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Abstract  

The purpose of this project is to test the efficiency of the engine under different 

combinations of fuel; gas and ethanol. A small internal combustion gas engine will be adapted to 

a dynamometer in which the tests will be performed. In order to achieve the objective of this 

project certain parts were designed using CAD software such as SolidWorks. These parts 

included the mounting plate, the slider, and the engine stands; all which allowed the engine to be 

placed in the best manner onto the dynamometer. Several designs were developed as an 

alternative until the most feasible and effective design was selected.  Once the design alternatives 

were studied, a final conceptual design was proposed and thermal, stress, and vibration analysis 

were performed in order to reassure the proposed design was reliable.  

The next stage of the project consists of the manufacturing and construction of the 

different components, and finally assembling the entire prototype. Once the final prototype was 

complete the final stage of the project began which involved the set up and the testing of 

different fuel mixtures. The fuel mixtures were categorized into different percentages of gasoline 

and ethanol. For each blend of fuel the torque and the rpmôs were monitored from the 

dynamometer software. From the recorded torque and rpmôs the overall efficiency of the engine 

was obtained. By finally obtaining the efficiency the different values were compared. 
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1. Introduction  

1.1 Problem Statement  

The continued use of fossil fuels throughout history has impacted the world from an 

economical aspect. Countries such as the United States have felt some of the greatest effects due 

to its dependency on petroleum. These sources have been used for many years, causing a 

devastating environmental impact on the planet. Global warming has drastically increased due to 

this consumption, and due to the fact that this resource is limited its rapid depletion will soon 

affect our everyday lives if not dealt with swiftly.  Therefore, research companies are diligently 

searching for ways to replace petroleum with renewable sources of fuel. These fuels are currently 

being implemented into the market in order to obtain a more promising future in the world of 

energy. Bio-fuels such as biodiesel and ethanol are renewable sources of energy that would 

provide the results needed in order to continue with the current life style. 

 Ethanol is a fuel that does not augment the issue of global warming but also its process 

of production is inexpensive and unlimited. Increasing the use of ethanol would reduce the 

practice of importing crude oil from politically unstable regions. Therefore, the focus of this 

project is to apply the benefits of ethanol with the use of small internal combustion engines. 

These alternative sources of energy have yet to be frequently tested in small scale engines, which 

range from 1hp to 10hp. UAVôs  utilize these engines to function, and not only can they be used 

for recreational purposes but also they play a major role in military scenarios in order to monitor 

certain safety aspects. UAVôs will continue to become more popular in the military area thus its 

production will increase as well as the advancement of its features. Therefore, this project will 

test ethanol using small internal combustion engines in order to obtain their efficiency. This will 
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be carried out with the implementation of a dynamometer which will allow the performance of 

the engines to be measured through speed and torque outputs.  

1.2 Motivation  

As graduating Mechanical Engineering students, when one approaches the end of the 

bachelorôs career, one should have the ability to apply the knowledge acquired throughout the 

years in order to create a unique and life impacting innovation for society. For this project many 

different factors were a driving force and an incentive in order for the project to be completed. 

Within the industrialized society of the United States, one has seen the great power of 

consumption from all aspects, one main consumption being fuel. Due to the excessive amount of 

fossil fuel consumption not only has it had a significant impact on the economy, as seen in gas 

prices, but it has also had a  major influence on the environmental changes that are occurring 

globally. These fossil fuels when burned emit polluting gases into the environment such as 

carbon dioxide, a leading greenhouse gas, which in turn leads to the greatest environmental 

problem today which is global warming.  

Therefore, alternative sources of fuel have started to draw the attention of societies as a 

solution to some of the problems that the planet Earth faces today. Many advantages come from 

the use of renewable sources of fuel; one is the environmental benefits, since these sources of 

energy are considered clean sources of energy, which implies having a minimal impact on the 

environment. Also renewable sources of fuel are infinite; therefore it would be available for 

consumption without the concern of depletion.   

Ethanol is an alternative source of fuel that would be a promising solution to the problem 

of fossil fuel consumption.  As stated by the Argonne National Labs ethanol reduced greenhouse 

gas emissions by 10 million tons in 2007 alone.  Ethanol is currently making its way into the 
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market as the production of ethanol tripled from 2000 to 2007 from 17 billion to liters to 52 

billion liters. [10]  

In the U.S. the majority of automobiles are designed to run on mixtures of approximately 

10% ethanol, and 10% of ethanol-gasoline mixtures have become mandatory in some states. As 

part of the energy efficient agenda Congress intends to increase ethanol in the U.S., thus 

requiring refineries to blend 10 billion gallons of ethanol in 2010, reaching the amount of 36 

billion gallons by 2020.  However, it has yet to become as practical as petroleum, therefore it is 

up to the present and future generations of engineers to design and innovate machinery that 

would allow this goal to become obtainable.  

Furthermore, by initiating this project the Mechanical Engineering Department within 

Florida International University may have the opportunity to expand. Given the development and 

completion of this project an internal combustion engine lab will be established. This would 

allow future generations within FIU to build upon their fundamentals of thermodynamics by 

applying the knowledge acquired on to a more hands on experience. Additionally, it would allow 

the future students to execute different tests in measuring torque, rpmôs, efficiency, and 

performance for any given small scale engine. These readings will allow students to come with 

different conclusions, not only understanding what these results represent, but also how they are 

altered in order to produce desired results within different types of engines.  

1.3 Literature Survey  

Unmanned Aerial Vehicles 

Unmanned Aerial Vehicles also known as UAVôs are remotely operated machines that 

can be used for many different tasks. The idea of these machines has being around for quite some 

time. The first UAV to be recorded to have taken flight occurred during the 1910s during World 
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War I, as shown below in Figure 1. Although this aircraft did not go to battle, it did maneuver 

without a pilot, carrying a 300 lb bomb during several test flights. With the invention of an 

automatic gyroscopic stabilizer the aircraft could be kept leveled and flying straight.  

 

Figure 1 - U.S. Navy Curtiss N-9 [1] 

As time progressed such aircrafts were created for training purposes. Technology became 

much more advanced and new ways of utilizing UAVs were designed. By the 1960ôs during the 

Vietnam War, UAVs took on a different role; stealth surveillance. Combat UAVôs were being 

retro fitted to undertake reconnaissance missions. Aircrafts such as the jet-powered Q-2C Firebee 

went through many alterations. The result of such modifications was the AQM-34 Ryan Firebee 

aircraft, shown in Figure 2. Most of these aircrafts proved to be very reliable, with an 83 

percentage rate, planes that were used in the Vietnam War returned to fly on other missions. [1]  

 

Figure 2 - AQM -34 Ryan Firebee [1] 
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By the 1980 the Israeli Air Force created highly important new designs for UAVs, from 

which many versions were incorporated into the UAV fleets of many countries including the 

U.S. Nowadays aircrafts such as the predator, shown in Figure 3, have a significant position 

inside the military arsenals. Purely used for recognizance purposes, these new UAV aircrafts can 

provide up to 16 hours of surveillance in a 450 mile range. The most advance installments used 

in warfare. [2] 

 

Figure 3 - RQ1- Predator [3] 

RQ-1 Predator is a long-endurance, medium-altitude, unmanned aircraft system for 

surveillance and reconnaissance missions. These aircrafts have clocked in more than 500,000 

flight hours. These types of aircraft have a wingspan of 48.7 feet and measures 27 feet in length. 

A fully loaded aircraft can weigh up to 2,300 lbs. [3] 

There are many types of UAVs, because different defense departments use them for 

different activities. Class categories have been created for UAVôs depending on flight hours and 

by range, a category might also include both.  As per the Department of Defense, class categories 

are listed in the following way: 

¶ Close range (UAV-CR): Defines that the aircraft can operate in a range of 50 

kilometers.   
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¶ Short range (UAV-SR): aircraft can operate up to 200 kilometers and can enter 

enemy air space. 

