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Thermal radiation is the third way that heat is
transferred.

All cool surfaces give out electromagnetic waves as
a kind of energy.

Afterward, when there is no state. <br> various net
temperatures. (Ahmed F. Zobaa, 2011)

2. Heat transfer application

the investigation of thermodynamics, the flow of
energy via a system's interactions with it.

These things are referred to as "heat,” and the
circumstances of the contract are entwined with the
imagery.

This article aims to investigate heat transport and
extend the dynamic analysis.

Welcome to engineers has become the norm for
engineers. with the growth of the population and
their standard of living, the need for energy has
increased exponentially. Strangely enough, energy
is abundant in nature. We must discover its source,
release it, and then control its release. After firing,
heat energy needs to be transferred to the medium
where it will be used. From this point of view, the
determination of heat transfer is the most critical
point that needs special attention.

Engineers will have to perform a detailed analysis
of the electrical current expenditure generated by
the mains. Depends on the transmission model
under typical conditions.

These elevated temperatures and flavors are just an
opportunity to enjoy engineering.

It is not only in energy use when we are involved in
heat transfer studies. There may be other instances
of decline during a certain period, or with
equipment. In this case, restore the temperature
from the temperature. In some cases, gas turbine
blades, engine combustion walls, and the exterior
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. Introduction
The investigation of thermodynamics, the flow of
energy via a system's interactions with it.
These things are referred to as "heat," and the
circumstances of the contact are entwined with the
imagery.
This article aims to investigate heat transport and
extend the dynamic analysis.
Win therefore by asking questions How does heat
transfer work? How can heat travel? Why is
studying it important?
| started to consider the physics that underlies heat
transfer mechanisms and their significance in our
industrial and environmental challenges in the
questions that followed.
Case, the first and second laws of thermodynamics
apply to all transactions of moveable matter that
include the transmission and conversion of energy.
The rules of heat transport can initially appear to
be. However, equilibrium is not a topic covered by
thermodynamics. Quantitative analysis can be
developed based on data from another scientific
field, or utter heat as a result of heat imbalance.
The fields of thermodynamics and fluid mechanics
are strongly based on the study of heat.
How and what?

A sufficient response to the query is provided by a
brief but comprehensive definition. How does heat
transfer work?

heat transfer.

The medium or media has a temperature
differential, which causes the heat to spread.

On modes, we discuss several heat transfer
methods kinds.

when the temperature is different.
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these particles is transferred from one area to
another. This process is convection. leans, loads,
sets, bras, tables, heat energy, and foods with the
bras from the acid atmosphere. This type of
transmission is known as radiation. We feel the
cheapest and most popular of this product. . While
the real load needs express transportation as well.
The result of heat transfer is why so many three
ways of transportation. be the reason behind
making a relevant decision. (Geankoplis, 2003)

Conduction (1)

surface of a vehicle, their durability in rapid heat
removal of its surfaces.

3. Heat transfer methods

Birds are responsible for transferring energy from
one place to another. Conduction, convection, and
radiation are the termsused to describe these
different ways of transferring heat.

Heat flow is a result of internal energy transfer
from a vacuum molecule. Heat transfer is possible
e. in a sleep state. The heat energy generated by

Q = m(7;lrrr — 7:4)141')

4

hot

d

Q = heat transferred intime = ¢

—?—- kK =thermal conductivity of the barrier

A = area

7T =temperature

d = thickness of barrier

their random translational motion. A transfer of
energy from the more energetic to the less energetic
molecules must take place when neighboring
molecules collide since greater temperatures are
linked to higher molecular energies. Energy
transfer by conduction must then take place in the
direction of decreasing temperature when there is a
temperature gradient.

In liquids, the situation is the same. Even
though molecules are placed closer together there
are more frequent and powerful chemical
interactions. Similarly, lattice vibrations caused by
atomic activity can be linked to solid conduction.
The current theory attributes the energy transfer
caused by atomic motion to lattice waves. In a
conductor, in addition to these lattice waves, the
translational side motion of these electrons is also
responsible for the energy transfer. (Forsberg,
2020)
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When the word "conduction" s
mentioned, we should instantly think of atomic and
molecular activity because this mechanism of heat
transmission is sustained by processing at these
levels. Conduction can be thought of as the energy
transfer from a substance's more energetic particles
to its less energetic ones as a result of interactions
between the particles.

The physical mechanism of conduction is
best understood by studying gas and applying
concepts from your expertise in thermodynamics.
Suppose that there is no bulk motion and consider a
gas with a temperature gradient. The area between
two surfaces that are kept at differing temperatures
may be filled with gas.

We relate the energy of the gas molecules
nearby to the temperature at any given position.
This energy is connected to the molecules' intrinsic
rotational and vibrational motion in addition to
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Convection (2)
If volume increases,

then density decreases,
making it buoyant.

m .
tp= warm air

Vi

Z

= constant

b
b7

If the temperature
of a given mass of

air increases, the heatar

volume must increase

cooler air drops  Ideal gas law for
and replaces the constant pressure
warmer air
v = nR = constant
T P

by the same factor.

between conduction and bulk fluid motion.
Typically, the energy being transmitted is the
fluid's sensible or internal thermal energy.
However, other convection processes also involve
latent heat transfer. The phase change between
liquid and steam liquid states is usually associated
with this hidden heat exchange. (Lavine, 2007)

Radiation (3)

The energy released by matter at a specific
temperature is known as thermal radiation.
Although radiation from solid surfaces receives
most of our attention, emission can also come from
liquids and gases.

Irrespective of the type of matter, the
emission can be traced to alterations in the atoms'
or molecules' constituent electron configurations.
The energy of the radiation field is transported via
electromagnetic waves (or photons). Radiation
does not require the presence of a material medium,
whereas the transmission of energy by conduction
or convection does. In a vacuum, radiation is most
effective. (Lienhard & Lienhard, 2019)

Heat Exchanger (4)

Heat exchangers serve a purpose:

Control the temperature of a substance by adding
or removing thermal energy.

Although capital letters, evolution theories, distinct
kinds of heat exchangers, and the usage of letters in
the shape of letters or letters in the shape of letters
or letters can all be used, their attitude can result in
the transfer of heat energy to another. Heat
exchangers are used in home heating systems to
convert heat of gas into water or air, which then
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Two mechanisms make up the convection
heat transfer mode. The bulk, or macroscopic,
motion of the fluid also contributes to the
transmission of energy in addition to the random
motion of molecules (diffusion). This fluid motion
is related to the fact that several molecules are
moving collectively or in aggregates at any given
time. Heat transfer will result from this action when
there is a temperature gradient. The overall heat
transfer is caused by a superposition of energy
transport by the random motion of the molecules
and by the bulk motion of the fluid because the
aggregation of molecules keeps its random motion.
Convection is often wused to describe this
cumulative transport and advection to describe the
transport caused by bulk liquid movement.

Convection heat transfer, which happens
when a fluid in motion and a surrounding surface
are at different temperatures, is of particular
importance to us.

Random molecule motion, bulk fluid
motion, and fluid motion inside the boundary layer
all support the convection heat transfer mode.

