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

Using Aspen Plus®
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Objective

This guide will demonstrate how you can increase the fidelity of your process model
by using Rigorous Heat Exchanger models generated using the Heat Exchanger
sizing feature in Aspen Plus.

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

« Air Cooled heat exchanger

For this exercise we use the Aspen Plus model titled: “Shell&Tube for
InteractiveSizing.bkp”.

To download the required files for this exercise please visit Aspen Tech’s customer
support site.(Refer to Knowledge Base Solution ID: 143031 at the following location
http://support.aspentech.com/webteamasp/KB.asp?1D=143031 )
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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. Open Aspen Plus Process Model

Locate the simple heat exchanger model

Convert the simple model to a rigorous heat exchanger model

Check the design for any risks or warnings

G

Review key design results (performance, spec. sheet, weight, length, etc.)
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Open the Process Model

[ nlrl"ﬁ* c om®| Nl [ 51 ED S |
Horme Economics Dynamics Equation Oriented Wieuw Customize Resources Fodify Format |5€'ﬁ‘ﬂ'h aspenONE Exchange |E & @ 2
Sk Rotate <OReconnect™ <+ loin ﬂ% | 30 lcans | Ternperature @ GLOBAL - E;ViEW Parent T} Export
4 Flip Horizontal | <& Break ¥4 Reroute Stream 'ﬁ [ HeatMark | [ Pressure D+' DF S Shoe Al TaView Child  [% Move Selection
; } o in i isplay
= Flip Vertical T Insert I= &lign Object | SpShow Status™ | [ Vapor Fraction | Options - | (2) Lock Flowsheet | 2 Irmport
Flowesheet Unit Operations | Strearn Results & Section Hierarchy
L4 Economics Energy EDR Exchanger Feasihility &
Capital Cost Utility Cost Awailable Energy Savings Unknown QK At Risk
e — — — 2 0 0
LISD LSDYear MW % of Actual

Mavigation Pane

|

B _“Main Flowsheet - | +

L

SEPSRATR @'\r@
Open ‘Shell & Tube for Interactive Sizing.bkp’
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WATER
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Locate the Heat Exchanger

Economics
Capital Cost

Energy EDR Exchanger Feasibility

Llnknowen oK At Risk
2 0 0

Litility Cost Available Energy Savings

LISD LISDear @ ot |
i ‘Main Flowsheet -~ | +

AW % of Actual cm

" Show model status [

Showe risk status
Note that Blue rings — Show legend
indicate rigorous
models and Grey rings
indicate simple models. AR.OLT |
>
ARCOOL ﬂ
PLUMP
>
COMPR
—
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Run Simulation
oo ko o 0 Ne 1k W I4 = | Shell&Tube for Interactive Sizing.bk...m - I='-

Horme  Econormics  Dynamics  Equation Oriented  Wiew  Custornize  Resources kadify Farmat | Sezrch aspenONE Exchange ke & @ ==
K Cut da N ’ D I:‘ Ii \ap, ) Model Summary || Input 5 Streamn Analysis™ &g Heat Exchanger £ Pressure Relief
=3 Copy — | &3] Stream Summary~ @) Histary | PS Sensitivity ik Azentrape Search % PRD Rating
] Units un J5tep  Stop  Reset Control Reconcile N ) ) o )
[, Paste Panel m IItility Costs Report | [ Data Fit [k, Distillation Synthesis L}, Flare System
Clipboard | Run F SUrnmany | Analysis | Safety Analysis |

> Economics
Capital Cost Utility Cost

Energy EDR Exchanger Feasibility

OK  AtRisk
0 0

LIk nown

2

Awailable Energy Sawvings

LSD LISD /M ear ey R % of Actual (D
‘Main Flowsheet - | + =

~
AlR-2UT

AIRCCOL

Mavigation Pane

7 (Waspentech



Convert to Rigorous Model

Economics
Capital Cost

LSO

- Main Flowsheet - | +

Litility Cost

LSD M ear

Energy EDR Exchanger Feasihility

ko (0] .4 At Risk
2 0 0

Awallable Energy Sawings

R % of Actual m

COMPR
SEPARATR MGL-AARM
HELLTLIE
Howver the cursor
over the circle
HeatX: SHELLTUB
Madel Type HeatX Shortcut STABILIE

Hot Side Delta T 109.97%635 F
Cold Side Delta T 77.218092 F

Duty 3458361.01 Btu/hr
Area 253.570056  sgft
@
I Specify Rigorous I
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Select the Exchanger Type

Select Exchanger Type

@ Shell & Tube |0 Kettle Reboiler () Thermosyphon
) Air Cooled

@) Size Interactively

() Size Interactively using Template

Template File

9 © 2015 Aspen Technology, Inc. All rights reserved
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Size the Heat Exchanger

" Geometry | " Process | «" Errors 8 Warnings | «" Run Status |

Caleulation mode: I.Design {Sizing) - | Recent Previous @ Setting Plan ) Tube Layout
— Configuration
TEMA Type: [B-~| [e-~| [M-~]
Tube layout option: New (optimum) layout -
Location of hot fluid: ISheH side - |
Tube OD \ Pitch: in “llozs ] \ \
Tube pattern: l30— Triangular - |
Tubes are in baffle window: I Yes A |
Baffle type: [Singie segmental - |
Baffle cut orientation: IHon'zonraﬂ - |
Default exchanger material: | Carbon Steel - ” 1 |
~ Size
Specify some sizes for Design: INO - | Stream Temperatures
Shell 1D\, OD: in -] \ . ! € o ]
Tube length: in hd | E ]
Baffle spacing center-center: in - | i; 0.0z
Number of baffles: ; 1
Number of tube \, passes: \ 3\ y é o
Shells in series: E_ . 1
Shells in parallel: :—.; J

EZZ"S:Z::%;: Click on ‘Size’ to develop the rigorous heat exchanger model. == .

