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1.

I

SECTION — A

There arc FOUR questions in this section. Answer any THREE.

A vent gas siream from a chemical plant is 13 wt% £; the rest is air. The local pollution
authonties feel thal 7 15 a minor pollutant and require a maximum concentration of 4
wtlh, The plant owner decided to build an absorption tower using water as the absorbent.

The inlet water is pure and at 30°C. The operation 15 esscntially isothermal. At 30°C the

equlibrium data can be approximated by y = 0.5x (where y and x are weight fractions ol

Z in vapor and tiquid, respectively).

(a) Find the minimuorm ratio of waler 1o air {L/(3) min.

. L L
{b} Find the total number of equilibrnum stages using — =1.22 [—)
G G min

Assuming that air is not soluble in water and that water 1s nonvolatile.

The system shown in the Fig. for Q. No. 2 is extracting acetic acid from waler using

hensene as the selvent. The temperature shift is used to regenerate the solventl and retum
the awd 1o the water phasc.
{(2) Determine y; and yyqq (Units are in wt. fraction} for the colunn at 40°C.

() Determing BT and x'y for the column at 25°C.

{(a) Discuss the advantages and disadvanlages of batch distillation compared to
continuous distillation. Would you expect o sec batch or continuous distillation in the
following industries? Why?

(1} Large basic chermical plant

{i1) Pharmaceutical plant

{11} Stll for solvent recovery in a painting eperatiom

{1v) Crude oil refinery

{+) Condecnsate refinery
(b) The MeCabe-Thiele diagram is mnost uselul when the operating, line is straight. Fow
can you achicve this in absorption process?
(¢} In chemical engineenmp washing is trcated as an equilibrium slaged separation

process — Explain. How do you reach equilibrium in washinp?

36
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4. Purc isopropyl cther is being used to extract an aqueous solution of 1530 kg/h with 30 witds
acctic acid and 70 wi% water by countercurrent multi-stage extraction. The exit
concentration in the aqueous phase is 10 wi2. (35)
{(a) Find the minimum 1sopropy] ether rate {or this scparation.
{b) If 450 kg/h isopropyl ether is used
{i) Calculate the number of stages required.
(11) Find the cxit cxtract concentration
The equilibrium data and right triangular diagram for water-accticacid-isopropyl cther at
20°C and 1 atm are attached.

[Wole: Please attach the right triangular diagram with your answer script)

SECTION — B
There are FOUR gquestions in this section. Answer any THREE.

If you answer Q. 7{a), you must attach the Fig. for Q. 7(a) with the answer script.

5. The equilibrium data for benzene-toluene system is given below for a system at 1 atm
pressure. (The liquid composition of benzene in the mixture 18 denoted by g the
enthalpies of saturated ligwid and saturated vapor at the corresponding compesition is
denoted by h and L, respectively). The reference for enthalpies is laken as pure benvene

at its boiling point.

YE T(°Cy h (klkmal) H {kl/kmol)
¥ L 10.6057 5121.594 3845143
0.1 105.837 4247225 36821.79
0.2 1{(1.6467 3404 285 3555268
0.3 97.9292 2840.94 3453977
0.4 0460248 2270.257 33714.01 |
0.5 G91.60229 1T6R.977 3302835 |
0.6 3887775 1326.605 32445 87
0.7 638817 034735 31955
0.3 4. 10065 586.5622 31532647
0.9 3198831 276.5179 311514
l §0.029 0 IR0

A mixlure of benzene and toluene containing 40 mole percent benzenc 1s to be scparated
in a distillation column o eive a product containing 90 mole percent benzene at the top
and a bottom product containing not more than 10 mele percent bensene. The iced cnilers
the column at its boiling point and the vapor leaving the colurmn is condenscd fully,
provides reflux and product. The unit operates at | atm and a reflux ratio o 3 kmol/kmel
product The relative volatility is taken to be 2.5,

(a) Given the above data can you make the assumption of constant molal overflow for

this unit? Give your reasoning. (5)

(b} Assummng constant molal overflow find the equation for top operating line, bottom

operating line, equlibrium line. (1)
' | Contd ....... . P/}
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() What is the oquation for the feed line? Explan vour reasoning.

{d) Using the equations abave and vsing the Lewis method, detennine the optimum stage

for the feed to enter when the fced is at boiling point temperature. Find the theoretical

nunber of stages for the syslem.

6. (2) What are the reasons for rcusing old distillation equipment? What conditions must be

fulfilled to reuse an existing {lash drum. List some stcps you can take to reuse an existing

fash drum 1 the above condition is not fulfilled?

(b) A mixture of methanol and water in a flash drum 1s al [ atm pressure. Equlibnum

data at this pressurc are [isted as follows. (The data are in mole perceniages)

Methanol vapor | Methanol liquid | Temperature °C

{ 0 100
134 2 96.4
23.0 4 03.5
304 6 91.2
36.5 8 89.3
41.8 10 817
51.7 15 84 4
57.9 20 51.7
66.5 30 78.0
72.9 40 75.3
77.9 50 72.1
82.5 6{) 71.2
87.0 70 64.3
91.5 80 67.6
95.8 %0 66.0
97.9 25 6310
100 100 54.6

If the feed is 30 mol% methanol and we desire a liquid product that is 20 mol% methanol,
what V/F must be used? For a feed rate of 1000 Ibmol/h, find product flow rates and

compositions, Find the dimensions of a vertical drum. Use hyqu/T =4 0.

Assumc vapors arc ideal gases and the symbaols have their usual meaning.

Dhalys and formulae:

Specific gravily of water p,, = 1.08;

Specific gravity of hguid methanal p, 1 = 0.7914;
MW, = 18.01. MW =32.04

P1— Py

Permissible velocity Uperm = Kdm  |————

Vo ope

.4

(3}

(15)

(19)

(25)
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Contd ... Q. No. 6(h)

K = exp [A * B (In Fi) + C (Iln F1,)* + D(nF,) + E (In F )]

W '
where 19, = wa 1||I|p_‘f
l|vf

PL
W and Wy are liquid and vapor Tlow rates in lb/far, Kgnyn 18 in fifsce
A= B77478097;, B =-08145804507, C=-01879744085
D =-00145228667. E=-0.0010148518

7. (a} A laboralory fractionating column is to be designed te operate at amospheric pressure,
We deswire 1o separatc a mixture containing 15.67% carbon disulphide mixed with carbon
tetrachlonde mlo an overhead product containing 91% carbon disulphide and a waste of
G7 3% carbon tetrachloride (these percentages are weight percentagesy A reflux ratio of
3 16 mol/mol of product is propoesed. Detenmine the theoretical number of plates. (20))
We wish to usc a feed entering at 290K having a specific heal of 1.7 kl'kg K and a
hoiling point of 336 K. The latent heat of both carbon disulphide and carbon tetrachloride
iz assumcd to be 25,900 kl/mol.

