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Abstract 

This study focuses on the basic principles of thermodynamics and uses it towards the application in thermal 

system design to identify fundamental properties such as Nusselt number and the heat transfer coefficient. It is 

divided into part 1 and part 2. For part 1, the methods used for calculations of the heated cylinder were 

analytical calculations by hand, a code developed for replicability in MATLAB R2019, and a thermal simulation 

was run on ANSYS to verify our results. Moreover, the same methods were applied to part 2, the heat 

exchanger. Part 1 yielded a heat transfer coefficient of 48.8977 W/m2*K, while the ANSYS calculated it to be 

42.67462 W/m2*K with a 3.11 standard deviation and 2.2 confidence interval. Part 2 includes the heat 

convection of 6.3362W in the analytical process; on the other hand, the simulation a 5.5298W projecting a 

standard deviation of .4 and a confidence interval of .285. Amid the pandemic crisis, novel methods in 

computational and mathematical modeling were used. 
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I. Introduction 

In this report, a heated cylinder and heat exchanger will be analyzed and simulated in two separate 

parts: part one and part two. Before moving forward some concepts must be defined. Heat transfer, any or all of 

kinds, is considered a mechanism that conveys energy and entropy from one location to another. The specific 

mechanisms are usually referred to as convection, thermal radiation, and conduction . Heat or energy transfer 

from a solid surface to fluid results from the fluid motion along the surface; this can be considered as 

convection. Convection may also be forced where the motion of the fluid is caused by external means such as a 

fan or a pump pushing the fluid and pressure differences. The process of convection occurs when the heat is 

transferred from the solid surface to the fluid through diffusion, then by advection, which is when the bulk fluid 

motion carries the transferred heat away from the solid surface. 

 

Convection is a necessary process that should be taken into consideration, especially for protecting 

appliances. A good example of convection is air-cooled engines found in cars. When engines run for a 

prolonged time, they may overheat which causes the water in the jackets to heat. When this occurs it is vital to 

cool the engine .For this to work the water must be cooled as well. When the water heats, it flows into the pipes 

and is cooled down by fans. When the water cools, it is pumped into the engine to cool it down following the 

forced convection principle. The air-cooled engine has a simple design and forced convection with guided 

aerodynamic convection. 

 

Heat exchangers are devices used to facilitate the transfer of heat between two fluids without mixing 

them through convection and a small, sometimes negligible, conduction. Heat exchangers are used in 

applications where the cooling or heating of a fluid is required. There exists many configurations for this device 

that vary in flow direction to number of pipes, inlets, and outlets and even the inclusion of elbows and other 

fitting. For the purposes of this project the water to water flow in a counterflow heat exchanger is observed. The 

fundamental concept of the Counterflow HE is that hot fluid and cold fluid enter the device from opposite ends. 

 

http://www.ajer.org/
https://www.britannica.com/science/energy
https://www.britannica.com/science/energy
https://www.britannica.com/science/entropy-physics
https://www.britannica.com/science/convection
https://www.britannica.com/science/thermal-radiation
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In this project forced convection is studied and analyzed externally and internally. To understand this concept, 

analytical and modeling methods using the software Fluent Ansys and MATLAB were used. Results acquired 

from the analytical portion were compared to those from ANSYS . It is important to note that the ANSYS and 

analytical work was replicated by at least three team members in each run to ensure preciseness. 

 

Theoretical background 

When thinking of the principles of heat transfer, force convection is a crucial function. Forced 

convection moves or “forces” the fluid to increase the heat transfer, the components that can force the fluid 

through a system can be a fan, pump, or any type of suction device. When heat transfer is mentioned, the idea of 

heat rising means that fluid that is hot is less dense than the same fluid as if it was cold, but that is not always 

the case. Hotter material naturally ends up on top of the cooler material due to higher buoyancy of the hotter 

material, determined by density. 

 

Convection is a method of heat transfer that is expressed by newton’s law of heating and cooling. 

Convection is (qconv)=h(Ts-T∞), where (Ts) is the initial temperature, and (T∞) is the final temperature of the 

material through a constant (h), which is the heat transfer coefficient. When convection is being forced by 

pushing cooled or heated air from one place to another, it can change (h) to heat or cool an object a lot quicker. 

 

Based on that theory, an example of forced convection can be as simple as a ceiling fan. On a ceiling 

fan, the blades are angled, which forces that air down so when cool air is desired, the fan rotates 

counterclockwise, which mixes warm air and forces cool air downwards, creating a downdraft. A ceiling fan can 

also be used to pull cool air up and force the warm air down by switching the fan to rotate clockwise, causing an 

updraft. 

There are different types of heat exchangers that operate differently based on the direction of the flow 

of the fluid within the heat exchanger. Two types of heat exchangers that are the most common are counter flow 

and parallel flow, and for the project, a counter-flow heat exchanger was the desired exchanger. The counter-

flow heat exchanger operates by having a stream of one of the fluids in the opposite direction of the flow of the 

other fluid compared to the parallel where the fluid flows in the same direction. Since counter flow heat 

exchangers have the cold fluid going through one side and the hot fluid through the other, it is more efficient 

because it minimizes the thermal stresses through the exchanger by the temperature difference being uniform 

between the two fluids, meanwhile the parallel flow exchanger have large temperature differences at the ends 

which causes large thermal stresses. 
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Conclusion 

A heated cylinder and heat exchanger were analyzed and also simulated in Fluent Ansys in two 

different parts. In part one of the project, forced convection was determined by calculating Nusselt number (Nu), 

Reynold’s number (Re), and also heat transfer coefficient (h), for the flow over a cylinder in forced convection. 

For part one of the project Newton’s Law of cooling was also used for a cylinder on forced convection to be 

able to determine the heat transfer. After finishing the analytical calculations, the simulation using Fluent Ansys 

was compared to the results obtained into the analytical calculations. Counterflow Heat Exchanger had a similar 

approach where analytical calculations and simulation using Fluent Ansys had to be performed. The results from 

the number of transfer units(NTU), effectiveness (E) and the overall heat transfer coefficient (U) from the 

analytical calculations and from the Fluent Ansys were obtained and realized there was a minimal difference in 

the final results. 
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