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CONDENSATION WITH SHEAR EDGE ON
BANK OF TUBES

* Condensation within tube banks Is subject to the
combined effects of vapor shear and falling
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Table 1. Factors that affect condensation of pure vapors in horizontal tube banks

ltem Factor

Geometry Plain Finned

Layout In-line
Staggered
Number of tube rows Horizontal
Vertical
Pitch-to-diameter ratio
Vapor Velocity
Flow direction
Condensate Inundation rate

Mode of inundation
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* The mode of condensate inundation depends on the
iInundation rate and vapor velocity.

* At low vapor velocities, condensate drains in discrete
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Figure 1. Modes of condensate inundation in horizontal tube banks.
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 The condensate impinging on the lower tube causes
splashing, ripples and turbulence on the condensate
film (Flure 1) At high vapor velocities, the
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FILM CONDENSATION ON HORIZONTAL
TUBES

* Nusselt's analysis for laminar filmwise condensation
on horizontal tubes leads to the following relations:

1’4

p, (P, =PIk g hy, For single horizontal tube

= 0.0725 ,
IJ‘I (’SOI >~ ’S’) D

| | 114
P, (P - Pk g hy,

Nw, (t,, —t.) D

0.0725

sal

al direction
Of the tube
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FILM CONDENSATION INSIDE HORIZONTAL
TUBES

« The phenomena Inside tubes are very complicated
because the overall flow rate of vapor strongly affects the

heat transfer rate and also the rate of condensation on
the walls
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Where Re, Is evaluated at inlet condition to the tubes

PROBLEM

(0 A steam condenser consisting of a square array of 625 horizontal tubes, each
6mm in diameter, is installed at the exhaust hood of a steam turbine. The tubes are exposed to
saturated steam at a pressure of 15 kPa. If the tube surface temperature is maintained at 25°C,
calculate:

(i) The heat transfer coefficient, and

(ii) The rate at which steam is condensed per unit length of the tubes.

Assume film condensation on the tubes and absence of non-condensable gases.
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Solution. Given: D =6 mm =0.006 m, 7 = 25°C.
Corresponding to 15 kPa pressure, the properties of vapour (from the table) are:
t = 54°C, p, = 0.098 kg/m’, h, = 2373 kl/kg.

54 + 25

The properties of saturated water at film temperature 7, = > = 39.5°C are:

p, = 992 kg/m*; p =663 x 10°° Ns/m* k = 0.631 W/m°C

Since the tubes are arranged in square array, therefore, the number of horizontal tubes in vertical
columnis: N = /625 = 25

(7) The heat transfer coefficient, h:

The average heat transfer coefficient for steam condensing on bank of horizontal tubes is

given by
= Pr (P =P K g hy

h = (0.725
I N l'll (’sal - ts) D

R 992 (992 — 0.098) x (0.631)° x 9.81 x (2373 x 10°)
T 25 x 663 x 107° (54 - 25) x 0.006

..[Eqn. (9.41)]

1/4

(5.7548 x 10"
| 2.884x 107
S.ARUNKUMAR / APME
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] = 4845.6 W/m*°C (Ans.)




(it) The rate at which steam is condensed per unit length, m :

The rate of condensation for the single tube of the array per metre length is

Q.. hnD (,,, — 1)

m,
h o h o

4845.6 0.006 (54 - 25 3
= — REERVH L )=I.I]6x10" kg/s.m

3
2373 x 10
The rate of condensation for the complete array 1s

m =625 xm, =625 x 1.116 x 107 = 0.6975 kg/s.m (Ans.)
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COMPACT HEAT EXCHANGERS(CHE)

1) Compact heat exchangers are used when a large heat
transfer surface area per unit volume is desired. This means
that the smallness of weight and size Is important.

