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Abstract 

The purpose of this inspection is to identify the heat transfer effects of an incremental addition 

of diamond nanoparticles to hot engine oil in a structural steel shell and tube heat exchanger 

using forced convection to heat cooler air. The shell and tube heat exchanger is constructed 

with one tube containing hot engine oil, which is positioned symmetrically inside a larger tube 

containing colder air. The outlet air temperature was examined for relative changes in 

temperature for each concentration of nano-diamond added (i.e., 0, 0.5, 1.0, and 2.0% 

respectively). Additionally, a comparison study was performed to show the difference between 

a model with no baffles and a model with containing several baffles that demonstrate 

maximum efficiency for a pure oil control. The COMSOL simulation investigates the 

stationary laminar flow solutions for all cases considered. Dynamic viscosity, thermal 

conductivity, density, and specific heat are modified to simulate the various oil compositions; 

an experimental investigation from 2012, by M. Ghazvini, et.al [1], was used in obtaining the 

material properties for this report at 313.15 K. The simulation expresses a maximum increase 

in air outlet temperature of 1.06% and 0.98% for an engine oil additive of 2.0% nano-diamond. 

These percentages are respective of a no baffle model, and the baffle case that demonstrated 

maximum efficiency, 17 baffles. Additionally, the increase in outlet air temperature for pure 

oil between the two geometries was found to be 1.28%. These two methods to increase heat 

transfer efficiency are seen to have a comparable effect on this geometry. 

 

 

1. INTRODUCTION 
Shell and tube heat exchangers are the most common type of 

industrial heat exchanger used, Galal stated they are commonly used in 

oil refineries and chemical plants [2]. A frequent application of shell 

and tube heat exchangers is in petroleum refinery plants to preheat the 

crude oil before it is refined into numerous advantageous petroleum 

products stated by Kundnaney & Kushwaha [3]. Additionally, since 

the shell and tube heat exchangers are used for such large-scale 

operations it is desired that they have high efficiency, a low overall 

cost, and easy maintainability. The modeling and simulation of a shell 

and tube heat exchanger is one possible solution for increasing 

efficiency at a relatively low cost. Moreover, the modeling and 

simulation process holds an importance in the engineering design 

process because it has the capability of demonstrating an estimated 

efficiency of a design before prototyping or manufacturing a 

singleunit; modeling and simulation has a proposed benefit of lower 

cost relative to testing an unknown number of prototypes. 

Diamond is a particularly effective additive due to its high 

thermal conductivity, low electrical conductivity, low density, and 

high hardness. In a 2013 article, Nano-diamond Nanofluids for 

Enhanced Thermal Conductivity by Branson, et al., it is expressed that 

ultra-dispersed diamond powder (UDD) or detonation nano-diamond 

is a common source for commercial use nano-diamonds [4]. 

Detonation nano-diamond gets its name from the fact that explosives 

are used in a cavity containing diamond where nanoparticles are 

produced from the explosion. Adding nano-diamonds to the oil will 

increase the specific heat, thus, increasing its thermal conductivity. 
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The addition of very small particles in the fluid can be thought to be 

suspended evenly through the fluid adding a higher conductivity, to a 

degree, like what is present in solids. In theory, higher concentrations 

of the nano-diamond will increase the heat transfer in the shell and 

tube heat exchanger; between the hot oil and the cool air by air 

convection from the surface of the pipe containing the oil, though 

empirically this is true only to a certain concentration, after which the 

heat transfer rate will begin to decrease. This is partially due to the 

increasing viscosity impeding convection. A few assumptions were 

made while performing the simulation and analysis. The assumptions 

were: the outer wall of the shell is an adiabatic barrier, stationary 

simulation not transient, laminar flow, for time equal to zero the oil 

tube is all hot oil at the initial hot temperature, and the air and shell are 

initially at the air inlet temperature. 

