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7 Su rf / U n I t I L Z. ~. m \.- . . S hell s / U n li \ S u ri/ S hell l Z. Z :. m '\.. (J ) 

8 PERFORMANCE OF ONE UNIT :9E:".>IC:I'J CA se YPAQ.'· \ '3'] f 

9 Fluid Allocatipn Shell Side. Tube SIde' 


10 Fluid NamEl ?A-fl.11A.tLY <'T;:\9,,\I.I1:\"1') (11)!)FOIl '50'/0 l €-6 
11 Fluid Quantlty, Total kG /.h 30 Q LfJ.ih8. (11 :lR -=li '::!-­
12 Vapor (In/Out) k-~ l!, ~ ? 0L.a g Q 15. 6 ' &. 
13 llquld \..\-c.. 7 f. ko. 1h 2. S" 3 O 6 I , S' CJ Z-'J""',8:.-.._+--4::r~.RL..,".\)..JR..L..iZF__----,f----'-'-.t......l-I~--
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15 Water Kd /h 43858 4'1:11,1, 
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HE.AT EXCHJ\!~GtR SPECIFIC/-\'IIUN SHtl:.r 
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Job No, 

2 Customor Rererence No. .t:b () t:. O ':) a 
3 Address Propos<ll No 

4 Pla'nt Loc;;!tlon \"'C P 2', Il ~ S ~Oy 1112 \ \J DOllo '6'.02. '1-:; Rov. 2­

5 Service of U nit r:w'l O IL IN L.ET tl. re. A\~.R Item No. C E- ­ G o 7­
6 SI::i:o ":J.ltO){ 4 60 O . Type A E. U (Hor /~) Con :cled In P<Jr<Jl'el - Series 

7 Surt /Unlt 11.. 2. ; 'n\"L '"o Shells/Unit 1­ Surf/Shell . 1 l 2'0 1\"'1 

B PERFORMANCE OF ONE UNIT G::AS~ STA'R.T uP Y6f~\,:\ 2.000 

9 Fluid Allocation 

10 Fluid Name 

11 Fluid Quantlty, Total 

12 Vapor (In/Out) 

13 L1quld 

14 Steam 

15 Water 

16 Noncondensable 

17 Temperature (In/Out) '" G. 
18 Speclfic Gravlty L Iv n-~ 1m '1. 

19 VIscosIty, L1quld L IV ..,., Cp 

20 Moleeular Welght. Vapor 


21 Moleeular Welght. Noncondensable 


Shell Side 

') TA 16\ L\ =t 'C:.J C ~0 ,I) E o \ (~ 
3bOLil (l 

82. 8,-
3b)1-Y.2.JG"L07 

111 2. 
i ~qK2..7.g 

S /4 G6·1 
~ 4bl 4 I fi~cU. / 

(,+,062. / \Y.ot~/ 
2L I I ~ \) I71,.2 o S<1 

22 Speclfic Heat L-/V \(';\" /\\Q tTL~.38o,?/ 
23 Thermal Conductlvity t 1\/ .vJ /1--t1 Joe..­ O 1,2 (,'1/ 
24 Latent Heat _ o I 

25 Inlet Pressure 'DM Pr 
26 Velocity ~ IS . 
27 Pressure Drap AlIow./Calc rnA- R 
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MTD (Corrected)29 Heat ;:..,!'-'~" 'o.<ou S 6 O O l<:--".J 
30 Transfer Rate. Service "-I 2.. 5 Clean ':,lIS W/\-T\'Y c..... 
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49 Sypass Sea! Arrangement ,/ / Tube-Tubeshed Jolnt 


50 Expanslon Jolnt /" Type
" 
51 pvl.lnlet Noz.:de Bundle EntrOlncc Bundle Exit 


52 Gaskets·Shel! Side //" Tube Side 
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 / .-._. 
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PROBLEM DESCRIPTION-P920bl ELF NORGE TCP2 YEAR 1997 CASE-CE607.3 

liFLOW lNDUCED VIBRATION ANALYSIS (LEVEL 1.0011i 2-PHASE HIX. SHELLSlDE 

'. ,~" ... 01 LOG DECREMENT 0.1000 AXIAL STRESS LOADING O. O 01PAI 
02 BETA 2.711 ADDED HASS FACTOR 2.4733 ------POSITION IN BUNDLE----­

INLET CENTER U-BEND 

03 LENGTH FOR NATURA L FREQUENCY (Hl 1.060 0,740 2.052 
04 LENGTH/TEHA MAXINUM SPAN 0.6'94 0.485 1.092!: 
05 NUMBER OF gPANS (--l b 7 

• 	 l:'~Ob TUBE NATURAL FREQUENCY (HI) 56.69f 71.15 O.J:' 

