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Outline

Compute the HEN (Pinch Design Method):
How many HEXs ?
Where to place them?

Estimate the total cost:
HEXs investment cost
Hot/cold utilities operating cost
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Exercise 03 — HEN design

Previous results and idea

* Energy bill of an industrial process

* MER with problem table method

Product 2 = flow C

* Energy bill under MER (Mcy), = 25 kw/c
* HEN design: use the minimum number
of HEXs to achieve the maximum heat Exchanger 2 Hot utility
W ag0 kw 1270 kw Reactor 2
recovery Feed2=flowA T, ) T, Ty Ts Ty
. — : : . 200C 150°C
(1ey),= 381w 180°C L—1729°C 196.6°C 230°¢ =
1250 kw 11 P h 4 Cold utility 1
190°C
_ k4 Reactor 1 ’®” 1750 kw
Feed 1 = flow B Ty y | Ty )| Tio T
76} =12 kwr 20°C 180°C : AT
ABOVE PP: cool down hot streams to the (Mcp),=12kWrC Exchanger 3 230 I
pinch temperature without cold utilities T, | 1920kW
62°C
BELOW PP: heat up cold streams to the Froduct 1+ gas = flow D doc
pinch temperature without hot utilities (Mc,),=15kw/"C  Cold utility 2
330 kW
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Exercise 03 — HEN design

Pinch design method

Tyincn Pinch point temperature in
the corrected temperature domain

T 4p = corrected temperature

above the pinch point (outlet for A

cold streams and inlet for hot) Tgap °C

T* . QA,ab kW
| p1 = corrected temperature A

below the pinch point (inlet for
cold streams and outlet for hot)

Mcp,, = stream heat capacity
QI,ab — MCp,I ) (TITab - T;inch)
Qrpt = Mcyr - (Tpinen — Tint)

B C
Tg,ap °C T¢ o °C
@B,ap KW Qcap kKW

A
) (&)
m o Q9o
Q> & =
s 3 s 3
y
Tg p °C Te i °C
Qpp KW Qcpi kW
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Exercise 03 — HEN design

Pinch design method

Divide above and below the pinch point

Start from the pinch point and go to further temperature

Apply feasibility rules: THEY MUST BE SATISFIED

Rule Above PP

Below PP

# of streams Npincheora 2 Npinchpoe

N

pinchpot = Np incheola

MCp,hot < MCp,cold

MCp,cold < Mcp,hot

C . .
p E E

remaining remaining

Exploit heuristic rules to minimize the number of HEX:

z Mcp,cold < z Mcp,hot

remaining remaining

Tick-off rule: first choose the heat load so that all the heat requirement of one of the two streams is completely satisfied

Splitting: when splitting choose the splitting factor so that isothermal mixing is achieved after the heat exchanger
First choice: try to start with the biggest heat capacity streams

Utilities: place the utilities at the end of the temperature range

After placing one heat exchanger check that the MER hasn’t changed
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Exercise 03 — HEN design

Example: above the pinch point

Stream Tin [°C] | Toue [°C] | (Mc,) [kW/°C] | Q [kW]
# of streams rule: stream A 145 235 38 -3420
NpinChcold > Npinchhot 7 stream B 145 185 12 -480

stream C 195 145 25 1250
2>27YES

stream D 245 145 15 1500
Start with the highest heat capacity: Imbalance 1150

Stream A among the cold and C among the hot

Cp rule 1:
Mcp,hot = Mcp,col.d [
(Mcp)C = 25 < (MCp)A = 38 ? YES

Cp rule 2:

Yremaining Mcypor = 15 < Yremaining Mcycoia = 12 7 NO > Stream C (highest heat capacity) has to be split in
C1 and C2 so that an heat exchanger can be placed between B and C1

Tick-off rule:

Satisfy all the heat requirement of one stream = Qr; = Qg = 480 kW
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Exercise 03 — HEN design

Example: above the pinch point

S Stream | T3, [°] | Toue [ | (btc,) [ewyec] | O [kw)
6. Splitting: stream A 145 235 38 -3420
Split C so that isothermal mixing is achieved stream B 145 185 12 -480
(MCp)c1 = Q._El — = 9.6 kW /°C stream C 195 145 25 1250
, in,C  “pinch stream D 245 145 15 1500
(Mep)ea = (Mep)e = (MEp)es = 15.4kW/*C Imbalance -1150

7. Cp rule 1:
Mcp,hot = MCp,cold.?
(Mcy)er = 9.6 < (Mcp)g =127 YES

3. Cp rule 2:
Zremaining Mcp,hot =304 < Zremaining MCp,cold =38 ? YES

-

[ Place the heat ]

exchanger E1l
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Exercise 03 — HEN design

Example: above the pinch point

Place the heat exchanger A B C D
‘1, 235°C 185°C 195°C 245°C
Check that MER didn’t change 3420 kKW 480 KW 1250 KW 1'500 kW
Continue with the remaining streams: A :.:l ‘
A, C2, D from step 1 =
. = C1 .
| 2 G or I
= = 480 kKW <
i 0.6 L.;w,.*’v*cym kW/°C
- _ __41_____¥Y_____¥Y__

Compute the investment cost of all heat exchangers

Compute the operating cost of hot/cold utilities
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Exercise 03 — HEN design

Conclusions

* The Pinch Design Method is based on feasibility and heuristic rules
* Apply the Pinch Design Method to design the HEN achieving the MER
* The solution is NOT UNIQUE!
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Questions?
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