NLAP-2MW Incineration Power Plant — Final Report (2015 — 2020)

Planning, Design, Construction, Environment Impact Assessment

(% AECENAR

Association for Economical and Technological Cooperation
in the Euro-Asian and North-African Region

I-Waste input

Construction: 350.000$
Separation
waste system

Winch 100.000$

II-Incinerator +Boiler

Construction 200.000$

Maintenance 150.000$
of all platform

Diesel burner 2.000$

Total 352.000$

I1I-Turbine + generator

l.y\‘l. :I‘ -E

!

Turbine
generator
condenser
Condenser
cooling
convertor
Total

1.000.000$
32.500$
35.000$
1.500%

40.000%
1.109.000$

pa ) s ) ) ey
[
= MEAE - Middle East Alternative Energy
Institute

) Bl g G20 S

http://aecenar.com/institutes/meae

Waste to energy 2 MW platform

Jlesdi B
North Lebanon Alternative Power
www.nlap-lb.com

System of filtration ‘

Injection | Price of

! Quantity/ | Quantity of |Cost

I cost/

Iton of waste | 1kg injection / day($) | Month
} to 50 tons ‘
Sodium 15kg 0235 750kg 1725$ 5.175$
bicarbonate
Activated lke 0.6% 50kg 305 9005
carbon
Total

Ref

~https://www.alibaba.com/product-detail /activated-carbon-fine-

Operation (Each day |Construction
1 silo of 30 kg should |of basic

be filled out structure

)

Silo of 30 kg

silo of 1ton

1staff:300$ 150.000%

powder_579170072.htmi?spm=a2700.7724857.2017127.18.54d71acbitCx8n&s=p

Treatment and recover:

of heavy metals(Cu , Pb ,Mg ,Zn )

Construction :4 columns ~ 50.000$

Operation :2 staff

800 *2=1600 $/month

Based on following

reports:

[TEMO-IPP  40MW
CFD FHamed 2015]

[TEMO-IPP 40MW
FEM BKerdi 2015]

[Turbine

MZoebi 2016]

1.5MW

[NLAP-IPP  2MW
Technical Manual]

[EIA Srar 2019]

[Presentation CCIAT
March 2019],

Conference Report

BOT
Meshha Akkar May
2019], [Proposal BOT
Taran Dinniye May
2019]

[Proposal

FreeCAD Database

Construction 65.0005

Electrolysis

Forman

Winch
employee
Control
system
Bulldozer
driver

Cost: 912$
IKW

Waste
separation

Total

1

1

2

1

8

Task Number |Qualification Salary/
month

Forman expert 1.000$
Winchexpert  1.000$
Eng. expert 1.000 $
Bulldozer expert 1.000 $
Employer 600 S

9.800$

Posters

e 2 MW platform

e Norms

e  Flue Gas
Purification

e Heavy Metals
Recycling

e 8 Columns
e  Steam Header

Last update:
26 August 2020







Content in short

PROJECT MANAGEMENT .....ceveeterereneesesesesssesesesssesssessssessssassesessssssssssessssessssssssesesessssessssssssesesessssssesssssesesessssasessnssene 1
1 BUSINESS PLAN ((SOUAIBYI JGUSI) c.ouvvrrereresenrmssensmssessasesssssenssssesssssesssssasasssesssssesssssesssssessssssssssssssasesssssssses 3
2 NLAP 1.5 MW DEMOPLANT & MARKETING - PLANNING FOR 2019 ......ccoceveeerrrrereersssessssssssssssnsssssssssssesssssassenes 5
FEM INVESTIGATION FOR 40 MW INCINERATION POWER PLANT .......cccevisurtreesasssnsssassssssssssssssssssessssssssssssssssessssaess 6
TABLE OF CONTENTS .....vvcueurtseesesssssesesssssssssssesssssssssssssssssssssssssssssssssssassssssssssssssesssssssessssssssesssnssssesssssssesssnssssesssaes 8
3 ACKNOWLEDGEMENTS .....coceeurureeuersssssseesssssssssssssssssssssssssssssssssssssssssssssssssssssssssessssssssesssnssssesssnssssesssnssesesssnsaess 11
B ABSTRACT ..ucuetrireceetitstssesssssssssssstsssssssssssssssssssssssssssssssssssssssssasassssssssssassssesessssssssesssssssesssssssessnssssessssssssesesns 12
5  CHAPTER 0: INTRODUCTION.......coeveuruereuerrsesssesssssssesssssessssssssssssssssssssssssssssssssssssssssssessssssssesssnssssessssssesesssnssesns 13
6 CHAPTER I: BASICS ...cucueurrreuersssesaessssssssssssssasssssssssssessssssssssssssessssssssssssssssssssssssesssssssessssssssessnssssessssssssesesassens 14
7 CHAPTER 11: CONTRIBUTION ......cveveurureeuetstesssesssssssesssssssssssssssssssssssssssssessssssssessssssssssssssssesssnssssesssnssesesssnssesns 31
8  CHAPTER I1l: RESULTS AND DISCUSSION.........cceveeuerrureeresssssssssssssssssssssssssssssssssssssssssssessssssssssssssssessssssssessssaens 45
9 CHAPTER IV: CONCLUSION AND FUTURE WORK.......cceveeuerrrrrrnesssesssnsssssssssssssesssssssssssssssssessssssssssssssssessssssesessns 72
10 BIBLIOGRAPHY .....cucuivirrecuesrasessessssessssssssssssssssesssssssasssssssssssssssessssessssssssssssssssesssnssssessssssssesssssssesesnssssesssnsnes 73
11 ANNEX.ucuouiueeeuetesesesesssesssessasssssessssssssssssssssssssssssssssssassesssssssesesssssesessassssesessssssesssssssessssnssesesssssesesssssesssnsnes 74
TEMO-IPP 40 MW CFD INVESTIGATIONS ......cueurverererrersssesssssssesssssssssssssnsssssssssssssssssssssssesssssesssnssssssssssssessssnsssssns 80
12 ABSTRACT: c.cucuetrreceeuetrssesessssssesssessssssssessssssssesssssssssssssssssessssesasssssesessssssessssessssessnssssessssssssesssssssesesnssssesesnsnes 81
13 LIST OF FIGURE: c...cucuetrreeeeuesrsesesesssesssssssssssssssssssssssssessssssssessssssssesessssssssessssssessssssssesessssssessnssessssnssssesesnssssesesnes 83
14 LIST OF SYMBOL: c...cucurvereeuersaesesesssessssssssssssssssssssssssesssssssesssssssessssssssssssssssessssssssessssssssesssnssssesssssssesesssssesesnes 85
15 INTRODUCTION: ....cuetrrereuetraesesesssesssssssesssssssssssssssssessssssssessssssssssssssssessssssssessssssssessssssssessnssessssssssesesssesesesnes 86
16 BASICS..cuovrveeererrreeeesesssssssesssssssesssssssesssesssssssssesssssssassssesesassesassassssessssssesesesassessssssesesasassesessassesesesassesesesaas 88
2. CONTRIBUTION ...cooveveueurrereeaesssesssesssesssssssesssssssssssssesssessssssssessssssssessssssssessssssssssssnssssesssssesesssssssessnssssesssnens 102
3. RESULTS AND DISCUSSION ......ccevevuerrrreeressssssesssssssssesesssssssssssssssssssessssssssesssssssssssssssssssesssesssssssesesesnssesens 116
4.  CONCLUSION AND FUTURE WORK ....c.eveveererrressnesssesessesssesssssssssssssssssssssssssssnssssesessssssessnssssssssnssssesssnssssesnns 125
5. REFERENCES .....ccceteveeetesssssesessssssesssssssssssssssssssssssssssesssssessssssssesssessssssssessssesssssssssesssssssesesnssssssssnssssesesnssesns 127
8. ANNEX....eeuerrreresesesesssesssssssesssssssessssassssssessssesesssssssesssssesessssssesssessssesesssssesesessssesesessssesesesnssesesssnssesesesnssennes 129
1.5 MW TURBINE DESIGN ....c.cucuetrvreesesesesesesesssssessssssssessssssssssssssssesssessssssssssssssessssssesessssssssesessssssesssnssssssesnssesssesnss 133
NLAP 1.5 MW INCINERATION POWER PLANT, TECHNICAL&BUSINESS SPECIFICATION ........ccceevererereresnenesenesesesenes 159
17 ) SIS LESYIREQUIREMENTS( v.vvvvrrerrnnnessesssesesesesesesssesssssssesssssesssssssssesssssssssssssssssssssasses 161
18 ) 4o glaiadl @AORISYSTEM DESIGN(...ovvcveservssirssssissssssssssssssssssssssssssssssssssssssssssssssssssssssnss 162
19 ) A GHIITURBINE( «vuveceeerererusesasesssssesssesssssssasssssssssssssssssssssssssssssssssssssssssssssssssssssssssessssessssssssesanss 163
20 ) CRESOIICONDENSER( cevvevecesinseeescecssissesssssssesssssssssssssssssassassssssssssassessssssassasssssssssasssssssssssassssans 201
21 WATER TANKSOWOI! QI3 ....o.eteeceteteeeesssessssssess e sssess s ssassssssessssssssesessssssssssssssssssnssssesesssnssssssesnssssesnsnssene 204
22 L O L VT 205



23 ) s5edly 48 ;2o INCINERATOR AND VAPORIZER( «....vocvecveeeeasaessssssessessessasssnssessessessassanees 206
284 NORMS ....cuveieccesseeesesesesesesesssssssssssssssssssssssssssssssssssssssssssssssesesesssesssssssssssssssasesesesesssssssssssssssnsssssssssnsaens 208
25 STANDARDS .....cceinereenenesesesesesesesesssssssssssssssssssssssststsssssssssssssssssssesesesssesssssssssssssssesesesesesessssssssssssssssssssssssaens 209

26 REFERENCE 1: WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS PART 3: DESIGN AND CALCULATION FOR

PRESSURE PARTS ...cciiiiiiiiiiunniietiiiiiiiinnnnieesiiississssatessisessssssseesssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassens 236
27 CALCULATION TEMPERATURE AND NOMINAL DESIGN STRESS.......ccccccttiiiiinnnnnniiinniissnnnnnieenissssnnnseeessssnsssne 245
28 CYLINDRICAL SHELLS OF DRUMS AND HEADERS UNDER INTERNAL PRESSURE .........ccccccuiiiiiiiiisnnnnneeennssssnnnnne 253

29 REFERENCE 2: PART 2: MATERIALS FOR PRESSURE PARTS OF BOILERS AND ACCESSORIES EN 12952-2:2001/.255

30 REFERENCE 3: WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS - PART 5: WORKMANSHIP AND
CONSTRUCTION OF PRESSURE PARTS OF THE BOILER EN 12952-5:2001 .......cccccosnnuumieernnicsssnnnnneennssssssssnnnesssssssssssnns 262

31 WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS — PART 4: IN-SERVICE BOILER LIFE EXPECTANCY
CALCULATIONS EN 12952-4 .......ccceetriiiiinnnnnneenniiessssssnneessssssssssssssessssssssssssssssssssssssssssssesssssssssssssssssssssssssssssasssssssssssnss 266

32 WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS —PART 7: REQUIREMENTS FOR

EQUIPMENT FOR THE BOILER-12952-7 ......curueueuseureusessssessesstssessssssessessessssssssssesssssssssssssesstsssssssssstsssassssssssssnssassssses 269
33 OB AUBIG ...t st bbbt nnas 272
34 ) die Baliwdlg dd el LI B> o SleWJIPREPARATION
OF ROST ASH( 277

35 IR A p& ........oeereeeaseeesseseasessssesess e s s R bR R AR R 280
36 a3l dlasee Jriilg sl §9 sied Olulmlg ddbo p)l
MWL @y Gayb e 1.5 281

37 dlascs £ld gl (1 ddgV! SIGIILEMW ..ovvveerenrvriisnns 282
38 SUPPLIERS ....cuvureeeeseueusesessessessessesssssssessesssssssssssasesssssssssstasesssssssssstsstsssssssssstasssssssssssssssssssssssssssssssssssssssssssssssens 285

ENVIRONMENT IMPACT ASSESSMENT OF WASTE TO INCINERATION POWER PLANT NLAP-IPP IN SRAR

(AKKAR/NORTH LEBANON).......ccoveeueiuiisuisnnseiiisecssesstisesssessesstisesssessessssssessessessssssessessessssssessessessssssessessessssssessesssssses 287
39  INTRODUCTION......citttiiirrnntttiiiiiisiinnnttetiiiissinnnttesiiisssssestessessssssssstessssssssssssasesssssssssssassesssssssssssnssasssessssssnns 292
L0 I TN 293
41 DESCRIPTION OF THE ENVIRONMENT .....ccotiiiiinmmiiiiiiiniinnniiiiiiiiiienniieniienmieenimmmmseesmmmsseessesssssnn 307
42 DESCRIPTION OF THE PROJECT ....cccciiriunmntiiiiiiissinnnneittiiissssnnnniesiiissmmsnmieenisissmsmmseesiissmemmssiessssssssmssessesssses 311
43 SCREENING FOR WITH MINISTRY OF ENVIRONMENT .....cvmmiiiiiiiiniinnniiiiinnnnnnnniinineesnssssnssssmmmssessenee 335
44 ENVIRONMENTAL FACTORS AFFECTED........ccovvvummiiriiiinnninnnniiiiiiisinnnnniieiisisnemmiiesismmmmmieesimmsssesssssssssnns 342
45 SIGNIFICANT EFFECTS ON THE ENVIRONMENT ......cciiiiiiiiiieniiiiiiicneniniieiinessssiennnssssssssssnssssssssssessenees 343
46  ASSESSMENT OF ALTERNATIVES........cumitiiiiiiinnnnniiiiiiiicsienniiesiiisessiiesninssessssiesisasssissss s s, 345
47 MITIGATION OR COMPENSATION MEASURES..........ccccinumtiiiiiniinnnniiiininesnsisnnssssssssssssssssssssssseenes 346
8 |70 1L 10 1 1 348
49 NON-TECHNICAL SUMMARY .....cciiiiiiiunmniiiiiiiiinnnniiieiiiessiiesiiesmssmiiieii e s . 350

50 QUALITY OF THE EIA REPORT ....ccueiiiiiiiniccneeiiiieinnscsssesins s ssaesss s s s ssssassss s s ssssssssanssssssssssssssnsssssssssssssannnns 351



Content

L 1 ] R 352
2 S o O 361

CONFERENCE IN CHAMBER OF COMMERCE, INDUSTRY AND AGRICULTURE TRIPOLI, LEBANON (2MW PLANT BUILD-

OPERATION-TRANSFER (BOT)) ..cceurueuerersresssesssessssesssessssessssssssssssssssssssssssesssessssesssssssesssesssssesesssnssesessssssesessssssene 363
52 MEETING ORGANIZATION .....coovereuerrrrsesssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssnssssesssssssesssassssens 364
53 SPEECHES ...veveveuetseeesesssssessssssssssssssassssssssasssssssssssssesssssssessssssssessssssssssssssssessssssssessssssesesesnssssesssnssssessssssssns 365
54  CONFERENCE REPORT ....coveeietiureesesssssssssssssssssssssssssssssssssssssssssssssessssssssesssssssstssssssesssnssssesssnssssesssnssssessnsaese 392
PROPOSAL IMASCHHA BOT ....ucueviieeuesssssessssssssssssssssssssssssssssssssssssessssssssssssssssssssssssssessssssssesessssssesssssssesssnssssesesans 398
55 Jloid! dA3Ub AS 6 0y B PREFACE c..euveeveeceescsscsscasssssssssssssssssssssssssssssssssssssens 401
56 INTRODUCTION......cceeeuerrerrecuesrtssssessssssassssesssssssssssssssssesssassssessssssssessssssesessssssssessssssssesessssesesessssssesssssssessnssese 402
57 PURPOSE ......veveuetresstesssssesesstssssssssssassssssssssssssssssssssesessssssessssssssesessssessssssssssssessssssesessssssesesnssssesssssssesesnssssess 404
58  SCOPE OF WORK ....cvueueureesecuesssssssesssesesssssssssssssssssssssssesessssssssssssssessssssssessssssssetsssssssesessssssessnssssessnssssesssssess 405
59  PROCESS CONTROL SYSTEM .....cccevuerreeseussrsesssssssssssssssssssssssssssssssessssssssessssssssssssssssssssssssssssssssssssssesssnssssens 416
60 ENVIRONMENTAL IMPACT ASSESSEIMENT.......cevereeuerrreresesssssssssssssesssssssssssssssssssssssessssssssesssnssssesssnssssessnsaens 419
BL  FINANCIALS .....cucuerreecresssseesesssesssesssesasssssssasssssssssssssesesssssssssssssesssessssesssessssesesssssssesssssesssesassssesssnssssesesnssesess 422
62 TIME SCHEDULE .....covevuevreereeuesssesesesssesssssssesssssssssssssssssessssssssessssssssessssssssessssesssesessssssesssssssesssssssessnssssessssnens 423
63 FINALIOUR PROPOSAL......ceeuerrrressesssesssesssesssssssssssssssesssssssssssssssssessssssssessssssssesssssssessssssssesssssssesssssssessnsaess 425
OTHER MARKETING ACTIVITIES ....ucveveveeuerreesesesssssssesssssssssssesssessssssssssssssssssssssssssssssssssssssssssssssesnssssssssssssesssnssesens 426
64 MASHHA )& Loeino - NORTH LEBANON APRIL 2019 .......ucvucverrenseereresensessessssessessessessesssessessesssssssessessessssessens 427
65 TARAN/DINIYYE - NORTH LEBANON 2019 ......c.cvveveuerrreresesssessssssesssssssssssssssssssssssssssssssssssesssssssssssnssssesesssens 430
66  SRAR - NORTH LEBANON 2018 .......cceveveueurrrsesesssssssesssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssnssesens 431
67 Ols Ldly (AYYAT / AKKAR - NORTH LEBANON) .....oocveeeeeecencsensessssssnssessessesssssssessessessssessessesaens 432
68 AL-DENNIYE 120 TONS/DAY WASTE INCINERATOR (PROJECT PROPOSAL DEC 2017) .....ccererreenererenssnesesesenaens 433
69 PRICES ON NLAP-LB.COM......c.ceeveeuerrresnesessssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesnssssssssssesesesnssesns 439
NLAP FREECAD DATABASE .......cevrveeererrtesesesssesssssssesssssssssssssssssessssesssessssssssssssssssssssssssesessssssessssssssesesssssssesnssssssesnes 440
70 NORTH LEBANON ALTERNATIVE POWER_FREECAD_DATABASE ........c.ccovterrerersreresssssesssssesessssssssssssssssssssaens 441
POSTERS .....vueuetereseesesssessssesssssssesssssssesssssssesssnssssesssessssesesnssssesesessssesesessssssssesnssssesessssesesssssesesesnssssesesnssessssnssesesesaes 445
LITERATURE .....voveveeuetraeseesesssesssessssssssssssessssssssessssssessessssssssessssesesessssesesssssssesessssesssesessesssesessesssssnssesesssnssesessnssesns 452






Contents

PROJECT MANAGEIVIENT ..ccuctteeierteeeiereeneiereeneierenssieresssieressssesesssssssssssesssssssssnssssssnssssssnssssssnssssssnssssssnssssssnssssssnssssssnsssns 1
1 BUSINESS PLAN (SOUQIVN J9USRI) .oovumrirrrmsnrisnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssssssses 3
2 NLAP 1.5 MW DEMOPLANT & MARKETING - PLANNING FOR 2019 ......ccccuuueeeeeereeennnnncceeeneeennssnssssessennssssssssssssnnns 5
FEM INVESTIGATION FOR 40 MW INCINERATION POWER PLANT ......cctttiiiitnnieiranicinanicssnsscssasssssssssssssnssssssnssssssnssnes 6
TABLE OF CONTENTS ....ocitiuiiiitneniiiennieiensetienssisisnssssssnssssssnssssssssssssssssssssssssssassssssasssssssssssssnssssssnssssssnssssssnssssssnssssssnsssns 8
3 ACKNOWLEDGEMENTS .....icuiiiitnniiiiennniiienniiiiensietiansiestanssessanssessansssssssssssssssssssssssssssssssssnsessssssssssssssssssnssssssnsssssns 11
4 ABSTRACT ...ciiieiiitteieiteeiettnnsietenssettenssstensssstanssssssnsssssansssssansssssansssssanssssssssssssssssssssssssssnssssssnssssssnssssssassssssnssssane 12
5 CHAPTER O: INTRODUCTION......citteieitnnnceienniersnnsestenssssssnssssssnssssssnssssssnssssssnssssssnssssssnssssssnssssssssssssnssssssnssssssnssass 13
6 CHAPTER L: BASICS ......iieeiiitieiiitneieieneiiienssesienssesisnssssssnsssssansssssassssssasssssssssssssssssssssssssssnssssssnssssssnssssssnsssssnnssnss 14
6.1 O Y 12 1Yt 14

[ O A I I A 111 g Yo [V Lo o] ¢ DO UUPURUUPRRRRPRRt 14
6.1.2  1.1.2. CAtEGOriZAtioN Of SLIESSES ...cevvvveeeeeeeeieeeiieieeeeeeeeeeeeeeeeeeeeeeeteeeeeeeeeesaeesssssesssssssssssssssssssnssnsnssnnnnnnnnnes 14
6.1.3  1.1.3. StIESS INEENSITY...eeeeeeeeeiiieeee ettt eee ettt e e e e ettt ee s s e e e ettt tts s e s e e eettssasssseaasttsaasessaaasttssaanaaaaes 16
B.1.4  1.1.4. STIESS lIMUTS...cuvvueeeeeeeeeeeeiieee e ettt et ettt e et e e ettt ttee e e e e e ee s tteeeeeesesastaeeessessssaaaeessssssssnnanaeaens 16
6.1.5 1.2. Fatigue assesSMeNt Of PreSSUIE VESSEIS ..........uuuueeeeeeeeeeeeeeeeeeieieeieeeeeeeeesesesessessssssssssssssssssssssssnnnnnnnnnes 18
6.1.6  1.2.1. INTTOQUCTION .....vveeeeeeeeeeeiieee ettt e ettt e et e e et tee e e e e e et attaeeeeeeesasttae e e s e s ssssaaaeesssessssssanaeaans 18

6.2 0 A 2] T 18
6.3 1.2.2 FORMALISM AND CLASSIFICATION OF MULTIAXIAL FATIGUE CRITERIA ....evueeueeeneeeuneesneernneesnseensrsnreennsssnsennsesnsennns 26
THE HOHENEMSER & PRAGER CRITERION .......uueirvruneeersuneerssuneeessaneesssnnessssaneessssnsessssseesssnseessssseesssnneesssnneesssaneesssaneerssaneerens 28

7 CHAPTER 11: CONTRIBUTION ......citteiettmncerennncersnneerenssesssnssesssnssssssnssssssnssssssnssssssnssssssnssssssnssssssssssssnssssssnnssssnnsans 31
7.1 2.1. ANALYSIS OF RANKINE CYCLE FOR THE TRIPOLI-IPP 30 MW POWER PLANT ..uuevtnteieieeueetneertseeneeenneeeneesnnsenneesnnsennnns 31
7.2 2.2. SOFTWARE USED FOR MODELING AND SIMULATION ...vuuuetuneeuueesuneesneesunessnsesnsesnsesnersnsesnnsssnsesnnsesnsesnnsssnsesnnsennnes 34
7.3 2.3 FILES FORMAT 1t tttueetuneetueesuneesneesnnessneesnnessnsesnnsssnssnnsssnessnsssnseannsssnsessnsssnsessnsssnsesnnsssnsesnnsesnsersnsesnnernnernnnes 35
7.4 2.4. DESIGNING CAD MODELS FOR THE VAPORIZER AND FOR THE DRUM ..vuuevuueuneeuneesnesnnertnresnnsssnsesnnsssnsessesesnsesnnsennns 36
7.5 2.4, IMIESHING THE CAD IMODEL...uuittueiueeetie et eet e et e steeeteeeaee st eetase st sansannsesnseannsstnsesnnsesnsernnsetnsernsennsernnsennnns 40
7.6 2.5, THE SOLVER ELIVIER ...tuuiitiietieete et e ete e e eete e te e st e et esaee st e eansesaneean e aanseanseannssansesnnsesnseennseansernnsennsernnrennnns 44