07 SHELL ACOUSTIC FREQUENCY {HIl 
- FLOW VELOCITIES 

1• ......It.OB WINDON PARALLEL VELOCITY iM/S) 1.92 2.13 
09 BUNDLE CROSSFLOW VELOCITY (M/Sl 'J.97 2.02 1.60 
10 BUNDLE/SHELL VELOCITY Hl/Sl 0,40 0.83 0.6.6 

- FLUIDELASTIC IN5TABILITY CHECK - ­
11 BAFFLE TIP CROSS VELOCITY IM/S) 0,81 l. 68 1.33 
12 AVE RAGE CRGSSFLOW VELOCITY (M/Sl 0.91 2.02 1.60 
13 CRITICAL VELOCITY 1M/Sl 2.68 2.80 2.91 

" ..... ,. - ACOU5TIC IJIBRATION CHEeK - - - - - . 

14 VORTEl SHEDDING RATIO (--) 

1~ TURBULENT BUFFETING RATIO 1--1 


TUBE VIBRATIGN CHECK 
16 VORTE XSHEDDING RATIO 1--) 0.318 0.6631': O,S26t 
17 TURBULENT BUFFETING RATIO I--} 
18 PARALLEL FLOW AMPLITUDE (MX) 0.004 0.006 (1.116 
19 CROSSFLOW AMPLITUDE (MMl 0,100 0.149 3.873f 
20 TUBE GAP Hl/il 6.300 6.300 6.300 
21 CROSSFLOW RHO:V-SQ O:G/M-S2) 3b1. 1405. 799. 

DAMAGE NUMBER CHECK 
22 BAFFlE DAHAGE HUMRER 1--) 0.0477 0.09(15 O.3957f: 
23 COLLISION DAMAGE NUHBER I--l OfO~52 0.0325 L ona I: 
24 CRITICAL DAM AGE NUMBER LIMIT (--l, 0.2871 0.2831 0,2799 
25 RHO/SQRT(MUl (LBII.5FTII-2.5HRff.5l 3.2455 8.0135 7.833l 

BUNDLE PARAMETERS AT NOlILE5 EN TRANCE EXIT 
26 IHPINGEMENT PLATE YES 
27 FLOW AREA IAESC) IM21 0.0720 0.0883 
2B VELOCITY (VESC) (M/Sl 3,09 3.12 
29 RHO-V-SQ (RV2EI 0:G/H-52) 3683. 3032, 

30 TEMA E SHELL WITH VERT OBL. SEG. BAFFlES AND U-T BUNDLE 
3l 
32 PLAIN 316 S. STL TUBES 19.1000 DIAMETER (MM) 90 DEGREE LAYOUT 
33 PITCH RATIO 1.330 

f 	 FREQUENCY RATIOS ARE BASED UPON LOWEST NATURAL OR ACOUSTIC FREQUENCY 
OHITTING THE U-BEND. CALCULATIONS ASSUME NO INTERMEDlATE SUPPORTS 

NOTE -- U-BEND EXCEEDS THE TEMA MAXIMUN SPAN. COMSIDER ADDING 
STIFFNESS TO THE U-BEND REGION. 

G; 
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fFlNAL RESULTSf: PROBLEM DESCRIPTION-P92061 ELF NORGE TCP2 YEAR 1997 fCAsE~ 
HATING CASE MULTIPASS FLOW IN A T.E.M.A. AEU SHELL WITH DOUBLE-SEG. BAFFLES ALT. SOLN.-H 

ilf." PROCESS DATA f.f~f. COLD SHELLSIDE HOT TUBESIDE ~f.l SHELLSIDE PERFORMANCE ffff 

01 FLUID MANE CRUDE TEG30% 01 NOM. VEL, X-FLOW/WINDOW 0.73/ 0.81 
02 FLUID CONDITION 2-PHASE MIX. SENS. UQUID 02 FILM COEF, X-FLOW/HINDOW 2542.71 2033.9 
03 TOTAL FLOW RATE (KG/SI 85.903 21.774 03 FLOW FRACTIGNS FOR HEAT TRANSFER= O.7~5 

04 A=O.004 8=0.638 [=0.031 E=0.03B F=O.290 
04 TEMPERATURE, INIOUT (DEG Cl 41.4 I 65.8 180.0 I 120.0 
OS TEMPERATURE, AVERAGE/SKIN (DEG Cl 53.61 B9.~ 150.01 143.8 ffff SHELLSIDE HEAT TRANSFER CORRECTIONS Iflf 

06 PRESSURE, INLET/AYERAGE (KPR) 1550.01 1525.0 0,0/ 0,0 05 TOTAL BETA GAMMA END FIN 
06 0.952 0.895 1.064 0.954 I~OOO 

07 PRESSURE DROP , TOTALJALLOW (I(PAI 45. nJ 50.00 }40,671 130.00 
08 VELOCITY, CALC.JMAX.ALLOW (M/S) 0.851 0.(1(1 2.20J O.(l(l IiII PRESSURE DROPS 11*' lPERCENT TOTAL DPI 

