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5 - PARTS DATA 

. 5.1 Equipment data sheets 

For CE 603 D5-FF-22-26-8481 
For CE 607 D5-FF-22-26-8482 
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PURCHASE . ORDER NO,:- 

'YENDORS 
-

FRONT SHEET PO FF "'22 2b" I OO~ 

FOR'A4DOCUMENTS 

VENDOR INFORMATION 


COMPANY 

NAME: 


AODRESS: 


~FAX: TELEPHONE:: 111 S" lUs[iliIi[B] 
VENDOR DATA 

CONTROl ExT: 
 DID 
CONTACT: 

VE}mOR DOCUl.lENT 
NUM BER: ..53,2..(iO _ ~ 'D s '2, 

DOCUMENT mu: EQv i f' T . P A Ta . "S±\ E.CT:; _ c'E" 60 7. 
, I 
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\ 

FRØY INTEGRATION WORK ON TCP2 

EOUIPMENT OESCR,IPTI'oN: 

_ FR øy o IL. t N L~\ H t·f\Tc-R_ 
I 

PKGE TAG NO: n A 00{5 . LOCATION; M~'5. 

rvORL eODES: G o '1 
IITD,j .ri6 07lAG Nos: 

YERjTEC 
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Job No. 

Customer i=( F PFTnoLE' "M ~Af.s ~ .5.ee: 0:'8 
Address I'~JC<c\ - F'I\<iY \\JTEG,'Il.8IIQl\l v).. ,GPj Prop.,s~1 _N". 
PI, nt Locollon TI' 1'1 M O'OULE .J.s:.. ~"tD l/C;;, ol. ~'Y. 2. 
Service of Unit FAO"( 0\'- \lVLET lte:--a_IER .J.~ ~.6.D+-
SII" +';0 l( 4b()o Typ. AE U (Hor /"'--\) ~ :ted In . - Porall.1 _ Series 

Surf/U';\t I '-L ITf 1- '. Shells/Unit i Surt/Shell ,.lrr.";. m .... (1) 
PERFORMANCE OF ONE UNIT;2c-,tUJ CA SI2.1'~· '--:13 f. ' 

Fluid Allocatlpn Shell Side Tube Side' 

Fluid Nome , fA-a.\IIiIl'f. 'UJ\~\U,l.t"t) Lt\.J!)F OIL .,20'k...I.E'6 
Fluid Quantlty, Tot,1 kq h .3Q~ 1.JJ..Æ,JI .nl .1.B..3. :± 

Vapor (In/Out) k'~ t·!, (;? oL-a QOl56 .. 
Uquld \.i.e:.. 1 . . k", 1h ?S'.'<,of,1 .J. t:;'1'l2lJ8 .'±fi3.iLl.. 18 ~8'].. . 
Steam ~lb 43 1+6 .. 
Water K. 14 liS 8s.8 {d+".I, . 

", Noncondensable k~ Ih ::t8 iB.. 
Temperature (In/Out) o, 'C Lj I, 4 &:5,8 IRo I 2 ("') 
Spi~lfjc Gravlty L 1\/ k'o 1>+1 1 IBo,b I 14, gn RIS: / '<;-,oUo 90(',4 ~ 62..'+ 
VIscosity. L1quld /!L. v 

Cp .3 . h LI, I o, O1/ o, l b1.;?/ O.ri ti O·l \k "l Q.5{;9'4 
Moleeular Welght. Vapor 2 ~ S'r; U: ::;4 
1Æolecular Welght. Noncondensable 

So"elne He,! l/v rcrI- K'Q. ~.~ 7,3'I~l;I),H'1 2 l/l 2811. QT:j ~.2.113 3 R'3~4 
Th e rmal Conductfvity lill v. /..1 'G o'/H7 /0.0314 o,W;JI,;'o,o37 ( O 5 1 'l, \ Il ,D:J 5 
Latent .He,,_t 

Inlet Pressure MI? A- IS,S .. Ff 
Velocity "" I" ' 1.20 
Pr.ssme Drap. Allow./C,lc. f\4.Q o,r / O L. C; ? .0 I f . t, 1 
Fouling ResistlJnce (Min.) h; 'c 1 v.l ' 0.0 0 052.8 0,000 J Sl. , Heat Exchang.d C; 4 I ~ k: \. ': MTD (Cor,-"c.t.e~l _91.!; '.;. 

) TriJnsfer R::tte. Service 4jL~ vv 1m "'c ele;;)n ~l. 'V.Lh1~·(. 
CONSTRUCTION OF ONE SHEll Sketch (Bundle/Nozz!. Orlont.tion) 

1. Shell SideI Tube ?id~_ J. / fOeslgn/Test Pr.ssur. oeM,(- _ Z I .4..~=r-_18.5 / Z±-±.2_. 2 
C:osign Temperoturo "c _ 7 I) l} ri t;' i

2 O Il. QS 

l
l 

T~ J](- --
35 

WI 
:& 

36 " \. 
37 l.u;1
38 f'-f 
39 

~O 
41 

42. (lnteg.l (~.) 

