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SECTION "A"
t10 Q. x 1 =10 marksl

Tick (i) the appropriate answer

1 The unit of thermal conductivity is.
u. yg *_2 06-l g. 14r *_r o6-r .. 147 n',-2 

06-2 d. W m-l K-l

50 g benzaldehyde (MW= 106.12) vapor is condensed at 1790C. What is the enthalpy of
theliquid relative to the vapor if latent heat for condensation is -38.40 kJ gmol-r?

a. -203.75kt b. -138.177 kJ c. -0.055 kJ d. -18.09 kJ

Which of the following is not related to kinetics of bacterial growth?

a. Michaelis-Menten equation b. Modified Dulong's formula
c. Modified-Gompertz model d. Monod equation

4. In a Monod Equation, the condition S = K, yields which of the following statements?

2

J

&.P= F.n

c. tl = 2It^

The output BOD in the figure shown below is:
a. 50 mg/L b. 5 mg/L c. 60 mg/L

I
Discharge = 10 m3/s

BOD = 80 mg/L

\
\

Discharge = t0 m36
BOD = 20 mell

Discharge = ?

BOD=?

_t
b. p = rlr-
d. No relation exists between p and p,

d. 100 mg/L

d. Alcohol

d.1007o

5

6 Which of the following statement is correct.
a. BOD increases with increase in DO b. BOD and DO are always equal

c. BOD increases with decrease in DO d. BOD and DO are independent to each other

7 Which of the following fluids obeys Newton's law of viscosity?
a. Blood b. Rubber solutions c. Sugar solution

8. Organic waste contains moisture.
a.50-607o b.10-1570 c. l-57o

The specific weight of the 1 L liquid of weight 7 N is ...
a.7 Nim3 b.700 N/m3 c.7000 N/m3

9

V= 1km3

d.7000 N/m3



10.

t6.

The density for the same liquid (Question no. 9) is .....
a.713.5 kg/ m3 b.71.35 kg/ m3 c.7t35 kg/ m3 d. 0.7135 kg/ m3

SECTION "B''
tl0Qx 1=l0marksl

Fill in the blanks with appropriate answer.

1 1. The product of volumetric flow rate and concentration is called

12. A parameter used to characterize the type fluid flow is called ..

13. General Mass balance equation is

14. The mass balance equation for steady state non-conservative system is

15. The fluid which follows Newton's law of viscosity is called fluid.

t7.

CSTR stands for ...

The equation which represents Fourier's law is

Mean cell resilience time (0) is defined as ..

The heat required to raise the temperature of 19 of pure water by 10C at 1 atm pressure is
called

Resistance factor that reduces the overall heat transfer coefficient is called

18

19.

20.
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SECTION "C''
[55 Marks]

Attempt ALL questions.

a. Define Recycle, Bypass and purge stream with flow diagram. t3l
b. The relationship between growth rate constant and limiting substrate concentration in

mixed culture is given by Monod Equation. Determine the value of p when S >> Ks,

Ks >> S and S = Ks and explain the significance of these conditions with diagram. [3]

A Distillation column separates 10,000 kg/hr of a 507o benzene and 50Vo toluene mixture.

The Product D recovered from the condenser at the top of the column contains 957o

benzene and the bottom W from the column contains 967a toulene. The vapor stream V
entering the condenser from the top of the column is 8000 kgftrr. A portion of the product

from the condenser is returned to the column as reflux, and the rest is withdrawn
elsewhere. Assume that the compositions of the streams at the top of the column V, the

product withdrawn D and the reflux R are identical because V stream is condensed

completely. Find the ratio of the amount Refluxed R to the product withdrawn D. t6l

J Acetobacter aceti bacteria convert ethanol to acetic acid under aerobic conditions. A
continuous fermentation process for vinegar production is proposed using non-viable A.

aceti cells immobilized on the surface of gelatin beads. The production target is 2 kgftr
acetic acid; however the maximum acetic acid concentration tolerated by the cells is 727o.