07 WIND 47.62 NDIlLE SHELL 10.07/ 9.28 
09 FILM CO EF (SAF.FACT) (\>l/M2-C) 1441. 77 (0.75l 10089.23 (1.(1(11 08 END 11.41 (IN/OUTl TUBE 0.62/ 0.37 
10 FOULING RESISTANCE (K2-CJWl 0.(10053 0.00035 

f.tft H.T. PARAMETERS Ifr.~ SHELL TUBE 
11 DENSITY {KGJM3l 822,fl3S() '134.4736 09 WALL CORRECTION 1. 058 (1.986 
12 THERMAL CONDUCTIVITY iPllM-CI 0.1495 0.5113 lO PRANDTL HO. 20.5 . 2.9 
13 SPECIFIC HEAT CAPACITY lKJ/KG-Cl 2.4373 4.0521 l! AVERAGE REYNOLDS NO. 6977 87774 
14 VISCOSITY AT AVERASE TEMP (MPA-Sl 3.05343 0.37056 12 BUNDLE INLET REYNOLDS NO, 10958 126561 
15 VISCOSITY AT SKIN TEMP (liPA-S) 2.007B2 0.40217 13 BUNDLE OUTLET REYNOLDS NO. 15151 57568 

14 FOULING. LAYER HiMl 0.0(1000 0.00000 
ilf* OVERALL PERFORMANCE DATA 111* 

lb TDTAL HEAT DUTY REQUIRED (MEGAWATTS) 5.413051 ffll THERMAL RESISTANCES ffll IPCT. OVERALL) 
17 EFFECTJ'.iE MTD i (LMTDI (F) \DELTA l = (DEG Cl '95.28(O.97l \1.(0)= 92,4 15 SHELL TUBE FGUllNG METAl Ol~ER IlES .. 
18 F FACTOR=(TUBEl (BAFFLESI (FJGl !HOT/COLDI=W.9721 (1.000) (1.0001 ((I.9'i71 16 37.03 6.41 50.98 5.533 11.891 
1'1 OVERALL COEF, REQD/CLEAN/ACTUAL (W/M2-Cl 477.82/1090.63/ 534.64 17 TOTAL FOULING RESISTANCE 0.000954 

18 DIFFERENTIAL RESISTANCE 0,000222 
IIII CONSTRUCTION INFORMATION Iffl 

20 NO. SHELLS SERIES l PARALLEL l TOTAL SURFACE AREA (M2l 126 ' 
21 NO. PASSES SHELL 1 TUBE B EFF. SURF, AREA (M2/SHELLI 122.5 lEif SHELL NOZ1LE INfO. Iftl INLET GUTLET 
22 SHELL I.D. IMMI 740.000 TEMA SHELL TYPE E RE AR HEAD U-I 19 INSIDE DIAMETER (MM) 289.1 289.1 

20 VELGCITY (M/SI 3.32 4,17 
23 BAFFLE TYPE VERT DBL. SEG. NO. CROSSPASSES/SHELL PASS i2 21 DENSlTY (KG/N31 393.201 313.802, 
24 CENT HAL SPACING nIMI 370.000 EAFFLE CUT (PCT. DIAl 26.60 22 NOIILE R-V-SQ IKG/M-S2) 4334 5458 

• '"le: 

,I 
i.J liRET SPACING (MM) 690.000 CUT AREA(PCT)!} 41.8 21 42.3 3i 0.0 23 SHELL ENT. R-V-SQ IKGJM-S2l 3Ml3 3031 

., 
260UTLET.SPACJNG (MMI 516.(1(10 CUT HEIGHT FROM CENTER LINE (HMI 24 HEIGHf UNDER NOIZLE (MMI 94.0 94,0 
27 BAFFLE THICKNESS (MM) 7.937 POS-Il 173.2 21 122.4 31 0.0 

ff TUBE NOZILES (RADIALI for. INLET DUTLET 
28 PAIRS SEAL STRIPS 2 TOT.TUBESHEETIMMI 110.0 IMPINGEMENT PLATE YES 25 INSIDE DIAMETER !MMI 152.0 152.0 
29 F-STREAM SEAL RODS (MMl 19.100 NO. 6 per. TlJBES REM. (BOTH) 15.38 26 IJELOCITY {M/SI 1.32' 1.25 

