Improve Fidelity of your Process Models by
Sizing Rigorous Heat Exchanger Models

Using Aspen HYSYS®
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Objective

This guide will demonstrate how you can increase the fidelity of your process model by
sizing heat exchangers from Aspen HYSYS.

We will cover the following types of heat exchanger units:
» Shell & Tube heat exchanger

« Air Cooled heat exchanger

For this exercise we will use:

« EDR Template Files

* Aspen HYSYS model of the Crude Distillation Unit

To download the above files please visit Aspen Tech’s customer support site.

(Refer to Knowledge Base Solution ID: 143028 at the following location
http://support.aspentech.com/webteamasp/KB.asp?1D=143028)
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Shell & Tube Exchanger
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Demonstration Workflow

Here is the order of tasks this guide will walk you through:

1. Identify the Simple Heat Exchanger Model

2. Convert the simple model to a rigorous model using an EDR Template

3. Learn how to read heat exchanger dimensions such as length, weights, etc.
4. Convert a rigorous model back to a simple model

5. Learn how to interactively size the heat exchanger using EDR and compare between

different design options

6. Learn how to take offline one of the parallel shells in a shell & tube exchanger and

analyze its implication
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Open the Process Model
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Locate the Heat Exchanger
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Convert to Rigorous Model
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Select the EDR Template for Auto Sizing

0 Auto Size W' Auto Size using Template

() Size Interactively ) Size Interactively using Template

Template File
Ch\Users\rammohas\Desktop' Pre-heat_AES_TEMPLATE.ECT Browse

3 I

Choose the template: ‘Pre-heat AES TEMPLATE.EDT for sizing.
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Auto-Sizing

28 designs evaluated, 9 designs are near. 7 designs are OK.
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View Model Detalls
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Rigarous Shell&Tube

| Design | Rating | Waorksheet | Performance | Dynam

Shell&Tube

~ TEMA Type

Front End Head Type
Shell Type
Rear End Head Type

A - channel & removable cover
E - one pass shell
5 - floating head with backing device

Property Ranges
Results Summary

~Tubes

Tube OD [mm]
Tube Length [mm]
Effective Tube Count

Setting Plan
Tube Layout

Tube Thickness [mm]
Tubes Fitch [mm]
Tube Pattern

Profiles

~Shell

Crigntaticn

Exchangers in Parallel

[ Transfer Geometry from HYSYS

Exchangers in Series

Tubeside Passes Transfer UA To End Point

Model Details...
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Review TEMA Sheet
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Verify Geometry
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Verify Weights
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Convert Back to Simple Model
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Revert to Simple End Point Model

@ End Point with EDR Calculated UA and Pressure Drops

) End Paint with Original Specs

(2 [
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Edit Pressure Drops (Optional)

esign | Rating I Waorksheet I Performance I Cynamics | Rigorous Shell&Tube |

Design ~Heat Exchanger Model Heat Leak/Loss
p N onnections |Simple End Point '| @ Mone () Extremes O Proportional
arameters
Specs )
~End Point Madel
User Variables ne e =
Maotes Crverall LA [k)/C-h] 3.385e+005 |
SHELL-SIDE TUBE-SIDE _
Specified Pressure Drop [bar] 0.5000 5.000e-002
Use Ft Tube Passes Shell Passes Shells In Series | First Pass Shell Type
r 2 1 1 Counter E

~Convert to Rigorous Maodel
You can replace any simple exchanger medel by a fully rigorous model in your simulation defining a

geometry by sizing or by direct specification via input or by importing a prepared file.

[ Size Exchanger ] [ Specify Geometry

16

Specify the following:
« Shell-Side Pressure Drop: 0.5 bar

* Tube-Side Pressure Drop: 50 mbar
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Convert Simple to Rigorous Model

Economics Energy

Capital Cost Utility Cost Available Energy Savings Click inside box to

_ S S 3 open 'Exchanger
usD PAYAY % of Actual ST ERET

Id‘ﬁ' Enabled by Aspen Exchanger Desigh and Rating (EDR})

Exchanger Mame Model Status |z| Summary |z| Pressure  Temperature  Vibration Erosion: RhoVs
50K

AC- Revert to Simple | o [ ] ® ®
Convert to Rigorous l
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Size Interactively

