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ABSTRACT 
Experimental analysis on indirect cooling of electronic equipments, using liquid alcohol mixture  is presented. The principle 

involves the use of more than one fluids which enhances the heat transfer rate. The heat generating electronic component is 

simulated experimentally by an electric plate heater. The component is thermally protected by a primary coolant usually water by 

non-contact cooling, while a secondary coolant helps in removing the heat from the primary coolant. The primary and secondary 

coolants remains unmixed. The heat from the secondary coolant is ultimately dissipated to the ambient air. The coolants such as 

water,ethanol, petrol, mixture of ethanol and petrol are considered for this experimental study. For higher wattage conditions, 

combination of water and ethanol has higher percentage of  heat carried away by secondary coolant  nearly 65.3% .The remaining 

percentage of heat is dissipated as convective losses. The lowest thermal resistance is observed as 0.725 oC/W for water and 

ethanol+petrol conditions. Measurements have been recorded both in transient and steady state conditions, which reveal the 

cooling system to pick up heat loads. The salient features of the technique are (i) Absence of a prime mover and hence more 

reliable and (ii) Use of commonly available coolants, thus making the system cost-effective, without compromising on the 

fundamental functionality of large heat dissipation.  
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INTRODUCTION 
 
Electronic equipments depend on the flow and control of electrical current to perform variety of functions, 

in virtually every major industry throughout the world. Heat is generated when current flows through the 
resistive element. The heat starts to build up if there is an increase in the flow of either current or resistance or 
both. A flow path is provided for the heat to course out from the heat producing element, the heat is continually 
being produced, resulting in failure of that element.  

Electronic components and electronic systems are rapidly shrinking in size while their complexity and 
capability continue to grow at a mammoth rate. In addition, the power has been increasing while the volume has 
been decreasing. This has produced a hammy increase in power density, resulting in rapidly rising temperature 
and a large increase in the number of failures. The temperature control on every component is anticipated to 
ascertain a reliable electronic system. Increase in the operating temperature results in malfunctioning of the 
system.  Malfunctions may produce a simple out-of-tolerance condition for a minor temperature increase, or a 
catastrophic failure for a major temperature increase in components such as Resistors, Transistors, Integrator 
Circuits (IC), Very Large Scale Integrated Circuits (VLSI), and Integrated Power Electronic Modules in 
Information Technology and automotive  and space applications. Heat always flows from the hot spot to a cool 
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area.  Since the electronic components are usually the source of the heat, the electronic components will usually 
be the hottest spots in an electronic system. The basic heat transfer problem in electronic system is, therefore, 
the removal of internally generated heat by providing a good heat flow path from the heat source to an ultimate 
sink. 

Jane Z. Jiang et al. [1] developed the correlation for heat source elements situated in electronic equipment 
cooling which is the ratio of convective heat transfer co-efficient at entrance and fully developed region which is 
independent of Reynolds number but dependent only on no of rows situated near by entrance region. The 
equation presented is useful or determining the heat transfer for small no of heat source elements. Z. W. LIU et 
al. [2] investigated  relative stability between nucleate and film boiling modes of FC -72 which have the 
potential in electronic phase change cooling applications. They identified critical and minimum heat flux 
experimentally. J.Y. Min et al. [3] investigated the effect of tip clearance on the cooling performance of the 
micro channel heat sink numerically. Thermal resistance of the flow is decreased while increasing the tip 
clearance. They presented the optimal clearance value which can improve the Cooling performance. N.P. 
Semena et al. [4] developed a new method for integration cooling elements into fiberglass boards for space 
electronic applications. They arranged the heat sinks inside the base of the fiberglass board during the stage of 
topology development. The heat sinks added in design of heat-removal sub layers were the efficient tool for heat 
removal from hot electronic elements like microprocessors. Teng Li et al. [5] investigated a new method for 
electronic cooling using liquid metal (gallium) as a coolant. The results were attractive as compared with liquid 
cooling (water).The temperature were significantly reduced with increasing flow rate of liquid gallium. M. A.  
Kunquan et al. [6] have identified the higher heat transfer performance of liquid metal cooling over traditional 
coolant which is used in the field of Electronic chip cooling and nuclear industry. They addressed the various 
problems in liquid metal cooling. 

