CHAPTER II

PINCH TECHNOLOGY AND HEAT-EXCHANGER

NETWORE DESIGN

The starting point for Bn energy integration analysis is the
calculation of the minimum hes cooling requirements for a heat
exchanger network. £ S \\ & be performed without having
to specify any heat“EXChange . ‘-‘.'u. the minimum number of
subsequent dasi:n‘ afifa |

be followed up by the

2.1 Mimimm Heatifig s

» N\
Z.1.1 ¥iy \\\
ons: a very simple problem where we
have two streams that d two streams that need to
be cooled (see the dats in Tabi nzsmply calculate the
heat available .-_ Tie-hot Stre 'required for the cold
streams, the differgnce bet % valies is the net smount of
heat that we would hsive to remove gr supply to satisfy the first law.
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as follows:

are determined a
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: First-law ecalculation

STREAM No. FCp, kw/°C Tin, °C Tout,°C Q available, kW

1,COLD 2.0 20 135 -230
2,HoT 3.0 170 60 330
3,C0LD 4.0 80 140 -240
4,HOT 1.5 150 30 180
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F1Cp1AT1
F2Cp2/\T2

=230 kW.
330 kM.

(2kW/°C)(20-135°C)
3(170-60)

Thus, 40 kW must be rejected to cold utilities if there are no

restrictions on temperature-driving forces.

a number of streams must be

The intercl‘mﬁe:ﬁ are
occured if hot stres ) gher than cold stream
: | | a process can be
enthalpy) graph once
supply” and “target”
properties are known.
possible to construct one

"composite curve - ifi the process and another of all

tlu:i is illustrated in 2.1 (a), in which

three hﬂt W supply and target
temperatures qla 1nma a series Tl to

o1, i) P 1Ty i’:

three streams exist and so the heat available in this interval is (CpA
+ CpB + CpC)(T2-T3). A series of values of /\ H for each interval can
be obtained in this way and the result is re-plotted against the
interval temperatures as in Figure 2.2 (b). The resulting T/H plot is
a single curve representing all the hot streams. A similar procedure

gives a composite of all cold streams in a problem.
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cold streams is a plot
of two composite®un Note that the hot

stream is represe e ¥y Lne. e (R ch the are head pointing to the

left, and the colg ” For faasible
heat exchange betws€n Sthe Jfao, i g to transfer heat from a hot
composite to a cold &bmgorite, fHe hot stream must at all

corresponding points be hbtter” sah /the cold stream. The “over-shoot”

of the hot tnfextemalmolmg
reguired and --'-- : e01d r,&sosite represents the
minimum amount of rnal hnat Because of the “bottleneck”

e o ﬂaus:a aqysmwa Y, P

termed ' thep h point” .
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away from the hot stream on the H-axis. Then the higher distance
between the curves and the larger value of /\ Tmin are obtained. The
effect of this shifting is to increase the driving force of the system
and leads to an increase in the utility heating and cooling by equal
amount and als~ to a reduction in reduce the load on the exchanger by

the same amount.
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Figure 2.2 Enérg _M ch” y h composite curves

Dle t%!eaisn & network which
uses the mimimum utiity requiremengs, where only the heat exchangers

st e pinififeld o Wﬁ%ﬂ%& to A Tain.

“composite curves" d&erihad in the
previous sub-section could be used to obtain energy targets at the
given values of /A Tmin. However, another simple way of incorporating
second-law considerations into the energy analysis was presented by
Hohmann, Umeds et al., and Linnhoff and Flower. Refering to the data
given in Table 2.1, if we choose & mimimum driving force of 10 °C
between the hot and cold streams, we can establish two temperature



scales on a graph, one for the hot streams and the other for the cold
streams, which are shifted by 10 °C. Next we establish a series of
temperature intervals that correspond to the heads and tails of the
arrows on the graph,i.e., the inlet and outlet temperatures of the hot
and cold streams given in Tsble 2.1 (see Figure 2.3).
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STREAM
FCp ".
Q(kwW)

T1 = 1?0—- T T I 60
T2 = 150 =g £ 44 D ¢ 2.5
TI = 145 u ...... 111 -82.5
e Wl sty 18
TS5 = 60

60 N BTSN AT, =15
T6 = 30 .

Flgure 2.3 Shifted tégseratire sefiles & temperature intervals

transfer heat from

e guaranteed that the
course, we can also

temperature dri
transfer u;v high-temperature
intervals to D the co tmrnmrs intervals.

Enum.rﬂ WW?WW@FW 2.3),

enthalpy balance can easily calculated according

Qi = [ Z (FCp)hot,i - 2 (FCpleold,i) ] A Ti
for each interval. The results are shown in the right-hand-side

column of Figure 2.3. We also note that the summation of the heat
available in all the intervals is 40 kW, which is identical to the
result obtained for the first iaw calculation,i.e., the net difference
between the heat available in the hot streams and in the cold streams.



