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[image: ]Process data

[image: ]Heating and Cooling Table
[image: ][image: ]Open HTRI and Input Summery sheet and enter data in red areas
[image: ]Enter operating data in process sheet in red areas

[image: ]Enter heating and cooling table data in hot and cold fluid properties in red areas
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Put shell info in shell sheet in red areas
Note: 
1. Initially estimate shell ID between 1.5-3 times tube-side pipeline ID, here it is 6 inch so 

[image: ]first estimation would be 12 inch.

In Reboiler Sheet do not enter an input
[image: ]


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.
[image: ][image: ]According to table below tube thickness of 1.65 is chosen.
[image: ]Act like below




[image: ]Put baffle info in baffle sheet in red areas like below



[image: ][image: ]Act exactly like below for impingement sheet and Clearance
Enter nozzle info from piping info
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Set nozzle location
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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%.

	Spacing
	Oversizing

	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%







6. Now increase Shell ID to 500 mm and activate tube layout and run it and the overdesign 
[image: ]    factor becomes 40%







[image: ]7. Now omit some tube like below and run it and the overdesign becomes 21%

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.





[image: ]8. Now omit some tubes like below and run it and overdesign factor becomes 7%

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%.






[image: ]



If baffle cut of 25% is selected then B-stream be as low as 41% but overdesign factor is 
[image: ]about 7%



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.
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[image: ]Licensor Design
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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






















Drawings
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image13.png
Table 1.3 Typical diameters. thicknesses and pitch arrangement of tubes

Tube outside diameter mm 1588 19.05 2540 3175

in H } 1 1

Tube thickness Carbon and low-alloy steels mm 1.65 2.11 27 3.40

in 0.065 0083  0.109 0.134

bwg 16 14 12 10

Stiinless steels, aluminium, copper and - mm 124 165 211 277
nickel alloys

in 0.049  0.065 0.083 0.109

bwg 18 16 14 12

Minimum tube Clean service (30° or 60°) mm 1984 2381 3175 39.69
pitch
in 4 i n 15
Fouling service (45° or %0°) mm 2222 2540 3175 39.69

in H 1 1 13
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Tube h (Wim2-K) 104033 | Required U (WIm2-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 Batfle Geometry
| TEMA type ) BEM | Baffle type ¥ Single-Seg.
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 | Inletheight (mm) 47.036
Pitch ratio ) 1.3333 | Outiet height (mm) 47.036
Layout (deg) 30 | Tubeinlet (mm) 146.330
 Tubecount 3 212 | Tube outlet (mm) 146.330
[ Tube Pass o) 2
Thermal Resistance, % Velocites, mis Flow Fractions
shei 2447 | sheliside 028 A 008
Tuve 1143 | Tupeside 225 B 0493
Fouiing 5238 | Crossiow 0w | c 0307
"  [bemt 1202 | Window 020 £ 0114
F 0000 |-
s 5
ot ] Fepons | E3 Giophs | 53 Dvowigs] = Shelimseres] [ Desgn] ] Sesson] 600
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- Output Summary

