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366. The mathematical expression of NTU in a heat
exchanger is,
U = Overall heat transfer coefficient
C = Heat capacity
E = Effectiveness
A = Area of heat exchanger

(a) UA/Cpin (b) UA/Cypax
C
(c) UAJE (d) UC ey
TNPSC 2019
TNPSC AE 2013
TSPSC AEE 2015
Ans. (a) : The mathematical expression of NTU in a
UA

heat exchanger is given as NTU = ——
min

Since, number of transfer units (NTU) is
directly proportional to the area. It indicates the overall
size or bulkiness of H.E. usely NTU values are
practically 1.115

12,15,2,25,4

NTU #18
367. The fouling factor
(a) Increases the overall heat transfer coefficient
(b) Decreases the overall heat transfer coefficient

(c) Is equal to the overall heat transfer coefticient
(d) None of the above
UKPSC AE 2007 Paper -11

Ans. (b) : Fouling factor is dirt factor, typically
denoted as (F). This is used for calculation o over all
heat transfer coefficient in heat exchangers.
The fouling factor decreases the overall heat transfer
coefficient. This is a measure of the thermal resistance
introduce by fouling.

368. The fouling factor in case of heat exchangers is

given by
1 1 1
(a) = (b) =
Udirty Uclean Udirty Uclean
1 1
(c) (d) -1
Udirty Ugirty
TSPSC AEE 2015
Ans. (b) : Fouling factor (F) in case of heat exchanger
is given by,
_ 11
Udirty Uclean
369. When is arithmetic mean temperature
difference used instead of LMTD in heat
exchange?

(a) When temperature profiles of two fluids of
heat exchanger are sloping downward with
curve

(b) When the temperature profiles of two fluids
of heat exchanger are sloping upward with
curve

(c) When the temperature profiles of two fluids
of heat exchanger are straight

(d) When one of the temperature profile for the
fluid is straight

APPSC AEE 2016
Ans. (¢) : When the temperature profiles of two fluids
of heat exchanger are sloping upward with curve then
arithmetic mean temperature difference used instead of]
LMTD in heat exchanger.

370. For evaporators and condensers, for the given

conditions, the Logarithmic Mean
Temperature Difference (LMTD) for parallel
flow is

(a) Equal to that for counter flow

(b) Greater than that for counter flow

(c) Less than that for counter flow

(d) Very much smaller than that for counter flow

TNPSC AE 2017

Ans. (a) : Logarithmic mean temperature difference
(LMTD) — LMTD is defined as that temperature
difference which is constant would give the same rate of]
heat transfer as actually occure at under variable
condition of temperature difference.

LMTD 6, =-21=02_
[ ©
0,
371. For a specified NTU and capacity ratio 'c', the

effectiveness will be the highest for
(a) parallel flow heat exchanger
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(b) counter flow heat exchanger

(c) cross flow heat exchanger

(d) parallel flow and cross flow heat exchanger
TNPSC AE 2018

Ans. (b) : Effectiveness for the parallel flow-
I-exp| —(1+C)NTU
__1-exp[-(1+O)NTU]

1+C
Effectiveness for the counter flow-

_ 1-exp[-(1-C)NTU]|
‘T exp[ -NTU(1-C) |

372. The Log mean Temperature Difference
(LMTD) for the same inlet and outlet
temperatures of hot and cold fluids, is
(a) greater for parallel flow heat exchanger than
for counter flow heat exchanger

(b) greater for counter flow heat exchanger than
for parallel flow heat exchanger

(c) same for both parallel and counter flow heat
exchangers

(d) dependent on the heat transfer coefficient of
the fluids

(e) dependent upon the thermal conductivity of
material of the heat exchangers

CGPSC AE 2014 -11

Ans. (¢) : The Log Mean Temperature Difference

(LMTD) for the same inlet and out let temperatures of]

hot and cold fluids, is same for both parallel and counter

flow heat exchanger.

373. In a shell and tube heat exchanger, floating

head is used for

(a) less corrosion of tubes

(b) large temperature differentials

(c) high heat transfer co-efficient

(d) low pressure drop

(e) small temperature differentials

CGPSC AE 2014 -11

Ans. (b) : In a Shell and tube heat exchanger, floating
head is used for large temperature differentials.
374. Consider following facts about fouling factor.
1. is a dimensionless quantity
accounts for additional resistance to heat flow
depend upon temperature
Its unit is m? K/W
Of these, which are correct

2.
3.
4.

(a) 1 (b) 1and 2
(c) 2and 3 (d) 2,3 and 4
(e) 1and 4
CGPSC AE 2014 -11
Ans. (d) :

1. Tt is reciprocal of heat transfer coefficient (h)

F l

h

2. Its unit is m* K/W
3. Depend upon temperature
4. Accounts for additional resistance to heat flow.
375. In a counter flow heat exchanger, cold fluid
enters at 30°C and leaves at 500C, whereas hot
fluid enters at 150°C and leaves at 130°C. The
mean temperature difference for this case is :

(b) 20°C
(d) 100°C
RPSC Vice Principal ITI 2018

(a) Indeterminate
(c) 80°C

Ans. (d) :

A9, =150° - 50° = 100°C
AB,=130°-30°=100° C

-+ AB; = AO,

So LMTD is equal to AMTD

A, +A8, 100+100

.. AMTD =
2 2
MTD = 100"C
376. The equation of effectiveness e =1—¢ ' of a

heat exchanger is valid in the case of—
(a) boiler & condenser for parallel flow
(b) boiler & condenser counter flow
(c) boiler & condenser for both parallel flow and
counter flow
(d) gas turbine for both parallel flow and counter
flow
RPSC INSP. OF FACTORIES AND BOILER 2016
Ans : (¢) We know that heat capacity ratio,
C= ﬁ
Cmax
In phase change (Boiling and condensation both) C,, is
very high or infinite so capacity ratio is zero.

Effectiveness of heat exchanger in both parallel and
counter flow changes to

377. Heat is transferred by all three modes of heat
transfer in—
(a) refrigeration (b) condenser
(c) electric bulb (d) boiler furnace
RPSC INSP. OF FACTORIES AND BOILER 2016

Ans : (d) There are three ways that heat is transferred.
Conduction, radiation and convection and all three
means occur in a boiler.

e Heat is transfer from fire side to water side by
conduction mode via tube.

* Heat is transfer by convection mode to form hot water
and steam and back to water to the boiler.

* Heat is transfer by radiation mode from fire side light

waves are directly emitted on water tube.

378. Consider the following statements : in a shell
and tube heat exchange, baffles are provided
on the shell side to (a) prevent the stagnation of
shell side fluid (b) improve heat transfer (c)
provide support for tubes (d) prevent fouling of
the above four statements the correct ones are-
(a) (b),(c)and (d) (b) (a), (b) and (c)

(¢) (a),(c)and (d) (d) (a),(b)and (d)
RPSC INSP. OF FACTORIES AND BOILER 2016

Ans : (b)
a. Prevent the stagnation of shell side fluid
b. Improve heat transfer
c. Provide support for tubes
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379. Heat is transferred by all there modes of
transfer, viz, conduction, convection and
radiation in
(a) Electric heater
(c) Melting of ice

(b) Steam condenser
(d) Boiler
Vizag Steel (MT) 2017
Ans. (d) : There are three modes of heat transfer in boiler
conduction, convection and radiation. Heat is transfer from
fire side to water side by conduction mode via tube.
380. The effectiveness relation for all heat
exchangers reduces to € = g, = 1 — exp (-
NTU) when the capacity ratio (C)
(NTU refers to Number of Transfer Units)
(a) C=1 (b) C<1
(c) C>1 (d) C=0
TNPSC 2019

Ans. (d) : Effectiveness for parallel H.E.
I-exp| —(1+C)NT
.- p[ (1+C) U]
P (1+C)
Effectiveness for counter flow H.E.
1-exp[ -(1-C)NTU |
€. =
P 1-Cexp[-(1-C)NTU |
When one of the fluids in the H.E. is under

going change of phase like in steam condenser or
evaporator then C =0

£, =€, = |-exp(-NTU)

A steel ball of mass 1 kg and specific heat 0.4
kJ/kg is at a temperature of 60°C. It is dropped
into 1 kg of water at 20°C. The final steady
state temp of water is,

381.

(a) 23.5°C (b) 30°C
(c) 35°C (d) 40°C
TNPSC AE 2017

Ans. (a) : Data given,
m, =1 kg, C, = 0.4 kl/kg

T, =60°C
my, =1 kg
Ty =20°C

We know that,
Heat loss by ball = Heat given by water
[mCAT]ball = [mCAT]waler
Specific heat for water
Cy=4.18 kl/kg
1 x04x[60—Tg=1x4.18 x [T¢g—20]
Ir=23.5°C
In a heat exchanger, the hot liquid enters at a
temperature of 180°C and leaves at 160°C. The
cooling fluid enters at 300C and leaves at 1100C.
The capacity ratio of the heat exchanger is

382.

(a) 0.25 (b) 0.40
(c) 0.50 (d) 055
TNPSC AE 2018

Ans. (a) : We know that, Heat loss by hot liquid = heat
gain by cold liquid
[MCAT], =[mCAT]_

[mC], x(180-160)

= (mC), x(110-30)
It means, (mC), > (mC)c

So, the capacity ratio of the heat exchanger

(MC) pin
(m)

max
(mC)_ _20 _
(mC)h 80

In a heat exchanger, hot gasses enter with a

temperature of 250°C and leave at 50°C. On

the other side, air enters at a temperature of

50°C and leaves at 90°C. The effectiveness of

the exchanger is to be quoted as:

(a) 0.15 (b) 0.20

(c) 0.25 (d) 0.30

383.

JWM 2017

Ans. (*) : Effectiveness of heat exchanger
Actual heat transfer

Max. possible heat transfer

Q _ Ch(th1 _thz)
Qmax Cmin (thl _tcl)

Cin = Minimum of ¢;, and C,

C;, = and C¢ = heat capacity

th1 = Temperature of hot fluid at inlet
tyy = Temperature of hot fluid at exit
t.; = Temperature of cold fluid at inlet
t, = Temperature of cold fluid at exit.

