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1 - Job No.
2 | Customer ELE fPETaoLeum  WoRaE A/g Reference No. Sog 033 T
3 | Address PoesyCeX - PROY JMTEGRATION  on TefP? - Proposal No. L
4 | Plant Locallon TPl ¥ ODULE 35 Dote /6. ©02.97% Rev, Z.
' 5 | Service of Unit FAgY ol INLET HEWBMTER dtem No, CE GDE
6 |stze 240« 46go Typs  AE U (HOr/ Vwt) Connected In ~ Parallel _ Sarles
* 7 | Surf/Unlt T 12Z2. . v . * - Shells/unit - Surt/Shell 27,01 m> (1)
s - PERFORMANCE OF ONE UNIT pesxfrd CASE  YEAR ~\99% -
9 | Fluld Allocatign R Shell Side Tube Slda
10 { Fluld Nama | » PRATIALLY STABWIZAED (#UIE OWL 30 Teq .
i 11 | Fluld Quantity, Total a /b 3092488 ) 13 38% '
i 1z | Vapor (In/Outy | b Lh £202.4 9015.6 - A
RN Uquld  Wc.7 " iy Fh 253061 250248 nR3AYF 18387
i 14 Steam k\} AN 49 116 i ) )
115 Water ke /h 43 858 597134 ] o
16 |+ Noncondensahle \{:r ’h I8 : 28 i
17 | Temperature (In/Out) - : . 41 4 5,8 RO 28
18 | Specific Gravity ( sy o, /rn® 830.4 / 4822 | &ix: Ai5,013¢ 90€. 4 9627
19 | Viscosity, Liquld ~1p, Ce| 3.420 fooyq | 2. 638/ 000k 0.2¢£9 0.5654
20 [ Molecular Welght, Vapor . 23 55 2 ¢, 54 i
21 | Molecular Welght, Noncohdcnsable
22 | Specific Heat L /U K3/4kg " | 2.3904 /20 50) 2. 4988/ 2. 038 442113 3.8934
23 | Thermal Conductivity L/y/ = W/ oL e o317 /00314 | 00434/ 0,037 ¢ o, 5131 0.5035 _
24 | Latent Heat L i -
25 | Inlet Pressure _ Bed A | (5.5 ] : IZ
28 Velocity A i 2. 20
27 | Pressure Drop, Allow./Calc. RAl i 0.5 / 0. 46C 2.0 / {41
28 | Fouling Resistance (Min)  p % /) 1 S 0.po0o528 Q000 352,
29 | Hest Exchanged c4l ) Ky 1 MTD (Corrected) 2.4 e
30 LTransler Rate, Service 477- 9 w/mbc Clean BRZ W /mtc
31 | CONSTRUCTION OF OMNE SHELL [Sketch (Bundle/Nozzle Orlentalion)
3z | ! Sheli Side \ Tube Sid2 | e - yj
33 | Design/Test Pressure gA) (4 ] {8.5 / Z’?‘.ﬂ'_sH_ 2R / /;f 3 l i e 1
34 i Dosign Yemperalurc C. \ -~ 2D /iQS . .=l | T H; ‘ ! "
35 [ Mo. Passes per Shell . - B ‘
3§ LCorrosiun Allowance by’ \ 13 . _ '._ - (?)—-‘_ ( # @-
37 | Connectians In o~ \ 4 l” 3___()__}5_\!@7’ _Ler 300 %  RF IlT .
is Size & Out 1 # 199 &F 6"  300% af £ .
39 Rating rln!crmcdlale ; ) -
4 Tube No.72 | G U” ap 19,05 mn Thk LET mmitength 4409 M*Pllc:h 25,4 enrn £~ 90 - J @‘
411 Tube Type LEAVMLESS Material -
42 | shell €. § 10 740 mm OO " ~ I'snclicover ¢ g (Integ.) (Frerme.)
43 | Channel or Bonnet 316 L - Channe| Cover vatg L
44 | Tubesheet-Stationary 3146 L v Tubeshect-Floating
45 | Floating Head Cover — Impingement Protection .~ 31& L
46| Baffles-Cross 3161 Type ‘MNE,LQ SEGT. VFeT % Cut (Diam/gwee) ¢ 4 Spacing: ¢/c 37 Inlet (700 A;
4 Baffles-Long Seal Type
. 48 Supports-Tube 3[6 L U-Bend (L\ Type
v 49 | Bypass Seal Arrangement 7 PARS ™ML Tube-Tubesheet Jolnt  WELDED
! 50! Expanslon Joint Type
i 51| pvi-Inlet Nozzle 4334 K6 /y, g™ Bundle Entrance Bundle Exit
| 52| Gaskets-Shell Side Tube Side
i =3 -Floating Hcad
S4 ] Code Requirements ”<¢ SCog AT, 4 . TEMA Class R . M-
i 55[ weight/Shell cLSD Fllled with Water 585 Bundle 23 oo (Vas) |
! 55| Remarks(l) U BEWDS AAE (NCLUDED n MEAT TRANSFER SURFACE . o'k QVERSURAEAE REQUIRED ) .
[© 57|y senps” Are 1 BoplzonTAl PLAME. FROVINE  STISESNERS nu nuTER 1) BEUDS.
U581y MAxe, €O ComTAUT [-5 7o MOLE . A
581 F | Mso. N TukeE S 5.05. 9% . % PRE: ‘TQC(‘F Liney 33 am:} hR B3
60| 4 [vion. wmpgeriags 20-04.93 | 2.0 s - 0:8.94
61] 3 [ issubn Ag A lo.03, 93|  ep FH,
7 0TV 3 0F cLizut sPEc. |74.02.93] @@ X Y/
AZV| DEschiPTioN DATE &Y cuK APdl T 32061 Forie
Fal. o]
£, IMed. LiGUES IL3C, bo. 11 .5.97% TP ZF Py o g |
C EQINTHERM CE GOF (2 . : '
! s ‘\.'ﬁ\,j M j‘ ( vEsian chs VERL 97) | N7 SPEC. PH2061. CE 6nF /3 !
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HEAT EXCHANGER SPECIFICATION SHEET