Dp-ratio Shellside % Tubeside: \ | s -L-'-;Stance frim . [i:]lill 0.04

et conalelsy L | —  T5Bulk Temp. (F) ~— 55 Bulk Temp (F)
Pl | = I

Accept Design Save ] [ Cancel l
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Review the Design

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

]

@ Setting Plan

Review the
geometry of the

heat
exchanger.

O O

Gl""" ||||||||||||||||||||||||L|||||FfD

Stream Temperatures

m
o
L=

m
=]
L=,

o
=1
o

Calculation mode: [Desfgn (Sizing) Recent Previous
~ Configuration
TEMA Type: 8- ~| |- ~] [M—']e BEM
Tube layout option: | New (optimum) layout N |
Location of hot fluid: | Shell side - Shell side
Tube OD \ Pitch: in “|lors ] 075\ 09375 \
Tube pattern: [30- Triangular ’] 30
Tubes are in baffle window: [ Yes ’] Yes
Baffle type: [Sing(e segmental ’] Single segmental
Baffle cut orientation: [Horizorrra! ’] H
Default exchanger material: | Carbon Steel A || 1 | Carbon Steel
—Size
Specify some sizes for Design: [ Mo - ] Mo
Shell 1DY OD: in - A 12.09 ! 1275 A
Tube length: in - 230.315
Eaffle spacing center-centen: [in 'l | | 5315
Number of baffles: | | 40
MNumkber of tube \, passes: I:l 4 I:l 1o \ 1 4
Shells in series: | | 1
Shells in parallel: | | 1
Overall Results
Excess surface (%): 1
Dp-ratio Shellside %, Tubeside: 0.8235 % 01329 i
Total cost (all shells): Dollar(US) = 19713

TS Bulk Temp. (F) + 55 Bulk Temp (F)
P
L=

-
n
L=

— TS Bulk Temp. (F)

11
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Review the Design

JGeomﬁJ Process | " Errors & Warnings | +' Run Status |

Recent Previous
Hotside ColdSide Hotside  ColdSide  Hotside  ColdSide
Calculation mode: | Design (Sizing) -
- Process Conditions
Mass flow rate: | Ib/h ~||46789 | |58026 | 46780 58026
Inlet pressure: | psi ~||300 | 305 | 300 305
Outlet pressure: | psi ~||205.55 | 13005 | 20633 304,04
Inlet Temperature: F ~||345.33 | |138.08 | 34533 138,08
Outlet Temperature: F -|| || | 20863 23077
Inlet vapor fractian: 1.8937E-06 o |0 0
Outlet vapor fraction: | | | |0 0.1445097
Heat exchanged: |BTU/h ~||4217236 | 4217236
- Process Input
Allowable pressure drop: | psi ~||445 | 725 | a4 7.25
Fouling resistance 2R EBTU |0 | o o 0
Calculated Results
Pressure drop: psi -| 3.66 0.96

12

Review the process conditions of the heat

exchanger (e.g. Stream Pressure Drops,

etc.).
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Review the Design

v EDR Sizing Console - Size Shell&Tube 5

" Geometry I  Process p Errors 8 Warnings | . Run Status |

Results (0) Input 1082 A default allocation of Hot stream 1: to the shellside has been made. It is estimated that the chances of this being correct are about 50 percent. Potentially important factars,
J = l A Warning such as a fluid being hazardous, or having material compatibility problems, could not be allowed for, Such fluids would usually ge on the tubeside,
OpeitEn (] Input 1082 No Maximum Allowable Pressure Drop was specified for either stream, Estimated values of 4.45 psi (hot side) and 7.25 psi (cold side) were used. Design results are usually very
| Notes/Advisory (3) e l _Y Warning susceptible to at least one of these values, and the estimates may not match your process requirements. Treat the exchanger designs produced with caution.
@ All (8) l 3 Walr:li:nlg 1179 |You did not input any fouling resistances. Fouling will reduce the calculated exchanger duty, or increase the exchanger size needed to achieve the specified duty.

The consclidated process conditions for Stream 1, prior to the main calculations, give a heat load of -4217235 BTU/h, for a flow of 46789 Ib/h, with outlet temperature 208,63

Nete 180 F and quality (vapor mass fraction) 0.

The consclidated process conditions for Stream 2, pricr to the main calculations, give a heat load of 4217235 BTU/h, for a flow of 38026 Ib/h, with outlet termperature 230,28 F

Note 1860 and quality (vapor mass fraction) 0.14T70668.

Advisory 1446 | The Advanced calculation has converged after 19 iterations

B

Note 1701 |Design calculation successfully completed.

The outlet temperature of stream 2 has changed from the initially specified value 230.28 F, to 230.77 F. These temperatures relate respectively to the estimated outlet pressure
Note 1925 [300.5 psi, and the calculated outlet pressure 304.04 psi. Design and Checking calculations are based on fixed heat load: temperatures can change when pressures change, If
you want to avoid this change in temperature, set the estimated outlet pressure to 304.04 psi and repeat the calculation.

Look for any warnings or errors.

In this case, since there are no operational
warnings, we chose to accept the design.

