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Lecture - 52
Heat Exchangers ( Contd. )
So, good morning, we have been doing epsilon that is effectiveness of the Heat
Exchanger and perhaps we have completed up to the parallel flow. What is the
expression for effectiveness whether C,i, 0or Cpna 1s hot fluid or cold fluid depending on
that, we had developed the expressions. Now we will do the same for counter flow. So, it

is the lecture number 52 on Heat Exchangers, this is continued.
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And if we look at for parallel flow I support counter flow, counter current flow then we

can write this € = T.; obviously, here missing is that T, and this is T, right.

Because we could come to know from here, because we multiplied these thing with this
and this thing we kept intact. So, we get that T., oh no we took these thing there and
these thing here rather this way, we brought it here and we took it there; so we can come

to know that this was T and this was T.,, by some mistake we could not make it, right.

So, here it is T, and here it is Teo. So, (Th -Te) = 1/ € (T - Tep); or this Ty if you

separate, then we get T., plus this, so 1 / € (T - Te2). So, again on rearranging we can



write (T -Tei) = (Te2 - Ta); because we have added one T, here, we have also added one

T, here.

So, that is why it is going up. So, plus 1 / € whichever was here (T - Tc2). So, this can
further be rearranged as (Tw; -T.) right; this is equals to (T - Te), if we take (Te; - Teo)
common, right. So, 1 / € comes first minus 1 because here it is (T - T.,), one negative

will come right.
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Cone (T, -1, ) = Coa(T, - T, )
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So, if that be true, then we can rewrite that no heat loss why you are saying; that
normally any heat exchanger though there is if this is a heat exchanger; obviously,

depending on the fluids right and this is in this particularly it is counter flow.

So, depending on that whether it is co or counter whatever it be, there will be some heat
loss with the surrounding right. So, that cannot be avoided, but for all practical purposes
if we assume that surrounding heat loss is negligible and that is what we are assuming
that there is no heat loss, then only we can easily do it; otherwise taking account those

heat loss will make it more complicated, right.

So, it can be done, I am not saying it cannot be; but that will make it more complicated
the whole system. So, we can write Cyax (Thi - Tha) = Cpuin (Te1 - Te2), right. And Cpnay and
Cmin We had said in the previous day, in the previous class rather; then (Ty, - Tw) is -

Chin / Cinax (Te1 - Te2), because it was (T - Tho).



Now we have made Ty, = Ty minus right; so we have kept this on that side and brought it
to this side, so that is why Ty, minus. Then (T, - Tp) that can be written as (Th - Teo) -
Cuin / Cinax because we have added here 1 - T, we have also added on right side - T.,. So,

Chnin / Cinax times (T - Tep).

So, this can be again rewritten (T, - Te2) = 1 /e right; which we have seen earlier 1 /e (T

- Teo), right -Cipin / Cinax as usual into (T - Teo).
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So, this on further simplification, we can write that (Tw - Tex) = (Tha - Tea) = (1 /e - Cpain /
Ciay) (Tei - Tep) right. This is done by subtracting values of (T, - Teo) and (Tw; - Tey) right.
And from the relation, what we know q = U A AT,,; we can write that Cyi, (Te1 - Tes) =U
A ATy, instead of that we write (Thy- Te2) = (Thi - Ter) / In (Tra- Teo) / (Thi - Ter), right.

So, here all the time mind it that this difference minus this difference should be always
on the numerator, this difference and denominator this difference, right. So, then at least
this part will not be wrong; but in actual when you are having, then you have to take care
that flow direction right and which one is parallel or which one is counter that you have

to take care, ok.

So, we write Cuin (Tei - Te2) is this; then we can rewrite this as Cuyin (Tei - Tea) = UA right
times, instead of this we write (1 /€ - Cuin/Cinax) (Te1 - Tex) = (1/e - 1) (T - Tep) /In (1/¢ -
Chin /Cimax) / (1/€ - 1).
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So, this we can further simplify, writing that In (1/e - Cpin / Ciax) / (1/6 - 1) = U A/ Croin
(1 - Cpuin / Crnay) right. Or In of this that (1/e-1) / (1/€ - Cpin / Cinax) this we just inverse is
equals to UA / C,, that is why we have brought to a negative here, we have inversed it

times 1- Cyin / Cnax right.

So, this means (1/e - 1) / (1/e - Cpin / Ciax) 1S €quals to, this we can write exp[- UA/ Cyin
(1 - Ciin / Cinax) Tight.
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So, this we can further write in this form, that 1/e - 1 = 1/e exp[- UA/Cin (1 - Cinin/Crnax) ]
= Cin /Crnax €Xp[- UA/Cruin (1 - Cpin/Cinax)] right. Or we can rewrite that, 1/e (1 - exp[- UA/
Cuin (1 = Cinin/Cinay)] right this = (1 - Cpin/Cinax) €xXp[- UA/Cpoin (1 = Cpoin/Crax)] right. Or €
we can write in the form 1 - exp[- UA/Cuin (1 = Cinie/Cinax)] / (1 = Ciin/Cinax) €xp [- U A/
Cain (1 - Coain/Crnax)-
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is called Number of Transfer Units (NTU)
— Let us explain it from the equation below:-

min

Im

g=C,, (T, -7, )= UAAT,

Now, this we can further rewrite this way, that you we define a term that is called UA/
Cuin; We define a term that is called UA/C.i.. And this we can term as Number of
Transfer Units or NTU Number of Transfer Units NTU, right. If we define UA/Cin as
NTU and explain it from the equation that here, q = Cin (Te1 - Te2) that we know which
is equals to UA ATy, right.

