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Preface to First Issue 
 

 

Under the ownership of Burdur Mehmet Akif Ersoy University, Scientific 
Journal of Mehmet Akif Ersoy University (Techno-Science) has been 
published as of September-2018. Devotion and effort are required for a 
qualified academic journal. The DergiPark scholar journal management 
system has provided great convenience to control the processes of this 
journal. Of course there is a young, dynamic, original and hard-working 
team to control the processes of this journal. When everyone does their 
mission well, the management of all processes is perfect.  
 
Techno-Science's editorial management on behalf of Burdur Mehmet Akif 
Ersoy University is Bucak Technology Faculty and Bucak Emin Gülmez 
Technical Sciences Vocational School is an important part of this 
management with its academic staff. Techno-Science will publish three 
issues a year. We believe that we have taken the first step successfully 
and we believe that there is a long way to go. We also know that our 
excitement for each number will increase exponentially.  
 
Techno-Science will publish three numbers a year. We believe that we 
have taken the first step successfully and we believe that there is a long 
way to go. We also know that our excitement for each number will increase 
exponentially. We believe that in the very near future Techno-Science will 
be the shining star of Burdur Mehmet Akif Ersoy University. We would like 
to thank all the authors of their original papers for their efforts in the 
evaluation of these papers. It's about to meet the next issue. 
 
 
September 30, 2018 
Prof. Dr. Afşin GÜNGÖR 
Executive Manager and Editor 
On behalf of the Editorial Board 
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conclusions that have been drawn from the results and 
subsequent discussion and do not duplicate the 
Abstract. 

• References, which must be cited consecutively in the 
text using square brackets [1] and collected together in 
a reference list at the end of the manuscript. 

 
Units standard SI symbols and abbreviations should be 
used. Symbols for physical quantities in the text should be 
written in italics (e.g. v, T, n, etc.). Symbols for units that 
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Fig. 1, Fig. 2, etc. Figures should be prepared without 
borders and on white grounding and should be sent 
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Tables should carry separate titles and must be numbered in 
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both the text and the caption as Table 1, Table 2, etc. In 
addition to the physical quantity, e.g. t (in italics), units 
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 The present study is focused on the numerical investigation of heat transfer from a heated 
surface by using nanofluids and swirling jets. Effects of different Reynolds number and 
different inlet temperature on heat transfer and fluid flow were studied numerically. Al2O3- 
H2O nanofluid was used as a base coolant in all parameters. k-ω turbulent model of PHOENICS 
computational fluid dynamics code was used for numerical analysis. It is obtained that 
increasing Reynolds number from Re=12000 to 21000 causes an increase of 51.3% on average 
Nusselt Number. Increasing inlet temperature from Tinlet=5°C to 30°C has not a significant 
effect on average Nusselt number.  
 

Keywords 
Computational Fluid Dynamics 
Heat Transfer 
Nanofluid 
Swirling Jet 
 
1. INTRODUCTION 
 
One of the main problems of design parameter for new 
technological devices are heat loads. Using swirling flow 
with nanofluids can be a key solution to solve this heat 
loads problem. So, swirling flows have gained an 
increasing interest in the last decade in fluid dynamics 
research, since in many technical applications swirl is an 
essential phenomenon. Swirling flows are generally used 
in the industry for separation, mixing and flame 
stabilization. The main characteristic of swirling flow is 
the combination of axial and tangential velocities. 
Swirling flows are used to minimize pressure drop and 
prevent particle deposition (Kharoua et al.[1]). In 
swirling flows, part of the fluid enters axially while the 
remainder is injected tangentially at various locations 
along the tube axis. The radial pressure gradient results 
in thinning of thermal boundary later with an 
accompanying improvement in heta transfer (Chang et al. 
[2]). A nanofluid is defined as a suspension of solid 
particles which have 1-100 nm size in a base fluid. In heat 
transfer applications using nanofluid, the particles 
suspended in the base fluid, expand thermal capacity of 
the fluid. Interactions and collisions between particles 
cause to increase in turbulence and turbulence intensity 
of the transition surface. Turbulence intensity and large 
surface area enables more heat transfer. Nanoparticles 

carry 20% of their atoms at the surface that makes them 
ready to heat transfer. Another advantage of using 
nanofluids is the particle agitation cause micro-
convection in the fluid due to its very small size and 
therefore increases the heat transfer in particular heat 
transfer from surfaces with high heat flux, as well as 
industry, medicine and space research. But main 
disadvanteges of using nanofluid may be pressure drop 
an particle deposition in pipes or ducts. So using 
nanofuids with swirling jets may be a key solution for 
these disadvanteges.  
 
Many studies on enhancing heat transfer technique as 
impinging jets or swirling jets with different coolant can 
be found in the literature. Kilic et al. [3, 4] surveyed the 
cooling of a flat plate with the support of the impinging 
fluid air jet for different Reynolds numbers and 
dimensionless channel heights. The average Nusselt 
number was found to increase by 49.5% in Re = 4000-
10000 and 17.9% in H/Dh = 4-10. Teamah et al. [5] 
investigated heat transfer and flow structure formed by 
Al2O3 nanofluid to flat plate by experimentally and 
numerically with various Re number (Re=3000-32000) 
and different volume ratio of nanofluids (φ=0-10%). As 
the nanoparticles in the base fluid increases, the heat 
transfer from the surface increases and heat transfer 
coefficient can be enhanced by 62% according to the 

https://orcid.org/0000-0002-8006-149X
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water is used base fluid only. They observed that heat 
transfer can be increased of 8.9% by using CuO-water 
with respect to Al2O3-water. Sun et al. [6] researched the 
effect of a single impinging jet using Cu-water nanofluids 
as working fluid on heat transfer. It has been determined 
that when the nanofluid is used, important enhancement 
can be achieved in heat transfer with respect to the use of 
water only, no significant change in pressure drop, a 
higher heat transfer coefficient is obtained when a 
circular nozzle is used, and a higher heat transfer 
coefficient is obtained when the jet angle is 90°. Kilic et al. 
[7] investigated the heat transfer from a high heat flux 
surfaces for different parameters using nanofluids and 
multiple impinging jets. It was found that increase on Re 
number and decrease on particle diameter causes an 
increase on heat transfer. The use of Cu-water nanofluid 
causes an increase of 9.3% and 8.4% on heat transfer 
according to the use of Al2O3-water and TiO-water 
nanofluid.Sekrani et al. [8] investigated turbulent 
convective heat transfer of Al2O3 nanofluid flowing in a 
circular tube with uniform heat flux for different 
turbulenc model numerically. Their results show that SST 
k-ω model perfoms best for predicting average Nusselt 
number and friction factor according to the other 
turbulence models. Wongcharee et al. [9] investigated 
effects of swirling impinging jets with TiO2-water 
nanofluid on heat transfer for different jet-to-target 
speacing ratio, Reynolds number and volume 
consantration. Their results show that increasing volume 
ratio up to the 2% causes an increase on average Nusselt 
number but while the one with concentration of 2.5% 
shows opposite results. Akyurek et al. [10] studied on 
turbulent forced convection heat transfer and pressure 
drop characteristic of Al2O3-water nanofluid 
experimentally by using wire coil turbulators. They 
obtained that average Nusselt number increases with 
increasing the Reynolds number and particle 
concentration. The pressure drop of the Al2O3-water 
nanofluid showed neqarly equal to that of oure water at 
the same Reynolds number rage. Using wire coil 
turbulators increase pressure drop as well as the heat 
transfer coefficient. 
 
This study is different from the studies at literature by 
evaluating combined effect of swirling jets and nanofluids 
on heat transfer for different parameters to prevent the 
disadvanteges  (pressure drop and particle deposition) of 
nanofluids. By using combined effect of nanofluids and 
swirling flows heat transfer enhancement was evaluated 
for different Reynolds number and different inlet 
temperature. Numerical results was also validated with 
the experimental results in literature.    
 
2. NUMERICAL MODEL 
 
Compuatitional domain consists of a rectangular channel 
of which dimensions are 10x10x50 mm. Two jet inlets of 
which dimensions are 3x3 mm were located at inverse 
direction to inject tangentially. There is one outlet at the 
end of the channel. All walls has a constant wall 
temperature. Inlet velocity of swirling jets are applied 

according to the Reynolds number. Inlet temperature of 
fluid is changed according to the different inlet 
temperature.  k-ω turbulence model of PHOENICS CFD 
code was used for this numerical analysis. CFD simulation 
domain is shown in Fig.1 and mesh structure is shown in 
Fig.2. 
 

 
Fig.1. CFD Simulation model 

 

 
Fig.2. Mesh Structure 

 
The continuity, Reynolds averaged momentum and time 
averaged energy equations governing 3-dimensional 
steady, flow of fluid with constant properties used for 
turbulent solutions can be written in the Cartesian 
coordinate system as follows; 
 
Continuity equation: 
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𝜕𝜕𝑈𝑈𝑖𝑖
𝜕𝜕𝑥𝑥𝑗𝑗

+
𝜕𝜕𝑈𝑈𝑗𝑗
𝜕𝜕𝑥𝑥𝑖𝑖

� − 𝜌𝜌𝑢𝑢𝚤𝚤′𝑢𝑢𝚥𝚥′������� (2) 

 
Energy equation:  
 

𝜌𝜌𝑐𝑐𝑃𝑃𝑈𝑈𝑖𝑖
𝜕𝜕𝜕𝜕
𝜕𝜕𝑥𝑥𝑖𝑖

=
𝜕𝜕
𝜕𝜕𝑥𝑥𝑖𝑖

�𝑘𝑘
𝜕𝜕𝜕𝜕
𝜕𝜕𝑥𝑥𝑖𝑖

− 𝜌𝜌𝑐𝑐𝑃𝑃𝑢𝑢𝚤𝚤′𝑇𝑇′������� (3) 

 
where Uτ is the resultant fricon velocity (𝑈𝑈𝑈𝑈 = �(𝜏𝜏𝑤𝑤/𝜌𝜌), 𝜏𝜏𝑤𝑤 
is the wall shear stress, 𝛿𝛿 is the normal distance of the 
first grid point from the wall, and k is von Karman's 
constant. Aditionally, Vinlet is the bulk inlet velocity, I is 
the turbulent intensity (typically in the range 
0.01<I<0.05), ε is the dissipaon rate, 𝐶𝐶𝑑𝑑 is the constant 
(𝐶𝐶𝑑𝑑=0.09) and the mixing length  Lm~0.1H, where H is a 
characterisc inlet dimension. 
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Table 1. Boundary Conditions 
𝑈𝑈 (m/s) 𝑉𝑉 (m/s) 𝑊𝑊 (m/s) 𝑇𝑇 °C 𝑘𝑘 𝜔𝜔 

Inlet 𝑈𝑈 = 0 𝑉𝑉 = 𝑉𝑉𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑊𝑊 = 0 𝑇𝑇 = 𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑘𝑘 = (𝐼𝐼 ∙ 𝑉𝑉𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) 𝜔𝜔 = 𝜀𝜀/(𝐶𝐶𝑑𝑑 ∙ 𝑘𝑘) 