Size Accept Design l [ Save ] [ Cancel
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Open the EDR Browser

Simulation < Economics Energy EDR Exchanger Feasihility e
2l terms - Capital Cost Utility Cost Awailable Energy Savings Lnknown oK At Risk

I+ L& Setup |« | e —_— e 2 0 0
b [ Property Sets s usDivear CHERD A % of Actual (LD

[ Analysis Main Flowsheet - | +
I L@ Flowwsheet IT

I [ Strearns -

4 [£F Blocks
b EgAIRCOOL o
AIRCOOL ﬂ

b g COMER
b [g PUMP — o L
I [ SEPARATR
4 [5% SHELLTUE

@] Setup OFFGAS

@Optiuns

GAS-PROD =

EDR Browser

@TQ Cupses
[ Hot HC urves -

MGLAYARM
. p— SEPARATR T

4 | m | 3

1 .
. Properties Y @

H

STABILIE

G—[g Simulation

%ﬂ Safety Analysis

To review key design results, click on ‘EDR Browser’

‘@' Energy Analysis
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Check Performance

Set Units NE} _"@ B &/\} @ + [> |:| Design (Sizing) ¢} Find Fouling —b = b I%
-Sl—v — = h_‘ K | Rating / Checking '_e ) @ .
Ny Convert\-"aluesl Mext | Set Process Set Set Set Connected Fun  Stop  Run  [—=—————7— Check Rewiew Spec Werify Rewiewme
em Data Praperties  Gearnetry  Construction Status ||@ Slmulatlonl Perfarrmance Sheet Geornetry  Profiles
Units Model Setup todel Readiness Run Control Run kode Results
2 Capital: LUSD Liilities: 5D ear () Energy Savings: Al ) () Exchangers - Unknown: 2 OK: @ Risk: 0 @v

FAain Flowwsheet

SHELLTUB [HeatX] - EDR Browser | +

* | Owerall Performance | Resistance Distribution I Shell by Shell Conditions I Hot Stream Compaosition I Cold Stream Composition

Design (Sizing) Shell Side Tube Side
Total mass flow rate kg/'s 5.8955 7.3113
Vapor mass flow rate (In/Out) kg's V] 0 0 1.0565
Liguid mass flow rate kg/'s 5.6955 5.8955 73113 G.2547
Vapor mass guallity o] a a 0.1445097
Temperatures C 174.07 98.13 55.94 110.43
Dew point / Bubble point C 256,75 174,07 23042 5594
Operating Pressures bar 20.68427 20431538 21.02%01 20.96256
L Film coefficient W/ m2*K) 18274 1079.9
o Fouling resistance m2* KW 0 0
_E Velacity (highest) my/s 1.5 2.24
E.. Pressure drop (allow./calc.) bar 0.30684 ! 0.25269 0.5 ! 0.06645
é Total heat exchanged kW 1236 Unit BEM 1 pass 1 ser 1 par
Overall clean coeff. (plain/finned) W/ (m2*K) 6578 / Shell size 307 - 5850 mm Hor
Overall dirty coeff. (plain/finned) W/ (m2*K) 6578 / Tubes Plain
% Effective area (plain/finned) m2 38 ! Insert Mone
nE Effective MTD C 49,95 Ma. 110 OD 19.0% Tks 2.11 mm
-E Actual/Required area ratio (dirty/clean) 101/ 1.01 Pattern 30 Pitch 23.81 i
.% Vibration problem No Baffles Single segmental Cut{%d) 29.85
z"' RhoV2 problem Mo Total cost 19713 Collar(Us)
Heat Transfer Resistance
Shell side / Fouling / Wall / Fouling / Tube side
Shell Side | || | Tube Side
15

Click on ‘Check
Performance’ to review
overall performance

results such as stream
temperatures, pressure
drops, any vibrational
problems, etc.
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Review Spec Sheet

Set Units g LA Al ) +
(A - t s
s s g ¢ % A
Set Set Set Connected
Properties  Geormetry  Construction

Iodel Setup

a»

Dezign (Sizing)
« Rating / Checking
@ sirmulation

Run Mode

) Find Fauling
|

Skop

0 B
Werify Resiewny
Gearnetry  Profiles

5
Check
Performance

Rewiew Spec
Sheet

P S LI

Run
Status

Run Contral

a»

Mext | Zet Process Run

in
o Corvert Walues T

Units kdodel Readiness

& Capital: USD Utilities: LUsDear Energy Savings: % L A Exchangers - Unknown: 2 OK: 0 Risk: D @-

MAain Flowwsheet SHELLTUE [HeatX] - EDR Browser +

* | TEMA Sheet

1

Campary:

2

Location:

s

o o iy ~ B

oy — o

Ell

CONSTRUCTION OF ONE SHELL

Sketch

EK

Shell Side

Tube Side

33

Designfacuurnest pressure

23! ! 24 !

!

34

Design ternperature [

210

210

Mavigation Pane

35

MNurnber passes per shell

1

1

rLALR AL

£l

Corrasion allowance

3.18

3.18

ad

37

Connections In

1 1524 ¢ -1

L =

38

Size/Rating Out

1 ne ! - |1

1me ! =

39

D Intermediate

¢ -

F -

Tl

40

Tube Mo, 110 0D

19.05 Tks Average 2.11

T

Length 5850

Pitch  23.81

LY

Tube type  Plain

#im  Material Carbon steel

ube pattern 3a

Mavigation Pane

42

Shell Carbon Steel D 307.09

oD 323.85 i)

Shell cowver -

43

Channel or bonnet Carbon Steel

Channel cowver -

A4

Tubesheet-stationary Carbon Steel

Tubesheet-floating =

45

Floating head cowver =

Mone

Impingement protection

A6

Baffle-cross  Carbon Steel

Type

Single segrmental CutZ:d)

29,8536 H Spacing: c/c 135

47

Baffle-lang -

Seal Type

[ Inlet 252.98

48

Supports-tube U-bend

0

Type

m 43

Bypass seal

Tube-tubesheet joint

Expanded only (2 grooves)(&pp.a i)

a0

Expansion joint

- Type

Mone

51

RhoW2-Inlet nozzle 216

Bundle entrance 308

Bundle exit 608

kgflm*s2;