8 CHAPTER 11l: RESULTS AND DISCUSSION......cccctttuiertemnnertennsertenscertenseessanssessenssesssssssssassssssassssssnssssssnssssssnssesssnssnns 45
8.1 3.1 CAD MODEL AND MESHING OF VAPORIZER AND STEAM DRUM ...vuuevuneerneruneesneeenneesnsessnsssneessnsesnnessnsessssssnsesnnessnnes 45
8.2 3.2 RUNNING THE SOLVER 1.1 tvuunerunertuerunessnessneesnsessnessnessnsssnnsssnsssnnessnsesnnsssnsessnsssnsessnsesnnessnsesnnessnressesssnsesnnessnnes 45
8.3 3.3 VIEWING RESULTS PARAVIEW / VTK .o 48
8.4 ESTIMATED NUMBER OF CONSTANT AMPLITUDE FATIGUE CYCLES +uuvvuuetrueruneesneesuneesneesnneesnresnessnsesnnsssnsessnsssnsesnnessnsennns 57
8.5 ESTIMATED FATIGUE SAFETY FACTOR CAUSED BY A MULTIAXIAL LOAD .. .evuuevuneerneruneesneesnneesnsesnsssnsesnsssnsessnsssnsensnsssneennns 58
8.6 3.6. PROBABILISTIC ANALYSIS OF THE NUMBER OF FATIGUE CYCLES. vvvuuevunerrueruneesnressneesnsessnresnnessnsesnnessnsessnsssnsesnnessnnes 59
8.7 3.7. ESTIMATE OF THE NUMBER OF CYCLES OF ELONGATION AT CONSTANT AMPLITUDE .uuvvunertneerneernrernnersneesnaersneesnneennnns 62
8.8 3.8. ESTIMATED NUBER OF CYCLES DUE TO DISPLACEMENT CAUSED BY A MULTIAXIAL LOAD ....evvuernneerneernneesneersessneesnnesnnnns 62
8.9 3.9, RESULTS OF FALLO SOFTWARE et uttuutetueeruneesneesuessaeessnessnessaesssnsssnsessnsssnsesnsesnsessneesnsessnsesnneetsesnnsssnsesnnersnnes 66
8.10 3.10. RESULTS OF FALSN SOFTWARE «.evuutttueeruneetueesteesueestneesneesssesnessnresnsssnsessnsesnsessnsesnsessasssnnestnrestesssnsesnnessnnes 67
8.11 3.11. RESULTS OF FALIN SOFTWARE .. cvuuittietteetieesteesieesteetneessaeesnessnsesnnsssnsestnsssnsessnsesnsessnsesnneesnresnnsssnsesnneesnnes 69
8.12 3.12. DISCUSSIONS OF ALL RESULTS 1evuvvuueesuneruneesueessnessunessnessnessnsessnsssnsessnssssssssnsssnsessnsssnsessnsesnnesssessnessnsesnnessnnes 70

9 CHAPTER IV: CONCLUSION AND FUTURE WORK.....cccceetttueertenncerennerrensseetenssessenssessenssessanssssssssssssssssssssssssssnnsnns 72



)sslasV! J9adBusiness Plan (

BIBLIOGRAPHY .....cieuiieenireeieenecrenernsereencensesenserassssnserassssssssassssssessssssssessssesassssssssassssssesassssssssssssssssssssssnssssnsssnsesans 73

ANNENX....ceeiiieiiiireiiiereeeieteneeieresesterenssserenssssrensssseanssesesnssessasssessasssessssssesessssssessssessasssssenssssssnssssssnssssssnssssssnssssann 74
1. ANNEX 1: WATER STEAM DIAGRAM . ...uuiitieitueet ettt eetie et e etee st eetaeeeteesaessaesanestaessnestnresnestnsestessnrestaersnsestaeesneesnns 74
2. ANNEX 2: TASK OF MASTER THESIS tvvuetvunerunersueeesnersuessnersneessnesssessnesssnessnsessnessnssssessnsesneessnsessesssnsesseersnsessnersneessaeees 75
3. ANNEX 32 TIME PLAN tuttttunttuneetueetneetueesnessaessnersaessaessnnessaessanessasssnnsssasssnnsssnsessnessnsesseessnsesssssnsessesssnsesseerensesseenen 76
4,  APPENDIX 4: THE PROPERTIES OF THE STEAM AT THE INLET OF THE TURBINE «..vuuirvneetnerrneetnersneertersneeenersneeenersneessaessneennns 77
D ANNEX 5. BLUEPRINTS OF DRUM .uuivtuirtunieunersuneetnersnnessnersnessnessnessnessssssneesseessnsssseessnsesseessnsesnesssnsesteersnsesneersneessanees 78
6.  ANNEX 6: PHYSICAL PROPERTIES OF STAINLESS STEEL 316L (REFERENCE MATERIALS ENGINEERING-IMECHANICAL BEHAVIOR REPORT

128) 79

TEMO-IPP 40 MW CFD INVESTIGATIONS ....ccuuiiittuiiiinnnieiinneiettanietsaniessasssessnsssssssssesssnssssssssssssssssssssssssssssssssnssosssnnsans 80
12 ABSTRACT : ccuiiiieeiiiteeieiteniettensietensssetensssstsnsssssansssssansssssansssssanssssssnssssssnssssssssssssssssssssssssssnssssssssssssssssssssnnssssnnsans 81
13 LIST OF FIGURE:......ccccetttuuieinnnnieiennneetennsesiensssssanssssssnssssssnsssssassssssssssssssssssssassssssnssssssnssssssnssssssnssssssnssssssnsssssnnsssss 83
14 LIST OF SYIMIBOL: ....ccuuiiitueniiienenieieneieienssesienssssssnssssssnssssssnssessassssssassssssssssssssssssssasssssssssssssnssssssassssssnssssssnsssssnnsess 85
15 INTRODUCTION:....cccciiiitueititnnieieneeetenssesienssestansssssanssssssnsssssassssssassssssasssssssssssssassssssnssssssnssssssassssssnssssssnsssssnnssss 86
16 BASICS....iteeiiiieeieiteniettenniettnnsiersnnssetsnnssessnsssesansssssansssssansssstansssstanssssssnsssstansssstansssstansssstansssesassestransesssnnsessransans 88
16.1 INCINERATION POWER PLANTS «.evtuutersunerssuneeessuneesssnneesssanesssssnsessssnsessssnssssnnsesssnssesssnnsesssnnsesssnnserssnnsesssnneerssnneens 88
16.2  STUDY OF LITERATURE .uuevvvuueerrsuneeessueesssnnessssnsessssneessssnessssneessssnsessssnsessssnsessssnsessssseesssnssesssnserssseeseraneerssnneersns 89
16.3  ARGUMENTS SUPPORTING AND AGAINST INCINERATIONS ..evvuunerrruneeeruneeersuneeessunsesssunserssnnsesssnneesssnnserssnseesssseerssnneerees 91
16.3.1 Arguments SUPPOItiNG INCINEIATIONS .........cccceeeveeuiueeeeeeeteiieeee e e eeeetiteee e e e e ettt sasseseeaestssssessseaesnssanes 92
16.3.2 Arguments AQQINSt INCINEIATIONS ...........uuueeeeeeeieiiiieeeeeeeeeiieee e e e eetttteee e e e e ettt sasseseaaettassaesssaaesssnannns 92

16.4 L S 02 2 93
1.1. V=0T 95
1.2. SOFTWARE TOOLS USED .. etuuetuueruneeuunerunsesunesunessnnesunsssnessnsssnnessnsesnnsssnsesnnsssnseennseensessnseenseesnresnnsesnresnsersnsernnsennses 96
1.2.1. DiSCretiZAtioN METNOUS . .........uueeeeeeeeeiieeee ettt ettt e e e e ettt e e e e e e et ttaeeeseesssaaaeeessssssssiaaeaaaes 99

1.3. WHAT ARE THE NAVIER-STOKES EQUATIONS? ..vvvuuieeeiieeiiitiieeeeeeeerttiieeeeeeseesssanneeeesssesssnneeeessessstsnnsseesssessssnnnseesseees 99
1.3.1. INCOMPIeSSIBIE fIUIA FIOW .........uveveeeeeeieieeeee e naanas 100
1.3.2. Newtonian and Non-Newtonian fluid fIOW ................ueeeeememeeimieiee s 100

2. CONTRIBUTION ...cccuueetemeneerenneerennseeransscssenssessenssesssnssessanssessassssssssssssssssssssnsssssssssssssnssssssnssssssnssssssnssssssnsssssnnsess 102
2.1. SOLVE INCINERATION DESIGN 1uuvtunetuueesunssuueesunsssneesunessusesnnsssnssssnsssnssssnsssnsessnsesnsessnsesnssesnresnneesnresnaessnrernnerensennns 102
2.1.1. (0] o3 a1 0 Y1V e = PRt 102
2.1.2. (0K 14 ol 1 K s DO PPNt 102
2.1.3. EIMBE SOIVEE ..ottt ettt ettt et e e ettt tee e e e e ettt see e e s aaess i tsaeeesssssssaaes 104
2.1.4. (0K [ o I = OO PPNt 106

3. RESULTS AND DISCUSSION .......ccccceiertmenierennncerennserrensesrenssessenssesssnssessanssssssnssessssssssssnsssssansssssassssssassssssassesssnnsans 116
4. CONCLUSION AND FUTURE WORK ..ccuctttueertemeerreneertenniertenssessenssessanssessanssessassesssnssssssnssssssnssssssnssssssnssssssnssssses 125
5. REFERENCES. .......iteeiiiieeierteeeierteeneetenesierensseerenssessensssssenssessensssssensssssensssssansssssssssssssssssssanssssssssssesnnsssssnnsssssnnsnns 127
B.  ANNEX....ceeeiiriieiirtieiereieeiereeeserenesierensserennsserenssessenssessensssssansssssensssssensssssanssssssnsssssensssssanssessnssssesnnsssesnnsssnnnsane 129
6.1. ANNEX 1: PLANNING IN IMIARCH 2005 ..o iiiiiiiieiii ettt et e et et e et e et e et e e s e et e e aaeeansesanseanasnnessnrasnneeannns 129
6.2. ANNEX 2: UPDATED PLANNING JULY 2005 ..ottt e e et e et e et e et e e st e et e e e e et s e st s sansasnneeanasnneesnnns 129
6.3. ANNEX 3: TOOL CHAINS USED FOR CFD ANALY SIS 1. utetuetueetieerteerneestersneesteesneessnsesnaessnresnaesssesnerssnsesnnessnsessnnesnnes 130
6.4. ANNEX 4: OFFERS FOR 30 MW STEAM TURBINE AND PUMP .. .cuuiiiiiii et ceiieete e ee e et e et e et e e st e saneesaeeaneesnneeannas 131
1.5 MW TURBINE DESIGN .....ieeuuieieeeniereeeniereensierensseerensseerensseerensseersnssessssssssssnssessansssssansssssanssssssssssssansssssnnsssssnnsssssnnne 133



Project Management

NLAP 1.5 MW INCINERATION POWER PLANT, TECHNICAL&BUSINESS SPECIFICATION .....ccccuuceeeerrrennnnnnceeennennnnnnnns 159
17 ) O LESYIREQUIREMENTS( «..ocuveeereeereeassesassssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsseseens 161
17.1 OV 228 JBo e 161
18 ) 4o glaiad) @AOAISYSTEM DESIGN(..cevvvvescrensscrssncrssscsssncsssssssssssssssssssssssssssssssssssssssssasses 162
19 ) A FUITURBINE( cu.vvereceeereeeeuesseesesssssssssssssssasssssssssssssssssssssssssssssssssssesssnssssssssssssesssassssesssasses 163
19.1 TRU B PAARIFREECAD ..o 163
19.2 PARTS AND COSTS OF OUR 1.5 IMIW STEAM TURBINE ... cevuutvuuituneetneeetersnestnersnessnessneessneessessnsesseessnsesneessnsesnaessnns 163
19.3 FREECAD 2D DRAWINGS OF TURBINE FOR MANUFACTORING «..vuuirvuieunerrneessnerrneersnersneessessseessneesseessnsesneessneesnnessnns 172
19.3.1 Drawing @ Fre@CAD 3D ODJECt t0 2D...........uuueueuueeeeeeuiueeiaeieeeiaiisssesssssssnssssssssssssnnnnnsnnnnnnnnnsssssssssssssas 172
19.3.2 2D drawings Of OUF 1.5 MW TUIDINE..............uuuuuueeeeeeeet ettt s s s s s s e s s s ssss s 178
19.4  STEAM SYSTEM PARAMETERS FOR A 2MW TURBINE (14 BAR, 195°C) ....uuviiiiiiieeiiiiiiiieeeee e e e ceitirree e e e e e s sninneeeaeeeseanes 182
19.4.1 (@07 [ol¥ ] ol 1 [eY g INe L=t e |1 TR UPPPTIUPRS 182

19.5  COMPETETORS: BACKPRESSURE STEAM TURBINES (500kW, 3 MW, 15 MW): CosT ($/KW) AND PERFORMANCE
CHARACTERISTICS «1evvtuueeruuneeessuneeessuneesssneeesssneesssnessssnsesssnsessssnsssssssesssssnssessssssessnnessssnseesssnseerennseeessnsesesnnneessnnseensnnns 183
19.5.1 POIfOITNANCE LOSSES......uuveeeeeeeeeeeieeeeesasessssssssssssssssssssssssssssssssssssssssssnsssssssssssssssssnssssssnnnsnnnnnnnnnnnnnnnnnnnn 184
19.5.2 L Lo 1101 =T e 1 Lol =25 184
19.5.3 Steam Turbine Lubricating 0il CRAracteristics...............coovueeeeeeeeeeeeeeeeeee e, 185
19.5.4 (KT ole X 1 OO UPPPRTS 186
19.6  TURBINE BEARING +.vvvuuneersuneeersuneeessnnessssunessssnnessssnnesssssnsessssnessssnssesssnsessssnsessssnsessssnsesssnnsesssnnsesesnnserssnneerssnneens 186
19.6.1 L1 d e o [V ot 1 (o) ¢ BT TP UPURRPUPRR 186
19.7 MATERIALS NEEDS AND CALCULATIONS .uetuuertneesunessneesunessnssnnessnsssnnsssnessnsssnsessnsesnseesnsesnseesnsesnneesnsesnseesnsennnessnres 188
19.8 5D CNC MACHINING 1etutetunertieetueeetneetusstnessaeseneesansssnseannseenesanseaneennssenseesnseennessnrernnsesnreensersnresnneesnrernnreensennns 190
19.8.1 WWRGAT IS 5-AAXIS? wevvreeeeeeeeeeieee et e eetee et e e et tee e e e e e ettt tta e e e e e e eeaaaae e e e s s eeasaaaeeessssssttaeessssssssnnanaenens 190
19.8.2 BasiCS Of AXiS CONFIGUITTION .......uvvveeeeeeeeesississesesssssssssassssnsssssssssssssssssssssssnsssssnnsnnsnsnsnsnnsnnnnnnnnssssssssnas 190
19.8.3 HOW G FOUTEE WOFIKS ....ccoeeeeeeeeee ettt ettt ettt e e e e ettt ttee e e e e e et tae e e e e e essasaeeeseeessssans 191
19.9 3-AXIS ROUTERS VS. 5-AXIS ROUTERS ...evuuteuuerunseuunerunessnnesusssnseensssnsesnnsssnsessnseensessnsemnssesremnnersnrensmsemnrennrrennennns 191
19.10 THERMAL EFFICIENCY IF THE STEAM IS SUPERHEATED ...vtuetuneetueesuneesueesnnessnsesnneesnsesnnsssnsessnsesnnessnsesnnersnsesnnsesnsennns 191
19.11 D Y o I ] = N =1 7y o 193
19.12 QUOTATION TO 1.5 MW STEAM TURBINE .. .evuuettueruneetnrernnessneesnessnsesnsssnsesnnsssnsessnessnresnmsssnsesnnersnsesnnsesnsennneeen 193
e I YV o] o =] PPNt 197
20 ) CRESOIICONDENSER( ce.vevveceernieeeacescasisessssssssesssssssssssssssssassasssssssssasssssssessssasssssssssssssssssessssassassans 201
20,1 CONDENSER SPECIFICATION .eeuvveeeisereeessuseessesseeessassseessssssessassseessassssessssssessassssessssssesssssseesssssssesssssssessssseesans 201
20.2 @ob_,g G5_9A3FREECAD .......................................................................................................... 201
20.3 COOLING OF CONDENSER +1uutvtueetunessnessunessuessnnsssnesssnessnsessnsssnessnsssnsssnsssnssssnsssnsssnsesnnsssnnesnmessnsesnnessnresnnssensennns 201
20.3.1 Sea water desalting unit for condenser cooling cycle (schema)...............ccccccoovveeveeiiieiiiiiiieeeeeeeee, 201
20.3.2 FPUr ZOGAIrEECAD.........ooo e 202
20.4  COST FOR COOLING WITH FRESH SEA WATER CYCLE (ONLY WITH PIPING TO SEA)..vvvvvvvrrrrrereresrrrresessssssssssssssssssssssssssssnsees 203
21 WATER TANKSOWGI! QI3 ....o.eiieeetcteseeeesssessesssess e sssess s ssasssssssessssssssssessssssssssssssssssnsnssssesssnssssesesnssssesnsnssene 204
22 COLLEUN B0 . oereeereeeeseeeseessesesasesesasessstssesasesesasesaseasesasessssasesastasesasesesasesssasssasessssasesassssesas 205
23 ) s5eadly 48 ;o INCINERATOR AND VAPORIZER( ....couveeeeeseasrsssssssassnssssssssssssssassassssens 206
23.1 [0 1LY FEHLER! TEXTMARKE NICHT DEFINIERT.
......................................................................................................................... FEHLER! TEXTMARKE NICHT DEFINIERT.

IX



)sslasV! J9adBusiness Plan (

23.2 LIST OF PROPERTIES OF SATURATED STEAM ...tttuuuuueeeeettuuuuuaeeeeeenssunnseeeeeeassnnnnsaeeeeeesssnnnseeeseessssnnsseeeseeessnnnneeeeeeees 208
24 STANDARDS ......ciiiiiiiiiiiissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 209
24,1 GENERAL «.tttttiee e e e ettt e e e e e e ettt e e e e e e eettaaa e e eeeeettaa e e eee ettt taaeeeeeetttaa e e eee ettt bh e eeeeettbh e eeeeeeebha e eaeaaes 209
24.2 INTERPRETATIN ..t eetttttuieeeeeeeettaua e e eeeeetttaaa e e e eeeeeaaaaa e e eeeeaeesan e eaeeeeestaaaaeeeeeeessbaaaneeeeeeesssnanneeeeeeenssannsseeanees 210
2.3 PRODUCTION tetttuueteeetttuuuieeeeeeettanasaeeeeeasesansaseeeessssnnaaseeeeessssnnseeeeeessssnsnsseeeeessssnnssseeeeeesssunssseeeeeesssnnnsseeeeees 220
24,4 IMIATERIALS «.eetteuineeseeeeteuuuueeeeeeeeuuuaaaeeeeeasssnaaaseeeeesssnnsaeeeeeessssnnnsaeeeeessssnsnnseeeeessssnnssseeeeeesssunssseeeeeenssnnnseeeeeees 226
24.5 FIRED OR OTHERWISE HEATED OVERHEATING-PRONE PRESSURE EQUIPMENT IN ACCORDANCE WITH ARTICLE 4 (1) .....vveeen.. 229
24.6  PIPELINES ACC. ARTICLE 4 (1) (€) tureeeeeeieiurrreeeeeeeiiititeeeeeeeeseetttaeeeeeeessastaaeesaeeessaassaneeeaesssassssaneseasesanssssrneeaanens 230
24.7  SPECIAL QUANTITATIVE REQUIREMENTS FOR SPECIFIC PRESSURE EQUIPMENT ....veuvievieuiereiteeteeareereereeseesvesreeveenseve v 231

25 REFERENCE 1: WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS PART 3: DESIGN AND CALCULATION FOR

PRESSURE PARTS ....cciiiiiiiiiitnntiiiiiiiiianseestiisssssssssessisssssssssssssssssssssssssssssssssssssssssesssssssssssssssssssssssssssnssssssssssssssnssssssess 236
B TR R Yol 1 PP P P PP PP PP PPPPOPPPPPPPPPPPPPPRt 236
25.1.1 FA oY g Lo LA L= 4= =T =1 Lol =X 3 236
25.1.2 TEIMS ANA AEFINILIONS ..ottt ettt e e e e e e e e e e e e e e e e e e e aeeaaeaaaaaeens 237
25.1.3 Symbols and GBBreViQtioNS..............ccoeeeeeeeeieeeeee e, 237
25.1.4 (=11 1=] 4o OO TP P PPP O PPPPPPPPPRPIR 237
25.2  DIMENSIONS OF PRESSURE PARTS .eetetteeeeeeeeeeeeeeeeeneeeeeneneeenesseesesseessessssssssessssssssssssssssssssssnssnssssssnsssnsnssnssssnnnnnnnns 237
25.3  STRENGTH OF PRESSURE PARTS ...eeeeteteeeereeeeneeeeeeeeeneeeneneeeennsseessesssesssssesssssssssssssssssssssssssssssssnssssssnsssnsnnsnsssnssnnnnnns 238
25.4  DESIGN BY ANALYSIS «.eeteeteeteteeeeeeeeeeeeeeeeeeeneeeneeeeeaeeeeeeeeeeaeaeeeaeeeeaeaeaasaeeeeeeeeeeeeeeeeeeeae e e e e eeeeesesesesennennnnnnnnnnnnnnnnnnns 238
25.5  CYCLICLOADING «.eeteeeeteeeeeeeteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeaeeaaaee e e e e e e e e e e e e e eeeeeee e e e eeeeeeeeeeee e e e e eeeeeeeeeeeeennsnnennnnnnnnnnnnnnnns 238
25.6  OTHER DESIGN REQUIREIMENTS ..cceeeettteeeeeeeeeeeeeeeeeeeeeeeesessenseesesneessessesseeeeeesssassssssesssaseseeesseesessssssnnsnnnnnnnnsnnnnnnnnnns 239
25.6.1 (=11 =] 4o OO TP TP PP PPPPPPPPPRRNE 239
25.6.2 AACCESS ...ttt ettt ettt e et e ettt e e e et e e eennnnns 240
25.6.3 10 o T g Lo o T=ae oL V=2 01T BN 240
25.7 DESIGN, CALCULATION AND TEST PRESSURES +.vvutvurunttneeneeunesnessersesesnessessessessessessessessessnssssssessnsssssseesnesnsrseesnennes 240
25.7.1 J0 L o [ o] (=X =2 240
25.7.2 (00| ol0 ] o 1 oY (I =2 XV - PPNt 240
25.7.3 Calculation pressure for pressure differ€NCes ........uuuuuuwveeeeeeeeeeieeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeveeeeeveeaeesenes 241
25.7.4 LY L X oL ol A=Ky o] =XV =2 241
25.8  IVIETAL WASTAGE ....eeeiitiiiieeeeeeetttne e e e et eeteea e e e et eaeana e e e eeeaera s s e e eeeeanean e e eaeeeenenaa e eeeeeennnnaaeeeeeennnnnaaeeeenen 242
25.8.1 =TT T IR o Ky e o =N 242
25.8.2 L3 =T gL | IR Vo K o o =3 N 242
25.8.3 =0 L0 (=3 0111 PR 243
25.8.4 SEIESS COITOSION ..ot e e e e e e e e e e e e eeeeees 243
25.8.5 MeEChANICAI FEQUITEIMENTS ..........uveveeeeerieeiieeieeeeaeseseassssssssssesssssssssssssssessssssssnsssnsssssssssssssnsnsnnsnssnnnnnnnnns 243
25.9  ATTACHMENTS ON PRESSURE PARTS .. ..uuueeeeeeertuuuuueeeeeenennnuaaeeeeenennnnssaeeeeennsnnnassaeeseennnnnssaeeeeneesnnnnseeeseensnnnnseeeeenes 243
25.9.1 JaTo o [olo T4 aY] 1gTe Mo Lu e ol 1T 0 T=d o1 n 3N 243
25.9.2 I\l B loYo o Eloto T Y/ 1Yo I L Tol 110 £ T=1 (1 %30S 244
26 CALCULATION TEMPERATURE AND NOMINAL DESIGN STRESS......ccccetttiiiiinsnneeeniissssssssnnssssssssssssnssssssssssssssnnns 245
26.1  CALCULATION TEMPERATURE ....ettttuuuuieeeeeettuunuaaeeeeenennnaaaaeeeeesnnnaasaeeeeassnnanaaaeeeessnannsaeeeeeesssnnssseeeseeesnnnnseeeeeees 245
26.1.1 (CT=1 (1= 4o TSP SUPPPPPRRN 245
26.1.2 CIPCUIAEION DOIIEIS. .......vvvvvieeeeeeeetee ettt ettt e e e e e ettt e e e e e s st aee e e s s s saastasaaesesssssssseeeas 245
26.1.3 Once-through boilers, superheaters ANd rENEALEIS............eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeeesaeesssassassanes 245
26.1.4 [ (o) Y Vo L =Tl =1 g =] 4o [ (e PP PP PPNt 246
26.1.5 Temperature allowances for unheated COMPONENts.............cccceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeae 246
26.1.6 = o L= PR PUPPPPRNE 246