2.1.3.1 Cascade Diagram
As a key feature of the temperaure intervals,

any heat available in interval i is hot enough to supply any duty in
interval i+l. This is shown in Figure 2.4, where heat cascading of
each intarvalmillustrntud Instead of sending the 60 kW of
surplus heat from interval 1 i
into interval 2. There it jeo! W kW surplus from interval 2,
making B62.5 kW to cascade-int Int.aml 3 has nBE 5 kW

1:-0 cold utility, it can be sent down

deficit, hence afte must supply other 20 kW
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Fim:llsr, the 15 kW deficit in interval 5 means that B0 kW is the final
cascade energy to cold utility.

2.1.3.2 Minimim Utility Loads

The net result of the operation is that the
minimum wutility requirements have been predicted, i.e., 20 kW of hot
and B0 kW of cold utilities.
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2.1.3.3 Pinch Temperature

At the third and fourth temperature
intervals, there is no energy transfer. Thus, the position of the
pinch is located ,i.e., 80 °C for the hot streams or 80 °C for the

cold streams.

1 to evaluate the energy
targets mupoint location for each value of A\ Tmin.
The computer program deVoifpes present thesis gives us  much
faster results T 1 6 \ e. HMore details
cmneming_ on the pzbg ' s

the Chapter IV.

ons wWwill be described in

e curves for a malti-

t the gt pinch (i.e. in the
t.he composite hot hrmﬂ‘ars all its heat into

wi t flowing into it
gl "ﬁ'?'m‘"faﬁ’““"‘ -
m’*fmzm b
therefore falls inte two thermodynamically distinct regions, as
indicated by the enthalpy balance envelopes in Figure 2.5 (b). Heat

stream problem di
region to the nlm}.

@h,min flows into the problem above the pinch and Qc,min out of the
problem below the pinch but the heat flow across the pinch is zero.
This result was observed in the description of the Heat Cascading

algorithm in the previous sub-section. It follows that any network
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design that transfers heat o across the pinch must, by overall
enthalpy balance, reguire o/ more than minimum from hot and cold
utilities, as shown in Figure 2.5 (c). As a corollary, any utility
i
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Figure 2.5 The pinch decomposition
cooling above the pinch must incur extra hot utility , and

® conversely below the pinch. So for the designer wishing to produce =a
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minimum utility design, the firm message is :
- Don’t transfer heat across the pinch.
- Don’t use cold utility above.

- Don’t use hot utility below.

2.2.2 Network Representation

network from the flowsheet in

"grid” form as shown in

Figure 2.8 (b). The advantese o t@tatim is that the heat
exchanger matches 1 and '

vertical line in

redrawing the stres ‘ “ \ it is easier to check
exchanger temperature

ik 25°C FEED
"_® L l

200°C 100°C/ 30°C RECYCLE
1) \2)
(o)

Figure 2.6 Heat exchanger network representation
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2.2.3 Design for ‘Minimum E'mrgy Recovery
The data in Table 2.1 were analysed by the cascade

diagram with the result that the minimum utility requirements are 20
kW hot and 60 kW cold. The pinch occurs where the hot streams are at
9 °C and the cold at 80 C. To the further design for Minimm -
Energy Recovery, we umsi:lar‘
design a network for |

the problem in two parts : First we

4§==¥ithumamnthmrfnr below the
_../-v’_

pinch.

n. the design procedure, we
calculate the hnt éﬂ\\ \ inlet or the outlet
temperature and the \ﬁb\\\ r each stream by the
expression of @ = F( in Figure 2.7

STREAM 3
FCp 4
1
€ also LY ! 140
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Figure 2.7 Heat load for streams
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Feasible HMatches : We remember that above
the pinch, if best performance is to be obtained, no utility cooling
should be used. This means, all hot streams must be brought to pinch
temperature by interchange against cold streams. We must therefore
start the design at the p:i.nnh,‘ finding matches that fulfil this

condition. In this example, the pinch there are two hot streams

&rmﬂ two “pinch mtch&s In

1 is shown, with a T/H

at the pinch temperature,.
Figure 2.8 (a) a matc
plot of the matc 7
greater than that 6f sufes 2% 86 _‘mmpm on the
match, the A T i : less than A\ Tmin at its
hot end. The exchéfigef i€ kleqrly infedsible’and therefore we must
look for another 1P b)Y, stresm 2 and 3 are

matched, and now the » T/H plots mean that the

putting of load on thé eiélinder Gpen up the A T. This match is
therefore mtﬁle 7 S [ ded for matching
between stream 4 X 3 ‘ elative sizes of the
CPs for stream qj 3, , _Buasible (Cpd < Cpl).
Summarising, in the design tely above the pinch, it is reguired
mmmﬁ%&l’l}ﬂﬂWiWEﬂﬂ‘i