27 DENSlTY (KG/"3) 905.974 962.973 
A7'ij30 TUBE TYPE PLAH~ TUBECOUNT PER SHELL "1,,\1.. 

31 OVERALL LENGTH nil 4.841 TUBE PITCf-i (MM) 25.3999 fllf DIAMETRAL CLEARANCES flil 

32 EFFECTIVE LENGTH (Ml 4.731 OUTSIDE DIAMETER (MM) 19,100 28 BAFFLE-TO-SHELL (MM} 4.0090 
33 LAYOUT ANGLE (DEGI 90 INSIDE DIAMETER (MM) 15.800 29 BUNDLE-TO-SHELL (MMI 12.7000 
34 PlTCH RATIO 1.330 SURFACE AREA RATIO (our I INl 1,209 30 TUBE-TO-BAFFLEHOLE (MMI 0.4000 

31 MULTI.SEG. BAFFLE OVERLAP (HMl 50.800 
36 WEIGHT ESTIMAT ION (KGJSHELll DRY 4M3 ~IET 6'101 32 

Ilf WARNING MESSAGES fli 

NOTE - THE PHYSICAL PROPERTIES FOR THE COlD FLUID SHOWN ON LINES Il 

THROUGH 15 ON THE LEFT SIDE OF THE FINAL RESULTS PRINTOUT ARE FOR 

THE LIQUID PHASE ONLY. 


http:477.82/1090.63
http:EFFECTJ'.iE
http:10089.23


et: 601fFINAL RESULTSt PROBLEM DESCRIPTION-P92061 ELF NORGE TCP2 START-UP YAR 2000 

RATING CASE MULTIPASS FLOW IN A T.E.H.A. AEU SHELL WITH DOUBLE-SEG, BAFFLES ALT. SOUL-ff; 


f.*f.* PROCESS DATA ***i COLD SHELLSIDE HOT TUBESIDE lEll SHELLSIDE PERFORMANCE *111 

0\ FLUID NME CRUDE TEG30Z Ol NOK. VEL, X-FLGW/WINDOW 0.211 0.23 
02 FLUID CONDITIGN SENS. UQUID SENS. LIQUID 02 FILM rOEF, X-FLOW/WINDOW 1004.0/ 1008,9 
03 TOTAL FLGW RAlE {KGlSl 26.678 23.032 03 FLOM FRACTIGNS FOR HEAT TRANSFER= 0.577 

04 A=O.003 B=0.443 C=O.009 E=0,033 F=O.511 
04 TEHPERATURE, INJGUT (DEG ei 5.1 J b6.1 HW,(1 1 120.0 
05 TEMPERATURE, AVERAGEJSKIN {DEG Cl 35,61 93.6 150,01 144.5 fff.1 SHELLSIDE HEAT TRANSFER rORRECTIONS lif~ 

r·.I\i.Ju.~Ob PRESSURE, INLETJAVERAGE (KPA) 1550.0/ 1532,5 O,(li 0,0 TOTAL BETA OMrHili END FIN 
06 0.905 0.905 i.OO(l 0:'151 1,000 

07 PRESSURE DROP, TOTALJALLOW (KPA) 2zb71 35,,00 15b,28l 130~O(i 

08 VELOCITY! CALC.JHAX.ALLOW (M/S) 0,16l 0,00 2~34/ 0.00 DROPS ffll lPERCENT TOTAL DPI 
07 WIND 39.56 NOZZLE SHELL 12.0Si "7.00 

09 FILM COEF (SAF.FACT) iN/M2-Cl 824.40 (0.'15l 10563.81 (1.0G) 03 END 21. 77 IIN/OUTl TUBE 0.63/ 0.39 
10 FGULING RESISTANCE II12-C/\>1J 0.00054 (Ul(1035 

IIII H.T. PARAMETERS fill SHELL TUBE 
11 DENSITY (KG/rl3l 894.8578 931.4737 09 WALL CORRECTION 1. 1::\5 0.983 
12 THERMAL CONDUCTIVITY (FilM-C) (1,3325 0.5113 10 PRANDTL NO. 258.9 2.9 
13 SPECIFIC HEAT CAPACITY iKJfKG-Cl 3~4327 4,0521 11 AVERAGE REYNOLDS NO, 145 92846 
14 VISCDSITY AT AVERAGE TEMP (flPA-S) 2:<.Ob56b 0.37056 12 BUNDLE lNlET REYNOLDS NO. 77 133873 
15 VISCOSITY AT SKIN TEMP (MPA-Sl 10.14872 13 BUNDLE OUT LET REYNOLDS NO. 242 60894 