Find the mean maolecular mass of the feed stremm given that the molecular weight of CS-
15 76 g'mol and of CCl; is 72.6 g/mol.

The fimal design had 14 plates. What was the efficiency of the column? Use the Fig for
Q. 7{a) supplied for this question and attach it with vour answer sheet,

{b) With appropnate diagrams descrbe the regimes that can be found in a typical

distillation column (15)

B (4} Describe the significance of the following when dealing with distillation columns.

Usc appropriate diagrams to clarify your statement: (25)
weir, downcomer, lever ann rule, pressure heads on sicve trays, minimum reflux ratio
(b) What de you understand by open steam distillation? Why would you usc open steam

m a distillation column? Show the schematic representation of such a distillation eolumn.

What is the equation fur the bollom opcerating line for such a column? (10)




N

Figure for Questian No, 2

FE={0C

I\
Ut

n

xgwi}ﬁi,

Yi/z(

N =t

[ .

X, 0.0008

2‘;“'* ),2(' ]

E= 1000
Eenzene Phise

Water

ﬁl

Tabie [or Question No. 2: Distribution Coclficient for acetic acid in water and

benrene

drafvar

faturne

e

.I’;s.- @y -f‘,'l.'
B L

Kradnty fA0 B N
Fopuethiloannn in Werghi Frovedon Urdes {Ferev andd Girven, 1954)

Setic acd Benssay Wt e f1r1328
Ao A By Woafer Al sy
Aruelic grkd Freaaoe Wil A0 TREF
¥l TR | Benyene Wyt an RART
Aveliv acnd Benrene Walor fil } 0y



‘_l

-

[ivpe text]

For Question no. g 4
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Equilibrium data for water-acetic acid-1sopropyl Ether at 20°C and 1 atm
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SECTION — A
There arc FOUR guestions in this scetion. Answer any THREE.

All notations have their uszal meanings.

A photocopy booklet conlmning data tables is to be provided.
1. {a} Namral convecetion heat transfor from a vertical (lat reetangnlar plate is given by (14)
Nu, =0.508 Pr’2 (0.952 + Pr)"/ Gr, /4

3
_ BTy - T )x
VE
The above equation gmives the [ocal heat-transfer coetlicient along the verlical direction.

where, Gr, =

Show that the average heat-trunsfer coefficient is given by

- 4
b =§h1{=I

b} A 20-cm-square steel plate 13 maintained at 80°C. The plate is submerged vertically in
a big pool of water at 30°C. Calculate heat transfer rate from both sides of the plate, Use

the equation Trom part (23 of this question (11)
(e} Wrie a shorl nole on heal pipe. (10)

) __2._ (EJ.) %h{)_"ﬁ"_lhﬁﬁ])g F]:J___}, = .'ﬁn] F]__}, + .512 Fg_j l!"l the Figure lor Q M. 2(:1}

_J"'

Figu i for Buuedioe g 2t e forBuedio g 2. /

(b) Determne the shape factor Fyy in the F1gurc fr:)r Q Ncr Z(b] in terms of known shape

factors for perpendicular rectangles with a common edge. (12}

(¢} Show that a radiation shicld placed between bwo parallel infinite planes will reduce
the heat Flow by one-half (assume all the surfaces have the same einissivity). (12)

{d) Wnlc a {ew words on foulinp factor and ils use in heat exchange design. (6)

i
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3. ({a} Analvze mathematically the film condensation on a vertical plate {condensate Now is

laminar) and show that {20)

1/
o | PPt x> |
T K (T, < Ty )

(b) Draw the "Heat flux" vs “Temperature excess” curve and explain the diflercnt

regimes of boiling. (15}

4. (a) Draw a simplc diagram of a multipass shell-and-tube heat cxchanger and label il
differcnt components. (12)
(b} In a double-pipe heat exchanger the temperature difference bebtween hot fluid and ¢old
fluid varies contimuously along the length of the exchanger. Therefore, some kind of
mecan temperature differcnee is to be used for heat transfor caleulations Show
mathcmatically that log-mcan temperatare difference is appropriate for this. _ (1)
{¢) Hot water at 20°C flows through the inside of a 2.5-cm-1D stegl tube with 0.8-mm
wall thickness at a velocity of 4 mi/s. This be forms the inside of a double-pipe heal
cxchanger. The outer pipe has a 3.75-cm ID and water at 20°C flows in the annular space
at a veloeity of 6 m/fs. Calculate the overall heat transTer coefficient for this amangement.

The lube length is 6 0 m. (13)

SECTION-B
There are FOUR guestions in this scetion. Answer any THREE.

5. (2) Denve an cxpression for the heat Aow rate through a hollow sphere with inside radius
r,, outside radius ry and constant thermal conductivity k. The inside and outside surfaces
of the hollow sphere are held at constant temperature T and T, respectively. Stale ihe
assumptions, if any. (15)
(b} A sphencal vesse] used as a reaclor for producing pharmaceuticals has a 10 mun thick
stainless sicel wall {k = 17 Wim.K) and an inner diameter of 1 m. The cxtertor surface of
the vessel is exposed to ambient air {T = 23°C) lor which a convection coeflicient of 6
W/im® K may he assumed.
{1) Dunng steady-slale operabion, an imner surface lemperature of 50°C 1s mantained by
encrgy pencrated within the reactor. What is the heat loss from the vessel? (10)

{i1) If a 2-mm-thick layer of fiberglass insulatien (k = 0.040 W/m.K) is applied to the

cxtenior of the vessel and the rate of themmal energy generation is unchanged, what is the

inner surface temperature of ithe vessel? (10
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6. f{a) With the help of schematics, explain the differences between hydrodynamic and
thermal boundary tavers. (7
{b) Starting from the given simplified continuity and momentum eguations, derive the

expression for the laminar boundary layer thickmess for a flwd flowing past 1 flat plate. (2B)

5=4.64 |—
u".ra

where, u,, is the Duid velocity outside the boundary layer. Other symbols have their usual

mcanings. Also statc the assumptions you make to derive the equation.