¶ Endurance (UAV-E):  Can operate for 24 hours and perform multiple sessions. 

Some of these classes like the short and close range categories have merged to create a 

tactical category for UAVs. The Hunter can be found in such a category. This aircraft is capable 

of delivering near real time imagery intelligence for up to 200 kilometers from base [4]. The 

predator and the Hawk fall into the endurance category. The difference is that the Predator is 

used in medium altitude and the Global Hawk, as seen in Figure 4, is used in high altitude 

missions that require long range surveillance or sensors that can operate over a target area for 

any given time. Both vehicles are part of the US Air Force [4]. The Global Hawk has a wingspan 

of 116ô2ò and measures 44ô5ò in length with a maximum weight of 22,900 lbs. In comparison to 

the Predator this is a much superior UAV and with its wide-area MTI mode it can detect moving 

targets within a radius of 62 miles [2]. Its long range sophisticated sensors allows the Global 

Hawk to operate outside of hostile areas.  

 

Figure 4 - Global Hawk [4] 

The military wants to explore into Micro Air Vehicles (MAV). Such program 

investigates the application of these small vehicles into the future of military operations. Such 
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aircrafts are very small and could measure up to 6 inches in length and width. Although the idea 

for creating small insect size vehicles has not been dismissed, these are projects for the future 

generation.  There are also other miniature aerial systems which are used for special operation 

forces which involve gathering intelligence.  In comparison to the short range and tactical UAVs, 

which are bigger and noisier, these small vehicles can operate for one to two hours and can cover 

pre-planned areas [5]. They are very quiet because they operate with an electrical motor. The 

Dragon Eye is one of these mini UAVs, it weights 5 lbs and it is portable. The Dragon Eye has a 

wingspan of 3ô9ò with a light frame made of Styrofoam-like materials.  It can be assemble on the 

field quickly and carried in a backpack. Such aircraft is used by the Marine Corps for low tactical 

purposes. 

 

 

 

 

 

 

  

Although UAVs originated with the defense departments, because of their surveillance 

capabilities these aircrafts have many commercial applications. Such applications can include 

pipeline monitoring, border patrol and even mail delivering. Unmanned Aerial Vehicles are 

being used in civilian practices; the Department of Transportation uses them for traffic 

 
 Figure 5 - Dragon Eye Miniature UAV Figure 6 - Soldier with an RQ11-Raven 
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management. Photographic recording is a process that is done through the use of UAVs; they are 

used for precision farming and infrastructure maintenance.  

Some companies are developing small power units for UAVs.  Engines are being 

designed for commercial and military applications. Such engines have a single-cylinder direct-

injection, compression-ignition system that can be run on multi fuels like JP5 and JP8. 

 

Ethanol 

Ethanol, also known in the chemical world as ethyl alcohol, is a combustible, clean, 

transparent liquid with a rather pleasant odor. Ethyl alcohol is naturally produced from fermented 

sugar. The process of fermentation occurs when sugar is converted to carbon dioxide and alcohol 

through the action of enzymes. Ethanol can be created from several different plants including 

fruits, grain and vegetables, and amongst the most common products are corn, sugar canes, rice 

and potatoes.  

Over the years ethanol production has increased to nearly 13.5 billion gallons in the last 

couple of years, reported the American Society of Agricultural and Biological Engineers [6]. For 

a long time ethanol was thought of as a mix for alcoholic beverages until recently where its 

application and interest expanded to renewable sources of fuel. In recent times ethanol has been 

commonly used as an additive to gasoline. While ethanol, or bio-ethanol, is considered as a 

sustainable energy source, it involves additional refinement in order to be used for other 

purposes rather than fuel. One of the most general purification techniques used in the ethanol 

industry is refinement by further distillation.  

The implementation of ethanol in the industry is gradually helping to reduce the nationsô 

dependence on oil, and at the same time it presents a great number of economic and 
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environmental benefits. As expressed by the U.S. Department of Energy, it ñis committed to 

advancing technological solutions in order to promote and increase the use of clean, abundant, 

affordable, and domestically- and sustainably-produced bio-fuels to diversify our nation's energy 

sources, reduce greenhouse gas emissions, and reduce our dependence on oilò [7]. With this 

purpose, lessen the United States dependence on foreign energy, it is very important that the 

ethanol industry and the federal government cooperate collectively to expand the production, and 

in the future anticipate greater acceptance of gasoline with a higher blend of ethanol. The most 

common ethanol mixture in the United States is E10, referred to as a mix of 10% ethanol and 

90% gasoline; it is regularly used in most modern car internal combustion engines, which do not 

require any alteration on the engine itself or the fuel system. This blend of ethanol is normally 

rated as 2 to 3 octane which is the standard gasoline and is officially approved for usage in all 

new US automobiles.  

 The blend of 85 percent ethanol and 15 percent gasoline is known as E85; the US 

Department of Energy classifies it as an alternative fuel. Ethanol 

burns cleaner than g gasoline; it is an entirely renewable source, 

domestically and environmentally friendly fuel, which 

progressively has helped the nationôs economy and energy 

independence. Tests have revealed that vehicles using E85 

decrease hydrocarbon and benzene emissions, as well as carbon dioxide (CO2). Even though 

CO2, as shown in the image below, is released during ethanol combustion, it is recaptured and 

serves as a nutrient to the crops being utilized for further production. Ethanol spills compared to 

gasoline or oil degrades rapidly in water thus presenting a lesser risk to the environment.    

Figure 7 - E85 Logo by the Growth  

                   Energy Magazine 
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Figure 8 - Ethanol and Carbon Dioxide by the National Ethanol Vehicle Coalition 

ñThere are virtually no limits on how much ethanol and other forms of renewable energy 

can be produced. We are limited only by our imagination and determinationò said Mike Bryan 

publisher and CEO of the Ethanol Producer Magazine when he was asked about the future of the 

ethanol industry. [11] One main benefit of using ethanol is fewer greenhouse gas emissions when 

compared to gasoline, and it is fully biodegradable. As shown in the image below. As reported 

by the Department of Energy cellulosic ethanol could potentially decrease greenhouse gas 

emissions by 86 %.  [7] 

 

Figure 9 - Greenhouse Gas Emissions by Fuels and Type of Energy [7] 
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Coskata is a biology-based renewable energy company, which is currently the leader in 

feedstock flexible ethanol and next generation biofuels. This group utilizes technology capable 

of producing low-cost ethanol from an assortment of materials such as biomass, agricultural and 

municipal waste, and other carbonaceous material. Flex ethanol is the expression Coskata uses 

for ethanol that can be made from any feedstock, including wood biomass, agricultural waste, 

sustainable energy crops, and construction waste. The image below shows the facilityôs ethanol 

manufacture process. The feedstock is sent to the gasifier where gas is created from plasma 

torches. The gas is sent into the bioreactor, where it becomes food for microorganisms 

converting the gas into pure ethanol. Compared to regular gasoline Coskataôs cellulosic ethanol 

reduces greenhouse gases by almost 96 % and consumes less water.  