Outlet 𝜕𝜕𝜕𝜕 𝜕𝜕𝑥𝑥⁄ = 0 𝜕𝜕𝜕𝜕 𝜕𝜕𝑦𝑦⁄ = 0 𝜕𝜕𝜕𝜕 𝜕𝜕𝑧𝑧⁄ = 0 𝑇𝑇 = 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝜕𝜕𝜕𝜕 𝜕𝜕𝑧𝑧⁄ = 0 𝜕𝜕𝜔𝜔 𝜕𝜕𝑧𝑧⁄ = 0 

Bottom Wall 𝑈𝑈 = 0 𝑉𝑉 = 0 𝑊𝑊 = 0 𝑇𝑇 = 𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑘𝑘 = 𝑈𝑈𝜏𝜏2/�𝐶𝐶𝑑𝑑  𝜔𝜔 = 𝑈𝑈𝑈𝑈/��𝐶𝐶𝑑𝑑𝜅𝜅𝜅𝜅� 

Top Wall 𝑈𝑈 = 0 𝑉𝑉 = 0 𝑊𝑊 = 0 𝑇𝑇 = 𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑘𝑘 = 𝑈𝑈𝜏𝜏2/�𝐶𝐶𝑑𝑑 𝜔𝜔 = 𝑈𝑈𝑈𝑈/��𝐶𝐶𝑑𝑑𝜅𝜅𝜅𝜅� 

Front and Backwall 𝑈𝑈 = 0 𝑉𝑉 = 0 𝑊𝑊 = 0 𝑇𝑇 = 𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑘𝑘 = 𝑈𝑈𝜏𝜏2/�𝐶𝐶𝑑𝑑 𝜔𝜔 = 𝑈𝑈𝑈𝑈/��𝐶𝐶𝑑𝑑𝜅𝜅𝜅𝜅� 

3. DATA REDUCTION

The heat transfer from the surfaces to the fluid will take 
place by convection, conduction and radiation. 

𝑄̇𝑄𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑄̇𝑄𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 − 𝑄̇𝑄𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑄̇𝑄𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 (4) 

Heat transfer occurs from high temperature walls to the 
nanaofluid. So heat transfer rate gained by nanaofluid 
equals to the heat transfer rate lost by walls. As a result, 
walls surfaces will be cooled by using nanofluid with 
swirling jet. It is assume that channel walls has constant 
temperature. So heat conduction through the walls (from 
outer surface to the inner surface) is neglected. Heat 
transfer with radiation is negligible in this study because 
surface temperature is under 573.15 K. 

Heat transfer rate gained by the fluid from wall surfaces; 

𝑄̇𝑄 = 𝑚̇𝑚𝐶𝐶𝑝𝑝𝑛𝑛𝑛𝑛 (𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) (5) 

Where ṁ is mass flow rate of nanaofluid, 𝐶𝐶𝑃𝑃𝑛𝑛𝑛𝑛. is
nanaofluid specific heat, 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜  is outlet temperature of 
nanaofluid and 𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  is inlet temperature of nanofluid. 
Nusselt number (Nu) is a dimensionless parameter 
indicating the ratio of heat transfer with convection to 
heat transfer with conduction. Averaege Nusselt number 
can be presented as ratio of average heat transfer 
coefficient times characteristic length (Dh) to the 
coefficient of thermal conductivity of the nanofluid. 

𝑁𝑁𝑁𝑁𝑎𝑎𝑎𝑎𝑎𝑎 =
ℎ𝑎𝑎𝑎𝑎𝑎𝑎 ∙ 𝐷𝐷ℎ
𝑘𝑘𝑛𝑛𝑛𝑛

(6) 

Where ℎ𝑎𝑎𝑎𝑎𝑎𝑎 is the average heat transfer coefficient, 
measured, 𝐷𝐷ℎ is the hydraulic diameter, and 𝑘𝑘𝑛𝑛𝑛𝑛 is the 
coefficient of thermal conductivity of the nanofluid. 
Averaege heat transfer coefficient can be presented as; 

ℎ𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑄̇𝑄/(𝐴𝐴𝑠𝑠.𝑇𝑇𝑙𝑙𝑙𝑙) (7) 

Where 𝐴𝐴𝑠𝑠 is the convection surface area and 𝑇𝑇𝑙𝑙𝑙𝑙 is 
logarithmic mean temperature of nanaofluid.  

𝑇𝑇𝑙𝑙𝑙𝑙 = (∆𝑇𝑇𝑒𝑒 − ∆𝑇𝑇𝑖𝑖)/ ln �
∆𝑇𝑇𝑒𝑒
∆𝑇𝑇𝑖𝑖

� (8) 

Where ∆𝑇𝑇𝑒𝑒 is temperature difference between surface 
temperature and nanaofluid exit temperature ∆𝑇𝑇𝑒𝑒 = (𝑇𝑇𝑠𝑠 −
𝑇𝑇𝑒𝑒) and ∆𝑇𝑇𝑖𝑖 is temperature difference between surface 

temperature and nanaofluid inlet temperature (∆𝑇𝑇𝑖𝑖 =
(𝑇𝑇𝑠𝑠 − 𝑇𝑇𝑖𝑖). Reynolds number (Re) is used to determine for 
forced convection whether the flow is laminar or 
turbulent. Reynolds number based on turbulent flow; 

𝑅𝑅𝑅𝑅 =
𝜌𝜌𝑛𝑛𝑛𝑛𝑉𝑉𝑗𝑗𝑗𝑗𝑗𝑗𝐷𝐷ℎ

𝜇𝜇𝑛𝑛𝑛𝑛
(9) 

Where 𝜌𝜌𝑛𝑛𝑛𝑛 is the nanofluid density, 𝑉𝑉𝑗𝑗𝑗𝑗𝑗𝑗 is the jet velocity, 
and 𝜇𝜇𝑛𝑛𝑛𝑛 is the nanofluid dynamic viscosity. The density of 
nanofluids is; 

𝜌𝜌𝑛𝑛𝑛𝑛 = (1 − 𝜑𝜑)𝜌𝜌𝑏𝑏𝑏𝑏 + 𝜑𝜑𝜌𝜌𝑝𝑝 (10) 

Where 𝜌𝜌𝑏𝑏𝑏𝑏 is the base fluid (water) density, 𝜑𝜑 is the 
volumetric ratio of the nanofluid, and 𝜌𝜌𝑝𝑝 is the density of 
the solid particles in the nanofluid. The volumetric ratio 
of nanoparticles is; 

𝜑𝜑 =
1

(1/𝜔𝜔)�𝜌𝜌𝑝𝑝 − 𝜌𝜌𝑏𝑏𝑏𝑏�
(11) 

Where 𝜔𝜔 is the density difference between the fluid and 
the main fluid (water). The nanofluid specific heat is 
calculated from; 

𝐶𝐶𝑝𝑝𝑛𝑛𝑛𝑛 =
𝜑𝜑�𝜌𝜌𝐶𝐶𝑝𝑝�𝑝𝑝 + (1 − 𝜑𝜑)(𝜌𝜌𝐶𝐶𝑃𝑃)𝑓𝑓

𝜌𝜌𝑛𝑛𝑛𝑛
(12) 

Where �𝐶𝐶𝑝𝑝�𝑝𝑝is specific heat of particle �𝐶𝐶𝑝𝑝�𝑝𝑝is specific
heat of base fluid. The effective thermal conductivity of 
nanofluid is calculated according to Corcione [11]; 

𝑘𝑘𝑒𝑒𝑒𝑒𝑒𝑒 

𝑘𝑘𝑓𝑓 
= 1 + 4.4𝑅𝑅𝑅𝑅0.4𝑃𝑃𝑃𝑃0.66 �

𝑇𝑇𝑛𝑛𝑛𝑛 

𝑇𝑇𝑓𝑓𝑓𝑓 
�
10

�
𝑘𝑘𝑝𝑝
𝑘𝑘𝑓𝑓 
�
0.03

 𝜑𝜑0.66 (13) 

Where 𝑅𝑅𝑅𝑅 is the nanoparticle Reynolds number, 𝑃𝑃𝑃𝑃 is the 
Prandtl number of the base liquid. 𝑘𝑘𝑝𝑝  is the nanoparticle 
thermal conductivity, 𝜑𝜑 is the volume ratio of the 
suspended nanoparticles, 𝑇𝑇𝑛𝑛𝑛𝑛  is the nanofluid 
temperature (K), 𝑇𝑇𝑓𝑓𝑓𝑓  is the freezing point of the base 
liquid. Nanoparticle Reynolds number is defined as; 

𝑅𝑅𝑅𝑅 =
2𝜌𝜌𝑘𝑘𝑏𝑏𝑓𝑓𝑓𝑓
𝜋𝜋𝜋𝜋𝑓𝑓2𝑑𝑑𝑝𝑝

(14)
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𝑘𝑘𝑏𝑏 is the Boltzmann’s constant. The effective dynamic 
viscosity of nanofluids defined as; 
 
𝜇𝜇𝑛𝑛𝑛𝑛 = 𝜇𝜇𝑏𝑏𝑏𝑏(1 + 2.5𝜑𝜑 + 4.698𝜑𝜑2) (15) 

 
4. RESULTS AND DISCUSSIONS 
 
In this section, numerical results were prepared for two 
parameters. Effects of Al2O3-water nanofluid with 20 nm 
particle diameter and volume ratio of φ=4% on heat 
transfer for different Reynolds number (Re=12000, 
15000, 18000, 21000) and for different inlet temperature 
(𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =5, 10, 20, 30ºC) were obtained.  
 
4.1. Effects of different Reynolds number on heat 

transfer 
 
To understand effect of fluid velocity on heat transfer, 
Reynolds  number was increased from Re=12000 to 
21000. Fig.3 and Fig.4 show velocity vector and 
temperature contours of fluid flow at the midpoint of inlet 
of swirling jet, in the middle of channel and outlet of the 
channel at x-direction (x/Dh=0.03, 8, 16) for Re=12000 
and 21000 respectively.  
 

 
Fig.3. Velocity vectors for different Reynolds Number (a) 

Re=12000 and (b) Re= 21000 
 
Thermal boundary region does not occure at the inlet of 
swirling jet because of the high turbulence intensity at the 
surfaces of the channel. Temperature increase can be 
seen only at the impinging region of swirling jet because 
fluid velocity decreases at these region. Velocity vectory 
occurs in a shape of flattened sphere. So effect of swirling 
jet can be seen significantly at the inlet region fo swirling 
jets. At the middle of the channel thermal boundary layer 
is thickening because of the velocity decrease (decrease 
of hydrodynamic boundary layer) at the corner of the 
rectangular channel. 
 
This boundary layer thickness increase can be seen at the 
direction of swirling flow. Because separation of fluid 
flow is more evident at these region. At the end of the 
channel, decrease of fluid velocity can be seen easily. 
Seperation of the fluid flow is more important at the 
corner of the channel at this region. Decreasing 
hydrodynamic boundary layer thickness causes an 
increase on thermal boundary layer thickness and it 
causes an increase on surface temperature. So increasing 
Reynolds number causes an increase on hydrodynamic 
boundary layer and decrease on themal boundary layer 

and surface temperature. Variation of average Nusselt 
number for different Reynolds number is shown in Fig.5. 
 