43 r-c~~~~~~~~~--~~~~--.. 
. U 

47 I Baffles-Long S.,I Typa 

48 

49 ~~____~____~~__~~______~~~~~~~~__________________________~~~~~ 


50 


51 ~.:~~~~~~__~~~~~~~~_~~~~~~~_________~__~~~~~__________ 

52~~~~~~~________________________________~~~~____________________________________ 


53 ~Ffo3ting: Head 

54 Code Requlfements 

S5 FIlled wilh VI,ter CIO ( tI"'\~J 
55 Q"~ts\.J!\EA{\- l1EQV\J',SP 

~ 

" 

~~LL~~~~-2UL~q~~~I~~~~~_\ul_~E~S 

58 o 11 I 
~t-. "d 65 ?fO . 

F~..!.lllli.'-,*"l...-___1~ O- 06. B 6'1 I O•8, , '14 1 
~~~~~~~~~____-4~lo~-~o~3~,~q~1~ . 
!-1. n,;;:'I.<I)FC~Ii:,J\ 5""C. 1'~.ol.'1i f"OLIO 

KEV lH.'jc.I{\p,iON DATE. '(,32ob'l 
...b IlI'~.1I4\JEIIL,}t, 40. 1lJ.'5-!...i.l-'\ l 
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HEAT EXCHANGER SPECIFICATION SI-lEET 
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11 

12 

13 

14 
15 

16 

17 

PERFORMANCE OF ONE U~IT 

Fluid AlIoeatlan 

Fluid Name r:; 
Fluid Quantlty, Total 

_IL l....J.1:.6--tL _ LI.::{ I:;,:; 
---'ilL 

13~ f ~ l ,j IjCj'i.1If,b 

lB 

19 l~~~~~~~~~------------~~r~~~~~---I 
20 '~~~~~~~~~~----~---------r----~~-----
21 I~~~~~~~~~~~~~~__~__\______~____~_~__~~__~_~__~~~~~:I~____________ 
22 

. Latent Heat 

25 In!et Pressure I3A~ A 
26 Vclocity 


27 Pressure Drap, AlIow./Colc_ 


42 Shell ID 


43 Channel or Bonnet 


44 Tubesheet-Stallonary 


45 Floatlng Head Cover. 


46 Baffles-Cross % Cut (Diam/Areo) Spoc!ng; clc Inlct 


47 E!affles-Long Seol TYPD 


48 Supports-Tube 


49 Bypass Seal Arrangement cct Jolnt 


50 Expansion JoJnt Type 


51~~~~~~~__~iL~_~~IL~____~~~~~~~____________________~~~~~_______________ 
52~~~~~~~~_________________________________~~~~_____________________________________ 

531_____~~~~~~~____________________________________________________________________________._. 

54 Code Requlrcments TEMA 


55 Welght/Shell FIlled wilh Water Bundle 


56 Remarks C.ltUuL.A-TC'P o...\Lf:J1..1?E516N 8.0 

5 7 , --rrIJr 

5B G nO!), LIGI.JE l.~ l.t·~5- '15 -r cf '..dd~ 4?'_ ,( . 


l 
I 

59 lj \"I.DI). l'J-.;,-,)(Il;" o]-oS':9'l Te-\' .dI/1 ' '))1f- ~. 
60 4.' .fluJ. roLla '\ -Lo.04,'1\ 1l.-P /jr.4' (~ If. ( 2>
61 3' J:t'.V. rolla f 10.0\ q-z, :J~\" 1t);/,.. ~. ._;'>. 

. 'Z.. ({fiV,"5 oF GlIt,!J"!' :5I'E'- lZ;6.ol.'lJ :r cf' n~cr...-' .cq:;r-:Q [FOLlO 
REV nE.~c.\~\\?,iON DATE. P,y eriK 1PP. '(Sl-Obl 
l . -. CE.(,o7 . -.1. 

1EQUITHERM YEAR 2000\ \'\I~ ..sPE.e. t3Z0tll~ eE60!- ':;;,1(DHltS\..j·CÅ,,>E.
" 'l 4r~ _/~- Cl? _ cc -'.. 77,"r· ;.,~ IZ::::::~,::~,:~",:':-'''::,:~'~:':''~~''' :,.' ,.,' 

2B Fouling Resistance (Min.) 

29 ·Heat E>tchanged 

30 Transfer Rate, Service . '. 

31 (l3undlc/Nonle Orlentatlon) 

32 Shell Side 

33 

34 
~--~-----7------

35 

36 

37 

3B 

39 Rating 

40 Tube No. 

41 Tube Type 

OD 

! I 

-----  --1----------------1 'j,·Et:. r=Dll O L 

rhk -(J 30 -6- 60 -8- 90 

L! 
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!-I E. X C H 1\ NGER Si) E C IFICf.\T Iu f'l SH l:. l:. r 

2. I~~~~____~~__~~~~~~~~~~~~~____________________~~~~~__~~~~~____ 
3 

4 

5 

6 I-----~~~~~~~~~--~~~~~~--~~~~~------------------------~-
7 I-=~~~~________~~~__~____~~~~~~~~=-~~~~=-~~~~~__~~~~~~~_ 

11 Total 

12 (In/Out) 

13 

16 

17 

18 ~~~~~~~~~~________ 

19 
20 

21 ~--~l~~~~_~~~~LH~_ 
22 

25 ,~ 


26 Ol I G 

r-------~--~~~--~~---r----~-----='

27 Pressure Drap, Allaw.jCalc. / 


28 rouling Res1stance (Min.) 


29 


3D' 

31 


32 


33 

34 


35 


36 


37 


38 


39 


40 


Transfer Rate, Service Clean 

CONSTRUCTION OF ONE SHELL Sketch (Bundle/Nonle Orient2tian) 

Design/Test Pressure 

Design Temperature 

Connections In 

Slze & Out 

Rating Intermedlate 

Tube No. 00 Thk (Min/Avg) 

Tube Type 

Channelar Bannet 

Tub eshe et-Statia na ry 

Floating Head Cover 

Shell 10 OD ,/ I ~hq-l1'\cciver (Integ.) (Remav.l 

Shell Side 

I 

-----

Tube Side 

I 

,/ 

J 

/ 
//,. 

,;,". Cav~e~r________________________ 

"/.,, 

L linpingement Proteclion 

8? '314 

\80 12. O 

~~LL__+-~~~~____~~LL~~~____-C 