 

Figure 10 - Coskata Flexible Ethanol Production Process [8] 

During a press release in October 2009 the company expressed that their process would produce 

100 gallons of ethanol from a ton of feedstock, compared to 67 gallons created from the same 

amount of corn, and that this fuel would cost less than one dollar a gallon to produce. [8] 
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Nowadays Brazil, the second-largest economy in the Western Hemisphere's is pumping 

40 percent ethanol into their vehicles. If this number is compared to the consumption of ethanol 

in the United States it is only about three percent. There is no other nation utilizing this fuel on 

such a big scale. In fact, Brazilôs government mandates that all gasoline must contain up to 25 

percent ethanol. For Brazilians becoming independent of oil was a matter of life and death due to 

the high prices per barrel of foreign oil. In 2008 it was estimated that automakers would produce 

2.4 million of vehicles able of running either gasoline or ethanol. Overall flex-fuel vehicles 

should account for 50 percent of Brazilôs automobile industry. [9] 

   

Internal Combustion Engines 

The main objective of any engine is to convert heat into mechanical energy. In an internal 

combustion engine the process of burning fuel occurs inside the engine, rather than outside. This 

means that the burning of fuels occur within the same cylinder where energy is produced in order 

to turn the crankshaft. Internal combustion engines rely on three types of elements in order to 

function; air, fuel, and ignition. These elements are essential in making the engine operate due to 

the fact that each plays a different function in the process of converting heat energy into 

mechanical energy, air provides the oxygen necessary to produce combustion, the ignition starts 

the combustion, and the fuel provides the energy used in order to run the engine. [19] 

Internal combustion engines can be categorized into two groups: continuous-combustion 

engines and intermittent combustion engines. Continuous combustion engines are engines that 

have a steady-flow of fuel into the engine, such as a jet engine, gas turbines, and rocket engines. 

Intermittent- combustion engines also known as a reciprocating engines, are characterized by an 

ignition of air or fuel every certain period of time. Some examples of these engines are 2-stroke 
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and 4-stroke engines. [20] The main advantage for a 2-stroke engine is the simplicity of its 

motors, as well as the fact that it is inexpensive. Not only that but this type of engine can also 

provide a high specific power. A 2-stroke engine can complete the thermodynamic cycle in two 

strokes of the piston rather than in four.  

 

 

 

 

 

 

 

 

 

 

As seen in the diagram above in the first step while the piston is on the top position fuel 

is coming in through the intake. In the second stage the compression of this fuel causes the 

ignition of the fuel. This ignition forces the piston to move downward, thus initiating the power 

stroke. In the third stage the burnt fuel exits through the exhaust and thus the new fuel takes the 

position of the old fuel. Thus seen in the fourth stage, the piston returns to its original top 

position where the compression stroke occurs and the process repeats itself once again.  

 

Figure 11 - Process of a 2-stroke engine 
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The 4-stroke engine has its own advantages, in which it provides more efficiency and is 

quieter than the 2-stroke however, its provides less power due to the fact that it takes double the 

strokes in order to provide the same amount of power as the 2-stroke.  

              

As shown in the diagram above in the first stage the inlet valve is open and the exhaust 

valve is closed thus with the induction stroke (first stroke) the air and fuel are drawn into the 

cylinder. The in the second stage both valves are closed and as the piston pushes up the 

compression stroke (second stroke) is performed in which the air and fuel are compressed and 

ignited.  With the power of the ignition the piston is then pushed downward thus producing the 

power stroke which is where the engine receives its power to operate the engine. Finally in the 

fourth stage while the exhaust valve is open and the intake valve is closed, and as the piston 

pushes upward the exhaust stroke (fourth stroke) occurs in which the burnt fuel is removed 

through the exhaust valve.  

Figure 12 - Process of 4-stroke engine Figure 13 - Otto Cycle 

http://upload.wikimedia.org/wikipedia/commons/4/46/T_cycle_otto.png
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Also the 4-stroke follows the thermodynamic Otto cycle, due to the fact that it consists of 

adiabatic compression, then addition of heat at a constant volume, adiabatic expansion, and 

elimination of heat at a constant volume.  

2. Project Formulation  

2.1 Overview  

Prior to proceeding with the testing of the small scale internal combustion engines, the 

prototype must first be assemble. The engine must be adapted to the dynamometer. There is no 

established method or guidelines to follow since such a project; testing the performance of small 

scale engines has not been performed before. The challenge here lies in adapting the engines to 

the dynamometer, given the fact that there is a set an rpm rating which should not be exceeded. 

A reduction gear is a design criterion to implement in order to accommodate for this constraint. 

 The engine is mounted on a platform during the tests. Such mounting platform is made 

up of components like the mounting rails and the sled. The mounting plate has being designed 

and manufactured to be able to fit the geometrical constrains of the dynamometer. Due to the 

geometry of the dynamometer and the model engine, different mounting options have been 

explored in order to find an optimum adaptation.  

At first the connection between the engine and dynamometer was thought to be a simple 

task to accomplish because it would be connected directly to the flywheel of the dynamometer. 

This is only possible if the engines tested have a maximum rpm rating of 8,000. This rating is not 

set, but it is a constraint for the dynamometer. Furthermore, linearly connecting the engine onto 

the dynamometer limits the range of engines that can be used for further testing. In order to be 
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able to expand the range of engines that can be tested, a gear reduction system must be 

implemented.  

Small scale engines can have an rpm rating of 25,000 rpm or more. It has being 

established that a reasonable range for testing can be from 8,000 rpm to 25,000 rpm. An engine 

can now be connected to the flywheel of the dynamometer with the use of a rotor that can reduce 

the rpm rating to 8,000 rpmôs and a belt that connects the rotor to the flywheel. Such engine is 

mounted on top and is not linearly connected to the dynamometer. Different engines have been 

explored and a common similarity has been found, these model engines tend to come with a very 

short shaft length. At first a solution that arose was to use a coupler system, which will serve as a 

connection aid to the rotor. Because the shaft lengths do not come standard, the engine would 

have to be moved constantly back and forth to fit onto the rotor. A better option of having a 

coupler system is to have a sled, which allows the engine to move without having it to be 

unscrewed from its mount.  

The slider can accommodate the engine closer or farther from the rotor that is connected 

to the shaft. This rotor is connected through a belt, and the belt to the flywheel which is attached 

to the dynamometer. Having the engine mounted on top of the dynamometer and with the 

implementation of Dyno-max 2000; a data acquisition software, it is possible to obtain the 

performance output data from the model engines. Such data can include rpm, torque and 

emission readings. The rpm reading is obtained by attaching a sensor in front of the flywheel. 

The flywheel has a spot where there is a metal surface which the sensor will pick up every time it 

rotates, the sensors will take readings as one revolution is completed.  

The torque measurement is obtained from a hydraulic sensor that is attached to the metal 

base where the mounting plate will be placed. This mounting plate will be able to swivel to one 
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side or the other depending on the direction of the rotation of the engine shaft. The rotation 

creates a force that will be recorded by the torque sensor from the movement of the plate due to 

the force being exerted by the engine. The emission readings are gathered with sensor type 

equipment that will be connected at the end of the exhaust of the engine.  

It is possible to obtain how much CO2 is exhausted after the mixture of gasoline and 

ethanol has gone through the combustion process. The different fuel mixtures of ethanol and 

gasoline will be analyzed. For example, it is expected that having higher mixtures of ethanol can 

lead to less harmful emissions to the environment. Once the mounting components are 

assembled, and the engine is set up onto the dynamometer, testing procedures can commence. It 

is then possible to run different test scenarios to find the efficiency of the engine when different 

mixtures of gasoline and ethanol are introduced. From the acquired performance data, reasonable 

observations can be made as to which type of mixture will yield the maximum results.  

2.2 Project Objectives  

The project objective can be divided into two different stages. The first stage is making 

the mounting platform where the engine will sit while being tested. Such platform has to be able 

to hold the engines while it is at its maximum output capacity. Vibrations should be minimized 

in order to obtain accurate readings. This can be achieved by adding rubber washers where the 

engine will be mounted. The manufacture and assembly of the platform components is essential 

for the testing on small internal combustion engines. Such platform is able to accommodate 

different sizes of model engines. The platform is made to be adjustable and to be easily changed 

if any given engine requires it.   

The second stage requires having different mixtures of fuel to be tested on the engine. 

With the implantation of the Dyno-max 2000, performance data is collected and analyzed. 
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Different scenarios are explored to identify which blend will produce the most efficient results. 

