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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. 1 (Objective type)

is compulsory. From the remaining questions attempt any five.
Hw$b N>: àíZ hb H$s{OE& àíZ H«$‘m§H$ 1 (dñVw{Zð> àH$ma H$m)
A{Zdm¶© h¡& eof àíZm| ‘| go {H$Ýht nm±M H$mo hb H$s{OE&

ii) Assume suitable data wherever necessary.

Ohm± Amdí¶H$ hmo C{MV S>mQ>m ‘mZ br{OE&
iii) 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. Choose the correct answer. 2 each
ghr CÎma H$m M¶Z H$s{OE&
i) Which of the following surface has the maximum emissivity?

(a) Smooth and Black (b) Smooth and White
(c) Rough and White (d) Rough and Black
{ZåZ ‘| {H$g gVh {H$ B{‘{g{dQ>r A{YH$V‘ hmoVr h¡?
(A) ñ‘yW d H$mbr (~) ñ‘yW d g’o$X
(g) a’$ d g’o$X (X) a’$ d H$mbr

ii) Reflectivity of the perfect black body is

nyU© ãb¡H$~m°S>r Ho$ {b¶o [aâbo³Q>r{dQ>r hmoVr h¡
(a) 0 (b) 0.5

(c) 1 (d) ∞
iii) Trap is used to remove

(a) Steam (b) Condensate
(c) Non-condensables (d) None of these
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Q´>on H$m Cn¶moJ {H$go {ZH$mbZo Ho$ {b¶o {H$¶m OmVm h¡?
(A) ^mn (~) H$ÝS>ÝgoQ>
(g) Zm°Z-H$ÝS>Ýgo~b (X) Cnamo³V ‘| go H$moB© Zht

iv) Which of the following is the concerned with the heat transfer?
(a) Brinkman number (b) Stanton number
(c) Schmitt number (d) Peclet number
{ZåZ ‘| go {H$gH$m gå~ÝY hrQ> Q´>m§g’$a go Zht h¡?
(A) q~«H$‘¡Z Zå~a (~) ñQ>¢Q>Z Zå~a
(g) pí‘Q> Zå~a (X) no³boQ> Zå~a

v) Mechanical recompression evaporation is used in the production
of
(a) Alcohol (b) Distilled water
(c) Salt (d) Fruit jam
‘¡Ho${ZH$b [aH$åàoeZ dmînrH$aU {H$gHo$ CËnmXZ ‘| Cn¶moJ {H$¶m OmVm
h¡?
(A) eam~ (~) AmgwV Ob
(g) Z‘H$ (X) ’«w$Q> O¡‘

2. a) A flat furnace wall is constructed of a 115mm layer of fire
brick with thermal conductivity of 0.4 kcal/hr.m °C backed
by a 230mm layer of common brick of thermal conductivity
4 kcal/hr.m °C the temperature of inner face of wall is 760°C
and that of the outer face is 77°C. 10
Calculate :
i) What is the heat loss through the wall is kcal/m2hr?
ii) What is the temperature of the interface between fire brick

and common brick?
g‘Vb ’$Z}g H$s Xrdma ‘| 115mm ‘moQ>mB© H$s ’$m¶a {~«H$ bJr h¡ {OgH$s
W‘©b H$ÝS>³Q>r{dQ>r 0.4 kcal/hr.m °C h¡ BgHo$ nrN>o 230mm ‘moQ>mB© H$s
H$m°‘Z {~«H$ bJr h¡ {OgH$s W‘©b H$ÝS>³Q>r{dQ>r 4 kcal/hr.m °C h¡ ¶{X
Am§V[aH$ gVh H$m Vmn‘mZ 760°C Am¡a ~mhar gVh H$m Vmn‘mZ 77°C h¡&
JUZm H$a|&
i) D$î‘m H$s hm{Z gVh go kcal/m2hr ‘|&
ii) ’$m¶a {~«H$ d H$m°‘Z {~«H$ Ho$ ‘Ü¶ H$m Vmn‘mZ&
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b) Explain modes of heat transfer. 8

D$î‘m ñWmZm§VaU H$s {d{Y¶m| H$m dU©Z H$a|&

3. a) Methyl alcohol flowing in the inner pipe of a double pipe heat
exchanger is cooled with water flowing in the outer pipe. The
inside and outside diameter of the inner pipe are 26mm and 35mm
respectively. The thermal conductivity of steel is 50 W/(m.k).
The individual film coefficient and fauling factor are 10
Alcohol coefficient = 250 W/(m2.k)
Water coefficient = 500 W/(m2.k)
Inside fauling factor = 0.86 × 10–3 (m2.k)/W
Outside fauling factor = 1.7 × 10–3 (m2.k)/W
Calculate the overall coefficient based on the outside area of the
inner pipe including dirt factors and excluding dirt factors.

