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@ SEWON CELLONTECH TUBULAR HEAT EXCHANGER
SHEET 2 OF 47
CUSTOMER| MEG Energy Corp. REV MADE BY CHECKEDBY | APPROVED BY DATE
LOCATION| CANADA o 0 - - - 07-01-2013
JOBNO. | 511036 1 . 7 : 08-14-2013
SERVICE | Sales Qil [ Giycol Exchanger
TEMNO. | 3A-E-111 A to H (Max UA Case)
Total 8 Shells, Connectedin =~ 2 Perallel 4 Series Shells Install ® Hor. o Verl [Size 1,143.01D - 8.;3-13 L
Code  ASME Sec.Vll Div.1 (STAMP), TEMA, APIGE0 TEMA Type _ BEU TEMA Class R |Efiective Area 356,41 e (Shell
PERFORMANCE OF ONE BATTERY
SHELL SIDE TUBE SIDE
INLET [ OUTLET INLET OUTLET
Fluid Circulated BP Frac Dilbit TEG/Water (60%/40% wt)
Total Fluid kafhr 444696 527298
\iapor kaihr [ I | !
Liquid kathr MW 444596 444586 527208 527298(
Steam kathr .
Watar kahr
Noncondendable _ kgihr [ W [ [ ] [ |
|Operaling Temperature T 117.90 4.70 | 40.00 75.00
Operaling Pressure_ kPaa 984.014 7 584,015
Density kg/m3 L/v 475 921 ‘[ 1078.00 1052.00
Viscosity <P Liv 13.580 195.68 ) 4.6600 2.0800
Thermal Conductivity Wim: € Ly 0.1031 0.1167 / 0.3281 0.3371
Speciic Heat klikg T LIV 2.1040 18400 /TN 32231 33481
Latent Heat kJikg % Y I
Bubble / Cew Point T ! ! i /
Crilical Press. / Temp. kPaz T I ! / /
elocity misec 0.3 0.98
Pressure Drop kPa Allow. 250000 | Cal. 217538 Allow. 200000 | Cale, 174.675
ouling Resistance m2:-TW 0.616 0.18
Film Ceefficient Wim2-K 318.M 1,446.38
(Overall Coefficient Wim2-K Clean 240.85 I Cale. 208.70 | Design 17527
Heat Duty KA 12,530.00 [ LMD T [ MiD 218 T
CONSTRUCTION
Design Pressure | Design Temperature 400 | PV KaG| 2 | 18 T W00 1 WV Wac ] B T 18 T
Mo. of Passes 1 4
Tubes Mo, 396U | Shell,  Bizs 2540 mm Thickness 241 (Min.) mm [ BWG: 14 ) Length 8,534.0 mm
Shel ~ A 1143 mm 1D [Tube Pitch 3175 mm Layoutangle 45 °  Leffecth - mm
Baffles CrossBafle . 16 ,/ ea / Shell, Type SingleSeg.(Hor) .,  Gul \_245 % Dia. Spacing ol 4860 mm , End - mm
pv* InletMozzls| 2,031.68 | Entrance  2,508.52 |, OufletMozzle 1928.73 <“kg/mses? |impingement plate Circular plate
L [Tube SA 179 Seami Shed & Cover SA 516 GR. 70N Channel & Cover SA 516 GR. 70N
ube Sheet SA 266 GR.2 Baifie Carbon Steel Exp Joint NiA
Estimated Weight Empty Weight ko |Bundle Waight < kg |Full Water Weight kg
(Corrosion Alowance Shell side 3.2 mm  Tube side 327} mm . {Tube Joints : Rolled {two grooves) and Expanded
insulation Shefiside |\ 64 JAA mm  Tubeside 84 A
WH&. Tempersture, T Pressure, kPaG 5 Each process nozzie shall be provided with one 1" 300# RELWN (complete wilh blind flange,
PERATURE Sheli Tube Shell Tube gesket, boits & nuts).
Normal Cperating - - - . n ger is to be desig: future fleld hyd n the fully ded conditi
iSlartup - - - - 7 Sellar is to dssign and Install electrical heet tracing for hold temperature of 10T,
CBA approval is required for elactric and The heat s
NCZZLE SHELL SiDE TUBE SIDE Incatad in hazardous area class 1, Zone 2.
Teg | No |NPS| Remarks | Tag | Mo |NPS| Remarks {n Selleris to supply and netall 4mm thick minara! flber insulstian.
Infet S11 1| 10 Tl 3 « Exchangars that are to be stacked shall be hydrotasted stacked.
Cutlet 2| 1|10 T2 1] 3 m Coneentration of CO2 and H28 is the liguid phase is 73 ppmw and & ppmw respectively.
Vent {Note 5) | (Note 5) [ dalats NN
Drain I (Note5) | {Note5) | i
m All catergory D welds shall be spot ultrasonic sxamined.
Thermowell 1 Baffle to sheil clesranca shall bs 4.8mm or ess.
Litil., Con. ey w EHT design shall use veitags of 277 VAC.
RATING | RFWN 3008 ,) RFWHN 300#
Remarks S A
7 Seller shafl verify and quarantee thermal rating of the unit.
4 Mass flow and duty will be sgiit inte twe parallel trains,
I_.EXHC;I.!“Q'IB shall ba stacksd two high.
# Minimum 20 pass lane seal rods.




= sEwon CELLONTECH |  TUBULAR HEAT EXCHANGER
O SHEET 3 OF 47
CUSTOMER| MEG Energy Corp. REV MADE BY CHECKED 8Y | APPROVED BY DATE
LOCATION| CANADA 0 - - - 07-01-2013
JOB NO. 511036 1 - - - 08-14.2013
SERVICE | Sales Qil / Glycol Exchanger
iTemno. | 3A-E-111 A to H (Max Duty Case)
Total ] Shefls, Connectedin =~ 2 Parallel 4 Series Shells Install = Hor. o Ver. |Size 1.1d-‘.‘.fl D - 8534.0L
Code  ASME Sec.Vll Div.1 (STAMP), TEMA, API660 TEMA Type BEU TEMA Class R Effective Area 556.41 m? (Shell
PERFORMANCE OF ONE BATTERY
SHELL SIDE TUBE SIDE
INLET ] OUTLET INLET | OUTLET
Fiuid Circulated BP Frac Dilbit TEGWater (60%/40% wt)
Total Fluid kafhr 457483 588132
\fapor kgihr MW |
Liguid kgihr uw 457483 457483 589132 589132
Steam ka/hr
Water kgihr i
Moncendendable  kg/hr [ M | | I |
(Operaling Temperalure T 126.00 52.70 " 40.00 75.00
Operating Pressure kPaa 984.014 } 994,015
Densily kgimd ILiv 870.0 920 | 7 1078.00 1052.00
Viscosity P L[ sadn0 127.91 ] 45600 2.0900
Thermal Conductivity ~ Wim-T | 0.1058 0.1193 o __Fl._ﬁ'ﬁ.ﬁi 0.3371 |
Specific Heal kifkg- G v 21330 1.6500 : 32231 | 33481 |
Latent Heat kifg ) L I L
Bubble / Dew Point  © — | ! / !
Critical Press. /Temp. kPaa | © [ ] ] / ]
alocity misec 0.33 1.10
Pressure Drop kPa. Allow. 250,000 ] Calc. 175.705 Allow, 225.000 I Cale. 212,167
Fouling Resistance m2- ThW 0.516 018
Film Cosfficient Wim2-i 330.86 1,678.93
Overall Coefficient  Wim2:K Clean 270.38 [ Ca. 220.83 [ Design 15544
Heat Duly KW 14,112.00 | LaTD T | WD 72 T
CONSTRUCTION
Design Pressure [ Design Temperanire kPas | c WaC | T
Mo, of Passas
ITubes No. { Shell, Size mm , Thickness {Min.} mm { BWG: | Length mm
[Sheli mm D ITube Pitch mm , Layoutangie , Leffective - mm
IBaﬁIa; Cross Baffle ea | Shell, Type . Cut % Dia. Spacing cfc mm , End - mm
lp\r’ InietMozzie| 2,162.01 |, Enfrance 267048 | QuilstMozzle  2,044.30 kofm-sec2  |impingement plate
| Tube [ Shell & Cover Channel & Cover
Tube Sheet 1Bafﬂe Expansion Joint
Estimated Weight Emoty Weight kg |Bundie Weight = kg |Full Water Weight kg
(Corrosion Allowance  Shell side mm Tube side mm | Tube Joints :
Insulation Shell side mm Tube side mm
[MEAN METAL Temperature, T Pressure, kPa.G
TEMPERATURE Shell Tube Shell Tube
iNormal Cperating - - .
Startup . = % *
SHELL SIDE TUBE SIDE
NoezLE Tag | Mo |NPS| Remarks | Tag | Mo |NPS| Remarks
Inlet
Cutlet
Vent
Drain
Thermowell |
Ut Con, |
RATING
Remarks




=) SEWON CELLONTECH |  TUBULAR HEAT EXCHANGER
O SHEET 4 OF 4
CUSTOMER|  MEG Energy Gorp. REV MALE BY CHECKEDBY | APPROVED 8Y DATE
LOCATION| CANADA 0 . - - 07-01-2013
JOB NO. 511036 o 1 - . . 08-14.2013
SERVICE | Sales Qil / Glycol Exchanger B
ITEMNO. | 3A-E-111 A to H (Min Duty Case)
Total [] Shells, Connecledin =~ 2 Pargllel 4 Senes Shells Instal = Hor o ver. |oize 1143010 - 8,5340L
Code  ASME Sec. Vil Div.1 {STAMP), TEMA, APIGE0 TEMA Type BEU TEMA Class R |Efiecive Area 556.41 e IShell
PERFORMANCE OF ONE BATTERY
" SHELL SIDE TUBE SIDE
— INLET [ OUTLET INLET QUTLET
Fluid Circulated BP Frac Dilbit TEGWater (60%/40% wt)
Total Fluid kgfhr 404707 478370
Vapor kg/hr [ MW | | 1K
Liguid Yo/ | Mw 404707 404707 478370 478370]
Steam kg/hr
Water kgihr
Noncondendzble  kgir T mw I | i
(Operaling Temperafure T 131.10 64.70 40.00 75.00
(Operating Pressure %Paa 964014 994.015
Dansity kgim3 L' 484 927 1078.00 1052.00
Viscosity oP L v 7.4200 61.730 4.6610 2.0890
[Tharmal Conductiviiy  Wim: T Loty 0.1133 0.1200 | 0.3281 03371
Specific Heat kfkg: T Lfv 2.1440 1.5890 | 12231 3.3481 |
Latent Heat kdikg
Bubble / Dew Point T ! ! I /
Ciitical Prass. / Temp. kPaa | T ! ! i {
Velocity misec 0.28 0.2
Pressure Crop kPa. Allow. 250.000 ] Cale. 106.688 Allow. 275.000 i Caic, 145,876
Fouling Resistance m2:- TKW 0.516 0.18
Film Coefficient Wim2-K 349.98 1,330.61
Overall Coefficient  Wim2'K Clean 263.80 | cale. 215.98 | Design 30.89
Heat Duty KW 11,450.00 [ LMTD T | MTD 32 T
CONSTRUCTION
Design Pressure |Design Temperaiure kPaG | T ¥PaG | T
Mo. of Passes
Tubes Mo, | Ghell,  Size mm Thickness (Min.] mm [ BWG: ) Length mm
Shail mm 1D [Tube Fitch mm Layout angle ¢ Leffective - mm
Baffles Cross Baffle 28 [ Shell, Type . Cut %0ia. , Spacingclc mm , End - mm
v Inlet Mozzle| 1,865.51 | Entrance 2,057.22 |, QufletNozzle  1,587.74 kgim-sec2  (Impingement plate
. Tube Shed & Cover Channel & Caver
e Tube Shest Baffle Expansion Joint
Estimated Weight Emply Weight kg  |Bundle Weight ~ kg |Full Water Weight kg
Corrosion Allowance Shell side mm Tube side mm  |Tube Joints :
finsulation Shell side mm  Tube side mm
[WEAN METAL T r—— Pressure, KFa.G
ITEMPERATURE Shell Tube Shall Tube
ormal Operating . . -
{Startup - . -
SHELL SIDE TUBE SIDE
NeRE Tag | Mo |NPS| Remarks | Tag | No |MPS| Remarks
Inist
Quilet
Vent
Drain
Thermowell
Util. Con,
RATING
Remaris




@ SEWON CELLONTECH TUBULAR HEAT EXCHANGER
_ SHEET 5 OF 47
CUSTOMER| MEG Energy Corp. REV | MADEBY | CHECKEDBY | APPROVED BY DATE
LOCATION| CANADA 0 . - s 07-01-2013
JOBNO. | 511036 1 08-14-2013
SERVICE | Sales Qil / Glycol Exchanger
mEMne. | 3A-E-111 AtoH
: APPEOS. 1074186 ; .Lﬁ—“x" |
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@ SEWON CELLONTECH TUBULAR HEAT EXCHANGER

SHEET & OF &

CUSTOMER]  MEG Energy Corp. REV MADE BY | CHECKEDBY | APPROVED BY DATE
LOCATION| CANADA [ z 2 : 07-01-2013
JOB MO 511038 1 - - - 08-14-2013

SERVICE | Sales Qil / Glycol Exchanger
mEMNC. | 3A-E-111 AtoH

APPACN. 107426
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@ SEWON CELLONTECH TUBULAR HEAT EXCHANGER

- SHEET 7 OF 47
cusTOMER| MEG Energy Corp. REV MADE BY CHECKED'BY | APPROVED 8Y DATE
LOCATION| CANADA ] - - - 07-01-2013
JOBNO. | 511036 08-14-2013
SERVICE | Sales Qil / Glycol Exchanger
memno. | 3A-E-111AtoH

= l
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3A-E-11

| Ato H (Max UA Case)

The Thermal/Hydraulic/Vibration calculations are perfomed by using HTRI Xist Ver. 8.00 SP3,

The process condiiton and the physical properties are based on Buyer data sheet.

For the design result ( the geometry data), please refer to the Equopment data sheet and Fabrication drawing.

1, Thermal and Hydraulic performance

- Thermal performance

17.93

% Over - Design Case

- Pressure drop :

\\_/k//\%//\x_“___ﬁ,/ B

2. Vibration Analysis

- Fluidelastid instability :

- Acoustic vibration :

- Tube vibration check:

- Bundle Entrance/Exit :

- Shell Entrance /Exit:

Shell-side
{ube-side

217,
174.

<

<

250.000 kPa
200.000 kPa

characteristic values << criteria .
characteristic values << criteria S
characteristic values << criteria SR
characieristic values << criteria = e -
characteristic values << criteria g

oK

QK.

0K

0K

oK



3A-E-111 A to H (Max UA Case) - Shell 1

Used Program : HTRI Xist Ver.5.00 SP.3 Vibration Analysis

T e

VALUE TO BE CHECKED Inlet Center U-Bend RECOMMEND LIMIT CONCLUSION
Unsupported span  (mm) 1574, 972, 1401. 1881 (By TEMA) 0K
length / TEMA maximum span 0.837 0.517 0.579 <10 TEMA 0K
Fiuidelastic Instability Check
Baffle tip cross velocity ratio 0.0758 0.0659 0.0873 <08 0K
Ave, crossflow velocity ratio 0.0692 0.0601 0.0796 <08 0K
Acoustic Vibration Check
Vortex shedding ratio = -
Tubulent buifeting ratio = - -
Tube Vibration Check
\fortex shedding ratio 0.062 0.140 0.135 <05 OK
Tubulent buffeting ratio - . -
Bundle Entanca / Exit Entrance Exit
Fluidelastic Instability ratic 0.108 0.214 <048 OK.
\Yortex shedding ratio 0.311 0.292 <08 QK
Shell Entrance [ Exit
Velocity (m/sec) 1.68 1.06 < |f velocity is exceed 2.07  2.05 QK.
pv2 {ka/im-52) 2508.52 0.00 < 5953 by TEMA QK.
St W s / ’
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Vibration Analysis
Released to the following HTRI Member Company:
sewon
M.K.Park
Xist Ver. 6.00 SP3  2013/08/16 9:55 SN: 1500213869 MEG Energy Units
Max.UA Case : Shell 1 e e P il
Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles
1|Shellside condition Sens. Liquid |(Level 2.3) \_—H,\
2|Axial stress loading (MPa) 0.000 |Added mass factor 15817
3|Beta 3.745 I
4 Position In The Bundle Inlet Center U-Bend "
5{Length for natural frequency (mm) 1574, 972. 1401. \
6{Length/TEMA maximum span (-) 0.837 * 0.517 0.579 /
7{Number of spans (- 9 g 2 Q
8{Tube natural frequency (Hz) 344 52.5 18.0 + !
9|Shell acoustic frequency {(Hz) E
10 Flow Velocities Inlet Center U-Bend
11|Window parallel velocity (m/s}) 0.55 0.54 0.54
12|Bundle crossflow velocity (m/s) 9.321e-2 0.21 0.1
13|Bundle/shell velocity (m/s) 0.12 0.27 0.14
14 Fluidelastic Instability Check Inlet Center U-Bend
15{Log decrement HTRI 0.100 0.100 0.100
16| Critical velocity (mis) 2.07 5.40 2.05
17|Baffle tip cross velocity ratio (=) 0.0758 0.0659 0.0873
18|Average crossflow velocity ratio (- 0.0692 0.0601 0.0796
19 Acoustic Vibration Check Inlet Center U-Bend
20|Vortex shedding ratio {--)
21|Chen number (=)
22| Turbulent buffeting ratio (-}
23 Tube Vibration Check Inlet Center U-Bend
24|Vortex shedding ratio (-) 0.062 0.140 0.135
25|Paralle! flow amplitude (mm) 0.001 0.001 0.005
26| Crossflow amplitude (mm) 0.004 0.003 0.003
27|Tube gap (mm) 6.350 6.350 6.350
28|Crossflow RHO-V-SQ (ka/m-s2) 17.91 93.34 23.88
29 Bundle Entrance/Exit
30 (analysis at first tube row) Entrance Exit
31|Fluidelastic instability ratio () 0.108 0.214
32|Vortex shedding ratio {-) 0.311 0.292
33|Crossflow amplitude {mm) 0.02362 0.05740
34|Crossflow velocity (mfs) 047 0.44
35| Tubesheet fo inlet/outlet support (mm) None None
36 Shell Entrance/Exit Parameters Entrance Exit
37|Impingement plate Yes
38|Flow area (m2) 0.042 0.085
39| Velocity (m/s) 1.69 1.06
40IRHO-V-SQ __(ka/m-s2) 2509.52 0.00
411Shell type BEU Baffle type Single-Seq.
421Tube type Plain Baifle layout Perpend.
431Pitch ratio 1.2500 Tube diameter, (mm) 25.400
441Layout angle 45 Tube material Carbon steel
45|Number U-Bend supports 1 Supports/baffle space
46 Program Messages
47|+ Frequency ratios are based upon lowest natural or acoustic frequency
481* ltems with asterisk exceed a conservative lower limit for vibration-free design. Review your case
481 using the procedure described in Online HBLD; You may find that a vibration problem is unlikely.
50 !
g -—\___..-——""f/\-\ b "'Jq\'--._h M,.-'/.
53
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3A-E-111 A to H (Max UA Case) - Shell 2

