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Course Description in ABET Format

CHEMICAL ENGINEERING DEPARTMENT
CHEG 3301 HEAT, MASS AND MOMENTUM TRANSPORT

Course number and name:
Credits and contact hours:

Instructor’s or course
coordinator’s name:

Text book: Title:

Author:
Publisher, Year & Edition:
a. Other Supplemental material

Specific course information
a. Brief description of the content of
the course (catalog description)

b. Prerequisites

c. *Indicate whether a required,
elective, or selected elective (as per
definition provided) course in the
program

Specific goals for the course
a. specific outcomes of instruction

CHEG 3301: Heat, Mass and Momentum Transport
3 credit hours; 3 contact hours

Dr. Michael Gyamerah

“Transport Processes and Separation Process Principles”

Christie J. Geankoplis, Allen A. Hersel and Daniel H. Lepek
Prentice Hall-Pearson Education Inc., Boston, 2018, 5th Edition
1. “Transport Phenomena” by Byron R. Bird, Warren E.
Stewart and Edwin N. Lightfoot, Revised 2nd Edition (2007),
John Wiley & Sons, Inc.

2. "Fundamentals of Momentum, Heat and Mass Transfer” by
James R. Welty, Charles E. Wicks, Robert E. Wilson, and
Gregory L. Rorrer, 5th Edition (2008), John Wiley & Sons, Inc.

CHEG 3301 (3:0) Credit 3 semester hours. Macroscopic and
differential balances for heat, mass, and momentum. Energy
balances and mechanical energy balances. Ideal and Newtonian
and non-Newtonian fluid behavior. Comparison of the transport
processes in laminar and turbulent flow. Dimensional analysis.
CHEG 2333 Material and Energy Balances

MATH 2320 Differential Equations

Required

Students will be able to :

1. Apply differential and integral calculus and the basic laws of
mass and energy to model or quantitatively describe heat, mass
and momentum transfer processes.

2. Identify fundamental engineering problems through ability to
sketch the physical situation, identify the subject area and
concepts(s) involved, and identify applicable system of units.

3. Formulate fundamental engineering problems by
demonstrating the ability to define known and unknown
variables, state relevant laws and applicable equations, and list
and apply relevant assumptions to the applicable equations to
obtain equations specific to the problem.

4. Solve fundamental engineering problems by implementing a
strategy to solve the problem, show the use of consistent units
throughout, and evaluate and interpret the result.



b. Explicitly indicate which of the
student outcomes listed in
Criterion 3 or any other
outcomes are addressed by the
course.

7  Brief list of topics to be covered

This course addresses the following student learning outcome
determined by the department:

Outcome D1

Ability to identify, formulate, and solve fundamental
engineering problems by applying principles of engineering,
science, and mathematics.

1.

2.

3.

9]

Fluid statics, fluid flow, Newtonian and non-newtonian
fluids (3 hours)

Control volume, integral approach to fluid flow analysis,
continuity equation, equations of motion (6 hours)
Equation of mechanical energy, the Bernoulli equation,
flow through circular tubes, terminal velocity of a falling
sphere, flow of a falling film, friction factors for flow in
tubes and applications (9 hours)

Differential equations of fluid flow and the differential
element (the special type of control volume) and
applications (3 hours)

Dimensional analysis and similarity (3 hours)

Fourier’s law of heat conduction, control volume energy
balance (3 hours)

Conduction through composite walls and cylindrical tubes,
and heat transfer coefficients (6 hours)

Fick’s Law of Diffusion, control volume (shell) mass
balance, concentration, mass diffusion through a stagnant
film, diffusion with chemical reaction and diffusion into a
falling liquid film (6 hours)

Inter-phase mass transport in multi-component systems (3
hours)



II ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS

Program Outcomes Assessed in this course

CHEG Department Outcome D1:

An ability to identify, formulate, and solve fundamental engineering problems by applying principles
of engineering, science, and mathematics. It involved application of basic knowledge and fundamental
concepts of cell and molecular biology to the practical application in engineering processes.

Assessment Summary of Class Semester Averages for Outcomes

CHEG Department Student
Qutcomes

D1

Semester Class Average

Semester (%)
Fall 2021 71
Fall 2020 67
Fall 2019 72

Comments on Trend of
Data (Improving or
deteriorating)

The average for the student learning outcome has been
around 70 % over the last three assessment periods nearly 5
% points below the expected ideal class average. The fall
2019 class average of 72 % fell to 67 % and a subsequent
improvement the following semester back to almost the same
level of performance.

*Expected Semester Class Average = 70% (or as defined by the program)

Ideal Semester Class Average

=75% (or as defined by the program)




End of Semester Course Assessment Reports
Fall 2021 and Last Two Assessment Periods.

Each summary contains the following Information

1. Performance Statistics

e Total number of students in class

e The class average performance (stated as %) in each course outcome assessed
in this class and the two previous times course was assessed.

e The acceptable class average for the class in each outcome area as set by your
Department.

e Percentage of students who scored below the expected average in each
outcome.

2. Implementation Summary
e Brief summary of plans implemented during the semester based on last
assessment report

3. Perceived Problems
e Instructor’s critical evaluation of perceived problems that affected students’
performance. Realistic problems should be identified throughout the semester
and summarized in this section of the report.

4. New Plans for Addressing Problems
e Instructor’s plans for addressing the perceived problems the next time the
class is taught. These should be specific enough for another instructor to
implement. Most of these should be things that, you, the instructor can
implement to help students to improve. Be creative.

5. Overall Trend over last three assessment periods
e Instructors summary of overall performance trend for each outcome
measured over the last three periods.

5. Were Expectations Met?
e Answer YES if the class average was above the expected average and the
stated percentage of students scored at or above the expected average, else
answer NO.



Report Prepared by: Dr. Michael Gyamerah Report Date:

END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT
CHEG 3301-P02 HEAT, MASS AND MOMENTUM TRANSPORT, FALL 2021 SEMESTER
OUTCOME: CHEG Student Learning Outcome D1: Ability to identify, formulate and solve fundamental engineering problems

December 17, 2021

Number of CHEG Student Learning Outcome D1: Ability to identify, formulate and solve fundamental engineering
Analysis Students problems
Semester Type
Expected Class Expected Percent of students % Students meeting Expected Average
Average at or above average Class Average
Fall 2021 Direct 9 75 70 71 44
Fall 2020 Direct 16 75 70 67 19
Fall 2019 Direct 24 75 70 72 38
Implementation Items implemented from A diagnostic homework assignment covering DE and MEB (the pre-requisites) was given. Students were provided with
Summary previous report or after handouts detailing an effective approach to problem solving.
meeting previous instructor
Perceived problems are directly | Students showed difficulty in conceptualizing problems in transport phenomena, identify physical laws, and implement
. related to the PC and the sub effective problem solving strategies. Students found questions from the AIChE concept inventory very challenging.
Perceived items under them
Problems  |>——
Plans for Addressing Plans for address specific | The instructor should:
Problems measures to address PC and | 1. Ascertain the remedies required during the teaching of the course with a diagnostic test
their sub areas 2.Pr0vi(.ie mtoring assistance to students .
::> 3. Continue with the use of concept tests from the AIChE concept inventory.
Overall Trend Ascertain if there were The overall average students' performance in the outcome was 4 % points below the expected class average and only 44

over Periods

improvements over previous
semesters

S>>

% of the students met the expected class average. The performance was also 4 % points better than the performance of
the students during the fall 2020 semester. Although the performance of the students was 1 % point below that of the fall
2019 semester 6 % percentage points more students met the expected average (44 %) compared to 38 % for the fall 2019
semester.

