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ABSTRACT 

Thermal management in an electrically-active system is a challenging 
engineering branch due to the critical requirement for rapid cooling rates 
with inhibition of electrical discharge. A Polymer Electrolyte Membrane 
Fuel Cell (PEMFC) is an example of a system that needs both conditions 

 
 

potential losses but large thermal capacities can only be achieved with a 
 

coolants has been highly successful for systems working under normal 
         

electrical systems are relatively new. This paper reports a fundamental 
investigation on the electrical and thermal behaviours of a hybrid 1%v 
TiO -SiO         
glycol solution. A test bench consisting of a heated rectangular channel 
combined with continuous electrical supply at 0.7 V and 3 A nominal 
current was developed to simulate the operating conditions of a PEMFC 
stack cooling. The test variables are the heater temperature and Reynolds 

 
 
 

250%) compared to water and water/ethylene glycol coolants. The electrical 
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analysis indicates that the power drop is low for water and water/ethylene 

which also leads to a visible increase in the electrical conductivity of the 

can be developed for electrically-active systems.
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INTRODUCTION

mainly motivated by the engineering advantage of greater achievable 
cooling rates that would lead to the reduction of the thermal system size. A 

of the overall system and allows a more diverse system architecture for 
application in constrained spaces with great potential for advanced cooling 
system designs for microelectronics, internal combustion engines and heat 
exchangers [1].

O ), carbon nanotubes 

anti-freezing agents [3] with new emerging trends in the use of bio glycols 

thermal conductivity are typically made of metals, oxides, carbides or carbon 
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A hybrid nanofluid is a stable homogeneous mixture of two or 

enhancements that is not possible by merely using a single nanoparticle. 
As an example, Moldoveanu et al. [6] conducted studies using Al O -
TiO

et al. [2] 
formulated a TiO -SiO

 

et al. [7] reported positive changes were obtained where the 
thermal conductivity increases by 17% for Al O
compared to Al O

important and widely used type of fuel cell technology that uses oxygen and 
hydrogen to produce electricity with water and heat as a by-product. This 

only require cooling by air, but larger modular stacks with capacities of 

the major disadvantages are the requirement for large heat exchanger frontal 

non-homogeneous stack temperatures are usually obtained [8].

commercial acceptance. One viable approach to reduce the stack size and 
system components is through the thermal engineering aspect. Fuel cells 

due to the exothermic reactions at the cathode as well as the irreversibility 
in the system. Cooling failure would critically reduce the capacity of the 



212

losses [9].

initiated by Zakaria et al. [10] using alumina nanoparticles in water and 
et al. [11] using SiO  in 

30% from the conventional cooling system size. However, stack power 

concentration of oxide particles [12]. 

oC 
while 0.1%v Al O  and 0.1%v SiO

levels of electrical conductivities, the electrical charges that are generated 

overcome this major challenge. 

simultaneous thermal and electrical responses of the coolant would be 
useful to relate to actual conditions encountered in a full-scale operation. 
A test bench was developed to analyse the characteristics of convection 
mechanics, electrical discharge and changes in the electrical conductivity 

from the channel surfaces at high temperature, while electrical current at a 

consisting of hybrid TiO -SiO
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obtain preliminary information on the changes to the thermal capacity and 

would then serve as reference for future development and performance 

systems.

METHODOLOGY

coolants under simultaneous thermal and electrically-active operation. 
The main section is the test panel where it consists of an insulated, square 
stainless steel cooling channel with an electrical heater pad and electrical 

of a coolant reservoir tank and pump, a heat exchanger to dissipate the 
collected heat to the surrounding, an electrical power loader to regulate the 
supplied current and voltage to the channel, and a data logger attached to 

the schematic diagram of the dedicated test bench.

coolant of 1%v TiO -SiO
ethylene glycol. Table 2 provides the properties of the coolants used in 
this study. The experiments were planned with two operating variables for 

e) and 
H)

Therefore, preliminary calculations were made to determine the correct 

is controlled by a power regulator that controls the voltage of the pump. 
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Figure 1: Schematic Diagram of the Electro-Thermal Test Bench System

Measurement
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An electrical heater pad supplies heat to the cooling channel bottom 
surface. The experimental heater temperatures of 60oC and 70oC were 
selected because these temperatures represent the normal operating 

, T , T ) while two thermocouple wires were inserted 

inlet, Toutlet). Another thermocouple wire was used to measure the 
).

