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[image: ]Process data











[image: ][image: ]Heating and Cooling Table
[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 34 inch 
[image: ] so first estimation would be 68 inch (1700mm)






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








Put Tube mechanical data
· 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
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[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 Optional sheet
[image: ][image: ]Enter nozzle info from piping info
[image: ]Results:



In order to increase the overdesign factor and satisfy pressure drop requirement the shell ID is 
[image: ]increased to 1800 mm.



Now activate the Tube layout and run it again.
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To have Overdesign factor of approximately 10%, the shell ID is increased to 1830 mm. Run the 
[image: ]HTRI:
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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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No Data Check Messages.
See Runtime Message Report for Warning Messages.

Process Conditions Cold Shellside Hot Tubeside
Fluid name Wethanol RFG
Flow rate (kg/hr) 344580 440678
InletOutietY (Wt fracvap.) 0.000 0.086 0.993 0931
Inlet/Outlet T (DegC) 149.00 149.00 165.00 159.00
Inlet PiAvg (varG) 3600 3502 25800 25725
dP/Allow. (bar) 0.016 0.100 0.150 0.100
Fouling (m2kw) 0000170 0000170
Exchanger Performance
Shell h (WIm2-K) 825161 | ActualU (WIm2-K) 1370.95
Tube h (Wim2-K) 8177.26 | RequiredU (WIm2-K) 1364.33
Hotregime ) Annist | Duty (Megawats) 17.1893
Cold regime ) Flow | Area (m2) 986,616
EMTD (Deg C) 128 | Overdesign (%) 049
Shell Geometry Baffle Geometry,
TEMA tpe “ BKI | Bafte tipe “ Support
Shell ID (mm) 1700.00 | Baffle cut (PctDia.)
Series “ 1 | Bafle orientation “
Parallel “) 1 | Central spacing (mm) 647.233
Orientation (deg) 0.00 | Crosspasses (@) 1
Tube Geomelry Nozzles
Tube tipe “ Plain | Shellinlet (mm) 444501
Tube OD (mm) 25.400 | Shell outlet (mm) 596.901
Length (m) 6.096 | Inletheight (mm) 9525
Pitchratio “) 12500 | Outit height (mm) 672463
Layout (deg) 90 | Tubeinlet (mm) 844552
Tubecount “ 2123 | Tube outlet (mm) 844552
Tube Pass 15} 1
Thermal Resistance, % Velocities, mis Flow Fractions
shell 1651 | Shelside 109 A 0000
Tude 10.27 | Tubeside 1481 8 1000
Fouling 50.10 | Crossflow 081 c 0000
etal 14,02 | Window 000 £ 0000
F 0.000
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No Data Check Messages.
See Runtime Message Report for Warning Messages.

Process Conditions Cold Shellside Hot Tubeside
Fluid name Wethanol RFG
Flow rate (kg/r) 344580 440678
InletOutietY (Wt fracvap.) 0.000 0.086 0.993 0931
Inlet/Outlet T (DegC) 149.00 149.00 165.00 159.00
Inlet PiAvg (varG) 3600 3502 25800 25736
dP/Allow. (bar) 0.016 0.100 0.129 0.100
Fouling (m2kw) 0000170 0000170
Exchanger Performance
Shell h (WIm2-K) 8157.16 | ActualU (WIm2-K) 135247
Tube h (WIm2-K) 7707.90 | RequiredU (WIm2-K) 121351
Hotregime ) Annist | Duty (Megawats) 17.1893
Cold regime ) Flow | Area (m2) 110974
EMTD (Deg C) 128 | Overdesign (%) 1145
Shell Geometry Baffle Geometry,
TENA e “ BKM | Bafle tpe “ Support
Shell ID (mm) 1800.00 | Baffle cut (PctDia.)
Series “ 1 | Bafle orientation “)
Parallel “) 1 | Central spacing (mm) 645.453
Orientation (deg) 0.00 | Crosspasses ()] 1
Tube Geomelry Nozzles
Tube tpe “ Plain | Shellinlet (mm) 444501
Tube OD (mm) 25.400 | Shell outlet (mm) 596.901
Length (m) 6.096 | Inletheight (mm) 9525
Pitch ratio ) 12500 | Outit height (mm) 712,458
Layout (deg) 90 | Tubeinlet (mm) 844552
Tubecount “ 2304 | Tube outlet (mm) 844552
Tube Pass 15} 1
Thermal Resistance, % Velocities, mis Flow Fractions
sell 1658 | Shelside 103 A 0000
Tube 20.17 | Tubeside 1214 8 1000
Fouling 4042 | Crossflow 077 c 0000
etal 1383 | Window 000 £ 0000
F 0.000
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596.501 mm

