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Installation

pip install pyheatintegration







020

Examples

* simple example


https://github.com/tarao1006/pyheatintegration/blob/19d6eda58a58e8c4ae0b3e15726297773e0a546c/examples/simple/main.py
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Quick Start

import matplotlib.pyplot as plt

from matplotlib.collections import LineCollection

from pyheatintegration import PinchAnalyzer, Stream, extract_x, y_range

#UUOUOOoooooooO

streams = [
Stream(40.0, 90.0, 150.0),
Stream(80.0, 110.0, 180.0),
Stream(125.0, 80.0, 180.0),
Stream(100.0, 60.0, 160.0)

# 00000000 DODODODOOOODOOODOOOOO0000 PinchAnalyzerOOOOOQOOQOOOO
minimum_approach_temperature_difference = 10.0

analyzer = PinchAnalyzer(streams, minimum_approach_temperature_difference)

# UUOUOOOooooooooO

heats, temps = analyzer.create_grand_composite_curve()
fig, ax = plt.subplots(l, 1)

ax.set_xlabel("Q [kW]")

ax.set_ylabel("Shifted Temperature [[1]")
ax.plotCheats, temps)

fig.savefig("path/to/grand_composite_curve.png")

# TQO O

hot_lines, cold_lines = analyzer.create_tq()

(ooooooo)
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(0o00ooo0ooon)

ymin, ymax = y_range(hot_lines + cold_lines)

heats = extract_x(hot_lines + cold_lines)

fig, ax = plt.subplots(l, 1)

ax.set_xlabel("Q [kW]™)

ax.set_ylabel("T [O1")
ax.add_collection(LineCollection(hot_lines, colors="#ff7f0e"))
ax.add_collection(LineCollection(cold_lines, colors="#1£f77b4"))
ax.vlines(heats, ymin=ymin, ymax=ymax, linestyles=':', colors='k'")
ax.autoscale()

fig.savefig("path/to/tq_diagram.png")
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OOO0OD0O0D0D0O0O Getting Started 1000000000

3.1 Getting Started

0000000000000 000000000 PythonODOOOOODOODOOOOOOODOOOOOODOOD
000 simpleexample 000 O000O0O0ODO

3.1.1 Step1. Create Stream
00000000000000000 Stream00000000000 Stream000000000000000
00000000

class Stream(input_temperature: float, output_temperature: float, heat_load: float, type_: StreamType =
<StreamType. AUTO: 5>, state: StreamState = <StreamState. UNKNOWN: 5>, cost: float = 0.0,

reboiler_or_reactor: bool = False, id_: str="")
e input_temperature (float): 0O OO0 [O]
e output_temperature (float): 0000 [O]
e heat_load (float): 0O [W]
e type_ (StreamType, optional): 0O OO0
— StreamType.COLD: (0 [

— StreamType.HOT: O O

3.1. Getting Started 9


https://github.com/tarao1006/pyheatintegration/blob/19d6eda58a58e8c4ae0b3e15726297773e0a546c/examples/simple/main.py
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— StreamType.EXTERNAL_COLD: OO0 OO (DDODODOODOODOOO)
— StreamType.EXTERNAL_HOT: OO OO0 (DO0OOOOOOOO)
— StreamType.AUTO: OO [

e state (StreamState, optional): 0O OO0

StreamState.GAS: 00

StreamState.LIQUID: J

StreamState.GAS_CONDENSATION: O O (O 0O)

StreamState.LIQUID_EVAPORATION: O (O O)

StreamState.UNKNOWN: O O/000000O

e cost (float): OO [OA(@OOOODOO)

e reboiler_or_reactor (bool, optional): 00 0000000000000 00O0O0OOOOOOOOO
0000OO00000o0ooOOoOOobOO0bOobOOoooooooo

e id_ (str, optional): ID

Stream(40.0, 90.0, 150.0, StreamType(l), StreamState.LIQUID, 0.0, False, 'coldl')
Stream(80.0, 110.0, 180.0, StreamType(l), StreamState.LIQUID, 0.0, False, 'cold2')
Stream(125.0, 80.0, 180.0, StreamType(2), StreamState.GAS, 0.0, False, 'hotl')
Stream(100.0, 60.0, 160.0, StreamType(2), StreamState.GAS, 0.0, False, 'hot2')
Stream(20.0, 20.0, 0.0, StreamType(3), StreamState.LIQUID_EVAPORATION, 100.0, False,
—'external coldl")

Stream(150.0, 150.0, 0.0, StreamType(4), StreamState.GAS_CONDENSATION, 200.0, False,

- 'external hotl')

ooooo/oooo/oo

O O O O O input_temperature output_temperature OO O O 0O O input_temperature
output_temperature 0 0 00000000 O0OO0DO0OOODOOOOODODOOODOODOOOODOOOOOO
0000000000000 000D0D00d000d0D0Oddn heat_load = 00000000 OOO