In Heat Transfer Properties of Nano-diamond–Engine Oil 

Nanofluid in Laminar Flow, 

M. Ghazvini, et al. [1] in 2012 notes that the recent developments in 

technology allow for the possibility of composing new fluids with 

enhanced heat transfer properties by the addition of either metallic or 

non-metallic nanoparticles, in these early stages of development these 

nanofluids have been perceived as possibly being revolutionary in heat 

transfer improvement techniques. The same study conducts 

experiments on diamond nano additive in laminar flowing engine oil, 

using a 6mm pipe. It is from the documentation of the study’s 

experimentally found material properties that this report forms its basis 

of analysis. There are four cases considered for the engine oil in this 

investigation; pure oil, oil with 0.5% nano-diamond particle, oil with 

1.0% nano-diamond particle, and oil with 2.0% nano-diamond particle. 

A simulation was done for each case showing an increase in 

temperature percent difference. It is possible for manyproperties to 

change with the addition of the nano-diamond, pertaining to the shell; 

property changes due to wear or corrosion resistance alterations from 

the flowing particles, however, only dynamic viscosity, thermal 

conductivity, specific heat, and density of the oil are considered in the 

physical model due to their initial importance. 

The introduction of nanoparticles to traditional base fluids, 

such as, ethanol glycol, water, or oil composes a new fluid category 

referred to as a nanofluid first coined by Choi [5]. 

Although, nanofluids increase heat transfer, they can also have certain 

negative effects on a thermal system. The unfavorable effects include: 

erosion of shell and tube material, increased power requirements, and 

possible blockages in smaller diameter pipes observed by Hu and 

Dong [6]. Corrosion occurs more with diamond nanoparticles 

compared to other nanoparticles such as titanium because of the large 

difference in hardness between a steel shell and diamond, reported by 

Hu, Z. S., and Dong, J. X. in Study on Anti Wear and Reducing 

Friction Additive of Nanometer Titanium Oxide. Additionally, the 

increased wear of the material that is to be in direct contactto the 

continuously flowing fluid is a topic of concern of many researchers in 

and of itself. Also, the desired levels of thermal conductivity are more 

difficult to achieve practically than one would ideally perceive [6, 7]. 

When testing UDD in ethylene glycol, Branson, et al. [4] found there 

was only a slight increase to the base fluid’s conductivity, which was 

said to be due to the poor dispersibility of the nanoparticles in the base 

fluid throughout the entire system of the heat exchanger. In Branson’s 

experiment it was specifically stated, “...achieving stable ND/base 

fluid dispersions usually requires ND surface modification via gas 

annealing techniques or the addition of surfactant-based or covalently 

bound functional groups.” However, the concern is not apparent in this 

COMSOL analysis because the additional thermal conductivity created 

from the additions of percent nano-diamond particle is already ideally 

added to the base fluid before the simulation was commenced. 

Although, in practice this does present a practical hurtle for a sustained 

continuous uniform circulation of the nano-diamond throughout a 

system. 

 

2. MATERIALS AND METHODS 

2.1 Geometry 
COMSOL was used in both the creation of the model 

geometry and the simulation of the basic shell and tube heat 

exchanger. The primary focus of the simulations is in evaluating the 

added performance of the nanoparticles, thus, the dimensions of the 

model were created arbitrarily, and the final model geometry can be 

seen in figure 1 & 2. The model was created on the mm scale to reduce 

solving time, where in previous larger designs elongated solving times 

was a challenge encountered with ANSYS taking more than 4 to 5 

hours to complete a calculation for an industrial size heat exchanger 

with baffles, and a more complex 19 hot tube construction. 

Additionally, sudden expansions were eliminated around the oil tube to 

help with convergence issues. The requirement for simulating three 

distinct materials from a three-dimensional model is that there exists 

three separate model sections: one for the shell (structural steel), one 

for the hot fluid (engine oil/engine oil nanofluid), and one for the 

cooler fluid to be heated (air). Lastly, the surface area density was 

calculated as 382.78 m^2/m^3, which is simply the ratio of heat 

transfer surface area to heat exchanger volume (the volume was 

interpreted as the volumetric air space). 

