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ABSTRACT

Heat pipes are very flexible device to effective thermal control. It can easily bé implemented for heat removing
of hydraulic oil. In power pack application, hot oil is passed through four modules of the heatipip€ain, heat pipe,
heat is removed from oil and cold fluid is returned to the reservoir. The working fluid as'water in the‘heat pipes
respond to the application of heat by boiling, changing into a gaséous state, and transporting the heated gas to
the pipe ends exposed to air. Ambient air is drawn over the exposed pipe by using blowersyeausingsthe working
fluid to condense and return to the heat source (the hot oil) tohrepeatsthe processhAs long as there is a
temperature difference between the oil and the amhiént aik, the heat pipes will removelheat from the oil, thus
cooling is done. In the case of Hydraulic oil coolérs- heat is removed fram oil into thef@ambient air through heat
pipes and fins.This paper reviews mainly heat pipe developments for cooling of eil for various applications like

power pack, roasting pulp and chemical industries etc.
Keywords: Blower; Circularheat Pipe; Fins; Pump.
I. INTRODUCTION

Heat pipe are effeCtive heat transfer dewvice ‘which have found many application in industry. A heat pipe
is essentially adpassive heat transfer'device with an gxtremelyhigh effective thermal conductivity.Heat pipes are
transport heat from‘a heat source (evaporator) to heat sink (condenser) over relatively long distance via latent
heat of vaporization of‘working fluid.Withs” evaporator section, the working fluid is evaporated as it
apSorbs an amount of heat eguivalent to the latent heat of vaporization, while in the condenser section; the
working fluidhapour of condensed. Return of liquid to the evaporator from the condenser is provided by the
wick structure. The two-phase heat transfer mechanismresults in heat transfer capabilities from one hundred to
several thousand timesthat.of an equivalent piece of copper.There are many factors to consider when designing a
heat pipe: compatibilityof materials, operating temperature range, diameter, power limitations, thermal
resistances, and operating orientation.The most important heat pipe design consideration is the amount of power
theheat pipe is capable of transferring. Heat pipes can be designed to carry a fewwatts or several kilowatts,
depending on the application. Heat pipes cantransfer much higher powers for a given temperature gradient than
even the bestmetallic conductors. If driven beyond its capacity, however, the effectivethermal conductivity of
the heat pipe will be significantly reduced. Therefore, it is important to assure that the heat pipe is designed to

safely transportthe required heat load.
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Fig. 1: Heat Pipe Construction

heat source and heat sink [1].

Il. LITERATURE REVIEW

The amount of heat that can beyremovedby heat pipe devices is y several times of magnitude greater than

syphon possess many advantages such as high heat recovery
no moving parts, and high reliability. Kasperski et al. [3]studied thermo-
ater with an internal multiple-fin array. A preliminary simple test was carried
decrease the dem ir flux of 7el0 times incomparison to the smooth pipe arrangement of the
absorber.Multiple-finfarray arrangement is higher than the one available for smooth pipe arrangement. Jarallah
et al. [4]the performance of a triple concentric pipe heat exchanger is studied experimentally under steady state
conditions for two different flow arrangements, called N-H-C and C-H-N, and for insulated as well as non-
insulated conditions of the heat exchanger.Since the 1970s, heat pipes and thermo syphon have been extensively
applied as waste heat recovery systems in many industries such as energy engineering, chemical engineering,
and metallurgical engineering. The heat pipe has been, and currently is being, studied for a wide variety of
applications, covering almost the complete spectrum of temperatures encountered in heat transfer processes. The
ability of the heat pipe to transport heat over appreciable distances without any need for external power to

circulate the heat transfer fluid is one of its most useful properties. Elimination of the fluid pump and power
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supply leads to greater reliability of the heat transport system and reduced weight, in addition to the saving in

power consumption (Silverstein 1992).
I11. MAINTAINING STABLE HYDRAULIC OIL TEMPERATURE