Testing parameters are set in order to accomplish such a task. It is the intention of this group to 

be able to assemble the necessary parts together in order to make an adaptation of small scale 

engines to a dynamometer in order to be able to run performance tests using different fuel 

mixtures. The objectives for such project include but are not limited to the following. 

1. Obtain the Dynamometer geometrical dimensions to be able to design to scale using 

CAD software such as SolidWorks. 

2. To obtain the necessary dimensions needed from the engines in order to create an 

adequate mounting plate on which the engine will be placed in order to be tested. 

3. Create and implement a coupler system which will connect the shaft of the engine to the 

flywheel using a timing belt. The flywheel is attached to the dynamometer; from here 

speed and torque measurements will be obtained. 

4. Design a slider mechanism that will allow for the engine to be moved in order to 

accommodate for different shaft lengths if the coupler is not used. 

5. Selection/construction of appropriate key for connecting shaft and rotor. 

6. Selection of timing belt for the connection between the rotor and flywheel of the 

Dynamometer; this will become a pulley system.  

7. Construct a starting mechanism for the engines, mechanically or electrical if needed. 

8. As a safety precaution to protect from any debris that may occur if any component 

becomes loose or breaks. Additionally, this safety measure will keep remains coming 

from the exhaust system of the engine away from the operator and the computer. A plexi-

glass encasing will  be installed. Such casing should be able to protect the operator and 
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other viewers since components like the shaft, timing belt and rotor can reach speeds up 

to 20,000 RPMs.  

9. Set up testing parameters for the performance data of the engines when using different 

fuel mixtures. 

2.3 Design Specifications  

This project consists of adapting a small scale internal combustion engine to a model 

dynamometer in order to test different blends of ethanol and gasoline.  In order to achieve 

adaptation, components will be manufactured and assembled in order to be able to perform an 

analysis on the performance of the selected small scale engine using gasoline and ethanol.  Three 

main parts compose the design aspect of this project which will allow for the adaptation to take 

place. 

The mounting piece allows for the engine to be mounted on the dynamometer. This piece 

has to be designed and manufactured in order to adapt to the dimensions of the selected 

dynamometer, as well as provide a way of tensioning the belt onto the rotors by elevating the 

engine. The slider is a part which will be placed onto the mounting plate and its purpose will be 

to allow a certain amount of freedom in the vertical direction for the engine. This is necessary 

because it makes the final prototype a more efficient product since it allows for different engine 

shafts to be adapted into the dynamometer. Finally, the engine stands will be placed onto the 

slider; these stands will go on both sides of the edges of the engine and will be bolted down onto 

the slider. The purpose of these stands is not only to provide the engine with a certain amount of 

support but also provide a certain degree of freedom in the horizontal direction in order to allow 

the use of different size engines.  All these parts are manufactured with a material that will 

possess enough strength to withstand certain vibrations, weight, and temperatures.  
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Furthermore, the dimensions of the parts had to be designed around the specifications of 

the dynamometer and the selected engine.  The parts were mainly affected by the constraints of 

the dynamometer which limited all the parts ten inches by six inches, which are the dimensions 

of the dynamometerôs tension plate. 

  The specifications of the dynamometer that will be used in this project consist of the 

dynamometer having a maximum of 8,000 rpm. The horse power ranges between 1-3 hp. Lastly 

the dimensions of the dynamometer consist of 6.58 inches in height, 20 inches in length, and 10 

inches in width. The dynamometer consists of an acquisition system in which the rpm and the 

torque of the engine will be recorded.  

 

 

 

 

 

 

 

 

    

The engine that would fit this project was a 2 ï stroke engine rather than a 4 - stroke not 

only due to budget but also because of the simplicity of the engines design. Furthermore, 2- 

stroke engines provide more power than a 4-stroke which is one of the factors that are focused on 

in the results of the testing process. Also the engine needed to have a ranging horse power of 1-3 

in order to adapt itself to the dynamometer, which reaches to 3 horse-power.  The approximate 

Figure 14 - Dynamometer Design- Solid works Figure 15 - Actual Dynamometer 
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weights of these engines have a range of 20.7- 33 ounces. In addition, due to the fact that gas is 

being tested within this project, a gas engine rather than a diesel engine was selected, which 

more than often provides a glow or electric ignition system. Therefore, the Evo 26GX is the 

small scale engine that was selected for this project. The Evo 26GX is a 2-stroke engine which is 

made of aluminum with a steel engine head. Most of the specifications of the Evo 26GX engine 

fit the requirements for this project in order to be completed efficiently. It is important to note the 

most important constraint for the engine is that it must run gasoline. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16 - Evo 26GX Engine  
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Furthermore, in order for this adaptation to be completed efficiently, since most engines 

that can be selected for this project will have maximum rpmôs higher than 8,000 rpmôs, a gear 

ratio system needs to be implemented within the prototype. Since the dynamometer is rotating at 

such high rpmôs a glass casing was considered in order to prevent any pieces from hurting the 

operator. Moreover, in order to operate the rotors, a time belt will be used as a pulley system. A 

timing belt was selected instead of a chain belt due to the fact that this would be less dangerous, 

not only for the equipment but also for the user. Finally, in order for the engine and the 

dynamometer not to overheat and become damaged a cooling fan was implemented as part of the 

project.   

Two main aspects make up the foundation of this project, one is the design and the other 

is testing. Testing is crucial due to the fact that it is from this portion that the results will be 

obtained in order make certain the project is completed successfully.  Since is very rare to find 

100% purity within any certain amount of fuel, for this project ethanol will be initiated with an 

85% blend, or E85 since it is commercially available in several pump stations.  The mixtures will 

Table 1 - Evo 26GX Engine Specifications [1] 
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be performed by measuring with respect to the fuel volume, in order to obtain their respective 

percentages. Once these mixtures are properly performed, they are run on the prototype assembly 

in order to obtain the results. Before running the fuel the engine will have to run clean for a 

certain period of time in order to break in the engine. This will allow the testing to have fewer 

complications when desired mixtures are tested.  

2. 4 Constraints and Other Considerations  

Throughout the design and development of this project certain restrictions and limitations 

have arose which needed to be addressed. One main constraint was the budget. Due to the fact 

that several parts of the project were expensive, a main priority in the advancement of the project 

relied on how much funding the team was able to collect and how much each team member 

would personally contribute to the project. The Applied Research Center (ARC) at FIU allowed 

the continuous use dynamometer, which diminished the expenses at an enormous level, since the 

dynamometer alone costs $10,000 US dollars. Furthermore, the engine was expensive as well 

which is why due to budget only one engine was purchased instead of two. Many different tests 

wanted to be performed in this project, such as testing 2-stroke and 4-stroke engines, however 

due to the lack of funds the tests had to be limited to the use of only one engine.   

 The dynamometer is the greatest constraint in this project when it comes to dealing with 

parts and equipments. This is due to the fact that no modifications can be made to the 

dynamometer. All the parts were designed and shaped around the size and curvature of the 

dynamometer. None of the parts could surpass a length of ten inches and a width of six inches, 

since these are the dimensions of the dynamometer. Furthermore, the assembly process must be 

undertaken in a way that the sensors of the dynamometer will  not be affected.  The engine was 

also selected with a reasonable size in order to fit into the dynamometer. The engine also placed 
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certain constraints that needed to be attended to in the project. A gear reduction needed to be 

implemented within the project due to the fact that the dynamometer reached maximum rpmôs of 

8,000 while the engine reached maximum rpmôs of 9,500.  

