Name: A NQ W ER KE‘Y Last 4 Digits of Student 1.D.#:

CBE 140 Midterm — Spring Semester 2014 — Closed-Book Section — 40 Points (out of 150 Total)

(Circle the letter of the correct answer on multiple-choice questions)

1. (2 pts.) The Sl unit for power is the watt. What is the watt equivalent in S| Units?

Phsiat = Sneay .. Foce = Distance

a. N-m Time idh Time
b. N/m-s e
d. N/m’s S5

2. (2 pts.) Part 1: For the function: y = a( e )}6 , Which will yield a linear plot?
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d. v? vs. In(1/x)

(2 pts.) Part 2: When plotted correctly, how can a & b be determined from the
slope & intercept of the resulting line?

%\o?e, = =b/a
Tnieccepk = On a

3. (2 pt.) Suppose that we wanted to use a unit within the SI system called a kgs (kilogram of

force), such that a mass of 1 kg would have a weight of 1 kgr under standard Earth gravity. What
would be the appropriate conversion factor?

5 e ans

a. F=m xa, so the conversion factor is 1 kg-s*/m-kgs
F =m x g, so the conversion factor is 9.8 kg-m / s>-kgg
c. F=mxag, so the conversion factor is 9.8 kge-m / kg-s>
d. Conversion factor is just 1 kg / kg — a kilogram weighs a kilogram!
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4. (2 pts.) You perform the following calculation on your calculator:

1.0236 - 0.97268

The calculator displays: 0.050920000 What number should you report?
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5. (2 pts.) A catalyst used in an automotive catalytic converter has a platinum (Pt) mass fraction of
0.005, with the balance being alumina (Al,03). What is the mole fraction of Pt? (Molecular
weights: Al =27, 0 =16, Pt = 195)

MW (ALL0,) = (2721) * (3% 16)
a. 0.005 ~ BY + 4F%
Less than 0.005
= D
c. Greater than 0.005 A >
d. Impossible to tell from the information provided
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6.

(2 pts.) Pressure in a pipe is measured using an open-end mercury manometer. The barometric
pressure in the plant happens to be exactly 760 mmHg. The level in the arm connected to the
pipe is 10 mm higher than the level in the open arm. What is the gauge pressure in the pipe?

a.. 10 mmHg — P
—10 mmHg ps - PQ ?b
c. 750 mmHg

Y
\ b@wm&nc—
d. 770 mmHg e
e. Impossible to tell from the information provided 38
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7. (2 pts.) Before the development of chemical engineering as a separate profession, what were
the professions of those who usually carried out “chemical engineering work?”
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8. (4 pts.) Name one major event of the past two centuries that had a significant effect on the
development of the “chemical process industries” (i.e., the industries that produce fuels and
chemicals on a large scale), and briefly describe how the event caused the effect.
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9. (3 pts.) Based on the flowsheet below, which of the following could not explain the discrepancy
between the two measured flow rates? (circle all that apply) Note: No chemical reactions take
place in the process, and there are no components other than “A” in either stream.

100 kg A/hr 95 kg A/hr
> Process —>

a. Accumulation of A within the process \/
b. Faulty measurement of one or both flow rates /

c. Aleak within the process v Q__\(\a_g\%e, A de.(\S(._\\‘
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10. (7 pts.) Describe a device to measure flow of liquid in a metal pipe 300 cm in diameter. You may
use any flowmeter discussed in class or in the book, one you've read about somewhere else, or
one of your own invention. The flowmeter must give a continuous reading, so its operation
cannot be based on periodic accumulation of fiuid, and it must not disrupt the flow of the fluid ‘.
to a significant extent (very small disruptions are OK). |

