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Process data

D ioti Shell Side Tube Side Unit
escription Inlet |  Outlet Inlet |  oOutlet e
Fluids 3) MP Saturated Steam NG + PC
Quantity: total 255864 588608 kg/h
liquid 14) 255864 435863 263724 kg/h
gas 255864 152745 324884 kg/h
Operating temperature 240 240 168 226 *C
Operating pressure 321 433 bar g
Liquid: molecular weight 18,02 18,02 18,02 kg/kmol
density 814 900 834 kg/m?
viscosity 0,114 0,163 0,121 cP
specific heat capacity 4775 4,35 4,643 kJ/kg/°C
thermal conductivity 0,6314 0,6842 0,6464 W/m/°C
boiling temperature °C
Gas: molecular weight 18,02 16,90 17 47 kg/kmol
density 16,9 211 20 kg/m?
viscosity 0,018 0,016 0,018 cP
specific heat capacity 3,518 2,652 3,066 kJ/kg/°C
thermal conductivity 0,0426 0,0553 0,0532 W/m/°C
dew point 240 241 &
Heating and Cooling Table
Shell side
Liquid heat Liquid thermal
Temperature Gas fraction Duty profile Liquid density Liquid viscosity capacity conductivity  Surface tension
°C wt % MW kg/m? cP kJ/kg/°C W/m/°C dyn/cm
240 100,00 0,0
240 88,89 -6,9 814 0,114 4,776 0,6313 29
240 77,78 -13,8 814 0,114 4776 0,6313 29
240 66,67 -20,7 814 0,114 4,776 0,6313 29
240 55,56 -27.,6 814 0,114 4,776 0,6313 29
240 44 44 -34,5 814 0,114 4776 0,6313 29
240 3333 -41.4 814 0,114 4,776 0,6313 29
240 22,22 -48,3 814 0,114 4776 0,6313 29
240 1,44 -55,1 814 0,114 4,776 0,6313 29
240 0,00 -62,0 814 0,114 4776 0,6313 29
Gas heat Gas thermal
Temperature Gas fraction Duty profile Gas density Gas viscosity capacity conductivity
°C wt % MW kg/m? cP kJd/kg/°C W/m/°C
240 100,00 0,0 16,8 0,018 3,512 0,0426
240 88,89 -6,9 16,8 0,018 3512 0,0426
240 77,78 -13,8 16,8 0,018 3,512 0,0426
240 66,67 -20,7 16,8 0,018 3,512 0,0426
240 55,56 -27.6 16,8 0,018 3,512 0,0426
240 44 44 -34,5 16,8 0,018 3,512 0,0426
240 33,33 -41.4 16,8 0,018 3,512 0,0426
240 22,22 -48,3 16,8 0,018 3,512 0,0426
240 111 -55,1 16,8 0,018 3,512 0,0426
240 0,00 -62,0
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Tube side

Temperature

°C

226

223

220

216

211

205

198

190

180

168

Temperature

°C

226

223

220

216

211

205

198

190

180

168

Gas fraction
wt %
55,20
51,05
47,05
43,22
39,60
36,23
33,15
30,40
28,01
26,02

Gas fraction
wt %
55,20
51,05
47,05
43,22
39,60
36,23
33,15
30,40
28,01
26,02

Duty profile
MW
0,0
6,9
13,8
20,7
27,6
34,5
414
48,3
55,1
62,0

Duty profile
MW
0,0
6,9
13,8
20,7
27,6
34,5
41,4
48,3
55,1
62,0

Liquid density  Liquid viscosity

kg/m?
834
838
842
847
853
860
868
878
888
900

Gas density Gas viscosity

kg/m?
20
20
20
20
20
20,1
20,2
20,3
20,5
20,9

cP

0,121
0,122
0,124
0,127

0,13
0,133
0,138
0,144
0,152
0,163

cP
0,018
0,018
0,018
0,017
0,017
0,017
0,017
0,017
0,016
0,016

Liquid heat
capacity
kd/kg/°C

4,643
4,622
4,597
4,57
4,54
4,507
4,471
4432
4,392
4,351

Gas heat

capacity

kJ/kg/°C
3,066
3,017
2,964
2,908
2,848
2,787
2125
2,664
2,606
2,552

Liquid thermal
conductivity
Wim/°C
0,6464
0,6493
0,6526
0,6563
0,6604
0,6650
0,6699
0,6750
0,6799
0,6842

Gas thermal
conductivity
Wim/°C
0,0532
0,0537
0,0541
0,0546
0,0550
0,0555
0,0558
0,0559
0,0557
0,0552

Surface tension
dyn/cm
29
29
29
29
29
30
30
30
30
30
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Open HTRI and Input Summery sheet and enter data in red areas

