
Course Summary and Review – Part 1
Mathematical Modeling

EngrD 2190 – Lecture 34

Final Exam
Friday, December 12, 7:00 - 9:30 p.m., 128 and 245 Olin Hall.

Comprehensive - covers chapters 2 through 5, with emphasis on
chapter 5: dimensional analysis and dynamic scaling.

Open notes and open exercise solutions.
Bring a calculator and a ruler/straightedge. 
Graphing calculators are okay.



Applications
for Affiliation

are due
Saturday

December 20



If you are on the ChemE track, you 
must complete both ChemE 2200 and 

ChemE 3230 in the 4th semester.

You must complete ChemE 2200 – Physical 
Chemistry II for Engineers, not Chem 3900 

– Honors Physical Chemistry II.
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EngrD 2190 – Chemical Process Design & Analysis

Course Summary and Review – Part 1

Mathematical Modeling



Homework,
Calculation Sessions,

and Exams -
108 exercises!

Practice exercises
for mathematical
energy balances:
3.69 and 3.75.

Solutions are posted.



Chemical engineers create
processes 
based on

and products

chemical and biochemical change.chemical change.

A process is divided into unit operations,
represented by a process flowsheet.

How to create a process?



Course Objectives
Overall

To introduce basic principles of engineering design and analysis
in the context of chemical and biomolecular engineering.

Engineering Skills
To design a chemical and biomolecular process by the following steps:

• define the real problem

To analyze a chemical and biomolecular process with three methods:
• mathematical modeling.
• graphical modeling.
• dimensional analysis & dynamic scaling

A + B  P
Problem: Deliver Pure A and Pure B to a reactor.

A + B  P
Real Problem: Produce P.

• generate ideas.
• create a design.
• analyze the design.



Reactant A decomposes to P (product) and B (by-product).
A  P  +  B

The molecular weight ratio of P to B is 7:3, so 10 kg of A reacts 
to form 7 kg of P and 3 kg of B.  The reactor converts 40% of A.

A

A (60 wt %)
B (12 wt %)
P (28 wt %)reactor  

A  P + B

A (83%)
B (17%)

A

P
100. kg/hour
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P (28%) liquid-gas

separator
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liquid-gas
separator
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B
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separator
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A  P + B
A
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A
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A 
B 

A 
B 
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A  P + B
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A

P
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A
B

A 
B
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Which to build?
How to compare?

Mass flow rates

Energy flow rates

Asset flow rates



Hydrogen Fuel from Thermal Energy
Overall Reaction:     H2O  H2  + ½O2

solid+liquid-
gas

separator
20°C

O2 (g)

solid+liquid-
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separator
50°C

purge

purge

purgeSO2 (make up)
I2 (make up)

H2O

H2SO4
I2
H2O
HIreaction 1

200°C
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liquid-gas
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Manufacturing Human Tissue Plasminogen Activator (tPA)
Overall Reaction:   532 amino acids  tPA

reactor
(cultivator)

4000 L

amino acids
tPA-CHO cells
nutrients
air, CO2 
insulin
transferrin

liquid-gas
separator

4°C

N2 (g)
O2 (g)
CO2 (g)

solid-liquid
separator

(centrifuge)

cell debris
(wet)

arginine

microfilter

H2O plus
wastes 

adsorber

H2O plus
wastes 

adsorber

H2O
glycine
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adsorber

adsorber

broth:
tPA
toxins
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tPA
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liquid-gas
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The Cell as a Chemical Process