~~~~----l----~~~-------I--------------I 


41 

42 
43 

44 

45 

46 Ba ffles.Cross Type ~L 0/'; Cut (Diam/Are,,) Spacing: c/c lnlet 

47 Baffles-Lang / Seal Typer '< 
48 Supports-Tube tJ:-§ruL / Type 

49 J/ Tube-Tub Jolnt 

50 Expanslon Jolnt / Type 

51 pv'-Inlct ND:l::>:Ie Bundle Elitr;lncc Bundle Exit 

52 Gaskets-Shell Side // Tube Side 


53 
 / 
l------------~---

54 Code 


55 Wefght/Shol! Filled wllh Wnter 


0lbF \l, til WEj)':;'--.JY,,,--\,,--/---,~,,-,-,LU..-'-li:l""""',,,,,,",__"-1 


o" 

dFOLIO 

P 9l0G 1
E.. 6 Of ... 3;o 

EQUITHERM (<;'TM."i-v? 'Jf AR 2.000) N~ .sPEe.. CE~u1 I () 

...:."".. ~ z.5/6:h:":3 

~ it'Wj%q'i4-,S;;;:;'_
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': .:. ":. 

~~~~::~-~::~~~~~~~~=~~:~~~_::~_:~~~:_~:~:_~:~:_~~~~----~:::==::~~~~~ 
IIFLOW INDUCED VIBRATION ANALYSIS ILEVEL 1.00)11 2-PHASE MIl. SHELLSIDE 

',: 

Ol LOG DECREHENT 0.1000 AXIAL STRESS LOADING 0.0 I"PAI 
02 BETA 2.711 ADDED MASS FACTOR 2.4733 ------POSlTlON IN BUNDLE----

HUT CENTER U-BEND 

03 LENGTH FOR NIHURAL FREQUENCY (Il) 1.060 0.740 2.052 
04 LENGTHfTEMA MAX IMUM SPAH (-- i (l.b94 0.485 l. 092f 
os NUHBER OF 9PANS {--l b 7 I . ".
(16 TUBE NATURAL FREQUEI1CY (HIl 56.69+ 71.15 buJJ 

07 SHELL ACOUSH C FREQUENCY 1HZ! 
- FLOW VELGCITIES - - - - - - 

~ . ', '. . 
Da WINDOW PARALLEL IJELOClT'I (M/Sl 1.72 1.'12 2.13 

: ..: .;. 09 BUNDLE CROSSFLOW VELocm ill/Sl 0.97 2,02 1.60 
3:· ~. 

10 BUNDLE/SHELL VELOCIT'! (Mf Sl (1.40 0.83 0.66 
- FLumEL~STlC lHSTHBILlTY CHECK - 

11 ili\FFLE HP CROSS IJELOClTY IHiS) O.Bl 1.6B 1~ 33 
12 AVE RAGE CROSSFlOW VELOClTY 1M/Sl 0.97 2.02 1.60 

"<:.' 

'.,. ,:.,\ 
13 CRlTlCAL \IELOCm nllSI 2.68 2190 Vil 


...~.. _. - Acousnc VIBRAT!ON Ll1tL1. - - - - - . 


14 \IORTEX SHEDDIN6 RATIO {--l 

15. TURBULENT BUFFETING RATIO (--l 

- TUBE '.) l BRATI ON eHECK 
16 VORTEJ SHEDUIHB RATIO 1--) 0.313 Osbb3f 0.526. 
17 TURBULENT RUFFETING RATIO (--) 
13 PARALLEL FLOW AMPLITUDE IMMI 0.004 0,006 'j.!16 
19 eROSSFLOW AMPLITUDE (MMI 0.10(1 0.149 3.B73f 
20 TUBE GAP (MMI 6.300 6,300 6.300 

;: ,.. 
2! CROSSFLOW RHO-\}-SQ O:SilHi21 361. J4{15. m. 

- DAHAGE HUMRER eHECK - - - - - - 
22 BAFFlE llAMA6E NLliiBER (-- l 0.0477 0.090S (1.39S7f 
23 COLLISION DAriAGE tJUMBER (--l O.Q3S2 0.(1325 L0933~ 

24 CRITleAL DAMAGE HUMRER LIMIT (--) (l.2B71 0.2831 0.2799 
25 RHOiSQRTiMUI ILBH. SFTu-l. 5HRH. SI fL 2455 a.ons 7.8331 

BUNDLE PARAMETERS AT NOE lES EtHRANCE EXIT 
26 IMPINGEMEMT PLATE VES 
27 FLOW AREA IAESC) 1M2) 'J. (1720 0.OB83 

~ 

28 "IELOe!TY (1IESCl (M/SI 3.09 J.12 
29 RHO-i}-Sll (Rlml iKG/M-S2l 36\13. 3032. ~ 

<',' 30 TEMA E SHELL WITH VERT DBL. SEG. BAFFLES AND U-T BUNDLE 
31 
32 PLAHl 316 5. STl TllBES 19.1000 DIAMETER (MMI 90 DEGREE lAYOUT ~ le-~:f:f 
33 PITCH RATIO 1.330 elt.- <f le:- ~j.r) q 

+ FREQUENCY RATlOS ARE BASED urON LOWEST NATURAL OR ACOUSTlC FREQUENCY ::)Cf \~"?l s)q,3. 
OMITTING THE U-BEND. CALCUlATIONS ASSUME NO lNTERI1EDIATE SUPPORTS 

~j~T;;;;?
NOTE -- U-BEND EXCEEDS THE TEMA "AIIMUH SPAN. CONSIDER RUDING ~ STIFFNESS TO THE U-BEIW REGION. ~Æ 

~----~~~\'{#W1t'+,f!!'itt:Q11iSii.:g'#!§;;;@}\fk&\#1\MM!§>3?k4Y.ml ............_.. ~_.~ . "'f'5!,G;L·7dhi__ _