Were Expectations
Met?

Class Average >75% and >70% of
Students Performed at or Above
Expected Ayerage.

NO




HEAT, MASS AND MOMENTUM TRANSPORT
FALL 2021

Title of Assignment: EXAM 1
TOPICS COVERED IN EXAM 1
EXAM 1 covered the following topics:
1. Body forces and pressure in a fluid

2. Inviscid, Newtonian and non-Newtonian fluids

3. Flow diagrams or rheograms for Newtonian and non-Newtonian fluids
and their differences

4. Application of Newton’s law of viscosity



CHEG 3013 P02 HEAT, MASS AND MOMENTUM TRANSPORT
FALL 2021

Exam 1: October 11, 2021.

Answer All Questions

1) (10 points)

For a fluid volume element, where gravity is
acting in the -z direction, the body force is
acting in the direction.

y lg ravity

X

Choice

>
O a w >



2) (20 points)

( b A closed tank contains compressed air and
engine oil. A U-tube manometer using
mercury is attached to the tank. The pressure

o at the top of the oil is the

Engine oil pressure at the top of the mercury.

Hg

Choice
greater than A
less than B
equal to C
D

not enough information

3) (20 points)

Inviscid flow implies:

Choice
Bernoulli's equation cannot be used.
Shear stresses are negligible.
The flow can be thought of as frictionless.
A&B
B & C

mg Q w >



Al W N —

4) (10 points)

Which of the following statements is true of viscosity?

(A) Itis the ratio of inertial to viscous force.
(B) It always has a large effect on the value of the friction factor.
(C) It is the ratio of the shear stress to the rate of shear deformation.

(D)  Itisusually low when turbulent forces predominate.

5) (20 points)

Shearing stress

A Which fluid is most viscous?

Rate of shearing strain

Choice

oo w >



6) (20 points)
A fluid flows steadily through

v, v a circular pipe of uniform
0 — - cross-sectional area as shown.
pr=7p

If the outlet density of the fluid
decreases to 1/2 of its inlet
value, what happens to the
average fluid velocity?

Choice

The velocity will not change since mass must be conserved and the flow is
steady-state.

The outlet velocity will be twice the inlet velocity since mass must be conserved
in the system.

The velocity will increase somewhat but we can’t tell how much with the
information given.

The velocity will decrease somewhat because of friction between fluid and the
pipe wall.



CHEMICAL ENGINEERING DEPARTMENT
HEAT, MASS AND MOMENTUM TRANSPORT CHEG 3301
COURSE, ASSICNMENT GRADING AND UUTCOME ASSESSMENT
SHEET FOR FALL 2021 SEMESTER

STUDENT LEARNING OUTCOME D1: Ability to demonstrate mastery of concepts in heat, mass
and momenium transport,
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1. (10 points)

CHEG 3013 P02 Fall 2021 Exam I: October 11, 2021,

lgr&v ity

Answer All Questions

For a fluid volume element, where gravity is
acting in the -z direction, the body force is
acting in the direction,

A



2. (20 points)

A closed tank contains compressed air and

engine oil. A U-tube manometer wsing

mercury is attached to the tank, The pressure
Pytm at the top of the oil is the
Engine il pressure at the top of the mercury.

T ‘—@ )
less than A

[

D

7

‘equal l_c;_'_ = ) i
not enough information

3, (20 pointz).

Inviscid flow implies;

 Chuice

Bemoulli's equatium
Shear stresses are negligible.

The flow can be thought of as frictionless.

A &DB

A
B

' C

I D

S — )




4. (10 points)
Which of the following statements is true of viscosity”

(A [t is the ratio of inertial o viscous force.
(B) 1t always has a large ¢ffeet on the value of the friction factor.
It is the ratio of the shear stress 1o the rate of shear deformation.

(D) Itis usually low when turbulent forees predominate.

5. (20 points)

Which fluid is most viscous?

siress

-

o B

i =

s [
Rate of shearing strain

- | --é- i :

!
2 :
3 C
4 . D



B, (20 poinis)
A fluid flows steadily through

Vi ¥ a circular pipe of uniform
pn — A cross-sectional area as shown.
I m=Yp

If the outlet density of the fluid
decreases to 112 of its inlet
value, what happens to the
average fluid veloeity”

Choice

:F!_mwlcrcllj_r will not change since mass must be conserved and the flow is
sieady-state.

EThz ot let wl.oc,iry_will he twice the inlet v:l:r:ill;- since mass must be conserved
iim the system,

The velocity will increase somewhart but we can’t tell h_urw n_mn:h with the
information given.

mw]ucﬁ} will decrease somewhat because of friction between fluid and the
pipe wall,



ABOVE AVERAGE




Above Average Student Original Graded Assignment



CHEMICAL ENGINEERING DEPARTMENT
HEAT, MASS AND MOMENTUM TRANSPORT CHEG 3301

COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT

SHEET FOR FALL 2021 SEMESTER
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1.

{10 points)

CHEG 3013 P02 Fall 2021 Exam 1: October 11, 2021,

Angwer All Questions

For a fluid volume element, where gravity is
acting in the -z direction, the body foree is

acting in the direction,

oduy, foree

i sumnof od

fonces
lgraulr\r

)
b



2. (20 points)

. 1 A closed tank contains compressed air and
engine oil. A U-tube manometer wsing
A

mercury is attached to the tank. The pressure
Paim al the top of the oil is the
pressure al the top of the mercury.

Hp
PIES UL
Snine.
e el \
V& UL
T Choice -
greaierthan
less than
equalto

not enough information

1. (20 points).

Inviscid flow implies:

Bernoulli's equation cannot be used.
Shear stresses are negligible.

The flow can be thuﬁﬂn-ﬁfﬁs-ﬁiéﬁoniﬂss.
LA & E_ el B or .
Bec
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4. (10 points)

Which of the following statements is true of viscosity?

(A)  [tisthe ratio of incrtial to viscous loree.

@ It always has a large effect on the value of th
(7 Itis the ratio of the shear stress to the rate of shear
It is usually low when turbulent forces predominate.

formation.

(i

5. {20 points)

Which fluid is most viscous?

stress

Shesari

= mord YLsiLs
15 s A
o srendey Slopt

L] ud| k| =



A fluid flows steadily through

v ) a circular pipe of uniform
! Vi .