Project Management

26.1.7 UNREALEA COMPONEGNTS ...ttt ettt ettt e e e et e e et e e et eaesaseaeenaas 246
26.1.8 Components protected againSt rAGIALION ..............ocecuueeeeeiiiiiiiiiieeee et 246
26.1.9 Components NEAtEd DY CONVECLION ............eeeeeueeeeeiiieeeieee ettt et e e e e eiiee e e 246
26.1.10 Components heated BY rAQIQLION..............cccueeeeeiuueeieniiee ettt ee e e siaea s 247

26.2  MAXIMUM THROUGH-THE-WALL TEMPERATURE DIFFERENCE AND MAXIMUM FLUE GAS TEMPERATURE FOR HEATED DRUMS AND
HEADERS 250

26.2.1 Maximum through-the-wall temperature difference .............oooveueeeeeceeeeeeiiieeeiieeeeeiiee e 250
26.2.2 Headers expoSed t0 fIUE GUSES..........occuueeeeeueeeeeiiee ettt st e e st e et e e e tte e e sateaesssaeaeas 250
26.2.3 WA o3 o] oYL= (=Y o To o K PPRPPPPPPPNS 250
26.3  DESIGN STRESS .uuueeeeettuuuuuaeeeeeetuunuuaeeeeeetanensaaeeeeesssnnasseeeeessssnsneeeesessssnsssseeeeessssnnsseeeeeeesssnnsseeeeeeesssnnnsseeeeees 250
26.3.1 DeSign Stress fOIr COMPONENLS .........ccevuueeeeeiieeeeiiieeeeeiitee et ee e et e e estteeeeasateessasteessatsaeessteasensseaens 250
26.3.2 Design stress for welded connections operating under creep condition...............cccceeeeeeveeeeeeessesseennnn. 251
26.3.3 Design Stress fOr QUSEENITIC SEEEIS .........uuvueeueeeeeeieieei s san 251
26.3.4 DeSigN StrESS fOr tESE PIESSUIE .....vvevveeeevieeeeeeeeeaeeesaaasssassssssssssssassssssssassssssssssssnsssnssnnnnnnnansssanas 251
27 CYLINDRICAL SHELLS OF DRUMS AND HEADERS UNDER INTERNAL PRESSURE.......ccccccceeiiiirmnnnnnssscnnnnnnnnnnssnnns 253
27.1  SHELLTHICKNESS . ceeettetteteeteeeeteeeteeeeeeeeeeeeeeeeaeeeeeeaeeeeeeeeeeaeaeeeaaaeaeee e e e s ae e e e ee e e eeee e e eeee e s e e e e e e eeeeeeeeeeeseesesnnnnnnnnnnnnnnnnns 253
27.1.1 =20 [0 =3 0111 OO UPURRRRR 253
27.1.2 Required wall thickness including QIIOWGANCES ...............uueeeeeeeueeeeeieeeee s 253
27.2  BASIC CALCULATION t.cetttteteteteeeeeteeeteeeeeeeeeeeeeeeeeeeaeeeeeeeeeeaaa e e e e ee e e e e e e e e e eeeeeeeeeeeeeeeeeeeeee e e e e eeeeeeeeeeeesnnsnnnnnnnnnnnnnnnnnnns 253
27.2.1 Required wall thickness Without QIIOWGANCES ...............ueueueeeeuuneeiee s e s 253

28 REFERENCE 2: PART 2: MATERIALS FOR PRESSURE PARTS OF BOILERS AND ACCESSORIES EN 12952-2:2001/.255

28.1 MATERIALS COVERED BY EUROPEAN MATERIAL STANDARDS .....ceettrrrunuieeeeeeteennniseeeeeennnnaseeeseennnnnasseeereennnnasseeenne 257
28.2 MATERIALS FOR PRESSURE PARTS ....uueeeeetttttnuuieeeeeetannaaaseeeeeenesnnaaseeeeeansnnaaseeeseennnnaaseeeeeennnnaaseeeerennnnnasseeeene 259
28.2.1 Materials covered by harmonized European material Standards for pressure purposes..................... 259

29 REFERENCE 3: WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS - PART 5: WORKMANSHIP AND

CONSTRUCTION OF PRESSURE PARTS OF THE BOILER EN 12952-5:2001 .......cccceuecertemnicrrennccrrancccsenseesssnssesssnssesssnsenns 262
29.1 TUBE BENDING PROCEDURE TESTS +vuutvuueeuunesunsesnsesunessnnsssnsesnsessnsesnssssnsesnnsssnsesnssssnsesnessnsesnnsesnrennnsesnsesnnessnsesnnrees 262
29.1.1 GNCIA vttt ettt ettt et e et te et e e et e e et —————a e ettt —————————————— 262

30 WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS — PART 4: IN-SERVICE BOILER LIFE EXPECTANCY

CALCULATIONS EN 12952-4 ......cceetiiiiiisssnnnnenniimsssssssssssssssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 266
30.1  CALCULATION OF IN-SERVICE CREEP DAMAGE «...euuuueeeeeentunnuieeeeeeennnnaeeeeeennnnnaaaeeeeeennnnnaaeeeernnnnnnseeeeeennnnnnsaeeeenes 266
30.1.1 (CT=1 1 1=] 4o OO TP UTPPPPPPPRN 266
30.1.2 Symbols and GbBreviQtions................ccceeeeeeeeiie e 266

30.2  CALCULATION OF IN-SERVICE LIFETIME AND CREEP DAMAGE .....eetttettiuuuieeeeeeetnnnnaeeeereennnnnsseeeeeeennnnaseeeeeennnnnnsseeeenes 266
30.2.1 (CT=1 (1= 4o TP PP UOPPPPPPRN 266
30.2.2 Online computerized dQtQ STOIQQE..........uueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaaeesaeaasesssssssssssssssssssnes 267

31 WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS —PART 7: REQUIREMENTS FOR

EQUIPMENT FOR THE BOILER-12952-7 .......ccceirrnmeeriinisssssnnneesssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssssss 269
31.1  SAFEGUARDS AGAINST EXCESSIVE PRESSURE ...vtvuuuueeeeetttunnuiaeeeeetsnnnasaeeeeeenssnnsaaaeseessnnnssaeeeeemessnnnsseeeeeeesnnnnseeeeenes 269
31.2 HEAT SUPPLY SYSTEM ..ttt eeettttti e e e e eeeettta e e e eeeetataa e e e eeeeeaesaa e e e e eeeeetana e e eeeeeeesbaa e eeeeeassna s eeeeeeennnnnnsseeanees 269
31.3  ASH REMOVAL PLANTS . etttueeeeeeettnuuuueeeeeeetsuaaaeeeeeeasnnnaaaaeeeeeessanaaeeeeenssnnnsaaaeeeessnnnnseeereesssnnssseeeeeensnnnnseeeeeees 269
31.4  FLUE-GAS CLEANING PLANTS L.uueettttuuuuaeeeeeeneunuuaeeeeeenennnaaaeeeeeeesnnnnsaaeeeessnnnnaaaeeenssnnnnsaeeeeeeesnnnnsseeeeeensnnnnseeeeeees 269
31.5 REQUIREMENTS FOR LIMITING DEVICES AND SAFETY CIRCUITS ..uueeeeetruuunueeeeeeetennuuaeeereeennunaseeeseeennnnnnseeeereeesnnnnsseeaeee 269
31.6  CLEANING, ACCESS AND INSPECTION OPENINGS .vuuevuuerrunersnersunessnersnnessnressessnsessnsssnsessnessnnsssasesnsessnsesneessnsesnnessneesnns 270

XI



)sslasV! J9adBusiness Plan (

32 OLBUII QUBIS ... e e s s e e eses s st et sttt bbbttt asssasasasasssnsssssnsasssssassssns 272
32 L ESP ittt et ettt ttttt——————————————————————————————at——————————————————t————————ttat———————————————————————— 273
32.2 INCINERATION TESTS tuuettuntetuerruneetueeruneesuesueesaeessnessaeessaessnnessaesssnsssnsessnsssnsessnessnessnsesnsessnsesneessnsesnnessnsesnnessnnes 273

33 ) doo oLy Ad Al LRI (§y> Jas 3l JIPREPARATION

OF ROST ASH( 277
33.1 Aale Bylad | oottt ettt ettt ettt ettt en et s enennans 277
33,2 FLUREC/FLUWA ..o oottt ettt ettt e e e e et e e e e e e e e e bbb e e e e e e eeeeaaabbaeeeeeeesesaaaaeeeeeeesentbrreeeeaeens 279

34 ESIEN QG gl ... rvvesrsssssssse s RS RRR e 280

35 a8l dlasee Jridlg sl §9 Aied Olulmlg ddbo o)l

MWLl @y 3yb ¢ 1.5 281

36 daxo £l gt ‘zg'Jl A9V D1 galILEMW ....eoeerererernerecrenaenaenne 282
36.1  COSTS OF BUILDING THE 1.5 IMIWW PLANT ...evtuieeeiuieeeetieeeetteeesteeeessnneeessnneeestnneesssnnsessnnneessnnseesssnseessnnneersnnsesnsnnns 283

37 SUPPLIERS ... etttteeeeeeeeeteeeenensseeeteeeenssssseeesseessnssssssseseessssssssssssesssnssssssssssessnssssssssssssnssssssssssssssnnsssssssessssnnnnnsnssnes 285

ENVIRONMENT IMPACT ASSESSMENT OF WASTE TO INCINERATION POWER PLANT NLAP-IPP IN SRAR

(AKKAR/NORTH LEBANON).....cetttiereteeeerueeeeessseeeeessneesessaneesessasessessssesssssssssssssssessssasesssssssessssssssssssssssssssasssssssnssssssnses 287
38  INTRODUCTION....ccccitttuneetenneetenneeranssessanssesssnssssssnssessansssssassssssasssssssssssssssssssssssssssnssssssnssssssnssssssnssssssnsssssnnssnss 292
3O LAV S, iiieiiittteietteneetennsetennsetennseransssessnnsssssnsssssansssssansssssansssssensssstansssssansssstenssestanssestansstranseseransessrnnsesernnsens 293
39.1 DESCRIPTION TO WRITE AN ENVIRONMENT IMPACT ASSESSIMENT «.vvueruneeeneruneeenesnneeensessnsesnseesnseennessnsesnssemnsesnnessnnes 293
39.1.1 RY =Tl i SRR 294
39.1.2 TRE FEVIEW CRECKIIST ..ottt ettt e e e e e et ttee e e e e e etsssaee e s e s e sssasaeeesasessses 295
39.1.3 Example section: Waste FrameWork DIir€CHIVE. .............uuuuueuuuurereerreeneinssnsssssnns 302

39.2  INCINERATION OF WASTE DIRECTIVE 2000/ 76/EC c.eeeeeeeeeeeeeeeeeeieeeeeeeeeeeeeeeeeessesssseessssssssssssssssssssssssssssssssssssssssnnee 302
39.2.1 Summary of Directive 2000/76/EC on the incineration of waste (the WI Directive)...............ccuveeus. 302
39.2.2 Legislation Summary - Waste iNCINEIAtiON .................ueeeueeeeemenennnnnennnninennnnennnnnnnnnnnnnnnnnnssssssssnnns 303

39.3 LAWS AND GUIDANCE ISSUES IMPLEMENTED IN SRAR EIA .. ceneiei et e et e e e e e e e e e 306
40 DESCRIPTION OF THE ENVIRONIMENT ...cccctttuiertennertenniertenscersasseessasssessnsssessnssssssnssssssnssssssnssssssnssssssnsssssnssesssns 307
40.1 INTRODUGCTION .. ttutetieetuneetueeseneeseeessnessnessnassnnessneesnnessnssnssssnsesnnsssnsessnsssnsessnsssnssesnsesnseesnsesnnsesnsesnneesnsennnessnres 307
40.2 DESCRIPTION OF THE AREA ..tuuettnietieeetueetueestneesnnestnessaeestaessnnessasesnnsssnsssnsssnsessnsssnesssesnnessnsesnseesnsesnnessneesnnessnnes 307
40.3 ENVIRONMENTAL COMPONENTS IN SRAR 1.vuuetuueetuertneeruessneesnnessneesnsssneessnsssnsessnsssnessasesnsesssesnmsesnresnneesneesnnessnnes 308
40.3.1 PRYSICAI RESOUICES.......vvveeeeeeeeeeeeieseessasssssssssssssssssssssssssssssssssssnssssssssnssssssssnssssssssssssnsnsnsnnnnnnnsnnnnnnnnnnnns 308
10 T N 310
40.3.3 S0Cio-Cultural ANA ECONOMIUC ACHIVITIOS ......uuveeeeieeiieiiieeieeeeieiieeeeeeeeettieee e eeevttteeeseevvstseeeseaaesasns 310
40.3.4 [0 [Vlato T loYg Mo [ o Lo AL =] ge Loy VAN 310
40.3.5 Environment, Archaeological Sites and Cultural HeritQge ................uueeeeeeuuuueniiiiiiiiiiiieeieseeessseeeenns 310
40.3.6 (O (VLo [l o ol | =X TN 310

41 DESCRIPTION OF THE PROJECT .....cttuuieiieneerteneertenesereensertenssessesssessanssessasssssssssssssnssssssnssssssnssssssnssssssnssssssnssssaee 311
41.1 LOCATION OF THE PROJECT cetueitnietieetteetieesteettesteetaeestaeesnessaeesnnsssnessnsstnessnsssnessnsesnnessnsesnnessnresnnessnsesnneesnnes 311
41.2  TYPE OF PROJECT (SIZE AND MAGNITUDE OF THE PROJECT) .uuuuuuuuuuunnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnsnsnnnnn 314
41.3 NEED OF THE PROJECT & PROJECT OBJECTIVE «vvvuunireruneereruneersrneerssieessssuieesssneesssnnessssnsessssnsessssesersssnserssneerssnnens 315
41.4 DATA COLLECTION AND PREPARATION OF IVIAPS ... eetiiitieeite et e ete et eetee st e etneestaesanessaeesnnessnsesnnessnsesnneesneesnneesnnns 315
41.5 Y =y To]nT0 ] KoL PN 315



Project Management

41.6 DESCRIPTION THE OF THE INSTALLATION ... tttuuneettuueestuneeessuneesssnneessunnessssaesssmnneesssneesssnsessssnsesssnsesesnnseeesneesesneens 315
41.6.1 Incineration remnant (Smoke and Ashes) are recycled. Waste water is treated................ccccvveeeeeunn. 316
41.6.2 TRE PIANNEA FACIITLY ...ttt ettt s e e et e e e eaaeaeeaaas 317
41.6.3 WASEE MALEIIAI CYCIO ..ottt ettt e e ettt e e e ite e e saaes 326
41.6.4 Incinerator (Burning chamber) QNd filLers .............cooovuieiieiiiieeeiee e 326

41.7 LAYOUT SPECIFICATIONS «.evtuueeetuueeetuueeessnueessuneeessaneeessuneesssnneeessunessssnseesssnnesessnnesessnseessnnseessnneeresnnseessnneesssnsees 327
41.7.1 CoNStruction EQUIPIMENT .........ccoeviviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeee ettt 329
41.7.2 Construction of the sewage COlECtion NEEWOIK .............ccccueeeeeiieeeesiiieeesiieeeeiee et esieeeesieee e 329

1.8 PLAN (PROJECT COST) tutttrreeeeeeiiuuurureeeeeaassunssssesesesssanssssseesessssasssssessessssanssssssssessssnnsssssssessssanssssssssesessensssssnees 331

41.9 INFRASTRUCTURE SERVICES (PROPOSED INFRASTRUCTURE/UTILITIES AND LAYOUT) ..eeeeuvieeeeiieeeeetreeeeetreeeesnreeeesarveeeenns 334
41.9.1 ENVIFONME@NTA] ASPECES ...ttt ettt et e e e ettt e e e e e sttt e e e e eenssanes 334
41.9.2 POWEE SUPPIY et nnanan 334
41.9.3 WWGLEE SUPDPIY ... an 334
41.9.4 SCWEIAGE SEIVICES .ceevvveeeeeeeeeeeee e eeeeee e e e e et ttee s e e e e ettt es s e s e e aeetasasssseeeaetsssassssssesstsssnsssssansssns 334
41.9.5 Solid and Liquid Waste MANQGEMENT.............ccceeemmeeuuiiieeeeeeeeiieeeee e ettt e e e ettt e e e e 334
41.9.6 Proposed Wastewater Treatment PIANt ...............cooueoeeiieieieeiiieiiieeee ettt 334

42 SCREENING FOR WITH MINISTRY OF ENVIRONMENT ......cccitittmuuiiiiniiimmmmnsiiinimimmsmessssssimesssssssssssssssssssssssssssssns 335

42.1  SCREENING APPLICATION FOR THE INSTALLATION OF A POWER PLANT UNIT IN SRAR IN NORTH LEBANON .......ccvvvvunrrrrrrennnnes 335

42.1.1 09y Goelod Aad) I (0ibit] CGdsad] F390S - 335
1 du)lie B o dolice dasySn ... s snnanes 336
2 dihioll Aol bg LAdlg Jadaskig $lasyl Bol).................. 336
3 ) sl ddlpizedl COLSIMSVIGPS COORDINATES( ...vuvvveverreeesenseesssssssssssensanns 336

42.1.2 Lo Y=ot [} e a1 o Lo T SN 337
43 ENVIRONMENTAL FACTORS AFFECTED.....cccuctiiiiiiiimnnnnnsssseniienssssssssssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 342
44  SIGNIFICANT EFFECTS ON THE ENVIRONMENT .....ccctuuiiiiiiiiiimnmmnmiseiiiiesssssisssiimsssssssssssisssssssssssssssssssssssssssssssns 343

44,1  THE CONCEPT OF SIGNIFICANCE ..eeittitiiuutitteeeeeeniuurttteeeessssaustereeeesssssnsstsseseesssssnsseseeeessssnmsseseeseesssnnnssseees 343

Q4.2 CUMULATIVE EFFECT St uuttruuneeeuuuneeesuussessunssessnnseessnsssessasesessnsseesssneesssnseeenssseeesusnetessnmeessnmeeesnmeeessseresinneeerinnene 343

44.3 EXAMPLE OF SIGNIFICANT EFFECTS 1utttuunettuuunseesunsessunseessnnseessnnseessnsssessnneesssnsseessnseesssseeessnneesssnneeesnseenmsseeernnene 343

45  ASSESSIMIENT OF ALTERNATIVES........ciiiiiiimmuniieiiiiiennmeiiiiiiimssmsssisesiimsssmssssssssssssssssssssssssssnsssssssssssssssssssssssssssns 345
46 MITIGATION OR COMPENSATION MEASURES.......ccccceeiiiiiiiiinnnnniiiiiiiesnmniisiiiimssssssssiisssssssssssssssssssssssssssssns 346
46.1 MITIGATION AND COMPENSATION IMEASURES: IN A NUTSHELL +1vvvuuetettuneeettineeenuineeessneeeessnseeessnseeesnsesesnnsessmnnsesennnnen 347
47  IMONITORING.......ciiiiiittnnniieetiitenneeiieetitesnnssssssssttssnnsssssesssessnnsssssssssssssnnssssssssssssssssssssssssssnnssssssssssssnnssssssssssanns 348
48 NON-TECHNICAL SUMIMARY .....ceeuueiiiiiiiieenmnnsiieiiissnmmssisssiissnnsssssssssissssmssssssssssssnsssssssssssssnnssssssssssssnsssssssssssssns 350
48.1  THE QUALITIES OF A GOOD NON-TECHNICAL SUMMARY ...tttuutertuneeetunetetuneeensseessnsesesssesesnseeesnseerernserernseeeinnen 350
49 QUALITY OF THE EIA REPORT ....ccceuuiiiiiiiiiennnnsiieeniieennsssssessseesnnmssssssssssssnsssssssssssssnssssssssssssnnnssssssssssssnnsssssssssssnns 351
49.1  THE QUALITIES OF A GOOD EIA REPORT «..iituitiiiiiet ettt etiie s et e e et e e et e e e tts e e e tbs e e eta s e e etb s e e atba e aetansaaasnnsaeeransans 351
5O ANNEX...eeiiiiiiiiiiiiiiceiiieennesieeesrteennnsssssessteesnnssssssssesennnssssssssseesnnssssssssssesnnssssssssssssnnnsssssssssssnnnsssssssssssnnnssssssnes 352

50.1  APPENDIX A: PROJECTS LISTED IN ANNEX | OF DIRECTTIVE O7/11/EC ...cuuiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeesssssesssssssesessenees 352

50.2  APPENDIX B: PROJECTS LISTED IN ANNEX |1 OF DIRECTTIVE 97/L11/EC c.covviiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeseeeeeesssssessessesssessenees 355

50.3  APPENDIX C: PROJECTS LISTED IN ANNEX [V OF DIRECTTIVE O7/11/EC c..cuiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeseeeessssssssssssssssseseenees 358



)sslasV! J9adBusiness Plan (

50.4  APPENDIX D: PROJECTS LISTED IN ANNEX IV OF DIRECTTIVE 97/11/EC.....cciiiiirieeieee ettt 359
REFERENCGES .....ceuuiiiiieiiiiieniiiieniiiiensieisassieimsssieissssieisssssetsssssstsssssstssssssssnsssssssssssssnsssssanssssssnssssssnssssssnssssssnssssssnsssssnnes 361