[E3 Xist - [Input] - untitled2 - Input Summary =n ===
—Case Mode
| * Rating| " Simulation " Design

— Exchanger Configuration

Exchanger service [EElSgod |l and Tube

— Process Conditions
Flow rate Hot Shell Cold Tube kashr

Inlet/outlet Y i i ‘weight fraction vapor

...... T 1 iabl F£1 -
| Variable Baffle Spaci | | | ioiioutiet T / ’ c
: '?E] Clearances i 1 —

Z | bar-G / bar
| m2-KAw

______ m Mosles Inlet P/allow dP
...... Nozzle Location Fouling resistance |
----- g Distributors

) ~ Shell Geometry 1 1 Baffle Geometry
...... A Impingement TEMA type [a ~[e =I[s =] Type | Single segmental ~|
% Optional I . .
tat
G-&=3 Piping D :I mm Orientation |Program sets ~]
B Procac Orientation Haorizontal vI Cut I %1D

&l Hot Fluid Properties Hot fluid Shellside o~ Spacing : mnm
[+ Cold Fluid Properties T ube Bedmety
-0 Design Type | Plain ~| Wall thickness Ivl mm

+

H- l Control

v Length IBAOEIB vI m Layout angle I3D vl degrees
Tube OD |25.4 vI mm Tubepasses |1 vl
< >

<< Previous I Next >> | 25 whRcon

Input ! Reports | & Graphs | Drawings | = Shells-in-Series | [ Design | f_] Session | Kist 6.00

(5 XGst - [Input] - untitied3 - Input Summary-Geometry
=& Input Summary

— Shell Geometry — Baffle Geometry-

TEMA type IB ~||E ~]|7 'I Type | Single segmental |

.. Reboiler 1D IMUU mm Orientation |Program sets _ﬂ

EEI" Tubes Orientation izont: Cut 125 %D
----- (L} Tubepass Arrangem
£ Tube Layout Hot fluid lSheIlside v] Spacing 400 mm
-[_E Baffles

~ Tube Geometr
------ T| 1 Variable Baffle Spaci 4

...... Clearances Type I Plain L] Al acknes |2’108 = m

______ m Nozzles Length lg_ngs v] m Layout angle I3D vl degrees
------ N_oz-le Location Tube OD ‘25_4 =7 I mm Tubepasses |1 B I

g Distributors

...... A Impingement Pitch |314?5 mm Tubecount I

----- % Opticnal

+|-&=8 Piping

Process

B‘-» Hot Fluid Properties
- Cold Fluid Properties
Bn Design

H - J, Control

I+l

o O o O o O
o

I+

< >
<< Previous | Next >> |

Input I Hepottsl = Glaphs] = Drawings] == Shells-in-Series] 4 Design] ] Session] Xist 6.00
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Enter operating data in process sheet in red areas

(s S—————
[3 Xist - [Input] - T-6001.Topsoe Exact.htri - Input Summary-Process o |-E 3]
=162 Input Summary Hot Fuid Cold Fluid
Ei-Jil Geometry Flid name MP3] NGS
------ B shel
.. Reboiler Phase Condensing v |
-5 Tubes Flow rate 255864 ka/hr
----- (D) Tubepass Arrangem
L : 1 ’ :
..... Tube Layout Inlet fraction vapor | weight fraction vapor
------ I Baffles Outlet fraction vapor IU 0.552 weight fraction vapor
----- _I_II_ Variable Baffle Spaci Inlet temperature 240 168 C
------ Clearances
______ m Mises Outlet temperature 240 C
------ Nozzle Location Inlet pressure 27 433 bar-G
----- AR Distribut
e : TI s Allowable pressure drop ||11 01 bar
------ * Impingement
..... % Optional Fouling resistance |U~00025 0.00017 m2-KA
[+-&3 Piping Fouling layer thickness I mm
EE]---E, Process
Exchanger duty | Megawatts

-/ Hot Fluid Properties
-7\ Cold Fluid Properties
EE]---UE_ Design

[+~ .L Control

< >

<< Previous | Nexst >> I

Duty/flow multiplier

Input I Hepoltsl = Graphsl Drawings] = Shells-in-Seriesl [ Designl ] SessionJ

Kist 6.00
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Enter heating and cooling table data in hot and cold fluid properties in red areas