Conbnuily eguation: ™ + “ﬁ =0
ax  ox

2
Momentum cquation: p [uE + x@) = ua_‘i _o
ox  ox

7. {a) Itis suggested that eddy diffusivity plays a significant role dunng turbulent {luid flow

inside a tube. For a scenano where heat and momentum transport rates are saine and

Pr = 1.0, derive the Reynolds analogy: {20}
f
st = —
3

HINT: Assume no slip condition at the wall and maximum {luid velocity at the tube

center 18 Uy, Also given,
Yy =hAy (TW - Tb)

2
Ty = 'g FUp,

(h} Water 15 heated from 153°C to 60°C by passing it through a 1.91 cm-diameter thin-
walled copper tube at 121°C. For a water flow rate of 0.181 Kgfs, determine the tube
lengih required to achieve the desired heat transfer. Assume fully developed turbulent
flow inside the tube and use LMTD for convective heat transfer calculation. At bulk

mean temperature water properlies; (15)
p=10932 Kg,fl‘n3 k=0.628WimEK
1 v =0.686x 107" m’s o, = 4183 VKgK

8. (2) In a food industry, sugar slurcy flows through a 25-mm-digmeter tube al a rate of 0,5
kg/s. The slurry cnters the tube at 2 iemperature of 23°C, while the tube surluce
1 temperature is maintained at 100°C. Determine the slurry outlet temperature for 4 5-m
| long tube. Assume that the enirance region prevails in the entire tube length. (15)
Sugar slurry properties at average temperature:
cp = 2035 I/Kg K
i 1= 0.0836 N.s'm’
k=0.14]1 Wim.K
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(b} A concentric pipe heat exchanger is used to cool lubricating oil for a large dicsel
engine. The inner pipe is of radius 3 cm and has water Towing through it at a rate of
0.3 Kgss. The hot ot is Aowing al a rale of 0.15 Kg/s through the annular region. The
outer pipe radius is 5 cm. Assuming {Wly developed Mow in both pipes, calculale the heat

transfer coefficients for waler and oil sides. For the caleulation purpose, consider that the

averayge temperalures of oil and water were 80°C and 35°C, respectively. (20)
Gil properties at 50°C:
¢, =2131 JKgK, pn=325x 107 Nem’ k=0.138 W/mK

Water properties ut 35°C:
c,=4178 JKgK, p=7.25x10" Nsm’ k=0.625 WimK




Table: Swnmary o forced-convection relations

‘Subscripts: &= bulk temporature,’f = film temperature, 0C = free slream lompemlu're.
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n = 0.4 for heating,

i =03 for cocling.

0.6« I'r = 100,

2500 - Rey < 1 25 % 109
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1.5 = Fr < 3N,
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o

Fully dueveloped turhudent flow,
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10} = Hey < 5% 106,

u{'“_f’.{qn
Hy

Laalnar, T, = conxi.

Fully developed laniisar Bow,
T\ =ranst.
el
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Fully daveloped iuebulent flow

Same 4 partleular equation [ar
fule flow
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Tuble: Heat transfer and MNuid {riction for fully developed lanunar [low in ducts of various eross
sections. Average Nusselt numbers based on hydraulic diameters ol the cross sections

Nujzr Nuy
Geomefry - ; ‘Constanf axial- Constant axial )
- (Lj.ﬂ,, > 1[}1[11" o - - .wall heat Bux - " wall temnperature SRep, f4
311 247 13.333
b_3
El
b 3 608 2976 14,227
!
4002 Ju 15654
b1 4,123 3351 15.548
FY
43 3457 16.000
b_1 5.331 444 15.23
a 4
b1 479 394 §7.25
T3
1 G450 3597 20,385
BT 2= T
a
b 8235 7541 24 000
r—. v o=}
o
rHc:lted 5 385 4861 24,000

Tt -ﬁ. = 1)
Insulated
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SECTION — A
There are FOUR questions in this section. Answer any THREE.

. {a) Show that total ideal work done in a typical rolling process can be expresscd as

2 7 ¥ :
— g, e + €5 +E% ¢, where, the symbols have their usual meamngs. Make

J3

NIECESSATY ASSUIMPLIONS. (18)

(b} Explain with malleableizing cycle how ferritic malleable cast-iron is produced from

while cast-iron. (10}

{c) Show and explain the vanalion of tensile strength of gray cast-iron with carbon and

silicon comtent, (7)
2. {a) Which alurmimum alloy is most frequently used for aircrafl structures and why? ()

{b) Draw a phasec diagram of aluninium-copper alloy and show microstruclural changes
that occur in an Al-4%Cu alloy during stow cooling from 700°C 1o romm lemperalure. (20)
{¢} Elucidate the relationship of conductivity, strength, and thermal transformation of a

2014 aluminium alloy. {100

3. (a) What is siress corrosion cracking of vellow alpha brass and how it 1s prevented? (10}
(b} With a neat sketch show all points, lines and phase field of the useful part of copper-
zinc phasc diagram. (10)
{c} Descnibe microstructural changes of a yellow alpha brass containing 30% Zn while

coohng it from 1000°C to room temperature. (15)

4. (a) Explain with nccessary graphical representation a typical cold-work-anneal cyele,
Strain hardening in an alloy due to cold-working 1s expressed as: (5+10)
& =150.000 ”° MPa

Calculate truc and cnpeineering ayrs. Where, the symbols have their usual meanings.