Used Program : HTRI Xist Ver.6.00 SP.3 Vibration Analysis

(,.,-' \*”"ﬁ'“'"\
VALUE TO BE CHECKED U-Bend Center Cutlet RECOMMEND LIMIT CONCLUSION \‘-""\.
Unsupported span (mm) 1401. 972. 1574 2420 (By TEMA) 0K \;
Length / TEMA maximum span 0.579 0.517 0.837 <1.0 TEMA 0K r\
%
Fluidelastic Instability Check i
Baffle tip cross velocity ratio 0.0874 0.0653 0.0741 <0.8 oK i
Ave.. crossflow velocity ratio 0.0797 0.0595 0.06786 <08 oK ,/ :
Acoustic Vibration Check
Vortex shedding ratio :
Tubulent buffeting ratio - -
Tube Vibration Check
+ Vortex shedding ratic 0.135 0.138 0.060 <0.5 QK k
Tubuient buffeting ratio - -
Bundle Entance / Exit Enirance Exit
Fluidelastic Instability ratio 0.000 0.056 <0.8 QK.
Vortex shedding ratio 0.555 0.272 =05 Check Below
Tube OD = 25.400
Tube gap = §.350
Crossflow amplitude (mm) 0.05698 001805 b g ;&TT”E;QSEZ%E;Z OK.
Crossflow RHO-V-5Q  (kg/m-52) 23.83 17.24 < 5853 by TEMA 0K,
Shell Entrance / Exit
Velocity {mfsec) 6.735e-2 1.24 < If velocity is exceed 2.05/ 2.04 C.K.
pvZ {kg/m-s2) 0.00 1401.33 < 5953 by TEMA oK
o ~ ,W"/

o A



Vibration Analysis
Released to the following HTRI Member Company:
sewon
M. K. Park
Xist Ver. 6.00 SP3 2013/08/16 9:55 SN: 1500213869 /,_\ MEG Energy Units
Max.UA Case : Shell 2 \J"\
Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles T
1|Shellside condition Sens. Liquid  |(Level 2.3)
2|Axial stress loading (MPa) 0.000 |Added mass factor 1517
3|Beta 3.745
4 Position In The Bundle U-Bend Center Outlet
5|Length for natural frequency {mm) 1401, 972. 1574,
6{Length/TEMA maximum span (~) 0.579 0.517 0.837 *
7|Number of spans () 2 9 9
8|Tube natural frequency (Hz) 18.1 + 52.5 34.3
9|Shell acoustic frequency (Hz)
10 Flow Velocities U-Bend Center Outlet
11|Window parallel velocity (m/s) 0.54 0.54 0.53
12|Bundle crossflow velocity (m/s) 0.1 0.21 8.982e-2
13 ﬂndie#sheil velocity (m/s) 0.12 0.24 0.10
14 Fluidelastic Instability Check U-Bend Center Outlet
15{Log decrement HTRI 0.100 0.100 0.100
16/|Critical velocity (m/s) 2.05 5.36 2.04
17|Baffle tip cross velocity ratio (-} 0.0874 0.0653 0.0741
18|Average crossflow velocity ratio f} 0.0797 0.0595 0.0676
19 Acoustic Vibration Check U-Bend Center OQutlet
20|Vortex shedding ratio ()
21|Chen number (-)
22\ Turbulent buffeting ratio {-)
23 Tube Vibration Check U-Bend Center Outlet
24|Vortex shedding ratio () 0.135 0.138 0.060
25|Parallel flow amplitude (mm) 0.005 0.001 0.001
26|Crossflow amplitude (mm) 0.003 0.003 0.004
27| Tube gap (mm) 6.350 6.350 6.350
28(Crossflow RHO-V-SQ (ka/m-s2) 23.83 91.66 17.24
29 Bundie Entrance/Exit
30 (analysis at first tube row) Entrance Exit
31|Fluidelastic instability ratio (=) 0.000 0.096
32|Vortex shedding ratio () 0.5585 0.272
33{Crossflow amplitude (mm) 0.05698 0.01805
34|Crossflow velocity (m/s) 0.44 0.41
35{Tubesheet to inlet/outlet support (mm) None None
36 Shell Entrance/Exit Parameters Entrance Exit
37|impingement plate No
38|Flow area (m2) 1.026 0.055
391Velocity (m/s) 6.735e-2 1.24
40|RHO-V-SQ {(ka/m-s2) 0.00 1401.33
41|Shell type BEU Baifle type Single-Seg.
421 Tube type Plain Baffle layout Perpend.
43|Pitch ratio 1.2500 Tube diameter, (mm) 25.400
44|Layout angle 45 Tube material Carbon steel
45{Number U-Bend supports 1 Supports/baffle space
46 Program Messages
f? 47|+ Frequency ratios are based upon lowest natural or acoustic frequency
i | 481* ltems with asterisk exceed a conservative lower limit for vibration-free design. Review your case
‘\\49 using the procedure described in Online Help; You may find that a vibration problem is unlikely.
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3A-E-111 A to H (Max UA Case) - Shell 3
Used Program : HTRI Xist Ver,8.00 SP.3 Vibration Analysis sl e o R
: y
VALUE TO BE CHECKED Inlet Center U-Bend RECOMMEND LIMIT CONCLUSION ‘\\
Unsupported span  (mm) 1574, a72. 1401, 1881 (By TEMA) OK f
Langth / TEMA maximum span 0.837 0.517 0.579 <1.0 TEMA QK .I"’Il
Fluidelastic nstability Check fg
Baifle tip cross velocity ratio 0.0731 0.0638 0.0848 <08 0K
Ave. crossilow velosity ratio 0.0686 0.0582 0.0773 <038 0K
Acoustic Vibration Check
Vortex shedding ratio - - -
Tubulent buffeting ratio
Tube Vibration Check
Vortex shedding ratio 0.058 0,135 0.130 <05 CK
Tubulent buffeting ratio - - - -
Bundle Entance / Exit Entrance Exit
Fluidelastic Instability ratio 0.106 0.210 <038 QK.
\ortex shedding ratio 0.301 0.285 <05 0K
Shell Entrance / Exit
% Velocity {misec) 1.63 1.03 < If velocity is exceed 2.05/ 2.04 QK.
; 1 pv2 (kg/m-s2) 2420.99 0.00 < 5053 by TEMA OK.
‘.“\\ L ) /,e""’
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Vibration Analysis
Released to the following HTR! Member Company:
Sewon
M.K.Park
Xist Ver. 6.00 SP3  2013/08/16 9:55 SN: 1500213869 MEG Energy Units
Max.UA Case : Shell 3
Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles
1|Shellside condition Sens. Liquid  |(Level 2.3)
2|Axial stress loading (MPa) 0.000 |Added massfactor T~ 1.517
3|Beta 3745 Y
4 Position in The Bundle Inlet Center U-Bend
5|Lenath for natural frequency {mm) 1574, 972. 1401,
6|Lenath/TEMA maximum span (=) 0.837 * 0.517 0.579
7|Number of spans () 9 9 2
8| Tube natural frequency (Hz) 344 52.5 18.1 +
9(Shell acoustic frequency (Hz)
10 Flow Velocities Inlet Center U-Bend
11|Window parallel velocity (m/s) 0.53 0.53 0.53
12|Bundle crossflow velocity (m/s) 8.87%-2 0.20 0.10
13{Bundle/shell velocity (m/s) 7.785e-2 0.18 9.002e-2
14 Fluideiastic Instability Check Inlet Center U-Bend
15{Log decrement HTRI 0.100 0.100 0.100
16| Critical velocity (mis) 2.05 5.35 2.04
17Baffle tip cross velocity ratio (- 0.0731 0.0638 0.0848
18{Average crossflow velocity ratio =) 0.0666 0.0582 0.0773
19 Acoustic Vibration Check inlet Center U-Bend
20|Vortex shedding ratio (--)
21{Chen number ()
22{Turbulent buffeting ratio (=)
23 Tube Vibration Check Infet Center U-Bend
24 |Vortex shedding ratio (-} 0.059 0.135 0.130
25|Parallel flow amplitude (mm) 0.001 0.001 0.005
26|Crossflow amplitude (mm) 0.003 0.003 0.003
27| Tube gap (mm) 6.350 6.350 6.350
28{Crossflow RHO-V-8Q (kg/m-s2) 16.84 88.48 22.74
29 Bundle Entrance/Exit
30 (analysis at first tube row) Entrance Exit
31|Fluidelastic instahility ratio (~-) 0.106 0.210
32{Vortex shedding ratio () 0.301 0.285
33|Crossflow amplitude (mm) 0.02233 0.05509
34|Crossflow velocity (m/s) 0.45 043
35(Tubesheet to inlet/outiet support (mm) None None
36 Shell Entrance/Exit Parameters Entrance Exit
37|Impingement plate Yes
38|Flow area (m2) 0.042 0.065
39| Velocity {mfs) 1.83 1.03
40|RHO-V-SQ - ____(ka/m-s2) 2420.99 0.00
41|Shell type BEU Baffle type Single-Seq.
42| Tube type Plain Baffle layout Perpend.
43|Pitch ratio 1.2500 Tube diameter, (mm) 25.400
441Layout angle 45 Tube material Carbon steel
45|Number U-Bend supports 1 Supports/baffle space
46 Program Messages
47|+ Frequency ratios are based upon lowest natural or acoustic frequency
481* Items with asterisk exceed a conservative lower limit for vibration-free design. Review your case
\ 49| using the procedure described in Online Help; You may find that a vibration problem is uniikely.
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3A-E-111 A to H (Max UA Case) - Shell 4