—_— ; cross-sectional area as shown,
g pr=tapy

If the outlet density of the fluid
i decreases to 1/2 of its inlet
PL""‘*"PI a Pll\]l Pg. value, what happens to the
average fluid velocity?

My A AP
e Z
Choice
The velocity will not change since mass must be conserved and the flow is
stendy-state.

The outlet velocity will be twice the inlet velocily since mass must be conserved
in the system.

The velocity will increase somewhat but we can’t tell how much with the
information given.

The velocity will decrease somewhat because of friction between fluid and the }E:
ipe wall.
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CHEG 3013 P02 Fall 2021 Exam 1: October 11, 2021.
Answer All Questions

1. {10 points)

For a fluid volume element, where gravity is
acting in the -z direction, the body force is
acting inthe ________ direction.

>

% l-gravity

Choice

et
U ofwle




2. (20 points)

A closed tank contains compressed air and
i engine oil. A U-tube manometer using
mercury is attached to the 1ank. The pressure
Far: at the top of the oil is the
Englne oil pressure at the top of the mercury.
Hg
F-
Chuoice
greater than A
less than B
egual to =

not enough information

3. (20 poinis).

[mviscid flow inplies:

Chaoice
Bernoulli's equation cannat be used. A
Shear stresses are negligible. B
The flow can be thought of as frictionless. il
ARB
B&C




Jul L R e

4, (10 points)

Which of the following statements is true of viscosily™ M

J

(A} Itis the ratio of inertial o viscous foree.

i ” : .
(317 1t always has a large effect on the value of the friction factor,
4

Itis the ratio of the shear stress 1o the rate of shear deformation.

Which Muid is most viscous?

7
L)
() s usually low when turbulent forces predominate.
5. (20 poinis)
A
&
& B
& -
Rate of shearing strain
Choice

t:lr::-::l['i-



6. (20 points)

A fluid flows steadily through

v . a circular pipe of uniform
P % . cross-sectional area as shown.
P pretap

If the outlet density of the fluid
decreases 1o 12 of its inlet
value, what happens to the
average fluid velocity?

Choice
The velocity will not change since mass must be conserved and the flow is "
stendy-state,

The outlet velocity will be twice the inlet velocity since mass must be conserved R
im the system. \/

The velocity will increase somewhat but we can't tell how much with the C
information given.

The velocity will decrease somewhat because of friction between fluid and the D
ipe Wl



BELOW AVERAGE



Below Average Student Original Graded Assignment
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CHEG 3013 P02 Fall 2021 Exam 1: October 11, 2021.

Answer All Questions
1. [10 paints)

/ For a fluid volume element, where gravity is M
acting in the -z direction, the body force is rd
acting in the direction. \/,-f

oAl 1
; P / A
iJ_ ¥ l‘g ravity L /
\___,_.—-
Choice
. 4 A
Y B
i G
2 B S
P
. ™
,
/



2. (20 points)

’___‘i A elosed tank contains compressed air and
engine oil, A U-tube manometer using
mercury is attached 1o the tank. The pressure

P at the top of the oil is the
Engine ail pressure at the top of the mercury.
Hg
—r
Chaoice

greater than A

less than h

equal to C/

]

not encugh information

3. {20 points],

Inviscid flow implies:

Choice
Bernoulli's equation cannot be used. A
Shear stresses are negligible. B
The flow can be thought of as frictionless. C
A&B =
B&C E



4.

i 10 points) el

Which of the following stalements is true of viscosity”

{A)  Iuisthe ratio of inertial o viscous force. ~—
(B3) It always has a large effiect on the value al the friction factor,~"
1ation

& It is the ratio of the shear stress 1o the rate of shear

(DY Tis uswally low when wrbulent forces predominate.

=

22

5. (20 points)
Which fluid is most viscous?—
g
£
*
i C
— ,
Rate of shearing strain P
Choice
1 .Y
2
£l C
& D



6. (20 points)

A fluid flows steadily through

v, : a circular pipe of umiform
o — . cross-sectional area as shawn.
p=tip

If the outlet density of the fluid
decreases to 1/2 of its inlet
value, what happens to the
average fluid velocity?

Chaoice
The velocity will not change since mass must be conserved and the flow iz

steady-state. st

The outlet velocity will be twice the inlet velocity since mass must be conserved -~
in the system, (/x

The velocity will increase somewhat but we can’t tell how much with the
information given.

The velocity will decrease somewhat because of friction between fluid and the
pipe wall.



HEAT, MASS AND MOMENTUM TRANSPORT
FALL 2021

Title of Assignment: EXAM 2

TOPICS COVERED IN EXAM 2

1. Fourier’s law of heat conduction and heat loss from a furnace
without and with insulation
2. Calculation of the rate diffusion of ethanol in the vapor phase
above an ethanol-water solution into the atmosphere and the
amount of ethanol lost from the container in a day.



CHEG 3301-P02 Heat, Mass and Momentum Transport (Fall 2021): Exam II
Decemberl, 2021
You will be graded based on your ability to identify, formulate and solve fundamental
engineering problems. Show clearly each step of your calculation. Clarity of presentation would
ensure that you do not lose all the points for a calculation if you should make a mistake.

1. A furnace constructed of 1 cm-thick steel operates at 800 ° C. The outside of the furnace is
maintained at 25 °C and the heat loss per m? of the furnace was calculated. The outside of the
furnace was then insulated with 10 cm of fiberglass and the outside temperature maintained at 25
°C. The heat loss per m* was again calculated.

You may assume that the thermal conductivities of steel and fiberglass are 16 W/m.K and 0.03
W/m.K respectively.

(i) Calculate the heat loss per m? of furnace before the insulation;

(i) Calculate the heat loss per m? of furnace after insulation of the furnace;

(111) Was there an increase or decrease in the heat flux? Explain.

(iv) Calculate the percentage increase or decrease reduction of the heat flux

2. A fan is blowing 32 °F air over a container open to the atmosphere and filled to within 1 in. of
the top with a solution of ethyl alcohol in water. The partial pressure of the ethyl alcohol at the
interface is 0.5 atm and the air flowing across the container does not contain ethyl alcohol.
Assume the mouth of the container is narrow enough to ensure that the 1 in. of the top of the
solution constitutes stagnant gas.

(1) Calculate the rate of diffusion of ethyl alcohol.

(11) If the diameter of the tank is 2 ft., how much ethyl alcohol will be lost in one day

by diffusion if the ethyl alcohol level is maintained constant?

