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Table 1. Order of Magnitude of Individaal Film

Cocfficients
[ilm Coefficients, k
Condition -
K cal 4
hr.m -0 .: m K
Fiim-type condensation of steam S000—15080 &000—18300
Film-tvpe condensation of Organic :

VaDours YO00—2000 12002500
FBoiling water 1500 —45000 1£00—55000
Healing or cooling of water 250 —15000 300—13000
Heating or cooling of organic

solvents 150—2500 IB0—3000
Heating o1 cooling of oils 50—600 E 60—700
Heatipg or cooling of air 10160 | 12-120

Table 2. Approximate design value of overall heat
transfer coefficients (1)

Flo Fluid Cold Fluid
Steam Water
Sieam Aqueous solutions
1;{2 CF
nw=2 CF )
Steam Light organics
(w05 CF)
- BLCET Madium organics
O35 CP<p<10
Steam Heavy orFanics
fu>1CF
Steam Gases
Dowtherm Gases
Water Water
“Water Brinz
Light orgapics Water
niedinm organics | Watel
Heavy organics Water
Liases Water

e

&

K eal
hr.meoC

1000—3500

1000—3500
S00—2500

S00-—1000

250—500

30—300
25—250
20— 200
1250—2500
500—-1000
350700
250—600
23374

10-=250

¥
m* K

1250—d200

1200—4280
6003000

&00—1200

300—600

35350
30-300
25230
15003000
{00—1200
400 —850
300700
30—450
12300
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List of Symbols Used

Cr Specific heat at constant pressure e

D, I’ Diameter of tube I

d Diameter of sphere 7,

@ Mass velocity of fluid 7 ML=

g Acceleration due to gravity La—e

k Heat transfer coefficient for convection MImg —
F Heat transfer coefficient for radiation KFFmzym

L ‘s-factor’ for heat transfer e —
& Thermal conductivity Mg

Fo Thermal conductivity of tube material MItg—=

L Length of path for hear conduction,

length of tube or characteristic length A
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Shert and Multiple-Choice Type
Questions with Answers
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© 15

i2.

13,

SECTION A—Short Cluestions

What is the reasdn for the low conduetivity of heat insula-
ting materials.

Arrange the following in increasing order of Prandil
number, Glycerol, mercary, water and OXygen.

What are the limitations of 1he following heat transfer
coefficient equation for forced convection.

Nu=0-023 R 3 P>

What are ihe factors on which the thickaess of the con-
densate layer in filmwize condensation depend ? -
What iz ‘dephlegmator’ ?

When is LMTD (Log Mean Temperature Difference)
corsection factor used ia heat exchanger calenlation ?
What are the various types of baffles used in heat
exchangers 7

On what faciors does the shell side pressure drop in shell-
and-inbe heat exchanger depend ?

How are the tubes connected to tha tube sheet in shell-
and-tube heat exchangers ?

Why water is used extensively asa coolant i heat
exchange equipments ?

What are the main disadvantages of concentric pipe heat
exchangers 7

Why the ocutlet temperature of water in an exchanger is
not allowed to reach much higher than 50°C! in normal
practice ?

Why extremely large or small volame of fluids are hegt
routed through the shell side ofa shell-and-tube heat
exchanger ?

18
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14.
15.

16,

21.
22,

23.
24,

- 25,

ket
]

!\’.‘l

&N

What are the advantages of square pitch arrangement over
the triangnlar pitch in case of heat exchanger tubes ?

What characteristics of the fiuid are to be considered while

deciding its route in a heat exchanger ?

When one uges (Af) weighted in place of A¢in heat
exchanger calculations ?

Suggest suitable materizals to be used as medium for high

temperature heating ?

What are the factors which influence the heat transfer
coefficient during nucleate bpiling ?

What are the advantages of forced circulation evapora-

tors ?

How rmuch downtake area is provided for short:tube verti=

cal evaperators ?

What are the situations for which a multiple effect eva:

poration is not geperally recommended ?

Why is vacunm maintained in the vapour space of an
evaporator ?

What is the driving potential for crystal growth 7

What type of evaporators are recommended for foamy
liquid ?

What are “solvates’?