=

Xist - [Input] - T-6001.Topsoe Exact.htri - Input Summary-Hot Fluid Properties

- 22 Tubes -
I:I Tubepass Arrang
vvvvv Tube Layout

»»»»» m Baffles

T[T Variable Baffle Sg

‘?E] Clearances
m Nozzles

3} Nozzle Location

»»»»» g Distributors
A Impingement
@, Optional

[+ -&=8 Piping

+ a Process

Fluid hame

Fluid compressibility I

~ Physical Property Input Option

F Mixture properties via gncl

¢~ Componhent by component

¢~ Component and arid properties

~ Heat Release Input Method
(¢ User specified
¢ Specified dew/bubble point

€ Program

— Composition Units

+ Mass

" Moles

— Flash Type
" Differential

(+ Integral

=l Hot Fluid Properties

T&P
'% Heat Release
B Property Grid
3 Components
1= Dew/Bubble

- ¢\ Cold Fluid Properties
Eﬂ--u_ﬁ_ Design

- q|, Control

< >

<< Previous I

Next >> |

- Property Options

Temperature interpolation

l Program - I

Property Generator... I
Property Worksheet... I

Input Reports | &= Graphs | Drawings | F=] Shells-in-Series | [] Design | [_] Session |

Xist 6.00

"8 Xt [input] - T-6001 Topsoe Bxacthin - Input Summary-Hot Fluid Properfies-T 82 P

= E Tubes ~
..... ._.‘. Tubepass Arrang
Tube Layout

...... m Baffles

E Variable Baffle Sg

'?ﬂ Clearances
m Nozzles

------ MNozzle Location

--@&Z Distributors

...... 'L‘ Impingement
~~~~~ % Optional
[+-&=8 Piping

+ 8 Process

=}-[/7y Hot Fluid Properties

= eat Release
@ Property Grid
e Components
‘= Dew/Bubble

F- /) Cold Fluid Properties
E]---QE_ Design

[+ l Control

[+
]

< >

<< Previous Next >> |

Pressure bar-G 32;‘ =
Profile 1 Profile 2 Profile 3 Profile 4 Profile 5 |

Temperature 1 240

Temperature 2 240

Temperature 3 240

Temperature 4 240

Temperature 5 240

Temperature 6 240

Temperature 7 240

Temperature 8 240

Temperature 9 240

Temperature 10 240

Temperature 11

Temperature 12

Temperature 13

Temperature 14

Temperature 15

Temperature 16

Temperature 17

Temperature 18

Temperature 19

Temperature 20

Temperature 21

Temperature 22

elielieliellellellel(ellelieliel(elielollel(ellelleliel (el ello]e]

Temperature 23

G

Clear &ll Temperature Data | PropeltyWotksheet...I

=
[

Input Reports | =] Graphs | Drawings | ] Shellsin-Series | [ Design | E_] Session |

Xist 6.00
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53 Xist - [Input] - T-6001.Topsoe Exact.htri - Input Summary-Hot Fluid Properties-T & P '
t " ke * | [Pressure bar-G 32.7. -
~{L) Tubepass Amrang Profile 1 Profile 2 Profile 3 Profile 4 Profile 5|
""" ) Tube Layout Temperature 1 e 240
------ TT Baffles Temperature 2 C 240
E Variable Baffle Sg Temperature 3 C 240
______ Cleatarices Temperature 4 C 240
s Nomi Temperature 5 & 240
Gy Nozzles . Temperature 6 C 240
""" Nozzle Location Temperature 7 C 240
g Distributors Temperature 8 C 240
------ A Impingement Temperature 9 & 240
..... % Optional Temperature 10 C 240
28 =22 Temperature 11 C
B3 ilpmg Temperature 12 C
B Process Temperature 13 C
-y Hot Fluid Properties Temperature 14 C
Temperature 15 C
— Heat Release Temperature 16 C
. Temperature 17 C
- P Grid
: % e Temperature 18 C
G Components
L Temperature 19 C
w7l Dew/Bubble Temperature 20 C
-1 Cold Fluid Properties Temperature 21 C
[+ QE_ Design Temperature 22 =
- 'L Control Temperature 23 C -/
v | ] [
i = s Clear &ll Temperature Data I Property W‘orksheet...l
| << Previous I Next >> |
Input Fiepons] = Glaphs] Drawings] 3 Shells-in-Series] (| Design] 1 Session] Xist 6.00
Xist - [Input] - T-6001.To| Exact.htri - Input Summary-Hot Fluid Properties-Heat Release Fol==
psoe P!
= ~
* Tuibes Heat release entered as | Total duty from inlet Lﬂ based on flow of §255864 kashr
----- (L) Tubepass Arrang
..... ,@ Tube Layout Pressure Profile 1 - 32.700, bar-G
______ TIT Baffles Température vl;.),u:ty Weig\t}t Fraction
B E Variable Baffle Sg 54000 =2 0 28 1
""" Clearances 240.00 -6900000 0.889
...... & Nozzles 240.00 -1.38e+7 0.7778
------ Nozzle Location 240.00 -2.07e+7 0.6667
g Distributors 240.00 -2.76e+7 0.5556
»»»»»» r-L\ Impingement 240.00 -3.45e+7 0.4444
% R 240.00 4 14e+7 0.3333
""" N Uptiona 240.00 4.83e+7 0.2222
(&8 Piping 240.00 551e+7 0.1111
B Process 240,00 62e+7 0
=17y Hot Fluid Properties N1/
= L T8&P Clear All Heat Release Data I Property “Worksheet...
Property Grid
i x Components
w12 Dew/Bubble
-7} Cold Fluid Properties
EH-‘ﬂ_E_ Design
[+ ,L Control

< >

<< Previous I Next >> I

Input l Heports] = Graphs] Dlawings] 4 Shells-in-Series] | Design] 1 Session] Kist 6.00
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Put shell info in shell sheet in red areas

Note:

» 1 |[nitially estimate shell ID between 1.5-3 times tube-side pipeline ID, here it is 18 inch

so first estimation would be 55 inch.

» 2. Because of its capacity two heat exchangers in parallel are selected.

» 3. Cocurrent direction is considered as flow direction since the orientation is vertical it is

solely viable for MPS to enter from top to be condensed at bottom and the same

happens to water in tube to be flowed because of gravity.

.

Xist - [Input] - untitled3 - Input Sdmmary-Geometry-SheIl E@
E]- NpUt Summary i~ Case Mode -
-l Geometry ‘ % Rating " Simulation " Design
...... IED Shell : i
/ - TEMA Type - -~ Multiple Shells - =
eboiler
B E Tubes ! |B L] |E L.I IT L] Number of shells in parallel
Tub A 5 ; Number of shells in series
% Tube;;-ass ;rangem i~ Shell Inside Diameter
..... ube Layou Multi-shell confiuratior v
14001 mm E
11| Baffles ‘
----- I_[ Variable Baffle Spaci | (-~ Shell Orientation - - Flow Direction -
?EI Clearances | ¢ Horizontal :
..... m Nozl ‘ Flow in 1st tubepass §
3’ NozzlesL 2 | * Vertical
z e acatlOf \ : Flow in train
»»»»» e Distributors 1 € Inclined
,L Impingement | 3
_____ % Optional - Hot Fluid Location - =
&2 Piping j Shellside (Outside tubes) " Tubeside (Inside tubes)
EEI--- Process
[+- Hot Fluid Properties
B Cold Fluid Properties
@0 Design
[+ .|, Control
< >
<< Previous I Next >> |
Input | B Reports | & Graphs | Drawings | F= Shells-in-Series | [ Design | ] Session | ist .00
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In Reboiler Sheet do not enter an input

=

DD st - llput - E-5010.0tr - Input Summery-Geomety-Reboier |
=& Input Summary ~ | - Reboiler Data
Rebaoiler type
Bundle diameter mm
Kettle diameter L

----- (L) Tubepass Arrang

Liquid level height/bundie diameter I
~~~~~ @ Tube Layout