Data and relevant equations:
The diffusivity of ethyl alcohol for this system is 0.4 ft*/h
°F =32+ 1.8*%(°C) and °R = °F + 459.67

P = CRT, where P = total pressure, C = total concentration, and
R =0.7302 ft*.atm/lb-mol. °R

dC, C
Ny=-Dyp TAJFfA(NA +Np)
ly C
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HEAT, MASS AND MOMENTUM TRANSPORT
FALL 2021

Title of Assignment: MIDTERM EXAM
TOPICS COVERED IN MIDTERM EXAM
MIDTERM EXAM covered the following topics:

Pressure due to a column of fluid

Viscosity of fluids, shear rates and apparent viscosities

Pressure drops in pipes and Newtonian flow of fluids in pipes
Momentum balance on a horizontal jet of water

Differential form of the continuity equation an incompressible fluid



CHEG 3301 P02 HEAT, MASS AND MOMENTUM TRANSPORT
FALL 2021

Midterm Exam: October 13, 2021
Answer All Questions

You will be graded based on your ability to identify, formulate and solve engineering
problems. Show clearly each step of your calculation. Clarity of presentation would ensure
that you do not lose all the points for a calculation if you should make a mistake.

1. (10 points)

The density of a fluid is 70 Ib/ft>. The barometric pressure is 14.6 psia, and the local acceleration
due to gravity is 32.15 ft/s. The absolute static pressure at the bottom of a column of fluid of
height 20 ft., open to the atmosphere is closest to:

A. 20 psia
B. 24 psia
C. 28 psia
D. 32 psia



2. (20 points)

A horizontal jet of water (density = 1,000 kg/m3 ) is deflected perpendicularly to the original jet
stream by a plate as shown below. The magnitude of force F (kN) required to hold the plate in
place is most nearly:

(A) 45 L ’/ i
\

(B) 9.0 FLOW ——»

© 40 JET AREA =001 mq ~
(D) 90.0 JET SPEED = 30 mls

“PLATE



3. (5 points)

Fluid A is contained in a tank open to the

=0 psig
Fluids  atmosphere. At the height indicated, what can
E be said about the pressure at point 1 with
| respect to the pressure at point 2?
O RERe Lo
2
Fluid A
-
Choice

P> P A
P> > P; B
P, =P; C
not enough information D

4. (5 points)

The correct statement about fluid viscosity is:

A.

B.

C
D.
E

Viscosity is not a property of the fluid.

Viscous forces are unimportant for air flows.
Viscous forces act normal to a surface.

Viscosity is a measure of a fluid’s resistance to flow.

Viscous forces are much smaller than pressure forces.




5. (10 points)

=
L flnid A L flmid B
} !
_ » _
Fa=2Tp

Choice

ua = uB because the force required to move
the plate is a function of V and L but not
fluid properties

ua and pg are unrelated because the force
required to move the plate is only a function
of fluid density

ua > u but the exact relationship cannot be
determined from the information given

ua = 2uB because the force required to move
the plate is directly proportional to viscosity

.

by

3

Two different Newtonian fluids (A & B)
are placed between identical sets of parallel
plates as shown below. Each pair of plates
is separated by the same distance L.
Both bottom plates are pulled to the right at
a constant velocity V and both top plates
are held stationary. The force required to
pull the bottom plate in contact with fluid
A (Fa) is twice the force required to pull the
bottom plate in contact with fluid B (Fg).
The only motion occurring in each fluid is
caused by the movement of the bottom
plate. Based on this observation and
ignoring edge effects, how are viscosities
of the two fluids (na and pg) related?




6. (10 points)

A Newtonian fluid is flowing in a pipe at a Reynolds number of 1500. The viscosity is lowered to
50 % and the density to 60 % of their original values by heating with the volumetric flow rate and
the pipe dimensions remaining the same.

A. The new Reynolds number is greater than 2100 and the flow is turbulent

B. The new Reynolds number is less than 2100 and the flow is laminar

C. The Reynolds number remains the same and the flow regime is unchanged

D. Not enough information to determine the flow regime



7. (5 points)

The viscosity is highest at which rate

0 C i .
o of shearing strain?
» B
(=2}
=
©
2
0 A
Rate of shearing strain
Choice
A A
B B
C C
Viscosity is independent of rate of D

shearing strain

8. (5 points)

If the continuity equation reduces to
@Vx ov » ov - what is shown below, this implies

+—2L 422 1=0

Choice
the flow is incompressible
the flow is steady-state

the volume dilatation rate (the rate of change
of the volume per unit volume) equals zero

A&B
A&C

mo O W >




9. (30 points)

Using a differential mass balance for fluid flow where v is the velocity vector of motion:

@

(i)

Show that the continuity equation may be written as:

ﬁa_p = —(V. pv), where the quantity V .pv, is the divergence of the mass
t

velocity vector pv.
% _ (V.
Also show that the continuity equation Ot for an incompressible
fluid flow at steady-state may be written as % +v % +v, % +v % +
o0 “ox oy oz
pV.v =0, and that under these conditions it reduces to:

V=0



CHEG 3301 P02 HEAT, MASS AND MOMENTUM TRANSPORT: FALL 2021
Midterm Exam: October 13, 2021

KEY



Let fluid flow through a stationary volume element (differential volume element)
A x Ay Az which is fixed in space

(Poydysay (peedevaz

PRI |
UPPulsr iz

" e N T e

'_‘E.: — — — .‘Qh
3 IR N
1 = R,
et - 1.1 -
{x, ». T} @ G
Lovgde {W}'}J"

Adass halance for a pure fluted Tonwy thraugh o, Fedd wanlnrone

Ax Ay &g in apace

The mass balance over the volume element A Iﬂ-l-'ﬁ = for a fluid of density p kg'm’
is given by:

irate of mass m) - (rate of ¢ put) = rate of mass accumulation or rate of
increase of mass @

In the x-direction. we consider the faces perpendicular to it

. s
The rate of mass entering the face at x with area Ay A zm = is given by:

The mass entering the face is e W kg @
[F".'n. 1.‘!.*--' Ll

The mass leaving the faceat x + Ax iﬁ(p... }1_ ap APAS F.'g @
A i st Ao 5

5
In the v direction rate of mass entering the face a1y witharea A x A m * s given
by
k
(pv,]_.-_'t.rﬂ: & @
- i

ke
The mass leaving the faceat v + Ay 13 (,G'l‘. ] yy BT AT =

X

¥



2
The rate of mass entéring the tace at z with arnca ﬂrﬁyﬂ? is given by;

(uﬂr:jz'ﬁ'x"j'.]'kg_ @

§

2D
The mass leaving the face ai z+4Az i (P L& ] 4 BXAY “'I';"

The rate of mass accumulation within the differential volume element AxAyAz =

; .
AxAvAz _p )
e

Substituting the expressions into the mass balance equation gives:

ﬁ}'ﬁz{pur}f Ve AyAz [pvx) st AxAz (ovl.) 5
Mctelpny) o +axylpr) - axylprn) L =270r0E

Dividing both sides of the equation by A xAyhzwe obtain:

ot i T : [ T .
!_l.ﬂn:i_ﬁ_—l,.ﬂxl' ¥ h__;jﬂj-] .II._IP:'I-H_.__.?._' ) L.{_pw - ) o (pvs} 1] _ap @'\
& % Az ai