1 Job No. )
2 | Customer EIE feEdartrust NoRas Wk _Reference No. §AF g3r
3 | Address PloTreT  EROY INTESRATION' oM TCP 2 Proposal MNo. B
4 | Plant Locatlon T2 MM onULE 3% Date ) 4. 0).g3 Rev. &
5 | Service of Unit FRoY ol NWIET HEATER — ltem No. g £33
6 |Slze Yho y .’.{éQQ Type AR U (Hor/Vext) Connected In — Paralle]l — Sarles
7 | Surf/Unit 122 m* " Shells/Unit Surf/Shell . /72 2 *m?t
s PERFORMANCE OF ONE UNIT 3806N ZASE YEAR 2000 ]
9 | Fluld Allocation Shell Side Tube Side’
. 10 | Fluld Name PAmAaiLy  cTHbILLIZED CRUDE oiL 30'h TEA
| 11 | Fluld Quantity, Total \a /b 221 368, 431722 1
| 12 Vapor (In/Out) s, /b - 1 51,3 —
| 13 Liquid  fe . wo (b | 102 3361 (22352, 4 43172 43 172
" 14 Steam kf;‘ [k - 54l
115 Water Ks /b 199832.3 11958%. ¢
16 Noncondensabla ) I '
17 | Temperature (In/Out) " o 44,6 g 59 -
18 | Speclfic Gravity [ ,y Ka /v YL /= | G046 /R |
19 | Viscosity, Liguld sy Co| U851/ — | 1579 /p.0ns| .~
20 | Molecular Welght, Vapor . - 3 2 31177, sy ’L
21 | Molecular Welight, Noncondensable | T ,q‘\j’)/-’
22 | Specific Heat | /v KT /ka 'C | 3 uTo3/ 34098 /7. 1147 et
23 | Thermal Conductlvity [/y W /mJ‘c 0233 ‘ ~ 0. 3282 fo03Y) ‘ BV/'/» 1
24 |- Latent Heat ) ' !
25 | Inlet Pressure BAL A \ 17,8 ‘
26 | Velocity m/s | R 1 2) o
27 | Pressure Drop, Allow./Calc. ' | 0.5 ! DT 0494 2.0 /D48 |
28 \ Fouling Resistance (Min.) N PATY) l 0 RO 0O 5‘7:-3 0: 000 3572, )
.29 | 'Heat Exchanged 7987 kw . MTD (Corrected) 95,9 ¢ ' e
30 | Transfer Rate, Service 256 :"W /i Yo Clean 279 W /mtre e
31 CONSTRUCTION OF ONE SHELL Sketeh (Bundle/Mozzle Orlentation)
32 ] Shell Side ! Tube Side
33 | Design/Test Pressure 1 / _k / ) o
34} Deslgn Temperature ) )
35| No, Passes per Shell $EE ToLio (i
36 | Corroslon Allowance -
37 | Connections In
38 Size & out
35 Ratlng Intermediate g B
40 | Tube No. [es] Thk (Min/Avg) /; '_ ; Length Pitch Q- 30 & 60 -EF 90 O~ 45
41| Tube Type ) ‘\_, ,//Material }
42 | shell o ) 0y |shenl cover (Integ.) (Remov.)
43| Channe! or Bonnet g \ \U - | Channel Cover
44 | Tubesheet-Stationary (,k)v// Tubesheet-Fioating
45 | Floating Head Cover, K Impingem:nt Protection
46| Baffles-Cross yéy % Cut (Diam/Arca) Spaclng: c/c Infet
47 | Bafles-Long . Scal Typo
¢ 48 Supports-Tube C |97 / U-Bend Type
E 49 | Bypass Seal Arrangement () Tube-Tubesheet Jolnt
l 50| Expansion Jolnt . Type
I B1| pvf-inlet Nozzle 2\ Ko /vl s e Bundle Entrance Bundle Exit
! 52| Gaskets-Shell Side 7 Tube Side
I 53 -Floating Head
I 54 code Requlrements TEMA Class .
55 | Welght/Shell Filled with Water Bundle
56| Remarks  cALcutATED oUERDESIAN B8 7.
- 57 T
58| 6 | tloo, LIGNE 1.9 11.05.93 TP
D591 5 | YMOD. NW. TYRES 03-0f1Y  Te? N
Po60) 4 | . Folio 4 Jo.o4. Y| TP (2]
© 811X | ey Foliof] le.o%.q3 | v \
- Z |Rgv. 3 oF vt Seeg, [Z6.02.93 1 T cf s:c;_\o
REV| DescriPTIiON DATE i ?92061
- . CE.COY 2
EQUITHERM (pEciav chSE YEAR 2000) N2 oPeC. 920681 cegof >
e , B I T LR
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HEAT

