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SECTION - A
There are FOUR questions in this section. Answer any THREE.,
ChE 111/201 Data Booklet is supplied.

1. n-Hexane is used to extract oil fom soybeans. The solid residue from the extraction
unit, which contains 0.75 kg liquid hexane/kg dry solids, is contacted in a dryer with
nii.mgcn’mat etiters at 85°C. The solids leave the dryer containing 0.05 kg liquid
hexane/kg dry solids, and the gas leaves the dryer at 80°C and 1.0 alm with a relative
saluration of 72%. The gas is then fed io a condenser in which it is compressed to 5.0

atm and cooled o 28°C, enabling mest ol the hexane to be recovered as condensate.

(a) Calculate the fractional recovery of hexane (kg condensed’kg hexane fed in wet

solids). {18)
(b) A proposal has been made to split the gas stream leaving the condenser, combining

00% of it with fresh make-up nitrogen, heating the combined siream to 85°C, and

recycling the healed stream to the dryer inlet. What fraction of fresh mitrogen

required in part{a) would be saved by introducing the recycle? 17

2. {(a) Powdered milk produced in a spray dryer 6 m in diameter by 6 m High. Air enters at
the bottom of the dryer at 167°C and —40 cm H;0 gauge pressure. Liquid milk is

sprayed from the lop of the dryer contains 70% water by mass, all of which evaporales
and leaves the dryer as wet gas. This wet pas contains 12% (mole) water and leaves
from the top of the dryer at 83°C and 1 atm (absolute) at a rate of 311 m*/min. Calculate
the produciion rate of dried milk and the volumetric flow rate of the inlet air. Estimate
the upward velocity of air {m/s} at the bottom of the dryer. ' (20)
(b} A mixture of liquid, 60 mole% n-hexane and 40 mole% n-heptane, is in equilibrium

with its associated vapor at 1 atm. Calculate the value of Ty and the equilibrium vapor

composition. State assumptions, if any. (15)

3. Methanol is synthesized from carbon monoxide and hydrogen in a calatytic reactor. The

fresh feed (o the process contains 32 mole% CO, 64 mole% H; and the balance N». This
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stream is mixed with a recycle stream in a ratio 5 mole recycle/] mele fresh feed to
produce the feed to the reactor, which contains 13% Na. A low single pass conversion is
attained in the reacior. The reactor fTluent poes to a condenser from which two streams
emerge: a liguid product stream conlaining essentially all the methanol formed in the
reactor, and 2 gas stream containing all the CO, Ha, and N; leaving the reactor. The gas
stream is split into two fractions: one is removed as a purge stream and the other is
recycle stream that combines with the fresh feed to the reactor. Calculate the preduction
rate of methanol {mot/h), the molar Aow-rate and composition of the purges gas, and the

overall and smgle pass conversion, What are the reasons for using recycle and purge

streams? (3 5}

4, (a) Ethane is bumed with 30% excess air. The percentage conversion of the ethane is
85%. Of the ethane bumed 30% reacts to form CO and the balence reacts to form CO..
Calculate the molar composition of the stack pas on a dry basis, and the mole ratio of
waler to dry stack gas. (17)
(b} The air in a building is to be maintained at 25°C and 55% relative humidity by
passing outside air through a water spray. The air enters the spray chamber at 32°C and
75% relalive humidity, leaves the chamber cooled and saturated with water vapor, and is
then rehealed 10 25°C for delivering it into the building. Estimate the temperature of the

air leaving the spray chamber and the water (kg) added to or removed from each kg of

dry air processed. (18)

SECTION —B
There are FOUR questions in Lhis secticn. Answer any THREE.

5. (a) An air conditioner cools 226 m*/min of humid air at 36°C and 98% relative humidity

to 10°C. Calculaie the rate of water removal in the unit and the cooling duty in tons
{1 ton = 12,000 Biwh) (20)

(b) An aquecus ammonia solution contains 30 wi% NH;. (15)
{i) Use the enthalpy-concentration diagram for the ammonia-water systemn at 1 atm
to delermine the mass fraction of NH; in the vapor that would be in equilibnum
with this sclution in a closed flask at 1 atm and the corresponding system
temperature (see Figure for Question 3{b)).
(it)y If the liquid in (i) accounts for 0% of the total system mass, celculale the

overall system composition and specilic enthalpy using balances.
Contd .......... P/3



It
L
]

CHE 201/CHE

6. Methane at 25°C is burned in a boiler furnace with 10% excess air preheated to 100°C.

Ninety percent of the methane fed is consumed, the product pus contains 10 mol .

