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Process data

Shell Side Tube Side .
Units
Inlet |  Outlet Inlet Outlet
Fluids Process condensate Cooling water
Quantity: total 47200 i 166009 kgth
liquid 47200 ‘ 47200 166009 166009 kg/h
gas , _kgh
Operating temperature o 100 65 38 48 °C
Operating pressure 15 4,5 barg
Liquid:  molecular weight 18,02 18,02 18,02 - 18,02 kg/kmol
density 958 980 993 989 kg/m®
viscosity 0,283 0,434 0,681 0,567 cP
specific heat capacity 4,213 4,184 4,175 4177 kJ/kg/°C
thermal conductivity 0,6768 0,6505 0,6199 0,6323 W/m/°C
o boiling temperature 106 B °C
Gas: molecular weight kg/kmol
density kg/m®
viscosity — oE
~ specific heat capacity kd/kg/°C
thermal conductivity - Wim/°C
dew point C
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 kd/kg/°C W/m/°C dyn/cm
100 0,00 0,0 958 0,283 4,213 0,6768 58
96 0,00 -0,2 961 0,295 4,209 0.6746 59
92 0,00 -0,4 964 0.307 4,205 0,6723 60
88 0,00 -0,6 966 0.321 4,201 0,6697 60
84 0,00 -0,9 969 0.336 4,197 0,6670 61
81 0,00 -1 971 0,352 4,194 0,6641 62
77 0,00 ;3 974 0,37 4,191 0,6609 63
73 0,00 -1,5 976 0,389 4,189 0,6576 63
69 0,00 A7 978 0,411 4,186 0,6541 64
65 0,00 -1,9 980 0,434 4,184 0,6505 65
Tube side
Liguid heat Liquid thermal
Temperature Gas fraction Duty profile Liguid density  Liquid viscosity capacity conductivity  Surface tension
e wt % MW kg/m?® cP kJ/kg/°C W/m/°C dyn/cm
48 0,00 0,0 989 0,567 4,177 0,6323 63
47 0,00 0.2 990 0,579 4,176 0,6309 63
46 0,00 0,4 990 0,59 4,176 0,6296 64
45 0,00 0.6 291 0,602 4,176 0,6283 64
44 0,00 0,9 901 0.614 4,176 0,6269 65
42 0,00 1,1 992 0.627 4,175 0,6255 65
41 0,00 1,3 992 0,64 4,175 0,6241 66
40 0,00 1,5 992 0,653 4,175 0,6227 66
39 0.00 1.7 9293 0,667 4,175 0,6213 67
38 0,00 1.9 9203 0,681 4175 0,6199 67




Education Institute for

Equipment & Process Design

Open HTRI and Input Summery sheet and enter data in red areas

-

3 st - [Input] - For test.htri - Input Summary | [
- EZ Input Summa - Case Mode
Ll Geometry  Simulation " Design ’
...... m Shell — Exchanger Configuration —
...2¥D Reboiler B =
) E Tubes 17 Exchanger service IGenenc Shell and Tube g
- I:i Tubepass Arrangem Process Conditions
-- Tube Layout Flow rate Hot Shell |4720El Cold Tube | kashr
...... T\T Baffles Inlet/outlet ¥ [o /|0 [o /|0 Weight fraction vapor
...... E Variable Baffle Spaci InletZoutlet T |1 oo P |65 I38 ; !48 c
'?H Clearances
______ B Nozzles Inlet P/allow P [1.5 s o1 |45 ¢ |08 bar-G  / bar

»»»»» Nozzle Location Fouling resistance |D.DDU1 7 |D.EIUU3 m2-KA

----- g Distributors

— Shell Geometry Baffle Geometry

»»»»»» ‘_L\ Impingement TEMA type B ~!|lE ~||M - Type ISingIe segmental L]
Optional : :
- Pipingp tona D 300 mm Orientation IPelpendiculal L]
EB"a Process Orientation |Horizontal V] Cut ]25 *%1D
- ¥ Hot Fluid Properties Hot fluid Shellside - Spacing I1 oo mm
-1y Coh:j Fluid Properties b Ceome e
Eﬂ'u Design Type | Plain _v__j Wall thickness |1.851 vl mm
=8 _'

Control
= Length |5. 0396 - l m Layout angle 30 ~ | degrees
Tube OD |1 9.05 - I mm Tubepasses I 1 -~ I
< > Pitch 125. 4 mm Tubecount I

<< Previous I Next >> I
Input Flepoﬂsl = Glaphsl =1 Drawings] E Shells-in-Seriesl E Design] D Session] Xist 6.00
[ — : — e
3 Xist - [Input] - For test.htri - Input Summary-Geometry [
= — Shell Geometry B affle Geometry
=TT eholl TEMA type | Vl E ~]| |M v| Type | Single segmental ~|
... Reboiler 1D 300 mm Orientation lPerpendicular L]

I:I Tubepass Arrangem
..... @ Tube Layout Hot fluid ISheIIside v] Spacing |1 o0 T
~~~~~ E Baffles g
rﬂ Variable Baffle Spaci

.... e [Pizin ~1 Wall thickness l1 .B51 vl mm
m Nozzles Length IB. 096 vl m Layout angle |30 vI dearees
..... N_ozz_le Location Tube OD 19.05 ~| mm Tubepasses l1 > |

~~~~~ g Distributors

------ A Impingement Pitch 25.4 mm Tubecount |

‘‘‘‘‘ % Opticnal

r--&3 Piping

EB--a Process

H-- |7 Hot Fluid Properties
7|/} Cold Fluid Properties

3~DJ?_ Design
H - & Control

Eﬂ'g: Kidies Orentation Cut B =0

~ Tube Geometry

+

e B e |

[+

< >
<< Previous I Next >> |

Input I Heportsl = Graphs] Drawings] = Shells-in-Series] | Designl 1 Session] Kist 6.00
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Enter operating data in process sheet in red areas

Xist - [Input] - For test.htri - Input Summary-Process

Input Summary
EW Geometry

Bl shen

™D Reboiler
E Tubes
I:I Tubepass Arrangem
----- ’% Tube Layout
E Baffles
E Variable Baffle Spaci