In addition, a constraint within testing lies within the selection of the engine. Since the 

selected engine (EVO 26GX) reaches a maximum horse power of 3.8 and the dynamometer 

reaches a maximum horsepower of 3.0, when testing the engine on the different performances 

one cannot fully throttle the engine to 3.8 hp but only to 3.0 hp in order to obtain accurate 

readings. If the engine is fully throttled not only may it damage the dynamometer but also the 

data acquisition will not provide accurate results after 3.0 hp.  Additionally, time is another main 

constraint that it is placed in any project that needs to be completed. Many different parts as well 

as different types of testing wanted to be utilized during this project, however due to time 

limitations, only the necessary parts were manufactured and the necessary tests were performed 

in order to achieve the main goal of the project, which is to test the different mixtures of ethanol-

gasoline and analyze the results. Also, the engine selected must run gasoline. Several engines 

where researched, but only one fit the description desired for the project.  

 

2.5 Discussion 

 Many considerations were taken into account when designing, manufacturing, 

assembling and testing this project. An important aspect needed to be taken into account is the 

tensioning of the belt when the parts are being assembled into the dynamometer. The parts have 

to be designed and manufactured in a way that they will still be able to provide a form to tension 

the gears to the belt. Also in these systems vibration is an important matter due to the fact that if 

unnecessary levels of stress are added to certain parts, this might cause them to fail. Therefore 
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throughout the project an effort was made to keep vibration to a minimum in order to improve 

and maintain the longevity of the parts as well as the entire system.  Furthermore, another 

consideration is how to allow a certain amount of freedom for the parts to move within the 

system. This is important because it makes the system more user-friendly and more diverse. It 

allows the dynamometer to adapt different types of engines instead of just one kind, if the parts 

are allowed to adjust themselves in a horizontal and vertical direction. Another consideration 

when starting the testing was the length of time the engine could be left to run, and how long 

should the engine be left to run when one is trying to ñbreak inò to it. This time frame varies 

depending on the type and size of engine that is selected.   

Also, one thing that is important during testing is to assure that the engine and the 

dynamometer do not overheat. In order to prevent this, a fan will be utilized in order to provide a 

sufficient level of cooling. In addition, when the engine is being tested in order to obtain accurate 

results one needs take into consideration the different air-fuel mixtures.  This is controlled 

through a certain knob on the engine which will decrease or increase this ratio. This is important 

due to the fact that if there is too much fuel being released through the exhaust it implies that all 

the fuel is not being burned and therefore the results are not accurate. If too much gas is being 

released than too much of the fuel is being burned and this can damage the engine relatively 

quickly.  In order for the assembly and the mechanics of the system to work without 

complications the gear reduction has to be implemented in the system correctly amongst the two 

gears that will be utilized. This ratio will change according to the engine that is being utilized, 

and the desired input and output powers of the system.  
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3. Design Alternatives  

3.1 Overview of Conceptual Designs Developed 

The main constraint when designing the mounting platform is the dynamometer itself. 

The dynamometer cannot be altered; the platform is limited to the shape of the dynamometer. 

Dimensions are obtained from the dynamometer and are modeled using SolidWorks. The 

dynamometer has an rpm and torque sensor located below and next to the torque rails 

respectively. An Electrical motor and flywheel are also part of the Dynamometer. The mounting 

platform also depends on the mounting requirements of the engine. Depending on the 

geometrical characteristics, some engines are mounted by the bottom, others at the rear.  

 

 

Figure 17 - Components that make up the dynamometer 

Different mounting set ups have been explored and designed to accommodate for different 

engine geometry and for the shape of the Dyno. In Figures 18 and 19 the dimensions of the Dyno 

are shown in the front and top view.  
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Figure 18 - Top View ï Dynamometer Dimensions 

 

Figure 19 - Side View - Dynamometer Dimensions 

 

3.2 Design Alternative I 

It was first thought that having the engine linearly connected to the flywheel was the best 

choice. Figure 4 show the design having the engine linearly connected to the fly wheel. From the 

figure it can be seen that this is not doable because the rpm sensor is in the way of the shaft. At 

the same time having such connection would limit the engine selection to having a maximum of 
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8,000 RPMs. Having Interchangeable mounting was also an idea if the engine is to be mounted 

on top of the rails. While such idea is good it does not seem very efficient because every time a 

different engine is tested the mount would have to be changed, taken away and replaced with a 

mounting plate that fits such engine. An easy fix would be to move the sensor to another location 

but as it was mentioned, there are to be no alterations done to the Dyno. 

 

 

Figure 20 ï Design Alternative I 

3.3 Design Alternative II 

Any engine to be tested would have to be set up on top of the torque rails. An engine 

having higher than 8,000RPMs would have to have a gear reduction system so as to not exceed 

the Dyno requirements. Such system would include a rotor and a belt that connects the rotor to 

the flywheel. In Figure 5 such design can be seen. The shaft of the engine is now connected to 

the rotor. Such engine is held in place with the use of a slider, a mounting bracket, and a riser. 

The mounting bracket is seen in figure 5 and the assembly can be seen in figure 6. The engine 

bracket is attached to the riser which is attached to the slider. The slider is used to move the 
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engine closer or farther from the flywheel in order to have the rotor aligned with the flywheel. 

Shafts come in different lengths having the slider helps to avoid such problem. 

 

Figure 21 - Engine Bracket 

 

 

Figure 22 - Conceptual Design II 

 

The sled can be adjusted to different horizontal locations along the torque bracket. The 

riser as the name implies, elevates the engine to a certain height. Enough clearance must be left 

in between the rotor and the flywheel to be able to select a belt; otherwise it would not be 

needed. At the same time these components shall not touch, such contact at very high speeds 
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may cause harmful results. Now the RPM sensor is not in the way of the shaft, as such it is free 

to rotate.  

 

3.4 Design Alternative III  

There are different ways of adapting an engine to the Dyno. To add more stability to the 

design instead of having a riser, two columns could be attached to the sled plate. The engine 

would then be placed on top of the predetermined holes of the columns which are subject to the 

dimensions of the engine. As it is seen in the next conceptual design in figure 7, the engine is 

resting on these two columns, which improves the stability of the design. Due to the fact that the 

weight of the engine is better dispersed, stress is reduced in comparison to the previous design 

where the engine is being held by the engine brackets that connect to the riser perpendicularly.  

 

Figure 23 - Conceptual Design III  
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3.5 Feasibility Assessment  

From all the design alternatives it can be seen how the design has progressed from its 

inception. Before drawing up a design, a key step that has being done is to accurately measure 

the Dyno. The Adaptation of an engine to the Dyno is done by creating a Mounting Platform. 

The Dyno is the main constraint due to its geometrical and mechanical characteristics. There is a 

high probability of being able to create the components that make up the mounting platform. 

When dealing with small scale structures components tend to be created with small dimensions. 

The maximum dimensions for these design alternatives do not exceed 12 inches in length, width 

or height. These small components can be manufactured in a regular standard machine shop. 

With the use of a drill press, knee mill or CNC Mill such parts can be constructed. Obtaining the 

raw material necessary to create the mounting plate is only a problem if the costs are high. Due 

to the dimensions of our design not a lot of raw material is needed so therefore the overall costs 

should not be expensive. The machining part tends to have a greater cost in comparison to the 

materials because labor costs are involved. In order to avoid such costs, the machining will be 

attempted to be done by the students using the machine shop at Florida International University. 

Prior experience from courses taken in manufacturing is very beneficial when attempting to 

machine the parts to their respective dimensions. Another factor is the engine itself due to the 

fact that small scale engines are mostly run with nitro; the project involves running mixture of 

ethanol and gasoline for which a material like aluminum would have to be used. Model engines 

are made primarily out of cast metal, which would not suffice because gasoline when combusted 

can reach high temperatures above 200°C. The stronger the material to withstand heat the higher 

the expense would be. Its size is also a factor, the smaller the model engine is, the higher the 
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price would be. Nonetheless such engines are in the market and can be obtained.  Feasibility of 

the proposed designed mostly falls on the cost of the materials and the machining of the parts. 

