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= SEWON CELLONTECH | TUBULAR HEAT EXCHANGER
O SHEET 2 OF 24
CUSTOMER| MEG Energy Corp. REV MADE BY CHECKEDBY | APPROVED BY DATE
LOCATION| CANADA 0 - - - 07-01-2013
JOB NO. 511036 1 - 08-14-2013
SERVICE | MP Blowdown / Glycol Exchanger
ITEMNO. | 3A-E-324A/B (Max Duty Case)
Total 2 Shells, Connectedin =~ 1 Parallel 2 Series Shells Install = Hor. o Vert. [Size 850.0ID - 4877.0L
Code  ASME Sec.Vll Div.1 (STAMP), TEMA, API6s0 TEMA Type AET TEMA Class R Effective Area 129.43 m? /Shell
PERFORMANCE OF ONE BATTERY
SHELL SIDE TUBE SIDE
INLET OUTLET INLET OQUTLET
Fluid Circulated TEG/Water (60/40 wt%) MP Blowdown
Total Fluid kg/hr 433727 207611
Vapor ka/hr MW
Liquid kgthr MW 433727 433727 207611 207611
Steam kg/hr
Water kgfhr 207611 207611
Noncondendable  kg/r MW " ;
Operating Temperature C 40.00 105.00 200.00 95.00
Operaling Pressure  kPaa 984.015 1555.02
Densily ka/m3 L/v 1078.0 1026.0 864.55 962.53
Viscosity cP L/v 4.6640 1.3460 0.1343 0.2976
Thermal Conductivity  Wim:C L/v 0.3281 0.3401 0.6635 0.8763
Specific Heat kdlkg-C L/v 3.2231 3.4561 4.4841 | 4.2075
Latent Heat kdtkg
Bubble / Dew Point . T / / / /
Critical Press. / Temp. kPaa / T / / / /
Velocity misec 1.07 2.01
Pressure Drop kPa. Allow. 100.000 ] Cale. 86.141 Allow, 120,000 I Cale. 100.825
Fouling Resistance m2- kW 0.088 0.176
Film Coefficient Wim2-K 4,194.01 13,243.20
Overall Coefficient Wim2:K Clean 2704.25 ] Calc. 1492.13 I Design 1458.15
Heat Duty KW 26,147.00 [ LMTD T | MDD 693 T
CONSTRUCTION
Design Pressure [Design Temperature 15000 / FV  kPaG ] 29 [ 214 ¢C 1950.0 / FY  kPaG | -29 I 24 T
No. of Passes 1 4
Tubes No. 352 / Shell,  Size 2540 mm Thickness ~ 2.11 (Min.) mm (BWG: 14 ) Length 4,877.0 mm
Shell 850 mm ID ]Tube Pitch 31.75 mm Layout angie 90 .° ., Leffective - mm
Baffles Cross Baffle 8+1S(Note9)ea / Shel, Type Single Seg.(Hori) ,  Cut 250 %Dia. ,  Spacingclc 4500 mm |, End - mm
pv? Inlet Nozzle| 2,870.52 | Entrance  3,088.62 , OutletNozzle  3,016.01 kg/m-sec2  |Impingement plate Circular Plate
Material Tube SA 179 Seamiess Shell & Cover SA 516 GR. 70N Channel & Cover SA 516 GR. 70N
Tube Sheet SA 266 Gr.2 Baffle Carbon Steel Expansion Joint N/A
Estimated Weight Empty Weight kg  |Bundle Weight kg _|Full Water Weight kg
Corrosion Allowance Shell side 32 . s mm  Tubeside 32 Amm |Tube Joints : Rolled {two grooves) and Expanded
Insulation Shellside  \ §4 J mm  Tubeside . 64 mm
MEAN METAL Temperature, T Pressure, kPa.G 6 seiler is to design and install electrical heat tracing for hold temperature of 10°C.
TEMPERATURE Shell Tube Shell Tube CSA approval s required for efectric and The is located
Normal Operating - . in a non-hazardous area.
Startup - - 7 Seller is to supply and instail 64mm thick mineral fiber insulation.
@ Each process nozzle shall be provided with one 1" 300# RFLWN (complete with blind flange,
NOZZLE SHELL SIDE TUBE SIDE gasket, bolts & nuts).
Tag | No |NPS| Remarks | Tag| No [NPS| Remarks [o Seflerto provide floating head support plate.
Inlet S1 1 12 T 1 ] 1 Exchangers shall be stacked. Per AP| 660, exchangers shall be hydrotested stacked.
Outlet S2 1 12 T2 1 3 1 EHT design shall use voltage of 277 VAC.
Vent {Note 8) {Note 8)
Drain (Note 8) (Note 8)
Thermowell B
Util. Con.
RATING RFWN 3004 RFWN 300#
Remarks
1 Seller shail verify and guarantes thermal rating of the unit.
2) Ribbon flow pass arrangement shall be used,
9 Unit shell side inlet nozzle is located near the channsl head.
4 is to be designed for future field in the fully dad
%) Exch to be designed for liquid fult at $.G.=1.079.