444,501 mm  444.000 mm

TEMA type kM

Shell diameter 1800.00 mm
Outer tube limit 178064 mm
Height under inlet nozzle 73.583 mm
Tube type Plain
Tube diameter 25.400 mm
Tube pitch 31750 mm
Tube layout angle 50
Number of tubes (specified) 2329
Number of tubes (calculated) 2329
Number of tie rods. 12
Number of seal strip pairs [
Number of passes 1
Baffle cut % diameter o

TUBEPASS DETALLS
Pass Rows Tubes Plugged
1 51 2341 o

SYMBOL LEGEND
Tube

Plugged tube

Tie rod
Impingement rod
Dummy tube

Seal rod

Seal strip/Skid bar

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

Process Conditions Cold Shellside Hot Tubeside
Fluid name Wethanol RFG
Flow rate (kg/hr) 344580 440678
InletOutietY (Wt fracvap.) 0.000 0.086 0.993 0931
Inlet/Outlet T (DegC) 149.00 149.00 165.00 159.00
Inlet PiAvg (0arG) 3600 3507 25800 25734
dP/Allow. (bar) 6.091e-3 0.100 0134 0.100
Fouling (m2kw) 0000170 0000170
Exchanger Performance
Shell h (WIm2-K) 809633 | ActualU (WIm2-K) 1354.36
Tube h (WIm2-K) 7810.04 | RequiredU (WIm2-K) 124731
Hotregime ) Annfist | Duty (Megawats) 17.1893
Cold regime “) Flow | Area (m2) 107961
EMTD (Deg C) 128 | Overdesign (%) 858
Shell Geometry Baffle Geometry,
TENApe “ BKH | Bafte tipe “ Support
Shell ID (mm) 1800.00 | Baffle cut (PctDia.)
Series “) 1 | Bafle orientation “
Parallel “) 1 | Central spacing (mm) 645.453
Orientation (deg) 0.00 | Crosspasses ()] 1
Tube Geomelry Nozzles
Tube type © Plain | Shellinlet (mm) 444501
Tube OD (mm) 25.400 | Shell outlet (mm) 596.901
Length (m) 6.096 | Inletheight (mm) 73.983
Pitch ratio ) 12500 | Outit height (mm) 712343
Layout (deg) 90 | Tubeinlet (mm) 844552
Tubecount “ 2329 | Tube outlet (mm) 844552
Tube Pass IS} 1
Thermal Resistance, % Velocities, mis Flow Fractions
shell 1673 | Shelside 08 A 0000
Tube 19,93 | Tubeside 1350 8 1000
Fouling 49.49 | Crossflow 078 c 0000
etal 1385 | Window 000 £ 0000
F 0.000
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See Data Check Messages Report for Informative Messages.
See Runtime Message Report for Warning Messages.

Process Conditions Cold Shellside Hot Tubeside
Fluid name Wethanol RFG
Flow rate (kg/hr) 344580 440678
InletOutietY (Wt fracvap.) 0.000 0.086 0.993 0931
Inlet/Outlet T (DegC) 149.00 149.00 165.00 159.00
Inlet PiAvg (varG) 3600 3507 25800 25735
dP/Allow. (bar) 6.096e-3 0.100 0.130 0.100
Fouling (m2kw) 0000170 0000170
Exchanger Performance
Shell h (WIm2-K) 8066.98 | Actual U (WIm2-K) 1350.89
Tube h (Wim2-K) 773403 | RequiredU (WIm2-K) 122318
Hotregime ) Annist | Duty (Megawats) 17.1893
Cold regime ) Flow | Area (m2) 110095
EMTD (Deg C) 128 | Overdesign (%) 1044
Shell Geometry Baffle Geometry,
TEMA tpe “ BKI | Bafte tipe “ Support
Shell ID (mm) 1830.00 | Baffle cut (PctDia.)
Series “ 1 | Bafle orientation “
Parallel “) 1 | Central spacing (mm) 644931
Orientation (deg) 0.00 | Crosspasses (@) 1
Tube Geomelry Nozzles
Tube tipe “ Plain | Shellinlet (mm) 444501
Tube OD (mm) 25.400 | Shell outlet (mm) 596.901
Length (m) 6.096 | Inletheight (mm) 73.683
Pitchratio “) 12500 | Outit height (mm) 723480
Layout (deg) 90 | Tubeinlet (mm) 844552
Tubecount “ 2377 | Tube outet (mm) 844552
Tube Pass 15} 1
Thermal Resistance, % Velocities, mis Flow Fractions
shell 1675 | Shelside 06 A 0000
Tude 20,08 | Tubeside 1223 8 1000
Fouling 49.36 | Crossflow 078 c 0000
etal 1381 | Window 000 £ 0000
F 0.000
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1830 mm
Kettle diameter 2562 mm
Tube length 6.09 m