2) Compact heat exchangers are used when at least one of the

and plate
. Where differences are
LQH(ANSFER and arrangementS.
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HEAT TRANSFER MATRIX - CHE

ST .

o B

a) Fin-tube (circular tubes, b) Plate-fin (single pass)

circular fins)
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Heat transfer results are correlated in terms of Colburn |

factor and Reynold’'s number where,

2/3

Colburn j factor, j = St Pr
St = Stanton number

hD,
Nu A I /i

" RePr ( Pl D, )X (e, pVo.c, Ge,

R(’ = pl ;naxl)h GI)I:

Ll L

‘ )

where,
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= . X V.. A.. m
G = mass velocity = pJ — £~ max b = 1
= 1nin

max -ll
“ Snin

A ..., = minimum free-flow cross-sectional area regardless of

where this minimum occurs.
i 4x flow area 44 . 44 L
D, = hydraulic diameter = ' : = 4‘/“’“ - A
wetted perimeter A/ L A

A = total heat transfer area.
L = flow length of the heat exchanger matrix.
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BOILING

* Occurs at the solid-liquid interface when a liquid Is
brought into contact with a surface maintained at a
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TYPES OF BOILING

(1) Pool boliling — absence of bulk fluid flow
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POOL BOILING

* The fluid Is not forced to flow by a mover such as a
pump, and any motion of the fluid is due to natural
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BOILING REGIMES AND THE BOILING CURVE

Natural convection Nucleate Transition Film
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(DNatural Convection Boiling (to Point A on
the Boiling Curve)

The fluid motion In this mode of boiling Is
governed by natural convection currents, and heat
transfer from the heating surface to the fluid Is by

SUEHRYEIES
or water
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(1) Transition Boiling (between Points C and D)

In the transition boiling regime, both nucleate
and film boiling partially occur. Nucleate boiling at

point C Is completely replaced by film b0|I|ng at pomt
D). OUDeE

C .l [1C Al JIl DOIIING SUINTIC Al A

JI1E er

Y
» » « \
\’ //.\a‘/ im. Point D,

a Minimum, 1S called the
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HEAT TRANSFER CORRELATIONS IN POOL
BOILING

() Nucleate boiling regime (5°C < AT, ... < 30°C)

Wl o G.ucieae = Nucleate boiling heat flux, W/m?

p,; = viscosity of the liquid, kg/m-s

h;, = enthalpy of vaporization, J/kg

= gravitational acceleration, m/s?

density of the liquid, kg/m’
density of the vapor, kg/m?
surface tension of liquid—vapor interface, N/m
specific heat of the liquid, J/kg-°C
surface temperature of the heater, °C
saturation temperature of the fluid, °C
experimental constant that depends on surface—fluid combination

Csf
Pr; = Prandt] surmnber of the Lguid
n = experimeinal constam that depends on the fluid




(INPeak Heat Flux
The maximum (or critical) heat flux In nucleate
pool boiling was determined by

- s p e S 1 1/4
(/ma.\ o (“(/’ /If_g'l(rx(\)l) ' (I)/ /)‘)I

where C_, Is a constant whose value depends on the
heater geometry

()Minimum Heat Flux
The minimum heat flux for a large horizontal plate,

ae(p, p.) |V

(p, + pP.)

-_—
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(Iv)FiIlm Bolling
The heat flux for film boiling on a horizontal
cylinder or sphere of diameter D Is given by,

where kK, Is the thermal conductivity of the vapor
In W/mK ang

B {0.62 for horizontal cylinders

film

0.67 for spheres
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Treating the vapor film as a transparent medium
sandwiched between two large parallel plates and

approximating the liguid as a blackbody, radiation heat
transfer can be determined from

FOr Qag < i
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PROBLEMS

Water is to be boiled at atmospheric pressure in a mechanically polished stain-
less steel pan placed on top of a heating unit, as shown in Fig. 10-15. The
inner surface of the bottom of the pan is maintained at 108°C. |f the diameter

of the bottom of the pan is 30 cm, determine (a) the rate of heat transfer to
the water and (b) the rate of evaporation of water.

