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Abstract- Assignments of heat transfer fluid are very essential now a day’s to acquire wide range of application in heat 
transfer industries. This work deals with the experiment investigation of thermal conductivity and specific heat capacity of 
ionanofluids as a function of a temperature and concentration of (1-Butyl-3-methylimidazolium chloride) BmimCl. Also, 
results using BmimCl as coolants in heat exchanger are also used to access their suitability and performance in heat 
exchanger devices. Overall good result were obtained with experimental work results on thermal conductivity and heat 
capacity of BmimCl as well as the estimation of heat transfer areas for ionanofluids and ionic liquids in a basic shell and tube 
heat exchanger divulge that ionanofluids secures great thermal conductivity and heat capacity and require considerably less 
heat transfer areas as contrast to those of their base ionic liquids. This novel class of fluids shows great potential for 
advanced heat transfer applications the enhancement heat transfer of the heat transfer devices can be done by changing the 
fluid transport 
 
Index terms- Ionic Fluids, BmimCl, LMTD 
 
I. INTRODUCTION 
 
The current world economy and energy situation 
demands the search for alternative energies to 
conventional fuels, the optimization of current energy 
technologies and the search for new and clean 
working fluids. In the branch of heat transfer, all 
present coolants which are in liquid states used at low 
and moderate temperatures have very poor thermal 
conductivity and heat storage capacities, as the 
classical equipments for heat transfer use working 
fluids that were developed, tested and applied in a 
world of positive economic growth. In contrast, the 
uses of chemical technologies today are considered 
unsustainable. Although increased heat transfer can 
be achieved creating turbulence, increasing surface 
area and so on, ultimately the heat transfer will still 
be limited by the low thermal conductivity of the 
conventional fluids. Therefore, there is a need for 
new and efficient heat transfer liquids that can meet 
the cooling challenges for advanced devices as well 
as energy conversion for domestic and industrial 
applications. Their success arises mainly from their 
thermo physical property Ionic liquids that are 
mixtures of organic and inorganic salts and at room 
temperature they are in liquid state. They are 
comprised completely of cations and anions and 
hence the name it as ionic liquids. It is possible to 
obtain liquids which are ionic with a variety of 
physical and chemical characteristics for certain 
applications. Room temperature ionic liquids based 
on imidazolium cations have been highly explored in 
recent years. Ionic liquids have a very low melting 
point, normally below room temperature. They have 
emerged as the next generation solvents which are 
capable of replacing traditionally used volatile 
organic compounds as industrial solvents. They have 

several unique properties such as wide 
electrochemical potential window for electrochemical 
processing, high chemical and thermal stability, very 
low vapor pressure, non-inflammability, high ionic 
conductivity high solvating capability, and very low 
corrosion. They are environmentally benign with no 
organic emissions. These characteristics make ionic 
liquids excellent fluid for a range of potential 
applications e.g. heat-transfer fluids. 1-Butyl-3-
methylimidazolium chloride is new kind of heat 
transfer fluids containing a very good property that it 
is thermally stable and suspended in a liquid. 1-Butyl-
3-methylimidazolium chloride appears to have a high 
thermal conductivity and meets the rising demand as 
an efficient agent of heat transfer. Scientists and 
engineers have started showing interest in them. But a 
clear picture about the heat transfer through these is 
1-Butyl-3-methylimidazolium chloride yet to emerge. 
In last few decades, extensive research efforts have 
been devoted to ionic liquids and they have found to 
be safe and sustainable alternatives for various 
applications in industry and chemical manufacturing. 
Ionic liquids can be considered as benign solvents 
due to their very low vapor pressure and wide range 
of applications with unique physical and chemical 
properties. In the academic literature, the term “ionic 
liquids” refers to liquids self possessed completely of 
ions that are fluid around or less than 100 0C. 
 
II. (BMIMCL) 1-BUTYL-3-METHYL-
IMIDAZOLIUM-CHLORIDE AND THEIR 
PROPERTIES 
 

Table.1 Properties of Ionic fluid 
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III. EXPERIMENTAL APPARATUS AND 
METHOD 
 
Experimental apparatus 
A schematic diagram of the experimental apparatus is 
shown in fig.1 and fig.2; it consists of a test section, 
hot water loop, and coldwater loop and data 
acquisition system. The test section is the horizontal 
concentric tube heat exchanger as shown in Fig. 1. 
The test section and the connections of the piping 
system are designed such that parts can be changed or 
repaired easily. In addition to the loop component, a 
full set of instruments for measuring and control of 
temperature and flow rate of all fluids are installed at 
all important points in the circuit. The close-loops of 
hot and cold water consist of the 0.05 m3storage 
tanks, electric heaters controlled by adjusting the 
voltage BmimCl is used as the ionic fluid in hot 
water. The hot water is adjusted to the desired level 
and controlled by temperature controller. After the 
temperature of the cold and hot water are adjusted to 
achieve the desired level, the water of each loop is 
pumped out of the storage tanks, and is passed 
through a filter, flow meter, test section, and returned 
to the storage tanks. 