 

Figure 1: Figure 2 : Dimensions of shell and tube heat exchanger 
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                             Cross Sectional Diagram of Inlets and Outlets                                                                    Shell and Tube 

 

 
Oil                                                                                                                                 Air 

 

Figure 2 : Geometry 

 

2.2 Materials 
The COMSOL study performed utilizes the default material 

assignments within the material fluid and solids database including: 

Structural steel, air, and engine oil. The breakdown of the material 

properties are viewed in figures 5-6, as well as initial conditions for 

the boundaries. However, the modifications to the oil, to simulate the 

nanofluid, were basedon the experimental study performed by M. 

Ghazvini, M. A. Akhavan-Behabadi, E. Rasouli&M. Raisee in 2012 

where they use 20W50 motor oil with a nano-diamond particle 

additive [1]. Figures 3 and 4 are linear regressions derived from the 

study at 40 centigrade where this study obtains its values for the 

respective material properties; similarly, thermal conductivity is 

obtained from the studies experimental findings at 0, 0.5,1, & 2% 

nano-diamond particle in oil. The density of pure motor oil was 

assumed to be 810 kg/m^3 and the nano-diamond 3500 kg/m^3. The 

respective blend densities were summations derived via percentages of 

the pure values just stated, which is derived from conservation of 

mass. It can be added that constant oil density is linked to its defined 

incompressible flow. COMSOL uses equation-based material 

properties for air and engine oil, however, for the time independent 

study the material properties of the nanofluid are considered here as 

constant. The projected maximums of the oil property increases were 

35% in thermal conductivity and 20% in specific heat [1]. In contrast, 

the maximum increases calculated relative to pure oil for this 

simulation can be seen in figure 7, which are 36% for thermal 

conductivity and 15% for specific heat. Additionally, for dynamic 

viscosity the max increase was 17% and the density increased a 

maximum of 7 % for the 2% nano-diamond addition. The near 

proximity or equivalence to the observed published maximums yield 

the notion that this study is taking full advantage of the nano-diamond 

benefit seen in the Ghazvini, M.,et.al study [1]. It is this studies goal to 

utilize the nano-particles maximum superior qualities in conjunction 

with the discussed base fluid 
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Figure 3: Material Properties for the used concentrations based on Ghazvini, M., et al 2012 study [1]. (Specific heat, linear trend with concentration 

40°C.) 

 

 
 

Figure 4: Material Properties for the used concentrations based on Ghazvini, M., et al 2012 study [1] (Viscosity, linear trend with concentration 

40°C.) 

Table 1: Air and Steel Properties (COMSOL Default) [8] 
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Table 2: Oil with Nano Diamond Concentration Properties [1,8] 

 
 

Table 3: Oil & Nanofluid Diamond Concentration Properties Percent Increases 

 
 

2.3 Boundary Conditions 
If one used a compressible flow model the isentropic stalled 

temperature would be defined, which is a function of both Mach 

number and the ratio of specific heat. Although in this model, due to 

the non-isothermal incompressible flow the inlet temperatures must be 

specified. The diamond nanoparticles were introduced into engine oil 

through a central tube with an inlet temperature of 313.15 K. In the 

exterior cavity inlet air at 276.15 K is passed over the outer diameter 

of the engine oil tube, as seen in the cross-sectional diagram of figure 

2. The outlets were both set to zero pressure, for a compressible model 

this would result in non-physical results, but for an incompressible 

simulation with inlet velocities defined the choice with zero gradient 

and magnitude is often assumed for the environment of fluid exiting 

the defined system. 

 

      

Figure 5: COMSOL Mesh (Normal Default) 

Additionally, the outer shell is assumed adiabatic and with the 

stationary simulation, also, the initial temperatures of the cavities of 

the model (t0 =0) corresponds to the oil and air temperatures, 

respectively as stated before. Moreover, it is assumed that the air fluid 

component has an initial velocity of 1 m/s, while the oil fluid 

component is pumped in the tube inlet at 100 m/s, displayed in Table 

1-2. The model is further defined with the default mesh configurations 

for normal mesh size and the physics-controlled option is activated for 

additional properties such as inflation or a boundary layer on fluid 

shell boundaries; mesh independence was found for the 

model, but normal was used for a higher calculation speed, seen in 

figure 5. 