10 O 3 0 Quick Start
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googo

00000 type_O enum0 000 StreamType U0 000000000 O0O0ODOODOOO OO OOODODOODO
000000040000 00000000000D0DOO00DOOOOD DO OO0O0O0OODODOOOOOOOOD
obobooooogoog

e StreamType.COLD (= 1): 00O

e StreamType.HOT (= 2): 00O

e StreamType.EXTERNAL_COLD (= 3): 0000 (CCOOOCOOOOOO)
e StreamType.EXTERNAL_HOT (= 4): 0000 (QODODOODOOO0O)
e StreamType.AUTO (= 5): 00

ggoodoboboobooboboobuooboboobuoobbuoobboobbooboo

# O0OOOO: 40 0 OOO0O 90 O OO 150.0 wOQOOOO
Stream(40.0, 90.0, 150.0, StreamType(l))

# 00OO0O0O: 1250 OOO0O 8 0O OO 180.0 w OO0 O
Stream(125.0, 80.0, 180.0, StreamType(2))

# OOOOO: 200 0O0O0O0O 200 O0OO0OOO0OO
Stream(40.0, 90.0, 0.0, StreamType(3))

#0O00O0OOO¢: 1250 O0O0O0O 8 0O OOOOOOO
Stream(150.0, 150.0, 0.0, StreamType(4))

cooooooooooboooOooooOoOoOoboOoOobOOoOoOoOOoOoOoOoOOoO0ObOOObObOOOOoOoOoboOonoDn
ooobOooooooobooooooooooooobooOoooDog

#00OUO0OODOODODO StreamTypeOO0OOO0OO0OOO
Stream(40.0, 90.0, 150.0)
Stream(125.0, 80.0, 180.0)

# 0000000000 0O0O00O StreamType 000000000 OOO0O
Stream(40.0, 90.0, 0.0, StreamType(3))
Stream(150.0, 150.0, 0.0, StreamType(4))

3.1. Getting Started 11
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googo

O00D00O stateD enumO 000 StreamState I 0000000000 O0OO0OOOOOOOOOOCOODO

gooo

e StreamState

e StreamState

e StreamState

e StreamState

e StreamState

.GAS (= 1): 00O

.LIQUID (= 2): 0

.GAS_CONDENSATION (= 3): 00 (O00O)
.LIQUID_EVAPORATION (= 4): 0 (ODO)

LUNKNOWN (= 5): 00/000000

#0O0O0O0ODO

Stream(40.0, 90.0,

150.0, state=StreamState(2))

ooooooooboooooooboboboooobooooboooooooooobooOoooboobooooon

Hot Cold U[W/m? K]
Gas Gas 150

Liquid Gas 200

Liquid Liquid 300

Gas (Condensation) | Liquid (Evaporation) | 1,500

Gas Liquid 200

Gas (Condensation) | Gas 500

Gas (Condensation) | Liquid 1,000

Gas Liquid (Evaporation) | 500

Liquid Liquid (Evaporation) | 1,000

U0: 0D000D0O0 StreamState.LIQUID_EVAPORATION 0 U0 OO DO OO OStreamState.GAS_CONDENSATION
obobooooooooog
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http://scejcontest.chem-eng.kyushu-u.ac.jp/2019/download/processsim2019_v1.pdf
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ID

id_0Oo0OoooooooooooooopooopoopboooboooboobidoboboooOoOODOODOODODODOO
ooo

3.1.2 Step2. Analysis

OO: O0O0OO0OO0OOOOOOOCOOOOODOOO OO0 Stepl. Create Strean 000000000

OO0OO00O0O0O0O00O PinchAnalyzer 000000000 O0O0O0DOCOOODO TQOODOOOOOO
PinchAnalyzer 00 0000000000000 O0OOOODOO

class PinchAnalyzer (streams_: list[Stream], minimum_approach_temp_diff: float, ignore_maximum: bool =
False)

e streams_ (list[Stream]): 00 0OO0O0OO
e minimum_approach_temp_diff (float): 00000 OO [O]O

e ignore_maximum (bool, optional): 00O O0OO0OODOOOOOOOOOOOOOOOOOOODOO
goooooooog

O0O: 0000000000 00000000000D0 ignore_maximmO0O00000000O0O0000O00O0OO
ooooooooocooboooooooono

streams = [
Stream(40.0, 90.0, 150.0, StreamType(l), StreamState.LIQUID, 0.0, False, 'coldl')
Stream(80.0, 110.0, 180.0, StreamType(l), StreamState.LIQUID, 0.0, False, 'cold2')
Stream(125.0, 80.0, 180.0, StreamType(2), StreamState.GAS, 0.0, False, 'hotl')
Stream(100.0, 60.0, 160.0, StreamType(2), StreamState.GAS, 0.0, False, 'hot2')
Stream(20.0, 20.0, 0.0, StreamType(3), StreamState.LIQUID_EVAPORATION, 100.0, False,
—'external coldl")
Stream(150.0, 150.0, 0.0, StreamType(4), StreamState.GAS_CONDENSATION, 200.0, False,
—'external hotl'")

]

analyzer = PinchAnalyzer(streams, 10.0)

3.1. Getting Started 13




pyheatintegration, 00 00O 0.7.0

googo

oo00o0o0oo000ooo00DooUoUoooUO0oOoOU00DOOO0U0UO0O0UU0ODODOU00DDODODODUODOOUOOOD
00 ignore_maximum O True 000 0O00300000000000

l.000idDOODODOODODOOO
2.000000C00O0O0O0OD 1O0D0O0OOO

3.000O0oopoddn0 < fJoooooooo oo Oooo0U0bOoO0og »00U00ooDoOoobO ooooo

gobooboboon

coooocooooOooOooooOooO0obOOoObocOobOO0obOOoOOoObOOOOOOObObOOOOODOoOoOoOooOoOn
oooomin(0OOODODOOO - 0OO0OOOOOO0OO0O0O, OODODOODOOD -0O0000ooogH)Dboo
OO0OO0O0OOOignoremaximum O True 00 0000000COO0O0O0O0O0OOOOOOCOOOO0 -000O0O
ooooooooo

gooogo

PinchAnalyzer 00 0000000000000 0O0OOOODOO0OOODODODO TQUOUOOOODODOOOOOO
J000oobobo0000oogd create_* 000000000 00O0OO0OOODDDODOOOOOOOODOO
Step3. Draw Graph 000000000

