Heat Exchangers-1

Heat exchangers are the most common devices
used in energy conversion and utilization.

* They involve heat exchange between two fluids
separated by a solid and encompass a wide range
of flow configurations.

» Concentric pipe heat exchangers is the simplest of

the configurations
| | |
S = l
- |~ S -
T = | =
| .

Parallel-Flow Counter-Flow

Heat Exchangers-III

* Shell-and-Tube Heat Exchangers
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One Shell Pass and One Tube Pass

> Baffles are used to establish a cross-flow and to induce
turbulent mixing of the shell-side fluid, both of which enhance
convection.

» The number of tube and shell passes may be varied
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* Compact Heat Exchangers
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¢ Cross-flow Heat Exchangers

» For cross-flow over the tubes, fluid motion, and hence
mixing, in the transverse direction (y) is prevented for the
finned tubes, but occurs for the unfinned condition.

» Heat exchanger performance is influenced by mixing.
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Each exchanger design involves several empirical
equations

Instead dealing with specific shapes, we shall look at
the general theoretical features

* The methods discussed should give a reasonable picture
so that you should be able understand specific design
procedure and special cases in later life, if required

* We shall begin with pipe in pipe heat exchanger
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¢ The assumption usually made is that the heat transfer
coefficient does not change along the length

* We have already defined an overall heat transfer
coefficient earlier
1 1 In(R,/R;) 1
= — =t ——0_
UA  hA; 2mlk hA;
¢ The heat transfer coefficients are arrived from suitable
correlations

* In many cases, the wall resistance is negligible

¢ U can be based on inner diameter and can be written as
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* Consider parallel flow

* Energy balance implies S R
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* Integration from inlet to outlet we get,
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* Overall energy balance gives
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Logarithmic Mean
Temperature Difference

~.q=U;A;LMTD = U;A AT,

LMTD = AT. = (Th - T )nutlet — (Th - T )inlel

" ln[ (Th -T. )oullel J

Ty = T e

* Usually, this is written as

_ AT, - AT,
R [ AT, ]
AT,
* The final equation is identical for counter-flow heat
exchanger also

LMTD = AT
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¢ Counter-Flow Heat Exchanger:
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For the same inlet and exit conditions, counter-flow heat exchanger gives a
higher LMTD and hence more compact
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* For the special case of counter flow when C, = C;,
LMTD = AT, = AT, = —-AT,

¢ For shell and tube heat exchangers, the LMTD is modified
by a correction factor,

ATm = FATmfcounlcr — flow

¢ These are available in the form of figures; F(R,P)

TSi - TSo P= Tlo - Tti
Ty - Ty F

to 1 ti

F factors are available for cross-flow heat exchangers

Problem 11.47

Design a two-pass shell and tube heat exchanger for Ocean
Thermal Energy Conversion. The Power is to generate 2 MW(e)
at an efficiency of 3%. Ocean water enters tubes at 300 K,
desired outlet Temperature is 292 K. The working fluid boils at
290 K and U = 1200 W/m?-K. Calculate the mass flow rate of
ocean water to be circulated

13 T -
. =292K
One shell % 7. T300K Fho
o F > o M [__\E—Z
::be pavjsges I: L—<1—72, i Ti=Teo=R90K

Tho  Lu=1200Wme-k

PROPERTIES: Table A-6, Water (Ty, = 296 K): ¢, = 4181 J/kg:K.

2MW ~ B )

q= 003 =66. 7MW [ MTD @ = (300 — 290 ) — (292 —290) =5
‘ 300 =200)
(292 - 290)

Tg =T T, - T,
— Si So _ P= to ti =0 —~ F=1
Tlo Tu TSi Tu
7
A = q _ 6.67x10 —11.100 m>

" UXFEXLMTD & 1200 x1x5

Water flow rate

q _6.67x10"7
Cp X (T, ; =Ty o) 4181 x 8

=1994 kg /s
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¢ Limitations of the LMTD Method

» The LMTD method may be applied to design problems for
which the fluid flow rates and inlet temperatures, as well as
a desired outlet temperature of one fluid, are prescribed.

» For a specified HX type, the required size (surface area), as well
as the other outlet temperature, are readily determined.

» If the LMTD method is used in performance calculations for
which both outlet temperatures must be determined from
knowledge of the inlet temperatures, for a given heat exchanger,
the solution procedure is iterative.

» For both design and performance calculations, the effectiveness-
NTU method may be used without iteration.

Effectiveness-NTU Method-II

* Definitions
* Heat exchanger effectiveness (g)
e=—3
9 max
¢ Maximum possible heat rate:

Qmax = Comin (Tyy = Tg) Where, C;,;= Min (C; or C.)

