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Reference values are typical; verify against datasheets and codes for design.

Key equations
Quantity Equation Notes
Power cycle
efficiency ηth = Wnet / QH = 1 − QL/QH

Carnot efficiency ηCarnot = 1 − TL/TH
Absolute temperatures. Upper limit for any
engine

Rankine
efficiency

η = (wturb − wpump) / qboiler =
[(h1 − h2) − (h4 − h3)] / (h1 − h4)

State numbering as in the article: 1 turbine
inlet, 2 exit, 3 condenser exit, 4 pump exit

Compression
ratio r = V1 / V2 = VBDC / VTDC Typical gasoline engine about 9:1 to 10:1

Otto, cold-air
standard ηOtto = 1 − 1 / rk−1 k = cp/cv ≈ 1.4 for air

Cutoff ratio
(Diesel) rc = V3 / V2 Volume after / before heat addition

Diesel, cold-air
standard

ηDiesel = 1 − [1 / rk−1] · [(rc
k − 1)

/ (k (rc − 1))] Approaches Otto as rc → 1

Brayton pressure
ratio rp = P2 / P1

Brayton, cold-air
standard ηBrayton = 1 − 1 / rp

(k−1)/k Rises with pressure ratio

Back work ratio bwr = wcomp / wturb
Article quotes about 0.4 to 0.8 for gas
turbines

Refrigerator COP COPR = QL / Win Reverse Carnot: TL / (TH − TL)

Heat pump COP COPHP = QH / Win = COPR + 1 Reverse Carnot: TH / (TH − TL)

Key takeaways
• Every cycle returns the working fluid to its starting state. Power cycles turn heat into work;

heat-pump cycles use work to move heat.
• Carnot: two isothermal and two isentropic steps. It sets the limit but a real Carnot engine would run

too slowly to give useful power.
• Rankine (steam): pump, boiler, turbine, condenser. Superheating raises the average heat-addition

temperature and reduces moisture at the turbine exit.
• Otto: constant-volume heat addition (spark ignition). Diesel: constant-pressure heat addition

(compression ignition), allowing higher compression ratios and efficiency.
• Brayton (gas turbine, jet): isentropic compression and expansion with constant-pressure heat

addition and rejection.
• Vapor-compression: compressor, condenser, throttle, evaporator. Use COP, not efficiency; higher

COP means less work per unit of heat moved.
• Formulas on this sheet are the standard textbook forms; the article presents them as images, so

check the image equations there for your own course conventions.
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