* create_grand_composite_curve: 000000 OCO0ODOOO

e create_tq: TQOO

e create_tg_separated: 000000000 TQOO

e create_tg_split: 000000000 0ODODODOOOOOOOOODODOO TQOO

e create_tg merged: 00000000000 O0D0OO TQODO

3.1.3 Step3. Draw Graph

O0O: 0000000000 PinchAnalyzer OO0O0O0OO00O0OO0OO0ODOOO O0OO Stepl. Create Stream 00O
O Step2. Analysis 000000000

PinchAnalyzer 00 0000000000000 O0OCOO0O0O0ODOOOOOO0DOOCOOOO0OOOO create_*
ooooooooooobooon

e create_grand_composite_curve: 00 OO D0OOOOOOOOO

14 O 3 0 Quick Start
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e create_tq: TQOO

e create_tq_separated: 000000000 TQOO

e create_tg_split: 00000000 0O0OD0DODODODOOOOOOODOOOO TQOO
e create_tgmerged: 00 000000000000 TQODO

OOOD00O analyzerOOOOOOOOOOODOOOOOOOOOOOOOO

from pyheatintegration import PinchAnalyzer, Stream

streams = [
Stream(40.0, 90.0, 150.0),
Stream(80.0, 110.0, 180.0),
Stream(125.0, 80.0, 180.0),
Stream(100.0, 60.0, 160.0)

minimum_approach_temperature_difference = 10.0

analyzer = PinchAnalyzer(streams, minimum_approach_temperature_difference)

goboooboooobobogoon

analyzer.create_grand_composite_curve) 000000000 ODOODOODODODOOOOOOOO

heats, temps = analyzer.create_grand_composite_curve()
fig, ax = plt.subplots(l, 1)

ax.set_xlabel("Q [kW]™)

ax.set_ylabel("Shifted Temperature [[J]")
ax.plotCheats, temps)
fig.savefig("path/to/grand_composite_curve.png")

3.1. Getting Started 15




pyheatintegration, 00 00O 0.7.0

120 +
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PinchAnalyzer 0000 4000 TQUOOOOOOOOOOOOOOOOO
000 TQOO
- 0000000007000
- 000000000000000000000 7000
- 000000000000000000000000 TQOO

create_tgq() create_tqg_separated() create_tq_split() create_tg_merged) 0O OOO0OOCOOOO0O
Oo0d0ooooooooooon

# [((O0OOO0O), (O0DO0O0O0)), ((OOooO), (Coooo)), ...]J
lines = [((0, ®, (1, 1)), (1, 2, (2, 3))]

ogbodoooooooboooboooobooooobooobob oo b0 oo ooobooooooDoo
000000000000 matplotlib.collections.LineCollection 00O 0O 0O O ax.add_collection OO
gbdoobooooboooooooooboa

# O00OOOOO

fig, ax = plt.subplots(Q)

hot_lines, cold_lines = analyzer.create_tq()
ax.add_collection(LineCollection(hot_lines))

ax.add_collection(LineCollection(cold_lines))

16 O 3 0 Quick Start
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goooboobobdooboboobooboooboobooooboboboobobobobobobO y_range O
extract x00000000O00OO0O00OO0DOOOOOOOO

#O0OOOOO
ymin, ymax = y_range(hot_lines + cold_lines)
heats = extract_x(hot_lines + cold_lines)

]

ax.vlines(heats, ymin=ymin, ymax=ymax, linestyles=':', colors='k')

extract_x(lines: list[Line]) — list[float]

O

>>> extract_x([
@, ®, 1, 1,
(1, D, @2, 2),
2, 23, @3, 5),
(@3, 3, G, 8
D
>>> [0, 1, 2, 3, 5]

y_range (hot_lines: list[Line], cold_lines: list[Line]) — tuple[float, float]

d

>>> y_range([
@, ®, 1, 1),
1, 1, @2, 2)),
(2, 2>, @3, 5,
@3, 33, G, 8)
D
>>> (0, 8)

000 TQUO

hot_lines, cold_lines = analyzer.create_tq()

# 00OOO0OD0ODOO0O0OOI

fig, ax = plt.subplots(l, 1)

ax.set_xlabel("Q [kW]"™)

ax.set_ylabel("T [O]1")
ax.add_collection(LineCollection(hot_lines, colors="#ff7f0e"))

(oooogoo)
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(0o00ooo0ooon)

ax.add_collection(LineCollection(cold_lines, colors="#1£f77b4"))
ax.autoscale()

fig.savefig("path/to/tq_diagram.png")

# 0O0OOODODODODOOOOOO

ymin, ymax = y_range(hot_lines + cold_lines)

heats = extract_x(hot_lines + cold_lines)

fig, ax = plt.subplots(l, 1)

ax.set_xlabel("Q [kW]"™)

ax.set_ylabel("T [O]1")
ax.add_collection(LineCollection(hot_lines, colors="#ff7f0e"))
ax.add_collection(LineCollection(cold_lines, colors="#1£f77b4"))

ax.vlines(heats, ymin=ymin, ymax=ymax, linestyles=':', colors='k'")
ax.autoscale()

fig.savefig("path/to/tq_diagram_with_vlines.png")
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O0o0o0ooooo TQO0

hot_lines_separated, cold_lines_separated = analyzer.create_tq_separated()

#O00OOOOOOOOOO
fig, ax = plt.subplots(l, 1)

ax.

ax.

ax.

ax.

ax.

set_xlabel("Q [kW]™)
set_ylabel("T [0 1)
add_collection(LineCollectionChot_lines_separated, colors="#ff7f0e"))
add_collection(LineCollection(cold_lines_separated, colors="#1£77b4"))

autoscale()

fig.savefig('"path/to/tq_diagram_separated.png')

#O00O0O0ODOOOOOOoOooOOoO

ymin, ymax = y_range(hot_lines_separated + cold_lines_separated)

heats_separated = extract_x(hot_lines_separated + cold_lines_separated)

fig, ax = plt.subplots(l, 1)

ax.

ax.

ax.

ax.

ax

ax.

