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Conduction

FUNDAMENTALS OF CONDUCTION:
DIFFERENCE BETWEEN HEAT TRANSFER & THERMODYNAMICS

The main difference between thermodynamic analysis & heat transfer
analysis of a problem is that in thermodynamics we deal with system in
equilibrium i.e. to bring a system from one equilibrium state to another, how
much heat is required (in Joules) is the main criteria in thermodypamics
analysis.

But in heat transfer analysis, we evaluate at what rate that changg of state
occurs by calculating rate of heat transfer (in joule/sec.or watt).

Modes of Heat Transfer:
(1) Conduction

(2) Convection

(3) Radiation

The thermal conductivity of ga@ses ingreases with increase of their
temperature. (The reason being the increase in molecular activity)

Liquids are better conductor than gases.
Example, kwater =,0.60 Wgmk
Mercury (Liquid'metal) is best-known conductor Liquid, kng = 8.1 W/mk

Mercur¥ehas high thermal conductivity, Low vapour pressure & good
expansion ability due to heat. Hence, it is used in a thermometer.

CONVECTION:

In case of forced convection heat transfer this macroscopic bulk motion of
the fluid is provided by an external agency like far or a blower or a pump.

In case of free convection heat transfer, this motion is provided by buoyancy
forces arising out of density changes of fluid due to its temperature change.
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Buoyancy
Forces

Fluid _» convection /‘ ) tk fl'::i%nant

- /

RADIATION: Q:

Radiation mode of heat transfer predominates over ¢ ctign & convection
particularly when the temperature difference is suffi igh.

Example, Mode of heat transfer between hot fl ases & refractory brick
walls in a large pulverized fuel fired power boiler is‘predominantly by
Radiation.

Chamber
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Electro Magnetic
Thermal Radiation

Solar Radiation Long wave length Q

low temperatur
radiation ¢
Thermal Radiation

0.1u Wavwve Length i (nm) 100p

Fourier's Law of Conduction: &

The law states that “the rate offe er by conduction in a given
direction is directly proportiona: he temperature gradient along that
orti

direction & is also directly pr | to the area of heat transfer lying
perpendicular to the digection at transfer”.

—_—

Heat always flows in the downhill of temperature (Clausius II" statement of
thermodynamics)
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Thermal conductivity 'k’ is defined as the ability of the material to allow the
heat energy to get conducted through the material (W/mk)

Therefore,

g, = kA [j—l-] watts

'k’ is thermal conductivity (thermo physical property) of material of s
GENERALISED CONDUCTION EQUATION:
Rectangular Unsteady, 3D heat conduction with heat gener@

Heat can be generated in a slab or in a material by p el&ctric or by
exothermic chemical reaction or by thermonuclearsi eaction,

Uniform —
heat generation
(throughout the slab)

i
S
ALV
Qg

T &°T
3 +
x> @

If c ns are steady, then

LI
ot

If there is no heat generation, thenq =0

Then this equation results into Laplace Equation:
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T &°T @&°T
2t ez Y
X cy cz

Poisson’s equation:

&'T N a°T N T
x> 5’5’2 272

3.0
K

THERMAL DIFFUSIVITY (a):

O

Defining thermal diffusivity (a), a thermophysical property o@erial ie.,
the ratio between thermal conductivity of material & i@wml capacity/heat

capacity (heat storage capacity).

Pp
Thermal diffusivity (a) of a medium si ige rate at which heat energy can
diffuse through the medium. High ethermal conductivity (k) of material or
lesser its heat capacity, it mean oréithe thermal diffusivity of material.