EXCHANGER SPECIFICATION SHikkl
1 . ' Job Mo,
2 | customer ELF ?ETQQLE\_H“\ NQRet A/S Relerence No. 50 £ 0% A
3 | Address ' Proposal No.
4 | Plznt Locatlon TCP2.  ™M3AY ROY  Tig W Date 26.02.93% Rov, 2
5 | Service of Unit fagy oL INLET WEATER item No. CE.GOZR ,
6 |size Thow 4600 ~Type AEU  (Hor/¥ert) Connected ln — Parallel = Serles
7 | Surf/Unit 2L v - Shells/Unit 1 Surf/Shell | , 1;,2 v -
8 PERFORMANCE OF ONE UNIT CASE & TALT UP VYEAR 2 QQO
9 | Fluld Allocation Shell Side Tube Side
10 | Fluld Name STAGILIREDY CRUDE olle 30k TEG
11 | Fluld Quantity, Total e /h 3¢ o) N | 82 914 -
12 Vapar (In/Out) — 82,8
13 Liquld - 36207 26 1Y .2 82 914 82 914
14 Steam - 112
15 Water 53 834 59827, 8
16 Noncondensable )
17 | Temperature (In/0Out) © C 5. 14 6| 1 8o ) 120
18 | Speclfic Gravity L /v . ‘o, /i 946, 4 2449, /
19 i Viscosity, Liquld L /vy Cpl 43,062 / 14, Oé%/ A
20 \ Molecular Welght, Vapor 72.2054 ZL“’;QQ] b
21 ‘ Molecular Welght, Noncondensable . | ( FF_J Tolad 1. )
22 | Specific Heat | /y KT /¥ % |3.380% / 3,486/ N ]
23 | Thermal Conductlvity LV w Jeme 1902 63/ 10,3188/ | i
24 |- Latent Heat -7 - oo 1 v -
25 1 Inlet Pressure B A ,,l |5 J - 15 R
6 ‘ Velocity v/ S - oy | 6 ]. 2,38 1/5_\
27} Pressure Drop, Allow./Calc. 2R 0.5 7 03,03 ] 2 / .56 i%:k
28 1 Fouling Resistance (Min.) YT W 0: 0005258 ' 0.000352
29 | Heat Exchanged 5600 K % MTD (Corrected) \ DL e
30| Transfer Rate, Service 425 Clean 115 W/ enY e -
31 CONSTRUCTION OF ONE SHELL - | Sketch (Bundle/Nozzle Orientation) |
32 ! Shell Side l Tube Side 5
33 | Design/Test Pressure ] : / . / }
34 | Design Temperature
35| MNo. Passes p'/er Shell -
36 | Corroslon Allowance - .~=/ N
37 | Connections [ In’ > N N s
38 Slze & Out \ ,.//
39 Rating Intermedlate «’ VA t
40 | Tube No. oD Thk (Min/Avg) i Length ™" Pitch . <a- 30 & 60 B 90 O 45
41| Tube Type /Malerqx R
42 | Shell iD oD '/ Shqﬂ\Cover (Integ.) (Remov.)
43 | Channel or Bonnet ’ ye [/Ch\anx{el Cover :
44 | Tubesheet-Stationary / N/ubesheebFioati‘ng
45 | Floating Head Cover o ‘ impingement Prolection
46| Baffles-Cross Type / . %/Cur (Diam /Area) Spacing: ¢/c inlet
47| Baflles-lLong s r \< 7 ,/"Seal Type
48 | Supports-Tube “Ben ¥ s Type
49 | Bypass Seal Arrangement l/ /" Tube-Tubesheet Joint
- 501 Expansion Joint i ' Type
51| puf«inlet Nozxzie Bundfc Entrance Bundle Exit
52 | Gaskets-Shell Side yd Tube Side
53 -Floatlng Head 7/ .
54 | Code Requirements " TEMA Class _
55 | Welght/Shell Fliled with Water Bundle
56| Remarks () Floy QATES DETEOHINED 3y PERToRMAMCES oF Ev/ dAMAER CTHE  TCHPERATUYRES
5T N4 IMPSED. , )
58| 6 | vlop, Folies | @2 14.05.93 | T b =720 A [
590 5 | Hop, NB Tytss s ] e 7. T V)
s0| 471 tw. guo 4 wovd3| 2P U A7 f\ébL
6113 | Revi Youo | jo.0%.%3 Y p Y = iia
.2_1R6v 3 oF cLenT Serg, [rg,02,93 | c? RS | FoLI0
REV| Descwi\PTIoN DATE | &Y | e AP, P397061
: ‘ CE 607 3
EQU!THERM Qe'ﬂ»mz*g P YEAR 1000) ' NS .SPECf. v 3206|—CE 60“ b




FROBLEH DESCRIFTION-P92081 ELF NORGE TCPZ YEAR 1997 - i CASE-CES07.3 )

exFLOY INDUCED VIBRATION AMALYSIS (LEVEL 1.00)¥x 2-PHASE WIX. SHELLSIDE
0f LO6 DECREMENT 0. 1000 RYIAL STRESS LOADING .0 (PR
42 BETH 2.711  ADDED MASS FACTOR 2,4733 ~----- POSITION

THLET CENTER  U-BERD

03 LENGTH FOR NATURAL FREGUENCY () L.0&0 G740 2,082
B4 LENGTH/TEMA MRXIMUM SPAN (-1 6.6%  0.485  L.092:
05 HUMBER OF SPANS =) 8 7 |
04 TUBE HATURAL FREQUEXCY MDA TLIS A5
07 SHELL ACOUSTIC FREGUENCY {HD) - --- --
- FLOW VELOCITIES - - - - - - - - -
03 WINDOW PARALLEL VELOCITY W/ 1.72 L9 2.3
07 BUNDLE CROSSFLOM VELOGITY  {#/5) 8.97 2,02 L&
10 BUNDLE/SHELL YELOCITY #/5) 8,40 0.8 0.6
- FLUIDELASTIC INSTARILITY CHECK - -
11 BAFFLE TIF CROSS YELOCITY  (4/3) 0.81 i 13
12 RYERAGE CAUSSFLOW YELOCITY  (W/S) 0.57 .02 L&)
13 CRITICAL VELOCITY {#/3) 2.48 .80 2.9
o= ACOUSTIC VISRATION CHECK - - - - -
4 YORTEX SHEDDING RATID --) —-- --- —--
13 TURBULENT IUFFETING RATIO =) -- --- -
" ... - TUBE VIERATION CHECK - - - - - - _
16 YORTEX SHEDDING RATI =) 0318 0.683F .52
17 TURBULENT BUFFETING RATID  {--) - - -
13 PARALLEL FLOW AHPLITUDE (M 0.004 00085 0.1
17 CROSSFLOY AMPLITUDE M 0100 0149 3873
20 TUE 6P M 8300 &30 6360
21 CROSSFLON RHO-Y-50 (KB/4-52) 31 1405, 799
- DAMAGE NUMBER CHECK - - - - - - -
- 72 BAFFLE DAMAGE NUWEER =) 00377 0005 0.3957¢
23 COLLISION DAMAGE NUHBER ) Q032 0.0325 1,093
24 CRITICAL DAWABE NUMBER LIMIT  (--).  0.2870  Q.2831 02799
25 RHO/SORTINU) (LB¥e,5FT#+~D.5HRex,5)  8.1455  B.0135  7.833L
BUNDLE PARRHETERS AT NOZZLES ENTRANCE EXIT
25 THPINGEMENT PLATE YES -
27 FLOW AREA (AESC) M) 0.0720 0.0883 ; 2
28 YELOCITY  (VESD) {#/5) 7.0 42 (Lfé;,
29 RHO-Y-ST  (RY26) {KB/1-52) 3683 3031,
30 TEMA E SHELL WITH VERT DSL. SEG, BAFFLES AND  U-T BUNDLE
3
1 PLAIN 316 §. STL TURES 19,1000 DIAMETER {HH) 90 DEGREE LAYVOUT ___iEfva le. 241 R
e AR
+ FREQUENCY RATIOS ARE SASED UPON LOWEST MATURAL OR ACOUSTIC FREQUENCY Sep \e.3]5/a3
OHITTING THE U-BEND. CALCULATIDNS ASSUSE MO INTERHEDIATE SUFFORTS o
NOTE -~ U-BEND EXCEEDS THE TEMA MAXIMUN SPAN. CONSIDER ADDIHG R L*{E; i
STIFFNESS TO THE U-EEND RESION. g



