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[image: ]Process data

[image: ]Heating and Cooling Table
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[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 18 inch 
 so first  estimation would be 55 inch.
·  2. Because of its capacity two heat exchangers in parallel are selected.
· 3. Cocurrent direction is considered as flow direction since the orientation is vertical it is 
solely viable for MPS to enter from top to be condensed at bottom and the same 
happens to water in tube to be flowed because of gravity.
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[image: ]In Reboiler Sheet do not enter an input









Put Tube mechanical data
· Note that since mixing between water and natural gas is going to happen, 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 Clearance
[image: ]Enter nozzle info from piping info













Set nozzle location
· Remember that first sketch is horizontal one but due to some warnings vertical one is 
[image: ]selected and therefor the last sketch is put below.







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






· Due to flow regime vertical orientation is selected and the warning disappears.
· By looking at overdesign factor and dp around shell side it appears that shell ID should 
be increased.
· At first it is increased to 1700 mm and then to 2000. The resultant is that dp decreases 
to a good point but not satisfactory but overdesign factor reaches to -30 %. For now, it 
seems better to increase tube length 9.75m which results in an increase in oversize 
factor by 32.5 % but dp increases to 0.25. As for next step the segmental baffle is 
changed to double segmental baffle to decrease dp to 0.07. Cross-pass is decreased 
from 25 to 20 to not only pass minimum TEMA baffle spacing limit but also increase B-
stream.
            Now it is time to increase overdesign factor. For doing so at first shell ID is increased to 
            2150 and as a result, overdesign factor increases to 4.5%. So, tube length is increased 
            to 12.1 m to increase its overdesign factor and this results in 17% overdesign factor.
            In order to eliminate two warnings in next pages about 800 tubes were eliminated and 
            during elimination since the surface area is reduced the overdesign factor is also 
            reduced therefore tube length is increased to 13m to counteract that. 
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[image: ]After eliminations of tubes, it results like below:
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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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Unit D 100 - WARNING ME SSAGES (CALCULATIONS CONTINUE]

Wavy siratfied flow and partial Gryout are expected in horizontal tubes. We recommend increasing
flow rate o reducing tube diameter to avoid stratified flow because of its poor heattransfer
performance and high uncertainty in predicting boiling heattransfer coeflicients in this flow regime.

The critical temperature for the boiling fluid was ot entered and has been setto 1000R (default
value) for calculation of the mixture correction factor.

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

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

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

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

xvib can be used for a more detailed analysis of individual tubes in the bunde.

The B-stream flow fraction is very low. Check the design

Transition boiling has been predicted n atleast one increment on the tube side. To confirm, check
tubeside monitor for increments in transition boiling.

The pressure profiles given for the cold fluid do not cover the operafing pressure range of the heat
exchanger. The vaporization profile inside of the exchanger for this run may not be accurate since
heatrelease and fluid properties have been extrapolated. Itis recommended that the maximum and
minimum system pressures be used as reference pressures.

Setiing plan error: Channel design pressure is 797.7 and shell design pressure is 652.7 Maximum
allowed is 625 psi.
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Runtime Messages Page 1
Released to the following HTRI Hember Company:

mekpco

Behrouzi

XISTE Ver 6.00 811012022 12:25 SN. Vals100+, MEKPCO Units

Rating - Vertical Cocurrent Flow TEMA BET Shell With Double-Segmental Baffles

Unit D 100 - WARNING MESSAGES (CALCULATIONS CONTINUE)

Based on the existing correlations, some pressure recovery may be expected on the tube side. The
pressure drop was setto zero for printout purposes.

\WARNING-Bundle entrance velocity exceeds critical velocity, indicating a probabily of fluidelastic
instability and flow-induced vioration damage. If present,flidelastic instabilty canlead to large
lamplitude vibration and tube damage.

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

The areas in the window for multi-segmental baffles are not equal. Check the specified bafe cut
and overlap. The program uses the average window area for calculating shellside pressure rop
and heattransfer.

Transition boiling has been predicted n atleast one increment on the tube side. To confirm, check
tubeside monitor for increments in transition boiling.