Iq FOULlNG LA.VER (MMl (1.(10(100 0.00000 
IIII OVERALL PERFORHANCE DATA lill 

16 TOTAL HEAT DU TY REQUIRED (MEGAWATTS) 5.600053 lill THERMAL RESISTANCES fffl (PCT~ OVERALL) 
17 EFFECTIVE MTD I (UHD) (Fl (DELTAl = (DEG Ci 114, 3'j\o. 951 lO. 99l = 107.7 15 SHELL TUBE FOULING METAL OVER DES 
18 F FACTOR=(TUBEl CBAFFLESl (F/Gl (HOTlCOLDJ=(O.952J (l.O(lOl (1.000) (0,999) 16 50.66 4.78 40.24 4.322 -(l,543 
19 OVERALL COEF! REQD/CLEAN/ACTUAL (W/M2-Cl 4l9.18/ 693.841 417.63 17 TOTAL FGULING RESISTANCE (l.O(lMM 

lB DIFFERENTIAL RESISTANCE -0.000011 
Illf CONSTRUCTION INFORMATION flll 

20 NO. SHELLS SERIES l PARALLEL 1 TOTAL SURFACE AREA IM2l 126 
21 NO. PASSES SHELL TUBE 9 EFF. SURF. AREA (M2/SHELL) 122,6 HH SHElL NOZZLE INFO, HB: INLET GUllET 
22 SHELL I.D, IMMl 740.000 TEMA SHELL TYPE E HEAR HEAD U-T 19 INSIDE DIAMETER (MM) 239.1 289.1 

20 VELOClTY (M/Sl 0.43 0.43 
23 BAFFLE TYPE VERT DBL. SEG. NO. CRDSSPASSES/SHELL PASS 12 21 DENSITY (KG/H31 945.740 843.976 
24 CENTRAL SPACING IMMl 370.000 BAFFLE CUT (PCT. DIAl 26.60 22 NOIILE R-V-SQ (KGfH-S2l 174 19b 
25 INLET SPACING (MHI 700.000 CUT AREAIPCTll1 42.0 2) 44.4 3} 0.0 23 SHELL ENT. R-Y-SQ (KGJM~S2) 174 125 
26 OUT LET SPACING (MMl 506.205 CUT HEIGHT FROM CENTER LHiE irlHl 24 HEIGHT UNDER NOZZLE (MM) 97.0 B7.0 
27 BAFFLE THICKNESS {MMl 7.937 POS-ll 173.2 2) 129.2 3l 0.0 

fi TUBE NOZZLES {RADIALl If I NLET OUTLET 
28 PAIRS SEAL STRIPS 2 TOT.TUBESHEETIHHI 110.0 IMPINGEMENT PLATE YES 25 INSIDE DIAMETER {MMl 152.0 152,(1 
29 F-STREAM SEAL RODS (MMl 19.100 NO. 6 PCT.TUBESREN.(HALFl 7,4126VELOCITY (M/SI 1.40 1.33 

27 DEHSI TY (KG/M3) 905.974 95b.973 
30 TUBE TYPE PLAIN TUBECOUNT PER SHELL 
31 OVERALL LENGTH 4.841 TUBE PITCH IMM} 25.3999 flll DIAMETRAL CLEARANCES fiif 

32 EFFECTIVE LENGTH IMl 4.731 OUTSIDE DIAMETER IMMl 19.100 28 BAFFLE-TO-SHELL (MM) 4,0090 
33 LAYOUT ANGLE {DEGl 30 INSIDE DIAMETER (MMI 15.80(1 29 BUNDLE-TO-SHELL 01 fl l 12.7000 
34 rITCH RATIO 1.330 SURFACE AREA RATIO lOUT/INl 1.209 30 TUBE-TO-BAFFLEHOLE (MM) 0.7'137 
35 31 MULTI,SEG. BAFFLE OVERLAP (MMl "43,993 
3& WEIGHT ESTIHATIDN (KG/SHELl) DRY WET 6893 32 

http:10563.81
http:r�.I\i.Ju


- - - - - - -

PROBLEM DESCRIPTION-P920bl ELF NORGE TCP2 START-UP 2000­

.~FLOW INDUCED VIBRATION ANALYSIS (LEVEL 1.00111 SENS. LIQUID SHELLSIDE 

Ol LOG DECREHENT 0.1000 AXIAL STRESS LOADING 0.0 (MPAI 
02 BETA 4.958 ADDED HASS FACTOR 2.5233 ------POSITION IN BUNDLE----­

INLET CENTER U-BEND 

03 LENGTH FOR NATURAL FREQUENCY IMI 1. (i 7(1 O. ]40 2~O32 

04 LENGTH/TEMA HAIIMU" SPAN (--) (1,701 0.485 L079f. 
05 HUMRER OF SPANS j--l b 7 
Ob TUBE NATURA L FREQUENCY {HZ} 47.98f 61.23 5.74 
07 SHELL ACOUSTIC FREQUENCY 1HZ) 

- FLOW VELOCITIES - - - - - - - ­
(I 'j'jOB WINDGW PARALLEL VELDCITY IMISI 0.21 0#24• L.!. 