The properties of water at the saturation
temperature of 100°C are o = 0.0589 N/m and

p; = 957.9 kg/m* hy, = 2257 X 10° J/kg

p, = 0.6 kg/m’ w, = 0.282 X 107 kg/m:-s
Pr, = 1.75 ey =4217JkgK | TTIPTTTfffd

s

\.J/ V

C;= 0.0130 ana 1 .08




(a) The excess temperature In this case AT, .. = (Tq —

T..;) = 108 — 100 = 8°C which is relatively low (less than
30°C).

g(pl o pr)J”: |iChI(’I; > 7‘.\111):|3

Gt = 1t N
/nudum. l‘l’/ fe l: o C"/. hm I)r;x

9.81 X (957.9 — 0.6) |12
0.0589

= (0.282 X 1073)(2257 X 10-‘)[

x( 4217(108 — 100) )3
0.0130(2257 X 10%)1.75

= 721 X 10* W/m?
The surface area of the bottom of the pan is
A = wD?*4 = 7(0.3 m)*/4 = 0.07069 m°
Then the rate of heat transfer during nucleate boiling becomes

Qbuilulg == Ac)nuclcu!c = {0.07069 nrz}(?‘?l X 107 W/n]?.) = 5097 W
S.ARUNKUMAR / APME




(b) The rate of evaporation of water is determined from

. Ohoiling 5097 J/s |
m = = — Y G X

2257 X 10° J/kg

evaporation J
1

f8

That i1s, water in the pan will boil at a rate of more than 2 grams per second.

Water in a tank is to be boiled at sea level by a 1-cm-diameter nickel plated
steel heating element equipped with electrical resistance wires inside, as shown

in Fig. 10-16. Determine the maximum heat flux that can be attained in the
nucleate boiling regime and the surface temperature of the heater in that case.

(/'[” c aturation

S0 = 0.0589 N/m
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p, = 957.9 kg/m? hy, = 2257 X 10° J/kg
p, = 0.6 kg/m’ = 0.282 X 107 kg/m-s

P =1am

Pr, = 1.75 c = 4217 J/kg-K

For the boiling of water on a nickel
plated surface

Cs= 0.0060 and n = 1.0

The heating element In this case can be considered to
be a short cylinder whose characteristic dimension Is
itS racius: Fhatis; E=1r=0:005 my Fne emensionless
parameterESanctne constant®™C_ are determined from
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~ (&p, — p)\"* (9.81)(957.9 — 0.6)
= L(—a—-) - ‘0‘005’('—().(')§§§—'

12
) 20012

which corresponds to C,, = 0.12.
Then the maximum or critical heat flux is determined from Eq. 10-3 to be
Qs = Cor g 0802 (P = P
= (.12(2257 X 10H)[0.0589 X 9.81 X (0.6)(9579 — 0.6)]""
= LO17 X 10" W/m-

The nucleate boiling heat flux for a specified surface
temperature, can also be used to determine the surface
temperature when the heat flux Is given
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q nucieate — M l’fg

[(Q(I)I == pl) .| “2 CI)I ('I‘s - ng()]3
C.hg Pr/

| 9.81(957.9 — 0.6) 12
1.017 X 106 = (0.282 X 1073)(2257 X 10%)| ———mee——

0.0589

[ 4217(T, — 100) ]3
0.0130(2257 X 10°) 1.75

I, =119°C
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SJ Water is boiled at atmospheric pressure by a horizontal polished copper heat-

ing element of diameter D = 5 mm and emissivity ¢ = 0.05 immersed in wa-
ter, as shown in Fig. 10-17. If the surface temperature of the heating wire is

350°C, determine the rate of heat transfer from the wire to the water per unit
length of the wire.

The properties of water at the saturation
temperature of 100°C are hy, = 2257 x 103
J/kg and p; = 957.9 kg/m3.The properties Hlakiag
of vapor at the film temperature of T, = (T,

+ T,)/2 = (100 + 350)/2 = 225°C are

0.444 kg/m’ o = 1951 Jkg-K

1.75 X 1077 kg/m-s . = 0.0358 W/m-K
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The excess temperature In this case IS AT, ass = (Ts — Toyt) =
350 — 100 = 250°C which is much larger than 30°C for water.
Therefore, film boiling will occur. The film boiling heat flux In
this case can be determined from

.L’/\'?[{ (p, - p‘)“)‘.: §. ().4(.’” (‘-1-\ e
“' l)(l" i 'Il.n!,

(.l film — ”'62

- 9.81(0.0358)° (0.444)(957.9 — 0.441)
X [(2257 X 10°) + 0.4 X 1951(250)]

(1.75 X 107°)5 x 107 %250)

b -

=593 X 10" W/m*

Y
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The radiation heat flux is determined from

(.]r.:d — &0 (T;‘ ¥ 7\:‘)

= (0.05)(5.67 X 10~* W/m>K*)[(350 + 273 K)* — (100 + 273 K)']
= 372 W/m?