COy/mol CO, and the combustion products leave the furnace at 400°C. (35)
{i) Calculate (he heat transferred from the furnace, ~Q {kw), for a basis of 1000

mol CHy fed’s.
(i) Would the following changes increase or decrease the rate of steam

production? (Assume the fuel feed rale end the fractional conversion of the CHy

remain constant}
— Increasing inlet air temperature.
- Increasing the stack gas lemperature

- Increasing the mole ratio of CO; to CO formeation in the fumnace.

7. Ethanol is produced commercially by the hydration of ethylene: (35)
C;H,(g)+ Hy0(v) = C;H;0H(Y) .
Some of the product is converted to diethyl ether in the undesirable side reaction
2C,HO0HY) = (C,H.),0(v) + Hy0(%)
The combined feed to the reaclor contains 53.7 mol% CzHy, 36.7% H20 and the balance

N; which enters the reaclor at 310°C, The rcaclor operates isothermally at 310°C. An

ethylene conversion of 5% is achieved and the yield of ethanol (moles ethanol
produced/molg ethylene consumed) is (.900.
Data for Dhethyl Ether:

AR = -272.8kJ/mol for the liquid

AH, =26.05 kl/mol (independent of T)

C, [KJ/(mol °C)] = 0.08%45 +40.33 x 107 T('C)-2.244 x 107 T*
(iY Calculate the reactor heating ar cooling requirement in kJ/mol feed
(ii) Why would the reacior be designed to yield such a low conversion of ethylene?

What processing steps would probably follow the reaction in a commercial

process?

8. {a) Eihyl alcchol can be bacterially oxidized to acetic acid in the following two step

fermenlation sequence: (17)

2C,H;0H + 0, =+ 2CH,CHO +2H,0
2CH,CHO + 0, - 2CH;COOH

Contd .......... P/4
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If the alcchol - containing feed stock is derived from malt solution, the resulting solution
is vinegar. An aqueous solution conlaining ethy) alcohol in water is fermented to
produce dilute acetic acid. The feed mixture (the ethancl solution) and nir are fed at a
temperature T,. The product solution contains ethanol, acetaldehyde (CH;CHO), acetic
acid and water. All liquid and gaseous effluents are at temperature T. Perform a degrees
of freedom analysis for the process and specify the design variables that must be known
1o solve the problem cempletely.

(b) Methanol is added to a storage tank at a rate of 1200 kg/h and is simultaneously

withdrawn at a rate m,, (t} kg/h that increases linearly with time. At t = 0 the tank
conlains 750 kg of the liguid and m,, =750 kg/h. Five hours later mw equals 1000
kg/h. Calculate an expression for m,, (t) and incorporale it into a differential mass

batance equation for the system. Find the expression for mass of water n the lank at any

time t. Calculate how long it wili Lake for the mass of methanol in the tank to reach its

maxinmum value z and calculate that value. When will the tank completely dmin out?

1300
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SECTION - A
There are FOUR guestions in this section. Answer any THREE.

Notations indicate their usual meanings,

1. (a)Outside lemperature of a coid country is :_‘.E_'i_(_:_: For comfonable living the inside of a
house is to be maintained at Er'j[_j One kilowatt electric power is available _t-"or. rO0m
heating. What is the heating potential of this electric power?

(b) With neat sketches describe the working of an ideal vapor-cornpression refrigeration
cvele,

(c) Discuss the differences between the ideal and the aciual vapor-compression cycles.

2. (a) Derive the Maxwell Relations.

(b) Show that (Z:p—C'V=T(EJ (ﬁ :
8T )\ 2T ),

e

{¢) Write a short note on Joule-Thomson co-efficient (include inversion temperature and

related terms in your answer).