 
Fig.4. Temperature contours for different Reynolds 

Number (a) Re=12000 and (b) Re= 21000 
 

 
Fig.5. Average Nusselt Number of Al2O3-H2O nanofluid for 

different Reynolds Number 
 
It is obtained that increasing Reynolds number causes an 
increase on average Nusselt number and decrease on 
surface temperature. So increasing Reynolds number 
from Re=12000 to 21000 causes an increase of 51.3% on 
average Nusselt Number. But this increase decreases 
gradually. Increasing Reynolds number from Re=12000 to 
15000 causes an increase of 17.2% on average Nusselt 
number. But this increase decreases to 14.3% and 12.9% 
for Reynolds number increase from Re=15000 to 18000 
and Re=18000 to 21000.  
 
4.2. Effects of Different Inlet Temperature on 

Heat Transfer 
 
Fig.6 shows average Nusselt number for different inlet 
temperature (Tinlet= 5, 10, 20, 30ºC) of Al2O3-H2O when it 
is used at 20 nm particle size and φ=4% at Re=18000. It 
can be seen that increasing inlet temperature has not a 
considerable effect on average Nusselt number. The 
reason of this is increasing or decreasing the inlet 
temperature causes a change on heat convection 
coefficient.  
 
This means that heat flux from the surface to the fluid 
changes temperature difference between bulk fluid 
temperature and avarege surface temperature. So surface 
temperature can be change but it does not cause a 
significant change on average Nusselt number. 
Temperature contours for different inlet temperature are 
shown in Fig.7. 
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Fig. 6. Average Nusselt numbers of Al2O3-H2O nanofluid 

for different inlet temperature 
 

 
Fig.7. Temperature contours of Al2O3-H2O nanofluid for 
different inlet temperature (a) Tinlet= 5ºC and (b) T inlet= 

30ºC 
 
5. CONCLUSIONS 
 
The present study is focused on the numerical 
investigation of heat transfer from a heated surface by 
using nanofluids and swirling jets. Effects of different 
Reynolds number, different inlet temperature on heat 
transfer and fluid flow were studied numerically.  It is 
obtained that increasing Reynolds number from 
Re=12000 to 21000 causes an increase of 51.3% on 
average Nusselt Number. Increasing inlet temperature 
from Tinlet=5ºC to 30ºC has not a significant effect on 
average Nusselt number. Difference between numerical 
results of this study and experimental results is less than 
11% for Re=12000-18000. Research areas for future 
investigations can be using different particle diameter, 
different volume ratio and different types of nanofluids 
with different application geometries and cooling 
techniques to obtain combined effect of nanofluid and 
swirling jets. 
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H I G H L I G H T S   G R A P H I C A L  A B S T R A C T  
• The irreversible Otto cycle was 

modeled with the finite-time 
thermodynamics. 

• The performance of the 
irreversible Otto cycle was 
investigated in terms of mean 
piston speed and residual gas 
fraction. 

• The results obtained are 
reference of the engine 
designers. 
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 In this study, a four-stroke irreversible Otto cycle model was constructed using the finite time 
thermodynamics to investigate the effect of the mean piston speed and the residual gas fraction 
on the cycle (or engine) performance. Fuel consumption was taken as a function of mean piston 
speed, and initial cycle temperature was considered as a function of residual gas fraction. It has 
been assumed that the specific heat does not change depending on the temperature. A detailed 
numerical example study has been made to see the effect of the mean piston speed and the 
residual gas fraction on engine performance. As a result of the numerical example made, the 
cycle thermal efficiency and the dimensionless power output were observed with the increase of 
the residual gas amount and the mean piston speed. We think that the results obtained are 
especially important for engine designers. 

Keywords 
Otto cycle modeling 
Performance 
Mean piston speed 
Residual gas fraction 

 
1. INTRODUCTION 
 
Otto cycle heat engines are widely used in many areas, 
from industrial to transportation, and are the main power 

source for many modern machines such as automobiles, 
agricultural machines, transport vehicles and generators 
[1]. By using thermodynamics to analyze the performance 
of the Otto cycle heat engine, the rules for the development 
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and use of novel technologies can be determined or can be 
developed to optimize the Otto cycle engine. Using 
classical thermodynamics to conduct the first law analysis 
for the Otto cycle, one can examine the quantitative 
relationship between efficiency and different losses [2]. 
Using the second law of thermodynamics to analyze the 
performance of the Otto cycle, loss of work capacity due to 
various irreversible losses in the energy conversion 
process can be investigated [3]. In order to analyze the 
performance of the Otto cycle it is possible to obtain more 
realistic results with the finite-time thermodynamics 
taking into account the irreversibilities in addition to the 
first law of thermodynamics. [4]. 
 
As a novel branch of modern thermodynamic theory, finite 
time thermodynamics (FTT) has made great progress in 
recent years. FTT has also been applied to performance 
analysis, optimization and optimal configuration studies 
for internal combustion engine cycles [5]. 
 
In modern thermodynamic theories it is important to use 
FTT to analyze and optimize the performance of real 
thermodynamic cycles and processes. The fundamental 
problem of FTT can be divided into two cases: research on 
optimum performance for a given thermodynamic process 
and on optimal configuration for a thermodynamic process 
when optimization objectives are given [6-9]. 
 
The researches on optimal performances of Otto cycle 
include the following three aspects: the optimal 
performance with con-stant specific heats; the optimal 
performance with variable specific heats; the optimal 
performance with variable specific heat ratio [5]. 
 
There are many studies in the literature about the analysis 
of the otto cycle with FTT. Wu et al. investigated the effect 
of combustion on irreversible Otto cycle performance and 
derived the relationship between maximum work output 
and optimum compression ratio at maximum operating 
temperature [10-12]. Chen et al., irreversible Otto cycle, 
relate the cycle between work and utility, and the 
relationship between the initial temperature and heat 
transfer is derived [13]. Hou evaluated irreversible Otto 
cycle and Atkinson cycles in terms of maximum work 
output and thermal efficiency [14]. Ge et al. have 

investigated the effects of specific heat changes on 
irreversible Otto cycle performance [1]. Ge et al. have built 
a model for the irreversible Otto cycle with air standard 
acceptance of internal irreversibilities, frictional losses 
and heat transfer losses accounted for, and analyzed cycle 
performance with the entropy generation rate and 
ecological function parameters for the cycle losses [15]. Ge 
et al. have created an exergy-based model for the 
ecological performance of the air standard irreversible 
Otto cycle [16]. 
 
It is possible to find many studies in the literature besides 
these. Air-standard or air-fuel assumtion can be done with 
FTT models [17, 18]. However, it is possible that the 
specific heats do not change with temperature [11,19], or 
that the specific heat changes linearly, logarithmically, 
exponentially or polynomally [20-22]. Numerical 
examples are also included in the studies. In air-fuel 
assumtion models, it is also possible to examine concepts 
related to combustion such as residual gas fraction, 
equivalence ratio and combustion efficiency. In addition, 
ecological performance analysis can be done using the 
second law concepts. For heat transfer and friction losses, 
various models in the literature can be used [5-27]. 
 
In this study, FTT model was constructed to investigate the 
effect of residual gas fraction and mean piston speed on the 
cycle performance by using constant specific heat in 
consideration of heat transfer, friction and irreversibilities 
in Otto cycle of air-fuel assumption and these effects were 
investigated with a numerical example. In addition, 
residual gas temperature is included in the calculation for 
the initial cycle temperature. 
 
2. METHODS 
 
The pressure-volume (P-v) and the temperature-entropy 
(T-s) diagrams of an irreversible four-stroke Otto engine 
cycle is shown in Fig. 1, where the “s” subscripts denote 
reversible processes for compression (1→2s) and 
expansion (3→4s). 1→2 and 3→4 are processes in which 
internal irreversibilities are accounted for. The heat 
addition (2→3) and the heat rejection (4→1) processes are 
isochoric processes [23]. 
 

 

 
Fig. 1. Otto cycle (a) Ts diagram, (b) Pv diagram 
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The relations between the fuel flow (𝑚̇𝑚𝑓𝑓) and mean piston 
speed (𝑆𝑆𝑝𝑝) [8], between 𝑚̇𝑚𝑓𝑓 and the fuel-air-residual gas 
(mixture) flow (𝑚̇𝑚𝑡𝑡) [23] are defined as: 
 
𝑚̇𝑚𝑓𝑓 = 0.0003𝑆𝑆𝑝̅𝑝 (1) 

𝑚̇𝑚𝑡𝑡 = 𝑚̇𝑚𝑓𝑓 + 𝑚̇𝑚𝑎𝑎 + 𝑚̇𝑚𝑟𝑟 =
𝑚̇𝑚𝑓𝑓(𝜙𝜙 + 𝑥𝑥𝐴𝐴𝐴𝐴𝐴𝐴)
𝜙𝜙(1 − 𝑥𝑥𝑟𝑟)  (2) 

 
where 𝑥𝑥𝐴𝐴𝐴𝐴𝐴𝐴, 𝑚̇𝑚𝑎𝑎, 𝜙𝜙 and 𝑥𝑥𝑟𝑟, are the air-fuel ratio for 
stoichiometric conditions, air flow, equivalance ratio and 
the residual gas fraction from previous cycle, respectively. 
Residual gas fraction can find it as [23]: 
 

𝑥𝑥𝑟𝑟 =
𝑚̇𝑚𝑟𝑟

𝑚̇𝑚𝑡𝑡
 (3) 

 
where 𝑚̇𝑚𝑟𝑟 is residual gases flow. It should be noted here 
that the residual gases were assumed to consist of CO2, 
H2O and N2.  
 
The specific heat at constant volume (𝑐𝑐𝑣𝑣𝑣𝑣) and the gas 
constant (𝑅𝑅𝑡𝑡) for the working fluid are defined as: 
 

𝑐𝑐𝑣𝑣𝑣𝑣 =
�

(1 − 𝑥𝑥𝑟𝑟)�𝑥𝑥𝐴𝐴𝐴𝐴𝐴𝐴𝑐𝑐𝑣𝑣𝑣𝑣 + 𝜙𝜙𝑐𝑐𝑣𝑣𝑣𝑣�
+𝑥𝑥𝑟𝑟(𝜙𝜙 + 𝑥𝑥𝐴𝐴𝐴𝐴𝐴𝐴)𝑐𝑐𝑣𝑣𝑣𝑣

�

(𝜙𝜙 + 𝑥𝑥𝐴𝐴𝐴𝐴𝐴𝐴)  
(4) 

𝑅𝑅𝑡𝑡 =
�

(1 − 𝑥𝑥𝑟𝑟)�𝑥𝑥𝐴𝐴𝐴𝐴𝐴𝐴𝑅𝑅𝑎𝑎 + 𝜙𝜙𝑅𝑅𝑓𝑓�
+𝑥𝑥𝑟𝑟(𝜙𝜙 + 𝑥𝑥𝐴𝐴𝐴𝐴𝐴𝐴)𝑅𝑅𝑟𝑟

�

(𝜙𝜙 + 𝑥𝑥𝐴𝐴𝐴𝐴𝐴𝐴)  
(5) 

 
where 𝑐𝑐𝑣𝑣𝑣𝑣, 𝑐𝑐𝑣𝑣𝑣𝑣 and 𝑐𝑐𝑣𝑣𝑣𝑣 are the mass specific heat at 
constant volume for air, fuel and residual gases, and 𝑅𝑅𝑎𝑎 
𝑅𝑅𝑓𝑓 ,and 𝑅𝑅𝑟𝑟  are the gas constant for air, fuel and residual 
gases, respectively. 
 