.vlines(heats_separated, ymin=ymin, ymax=ymax, linestyles="':

set_xlabel("Q [kW]™)
set_ylabel("T [O]")
add_collection(LineCollectionChot_lines_separated, colors="#ff7f0e"))

add_collection(LineCollection(cold_lines_separated, colors="#1£77b4"))

, colors="gray')

autoscale()

fig.savefig("path/to/tg_diagram_separated_with_vlines.png")
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000000000000 000000000 TQOO

hot_lines_split, cold_lines_split = analyzer.create_tqg_split()

#UUOUOOoooooooO

fig, ax = plt.subplots(l, 1)

ax.set_xlabel("Q [kW]™)

ax.set_ylabel("T [O1")
ax.add_collection(LineCollectionChot_lines_split, colors="#ff7f0e"))
ax.add_collection(LineCollection(cold_lines_split, colors="#1£77b4"))
ax.autoscale()

fig.savefig("path/to/tg_diagram_split.png")

#UUOUOOOOOoOOOOOOOO

ymin, ymax = y_range(hot_lines_split + cold_lines_split)

heats_split = extract_x(hot_lines_separated + cold_lines_separated)
fig, ax = plt.subplots(l, 1)

ax.set_xlabel("Q [kW]™)

ax.set_ylabel("T [O]1")
ax.add_collection(LineCollectionChot_lines_split, colors="#ff7f0e"))
ax.add_collection(LineCollection(cold_lines_split, colors="#1£77h4"))

ax.vlines(heats_split, ymin=ymin, ymax=ymax, linestyles=':', colors='gray')
ax.autoscale()

fig.savefig("path/to/tg_diagram_split_with_vlines.png")

20 O 3 0 Quick Start
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0000000000000 DO0000DO0O000D TQOUO

hot_lines_merged, cold_lines_merged = analyzer.create_tqg_merged()

# 0O0OOOOoOooooO

fig, ax = plt.subplots(l, 1)

ax.set_xlabel("Q [kW]™)

ax.set_ylabel("T [O]1")
ax.add_collection(LineCollection(hot_lines_merged, colors="#ff7f0e"))
ax.add_collection(LineCollection(cold_lines_merged, colors="#1£77b4"))
ax.autoscale()

fig.savefig("path/to/tq_diagram_merged.png™)

#00O00OOODOODODODOOOOO

ymin, ymax = y_range(hot_lines_merged + cold_lines_merged)
heats_merged = extract_x(hot_lines_merged + cold_lines_merged)
fig, ax = plt.subplots(l, 1)

ax.set_xlabel("Q [kW]™)

(@oooooooo)

3.1. Getting Started 21
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(ooooooooon)

ax.

ax.

ax.

ax.

ax.

set_ylabel("T [0 1™

add_collection(LineCollectionChot_lines_merged, colors="#ff7f0e"))
add_collection(LineCollection(cold_lines_merged, colors="#1£f77b4"))
vlines(heats_merged, ymin=ymin, ymax=ymax, linestyles=':', colors='gray')
autoscale()

fig.savefig("path/to/tq_diagram_merged_with_vlines.png")
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3.1.4 Step4. Export to Excel

O0: MatplotlibOOO0OOExcel 00D OD0DDO0ODDOO0OODOOOOOOOODO

OO000000O00O matplotlib0 000 Excel D000 000000000000 OOOOOOODOODODOODO
00000000 analyzerOOODOOOOODOOOODODOOODOOOODOOOO

from pyheatintegration import PinchAnalyzer, Stream

(oooogoo)

22

O 3 0 Quick Start




pyheatintegration, 0 0 00O 0.7.0

(ooooooooon)

streams = [
Stream(40.0, 90.0, 150.0),
Stream(80.0, 110.0, 180.0),
Stream(125.0, 80.0, 180.0),
Stream(100.0, 60.0, 160.0)

minimum_approach_temperature_difference = 10.0

analyzer = PinchAnalyzer(streams, minimum_approach_temperature_difference)

convert_to_excel data 00000000000 O00OO0O0 xO0O0ODOODOO yODODOOOODOOOOOODO
OO0O0O0O0O000O00U0OnumpyODOQ0OOD CSVOOOOOOOOOOOOOExeel DO OOOOOOOO

from pyheatintegration import convert_to_excel_data

import numpy as np

hot_lines, cold_lines = analyzer.create_tq()
hot_lines_excel = convert_to_excel_dataChot_lines)

cold_lines_excel = convert_to_excel_data(cold_lines)

printChot_lines_excel)
# ([0.0, 40.0, 80.0, 160.0, 240.0, 250.0, 340.0], [60.0, 70.0, 80.0, 90.0, 100.0, 102.5,.
~125.07)

print(cold_lines_excel)
# ([40.0, 80.0, 160.0, 240.0, 250.0, 340.0, 370.0], [40.0, 53.33333333333333, 80.0, 88.
- 88888888888889, 90.0, 105.0, 110.0])

np.savetxt("./tqg_diagram_hot.csv", np.arrayChot_lines_excel).T)

np.savetxt("./tqg_diagram_cold.csv", np.array(cold_lines_excel).T)