CONFERENCE IN CHAMBER OF COMMERCE, INDUSTRY AND AGRICULTURE TRIPOLI, LEBANON (2MW PLANT BUILD-

OPERATION-TRANSFER (BOT)) . uceeeeeeeeeeeeeeeerrrsressessesesesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 363
51 IMEETING ORGANIZATION ..ccuuiiitueiiinnnnieiennieisnsseerenssssrsnssssssnssssssnsssssssssssssssssssssssssssnssssssnssssssssssssassssssnssssssnnsons 364
51.1 REQUES T . ettt tte ettt ettt et ettt ettt et e e e et et e s e et e s e s eaaeanesneaasanesnsnsssnesnesnssnnesnsanssnesnssnssnnesnesnseneesneenseneesnennns 364
52 SPEECHES .....ceuiiitieiiiieeiiitennieienenieienssietsnssseisnsssstsnssssssnsssssanssssssnssssssnssssssssssssssssssssssssssanssssssssssssnnsssssnnssssnnssns 365
52.1 OPENING SPEECH 1vuuivtniituertneetteetteettestnessaessaeesaessaeesaessnnssaessaestaessnnessaessnessnsssssessnsesneersnsesseessneesnnessneennns 365
52.2 PRESENTATION 1tuuttttuneestsuneeesnueesssneesssnneeessanesessaneeesssseeessnneesssnsesessnsessssnnesessnsesessnsessssnseessnnseessnnseessnnseresnneens 366
53  CONFERENCE REPORT ..ccuciiteeeeiennnieiennsersnssestenssessenssessansssssansssssasssssssssssssssssssssssssssnssssssnssssssnssssssnssssssnssssssnsenss 392
LT 20 R 11V 11V 1= N 394

LT 20 A A i =1 N0 X 396
PROPOSAL MASCHHA BOT ...ieeiiiiieeniiitneieinnnsieiensssisnssssisnssssssnssssssssssssssssssssnssssssnsssssanssssssssssssssssssssssssssnssssssnssssssnses 398
54 Jloiid! 3o AS . 1y B PREFACE c..euvveveeseescsscsscsssssssssssssssssssssssssssasssssssssssssses 401
55  INTRODUCGTION....ccccttttueeetenneetenneeranssesssnssesssnssssssnssessansssssassssssssssssssssssssssssssssssssssnssssssnssssssnssssssnssssssnsssssnnssnss 402
56  PURPOSE......ccciieitteiiiteenietteeneeteneeetansseetsnsssessnsssssanssssssnssssssnssssssnsssssansssssasssssssssssssssssssssssssssnssssssnnsssssnnsesssnnsans 404
57  SCOPE OF WORK ..ccuutitueeeienneerenneerenssestsnssessenssesssnssesssnsssssasssssssssssssansssssssssssssssssssnssssssnssssssnssssssnssssssnsssssnnsenss 405
57.1 SITE PREPARATION ... tttutetuneeteeetuneeaneesnnsssnessnnsssnesanessnneannsssnnssnnsssnsesnnsssnsessnsennnessnsesnnsesnsennnersnsensnsesnsennnresnsennns 407
57.2 MV ASTE IMTANAG EMENT 1 et ettt eeteeetuneeaneseneeaneesunsesnesaneeeaessnssenssannssannessnsesnneesnsesansssnsennseesnsesnnsesnsesnnsesnsernnsesnnes 408
57.3 POWER PLANT OF WASTE INCINERATION .. etuuetuusetunessneesunessnsesnnessnsesnnsssnsessnssensessnsesnseesnsesnssesnsennssesnsesnseemnsennnessnres 410
57.3.1 The already built kernel power plant (Mobile PIANT NLAP-IPP) .........cccoeeeeeiveeeeeeeeeeeeciieeeeeeeeesccvvveens 411

57.4 SYSTEM OF FILTRATION .. etuuettueetuneeuueesuneeuneesunesuneesaneesneennsesnessneeenesnnssennessnseennsssnsessneesnsesnneesnsennnsesnsernnseensennns 411
57.4.1 Continuous EMission MORNITOIING (CEM) .........ueeeeeeeeeeieeeeeeeeeeesccitteeeeeeeestttttaae e e e e e sssisaaaaaaeeesssssssees 413

57.5 HEAVY METALS RECOVERY AND TREATIMIENT OF ASHES .. .evuuttuuetuneetueesuneesnsesuneesnsesnneesnsessnsesnnessnsesnsessnsesnnessnsesnnessnnes 414
57.5.1 EXEFACEANTS TYDCS. e eeeeteeeeeeeeeetee ettt ettt ettt ettt e e e te e e e te e s e taae e s atste s s easanssaasssatsaassassasssansasssassannes 414

58 PROCESS CONTROL SYSTEM .....icueiettmeierennncerennseerennseersnssessenssesssnssesssnssesssnssesssnssssssnssssssnssssssssesssnsssssnnsesssnnssns 416
58.1 BASIC PLANT CONTROL SYSTEM 1uutttuttuneeruesuneesuessneesuressnessnnessnsesnnsssnsessnsesnsessnsesnseessesnseessesnmeesnresnneesnrernnessnnes 416
58.2 USER INTERFACE 1uutttuetuneesueesenessuessnnessnessnessnnessnsssnnsssnssssnsssnsssnnsssnsessnsssnsessnsssnssssnsesnseesnsesnnsesnsesnneesnsesnnessnnes 417
58.3 SYSTEM ARCHITECTURE «.evuuevtueerunessueesunessueesnnessnessunessnsessnsssnessnsssnsessnsssnsessnsesnsssnsesssssnsesnnessnsesneessnresnnrsensennns 418
59 ENVIRONMENTAL IMPACT ASSESSEMENT ......ccciitttuiertennerteneertensiestensiestanssessenssessassesssnssesssnssssssnsssssnssesssnsenns 419
59.1 WHAT IS THE PURPOSE OF THE ELA D ceiitiiiiiiiiiiiiitiiee e e ettt e e e et e e e e e e et e e e e e s e e et b e e e e e s e eabbeeeesseearbaaasees 419
59.2  HOW IS EIA DONE? ..ceetetitiieeieieeetttiiee e e et ettt e e e e e et et it eeeeee s e e st e seeesseaabba i teeesseessbaa s eeessesstbaaaseessesssrannseeneens 419
59.3 =20 1 2 T3 = 419
59.3.1 ScCreening (As QPPIOPIIALE)..........ccceee oo e e 419
59.3.2 SCOPING (AS APPIOPIIALE) ..o, 419
59.3.3 N =T o] o U 420
59.3.4 Decision Making and Development CONSENt ...............uuuuueeueuurueueeeenneennennnnensssnsssnsnssnnsnnnnssssssssssssnnns 420
59.3.5 Information on Development Consent And MONItOIING ..............uuueeueeeueueuueueeiiiieeiiiiiiieeeessseesssesssenns 420

59.4 FINANCIALS «vtnetieeteetieeete et e ete et e st e st eesaessneesanessnssanessassnnsssnessnsssnsessnsssnsessnsesnessnsesnnessnsesnneesnsesnneesnnes 420
59.5 REFERENCES vvuttuntetueetuneesueestnessueesnnessaeessnessnnessnesssnessnsssnessnssssnsssnsessnsssnsessnsssnsessnsssssessnsesnnessnsesnnessnsesnnessnnes 421
B0  FINANCIALS ....ccueiteeiireeeiereeenerennseetensseerensserensssrensssssenssessensssssenssessenssssssnsssssssssssssssssessnssssssssssesansssssnnssssnnsnns 422



Project Management

60.1  POWER PLANT COST 2IMW (CAPEX) 1.iitiiiieie et eiiiittt e e e e e e e setttee e e e e e e s st aa e e e e e e e s snaabbaeeaeaesssanntbaeeeeaeesannsssneaaaeens 422
60.2  MAINTENACE AND FEED (OPEX)..uueteieeiiiiuutiteeeeeeeiiiittteeeeeesssittsseeeeesssssassaseesaasessassssesesassssssssssneseesessnssssseeaanes 422
60.3  OPERATION TEAM (PS) 1iiiiiiiiiiiiiee s ettt ettt e e e e e et e e e e e e e sttt e e e e e aeessatbbaeaaaaeesaanstbaaeeaaeessnssbaneaaaeens 422
60.4  ENVIRONMENT IMPACT ASSESSMENT (3RD PARTY CONTRACTOR)...uvvvrereeeeiiurrrreeseeesssnussseressessssssssseesesssssnsssssseesaees 422
60.5 REVENUES .1 tttetti ettt ettt et e ettt e s eesa e eaa e st eeaaessaessanessassnnessasssnsssanessnsssnnessnessnessnsssssessnsesnessnresnnessnsesnnessnnns 422
61  TIVIE SCHEDULE .....c.cciiueiiiineiiieneieieneitienestienssesienssessansssssansssssassssssassssssasssssssssssssnssssssnssssssnssssssnssssssnsssssansesss 423
61.1 NLAP 2 MW MANUFACTURING LIFE CYCLE civuutivunittnetrueetieetteetneetteersneestessneessessnessnessseessnsesseessnsesnsersnsessnersnnes 423
61.2 P ROJECT LIFE CYCLE cevuittnietieeiieet ettt et e et e et e e st e e st e st esaesaassaesaaesanssaasessnessnessnesassessnsestessnsesnnersneesnnessnnns 424
62  FINAL:OUR PROPOSAL......cituuiiitnnieiennnieiensiesienssestsnssesssnssessanssessasssssssssssssassssssssssssssssssssnssssssnssssssnssssssnssssssnsssss 425
OTHER MARKETING ACTIVITIES ....cuueitteiiiinenieiinnieitnnsetienssesisnsssstsnssssssnssssssnssssssnsssssssssssssnssssssnssssssssssssassssssnssssssnnsans 426
63 MASHHA )&S Loeine - NORTH LEBANON APRIL 2019 .......oveuereeranisiensssssssssssssssssessssssssessesssssssssssssssssssens 427
64 TARAN/DINIYYE - NORTH LEBANON 2019 ......cceettiriiicerrrnneeeeerescsssnsssseesessssssssssssesssssssssssssssssssssssssssssssssssssssnsnns 430
65 SRAR - NORTH LEBANON 2018 ......ccitueiiiiemnieiennneeiennsesrsnssssrsnssssssnssssssnssssssssssssssssssssssesssssssssssssssssassssssssssssnnssns 431
66 Ole 2\3.\1; (AYYAT / AKKAR - NORTH LEBANON) .......ceetteernerrerrnneeecssneeeecssseeessssseesessssesssssnsssssnns 432
67 AL-DENNIYE 120 TONS/DAY WASTE INCINERATOR (PROJECT PROPOSAL DEC 2017)....ccceeereeererneeeecssneesecsnnens 433
68  PRICES ON NLAP-LB.COIM.....cccoitueierrnnnierennncersnnsessanssssssnssssssnssssssnssssssnssssssnsssssssssssssnssssssnsssssssssssassssssansesssnnsans 439
NLAP FREECAD DATABASE......cccccttteieitnnniettnnietenneetanssssssnssssssnssssssnsssssanssssssnssssssnsssssansssssansessssssssssansesssnssesssnssssssnnss 440
69 NORTH LEBANON ALTERNATIVE POWER_FREECAD_DATABASE........ccccttttteiiiiniiiinnmnssiniiiiesssssssssiimssssssssnne 441
69.1 40 KW TESTPLANT IN QUBAISI CENTER ..uevuutetueesunsesueeruneesnesuneesnsesunssenessnsesnessnsesuseennsesnssesnsesnnsesnsesnnresnrernnessnnes 441
69.2 AO KWW NLAP-IP P DEMOPLANT .. ttuttteetteeteerteeeteesuestaresuaeetaseannseennestnserarerensetaeennreensesnrernseensernnersnsernnseennes 441
69.3 T 1YY N Y o | U 441
69.4 A0 MW NLAP INCINERATION POWER PLANT «.evuuttuuetunessueesunessneesnnessnsesnnsssnsessnsssnsssnnseenssssnsesnsemnresnnerenrernneeensennns 443
POSTERS ... ceeuieiieeeieitenieiteneietennseerenssserennssersnsssessnssessanssssssnssssssnssssssnsssssansssssansssssansssssansssssansssssnssssssnnsesssnssesssnsssssnnse 445
LITERATURE .....cteeeiiiteeietieniettennietennsiereanssesennssersnnssessassesssnssssssnssssssnssssssnssssssnssssssnsssssanssssssnssssssnsssssnnsesssnnsssssnnsssssnnse 452

XV






Project Management

Project Management






Project Management

1  Business Plan (s:la@dl JgsaJl)

b AV A B > Contact - JLaiil
FarSiy s I N
- Sl - Jlauidll aslh
. X North Lebanon Alternative Power
Jlouull dalh ddpan =
dyilipgs dalb Ulhao giisail Ras Nhache, Main Road, District: Batroun 2017 Adiaall auiead
Sblaill 83 ).b O North Lebanon, Lebanon
: or g dladdl Glid - Gopial clas — ilaiwly 1,500,000
Email: info@nlap-Ib.com
Website: www.nlap-Ib.com 1,500,000 S
Jlath B e
North Lebanon Alterative Power 3
mmsﬂ -/ 2

7 Sy - ol b JMJ{ < =
=y R : Caia & Qaiuy e
2 MW mcmeration power plant (S5 J3) \ y

{ oo
& -\ P s =
Prodhice and Finance brochure . A L == i
' = 2022-2018

(2lsiu 5)

Samir Mourad, Director

Mobile Lebanon: ++961 76 341 526

- T mm—rp Mobile Germany: ++49 (0) 178 72 855 78 2023-2024
e ‘3 ‘}}'L‘n C"}“. Email: samir.mourad@nlap-lb.com
apeo 5:4 Jeridly c_._.'..a.‘:]\ s e
Al QW sps lly bsadl pls @ @NLAP | April 2017 2025 (e B L pia -



)Lﬁ-’wy‘ J |9+ Business Plan (

dhaal| 438

9 il ia askall 3a)
(e

ST BT T oo
Al T e 20 u—-'.)fa-*-": V‘ZU 0‘-0;3 p—
"”I'Aﬁg vaieur sy | Vaiowr 3, CE ; e
$150,000 duatins | T o
3 alsa S s palaal 3) oLl 7 s
{ual=al 9= clals > D (o e Pa) o
3 3 3 ° 5 o - - Po+CreCu
$50,000 (Ls) bt cafISs 0k : L s
02 T 02 e = Z Ca+Hy
$50,000 Lo} elogSll 48040 alan il 438 Co O T D e [ClenHCi
oc dadl ge %5 dila 2 T O = T [Ferr ("a»‘in-‘\‘
(tLodlok =T T — %> S dgall 4y e8" s (3 ) dsl 12 e dlass

D: Jimuts of enussions in Lebanon

0.25 Mio$S

(el y Q)] RS ol Jgana) |siee ! IR e s s OV S sl oS @
dgall 355 aa Bl

0.13 S :kWhJ! y

1Mio $ st ¢ s 2l
1500kw x 12 h x 330
d x0.135%

-0.25 Mio% [ o chpeail] 4K

0.75 Mio.$



Project Management

2 NLAP 1.5 MW Demoplant & Marketing - Planning for 2019

AECENAR Finance Planning

Some parameters:

Financing should be reliable for the following 6 month

normally: salaries are 70% of total costs

Jan - Jun 2019 | Jan |Feb |Mar Apr May Jun
Staff cost (Personalkosten) Projekt Responsible
MEAE-WEDC NLAP-PCS_Platform (BPC, GUI)
Electrolysis, Hydrogen Storage, WEDC Siham $400
IAP-SAT Chem. Prop. Commisioning Abdullah 250 250 250 250 250
Samer $250)
Othman $250)
Heavy Metals Recycling Commisioning Maysaa $534
WEDC Siham $400
Fuel Burner Commisioning Samer $250
Othman $250
Methan Liquification / Chem.Prop. Mariam A. $400 $400 $400 $400 $400
15 MW / EU Standard: General Documents Maysaa $534 $534 $534 $534 $534
WEDC Siham $400 $400 $400 $400
Chemical Treatment / Deaerator Contruction Samer $250
Othman $250
15 MW Turbine 14 bar, 195°C Gears Construction N.N.
Generator - Trafo Block / Standards Alaa (Trainee)
Building for 15 MW Power Plant N.N. / Rami (Trainee)
MEGBI MEGBI-APP Automation
ICS TEMOLeb-Mintad Mechanics Construction Samer
Othman
TEMOLeb-Commisioning
IEP IEP-MEPSA
IEP-MEPSA
IAP IAP-SAT Electrical Prop Mariam M.
IAP-SAT Chem. Prop. Commisioning Samer $250
Othman $250
Administration External Relations ) o] $300 $300 $300 $300 $300 $300
Material
WEDC $2.000 $1.000 $1.000 $1.000 $1.000 $1.000
MEGBI-APP $1.000 $500
|AP-SAT/Chem. Prop. $1.000 $1.000 $500 $500 $500 $500
AECENAR - Grundstueck, Bau -> verschoben nach 2020
Rent Ras Masga Facility $5.000
$7.534 | $12.884 | $5.584 $5.084 $5.084 | $4.584

Total Jan-Jun 2019

$40.754
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FEM Investigation for 40 MW Incineration Power Plant
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MEAE — Middle East Institute for Alternative Energy

3 AECENAR e
Association for Economical and Technological Cooperation A >
in the Euro-Asian and North-African Region
EVVIVAN L PE AU
T s

TECDA Research Center

Mechanical analysis of an upscaled version of
the vaporizer of the incineration power plant
TEMO-IPP

Master Thesis

Prepared by: Banan ELKERDI
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ABSTRACT

4 ABSTRACT

This thesis discusses the mechanical study of the incineration chamber and vaporizer
(including climbing pipes) subjected to relatively high pressure, which may cause a

relatively great mechanical stress leading to fatigue and damage and eventually

break.

It is a study for upscaling the TEMO-IPP test plant in Ras Nhache, Batroun /Lebanon

to a commercial 30 or 40 MW plant for a city like Tripoli/Lebanon.

The fracture mechanics and the study of fatigue phenomenon are relatively recent
sciences that saw the bulk of their development in the 20th century. The issue of
those fields of mechanics is the same: it is to predict the behavior of structures up to
their ruin, as much as possible to avoid the dangers and high costs introduced by

fatigue and breakage.

Theoretically, several methods exist to estimate the number of cycles before damage,
in this study we use several software (Fallo, FALLIN, FALLPR, FALLSIN)
specialized in the estimate that are combined together to predict the fewest

estimated cycle .

Keywords: multiaxial fatigue, rupture, Rankine cycle, crack propagation, damage,

free software, open source.
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5 CHAPTER 0: INTRODUCTION

This thesis discusses the mechanical study of the incineration chamber and vaporizer
(including climbing pipes) subjected to relatively high pressure, which may cause a

relatively great mechanical stress leading to fatigue and damage and eventually

break.

It is a study for upscaling the TEMO-IPP test plant in Ras Nhache, Batroun /Lebanon

to a commercial 30 or 40 MW plant for a city like Tripoli/Lebanon, see Appendix 3.

The fracture mechanics and the study of fatigue phenomenon are relatively recent
sciences that saw the bulk of their development in the 20th century. The issue of
those fields of mechanics is the same: it is to predict the behavior of structures up to
their ruin, as much as possible to avoid the dangers and high costs introduced by

fatigue and breakage.

Theoretically, several methods exist to estimate the number of cycles before damage,
in this study we use several software (Fallo, FALLIN, FALLPR, FALLSIN)
specialized in the estimate that are combined together to predict the fewest

estimated cycle .
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6 CHAPTER I: Basics

6.1 Stress

6.1.1 Introduction

Stress is a tensor quantity (neither a vector nor a scalar) that depends on the
direction of applied load as well as on the plane it acts. Generally speaking, at a
given plane there are both normal and shear stresses. However, there are planes
within a structural component (that is being subjected to mechanical or thermal
loads) that contain no shear stress. Such planes are called principal planes and the
directions normal to those planes are called principal directions. The normal stresses
(only stresses in those planes) are called principal stresses. For a general three-
dimensional stress state there are always three principal planes along which the
principal stresses act. In mathematical terms we can say that the problem of
principal stresses is an eigenvalue problem, with the magnitudes of the principal
stresses being the eigenvalues and their directions (normal to the planes on which
they act) being the eigenvectors. Principal stress calculations form an essential

activity for a general stress analysis problem.

6.1.2 1.1.2. Categorization of stresses

Stresses are generally characterized as (a) primary stress, (b) secondary stress, or (c)
peak stress. In the following discussion, the primary stresses will be denoted by P,
the secondary stress by Q and the peak stress by F. These nomenclatures also apply
to the ASME Boiler and Pressure Vessel Code We will now define each of the three

categories of stress.

6.1.2.1 a. Primary stress

Primary stress is any normal stress or a shear stress developed by the imposed
loading which is necessary to satisfy equilibrium between external and internal
loads. These stresses are not self-limiting. If primary stresses are increased such that
yielding through net section occurs, subsequent increase in primary stress would be

through strain hardening until failure or gross distortion occurs. Generally primary
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stresses result from an applied mechanical load, such as a pressure load. The concept
of equilibrium is based on a monotonic load and a lower bound limit load. Primary
stresses are those that can cause ductile rupture or a complete loss of load-carrying
capability due to plastic collapse of the structure upon a single application of load.
The purpose of the Code limits on primary stress is to prevent gross plastic
deformation and to provide a nominal factor of safety on the ductile burst pressure.

Primary stresses are further divided into three types: general primary membrane

(Pm), local primary membrane (PL), and primary bending (Pb).

6.1.2.2 b. Secondary stress

Secondary stress originates through the self-constraint of a structure. This must
satisfy the imposed strain or displacement (continuity requirement) as opposed to
being in equilibrium with the external load. Secondary stresses are self-limiting or
self-equilibrating. The discontinuity conditions or thermal expansions are satisfied
by local yielding and minor distortions. The major characteristic of the secondary
stress is that it is a strain-controlled condition. Secondary stresses occur at structural
discontinuities and can be caused by mechanical load or differential thermal
expansion. The local stress concentrations are not considered for secondary stresses.
There is no need for further dividing the secondary stress into membrane and
bending categories. In terms of secondary stress we imply secondary membrane and

bending in combination.

6.1.2.3 c. Peak stress

Peak stress is the highest stress in a region produced by a concentration (such as a
notch or weld discontinuity) or by certain thermal stresses. Peak stresses do not
cause significant distortion but may cause fatigue failure. Some examples of peak
stresses include thermal stresses in a bimetallic interface, thermal shock stresses (or
stresses due to rapid change in the temperature of the contained fluid), and stresses

at a local structural discontinuity.
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Within the context of local primary membrane stress, PL, as well as secondary stress,
Q, the discontinuity effects need not be elaborated. The structural discontinuity can
be either gross or local. Gross structural discontinuity is a region where a source of
stress and strain intensification affects a relatively large portion of the structure and
has a significant effect on the overall stress or strain pattern. Some of the examples
are head-to shell and flange-to-shell junctions, nozzles, and junctions between shells
of different diameters or thicknesses. Local structural discontinuity is a region where
a source of stress or strain intensification affects a relatively small volume of material
and does not have a significant effect on the overall stress or strain pattern or on the

structure as a whole.

6.1.3 1.1.3. Stress intensity

Let us indicate the principal stresses by o1, 02, and 03. Then we define the stress

differences by:
S12 = 01— 035 Sp3 = 0, — 03; S13 = 01 — 0O3;
The stress intensity, SI, is then the largest absolute value of the stress differences, or

in other words:

SI = max[|S; 5], (523

AN

The computed stress intensity is then compared with the material allowable taking
into consideration the nature of the loading. The material allowable is based on yield
and ultimate strength of the material with an implied factor of safety. Within the
context of pressure vessel design codes, the comparison of the allowable strength of
the material is always done with respect to the stress intensities. This puts the
comparison in terms of the appropriate failure theory either the maximum shear
stress theory (Tresca criterion) or the maximum distortion energy theory (von Mises

criterion).

