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[image: ]Process data

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






Put shell info in shell sheet in red areas
· Note: 
· 1. Initially estimate shell ID between 2-3 times tube-side pipeline ID, here it is 10 inch so 
\first estimation would be 30 inch or 760 mm.
· [image: ] 2. If there is one heat exchanger act like the rest.



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









Put Tube mechanical data
· Note that since it is treated BFW, tube OD 19.05 is selected
· According to table below Tube thickness 2.11 is selected.
· Select Pitch 25.4 to pass TEMA R.2.5
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Put baffle info in baffle sheet in red areas like below
[image: ]Note that according to TEMA, minimum baffle spacing of shell ID/5 should be selected





Enter nozzle info from piping info
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[image: ]Set nozzle location


[image: ][image: ]Act exactly like below for impingement sheet and Clearance
Results:
1. Now run and it says: increase shell ID and when you increase it till ID is 1500 mm, it 
still fails and at the same time there is the warning about baffle type, so changing baffle
 type to NTIW, still it says it fails with the warning that baffle spacing should be 
increased and when it is increased to 300 mm, it runs but the results are not satisfactory 
because it does not pass shell dp which is 0.5 bar.
2. Now change baffle type to double segmental to reduce the pressure. They are known 
for low dp usages but still it is not satisfactory since it does not meet shell dp which is 0.5 
bar.
3. Note that alongside with dp criteria when Runtime messages sheet is opened the 
warnings on next page is shown. Therefor we can conclude that the geometry should be 
changed to X type and when you do so all but three warnings are eliminated and that is 
good!!
4. Next step is to optimize process conditions. First and foremost, check dp criteria for 
both tube-side and shell-side. For this both of them are met but we have some 
abnormalities such as maldistribution in shell-side. In order to solve the problem, 
increase nozzle numbers to 4 and the warning gets away!!
5. By the way do not pay attention to set plan error and physical properties error. They 
are useless.








[image: ]



[image: ]









[image: ]Now look at the process result:




Note three important things:
1. Dp criteria is met.
2. But water velocity is lower than 1 m/s set by TEMA 
3. Over design factor is less than 0 which is normally 10 % and sometimes it varies by 15% 
according to different practices.
So it sounds as if the tube passes is increased the problem is about to solves because adding 
tube passes not only increases the water velocity but also increases Heat transfer. Not until the 
passes is augmented to 4 , the velocity reaches 1.05 m/s . Note that Overdesign factor when 
tube pass is 1 is about -10% and when tube passes are 4 overdesign factor is 15%. Another 
point that at the same time dp in tube side increased since v2 has a direct impact on dp and 
lastly, tube H increased consequently. Don’t forget to change the type from DXM to DXU.
In order to solve the acoustic vibration, change the tube length, most times it helps! But before 
increasing tube length in order to let overdesign factor stay constant tube number should be 
reduced. Now active tube layout and run the program again. It is common to eliminate tubes in 
inlet and outlet. Eliminate some rows in inlet and outlet and run it again and as a result 
overdesign factor reduces. In order to counteract that increase the tube length. It is not until 
tube length is about 8,7 m the acoustic vibration omits and for now the number of U-tubes is 
1110.
In order to compensate the loss in duty due to Tube number decrease tube length is increased 
to 10 m and run it again and the oversize factor is about 10% 
Lastly note that the distance between distribution plate and inlet nozzle is about id/5, here 300 
mm.

Remember that the only warning is about maldistribution in shell inlet. By adding a distribution 
[image: ]plate the problem is usually solved. 
[image: ]
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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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[WARNING - The number of tubes removed to mest the TEWA entrance requirementis not the same
n each side ofthe bundle. For multisegmental bafiles with perpendicular baffle cut, this condition
results in unequal window flow areas. If possible, redesign the exchanger such thatthe window
flow areas are equal. The program neglected the tube removal for this case while calculating the
window flow areas.

The physical properties ofthe cold luid have been extrapolated beyond the valid temperature range.
Check calculated values.

[WARNING-Crossflow velocity exceeds critical velocity, indicating probability of fluigelastic instabilty
and flow-induced vibration damage. If present fluidelastic instability can lea to large amplitude
vibration and tube damage.

WARNING-Crossflow velocity at baffle tip exceeds critcal velocity, indicating a probabiliy of
fuigelastic instabiliy and flow-induced vibration damage. If present, fuidelastic instabiliy can lead
to large amplitude vibration and tube damage.

Crossflow velocity exceeds 80% of critical velocity, indicating that fligelastic instabilty and
low-induced vibration damage are possible. Fluidelastic instabiliy can lead to large amplitude
vibration and tube damage.

Crossflow velocity at baffle ip exceeds 80% of citical velocity, indicating that fluidelastic instabilly
and flow-induced vibration damage are possible. Fluidelasticinstabilly can lead o large amplitude
vibration and tube damage.