Used Program : HTRI Xist Ver.8.00 SP.3 Vibration Analysis £ - N
N
VALUE TO BE CHECKED U-Bend Center Outlet RECOMMEND LIMIT CONCLUSION X’a&\
Unsupported span  (mm) 1401. 972, 1574 2420 (By TEMA) QK A
Length / TEMA maximum span 0.579 0.517 0.837 <10 TEMA OK
Fluidelastic Instability Check
Baffle tip cross velociiy ratio 0.0802 0.0601 0.0684 <08 QK
Ave. crossflow velocity ratio 0.0731 0.0548 0.0624 <08 QK
Acoustic Vibration Check
Vortex shedding ratio - - -
Tubulent buffeting ratio
Tube Vibration Check
Vortex shedding ratio 0.123 0127 0.055 <05 0K
Tubulent buffeting ratio - - -
Bundle Entance / Exit Entrance Exit
Fluidelastic Instability ratio 0.000 0.095 <08 O.K
Vortex shedding ratio 0.542 0.268 >05 Check Below
Tube OO = 25.400
Tube gap = 6.350
Crossflow amplitude  {mm) 0.05491 0.01757 : [(]} '{:zi?fsegggi%i}i QK.
Crossflow RHO-V-3Q  {ka/m-s2) 2031 14.81 < 5953 by TEMA K.
Shell Entrance / Exit
Velocity {misec) 6.575e-2 1.22 < [Fveloclty is exceed 2.04/ 2.03 Q.
— pv2 (kg/m-s2) 0.00 1378.96 < 5853 by TEMA OK.
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Vibration Analysis
Released to the tollowing HTRI Member Company:
sewon
M.K.Paric
Xist Ver. 6.00 SP3  2013/08/16 9:55 SN: 1500213869 MEG Energy Units
Max.UA Case : Shell 4
Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles
1|Shellside condition Sens. Liquid  |(Level 2.3)
2|Axial stress loading (MPz) 0.000 |Added mass factor 1.517
3|Beta 3.745 Sy
4 Position In The Bundle U-Bend Center Qutlet
5|Length for natural frequency (mm) 1401. 972, 1574,
6|Length/TEMA maximum span (- 0.579 0.517 0.837 *
7|Number of spans (=) 2 9 g
8| Tube natural frequency (Hz) 18.1 + 52.5 344
9|Shell acoustic frequency {Hz)
10 Flow Velocities U-Bend Center Outlet
111Window paralle! velocity (mis) 0.53 0.53 0.53
12|Bundle crossflow velocity (mis) 9.705e-2 0.19 8.25%-2
13|Bundle/shell velocity (m/s) 8.063e-2 0.16 6.862e-2
14 Fluidelastic Instability Check U-Bend Center Qutlet
15{Log decrement HTRI 0.100 0.100 0.100
16|Critical velocity (m/s) 2.04 5.33 2.03
17|Baffle tip cross velocity ratio () 0.0802 0.0601 0.0684
18[Average crossflow velocity ratio (=) 0.0731 0.0548 0.0624 |
19 Acoustic Vibration Check U-Bend Center Qutlet
20{Vortex shedding ratio {~)
21|Chen number ()
22|Turbulent buffeting ratio (--)
23 Tube Vibration Check U-Bend Center Qutlet
24|Vortex shedding ratio (=) 0.123 0127 0.055
25|Paralle! flow amplitude (mm) 0.005 0.001 0.001
26| Crossflow amplitude (mm) 0.003 0.002 0.003
27{Tube gap (mm) 6.350 6.350 6.350
28{Crossflow RHO-V-SQ (ka/m-s2) 20.31 78.48 14.81
29 Bundle Entrance/Exit
30 (analysis at first tube row) Entrance Exit
31|Fluidelastic instability ratio (--) 0.000 0.095
32|Vortex shedding ratio () 0.542 0.268
33|Crossflow amplitude (mm) 0.05491 0.01757
34|Crossflow velocity (m/s) 0.43 040
35{Tubesheet to inlet/outlet support (mm) None None
36 Shell Entrance/Exit Parameters Entrance Exit
37| Impingement plate No
38{Flow area (m2) 1.026 0.0585
39{Velocity (m/s}) 6.575e-2 1.22
40|RHO-V-SQ . ___(kg/im-s2) 0.00 1378.96
41|Shell type BEU Baffle type Single-Seg.
421 Tube type Plain Baffle layout Perpend.
43|Piich ratio 1.2500 Tube diameter, (mm) 25.400
44{| ayout angle 45 Tube material Carhon steel
45{Number U-Bend supports 1 Suppaorts/baffie space
46 Program Messages
47|+ Frequency ratios are based upon lowest natural or acoustic frequency
481* ltems with asterisk exceed a conservative lower limit for vibration-free design. Review your case
49| using the procedure described in Online Help; You may find that a vibration problem is uniikely.
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Final Results
Released o the following HTR! Member Company:
SEWON
MK Park
Xist Ver. 6.00 SP3  2013/08/16 9:55 SH: 1500213860 MEG Energy Units
/,-—'*""_"”“ "“x_\_%
Max.UA Case : Shell 1 \\m
Rating - Horizantal Multipass Flow TEMA BEU Shell With Single-Segmental Baffies \\
1 Process Data Hot Sheflside Cold Tubeside Shellside Performance \‘
2|Fluid name BP Frac Dilbil TEG/Water (B0%40% wi} Nom wvel, X-flow/window 0417058 ™
3| Fluid condition Sene. Liguid Sens. Ligquid
4|Tatal flow rate (kaihr) 444656 527298 || Flow fractions for heat transfer 0.662
5|Weight fraction vapor, In/Cut =} 0.000 0.000 0.000 0.000 A=0.0028 B8=08030 0C=0.0402 E=01911 F=0.1628
| Temperature, In/Out (DegC) 1790 90.08 60.26 75.00
7| Temperature, Average/Skin [Deg C) 104.00 79.80 67.63 7282 Shellside Heat Transfer Corvections
8|Wall temperature, MinMax (Deg C) BB.67 83.21 68.48 82.79
9|Pressure, InfAverage (kPa)  ©84.014 968.540 860.223 839.787 Total Beta (Gamma End Fin
10{Pressure drop, Tolal/Allowed (kPa) 30049 250.000 40.872 200.000 0,919 0.919 1.000 0.354 1,000
11{Velocity, MidMax allow [mifs) 0.32 089 Pressure Drops [Percent of Total)
12|Mole fraction inert -} Cross  Window Ends Nozzle Shell Tube
13{Average film coef. {Wim2-K) 340.88 1982.25 65.29 16.63 5.79 Inkst 10.69 7.82
14|Heat transfer safety factor - 1.000 1.000 MOMENTUM 0.00 Quilet 1.61 5.03
15|Fouling resistance (m2-K/w) 0.000616 0.000180 Twio-Phase Parameters
16 Overall Parformance Data Method Inlet  Center Qutlet Mix F
17| Overall coef., ReadiCleaniActual (Wim2-K) 18089 27940 / 2268.71
18{Heat duty, Calculated/Specified (ki) 5379. /
19|Effective overall lemperature difference (Deg C) 328 H. T. Parameters Shell Tube
20lEMTD = (MTD) * {DELTA) * {FIGIH)} (Deg C) 416 * 09895 T 1.0000 COwerall wall comection 0.853 1.013
2 Midpoint Prandtl no. 443.63 23.98
2 1 Midpoint Reynolds no. M7 2198
231See Runtime Messages Report for i T | - I\ | Bundle inlet Reynolds no. 60 7802
24 |warmings. | ‘ ‘ ;; \ ‘ ‘ ‘ \ ‘ ‘ | ‘ \ ‘ ‘ jr | undleoutlet  Reynolds no. 126 10581
25 - l ;]J i Fouling iayer {mm}
pust Exchanger Fiuid Volumes ! . i Thermal Resistance
27 Approximale sheilsice (L) 5023.9 i Shell Tube Fouling  Mefal  OverDes
28|Approvimate tubeside L) 45158 86,51 13.72 18.86 0.92 18.88
2 Shell Construction Information Total fouling resistance 831384
30| TEMA shell type BEU Shell 1D [mm) 1143.00 || Differential resistance 8.333e-4
31|Shells Series 1 Parallel 2 Total area (m2) 1125.71 Shell Nozzles Liguid
32|Passes Shell 1 Tube 4 Eff, area {m2ishell) 556411 | Inlet &t channel end-Yes inlet Outlet  Outlet
33| Shell orientation angle (deg) 0.00 Wumber at each position 1 1 0
34{Impingement present Circular plate Impingement diamelernozzie 1.1 Diamaier (mm) 242875 242875
35|Pairs seal strips 0 Passiane seal rods (mm) 25400 No. 20 Velacity (mis} 1.52 149
36{Shell expansion joint No Ful suppert at U-Bend Mo Prassure drop (kPa) 3.308 0497
37| Weight estimation Wet/Dry/Bundie 268988 |/ 17365.6 | 10082.0 (kafshell) Helght under nozzle (mmj) 61.187  1143.00
38 Nozzle RV-5Q lkgfm-s2) 203180  1988.43
k] Baffle Information Shell ent, (kafm-s2)  2509.52 0.00
40(Type Perpend. Single-Seg. Baffle cut (% dia) 24.50
41|Crosspassesishellpass 17 Mo. (PctArea)  (mm)to Gl Intet Qutlet Liquid
42|Central spacing (mm)  486.000 1 2045 291,465 Tuhs Nozzle RADIAL RADIAL  Outlet
43|Inlet spacing {mm)  1088.00 2 0.00 0.000 Diameter (mm} 193675 193675
44} Outlet spacing (mm)}  932.000 Welocity {mig) 24 236
45|Baffle thickness (mm) 12.700 Pressure drop {kPa) 3.198 2056
48 Mozzle R-V-50 (kg/m-s2) 581369 5874.22
47
48 Tube information Annular Distributor Infet Qulet
48| Tube type Plain Tubecouni per shell 792 || Length {mm}
50iLength to tangent (mmj) 8534, Pet tubes removed (both) 4.42 || Height {mm)
51|Effective length {mm} 8804, Quiside diameter (mm} 25.400 || Slot area [mm2)
52| Totai ubesheet {mm)  102.000 Wall thickness (mm) 2110 Diametral Glearances {mm)
53|Area ralio [outfin}  1.1997 P (mm) H.7500 Ratio 1.2500 Baffle-to-shell Bundle-to-shedl Tube-to-baffla
54{Tube metal Carbon stesl Tube patiern (deg) 45 5.3500 21.7000 0.3960 |
-~
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Final Results
Releasad o the following HTRI Member Company:
Sewan
MK Park
Xist Ver. .00 5P3 2013/0816 9:55 SN: 1500213869 MEG Energy Units
./"_WJ_‘_ """"" e
Max.UA Case - Shell 2 ' R G
Rafing - Horizontal Multipass Flow TEMA BEU Shell ‘Wiih Single-Sagmental Baffles %
1 Process Data Hat Sheliside Cold Tubeside Shellside Performance T
2{Fluid name 8P Frac Dilkit TEGWater (60%/40% wi) Nom vel, X-flowiwindow 0.41/0.54 -\‘.\
3{Fluid condition Sens. Liguid Sens. Liguid
4| Total flow rate (kgthr} 444696 527298 Flow fractions for heal transfer 0.658
5| Weight fraction vapor, infQut -} 0.000 | 0.000 0.000 0.000 A=0.0018 B=0.6024 C=00352 E=0.2051 F=0.1554
6| Temparature, IniCut {Deg C) 90.08 A7 50.62 6026
7| Temperature, Average/Skin [Ceg C) 80.63 63.84 55,44 5854 Sheflside Heat Transfer Comectlons
8|Wall femparature, Min/Max {Deg C) 54,66 65.10 54.52 54.82
9{Pressure, InlAverage (kPa)  953.080 932.753 903.144 881.681 Total Beta Gamma End Fin
10| Pressure drop, TotallAllowed (kPa) 40.653 250.000 42.927 200.000 0.920 0.920 1.000 0.957 1.000
11| Velocity, MidMax allow {m/s) 0.32 0.88 Pressure Drops {Percent of Total)
12{Mole fraction inart i~ Cross  Window Ends  Mozzle Shell Tube
13|Average film coef, (Wim2-K) 31498 1565.75 69.84 16.12 6.60 Inlet 245 740
14|Heat transfer safety factor (- 1.000 1.000 MOMENTUM 0.00 Qutlet 500 474
15|Fouling resisiance {m2-Kw) 0.000616 0.000180 Twio-Phase Parameters
16 Overall Performance Data Method Inlet  Center Outlet Mix F
17| Qverall coef., Reqa/Cleanifctusl (Wim2-K) 1775 2123 / 207 80
18|Heat duty, Calculated/Specified (kW) 70,
19| Effective overall lemperature differance (Deg C) 234 H. T, Parameters Shell Tube
20{EMTD = (MTD) * {DELTA) " (FIGH) {Deg C) 2371 * 09878 * 1.0000 Cwerall wall correction 0.876 1.004
21 Midpoint Prandtl no. 863.31 3139
22 | Midpoint Reynoids no. 165 6569
23 |See Runtime Messages Report for : T =i i Bundie inlet Reynolds no. 125 8213
24 {warings. | ‘ | ‘ ‘ ‘ | ‘ | \ ‘ | ‘ ‘ ‘ ‘ D‘ﬁ‘ Bundlecutiet  Reynolds no. 51 713
25 - - + | Eouling layer {mm}
26 Exchanger Fluid Volumes ' i Thermal Resistance
27| Approximate shellsida (L) 50239 =1 Shell Tube  Fouling Metal  OwerDes
28| Approximate tubeside (L) 4515.8 65.87 1592 17.29 0.83 17.07
2 Shell Construction Information Total fouiing resistance T 8134
30| TEMA shell typs BEU Shell ID (mm) 1143.00 Differential resistanca 8.212e-4
31|Sheils Series 1 Parallel 2 Tolal area (m2) 112671 Shell Nozzies Liquid
32|Passes Shall 1 Tube 4 Eff. area (m2fshell) 556.411 Iniet at channei end-No Infet Outlet Outlet
331Shell orientation angle (deg) 0.00 Number &1 each position i b 0
34Impingement present Na Diameter (mm) 242878 242875
35 |Pairs seal strips 0 Passlane seal rods (mm) 25.400 Ne. 20 Velocity (mis) 1.49 1.47
36| Shell expansion joint No. Full support at U-Bend No Pressure drop (kPa) 0.004 2032
37 'Weight estimation Wet/Ory/Bundle 26008.4 / 17376.3 / 10102.7 (kgishell) Height under nozzle (mm)  1143.00 61.187
38 Nozzle R-V-3Q (kgfm-s2) 198B.4d4  18A0.02
9 Baffle Information Shell ent. (kgim-s2) 0.00  1401.33
40{Typs Perpend. Single-Seg. Baffle cut (% diz) 24.50
41|Crosspassesishellpass 17 No. (PotArea) (mmjtoC.L Iniet Outlet  Liquid
42|Central spacing {mm)  4B6.000 1 20.35 291.485 Tube Nozzle RADIAL  RADIAL  Oudlet
43\ Inlet spacing (mm)  932.000 2 0.00 0.000 Cliametar (mm) 193875 193.675
44| Cullet spacing (mm)  1088.00 Welocity {mis} 232 234
45 Baffle thickness (mm) 12.700 Pressure drop (kPa) 3477 2035
45 Nozzle RV-3Q fkoims2) 577480 581370
47
48 Tube Information Annuiar Distributor Intet Outlet
48| Tube type Plain Tubacount per shell 792 || Lengih {mm)
50|Length to tangent (mm) 8534, Pet tubss removed (both) 3N Height (mm)
51|Effective length {mm) 3804. Cutside diamster {mm} 25.400 || Slot area (mm2)
52| Total ubesheet (mm)  102.000 Wall thickness (mm) 2110 Dismetral Clearances (mm)
- | 53| Area ratio (outfing 1.1982 Pitch (mm) 31.7500 Ratio 1.2500 Baffle-to-shell Bundle-io-shell Tube-io-baffle
\J 54]Tune metal Carbon steel Tube pattern (deg) 45 6.3500 21.7000 0.3368
g\\_//'\\,,____ B T i /’J
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Final Results
Released to the following HTR] Member Company:
sawon
MK Park
Xist Ver, 600 SP3  2013/08/16 9:55 SM: 1500213869 MEG Energy Units
m
Max.UA Case : Shell 3 N
Rating - Horizonial Mulfipass Fiow TEMA BEU Shell With Single-Segmenial Baffles ,A\\
1 Process Data Het Shellside Cald Tubeside Shellside Performance \
| 2|Fluid name BP Frac Dilbit TEGWater (E09%/40% wi) Nom vel, X-flow/window 0.40/0.53 T
3|Fluid condition Sens. Liquid Sens. Liguid
41 Tatal flow rate [kgihr) 444658 527298 | Flow fractions for heat transfer 0.851
5|Weight fraction vapor, In/Qut =] 0.000 0.000 0.000 0.000 A=0.0014 B=05955 C=00270 E=0.2179 F=0.1582
6| Temperature, InfOut (Deg C) A o847 44.30 50,62
T|Temperature, Average/Skin (Deg C) B4.82 53.48 47.46 50.54 Sheligide Heat Transfer Comactions
B{Wall temperature, MinMax (Deg C} 48.75 55.21 48.67 55.06 |
9|Pressure, InfAverage (kPaj  212.440 881711 947 899 925,519 Total Bela Gamma End Fin
10]Preszure drop, TotallAliowed (kPa) 61.459 250.000 44758 200.000 0.920 0.920 1.000 0.967 1.000
11| Velocity, MidMax allow (mis} 0. 0.98 Prassure Drops (Percent of Total)
12| Mole fraction inert ) Cross Window Ends Nozzle Shell Tube
13| Average film coef. (Wim2-K) 305.59 1300.78 70.54 14,51 734 Infet 6.81 .07
14|Heat transfer safety factor =) 1.000 1,000 MOMENTUM 0.00 Cutiet 0.79 452
15|Fouling resistence (m2-K/W) 0.000618 0.000180 Two-Phase Parameters
18 Owerall Performance Oata Method Inlst  Canter Cutlet Mix F
17| Overall cosf,, Reqd/Clean/éctuzl (Wim2-1) 166.89 f B 197 42
18|Heat duty, Calculated/Specified (kW) 2254.
19{Effective overall temperalure difference (Deg C) 16.2 H.T. Parameters Shell Tube
20{EMTO = (MTD) * {DELTA) * (FIGIH) {Deg C) 1644 ¢ 09847 1.0000 Overall wall comeciion 0.906 1.009
bal Midpoint Prandtl no. 1617.65 38.00
22 o Midpoint Reynolds no. 1 5768
23|See Runtime Messages Report for i 1 Bundle infet Reynoids no. 51 5333
24| warnings. q ‘ ‘ ‘ ' ‘ ' ‘ | ‘ ‘ ‘ ‘ ‘ ‘ ‘ | J).. Bundle ouflet  Reynolds no. B 680
25 I. L1 . ! Fouling layer {mm)
2% Exchanger Fluid Volumes L - ! Thermal Resistance
27| Approximate shellside (L) £023.8 - Shell Tube  Fouling Metal  OverDes
28] Approximate tubeside (L) 4515.8 54,60 1820 1642 0.7 18.29
29 ‘Shell Construction Information Total fouling resistance 831324
30| TEMA shell type BEU Shell ID (mm) 1143.00 | Differantial resistance 9.264e-4
J11Shells Series 1 Parallel 2 Total area {m2) 1125.71 Shell Nozzles Liguid
32|Fassaes Shell 1 Tube 4 Eff, area {m2f=znzll) 556.411 [nist at channal end-Yes Inlet Outlet Qutlet
3315hell orientation angle (deg) 0.00 Mumber at gach position 1 1 0
34{Impingsment present Cirguler plats Impingement diameterinozzle 11 Diametar {mm) 242,875 242.875
35(Pairs seal sirps 0 Passlane seal rods (mm) 25400 No. 20 elocity (mis) 1.47 146
36|5Shell expansion joint No Full support &t U-Band No Pressure drop (kPa) 4.188 0.485
37| Weight estimation Wet/Dry/Bundle 269165 ( 173834 /  10116.8 (kaishell) Height under nozzle {mm) 61.187  1143.00
8 MNozzie R-V-3Q (kgim-s2) 196002  1341.40
e Baffle information Shell ent. (kgim-s2) 242089 0.00
40|Typa Perpend. Single-Seg. Baffle cut (% dia) 24.50
41\Crosspassesishellpass 17 Mo. (PctArea) (mm)toC.L Inlet Qutlet Liguid
421Central spacing (mm]  486.000 1 20,45 291.465 Tube Nozzie RADIAL  RADIAL Outlet
43{Inlei spacing (mm}  ‘088.00 Z 0.00 0.000 Ciamater (mm) 193675 193.675
441Qullef spacing (mm}  932.000 Velocity {mis} 23 232
45|Baffle thickness {mm) 12.700 Pressure drop (kPa) 3.163 2.021
48 Mazzie R-V-50 (kgim-s2) 574959 5774.80
47
48 Tube Informztion Annuiar Distributor Infet Quilet
49| Tube type Plain Tubecount per shell 792 || Length {mm)
E0|Length to tangent (mimj 8534, Pet tubes removed (both) 442 || Height {mm)
51|Effective length (mm) 2604, Cutside diameter (mm) 25.400 Slot area {mmz)
52|Total iubeshest (mm)  102.000 Wall thickness {mm] 2110 Dizmetral Clearances {mm)
| 53 Area ratio (outfin) 1.1992 Pitch (mm) 31.7500 Ratio 1.2500 Baffle-to-shell Bundle-tc-shell Tube-to-baffle
'r\sat Tube metal Carbon steel Tube pattern (deg) 45 6.3500 21.7000 0.3069
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Final Results
Released to the foliowing HTRI Member Company;