6.1.4 1.1.4. Stress limits

The allowable stresses (or more correctly the stress intensities) in pressure vessel

design codes such as the ASME Boiler and Pressure Vessel Code are not expressed in
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terms of the yield strength or the ultimate strength but instead as multiples of
tabulated design value called the design stress intensity (denoted for example as
Sm). This value is typically two-thirds of the yield strength of the material or for
other cases one-third of the ultimate strength. Therefore we have a factor of safety of
1.5 or 3 in terms of yield strength or ultimate strength, respectively. It is the purpose
of the design codes that these multiples of either the yield or the ultimate strength

are never exceeded in design.

The pressure vessel design codes often make specific recommendations on the limits
depending on the conditions (or situations) of design. One typical such classification
is in terms of design, normal, and upset (levels A and B), emergency (level C),
faulted (level D) and test loadings, and accordingly limits are set appropriately.
These stress limits have been discussed in some detail in Chapter 3. As an example,
for design conditions the limits for the general primary membrane stress intensity,
Pm, the local primary membrane stress intensity, PL, and the combined membrane
and bending stress intensity Pm (PL)+ Pb, are typically expressed as:

Py < Sm

P, < S

P, + P, < 1.55,

These limits are sometimes higher than the actual operating conditions. It is the
intent of the design code that the limit on primary plus secondary stresses be applied
to the actual operating conditions. For normal and upset conditions (sometimes
indicated as levels A and B), the range of primary and secondary stresses, PL. p Pb p

Q is not allowed to exceed 3Sm, or
|PL + Pb + Q|mnge <3S,

A word of caution is needed here. For example, a stress limit on some of the
combination of stress categories such as Pm(PL) Pb, PL Q needs to be carefully
understood. The confusion arises because of the tendency to denote the stress
intensity in a particular category by the symbol of that category, for example P is the

stress intensity for the primary bending stress category. However (PL Pb Q) is not
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the sum of the individual components of primary membrane, primary bending and
secondary stress intensities. It is in fact the stress intensity evaluated from the
principal stresses after the stresses from each category have been added together in
the appropriate manner (that is not by adding the stress intensities). The primary
plus secondary stress limits are intended to prevent excessive plastic deformation
leading to incremental collapse, and to validate the application of elastic analysis
when performing the fatigue evaluation. The limits ensure that the cycling of a load
range results in elastic response of the material, also referred to as shakedown (when

the ratcheting stops)[3].

6.1.5 1.2. Fatigue assessment of pressure vessels

6.1.6 1.2.1. Introduction

All structures and mechanical components that are cyclically loaded can fail by
fatigue. With limited input data, constant amplitude fatigue analysis is used to make

a simple and quick estimate of the likely fatigue performance or durability.

There are three primary methods for estimating the fatigue resistance of components and
structures. Stress-Life analysis assumes that the stresses always remain elastic even at the
stress concentrators. Most of the live is consumed nucleating small microcracks. This is
typical for long life situations (millions of cycles) where the fatigue resistance is controlled
by nominal stresses and material strength. Strain-Life is used for situations where plastic

deformation occurs around the stress concentrations.

An example would be in a structure that has one major load cycle every day. Both stress-life
and strain-life provide an estimate of how long it will take to form a crack about 1mm long.
Crack growth analysis is then used to estimate how long it will take to grow a crack to final
fracture. Fatigue of welds requires special considerations because of their complex shape

and loading.

6.2 1.2.2. Stress-Life
The stress life method is the classical method for fatigue analysis of metals and has

its origins in the work of Wohler in 1850. Stresses in the structure or component are
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compared to the fatigue limit of the material. The basis of the method is the materials

S-N curve which is obtained by testing small laboratory specimens until failure.

6.2.1.1 a. Material Properties

Historically, these tests have been conducted in rotating bending. Today, it is often
common to find test data for axial loading as well.
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Figure 1

The fatigue limit, Sp;, is the stress below which failures do not occur in the
laboratory. Wohler called this a safe stress level for design. Today we know that
failures will occur below the safe stress level but it will take a very large number of
cycles, longer than the 10 ¢ or 107 cycles used in normal fatigue testing. The finite
life portion of the curve is fit to a power function relating the stress amplitude, AS/2,
and fatigue life in cycles, Ny. Some people use reversals, 2N, instead of cycles for
plotting fatigue data. There are 2 reversals in one cycle. The intercept at 1 cycle, Sf,

and slope, b, are taken as material constants.

Many times the fatigue behavior of a material is unknown and must be estimated
from the tensile properties. There is a strong correlation between fatigue strength

and tensile strength [4].
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The fatigue limit is

approximated as one half of the tensile strength.
SrL =0.58,

Many metal alloys are heat treatable and the hardness rather than the tensile
strength are known. Another well-known approximation, with just as much scatter
as shown above, is that the tensile strength, in English units of ksi, is approximately
one half of the Brinell hardness, BHN. Combining these two approximations

provides an estimate of the fatigue strength from the hardness.
Srr = 0.25(BHN)

It has been observed that the fatigue strength at 1000 cycles is approximately 0.9 Su.
This gives two points on the SN curve, both in terms of hardness that can be used to

estimate the entire SN curve.
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Four material parameters are used to describe the materials stress life curve, Sf', b,
SFL and NFL, only three of which are independent. Leaving any one of the
parameters blank will result in the fourth one being directly computed. If all four are

entered, SFL will be ignored.

6.2.1.2 b.Modifying Factors

Materials, as they are tested, are always in a different condition (surface finish,
residual stress, etc.) from the materials as they are actually used. An important part
of the analysis is to "correct” the basic materials data to obtain an estimate of the
fatigue limit of the material in the component or structure of interest. Fatigue cracks
usually nucleate on the surface so that the condition of the surface plays a major role
in the fatigue resistance of a component. Test specimens are polished to eliminate the
effects of surface finish. The degree of surface damage depends not only on the
processing but also on the strength of the material. Higher strength materials are
more susceptible to surface damage. To account for this in the analysis the material

fatigue  limit is reduced by a  surface finish  factor,  ksr
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Figure 2

The original data for constructing this curve is shown below. The factors tend to

provide conservative estimates for fatigue lives [5].
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These data are fit to a simple power function to obtain an estimate of the surface

factor for any hardness steel.

ksp = oS, P

A p

Ground 1.58 -0.085

Machined 4.51 -0.265

Table 1:Ground Hot Rolled 57.7 -0.718

Forged 272 -0.995

Fatigue limits have historically been
determined from small specimens, 6 mm in diameter, tested in rotating bending.
High strength materials tested in tension tend to have lower fatigue limits. An

empirical load factor, ki, is introduced for other types of loading.

kL

Tension, Su <= 1500 | 0.92
MPa

Tension, Su> 1500 MPa | 1.0

Bending 1.0

Torsion 0.58

Table 2:Tension
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Experiments show that smaller components tend to have higher fatigue limits than
larger ones. This is accommodated in the analysis by introducing a size factor, Ksiz.
Some people call this a gradient factor. One of the most widely used corrections is
based on the diameter of a bar.
d —(.1133
km=(m) 3<d<50

One of the problems associated with this simple approximation is what to do when
the section is not round. This problem is overcome by defining an effective diameter.
The volume of material subjected to 95% of the maximum stress in any shaped cross
section is equated to a round bar of the same highly stressed volume. When these
volumes are equated, the length canceled and the ratio becomes one of the relative
areas. If we define the cross sectional area of a non-circular section subjected to 95%

of the maximum stress as Aoss, then the effective diameter is given by

A
d 0.95

0.077

Once these correction factors are determined, the fatigue limit of the machine component in
the condition that it is being used in can be evaluated from the standard test

specimen.

Srr(component) = Spy(material)- ksp « kz. - Ksize
These generalized empirical factors have the greatest confidence when applied to
steel because they were all derived from on extensive database on steel accumulated
from over 100 years of testing. The figures above have shown considerable scatter in
the test data so that the factors must be regarded as approximate and are no
substitute for actual test data for a critical application. That said, they do provide a

good first approximation when no test data is available.

6.2.1.3 c.Stress Concentrations

Stress concentrations are one of the most important factors affecting the fatigue life

of any component or structure. These stress concentrations may be intentional in the
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design or unintentional such as deep machining marks or other processing related
flaws. It seems reasonable to directly compare the maximum stress at a stress

concentration to the estimated fatigue limit for that component [6].

4000
200
200

100

Mominal Stress, MFPa

04 10% 108 107 102

Fatigue Life

Figure 4
Test data for an unnotched bar, such as the one above pictured in blue, are plotted as
blue circles. This geometry has a stress concentration factor, K, equal to 1. The red
dashed line represents estimated data for a geometry that has a stress concentration
factor of 3.1, such as the notched bar pictured in red. The presence of the notch
reduces the allowable nominal stress amplitude at any fatigue life by a factor equal
to K. Notice that all of the actual test data, red triangles, lie above this estimate. This
is because the effective stress concentration in fatigue is less than that predicted by
the stress concentration factor, K:. This effective stress concentration factor is called
the fatigue notch factor, K. The variation between Kr and K: is dependant on the size
of the notch and strength of the material. A material that is very sensitive to notches
will have Kt equal to K. If the material is very insensitive to notches, Kt will be close

to 1. A notch sensitivity factor, g, is introduced to quantify this sensitivity [7].
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Smaller radii are less effective in fatigue than larger ones. Fatigue notch factors can be

computed from Kt and q.

Kr=1+(K—1)g

Peterson fit the available test data for steel and aluminum to obtain an expression for K¢in

terms of ultimate strength, Su, and notch radius, ¢ in mm.

Kr =1+ E-1___— forsteel

1-+0.5( MR )

K =1+ % foraluminum

6.2.1.4 d. Mean Stresses

Tensile mean stresses are known to reduce the fatigue strength of a component.
Compressive mean stresses increase the performance and are frequently used to
increase the fatigue strength of a manufactured part. The most common method for
accounting for mean stresses is the Goodman Diagram. It was first proposed in 1890.
Goodman writes ".. whether the assumptions of the theory are justifiable or not....
We adopt it simply because it is the easiest to use, and for all practical purposes,
represents Wohlers data." The fatigue limit for zero mean stress is plotted on one

axis and the ultimate strength on the other.
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Figure 6

The diagram can be described by

S0, Sa_1
Srr Sy

Stress concentration effects can be directly included in the Goodman diagram.

SFL Sy n

For finite lives, an equivalent completely reversed stress, Seq, is computed and compared

with the component SN curve.

Seq = K Sm

Here Kf is used to modify the mean stress but not the stress amplitude because stress

concentration effects are already included in the component SN curve.

6.3 1.2.2 Formalism and classification of multiaxial fatigue criteria

A literature review has identified 37 criteria of fatigue. The set of criteria are divided

into three distinct approaches that differ in their concept.

The first approach, called empirical, includes criteria the formalism derived from

experimental results obtained for a type of multiaxial stress and equipment donated.
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The second approach is called the comprehensive approach. It brings together the
criteria which involve invariants of the stress tensor and its diverter. These amounts
representing all the constraints in a scalar give the criteria implementing them is
comprehensive. Certain criteria define quantities related to the set of possible
physical planes passing through the point at which the study is fatigue then driving
into a root mean in general. The latter provides as the criteria based on this principle

a full appearance.

The third approach, critical type of plan, collates criteria the formalism is based on
research of a critical physical. Damage to material fatigue at the point where the

stress is known, is related to their action on the plane in question.

Of these three approaches, subgroups differentiate formalisms criteria. We
distinguish the macroscopic criteria involving evaluated constraints on a
macroscopic scale. The choice of the terms involved in defining constraints such
criteria is justified by their author. Other criteria are based on the behavior of the
material on a microscopic scale . They expressed though their microscopic Final
formalism uses macroscopic

Figure 1 summarizes all the multiaxial fatigue criteria listed in literature and their

classification .
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Empirique }—

Microscopique

Energétique

Plan critique

Microscopique

6.3.1.1 The empirical approach criteria

Macroscopique

Macroscopique

Hohenemser & Prager Davies
P Gough & Pollard
Nishihara & Kawamoto Lee 2

Lee 1

Sines

Crossland

Marin

Hashin
Kinasoshvili
Fogue

Kakuno - Kawada

Deitmann & Issler 3
Deitmann & Issler 1
Deitmann & Issler 2
Gribisic & Simbirger
Altembach & Zolocheski 1
Altembach & Zolocheski 2

Papadopoulos 1

Papadopoulos 2

Froustey & Lasserre Palin Luc

Stulen & Cummings Matake

Findley Flavenot & Skalli
Yokobori Robert

McDiarmid 1 Munday & Mitchell
McDiarmid 2 Froustey dérivé Yokobori
Dang Van 1 Galtier & Séguret

Dang Van 2 Deperrois

Figure 7: multiaxial fatigue criteria and their classification

This category includes six criteria . They come from experimental results generally obtained

for a type of multiaxial stress determined. It's about usually tension-torsion or bending -

torsion , usually in phase. We found among these older models criteria , those of Hohenemser

& Prager and Gough & Pollard that were developed in 1933 and 1935 respectively . The
latest models proposed by Lee dating from 1980 [4,5] and 1989 [6,7].

The Hohenemser & Prager criterion

The Hohenemser & Prager criterion is the first criterion identified . Established in 1933, it

was obtained from tension-torsion tests where the shear is variable and the normal stress 6_m

traction is static;
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6.3.1.2 The criterion Gough & Pollard

From many bending - torsion testing in phase , Gough & Pollard defined in 1935 two
formulations that represent , in the reference related to the amplitudes of the normal bending

stress and shear stress , ellipses . The first expression given below is for ductils materials

The second formulation involves the same quantities as before, but which is adapted to

fragile materials. Fatigue function is as follows :

- iy £ Y f.Yf
T
E = a +;1— A —;1 N
o (1’—1) [T—1 If-1) +( r_,If_,)

6.3.1.3 Davies criterion

Davies, in 1935, adopted a formulation similar to that of Hohenemser & Prager . It only
models the evolution of the amplitude of the allowable shear according to a normal static
stress o_m but the opposite , 1.e. it observes the amplitude of the allowable normal stress
bending as a function of static shear stress m t . He built from his observations the following

modeling:

6.3.1.4 The criterion of Nishihara & Kawamoto
In 1941, Nishihara & Kawamoto offer two models from their experimental findings that are

distinguished by the value of the ratio of the endurance limit symmetrical alternating bending

endurance limit and symmetrical alternate twist . Both models are written:
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o f
T4

6.3.1.5 The criterion of Lee 1
More recently, in 1980, Lee offers a way out of modeling bending -torsion testing out phase.
It introduces a -dependent phase shift ¢ between the two loads and defined by a =2 (1 + Bsin

¢ ) where B is a constant related to the materials . The criterion is given by the following

relationship

¢
E e, =fa[1+(;ﬂr-‘J ]
a“*-1

6.3.1.6 The criterion of Lee 2

In 1989, Lee changed his first empirical criterion to add the influence of a average flexion.

His last criterion involves an exponent n, between 1 and 2, is an empirical constant:
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7 CHAPTER II: CONTRIBUTION
7.1 2.1. Analysis of Rankine cycle for the Tripoli-IPP 30 MW power plant
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Figure 8: Rankine cycle modelisation in THERMOPTIM

In point 1, a 1 kg / s water flow is in the liquid state at a temperature of about 20 ° C,

under low pressure (0.023 bars).
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A Pump puts that water isentropicly with an efficiency equal to 1 to a pressure of
165 bar (Point 2).

The pressurized water is then heated at constant pressure in a flame boiler (waste).
The warm up has three stages:

-Heating the liquid in the economizer, 20 ° C to about 355 ° C, initial boiling point
temperaturel65 bar: evolution (2-3a) on the entropy diagram

- Constant temperature 355 ° C vaporization in the vaporizer: evolution (3a -3b)

- Overheating of 355 ° C to 560 ° C in the superheater: evolution (3b -3).

The steam is then expanded in a turbine isentropicly with an efficiency of 0.85, until
the

0,023 bar pressure change (3-4).

The liquid-vapor mixture is then condensed to the liquid state in a condenser
exchanger between the ring and the cold source, for example water of a river. The

cycle is closed.

L
m=
SCONOIRISATT T = 34983 °C VADOTIEAT T = 34983 °C archanfam
p=165bar p = 165bar
H= 167052 klkg H=2 568,79 klkg e
m=1]1
4 T =56EILL'
. p =165
- cvcele a vapeur sunple H=3 45110
m= =
T=20C
p= 163 bar
H= 0013 klkg
Y ] 4
< A\ e rur 4
::'L 1 m=1
—— T=1975°C condenser ::Dl,:’:;bﬁ _
Copesin s i H=2 1336 kikg -
H= 8254 klkg x'= 003%

Figure 9: Values of temperature and pressure obtained by THERMOPTIM
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nom du point  |température T(*C)| pression P | enthalpie h enfropie s |  volume v
1 19,74562 0,023 8283661 0,292821 0,00100167
1999591 165 9929743 0,292808 0,000894375
3a 1349,82707 165 1670,51999 3,77803 10,00173903
3b 1349,82707 165 126568,79443 5,22016 10,00883163
3 560 165 345961452 6,49548 0,0209757
4 19.74562 0.023 2133.6008 7.29439 49.04255

ternpérature T ("C)

Figure 10: Results obtained using THERMOPTIM
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Figure 11: entropic diagram (T, S) obtained using THERMOPTIM

The Rankine cycle is important to calculate the thermal efficiency (30 %), while for a turbine
that produces 30 MW of electricity we need a thermal power of 90 MW.

And according to the thermal power the value of the combustion chamber is dimensioned .

The volume of the combustion chamber adapted from a study [0].

The volume is 7,500 cu ft (212 cubic meters) spread over 4 m long , 4 m wide and 12 m high.
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7.2 2.2. Software used for modeling and simulation

Many software packages are used in this study, and we adopted different strategies
to achieve this work (concerning the design, the meshing, the solving and the

visualization for results).

In the schematic shown below we describe this chain of tools used. The tools
adopted in this thesis are colored in green and these colored in red were tried also
during a long time in this master thesis but finally were not adopted , because they
are not Free tools (without licence), and sometimes because there is so limited and

can’t support a big value of data.

— .

S
-

-E=E.
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7.3 2.3. Files format

One of the difficulties was the problem of transition from one tool to another.

Modeling

FreeCAD 0,14

File.step

Meshing

Gmsh2

- File.msh

Figure 2.3.1
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7.424. Designing CAD models for the vaporizer and for the drum

Several forms exist in the market, which are shown in the figure 2.4.1. We have
adopted the simplest form to facilitate the industry process (Figure 2.4.2 and 2.4.3),

especially manufacturing of boiler will be local.

(2) ()
O
® a ®
D-type boder Adype O-type

Figure 2.4.1: A-, D-
and O-type boiler
configurations.1.Burne
r; 2.Steam drum;
3.mud drum

T

L] * Steam

Brickwork
Fire grate

e

f Feedwater

boiler (wikiwand.com/en/Boiler),o-type

Figure 2.4.3: Boiler part of incineration

Fi 2.4.2: Schematic fi f .
igure chematic figure o olant in Free CAD, o-type

The volume of the combustion chamber (including vaporizer) is adapted from the
study shown in [12]. The volume is 7500 cu ft. (212 meter cube) distributed on 4 m

length, 4 m width and 12 m height.
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Figure 2.4.4: combustion chamber (including vaporizer) with climbing pipes

* The properties of drum:

e Length: 32 ft. (10 m)

e Diameter: 7 ft. (2.1 m) (all this information are obtained from Annex
5) o

e Weight: 9200 pound (4173 kg)

e Capacity: 6600 gallon (24 983 1) —

e Thickness: 5 mm (this thickness is deduced from the browser in this site
http://steelfinder.outokumpu.com/storage-tank/ )

e Material: Stainless steel 316L (physical properties of stainless steel 316L in Annex 6

)
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€ 2 C A [ steelfinderoutokumpucom/storage-tank/ X
ol s el YOUR STORAGE TANK REQUIREMENTS
Sued Firoer Temperature (*C) Height (m)
40°C - 260°C 2m - 30m
260 10
Diameter (m) Density (specific)
2m « 60m 053
2 05
Steel grade Compare 8 Steel grade
Sapra 31604804 Spra 3160 v
Desgn stress (MPa) Design stress (MPa)
99
- The pacture above illustrates the number of plates and thickness
Joint factor Joint factor by plate neeced to budd a tank with your specifications.
: - b CALCULATION RESULT
Material consumption Supea 316L/4404:2 metric tons
Plate width (mm) sllonance Materisl consumption Supes 316L/4404:2 metric tons
2000
Plate wicth (mm)
o0
Figure 2.4.5: Calculation of thickness via browser (chosen material is steel 316L)
| [3 steelfinder.outokumpu.comy/storage-tank/ xas

Storage tank shell thickrass calculation tool based on the APIS50 and EN 14015 standards allows you % esti ial a0 for
the cylindrical shell of 8 tank and 10 compare how steel grade affects material consumption. This tool can be used for estimation coly. We are
Dappy 10 dacuss your requirements in more detall.

YOUR STORAGE TANK REQUIREMENTS
Temperature (°C) Hesght (m)
40°C - 260°C 2m - 30m
|20 110
Diamater (m) Density (specific)
2m - 60m 05.3
2 30
Steel grode Compare o Steel grade
Core 30814307 Core 3084307 ¥
Desygn stress (MPa) Desqgn stress (MPa)
" w The pacture above ilustrates the number of plates and thickness
Joint factor Joint factor by plate needed 10 build & tank with your specifications.
: - v. CALCULATION RESULT
Matenal consumption Core 304L/4307:2 metric tons
Piste wadth (men) Conosion sliowance (mm) Matenal consemption Coee 304L/4307:2 metric tons
2000

. -

Figure 2.4.6: Calculation of thickness via browser (chosen material is steel 304L)
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Figure 2.4.7: Design of Drum in FreeCAD

Figure 2.4.8: Group of all parts of a power plant in FreeCAD (boiler, drum, turbine, and condenser)
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Figure 2.4.9: Design for of the incineration thermal power plant on a real ground using sketch-up (100 m <100 m)

7.5 2.4. Meshing the CAD model
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To mesh the CAD model we adopted first FreeCAD( FEM module), but we discovered that
FreeCAD is unable to mesh our design entirely. FreeCAD is under construction and actually it
can mesh only one element.

So we searched for other software to make the mesh and we found: Nastran, Netgen and
Gmsh. All this tools are Free and open source.

We tried all this software and we found that the best is Gmsh because of the possibility of
identifying the type of shape in FEM and its ability to mesh complex design in a time
relativley short in comparaison with the others.

Gmsh is built around four modules: geometry, mesh, solver and post-processing. Each
module can be controlled either interactively using the GUI or using the scripting language.
The design of all four modules relies on a simple philosophy "be fast, light and user-
friendly".

Fast: on a standard personal computer at any given point in time Gmsh should launch
instantaneously, be able to generate a "larger than average" mesh (compared to the
standards of the finite element community; say, one million tetrahedra in 2008) in less than
a minute, and be able to visualize such a mesh together with associated post-processing
datasets at interactive speeds.