Select Conversion Methed
@ Size Exchanger () Specify Exchanger Geometry

Size Exchanger
0 Auto Size ) Auto Size using Template

@ Size Interactively | Size Interactively using Template

Template File

| | | Browse

Specify Exchanger Geometry
) Input Key Geometry
O Import EDR File

| | | Browse
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Size Interactively

" Geometry | " Process | " Errors & Warnings | + Run Status

@) Setting Plan

Calculation mode: |Design (Sizing) E | Recent Previous
~ Configuration
TEMA Type: 8-~ |e-~| [m ~]
Tube layout option: | Mew (optimum) layout = |
Location of hot fluid: | Shell side -|
Tube OD \ Pitch: mm ~[[190s | \ 2381 \ \
Tube pattern: [30— Triangular hd l
Tubes are in baffle window: | Yes -|
Baffle type: [Sing(e segmental hd l
Baffle cut orientation: [Horizon‘ta( hd l
Default exchanger material: | Carbon Steel - || 1 |
~ Size
Specify some sizes for Design: [No - I
Shell 1D\, OD: mm - v [ ] \ \
Tube length: [mm A l | |
Baffle spacing center-center: mm A | |
MNumber of baffles: | |
Mumber of tube , passes: I:I A I:I A \
Shells in series: | |
Shells in parallel: | |
Owverall Results
Excess surface (%)
Dp-ratio Shellside % Tubeside: N A
Total cost {all shells): |Dollar(us) |

TS Bulk Temp. (C) + 55 Bulk Temp (C)

) Tube Layout

Stream Temperatures

=
2

1

=
=]
[

-0.04 -0.02 v} Q.02 0.04
Distance from End {mm})
TS Bulk Temp. (C) ~— 55 Bulk Temp (C)

Size

Accept Design |

19
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Design with Parallel Shells

" Geometry | " Process | + Errors & Warnings | « Run Status

Calculation mode: | Design (Sizing) i | Recent Previous @ Se
-~ Configuration
TEMA Type: -~ |-~ (M~ BEM
Tube layout option: | New (optimum) layout i |
Location of hot fluid: | Shell side - | Shell side
Tube OD \ Pitch: mm ~|[100s | \ |2381 | 1905 \ 2381 y
Tube pattern: [SO—Triangu.[ar - l 30
Tubes are in baffle window: | Ves - | Yes
Baffle type: [Si.ng!e segmental A l Single segmental
Baffle cut orientation: [Horizonta! M l H
Default exchanger material: | Carbon Steel - || 1 | Carbon Steel
Size
pecify some sizes for Design: Yes - No
Shell ID Y, OD: 700 \ 720 N
Tube length: 4450
Baffle spacing center-center: 485
Number of baffles: ]
MNumber of tube \ passes: 641 Y 1 A
Shells in series: 1
Shells in parallel: 1
Overall Results
Excess surface (%): 4
Dp-ratio Shellside \ Tubeside: 06948 % 08216 \
Total cost (all shells) Doltar(s) ~ | 46174
| m
= Accept Design | | = I —

20
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Design with Parallel Shells

 Geometry | . Process | o Errors & Warnings | + Run Status |

Calculation mode: Design (Sizing) Recent Previous @5

 Configuration Here you can
TEMA Type: -~ (-~ (M~ BEM BEM compare the two
Tube layout option: New (optimum) layout deS|g ns
Location of hot fluid: Shell side Shell side Shell side
Tube OD \ Pitch: mm ~|l190s | A\ |28 | 1905 \ 238 1905\ 2381 (tOtal Ccosts ) etc )
Tube pattern: | 30-Triangutar | 30 30
Tubes are in baffle window: | ves | Ves Yes
Baffle type: | Single segmental -| Single segmental Single segmental
Baffle cut orientation: | Horizontal - H H
Default exchanger material: | Carbon Stee! -7 Carbon Steel Carbon Steel

- Size
Specify some sizes for Design: | Yes - | Yes No
Shell ID \, OD: mm - 53875 % 5588 0\ 720
Tube length: mm - | 4650 4950
Baffle spacing center-center: mm - | 285 485
Number of baffles: 14 8
Nurmber of tube \ passes: v ] 374\ 1 641\ 1