CL(250-50)

e=

Where

= C o (250-50)
384. The unit of fouling factor is:
(a) W/m?-K (b) m-K/W
(c) K/W (d) m¥K
(e) m*-K/W

CGPSC AE 2014- 11

Ans. (e) : We know that-
unit of fouling factor
1

unit of heat transfer coefficient (h)

B 1 _m2—K

[ES I

385. The equation of effectiveness ¢ = 1 - e
heat exchanger is valid (NTU) is number of
transfer units) in the case of-

(a) boiler and condenser for parallel flow
(b) boiler and condenser for counter flow
(c) boiler and condenser for both parallel and
counter flow
(d) gas turbine for both parallel and counter flow
RPSC AE 2018

o] J
NTU of
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Ans. (¢) : The equation of effectiveness for parallel
flow heat exchanger

1— e—(1+C)NTU

gparallel = T
and

1= g (-ONTU

counter = W

If one of the fluid in heat exchanger is undergoing
change of phase like in steam condenser or evaporator
and boiler then C =0.

So,

&

Eparallel = &
paralle coun_tﬁh.
= | - gP

386. In a parallel flow heat exchanger, the NTU is
calculated to be 2.5. The lowest possible

effectiveness for this heat exchanger is

(a) 10% (b) 27%
(c) 41% (d) 50%
TNPSC AE 2014

Ans. (d) : In a parallel flow heat exchanger, NTU = 2.5.
Then the lowest possible effectiveness for this heat
exchanger will be 50%.
387. The correction factor of multipass counter flow

heat exchanger depends on

(a) Fluid properties

(b) Geometry alone

(c) Temperature of Inlet and outlet fluid stream

only
(d) Mass flow rates of hot and cold fluid streams
TNPSC AE 2014

Ans. (¢) : The correction factor of multipass counter
flow heat exchanger depends on temperature of Inlet
and outlet fluid stream only.
388. Cold water (C, = 4.18 kJ/kg°C) enters a heat
exchanger at 15°C at a rate of 0.5kg/s, where it
is heated by hot air (C, = 1.0 kJ/kg’C) that
enters the heat exchanger at 50°C at a rate of
1.8 kg/s. The maximum possible heat transfer
rate in this heat exchange is

(a) 51.1 kW (b) 63.0 kW
(c) 66.8 kW (d) 73.2 kW
TNPSC AE 2014

Ans. (b) : For cold water
Cp=4.18 kl/kg°C
Ty =15°C
mgy = 0.5 kg/s
For hot air
C,=1.0kJ/kg°C
Tia =50°C
mpya = 1.8 kg/s
We know that, maximum possible heat transfer rate

Qmax = Cpin (Tia — Tiw)
Cy=[mc,]| =05x418

Cw = 2.09 kJ/°C
Cha=(mcy) =18 x1=18KI/ °C

Chnin = 1.8 KI°C
0. =18x(50-15)
Qmax =63kw

389. Effectiveness of heat exchanger is function of:

(a) Heat capacity ratio only

(b) Surface area of heat exchanger only

(c) NTU and heat capacity ratio

(d) NTU only

UPRVUNL AE 2016
Ans. (c) : The effectiveness (g) of a heat exchanger is
defined as the ratio of the actual heat transfer to the
maximum possible heat transfer.
quL‘(
For heat exchanger
NTU = %3

C

q
C
oo o ]

g=——
where the number of transfer unit, NTU

where,
U - overall heat transfer coefficient and A is the
heat transfer area.
390. Effectiveness (¢) and NTU
condenser may be written as
(a) NTU =In(1 +¢) (b) NTU=In(1 -¢)
d) &= NTU
1+ NTU
RPSC LECTURER 16.01.2016
Ans. (c) : In condenser and evaporator there will be
phase change of fluid so heat capacity ratio will be zero.
£= 1_ e—]\'TU
(same for parallel and counter flow heat exchanger)
NTU =-In(1-¢)

relation for

(c) NTU=-1In(1-¢)

391. For a compression or heating process what is
the expression for effectiveness €
@) e= increase of availability of surroundings
loss of availability of the system
®) e= increase of availability of the system
loss of availability of the surroundings
) o= loss of availability of the surroundings
increase of availability of the system
d) e= loss of availability of the system
increase of availability of the surroundings
TNPSC AE 2018
Ans. (b) : e= increase of aV.a?'lability of the syst.em
loss of availability of the surroundings

392. For shell and tube heat exchanger,

corrosive liquid is normally passed through

(a) Shell side

(b) Tube side

(c) Either of (1) and (2) above

(d) None of the above

Nagaland PSC CTSE 2017 Paper-2

Ans. (b) : In a shell and tube exchanger, the corrosive
liquid is normally passed through tube side.

the
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393. The NTU of a heat exchanger is an index of its
(a) Number of tubs (b) Number of passes
(c) Mode of operation (d) Performance

Nagaland PSC CTSE 2017 Paper-2

Ans. (d) : The NTU is a measure of heat transfer size of]

the exchanger, the larger the value of NTU the closer

the heat exchanger approaches its thermodynamics
limit.

394. The overall heat transfer coefficient in a fouled
heat exchanger is comparison to the clean heat
exchanger is
(a) Negligible
(c) more

(b) equal
(d) less
Nagaland PSC CTSE 2017 Paper-2

Ans. (d) : The overall heat transfer coefficient in a

fouled heat exchanger in comparison to the clean heat

exchanger is less, because it leaves trace/deposits on the
surface of the separating wall.

395. In a double pipe counter flow heat exchanger,
10,000 kg/hr of oil [Cp = 2.09 kJ/kg-K] is cooled
from 80°C to 50°C by water [Cp = 4.18 kJ/kg-
K] of flow rate 8000 kg/hr entering at 25°C.
What will be outlet temperature of water?

(a) 63.75°C (b) 52.55°C
(c) 48.15°C (d) 43.75°C
SJVNET 2019
Ans. (d) : Given,
Thi =80°C
Ty, =50°C

Cpn =2.09 kl/kg-K
my, = 10000 kg/hr
T, =25°C

Teo=?

Cpe = 4.18 ki/kgk
m, = 8000 kg/hr

T
b \\
Cold fluid T

Applying heat balance equation,
mp Cph (Thi - Tho) =m Cpc (Tco_Tci)
10000 8000

T,

S %2.09%(80—50) =—— x4.18x(T, —25)
3600 3600
T,,—25 =1875
T, =43.75°C

396. Flat plate collectors are used to heat the water
upto the temperature of
(a) 70-90°C
(c) 200-300°C

(b) 100-200°C

(d) 300-400°C
RPSC LECTURER 16.01.2016
Ans. (a) : Flat plate collectors—A Flat plate collector
is a heat exchanger that converts the radiant solar
energy from the sun into heat energy using the well
known green house effect. It collects or capture, solar

energy and uses that energy to heat water in the home
for bathing, washing and heating etc.

A solar flate plate collector typically consists of a large
heat absorbing plate, usually a large sheet of copper or
aluminium as they are both good conductors of heat,
which is painted or chemically etched black to absorb as
much solar radiation as possible for maximum
efficiency. This is used to heat the water upto the
temperature of 70-90°C.

397. In a counterflow heat exchanger, hot gases
enter the system at 200°C and leave at 80°C.
The temperature of the outside air entering the
unit is 35°C. Its temperature at the exit is 90° C.
The heat exchanger has an effectiveness of

(a) 035 (b) 0.34
(c) 0.33 (d) 0.32
ESE 2018
Ans. (*) : Given,
Thl =200°C
T,,=80°C
L= 35°C
T02 =90°C
T, Hot fluid
Tcz Thz
T.

X—>

From energy balance
C, (T, - T, )=C(T, - T,)

¢ ol
C;, (200 — 80) =C. (90 — 35)
120 C,=55C,
C,_55
C., 120
Ch = Cmin
CC = CUmax
C (T -T
effectiveness (€) :M
Con (Thl - T, )
-~ 200280 77
200-35

398. Consider the following statements:

1. The efficiency of heat transfer in a condenser
will improve by increase of the overall heat
transfer coefficient.

2.The efficiency of heat transfer in a condenser
will improve by increase of the velocity of flow
of water in the tube.

3. The difference between the temperature of
steam entering the condenser and the inlet water
temperature should be maximum for maximum
efficiency.

Which of the above statements are correct?

(a) 1and 2 only (b) 1 and 3 only

(c) 2 and 3 only (d) 1,2 and 3

ESE 2017
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Ans. (a) : Q=UA AT,
As velocity of flow of water increases the convective
heat transfer co-efficient on water side increases. As a
result U value increases.

Condenses efficiency = Lo =Ty
Ts - TWi

If (Ts — T,,;) is maximum denominator increases hence
condenser efficiency decreases.
Where

T,; = temperature of cooling water at inlet

Ty = temperature of cooling water at outlet

T, = temperature of steam corresponding to the
actual absolute pressure in the condenser.
399. In a counter flow heat exchanger, hot gases
enter at 250°C and leave at 100°C.
Atmospheric air enters at 50° C and leaves at
80°C. The effectiveness of the heat exchanger

will be
(a) 0.20 (b) 0.25
(c) 0.30 (d) 0.35
ESE 2017
Ans. (*) : Given,
T, =250°C T, =50°C
T,, = 100°C T, =80°C
From energy balance equation
m;c,, (Thl -T, ) =m.c, (TC2 -T, )
m,c,, (250-100) = m.c,. (80— 50)
m,c, <mc,
Hence effectiveness of heat exchanger
- T, -T, _250-100
T, =T, 250-50

=0.75 (Not in options)
400. LMTD of a heat exchanger with AT, , and AT,
being temperature differences between the hot

and cold fluids at entrance and exit,
respectively is:
AT, — AT, AT, — AT,
(a) -2 71 (b) -2 71
AT, AT,
log| —= log| —
AT, AT,
AT, — AT, AT, — AT,
(c) —2 1 (d) 1ogw
AT,
=2 2
AT, AT,
OPSC AEE 2015 PAPER - 11
UKPSC AE 2012 Paper-I1
Ans : (a)
IhI
Hoy ujg th: )
AT, tC‘ I‘\I:
Parallel Heat Exchanger
AT, =t, —t,
ATZ = thz - thl

LMTD for Parallel flow heat exhanger

LMTD = _ AL AT,
log, (AT, /AT;)
401. A counter flow heat exchanger, the hot fluid is

cooled from 110°C to 80°C by a cold fluid
which gets heated from 30°C to 60°C. LMTD
for heat exchanger is :

(a) 80°C (b) 50°C
(c) 30°C (d) 20°C
HPPSC W.S. Poly. 2016
Ans : (b) ,
eT- 110°C
| h .
dlo0'c = Luig 18 0'C
0,

co dﬁllid %O”C

0,= 110" C- 60°C 0, = 80°C - 30°C

0,=50°C 0, =50°C
Hence |6, =6, =LMTD =50°C
402. In a condenser of a power plant, the steam

condenses at a temperature of 60 °C. The
cooling water enters at 30 °C and leaves at
45°C. Logarithmic Mean Temperature
Difference (LMTD) of the condenser
(a) 162°C (b) 21.6°C
(c) 30°C (d) 37.5°C

UPPSC AE 12.04.2016 Paper-I1

Ans : (b)

T 60°C ;
45°C

0, // t

l 30°C

6, =60°C-30°C=30°C

0, =60°C-45°C=15°C

Log mean temperature difference
_ e1 _62

log, (elj
e2

~30-15

" lo (30)
8. 15

15
" 0.693

In a heat exchanger, the temperature of the hot
fluid decreases while temperature of the cold
fluid increases. The increase and decrease
following :

(a) A quadratic law
(c) A cubic law

60°C z

0

0

403.