3. (a) Discuss the different ways of improving the efficiency of a simple steam power

plant.
{b) ARer using all the ways of improving the cfficiency of a simple steam pewer plant

{as discussed in part (a} of this quesiion), the efliciency stili remains much below 100%.
Discuss the underlying factors responsible for this.
(¢) Descnibe the operaiion of a dual-cycle power plant. Properly explain why the duai-

eyele efficicney is higher than the simple cycle ones.

4.  (a) Derive the expression for thermal efficiency of air-standard diesel cycle.

{b) Denive the expression for theemal efficiency of a simple gas-turbine cycle.

(12)

(13)
(10)

®)

(16)

(10)

(13)

(8)

(12)

(20)
(13)
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SECTION-B
There are FOUR questions in this section, Answer any THREE.
Property Lables are provided.

S, {a) Write short notes on (3x4=12)
(i} control mass and cenirol volume
(ii} extensive and intensive properties

{iii} zeroth law of thermodynamics
(b) Draw and explain P-V and P-T diagrams for a typical pure substance. (12}
(c) What do you understand by the quality of a vapour-liquid mixture? (3)
(d) A 22.2-‘1113 tark contains nitrogen at _E_anf_{;_and 600 kPa. Some nilrogen is allowed to
escape until the pressure in the tank drops to i'U_E— kPa, If the temperature at this

{emperature at this point is 20°C, determine the amount nﬁﬁtmgen that has escaped. (8)
6. {a) Dertve Lhe encrgy equation for a steady-tlow system. (15)

{b) An adiabalic air compressor is to be powercd by a direct-coupled adiabatic steam
turbine that is also driving a generator. Steam enters the turbine at 12.5 MPa and 5_{]{}“{:

e —

at a rale of 25 ky/s and exits at 10 kPa and a gnality of 0.92. Air enters the compressor at
98 kPa and 295 K at a rale of 10 kg/s and exits at 1 MPa and 620 K. Determine the net

power delivered to the generator by the turbine. [Property tables are provided] (290)

7. fa) Write down the "Kelvin-Planck" and "Clausius”" statements of the second law of
thermodynamics. Show thai beth the stalements are equivalent, (2+2+6=10)
(b) An inventor claims to have developed a resistance heater that supplies 1.2 kWh of
energy to a room for kWh of eleciricity it consumes, 1s this a reasonable claim? (5)
(c) Define reversible and irreversible processes? What are the imreversibilitics we
experience in an irreversible process? (4+6=10)
{(d) An inventer claims to have developed a heat engine that receives 700 kJ of heat from
a source at 500 K and produces 300 kJ of net work while rejecting the waste heat o a
sink at 290 K. is this a reasonable claim? (110)

8. {a) How can you save work by using multistage compression with intercooling? Explaiu
graphically. (10)
(b) Draw and explain typical T-5 and h-8 diagram for & pure subslance. (10)
(¢) A 50-kg iron block (C, = 0.45 K/ °C) and a 20-kg copper block (C, = 0.386
kg, °C), both initially at 80°C, are dropped into a large lake at 15°C. Thermal
equilibrium is established after a while as a result of heat transfer between the blocks

and the lake water. Determine the tolal entropy change for this process. (15)
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SECTION-A
There are FOUR guestions in this section. Answer any THREE.,

1. {a) What are reversible and irreversible cells? Explain with suitable cxamples. (6)
{b) Deri'ﬁef art expression for the variation of emf of a cell with temperature, (14)
(<) Shw the'half cell reactions and overall reactions for the following cells: (6}

(i) Pb, PbClais) KCi(eq) | ARCI(s), Ag
i)y Pt|Cu",Cu® || Cu"}Cu
{d} Formulate a cell for which the Bllowing reaction could occur: (9}

1 -
Fe'* + —z—ﬁr2 = Fe** + Ar

Determine E°, AG” and K for the reaction at 25°C (Given: £ pyee e =077 volt and

E;ﬁ‘gri {;] B; = ]. .Uﬁf} ¥ ].t}.

