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Lecture — 28

Tutorial on heat exchanger analysis

Welcome, after learning about the heat exchangers ended analysis, in this particular
lecture, we shall be solving a few problems for the application of the LMTD and NTU

methods. So, this is a lecture on the tutorial on the heat exchanger analysis.
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What we shall learn

v Analysis of heat exchangers
¢+ LMTD Method

* NTU Method
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And in this, we shall be learning the applications of the LMTD method and the NTU
method.
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Problem Statement 1

v' A shell and tube heat exchanger is required to cool 6.93 kg/s of a 95% ethyl alcohol
solution (c, = 3810]/kgK) from 65.6°C to 39.4°C, using 630 kg/s of water (c, =
4187 | /kg K) available at 10°C. The alcohol flows through the shell and the water flows
through the tubes with outer diameter of 0.0254 m. Overall heat transfer coefficient based
on the outer-tube area is 568%.

Determine the heat transfer surface area for the following arrangements:
a) Parallel-flow tube and shell
b) Counterflow tube and shell
¢) Counterflow exchanger with 2 shell passes and 72 tube passes,
d) Cross-flow, with one tube pass and one shell pass, shell-side fluid mixed
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So, let us go to a problem. Statement 1, in this, we have a shell and tube heat exchanger
which is cooling a 95 percent ethyl, alcohol solution with a specific heat of this from
65.6 degrees centigrade to 39.4 degree centigrade with a flow rate of 6.93 kg per second
and it is being cooled with water with a flow rate of 6.30 kg per second the specific heat
is this and the water is available at 10 degree centigrade the alcohol flows through the

shell and the water flows through the tubes.

The tubes have outer diameter of this about 2.54 centimeter that is about 1 inch and the
overall heat transfer coefficient based on the outer tube area is 568 water watt per meter
square per Kelvin and with this given data, we are required to find out the heat transfer
surface area for the following arrangements first parallel flow tube and shell then counter
flow tube and shell and then counter flow exchanger with 2 shell passes and 72 tube
passes and lastly a cross flow with 1 tube pass and 1 shell pass and shell side fluid is

mixed.
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SO'U"OI’] Assuming no heat dissipation between the two fluids, heat
Given given out by the hot fluid is fully absorbed by the cold fluid.
iven : s )
Do =0.0254m mhcph(Th,in n Th,out) = mccpc(Tc.out r Tc,ln)
i, = 6.93 kg/s = Toou=362°C
c, = 3810 kgk] 9= MGon(Thin = Tuou) .
Tyin = 65.6°C  [= (6.93kg/s)(3810]/kgK)(65.6 - 39.4)(°C)| A= O LHTD)
Thour = 394°C q = 691,800 W
mfoi 6.30kg/s | Parallel Flow Tube and Shell: _ (691,800 W)

(568 W/m?K)(18.4 K)

Tein = 10°C AT, = Tyjn = Tejin = 65.6 — 10 = 55.6°C
¢, =4187]/kgK
U =568 W/m2K

ATy = Thout = Teour = 39.4 =362 =3.2°C A =662m?

AT, - 4T, 556-32
LMTD = = = 184K

AT, 55.6
() ()
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So, now let us go to solution; so, first let us write what all are given to us the outer
diameter of the tubes the flow rate of the hot fluids that is oil then the Cp of the oil and
these are the outlet and inlet temperature of the oil then this is the water flow rate, this is
the water inlet temperature, this is the specific heat and this is the overall heat transfer

coefficient.

Now, first what we do we make one energy balance in this energy balance, we are
assuming that there is no heat leakage. So, that whatever heat is given out by the hot
fluid is completely taken by the cold fluid. So, that is why we are writing these are
sensible heat given out by the hot fluid and this is a sensible heat taken up by the cold
fluid and if we plug in the various values from this data given, then what we find that this

is the outlet temperature of the water.

So, water is getting heated from 10 degree centigrade to about 36.2 degree centigrade.
After this, we can find out that what is the amount of heat that has been transferred again
plugging in the values, we find this is the amount of heat that is about 691.8 kilo watt

heat has been transferred during this process.