STEADY STATE, 1-D, NO Il@ HEAT GENERATION:

L 2
Plane Wall:
L 2
T,
T,
Q— f
Cylinder:
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. 2Kal(T, - Ty)
" in(, /1)

Sphere:
_(T1-Ty)
Q (r]_ = rz)

4nKryr,

Conduction with Heat Generation in a Slab:

CONDUCTION WITH HEAT GENERATION: OO

Uniform

heat generation
Rate

Fluid at teo
h={W/MK)

Ma m temperature,

LE
2
Conduction with Heat Generation in a Cylinder:
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qr’
T - T=
0 4K

Maximum temperature,

gR*
T =T +
max W . 4k

Conduction with Heat Generation in a Sphere:

Maximum temperature, Q
2
| G .

max W ﬁ‘ ‘

where center temperature To ,Surface temperatu )

Critical Radius of Insulation for Cylinder:

riktns O
> =" K

Critical Radius of Insulation fo ere:
?‘Kins
(r0 )sphere - h ‘

Thermal Resistance Concept:

L 4
ELECTRICA Y OF HEAT TRANSFER:
iC Thermal
peres Q walis
Emf or AV AT C
R elec. Eul-
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Relec Relec
!: AV :II !: AT »
AV AT
Relec = — 11 lt,.,,=(—)l€fwatt
i q
For slab,
T.-T, b
RTh = 1 2 = ﬁ k / Watt

q
For Cylinder, O

In2 &
(n-T)_ @
R _ = = L K/ watts
( Th )cylmder q 27‘.[([_ /

For Sphere,

Rth:Tl_T2: L—h O
Combinations:

Case 1: Conduction Kle r Through A Composite Slab

®

Sink

Drawing the equivalent thermal circuit
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= [

b, b
&, =f P, B
2. R {KIA+K2A]

Case 2: Conduction — Convection Heat Transfer Through A Composit

®

bient
\ :I:'idlirtl T, @ *
T,

h, o/ m*

h, o/ m’k
‘—b\ K, K,
T, \
Hot gases
atT, e — LP
q
[e—b, —¢ b,
T>T

q -

Drawing the equivalent thermal cir

Colder Q

www.jkchrome.com

CASE 4: Conduc — Convection Heat Transfer Through Composite Cylinder
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Ambient
Fluid at T

N
ST
/]
7] T
_'_}/ Convection to O

With h, o/mK

L) ] ¥
q= ’LrTG =g }r O
In2 In2
1 r, Iz 1
- - +
h2ml 27kl 27KL hzzm—Q

Assume Steady
State Conditions

Equipment Thermal Circuit
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Drawing the equivalent thermal circuit,

FrTYY > q &
ey v

FyTTY
ey
T, T,
{rl_r!} {r:l._ rl.}
4nk,r,r, ank,r,r,

-qn

Unsteady State Heat Conduction & Fins

Lumped System Analysis
« Interior temperatures of some bodies remain essentia Q at all
times during a heat transfer process. Q
« The temperature of such bodies is only a function of time}"T = T(t).
« The heat transfer analysis based on this ideali js‘¢alled lumped
system analysis.

Consider a body of the arbitrary shape of mass m,%olume V, surface area A,
density p and specific heat Cp, initially at [ temperature Ti.

R

o Atti he body is placed into a medium at temperature Teo (Teo >
eat transfer coefficient h.
gy balance of the solid for a time interval dt can be
ressed as:
eat transfer into the body during
t = the increase in the energy of the body during dt
hA(Too—-T)dt=mCpdT

With m = pV and change of variable dT = d(T - Tw):
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dr-T,)  hd
T-T.  p¥C

dt

F

Integrating fromt=0to T=T;

Tie)-T_ iy
_——p
T,-T.
b= fed
pre,

Te) T Q

“..II.B']

Criterion for Lumped Syst nalysis
e Lumped *
system approximati rovides a great convenience in heat transfer an
alysis.
y .
We
want to e ish & criterion for the applicability of the lumped system analysi

S.

aracteristic length scale is defined as: Lc= V/A (where ,V = Volumn,
A =Surface area)

A non-dimensional parameter, the Biot number, is defined:

Internal conductive resis tan ce offered by body

Biot Number =
External convective resistance
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. The Biot number is the ratio of the internal resistance (conduction) to
the external resistance to heat convection.