Yue-Guang Deng et al. [7] investigated the corrosion mechanisms which helps in finding out the most 
suitable metal in case of liquid metal cooling. They analyzed the corrosion morphology by Scanning Electron 
Microscope (SEM). They also evaluated chemical compositions by Energy Dispersive Spectrometry (EDS). G. 
V. Kuznetsov et al. [8] have developed a mathematical model for thermal regimes of electronic building blocks. 
They studied the various parameters such as flow patterns, temperature fields, and vorticity-vector fields for 
natural convection. They developed the relations between Nu and Gr which is useful for analyzing thermal 
regimes. Mustapha Faraji et al.[9] investigated thermal analysis of Phase Change Material (PCM - n-octadecane, 
Tm = 28oC) for electronic chips.  They developed a mathematical model  and investigated numerically  to study 
the effects of the substrate thickness ratio on the thermal performance of the cooling PCM based heat sink which 
resulted the reducing the size of the cooling system. Numerical predictions compared with experimental data 
which were in good agreement. Balaji et al.[10] analysed thermal performance of aluminium based heat sink 
with use of different PCMs(Phase Change materials)Such as Paraffin wax and n-eicosane.They compared 
results with pin fin with PCM and without PCM. Sameer Khandekar et al. [11] investigated thermal 
performance of closed loop pulsating heat pipes. They conducted experiments with various working fluids such 
as water,ethanol and R123 and developed experimental correlation. Kenneth M. Armijo et al.[12] 
experimentally investigated on gravity assisted inclined heat pipe with use of binary mixture of 0.05 M 2-
propanol/water  to enhance the heat transfer rate by increasing CHF(Critical Heat Flux)condition. Mousa M. 
Mohamed [13] experimentally investigated on square module  array uniformally located in electronic heat sink 
with use of air as cooling medium. He studied the effect of increasing channel height ratio and air  velocity. L.A. 
Florio et al. [14] investigated heat sources attached  with cross flow opening and vibrating plate which enhances 
the convective heat transfer co-efficient  in  nature convection method of cooling. Chander Shekhar Sharma et 
al. [15] introduced novel optimized design by using computational techniques which reduces the pumping 
power requirement and hot spot heat flux in electronic micro channel cooling. 

In this paper, we presented a novelty work for cooling electronic gadgets with the help of liquid alcohol 
mixture in a square enclosure experimentally. 
 
Experimental Arrangements: 

The experimental set up consists of two tanks namely primary and secondary tank. Both tanks are made up 
of high thermal conductivity material copper(Cu) with size of (75 mm ×75 mm × 75 mm).Heater is attached to 
the left side surface of the primary tank. Constant heat flux is applied throught the experimental studies. In the 
primary tank ,water(DI water) is filled up(420 ml) which is considered as primary coolant. In the secondary 
tank, secondary coolant ethanol is filled up (430 ml). When heat input is applied, first water gets heated up. 
Then water transfers heat to the secondary coolant which passes through small copper tubes in the primary tank. 
As the secondary coolant gets heated, due to buoyancy force, it raises to the top triangular surface .Then  it 
passes through cylindrical manifold and fins and it gets cooled off. Finally it is collected in the  
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secondary tank. All experiments have been conducted till it attains the steady state. In the experimental 

studies, various types of  secondary coolant low boiling point liquid like ethanol, petrol, mixture of ethanol and 
petrol, are attempted to pick up the heat from heater surface. 

 

                                
 
The experiments have been conducted for various heat input conditions 10W,20W,30W, 40W,50W and 

60W.       