(b) Show the relationship between the reduction of area and the reduction in height or

thickness in a typical metal-forming process. (12)
e} A sirip of metal of 1.0 1mn long is siretched in three steps: to length of 1.5 m, then to

2.0 m, fnally to 2.5 m. Calculate engineering and true strains, Commmment on obtamed

resulfs. {H)
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. SECTION-B
There are FOUR questions in this section. Answer any THRELE.,

5. (a) Mention the composition of the hot metal obtained from blast furnace. (5)
{b) Explain the principles of removing impurities from hot metal for stee] making. (15)
(c) Discuss the retaining stages of hot metal 1in 2 BOF steel making process with chemical

reaciions. (15)

6. (a) Draw the iron and 1iron carbide thermal equilibdum diagram labeling all points, lines
and phase fields (use a graph paper and draw the diagram o seale). (17
{b) Describe briefly the microstruetural ehanges that oceur in a rmuld steel containing 0.20

percent carbon during slow ceoling from austenite range to room temperature, (18}

7. {a) Distinpuish bebween full annealing and spherodize annealing. Give the important
advantapes of each. {10)
(b} (1) Draw the isothermmal-transformation diagram lor a entectond steel and label it {10}

(il) What is bainitic struciure? Is it possible to produce 100% bainitic struchure by

continuous coohing of a plain carbon stecl? If possible, explain. If not possible describe

how 100% bamiic structure could be produced. (15}
R. (a) Explawn the limitations of plain carbon steels? {10}
(b} Discuss the influence of alloying elements on the iron-iron carbide diagram. (10)

{(c) What are stainless steels? Mention different types of sbunless steels with their

compaosition, properiies and uses (15}
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SECTION - A
There are FOUR questions in this section. Answer any THREE.

1. (a) Find the Fourier scries for

— T, —n<x <)
fix)=
X, Dex<m
2
; 1
Henee deducee Tl +—1— + L+

(b) Expand f{x) = x, 0 < x < 2 in a half range sine serics and Cosine senes.

2. (a) Expand the function
1, D=x=l
flx)=
-1, loxs?2
wn 8 Fouricr sine serics and find the sum of the scries at x = 1.

{b} Find the Fourier transform of

1-]l; x| <1
f L | =
() { X %] > 1
and hence cvaluate _{ s f X ax .
a X

3. (a) Find the Fourier sine integral of

sinx: O=zx=mw
fix}=
{1, e 4
m - -
sin oo $in X
and then evaluale j —’——2- den
n l - U-‘J

(b) Use finite Founer transtorm to solve

f£=262u

»
ot &

D<x<d, t>0, u, =4 t)=0

uix, ) =3 sinme — 2 sindnx

Also give a physical interpretation of the solution.

Contd ... ... P2
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(15)

(13)

(20)

(18)
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4. (a) Prove that { %_:—F dx =l;- ¢, m .

(b} Find the solution of the boundary value problem

g_ﬁzu

dt ax?

w0, 0=1, o{m, ) =3, u(x, =12 whereQ<x<m, t>1

SECTION-B
There are FOUR questions in this section. Answer any THREE.

Symbals used have thewr usual meaming,

5. (a) Apply Lagrange's auxiliary equation techmque to solve:
(y-m)p+ &y g=x +y’
(b} Solve the following PDE's by Charpit's method:
(1) 2xz — px2 -2qxy+tpq="0
(ii) px -t qy = pq

6. Solve the following higher arder PDEs:
(m(Di—4DﬁDY+4DxD§k=4sm@x+y}

ﬂnbui-2D§+Dx-ﬂz=4H+Yms&+y)

(<) (XEDE -xyI), D, —Eysz, +xD, -—2}'].".1?}.5=x2}'3

7. (a) Write down the Laplace's cquation in two dimension in polar co-ordinaics and hence

find its solulion.

(b} Find the steady temperature inside a solid sphers of unit radius if the temperature of

its surface is given by U cost.

§. (a) Find the potential of the region inside and outside of a spherical surface.
(b} Temperature distribution ¥ ingide a homogencous solid satisties the equation
34 . cpn e . .
% 129 where h° is the di ffusivity of the substance and 1s a constant. Delcrmine
¢

the steady state temperature within the plate subject Lo the boundary conditions
y =0 V=0 ¥ =0 V = F{x)
x=0 x=s y =00 y=10

(10)

(23)

(11)

(12)
(12)

(11)

(12)
(12)

(20)

(15)

(17)

(18)
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SECTION — A
There arc FOUR questions in this scetion. Answer any THREE.

1. (a) What are the main sources of atmospheric Black Carbon and PM 2.5 in Dhaka city
with respect to combustion process? Write down their relative conlributions to total Black
Carbon and PM 2.3 in Dhaka city. What are the possible soot formauoen pathway and its
mitigation option in the combusuon process? — State briefly, What are the reasons that
can initiate diexins formation in combustion process? How can one avold dioxin

formation in combustion precess? — Write briefly. (5+10+10-+10)

2, What are the cntena of a good burmner? Discnss the codes for gas bumer classification

How many types of convenlional gas burners arc there? — Descnbe different types of gas

humers along with their symbols, (luid mixing phenomena and velacity profile. (5+5+25)

3. {a) Show the classification of solid fucl firing systems on pressure drop-flow diagram

Whal type of solid fuel firing system do you recommend for a 300 MW power plani? —
Describe its working principle with a neat sketches. (2
{b) Briefly discuss the gasification steps of solid fuel (coal) in a fluidized bed pasificr
aleng with its temperature profile. (15)

4. {a) What are different steam turbine cogeneration systems? — Show them with schematic
diagram. (10)
{(b) A process industry has decided to install cogeneration plant. The process
requirements arc: (25)
— The plant requires 4.5 MW of clectnical power
— The boiler has maximum steam generating capacity of 31.25 TPH at 63 I-:g.-"cmz
pressure and a temperature of 486°C,

— The tablc below gives the process steamn requirements:

Process Steam tlow | Pressure | Temperature ;| Enthalpy
(TPH} (kgfcmj) (=C) (K cal'kg
Boiler 31.25 63 486 808
Process # 1 3.25 21 310 669
Process # 2 3.00 8.0 174 662
Process % 3 20.00 5.0 160 659
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5.

{iy Determine the total power that could be generated by a single turbine that meets
the process steam requirements,
(11) Calculaie the additional amount of power to be purchased from the grid.

{1} Calculate the heat to power ratio of the cogeneration plant.

SECTION — B
There are FOUR questions n this section. Answer any THREE.

fa} Draw and describe the Van Krevelen plot,

(h) "Gascous fucls are simpler to ignite, handle and control than liquid or solid fuels” — why?
fc) What is the dhiflerence between external ignition and autoipnition? What do vou
understand by ignition limits?

