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Heat exchanger is a device used for transfer to heat from a high temperature fluid to low
tempersture fuic,with boththe s moving through the same device
Examples:-

1. Boilers

2. Evaporator and condenser of refrigeration system

3. Water and air coolers or heaters

4  Radiators of automobiles

5. Oil coolers of heat engine

6.  Regenerator of gas turbine power plants
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* T paralllflow heat exchangers hoth hot and cold streams enter the heat exchanger a the same end and ._“L"% | —_— -
travel o the opposite endl in parallel streams Thi LJ — ; Thou

Cold fluid
7: in

Counter flow heat exchanger

® In counter ﬂow heat exchanger, two streams enter at opposite ends Qf a heat exchanger and ﬂow in
parallel but opposite directions
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Cross flow heat exchanger

® In cross ﬂow heat exchanger, two streams enter at right angle to each other
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1. Mixer or direct contact type heat exchanger
* In this type of heat exchanger the hot and cold fluid mix together and transfer heat by direct contact
® Example:- cooling tower, jet condensers, open feed water heater

Draft eliminators
Air
|prrrssss A Water spray system
2

—=— Decks of fill
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N L ouvers
ir § f 7
A}\~§ 7 . z i
B %
* In this type qf heat exchanger the heat is tran#erred between two ﬂwd through the metal qu_’face

between them
O Exarnp[e:— All paralle[ ﬂcrw, counter ﬂow heat exchanger
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3.  Regenerator or stogage type heat exckanger

* In this type of heat exchanger, hot and cold fluid alternately flow on the same flow passage which is called
as matrix

Hot fluid in Cold fluid in
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Tubular heat exchanger
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1. Plate type heat exchanger

® In this type of heat exchanger, hot fluid passes between alternate pairs of plates, transferring heat to a
cold fluid in the adjacent spaces

Head frames

Rectangular plates

Head frames (having corrugated faces)

2. Extended surface heat exchanger
® In this type of heat exchanger, heat transfer area of a tube or pipe increased or extend by attaching metal

piece .

® ltis called as fin.
® It is commonly attached on the outside of tube

S | P EFEE

Longitudinal fins Transverse fins
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Double pipe heat Shell and tube heat
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1. Double pipe heat exchanger
= In this type of heat exchanger, one of the fluid flow through inner pipe and other fluid flows the annular

space created between two concentric pipes either in co-current or counter current __fashion

Outer pipe in

C tric pi
l oncentric pipes Ritiirn o

inner pipe cut <G T =
= B—
Connecting tees e Return bend

. __ inner pipe in
outer pipe out

2.  Shell and tube heat exchanger

* In this type qf heat exchanger, one Qf the ﬂuwl ﬂow through tubes which is called as tube side ﬂuid, while
the outer fluid flows through the space created between shell and tube which is called as shell side fluid.

Tube ouflet Shell inlet Balffle
r
~_ - l -—t ﬁ*\ Front — end
~_ I[ : A N - ~ : :4-\ header
K =4 A
ST v S pa mE
Rear — end i/‘
header 3 _lll: = :T

Shell  ghell gutlet  Tube inlet
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Fluid R} (m*- K/W)
Seawater and treated boiler feedwater (below 50°C) 0.0001
Scawatcr and treated boiler feedwater (above 50°C) 0.0002
River water (below 50°C) (.0002-0.001
Fuel oil 0.0009
Refrigerating liquids 0.0002
Steam (nonoil bearing) 0.0001
: Rl 2 : R
1 1 1
— = — 4+ Lk 4R+ — 4L
UA hhAh An hAe  Ac
2 . Z
11, Rj + R+ L 1,g f!
T An by TR Ac  he
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The overall surface efficiency is expressed as:
q= 1ohA(Tp — Te)

A is the total (fin + exposedbase) surfacearea.
Af
=1-— "1 —
o R (1—mn
Ay is entire fin surface area, rjris nof single fin.

Forastraight fin with an adiabatic tip:

tanh(mL)
mL

nf=
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Up partial overall heat transfer coefficient.

Fluid Combination U(W/m*-K)
Waler to water 850-1700
Water to oil 110-350
Steam condenser (water in tubes) 1000—6000
Ammonia condenser (water in tubes) 8001400
Alcohol condenser (water in tubes) 250-700
Finned-tube heat exchanger (water in tubes, air in cross flow) 25-50
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q= MhCp n(Th,i— Th,o)
q= mcCp,(Tco — Tcy)

AT = Th— Tc
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Effectiveness-NTU Method

The max. possible heat transfer rate, gmax could, in principle, be
achieved in acounterflow heat exchanger of infinite length.

The max. possible temp. diff., Th i — T¢
Ce< Cp: Ameac— Cc(Th,i = Tc,i)

Ci< (e Amax = Ch(Th,i_ ci)

Amax— Cmin(Th,i = Tc,i)

Effectiveness, q

o p—

dmax

Ch(Th.i . Th.o) Cc(Tc.o — Tc.i)

Cotil Thii—Ted)  CainlTii—Ted
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LAND

q= €Cmin(Thi — T,

Typically, . oz
e=f NTU, min
C

max

The number of transfer units (NTU) is adimensionless parameter,
UA

NTU is defined asthe ratio of the system’'sability to transfer heat

(UA) to the fluid’s minimum ability to absorb heat(Cmin).