~~~~~~r~!J'll~'~ 
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05 

10 

15 

20 

25 

30 

~mAL RESULT5< PRaBLEH DESCRIPTION-P920bl ELF NGRGE TCP2 YEAR 19'17 
F:A TING CASE MOLmA!}S FLOW IN A T,UtlL AEU SHELL W1TH DtlllBLE-SEG. BAFFlE5 


- ., 


~.f.~ PROCESS DATA f.f~~ COlD SHELLSIDE HOT TUBESIDE f!f! SHELLSIDE PERFORMANCE ffff 

FLUID NArIE CRUDE TEG30Z Ol NOM. VEL, X-FLOW/MINDOW 0.731 0.81 
02 FLUID CONDITION 2-PHASE Hl L SENS. LlOUID 02 FIUI COEF, HLOH/WlNOOW 2542.7/ 2033.9 
03 TOTAL FLOW RATE n:G/sl 85.903 21. 774 03 FLOW FRACTJ OHS FOR HEAT TRANSFER:: 0.7&5 

M A=O.(JO'l B=0.638 C=O.O:-I E=(I,038 F=(1.2'iO 
04 TEMPERATURE , IN/OUT (DEG Cl 41. 4 I 65,8 180.0 / 120,0 
05 TEMPERATURE I AVERAGE/SWt !DEG Cl 5:-.61 99.4 150.0/ m.a HU SHELLSIDE HEAT TRANSFER CORRECTIONS Hf!: 

Ob PRESSURE, INLET/AVERAGE (KPAl 1550.0/ 1525.0 0.0/ 0.(1 TOTAL BETA GAMMA END FIN 
, .',' 06 0,952 0.895 !.(IM 0.954 1.0(lC! 

~ i" 07 PRESSURE DROP, TOTAl/ALLOW (KP';l 45.92/ 50.00 140.67/ 130.00 
Oll VELOClTY, CAlC./MAX.Allml (M/sl 0.85/ 0.0[1 2,2(1/ (1.0(1 ff.fE PRES5URE DROPS ft.ff. IPERCEtH TOTAL nPl 

07 flIND 47.62 tiOIlLE SHELL 10.07/ 9.23 
0'1 FILM COEF tSAF.FAcn !WfHH) 1441.77 10.75) l(I039.28 (1. [1(\ l 08 END 11. 41 ml/OUTl TUBE 0.621 (I. :'7 
10 FOUllNG RESISTANCE Hl2-Cfij) O.(I()053 0,(1(1(135 

f.*<* H.T. PARAMETERS *f.f.' SHELL TUBE 
Jl DENSITY (KG/M3l ll22.3380 934.'1736 09 WALL CDRflECTI ON 1~ OSS 0.98,1, 

. -:. 12 THERNAL CDtlOUCm lT'I (\UM-Cl 0,1495 0.51l3 PRANDTL liD. 20.5 . 2.9 
13 S~ECIFIC HEAT CAPACITY (KJ/KG-Cl 2.4373 4.0521 Il AVE RAGE REYNOLDS NO. 6977 &7774 
14 'mCDSITY AT iWEP.AGE TEN? 
15 mcosIT'l AT sm TEMP 

(liPA-SI 
niPA-SI 

3.0!B43 
2.0(1732 

0.37056 
0.40217 

12 BUNDLE 
13 BUNDLE 

INLET RE'INOLDS NO. 
DUTLET REYNOLDS NO. 