{d) "Energy production by combustion must increase to meet the global energy demand”
—what iz your opinion in this matter?

{c) What arc the objoectives of studying combustion science?

{a) Describe ihe {ire trianglc and tts significance in firc fighting.
{(b) A 6-vear old pump motor is to be replaced. The new motor, just ke the old one,
would run 75% of the time. Buth exwisting and replacement motors would operate al
FO0OUTPUT HP (Brake LIP). The existing moior efficiency is 36% while the
replacement motor would be gnaranteed at 94°% efficiency. Electricity currently averages
BDT 7.42 per kWH. Caleulate the cnergy cost saving per year {assume 365 days/vr) if
the cxisting motor 18 replaced with the new motor,
(c) A refinery fuel gas has the composition' 75 (volume)¥ bulane, 10% propane, 15%
cthane. Detenmine the [uel gas temperature if the fuel is bumed with 15% excess air.
Given:

LHYV of ethane = — 1.43 x 10° kJ/mol

LIV of propane =— 2.04 x 10° kT/mol

LHY of butane = — 2.65 x 10" kl/mol

{Scc attached specific heat capacity data)

(i) The exhaust gases ITom a lumace are leaving at 900 °C at the rate of 2100 n’/hour. The
owner of the process wants to recover the waste heat and asked you the following questwons:
{1} What will be the minimum temperature of the exhaust gas stream 1 you recover
heat vsing a heat exchanger? What limits the minimum temperaturc?
{11} What is the maximum rccoverable heat?
() It (hus heat is recovered by installing 2 recuperator. to preheat the combustion air,

what 15 the fucl {NG) savings? Volume of combustion air = 200 m°fhour,

(10)
(5)

(5+5)

(3)
(3)

(3)

(10)

(20)

(3+2)
(3)

(15)
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You can use the fllowing additional information 1o answer his query —
specific heat of the fuel gas =124 K calkg."C
calorific valuc of NG = 35 MI/m’
density of the flue gas=1.19 kg}ms’
specitic heat of air = 0.24 K cal/kg."C
density of air = 1.22 kgﬁmj
{b) Descrbe ihe working prnciple of (5+5)

{i) a hoat wheel

{11} a hcat pipc

8. (a) What 13 a Brayton cycle? What is a Rankine cycle? What advantages can vou gain
from combining these two cycles? (15)
{b) Very oflen, thc power cngincer is required to perform some basic calculations
regarding (he key parameters of a power plant. Most imporant is the quantity and cost of
tuel that is regquired, Make an estimate of the coal required for running a power plant of
100 MW capacity. (20)
Additional information:
(Gross colorific value (GCV) of coal = 20,000 klkg
Efficiency of the boiler and combustion = 88% on GCV basis
Steamn cycle efficiency = 42%
Turbine efficiency = 97%

Cost of coal =5 6%lonne
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For Guashawn & ¢ )
Specific Heat Capacities at Hligh Temperatures

Fa

Cp =oe +PT+YT-2 T in K.

Compoaent Forrrula | Tomperatars EF J {mol)-! (K
Eange
[ o fAx 103 | ¥ x 109
oRyEen {32) 208 - 3000 ] 28.97 4.19 - 1,67
Nimosen {MNa} 298 - 3000 | 28.59 397 - 0.50
Hydrogen (H) 208 - 3000 | 27.29 3.27 0.50
Argon (AT} 208 - 8OO0 | 2080 0.0 0.0
Carbon monoxide (Oh 208 - 2500 | 28B.42 4,10 - .46
Carbon dioxide {0 298 -2300 | 44.25 £.79 - 5.62
Water (Hath) 298 - 373 75,52 0.0 {.0
Steam (T2} 202 - 27250 | 30.56 10.30) 040 _ |
Sulphur dioxide {501) 208 - 2000 1 4621 7.87 -7.70
Sulphur trigxide (S01) 208 - 1500 | 58.19 25.53 - - 13.48
Sulphur {5) 208 - 2400 { 2202 - )42 1.5]
Mercury vapour ftig) 298 - 6000 | 2080 0.0 3.0
Methane {CH4b 2OE - 1500 23.65 47 8% -1.9%
Agerylene {Coli) 208 - 2000 | 5074 16.07 - 10.30
Tron = Te 7a 298 - 10133 1273 31.73 2.51
Carbon {graphite) < 298 - 2500 | 16.87 4.7 - 8.54
Curbon {(diamond) < Cx 298 - 1200 Q.50 12.81 - 6.45
Ferrous gxide aFenos O> | 208-1650 | 48.8] 8.37 - 2.80
Femo oxide < benn > 298 - 950 98.33 7756 -14.86 |
Magnetite < Feyly > 1 293 - 900 91.5% 201.76 0.0

Dara taken from K.K. Kelley, U.S. Bur. Mines Bull 584,
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SECTION — A
There are FOUR questions in this scction. Answer any THREF.,

. (a) Whal major environmental problems now challenge the ceosystems of modern
mdustnal societies?
(b} Why can't technology solve all the problems of diminishing resources and
environmental pollution?

(c) How does the "T'rapedy of the Commons™ help cxplain environmental desiroction?

2. {a) How would a Mallhusian theorist's view of current world population patterns differ
from thai of g demographic transitionist?
{b) What is the demographic "fallout™ of explosion?

{}) What social factors influence our health?

3. (a) According Lo symbolic interachomsim, how does social change influence our personal life?
(b} 1low is technolopy changing our socicty?

(£} What impaci hd the industnal revolution have on societies?

4. Write short notes on any THREE of the following:
(a) Green house gases and global warming
(b) Orange category A industry and Green category indusiry
() Iimpacts of capitalism on a socicty
{d) The functions of a family.

SECTION-B
There are FOUR quesiions in this section. Answer any THREE.

5 {a) Mustrate the cultural impact of globalizatum on developing nations.
{b) Critically discuss the argument of Imimanuel Walierstcin on "World Systemn Theory’.

(e Descnibe the causes of poverty in Bangladesh by aiting examples from our socicly.