So, we can write UA/Cyin = (Te1 - Te2) / ATim. So, our NTU which we are calling as UA/
Cuin right, this is nothing but AT that is (T.; - T.,) right sorry, there is (T.; - Te) right
over ATy, right. So, if that be true, then we apply it that UA / C,;, as NTU.
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EPreauste .

UA 'is the ratio of rise or drop of temperature of the fluid with
(. minimum heat capacity and the log mean temperature difference.

“min
Now, if C, = C. = C,,,, which may be the case in regenerative heat exchangers,
where the hot fluid may be used to preheat incoming cold fluid, then
depending on the flow direction, for parallel flow:- from the equation

] 1-exp|- o 1+ Coin substituting
i ‘min “max
1+Ei@— EZEE_:]

And we can write that UA / Cuin, UA / Cuin 1s the ratio of rise or drop of the fluid,
temperature of the fluid with minimum heat capacity and the log mean temperature
difference that is what we had shown in the previous slide also. That, in the previous
slide this was our thing, that UA / C,y, sorry, UA / C, was AT, right or (T.; - Tep) right,
(Te1 - T,) that is why we are saying rise or drop; because we do not know whether that is
(Tey - Te) is positive or (T - Te,) this is negative right. This we do not know. Since we
do not know we are saying that rise or drop ratio of the rise or drop of the temperature

this is the ratio to the log logarithmic temperature, right.

So, because AT}y, is nothing, but not a temperature but a ratio right; because that was also
AT by some AT. So, it is dimensionless, right. So, we can say that U A / C,,, is the ratio
of rise or drop of temperature of the fluid with minimum heat capacity and this is the and
the log mean temperature difference that is the ratio. Now if Cy = Cc = Cyn, right. So,
that is C hot is equals to or heat capacity of hot fluid is equals to heat capacity of cold

fluid is the minimum heat capacity.

If that be the case, which may be the case in regenerative heat exchangers; regenerative
heat exchanger are those where your extra fluid or extra heat which is not utilized or the
unutilized heat can be regenerated or utilized by sprinkling or preheating, whatever be

the case right. So, that is called regenerative heat exchanger.



So, if that is used, the hot fluid may be used to preheat incoming cold fluid or the reverse
we can say the cold fluid can be reused to preheator to or cold fluid can be use to reduce
the temperature of the outcome of the hot fluid; whatever be the case depending on that
your regeneration of the heat will be there and then depending on the flow direction for
parallel flow from the equation already we had, epsilon is equals to 1 minus exponential

minus U A / Cpin (1 + Chain / Cinax) / (1 + Crain / Crnax), Tight

So, in that substituting C, / Crnax = 1, because here we had taken it to be that; then if we
substitute that then we get.
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Then we get e =1 — exp [-2UA/Cin / 2], right. And for counter flow that was for parallel
flow Cpin i8, if Cioin = Crnax; then (T - Tey) = (Tia - Tea) = AT and (Thy — Tio) = (Tei - Teo)
and of course, this (Ty — Tio) = (T2 - Tey) this is this is (Tw - Ter) 1 (Twe - Te2) = AT 0k,
and (Tw — Ti) = (Te2- Te1) = AT,

So, if that be the case, then UA/ C.in = AT / ATy, = yeah this is (Tei - Teo) / (Thi - Ter)
right, this one right. So, this is (T - Te2), s0 (Te1 - Te2) / (T - Te1), right. So, we can write
that substituting this value of (Ty; - T.;) from this (Ty - Tei) = (Te - Tea) / 1/e - 1. We can
rewrite UA/Cpin = (Te1 - Te2)/ (Ter - Tep) (1/ € -1); that is equals to 1/ e -1 or 1/ e -1 =1/U
A /Chin.

So, this we can then write in this form.
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That 1/e=1+1/UA/ Cpin = U A /Cpoin + 1/UA / Coi, right. So, e =U A/ Cpin /1 + U A/
Chuin, this we can write in the form of NTU, right.

So, where UA / C,» is was nothing but, that NTU right. So, this is NTU / 1+ NTU right.
So, that is what we are expressing in terms of number of transfer units and that is related

with the epsilon that is effectiveness right.
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E!ectiveness 0' para iel 'iow !eat exc!anger is a|ways ess t!an t!at

of countercurrent heat exchanger. :

Comparison of effectiveness -

NTU 1.0 3.0 5.0 10

bantifon 043 05 05 05
] Soniome. 05 075 083 09

This means that countercurrent heat exchangers are
more effective.