------ '?E] Clearances
e m Nozzles

3} MNozzle Location

..... g Distributors
-l Impingement
% Optional

Piping

]
L)

IR
b
0
i
ﬂ

Hot Fluid Properties

Hot Fluid Cold Fluid
Fluid name PO [V
Phase Al liquid - All liquid VI
Flow rate |47200 kashr

Inlet fraction vapor
Outlet fraction vapor

Inlet temperature

DOutlet temperature

Inlet pressure
Allowable pressure drop
Fouling resistance

Fouling layer thickness

weight fraction vag

weight fraction vag

E=xchanger duty

Ca— c

s bar-G

IO.‘I— bar

[oooo17 m2-K A
mm
Megaw/atts

=+ Cold Fluid Properties Duty/flowe multiplier
Eﬂun% Design
- L Control
< >
<< Previous l Mext >> I
Input Heports‘ =l Glapﬁ] Drawings] == Shells-in-Seliesl ] Design] 1 Sessionl XKist 6.00

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

Xist - [Input] - For test.htri - Input Summary-Hot Fluid Properties

Input Summary
m Geometry

Bl shen

XD Reboiler

E Tubes

----- (L} Tubepass Arrangem
- Tube Layout

""" T T Baffles

E Variable Baffle Spaci

Clearances

Nozzles

Fivear

1 Nozzle Location
== Distributors
Impingement
% Optional
+-&=2 Piping

[#l-&~, Process

) Hot Fluid Properties

#-|/ ) Cold Fluid Properties
EB--ug Design

[+ L Control

< >

<< Previous l MNext >> |

Fluid name

=

=

— Physical Property Input Option —
I(: Mixture properties via glicl

Fluid compressibility

¢ Component by component

¢~ Component and grid properties

Composition Units

 Moles

Property Options -

Temperature interpolation

- Heat Release Input Method

i~ Flash Type

" Differential

@ Integral

l Program St I

Property Generator...
Property Worksheet. ..

Input Repoits | 5] Graphs | & Drawings | ] Shells-inSeries | [ Desian | [_] Session |

Xist 6.00
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.

. Xist - [Input] - For test.htri - Input Summary-Hot Fluid Properties-T & P

=@ Input Summary * | [Pressure bar-G 1A5I |
BW Geometry Profile 1 Profile 2 Profile 3 Profile 4 Profile 5 |
""" 5l shen Temperature 1 C 100
-0 Reboiler Temperature 2 C 96
G- B2 Tubes Temperature 3 C 92
----- (I Tubepass Arrang Temperature 4 c 85
= Temperature 5 C 84
----- ’@ Tube Layout
Temperature 6 & 81
""" TIT Baffles Temperature 7 C 77
""" T T Variable Baffle Sg Temperature 8 G 73
...... Clearances Temperature 9 C 69
...... m Nozzles Temperature 10 C 65
N ; Temperature 11 &
----- ozzle Location
S Temperature 12 C
""" g 'Stf'b”to's Temperature 13 c
""" A Impingement Temperature 14 C
----- @, Optional Temperature 15 C
&3 Piping Temperature 16 C
Eﬂu.a Process Temperature 17 c
=]/} Hot Fluid Properties SRt =
Temperature 19 S
Temperature 20 C
— Heat Release Temperature 21 C
B Property Grid Temperature 22 C
E Components Temperature 23 C
4= Dew/Bubble Temperature 24 C J_ﬂ
s e Y A i
>
S ' Clear All Temperature Data I PropeﬂyWorksheet...'
<< Previous I Next >>
Input Hepaltsl ) Graphs | [&] Drawingsl E Shells-in-SeliesI E Designl E] Sessionl Xist 6.00
3 Xist - [Input] - For test.htri - Input Summary-Hot Fluid Properties-Heat Release =l
= Input Summary = | Heatislense ertared asl Total duty from inlet A !l based on flow of kashr
C—]m Geometry
: m Shell Pressure Profile 1 - 1.500, bar-G
.. B Reboiler Temperature Duty Weight Fraction
C
EH-25 Tubes 100.00 0 0
~{LL)-Tubepass Arrang 96.00 200000 0
~§ ) Tube Layout 9200 400000 0
~T|T Baffles 88.00 -600000 0
...... E Variable Baffle Sp 84 .00 -900000 0
?ﬂ o 81.00 -1100000 0
77.00 -1300000 0
""" @ Nozzles 73.00 1500000 0
----- Nozzle Location 69 00 1700000 0
(@& Distributors 65.00 -1900000 0
------ ,.L‘ Impingement 1/
Optional Clear &ll Heat Release Data Property \Worksheet...
[+-&=3 Piping
Eﬂ»s Process
=~y Hot Fluid Properties
35 1 Tap :
| "= Heat Releasq]
J
i Property Grid
: E Components
il Dew/Bubble
0N ~rarecane i Y
>
<< Previous | MNext >>
Input Reports | 2] Graphs | Drawings | F= Shells-inSeries | [ Design | F] Session | Rist 6.00




Education Institute for

Equipment & Process Design

e

[ Xist - [Input] - For test.htri - Input Summary-Hot Fluid Properties-Property Grid

E--- Input Summary A

[—]w Geometry
[l Shell

.2 Reboiler

E3-~-E Tubes
l:i Tubepass Arrang
Tube Layout
------ E Baffles
T T Variable Baffle S

------ Clearances

------ Nozzle Location

g Distributors

---- FL‘ Impingement

% Optional

+-&Z8 Piping

Ba Process

—]|£1 Hot Fluid Properties
1& T&P
=

ml.--[+1...[F

Heat Release

omponents
. Q Dew/Bubble

(o B A T B o TN, VR

< >

<< Previous | MNext >> I

v

Liguid Conductivity, W/m-C

1.500, bar-G

G W/m-C

100.0 .