ANSWERS

The low conductivity of heat insulating meaterials {e.g4.
cork) is dae to their high proportion of ar space.
The requisite order will be mercury, oXygen, water and
glycerol. -
The limitations ara
{§) Thaecorrect value of = {i.e. 0"4 for heating and
0 2 for cooling) is to be used.
(i7) The vajue of Reynolds number for the flow invol-
ved maust be greater than 10,000.
The thickness of the conuensate laver iz filmwise con:
deasation depends on
(i) the configaration of the sarface
{i{} the rate of condensation
¢47i) the rate at which the figuid flows from the surface,
A dephlegmator is 2 partial condenser.
For mulipass shell-ind-tube beat exchangers, when the
fiow is a mixed one (i.e. co-current and counter-curreni),
LMTD correction factor is use 1.
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FUNDAMENTALS OF HEAT AND MASS TRAMSFER

The various types of baffles used in heat exchangers are
{3} segmental (48) disc and doughnut
(i5) orifice.
Shell zide pressure drop depends on
(5} mass velocity of shell side fluid
(i) befile spacing (i#%) shell diameter
(iv) tube pitch and diameter
(¢) density and viscosity of the shell-side fiuid.

In a shell-and-tube heat exchanger, the tubes are generally
connected 1o the tube-sheet by the following two methods <

{(f) by tube rolling (i) by ferrule connection.

Because of the abundance and high heat capacity, water
35 used as coolant in heat exchbange equipments,

- The main disadvantages of concentric pipe heat exchan-

gers are—
(5) comparatively less heating surface
{ii) considerable space requirement
{#ii) prone to leakage
(v) high mainienance cost.

In normal practice, the outlet temperature of water is not
allowed to Teach wuch higher than 50°C to avoid excessive
COITOSION.

Because of the flexibility possibie in baffle arrangements,
extremely large or small volume of fluids are best routed
throngh. the shell side of a shell-and-tube heat exchanger.
The advantages of sqoare-pitch arrangement Over the
triangalar pitch in case of heat exchanger-tabes are—

(a) easily accessible for external cleaning

(p) low pressure drop-

The following characteristics of the fluid are to bhe con~"

sidered while deciding its route in a heat exchanger,

{a) viscosity () fouling
(¢) corrosiveness {d) pressure.

{AT)woigntea is used in place of (A7) when it inveolves

more than one sequence of heating or cooling. e.g. con-
Jensaiion and sub-cooling, de-saperheating and condensa-
tion ete. Taking the case of condensation cooling.
¢
_gc g8
ATe +st
O—refers to condensation
S—refers to sub=cooling (or cooling)
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17. Some of the materials vsed as medium for high temperas
ture heating are

(3) Dowtherm (i} Liquid metal
- (i%) Heat trapsfer salts {¢.g. an eutectic mixture of 40%
NaMNOQ,, 7% NaNO, and 55% KINQa.}
18. Heat transfer coefficient during nucleate boiling 1s influens
ced by,
(4} ~ ligoid nature and composition
(#i1 agitation icparted
(#3i) temperature {(§r) pressure
e fv) the type and condition of heatiog surface.
19. Main advaotages of forced-circulation evaporators are
(i) " ability to handle solution with poor flow, scale and
thermal characteristics
(i) precise control of flow particularly when a long
Gme of contact may be defrimental to the chemis
cal in solution.

20, Area provided for central dowsntake in case of short-tube
vertical evaporators ranges between 25—40% of the total
tube cross-s:ctional area.

91. The situation for which a multiple-effect evaporation is
generally unsuitable are,

(i} corrosive liquids
(§) cheap availability of fuel
{$ii) small scale process.

29, Tt is economical to use steam at moderate Ppressure in the

evaporators. Hence a vacuum in the vapour space gives
. an economical temperature difference (AT).

Further, wvacuum i3 Decessary for boiling solutions

decomposing at high temperatures.

93, Super-saturation of the solution is the driving potential
for crystal growth.

74. Long-tube vertical evaporators are recommended for
foamy liquids.

& 25. Some solutes have the property of forming definite chemi-

.

cal compounds with their solvemts. Such compounds of
definite proportions between solutes and solvents are
called ‘solvates’. When water is the solvent it s called a
‘hydrate’.

SECTION B—Mauliiple Choice type Questions

Flow of heat by conduction is the result of

(@) the transfer of vibrational energy {rom one molecule
to another

(8) the wransfer of kinetic energy

{¢) the movement of free electroms

id) a combination of (a), () and (c).
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10.

FUNDAMENTALS OF HEAT AND MASS TRANSFER

Transfer of beat by conduction is generally.

{a) from ooe partofa bedy to another part of the same
- body '

(&) between iwo bodies in physical contact

{e) peither of (g} nor of (&)

(@) either of {(a) or ()R -

When compared with non- metzllic eolids, the metallic:

sclidg usually have,

(z) much higher thermal conductivity

{b) much lower thermal conductivity

{¢) almost equal thermal conductivity.

Among the lquids, water bat a comparatively high value

of thermal conductivity, which is due to

{2) high viscosity (h) partial jonisation

(¢) high molality of the molecules.