Shells in series: | | 1 1

Shells in parallel: 2 | 2 1

Overall Results

Excess surface (%) 0 4
in_ii‘nﬁhﬁ idﬁ h hﬂidﬁ- ﬂﬁ?d L ﬂ?fuq nw L 1497216

I Total cost (all shellz): Dollar(Us) - | 64040 46174 I

- e T - T -
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View Key Model Results

» Economics Energy
Capital Cost Utility Cost Available Energy Savings

USD LISDAear (@ off | R % of Actual (IS

) Flowsheet Case (Main) - Solver Active - | +

EDR Exchanger Feasihility

Lnknowen

2

oK
b

At Risk
0

Floms

Ra=
Fun
[Lronnun

Mavigation Pane
——

10
E-108 RCY-2

Resid_Reoncle_Copy

Block to open the form.

w1 40n
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Double click on the Heat Exchanger
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= am
ﬂ—ll [ :
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View Key Model Results

| Design | Rating | Warksheet | Performance | Cynam Rigorous Shell&Tube

Shell&Tube - Calculated Exchanger Performance

Application Duty [kW]

Exchanger Effective Surface Area [m£]
Effective MTD [C]

Cwerall Clean Coeff [k/h-m2-C]
Owerall Dirty Coeff [k/h-m2-C]
Vibration Proklem

RhoVZ Problem

Tuke Layout

Prafiles

SHELL-5IDE TUBE-SIDE

LEiln Coafficiant Tl ibama O] a1l 2540
Calculated Pressure Drop [bar] 0.3188 3.517e-002

Elfcwable Pressure Urop Lbar] [FATILN, S O00e-T02
Velocity (Highest) [m/s] 1.327 1.051

Make a Note of the Results.

[ mpone ] [ ewore |

Display both errors and warnings

/I - | [igrord
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Take One Shell Offline

24

| Design | Rating | Waorksheet | Performance | Cyna

Shell&Tube
lication
changer

Process

Property Ranges
Results Summary
Setting Plan
Tuke Layout
Profiles

Rigorous Shell&Tube

-~ TEMA Type
Front End Head Type B - bonnet bolted or integral with tubesheet
Shell Type E - one pass shell
Rear End Head Type M - bonnet
~Tubes
Tube CD [mm] 18.05 Tube Thickness [mim] 2108
Tube Length [mim] 4650 Tubes Pitch [rim] 23.81
Effective Tube Count 374.0 Tube Pattern 30-Triangular
Shell
Orisntation Herizgntal [ Transfer Geometry from HYSY5 ]
Exchangers in Parallel 1.000
Exchangers in Series 1.000 =
T ubeside Passes 1,000 | Transfer UAToEnd Point |
| mport. | [ Eport. | [ Model Details... |

In order to take one of the two shells offline, change number of

exchangers in parallel from 2 to 1.
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View Implications of the Change

25

| Design | Rating | Workshest | Performance | Dynamice]| Rigorous Shell&Tube |

Shell&Tube ~Calculated Exchanger Performance
Application Duty [kW] J670
E“"ha”ger Effective Surface Area [m2] 1023
rocess s Effective MTD [C] 34,90
= 25 || Overall Clean Coeff [k)/h-m2-C] 2702
Results SUMMATY | | | o erall Dirty Coeff [kl/h-m2-C 2702
aetting Flan .vera_ irty Coeff [kl/h-m2-C]
Vibration Froblem Ma
Tube Layout
Profiles RhoV2 Prablem Yes
SHELL-5IDE TUBE-SIDE
Film Coefficient [kJ/h-m2-C] 8177 4274
Calculated Pressure Drop [bar] 1170 01210
Allowable Pressure Drop [bar] 0,5000 5.000e-002
Velocity (Highest) [m/s] 3053 2001
| mport. | | Bpot. | [ Model Details... ]
Display both errors and warnings
pecte | [ - | [ igrored
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Compare the Implications of the Change

-Calculated Exchanger Performance
Duty [kWW]