Now, first let us go to the first configuration that is parallel flow tube and shell and for
this we find out the delta T at the 2 ends and this is how we are defining for the parallel
flow the delta T are the 2 ends and these are the temperature differences and from this,

we can find out the average delta T that is the LMTD from this particular formula, we



learnt earlier and we found and find that this is 18.4 K is the log mean temperature

difference for this particular configuration.

Now, we know the Q value and in u value from here and put the LMTD from here and
plugging in the values, we find this is the area necessary for transfer of the exquisite

amount of heat energy.

(Refer Slide Time: 04:33)
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SO|U|i0n Assuming no heat dissipation between the two fluids, heat

. given out by the hot fluid is fully absorbed by the cold fluid.
Given:

D, = 0.0254m mI'zf:ph(Th,in = Th,out) = mccpc(Tc.out = Tc,'m)
i, = 693 kg/s 7 Togue= 36.2°C
ey = 3810)kgl] 97 nCon(Thin = Tout)
T = 65.6°C |- (6.93kg/s)(3810 )/kgK)(65.6 — 39.4)&
Thout = 394°C q = 691,800 W
m, = 6.30 kg/s Parallel Flow Tube and Shell:
Ten =10°C | AT, = Tjj = Toin = 65.6 — 10 = 55.6°C

e = AT T =304-362232°C| 4= e6am

~too large

U =568 W/m?K
LMTD = AT, = 4Ty 556-32 O
)
"am,) ™32
ko)
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And from this area, if we apply the formula to find out the length of the tubes, we find
this is coming about 830 meter, this is way too large for being any of practical use. So,
that is how we find that in this way was 1 by 1, we consider different types of
arrangements to figure out what is a feasible dimension of the various tubes and shell and

the heat exchanger.
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SOIUhon mhcph(Th,in - Th,out) = mccpc(Tc out — T in)

Given: (6.93)(3810)(65.6 — 39.4) = (6.30)(4187) 10
D, = 0.0254m kT (e =10)
iy = 6.93 kg/s = loout= 36

¢n = 3810]/kgK 0= tncyn(Tnin = Thoue) =

T in = 656°C | (6,93 kg/s) (3810 ] /kgK) (65.6 - 39.4)(°C) A= Whanm)
Th o =394°C

=6.30Kkg/s q=691800W o (691,200 w)
TL- w=10°C. | Counter Flow Tube and Shell: (568 W/m?K)(29.4K)
U = 568 W/m2K

ATy = Thin = Teout = 65.6 — 36.2 = 29.4°C A =414 m?
ATy = Ty out = T = 39.4 — 10 = 29.4°C 8

LMTD = AT, = AT, = 294K

- NPTEL ONLINE Prof Pavitra Sandilya ‘.‘7"

Cryogenic Engineering Cen ﬂ“ﬂ]

IITKHARAGPUR CERTIFICATION COURSES

Next, what we do with the same data now we go for the counter flow tube mention in

this case, the temperature differences at the two ends are slightly modified, we get this

and we find that.

(Refer Slide Time: 05:21)
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SOIUhon mhcph(Th,in = Th,uut) = mCCpC(TL‘ = TC m)

v (6.93)(3810)(65.6 - 39.4) = (6.30)(4187)(T, oy — 10
D, =0.0254 m e ( cout ~ )
my, = 693 kg/s = T our= 36.2°C

s = 3810]/kgK 9 = ttyCon(Tusn = Thout)

Thin=656°C 1 (693 kg/s)(3810 ] /kgK)(65.6 — 39.4)(°C
Th Jﬂut = 39-40(: ( g/ )( rnAi l({l\fll)l( )( )

m, = 630 kg/s TGy, = 264033 W/K
Tew=10°C. | Countc pir.c,, = 263781 W/K

U =568 W/mK %age difference 0.09 29.49C

ATb = T out = Toin = 394 — 10 = 2948C
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They are coming to be the same. So, naturally when they come to same. So, we find that
this is the value of the heat capacities for the cold and hot fluids and there hardly any

difference. So, they can be taken to be almost the same because we find that delta T are



remaining constant at the two ends of the counter flow and that is what is also expected

ideally.