...... m Baffles Entrainment ratio kg liquid/kg vapor
""" E Variable Baffle 5S¢ Number of boiling components
~~~~~~ Clearances
Required liguid static head
...... mNozzles AECIC AT "
...... Nozzle Location - Inlet Pressure Location
----- == Distributors (¢ Atinlet nozzle
~~~~~~ A Impingement ¢ At column bottom
""" % Optional " Attop of bundle

[+-&=3 Piping

EH-'-E, Process

b % Heat Release
EH Property Grid
- 4 Components
ia Q Dew/Bubble

=1+ Cold Fluid Properties v
< >

<< Previous I MNext >>

Input l Heports] B3 Graphs Drawings] 3 Shells-in-Series] [ Design] ] Session]

Rist 6.00
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Put Tube mechanical data

» Note that since mixing between water and natural gas is going to happen, tube with 25.4
OD is selected

» Since Tube material is SS due to presence of CO2, Tube thickness 2.11 is selected
according to table below

» Select Pitch 31.7 to pass TEMA R.2.5

Table 1.3 Typical diameters. thicknesses and pitch arrangement of tubes

Tube outside diameter mm 1588 19.05 2540 31.75
in : 1 1,
Tube thickness Carbon and low-alloy steels mm 165 211 277 340

in 0.065 0083 0109 0.134

bwg. 16 14 12 10

Stainless steels, aluminium, copper and - mm .24 165 211 277

nickel alloys
in 0.049 0065 0.083 0.109
bwg 18 16 14 12
Minimum tube Clean service (30° or 60°) .mm 1984 2381 3175 39.6Y
pitch :
in 3 s H. l[‘,.
Fouling service (45° or 90°) mm 2222 2540 3175 139.69

in ] 1 1 1%
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~
| Fy Curves |
Type - Tube Pitch
Tube internals Pitch 31.75 mm
Tube OD Ratio 1.25 -

