
Journal of Applied Mathematics and Physics, 2022, 10, 2508-2515 
https://www.scirp.org/journal/jamp 

ISSN Online: 2327-4379 
ISSN Print: 2327-4352 

 

DOI: 10.4236/jamp.2022.108169  Aug. 26, 2022 2508 Journal of Applied Mathematics and Physics 
 

 
 
 

Thermodynamics of Hurricanes Revisited 

Pirooz Mohazzabi, Julia Ann Smith Jones, Andrea Citati 

Department of Mathematics and Physics, University of Wisconsin-Parkside, Kenosha, WI 

 
 
 

Abstract 
Hurricanes and tropical storms are heat engines operating between warm 
tropical oceans and the cold upper troposphere. The purpose of this article is 
to examine the existing theories for hurricanes and tropical storms, and to 
discuss their validity. It is argued that contrary to previous claims that hurri-
canes are Carnot engines, these systems operate at efficiencies considerably 
below their maximum thermodynamic efficiency. As such, the validity of the 
current theories of thermodynamics of hurricanes remains questionable, and 
the phenomenon continues to be a geophysical enigma. 
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1. Introduction 

Conversion of energy is a process that takes place continuously, either naturally 
in the universe or artificially by humans on Earth. In stars, for example, nuclear 
energy is continuously converted into heat and electromagnetic energy through 
thermonuclear fusion. On Earth, we convert chemical energy into heat and even-
tually into mechanical energy in internal combustion engines or convert electrical 
energy into chemical energy by charging batteries. During the process of energy 
conversion, any form of energy can be completely converted into any other form 
except when the energy to be converted is heat. 

The history of conversion of heat into mechanical energy or work goes back to 
the invention of the heat engine [1] [2] [3]. Initially, the heat engine concept was 
to invent a device that would absorb heat from a hot region and convert it all to 
mechanical work. This idea never worked, and today we know why. According 
to the second law of thermodynamics, for a heat engine to work it must also be 
in contact with a cold region so that part of the heat absorbed by the engine from 
the hot region is rejected to the cold region. 
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Figure 1 schematically shows a heat engine. The engine is in contact with a 
hot and a cold region at the same time. Regardless of its internal structure, the 
engine absorbs some heat HQ  from the hot region at temperature HT , ex-
hausts part of it CQ  to the cold region at temperature CT , and converts the 
difference between the two heats H CQ Q−  into work W, as shown in Figure 1, 
i.e.,  

H CW Q Q= −                           (1) 

Therefore, the efficiency of the heat engine, or the fraction of the heat intake that 
is converted into work, is given by  

1H C C

H H

Q Q Q
Q Q

η
−

= = −                       (2) 

One of the statements of the second law of thermodynamics is the Clausius in-
equality [4] [5],  

dQdS
T

≥                           (3) 

in which dQ is the heat absorbed by a system during a process, T is the absolute 
temperature of the system, and dS is the change of the entropy of the system. 
Therefore, for the heat engine shown in Figure 1, since the engine absorbs HQ  
at the constant temperature HT  and exhausts CQ  at the constant temperature 

CT , we have  

CH

H C

QQS
T T

∆ ≥ −                        (4) 

But since entropy is a state function, in one cycle of the engine, we have  
0S∆ = , therefore,  

0CH

H C

QQ
T T

− ≤                         (5) 

Since all quantities in this equation are positive, it reduces to  

C C

H H

Q T
Q T

≥                           (6) 

 

 
Figure 1. Heat engine. 
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Multiplying both sides by −1, and changing the inequality sign, we get  

C C

H H

Q T
Q T

− ≤ −                          (7) 

Finally, adding a 1 to both sides gives  

1 1C C

H H

Q T
Q T

− ≤ −                         (8) 

Comparing with Equation (2), we have  

1 C

H

T
T

η ≤ −                           (9) 

Therefore, the second law of thermodynamics sets a maximum efficiency for a 
heat engine that is given by  

max 1 C

H

T
T

η = −                        (10) 

which is only a function of the temperatures of the hot and cold regions, and is 
independent of the engine’s design. We also mention that although we have ob-
tained this maximum efficiency for converting heat into mechanical work, it ap-
plies to the conversion of heat to any other form of energy. 

A hypothetical thermodynamic process that achieves the maximum thermo-
dynamics efficiency is the Carnot cycle, in which an ideal gas undergoes four re-
versible processes: an isothermal expansion, an adiabatic expansion, an isother-
mal compression, and an adiabatic compression [6]. 

The objective of this article is to examine the validity of the current theories of 
hurricanes and tropical storms, and whether these systems are in fact Carnot 
cycles.  

2. Hurricane as a Heat Engine 

A tropical cyclone is a rotating system of clouds and thunderstorms with a 
low-pressure center that originates over warm tropical waters, typically when the 
water temperature is above 26˚C - 27˚C [7] [8]. Depending on where the tropical 
cyclone forms, the system has different names. For example, in the Northern 
Atlantic and Eastern Pacific regions, a tropical cyclone with wind speeds of over 
120 km/h is called a hurricane, whereas in the Western Pacific or North Indian 
Oceans, it is called a typhoon. These systems, which are some of the most violent 
storms on Earth, are typically between 100 to 2000 km in diameter [8]. The 
highest hurricane wind speed ever recorded worldwide was 306 km/h (190 mph) 
during hurricane Camille when it struck the coast of Mississippi in 1969 [9]. 