Gaskets - Shell side -

Tube side

Flat Metal Jacket Fibe

Floating head -

49

16

TERA cla

B - refinery sereice

Wieight/Shell 12508

Filled with wwater

16386 Bundle

£60.4 kg

FEFrIark

Click on ‘Review
Spec Sheet’ to
review TEMA sheet

for details including
lengths, weights,
etc.
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Verify Geometry

N B &

L 8

K

7 Design (Sizing) %) Find Fouling I:D’
b @ =D

E— — [+] Rating / Checking

fert'\;"alues| Mext | Set Process Set et Set Connected Run  Stop  Run : : Check
Data Froperties  Geometry Construction Status |@ Simulation Performance

hits Model Setup Model Readiness Rurn Contral Run Maode

Capital: 5D Utilities: UsD ear a Energy Savings: 15 KL oy () Exchangers - Unknower: O Ok: 2 Risk: 0 [@:I

D | *o |

Rewiew Spec Werify Rewiewy
Sheet Geormetry | Profiles

Result

hain Flowsheet

'SHELLTUB (HeatX] - EDR Browser = | +

>

Mavigation Pane

Setting Plan | Tubesheet Layout | U-ben

d Zchedule

17

Fulling Lengrhe

Click on ‘Verify Geometry’ to review the Setting Plan

24?]2 5[: 5495 :385:

N 5

1) : :
:

| nRAnEnnnnnnnneEnmn

S | +

12 1170 | 3510

5510

"
++—|-
280

150

2 Boits
Fied

75

[
oo

150_|

2 Bolts
Sliding

and Tubesheet Layout.

i
B
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Review Profiles

Check
‘ Perforrnance

BH o[k
Review Spec Werify Rewvieuw:
Sheet Geornetry | Profiles |

Results

its — (7 A : . p . ) =
. Nlj @ t/% @ ﬂ* [> |;| _ Design (Sizing) Q Fird Fouling -:e
_— — [w] Rating / Checking
nwert ‘u"aluesl Mext | Set Process Set et Connected Run  Stop  Run  |[=————
Data Properties  Geometry  Construction | Status |@ S|mu|at|0n|
Units ‘ ‘ todel Setup IModel Readiness Run Contral Run fade
Capital: LSD Utilities: S0 Y ear (’ Energy Savings: [ %) c’ || Exchangers - Unknown: O Ok: 2 Risk: 0 [Q.Il
Main Flowsheet ~ SHELLTUB [HeatX) - EDR Browser « |+
* | Interval Analysis | Physical Properties | Plots |
— Select ¥ variable
- Stream Temperatures
(@ Distance from End P
() TS Heat Load
— Select ¥ wariable 1
(@) Stream Temperatures
() Tubeside Temperatures 160
() TS Pressure
() Pressure Changed -
() TS Wapar fraction
() TS woid fraction S o
() TS Heat Load E'
() TS Heat flux = -
u ) Coefficients &
] a a0
-
= +
2 o
= =
4 = | /
> £
L) a
= =
= 1m0
3
[=x]
(2]
[l i /
=1)
&0
1 T T
om am I;m 4000
Distance frorm End {rmm}
—— TEBulk Temp. (C] S5 Bulk Temp (C)
——
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Click on ‘Review
Profile’ to check the
profiles for key

parameters such as
stream

temperatures,
pressures, vapor

fraction, etc.
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Air Cooled Heat Exchanger
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Demonstration Workflow

Below is the order of tasks we will follow next:
1. Open Aspen Plus Process Model
2. Locate the simple heat exchanger model
3. Convert the simple model to a rigorous heat exchanger model
4. Check the design for any risks or warnings
5. Change the design to address any warnings

6. Review key design results (performance, spec. sheet, weight, length, etc.)
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Open the Process Model

N <} - of = e ube for Interactive Sizing. - Aspen Plus W8.8..| =
LN | i N TR REN (4 Shell&Tube for Interactive Sizing.bkp - Aspen Plus ¥8.8 o [T
Horne Economics Dynarnics Equation Crriented Wieww Custormize Resources kAodify Farrmat Segrch gspenONE Brchangs Ele o =
S Rotate ¥OReconnect™ =+ loin ﬂ% ¥ 30 lcans Termperature :_Tj GLOBAL - Fo Views Parent 3 Export
4k Flip Horizontal Break j_i Feroute Stream FI?? HeatMark Pressure [I;'_I o Showe A1 £2 View Child % Move Selection
. . . . [y} . I5play \
= Flip Wertical | T Insert |= Align Ohject Sy Showr Status~ Wapar Fraction | Options - | (21 Lock Flowsheet | =0 Import
Flowesheet ‘ Unit Operations | Strearn Results & Section ‘ Hierarchy ‘
L4 Economics Energy EDR Exchanger Feasihility &
Capital Cost Utility Cost Awailable Energy Savings Unknown QK At Risk
— — — — 2 0 0
UsD UsDAverr (IR MY % of Actuzl (XD
= =
) “Main Flowsheet ~ | + =
-~
—
a AIR-OUT
£
=]
2
"
=
*
E :
AlRCOOL
SEPARATR [ MOLWVARM
1 . = .
Open ‘Shell & Tube for Interactive Sizing
— L OIL-COLD )
!
i
WATER

21
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Locate the Heat Exchanger

Economics Energy EDR Exchanger Feasibility
Capital Cost Utility Cost Awailable Energy Savings Unknown OK At Risk
_ S— S — 2 0 0
Ush Usbivear CHELD R % of Actusl (NS @
_ Main Flowsheet - |+ + Show model status |
Show risk status
Note that Blue rings — Show legend
indicate rigorous models
and Grey rings indicate
simple models AR-OUT |
|_o—| LIR-IM ~
@ AITCOOL ﬂ
PLIMP
?
COMPR
—
SEPARATR NGL-WE T
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Run Simulation
oo ko o 0 Ne 1k W I4 = | Shell&Tube for Interactive Sizing.bk...m - I='-