 
 
Fig. 2.1: Experimental setup with voltage controller 

Greek symbols 
α  thermal diffusivity of the fluid ,m2/s 
β  co-efficient of volumetric expansion 1/Tf , K

-1 

ν  kinematic viscosity, m2/s 

 

Subscripts 
in              input 
cyl-top      upper cylindrical manifold  
cyl-bot      lower cylindrical manifold 
fin             fin section 
pri             primary tank 
sec            secondary tank 
tri             triangular manifold  
con-loss   convective loss  

Nomenclature 
A    surface area ,m2 

g    acceleration due to gravity ,9.81 m/s2 

Gr  Grashof number ,(g β ΔT L3)/ν2 
h    average convective heat transfer co-efficient, W/m2-K 
I    current applied to the heater , Amps 
k    thermal conductivity of the fluid, W/m-K 
L    characteristic length ,m 
Nu  average Nusselt number based on characteristic length 
,hL/k  
Pr  Prandtl number, ν/α  
Q   convective heat transfer rate,W  
Rth   thermal resistance (ΔT/Q), oC/W  
Ra   Rayleigh number , Gr×Pr = (g β ΔT L3)/ν α 
ΔT   Temperature difference between surface and ambient 
air,oC 
V   Voltage applied to the heater, Volts  
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Figure 2.2 Description of the experimental set up 
 

 
 
Fig. 2.2: Schematic diagram of electronic equipment cooling system 

 
Table 2.1: Various combinations of experiments 

S.No Heat Input (W) Primary Coolant Secondary Coolant 
1 10 Water Ethanol 
2 20 Water Ethanol 
3 30 Water Ethanol 
4 40 Water Ethanol 
5 50 Water Ethanol 
6 60 Water Ethanol 
7 10 Water Ethanol+ Petrol(80:20) 
8 20 Water Ethanol + Petrol(80:20) 
9 30 Water Ethanol + Petrol(80:20) 
10 40 Water Ethanol + Petrol(80:20) 
11 50 Water Ethanol + Petrol(80:20) 
12 60 Water Ethanol + Petrol(80:20) 
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 Table 2.2: Range of parameters 
Heater input 10W – 60W 
Ethanol blending ratio 0 - 1 
Petrol blending ratio 0 - 1 
Primary tank dimensions 75 mm ×75 mm × 75 mm 
Secondary tank dimensions 75 mm ×75 mm × 75 mm 
Heater dimensions 75 mm ×50 mm × 2 mm 

 
RESULTS AND DISCUSSIONS 

 
The temperature readings are taken at the following sections such as primary tank, secondary tank, 

triangular manifold, cylindrical top and bottom, fin,back cover  until it reaches the steady state. The convective 
losses at various sections such as primary tank ,secondary tank, triangular manifold, cylindrical top and bottom, 
fin, back cover of the heater surface are also estimated. 
 
3.1 Power Dissipation To Liquid: 

Heat carried away by the secondary coolant is calculated by using energy balance. 
Heat carried away by secondary coolant = [ Q in – {Qpri +Qsec+Qfin+Qtri+Qcyl –top +Q cyl-bot +Qback}]  (1)  
% Heat carried away by secondary coolant  is also calculated. It is  defined as the ratio of heat carried away 

by secondary coolant to applied heat load (Qin). 
 
Qin  = V ×I               (2) 

 
Convective heat loss at each section can be found out  by estimating Nuavg

 

 
Nuavg = C(Gr×Pr)n                                               (3) 

 
The value of C,n vary with respect to the orientation of the surface. 
Where Rayleigh number Ra= Gr ×Pr 

 
Ra = (g β ΔT L3)/ν α                                       (4) 

 
h=( Nu× k)/L                                                     (5) 

 
Convective heat loss for various surfaces  is determined by using Newton’s law of cooling 

 
Qcon-loss  = h A ΔT                                       (6)  

 
Thermal resistance (Rth)  can be defined as the ratio of temperature difference to amount of heat transferred 

to fluid. 
 