(b) A linear law
(d) An exponential law

UPPSC AE 12.04.2016 Paper-11
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Ans : (d) The increase and decrease following an

exponential law.

404. If one of the two fluids flowing through a heat
exchanger of NTU = 2 remains at constant
temperature throughout the exchanger length,

the effectiveness of the heat exchanzger will be

(@ 1-e* (b) 1-e
1-e?2 1-¢?
(c) 5 (d) 5

BPSC Poly. Lect. 2016
Ans : (b) It one of the two fluids flowing through a heat
exchanger of NTU = 2 remains at Constant temperature
throughout the exchanger lenjgth, the effectiveness of]
the heat exchanger will be 1-¢

405. In a certain heat exchanger, both the fluids
have identical mass flow rate and specific heat
product. The hot fluid enters at 76 °C and
leaves at 47 °C and cold fluid enters at 26 °C
and leaves at 55 °C. The effectiveness of the
heat exchanger is
(a) 0.16 (b) 0.58
(c) 0.72 (d) 1.0

UKPSC AE 2012 Paper-II

[Ans. (b) : 0.58

406. During the process of boiling and condensation
only a phase change takes place, and one fluid
remains at constant temperature throughout
the heat exchanger. In terms of number of
transfer units (NTU), the effectiveness of such
heat exchanger would be

NTU
(a)
1+ NTU
(b) 1—-exp (-NTU)
I-exp(—2NTU
SR
(d) cannot be worked out as heat capacities are
unknown

UKPSC AE 2012 Paper-I1
|Ans. (b) : 1 —exp (-NTU) |
407. For a double pipe, counter flow heat exchanger

with C =1 (C = Cp;, / Cay) the effectiveness is

equal to:-
(a) NTH (b) 1+1/NTU
NTU-1
NTU NTU +1
(©) (d)
NTU +1 NTU-1
UKPSC AE-2013, Paper-11

|Ans. (c):

408. In a counterflow heat exchanger, the hot fluid
is cooled from 110°C to 80°C by a cold fluid
which is heated from 30°C to 60°C. LMTD for
the heat exchanger will be:-

(a) 80°C (b) 50°C
(c) 30°C (d) 20°C
UKPSC AE-2013, Paper-11
Ans. (b) : We know that, LMTD = 88
In 61 /62

T;=110°C

!

= 30°C

=80°C

lo

T
0
|

T,,= 60°C

0, =50°C, 6, =50°C
It is the case as a balanced counter-flow heat exchanger
So, LMTD = 50°C
409. Fouling factor in the design of heat exchanger
is used considering the fact that:-
(a) It is used when a liquid exchanges heat with
gas
(b) It is used in case of Newtonian fluids
(c) Itisused as a dimensionless factor
(d) It is a factor of safety in design
UKPSC AE-2013, Paper-11

|Ans. (d) :

410. A correction of L.M.T.D. is necessary in case of
(a) cross flow heat exchanger
(b) parallel flow heat exchanger

(c) counter flow heat exchanger
(d) all of the above

UKPSC AE 2007 Paper -11

Ans. (a) : Cross flow heat exchanger is a recuperater
type heat exchanger in which hot fluids and cold fluid
flow line intersect to each other.
* In this heat changer a correction of LMTD is
necessary.
* LMTD for cross flow and multiplies heat exchanger

= Correction factor x LMTDqunter flow

411. LM.T.D. in case of counter flow heat
exchanger as compared to parallel flow heat
exchanger is
(a) higher (b) lower
(c) same (d) cannot be predicted

UKPSC AE 2007 Paper -11

UKPSC AE-2013, Paper-11

TNPSC AE 2013

Nagaland PSC CTSE 2017 Paper-2

Ans. (a) : LMTD in case of case of counter flow heat

exchanger as compared to parallel flow heat exchanger

is higher so counter flow heat exchanger is more

effective and more useful.

Counter flow heat exchanger -

ts,
f(_’__] t
||« cod « ty Hot fluid

t]‘ly —» Hot —* thz te th,

«— Cold + 4| t,

t

€1

Fluid flow direction is opposite. : »

412. In case of heat exchanger, the value of
logarithmic mean temperature difference
should be

(a) as small as possible (b) as large as possible
(c) constant (d) none of the above
UKPSC AE 2007 Paper -11
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Ans. (b) : LMTD - Logarithmic mean temperature
difference. It is a performance approach of heat
exchangers.
* It is defined as the temperature different which, if]
constant would give the same rate of heat transfer as
actually occurs under variable conditions of temperature
difference.
* LMTD T = Performance of Heat exchanger T
So, in case of heat exchanger, the value of logarithmic
mean temperature difference ( LMTD) should be as
large as possible.
413. For evaporation and condensation in a heat
exchanger, the required surface area will be
minimum for which type of flow?
(a) Cross (b) Counter
(c) Parallel (d) Same for all the cases
OPSC AEE 2019 PAPER - 11
(d) : Same for all the cases
Fouling factor is used:
(a) In heat exchanger design as a safety factor
(b) In case of Newtonian fluids
(c) When a liquid exchanges heat with a gas
(d) None of these
OPSC AEE 2019 PAPER - 11
Ans : (a) : Fouling factor is used in heat exchanger
design as a safety factor.
415. A designer chooses the values of fluid flow rates
and specific heats in such a manner that the
heat capacities of the two fluids are equal. A
hot fluid enters the counter flow heat
exchanger at 100°C and leaves at 60°C. A cold
fluid enters the heat exchanger at 40°C. The
mean temperature difference between the two

|Ans :
414.

fluids is:
(a) 30°C (b) 20°C
(c) 40°C (d) 60°C

OPSC AEE 2019 PAPER - 11

Ans : (b) : Given,

Th =100 °C
T =60 °C
T,, =40 °C
Tcg =9

Applying heat balance equation,

(Thl _Thz):(Tcz _TC1)
(100-60) =T, ~40
T,, =80°C

T,=100°C

0200(11 k
/]1/,.
(4
T 80°C T,.=60°C
I 0,=20°C
C
Olq /]U/(/

T.=40°C

91 = 92

.. Log mean temperature difference (LMTD)
LMTD = 91 = 92

LMTD = 20°C

416. In a heat exchanger, the oil is cooled from
135°C to 15°C with the water, if water inlet
temperature is 5°C and oil and water has the
same mass flow rate (C,),; = 1.04 Joule/gram
and (Cp)water = 4.16 Joule/gram, the water outlet

temperature is:

(a) 150 (b) 135
(c) 30 (d) 35
Gujarat PSC AE 2019

Ans : (d) : Applying heat balancing equation,
mthh(Thl —~Ty, ) =mCp, (T2 ~Te1)

Here, Ty = 135°C
Thz =15°C
Tcl =5°C
Tcz =7

Cp, =104 Joule/gram
CpC =4.16 Joule/gram
my =m,

1.04 (135-15) =4.16 (T, - 5)

T, =35°C

417. An adiabatic heat exchanger is used to heat
cold water at 15°C entering at a rate of 5 kg/s
by hot air at 90°C entering also at a rate of §
kg/s. If the exit temperature of hot air is 20°C,
the exit temperature of cold water is

(a) 27°C (b) 32°C
(c) 52°C (d) 85°C
Gujarat PSC AE 2019

Ans : (b) : Applying heat balancing equation,
m,Cp, (Thl =T, ) =mCp, (Tc2 _Tcl)

Here, Ty = 90°C
Ty, =20°C
2
T, = 15°C
T, =?
my = 5 kg/S
m, =5 kg/s

Cp, =1.008 kI/kgK
Cp, =4.18 kI /kgK
S0, 5 * 1.0085 (90 —20) = 5 x 418 (T, — 15)
70.56 =418.(T,, - 15)
T., = 31.88°C

|

418. For evaporators and condensers, for the given
conditions, the logarithmic mean temperature
difference (LMTD) for parallel flow is:

(a) Equal to that for counter flow

(b) Greater than that for counter flow

(c) Smaller than that for counter flow

(d) Very much smaller than that for counter flow
Gujarat PSC AE 2019

Ans : (a) : The heat exchange through evaporators and

condensers does not depend on direction of flow.
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419. A cross flow type air heater has an area of
50 m’. The overall heat transfer co-efficient is
100 W/m’K and heat capacity of both hot and
cold stream is 1000 W/K. The value of NTU is

(a) 1000 (b) 500
(c) 5 (d) 0.2
Gujarat PSC AE 2019
UKPSC AE 2012 Paper-I1
Ans : (¢):
NTU = 24
min
A=50m’
U =100 W/m’K
Chin = 1000 W/K
U= 100x 50
1000

‘a Boiling and Condensation “

420. Nucleate boiling is promoted

(a) on polished surface

(b) on rough surfaces

(c) in the absence of agitation

(d) none of these

RPSC Vice Principal ITI 2018

Ans. (b) : Nucleate boiling is a type of boiling that
takes place when the surface temperature is hotter than
the saturated fluid temperature by a certain amount. The
heat transfer from surface to liquid is greater than that in
film boiling.
421. Which of the following is not the regimes of

pool boiling?

(a) Natural convection boiling

(b) Nucleate boiling

(c) Film boiling

(d) Flow boiling

(e) Transition boiling

CGPSC AE 2014- 11
UPRVUNL AE 2016

Ans. (d) : Flow boiling is not the regimes of pool
boiling.
Nucleat Film Boiling
Boiling !
Interface : : . . '
SN * Bubble | . . o
Evaporation E?ubglc: Rise to : Unstable + Stable :Radia;
L —ond Surface . Film + Film sruon
Froe convection: censed,. - e s daane demwana Loceur
tin .
+ Super !
= + heated: Critical
= + liquid heat flux
B : burn out point
o
<&
\
cc’&
il
>
Temperature

422. Consider the following phenomena
1. Boiling
2. Free convection in air
3. Forced convection
4. Conduction in air
Their correct sequence in the increasing order of

heat transfer is

(a) 4,2,3,1 (b) 4,1,32
(c) 4,3.2.1 (d) 34,12
(e) 42,13

CGPSC AE 2014 -11
Ans. (a) : Current sequence in the increasing order of]
heat transfer is
Conduction in air < Free convection <
forced convection < Boiling
423. Which of the following is true?