a. (2 pts.) Draw a picture of the device I‘
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b. (2 pts.) Briefly explain the physical principle of its operation
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c. (1 pts.) Describe the actual measurement / observation that will be made
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d. (2 pts.) Briefly explain how the measurement in (c) will be related to the flow rate
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11. (5pts.) An old type of liquid-phase reactor is the so-called “overflow reactor.” This kind of
reactor is fed slowly through a pipe at the bottom, and once the tank fills up, as long as the feed
continues, liquid flows out through a pipe at the top, thereby maintaining a constant level. The
tank is well-mixed via a motor-driven propeller. Multiple products are made in the reactor in
different runs, but although the tank is drained (from the bottom) between runs, some residue
remains, and it is too expensive to take the time to completely clean the old product out of the
tank. Instead, at the end of a run, (a) the feed & mixer are turned off and the tank is drained as
much as possible, during which time the feed valves are adjusted for the next product to be
made; (b) the tank is refilled with the new feed at a very high flow rate; (c) the mixer is
restarted, while feed is maintained at a very high rate until the overall composition is close
enough to the specs for the new product (with overflow diverted to a holding tank as the old
product is swept out of the reactor by the new feed); (d) the feed is turned off (with the
overflow still diverted) and the reaction now proceeds until the new product composition in the
reactor meets specs, at which time; and (e) the feed is restarted at the normal operating rate,
the overflow is switched to a product-accumulation tank, and production continues until enough
of the new product has been made. For each step, circle all terms that apply:

a. (1pt.) Batch Continuous Steady-State
b. (1pt.) Batch Continuous Steady-State
c. (1pt.) Batch Semi-Batch Steady-State
d {pty Semi-Batch Continuous Steady-State
.;E
e. (1pt.) Batch Semi-Batch Transient Steady-State
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12. (5 pts.) Pressure Statics — Imagine two points A and B, some horizontal distance apart, but
connected by a network of pipes, valves, vessels, etc. The system between A & B is known to be
entirely filled with one or more liquids, and it is not open to the atmosphere at any point. With
no measurements and no mathematical analysis, | can state: “The Pressure at Point A must be
equal to the Pressure at Point B” only when five other things are true about A and B and the
network between them. Name them:
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Name: A MS W ER KE—\( Last 4 Digits of Student I1.D.#:

CBE 140 Midterm — Spring Semester 2014 — Open-Book Section — 110 Points (out of 150 Total)
(Textbook, notes, other references, and calculators OK, but no “connected” devices)

1. (10pts.) Cal CBE student Nora Lenderby goes home for Spring Break, but she absent-mindedly
leaves the water in her kitchen sink running full blast. The sink drain is open, so there is no flood,
but a lot of water has run down the drain by the time she returns (one week later). On her next
monthly Water Bill, Nora discovers that she is being charged for 3.1 acre-feet of water, and the
bill is for several thousand dollars, when her normal monthly Bill is less than $50. Recalling that
an acre was originally defined as a strip of land 22 yards wide by 220 yards long, Nora sets out to
check the Water Company’s math. What does she conclude - is 3.1 acre-feet a reasonable
figure for a sink faucet running wide open for a week?
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. (10 pts.) My friend’s thoroughbred racehorse, a filly named You Bettor Not, including the
weight of the jockey, saddle and other gear, plus any additional weight (“handicap”) assigned to
her, weighs about 1200 |b,, at the starting gate. Her top speed is about 40 miles/hr, and she
takes about 2.0 seconds to accelerate from zero miles/hr at the starting gate to that top speed.
Assuming that You Bettor Not expends energy at a constant rate to accelerate to her top speed,
how many standard “horsepower” is she generating?
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3

(30 pts.) In oil & natural gas production, once the produced fluids reach the surface, the first
step is usually to send them to a Three-Phase Separator (TPS). The fluid is fed into one end, has
some time to settle as it flows down the length of the TPS, and then at the far end, liquid water
comes out the bottom of the TPS, gases come out the top, and organic liquids come out the
middle. For this problem, consider a TPS operating at 40.0 °C. and 62.0 atm. The water
production is small enough to be neglected, the organic liquid phase can be approximated as
pure hexane (CgHiq; T. = 234.7 °C.; P, = 29.9 atm), and the gas phase as pure methane (CHy; T, =
32.2°C.; P. = 48.2 atm). The well produces 13,000 kmol total per day, 20 mol% methane and 80
mol% hexane. In order to give the gas and liquid time to separate properly, the TPS has to allow
a “residence time” of one hour — in other words, it must have a volume large enough to hold the
total volume of fluids produced in one hour. Using the Compressibility Factor Chart provided
(see Final Page of Exam), and assuming that the two phases have no mutual solubility, estimate
the required size of the TPS in m’.
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4. (30 pts.) As a hobby, Cal CBE student Xavier O’Nassis maintains a marine aquarium —that is, an
aquarium for salt-water fish and other marine species. Since water evaporates (but sait does
not), he frequently “tops up” the aquarium tank with fresh water. But every month, to get rid of
accumulating waste products & toxins, he needs to discard / replace all of the tank’s water with
salt water at the proper concentration —an arduous process, which neither Xavier nor his fish
enjoy. While studying CBE 140, it occurs to him that he could simplify the process with a
continuous-flow system. He has an adjustable-flow water pump, but not enough room for a
great big tank of pre-mixed salt water, so he designs the following process: The pump, attached
to the house’s water supply, will be set at a flow rate to provide one complete change of water
per month for his 25 gallon fish tank. Most of that fresh water will flow straight into the fish
tank. But a diverter valve will be set to channel a small amount of the water flow into a bottle
(SB) full of salt crystals. Since the flow through SB will be very slow, he can assume that the
water leaving will always be 100% saturated with salt (as long as any solid crystals remain, that