3.1. Getting Started 23




pyheatintegration, 00 00O 0.7.0

3.2 Heat Exchanger Cost

OO: 000000000000 O0OD TQUOOOOOOO Getting Started 000000000

00000000000000000000000000
Cost[yen] = 1,500,000 x A[m?]%% x

0000 AODDOOOOOOD A00000O0O0OO0O0OO0OO0O0OD0O0000000000000000000
gbz2.e00000000000 1.0000000

gogbooobobooboobboobooobooon

Q = UAAT vTD

s QIW]: 00D
«UW/m?-Kl:0ODODOO
s Am?: 000000

e Tivrp [K: ODODOOO

0000000000 0oDo0oDo00o0oDooDoooooooooooooooo(0DoooooooH)oooao
000000000000 00000000000 kO Stream000000O00O0ODO reboiler_or_reactor
gooOo0oooooooooo

OOOOO0OO0OO0OO0O0000 pinchAnalyzerD0OOOOOOOODOOODOOO

analyzer.get_heat_exchanger_cost(ignore_unknown=True)
# or

analyzer.get_heat_exchanger_cost (ignore_unknown=False)

0000000o0b0obO0oOn0Od StreamState . UNKNOWN O O OODOUODOOOOOOODOODOOOOODOODOOD
gogboooboboobdoobobooobdooboooboobooboboobbobLDboobbooboboobboOoo
000000 ignore_unknown OO0 0000000000 0OOOOTrue000OO00OD0OO0OOODDO FalseOD
gogbodbbooboobboobuoobbooboobDb TvedgooobooO
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3.3 pinch_analyzer

class pyheatintegration.pinch_analyzer.PinchAnalyzer (streams_:
list[pyheatintegration.streams.streams.StreamJ,
minimum_approach_temp_diff: float,
force_validation: bool = True)
0000000000000 00U00000000000000o00ooo0o0 TQUUUOOOOOOO

0000000000000 0o0oo0oD00ooo0o0oDo0Do0o0o0ooo00nidOo0oDooooono
obobobobooooooooboobobobooboboboooooboboboboboboooooDo
gogboobobooobooboobo

ogoood
e streams (list[Stream])--0000000
¢ minimum_approach_temp_diff (float)--00 00000 [O]0

o force_validation (bool)--0 0000000000000 O0OODOOOOOOOOOOO
oooo

gcc
goboooooooooon

Type GrandCompositeCurve

tq
TQUOO

Type TQDiagram

streams
ooooodgo

Type list[Stream]

minimum_approach_temp_diff_range
goooooooooboooon

Type TemperatureRange

pinch_point_temp
doooooogoo oo

Type float

heat_exchangers
ooooogooo
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Type list{HeatExchanger]

external_heating_demand
ooooo (WO

Type float

external_cooling_demand
gooooo (wld

Type float

o0
e ValueError -0 00 idO0000000O00O0O0O0OO0OOOOOOODOOOOOOOO

 RuntimeError -0 0000000000000 DOOOOODOOOO

create_grand_composite_curve() — tuple[list[float], list[float]]
Oo0000o00ooooo0ooooobooobooooooooonoo

create_tq() — tuple[list[tuple[tuple[float, float], tuple[float, float]]], list[tuple[tuple[float, float], tuple[float,
float]]]]
tqquboooooobooboobboobooboboobooboo

create_tq_merged() — tuple[list[tuple[tuple[float, float], tuple[float, float]]], list[tuple[tuple[float, float],
tuple[float, float]]]]
gooooo0o0O0U0U0U00wWOOOOO0ULOOULOUULDLUUUOUUUOUUOoOoOOUOOOQ

create_tq_separated() — tuple(list[tuple[tuple[float, float], tuple[float, float]]], list[tuple[tuple[float,
float], tuple[float, float]]]]
goboobbdbbobbooboobbooboobbooboobbooboon

create_tq_split() — tuple[list[tuple[tuple[float, float], tuple[float, float]]], list[tuple[tuple[float, float],
tuple[float, float]]]]
000000000000000000000000OO0000O0O000000000ooooO
goooooooooo

get_heat_exchanger_cost (ignore_unknown: bool = True) — float

static validate_streams(streams: list[pyheatintegration.streams.streams.Stream], ignore_validation:

bool = False) — str

pyheatintegration.pinch_analyzer.calculate_heat_exchanger_cost (area: float, reboiler_or_reactor:
bool = False) — float
goooobooobooooooao

ooooao
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e area(float)--000000O0O0O
 k(float)--O0OOOoOOoooooOOooDOOOOOO 2
oo00 000 (o]0

Ogo0ooggd float

3.4 grand_composite_curve

class pyheatintegration.grand_composite_curve.GrandCompositeCurve (streams_:
list[pyheatintegration.streams.streams.Stream],
mini-
mum_approach_temp_diff:
float)
0000000000000 oooooooooooooon

ooooo
e streams (list[Stream])--0000000O000OO
e minimum_approach_temp_diff (float)--000O0OOO [O]O

extarnal_streams
oo0ooono

Type list[Stream)

minimum_approach_temp_diff
ooooo0oo (o]0

Type float

temps
000000 (00

Type list[float]

heats
oooooo [wld

Type list[float]

pinch_points
00000000000 000000000 tupled 0000

Type list[tuple[int, float]]