sewon
M.K.Park
Xist Ver. 6.00 SP3  2013/08/16 9:55 SN: 1500213869 MEG Energy Units /WE
\f”’-\\
Max.UA Case : Shell 4 B
Rating - Harizental Muitipass Flow TEMA BEU Shell With Single-Segmental Bafflas \\_,.._.m
1 Procass Data Hot Shellside Cold Tubeside Shellside Performance n
2|Fluid name BP Frac Dilbit TEG/Water (B0%/40% wt) Naom vel, X-flowiwindow 0.40/0.53
3|Fluid condition Sens. Liquid Sens. Liquid
4| Total flow rate (kasr) 444898 527298 || Flow fractions for heat transfer 0.623
5{Weight fraction vapor, In/Out - 0.000 0.000 0.000 0.000 A=00013 B=05628 C=0.0242 E=0.2380 F=0.1726
8| Temperature, InfOut {Deg G} 5847 4870 40.00 4431
7| Temperalure, Average/Skin {Deg C} 54.08 46.54 4215 44,62 Shellside Heat Transfer Corrections
8{Wall temperature, Min/Max ({Deg C) 423 | 7.1 4229 47.08
9|Pressure, In/Average (kPa)  B850.983 808.755 904,015 970.957 Tolel Bela Gamma End Fin
10|Pressure drop, Total/Allowed (kP=) 84.477 260.000 46.115 200,000 0.917 0.920 0.997 0.966 1.000
11| Velocity, MidiMax allow (mis) 0.29 0.8 Pressure Drops (Percent of Total)
12{Mole fraction inest i~ Cross  Window Ends  Mozzle Shell Tube
13|Average fiim coef. (Wim2-K) 3128 1129.15 7413 14.30 773 Inlet 1.15 6.84
14|Heat transfer safety factor [~ 1.000 1.000 MOMENTUM 0.00 Outlet 2.68 4.38
15|Fouling resistance {m2-KIW) 0.000818 0.000180 Two-Phase Parameters
16 QOverall Performance Data Method Inist  Center Outlet Mix F
17\Cverall coet., Regd/Clean/Actual (Wim2-K) 165.98 |/ 232571 |/ 194.87
18{Heat duty, Calculated/Specified kW) 1527,
19| Effective overall temparature difference {Deg C} 11.0 H.T. Paramaters Shell Tube
20|EMTD = {MTD) * (DELTA) * (F/GH) {Deg C) m2r * 0.9 1.0000 Cwerall wall correction 0.837 1.003
2 Midpoint Prandtl no. 2532.88 43.26
2 | I Midpoint Reynolds no. 43 5057
23| See Runtime Messages Report for e T : f { || Bunde inlet Reynolds no, 2 4776
24|warnings. |]]|H_D ‘ '| ‘ ] ‘ ‘ | | ‘ ‘ L] ‘ %2 | Bundie oullet  Reynolds no, 7 5310
25 . . .- J ! Foullng layer {mm)
% Exchanger Fiuid Volumes P - Thermal Resistance
27| Approximate shellside (L) 5023.9| - Shell Tube Fouling Metal  Over Des
28| Approximate tubeside (L) 45158| 62.34 070 1621 0.76 17.40
2 Shell Construction Information Tatal fouling resistance 8.313e-4
30| TEMA shell type BEU Shell ID {mm) 1143.00 Differential resistance 8.938-4
31|Shells Series 1 Pargilel 2 Total area (m2) 1125.71 Shell Nozzles Liguid
32|Passes Shall 1 Tube 4 Eff. area (m2/shell) 556411 § Inlet at channel end-No Inlat Cutlet  Outlat
33| Shell crientation angle (deg) 0.00 Number at each posilion 1 1 0
34|Impingement present ] Diameter (mm) 242875 242875
35|Paire seal strips 0 Passlane seal reds (mm) 25400 Na, 20 elocity {mis) 1.46 1.45
J6{Shell axpansion joint No Full support at U-Bend No Prassure drop {kPa) 0.971 2268
37| \Weight estimation Weil/Dry/Bundle 269212 [ 173884 /101215 (kgishell) Height under nozzle fmm) 114300  61.187
38 Mozzle R-V-30Q (kg/m-s2) 194140 192873
39 Baifle Information Shell ent. (kg/m-s2) 0.00 137896
401 Type Perpend. Single-Seg. Baffle cut (% dia) 24.50
41|Crosspassesishellpass 17 No. (Pot Area) (mmjtoC.L Inket Qutlet  Liguid
42|Ceniral spacing {mm)  486.000 1 20.35 291.465 Tube Nozzle RADIAL  RADIAL  Outlet
43|Inlet spacing {mm} 932,000 2 0.00 0.000 Diameter (mm)  193.875 193675
44 |Outlet spacing (mm)  1088.00 Velocity (mis) 23 231
45| Baffle thickness {mm) 12,700 Pressure drop (kPa) 3.153 2013
46 Nozzle R-V-5C {kaim-s2) 573254  5749.50
47
48 Tube Information Annutar Distributor Inlet Outlet
49| Tube type Plain Tubecount per shall 792 || Length (mm}
50{Langth to tangent {mm) 8534. Pet tubes removed (both) 39 Height (mm}
51|Effective length {mm) 8604, Cutside diameter (mm) 25400 | Slot area (mm2)
52| Total tubesheet {mm]  102.000 Wail thickness {mmj 2410 Diametrai Clearances (mm)
53| Area ratio {outfin] 1.1892 Pitch {mm) 31.7500 Ratia 1.2500 Baifle-to-shell Bundle-to-shell Tube-in-haffle
41 Tube metal Carbon stesl Tube paitern {deg) 45 6.3500 21.7000 0.3069




3A-E-111 A to H (Max Duty Case)

The Thermal/Hydraulic/Vibration calculations are perfomed by using HTRI Xist Ver. 6.00 SP3.
The process condiiton and the physical properties are based on Buyer data sheet.

For the design result ( the geometry data), please refer to the Equopment data sheet and Fabrication drawing.

1. Thermal and Hydraulic performance

- Thermal performance : 42.07 % QOver - Design Case

- Pressure drop :
Shell-side 175.705 < 250.000 kPa
tube-side 212,167 < 225.000 kPa

Q. i ”'-A“\HM - N e

2. Vibration Analysis

- Fluidelastid instability : characteristic values << criteria mrmmeenn -

- Acoustic vibration : characteristic values << criteria P

- Tube vibration check: characleristic values << criteria e

- Bundie Enfrance/Exit . characteristic values << criteria e

- Shell Entrance (Exit: characteristic values << criteria —————

OK

0K

oK

CK

0K



3A-E-111 A to H (Max Duty Case) - Shell 1

Used Program : HTRI Xist Ver.6.00 SP.3 Vibration Analysis

VALUE TO BE CHECKED Infet Center U-Bend RECOMMEND LIMIT CONCLUSION
Unsupported span  (mm) 1574. 972, 1401, 1881 (By TEMA) QK
Length / TEMA maximum span 0.837 0.517 0.579 <1.0 TEMA 0K
Fluidelastic Instability Check
Baifle tip cross velocity ratio 0.0795 (.0690 0.0814 <0.8 0K
Ave, crossflow velocity ratio 0.0725 0.0629 0.0834 <038 QK
Acoustic Vibration Check
Wortex shedding ratio - - *
Tubulent buffeting ratio -
Tube Vibration Check
\fortex shedding ratio 0.065 0.147 0.142 <05 0K
Tubulent buffeting raiio = 2
Bundle Entance / Exit Entrance Exit
Fiuidelastic Instability ratio 0.112 0.221 <048 0K
Vortex shedding ratio 0.322 0.301 <0.5 QK
Shell Entrance / Exit
Velacity (misec) 1.75 1,09 < ffvelocity is exceed 2.07/ 2.06 0K,
o2 (kg/m-s2) 2670.48 0.00 < 5853 by TEMA QK.

Y
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Vibration Analysis
Released to the following HTRI Member Company:

* ltems with asterisk exceed a conservative lower limit for vibration-free design. Review your case

using the procedure described in Online Help; You may find that a vibration problem is unlikely.
\ - “a

Sewon
M.K.Park i

Wist Ver. 6.00 5P3 2013/08/16 10:00 SN: 1500213869 MEG Energy Units
Max.Duty Case : Shell 1 ' . p—
Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles ' "
Shellside condition Sens. Liquid  |(Level 2.3)
Axial stress loading (MPa) 0.000 |Added mass factor 1.517
Beta 3.745

Position In The Bundle Infet Center U-Bend
Length for natural frequency (mm) 1574. 972. 1401.
Length/ TEMA maximum span (=) 0.837 * 0.517 0.579
Number of spans (=) g 9 2
Tube natural frequency (Hz) 34.4 525 18.0 +
Shell acoustic frequency (Hz)

Flow Velocities Inlet Center U-Bend
Window paralle! velocity (mfs) 0.57 "0.56 0.56
Bundle crossflow velocity (m/s) 9.781e-2 0.22 0.11
| Bundle/shell velocity (mis) 0.13 0.29 0.15

Fluidelastic Instability Check Iniet Center U-Bend
Log decrement HTRI 0.100 0.100 0.100
Critical velocity (m/s) 2.07 5.41 2.06
Baffle tip cross velocity ratio (- 0.0795 0.0690 0.0914
Average crossflow velocity ratio () 0.0725 0.0629 0.0834

Acoustic Vibration Check Inlet Center U-Bend
Vortex shedding ratio ()
Chen number ()
Turbulent buffeting ratio ()

Tube Vibration Check Inlet Center U-Bend
Vortex shedding ratio (=-) 0.065 0.147 0.142
Parallel flow amplitude {mm) 0.001 0.001 _ 0.005
Crossflow amplitude (mm) 0.004 0.003 0.003
Tube gap (mm) 6.350 6.350 6.350
Crossflow RHO-V-SQ (ka/m-s2) 19.61 102.19 26.13

Bundle Entrance/Exit
(analysis at first tube row) Entrance Exit

Fluidelastic instability ratio (~) 0.112 0.221
Vortex shedding ratio {--) 0.322 0.301
Crossflow amplitude (mm) 0.02538 0.06154
Crossflow velocity (m/s) 0.48 0.45
Tubesheet to inlet/outlet support (mm) None None

Shell Entrance/Exit Parameters Entrance Exit
Impingement plate Yes
Flow area (m2) 0.042 0.065
Velocity (m/s) 105 1.09
RHO-V-8Q L _ (ka/m-s2) 2670.48 0.00
Shell type BEU Baffle type Single-Seq.
Tube type Plain Baffle layout Perpend.
Pitch ratio 1.2500 Tube diameter, (mm) 25.400
Layout angle 45 Tube material Carbon steel
Number U-Bend supports 1 Supports/baffle space '

Program Messages

+ Frequency ratios are based upcn lowest natural or acoustic frequency

Nyt
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2
3A-E-111 A to H (Max Duty Case) - Shell 2

Used Program : HTRI Xist Ver.6.00 SP.3 Vibration Analysis

J/—\/\_\
e
VALUE TO BE CHECKED U-Bend Center Qutlet RECOMMEND LiMIT CONCLUSION
Unsupported span  (mm} 1401. 972, 1574. 2420 (By TEMA) 0K \“-,
Length / TEMA maximum span 0.579 0517 0.837 <10 TEMA 0K Z
Fluidelastic Instability Check \
Baffle tip cross veliocity ratio 0.0800 0.0672 0.0783 <08 OK /
Ave. crossflow velocity ratio 0.0821 0.0613 0.0696 <{38 0K )
Acoustic Vibration Check
Vortex shedding ratio - - - -
Tubulent buffefing ratio - - - -
Tube Vibration Check
Vortex shedding ratio 0.139 0.143 0.062 <05 oK
Tubulent buffefing ratio B -
Bundle Entance / Exit Enfrance Exit
Fluidelastic Instability ratio 0.000 0.099 <08 QK.
Yortex shedding rafio 0.574 0.281 >05 Check Below
Tube OD = 25.400
Tube gap = 6.350
Crossflow amplitude (mm) 0.06107 001931 ) g;;;#:;f;gi%i%sa OK.
Crossflow RHO-V-SQ  (kg/m-52) 2525 18.24 < 5953 by TEMA 0K
Shell Entrancs / Exit
Velocity (misec) 6.958e-2 1.28 < If velocily is exceed 2.05/ 2.04 OK.
pv2 (kg/m-s2) 0.00 1487.86 < 5853 by TEMA 0K
A i“"\-.._,_..—,—-ﬂ""’:-‘ n\._.\_% _____________ e o




Vibration Analysis (
Released to the following HTRI Member Company:
sewon
M.K.Park
ist Ver. 6.00 SP3 2013/08/16 10:00 SN: 1500213869 MEG Energy Units
Max.Duty Case : Shell 2 /_\w
Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles \
1|Shellside condition Sens. Liquid |(Level 2.3) =
21 Axial stress loading (MPa) 0.000 |Added mass factor 1.517
3|Beta 3.745
4 Position In The Bundle U-Bend Center Qutlst
5|Length for natural frequency {(mm) 1401, g72. 1574.
6|Length/TEMA maximum span () 0.579 0.517 0837~
7|Number of spans (--) 2 9 9
8| Tube natural frequency (Hz) 18.1 + 52.5 343
9{Shell acoustic frequency (Hz)
10 Flow Velocities U-Bend Center Qutlet
11|Window parallel velocity (mis) 0.56 0.56 0.55
12|Bundie crossflow velocity (m/s) 0.11 0.21 §.255e-2
13{Bundle/shell velocity (m/s) 0.14 0.27 0.12
14 Fluidelastic Instability Check U-Bend Center Qutlet
15]Log decrement HTRI 0.100 0.100 0.100
16|Critical velocity (m/s) 2.05 537 2.04
17|Baffle tip cross velocity ratio (=) 0.0900 0.0672 0.0763
18{Average crossflow velocity ratio (--) 0.0821 0.0613 0.0696
19 Acoustic Vibration Check U-Bend Center Outlet
20|Vortex shedding ratio (~)
21|Chen number (=)
22| Turbulent buffeting ratio (--)
23 Tube Vibration Check U-Bend Center Outlet
24|Vortex shedding ratio (=) 0.139 0.143 0.062
251 Parallel flow amplitude {mm) 0.005 0.001 0.001
26|Crossflow amplitude (mm) 0.003 0.003 0.004 .
27| Tube gap {mm) 6.350 6.350 6.350
28|Crossflow RHO-V-SQ (kg/m-s2) 2025 97.07 18.24
29 Bundle Entrance/Exit
30 (analysis at first tube row) Entrance Exit
31|Fluidelastic instability ratio (--) 0.000 0.099
32|Vortex shedding ratio (=) 0.574 0.281
33{Crossflow amplitude (mm) 0.06107 0.01931
34{Crossflow velocity (mfs) 0.45 042
35| Tubesheet to inlet/outlet support (mm) None None
36 Shell Entrance/Exit Parameters Entrance Exit
37 |Impingement plate No
38|Flow area (m2) 1.026 0.055
39| Velocity (mis) 6.958e-2 1.28
40{RHO-V-SQ _ ____(ka/im-s2) 0.00 1487.86
411Shell type BEU Baffle type Single-Seg.
421 Tube type Flain Baffle layout Perpend.
43|Pitch ratio 1.2500 Tube diameter, (mm) 25.400
44|Layout angle 45 Tube material Carbon steel
45(Number U-Bend supports 1 Supporis/baffle space
46 Program Messages
47|+ Frequency ratios are based upon lowest natural or acoustic frequency
48|* Items with asterisk exceed a conservative lower limit for vibration-free design. Review your case
49| using the procedure described in Online Help; You may find that a vibration problem is unlikely.
150 /
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3A-E-111 A to H (Max Duty Case) - Shell 3

Used Program : HTRI Xist Ver.6.00 SP.3 Vibration Analysis

R

e

VALUE TO BE CHECKED Inlet Center U-Bend RECOMMEND LimiT CONCLUSION- \\
Unsupported span  {mm) 1574, 972, 1401, 1881 (By TEMA) 0K
Length / TEMA maximum span 0.837 0.517 0.578 <1.0 TEMA 0K
Fluidelastic Instability Check
Baffle tip cross velacity ratio 0.0768 0.0670 0.0890 <08 0K
Ave, crossflow velocity ratio 0.0700 0.0611 0.0812 <0.8 0K
.Acoustic Vibration Check
ortex shedding ratio - -
Tubulent buffeting ratio o = - -
Tube Vibration Check
Vortex shedding ratio 0.062 0.142 0.137 <05 0K
Tubulent buffeting ratio - -
Bundle Entanca / Exit Enfrance Exit
Fluidelastic Instability ratio 0.109 0.217 <08 0K
Vortex shedding ratio 0.310 0.284 <05 0K
Shell Entrance / Exit
Velocity (misec) 1.69 1.07 < [Fvelccity is exceed 2,05/ 2.04 QK
\\n pv2 (kgim-s2) 2570.48 0.00 < 5853 by TEMA 0K
—_ ,
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Vibration Analysis
Released to the following HTR! Member Company:
sSewon
M.K.Park
Yist Ver. 6.00 SP3 2013/08/16 10:00 SN: 1500213869 MEG Energy Units
Max.Duty Case : Shell 3 ﬁ/x
Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Seamental Baffles
1|Shellside condition Sens. Liquid  |({Level 2.3) R
2|Axial stress loading (MPa) 0.000  |Added mass factor 1517 [\
3|Beta 3.745 i
4 Pasition In The Bundle Inlet Center U-Bend [\
5{Length for natural frequency (mm) 1574, 972. 1401.
6|Length/TEMA maximum span () 0.837 * 0.517 0.579 )
7|Number of spans () 9 9 2 4
8|Tube natural frequency (Hz) 344 52.5 181 + \
9|Shell acoustic freguency _(Hz) )
10 Flow Velocities nlet Center U-Bend A
11|Window parallel velocity (m/s) 0.55 0.55 0.54
12|Bundle crossflow velocity (mfs) 9.334e-2 0.21 0.1
13!Bundle/shell velocity (m/s) 9,391e-2 0.21 0.11
14 Fluidelastic Instability Check Inlet Center U-Bend
15|Log decrement HTRI 0.100 0.100 0.100
16|Critical velocity (m/s) 2.05 5.36 2.04
17|Baffle fip cross velocity ratic {--) 0.0768 0.0670 0.0890
18|Average crossflow velocity ratio (=) 0.0700 0.0811 0.0812 |
19 Acoustic Vibration Check Inlet Center U-Bend
20{Vartex shedding ratio {-)
21|Chen number ()
22| Turbulent buffeting ratio ()
23 Tube Vibration Check Inlet Center U-Berid
24|\ortex shedding ratio (- 0.062 0.142 0137
25|Parallel flow amplitude (mm) 0.001 0.001 0.005
26|Crossflow amplitude (mm) 0.004 0.003 0.003
27|Tube gap (mm) 6.350 6.350 6.350
28|Crossflow REO-V-SQ (ka/m-s2) 18.55 97.41 25.02
29 Bundle Entrance/Exit
30 (analysis at first tube row) Entrance Exit
31|Fluidelastic instability ratio (-} 0.108 0.217
32|Vortex shedding ratic (=) 0.310 0.294
33| Crossflow amplitude (mm) 0.02390 0.05885
34|Crossflow velocity (m/s) 0.47 0.44
35| Tubesheet to inlet/outlet support (mm) None None
36 Shell Entrance/Exit Parameters Entrance Exit
37|Impingement plate Yes
38|Flow area (m2) 0.042 0.065
39| Velocity (m/s) 1.69 1.07
40{RHO-V-5Q . ____(ka/m-s2) 2570.48 0.00
41|Shell type BEU Baffle type Single-Seg.
42| Tube type Plain Baffle layout Perpend.
431{Pitch ratio 1.2500 Tube diameter, (mm) 25.400
441Layout angle 45 Tube material Carbon steel
45|Number U-Bend supports 1 Supports/baffle space
46 Program Messages
47!+ Frequency ratios are based upon lowest natural or acoustic frequency
48|* ltems with asterisk exceed a conservative lower limit for vibration-free design. Review your case
“gg using the procedure described in Online Help; You may find that a vibration problem is unlikely.
s, e
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3A-E-111 A to H (Max Duty Case) - Shell 4