So, this is the value of the LMTD and now we find the surface area required as 41.4

meter square.

(Refer Slide Time: 05:55)

SOIUhon mhcph(Th,in o Th,out) = mccpc(Tc out = T in)

Given: (6.93)(3810)(65.6 — 39.4) = (6.30)(4187) 10
D, = 0.0254m e (e =10
iy = 6.93 kg/s = leout™ 36

¢, = 3810]/kgK 0 = ticyn(Tyin = Thou)

T in = 656°C | (6,93 kg/s)(3810 ] /kgK)(65.6 — 39.4
Ty e = 394°C Y ke

b =691,800 W
e = 6.30 ke/s : - too large
T, =10°C. | Counter Flow Tube and Shell:
U = 568 W/m? K

AT, = Thin = Toou = 65.6 - 36.2 = 29.4°C
AT, = Ty out — Togn = 394 — 10 = 294°C

A =414 m?

This area is about 40% less
than that for parallel flow

LMTD = AT, = AT, = 294K
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This surface area gives a tube length of 519 meter even though this length is less than

what we found for the co current flow, but it is still too high for any practical purposes.

(Refer Slide Time: 06:16)
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Solution titnCon(Thin = Thout) = MeCoc(Teout = Tein)
ahven (6.93)(3810)(65.6 — 39.4) = (6.30)(4187) (T, oy — 10
D, =00254m : (Tyout - 10)
Tflh = 693 kg/s = c,autz 362 C
¢, = 3810]/kgK q = Con(Thin — Thout) p = Loow = Tein

Tyin=656°C |- (6,93 kg/s)(3810 I kgK)(65.6 - 394)¢C)[  Thin = Tein
Th out — =394°C

= 630 kg/s (=L Lkl e,
Tc i =10°C. | Counterflow exchanger with 2 shell passes o
U'=568W/m?K | and 72 tube passes: pe MeCpe _
2 The appropriate mean temperature N MsCps -
difference is found by 414

applying the correction factor from chart
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So, next what we do we go for the next arrangement that is counter for exchanger with
two shell passes and 72 tube passes, in this case, the we have to take the appropriate
temperature difference by using the correction factor chart and which we have shown
earlier. Now let us see to use that chart what we do we need to define this P we had find
out of P and Z. So, we find the P which is defined like this plug in the values this is the

value of P and this is the value of the Z.

(Refer Slide Time: 06:48)
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Now with this value of P and Z, we make use of this chart, we first what we do on this
from the x axis, we locate the P value and make a vertical and then the Z value, we know
it is 1. So, from this we find that here, this have 1 Z; so, here where it intersects here
from that we go horizontally on the y axis to find out the value of f and it is coming

around 0.97.

So, with this f value, what we now do we use this expression for the a and we find this
the a is coming to be 48 point 42.7 which is a bit more than what we obtained for the

pure counter flow without any tube passes.
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SOIUhon mhcph(Th,in - Th,out) = mccpc(Tc out — T in)

Given: (6.93)(3810)(65.6 — 39.4) = (6.30)(4187) 10
D, = 0.0254m A (e =10
iy = 6,93 kg/s = feou™= 5

il g [
Con = 3810 ]/kg K q= mhcph(Th,in = Th,nut) i

Th = 6359 iCC = (693 kg/s)(3810 ] /kgK) (65.6 — 39.4
h out — 4
= 691,800 W
=6.30kg/s 1 — not unreasonable,
TL. in=10°C. | Counterflow exchanger with 2 shell passel™i may be shortened by

