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B.Tech SIXTH SEMESTER EXAMINATION JUNE-2025
(Branch : Chemical Engineering)

CM-6301 TRANSPORT PHENOMENA

e Maximum Marks : 70
Time : Three Hours Min. Pass Marks : 22
Note : Attempt any five questions. Each question carries equal marks. Use of prescribed data-book is
permissible.
FIE 4 gig 7¥7 8T BY/| AT HIT B 3F G &/ [T Scr—g& P71 SuINT wiHrd &/
1 “Analogy amongst momentum, heat and mass transfer substantially aid in development of 14
transport phenomena model”, justify the statement.
"srdre AT diee & fABrd § W, HEN IR GHHH IR B e AHIA
BB TG AP A8IH &', B Pl Ifd FE |
2 A cylindrical rod of radius %2 kR modes axially with velocity V, along the axis of a 14

cylindrical cavity of radius R as shown in fig.1. The pressure at both ends of the cavity is
same, so that the fluid moves through the annular region solely because of the rod motion.

Fluid at modified Cylinder Inside Radius R Fluid at modified
_ \ \ | _

( \
Rod of radius kR 7 ™

moving with velocity Vo < L >

Fig.1

Fig.1lannular flow with the inner cylinder moving axially prove that the velocity distribution
bears the following form :

V, _ tn(r/R)

V nk

3T % kR @1 U JoIdR B, 35dT R &1 de[IdR T8l &1 g & gfaer Vo 91 &
AT e BU W Al 7 o 6 -l d femmn w2 et & Ml RRI W g™
A B, SO §9 dad B @ I & SR HSATHGR &5 | BIdHR ToiRdT 2 |

RF-1 JAARE Riefer & eI ©U F gA4 & A1 HSAThR Jalg AIidd &Rl & fdh 9T
facRor 1 w9 & B B

V., _ #n(r/R)

v, fnk

Derive the equation of motion in cartesian system of coordinates so as to bear the following
form :

a
PV =-[Vpwl-Vp-[V.i]+pg
All the terms bear their usual meanings.

B e Jomell # A BT AHIBIOT §F THR Ga= DN [ 98 19 WU gROT IR
D

2
cPv=-[Vpwl-Vp-[V.i]+pyg
T Ue 397 G 31ef Y ¢ |

14

P.T.O.
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Consider heat conduction with an electrical heat source where an electric wire of circular 14
cross section with radius R and electrical conductivity k,Ohm *em™* Through this wire
there is an electric current with current density |1 amp/cm?® Prove that the temperature
distribution for such system is parabolic in nature and is represented by the following
equation :

S.R? T2
T=T = % [1_(E) ]
Where S, = electric heat source per unit volume other terms bears their usual meanings.

fgd $W Wd & WM SHT I R fTarR &), S@f Foa R &R fagd @rdedn
k.Ohm™*cm™ & A FATHR HIF FRM BT Uh fdgd IR T | 39 AR & ARG A
A T | amp/em?® & AT U fAgd daTg BraT § | A1fed 9N fh 39 aRE &Y Jomel!
& forg qrowE IR uefd § wmaalie g iR 39 AfeiRad FHiaRoT gRT Semar T
=

T—T, = Sff 1— (%)2]

STEl Se = Ul SH1g A g ™ A 3 ek U+ MR 31ef @ 2 |

Explain the role of the following dimensionless numbers in predicting distribution modes in 14
respective areas : (i) Reyonld’s Number, (ii) Nusselt Number.

HART Al § IR At BT MEiRa o) § FfeiRad ™ M2d A=l T AT
P ARAT BN : (i) HAlegd TRR, (i) ™I T=R |

Diffusional flux in case of diffusion with a heterogeneous chemical reaction varies 14
logarithmically in the following manner :

2C Dyg 1
Ny, = ‘n
A 5 <1 - %XAO>

Where ¢ = malor concentration, & = thickness of liquid film cover catalyst surface
X40 = initial solute concentration.