Depending on the type of flow, convection
heat transfer can be divided into distinct categories.

When a flow is prompted by an outside
source, such as a fan, a pump, or atmospheric
winds, we speak about forced convection. In
contrast, buoyant forces within the fluid cause the
flow in the case of free (or spontaneous)
convection. These forces result from changes in
fluid temperature-induced density fluctuations.

According to our definition of the
convection heat transfer mode, energy is
transferred inside a fluid because of the interaction
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Although a manufacturer will often calculate the
pressure drop, it can be helpful to anticipate the
pressure dips that might happen with altered flow
rates. The least loss, which rises linearly with flow
velocity, is produced by laminar flow. For instance,
increasing flow velocity also increases pressure
loss. The pressure loss is a function of flow
velocity raised to a power in the range of 1.6-2.0
for Reynolds numbers above the laminar area. In
other words, doubling the flow could lead to a
fourfold increase in pressure loss. (Rennie, 2004)

Balance and effectiveness

The properties of fluids influence the heat transfer
rate, a crucial aspect of heat exchangers (Q).
According to the following equation, the heat
transferred from the hotter fluid to the colder fluid
must be equal:

Q= [mx Cp ~ (Toue — Tin)lcold

= _ [m o CP x (Tc.u[_ Ijn}]hﬂt

Where the mass flow rate (m) is expressed as a
function of time. Therefore, the product of mass
flow per unit of time, specific heat and temperature
change is the heat transmitted over time.

You should perform this simple calculation before
specifying any heat exchanger. The heat transfer
rate is the most crucial factor, even though heat
exchangers are frequently only specified with
desired temperatures.

The efficiency of an exchanger (e) is the ratio of
heat that is transmitted to heat that an exchange of
unlimited size could transfer. Efficiency is the most
useful measure for comparing different heat
exchanger systems.

As an illustration, the figure below depicts a
counter-flow heat exchanger where a hot fluid
stream is cooled by a cold fluid stream. When a hot
stream is present in the exchanger, it must be
warmer than the cold stream's input temperature.
With e=1, the temperature of the incoming cold
stream and the temperature of the departing hot
stream are identical in a perfect heat exchanger. In
addition, the hot stream's entrance temperature is
lower than the cold stream's exit temperature in this
heat exchanger.
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circulates throughout the building. Steam from the
turbines is condensed in large heat exchangers
using locally available water or ambient air in
power plants. Small heat exchangers are used in
many industrial applications to create or maintain
the desired temperature. Heat exchangers are used
in the industry to perform a variety of functions,
from cooling lasers to creating a controlled
temperature of the sample before chromatography.

Anyone looking to employ a heat exchanger must
first clearly define the issue at hand, which
necessitates ~ knowledge  of  the  fluid's
thermodynamic and transport properties. Such
information can be used to define a particular heat-
transfer problem and choose the best heat
exchanger by combining it with a few
straightforward calculations. (Al-Sammarraie &
Vafai, 2017)

Fluid fundamentals

The physical properties of the fluids involved,
especially their density, specific heat, thermal
conductivity, and dynamic viscosity, play a
significant role in how heat is transmitted from one
fluid to another.

Either turbulent or laminar fluid flow occurs within
a heat exchanger. Better heat transmission results
from turbulent movement because it mixes the
fluid. Laminar-flow heat transfer transfers heat
from within a stream to a heat exchanger wall
purely based on the fluid's thermal conductivity.
The fluid flow through an exchanger can be
calculated using its Reynolds number:

p Vo= D
NRC=—
L

Where V represents the flow velocity and D
represents the tube's diameter. Laminar fluid flow
occurs when the Reynolds number is less than
2,000; turbulent fluid flow occurs when the
Reynolds number exceeds 6,000. As the number of
Reynolds increases, the area where the flow of
laminar and turbulent meets produces rapid thermal
performance.

How much pressure a fluid loses as it passes
through a heat exchanger depends on the flow type.
This is crucial since greater pressure decreases call
for stronger pumping.
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e < 1(actual)
- - == = ](ideal)

Hot fluid

TDut{GDId}I

Tout(hot)

Tin(coia)

Stream temperatures through a heat exchanger
(counter current flow)

The heat balance equation can be used to solve this issue as follows:

(rh Ep]hotr:rin - I_cuut) hot

(m Cp)min (Tin hot™ Lin EDld)

(m fpjmld {Taut - I_'m)mld

f:m Cp)min{_-rin hot — Tin {:oldj

The minimal thermal-capacity rate, also known as the denominator, is based on the stream with the
smallest mass-flow rate and specific heat product, denoted by the subscript "min.""Due to the necessary heat-
transfer rate balance, the temperature drop on the hot stream in this example is greater than the temperature gain
in the cold stream.”

Exchanger equation
The design of the exchanger and the characteristics of the fluid streams determine the heat-transfer rate (Q) for a
certain exchanger. This quality can be described as:

Q= ["TA&Tlag mean

Where A is the heat transfer area of the heat exchanger, which is the total area of the wall that
separated the two fluid streams, U is the overall heat-transfer coefficient, or the capacity to transfer heat between
the fluid streams, and delta T log mean is the average effective temperature difference between the two fluid
streams over the heat exchanger's length.

By estimating the overall heat transfer coefficient (U) and the area, a heat exchanger's performance
may be anticipated (A). The two streams' input temperatures can be measured, leaving the two exit
temperatures, the heat transfer rate, and three other unknowns. Three equations—the one used earlier to
calculate the delta T log mean using an arithmetic average and the heat balance equation for each stream—can
be used to determine these unknowns:
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I(Tm hot — T«:rutf:cdd;I + (TDI.I[]'ID[ - Tin L‘Dld:}

9=U
2
= [m =g Cp ~ Uour— Tin)lcold
=—[m x Cp . (Tnut_ Tin)]hm

In most cases, iteration is necessary to solve these equations simultaneously. In any event, a heat exchanger is
typically finished by the manufacturer. (E. M. Greitzer, 2022)

Exchanger varieties: (5)
There are many assorted sizes and types of heat exchangers. Here are some of the most typical examples.

1-Coil heat exchangers

have a long, thin tube positioned closely inside a bigger tube, the two tubes being coiled or curved into a helix.
The outer tube is permeable to one fluid. This type of heat exchanger is strong and able to withstand high
pressures and large temperature changes. These exchangers frequently cost little, but because of their limited
heat transfer surface, they offer very subpar thermal performance. However, due to the higher flow speed and
higher Reynolds number, a coil heat exchanger may be the best option for low-flow scenarios. These exchangers
are frequently used to set a process-stream sample's temperature to a fixed value before taking measurements.
High-temperature stream samples can also be condensed using these exchangers.

e A&:ﬁ@“ v Ve s S S il

Coil heat exchangers are capable of handling
high pressures and wide temperature differences
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2-Plate heat exchangers:

comprise a stack of thin, parallel plates sandwiched by heavier endplates. As each fluid stream alternately
moves between adjacent plates in the stack, heat is transferred between the plates. For strength and to improve
heat transfer by guiding the flow and increasing turbulence, the plates are corrugated. These exchangers
frequently offer extremely high efficacy due to their high heat-transfer coefficients, large surface areas, and
modest pressure drops. They can only handle relatively low pressures, however.