Average wall thickness

 Bundle Geometry

----- Il Tubepass Arrang
----- ’@ Tube Layout
..... T\ 1| Baffles Tubepasses

------ m Variable Baffle S Length 6.036 ~ lm

Tube layout angle

------ Clearances

— Tube Material

m Nozzles Material I3D4 Stainless steel (18 Cr, 8 Ni) - I
------ Nozzle Location

_____ g Dictnntors Thermal conductivity l Wim-C Density I kg/m3
""" ;L\ Impingement Elastic modulus I MPa

----- Optional

— Tapered Tubes for Reflux Condensation

[+l

- D Piping

H-F5| Process Taper angle l— e
- Hot Fluid Properties

- Cold Fluid Properties
-] Design

H- 1 Control bl
< >

<< Previous | Next >> |

Input I Reports | =] Graphs | Drawings | = Shells-in-Series | [ Desian | ] Session | Rist 6.00

[+l

o B O o |

i

Act like below

Use tube layout drawing as input

[} Tubepass Arrangem

[0 Tobe oyout

Batfles
| I Variable Baffle Spaci

?ﬂ Clearances

m Nozzles

3} Nozzle Location

g Distributors

,.L‘ Impingement
% Optional

Piping

I+
YLI

- Cd
ng Process
[ Hot Fluid Properties
[+ Cold Fluid Properties
=-0f Design
- & Centrol
< >
<< Previous I MNest >> |

Input Fleportsl = Graphsl Dlawings] E Shells-inASeliesl IE Designl E Sessionl Xist 6.00
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Put baffle info in baffle sheet in red areas like below

' 53 Xist - [Input] - untitled3 - Input Summary-Geometry-Baffles
E- . Input Summary - Baffle Geometry -
Em Geometry Type Single segmental v + Cut % of shell ID
Shell : 3
ﬁg Reboiler Cut orientation Programsets vl ‘wWindow area I— eicent
E Tubes Crosspasses I
:I Tubepass Arrangem z
% Tube Layout — Baffle Spacing
______ Central mm Inlet spacing l mm
-] | Variable Baffle Spaci Variable I Outlet spacing l mm
'?ﬂ Clearances o7
— Miscellaneous
m Nozzles o
3’ Nozle Location Double-seg. overlap I T uberows
g Distributors Thickness l mm
- Impi t
'L‘ c:;n;:ngelmen Thickness at tube hole ] mrm
% ptiona
[+-&=2 Piping Support plates / baffle space | ¥ I I _,:]
EB"' Process Windows cut from baffles No >
(- /Ry Hot Fluid Properties ) ——
& Cold Fluid Properties Distance from tangent to last baffle mm
-0 Design Rho*/2 for NTIW cut design l kg/m-s2
&H- l Control Central pipe 0D l mm
Helical baffle crossing fraction I
< >
<< Previous I Next >>
Input I Reports] =] Graphs Drawingsl 3 Shells-ir'rSeries] | DesignJ B Session] Kist 6.00




Education Institute for

Equipment & Process Design

Act exactly like below for impingement sheet and Clearance

=3 Xist - [Input] - untitled3 - Input Summary-Geometry-Impingement

Input Summary

[—jm Geometry

=D shen

™D Reboiler

E Tubes

I:i Tubepass Arrangem
-- Tube Layout

= m Baffles

E Variable Baffle Spaci

"?ﬂ Clearances
m Nozzles

i 3} Nozzle Location
&= Distributors
| IMpingement|

. Optional

~ Impingement Device

If require

Impingement device present

Impingement type ICirculal plate
Rho-2 for impingement
Plate/nozzle diameter
Plate thickness

Plate height above tubes
Plate length

Plate width

Rows of rods

Rod diameter

ka/m-s2

plate diameter/nozzle diameter ratio
mm

mm

mm

[+ &= Piping

EB--- Process

- Hot Fluid Properties
= Cold Fluid Properties
& 0

H- o

[+
+

Design

Control

[+

< >
Next >> ‘

<< Previous I

Input Reports | &) Graphs | Drawings | = Shells-inSeries | [ Design | [_] Session |

Xist 6.00

[E3 Xist - [Input] - E-5010.htri - Input Summary-Geometry-Clearances

El Input Summary ~
[—]W Geometry

[l Shell

.2 Reboiler
EB“»E Tubes

-{I) Tubepass Arrang
----- @ Tube Layout

Pairs of sealing strips

Seal strip width

Seal strip clearance

Baffle clearance type ITEMA

— Passlane Seal Device

— Block Bypass Streams
G 1 T Baffles | A stream I F stream Seal device type IF“:‘dS 3
.11 1 Variable Baffle Sg [ Eteam Kumber: of tods |Program Set _L] I :l'
...... e —— Rod diameter I mm
2@ Nozzle Location - Diametral Clearances ~Height under Nozzles
vvvvv Distribut
& Distributors Tube-to-baffle [ om Inlet [ mm
,.L‘ Impingement
% Optional Baffle-to-shell I mm Outlet I UL L
[+-&=2 Piping Bundle-to-shell I mm Liquid outlet l mm
EB»--a Process = =
=1-|¥7y Hot Fluid Properties
...... 1& T&P
Y% Heat Release
E Property Grid
E Components
------ x Q Dew/Bubble
=1 ¥y Cold Fluid Properties »~
< >
<< Previous I Next >>
Input | Reports | =] Graphs Drawings | = Shells-in-Series | [ Desian | [_] Session | Xist 6.00
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Enter nozzle info from piping info