Light: the memory footprint of the application should be minimal and the source code
should be small enough so that a single developer can understand it. Installing or running
the software should not depend on any non-widely available third-party software package.
User-friendly: the graphical user interface should be designed in such a way that a new user
can create simple meshes in a matter of minutes. In addition, the code should be robust,
portable, scriptable, extensible and thoroughly documented|all features contributing to a

user-friendly experience.
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Rofine by spiiting
Partition : ¢Piane. Delaunay)
Re s Me <(Plane. Deolaunay>
8 (Cylinder, MeshAdapt)
{Cylinder, MeshAdapt)
¢Plane. Delaunay)
(Plane. Delaunay)
<Plane. Delaunay>
(Cylinder, MeshAdapt)
that are duplicated for Delaunay meshing
face 3894 (Plane. Delaunay)
<Plane. Delaunay)
{Cylinder, MeshAdapt)>
ac (Plane. Delaunay>
Meshing surface (Plane. Delaunay)
Meshing surface <{Cylinder, Meshidapt)
<{Plane., Delaunay>
(Plane. Dolaunay>
B2 (Torus, MeshAdapt)
hat are duplicated for Delaunay meshing
983 (Plane, Delauna
(Cylinder, Mes
g a5 (P{An!. De launay>
: Meshing surface {Cylinder, MeshAdapt)
: Meshing surface {Torus, MeshAdapt)
: Meshing surface <Plane. Delaunay>
: Meshing surface 3989 De launay)>
: Mezhing surface De launayd
: Meshing surface <T Heshfidapt >
: Meshing swurface De launay>
: Meshing surface (Cylinder, MeshAdapt)
: @ points that are duplicated for Delaunay meshing
: Meshing surface 3914 (Plane. Delaunay)
: Meshing surface
Meshing surface
Meszhing surface
Meshing surface {Cylinder,. Mesh
: Meshing surface <Cylinder, MeshAdapt)

Figure 2.4.1: User Interface of Gmsh

Figure 2.4.2: Mesh of the incinerator CAD model in Gmsh
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Figure 2.4.4: Mesh of the combustion chamber CAD model in Gmsh
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7.6 2.5. The solver Elmer

Elmer is a combination of different software packages for the simulation of
multiphysics problems using the Finite Element Method (FEM). Three of these
software packages are: ElmerGUI, ElmerSolver, ElmerPost. Elmer is an open source
software, released under the GNU General Public License (GPL).

Elmer can be used in two different ways:

. By using its Graphical User Interface (GUI). (A command text file can be

generated after a GUI session).
. By using a command text file

Elmer has not good capabilities for geometry generation (CAD model) and meshing.
Therefore, as a general procedure, the geometry and mesh should be imported into
Elmer. It accepts different geometry and mesh formats. Among them, it accepts the
GMSH mesh format.

- Fin Ve
B L ]
TR =T PSR | AT B Mg
- 3
(]
2| "TBaza @ L MO
.l
BRSSP E
i (11
LT
LT B e
LT
P
[T
gt g W 1T = ) Pl L) [ S o) - - H o L) T ¥ ¥ ¥ T T ¥ ¥ ]
i it e . B . a 4 L L] L] " i 1] % ] = ] £ -

Figure 2.4.5: Convergence history window in ElmerSolver.

The convergence story appears during solving the partial differential equations (

PDE) by the processor.

The vertex of the graph indicates that the processor solves the PDEs easily , whereas
a peak indicates that the resolution of PDE faces difficulties in the system and it

needs extra time.
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8 CHAPTER Ill: RESULTS AND DISCUSSION

8.1 3.1 CAD Model and Meshing of vaporizer and steam drum
In this master thesis one of the important tasks is to determinate the location of the

region exposed to a high stress. With Elmer we determinate the stress in the boiler.

B EimerGUI ]
Fide Mesh Model View Sif Run Help “Mesh Model View S4 Run Help

) (W] v @ @ i M W] ke @@

Figure 3.1: Imported meshed Vaporizer and steam drum in Elmer

The import of the file in .msh format requires a bit of time. Then the initial
conditions, the boundary conditions and the type of material for the whole model

must be determined. This is a process which about 6 hours.

After putting meshes on the chamber of combustion (evaporator, furnace) and on the

drum we have to import this meshes separately to Elmer.

As shown in the figure 2.4.5 we have succeeded to import the mesh of the boiler and
also we have determinate the type of material used in this study, the boundary

condition and the equation used to determinate the stress.

8.232 Running the solver
After the execution of the work, the Elmer software requires approximately 4 hours
to complete the calculations. A "convergence history" window appears on the user

interface.
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After running the Elmer solver which took a lot of time to finish calculation
(approximately 4 hours) without counting the time used to determinate the
boundary condition for each body ( in the case of boiler we have 40000 body) each
one needed to determinate her equation, her material type and his boundary

condition (approximately 6 hours). A convergence history appeared during solving

us shown in the figure 3.3-3.4:

! _;5 ' o Zi \
. i o= \ /\
e . == \
e —
[T A S )
:' M- L} » _' Covergeare Metary TR
o - %
o ] \

Nerstim oy

Figure3.2: convergence history for the vaporizer in Elmer
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& ooy oo 5.+ - -

File View

Convergence history
105 W NS finesr elsstiity
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Figure 3.4: convergence history for the drum in Elmer

8.3 3.3 Viewing results Paraview / VTK

The unit of the displacement in the figure is meter (m).

Displacement_x
1.47e-007

9.21e-008

| 3.72e-008

-1.76e-008

-7.25e-008
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Displacement

6.459-009y

-1.80e-006

-3.61e-006

-5.41e-006

-7.22e-006

The unit of the displacement in the figure is meter (m).
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Displacement_z
2.5]e-006

1.35e-006

1.94e-007

-9.66e-007

-2.13e-006

The unit of the displacement in the figure is meter (m).

In the figure: The unit of the stress is the Pascal (Pa). 1 Pa=1 N/m"2
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Stress_

1.96e+

In the figure: The unit of the stress is the Pascal (Pa). 1 Pa=1 N/m"2

Sfres 4

-3.06e+007

In the figure: The unit of the stress is the Pascal (Pa). 1 Pa=1 N/m"2
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Stress xx

1.39e+007 i

7.69e+006

1.46e+006

-4.77e+006

-1.10e+007

In the figure: The unit of the stress is the Pascal (Pa). 1 Pa=1 N/m"2:
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Stress_xz