Horme  Econormics  Dynamics  Equation Oriented  Wiew  Custornize  Resources kadify Farmat | Sezrch aspenONE Exchange ke & @ ==
K Cut da N ’ D I:‘ Ii \ap, ) Model Summary || Input 5 Streamn Analysis™ &g Heat Exchanger £ Pressure Relief
=3 Copy — | &3] Stream Summary~ @) Histary | PS Sensitivity ik Azentrape Search % PRD Rating
] Units un J5tep  Stop  Reset Control Reconcile N ) ) o )
[, Paste Panel m IItility Costs Report | [ Data Fit [k, Distillation Synthesis L}, Flare System
Clipboard | Run F SUrnmany | Analysis | Safety Analysis |

> Economics
Capital Cost Utility Cost

Energy EDR Exchanger Feasibility

OK  AtRisk
0 0

LIk nown

2

Awailable Energy Sawvings

LSD LISD /M ear ey R % of Actual (D
i ‘Main Flowsheet - | + =

~
AlR-2UT

AIRCCOL

Mavigation Pane
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Convert to Rigorous Model

EDR. Exchanger Feasihility
oK At Risk

0 0

Economics Energy

Capital Cost Ltility Cost Lnknown

2

Awvailable Energy Savings

LISD LISDMear

: ‘Main Flowsheet -~ | +

[EEAN % of Actual m

AlR-OUT

Hover the cursor NGLPROD |
. = MGL-PROD =
over the circle -
LN (=T T}
HeatX: AIRCOOL
Model Type Heat¥ Shortcut

Hot Side Delta T 9549848 F
Cold Side Delta T 6016303 F
Duty 266315587  Btu/hr

Area 249999359  sqgft =

Specify Rigorous :|
HELL TR % 3

SEpaRaTR  LNGLYARM |

STABILLL
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Select the Exchanger Type

Select Exchanger Type

() Shell & Tube () Kettle Reboiler () Thermosyphon
@ Air Cooled

Template File

| | [ Browse
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Size the Heat Exchanger

26

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

Program calculation mode:

| Design with fixed outside flow |

~ Configuration
Fan configuraticn:
Tube OD\ pitch:

Tube layout angle:
Fin type:

Fin tip diameter:
Fin frequency:

Mean fin thickness:

Tube material:

| Forced -|

1

- /|30 |

| G-finned -

v ||225 |

|k |

v ||lao11 |

| Carbon Steel -

~Size
Specify some sizes in design:

Bays per unit:

Tubke length:
Bay width:

Number of tube rows:

Overall Results
Excess surface (%)

Dp-ratio tubeside ! airside:

Number of bundles ! fans per bay:

o ]

|

-]

:\:; \
|
|

ol

@ Setting Plan

Tubeside Ca

Accept Design |
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Review the Design

fer

" Geometry | . Process I + Errors B Wamings I " Run Status

Program calculation mode: [Design with fived outside flow = l Recent Previous © Setting Plan © Tube Layout

— Configuration
Fan configuration: [.Forr:ed - l Forced 1 -
Tube 0D pitch: [in -|[1 |\ |23s22 | 1 v 23622 y R eview th e
T ot angle (oegees <[ | 20 i geometry of the
Fin type: | G-finned - G-finned h h
Fin tip diameten: [in ~|[225 | 2.25 eat exc anger
Fin frequency: [#fm 'H]‘T | i
Mean fin thickness: [in ~ |[a011 | 0011
[CbElate e | Carbon steet - Carban Steel
— Size
Specify some sizes in design: [NG - ] Tubeside Calculation Details
Bays per unit: 1 ] ‘--,.,,____‘_
Number of bundles ', fans par bay: | | \ | | 1.8 \ 200 ] ——
Tube length: [# || | 29,5276 € ] HHH““‘“"*—H._H_____‘
Bay width: [ - | 3.8386 g7 P
Mumber of tube rows: | | 4 E ] '________._..---'-""'ff
4 [
Mumber of tubes \ passes: | | A\ | | 6843 \ & 160 i ——
] T
~ Overall Results 140 -
Ee=somam=El L 0 50 100 150 200 250 300 350
Dp-ratio tubeside \, airside: 0764012 4l Distance (in)
Equipment % annual cperating cost:l Dollar{US) + 26090 236 A Row 1 Bow 2 Row 2 Row 4
4 m »
Size ] ’ Accept Design l [ Save ] ’ Cancel
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Review the Design

«" Process | L/ Errors 8 Wamnings | +" Run Status

Recent Previous
Hotside Coldside Hotside Coldside

Tubeside

Program calculation mode: [Design with fived outside flow = l Design with fixed outside flow

— Process Conditions

Mass flow rate: | Ib/h ~ | 46789 46789 102458

Inlet Pressure: psi - |[300 NA Review the

Outlet Pressure: psi v e process

Inlet temperature: L | 2087 @l conditions of the

heat exchanger.
(e.g. Stream

e o~ o - Pressure Drops,

Initial Heat Load: BTUM - 1903150 etC )

Process Input

Outlet temperature: [ F - ] |

Inlet vapor fraction: |ﬂ'

Outlet vapor fraction: |

Allowable pressure drop: [psi - l |3.63

Fouling resistance: [ﬂé"*h *F/BTU ~ ] |1’J

Calculated Results

Pressure drop:
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Review the Design

ECR Sizing Console - Size AirCooled

&
" Geometry | « Procest [+ Errors & Warnings

" Run Status |

Results (0)

() Operation (1)

MNotes/Adwisory (0)

®@ Al (2)

© nput )
640

Mo Allowable Pressure Drop was specified for the tubeside stream, so an estimate was used. Design results are often very

I k Walr:lijnm susceptible to this value, and the estimate may not match your process requirements, Treat the exchanger designs
T 9 produced with caution.
Operation The fan coverage 38.60633% is less than the APl 661 recommended value 40%. The program has continued, using the value
l 1 f‘l{aming 4524 |calculated, Please check the output carefully. Increase the number or the diameter of the fans in a bay orfand decrease the

number or the size of the bundles in a bay if necessary.