Deduce above equation and mention its applications in practice.

foym yafae fafhar & 9 fARor & 99 § ool uae 91 uerR 9
ALTUSHT wY F I~ BT 2

2C Dyp 1
Nyz = tn
i 6 (1 - %on>

STel ¢ = AleR Figdl, O = 5d fhod ARV SIRP Tdg &I HIcTS
QURRH FHIBRUT DI d~ X AT FdeR H §HD AJIAN BT ool P |

Compare specific roles with examples of partial derivatives, total derivatives and substantial 14
time derivatives as used in studies of transport phenomena.

o AR & oregad d uyeh uilkige sRdfesd, cicd sRafesd iR Heafead
crsd SRafesa o1 Iarevelt & Ay faftre YfAwRl & Jorr o |

Write precisely about any two of the following with regards to specific uses / 7*2
fafire SuaTt & ey & f=faRad § & fol &1 @& IR § 9 w9 ford

(i) Microscopic momentum balances / g&q rfd Hel

(i) Equation of continuity / FRARAT BT FHIHR]

(i) Equation of mechanical energy / if3d SHoll &1 AHIEHROT
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CM-6302 HEAT TRANSFER EQUIPMENT DESIGN

Maximum Marks : 70
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Note : Q.No.1 is compulsory. Attempt any three questions .Draw neat sketch and assume suitable data
wherever you required. Use of Design data book is permitted in the examination hall.
&7 FHE1 SfAard &1 BIF o AT FIT 5T BN/ GTH—GY BT FAV SV 8 4 HaeIF & FUYhH

ST 71T & | 9T §TcT H [T 15T ST §F HT GYINT B B AT 8/

1 Design a Direct Rotary Dryer to dry 1500 Ib/hr of Crystalline material (dry bulk density 40 22
Ib/ft®) from 0.15 to 0.0045 Ibwater/lb of dry stock. Material discharged continuously at
75°F. Almost all the moisture is surface moisture. Material cannot be heated above 310°F.
Data :

e Air velocity : 500 Ib/hr ft?

e Inlet Air temperature : 295°F Humidity 0.025 Ib/Ib
o Material discharge Temperature : 250°F

e Specific Heat of dry material ;0.2 Btu/Ib°F

e Specific Heat of Steam : 0.45Btu/lb°F

e Specific Heat of Air . 0.24 Btu/Ib°F

e Average particle size in micron  : 210

Assume 8% holdup and two transfer unit for dryer.

0.15 ¥ 0.0045 Ibwater/lb & ¥l | 1500 Ib/hr fibeeela Al (Yo o o+ 40
Ib/ft’) B FgE™ & fou & SeRae e SRR AT o) | ARl & AR 75°F W
fewarst fhar SIdr 8 | o IR T Adg b 9 2 | AR B 310°F | SuR TH A8
faT ST FhdT | ST

o TTY I : 500 Ib/hr ft?

e SIC AT BT ATUHM : 295°F Humidity 0.025 Ib/Ib
o N fdET amEE . 250°F

o b U B fAfdre wwr ;0.2 Btu/lb°F

o WU B fAfdre SoAT : 0.45Btu/Ib°F

o I DI fAftre T : 0.24 Btu/Ib°F

e HZHIA H 3 BT MMHR 210

SRR & folU 8% Blesay 3R &I AR SHIs A o |

2 24,000 Ib/nr of 35°API distillate is cooled from 400 to 300°F by 50,000 Ib/hr of 34°API 24
crude oil heated from an inlet temperature of 250°F. Pressure drops of 10 psi are allowable,
and a dirt factor of 0.006 is required. Using 20 ft hairpins of 4- by 3-in IPS

(i) how many hairpins are required? (i1) how shall they be arranged? and
(iii) what is the final fouling factor?

35°API feReeie @ 24,000 Ib/hr &1 400 & 300°F O ST fobam SITaT &, 34°API &=t I
@ 50,000 Ib/hr &I 250°F & Seelc dUAM ¥ I fdHar Sar g1 10 psi &1 a1 94
e 8 3R 0.006 BT S haex 3MaeAD 7 | 4- by 3-in IPS & 20 ft IR BT ISUAN
BT |

(i) fram TR =7 @) maggdar 22 (i) S= & aRerd fdhar S 3R
(iii) <ifH BrefeiT bhaex w22

P.T.O.
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3 96,000 Ib/hr of 35°API absorption oil in being cooled from 400 to 200°F is used to heat 24
35°API distillate from 100 to 200°F. Available for the service is a 29 inch ID 1-2 exchanger
having 338 tubes I inch OD, 14 BWG, 16'0" long on 1% inch triangular pitch. Baffles are
spaced 10 inch apart. What arrangement gives the more nearly balanced pressure drops and
what is the dirt factor? The viscosity of absorption oil is 2.6 centipoise at 100°F and 1.15
centipoise at 210°F. Plot a logarithmic paper temperature vs viscosity and extrapolate as a
straight line. The viscosity of the distillate is 3.1 centipoise at 100°F and 1.3 centipoise at
210°F.