= SEWON CELLONTECH | TUBULAR HEAT EXCHANGER
o SHEET 3 OF 21
CUSTOMER| MEG Energy Corp. REV MADE BY CHECKED BY | APPROVED BY DATE
LOCATION| CANADA 0 - 07-01-2013
JOB NO. 511036 1 . - 08-14-2013
SERVICE | MP Blowdown / Glycol Exchanger
TEMNO. | 3A-E-324A/B (Min Duty Case)
Total 2 Shells, Connectedin 1 Parallel 2 Series Shells Install = Hor. o Vert. |Size 850.0D - 4877.0L
Code  ASME Sec.Vil Div.1 (STAMP), TEMA, APIS60 TEMA Type AET TEMA Class R Effective Area 129.43 m? /Shell
PERFORMANCE OF ONE BATTERY
SHELL SIDE TUBE SIDE
INLET QUTLET INLET OUTLET
Fluid Circulated TEG/Water (60/40 wt%) MP Blowdown
Total Fluid kg/hr 322588 154412
Vapor kg/r MW
Liquid kg/hr Mw 322586 322586 154412 154412
Steam kagfhr
Water kg/hr 154412 154412
Noncondendable  kgihr | MW |
Operating Temperature C 40.00 105.00 200.00 95.00
Operating Pressure kPaa 994.015 1555.02
Density kg/m3 L/v 1078.0 1026.0 864.65 962.54
Viscosity cP L/v 46610 1.3460 0.1343 0.2976
Thermal Conductivity ~W/m-'C L/v 0.3281 0.3401 0.6635 0.6765
Specific Heat kikg-C L/v 3.2231 3.4561 4.4941 42074
Latent Heat kJ/kg
Bubble / Dew Point T / / / !
Critical Press./ Temp. kPaa |/ T / / / /
elocity m/sec 0.81 1.50
Pressure Drop kPa. Allow, 100.000 I Calc. 49.135 Allow. 120.000 } Calc. 62.423
Fouling Resistance m2: CKW 0.088 0.176
Film Coefficient Wim2:K 3,458.90 10,464.30
Overall Coefficient Wim2-K Clean 2251.73 ] Calc. 1342.45 [Design 1084.37
Heat Duty KW 19,447.00 [ LMTD T | MTD 693 T
CONSTRUCTION
Design Pressure {Design Temperature / kPa.G | i t | kPaG | / T
No. of Passes
Tubes No. | Shell,  Size mm ,  Thickness (Min.) mm ( BWG: ) Length mm
Shell mm D [Tuhe Pitch mm Layout angle , Leffective - mm
Baffles Cross Baffle ea | Shell, Type . Cut - % Dia. Spacing clc mm , End - mm
pv? InletNozzle{ 1,587.88 | Entrance  1,713.76 , Outlet Nozzle  1,668.36 ka/m-sec2  |Impingement plate
Wvaterial Tube Sheli & Cover Channel & Cover
Tube Sheet. . Baffle Expansion Joint
Estimated Weight Empty Weight kg  |Bundle Weight kg |Full Water Weight kg
Corrosion Allowance Shell side mm Tube side mm | Tube Joinis :
Insulation Shell side mm Tube side mm
'TVITEAN METAL Temperature, T Pressure, kPa.G i
TEMPERATURE Shell Tube Shell Tube . S
Normat Operafing , . . Water Anaiysis {mgff as ion unless noted)
Startup - - -
Nogrnat Aax.
SHELL SIDE TUBE SIDE
NOzzLE Tag | No |NPS| Remarks | Tag| No | NPS| Remarks
Inlet
OQutlet
Vent
Drain
Liquid Qutlet
Thermowell
Util. Con.
RATING
“TEE pom 158
.. Ol & Grease ppm o in w:
Tedat Mardness ppm as C
BLAIK fppm as CaCOs
Dissoivad O, 2 &
Estimoted p 12168 | 1281




@ SEWON CELLONTECH

TUBULAR HEAT EXCHANGER

SHEET 4 OF 21
CUSTOMER| MEG Energy Corp. REV MADE BY CHECKED BY | APPROVED BY DATE
LOCATION| CANADA 0 - - 07-01-2013
JOB NO. 511036 1 - 08-14-2013
SERVICE | MP Blowdown / Glycol Exchanger
ITEMNO. | 3A-E-324A/B
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O SHEET 5 OF 21
CUSTOMER| MEG Energy Corp. REV MADE BY CHECKED BY | APPROVED BY DATE
LOCATION| CANADA 0 . = -t 07-01-2013
JOBNOC. 511036 1 - 08-14-2013
SERVICE | MP Blowdown / Glycol Exchanger
ITEMNO. | 3A-E-324A/B
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@ SEWON CELLONTECH |  TUBULAR HEAT EXCHANGER
SHEET 6 OF 21
CUsTOMER| MEG Energy Corp. REV MADE BY CHECKEDBY | APPROVED BY DATE
LOCATION| CANADA 0 - - - 07-01-2013
JOBNO. 511036 1 08-14-2013
SERVICE | MP Blowdown / Glycol Exchanger
TEMNO. | 3A-E-324A/B
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Thermal/Hydraulic/ Vibration
Verification Report

(Rev.1)

3A-E-324A/B

Client : MEG Energy Corp.

MEG Energy Christina Lake Regional Project
Project :

Phase 3A-Central Plant Facilities

Date : 08-14-2013



3A-E-324A/B (Max Duty Case

il |
The Thermal/Hydraulic/Vibration calculations are perfomed by using HTRI Xist Ver. 6.00 SP3. ' i
The process condiiton and the physical properties are based on Buyer data sheet. Z_\
For the design result ( the geometry data), please refer to the Equopment data shest and Fabrication drawing. ‘\1
\
|
L
\\
‘ ™
1. Thermal and Hydrautic performance \
- Thermal performance : 233 % Over-Design Case e 0K \
- Pressure drop :
Shell-side 86.142 < 100.000 kPa e 0K
\/tube-side 109.825 < 120.000 kPa e 0K /
\\\//\\\\_‘/ﬂ/‘/ \\, 8 e /’&\ — . /Ak“\»”.,_,w,a»/"&“"'-MW—/"' // g&
2. Vibration Analysis
- Fluidelastid instability : characteristic values << criteria OK
- Acoustic vibration ; characteristic values << criteria e oK
- Tube vibration check: characteristic values << criteria OK.
- Bundle Entrance/Exit ; characteristic values << criteria = —eeeeneen OK
- Shell Entrance /Exit; characteristic values << criteria e oK
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3A-E-324A/B (Max Duty Case) - Shell 1

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

P

VT ™
\/‘\

e

N
VALUE TO BE CHECKED inlet Center Qutlet RECOMMEND LIMIT CONCLUSION Z
Unsupported span  (mm) 1178. 900. 1180. 1879 (By TEMA) OK R
Length / TEMA maximum span 0.627 0.479 0.628 <1.0 TEMA oK 2
Fluidelastic Instability Check \}
Baffle tip cross velocity ratio 0.3531 0.3481 0.3784 <08 0K /
: N
Ave. crossflow velocity ratio 0.3164 0.3118 0.3381 <0.8 OK /
Acoustic Vibration Check
Vortex shedding ratio ) A 3 .
Tubulent buffeting ratio - - - -
Tube Vibration Check
Vortex shedding ratio 0.181 0.303 0.186 <05 0K
Tubulent buffeting ratio : - - - -
Bundle Entance / Exit Entrance Exit
Fluidelastic Instability ratio 0.183 0.172 <0.8 OK
Vortex shedding ratio 0.275 0.247 <05 0K
Shell Entrance / Exit
Velocity (m/sec) 1.71 1.34 < If velocity is exceed 2.03/ 1.94 OK.
1 pv2 (kg/m-s2) 3098,66 1851.54 < 5953 by TEMA oK
“‘\K f '//