« Lumped system analysis assumes a uniform temperature distribution
throughout the body, which implies that the conduction heat resistance
is zero. Thus, the lumped system analysis is exact when Bi = 0.

. Itis generally accepted that the lumped system analysis is applicable
if: Bi< 0.1

. Therefore, small bodies with high thermal conductivity are goo
candidates for lumped system analysis. Note that assuming hte b
constant and uniform is an approximation.

Fourier number:
Fourier number is given by:

Characteristic length
for sphere

Characteristic length
for solid cvlinder

Characteristic length
for cube

Characteristic len bt 1t
for rectangul

Heat Transfer from Extended Surface (Fin):

. Afinis a surface that extends from an object to increase the rate of
heat transfer to or from the environment by increase convection.

. Adding a fin to an object increases the surface area and can sometimes
be an economical solution to heat transfer problems.
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. Finned surfaces are commonly used in practice to enhance heat
transfer. In the analysis of the fins, we consider steady operation with
no heat generation in the fin.

. We also assume that the convection heat transfer coefficient h to be
constant and uniform over the entire surface of the fin.

. The rate of heat transfer from a solid surface to atmosphere is given
by @= hAA T where, ~Aand A T are not controllable.

« So, to increase the value of Q surface area should be increased
extended surface which increases the rate of heat transfer is Knewn'as

fin.
//\/\T S 9conduction to *
/’ fluid at T- @
Base wall / 5 I
At T,
A

e
9conduction

Root or
base of |
fin

. eral equation of 2" order: 8 = c1e™ + coe™™
eat dissipation can take place on the basis of three cases.

Case 1: Heat Dissipation from an Infinitely Long Fin (L — 00):

« Insuch a case, the temperature at the end of Fin approaches to
surrounding fluid temperature ta as shown in figure. The boundary
conditions are given below
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e Atx=0,t=t0:06=1—-1ta=060
e Atx=L—00:t=1,0=0
t-t,
t0 - ta
0=0pe™
. Heat transfer by conduction at base:

- JKAPh(t, - t,)

Qﬁn
Case 2: Heat Dissipation from a Fin Insulated at the End TipOQ

. Practically, the heat loss from the long and thin film tip
thus the end of the tip can be, considered as in@d,

— e—mx

gligible,

e Atx=0,t=toand 6 =to — ta = B0

T—=T. cosh m(L - x)

&

g T,-T.  coshmL O
Gunvo 1 = VNPKA 6, tanh mL \Q&
chro fin "hP (T @ watt

Fin Efficiency: \&
by

Fin efficiency is @i

following must be noted for a proper fin selection:

« “The longer the fin, the larger the heat transfer area and thus the higher t
he rate of heat transfer from the fin.

. The larger the fin, the bigger the mass, the higher the price, and larger th
e fluid friction.

. The fin efficiency decreases with increasing fin length because of the d
ecrease in fin temperature with length.
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Fin Effectiveness:

« The performance of fins is judged on the basis of the enhancementin h
eat transfer relative to the no-
fin case, and expressed in terms of the fin effectiveness:

e = Qe Q.. _ Heat transfer rate from the fin
M Qup hAUT,-T.) heat transfer rate from the surface area of

(<1 fin acts as insulation O
Epy =| =1 fin does not affect heat transfer
=1 fin enhances heat transfer

I"\.
2
To increase fins effectiveness, one can conclude;

. The thermal conductivity of the fin matefial'must be as high as

possible
« The ratio of perimeter to the cros area p/Ac should be as

high as possible
« The use of fin is most effectiveyi plications that involve low
convection heat transfer coefficient, i.e. natural convection.
Radiation L 3

RADIATION HEAT I RANSEER:
4

itted by matter as a result of vibrational and rotational
cules, atoms and electrons.

BASIC DEFINITIONS:

TOTAL HEMISPHERICAL EMISSIVE POWER (E):
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(i) It is defined as the radiation energy emitted from the surface of a body per
unit time & per unit area in all possible hemispherical directions integrated
over all the wavelengths (in J/s m? or W/m?).

