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Process data
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[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: ][image: ]Enter heating and cooling table data in hot and cold fluid properties in red areas
[image: ][image: ]
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 14 inch 
 so first estimation would be 42 inch (1000 mm )
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[image: ]In Reboiler Sheet do not enter an input











Put Tube mechanical data
· Tube with 25.4 OD is selected
· Since Tube material is CS , Tube thickness 2.11 is selected but not according to table 
below
· Select Pitch 31.75 to pass TEMA R.2.5
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[image: ]Act like below
[image: ]Put baffle info in baffle sheet in red areas like below

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

[image: ]Set nozzle location
Results:
Now run and it results with following run messages
[image: ]
























[image: ]Now change tube angle to 45 and run it again:

This design is good and satisfactory and do not know the reason why Topsoe changed it to U-type



[image: ]It is practical to have U-type in reboilers. In addition, tube side is the controlling side.






[image: ]In order to lower the pressure drop and velocity in tube side, shell ID is increased to 1300 mm and alongside that tube length was decreased to 4.2 to counteract the dramatic increase in overdesign factor.




In next move Topsoe has changed tube OD to 31.75 and tube pitch to 45 . The reason is not 
clear but probably wanted to decrease the number of tubes from approximately 1100 to 550 
[image: ]tubes but the velocity increased again.


[image: ]After inactivation of tube layout
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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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Process Conditions Cold Shellside Hot Tubeside
Fluid name Methanol LPs
Flow rate (kg/r) 189193 341172
InletiOutletY (Wt fracvap.) 0.000 0356 1,000 0.000
InletiOutlet T (0egC) 87.00 88.00 187.00 138.00
Inlet Plavg (0ar-G) 1,000 0998 2400 2373
aPIAllow. (0ar) 388683 0.000 0054 0.000
Fouling (m2-Kw) 0000170 0.000090
Exchanger Performance
shell h (Wim2-K) 532303 | Actual U Wim2-K) 1388.15
Tube h Wim2-K) 565463 | Required U Wim2-K) 134563
Hot regime ) Transition | Duty (Megalatts) 213866
Cold regime ) Flow | Area (m2) 313761
ENTD (©e30) 50.7 | Overdesign ©6) 318
Shell Geometry Baffle Geometry.

TENA e ) BKM | Baffle type ©) Support
shell ID (mm) 1000.00 | Baffle cut (PctDia)

Series © 1 | Baffte orientation )

Parallel ) 1 | central spacing (mm) 668.031
orientation (deg) 0.00 | Crosspasses =) 1

“Tube Geometry Nozzles
Tube type ) Plain | Shelinlet (mm) 488951
Tube 0D (mm) 25.400 | Shell outlet (mm) 590551
Length (m) 6.006 | Inlet height (mm) 25792
Pitch ratio ) 1.2500 | Outiet height (mm) 889.142
Layout (deg) 90 | Tude inlet (mm) 336551
Tubecount ©) 654 | Tube outiet (mm) 202718
Tube Pass =) i
‘Thermal Resistance, % Velocities, mis Flow Fractions

shell 26.08 | Shellside 488 A 0.000
Tube 29.43 | Tubeside 1319 B 1.000
Fouling 3358 | Crossflow 298 c 0.000
Metal 591 | Window 0.00 E 0.000
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Process Conditions Cold Shellside Hot Tubeside
Fluid name Wethanol LPs
Flow rate (kg/hr) 189193 341172
InletOutletY (Wt fracvap.) 0.000 0.356 1.000 0.000
Inlet/Outlet T (DegC) 87.00 88.00 187.00 138.00
Inlet PiAvg (0arG) 1000 0998 2400 2373
dPiAllow. (par) 3231e-3 0.000 0.054 0.000
Fouling (m2kw) 0000170 0000090
Exchanger Performance
Shell h (WIm2-K) 6519.70 | ActualU (WIm2-K) 1503.48
Tube h (WIm2-K) 6268.89 | RequiredU (WIm2-K) 133017
Hotregime ) Transition | Duty (MegaWats) 21,3866
Cold regime & Flow | Area (m2) 315200
EMTD (DegC) 51.0 | Overdesign (%) 13.03
Shell Geometry Baffle Geometry,

TEMApe “ BKH | Bafle tipe “ Support
Shell ID (mm) 1000.00 | Baffle cut (PctDia.)