53

Vibration Analysis
Released to the tollowing HTRI Member Company:
sewon
M.K.Park
Xist Ver. 6.00 SP3  2013/08/19 12:45 SN: 1500213869 MEG Energy Units
Max.Duty Case : Shell 1 b ™~
Rating - Horizontal Multipass Flow TEMA AET Shell With Single-Segmental Baffles LN
1|Shellside condition Sens. Liquid  |(Level 2.3)
2|Axial stress loading (MPa) 0.000 |Added mass factor 1.517
3(Beta 2.570
4 Position In The Bundle Inlet Center Outlet
5{Length for natural frequency (mm) 1178. 900. 1180.
6|Length/TEMA maximum span (- 0.627 0.479 0.628
7|Number of spans (=) 5 5 5
81Tube natural frequency (Hz) 579 + 63.2 58.0
9| Shell acoustic frequency (Hz)
10 Flow Velocities Inlet Center Outlet
111Window parallel velocity (m/s) 1.15 117 1.18
12|Bundle crossflow velocity (m/s) 0.64 1.07 0.66
13{Bundle/shell velgcity (m/s) 0.30 0.50 0.31
14 Fluidelastic Instability Check ' Infet Center Outlet
15|Log decrement HTRI 0.084 0.081 0.076
16{Critical velocity (m/s) 2.03 3.44 1.94
17|Baffle tip cross velocity ratio () 0.3531 0.3481 0.3784
18|Average crossflow velocity ratio (=) 0.3164 0.3119 0.3391
19 Acoustic Vibration Check Inlet Center Outlet
20|Vortex shedding ratio (=)
21{Chen number (=)
22{Turbulent buffeting ratio (--)
23 Tube Vibration Check Inlet Center Outlet
24|Vortex shedding ratio (=) 0.181 | 0.303 0.186
25|Parallel flow amplitude {mm) 0.004 0.005 0.004
26{Crossflow amplitude {mm) 0.070 0.070 0.073
27|Tube gap (mm) 6.350 6.350 6.350
28|Crossflow RHO-V-SQ (kg/m-s2) 434.81 1197.37 44515
29 Bundle Entrance/Exit
30 (analysis at first tube row) Entrance Exit
31|Fluidelastic instability ratio (=) 0.183 0.172
32|Vortex shedding ratio (=) 0.275 0.247
33|Crossflow amplitude {mm) 0.02472 0.01934
34{Crossflow velocity (mis) 0.97 0.88
35{Tubesheet to inlet/outlet support (mm) None None
36 Shell Entrance/Exit Parameters Entrance Exit
L 37 |Impingement plate Yes
38{Flow area (m2) 0.067 0.087
39| Velocity (m/s) 1.71 1.34
40{RHO-V-SQ ____(ka/m-s2) 3098.66 1851.54
41{Shell type AET Baffle type Single-Seg.
42{Tube type Plain Baffle layout Perpend.
43|Pitch ratio 1.2500 Tube diameter, (mm) 25.400
44{Layout angle 90 Tube material Carbon steel
45 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
4g using the procedure described in Online Help; You may find that a vibration problem is unlikely.
5 o
51 \\\\w//\\\ ,/ e &
50 ——
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B

3A-E-324A/B (Max Duty Case) - Shell 2

Used Program : HTRI Xist Ver.6.00 SP.3 Vibration Analysis -~ ™~
TN
N
VALUE TO BE CHECKED Iniet Center Outlet RECOMMEND LIMIT CONCLUSION L -
!
Unsupported span  (mm) 1180. 900. 1178. 1879 (By TEMA) 0K lg
f
Length / TEMA maximum span 0.628 0.479 0.627 <1.0 TEMA 0K h f
Fluidelastic Instability Check //
Baffle tip cross velocity ratio 0.3386 0.3336 0.3612 <0.8 0K ,/
Ave. crossflow velocity ratio 0.3034 0.2990 0.3237 <08 0K
Acoustic Vibration Check
Vortex shedding ratio - - - -
Tubulent buffeting ratio - - - - -
Tube Vibration Check
Vortex shedding ratio 0.181 0.301 0.185 <05 0K
Tubulent buffeting ratio - - -
Bundle Entance / Exit Entrance Exit
Fluidelastic Instability ratio 0.173 0.161 <038 0K
Vortex shedding ratio 0.269 0.241 <05 0K
Shell Entrance / Exit
Velocity (m/sec) 1.68 1.31 < Ifvelocity is exceed 2.11/ 2.02 OK.
\K pv2 (kg/m-s2) 3035.89 1798.67 < 5953 by TEMA oK.
N — \ ) D



Vibration Analysis
Released to the following HTRI Member Company:
sewon

M.K.Park

Xist Ver. 6.00 SP3  2013/08/19 12:45 SN: 1500213869 MEG Energy Units

Max Duty Case : Shell 2 /—N\
Rating - Horizontal Multipass Flow TEMA AET Shell With Single-Segmental Baffles

