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Fifth Semester
Chemical Engineering
Refinery and Petrochemical Engineering
Scheme July 2008

PROCESSHEAT TRANSFER (502)
Time: ThreeHours Maximum Marks: 100

Note: i) Attempttotal Six questions. Question No. 8 iscompulsory.
From the remai ning questionsattempt any five.
T B: 4T & HIRTQI e s 8 ifart g1 A9 meAl A
q gl ura uedl @1 g HIT|

ii) Incaseof any doubt or dispute, the English version question

should betreated asfinal.
forst off TR & Wigg 3rerar farg & fRART & @St v &
U9 DT I HAMT SR

1. @ Whatisheattransfer media? Definethermal conductivity and
discussthe effect of temperature on thermal conductivity of
gas? 9
gic grawx Hifear @ 27 efa defredid o wmsmgy ok
gAIZY I d9HH Bl 19 H o Defdedicl W T U9E gsdl

g?
b) WhatisFourier'slaw?Givethe mathematica expression of one
dimensiond heat flow for steady state. 9

HINGR T P a7 27 ¥l T & ol U euAR™e gie
Tl T ol el S
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2. @ A furnace wall is made up of 23 cm of fire brick, 7.5 cm of
insulating brick and 8.9cm of red brick. Thetemperature at the
inner surface of wall is800°C and that of the outer surfaceis
60°C Averagethermal conductivity valuesof thethreetypes of
bricksi.e. fire brick, insulating brick and red brick are 1.04,
0.104 and 0.744 W/m°K respectively. Neglecting resi stance of
points. Calculate the rate of heat flow and temperature at the
interfacesbetween different kindsof bricks? 14

U - qaTel bl 23 cm dT BRR 3¢, 7.5 cm &l 3=gaifeT 3¢
dem 8.9cm & ATt S | FRIT T § ISR Pl g DY et Bl
dg9™ 800°Ce 3R aTest g & a9 60°C g1 <fiH gef fit
1.04, 0.104 3R 0.744 W/m°K g1 35 IR0RC—T 778 2l gl vl
& R P ST DI 3fR AR ydR & g1 & S B auaE
A Feprferul

b) Givethephysca sgnificanceof 4
)  Reynold'snumber
i)  Prandtl number
fiSTpe A iU
) Fes TRR
i) Used TR

3. @ Whatdoyoumean by fouling of heat exchangers. 2

gic UaTdoR Pl HIfelT A 39 a7 T ¢ P
b) Determinethehesat transfer coefficient for water flowinginatube

of 20mm diameter at avelocity of 2.5 m/s. Thetemperature of

the tube is 297°K and water enters at 353°K and leaves at

309°K. Use 16

)  DittusBoelter equation

i)  Sieder Tate equation. propertiesof water at 331° K i.eat
thearithmetic mean bulk temperatureare p = 984.1kg/m?
Cp=4187 Jkg °K, 1 =485 x10° Pas, K =0.657 W/m°K,
viscosity of water at 297°K, u,,, = 920x107° Pa. sec.
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20mm &1 @ H 2.5 n/s. P T A 9 @ gl Y BT A0
297°K g iR Ut 353°K & 3igr 317l g 3R 309°K. WR aTeR
fSperar &1

) fega dree |HlaRu

i) RieR < THflaRTr @1 ST IRG BT TRIRR DIt
ST AR 331° K ot it Toraar @ SRy srefafes f=
o dUIE W p = 984.1kg/m3, Cp =4187 Jkg °K,
1 =485x10"°Pas, K = 0.657 W/m °K ,arit &t fovepriiet
297°K, p,, = 920x10°Pa. S 21

Differentiate between filmwise and dropwise condensation?
6

flherargel 3R SMaTssl ded" & &g § iR garsyl

Hot oil at arateof 1.2kg/s(2083 Jkg °K) flowsthroughadouble
pipe heat exchanger. it enters at 633 °K and leaves at 573°K
cold fluid entersat 303°K and leaves at 400°K. If the overal
heat transfer coefficient is 500W/m? °K. Calculate the heat
transfer areafor 12

)  Padldflow

i)  Counter current flow

T 0T B9 UTgY e vasaor N 1.2kg/s (2083 Jkg °K) &t )
98 T gl T8 633 °K W 3M7aT g iR 573°K WR J1gR A1l &l
38T Tl 303°K TR 3T g iR 400°K TR ST § 3FR 3faRaiid
gl TRIRR BithRltee 500W/m? °K 2 a1 gic eRItR gRar siid
HIRTY g7 o1y