96.00 0.6746
92.00 0.67238
88.00 0.6697)
84.00 0.6674
81.0C 0.6644
77.00 0.66094
73.00 0.65764
69.00 0.6541)
65.00 0.65058

Liquid Conducti

Liquid Heat Capacity
Liquid Viscosity

Reguired

Clear Selected Property I

Clear &ll Properties ]

Property Worksheet... I

Liquid Critical Temperature
Liquid Enthalpy

Liquid Latent Heat

Liquid Lewis Number
Liquid Surface Tension
Wapor Conductivity

apor Density

apor Enthalpy

apor Heat Capacity
Vapor Viscosity

Input I Heports] = Graphs] Drawings] =3 Shells-in-Seriesl 4 Design] ] Session]

Kist 6.00
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Put shell info in shell sheet in red areas

Note:

1.

first estimation would be 12 inch.

Initially estimate shell ID between 1.5-3 times tube-side pipeline 1D, here it is 6 inch so

I

Xist - [Input] - For test hti - Input Summary-Geometry-Shell

<

E~~ Input Summary

EE!~~-§ Tubes

P

----- (L) Tubepass Arrangem
----- @ Tube Layout

[+- &3 Piping

8 Process

|} Hot Fluid Properties
|ﬂ Cold Fluid Properties
Uﬁ_ Design

,L Control

<< Previous I Nest »»

- Case Mode
% Rating

" Simulation " Design

~ TEMA Type-

- Shell |nside Diameter
300 mm

~ Multiple Shells -
Nurnber of shells in parallel

Number of shells in series

Mutti-shell confiquration

~ Shell Drientation
% Horizontal
" Vertical

™ Inclined

i~ Flow Direction

Flow in 1t tubepass 8 countercurent v

Flow in train

Countercurrent v

~Hot Fluid Location-
@ Shellside (Outside tubes)

" Tubeside (Inside tubes)

Input [ Heports] )| Graphs] Drawings] = Shells-in-Series] [ Designl ] Session]

KistB00
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In Reboiler Sheet do not enter an input

i I RS o e (e ) sy b 7Sl il
(3 Xist - [Input] - E-5010.htri - Input Summary-Geometry-Reboiler

Ev-- Input Summary A
Em Geometry

i shel
D Reb

2hE
- 22 Tubes

L !:i Tubepass Arrang
..... Tube Layout

vvvvvv m Baffles

...... T T Variable Baffle S

vvvvv = Distributors

...... 'L‘ Impingement
----- % Optional
[+-&3 Piping

8 Process

Ejm Hot Fluid Properties

-4l Tar

TE Heat Release
...... @ Property Grid
..... R Components
r@ Dew/Bubble

-} Cold Fluid Properties v
< >

~ Reboiler Data
Rebailer type

Bundle diameter

Kettle diameter

Entrainment ratio

- Inlet Pressure Location
(¢ Atinlet nozzle

(™ At column bottom

" Attopof bundle

Liquid level height/bundle diameter

Number of boiling components

Required liguid static head

No piping specified

—
—
-
—
—
—

mm

mm

kaq liquid/kg vapor

<< Previous Next »»

Input Heports] & Graphsl Drawings]E Shells-in-Series]_E Designlg Session]

XistB.00
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Put Tube mechanical data

Since it is cooling water, 19.05 is selected and thanks to presence of CO2 and Ammonia
in the water Duplex SS is selected.

According to table below tube thickness of 1.65 is chosen.

Table 1.3 Typical diameters. thicknesses and pitch arrangement of tubes

Tube outside diameter mm 15.88 19.05 25.40 31.75
in s : 1 1}
Tube thickness Carbon and low-alloy steels mm 1.65 2.1t 2.77 3.40
in 0.065 0.083 0.109 0.134
bw.g 16 14 12 10
Stainless steels, aluminium, copper and ©mm 1.24 1.65 2.11 2.77
nickel alloys
in 0.049 0.065 0.083 0.109
b.w.g. 18 16 14 12
Minimum tube Clean service (30° or 60°) .mm 19.84 23.81 31.75 39.69
pitch :
in 2 H 1} 1%
Fouling service (45° or 90°) mm 22.22 25.40 31.75 39.69
in : 1 1} 13
Xist - [Input] - For test.htri - Input Summary-Geometry-Tubes E@
-G Input
= ﬁuGSumn:ary Tube Geometry l FJ Curves]
- eometry -
t =] - TubePich-
: : m Shell Type Plain
i ... Reboiler Tube internals Pitch 25.4 mm
EEe Tube 0D Ratio 133353 |
i T A -
H ubepass Astangem Average wall thickness
----- @ Tube Layout
 Bundle Geometry -
m Bafics Tube layout angle degrees Tub: t l
------ E Variable Baffle Spaci e s
B Clearances Tubepasses ¥ Rigorous tubecount
------ m Nozzles Length m
lllll N_oa_le Focation — Tube Material -
- (& Distributors Material ISuper Duplex 25Cr-7Ni-4Mo (532750) v!l
I b A Impingement
H % Optional Thermal conductivity Wim-C Density I kgém3
"Q Piping Elastic modulus l MPa
- P — ——— —
- 8’ rocessA 2  Tapered Tubes for Reflux Condensation
-7\ Hot Fluid Properties
B[/ Cold Fluid Properties | Taper angle ’ deg
DJL Design
[#- .l, Control
< >
<< Previous I Next >> l
Input I F!eportsl = Glaphs] =] Dlawings] == Shells-in-Selies] (] Designl | Session] ist 6.00
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Act like below

R
e e e —

13Xt (] - untilds - Input Summary-Geomety-Tube Layout
Fl-fietd Input Summary

- Use tube layout drawing as input
T

----- ="' Distributors

------ * Impingement
----- % Optional

Q Piping
Process
- /Ry Hot Fluid Properties

Cold Fluid Properties
ﬂ Design

,!, Control

L4 >

<< Previous | Nest >» I

Input [ HeportsJ )| Glaphs] Drawings]E Shells-in-Seriele Designlg Sessionl Xt 6.00
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Put baffle info in baffle sheet in red areas like below