Series “ 1 | Bafe orientation “

Parallel “ 1 | Central spacing (m) 668031
Orientation (deg) 0.00 | Crosspasses o) il

Tube Geomelry Nozzles

Tuve e “ Plain | Shellinlet (mm) 488.951
Tube OD (mm) 25.400 | Shell outlet (mm) 590.551
Length (m) 6.096 | Inletheight (mm) 25787
Pitch ratio “ 12500 | Outit height (mm) 889151
Layout (deg) 45 | Tubeinlet (mm) 336551
Tubecount “ 657 | Tube outet (mm) 202718
Tube Pass «) 4
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Process Conditions Cold Shellside Hot Tubeside
Fluid name Wethanol Lps
Flow rate (kg/r) 189193 341172
InletOutletY (Wt fracvap.) 0.000 0.356 1.000 0.000
Inlet/Outlet T (DegC) 87.00 88.00 187.00 138.00
Inlet PiAvg (0arG) 1000 0999 2400 2277
dPiAllow. (par) 2.989e-3 0.000 0.247 0.000
Fouling (m2-kw) 0000170 0000090
Exchanger Performance
Shell h (WIm2-K) 671552 | ActualU (WIm2-K) 167217
Tubeh (WIm2-K) 932051 | Required U (WIm2-K) 1383.10
Hotregime ) Shear | Duty (Megawats) 21.3866
Cold regime & Flow | Area m2) 301271
EMTD (DegC) 51.3 | Overdesign (%) 20.90
Shell Geometry Baffle Geometry,
TEMApe “ BKU | Bafle e “ Support
Shell ID (mm) 1000.00 | Baffle cut (PctDia.)
Series “ 1 | Bafle orientation “
Parallel “ 1| Central spacing (mm) 671517
Orientation (deg) 0.00 | Crosspasses o) 1
Tube Geometry Nozzles
Tube tipe “ Plain | Shellinlet (mm) 488.951
Tube OD (mm) 25.400 | Shell outlet (mm) 590551
Length (m) 6.096 | Inletheight (mm) 38738
Pitch ratio “ 12500 | Outit height (mm) 882221
Layout (deg) 45 | Tubeinlet (mm) 336551
Tubecount “ 594 | Tube outet (mm) 202718
Tube Pass © 2
Thermal Resistance, % Velocities, mis Flow Fractions
shell 24.90 | shellside 323 A 0000
Tube 2151 | Tubeside 3051 8 1000
Fouling 4847 | Crossfow 209 c 0000
etal 7.12 | Window 000 £ 0000
F 0.000
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Process Conditions Cold Shellside Hot Tubeside
Fluid name Methanol LPs
Flow rate (kgn) 189193 1172
InletiOutietY (Wt fracvap.) 0000 0358 1000 0000
InletOutet T (DegC) 87.00 83.00 187.00 13800
Inlet Pravg (var-6) 1000 0998 2400 2358
aPiAllow (van) 401563 0000 0085 0000
Fouling (m2-Kw) 0000170 0000090
Exchanger Performance
sheilh Wim2-K) 598378 | ActualU Wimz-K) 148811
Tuce h Wimz-K) 650232 | Required U Wimz-K) 991,57
Hotregime © Transiton | Duty (Megawats) 213886
Cold regime © Flow | Area m2) 422193
(=) (DegC) 511 | Overdesign ) 5008
Shell Geometry Baffle Geometry
TEWA tpe © BKU | Bafte tipe ) Support
shell D (mm) 1300.00 | Baffe cut (PetDia)
Series © 1 | Baffe orientation ©
Parallel ) 1 | Central spacing (mm) 466554
Orentation (deg) 000 | Crosspasses o) 1
Tube Geometry Nozzles
Tube type © Plain | Shellinlet (mm) 483,051
Tuve 0D (mm) 25400 | Shell outlet (mm) 590551
Length m) 4267 | Inietheignt (mm) 9133
Pitch ratio ) 12500 | Outietneight (mm) 832010
Layout (deg) 45 | Tube inlet (mm) 338551
Tusecount © 1144 | Tube outet (mm) 202718
Tube Pass ) 2
Thermal Resistance, % Velocities, mis Flow Fractions