BLACK BODY:

(i) Different bodies emits different amount of radiation even if they are a
same temperature.

(i) A body which emits maximum amount of radiation at a given ture
is known as BLACK BODY.

(iii) A black body is defined as perfect emitter and absorber @ation.

TOTAL EMISSIVITY (€): *

en total hemispherical

Total emissivity of a body is defined as the rati
ispherical emissive power of

emissive power of a non-black body & total h
a black body both being at the same tem

Mon Black

ABSORP Y (a), REFLECTIVITY (p) & TRANSMISSIVITY (T)
. tivity(a) is the fraction of incident radiation absorbed.

. lectivity(p) is the fraction of incident radiation reflected.
ransmissivity (T) is the fraction of incident radiation transmitted.
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s 25 units
100 units of
Radiation energy refelected

incident % j__j

> 50 units
( absorbed

S

25 units transmitted
through body

ABSORPTIVITY (a) = 50/100 = 0.50 = Fraction of radiation e@nmdent
upon a surface which is absorbed by it.

REFLECTIVITY (p) = 25/100 = 0.25 = Fraction of rad| ergy incident
upon a surface which is reflected by it.
upon a surface which is transmitted by it

. Foropaque boi@)ot transmit any energy,

As it absorbs all energy incident]

hich reflects all energy incident, T =1

TRNASMISSIVITY (1) = 25/100 = 0.25 = raf diation energy incident

. For any Body:

at+p+t=1

=0, a+p=1

o For black

Kl F'S LAW OF RADIATION:

The states that whenever a body is in thermal equilibrium with its
surrounding’s its emissivity is equal to its absorptivity.

a=e

STEFAN BOLTZMANN'S Law:
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The law states that the total hemispherical emissive power of a black body is
directly proportional to fourth power of the absolute temperature of black
body.

E, =oT* W/

Stefan Boltzmann Constant= 5.67 x 108 W/m?2 k*
PLANCK'S LAW OF THERMAL RADIATION:

The planck law describes the theoretical spectral distributionderthe emissive
power of a black body which is the amount of radiation energy emiitted by a
blackbody at a thermodynamic temperature T per unit time perwhit surface
area and per unit wavelength.

~ CA~
~ exp|C, / AT| -1

(E),

WEIN'S DISPLACEMENT LAW:

The wavelength at which En\ wilhbg"maximpum at a specified temperature can
be found out by differentiating Epxw.r.t®A and then putting equal to zero.

We get, AmT =2897.8 gmK
LAMBERT’S COSINE LAW:

The intensity of gadiatiofr inja direction 6 from the normal to a diffuse emitter
is proportional toicosine of the angle 6.

I= 1n cos B)Ims mormal intensity of radiation
RADIATION INTENSITY:

The'ideal intensity Iy is defined as the energy emitted from an ideal body(black
body which is diffuse emitter) ,per unit projected area, per unit time ,per unit
solid angle.

SHAPE FACTOR OR VIEW FACTOR OR CONFIGURATION FACTOR:

Page 20 of 45
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Radiation heat transfer between surfaces depends upon the orientation of the
surfaces relative to each other as well as their radiation properties and
temperatures.

To account for the effects of orientation on radiation heat transfer between
the surfaces,a new parameter VIEW FACTOR is defined which is

purely geometric quantity and is independent of radiation properties an
temperatures.

. The radiation that strikes a surface need not to be ab ed by that

Assumptions: O
« The surfaces are diffuse emitter. Q’
S

surface. .
. Radiation that strikes a surface after being refl@uy other is not
considered in the evaluation of view factor

The radiation shape factor is represented by symbol Fjj,

which means the shape factor form a i to another surface A;.

Thus the radiation shape facto ce A1 to surface Az is

By = direct radiation fro S el ipcfdent upon surface2
totaL digti m emitting surfacel

SHAPE FACTOR RELAT

(i) RECIPROCIT TI‘O :

AiFr2 = A

it

lation is valid between any two surfaces even when there are
two number of surfaces involved in Radiation Heat Exchange.