96,000 Ib/hr, 35°API 31TINYUT Al bl 400 F 200°F TF ST Hxad 35°API 3MRTaT &l 100
I 200°F 9 T fhar Sirar 81 a1 & {7 29 9 BT ISl 1-2 TRIHoR SUdel g,
S 338 <qd 1 91 3f1Sl, 14 BWG, 16'0" &dl 1Y% 59 Rreproiy fog 2| 9% 10 inch &
R R | B W FaReN s Hdfera R S (pressure drop) el 2 iR BT hdex
T B2 AN Il P T 100°F TR 2.6 Figel 3R 210°F WX 1.15 Mgy 2|
AT G YA BT AGIOIHIT YR ie BN 3R Y Al @1 & w4 H gadgyeled
H | YA @ AT 100°F W 3.1 HigsT 8k 210°F W 1.6 HMisS 7 |

4 It is desired to concentrate a caustic soda solution from 12 to 30 per cent is a double-effect 24
evaporator. 40,000 Ib/hr of feed solution enters the evaporator at 120°F and steam at 15 psig
is available for effecting the concentration. Vacuum the second effect is held at 24 inch Hg
and water from a cooling tower is available at 85°F. Estimate :

(@) the quantity of steam and water required for forward feed operation;

(b) the quantity of steam and condenser water required for backward feed operation;
(c) the surface required for operation in (a),

(d) Steam economy.

Assuming overall coefficients of heat transfer of 400 and 250 Btu/(hr) (ft?) (°F) for the first
and second effects.

HIRTH ATST Ol Bl 12 F 30 Ufded o dfgd HRAl Uh Sdd—shde SdURSR ¢ |
40,000 Ib/hrqﬁtc;*aﬁa120°Fwsﬁnﬁaﬁmaﬂm%‘sﬁ?maﬁqwﬁﬁaﬂﬁzﬁ
ferg 15 psig TR 41T ITcre] 2| JRA O YW 24 39 Hg TR SMARa fvam Siram © 8iR
BT AR F U 85°F TR IUAET § | AThalT BN

(8) 3T P Wie R @& foIv Magads {9 3R U &Y AT

(b) WIS & WIS MW & U MaI®d A9 IR HSTAR Tl DI A=

(€) (a) # 3N & fory emaedsd Adg

(d) & s |

Ugel 3R gR wWTal @ forg 400 3fR 250 Btu/(hr) (ft%) (°F) & ST SXACRYT & AT
o7 DI AT B |

5 62000 Ib/hr of pure ethyl alcohol at 2.0 psig is to be condensed by water from 85 t0120°F. 24
A dirt factor of 0.003 should be provided. A pressure drop of 2 psi is allowable for the
vapor and 10.0 for the water.

Calculate the required size of a 1-2 horizontal condenser using 1 inch OD, 14 BWG tubes
16 ft long on 1% inch triangular pitch.

2.0 psig TR 62000 Ib/hr Y& TRIA 3fehled ®I 85 W 120°F | T UMl gRT Hafid fdar
ST 21 0.003 &7 $¢ Waex Ua™ fhar SIr =1fey | 9 & forg 2 psi @R o & forg
10.0 &T YR ST (pressure drop) &R 2 |

1 39 OD, 14 BWG ¢, 16 ft dl, 1% 9 By U9 &1 ST oxa 1-2 &fdw
hSTHN Eﬁ AT D JMTHR DI ITUHT Eﬁl
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CM-6303 CHEMICAL PROCESS CONTROL
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Note : All questions Carry equal marks, draw neat sketch and assume suitable data wherever you required.
T 7E @ S GHIT BV, FIH—GYNT T FAIY IV &l i JIGeqE &, SuYw ST AT o /

1(a) Define proportional, integral and derivative control actions.
MU, A 3R a1 =T fahamel &1 aRwIfia & |

(b) Explain the realization of proportional-integral-control action with the aid of bellows, flapper-
nozzle etc.