Now if we look at the effectiveness versus NTU, if we look at effectiveness of parallel

flow heat exchanger is always less than that of the counter flow heat exchanger. How,



you see for comparison we are writing NTU; if it is NTU, NTU you we said U A / Cin
right, that was the NTU.

So, if that is equals to 1 right, then for parallel flow you that effectiveness € = 0.43;
whereas, for counter flow it is 0.5. So, this is less than, right. So, this is less than this.
Similarly if it is for NTU = 3, right; effectiveness for parallel flow is if it is 0.5 then that

for counter flow it is 0.75, again parallel flow is less than counter flow, right.

Similarly, if it is 5 NTU = 5, then it is for parallel flow 0.5; then for counter flow it is
0.83. So, all the time counter flow is higher value for effectiveness than that of the
parallel flow and if NTU = 10 and then for counter flow effectiveness is 0.5 whereas, for

a sorry for parallel flow effectiveness is 0.5; whereas, for counter flow it is 0.9, right.

So, we can say that, this counter flow heat exchanger has always higher effectiveness
than that of the parallel flow, right. So, this means that counter current heat exchangers

are more effective right.
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TABLE 22-4

Héal axchanger typa  Effectiveness refation

1 Double pipe: ;
1-wp[-NTU(l +¢)l Gﬂv‘
Paralbel-1how e

léc
1-axpl-NTU{]l -¢)]
;
1= caxp[=NTU{1 = ¢}l

2 Sheli-and-fube: |
One-shell pass @2{1 TS 1 +exp ‘NTM 1+¢

Countor-flow

That we can also see from here, that this table says that effectiveness relations for heat
exchangers is like that NTU is equals to U A s/ Cyin and C = Ciin / Cinax = M Cpin /m dot
CPunax, Tight.

So, if heat exchanger type is like that double pipe and if the flow is parallel, then the
NTU relationship is like this: € =1 — exp[- NTU ( 1 +c / 1+ 1+ ¢)]; where ¢ = Cin / Crnax



right. Similarly for counter flow, the same € is 1- exp[- NTU (1 - ¢/ 1 — exp[-NTU (1-
c)]. For shell and tube one shell pass 2, 4 etcetera tube pass, right shell pass one; that is
the external fluid which is going out is having one pass whereas, the other one has 2

passes or 2, 4, 6 whatever passes, right. So, here we can have baffle and do the passes.

Then there € is 2 (1+ ¢+ 1+ ¢? ) (1- exp[ - NTU 1+ ¢2 /1 —exp[-NTU /1 + ¢* ] right.
For cross flow where single pass both fluids unmixed right; if C,.x is mixed then oh for
both fluid unmixed € = 1 - exp[ - NTU ***/ ¢] (exp[ - ¢ NTU®” — 11]. Or if C,,. is mixed
or Cpin 1s unmixed; then € =1/ ¢ (1 exp[ - ¢ (1 — exp[- NTU]. Or if Cyi, is mixed and Ciax

is unmixed just the reverse, then € =1 — exp[- 1/c (1- exp[-c NTU].

If all four heat exchangers with ¢ is equals to or if all heat exchangers with ¢ = 0; then ¢

= 0 means Cpy, 1s 0, right. So, epsilon is 1 — exp(NTU), 1 — exp[ - NTU] right.
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NTU B UAC. 3 en all the inlet and outle
temperatures are specified, the size of
m
Heal exchanger type NTU relation m
1 Double pipe: Alternatively, it can be determined from
In[l - &l +¢)] the effectiveness=NTU method
Parallel-flow N = evaluating the effectiveness from its
1 '] dafTidon “and then the NTU from the
Counter-flow NTU = C——! In ('-C——]) appropriate NTU relation.
2 Shell and tube: e ——
One-shell pass T | In(%' l-¢-Vi+é
2,4,...lube passes Vitee \2e-1-c+V1+e

3 Cross-flow (single-pass): .
Cipge Mined, NTU = -In |l +
Cin UnMixed .
C.., mixed, Infein(l =5 +1]
C.,,, unmixed My == 3

4 All heat exchangers NTU
withe =0

In (1 m:||
4

4

= =In{l - &)

So, we can write, that NTU relations for different double tubes, different heat exchangers
type are also like this right. When all the inlet and outlet temperatures are specified, the
size of the heat exchanger can easily be determined using the LMTD method.
Alternatively, it can be determined from the effectiveness NTU method by first
evaluating the effectiveness and from it is definition and then the NTU from the

appropriate NTU relations, right.
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Summary
Types of Heat Exchangers Summary ~
* There are two methods of constructing hedgxchan

s

* Plate type and tube type.
* Parallel flow - the hot fluid and the coola
direction.
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The four heat exchanger parts identified were:

-

* Tubes iz

* Tube Sheet \-

v Shell i

* Baffles —

* Single-pass heat exchangers have fluids that{pass each other only
once.

* Multi-pass heat exchangers have fluids that pass each other morg
than once through the use of U tubes and bffles. ’

So, this is how we have done the summary and that is where we are coming to the end of
this class particularly; where we have done for NTU Number of Transfer Units in terms

of effectiveness, right. So, with this let us stop, the time is up so.

Thank you.