The limit as Ax, Ay and Az approach zero may be written as

im [Lﬂ'.} ~{ev) ] e L{M-iﬂj lim “.-ﬂéi_—'l.ﬂ";}':_k‘ a
| i J‘m—m X j@

Ar—{) Ax Ay —{ Ay

and noting that

lim Lﬂ}]f{f-“t’r!“‘z ~lim kﬂ'-*_b v} ] @

[ s Ar—0 Ax

the definition of the partial derivative gives:

~lim kmii i _li‘m"]l;-AI__E{""“"-*;II @

Ax =0 Ar i



Hence,

o 4], bl o
lim h":rr:!.. _:"mux. ._] |i.m b:r'j_- _I'pl.' j '\-J J Ilm E.I':":l {'ﬂ.:':l -k _'::'-l':'-'I
+ = il =
Ax =) Ax Ay =) Ay Az —(0 As i
becomes — 2202 I SEYE. 2P @
gx gy dz &
This is the equation of continuity or conservation of mass of a pure liquid

Now the differential operator nabla or delis given by:
- 8 5

The mass velocity gv is a vector and may be written in the Cartesian coordinate
syslem in terms of its components as

=

pvo=pvi+pv, j+pv.k

The divergence of the mass velocity vector gv, is given:

gt {ai I+ c‘-ﬂ_l.. i+ ;: F]—‘ lov.i+ pr, i+ pv k] which
reduces to
v _i-"'l_.= 2 0%, +ﬁp1, + Ry @
iy £ gz
S,




AL

. TE— 0 0 3l i
(i1) From gontinuity equation a_9= o n . } (o) the product rule
3 ‘L_h_[ﬂ’xj @JL‘:”} &{ﬂz.

Ta,  a; v 8,
may he used 1o rewrite li (o )+ — Lo Jo—low, ]'J as
’ & oy &

& (3"»" E, av. =
pm”+v @+p—'+v}ﬁ—p =+ </

x Cx oy Ty e e

v, £+v — 4y, e o T m'
"o

&tfj&

" oy 5‘:

Hence the continuity equation may be rewritien as:

dp__ [ov Yy v\ ( o, Gp,  Op

—EA Lt S W Yy,
ct & ¥ & & ‘v &

The divergence of the velocity vector v (5 given by

= h 2w aw .
Vo= —I—Eh—n ‘1-'-'4-1.' y+1-k) ‘ﬁ" L W f:"ﬁ'n :
l"-‘“T {-'h .-I [ .E1. Bz
h av o

Sutlstituting‘k".'l' for _|—‘ 4wt 4 =i in the equation
Gx oy 0z

A ! ﬁv y -l
qﬂ:— A +_£ +_E%’E = Ut.EJi]+'l*‘ ?_EE+LEGE g’ﬂd’ﬁlﬂ
a Na o &) P 'y ‘&

, which may be re-written as:



(i) At 51&&-:13'-5[31-.*@& — the continuity equation
ot
do  § de @
%ﬂ +v _-‘_'ﬂ -H'Il' ;_IG -H':_' %ﬂ + F'":" w=l
a & oy T«

reduces to

& = a
T EH' iIJ'+1.'__|—"Ijl-l-l,-:,u"T-_;rl

If:"ﬂ IE":_H' 8

For an incompressible fluid 0 is constant, and@
dp '

- ety ﬂ~EP =0 am:|£='|]

i x ay oz @
The continuity equation then reduces to:

v_tx{]'+v_1,x{]+v:x{}+p(‘?;)=0

Since the density p constant,

(V.5 )=0
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Heat, Mass and Momentum Transport (Fall 2021): Midterm Exam
Dctober 13, 2021

You will be graded based on your ability te apply knowledge of (1) mathematies, science
{chemistry and physics) and engineering (2) intermediate matheneatics invalving
differential and integral ealewlus, partial differentinls and vector algebra, Show clearly
each step of your caleulation. Clarity of presentation would ensure that you do mot lose all
the palnts for a calculation if you should make o mistake,

1. {10 podints) HL ~R: IE‘[('-_"r _-'Fi'-j'j

The density of a fluld & 70 [b/ft. The barometric pressure is 14.6 psia, and the local accelemtion
dhue 1o gravity ks 3213 fi's”. The absolute static pressure at the battom: of a colamn of fluid of
breight 20 ft., open flilf]'l.# atmosphere is closest to:

ﬁ-lﬂFﬂ:ﬂ-l/ P - ?:E_Ijl-'-..-!-Pe
@4wa 1o 1t Ib 1,.1 i_'{"H' of 4 |{|| I [__n-.'f'

i P= 78 e i

I ke
: (7= 400 — +2ol6 =

p= 34l

e b 1L (£ | o

(=27 2 (izm)e eV
= 24 psiq

- (0+20 0 17— (o

a—

A5 HOEL 45— 257



2, (20 points} S f,' Hy W

fas Fay

A harizonal jei of waier (density = 1.000 kaim") is deflected i ' + pripin] |

| 1000 kg perpendicularly 1o the orginal jet
ez by & plate a5 shown below, The mapnitude of foree F (kM) required te hold the pla in
phace i most pearly:

(Al 43 I
q;lp 0 ) AOW—a ]I.h}__ — R
iy 450 @JI T AREA = 0 m* @
i 900 I;{ JET SPLED = b mis "PLATE
Ehe= b 1heobisal, =0l
5.-.}1; - fﬁh’ Eu's. = f”?ﬂi' M y Wf'
\JIS'IE-} n i -'-Mf_"lrt.
Feg 20 (=S
o el 2, =i{ ivees olu) (295

Nx = qooe N

o



3. |5 paints)

Flusd A is comtzined in a tank open to the
Fluigs  atmosphere. Af the height indicated . what ¢an

be said about the pressune 2 point | with

respect to the pressure at poio 27

P=0 psig

R S R
Fluid &

P> Ps -
P>k
Fi=P

4, (3 poins)
The correct statement about fuid viscosity is:

& Viscoslty is nod a propenty of the Hudd. -
—"  Viscous forces are unimportant for air flows.
= Wiseous forces act normsal 1o & surface,
'é:) Wiscosity is a measure of o fluid”s resis flow:.
=" Viscous forces ane much smaller than pressure forces,



5. (10 poinis)

I =id ) L
i b
e—— - b

Fi 1l
[-_g o E.. FEr
Vaz Ve
Ava =098
gV
Faz#a 3

-] dv
g= Mgt
9

Two different Newtonian fuids (A & B)
are placed between idemtical sets of paralkel
plates as shown below. Each pair of plates
i scpamated by the same distance L
Both botiom plaies are pulled to the rght at
a comatant velocity V and bath top plates
are held stationary. The force required to
pisll the botiem plate in contact with fluid
A [F 1) I8 twice the fores required 1o pull the
bottom plae in cootact with fluid B (Fa).
The only mation ocousring in each fuid is
coused by the moverment of the botiom
plate. Based on this observation and
ignaring edge effects, bow are viscosities
af the two fluids [, and pe) nelaed?