NOTE-Tube vibration from vortex shedding is possible. Check the crossflow-induced vioration
amplitude on Line 26 of the Vibration Analysis reportfor an asterisk. f no asterisk prints, probabiliy
of tube damage is low.

NOTE-In acoustic vioration calculations, atleast one frequency raio for th first mode is greater than
1.2.For regions in which this condition occurs, the program calculates a maximum Chen number of
267495.. Consider checking for higher mode acoustic vibration.

|WARNING-Bundie entrance velocity exceeds critical velocity, indicating a probabiliy of fluidelastic
instability and flow-induced vioration damage. If present, flidelastic instabilty can lead to large
amplitude vibration and tube damage.

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

[WARNING-Bundle exitvelocity exceeds critical velocity, indicating a probability of luidelastic
instability and flow-induced vioration damage. If present, flidelastic instabilty can lead to large
amplitude vibration and tube damage.

WARNING-Shell exitvelocity exceeds critical velocity, indicating a probabilty of uidelastic instability
and flow-induced vibration damage. If present,fluidelastic instability can lead to large amplitude
vibration and tube damage.
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The physical properties of the cold fluid have been extrapolated beyond the valid temperature range.
Check calculated values.

WARNING-First mode acoustic vibration is probable. A maximum Chen number of 43706.4 is
calculated for the regions with a requency ratio between 0.8 and 1.2 Consider adding eresonating
baffles. Careful positioning of deresonating bafles eliminates noise

Xvib can be used for a more detailed analysis of individual tubes in the bundie.
There s a possibilty of shellside flow maldistribution along the length of the heat exchanger.
Consider adding more shellside inlet nozzles, providing a distibution device atthe inlet of the shel,

or using shorter tubes

Sefting plan erfor: Channel design pressure is 163.9 and shell design pressure is 420.6
Madmum allowed is 625 psi.
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MistE Ver.6.00 6/26/2022 17:28 SN:Vals100+ MEKPCO Units

Rating - Horizontal Single Pass TEMA DXM Shell With No Baffles

See Data Check Messages Report for Warning Messages.

See Runtime Message Report for Warning Messages.

Process Conditions Hot Shelside Cold Tubeside

Fiuid name RFG BFW

Flow rate (kg/r) 465014 303723

InlstiOutletY (Wt fracvap.) 1,000 1,000 0.000 0.000

InletiOutiet T (egC) 360.00 251,00 210.00 277.00

Inlet Piavg (0ar-G) 25800 25741 103.001 102078

aP/Allow. (0ar) 0120 0500 0,045 0500

Fouling (m2-Kw) 0000170 0.000200

Exchanger Performance

shell h Wim2-K) 137879 | Actual U (Wim2-K) 62421

Tube h (Wim2-K) 332080 | Required U (Wim2-K) 74027

Hot regime ) Sens.Gas | Duty (Megalatts) 347783

Cold regime ) Sens.Liquid | Area (m2) 978.176

ENTD (©230) 48.0 | Overdesign ©6) 15568

Shell Geometry Baffle Geometry

TEMA tpe %} DX | Baffle type ) Support

shell ID (mm) 1500.00 | Baffle cut (PctDia)

Series © 1 | Bafte orientation )

Parallel ) 1 | central spacing (mm) 433843

orientation (deg) 0.00 | Crosspasses =) 1

“Tube Geometry Nozzles

Tube type ) Plain | Shelinlet (mm) 598527

Tube OD (mm) 19.050 | Shell outiet (mm) 598527

Length (m) 6.096 | Inlet height (mm) 106,665

Pitch ratio ) 13333 | Outiet height (mm) 76.459

Layout (deg) 30 | Tube intet (mm) 266.243

(Tubecount © 2898 | Tube outlet (mm) 266243

Tube Pass =) B

“Thermal Resistance, % Velocities, mis Flow Fractions

shell 4527 | shellside 895 A 0.000

Tube 2414 | Tubeside 027 B 0.931

Fouling 26564 | Crossflow 778 c 0.069

etal 3.94 | Window 0.00 E 0.000
F 0.000
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DXU
1520.00 mm
1498.88 mm
318.287 mm
242,684 mm

TEMA type

598.527 mm

Shell diameter

Outer tube limit

Height under inlet nozzle

Height under outlet nozzle

Tube type

Plain
19.050 mm

Tube diameter
Tube pitch

25.400 mm

30
2230
2230

Tube layout angle

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

Number of tie rods

38.100 mm
19.050 mm
25

Plugged

Tubes
561
561
550
550

22
22
21
21

Rows
Impingement rod

@ Plugged tube
@ Tierod
O Seal strip/skid bar

®
@ Dummy tube

# seal rod

perpendicular passlane width
O Tube

Number of seal strip pairs
Baffle cut % diameter

Number of passes
parallel passlane width
TUBEPASS DETAILS

SYMBOL LEGEND

pass

35 G03080808080803030500
98 o08080808080008080003

625860600060006050000 9526000005050605060000

358580808080808580508 o0308ode8o8elededeted

805550208062808550508 08030808030500030500

8980808550508

8050805059508

05000000 80C00 00,
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00060020 0oToT00.
09020898030303080
2080500055590, 00 0050505000950
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0909035239528

598.527 mm
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See Data Check Messages Report for Informative Messages.
See Runtime Message Report for Warning Messages.