[=- . Input Summary

----- % Optional
[+-&3 Piping

EEI---@ Process

|ﬂ Hot Fluid Properties
|/ Cold Fluid Properties
l]ﬁ_ Design

L Control

Support plates / baffle space

Windows cut from baffles No

Rho2 for NTIW cut design

Central pipe 0D

Helical baffle crossing fraction

Ars

v

Distance from tangent to last baffle I mn
l ka/m-s2
I mm

- Baffle Geometry
[.]m E;metry Type @ Cut % of shell ID
b Shell )
:m G Cut orientation 1 " Window area | percent
' E Tubes Crosspasses I
b II Tubepass Arrangem I
~Baffle Spacing
------ % Tube Layout
Central 100 m Inlet spacing | (el
------ 1] | Variable Baffle Spaci | |  Variable [ Qutlet spacing | i
------ Clearances I
llllll m Nesies ~ Miscellaneous
llllll T Double-seq. overlap I Tuberows
----- = Distributors Thickness I mm
------ Impi t |
'L* R el Thickness at tube hole mrm

£ >
Next >> |

<< Previous |

Input I Repo:ts] | Glaphs] Drawingsl = Shells-in-Seriesl [+ Designl ] Sessionl

KistB.00
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Act exactly like below for impingement sheet and Clearance

Xist - [Input] - For test.htri - Input Summary—Gmmétry—lmpingernent

=1-EZ] Input Summary i Impingement Device
E]W Geatiietry, Impingement device present
------ [zl shen
.. Reboiler Impingement type IHectangular plate _vJ
EH»E Tubes Rho-¥2 for impingement | kg/m-s2
~{_L} Tubepass Arrangem 2 y : y
e Plate/nozzle diameter | plate diameter/nozzle diameter ratio

----- ’@ Tube Layout

...... T Baffles Plate thickness | mm
’J_] Variable Baffle Spaci Plate height above tubes | mm
------ Clearances
: m Nassias Plate length I mm
-3 Nozzle Location Plate width | mm

: Distributors

Rows of rods | _,:

,
@, Optional Rod diameter I mm

r-&=2 Piping

£ a Process

£ |#71 Hot Fluid Properties

+.-[F.- 5

- [/ Cold Fluid Properties
EB--D_E_ Design
Bl ql, Control
< >
<< Previous I Next >> |
Input Reports | ] Graphs | & Drawings | F=J Shells-in-Series | [ Desian | ] Session | ist 6.00

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

= Input Summary ~ Dot i i
E]W Gasimta airs of sealing strips
...... m Shell Seal strip width
22D Reboiler Seal strip clearance
EH---E Tubes

.:. Tibapass Araiio B affle clearance type ITEMA LI

‘‘‘‘‘ ,@ Tube Layout — Block Bypass Streams - — Passlane Seal Device

~T|T Baffles I~ A stream I~ F stream Seal device type |Fods =~

~~~~~ T T Variable Baffle Sg [.E straan Miumber.of tods IProgram Set LI I :l‘

Rod diameter I mm

3’ Nozzle Location — Diametral Clearances | [~ Height under Nozzles

----- Distribut
e kbR Tube-ta-baffle | mm Inlet I mm

,.L Impingement
% Optional Baffle-ta-shell I mm Outlet | mm

Piping Bundle-to-shell | mm Liquid outlet | mm

Process

Hot Fluid Properties

il Tar

% Heat Release

E Property Grid
Components

1= Dew/Bubble

Ela Cold Fluid Properties «
< >

<< Previous I Next >>
Input I Reports | =] Graphs Drawings | = Shells-in-Series | [ Design | ] Session | Xist 6.00
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Enter nozzle info from piping info

B Xist- {Input] - Fortesttr - Input Summary-Geometry-Nozzles

E-»- Input Summary

ij eomely, Nozzle standard 02-NSI_B36_19.TAE v
] Shel | 3
.3 Reboiler Nozzle schedule

EE]E Tubes Inlet 1D

P

""" (L) Tubepass Arrangem - -
oo Nurnber at each position |1 :l,
Tube Layout -

T Baffles Dullet D et

% Variable Baffle Spaci | et at each posiion m :
- *17H Clearances
m RiEries Liquid outlet 1D |

30 Nozzle Location Inlet type

~~~~~ &= Distributors Outlet type

*l Impingement ~Shellside Nozzle Lacations

""" % Opficus Radial position on shell of inlet nozale
[+-&3 Piping
BEI"'S» Process Longitudinal position on shell of inlet nozzle
B[} Hot Fluid Properties Radial position on shell of outlet nozzle
[#-/} Cold Fluid Properties

Iﬁ ) y Location of nozzle at U-bend

EE]‘"U_E_ Design

[+ .I, Control

< >
<< Previous | Nest > |

Input | &) Repotts | & Graphs | [&] Drawings | =3 Shellsin-Seies | [ Design| 7] Session |

Kist6.00
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Set nozzle location

L~

3 Xist - [Input] - For test htri - Input Summary-Geometry-Nozzle Location ‘
= aprSimiinay - Shellside Positions—————————————— ions—— ~Front Head

=l Geometry Inlet radal Inlet postion 8§ Front head Location | -
B Reboiler Inlet longitudinal |Hear head .I Inlet type
E Tubes Dutlet radial lUpposite side 'I Outlet type

vvvvv (L) Tubepass Arrangem

1
—
=
(=
@
2.
o
@
nl
o
>

=
=

~TEMAType———

8 =l xifu =

Duiosiosc (S T s
----- ube Layou ozzle atU-bend |4t U-bend Y iqui

Type Al liquid Y
------ m Baffles _J
------ E Variable Baffle Spaci

[+-&3 Piping
EB---S. Process
|ﬂ Hot Fluid Properties

|/ Cold Fluid Properties
H_E_ Design

- L Control I l

< >

<< Previous | Next >> |
Input | B Repotts | & Graphs | @) Drawings | = ShellsinSeries | [=] Design | [ Session| Xist B.00




Education Institute for

Equipment & Process Design

Results:

1. Now run and the dp in hot shell side becomes 1.62 bar and overdesign factor becomes -22%
2. Now increase the shell ID and overdesign factor becomes 35% and dp reduces to 0.89 bar
3. Now increase baffle spacing to 250 mm and run it again. Dp reduces to 0.215 and overdesign

Factor to 33%.