(10}

(15)
(10)

(15)
(10)
(1m

(15)
(10)
(10)

(33)

(10)
(10)
(15)
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0. (a) bExplain different types of come with suitable examples,
{h) Make a comparison between crime and deviance?

fe) Mustraie the sowal factors associated with deviant behaviour,

7. (a) Explain the major forces of international migration in Bangladesh.

{b) Bricfly discuss the functions of family in socicty.

{c) Who are juveniles? Discuss the causes of juvenile delinguency in our sociely,

8. Write short notes on any THREE of the following:
{a) Uscs of sociology for chemical engincenng students,
{b) Characteristics of culturc,
(<) Interactionist perspeetive,

{d) Steps of social research.

(10)

(10)
(15)

(10)
(10)

(13)

(35)

%
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UUSE SEPARATE SCRIPTS FOR LACH SECTION

SECTION-A

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

1. {a)Define state. Discuss the essential elements ol’a modemn slale.

(b) How do you define a constitubion? Describe vanous types ol constilution with

cxamples.

2. (a) Discuss the nghts and duties of a citizen in a stale.

{(b) Detine foreign policy. Analyze (he pninciples of Bangladesh forcipn policy.

3. {a) Discuss the reasons and conseguences of mass upsurgs of 1969,

by 'Crisis of national integration was the mam reason behind the emergence of

Bangladesh' — discuss this statemeni.

4. Wrile short noles on any three (3) of the following:

{a) Tnlemationalism
{b) Good Governance
{c) Popular Sovcrcignty

{d) Independence of Judiciary

SECTION-B

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

3. (a) Analyse the merts and demerits of democracy.

(b) Make a comparative discussion on parliamentary and presidential forms of povernment.

country.

(b} Dhweuss the salient features of the constitution of Bangladesh.

(a) Define political party. Discuss the functions of the political parics in a democracy

Contd .......... B:2

(15)
(20)

(13)
(20)

(as)
(20)

(35)

(15)
(20)

(15)
(20)
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7. (a) Write short notes on the following topics: (15)
{1} Unitary form of Governmenl
(i) Socialism

(b} Desenbe the rule making process in Bangladesh (20)

8. (a) What do you know about the United Nations Organization (UNO)? Discuss the
achievements and failures of it. (15)

(b} Define clectoral college. Discuss about the political system of TISA, (20)
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SECTION — A

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

1. fa} What 1s meant by product's CM ratio? How is this ratio useful in planning business

operalioms?

(b) Crown Creative ine. makes hiph quality Personal Digital Assistani (PDA). Sales and

production data relating to the most recent year arc given below:

Sales (in unit) 2800
Selling price per unit Tk 265
Contribution Margin Ratio 60%
Annual fixed cxpenscs Tk 111300

Management is anxious to improve the eompany's profit periormance and has asked for

several items of information.

Required:

{i}
(ii)
(i)

(1v}

(1)

Compute break-even point in units and sales Taka.

Assume that sales increases by Tk, 60,000 ncxt year. If cost behavior patterns
remain wichanged, by how much will the company's net income mcrease?
Reter to the original data. Assume that next yvear managaement wanis 1o eam a
Tk. 182,850 profit. How many units will have to be sold to meet (his target
proft?

Refer to the original data. Computc margin of safety both in Taka and
percentage form.

Refer to the original data. The salcs manager 15 convineed that a 15% reduction
in the sellmg pnce combined with a Tk. 36100 itnercase in advertising cost
would cause annual sales in unils to increase by 40%. Would youn reconnmend
that the company should do as the salcs manager sugypests?

¥ Compute degree of operating leverage at the pregent level of sales.

* Assume thal the company likes to increasc its net profit by 0% next year.
By what percentage would you expect sales to increasc? Usc degree of
operating leverage (DOV} Lo answer.

* Verify your answer by preparing income statemnent.
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2. (a) What is the basic difference between absorplion costing and variable costing? (5)
(b} Chuck Wagon Grills manufacturing company makes a single product — a hand

made specially barbecue gril that 1l sells for Tk, Z10. Data for least year's operations

follow: {30)
Units in beginning inventory -0-
Units produced 20,000
Units in ending invenlory 1000
Unit sold 19000
Varable cost per units:

Direct Materials Tk. 30
Direct Labour 30
Variable manufachuring overhead 20
VYariable selling and administrative overhead 10
Fixed cost:
Fixed manufacturing overhead Tk. 700,000
Fixed sclling and administrative overhead 285,000
Required:

() Computc unit production cost under both absorption costing and varable
cosling method,

{ii} Prepare income statement under both of the methods;

fiii} Explain the reason for any difference between the net income under the both

mecthods,

3. {a} Discuss the concepts - costs, expenscs, losscs and asscts from cost accounting point
of view. Give one example illustrating the relationship between thein. (5}
(b) The dala below have been taken Fom the cost records of Beverles Hospital, A
carctul sudy by the company's cost analyst has determined that if the number of X-rays
taken is 7000, the average operating cost is Tk. 4.14 per X-~ray. If the number of X-rays
taken 1s 3000, the average cost is Tk, 5.65 per X-ray. (15)
Required:
(1) Using high-low peint methed, determine the vanable cost per X-ray laken and
the lixed cost in total.
(ii) Dxpress the varable cost and hxed cost in the cost equation.
{ii1) If the nwnber of X-rays taken in a month is 4600, what otal operating X-rays
costs would you expect?
{iv) What is the major disadvantage of high-low point method?
Contd ... B/
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{(c) The following infermation has been taken from the records of Blue-bird company:

Panliculars Tk.
Iaw materials purchased 100,300
Dirgct labour 200,000
Indirect labour 3,000
Salesman's salaries 25,000
Miscellanzous factory expenses 4,000
Ifuel for the factory equipment 2,000
Factory insurance 8.000
Deprecialion, factory plant 40,000
Depreciation, office equipment 12,000
Power and electricity 5,000
Sales 420,000
Adveriscment 17,000
{Office salarics 30,000
Office rent 20,000
Utilities (40%: for factory, 60% for office) 15,000
Inveniores January 1 December 31
Raw matenals Tk 10,000 Tk 12,000
Work-m process 15,000 Q.000
Finished goods 5,000 7,000
Requircments:

(i) Prepare a cost of poods sold statement and

fii} An income statement for the year.

