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Heat Transfer Considerations in 
Thermal Processing

• Typical processing time

• Sterilization of solid food (0.5 kg in a retort at 120°C for
excess of one hour) - Net heating time for few minutes
only to achieve the desired thermal death of the target
microorganism .

• The long duration of the process is due to the slowness
of heat transfer (heat penetration) to the coldest
point of the can. It can be stated that in thermal
process design, the rate of heat transfer rather than
the thermal resistance of the microorganism often
determines the duration of the process.
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1. The heating medium

• Saturated steam – (high heat transfer
coefficient, control of temperature through
pressure, high heat content) – Not good for
heat sensitive foods

• Hot water – less heat transfer, Good for heat
sensitive foods

• Steam–air mixture – Common (Medium heat
transfer)

• Hot gas (combustion gases) – Not preferred
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2. The packages

• High thermal 
conductivity –
tin,  aluminum

• Low thermal 
conductivity -
glass
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3. Internal heat transfer
• Heat transfer through the product may be by 

convection, by conduction or both. 

– In solid foods – conduction predominates

– In liquid food – convection predominates

01-04-2020 6

S. No. Mode Coldest point

1. Conductive Geometric center

2. Convective transfer without 
agitation in a vertical can

One-third the height from 
the bottom

3. large solid particles in a low 
viscosity liquid medium

At the center of the solid 
particles.



Agitation for effective Internal heat 
transfer

1. End-over-end agitation 2. Spin agitation
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Agitation for effective Internal heat 
transfer

• End-over-end method – Optimal speed
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Heating lag factor
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The temperature of every particle = T; Temperature of the heating medium =  TR ; 
The imaginary initial temperature = T *, The initial temperature = T0
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In-flow thermal processing
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In-flow thermal processing

• Time–temperature relationship is log-linear, just as in the case
of in-package heat penetration.

• It should be noted that T is the average temperature of the
product.

• The actual temperature distribution depends on the degree of
turbulence and on the physical structure of the product, as in
the case of products consisting of solid particles in a liquid
medium.

• In continuous in-flow heating, the temperature of the product
usually rises very rapidly and residence time at the lethal
temperature range is too short for complete sterilization or
pasteurization
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In-flow thermal processing

• It is therefore necessary to hold the heated
product at high temperature for the required
length of time, with no further heat transfer.
This is usually done by installing a holding
tube or a holding vessel of appropriate
dimensions after the heating section of the
heat exchanger.

• Other option: In-flow thermal processing is
ohmic heating
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Ohmic heating

• Ohmic heating is rapid, practically instantaneous and does not
require heat transfer surfaces. There are no temperature gradients
and there is no fouling.

• Theoretically, these features would make ohmic heating the
preferred method of in-flow thermal processing, particularly for fluids
containing solid particles.

• However, ohmic heating at its present state does not provide the
uniformity and reliability required for thermal processing of low-acid
foods. In addition, even though heating is rapid, cooling still depends
on heat transfer through surfaces.

• For all these reasons, the application of ohmic heating is limited at
present to the pasteurization of fruit juices and possibly liquid egg.
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