3.4. grand_composite_curve 27
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pinch_point_temp() — float

cooooooooooboooo

goboobbooboobbooboooboon

OO0 RuntimeError--0000000000000000O00O0O00ODOOOOODOOOOO

solve_external_heat () — dict[str, float]

Oo0oo0oO00oooooooooon.
000 O0OO0O0iddoooooogo
00000 dict[int, float]

OO0 RuntimeError--00000000000O00O0OO0OOOOOO

3.5 tq_diagram

class pyheatintegration.tq_diagram.TQDiagram(streams: list[pyheatintegration.streams.streams.Stream],

minimum_approach_temp_diff: float, pinch_point_temp:

float)
TQUUOOOODUOOODODUOooOOoOoooooooo

goood
e streams (list[Stream])--0000000000OO
e minimum_approach_temp_diff (float)--00 00000 [O]0
e pinch_point_temp (float)--0 000000 OCOO [O]O0

hot_lines
TQLOODODODO (DODOoDOoooooooo)o

Type list[Line]

cold_linse
TQUOOODODOOODO(@MbOoooooooooo)d

Type list[Line]

hot_lines_separated
0o0oDodoOoDoOoobOo0oooOo@obobooobooooono)o

Type list[Line]

cold_lines_separated
0o0o0odooooooooo@ooodoooooooo)a
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Type list[Line]

hot_lines_split
0o0o0ddoodooodoooooDoooDoooooo(@oonooooooooo)a

Type list[Line]

cold_lines_split
d0o0ddoodobOO0odoodoboDddoDo0obOo0(@@uooooooooooo)a

Type list[Line]

hot_lines_merged
0do0oDodoODoOoobOooooOo@obobooobooooono)o

Type list[Line]

cold_lines_merged
0o0o0odooooooooo@oodoooooooo)a

Type list[Line]

hcc_merged
dddoooooooooooo

Type list[PlotSegment]

ccc_merged
godoooooooboooon

Type list[PlotSegment]

pyheatintegration.tq_diagram.get_possible_minimum_temp_diff_range (streams:
list[pyheatintegration.streams.streams.Stream],
ignore_validation: bool =
False) —
pyheatintegration.ranges.temperature_range.Tem
00ooooooooooooooog

ooooo

e streams (list[Stream])--0000000

e ignore_validation (bool)--0 00000 OO0OOOOOOOO
000 OO0OO0oOooooooo([ola

Oo0ooggd float
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3.6 streams

class pyheatintegration.streams.streams.Stream(input_temperature: float, output_temperature: float,
heat_load: float, type_:
pyheatintegration.enums.StreamType =
StreamType. AUTO, state:
pyheatintegration.enums.StreamState =
StreamState. UNKNOWN, cost: float = 0.0,
reboiler_or_reactor: bool = False, id_: str="")

goooooboobooooodg
googod

e input_temperature (float)--00 000 [O]0
e output_temperature (float)--00O 00O [O]0
¢ heat_load (float)-- 00O [W]O
e type_ (StreamType)--00 0000
e state (StreamState)--00 0000
e cost(float)--000000 [OA0DOOCOOODOOOODOODOODO
e reboiler_or_reactor (bool)--0 00000000000 DOD0OOOOODOOOOOO
e id_(str)--000000DO0O0O00O

id_
coooooooood

Type str

temperature_range
googd

Type TemperatureRange

heat_load
oo [W]O

Type float

cost
ooo [oao

Type float
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type_
oooooo

Type StreamType

state
gooooo

Type StreamState

reboiler_or_reactor
g0o0oo0ooO0ooOooOooooooooooooono

Type bool

00 InvalidStreamError -0 0000000000 OO0U00O0O0OOOOOCOOOOOOOOO
goobooooooooooooOUobDOO0UOO0ODOOU0DbDOOoUOUODDoOODOUODOOObOO
gobooboobobooobg

gooo

>>> Stream(®, 20, 300)

Stream(®, 20, 300, type_=StreamType.COLD, state=StreamState.UNKNOWN, cost=0.0,.
—reboiler_or_reactor=False, id_="e®clfacb-538b-417f-862c-5cf8043ec®75")

>>> Stream(20, 0, 300)

Stream(20, 0, 300, type_=StreamType.HOT, state=StreamState.UNKNOWN, cost=0.0,.
—reboiler_or_reactor=False, id_="1a193fc7-9f34-4e6a-8e99-615d40belb20")

>>> Stream(0, 0, 0)

Traceback (most recent call last):

InvalidStreamError: OO0OO000O0O00DOOOO0ODOCOOOOOOOOOOODOOOODOOOOO

contain_temperature (femperature: float) — bool
O000oooOoooooooooo

00000 temperature (float)--O0000O0OOO0
O00 OoOooooooooooood
00000  bool

contain_temperatures (temperatures: collections.abc.Iterableffloat]) — bool
O0000o000oo0ooooooooogo

000ob0o0oooboobog Tved0OQOOoOoO
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00000 temperatures (Iterable[float])--00000000000O0O0