Used Program : HTRI Xist Ver.5.00 SP.3 Vibration Anaiysis

LY

\.\/,1___‘&“\\
\
VALUE TO BE CHECKED U-Bend Canter Cutlet RECOMMEND LIMIT CDNCLUSIG?:M‘\\
Unsupported span  (mm) 1401. 972, 1574. 2420 (By TEMA) 0K _r}
Length / TEMA maximum span 0.579 0.517 0.837 <1.0 TEMA 0K \-‘ﬁ\__
Fluidelastic Instability Check /|
Baffle tip cross velocity ratio 0.0872 0.0653 0.0743 <08 0K (‘-\\
i
Ave, crossflow velocity ratio 0.0795 0.0585 0.0678 <08 QK /
Acoustic Vibration Check
Vortex shedding ratio = -
Tubulent buffeting ratio - %
Tube Vibration Check
Wortex shedding ratio 0.134 0.138 0.060 <0.5 0K
Tubulent buffeting ratio - - -
Bundle Entance / Exit Enirance Exit
Fluidelastic Instability ratio 0.000 0.097 <0.8 O.K.
Vortex shedding ratio 0.259 0.276 >0.5 Check Below
Tube OD = 25.400
Tube gap = 6.350
Crossflow amplitude (mm) 0.05864 0.01873 :S’Jﬂffféﬁiiﬁsﬁ OK.
Crossflow RHO-Y-5Q  (kg/m-s2) 23.97 17.46 < 5953 by TEMA Q.K,
Shell Entrance / Exit
: Velocity {misec) 6,780e-2 1.26 < If velocity is exceed 2.04/ 2,03 0K
k pv2 {kafm-s2) 0.00 1461.59 < 5853 by TEMA OK.
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Vibration Analysis
Released to the following HTRI Member Company.
sewon
M. K.Park
ist Ver. 6.00 SP3 2013/08/16 10:00 SN: 1500213863 MEG Energy Units
Max.Duty Case : Shell 4 YT
Rating - Horizontal Multipass Flow TEMA BEU Shell With Sinqie-Segg"nentai Baffles N\
1|Shellside condition Sens. Liquid  |{Level 2.3) \M\
2| Axial stress loading (MPa) 0.000 |Added mass factor 1.517 Y
3(Beta. 3.745 \
4 Position In The Bundle U-Bend Center Outlet e
5{Length for natural frequency (mm) 1401. 972. 1574, \
6|Length/TEMA maximum span () 0579 0517 0.837 * /
7 |Number of spans () 2 g 9 -K\
8! Tube natural frequency (Hz) 181 + 52.5 344 \
91Shell acoustic frequency (Hz) P
10 Flow Velocities U-Bend Center Outlet
11| Window parallel velocity (m/s} 0.55 0.54 0.54
12|Bundle crossflow velocity (m/s) 0.11 0.21 8.975e-2
131Bundle/shell velocity (mis) 9.027e-2 0.18 7.676e-2
14 Fluidelastic Instability Check U-Bend Center OQutlet
15|Log decrement HTRI 0.100 0.100 0.100
16| Critical velocity (m/s) 2.04 5.34 2.03
17|Baffle fip cross velocity ratio () 0.0872 0.0653 0.0743
18|Average crossflow velocity ratio () 0.0795 0.0595 0.0678
19 Acoustic Vibration Check U-Bend Center Outlet
20|Vortex shedding ratio {--)
21|Chen number ()
22| Turbulent buffeting ratio (=)
23 Tube Vibration Check U-Bend Center Qutlet
24{Vortex shedding ratio (-] 0.134 0.138 0.060
25|Parallel flow amplitude (mm) 0.005 0.001 0.001
26|Crossflow amplitude (mm) 0.003 0.003 0.004
27| Tube gap {mm) 6.350 6.350 6.350
28|Crossflow RHO-V-SQ {ka/m-s2) 2387 92.59 17.46
29 Bundle Enirance/Exit
30 (analysis at first tube row) Entrance Exit
31|Fluidelastic instability ratio (-) 0.000 0.097
32|Vortex shedding ratio , (=) 0.559 0.276
33|Crossflow amplitude (mm) 0.05864 0.01873
34|Crossflow velocity (mis) 0.44 0.41
35| Tubesheet fo inlet/outlet support (mm) None None
36 Shell Entrance/Exit Parameters Entrance Exit
37|Impingement plate No
38{Flow area (m2) 1.026 0.055
38| Velocity (m/s) 6.780e-2 1.26
40|RHO-V-SQ (ka/m-s2) 0.C0 1461.59
41|Shell type BEU Baffle type Single-Seg.
42| Tube type Plain Baffle layout Perpend.
43|Pitch ratio 1.2500 Tube diameter, (mm) 25.400
441 ayout angle 45 Tube material Carbon steel
45|Number U-Bend supports 1 Supports/baffle space
46 Program Messages
47|+ Frequency ratios are based upon lowest natural or acoustic frequency
48|* Items with asterisk exceed a conservative lower limit for vibration-free design. Review your case
49| using the procedure described in Online Help; You may find that a vibration problem is unlikely.
50 j&___,ﬁ—m e
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Final Results
Released to the following HTRI Member Company:
Sewon
MK Park
st er, 5,00 SP2 20130816 10:00 SN: 1500213862 MEG Energy Units
Max.Duty Case : Shell 1 /"—\ /M
Rating - Horizantal Mulipass Flow TEMA BEU Shell With Single-Segmental Baffles \
i Process Data Hot Shellside Cold Tubeside Shellside Performanca
2{Fluid name BP Frac Dilbit TEG/Water (50%/40% wt) Nom vel, X-flow/window 0.43/0.56 \
3|Fluid condition Sens. Liguid Sens. Liguid
4| Total fiow rate (kg/hr) 457483 589132 || Flow fractions for heat iransfer 0.670
5{Weight fraction vapor, In/Cut [ 0.000 0.000 0.000 0.000 A=0.0035 B=08118 C=00416 E=01845 F=0.1566 (
§{Temperature, In/Cut {Deg C) 126.00 36,79 80.52 75.00 \
7| Temperature, Average/Skin [DegC)  111.40 82,56 §7.76 7385 Shallsida Heat Transfer Comections |
8Wall temperature, Min/Max (Cea C) 69,77 84.90 £9.50 84.36 /
9|Pressure, InfAverage [kPa) 984014 959,662 £31.682 808.768 Total Beta. Gamma End Fin /
10|Pressure drop, Total/Allowed (kPa) 28.704 250.000 48827 225.000 0.919 0.919 1,000 0.854 1.000 N
11| Velocily, MidiMax allow mis} 0.34 1.11 Pressure Orops (Percent of Total) f)
12{Male fraction inert =) Cross  Window Ends Nozzle Shefl Tube
13}Average film coef. {Wim2-) 372.60 252 62.71 17.88 588 Inlst 11.68 8.01
14|Heat Iransfer safety factor (==} 1.000 1.000 MOMENTUM 0.00 Cutlet 1.84 5.15
15|Fouling resistance (m2-KM) 0.000616 0.000180 Two-Phase Parameters
16 Oversll Performance Data Methed Inlet  Center QOutlet Mix F
17|Cverzll coef., Reqd/CleanfActual (Wim2-K) 17089 / 06.46 | 24421
18|Heat duty, Calculated/Specified (kW) 5902. /
18|Effective overall temperature difierence (Deg C) 414 H.T, Parameters Shell Tube
20|EMTD = (MTD) * (DELTA} * (FIGH} {Deg C) 4172 * 08920 * 1.0000 Cverall wall comrection 0.844 1.0158
21 Midpoint Prandtl no. 294.53 2397
22 o Midpoint Reyneids no. 540 10278
23|5ea Runtime Messages Report for T ] T Bundle iniet Reynolds no. 389 B764
24| warning. [EI"—E ‘ | ‘ ! ‘ ‘ ‘ ‘ | | ‘ ‘ ‘ | 1 \ |\‘._’ Bundle outlet  Reynolds o, 196 11826
25 L | : r_r) l Fouling layer (mm)
26 Exchanger Fluid Volumes I - o | Thermal Resistance
27| Approximate shellside (L) 50239 Shell Tube  Fouling Maial  OverDes
28| Approximate lubeside 45158 55.54 13.15 2031 098 42.91
29 Shell Construction Information Total fouling resistance 8.313e4
30{TEMA shell type BEU Shell ID {mm} 1143.00 || Oifferential resistanca 0.00176
31|Shells Series 1 Parallel 2 Total area (m2) 1125.71 Shell Mozzles Liquid
J2|Passes Shell 1 Tube 4 Eif. area (m2fshell) 556.411 Inlet at channel end-Yes Infet Outlet Outlet
33| Shell orientation angle (deg) 0.00 Number at each position 1 A 0
34|Impingament present Circular plate Impingement diameter/nozzie 1.1 || Dismeter {mm) 242875 242875
35|Pairs seal sirips 0 Passlane seal rods (mm)  25.400 Ne. 20 Velocity (mis) 1.58 1.54
36|Shell expansion joint No Full support at U-Band No Pressure drop (kPg) 3.354 0.528
37| Weight estimation Wet/Dry/Bundle 268856 [ 173624 [  10095.8 (kaishell Height under nozzle {mmj 61187  1143.00
38 Nozzie R-V-30Q (kgim-s2) 216201 211348
39 Bafle information Shell ant, (kgfm-s2) 267048 0.00
40(Type Parpend. Single-Seg. Baffle cut (% dia) 24.50
41|Crosspassesishellpass 17 Mo. (PctArea) (mmjtoC.L Inlet Outtet Liguid
42|Central spacing {mm}  486.000 1 20,45 201.485 Tube Nozzle RADIAL  RADIAL Outlet
43|Inlet spacing (mm)  1088.00 2 0.00 0.000 Diameter {mm) 193675 193675
44|0ullet spacing (mm} 932000 Yelocity (mis} 281 254
45|Baffle thickness (mm) 12.700 Pressure drop (xPa} 3.993 2.567
48 Mozzie R-V-5Q (kgim-s2) 725848 733268
47
48 Tube Information Annular Distributor Iniet Qutlet
49(Tube type Plain Tubecount per shell 792 || Length (mm)
50|Langth to tangent [mm) 8534, Pet tubes removed (both) 442 || Height {mm)
51|Effective length (mm) 8804, Quiside dismeter (mm) 25400 | Slotarea (mm2}
52| Toal lubesheet (mm)  102.000 ‘Wall thickness (mm) 2110 Diametral Clearances (mm)
53|Area ratio {outfin) 1.1892 Pitch {mm) 31.7500 Ratio 1.2500 Raffle-tn-shell Rundla-in-shall Tube-to-baffle
54| Tube metal Carbon stesl Tube pattern (deg) 45 6.3500 21.7000 0.3968
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Final Results
Releasad lo the following HTRI Member Company:
SEwon
M.K.Park
Xist Ver. .00 8P3  2013/08/16 10:00 SM: 1500213868 MEG Energy Units il '“““-\
N\,
Masx.Duty Case : Shell 2 "‘"""’"”"\__
Rating - Horizontal Mullipass Flow TEMA BEU Shell Wilh Single-Segmenial Baffles \‘\
i Procass Daia Hot Shellside Cold Tubeside Shellside Performance \
2|Fiuld name BP Frac Dilbit TEG/Water (60%/40% wf) Nom vel, X-lowiwindow 0.42 /0.56 L.\
3|Fluid condition Sens, Liquid Zens. Liguid %
41Total flow rate (kg 457483 589132 Flow fractions for heat lransfer 0.659
5|Weight fraction vapor, In/Out -} 0.000 0.000 0.000 0.000 A=0.0023 B=06014 C=00394 E=01976 F=0.1580
81 Temperaturs, Infut {Deg C) 96.80 7643 50.87 60.52
7|Temperature, Average/Skin (Deg C) 86.61 66.14 5570 6034 Shellelde Hezt Tranafer Corrections
B]Wall temperature, Min/Max (Deg C) 5547 §6.49 55.28 66,13
9{Pressure, infAverage (kPa)  955.324 937.813 B23.918 B57.759 Total Beta Gemma End Fin
10|Pressurs drop, Total/Allowed {kPa) 35422 250.000 52.238 225.000 0.918 0.918 1.000 0.952 1.000
11]|Velocily, MidiMax allow (mis) 0.33 1.10 Pressure Drops (Percent of Total)
12{Mole fraction inert [-) Cross  Window Ends  Mozzle Shell Tube
13|Average fim coef. [Wim2-K) 340.20 1811.83 68,39 1877 §.02 Inlet 298 7.58
14|Heat Iransfer safety factor [~ 1,000 1.000 MOMENTUM 0.00 Outlet 5.83 4.85
15|Fouling resistance (me-Km) 0.000616 0.000180 Two-Phase Parameters
16 Overall Performance Data Method Inlet  Center Ouilet Mix F
17|Qverall coef., ReqdfClean/Actual (Wim2-K) 15886 | 7509 [/ 223.86
18{Heat duty, Calculated/Specified (kW) 3884, [/
19|Effective overall lemperature difference (Deg C) 203 H. T. Parameters Shell Tube
2D|EMTD = (MTD) * (DELTA} * {F/GH) {Deg C) 2960 * 09911 * 1.0000 Cwerall wall comrection 0.865 1.005
21 Midpoint Prandil no. 559,56 .27
22 1 | Midpoint Reynelds no, 269 7850
23|5ee Runtime Messages Report for ; —T Tt ’Ti\l { || Bundie iniet Reynolds no. 193 £983
24 |warnings. ‘ | ‘ | ‘ ] ‘ \ ‘ \ | ] ‘ | | \ "-‘.';’ Bundle oullet  Reynolds no. 81 8690
25 iy l ) ! Fouling lzyer {mm}
26 Exchanger Fluid Volumes P Thermal Resistance
27| Approximae shellside (L) 5023.9 - Shell Tube  Fouling Metal  OverDes
28|Approximate fubsside (L) 4515.8 65.67 14.82 18.62 0.89 41.08
29 Shefl Construction Information Total fouling resistance 8.313e4
30| TEMA sheil typs BEW Shedl ID (mm}) 1143.00 Differential resistance 0.00184
31|Shells Series 1 Parallel 2 Total area (m2) 112571 Shedl Nozzies Liquid
32|Passes Shell 1 Tube 4 Eff. area {m2fsnell} 556,411 Inlet at channel end-MNo inlat Outlet Ouilet
23|Sheli orientation angle (deg) 0.00 Mumber at sach position 1 1 il
34 Irﬁpingerneni present Na Diameter (mm) 242875 242,875
35{Pairs el sirips 0 Passlane seal rods (mm) 25400 No. 20 Welocity (mis) 1.54 1.52
36| Shell expansion joint Mo Full support at U-Bend No Pressure drop (kPa) 1.087 2.066
27| Weignt estimation Wet/Dry/Bundle 269069 [ 173737 |/ 10107.2 (kgishell) Height under nozzle (mm)  1143.00 81,187
28 Nozzle R-V-5Q (kgim-s2) 211349 208105
39 Baffle Information Shell ent, {kgim-52) 0.00  1487.86
40| Type Perpend. Single-Seg. Baffle cui (% dia) 24.50
41|Crosspasses/shellpass 17 Mo. (PctAres) (mm)toC.L Infet Outlet  Liguid
42|Central spacing {mmj)  486.000 i 20,36 291,465 Tube Nozzle RADIAL RADIAL  Outiet
43|Inlet spacing {mm)  §32.000 ? 0.00 0.000 Diameter (mm) 193675 193675
44} Qutlet spacing {mm}  1088.00 Velocity (mis) 260 261
45/Baffle thickness (mmj} 12.700 Pressure drop (kPa) 3.968 2541
46 Nozzle R-V-5Q lkgims2) 720984 725848
47
48 Tube Information Annular Distributor Infet Cutlet
49 Tube type Plain Tubecount per shell 792 | Lengih {mm}
50|Lengih to {angent {mmyj 8534, Pot lubes removed (both) m Height (mm}
51|Effective length (mmj) BBO4. Outside diameter (mm) 25400 || Slotarea (mm2)
52| Total ubeshest {mm) 102,000 \Wall thickness [mim) 2110 Diametral Ciearances (mm)
53|Area rafio {outfin) 1.1992 Pitch (mmy) 31,7500 Ratio 1.2500 Baffle-io-shell Bundle-to-shell Tube-io-baifle
54{Tube metal Carbon stesl Tube pattern (deg) 45 6.3500 21.7000 0.3968
“--__..,.._~\\h —— _,,--"/“1 - i e
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Final Results
Released fo the following HTRI Member Company:
SEWOA
MK Park
Hist Ver. 6.00 3P3 2013/08/16 10:00 SN: 1500213889 MEG Energy Units
TN
Max.Duty Case : Shell 3 i \\ /-"—‘*\\n
Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Ssgmental Baffies ' . :
1 Process Dats Hot Shellside Cold Tubeside Sheliside Parformance %
2|Fluid name BP Frac Dilbit TEGWater (B0%/40% wi) Nom vel, X-fowiwindow 0.42/0.55 L
3|Fluid condition Sens. Liquid Sens. Liquid
4|Total flow rate {kgitr) 457483 589132 || Flow fractions for heat fransfer 0.661 E
5iWeight fraction vapor, In/Cut (- 0.000 0.000 0.000 0.000 A=0.0017 B=0D.6065 C=0.0315 E=0.2058 F=0.1545 L
8| Temperature, In/Out DegC)  76.44 5257 4446 50,87 &
7| Temperature, Average/Skin {Deg C) £9.50 55.16 47 66 51.30 Shediside Heat Transfer Carrections ';
8|Wall temperature, Min/Max [DegC) 4045 56.43 49,34 56.21 KS
9!Pressure, InfAverage (kPa) 919.815 895.732 938.108 811.011 Total Beta Gamma End Fin £
10|Pressure drop, Total/Allowed (kPa) 48.367 250,000 54193 225.000 0.920 0.920 1.000 0.962 1.000
11| Velocily, MidiMax allow (mis) 0.3 1.09 Pressure Drops (Percent of Total)
12|Mole fraction inert (= Cross  Window Ends Nozzle Shedl Tube
13)Average film cosaf, (Wim2-K) 32331 1512.09 68.49 15.32 6.71 Inlet ad 7.29
14 {Heat transfer safety factor =) 1.000 1.000 MOMENTUM 0.00 Qutlet 1.06 4,66
15|Fouling resistance (m2-Kiw) 0.000616 0.000180 Two-Phase Parameters
16 Overall Performance Data Method Inlet  Center Cutlst Mix F
17|Qverall coef., Reqd/Clean/Actual (Wim2-K) 147.58 / 5499 | 210.36
18|Heat duty, Calculated/Specified (kW) 2550, /
19| Effective averall temperature difference {Deg C} 20.8 H. T. Parameters Shell Tubg
20|EMTD = (MTD) * {DELTA) * (FIGH) {Ceg C) 2088 * 08801 ¢ 1.0000 Quverall wall correction 0.895 1,011
bl Midpoint Prandtl no. 1038.17 37.88
2 bl Midpoint Reynolds no. 131 8466
23|See Runtime Messages Report for @m I1 i N1 || Bundieiniet Reynolds no. 81 5579
24 warnings. ] ‘ [ ‘ ‘ ‘ ‘ ' ‘ \ ‘ ‘ ‘ ‘ { LJ/:’ Bundle outiet  Reynolds no. 53 6047
25 v l } Fouling layer {mim)
26 Exchanger Fluid Volumes ! o i Thermal Resistance
27| Approximate shellside (L) 5023.8 = Shell Tube  Fouling Mietal  OverDes
28{Approximate (ubeside (L) 45158 65.07 16.61 17.50 0.83 42.54
29 Shell Construction Information Total fouling resistance 8.313e4
J0| TEMA shell type BEU Shell ID {mm) 114300 |i Differential resistance 0.00202
31| Shefls Series 1 Parallel 2 Total area {m2) 1125.71 Shell Nozzles Liguid
32|Paszes Shell 1 Tube 4 EFf. area (m2ishell) 556.411 Inlet at channe! end-Yes Inlet Outlet Outlet
33|5hell orientation angle (deg) 0.00 Nurmber af each position 1 1 0
34|{impingement present Circular plate Impingement diameterinozzle 1.1 Diameter (mm)  242.875 242.87%
35|Pairs sesl strips 0 Passlang sedl rods (mm) 25400 No. 20 Velocity {mis} 1.52 1.50
36|Shell expansion joint Mo Fuil support at U-Bend Mo Pressure drop (kPa) 4,068 0.515
37| Weight estimation Wel/Dry/Bundle 269146 f 173814 / 10114.9 (kg/sheil) Height under nozzle (mmm) 51187  1143.00
38 Nozzle R-V-5Q (kgim-s2)  2081.05  2059.43
39 Batfle Information Shell ent. (kgim-s2)  2570.48 0.00
40| Type Perpend. Single-Seg. Baffle cut (% dia} 24.50
41|Crosspassesfshedpass 17 No. (PclArea) (mm)ioCL Inlet Outlet  Liguid
42| Central spacing (mm)  486.000 1 2045 201,465 Tube Nozzle RADIAL  RADIAL  Outhet
43|Inlet spacing (mm] 108800 2 0.00 0.000 Dizmster (mm) 193575 193,675
44| Cutlet spacing (mm)  932.000 Velocity {mis) 2.58 260
45|Baffle thickness ({mm) 12,700 Pressure drop (kPa) 3.548 2524
46 Nozzle R-V-8Q kgim-s2)  TIT7.87  T7209.84
47
48 Tube Information Annular Distributor Inlat Outlet
49{Tube type Flain Tubecount per shell 792 Length (mmj)
50iLength to tangent (mim) 8534, Ped tubes removed (both) 442 || Height {mm)
51|Effective length {mm) BB04. Cutside diametar {mm) 25400 || Slot area {mm2)
52| Total ubashest (mm)  102.000 Wall thickness {mnimj 2110 Diametral Clearances (mm)
53|Area ratio (outdn) 1.1992 PFitch {mm) 31.7500 Ratio 1.2500 Baffle-to-shell Bundie-io-shell Tube-lo-baffie
54{Tube metal Carbon steel Tube paltern (deq) 45 6.3500 27000 0.3%69
e o
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Final Results
Released to the following HTRI Member Company:
Sowon
MK Park
Xist Ver, .00 SP3  2013/08/16 10:00 SN: 1500213869 MEG Energy Units
™
Max.Duty Casa : Shali 4 \.;-ﬂ\
Rating - Horizental Multipass Flow TEMA BEU Shell With Single-Segmental Baffies Py
i Process Data Hot Shelisice Cold Tubeside Shellside Performance
21Fluid name BP Frac Dilbit TEGWater (60%/40% wt) MNom vel, X-low/window 041 /054 \
3|Fluid condition Sens. Liguid Sans. Liquid
4|Total flow rete {kg/hr) 457483 589132 || Flow fractions for heat transfer 0.650
5| Weight fraction vapar, InfOut ) 0.000 0.00G 0.000 0.000 A=0.0014 B=05937 C=00262 E=0.2177 F=0.1608
6| Temperature, InfCut (Deg C) 62.57 5270 40.00 44,48
7|Temperature, Average/Skin {Deg C) 57.63 47.74 223 45.08 Shellside Heat Transfer Comections
8{Wall temperature, MiniMax {Deg C) 42.83 47.97 42.74 47.82
9| Pressura, InfAverage (kPa)  871.361 #39.255 984015 966.061 Total Bata Gamma End Fin
104Pressurs drop, TotaliAlowsd (kPa) 63212 & 250.000 55.906 225,000 0.920 0.920 1.000 0.966 1.000
11| Velocity, Mid/Max allow (mis} 032 1.09 Pressure Drops (Percent of Tofal)
12 |Mole fraction inerl ) Cross Window Ends Nozzle Shell Tube
13|Average fim coef. {Wim2-K) 322,00 1326.70 72.39 14.91 7.49 Inlet 1.63 7.04
14|Hsat transfer safely factor ) 1,000 1.000 MOMENTUM .00 Cutlet 3.59 449
15|Fouling resistance (m2-KwW) 0.000618 0.000180 Two-Phase Parameters
16 Overall Performancs Data Method Inlet  Center Cutlet Mix F
17| Overall coef., Reqd/Clean/Actual {Wim2-K) 14464 | 24700 | 204,90
18{Heat duty, Caiculated/Specified i) 1767,
19|Effective overall temperature difference {Deg C) 14.6 H. T. Paramaters Shell Tube
20|EMTD = (MTD) * {DELTA) * {F/G/H) (Ceg C) 1482 * 08870 * 1.0000 Overall wall correction 0925  1.004
al Midpoint Prandtl no. 1616.37 43.2
22 | Midpoint Raynelds no. 80 5655
23 |See Runtime Messages Report for T I T Bundle inlet Reynelds no. 52 5337
24 |warnings. ‘ ‘ } ‘ \ ‘ ‘ ‘ ‘ | ‘ ‘ ‘ ‘ ‘ ‘ |7 | wndoautet  Roynocs o ® s
25 : . 2 Fouling layer {mmj)
26 Exchanger Fluid Volumes s Thermal Resistance
27| Appreximate shellside {L) 5023.9 - Sheil Tubs  Fouling Metal  Over Das
28)Approximate tubeside (L) 45158 63.63 18.52 17.05 0.80 41,88
25 Shell Construction information Tolal fouling resistance 8.33e4
30{TEMA shefl lype BEU Shell ID {mm) 1143.00 Differential resistanca 0.00203
31|Shells Series 1 Pargllel 2 Total area {m2} 12571 Shell Nozzies Liguid
32|Passes Shell 1 Tube 4 Eff. area (m2ishell} 556.411 Inlek at channel end-No Inlet Oullet  Qutlet
33|Shell orientation angle {deg) 0.00 Number 2l each position 1 i 0
34|Impingement present No Diameter (mm) 242875 2472875
35|Pairs seal strips 0 Pagslane seal rods (mm) 25.400 No. 20 Yelocity (mis) 1.50 149
36| Shell expansion joint Mo Full support at U-Bend No Pressure drop (kPa) 1,030 2.266
37| Weight estimation Wel/Dry/Bundle 28819.7 [ 173866 10120.0 {kaishell) Height under nozzia {mm)  1143.00 61.187
33 Nozzle R-V-3Q (kgfm-s2)  2058.43  2044.30
k.2 Baffle Information Shell ent. (kgim-s2) 000 146158
40| Type Parpend. Single-Seq. Baffle cul (% dia) 24.50
41|Crosspassesizhellpass 17 No. (PctArea) (mmjioC.L Iniet Outlet Liguid
42{Cenirai spacing (mm)  486.000 1 20,35 291.465 Tube Nozzie RADIAL  RADIAL  Outlet
43Iniet spacing (mm)  932.000 2 0.00 0.000 Diameter (mm) 193675 193675
441 Outlst spacing {mm)  1088.00 Velocity (mis) 2.58 2.58
45|Baffle thickness (mm) 12.700 Pressure drop (kPz) 3.936 2513
46 Mozzle R-V-5Q (ka/m-s2)  7155.83  7177.88
47
48 Tube Information Annular Distributor Inlet Outlet
43| Tube lype Plain Tubecount per shell 742 Length {mm)
50| Length to tangent {mm} 8534, Pet lubes removed (bath) 39 Height {mm})
51|Effective length (mm} 8604, Cutside diametzr (mm) 25400 Slot ares (mm2)
52| Total tubesheet (mm)  102.000 Wall thickness {mmj 2410 Diamatral Clearances {mm)
53| Area ratio (outfin}  1.1892 Pitch (mm) 31.7500 Ratio 1.2500 Baffle-to-shell Bundle-o-sheil Tube-to-baifle
54| Tube meial Carbon slesl Tube pailen (Uey) 45 5.3500 21.7000 0.3369
\""ﬂ-_._.-u-ﬂ"\ Y e J
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3A-E-111 A to H (Min Duty Case)