Note that heat transfer by radiation Is negligible in this case
because of the low emissivity of the surface and the relatively
low surface temperature of the heating element. Then the total
heat flux becomes

é]mtal = (.Iﬁlm ‘s %(.lnuj — 593 X lO" T é X 372 — 596 X 10" W/m3

4
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Finally, the rate of heat transfer from the heating element to
the water is determined by multiplying the heat flux by the
heat transfer surface area,

\(/ tiytal — 771)1- '(7..

(7r % 0.005 m X 1 m)}5.96 % 10" W/m-)
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FLOW BOILING

*The fluid Is forced to move by an external source such
as a pump as it undergoes a phase-change process.
*Types: External or internal flow bolling

-External flow b0|I|ng over a plate or cylinder Is

1""""

si/ vapor to

(; d¥and the vapor are
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HEAT EXCHANGER

Facllitate the exchange of heat between two fluids that
are at different temperatures while keeping them from
mixing with each other.
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2. Relative direction of fluid motion
(1) Parallel flow heat exchanger
(1) Counter flow heat exchanger
(1) Cross flow heat exchanger

3. Design and constructional features
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S.ARUNKUMAR / APME




THE EFFECTIVENESS-NTU METHOD

A heat exchanger can be designed by the LMTD
(Logarithmic mean temperature difference) when inlet
and outlet conditions are specified. However, when the
problem Is to determine the inlet or exit temperatures
for a particular heat exchanger, the analysis Is

Actual heat transfer 0

£ - ———m——m---—-———-—em———————
Maximum possible heat transfer Q..
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The actual heat transfer rate can be determined by writing an
energy balance over either side of the heat exchanger

¢, = C, = Hot fluid capacity rate

m.c, .= C_ = Cold fluid capcity rate

Cpc

C,., = The minimum fluid capacity rate (C, or C)

min

C, .. = The maximum fluid capacity rate (C, or C)

max
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The maximum rate of heat transfer for parallel flow or
counter flow heat exchangers would occur If the outlet
temperature of the fluid. With smaller value of C,, or C,

l.e. C..were to be equal to the inlet temperature of the
other fluid

Qma.x " Ch (thl = tcl) Or Cc (thl = tc‘l)

Q.. IS the minimum of these two values, I.e.,

Qmax = Cmm (thl W2 tcl)

Ch (thl B th2) = Cc (tc2 B tcl)
Cmin (thl G 'cl) Cm:’n (thl = tcl)

HEAT & MASS TRANSFER
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Once the effectiveness Is known, the heat transfer rate
can be very easlily calculated by using the equation

PROBLEM

Cold water enters a counter-flow heat exchanger at 10°C at a rate of 8 kg/s,
where it 1s heated by a hot-water stream that enters the heat exchanger at 70°C
at a rate of 2 kg/s. Assuming the specific heat of water to remain constant at
c, = 4.18 kl/kg-K, determine the maximum heat transfer rate and the outlet

temperatures of the cold- and the hot-water streams for this limiting case.

1EAT & MASS TRANSFER
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The heat capacity rates of the hot and cold fluids are

C, =myc,, = (2kgls)(4.18 kl/kg-K) = 8.36 kW/K

ph

C.=myc, = (8 kg/s)(4.18 kl/kg-K) = 33.4 kKW/K

{

Cmin — Ch = 8.36 KkW/K

The maximum heat transfer rate IS

Qm.u = Cmin( Th. o Tt in)

= (8.36 kW/K)(70 — 10)°C

= 502 kW
S.ARUNKUMAR / APME




The maximum temperature difference In this heat
exchanger is AT.x = Thin - Tein = (70 - 10)°C = 60°C.
Therefore, the hot water cannot be cooled by more than
60°C (to 10°C) in this heat exchanger, and the cold
water cannot be heated by more than 60°C (to 70°C),
no matter what we do. The outlet temperatures of the
cold and the hot streams In this limiting case are
determined to be

i 502 kW
33.4 KW/K

= 25°C

Q — Cc(7. out 7( ) —>

B O =T i) T = T = L g SREW
A T i1, oul i, out k. n Ch 8.38 I\W/K

HEAT & MASS TRANSFER
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EFFECTIVENESS RELATIONS FOR HEAT EXCHANGER

fectiveness relations for heat exchangers: NTU

maoc..) "Nmc..)