000 OoobooooOooOocoOooOoOoooo

O0oogdOgd bool

heat () — float
oooOooooo

000 00 [W]O
oo000g float

input_temperature() — float
oooooooooog

oo0 0OoOooOoooOoo
Ooogg float

is_cold() — bool
goooooooouooooo

000 0OO0O0OOoooogooooo
O0oodgd bool

is_external () — bool
goo0o0oooooooooo

000 O0OOOoOooooOoobooog
00000 bool

is_hot() — bool
Ogo0o0ooooooooooa

Ooo00 0ODoOoO0OO0o0ooooooooo
O00odd bool

is_internal () — bool
O0o0oO0ooooooooooao

000 000O00O0oo0O0ooooood
Ooodgd bool

is_isothermal () — bool
gooOo0oooooono

oo0 oOooobooooooooo
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Ooodgd bool

output_temperature() — float
gooOooooooo

000 ooooo
o0oogOg float

shift_temperature(delta: float) — None
godooboooooooooooo

00000 delta(float)--00000

sort_key() — float
goooooooooooooonoo

0000000000000 0000o0o0nOOo0ooo
oo00 0OOoO0OO0Ooooooooo
googg float

temperature() — float
gooooooooo

000 o0oooo[olo
ooogog float

temperatures () — tuple[float, float]
goo00o0ooooooooooono

oo ooodo
OO0O0OO tuple[float, float]

update_heat (heat_load: float) — None
goboooboogn

goboobooobobuooboobboobuoobboooboo

00000 heat_load (float)-00 00000

00 ValueError--0000000000D000O0OOOOOOOOOO

update_temperature (input_temperature: float, output_temperature: float) — None

cooboocoooooooobcooon

goobooboooboobooobbooboobbooboobbooboobbooboobbo

cooooooooooon

3.6.

streams
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googg
e input_temperature (float)--00 0000000 [O]0
¢ output_temperature (float)--00 000000 [O]O
OO0 ValueError--O000000O00D00OO0OODOOOOOOCOODO

pyheatintegration.streams.streams.get_temperature_range_heats (streams:
list[pyheatintegration.streams.streams.Stream])
— tu-
ple[list[pyheatintegration.ranges.temperature_range.Te
dict[pyheatintegration.ranges.temperature_range. Temr
float]]
gobooobooboobboobdg

00000 streams (list[Stream])--0000000
000 OoOOooooooooboooobod
00000 tuple[list{ TemperatureRange], dict[TemperatureRange, float]]

pyheatintegration.streams.streams.get_temperature_range_streams (streams:
list[pyheatintegration.streams.streams.Stream])
— tu-
ple[list[pyheatintegration.ranges.temperature_range
collec-
tions.defaultdict[pyheatintegration.ranges.temperatu
set[pyheatintegration.streams.streams.Stream]]]

ooboooooooooboooo
OO0O0O0QO streams (list[Stream])--0000000
000 OOOooooooocooooono

OOoOoOoO list[list{ TemperatureRange], defaultdict[ TemperatureRange, set[Stream]]

34 O 3 0 Quick Start



pyheatintegration, 0 0 00O 0.7.0

3.7 heat_exchanger

class pyheatintegration.heat_exchanger.HeatExchanger (heat_range: pyheatintegra-

ooooocooooono

ooooao

¢ heat_range (HeatRange) -0 0000

tion.ranges.heat_range.HeatRange,
hot_plot_segment: pyheatintegra-
tion.plots.plot_segment.PlotSegment,
cold_plot_segment: pyheatintegra-
tion.plots.plot_segment.PlotSegment,

counterflow: bool = True)

e hot_plot_segment (PlotSegment)--0 000000000 OO0O0OO

¢ cold_plot_segment (PlotSegment)--0 0 0000000000000

heat_range
ooooogo

Type HeatRange

hot_stream_uuid
O000oidd

Type str

cold_stream_uuid
Oo00oogoidd

Type str

hot_stream_state
gooooooo

Type StreamState

cold_stream_state
gooooooao

Type StreamState

hot_temperature_range
oooooooooo

Type TemperatureRange

3.7. heat_exchanger
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cold_temperature_range
oooooooooo

Type TemperatureRange

Imtd
oooooooo

Type float

hot_plot_segment
dddoooooooooooo

Type PlotSegment

cold_plot_segment
Ooooooooooboooon

Type PlotSegment

reboiler_or_reactor
goo0o0ooooooooooonooo

Type bool
get_area(ignore_unknown: bool = True) — float

init_lmtd_counterflow() — float
O0o00o00o0oo0oooooooooo

o000 0O0O0O0oO0OO00o0oooooooo
Oo0ooggd float

init_lmtd_pararell_flow() — float
goooooooooooooooooo

OO00D00O0000O0 NoneOODOGODOO
000 0OU00O0O0O0ODbOO0DbO0ObOO0O0O0OU0bOOobOOobDOoDbDOn Noned

00000 Optional[float]
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pyheatintegration.heat_exchanger.get_overall_heat_transfer_coefficient (hor_stream_state:
pyheatintegra-
tion.enums.StreamState,
cold_stream_state:
pyheatintegra-
tion.enums.StreamState)
— float

godddddooououooooog

googoo
e hot_stream_state (StreamState)--0 0000000
e cold_stream_state (StreamState)--00 Q000000
000 000000 [Wm2K]

00oogg float

Exapmles:

>>> get_overall_heat_transfer_coefficient(StreamState.LIQUID, StreamState.LIQUID)
300.0

pyheatintegration.heat_exchanger.merge_heat_exchangers (heat_exchanger: pyheatintegra-
tion.heat_exchanger.HeatExchanger, other:
pyheatintegra-
tion.heat_exchanger.HeatExchanger) —
pyheatintegra-
tion.heat_exchanger.HeatExchanger

goodoooooooo
goodd
¢ heat_exchanger (HeatExchange) -- 0 00 00
¢ other (HeatExchanger)--O0 O OO (DO O0O)O
000 OoOOoOoooooo