For the two adiabatic processes, the compression and 
expansion efficiencies [24]: 
 
𝜂𝜂𝑐𝑐 = (𝑇𝑇2𝑠𝑠 − 𝑇𝑇1) (𝑇𝑇2 − 𝑇𝑇1)⁄  (6) 

𝜂𝜂𝑒𝑒 = (𝑇𝑇4 − 𝑇𝑇3) (𝑇𝑇4𝑠𝑠 − 𝑇𝑇3)⁄  (7) 
 
These two efficiencies are used to describe the internal 
irreversibility of the processes. The equations for 
reversible adiabatic processes 1→2s and 3→4s are as 
follows [21]: 
 
𝑐𝑐𝑣𝑣𝑣𝑣 ln(𝑇𝑇2𝑠𝑠 𝑇𝑇1⁄ ) = 𝑅𝑅𝑡𝑡 ln(𝜀𝜀) (8) 

𝑐𝑐𝑣𝑣𝑣𝑣 ln(𝑇𝑇4𝑠𝑠 𝑇𝑇3⁄ ) = −𝑅𝑅𝑡𝑡 ln(𝜀𝜀) (9) 
 
The added heat flow per second in the isochoric (2→3) 
heat addition process may be written as [26]: 
 
𝑄̇𝑄𝑖𝑖𝑖𝑖 = 𝑚̇𝑚𝑡𝑡𝑐𝑐𝑣𝑣𝑣𝑣(𝑇𝑇3 − 𝑇𝑇2) (10) 

 
The rejected heat flow per second in the isochoric (4→1) 
heat rejection process may be written as [22]: 

𝑄̇𝑄𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑚̇𝑚𝑡𝑡𝑐𝑐𝑣𝑣𝑣𝑣(𝑇𝑇4 − 𝑇𝑇1) (11) 
 
The total energy flow of the fuel may be written as [23]: 
 
𝑄̇𝑄𝑓𝑓 = 𝜂𝜂𝑐𝑐𝑐𝑐𝑐𝑐𝑚̇𝑚𝑓𝑓𝐻𝐻𝑢𝑢 (12) 

 
where 𝜂𝜂𝑐𝑐𝑐𝑐𝑐𝑐 is the combustion efficiency and can be 
accepted as 0.87 [9]. 𝐻𝐻𝑢𝑢 is the lower heat value of the fuel. 
 
Heat transfer losses for an ideal Otto cycle model can be 
negligible, but for a real Otto cycle, the heat transfer 
irreversibility between the working fluid and the cylinder 
wall is so important that it can not be negligible. The heat 
loss on the cylinder wall can be expressed by a simple 
linear equation. 
 
𝑄̇𝑄ℎ𝑡𝑡 = 𝑚̇𝑚𝑡𝑡𝛽𝛽(1 − 𝑥𝑥𝑟𝑟)(𝑇𝑇2 + 𝑇𝑇3 − 2𝑇𝑇𝑤𝑤) (13) 

 
where 𝛽𝛽 is the heat loss coefficient of the cylinder wall. 
 
The relatioship between 𝑄̇𝑄𝑓𝑓, 𝑄̇𝑄𝑖𝑖𝑖𝑖 and𝑄̇𝑄ℎ𝑡𝑡 can be defined as 
follows [24]: 
 
𝑄̇𝑄𝑖𝑖𝑖𝑖 = 𝑄̇𝑄𝑓𝑓 − 𝑄̇𝑄ℎ𝑡𝑡 (14) 

 
In thermodynamic analyzes 𝑇𝑇1 is considered a constant 
value as the initial cycle temperature. The 𝑇𝑇1 is defined as 
a specific function because the residual gas fraction is now 
included in the calculation. It is assumed that 𝑇𝑇1 changes 
according to reference temperature (𝑇𝑇0), 𝑇𝑇4 and 𝑥𝑥𝑟𝑟. 𝑇𝑇1 may 
be written as: 
 

𝑇𝑇1 = 𝑇𝑇0 +
𝑥𝑥𝑟𝑟𝑅𝑅𝑟𝑟(𝑇𝑇4 − 𝑇𝑇0)

𝑅𝑅𝑡𝑡
 (15) 

 
The friction loss can be expressed as a function of 𝑆𝑆𝑝𝑝 [24]: 
 
𝑃𝑃𝜇𝜇 = −𝜇𝜇�𝑆𝑆𝑝𝑝�

2 (16) 
 
where 𝜇𝜇 is the coefficient of friction, which takes into 
account the global losses. 
 
The effective power output (𝑃𝑃𝑒𝑒) of the Otto cycle engine is 
expressed by: 
 
𝑃𝑃𝑒𝑒 = 𝑄̇𝑄𝑖𝑖𝑖𝑖 − 𝑄̇𝑄𝑜𝑜𝑜𝑜𝑜𝑜 − �𝑃𝑃𝜇𝜇� (17) 

 
In this study, fuel consumption is expressed as a function 
of meanpiston speed. For this reason, the amount of 
energy input depends on the mean piston speed. To make 
a fair comparison, the power output is dimensionless 
according to the initial conditions. The dimensionless 
power output (𝜓𝜓) is expressed as follows: 
 

𝜓𝜓 =
𝑃𝑃𝑒𝑒

𝑚̇𝑚𝑡𝑡𝑅𝑅𝑡𝑡𝑇𝑇1
 (18) 

 
The efficiency of the cycle is expressed by [24]: 
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𝜂𝜂𝑡𝑡ℎ = 𝑃𝑃𝑒𝑒 𝑄̇𝑄𝑓𝑓⁄  (19) 
 
When 𝑆𝑆𝑝𝑝, 𝑐𝑐𝑣𝑣𝑣𝑣, 𝑐𝑐𝑣𝑣𝑣𝑣, 𝑐𝑐𝑣𝑣𝑣𝑣, 𝑅𝑅𝑎𝑎, 𝑅𝑅𝑓𝑓 , 𝑅𝑅𝑟𝑟 , 𝛽𝛽, 𝑇𝑇𝑤𝑤 , 𝑇𝑇0, 𝜇𝜇, 𝑥𝑥𝑟𝑟, 𝑥𝑥𝐴𝐴𝐴𝐴𝐴𝐴 and 𝜙𝜙 
are given, temperatures of the critical points (𝑇𝑇1, 𝑇𝑇2, 𝑇𝑇2𝑠𝑠, 𝑇𝑇3, 
𝑇𝑇4, and 𝑇𝑇4𝑠𝑠) can be obtained from Eqs. (7-16). Using Eqs. 
(17-19), power output, dimensionless power output and 
thermal efficiency can be determined, respectively. 
 
3. RESULTS AND DISCUSSION 
 
The following constants and parameters are used for the 
numerical example (Table 1): 
 

Table 1. Parameters used for numerical example [5-27] 
Parameter Value Parameter Value 

𝜂𝜂𝑐𝑐 0.97 𝜂𝜂𝑒𝑒 0.97 
𝑥𝑥𝐴𝐴𝐴𝐴𝐴𝐴 15.05 𝑇𝑇0 300 K 
𝛽𝛽 0.5 kJ/kgK 𝑇𝑇𝑤𝑤 400 K 
𝜇𝜇 12.9 Ns/m 𝐻𝐻𝑢𝑢 44790 kJ/kg 
𝑐𝑐𝑣𝑣𝑣𝑣 0.718 kJ/kgK 𝑅𝑅𝑎𝑎 0.287 kJ/kgK 
𝑐𝑐𝑣𝑣𝑣𝑣  1.638 kJ/kgK 𝑅𝑅𝑓𝑓 0.073 kJ/kgK 
𝑐𝑐𝑣𝑣𝑣𝑣  0.866 kJ/kgK 𝑅𝑅𝑟𝑟 0.307 kJ/kg 
𝜙𝜙 1.00 𝑥𝑥𝑟𝑟 5%→15% 
𝜀𝜀 2→100 𝑆𝑆𝑝𝑝 7→15 m/s 

 
This study focuses on the investigation of the effects of 
mean piston speed and residual gas fraction on 
performance of a four-stroke irreversible Otto cycle 
engine. The performance parameters obtained for both 
engines are compared. 
 
The variation of critical point temperatures with respect to 
thermal efficiency is given in Fig 2. In addition, the dashed 
line shows the relationship between thermal efficiency 
and compression ratio. 
 

 
Fig. 2. The temperature versus thermal efficiency 

 
In Fig. 2, the thermal efficiency increases to a certain 
compression ratio and the thermal efficiency begins to 
decrease at higher compression ratios. It is seen that 𝑇𝑇1 
decreased with the increase of 𝜂𝜂𝑡𝑡ℎ. In the case where the 
𝜂𝜂𝑡𝑡ℎ is maximum, 𝑇𝑇1 is almost minimum. 𝑇𝑇2 is the optimum 
value at the point where the 𝜂𝜂𝑡𝑡ℎ is maximum. Increasing 𝑇𝑇2 
after this value increases the compression ratio. When 𝑇𝑇3 

is examined, it has a similar characteristic depending on 𝑇𝑇2. 
The continuation of increase of 𝑇𝑇3 after the maximum 𝜂𝜂𝑡𝑡ℎ 
is due to the increase of the compression ratio as in 𝑇𝑇2. The 
same is true for the 𝑇𝑇4. 
 
Figs. (3-6) show the effect of the mean piston speed on the 
cycle performance. Figs. (7-10) show the effect of the 
residual gas fraction on the cycle performance. 
 

 
Fig. 3. Effect of mean piston speed on the variation of the 

compression ratio with thermal efficiency 
 
Fig. 3 shows the change in compression ratio due to 
thermal efficiency. As the mean piston speed increases, the 
maximum thermal efficiency decreases. While the thermal 
efficiency increases to a certain compression ratio, lower 
thermal efficiency is obtained at higher compression 
ratios. However, as the mean piston speed increases, the 
same thermal efficiency can be achieved at lower 
compression ratios. Although higher maximum thermal 
efficiency can be achieved at low mean piston speed, it is 
more advantageous that the mean piston speed is high at 
the compression ratios after the maximum thermal 
efficiency. 
 