100 35
250 33
300 31
350 31
400 30.5

4. Now decrease tube length to 4.87 to reduce oversize factor and run it and oversizing factor
becomes 5.54%. As a result, dp also reduces to 10.17
5. Now increase Shell ID to 450mm and reduce Tube length to 4.27m simultaneously and the

result is that dp becomes 0.138 bar and overdesign factor 14%
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6. Now increase Shell ID to 500 mm and activate tube layout and run it and the overdesign

factor becomes 40%

Xist - {Input] - For test.htri - Input Summary-Geometry-Tube Layout
(=& Input Summary o
Em Geomety Use tube layout drawing as input |8
i) shei
20 Reboiler
28 Tubes s .SrrElZII.\erzeeter SOO.BO%% mm
(L) Tubepass Arangem Outer tube limit 484.641 mm
qwebgor 0 ke : ________ :e?g:; unger inleﬂt ;wzzleI ggggg mm
T e £70000000™ . e
i Clearances Q00000000 O Tube pitch 25.400 mm
e £0000000000000N e
g Distributors _“’ Q O Q O O O O'O O O O O O O Number of tubes (calculated) 307
. imngenen 4. QQO0000MAQQ0000 5 ol :
o 7000000000000 0000 Y Nomber of passes 1
g $00000000000000000 ¢ e cut gt m
=] |ﬁ Hot Fluid Properties (' O OO OO O OO OEO O O O O O O O O‘\'
e 000000000H000000000 T s i
e "000000000000000000 | ™ ™ "= ™=
R C:’r:;Ze:ls %@@@@@@@@@@@@@@@@@@@; i SYMBOL LEGEND
e “000000000000000000 | S
) ColuidPpetis 000000000000 0000000 S Topt
ol oo :000000000000000000)]  § et
' :00000000000000000 o sand
0000000000000000 BL Lo
SIVISISIVSICIUISICIVISIVICIST
00000000000 000,,
Q00000HQ000000,
000000000
Q000000
< Previous IT_L
Input Repottsl & Graphs Drewings] = Shells-in-Se«ies] [ Design] ] Sessionl Xist 6,00
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7. Now omit some tube like below and run it and the overdesign becomes 21%

Xist - [Input] - For test.htri - Input Summary-Geometry-Tube Layout IE‘
El» Input Summary . .
g W Gy Use tube lapout drawing as input v
I shel
W %:zz:!a 97.1806 mm TEMA type s ?ﬁm
(D) Tubepass Atangem uter tube limit 453,085 m
€ Tube Layout Height under inlet nozzle 42,502 mm
m Baffles Height under outlet nozzle 42,502 mm
m Variable Baffle Spaci ------------ Iuse ;Ype § 19ploasig
: ube diameter .050 mm
EE ;’“’r"“‘ OOOOOOOOO@OOOOOOOO . Q Tube pitch 25.400 mm
Jzzes ny N Tube layout angle 30
1 ozzle Location e H a3 ber of tub ified
i /000000000000, Wb o s (ot} 2
Q'L*% lmp.i"geme"t QOQOOO QOQO QQQ’ :ﬂmg:: g; Zleea:()sdtfip pairs g
[-&3 Pipi ngmnal O O O O O O OO O O O O O O glumbe:j_of lpasses 1 idth 15 87;
pin 4 5 erpendicular passlane wi A mm
H 8, Process O O O O O O Q @ O O O O O Q O Eafze cut % d;i)ameter 25
|/} Hot Fluid Properties ;' OOOOOOOOOOOOOOOO ".‘
w ik O O O O O O O O @ O O O Q O O O O I". :;JESFPASP?OEJETAH‘I:LSJMS Plugged
i Pl 0000000000000 0000A0 1 18 25 0
B popetyGrid || afoislnintalalalolalalalsatolatah
& Components LA Sl AT ! SYMBOL LEGEND
& o 00000000000000000J oo
g e 00000000H00000000 & Tierod
-lﬁ.- [C,Z:tgr';l OOOOOOQOOOOQOOOéOOOOQOOQOOOOOOO ; g’:‘z;g;:‘uebn: =
' @ Seal rod
R0 @ 80 @ OAO @RI @0 0O seal strip/Skid bar
IO
* 0QQ00UOO0000 +
0 OOOOQOOOCD OOOOOOO O~
97.1806 mm
<< Previous I Next>> »
Input Reports | (&) Graphs Dvawings] =] Shells~in-$eries] = Designl ] Session] Xist6.00

But after doing so, the water velocity in tube side reaches less than 1 m/s so we try to

use double pass and by doing so, dp in tube side goes from 0.11 to 0.39 bar and tube

side h goes from 5426 to 9898 and the velocity goes from 0.98 to 2.11.
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8. Now omit some tubes like below and run it and overdesign factor becomes 7%

I Xist - [Input] - For test2.htri - Input Summary-Geometry-Tube Layout
= E—Eu;:::::;ry Use tube lapout drawing as input v
[l shen
™ Reboiler S
[B-E Tubes = gt
|:I Tubepass Arrangem 0
’ @ ubeayout Height under outlet nozzle 47:03 $$
- % Baffles Tube type Plain
~1] | Variable Baffle Spaci e Fle o Tube diameter 19.050 mm
'?ﬂ Clearances 6’OOOOO®OOOOO O Eg: gtyf)hut — 25'4gg o
m Nozzles T : Number of tubes (specified) 212
3; Nozzle Location 'O O O O O @ O O O O Number of t_ubes (calculated) 212
g ranilll T s ,’QOOOQ ng@g@ QO"\'\'\' """ zﬂ:gg; g; tslsarlo&gtiip pairs g
s Impingement SDO0ODO0ODOO0O0O00 Number of passes 2
‘ , ‘, .\ Perpendicul lane width  15.875

i Qﬁzi"""“' ¢ QOO0 00O00000000 1 Bl cut % dlameter 25

B Proces 0000000000000 00 1 T

B[\ Hot Fluid Properties ::O O O O O O O O O O O O O O O O ! Pass Rows Tubes Plugged

D-ﬁcmdﬂuidpwpema | Q0000 OLLOO0 | : : i 5
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Now the only fly in the ointment is that B stream is low so different cut and spacing for baffle is
tested and baffle cut of 35% is tested and the overdesign factor becomes 1.73% and B-stream

increase to 50%.




