
Thermodynamics



The Laws of Thermodynamics

0th Law – two systems that are in thermodynamic equilibrium will not 

exchange heat. (You must play the game)

1st Law - the total energy of an isolated system is constant; energy can 

be transformed from one form to another, but can be neither created 

nor destroyed. (You can’t win the game, you can only break even)

2nd Law – during any irreversible (spontaneous) process the entropy of 

an isolated system increases. (You can only break even at absolute 

zero)

3rd Law - The entropy of a perfect crystal is zero when the temperature of 

the crystal is equal to absolute zero (0 K). (You can’t reach absolute 

zero)



Temperature Scales



Heat Transfer

• Conduction

• Convection

• Radiation

H = kA[(Th – Tc)/d]

H = heat flow (watts)

k = thermal conductivity (W/m∙K)

A = area

D = thickness

Th = temperature hot side

Tc = temperature cold side



R = d/k

H = AΔT/R (Btu/h)

Total R value is the sum 

of the individual R’s



Radiation

P = еσAT4

P = power (W)

е = emissivity (0 – 1)

σ = Stefan-Boltzmann constant (5.67 x 10-8 W/m2/K4)

A = area

T = temperature (K) 



Heat Capacity

Q = mcΔT Latent Heats – involve changes of state



Entropy, Heat Engines, and the Second Law of Themodynamics

Work

Done

Carnot Cycle

Efficiency

e = 
𝑚𝑒𝑐ℎ𝑎𝑛𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑

𝑒𝑛𝑒𝑟𝑔𝑦 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑓𝑟𝑜𝑚 𝑓𝑢𝑒𝑙

Thermodynamic (Carnot) 

efficiency limit

e = 
𝑇𝐻 − 𝑇𝐶

𝑇𝐻
= 1 -

𝑇𝐶

𝑇𝐻

Heat energy that is not 

used to perform work is 

distributed to the 

environment as waste 

heat.

Cogeneration [combined 

heat and power (CHP)] 

makes use of this waste 

heat.

Δ𝑆 =
∆𝐻

𝑇