Heat exchanger type Effectiveness relation

1 Double pipe:

1 — ~NTU(1 +
Parallel-flow o exp | ( c)l
1 +c

1 —exp [-NTU — )] )
Counter-flow e cexp [—NTUC — o) (forc < 1)

NTU

1+ NTU (forc = 1)

2 Shell-and-tube:

(ZJni-she:!lbpass 1 + exp | ~NTU; V1 + ¢2
R =2{1+c+VI+c : j

passes , -
1 — exp NTU, V1 + ¢~

n-shell passes
2n, 4n....tube " [(1 . SIC)" ] [(1 = S:ZC)" Y =3
passes ; — ] — 1 —) — C
. 1 - 81 1 — 81 R |
3 Cross-flow
(single-pass)
Both fluids NTU2-22
unmixed 1 —exp {T [exp (—cNTUU-78) — 1]}

Cmax mixed, 1
C.., unmixed ;(1 —exp (—dl — exp (=NTU)D

C,., mixed, 1
Cax Unmixed 1 — exp {——‘[1 —exp(—c NTU)J}

4 All heat exchangers =1 — axpl--NTU)
withc = 0




I p——
=15

’ _lul:_:-

| "y

Heat exchanger type NTU relation
1 Double-pipe:

_ln[l — &(1 + 0)]
1+c¢

Parallel-flow

Counter-flow ! In ( = ) (forc < 1)
c—1 ec—1

£

g (forc = 1)

2 Shell and tube:
One-shell pass

2le, —1 —c—V1+c*
2, 4,...tube passes

n-shell passes
2n, 4n,...tube passes NTU, = n(NTU),

To find effectiveness of the heat exchanger with one-
=1
=0

Enc == 1 I/n
where F = ( )

g =1

shell pass use, &, =

3 Cross-flow (single-pass):
C..« Mixed,
C..;, unmixed = —In ll +

c
Infcin(l — &) + 1]
c

In (1 — eC)]

C..in Mixed,
C.ney UnMixed

4 All heat exchangers

' —Infl — ¢}
withc=10 " \




CHARTS FOR HEAT EXCHANGER PROBLEMS

(a) Parallel flow (b) Counter flow

l"’ » 4 ' R l‘“' '_-1 —
| o o = BE===
\\ = 1 ,__" - ____jr
\\‘k :'\ " o ' v/ﬂr—" -_L--— p—
~i . . al i R0 b S 7/ - N —
. \-\‘_ 1 M e— L 1;" _V -
/- -1 -_}". N ’__-’ -
- "l d‘ - — ) — ‘\ ~ ‘.&4:.‘» -
- / 4 I - N / -~ 4 " -""
.J: lh‘ ’,/ _——-i!'___ e f— 20 {~ ’{;\\ \\ \\*
n /s e o, - () ~ \fH -
7 L R i z O 7 7
g N 11"« 4 N/
— I‘ ’ .A’ ' : 'l' 'L:
O rJ > — _— < "' 7/
e 1 1S/ — —I - i a‘//
= /N = Shell fluic
o 40 b f 4 5 40 : b'f Shell fluid | S
b f¥/ |Tube = /¥ Tube
- i ¥ -8 . -
= 77 fud [ — * - I/ Mud | —
~ I —» (] — o > 2y | -»Q = = D>
17 l T— ] * Y LJ - |
(]
' 3
l" . 9 ‘ .
f 4 Shell fluid N
0 N 2 'S i) 1 1 . 1 1 |
~

| 3 - 5
AUIC, .. Number of transfer units NTU = A U/C

\ 4

l 2 3

H 4= F
~ 4

Number of transfer umits NTU
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(c) One shell pass (d) Two shell passes
and 2, 4, 6, ....tube and 4, 8, 12, .....tube

passes passes

10 — T 100)