2. {a) What do you mean by the term "concentration ceil"? Explain with a suitable

example. {8}
(b} Discuss how you can determine the activity coefficient of an slectrolyte from cmf -
measurement of a cell. (17}
(c) Calculate the mean activity cocflicient of 0.1 m hydrochloric acid at 25°C. Given

that the emf of the cell. (10)

Ho(! atm} { HC! (aq) | AgCl (3} | Ag
is 0.3524 volt at 25°C and the standard electrode potential of Ap-ApCl is 0.2224 volt at
25°C.

3. (a) Statc and cxplain lhe Ostwald dilution taw. How can you determine the values of K
and A_ for weak clectrolytes with the help of this law. (The symbols bear usual

meaning.) {16)

(b} What is meant by salting-in effcct? Show thal the solubility of a sparingly soluble

salt sncreases with the increasing concentration of an elecirolyle having no common ion. (12)

(¢) The solubility of silver iodate in pure water at 25°C is 1.77 » 107 mol L™, Calculate

the solubility in Lhe presence o 0.3252 x 1072 mol L™ of potassium nitrate. (7}
4. (a) State the phase rule. Explain the terms present in it and derive it. (12)

(b} Draw the phase diagram of a system of water and a salt which gives two or more
hydrates. Briefly discuss the imporiant infurmation that can be obtained fom the

diagram. (15)
{c} Define the following terms: (i} Tripple point (ii} Eutectic point, {iii} Conpruent
melting point and (iv) Peritectic change. (8)
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SECTION B
There ore FOUR questions in this section. Answer any TIIREE.

5. (a) What is a zero order reaction? Show that for a wero order reaction the concentration
varies linearly with time. (2+6=8)
(b} For the following reaction the forward reaction is third order and the reverse reaction
15 second order. Derive the rate expression and show how the rate expression can be

used to determine the value of rate comstants ko and ks

2NO+0, :_'Ei"’ 2NO, ( ?2)
2

() Mn*" 1n produced in the reaction ef potassium pennanganate with oxalic acid in

presence of sulphuric acid acts as a catalyst. Show fhe mechanism of the catalysis. {7)

(¢} Show the steps in the heterogencous catalysis according to adsorption theory of

catalysis. (B)

6. {(a) What are the origins of adsorption specira of inorganic compounds during the
analysis in UV-Visible spectrophotometer. {12)
(b) What is an auxochrome? What are the main functions of auxechrome? (3+6=9)
{¢) What is the tigid rotor mode] of a vibrating diatoniic molecule? What happens when
the meiecule do not obey the ideal rigid rotor model? . (8+6=14)

7. {a) What i multilayer adsorption? Why solid surface follow multilayer adsorpiion rather
than monolayer? {3+5=R)

(b) Derive an expression which follow Langmuir adsorption isothenn for a dynanic

adsorption-desorption process. How the equation can be applied for the deterrminalion of

surface arca? , ' (10}

(¢} Wnte the mathematical cxpression of phase rule for condensed system with bricf
justification. (4)
{d} Discuss the thermal analysis mcthod for the delennination of cquilibrium conditions

between solid and liquid phases with suitable diagrams. {13)

8. (a) Discuss ihe chronological development of the theories of clectrolytic conduction.
Which law supports the modern theory of clecrrolytic conduction? Bricfty describe it. (14
{b} Describe a method by which vou can determune the conductance of an clectrolytic
solution. What 15 cell consiant? (B+2=1{))
(c) Describe in details the applications of conductance measurcment of electrolytic

solution. ) (11)
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SECTION - A

There are FOUR questions in this section, Answer any THREE.

1.

{s) Evaluate the vollage V, and current I in the circuit shown in Fig, 1(a}

(15)
R 15V ' |

(b) Determinc the voltage gain and [/O impedance of the circuit shown in Fig. t{b).