http:LBII.5FTII-2.5HRff.5l

£ {NAL RESULTS®
FRTING CASE

55

MULTIF

texe PROCESS DATA #¥¢s
01 FLUTD NAKE

02 FLUID CONDITION
03 TOTAL FLOW RATE kG
04 TEMPERATURE, IN/OUT IDEG
OJ TEMPERATURE, AVERAGE/SKIN  {DEG
5 FRESSURE, INLET!&JERQGE i
47 PRESSURE DROP, TOTAL/RLLOW (K
Gg YeLOCITY, CﬁLC./MAX.ﬁLLUH (i
07 FILK CGE {S4F.FRCT) /RS
10 FOULING RESISTAHCE {#2-C
{ DENSITY {¥6/
2 THERMAL COWDUCTIVITY {H/H
3 GRECIFIC HEQT CAPACITY KK
4 VISCOSITY AT AVERABE TEWF  (HPA
15 PR

YISCOSITY Ai SKIN TEHP

zree OVERALL PERF

17 EFFECTIVE HTD, (LHTD)AFY{DELTA) =
F FACTOR= (TUBE‘(SéFrLE”)(r/S)de

19 OVERALL COEF, REED/CLEAW/ACTUAL

reer CONSTRUCTION

20 NQ, SHELLS SERIES | PARALLEL |
21 KD, PASSES SHELL 1 TUBE 3
22 SHELL I.D. thi} T34, 004
I3 BAFFLE TYPE

24 CENTRAL SPACING  (MM)  370.000
25 INLET SPACING (HHY 590,000
26 QUTLET .SPACING (M) 516,000
27 BRFFLE THICKNESS (M¥) 1.937
23 PRIRS SEAL STRIFS 2 TOT.TUBES
27 F-STREAN SEAL RODS iMH) 19,100
30 TUBE TYPE PLAIN
31 OVERALL LENGTH (i) 4.841
32 EFFECTIVE LENGTH M) 4,731
33 LAYOUT AMGLE (DEG} g4
34 PITCH RATIO 1330
35

36 WEIGHT ESTINATION {KG/SHELLY

t5e YARNING

PROBLEM DESCRIPTION-

TOTAL HEAT DUTY REEUIRED gt

P”EObl ELF NGRGE TCP2 YEAR 1997 - Q CASE-QE&@?,S;
FLOY IN A T.ELM.A. AEU  SHELL WITH DOUBLE-SEG. BAFFLES ALT. SOLH. -

COLD SHELLSIDE HOT TUEESIEE

CRUDE TEGICL
2-FHASE NI, SENS, LIGUID
18} 85,703 2M.774
Cy 4L4 7 858 180,07 120.0
0 53,6/ 89.% 150,07/ 143.8
PR} 1550.0/ 1525.4 0,0/ ¢, 6
P&Y 45,92/ 50,00 140,67/ 130.00
15} 8,85/ .00 2.20/ LW
-0y 1444,77 (0.75) 1008928 {1.00)
C/4) 0, 40033 {1, Q0035
H3) 822,838 7344736
~L) 0. 1495 ¢, 5013
-G 2,4373 4,052
-8} 305343 ,37058
~5) 7,00732 0.40217
ORNANCE DATA xwex
MEGABATTS) 5.413051
= {DEB L) 95, 2810971 11.00)= 92,4
OLBYI=40,972) {1,000} (1, 000) {4, 597)
{B/W2-C) 477.82/1090.837 534,63
IHFORPATION Reex
TOTAL SURFACE RRES (H2) 126
EFF. SURF. AREA {H2/SHELL) 2.5
TEH& SHELL TYPE E  REGR HEAD U-T
NG. CROSSPS fSHEL 3 i?
ipFFLE CUT FCT. DIA) 26, &
CUT RREAIPCTHIY 41,8 2) 42,3 31 0.0
CUT HEIGHT FROM CENTER LIHE  (HH)
FOS~1) 173,220 1324 %) 4,0
HEET{HRY 114,00 IHPINGEMENT FLATE YES
#0, & PCY.TURES REH. {BOTH) 15.38
TUBECGUNT PER SHELL 432
TUBE FITCH {HH) 25,3999
GUTSIRE DIRKETER ) 1910
IHSIDE DIARETER (#4) 15,800
SURFACE AREA RATIOD (QUT/IN) 209
DRY 4508 HET 5901

HESSABES #¥&

HOTE - THE PHYSICAL PROPERTIES FOS THE COLD FLUID SHOWNM OM LIHES Ui
PRINTOUT ARE FOR

THROUGH 15 ON THE LEFT SIDE OF THE FINAL RESULTS

THE LIQUIL PHASE ONLY.

ert SHELLSIDE FERFORMANCE ees

01 HOM. VEL, JX-FLOW/WINDOW 0730 6.8i
02 FILK COEF, X-FLOW/WINDOW 2542.71 2032.9
(3 FLOW FRACTIONS  FOR HEAT TRANSFER= 0,765