9ll, FlR—AISIel 3ffa T AT A UIfdb—AM=—G=0r fhar &1 wifq o @rn
B |

2(a) What is control valve? List types of control valves.
30T ared g1 27 A 9T & UBRI B gAr a9 |
(b) Discuss advantages of the electronic controller.

goldele I & ol TR aar N |

3(a) Define time constant of a system.
foe Red @ a7 Rerid &1 alRMIRT o |

(b) A thermometer showing steady state temperature of 30°C is suddenly immersed into a hot bath
at 150°C. If the time constant of thermometer is 7 sec, determine the following :
(i) Thermometer reading after 7 sec.
(if) Time required reading 90°C on Thermometer.

30°C &1 ReR sf@awe qUAM S dlel oHMIer &l J@med 150°C R TH U1 H garm
ST 2 | afe emiier @1 @ ReRkid 7 Ads B a f RuiRa o

(i) 7P B 9 YHMHICI BT AT |
(ii) omier W) 90°C Yo ¥ <11 HHY |

4(a) Define transfer function of a transportation lag.

IRIET RIS & IATIANTT BRI bl IRITRT B |

(b) Discuss time response for a step change in input to the liquid storage tank with fixed outlet
flow.

ARFd arScele JaE & A1 XA WERU <o H $IYC H Udh =RU URddd & oy |8y
fafsar w F=t o |

P.T.O.
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5(a) Consider a second order system with the following transfer function :

G(s)=

~(s2+s+1)
Introduce a step change of magnitude one into the system and find
(i) % overshoot (ii) decayratio (iii) rise time (iv) ultimate value of Y (t).

FRATRIT IR HaRE & AT U TaX HA JUTTell IR fdaR o

G(s)= K

(57 +s )
Rees # gRHTT Ta BT va =R gRade uer o QiR
(i) 3MaRTE (i) &g srgurd (iii) gfg aw (iv) Y(t) BT Sifcm 719 S N |
(b) Define Interacting and Non Interacting Systems.

SNfFT QR A1 gedfaeT Red &7 uRyIig &V |

6(a) Determine the range of K for stability of the system with following characteristic equation :
s +Ks®*+s*+s+1=0

fraforRad s* + Ks® +s% +s+1=0 IfAAeI0MH FHARoT & AT YoTell &l Rerdar & forw K
P I fRiRa &Y |

(b) Discuss about the standard test signals impulse, step and ramp for a first order process.

Yo hH UfhdT & folu ATd TRIGTOT Fahdl AT, TROT 3R ¥ & IR H =i By |

7(a) Write the Stability Conditions of Bode Plots.
g1 w@ifc @ Rerar @ o ford |
(b) Write steps of drawing the Nyquist path.

Irsfdave 91 9919 & a7 foiy |

8(a) Define Gain Margin and Phase Margin.
T HIRS @R =RoT A1 @1 aRwIfd & |

(b) Discuss the Reaction curve tuning method.

yfafshar g egfr Afy w =af & |
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Note : Attempt any five questions. Each question carries equal marks.
PIE f giF go7T &7 Y/ HAF F97 & 3F GHT &/

1(a) Explain adsorption. Distinguish between physical adsorption and chemisorption.
SITRIYOT BT FHASISY | I AfNYor &R e JAferenyor & dr9 iR 9amsy |

(b) What are the commonly used adsorbents? What are the characteristics to be possessed by
industrial adsorbents?

I SUART U S Tl 3RS d hi—aid O 872 SelfTe SIfeeiyedl § w—ar
faeryarny g =rfey?

2 A mixture of oxygen and acetone vapor at a total pressure of 1050 mm Hg at 25°C has a
percentage saturation of 75%. Calculate :

(i) The molal humidity (it) Absolute humidity  (iii) Relative humidity
(iv) Volume percent acetone  (v) Molal humid volume

The saturation vapor pressure of acetone at 25°C is 290 mm Hg and the specific heats of
oxygen and acetone vapor are 0.25 and 0.35 kcal/kg °C respectively.

