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Fifth Semester
Chemical Engineering

Refinery and Petrochemical Engineering
Scheme July 2008

PROCESS HEAT TRANSFER (502)

Time : Three Hours Maximum Marks : 100

Note : i) Attempt total six questions. Question No. 8  is compulsory.
From the remaining questions attempt any five.

Hw$b N>: àíZ hb H$s{OE& àíZ H«$‘m§H$ 8 A{Zdm¶© h¡& eof àíZm| ‘|

go {H$Ýht nm±M àíZm| H$mo hb H$s{OE&

ii) In case of any doubt or dispute, the English version question
should be treated as final.

{H$gr ^r àH$ma Ho$ g§Xoh AWdm {ddmX H$s pñW{V ‘| A§J«oOr ^mfm Ho$

àíZ H$mo A§{V‘ ‘mZm Om¶oJm&

1. a) What is heat transfer media? Define thermal conductivity and
discuss the effect of temperature on thermal conductivity of
gas? 9

hrQ> Q´>m§g’$a ‘r{S>¶m ³¶m h¡? W‘©b H§$S>{³Q>drQ>r H$mo g‘PmBE Am¡a

~VmBE H$s Vmn‘mZ H$m J¡g H$s W‘©b H§$S>{³Q>drQ>r na ³¶m à^md n‹S>Vm

h¡?

b) What is Fourier’s law? Give the mathematical expression of one
dimensional heat flow for steady state. 9

’$mo[a¶a H$m {Z¶‘ ³¶m h¡? ñQ>oS>r ñQ>oQ> Ho$ {bE EH$ S>m¶‘oZ{e¶b hrQ>

âbmo H$m JUrVr¶ A{^ì¶{º$ Xr{OE&
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2. a) A furnace wall is made up of 23 cm of fire brick, 7.5 cm of
insulating brick and 8.9cm of red brick. The temperature at the
inner surface of wall is 800°C and that of the outer surface is
60°C Average thermal conductivity values of the three types of
bricks i.e. fire brick, insulating brick and red brick are 1.04,
0.104 and 0.744 W/m°K respectively. Neglecting resistance of
points. Calculate the rate of heat flow and temperature at the
interfaces between different kinds of bricks? 14

EH$ ’$aZog Xrdmb H$mo 23 cm H$s ’$m¶a B©Q>, 7.5 cm H$s BÝgwboqQ>J  B©Q>

VWm 8.9cm H$s bmb B©Q> go ~Zm¶m J¶m h¡ A§Xa H$s gVh H$s Xrdmb H$m

Vmn‘mZ 800°Ch¡ Am¡a ~mhar gVh H$m Vmn‘mZ 60°C h¡& VrZm| B©Q>m| H$s

W‘©b H§$S>³Q>rdrQ>r O¡go ’$m¶a B©Q>, BÝgwboqQ>J B©Q> Am¡a bmb B©Q> H$s

1.04, 0.104 Am¡a 0.744 W/m°K h¡& Bg‘| ao{OñQ>oÝg Zhr§ h¡& hrQ> âbmo

H$s Xa H$mo kmV H$s{OE Am¡a {d{^Þ àH$ma H$s B©Q>mo§ Ho$ ~rM H$m Vmn‘mZ

^r {ZH$m{bE&

b) Give the physical significance of 4
i) Reynold’s number
ii) Prandtl number

{’${OH$b ‘hËd Xr{OE&

i) aoZmëS> Zå~a

ii) àoS>ÝQ>b Zå~a

3. a) What do you mean by fouling of heat exchangers . 2

hrQ> E³gM|Oa H$s ’$moqbJ go Amn ³¶m g‘PVo h¡?

b) Determine the heat transfer coefficient for water flowing in a tube
of 20mm diameter at a velocity of 2.5 m/s. The temperature of
the tube is 297°K and water enters at 353°K and leaves at
309°K. Use 16
i) Dittus Boelter equation
ii) Sieder Tate equation. properties of water at 331° K i.e at

the arithmetic mean bulk temperature are  ρ = 984.1kg/m3

Cp =4187 J/kg °K, μ = 485 ×10–6 Pa.s, K = 0.657 W/m °K,
viscosity of water at 297°K, μw = 920×10–6 Pa. sec.