The pressure profiles given for the cold luid do not cover the operafing pressure range of the heat
exchanger. The vaporization profile inside of the exchanger for this run may not be accurate since
heatrelease and fluid properties have been extrapolated. Itis recommended that the maximum and
minimum system pressures be used as reference pressures.

Setiing plan error: Channel design pressure is 797.7 and shell design pressure is 652.7 Maximum
allowed is 625 psi.
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Output Summary Page 1

Releasedto the ollowing HTRI Wember Company

mekoco

Behrouzi
iSTE Ver. 500 61072022 1225 SN, Vals100+ MEKPCO Units
Rating - Vertcal Cocurrent Flow TEMA BET Shell With Double-Segmental Baffes
See Data Check Messages Report for Warning Messages.
See Runtime Message Report for Warning Messages.

Process Conditions Hot Shelside Cold Tubeside.
Fluid name wPs NGS
Flow rate (kg/hr) 255865 588610
InletOutletY (Wt fracvap.) 1.000 0.000 0.260 0552
Inlet/Outlet T (DegC) 240.00 240.00 168.00 226.00
Inlet PiAvg (0arG) 2700 | 32865 43301 12301
dP/Allow. (bar) 0.071 0.100 0.000 0.100
Fouling (m2kw) 0000250 0000170
Exchanger Performance
Shell h (WIm2-K) 8542.09 | ActualU (WIm2-K) 38248
Tube h (WIm2-K) 62489 | Required U (WIm2-K) 327.36
Hotregime ) Graviy | Duty (MegaWats) 619613
Cold regime ) Tran | Area (m2) 660408
EMTD (Deg C) 287 | Overdesign (%) 16.84
Shell Geometry Baffle Geometry,
TEMA e “ BET | Bafle e ) Doudle-Seg
Shell ID (mm) 2150.00 | Baffle cut (PctDia.) 10.00
Series “ 1 | Bafle orientation ) Perpend.
Parallel ) 2 | Central spacing (mm) 544424
Orientation (deg) 90.00 | Crosspasses o) 20
Tube Geometry Nozzles

Tube e “ Plain | Shellinlet (mm) 304801
Tube OD (mm) 25.400 | Shell outlet (mm) 304.801
Length (m) 12192 | Inletheight (mm) 72434
Pitch ratio ) 12500 | Outit height (mm) 72433
Layout (deg) 30 | Tubeinlet (mm) 448819
Tubecount “ 3550 | Tube outet (mm) 498.451
 Tube Pass ) 4





image24.JPG
30

BET
2150.00 mm
1766.29 mm
237.612 mm
209.714 mm

Plain

25.400 mm

31.750 mm
2711
2711
12

TEMA type
Shell diameter

Outer tube limit

Height under inlet nozzle
Height under outlet nozzle
Tube type

Tube diameter

Tube pitch

Tube layout angle

Number of tubes (specified)
Number of tubes (calculated)
Number of tie rods

304.801 mm

Ny
]

so

3

&

8

[
5 9o e
- 82 s
a & B 3 B
Sp2 9FN 2. 0=
w o E = o o £e 3
w88 | £ 5 85 ¥
25 Lo @ 3 2_%
n8e 030 O o >
e 5 s &Z8E
555 p& 9, Tg2Eed
pusiog | -] 2O 8ETTH
g2° = OSSeg3049
€EL Yo QFEFS00Y

E )
228 RE~ rOceoce[]

e
- 5003 0B R0 0RORE,
00230988085 800606000680 - .
5800000000006 06000500060580 1
seiSedatanosatotidatadecasetoons,
08880800606 000000 060000080000 aTs,
8080 ae8000808080808088000808080808¢
8080808080800 8080 800080808080808
o2888e808080808 080808 ctoR08080808 08 08e s
Sem R
3

e S o e e
oo toe oS ceascosacsatneasi
0202000006060 00060000002 SR 020062600
ouooooooooooooooooowoooooooooooooooooao
B R OR a0 200000208 0 a 2020 ES 0S0RE 000!
R e et
R0 0008020 000500008 00680000606 060006 G 0k
e PPty
e S e
e
S s et
R T
cosseasacseaceaatsantnssasaseased
BRI s
e s S