Process Conditions Hot Shelside Cold Tubeside.
Fluid name RFG BFW
Flow rate (kg/hr) 465014 393723
InletOutletY (Wt fracvap.) 1.000 1.000 0.000 0.000
Inlet/Outlet T (DegC) 360.00 251.00 210.00 277.00
Inlet PiAvg (var-6) 25800 | 25784 102001 102738
dP/Allow. (bar) 0.033 0.500 0525 0.550
Fouling (m2Kw) 0000170 0000200
Exchanger Performance
Shellh (Wim2-K) 85163 | ActualU (Wim2-K) 564.85
Tube h (WIm2-K) 120968 | RequiredU (WIm2-K) 499.11
Hotregime ) Sens. Gas | Duty (Megawats) 347783
Cold regime ) Sens.Liqud | Area m2) 120572
EMTD (Deg C) 538 | Overdesign (%) 1347
Shell Geometry Baffle Geometry,
TEMA tpe “ DXU | Bafle tipe “ Support
Shell ID (mm) 1520.00 | Baffle cut (PctDia.)
Series “ 1| Bafe orientation “)
Parallel “) 1 | Central spacing (mm) 708547
Orientation (deg) 0.00 | Crosspasses o) 1
Tube Geometry Nozzles
Tube tipe “ Plain | shellinlet (mm) s98.527
Tube OD (mm) 19.050 | Shell outlet (mm) 598.527
Length (m) 9.500 | Inletheight (mm) 318.287
Pitch ratio “ 13333 | Outit height (m) 262584
Layout (deg) 30 | Tubeinlet (mm) 266.243
Tubecount “ 2230 | Tube outet (mm) 266.243
Tube Pass 15} 4
Thermal Resistance, % Velocities, mis Flow Fractions
shell 66.33 | Shelside 382 A 0000
Tude 500 | Tubeside 137 8 0752
Fouling 2411 | Crossfiow 408 c 0070
etal 357 | Window 000 £ 0000
F 0179
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it Shell Side Tube Side i
Description Tiet | Outiet Tiet | Outiet Units
Fluids Reformed Gas Boler Fesd Water
(Quantity: total 465012 30721 igh
liquid 303721 ERZ] igh
gas 65012 65012 igh
(Operating temporature 360 251 210 777 “C
Operating pressure 258 103 barg
Liquid: __ molecular weight T8.02 7802 ghkmol
ensity 860 774 g
Viscosity 0.3 0,009 P
Specifc heal capacily 349 5116 kg™
thermal conductvity 06613 05784 WimP"C
bollng temperature 355 c
[Gas:— molecular weight 336 336 ghkmol
ensity 681 826 gm®
Viscosity 0025 0021 s
specific heal capacily 2482 2482 kg
thermal conductvity 0.1318 01133 WimP"C
“dew point 68 °C
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Shell side

Gasheat | Gas thermal
Temperature | Gas fraction | Duty profile | Gasdensity | Gasviscosity | capacity conductivity
c wt% MW kg/m® P KJlkg"C Wim/C
360 100.00 00 681 0025 2482 0.1318
u8 100.00 39 694 0025 2479 0.1207
336 100.00 77 7.08 0024 2476 01277
324 100.00 116 7.23 0024 2474 0.1256
312 100.00 -155 7.38 0023 2473 0.1236
300 100.00 193 7.54 0023 2472 0.1215
287 100.00 22 77 0023 2473 0.1194
275 100.00 271 7.88 0022 2475 01174
263 100.00 309 807 0022 2478 0.1153
251 100.00 48 826 0021 2482 01133
Tube side
Liquid heat | Liquid thermal
Temperature | Gas fraction | Duty profile | Liquid density | Liquid viscosity | capacity conductivity | Surface tension|
R wt% MW kg/m® KJlkg"C Wim/C dynicm
217 000 00 764 5116 05784 20
270 000 39 776 0102 5009 05807 2
263 000 77 788 0104 4915 06005 23
256 000 16 799 0107 4831 06109 2
249 000 155 810 011 4758 06208 27
241 000 193 821 0114 06301 28
23 000 232 831 0117 4633 06389 30
226 000 271 842 0421 458 06470 32
218 000 309 851 0125 4533 06545 £
210 000 8 861 013 449 06613 35
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