¢ Number of Transfer Units, (NTU)
UA
C

» A dimensionless parameter whose magnitude
influences HX performance:

NTU =

min

Effectiveness-NTU Method-II1

* Consider a parallel flow heat exchanger o
No attention is

q=C (T, —T3)=C(Ty —Ty,) paid to sigp:
Qmax = Comin (T = Tg) Both are positive
* Let us consider the case in which C, be equal to C_;,

* By definition

e 9 _ CalTy-Ty) _ (Ty=Tw)

9 max Coin (T = Ta) (T —Tg)

* From the first equation above, we can write

C, (Te -T C i C..
hoTo=Ta)  Cow g _p 4 Com
C C (Thi - Thu ) C

max max




Effectiveness-NTU Method-1V

¢ In our LMTD derivation, we showed that
- 1—4. 1 L= ;ln M
Cy C. U;P; (Th -T. )m]cl

T, - T,
= —%[HE“]U,A, :1n[7( h = Te ]

h c (Th =T, )m]cl
o U, [H Cnin ]:ln[(m - Te )]
C min C Ty -Tq)

- [Tm —Tm]:exp _UiA, [H C uin ]
Thl - Tcl Cmm Cmux

* In the expression for € in previous slide, we do not

have T, hence we shall eliminate it

- Tho T+ Cin /Comax (Thi = Tho) —exp |- NTU |1+ C min
Ty = T
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= [7“0 s T j: exp [— NTU (1+ Cooin H
Thl - TCI Thl - TCI Cmux

Substituting for T, from 2 slides back

Ty - T

ci

N (Tho -Ty _e C in J=Cxp _NTU (l+ C min j
Thi - TCi C max C max

- (Tho “ T + T =T C min j: exp | - NTU (H— C min j
Thi = Tei C fmax C fax

max
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- [Tho “Thwi + Ty — Ty e C i J=6XP _NTU [lJr C min J
Ty =T C max C max
= (—s+l—s C min J:exp - NTU (1+CL‘"J
Cmax Cmax
= 1—s{1+c'¢]:exp - NTU (1+Cﬂj
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¢ Thus, we can write

e =f(NTU ,C,) Where, C= Cyiy/ Cpa)

* Rearranging the effectiveness equation, we can write

—ln|:1—£(l+c¢i"J:l
C
> NIU =———— ™ 72

E=

max

¢ Thus, we can write
NTU = f(e,C,)
* Similar equations are available for other heat exchanger

Configurations. These are summarized in Tables 11.3 and
114
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» Steps in Problem Solution

» For the given flow rates and fluid properties, compute Cy, C,

» Identify the C,;, and compute C,

» From the given data and suitable correlations, compute U

» If the temperatures are known, compute &

» Otherwise, if area is known, compute UA and NTU

» Using either € (NTU, C)) or NTU(g, C,) determine NTU or &
respectively

» Using the above result, either the area or the temperatures can
be found out

Example-I

A parallel flow double pipe heat exchanger heat
exchanger has hot and cold water flowing at 10 and 25
kg/min respectively. The inlet water temperatures are
70°C and 25°C. Calculate the area of the exchanger, if (a)
h = 1600 W/m?2-K on both sides, exit temperature on the
hot side is required to be 50°C. Take ¢, = 4179 J/kg-K,
Cpc=4174 J/kg-K

Co=mcp = %x4174 = 1739 W /k

Cy, =t ey = %mm =696 .5W /k

_ 09 .5 _ 0.4
1739




e (T = Typo) (70 =50)
T (T -Ty)  (70-25)

0.444

- In hs[HCﬁJ
NTU = Coax )| _—In[1-0.444 (1+0.4)] _

Example-II

Now imagine that in the HX in the previous example, the
hot flow rate is doubled and hence the heat transfer
coefficient on that side increases by a factor of 208,
Estimate the exit temperatures of hot and cold streams

h, =1600 x2°% = 2785 8W /m? - K

11 1 1
£, r__tr ., 1
h, h, 1600 2785 8

=

1
Ul
= U, =1016 .3W /m?*-K

Co=mcp = %x4174 = 1739 W /k

Cp, =t ey =696.5x2=1393 W /k

0.695
] 1+0.4
 Com ] i+04)
s~ UA = NTU xC i, = 0.695 x 696 .5 = 484 W /K
1 1 1 1 1 1
= ——— e — =
U, h, h, 1600 1600 800
A= 60sm?
800
c, - 1393
1739
L NTU - YA _ 1016 x0.605 _
C in 1393
1—exp {7 NTU {1+—Cm‘" H
eo C nax :lfcxp[(7104:48()1+0.8)]:0304
(lc) +0.
e T =Tho) _ 550, = T0-Th)
(Tyi = Tg) (70 - 25)

5 Ty, =70 —0.304 (70 —25) = 56.3°C

T, =Ty +CL‘"(TM -Th) =25+0.8(70 —=56.3) =36.0°C

max