o 6.095 "
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e Shell Side
Description et st [ outer |
Fluids | Methanol Water Reformed Gas
Quantity: total . ) 344578 o 440676 kg/h
liquid 344578 315011 o 27086 kg/h
gas 20567 | 440676 41350 [ kgh
Operating temperature 149 149 165 159 °C
Operating pressure 386 25,8 . barg
Liquid: molecular weight o 18,02 18,02 18,02 kg/kmol
density 918 918 909 kg/m* |
viscosity 0,186 0,186 0,173 cP
specific heat capacity 4,306 4,306 - 4,327 kJ/kg/°C
thermal conductivity | 08883 0,6883 i 0,6867 Wim/°C
| boiling temperature 149 °‘c
|Gas: molecular weight 18,03 13,17 12,94 kg/kmol
density o 2,42 9,78 9,54 kg/m*
viscosity 0,014 0,019 0,019 cP
specific heat capacity o 2,354 2,581 2,57 kJ/kg/°C
___thermal conductivity 0,0278 0,1017 . 0,1044 Wim/°C
| dew point 165 °C l
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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 kJ/kgl°C Wim/°C dyn/cm
159 93,13 0,0 909 0,173 4,326 0,6867 48
160 93,81 -1.9 908 0,172 4,328 0,6865 48
160 94,49 908 0,172 4,33 0,6864 48
161 95,17 907 0171 4,332 0,6863 48
162 95,86 906 0,17 4,335 0,6861 48
162 96,55 906 0,17 4,337 0,6860 48
163 97,24 905 0,169 4,338 0,6859 48
164 97,93 905 0,168 4,34 0,6857 48
164 98,63 904 0,168 4,342 0,6856 48
165 99,33 903 0,167 4,344 0,6854 48
Gas heat Gas thermal
Temperature Gas fraction Duty profile Gas density Gas viscosity capacity conductivity

°C wt % MW kg/m? cP kJikg/°’C W/m/°C

159 93,13 0,0 97 0,019 2,572 0,1049

160 93,81 -1,9 9,71 0,019 2,572 0,1046

160 94,49 -3.8 9,72 0,019 2,573 0,1043

161 95,17 -5,7 9,72 0,019 2,574 0,1039

162 95,86 1.7 9,73 0,019 2,575 0,1036

162 96,55 96 9,74 0,019 2,576 0,1033

163 97,24 -11,5 9,75 0,019 2,577 0,1030

164 97,93 -13,4 9,75 0,019 2,578 0,1026

164 98,63 -15,3 9,76 0,019 2,579 0,1023

165 99,33 -17,2 9,77 0,019 2,58 0,1020
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Liquid heat Liquid thermal

Temperature  Gas fraction Duty profile Liquid density  Liquid viscosity capacity conductivity  Surface tension
°C wt % Mw kg/m? cP kJ/kgi’C Wim/°C dyn/cm
149 0,00 0,0 918 0,186 4,306 0,6883 49
149 0,95 1,9 918 0,186 4,308 0,6883 49
149 1,91 3,8 918 0,186 4,306 0,6883 49
149 2,86 57 918 0,186 4,306 0,6883 49
149 3,81 7.7 918 0,186 4,306 0,6883 49
149 477 9.6 918 0,186 4,306 0,6883 49
149 572 11,6 918 0,186 4,306 0,6883 49
149 6,67 13,4 918 0,186 4,306 0,6883 49
149 7,63 15,3 918 0,186 4,306 0,6883 49
149 8,58 17,2 918 0,186 4,306 0,6883 49
Gas heat Gas thermal
Temperature  Gas fraction Duty profile Gas density ~ Gas viscosity capacity conductivity
°C wt % Mw kg/m® cP kJ/kgl°’C Wim/°C
149 0,00 0,0
149 0,95 19 242 0,014 2,354 0,0278
149 1,91 3.8 242 0,014 2,354 0,0278
149 2,86 57 242 0,014 2,354 0,0278
149 3,81 Tt 242 0,014 2,354 0,0278
149 477 96 242 0,014 2,354 0,0278
149 5,72 11,5 242 0,014 2,354 0,0278
149 6,67 13,4 242 0,014 2,354 0,0278
149 7,63 15,3 242 0,014 2,354 0,0278

149 8,58 17,2 242 0,014 2,354 0,0278
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