1|Shellside condition Sens. Liquid  |(Level 2.3)
2{Axial stress loading (MPa) 0.000 |Added mass factor 1517
3{Beta 2.570
4 Position In The Bundle Inlet Center Qutlet
5{Length for natural frequency {mm) 1180. 900. 1178.
6|Length/TEMA maximum span () 0.628 0.479 0.627
7|Number of spans (=) 5 3 9
8| Tube natural frequency (Hz2) 578 + 63.3 58.2
91Shell acoustic frequency (Hz)
10 Flow Velocities Inlet Center Outlet
11|Window parallel velocity (m/s) 1.15 1.16 1.17
12|Bundle crossflow velocity (m/s) 0.64 1.07 0.65
13{Bundle/shell velocity (m/s) 0.30 0.49 0.30
14 : Fluidelastic Instability Check Inlet Center Outlet
15{Log decrement HTRI 0.091 0.088 0.083
16|Critical velocity (m/s) 211 3.57 2.02
17|Baffle tip cross velocity ratio {--) 0.3386 0.3336 0.3612
18|Average crossflow velocity ratio (--) 0.3034 0.2990 0.3237
19 Acoustic Vibration Check Inlet Center Outlet
20|Vortex shedding ratio ()
21|Chen number (=)
22| Turbulent buffeting ratio {--)
23 Tube Vibration Check Inlet Center Outlet
24|Vortex shedding ratio () 0.181 0.301 0.185
25|Parallel flow amplitude (mm) 0.004 0.005 0.004
26|Crossflow amplitude (mm) 0.070 0.070 0.072
27{Tube gap (mm) 6.350 6.350 6.350
28|Crossflow RHO-V-SQ (ka/m-s2) 440.31 1213.53 451.89
29 Bundle Entrance/Exit
30 {analysis at first tube row) Entrance Exit
31|Fluidelastic instability ratio (-) 0.173 0.161
32|Vortex shedding ratio () 0.269 0.241
33{Crossflow amplitude (mm) 0.02377 0.01826
34|Crossflow velocity (m/s) 0.95 0.85
35| Tubesheet to inlet/outlet support (mm) None None
36 Shell Entrance/Exit Parameters Entrance Exit
37|Impingement plate Yes
38|Flow area (m2) 0.067 0.087
39| Velocity (m/s) 1.68 1.31
40{RHO-V-SQ _ _ (ka/m-s2) 3035.89 1798.67
41|Shell type AET Baffle type Single-Seg.
42|Tube type Plain Baffle layout Perpend.
_ | 43{Pitch ratio 1.2500 Tube diameter, (mm) 25.400
44{Layout angle 90 Tube material Carbon steel
45 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
L{lQ using the procedure described in Online Help; You may find that a vibration problem is unlikely.
5
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Final Resuits
Released to the following HTRI Member Company:
sewon
M.K Park
Xist Ver. 6.00 SP3  2013/08/19 12:45 SN: 1500213869 MEG Energy Units JS— ~
i
Max.Duty Case : Sheil 1 TN
Rating - Horizontal Multipass Flow TEMA AET Shell With Single-Segmental Baffles \.a«—‘-\\
1 Process Data Cold Shellside Hot Tubeside Sheliside Perfarmance Y
2{Fluid name TEG/Water (60/40 wt%) MP Blowdown Nom vel, X-flow/window 0.99/1.33 \‘M\\
3|Fluid condition Sens. Liquid Sens. Liquid [
4{Total flow rate (kg/hr) 433727 207611 Flow fractions for heat transfer 0.804 £ X
5{Weight fraction vapor, In/Out () 0.000 0.000 0.000 0.000 A=0.1235 B=0.5372 (C=0.2368 E=0.1026 F=0.0000 \
6{Temperature, In/Out (Deg C) 67.30 105.00 200.00 138.99 }
7| Temperature, Average/Skin (Deg C) 86.15 113.85 169.50 165.79 Shellside Heat Transfer Corrections é’\
8|Wall temperature, Min/Max (Deg C) 105.16 14314 109.66 148.43 j
9iPressure, In/Average (kPa)  949.975 928.928 1555.02 1527.35 Total ~Beta Gamma End Fin .
10|Pressure drop, Total/Allowed (kPa) 42102 100.000 55.338 120.000 0.981 0.919 1.067 0.916 1.000
11| Velocity, Mid/Max allow (mis) 1.07 2.06 Pressure Drops (Percent of Total)
12|Mole fraction inert () Cross  Window Ends Nozzle Shell Tube
13{Average film coef. (Wim2-K) 4699.02 14342.3 48.58 2515 12.52 Inlet 8.04 441
14|Heat transfer safety factor ) 1.000 1.000 MOMENTUM 0.00 Qutlet 572 261
15|Fouling resistance (m2-K/w) 0.000088 0.000176 Two-Phase Parameters
16 Overall Performance Data Method Inlet  Center Outlet Mix F
17|Overall coef., Reqd/Clean/Actual (Wim2-K) 152279 / 294584 / 1566.09
18|Heat duty, Calculated/Specified (kW) 15388. /
19| Effective overall temperature difference (Deg C) 78.1 H. T. Parameters Shell Tube
20|EMTD = (MTD) * (DELTA) * (F/G/H) (Deg C) 7829 * 09973 * 1.0000 Overall wall correction 1.065 0.990
21 Midpoint Prandtl no. 18.01 1.05
22 | 1 Midpoint Reynolds no. 21762 239302
23 it T Bundle inlet Reynolds no. 3968 290578
24 ‘ l ‘ I } - Bundle outlet Reynolds no. 19291 199962
25 1 ‘ I ’ l Fouling layer (mm)
26 Exchanger Fluid Volumes Thermal Resistance
27 |Approximate shellside (L) 1855.0 } 1 ons Shell Tube  Fouling Metal ~ Over Des
28|Approximate tubeside (L) 1231.6 - 33.33 13.10 46.84 6.74 2.84
29 Shell Construction information Total fouling resistance 2.98%-4
30| TEMA shell type AET Shell ID (mm) 850.000 Differential resistance 1.816e-5
31|Shells Series 1 Parallel 1 Total area (m2) 136.985 Shell Nozzles Liquid
32{Passes Shell 1 Tube 4 Eff. area (m2/shell) 129.430 Inlet at channel end-Yes Inlet Outlet Outlet
33|Shell orientation angle (deg) 0.00 Number at each position 1 1 0
34|Impingement present Circular plate ‘Impingement diameter/nozzle 1.1 Diameter (mm)  295.301  295.301
35|Pairs seal strips 2 Passiane seal rods (mm} 0.000 No. 0 Velocity (mis) 1.67 1.71
36{Shell expansion joint No Head to support distance (mm) 113.000 Pressure drop (kPa) 3.384 2407
37|Weight estimation Wet/Dry/Bundle 9874.76 | 679028 /|  2768.55 (kg/shell) Height under nozzle {mm) 76.350 91.700
38 Nozzle R-V-SQ (kgim-s2)  2929.88  3016.01
39 Baffle Information Shell ent. (kg/m-s2)  3098.66  1851.54
40| Type Perpend. Single-Seg. Baffle cut (% dia) 25.00
41|Crosspasses/shellpass 9 No. (PctArea) (mm)toC.L Infet Outlet  Liquid
42| Ceniral spacing (mm)  450.000 1 22.33 212.500 Tube Nozzle RADIAL  RADIAL Outlet
43|Inlet spacing (mm)  727.975 2 0.00 0.000 Diameter (mm) 193675 193.675
44} Qutlet spacing (mm)  729.975 Velocity (m/s) 226 2.1
45|Baffle thickness (mm) 7.938 Pressure drop (kPa) 2438 1.448
46 Nozzle R-V-SQ (kg/m-s2) 443171 4130.66
47
48 Tube Information Annuiar Distributor Inlet Qutlet
49 Tube type Plain Tubecount per shell 352 || Length (mm)
50{Overall length (mm) 4877. Pct tubes removed (both) 2.27 Height (mm)
51|Effective length (mm) 4608, Outside diameter (mm) 25400 | Slotarea (mm2)
52| Total tubesheet (mm)  156.000 Wall thickness (mm) 2.110 Diametral Clearances {(mm)
53|Area ratio (out/in) 1.1992 Pitch {(mm) 31.7500 Ratio 1.2500 Baffle-to-shell Bundle-to-shell Tube-to-baffle
541 Tube metal Carbon steel Tube pattern (deg) 90 47625 124.700 0.7938
AN N o~



