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@ What is Thermodynamics? R%'Zih

Thermodynamics is the study of the effects of
work, heat, and energy on a system. Thermodynamics
is only concerned with large scale observations.

Zeroth Law: Themmodynamic Equilibium and Temperature

First Law: Work, Heat, and Energy
Second Law: Entropy




Thermodynamics is a branch of physics which deals with the energy and work of a system. It was born in the 19th century as scientists were first discovering how to build and operate steam engines. Thermodynamics deals only with the large scale response of a system which we can observe and measure in experiments. Small scale gas interactions are described by the kinetic theory of gases. The methods complement each other; some principles are more easily understood in terms of thermodynamics and some principles are more easily explained by kinetic theory. 

There are three principal laws of thermodynamics which are described on separate slides. Each law leads to the definition of thermodynamic properties which help us to understand and predict the operation of a physical system. We will present some simple examples of these laws and properties for a variety of physical systems, although we are most interested in thermodynamics in the study of propulsion systems and high speed flows. Fortunately, many of the classical examples of thermodynamics involve gas dynamics. Unfortunately, the numbering system for the three laws of thermodynamics is a bit confusing. We begin with the zeroth law.

The zeroth law of thermodynamics involves some simple definitions of thermodynamic equilibrium. Thermodynamic equilibrium leads to the large scale definition of temperature, as opposed to the small scale definition related to the kinetic energy of the molecules. The first law of thermodynamics relates the various forms of kinetic and potential energy in a system to the work which a system can perform and to the transfer of heat. This law is sometimes taken as the definition of internal energy, and introduces an additional state variable, enthalpy. The first law of thermodynamics allows for many possible states of a system to exist. But experience indicates that only certain states occur. This leads to the second law of thermodynamics and the definition of another state variable called entropy. The second law stipulates that the total entropy of a system plus its environment can not decrease; it can remain constant for a reversible process but must always increase for an irreversible process. 
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(Zeroth Law) Center

Object #1
(Thermometer)

When two objects are separately in thermodynamic equilibrium
with a third object, they are in equilibrium with each other.

Objects in thermodynamic equilibrium have the same temperature.




The zeroth law of thermodynamics begins with a simple definition of thermodynamic equilibrium . It is observed that some property of an object, like the pressure in a volume of gas, the length of a metal rod, or the electrical conductivity of a wire, can change when the object is heated or cooled. If two of these objects are brought into physical contact there is initially a change in the property of both objects. But, eventually, the change in property stops and the objects are said to be in thermal, or thermodynamic, equilibrium. Thermodynamic equilibrium leads to the large scale definition of temperature. When two objects are in thermal equilibrium they are said to have the same temperature. During the process of reaching thermal equilibrium, heat, which is a form of energy, is transferred between the objects. The details of the process of reaching thermal equilibrium are described in the first and second laws of thermodynamics.

The zeroth law of thermodynamics is an observation. When two objects are separately in thermodynamic equilibrium with a third object, they are in equilibrium with each other. As an illustration, suppose we have three objects as shown on the slide. Object #1 and object #2 are in physical contact and in thermal equilibrium. Object #2 is also in thermal equilibrium with object #3. There is initially no physical contact between object #1 and object #3. But, if object #1 and object #3 are brought into contact, it is observed that they are in thermal equilibrium. This simple observation allows us to create a thermometer. We can calibrate the change in a thermal property, such as the length of a column of mercury, by putting the thermometer in thermal equilibrium with a known physical system at several reference points. Celsius thermometers have the reference points fixed at the freezing and boiling point of pure water. If we then bring the thermometer into thermal equilibrium with any other system, such as the bottom of your tongue, we can determine the temperature of the other system by noting the change in the thermal property. Objects in thermodynamic equilibrium have the same temperature. 
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@ First Law of Thermodynamics Regearch

Heat Transfer

W
Work

E = Intemal Energy State 2
E,-E, =Q-Ww
Any thermodynamic system in an equilibium state possesses a
state variable called the intemal energy (E). Between any two
equilibrium states, the change in intemal energy is equal to the
difference of the heat transfer into the system and work done
by the system.