10958 
15151 

116561 
57562 

14 FOULlNG LA'iER aml (I,(1{l(1(1(1 0.000(10 
HH D\IERAll PERFORMANCE DATA HB' 

lb TOTAL HEAT Durr REQUIRED (MEGAWATTS) 5.41305i ffff. THERMAL RESISTANCES ilt! iPCT. OVERALL) 
..•.. 17 EFFECTI',,1E MTD, (LMTDl (Fl (DELTAl = (DEG Cl 95.28(Q.971 !!.Q(ll 92.4 SHELL TUfiE FOULING ilETAL (J'iER EES' 

18 F FACTOR=!TUBEl (IlAFFLESl (F/Sl (HOT/COLD1=(().'172) (1.000) 11.00(1) ((I.9·m 16 37.03 6.41 50.98 5.533 11.891 
.: ,

19 !l'.JERALL RHlD/CLEAN/ACTUAL (W/HZ-CI 477,82/1090.63/ 534.64 	 17 TOTAL FOULING RESISTANCE 0,000954 
lB DIFFEREHTIAL RESISTAfiCE 0.000222 

f.Hf. CONSTllUCTION INFORMATION UH 

20 NO. SHELLS SERIES I PAfiALlEL l TOTAL SURFHCE AREA (M2l m ' 
21 NO. PASSES SHELL l TUBE 8 EFF. SURF. AREA (n2JSHELLI 122.5 HH SHELL NOZILE INFG. UH INLET OUT LET 
22 SHElL LD. nUll 740.00(l TEMA SHELL TYPE E REAR HEilD 	 19 INSIDE DIAMETER (XX) 239.1 289.1 

'.JELOCITY Iil/Sl 3.32 LI7 
23 BAFFLE TYPE ~ERT DBL. SEG. NO. CR(JSSPASSES/SHELL PASS 12 21 DEfiSITY (KG/M31 393.201 :m.8(12 

'; .. 24 CENTRAL SPilCING (MMl 370.(;00 BilFFLE CUT (PCL DBl 26,60 22 NomE R-V-SQ (KG/il-S2) 4334 5458 
' 25 INlET SPilCING (KM) 690.000 CUT AREAIPCTlll 41.821 42.331 Q.C 23 SHELL ENi. R-l}-SO iKG/tI-S21 3b83 3Q31" .. ~ . :' ' 	

26 OUTLETSPACING (HMI 516.000 CUT HEI6HT FROM CENTER LINE (HMl 24 HEISKT- UNDER NnnLE (MMI 94.0 'H.C! 
27 BAFFLE THICKNESS (MMl 7.n7 POS-Il 173.2 2l 122.43l 0.0 

ff TUBE NOZZlES (RADIALI f~ INLET GUTLET 
23 PAIRS SEAL STRIPS 2 TOT.TUBESHEETOiMl 110.0 IMPINGEMEtH PLATE 'lES INSIDE DIAMETER (NMI 152.0 152.0 
29 F-STREAM SEAL RODS 1.i1Ml 19.1 (lO NO. 6 PCr. TUBES REM. (BOTHl 15.38 	 26 IJELOCITY (M/Sl 1.32' 1.25 

27 DENSITY !KG/M31 905.974 962.973 
30 TUBE TYPE PLAIti TUnECOUtH PER SHElL F"~~ 
31 OVERALL LENGTH IHI 4.841 TUBE PlTCH (KMl 25.3999 BH DIAMETRAL CLEARAtlCES HH 

32 EFFECTIVE LENGTH IMI 4.131 OUTSIDE DIAMETER (HKI 19. 	 29 8AFFLE-TO-SHELL (MM) 4.009(1 
33 LAYOUT ANGLE (DEGl 90 IilS I DE il I AI1ETER (MNI 15.8(1(1 	 29 BUNDLE-TO-SHElL [HM) 12.7C1(l(l 
34 PITCH RATIO 1.330 SURFACE AREA r<ATIO (OUT/IN) 1.2(19 TUBE-TO-8AfFLEHOLE (MMI 0.4000 
'c
,}J 	 31 HULT I. SE6. BAFFLE DIJERLAP (MMI 50.800 

~13i, WEIGHT ESTIKATION (KG/SHELl) DRY 4608 IIET 6901 	 .)L 

ti)Hf WAP.tHNG MESSASES Hi 

NOTE - THE PHY5lCAL PROPERTIES FOR THE GaLD FLUID SHONN ON LINES I1 

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

THE LIQUID PHASE ONLY. 	 -4-- kols/~ ~ lC\ 

dtL ~kSJ5'I}~~
:reP le ~s. q :z.!? 
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et: ([;01 ,<FINAL RESULTSt PR08LEM DESCRIPTlOiH'I2061 ELF NORGE TCP2 START -UP VAR 2000 

RATI NG CASE NULTIPASS FLOW IN A LE. M.A. AEU SHELL WlTH DOUBLE-SEG. BAFFLES ALT. SOUt-fl: 