Final Resuits
Released to the following HTRI Member Company:
sewon
M.K Park
Xist Ver. 6,00 SP3 2013/08/19 12:45 SN: 1500213869 MEG Energy Units ap— --\-ﬂ\\\
Max.Duty Case : Shell 2 h I
Rating - Horizontal Multipass Flow TEMA AET Shell With Single-Segmental Baffles \\.:,,..
1 Process Data Cold Shellside Hot Tubeside Sheilside Performance AN
2|Fluid name TEG/Water (60/40 wt%) MP Blowdown Nom vel, X-flow/window 0.97/1.30 }
3|Fluid condition Sens. Liquid Sens. Liquid I
4|Total flow rate (kg/hr) 433727 207611 Flow fractions for heat transfer 0.814 }
5|Weight fraction vapor, In/Out - 0.000 0.000 0.000 0.000 A=0.1055 B=0.5476 C=0.2409 E=0,1060 F=0.0000
8{ Temperature, In/Qut (Deg C) 40.00 67.30 138.99 95.00
7| Temperalure, Average/Skin (Deg C) 53.65 7732 117.00 106.16 Shellside Heat Transfer Corrections f
8|Wall temperature, Min/Max (Deg C) 71.56 105.55 74.82 109.46
9|Pressure, In/Average (kPa)  994.015 971.995 1499.70 1472.46 Total Beta Gamma End Fin
10{Pressure drop, Total/Allowed (kPa) 44.040 100.000 54.486 120.000 -0.981 0.919 1.067 0.900 1.000
11| Velocity, Mid/Max allow (mis) 1.07 1.96 Pressure Drops (Percent of Total)
12|Mole fraction inert () Cross  Window Ends Nozzle Shell Tube
13|Average film coef. (W/m2-K) 3749.26 12209.9 50.10 2475 11.97 Inlet 778 417
14{Heat transfer safety factor ) 1.000 1.000 MOMENTUM 0.00 Outlet 5.39 2.56
15{Fouling resistance (m2-KIW) 0.000088 0.000176 Two-Phase Parameters
16 Overall Performance Data Method Inlet  Center Qutlet Mix F
17]Overall coef., Reqd/Clean/Actual (Wim2-K) 139352 / 246280 / 141821
18|Heat duty, Calculated/Specified (kW) 10759. /
19| Effective overall temperature difference (Deg C) 59.7 H. T. Parameters Shelt Tube
20{EMTD = (MTD) * (DELTA) * (FIG/H) (Deg C) 59.82 * 09974 * 1.0000 Overall wall correction 1.068 0.992
21 Midpoint Prandtl no. 33.39 153
22 | t Midpoint Reynolds no. 11678 160129
23 m .f Bundle inlet Reynolds na. 5638 197031
24 l 1 ‘ ‘ l - Bundle outlet Reynolds no. 10094 132903
25 I \ ] | J Fouling layer (mm)
26 Exchanger Fluid Volumes v Thermal Resistance
27|Approximate shellside (L) 1855.0 | . s, ! Shell Tube  Fouling Metal ~ Over Des
28|Approximate tubeside (L) 1231.6 " 37.83 13.93 42.41 5.83 177
29 Shell Construction information Total fouling resistance 2.98%-4
30{TEMA shell type AET Shell ID (mm) 850.000 Differential resistance 1.24%-5
31{Shefls Series 1 Parailel 1 Total area (m2) 136.985 Shell Nozzles Liquid
32|Passes Shell 1 Tube 4 Eff. area (m2/shell) 129.430 Inlet at channel end-No Inlet Outlet Outlet
33|Shell orientation angle (deg) 0.00 Number at each position 1 1 0
34{impingement present Circular plate Impingement diameter/nozzle 1.1 Diameter (mm) 295301  295.301
35|Pairs seal strips 2 Passlane seal rods (mm) 0.000 No. 0 Velocity (mis) 1.63 1.67
36{Shell expansion joint No Head to support distance (mm) 113,000 Pressure drop (kPa) 3.426 2.375
37|Weight estimation We{/Dry/Bundle 9881.56 /  6797.08 /  2775.36 (kg/shell) Height under nozzle (mm) 76.350 91.700
38 Nozzle R-V-SQ (kg/m-s2)  2870.52  2929.88
39 Baffle information Shell ent. (kg/m-s2)  3035.89  1798.67
40{Type Perpend. Single-Seg. Baffle cut (% dia) 25.00
41}{Crosspasses/shellpass 9 No. (PctArea) (mm)toC.L Inlet Outlet Liquid
42|Central spacing (mm)  450.000 1 22.33 212,500 Tube Nozzle RADIAL  RADIAL OQutlet
43|Inlet spacing (mm)  729.975 2 0.00 0.000 Diameter (mm)  193.675 193.675
= 44|Qutlet spacing (mm)  727.975 Velocity (mis) 2.11 2.03
/ 45(Baffle thickness (mm) 7.938 Pressure drop (kPa) 2272 1.3%4
( 46 Nozzle R-V-SQ (kg/m-s2)  4130.80  3981.05
. 47
/ 48 Tube Information Annuiar Distributor Inlet Qutlet
49{Tube type Plain Tubecount per shell 352 Length (mm)
\ 50{Overall length (mm) 4877. Pct tubes removed (both) 2.27 || Height (mm)
} | 51|Effective length (mm) 4608. Outside diameter (mm) 25.400 || Slot area (mm2)
& 52{Total tubesheet (mm)  156.000 Wall thickness {mm) 2110 Diameral Clearances (mm)
\ 53|Area ratio (out/in) 1.1992 Pitch (mm) 31.7500 Ratio 1.2500 Baffle-to-shell Bundle-to-shell Tube-to-baffle
|54 Tube metal Carbon steet Tube pattem (deg) 30 47625 124.700 0.7938
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JA-E-324A/B (Min Duty Case

/"‘_‘\\3
\
The Thermal/Hydraulic/Vibration calculations are perfomed by using HTRI Xist Ver. 6.00 SP3. i’\
The process condiiton and the physical properties are based on Buyer DATA SHEET (2). }
For the design result ( the geometry data), please refer to the Equopment DATA SHEET (2) and Fabrication drawing. H\
\E
}
V'
1. Thermal and Hydraulic performance “’\\
N
\{
- Thermal performance : 23.80 % Over - Design Case s O K, ‘;;
- Pressure drop : ‘f\
Shell-side 49.135 < 100.000 kPa ~  ——eeeeeen 0K f
fube-side 62423 < 120000kPa oo oK /
/”/'
= AN

\ . , N e
Vv‘/ \_,1/ ’ A\\\_ﬂ_ /”'/ I

2. Vibration Analysis

- Fluidelastid instability : characteristic values <«< criferia e OK.
- Acoustic vibration characteristic values << criteria oK
- Tube vibration check: characteristic values << criteria = e—eeeeeeeeee OK.
- Bundle Enfrance/Exit : characteristic values << criteria e oK.