Chuice

= paps because the force required 1o move
1h|:|:l.l1uunf|.u1:l.1mud"f'a.|1n|lL|:lu.l:rlﬂl

fluid
s and g  are unrelated because the force

required to move the plate is only a functean |

of fluid density

Fa = s hut the exoct r:lutn:ln.:'l'l.rp- cannal be

r.‘]:i:nnu'rn:l from the infarmation given

= Jyp becaumse the foree requined to move |
fihe plate is directly propartiomal 10 viscogly

Fa

—

Fe
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= ™M
A Newtonian fluid is flowing in a pipe at a Reynalds number of 1300. The viscosity is lowered
t 50 % and the density to 60 %4 of their original values by heating with the volumetre low rate
arel the pipe dimensions remaining the same

)
Reymokls number is greater than 2100 and the flow is turbulent -ﬂ J

\@Tﬁc new Reynolds number is less than 2100 and the flow is lasnmar

The Reynolds number remains the same and the flow regime is unchanged

. MNatenough mfiarmation 1o determine the Now rE'gin'lE

O-V-FP =, S (9
Nes = =~ dys.stn (]
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7. [5 points]

The viscosity is highest at which mie
of shearing stram?

Shearing Siress
-

Rate of shearing strain

T G -
A

T .f__.-- N
R T SR @\/ o
B B
C C
4 |

Wiscosity Is independent of rate of
B strain

A las I.mjhuﬂ' clo
—— 4.'“' h
[ L ) f{{ dr‘j .E"{'ﬂﬂ'-'l'"
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Sere i .m""”"““hj



& {5 points|

If the continuity equation reduces
v, .;'jvy A to whl is shown below, this

=) ingles
& & &

VeV =0

i conefart
Shady ghate
| ~ Choice B

o "‘..1

he o i incompressible A
flow is steady-state »/ | B
the volume dilation rate (the rate of change |
of the volume per unit volame) equals zero |

C
YT I R A YA
I B

Akl




8. { M poinig)
Using a differential mass balance for fuid flow where v is the velscity vector of motion:
(i)  Shoew that the continuity equation may be written as:

E—; = —{V.ov], where the quantity ¥V .py, is the divergence of the mass

velocity vector pr.
2 {7
(i) Ao show that the contimuity equation far an

incompressible Muid Mow al steady-state miay be written as
%ﬂﬂ'. IE|":r+--- a—"-"+ v, E-r,;.n‘i’.-ur--ltl,nd that under these eonditions it

& 'y &
reduoces toz
Vo= T_F"I-'Uhl
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o 3
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Average Student Original Graded Assignment



CHEMICAL ENGINEERING DEPARTMENT
HEAT, MASS AND MOMENTUM TRANSPORT CHEG 3301
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT

SHEET FOR FALL 2021 SEMESTER

STUDENT LEARNING OUTCOME Dir Ability to apply the knewledge of mathematics, science,

amil engineering.
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Stodent Cmtcome 1; Ahiliny te apply the knowledge of  imtermesinbe
mallienities
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Heat, Mass and Momentum Transport (Fall 2021): Midterm Exam
(hetnher 13, 2021

Vou will be graded based on your ahility to apply knowledge of (1) mathematics, scienece
{ehemistry and physics) and engineering (2] intermediate mathen atics involving
differentinl and integral calculus, parikal differentials and vector algebra, Show clearly
each step of your coleulation, Clarity of presentation would ensure that you do not lose all
thee: pints for & calculation il you shoulkl make 3 mistake.

L. (10 pixine)

The densiiy of a Muid is 70 IR, The barometeie pressure is 14,6 pia, and the local x:::_l:rminn
due to gravity is 32.15 fi/s”. The ahsolwe static pressure a1 the bottom of a column of flud of
height 20 fi., open to the aimesphere is clossst 1o

A, 20 peia
B. 24 pala
C. 28 psia

D}' . i T,_,. =] .-:'.I ":-H-
M '.ﬁ'.-[ﬂ'i;'-' ]\ ‘El‘ﬁ .-'ﬁ i L

'.Jdll-.:ff'_\_l.-"-ll'fi 'i":"%ﬁﬁ

2+ 20 HOHb= ¥
2= 5T 0454 =-2C




1. (20 paints)

A horizontal jei of water (density = 1,000 hg-'m]]- 16 deflected perpendicularly 1o 1he original jel
streams by @ plate a5 shown below, The magmtude of foree F (kM) required 1o bold the plate in
place is most nearly:

’ ]
@ H Z’D FLOW—s 2 "n,—_.-f F

[C) 430 JET AREA, - 001 o _‘\l o
(I 90n JET SPEED = X m's *PLATE

""'{.ﬂ‘- 'l.-;;:.‘}" wa.fél_ﬂlt,— Mg Ny - iy W,
|l'|:.

T I
:. | OGO ""'.”r': g I!! ..'I.',- Dm0 D o J
——

IS Wi * « Blally, = 300



3. |5 pints|

iy Fluid A is eoenialned in 2 tank open 1o the

% FAude  atmosphere, Al the height indicated, what can
j b snicd abxoin the pressare ai poing 1 with

' respec o thi pressure at poi 27

1

2 A
vy — e -
Pi=P [
i@ié@h_@ﬁfmm:inn_ = = o)

4. {5 painis)
The correct statement about flald viscosity is:

Ao Wisensiny 1e ned o property of the fluid,

B, Wiscous farces are unimporian: for adr flows.
Wiseous forees act normal so a surface.
ﬂ Viscosity 1 2 measure of n fluid's resistance ;

E.  Viscous forces are much smaller thas pressire Farces.



ﬁ
E Bmd i & ] il
+—. SR
Fav 26
i AT

'}]-;:ua because the farce required to mave

equired 1o mave the plate is anly a function |
B eten !
14 = pp but the exact relationship cannot be |
idetermined fram the information given

J24 = 2w becmuse the force requared 1o move |

Twao diffesest Newtonian fAuids (A & B)
are placed between identical sets of parallel
plates ns shown below. Each pair of plates
is separsied by the same distance L.
Both bottom plates are pulled to the right at
a constant velocity V' oand both wp plates
are held ststlonary. The ferce required 1o
pull the battem plate in contact with flaid
A {Fa) is twiee the force required 1o pull the
batom plate in contact with Auwid B (Fe)
The only metion ccourring in each fiuid is
caused by 1he moverment of the hottom
plae, Based on this chservation and
igroring edge effects, how are viscosities
af the v Musds (s ard po) related?




£ Qg
L g
| Ly

G {10 poings)h

A Mewtanian fluid is Mowing in a pipe 51 a Revnolds pumber of 1500, The viscosity is lowered
10 30 %% and the density 1o 60 %% of their orginal values by heniing with the volumetsic flow mbe
and the pipe dimensions remaining the same,

-~

The new Reynolds mumber is preater than 2100 and the fow |5 turbulent

3.