In this case, note that there is an Operation Warning.

We will now try some changes to the design to address this issue. To make any
changes, click ‘Accept Design’ and then open the ‘EDR Browser’.

Size Accept Design ] l Save l [ Cancel
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Open the EDR Browser

@er;, {4

Ny B 4 = Shell&Tube for Interactive Sizing.bkp - Aspen PI...M

_I:I-

Horne Econamics Dyharmics Equation Oriented Wiy Custarnize Resources Fodify Forrmat Search aspenONE Erchange Bl e @ =
Sk Rotate #OReconnect™ s« loin ﬂ] # 30 lcans Ternperature :_ﬁ GLOBAL =| | #E2 View Parent Export
Al Flip Horizontal Break 3 4 Peroute Stream FI}? Heat \fark Pressure [';__I W Showe Sl 2 View Child £ hlowve Selection
. . . in . isplay .
= Flip Yertical D Insert = Align Ohject %Shnw Status~ Vapor Fraction | Options = (2 Lock Flowsheet | 0 mport
Flowwsheet | nit Operations | Strearn Results = Section Hierarchy ‘
Simulation < Economics EDR Exchanger Feasibility
All lterns - Capital Cost Utility Cost Available Energy Savings Inknown oK At Risk
b L@ Setup d — — — 1 0 1
b C@ Property Sets UsD LSDYear (@ off | KA % of Actual (LD
3 Analysi Main Flowsheet - | +
b @ Flowsheet T
b Strearns ~
4 E}Blacks AlR-QUT
4 [F3ARCOOL r
[@] Setup
[@] Optians
AIR-IN i
EDR Broweser
L 4] AlRCOOL
[@] T Curves PLINWP
[ Hot HCurves
3 Cold HCurves
[@] User Subroutines OFFGAS
@ D}Jnamic G
[@] Block Options =
b g EC Modeling
[] Thermal Results
[] Geametry Results
FHEnD thal s T O
4| m | C
= | L |—forcon]
o Properties -
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Tweak the Design

B o K U Ke b 145 Shell&Tube for Interactive Sizing.bkp - Aspen Pl... = | = -
Haorme Econarnics Dynamics Equation Oriented ources Exchanger Design Search aspenONE Cachangs E A7
Set Units —— 3 3 7l —_— . . F T
. . K+ @ t/% &/‘9 @ . # Design with fixed outside flow |® Sirmulation |
= | — - - ¥ Design with varying autside flow
|"::E Crammaznt Wallues | Zet Process Set Zet Set Stop  Run ) ) Results
Data Properties  Geornetry  Construction Status | [« Rating / Checking .
Units | Model Setup fodel Readiness‘ Run Contraol Run kode |
Le Economics Energy EDR Exchanger Feasibility &
Capital Cost Utility Cost Available Energy Sawings Unknown OK At Rizk
=— — — — 1 0 1
LSD USDAear (@ off | P W4 % of Actual (RS
hain Flowwsheet AIRCOOL (HeatX] - EDR Browser - [+ =~
EDR Mavigation £ | o Geometry [ 2 Tube Layout
Al | unit ~ Tubes
4 [ Air Coaled i
Bays per unit: L | | | Tube ODAD: 25.4 224
o 4] Console
E 4 g Input Bundles per bay: 1 Tube wall thickness: 1.65
5 I L Problem Definition Fans per bay: 9 I Tube length: 9
- [* |y Property Data - . : —
=g Fan diarmeter: |D.?62 || m vl Fin type: | G-finned
* 41} Exchanger Geometry ST
= [£] Geametry Summary Exchanger frarme type: | Standard vl Fin tip diarmeter: 57.15
T O Gearedy Tube side to outside flow orientation: | Counter-current v| Fin frequency: 433
[£] Tubes ' . o
Fan configuration: Forced A fean fin thickness: 0.28
T 9 | | 0
|£] Headers & Nozzles ~ Tube Layout
|£] Fans
[ Structure/alkways Number of tubes per bundle: 68 Bundle type: | Staggered-even rows tor
[+ U Construction Specicsbos e L I S 138 pitch: 60
il \\Ve change the number of fans per bay t0 9. FEEES 5196
A esults
? b [ Input Summarny Tube rowes per pass: |? | Tube layout angle: 30
iE [+ LY Result Surnmary Maxirmum nurnber tubes per row per pass: |'|‘? |
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Check the Design

!