- Shell Entrance /Exit; characteristic values <«< (01711 - [ — oK.



~

I

b /sy

3A-E-324A/B (Min Duty Case) - Shell 1

Used Program : HTRI Xist Ver.6.00 SP.3 Vibration Analysis {//””“\\}’\
VALUE TO BE CHECKED Inlet Center Outlet RECOMMEND LIMIT CONCLUSION \\
:
Unsupported span  (mm) 1178. 900. 1180. 1879 (By TEMA) 0K {
N
h
Length / TEMA maximum span 0.627 0.479 0.628 <1.0 TEMA 0K /

Fluidelastic Instability Check
Baffle tip cross velocity ratio 0.2640 0.2602 0.2830 <08 0K

Ave. crossflow velocity ratio 0.2365 0.2332 0.2536 <08 OK

Acoustic Vibration Check

Vortex shedding ratio

Tubulent buffeting ratio - = - -

Tube Vibration Check

Vortex shedding ratio 0.135 0.227 0.139 <05 0K

Tubulent buffeting ratio = < .

Bundle Entance / Exit Entrance Exit
Fluidelastic Instability ratio 0.136 0.128 <08 0K
Vortex shedding ratio 0.204 0.184 <05 0K
Shell Entrance / Exit
Velocity (m/sec) 1.27 1.00 < If velocity is exceed 2.03/ 1.94 OK.
~ pv2 (kg/m-s2) 1713.76 1024.22 < 5953 by TEMA OK.

‘-‘\‘_ e <
A
A



Vibration Analysis

Released to the following HTRI Member Company:
sewon
M.K. Park

Xist Ver. 6.00 SP3 2013/08/19 12:47 SN: 1500213869 MEG Energy Units

Rating - Horizontal Multipass Flow TEMA AET Shell With Single-Seagmental Baffles .

Min.Duty Case : Shell 1

Shellside condition Sens. Liquid  |(Level 2.3)
Axial stress loading (MPa) 0.000 [Added mass factor 1517
Beta 2.570

Position In The Bundle Inlet Center Qutlet
Length for natural frequency (mm) 1178. 900. 1180.
Length/TEMA maximum span (=) 0.627 0.479 0.628
Number of spans (-) 5 5 5
Tube natural frequency (Hz) 579 + 63.2 58.0
Shell acoustic frequency (Hz)

Flow Velocities Inlet Center Qutlet
Window paralle! velocity (m/s) 0.86 0.88 0.89
Bundle crossflow velocity (mis) 0.48 0.80 0.49
Bundle/shell velocity (m/s) 0.22 0.37 0.23

Fluidelastic Instability Check Inlet Center Outlet
Log decrement HTRI 0.084 0.081 0.076
Critical velocity (m/s) 2.03 3.44 1.94
Baffle tip cross velocity ratio (-) 0.2640 0.2602 0.2830
Average crossflow velocity ratio (=) 0.2365 0.2332 0.2536

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

Tube Vibration Check Iniet Center Qutlet
Vortex shedding ratio (=) 0.135 0.227 0.139
Paralle! flow amplitude (mm) 0.002 0.003 0.002
Crossflow amplitude (mm) 0.039 0.038 0.040
Tube gap (mm) 6.350 6.350 6.350
Crossflow RHO-V-SQ (ka/m-s2) 24319 669.67 249.01

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

Fluidelastic instability ratio () 0.136 0.128
Vortex shedding ratio (=) 0.204 0.184
Crossflow amplitude (mm) 0.01319 0.01040
Crossflow velocity (m/s) 0.72 0.65
Tubesheet to inlet/outlet support (mm) None None

Shell Entrance/Exit Parameters Entrance Exit
Impingement plate Yes
Flow area (m2) 0.067 0.087
Velocity (m/s) 1.27 1.00
RHO-V-SQ _ _ (ka/m-s2) 1713.76 1024.22
Shell type AET Baffle type Single-Seg.
Tube type Plain Baffle layout Perpend.
Pitch ratio 1.2500 Tube diameter, (mm) 25.400
Layout angle 90 Tube material Carbon steel

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.




3A-E-324A/B (Min Duty Case) - Shell 2

™\

P

- '“”"““*\u\_\
Used Program : HTRI Xist Ver.6.00 SP.3 Vibration Analysis
g ¥ L,\\\
e
VALUE TO BE CHECKED Inlet Center Outlet RECOMMEND LIMIT CONCLUSION
Unsupported span  (mm) 1180. 900. 1178. 1879 (By TEMA) OK
Length / TEMA maximum span 0.628 0.479 0.627 <1.0 TEMA 0K
Fluidelastic Instability Check
Baffle tip cross velocity ratio 0.2569 0.2530 0.2738 <0.8 0K
Ave. crossflow velocity ratio 0.2302 0.2267 0.2454 <0.8 0K
Acoustic Vibration Check
Vortex shedding ratio ) i i
Tubulent buffeting ratio - - -
Tube Vibration Check
Vortex shedding ratio 0.137 0.229 0.140 <05 OK
Tubulent buffeting ratio - - -
Bundle Entance / Exit Entrance Exit
Fluidelastic Instability ratio 0.128 0.120 <0.8 0K
Vortex shedding ratio 0.200 0.179 <05 0K
Shell Entrance / Exit
Velocity (m/sec) 1.25 0.97 < Ifvelocity is exceed 2.11/ 2.02 0K
\K\ pv2 (kg/m-s2) 1679.36 994.78 < 5953 by TEMA OK.
\KW/\\\»‘QM/
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Vibration Analysis
Released to the tollowing HTRI Member Company:
sewon
M.K.Park

Min.Duty Case : Shell 2

Xist Ver. 6.00 SP3 2013/08/19 12:47 SN: 1500213869

MEG Energy Units

g

N\
N ~
o

* 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 uniikely.

v\/“\\x,//zh

Rating - Horizontal Multipass Flow TEMA AET Shell With Single-Segmental Baffles A
Sheliside condition Sens. Liquid  |(Level 2.3) L
Axial stress loading (MPa) 0.000 |Added mass factor 1517
Beta 2.570

Position In The Bundle Inlet Center Qutlet
Length for natural frequency (mm) 1180. 900. 1178.
Length/TEMA maximum span (-) 0.628 0.479 0.627
Number of spans () 5 5 5
Tube natural frequency (Hz) 578 + 63.3 58.2
Shell acoustic frequency (Hz)

Flow Velocities Inlet Center Qutlet
Window parallel velocity (m/s) 0.87 0.88 0.88
Bundle crossflow velocity (m/s) 0.48 0.81 0.50
Bundle/shell velocity (mis) 0.22 0.37 0.22