(a) Heat transfer coefficient in dropwise
condensation is very low in comparison to
filmwise condensation

(b) Filmwise condensation is preferred over
dropwise condensation on heat transfer
surface

(c) Dropwise condensation required very high
area of heat exchanger relative to filmwise
condensation

(d) Dropwise condensation cannot be easily
sustained for prolonged period of time

UPRVUNL AE 2016
Ans. (d) : Dropwise condensation cannot be easily
sustained for prolonged period of time.

424. Nukiyama's Boiling curve is plotted between
(a) Boiling temperature vs excess temperature
(b) Boiling heat flux vs boiling temperature
(c) Boiling temperature vs boiling pressure
(d) Boiling heat flux vs excess temperature
RPSC LECTURER 16.01.2016
Ans. (d) : Nukiyama's Boiling curve is plotted between
boiling heat flux vs excess temperature.

425. Nucleate  boiling regime is  formed
approximately between (AT excess = excess
temperature)

(a) 5°C=<AT,,, <10°C
(b) 50°C<AT, . <80°C
(c) 80°C<AT,_,. <100°C
(d) 5°C<AT, . <50°C
UPRVUNL AE 2016

Ans. (d) : When AT excess equal or greater than 5°C

and equal or less than 50°C then Nucleate boiling

regime is formed
5°C < AT,

excess

<50°C
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426. Consider the following statements:

For the laminar condensation on a vertical

plate, the Nusselt theory says that

1. Inertia force in the film is negligible
compared to viscosity and weight

2. Heat flow is mainly by conduction through
the liquid film, convection in liquid film as
well as in vapour is neglected

3. Velocity of vapour is very high

Which of the above statements are correct?

(a) 1,2and 3 (b) 1and 2 only

(c) 1 and 3 only (d) 2 and 3 only

ESE 2019

Ans. (b) : Nusselt theory for the vertical plate

(1)  The acceleration of condensate layer is negligible.

(i1) Heat transfer across the liquid film is by pure
conduction (no convection current and in the
liquid film and vapour)

(iii) The velocity of vapour is low so that it exerts no
drag on the condensate (no viscous shear on the
liquid vapour interface)

427. Which one of the following regimes of boiling
curve can be considered as reverse of
condensation?

(a) Free convection boiling regime
(b) Nucleate boiling regime
(c) Transition boiling regime
(d) Film boiling regime
ESE 2018
Ans. (d) :

Natural
convection Nucleate Transition
boiling  boiling  boiling

<
<

ql“il.‘
f‘ E

Leidenfrost point i

Film boiling

A\ 4

Ghoiling
—
>

)

—
AT =(T,~T,)
Natural Convection Boiling (to point A on the
boiling curve)-We do not see any bubbles
forming on the heating surface.
Nucleate Boiling (Between Point A and C)-The
first bubbles start forming at point A of the
boiling curve. The nucleate boiling regime can be
separated into two distinct regions i.e. AB and
BC.
Transition Boiling (Between Point C and D)-
As the AT is increases past point C, the heat flux
decreases.
Film Boiling (Beyond Point D)-In this region
the heater surface is completely covered by a
continuous stable vapour film.

@

(i)

(iif)

(iv)

B Boiling take heat and condensation release heat.
Boiling and condensation is opposite phenomenon. The
nucleate boiling exist up to AT =40°C while film
boiling temperature is greater than nucleate boiling.

So for film regime, condensation and boiling can be
considered as reverse phenomenon.

428. Dropwise condensation occurs on the following

surface:
(a) Oily (b) Smooth
(c) Glazed (d) Coated
UKPSC AE 2007 Paper -I1
Ans. (a) Dropwise condensation is a surface

condensation in which 90% of surface is covered by
drops. It occurs on the oily surface.
* Droplet formation is superior to film formation in
terms of maintaining high condensation and heat
transfer rates.
429. Which of the following is not the regimes of

pool boiling?

(a) Film boiling regime

(b) Nucleate boiling regime

(c) Slug flow regime

(d) Natural convection boiling regime

UPRVUNL AE 2016

Ans. (¢) : Slug flow regime is not the regimes of pool
boiling.

Maximum
critical
heat flux, q,.. =~ .
Transition  Film
boiling  boiling .
A <€—— Nucleate Boiling >« > Radiation
---------------------------------------
Natural + .
“onvection Bubbles
| boiling | leave from : .
e vowire& r Stable 4
= + collapse . NFilm/s
= + inliquid 4" Columns of |} Unstablé
k-3 ! + vapour bubble! Film !
v risingto !
: free surface '
>

AT = Ty —Tou (°C)

430. Large heat transfer coefficients for vapour

condensation can be achieved by promoting

(a) Film condensation

(b) Dropwise condensation

(c) Cloud condensation

(d) Dew condensation

ESE 2020

léns. (b) : Dropwise condensation.
( =\
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1.What is meant by pool boiling?

Ans : If heat is added to a liquid from a submerged solid surface,
the boiling process is referred to as pool boiling. In the case the
liguid above the hot surface is essentially stagnant and its motion
near the surface is due to free convection and mixing induced by
bubble growth and detachment.

2. State the difference between the drop wise condensation and
film wise condensation.

Ans : Filmwise condensation:

The liquid condensate wets the solid surface, spreads out and
forms a continuous film over the entire surface is known as film
wise condensation.

Drop wise condensation:

In drop wise condensation, the vapor condenses into small liquid
droplets of various sizes which fall down the surface in a random
fashion.

3. What is meant by LMTD ?

We know that the temperatures difference between the hot and
cold fluids in the heat exchanger varies from point to point. In
addition various modes of heat transfer are involved. Therefore
based on concept of appropriate mean temperature difference,
also called logarithmic mean temperature difference, the total
heat transfer rate in the heat exchanger is expressed as

Q= UA( LMTD)
Where U = Over all heat coefficient W/ K
A = Area, m2

T- Temperature difference.



4. What is meant by Fouling factor?

We know the surface of a heat exchanger do not remain clean
after it has been in use for some time. The surfaces become
fouled with scaling or deposits. The effect of these deposits
affecting the value of overall heat transfer coefficient. This effect
is taken care of by introducing an additional thermal resistance
called the fouling factor.

5. What is meant by condensation?

The change of phase from vapour to liquid state is known as
condensation.

6. What is compact heat exchanger?

Answer : There are many special purpose heat exchangers called
compact heat exchangers .They are generally employed when
convective heat transfer coefficient associated with one of the
fluids is much smaller than the associated with the other fluid.

7. Define Effectiveness.

The heat exchanger effectiveness is defined as the ratio of actual
heat transfer to the maximum possible heat transfer.

Effectiveness = Actual heat transfer/ maximum possible heat
transfer.

8. What is meant by parallel flow heat exchangers and counter
flow heat exchanger?

Parallel flow heat exchanger:

In this type of heat exchanger, hot and cold fluids move in the
same direction.

Counter flow heat exchanger:

In this type of heat exchanger,hot and cold fluids move in parallel
but in opposite directions.



9. What is heat exchanger?

A heat exchanger is defined as an equipment which transfers the
heat from a hot fluid to a cold fluid.

10. Give the expression for NTU.

Number of Transfer Units (NTU) = UA / C min.

11. List the various promoters used for maintaining drop wise
condensation.

Oleic acid, benzyl, certain fats and waxes are effective promoters
used for maintaining dropwise condensation.

12. How are heat exchangers classified based on flow
arrangement?

Parallel flow, counter flow, compact and cross flow heat
exchanger.



Classification of boiling

Pool Boilin

* Boiling is called pool
boiling in the absence
of bulk fluid flow.

* Any motion of the fluid
is due to natural
convection currents and
the motion of the
bubbles

under the

influence i
of buoyancy. [l

Flow Boiling

* Boiling is called flow

boiling in the presence
of bulk fluid flow.

In flow boiling, the fluid
is forced tomove ina
heated pipe
or over a
surface by
external
means such
as a pump.

Classification of boiling

Subcooled Boiling
* When the temperature
of the main body of the
liquid is below the
saturation temperature.

P=1am

Saturated Boilin

* When the temperature

of the liquid is equal to
the saturation
temperature.

P=lam

Draw the boiling regime curve.
Boiling takes different forms, depending on the OT___ =T-T,,
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Example 10.1. For what value of end temperature differences ratio O_I , is the arithmatic mean
2
temperature difference 5 per cent higher than the log-mean temperature difference?

Solution. The arithmetic mean temperature difference (8) and log-mean temperature difference
(8,) ratio may be written as

(9,+0,)
2 __(6,+6,)
8,- 6, ] 2(6,-8,)

£ = xin (8,/8,)
O

in (8,/8,)
It is given that § is to be 5 percent higher than 6,

[} (8,/8,) + 1
2 =105=—2"2" " 1n(8,/0,)
9, 208,8,)-11 ' ?
(6,/6;) +1
22T 1y (8,/68,) = 2% 1.05 = 2.1
oh (el -1 7
By hit and trial method, we get
:—'=z.z(Ans.)

2

Thus the simple arithmetic mean temperature difference gives results to within 5 percent when
end temperature differences vary by no more than a factor of 2.2.

Example 10.2. (a) Derive an expression for the effectiveness of a parallel flow heat exchanger
in terms of the number of transfer units, NTU, and the capacity ratio C,JC,. ..

(b)  In a parallel flow double-pipe heat exchanger water flows through the inner pipe and is
heated from 20°C to 70°C. Oil flowing through the annulus is cooled from 200°C to 100°C. It is
desired to cool the oil to a lower exit temperature by increasing the length of the heat exchanger.
Determine the minimum temperature to which the oil may be cooled. (U.PS.C., 1995)

Solution. @) :  Refer Classnote

(b) Using subscripts h and ¢ for oil and water respectively, we have

t,, = 200°C; 1,, = 100°C; 200°C (1,,)
1, =20°C;1,=170°C ...(Given)
Now, Q = myCpy (y — tyy) = MCpe Uz = 1)) T 100°C (1)
or, Mycpy, (200 - 100) = rirc,. (70 - 20) E SIizEaeet
’i’ccpr _ 100 _ = 70°C (1)
or, m—,,c; 50
A 20°C (1)
Let ‘I’ be the lowest temperature to which oil may
be cooled and this will be the highest temperature of water Area/length ——»
too (Refer Fig. 10.13). Fig. 10.13.
chce. ﬁl,,c’,, (2(1) - ’) = "‘lcc’r (f - m)
m.c
or, (200 - 1) = —L= (1 - 20)
MyC o
=2(r-20)
or, 200 -+t =2r-40
or, 1 = 80°C (Ams.)