The Thermal/Hydrauiic/Vibration calculations are perfomed by using HTRI Xist Ver. 6.00 SP3. x
The process condiiton and the physical properties are based on Buyer data sheet. . /
For the design result ( the geometry datg), please refer to the Equopment data sheet and Fabrication drawing. w\
1. Thermal and Hydraulic performance ()
3
- Thermal performance : 140.24 % Over-Design Case =~ e QK. )
- Pressure drop . j
Shell-side 106688 <  250.000kPa  ———— sk &
tube-side 145.876 < 275.000 kPa B 0K }
A

2. Vibration Analysis

- Fluidelastid instahility : characteristic values << criteria = s QK.
- Acoustic vibration characteristic values << criteria e OK.
- Tube vibration check: characteristic values << criteria —— OK.
- Bundle Entrance/Exit : characteristic values << criteria e oK

- Shell Enfrance /Exit: characteristic values << criteria R - QK



3A-E-111 Ato H (Min Duty Case) - Shell 1

Used Program : HTR! Xist Ver.6.00 SP.3 Vioration Analysis

,? / r'rr” i
/Gf !,_f"!’l's

Pl e ¥

|

VALUE TO BE CHECKED Iniet Center U-Bend RECOMMEND LIMIT CONCLUSION ﬁ
Unsupported span  (mm) 1574 a72. 1401, 1881 (By TEMA) 0K >
Length / TEMA maximum span 0.837 0.517 0.579 <1.0 TEMA 0K H\‘.l
Fluidelastic Instability Check /
Baffle tip cross velocity ratio 0.0707 0.0615 0.0816 <0.48 oK
Ave. crossilow velocity ratio 0.0644 0.0561 0.0744 <08 O.K
Acoustic Vibration Check
Vortex shedding ratio = - "
Tubulent buffeting ratio - - n -
Tube Vibration Check
Vortex shedding ratio 0.057 0.131 0.126 <05 0K
Tubulent buffeting ratio
Bundle Entance / Exit Enfrance Exit
Fluidelastic Instability rafio 0.028 0.185 <038 OK.
‘Vortex shedding ratio 0.281 0.265 <05 CK
Shell Entrance / Exit
\elacity {misec) 1.53 0.96 < If velocity is excead 205/ 2.04 QK.
T w2 {kg/m-s2) 2067.22 0,00 < 5953 by TEMA oK
“ J
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12
13
14
15
16
17
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20
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22
23
24
25
26
27
28
29
30
31
32
33
34
35

37
38
39
40
#
42
43
44
45

47
48
49

51
62
53

Vibration Analysis
Released to the tollowing HTRI Member Company:
Sewon
M.K.Park
Xist Ver, 6.00 SP3  2013/08/16 10:01 SN: 1500213869 MEG Energy Units
e aniiiine. Y

Min.Duty Case : Shell 1 Nl
Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles N
Shellside condition Sens. Liquid |(Level 2.3) R
Axial stress loading (MPa) 0.000 |Added mass factor 1.517
Beta 3.745

Position In The Bundle Inlet Center U-Bend
Length for natural frequency (mm) 1574. 972. 1401,
Length/TEMA maximum span () 0.837 * 0.517 0.579
Number of spans (=) 9 9 2
Tube natural frequency (Hz) 34.3 52.3 180 +
Shell acoustic frequency (Hz)

Flow Velocities Inlet Center U-Bend
Window paralle! velocity (mfs) 0.50 0.49 0.49
Bundle crossflow velocity (mfs) 8.623e-2 0.20 9.897e-2
Bundle/shell velocity (m/s) 0.11 0.26 0.13

Fluidelastic Instability Check Inlet Center U-Bend
Log decrement HTRI 0.100 0.100 0.100
Critical velogity (mis) 2.05 5.37 2.04
Baffle tip cross velocity ratio (-) 0.0707 0.0615 0.0816
Average crossflow velocity ratio (=) 0.0644 0.0561 0.0744

Acoustic Vibration Check Inlet Center U-Bend
Vortex shedding ratio (-)
Chen number ()
Turbulent buffeting ratio (=)

Tube Vibration Check Inlet Center U-Bend
Vortex shedding ratio (--) 0.057 0.131 0.126
Parallel flow amplitude (mm) 0.001 0.001 0.004
Crossflow amplitude (mm) 0.003 0.002 0.003
Tube gap (mm) 6.350 6.350 6.350
Crossflow RHO-V-SQ (ka/m-s2) 15.48 81.01 20.75

Bundle Entrance/Exit
(analysis at first tube row) Entrance Exit

Fluidelastic instability ratio {-) 0.098 0.195
Vortex shedding ratio (=) 0.281 0.265
Crossflow amplitude (mm) 0.01906 0.04669
Crossflow velocity (m/s) 0.42 0.40
| Tubesheet to inlet/outlet support (mm) None None

Shell Entrance/Exit Parameters Entrance Exit
Impingement plate Yes
Flow area (m2) 0.042 0.085
Velocity (mis) 1.53 0.96
RHO-V-SQ _(ka/m-s2) 2057.22 0.00
Shell type BEU Baffle type Single-Seg.
Tube type Plain Baffle layout Perpend.
Pitch ratio 1.2500 Tube diameter, (mm) 25.400
Layout angle 45 Tube material Carbon steel
Number U-Bend supports 1 Supports/baffle space

Program Messages
+ Frequency ratios are based upon lowest natural or acoustic frequency
* ltems with asterisk exceed a conservative lower limit for vibration-free design. Review your case
using the procedure described in Online Help; You may find that a vibration problem is unlikely.
\“‘N‘___N_,..-—-"“ e ’_‘\ e 3
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3A-E-111 A to H (Min Duty Case) - Shell 2

Used Program : HTRI Xist Ver.5.00 SP.3 Vibration Analysis

TN

K

)

VALUE TO BE CHECKED U-Bend Center Quilet RECOMMEND LIMIT CONCLUSICN )
Unsupported span  (mm) 1401. g72. 1574, 2420 (By TEMA) 0K
Length / TEMA maximum span 0.579 0.517 0.837 < 1.0 TEMA 0K
Fluldelastic Instability Check
Baffle tip cross velocity ratio 0.0797 0.0596 0.0677 <08 0K
Ave. crossilow velocity ratio 0.0726 0.0543 b.061? <08 CK
Acoustic Vibration Check
Vortex shedding ratio - - £
Tubulent buffeting ratio - -
Tube Vibration Check
Vortex shedding ratio 0.122 0.126 0.055 <05 0K
Tubulent buffeting ratio - B
Bundle Entance / Exit Entrance Exit
Fluidelastic Instability ratio 0.000 0.087 <08 Q.
VVortex shedding ratio 0.504 0.248 >05 Check Below
Tube OD = 25.400
Tube gap = 6.350
Crossflow amplitude  (mm) 0.04640 0.01478 : {[}} 1}12);'?;1::8{1;%::{;65(;58 0K
Crossflow RHO-V-8Q  (ka/m-s2) 19.73 14.29 < 5853 by TEMA QK.
Shell Entrance / Exit
Velocity (mfsec) 6.004e-2 113 < ifvelocity is exceed 2.04/ 2.03 OK.
\ pv2 (ka/m-52) 0.00 1155.58 < 5953 by TEMA OK.
\“'x_.__._.;ﬁ\_ N ,ff"/l/
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Vibration Analysis
Released to the following HTRI Member Company:
Sewon
M.K Park
Xist Ver, 6.00 SP3  2013/08/16 10:01 SN: 1500213869 MEG Energy Units
ol