(i) SUMMATION RULE:

If there are n number of surfaces involved in any radiation heat exchange
then.

Fii+Fi2+Fis+ e Fin =1
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Fo1+Foo+Fos+ ... Fon =1

Fn1 + Fn2 + FnS + an + 1

SUPERPOSITION RULE:
? O
, O

: <

F1-23) = F12+ F13

SYMMETRY RULE:

Two or more surfaces that possess s&w@wbout a third surface will have
identical view factors from tha\%

AR

If the 2 and 3 are symmetric about surface 1 then F12=F13

CASES:

Page 22 of 45
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@ Flat Surface
[ITTTTTTTTTT T

F'=0

Concave Surface
Concave Surface O

- 2
F'#+0 F =0
F'=0

CROSS STRING METHOD:

A . <O

C

D

*

The each len umed to be a strings connected between two points.

Cross Str The strings which crosses each other.
Uncrossed strings — The strings which do not cross each other.

oo Crossed String — > Uncrossed string
- 2L
i

Li = length of string on surface i.

AB — 1 surface
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CD — 2 surface

£ (Lap + Lgc) = (Lac +Lgp)
12 — 2L
AB

Special Case:

| o

“X
o
2

(Length)1 = (Length)2 Both surfaces are inf':ft in plane perpendicular to plane

of paper.

)

RADIATION NETWORKS:

IRRADIATION (G): ‘%

Irradiation (G) is défined.asithe total thermal radiation incident upon a surface
per unit time pe rea (in W/m?)

t  (T/secm?)

diation

FELLELT T rrrisy

RADIOSITY (J):

The total thermal radiation leaving a surface per unit time & per unit area is
called radiosity of the surface.
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3
{1/sec m’)
Leaving

SITELTE T i ir i 7

J = Emitted Energy + Reflected Part of Incident energy,

The net radiation heat exchange between the surface & all of its surrgtinding

is given by, O
Qua — ﬁ watts O

A

| 4
The equivalent radiation circuit is, @

q
surface - surroundings

- ki ke .
2

5
ch
surface resistance of body Q
1-¢ . .
= Surface resis tange b

eA. y

m®e
-3

¢

Radiation heat exchangetbetween two finite surfaces:

, alent radiation circuit is

q:l.-l
net

A A v
2 = e e

£

Space resistance
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This space resistance shall exist in the space between two surfaces
exchanging heat by radiation.

Radiation Exchange Between two Infinitely Large Plane Surfaces:

T.K T.K

®

FH L LS LT T L
AONNNNNNNNN

@0

Radiation Shields: O
Fro=1,Fa1 =1 ‘%
%79

(qI—E )net -
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®

ST A LT LTI

o

2
Since surfaces are very large @

A1=A=As=TandFi3=1,F3=1

Therefore, O
[Q] o o(Ti - T:)QK
Az 2,32, 2

S 3
2
Heat Exchangers \
. &

HEAT EXCHAN

T IS LTI

Heat er is a steady flow adiabatic device (open system) in which two
flo uids exchange or transfer heat between them without using or
gaini ny heat from the ambient.
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Ambient
=0

Hot Fluid Hot Fluid
inT, out T,,

Cold Fluid Cold Fluid

inT, out T, O
Examples: 0

(1) Economizer [Flue gases — Feed water] @ 4
(2) Air Preheater [Hot gases — Combustion air]

(3) Superheater [Flue gases - dry saturat ]

(4) Cooling Tower [Hot water —Atmo e@

(5) Jet Condenser [Steam — coldWwat

(6) Oil cooler 0
(7) Steam Condense?% Liquid): Steam condenser is a shell & tube

Heat Exchanger.

S, Vve now that heat transferred in a constant pressure
change in enthalpy of fluid and as we commonly assume
anger that both hot & cold fluids are flowing through the heat
nstant pressure.