Air is pumped into fermenter at arate of 200 gmol/trr. (Draw a flow diagram and mention
the necessary assumptions.)
a. What minimum amount of ethanol is required? l2l
b. What minimum amount of water must be used to dilute the ethanol to avoid acid

inhibition? 12)

c. What is the composition of the fermenter off gas? l2l

4 a. Calculate the heat value of ethanol (CHTCHzOH) using modified Dulong's formula. [3]
b. Fumaric acid is produced from malic acid using the enzyme, fumarase. Calculate the

standard heat of reaction for the following enzyme conversion.
C+HoOs -+ C+H+O++HzO

The Standard heat of combustion for the Fumaric Acid is -1334 kJ / gmol and for the

malic acid is - 1328.8 kJ / gmol. t3l

5 a. I kg of soil sample was analyzed and found to contain 5.0 mg fertilizer. What is the

fertilizer concentration in mg/L and ppm? l2l
b. Water at250C enters an open heating tank at a rate of l0 kg/hr. Liquid water leaves

the tank at 880C at a rate of 9 kg/hr. I kg/trr water vapor is lost from the system

through evaporation. At steady state, what is the rate of heat input to the system? (Use

the propeny* table for mtssing data.) t6l

2
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6. a. Define Viscosity. State and explain the Newton's Law of Viscosity. l2l
b. If the velocity of distribution over a plate is given by , ='iy - y2 in which u is the

velocity in m/s at a distance y meters above the plate, determine the shear stress at
y=0 and y=0.15 m. Take dynamic viscosity of fluid as 8.63 poise. t3l

c. A fermentation broth with viscosity 10 2 Pa s and density 1000kg/m3 is agitated in a
2.7 m3 baffled tank using a Rushton turbine with diameter 0.5 m and stirrer speed
1 s-1. Estimate the mixing time. t3l

l A wastewater treatment system contains two completely mixed reactors in series, the first
one has Hydraulic Retention Time (r) of 10 days and the second one has Hydraulic
Retention Time (t) of 5 days. It is desired to check whether this system can meet a newly
introduced regulations of 99.9997o reduction of fecal coliform (overall concentration
ratio is 0.001) by a first order die off. The rate constant, k, for the die off reaction has

been found to be a function of Hydraulic Retention Time described by k=0.2t-0.3
i) Calculate the percentage reduction that can be achieved in existing condition? l4l
ii) If third reactor is added to obtain 99.9997o reduction of fecal coliform, calculate the

retention time of third reactor. t4l

A fermenter used for antibiotic production must be maintained at 270C. Based on the
oxygen demand of the organism and the heat dissipation from the stirrer, the maximum
heat transfer rate required is estimated as 550 kW. Cooling water is available at 100C.

The exit temperature of cooling water is 250C.The heat transfer coefficient for
fermentation broth and cooling water is 2150 W m-2 oC-r and 14000 y7 *-2 0g-l

respectively. It is proposed to install a helical cooling coil inside the fermenter; the outer
diameter of the coil pipe is 8 cm; the pipe thickness is 5 mm and the thermal conductivity
of the steel is 60 W rn-l 06-1. An average internal fouling factor of 8500 W m-2 0C-1 is

expected; the fermenter side surface of the coil is kept relatively clean. What length of
cooling coil is required? Ul

1

8



FEB 2 5 2019

Table I Saturated water temperature table

irJl

/rraerrdl efierxy,

" l'lilc
$at,

t*lltalBy.
t{ J/(g

{ntr*py.

".*_. - .Ili*s.r

yapff, liquid,
5a1. $at.

fvap.. lapor, liqrrid
$at.
vamr,

-f,

21.fir9
47..U'l{)

b?.!8t
a3.913

4"t.$22
bi.rEt
8:i.?1&

I04.S3
t25.7A

Is0$.$
e48S. I
2477.2
2465.4
7413 5

7441.7
?4e9.8
p4 t 7.$
2-'106,0

?394 0

?50f .8

)1,1G ',/

e52*.1
?537 4

2546.$
2555.6
?96{.6
2573.b
"n$*2.4

$.fJlr)rj
l'.076:3
$.1 5] 1

l.22r,lt
0.l$d!r

0 357?
0,/t3&8
0.E451
$ 57;4
0.6386

0.7038
*.76t1t)
s.83t3
0.*937
0^9551

1,015{1
1.0736
l.1346
1.1929
i.?*04

l-3*7?
1.3634
t.4188
t.n7)7
r"$?79

9.l$t{ 9.rise
8,9487 9.0:4S
8.74,P,* A.&g*tj
s.5*$9 a r8*l
83696 8.$661

8 }895 8"516I
&.015? B 4r;'j
7.&{&6 e"35ii
7.**2 8.1356
7 ^$247 8.163'_1

7.37I0 8.0748
I2218 ].C8c8
7.A769 7.W2
6_9360 7,&?96

6.7989 7.15{0

5.&65& ?"68t?
6-535i i"6lrl
5.4089 7.54i5
6.2Sg3 Li[7nl
6,1647 7.d153

6.0470 7.3$4?