Fluidelastic Instability Check Inlet Center Outlet
Log decrement HTRI 0.091 0.088 0.083
Critical velocity (m/s) 2.1 3.57 2.02
Baffle tip cross velocity ratio (=) 0.2569 0.2530 0.2739
Average crossflow velocity ratio (--) 0.2302 0.2267 0.2454

Acoustic Vibration Check Inlet Center Qutlet
Vortex shedding ratio ()
Chen number ()
Turbulent buffeting ratio ()

Tube Vibration Check Inlet Center Outlet
Vortex shedding ratio () 0.137 0.229 0.140
Parallel flow amplitude (mm) 0.002 0.003 0.002
Crossflow amplitude (mm) 0.040 0.039 0.041 -
Tube gap (mm) 6.350 6.350 6.350
Crossflow RHO-V-SQ (ka/m-s2) 253.46 698.42 260.07

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

Fluidelastic instability ratio (=) 0.128 0.120
Vortex shedding ratio (--) 0.200 0.179
Crossflow amplitude (mm) 0.01271 0.00983
Crossflow velocity (m/s) 0.71 0.63
Tubesheet to iniet/outlet support (mm) None None

Shell Entrance/Exit Parameters Entrance Exit
Impingement plate Yes
Flow area (m2) 0.067 0.087
Velocity (mfs) 1.25 0.97
RHO-V-SQ (ka/m-s2) 1679.36 994.78
Shell type AET Baffle type Single-Seg.
Tube type Plain Baffle layout Perpend.
Pitch ratio ©1.2500 Tube diameter, (mm) 25.400
Layout angle 90 Tube material Carbon steel

Supports/bafile space
Program Messages

+ Frequency ratios are based upon lowest natural or acoustic frequency
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Finai Resuits
Released to the following HTRI Member Company:
sewon
MK Park
Xist Ver. 6.00 SP3  2013/08/13 12:47 SN: 1500213869 MEG Energy Units /\
Min.Duty Case : Shell 1 )
Rating - Horizontal Multipass Flow TEMA AET Shell With Single-Segmental Baffles
1 Process Data Cold Shellside Hot Tubeside Sheilside Performance \
2|Fluid name TEG/Water (60/40 wt%) MP Blowdown Nom vel, X-flow/window 0.74/0.98 L‘”\
3|Fluid condition Sens. Liquid Sens. Liquid \
4|Total flow rate (kathr) 322586 154412 Flow fractions for heat transfer 0.808 ¢
5|Weight fraction vapor, In/Out () 0.000 0.000 0.000 0.000 A=0.1162 B=0.5402 C=0.2393 E=0.1044 F=0.0000 \
6| Temperature, In/Out (Deg C) 67.05 105.00 200.00 138.58 f
7|Temperature, Average/Skin (Deg C) 86.02 116.08 169.29 154.08 Shellside Heat Transfer Corrections
8|Wall temperature, Min/Max (Deg C) 105.53 144 47 109.64 150.90
9|Pressure, In/Average (kPa)  968.938 356.911 1655.02 1539.32 Total Beta Gamma End Fin
10|Pressure drop, Total/Allowed (kPa)  24.059 100.000 31.397 120.000 0.981 0919  1.067 0.916 1.000
11{Velocity, Mid/Max allow (m/s) 0.80 1.53 Pressure Drops (Percent of Total)
12{Mole fraction inert (] Cross  Window Ends Nozzle Shell Tube
13|Average film coef. (Wim2-K) 3915.43 11324.3 49.36 24.89 12.27 Inlet 7.90 429
14{Heat transfer safety factor ) 1.000 1.000 MOMENTUM 0.00 Outlet 5.57 2.55
15|Fouling resistance (m2-K/W) 0.000088 0.000176 Two-Phase Parameters
16 Overali Performance Data Method Inlet  Center Outlet Mix F
17|Overall coef., Reqd/Clean/Actual (Wim2-K) 114145 | 247320 [ 142165
18|Heat duty, Calculated/Specified (kW) 11520. /
19|Effective overail temperature difference (Deg C) 78.0 H. T. Parameters Shell Tube
20|EMTD = (MTD) * (DELTA) * {F/G/H) (Deg C) 7820 * 0.9973 * 1.0000 Overall wall correction 1.070 0.988
21 Midpoint Prandtl no. 18.08 1.05
22 | t Midpoint Reynolds no. 16193 177705
23 H) I I Bundle inlet Reynolds no. 7414 216168
2% } } r l 4 |l Bundieoutlet  Reynolds no. 14414 148231
25 L l | ‘ ’ T Fouling layer (mm)
26 Exchanger Fiuid Volumes & Thermal Resistance
27|Approximate shellside (L) 1855.0 ! ! s Shell Tube  Fouling Metal ~ OverDes
28{Approximate tubeside (L) 1231.6 - 36.31 15.06 4252 6.12 24.55
29 Shell Gonstruction Information Total fouling resistance 2.98%-4
30{TEMA shell type AET Shell ID (mm}) 850.000 || Differential resistance 1.727e-4
31{Shells Series 1 Parallel 1 Total area (m2) 136.985 Sheil Nozzles Liquid
32|Passes Shell 1 Tube 4 Eff. area (m2/shell) 129.430 Inlet at channel end-Yes Inlet Qutlet Outlet
33|Shell orientation angle (deg) 0.00 Number at each position 1 1 0
34|impingement present Circular plate Impingement diameter/nozzle 11 Diameter (mm) 295301 295.301
35|Pairs seal strips ’ 2 Passlane seal rods (mm) 0.000 No. 0 Velocity (m/s) 1.24 1.28
36/Sheil expansion joint No Head to support distance (mm) 113.000 Pressure drop (kPa) 1.902 1.340
37{Weight estimation Wet/Dry/Bundle 987476 |/ 6790.28 / 2768.55 (kg/shell) Height under nozzle (mm) 76.350 91.700
38 Nozzle R-V-SQ (kgim-s2) 162041  1668.36
39 Baffle Information Shell ent., (kg/m-s2) 171376  1024.22
40|Type Perpend. Single-Seg. Baffle cut (% dia) 25.00
41|Crosspasses/shellpass 9 No. (PctArea) (mm)toC.L Inlet Qutlet Liquid
42|Central spacing (mm)  450.000 1 22.33 212.500 Tube Nozzle RADIAL ~ RADIAL Outlet
43|Inlet spacing (mm)  727.975 2 0.00 0.000 Diameter {mm) 193675 193,675
44Qutlet spacing (mm)  728.975 Velocity (m/s) 1.68 1.57
45(Baffle thickness (mm) 7.938 Pressure drop (kPa) 1.348 0.800
46 Nozzle R-V-SQ (kg/m-s2) 245149  2284.07
47
48 Tube Information Annular Distributor inlet OQutlet
49{Tube type Plain Tubecount per shell 352 || Length (mm)
50|Overall length (mm) 4877. Pct tubes removed (both) 2.27 || Height (mm)
51|Effective length (mm) 4608. Outside diameter {mm) 25400 || Slot area (mm2)
52(Total tubesheet (mm)  156.000 Wall thickness (mm) 2110 Diametral Clearances (mm)
53|Area ratio (outfin) 1.1992 Pitch (mm) 31.7500 Ratio 1.2500 Baffle-to-shell Bundle-to-shell Tube-to-baffle
54{Tube metal Carbon steel Tube patiern (deg) 90 4.7625 124.700 0.7938
\_/\\\_’/’//
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Final Results