Eample 10.3. The flow rates of hot and cold water streams running through a parallel flow heat
exchanger are 0.2 kg/s and 0.5 kg/s respectively. The inlet temperatures on the hot and cold sides are
75°C and 20°C respectively. The exit temperature of hot water is 45°C. If the individual heat transfer
coefficients on both sides are 650 W/m*°C, calculate the area of the heat exchanger.

Solution. Given : m, = 0.2 kg/s; . = 0.5 kg/s; 1,, =75°Ci1,,=45°C; 1, =20°C; b= h, =
650 W/m?°C.

The area of heat exchanger, A :

The heat exchanger is shown diagrammatically in Fig. 10.14.

The heat transfer rate, Q = riy X Cpy X Uy = 1y3)

= 0.2 x 4.187 x (75 - 45) = 25.122 kJ/s
Heat lost by hot water = Heat gained by cold water
My X Cppy Xl = Tyy) = 1t X Cpe X (12— 1)
0.2 x4.187 x (75 - 45) = 0.5 x 4.187 x (1, - 20)

1, =32°C
Logarithmic mean temperature difference (LMTD) is given by
0, - 6,

8, = ..[Eqn. (10.9)]
In (8,/8,)

_ iy = 1y) -y — 1)
Tl = 1) A8, ~1))

(75 - 20) - (45 - 32)
= 1n (75 - 20035 - 32)]
_55-13
" In (5513)

or,

=29.12°C



1, =20°C —»  Cold water —>» > 1,

1, =75°C ==> Hotwater =—> = 45°C (1,,)

1,=20°C —»  Cold water —» —> I
(a) Flow arrangement
4, =175°C
T Hot warer
£ T 1,,=45°C
0 h2
gl | !
: ek d,=32C
& /*/C;id’ \;a.lct
-

1, =20"C -

Arca/Length —p
(b) Temperature distribution

Fig. 10.14. Parallel flow heat exchanger.

Overall heat transfer coefficient U is calculated from the relation,
|

11
_=_+_
U kK h
T T
= e— — = —
650 650 325
U = 325 Wim?°C
Also, Q=UA®,
Ao Q _25122x1000 .,
- Ue, 325x29.12 (Ans.)

Example 10.5. A hot fluid at 200°C enters a heat exchanger at a mass flow rate of 10* kg/h. Its
specific heat is 2000 J/kg K. It is to be cooled by another fluid entering at 25°C with a mass flow rate
2500 kg/h and specific heat 400 J/kg K. The overall heat transfer coefficient based on outside area of
20 m? is 250 W/m? K. Find the exit temperature of the hot fluid when the fluids are in parallel flow.

(GATE, 1998)

Solution. Given : 1, = 200°C; m, = : = 2.78 kgls; ¢,y = 2000 JkgK; 1, = 25°C;

om0 054 kg/s: ¢, =400 JAgK; U = 250 W/m’ K.

(3

Exit temperature of the hot fluid, 7, , :
Heat lost by the hot fluid, @ = rit,Cpp (B — 12)

= 2.78 x 2000 x (200 - 1,,) = 5560 (200 - 1,,) (1)
4y = 200°C ~
\“\ Hot fluid
e 3
\—\_\\——
0 la
1 Bz
P s L
_—~"" Cold fluid
1, =25°C/Y-
Fig. 10.15.
Heat gained by the cold fluid,Q= 0.694 x 400 (1, - 25)
= 277.6 (1, - 25) i)

Equating (i) and (ii), we have
5560 (200 - 1,,) = 277.6 (1, - 25)



5560

or, Iy = m (200 - 1,,) + 25 = 4025 - 201, . (iif)
Also, heat transferred is given by,
Q = UAG,,
_ 9, -6,
where, 0, = In (8./6.) (6,/8,)
Here 0, =1¢,-1,=200-25=175°C;and 0,=1,, - 1,

_ 175 -y - 1)

Om = [ 175 ]
In
Iy =12

Substituting the values in the above equation, we get

( 175 ]
In
by = 12

Substituting the values of 1_, from (iii) in (iv), we get

Q =250x 20 )

Q=250x%x20

In 175

5000 [ 75— (hz — 4025 + 201,,) 175 - (21 1,, — 4025)

N 175 =30 N 175 "
(1,2 —4025 + 201,,) 211,, - 4025 e

Equating (i) and (v), we get

175 — (21 1,, - 4025)

175
nd——m

Using hit and trial method, the value of 7,, may be found out.

5560 (200 — #,,) = 5000

Example 10.6. In a certain double pipe heat exchanger hot water flows at a rate of 5000 kg/h

and gets cooled from 95°C to 65°C. At the same time 50000 kg/h of cooling water at 30°C enters the

heat exchanger. The flow conditions are such that overall heat transfer coefficient remains constant

at 2270 W/m? K. Determine the heat transfer area required and the effectiveness, assuming two

streams are in parallel flow. Assume for the both the streams c,= 4.2 kJ/kg K.

Solution. Given : i, = 2—100000 = 13.89 kg/s; 1, = 95°C; 1, = 65°C;

i, = 20000 _ 1389 kgss: 1., = 30°C; U = 2270 Wim?K;
3600

Con = Cpc = 4.2 kJkg or 4200 Jkg K.
Q = Heat lost by hot water = Heat gained by cold water.
Mty Cop X (tyy = tha) = M Cpe X (13 = 1y)
or, 13.89 x4200 x (95 - 65) = 13.89 x 4200 x (r_, - 30)
v t, =60°C

(GATE, 1997)



1, = (95°C)
T t I
o el (water) 02 = (65°C)
,§ Cold fluid la
(water)
t., =(30°C)
Length —»
Fig. 10.16. Parallel-flow heat-exchanger.
Log mean temperature difference,
(e| - 62)
LMTD, 8, = —————
In (9./92)
_ U —t) = Uy —1c7)
In (‘u =1 J
Iy —le2
=(9S-30)—(65-60)= 60 = 23.4°C
In 95 - 30 0.583
65 - 60
Also, Q = UAG,
or, 13.89 x4200 x (95 -65) = 2270 x A x 234
Heat transfer area, A = 3295 m?(Ans.)
Also, Qucruat = Mty Cppy (1 — 1y2) and Qpyy = Mt Cp (B — 1y)

Effectiveness of the heat exchanger,

Quctual _ myCop (I — 12) 95 - 65

£ = =
Omax  MyCpn (tyy — 1) 95-30

= 0461 (Amns.)

Example 10.8. In a counter-flow double pipe heat exchanger, water is heated from 25°C to 65°C
by an oil with a specific heat of 1.45 kJ/kg K and mass flow rate of 0.9 kg/s. The oil is cooled from
230°C to 160°C. If the overall heat transfer coefficient is 420 W/m*°C, calculate the Jollowing :

(¢) The rate of heat transfer,

(if) The mass flow rate of water, and
(iii) The surface area of the hat exchanger.
Solution. Given : 1. = 25°Ci1,=65°C,c,,=1.45klkg K; ), =09kg/s;
ty = 230°C;1,,=160°C, U=420 W/m?°C.



(i) The rate of heat transfer, Q :
Q = my X Cpp X (tyy = ty3)
or, Q =0.9x%(1.45)x(230-160)=91.35k)/s (Ans.)
(i) The mass flow rate of water, m_ :
Heat lost by oil (hot fluid) = Heat gained by water (cold fluid)
My X Cpp X (tpy = tha) = M X Cpe X (T3 — 1)
9135 = . x4.187(65-25)

. 91.35
m, =
4.187 x (65 - 25)

= 0.545 kg/s (Ans.)

1,=65°C <€— water <+ <+« 25°C(t,)
4y =230°C => oil = > == 160°C (1,,)
t,=65C *—  water € — < 25°C(1,)

(a) Flow arrangement

t, =230°C T
™
B; \\\
Oy
o l (}“0! .
tg=65C | Y xa\_:?md)
T \“\ \\
— W _

g ater (colq - \9‘ f,, = 160°C
s —— 2
g — 1, =25°C
g

Area/Legth —
(b) Temperature distribution

Fig. 10.17. Counter-flow heat exchnager.

(iii) The surface area of heat exchanger, A :
Logarithmic mean temperature difference (LMTD) is given by
_ 6, -6,
™" In (6,/8,)
(U =t,) =y, —1) (230 - 65) - (160 - 25)
CIn [ty - 1)/t - 1,01 In [(230 - 65)/(160 — 25)]

or, . = 165-135 _ | 49.50C
In [(165/135)]
Also, Q=UASB,
3
o Q _9135x10° _ 145 m? (Ans)

T U6, 420x1495



Example 10.9. An oil cooler for a lubrication system has to cool 1000 kg/h of oil (c, =2.09
kJ/kg°C) from 80°C to 40°C by using a cooling water flow of 1000 kg/h at 30°C. Give your choice for
a parallel flow or counter-flow heat exchanger, with reasons. Calculate the surface area of the heat
exchanger, if the overall heat transfer coefficient is 24 W/m?°C.

Take ¢, of water = 4.18 kJ/kg°C.

1000 o, . o, - _ 1000 _
0 kg/s: c,, = 2.09 kI/kg°C; c, = 4.18 kI/kg°C; m, = 3600 kg/s;

1, =80°C,1,=30°C;1,=40°C; U= 24 W/m?°C.
Surface area of heat exchanger, A :
Let subscripts & and ¢ stand for hot and cold fluids respectively.

Rate of heat transfer is given by
Q = myc, (1, —tp)=m. .c, (,-1,)

Solution. Given: m, =

€y
1000 1000
—— % 2.09 (80 - 40) = ——x 4,18 (1., - 30
o 3600 ( )= 3600 Vea = 2X)
or, ., = 50°C
Since ¢, > 1,,,, counter-flow arrangement must be used.
Again, 9 = 6 -6,
"~ In (6,/8,)
In [(1 — 1.)/(t, — 1)1  In [(80 — 50)/(40 — 30)]
t,, = 80°C Y
\\\
\\\“"-.. .
0 fig ™
o =50°C | \::
“"-\._\_‘_\_H‘_h\
", | 4,,=40°C
e ———
T 1,=30°C
Area/Legth —p
Fig. 10.18.
- 30-10 = 18.2°C
In (30/10)
Also, Q=UAS®,
1009 (2,09 x 10%) (80 - 40) = 24 x A x 1822
3600
3
or, A= 1000x@09x107)x B0 —40) _ 53 16 m? (Ans.)