 
Fig. 4. Effect of mean piston speed on the variation of the 

initial temperature with thermal efficiency 
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Fig. 4 shows the change in the initial temperature 𝑇𝑇1 with 
respect to the thermal efficiency. As the mean piston speed 
increases 𝑇𝑇1 decreases. In addition, the higher mean piston 
speed, the higher thermal efficiency is achieved. The 
increase in 𝑇𝑇1  after reaching maximum thermal efficiency 
is due to the increased compression ratio. 
 

 
Fig. 5. Effect of mean piston speed on the variation of the 

dimensionless power output with thermal efficiency 
 
Fig. 5 shows the variation of the dimensionless power 
output with respect to the thermal efficiency. As the mean 
piston speed increases, less thermal efficiency is obtained 
and less dimensionless power output is obtained. 
Approximate maximum dimensionless power output is 
obtained at the point where maximum thermal efficiency 
is obtained. In fact, the maximum dimensionless power 
output is obtained at a compression ratio slightly higher 
than the compression ratio at which the maximum thermal 
efficiency is obtained. 
 

 
Fig. 6. Effect of residual gas fraction on the variation of the 

compression ratio with thermal efficiency 
 
Figure 6 shows the change in the compression ratio with 
respect to the thermal efficiency. As the residual gas 
fraction increases, the maximum thermal efficiency 
decreases. 

Fig. 7 shows the change in 𝑇𝑇1 depending on the thermal 
efficiency. As the residual gas fraction increases, the 
maximum thermal efficiency decreases and 𝑇𝑇1 increases. 
The reason for the increase in 𝑇𝑇1 with the increase of the 
residual gas fraction is that the temperature of the residual 
gases is higher than the fresh mixture temperature. In 
many models in the literature, 𝑇𝑇1 is considered as a 
constant value. In this study, 𝑇𝑇1 is modeled as a function of 
𝑇𝑇4 and residual gas fraction. 
 

 
Fig. 7. Effect of residual gas fraction on the variation of the 

initial temperature with thermal efficiency 
 

 
Fig. 8. Effect of residual gas fraction on the variation of the 

dimensionless power output with thermal efficiency 
 
Fig. 8 shows the change in dimensionless power output as 
a function of heat transfer. The residual gas fraction is 
significantly reduced and the dimensionless power output 
is reduced. Therefore, the dimensionless power output is 
higher in the low residual gas quantity. 
 
4. CONCLUSION 
 
In this study, four-stroke irreversible Otto cycle are 
modeled using the finite time thermodynamics (FTT). The 
effects of the mean piston speed and residual gas fraction 
on the engine performance of the FTT model are 
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investigated with a numerical example and the results are 
discussed. In the literature, there has been no study of the 
effect of residual gas fraction and mean piston speed on the 
irreversible Otto cycle. However, a function has been 
derived for the initial temperature using the end-of-cycle 
temperature and the residual gas fraction.. As a result of 
this study, the following general results were obtained: 
 
• The thermal efficiency increases up to a certain 

compression ratio and the thermal efficiency 
decreases after this compression ratio. 

• If the thermal efficiency is maximum, the initial cycle 
temperature is optimum. Then the initial cycle 
temperature is also increased by the effect of the 
compression ratio. 

• As the mean piston speed increases, the maximum 
thermal efficiency that can be obtained from the cycle 
decreases. 

• As the residual gas fraction increases, the initial cycle 
temperature increases. 

• As the residual gas fraction increases, the maximum 
thermal efficiency that can be obtained from the cycle 
decreases. 

• Dimensionless power output is higher at low piston 
speed and low residual gas fraction. 

 
With this study, the results that engine designers can 
benefit from have been obtained. In addition, since the 
model of the FTT model is used instead of the classical 
thermodynamic model, the theoretical cycle is further 
approximated to the actual cycle, and the effect of the 
engine performance on the independent parameters such 
as mean piston speed and residual gas fraction can be 
examined. 
 
NOMENCLATURES 
 
𝑐𝑐𝑣𝑣𝑣𝑣 [kJ/kgK]  Specific heat for air 
𝑐𝑐𝑣𝑣𝑣𝑣 [kJ/kgK]  Specific heat for fuel 
𝑐𝑐𝑣𝑣𝑣𝑣 [kJ/kgK]  Specific heat for residual gas 
𝑐𝑐𝑣𝑣𝑣𝑣 [kJ/kgK]  Specific heat for mixture 
𝐻𝐻𝑢𝑢 [kJ/kg]   Lower heat value for fuel 
𝑚̇𝑚𝑎𝑎 [kg/s]   Air flow 
𝑚̇𝑚𝑓𝑓 [kg/s]   Fuel flow 
𝑚̇𝑚𝑟𝑟 [kg/s]   Residual gas flow 
𝑚̇𝑚𝑡𝑡 [kg/s]   Mixture flow 
𝑃𝑃𝑒𝑒 [kW]   Effective Power output 
𝑃𝑃𝜇𝜇 [kW]   Global friction loss power 
𝑄̇𝑄ℎ𝑡𝑡 [kJ/s]   Heat leakage per second 
𝑄̇𝑄𝑓𝑓 [kJ/s]   Fuel energy flow 
𝑄̇𝑄𝑖𝑖𝑖𝑖 [kJ/s]   Added heat flow 
𝑄̇𝑄𝑜𝑜𝑜𝑜𝑜𝑜 [kJ/s]   Rejected heat flow 
𝑅𝑅𝑎𝑎 [kJ/kgK]  Gas constant for air 
𝑅𝑅𝑓𝑓 [kJ/kgK]  Gas constant for fuel 
𝑅𝑅𝑟𝑟  [kJ/kgK]  Gas constant for residual gas 
𝑅𝑅𝑡𝑡 [kJ/kgK]  Gas constant for mixture 
𝑆𝑆𝑝𝑝 [m/s]   Mean piston velocity 
𝑇𝑇0 [kJ/kgK]  Reference temperature 
𝑇𝑇𝑤𝑤 [kJ/kgK]  Wall temperature 
𝑥𝑥𝐴𝐴𝐴𝐴𝐴𝐴 [-]   Stoichiometric air-fuel ratio 

𝑥𝑥𝑟𝑟 [-]   Residual gas fraction 
𝜂𝜂𝑐𝑐 [-]   Compression efficiency 
𝜂𝜂𝑐𝑐𝑐𝑐𝑐𝑐 [-]   Combustion efficiency 
𝜂𝜂𝑒𝑒 [-]   Expansion efficiency 
𝜂𝜂𝑡𝑡ℎ [-]   Thermal efficiency 
𝛷𝛷 [-]   Equivalence ratio 
𝛽𝛽 [kJ/kgK]  Heat leakage coefficient 
𝜀𝜀 [-]   Compression ratio 
𝜇𝜇 [Ns/m]   Coefficient of friction 
𝜓𝜓 [-]   Dimensionless power output 
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OBD (On-board Diagnostic) is the standard used by the SAE (Society of Automotive Engineers) 
in 1988 to monitor the data flow of sensors from external sources. OBD was updated as OBD II 
standard in 1990. Nowadays, monitoring of the flow of sensor data in vehicles is done via OBD-
II standard. The OBD-II connection, which must be used in all vehicles, is a window that opens 
out of a vehicle.In this study, the data received via OBD II via Bluetooth was transferred to the 
Web via Arduino Uno development card. The error codes and speed-fuel information produced 
by the vehicle during the journey were transferred to the software in the Web environment 
with the arduino with wifi module. The software developed with ASP.NET converts incoming 
error codes into meaningful texts. This allows the first intervention to be carried out by the 
experts in the event of a failure during the driving. The internet required for the operation of 
the system is provided by sharing the personal access point of the driver's mobile device 
internet (hotspot). 

Keywords 
Arduino 
OBD II 
Vehicle tracking 
Web Based 

1. INTRODUCTION

Electronic control units (ECU) used in vehicles are also 
the black box of the vehicles. Parameters for vehicle safe 
use and the parameters to be used in undesired situations 
during vehicle use are stored on the ECU. For a vehicle 
equipped with an ECU, situations such as the occurrence 
of an error, temporary or permanent condition, or the 
components that affect it, whether it affects the use of the 
vehicle are important and such information is 
continuously recorded and the driver is informed on the 
trip computer screen in the vehicle [1]. 

The ECU also controls precise control of the engine's main 
features, such as ignition timing, fuel injection functions, 
variable valve timing, idle speed, as well as other vehicle 
systems such as the transmission, brake and steering 
systems. ECU's total control of these systems never 
means that the system will work perfectly. Both external 
factors and internal factors can cause temporary or 
permanent problems in vehicles. Some of these problems 
may not interfere with the operation of the vehicle. 
However, as soon as possible to diagnose a possible fault 
is vital for both driving safety and vehicle safety [2]. 

It is always important that the faults that occur in the 
vehicles are given in a simple way. It is a basic principle to 
give general information instead of instantaneous details 
for the drivers, but only for signs of faults. The details of 
the fault are important only for the expert repairman. 
However, some faults may not be directly related to the 
part of the fault. This situation can be compared to human 
diseases. The symptom of a disease can be seen as a 
condition of an organ that is not directly related to the 
disease. The situation is the same for faults occurring in 
vehicles. It is not necessary for the driver to be informed 
in detail by the vehicle in such cases as an expert is 
required for this to be understood [1-2]. 

The output required for the transfer of this error 
information stored in the ECU is OBD, which is an 
abbreviation for “On-Board Diagnostic” words [1]. The 
output required for the transfer of this error information 
stored in the ECU is OBD, which is an abbreviation for on-
board diagnostical words. Although the history dates 
back to 1988, especially in all vehicles produced in 2000 
and later, there are OBD connectors. The OBD connector 
is the external door of the ECU, a black box of a vehicle. 
The OBD connector used today is called the OBD-II or 
OBD-2. The OBD-I connector is not standardized between 
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firms, and therefore the OBD-II connector, which is a 
standard (universal) connector in 1996, has started to be 
used [3]. 
 
Communication with OBD-II can be wired or wireless. 
OBD-II adapters are used for this purpose. In this study, a 
commercially available OBD-II adapter with bluetooth 
communication is used. The main purpose of this study is 
to create a Web based fault tracking system by means of 
data collection device which we designed by using 
Arduino development card, bluetooth module and wifi 
module. 
 
2. METHODS 
2.1. Service-PID codes for OBD-II 
 
The SAE J1962 is an accepted standard for the OBD-II 
connector and communication. For OBD-II, two 
connection types A and B type have been determined. The 
type A connector is used for 12V and the type B connector 
for vehicles using 24V supply voltage. Two connector 
types are shown in Figure 1. Both consist of 16-pin (2x8) 
D-shaped connectors [4]. 
 

 
Fig. 1. OBD-II connector wiring [5] 

 
As shown in Figure 1, the OBD-II connector has battery 
(power supply), communication and manufacturer pins. 
The manufacturer pins are special pins that allow certain 
special data to be received and that the ECU can be 
partially programmed, which changes according to each 
manufacturer and acts as a second key.  
 