U=568W/m?K | and 72 tube passes:

i The appropriate mean temperature
difference is found by

applying the correction factor from chart

il =T,
P= cout )

using more tubes

¥
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And now we find because there are seventy two tubes, we find that the tube length is
coming to 7.43 meter, even though it is not really unreasonable, but it is still quite a large

value that it shows that we need to have more number of tubes, if we want to reduce the

length of the tubes.
(Refer Slide Time: 08:02)
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SOIUIlon mhcph(Th,in = Th,out) = mCCPC(TC,out - Tc.in)
e (693)(3810)(65.6 - 39.4) = (6.30)(4187)(T, o ~ 10
D, = 0.0254m u (Teoue = 10)
my, = 6.93 kg/s = Tp oue= 36.2°C
¢y = 3810]/kgK 9 = uCon(Thin = Troue) e Tnz=Te

T in = 656°C | (6,93 kg/s)(3810/kgK) (65.6 - 394)(°C) Thin = Tein
Th out = 394°C

. = 630 kg/s i CE - % =047
T, w=10°C. | Cross-flow, with 1 tube pass and 1 shell pass, ]
U =568 W/m?K | shell-side fluid mixed: 7= 1 Cpt _
J‘vL The appropriate mean temperature MsCps
=YL= difference is found by - 4?_4 Ly
\if applying the correction factor from chart 088

»
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Next, we come to the another configuration in this we have cross flow with the shell side
tube fluid mixed and we have now one tube pass and one shell pass again this is the

particular thing, we can see from this figure how the cross flow configuration looks like



and again, we have to use that particular chart in this case, we define the P and Z like this

we find the value of P as point four seven and the Z as 1.

(Refer Slide Time: 08:30)
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We go to this chart again, we locate the point four seven from the x axis and wherever, it
intersects with the value of Z equal to 1 from here. So, from here we make a horizontal

line on the y axis to read the value of the f as 0.88, we take this value of the 80 and we

will modify the area from the counter current heat exchanger to get the value as 47 meter

square.

(Refer Slide Time: 09:01)
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SOIUhon mhcph(Th,in - Th,out) = mccpc(Ts,vut i Tc.in)
Given: (6.93)(3810)(65.6 — 39.4) = (6.30)(4187)(T, e — 10)
D, = 0.0254m 362
i, = 693 kg/s = foour= o5
¢, = 3810]/kg K q= mhcph(Th,in ~ Thout) p= Teout = Tein
TTn,m = 635964 % = (693 kg/s) (3810 ] /kgK)(65.6 — 39.4)(°C) Thin = Tein
h out = o = 362-10
1, = 630 ke/s =L =T g
T, 5 =10°C. | Cross-flow, with 1 tube pass and 1 shell pass This area is about 10%
U =568 W/m?K | shell-side fluid mixed: more than that for the HX
o in the earlier heat
JH The appropriate mean temperature exchanger
’_JL T difference is found by ey
W applying the correction factor from chart “0gg_ 'm

-
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Now, this area is about 10 percent more than that for the heat exchanger in the earlier

what we found earlier ok.

(Refer Slide Time: 09:10)
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Problem Statement 2

v' Steam condenses at atmospheric pressure on the external surface of the tubes of a steam
shell-and-tube condenser. Water enters and leaves the tubes at 25°C and 60°C respectively
with a flow rate of 1.1 kg/s. There are 12 tubes of 30 mm inner diameter and 10 m length.
Determine the:

a. Rate of condensation of steam,

b. Mean overall heat transfer coefficient based on the inner surface area,
¢. Number of transfer units,

d. Effectiveness of the condenser.

NPTEL ONLINE Prof Pavitra Sandilya
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So, this is how we learned that how to find out the surface area for heat transfer for
different types of configurations. Next, we come to another problem in this problem, we
have steam condensing at atmospheric pressure on an external surface of tubes of a
steam shell and tube condenser water enters and leaves the tubes from at 25 degree

centigrade and 60 degree centigrade respectively.

And the flow rate of water is 1.1 kg per second, we have 12 tubes of 30 mm inner
diameter and 10 meter length; what we need to determine are the rate of condensation of
the steam, the mean overall heat transfer coefficient based on the inner surface area

number of transfer units and the effectiveness of the condenser.