Mass Balance at the Cellular Level
glucose O2 NH3

CHO cell:  CH1.8N0.2O0.5

H2O

H2O CO2

tPA:  CH1.7N0.26O0.26S0.05



Photosynthesis Cycle



Mass & Energy Balances for Space Travel



The Earth’s Carbon Cycle



The Earth’s Carbon Cycle

atmosphere

M1 = 612 Pg C

terrestrial biota
M5 = 580 Pg C

fossil fuels
M7 = 5300 Pg C

lithosphere

warm surface
waters 

M2 = 730 Pg C

cool surface
waters 

M3 = 140 Pg C

deep waters 
M4 = 37,000 Pg C

F23
57 Pg/yr

F24
12 Pg/yr

F42
70 Pg/yr

hydrosphere

F34
100 Pg/yr

F43
42 Pg/yr

F12
57 Pg/yr

F21
58 Pg/yr

F13
19 Pg/yr

F31
18 Pg/yr

soils & detritus 
M6 = 1500 Pg C

F56
50 Pg/yr

F15
100 Pg/yr

F51
50 Pg/yr

F61
50 Pg/yr

F71

Fdf

Fdf



The Earth’s Carbon Cycle  - Coupled Differential Equations



The Earth’s Carbon Cycle - Numerical Integration
year F71 Fdf alphatb M1 M2 M3 M4 M5 M6 M7

1850.0 0.000 0.300 1.000 612.0 730.0 140.0 37000 580.0 1500.0 5300.0
1850.3 0.000 0.302 1.000 611.7 730.3 140.1 37000 579.9 1500.0 5300.0
1850.7 0.000 0.304 1.000 611.6 730.5 140.2 37000 579.7 1500.1 5300.0
1851.0 0.000 0.306 1.000 611.5 730.7 140.2 37000 579.6 1500.1 5300.0
1851.3 0.000 0.308 1.000 611.5 730.8 140.2 37000 579.5 1500.1 5300.0
1851.7 0.001 0.310 1.000 611.6 730.9 140.2 37000 579.4 1500.1 5300.0
1852.0 0.001 0.312 1.000 611.6 730.9 140.2 37000 579.3 1500.1 5300.0
1852.3 0.001 0.314 1.000 611.6 731.0 140.2 37000 579.2 1500.2 5300.0
1852.7 0.002 0.317 1.000 611.7 731.0 140.2 37000 579.1 1500.2 5300.0
1853.0 0.002 0.319 1.000 611.8 731.0 140.2 37000 579.0 1500.2 5300.0
1853.3 0.002 0.321 1.000 611.8 731.0 140.2 37000 578.9 1500.2 5300.0
1853.7 0.003 0.323 1.000 611.9 731.0 140.2 37000 578.8 1500.2 5300.0
1854.0 0.004 0.325 1.000 612.0 731.1 140.2 37000 578.7 1500.2 5300.0
1854.3 0.004 0.327 0.999 612.1 731.1 140.2 37000 578.6 1500.2 5300.0
1854.7 0.005 0.329 0.999 612.1 731.1 140.2 37000 578.6 1500.2 5300.0
1855.0 0.005 0.331 0.999 612.2 731.1 140.2 37000 578.5 1500.2 5300.0
1855.3 0.006 0.333 0.999 612.3 731.1 140.2 37000 578.4 1500.1 5300.0
1855.7 0.007 0.335 0.999 612.3 731.1 140.2 37000 578.4 1500.1 5300.0
1856.0 0.008 0.337 0.999 612.4 731.1 140.2 37000 578.3 1500.1 5300.0
1856.3 0.009 0.339 0.999 612.5 731.1 140.2 37000 578.2 1500.1 5300.0
1856.7 0.010 0.341 0.999 612.5 731.1 140.2 37000 578.2 1500.1 5300.0



The Earth’s Carbon Cycle - Numerical Integration



The Earth’s Carbon Cycle - Numerical Integration



The Earth’s Carbon Cycle - Numerical Integration



The Earth’s Carbon Cycle - Numerical Integration



Mathematical Mass & Energy Balances

• Define nomenclature.
• Show system borders and state assumptions.
• State source of equation -

“apply conservation of mass” or
“reaction specification” or
“stream composition.”

• Describe derivation.
“Substitute eqns (1) and (2) into eqn (3).”

• Box answer:
number with no insignificant figures
and units, such as kJ/min.



Energy Balances
1. Cannot calculate energy of a mass stream;

cannot state q1  100 kJ/min
Must calculate the change in energy of a mass stream;

must calculate q1  2  q2  q1

2. Cannot measure q; must measure T or phase
and use thermodynamics to convert to energy.

3. Simple mass units can be complex energy units.
Create an equivalent unit of elementary energy units. 

An elementary energy unit has -
one mass stream in, one mass stream out, 
one energy change;  T or phase, and
all mass passing through the unit is heated or changes phase. 