Education Institute for

Equipment & Process Design

B Xist - [Reports] - For test2.htri - Oij;ipui:Summary I
=& Output Summary Output Summary Page 1 il
...... Run Log Released to the following HTRI Member Company:
..... Data Check Messag mekpco i
s Behrouzi
""" Runtime Messages [3cvE Ver. 6.00 8/11/2022 11:05 SN: Vals 100+ MEKPCO Units
»»»»»» =23 Final Results
------ [l Shellside Monitor
'''''' Tubeside Monitor Rating - Horizontal Multipass Flow TEMA BEM Shell With Single-Segmental Baffles
. N See Data Check Messages Report for Informative Messages.
- vaase Vibration I G
e See Runtime Message Report for Informative Messages.
------ Rating Data Sheet =8 v E
Process Conditions Hot Shellside Cold Tubeside
----- TEMA Spec Sheet )
% Fluid name PC Cw
""" I Property Monitor |0 rate (ka/hr) 47200.2 166010
------ 8. Stream Properties  |Inlet/QutletY (Wt fracvap.) 0.000 0.000 0.000 0.000
Input Reprint Inlet/Qutlet T (Deg C) 100.00 65.00 38.00 48.00
Inlet P/Avg (bar-G) 1.500 1.466 4500 4252
dP/Allow. (bar) 0.069 0.100 0.497 0.600
Fouling (m2-K/W) 0.000170 0.000300
Exchanger Performance
Shellh (W/m2-K) 4067.17 | ActualU (W/m2-K) 98299
Tube h (W/m2-K) 10403.3 | RequiredU (W/m2-K) 966.32
Hot regime (-) Sens. Liquid | Duty (MegaWatts) 1.8988
Cold regime (—-) Sens. Liquid | Area (m2) 53.654
EMTD (Deg C) 36.6 | Overdesign (%) 173
Shell Geometry Baffle Geometry
TEMA type (-) BEM | Baffle type (—) Single-Seq.
Shell ID (mm) 500.000 | Baffle cut (PctDia.) 35.00
Series (—) 1 Baffle orientation (=) Perpend.
Parallel (-) 1 Central spacing (mm) 250.000
Orientation (deg) 0.00 | Crosspasses (—) 15
Tube Geometry Nozzles
Tube type (-) Plain | Shellinlet (mm) 97.181
Tube OD (mm) 19.050 | Shell outlet (mm) 97.181
Length (m) 4267 | Inlet height (mm) 47.036
Pitch ratio (—-) 1.3333 | Qutlet height (mm) 47.036
Layout (deg) 30 | Tubeinlet (mm) 146.330
Tubecount (—) 212 | Tube outlet (mm) 146.330
Tube Pass (—) 2
Thermal Resistance, % Velocities, m/s Flow Fractions
Shell 2417 | Shellside 0.28 A 0.086
Tube 11.43 | Tubeside 225 B 0.493
Fouling 52.38 | Crossflow 0.30 C 0.307
% i Metal 12.02 | Window 0.30 E 0.114
F 0.000 | ~|
<|<<Prev|Nexl>>| >I4| | »
Input Reports I@ Graphs] Dlawingsl 4 Shells-in-Series] 4 Designl || Sessionl RKist 6.00
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If baffle cut of 25% is selected then B-stream be as low as 41% but overdesign factor is