 

2.4 Setup 
Subject to Ghazvini, M.,et. al, this was a steady state laminar 

study as the experimental properties for the nanofluid was performed 

with a laminar flow [1]. Additionally, the study was defined as non-

isothermal, apart from the inlets, the temperature throughout the 

structure andfluids will vary. Also, the overall solution was fully 

coupled, the combined elements of the model are solved 

simultaneously together; for the physical phenomenon of the model 

are all connected through heat transfer, thus, appropriate for the 

simulation. PARDISO (Parallel Sparse Direct Linear Solver) was 

chosen for its superior speed in comparison to the other COMSOL 

direct solvers available, such as MUMPS or SPOOLES. The solver is 

capable of bridging the work over multiple cores on the computer, 

while simultaneously having the capability of storing the solution 

partially on the computer hard disk [3]. The preorder algorithm was 

defined as a multi-threaded nested dissection. Additionally, the 
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simulation was configured to run to with a limit of 1000 iterations 

relative to a tolerance factor of 1. The simulation converged to the 

tolerance factor in all cases, generally less than 70 iterations, but for 

most of the trials the solver converges in around 10 iterations (figure 

6). 

 
 

Figure 6: Convergence plots for case 1 to 4 (top to Bottom); pure oil, 0.5%, 1.0%, & 2.0% nano-diamond concentration. 

 

3. THEORY 

3.1 Governing Equations 
The study balances the heat being generated in the solid steel shell and 

the spatial component of heat transfer to the left, with the time 

dependent component on the right side of equation 1.  

 

Energy Heat Transfer       (1) 

 

The density is given by ρ, specific heat by Cp, k gives the thermal 

conductivity of steel, del operator dotted with del T represents the 

divergence of the temperature gradient or Laplacian, the dot product u 

dot del T models the time dependent advection, and Q represents the 

heat generation source. It can be seen that the general equations used 

by the COMSOL stationary solver for the fluids use Naiver Stokes, 

continuity, and the energy equation. The energy equation generally 

includes heat and work components added to the left side of the 

equation not seen in equation 1. For example, if there is convection, 

which occurs from the outer diameter annular oil pipe to the passing 

air. Equations 2 and equation 3 seen below, express Naiver Stokes and 

continuity, respectively. 

 

Naiver Stokes 

 

 
Equation 3 represents conservation of mass where density is 

not variant with time; for the divergence of velocity, the del operator 

expands with vector u multiplied by the density to form the 

infinitesimal mass volume density representative of the mass inflow 

and outflow respective of a control volume, for laminar nearly 

incompressible flow. Solved simultaneously is equation 2 or Naiver 

Stokes equation derived by Naiver, Stokes, Saint-Venart, and Poisson 

sometime around 1827 and 1845 [8]. The equation represents newton’s 

second law for compressible fluids or it can be understood as the 

conservation momentum equation. From {1} to {4} the terms 

represent a summation of internal forces, with force components of 

pressure, viscous force, and external force; μ is the dynamic viscosity, 

and I is the identity matrix [8]. One case when a term is eliminated is 

when the viscous force term drops out, if the divergence of the 

velocity is zero, in the case of incompressible flow for a fluid, such as, 

engine oil. 

 

4. RESULTS 
The analysis produced a more efficient system regarding the 

addition of the nano- diamond particle engine oil additive. The 

addition of baffles produced a similar improvement. The max of 17 

baffles produced about a 1 % improvement in efficiency, whereas the 

addition of the 2.0% nano-diamond concentration gave about a 1% 

improvement in heat transfer efficiency. 