4. {a} Explain the purpose of cost allocation.
(b) Fhoenix consulting provides culsourcing services and advice to both govermment
and corpurate clients. For costing purposcs, phocmx classifies its departments into two
support departments (Human Resources and Information Systems) and two preducing

depariments {Government Consulting and corporate consulting). For the first quarter of

2013, overhead cosls across the deparmmments and other data 15 given below:

(15)

(3)

(25)
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Support Department

Producing Decpariment

Overbead costs
helore allocation
Supported by

{(in percentage)
Human Resources

Infonmation Systems

Human | Information | Government | Corporate
Fesources Systemn Consulting | Consultmg
600000 1 24,000,000 87.56,000 | 124.52,000

- 25% 40% 35%

10% - 30% 6%

Requircments:

You arc asked to allocale the two support departments cost Lo the two producing

deparmments using the tollowing methods:

{1

Direct Method

{1} Recprocal Service Method.

{e) A pmduciion depariment of a manufactunng company has five different groups of

machines. The machine hour rate of each of five machines are:

Machine Group

Machine Hour Ratc (Tk.)

Requirements;

Caleulate the overhead cost that will be absorbed by one unit of Product A and one

uml of Product B on the manufacture of which the following time (10 hours) are

I
233

1 111
305 298

spenl in the machine groups of this depariments:

Machine Group

Praduct A {each unit)

Product B cach unit

(a) What arc thc assumptions of Accounting according to Generally Accepted

[ I1 il

2 - 7

4 1 -
SECTION-1

Accounting Pnnciples (GAAP)?

(b) Define parns and losses with example.

Iy i
483 221

v A
1 2
& I

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

(5

)
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{c) "Unique Boutiques” was opcned on Junc 1, 2014 by Mr. Y. The f{ollowing

transactions occurred in the month of Junc—
June 1, Mr. Y tnvested Tk, 100,000 cash in the business.
June 2: Purchased a machine for Tk, 50,000 in cash.
June 5: (Jave an advertisement to the news paper costing Tk, 7,000; the

nayinent will be made on next month.
June é&: Borrowed Tk. 100,000 in cash from City Bank by signing notes

pavable.

June 10: Eamed revenue Tk 80,000 by delivening products, 50% of which

received in cash and the remanning balance was on aceount,
June 13:  Purchased office supplicd for Tk, 10,000; Paid Tk 8,000 in cash and

the remaining amount will be paid n a later date.

Junc 14:  Reocoved Tk, 20,000 cash trom the customers relaled to transaction
June 10,

June 16: Pawd 1o aceounts payable Tk, 2.000 in cash.

June 25:  Paid otfice rent in cash Tk. 25,000 in cash.

June 2&: Withdrew Tk. 5,000 cash from the business for personal use,

Required:

(1) Prepare a tabufar summary for the month of June, 2014.

(ii) Preparc an Income Statement for the month of June.

6. (a) What is a trial balanec and what is its purpose?

(b} Mr. Mamun started a business on February 1, 2015, The following transactions took

place during the month-

February 1:
lichruary 2:

February 3:

Fecbmary 7:

Iebroary 10:
Februzary 11:

February 13:

February 22:
February 25;
Fehruary 235;

Required:

Owmer invested Tk, 800,000 cash 111 the busimess,

Scrvice provided to a customer bul not yet received Tk, 60,000,
Purchased cquipment costing Tk, 70.000; A cash pavment of
Tk. 50,000 was made.

Paid the monthly salary of the two employees, totaling Tk. 20,000 1n
cash.

Incurred utility cxpenses tor the month on account Tk, 2,000,

Madc an invesiment by Mr. Mamun for Tk, 400,000 in cash
Reeceived Tk, 10000 in cash from the customer by prosviding
services.

Paid telephone bill lor the month Tk, 5,000 in cash.

IMaid Tk. 15,000 to account payable for equipment,

Received I'k. 50,000 in cash from customers in payment of accounts

receryables,

{i) (hvejournal entries for the month of January, 20132.

(1) Prepare the ledger of "Cash Account”.

Contd .......... P/a

(25)

(3)

(30)
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7. {a) What are the basic reasans of recording adjusting eniries? Explain.
(b) The Trial Balance of "Navana Bulders" on May 31, 2014 15 given below-

"Mavana Builders”

Tnal Balance

May 31, 2014
Accounts Title Debit {(1k.) | Credit (Tk.)

Cash 15,000
Accounts receivable 7,000
Prepaid insurance 2,400
Supplies 1,500
Office furmiture 15,000
Accounl payable 5,500
Unearned service revenue 5,000
Capital 27,500
Service revenue TG00
Salary expense 2.000
Rent expense 1,000
Maintcnance cxpensc 2,000
Dirawings 1,000

Total 46,900 46.900

Other lnformation:
* Supplies on hand Tk. 1000,
* Maintenance expense incurred but not paid on May 31, Tk, 8000,
* Tk, 3.000 of service perfonned during the month but has not been recorded as on
May 31.
* Insurance policy is for bwo years.
* Interest accrued on May 3, is Tk, 1,000,

* Office equipment is being depreciated at Tk, 250 per month,
* Accrued salary 15 Tk 1000

Required:
(i) Prepare necessary adjusting entries.
(1) Prepare an adjusted trial balance as on May 31. 2014,

Comtd ... T
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fa) What arc the standards lor companson in the case of ratio analysis?

{b) The following accounts arc taken Trom the ledger balances of “P* Company Lid on

31" Deeember, 2014

"P* Company Lid

Trnal Balance

3 1st December, 2014

Accounts Title Debit (Tk.} | Crcdit {Tk.)

Cash 60,800
Accounts receivable 20,500
Account payable 21.000
Capilal 71,000
Land 25,000
Sales revenue 30,200
Salary expense 12,000
Prepand reat 4,000
Unily expense 1,000
Commission expense 3,000
Supplics 1,000
Notes pavable 7.100
Drawings 2,000
Goodwill 20,000
Machinery 100,600
Long tenn Investment 50,000
Bond payable 155,000
Wage puyahle 15,000

Total 299300 299,300

Adjustmenis daia;
(iy Acecrued salary is Tk 300,

(i) Tk 5,000 of notes payable will be paid 10 the year 2016.