01 BUNDLE CROSSFLOW VELDCITY IHJSI 0.03 0.16 0.13 
la BUNDLE/SHELL VELDCITY IHIS) 0.02 0.03 0,02 

- FLUIDELASTIC INSTABILITY CHECK 
li BAFFLE TIP CROSS VELOCITY 1M/Sl 0,07 0.14 0.11 
12 AVERAGE CROSSFLOW VELOCITY IH/S) (1,08 O.l·b 0.13 

~ !~13 CRITICAL VELOCITY IMISI 3,03 J,1J 3.13 
ACOUSTIC VIBRATION CHECK - - - - ­

14 VORTE XSHEDDING RATIO (--l 
15 TURBULENT BUFFETING RATIO 1--) 

- TUBE VIBRATION CHECK - - - - - ­
16 VORTEX SHEDOING RATIO (--) 0.020 0.(140 0.031 
17 TURBULENT BUFFETINS RATIO 1--) 
18 PARALLEL FLOM AMPLITUDE IM"1 0.000 0.0(1(1 0.0(13 
19 CROSSFLOW AMPLITUDE (MMI 0.002 0.001 0.045 
20 TUBE GAP IMHI 6.300 b,3(iij 6.30(1 
21 CROSSFLOW RHO-V-SO IKSJM-S21 6. 24. 13, 

- DAMAGE NUHBER CHECK - - - - - ­
22 BAFFLE DAMAGE NUMBER (--) (l. 0(111 (1,(1019 0,0082 
23 COLLISION DAHAGE HUN SER 1--) O. (l(l15 (l,(lO13 (1.0431 
24 CRITICAL DAMAGE NUMBEP. LIMIT (--l 0.2354 0.2678 0.2953 
25 RHO/SQRT O'lU) iLBH.5FTn-2. SHRH. 51 5,5415 7. i730 a.7481 

BUNDLE PARAMETERS AT NOZZLES ENTRANCE EXIT 
2b IMPINGEMENT PLATE 'lES 
27 FLOW AREA (AESC) (fl2) O.Ob5b 0.0819 
23 'JELDCI TY (VESC) OilS) 0.43 0.39 
29 RHO-V-SQ iRV2E) \KGlM-S2) 175. 126. 

30 TEMA E SHELL NITH VERT OBL. SEG. BAFFLES AND U-T BUNDLE 
31 

32 PLAIN 316 S. STL TUBES 19.1000 D1AKETER IMM" 30 DEGREE LAYOUT 
33 PITCH RATIO 1.330 

f 	 FREQUENCY RATIOa ARE BASED UPON LOWEST NATURAL OR ACOUSTIC FREQUENCY 
OMITTING THE U-BEND. CALCULATIONS ASSUME NO INTERMEDlATE SUPPORTS 
FOR THE U-BEND. 

fEFLDW-INDUCED VIBRATION HARMING MESSAGESII 

NOTE -- U-BEND EXCEEDS THE TEMA HAXIMUM SPAN. CONSIDER ADDING 
STIFFNESS TO THE U-BEND REGION. 

~ e~ (, )'1 )'13
eR, l ~ L--61'71'1) 
T~9 Le- 0 {:rI q 3> 



05 
05 

10 

10 

15 

20 

25 

15 

20 

25 

30 

30 

fFINAL RESULTSl PROBLEM DESCRIPTIDN-P92061 ELF NORSE TCP2 YEAR 2000 ­
RATING CASE MULTIPASS FLOM IN A T.E.M.A. AEU SHELL NITH 

*lf.~ PROCESS DATA ~ttt CGLD SHELLSIDE HOT TUB.ESIDE 
01 FLUID MAME CRUDE TEG301 
02 FLUID CONDITION SENS. LIGUID SENS. LIQUiD 
03 TOTAL FLOW RATE (KG/Sl 834S6~ 11,992 

,. ~,.~. 180.0 J 

TEMPERATURE: A\/ERAGEJSKIN (DEG Cl 54.3/ 95,3 150,0/ 141.6 
06 PRESSURE j INLET/AYERAGE (KPA) 1550,OJ 1525.0 0.0/ 0.0 

04 	 TEHPERATURE j IN/OUT IDEG Cl "
'0.• \J1../' ~ 12Ci,O 

07 PRESSURE DROP j TOTAl/ALLOW (KfA) 19.49/ 50.00 47. 511 130, 00 
OB VELDCITV j CALC./MAX,ALLOW Hl/Sl O.Eli! 0,00 1,21/ 0.00 

09 	 FILM COEF ISAF.FACTI OI/M2-Cl 1067.27 i1.MJ 6265.97 (LO(l) 
FOULING RESISTANCE IM2-CiW) (1,00053 0.00035 

11 DENSrTY (KG/li}} 905.4744 934.4135 
12 THERMAL·CONDUCTIVITY Hl/M-Cl 0,5113 
13 SPEClfIC HEAT CAPACITY IKJ/KG-Cl 4,0521 
~~ Vi5CilSITY AT AVERAGE TEMP (MPA-Sl 17,08200 0.37056 