NTU =

NTU indicates the size of the heat exchanger required for a given
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Consider a paraleHlow with Cpin = Ch.
Th,i = Th,o
Tni— Tei

E=

C - Chmin _ Tc,o_ Tc,i
C Cmax Th,i - Th,o

1 — e~ NTU(1+Cy)

£= 1+ C,
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L L 3
Flow Arrangement Relation
L= —NTU(1 + C,)
Parallel flow g el TG )
1 +C,
Gisiiation - I —exp[-NTU(1 - C))] C <]
‘ounterflow By C, oxp CNTU(T — )] (€, <1
€= TINTU (C,=1)
Shell-and-tube
. I 4 —(NTU),(1 + CH"? |
One shell pass (2, 4, . . . tube passes) £ = 2{1 +C+(+cyrx LT R ITINTU . m‘
I —cexp[—(NTU)(1 + C)™]

e \n = " -1
n shell passcs (2n, 41, . . . tubc passcs) £= [(l e,C,) o l] [(l 8'C') = C:l

l_.‘.'l .I_EI

Cross-flow (single pass)

Both fluids unmixed e=1—exp [(-(1—) (NTU)™® {exp [~ CANTU)*™] — | ]w
C o (mixed), C ;. (unmixed) e= (—(17)(! —exp{—C.[1 —exp(—NTU)] D
Coiw (mixed), C_, . (unmixed) g=1—cxp(—C, "{1 —exp[-CANTU)I}

All exchangers (C, = 0) £=1—exp(—NTU)
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Flow Arrangement

Relation

Parallel fiow

Counterflow

Shell-and-tube

Onc shell pass
(2,4, ... wbe passes)

n shell passes
(2n, 4n, . . . lube passes)

Cross-flow (single pass)
C e (mixed), € (unmixed)

Crnin (mixed), Cp,, (unmixed)

All exchangers (C, = ()

In[1 — &(1 + C))]
a 1+C,

- —{1 4+ CY 12 E—l)
(NTU), (1-+#€C5) ln(E+l
Qlel—(l +C,.)

(1+ Cf)b:
Usc Equations 11.30b and 11.30c with
=1 . . eC,— 1.)”“ - .
g'—F—C, l'—{.s—l' NTU = n(NTU),

’

NTU = — mll + (zl-) In(1 —sC,)J

NTU=—(—C'—)m[C,1m|-s)+u

NTU= — In(l — &)
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5 0 1 2 3 - 5
NTU
Effectiveness of a parallel- [low heat exchanger Effectiveness of a counterflow heat exchanger
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TyorT, A
C e o e Y
| I = T orThy
Tioor T,
1.0
00 ’———
0’
0.8 §J
8
I' 1.00
O-6 - 0.75
w et —0.50
0.4 ——ijhs
0.2
Q
D 1 2 3 4 5 0 1 2 3 4 5
NTU NTU
Effectiveness of a shell-and- Effectiveness of a shell-and-
tube heal exchanger with one shell and any tube heat exchanger with two shell passes and
multiple of two tube passes (two, four, ete., any multiple of four tube passes (four. eight.
tube passes) ele.. tube passes) (n = 2).
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T orTy; —»
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l R — T, . or Ty

T,l L or T(_J,
1.0
08 & —
c&(‘ ™Y
l1.00
0.6 L 0.75
% __0.50
- 025
0.2
0
0 1 2 3 4 5

Effectiveness of a single-
pass, cross-{low heal exchanger with both

fluids unmixed

T:or T
- N
T ,oc Ty —>» —»T. o7,
1,07,
1.0
i i 0'0"‘, . -
0B cf& "‘ A RIS T
cﬁ} i
06 + -
L
“ il
0.4 mT?nd —2‘
=05
0.2 S 0.25
; 5 mixed T
0
) 1 2 3 4 5
NTU

Effectiveness of a single-
pass, cross-flow heat exchanger with one fluid

mixed and the other unmixed
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Free and Forced convection depends on
P, Cp; L, kﬂlud

Boiling/Condensation Heat Transferdepends on
w p, Cp, i, Kftuid
m AT = ITS—TsatI
= Latentheatof vaporization, hyy
a Surfacetension at the liquid-vapor interface, o

a body force arising from the liquid-vapor density difference,
gpt— pv)
h = h’[A T) g(Pl T pv)) hfg, o, L) P; Cp; k,ﬂ]

10 variables in 5 dimensions == 5 pigroups.
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2 3 / 72
M:f pgpr —py) L3 CpAT uCpglp v p)L 2
k e ’ hfg Tk o
)3
_ L 3
Nup= r P9 f” Ja,Pr.Bo

U

Jakob number

Ratio of max sensible energy absorbed by liquid (vapor) to latent
energy absorbed by liquid (vapor) during condensation (boiling).