EH$ S>~b nmB©n hrQ> E³gM|Oa ‘| {‘WmBb EëH$mohb Am§V[aH$ nmB©n ‘|
âbmo hmo ahm h¡ Ed§ ~mhar nmB©n ‘| âbmo hmo aho nmZr go ¶h R>ÊS>m hmoVm h¡&
Am§V[aH$ nmB©n H$m Am§V[aH$ d ~mhar ì¶mg H«$‘e… 26mm Ed§ 35mm
h¡& ñQ>rb H$s W‘©b H$ÝS>p³Q>{dQ>r 50 W/(m.k) h¡& B§S>r{dÁ¶wAb {’$ë‘
H$moB{’${e¶§Q> Ed§ ’$mCqbJ ’¡$³Q>a h¡&

EëH$mohb H$moB{’${e¶§Q> = 250 W/(m2.k)

dmQ>a coefficient = 500 W/(m2.k)

Am§V[aH$ ’$mCqbJ ’¡$³Q>a = 0.86 × 10–3 (m2.k)/W

~mhar ’$mCqbJ ’¡$³Q>a = 1.7 × 10–3 (m2.k)/W

Am§V[aH$ nmB©n H$m ~mhar joÌ’$b na AmYm[aV S>Q>© ’¡$³Q>a g{hV Am¡a S>Q>©
’¡$³Q>a H$mo N>moS>H$a AmodaAm°b H$moB{’${e¶§Q> {ZH$m{b¶o&

b) With the help of temperature profile explain counter current and
parallel current flow. 8

Vmn‘mZ àmo’$mBb {H$ ghm¶Vm go H$mCÝQ>a H$a§Q> d noabb H$a§Q> âbmo H$mo
g‘PmB¶o&

4. a) How will you calculate overall heat transfer coefficient from
individual heat transfer coefficient for heat exchanger? 12

{H$gr hrQ> E³gM|Oa hoVw Amn BÝS>r{dOwAb hrQ> Q´>m§g’$a H$moB©{’${e¶§Q>
go AmodaAm°b hrQ> Q´>m§g’$a H$moB{’${e¶§Q> H$s JUZm H¡$go H$a|Jo?
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b) What do you understand by controlling resistance? Explain. 6

H$ÝQ´>moqbJ ao{ggQ>|g go Amn ³¶m g‘PVo h¡? dU©Z H$s{OE&

5. a) Explain Black body. 6
ãb¡H$ ~m°S>r H$mo g‘PmB¶o&

b) Explain Wien’s law. 4

{dÝg bm° H$m dU©Z H$a|&
c) Explain Kirchhoff’s law. 8

{H$aMm°’$ {Z¶‘ H$mo g‘PmB¶o&

6. With the help of labelled sketch describe 1-2 shell and tube heat
exchanger. Give construction details and different parts. 18

ñdÀN> Zm‘m§{H$V {MÌ H$s ghm¶Vm go 1-2 e¡b d Q>çy~ hrQ> E³gM|Oa H$m dU©Z
H$a|& {d{^Þ ^mJm| H$s ~ZmdQ> ^r ~VmBE&

7. a) With the help of labelled sketch describe long tube evaporator.
10

ñdÀN> Zm‘m§{H$V {MÌ H$s ghm¶Vm go bm±J Q>çy~ EdmonmoaoQ>a H$m dU©Z H$a|&
b) Explain multiple effect evaporator feeding method. 8

~hþà^mdr dmînH$ H$s ’$sqS>J {d{Y¶m± g‘PmB¶o&

8. Write short notes on any three of the following : 6 each
a) Extended surface equipment
b) Dittus-Boelter equation
c) Thermal boundary layer
d) Dropwise and Filmwise condensation
e) Boiling point rise and economy
{ZåZ{b{IV ‘| go {H$Ýht VrZ na g§{já {Q>ßn{U¶m± {b{IE&
A) E³gQ>oÝS>oS> ga’o$g CnH$aU
~) {S>Q²>Q>g-~moëQ>a g‘rH$aU
g) W‘©b ~mCÊŚ>r bo¶a
X) S´>mndmBg d {’$ë‘dmBg H$ÝS>oZgoeZ
B) ~m°¶qbJ nmBªQ> amBg Am¡a BH$m°Zmo‘r
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