No significant direct data can be obtained through the 
ECU. For this purpose, a special parameter identification 
(OBD-PID) has been created for OBD. The SAE J1979 
standard for OBD-PID has been adopted [6].  
 
A total of 10 service parameters were determined in 2017 
for OBD-PID. These service parameters are hex codes that 
can be requested from the ECU, such as displaying the 
available data, displaying the registered diagnostic error 
codes, clearing diagnostic error codes and stored values, 
displaying the test results, testing vehicle components, 
displaying vehicle information, displaying permanent 
diagnostic error codes. Service parameters may vary 

depending on the manufacturer. PID hex code is 
generated after service hex code (Table 1). The service 
and PID hex code correspond to the requested response 
from the ECU again as the hex code. Further information 
can be found in Ref [6]. 
 

Table 1. Service-PID hex code examples [6] 
Service-PID 
hex code Description Formula 

01-04 Calculated engine load (%) 100
255

𝐴𝐴 

01-0C Engine rpm (rpm) 256𝐴𝐴 + 𝐵𝐵
4

 

01-0E Timing advance (o BTDC) 𝐴𝐴
2
− 64 

01-5E Engine fuel rate (L/h) 256𝐴𝐴 + 𝐵𝐵
20

 

 
The 4-byte A, B, C, and D hex values come from the ECU 
according to the Service-PID hex code. The values of A 
and B in Table 1 refer to desimal numbers. The obtained 
values of A and B are converted to decimal numbers to 
obtain the desired information. C and D values are used in 
other service-PID hex codes.  
 
2.2. Bluetooth adapter for OBD-II 
 
The most common OBD-II adapter on the market is 
bluetooth communication. These adapters are called 
ELM-327, which is the code used for the integration. MCP-
2551 is used for communication of ELM-327 with CAN. 
The communication with the ECU can be achieved with 
these two integrated tools. Wired or wireless 
communication can be used to transmit this 
communication to an external device. The adapter used in 
this study is ELM 327 integrated and has bluetooth 
communication [7]. 
 

 
Fig. 2. Bluetooth OBD-II adapter [8] 

 
It is possible to find many software used with OBD-II 
adapter. These softwares generally show specific instant 
data. Manufacturer's software is designed to perform all 
operations on ECU. Figure 3 shows various software 
interfaces. 
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Fig. 3. OBD-II softwares [9-11] 

 
In this study, a simple controller and software which can 
communicate with the OBD-II adapter via bluetooth and 
transfer the data obtained via wifi to the remote device 
has been created. 
 
2.3. OBD-II Control Device 
 
In this study, vehicle data were requested at 1 minute 
intervals via Arduino. The data was transferred to 
Arduino with the OBD-II Bluetooth adapter pluged into 
the vehicle. The data were processed with arduino and 
recorded in the database on the Web. Thanks to the Web 
interface, data recorded in the database can be analyzed. 
The HC-05 bluetooth module is used for communication 
with the OBD-II bluetooth adapter and the ESP-8266 wifi 
module is used for data transfer to the Web (Figure 4). 
 

 
Fig. 4. OBD-II control device 

 
For the Arduino software to work, the Initialization 
operation must be performed first. ELM327 works with 
AT (Attention) commands. Therefore, it is necessary to 
perform the Initialization process with AT commands and 
make the device ready. On the Arduino IDE, this process 
was performed with the following code block (Figure 5) 
 
After the service-PID hex code sent to the ECU, the ECU 
receives a response. For example, when the hex code 01-
5E is sent, a hex-code, aa-bb-cc-dd, is returned. The 
values here can be converted to decimals to obtain the 
required values A, B, C and D for the formula. In order to 
obtain the registered error codes on the vehicle, serial 
port listening is performed. A 5 digit error code (XXX XX) 
comes from this listening. The error definitions 
corresponding to this error code are listed in the 
Diagnostic Trouble Code (DTC) list as standard and total 

3170 for year 2017. Error codes can also be defined by 
matching them on the Web. A DTC code is encoded as 
shown in figure 6. 
 

 
Fig. 5. AT code block 

 

 
Fig. 6. Explanation of the DTC codes [12] 

 
3. RESULTS AND DISCUSSION 
 
It is provided to monitor the data coming from the vehicle 
in the Web interface of the actual study. The web 
interface is developed using C# programming language 
with ASP.NET. The vehicle data received with the Arduino 
development card is displayed as a querystring 

SoftwareSerial elm327(0, 1); 
elm327.begin(9600); 
elm327. println (“ATZ”); 

delay(2000); 
elm327. println (“ATEO”); 

delay(1000); 
elm327. println (“ATL0”); 

delay(500); 
elm327. println(“ATH1”); 

delay(500); 
elm327. println (“ATSP 5”)  

delay(500); 
elm327. println (“01 00”); 

delay(500); 
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parameter as shown in on the web page with the wifi 
module: 
 
http://localhost:60904/DataSave.aspx?Gas=10&EngineTe
mp=40&Power=2000&Speed=0&DTC=P0157 
 
These parameters are taken from the browser address 
section and saved in the database. Technical data can be 
accessed via the interface via the interface shown in 
Figure 7. 
 

 
Fig. 7. Vehicle tracking Web interface 

 
4. CONCLUSIONS 
 
The work carried out via OBD-II bluetooth device allows 
the monitoring of data about the vehicle on the Web with 
the help of Arduino. With this vehicle tracking software, it 
is possible to control the DTC error codes, speed, 
temperature and power stored in the vehicle in web 
environment. The system provides quick and accurate 
measures to prevent possible problems during driving or 
when the technical expert is away. It is aimed to provide 
emergency measures against the error codes during 
vehicle driving with expert support. In addition to this, it 
is planned to carry out a process such as making a 
transaction that the driver can do about the error codes 
obtained by using artificial intelligence algorithms in 
future studies. Today, when autonomous vehicles are 
developed, such applications are expected to become a 
necessity in the near future. 
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• Designing and developing of all 

mechanical parts of Quadcopter.  
• Developed and designed our 

own 4G communication module 
that is compatible to interface 
with Quadcopter design. 

• Replace remote control (RC) 
communication module with 
our own made 4G 
communication module. 

• We get freedom to control the 
Quadcopter from any location of 
the world where 4G network is 
available. 

• Automatic mission is 
accomplished with Quadcopter 
by using GPS base navigation 
system. 
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 This research is based on the design, development and control of long range quadcopter using 
4G network. The developed Quadcopter has capability to be controlled from any location 
where 4G network is available. The Quadcopter consist of mainly 4 components including: 
flight controller, motors and propellers, electronic speed controller and communication 
module. The first three components are same as used in conventional Quadcopter where as the 
long range is achieved with the help of unique communication system. The communication 
module of this Quadcopter consists of Nodemcu with 4G wifi module and android based mobile 
phone. A graphical user interface is developed in blynk software through which Nodemcu is 
control which results to control Quadcopter from distant place. 4G based quadcopter has an 
advantage over conventional RF module based quadcopter which has limited coverage area. 
Automatic mission is accomplished with Quadcopter using GPS based navigation system. 
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1. INTRODUCTION 
 
Multi-rotor drone is an unmanned aerial vehicle (UAV), 
which is to be controlled from the ground station, without 
pilot on the board using communication module. 
Multirotor drone has wide range of indoor and outdoor 
application such as surveillance, aerial photography, 
agriculture monitoring purposes etc. Multirotor drone is 

the most prominent drone due to its vertical take-off and 
landing (VTOL) capability [1-3]. Quadcopter is a type of 
Multirotor drone consisting of 4 high speed brushless 
motors, 4 Electronic speed controllers(ESC), 4 propellers, 
Flight controller, communication module and lipo battery. 
Quadcopter has two frame configuration, that is ‘+’ and ‘×’ 
configuration [4]. This paper belongs to ‘×’configuration 
of quadcopter frame. Two motors on opposite arms of the 
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quadcopter frame rotating clockwise (CW) direction, 
whereas the two motors on the other two opposite arms 
rotating counter-clockwise (CCW) direction, which 
compensate the action and reaction effect (Newton’s third 
law), then quadcopter will take-off without producing any 
torque in the body frame [1-7]. Flight controller is a main 
controlling board, is a type of MIMO (multiple input, 
multiple output) system) which takes multiple input 
control signal from the communication module (i-e 
thrust, pitch, roll and yaw signals) and perform some 
necessary action and give control signal to the output of 
flight controller [8]. The outputs of the flight controller 
work as a input to the ESC’s and the output of ESC’s are 
connected to the four brushless motors. The ESC’s takes 
control signal in the form of PWM from flight controller 
and then precisely control the speed of the brushless 
motors. Propeller connected with brushless motors 
produce thrust in the upward direction depending on the 
shape and size of the propellers. Communication module 
is a transceiver that controls the quadcopter from ground 
station [9]. Dedicated Radio frequency (RF) module has 
limited coverage area according to their transmitter and 
receiver range. If such quadcopter is to be used for long 
distance then these dedicated RF module does not work. 
This paper introduce unique 4G communication module 
in the quadcopter, which comprises of Nodemcu having 
wifi capability and android cell phone connected with the 
flight controller and another android cell phone with 
graphical user interface developed in blynk software is on 
the ground station control the attitude of the quadcopter. 
Camera of an android cell phone connected with flight 
controller has been used for live video streaming and 
dynamics of quadcopter can be seen on another android 
cell phone on the base station from unlimited range using 
4G network and automatic mission has also been 
accomplished with Quadcopter using GPS based 
navigation system. 
 
2. QUADCOPTER DYNAMICS 
 
The quadcopter has four arms with “×” configuration 
frame as shown in Figure 1.  
 

 
Fig.1. Show the “×” configuration 

 
As we explained previously that the quadcopter has four 
brushless motors on which propellers are mounted, 

which make the quadcopter has four input forces. 
Propeller ‘1’ and propeller ‘3’ are moving in clockwise 
direction, whereas propeller ‘2’ and propeller ‘4’ are 
moving in counter-clockwise direction. The reason is 
because when propeller ‘1’ and ‘3’ are moving in 
clockwise direction, then due to reactive effect the whole 
body frame of the quadcopter should be moving in 
counter-clockwise direction (according to Newton’s  third 
law) [9-11]. In the same way when propeller ‘2’ and ‘4’ 
are moving in counter-clockwise direction, then due to 
reactive effect the whole body frame of the quadcopter 
should be moving in clockwise direction. If all of the 
propellers are rotating with the same speed rate, then 
these two reactive effects will compensate each other and 
the quadcopter will take-off and landing without 
producing any torque. If w1, w2, w3 and w4  represents the 
rotational speed of the four propellers T1, T2, T3 and T4, 
then force ‘F’ (thrust) is directly proportional to w2 (Force 
α w2) [12-14]. 
 
3. EXPERIMENTAL WORK 
 
The schematic diagram of quadcopter system has shown 
in Figure. 2. Which consists of mechanical part, flight 
controller, electronics speed controller and 4G 
communication module. 
 