.
s

L4
L

Shell flud

(c =
‘\Tuhc fluid |¢
1 I A I

| 2 3 B 5 l 2 3

Effectiveness £,

©
g
P
v
-
Y
-~
-
o
-
e
———

@

|
(@
~Cube fluid

Number of transfer units NTU = A U/C__ Number of transfer units NTU=A UIC_

n
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(e) Cross flow with (f) Cross flow with one

both fluids unmixed fluid mixed and the
other unmixed

(%

o'

‘Culd flad

S

\
>

Effectiveness g,

W
s
- g
2
v
-
' e/ 5
O
ol

- -

d-”-
-,-r-r

s,
'l
Y
-~
N
S
\

Unmixed Aud

LN ] L O |
I 2 3 4 35

P-‘-—(

) —
P
-

M

1 2 3 4

Number of transfer units NTU = A U/C Number of transfer units NTU = A U/C__

min
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PROBLEMS

A counter-flow double-pipe heat exchanger is to heat water from 20°C to 80°C
at arate of 1.2 kg/s (Fig. 11-30). The heating is to be accomplished by geo-
thermal water available at 160°C at a mass flow rate of 2 kg/s. The inner tube

Is thin-walled and has a diameter of 1.5 cm. The overall heat transfer coefficient
of the heat exchanger i1s 640 W/m#-K. Using the effectiveness-NTU method de-
termine the length of the heat exchanger required to achieve the desired heating.

Hot

First to determine the heat capacity fromeal 160%

bnne «

rates of the hot and cold fluids and 2k
identify the smaller one

w = myey = (2 Kg/s)i4.31 kl/kg-K) = 8.62 kKW/K
mc, = (1.2 kg/s)(4.18 ki/kg-K) = 5.02 kW/K

AT & MA AN
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= C. = 502kW/K

IC, ... = 502/8.62 = 0582

e Max

Gaally—=1-7)

muns“ Jun c.in

(5.02 KW/K) (160 — 20)°C

702.8 KW
¢

1EAT & MASS TRANSFER
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The actual heat transfer rate Is

Q = | m ol R o1

e water = (L2 Ke/s)(4.18 kI/kg-K)(80 — 20)°C

= 301.0 kKW

The effectiveness of heat exchanger Is

O 010KW _
ST 0. 7028kw

(/NJ
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l TR ! 0428 — |
NTU = In ey, || (et e Y Ja ]

c—1 \ee—1/ 0582 —1 \0428 X 0582 — 1

The heat transfer surface area becomes

~ (0.651)(5020 W/K)

- = 5.11 m’
640 W/m--K
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.8 Hot oil is to be cooled by water in a 1-shell-pass and 8-tube-passes heat
exchanger. The tubes are thin-walled and are made of copper with an inter-
nal diameter of 1.4 cm. The length of each tube pass in the heat exchanger
is 5 m, and the overall heat transfer coefficient is 310 W/m*-K. Water flows

through the tubes at a rate of 0.2 kg/s, and the oil through the shell at a rate
of 0.3 kg/s. The water and the oil enter at temperatures of 20°C and 150°C,
respectively. Determine the rate of heat transfer in the heat exchanger and the

outlet temperatures of the water and the oll.

We take the specific heats of water
and oil to be 4.18 and 2.13 kJ/kg°C,

respectively.