VISCOSITY AT SKIN TEMP (MPA-S) 9.24389 O.4t470 

I*fi OVERALL PERFORMANCE DATA illl 

16 TOTAL HEAT DUTY REQUIRED (MEGAWATTS) 2.892027 
17 EFFECTIVE MTD j (LMTDI (Fl (DELTA) = (DEG Cl 93.43((1.991 {l,(l(ll 92.2 
13 F FACTOR={TUBEI iBAFFLESl (F/GI iHOT/CGLD1=(O.9891 (l,OOOi (1.0(lO) iO.9'i81 
19 DVERALl COEF, REQD/CLEAN/ACTUAL (W/M2-Cl 255.171 810.781 457.27 

Ilff CONSTRUCTIGN INFORMATION filE 

NO. SHELLS SERIES i PARALLEL l TOTAL SURFACE AREA (M2) 126 
21 NO, PASSES SHELL TUBE 8 EFF. SURF. AREA (M2/SHELl) 122.b 
22 SHELL 1.0. (MMt 740,000 TEMA SHELL TYPE E REAR HEAD U-T 

23 	 BAFFLE TYPE ,VERT DBL. SEG. NO. CROSSPASSESiSHELl PASS 12 
24 	 CENTRAL SPACING (MMl 370.00(1 8AFFLE CUT (peT, DIA) 2b.60 

INLET SPACING (MM) 700.(1(10 CUT AREA~PCTlIl 42.02142.23) 0.0 
26 DUTLET SPACING (MMI 506.205 CUT HEIGHT FROM CENTER LINE IMMI 
27 8AFFlE THICKNESS (MM) 7.937 POS-II 173,2 21 122.4 31 0.0 

28 	 PAIRS SEAl STRIPS 2 TOT.TUBESHEETIMHJ 110.0 IMPINGEMENT PLATE YES 
29 	 F-STREAM SEAL RODS IMMI 19.100 NO. 6 peT.TURES REM. (HALF) 7,41 

TUBE TYPE PLAIN TUBECOUNT PER SHELL 432 
31 OVERALL LENGTH (ril 4.841 TUBE PITCH IMH) 25.3999 
32 EFFECTIVE LENGTH 11'1) 4.731 OUTSIDE DIAMETER (MM) 1'1.100 
33 LAYDUT ANGLE (DEG) 90 INSIDE DIAMETER IMMI 15.800 
34 PITCH RATIO 1.330 SURFACE AREA RATIO (OUT/IN) 1.209 

36 WEIGHT ESTIMATION iKGiSHELLl DRY 46(10 WET 6393 

DOUBLE-SEG. BAFFLES 

Ilff SHELLSIDE PERFORMANCE Ilfi 

01 NOM. VEL, X-FLOW/NINDDW 0.701 0,78 
02 FILM COEF, X-FLON/WINDOW 1793.5/ 1568.3 
03 flOW FHACTICNS FDR HEAT TRANSFER= 0, lb') 
04 A=O.007 B=01652 C=O.020 E=OI031 F=Q,290 

IiII SHELLSlDE HEAT TRANSFEH CORRECTION5 Iltl 
TOTAL BETA GAMMA END FIN 

06 0.690 0.690 1.000 0.963 1.000 

IE!f PRESSURE DROPS IIIIIPERCENT TOTAL OP) 
01 WIND 37.66 NOZZlE SHELL 14,441 9.68 
Ci8 END ILOS \IN/DUll TUBE 

SHELL TUBE 
09 WALL CORRECTION 1.09(1 . 0.9S1 

PRANDTl NO. 175.2 2.'1 
11 AVEF:AGE REYNGLDS NO. 9bb 48342 
12 BUNDLE INlET REYNOlDS NO. 892 697(13 
13 BUNDLE GUTLET REYNOLDS NO. 1(145 3170& 
14 FOULING lAYER (HMI (1,00(10(10,000(10 

HH THt:RMAL RESI STANCES HH (pel. GVERALLl 
SHELL TUBt: FOULING "ETALOVER DES 

16 42.84 8.82 43.60 4.732 78.779 
17 TOTAL FOULING RESISTANCE 0.000954 
18 DIFFERENT1AL RESISTANCE 0.001723 

IIEf SHELL NOZlLE INFO. ff~f INLET GUlLET 
19 INSIDE DIAMETER (MM) 289.1 2a?! 