 
Fig.2. Show the schematic diagram of quadcopter 

 
Designing and developing of all mechanical parts of 
Quadcopter in which F450 Quadcopter frame has been 
used in this project which has four arms on which 
1000KV brushless motor is connected. Where KV is 
constant that is equal to rpm/volt. 1045 propeller is 
mounted with each motor which convert rotation of the 
brushless motor into an upward thrust. The upward 
thrust is directly proportional to the rotation of the 
motors. The speeds of brushless motors are controlled by 
30A Electronic speed controller (ESC) according to the 
command received from the APM 2.8 flight controller. 
Neo-7m GPS+COMPASS module has also been used with 
flight controller to introduce different modes of function 
during the flight such as return to launch (RTL), acro, 
auto mode and position hold mode etc. A 11.1V, 5.2A 
Lithium Polymer battery has been used to power to all 
the circuitry, and motors of the quadcopter. A 4G based 
communication module has been introduced in this 
quadcopter which gives freedom to control quadcopter 
from any location where 4G network is available. An 
android cell phone has been used in Quadcopter for 
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providing video streaming, and communication between 
flight controller and base station. This cell phone is 
connected with flight controller via Nodemcu using wifi 
network. In base station another cell phone is utilized to 
provide control which has graphical user interface in 
blynk software. Base station cell phone works in same 
manner as that of wireless remote act as 4G transmitter. 
4G recevier designed consisting of Nodemcu, output pins 
and a USB port/mobile internet. USB port has an 
alternative way of connecting internet connection with 
Nodemcu by using USB 3G/4G dongle as shown in Figure. 
3. 4G transmitter having different types of control options 
such as thrust, pitch, yaw, roll and modes of flight.  
 

 
Fig.3. PCB designed of Nodemcu with USB port works as 

4G receiver module 
 
4G Communıcatıon Module  
 
In this research two android mobile phones have been 
used as a transceiver communication module in which 
one android phone is connected with flight controller via 
Nodemcu and another android cell phone is on the base 
station which is connected through 4G to establish 
communication between flight controller and base 
station. The graphical user interface (GUI) of quadcopter 
control is developed in blynk software as shown in 
Figure. 4.  
 

 
Fig.4. Shows android mobile with blynk software 

 
In GUI widgets are used for different function such as 
slider is used for thrust control, joystick for pitch, roll and 

yaw angle and step button is used to select different 
modes of function for quadcopter.  Each widget has a 
parameter that can be changed to set the desired PWM 
signal on the output of Nodemcu. Nodemcu is also known 
as Node microcontroller that supports wifi connectivity 
and is programmed by using standard computer 
programming. Nodemcu has several general purpose 
input/output pins in which 5 pins (D0-D4) are connected 
with the corresponding input of the flight controller for 
different function where D0 is assigned for Pitch angle 
control, D1 is assigned for Roll angle control, D2 is 
assigned for thrust (upward force), D3 for Yaw angle and 
D4 is assigned for different mode function of the 
quadcopter. As we found in the oscilloscope that the 
desired PWM signal for input of the flight controller has 
frequency of 50Htz and Duty cycle is to be from 20% to 
25%. 20% Duty cycle represents minimum value whereas 
25% Duty cycle represents maximum value as shown in 
Fig. 5,which means that if the slider widget is at minimum 
state, then pulse width of the signal is 20% and the 
rotation of the four brushless motors has minimum or 
zero speed which provide zero or minimum thrust 
(upward force) to the quadcopter. As the slider is moved 
toward maximum value, then pulse width of duty cycle 
will be increasing from 20% and thrust of the quadcopter 
will also be increasing by increasing the speed of the 
motors. When the slider reaches to its maximum state 
then duty cycle of PWM signal is 25% and provides full 
thrust (upward force) to the quadcopter to takeoff. 
Similarly same parameters are set for pitch angle, roll 
angle and yaw angle of the quadcopter. Android mobile 
with blynk application and duty cycle of PWM signal has 
shown in Figure. 5. 
 

 
Fig.5. Graph shows pulse width of the signal change from 

20% to 25% by moving the slider 
 
4. RESULT AND DISCUSSION 
 
Implementation of 4G communication in quadcopter has 
been done through which we can control the quadcopter 
from any location where 4G network is available. One 
android cell phone is the handheld user’s mobile in which 
blynk software is installed and acts as a base station 
controller whereas another android cell phone is 
connected with the quadcopter frame that has two 
functions first function is to provide 4G communication 
between base station and flight controller and second 
function is to utilize its camera for live video streaming 
through which we can see the dynamics of the 
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quadcopter on the base station. Figure. 6 shows the 
quadcopter is to be controlled from the ground station. 
 

 
Fig.6. Shows quadcopter controlled from base station 

 
Mission Planned 
 
During experiment automatic mission has successfully 
been performed by selecting an AUTO mode in different 
flight modes then quadcopter has followed the 
preplanned path by using GPS module and servo gripper 
has also been connected with the flight controller for 
deliver and drop application. The path is defined and 
loaded from the mission planner software into the flight 
controller via personal computer. The following path has 
been followed by the quadcopter. 
 
• Initially the quadcopter grabbed the ball with the 

help of servo gripper and took off vertically from the 
home position until attained 10 meter height. 

• When the quadcopter attained its maximum height 
then it faced and moved toward the preplanned path 
(waypoint). 

• When it reached to the maximum horizontal distance 
that is 500m from home position and reached to 
position 1 and then it produced yaw angle and moved 
toward position 2 and stayed over there for 6 second 
defined in the preplanned mission. 

• After 6 second it landed and then dropped the ball at 
position 2. 

• After dropping the ball at position 2 then it’s taken off 
again and return to home position and landed at the 
same position from where it has been taken off at the 
beginning. 

 
Path followed by quadcopter defined in mission planned 
has shown in the following Figure. 7. 
 

 
Fig.7. Show the path defined for quadcopter mission in 

mission planner software 

5.  CONCLUSION 
 
The development in the quadcopter facilitates the people 
that they can control the quadcopter from any region 
without fears of range limitation and it also help to send 
the quadcopter to those area where there is a security 
threat for human being and the events occurring in those 
areas can be seen through mobile or laptop screen using 
4G network. It also helps to accomplish the auto mission 
with the help of GPS module from any region of the world 
just by changing the flight mode from stabilized to AUTO 
mode via GUI. It also helps the people to delivers and 
drop material application with the help of servo gripper. 
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H I G H L I G H T S   G R A P H I C A L  A B S T R A C T  
• Indirect solar dryer is designed 

to dry vegetables such as 
tomatoes, eggplant, onion and 
mint leaves. 

• Indirect solar dryer is designed 
with low cast and easy to 
process. 

• Indirect solar dryer provide 
close atmosphere for the 
agricultural products. 

• It has temperature controlled 
system in the range of 50-60oC, 
avoiding the high temperature 
which may damage the quality 
of the products. 
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 The temperature controlled indirect solar dryer is designed in Quetta by using simple available 
stuffs in the market to dry the agricultural products for its longer shelf life. The dryer consists 
of drying cabinet, solar cell, electrical fan and collector. Inside the cabinet there are four trays 
at equally distance from each other, each tray receive uniformly heated air from the collector 
to dry the agricultural product. During the drying process temperature and relative humidity 
inside the cabinet is measured with help of digital hygrometer. Tomatoes, mint leaves, 
eggplant and onion were dried in newly low cost designed dryer. The drying time, color and 
quality of these products are compared with open sun drying. The result shows that the 
product dried in the newly dryer is good in quality and dry faster than open sun drying 
method. The drying occurs in falling rate period. Uniformity of the dryer in each tray was also 
checked by placing vegetable slices of same size and weight in each tray, the drying time for 
each tray was same. By increasing the size of vegetable slices increase the drying time, result 
also shows that increasing in drying air temperature also increase the drying time. 

Keywords 
Low cost dryer 
Saw tooth wave absorber plate  
Uniform heated air dryer 
Tomatoes 
Mint leaves 
Eggplant 
Onion 
 
1. INTRODUCTION 
 
Drying is a process to remove the water from the 
agricultural products in order to increase its shelf life [1]. 
Drying is one of the oldest methods to save the food from 

spoilage and store it for longer period of time without use 
of refrigerator [2]. The drying of agricultural products is 
done for two purposes; the first is to stop the growth of 
micro-organism and second is to store it for longer period 
of time [3]. Drying reduces space for storage, lighter the 
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weight, make it easy for the transport of the agricultural 
product and make sure its presence throughout the year 
[4]. Open sun drying is traditional method to dry the 
agricultural products. This method is practice in many 
developing countries because the energy required in this 
process is free, renewable, non-polluted and abundant in 
most of the environments [5]. As this method is cheap 
and easy to process but it contains some drawback such 
as microbial attack, dust, rain and insects which damage 
the products [6]. In this method agricultural product is 
placed in open ground on which sunlight directly 
exposure on the product to dry it, this damage the colour 
and quality of the product [6]. The products dried in 
traditional method are not acceptable in standard market 
which is economic loss of the country [7]. To overcome 
these problems, the agricultural products should be dried 
in solar dyer, the solar dryer provide close atmosphere 
for dryer process to save the product from microbial 
attack, rain, dust, and insects in order to improve the 
quality of the products. Different researcher designed 
different types of dryer. 
 
Azad explained the two modes (mixed + indirect) dryer to 
dry the grapes in five days, moisture from the grapes is 
reduced from 81.1% to 36.7% [8]. Amer et al., designed 
hybrid dryer to dry banana from moisture content 82 to 
18% [9]. Musembi designed indirect natural convection 
solar dryer to dry apple from moisture content 86% to 
8.12% [10]. Different types of dryers have been used for 

drying vegetable products,  Tunnel solar dryer which 
consist of a transparent plastic sheet, two DC fan and flat 
plate collector which is connected in series to dry 
pineapple from moisture content 87.32% (wet basis) to 
14.13% (wet basis) in 3 days [11]. Chen et al. designed 
close type solar dryer to dry lemon slices [12]. The small 
size dryer which consists of biomass burner to provide 
heat at night time was designed by Bena and Fuller to dry 
fruits and vegetables [13]. The aim of this research is to 
study and design low cost and easy process dryer, which 
can provide close atmosphere to save the product from 
microbial attack, dust, rain and insects. For controlled 
temperature (from 50°C to 60°C) an automatic system, is 
installed in the dryer which maintains the temperature 
throughout drying cabinet to dry short life agricultural 
products for longer period of time.   
 
2. METHODS 
2.1. Indirect Solar Dryer 
 
Indirect solar dryer is designed in Quetta from local 
stuffs available in the market during the year of 
2018. The designed dryer is so simple that it can be 
constructed by farmer for dying agricultural 
products. The dryer consists of solar cell, cabinet, 
and collector. The schematic diagram of solar dryer 
is shown in Figure 1.  
 

