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Course Description in ABET Format  
 

CHEMICAL ENGINEERING DEPARTMENT 
CHEG 3301 HEAT, MASS AND MOMENTUM TRANSPORT 

 
1. Course number and name: CHEG 3301: Heat, Mass and Momentum Transport 
2. Credits and contact hours: 3 credit hours; 3 contact hours 

 
3. Instructor’s or course  

coordinator’s name: 
 
Dr. Michael Gyamerah 
 

4. Text book: Title: “Transport Processes and Separation Process Principles” 

                   Author: Christie J. Geankoplis, Allen A. Hersel and Daniel H. Lepek 
                   Publisher, Year & Edition: Prentice Hall-Pearson Education Inc., Boston, 2018, 5th Edition 
  a. Other Supplemental material 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. 

5. Specific course information  
 a. Brief description of the content of 

the course (catalog description) 
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. 

 b. Prerequisites  CHEG 2333 Material and Energy Balances 
MATH 2320 Differential Equations 

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

 

Required 

6. Specific goals for the course Students will be able to : 
 a. specific outcomes of instruction  

 
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. 

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. 

7 Brief list of topics to be covered 
 

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

2. Control volume, integral approach to fluid flow analysis, 
continuity equation, equations of motion (6 hours) 

3. 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) 

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

5. Dimensional analysis and similarity (3 hours) 
6. Fourier’s law of heat conduction, control volume energy 

balance (3 hours) 
7. Conduction through composite walls and cylindrical tubes, 

and heat transfer coefficients (6 hours) 
8. 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) 

9. 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 
Outcomes   

D1 
 

Semester Semester Class Average 
(%) 

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 
• Total number of students in class 
• The class average performance (stated as %) in each course outcome assessed 

in this class and the two previous times course was assessed.  
• The acceptable class average for the class in each outcome area as set by your 

Department.  
• Percentage of students who scored below the expected average in each 

outcome. 
 

2.  Implementation Summary 
• Brief summary of plans implemented during the semester based on last 

assessment report 
 

3.  Perceived Problems 
• 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 
• 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 
• Instructors summary of overall performance trend for each outcome 

measured over the last three periods. 
 

5.  Were Expectations Met? 
• 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. 



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 
Report Prepared by: Dr. Michael Gyamerah  Report Date:  December 17, 2021  

 
 

Semester 

 
 

Analysis 
Type 

 
Number of 
Students 

 
CHEG Student Learning Outcome D1: Ability to identify, formulate and  solve fundamental engineering 
problems      

 
Expected Class 

Average 
 
 
 
 

 
Expected Percent of students 

at or above average 
 

 
 

Class Average 

 
% Students meeting Expected 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 
Summary 

Items implemented from 
previous report or after 

meeting previous instructor 

A diagnostic homework assignment covering DE and MEB (the pre-requisites) was given. Students were provided with 
handouts detailing an effective approach to problem solving.  

 
Perceived 
Problems 

Perceived problems are directly 
related to the PC and the sub 

items under them 

Students showed difficulty in conceptualizing problems in transport phenomena, identify physical laws, and implement 
effective problem solving strategies. Students found questions from the AIChE concept inventory very challenging.   

Plans for Addressing 
Problems 

Plans for address specific 
measures to address PC and 

their sub areas 

The instructor should: 
1. Ascertain the remedies required during the teaching of the course with a diagnostic test 
2.Provide tutoring assistance to students 
3. Continue with the use of concept tests from the AIChE concept inventory. 
 

Overall Trend 
over Periods 

Ascertain if there were 
improvements over previous 

semesters 
The overall average students' performance in the outcome was 4 % points below the expected class average and only 44 
% 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 Average.  
 
 

 
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. 

 
 

 

 

 
Choice  

X A 
-X B 
Z C 
-Z D 

 

 

 

 

 

 

 

 

 

 

 



2) (20 points) 
 

 

 

A closed tank contains compressed air and 
engine oil. A U-tube manometer using 
mercury is attached to the tank. The pressure 
at the top of the oil is ____________ the 
pressure at the top of the mercury.  

 
 

 

   
 

 

Choice  

greater than A 
less than B 
equal to C 
not enough information D 

 

 

 

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 D 
B & C E 

 

 

 

 

 

 

 



4) (10 points) 

 

 

5) (20 points)  
 
 

 

 

Which fluid is most viscous? 

 
 

 

 

Choice   
1 A 
2  B 
3  C 
4  D 

 

 

 

 

 

 

 

 

 

 



6) (20 points) 
 

 

 

A fluid flows steadily through 
a circular pipe of uniform 
cross-sectional area as shown. 
 