 

3.6 Proposed Design 

The proposed design encompasses all the previous alternative design considerations. The 

prototype as seen in Figure 24 satisfies three main design purposes; fit, form and function. The 

prototype is built to geometrically fit to the dynamometer utilized. The form is of two parallel 

rails that grasp the torque rails on which the sled can horizontally move. The sled itself has slots 

on which the engine stands are able to move to a desired engine width, therefore making the 

platform accessible to many different size engines. The engine will rest on the bottom part of the 

stand and then the top part will be positioned in such a way that it will act as clamp holding the 

engine wings in the middle. The engineôs shaft will be connected to a rotor which is used to 

reduce the gear capacity from 9,500 to 8,000 RPMs. Such rotor is connected via a belt to the 

flywheel which in turn connects to the electric motor of the Dyno. The function of the proposed 

design is to create a test bed for different size engines to test their performance when using 

different fuels. 
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Figure 24 - Proposed Design 

 

3.7 Discussion 

As a safety precaution, a plexi-glass cover is set up to protect the operator while obtaining 

data from the sensors. For future works the plexi-glass cover would include the rotors. The 

rotation of some engine shafts can reach up to 20,000RPMs, any loose debrief will fly off at very 

high speeds and can seriously hurt the operator or anyone near the device while operational. At 

the same time a small casing should be placed around the electric motor since this will also be 

rotating at very high speeds, it is not common sense to try to touch. Nonetheless to avoid such 

situation a plastic cover would be placed around the electrical motor.  
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4. Project Management  

4.1 Overview  

Project management is an essential part of any project. It is the process of planning, 

organizing and managing the resources available in order to effectively accomplish the different 

aspects of project objectives. Planning ahead helps to successfully develop and accurately 

foresee any resources needed for a project.  

A defined project must have a defined plan of approach. There are different steps that are 

essential to properly complete the assigned task. One of the first steps is to develop a 

comprehensive and realistic plan, and always maintain it up-to-date. If is a project with multiple 

members, as it is in this case, gain a clear consensus on what must be the project outcomes. 

Furthermore, there must be an understanding of reasonable resource requirements. When a 

project has defined constraints the principal challenge is to accomplish all of the objectives 

established within the predetermined parameters.  

The technique used to approach this project in order to successfully complete all 

established goals is to assign the different tasks amongst its members. All aspects of the project; 

organization, planning, designing, prototype construction and analysis will be divided 

accordingly.  

 

 

 



 

46 

 

4.2 Breakdown of Work into Specific Tasks ɀ Team Responsibilities  

The team composed of Leslie Paredes, Karina Santa, and Joseth Moreno will utilize a 

specific approach in order to accomplish all different objectives of the project. These objectives 

will be divided or there will be a breakdown of the different tasks amongst all members. The first 

stage of the project is for the members and the advisor to discuss the proposed idea, analyze the 

projectôs constraints, objectives and the primary benefits. This initial process is essential in order 

to understand how the breakdown of the specific tasks should be distributed. 

Once the project is formulated it is of high importance for all members to meet and 

outline the different goals, and important milestones to be achieved. At this stage of the project 

the individual task have not been assigned, it is necessary for all members to be aware of the 

initial design analysis which will enable better preparation for future project work. The different 

design alternatives are then discussed, and once the final conceptual design is approved by all 

parties involved manufacturing or parts and components shall begin.  

This next stage will involve division of tasks, the conceptual design has been finalized, 

and therefore it is essential to breakdown the different milestones needed for successful 

completion. Leslie Paredes will be dividing the most important tasks needed to finish different 

stages of the project. Joseth Moreno will conceptualize the final design using SolidWorks. 

Following the projects constraints, in this case the existing dynamometer, Joseth Moreno will 

design the different components to meet the systems requirements. Leslie Paredes alongside 

Joseth Moreno will be involved in the ordering or manufacturing the required parts and 

components.  

Before prototype construction may begin the final proposed design will be analyzed using 

different software such as Solid Works and ANSYS and Karina Santa will be in charge of this 
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section. This is an essential part of the project because it will allow for better understanding of 

the system.  At the same time the simulation is being performed, prototype construction should 

be well on its way, given all components are available. Karina Santa will also keep a record of all 

expenses incurred, as a final task she will create a final cost analysis of all components, 

prototype, and hours of work.   

After prototype construction is complete, testing should be the next stage. Joseth Moreno 

will be in charge of acquiring the different fuel mixtures necessary for accurate data analysis. 

Various fuel mixtures will be tested; this will enable the members to formulate engine efficiency 

analysis. All members, Leslie Paredes, Karina Santa and Joseth Moreno will be involved in the 

prototype testing, and data collection. This process is a very difficult one due to the fact that up 

to before this stage it is all conceptual, and there are not many ideas as to testing failures. Due to 

the challenges with time constraints and budget, and given the fact that the testing stage is near 

the end of the project deadline, there is not much room for iteration. By maximizing the hours of 

prototype operations, meaning there are more members of the group available to perform testing, 

the troubleshooting and quality control time will be minimized. 

 

Figure 25 - Division of Task: Simple Flow Diagram 

Leslie Paredes

ωTechnical Report

ωTask Management 

ωData Analysis

Karina Santa

ωTechnical Report

ωSimulation

ωCost Analysis

Joseth Moreno

ωTechnical Report

ωDesign Components 
and Assembly

ωEngine Testing
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Once all necessary fuel tests have been performed, Leslie Paredes will be responsible for 

analyzing the data collected. This is a vital part of the final stages since major conclusions will 

be put together allowing for final ideas to be conceptualized.  This is a major milestone in the 

project; final revision of the report will be completed, and preparation for final presentation to 

the board will commence.  

All members of the team are responsible for sections of the literature survey and the 

overall report. The image below displays a simple flowchart (omit flow, just write chart) of the 

memberôs major responsibilities.  
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4.3 Organization of Work and Timeline  

Table 2 - Team Gantt chart with important milestones and major tasks 
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4.4 Commercialization of the Final Product  

The final outcome of this project is not intended for commercialization at the moment. 

The most important motivation and reason why this project was undertaken is to design and 

build a test bed that will be available as part of the mechanical engineering department. Pending 

upon approval of the department the system could be introduced as a laboratory for internal 

combustion engines where any individual will be able to test a small scale engine, and efficiency 

and performance data will be provided.   

The results gathered from this project will be made available to the public. Given the fact 

that one of the major components of the design was donated by the university; the dynamometer, 

the department will benefit and will have the information easily accessible for future students, or 

further experiments with the test bed.  

4.5 Discussion  

 Project management is an essential part of a project. Many aspects have not been 

completed, therefore is mostly planning and organizing. The final results of a well managed 

project can be observed with a successful outcome.  As a personal benefit the students will 

gather from this project is the practice of managing different of an entire broad spectrum in a 

limited amount of time. Overall costs and time will have to be minimized in order to obtain the 

most acceptable results.  

 In order to successfully accomplish each individual task a great deal of project planning 

must be involved, since some of the memberôs responsibilities fall within a certain order. If the 

components are not manufactured within the time allowed the prototype construction cannot 

start, and therefore the following tasks will fall behind schedule.  
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5. Engineering Design and Analysis  

5.1 Thermal Analysis  

5.1.1 Introduction  

One main component of this project is the engine being tested.   Therefore, engineôs 

thermal analysis is highly important in order to ensure the most accurate results and also provide 

proper maintenance for optimum performance.  A thermal analysis was performed on the 

cylinder of the engine through the heat transfer principles of conduction and convection.  Natural 

and forced convection analyses were compared in order to show the increase in heat rate loss. 

Once these calculations were performed, the system will then be analyzed in utilizing 

SolidWorks and the changes in temperature, heat flux, and temperature gradient will be 

displayed as the systems parameters are changed.    

