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Abstract - In this paper, the analysis of soluble oil cutting fluid is done by comparing the surface roughness for different 
depth of cut for turning operation in Lathe machine. The experimental setup was established for carrying out the experiments 
and the temperature readings were taken using FLIR Thermal imaging camera and Stem thermocouple and tabulated for the 
calculation of Heat transferred. In the cutting fluids, the thermal conductivity of base fluid is low because of which the heat 
transferred is low. Hence to improve the heat transfer rate and for better surface finish, CuO nanoparticles are added to base 
fluid so that the thermal conductivity of the base fluid is increased and reduces the temperature at workpiece- tool interface 
and reduces the friction and tool wear. It was mixed with the help of homogenizer. The results for the preparation of 
nanofluid did not come out as expected due to absence of surfactant, which stabilizes the nanoparticle in the fluid. 
 
 
I. INTRODUCTION 
 
Metal cutting generates heat which influences the 
quality of a finished product, force needed in cutting 
and the tool life [2, 12]. To keep the cutting 
temperature within desirable limits and the produced 
heat around the cutting zone needs to be extracted 
continuously [11]. Therefore there have been various 
attempts by researchers to understand the mechanism 
and theory behind temperature built up in order to 
achieve optimized machining procedures and 
parameters by developing various coolants such as 
water, ethylene, engine oil, glycol etc in past years 
[9]. There has been various optimizations techniques 
have been carried out to get optimal process 
parameters for each machining operations for better 
surface finish by taking feed, speed, depth of cut etc. 
as input parameters and surface finish, material 
removal rate as output parameters [4,8,10].  An 
alternate solution is to increase the thermal 
conductivity of the conventional base fluid by 
dispersing solid micro or Nano- sized particles [7]. 
However, use of micro- sized particles led to 
clogging, pressure drop and poor stability of 
suspension. To overcome these problems nanometer- 
sized particles have replaced micro particles [12]. The 
most common nanoparticles, base fluids and additives 
exploited by various researchers are shown in figure 1 
on the next page [7]. 

 
Fig.1 Flowchart of various base fluids, nanoparticles and 

surfactant in nanofluid preparation  

II. RELATED WORK 
 
The following literatures were studied and observed 
carefully related to the title I had chosen:  
 
1) Cecil M. Daniel et al. (1996), determined the 

thermo- physical properties of common soluble 
oil, synthetic and semi- synthetic cutting fluid 
and their heat transfer performance were 
compared for tuning and boring operations [1].  

2) R. R. Srikant et al. (2008), estimated prevalent 
temperatures measured by K- type thermocouple 
during facing operation of AISI 1040 steel under 
constant cutting conditions in dry state and using 
conventional cutting fluid (CuO- water) [2]. 

3) V. Vasu et al. (2011), studied experimentally the 
heat penetration and surface roughness by 
grinding operation using dry, TRIM E709 
emulsifier and TRIM E709 emulsifier with 
alumina nanoparticle (1% vol. concentration) 
with 3 different depth of cut and feed rate. 
Stimulation also was conducted using FEM heat 
transfer model [3]. 

4) Dr.PalPandian, et al. (2013), has determined the 
optimum cutting parameters using PSO 
algorithm and neural network to predict the 
cutting forces in MATLAB. They had used 3- 
axis vertical CNC milling machine and Al alloy 
of 6210 as the workpiece. For the input 
parameters of cutting speed, depth of cut and 
feed, the optimal cutting speed rate was found to 
be 24, 000 rpm and feed rate to be 1,400 mm/min 
[4]. 

5) Sougata Roy et al. (2013), investigated 
experimentally the advantages of twin jet SQL 
by varying feed rates (0.05 and 0.10 mm/rev.) 
with dry machining, conventional coolant (SO) 
and nanofluids (water based 3% alumina and 1% 
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MWCNT) while turning AISI 4140 using multi-
layered carbide tool [5]. 

6) M. Amrita et al. (2014), prepared and evaluated a 
new nanofluid (Nano- graphite in SO) by 
applying it as MQL in turning AISI 1040 steel 
with cutting speed of 40 m/min, feed of 0.14 
mm/rev and depth of cut of 1mm against dry, 
flood and MQL of cutting oil [6].  

7) Prof. N. V. Dhandapani, et al. (2015) improved 
the productivity by standardization of high speed 
CNC end milling. This was done by using Alloy 
steel EN24 in 4- axis milling center by doing 
experimental analysis of parameters in different 
compositions of input conditions with the help of 
ANOVA method [8]. 