Bond number
Ratio of the buoyancy force to the surface tension force.

Unnamed parameter

Representsthe effect of buoyancy-nduced fluid motion on heat
transfer.
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w The processof addition of heat to aliquid such a Hhsion
way that generation of vaporoccurs. Air

w Solid-liquid interface

w Characterized by the rapid formation of vapor
bubbles

P

® Liquid-vapor interface
w P, < PsqtOfthe liquid at agiven temp
= No bubble formation or bubble motion
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Boiling occurs

m Solid-liquid interface

m Whenalliquid is brought into contact with asurfaceat a
temperature above the saturation temperature of the liquid

P =1am
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AAAAAAA

Heating

1

S5
|

Hcalirgg

Pool boiling Flow boiling

« Fluid is stationary . g Fluid is forced to movein a
w Fluid motion is due to : heated pipe or surface by
natural convection currents extemal means such as
= Motion of bubblesunderthe | pump
influence of buoyancy u Always accompanied by
& other convection effects
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Subcooled boiling g Saturated boiling ,

£ =1atm P=1am
Subcooled 80°C | | Saturated 100°C |
cusyater: .- o . water .
WA SR | & ( wree
PTT1T1 1 IBubble ' Bubble | I‘X“‘
Heating ; Heating
Touik of liquid < Tsat | Toulk of liquid = Tsat :
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Boiling curve for saturated water at atmospheric pressure
Natural convection Nucleate Transition Film
boiling boiling boiling boiling
. s | : : y
| Bubbles! | "('a’f‘,mulf)" |
critica
|CUllalbe| | 4 |
: in the : Cl” heat flux, 9 max :
10° |- i liquid | , ,
| | |
| | |
‘ | | |
£ | | |
Z 10 | | |
4 | | |
| : :
= | | |
| | Babiies | DN
104 ubbles : SO
I : siseto the : : Leidenfrost point, ¢
: :frcc surfacc{ :
| | | |
| | | |
T | Ll | | | |
| ~5 10 ~30 100 ~120 1000
ATcn.‘tss =2 T\.—ﬂ' °C
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4 Tranuton (ilm bothing

Department of Mechanical Engineering, Chandigarh Engineering College-CGC, Landran, Mohali, Punjab



EAGINEERNG oG " -
i L Boiling Regimes

Natural convection |

& 'm'cﬂ = Govemedby natural convection currents
e "mfc w Heattransfer from the heating surfaceto the
H,.:,'.i.,.‘. | fluid is by naturalconvection j

Nucleate boiling VL%

w Stirring and agitation caused by the entrainment Sin
of the liquid to the heater surface increases h, ¢! e

= High heat transfer rates are achieved ' 'll"'l,l '
‘ eating
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Transition boiling

- Vapor pockats Unstable film boiling

100°C
U R 180°C Jl u Govemedby natural convection currents
BERREE w Heat transfer from the heating surfaceto the

Heatiog fluid is by naturalconvection

Film boiling

w Presenceof vapor film is responsible for the low _
heat transfer rates e

w Heat transfer rate increases with increasing A 7 \ a0
asaresult of heat transfer from the heated ARiAEE
surfaceto the liquid through the vapor film by e
radiation.

&
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Heat Transfer in Nucleate Boiling

Rohsenow postulated:

m Heat flows from the surface first to the adjacentliquid, asin
any single-phase convectionprocess

m High his aresult of local agitation due to liquid flowing
behind the wake of departing bubbles

2 21/ - 2
de iy, Ye=0Y T _CbT e
kL o Cofhy P

Nucleate boiling

When usedto estimate ¢!, errors canamount to +100%. The ermors
for estimating A Te reduce by afactorof 3 . ATe oc(gd)'/3
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m Condensationis aprocessin which the removal of heatfrom a
system causesa vapor to convertinto liquid.
= |Important role in nature:

e Crucial component of the water cycle
® [ndustry

m The spectrum of flow processes associated with condensation
on a solid surface is almost a mirror image of those involved in
boiling.

= Canalso occuron afree surface of aliquid or evenin agas

m Condensation processes are numerous, taking placein a
multitude of situations.
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Classification of Condensation

B Mode of condensation: homogeneous, dropwise, film or direct
contact.

B Conditions of the vapor: single-component, multicomponent
with all components condensable, multicomponent including

non-condensable component(s), etc.
B System geometry: plane surface, extemal, internal, efc.

There are overlaps among different classification
methods.Classification based on mode of condensation is the most

useful.
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o L1
:“'H:"':;:hl
e

{a) )] ()

Droplets ——O OO Q

Modes of condensation. (a) Film. (b) Dropwise condensation on a surface.
(¢) Homogeneous condensation or fog formation resulting from increased pressure due to
cxpansion. (d) Dircct contact condensation.
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5 e >
hpD pgor— pyh i 27

E =l .Ulkl(Tsat = Ts
C = 0.826 for sphereand 0.729 for the tube.

Nup =

For N horizontal unfineed tubes, the average coeff.

;lD,NZ ;tDN"

=
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