 

5. DISCUSSION 

5.1 Effects of Nano-Diamond Implementation 
In figure 9, the plane sections of the heat exchanger are 

shown, the temperature profiles are displayed for each concentration 

tested. In figure 11 the streamline temperature distributions are 
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presented for comparison. It can be seen that the area to the left of the 

air inlet, an eddy had formed where the boundary layer was not 

formed, immediately deflecting off the pipe. The eddy has the effect of 

trapping cooling fluid in an isolated region, accumulating heat, with 

the eventual result of losing effectiveness of heat transfer from these 

locations overall. Additionally, because these regions trap a bulk of 

cooling fluid, the limit of the capacity of the fluid running alongside 

the oil tube is seen, which results in a small quantity of air absorbing 

as much thermal energy as seen, but only making up a minute total of 

the outlet air volume; the air running alongside the tube has less cold 

air molecules to pass thermal energy onto due to a large quantity of 

cooling fluid being located in the eddy, remaining a non-participant. 

For this reason, the results observed can lead one to desire a 

modification to the geometry of a smaller space between the outer 

shell and the oil pipe to reduce the natural convection produced 

phenomenon. 

The temperature rise has the greatest increase from pure oil 

with a 0.5% nano-diamond addition. In figures 7- 8 it can be seen that 

the green 295 K air dominates the outlet air region for pure oil, where 

the yellow-orange 302 K outlet air dominates in the 0.5% nano-

diamond case. The dominant air temperature in the outlet air for the 

last cases was approximately 

303-304 K for 1%, and 305-306 K for the 2% nano-diamond, where 

the bulk region being spoken of is coming from the bottom of the heat 

exchanger making up more than half of the air outlet volume. The 

overall hotter air outlet region (approximately 306-310 K) is closer in 

temperature through the 4 cases and makes up a smaller percent of the 

overall air outlet volume. 

Overall, as the air and oil move through the cross-flow 

exchanger the outlet temperature of the air rises and the outlet 

temperature of the oil approaches the inlet temperature of the oil as the 

concentration of nano-diamond particle content increases. The rise in 

oil temperature was due to an increase in conductive properties of the 

fluid increasing with nanoparticle addition, which was occurring faster 

than what was being removed via forced air convection in the air 

chamber figure 10. The largest improvement of heat transfer occurred 

at the largest concentration of nano-diamonds used, which maxed at 

only a 1.06% improvement over pure oil, as seen in Table 4. However, 

the overall effect of the nano-diamond addition decreased with every 

rise in percent relative to the increase seen from pure oil to 0.5%, 

showing that there are diminishing returns for every relative increase 

in nano-diamond particle percent increase. Although, if a plateau 

exists it was not observed at 2% as a slight increase was still seen 

between 1.5% and 2%, the proximity to level would be near as the 

percent increase between the two cases is only 0.2%, relative to each 

other (figure 9). However, if one observes figure 9 a parabolic trend of 

an increase in 

nano-diamond may be present, according to the R squared term 

equaling 0.9914 for the simulation data, if this is so, the maximum 

nano-diamond concentration would be around 1.6 %. However, for 

one to be conclusive, more data points are needed. 

 

 

Figure 7: Temperature contour plots for case 1 to 4 (top to Bottom); pure oil, 0.5%, 1.0%, & 2.0% nano-diamond concentration. 
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Figure 8: Temperature Streamline Plot No Baffles (Pure oil top) (2% ND bottom) 

 

 

Figure 9: Air Outlet Temperature vs % Nano Diamond Concentration (Increased Heat Transfer) 

 

The initial air inlet temperature was 276.15 K, which means for pure 

oil the air outlet temperature rose 24.64 K. Whereas, the maximum 

addition of nanoparticles at 2% increased the air outlet by 27.82 K. 

The oil on the other hand initially has a decrease in outlet 

temperature, 5.11 K for pure oil in relation to the inlet 313.15 K. 