g

[3 Xist - [Input] - T-6001.Topsoe Exact.htri - Input Summary-Geometry-Nozzles

L:J"' Input Summary ~ Tubeside
BW Geometry Nozzle standard 01-ANSI_B36_10.TAE = 02-ANSI_B36_19.TAE ;l
..... Shell
g Reboiler Nozzle schedule ISTD ;] |
B Tubes Inlet 1D [304.201 2 s
T A
:::UZeFI)-ass u;rang Number at each position |1 _%I
ube Layo
T|T Baffles Outlet ID 304.801 _l mm
E Variable Baffle Sg Number at each position =
| Clearances
Liquid outlet ID I mm
i4d» Nozzle Location Inlet type Axial _:]
g Distributors Outlet type Same as inlet 'I
A Impingement - Shellside Nozzle Locations
53 Pi b_ Sptons) Radial position on shell of inlet nozzle Top -
+- iping
o ongitudinal position on shell of inlet nozzle | At front head .
== Piocess Longitudinal positi hell of inl {
B |& Hot Fluid Properties Radial position on shell of outlet nozzle | Opposite side |
: 1£T&P Location of le at U-bend 1
'E Heat Release ocation of nozzle at U-ben IA[ U-bend ;]
E Property Grid
Compeoenents
------- 1= Dew/Bubble ¥
< >
<< Previous I Next >> I
g Input | & Reports raphs | [ Drawings ells-in-Series esign ession ist 6.
put |E R E=] Graphs | [&] Drawi Shells-in-Seri Desi Sessi Kist 6.00
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Set nozzle location

®» Remember that first sketch is horizontal one but due to some warnings vertical one is

selected and therefor the last sketch is put below.

T3 Xist - [Input] - T-6001.Topsoe Exact.htri - Input Summary-Geometry-Nozzle Location

...... _]T_1_ Variable Baffle Sg

?ﬂ Clearances

=7\ Hot Fluid Properties

i 1£T&p

'% Heat Release
E Property Grid

il Dew/Bubble Vv
< >

<< Previous I

Next >> |

=
(] A
= il Scananaey ~ Shellside Positions ———————— 1~ Tubeside Positions- ~Front Head - 1
Em E&o?ﬁw Inlet radial Inlet position  § Front head v Location \
...... hell [
™ Reboiler Inlet longitudinal lFront head v I Inlettype B Asial Wl - TEMA Type !
EE]"'E Tubes Outlet radial IUpposite side vI Dutlet type lSame as inlet L] IB _:I [E ~] IT _'J .
,,,,, T Tub A . |
% TubepLass uirang e e ~ Tubeside Process
---- ube Layo ozzle at U-ben IA( U-bend - I -
Type Boiling v
E Baffles l '—I

|

Input I Repottsl = Graphsl Drawings I = Shells-in-SeriesI 4 Design] ] Session]

Kist 6.00
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Results:

Now run and it results with following run messages

—

[EN Xist - [Reports] - For test.htri - Output Summary

Rating - Horizontal Cocurrent Flow TEMA BET Shell With Single-Segmental Baffles
Unit ID 100 - WARNING MESSAGES (CALCULATIONS CONTINUE})

%} Data Check Messag

Wavy stratified flow and partial dryout are expected in horizontal tubes. We recommend increasing

»»»»»» <> Final Results
AAAAAA [l Sheliside Monitor
5 E Tubeside Monitor

]
--ass Vibration
==

flow rate or reducing tube diameter to avoid stratified flow because of its poor heat transfer
performance and high uncertainty in predicting boiling heat transfer coefficients in this flow regime.

The critical temperature for the boiling fluid was not entered and has been setto 1000R (default
value) for calculation of the mixture correction factor.

Rating Data Sheet

The physical properties of the hot fluid have been extrapolated beyond the valid temperature range.
Check calculated values.

TEMA Spec Sheet
...... ¥\ Property Monitor
------ 8, Stream Properties

...... Input Reprint

WARNING-Crossflow velocity at baffle tip exceeds critical velocity, indicating a probability of
fluidelastic instability and flow-induced vibration damaage. If present, fluidelastic instability can lead
to large amplitude vibration and tube damage.