From thermody
process is e
in any he
excha

crease of enthalpy of hot fluid = Rate of increase of enthalpy of cold
flui

mhcph (Tm - The) =m.C (Tce - Tcl)

c ~pc

CLASSIFICATION OF HEAT EXCHANGERS ON BASIS OF CONTACT:
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(i) Indirect contact transfer type heat exchangers:

In this type of heat exchanger, both hot & cold fluids do not come into direct
contact with each other but the transfer of heat occurs between them through
a pipe wall of separation.

Examples:

(1) Surface condenser

(2) Economizer O
(3) Superheater 0

(ii) Direct contact transfer type heat exchangers: @ 4
[

In this type of heat exchanger, both hot & cold f
each other & exchange heat.

Example: O

(1) Cooling Tower K

(2) Jet condenser Q

CLASSIFICATION 0&* NGER ON BASIS OF RELATIVE
DIRECTION:

e%ger:

. both Hot & Cold Fluid travel in the same direction

cally mix up with

(i) Parallel flow he

In this heat
parallel t
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Hot fluid
—_—
Hot —_— L Hot
fluid ——* — fluid
in out
Eh' - LN~
Pi Il
7 77 of separstion
cold h v Cold
fluid ——* ? = fluid
in out
—
Cold fluid
(ii) Counterflow heat exchanger: O

to each other.

In this heat exchanger, Hot & Cold Fluid travel in the op osite@:tion parallel
Q 4

Hot fluid

Hot I L Hot

fluid —— —_—
in
o 1 (O

7 %5
Cold __ gh v

fluid +—
in

(iii) Cross flow heat exc er:

4
In this heat exch , Hot & Cold fluids travel in the perpendicular direction
with respect other.
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T Cold fluid out

— —
Hot Hot
Fluid in Fluid out

TEMPERATURE PROFILES OF HOT AND COLD FLUID@ ¢

(i) Parallel flow heat exchanger:

Thi

Hot Fluid

Cold Fluid

. .i&

(ii) Counterflow h exgh ger:

Tei

The

Cold Fluid Tei
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The variation of AT with respect to x is much more pronounced in parallel-
flow heat exchanger as compared to that in counter-flow heat exchanger.

LOGARITHMIC MEAN TEMPERATURE DIFFERENCE (LMTD) OF HEAT
EXCHANGER:

Logarithmic mean temperature difference is that constant temperature
difference (maintained throughout heat exchanger) which would give e
amount of heat transfer.

Q =UA ATm O
Where, 0

Q = total Heat Transfer Rate between hot & cold quid@ 4
U = Overall Heat Transfer coefficient
ATm = Logarithmic Mean Temperature Dif between hot and cold fluid
A = Total Heat Transfer Area of Heat K r
(i) LMTD for Parallel flow heat% :
Atx =0, AT =ATi=Thi — Tg 0
Atx=L,AT=ATe=f$
LMTD for paralle h = Al —aly

AT,
In
AT

e

unterflow heat exchanger:

T= AT| = Thi - Tce

Atx =L, AT = ATe = The — Tqi
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AT — AT
LMTD for Counter flow HE. = #

AT,

e

For the same inlet & exit temperature of hot & cold fluids, The value of LMTD
for counter-flow heat exchanger is more than that for parallel flow heat
exchanger.

(i) LMTD for Cross flow heat exchanger: O
LMTD for cross-flow heat exchanger can be obtained as 0

[.ﬂTm ]{:r{ss flow - [ﬁTﬂ" ]murterﬂuw % F @ *

Where, F = correction factor,
SPECIAL CASE REGARDING LMTD:

When one of the fluids is undergoing an phase like in steam
condenser or evaporator or stev or then,

Steam condenser: <: l

Steam | ‘ Steam
T, ¥ Te. * L™
Condensing v Condensing
x

COUNTER

[ flow = (ATm)counter flow
Effectiveness of heat exchanger:

It is defined as the ratio between actual heat transfer rate that is taking place
between hot & cold fluids to the maximum possible heat transfer rate that can
occur between them,
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un:t |
EHE L

qmax pc==ible

Jactual = Rate of enthalpy change of either fluid
Jactual = Mh Cph (Thi - The) = mMc Cpc (Tce - Tci)
gmax = Maximum possible heat transfer rate= (m Cp)small X (Thi — Tci)

Where (m Cp)smail is the smaller capacity rate between hot & coIt@.