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. A 

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

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

The velocity will decrease somewhat because of friction between fluid and the 
pipe wall. D 
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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 
December1, 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 o C. The outside of the furnace is 
maintained at 25 oC and the heat loss per m2 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 
oC. The heat loss per m2 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 m2 of furnace before the insulation; 
 (ii) Calculate the heat loss per m2 of furnace after insulation of the furnace; 
 (iii) 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 oF 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.  

(i) Calculate the rate of diffusion of ethyl alcohol.  
(ii) 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 ft2/h 
 
 oF = 32 + 1.8*(oC) and oR = oF + 459.67 
 
P = CRT, where P = total pressure, C = total concentration, and 
R =0.7302 ft3.atm/lb-mol. oR  
 

( )BA
AA

ABA NN
C

C
dy

dCDN ++−=
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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: 
.  

1. Pressure due to a column of fluid 
2. Viscosity of fluids, shear rates and apparent viscosities 
3. Pressure drops in pipes and Newtonian flow of fluids in pipes 
4. Momentum balance on a horizontal jet of water 
5. 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 lb/ft3. The barometric pressure is 14.6 psia, and the local acceleration 
due to gravity is 32.15 ft/s2. 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) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. (5 points) 
 

 

 

Fluid A is contained in a tank open to the 
atmosphere. At the height indicated, what can 
be said about the pressure at point 1 with 
respect to the pressure at point 2? 

 
 

 

 

 
 

Choice  
P1 > P2 A 
P2 > P1 B 
P2 = P1 C 
not enough information D 

 

 
 
 
 
4. (5 points) 

The correct statement about fluid viscosity is: 

A. Viscosity is not a property of the fluid. 

B. Viscous forces are unimportant for air flows. 

C. Viscous forces act normal to a surface. 

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

E. Viscous forces are much smaller than pressure forces. 

 

 

 

 

 

 

 

 



 

5. (10 points) 
 

  

 

 

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 (FB). 
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 (μA and μB) related? 

 
 

 

 

   
 

Choice  

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

A 

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

B 

μA > μB but the exact relationship cannot be 
determined from the information given C 

μA = 2μB because the force required to move 
the plate is directly proportional to viscosity D 

 

 

 

 

 

 

 

 

 

 



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 
of shearing strain? 

 
 

 

 

 
 
 

Choice  
A A 
B B 
C C 
Viscosity is independent of rate of 
shearing strain D 

 

 

8. (5 points) 

  

 

If the continuity equation reduces to 
what is shown below, this implies 
_________________. 

 
 

 

 

   
 

 
  

Choice  
the flow is incompressible A 
the flow is steady-state B 
the volume dilatation rate (the rate of change 
of the volume per unit volume) equals zero C 

A & B D 
A & C E 

 

 

 

 



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: 

 

( )v
t

ρρ .∇−=
∂
∂ , where the quantity∇ .ρv, is the divergence of the mass 

velocity vector ρv.   

(ii) Also show that the continuity equation 
( )v

t
ρρ .∇−=

∂
∂

for an  incompressible 

fluid flow at steady-state may be written as 
z

v
y

v
x

v
t zyx ∂

∂
+

∂
∂

+
∂
∂

+
∂
∂ ρρρρ +

∇ρ .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 
 

 
 

1. B 
 

2. B 
 

3. D 
 

4. D 
 

5. D 
 

6. B 
 

7. A 
 

8. D 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
9. 
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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: 
  

1. Fourier’s law of heat conduction and heat transfer through multi-layers 
of cylinders with an insulated pipe 

2. Fluid behavior in turbulent and laminar flow and pressure drops during 
flow in pipes 

3. Fourier’s law of heat conduction and heat transfer through insulated 
pipes 

4.  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 oF through a long horizontal smooth 3-in Schedule 40 steel pipe at a 
velocity of 8 fts-1. Calculate the pressure drop in lbf/in2 per 50 ft of pipe. Assume the fluid density ρ = 
62.42 lbmft-3, and the viscosity µ = 8.80 x 10-4 lbmft-1s-1. 
 
 
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 115oC and 32oC, 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 oC 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 DAB is 
given by the relationship PDAB = 1.526 Pa.m2/s for the air-methanol system at 294 K where P 
the total pressure is 105 Pa, and DAB 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:

( )BA
AA

ABA NN
C

C
dy

dCDN ++−=
 

 
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 
 

1. Introduction to chemical engineering analysis, essential in the study of transport 
phenomena, using mass balances to mathematically model a simple non-reacting system 

2. 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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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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