Now, determining the heat capacity
rates of the hot and cold fluids and
identify the smaller one
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Ci, = mycpy, = (0.3 kg/s)(2.13 k¥kg-"C) = 0.639 kW/K

C.=muc, = (0.2Kkg/s)4.18 kl/kg-"C) = 0.836 kW/K

p
Caia = Gy = 0.639 kW/K and ¢ = —

The maximum heat transfer rate Is,

Ops = Coid T, o — T ) = (0.639 KW/K)(150 — 20)°C = 83.1 kW

The heat transfer surface area Is

A, =nlwDL) = 870014 m)(5m) = 1.76 m"
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The effectiveness of this heat exchanger
corresponding to ¢ =0.764 and NTU = 0.854 is (from
the chart c)

g = (.47
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The actual rate of heat transfer becomes

0 = £0.... = (0.47)(83.1 kW) = 39.1 kW

The outlet temperatures of the cold and the hot fluid streams
are determined to be

39.1 kW
+ — = 0
().836 KkW/K

39.1 kW
£33 KWW AR

\ U B =




Steam at atmospheric pressure enters the shell of a surface condenser in which
the water flows through a bundle of tubes of diameter 25 mm at the rate of 0.05 kg/s. The inlet and
outlet temperatures of water are 15°C and 70°C, respectively. The condensation of steam takes place
on the outside surface of the tube. If the overall heat transfer coefficient is 230 W/m?°C, calculate the
Jollowing, using NTU method :

(i) The effectiveness of the heat exchanger,
(it) The length of the tube, and
(i11) The rate of steam condensation.
Take the latent heat of vaporisation at 100°C = 2257 kJ/kg

Take the latent heat of vaporisation at 100°C = 2257 kJ/kg
Solution. Given : d =25mm=0.025m; m,, =m_=0.05kgls, 1t =15°C,t,=70°C;

U = 230 W/m?°C : = 100°C.,
() The effectiveness of the heat exchanger, € :

Throughout the condenser the hot fluid (i.e., steam), remains at constant temperature. Hence

Comi

C,.. 1s infinity and thus C__is obviously for cold fluid (i.e., water). Thus C—"— = ().

max
When C, > C_, then effectiveness is given by

ey =ty  T70-15
S.ARUNKUMAR / APME
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(ii) The length of the tube, L :

Cmm = m(’

(=R)=0

¢, = 0.05 x 4.18 = 0.209 kI/K
Cm:’n
€ = 1 —exp (- NTU)
0.647 = 1 — NV
e NV = 1 —(.647 = 0.353
~NTU = 1n(0.353) =~ 1.04
NTU = 1.04

UA UxmdL
C G

min min

g NTU X Gy _ 1.04 % (0.209 X 1000) _ 1% i

Und 230 x mx 0.025

NTU =

(iii) 'The rate of steam condensation, m, :

Using the overall energy balance, we get

'hh . hfg = 'h(' CP( (ICZ - tCl)
= ny, X 2257 = 0.05 x 4.18 (70 - 15)
m, =0.00509 kg/sor 18.32kg/h  (Ans.)
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8000 kg/h of air at 100°C is cooled by passing it through a single-pass cross-

flow heat exchanger. To what temperature is the air cooled if water entering at 15°C flows through
the tubes unmixed at the rate of 7500 kg/h?

Take : U = 500 kJ/h-m*°C and A = 20 m?
¢, (air) = | kJ/kg®C and ¢, (water)

= 4.2 klkg"C
Treat both fluids are unmixed.

: . _ 8000
Solution. Given : My, = 600 - 2.22kgls, ¢,y = 1KIkg °Ci 1, = 100°C;

7500
= DW _ 008 kess: ¢ = 42 kIfkg°C
" T 3600 b5 :

¢

U = 500 x 1000
3600

=138.9 Wim*°C: A =20 m*
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~ 500 x 1000
3600
Ch-m,,(' =222 x(1 x IOOO)=2220=CW."
C = mc ,=2.08 x(4.2x1000)=8736=C,_,
—Q"ﬂ:@:o.zﬂ
8736

UA 1389x20

=138.9 Wim?2°C; A =20 m?

From the calculated values,

The effectiveness € is given by,
_ Gty — 1) _ G 1y — 1)
" Coin Ui =12)  Coin (= 1)
_ 2220 (100 — 1,,) _ 8736 (1, — 15)
2220 (100 — 15) 2220 (100 — 15)

0.63 = L = 3.035 M
100 - 100 - 15
o, = 100—0.63 (100 — 15) = 46.45°C

and, I 063,“90 IS) + 15 = 28.6°C

The air is cooled to a minimum temperature of 46.45°C. (Ans.)




