ES 201 - Conservation & Accounting Principles Objectives

OBJECTIVES
Chapter 3 - Conservation of Mass and Chemical Species Accounting
1. Define, illustrate, compare and contrast the following terms and concepts:

Mass
mass vs. weight
units of measurement
mass: m (kg, g, Ibm, dug)
amount of substance: n (kmol, gmol, Ibmol, Sugmol)
(most useful when chemical reactions are involved)
molecular weight (molecular mass): M (kg/kmol, g/gmol, Ibm/Ibmol)
relationship between mand n
density & specific volume (how are they related?)
specific weight vs. specific gravity (how are they different?)

Application of Accounting Principle for Mass

rate of accumulation of mass within the system

amount of mass within the system:  [m, ¢ = C\!‘f), r dv

dengity vs. specificvolume( r vs V)

transport rate of mass across system boundaries
flow rates

mass flow rate: |M= C‘Q r V, dA| (kg/s, Ibom/s) where A. = cross-sectional area

volumetric flow rate: [V = c‘QVn dA| (m¥s, ft’ls) where A= cross-sectional area

molar flow rate: n=-—1 (kmol/s, mol/s,lbmol/s):

local normal velocity: V,
average velocity at a cross-section: Vaye
mass and volumetric flow rate based on average velocity:

|m: r ACVAVG| & V= ACVAVG
one-dimensiond flow assumption

generation/consumption rate of mass within the system

Empirical result ----- Massisconserved! Itsreally a conservation principle!
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conservation of mass equation

d
rateform d—nlﬁﬁ =a m - a M
. . . —o o
finitetime form Mys fina = Mysintia =A Mn = A Mowe

Chemical Species (Compounds)
units of measurement --- same as for mass

m = mass of component i

n
n = moles of component i m = VI
i
mixture composition
o
moles of mixture: n=an where N = number of components in the mixture
i=1
: n , J
mole fractions: nf, = "~ where n= molesof mixture |gQ nf; =
i=1
J
mass of mixture: m=ga m
i=1
m J
mass (weight) fractions: |mf, :E where m = total mass of mixture | mf, =1
i=1

Application of Accounting Principle for Chemical Species (Compounds)

rate of accumulation of component i within the system

amount of component i within the system: |M oo = Gy " AV | & Mg =

transport rate of component i across system boundaries

flow rates
mass flow rate of componenti : m (kg/s, Ibm/s, Slug/s)
molar flow rate of component i : N (kmol/s, mol/s, lbmol/s)

generation/consumption rate of speciesi within the system
chemical reactions and generation/consumption
balanced reaction equations and consumption/generation terms
generation (production or creation) rate: 1M g, Or N, o,
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consumption (destruction) rate: Meon OF N

chemical species accounting equation (mass basis)

d o o
rateform % :a rn,in - a rn,out-i_rn,gen - rn,con

.. . o o
finite-time form rT],g/s,final - rT],g/s,initiaj =a m,i -ad m,e + rT],gen - rT],con
in

out

chemical species accounting equation (mole basis)

dni,ws o . o . . .
rateform ot =S afn-aAhow T Nign- N

- - - — o
finitetime form N oo fina = Migsintia = A Min~ A Mo T Mgen ™ Meon

Constitutive relation
Examples: Ohm’sLaw, Ideal Gas Modd

Ideal Gas Mode
universal gas constant R, vs. specific gas constant R

2. Given one of the species accounting or conservation of mass equations and alist of assumptions,
carefully indicate the consegquences of each assumption. Typical assumptions include: steady-state,
one-inlet/one-outlet, closed system, open system, and no chemical reactions.

3. Given one of the species accounting or conservation of mass equations, explain what each term
represents physically and how it relates to the overall accounting framework discussed in Chapters 1
and 2.

4. Giveninformation about the loca velocity distribution and density distribution at the boundary of a
system, calculate the mass flow rate and volumetric flow rate at the boundary.

5. Given amixture composition in terms of either mass (weight) fractions or mole fractions, determine the
composition in the other measure. |If total mass of the mixture is specified, determine the moles or
kilograms of each component in the mixture. (Best done using a simple table format.)

6. Given aproblem that can be solved using conservation of mass and species accounting, you should be
able to do the following tasks:

(1) Select an appropriate system. ldentify the system and its boundaries on an appropriate drawing,
Describe the system and its boundaries in sufficient detail so that there is no confusion about your
choice. Indicate whether the system is open or closed.

(2) Indicate the time interva appropriate for the problem (e.g. should you use the rate-form or the
finite-time form).

(3) Clearly identify and count the number of unknowns you aretrying to find. Define and use a unique
symbol for each unknown.
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10.

(4) Develop aset of INDEPENDENT equations that are equal in number to the number of unknowns
and are sufficient to solve for the unknowns. These equations are developed using conservation of
mass, species accounting, and information given in the problem statement, e.g. physical constraints
and congtitutive equations.

(5) Solvefor the unknown quantities.

(6) Substitute in the numerical values to find a numerical answer.

Given a problem with without chemical reactions where the chemical composition is uniform
throughout, apply conservation of mass along with other pertinent information to solve for the
unknown information.

Given a separation (e.g. distillation) or amixing problem, apply conservation of mass and species
accounting to solve for the unknown mass flow rates or masses and mixture compositions.

Given one of the following determine the other values:
density, specific volume, specific weight, specific gravity
Given sufficient information, use the ideal gas equation correctly to find the properties of agas, eg.

given a pressure and a temperature, cal culate the density for a specified gas assuming that it behaves as
an ideal gas.
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