 
Figure 1: This is the original set up of equipment on which we 

conducted our experiment at V.N.I.T.  Nagpur. 
 

 
Figure 2: Schematic diagram of experimental apparatus. 

Experimental method 
Experiments were performed with various inlet 
temperatures and flow rates of hot water entering the 
test section. In the experiments, the hot water flow 
rate was increased in larges increments thus we took 
reading on two different flow rate 25 cc/sec and 
35cc/sec, inlet cold water and hot water temperatures 
were kept constant. The inlet hot and cold water 
temperatures were adjusted to achieve the desired 
level by using electric heaters controlled by 
temperature controllers. Before any data were 
recorded, the system was allowed to approach the 
steady state. The experiments were performed for the 
concentric plain tube; the flow rates of the water are 
controlled by adjusting the valve and measured by 
two calibrated flow meters with a range of 0 – 45cc/s. 
The water and tube wall temperatures at the inlet, 
middle and outlet sections are measured by six type 
digital T thermocouples constantan. For each section, 
two thermocouples are used to measure the hot water, 
cold water and tube wall temperatures. All type T 
thermocouples are pre-calibrated with the thermo-
well. The solution was prepared 1gm and 2gm 
(BmimCl) in 50 lit. with distilled water. 
Thus in this procedure we calculate all data for only 
pure tap water. Then we took reading subsequently 
for the 1gm BmimCl and 2gm BmimCl it mixed up 
with the 50 lit tap water and prepared blend continues 
reading for every 5 min of interval. Plug in the 
required connection using the socket. Allow the 
pressure of hot water to build up to minimum heat. 
Open the cold water inlet valve so that water flows 
through shell at a particular flow rate. Then open the 
hot water inlet valve & adjust to a constant pressure 
& it flows in tube side of heat exchanger. Allow the 
hot water to reach steady state. Afterward the inlet 
and outlet temperature of hot and cold fluid is noted 
down. Note down flow rate of cold water and also 
measure condensate collected for known interval of 
time. The procedure is repeated for different pressure 
of hot water. 
 
IV. OBSERVATIONS AND CALCULATIONS 
OBSERVATIONS FOR TAP WATER 
 

Table 2: Observation table for counter flow pure tap water 
(flow rate = 25 cc/sec) 

 
 
Th1 – Temperature of hot side inlet. 0C                          
Th2 – Temperature of hot side exit.  0C 
Tc1 – Temperature of cold side inlet. 0C                        
Tc2 – Temperature of cold side exit. 0C 
∆T1 - (Th1 -Tc2) - Temperature difference. 0C ∆T2 – 
(Th2 - Tc1)-Temperature difference. 0C 
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LMTD – Logarithmic mean temperature difference. 
0C 
 
V. CALCULATIONS 
 
Logarithmic Mean Temperature Difference ∆T LMTD   
in 0C 

∆T LMTD = ∆ ∆

 [ ∆∆ ]
 

 
    Avg. LMTD = (18.04+18.04+17.05+16.84)/ (4) 
=17.49 0C 
Q = m* Cp*∆Tc= 25 *10-3 *4.18* 9.7= 1.01365 KW 
     U = Q / A* LMTD= 124.69 W/ 0Cm2 
OBSERVATION FOR TAP WATER + IONIC 
FLUID 

 
Table 3: Observation table for counter flow pure tap water + 

ionic solution 1gm (flow rate =25 cc/sec) 

 
 
Where,         
Th1 – Temperature of hot side inlet.                           
Th2 – Temperature of hot side exit. 
Tc1 – Temperature of cold side inlet.                         
Tc2 – Temperature of cold side exit. 
∆T1 - (Th1 -Tc2) - Temperature difference                
∆T2 – (Th2 - Tc1)-Temperature difference 
LMTD – Logarithmic mean temperature difference 
 
VI. CALCULATION 
 
Logarithmic Mean Temperature Difference ∆T LMTD 
in 0C 

∆T LMTD = ∆ ∆

 [ ∆∆ ]
 