//M,—/'/',,

plate heat exchangers have
high heat transfer coefficients
and area

3-Shell and tube heat exchangers

consist of a collection of parallel tubes that act as a heat-transfer surface to divide the streams of fluid. Shell-side
fluid flows over the outside of the tubes while tube-side fluid travels axially into the tubes' interior. The flow is
directed through the tubes and supported by external and perpendicular deflectors. Process fluids are usually
placed in tubes for easy cleaning or to use higher pressure capacity inside tubes. Tube sheets seal the ends of the
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tubes; assuring separation of the two streams. Such heat exchanger typically outperforms coil types while falling
short of plate types in terms of thermal performance. Exchangers with shells and tubes often have a higher
pressure capacity than plate exchangers, but less capacity than coil exchangers.

Thermal performance of shell-and-tube exchangers are high

Shell sidel T
flow Shell
' \ Tube sheet
- S L 3 side

Shell-and-tube heat exchanger with counter current flow

Fluid inside Tube
Corrosive fluid
High-pressure fluid
Scale fluid

Any fouling material

Fluid inside shell
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viscous fluid
two-phase fluid
fluid has a low heat transfer coefficient

e Keep in mind that the primary criterion—not
merely the transfer area—is the product of the total
heat-transfer coefficient and the transfer area (U
A). In laminar flow tubes, the total tube length, not
the transfer area, is typically what matters; hence,
10 feet of 1/4-inch tubing or 10 feet of 1-inch
tubing function equally well.

e For tube-type heat exchangers, the smallest
tubing possible should be specified because it
provides the highest thermal performance with the
least amount of volume. Be mindful of the impact
of fouling or other particles that can clog small
tubes.

e Aim for turbulent flow, even if it can be
challenging with viscous fluids and low flow rates,
to improve heat transmission.

e When choosing the cooling or heating fluid,
consider the thermal conductivity of the fluid.
Unexpectedly, water frequently provides the best
results.

e Align the inlet-port size with the anticipated
piping diameters for the remainder of the system.

e Consider the maintenance requirements and
lifetime of an exchanger. Select a material kind and
thickness that will lessen failure brought on by
corrosion and erosion. A system's ease of
mechanical or chemical cleaning, as well as the
filtration of the fluid streams, should also be taken
into account.

oGive the heat-exchanger seller as much
information as you can about the entire system.
You should be able to define a heat-exchange
problem and take into account potential heat-
exchanger solutions with the help of these technical
hints, fundamental ideas, and equations. Consult
manufacturer catalogs for data on specific
exchanges, which offer further information on what
may be achieved with various heat exchanger
kinds. (Richardson, 1999)
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4-Spiral Tube Heat Exchanger

These are made up of a shell and one or more
spirally coiled coils. Compared to a straight tube, a
spiral tube has a faster heat transfer rate.
Additionally, spiraling allows for the fitting of a
sizable number of surfaces into a particular area.
Thermal expansion is not an issue; however,
cleaning is challenging.

The SHE's primary benefit is its extremely
effective utilization of available space.

For uses like pasteurization, digester heating, heat
recovery, pre-heating, and effluent chilling, the
SHE is effective. SHEs are typically smaller than
other kinds of heat exchangers for sludge
treatment. (Liu, 2004)

Technical tips  (6)

The following advice is beneficial for every heat-
exchanger application:

Prior to creating a system, think about heat
exchangers.e

e When defining performance standards, avoid
being overly cautious. A temperature exchanger's
size and expense can easily be doubled by
requesting a higher flow rate, more temperature
variation, and other just-in-case options. Consider
the necessary effectiveness values, but keep in
mind that as effectiveness gets closer to 1, an
exchanger's size asymptotically —approaches
infinity. Therefore, increasing efficiency from 0.8
to 0.9 requires a significantly greater heat-
exchanger area than doing so from 0.7 to 0.8.
Higher than 0.9 efficacy can be quite expensive.

e Instead of expanding an exchanger's size, think
about increasing pumping power. Turbulence can
be created or exacerbated by higher flow velocity,
which increases the pressure drop and necessitates
the use of greater pumping power. However,
turbulence also boosts the heat-transfer coefficient,
which reduces the size of the necessary heat
exchanger. Instead of increasing size, it might be
more practical to accept the higher pressure drop.
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(such as those that produce oil, gas, Case study (7)
petrochemicals, and electricity) save energy. Using the example of heat transmission, conserve
(Aspen Energy Analyzer, 2022) energy (heat exchanger network) Utilizing the

Aspen Energy Analyzer can help process plants

1-Crude oil Distillation Unit of a refinery
Fig. 1 displays the refinery's process map:

Cond
(ffGas
PreFlashVap DieselSteam
@ WasteH20
PreFlash
Preheat AGOSteam X | Naphtha
Crude = | |
TowerFeed > —=
=} > | Kerosene
| il pu—
Mixer 7 i
Fumace Diese
-— 1
HolCrude ~ TrimDuty AGD
R - _
7 BottomSteam Residue
-
CrudeDuty mgf
Figure 1
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Table 1 Extracted Process Streams Data [21]

Process Stream Data
Inlet Outle Flow Flo Specific
Temp t Density rate w Heat
N ‘c) Tem (Kg/m* | M¥hr Rat Capacit
a p ) e y
m ) Kg/ (Kcal/kg)
e H
Pump Around 152.4 96.7 788 747 588636 0.5919
Kerosene 226.3 184 833 451 375683 0.6413
184 154.9 | 833 451 375683 0.6038
LDO 278.7 233.6 | 858 152 130416 0.6777
Stripped Kerosene 227.9 168 828 96 79488 0.6447
Stripped 168 35.6 828 96 79488 0.5913
LDO 280 207 863 158 136354 0.6769
Stripped 207 38.9 863 158 136354 0.6132
HDO 316 65.6 898 18 16164 0.6943
Atmospheric Residue 328 204 944 150 141600 0.6872
204 164 944 150 141600 0.5838
164 954 944 150 141600 0.5505
241 222 927 10 9270 0.6203
HVGO 29.9 1349 | 841 310 260710 0.4648
Crude from Storage 134 212 841 306 257346 0.5567
Desalted Crude 212 344 841 529 444889 0.6256
Pre-flashed Crude
Table 2 Utility Streams Data
[21]
Utility Stream Data
Heat
Inl Ou Transfer FI Specific
et tlet Coeff. 0 Heat Capacity
Name Te Te (Kj/hm? w (Kcal/kg)
m mp °C) Ra
p ‘c te
(¢ ) K
C) o/
H
Air 25 30 399.60 43074232.05 0.5919
Cooling Water 20 25 13500.00 84786.75 0.6777
Fuel QOil 400 350 720.00 479529.21 0.6256

2.2. Heat Exchanger Network Analysis

The examination of the heat exchanger network made use of the data from the process streams and
utility streams. The heating process streams used in crude preheating at different temperatures were divided into
four categories: atmospheric residue, stripped kerosene, stripped LDO, and kerosene pump around.