ﬂ"‘ [> l:' Design with fized outside flow |® Sirmulation
Dezign with varying outside flow

Connected Run %o Run
g Status | [» Pating / Checking RES_UIU

W F & @ 48
|"‘$Convert\falues| Set Process Set Set Set
Data Properties  Geornetry  Construction

Units Miodel Setup eadiness Fun Contral Fun kode

e Economics Energy EDR Exchanger Feasihility
Capital Cost Utility Cost Available Energy Savings Unknown 9]¢ At Risk

- S _ - 1 1 0 =
LISD LISD/Year @ off | A % of Actual (IS ‘©v.

kain Flowsheet AIRCOOL [HeatX] - EDR Browser | +

EDR Mavigation < @ Input (2) Description

All M Specified effective tube length 28.6227 ft differs from the calculated effective tube length 28,6057 ft.

i Air Coaled - Zesult:- o o l\ Walr:rijnus q ::rzfurﬁ}?ram has continued calculations using the specified value but please check the results
|41 Console peratien I

4 [ Input Motesfdvisory () L

Input

Warning 8001 |lnput for Tube supportwidth, 0.9342 in 15 beyond the expected range, from 3,937 in to 393.7008 in

[* Y Problern Definition AN
[ Y Property Data
4 [} Exchanger Geometry
[4] Geornetry Surnrmary
[4] Unit Gearnetry
4] Tubes
|41 Bundle
2] Headers & Mozzles
|41 Fans
[ structure/talkways

Mavigation Pane

?‘ [ L Construction Specifications
i = Y Program Options

4 [} Results

D-[g [+ LW Input Sumrmary

4 [ Result Surnmary

@ﬁ [ Warnings & Messages
TR Warnings, therefore we chose to go ahead with this design.
,‘Q" = Recap of Designs

|1 APl Sheet i

- <« m *

Note that the new design does not generate any Operational
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Run Simulation

A o s e N TR

- |4 5 Shell&Tube for Interactive Sizing.bkp - Aspen PI...M

Haorme Econornics Dyrnarmics Equation Orierted Yiewy Custarmize Resources Mo dify Farrnat Search aspenOME £
% Cut EMG - ’ D |:| Ii m A Model Sumrary || Input S Stream AnalysisT i Heat Exchanger 2
Z3Copy | @ Unit Sets ; Ij 21| Stream Surnmmary™ ] History | P Sensitivity i Szeotrope Search &
i Mext  Run  Ztep  Stop Reset Control  Reconcile N j ) S )
(8 Paste Fanel m Ltility Costs Report E Data Fit h Distillation Senthesis | 1]
Clipboard | Units | Run F Summmary Aralysis '
> Economics Energy EDR Exchanger Feasihility
Capital Cost Utility Cost Available Energy Savings LLInknowen oK At Risk
— — — 1 0 1
UsD UsDfYear  (ETD MW % of Actual (D) ®.

Main Flowsheet | AIRCOOL (Heatx) - EDR Browrser +

MGL-COOL

>

AlRCOOL

| AlR-IM

PURP

Mavigation Pane

if

—{oAsPROD [—=>
Click the ‘Run’ button to run the simulation. N

MGL-WWAR M
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Check Performance

et Units N¢ =+ {/;'} &/g. @ ﬂ" [> |:| Design with fixed outside flow |@ Simulatio = b |%
.I_I'Siv — = h: = Design with warying outside flow ) ]‘-@ .
N Corvert Values | Mewt | Set Process Set Set Set Connected Run  Stop  Run . . Rewigw Spec Werify Resiewny
e . . .
Data Properties  Geometry  Construction Status | [+ Rating / Checking Sheet Geornetry  Profiles
Units todel Setup todel Readi... Fun Contral Fun kode Fesults
* Economics Energy EDR Exchanger Feasihility =)
Capital Cost Utility Cost Available Energy Savings Unknown QK At Risk
— — — — 1 1 0
UsD UsDfYear  (ECD) RV % of Actual  (IETD ®.
- — S——
Main Flowsheet AIRCOOL (HeatX) - EDR Browser « | +
* | Overall Performance | Resistance Distribution I Tube Side Compasition
Simulation Qutside Tube Side
u Total mass flow rate Ibih 100937 46759
= . 1
& Wapor mass bk 100937 100937 4] 0
o
E Liquid mass Ibsh a a 45759 46759 CIICk On CheCk
"E_‘ wWapour mass quallity i 1 0 0 Performance’ to
E Temperature F g3 162,73 208.7 132,99 .
= Dreww paint f Bubble point termperatures F reVIeW Ove ra"
Humidity ratio
Operating pressure inH2O ¢ psi 406,91 406,31 300 297.25 perfOrmance
Film coefficients BTU/ (h*ft2*F) 12067 217.31
E Fouling resistance ft2*h*F/BTU 0 0 reSU|tS, SUCh aS
-l
e welocity [highest] ftfs 787 / 9 2,42 ! 4,51
= - :
._g I Pressure drop [allow.fcalc.) psi ! psi 0.029 i) 0,00 3.63 ! 275 | Stream
o) = -
o Total heat exchanged BTU/ 19071040 Bay per unit 1 Tube OO 1 in
'z:; Overall bare coef, (dirtyiclean) BTUAREZF) 766 /786 | Bundlesfbay 1 Tube tks 0085 in te m pe ratu res;
Effective MTD F 45,7 Tubes/bundle 3] Tube length 29,5276 ft
——|
T Effective surface [bare tube) ft2 L09.6 Rows deep 4 Fin QD 2,25 in pressu re d rOpS’
L3 Effective surface [total) ft2 11970.2 Tube passes 3 Fir tks .01 in etC
Area ratio: actualfrequired 1 Fans/bay a Fin frequency 11 #{in -
&ﬂ Heat Transfer Resistance
Outside / Fouling /Wall / Fouling / Tube side
‘@. Outside [ | Tube side
—
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Review Spec