 

5.1.2 Conduction  

 Conduction is the transfer of thermal energy per unit time. This transfer of energy always 

takes place with temperature traveling from high temperatures to low temperatures. When 

calculating conduction, temperature varies linearly with the radius when dealing with circular 

geometry.  To simplify the system steady-state was assumed. Therefore, the way to calculate 

conduction of heat through a cylinder wall is:  

▲► = kA(- 
▀╣

▀►
)                                    Equation 1 

Where k is the thermal conductivity of the material used. For this project the thermal 

conductivity of aluminum is k = 177 W/ K*m, and for brass is k = 111 W/ K* m. In order to 

calculate the conduction the thermal resistance was first calculated using: 
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Where i and j refer to the surface locations. For brass and aluminum the thermal resistances were 

calculated as follows:   

 

 

From this step the total resistance can be calculated using the following equation,  

 

 

From which the heat transfer rate is solved through this equation: 

 

 

When calculating the heat transfer rate the result turned out to be a value of 11,048 Watts. 

From this value the temperature of the interface of the two materials, T2 could be calculated.  

T2 = T1 ï qr(R12)                                  Equation 5 

Therefore, the temperature at the interface of brass and aluminum came out to be T2 = 

441 K. Once these calculations are performed, our values our confirmed through a thermal 

analysis in SolidWorks.  

 

 

 

   Brass   Aluminum 

       Equation 2 

 Equation 3 

  Equation 4 
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In order to perform the conduction two temperatures were applied to the system also known as 

loads in SolidWorks. In the inner surface of the cylinder a temperature of 280 Celsius (553 

Kelvin) was applied. This is due to the fact that gasoline needs to reach a temperature of 280 

Celsius in order to ignite within the cylinder. In the outer surface of the cylinder a temperature of 

27 Celsius (200 Kelvin), ambient temperature, was applied.  

 

 

 

 

 

 

 

 

 

Figure 27- Engine Cylinder Conduction-Mesh 

Figure 26 - Engine Cylinder Conduction ï Loads 
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After these loads are applied in order for the software to run the analysis the mathematical 

model needs to be split into finite elements in the process of discretization, also known as 

meshing.  The meshing used in analyzing this system was not fine due to the fact that the 

software may crash, and coarse was not used due to the fact that the results may have not come 

out accurate. The element size used in this mesh was 4.043553 mm and the tolerance used was 

0.20217714 mm.  

 

 

 

 

 

 

 

 

 

 

 

As illustrated in the Figure 28, through conduction of the different materials the 

temperature has decreased at a certain rate which is also affected by the different thermal 

conductivities of the brass material and the aluminum. It is clearly shown that as the distance x 

increases from the center the temperature decreases. The main purpose of this analysis was to 

formulate a comparison of the values in the calculations of conduction with the values of the 

software in order to show consistency. As shown in the Appendix section of this report the 

Figure 28 - Conduction without Fins- Temperature 
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calculations done for the conduction assuming an inside surface temperature (T1) of 553 Kelvin 

and a surface temperature (T3) of 300 Kelvin, the interface temperature (T2) resulted in a value of 

approximately 441 Kelvin. The value of T2 specifically lies in the intersection of the brass 

material and the aluminum, due to the fact that here there is a change in heat rate because of the 

different thermal conductivity (k) values. As seen in Figure 28, T2 is displayed as the light green 

area which ranges from 405 K to 447 K.  This concurs because of the mathematical calculations 

since the value of 441 K falls within the range described above. 

5.1.3 Natural Convect ion  

Natural convection occurs when the heat flow is induced by buoyancy forces that arise from 

density differences caused by temperature variations in the air or fluids. The heat transferred by 

convection is calculated with the use of a convection coefficient, h.  In order to calculate this 

value several equations needed to be utilized as well as certain assumptions needed to be made 

such as steady state, properties of the materials are constant, and air properties are constant while 

evaluated at 300K. In order to determine the natural convection coefficient the Churchill-Chu 

equation is used in order to give the Nusseltôs number.  Before this number is calculated certain 

properties need to be defined.  

Table 3 - Nusselt's Number Properties - defined 

 

 

Air @ 300K  

 Ŭ= 0.22160*10
-4
 m

2
/s  k f = 0.02624 W/(m*K) 

 ɜ=15.68 * 10
-6
 m

2
/s   Cp = 1005.7 J/(kg.K) 

 ɟ= 1.177 kgm
3
  

Pr = 0.708 
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First, Raleighôs number is defined from this equation: 

                                                        Equation 6 

 

Where the coefficient of thermal expansion is 

From there the Nusseltôs number can be calculated with the following equation: 

 

 

 

Once this value is obtained it can be substituted into the equation 8, shown below. This will 

result in the convection of coefficient.  

▐=  
╝◊z ▓█

╓
                                                                               Equation 8 

from this value R3Ð , and R1Ð 
 
can be calculated: 

             

 and                  

 

From all these values combined the heat transfer rate can be calculated as follows: 

                                                                           Equation 9 

 

    Equation 7 
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Due to the fact that T3 at the surface temperature of the cylinder is unknown, a value will need to 

be assumed and a process of iterations will be performed until the values converge to the correct 

one.  As illustrated in Table 4 a value of 250 Celsius was assumed for T3, from this the iteration 

was calculated where h = 5.379 W/m
2
*K and q = 8.14 Watts. As seen in these results the 

convection coefficient and the heat transfer rate resulted in low values, thus not producing a good 

cooling system through natural convection. As shown in the image below, provided by 

SolidWorks the change in temperature decreased by one degree, from 553K in the inner surface 

to 552K in the outer surface.   

 

 

 

T3(input)  
g= 

gravity 
TÐ 

ɓ = 

1/TÐ 
Pr R12 R23 Ra h 

R3Ð = 

1/hA 
R1Ð q T3(Theoretical) 

250 9.81 25 0.0033 0.708 0.008 0.011 571713 5.197 32.405 32.42 7.864 279.853 

279.85 9.81 25 0.0033 0.708 0.008 0.011 647568 5.379 31.305 31.32 8.141 279.848 

279.85 9.81 25 0.0033 0.708 0.008 0.011 647554 5.379 31.306 31.32 8.141 279.848 

279.85 9.81 25 0.0033 0.708 0.008 0.011 647554 5.379 31.306 31.32 8.141 279.848 

279.85 9.81 25 0.0033 0.708 0.008 0.011 647554 5.379 31.306 31.32 8.141 279.848 

279.85 9.81 25 0.0033 0.708 0.008 0.011 647554 5.379 31.306 31.32 8.141 279.848 

279.85 9.81 25 0.0033 0.708 0.008 0.011 647554 5.379 31.306 31.32 8.141 279.848 

279.85 9.81 25 0.0033 0.708 0.008 0.011 647554 5.379 31.306 31.32 8.141 279.848 

279.85 9.81 25 0.0033 0.708 0.008 0.011 647554 5.379 31.306 31.32 8.141 279.848 

279.85 9.81 25 0.0033 0.708 0.008 0.011 647554 5.379 31.306 31.32 8.141 279.848 

279.85 9.81 25 0.0033 0.708 0.008 0.011 647554 5.379 31.306 31.32 8.141 279.848 

Table 4 - Heat transfer due to Natural Convection 
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In the natural convection, once the inner surface temperature of 553 Kelvin and the convection 

coefficient (h) of 5.379 W/ m
2
 obtained from the calculations was applied, the mesh was 

performed in order to run the thermal analysis of the system. The element size used in this mesh 

was 4.043553 mm and the tolerance used was 0.20217714 mm.  