However, as stated the nano-diamond addition promoted conduction 

within the fluid at a faster rate than what thermal energy could escape 

through convection with the cold air blowing across the pipe, thus, 

only a 0.88 K drop occurred. Also, one may note that the initial oil 

velocity is much faster than that of the air inlet velocity. 
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Figure 10: Oil Outlet Temperature vs % Nano Diamond Concentration 

 

Table 4: Oil Outlet Temperature & Increased Efficiency of Heat Transfer due to %ND 

 
 

5.2 Addition of Baffle/ Fin Comparison 
 

 

Figure 11: Baffle Dimensions, 2 mm OD 0.8 mm ID & 0.1 mm 

thickness with 0.25 mm spacings 

 

5.3 Metry Baffle Fin Addition 
The addition of heat fin baffles was incorporated to increase 

heat transfer between the oil and the air in the two-concentric tube heat 

exchanger; the addition of fins to the outer diameter of the oil pipe 

offers a comparison of air outlet temperature rise relative to the 

nanofluid. The geometrical addition has dimensions that follows a 

symmetric multiplier of two fins opposite a central baffle with a 0.25 

mm baffle spacing. Additionally, the baffle seen in figure 11 is a 0.1 

mm annular disk, with a 0.8 mm inner diameter, and a 2 mm outer 

diameter; the disk along with the central oil tube comprise 75% of the 

radial internal air cavity. At the 17-baffle configuration used for the 

primary comparison study, the surface area density was calculated as 

3835.07 m^2/m^3, which is much higher than the common range of 60 

- 500 m^2/m^3. 

 

5.4 General Setup Baffle Fin Addition 
It can be noted that to compare the simulations all other 

components related to the settings and mesh were kept identical to the 

first geometries simulation. It was desirous to find the point where the 

effect of adding heat transfer surface area began to negatively impact 

the performance of the heat exchanger due to the decrease in air 

volume; the effect was measured relative to the air outlet temperature, 

which is a sign of heat transfer efficiency of the overall system. 

Moreover, the initial trials were simulated with pure oil as the hot 

fluid; the addition of baffles followed the increasing series of: 0, 1, 2, 

...n+2 for n is the total baffles present in the last case before it. The 

series was performed up to 21 baffles and the graphical parabolic trend 

can be seen in figure 12, with the no baffle case at the left corner of the 

graph; the parabolic arc starts with 1 baffle and continues to 21. The 

derivative was set to zero and by taking the ceiling, the maximum for 

the configuration is found to be 17 baffles.
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Figure 12: Temperature of air outlet as a function of the number of baffles used. Highest efficiency occurs when 17 baffles are used. 

 

5.5 Effects of a Baffle Fin Alongside Nano-Diamond Implementation 
The comparative results of the study show a complete elimination of the eddy currents observed in the non-baffle geometry, and a more 

symmetric temperature gradient distribution due to less space in the cavity to house the circulation formations; the boundary layer along the shell is 

formed and retained, seen in figure 14. The effect is a more uniform air outlet temperature, the addition of baffles is for the encouragement of 

turbulence, thus, greater heat transfer (figure 13). However, the simulation is kept laminar and the baffles are directly mounted to the hot pipe; the 

baffles physical effect more closely simulate annular heat sink fins, increasing the heat transfer surface area with each additional fin. The overall 

trends are consistent with the non- baffle case according to the nano-diamond addition. The max percent increase due to the nanoparticle addition is 

0.98% relative to the pure oil air outlet temperature, where the previous geometry was 1.06% at 2% nano-diamond. The increase of the air outlet 

temperature due to the baffle addition was a 1.28 % increase over the non- baffle case for pure oil (Table 5). The temperature increases from the 

baffles alone respective of the 276.15 K air inlet was a 28.48 K increase, a 0.24 % increase over the 2% nano-diamond case’s increase in 

temperature of 27.82 K. Therefore, the combined effect of baffles and the nano-diamond is roughly double the nano-diamond increase at the 2% 

case, 2.3% (i.e., an overall 31.48 K air temperature increase from the air inlet temperature) (Table 5).

