[ .ecture o

Basics of mass conservation

-In this lecture we assume that the mass is well mixed and we are not paying attention to the spatial
aspect of transfer



Conservation Laws:

Conservation laws are foundational principles in physics that state certain physical quantities
remain constant throughout the process of any physical interaction or transformation. These laws
are directly tied to the symmetries of nature.

Mass: The total mass of an isolated system remains constant. (chapter 1 and 2)
Momentum: The total momentum of an isolated system remains constant. (chapter 3)
Fnergy: The total energy of an isolated system remains constant. (chapter 4)

Charge: : The total charge of an isolated system remains constant.



What is a close system?

Close system is a system that has no physical interaction or exchange with the outer world. For
example no matter is allowed to enter or leave:
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But before moving further, we introduce the concept of ‘rate’ with the following example:

Example 1: We know that the following bathtub is filled with water in 10 minutes.
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Q1: what is the rate of water from the tap? "™ k 'S
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Q2: When the tap is off, and we open the drain, it takes 5 minutes for the tub to get emptied.

What the rate of accumulation of water in the tub when both the tap and the drain are working?
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Mass Balance principle:

By applying the conservation of mass of a certain species to an open system, we derive the mass
nalance principle:
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A few remarks before we proceed:

-This is a fundamental equation. Throughout the rest of this lecture and the next two, we will
explore various applications of this principle.

‘When applying the mass balance principle, it is helpful to draw the system, including its
iNputs, outputs, consumption, and generation rates, to have a visual reference before
formulating the equations.

“We've written the mass balance principle for a single species (x), but it can be applied to two
or more species, as we will demonstrate in upcoming examples.




-xample 2: In a milk processing plant, curds (yoghurt) is also manufactured. A continuous centrifuge
needs to be used to produce buttermilk, that contains less fat, and cream, that contains high fat. If

the average need is to process 48,000 Kg of curd containing 4% fat in an 8 hour shift, continuously,
into a buttermilk stream that contains 0.5% fat, and a cream stream with 50% fat, what flow rates

should the further processing units for buttermilk and cream be equipped to handle, on the average?

hint: assume everything is at steady state
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Application of Mass Balance principle in designing the air supply of bioreactors:

A bioreactor is a specialized vessel or container designed to cultivate microorganisms,
cells, or tissues under controlled conditions. It not only supports various applications
such as fermentation, cell culture, and biochemical production but also provides

essential nutrients, oxygen, or carbon dioxide needed for optimal cell growth and
oroductivity.
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IClicker: Which of the following is the
correct drawing of the system?
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We can summarize what we learned from these examples:

We can apply the mass balance principle to a variety of problems.

To tackle a problem using this method, start by drawing the system of

what is entering and leaving the system and determine if anything is being
generated.

Next, write down the
(s.s). Ifitis, then dm/c
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