(Refer Slide Time: 10:03)
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1 Solution :
SOIUhon Heat lost by steam = Heat gained by water = Heat
Given: transferred through the tubes
N=12 Q = s % hyg = 1y X epeltey = tey) = UA(LMTD)
L=10m a) The rate of condensation of steam (ms)
d, =30mm = 0.03m hyg = 2257 K /kg (from steam table)
i = PEFE i X 2257 = 1.1 x 4.187(60 —252‘; 161kW A= N X (ndinl)
ty = 60°C " g g
t;,,Z: 100°C i = e AT A =12 (mx0.03 % 10)
tyy = 100°C b) The mean overall heat transfer coefficient, U
Total heat transfer rate is given as, A=1131m?
1. = 5 thz = tez) = (bhy — €,
Lol HaiL= % 161 x 10°(W] = U x 1131 x 55.7
= + (fhl = trl)
U = 256 W/m*K
_(100—25)-(1[)0-60) 5 N
ave 100 - 60,
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So, here first we write water the given values to us. So, these are various values given to
us and now, we draw the particular graphical form of this we have here this particular
orange line is showing how the water temperature is increasing and this blue line is
showing the steam temperature the steam temperature is remaining constant, if we
assume that it is only a phase change which occurs at a constant temperature at a given
pressure and if there is no sub cooling. So, assuming that we are saying the steam
temperature remains constant throughout the heat exchanger whereas, water temperature

increases from 25 degree centigrade to 60 degree centigrade.

So, here are the various data which have been plotted on this particular graph. So, after
plotting these graphs, what we do that they told you, there is no sub cooling. So, we go
for the solution again we make the energy balance like this that for the steam, we find
that it is the amount of steam that is condensed into the latent heat of vaporization for the
water; water is getting heated up. So, that is sensible heat transferred from the steam to
the water and this is equal to the whatever heat is getting transferred between the steam

and the water to the tubes and that is coming through UA LMTD.

So, we shall be using one by one all these expressions to find the rate of steam
condensation we knew we want to know the value of the HFG which is obtained from
the steam table and this is the formula, we use in this particular equation, we take the

formula and we find that this is the amount of the heat that is being transferred and once



we know the heat transferred, we divide by this HFG and we find this is the rate at which

steam heat condensing.

Now, next we come to find out the overall heat transfer coefficient for this we first define
the LMTD like this for this kind of flow and then we find the LMTD coming out to be
55.7 K and once we know this we find the area that is number of tubes into the inner
diameter this in should be subscript. So, this inner diameter and the length of the tubes of
PIDL and with this we find the total area offered by all the tubes coming out to be 11.31
meter square once we know this area we go back to this formula we plug in the value of
a plug in the value of LMTD, we know the value of q. Now it is easy to find out the
value of u from this particular formula and this we find this coming out to be 256 watt

per square meter per Kelvin.

(Refer Slide Time: 12:59)
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H Solution:
SOIUi'on ¢) The number of transfer units (NTU)
Given:
kg J w
N=12 =1 xepe = 112 x (4187 x 109 |=| = i
T Cy =1, X cpe = 1.1 S (4.187 10)[kg‘K] 4606K
d,=30mm=003m Since the steam undergoes only phase change without subcooling, it has infinite heat
t, = 25°C capacity. S0 Cpyin = Gy
t,=60°C UA 2559 x1131
2~ NTU=—=
ty, = 100°C Coin 4606
tyy = 100°C
NTU =0.628
n, = 1.1kg/s
d) The effectiveness of the condenser (&)
e=1-exp(-NTU)
e e=1-exp(-0628)
£=0.47
3
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For the third part to find out the transfer units, what we do that we use this formula that
first, we have to understand the heat capacities on the two sides this for water side that is
m into Cp, then with and because steam undergoes only phase change without sub
cooling. So, it has infinite capacity. So, the C min will be the same as the Cw and from
this NTU formula, we know that NTU equal to UA by C min, U value we know a value,
we know put the value of C min and we get the value of NTU as 0.268.