3600 x 24 x 18.2
Example 10.10. Show that in a double-pipe counter flow heat exchanger if m,c, = m_.c. the
temperature profiles of the two fluids along its length are parallel straight lines.  (GATE, 1996)
Solution. For heat exchanger, dQ = - m,, ¢, dt, = m_c_dt,
=-C,dt,=C_dt_



where, i, = Mass flow rate of hot fluid, I '
and, 'Ehhw“id dty,
1, = Mass flow rate of cold fluid. T 0, . _ »
_“'——T____‘ h2
Due to heat exchanger, temperature of e ! T
hot fluid decreases by dt, and thatof cold  E| ———__ Cold fluid 0 dt e,
fluid increases by dr_ < b o i v _{
Also, C_ = Heat capacity of cold fluid, s r
and, } 3 dx: ‘!
I-‘- I
C,, = Heat capacity of hot fluid. > -
. . . Length———»
m,c, = m.c, ...(Given)
or Ch =C Fig. 10.19.
* <

In counter-flow system, temperature of both the fluids decrease in the direction of heat exchanger
length, therefore
dQ = - C, dt,=-C_d1,

. dfh=—£Q—al'ld d".=—"d_'Q_
h c
dt, — dt, =d0 = - dQ s _ L
Orr h c Ch Cc
Since constant C, = C,, do = or 6 = constant.

Thus, both the straight lines showing the variation of temperatures along the length are
parallel lines. «.Proved

Example 10.11. A counter-flow double pipe heat exchanger using superheated steam is used to
hot water at the rate of 10500 kg/h. The steam enters the heat exchanger at 180°C and leaves at
130°C. The inlet and exit temperatures of water are 30°C and 80°C respectively. If overall heat
transfer coefficient from steam to water is 814 W/m?°C, calculate the heat transfer area. What would
be the increase in area if the fluid flows were parallel?

Solution. Given : m,, (= m_) = % = 2917 kg/s; t,, = 180°C; 1,, = 130°C; 1, = 30°C;

t,=80°C; U=2814 W/m?2°C.
(1) When the flow is counter :

_ 6 -6
" In(8,/0,)
In this 8, =6,=6,=100°C
ty, = 180°C T“ i t,, = 180°C I\
ot £y, . Hot gy .

0,=100° Tujg (sream} \H._{-{?K{E‘_(SIeam )

t,=80°CE ¢, g g 1, = 130°C 8 g 'gtz fiy = 130°C
T 7 1 . T -
%zer) 0,=100°C cod pruid (water) — K] 12 =80°C
X, =30°C /
t, =30°C
(a) Counter-flow (&) Parallel flow
Fig. 10.20.

The heat transfer rate is given by
Q=UAS,



or, m.Xc, X(1,—-1,) =UAS,

or, 2917 x4.187 x 10 x(80-30) = 814xA x 100
3
o A< 2O1TXAIBTX10° BO-30) 0 a0
814 x 100

(it) When the flow is parallel :
0, = 0, -6, _ (U —1t) =ty 1)
In (6,/8,) In [(ty — 1.,)/(ty, — 1.5)]
(180 - 30) - (130 -80) _ 150 - 50

= = =91°C
In [(180 - 30)/(130 - 80)] In (150/50)
Again, Q=UASB,
or, 2917 x(4.187 x 10%) x (80 - 30) = 814 x A x 91
3
A= 2917 x (4.187 x 107) x (80 — 30) — 824 m?
814 x 91
Increase in area = 8247——575 =0.09870r9.87% (Ans.)

Example 10.13. Steam enters a counter-flow heat exchanger, dry saturated at 10 bar and leaves
at 350°C. The mass flow of steam is 800 kg/min. The gas enters the heat exchanger at 650°C and
mass flow rate is 1350 kg/min. If the tubes are 30 mm diameter and 3 m long, determine the number
of tubes required. Neglect the resistance offered by metallic tubes. Use the following data :

For steam : la = 180°C (at 10 bar); ¢, = 2.71 kJ/kg°C; h, = 600 W/m?°C
For gas : Cpe = 1 kJ/k°C; hy = 250 W/m*°C. (P.U.)

Solution. Given : i, = i, = % = 13.33kgls: i, = i, = '—2_? =22.5kgls: 1, = 650°C;

t,(=1,)=180°C;r,=350°C;d=30mm=0.03m; L=3m.
Number of tubes required, N:
Heat lost by gases = Heat gained by steam

my, x Cpn X (‘m - ‘nz) = m, X Cpe x (tr2 - rd)

22.5 x 1 x (650 - £,,) = 13.33 x 2.71 x (350 - 180)
1 =650°C =2> => Gas o> > 1,(=377°C)

1,=350°C <« « Steam “ t,, (= 180°C)

W=650°C === c==> Gas ©T=> > 1,(=377°C)

(a) Flow arrangement

t,, = 650°C o
\‘\ H
\o:fhljd(g
S
tp=350°C | et o
N Ggn. | 1, (=377°C)
\\_ nuld (s‘eam)
& T |41,(=180°C)
g

Area —p
(b) Temperature distribution
Fig. 10.21. Counter-flow heat exchanger.



11
=—+—  asd,~d
hg h‘ i 0
_ hg xhy 250 x 600

~hg +h, 250 + 600
Total heat transfer rate is given by

Q=UA®,
where, A=Nx(mdL)=Nxnx0.03x3=0.2827Nm?
Q =225x(1x10%)x(650-377)=61425x 10°W
9. = 0, -6, _ (U —1,) =y - 1,)
" In(8,/0,) In[(8,, = 1)1y, = 1,)]
_ (650 - 350) - (377 - 180) _ 300 - 197

or, =176.5 W/m?°C

~ In [(650 - 300)/(377 — 180)] _ In (300/197) _

Substituting the values in eqn. (i), we get
6142.5x% 10° = 176.5x0.2827 N x 244.9

6142.5x 10°

Or, =
176.5 x 0.2827 x 244.9

= 503 tubes (Ans.)

...(given)

44.9°C

)]



Example 10.19. Saturated steam at 100°C is condensing on the shell side of a shell-and-tube
heat exchanger. The cooling water enters the tube at 30°C and leaves at 70°C. Calculate the mean
temperature difference if arrangement is (i) parallel flow, (ii) counter flow. (AMIE, Winter, 1997)

Solution. The mean temperature difference will be the same for parallel flow or counter flow
arrangements as is evident from the diagrams (Fig. 10.27) of temperature variations in both the
arrangements. The mean temperature difference may be logarithmic mean (LMTD), or arithmetic

mean temperature difference (AMTD).

(100 - 30) - (100 - 70) _

(i) LMTD = : - o5~ 47.21°C  (Ams.)
o (100 - 30) n [_[]J
100 - 70) 30

(i) AMTD = (100 - 30) ; (100 - 70) _ 70 +30 _ 80°C (Ans.)

> 100°C . 100°C

f____f,_._a 70°C 70°C}H ~—_
| IR
t : ™
30°C N 30

(i) Parallel-flow
Fig. 10.27.

(ii) Counter-flow

Example 10.20. The amount of F |, used in compression refrigeration system is 4 tonnes/hour.
The brine, flowing at 850 kg/min. with inlet temperature of 12°C, is cooled in the evaporator. Assuming
F,, entering and leaving the evaporator as saturated liquid and saturated vapour respectively,
determine the area of evaporator required. Take the following properties :

For F, : Saturation temperature : — 23°C; c, = 1.1 7 kJ/kg°C; hg, = 167.4 kJ/kg

<, (brine) = 6.3 kJ/kg°C; U = 8368 kJ/m*h°C.
Solution. Making energy balance, we have

or, 1y Cpp (T = Tya) =t By,

4x1000x167.4

or, 850x63(12-1,,)=
( h2) 50

(AMIE Summer, 2000)

= 11160 kJ/min



Iy
(= 12°C)|

", Hot fluid (brinc)
"\.\\\‘

Tu2
Ve (=9.9°C)
_ 230(:) - cl c2

-----_---J./.-----------

Cold fluid (F,,)

Fig. 10.28.

1160 _ g goc

850 X 6.3
0 -0, _ Uy —ty) = — 1)

9, =
]Il {9|192) l]’] {Iﬁl - fﬂ ]

T2 =12
_[12-(-23)]-(9.9 - (-23)] _ 35329

12 - (- 23) - ( 35 )
In | et In| —
) [9.9 -~ 23)] 329
Now, Q= UAS,, (where A = area of evaporator)
11160 x 60 = 8368 x 33.94

_ 11160 x 60

8368 x 33.94

Example 10.21. A heat exchanger is to be designed to condense an organic vapour at a rate of

500 kg/min which is available at its

saturation temperature 355 K. Cooling

water at 286 K is available at a flow rate fi =ty =l = 82°C
of 60 kg/s. The overall heat transfer Hot fluid (vapour)

coefficient is 475 W/m?°C. Latent heat of

condensation of the organic vapour is 600

kJ/kg. Calculate :
(i) The number of tubes required, if
25 mm outer diameter, 2mm thick
and 4.87 m long tubes are t

cl

available, and (=13°C)
(if) The number of tube passes, if the

cooling water velocity (tube side)

should not exceed 2 m/s.

Exit temperature of brine, ,, =12 -

Log mean temperature,

= 33.94°C

= 2.357m? (Ans.)

1,=7

Fig. 10.29.
(M.U.) &

Solution. Given : d ) =25 mm =0.025m; d,=25-2x2=21 mm = 0.021 m; L =4.87m;
V=2m/s;t, =286-273=13°C,t, =t,,=1t,=355-273=82°C; U=475W/m°C, hfs

) . 500
(organic vapour) = 600 kJ/kg, m, =m, = 50 = 8.33 kg/s; m, = m, =60 kg/s.



({) The number of tubes required, N :
Heat lost by vapour = Heat gained by water
my, X hg =m. X X (1, —1,)
8.33 x 600 = 60 x4.18 x (1,-13)
_ 8.33x600
© 60x4.18
Logarithmic mean temperature difference (LMTD) is given by,
8, -6,  (82-13)-(82-329)
" In(6,/8,) In[(82 - 13)/(32.9 - 13)]

_ 69491 _ ogon
In (69/49.1)

s +13=32.9°C

Heat transfer rate is given by,
Q= my, th3=UA9M= U(ndﬂLMme
8.33 x 600 x 10 = 475 x (1 x 0.025 x 4.87 x N) x 58.5
L N = 470 tubes (Ans.)
(i) The number of tube passes, p :
The cold water flow mass passing through each pass (assume p are number of passes) is given by,

. b1
m, =[Zd,.2 xpr)x N,
where, NP = Number of tubes in each pass (N=p x NP)

60 = 2% (0.021)" x2x 1000 x N,

N, = 60 x 4 - 955
1t x (0.021)* x 2 x 1000
Number of N0 _401=5
umber of passes, P = 055 (Ans.)