=& Output Summary Output Summary Pzgmﬂ
@ RunLog Releasedto the ollowing HTRI Wember Company
Data Check Messag mekpeo,
Behrouzi
Runtime Messages (5icTEVor 6.00 6112022 11:09 SN Vals 100+ WEKPCO Units
<2 Final Results
Tl Shellside Monitor
B Tubeside Monitor |R2nG-Horzonta Hultipass Flow TEWA BEM Shell ith Sngle-Segmental Baffes
= o See Data Check Messages Report for Informative Messages.
5 Vibration See Runtime Message Report for Informative Messages.
S rating Dtasheet T Conations Hot Sheside Coa Tubssids
TEMA Spec Shest
Fluid name PC ow
Flow rate (kg/hr) 472002 166010
7} Property Moritor
&, sueam Propertes [ nletOutity (Wt racap) 0000 | 0000 0000 0000
&0 Input Reprint InletiOutiet T (Deg C) 100.00 65.00 38.00 48.00
Inlet PiAvg (bar-G) 1500 1461 4.500 4252
dP/Allow. (bar) 0.078 0.100 0.497 0.600
Fouling (m2Kw) 0000170 0000300
Exchanger Performance
Shell h (Wim2-K) 517272 | AcualU (Wim2-K) 1036.58
Tube h (WIm2-K) 104075 | RequiredU (WIm2-K) 968.35
Hotregime ) Sens.Liquid | Duy (Megawats) 18988
Cold regime ) Sens.Liqud | Area m2) 53654
EMTD (Deg C) 36.5 | Overdesign (%) 7.05
Shell Geometry Baffle Geometry,
TENALpe “ BEM | Bafle tpe ) single-Seg
Shell ID (mm) 500.000 | Baffle cut (PctDia.) 25.00
Series “ 1| Baffe orientation “ Perpend
Parallel “ 1| Central spacing (mm) 250000
Orientation (deg) 0.00 | Crosspasses o) 15
Tube Geomelry Nozzles
Tube tpe “ Plain | Shellinlet (m) 97181
Tube OD (mm) 19.050 | Shell outlet (mm) 97.181
Length (m) 4.267 | Inletheight (mm) 47.036
Pitchratio “ 13333 | Outit height (mm) 4703
Layout (deg) 30 | Tubeinlet (mm) 146.330
Tubecount “ 212 | Tube outiet (mm) 148.330
Tube Pass IS} 2
Thermal Resistance, % Velocities, mis Flow Fractions
sell 2004 | shellside 025 A 0143
Tube 1205 | Tubeside 225 B 0419
Fouling 5524 | Crossflow 030 c 0300
. 5 |we 1257 | Window 044 £ 0139
3 0000 |~
< | «pev | newr | 5 [T 5
2 Input ) Reports | B Graphs | ] Dravings | F=3 Shellsin Series | [=] Desian | £ Session | Xist6.00
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it lInput] - For test2 bt - nput Surmmary-Geomety-Tube Layout
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5@ nput Summary

Use ooyt g o et [ES=]
ol o g oo vt [T
T shen
2D Reboiler
B ruves 97.1806 mm TEMA type BEM
Shell diameter 500.000 mm
Tubepass Arrangem Outer tube limit 419.447 mm
Tube Layout Height under inlet nozzle 78.430 mm
TIT Beffies Height under outlet nozzle 90.930 mm
T[T Varisble Baffle Spaci fubctype Slony
| L anshic BatficSp Tube diameter 19.050 mm
S [— i i
@ Nozzles Tube layout angle 30
B Nozzle Location Number of tubes (specified) 192
& distibutors QOO MEeScime iRy 2
L mpingement gelejey Number of seal strp pairs o
B, Options! 00000 Number of passes 2
T2 Piping O O Q Q Perpendicular passlane width 15.875 mm
.0.0.0.0 Baffe cut % dameter 3

& oo
|/ Hot Fluid Properties
|/ Cold Fluid Properties
I oesion
L control
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TUBEPASS DETAILS