Cp,hot <

weving ] o sbie SR DU e 0 o

match haat. loads. The strategy of matching design is “maximise the
heat load so as to completely satisfy one of the streams”. So, since
stream 2 above the pinch reguires 240 kW of cooling and stream 3 above
the pinch requires 240 kW of heating, co-incidentally the 2/3 match is
capable of satisfying both streams. However, the 4/1 match can only
satisfy stream 4 , having a load of 30 kW and therefore heating up
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stream 1 only as far as 125 °C. Since both hot streams have now been
completely exhausted by these two design steps, stream 1 must be
heated from 125 °C to its target temperature of 135 °C by external hot
utility as shnm in figure 2.8 (c). The amount of 20 kW are sas
predicted by the cascade diagram. The complete design above the pinch
shows the number of mi'lnsers its minimum heating utilities

requirement, and the _ .Wformnttmm of every
- o] - : / ’
heat exchanger is 10 tm: /’.
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Figure 2.8 Matches above the pinch
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2.2.3.2 Design Below the Pinch
Below the pinch, the design steps follow the
same concept, only with the design criteria that mirror those for the
"above the pinch" design. In Figure 2.9 (a) the stream system below
the pinch is shown. Now, it isfuquiradtnbri:mmldstmmto
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Figure 2.8 Matches below the pinch
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the pinch temperature by interchange with hot streams, since we do not
want to use utility heating below the pinch. In this example, only
one cold stream exists below the pinch which must be matcheed against
one of the two available hot streams. The match between stream 1 and
2 is feasible, as shown by the ipset disgram in Figure 2.9 (a) because

han that of the cold. The other
/ iately below the pinch, the

| on this match satisfies
hrequired by stream 1 is

ing, to take stream 1 from

0, is required. Again this
it stream, the only one now
_'r:-: ity dose not hold

\.
for this match, my form the pinch.

That is to say, it snntamtﬂhtl'ﬂtlnstumgtinmldstrmup

to the pmMWﬂﬂwmﬂﬁm 2.9 (b), the

match does ot become mfus‘:lble E"IJt.tmg & load of 30 kW on this

= QA AR TR I P = o

up by cold utility as we predicted.

2.2.3.3 Minimum - Energy : Complete Design
By putting the above and below pinch designs

together gives the complete design shown in Figure Z.10. It achieves
best possible energy performance for a /A Tmin of 10 °c incorporating

four exchangers, one heater and one coocler. In other words, six units
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of heat transfer equipment in all.

CPikwrC)

10

1.5

20

4.0
Summarising, the d
- Dividing the ble . designing each part

mﬂ the pinch Cp, hot Cp,cold

ﬂﬂﬂ?ﬂﬂﬁ%ﬁﬂﬂﬁf

- Haxmummlw@arlmdsf

- Mmmmm&lmm external

cmling only below the pinch.
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2.3 Trading off - Reducing the Number of Heat-Exchanger

The capital cost of chemical processes tends to be dominated
by the number of items on the flowsheet. This is certainly true of
heat exchanger networks and there is a strong incentive to reduce the
mnbarﬂfhﬂtﬁtﬁb&tﬂ&ﬂfﬁtﬂ'ﬁimldstrﬂm.

: émlmssix units, we
consider that there 158 100 w out with a dotted line

exchanger frm‘t.he' : ,‘ ) \\ ibl'“ i

gy to the process.

‘- 240

A ummmw&m
AR ERATENN TR -

system, | the smallest load on one of the match in the loop is to be
chosen. If we choose the smallest load on match 4 to be zero,i.e., we
substract 30 kW of 1load from the design value, then match 4 is
eliminated and the 30 kW must be carried by match 2. This is shown in
Figure 2.11. Having shifted loads in this way, temperatures in the
network can be recomputed as shown in Figure 2.12. Now, the value of
/\ Tmin at the cold end of match 1 is less than the allowed value (A
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Tmin = 10 °C). So changing this design by loop-breaking, if the
utility usages are not changed, must inevitably lead to a 2 Tmin
violation.

L5

135

e heater, along stream 1 to

We want the new outlet
temperature of " = -2.‘4 °C. To reduce the

hﬂnpmingmttm&Tnt

AU INENTNEINS

load (Q) on match ﬁ

cP
¢ o e/
o . ] E] 3.0
' d f |
q |lse i - () w . 1.5
) e \)
(60 + X)
oy o
1 2.0
(20 + X) ol 1120 — X) 80
a| a0
L/
240

Figure 2.13 Shift heat along = path
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its cold end. Solving the load on match 2 to restore T2 to 75 °C
yields @ = 7.5 kW. The "relaxed” solution is shown in Figure 2.14
with the temperature between the heater and match 2 on stream 1

computed.

cF
Rt | ‘ .

2 s <0 l:, -

"*‘1‘4%
[ —

N — . _ 1.5

1 2.0

3 4.0

nim exchangers
In summary : On the subje S 5F ene: elaxation”, the procedure for

Y
- Identify a =

acting and adding 1.11::1:!!:!:'13m

-wmmmwﬁmmmm e £ i

violations%)

) F“ﬂWWﬁﬁfﬂWB’] A%

2.4 A Hnre Complete Design Algorithm
The principle of the pinch design has been illustrated

- Break it by s

earlier by a simple example. Anyway, there are some situations where
our design procedure does not mention. However, =a general design
algorithm for conditions sbove and below the pinch is shown in Figure
2.15 (a) and (b).
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Figure 2.15 Design procedure algorithm (From B.Linnhoff et.al., 1982)

(a) above the pinch (b) below the pinch
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