0 250606060006860000800505050500 05058600
s s s R e e e R e ety
Cosseasatseaiscssiesenssnsansacie
0202800000006 86 000060000200 R 090062680
ovooooooooooooooooowoooooooooooooooooao
5 28060600000686 000080 0a0a0a0e00Catalo ol
PO R0 E0 00060800 RR o0 0806005005060
155606000606 060605 00000605 06050005 06 0a e

BRSO R0 000000 00020 EE 020202050,
00000000000 08000 0800000000 00000000
RO 006060006080 60RRE 0080600000506 0
RogsCeadgBanioaateanitannen aitet:

o

ooooooooooooooooooo
00000 80808000008 08080808 080808
e ol
R O 0 0R 08008 005!
6200808000 0005000000050 000608 00060600,
0000 80008000008 08080008 08050
R Rt
e
000 Ba a0 a000000800 00000
R 00000003000 808 00 800808050008S
R
008 80520030808080605:
598550808000808080%
080508053852625950%
£2805080803050%

e
895050508
8050808080808,

20800080808
Soas000es:
B 0eaesetes
60005080805
895050508
0595050008





image25.JPG
Output Summary Page 1
Released o the following HTRI Hember Company:

mekpco
Behrouzi

XISTE Ver 6.00 8412022 14:48 SN. Vals100+, MEKPCO Units,

Rating - Vertical Cocurrent Flow TEMA BET Shell With Double-Segmental Baffles

See Data Check Messages Report for Warning Messages.

See Runtime Message Report for Warning Messages.

Process Conditions Hot Shellside Cold Tubeside

Fiuid name uPS NGS

Flow rate (kg/r) 255865 588610

InlstiOutletY (Wt fracvap.) 1,000 0.000 0260 0582

InletiOutiet T (egC) 24000 240.00 168.00 226.00

Inlet Pravg (0ar-G) 32700 32685 43301 43301

aP/Allow. (0ar) 0031 0.100 0.000 0.100

Fouling (m2-KW) 0000250 0.000170

Exchanger Performance

shellh (Wim2-K) 854750 | Actual U (Wim2-K) 43767

Tube h (Wim2-K) 75451 | Required U (Wim2-K) 40161

Hot regime ) Gravity | Duty (Megalatts) 619513

Cold regime ) Tran | Area (m2) 539285

ENTD ©230) 286 | Overdesign ©6) 898

Shell Geometry Baffle Geometry.

TEMA e ) BET | Baffe type () Double-Seg

shell ID (mm) 2150.00 | Baffle cut (PctDia) 2400

Series © 1 | Baffte orientation ©) Perpend.

Parallel ) 2 | Central spacing (mm) 662975

orientation (deg) 90.00 | Crosspasses =) 18

“Tube Geometry Nozzles

Tube type ) Plain | Shelinlet (mm) 304801

Tube 0D (mm) 25.400 | Shell outlet (mm) 304801

Length (m) 13.000 | Inlet height (mm) 237612

Pitch ratio ©) 12500 | Outiet height (mm) 209714

Layout (deg) 30 | Tube intet (mm) 448819

(Tubecount © 2711 | Tube outet (mm) 498.451

Tube Pass =) 1

“Thermal Resistance, % Velocities, mis Flow Fractions

shell 512 | Shellside 206 A 0016

Tube 6955 | Tubeside 181 B 0.840

Fouling 1986 | Crossflow 093 ¢ 0014

etal 5.46 | Window 082 E 0.130
F 0.000
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Description

Shell Side

Tube Side

Units

Fluids MP Saturated Steam NG + PC

Quantity:  total 255864 588608 kg/h
liquid 14) 255864 435863 263724 kg/h
gas 255864 152745 324884 kg/h

