
FINAL EXAMINATION, PART I - Dec. 14th, 2020 

Chemical Engineering 140 

50 Points (3 multi-part problems)* 

Fall 2020 

 

INSTRUCTIONS 

You have 105 minutes to complete this exam and submit your answers to Gradescope once downloaded from 

bCourses (90 minute exam time, 15 minute upload time).  If you have trouble uploading to Gradescope, send a 

pdf file of your solutions to Prof. McCloskey (bmcclosk@berkeley.edu).  Please keep track of your time. 

 

Time Penalty: 3 pts. per minute late (e.g., turning in your exam 110 minutes after completing the bCourse quiz 

will result in a 15 point deduction). 

 

Open notes and book.  Equation solvers (Matlab, Wolfram, Excel, etc.) are allowed. 

 

If you use Matlab or other software to solve a problem, clearly identify the equation, boundary conditions, or 

other parameters you input into the software and indicate that you used the software to calculate a final 

answer.  No need to submit code with your response. 

 

No internet searches allowed. 

 

Completion on a tablet or on paper is allowable.  Please upload your solution in proper order (solution to 

problem 1 first, problem 2 second, etc.). And on Gradescope, indicate ALL pages that contain ANY part of a 

solution for each problem. 

 

Show all of your work, walk us through your thought process, keep it legible. BOX ALL ANSWERS if numerical 

solution or equation is requested.  

 

Read each problem statement carefully, particularly the long ones. 

 

*Extra 5% (5 pts) will be added for those who filled out the course survey and submitted the course survey 

quiz. 

 

 

Ideal gas constant: 

R= 8.314 J mol-1 K-1; 8.205x10-5 m3 atm mol-1 K-1; 8.314 x 10-2 L bar mol-1 K-1 

 

Steam tables are located at the end of the exam 
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1. Ice-to-Steam [15 points] 
 

I want to generate steam from ice, and I have designed the process in the diagram below to do so.  The 
following properties for ice will be useful: 
 

 2.11 kJ kg-1 K-1 (treat as constant with temperature)Ĉp, ice =  

 kJ/kg (heat of melting of ice at its melting point, 0 oC)H 33.9∆ m = 3  

 
For liquid water and steam, please use the steam tables to evaluate relevant properties (steam tables are 
located on the last few pages of this part of the exam, or Table B.5-7 in your textbook).  

 
Assume that all piping and the mixers are well-insulated, such that heat is only transferred to/from the system 
through the boiler.  Using appropriate mass and energy balances (please clearly state them throughout the 
problem!), calculate: 
 

a. [10 pts] Q, the heat added to the boiler, in kJ/s. 
b. [5 pts] Stream 2 (the boiler inlet stream) flow rate in kg/s. 
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2. A leak in a single component tank [18 points] 
 
Ideal gas constant: R = 8.205 x 10-5 m3 atm K-1 mol-1 

1 atm = 760 mm Hg 
 
3000 mols (MW=30 g/mol) of pure species A is being stored in a 10 m3 tank, initially at 25 oC.  Species A is 
condensable and exists in the tank as both a liquid and gas.  At all temperatures relevant to this problem, 
species A vapor pressure at vapor-liquid equilibrium is described by Antoine’s equation with the following 
form: 
 

) 0.5  log(P * = 1 − 1000
120+T  

 
Where P* is in mm Hg, and T is in oC. The ideal gas law can be assumed for gas-phase behavior.  The liquid has 
a specific gravity of 1 (1000 kg/m3) and can be safely assumed to not be a function of temperature. 
 
a. [2 pts] What is the pressure of the tank at these conditions? 
b. [4 pts] How many mols of species A exist as gas and liquid at these conditions?  You can safely assume 

that the liquid volume in the tank is negligible compared to the gas volume (i.e., the gas volume is 10 m3). 
 