State 1




In our observations of the work done on, or by a gas, we have found that the amount of work depends not only on the initial and final states of the gas but also on the process, or path which produces the final state. Similarly the amount of heat transferred into, or from a gas also depends on the initial and final states and the process which produces the final state. Many observations of real gases have shown that the difference of the heat flow into the gas and the work done by the gas depends only on the initial and final states of the gas and does not depend on the process or path which produces the final state. This suggests the existence of an additional variable, called the internal energy of the gas, which depends only on the state of the gas and not on any process. The internal energy is a state variable, just like the temperature or the pressure. The first law of thermodynamics defines the internal energy (E) as equal to the difference of the heat transfer (Q) into a system and the work (W) done by the system. 

E2 - E1 = Q - W 

We have emphasized the words "into" and "by" in the definition. Heat removed from a system would be assigned a negative sign in the equation. Similarly work done on the system is assigned a negative sign. 

The internal energy is just a form of energy like the potential energy of an object at some height above the earth, or the kinetic energy of an object in motion. In the same way that potential energy can be converted to kinetic energy while conserving the total energy of the system, the internal energy of a thermodynamic system can be converted to either kinetic or potential energy. Like potential energy, the internal energy can be stored in the system. Notice, however, that heat and work can not be stored or conserved independently since they depend on the process. The first law of thermodynamics allows for many possible states of a system to exist, but only certain states are found to exist in nature. The second law of thermodynamics helps to explain this observation. 

If a system is fully insulated from the outside environment, it is possible to have a change of state in which no heat is transferred into the system. Scientists refer to a process which does not involve heat transfer as an adiabatic process. The implementation of the first law of thermodynamics for gases introduces another useful state variable called the enthalpy which is described on a separate page. 
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Entropy

There exists a useful thermodynamic variable called entropy (S).
A natural process that starts in one equilibium state and ends
in another will go inthe direction that causes the entropy of the
system plus the emvironment to increase for an imreversible
process and to remain constant for a reversible process.

(reversible) (irreversible)




We can imagine thermodynamic processes which conserve energy but which never occur in nature. For example, if we bring a hot object into contact with a cold object, we observe that the hot object cools down and the cold object heats up until an equilibrium is reached. The transfer of heat goes from the hot object to the cold object. We can imagine a system, however, in which the heat is instead transferred from the cold object to the hot object, and such a system does not violate the first law of thermodynamics. The cold object gets colder and the hot object gets hotter, but energy is conserved. Obviously we don't encounter such a system in nature and to explain this and similar observations, thermodynamicists proposed a second law of thermodynamics. Clasius, Kelvin, and Carnot proposed various forms of the second law to describe the particular physics problem that each was studying. The description of the second law stated on this slide was taken from Halliday and Resnick's textbook, "Physics". It begins with the definition of a new state variable called entropy. Entropy has a variety of physical interpretations, including the statistical disorder of the system, but for our purposes, let us consider entropy to be just another property of the system, like enthalpy or temperature. 

The second law states that there exists a useful state variable called entropy S. The change in entropy delta S is equal to the heat transfer delta Q divided by the temperature T. 

delta S = delta Q / T 

For a given physical process, the combined entropy of the system and the environment remains a constant if the process can be reversed. If we denote the initial and final states of the system by "i" and "f": 

Sf = Si (reversible process) 

An example of a reversible process is ideally forcing a flow through a constricted pipe. Ideal means no boundary layer losses. As the flow moves through the constriction, the pressure, temperature and velocity change, but these variables return to their original values downstream of the constriction. The state of the gas returns to its original conditions and the change of entropy of the system is zero. Engineers call such a process an isentropic process. Isentropic means constant entropy. 

The second law states that if the physical process is irreversible, the combined entropy of the system and the environment must increase. The final entropy must be greater than the initial entropy for an irreversible process: 

Sf > Si (irreversible process) 

An example of an irreversible process is the problem discussed in the second paragraph. A hot object is put in contact with a cold object. Eventually, they both achieve the same equilibrium temperature. If we then separate the objects they remain at the equilibrium temperature and do not naturally return to their original temperatures. The process of bringing them to the same temperature is irreversible. 