8.63e+006

4.37e+006

‘ 9.95e+004

~~~~~~

LA
‘‘‘‘‘

-4.17e+006

=
T

par =
e

-8.43e+006

In the figure: The unit of the stress is the Pascal (Pa). 1 Pa=1 N/m"2

54



FEM Investigation for 40 MW Incineration Power Plant

Stress xx
1.72e+008

1.13e+008

5.47e+007

-3.79e+006

-6.22e+007

In the figure: The unit of the stress is the Pascal (Pa). 1 Pa=1 N/m"2
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2.02e+007

b.8/e+006.

=6.42e+0

=1.97e+00.

Stress_xz

In the figure: The unit of the stress is the Pascal (Pa). 1 Pa=1 N/m"2
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8.4 Estimated number of constant amplitude fatigue cycles

The maximum value considered of 13 MPa is used for calculation of the life due to fatigue at

a constant amplitude.

Constante
mécanique relative a
l’acier inox 304 L

Smax or emax = 12
MPa

Smin or emin = 0
MPa

Sa or ea =6 MPa
Sm or em = 6 MPa
Material  Type
stainless steel

Material Name
Stainless Steel 30304,
Su=650.0

Su =650 MPa

E = 183000 MPa

SFL = 147 MPa

NFL = 10E+07

Sf' =924 MPa
b=-0.114

Surface Finish Type =
hot rolled

Loading Factor Type
= axial

ksize = 0.1

d =10 mm

Kt =3.65

Use Fatigue Notch
Factor =No

Kf=1

r=5mm

n=3

Mean Stress
Definition =
Maximum Stress
Mean Stress
Parameter = 13 MPa
SFL =113 MPa

kSF = 0.551

kL =0.923

Résultats obtenus

Smax =13 MPa
Smin = 12 MPa
Sa=0MPa

Sm =13 MPa

The estimated number of cycles N f = 136000
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8.5 Estimated fatigue safety factor caused by a multiaxial load

& atigue
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XY Stress, MPa

o

&1 aligue

SFL =113 MPa
TFLmax =73 MPa
Tf'max = 595 MPa
bTmax =-0.114
TFLoct =53 MPa
Tf'oct = 436 MPa
bToct=-0.114

G =73200 MPa
kFindley = 0.300
aSines = 0.150
aDV =0.400

bDV =73 MPa

relative a 'acier inox 304 L

[
£raliguc
IV
<< 10 s
{/ \) 5
\ )
X X X » I\
$ o -
-~
a
[
-5
“10
i : 20 “10 0
20 10 0 10 20 X Stress, WPa
Y Steess, WP
Constante mécanique | Résultats obtenus

n (Goodman) =5.768
n (Findley) =3.076
n (Sines) =3.505
n (Dang Van) =
4.301e+00

n (MCE) =2.958

8.6 3.6. Probabilistic analysis of the number of fatigue cycles.

20

Deterministi

Probabilisti
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RESULTS AND DISCUSSION

C

C

Variable Value Sensitivity Sensitivity | Mean | COV

Loading 0

Smax OT €max 13 MPa -2.41 0.00 13 0.000

Smin OT €min 0 MPa 0.00 0.00 0.00e+0 | 0.00e+0

0 0

Material 0.15

Properties

Su 650 MPa 2.23 0.00 650 0.000

St L(924 -0.77 0.15 928 0.099
MPa,0.10,0.90)

b C(- -3.07 0.00 -0.114 | 0.047
0.114,0.00,1.00)

Surface 0.88

Finish

ksr N(0.551,0.10) 2.00 0.88 0.550 0.099

Stress 0.45

Concentrators

Ke N(3.65,0.05) -2.04 0.45 3.65 0.050
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8.7 3.7. Estimate of the number of cycles of elongation at constant amplitude

~Bnel
£ .u'guc

45 T

40

3B

Stress, MPa

15 | S

10 /]

7]

€3

/_’{f

0.0001 0.00015
Strain

Nf => Limite de la fatigue 50000000 cycles , n ~ 6.12

0.0002

8.8 3.8. Estimated nuber of cycles due to displacement caused by a

multiaxial load
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Fatigue Life
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Fatigue Life

Fatigue Life
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8.9 3.9. Results of Fallo software
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— Stress Spectrum — Stress DistribuﬁoL (Beta)
1

13.0MPa (range) P Q72973 | R=1.6582

m o

wwrm oD — W

CYCLES 556075 STRESS RANGE 13.0 MPa

— Stress Spectrum Information
Level Stress [MPa] Cycles
1 13.0 1215
2 11.143 11215
3 9.286 1215
4 7429 1215
5 551 1215

8.10 3.10. Results of FALSN software
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-Loading: Beta Distribution

P Q=6.3816 R=4.756 n=111215cyc

o

STRESS RANGE 12.18 MPa

rLoading: Weibull Distribution-

Q=7587 R=6.334 n=111215cyc

b I B s |

STRESS RANGE 10.64 Mll?a i
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Loading: Log-norm Distribution

Q=1938 R=0.183 n=111215cyc

(]

STRESS RANGE 129 MPa

8.11 3.11. Results of FALIN software
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- -
-Material: Fatigue Data Loading: Spectrum
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-Material: Cyclic Curve

8.12 3.12. Discussions of all results

70



FEM Investigation for 40 MW Incineration Power Plant

In the figure shown above, it is clear that the stress distribution undergoes
significant variation during the passage of fluid in the tube neck. This enormous
variation is expected and planned, since steam has a significant speed and pressure

and it will undergo two flow direction changes during a short time.

Moreover, of the number of cycles calculated in previous sections, the one we chose

to lower value to avoid any risk.

The lowest number received is N = 111215, followed by the number of cycles
multiplied by the time during which it stops the operation of the apparatus, and it

was found that the time of operation before the break is almost 20 years .
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9 CHAPTER IV: CONCLUSION AND FUTURE WORK

About the technological side, Elmer simulation requires a long time to determine the
initial and boundary conditions, and then it is recommended to make a script to get

rid of and to reduce the time.

And finally this study does not take into account or stress due to the high
temperature or the effect of corrosion caused by steam. In addition, these two

conditions are able to reduce the lifetime of the vaporizer.
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11 Annex

1. Annex 1: Water steam Diagram
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2. Annex 2: Task of master thesis

@ﬁvﬂk__/b ey <

AECENAR
Association for Economical and Technological Cooperation
in the Furo-Asian and North-African Region

2= www aecenar.com/institules/meas

Ras Nhache/Batroun - Tripoli, 11" Jan 2015

TEMO-IPP Incineration Demonstration Plant Ras Nhache/Batroun, Lebanon

Vaporizer of TEMO-IPP incineration demonstration plant at Ras Nhache/Batroun

Upscaled vaporizer train element (TEMO-IPP
has to be upscaled in such a way) (picture is
from Dr.-Ing. M. Franz, “Dampferzeuger”,
www.axpo-holz.ch/Dampferzeuger.pdf)

| Stress distribution (FEM Analysis) at vaporizer

Master Thesis

Mechanical Analysis of an upscaled version of the Vaporizer (pressure
vessel and circulation tubes) of the incineration pilot power plant TEMO-IPP

To be able to upscale the TEMO-IPP incineration plant to a commercial incineration plant in Tripoli (about
40 MW) critical components shall be verified by Finite Element Analysis with the tool Abaqus. The main
critical component is the pressure vessel with about 100 bar pressure difference. Working packages:

. Upscaling the CAD model of vaporizer with CAD tool ProE (2 weeks)

Mechanical Behavior (Stress Analysis, Fatigue Analysis, Thermal Strain Analysis) with the tool
Abaqus (6 weeks)

Thermal Loads (Dimensionless Numbers, Overall Heat Transfer, Heat Transfer for Concentric Annular
Gaps, Heat Transfer for Free Convection on Vertical Surfaces) with the tool Abaqus (4 weeks)

. Documentation (3 weeks)

Keywords: Alternative Energy, Incineration Power Plant, Mechanical Analysis, Finite Element Analysis (FEA), CAD

Contact: Samir Mourad, Email: samir.mourad@aecenar.com
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3. Annex 3: Time plan
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4. Appendix 4: The properties of the steam at the inlet of the turbine

PN
POWER PLANTS L)
OIL REFINERIES

SALE & RELOCATION L'DHRMHRNI\;I AL
Taunusstr, 5a Tel. +4% (0] §11-50402-0 www . lohrmann.com

65183 Wiesbaden/Germany  Fax +49 (0] 611-50402-50  info@lohrmann.com
For Sale: Pre-owned 30.2 MW Steam Turbine Generator

Extraction — Condensing Type
Ref.-No: STG29.33

Brief plant history:
The steam turbine generator was part of a combined cycle power plant commissioned in 1996
and shut down 2012 after approx. 86,562 operating hours.

Description of major plant components:

Turbine

Manufacturer, Type ABB Turbinen NOrmberg GmbH, VEE 40
Double extraction condensing turbine,
Type 4 Stages HP, 9 stages MP and 9 stages LP part

Max . terminal power 30.2 MW

Number of extractions/ bleeders 1 pess 2 pes.

Live steam parameters 120 bar, 520 °C, 210 th

Bleeding 1 normal/iman. 36 /41 bar, 365 /415 °C, max. 80 t'h

Bleeding 2 normal/man. 6/85bar, 170/333 °C, max. 75 t/h

Extraction normal/max. 16 /20.5 bar, 275 /300 °C, max. 20 t/h

Exhaust normal/ma. 0.047 /0.08 bar, max.18 °C

Rate max. 10.2/556th

Budget Price for STG 29.33: FOB 3.150.000 EUR (Offer from 12 Oct 2015)
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5. Annex 5: Blueprints of drum
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6. Annex 6: Physical properties of stainless steel 316L (Reference
Materials Engineering-Mechanical Behavior Report 128)

Material Type

Material Specification
Material Alloy

Elastic Modulus

Crack Growth Intercept
Crack Growth Exponent

Threshold Stress Intensity

Ultimate Strength

Fatigue Strength Coefficient
Fatigue Strength Exponent
Fatigue Ductility Coefficient
Fatigue Ductility Exponent
Cyclic Strength Coefficient

Cyclic Strain Hardening Exponent

Curve Intercept

Curve Slope

Fracture Strenght
Fracture strain

Poisson ration

stainless steel

AISI 316
30316
E = 190000 MPa
C = 4.26E-13m/cycle
m = 3.6
AKrmi= 5.15 MPa sqrt (m)
Su = 650 MPa
of’ = 1000 MPa
b = -0.114
ef = 0.171
c = -0402
K" = 1660 MPa
n" = 0287
S = 924 MPa
b = -0.114
650 MPa
1.73
0.25
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12 Abstract:

Computational Fluid Dynamics (CFD) is the study of fluid flow dynamic status
using computer software. It is undergone for a prototype of an incineration power
plant, present in Ras Nhache/Batroun, North Lebanon. There were some problems
concerning the design which should be solved by a CFD study. In our study of
computational fluid dynamic (CFD) we are interested to find the pressure and
velocity values for this incineration power plant, in order to strengthen the used
computer tools. We discretize the design in order to calculate the values for each
point, the discretization makes the calculation possible - using a solver. Then the

results are visualized.
Résumé:

Les dynamique des fluides computationnelle est 1'étude de l'état dynamique de
I'écoulement de fluide en utilisant un logiciel informatique, pour un prototype de
centrales d'incinération, présents dans RasNhach, nous avons quelques problemes
devraient étre résolus en faisant étude CFD pour la conception. Dans notre étude de
la dynamique des fluides computationnelle (CFD), nous avons intérét pour trouver
les valeurs de pression et de vitesse pour une centrale d'incinération, afin de
renforcer 1'équipement utilisé. Et nous discrétisons la conception afin de calculer les
valeurs pour chaque point, la discrétisation faciliter le calcul, en utilisant un solveur

qui peut nous donner les résultats avec visualisation.

81



TEMO-IPP 40 MW CFD Investigations

Table of content

ABSTRACT: 81
TABLE OF CONTENT 82
LIST OF FIGURE: 83
LIST OF SYMBOL:85
INTRODUCTION: 86
1. BASICS 88

1.1. INCINERATION POWER PLANTS 88

1.2. STUDY OF LITERATURE 89
1.3. ARGUMENTS SUPPORTING AND AGAINST INCINERATIONS 91
1.4. History 93
1.5. Pump uTILITY 95
1.6. SOFTWARE TOOLS USED 96
1.6.1. Discretization methods 99
1.7.  WHAT ARE THE NAVIER-STOKES EQUATIONS? 99
1.7.1. Incompressible fluid flow 100
1.7.2. Newtonian and Non-Newtonian fluid flow 100
2, CONTRIBUTION 102

2.1. SOLVE INCINERATION DESIGN 102

2.1.1. OpenFOAM solver 102
2.1.2. Using Gmsh 102
2.1.3. Elmer solver 104
2.1.4. Using Elmer 106
3. RESULTS AND DISCUSSION 116
4, CONCLUSION AND FUTURE WORK125
5. REFERENCES 127
6. ANNEX 129

6.1. ANNEX1:PLANNING IN MARCH 2015 129

6.2. ANNEX 2: UPDATED PLANNING JuLY 2015 129

6.3. ANNEX 3: TOOL CHAINS USED FOR CFD ANALYSIS 130

6.4. ANNEX4: OFFERS FOR 30 MW STEAM TURBINE AND Pump 131

82



TEMO-IPP 40 MW CFD Investigations

13 List of figure:

Figure 1-1: steps in a incineration an power plant..........coviiiiiiiiinii 88
Figure 1-2: illustrating of the incineration power plant zone ..........ccoooiiiiiiiin i, 89
Figure 1-3: Distribution of incineration power plant in EUrope ........cc.ccoovviiiiiiiiiiin e, 90
Figure 1-4: An incineration power plant in (A) Torsviksverket in Jonkoping (B) Roskilde,
Denmark (C) Esbjerg Denmark (D) near Bergen (OSl0). ....c..viveiiiiiiiiiiiiieeii e, 90
Figure 1-5: CFD plot for assessment of residence time in an afterburning chamber in Esberg,
Denmark incineration POWer Plant.........coouiiiiiiii i 91
Figure 1-6: The real flow (A) and the computation flow form (B) ..........cccoeveviiiiiiiiieiinnennnn. 95
Figure 1-7: Fluid path through the centrifugal pump. .......coooiiiiiiii e, 96
Figure 1-8: FreeCAD design eXample . ... ieiuiii et 97
Figure 1-9: OpenFOAM window when calculation velocity values............cc.ccoeviviiiiieinnnnnn. 97
Figure 1-10: EImer windows for @ qUarter Pipe.......ooueeuieiiiieiiieeie e e 98
Figure 1-11: Praview window for the velocity values...........ccciviiiiiiiiiiiii e, 98
Figure 1-12: Shear stress vs Rate of shear strain for several categories...........cc.occveveeennnn. 101
Figure 2-1: Chain of tools 1 using OpenFOAM .........iiiiiiiiiiiiiir e 102
Figure 2-2: FreeCAD incineration power plant design.........c.ccciviiiiiiiiiiiiiie e, 103
Figure 2-3: Meshing incineration power plant design............ccooeiiiiiiiici i, 103
Figure 2-4: Chain of tools 2 USING EIMEr.......viiiiiiiii e 104
Figure 2-5: Design of a quarter pipe introduce in EImer..........ccocoviiviiiiiici e, 104
FIUre 2-6: NOTEA AeSIEN. . it e e et e e 105
Figure 2-7: Setup for each part (the Same) ........coevuiiiiii e, 106
Figure 2-8: Choice of Navier-Stokes equation .............covviiiiiiiiiiii i, 107
Figure 2-9: iteration conditions in EIMer........cccoiiiiiiii i, 108
Figure 2-10: Material used for stUdy .......ccoviiiiiii 108
Figure 2-11: Initial conditions introduce in EIMer...........coooiiiiiii i, 109
Figure 2-12: Inlet boudary conditions given by the turbine .............c..cooiiiii i, 110
Figure 2-13: Meshed pipe viewing in EIMer..........coviiiiiiiiiiiii e, 110
Figure 2-14: Pipe outlet boundary condition ..........ccccoiiiiiiiiii i, 111
Figure 2-15: Meshed corner viewing in EIMer..........cccooiiiiiiiiiici e, 112
Figure 2-16: Corner outlet boundary condition.............ccooiiiiiiiiiici e, 112
Figure 2-17: Water path meshing in Gmsh ..o, 113
Figure 2-18: Water path illustrated in EImer..........ccooiiiiiii e, 114
Figure 2-19: Water path outlet boundary condition ...........ccoociviiiiiiiii e, 115
Figure 3-1: Elmer velocity color results (in M/S) ......viiiiiiiiiiiiiieeeeeee e, 116
Figure 3-2: Elmer velocity vector results in M/s ......cooeiiiiiiiiiiiie e, 116
Figure 3-3: Elmer pressure color results in Pa........ccocoviiiiiiiiii e, 117
Figure 3-4: The studied deSigN.......cccuiiiiiii e e 117
Figure 3-5: Water Path ... 118
Figure 3-6: Result files in EIMEr ......iiuii e 118
Figure 3-7: Velocity variation z-component in M/S ........ccooiuiiiiiiiiiiiie e 120
Figure 3-8: Velocity variation X-Component in M/s........ccccuoeiiiiiiiiiiieiiiieeiieeeeeee e, 120
Figure 3-9: Velocity variation y-component in M/S.......ccociuiiiiiiiiiiiiieiiieee e 121
Figure 3-10: Velocity variation X-component in M/S ........ccoeiiiiiiiiiiiiiiiieeiieeeeeeeeeeeaeee, 121
Figure 3-11: Velocity variation y-component in M/S..........coeeiiiiiiiiiiiiiiiieiiieeeeeee e, 122
Figure 3-12: Velocity variation z-component in M/s ..........cooiiiiiiiiiiiiiiiieeeeeeeee e, 122
Figure 3-13: Velocity variation X-component in M/S ........c..oeiiiiiiiiiiieiiiieeiieeeee e 123

83



TEMO-IPP 40 MW CFD Investigations

Figure 3-14: Velocity variation y-component in M/S.........covuiiiiiiiiiiiiieiiin e e,
Figure 3-15: Velocity variation z-component in M/s .........ccciiiiiiiiiiiiicriie e

Figure 3-16: Pressure variation in Pascal

84



TEMO-IPP 40 MW CFD Investigations

14 List of symbol:

0 is density of the fluid (assumed to be a known constant);
u=(ul, u2, u3)

p is fluid pressure; p is viscosity, and FB is a body force.

D/Dt is the substantial derivative expressing the Lagrangian, or total,
acceleration of a fluid particle in terms of a convenient laboratory-fixed

Eulerian reference frame;

V is the gradient operator;

A is the Laplacian;

V- is the divergence operator;
V (t) is the velocity;

i is the constant shear stress and is linearly dependent on the velocity

gradient;

Q is the volume flow.
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15 Introduction:

Fluid dynamics is the study of fluid flow; in our case we study this flow for an
incineration power plant; studying the flow of steam and liquid water into the
pipes (The main critical component is the pressure vessel with about 100 bar

pressure differences).

But this study should be a computational study; our goal is to obtain codes
that take the fluid conditions and make us sure that we can design an
upscaled version of the vaporizer of an incineration power plant (about 40
MW) in Tripoli.

These codes take the equations of fluid dynamics and make discretization to

solve them with computer programs.

But we have to know that the continuous equations of fluid dynamics are
hardly possible to solve and computational fluid dynamics makes it easier to

solve them after discretization.

To apply this goal we have to use codes of an existing program like
OpenFOAM or Elmer and use a designer program (as FreeCAD) a

visualization tool as Paraview.

In the report three chapters contain the study; in the first chapter we
introduce the basics that we use in our study, in the second chapter the

contribution is done, in the third chapter the results are published.

At the beginning we had the following working packages:

e CAD Modeling: Up-scaled CAD Model with "ProE" or "FreeCAD" (was to be
done by another student —see above).

e Mesh Generation: A mesh generation [{SHERMBOUE shall be taken from the open
source code "OpenFoam" and migrated to TEMO_IPP-CFD tool - in our

research we use Gmsh for meshing.
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Solver: A finite difference and a finite volume [SHEMGO0E shall be taken from
the open source code "OpenFoam" and migrated to TEMO_IPP-CFD tool or
using another tool for solving (Elmer).

Visualization: Shall be done with the tool Paraview.

87



Basics

16 Basics
In this chapter we introduce the fundamentals of our study, and cite some
other precedent studies in this field, with a history concerning the

development of computational fluid dynamics.

16.1 Incineration power plants

INCINERATION is a waste treatment technology that involves burning
commercial, residential and hazardous waste. Incineration converts discarded
materials, including paper, plastics, metals and food scraps into bottom ash,
fly ash, combustion gases, air pollutants, wastewater, wastewater treatment

sludge and heat.

It follows several steps illustrated in figure 1-1.

1 Reception hall 9 Economiser

2 Waste pit 10 Siag system

3 Overhoad crane 11 Turbine / generator

4 Hopper 12 Condenser

5 Fumace 13 Degassor

6 Combustion air syst 14 Switchboard room

7 Boller 15 Electrostatic precipitator
8 Superheater 16 Induced draft fan

17 Flue gas cleaning
18 Waste water treatment
19 Stack

Figure 16-1: steps in a incineration an power plant

The ENERGIZE multistage grate is the core and the bottom surface of the
furnace. It carries and transports the burning solid matter from the feeding

section to the ash extractor.

The grate consists of identical elements grouped in 3 zones:
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Drying zone, combustion zone, burnout zone.

1. In the drying zone, moisture in the waste is evaporated by the heat in the
furnace and the radiation from the first empty pass which is positioned just

above this zone.
2. In the combustion zone, the actual combustion takes place.

3. The burnout zone is a buffer to guarantee the burnout quality and to cool

the ashes.

A step between each zone causes the waste to drop from one zone to the next,

creating the necessary mixing of the burning matter!l.

The 3 zones illustrate in the figure 1-2.

Figure 16-2: illustrating of the incineration power plant zone

16.2 Study of literature

There are many applications of waste incineration power plants, especially in
Europe, see Figure 1-3, and it is necessary to study them. But it is impossible
to view published studies in internet; we can only see the incineration power

plant's design with global studies.
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Waste-to-Energy in Europe

« Waste-to-Energy Plants in Europe operating in 2007 Norway

(not including hazardous waste incineration plants) 20 0.9 Easdan - —
* Thermally treated household and similar waste 5 30 45 ia
v 1 s\ g &itia
4; -/ 29° 125 Lithuania
Ireland - \ (‘;" *

304 Slovakia
\ 101 20,2
Data suppied by CEWEP members Rt &
uniess specfied ohermse a Hungary
\ France Switzerland 816 104 Romania
\ 130 123 28 16 Slovenia
~

Figure 16-4: An incineration power plant in (A) Torsviksverket in Jonképing (B) Roskilde, Denmark (C) Esbjerg
Denmark (D) near Bergen (Oslo).
An incineration plant in Sweden Figure 2-2 (A) represents a similar amount of
waste in the industry as well. Waste incineration provides heat corresponding
to the needs of 810,000 homes, around 20 per cent of all the district-heating

produced. It also provides electricity corresponding to the needs of almost
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250,000 homes. International comparisons show that Sweden is the global

leader in recovering the energy in wastel?.

In Roskilde, Denmark figure 2-2 (B) when waste from nine surrounding
municipalities and from places abroad will be incinerated at the Roskilde
plant. According to its developer KARA/NOVEREN, this will be enough to
produce electricity for around 65,000 homes and heat for around 40,000

homesl3!.

We can say that the incineration power plant of in Esbjerg, Denmark figure 2-
2 (C), attached with some historic study concerning development of the

incineration power plant design and CFD information! in figure 2-3:

. ¥ Residence time (s)
in

Figure 16-5: CFD plot for assessment of residence time in an afterburning chamber in Esberg, Denmark
incineration power plant.
Christoffer Back Vestli says, communications adviser for the Oslo in Bergen
figure 2-2 (D): municipality. "At the moment, the city of Oslo can take 410,000
tonnes of waste a year and we import 45,000 tonnes from the UK. Europe as a
whole currently dumps 150m tonnes of waste in landfills every year, so there

is clearly great potential in using waste for energy."?!

16.3 Arguments supporting and against incinerations
Usage of incineration for waste management is divisive. The debate for
incinerators generally involves business interests, regulations of government,

activists of environment and citizens.
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16.3.1 Arguments supporting incinerations

The first concern for incineration stands against its injurious effects over
health due to production of furans and dioxin emission. However, the
emission is controlled to greater extent by developing of modern plants and

governmental regulations.

Incineration plants are capable for producing energy and can substitute

power generation plants of other sort.

The bottom ash after the process is completed is considered non-injurious that

still is capable for being land filled and recycled.
Fine particles are removable by processing through filters and scrubbers.

Treating and processing medical and sewage waste produces non-injurious

ash as product.

16.3.2 Arguments against incinerations

Extremely injurious matter needs adequate disposing off. This requires

additional miles and need special locations for land filling this material.

Although after a lot of regulations and restrictions and developments

concerns are still alive about emission of furans and dioxins.

Incinerating plants are producers of heavy metals, which are injurious even in

minor amounts.

IBA (Incinerator Bottom Ash) is consistent over a considerably high level of
heavy metals and can prove fatal if they are not disposed off or reused
properly.

Initial investment costs are only recovered through long periods of contract

for incinerating plants.

Local communities always have opposed the presence of incinerating plant in

the locality.
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The upheld view is to recycle, reuse and waste reduction instead of

incineration!®l.

16.4 History

In the past, incineration was conducted without separating materials thus
causing harm to environment. This unseparated waste was not free from
bulky and recyclable materials, even. This resulted in risk for plant workers
health and environment. Most of such plants and incinerations never

generated electricity.

Incineration reduces the mass of the waste from 70 to 80 percent. This
reduction depends upon the recovery degree and composition of materials.
This means that incineration however, does not replace the need for

landfilling but it reduced the amount to be thrown in it.

Incineration comes with a number of benefits in specific areas like medical
wastes and other life risking waste. In this process, toxins are destroyed when

waste is treated with high temperature.

Incineration or thermal treatment of waste is much popular in countries like
Japan where there is scarcity of land. The energy generated by incineration is
highly demanded in countries like Denmark and Sweden. In the year 2005 it
was estimated that 4.8 percent of the electricity consumed by Danish nation
was produced by incineration and the amount of heat was some 13.7 percent
out of total. Other than Denmark and Sweden many European countries are

recovering heat and electricity from wastel®l.

During the last three or four decades, computer simulations of physical
processes have been used in scientific research and in the analysis and design
of engineered systems. The systems of interest have been existing or proposed
systems that operate at design conditions, off-design conditions, failure-mode

conditions, or accident scenarios. The systems of interest have also been
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natural systems. For example, computer simulations are used for
environmental predictions, as in the analysis of surface-water quality and the
risk assessment of underground nuclear-waste repositories. These kinds of
predictions are beneficial in the development of public policy, in the
preparation of safety procedures, and in the determination of legal liability.
Thus, because of the impact that modeling and simulation predictions can
have, the credibility of the computational results is of great concern to
engineering designers and managers, public officials, and those who are

affected by the decisions that are based on these predictions!”l.

The development of computer fluid dynamics has been closely associated
with the evolution of large high-speed computers. At first the principal
incentive was to produce numerical techniques for solving problems related
to national defense. Soon, however, it was recognized that numerous
additional scientific and engineering applications could be accomplished by
means of modified techniques that extended considerably the capabilities of
the early procedures. This paper describes some of this work at The Los
Alamos National Laboratory!, where many types of problems were solved for
the first time with the newly emerging sequence of numerical capabilities. The
discussions focus principally on those with which the author has been directly

involved®l.

CFD Computational fluid dynamics is a branch of fluid mechanics that uses
numerical methods and algorithms to solve and analyze problems that
involve fluid flows. Computers are used to perform the calculations required
to simulate the interaction of liquids and gases with surfaces defined by

boundary conditions!'l.

! at Los Alamos Laboratories the first nuclear bomb was developed during World War II.
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Computational Fluid Dynamics (CFD) provides a qualitative (and sometimes

even quantitative) prediction of fluid flows by means of

* Mathematical modeling (partial differential equations)

* Numerical methods (discretization and solution techniques)
* Software tools (solvers, pre- and post-processing utilities)

CFD enables scientists and engineers to perform "numerical experiments" (i.e.

computer simulations) in a "virtual flow laboratory".

In the figure 1-1 we see the comparison of the real fluid flow which is

continuous and the computational fluid flow which is discretize.

real « Xpermnnent CFD simulation

Figure 16-6: The real flow (A) and the computation flow form (B)
1.1.  Pump utility

An increase in the fluid pressure from the pump inlet to its outlet is created
when the pump is in operation. This pressure difference drives the fluid
through the system or plant. The centrifugal pump creates an increase in
pressure by transferring mechanical energy from the motor to the fluid
through the rotating impeller. The fluid flows from the inlet to the impeller
center and out along its blades. The centrifugal force hereby increases the
fluid velocity and consequently also the kinetic energy is transformed to
pressure. Figure 1.7 shows an example of the fluid path through the

centrifugal pumpt’l.
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e -
ha &
Qutlet Impeller Inlet

Direction of rotation

Outlet Impeller Impeller Inlet
blade

Figure 16-7: Fluid path through the centrifugal pump.
1.2. Software Tools used
FreeCAD is a parametric 3D modeler. Parametric modeling allows us to
easily modify our design by going back into our model history and changing
its parameters. FreeCAD is open source and completely modular, allowing for
very advanced extension and customization. It used to devise the station's

design. [1°]
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T TR e, BSINSCALE

Figure 16-8: FreeCAD design example

The OpenFOAM (Open source Field Operation And Manipulation) is a C++
toolbox for the development of customized numerical solvers, and pre-/post-
processing utilities for the solution of continuum mechanics problems,

including computational fluid dynamics (CFD)!"!l.

controlDict | U -

FoamFile
{

version 2.0;

format ascii;

class volVectorField;
location mp.1";

object u;

}

D T A ¥ ]

dimensions [01-10000];

internalField nonuniform List<vector>

Figure 16-9: OpenFOAM window when calculation velocity values

Elmer is an open source solver for 3D design; he is giving a numerical solver
and pre-/post-processing utilities for the solution of mechanics problems,

including computational fluid dynamics (CFD).
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3 1.3 i 0 % 113 1 4 E EmeGul . Elﬁlg
v
E ElmerVTK postprocessor - o= | B XS .‘lSif Run Help
- F— K i
File Edit View Help il > | ] “J I “J /S |q¢ »e |Q¢ »JJ (s)»
J_||5urfaces Vectors Isocontours Isosurfaces  Streamlines |Colorbar \Text | »

= ————— -4

Figure 16-10: Elmer windows for a quarter pipe

The ParaView is an open source multiple-platform application for interactive,
scientific visualization. It has a client-server architecture to facilitate remote
visualization of datasets, and generates level of detail models to maintain

interactive frame rates for large datasets.!!?!

IC'..TEC

Figure 16-11: Paraview window for the velocity values

We don't compile codes but just use solver software that has already
compiled codes. These programs give us results. We use only free software
and if possible open source; all we need is introduce the design after we made
it, and the boundary conditions with many treatments concerning the

iterative.
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The solvers and meshing software used discretization methods, which are
described at the following - with finite volume for OpenFOAM and finite

element for Elmer and Gmsh.

1.2.1. Discretization methods

The solvers in use can have three methods for solving which: finite element