Pass Rows Tubes Plugged

1 7. %
& 7 %

SYMBOL LEGEND
O Tube

@ Plugged tube

@ Tie rod

@ Impingement rod
@ Dummy tube

@ Sealrod

[ seal strip/skid bar
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- Output Summary Output Summary Pagmﬂ
@ RunLog Releasedto the ollowing HTRI Wember Company
Data Check Messag TmEkpCo,
Behrouzi
Runtime Messages (3icTEVor 6.00 6112022 1140 SN Vals 100+ MEKPCO Units
<2 Final Results
Tl Shellside Monitor
B Tubeside Monitor |R2nG-Horzontal Uultipass Flow TEWA BEM Shell Vith Sngle-Segmental Baffes
= o See Data Check Messages Report for Informative Messages.
5 Vibration see Runtime Message Report for Informative Messages.
& rating Dtasheet T Conations ot Shelside Coa Tubssids
TEMA Spec Sheek
Fluid name PC ow
2} Property Monitor Flow rate (kg/hr) 472002 166010
&, Sueam Propertes [ nletOutity (Wt racap) 0000 | 0000 0000 0000
&0 Input Reprint InletiOutiet T (Deg C) 100.00 65.00 3800 48.00
Inlet PiAvg (bar-G) 1500 1.467 4.500 4180
dP/Allow. (par) 0.067 0.100 0641 0.600
Fouling (m2Kw) 0000170 0000300
Exchanger Performance
Shell h (WIm2-K) 4048.31 | Actual U (WIm2-K) 990.32
Tube h (WIm2-K) 112413 | RequiredU (WIm2-K) 93225
Hotregime @ Sens.Liquid | Duy (Megawats) 18988
Cold regime ) Sens.Liqud | Area m2) 55501
EMTD (Deg C) 36.6 | Overdesign (%) 623
Shell Geometry Baffle Geometry,
TENA e “ BEM | Bafle tpe ) single-Seg
Shell ID (mm) 500.000 | Baffle cut (PctDia.) 35.00
Series “ 1| Bafe orientation “ Perpend
Parallel “) 1 | Central spacing (mm) 250000
Orientation (deg) 0.00 | Crosspasses o) 17
Tube Geomelry Nozzles
Tube tpe “ Plain | Shellinlet (mm) 97181
Tube OD (mm) 19.050 | Shell outlet (mm) 97.181
Length (m) 4877 | Inletheight (mm) 78.430
Pitch ratio “ 13333 | Outit height (mm) 90930
Layout (deg) 30 | Tubeinlet (mm) 146.330
Tubecount “ 192 | Tube outiet (mm) 148.330
Tube Pass IS} 2
Thermal Resistance, % Velocities, mis Flow Fractions
shell 2445 | shelside 027 A 0078
Tube 10,86 | Tubeside 249 8 0480
Fouling 5278 | Crossflow 030 c 0332
etal 1211 | Window 028 £ 0110
< 2 F 0.000 ||
< | «pev | wews | > [T G
Input ) Reports [ Grophs | (] Drawings ] F=3 ShellsinSeies ] [3 Design| ] Session] Xist6.00
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5@ Output Summary
@ runtog
Data Check Messag
Runtime Messages
5 Final Reults
il Shellside Monitor
B Tubeside Monitor
£ vibaton
@ Roting Data Sheet
TEMA Spec Sheet

17\ Property Monitor
&, stream Propertes

@ nput Reprint

Output Summary
Released o th following HTRI Hember Company:

mekoco
Behrouzi

GSTE Ver. 500 6112022 1152 SN, Vals100+ WMEKPCO Units

Rating - Horizontal Multipass Flow TEMA BEW Shell With Single-Segmental Baffes

See Data Check Messages Report for Informative Messages.

See Runtime Message Report for Informative Messages.

Process Conditions Hot Shelside Cold Tubeside.

