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Convection

• Convective heat transfer through gases and liquids



Mechanism of Convection

https://www.facebook.com/watch/?v=1162378181625555

https://www.facebook.com/watch/?v=1162378181625555


Convective Heat Transfer through Gases and Liquids



Mean Free Path depends on pressure (Ideal Gas Law)

Mean free path  ~ 1
𝑛𝑛𝜎𝜎



Low density



High density



Fluid dynamics

• Reynolds number, Re = 𝜌𝜌𝜌𝜌𝜌𝜌
𝜇𝜇

  
• ratio of the inertia to the viscous forces

• Prandtl number, Pr = 𝜇𝜇𝐶𝐶
𝑘𝑘

  
• ratio of the momentum to the thermal diffusivity



Laminar vs turbulent flow
• Re < 2300: laminar regime

• the viscous forces dominate, creating an ‘ordered’ flow with streamlines. In this regime, 
the surface heat transfer is low and so is the surface friction. 

• ReL > 5 × 105 : turbulent regime
• ReD > 4000 for a plate and a tube-shaped geometry, respectively. 
• the inertia forces dominate, and the flow becomes highly irregular (velocity 

fluctuation), as shown below. The surface heat transfer and the friction are higher than 
those in the laminar regime. 



Newton’s law
• When there is an interaction with solid 

surfaces in convection, the heat transferred 
in (or out) of the fluid to solids is evaluated 
by the Newton’s law: 

                       𝑞𝑞 = ℎ(𝑇𝑇𝑠𝑠 − 𝑇𝑇∞)

where h is the heat transfer coefficient [W·m–
2·K–1], Ts the temperature of the solid and T∞ is 
the temperature far from the solid. 
At the boundary, the local heat flux through 
the conductive layer of the fluid is 

qn = k.∇Tn 



He Gas



Types of convection in liquids
• Natural convection

• When the fluid movement is created internally, 
by a decrease or increase of the fluid density or 
by the buoyancy effect.

• Forced convection
• Mostly turbulent flows. A laminar flow in pipes 

is very rare, except in porous media
• Boiling convection

• Heat transfer combines 
• natural convection in the liquid, 
• latent heat to be absorbed for the bubble 

formation, and 
• the bubble hydrodynamics. 

• The heat transfer process depends on the 
bubble growth rate, the detachment frequency, 
the number of nucleation sites, and the surface 
conditions. 



Radiative Heat Transfer



Radiation heat load

Homework: 

1. Estimate the heat load due 
to thermal radiation from 
the top assembly 

A large value!



Baffles



Heat Load Calculation

Homework: 

1. Estimate the heat load due to 
thermal radiation from the top 
assembly 



Thermal anchoring

Samples, Sample Holders, Wires and Cables
• Welding
• Soldering
• Varnish and glue joints
• Press contacts
• Exchange gas



Contact Resistance



Thermal contact conductance (conductive)



Contact conductance (Insulating)



Welding: metal to metal contact



Solder Joints



Press Contact



Thermal Anchoring of Wires and Cables



Thermal Anchoring of Wires and Cables



Thermal Anchoring of Wires and Cables

Top view

Side view



Ultra low temperature (T < 10 mK)



Thermal Boundary or Kapitza-Resistance



Theory on the Kapitza resistance



Solutions

Used for 
dilution 
refrigerators



Homework

#1: Estimate the heat load due to thermal radiation from the top 
assembly 

#2: Watch this video: John Allen's Movie about Superfluid Helium
(https://www.youtube.com/watch?v=lEPc-rBMAuU&t=43s)
 (42 mins) before Nov. 18

https://www.youtube.com/watch?v=lEPc-rBMAuU&t=43s
https://www.youtube.com/watch?v=lEPc-rBMAuU&t=43s
https://www.youtube.com/watch?v=lEPc-rBMAuU&t=43s
https://www.youtube.com/watch?v=lEPc-rBMAuU&t=43s


Heat Switches



Superconducting Heat Switch



Thermal contraction



Temperature dependence of 
alpha and beta

• Most materials contract when cooled
• The magnitude of the effect depends on 

materials:
• Plastics > metals > glasses

• Coefficient (α) decreases with temperature
• Thermodynamics: 



Expansion coefficient for materials



Structural support

• Solution is highly dependent on cryostat requirements 
• Choose materials carefully 

• Acceptable for cryogenic temperatures 
• Low heat leak 

• Don’t over constrain supports: allow for thermal contraction
• Does solution meet alignment and vibration requirements? 
• Must alignment be changed while cold? 



Structural support: Simple top load cryostat



Structural Support 
Example #2 JLab 12 GeV Upgrade Cryomodul



Structural Support 
Example #3 ILC Cryostat



Tips on designing a cryo system



More tips on designing a cryo system
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