Now, once we know the NTU value, we use this formula to find out the effectiveness of

the condenser and plugging in the values, we find the condenser is about 47 percent



effective. So, it is not a very effective condenser, but this is how we solve this set of

equations.

(Refer Slide Time: 13:57)
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Problem Statement 3

v' A counter-flow heat exchanger is employed to cool 0.55 kg/s (¢, = 2.45 K] /kg°C) of oil
from 115°C to 40°C by the use of water. The inlet and outlet temperatures of cooling water
are 15°Cand 75°C respectively. The overall heat transfer coefficient is expected to be
1450 W/m2K. Using NTU method, calculate the:

a) Mass flow rate of water
b) Effectiveness of the heat exchanger
C) Surface area required

I+ NPTEL ONLINE Prof Pavitra Sandilya
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Next come to the another problem, this problem is on a counter flow heat exchanger that
is employed to cool this amount of oil by use of water and we have inlet outlet
temperature of cooling water has 15 degree centigrade and 75 degree centigrade
respectively. The oil is to be cooled from 115 degree centigrade to 40 degree centigrade
and the overall heat transfer coefficient is this value the using the NTU method, we have
to find out the mass flow rate of water effectiveness of the heat exchanger and area

required for the heat exchange.



(Refer Slide Time: 14:36)
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1 Solution :
SOIUhon a) The mass flow rate of water (1i1,,)
Given: The mass flow rate of water can be found by using overall energy balance
U = 1450 W/mz“C Mgy X cmﬂ(thl i fhz) = My X Cp,w(fcz - tcl)
ty = 15°C 0.55 x 2.45(115 — 40) = 1iv,, x 4.18(75 - 15)
tp = 75° . kg
=04—
£, = 115 M =047
tyy = 40°C b) The effecti of the heat exch €
i,y = 0.55 kg/s Thermal capacity of water stream, C,,
G ail = 2.45k]/ kg°C Cy = 1y X Cpyy = 04 X 418 = 1.672kW
Gy = 418 k]/ kg°C Thermal capacity of oil stream, C;,
Cm‘| = Mgy X Cpoll = 0.55x245=13kW
I Cw > C()il: Cmin = Lol
1= Y
a Mg thy =8y 115-40
N " PR k. —0.75
Y, u thy =ty 115-15
¢
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So, first we write down all the data given to us and then this is the way the configuration
is that there is a counter current flow because of this we find the temperature difference
that is the driving force for the heat transfer is remaining almost constant because they
are almost parallel we are assuming that they are almost parallel. So, this is how we are
locating all the temperatures on the graph and now become the solution first to find out
the mass flow rate of water and again, we are writing the energy balance assuming there
is no heat in leak and putting in the various values given in the data we get the flow rate

of water as this.

Next, we come to find the effectiveness of the heat exchanger for this we find out the
thermal capacity of water and the oil like this and we find that the thermal capacity of
water is more than oil; so, C min equal to C oil. So, we shall be basing our calculation C
min and this is the way we are defining epsilon when C min is equal to the C of the
hotter fluid. So, this is how we define the epsilon for that and we find this is coming to

0.75 or 75 percent.



(Refer Slide Time: 15:55)
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H Solution :
SOIUhon ¢) The surface area required, A
Given: The mass flow rate of water can be found by using
U = 1450 W/m2°C overall energy balance
t, = 15°C Cpip = 1.347 kW
[rl = 755(: Cmax = 1672 l(W 0 75 =i
i Gy 1347 — __ exp[-NTU(1 -0,
tgl 414105;5 R=E_=ﬁ=0'806 075 %0806=1) exp[-NTU(1 - 0.806)]
m},f,“: 0.5 kg/s For Counter flow heat exchangers, 0632 = exp[=NTU x 0.194]
i 1 - exp|-NTU(L - R)] In0.632 = ~0.194 NTU
Cpoit = & J/ kg e NTU = 2.365
¢y = 418K/ kg*C 1-Rexp[-NTU(1 - R)] A
! After Rearranging, NTU = —
1y~ NS - 1 min
: L exp[=NTU(L - R)]
=) 4 MUy 2365 1347 x 1000
N » T T s
A=2.197m?
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Now, again for the surface area required what we do is that first we note that these are C
min values these are C max value and this is the ratio of the C min to C max and for
counter for heat exchangers, we use the formula of the effectiveness factor for with this
and plugging in the values we can find out the value of the NTU coming to be like this.
So, this NTU is UA by C min and we know the values of everything now putting all the
values we find the required area is coming out to be two point one nine seven meter

square.