,4** PROCESS DATA **tl COLD SHELLSHlE HOT TUBESIDE liEE SHELLSIDE PERFORMANCE IltE 

Ol FLUID NAME CRUDE TEG30X 01 NOH. VEL, X-FLOW/HINDUH 0.21/ 0.23 
02 FLUID CONDITION SENS. LHlUID SENS. LHlUiIl 02 FILM COEF, HLOW/WINDOW 100Ui 1008.9 
03 TOTAL FLOW RATE (KGlSl 2~. b7a 23.032 03 FLOW FRACTIDNS FOR HEAT TRANSFER= 0.577 

04 A=(I.(I(13 B=(1.443 C=O.(I{19 E=O.033 F=O.511 
04 TEHPERiHURE I Ill/OUT (DEG Cl ::i.l / 66.1 130.0 I 120.0 
'j5 TEMPERi\ TURE, !i',IERAGE/SKIN (DEG Cl ~5:bl '13.6 150.0/ 14405 HU SHELLSIDE HEAT TRANSFER CORRECTiGNS HH 

~,rT ~06 PRESSURE , INlE! liWERAGE n:PA) 155(1.01 15~2*5 0.01 0.0 OS TOTAL "elf! GAi1MA END m 
06 {1.905 O~'i05 i .000 0:951 1,(1(10 

07 PRESSURE DROP, TOTAL/ALLO!>! (KP AJ 2.671 3:;.00 156,28/ 130~fjO 

03 VELOCm, mc. IMHUllLm~ (M/Sl O.. lb/ 0.00 2,34/ (I. (i(l HH PRESSURE DROPS HH (PEllCENT TOTAL DP) 
07 WIMD 3'1. 51! NOmE SHELL 12.05l . 7JlCI 

09 FILM' COEF iSRF.FACTi HliM2-CI 824.40 (0.'151 10%3.81 (1.(101 08 END 21. 77 {INlOUll TUllE 0.631 0,,;;3 
1(1 FUUli NG RES ISTANCE (ti2-C/ill Q. (100:,4 (1.0(1(135 

HH H. T. PARAMETERS BH SHELL TUBE 
1 \ DENSlTY (KGfM3) 8'14.8578 '131.4737 0'1 WilLl CORllECTHlN 1.135 0,988 
12 THERMAL CONDUCTIVI1Y OWHI (1,3315 0.5113 10 PRAtlDTL NO. 258.9 2.9 
13 SPECIFIC HEAT CAPACITY Il(JnG-CI 3,4327 4~ '~S2! l! IWERAGE RE'iNOLDS NO. 145 . 92846 
14 \JlSCOSlT'I AT jWERAGE TEMP (riPA-SI 25,Ob5bb 0.37056 12 BUNDLE IHLET REYNOLDS NO. n 13"3373 
15 ViSCOSm AT SKIN TEMP (MPA-SI 10.14372 (1,39837 13 BUNDLE DUTLET REYNOLDS NO. 242 b0894 

14 FOUmS LA'IER (fm) 0.00000 0.0000(1 
I~EI OVERALL PERFORHANCE DATA lill 

lb TOTAL HEilT DUT'! REQUlRED (MEGAWATTS) 5,600053 HH THERMAl RESISTANCES HU IPCT, OVERALl) 
17 EFFECTlllE ilTii, ILHTD1(F}(DELTAl;, (DEG Ci IIU9(().95IW.991= 1C!7.7 15 SHELL TUBE FiJUlHlG MnAL OVER DES. 
13 F FACTOR=(TUBE) IBAFFLESI (FIG) IHOT/CUlDI=IO.9521 11.000111.0001 10.9991 lb 50.bb 4.73 40.24 4.322 -0.543 
19 OVERALL COEF, REI)D/CLEAN/ACTUAL (W/M2-CJ 419.181 698.34/417.63 li TOTAL FOULlNG RESISTANCE (I.O(I(J'l64 

13 DIFFERENlIi\L RESISTANCE -(1.00(101 j 
IIII CONSTRUCTION INFORMATION fl!1 

2(1 NO. SHELLS SERIES I PilRALLEL! TOTAL SURFACE AREA Hm 121, 
21 NO. PASSES SHELL l TUBE fl EFF. SURF. AREA IM2!SHELLl 112.6 E!IE SHELL NOZZLE INFO. fffE INLET GUTLET 
22 SHELL LD. (HMi 740. (lOO TEMA SHELL TYPE E REAR HEAD U-T 19 INSIDE DIAMETER (fIM) 239.1 289.1 

20 VE1GClTY IM/S} 0.43 0.48 
23 BAFFLE TYPE '~ERT OBL. SEG. NO. CROSSPASSES/SHELl PASS 12 21 DENSm IKG/H31 945.740 843,976 
24 CENTRAL SPACI NG (MMI 370.000 BAFFlE CUT IPCL DIA) 26.60 22 NOZILE R-'J-SQ n:G/I1-S21 174 196 
25 HilEl SPflCING CMMI 700.000 CUT AREAIPCTIII 42.0 21 44,4 31 0.0 23 SHELL ENT. F;-l}-SQ O:G/M~S2) 174 125 
26 DUTlET SPACING (MMI 5%.205 CUT HEIGHT FROM CElnER LINE ir1Ml 24 HEIGHT UNDER [.lOIZLE itlfll 87.(1 BU) 
27 BAFFLE THICKNESS iMM) 7.937 POS-l1 173.2 21 129.231 0.0 