Contd.....
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20mm H$s Q²>¶y~ ‘| 2.5 m/s. H$s doJ go ~h ahm h¡& Q²>¶y~ H$m Vmn‘mZ

297°K h¡ Am¡a nmZr 353°K go A§Xa AmVm h¡ Am¡a 309°K. na ~mha

{ZH$bVm h¡&

i) {S>Q´>g ~mëQ>a g‘rH$aU

ii) {gS>a Q>oQ> g‘rH$aU H$m Cn¶moJ H$aHo$ hrQ> Q´>m§g’$a H$mo{’${eEÝQ>

kmV H$s{OE& 331° K nmZr H$s JwUdÎmm h¡ O¡go AW©‘o{Q>H$ ‘rZ

~ëH$ Vmn‘mZ na ρ = 984.1kg/m3, Cp =4187 J/kg °K,

μ = 485 ×10–6 Pa.s, K = 0.657 W/m °K,nmZr H$s {dñH$mogrQ>r

297°K, μw = 920×10–6 Pa. S h¡&

4. a) Differentiate between filmwise and dropwise condensation?
6

{’$ë‘dmBO Am¡a S´>mndmBO H§$S>ZeogZ Ho$ ~rM ‘| A§Va ~VmBE&

b) Hot oil at a rate of 1.2kg/s (2083 J/kg °K) flows through a double
pipe heat exchanger. it enters at 633 °K and leaves at 573°K
cold fluid enters at 303°K and leaves at 400°K. If the overall
heat transfer coefficient is 500W/m2 °K. Calculate the heat
transfer area for 12

i) Parallel flow

ii) Counter current flow

J‘© Vob S>~b nmBn hrQ> E³gM|Oa ‘| 1.2kg/s (2083 J/kg °K) H$s Xa

go ~h ahm h¡& ¶h 633 °K na AmVm h¡ Am¡a 573°K na ~mha OmVm h¡&

R>§S>m âbyS> 303°K na AmVm h¡ Am¡a 400°K na OmVm h¡ AJa AmodaAm°b

hrQ> Q´>m§g’$a  Ho${’${eEÝQ> 500W/m2 °K h¡ Vmo hrQ> Q´>m§g’$a E[a¶m kmV

H$s{OE BZHo$ {bE

i) noaobob âbmo

ii) H$mCÝQ>a H$a§Q> âbmo
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5. a) Which side of shell and tube heat exchanger will you select to
pass corrosive, viscous and high pressure fluid? 6

H$moamo{gd, {dñH$g VWm Á¶mXm Xm~ Vab H$mo {H$g OJh go e¡b E§S> Q²>¶y~

hrQ> E³gM|Oa ‘| nmg H$a§oJo&

b) Give detailed construction and working of plate type heat
exchanger with diagram. 12

ßboQ> Q>mBn hrQ> E³gM|Oa H$mo CgHo$ {Z‘m©U VWm H$m¶© Ho$ gmW S>m¶J«m‘

g{hV {dñVmanyd©H$ g‘PmBE&

6. a) State and derive Kirchhoff’s law of radiation. 4

{H$aMm°’$ {Z¶‘ go ao{S>EeZ H$mo ~VmBE Am¡a g‘PmBE&

b) A 50 cm ID iron pipe at 423 °K passes through a room in which
the surroundings are at temperature of 300 °K. If the emissivity
of the pipe metal is 0.8, What is the net interchange of radiation
per meter length of pipe. The outside diameter of the pipe is
60cm. Take Stefan Boltzmann constant = 5.67×10–8 W/m2  °K4.