@ is). SB will be set up to overfiow into the fish tank, and he will set the diverter valve so that the
very concentrated salt stream from the SB overflow and the by-passed fresh water stream will
combine in the tank to form just the right concentration for all his little fishies. Saturated salt
solution is 36.0 wt% salt, and the tank must be maintained at 3.5 wt% salt.

a. What total water flow rate will be required, and what % of the total flow must be
diverted into SB?

b. Assuming that SB has a capacity of 1 gallon, and Xavier initially fills it with 5 |b, of salt
crystals, how long will it be until he needs to add more salt?

c. {extra credit only) Using no technology other than what is described above (plus simple
glassware & tubing, etc., but no fancy electronics), describe a way for Xavier to add
automatic replacement of fresh water to make up for evaporation losses to his system.
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5. (30 pts.) Methanol is synthesized-accardjng to the reaction: CO + 2H2 -» CH30H. Because of
heat-management issugs, the Fresh Feed (FF) is)split” among three reactors as follows: one-
third of the FF enters Rxr& ¥%tonversion is achieved; the product from Rxr #1 enters
Rxr #2, along with another one-third of the FF. In Rxr #2, 40% conversion of the total entering

CO is achieved. The product from Rxr #2 enters Rxr #3, along with the final one-third of the FF.
B0
a. What is the composition of the product exiting Rxr #37?

b Mrilgdaret Sk Har-1ls bole? C.or\\:QC'sior\
. What is the net % conversian far the process as a whaole? QC\A\\ E\If,&

Now, assume that the methanol can be completely removed from the Rxr #3 product stream,
and the unreacted CO and H2 recycled and mixed with the FF before it is split into three equal
parts {as before). Assume the reactors each provide the same % conversion as before.

c. What is the flow rate of the Net Feed entering Rxr #1?
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Concentration

6.

(Extra Credit Only) This is problem #11 from the Closed Book Section. An old type of liquid-
phase reactor is the so-called “overflow reactor.” This kind of reactor is fed slowly through a
pipe at the bottom, and once the tank fills up, as long as the feed continues, liquid flows out
through a pipe at the top, thereby maintaining a constant level. The tank is well-mixed via a
motor-driven propeller. Multiple products are made in the reactor in different runs, but
although the tank is drained (from the bottom) between runs, some residue remains, and it is
too expensive to take the time to completely clean the old product out of the tank. Instead, at
the end of a run, {a) the feed & mixer are turned off and the tank is drained as much as possible,
during which time the feed valves are adjusted for the next product to be made; {b) the tank is
refilled with the new feed at a very high flow rate; {(c) the mixer is restarted, while feed is
maintained at a very high rate until the overall composition is close enough to the specs for the
new product (with overflow diverted to a holding tank as the old product is swept out of the
reactor by the new feed); (d) the feed is turned off (with the overflow still diverted) and the
reaction now proceeds until the new product compasition in the reactor meets specs, at which
time; and (e) the feed is restarted at the normal operating rate, the overflow is switched to a
product-accumulation tank, and production continues until enough of the new product has been
made. For each step, circle all terms that apply:

a. For Extra Credit Only, plot the concentration of the Old Product (OP) and the New
Product (NP) in the tank during periods a, b, c, d, and e. The “target” product
concentrations for OP & NP are shown as dashed lines, and the plot only needs to be
qualitatively correct.
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