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SECTION "A"
[20 Q. x 0.5 = l0 marks]

t/2 [ ] Dimensionless

In Fourier's law. the proportionality constant is called the

[ ] Thermal diffusivity [ ] Het transf-er coetficient
[ ] Thermal conductivity [ ] Stefan Boltzmann constant

3. Maximum heat transt'er rate is achieved in flow
[ ]Cocurrent [ ]Countercurrent [ ]Turbulent [ ]Laminar

4. Mass transfbr rate between two f'luid phases does not necessarily depend on the
of the two phases

The unit tbr the log mean temperature ditference is

t I "c t I U.c [ ]uc

(J

[ ] chemical properties

[ ] Intertacial area
[ ] Physical properties

[ ] Degree of turbulence

e
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8.

A shell and tube heat exchanger is required if the heat transfbr area between the fluids
must be more than

[]r0m2 []lm', [ ]5m' [ ]0.5m2

A correlation for the average heat transfer coef-ficient fbr flow of gas or liquid across a
cylindrical tube is

[ ]Nu:CR"npr055 [ ]Nu:CR.n/2pru55 [ ]Nu=CRenpr0sl [ ]Nu:CRe'pr

An open system in which the growth rate is maintained by adding a nutrient at the same
rate as that medium containing micro-organisms is removed is called
[ ]Manostat [ ]Chemostat [ ]Culturostat [ ]Turbidostat

In the equation Q = UAAT; AT is
[ ] Geometric mean temperature difference
[ ] Arithmetic mean temperature difference
[ ] Logarithmic mean temperature difference
[ ] The difference of average bulk temperatures

A higher Ks value of Monod's equation means

[ ] Greater affinities to substrate [ ] Lower affinities to substrate
[ ] Unaffected with the substrate bonding [ ] Lower dissociation constant value

9

t.

2.
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lt.

which of the following process is more sensitive to catabolite repression?
[ ]Batch [ ]Fedbatch [ ]Continuous t lplugflow

At quasy-static state during fed batch culture which of the following parameter remains
constant

[ ] Growth rate

[ ] Reaction Volume

The solubility of oxygen in aqueous solutions at ambient temperature and pressure is only
about

[ ]l0ppm [ ]5ppm [ ]20ppm [ ]30ppm

Enzyme reaction are rarely carried out in
[ ]Batch [ ]Fedbatch [ ]Conrinuous [ ]ptugflow

The surface area available for heat transfer is lowest in
[ ] Jacketed vessel [ ] internal helical coil
[ ] Internal baffle type coil [ ] extemal heat exchanger

12.
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t4

l5

I6

17.

t8

19.

a

tltl
Dilution rate

Substrate concentration

(_)

20

Temperature profile in steady state heat transfer is
[ ]Asymptotic [ ]Hyperbolic [ ]parabolic [ ]Linear

In case of parallel flow heat exchanger, the lowest temperature theoretically attainable bythe hot fluid is the outlet temperature of the cold f.luid.

Iji.tilx []m,meorressthan
Batch sterilization cycle time consist of
[ ]Twophases [ ]Threephases [ ]Fourphases [ ]Fivephases

which mode of culture is not often used in industrial process
[ ]Batch [ ]Semi batch [ ]Fedtatch [ ]continuous

Lactic acid bacteria is being grown in chemostat which produces lactic acid succinic acid
and malic acid. At steady state concentration of
[ ] All product varies with time t I lactic acid remains constant
[ ] all product remains constant [ ] Succinic acid varies with time

For organisms growing in a chemo stat, the specific growth rate
[ ] cannot be determined
[ ] can be determined from the dilution rate
[ ] equals to the maximum specific growth rate of the culture
[ ] none ofthe above



SECTION "B''
[l0Qxl=l0marks]

Fill in the blanks.

21. Fourier's lar.v explains heat transfer due to

?2. Residence time is the reciprocal of .

23. The method allowsKla determination
tiom a single-point measurement.

24. The liquidsideresistance is small for the system of water and

25. Calculation of mass transf'er co-efficient is mostly done using
theory.

26. The mathematical expression lor Nuslet number is

27. culture is used extensively in production of
bakers'yeast.

The amount of steam needed for continuous sterilization is
% ofthat used in batch processes.

r)

28.

29. Most of the resistance to heat transfer to or from the fluid is contained in the

30. Wash out in steady state fermentation occurs when dilution rate is less than
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Attempt IZZ questions

Attempt ANy SIX questions. (e.4 is compulsory)

Write shoft notes on
a. Fourier's Law of heat transferb. Monad growth model

I' Explain the types of different configurations of bioreactor for heat transfbr with diagram.
2' Explain the simpre dynamic method of measurement of KLa.

i' A genetically engineered strain of yeast is cultured in a bioreactor at 300c for productionof heterologou.s protein. The oxygen requirement is g0 mmol r-rrrl,. iro.,itical oxygenconcentration is 0'004 mM' The solubility of o*yg.n in the fermentation broth isestimated to be r004 rower than in water due to sorute effects.a' what is the minimum mass transfer coefficient necessary to sustain this culture withdissolved oxygen levels above critical if the reactor is sparged with air atapproximately I atm pressure?
b' what mass transfer coefricient is required if pure oxygen is used instead of air?

OR

A strain of Escherictr;111ri has been genetically engineered to produce human protein.A batch curture is started by inocurar iTe Dg oicetis irrm r0O_ritre bubbre corumnfbrmenter containing to g L-r grr.*.. ?r.," Jurtu.. ao.. not exhibit a rag phase. The
t1!)r1';l 

specific growth ratelf the ceils is o.q t:'lih. aioru* yietd rrom gtucose is
a. Estimate the time required to reach stationary phase.b' 

,Yf,'#i5'ff Hrcell 
densitv'iitr," r"#"rtuiion is stopped after onty 7go/oorthe

4

5 A 150 m' biorea"tor is operated at +00!_to pr!!uce. fulqar biomass from grucose. Therate of heat dissipation from fermentative reaction is -sbsrrzS; the ugituti, airsipatesenergy at a rate 
"t , 

,5:.1Tr. 
cooring water avairabre from a nearby river at r00c ispassed rhrough an internar coir in-the fermentation ;;;i;, a rare of 60 mr h-,. If thesystem operates at steady state, what is the exit r"rp.**r.lrrn. cooring water? t5]

SECTION "D"



6.

7

Derive the equation fbr calculation of batch reaction time for enzymatic reaction in termsof initial and final substrate."r"rr,r"ri"r. lbr enzymatic reactir 
15]

.f;Tn':[.lith 
labeled diagram, the principte of continuous heat steriri zationby heat

tslDefine total heat transfer coefficient (U)' Exprain each of its individual components. 
15l

fi!* '" 
brief the two film theory for mass transfer carcurations in bioprocessing with

8.

9.

t0. Differentiate between following (ANy TWO)
3. Batch and fed batch operati;;-' 

' '
b. Nussett number and Reynotas numUerc. Dilution rate and nesiAenceih; "

tsl

[2.5x2 = 5]
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