 

 
Fig. 1. Indirect solar dryer 

 
2.2. Solar Cell 
 
The dimension of solar cell is 53x76 (cm). The maximum 
power of solar cell is 50W; maximum power voltage (Vmp) 

is 18.2V and its maximum power current (Imp) is 2.7A. 
The purpose of solar cell is to run the electrical fan 
connected with designed dryer. 
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2.3. Collector 
 
Collector consists of electrical fan, absorber plate 
and transparent glass. The dimension of collector is 
2ft in width and 4ft in length and the dimension of 
the glass is (0.49x121.92 (cm)).  At the base of 
collector there is mat mash (net) which is the path 
for entering the fresh air from surrounding. The 
absorber plate of length 3ft is in the form of 
sawtooth waves which is placed in collector. The 
absorber plate is black painted to absorb more sun 
light. The purpose of sawtooth wave form of 
absorber plate is to increase the surface area of the 
collector. When fresh air from atmosphere enters 
through a mat which is at base of collector, the 
molecules have more contact time with sawtooth 
wave form of absorber plate and increase the heat 
energy of the air molecules. The heated air is forced 
in the cabinet by means of electrical fan. There are 
five electrical fans from which two are placed at the 
base of the collector and three are placed at the end 
of the collector. These electrical fans are run with 
the help of solar cell. The fans at the base are used to 
take air from the atmosphere and push it into the 
dryer, which decreases the temperature of the dryer 
up to 3°C. Where three fans at the end of collector 
forces the heated air in the drying cabinet. At the 
base of the collector there are two small doors 
which are closed at night time avoiding the air entry 
from surrounding into the dryer. 
 
2.4. Drying Cabinet 
 
The dimension of drying cabinet is 3ft in height and 
2ft in width was constructed from plywood which is 
light in weight. This plywood is supported by frame 
of massive wood. The cabinet is at height 2ft from 
the surface of earth by means of four legs. The 
cabinet of the dryer is made from plywood, beside of 
it three sides wall and top side of the cabinet is also 
made from Iron sheet in order to increase the 
temperature of the cabinet. The iron sheets are 
joined together in such a way that there is no 
leakage of air from it. The back side of iron sheet 
(collector side) has 4 holes of 4cm diameter at left 
side and 4 holes of 4cm diameter at right side. The 
holes of both sides are parallel to each other. Pipes 
of dimension (2.5x51cmx4.1 (cm)) are fixed in these 
holes; each pipe has equal number of holes except 
the bottom pipe which has 4 extra holes. The 
number of pipe in the cabinet is eight, four from left 
side and four from right side. These pipes are fixed 
in the holes of iron sheet such that they are parallel 
to each other. The cabinet have four trays which are 
made from mat mash and supported by frame of 
wood, these trays have dimension (19.7x20.2 (cm)) 

are placed on the pipes. The heated air from the 
collector enters in the pipes, from the holes of the 
pipes it comes in the cabinet. These heated air take 
out moisture from the agricultural product which 
were placed on the tray and comes out from the 
holes which is at the top side of iron sheet and from 
here it cannot escape in the atmosphere because at 
the top of iron sheet there is plywood roof, so the 
moisture air is recirculated from the side of iron 
sheet then come out from the chimney. This 
recirculation of air from the sides of the conductor 
heats the iron sheet and increases the temperature 
of the cabinet. The air which comes out from the 
chimney is again entering at the base of the collector 
with the help of plastic pipe which helps to increase 
the temperature up to 2°C.  
 
3. EXPERIMENTAL 
 
In the designed dryer tomatoes, mint leaves and 
apricots were dried, the drying time and quality of 
the dried product is compared with product which is 
dried in open sun method.  
 
3.1. Drying of Tomatoes 
 
Fresh tomatoes were purchased from local market. 
Before slicing the tomatoes, it was washed with 
clean water and dried with soft piece of cloth. After 
cleaning and drying the tomatoes was cut into slices 
with sharp knife. About 30g of sliced tomatoes 
having thickness 5mm were placed in the dryer. 
Before starting the experiment the dryer was run up 
to one hour to gain its momentum. The experiment 
was carried out from 10.00 AM in the month of 
August. The 30g of same size tomatoes were placed 
on net above the surface from earth under open sun 
light. The weight loss of tomatoes slices was 
measured after every one hour with digital physical 
balance (±1g) heaving maximum capacity 7kg. The 
moisture content of tomatoes slices was removed up 
to 93.33% (wb). 
 
3.2. Mint Leaves 
 
Second vegetable for drying was mint. The fresh 
mint leaves were purchased from the local market, 
were washed dried. After washing the mint leaves, 
about 15g of mint leaves were placed in dryer as a 
drying sample. The mint leaves is separated from its 
branches. The same quantity of mint leaves were 
placed in net which is above from the ground under 
open sun light. The weight loss of mint leaves was 
measured with the help physical balance after every 
30min. The initial moisture content of mint leaves 
was 80% (wb).  
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3.3. Eggplant  
 
Fresh eggplants were purchase from local market of 
Quetta. The eggplant is washed and dried from soft 
clean cloth then placed at room temperature for 
15min. After that eggplant is cut into slices of 
5.5mm, 55g of eggplant was placed into the dryer. 
The weight loss of the eggplant slices were 
measured with digital physical balance after every 
one hour. 
 
3.4. Onion 
 
Fresh onions were purchased from the local market. 
The onion is cut into its slices of 3mm, and 33g of 
onion were placed into the dryer. The weight loss of 
onion was measured after every one hour.  
 
3.5. Uniformity of the Dryer  
 
To check the uniformity of the dryer the tomatoes 
slices of size 5mm having weight 30g were placed in 
four trays of the dryer. The weight loss of the 
tomatoes was measured after every one hour with 
the help of digital physical balance. 
 
3.6. Effect of Temperature on Drying Process 
 
It was observed that drying air temperature greatly 
affect the drying time. The 30g of tomatoes slices of 
size 5mm was placed in the solar dryer, the 
temperature inside the dryer is in the range of 45-
50°C. This temperature was less as usual 
temperature range of the dryer because of cloudy 
day. The weight of the tomatoes was measured after 
every one hour by using digital balance. The drying 
process was continued until there is no change in 
weight of tomatoes slices observed. The same size 
and weight of tomatoes slices were placed in solar 
dryer having temperature in the range of 50–60°C in 
shining day. This temperature is the maximum 
range temperature of the dryer. The change in 
weight is measured after every hour.  
 
3.7. Temperature and Relative humidity 
 
The range of temperature inside the dryer is 50 to 
60°C and relative humidity is 10% which is 
measured with the help of digital hygrometer. 
Where the ambient temperature range is 35 to 38°C 
and relative humidity is 10%. At night ambient 
temperature is in the range of 20 to 32°C and range 
of relative humidity is 35 to 70%. 
 
 
 

3.8. Moisture Content 
 
The moisture content of the drying products was 
determined by using formula. 
 

𝑀𝑀𝑀𝑀 =
𝑊𝑊𝑖𝑖 −𝑊𝑊𝑎𝑎𝑎𝑎

𝑊𝑊𝑖𝑖
(% wb) (1) 

 
Where MC is moisture content, Wi is initial weight and 
Wab is bone-dry weight. The equilibrium moisture 
content was found out when there is no further changes 
in weight of the product. Wet basis (wb) means (g of 
water/g of moist sample).  
 
3.9. Moisture Ratio 
 
The moisture ratio can be calculated by using formula: 
 

𝑀𝑀𝑀𝑀 =
𝑀𝑀𝑡𝑡 −𝑀𝑀𝑒𝑒

𝑀𝑀𝑖𝑖 −𝑀𝑀𝑒𝑒
 (2) 

 
Where MR is moisture ratio, Me is equilibrium moisture 
content of product (g water/ g of moist solid). The value 
of Me is very small relatively small compared to Mt or Mi 
so Me is consider to be zero Diamante and Munro [14]. 
 
4. RESULT AND DISCUSSION 
 
The drying behaviour of agricultural product 
depends on drying air temperature and relative 
humidity. The increase in drying air temperature 
increases the drying rate and decrease the drying 
time. The increase in humidity slows the drying rate 
and increase the drying time. This statement was 
confirmed by several authors [15-18]. The dryer 
provide close atmosphere for dying the agricultural 
products and protects the product from microbial 
attacks, rain, dust and insects. The dryer also protect 
the product from humidity, the area which have high 
humidity then drying the agricultural products in 
open sun drying increase the drying time because 
the humid air is unable to take out moisture from 
the products. In such area the dryer is used to speed 
up the drying process. 
 
The drying behaviour of tomatoes slices in dryer 
and open sun method is shown in Figure. 2. The 
graph shows that moisture content reach to its 
equilibrium position faster than traditional method. 
The graph shows that there is not constant rate 
drying period while drying occurs in falling rate 
period. In falling rate period drying rate decrease 
continuously with decrease in moisture ratio. To 
check the quality of the dried product, the dried 
product is shown to the different experts. The result 
obtain from the experts shows that the quality of the 
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tomatoes slices dried in dryer is good than open sun 
drying which contain dust particle.  
 

 
Fig. 2. Drying behaviour of tomatoes in Solar Dryer vs Open 

sun 
 
By increasing the size of the tomatoes slices effect 
the drying time, increase in the size of thickness 
increase the drying time as shown in Figure 3. This 
result was confirmed by several authors in their 
paper [19-21]. 
 

 
Fig,3. Size effect of tomatoes on drying time 

 
The uniformity of the dryer is shown in Figure 4. 
The graph shows that drying time is approximately 
same in each tray and moisture content reach to its 
equilibrium position in the same time. 
 

 
Fig. 4. Uniformity of the dryer 

The Figure 5 shows that drying process of mint 
leaves.  The drying of mint leaves occur in falling 
rate period. The graph shows that the drying 
process is fast in newly designed dryer as compare 
to open sun drying. 
 

 
Fig. 5. Drying behaviour of mint leaves in Solar Dryer vs 

Open Sun 
 
The drying process depends on drying air 
temperature, by increasing the drying air 
temperature increase the drying rate.  The Figure 6 
shows the result of tomatoes of same size and 
weight but different temperature range. The 
temperature ranges in drying process of tomatoes 
slices of same size are 45-50°C and 50-60°C. It shows 
that increase in temperature increase the rate of 
drying process.  
 

 
Fig. 6. Temperature effect on drying time 

 
Figure 7 and 8, shows the drying behaviour of 
eggplants and onions. The drying behaviour of 
eggplant and onion in designed solar dyer were 
compare with open sun process. The drying process 
is fast in dryer than open sun. The drying occur in 
falling rate period not in constant rate. 
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Fig. 7. Drying behaviour of Eggplant in Solar Dryer vs Open 

Sun 
 

 
Fig. 8. Drying behaviour of onion in solar dryer vs open sun 
 
5. CONCLUSION 
 
The newly designed dryer was used to dry the 
tomatoes, mint leaves, eggplant and onion. The 
designed dryer provides close atmosphere to dry 
the product in order to protect it from microbial 
attacks, dust, rain and insects. The drying of these 
products occurs in falling rate period. Drying time of 
the dried products in the designed dryer is less than 
open sun drying and quality of the product in dryer 
is also good than open sun method. It was observed 
that increase in drying air temperature increase the 
drying rate and decrease the drying time. The total 
cost of the dryer is low so it reduced the cost of 
drying product.   
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