04 A=0,004 R=0.838 €=0,031 E=0.038 F£=0,2%0
£x£% SHELLSIDE HEAT TRANSFER CORRECTIONS 2esz

5 TOTAL BETA  GRifMA  END FIi
06 0,932 0.895 L0649 1000
¥rx PRESSURE DRGRS #+#¢  (PERCENT TOTAL DP)
07 HIND 47.42  HDIILE BHELL 10.477 9.78
08 END  LL.40 0 (TH/OUTY THBE 0,627 6,37
rxex H.T. PARANMETERS ##:¢  BHELL  TUE

4% BALL CORRECTION L0538 .98
14 PRAKDTL RO, FIUSIEN
11 AVERRBE REYNOLDS MO, 6977 8777
12 BUNDLE INLET REVYNOLDS KO 10958 1245¢
{3 BUNDLE OUTLET REYHOLDS NO, 15151 57548

G P e 1

14 FOULING LAYER {HH) G, Q0000 G, 00000 -
eeE% THERHAL RESISTANCES ®¥xs {PCT. OVERALL
15 SHELL  TUBE  FOULING  HETRL (YER BE
16 37.08 541 5G.98 5.533 11,89
17 TOTAL FOULING RESISTAMCE },LO(_~
{8 DIFFERENTIAL RESISTARCE 0,000222
ri8% SHELL NOZZLE INFD. ®exe INLET OUTLET - |
{9 INSIDE DIAHETER {4y 289.1  289.14
20 YELGCITY 1H/8) 3.32 i,17
21 DENSIT {¥G/H3) 393,201 313,802
22 ROLILE R-Y-58 (KB/H-52) 3334 5458
23 SHELL ENT. A-¥-58 {KG/H-52} RERRS 303
24 HEIGHT UNDER NOZILE {HH) 94,0 94,0
% TURE NOZILES (RADIAL) +#¢ THLET DUTLEY
25 INSIDE DIAHETER M4y 152,00 1524
2& VELGCITY {H/5) 1,32 - .25
27 DENSITY KB/} 905,974 952.973
455 DIAMETRAL CLERRANCES ¥®#¥
28 BAFFLE-TO-SHELL (HH} 4, 0094
29 BUNDLE-TO-SHELL M) 27000
30 TUBE-TO-EAFFLEHOLE {HH) 4, 4000
31 HULTI.SEG. RAFFLE OVERLAR  {HH) 0,800

©

’ 24/5/4}/ A
p Kl

C
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START-UP YEAR 2000

:FINAL RESULTS: PROBLER BESCRIPTION-PI2041 ELF HORGE TCPZ START-UP YAR 2000 _1;;§_f2522£_,
RATING CASE HULTIPESS FLOW IN A T.E.M.A.  AEU  SHELL WITH DOUBLE-5EG. BAFFLES ALT. SOLN.-s¢
£#x% PROCESS DATH ¥ COLD SHELLSIDE HOT TUBRESIDE se¥r SHELLSIDE PERFORMANCE #eex
a1 FLUTD HRHE CRUDE TEGIOY 01 NOH. YEL, X-FLOM/MINDOW .24 6,23
G2 FLUID COMDITIOH SENS, LIGUID SEHS. LIS 42 FILH r@:r, i-FLOW/WINDOH 1004, 0/ 160
03 TOTAL FLOW R&TE RG4S} 26,4678 23,032 03 FLOY FRACTIGNS FOR HEAT TRANSFER= 0,577
03 f=0,003 E=0,443 C=0,040% E=0,033 F=0,5U
4 TEHPERATURE, IN/QUT (OEG C} .47 8A 1 IBDO /1200
75 TEHFERATURE, AVERAGE/SKIN  {1DEG O) 3560 7S {800/ 144.5 s2p¢ SHELLSIDE HEAT TRANSFER CORRECTIONG #xss
05 PRESSURE, INUET/AYERAGE 1EPA) 1550.07 15325 0,4 0,4 02 TaTAL BETA  GAAHA ERD FIn
06 0,505 0,905 1000 G950 1000
(7 PHESSURE DROP, TOTAL/ALLOY (KPA) 2,870 3540 156,287 134,00
08 YELOCITY, CALL. /MAY.ALLOY {#/5) G, 164 0,00 2,34 .o teee PRES (PERCENT TOTAL B}
) 47 BIHD 12,05/ i
(7 FILH COEF {BRF.FACTY (W/HZ-C)  B24.40 10,95)  10563,8L1 {1.40) 08 EHD 0,53
it FOULTHG RESISTANCE 12-C/W) [UR GRS {1, 00035
88 H.T, PER SHELL TUEE -
{1 DENSITY {KG/H3) §94. 9578 31,4737 (% WpLL CORRECTION 1,135 0,988
12 THEAHAL CORDUCTIVITY {#/1-C) 0,33%5 10 PRANDTL NO, 258.9 .
{3 SPECIFIC HEAT CaFACITY 18 756-C) 3.43%7 {1 AYERAGE REYNOLDS HO, 145 - 77844
{4 VISCOSITY AT AYERABE TEWP  iFR-5) 7% 0554 17 BUNDLE IBLET REYHOLDS HO. 77 133873
15 VISCOSITY AT SHIN TEHP {HPA-5] 14, 14872 {3 BUNDLE OUTLET REYNOLDS HG. 242 S08%4
14 FOULING LAYER (1) G, 00000 O, 00400
s8¢ OYERALL PERFORHANCE DATH #ix:
{& TOTAL HEAT DUTY REQUIRED (% GRRETTS) 5, 600053 £ree THERHAL RESISTANCES #ses {PCT, OVERALL)
{7 EFFECTIVE HTD, (LHTD){FY(DELTA) = (DEG C) 114,3340,95110.99)= 107.7 15 SHELL TUBE FOULING  HETAL [MER DES
87 FACTQR=€TUBE]§d FLES)\FIG (HOT/COLD) =40, 952) (1. 0003 11, GE0) (0,5399) 16 50,04 4,78 40,24 4,322
19 GYeRALL COEF, REGD/CLEAN/ACTUAL (W/HZ-C) 419,187 §93.497 417,43 17 TOTAL FOULING RESISTANCE
18 DIFFERENTIAL RESISTANCE
gerd CONSTRUCTION IHFCRMATION fxys
20 M0, SHELLS SERIES | PARALLEL | TOTAL SURFACE AREA {H2) 124 :
{ RG. PASSES SHELL  t TURE 3 EFF, BURF. &REA INZ/SHELL) 122,48 (323 aHCLL MOTILE INFQ. eszx  INLET OUTLET
72 SHELL I.D. (M) 740,000 TEMA SHELL TYFE € REAR REAR U-T 15 IWSIDE DIANETER M) 28700 289.t
20 VELOCITY iH/5) 1,43 0,43
73 BAFFLE TYRE YERT DAL, SEG. HO. CROSSPASSES/SHELL PASS 12 21 DENSITY ’?G/HK) 945,740 843,975
24 CENTRAL SPACING  {HM) 370,000 EAFFLE CUT (PCT, DIA) 26,50 22 NOZZLE R-V-5Q {RG/H-52) 174 194
25 INLET SPaCING (HH) 700,000 CUT AREAIPCTIIY 42,0 2) 44.4 3y 0,0 23 SHELL ENT. R-¥-58 rG H -52) 174 125
26 OUTLET SFACING {MM) 505,205 CUT HEIGHT FROM CENWTER LIME  {HH) 24 HEIBHT UNDER BOI7LE {HH) §7.0 87.0
27 BAFFLE THICKNESS (M) 71.937 ROS-1) 7521y 128,72 ) 0.4
#t TUBE WOZZLES (RADIAL) ¢ THLET QUTLET
28 FAIRS SEAL STRIPS 2 TOT.TUBESHEET (M 110,04 IMFINGEMENT PLATE YES 23 IHSIDE DIAHETER (M) 2.0 1520
27 F-GTREAW SEAL RODS (KM) 17.100 NO, &  FCT.TUBES REH. (HRLF}  7.41 28 YELOCITY (H/5) 1,40 1,33
27 DENSITY (KG/H3) 305,973 954,973
30 TURE TYPE PLATN  TUBECOUNT PER SHELL 437
31 OYERALL LENBTH i 4,841 TURE FITCH (i) 25,3997 #¥xE DIANETRAL CLERRANCES wext
32 EFFECTIYE LENGTH i) 4,731 QUTSIDE DIAHETER (M) 17,100 28 BRFFLE-TO-SHELL (M) 4, 0090
33 LAYOUT ANBLE {DEG) 30 INSIDE DIANMETER (WM} 15.800 29 BUNDLE-TQ-SHELL (M) 12,7000
34 PITCH RATIO 1,330 SURFACE AREA RATIOG {DUT/IN) 1,209 30 TUBE-TO-RAFFLEHOLE i Q.77337
35 31 MULTILGEG, BAFFLE QVERLAP  0MM) "43.998
36 WEIGHT ESTIHATION {KG/SHELL) DRY 4500 WET 5393 32