Min.Duty Case : Shell 2 j p——

Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles N
1|Shellside condition Sens. Liquid |(Level 2.3) N
2|Axial stress loading (MPa) 0.000 |Added mass factor 1517 |
3|Beta 3.745
4 Position In The Bundle U-Bend Center Outlet
5|Length for natural frequency (mm) 1401. 972. 1574,
6{Length/TEMA maximum span () 0.579 0.517 0.837 *
7{Number of spans () 2 9 9
8|Tube natural frequency (Hz) 18.0 524 342
9|Shell acoustic frequency (Hz)

10 Flow Velocities U-Bend Center Outlet
11|Window parallel velocity (m/s) 0.49 0.49 0.48
12|Bundle crossflow velocity (m/s) 9.653e-2 0.19 8.162e-2
13{Bundle/shell velacity (m/s) 0.12 0.24 0.11
14 Fluidelastic Instability Check U-Bend Center Outlet
15|Log decrement HTRI 0.100 0.100 0.100
16|Critical velocity (m/s) 2.04 5.34 2.03
17 |Baffle tip cross velocity ratio () 0.0797 0.0596 0.0677
18|Average crossflow velocity ratio (-] 0.0726 0.0543 0.0617
19 Acoustic Vibration Check U-Bend Center Qutlet

20| Vortex shedding ratio (-)

21|Chen number ()

22| Turbulent buffeting ratio (--)

23 Tube Vibration Check U-Bend Center Outlet

24|Vortex shedding ratio () 0.122 0.126 0.055
25|Parallel flow amplitude (mm) 0.004 0.001 0.001
26| Crossflow amplitude {mm) 0.003 0.002 0.003
27|Tube gap {mm) 6.350 6.350 6.350
28|Crossflow RHO-V-SQ (ka/m-s2) 19.73 76.00 14.29
29 Bundle Entrance/Exit

30 (analysis at first tube row} Entrance Exit
31|Fluidelastic instability ratio () 0.000 0.087
32|Vortex shedding ratio (=) 0.504 0.248
33|Crossflow amplitude (mm) 0.04640 0.01476
34|Crossflow velocity (m/s) 0.40 0.37
35| Tubesheet to inlet/outlet support (mm) None None
36 Shell Entrance/Exit Parameters Entrance Exit
37|Impingement plate No

38|Flow area (m2) 1.026 0.055
391Velocity (mi/s) 6.094e-2 1.13
40{RHO-V-SQ _ (ka/m-s2) 0.00 1155.68
41{Shell type BEU Bafile type Single-Seq.
42| Tube type Plain Baffle layout Perpend.
43|Pitch ratio 1.2500 Tube diameter, (mm) 25.400
4411 ayout angle 45 Tube material Carbon steel

45/Number U-Bend supports 1 Supports/baffle space

46 Program Messages

471+ Frequency ratios are based upon lowest natural or acoustic frequency

48{* Items with asterisk exceed a conservative lower limit for vibration-free design. Review your case

49| using the procedure described in Online Help; You may find that a vibration problem is unlikely.
\ 50 /
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3A-E-111 A to H (Min Duty Case) - Shell 3

Used Program : HTRI Xist Ver.8.00 SP.3 Vibration Analysis

/'/F\\/\

\\.M_,/f\\f /\ i

VALUE TO BE CHECKED Inlet Center U-Bend RECOMMEND LIMIT CONCLUSION
Unsupported span  (mm) 1574. 972, 1401 1881 (By TEMA) 0K
Length / TEMA maximum span 0.837 0.517 0.579 < 1.0 TEMA 0K
Fiuidelastic Instability Check
Baffle fip cross velocity. rafio 0.0672 0.0587 0.0778 <0.8 0K
Ave. crossflow velocity ratio 0.0613 0.0535 0.0711 <08 C.K
Acoustic Vibraiion Check
Vortex shedding ratio 3 - = -
Tubuient buffeting ratio - -
Tube Vibration Check
Vortex shedding ratio 0.054 0.124 0.118 <05 K
Tubulent buffeting ratio - - - - -
Bundle Entance / Exit Entrance Exit
Fluidelastic Instability ratio 0.096 0.191 <048 QK
\Vortex shedding ratio 0.273 0.259 <05 0K
\7 Shell Entrance / Exit
f{ Velocity (mfsec) 148 0.54 < ffvelocity is exceed 2.04/ 2.03 0K
\
\ pv2 (kaim-s2) 1996.60 0.00 < 5853 by TEMA OK.
-\‘\H_M_f/ \ SNl A\_,



Vibration Analysis
Released to the foliowing HTRI Member Company:
sewon
M.K. Park
Xist Ver. 6,00 SP3 2013/08/16 10:01 SN: 1500213869 MEG Energy Units
Min.Duty Case : Shell 3 H—__#“—H\\_,an..h
Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles \\\_
1|Shellside condition Sens. Liquid |(Level 2.3) N
2| Axial stress loading (MPa) 0.000 |Added mass factor 1517 \_
3{Beta 3.745
4 Position In The Bundle Inlet Center U-Bend
5(Length for natural frequency (mm) 1574, 972. 1401.
6|Length/TEMA maximum span (- 0.837 * 0.517 0.579 %
7|Number of spans {--) 9 9 2 ]
81 Tube natural frequency (Hz) M43 52.4 18.0 + /
9iShell acoustic frequency (Hz}
10 Flow Velocities Iniet Center U-Bend
11|Window parallel velocity (m/s) 0.48 0.48 0.48
12|Bundle crossflow velocity (m/s) 8.126e-2 0.19 9.391e-2
13{Bundle/shell velocity (mi/s) 0.10 0.23 0.12_|
14 Fluidelastic Instability Check Inlet Center U-Bend
15{Log decrement HTRI 0.100 0.100 0.100
16| Critical velocity (m/s) 2.04 5:33 2.03
17 |Baffle tip cross velocity ratio (<) 0.0672 0.0587 0.0779
18|Average crossflow velocity ratio {-) 0.0613 0.0535 0.0711
19 Acoustic Vibration Check Inlet Center U-Bend
201 Vortex shedding ratio ()
21|Chen number (=)
22| Turbulent buffeting ratio (--)
23 Tube Vibration Check Iniet Center U-Bend
241\ortex shedding ratio (--) 0.054 0.124 0.119
25|Parallel flow amplitude (mm) 0.001 0.001 0.004
26|Crossflow amplitude (mm) 0.003 0.002 0.002
27|Tube gap (mm) 6.350 6.350 6.350
28|Crossflow RHO-V-SQ (kg/m-s2) 14.17 74.43 19.12
29 Bundle Entrance/Exit
30 (analysis at first tube row) Entrance Exit
31|Fluidelastic instability ratio () 0.096 0.191
32|Vortex shedding ratio () 0.273 0.259
33|Crossflow amplitude (mm) 0.01819 0.04495
34|Crossflow velocity (mfs) 0.41 0.39
35|Tubesheet to inlet/outlet support (mm) None None
36 Shell Entrance/Exit Parameters Entrance Exit
37{Impingement plate Yes
38|Flow area (m2) 0.042 0.065
39| Velocity (m/fs) 1.48 0.94
40|RHO-V-SQ (ka/m-s2) 1996.60 0.00
41|Shell type BEU Baffle type Single-Seg.
42| Tube type Plain Baffle layout Perpend.
43|Pitch ratio 1.2500 Tube diameter, (mm) 25.400
4411 ayout angle 45 Tube material Carbon steel
45{Number U-Bend supports 1 Supports/baffle space
46 Program Messages
471+ Frequency ratios are based upon lowest natural or acoustic frequency
48|* ltems with asterisk exceed a conservative lower limit for vibration-free design. Review your case
&g using the procedure described in Online Help: You may find that a vibration problem is unlikely.
5
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3A-E-111 A to H (Min Duty Case) - Shell 4

(k] x".f ;
L 'J'G'

Used Program : HTRI Xist Ver.6.00 SP.3 Vibration Analysis A ﬁ\
VALUE TO BE CHECKED U-Bend Center Qutlet RECOMMEND LIMIT CONCLUSION
Unsupported span  (mm) 1401. 972. 1574, 2420 (By TEMA) 0K
Length / TEMA maximum span 0.579 0.517 0.837 <1.0 TEMA 0K
Fluidelastic Instability Check
Baffle tip cross velocity ratio 0.0785 0.0588 0.0669 <08 CK
Ave. crossflow velocity ratio 0.0716 0.0536 0.0610 <08 0K
Acoustic Vibration Check
Vortex shedding ratio - -
Tubulent buffefing ratio - - -
Tube Vibration Check
Vortex shedding ratio 0.120 0.124 0.054 <05 0K
Tubulent buifeting ratio 2
Bundle Entance / Exit Entrance Exit
Fluidelastic Instability ratio 0.000 0.086 <08 QK
\fortex shedding ratio 0.492 0.243 >0.5 Check Below
Tube OD = 25.400
Tube gap = 6.350
Crossflow amplitude (mm) 0.04478 0.01433 :ﬁ; ;;;':;f;%:ﬁ%i OK.
Crossflow RHO-V-8Q  (kg/m-s2) 19.38 14.11 < 5853 by TEMA 0K
Shell Entranca / Exit
Velocity (m/sec) 5.956g-2 1.1 < If velocity is exceed 2.03/ 2.02 OK.
pv2 (kg/m-s2) 0.00 1135.17 < 5953 by TEMA 0K

A
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Vibration Analysis
Released to the following HTRI Member Company:
sewon
M.K Park
Xist Ver. 6.00 SP3 2013/08/16 10:017 SN: 1500213869 MEG Energy Units
[
Min.Duty Case : Shell 4 Y-
Rating - Horizontal Muitipass Flow TEMA BEU Shell With Single-Segmental Baffles —\/—\
1}Sheliside condition Sens. Liquid  |({Level 2.3)
2|Axial stress loading (MPa) 0.000 |Added mass factor 1.517
3(Beta 3.745
4 Position In The Bundle U-Bend Center Qutlet
5iLength for natural frequency {mm) 1401, 972. 1574.
6|Length/TEMA maximum span (=) 0.579 0.517 0.837 *
7|Number of spans (-) 2 9 9
8|Tube natural frequency {Hz) 18.0 + 524 34.3
91Shell acoustic frequency (Hz)
10 Flow Velocities U-Bend Center Qutlet
11|Window parallel velocity (m/s) 0.48 0.48 0.48
12|Bundle crossflow velocity (mis) 9.457e-2 0.19 8.038e-2
131Bundle/shell velocity (m/s) 9.900e-2 0.19 8.414e-2
14| Fluidelastic Instability Check U-Bend Center Outlet
15|Log decrement HTRI 0.100 0.100 0.100
16| Critical velocity (m/s) 2.03 5.31 2.02
17|Baffle tip cross velogity ratio (-) 0.0785 0.0588 0.0669
18|Average crossflow velocity ratio () 0.0716 0.0536 0.0810
19 Acoustic Vibration Check U-Bend Center Outlet
20|Vortex shedding ratio (-)
21|Chen number ()
22| Turbulent buffeting ratio ()
23 Tube Vibration Check U-Bend Center Qutlet
24|Vortex shedding ratio (-) 0.120 0.124 0.054
25|Parallel flow amplitude (mm) 0.004 0.001 0.001
26|Crossflow amplitude (mm) 0.002 0.002 0.003
27|Tube gap (mm) 6.350 6.350 6.350
28|Crossflow RHO-V-3Q (ka/m-s2) 19.38 74.85 14.11
29 Bundle Entrance/Exit
30 (analysis at first tube row) Entrance Exit
31|Fluidelastic instability ratio (--) 0.000 0.086
32|Vortex shedding ratio C(-) 0.492 0.243
33|Crossflow amplitude {mm) 0.04478 0.01433
34{Crossflow velocity (mfs) 0.39 0.36
35| Tubesheet to inlet/outlet support (mm) None None
36 Shell Entrance(Exit Parameters Entrance Exit
37| Impingement plate No
38|Flow area (m2) 1.026 0.055
39|Velocity (m/s) 5.956e-2 1.11
40|RHO-V-SQ = ___(ka/m-s2) 0.00 1135.17
41|Shell type BEU Baffle type Single-Seg.
42| Tube type Plain Baffle layout Perpend.
43|Pitch ratio 1.2500 Tube diameter, (mm) 25.400
441 ayout angle 45 Tube material Carban steel
45|Number U-Bend supports 1 Supports/baffle space
46 Program Messages
471+ Frequency ratios are based upon lowest natural or acoustic frequency
481* ltems with asterisk exceed a conservative lower limit for vibration-free design. Review your case
49| using the procedure described in Online Help; You may find that a vibration problem is unlikely.
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Final Results
Released to the following HTRI Member Company:
Sawan
M. Park
Xist Ver. 6,00 SP3 2013/08/16 10:01 SM: 1500213669 MEG Energy Units
b
- \ T ——
Min.Duty Case : Shel 1 il H“\\
Rafing - Horizontal Mulipass Flow TEMA BEU Shell With Single-Segmental Baffles \'\
1 Frocess Data Hot Shellside Cold Tubeside Shellside Performanca | T
2{Fluid name BP Frac Dilbit TEGWaiter (80%/40% wi) Nom vel, X-flow/window 0.38/049 \‘\.
31Fluid condition Sens. Liquid Sens. Liquid
41Total flow rate (ki) 404707 478370 || Flow fractions for heat transfer 0.675 [
5|'Weight fraction vapor, InfCul - 0.000 0.000 0.000 0.000 A=0.0042 B=06183 C=0.0424 E=0.1821 F=0.1520 \\‘
| Temperature, In/Cut DegC) 13110 108,03 52.40 75.00 )
7| Temperature, Average/Skin (DegC] 11957 87.61 88.70 76.98 Shellzide Heat Transfer Comreciions {{"
8| Wall temperature, Min/Max {Deg C) 7348 87,61 73.54 86.59 3
3{Pressure, InfAverage (kPa)  9B84.014 973,692 8B2.096 865.122 Total Beta Gamma End Fin ,)
10| Pressure drop, Total/Allowed (kPa) 20,644 250.000 33.048 275.000 0.918 0.918 1.000 0.954 1.000
11| Velocity, Midiax allow (mis} 0.30 0.90 Pressure Drops (Percent of Total)
12| Mala fraction iner [~ Cross  Window Ends Nozzle Shell Tuba
13} Average fiim coaf, (Wim2-¥) 38R.A3 1809.68 §0.22 19.56 5.88 Inlet 12.35 778
14|Heat fransfer safety factor (-} 1.000 1.000 MOMENTUM 0.00 Qutlet 1.98 498
15|Fouling resistance (m2-KIW) 0.000616 0.000180 Two-Phase Parameters
16 Overall Performance Data Method Iniet  Center Cutlet Mix F
17 Cverall coet., Regd/CleandActual (Wim2-K} 100.83 / 083 [ 24347
18{Heat duty, Calculated/Specified (kW) 4176, |
19| Effactive overall temperature difference {Deg C) 408 H.T. Parameters Shell Tube
20|EMTD = (MTD) * (DELTA) * (FIGMH) (Deg C) 49.87 ¢ 08953 ' 1.0000 Overall wall comection 0.843 1.019
2 Midpoint Prandti no. 188.92 23.59
b o Midpcint Reynolds no. 728 8482
773|322 Runtime Messages Report for 2 1 = \ { | Bundie iniet Reynolds na. 441 7410
24 warnings. L ‘ || ‘ | ‘ ‘ | | l | | ‘ ‘ ‘ ‘ & | undoouset  Reynoks o 8 %15
25 : ' | :1") ] Fouling layer {mm)
% Exchanger Fluid Volumes f i | Thermal Resistance
27| Approximale shellside (L} 50239 & Shell Tube  Fouling Meial  OverDes
28|Approximate tubsside (L} 45158 62.62 16.13 2025 1.00 141.48
29 Shell Consiruction informetion Total fouling resistance 8.313e-4
30| TEMA shell type BEU Shell ID (mm} 1143.00 Differential resisiance 0.00581
31|Shelis Series 1 Parallel 2 Total area [m2) 1125.71 Shell Nozzies Liquid
32|Passes Shell 1 Tube 4 Eff. arsa \m2ishell) 556.411 || inlet at channel and-'fes Infat Outlet  Quilet
33Shell orientation angle {deq) 0.00 MNumber at each position 1 1 0
34|impingement present Circular plate impingement diameterinozzle 11 Diameter {mm) 242875  242.875
35(Pairs seal strips 0 Passlans seal rods (mm} 26.400 No. 20 Valocity {mis) 137 1.3
36|Shell expansion joint Mo Full suppor at U-Bend Mo Pressure drop {kPa) 2.549 0.408
37| Weight estimation Wet/Dry/Bundie 268836 / 173604 ( 100939 {kpishell) Height undar nozzle (mm) 61187  1143.00
8 Nozzle R-V-8Q (ka/m-g2) 166551 163760
<] Baifla Information Shell ent. (kgim-s2)  2057.22 0.00
40{Type Perpend. Single-Seg. Baffle cut (% dia) 24.50
41|Crosspassesfshelipass 17 Mo, (PctiArea) [(mmjtoCL Inlet Outiet  Liguid
42{Cenfral spacing {mm)  486.000 1 2045 291465 Tuba Nozzle RADIAL  RADIAL  Outlet
43|Infet spacing (mm)  1088.00 2 0.00 0.000 Diameter {mm} 193.675 193675
441Quilet spacing (mm}  932.000 Velacity (mis) 212 214
45|Baffle thickness (e} 12,700 Pregsure drop (kPa) 2.636 1.692
46 Nozzie R-V-5Q (kafm-s2) 478202  4B834.66
47
48 Tube Information Annuiar Distributor inlet Qutlet
48] Tube type Plain Tubecount per shall 792 || Length (mm}
50 |Lengih io tangent (mm} 8534, Pel Wwies removed (both) 4.42 || Height {mm})
51|Effective length {mmj) BB04, Ouisids diameter (mm) 25400 | Slotarea {mm2)
52| Total ubeshest {mm}  102.000 Wall thickness (mm) 2110 Diametral Claarances {mm)
53|Area ratio {outfin} 1.1992 Piich (mm) 31 7RO0 Rafin 1.2500 Baffle-lo-shell Bundle-to-shell Tube-to-baffie
541Tube metal Carbon steel Tube paltern,(deg) 45 6.3500 21.7000 0.3969
e ~
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Final Results
Released o the following HTRI Member Company:
Sewan
MK Park
Xist Ver. 6.00 SP3 2013/08/16 10:01 SN: 1500213869 MEG Energy Units
Min.Duty Case : Shell 2
Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles
1 Process Data Hat Shellside Cold Tubeside Shellside Performance
2{Fluid name BP Frac Dilbit TEGWatar (60%/40% wi) Nom vel, X-lowiwindow 0,37 /049
3{Fluid condition Sens. Liguid Sens, Liguid
4{Total flow rate [kaihr) 404707 478370 | Flow fracfions for neat ransfer 0.6683
5{Weight fraction vapor, infCut (-} 0.000 0.000 0.000 0.000 A=0.0028 B=05040 C=0.0404 E=0.1894 F=0.1632
6| Temperature, In/Cut {Deg C} 108.03 89.90 52.86 62.40
7| Temperatura, Average/Skin {Deg C) 98.97 7311 5763 85.22 Sheflside Heat Transfer Comrections
B Wall ternperature, Min/Max {Deg G} 60.54 71.86 60.28 7140
9| Pressure, InvAverage (kPa) 963.384 851.243 917.556 899.822 Total Beta Gamma End Fin
10|Pressure drop, Total/Aliowed (kPa) 22.882 250.000 35.468 275.000 0.819 0.819 1,000 0.952 1.000
11| Velocity, Mid/Max allow [mis) 0.29 0.89 Pressure Orops (Percent of Total)
12{Mole fraciion inert (-] Cross  Window Ends Nozzle Shell Tube
13 Average fim coef, (Wim2-K) 356.01 145812 86.37 17 44 591 Inlet 3.58 7.38
14\Heat transfer safety faclor - 1.000 1.000 MOMENTUM 0.00 Cutlet 8.71 473
15|Fouling resistance [m2-KW) 0.000616 0.000180 Two-Phase Parameters
16 Overall Performance Data Mathod Iniet  Center Cutlet Mix F
171 Overall coef., Regd/Clezn/Actual (Wim2-K) 92680 [ 7236 | 22208
18|Heat duty, Calculated/Specified kW) na
19| Effective overall temperalure difierence (Deg C) 40.4 H. T. Parameters Shell Tube
20[EMTD = (MTD) " (DELTA) * (FIGH) (Deg C) 4060 * 09952 * 1.0000 Owerall wall comrection 0.852 1.012
il Midpoint Prandti no. 304.37 30.02
2 | | Midpoint Reynolds no. 427 6643
23See Runtime Messages Report for T SN[ || Bundeinket  Reynoids o. 283 5845
24 |warnings. ﬂ]ﬂ_ﬂ ‘ ‘ | ‘ J ‘ L ‘ ‘ | ‘ ‘ ‘ ‘ ‘ U‘Ju Sundie outlet  Reynolds no. w737
2% 1 ] ! 1 1 Fouiing layer ()
L] Exchanger Fluid Volumes (. s, Thermal Resistance
27|Approximate shellside (L) 50239 - Shell  Tube Fouing  Melel OverDes
28| Approximate tubeside (L) 4515.8 62.37 18.26 1847 0.82 138.78
29 Shall Construction Information Tolal fouling resistance B.313e-4
30| TEMA shell type BEU Shell ID (mm) 1143.00 Diffgrential resistance 0.0083 |
31|Shells Series 1 Parallel 2 Total area {m2) 12571 Shell Nozzles Liquid
12|Passes Shell 1 Tube 4 Eff. area {m2fshell) 556.411 Inlet at channel end-No Inlet Outiet  Outlet
33|Shell orientation angle (deg) 0.00 ’ Number at each position i 1 0
34|Impingement present No Diameter (mm) 242875 242875
35{Pairs seal strips 0 Passlane seal rods (mm) 25400 Mo, 20 Velocity (mis} 1.35 1.33
36| Shell expansion joint No Full suppori at U-Band No Pressure drop {kPa) 0.819 1.535
37 {Weight estimation Wet/Dry/Bundle 2690286 / 173604 1 10102.8 (kgishell) Height under nozzle (mm}  1143.00 61.187
38/ Nozzle R-V-5Q (kgfm-s2) 163780 1616.44
39 Baffle Information Shefl ent. (kgim-52) 0.00 115568
40| Type Perpsnd. Single-Seg. Baffle cut (% dia) 24.50
41|Crosspasses/shaellpass 17 Mo. (PctArea) (mm)jtoClLL Infet Outlet  Liquid
42|Caniral spacing {mm) 486,000 1 20.35 291,465 Tube Nozzle RADIAL  RADIAL  OQutlet
43|Inlet spacing (mm)  932.000 2 0.00 0.000 Diameter mm) 193675 193675
44| Qutlet spacing (mm}  1088.00 Velocity {mis) 21 212
45| Baffle thickness (mm) 12700 Pressure drop [kPa) 2618 1677
46 Nozzle R-V-3Q (kg/ms2)  4760.25  4792.02
47
48 Tube information Annutar Distributor Infet Outlat
49|Tube type Plain Tubegount per shell 792 || Length {mm)
50{Length to tangent {mm} 8534, Pot fubes remaoved (both) 30 Height (mm)
51|Effective iength {mm}) 8804. Quiside diameter (mm) 25400 || Siotarea {mm2)
52| Total lubeshest {mm)  102.000 Wall thickness (mm) 2110 Dizmetral Glaarances (mm)
53|Area rafio (outfin) 1.1982 Fitch {mm) 31.7500 Ratio 1,2500 Baffle-1o-shell Bundie-io-shell Tube-io-baffle
54 Tube metal Carbon steel Tube pattern (deg) 45 5.3500 21.7000 03069
a,___'_ﬁ__,.-f-'""'_’\x.h__,,..ﬂ- il