25°C @R 1050 mm Hg & §ol drd WR AadIor AR TAICH g & Asror 9 gfcrerd g
75% T | TN BN

(i) HAreter amear (i) f=uer emear (iii) <TUer 3rmear

(iv) 3maad ufaerd g (v) AreTel 3T M

25°C WX Tl &l Wit a9 gd1g 290 mm Hg 8 3R SRS iR wilerd arsr &)
fafire &g Her 0.25 3R 0.35 keal/kg °C € |

3(a) Explain drying process with a typical drying rate curve and bring out its salient features.

SIST XC Bd & AT GBI DI ULHAT DI FHISY TAT SHG! UG fARyamsl R g
SIS

(b) A time of 5 hr was taken to dry a material from an initial moisture of 30% to a final moisture
of 7%. Critical and equilibrium moisture are found to be 15% and 2% respectively. How much
further time would be required to dry the material to a final moisture of 4%. All moisture
contents are on wet basis.

fB3f) uaTel BT 30% BT RS T H 7% B Afow T dH @ H 5 °S BT GHI A |
fhdime vd sRIforfaRam T wwer 15% 3R 2% u1E 7T | uard &1 4% ot 3ifaw I+ d&
FaEM & oy 3R oo 97 =1y N | I 99 d¢ IR SR WR % |

P.T.O.



4(a)

(b)

5(a)

(b)

6(a)

(b)

7(a)

(b)

-2-

Explain with neat diagram the construction details, working principles and applications of
Tray and Spray drier.

¢ 3R | FRR & AT arv, Sl Rigid 3R IR & W & & 91 |JHsiey |
Give classification of cooling towers. Explain mechanical draft cooling tower in detail.

HITT TRl BT BT IARY | HB DB IS HiePTT TR Pl f[IRR F FASIY |

Discuss briefly the typical equilibrium diagrams in leaching.

MRt ufthar & efcTa sRIfofaRam s &1 goie o |

Explain the graphical method of determining the number of theoretical stages in a multistage
counter-current leaching.

Aec] ol Beex-dre e # aiRfiedd ol & d@n MuiRd o= @ dfhee fafd
D IRAT BT |

What are the parameters controlling the crystal size distribution in a crystallizer? Explain them
briefly.

fheccigor & fhved omer faavor &1 fRif3d &g drel IR =7 8?7 S ey o
NHEATRU |

5000 kg of KCI solution at a temperature of 80°C is cooled to 20°C in an open tank. The

solubilities of KCI at 80°C and 20°C are 55 parts and 35 parts per 100 parts of water. Estimate
the yield of KCI crystals by :

(i) Assuming 5% water is lost by evaporation
(if) Assuming no loss of water by evaporation.

80°C & dTUAM WR 5000 kg KCI fdeiae &1 Te el b H 20°C T Sl fbar el & |
80°C iR 20°C W KCI &1 gareiiaar 100 9T U<l § 55 917 3R 35 91T 2 | KCI foheea
Eﬁsq\ﬂiﬁfdinldS?THmN ST

(i) ¥ AFd gV &% arsiiaRor & 5% Ul < 8T ©
(i) T® AT gY % arsfiaxor A 9+l & BIE B qE B B

Explain in detail about the total material balance for the Single stage and Multistage Counter
Current Extraction with neat sketch.

Uhel oRUT AR Gg—oRU HISCX IR YU & oIy el ACRIA dold & aR H W
RETE & | AR | FHsy |

Explain equilateral triangular coordinate diagram used in extraction. Also explain plait point
and binodal solubility curve.

Frepyor H ggwh FHag PrRoeR e e & Rl ax | ©ic fdg 3R aArsd
faeraT 9% &1 A R PN |
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Discuss various factors which limits the rate of Solid-Liquid extraction?
SN—5d Ry P R BT WG RA a1t fafa= FR® W) T4l He?

An aqueous solution of solute C is to be extracted with pure solvent B to recover the solute.
The equilibrium data in terms of weight % of solute in the two layers are given below :

Aqueous Layer : 2 8 15 20
Solvent Layer : 8 22 35 45

A feed 20% by weight of solute is to be treated in two consecutive cross current cascades
using aqueous solution to solvent ratio of 1.8. Calculate :

(i) Concentration of final raffinate

(i) Amount of raffinate

(iii) % recovery of solute

(iv) Amount of solvent to be used for a single stage extraction to obtain the same final
concentration.

