




Convection is the mechanism of heat transfer that occurs between a solid surface and 
the surrounding fluid in the presence of bulk fluid motion. 

Convection is classified as Natural (or free) and Forced convection depending on how 
the fluid motion is initiated. 

Reynold Number (Re) 

The Reynolds number (Re) is a dimensionless number used in fluid mechanics to 
characterize the relative importance of fluid inertia to viscous forces. It determines 
whether a fluid flow is laminar or turbulent and is defined as the ratio of inertial forces to 
viscous forces. The equation for the Reynolds number is: 

Re = (inertial forces) / (viscous forces) = (density * velocity * characteristic length) 
/ (viscosity) 

It measures the ratio of inertial forces to viscous forces in a fluid and is used to predict 
the transition between the laminar and turbulent flow. The value of the Reynolds 
number can vary depending on the fluid and the specific flow conditions, but generally, 
a Reynolds number less than 2300 represents laminar flow, while a Reynolds number 
greater than 4000 represents turbulent flow. 

The Reynolds number is important in many engineering applications, including fluid 
dynamics, heat transfer, and mass transfer. The value of the Reynolds number is used 
to predict the flow behaviour of a fluid, which can have significant implications for the 
design and performance of many types of systems and equipment, such as pipes, heat 
exchangers, and pumps. 

Reynold's number is defined as: 

Re = Inertia Force/Viscous Force 
Re = ρVI/μ = VI/v 
where: 

• ρ = Density of fluid 
• V = Velocity of fluid passing through length (l) 
• ν = Kinematic viscosity 
• μ = Dynamic viscosity 

Critical Reynold Number: The number used to show the boundary layer changes from 
laminar to turbine flow is called the critical Reynolds number. 

(a) For flat plate 

• Re < 5 × 105 (laminar) 
• Re > 5 × 105 (turbulent) 



(b) For circular pipes 

• Re < 2300 (laminar flow) 
• 2300 < Re < 4000 (transition of flow from Laminar to turbulent) 
• Re > 4000 (turbulent flow) 

Stanton Number (St) 

The Stanton number (St) is a dimensionless number used in heat transfer to 
characterize the relative importance of convective heat transfer to conductive heat 
transfer in a fluid. It is used to determine the heat transfer coefficient of a fluid and is 
defined as the ratio of the convective heat transfer coefficient to the product of the fluid's 
thermal conductivity and characteristic length. The equation for the Stanton number is: 

St = (h * L) / (k) 

where h is the convective heat transfer coefficient, L is the characteristic length, and k is 
the thermal conductivity of the fluid. 

It is a measure of the ratio of convective heat transfer to conductive heat transfer in a 
fluid and is used to predict the heat transfer behaviour of a fluid. The value of the 
Stanton number can vary depending on the fluid and the specific flow conditions, but 
generally, a low value of the Stanton number represents a high heat transfer rate and 
vice versa. 

The Stanton number is important in many engineering applications, including heat 
exchangers, combustion, and thermodynamics. The value of the Stanton number is 
used to predict the heat transfer behavior of a fluid, which can have significant 
implications for the design and performance of many types of systems and equipment, 
such as boilers, heat exchangers, and solar collectors. 

St = heat transfer coefficient / Heat flow per unit temperature rise 

St = Nu/(Re*Pr) 

Grashof Number (Gr) 

The Grashof number (Gr) is a dimensionless number used in fluid mechanics and heat 
transfer to characterize the relative importance of buoyancy forces to viscosity forces in 
a fluid. It determines whether a fluid flow is affected by natural convection and is defined 
as the ratio of buoyancy forces to viscosity forces. Where g is the acceleration due to 
gravity, Beta is the thermal expansion coefficient of the fluid, Th and Tc are the 
temperatures at the hot and cold surfaces, L is a characteristic length, and viscosity is 
the dynamic viscosity of the fluid. 









Free convection, also known as natural convection, is a cost-effective and energy-
efficient method of heat transfer. However, there are some limitations to its use: 

1. Low heat transfer coefficient: The heat transfer coefficient for natural 
convection is generally lower than that for forced convection, meaning that it may 
not be able to transfer heat as quickly or efficiently. 

2. Limited temperature range: Natural convection is most effective at transferring 
heat within a limited temperature range. Beyond this range, the efficiency of heat 
transfer decreases. 

3. Dependence on fluid properties: The effectiveness of natural convection is 
heavily dependent on the properties of the fluid being used, such as its density, 
viscosity, and thermal conductivity. 

4. Dependence on geometry: The effectiveness of natural convection is also 
dependent on the geometry of the system, including the shape and size of the 
fluid-containing container and the location of heat sources and sinks. 

5. Limited in high-temperature applications: Natural convection is not suitable 
for high-temperature applications due to the high thermal conductivity of the fluid 
leading to low thermal gradient. 

6. Vulnerability to external factors: Natural convection is vulnerable to external 
factors such as wind, which can disrupt the natural flow of the fluid and affect the 
efficiency of heat transfer. 

7. Limited in low-gravity environments: Natural convection is not suitable for low-
gravity environments, such as outer space, because the buoyancy force that 
drives natural convection is dependent on gravity.  