(Refer Slide Time: 16:39)
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Problem Statement 4

v 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 1 m? and overall heat transfer coefficient is 60 W/m?°C. Find

out the rate of heat transfer. Assume both fluids are unmixed.
b

-

NPTEL ONLINE Prof Pavitra Sandilya Py

2

)
Cryogenic Engineering Cen Iﬁ“;ﬁn

IITKHARAGPUR CERTIFICATION COURSES




Next, we go to our fourth problem in this problem what we have we have the overall a
temperature rise of the cold fluid in a cross flow heat exchanger is 20 degree centigrade;
that means, we are given the delta T and the overall temperature drop of the hot fluid is
thirty degree centigrade. So, we are not given the inlet outer temperatures, but instead,

we are given the temperature differences that are obtained for the hot fluid and the cold

fluid.

The heat exchanger effectiveness is 0.6, this is the area of the heat exchanger for surface
and this is the overall heat transfer coefficient with these data we have to find out the rate

of heat transfer and it is assumed that both the fluids are unmixed.

(Refer Slide Time: 17:34)
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i Solution : (T [
SOIUhon ) Rate of heat transfer ,Q “*‘;‘\.
Given: Heat lost by hot fluid = Heat gained by cold fluid X / htJ
. 5 Ty X Cyh(thl - Ithz) = 7?'10 X Cpc(lcz = lLcl) : |
te=ter = 20°C b~ bha _ Me X Cpe i
tf’ll = thz - 30°C tez — Loy mil X Cph io
M, X ¢ 30 =
£=06 ek RPN
=l ity Xy 20 -
=1lm 50, Coay = Mg X € ~
U = 60 W/m2C oo = 13 X |
Cmm 1 ! I " ¥ 4 §
CM( = ﬁ =067 Number of transfer units, NTU,., :‘i
; A
NTU = 14
va Cu= o 2286 cagroc,
NTU = — mix = () 67 0.67 s
= Q = Cy(thy — tha)
U4 60x1 (0 =4286%30=1285.8W
Crin= NTUS 1A 4286 = C, Also, § = C,(t,y — t.1)=12858W
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So, we write all this data given to us after this we go for the solution. So, the rate of heat
transfer is the first before that; we make the energy balance like this. And we put the
respective values we just rearranged this energy balance equation and put in this fashion
and we find that these values these thermal capacities are coming like this. And because
it is more than 1, we find that that for the thermal capacity of the hot fluid is less than
that for the cold fluid so; that means, in this case, the C min will be based on the hot

fluid.

So, we can find this C min C max and this is the ratio of the C min C max which is and
we can find easily from this particular graph they C me the effectiveness and all these C

min C max; what we do that first we the effectiveness get 0.6. So, 0.6; we find from here



horizontal line and C min by C max is 0.67. So, it will be somewhere between 0.5 and
0.75. So, that we locate somewhere here and now we drop down a line to the x axis to
read the value of the NTU max and that is nothing, but you a by C min. So, we read the
value of NTU as 0.4.

Now, after this we use this formula and we find that the C min is coming to 42.86 and
that is nothing as I told you that is the value also of the C of the hotter fluid, using this,
we can find the value of C max C max is nothing, but the C of the colder fluid and now,

we can find the value of Q either using C max or C min.

So, suppose we are using C min then we find out the Q coming out to be this the same
value may be obtained if any of you want to use the value of the C max, but just you
have to keep in mind that you have to take the appropriate the temperature difference to

evaluate the value of the heat transfer.

(Refer Slide Time: 19:56)
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These are the various references you may look into for further details and explanations.

Thank you.