VELOCITY iM/Si 1. 52 1.54 
21 DENSITY (KGfM3) 911.974 898.974 
22 NOLZLE R-'.}-SQ tKG/M-S21 2112 2143 
23 SHELL ENT. R-V-SQ (KG/M-S21 2115 1317 
24 HEIGHT UNDER NOZZLE (MM) 87.0 B7.0 

if TUBE NOZZLES (RADIAL) fl INlET DUTLET 
INSIDE DIAMETER (MMi 152.0 152.0 

26 VELOCITY (K/SI 0.73 0.69 
27 DENSITY (KG/M3) 905.974 962.973 

fElf DIAMETRAL CLEARANCES tEll 

28 BAFFlE-TO-SHELL (MM) 4,0(190 
29 BUNDLE-TO-SHELL (MMI 12.7(100 

TUBE-TO-BAFFLEHOLE IMM) 0.7937 
31 MULTI.SEG. BAFFLE OVERLAP (MMI 50.800 
32 
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PROBLEM DESCRIPTION-P92061 ELF NORGE TCP2 YEAR 2000 


IIFLOW INDUCED VIBRATION ANALYSIS ILEVEL 1.00111 SENS. LIQUID SHELLSIDE 

Ol LOG DECREMENT 0.1000 AXIAL STRESS LOADING 0.0 IMPAI 
02 BETA 2.711 ADDED KASS FACTOR 2.4733 ------PGSITION IN BUNDLE----­

- - - - ­ - - ­ - ­ - - - -
03 LENGTH FOR NATURAL FREQUENCY (M) 

04 LENGTH/TEMA HAXIMUM SPAN (--) 

rWMBER OF SPANS 
06 TUBE NATURAL FREQUENCY 
07 SHELL ACOUSTIC FREQUENCY 

- FLGW VELOCITIES - - ­
OB WINDDN PARALLEL VELDCITY 

(--) 
(HZI 
IH11 

(HIS) 
09 	 BUNDLE CROSSFLOM YELOCITY (M/S) 

BUNDLE/SHELL VELOCITY IMISI 
- FLlIIDELASTIC INSTABIUTY CHECK 

11 BAFFLE TIP CROSS VELOCITY 
12 AVERAGE CROSSFLOW VELGCITY 
13 CRIIICAL VELOCITY 

ACOUSTIC YIBRATION CHECK 
14 	 VORTEX SHEDDING RATIO 

TURBULENT BUFFET ING RATIO 
- TUBE VIBRATIDN CHECK 

lb VORTE! SHEDDING RATIO 
17 TURBULENT BUFFETING RATIO 
la PARALLEL FLOW AMPLITUDE 
19 CROSSFLGW' AMPLITUDE 

TUBE GAP 
21 CROSSFLOW RHO-V-SG 

- OAKAGE HUMRER CHECK 
22 BAFFLE DAMAGE NUMBER 
23 COLLISION DAK AGE NUMDER 

(M/Sl 
(M/S) 
(MISI 

. (--) 

{--l 

I--} 
i--) 
H1Ml 
HIM) 
UIM) 

(K6nHJ2} 

(--) 
{--l 

24 CRITICAL DAKAGE HUKBER LIMIT (--) 
RHOjSQRT~Mu} ILBH.5FTH-2.5HRH.S) 

BUNDLE PARAMETERS AT NDZlLES 
261MPINGEMENT PLATE 

. 27 FLm~ AREA 
28 VELOCITY 
29 RHO-V-SQ 

(AESC) 
(VESC) 
{RV2E) 

31 
TEMA E SHELL NITH 

32 PLAIN 316 S. SIL TUBES 
33 PITeH RATIO 1.330 

(Ml) 
(t-IiS) 

IKG/M-S2) 

-

-

INLET 

1. 070 
(1,701 

6 
48.55+ 

0.77 
0.42 
0.11 

0.37 
0.42 
1. 71 

0.163 

0.002 
0.044 
6.300 
1M. 

0.0277 
0.0406 
0.2917 
8.5067 

ENTRANCE 
'lES 

O.M5b 
1. 52 

2114. 

CENTER U-DEND 

0.740 2.032 
0.485 1.0711 

,7 
61,33 5.68 

0.78 0.73 
(l,Bl O.bO 
Or22 0.16 

f\ ri0.70 ,.l.,.."ll 

(1,31 0.60 
1.72 1• l'!JL 

0.310 (1.221 

0.003 0.044 
0.039 1.136~ 

b.300 6.30(1 
593. 319. 

0.(1477 0.1931* 
0.0335 1.0253* 
0.2965 0.3013 
8.7921 9.07b2 

EXIT 

0,(IB19 
1. 24 

1377 • 

VERT OBL. SEG. BAFFLES AND U-l BUNDLE 

19.1000 DIAMETER (MM) 90 DEGREE LAYOUT 

+ FREQUENCY RATIOS ARE BASED UPON LOWEST NATURAL OR ACOUSTIC FREQUENCY 
OMITTING THE U-BEND. CALCULATIONS ASSUME NO INTERHEDIATE SUPPORTS 
FOR THE U-BEND. 

fIFLOW-INDUCED V1BRATION WARNIHG MESSAGESII 

NOTE -- U-BEND EXCEEDS THE TEMA MAIIMUM SPAN. CONSIDER RODING 
STIFFNESS TO THE U-BEND REGION. 