about 7%

Xist - [Reportsj - For test2.htri - Output Summary

==k

=- Output Summary
~~~~~~ Run Log

------ <25 Final Results
m Shellside Monitor
------ Tubeside Monitor
bt
vvvvv S~ Vibration
el

vvvvvv Rating Data Sheet

- [EE] TEMA Spec Sheet
|} Property Menitor
------ 3. Stream Properties

...... Input Reprint

----- Data Check Messag
----- Runtime Messages

< >

< | <<Prev] Next >> I > I

Output Summary Page 1 ii
Released to the following HTRI Member Company:
mekpco
Behrouzi
XistE Ver. 6.00 8/11/2022 11:09 SN: Vals100+ MEKPCO Units
Rating - Horizontal Multipass Flow TEMA BEM Shell With Single-Segmental Baffles
See Data Check Messages Report for Informative Messages.
See Runtime Message Report for Informative Messages.
Process Conditions Hot Shellside Cold Tubeside
Fluid name PC cw
Flow rate (kg/hr) 47200.2 166010
Inlet/Outlet Y (Wt. fracvap.) 0.000 0.000 0.000 0.000
Inlet’Outlet T (Deg C) 100.00 65.00 38.00 48.00
Inlet P/Avg (bar-G) 1.500 1.461 4500 4252
dP/Allow. (bar) 0.078 0.100 0.497 0.600
Fouling (M2-K/AW) 0.000170 0.000300
Exchanger Performance

Shellh (Wim2-K) 517272 | ActualU (W/m2-K) 1036.58
Tube h (WIm2-K) 10407.5 | RequiredU (W/m2-K) 968.35
Hot regime =) Sens. Liquid | Duty (MegaWatts) 1.8988
Cold regime (=) Sens. Liquid | Area {m2) 53.654
EMTD (Deg C) 36.5 | Overdesign (%) 7.05

Shell Geometry Baffle Geometry
TEMA type (—) BEM Baffle type (-} Single-Seg.
Shell ID (mm) 500.000 | Baffle cut (PctDia.) 25.00
Series (—) 1 Baffle orientation (—) Perpend.
Parallel =) 1 | Central spacing (mm) 250.000
Orientation (deg) 0.00 | Crosspasses (—) 15

Tube Geometry Nozzles
Tube type (—) Plain Shell inlet (mm) 97.181
Tube OD (mm) 19.050 Shell outlet (mm) 97.181
Length (m) 4.267 | Inletheight (mm) 47.036
Pitch ratio (—) 1.3333 | Outlet height (mm) 47.036
Layout (deg) 30 | Tubeinlet (mm) 146.330
Tubecount (- 212 | Tube outlet {mm) 146.330
Tube Pass (—) 2

Thermal Resistance, % Velocities, mi/s Flow Fractions
Shell 20.04 | Shellside 0.25 A 0.143
Tube 12.05 | Tubeside 225 B 0.419
Fouling 55.24 | Crossflow 0.30 C 0.300
Metal 12.67 | Window 0.44 E 0.139
F 0.000 | ~|
« | b
Kist 6.00

Input Reports I@ Graphs] Drawings] 4 Shells-in-Series] 4 Design] ] Session]
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Now if the baffle cut 35% and increase tube length to 4.87 and run it. This results in overdesign

factor of 16% and so reduce the number of tubes till the overdesign factor becomes 10%. Then

activate impingement plate and omit some tubes and run it.

'; Xist - [Input] - For test2 htri - Input Summary-Geometry-Tube Layout E |
EH“Z::Z;’)’ Use tube layout draving as input (2NN
il shel
B ol TEMA type BEM
e BB Tubes i Shell dgrexeter 500,000 mm
(L) Tubepass Arrangem Outer tube limit 419.447 mm
- @ Tube Layout Height under inlet nozzle 78,430 mm
T Baffles Height under outlet nozzle 90.930 mm
: . Tube type Plain
% Zlaer::ri:me o N L N = = Tube di:meter 19.035|0 mm
' T Tube pitch 25.400
- m Nozzles T:b: ralyf)ut angle 30 i
T Nozle Location : Number of tubes (specified) 192
- it /0000000000 (b
A Impingement O O O O O O @ O O O O O O Number of seal strip pairs 0
- 00000000000000: :
2 Pipi ki p . P dicul | idth 15.875
iy 0000000ON00G000; | DEeen se
8-/ Hot Fluid Properties O O O O O O O O O O O O O O O O TUBEPASS DETAILS
B ﬁ/ﬁ\l_ Cold Fluid Properties OOOO O O O OOOOQOOOOOOOOOO O OO I'-I Pass Rows Tubes Plugged
i Design ! i ' 1 7 99 0
[H- q|. Coptro!l @ [ sl é ....................................... E ....................................... :; .......... 2 7 9 0
00 @) OO 0000 @ SYMBOL LEGEND
. 000000000000000 | o
010101010101010]0]0101010]0]00) o Tee od
2 @ Impi t rod
000000000000000 ¢ i
00000000OOOOOO ¢ seairod
O O O O O O @ O O O O O O [ Seal strip/Skid bar
. 0000000000
97.1806 mm
< >
<« Previous l Nest>> |
Input Hepmtsl B Graphsl Dlawingsl i Shells-in-Seﬁesl ) Designl = Session] Xist6.00
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Xist - [Reports] - For test2.htri - Output Summary-Data Check Messages =n =R
=& Output Summary Output Summary Page 1 i]
...... Run Log Released to the following HTRI Member Company:
Data Check Messag mekpco .
5 Behrouzi
""" Runtime Messages [3ieyEVer 6.00 8/11/2022 11:40 SN: Vals100+ MEKPCO Units
<23 Final Results
------ Bl Sheliside Monitor
E TubesideMonitor Rating - Horizontal Multipass Flow TEMA BEM Sljell With Single-Segmental Baffles
o : See Data Check Messages Report for Informative Messages.
----- e Vibration a :
e See Runtime Message Report for Informative Messages.
Rating Data Sheet = 2 =
Process Conditions Hot Shellside Cold Tubeside
----- TEMA Spec Sheet _
2 Fluid name PC Ccw
-/} Property Monitor |00, rate (kg/hr) 47200.2 166010
""" & Stream Properties  ||nlet/QutletY (Wt fracvap.) 0.000 0.000 0.000 0.000
...... Input Reprint Inlet/Qutlet T (Deg C) 100.00 65.00 38.00 48.00
Inlet PiAvg (bar-G) 1.500 1.467 4500 4180
dP/Allow. (bar) 0.067 0.100 0.641 0.600
Fouling (m2-K/W) 0.000170 0.000300
Exchanger Performance
Shell h (W/m2-K) 4048.31 | ActualU (W/m2-K) 990.32
Tube h (W/m2-K) 11241.3 | Required U (W/m2-K) 93225
Hot regime (-) Sens. Liquid | Duty (MegaWatts) 1.8988
Cold regime (-) Sens. Liquid | Area (m2) 55.601
EMTD (Deg C) 36.6 | Overdesign (%) 6.23
Shell Geometry Baffle Geometry
TEMA type (—=) BEM | Baffle type (-} Single-Seq.
Shell ID (mm) 500.000 | Baffle cut (Pct Dia.) 35.00
Series (-=) 1 Baffle orientation (-) Perpend.
Parallel (-) 1 Central spacing (mm) 250.000
Orientation (deg) 0.00 | Crosspasses (—) 17
Tube Geometry Nozzles
Tube type (-) Plain | Shell inlet (mm) 97.181
Tube OD (mm) 19.050 | Shell outlet (mm) 97.181
Length (m) 4877 | Inletheight (mm) 78.430
Pitch ratio (—) 1.3333 | Outlet height (mm) 90.930
Layout (deg) 30 | Tubeinlet (mm) 146.330
Tubecount -) 192 | Tube outlet (mm) 146.330
Tube Pass (—) 2
Thermal Resistance, % Velocities, mis Flow Fractions
Shell 24 46 | Shellside 0.27 A 0.078
Tube 10.66 | Tubeside 2.49 B 0.480
Fouling 5278 | Crossflow 0.30 C 0.332
Metal 12.11 | Window 0.28 E 0.110
£ * F 0.000 |+
<| <<Prev| Next»l > I « | _'J
Input Reports I@ Graphs Drawings l 4 Shells-in-Series ] [ Design I | Session] RKist 6.00
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Licensor Design

[ =

Xist - [Reports] - E-6003 TOPSEO Correted Original V1.htri - Output Summary = | |
- & Output Summary Output Summary Page 1
...... Run Log Released to the following HTRI Member Company:
----- % Data Check Messag mekpco.
; Behrouzi
""" Runtime Messages I3ievEVer 6.00 8/11/2022 11:52 SN: vals 100+ MEKPCO Units
------ <23 Final Results
------ B0l Shellside Monitor
...... Trbeside Moritor Rating - Horizontal Multipass Flow TEMA BEM Shgll With Single-Segmental Baffles
. See Data Check Messages Report for Informative Messages.
~~~~~ e Vibration ; :
e See Runtime Message Report for Informative Messages.
------ Rating Data Sheet 2 ¢ g
Process Conditions Hot Shellside Cold Tubeside
----- TEMA Spec Sheet ,
: Fluid name PC Cw
""" [\ Property Monitor |00y rate (ka/hr) 472002 166010
8. Stream Properties  |Inlet/QutletY (Wt fracvap.) 0.000 0.000 0.000 0.000
------ Input Reprint Inlet/Outlet T (Deg C) 100.00 65.00 38.00 48.00
Inlet PiAvg (bar-G) 1.500 1.461 4500 4217
dP/Allow. (bar) 0.078 0.500 0.565 0.600
Fouling (m2-KIW) 0.000170 0.000300
Exchanger Performance
Shell h (W/m2-K) 5243.03 | ActualU (W/m2-K) 1058.50
Tubeh (W/m2-K) 110705 | RequiredU (W/m2-K) 1047.70
Hot regime (-) Sens. Liquid | Duty (MegaWatts) 1.8988
Cold regime (=) Sens. Liquid | Area (m2) 49605
EMTD (Deg C) 36.5 | Overdesign (%) 1.03
Shell Geometry Baffle Geometry
TEMA type =) BEM | Baffle type =) Single-Seg.
Shell ID (mm) 495.000 | Baffle cut (Pct Dia.) 25.00
Series (-) 1 | Baffle orientation (-) Perpend.
Parallel (-) 1 | Central spacing (mm) 250.000
QOrientation (deg) 0.00 | Crosspasses (—) 15
Tube Geometry Nozzles
Tube type (=) Plain | Shellinlet (mm) 97.181
Tube OD (mm) 19.050 | Shell outlet (mm) 97.181
Length (m) 4267 | Inletheight (mm) 53.933
Pitch ratio (-) 1.3333 | Outlet height (mm) 66.433
Layout (deq) 30 | Tubeinlet (mm) 146.330
Tubecount (-) 196 | Tube outlet (mm) 146.330
Tube Pass (—) 2
Thermal Resistance, % Velocities, m/s Flow Fractions
Shell 20.19 | Shellside 0.25 A 0.135
Tube 11.57 | Tubeside 246 B 0.422
Fouling 56.41 | Crossflow 0.31 C 0.305
Metal 11.84 | Window 0.44 E 0.138
F 0.000
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g Distributors
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Process