Determine the targets using the data from the imputed process streams and utility streams as part of the
analysis of the heat exchanger network. | am using the information on the energy requirement that has been
provided.

Composite curves are used to compute the energy targets. Figures 2 and 3 depict the composite and
grand composite curves. The composite curve provides a countercurrent representation of heat transfer and can
be used to determine the minimum energy target of the process.

According to Table 3, the heating and cooling processes' energy targets are 7.759*107 Kj/h and
2.196*107 Kj/h, respectively, while the shell and tube heat exchanger's area target is 3.223*104 m2.

The calculation also indicates that at least 13 units are needed to build the heat exchanger network, but
the process flow diagram shows that the network uses 23 heat exchangers, exceeding the unit requirements.
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Since cost and operations information for the case study could not be acquired, the cost index targets are based
on Aspen Energy Analyzer default ®'s cost and economic factors.

Composite Curves

350.0

3200.04
— 25004
2
% 200.04
®
8 150.04
=
D
= 100,04
50.004
J.0000 T T T T T T T T T
2.0006.000e+ 00300+ 0CE00 e+ QOEI0e + ZOR0 0+ BUE0 0e+ FOE00e+ AUED0e + GO0 De+ OUFI D e+ 00
Enthalpy (kJsh)
Figure 2 Composite Curve showing Temperature — Enthalpy Relationship
Grand Composite Curve
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|_
100.04
50,004
1.0000
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Figure 3 Grand Composite Curve used for Utility Targeting
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Figure 4 Curve to Determine the Optimal Value

The simulation led to the conclusion that a value of 20.5 was the best choice for the case study. This falls within
the 20-40 range for oil refining that is mentioned in the literature [22]. In the case study's analysis, this value
was employed.

2.3 Building the Grid Diagram for the Heat Exchanger Network:

A grid diagram is used to describe the heat exchanger network, as seen in Figure 5. Care was made to accurately
depict the heat exchanger network as shown on the process flow diagram for the case studies to prevent a "type
3" error in which the incorrect problem is solved. To represent the case study design, the process streams were
divided and heat exchangers were installed. The grid diagram's placement of heat exchangers was done after
taking the streams' flow directions into account. Cold streams run from right to left, while hot streams move
from left to right. This is crucial when positioning heat exchangers on streams before or after another heat
exchanger. The steps for the materials and process are described in [23] in detail.

Figure 5 Grid Diagram Representations of the Heat Exchangers
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I1l. Results and Discussion:
3.1. Heat Exchanger Network Performance:
Based on the objectives in Table 3, the performance of the heat exchanger network was assessed. Table
4 compares the performance of the heat exchanger network against the targets. As can be observed, pinch rule
violations cause the heat exchanger performance to deviate significantly from the desired values.
(Aspen tech, maximize energy efficiency and cut emissions utilizing information and advice from pinch
technology, 2022).

Table 4 Heat Exchanger Network Performance Data
Network Performance

Parameter Network Target Value | Deviation | % Deviation
. Val
Heating Value ate 7.759*107 | 5.521%107 | 71.15
4 *108
Va;{uﬂ]e)(cK(}?ﬁ';lg 1.328710 2.196*108 5.52%107 | 25.14
2.748710° 13 11 84.62
Number of Units 24 '
Number of Shells 50 26 24 92.31
3.223*10° i 46.17
Total Ar 2
otal Area (r) 1.735%10* 1.488*10

Table 5 Cross-Pinch Table

HEN Design Cross Pinch

Heat Exchanger 278.70/ 258.20 45.50/25.00

E-249 (KJ/h) 3.284*10’

10 E 11 A-D (KJ/h) 7.193*10°

10 E 18 A/B 6.013*10°

10 E 06 A/B (KJ/h) 5.395*10° 7.263*10’
10 E 04 (KJ/h) E- 248 1.752*10°
(KJ/h) 1.470*10°

10 E 10 A-B (KJ/h) 5.020*10°

10 E 16 (KJ/h) CW 2
(KJ/h) CW 1 (KJ/h) CW 3
(KJ/h)

10 E 15 (KJ/h) Total (KJ/h) 3.656*10’
4.675%10°
3.972*10’
7.361*10°
1.072*10°
5.517*107 1.717*108
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Driving Force Plot
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Figure 6 Driving Force Plot showing Hot Temperature — Cold Temperature Relationship

2. Aromatic Plant
Our case study unit has the following data:

32 4 10
7 0 0
22 6 6
0 0 0
10 30 10
0 0 0
35 164 70

8 13 35

5 8 0
14 30 20
0 0 0

- Heating cost = 60 $/KW.year

- Cooling water cost = 6 $/KW.year

- Heat transfer coefficient = 0.5 KW/m°C

- Installed unit cost = 10000 + 350 A (Aspen Energy Analyzer, 2022)
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1-Entering Process Stream Data:

Inlet T | Outlet T MCp Enthalpy HTC

L Eme ] ] [k /C-h] kdh] 759 () hemz-C]
W 7] 3270 400 1000 2.870=+004 720,00
ha [/ 2200 1600 160.0 9500 720,00
h3 || 2200 600 5000 500 720,00
hd || 1600 450 000 4600004 720.00
o1 | A 1000 3000 100.0 | Z.000s+004 720,00
2 A 30| 1640 70,00 9030 720,00
<3| A 850 1380 600 | 1.855e+004 720.00
cd | A B0 1700 E0.00 EEO0 720.00
5| A 1400 3000 S00.0 | 3.200s+004 720.00

2-Entering Utility Stream Data:

Inlet T | Outlet T | Cost [ndex
[C] [C] [Costikl]
Cooling‘Water | A| 20000 2500 | 2125007
Fired Heat [1000) | 1000 | 4000 42492008

A e b

M ame

3-Click the Economics tab:

Heat Exchanger Capital Cost Index Parameters Annualization
M arne a b C HT Config. Rate of Retum [+ (100 ROR
DEFALLT 1.000e+04 g00.0 | 08000 | Heat Exchanger Plant Life [years] FQ FL
xxN wax — — —
Annualization Factar= (1 + RORA 00 PL/PL
Dperating Cost
Hours of Operation: BFED.7E [hoursfyear]

4-Examining the

Energy Targets Area Targets Pinch Temperatures
Heating [k 2h] 2.168=+004 Counter Current [m2] 2110 Hat Cold
Cooling [kl/h] 2 940e+004 1-2 Shell & Tube [m2] 9.449 1200C | 1000C
Mumber of Units T argets Coszt Index T argets
T atal Minirnurn 10 Capital [Cozt] 1.607e+005
Mikirnurmn for MER 15 Operating [Cost/s] 2.732e-005
Shellz 52 Tatal Annual [Costds] 1.668e-002

Targets:
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5-Range Targeting (At):

Range Targets

"0e-003
70e-003
39e-003
39¢-003
38e-003

38e-003

Total Cost Index Target (Cost/s)

37e-003

57e-003
15 16 17 18 19 20 21 22 23 24 2t

—— Total Cost Index Tarc

DeltaTmin (C)