H TUBE NOHLES iRADIALl f.t lNLET OUlLET 
28 f'AIRS SEAL STRIPS 2 TOT. TUBESHEETlHM) 110.0 IMPINGEMENT PLATE VES 25 INSIDE DIAMETER IMM) 152.0 152.0 
29 F-STREAH SEAL RUDS iHM) 1'1.100 NO. 6 peT. TUBES REit (HALF) 7.41 2b VELOCITY IM/S) Ul) 1.33 

27 UEIlSITY IKGlMll 905.974 95~.973 
3(1 TUBE T'lPE rlAIN TUBECOUNT PER SHELL "'1'1 ..\.l. 

I\H?;l OVERAll LENGTH Ill! 4.B41 TUBE PlTCH (NNI 25.39'19 HH: DIAl'IETRAL CLEARANCES HU 

32 EFFECTlI}E LENGTH (Hl U~I OUTSI DE o I Ar1ETER (11M l 19,10(1 28IHiFFlE-TO-SHELL INM) 4,(109(1 
:5.3 LAYOUT ANGLE (DEG) 30 INSIDE DIANETER 15.8(1(1 29 BUNDLE-TO-SHELL (11m 12.7(1(1(1 
34 PlTCH HAT! o 1.330 SUR FACE AREA RATIO (OUT/IN) 1.2(19 30 TUBE-TU-BAFFLEHOLE (MM) 0.7937 
7~

JJ 31 ~IULTL SEG. BilFFLE OVERlAP (MM) -13.993 
lb WEIGHT ESTlHI\TlON (KG/SHELU DRY 460{J !>lET 6893 32 

~ le- b }:t-/q
ett. ~ G l~ lot s ® 
\reR ~(, l /ct3 
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PR08LEM DESCRIPTHJN-P920/,1 ELF NORGE TCP2 START-UP 2000 Cf...60 t 
HFLOW lNDLICED i,l]BRATlON ANALYSIB (WIEL !.CIO! H SEt-IS. LlGUID SHELLS IDE 

01 LOG DECREnENT 0.1000 AXIAL STRESS LOADIHG 0.0 (HPAI 
02 BETA 4.958 ADDED MASS FACHlR 2.5233 ------POSlTlON IN BUNDLE-----

INLET CENTER U-BEND 

(13 LENGTH FOR NATURAL FREQUENCY (M) U70 Q.7'\(I 2.032 
04 LENGTHiTEMA MAXlMUN 5PAfl (--l (l,70l O. ~85 !.(l7C{f 

05 NUHBER OF SPANSI--l I:. 7 
(16 TUBE NATURAL FREQUENCY (HIl n.9S+ bl. 23 5.74 
07 SHELL HCOUSTlC FREQUENCY (HZ) 

- FLOM VELOCITIES - - - 
QS WINDOW PARALLEL mOeIT'( (M1S) 0.21 0.22 O~24 

(Iq BUNiJLE CROSSFLOM VELOCIT'I (MIS) O.OS 0.16 0.13 
10 BUNDLE/SHELL VEU1ClTY (NJSI 0.02 0.03 0.02 

- FLUIDELA5TIC INSTABILITY CHECK - 
Il BAFFLE TlP CROSS IJELOGITY IMf Sl (I. CI7 O. !4 (J. Jl 
12 AVERAGE CROSSFLGW 'JELOCm 01/51 08 O.lb 0.13 .. 	 {.,.13 CRITICAL iJELOCm (M/S) 3t08 ...'.1 ...\ 3. lB 

- ACOUSTIC VI&RATION CHECK - 
14 VORm SHEDDING RATIO (--) 
15 TURBULEIH 3UFFETlllG RATIO (--) 

- TUBE VIBRATlON CHECK 
lb '·IORm SHEDDING RATIO (--) 0.020 i}.040 0.031 
17 TURBULENT BUFFETINS RATIO (--) 
18 PARALLEl FLOW AMPLllUDE nlH) 1).(\(10 0, (1(10 (I ~ (103 
19 CROSSFLOW AMPLITUDE (MMI 0.002 0.(101 0.045 
20 TUBE GAP (MM) 6,300 b.300 6.3(1(1 
21 CROSSFLOW RHO-il-SQ (KG/tl-S2) 6. 24. 13. 

- DAMAGE HUMRER CHECK - - - - - - 
22 BAFFLE DAMAGE NUHBER (--) (i.MII 0.(1(11'1 (I. (l(JS2 
23 COLLISION DAHAGE NUHBER (--) 0.M15 o. (l(lj 3 (1.0431 
24 CRITICAL DAHAGE MunBER LIMIT (--) O,,23~4 'J.2678 0.2958 
25 RHO/SURT(HUI (LBlt.5FTIE-2.5HRft.51 5.5415 7.1730 8.7481 

BUimLE PARAMETERS AT iWlZLES ENTRANCE ElIT 
21:. IMPJNGEMENT PLATE '{ES 
27 FLOW AREA {AESC) ([12) 0.0/'56 0.0819 
28 lJELOCm (mC) (M/Sl 0.43 0.39 
29 RHO-V-SQ (RV2E) (KG/M-52) 175. 126. 