Number of Transfer Units (NTU): 0

It is defined as the ratio between product of UA & sm@agity rate between

hot & cold fluids.
NTU = —UA
(m Cp}mall

NTU being directly proportional to the@e heat exchanger
indicates overall size of the he% r.
Capacity Rate Ratio (C): 0

small

C =

(m
¢
C will beco en one of the fluids is undergoing change of phase
like stea
For an Exchanger, e = f (NTU, C)

iveness for the parallel flow heat exchanger:

__1-exp[-NTU(l + C)]
Ll (1+C)

Effectiveness for the counterflow heat exchanger:
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__ 1-exp[-NTU1-C)]
¢ 1-Cexp[-NTU(1-C)]

SPECIAL CASES:

CASE 1: when one of the fluids is undergoing change of phase, then C is al
to zero.

Hence, O
—MTU Q

Enarallr-ﬂ flow — =counter flow — l-e

L 2
CASE 2: The other extreme value of C=1, when both @old fluids have
equal capacity rates (mn Cph = mc Cpc)

1_ E—zmm

E;}EFEI”El flow — @
{:uuntal flow — 1 NTU Q
Free and Forced Con %

Convection: Conyeationsis the mechanism of heat transfer that occurs

between a soli e & the surrounding fluid in the presence of bulk fluid
motion.
Conv assified as Natural (or free) and Forced
co n depending on how the fluid motion is initiated.
CONVECTION
Forced Free or Matural
(velocity is {Ne velocity is evident but flow occurs due to buoyant forces arising
evident) out of density changes of fluid)
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The rate of convection heat transfer is expressed by Newton's law of cooling
and it is given as Forced Convection

Qeonv = h(Ts _T:x:) Wf ITI2
Q::orw = hA(Ts _Tx) W
Where h is the heat transfer coefficient and A is the area of the conta

The convective heat transfer coefficient h strongly depends on thesflui
properties and roughness of the solid surface, and the type of th @ flow
(laminar or turbulent).

h=1(p, V, D, y, Cp, K)

*
Boundary layer:

Hydrodynamic Boundary Layer:

Hydrodynamic Boundary Layer is defin di region formed on the plate
inside which velocity gradients are s in‘asAOrmal direction to the plate.

V
Local Reynold’s Number (Re Q =X

v
(at any x measured fr‘% edge)

If Rex < 5 x 10°, the flowi AMINAR

hen flow is TURBULENT
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0.99V

v. JI.'_'-._._
_—
—_—
N L . i
Free Stream
Velocity ————*
—_— x
/r 1& =z 7 J\
x=0 Stagnant x=L
(Leading Fluid (Trailing

edge) Layer edge)

Hydrodynamic boundary layer: O
& — Thickness of Hydrodynamic Boundary Layer at any dist@ measured

from leading-edge [i.e., x = 0] of the plate. @ .
6 = f(x)

Thermal boundary layer:

Similar to velocity boundary layer, a the ndary layer develops when a
fluid at specific temperature flows overa surface which is at different

temperature. Q
T=1(xy) O

6t = f(X)

ot = Thickness of the’r&ary Layer

*
layer thickness is defined as the distance measured
dary in y direction at which
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—

Tw

Tw

Thermal boundary layer (T > Tw):
Energy balance for thermal boundary layer in a control volume: O

T.
B —
—
Free
Stream ———»
Temperature

convected between th\
h

aty=0

T T w / m%k

Where, hx = Local convective heat transfer coefficient at that x,

variation of hx with x :
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Nusselt Number (Nu): Q

4
[Nu] = conductiveheat transferresistance _ hL @

convective heat transferresistance k;

Prandtl Number (Pr):
Momentoumdiffusivity _ v _ ¢ O

vV
[Pr] = thermaldiffusivity %
Peclet Number (Pe): O
It is the product of R&Y, ber and Prandtl number.