At steady-state, the electrical power loader supplies current into 

some of the free electrons to be discharged from the channel circuit into the 

conductivity of the coolants was measured to analyse changes caused by the 

A probe sensor was used at the tank to monitor the electrical conductivity 
values of the coolants after steady-state condition has been reached. 

Cooling channel

Material: Stainless steel 304
²

Heater pad
oC to 120oC

Max. pressure: 0.8 MPa

Data logger Model: GL220 Graphtec
10 channels

Electrical conductivity sensor Model: TDS OEM
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Table 2: Properties of Nanoparticles and Base Fluid [12]

The analysis in the results section starts with the mapping of all the 

temperature was calculated from the summation of T1, T  and T . The inlet 

c was used to calculate 

channel surface per unit area.

h, and the physical 

Cp

Electrical 
conductivity 

   Distilled water 0.615 4180.0 0.000854 997 6

0.4096 3491.8 0.002446 1056.716 4

1%v TiO -SiO  0.4350 3470.5 0.003000 1109.336 25 

 

Mass feed rate, c = .     (kg/s)   

where Dh  0.0133 m.  

The rate of heat change within the fluid, Qc p  (Watts) 

where the fluid temperature difference, T = Tout - Tin (K) 

Then, the surface heat flux, =    (W/m2) 

where As is the area of the heating surface, As= 7.6 x 10-3 m2 

Eq. 1 

Eq. 2 

Eq. 3 
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RESULTS AND DISCUSSION

The analysis is divided into three sections:

operation setting,
 ii. Evaluation on the thermal performance of the coolants, and
 iii. Analysis of changes in electrical characteristics of the system and 

H
o

s. The main analysis 
in out) 

Fluid type Heater 
H 

(o

Reynolds c Mass feed 

-3

      

      Distilled water 
60

70

300 0.231 3.84
400 0.308 5.12
500 0.385 6.40

        600 0.462 7.70
700        0.539 8.97

60

70

300        0.625 11.01
400        0.833 14.71
500 1.041 18.34
600 1.250 22.02
700 1.458 25.70

1%v TiO -SiO
60

70

300 0.729 13.49
400 0.972 17.99
500 1.215 22.48
600 1.459 26.98

700 1.704 31.46
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o

only registers a 3o

 

at Heater Temperature, TH= 60oC and Reynolds Number, Re=700 

Thermal Performance Evaluation

H) in Figure 

times higher when the heater temperature increases from 60oC to 70oC. 
This is an expected phenomenon as surface convection mechanics are 
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and surface generates a larger thermal gradient that enhances conduction 
mechanics within the active convection region. 

thermal performance at TH
o

successfully proves that the 1%v TiO -SiO  

thermal performance 250% to 500% better than water and 20% to 60% 

 

Changes at Heater Temperatures, TH = 60o o

Temperatures
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Electrical Characteristics

Figure 5 shows that the electrical current decreases from its nominal 

procedure has successfully shown that free electrons travelling across the 
terminals are attracted to the coolants with greater electrical conductivity 

Circuit as the Reynolds Number, Re Changes at TH=60o oC 

 



221

Figure 6: Changes in Electrical Conductivity of the Coolants at Various 
Heater Temperatures and Reynolds Number 

from the nominal 3 A supplied current. For water, the drop is between 6% to 

2-SiO2
are quite similar for both heater temperatures and can be expressed with 
these empirical correlations with a 10% standard deviation;

temperature) between 60 oC and 70 o
the rate of current discharge into the coolants. However, this trend might 
change at elevated temperatures. 

 

-0.46    for TH=60 oC  
-     for TH=70 oC  

Eq. 4 

Eq. 5 
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in Figure 6 by comparing the electrical conductivity value of each operation 
with its initial values as listed in Table 2. In general, the changes are not 

the increase trend is linear and does not follow the exponential electrical 

CONCLUSION

A dedicated test bench was successfully developed to characterize the 

2-SiO2 

oC and 70oC heater temperatures. The hybrid 

discharge from the electrical circuit due to its high values of electrical 

in electrically-active systems is not recommended as it would lead to a 50% 
electrical energy loss from the system. These results have fundamentally 

electrically-active systems is a very challenging task and electro-thermal 
evaluation, as presented here, is a very necessary assessment procedure.
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