At t = 0 min, a leak develops near the top of the tank (only gas leaks from the tank), which is proportional to 
the pressure difference between the tank and atmospheric pressure (1 atm), i.e., ṅleak =  − α (P  atm)tank − 1 ,  

where  mol s-1 atm-1 and  is in atm.  Note that  is related to the moles of gas present in the.2α = 0 P tank P tank  
tank. 
 
c. [12 pts] Using appropriate transient mass balances (clearly state balances, as well as initial/final 

conditions), how long will it take, from t = 0 min, for all of the liquid to fully evaporate?  To solve this 
problem, there are two important time domains you will have to consider as described below, including 
assumptions that can be used to simplify the problem: 
i. Initially, the gas leaks from the tank isothermally at 25 oC, but negligible liquid evaporates, such that 

the pressure of the tank decreases.  Assume the pressure continues to change until it hits the expected 
vapor-liquid equilibrium pressure of species A at T=23 oC. Continue to treat the volume of the liquid as 
negligible, such that the gas volume is 10 m3. 

ii. Once the T=23 oC VLE pressure is achieved, assume that the liquid evaporates at a rate that maintains 
vapor liquid equilibrium at T=23 oC (the tank’s temperature has dropped because evaporation is an 
endothermic process). VLE occurs at T=23 oC until all of the liquid evaporates. 
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3.  CSTR and Recycle [17 points] 
 
Species A is dissolved in a solvent and is reacting in a CSTR to produce species B and C.  
 

A → B + C  
 
The reaction is irreversible and second order with respect to species A. The rate constant, k, is 1.00 L/(mol s). 
The CSTR operates at steady state.  For all parts in this problem, you can assume that A, B, and C are all 
present at sufficiently small concentrations that allow the dilute approximation to be used for all streams.  
 
a. [7 pts] 100 mol/s of A enter the reactor in a solvent with CA= 1 mol/L.  The reactor has a volume of 50 L. 

Solve for the outlet molar flow rate of species A, B, and C, as well as the fractional conversion for this 
reactor.  

 
To increase the overall conversion, you incorporate a recycle stream and a separator into the process as 
shown in the diagram below. Assume the separator operates such that stream 4 has a volumetric flow rate of 
40 L/s, and only contains solvent and A.  The concentration of A in stream 4 is three times higher than in 
stream 3.  Stream 1 still has a molar flow rate of 100 mol/s A and CA= 1 mol/L. 

 
 
 
 
 
 
 
 

b. [10 pts] Calculate the reactor’s single pass conversion AND the overall conversion of species A for the 
process. 
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𝐻" and 𝑈" values in kJ/kg, 
𝑉%  in m3/kg 
  



Superheated Steam table (Con’t) 
𝐻" and 𝑈" values in kJ/kg, 𝑉%  in m3/kg 



FINAL EXAMINATION, PART II - Dec. 14th, 2020 

Chemical Engineering 140 

50 Points (2 multi-part problems) 

Fall 2020 

 

INSTRUCTIONS 

You have 105 minutes to complete this exam and submit your answers to Gradescope once downloaded from 

bCourses (90 minute exam time, 15 minute upload time).  If you have trouble uploading to Gradescope, send a 

pdf file of your solutions to Prof. McCloskey (bmcclosk@berkeley.edu).  Please keep track of your time. 

 

Time Penalty: 3 pts. per minute late (e.g., turning in your exam 110 minutes after completing the bCourse quiz 

will result in a 15 point deduction). 

 

Open notes and book.  Equation solvers (Matlab, Wolfram, Excel, etc.) are allowed. 

 

If you use Matlab or other software to solve a problem, clearly identify the equation, boundary conditions, or 

other parameters you input into the software and indicate that you used the software to calculate a final 

answer.  No need to submit code with your response. 

 

No internet searches allowed. 

 

Completion on a tablet or on paper is allowable.  Please upload your solution in proper order (solution to 

problem 1 first, problem 2 second, etc.). And on Gradescope, indicate ALL pages that contain ANY part of a 

solution for each problem. 

 

Show all of your work, walk us through your thought process, keep it legible. BOX ALL ANSWERS if numerical 

solution or equation is requested.  

 

Read each problem statement carefully, particularly the long ones. 

 

 

Ideal gas constant: 

R= 8.314 J mol-1 K-1; 8.205x10-5 m3 atm mol-1 K-1; 8.314 x 10-2 L bar mol-1 K-1 
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1. Hot air humidifier [18 pts] 
 
A well-insulated humidifying unit is designed to lower the temperature of hot, dry air by bringing it into direct contact 
with a stream of liquid water as shown in the diagram below.  

 
The high temperature from the dry air stream evaporates some of the liquid water, resulting in a humid stream of air 
leaving the unit. The inlet water flow rate is very large such that liquid water exiting the humidifier can be assumed to 
leave the humidifier at the same temperature (20 oC). Note that given the temperature differences, vapor-liquid 
equilibrium between liquid and vapor water in the outlet streams is not established.  For energy properties of water, 
please use the steam tables in B.5 of the textbook, or if needed, relevant portions of the steam tables are included in 
subsequent pages. You can treat the air as an ideal gas. 
 