) WRelet el

i) PROCR IS Tl
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5. @ Whichsideof shell andtube heat exchanger will you select to

passcorrosve, viscousand high pressurefluid? 6
PRI, IR qUT SUIGT §9 R D [ 578 4 &t T8 g
gic taEeR § 9N |
b) Give detailed construction and working of plate type heat
exchanger withdiagram. 12
wic TIRY BT UaRTdoR @l S FHfor qe orf & e SRR
qigd fIedRyds 9=
6. a StateandderiveKirchhoff’slaw of radiation. 4

fopeah frag ¥ AW @ Fdey iR AHSU

b) AS50cmIDironpipeat423°K passesthrougharoominwhich
thesurroundingsare at temperature of 300 °K. If theemissvity
of thepipemetal is0.8, What isthe net interchange of radiation
per meter length of pipe. The outside diameter of the pipeis
60cm. Take Stefan Boltzmann constant = 5.67x10 8 W/m? °K4,

8

T 50cm 1D & <18 & gy A 423 °K R ©F § U R @
e aRsfen &1 amomE 300 °K. g1 3FR UgY Hed &
STt 0.8 § ar Mf3ue &t e gevdst ufay H. aw g urgy @
gt u1gy &1 §TEd sHiek 60cm. B FEIHA SlecdnT
Free = 5.67x10°8 W/m? °K4g|

c) Explandifferent regimesof pool boiling of saturated liquid with
neat sketch. 6

A% R 6 WY GJH el P gol S B AeRT-31e fm
FHATST
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7. Anevaporator isoperating at atmospheric pressure. Itisdesired to
concentrate afeed from 5% soluteto 20% solute by weight at arate
of 5000 kg/hr. Dry saturated steam at a pressure corresponding to
the saturation temperature 399°K isused. Thefeedisat 298°K and
theboiling point riseis5°K. Theoverall heat transfer coefficientis
2350 W/m2 °K . Cal cul ate the economy of the evaporation and the
areaof the heat transfer to be provided Data- Treating solutionsasa
purewater and neglecting the BPR, thelatent heat of condensation of
steam at 399°K is2185 K Jkg. Latent heat of vaporization of water
at 101.325 kPaand 373°K = 2257 KJkg and specific heat of feedis
4.187 KIJKg°K. 18

T ZIURCY P TCHRIHRE G W ATRE 5T ¥ 309 AT B 5%
H 20% TP I B HERCS BT AT § 9R gRT 5000 kg/hr. &Y
R I gE ARCS W DI T R FRIT g 399°K S &
forg SuT fobar T 21 i 298°K WR g 3R a1gforT urge Jrget 5°K
21 INR3AA glc B PIfhfIve 2350 W/m?2 °K. &1 sdurex &t
P 3R glc TRIPR BT §hed ST DT SIET-TIR I &t &b
fou form mam g 3R BPR &1 09 fham 21 e gic dhe—iee &
| A 399°K W 2185 KJKg. &1 Tt &7 e gl 31 JuRISiem
101.325 kPa3iR 373°K R 2257 KJKkg g 3R Fig 6 WP g
4.187 KIkg°K 2l

8. Giveanswerinoneword
i)  Why bafflesareusedin heat exchangers?
i) When double pipe heat exchangersare used?
i)  WhatisS unit of fouling factor?
iv)  Nucleatebailingispromoted which surface?
V)  Whatismeans25 percent cut segmental baffles?
vi) In forced convection the heat transfer depends on which

N e

dimensiona numbers? 2
vii) What istheeffect of impuritiesonthermal conductivity of metal?
2

viii) Statewhichbasiclaw governsradiationmodeof heattransfer? 1
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TH g H IR QR

) BT TaeoR § Ithedd FT SUIRT R g2

i) 9 URY dic TEEToR B WM BRI B ?
i) IR ey T S T T &2

V) =Jaelite asferm fha dag @ MHle @l §?
V) 25 Ufierd @i A S%hed Pl aT Ao § P

Vi) BIRE deaaed H, g SRR R SmeeFe FeR fR R
AT g ?

Vi) Hed @ ure dedciditt R gFRS BT a1 TE usal & P
viil) 5 IR Frm @ e & die TRIeR @ garar 82
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