30 TENk E SHELL WITH VERT DEtL. SEG. BAFFLES Alm U-T BUNDLE 
31 
32 PL~IN 31b S. STL TUBES 19.11)00 DIAMETER IMMI' 30 DEGREE LAYOUT 
33 PITCH RATIO 1.330 

t 	 FREQUENCY flAT! OS ARE BASED UPON LOWEST NATURAl OR ACOU5Tl CFREOUEllC'1 
OMITTltlG THE U-BEND. CIiLCULATlQt.IS ASSUME NO INTEmlEDIATE SUPPORTS 
FOR THE U-BEND. 

HFLOIHHDUCEO VIER/mON WARNING MESSAGESH 

NOTE 	 U-BEND EXCEEDS THE TEMA HAXIMUM SPA/l. CONSIDEA liDDING 
STlFFllESS TO THE U-BEND REGIOIl. 

~ e~ (;, )~ }13
Mrl 4 ~6171q) 
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PROBLEM DESCRIPTION-P920bl ELF NORGE TCP2 YEAR 2(1(10 - CASE-CEb07 l -
aFLl1W INDUCED VIBRATJON AHALYSl5 (LEIJEl l.OO)u SENS. Ll9Ulll SHELLSIDE 

Ol LOG DECREMEIH 0.1(100 AXIAL STRESS LOADING 0.0 (HPAl 
01 BETA 2.711 AODED HASS FACTOR 2.4733 ------POSITION IN BUNDLE----

llRET CENTER U-BEND 

03 LENGTH FOR NATURAL FREQUENCY Hil \.U70 0.740 2~O32 

04 LENGTH/TEMA HAXIMUM SPAN (--l 0,701 0.48S I.079f 
05 tlUMRER OF SPANS t--l b 7 l 
lJb TUBE NATURAL FREQUENCY (HZl 43.55+ bl. 33 S.Ml 
(17 SHELL ACOUSTlC FREQUENC'I IHll 

- FLOW VELOCITIES - - - - - - -
OB WINDOW PARRLLEL VELOCm (H/Sl 0.77 0.78 0.7B 
0'1 BUNDLE CROSSFLOW VELOCm OHS) 0.42 (Ull O.bO 
10 BUNDLE/SHELL VELOCITY (M/~l 0.11 0,22 O.lb 

FLUIDELASTIC INSTABILITY CHECK - 
Il BAFFLE TIP CROSS VELOeITY (N/Sl 0.37 0.70 \i.51 
12 iWERAGE CROS5FUJW VaDCITY nllSI 0.42 O.BI O.bO 
13 CRITl [AL '·iELOCITY iM/SI I. 71 1.72 U2 

- ACDUSTIC VIBRATION CHECK - - - - 
14 VORTE I SHEDDING RATIO . (--l 
IS TURBULENT BUFFETING RATIO (--) 

- TUBE IIIBRliT ION CHECV. 
lb \}[IRTEX SHEllDING RATIO (--) 0.11,3 0.310 {1.229 
17 TURllULENT BUFFETING RATIO (--) 
13 PARALLEL FLOW AMPLITUDE (MM) 0.002 0.(103 0.044 
19 AMPLITUDE (MMl O.'JH 0.039 1.1361 
20 TUBE GAP (MM) 6.300 /,.300 b.3(i(l 

., 21 CRDSSFlOW HHO-lJ-SIl (KGiH-S21 11,4. 593, m. 
- DAMASE NUMBER CHECK 

22 BAFFLE DI\HAIJE NUMBER (--) 0.0277 O.M17 O,I937f 
23 CQLLlSHlN IlAMAGE IWMBHi (--l O.04(lb 0.(1335 1.0253J: 
24 CRITICflL llflMAGE NUMBER LIMIT (--) Or2917 {l,29b5 O. JQn 
25 RHOJSIlRHMUI (LlJH.5FTH-2.5HRH.51 3.5067 S,7921 '1.(1762 

BUNDLE PARAMETERS AT NomES EN TRANCE EXIT 
26 IiiPHlGEMEtn PLATE 'lES 

. 27 FUiW AREA iAESCI (M2) (1.(1/,5[, 0,0819 
2a lJELOCITY (VESC) Ol/Sl l.,52 L24 
29 RHO-'.J-S11 ilinE) (KG/Ii-S2l 2114. 1377 • 

30 TEMA E SHELL WITH VERT OBL. StG, BAFFLES liND U-T BUNDLE 
31 
32 PU\lN 311, S. STl TUBES 19.1000 DIAMETER IMM) 90 DEGREE LA'/nUT 
33 PITCH RATIO 1.330 

t 	 FREQUENCY RATIOS ARE BASED UPON LOWEST NATURAL OR ACOUSTlC FREQUENCY 
OMITTl!lG THE U-BEND. CALCUlATIDNS ASSlIME NO INTERHEDIATE SUPPORTS 
FOR THE U-BEN!). 

HFlml-INOUCED VIBRIHION Wi\RtHNG MESSAGESH 

NOTE -- U-Bm HCEEOS THE TEMA HiHIMUM S?AN, CO:~SIDER ADDING 
STlFFHESS TO THE U-BEND REGION, 
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