Crossflow velocity exceeds 80% of critical velocity, indicating that fluidelastic instability and
flow-induced vibration damage are possible. Fluidelastic instability can lead to large amplitude
vibration and tube damage.

WARNING-Bundle entrance velocity exceeds critical velocity, indicating a probability of fluidelastic
instability and flow-induced vibration damage. If present, fluidelastic instability can lead to large
amplitude vibration and tube damage.

WARNING-Shell entrance velocity exceeds critical velocity, indicating a probability of fluidelastic
instability and flow-induced vibration damage. If present, fluidelastic instability can lead to large
amplitude vibration and tube damage.

Xvib can be used for a more detailed analysis of individual tubes in the bundle.
The B-stream flow fraction is very low. Check the design.

Transition boiling has been predicted in atleast one increment on the tube side. To confirm, check
tubeside monitor for increments in transition boiling.

The pressure profiles given for the cold fluid do not cover the operating pressure range of the heat
exchanger. The vaporization profile inside of the exchanger for this run may not be accurate since
heatrelease and fluid properties have been extrapolated. Itis recommended that the maximum and
minimum system pressures be used as reference pressures.

Setting plan error: Channel design pressure is 797.7 and shell design pressure is 652.7 Maximum
allowed is 625 psi.

< > '|
< l <<Prev| Next >> l > I < ] >
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» Due to flow regime vertical orientation is selected and the warning disappears.

» By looking at overdesign factor and dp around shell side it appears that shell ID should
be increased.

» At firstitis increased to 1700 mm and then to 2000. The resultant is that dp decreases
to a good point but not satisfactory but overdesign factor reaches to -30 %. For now, it
seems better to increase tube length 9.75m which results in an increase in oversize
factor by 32.5 % but dp increases to 0.25. As for next step the segmental baffle is
changed to double segmental baffle to decrease dp to 0.07. Cross-pass is decreased
from 25 to 20 to not only pass minimum TEMA baffle spacing limit but also increase B-
stream.

Now it is time to increase overdesign factor. For doing so at first shell ID is increased to
2150 and as a result, overdesign factor increases to 4.5%. So, tube length is increased
to 12.1 m to increase its overdesign factor and this results in 17% overdesign factor.

In order to eliminate two warnings in next pages about 800 tubes were eliminated and
during elimination since the surface area is reduced the overdesign factor is also

reduced therefore tube length is increased to 13m to counteract that.
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(5 Xit - [Drawings] - T-6001 htri - Based on Output Dta-Tube Layout

& ‘ Based on Input Data
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Runtime Messages Page 1
Released to the following HTRI Member Company:
mekpco
Behrouzi
XistE Ver. 6.00 8/10/2022 12:25 SN: Vals100+ MEKPCO Units

Rating - Vertical Cocurrent Flow TEMA BET Shell With Double-Segmental Baffles

Unit ID 100 - WARNING MES SAGES (CALCULATIONS CONTINUE)

Based on the existing correlations, some pressure recovery may be expected on the tube side. The
pressure drop was set to zero for printout purposes.

ARNING-Bundle entrance velocity exceeds critical velocity, indicating a probability of fluidelastic
instability and flow-induced vibration damage. If present, fluidelastic instability can lead to large
amplitude vibration and tube damage.

ARNING-Shell entrance velocity exceeds critical velocity, indicating a probability of fluidelastic
instability and flow-induced vibration damage. If present, fluidelastic instability can lead to large
amplitude vibration and tube damage.

The areas in the window for multi-segmental baffles are not equal. Check the specified baffle cut
and overlap. The program uses the average window area for calculating shellside pressure drop
and heat transfer.

Transition boiling has been predicted in atleast one increment on the tube side. To confirm, check
tubeside monitor for increments in transition boiling.

The pressure profiles given for the cold fluid do not cover the operating pressure range ofthe heat
exchanger. The vaporization profile inside of the exchanger for this run may not be accurate since
heat release and fluid properties have been extrapolated. Itis recommended that the maximum and
minimum system pressures be used as reference pressures.