DTrin Heating Cooling freal-1 | Aweal-2 Urit Shel Cap CostIndex | Op. CostIndex | Total Cost Index
K] [kJh] [ki] [m2] [m2] s = [Cost] [Cost/s] [Cost/s]
155 1.965&+004 2 737e+004 13 1.8 15 Bl 1.631e+005 2.480e-005 1.691e003
160 1.986e+004 2. 758e+004 97 115 15 B 1.629+005 2 B07e005 1 683003
165 2.008e+004 2 780e+004 45 1.2 15 &7 1.629e+005 2.534e005 1683003
17.0 2.029e+004 2. 801e+004 13 109 15 £7 1.626e+005 2.560e-005 1.687e003
175 2051 e+004 2 823e+004 11 0.7 15 BE 1.623e+005 2.587e005 1.684e-003
18.0 2072e+004 2 Bdde+004 29 104 15 ol 1.618e+005 2613005 1679003
185 2.094e+004 2 BBFe+004 By 02 15 s 1.61Be+005 2 Ble005 1 677e003
18.0 2115e+004 2.887e+004 85 0.0 15 58 1.613e+005 2. B67e005 1.674e-003
195 2.140e+004 2.912e+004 el a7 15 fid 1.614e+005 2.638e-005 1.675e-003
200 2 168e+004 2 940e+004 a1 94 15 i 1.607e+005 2732005 1.668e-003

Click the Calculate button. Aspen Energy Analyzer initiates the new calculation automatically after
shutting down the Range Target view. The results indicate that the optimal DTmin value is 20°C.

6-Generating HEN Designs:

This section explains how to use the Recommend Designs tool in Aspen Energy Analyzer to automatically
create HEN designs. You have control over how many designs are generated using Aspen Energy Analyzer.
You can then compare the design and make changes as needed.

1 Inthe Viewer group, click on the Scenario level.

2 Right-click the mouse button on the selected Scenario. The following menu appears

Add Design

Copy Scenaria Data
Clone Scenatia
Rename Scenario

Delete Scenario

Extract Data From Hysys

Recommend Designs

Enter Retrofit Mode
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3 From this menu, select Recommend Designs. The Recommend Designs view appears as shown in the figure
below. This view allows you to control certain aspects of the automatic design feature.

¥ Recoammend Mear-optimal Designs =3
—Stream Split Option Saolver Option:
Process Stream kM ax Split Branches rMaHimum Desians |1 a
hl | 1o
h2 | 10 Preview lnput———————
h3 | 1o .
hd | o~ 10 = M #H =
cl | A 10
c2 | 10
o3 | 10 [ Solve ]
cd | L~ 1o
ch | 1o
e | [

_—
Eenelall Tipz I

7-Building the Heat Exchanger Network:
Verify your heat exchanger using the worksheet and finished HEN diagram as shown in the pictures below.
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8-worksheet:

Heat Exchanger Cold Stream I:Dl[?:ir " Tied EDIEEET] out Tied
E113 | & cl 85.00 | 1380 W
E-115 | @ Cooling " ater 2352 | W 2500 | W
E-114 | - 3 8R.00 | v 138.0 |
E-120 | g Cooling ' ater 2080 | W 2114 W
E112 | < (o7 35.00 | v 164.0 | [+
E-117 | o cd BO.00 | v 170.0 | [+
E-119 | @ Coaling W ater 2114 | W 252 | W
E123 | o cl 100.0 | [ 000 @
E-121 | @ Coaling ' ater 20,00 | 2080 ™
E-11E | @ Cooling " ater 2352 | W 2500 | W
E-118 | @ Cooling ' ater 2114 | W 2352 B
E122 | @ ch 1400 | v 3000 | W
HotTin |-, Hot T out | Load Area dT MinHot |dT Min Cold
Hot Stream (] Tied ] Tied [kJ#h] [m2] ] ]
i 160.0 | W 1050 | W 8350 1.4911 22.00 20.00
i 160.0 | W 1050 | I | 1.3052+004 018033 1350 81.48
he 2200 | W 1600 | [V e00 037481 g2.00 75.00
hl 20.00 | v 4000 | v 4000 016662 R385 19.20
hl 3270 v 1900 | = 030 018138 163.0 1558.0
hl 19000 | W a0.00 | BEO0 1.1533 20.00 20.00
hl 19000 | W a0.00 | 4400 | B 2456e-002 16E.5 h3.26
Fired Heat [1000] 1000 | [ 4000 | ¥ | 2.000e+004 018348 F00.0 3000
b3 2200 | G000 | 9600 014198 19592 40.00
hl 3270 W 1900 | = 4670 | 200442002 020 166.5
hd 1050 | v 4500 | [v | 2.400e+004 075726 a1.4a 23.86
Fired Heat [1000] 1000 | [ 4000 | ¥ | 3.200e+004 0.30876 F00.0 260.0
9-Targets
Metwork, Cost Indexes Metwork, Performance
CostIndex | ¥ of Tanget HEM | ¥ of Target
Heating [Cost/s] £.138e-005 2399 Heating [k /] 5. 200e+004 2399
Conling [Cost/s) 3.524e-006 2031 Coaling [kJ ] B.972e+004 2031
Operating [Cost/s] £.430e-005 2375 Humber of Urits 1200 20.00
Capital [Cost] 1.251e+005 77.85 Humber of Shells 19.00 J6.54
Total Cost [Costds] 1.342e-003 80,46 Total Area [ma] R03 F3.25
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10-Composite curves:

Composite Curves

0.
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50‘0—2
00

300

Temperature (C)
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0

00
0000 200064004 400064004 600064004 80006004 100084005 1200640
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3-Visbreaking Unit

iooling

L
—Fuel Gas

4_._|_ |?n N
@_D VisbreakerProdugt N Naphtha
VacuumResjd HGO
VISBREAK-100

Feeder-100 DowTherm

Tar
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13 3 19.506
6 0
255 176.1 9.887
35 198. 43.156
3 9
198.9 171.1 13.477
1711 7 19.279
5
0
7
- B E -
Our case study unit has the following data:
- Heating cost = 86000 $/MW.year
- Cooling water cost = 18800 $/MW.year
- Heat transfer coefficient = 0.5 KW/m? °C
- Installed unit cost = 6480 A °®® (Aspen Energy Analyzer, 2022)
1-Entering Process Stream Data:
Inlet T | Outlet T MCp E nthalpy HTC
Mame [C] ] [k /C-h] kih] 9™ (k) hema-C]
hl | 1360 30.0 19.51 2068 720,00
b2 | 2860 1761 9,887 7E0.1 720,00
b3 | 3530 1989 4316 EE50 720,00
hd [ 1989 | 1711 13.48 74T 720,00
HG | 1711 75.0 19.28 1853 720,00
cl | A 1583 1600 22158 37E.5 720,00
c2 | # 3278| 4578 54,69 7109 720,00
c3 | A 1267 | 1767 15.60 779.9 720,00
cd | A 1267 | 1767 133.3 EEGE 720,00
ch | A 1267 | 1457 21.40 428.0 720,00
2-Entering Utility Stream Data:
N Iblet T f Outlet T | Cost Index 5 HTC
ame [C] [c] [Cost/kd] 7% [kd/hem2-C]
Cooling Y ater A 2000 2a.00 | 2125e-007 13500.00
Fired Heat [1000] S 1000 4000 | 4.249e-006 399.60
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3-Click the Economics tab:

Heat Exchanger Capital Cost Index Parameters Annuslizatior
Mame a b C HT Config. Rate of Retun (#);  |10.0 ROR
DEFALULT | 1.000=+04 800.0 | 08000 | Heat Exchanger Plant Life [years) 50 FL
[E] 0.000e-01 | 0.0000 1.000 Fired Heater -
i Annualization Factar= [1 + RORA00)"PL/PL
Operating Cost
Hours of Operation: H7ER.7E [hours/year)

4-Examining the Targets:

Energy Targets Area Targets Pinch Temperatures
Heating [k /h] F231 Counter Current [rm2] 0.5391 Hat Cold
Coaling [kJ/h] 3257 1-2 Shell & Tube [m2] 0 5620 1367 C | 1267 LC

Mumber of Unitz T argets Cost Index Targets
T atal Minimum 11 Capital [Cost] 1.110e+005
Minirmurm for MER 11 Operating [Cost/s] 8. 326=-008
Shells 3 Total &nnual [Costs] 1.142e-003

5-Range Targeting:

Range Targets

.26e-003

.24e-003

oty

. 22e-003

o

-

.20e-003

.18e-003

-

.168e-003

Total Cost Index Tar

1.14€-003 | ————— —
4 =] 8 10 12 14 16 18 20

Total Cost Index Target

DeltaTmin (C)

O Tmin Heating Cooling breal-1 | Areal-2 Uri bl Cap. Costlndex | Op. CostIndex | Total Cost Index
[c] k] [kih] 2] 2] s = [Cost] [Cost/s] [Cost/s]
5 B730 3096 0& 07 12 34 1.212e+005 8.127e-006 1.24Re-003
£.0 B7a0 3116 0E 06 12 34 1.211e+005 8.151e-006 1.246e-003
B9 B769 3135 0& 06 12 34 1.211e+005 8.175e-005 1.245e-003
7.0 b789 3154 0& 06 12 34 1.211e+005 8.193-006 1.245e-003
7.5 BE03 3174 0& 06 12 34 1.211e+005 8.223e-006 1.245e-003
&0 BE2T 3193 0E 06 12 34 1.211e+005 8.247e-006 1.245e-003
85 BB47 313 0& 06 12 34 1.211e+005 8.271e-006 1.245e-003
a0 BEGR 3232 0& 06 12 34 1.210e+005 8.295e-005 1.245e-003
95 BEa2 3248 05 06 11 31 1.110e+005 8.314e-006 1.142e-003
100 BB 3257 1] 06 11 1 1.110e+005 8.326e-005 1.142e-003

Click the Calculate button. Aspen Energy Analyzer automatically closes the Range Target view and performs
the new calculation. The results indicate that the optimal DTmin value is 10°C.
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6-Generating HEN Designs:

In this section, you'll learn how to create HEN designs automatically using Aspen Energy Analyzer's
Recommend Designs tool. You have control over how many designs are generated using Aspen Energy
Analyzer. The designs can then be compared, and changes can be made as needed.

1 Inthe Viewer group, click on the Scenario level.

2 Right-click the mouse button on the selected Scenario. The following menu appears

Add Design

Copy Scenario Data
Zlone Scenario
Rename Scenario

Delete Scenario

Extract Daka From Hysys

Recommend Designs

Enker Retrofit Mode

3 From this menu, select Recommend Designs. The Recommend Designs view appears as shown in the figure
below. You can use this view to control certain aspects of the automatic design function.

" Recommend Mear-optimal Designs | ==

Stream Split Options Solver Options
Process Stream kax Split Branches F axirurm D esigns 10
10

10 Prewviews lnput

10

10 —= da FE =
10
10 [
10

10

10

k1

hz
h3
b
(=3

(=]
[=3c]
=3

Solve ]

INNVNNNAAAN

T p————

General | Tips

7-Building the Heat Exchanger Network:
Verify your heat exchanger using the worksheet and finished HEN diagram as shown in the pictures below.
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8-Targets:
HotTin |_. Hot T ot |_. Load Area dT Min Hot |dT Min Cold
Hot Stream (] Tied (] Tied [kJh] [m?] (] (]
hl 136.0 | W a0.00 | W 2068 | 7.4597e-00: 111.0 10.00
he 255.0 | v 1761 | W 428.0 | 1.6682e-002 1083 43 40
Fired Heat [1000] 1000 | = 9646 | [ 445 4 | 2 0876e-00° 8233 8379
h3 530 W 2257 W 5494 012163 176.3 93,00
h3 2257 | v 19859 W P65 | 2.0115e-00: B5.70 4060
h5 1711 | W 7a.00 | v 1853 | 2 9353e-00: 1461 55.00
h3 2257 | W 1983 © 7799 | 38771e-00: 49,00 7220
hd 1989 W 171.1 | W AF4T | 3.996Be-00: 2220 44 40
hz 2550 | W 1761 | W 521 | 1.93309e-00: 7830 43 40
Fired Heat [1000] %46 W 4000 | @ 7109 04107 B0E.8 7220
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9-worksheet:

Heat Exchanger Cold Stream Ec'l[?:]T " Tied EDh:;ET] out Tied
E-114 | @ Cooling * ater 20,00 | X500 B
E-110 | <= ch 126.7 | v 1467 | v
E111 | @ 4 126.7 | v 1767 | B
E-108 | g cd 126.7 | v 1767 | B
E-112 | o 1 1583 | v 1600 | v
E-115 | Coaling " ater 2000 | = 2500 |
E113 | < o3 1267 | W 1767 | W
E-107 | - (a1} 1267 | W 1767 W
E-109 | <= (a1} 126.7 | v 1767 W
E-11E | - (o74 3278 | v 4578 | W
HotTin |_. Hot T oot |_. Load Area dT Min Hot |dT Min Cold
Hot Stream (] Tied ] Tied [kJ/h] ] ] (]
h1 1360 | W 3000 | v 2068 | ¥ .4597e-00: 111.0 10.00
h 255.0 | W 1761 428.0 | 1.B682e-00C 1083 43,40
Fired Heat [1000] 000 | W 9645 | W 445 4 | 2 087Ee-00% 8233 2374
b3 3E30 W 2057 W 5494 012163 176.3 93.00
h3 2257 | W 1983 © 765 | 20115002 E5. 70 40,60
h& 1711 | |+ 7R.00 | W 1853 | 2.9362e-00: 1461 B5.00
b3 2257 W 1989 | @ 7799 387 1e-002 49.00 F2.20
h4 1929 | W 1711 | W 747 | 39968002 22,20 4440
hz 2550 | W 1761 | W 3521 | 1.933%e-00: 8,20 43,40
Fired Heat [1000] 9646 W 4000 | 109 014107 A0E.82 F2.20

10-Composite curves:

Composite Curves
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4-Naphtha Hydrotreating Unit

Our case study unit has the following data:

328.3 33. 57.471
67.2 50 ’ 191.086

101.7 61. 108.78
168.9 88.3 ! 27.527

253.9 146.1 45.556
39.1 325 57.85

33.9 130.3 44.252

175.6 183.5 589.627

168.9 171.1 1208.129

Heating cost = 55000 $/MW.year

Cooling water cost = 10000 $/MW.year

Heat transfer coefficient = 0.5 KW/m2. °C
Installed unit cost = 700 A% (Aspen Eneray Analyzer, 2022)

1-Entering Process Stream Data:

Narme Inlet T | Outlet T MCp E nthalpy - HTC
[C] [C] [k AC-H] [k k] gm. [k /h-mi2-C)
bl | 3283 3349 B A7 | 1.892=+004 72000
h2 | GY.2 B0.0 1911 3287 F2000
ha | 1.7 E1.7 1088 4351 F2000
hd | # 1EB.3 g4 2753 2216 2000
ho | 1 25383 1961 45 56 2633 2000
cl | A 291 3250 AY85 | 1.654e+004 2000
c2 | J34 1303 44 25 4266 F2000
c3 | #1756 1825 [,0000 720,00
cd | | 1689 171.1 1203 2658 72000
2-Entering Utility Stream Data:
Narme Inlet T | Outlet T | Cost Indes Seam HTC Target Load
[C] ] [Castrkd] ™9™ [kl hmz-C] [k k]
Cooling " ater A 2000 2800 | 2125e-007 13500.00 1.763e+004
Fired Heat [1000] w5 1000 4000 | 4.249e-006 299.60 1.169=+004
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3-Click the Economics tab:

Heat Exchanger Capital Cost Index Parameters Annualization
I arme a b o HT Canfig. Rate of Retun 7} (100 ROA
DEFALLT 1.000e+04 800.0 | 08000 | Heat Exchanger Plant Life [years) ] FL
xxN wax — — —
A rnualization Factor= [1 + RORA00"PL/PL
Operating Cost
Hours of Operation: BFES.VE [hoursfvear)

4-Examining the Targets:

Energy Targets Area Targets Pinch Temperatures
Heating [k h] E17.4 Counter Current [m2] 2.BEY Hat Cald
Coaling [kJ/h] E5E1 1-2 Shell & Tube [mZ] 4.389 168.9C | 1564C
Mumber of Unitz T argets Cost Index T argets

T atal Minimurm 9 Capital [Cost] 1.056e+005

tinimurn for MER 10 Dperating [Costds] 1.116=-006

Shells 46 Tatal Annual [Costds] 1.080e-003

5-Range Targeting:
Click the Calculate button. Aspen Energy Analyzer automatically closes the Range Target view and performs
the new calculation. The results indicate that the optimal DTmin value is 12.5°C.

Range Targets

1.30e-003
1 \ I"’ ‘
.25e-003

.20e-003

et (Cost/s)

g

ey

.15e-003

i
100003 e

Total Cost Index Tar

S——y|

1.05e-003
4 6 8 10 12 14 16 18 20

Total Cost Index Target

DeltaTmin (C)

6-Generating HEN Designs

This section explains how to use the Recommend Designs tool in Aspen Energy Analyzer to automatically
create HEN designs. You have control over the number of designs generated with the Aspen Energy Analyzer.
You can then compare the design and make changes as needed.

1 Inthe Viewer group, click on the Scenario level.

2 Right-click the mouse button on the selected Scenario. The following menu appears.
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Add Design

Copy Scenario Data
Clone Scenario
Rename Scenario
Delete Scenario

Extract Data From Hysys

Recommend Designs

Enker Retrofit Mode

3 From this menu, select Recommend Designs. The Recommend Designs view appears as shown below. This
view can be used to control specific automatic design features.

Recommend MNear-optimal Designs ==
Stream Spht Option Solver Option:
Process Skhieam kax Split Branches b aximum D esigns I'I o
bl 10
h2 | 10 Prewview Inpul
h3 | 10
R o 1 = n, = =
=3 10
c2 | 10
c3 [~ 10 [ Salbve J
== 10
c5 | 10
==pl e | T

_—
Eenelall Tip= |

7-Building the Heat Exchanger Network
Use the completed HEN diagram and worksheet to confirm the heat exchanger, as shown in the figure below.
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8-Targets:
Metwork Cozt Indexes Metwork Performance
Cost Index £ of Target HEM ¢+ of Target
Heating [Cost/s] 1.380e-005 100.0 Heating [k /h] 1.169e+004 1894
Cooling [Caost/s] 1.041e-006 100.0 Cooling [k AH) 1.763e+004 2688
Operating [Cost/s] 1.484e-005 1320 Murmnber of Unitz 9.000 90.00
Capital [Cost] 9121 e+004 26,35 Murnber of Shells 11.00 2391
Total Cost [Costds) 9. 464e-004 87 B4 Total &rea [m2] 0.9391 21.40
9-worksheet:
Heat Eschanger Cold Stream I:DI[?:]T " Tied EE'lEEET] out Tied
E-103 | - o2 3290 | v 1203 | v
E-104 | - o4 1689 | v 1711 | ¥
E-105 | - Cooling A ater 2469 | W 2600 |
E-10E | @ 1 1229 | v 3250 | W
E-107 | <= 1 7rAD | v 1229 | W
E-108 | - Cooling ' ater 2217 | 2489 W
E-109 | - 1 3910 | v 740 | v
E-110 | = Coaling ' ater 2000 = 217 | B
E-111 | @ Cooling ' ater 2000 | [ 217 | =
HotTin | Hot T oout |, Load Area dT Min Hot |dT Min Cold
Hot Stream ] Tied (] Tied [kl #h] [m2] (] (]
hl 283 W 1883 W 4266 | 7.3153e-00: 198.0 166.0
h1 3283 | W 18859 W 2658 011229 157.2 20.00
h1 3283 W 1889  © 1088 | 7.0205e-00: 3033 164.2
Fired Heat [1000] 1000 | [ 4000 | [ | 1.169e+004 0.11521 E75.0 277
h& 2539 | v 196.1 | v 2633 | B.0381e-00: 131.0 1187
h1 1889 W 33490 | v 8908 022834 164.2 11.73
hd 1689 | 2240 | W 2216 010311 91.50 4930
ha 0.7 | v E1.70 | v 4351 0.10911 #3953 41.70
h2 G720 | W 5000 | v 3287 013052 45103 30.00

10-Composite curves:

Composite Curves

350.0
300.0
250.0
200.0

150.0

Temperature (C)

100.0
50.00

).0000
1.0000 5000 1.000e+0041.500e+0042.000e+0042.500e+004 3.000e+004 3.500e+00.