Example 10.22. (a) A steam condenser consists of 3000 brass tubes of 20 mm diameter. Cooling

water enters the tubes at 20°C with a mean flow rate of 3000 kg/s. The heat transfer coefficient on the
inner surface is 11270 W/m*°C and that for condensation on the outer surface is 15500 W/m*°C. The
steam condenses at 50°C, and the condenser load is 230 MW. The latent heat of steam is 2380 kJ/kg.
Assuming counter flow arrangement, calculate the tube length per pass if two tube passes are used.

(b) Explain why in steam condensers the LMTD is independent of flow arrangement ?

(AMIE Summer, 2001)
Solution. (a) Given : Np = 3000 per
pass; d = 20 mm = 0.02 m; 1, = 20°C; o =1 =50°C
.= 3000 kg/s; h, = 11270 W/m?°C; Steam
h, = 15500 W/m*C, 1,, = 1,, = 50°C; I ————
condenser load = 230 MW (or 230 x 10° > il “
KW); A, = 2380 ki/kg; number of passes /_,/ Cooling water
=2, d
Tube length per pass, L : fa(= 20°C)
Assuming the tubes to be thin, the
overall heat transfer coefficient : Fig. 10.30.



1 1
U°'1 11 1
— + — +

+
h h, 11270 15500
= 6525.4 W/m?°C
Heat exchanger load =Mm.Cp. (I = 1)
ie., 230 x 10* = 3000 x 4.187 (r, - 20)

Water outlet temperature, 7, = 38.31°C
Log-mean temperature difference,
_ 6 -6, _ (- t) - (g — 1)

" In(8,/0,) |t o
[ Tha = 12
_ (50 - 20) - (50 - 3:8.3]) _ 18.31 — 19.43°C
In 50 - 20 0.9425
50 - 8331
Now, Q=U,AS,

230 x 10% = 6525.4 x ( dL) x (ZNP) x 1943
= 65254 x (t x 0.02 x L) x (2 x 3000) x 19.43
L= 230 x 10°
6525.4 x © x 0.02 x (2 % 3000) x 19.43
(b) In steam condensers, the temperature of hot fluid (steam) is the same at inlet and exit. Hence
the terminal temperature difference would not depend upon the arrangement. The effectiveness of

heat exchanger for all the arrangements in this case (the heat capacity ratio for condensation being
zero) would be

=4812m (Ans)

g£=]-e NV

The temperature variations for parallel-flow and counter-flow are as shown in Fig. 10.31 and
Fig. 10.32 respectively.

> Steam > Steam
s —— %o/,
N e 8 g,
\ ; e ~
COO //'/ .

/ b

/ !

Fig. 10.31. Parallel-flow. Fig. 10.32. Counter-flow.



Example 10.33. Steam condenses at atmospheric pressure on the external surface of the tubes
of a steam condenser. The tubes are 12 in number and each is 30 mm in diameter and 10 m long. The
inlet and outlet temperatures of
cooling water flowing inside the
tubes are 25°C and 60°C fn = ha = 100°C
respectively. If the flow rate is 1.1
kg/s, calculate the following: _1i1,=60°C

(i) The rate of ——

condensation of steam, /

(ii) The mean overall heat r
transfer coefficient /
based on the inner w
surface area, ta =35°C

(iii) The number of transfer
units, and

(iv) The effectiveness of the Fig. 10.50
condenser.

Solution. Refer to Fig. 10.50. Given : N=12;d,=30 mm=0.03m; L=10m; 1, =25°C,1,=
60°C;

1, =1, =100°C; m, =m,_ =1.1kgls

(i) The rate of condensation of steam, m, (= m,)
Heat lost by steam = Heat gained by water
my X hg =m. XCp (I3 = 1)
where h, (latent heat of steam) at atmospheric pressure = 2257 kJ/kg. Substituting the values,
we get,
m,x 2257 = 1.1 x 4,187 x (60 - 25)

or, m, =0.0714 kg/s = 257 kg/h (Ans.)
(if) The mean overall heat transfer coefficient, U :

Total heat transfer rate is given by

Q=m.XcCp X3 = 1)
= 1.1 x4.187 x 10 x (60 - 25) = 161199.5 J/s

Also, Q=UAS,
8, -8, _ (100 - 25) - (100 - 60) _ 75— 40
o, = 01 =8 _ " = 55.68°C
where, "~ 1n (8,/8,) In ((100 - 25)/(100 — 60)] In (75/40)
and A=Nx(mdL)=12xmx003x 10 = 1131 m?

Substituting the values in the above equation, we get
161199.5 = U x 11.31 x 55.68

or, U = 2559 W/m*C (Ans.)
(iii) The number of transfer units, NTU :

In a condenser, C,_  refers to the hot fluid which remains at constant temperature. Therefore,
C,,, refers to water,

Coin = mXcp =1.1x(4.187 x 10%) = 4605.7 W/°C
UA N 2559 x11.31

NTU = = 0.628
Cos 4605.7 aia
(iv) The effectiveness of the condenser, € :
€ = | -exp (- NTU)

or, € =1-exp(-0628)=047 (Ans.)



Example 10.34. 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/m2°C, calculate the
following, using NTU method :

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

Solution. Given : d = 25mm=0.025m; r, = . =0.05kgss, 1, =15°C,1,=70°C;
U = 230 W/m?°C ; 1, = 100°C.

(i) The effectiveness of the heat exchanger, ¢ :

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

C,,.. is infinity and thus C,__is obviously for cold fluid (i.e., water). Thus C""" =0.
max

When C, > C, then effectiveness is given by
Q _to-ty 70-15

€= = =
Omax -1ty 100-15

= 0.647 (Ans.)

(i5) The length of the tube, L :

Cmin = m, Cpe = 0.05 x4.18 = 0.209 kJ/K

Cmin

—— (=R)=0
For Corax (= R)

€ = | —exp (- NTU)
or, 0.647 = | — ¢ NV
or, e NV = | —0.647 = 0.353
or, -NTU =In(0.353)=-1.04
¢ NTU = 1.04
But, NTU = UA =Ux1tdL
le'n Cmin

ot L= NTU x C,,, _ 1.04 x (0.209 x 1000) —12m (Ans.)

Und 230 x ©tx 0.025

(i) The rate of steam condensation, 1, :

Using the overall energy balance, we get

”.1/! . hfg = 'hc cpc (tc2 - Icl)
= my, x 2257 = 0.05 x 4.18 (70 - 15)
or, m, = 0.00509 kg/s or 18.32 kg/h (Ans.)



Example 10.35. A counter-flow heat exchanger is employed to cool 0.55 kg/s (cp = 2.45 kJ/kg°C)
of oil from 115°C to 40°C by the use of water. The intel and outlet temperatures of cooling water are
15°C and 75°C, respectively. The overall heat transfer coefficient is expected to be 1450 W/m*°C.
Using NTU method, calculate the following :

(i) The mass flow rate of water,

(ii) The effectiveness of the heat exchanger,
(iii) The surface area required.

t,, = 115°C |,
2 =T75°C K ﬁo’ﬁu'
Ny : j.d_(?ﬂ)
; = 40°
% fy:: tyy = 40°C
- _(_]’_‘_”t'!fer)
——11,=15°C
Fig. 10.51.

Solution. Given : m,; = my, =0.55kgls; ¢, =245 kl/kg°C; 1, =115°C, 1, =40°C; 1, = 15°C,
t,=75°C; U= 1450 W/m?°C.
(i) The mass flow rate of water, m, (=m,):
The mass flow rate of water can be found by using the overall energy balance
my, Cpp (G — typ) =1, € (I — 1)
0.55 x 245 (115-40) = m_x4.18 (75 - 15)
m, = 0.4 kg/s (Ans.)
(if) The effectiveness of the heat exchanger, € :

The thermal capacity of cold stream (water), C. = m, Cpe = 04x4.18=1672kW

The thermal capacity of hot stream (oil), C, = m,, Cop = 0.55 x2.45 =1.347 kW

Since C_> C,, hence the effectiveness of the heat exchanger is given by

_Actualheattransfer — Q 1, — 1,
Maximum heat transfer Q.. Iy — 1o
e=2-%_g75  (Ans)
115 - 15

(iii) The surface area required, A :
Here, C,in = C,=1.347 kW, C,. = C.=1.672kW, hence



Coin =R=:'T3;”2-=0.30ﬁ

0

For counter-flow heat exchanger,
& 1 -exp[- NTU (1 - R)]
1 - Rexp[- NTU (1 - R)]

After rearrangement, we get

e-1
=exp[- NTU (1 - R
©R - 1) pl ( )]
0.75 -1
=exp [- NTU (1 - 0.806
or, ©075x0806 -1 o2l ( ]
or, 0.632 = exp [- NTU x 0.194)
or, In 0.632 =-0.194 NTU
or, NTU = 2.365
[This value of NTU may also be obtained from Fig. 10.45 for R = g”""' = (.806 and £ =0.75]
max
UA
Also, NTU =
min
or, 2.365 = 1450—’“"
1.347 x 1000
o, A= 2.365 x 1.347 x 1000 - 2.197 m® (Ans.)

1450

Example 10.36. /6.5 kg/s of the product at 650°C (c,, = 3.55 kJ/kg°C), in a chemical plant, are
to be used to heat 20.5 kg/s of the incoming fluid from J’&’"C (c, = 4.2 kl/kg®C). If the overall heat
transfer coefficient is 0.95 kW/m*°C and the installed heat transfer surface is 44 m*, calculate the
Jluid outlet temperatures for the counter-flow and parallel flow arrangements.

Solution. Given : my, = 16.5 kg/s, 1,, = 650°C; ¢, = 3.55 kJ/kg°C; m_ = 20.5 kg/s; 1,

=100°C; ¢, = 42 kJkg°C; U = 1.2 kW/m*C; A = 44 m’.