shel 2487 | Sheiisice 342 A 0000
Tuve 2744 | Tubesice 1699 8 1000
Fouling 4136 | Crossflow 255 c 0000
el 633 | Window 000 3 0000
F 0.000
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Process Conditions Cold Shellside Hot Tubeside
Fluid name Wethanol LPs
Flow rate (kg/hr) 189193 341172
Inlet/OutletY (Wt fracvap.) 0.000 0.356 1.000 0.000
InletiOutlet T (DegC) 87.00 88.00 187.00 138.00
Inlet PlAvg (0arG) 1000 0999 2400 2357
dP/Allow. (par) 2935e-3 0.000 0.087 0.000
Fouling (m2kw) 0000170 0000090
Exchanger Performance
Shellh (WIm2-K) 7108.42 | Actual U (WIm2-K) 160267
Tubeh (WIm2-K) 687461 | RequiredU (WIm2-K) 1617.82
Hotregime ) Shear | Duty (Megawats) 21,3866
Cold regime & Flow | Area (m2) 250553
ENTD (DegC) 50.9 | Overdesign (%) 094
Shell Geometry Baffle Geometry,
TEMApe “ BKU | Bafle tpe “ Support
Shell ID (mm) 1300.00 | Baffle cut (PctDia.)
Series “ 1 | Bafle orientation [=}
Paralel “ 1 | Central spacing (om) 467281
Orientation (deg) 0.00 | Crosspasses o) 1
Tube Geomelry Nozzles
Tuve e “ Plain | Shellinlet (mm) 488951
Tube OD (mm) 31.750 | Shell outlet (mm) 590551
Length (m) 4.267 | Inletheight (mm) 13744
Pitch ratio “ 14173 | Outit height (mm) 879360
Layout (deg) 45 | Tubeinlet (mm) 336551
Tubecount “ 562 | Tube outet (mm) 202718
Tube Pass © 2
Thermal Resistance, % Velocities, mis Flow Fractions
Shel 2255 | shellside 238 A 0000
Tube 2688 | Tubeside 2041 8 1000
Fouling 4388 | Crossflow 179 c 0000
Hetal 669 | Window 000 £ 0000
F 0.000
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Process Conditions. Cold Shellside Hot Tubeside
Fluid name Methanol LPs
Flow rate (kg/r) 189193 341172
InletiOutletY (Wt fracvap.) 0.000 0358 1,000 0.000
InletiOutlet T (0egC) 87.00 88.00 187.00 138.00
Inlet Plavg (0ar-G) 1,000 0.999 2400 2383
aPAllow. (0ar) 219483 0.000 0094 0.000
Fouling (m2-Kw) 0000170 0.000090
Exchanger Performance
shell h Wim2-K) 712955 | Actual U Wim2-K) 161402
Tube h (Wim2-K) 704122 | Required U Wim2-K) 172881
Hot regime ) Shear | Duty (MegaWatts) 213868
Cold regime ) Flow | Area (m2) 242.926
ENTD (©e30) 50.9 | Overdesign ©6) 654
Shell Geometry Baffle Geometry.
TEMA e ) BKU | Baflle e ©) Support
shell ID (mm) 1300.00 | Baffle cut (PctDia)
Series © 1 | Baffte orientation )
Parallel ) 1 | central spacing (mm) 467281
orientation (deg) 0.00 | Crosspasses =) 1
“Tube Geometry Nozzles
Tube type ) Plain | Shelinlet (mm) 488951
Tube D (mm) 31750 | Shell outiet (mm) 590551
Length (m) 4267 | Inletheight (mm) 109.203
Pitch ratio ) 14173 | Outiet height (mm) 879361
Layout (deg) 45 | Tubeinlet (mm) 336551
(Tubecount (=) 526 | Tube outet (mm) 202718
Tube Pass =) o
“Thermal Resistance, % Velocities, mis Flow Fractions
shell 2264 | Shellside 164 A 0.000
Tube 26.43 | Tubeside 2182 B 1.000
Fouling 4419 | Crossflow 135 c 0.000
Hetal 6.74 | Window 0.00 E 0.000
F 0.000
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TEMA type BKU