C. The Reynolds number remains the same and ihe flow regime i3 unchanged

new Beymoklds nomber is less than 2 000 and 1he Aow is laminar

0. Mol emough information to detesmine the flow repime

19

) il
| R - T
[sOS = OuLb A4V



¥:45 poins)

T The viscosity is highest at which rate
of shearing strain?

Shearing Stnesg

Rare gf shesring strain

HEs

Wiseosity is independent of rate of |
mhearing strain



If the continuity equation reduces
dv. OV, @y to what is shown below, this
Fo B Pls len e .
o & e
- =z G e = =
the flow is incompressible 3 A
th flow is steady-siaie _ B
the volume dilatation rate (the rate of change o /
of the mlmm_p:mitvﬂlth'nt}qqm]amu

A&R | (_tiszl. i
A&C a I




%, (30 painte)
Using a differential mass balance for Muid Dow where v is the velscily vectar of motion:
i Shew that the eonfinuily equation may be writton as;

%':i - —{?..ﬂr}l. where the guantity V., pr, is the divergence of the mass
weloedty vector pr.

(i) Abso show that the continuily equation " Pl fur an
incompressitile Muid flow at steady-state may be writien us

%w Eat—P+r_.ﬂ@+1 £+ﬂ v =1, and that under these conditlons i
reduces to:
Er) Vo=

4
\ i A can e warniben
L
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Below Average Student Original Graded Assignment



CHEMICAL ENGINEERING DEPARTMENT
HEAT, MASS AND MOMENTUM TRANSPORT CHEG 3301
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT
SHEET FOR FALL 2021 SEMESTER

M
STUDENT LEARNING OUTCOME DI: Ability to apply the knswledge of mnthematies, selence,
amil engincering,.
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Title of Assignment: __ Pidverm Exam o Dhae Drabe:

Deseription of Performance Criteria Being Assessed Max for this Yaour
Assignment | Score

Student Outeome 1@ Ability to apply the knowledge of  imtermediate
madbrmalics

i
Thir assignmen! fests sfoents® kmewledge and applicarion af (1) plosics amd | y 5 JII
prpincering (2rveciar algebra and  difremial colowlus, and 7)) appropselare
coungrvaion Lnes Jran s Feiet i mea frode me. .
DL Ahbility 1o demosstrale nastery of concepts In memenium iransporl.
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Heat, Mass and Momentum Transport (Fall 2021): Midterm Exam
Dgegher 11,7871

Y ou will be graded based om vour ability to apply knowledge of (/) mathematics, scinee
(chemistey and physiesh and engineering (2} infermediafe mathematics invelving
dillerintinl and intsgrn oeleatns paeiiol Aifersntiale and vector abpebra. Show clearly
each step of your eabeulation. Clarity of presemtation would ensure that you do not lose all
the points for & calculation If vou sheuld make a mistake,

bo (12 paiivic]

The density of a fluid is 70 I/, The harometric pressure is 14,6 psin, and the local acceleration
due 1o gravity is 32.1% f/'s®. The ahsolute static pressune at the botiom «of a calumn af fluid of
height 20 fL, open to the stimosphere is closest 1o

A 20 psi ,r’ .!'If'_)
B)2dpsia ¥ L
. 2% psin
D. 32 pia

[~ fﬂ}#n‘?'—‘iﬁrﬂ—‘—f:z}f{
2 -5 D
S [0+ =5



2. {20 painks)

A horizonal jen of water (density 1000 ki 15 deflected perpendicularly 1o the orginal J&t
aream by o plate as shown below. The magnitmle of foree ¥ (k1 reguired o Buold the plate
place 15 mwest nearly:

A 48 LN | I
0 4 FETARES -wilor \
i i IET SPELLY - 3imds ! FLATE
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gl Ll TR



3. |5 paoinks)

P=d psl
% Fluld 8

P> Fa
Paz=Fy
Pz —m P'|
et enpugh inbormatsen

4. (5 poim=)

Fluid A is contained in n tank apen to the

atrvics phere, AL the keaght indicated, what can

ke said abaut the pressure & paint 1 with
respect to the pressure at poimt 27 /i

The commect scatement about flaid viscoesiny is g '

A, Wiseonsiiy v no s property of che Ouid.

B. Wi

forces are unimporiar for air flows,
12000 forces &0 mormal 1o & surfsce.

Wiscosity is o measure of a Muid's resistance o fow.,

E. “Wiscous forces are much smaller than pressure forces.



L %Y ) L tail

Chales
ua = jig because the force required to move
1he plase |5 # fusstion of ¥ and L bt not
Auid propesties
s, ind e Are unrelaied hecawse the force
reduiced 10 move the plate is enly a function
of flnd density
pa > ug bul the exact relationship cannot b
determined from the informaleon given
ia = 2pip becavae the force required 1o move
the plate is davecaly proporional w viscesity

Twn different Mewtarmian fluids (A & B)
are placed berween identical sets of pasallel
plates as shown below. Each pair of plates
{5 separmied by the same dissance L.
Both battom plates are pulled to the right
a comsiant velocity V and both top plases
are held sationary. The force required 1o
pull the bottom plate in contact with Ouid
A {F ) 15 twiee the fore requined ip pull the
botiom plate in contacl with fluid B (Fa)
The only motkn oceurTing in each Nud i3
causad by the movement of the boitom
platz. Based on this observation and
igraring adge affects, bow are viscosities
of the two fluids (s and pa) related?



fi, (10 pairis)

A Mewionian fluid is flowing in a pipe at a Reynolds number of 1300, The viscosity is Jowered
16 50 % and the density o 60 % of their ariginal values by heating with the volumetric flow rate
and the pipe dimensions remaining the same.

A. The new Reynolds number i3 greater than 2100 and the florw is furbulem
kﬁ'fh new Reynolds number is less than 2100 and the fow is laminar

. The Revnolds number remains the same and the flow regime is unchanged

0. Mo enough informaton 1o determiee e low regime

_F—_\_\‘
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1. |5 poinls)

The viscosity is highest at which rate

5 " of shearing strain?
G :
B
]
e P

Rate of ghearing strain

Choice

&
3]
C

Viscosity is independent of rate of
shearing strain




3 ___[:I

Chaoice
the flow is incompressible
the flow is steady-sinte
the volume dilstation rate {fhe rate of change

of the valume per unal volumse ) equeals zem
A&kB

A&C

If the continuity equation. reduces
1o what is shown below, this
innplies




§. [30 poniz)
Using u differential mass balance for Muid Aow where v is the velocity vector of mation:

(i}  Show thai the contlnuity equation may be writlen as:

% = (¥, 7}, where the quantity ¥ .pv, is the divergence of the mazs

velocily vechar g,

s P - (v.m)
(i) Abse shaw that the continuity equation & for an
ingpmpressible Muid Mow at steady-state may e written ns

fe v A 30 E-} v, 1E|£+'.-_|1."'.--=l'-llI andl that under these conditions it
or dx &y o

riduges tn:

V.=l

D A,

i D e KL
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HEAT, MASS AND MOMENTUM TRANSPORT
FALL 2021

Title of Assignment: FINAL EXAM
TOPICS COVERED IN FINAL EXAM
FINAL EXAM covered the following topics:

. Fourier’s law of heat conduction and heat transfer through multi-layers
of cylinders with an insulated pipe
. Fluid behavior in turbulent and laminar flow and pressure drops during
flow in pipes
. Fourier’s law of heat conduction and heat transfer through insulated
pipes

Fick’s law of molecular diffusion through stagnant air in a vent and
calculation of loss of material due to evaporation



Heat, Mass and Momentum Transport: Final Exam (Fall 2021)

December 1, 2021

Answer all questions. You will be graded based on your ability to formulate, and solve engineering
problems. Show clearly each step of your calculation. Clarity of presentation would ensure that you do not
lose all the points for a calculation if you should make a mistake.

