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INSTRUCTIONS TO CANDIDATES:

W I —

NUMBER ALL QUESTIONS CORRECTLY.

ANSWER ALL THE FIVE QUESTIONS.

THE MARKS ALLOCATED TO EACH QUESTION ARE INDICATED
AFTER THE QUESTION AND THE TOTAL MARKS AT THE END.

QUESTION 1

1.1

[.3

The specific enthalpy of iron is given by the expression:
H()/g)=17.3T(°C)

1.1.1  What are the units of 17.37 (2)

1.1.2  Convert the equation to SI units. (6)

The volumetric flow rate of CCl, (p = 1.595 g/em®) in a pipe is 100 cm®/min.
1.2.1  Calculate the mass flow rate in kg/s. (4)

1.2.2  Calculate the molar flowrate in kgmole/s. (3)
1.2.3  Calculate the specific volume of the solution in SI units. (2)

Work (W) is defined as “force (F ) acting upon an object to cause a displacement
(L). Determine the dimension of W. (4)

[21]

QUESTION 2

2.1

The feed to an ammonia synthesis reactor contains 25 mole %
nitrogen and the balance hydrogen. Calculate the following:

2.1.1  The average molecular weight of the mixture, (5)

2,1.2  Therate of flow of nitrogen into the reactor in kg/h. (4)

2.1.3  The concentration of hydrogen in the feed stream in ppm. (3)

3/...
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22 The level of toluene (a flammable hydrocarbon) in a storage tank may
fluctuate between 10 and 400 cm measured from the top of the tank.
Since it is impossible to see inside the tank, an open end manometer
with water or mercury as the manometer fluid is to be used to
determine the toluene level. One leg of the manometer is attached to
the tank 500 cm from the top as shown in the figure below. A nitrogen
blanket at atmospheric pressure is maintained over the tank contents.
2.2.1 If water is used as a manometer fluid and R = 800 mm,

Calculate the level of toluene in the tank. (12)
2.2.2  What is the purpose of the nitrogen blanket? (2)
Density of toluene = 887 kg/m’; Density of water = 1000 kg/m’

To atmosphere N2

ITI | I‘L

Toluene

Manometer
- fluid
(Hzo or Hg)
[26]
QUESTION 3
3.1 An evaporator is used to concentrate a dilute 5 wt% sodium hydroxide

feed solution to 30 wt%. Draw a fully labelled flowchart and calculate
the amount of water to be evaporated per 100 kg of feed solution. (10)

4/...
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3.2 A distillation process for the separation of a mixture of toluene (T)

and benzene (B) is shown below:

2000 kg 'h

PSS U AP VP —

0.45kgBkg

0.55 kg T kg

Dkg’ B
0.95 ke Bkg
005kg T kg

contains 8% of the B
in the feed

wp kg B 'kg
wr kg Tkg

3.2.1  Calculate the degrees of freedom for the process and

comment on the result. (5)

3.2.2  Calculate the value of all the unknown variables in the flow

chart. (10)

[25]

QUESTION 4

1000 kmol of a liquid mixture containing 50 mol% benzene and the
rest toluene is separated into two product streams by distillation. The
vapour stream leaving at the top of the column, which contains 97
mol% benzene, is fed to a condenser to undergo complete
condensation. The condensed liquid is split into two equal fractions:
one is taken off as the final overhead product stream and the other (the
reflux) is recycled to the top of the column. The final overhead
product contains 89.2% of the benzene fed to the column.

4.1 Draw a fully labeled process flow diagram of the process. (6)

42 Calculate the amount and composition of the liquid leaving
the bottom of the column (15).

4.3 Calculate the ratio of the recycle stream (R) to the feed

stream (F) i.e. R/F. (5)

4.4 What is the major reason of including the recycle stream in

the process (2)

[28]
5/...
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QUESTION 5

5.1

5.2

Consider the following pair of reactions:

A — 2B (desired)
A — C (undesired)

100 moles of A are fed to a batch reactor and the final product
contains 10 mol of A, 160 mol of B and 10 mol of C. Calculate:

5.1.1  Percentage yield of B. (3)
5.1.2  The selectivity of B relative to C. (3)
5.1.3  The extents of the reactions. (4)

Starting with the energy balance for a closed system, derive an

expression for the energy balance for an open system, explaining the
meaning of each term in the equations (10):

[20]

TOTAL MARKS [120]

6/...
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ANNEXURE

FACTORS FOR UNIT CONVERSIONS

Quasntity

~ Equivalent Values

Mass

Length

Yolume

Force

Pressure

b neryy

Puwer

B P —

Likg = L0BD g == 0000 mettc ton = 2 3WA2 Thy, = 3337340 oz
Vihg, = 16z = 5 X107 ton = 433593 g = 04535¢3 ke

Im = Wem = 100 mm = 10° microns jpa) = WM yagstroms (&)

= 3T, = J280NM =~ 1409306 wd = N00050 1 mile
Teb = 2w = 1 3y = 03MEm — 544 cm
Im® = WOOL = 107 e = 167 mL
= 33450 = 22083 iroperisd gallons = 264,17 gal
- = 135668 yt .
Lit = 178 = TS gal = RSNT o' = 28317 L
= 28317 era”
1N = [kgavs = 1° dvims = 107 memis? = (03487 thy
1 = 321741, 15 = L3432 N = 4,4402 ¥ 10° dwires
Latin = LOL323 % 10 Nom* Pap = 01328 6Ps = 141325 but
= 101328 % 1Y dynessem®
= Tolimm Ha aF FC (torr) = WA23 m M0 a4
= 14486 Iyt (pat) = 339 R0 a0
w 29921 i, Fg ar g
17 = I Nm = 10 arps = 107 dyne-em
= AR IO RWh = 0 2R eat
= 73R eIy - YARS S Y Bra
TW = 17 = 02391 calls = Q7370 H00bes = 9486 5 107 Biuis
= L33 % 107 hp

e

TR = TCy+ 273.15

TI°R) = TI°F) = 45987

IR} = LET{K)

TiTF) = 1RFPC+ 22

e ———
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