Set Units g Y
s - N':} +:‘>I\_/ b E‘

Sheet
=

@ & ‘ g— | 4

Set

|:| Design with fixed outside flow

Design with varging outside flow

| T
(f-;. Sirnulation &

=

o B

lin% = onwert Walues | Mext | Set Process Set Set Connected Fun  Stop  Run Check Review Spec | Werify Fevi e
cm . . . . I
Data Properties  Geornetry  Construction Status | [v Rating / Checking Perforrmance Sheet Geometry  Profiles
Units Model Setup todel Readi.. Fun Contral Fun kode
» Economics Energy EDR Exchanger Feasibility A
Capital Cost Utility Cost i f Unknown oK At Risk
P Awvailable Energy Savings
— — — — 1 1 0
usD VTN o ) MV % of Actusl (D) @®.
Mlain Flowsheet AIRCOOL [HeatX] - EDR Browser +
* | APl Sheet
Air-Cooled Heat Exchanger Specification Sheet 0
1 Campary:
2 | location:
% 3 Service of Unit: Cur Reference;
-8
4 Item Mo, Your Reference: ] ¢ ]
c
'% 5 Date: Few Mo Job Mo CIICk On ReVIeW
i=y & | Size & Type 31.4961 ! 3.937 ft Type Forced Mumber of Bays 1 S S )
> =
= 7 | surfiUnit-Finned Tube 11970.2 ft2 Eare area/bundle  503.6 ft2  Arearatio 2349 peC heet to 1
& | Heatexchanged 1901040 BTUM MTD, Eff 45,7 F H
_ 9 | Transfer Rate-Finned 3,26 Bare, Service 16,6 Clean 76,6 BTUAh*ft2*F) reVIeW API Sheet
E - - o o o
= 39 MISCELLANEQUS Outletnozzle (1 ) 2.624 in | Material d d
-8
E A0 Struck, Mount. Special Mozzles ob 2,25 Tks .01 in for etal |S InCI u Ing
= 41 Zurf.P Rati M 11 /i Design T F
A Utf.Prep ating 1] fin Desigh Temp number Of fanS
= 42| Louwers Tl Pl Code !
L)
= 43| wibration Switches Chem Cleaning Stamp Specs power
44 MECHANICAL EQUIPMENT .
a5 | Fan Mifr, Mode| Driver, Type Speed Reducer, Type Consumptlon’
4| MosBay 9 P AT, hAfr. &tdodel -
af| oia, 25 ft| Bladeps) MNo./Bay MNo./Bay Welghts, etc.
48| Pitch Lngle RPRA Rating hp 5
. A0 _Rladeisl Hub Enclosure Ratio
3 S0 hpfFan 01 hp mMindmb | Y/Phase/Hz { ! Support
ST ool ACTon on ST ranlre- Lovers
D—[g 52| Degree Control of Outlet Praocess Temperature
53| Recirculation ! team Cail Llg
@j 54| Plot Area ft2 Drawing Ma, wit.Bundle 5728.2 Wi, Unit 5728.2 1]
55| Motes:
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Verify Geometry

Set Units N» _'@ {Q— @ @ &f 9 e :| 7 Design with fixed outside flow @) Simulation =5 |%
_Sl - -— = h‘ & £ ¥ Design with warying outside flow =E) [ - -
|":=}C0nvert\falues Mext | Set Process Set Set Set Connected Rurn  Stop Run o . Check Fewiens ap erify Rewiewns
Data Properties  Geornetry  Construction Status | [ Rating / Checking Perfarmance Sheet Geornetry | Profiles
Units radel Setup todel Readiness Run Caontrol Run bdode Results
& Capital: LSO Utilities: USDear a |I Energy Savings: i K ¥ a Exchangers - Unknown: 1 QK: 1 Risk: 0 [Q.I %
“Main Flowsheet [ AIRCCOL (Heat) - JAIRCOOL [HeatX] - EDR Browser - ]+
LN N
| [y |
— H
- L =
= | i E= -
& ]
c
2
5
3
=
u
c
<
-
£ e
3, T =
S
=
[ —
|
| ot L)
|
|
— :
0 - —
(- 1 Service of Unit: Cur Refarance: Aspen AirCocled
g 1 term N ¥our Reference:
D[g : Date; Rew No: Jabi No:
e el Click on ‘Verify Geometry’ to review Setting Plan and
ICK On Vverity eometry 10 review oetling rlan an
6 s Tube Layout.
- - A -
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Review Profiles

37

Set Units = - f/ﬂ. @ @ + -Design-\mith fixed outside flow |@ Simulation| == =
3 - N* e N < A_ D = e —— . =) =
|i"'¥ Conwvert Yalues | Mext Set‘FEess Set Set Set Connected Run  Stop  Run ) Des.lgn v ual.'ylng pute o Check Rewiew Spec Werify
em Data Properties  Geometry  Construction | Status | [+l Rating / Checking Perfarmance Sheet Geometry | Profiles
Units | todel Setup Fodel Readiness Fun Contraol Fun kode ‘ Results I
& I Capital: _ USD Utilities: _ USD/Year (’ |I Energy Savings: __ MW ([ %&) c, || Exchangers - Unknowr: 1 OK: 1 Risk: 0 IQ.I | 7
Main Flowsheet AIRCOOL (Heatx) 'AIRCOOL (HeatX] - EDR Browser « ] + =
* | Interval Analysis | Physical Properties | Pressure Change | Plats |
. . ¢ .
—E;Ie;:iveragmg T Tubeside Calculation Details Cl |Ck on ReVleW
: . )
© pos . Profile’ to check the
— Select Variable I 1
(@ Pressure 7 I ——— prOfIIeS for key
) Wapor flow ! h
Olportow | o parameters, suc
c ) Wapaor Fraction |
.‘E‘ () Streamn temp 64 aS Stream
E ) Metal surface i p
= ) Dwerall TS coef, / tem eratu reS’
y | OTseeuing % pressures, vapor
nE; "::' Heat flux % - .
fraction, etc.
= 4
2
2053
20.56
\
I:I'T N
= et
D‘[g 7 1-‘_\"""“--..__‘_
%ﬁ o5z T T T T T T T T T T T T T T
[u] 2000 4000 G000 2000
‘@ Distance {mrm)
. R 1 Ry 2 Row 3 ——— Rowd
i —
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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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