Final Resuits

Released fo the following HTRI Member Company:

sEwan
MK Park

Kist Ver. 6,00 SP3  2013/08/16

Min.Duty Case : Shell 3

10:01 SN: 1500213869

Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles

MEG Energy Units

i e oy

i

X

1 Process Data Hot Sheliside Cold Tubeside Shellside Perfarmance \
2{Fluid name BP Frac Dilbit TEG/Water (B0%/40% wi) Mom vel, X-lowiwindow 0.37/0.48 ‘“'"“«\
3{Fluid condition Sens. Liquid Sens. Liquid |
4|Total flow rate (kgfhry 404707 478370 Flow fractions fer heat transfer 0.658 K
5|Weight fraction vapor, IniQut (-} 0.000 0.000 0.000 0.000 A=0,0022 B=05014 C=0.0802 E=0.1987 F=0.1688 )
& Temperature, In/Cut {Deg ) 89.30 75.83 45.81 5287 {'
7| Temperature, Average/Skin {Deg C) B2.87 62.09 4924 56.15 Shellsida Heat Transfer Corrections
8{Wall temperature, MinMiax (Deg C} 53.78 52.29 53.57 61.97
§|Prassure, Infhverage (kPa) 040518 328,016 954.978 936.266 Total Beta Gamma End Fin

10{Preszure drop, Tolal/Allowed (kPz) 23.000 250,000 37424 275.000 0.918 0.919 1.000 0.954 1.000
11|Velocity, Mid/Max allow {mis) 0.29 0.89 Pressure Drops (Percent of Tatal)

12| Mole fraction iner - Cross  Window Ends  Nozzle Shell Tube
13| Average film coef, (Wim2-) 333.44 1200.68 66.71 16.10 5.88 Inigt 9.92 .96
14|Heat fransier safety factor ) 1.000 1.000 MOMENTUM 0.00 Cutlet 1.38 445
15{Fouling resistance (m2-K/W) 0.000616 0.000180 Two-Phase Parameters

6 Overall Performance Data Method Inlet  Center Quilat Mix F

17| Overall coef., Reqd/CleaniActual [Wim2-K) 8560 4767 205.36

18|Heat duty, Calculated/Specified kW) 2353, /

19|Effective overall temperature difference |Deg C) 33.0 H.T. Parameters Shell Tube

20|EMTD = (MTD) * (DELTA) * (FIGH) (Deg C) 3312+ 09950 * 1.0000 Quverall wall correction 0.869 1.018

21 Midpaint Prandtl no. 509.01 36.52

22 t Midpaint Reynolds ne. 238 5446

23|See Runtime Messages Report for ™ Bundle inlst Reynolds no. 139 4805

24 |wamings. (m l ‘ \ | ‘ ‘ ‘ l ‘ ‘ ‘ ‘ ‘ ‘ ‘ U., Sundle outlet  Reynolds no. ¥ 5913

25 yui; i Fouling layer {mm)

26 Exchanger Fiuid Volumes ! s i | Thermal Resistance

27 |Approximate shellside (L) 5023.9 = Shell Tube Fouiing Metal — OverDes

28| Approximate tubeside (L) 4515.8 61.58 20.51 17.08 0.82 139.51

2 Sheil Construction Information Total fouling resistance 8.313e4

30| TEMA sheil type BEU Shell ID (mm} 1143.00 Differential resistance 0.00681

31|Shells Series 1 Parallel 2 Total area (m2) 112571 Shell Nozzles Liquid

32|Passes Shell 1 Tube 4 Eff. area (m2ishell) 556.411 |l Iniet at channel end-Yes Inbat Outlet  Outlet

33| Shell orientafion angle (deg) 0.00 Number at sach position 1 1 0

34| Impingement present Circular plate Impingement diameterinozzle 1.1 Diameter (mm) 242875  242.875

35| Pairs sesl strips i] Passlane seal rods (mm) 25.400 Mo, 20 Velocity [mfs) 133 132

36|Shell expansion joint Mo Full support at U-Bend No Prassure drop (kFa) 2.860 0.400

37 |Weight estimation Wet/Dry/Bundle 26909.5 / 173764 | 10109.8 (kgishell} Height under nozzle (mm] 61187  1143.00

8 Nozzle R-V-3Q (kgim-s2) 61644 160028

39 Bafle Information Shell ent. (ka/m-s2)  1996.60 0.00

40| Type Perpend. Single-Seg. Baffle cut (% dia) 24.50

41|Crosspassesishelipass 17 No. (Poi Area}  (mm)taC.L Inlet Outlet  Liguid

42|Cantral spacing (mm)  486.000 1 2045 291.465 Tube Nozzle RADIAL  RADIAL Outlet

43| Inlet spacing (mm}  1088.00 2 0.00 0.000 Dlameter (mm) 193675 193.675

44| Cutlet spacing (mm)  932.000 Velocity (mis} 210 n

45| Baffle thickness {mm) 12.700 Prassura drop (kPa) 2605 1.566

46 Nozzle RA-5Q (kgim-s2)  4736.37  4760.26

47

48 Tube imformation Annular Distributor Iniet Outlet

491 Tube type Plain Tubecount per shell 792 || Lengih {mm}

501 Length to tangent (mm) 8534, Pet tubes removed {both) 442 | Height (mm)

51|Effective length {mmj BB04, Quiside diameter imm) 25400 |} Slotarea [mm2)

52|Tatal tubesheet {mm)  102.000 Wall thickness (mm) 2110 Diameiral Clearances (mm)

53{Area ratio (outin)  1.1992 Pitch {mm}) 31.7500 Ratio 1.2500 Baffle-io-shell Bundle-to-shell Tube-to-baila

54|Tube metal Carbon steel Tube pattern (deg) 45 6.3500 21.7000 0.3869

g ’JJ\ e /’/\"‘*--"“"//A‘\—/



—_—

J

Final Resuits
Released fo the following HTR! Member Company:
Sawon
MK Park
Xist Ver. 5.00 SF3 201308116 10:01 SM: 1500213869 MEG Energy Units ,F-—~—-\
/ oo™ T
Min.Duty Case : Shell 4 “\Lﬁ_ﬁ\
Raling - Horizontal Multipass Flow TEMA SEL Shell With Single-Segmental Baffles *
1 Process Data Hot Sheliside Cold Tubeside Shellsida Performance L
2|Fiuid name BP Frac Oilbit TEGWater (50%/40% wt) Nem vel, X-flowiwindow 0.36/0.48 ™
3|Fluid condition Sens. Liquid Sens. Liquid 1
4|Total flow rate (kg/hr) 404707 478370 || Flow fractions for heat transfer 0.661 4
5|Weight fraction vapor, In/Out {-) 0.000 0.000 0.000 0.000 A=0.0017 B=0.6056 C=00328 E=02048 F=0.1551
B{Temperature, In/Cut {Deg C} 75.84 84.70 40,00 4561
T|Temperature, Average/Skin {Deg C) 7027 53.66 4281 4810 Sheflside Heat Transfer Correstions
B|Wail temperature, Min/Max {Deg C} 46,18 53.26 46.02 53.01
8|Pressure, IniAverage (kPa)  911.528 894 448 984.015 974 498 Total Beta Gamma End Fin
10|Pressure drop, Total/Allowed {kPa) 4,162 250,000 39037 275.000 0.920 0820  1.000 0.959 1.000
11| Velocity, Mid/Max zilow (mis) 0.28 088 | Prassure Drops (Percent of Totai)
12{Mole fraction inert [ Cross  Window Ends Nozzle Shall Tube
13| Average film coef. (Wim2-K) v g 1008.41 70.18 16.02 6.64 Inlst 234 6.65
14{Heal ransfer safety factor (-} 1.000 1.000 MOMENTUM 0.00 Cullet 4.81 425
15{Fouling resistance (m2-Kiw) 0.000616 0.000180 Two-Phase Parameters
1 Gwverall Performance Data Method Inlst  Canter Cutiet Mix F
17| Overall coef., Reqd/Clean/Actual (Wim2-K) 8055 22083 T 192.94
18|Heat duty, Calculated/Specified kW 1808, /
19|Effective overall lemperature differenca (Deg C) 26.9 H. T. Parameters Shell Tube
20|EMTD = (MTD) * {DELTA) * (FIGIH) (Deg C) 2703 * 08946 * 1.0000 Cverall wall cormection 0802 1.012
21 Midpoint Prandtl no. 778.52 42,67
2 | Midpoint Reynolds no. 151 4652
23|See Runtime Messages Report for | ; r-r\ T Bundle inlet Reynoids no. 98 4334
24 |warnings. ‘ | ‘ ‘ . ‘ ‘ ‘ ‘ | \ ‘ ‘ ‘ ‘ |/|"|-1' Bundle cutlet  Reynolds no. 52 4972
25 e : : # || Fouling layer (mm)
28 Exchanger Fluid Volumes ! .. Thermal Resistance
27| Approximate shellside {L) 5023.9 - Shell Tube  Fouiing Metal  OverDes
28)Approximate ubeside (L) 4515.8 60.24 22.95 16.05 0.76 138.55
29 Shell Construction Information Total fouling resistance 83134
30| TEMA shell type BEU Shell ID {mm) 1143.00 Differential resistance 0.00723
31|Shells Series 1 Paraliel 2 Total arez (m2) 1126.74 Shell Nozzies Liguid
32|Passes Shel 1 Tube 4 Ef. area (m2ishail) 556411 || Inlet at channel end-Ne Infet Outlet  Outist
33| Shell orientation angle (deg) 0.00 MNumber at each position 1 1 0
34|Impingement present Mo Cliameter {mm) 242875 242875
35|Pairs seal sirips 0 Passlane seal rods (mm) 25400 Mo, 20 'Vebciw (mis} 1.32 1.3
3615hell expansion joint Mo Full support at U-Bend No Pressure drop (kPa) 0.800 1.645
37 |Weight estimation Wet/Dry/Bundle 269148 | 17381.7 | 10115.1 (ka/shell) Height under nozzie (mm)  1143.00 B1.187
18 Nozzls R-V-3Q (kofm-s2)  1600.28 1567.74
3 Baffle Information Shell ent. (kg/m-52) 0.00 113517
40(Type Perpend. Single-Seg. Baffle cut (% dia) 24.50
41|Crosspasses/shellpass 17 Mo. (PotArea) (mmjioCL Iniat Ouflet  Liquid
42|Central spacing {mm)  486.000 1 20.35 291.465 Tube Hozzia RADIAL  RADIAL Dutlei
43lInlat spacing (mm) 932,000 2 0.00 0.000 Diametar (mm) 193675 193675
44{0utlet spacing (mm)  1088.00 Valocity {mis) 208 210
45|Baffle thicknass (mm) 12.700 Pressure drop (kPa) 2.595 1.658
46 Nozzle RV-8Q {kaim-s2) 4718.08 473837
47
48 Tube Information Annuiar Distributor Inlet Cutiet
49| Tube type Plain Tubecount per shell 742 Length {mm)
50]Length o tangent (mm) 8534, Pct tubes removed (both} 391 Height (mm)
51|Effactive length {mm) Ba0d. Qutside diamater (mmj 25400 || Slof area {mm2)
52| Total tubeshest {mm)  102.000 Waill thickness (mm) 2110 Diametral Clesrances {mm)
53| Area ratio (outfiny 1.1982 Pitch (mm) 31.7500 Ratio 1.2500 Batfle-to-shell Bundle-to-shell Tube-to-baffle
54| Tube metal Carbon stesl Tube pattern {deg) 45 6.3500 24.7000 0.3969
\_—_'A"Mw-'"‘"'\ o