Operating temperature 240 240 168 226 €

Operating pressure 32,0 43,3 bar g

Liquid: molecular weight 18,02 18,02 18,02 kg/kmol
density 814 900 834 kg/m?
viscosity 0,114 0,163 0,121 cP
specific heat capacity 4775 4,35 4,643 kdrkg/°C
thermal conductivity 0,6314 0,6842 0,6464 W/m/°C
boiling temperature °C

Gas: molecular weight 16,90 17,47 kg/kmol
density 214 20 kg/m?
viscosity 0,016 0,018 cP
specific heat capacity 2,552 3,066 kdrkg/°C
thermal conductivity 0,0553 0,0532 W/m/°C
dew point %€
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Shell side

Temperature
ko
240
240
240
240
240
240
240
240
240
240

Temperature
°C
240
240
240
240
240
240
240
240
240
240

Gas fraction
wt %
100,00
88,89
T8
66,67
55,56
44,44
8333
22,22
11,41
0,00

Gas fraction
wt %
100,00
88,89
77,78
66,67
55,56
44,44
33,33
22,22
1144
0,00

Duty profile
MwW
0,0
-6,9
-13,8
-20,7
-27,6
-34,5
414
48,3
55,1
62,0

Duty profile
MwW
0,0
-6,9
-13,8
-20,7
-27,6
-34,5
414
483
55,1
62,0

Liquid density  Liquid viscosity

kg/m*

814
814
814
814
814
814
814
814
814

Gas density
kg/m*
16,8
16,8
16,8
16,8
16,8
16,8
16,8
16,8
16,8

cP

0,114
0,114
0,114
0,114
0,114
0,114
0,114
0,114
0,114

Gas viscosity

cP
0,018
0,018
0,018
0,018
0,018
0,018
0,018
0,018
0,018

Liquid heat
capacity
kJ/kg/°C

4,776
4,776
4,776
4,776
4,776
4,776
4,776
4,776
4,776

Gas heat

capacity

kJ/kg/°C
3,512
3,512
3,512
3:512
3,512
3,512
3,512
3.512
3,512

Liquid thermal
conductivity
Wim/°C

0,6313
0,6313
0,6313
0,6313
0,6313
0,6313
0,6313
0,6313
0,6313

Gas thermal
conductivity
W/m/°C
0,0426
0,0426
0,0426
0,0426
0,0426
0,0426
0,0426
0,0426
0,0426

Surface tension
dyn/cm

29
29
29
29
29
29
29
29
29





image3.JPG
Tube side
Liquid heat Liquid thermal
Temperature Gas fraction Duty profile Liquid density  Liquid viscosity capacity conductivity ~ Surface tension
°C wt % MwW kg/m? cP kJ/kg/°C W/m/°C dyn/cm
226 55,20 0,0 834 0,121 4,643 0,6464 29
223 51,05 6,9 838 0,122 4,622 0,6493 29
220 47,05 13,8 842 0,124 4,597 0,6526 29
216 43,22 20,7 847 0,127 4,57 0,6563 29
211 39,60 27,6 853 0,13 4,54 0,6604 29
205 36,23 345 860 0,133 4,507 0,6650 30
198 3315 414 868 0,138 4,471 0,6699 30
190 30,40 48,3 878 0,144 4,432 0,6750 30
180 28,01 551 888 0,152 4,392 0,6799 30
168 26,02 62,0 900 0,163 4,351 0,6842 30
Gas heat Gas thermal
Temperature Gas fraction Duty profile Gas density Gas viscosity capacity conductivity

°C wt % Mw kg/m* cP kJ/kg/°C Wim/°C

226 55,20 0,0 20 0,018 3,066 0,0532

223 51,05 6,9 20 0,018 3,017 0,0537

220 47,05 13,8 20 0,018 2,964 0,0541

216 43,22 20,7 20 0,017 2,908 0,0546

2441 39,60 27,6 20 0,017 2,848 0,0550

205 36,23 345 201 0,017 2,787 0,0555

198 33,15 414 20,2 0,017 2,725 0,0558

190 30,40 48,3 20,3 0,017 2,664 0,0559

180 28,01 551 20,5 0,016 2,606 0,0557

168 26,02 62,0 20,9 0,016 2,552 0,0552
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