 

 
Figure 13: Temperature Distribution of Air with 17 Baffles (ND Concentration: 0,0.5,1,2%, respectively) 



 Hamidreza Ghasemi Bahraseman et al./Journal of Mechanical Engineering and Modern Technology (JMEMT)  

 

28 | Page                                                                                  30 June 2018                                                             www.jmemt.jarap.org 
 

 

 

 
 

Figure 14: Temperature Streamline Plot 17 Baffles (Pure oil top) (2% ND bottom) 

 

 

Table 5: Maximum baffles Additional effect on heat transfer (top), Nanoparticles & Maximum Baffles effect on heat transfer (bottom) 

 

 
 

 

The temperature vs % nano-diamond concentration graph can be seen 

in figure 15 and has information that summarizes the results of all the 

relevant trials. The lower data is the first case geometry, whereas, the 

upper curve is representative of the baffle fin geometry. The slope is a 

direct correlation to the temperature rise for additional nano-diamond 

concentration. The addition of baffles can then be said to vertically 

shift the results from the first case up roughly 1.28%.
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Figure 15: Comparison between Trials 

 

6. CONCLUSIONS 
This study set out to determine the effect of nanofluid in 

conjunction with a shell and tube heat exchanger. The first set of 

simulations observed the raw effect of nanofluid in a shell and tube 

heat exchanger hot flowing fluid without any thin member baffle fin 

structure in the cold fluid chamber, this was done with the purpose of 

contrasting the relative effect of the methods themselves. Both adding 

baffle fins or adding a nanofluid can be considered a heat transfer 

enhancing method in general. 

Therefore, the study offers a lens as to their individual 

benefits, and a lens to the combined effect for this particular geometry. 

In the shell and tube heat exchanger, an analysis according to the 

varying amounts of nano-diamond particles that ranged from 0% to 

2.0% was conducted, which considered heat transfer changes relative 

to the increasing nano-diamond concentration effect on: thermal 

conductivity, specific heat, density, and dynamic viscosity. Second, a 

baffle system was constructed where the geometries unique max of 17 

baffles was found, the max was used to contrast the addition of 

nanofluid to the addition of baffles. In each investigation there were 

increases in the overall efficiency of the heat exchanger. 

The nano-diamond study showed a 1.06% raise in the heat transfer for 

the 2.0%. nano-diamond compared to the 0% nano-diamond system. In 

addition, the context of the stated increase is found in a material 

property comparison to the original source. The max thermal 

conductivity of the nanofluid increased about 36% in comparison to 

the conclusion found in M. Ghazvini, et al’s paper, which expresses 

that the max rise in thermal conductivity of the experimental study was 

approximately 35% [1]. Similarly, this simulation had a max increase 

in specific heat of 15%, where the referenced conclusion states the max 

value to be around a 20 % increase [1]. Thus, this study was conducted 

at or near the maximum capacity relative to M. Ghazvini, et al’s 

optimal experimental results. 

With the same assumptions as the nano-diamond particle simulations 

utilized on the non-baffle heat exchanger, the baffle simulations were 

conducted. The baffle study showed asimilar rise in heat transfer with 

pure oil to the 2% nano-diamond case, respective of the air outlet 

temperature rise (0.98%); the pure oil baffle case had an increase of 

1.28% in air outlet temperature relative to the pure oil no baffle case. 

Accordingly, it was from the combination of the examinations of 0 to 

21 baffles that the most efficient number of baffles for the system was 

found at 17. The baffle setup shows that the geometry of the shell and 

tube heat exchanger is just as import as the fluid being fed through the 

pipes, allowing one to conclude that they both can be considered as 

respectable options to increase the heat exchangers efficiency. Lastly, 

it is mentioned that when considering the combined effect of the 17-

baffle construction and the 2.0% nano-diamond particle oil addition 

the system gives an overall increase of 2.34% in air outlet temperature, 

where each method roughly accounts for half of the increase relative to 

the pure oil air outlet results for the no baffle geometry. The findings 

for this geometry suggests that these methods of increasing heat 

transfer efficiency are comparable and may supply the engineer 

another respectable option in their desire to add additional efficiency to 

their system, at the lowest possible cost. 
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