Setting plan error: Channel design pressure is 797.7 and shell design pressure is 652.7 Maximum
allowed is 625 psi.
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Output Summary Page 1
Released to the following HTRI Member Company:
mekpco
Behrouzi
XistE Ver. 6.00 8/10/2022 12:25 SN: Vals100+ MEKPCO Units
Rating - Vertical Cocurrent Flow TEMA BET Shell With Double-Segmental Baffles
See Data Check Messages Report for Warning Messages.
See Runtime Message Report for Warning Messages.
Process Conditions Hot Shellside Cold Tubeside
Fluid name MPS NGS
Flow rate (ka/hr) 255865 588610
Inlet/Outlet Y (Wt. fracvap.) 1.000 0.000 0.260 0.552
Inlet/Qutlet T (Deg C) 240.00 240.00 168.00 226.00
Inlet P/Avg (bar-G) 32700 32.665 43.301 43.3201
dP/Allow. (bar) 0.071 0.100 0.000 0.100
Fouling (M2-KIW) 0.000250 0.000170
Exchanger Performance
Shell h (Wim2-K) 854209 | ActualU (Wim2-K) 382.48
Tube h (Wim2-K) 624.89 | RequiredU (Wim2-K) 327.36
Hot regime (-) Gravity | Duty (MegaWatts) 61.9613
Cold regime (-) Tran | Area (m2) 6604.08
EMTD (Deg C) 28.7 | Overdesign (%) 16.84
Shell Geometry Baffle Geometry
TEMA type (—) BET | Baffle type (—) Double-Seqg.
Shell ID (mm) 2150.00 | Baffle cut (Pct Dia.} 10.00
Series (—) 1 Baffle orientation (-) Perpend.
Parallel (—) 2 | Central spacing (mm) 544 424
Orientation (deg) 90.00 | Crosspasses (—) 20
Tube Geometry Nozzles
Tube type (-) Plain | Shellinlet (mm) 304.801
Tube OD (mm) 25400 | Shell outlet (mm) 304.801
Length (m) 12.192 | Inlet height (mm) 72434
Pitch ratio (—) 1.2500 | Outlet height (mm) 72.433
Layout (deqg) 30 | Tubeinlet (mm) 448819
Tubecount (-) 3550 | Tube outlet (mm) 498 451
Tube Pass (—) 1
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After eliminations of tubes, it results like below:

BET
2150.00 mm

TEMA type

304.801 mm

1766.29 mm
237.612 mm
209.714 mm
Plain
25.400 mm

Outer tube limit

Height under inlet nozzle
Height under outlet nozzle
Tube type

Tube diameter

Shell diameter
Tube pitch

31.750 mm

30
2711

Tube layout angle

Number of tubes (specified)
Number of tubes (calculated)

Number of tie rods

2711

12

Number of seal strip pairs
Number of passes

24

Baffle cut % diameter
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TUBEPASS DETAILS
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Output Summary Page 1
Released to the following HTRI Member Company:
mekpco

Behrouzi

XistE Ver. 6.00 8/4/2022 14:48 SN:Vals100+

MEKPCO Units

Rating - Vertical Cocurrent Flow TEMA BET Shell With Double-Segmental Baffles

See Data Check Messages Report for Warning Messages.
See Runtime Message Report for Warning Messages.

Process Conditions Hot Shellside Cold Tubeside
Fluid name MPS NGS
Flow rate (kg/hr) 255865 588610
Inlet/Qutlet Y (Wt. fracvap.) 1.000 0.000 0.260 0.552
InletiOutlet T (Deg C) 240.00 240.00 168.00 226.00
Inlet P/Avg (bar-G) 32.700 32.685 43.301 43.301
dPJ/Allow. (bar) 0.031 0.100 0.000 0.100
Fouling (m2-K/AW) 0.000250 0.000170
Exchanger Performance
Shellh (Wim2-K) 8547.50 Actual U Wimz2-K) 437 67
Tube h (Wim2-K) 754 .51 Required U (Wim2z2-K) 401.61
Hotregime (—) Gravity Duty (MegaWatts) 61.9613
Cold regime (—) Tran Area (m2) 5392.86
EMTD (Deg C) 28.6 Overdesign (%) 8.98
Shell Geometry Baffle Geometry
TEMA type (—) BET Baffle type (—) Double-Seq.
Shell ID {(mm) 2150.00 Baffle cut (Pct Dia.) 24 00
Series (—) 1 Baffle ocrientation (—) Perpend.
Parallel (—) 2 Central spacing (mm) 662.976
Orientation (deg) 90.00 Crosspasses (—) 18
Tube Geometry Nozzles
Tube type (—) Plain Shell inlet (mm) 304.801
Tube OD (mm) 25.400 Shell outlet (mm) 304.801
Length (m) 13.000 Inlet height (mm) 237.612
Pitch ratio {(—) 1.2500 Qutlet height (mm) 209.714
Layout (deqg) 30 Tube inlet (mm) 448 819
Tubecount (—) 2711 Tube outlet (mm) 498.451
Tube Pass (—) 1
Thermal Resistance, % Velocities, m/s Flow Fractions
Shell 512 Shellside 2.06 A 0.016
Tube 6955 Tubeside 1.81 B 0.840
Fouling 19.86 Crossflow 0.93 C 0.014
Metal 5.46 Window 0.82 E 0.130
F 0.000
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