Released to the following HTRI Member Company:

sewon
M.K.Park

Xist Ver. 6.00 SP3 2013/08/19 12

:47 SN: 1500213869

MEG Energy Units

/’_\ \\\

Min.Duty Case : Shell2 \L\
Rating - Horizontal Multipass Flow TEMA AET Shell With Single-Segmental Baffles e
1 Process Data Cold Sheliside Hot Tubeside Shellside Performance \
2|Fluid name TEG/Water (60/40 wt%) MP Blowdown Nom vel, X-flow/window 0.72/0.97
3|Fluid condition Sens. Liquid Sens. Liquid
4|Total flow rate (kg/hr) 322586 154412 Flow fractions for heat transfer 0.822
5{Weight fraction vapor, In/Out () 0.000 0.000 0.000 0.000 A=0.0041 B=0.5586 C=0.2400 E=0.1072 F=0.0000
6{Temperature, In/Qut (Deg C) 40.00 67.05 138.58 95.00
7|Temperature, Average/Skin (Deg C) 53.52 79.26 116.79 104.93 Shellside Heat Transfer Comections
8|Wall temperature, Min/Max {Deg C) 72.80 106.95 75.69 110.39
9|Pressure, In/Average (kPa)  994.015 981.476 1523.65 1508.14 Total Beta Gamma End Fin
10{Pressure drop, Total/Allowed (kPa) 25.076 100.000 31.026 120.000 0.981 0.919 1.067 0.804 1.000
11| Velocity, Mid/Max allow (mis) 0.81 1.46 Pressure Drops (Percant of Total)
12|Mole fraction inert () Cross  Window Ends Nozzle Shell Tube
13|Average film coef. (Wim2-K) 3057.91 9640.41 50.43 24.80 11.78 Inlet 771 4.05
14{Heat transfer safety factor () 1.000 1.000 MOMENTUM 0.00 Qutlet 5.28 248
15|Fouling resistance (m2-K/W) 0.000088 0.000176 Two-Phase Parameters
16 Overall Performance Data Method Iniet  Center Qutlet Mix F
17|Overall coef., Reqd/Clean/Actual (Wim2-K) ~ 1027.30 / 203042 /  1263.29
18|Heat duty, Calculated/Specified (kW) 7927. |/
18|Effective overall temperature difference (Deg C) 59.6 H. T. Parameters Shell Tube
20|EMTD = (MTD) * (DELTA) * (FIGH) (Deg C) 59.78 *  0.9974 * 1.0000 Qverall wall correction 1.073 0.991
21 Midpoint Prandtl no. 33.55 1.53
22 | i Midpoint Reynolds no. 8724 118899
23 Ry i T Bundle inlet Reynolds no. 4234 146086
24 { l 1 ’ ’ & || Bundieoutlet  Reynolds no. 7541 98837
25 I | } ’ 1 T Fouling layer (mm)
26 Exchanger Fluid Volumes Thermal Resistance
27|Approximate sheilside (L) 1855.0 | s ! Shell Tube  Fouling Metal ~ OverDes
28|Approximate tubeside (L) 1231.6 ” 4.31 1572 3778 5.19 297
29 Shelt Construction Information Total fouling resistance 2.989%-4
30{TEMA shell type AET Shell ID {mm) 850.000 Differential resistance 1.818e-4
31{Shells Series 1 Parallel 1 Total area (m2) 136.985 Shell Nozzles Liguid
32|Passes Shell 1 Tube 4 Eff. area (m2/shell) 129.430 Inlet at channel end-No Infet Qutlet Qutlet
33|Shell orientation angle (deg) 0.00 Number at each position 1 1 0
34{Impingement present Circular plate Impingement diameter/nozzie 14 Diameter (mm) 295301  295.301
35|Pairs seal strips 2 Passlane seal rods (mm)- 0.000 No. 0 Velocity (mis) 1.21 1.24
36{Shell expansion joint No Head to support distance (mm) 113.000 Pressure drop (kPa) 1.932 1.325
37|Weight estimation Wet/Dry/Bundie 9881.61 / 679713 /  2775.40 (kg/shell) Height under nozzle (mm) 76.350 91.700
38 Nozzle R-V-SQ (kgim-s2) ~ 1587.89  1620.41
39 Baffle Information Shell ent. (kg/m-s2)  1679.36 994.78
40 Type Perpend. Single-Seg. Baffle cut (% dia) 25.00
41|Crosspasses/shellpass 9 No. (PctArea) (mm)toC.L Inlet Outlet Liquid
42|Central spacing (mm) 450,000 1 22.33 212.500 Tube Nozzle RADIAL  RADIAL Outlet
43|Inlet spacing (mm)  729.975 2 0.00 0.000 Diameter (mm) 193675 193.675
441Outlet spacing (mm)  727.975 Velacity (mis) 1.57 1.51
45|Baffle thickness (mm) 7.938 Pressure drop (kPa) 1.256 0.771
46 Nozzle R-V-5Q (ka/m-s2)  2284.12  2202.18
47
48 Tube Information Amnular Distributor Infet Qutlet
49{Tube type Plain Tubecount per shell 352 Length (mm)
50|Overall length (mm) 4877. Pct tubes removed (both) 2.27 Height {mm)
51|Effective length (mm) 4608. Qutside diameter (mm) 25.400 Slot area (mm2)
52| Total tubeshest (mm)  156.000 Wall thickness (mm) 2110 Diametral Clearances (mm)
53|Area ratio (outfin) 1.1992 Pitch (mm) 31.7500 Ratio 1.2500 Baffle-to-shell Bundle-to-shell Tube-to-baffle
54| Tube metal Carbon steel Tube pattern (deg) 30 47625 124.700 0.7938
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