Fluid name PC ow

Flow rate (kg/r) 472002 166010

InletOutletY (Wt fracvap.) 0.000 0.000 0.000 0.000

Inlet/Outlet T (DegC) 100.00 65.00 38.00 48.00

Inlet PiAvg (varG) 1500 1461 4500 4217

dP/Allow. (bar) 0.078 0.500 0.565 0.600

Fouling (m2kw) 0000170 0000300

Exchanger Performance

Shell h (WIm2-K) 5243.03 | ActualU (WIm2-K) 1058.50

Tube h (WIm2-K) 110705 | RequiredU (WIm2-K) 1047.70

Hotregime ) Sens.Liquid | Duy (Megawats) 18988

Cold regime ) Sens.Liqud | Area (m2) 40505

EMTD (Deg C) 36.5 | Overdesign (%) 1.03

Shell Geometry Baffle Geometry,

TEMALpe “ BEM | Bafle te ) Single-Seg

Shell ID (mm) 495.000 | Baffle cut (PctDia.) 25.00

Series “ 1 | Bafle orientation “) Perpend

Parallel “) 1 | Central spacing (mm) 250000

Orientation (deg) 0.00 | Crosspasses o) 15

Tube Geomelry Nozzles

Tube tpe “ Plain | Shellinlet (mm) o7.181

Tube OD (mm) 19.050 | Shell outlet (mm) 97.181

Length (m) 4.267 | Inletheight (mm) 53.933

Pitch ratio “ 13333 | Outit height (mm) 66433

Layout (deg) 30 | Tubeinlet (mm) 146.330

Tubecount “ 196 | Tube outet (mm) 146330

Tube Pass IS} 2

Thermal Resistance, % Velocities, mis Flow Fractions

sell 20.19 | shellside 025 A 0135

Tube 1157 | Tubeside 246 8 0422

Fouling 5641 | Crossflow 031 c 0305

etal 11.84 | Window 044 £ 0138
F 0000
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- Input Summary
E-fll Geometry
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5 Reboier

B ubes
Tubepass Amangem
T Loyt
TIT Beffies
1T Variobe Bffe Spaci

7 Clesances
@ ozis

B Noze Location

& vstrbutors

T impiagerment

by, options!

3 Piping
B Process

/) Hot Fuid Properties
1A Cold Fluid Properties

I oesgn

L control

Use tube layout cawing as input [FEES0N =]

97.1806 mm

97.1806 mm

TEMA type BEM
shell diameter 495.000 mm
Outer tube limit 417.794 mm
Height under inlet nozzle 53.933 mm
Height under outlet nozzle 66.433 mm
Tube type Plain
Tube diameter 19.050 mm
Tube pitch 25.400 mm
Tube layout angle 30
Number of tubes (specified) 196
Number of tubes (calculated) 196
Number of tie rods 6
Number of seal strip pairs 0
Number of passes 2
Perpendicular passlane width ~ 15.875 mm
Baffle cut % diameter 25
TUBEPASS DETAILS

Pass Rows Tubes Plugged

D 8 100 o

2 8 102 0

SYMBOL LEGEND
© Tube

@ Plugged tube

@ Tierod

® Impingement rod
@ Dummy tube

® Sealrod

[ Seal strip/Skid bar
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Mechanical Design

Mechanical Design Conditions

Design temperature (min/max) 7125 7100 C
Design pressure (min/max) 1) /90 B 775 B barg
Test pressure bar g
Number of passes 1 | 2

General

Construction code

ASME Sec. VIl Div. 1 or 2

Stress relieving

 TEMA Class

TEMA Class R

Design mean metal temp. diff.

According to code
30 | °C

Shell

Shell inner diameter (ID)
Construation material
Insulation purpose:

Impingement plate (shell inlets)

455

[ mm

Shell orientation
~ S§ | Corrosion allowance

Personnel protection

Horizontal

Olmm

Front end head material

Front end head insulation

Rear end head material
Rear end head insulation

Yes
Front and Rear End Heads

cs Corrosion allowance
None

cs Corrosion allowance

None
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Heat Exchanger Main Data

TEMA type BEM Calculated surface area per unit 452 m
Duty 19 MW |installed surface area per unit 49,9 m?
MTD 38 “C___|Shels per unit
Corrected MTD 363 C

Operating Data (One Unit)
R Shell Side Tube Side )
Description inlet___ | Outiet inlet | Outlet s
Fluids Process condensale Cooling water
Quantity: total 47200 166009 kgh
liquid 47200 47200 166009 166009 kgh

] gas kgh
Operating temperature 100 65 ) 48 2
Operating pressure 15 45 bar g
Liquid:  molecular weight 18,02 18,02 1802 | 1802 kg/kmol

density 958 980 993 989 kgim®
viscosity - 0,283 0,434 0,681 0,567 oP
specific heat capacity 4213 4184 4175 4477 kJkg"C.
thermal conductivity 06768 0,6505 0,6199 06323 Wim/*C
~ boiling temperature. 106 °C
Gas molecular weight kg/kmol
density kgim®
viscosity P
specific heat capacity kiikgi"C
thermal conductivity il - Wim*C