Avg. LMTD = (19.76+18.41+18.22+18.28)/4= 18.66 
0C 
Q = m* Cp*∆Tc= 25 *10-3 *4.18* 11.3= 1.1808 KW 
U = Q / A* LMTD= 110.56 W/ 0Cm2 
 
VII. PERCENT RISE & PERCENT DROP 
 
For flow rate 35cc/sec 
Avg. Maximum LMTD for pure water counter flow 
=18.89 0c 
Avg. Maximum LMTD for 2gm ionic fluid for 
counter flow=20.190c 
So, (Rise in % of LMTD for pure water counter flow 
with respective ionic fluid counter flow) = 6.42% 
Similarly, Avg. Maximum LMTD for pure water 
parallel flow =12.06 0c 

Avg. Maximum LMTD for 2gm ionic fluid for 
parallel flow=12.660c 
Therefore, Rise in % of LMTD for pure water parallel 
flow with respective ionic fluid parallel flow = 4.73% 
Similarly, we choose the minimum value for overall 
heat transfer coefficient pure water counter flow and 
for 2gm ionic fluid counter flow so following data get 
observed this data taken for flow rate 35cc/sec 
Avg. Minimum overall heat transfer coefficient for 
pure water counter flow =180.32W/0Cm2 
Avg. Minimum overall heat transfer coefficient for 
2gm ionic fluid for counter flow=160.12 W/ 0Cm2 
So, Drop in % of overall heat transfer coefficient for 
pure water counter flow with respective ionic fluid 
counter flow = (180.32-160.12) *100/ 180.32 = 
11.2% 
Similarly, Avg. Minimum overall heat transfer 
coefficient for pure water parallel flow =323.9 W/ 
0Cm2 
Avg. Minimum overall heat transfer coefficient for 
2gm ionic fluid for parallel flow =304.42 W/ 0Cm2 
Therefore, Drop in % of overall heat transfer 
coefficient for pure water parallel flow with 
respective ionic fluid parallel flow = (323.9-304.42) 
*100/ 323.9= 6.01% 
 
RESULTS 
 
Table 4 and 5 shows all calculated value of LMTD 
and Overall heat transfer coefficient (U). Fig. 3 and 4 
shows graphical representations of flow rate vs. 
LMTD and Overall heat transfer coefficient (U). 
 

Table.4: Comparisons between flow rate & LMTD 

 
 

Table.5: Comparisons between flow rate & overall heat 
transfer coefficient 
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Figure 3: Graph for LMTD vs. Flow rate  

Figure 4: Graph for overall heat transfer coefficient (U) vs. 
Flow rate 

Where, 
PWPF-Pure water parallel flow                               

IFPF-Ionic fluid for parallel flow  
PWCF-Pure water counter flow                              

IFCF-Ionic fluid for counter flow 
1-flow rate (25cc/sec) and 2-flow rate 

(35cc/sec) 
 
CONCLUSION 
 
The heat transfer characteristics of the ionic fluid (1-
Butyl 3-Methyl imidazolium chloride) presented. 
Effect of ionic fluid as green solvent have the 
property such as thermal conductivity, thermal 
stability, electric conductivity, heat capacity and 
relevant parameters on heat transfer characteristic. 
Thus working fluids other than water can also 
introduced great change while used in shell & tube 
heat exchange. Ionic liquids show great promise as 
reaction media for many types of catalysis. The 
ability to control their properties very precisely sets 
them apart from other conventional working fluid. 
Clearly ionic liquids remain relatively costly 
compared with conventional organic solvents or 
water, but this must be set against the fact that they 
are generally used in much smaller quantities, and are 
likely to be reused in most applications. Use of 
(BmimCl) as a clean fluid has a significant effect on 
the enhancement of heat transfer. The experiment was 

quite satisfying for the output in terms of Rise in % of 
LMTD for pure water counter flow with respective 
ionic fluid counter flow 6.42%. Rise in % of LMTD 
for pure water parallel flow with respective ionic 
fluid parallel flow 4.73%. Drop in % of Overall Heat 
Transfer Coefficient for pure water counter flow with 
respective ionic fluid counter flow 11.2%.Drop in % 
of Overall Heat Transfer Coefficient for pure water 
parallel flow with   respective ionic fluid parallel flow 
6.01%.Thus it is conclude that ionic fluid (1-Butyl 3-
Methyl imidazolium chloride) is very promising 
alternative fluid to increase the heat transfer rate 
especially shell & tube heat exchanger. 
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