8

EH$ 50cm ID Ho$ bmoho Ho$ nmBn H$mo 423 °K na ê$‘ ‘| nmg H$amVo h¡

{OgH$m gamCpÝS>¨J H$m Vmn‘mZ 300 °K. h¡& AJa nmBn ‘oQ>b H$s

B{‘OdrQ>r 0.8 h¡ Vmo ao{S>EeZ H$s ZoQ> B§Q>aM|O à{V ‘r. bå~mB© nmBn ³¶m

hmoJr& nmBn H$s ~mhar S>m¶‘rQ>a 60cm. h¡& ñQ>r’$Z ~moëQ²>g‘oZ

H$m°ZgQ>|Q> = 5.67×10–8 W/m2  °K4 h¡&

c) Explain different regimes of pool boiling of saturated liquid with

neat sketch. 6

gm’$ {MÌ Ho$ gmW g§V¥á Vab Ho$ nwb C~bZo Ho$ AbJ-AbJ {Z¶‘

g‘PmBE&

Contd.....
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7. An evaporator is operating at atmospheric pressure. It is desired to
concentrate a feed from 5% solute to 20% solute by weight  at a rate
of 5000 kg/hr. Dry saturated steam at a pressure corresponding to
the saturation temperature 399°K is used. The feed is at 298°K and
the boiling point rise is 5°K. The overall heat transfer coefficient is
2350 W/m2 °K. Calculate the economy of the evaporation and the
area of the heat transfer to be provided Data- Treating solutions as a
pure water and neglecting the BPR, the latent heat of condensation of
steam at 399°K is 2185 KJ/kg. Latent heat of vaporization of water
at 101.325 kPa and 373°K = 2257 KJ/kg and specific heat of feed is
4.187 KJ/kg°K. 18

EH$ BdonmoaoQ>a H$mo EQ>‘mg’o$[aH$ Xm~ na AmnaoQ> {H$¶m h¡& Bg‘| gmë¶yQ> H$mo 5%

go 20% VH$ ’$sS> H$mo H$mZgÝQ´>oQ> {H$¶m OmVm h¡ ^ma Ûmam 5000 kg/hr. H$s

Xa go gyIr goÀ¶waoQ>oS> ñQ>r‘ H$mo Xm~ na goÀ¶waoeZ Vmn‘mZ 399°K Bgr Ho$

{bE Cn¶moJ {H$¶m J¶m h¡& ’$sS> 298°K na h¡ Am¡a ~mBqbJ nmBÝQ> amBO 5°K

h¡& AmodaAmb hrQ> Q´>m§g’$a H$mo{’${eEÝQ> 2350 W/m2 °K. h¡& BdonmoaoQ>a H$s

BH$mZm‘r Am¡a hrQ> Q´>m§g’$a H$m joÌ’$b kmV H$s{OE& S>mQ>m-ß¶moa nmZr Kmob Ho$

{bE {b¶m J¶m h¡ Am¡a BPR H$mo ZJÊ¶ {H$¶m h¡& boQ>oÝQ> hrQ> H§$S>ÝgoeZ H$s

ñQ>r‘ H$s  399°K na 2185 KJ/kg. h¡& nmZr H$m boQ>oÝQ> hrQ> Am’$ donmoamBOoeZ

101.325 kPa Am¡a 373°K na 2257 KJ/kg h¡ Am¡a ’$sS> H$s ñnopñ’$H$ hrQ>

4.187 KJ/kg°K h¡&

8. Give answer in one word

i) Why baffles are used in heat exchangers? 1

ii) When double pipe heat exchangers are used? 1

iii) What is SI unit of fouling factor? 1

iv) Nucleate boiling is promoted which surface? 1

v) What is means 25 percent cut segmental baffles? 1

vi) In forced convection the heat transfer depends on which
dimensional numbers? 2

vii) What is the effect of impurities on thermal conductivity of metal?
2

viii) State which basic law governs radiation mode of heat transfer? 1
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EH$ eãX ‘| CÎma Xr{OE&

i) hrQ> E³gM|Oa ‘| ~o’$ëg ³¶m| Cn¶moJ H$aVo h¡?

ii) S>~b nmBn hrQ> E³gM|Oa H$~ Cn¶moJ H$aVo h¡?

iii) ’$mqbJ ’o$³Q>a H$s SI BH$mB© ³¶m h¡?

iv) Ý¶y³brEQ> ~mBqbJ {H$g gVh H$mo àmo‘moQ> H$aVr h¡?

v) 25 à{VeV H$Q> goJ‘|Q>g ~o’$ëg H$m ³¶m ‘Vb~ h¡?

vi) ’$mogS>© H$Ýdo³eZ ‘|, hrQ> Q´>m§g’$a {H$g S>m¶‘oZeZb Z§~a {H$g na {Z ©̂a

H$aVm h¡?

vii) ‘oQ>b H$s W‘©b H§$S>³Q>rdrQ>r na Båß¶y[aQ>r H$m ³¶m à^md n‹S>Vm h¡?

viii) {H$g ~o{gH$ {Z¶‘ H$mo ao{S>EeZ Ho$ hrQ> Q´>m§g’$a H$mo ~VmVm h¡?

Y