Water and solvent are immiscible with each other.

fderr C & STefig 91 &1 g fAas B & | Maren e & arfé fae & g ura
T ST | | 1 uRal H Aol & 4R % & ded H Hdod sl | faar g

S ®Rd @ 2 8 15 20
ffee &g 8 22 35 45

fIers & YR & AR 20% ®IS &I Selid °id A fdardsd 3urd 1.8 6T SUANT PR al
TR i PRC DEhs | ISUATRA fHdT ST 8 | T0ET Y
(i) siftm Mpore o wigar (i) e B A (i) Row @ % i
(iv) T& &1 3ifcH gt o e’ & oIy el =@Ro1 fsyor & forg SuamT
Py S arel A ! A |

aT 3R fIemId U SR @ ey sifsiy € |
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PIE ff giF go7T &7 Y/ HAF F7 & 3F GHT &/
1(a) Discuss the importance of Industrial Pollution Abatement in present context of
industrialization.
JITEIIARYT & gaA Hed H i Ugyer &l & Ao W a=l & |
(b) What is the need of environmental legislation? Describe key environmental legislation in
India.
UITEROT B DT RIT FAIBAT &7 R H I YATAROT BT BT quie PN |
2(a) Differentiate between point and non-point sources of pollution. Give suitable examples in
support of your discussion.
USNUl & Ulc 3R AM-Use Al & 41 R daigy| Ul F@l b qHed W Iugeh
SEHENYESIE I
(b) Explain the sources and consequence of air pollutants for the following :
(i) Sulphur-di-oxide  (ii) Ozone  (iii) Dust  (iv) Fumes
fFrfeRad 9 uqusl & HArdl IR URemHl & AT N
(i) HoBR—SIg—3IRITSS (i) 3o (i) et (iv) g
3(a) Differentiate between water quality characteristics of surface water and ground water
resources.
AAE! S AR Yol FAEA DI STl o faRIvden & 4 3R Bk |
(b) What is the use of effluent treatment plant? Describe the various steps for the designing of the
effluent treatment plant.
IR STl SUIR WIF BT SN T 27 JURE Sl SUIR A3 & foorrsy & faf=
TRON BT quid P |
4(a) Which biological treatments are generally used in waste water treatment? How effective these
are and what are the controlling parameters of these processes?
IR ST SUAR H MAAR W $IF I Sifdd SUARI & SYART fhar Srar 8?2 3 fhaw
gaTdT € 3R 39 ufharetl & f=or IRmiex @ 87
(b) Differentiate clearly between BOD and COD. How do you determine the BOD and what are

the limitations of BOD test?

BOD 3R COD & 99 W< FdR IdisV| 3T BOD &1 fAuiRor & &vd & 3k BOD
e B G T 2?

P.T.O.
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Define inversion. Briefly explain the different types of inversion with the aid of neat sketch.

GShHOT BT IRATIT B | ¥ NG $ AeRI W Fobhavl & fafe yoRT o1 derd o
[ |
With a neat sketch explain the Plume behaviour for the different atmospheric conditions.

U W @eE & 9 A= agveda Reafdl & fou <@ (Plume) Ja8R &1 e
N |

Explain the factors affecting the selection of the particulate air control devices.
HOTHI qrg HF0T IYSRON & =TI DI YHIAT B dTel BRDI DI ARAT N |

Briefly explain the particulate matter removal by gravity settler with the neat sketch.

TS JeoR gRT BOTHT ggred g™ &) UfhaT &l Wt @i & el e § JHssy |

With respect to solid waste management, describe the following :

(i) Solid waste collection systems  (ii) Sanitary landfill
(iii) Hazardous waste disposal (iv) E-waste management

o JURE Yaue & Hay # FrAfeRad &1 avie o

(i) 39 U FUE HoTel! (i) A <fefha

(iii) TaRAT® IMfIre fge™ (V) S—PaRT U&e

Discuss concept of Environmental Impact Assessment (EIA). Briefly explain procedure of
EIA.
QRO YHTE 3Mdherd (EIA) BT RO W =@l X | EIA @f Ufhar T deg H§ F9sm |
What is EMS? What are its benefits? Explain the entire concept giving a suitable case study.

SUATH T 2?7 D FIT A 27 STYh DY IS ShR AYUT RN BT FHMSY |
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