Rth     =   ΔT/Q                    (7) 

  

 
 
Fig. 3.1: Temperature distribution at various sections of the experimental set up 
 

Fig 3.1 shows temperature distribution curve at various sections like heater, primary tank nearby heater 
,primary tank away from heater, secondary tank, cylindrical manifold top and cylindrical manifold bottom of the 
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experimental set up for the given power
increases .Finally it reaches the steady state at 140 minutes. 
 
Table 3.1: Percentage of heat carried away by the 

Heat input 
(W) 

Primary Coolant 

10 Water 
20 Water 
30 Water 
40 Water 
50 Water 
60 Water 

 

 
Fig. 3.2: Comparison of heat extracted by various 

 
Fig 3.2 it is observed that when

also increases which results in increase of heat carried away by secondary coolant.
found to be 65.3% for water and ethanol combinations

 

 
Fig. 3.3: Variation in Rth(thermal resistance

 
Thermal resistance as function of heat input is shown in fig 

decreases. At lower heat load conditions
oC/W  for water alone condition. At higher load condition say for example 60W,
found to be 0.725 oC/W  for combination of 

 
Conclusions: 

Electronic equipment was conducted experimentally with various combinations of liqu
in the mode of natural convection. The following 

� Combination of water and ethanol is desirable under higher wattage conditions, due to its higher 
evaporation rate which causes higher 

� Water alone (primary coolant) is not suitable for dissipating higher heat transfer 
boiling point compared to other fluids. Hence there is no chance of evaporation rate in this condition.

T. Venkatajalapathi and A.S. Krishnan, 2016/ Advances in Natural and Applied Sciences. 10(6) Special

experimental set up for the given power of 60W . When time increases, the temperature at various 
increases .Finally it reaches the steady state at 140 minutes.  

Percentage of heat carried away by the secondary coolant  
Secondary Coolant Rth 

Thermal resistance (oC/W) 
Ethanol 1.160 
Ethanol 0.885 
Ethanol 0.847 
Ethanol 0.750 
Ethanol 0.788 
Ethanol 0.772 

Comparison of heat extracted by various secondary coolants 

observed that when heat load increases, the amount heat transferred to primary coolant (water) 
also increases which results in increase of heat carried away by secondary coolant. The maximum percentage is 
found to be 65.3% for water and ethanol combinations due to higher evaporation rate of ethanol.

 

hermal resistance) as function of heat input (heat load) 

Thermal resistance as function of heat input is shown in fig 3.3. It is seen that as heat input increases, R
decreases. At lower heat load conditions for example 10W, thermal resistance has the maximum value as 

At higher load condition say for example 60W,the lowest thermal resistance is 
combination of  water and ethanol+ petrol (80:20).  

Electronic equipment was conducted experimentally with various combinations of liqu
in the mode of natural convection. The following conclusions were made during the experimental study of work.

Combination of water and ethanol is desirable under higher wattage conditions, due to its higher 
higher buoyancy induced flow. 

Water alone (primary coolant) is not suitable for dissipating higher heat transfer 
boiling point compared to other fluids. Hence there is no chance of evaporation rate in this condition.

Special 2016, Pages: 

of 60W . When time increases, the temperature at various sections also 

% Heat carried away by 
secondary coolant 
29.7 
42.8 
55.1 
56.8 
54.9 
65.3 

 

heat load increases, the amount heat transferred to primary coolant (water) 
The maximum percentage is 

due to higher evaporation rate of ethanol. 

as heat input increases, Rth 
the maximum value as 1.170 

the lowest thermal resistance is 

Electronic equipment was conducted experimentally with various combinations of liquid alcohol mixtures 
made during the experimental study of work. 

Combination of water and ethanol is desirable under higher wattage conditions, due to its higher 

Water alone (primary coolant) is not suitable for dissipating higher heat transfer rate due to its high 
boiling point compared to other fluids. Hence there is no chance of evaporation rate in this condition. 
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� For lower wattage conditions, Combinations water and Ethanol + Petrol (80:20) serve better 
performance in cooling electronic equipments. 
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