$,931S }"r9$2
$.stg3 7,?3s2

s.70s: Lt8?$
s.6013 7.1?9?

ltla-44

?i)9.34
214.7.6
?5I. )8

23&2.0 7591.3
:3{i$,8 26$0.1
2:r57.7 26*S.8
3345.4 161 /.5
?]31.0 ?626.1

1^6i17?
1 )10)

5.4956
$.3S19
5.;901
$. t90i
5.0919

7 "0711
7 na6*
s.97?3
6^929{
6.&27

1e-rtl1r*r;t{ r rrr

iiirr'r illr' r.'riitt?:h,.

r t i',ilrlr:

l::l l;,rt
I!1(trJ. !al)+r,
t , uu.l

il.iji.)ltlilll ]rt{:.(}it
{lilr}l(.Jr.x, l4;.1}.J
i'l r{11,r{n !it$.3,
{t.{Jl.rlr}l}l ?L88tr
{l.l.U.l1fJ'};' E:l 1..,2

{J.til:ll}i.l-l,1.3Jir.l
n fiilll-1$4 :i7 N/*
fi fir1 i{,lti{: I'j 2{}1
*.{}i"}ir}{}.{ Il.tti!
{J.ilr) lU } {l i lr.l'l I

{'.lril l{)}; 12.il11tr
i.) {X} 1ill.r ,}.!t3t
il rilrjlt ? 6670
$,luii).::t j 6. ltli
i].{I11ii}r 5.01qn

*.** llr:11 4. llA )

$.i)i]1{l}9 3.4{rll
ilf.flr'iltl-1il 3.{t:t6l
.l].Qi3i*l{r 7.}:"i}l
*.r){:}*:1[ 1.**Se

fi.i"}il!{,4 i 1 fir:il:
*.${il,}4/ I iil$ii
ilfi0]{}!li } ii'tjl}jl
{} **1il5b I *3t{i
u.t){r18e,il lr.*sl}13

*_t6J$J*$ {) r'}fi ll
ll-ry1!tli{} {i.txh8llft

s.*t]1r?1 il *$)7$
r] ** I &&{i ft.ifi8trl
*.**1fifi* U.4,rtirt)

*.{}rJ1$81 *,3$}.1S
* $nr0*$ s.34(,q*
$ SC,l:$i *.:**ii**
*.r:fi11*e i],???4;1
i}*l:;{ *.?ilt6s

*-*r]i t* I rt.? t*5t
ll.{l{i ).'I illqlB.t
*.t{]i I.J,1 *.1}?qilqi"ffi1141 rl.1 $&3$
,),**l I,}t r].t{ft s
ij.a{1115? u.1}?}t

{.$$5:l
{.*0$t
4.*SSt
$.?t4J
4.6?33

4.5i3$
4.{4i.$
4.,1573
*.?:05
{.}M7
{,fi997

$.$i):l

6.7{f3
s.llhi
fi fl&is

b l.l{
t )i{t

{.i*5$
6.d6?B
*.d:iii

u-

2374.e)

238l.tr
338S,7
?395.5
?4q?.3

2409,1
t415.9
24?'.t.?
e4ag.4
3436. I

24d9.3
x455.9
?462.4
I4S8.9

2471.3
2481.6
34S/.8
?494.0
?5s0. l
r506.0
3311.S
?5 17.7
1(11 1

?*?8,9

a5$4,3
:s39.S
r5{d."/
I54t.*
?$54.{

l$.q*.1
r1$3.S
*$s?,8
t$71.9
?57$;7

?s79,4
r5as,8
2s8&.*
3!8*"*
ri l.)
*${4_g

Ut u,-

7374"'
2360,A
?"?4S.6

233?_.5

211b.4

e3s4.3
2)t^ .j

I:76.0
3261.9
2247.7

?333.4
27.19 |
??s4.7
?19r.3
!173.8

il*l 3
21,15,&
,131.9
?,tt?,{}
t1s?.s

?087.0
?0? l.{t
,0*$.il
!*{$.9
30fs.3

3*S?.5
i lu)}.d
I$:t.3
l9$0_s
r Qd.d 2

r**7.4
1*:0.1
1fi?3.8
1S7S.{
185?,I

1&5S.{
1*!S,p
I80?.,1
i rfi3-$
Lil{"b

I743".v