Fonte:
https://www.grc.nasa.gov/www/k-12/airplane/thermo.html
What is the difference between thermodynamics and heat transfer?
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Gustavo Marques Hobold, Master's student in Thermal Sciences

Answered May 28 2015 · Author has 248 answers and 635.8k answer views

I've always thought that thermodynamics is a really bad name for what it represents. Historically it makes sense. The name comes from the greek "heat power". Nowadays, thermodynamics is no longer restricted to heat and power (at least not in the way those quantities are historically defined).

Thermodynamics is the branch of science that studies energy and its manifestations, and provides a framework for converting from one type to the other (i.e. the laws of thermodynamics).

Heat transfer, on the other hand, deals with only one type of energy (heat) and how it is transferred from one body to another (the name is pretty straightforward). 

Heat transfer is pretty much a branch of thermodynamics. Thermodynamics stablishes the basic laws on which natural systems operate. Heat transfer comes up with mechanisms that can exist in a thermodynamic framework.

For example: thermodynamics stablishes that the internal energy of a body must increase by the amount of heat you provide it. No more, no less. Heat transfer describes the mechanisms that explain how heat will propagate from the heater to the body (and within the body itself) and how long the process takes.

Edit: I don't agree with people who say that thermodynamics deals with equilibrium states. It doesn't. There is an entire branch of thermodynamics called non-equilibrium thermodynamics that is very different different from heat transfer. Instead, thermodynamics (equilibrium or non-equilibrium) deals with driving forces of energy exchange and the conditions on which it can exist, while transport phenomena (not necessarily heat transfer) is far more concerned with the process of energy transfer per se. 

It is in fact very hard to define whether or not a system is in equilibrium. While it is straightforward to isolate a box and let it sit for a year and say that the box is in thermodynamic equilibrium, affirming the same thing for open systems can be misleading. Fluid particles in a convective system, for example, are almost always assumed to be in "thermodynamic equilibrium", while it is clear that the entire system is probably not. Equilibrium is a very tricky concept, in my opinion, and should be used with a lot of caution.

Fonte:

https://www.quora.com/What-is-the-difference-between-thermodynamics-and-heat-transfer
Eu sempre pensei que a termodinâmica é um nome muito ruim para o que ela representa. Historicamente, faz sentido. O nome vem do grego "poder de calor". Hoje em dia, a termodinâmica não está mais restrita ao calor e à energia (pelo menos não na forma como essas quantidades são historicamente definidas).

A termodinâmica é o ramo da ciência que estuda a energia e suas manifestações e fornece uma estrutura para a conversão de um tipo para o outro (ou seja, as leis da termodinâmica).

A transferência de calor, por outro lado, lida com apenas um tipo de energia (calor) e como ela é transferida de um corpo para outro (o nome é bem direto).

A transferência de calor é basicamente um ramo da termodinâmica. A termodinâmica estabelece as leis básicas nas quais os sistemas naturais operam. A transferência de calor surge com mecanismos que podem existir em uma estrutura termodinâmica.

Por exemplo: a termodinâmica estabelece que a energia interna de um corpo deve aumentar pela quantidade de calor que você fornece. Nem mais nem menos. Transferência de calor descreve os mecanismos que explicam como o calor se propagará do aquecedor para o corpo (e dentro do próprio corpo) e quanto tempo o processo leva.

Edit: Eu não concordo com as pessoas que dizem que a termodinâmica lida com estados de equilíbrio. Não faz. Existe um ramo inteiro da termodinâmica chamado termodinâmica de não-equilíbrio que é muito diferente da transferência de calor. Em vez disso, a termodinâmica (equilíbrio ou não-equilíbrio) lida com forças motrizes de troca de energia e as condições nas quais ela pode existir, enquanto fenômenos de transporte (não necessariamente transferência de calor) estão muito mais preocupados com o processo de transferência de energia per se.

Na verdade, é muito difícil definir se um sistema está ou não em equilíbrio. Embora seja simples isolar uma caixa e deixá-la descansar por um ano e dizer que a caixa está em equilíbrio termodinâmico, afirmar a mesma coisa para sistemas abertos pode ser enganoso. Partículas fluidas em um sistema convectivo, por exemplo, são quase sempre consideradas em "equilíbrio termodinâmico", enquanto é claro que o sistema inteiro provavelmente não está. Equilíbrio é um conceito muito complicado, na minha opinião, e deve ser usado com muita cautela.