Fluid outlet temperatures :

Case 1. Counter-flow arrangement :

Thermal capacity of hot fluid, C, = My X Cpp=16.5 x 3.55 = 58.6 kW/K

Thermal capacity of cold fluid, C. = m XCp =20.5x42=86.1kW/K

€

The cold fluid is the maximum fluid, whereas the hot fluid is the minimum fluid. Therefore,

C d
—min_ . p = .Sﬁ = ().68
Coar 86.1
UA 095x44
: NTU = = =0.71
Number of transfer units, [ 58.6

The value of € (effectiveness) for counter-flow arrangement is given by
_ l-exp[- NTU (I - R)]
1 - Rexp|[- NTU (1 - R)]




_ l-exp[-071(1-068)] 1-e¢ "7
1-0.68xexp[-0.71(1-0.68) 1-0.68xe "7

_0.2032

= =222 _ 0.443
0.4582
Cy (4 — 142)
E=
suhes. Coi O = 0a)

Because, the hot fluid is minimum, we have
_Im —tha _ 650 — 1 — 0.443 )
by -1, 650-100 (- Gy = Coin)
or, t,, = 650 - 0.443 (650 - 100)
= 406.35°C (Ans.)
= Cc ('r:’. = 1)
Clm'n {rh] _ ‘cl)
_ 86.1(1., - 100)
~ 58.6 (650 - 100)
t, =2658°C (Ans.)
Case IL. Parallel flow arrangement :
The value of € for parallel flow arrangement is given by
s |l -exp[- NTU (1+ R)]

E__

Also,

0.443

= 0.002671 (t,, — 100)

1+ R
~1.1928
=I—expi—0.71(1+0.68)]=1—e = 0415
(1+ 0.68)] 1.68
Cr (rc.". - l:«:I)I
E=
s Cmn (IM - 1'rl]
o, 0.415 = 501 Uea 1000 _ 5090691 (1., - 100)
58.6 (650 - 100)
or, I, =2554°C (Ans.)

Example 10.37. Oil (c,= 3.6 kJ/kg°C) at 100°C flows at the rate of 30000 kg/h and enters into
a parallel flow heat exchanger. Cooling water (c, = 4.2 kJ/kg°C) enters the heat exchanger at 10°C
at the rate of 50000 kg/h. The heat transfer area is 10 m* and U = 1000 W/m*°C. Calculate the
following :

(i) The outlet temperatures of oil, and water;

(ii) The maximum possible outlet temperature of water. (P.U,)

Solution. Given : M,; =m, =
_ 50000

€7 3600
(i) The outlet temperature of oil and water, 7,,, 7 ,:
C, = m, Con = 8.333 x (3.6 x 1000) =30 x 10° = Coa
. Cpe = 13.89 x (4.2 x 1000) = 58.34 x 10*° = C

mar
3
Coiw __30X10° _

Cpar  58.34x10°

w00 = 8333 kelsi ¢, = 3.6 kilkg®C: 1, = 100°C;

= 13.89 kgls, ¢, = 4.2 kIkg°C, 1., = 10°C; U = 1000 W/m?*C; A = 10 m2.

mu-al'er =m

]
]




fy = 100°C | =t =100°C ._
~Hot 1yig e Hot g
i | e t
: 1 E— la=1,
cqfid_———1t,=? cog it — a™ha
t,=10°C 1~
(1) (i)
Fig. 10.52.
NTU = UA _ 1000 x 130 ~0.33
Coin 30%10
Cuml
For the calculated values of -~ = 0-314 and NTU = 0.33, from the Fig. 10.44, we get
C
max
e =0.32
Airo g = Cnlm =t _ Cclley = 1ty)
' Cin (i = 11)  Coin (g = 1)
o 0.32 = 30X 10 (100 - 1,,) _ 58.34 x10° (1, - 10)
' T 30x10° (100 -10) 30 x 10 (100 - 10)
or. 0.32 = lUO_-r,,z = 1.945 M
100 - 10 100 - 10
: t,, = 100 - 0.32 (100 - 10) = 71.2°C (Ans.)
and, hi= s ?325‘ 10) 4 10 = 248°C (Ans.)

(if) The maximum possible outlet temperature of water, 7 , :
When maximum possible outlet temperature of water exists then,
I,, =1 and under this case

My Cpp (tyy = 1) = m.Cpo (1 = 1) (o=t
or, 30 x 10° (100 - r_,) = 58.34 x 10° (¢, - 10)
or, 100 -1, = 1.945 (1,,— 10) = 1.945 1., — 19.45
t, = 40.5°C (Ans.)
Example 10.38. The following data is given for counter-flow heat exchanger :
my, = 1kg/s; m, = 0.25 kg/s
Cop = 1.045 ki/kg°C; Cpe =418 Kl/kg°C
t,, = 1000°C ; 1., = 850°C; U =88.5 Wm?C; A= 10m’
Calculate t,, and t_,. (P.U.)
Solution. C, = My Cpy =1 x(1.045 x 10°) = 1045

Cl'.'
& C,in=C,..=C,=C_=1045
The effectiveness € is given by the relation :
e = Ce (= 1)

Cain (T = 1a1)

M. Cpe =0.25 x (4.18 x 10°) = 1045




gt C 1y = 1y) ™ 1 N
Coin (tyy = 1) H, ;
min \'hl cl e ~— 2”!”_:[ Rl ik
i _ = tp) _ (2 —1y) (D a” P G "
' By = 1) Uty = 1) off”u:d
h 1, =?
NTU = VA _ 88.5x 10 = 0.85 1
Coin 1045
Conin _ 4 Fig. 10.53.
max
For the known values of C,_ /C, = and NTU for the counter-flow, we get from Fig. 10.45,
e =047
Substituting this value in eqn. (i), we get
1000 - ¢, 1000 - ¢,
or, 047=30"
1000 -,
0.47 (1000 —¢.,) = 850 -1, or 470-0471, =850-1
t,—0471, =850-470
(850 - 470)
= e— = T17°C
el 053 (Ans.)
o 047 =0 =l
’ 1000 - 717
or, t,, = 1000 - 0.47 (1000 - 717) = 867°C (Ans.)

Example 10.39. Warer (cp‘_

= 4200 J/kg°C) enters a counter-flow double pipe heat exhanger at

38°C flowing at 0.076 kg/s. It is heated by oil (c, = 1880 J/kg°C) flowing at the rate of 0.152 kg/s
from an inlet temperature of 116°C. For an area af Im? and U = 340 W/m*°C, determine the total

heat transfer rate.

Solution. Given : m,, = m_ =0.076 kg/s, ¢, = 4200 Jkg°C; 1, = 38°C; i,

= 1880 J/&g°C: 1,, = 116°C; U = 340 W/im**C; A= 1 m%.
The total heat transfer rate, Q :

= m, =0.152 kg/s,

As outlet temperatures of both fluids are not known, we have to use NTU method for solving the

pmbl'em
1, = 116°C I ~
Lot o,
t,=? B Co!df} ] S
T (water) -

Fig. 10.54. Counter-flow heat exchanger.

=1

{1, =38°C



The effectiveness € of heat exchanger is given by
ez ChUm —ta) _ C U —1ty) 0
Coin Um = 1e1)  Coin (tyy = 1y)
C,=m, Con = 0.152 x 1880 = 2588 =C
C.=m, €™ 0.076 x 4200 =319.2=C,

Coin _ 285.8 _ 0.895
Cosx W12
NTU = UA _ 340x1 _ 119
Cnn 2858
C..
For the calculated values of 'E"ﬂ = 0.895 and NTU = 1.19, from the Fig. 10.45, we get
max
€ =0.53

Substituting the values in eqn (i), we get
_ 2858 (116 —1,,) 3192 (1., - 38)

0.53

285.8 (116 — 38)  285.8 (116 — 38)
or. 0.53= 1161 _, 4y5[fe2 =38

(116 - 38) 116 - 38

t,, = 116 - 0.53 (116 - 38) = 74.66°C = 75°C
053 (116 - 38)

1.117
The total rate of heat transfer is given by

Q=UA®,
0 -0, _ (U —1,) =ty — 1)
In (6,/8,) In [(fy, — 1.,)/(t, — 1,)]
_(16-79-(75-38) _ 41-37
In [(116 — 75)/(75 - 38)] In (41/37)
0 =340x1x39=13260W=1326kW  (Ans.)

Example 10.40. The overall temperature rise of the cold fluid in a cross-flow heat exchanger is
20°C and overall temperature drop of hot-fluid is 30°C. The effectiveness of heat exchanger is 0.6.
The heat exchanger area is Im* and overall heat transfer coefficient is 60 W/m?°C. Find out the rate
of heat transfer. Assume both fluids are unmixed.

Solution. Given : 1, — 1, = 20°C; t,, — 1,, = 30°C; € = 0.6; A = Im?% U = 60 W/m2°C.
Rate of heat transfer, Q :
Heat lost by hot fluid = Heat gained by water o
iy Cop (I — ta) = M Cpe (b3 — 1ey) 658/919 v

tn =ty _ ™M Cpe =30 s

and, lea

+ 38 =75°C

where, (Bm ]cnunlcr =

tep = Iy My Cpy 20
m, Cpe = Cocr and N = Coin
Cmin - L _ 67
G 15

Now from the graph, for the given values of

e=06 andC /C, _=0.67, weget

max



NTU =14

But, NTU = va
le'n
NTU 1.4
Cﬂlﬂ.l = Cmiﬂ = 42.86 =63.97 = Cc
0.67 0.67

Q = 1y Cpp By = 83) = C, (4 = 1)
= 4286 x 30 = 1285.8 W (Ans.)

Example 10.41. Define the terms NTU and effectiveness. Derive an expression for effectiveness
of a counter-flow heat exchanger in terms of NTU and capacity ratio. (U.P.S.C., 1996)

Solution. Refer Article 10.7.

Example 10.42. Two fluids, A and B exchange heat in a counter-current heat exchanger. Fluid
A enters at 420°C and has a mass flow rate of 1 kg/s. Fluid B enters at 20°C and has a mass flow rate
of 1 kg/s. Effectiveness of heat exchanger is 75%.

Determine : (i) The heat transfer rate,
(it) The exit temperature of fluid B.
Specific heat of fluid A is 1 kJ/kg K and that of fluid B is 4 kJ/kg K. (GATE, 1999)

Solution. Given : 1, =1, =420°C; m, =1kg/s; m_.=1kg/s;
tg, =1,=20°C;€=0.75; Cpp = Cpp = 1 KI/kg K;
Cpp = Cp =4 kl/kg K.

(i) The heat transfer rate, Q :

e = Cn U = twa) _ In —tw

Effectiveness, Co ity =it) = fy — 1., (. C,= my, Con = Ixl=1=C_,)
or, 0.75 = 420_"’"'
420 - 20
or, 1,, =420 - 0.75 (420 - 20) = 120°C
Now, @Q=eC_ (1,-1,)

= 0.75x my, cpy X (1 = 1)
=0.75x1x1x(420 - 20) = 300 kJ (Ans.)
(i) The exit temperature of fluid B, 7, :
Q=m.cp X (13 — 1)
or, 300 = 1 x4(r,-20)

300

1., =—+ 20 = 95°C (Ans.)
4

c