8) S. Senthilraja et al. (2015), investigated 
experimentally the thermal conductivity of 
Al2O3/water, CuO/water and Al2O3- CuO/water 
nanofluids for 3 different vol. concentrations 
(0.05, 0.1 and 0.2 %) and then compared to 
theoretical thermal conductivity values [9]. 

9) Dr.Vikas Pare, et al (2015), concluded that Al2O3 
-SiC is found to be stable before and after 
machining in HSM.The experimental study was 
carried out in CNC vertical milling machine with 
Al- SiC as workpiece. They had considered 
speed, feed, depth of cut and step- over ratio as 
input parameters for this experiment analysis. 
GSA proved to be best in terms of optimum 
value of surface roughness [10]. 

10) Anuj Kumar Sharma et al. (2016), prepared 
TiO2, Al2O3 and SiO2 nanoparticle in vegetable 
oil- water emulsifier and measured the thermal 
conductivity, density, specific heat and viscosity 
at different temperatures and vol. concentrations 
by Transient Hot Wire apparatus, differential 
scanning calorimetry and digital viscometer 
respectively [11]. 

11) Anuj Kumar Sharma et al. (2017), prepared and 
investigated SiO2/vegetable oil- water emulsion 
with different vol. concentrations (0.5, 0.75, 1, 
1.25, 1.5, 2, 3 %) for its thermal and tribological 
properties. An experimentation of turning 
operation of AISI 1040 steel was done using dry, 
MQL with conventional cutting fluid and MQL 
with nanofluid and the surface roughness and 
cutting forces was determined [12]. 

12) Hamid Salimi- Yasar et al. (2017), investigated 
experimentally the various parameters on heat 
transfer performance during drilling operation for 
3 modes of dry drilling, drilling with pure cutting 
fluid and SO- based TiO2 nanofluid (0.3, 0.6 and 
1 wt%) [13].  

13) Rabesh Kumar Singh et al. (2017) tested the 
thermal and tribological properties of alumina 
nanofluid and alumina- grapheme hybrid 
nanofluid (90:10) in vol. concentrations of 0.25, 
0.75, 1.25%. Experiments were conducted for 
turning operation of AISI 304 steel using MQL 
technique with cemented carbide insert and the 

cutting forces were measured by Kistler 
dynamometer and for surface roughness, it was 
measured by Surftest SJ- 210 [14].  

 
III. METHODOLOGY 
 
The methodology was carried out into 2 modules 
which are discussed below:  
3.1 Analysis Of Cutting Oil On Surface 
Finish For Turning Operation 
3.1.1 Selection of materials and process 
parameters 
The following tables, Table 1 and Table 2 summarize 
the equipment, material and the process parameters 
selected for the experimentation of turning operation 
on the next page. 

 

 
Table 1 Equipment and materials 

 

 
Table 2 Process Parameters of VENUS V3 Lathe machine for 

turning operation 
 
3.1.2 Proposed schematic view of experimental 
setup 
The experimental setup was prepared for the turning 
operation and measurement of surface roughness as 
shown in figures on the next page. The schematic 
views for the experimental setups for turning 
operation and surface roughness tester are shown in 
Fig. 2 and Fig. 5. The photographs for turning 
operation is shown in Fig. 3 and Fig. 4 and for 
surface roughness tester is shown in Fig. 6 

 
Fig. 2 Schematic view of turning operation on Lathe machine 
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Where,  
T1- temperature of cutting fluid from the pump 
T2- workpiece temperature 
T3- temperature of cutting fluid collected after 
cooling the tool- workpiece interface 
T4- tool tip temperature  

 

 
Fig. 3 Photograph of experimental setup for turning operation 
including FLIR thermal imaging camera and Thermocouple 

 

 
Fig. 4Close up photograph of experimental setup for turning 

operation in Lathe machine 

 
 

Fig. 5 Schematic view of Mitutoyo Surface roughness tester 
 

 
Fig. 6 Photograph of experimental setup of surface roughness 

tester 

3.1.3 Experimentation and Tabulation for 
Turning operation 
The temperature readings were taken using FLIR 
thermal imaging camera focusing on the areas shown 
in Fig. 2 at each time interval of 15 sec. The surface 
roughness readings were also noted down for 3 times 
for each workpiece. 
Ambient temperature- 34.2 oC, 
Workpiece temperature before experimentation- 32 
oC 
Stroke length for surface roughness tester- 15 mm 
WITH 1:10 SOLUBLE OIL: WATER RATIO 

 