Shell diameter 1325 mm
Kettle diameter ~ 2182.93 mm
Tube length 4.267 m

Dry weight 10825 kg/shell
Wet weight 26501 kg/shell
Bundle weight 4416 kg/shell

5 4.267
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BKU
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segiticnially shaped disengagement area. Lhe vapour space depth is a
function of the number of exit vapour nozzles, the vapour exit flow rat
vapour density and quantity of entrained liquid permitted, but typically
is about one-third of the shell diameter, with a minimum depth of abot
225 mm (9 in). For economy the transition from the enlarged shell
diameter to the smaller stationary-head diameter is achieved with a
conical section to give the kettle reboiler its characteristic shape. Any
suitable tube-side heating medium, often steam, may be used.
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Entrainment ratio (kg liquidig vapor)
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g | ___Shell Side | Tube Side
Description Tniet Ouflet Gutist il
Fluids Methanol Water Gas Liquid LP Steam / condensate N
Quantity: total - 189192 n 34117 kg/h
. liquid B l 189192 122415 34117 kg/h
| gas 66778 | 34117 kgh |
Operating temperature 87 88 | 187 138 _I °C
Operating pressure 1 | 24 barg
Liguid: molecular weight 2945 2887 18,02 kg/kmol
density 748 753 928 kg/m*
viscosity 0,274 0,274 ~ 0,201 P |
specific heat capacity . 3,186 3,226 4,28 _ kJikgr’C
thermal conductivity 0,2256 0,2388 0,6884 Wim/°C
__boiling temperature 87 B B _°c
Gas: molecular weight 30,58 18,02 kg/kmol
| density 2,17 1,64 kg/m®
s viscosity 0,012 0,016 cP
specific heat capacity 1,626 | 2,099 . kJ/kg/°C
thermal conductivity - > 0,0230 0,0309 ] W/m/°C
dew point N 138 26 |
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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 kJ/kg/°C Wim/°C dyn/cm
87 0,00 0,0 748 0,274 3,186 0,2256 19
87 4,01 24 749 0,274 3,19 0,2268 19
87 8,00 47 749 0,274 3,194 0,2281 19
87 11,99 71 750 0,274 3,198 0,2294 19
87 15,97 95 750 0,274 3,202 0,2308 19
87 19,93 11,9 751 0,274 3,208 0,2323 19
87 23,88 14,2 751 0,274 3,211 0,2338 20
87 27,82 16,6 752 0,274 3,216 0,2354 20
88 33,99 20,4 753 0,274 3,224 0,2382 20
88 35,65 214 753 0,274 3,226 0,2390 20

Gas heat Gas thermal

Temperature Gas fraction Duty profile Gas density Gas viscosity capacity conductivity
°C wt % MW kg/m* cP kd/kg/°C W/m/°C
87 0,00 0,0
87 4,01 24 2,19 0,012 1,621 0,0230
87 8,00 47 2,19 0,012 1,621 0,0230
87 11,99 74 2,18 0,012 1,622 0,0230
87 15,97 9,5 2,18 0,012 1,623 0,0230
87 19,93 11,9 2,18 0,012 1,623 0,0230
87 23,88 14,2 2,18 0,012 1,624 0,0230
87 27,82 16,6 247 0,012 1,625 0,0230
88 33,99 20,4 217 0,012 1,626 0,0230

88 35,65 21,4 2,17 0,012 1,626 0,0230
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Tube side

Liquid heat Liquid thermal

Temperature Gas fraction Duty profile Liquid density  Liquid viscosity capacity conductivity ~ Surface tension
°C wt % Mw kg/m* cP kdrkg/°C Wi/m/°C dyn/cm
138 0,00 0,0 028 0,201 4,28 0,6884 55
138 11,66 2,4 928 0,201 4,28 0,6884 52
138 23,33 -4,7 928 0,201 4,28 0,6884 52
138 34,99 71 028 0,201 4,28 0,6884 52
138 46,65 9,5 928 0,201 4,28 0,6884 52
138 58,31 -11,9 928 0,201 4,28 0,6884 52
138 69,98 -14,2 028 0,201 4,28 0,6884 52
138 81,64 -16,6 928 0,201 4,28 0,6884 52
138 100,00 -20.4
187 100,00 214
Gas heat Gas thermal
Temperature Gas fraction Duty profile Gas density Gas viscosity capacity conductivity
°C wt % MW kg/m* cP kJkg/°’C W/m/°C
138 0,00 0,0
138 11,66 2,4 1,86 0,014 2,222 0,0266
138 23,33 4,7 1,86 0,014 2,222 0,0266
138 34,99 71 1,86 0,014 2,222 0,0266
138 46,65 9,5 1,86 0,014 2,222 0,0266
138 58,31 -11,9 1,86 0,014 2,222 0,0266
138 69,98 -14,2 1,86 0,014 2,222 0,0266
138 81,64 -16,6 1,86 0,014 2,222 0,0266
138 100,00 -20,4 1,86 0,014 2,222 0,0266

187 100,00 -21,4 1,64 0,016 2,099 0,0309
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