Hot Fluid Properties
Cold Fluid Properties
Design

Control

Use tube layout drawing as input [VES
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Outer tube limit

Height under inlet nozzle

Height under outlet nozzle

Tube type

Tube diameter
Tube pitch

Tube layout angle

Number of tubes (specified)
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Number of passes
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53.933 mm
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Which one should be selected?

While Topsoe design offers a heat exchanger with lower weight, that of mine offers a heat
exchanger with higher overdesign factor.

By the way Topsoe configuration was also tested on my design and my configuration was

slightly higher than that of Topsoe design
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Datasheet
Heat Exchanger Main Data
TEMA type BEM Calculated surface area per unit 45,2 m?
Duty 1,9 MW Installed surface area per unit B 49,9 m?
MTD 38 °C Shells per unit 1
Corrected MTD 36,3 °C
Operating Data (One Unit)
G e Shell Side Tube Side N
Description inlet | Outlet inlet | Outlet Units
Fluids Process condensate Cooling water
Quantity: total 47200 166009 kag/h
~ liquid 47200 47200 166009 166009 kg/h
gas . kg/h
Operating temperature 100 65 38 48 °C
Operating pressure 1.6 _ 45 ' bar g
Liquid: molecular weight 18,02 _ 18,02 18,02 18,02 kg/kmol
density 958 980 993 989 kg/m?
viscosity 0,283 _ 0,434 0,681 ' 0,567 cP
specific heat capacity 4213 _ 4,184 4175 4177 kJ/kg/°C
thermal conductivity 0,6768 0,6505 0,6199 0,6323 W/m/°C
boiling temperature 106 °C
Gas: molecular weight kg/kmol
density kg/m*
viscosity cP
specific heat capacity kJd/kg/°C
thermal conductivity W/im/°C
dew point °C
Performance
Pressure drop, max. allowable/calculated / 01 / 06 bar
Fouling resistance 0,00017 0,00030 m2-°C/W
Film coefficient, refers to outside surface 5715,95 10667,4 W/m2/°C
Heat transfer coefficients (clean/dirty) 2631,24 / 1171,95 Wim?/°C
Mean metal temperature 80 | 57 °C
Mechanical Design
Mechanical Design Conditions
Design temperature {(min/max) /125 /100 °C
Design pressure (min/max) 1) ) /90 ! 75 bar g o
Test pressure ) bar g
Number of passes 1 2
General
Construction code ASME Sec. VIl Div. 1 or 2 |Stress relieving According to code
TEMA Class TEMA Class R Desién mean metal temp. diff. 30 =
Shell
Shell inner diameter (ID) 455 | mm Shell orientation Horizontal
Construction material E S5 _|Corrosion allowance 0 mm
Insulation purpose Personnel protection -
Impingement plate (shell inlets) Yes
Front and Rear End Heads
Front end head material CS Corrosion allowance 3 mm
Front end head insulation None ]
Rear end head material CS Corrosion allowance 3 mm
Rear end head insulation None -
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Tube Bundle
No. of tubes 196 Effective tube length 4250 mm
Construction material Duplex SS Total tube length incl. tubesheet mm
Tube outer diameter (OD) 19,05 | mm Tube inner diameter (ID) 15,75 mm
Tube pitch pattern Triangular Tube pitch 254 mm
Minimum distance from shell side inlet nozzle to tube bundle: 55 mm
Tubesheets
|Construction material | SS | Corrosion allowance 0 mm
Baffles, Tie Rods and Dummy Tubes
Baffle type Single segmental Baffle cut type Horizontal
|Baffie spacing 250 mm  |Construction material SS i
Baffle cut (% of shell ID) 25 ‘ % Free baffle hole area 0,0234 m?

Tubes in outer baffle window