For gases, thermal conductivity value increases with

{¢} molecular weight (b} temperature
{c) density

" Prandt] pumber for water varies from
{g) r5—10 () 10—50
{¢j 50—100 () 10—10%

With increase in concentration, thermal conductivity of
liquid genserally

{a) Increases (&) decreases

(¢} remains almost unaffected.

For conduciion through a thick-walled tube, the value of
r.» {mean radius) used in the heat conduction equation iz
given by

(@ 5> v =
Ya— }"1 f2+ r!
) lo rafry @ In rafry

(r,=inner radins, ry=outer radins)
Transfer by copduction from a spherical particle {or &
droplet} to a surrounding stagnant fluid film is given by,

(g) N.=2 () N.=%
(¢) Nu=5 (d) N,=10
Ep

N,=Nusselt number, b

Temperature distribution in case of hea’ flow by condue
tion for a cylindrical body with interpal heat source 18

(@)} asympotic in natare b parabolic in nature
(¢) hyperbolic in nature  {d) linear in nature.
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+e of heat transfer i case of forced convection when
compared with natural convection is
(z) bigher (6) lower.
fe) almost equal {d) pothing in particular.
In case of conveciive heat transfer from a hot tabe sur-
face 1o a fluid flowing in it, the bulk of the resistance to
transfer 1s

{a) distributed uniformly throughout the fluid
(8} confined to a thin film near the surface
{c} confined to the central core of the fluid.

jor-factor for heat transfer is a function of

(z) Reynolds number {b) Nusselt number
{¢) Prandil number.

In forced convection, lguid wviscosity effect {(for viscous
liquids) is taken into account in case of

(o) Musselt’s equation

(b) Sieder-Tate equation

{¢) Dittas Boeltier equation.

For convective transfer of heat in case of fuid fowinglin
tubes, the length to diameter ratio infloences the heat
transfer coefficient, when fow is

{a) highly turbulent () laminar

{¢} in laminar as well as in transition zones.
Peclet number in heat transfer is a productiof
(a} Reynolds number znd Nusselt number

() Reynolds number and Prandti number

{¢) Grashof npumber and Reynolds number.

The effect of baffles in 2 heat exchasgeristo =

(z) hold the tubes in position

(%} increase turbulence

(¢} clean the outer tube surface.

For convective beat transfer, controlling flm is one which
has

{z) lower film resistance

(3) lower film coefficient

{¢) higher film coeflicient.

For double pipe heat exchanger, equivalent diameter foz
anoulus is given by

(a -P.*i;_ﬂﬁ (3) D_f‘t_;_lgi
1
D,—Dy D40,y

D,=Inside diameter ef outer pipe
D,=Outside diameter of inner pipe.
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FUNDAMENTALS OF HEAT AND MASS TRANSFER

Convective heat transfer ceefficient 1 case of turbulent
flow in tubes varies with mass velocity as.
(@) b == @ By B =< .

(c) B o &°°
Gas to be cooled or heated is usually routed in the shell

side of shell-and-tube heat exchanger, becanse

(z) shell side film coefficient can be increased easily.

{p) shell sade pressure drop is low

(¢) the corrosion resulting from cooling water or steam
condensate can be localized to the tubes.

(iases under high pressure are routed through the tube
cide of the shell-and- tube exchanger, because.

(@) high pressure gases are corrosive

{g) the pressure is effective only upon the tubes

(¢) the shell cannot withstand high pressure

Natural convection 18 significant in case of
(«) only non-viscous duids () only viscous fnids
{¢) both viscous and nen-viscous fluids.

The value of averall heat transfer coefficient for a fiuids
Auid heat exchanger 13 controlled by the value of

{a) the film coefficient which is lower
{3) the film coefficient which 1s higher
(c) the dirt factors for both the flms.

The cordensing film coefficient is

(a) almost equal for both vertical and horizontal comns
densers

(&) higher for horizontal condenser

{¢) bigher for vertical condenser.

Sub-cooling of condensate is required when

{a) the condensate is corrosive at condensing temperature.

() better heat recovery ;s aimed at in condensers.
(c) the condensate is volatile liquid to be sent for storage.

Tocrease in the number of tube side passes, results in

(a) the decrease of shell side dirt factor
(b} the decrrase of cver all pressure drop
(¢} = high rate of heat transfer.
Condensation of vapour 1is carried out inzide the tubes,

when

(v) the condensate 15 corrosive

{8} 2 bigher condensing film coefficient is desired

(¢) a low pressure drop through the unit is desired.
Average value of condensing 5111 coefficient for steam oz
horizontal ubes varies between

{z) 500—1000 kcal/hr m? 0

(6) 1000—53000 .

(¢} 5000—15000 keat/hr m* °C

—
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Presence of 2 non-condensible gas

{a) increases the condensing film coefficient

(b} decreases the condensing film coefficient

(¢) doesn’t appreciably alter the value.