Heating of hydraulic fluid in operation is caused by inefficiencies. Inefficiencies result in losses of input power,
which are converted to heat. A hydraulic system’s heat load is equal to the total power lost (PL) through
inefficiencies and can be expressed as:
PLota =PLpump* PLvaives + PLpiumbing + PLActuators (1)
If the total input power lost to heat is greater than the heat dissipated, the hydraulie system will eventually
overheat. Installed cooling capacity typically ranges between 25 and 40percent ofdnput power, depending on the
type of hydraulic system. Hydraulic fluid temperatures above 180°F (82°C) damage most seal compounds and
acceleratedegradation of the oil. While the operation of any hydraulic systemat,températures above 180°F
should be avoided, fluid temperature is too high when viscosity fallsdelow,the optimum value for thethydraulic
system’s components. This can occur well below 180°F, dependifig on the fluid’s viscosity grade. The/hydraulic
power unit had a continuous power rating of 37 kWandgwas, fitted with an, air-blast heatgexchanger. The
exchanger was capable of dissipatingl0 kW of heat under ambienteonditions or 27 percent ofavailable input
power (10/37 x 100 = 27). Hydraulic systems dissipate heat'through the reservoir. Therefare, check the reservoir
fluid level and if low, fill to the correct level Check that there are n@ obstructions to airflow around the
reservoir, such as a buildup of dirt or debris. The ability,of the heat exchanger to dissipate heat is dependent on
the flow-rate and temperature of both the fiydraulic fluid and the cooling aif or water circulating through the
exchanger. Where there is a pressure drop, heat is generated. This means that any component in the system that
has abnormal, internal leakage,will increase the heat load on the System and can cause the system to overheat.
This could be anything from a‘eylinderthat is leaking high-pressure fluid past its piston seal, to an incorrectly
adjusted relief valve. Identify and, change=out any, heat-generating components.Check the performance of all
cooling circuit camponents and replacedas necessary. An infrared thermometer can be used to check the
performance0f‘a heat exchanger, pravided the desSign flow-rate of hydraulic fluid through the exchanger is
known. Jo do this, ‘measure the temperature of the oil entering and exiting the exchanger and substitute the
values§ in the following formula to find the heat removed from the oil:
Ch= AT 2

Where, Q is Rate of Heat Removing in KJ/s;

mis Mass flow rate in Kg/s;

Cis Specific heat of the oil in KI/Kg.K;
ATis Temperature difference of inlet oil and outlet oil in °K.

IV. PROPOSED SOLUTION FOR COOLING OF OIL: CIRCULAR HEAT PIPE WITH
BLOWER

The experimental set up is shown in the Fig.2;four heat pipe modules are used to remove the heat from the
fluidwhich is connected in parallel. The spiral radial heat fins are attached on the heat pipe module act as heat
transfer enhancement as they offer maximum surface area in the given space. The concept of the heat pipe

enhanced to heat transfer from oil to ambient air that uses four heat pipe modules with a radial blower system.
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The radial blower (12 volt DC) takes cold air in the system in axial direction and discharges it in radial
direction. This cold air is then directed on to the spiral radial fins mounted on the four heat pipe modules. The
hot oil is passed in the system with help of hydraulic pump whereas the cold oil from the proposed system is
discharged back to the oil reservoir. This oil cooling system can be mounted externally to the oil tank system
thereby ensuring contamination free operation as the oil tank is sealed.

The heat pipe functions[1] are as follows

1. Latent heat of evaporation is absorbed in the evaporating section.

2. The fluid boils to the vapour phase.

3. The vapour release latent heat of condensation to the environment from the upper part of the pipe and

condensers.

4. Condensed liquid returns by the capillary action to the evaporator part of cylinder (evaporating

large quantity of heat can be transferred.

The heat pipe used in the module has following
a) Type: Short cylindrical heat pip
b) Material: Copper
¢) Working fluid: Water

d) Wick structure: Sintered copper
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Fig. 2 Experimental Set Up For Cooling Of Oil By Circular Heat Pipe
V. RESULT AND DISCUSSION
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With the help of above experimental set up, tests were performed to investigate the performance of heat pipe

with blower and without blower. The tests are taken for different mass flow rate and find out the heat removal

rate by using the equation no.2. This is tabulated below in Table No.1.

Table No.1 Readings from Experimental Setup

Outlet
oil
Time Inlet | withou Outlet
for 100 oil t Q (KJfs) AT
mi Mass flow | Temp | blower | AT ‘c
(Sec.) | (Kg/sec) (°c) Cc) | ‘o) blower )
0.00966183
10.35 6 80 49 35
0.00898472
11.13 6 80 34
0.00992063
10.08 5 80 33
0.00988142 0.69169960
10.12 3 5 45 35
0.00978473 0.64579256 | 0.70450097
10.22 4 8 44 | 36
0.61204343 | 0.69101678
5 2 45 35
0.62930186 | 0.70796460
10.1 48 32 8 2 44 36
0.58422590 | 0.74001947
10.27 50 30 1 4 42 38
0.75322101
10.09 3 80 53 27 0.53518335 1 42 38
0.00970873 0.60194174 | 0.73786407
10.3 8 80 49 31 8 8 42 38

From the above table we conclude that the heat removal rate in case of with blower circular heat pipe system is

more than without the blower.
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The graphs are plotted as mass flow rate verses heat transfer rate, overall heat transfer coefficient, it is shown in

Fig. 3. The graph shows that the effect of blower on the heat removal rate is better than without the blower.
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