le ¢/9-19%
(/Q\ & 6}1 [(0(3 @
Ik \/’“(’ /%3
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STALT-UP YEAR 29090

-

FROELEN DEBCRIPTION-P206% ELF NORGE TCPZ START-UP 2000-

+eFLOW [NBUCED YIBRATION ANALYSIS {LEVEL 1,00)## SEMS, LIBUID SHELLSIDE

01 LOG DECREMENT 0.1000 AYTAL STRESS LDADING 0.0 (4PA)
07 WETA 4,552 ADDED HASS FACTOR 2.5233 ------ POSITION IN BUNDLE-----
INLET CENTER  U-BEND
03 LENGTH FOR HATURAL FREQUENCY () 1,670 0.7 2.032
04 LENGTH/TEMS HAXINUM SPAY (=) 0,701 o485 1079
05 NUMBER OF SPANS {--) b 7 i
04 TURE NATURAL FREQUENCY 1) 47,93+ 4173 5,74
07 SHELL ACDUSTIC FREQUENCY IHD) - - -
- FLOW YELOCITIES - = =~ =~ - - -
{18 WINDOW PARALLEL VELOCITY 11/5) 0.7 0,77 0,74
07 BUNDLE CROSSFLOW VELOCITY (WD) .03 018 0.13
10 BUNBLE/SHELL VELDLITY 1H/5) 0.02 0.03 8,02
~ FLUTDELASTIC INSTABILITY CHECK - -
11 BAFFLE TIP CROS5 VELOCITY  (H/8) 0,07 0.14 0.1
17 AVERAGE CROSSFLOW YELDCITY  (H/%) 0,02 0.14 .13
13 CRITICAL VELOCITY {175} .08 313 3.18
- ACOUSTIC YIERATION CHECK - - - - -
14 VORTEX SHEDDING RATIO {=-) - — ——
S TURRULENT BUFFETING RATIR {=-} - . -
- TURE VIBRATIOH CHECK - - - - - -
16 YORTEY SHEDDING RATIO {--) 0,020 0,080 0,031
17 TURKULERT RUFFETING RATIO {--) - - -
3 PARBLLEL FLOW AMPLITUDE () 0,000 0,000 0,003
17 CROSSFLOW ARPLITUDE () 0,002 0,000 0,045
20 TUEE GAP ) 4,300 5300 5,300
21 CROSSFLOY RHO-Y-33 {ER/H-57) 8, 24, 3.
- DAHAGE HUMEER CHECK - - - - - - -
27 BAFFLE DAMAGE HUMBER (==} GE0l 66019 0.0082
25 COLLISION TAHAGE NUMGER =) G015 .03 0,043
24 CRITICAL DANAGE NUMBER LINIT  {—-)  @.238%  0.2678  0.2958
25 RHO/BGRT(HUY (LExe,5FTes-2,54R%2.5)  5.5415 7,173 84,7481
BUHDLE PARAMETERS &7 NOZILES ENTRANCE 11T
26 THPINGEHENT PLATE YES --
27 FLOW ARER {AESD) {H2) 0,085 09,0817
28 VELOCITY  (VESC) (1/3) 0.43 0.39
29 RHO-Y-50  (RY7E) {EB/H-52) 175, 125.
30 OTEMA E BHELL WITH YERT DEL, 5E6. BACFLES AND  U-T RUND '