(20)
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2. (a) Design an analog computer to solve the following differential equation. (20}
2
Er~—]i,5'-+3ﬂ+vﬂ, =0, >0
dt dt

Subject to v, [0)=4 and ¥,{0)=0.
(b) The tiangular wave fonn of Fig. 2(a) is applied to the mmput of the op-Amp

differentiator n Fig. 2{b). Plot the output, {15)
S .q;_h—_' Ap——e
wik o O-0lME | ookt
+2 i
I\ [y N ] o V i fﬂui
T 1 T / .
[ L\‘j/ll- t L .
~ A =
Fig for 6. 2(a) Fig for G 22)
3. {a) Design a diode circuit within the "Black Box" in Fig. 3(a). (17)
Voud {(YoH)
in (Yo H) £
A
+ 9 - *5 =
T 1N
N 'n Vout T/ N
f 7 BG}( L Ty <
1 —b bl ¥ ia - i ’l. _t
i (ms) . \ S (my
-5 — -I- et
N v
F‘c? -Far L. 5(:1)
(b) Design a diode vircuit to implement the following 1O rclation: ﬁ‘“i =1. (18)
4]
4. (a) Define "Transducer". Discuss the working principle of capacitive transducer. (1)
(b} Define "Tiezoclectricity”. Show how it can be employed to measure temperature and
force. (15)
(c) Draw ¥y, for the circuit in Fig 4(c). (10}
Vin BH)
s
£
4 %
; o — Ay +
O j ,HF
} -
| 2
~5 ~ -
C
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SECTION - B

There are FOUR guestions in this section. Answer any THREX.,

5. (a) A three phase. balanced Y-connected motor takes 10 kVA st 0.7 power-factor
lagping from a source of 220 volts. Itis paralieled with a balanced three phase delta load
having impedance of (15-j10)CY in cach phase. Find (i} the total kVA (i) tine current
(it} power-factor of the combination. (20)
(b) Prove that, single phase system uses 33 percent more material than three phase

system to dehver the same amount of power with fixed line loss for the samc line

voltage. (15)

6. (a) What is armature reaction? How decs it affect the operation ef DC machines?
Explain with appropnate diagrams. (12)
{b) What are compensating windings? Briefly explain how they can solve the problem
of commutation in DC machines. (11)
{c) A 200-kVA, 480-V, 50 Hz, Y-connected synchronous generalor with raled feld
current of 5 A was tested. The following data were taken: (12)
{i) Open circuit lerminal voltage, Vrpoc =540 Vat [y =5 A
{11} Shert circwit current, Ij se=300A atlp=5 A
(iii} When a DC voltage of 10 V was applied to two of the termimals, a current of
20 A was measurcd.

Find the values of armature resistance and synchronous reaclance.

7. (a)'Open circuit test minimizes copper loss’ — explain. (5)
(b) Draw phasor diagrams of a iransformer eperaling at different power faclor of load.
How does the power factor of load affect the voltage regulation of a transformer? {10)

(€Y A 75-KVA, 4600-230 V, 60 Hz single phase transformer has been t;:stcd to determine

its equivalent circuit. Test results are: . (20)
. COpen Circuit Test Short Circuit Test
Voo =230V Vic= 1608V
loc=13.04 A lsc=163 A
Poc =321 Watl Py = 1200) Wart

(i) Find the impedance of the approximate equivalent cireuit referred to the high
side, and sketch the circuit.

(i1} Find the voltage regulation of the transformer at rated conditions at 0.75 power
faclor lagping.

{iii} Find the efficiency of the transformer at raicd conditions at (.75 power factor

lagging.
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8. (a) Derive the torque-speed characteristic of a series DC motaor, {12}
{b) Briefly explain how speed of a shunt DC motor can be vaned by changing the
armature voltage. : (6)
{(cy A 100-hp, 250 V, 1200 rpm shunt DC motor with compensating windings has an
armature resistance of 0.03 €2 and field resistance of 41.67 £2. The motor 1s assumed to
be driving a Joad with a line current of 126 A and an jnitial speed of 1103 rpm. Assume
that change in field resistance does not affect the atmature current. The magnetizing,

curve for this motor, taken at a speed of 1200 rpm is given in labular form below: (17

Fo.V | 83 | 125 | 180 | 220 | 250 | 270 | 280 | 284
Ty, A 1 3 3 4 5 6 7 8

(i) Find the anmature current and internal generated voltage of the motor.
{(ii) What will be the value of motor speed if the field resistance 1s inercased to
50027

(i) Delermine the value of tield resistance for the motor to run at its rated speed.