The air iz relatively transparent to electro-magnetic waves
and absorbs the radiant energy-

(a) to a considerable amount
{b) completely
(c) to a small extent.

Wave lengths of Tadiation which are of iroportance to
radiant heat \ransfer as found in ordinary industrial
equipments are

(@) ©°75—400 p () 10—500

(¢) 100—1000 u {where {: is micron)

Diathermanous is a substance which

() absorbs thermal radiation co npletely

(b) is trapsparent to thermal radiation

{¢) reflects thermal radiation.

Substances can emit or absorb radiant energy to varying
extent provided their temperature 13

(a) above 273°K {b) above 295°K

(c) above 0°K.

Which of the following suxfaces has the maximun
emissivity,

(a) smooth and black () smooth and white
(¢} rough and white - (d) rough aund black.
Which of the following statements is correct : ~

(¢) Good radiators make good absorbers

() Good radiators make bad absorbers

(¢) Bad radiators make good absorbers.

Ezample of 2 non-absorbing gas is,

(a) ethyl alcohol vapour (b) carbon monoxide

{¢) chlorine.

As a result of vapour binding, the film coefficient for
vaporisation

() increases (b) is hardly affected

(¢} decreases.

When vaporisation takes place through a blanketing flm
of gas, the phenomenon is called

(a) transition boiling (») film boiling
{#) nucleate beiling.
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FUNDAMENTALS OF HEAT AND MASS TRAMSFER

Critical temperature difference in boiling refers to a con-
dition for which

(¢) temperature difference is maximum

(b} heat finx atrained is maximum

(¢) boiling heat rransfer coefficient 1s maximum.

Boiling mechanism below the critical temperature drop is
referred to as

(&) pookboiling
(s} pucleate boiling-

(8) film boiling

“Multiple- effect evaporation is adopted to achieve

(a) better guality of product

{b) higher steam economy

{¢} higher throughput.

For natural circulation evaporators, the entering velocity
of iquid into the tubes is
(a) 10—30 cm/sec

{gy 100—250 cm/jsec.
Concentration of viscous Ligquid is handled effectively in a

(a) short-tube evaporator

(%) falling-film evaporator

(¢) forced-circulation evaporator.

Liquor with foaming tendency can be concentrated in 2

(¢) horizontal-tube evaporator

(3} lopg-tube evaporator

(¢j agitated-film evaporator.

Heatsepsitive material like orange juicZ is concentrated
ina

(2} long tube evaporator

(5} basket evaporator

(¢} falling-film evaporator.

In case of long-tube forced-circulation evaporator, the
value of overall beat transfer increases, because of

{a) increased liquor velocity in the tube

{(»} increased residence tirne
(¢} neither of the above in (a) and (B).

The agitated- film evaporator is particularly effective for
(a} foamy Liquid

(b) heat-sensitive liquid

{¢) viscous and heat.gensitive liquid.

Capacity of an evaporator depends on

{a) number of effects
(5} temperature difference
{¢) method of feeding.

(b} 30—90 cm/sec
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In multiple effect evaporation, if the feed is cold, then the
metbod of feeding is of

(@) mixed type
(¢} backward type.

(b} forward type

‘With the increase in vacoum in the vapour space of an
evaporator, the available temperature difference

{a) increases (0) decreases
{¢) remains constant.

Intermittent tube cleaning can be done in case of

{(a) horizontal tube evaporator
{b; calendria type evaporator
(¢) basket type evaporator.

Tubes used in short-tube vertical evaporators bave inside
diameters in the range of

() 5—10 cm (6} 5—15 cm

{¢) 10—25 cm.

Tygbe length in case of long-tube evaporater is

{a) 12—74 metre (#) 6— 13 metre

{¢) 3—10 metre.

A caichall is used in the vapour line of an evaporator to

(z) control the vapor flow
{d) vemove entrained liguid
{¢) vent the mon-condensibles.

Number of effects in muitiple-effect evaporator system is-
limited by N

(g} fina! product conceniration

(b) steam pressure

(¢) total boiling-point rise,

For solutions, Qiihrung’s plot is used to calculate

(a) concentration (5) boiling point rise

{c) enthalpy.

With increase in vacoum in the effect, the value of hydre--
static head

{z) increases {d) decreases
(¢) remains almost unaffected.

An important liquid pi'nperty which determines the type

of circulation (viz. natural or forced) in evaporators is

(a} thermal conductivity
(B) specific gravity
{¢) viscosity.

e
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FONDAMENTALS OF HEAT AND MASS TRANSFER

. Zone refining ;s 2 method of producing extremely pure

materials by—

(a) redistiilation

{B) fractional crystallization
{c) recrystallization.
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