Enthalpy (kJ/h)
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5-Crude Oil Distillation
We have a crude oil distillation unit that has one cold stream and five hot steams. The full data of the unit

is given as follows: (Aspen Energy Analyzer, 2022)

T.P. 18 12 5
A 8 1 9
Kerosene 166 40 13.8
Gas Qil 26 6 14,
0 0 5
Fuel oil 317 80 31.11
B.P.A 27 13 3
5 2 8
1-Entering Process Stream Data:
N Imlet T f Outlet T kMCp Enthalpy 5 HTC
ame [c] [C] | [k/C-h] [oeh]  *%9™ [k)h-m2-C]
bl | 1830 121.0 59.00 2953 720,00
h2 | 1ER.O 40.0 13.80 1739 F20.00
ha | 2600 G0.0 14.50 2900 F20.00
hd | 3170 a0.0 3.1 Fa73 F20.00
ha | 1 2750 1320 38.00 h4.34 F20.00
2-Entering Utility Stream Data:
N Inlet T | Outlet T | Cost [ndex 5 HTC Target Load
Ame [c] [C] | [Costekd] P59 [kdshem2-C]| [klih]
Cooling W ater A 2000 200 | 2125007 1350000 2.140e+004
Kerosene
Crude Oil
320 °c

Fuel Oil
3T7°¢
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3-Click the Economics tab:

Heat Exchanger Capital Cost Index Parameters Annualization
N armie a ] & HT Canfig. Rate of Retum [+ [18.0 ROR
DEFAULT | 1.000e+04 8000 | 08000 | Heat Exchanger Plant Life [years]: A FL
KKN ewxx — — ——
Annualization Factor= [1 + RORA 007" FLAPL

Dperating Cost
Capital Cost Index[Heat Exchanger] [Cost] =a+b[HeatExch Area/Shels) "c*Shells Hours of Dperation: a7ER.7E (hours/year]

Capital Cost Index[Fired Heater] [Cost] = a + bl Fired Heater Duty "¢
Capital Cost Target [Cost] =a(Min. for MER] +bldreasShells] “c*Shells [ Matches Economic Defaults | b (%

4-Examining the Targets:

Energy T argets Area Targets Finch Temperatures
Heating [k /h] 0.0000 Courter Current [m2] 0.2434 Hat Cold
Caoaling [kJ/h] 2.140e+004 1-2 Shell & Tube [mz2] 0.2435

Murnber of Unitz Targets Cost Index Targets
Tatal kinimum 5 Capital [Cost] 5.049=+004
Fimirnum far MER 5 Operating [Cost/s] 1.2R3e-006
Shells 25 Tatal &nnual [Costds] 5.170=-004

5-Range Targeting:

Range Targets

5.22e-004

g b

(&)

.14e-004 -

5.12e-004

Total Cost Index Tar

5.10e-004
5 10 15 20 25

—— Total Cost Index Target .
DeltaTmin (C)

DT min Heating Cooling Areal- freal -2 Unit Shell Cap. CogtIndex | Op. Cost Index | Total Cogt Index
[c] (k)] [kJ/h] [m2] [m2] nte = [Cost] [Cost/s] [Cost/s]

I 160 0.0000 2 140e+004 0z [ 5 25 5.049e+004 1.263e-005 5.170e-004
165 0.0000 2.140e+004 0z 0.2 5 25 5.0492+004 1.263=-008 5.170=-004

1 17.0 0.0000 2 140e+004 n: 0z 5 25 5.049e+004 1.263e-005 5.170e-004
175 0.0000 2140e+004 0z 0z 5 25 5.049e+004 1.263e-005 5.170e-004

18.0 0.0000 2140e+004 n: 0z 5 25 5.049e+004 1.263=-005 5.170e-004

125 0.0000 2 140e+004 0z 0z 5 25 5.049e+004 1.263e-005 5.170e-004

19.0 0.0000 2 140e+004 0z [ 5 25 5.049e+004 1.263e-005 5.170e-004

195 0.0000 2140e+004 n: 0z 5 25 5.049e+004 1.263=-005 5.170e-004

20.0 0.0000 2.140e+004 0z 0.z 5 el 5.043e+004 1.263-008 5.170=-004
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Click the Calculate button. Aspen Energy Analyzer automatically closes the Range Target view and performs
the new calculation. The results indicate that the optimal DTmin value is 20°C.

6-Generating HEN Designs:
In this section, you will create HEN designs automatically using the Aspen Energy Analyzer's Recommend
Designs feature. You have control over the number of designs that Aspen Energy Analyzer generates. You can
then compare the designs and make all the necessary changes.
1. In the Viewer group, click on the Scenario level.
2 Right-click the mouse button on the selected Scenario. The following menu appears.

Add Design

Copy Scenario Data
Zlone Scenario
Rename Scenario

Delete Scenario

Extract Daka From Hysys

Recommend Designs

Enker Retrofit Mode

3 From this menu, select Recommend Designs. The Recommend Designs view appears as shown in the figure
below. You can use this view to control certain aspects of the automatic design function.

" Recommend Mear-optimal Designs | ==

Stream Split Options Solver Options
Process Skream kax Split Branches P axirnum D esigns 10
bl 10
h2 | 10 Prewview lnput
h3 10
hat 5 10 = da =E =
=1 | 10
=2 10
o3 :: 10 [ Salve ]
o | 10
=5 | 10
==k ey | [T

General | Tips

7-Building the Heat Exchanger Network:
Confirm your heat exchanger with the completed HEN diagram and worksheet as shown in the figures below.
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73731 kdh

3oc 800C

750¢ SEAED 1320¢

2800 0 kdih

38530 kith 121.0C

17388 ki

166.0C 400C
8-worksheet:
Heat Exchanger Cold Stream I::::I[leif mn Tied ED'TET] out Tied
E-102 | Caaling ' ater 2000 | = 2500 |
E-103 | Cooling 'water 2000 | [ 25.00 | B
E-104 | Coaling ' ater 2000 | [ 2500 | W
E-105 | - Cooling W ater 2000 | = 2500 |
E-10E | @ Caoaling "/ ater 2000 | 2500 W
HotTin |, Hot T out |_. Load Area dT Min Hat |dT Min Cold

Hot Stream (] Tied ] Tied [kl 7h] (2] (] (]
ha ANE0| W 2000 | W F373 | 7.4363e-00: 2320 E0.00
b3 2600 | W G000 | 2900 | 3.9164e-00: 2350 40.00
h2 1EE.0 | v 4000 | W 1739 | 4.2273e-00: 141.0 20.00
il 1820 | W 121.0 | & 3953 | 4.4796e-00: 162.0 101.0
h5 2750 | v 1320 | v 5434 | 4.6450e-00: 250.0 112.0
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9-Composite curves:

Composite Curves

350.0
300.0
. 25007
o
g 200.0
©
8 150.0
£
i
100.0
50.00
).0000 T T T
).0000 5000 1.000e+004 1.500e+004 2.000e+004 2.500e+00-
Enthalpy (kJ/h)
10-Targets:
Metwork. Cost Indexes Metwork. Performance
| Cozt [ndex # of Target | HEM £ of Target
Heating [Cost/s] | 0.0000 0.0000 Heating [kJ/h] | 0.0000 0.0000
Cooling [Cost/s] | 1.263=006 100.0 Cooling [k #h] | 2140e+004 100.0
Operating [Cost/s)] | 1.263e-006 1000 Mumber of Uritz | 5.000 100.0
Capital [Cost] | h.037e+004 93,76 Mumber of Shellz | B.000 24.00
Tatal Cost [Costds] | 5.157e-004 99.75 Total Area [m2)] | 0.2470 101.5
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