 
DEPTH OF CUT- 0.4 mm 

Table 3 Temperature readings for turning operation with 
depth of cut 0.4 mm 

 

 
Table 4 Surface roughness readings for workpiece with 0.4 mm 

depth of cut 
 

 
DEPTH OF CUT- 0.6 mm 

Table 5 Temperature readings for turning operation with 
depth of cut 0.6 mm 

 

 
Table 6 Surface roughness readings for workpiece with 0.6 mm 

depth of cut 
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DEPTH OF CUT- 0.8 mm 

Table 7 Temperature readings for turning operation with 
depth of cut 0.8 mm 

 

 
Table 8 Surface roughness readings for workpiece with 0.8 mm 

depth of cut 
 

3.1.4 Calculation of heat transferred from 
workpiece to cutting fluid 
The equation for Heat Transferred is as below:- 
Q= 2πrh (Tw-Tf) L [1]                                                              
(1) 
Where, 
r= radius of workpiece with depth of cut (mm) 
h= heat transfer coefficient of water soluble oil = 
9933 W/m2 oK[1] 
Tw= avg. temperature of workiece for all time 
intervals (oK) = T2 avg. 
Tf= avg. temperature of cutting fluid at outlet for all 
time intervals (oK) = T3 avg. 
L= total length of workpiece =150 mm 
For Depth of cut of 0.4 mm,  
Tw= 116.5 oC =389.5 oK 
Tf= 41.25 oC =314.25 oK 
r= 25 mm 
Q= 2휋 × × 9933 × (389.5− 314.25) ×  
Q= 17602.64 W 
Similarly, for Depth of cut of 0.6 mm, 
Q= 493.107 W 
And for Depth of cut of 0.8 mm, 
Q= 6398.98 W 
 
3.2 Preparation of CuOnanofluid based 
cutting fluid 
3.2.1 Selection of CuOnanofluid and its vol. 
concentration % 
The reason for selecting CuO nanoparticle was 
because it has higher thermal conductivity than 
Al2O3, TiO2, SiO2, GO. The Table 9 below shows the 
comparison between Al2O3 and CuO nanoparticles. 

 

 
Table 9 Thermo Physical properties for Al2O3 and CuO 

The percentage volume concentration for calculating 
the amount of Nanoparticles to be added in cutting 
fluid is calculated by the formula in next page.  

%vol. concentration =  X 100 

[9]                  (2) 
41.604 g of CuO nanoparticle (0.06 % vol. conc.) was 
mixed in 1:10 soluble oil and water mixture (11 Lts.) 
with the help of Homogenizer. 
3.2.2 Preparation of CuOnanofluid 
After 30 minutes of mixing as shown in Fig.7 on the 
next page, it was found that the nanoparticles did not 
mix thoroughly due to the absence of surfactant 
which stabilises the nanoparticles in the liquid and 
hence the entire nanoparticle agglomerated 
immediately. 
 

 
Fig. 7 Steps followed in preparing CuOnaofluid based cutting 

fluid 
IV. RESULT 
 
From the readings taken, following are the inferences 
that are listed below:- 
 
1. The value of surface roughness for workpiece 

with 0.4, 0.6, 0.8 mm depth of cut under soluble 
oil cutting fluid is 6.468 µm,7.561 µm and 
10.272 µm respectively. 

2. With the increase of depth of cut the surface 
roughness increases and hence gives poor surface 
quality.      

3. The heat transferred for workpieces with 0.4, 0.6, 
0.8 mm depth of cut under soluble oil cutting 
fluid are 17602.64 W, 493.107 W, and 6398.98 
W respectively. 

4. The table for values for surface roughness and 
Heat transferred is listed below for different 
values of depth of cut : 
 
 

 
Table 10 Tabulation for Surface Roughness and Heat 

Transferred for varying depth of cut for soluble oil cutting 
fluid 
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5. The graph, Fig. 8 on the next page shows the plot 
between Heat Transferred, Q and Surface 
Roughness, Ra for depth of cut 0.4, 0.6, 0.8 mm. 

 
Fig. 8Graph plot between Heat transferred (Q) Vs. Surface 

Roughness (Ra) 
 

From the preparation of CuOnanofluids following 
points are concluded:- 
 
1) Absence of surfactant is the reason for improper 

inclusion of CuO nanoparticles into the soluble 
oil water mix. 

2) The stability of nanoparticles is improved by 
adding surfactant which surrounds the 
nanoparticles according to anionic and cationic 
parts holding on to nanoparticle and the other 
holding on to base fluid. 
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