3124

Effective Surface Area [mé] 04,5
Effective MTD [C] 32,04
Cwerall Clean Coeff [kd/h-m2-C] 1669
Owerall Dirty Coeff [k/h-m2-C] 1669
Vibraticn Problem Mo
RhaV2 Problem Mo -
Both Shells Online
SHELL-SIDE TUEBE-SIDE
L Eilea Coafficiant el /harad.C] cigd 2540
Calculated Pressure Drop [bar] 03188 3.517e-002
OWaDble Fressure Urop (bar] [SASTN NN 5000002
Velocity (Highest) [m/s] 1.527 1.051
~Calculated Exchanger Performance
Duty [KW] 2679
Effective Surface Area [mZ] 1022
Effective MTD [C] 34,50
Cwerall Clean Coeff [kl/h-m2-C] 2702
Owerall Dirty Ceeff [kl/h-m2-C] 2702
Vibraticn Problem Mo
RhoV2 Problem Yes
Only ONE Shell Online
SHELL-5IDE TUBE-SIDE
Film Coefficient [kJ/h-m2-C] 8177 4274
Calculated Pressure Drop [bar] 1.170 01210
Allowakble Pressure Drop [bar] 0.5000 5.000e-002
Velocity (Highest) [m/s] 3053 2.001

26
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Air Cooled Heat Exchanger
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Demonstration Workflow

28

Below is the order of tasks we will follow next:

1.

Identify the Simple Heat Exchanger Model

Convert the simple model to a rigorous model

Compare the performance between the parallel Air Cooler models
Convert the rigorous model back to a simple model

Size the heat exchanger using EDR Template

Learn how to view key performance results

Change geometric configuration of the exchanger

Compare the implications of the change to the previous design
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Open the Process Model
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Locate the Heat Exchanger
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Convert to Rigorous Model
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over the circle C-102

-m—
OH Condensate
Copry Air Cooler: AC-102
_0_@1 Maodel Type Air Cooler Simple Design
Process Stream Delta P 0.1 bar
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Auto Size to create a Rigorous Model

) Auto Size using Template

() Size Interactively ) Size Interactively using Template

Template File

| | Browse
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Compare Between the Parallel Air Coolers

Cliphnard| Units | Simulation Tu | Solver = | Summaries 1 Ahalysis | safety Analysis
¥ Economics Energy EDR. Exchanger Feasihility
Capital Cost Utility Cost Awailable Energy Savings Unkneown OK At Risk Click inside boxto
open 'Exchanger
e o 1 Summary Table'
UsD LISD/Year (@ off B 5 % of Actual

Mavigation Pane

. ‘Flowsheet Case [Main) - Solver Active - ] Exchanger Details: AC-107 +

0 Exchanger Summary Table
F::-;;' Enabled by Aspen Exchanger Design and Rating {EDH_
Exchanger Mame Model Status |« Summary - Pressure  Temperature  Vibration Erosior| _
AC-101 | Revert to Simple | o o ® ] (
AC-102 | Revert to Simple | ® ® ] (
E-103 | Revert to Simple | o o (] ] (!
E-104 [ Convert to Rigorous ]
E-105 |_R ; AC-102
- evert to Simple ] o . . . i -
) | r '|“I - | - — — , L — _q
S Condensate
Copy

Click on AC-101 and AC-102 to open their respective detail forms.
| TEE-101 T = a0
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Compare Between the Parallel Air Coolers

34

]

Air cooler AC-101

| Design | Rating | Warksheet | Performance I Dynn Rigarous Air Coaler |I

Rigorous Air Cooler

Exchanger
Process Data

esult Summary

Setting Plan
Tube Layout
Profiles

~Results Summary

Total Heat Load [kW] 1.655e+004
Effective Surface Area [m2] 1.836e+004
“[Effective MITD [C] 725
Overall Dirty Coeff [kl/h-m2-C] 1620
Owverall Clean Coeff [k)/h-m2-C] 1638
Stream Tube Side Air Side
Film Coefficient [k)/h-m2-C] 2613 4582 |
Calculated Pressure drop [bar] 9,155e-002 1.553e-003
Allowable Pressure drop [bar] 0.7000 2.000e-003
Velocity In (Highest) [m/s] 1959 7.085
Velocity Cut (Highest) [m/s] 0.2597 7.802

4

Rigorous Air Cooler

| Design | Rating | Worksheet | Performance I Dynam.ic5| Rigorous Air Cooler

Exchanger
Process Data
Property Range
Result Summary
Setting Plan
Tube Layout
Profiles