32 FLAIN 36 5

33 PITCH RATIO 1,330

ACOUSTIC FREGUENCY
iEDIATE SUPFORTS

55

FREQUENCY FATIOS ARE BASED UPOM LOY
OMITTING THE U-BEND., CALCULATIONS
FOR THE U-BERD.

iE
A

. 5TL TURES 19,1000 DIAMETER (N

]

FEFLON-TNDUCED VIBRATION WARMING HEGSAGES::

HaTe -- U-
STIFFNERS TO THE U-REND REGIO

END EXCEEDS THE TEHA NAYINUM SEAN.
N

{'\’I("‘D

CONSIDES ADDING

be & P 193
A5 U

Tee | 64




DESIGN CASE YEAR 2000

CASE-CESOT

+FINAL RESULTSH ‘ PROGLEN DESCRIPTION-F92041 ELF NORGE TCPZ YEAR 2000 -

FATING CASE WULTIPASS FLOW IN A T.E.M.A.  AEU  SHELL WITH DOURLE-SEG. BAFFLES ALT, SOLH.-22
¥rre PROCESS DATA #xef COLD SHELLSIDE HOT TUBRESIDE were SHELLSIDE PERFORMANCE s
01 FLUTD ®AME CrUBE TEGIML a1 ROH, VEL, X-FLOW/HINDOW 0,7
42 FLUID COMDITION - SEN5, LIgdiD SENS, LIGUID 02 FILW COEF, Y-FLOH/WINGOW 1793.5/
03 TOTAL FLOW RATE : (K6/3) 83430 == 11,992 03 FLOW FRACTICMS  FOR HEAT TRANGFER=
. ‘§§3~3 04 A= 007 B=0.432 C=0.420 E£=0.03
44 TEAPERATURE, IH/OUT {DEE £} 4%.6 / s (B0.0 ) 120,10
0% TEWPERATURE, AVERAGE/SKIN  {DE5 L) 54,37 95,3 180.0/ 141,56 serr SHELLSIDE HEAT TRANGFER CORRECTIONS #xex
% PRESSURE, INLET/AVERAGE {(KPAY  1530.0/7 15250 a6/ 4,00 05 TOTAL BETA  GAdHR END FI#
‘ 46 0.6%0 4,090 1,000 G763 1,000
07 PRESSURE DROP, TOTAL/ALLOY (¥PAY 19,457 30,00 47,31/ 130,040
48 YELOCITY, CQLC JHRY.L ALLOW {1i/5) 0,817 0.0 L2t i +$&¥ PRESSURE DROPS ##¥r  (PERCENT TGTAL DR)
07 WIND 37.86  MOZILE  BHELL 14.44/ .48
(% FILH COEF (SAF.FACTY L/M2-0) 1087,27 {4,000 4285.97 (.00 OB END 1108 (IH/QUT) TURE 0,35/ 0,33
{4 FOULING RESISTANCE {(R2-L7d} 0, 00053 {4, 00033
saee W7, PERANETERS £exe  SHELL  TUEE
11 DENSITY (XG/H3) 3935, 934.4735 0% HALL CORRECTION LO%E - 0,58t
12 THERRAL - CONDUCTIVETY {H/R-C) &, 0.5013 {0 PRANDTL NO. {75.12 2.9
13 SPECIFIC HEAT CAPACITY (KI/KG-0) 3,450 - 4.0EH | RYERAGE REYNGLDS NC. ELE R REW
Y% YISCUSITY AT AVERRGE TEWP  {HPA-5) 17.48200 4,37036 12 RUMDLE THLET REYNOLDS %O, 892 49703
15 WISCOSITY AT SKIN TEWP iHFR-5) 97,2488 1,41470 13 RBUNDLE DUTLET REVHOLDS W&, 145 31
14 FOULIHG LAYER {Hi) + 0000 -G, 00000
ex¥e OVERALL PERFORMARCE DATA #eis
15 TOTAL HEAT DUTY ncEUIREﬂ \HEaQQQT 5) 2,89%0%7 FE5¥ THERMAL RESISTANCES #exx {PCT. VERALL)
17 EFFECTIVE RTD, (LHTDM{FYMDELTA) = {DEG C) 934340, 99H{L00N= 92,2 15 SHELL Tuk  FOULING  HMETAL  Ovef BES
18 F FACTOR={TUBE) {BAFFLER) {F/G) (HOT/COLD) =10, 989) L 0001 14, 000) 0, 958) 15 4Z.8 4.32 43,800 4,732 78.71%
19 QYERALL COEF, REGD/CLEAH/ACTURAL (4/H2-C) 253,77/ 814,787 457,27 17 TOTAL FOULING RESISTANCE 0. 00653
{8 DIFFERENTIAL RESISTARCE 4, 008723
eeed CONSTRUCTION INFORMATION #xs
20 MO, SHELLS 5ERIES 1 PARALLEL | TOTAL SURFACE AREA IHE) iZ4 o
21 HO. FASSES SHELL | TUEE 8 EFF, SURF. RREAR 1HZ/BHELL) V24 #eee SHELL MOZILE INFO. ®xes IHLET OUTLET
2 OSHELL 1.D. (HHF o 740,000 TEWA SHELL TVPE B REAR BEAD U-T 19 INSIDE DIAMETER () 289,10 283
20 YELOETTY /5 .32 LW
23 BAFFLE TYFE MERT DEL. SEG. MG, CROSSPASSES/BHELL FASS 12 21 DENSITY INB/AN3) 711974 398.97%
24 CENTRAL SPACING (M) 370.000 HAFFLE CUT P07, RIA) 25,500 22 ROTILE R-Y-50 Ke/H-82) - Eli2 0 2143
2% THLET SPACING (i) 700,000 CUT AREAIPCTILY 42,0 2) 42,2 3) 0.0 23 SHELL ENT. R-Y-5R {KG/H-52) 2015 1377
25 GUTLET 3PACIHE BN} 506,205 CHT HEIGHT FROW CERTER LINE  {NW 24 HEIGHT UNDER NOTILE {Fid) 87.0  87.0
27 BAFFLE THICKNESS (M) 7.337 POS-1} 1732 D) 122.4 1) 2.4
#¢ TUEE NOIZLES REDIAL) #¢ IHLET OQUTLET
28 PRIRS SEAL STRIFS 2 TOT.TUBESHEET{NM) 110.0 Iﬁrld HENT PLATE YES 25 INSIDGE DIARETER i 152,00 15,0
2% F-STREAW SEAL RODS (MW) 19,100 NO. &  PCT.TUBES REM. (HALF)  7.31 26 VELOCITY {1/5] 0,73 0,89
27 DEWSITY {(K8/H3) 905,974 982,773
30 TUBE TYPE PLAIN  TUBECOUNMT PER SHELL 432
31 OYERALL LENGTH (M 4,841 TURE FITCH (MH) 25,3999 tret DIAMETRAL CLEARANCES #ese
32 EFFECTIVE LENGTH (W) 4,731 OUTSIDE DIAMETER hi) l?.lGU 28 BAFFLE-TO-SHELL (M) 4, 0070
33 LAYOUT ANGLE (DEG) 90 INSIDE DIAMETER N} 15800 2 HL?DLE TO-SHELL (1) 12,7000
M PITCH RATIO 1,330 SURFACE ARER RATIO fOUT/IN 1,209 30 TUBE-TO-BAFFLEROLE {Hif} 4,753
35 31 HULTI.SEG. EAFFLE OVERLAF (M) 50,800
35 WEIGHT ESTIMATION {KG/5HELL)  DRY 4500 WET 4373 32
Mol 6 ? \qs ©
- Lﬁeb é C{ 3 s
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PESIGN CASE YEAR 2000.