Mathematical Modeling
Are These Flow Rates Consistent with Steady State?

party:
500 men

500 women

men: 25/hour
women: 25/hour

men: 50/hour
women: 50/hour

party:
500 men

500 women

men: 20/hour
women: 10/hour

men: 20/hour
women: 10/hour

100 kg liquids
10 kg solids

liquid-solid
separator:

2 kg/min solids
wet with 1 kg/min liquids

1 kg/min liquids
2 kg/min liquids
2 kg/min solids

Not Steady State

Steady State

Steady State



Mathematical Modeling - Informal Mass Balances

1.  Reactor creates
90  10  80 mol P/min.

(800) (720)

3.  All streams into and
out of a splitter have
the same composition.

99(6480)

2.

4.(710)
(6390)

5.

(6400)

800
1.0

80




Mathematical Modeling - Informal Mass Balances

(100 mol/min)

(100)
1.

2.

(100)

(100)
3.

(100)

5.  Reactor creates
100 mol X/min.

4.

and
0 mol Z/min.

5.

(200)
(100)

(100)

200
5.0

100: E



Informal Mass Balance – Exercise 3.51

1. rxn
stoichiometry:
H created 

X created

(90)

2. mols conserved in rxn:
200 mols in  200 mols out
 (A + B)out  200  90  90  20

(10)
(10)

(90)

3. mass balance on separator

4. reactor creates 90 mol X/min

(225)

5. reactor consumes 90 mol A/min
 A out of reactor  225  90  135

(135)

7. All streams entering and leaving a splitter are the same composition.

(135)
(135)

6. mass balance on splitter: 135  10  125

(125)
(125)

(135)

8.  splitter …
H:A  9:1 in stream 6

(1215)
(1215)

(1125)

9.  Mass balance
on combiner

(225)
(1125)

rxn stoichiometry: A  B
 A  B  10

A:B  1:1 in stream 6
 A:B  1:1 in streams 5 and 7 (and 3)

 H:A  9:1 in streams 5 and 7 (and 3)
9  135  1215,   9  125  1125

reactor conversion  40%
 A into reactor  90/0.40  225



Mathematical Modeling - Informal Mass Balances

1. Overall mass balance:
Bin = Bout + Pout

(99)

2.

(99)
(99)

3.

(198)
(198)

3.
(99)
(99)

4. (99)5.

(99)

6.
(99)

7.  All streams into and
out of a splitter have
the same composition.

7.

(99)8.

(99)(99)

9.

9. Guess Ain  100
 Iin  10

(100)
(10)

(10)
(10)

(89)
(89)

10. Guess Ain  110
 Iin  11

(110)
(11)

(11)
(11)

(88)
(88)

8a. No guess
Aout  Iout
Iout  Iin
Ain  10Iin

Ain  10Aout

A + B  P
Pout  99
Ain  Aout + 99
10Aout  Aout + 99

Aout  11, Ain  110

Iout  Iin
Aout:Iout  1:1



Mathematical Modeling - Informal Mass Balances

1. Overall mass balances
Ain  Aout + Pout + Xout

 10  +  90  +  10   110

(110)

Bin  Bout + Pout + 2Xout
 0   +  90   +  210   110

(110)

2.

(90)
(90)

3.

3. Pcreated  Pout + Xout  90 + 10  100

(1000)
(1000)

(900)

(900)

4.

(890)

5. (890)

(890)
(890)

6.  All streams into and
out of a splitter have
the same composition.

(900)(890)

(900)(890)

1000
1.0

100reactorintoreactorinto  BA



Prelim 3 2025 Statistics

Mean:  76 / 120  (63%)
Std. Deviation: 28

A - K:  Angel (Front of room)
L - Z:  Lara (Back of room)

Solution is posted.

Problem 1:  19  7 / 25  (75%)
Problem 2:  28  8 / 35  (79%)

Problem 3:  30  19 / 60  (50%) 