Despite numerous articles that have been published over many years on the 
thermodynamics of hurricanes [10]-[24], some elementary and some advanced, 
a simple mathematical description is still lacking. Furthermore, despite enorm-
ous progress made in investigating hurricanes, many aspects of it still remain 
poorly understood [25]. 
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A hurricane is essentially a heat engine operating between a warm and a cold 
region. In 1950, it was realized that the energy source, or the warm region, of a 
hurricane is the warm waters of tropical oceans [25] [26]. Warm air and mois-
ture rise from the surface of tropical oceans, which results in a low-pressure re-
gion. The low-pressure region causes air from the surrounding high-pressure re-
gion to move in. Due to the rotation of Earth about its axis, the air that moves 
toward the low-pressure region experiences a Coriolis acceleration. An object of 
mass m, moving relative to the surface of Earth, which is a non-inertial frame of 
reference, experiences a Coriolis force given by [27] [28]  

2c m= − ×F vω                         (11) 

where ω  is the angular velocity of the rotating Earth, and v is the velocity of 
the object relative to the Earth’s surface. This force has a component normal to 
the Earth’s surface and a component parallel to it. The normal component usually 
is very small compared to the weight of the object because the Coriolis force it-
self is much smaller than the weight of the object, since  

2 sin 2cF m v v
mg mg g

ω θ ω
= ≤                   (12) 

where 9.80g =  m/s2 is the acceleration due to gravity at the surface of Earth, 
and the angular velocity of the rotation of Earth is  

52 rad rad7.272 10
24 3600 s s

ω −= = ×
×
π               (13) 

Therefore, unless the speed of the object is of the order of 67,000 m/s (150,000 
mph), the Coriolis force is much smaller than the weight of the object. As a re-
sult, the normal component of the Coriolis force either reduces the weight of the 
object slightly, or is balanced by the normal force from the Earth’s surface. 

The component of the Coriolis force that is parallel to the surface of Earth, on 
the other hand, is perpendicular to the velocity vector of the object, pushing the 
object to the right of its motion in the northern hemisphere, and to the left of its 
motion in the southern hemisphere. As a result, the air that is moving into the 
low-pressure region rotates counterclockwise in the northern hemisphere and 
clockwise in the southern hemisphere, as shown in Figure 2 [29]. 

 

 
Figure 2. Rotation of a tropical cyclone in the northern and 
southern hemispheres. 
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Because the Coriolis force is perpendicular to the Earth’s surface at the equa-
tor and has no horizontal component, hurricanes and tropical cyclones rarely 
form at the equator and within ±5˚ latitude [30]. This is also why these systems 
do not cross the equator [31]. 

During the formation of a hurricane, the humid air from warm tropical oceans 
rises to at least 15 km or so [32], which is well past the tropopause. This means 
that the air passes through temperatures as low as −55˚C in the upper part of the 
troposphere [33]. Therefore, the upper region of the troposphere is the cold re-
gion of the hurricane heat engine, where some heat is delivered by the air. Final-
ly, when the storm settles down and calm air replaces it, the cycle of the heat en-
gine is completed. 

3. Discussion and Conclusion 

Hurricanes and tropical cyclones, in general, are heat engines operating between 
a warm and a cold region. The warm region is the warm tropical oceans [34] [35] 
[36] with temperatures of about 27˚C (300 K), and the cold region is the upper 
part of the troposphere with temperatures of about −55˚C (218 K). The working 
system or the engine itself, is the air. Based on these temperatures, the maximum 
possible thermodynamic efficiency from Equation (10) is about 27%, which is 
nearly the same as that of a heat engine operating between ice-cold water (273 K) 
and boiling water (373 K). The thermal energy from the warm ocean converted 
into mechanical energy becomes the kinetic energy of the air (hurricane wind). 

In the theory of hurricanes suggested by Emanuel [35] [37] [38], it is sug-
gested that a hurricane is a Carnot engine. Since a hurricane is not a reversible 
process, it cannot be a Carnot engine. Furthermore, since a reversible process 
must run infinitely slowly, hurricanes are not remotely Carnot engines. In fact, it 
has been shown that the thermodynamic efficiency of tropical cyclones is about 
40% lower than the Carnot efficiency [39], or about 16%. 

Furthermore, in their approach to the thermodynamics of hurricanes, Bister 
and Emanuel [21] have assumed that the mechanical work W generated during 
the process is added to the heat input QH. This assumption has been criticized by 
Makarieva et al. [40], who have argued that this assumption is in extreme viola-
tion of the first law of thermodynamics. They have also criticized the work of 
Emanuel on the theory of hurricanes [35], which summarizes much of the pre-
vious work, for violation of the second law of thermodynamics as well. 

In conclusion, the validity of the current theories of hurricanes is still ques-
tionable and the phenomenon itself remains a geophysical enigma [40]. Conse-
quently, the only simple theory that can be asserted with certainty is that a hur-
ricane or tropical cyclone is a heat engine running between a warm and a cold 
region, in accord with the second law of thermodynamics. The warm region is 
the tropical ocean and the cold region is the upper part of the troposphere. The 
engine itself is the air, operating at efficiencies considerably below the maximum 
thermodynamic limit. 
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