~Results Summary

Total Heat Load [kW] 1.704e+004
[ Effective Surface Area (ma] Z.7112+004
~[Effective MTD [C] I5.57

Cwerall Dirty Coeff [kl/h-m2-C] 1168

Owverall Clean Coeff [k)/h-m2-C] 1168

Stream Tube Side Air Side

| Film Coefficient [k1h-m2-C] 16811 43097

Calculated Pressure drop [bar] 7.903e-002 1.975e-003

Allowable Pressure drop [bar] 01979 2,000e-003

Velocity In (Highest) [m/s] 2007 8.748

Velocity Qut (Highest) [m/s] 01321 9.179

Note the difference in performance between the two parallel Air coolers.
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Compare Between the Parallel Air Coolers

= g Air cooler: AC-101 -] X
| Design | Rating | Warksheet | Performance | Dynami i Rigorous Air Cooler | w
igorous Air Cooler - Exchanger Geometry
Exch S — — =
g @ Unit (2 Tubes ) Bundle
Process Data
Property Range
Result Summary Mumber of Bays per Unit 10.00
Setting Plan Bundles per bay 1.000
Tube Layout Fans per bay 2.000
Profiles Frame Type Standard
Fan diameter [m] 1.981
Fan configuration Induced
Tube Side Flow Crientation Horizontal
‘| i | »
b Air cooler: AC-102 =|0] X

| Design | Rating | Worksheet | Performance | Dynamics | Rigorous Air Coaler —

Rigorous Air Cooler - Exchanger Geometry
Exchanger @ Unit ) Tubes ) Bundle =
Process Data
Property Rangs
Result Summary MNumber of Bays per Unit 4.000
Setting Plan Bundles per bay 2.000 |
Tube Layout Fans per bay 2.000
Profiles Frame Type Standard
Fan diameter [m] 3.658
Fan configuration Forced
Tube Side Flow Crientation Horizontal

Note the difference in geometry between the two parallel Air coolers.
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Convert Back to Simple Model
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Capital Cost Utility Cost
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) Flowsheet Case [Main) - Solver Active = | Exchanger Details: AC-101 + " Show model status
shows risk status
Show legend
Hover the cursor C-102
over the circle
—p—
oM Condensate
-
Copy AirCooled: AC-102
—> Rigorous Model  AirCoocled
O-head1 Surface Area 2.711e+04 m2
Total Heat Load  1.704=+04 kW
Fan Configuration Forced
Bays per Unit 4
—— ) Bundles per Bay 2
ovhvapor I Fans per Bay 2
0-head?
TEE-101
Off ==
Gas
| i Revert to Simple Design ]
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Convert Back to Simple Model

1 @ Simple Design with EDR Calculated UA

() Simple Design with Original Specs
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Convert Simple to Rigorous Model
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Hover the cursor
over the circle C-102

-m—
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Copry Air Cooler: AC-102
_0_@1 Maodel Type Air Cooler Simple Design
Process Stream Delta P 0.1 bar
Maolar Flow 1238 kgmale/h
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Auto Size using Template

O Auto Size 0@' Auto Size using Template

(0) Size Interactively ) Size Interactively using Template

Template File 2
ChlUsersirammeohas\Desktop\ AC-TEMPLATEEDT

|

Choose the template: ‘AC-TEMPLATE.EDT’ for sizing.
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View Key Model Results

EDR Exchanger Feasibility
LInknown 0].4 At Risk

2 2 1

Economics Energy

Capital Cost Ltility Cost

Awvailable Energy Sawings

IS0 ear

RN % of Actual

g _ Flowsheet Case (Main) - Solver Active - ] +

=
| Design | Rating | Worksheet | Ferformance | Dynam Rigorous Air Cooler
Rigorous Air Cooler  -Results Summary
Exchanger
Process Data
3 Property Range Y101
Result Summary Total Heat Load [kW] 1.658e+004 Coroereak 1
BIE-L-{it1h Effective Surface Area [m2] 3.050e+004
Tube Layout Effective MTD [C] 4024 Double
Prafiles Overall Dirty Coeff [kl h-m2-C] 1006 Click
Qwverall Clean Coeff [kl/h-m2-C] 1075 =
Stream Tube Side Air Side
Filr Coefficient [k)/h-m2-C] 1538 3683 5
Calculated Pressure drop [bar] 5.362e-002 8.635e-004
"Mllowable Pressure drop [bar] 0.1979 2.000e-003
Velocity In (Highest) [m/s] 13.38 5.832
Velocity Cut (Highest) [m/s] 01763 6.119
o ==
poller
Make a note of the results.
Import... l [ Export.. l [ Model Details... l
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Make Changes to Heat Exchanger Geometry

