler that uses four heat pipe 

modules with a radial blower system as shown in fig- 1 

 

Fig -1: Enhanced Heat-Pipe cross flow hydraulic oil cooler 

The radial blower is 12 volt DC blower that takes cold 

air within the system axial and discharges it in radial path. 
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This cold air is then directed directly to the spiral radial 

fins mounted at the four heat pipe modules. The oil cooler 

takes in hot oil with assist, of hydraulic pump whereas the 

bloodless oil from the oil cooler is discharged back to the 

oil tank. Details of the individual heat pipe module are 

described below 

 

Fig.2- Heat pipe Module Details 

 

The heat pipe module contains of a base Aluminum 

block with oil channels machined at the top face of the 

block, and then sealed through top plate. The heat pipe 

used to transfer the heat from the recent oil to the fins is 

press equipped within the hollow space of the Aluminum 

block the warmth pipe evaporator section is in direct touch 

with hot oil whereas the condenser segment of the heat 

pipe is geared up within the circular cavity inside the spiral 

radial fin structure. 

The heat pipe used in the module has following 

specifications:  

1. Type: Short cylindrical heat pipe  

2. Material: Copper  

3. Working fluid: OIL  

4. Wick structure: Sintered copper the given space.  

V.  EXPERIMENTAL SET UP 

The above setup include tank made up of moderate 

steel divided into chambers, hot and cold oil chambers as 

proven. Hydraulic pump of 0.5 HP is circulating oil via 3 

modules of heat pipe. The oil is heated using heater coil. 

The oil is in contact evaporator phase of pipe and heat from 

hot oil is transferred through running fluid of heat pipe. 

Hot oil flows from module 1 to module 3 as proven in 

above discern. 

 

Fig 3 – Experimental setup 

 

The cold oil is collected in cold chamber. The radial 

blower is equipped centrally which forces air over the fins. 

Due to compelled convection heat switch rate increases. 

The cold oil is collected in a beaker and time is noted to 

degree oil glide price. Once the cold oil temperature is 

known the heat transferred through the oil is calculated 

using relations, 

Q = m X Cp X (Th-Tc) 

Where,  

Q = heat is transferred from the system (KJ/s)  

M = mass flow rate (kg/sec)  

Cp = Specific heat of oil in kJ/kg 0C.  

(Th-Tc) = Temperature of hot oil at inlet and cold oil at 

outlet of heat pipe module 

TABLE 1 

RESULTS OF HYDRAULIC OIL COOLER BY APPLICATION OF HEAT PIPE 

 

S.

N. 

Mass 

Flow of 

Hot Oil 

(kg/s) 

LMTD 

(Ѳm) 

Overall 

Heat 

Transfer 

Coefficient 

(W/m² °K) 

Capacity 

Ratio 

 

Effecti

veness 

(Ԑ) 

Heat 

Transf

er Rate 

Q (w) 

1. 0.0048 29.28 247.73 0.307 O.645 326.41 

2. 0.0064 29.64 364.40 0.325 0.686 486.20 

3. 0.0058 29.75 299.33 0.329 0.655 396.02 

4. 0.006 29.90 352.25 0.349 0.660 467.61 

5. 0.0089 30.59 494.60 0.362 0.725 680.84 
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VI. DISCUSSION 

A. Effectiveness 

The extended surface design of heat pipe has many fins 

attached on the condenser section. This fins provide more 

surface area and improves the heat transfer coefficient 

thereby increasing the effectiveness of oil cooler. 

 

Fig.4- Mass flow rate Vs. Effectiveness 

 

B. Capacity Ratio 

The capability to heat switch from hot oil to cool is 

increases with increase in mass float rate of oil. Fig 5 

shows the impact of mass drift rate on potential ratio, from 

graph it's far located that potential ratio is increasing with 

the mass go with the flow charge. If capability ratio is 

greater that means warmness potential rate of cold fluid is 

much less. The low capability charge for cold fluid is 

suitable because it shows that there is opportunity of 

switch greater heat. 

 

Fig. 5- Capacity ratio 

VII. CONCLUSION 

Based on the above experimentation and literature 

observe, the heat pipe technology can be utilized in 

hydraulic gadget to lessen overheating troubles. The 

extended heat switch price facilitates in saving the 

pumping strength of gadget. But if the flow charge of oil 

is made consistent it is able to be successfully used in oil 

cooling packages in comparison to standard natural 

cooling. The heat pipe with the fins connected improves 

the heat dissipation and with compelled convection it 

could be similarly advanced. 

 

REFERENCES 

[1] S. W.Kang, W. C Wei, S. H. Tsai, and S. Y Yang. 

Experimental Investigation of Silver Nano-Fluid on Heat 

Pipe Thermal Performance, Appl. Therm. Eng., 26, pp. 

2377–2382. 2006. 

[2] A. Bejan, and E. Sciubba, The Optimal Spacing of Parallel 

PlatesCooled by Forced Convection,  Int. J. Heat Mass 

Transfer, 35, pp.3259–3264, 1992 

[3] R. H. Yeh, and M. Chang,Optimum Longitudinal 

Convective Fin Arrays, Int. Commun. Heat Mass Transfer, 

22(3), pp. 445–460, 1995 

[4] J. Wei, K.Hijikata, and T. Inoue, Fin Efficiency 

Enhancement Usinga Gravity-Assisted Plannar Heat Pipe,‖ 

Int. J. Heat Mass Transfer, 40(5), pp1045–1051, 1996 

[5] C. T. Kwan, F. S. Jan, and W. C. Lee, ―An Optimum Die 

Fillet Designfor Minimizing the Difference in Extruded Fin 

Lengths of Straight-Fin HeatSink Extrusion,‖ J. Mater. 

Process. Technol., 201, pp. 145–149, 2008, 

[6] C.C. Ting, C.C. Chen ―Developing the Coaxial Dual-Pipe 

Heat Pipe for Applications on Heat Pipe Cooler, ASME, , 

Vol. 133, September 2011 

[7] Q. Wang, Y. Cao, R. Wang, F. Mignano, G. Chen ―Studies 

of a Heat-Pipe Cooled Piston Crown’’, Journal of 

Engineering for Gas Turbines and Power Vol. 122 / 99, 

January 2000, 

[8] Y.L. Fula, Meng Zhang, HaitaoQilb, Gaocheng an 

―Application of Heat Pipe Technology in the Design of 

Hydraulic Motor Pump‖, International Conference on 

Electronic & Mechanical Engineering and Information 

Technology, 2011.  

[9] C. R. Kamthane, P. M. Khanwalkar―Development of 

Enhanced Cross Flow Heat Pipe Hydraulic Oil Cooler‖, 

International Journal of Pure and Applied Research in 

Engineering and Technology,; Volume 2 (9): 218-228, 

2014. 