PROBLEM DESCRIFTION-F92061 ELF HORGE TCP2 YEAR 2000 - | CASE-CE&07 - ~
$5FLOW INDUCED YIBRATION ANALYSIS (LEVEL 1.00)&x S QUID SHELLSIDE
01 LOG DECREMENT 0. 1000 AYIAL STRESS LOADING 0.0 (iPR)
02 BETA 2,711 ADDED WASS FACTOR 2.4733 ---—-- PUSITION IN BUNDLE-----
IHLET CENTER  U-EEWD
7 LENGTH FOR NATURAL FREQUENCY ) 1,070 0740 2,032
¢4 LENGTH/TEHA HAYLINUM SFAN {--) 0,701 {1,485 1.079%
05 HUNRER OF SPRNS {=-) b 7 {
04 TURE NATURAL FREGUENCY M1 49,55+ 8,713 5,48
07 SHELL RCOUSTIC FREGUENCY (1) - - -
- FLOW YELOCITIES - - - - == - - - .
08 WINDDW PARALLEL VELOTITY {H/5) 0,77 0.73 2.78 -
47 SUNDLE CROSSFLOY YELDCITY {/s) .42 0.8 0,80
10 BUNDLE/SHELL YELDCITY 14/3) 0,11 9,27 0.14
- FLUIDELASTIC INSTARILITY CHECK - -
{1 BAFFLE TIP CROSS YELACITY (#/5) 0.3 .70 .51
- 17 AYERAGE CROSSFLOY VELOCITY (/%) 0.42 0,81 3,40
i3 CRITICAL WELOLITY . {H5) 1,74 1.72 1,72
- ACOUSTIC YIERATION CHECK - - - - -
14 VORTEY SHEDDING RATIO =) - e -
VS TURBULENT HUFFETING RATIO {--) — — ---
- TUBE YIERATION CHECK - - - - - - : ST
14 YORTEY SHEDRING RATIO {--1 0,183 630 0,999
17 TURBULENT BUFFETING RATIO =) — - —
19 FARALLEL FLOY AMPLITUDE () 0,007 0,003 0,044 i
19 CROSSFLOY AHPLITUDE 19 0,044 0,033 1L13Ak
20 TURE BAP {49 4,308 5300 4,360
2% CROSSFLOW RHO-Y-58 (¥5/4-52) 164, 593, 319,
~ DABAGE MUMEER CHECK - - - - - - - '
.. 22 BEFFLE DAMAGE MUMEER i--) 0.0777 0,6477  0,1937:
.- 23 COLLISION DAMAGE HUMRER {--) 0,040 G.0335 0 1L0253%
24 CRITICAL DANABE HUMEER LIMIT  (—-) 0,097 09965 0,303
-25 RHO/SERTING) (LBEE, SET#3-2,5HREE,5) 3.5657 879N .0782
SUHDLE PARAMETERS AT HOZILES ENTRANCE AT
2% THPINGEMENT PLATE YES -
27 FLON AREA {AESC) ) 04,0455 0,997
79 VELOCITY  (YESC) T 1,57 1.2
- 79 GHO-Y-50 {RYZE) {KG/H-52) 2414, 1377
30 TEMA  E SHELL WITH YERT DEL. SEG. EAFFLES AND  U-T BUNDLE

3

32 PLAIN 3146 8. STL TUBES 19,1000 DIAHETER {HH) 70 DEGREE LAYOUT

33 PITCH RATIO 1L350

+ FREDUENCY RATIOS ARE RASED UFDH LG E' NATURAL Of ACOUSTIC FREGUENCY
GAITTING THE U-BEND. CALCULATIONS ASSUKE NO [HTERMEDIATE SUPFORTS
FOR THE U-REND.

££7] OW-THDUCED VIBRATION WARNING HESGABES®#

HOTE -~ U-BEND EXCEEDS THE TcMA HATIHUM SPAN.  CONSIDER ADDING
STIFFHESS TO THE U-REND REGION.

N /TJ /cr 2
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