Peclet number =R nolg ber x Prandtl number

Stanton Nu

[tisther selt number to the Peclet number.

MNusseltnumber

pecletnumber

> Nusseltnumber

" Reynold number x Prandt number
h

“NC

onnumber =

5t

Relation between thermal boundary layer and hydrodynamic boundary layer:
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Reynold Colburn analogy:

%)

StxPr3 = =3
2

Flow Over Flat Plate: O
Laminar Flow: Q

Local Nusselt number at the location x for laminar flr@r gflat plate is,

Nu, = h;" =0.332 Re V2 pri/3

Average Nusselt number for the entlr@f the plate,
Nu = % = 0.664 Re!/? Pr'/? Q
Av O

Nu = Average Nusselt m

The local friction c effic at the location x for laminar flow over a flat
plateis

_ 0.664 S
\@ the distance from the leading edge of the plate and

Average local friction coefficient for entire length of the plate
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Critical Reynolds number for flow over flat plate is 5x10°
Turbulent Flow:

Local Nusselt number at location x for turbulent flow over a flat isothérm

plate are: O
0.8 N
Nu, =0.0296(Re,) " (pr)3 Q

1 4
h - % = 0.0296 x % *(Rey )™ (pr)3 @

Average Nusselt number:

Ny, = 0.037 (Re )* @
h - NUL x k - 0. 037xtx(Rek6%

Local friction coefficfe %
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Pipe Flow:
Laminar Flow:

The bulk mean temperature (Tm) at a given cross-section of the pipe of
flowing fluid is defined as the constant temperature which takes into account
the variation of temperature of fluid layers with respect to radius at that ciess-
section of the pipe and hence indicates the total thermal energy or en y
carried by the fluid through that cross-section.

)

-
Q
:Q

Constant heat flux:

Nu="t_ 4364 Q
) O

No dependence on Re a

Constant surface Temperature:
L 4

1023 (Re )°¥(P r)1/3

k

h=Nux — = o.0235(ReL)°'8 (Pry'/?
D D ’

n = 0.3 for cooling and n = 0.4 for heating
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Free Convection or Natural Convection:

No velocity evident but the flow occurs due to buoyancy forces arising out of
density changes of fluid.

Free convection over different geometries:

Ul
/ T g QO

Cold Plate

[per kelvin]

Characteristic dimension for various dimensionless numbers:

For vertical plates & vertical cylinders.
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L0

For horizontal plate  for horizontal cylinder OO

Grash of Number (Gr):

' TS
where

g = gravitational acceleration, m/s?

B = coefficient of volume expansion, 1/ O
6 = characteristic length of the ge {m

v = kinematics viscosity of th %

Grash of number (Gr‘ Q
transfer.

nolds Number (Re) in free convection heat

Therefore, in any f cQp tion heat transfer,

icient:

C & m are constants which vary from case to case.

m = 1/4 for Laminar Flow
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m = 1/3 for Turbulent Flow

The flow during free convection heat transfer is decided as Laminar or
Turbulent based on the value of (Gr Pr) product.

If Gr Pr < 10° Then, flow is Laminar

If Gr Pr > 10° Then, flow is Turbulent

O

.
3

S

¥

Page 45 of 45



"~ JKChrome

JK Chrome | Employment Portal

() Rated No.1 Job Application

of India &
Sarkari Naukri [
Private Jobs i ) [m—
Employment News Aboit Hilsapp
SAUE IS R oo e e
Notifications

News & Magazines

Rate this app
Tell ers what you t

ith hink

STUDY
MATERIAL

GET IT ON

» Google play

JK Chrome ) CIiCK here tO
Q 47/ DOWNLOAD

J

CHR jk chrome

www.jkchrome.com | Email : contact@jkchrome.com