 

 

 

 

 

 

 

 

 

Figure 29- Convection without Fins - Mesh 

Figure 30 - Natural Convection without Fins- Temperature 
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The figure above shows the temperature throughout the cylinder is displayed when natural 

convection is applied without the use of fins. As seen the change in temperature is very small due 

to the fact that both brass and aluminum are two metals that have a high thermal conductivity 

value and thus the temperature travels very quickly through the system. Furthermore, when 

comparing the inner surface temperature, which in this case is a maximum of 553 Kelvin to the 

outer surface temperature which is a minimum temperature of 552 Kelvin, it shows that it only 

decreased by one degree. This is also due to the fact that with natural convection the h value is 

not high enough in order to cool down the system. Since the h value is only 5.379 W/m
2
, the 

system only decreased by one degree, thus meaning that the engine is being overheated and with 

time can possibly become damaged.  Therefore, in order to solve this problem forced convection 

is applied.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 31 - Natural Convection without Fins- Heat Flux 
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5.1.4 Forced Convection  

Forced convection occurs when the flow of air or water is caused by external means such 

as a pump or a fan. For this project a fan was utilized as the external air source. The instrument 

used is a fan with three levels of cubic feet per meter (CFM) 2700, 3150, and 3650. The highest 

velocity seemed to be the most efficient for cooling purposes; 3650 CFM was used to do the 

calculative analysis of the system.  In order to calculated the heat transfer rate with forced 

convection certain air properties need to be defined.  The properties of air at the average film 

temperature of Tf and at one atm are as follows: 

Tf = (Ts + TÐ)/2 = 425 K = 152.42°C                                            Equation 10 

Therefore air properties @ 425K  

k = 35.55 * 10 
-3

 W/m*K  Pr = 0.688 ɜ   = 29.4 *10
-6

 m
2
/s 

 

Once the properties are defined, due to the velocity of the external force of air Reynoldsôs 

Number must be calculated. In order to calculate Reynoldsôs Number the CFMôs need to be 

converted to meters per seconds therefore, 3650 CFM = 334.61 m/sec.  Reynoldsôs Number is 

calculated utilizing the equation below; 

 

Obtaining Reynoldsôs Number the Nusselt number can be calculated using Equation 12: 

╝◊=  
▐╓

▓
= . +  

. ╡▄/ ╟►/

 +  
.

╟►

/
/ ᶻ +

╡▄ / /

                Equation 12 - Nusselt Number 

Once Nusselt umber is calculated from this equation the convection coefficient can be obtained 

using the equation below (Equation 13); 

       Equation 11 - Reynoldsôs Number 
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           ▐=  
╝◊z▓ 

╓
                                                          Equation 13 ï Heat Transfer Convection Coefficient 

Thus,  

h = 467.92 W/m
2
 *K  

▲ = h*A s (Ts -TÐ) = 708.075 W/m 

 

Once these calculations were performed the h value resulted in 467.92 W/m
2
*K, and the 

heat transfer rate per length is 708.075 W/m. From these results it can be seen that with forced 

convection the convection coefficient as well as the heat transfer rate per length increased 

significantly. However, when observing these values using SolidWorks it shows that the 

temperature did decrease more than in natural convection however still not a large enough 

number to avoid overheating the engine when testing is performed.  

 

 

  

 

 

  

 

 

 

 

 

 

Figure 32- Forced Convection without Fins- Temperature 
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As illustrated in Figure 32 the temperature decrease due to forced convection without fins is 

approximately 33 degrees, with a decrease from 553 K to 520 K. From the analysis it shows how 

much more forced convection provides cooling than just natural convection with an increase in 

temperature difference from one degree to a 33 degree difference.   

 

5.1.5 Convection with Fins  

Extended surfaces are important when determining heat transfer because extended 

surfaces are used specifically to enhance heat transfer between the solid and the air or fluid. The 

heat transfer rate is enhanced by increasing the surface area across which the convection occurs.  

These extended surfaces are termed as fins.  The fin configurations used to analyze this system 

were annular fins. An annular fin is one that is circumferentially attached to a cylinder.   In order 

to calculate the heat transfer rate the convection coefficient must be set.   

Due to the fact that most parameters will remain constant for forced convection and 

natural convection both will be solved with the same equations, only the convection coefficient 

(h) will be changed. For natural convection h = 5.379 W/m
2
 will be used, and for forced 

convection h = 467.92 W/m
2
.  In order to calculate the heat transfer rate in a system with fins, the 

efficiency of the fins needs to be calculated. This is shown below by obtaining values from the 

equations below;  

 

 

 

 

 

Equation 15 Equation 14 
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Where L is the length is calculated using Equation 16;  

╛=   (D2 ïD1)                                                                         Equation 16 

Where t is the thickness, and k is the thermal conductivity of the material, which in this 

scenario would be for an aluminum alloy which gives a value of k = 177 W/ m*K.  As for the 

second equation these variables define the inner radius and the outer radius as shown in figure to 

denote an example. From this the efficiency of the fins can be obtained reading the graph below 

(Figure 34).  

 

 

 

 

 

 

 

 

 

Figure 34- Fin Efficiency Graph for Annular Fins [15]  

Figure 33 - Example of Parameters of Annular Fins [15] 
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Furthermore, the area of the fins Afin must be calculated, as well as the area of the unfinned 

portion Aunfin utilizing equations 17 and 18, respectively; 

Afin= Ⱬ(►  ► ) + Ⱬ►◄                                                     Equation 17 

Aunfin = Ⱬ╓▼                                                                                         Equation 18 

Calculating the areas, the fin and unfinned heat transfer rate can be computed, thus obtaining the 

total heat transfer rate of the solid through the following equations:  

qfin = Ɫ█░▪ ▲z█░▪=  Ɫ█░▪  z▐═█░▪(╣╫+  ╣Ð)                         Equation 19 

qunfin = ἰἋἽἶἮἱἶ(ἢἪ+  ἢÐ)                                                                 Equation 20 

qtotal fin = Ɫ█░▪ (▲█░▪+ ▲◊▪█░▪)                                                           Equation 21 

Thus the results for the natural convection with fins using the value for h = 5.279 W/m
2
 

resulted in a q = 56.12 W/m. While for the forced convection with fins the heat transfer rate with 

h = 467.92 W/m
2
 resulted in a value of q = 4140.89 W/m. These values concur with the 

temperature decrease displayed by the SolidWorks analysis since the heat transfer rate is larger 

in this scenario than in the other configurations previously analyzed.    

 

 

 

 

 

 

 

 

 

 Figure 35 - Engine Cylinder with Fins- Loads 
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When analyzing the cylinder with fins through natural convection a convection 

coefficient of   h = 5.379 W/m
2 

was utilized as a load, and for the forced convection the 

coefficient was changed to 467.92 W/m
2
 while maintaining the inner surface temperature 

constant; 553 K (280 хC). The bulk ambient temperature was set to 300 K which is 

approximately 27 хC.    

 

 

 

 

 

 

 

 

 

 

 

Once these parameters were set and before the thermal results were obtained a mesh was 

performed in order to run the analysis (Figure 36). The elemental size of this mesh was kept 

constant throughout all the different configurations in order to obtain consistent results. The 

elemental size for this mesh was 4.043553 mm and the tolerance used was 0.20217714 mm.  

 

 

Figure 36 - Convection with Fins - Mesh 
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As illustrated in Figure 37, the temperature of the fins due to natural convection decreased from 

553 K to 551 K. This change in temperature is very small due to the fact that natural convection 

is in play with a convection coefficient of 5.379 W/m
2
, however it can be noted that the decrease 

in temperature was one degree larger with natural convection with fins, than with just natural 

convection. Although the difference is very small, utilizing extended surfaces does improve the 

rate of heat transfer.   

 

 

 

 

 

 

 

 

                           Figure 37- Natural Convection with Fins - Temperature 

Figure 38- Natural Convection with fins - Heat Flux 














































































































































