L-2/T-1/CHE . Date : 07/12/2014
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNHOLOGY, DHAKA
L-2/T-1 B. S8c. Engineering Examinations 2013-2014

Sub: MATH 221 (Vector Analysis, Matrices and Laplace Transforms)

Full Marks: 280 Time : 3 Hours
USE SEPARATE SCRIPTS FOR. EACH SECTION

The figures in the margin indicate full marks.

SECTION - A
There are FOUR questions in this seclion. Answer any THREE.

1. (a) The line that joins one vertcx of a parallelogram to the middle of an opposile side

trisects the diagonal — Prove vectorially. , (20}
(b) A force of 6 units acts through the point P(3, -2, 5) in the.direction of the vector

(7,6, ~1} Find its moment about the point A{l, -3, ;i) and ‘the niur.nf:nt about axes
7

through that point parallel to the coordinate axes. (16%)
(¢) Give the geometrical interpreiation of the scalar triple product. (10}
2. (a) State and prove Frenet-Serret formulae. (21%)

(b) If P = Acoskt + Bsinkt, where A and B are constant vectors and K, a constant scalar,

show that i[Px fi—‘”] -0. (10)
dt dt
(c) Find V*(r"r) where r is the position vector. (15)

3. (a) Find Lhe angle of intersection at the point (—3,0,-5) of the sphercs;

. xPay? 4z +6x—Sy+2z+427=0 and ¥ +y* +2*-29=0, _ {15)
(b} Show that the gradient of a scalar function fis a vector along the normal to the level

surface whose magnitude is the greatest rate of change of f. (16%)
{c) Find curi of F where F = (Iz T Exz) i+ {{xz—xy+ yz) i+ [z"‘ + 12) k. Also

show that the vectors given by curl F at the points P(1, 2,-3) and Q|(2, 3, 12) are

orthogonal. {15)

4, (a) Slate and verify Green's theorem in ihe plane for I(E.r— 3 )dr —xydy where C is the
c

boundary of the region enclosed by x> +»* =1 and x* + 3% =4. (26%)

(b) Evaluate ”J{E;H y)dv wherc V is the closed region bounded by the cylinder
v

z=4-x* and the planes x =0, y=0,y=2 and z=0, (20)
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SECTION-DB
There arc FOUR questions in Lhis section. Answer any THREE.

] -2 1 3
5. (a}Reduce A4=j4 -1 5 8§ (20}
z2 3 3 2

to the normal form B and compute the matrices P and Q such the PAQ = B, where A
and B are equivalent matrices.
2 3

1
(b) Give A=|0 2, . {16)
1 4

3
5
find A™ by algebraic method.

{c) Find the malrix A satisfying the following matrix eguation

2 1 -3 2 -2 4
A - : 10
A 10%)
6. {a) For what values of & and p, the following system of equations (13)
2x+3p+5z=9
x+3y—2z=8
2x+3y+Az=p

will have {1} unique solution (if) no solution.

(b) Show Lhat the quadralic form g = Jt.'12 +5x2 +6x2 + dx,x, —8x,x; ~6x;; is indefinite

and find two sels of values of x;, X2, x3 for which the form assames posilive and

negative values. (15)

(c) State and prove Cayley's Hamilton theorem and also verify the above theorerm for Lhe

1 2
malrix A =L 2:| and hence (ind A7 {16%)

7. (a) Evaluate ) (8+8+8=24)
(i L{If{u)du}
0
(ii) L{@}

(iii) L{S et}
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WXt
(b} Using laplace transformation, show that _[—‘3-— df = m’erﬁ?(«ﬂ }
0

Jt(i+1)

. 1 1
{c}Find L {—_(32 iooa SJV’ } .

8. (a) Using laplace transform, evaluate ! Icos(r cosd)dh.
x ]

(b) Solve (using laplace lransform)
2x{t)- ¥(1)~ ') = 4(1 —E")
2efe)+ ()= 21 +3¢77)

x(0)= »{0)=0

(c) Solve:  n°(1)+ () + anlt)=0; »(0)=3, »'{0)=0 using laplace transformation.

(16%)

(6)

(16)

(20%)

(10)
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