1 dew point *C

Performance
Pressure drop, max. allowable/calculated 704 7 06 bar
Fouling resistance 0,00017 000030 mE*CIW
Film coeficient, refers o outside surface 5715,95 10867,4 Wim?°C
Heat transfer coefficients (clean/dirty) 2631,24 i 171,95 Wim*C
Mean metal temperature 80 | 57 °C
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Tube Bundle

Tubes in outer baffle window

Yes

No. of tubes 196 Effective tube length 4250 mm
Construction material Duplex $§ 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 bundie: 55 mm
Tubesheets
[Construction material | SS [Corrosion allowance’ 0 mm
Baffles, Tie Rods and Dummy Tubes

Bafle type Single segmental __[Baffle cut type Horizontal
Baffle spacing 250 | mm |Construction material 7 ss
Baffle cut (% of shell ID) % | % Free baffle hole area 00234 | m*
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Shell Side Tube Side Units
Inlet Outlet Inlet Outlet
Fluids Process condensate Cooling water
Quantity: total 47200 166009 kg/h
~ liquid 47200 | 47200 166009 166009 kgh
gas kgih
Operating temperature o 100 65 38 48 i
Operating pressure 1.8 4,5 barg
Liquid: molecular weight 18,02 | 18,02 18,02 1802 kg/kmol
© density 958 980 993 [ 989 kg/m®
viscosity 0,283 0434 | 0681 0,567 P
specific heat capacity 4,213 4,184 4.{7? 4177 kJ/kgl’C
thermal conductivity 0,6768 0,6505 0,6199 0,6323 Wim/°C
boiling temperature 106 °C
molecular weight kg}kmol
density ) - kg/m®
viscosity o cP
specific heat capacity kd/kg°C
thermal conductivity ] [ ~Wim/°C
dew point o sC
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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 kJlkgl°C Wim/°C dyn/cm
100 0,00 0,0 958 0,283 4,213 0,6768 58
96 0,00 -02 961 0,205 4,209 0,6746 59
92 0,00 -04 964 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 =11 971 0,352 4,194 0,6641 62
77 0,00 -1.3 974 0,37 4,191 0,6609 63
73 0,00 -1,56 976 0,389 4,189 0,6576 63
69 0,00 -7 978 0411 4,186 0,6541 64
65 0,00 -1.9 980 0,434 4,184 0,6505 65
Tube side
Liquid heat Liquid thermal
Temperature Gas fraction Duty profile Liquid density  Liquid viscosity capacity conductivity ~ Surface tension
G wt % MW kg/m? cP kdfkg/°C W/m/°C dyn/icm
48 0,00 0,0 989 0,567 4177 0,6323 63
47 0,00 0.2 990 0,579 4,176 0,6309 63
46 0,00 04 990 0,59 4176 0,6296 64
45 0,00 0,6 991 0,602 4,176 0,6283 64
44 0,00 0,9 991 0,614 4,176 0,6269 65
42 0,00 11 992 0,627 4175 0,6255 65
41 0,00 1,3 992 0,64 4175 0,6241 66
40 0,00 1,5 992 0,653 4175 0,6227 66
39 0.00 s 993 0,667 4175 0,6213 67
38 0,00 1,9 993 0,681 4,175 0,6199 67





image3.JPG
= Reboiler
B ubes
Tubepass Arrangem
Tube Layout
T Bates
117 Varable BaffeSpaci

7 Clesances
@ Nozis

B Noze Location

& vstrbutors

L. impigerment

B Optons1
3 Piping
S Process
11\ Hot Fuid Properies
17\ Cold Fuid Properies
Design

Control

< >

e S|

- Shell Geomely

Balfle Geomety

TEM# pe
[ 300 o

| | |

Twe  [Sngewgrena =]

Oietaion [Popmdeds =]

W B
fEE— m

Spacing

- Tube Geamelyy

Toe [P

Lengh  [60% <] m

TweOD [1905 <] mm
Pich 54 o

5|

Waltickness [T651 <] nm
[ ] e

W |
—

Tubecount

Lapout angle

Input [ Rieports | I Graphs | &1 Drawings | = ShellsinSeies | [~ Design | ] Session]

Xist6.00




image37.tiff