Required:

(i)  Preparc a single step income statement for the year ended December, 2014,

(it) Prepare an owners' cquity statcment and a classificd balance shect on 317

Decamber, 2014,

(5)

(30)
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SECTION-A
There are FOUR quesiions in this section. Answer any THHREE.

1. (a) Show that the Lindc process is a limiting casc of the claude process with necessary

diagram and equation. (15}
(b} A refrigerator wilh letra iluorocthane as refrigerant operates with an evaporation
temperature of -26°C and a condensation temperature of 27°C. Saturated liquid
refrigerant from the condenser flows through an expansion valve into the evaporator,
from which it emerges as saturated vapor. (207
i} For cooling rate of 5.3 kW, what 15 the circulation rate of the refngerant?
ii) Supposc the cycle of {i) is modilied by the inclusion of a counter current heat
cxchanger between the condenser and the throttle valve in which heat is (ransferred to
vapar returning from the evaporator, If liquid from the condenser enters the exchanger at
27°C and if vapor from the cvaporator enters the exchanger at -26°C and leaves at 21°C,
what is the circulation rate of the refrigerant?

iii} Determing COP for isentropic compression of the vapor tor case (1) and (11).

2. () Derive a relalion belween standard Gibbs-energy change and the equlibrium constant.  {10)

{b) Prove that for gas phase reaction: {10}

16, ) =( JK

{¢) The (eed gas 10 1 methanol synthesis reacior is composed of 75 mole % Hz, 15 mole

F
PI’J

% CO, 3 molc % CO and 5 mole % N2 The system comes to cquilibrium at 550 k and
100 har with respect (o the reactions: (13)
2H,(g)+Colg)— cit, ot (g)
CO, {H)"‘ i, (H] - CQ[H)"' Hzﬂ{g}

Assuming idecal gascs, determing the composition of the equilibrinm mixtures.

. 3. Ethanol is produced from ethylene via the gas phase reaction
i, [E)"' Hio[g)_} C¢HSOH{§)
Reaction conditions are 400K and 2 bar.

a) Determine a nuemerical value for the equilibrium constant K for this reaction at 25°C, (13)

Contd .......... P2
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(b) Determine the value of K at 400K, (5)
{c) Determine the composition of the equibbrium gas mixture for an equimolar feed
containing only ethylene and H>O. (10}
(d) For the same feed as in part (c), but for P = 1 bar, would the equilibrium mole faction

of cthano] be hither ot lower” Explain, {5}

.

4 (a) By clearly shewing all the necessary cquations, writc a block diagram for the

calewlation of Dew T. (15)
{b) With a neal sketch, wnle the working prninciple of an absorption refrigeration syste.

Derive necessary equations. (10}
{c) A system initially containing 2 mol CoH, and 3 mo! O undergoing the reactions (10}

G (g)+30,(6) ((c1,),0lg)

C.H, [5)4‘30; {3)_} 260, {5’)"’ EHzG(E)
Develop cxpression for the mole fractions ol the reacting species as function of the

reaction coordinates.

SECTION-B
There are FOUR guestions n this section. Answer any THREE.

3. f{a} Of the following fine binary liquidivapor systcms, which can be approximately
modeled by Raoult’s law? Explain vour answer. {Hint: Table B.1 of App B may be
usctul) (15}

i) Benzeno/toluenc at 1 atm.
ii} n-Hexanc/n-heptane at 25 bar
iii)y Hydropen/propanc at 200K
i¥) Iso-Octanc/n-Octanc at 373.15 K
vy Walern-decane at 1 bar.
{h) A binary sysiem ol species 1 and 2 consists of vapor and liquid phase in cquilibnum
at temperature T, for which (20)
’ Iny; = 1.8 X' Iy = 1.8x%,°
Pi™=124bar P =089 bar

(i) for what range of valucs of the overall mole fraction ») can this two-phase system

exist with a liquid mole fraction x,= 0.65.

{11} what is the pressure P and vapor mole fraction v, within this range?

{111) What are the pressure and composition of the azcotrope at temperature £
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6. {a) Define fugacily. What 15 ils physical significance? (%)
{b) The excess Gibbs cnerpy of a binary liquid mixture at T and T 15 given by {27}
GJ‘:
—=- 2.60x =1 ,sz] XX,

RT
(1) Find expressions for Iny; and Inyz at Tand P
(i1) Show that these cxpressions satisty the Gibbs/Duhem equation.

(11) Plat Iy, and lnys versus x;, Label points lny,” , Inv." and show their values.

7. f{a} “Henry's law applics to a specics as it approaches infimite dilubion in a binary
solution, and the Gibbs/Duhem cquation insures validity of the Lewis/Randall rule for the
other species at it approaches purity”-justify (his staternent with necessary cquations, {18}
(b} Figure for Queshion No. 7(b) presenis the plots of excess properties of two binary
mixtures. Draw the corresponding plots of oy, and lny; vs x; qualitatively. (Hints: for x,
— 1, Inv,— 0 and i generally have the same sign as G©.} (10)
{c) What iz the basic criterion to check whether the experimental walucs of activity

coefficients contain systematic ermor? (07)

€. (a) A concentrated binary sclution containing mestly species 2 fbut x; = 1) 1% in
cquilibrium with a vapor phasc contaiming both species 1 and 2, The pressure of this bwo-

phase sysiem 1s 1 bar; the lemperature is 298,15 K. Determine from the following data
pood estimates of x| and yy

Hy= 200 bar P, = (.10 bar

State and justify all asswmnptions. (15)

= Y

(b) For $0; at 600K and 300bar. make good estimates of the fugacity and %’F . (14}

{Hint: use the supplied data book and figure for Question No. 8(h))

{c} Distinguish between excess properiies and residual properiies. {6)



500}

J ot

Figure for Question 7 b) excess propertics at 323.15 K for i} chloroformi{1}/n-
heptane {2) and ii} acetone({1)/chleroform(2)

an-. i 1 _._|.___'_.....E P S S N T
15 27 2.5
A k

Comgpanson of correlations for 29, The virial-coefciert correlatien is
reprasenedhy the straightlines: the Lec/Kesisr corrstation, by the points, |

Figure for Question No. 8 (b)

M e many
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