 

a. [12 pts] Assume the inlet temperature of dry air is at 300 oC. Calculate the weight fraction of water in the humid air 

stream using appropriate mass and energy balances.  

b. [6 pts] For downstream applications, humid air leaving the unit can only hold a maximum of 2.00 wt% water. Using 

this information, calculate the maximum temperature in the dry air stream (which still enters the humidifier at 100 

kg/min) that can be cooled to 150 ℃ upon leaving the humidifier. 
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2. Energy flows in an engine [32 points] 
 
A process is powered by an engine, where energy released by a reversible chemical reaction is converted to usable (i.e., 
shaft) work by the engine. Not all energy released by the reaction is converted to usable work, such that heat losses to 
the engine surroundings can also occur.  The chemical reaction occurs entirely in the gas phase and is: 
 

A + B  C↔ [1] 

 
The table below provides standard enthalpies of formation and heat capacities for all species in this problem.  The 
following conditions/assumptions are relevant to this problem: 
 
1. Ambient temperature is 35 oC, and the reactants, A and B, enter the engine in separate streams at this temperature. 

(Note: the engine temperature and exhaust gas temperatures will be hotter than this due to the energy released by 
the reaction). 

2. The engine needs to deliver 30 kW of shaft work to power the process. 
3. 1.00 mol/s of pure A is fed to the engine in stream 1. 
4. 100% excess B is fed to the engine in stream 2, and B is supplied to the engine in a 50:50 mol:mol mixture of B and 

an inert species, D.  Only A, B, and D are fed to the engine. 
5. Assume kinetic and potential energy changes of all species entering and exiting the engine can be neglected, as can 

any heat generation due to friction of moving parts in the engine.  
6. The engine’s inlet and exhaust (outlet) stream’s pressures can be assumed to be atmospheric pressure (1 bar). 
7. A single exhaust stream exits the engine and contains all 4 species: A, B, C, D. 
 
You may find an excel spreadsheet to be useful in completing calculations in a timely fashion. Please state all species, 
definitions, and energy balances clearly when necessary.  
 
a. [4 points] Draw a diagram of the engine and label all known and unknown species flow rates and temperatures. 
b. [8 points] This is a reversible process, and at the engine’s operating temperature, the equilibrium constant of 

reaction 1 is K= 10.  If the reaction proceeds to equilibrium, such that the species in the engine exhaust stream are at 
equilibrium, what is the overall conversion of species A in the engine?  

c. [4 points] Calculate the flow rate (in mol/s) of all species entering and exiting the engine. 
d. [3 points] Calculate the standard enthalpy of reaction per mol of A for reaction 1. 
e. [10 points] The exhaust gas from the engine cannot have a temperature above 150 oC due to corrosion concerns.  As 

a result, engineers design the engine to be largely encased by a cooling jacket, where anti-freeze is pumped into and 
out of the jacket and circulated through a radiator.  Assuming that heat can be transferred from the engine to the 
anti-freeze flowing through the jacket, how much heat has to be removed (in kW) from the engine to keep the 
exhaust gas temperature at 150 oC?  If you were unable to solve for conversion in part b., assume the conversion of 
A is 80% (fA=0.8).  Don’t forget the shaft work! 

f. [3 points] Similarly, corrosion of anti-freeze piping becomes a concern if the anti-freeze reaches a temperature of 80 
oC. What is the minimum flowrate of anti-freeze (in kg/s) through the jacket necessary to ensure it never reaches 80 
oC if its inlet temperature to the jacket is 35 oC (ambient)? 

 

*Values at 1 bar and 25 oC 
** in units of kJ kg-1 K-1 

***Heat capacities are constant with temperature 
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Compound 
(phase) 

 *Ĥ f
o

 
[kJ mol-1] 

***Ĉp  
[kJ mol-1 K-1] 

A -250 0.025 
B 0 0.025 
C -400 0.3 

D 0 0.025 
Anti-Freeze N/A 3.5** 



  



  
𝐻" and 𝑈" values in kJ/kg, 
𝑉%  in m3/kg 
  



Superheated Steam table (Con’t) 
𝐻" and 𝑈" values in kJ/kg, 𝑉%  in m3/kg 