1. (a) Water is flowing at 50 °F through a long horizontal smooth 3-in Schedule 40 steel pipe at a
velocity of 8 fts”!. Calculate the pressure drop in Ib¢/in® per 50 ft of pipe. Assume the fluid density p =
62.42 Ibnft>, and the viscosity p = 8.80 x 10~ Ibn,ft!s.

2. A steel pipe carrying steam has an outside diameter of 89 mm. It is lagged with 76 mm of
insulation having an average k = 0.043 W/m.K. Two thermocouples, one located at the
interface between the pipe wall and the insulation and the other at the surface of the
insulation, give temperatures of 115°C and 32°C, respectively. Calculate the heat loss in W
per meter of pipe.

3. A condenser for the overhead methanol vapor from a distillation column has a small cooler
with a vent. The temperature in the cooler and the vent is 21 °C and the partial pressure of
methanol in the cooler is 100 mm Hg. The inner diameter of the vent is 38 mm and the length
of the vent is 0.4 m. Atmospheric pressure is 105 Pa. The diffusivity of methanol in air Das is
given by the relationship PDag = 1.526 Pa.m?/s for the air-methanol system at 294 K where P
the total pressure is 10° Pa, and Das is the diffusivity. The total pressure P = CRT where C
is the total concentration, the partial pressure of A is PA=CART where Ca is the concentration
of A, R is the gas constant (8.314 J/mol.K) and T the temperature.

For a two-component methanol-air (A-B) system, the molar flux of A is given by:

dC, C
Ng=-Dyp = A+~4A(N4+Np)
dy C

Calculate the loss of methanol due to molecular diffusion in a day through the vent at steady-
state, assuming stagnant air and the partial pressure of methanol at the outlet of the vent to
be zero. The molar mass of methanol may be taken as 32.04 g/mol.
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HEAT, MASS AND MOMENTUM TRANSPORT
FALL 2021

Title of Assignment: HOMEWORK 1

TOPICS COVERED IN HOMEWORK 1

. Introduction to chemical engineering analysis, essential in the study of transport
phenomena, using mass balances to mathematically model a simple non-reacting system
Solving the resulting differential equations obtained to determine the dynamic behavior of
the system



HEAT, MASS AND MOMENTUM TRANSPORT
FALL 2021

SAMPLE QUESTIONS, SOLUTION,
AND GRADING SCHEME FOR HOMEWORK 1

Heat, Mass and Momentum Transport (Fall 2021): Home Work 1

August 30, 2021
Due: September 6, 2021

Answer all questions. You will be graded based on (1) your ability to apply knowledge of
intermediate mathematics involving differential and integral calculus, and (2) your ability to
apply your knowledge of Material and Energy Balances. Clarity of presentation would
ensure that you do not lose all the points for a calculation if you should make a mistake.

Water is being pumped at a rate of 10 ft3/min into a 10-ft-diameter tank initially empty.
Water leaves the tank at a rate that is dependent on the height of liquid in the tank
described by the following relationship:

Qout = 2h where,
Qout is in ft3/min and h is the height of liquid in feet in the tank.

A. Using the above information:
(1) Draw a simple sketch of the system (10 points)
(2) Write down the conservation rate equations and all equation applicable to the
system (10 points)

B. From the final forms of the applicable rate equations obtained in A(2) above set up
the appropriate differential equations and:

(1) Find the height of liquid in the tank as a function of time
(40 points)

(2) At what height of liquid in the tank does the water level stabilize or become
constant? (40 points)
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CHEMICAL ENGINEERING DEFARTMENT
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CHEMICAL EXGINEERING DEFARTMENT
HEAT, MASS AND MOMENTUM TRANSPFORT CHEL 3300
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HEAT, MASS AND MOMENTUM TRANSPORT
FALL 2021

Title of Assignment: HOMEWORK 2

TOPIC COVERED IN HOMEWORK 2

Application of the mechanical energy balance equation to calculate the lost work in a
pipeline



HEAT, MASS AND MOMENTUM TRANSPORT
FALL 2021

SAMPLE QUESTIONS, SOLUTION,
AND GRADING SCHEME FOR HOMEWORK 2

Heat, Mass and Momentum Transport (Fall 2021): Homework 2 -Taskstream Assignment

Due: November 21, 2021

Answer all questions. You will be graded based on (1) your ability to apply knowledge of
intermediate mathematics involving differential and integral calculus, (2) your ability to
formulate and solve engineering problems, and (3) your ability to apply appropriate
conservation laws, chemical and physical principles to solve transport phenomena
problems. Clarity of presentation would ensure that you do not lose all the points for a
calculation if you should make a mistake.

Water is flowing through a fouled 500 ft length of 3-in schedule 40 pipe at a rate of 230
gal/min. The pipe expands to a 4-in schedule 40 pipe. The 500 ft pipe length is the distance
between point A and point B on the pipe where point A is on the 3-in schedule 40 pipe and
point B is a couple of feet downstream the start of the 4-in schedule 40 pipe. Point B on the
pipe is at an elevation 100 ft above point A. The gage pressures at points A and B are 120
psig and 15 psig respectively.

A. Using the above information:
(1) Draw a simple sketch of the system
(2) Write down the conservation equation applicable to the system
(3) List and justify any simplifying assumptions
(4) Using the simplifying assumptions write down the final form of the applicable
conservation equation

B. From the final form of the applicable conservation equation obtained in A(4) above
calculate:
the lost work in the 500 ft pipeline.



Heat, Mass and Momentum Transport: Homework 2 Taskstream- Solution and Grading
Scheme
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CHEMICAL ENGINEERING DEPARTMENT

HEAT, MASS AND MOMENTUM TRANSPORT CHEG 3300

COURSE ASSIGNMENT GRADING AND OUTCOME ASS ESSMENT SHEET

FOR FALL 1011 SEMESTER
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CHEMIC AL EXNGINEERING DEPARTMENT
HEAT, MASS AND MOMENTUM TRANSPORT CHEG 3 .
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSVIENT SHEET
FOR FALL 2621 SEMESTER
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