00000 HeatExchanger

3.7. heat_exchanger 37
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3.8 enums
class pyheatintegration.enums.StreamState (value)
gpooood
GAS = 2
GAS_CONDENSATION = 4
LIQUID =1

LIQUID_EVAPORATION

]
w

UNKNOWN = 5
describe() — str

class pyheatintegration.enums.StreamType (value)

ooooo
AUTO = 5
COLD =1

EXTERNAL_COLD = 3
EXTERNAL_HOT = 4
HOT = 2

describe() — str

3.9 base_range

3.10 errors

exception pyheatintegration.errors.InvalidMinimumApproachTempDiffError

Error related to minimum approach temperature difference.

exception pyheatintegration.errors.InvalidStreamError
ogoooooooo

exception pyheatintegration.errors.PyHeatIntegrationError
goooooooooboooooooon
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3.11 heat_range

3.12 line

pyheatintegration.line.convert_to_excel_data(lines_: list[tuple[tuple[float, float], tuple[float, float]]])
— tuple[list[float], list[float]]
0000000 x000O00O0O0OyOOOOOOOOOOOOO

00000 1lines (list[Line])--000000
D00 xO0OO0OOOOOyOOOOOO

OOoOoOoO typle[list[float], list[float]]

gooo

>>> convert_to_excel_data([((®, 0, (1, 2)), ((1, 2), (3, 3)), (3, 3D, 4, 50D
cfo, 1, 3, 41, [0, 2, 3, 5D

>>> convert_to_excel_data([((0, ©), (1, 2)), ((1, ®, (2, 2))D

o, 1, 1, 21, [0, 2, 0, 2])

pyheatintegration.line.extract_x(lines: list[tuple[tuple[float, float], tuple[float, float]]]) — list[float]
xyOoooooOooboobooooooooogxxgboooooo

00000 1lines (list[Line])--000O
D00 x0O0000

OOo0oogd list[float]

gooo

>>> extract_x([((0, 0), (1, 1)), ((1, 1), (2, 2)), (2, 2), (3, 5)), (@3, 35, (,.
=81
[0, 1, 2, 3, 5]

pyheatintegration.line.y_range(lines: list[tuple[tuple[float, float], tuple[float, float]]]) — tuple[float, float]
xyOOOOOOOOOOODOOO yOOOoooooooooooo

00000000000000000000000
00000 1list[Line] (Iines)--0 00

oo0 ooooocooo
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00000 tuple[float, float]

gooo

>>> y_range([((0, 0, (1, 1)), (1, 1, (2, 2>, (2, 2), (3, 5)), (3, 3), (5,u
=81
0, 8

3.13 plot_segment

3.14 segment

class pyheatintegration.segment.Segment (heats: tuple[float, float], hot_temperatures: Optional[tuple[float,

float]] = None, cold_temperatures: Optional[tuple[float, float]]
= None, hot_streams_:
list[pyheatintegration.streams.streams.Stream/] = [ ],
cold_streams_: list[pyheatintegration.streams.streams.Stream] =

[n

cold_plot_segments: list[pyheatintegration.plots.plot_segment.PlotSegment]

cold_plot_segments_separated:

list[pyheatintegration.plots.plot_segment.PlotSegment]
cold_plot_segments_split: 1list[pyheatintegration.plots.plot_segment.PlotSegment]
cold_streams: 1list[pyheatintegration.streams.streams.Stream]

cold_temmperature_range:

Optional[pyheatintegration.ranges.temperature_range.TemperatureRange]

heat_range: pyheatintegration.ranges.heat_range.HeatRange

heat_ranges: list[pyheatintegration.ranges.heat_range.HeatRange]

hot_plot_segments: list[pyheatintegration.plots.plot_segment.PlotSegment]
hot_plot_segments_separated: list[pyheatintegration.plots.plot_segment.PlotSegment]
hot_plot_segments_split: 1list[pyheatintegration.plots.plot_segment.PlotSegment]

hot_streams: list[pyheatintegration.streams.streams.Stream]

40
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hot_temperature_range:

Optional [pyheatintegration.ranges.temperature_range.TemperatureRange]

init_plot_segments_separated_streams (streams: list[pyheatintegration.streams.streams.Stream],
temperature_range: pyheatintegra-
tion.ranges.temperature_range.TemperatureRange) —

list[pyheatintegration.plots.plot_segment.PlotSegment]
classmethod round(x: float) — float

split (minimum_approach_temp_diff: float) — None
gooo0oooooooboobooooooooooo

class pyheatintegration.segment.Segments (initlist=None)

cold_lines() — list[tuple[tuple[float, float], tuple[float, float]]]
cold_lines_separated() — list[tuple[tuple[float, float], tuple[float, float]]]
cold_lines_split() — list[tuple[tuple[float, float], tuple[float, float]]]

get_lines(plot_segments: list[pyheatintegration.plots.plot_segment.PlotSegment]) — list[tuple[tuple[float,
float], tuple[float, float]]]

hot_lines() — list[tuple[tuple[float, float], tuple[float, float]]]
hot_lines_separated() — list[tuple[tuple[float, float], tuple[float, float]]]
hot_lines_split() — list[tuple[tuple[float, float], tuple[float, float]]]

split (minimum_approach_temp_diff: float) — None

3.15 temperature_range

3.15. temperature_range 41
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