| Dezign | Rating | Worksheet | Performance | Dynamics) Rigorous Air Cooler

Rigorous Air Cooler Exchanger Geometry

6 i@ Unit

changer

() Tubes

Process Data

) Bundle

Property Range

Result Summary Mumber of Bays per Unit

10.00

Setting Plan Bunales per bay

Tube Layout Fans per bay
Profiles Frame Type

Fan diameter [m]
Fan configuration

Tube Side Flow Crientation

2.000
2.000
Standard
3.658
Forced

Horizontal

[ Transfer UA to simple design ]

[ Change the number of bays per unit to 10. o

Display both errors and warnings

| —
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Make Changes to Heat Exchanger Geometry

| Design I Rating I Worksheet | Performance I Dynamics | Rigorous Air Coaler

Rigorous Air Cooler Exchanger Geometry

Exch T . q
changsr () Unit [} Tubes @ Bundle
rocess Ua

Property Range

Result Summary Mumber of Passes 2.000

Setting Plan MNumber of Rows 4.000

Tube Layout Mumber of Tubes 184.0

Profiles Type of Bundle Staggered-even rows to right
Transverse Pitch [mm] &0.00
Tube layout angle [deg] 30.00

Change to:

* Number of Passes: 2

* Number of Rows: 4

| mport. | | Bport. | | Model Details.. |

Display both errors and warnings

ei== ||
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View Key Model Results

Design I Rating I Worksheet | Performance I Dynamics| Rigorous Air Cooler

Rigorous Air Cooler - Results Summary

Exchanger

Total Heat Load [kW]

Effective Surface Area [m2]
Tube Layout Fective MITD L]

Profiles Owverall Dirty Coeff [kl/h-m2-C]
Cwverall Clean Coeff [kl/h-m2-C]

Tuke Side Air Side

5133 2924

Calculated Pressure drop [bar] 3.391e-002 4.405e-004
owable Pressure drop [bar] 01570 2.000e-003
Velocity In (Highest) [m/s] 8.026 3459
Velocity Cut (Highest) [m/s] 5.277e-002 3672

mport. | | Export. ModleLRotailse:

Display both errors and warnings

|
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Compare the Performance Between Two Designs

Total Heat Load [kW] 1.69%e+004
Effective Surface Area [m2] 3.050e+004
Effective MTD [C] 46.84
Owerall Dirty Ceeff [k/h-m2-C] 1006
Cwerall Clean Coeff [kd/h-m2-C] 1075
Design (Using EDR Template)

Stream Tube Side Air Side
Filrn Coefficient [k)/h-m2-C] 1538 3683
Calculated Pressure drop [bar] 5.362e-002 8,635e-004
Allowable Pressure drop [bar] 01979 2.000e-003
Velocity In (Highest) [m/s] 13.38 5832
Velocity Cut (Highest) [m/s] 01763 08.119

Total Heat Load [kK\W] 1.710e+004

Effective Surface Area [m2] .77 7e+004

errective WL ] 42,43

Overall Dirty Coeff [kl/h-m2-C] 5051

Civerall Clean Coeff [kd/h-m2-C] 2051

DeS|gn (MOdIfled Geometry) Stream Tube Side Air Side

 Film Coefficient [k/h-m2-C] 6123 2024

Calculated Pressure drop [bar] 3.391e-002 4.405e-004

Allowable Pressure drop [bar] 0.1974 2.000e-0035

Velocity In (Highest) [m/s] 8.026 3499

Velocity Out (Highest) [m/s] 5.277e-002 3872
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Additional Resources & Contacts

« AspenTech Support Website (http://support.aspentech.com)

« AspenTech Courseware Available in Classroom and Online Versions

» AspenTech Business Consultants

Contact Name Contact Email

Sandeep Mohan Sandeep.Mohan@aspentech.com
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