method, finite different method, and finite volume method.

Finite element method is the discretization in order to obtain matrix which
change the equation of physical quantity to a linear equations when solve is

more easy.

Finite different method is the discretization in order to transform the

differential equation to different linear equations.

Finite volume method is the discretization in order to discretization of the
integral forms of the conservation equations by discretization of each term

except!?,

1.3. What are the Navier-Stokes Equations?

The equations of viscous, incompressible fluid flow, known as the Navier—
Stokes (N.-S.) equations after the Frenchman (Claude Louis Marie Henri
Navier) and Englishman (George Gabriel Stokes) who proposed them in the

early to mid-19th Century, can be expressed as

D
p% — —Vp+ pAu+ F, (1.1a)
V-ou=0, (1.1b)

We remind the reader that the first of these equations (which is a
threecomponent vector equation) is just Newton’s second law of motion
applied to a fluid parcel —the left-hand side is mass (per unit volume) times
acceleration, while the right-hand side is the sum of forces acting on the fluid

element. Equation (1.1b) is simply conservation of mass in the context of
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constant-density flow. In the sequel we will provide alternative forms of these

basic equations!'4.

1.3.1. Incompressible fluid flow

A fluid flow is said to be incompressible if volumes of blobs of fluid do not
change. So we have the general law: A fluid flow is incompressible if and only

if divu=0.

In fact, we have that incompressibility holds if and only if [ vy div u =0 for all
V (t). Since u is a smooth function and V can be any blob, this implies the

assertion!’®],

1.3.2. Newtonian and Non-Newtonian fluid flow

Even among fluids which are accepted as fluids there can be wide differences
in behaviour under stress. Fluids obeying Newton’s law where the value of p
is constant are known as Newtonian fluids. If p is constant the shear stress is
linearly dependent on velocity gradient. This is true for most common fluids.
Fluids in which the value of u is not constant are known as non-Newtonian
fluids. There are several categories of these, and they are outlined briefly
below. These categories are based on the relationship between shear stress
and the velocity gradient (rate of shear strain) in the fluid. These relationships

can be seen in the graph below figure 1-12 for several categories!!¢l.
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Bingham plaslic Fseudo plastic

plastic

Newlonian

Shasr stress, T

Dilatant

Ideal, (T=0)

e

Rate of shaar, Bu/by

Shear stress vs. Rate of shear strain du/dy

Figure 16-12: Shear stress vs Rate of shear strain for several categories

In our report we study the incompressible Newtonian fluid flow.
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2. Contribution

2.1. Solve incineration design

Our study is to find out the pressure and the velocity values for path of water
from the pump into the water tank of an incineration power plant, so we
should insert the design of this part of the power plant, which is a freeCAD

design, into a solver in order to run program and obtain results.

2.1.1. OpenFOAM solver

First we used OpenFOAM (finite volume method solver) as solver. We tried
many methods (use command, change format files...) to input the FreeCAD
design to the OpenFOAM solver but we didn't manage it. So we changed the
solver. But one of these methods is the use of Gmsh which can mesh the
design; we use Gmsh despite we changed the solver because it can mesh a big
design (water tank 6 meters length and a pipe with 12 meters length) like

ours.

2.1.2. Using Gmsh

Using OpenFoam didn't resolve our study, so we used new meshing software
- Gmsh (discretization is implemented by finite element method) which we

used afterwards in the study.

The first way to solve:

Server Block
Gmsh FreeCAD
(Mesh (CAD
generation) 1
OpenFOA Paraview
M (Visualizatio
Zal 1 n)

Figure 2-1: Chain of tools 1 using OpenFOAM
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The design of incineration power plant in FreeCAD, from [18]:

Figure 2-2: FreeCAD incineration power plant design

We obtain meshing design using Gmsh

Figure 2-3: Meshing incineration power plant design

To input the CAD design into Gmsh we have to save FreeCAD design in

STEP exchange format (e.g. file.stp).

We have to say that we tried to input the meshing design into OpenFOAM in
many ways (using command, change format...), in windows and Linux, but
we didn't succeed. For this reason we changed the solver and tried another

chain of tools.
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2.1.3. Elmer solver

The Elmer solver implements the finite element method.

The new way to solve "all in server":

Gmsh FreeCAD

(Mesh (C AD

generation) I

Elmer Paraview or

(Solver) Elmer VTK
(Visualizatio

Figure 2-4: Chain of tools 2 using Elmer

Elmer can read the design of pipe (example: quarter pipe in figure 2-5). Then

the following is done:

Figure 2-5: Design of a quarter pipe introduce in Elmer

e Design of pipe with meshing on gmsh and saving in file.msh format

e Specify the Initial conditions

e Choose the Navier-Stokes equation

e Specify the material used (water for the internal face, and steel (stainless) for
the external face)

e Define the boundaries in the design before introducing the condition of each
boundary

e Select run start solver

e Then select start EImerPost (Paraview) or ElImerVTK.
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Before we move to the results, we should know how we obtain the initial

conditions:

e We need a pump which generates 40 bars (40*10"5 Pa), and we can find
conditions in Annex 4.

e So the pressure is 40%10"5 Pa, the flow rate is 450 m"3/h= 0.125 m"3/s.

ass/s

e We use water, so density is 1000 kg/m*=mass/volume; so— ; We can
volume/s
deduct that the volume flow Q equal 0.125 m?/s.
o Q:vo?umez section*d%'splacement: section*velocity; with
time time

section=n*radius’=0.003 m’,
e So velocity is 41.67 m/s.
e We observed that the flow is in 2 dimensions in each path, and we assume that
the values in both velocity directions are equal:
¢ When we have vy and vy for example, v,*+v,’=V? 50 V5=V, =29.47 m/s,
and v,=0.

¢ And so on.

And before we show results we have to know some notes to illustrate in the

figure bellow:

Figure 2-6: Noted design

Where in the figure 2-6 the pipe (height=12m, radius=0.38m) is connected to a

Water tank (height=6m, radius=2m) to supply it of water; than the pipe
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connect with another pipe which connect it to the pump that pumps water

into the water tank.

2.1.4. Using Elmer

First we define setup (see Figure 2-7) for each part which we study:

al
E Setup — ‘ - - ‘ m
—Header
V' Check keywords warn
MeshDB .
Indude path I
Results directory I
Free text
—Simulation
Max. output level IS LI Steady state max. iter |1
Coordinate system ICartesian LI Timestepping method IBDF LI
Coordinate mapping I 123 BDF order |1 LI
Simulation type ISheady state LI Timestep intervals I
Outputintervals | 1 Timestep sizes |
Solver input file I case.sif Post file Iase.ep
Free text
—Constants
Gravity Jo-t0g.82 Bolzmann | 1,3307e-23
Stefan Boltzmann | 5,67e-08 Uit charge | 1.502e-19
Vacuum permittivity |8‘8542E-12
Free text
" Apply

Figure 2-7: Setup for each part (the same)

Then we define the equation as seen in Figure 2-8 (Navier-Stokes equation in

our case):
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e
E Equation E@g

‘ear elasticity | MeshUpdate  Mavier-Stokes I Result Output | “I"

Fs

Activate for this equation set —
Active ¥

Give Execution priority

Priority |
Options

Convect v
This and that

Element Codes |

Free text input

g |

|»

Apply to bodies:
WV Body 1 v Body 2

¥ Body 3 ¥ Body 4 LI

"t Edit Salver Settings |

Mame: IEquation 1

S New | W Update W OK == Remove |

Figure 2-8: Choice of Navier-Stokes equation

We have to say that in Edit Solver Settings we define the solve properties; e.g.

number maximal iterations (see Figure 2-9).
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B Salver comtrol for ok (2] x ]

Salver specific options I General I Steady state | Nonlingar system Linear system I Parallel I Adaptive 1| ¥
—Method

" Direct IBanded 'I
+ Iterative IGCR v[
| £~ Multigrid IJaoobi v[

—Control

Max. iterations |5

Convergence tol. | 1.0e-10

|
Preconditioning IILUl - I

ILUT tolerance I 1.0e-3

Residual output I 1

Prec. recompute I 1

BiCGStabl order |2

[ Abort if the solution did not converge

Figure 2-9: iteration conditions in Elmer
Thirdly we introduce the properties of the used material (Figure 2-10):
'E Material (=[O )

General Electrostatics I Heat Equation | Helmholb’Equat’onﬂ’

Properties

Density |998.3
Heat Capacity |4183.0
Spedific Heat Ratio |

Reference Temperature |

Reference Pressure |

Heat expansion Coeff.  [0.207e-3

Free text input

Apply to bodies: -
¥ Body 1 ¥ Body 2 —

¥ Body 3 ¥ Body 4 LI

-\ Material library |

Mame: IWEter (room temperature)

© New | " Update | W 0K == Remove |

Figure 2-10: Material used for study
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But we can choose an existing material like water, as in our case, when the

properties are already defined.

Fourthly we introduce the initial conditions (see Figure 2-11) - velocity in m/s

and pressure in Pa:

-

E InitialCondition =R X

Itz Equation ] Linear elasticity ] Mesh Update Mavier-Stokes | 4

Variables

velocity 1 lo
Velocity 2 [0
Velocity 3 lo
Pressure | 4DDIZIIZIIZID|

Free text input

MName: |Initia|Cu:unditinn 1

© New | == Add W OK | £ cancel ‘

Figure 2-11: Initial conditions introduce in Elmer
We propose that the velocity is beginning by 0 and the pressure 4*10"5 Pa.

Finally we introduce the boundary conditions that based in the conditions of

turbine used.

Boundary conditions divide in two part; inlet boundary conditions where we

introduce the turbine conditions figure 2-12:
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E BoundaryCondition F =rre Y
Itz Equation ] Linear elasticity ] Mesh Update MNavier-Stokes m
Change of variables v ﬂ
Dirichlet Conditions
Noslip wall BC I
velocity 1 e
velocity 2 [a167
Velocity 2 [4167
Velodity 1 Condition —
Velodity 2 Condition
Velodity 3 Condition [
Traction boundary conditions
External Pressure
Pressure 1 W ﬂ
Apply to boundaries: i‘
™ Boundary 1 ™ Boundary 2
™ Boundary 3 ™ Boundary 4 J
Mame: |in|et
S New | " Update W 0K == Remove ‘

Figure 2-12: Inlet boudary conditions given by the turbine

And outlet boundary conditions where the axes which not affect the flow
must not be concidered; so it differs from one part to another; we considered

each part separately.

First we take a 1 direction fluid flow, fluid flow in the pipe figure 2-13:

Figure 2-13: Meshed pipe viewing in Elmer
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The outlet condition figure 2-14:

E BoundaryCondition = | B

Itz Equation ] Linear elasticity ] Mesh Update Mavier-Stokes |4|

-

HNormal-Tangential Coordinate System =

Use normal-tangential coordinate system I
Change of variables =

Dirichlet Conditions

Noslip wall BC I
Velocity 1 b & )
Velocity 2 [
Velodity 3
Velocity 1 Condition

! Velocity 2 Condition r
Vielocity 3 Condition —
Traction boundary conditions

-
Apply to boundaries:
[+ Boundary 1 ™ Boundary 2
[+ Boundary 3 j
Mame: |outlet
© New ‘ " Update W OK &= Remove ‘

Figure 2-14: Pipe outlet boundary condition

We have to enter the x and y components, and leave the z component empty

where the solver gives us the solution.

Taking now a 2 directions fluid flow, fluid flow in the corner figure 2-15:
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.

Figure 2-15: Meshed corner viewing in Elmer

We see that the water is flowing following x and z axes. The outlet condition

of corner figure 2-16:

[ E BoundaryCondition = | B | ]
Itz Equation ] Linear elasticity ] Mesh Update Mavier-Stokes l 4 |

Normal Tangential Coordinate System =
Use normal-tangential coordinate system r
Change of variables v
Dirichlet Conditions
Noslip wall BC I |
Velocity 1 —
Velodity 2 [
Veloity 3 —
Velocity 1 Condition —
Velocity 2 Condition [
Velocity 3 Condition [
Traction boundary conditions j

Apply to boundaries:

[+ Boundary 1 [¥ Boundary 2
[v¥ Boundary 3 [v¥ Boundary 4
S =
Mame: |DLIt
© New | " Update W 0K == Remove |
. y

Figure 2-16: Corner outlet boundary condition
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The water path from pump to the water tank figure 2-17: Now we have to
discretize the water in the pressure tank using gmsh or Elmer, but Elmer is

unable to discretize a big design so we use gmsh:

Figure 2-17: Water path meshing in Gmsh

We introduce the water design to the Elmer software with the initial
conditions, velocity equation, and boundary conditions that we make in the

Elmer model:
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Figure 2-18: Water path illustrated in Elmer

We see that the water is flowing following y and z axes, so we have to

introduce the initial conditions following yz plane:

The outlet conditions of the water path are shown in Figure 2-19:
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-~

E BoundaryCondition | o B = |

tzEquation | Linear elasticity | MeshUpdate  Navier-Stokes Iili

Normal-Tangential Coordinate System =
Use normal-tangential coordinate system r

Change of variables W

Dirichlet Conditions

Moslip wall BC -

Velodty 1 0 _
velocity 2

Velodty 3

Velodty 1 Condition

Vielocity 3 Condition

Traction boundary conditions

External Pressure | LI

Apply to boundaries: —
v Boundary 1 ¥ Boundary 2

v Boundary 3 v Boundary 4

= ~ ' - LI

Mame: Iout

S New | " Update W OK == Remove |

Figure 2-19: Water path outlet boundary condition
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3. Results and discussion

We obtain the velocity values (start solver) and visualization (ElmerPost) of

water in the pipe example that we maked:

1e+082 2-1e+002 3.1e+002
|

Velocity_abs

Figure 3-1: Elmer velocity color results (in m/s)

The velocity is changed as follows:

1e+002 Z2.1e+002 3.1e+002

Velocity_abs

Figure 3-2: Elmer velocity vector results in m/s

And the pressure is following the figure 3-3:
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-2.4et+004 -5.3e+003 1.4e+004
| | |

Pressure

Figure 3-3: Elmer pressure color results in Pa

The velocity and pressure values are maximum in the middle than it
decreases going towards the ends of the pipe and that because of friction of

pipe in the fluid which illustrated in figures 3-1, 3-2, and 3-3.

Now we introduce the incineration power plant design (pump-water tank) to

Elmer software in the following figure:

Figure 3-4: The studied design

The materialization of water makes us introduce the following design into

Elmer:
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Figure 3-5: Water path

Our study is difficult in a dual core personal computer; so we do the studies
in a quadcore server networked with the personal computer. We make study
in the server and move the result (files and figures) to the personal computer.
After we run the program with the finite element method, we obtain some

files shown below:

MName Date modified Type Size

7] caseep 18/8/201511:46 AM  EP File 1,564 KB
2] casesif 20/8/20151151 PM - SIF File 3KB
L egpraject 17/8/201511:02 AM XML File 95 KB
|| ELMERSOLVER_STARTINFO 20/8/201511:51 PM  File 1KB
|| mesh.boundary 18/8/201511:44 AM  BOUNDARY File 322KB
|_| mesh.elements 18/8/201511:44 AM  ELEMENTS File 431 KB
|| mesh.header 18/8/201511:44 AM  HEADER File 1KB
__| mesh.nodes 18/8/201511:44 AM  NODES File 161 KB
|| netgen.prof 20/8/201511:57 PM  PROF File 1KB
) water,FCStd 17/8/201511:02 AM ~ FCSTD File 11KB
E| water.msh 17/8/201511:02 AM ~ MSH File 1028 KB
|| waterstp 17/8/201511:02 AM ~ STP File T6 KB

Figure 3-6: Result files in EImer
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Case.ep is the file that contains the velocity and pressure values.
Case.sif is the file that contains the conditions introduced.

Mesh.boundary is the file that contains number of boundary elements, number of
elements belongs to the boundaries, the elements surround the boundary, type of

codes of the elements, and the nodes of elements.

Mesh.elements is the file that contains identification of the elements, body's material

of this element, type of code, nodes of element.

Mesh.header is the file that contains number of nodes, number of elements, and

number of boundary elements.

Mesh.node is the file that contains number of nodes, index of parallel execution

nodes, and the node coordinates.
Water.FCStd is the FreeCAD design file.
Water.stp is the gmsh design file.

And water.msh is the Elmer meshing file.['"!

We remember the coordinate system x,y and z:

The color of variable value of velocity and pressure illustration:
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Velocity_z
-568. -411. -254. -96.7 60.4
T [ I

Figure 3-7: Velocity variation z-component in m/s

This figure (figure 3-7) of velocity values z component shows that the blue
color identify the minimum value (or the value which the velocity is in
opposite direction) of velocity; then the value increases to reach the maximum

in the red color.

Velocity_x
-36.0 311. 658. 1.00e+003 1.35e+003
B D .

Figure 3-8: Velocity variation x-component in m/s

In the figure 3-8 we see the same result concerning the arrangement of color

but for the x-component of velocity.

And the same for the y-component in the figure 3-9 but we deduct that the

velocity_y is constant because the flow is following 2-directions x and z.
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Velocity_y
-39.2 -19.0 1.23 21.4 41.7
T .

Figure 3-9: Velocity variation y-component in m/s
So we should interest to the position of green, yellow, and red color for

velocity and pressure to know where study is should be fixed.

Moving to the pipe in figures 3-10, 3-11, and 3-12:

Velocity_x
-0.000259 10.4 20.8 31.3 41.7
L

Figure 3-10: Velocity variation x-component in m/s
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Velocity_y
-0.000151 10.4 20.8
BT

Figure 3-11: Velocity variation y-component in m/s

Velocity_z
28.4 37.8 47.3 56.7 66.1

Figure 3-12: Velocity variation z-component in m/s
Water flowing into the pipe following the z direction so the velocity in the x

and y direction are null and it is constant following the z direction.

Now we should show results for the complete path from the pump into the

water.
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Velocity_x
-16.4 0.528 17.5 4 51.3

Figure 3-13: Velocity variation x-component in m/s

The x-component of velocity for the path water is constant and negligible,

except in the corner where it reaches 51.3 m/s figure 3-13.

Velocity_y
-4.45e+011 -3.32e+011 -2.18e+011 -1.05e+011 8.40e+009
T TN - I

Figure 3-14: Velocity variation y-component in m/s

The velocity is in the opposite direction of y, except in a part of water tank

where it reaches 8.4*10"9 figure 3-14.
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Velocity_z
-1.96e+011 -1.47e+011 -9.81e+010 -4.91e+010 60.0

Figure 3-15: Velocity variation z-component in m/s

The velocity in the opposite of z direction, except in a part of water tank

where it is reaches 60 m/s figure 3-15.

We have to note that the pressure is constant in the all water path figure 3-16:

Pressure
-8.27e+005 -5.79e+005 -3.31e+005 -8.30e+004 1.65e+005
[ . _ T - [

Figure 3-16: Pressure variation in Pascal
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4. Conclusion and future work

Our study was to know the fluid flow pressure and velocity of a part of an
incineration power plant using finite element method. We investigated the
path of water and evaluated the velocity and pressure for the pipe which
feeds water from the pump to the pressure tank under conditions which we
introduced. We used FreeCAD to draw the design, then Gmsh for meshing
and at the end Elmer for solving (the fluid dynamic equations) and

visualizing (the resulting flow).

The velocity and pressure values that we obtain are necessary for knowing
the conditions of material used in the design, and for improvement of the

incineration power plant by adding a valve or vary the thickness.

It shall also be remarked that OpenFOAM can solve the CFD problem but our
study was limited in time, so the OpenFOAM study should be continued and
the correct command should be found so that we can insert the FreeCAD
design (or Gmsh meshing design) into OpenFOAM and solve it to find
velocity and pressure using the finite volume method, and visualize using

Paraview.

And we have to say that our study concerned the incompressible fluid flow,
so it is probably to change the condition of study and add the necessary
condition to study the compressible fluid flow for example. So our study is

open to use by another students to continue it.

And we have to know that our study is not just useful for the steam path to
incineration power plant, it is useful for any domain of fluid mechanic when
it is important to discretize the domain and obtain results which can use in

industrial applications.
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6. Annex

6.1. Annex 1: Planning in March 2015

129

ID Name Start Finish ‘ Apr2015| May 2015 | Jun 2015 |Jul 2015
09 23 06 20 04 18 01 15 29 13
| |MSThesis Ch. 3/9/2015|  3/9/2015 | | | |
: Ch1- Intro The incineration piltot plant TEMO-IPP and planned Tripoli-IPP 3/10/2015 3."18:’2015* | | |
Ch2:Basics  |CFD method description ( —u<i ) 3M17/2015|  4/6/2015 m
21 short description of FreeCAD nT015 4/6/2015 H
22 Fluid Dynamics Eq.s (Navier-Stokes, Euler Eq.) 3172015 4/6/2015 m
23 visualization with paraview 3/17/2015 4/6/2015 m
24 description of PDE INT2015 4/6/2015 H
25 discretization 3117/2015 4/6/2015 m
26 Grid transformation 3172016 4/8/2015 m
27 finite-difference solver (7.1) 72015 4/6/2015 m
28 finite volume solver 3/17/2015|  4/6/2015 H
29 finite element solver 3117/2015 4/6/2015 q
| cha:Contributi Development of the program TEMO-IPP_CFD 4/7/12015 6/9/2015 T
31 Specification of program TEMO-IPP_CFD 4/7/2015|  4/15/2015 *
32 VC++ User Interface for Program TEMO-IPP_CFD 4/14/2015)  4/22/2015 *
33 Implementation of grid creation using OpenFOAM packages 419/2015)  5M11/2015 —
34 implementation of F\V solver using OpenFOAM packages 5/10/2015|  5/31/2015 -
35 visualisation module (script calling of Paraview) 6/2/2015 6/9/2015 m
Ch 4: Results |Testing the program TEMO-IPP_CFD (ot 3 it Ea) 6/20/2015| 7/19/2015 v
4.1 Design of Tripoli-IPP vaporizer using FreeCAD 6/20/2015 6/27/2015 [ |
42 Computing FD of Tripoli-IPP vaporizer (init. param. for normal operating state of Tripoli-| ~ 6/28/2015]  7/13/2015 m
" |Ch 5: Conclusio Discussion of results (how to improve the vaponzer) 7122015 711972015 ‘ ‘ H
6.2. Annex 2: Updated Planning July 2015
MSThes 973205 9/3/2015 |
| Chi: It The incineration piltct plant TEMOAPP and planned Tripoli-PP 10732015 | 18/3/2015 |
" |chzB = CFD method description [ wU&) gy ) 17/3/2015| 6/4/2015 —
21 short description of FreeCaD 1773205 | B/A/205 q
22 Fluid Dynamics Eq s (Mavier-Stokes, Euler Eq.) 1773205 | 6/A/205 q
23 vigualization with paraview 1773205 | B/A/205 q
24 descrintion of POE 17032015 | 647205 q
25 discretization 1713205 | B/A4/2IE q
28 Girid tranisformation 17132058 | 64125 q
27 firite-difference sobver [7.1] 171302015 | BA2015 q
28 finite volume salver 17132005 BA/2IG q
23 finite: element sobver 1732005 BA/2NG ]
| Cch3.C = Development of the program TEMO-IPP_CFD 772015 | /7205 L4
3l Specification of program TEMD-IPP_CFD 7142015 | 15447205 |
32 YC++ User Interface for Program TEMOAPP_CFD 14/4/2M5 | 2244725 ]
33 Implementation of grd creation uzing gmsh 24/4/2M5 | 15//2015 ]
34 implementation of FY solver using OpenFOAM packages 18/8/2015 | 4/7/2015 ]
35 implementation of FE solver using Elmer pack ages 4732005 30477205 |
36 wigualization module [script caling of Paraview [ElmerPast) or Elm| - 30/7/2015 | 31/7/2015 1
|ch4: [ Testing the program TEMO-IPP_CFD [l o o8.b5 B 1/8/2015 | 18/8/2015 \
42 Computing FD of TripolidPP waporizer [irit.pararn. for nomal oper | 1/8/2015 | 18/8/2015 ]
| chE [ Discussion of results [(how to improve the vaporizer) 184872015 25/872015 -y
b i results 18/8/2015 | 28/8/205 L
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6.3. Annex 3: Tool chains used for CFD analysis

Chain of tools 1 used in TEMO-IPP_CFD

EreeCAD >

Ry A

h 4

Paraview OpenFOAM

lll OpenNvFOAM

Chain of tools 2 used in TEMO-IPP_CFD

FreeCAD >,

R

Paraview

I}
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6.4. Annex 4: Offers for 30 MW Steam Turbine and Pump

FOWER PLANTS
O REFINERIES
SALE & RELOCANON

P
.
LOHRMANN

Tounuszstr. Sa
45183 Wiezbaden/Gearmany

Tel. +49 (0) 611-50402-0 www.lohrmann.com
Fax +49 (0] 81 1-53402—50 infcr‘a'lohmagnn.com

For Sale: Pre-owned 30.2 MW Steam Turbine Generator
Extraction — Condensing Type

Ref.-No:

$1G-29.33

Brief piant history:

The steam wuroine Was part of 3 combined power commissioned In 1326
mmmmiganermgsszm%l&y: o

Description of major plant components:
Turbine

Manufacturer, Type

ABEB Turbinen NOmberg GmbH, VEE 40
Double exracton congensing turbing,
Typ= 4 Stages HP, 2 stages MP and 9 stages LP pan

Max. teminal power 30.2 MW

Number of exiractions! bieeders 1 poss 2 pes.

Live steam parameters 120 bar, 520 °C, 210 th

Bleeding 1 nomalimax. 36/ 41 Dbar, 365/415°C, mac 30th
Bleeding 2 nomMmalmax. 6/8.5bar, 170/333 °C, ma. 75th
Extraction nommalimax. 16/20.5 bar, 275/ 300 *C, max. 20 th
Exnhaust nomalmao. 0.027/0.08 bar, max. 13 °C

Rate max. 10.2/556¢h

Gaar Type spur g2ar, single helica
Parameaters 30.2 MW, 1500 rpm (from S859 rpm)
Generator Thres-phases

Parameter 37S00KVA, 10500V, SO Hz
Rotating speed 1500 pm

Cooing TEWAC

Congensar

Pressure inside condensar 0.05 /0073 bar

Cool. waxer 3000 m*h, 27 °C

Amount of steam 41/56th

Major auxiliary equipment / Accessories

Start system, lubrication system, hydraulic System, gears, and 3coUsHc enciosure

Prica:

Further Information on request

lmocdant Qiaclairer

ARNOUGS T talamarty and MCTTICH FREITAEOT Cortarec e are Delaonc 1o b mutern By scounste s of S e twesc! o
rpremertation Of wTarty = gven s %0 lhw scoumecy of any of Be rformeton provided  This docume st corters corfiderted
orraton Fiandec only for Be e of B socrseass. ¥ you are ol e rienced sscpierd of Sus rformation et pou are hersby
noSed It wy Uee, Shome ration Sxiibeton o reproduction of i meesege = e bibited

1029 55 Short

Page 1ot 1

Budget Price for STG 29.33: FOB 3.150.000 EUR (Offer from 12 Oct 2015)
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Series SIHImulti MSL, MSM

harizontal, multi-stage centrifugal pumps according to 1SO 5199 / EN 25199 for pressures up
fo 40/63 bar.

Flow rate: up to 450 m#*/h

Head: up to 630 m

http://www.sterlingsihi.com/cms/home/products-services/liquid-pumps/high-pressure-

pumps.html
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1.5 MW Turbine Design

1.5 MW Turbine Design

Based on Master Thesis of Malak Zoebi, 2016
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section 3

4 Lebanese university
" Faculty of sciences

Design, Regulation and Test of an enlarged
turbine (1.5 MW electric power) for a waste
incineration power plant TEMO-IPP

Presented and defended by Malak Abdel-salam Zoebi

Supervisor: Samir Mourad

Reviewers: Bilal Taher
=Hipiutioe Louay Al Soufi

On Saturday 1 October 2016

134



1.5 MW Turbine Design

Plan

= |nfroduction

= Methods and calculation
» Detailed design

= Confrol

= Resultsand discussion

» General conclusion

Infroduction

What is/are 2

= Turbomachinery

= A steam turbine

» The parts of a steam turbine
= |fs types
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Methods and calculation

Installation of power plant

|.  Superheated steam Il. Saturated steam
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Methods and calculation

Values of some characteristics parameters

For a superheated steam: For a saturated steam:

» Flectricpower: 1.5 MW; » Flectricpower: 1.5 MW;

» FElectric efficiency:96 %; » Flectric efficiency: 96 %;

=» Mechanic efficiency: 95 %; » Mechanic efficiency: 95 %;

» |nternal efficiency of the steam » |nfernal efficiency of the steam
turbine: 90 %; turbine: 90 %;

= Enfry pressure: 14 bars; -
» entry temperature: 250 °C; -
= pressure in the condenser: 12 kPa. -

Entry pressure: 14 bars;
entry temperature: 195 °C
pressure in the condenser: 1 bar.

Methods and calculation

Rankine cycle

I. Superheated steam Il.

Saturated steam

T(o)

Temperature T

S (kJ/(kg)(K))|
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Methods and calculation

Efficiency (after calculation of enthalpy for each point)

Superheated steam Il. Saturatedsteam

= Net work _ AWyt e Net work _AWhet
! Quantity of steam additional Q ! Quantity of steam additional Q
_ (ha—h5)+(1—1i1y) (Rs—hs)—[(1—111y ) (Re—hs) +(Ns—N7)] _Wr-Wp
(ha—hg)+(1—1i11)(ha—hs) T
=26.26 % —(ha=ho)—(h4=h3)
(h1—hy)
=16.89%

Methods and calculation

Mass flow

|. Superheatedsteam Il. Saturatedsteam

Q7n=2-402 kg/s Q771:3.996 kg/s
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Methods and calculation

Velocity diagram

. A

Methods and calculation

Calculate of velocities and

angles

Equations utilized for this calculation:

-y =V(2 x Ahf). - ""FUS‘S:(I;GJ-
(Equation 1) (Equation 4)

™ vp=m D N=mn(D;+1)XN. = v,~2=\/(2 X Ahm + v, ?).
(Equation 2) (Equation 5)

= tan <I>1=vv“xszwlvg. » cosy; = 2.

Vs, XCOs 6, — ” 2

(Equation 3) ELREIERTE

— T
L d Vs, =Vr, X cos (5 == }’1)
(Equation 7)
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Methods and calculation

Parameter 2t Value
I. Superheatedsteam b E) S
» first sfcge-ﬁrsf porf delta H of first part (KJ/Kg) 130.667265
delta H of second part 236.370375
percentage of fixed blades 0.1
percentage of moving blades (KJ/Kg) 0.9
delta h fixe of first part (KJ/Kg) 13.0667265
delta h mobile of first part (KJ/Kg) 117.6005385
Vs1 (absolute velocity)(m/s) 161.6584455
diameter (m) 0.3
N (round per minute) 3000
VB (velocity of blade) (m/s) 50.57964172
tetal (degree) 30
tan ¢1 0.803920925
&1 (rad) 0.73497714
&1 (degree) 42.11108818
Vrl (relative velocity)(m/s) 120.5380481
51 (degree) 90
Vr2 121.5097614
cos(Y1) 0.416259905
o Yi(rad) 1.141468303
Yl(degree) 65.40131623
Vs2 110.4822247

Methods and calculation

Parameter nd Value
|. Superheatedsteam debit (kg/s) =] 2.402
= delta H of first part (kJ/kg) 130.667265
= Second quge-flrsT pGrT delta H of second part (k)/kg) 236.370375
percentage of fixed blades 0.1
percentage of moving blades 0.9
delta h fixe of first part (kJ/kg) 13.0667265
delta h mobile of first part (kl/kg) 117.6005385
Vs3 (absolute velocity)(m/s) 161.6584455
diameter (m) 0.3
N (round per minute) 3000
VB (velocity of blade) (m/s) 52.93583621
teta 2 (degree) 30
tan 2 0.928383409
$2 (rad) 0.748277074
$2 (degree) 42.87311825
Vr3 (relative velocity)(m/s) 118.8006215
52 (degree) S0
Vr4 119.7864298
cos(¥2) 0.441918474
Y2(rad) 1.113060142
Stadmi Y2(degree) 63.77364849
Vs4 107.4550418
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Methods and calculation

Parameter i Value
[. Superheatedsteam debit (Kg/s) 2.402
. delta H of first part (KJ/Kg) 130.667265
= First s'roge-second por’r deltaH of second part 236.370375
percentage of fixed blades 0.05
percentage of moving blades (KJ/Kg) 0.95
delta h fixe of second part (KJ/Kg) 11.81851875
delta h mobile of second part (KJ/Kg) 224.5518563
Vs1(absolute velocity)(m/s) 153.7434145
diameter (m) 0.3
N (round per minute) 3000
VB (velocity of blade) (m/s) 62.36061417
teta 1(degree) 30
tan ¢1 1.085987302
$1(rad) 0.826596232
$1 (degree) 47.36047547
Vrl (relative velocity)(m/s) 104.49779
51 (degree) 90
vr2 106.6250057
cos(Y1) 0.584859187
Y1{rad) 0.946089879
Y1(degree) 54.20695713
Vs2 86.48725706
Methods and calculation
Parameter |2l Value
|.  Superheatedsteam debit (ke/s) 2.402
delta H of first part (ki /kg) 130.667265
» Second stage-second part delta Hof second part (ki/kg) 236.370375
percentage of fixed blades 0.05
percentage of moving blades 0.95
delta h fixe of second part (kJ/kg) 11.81851875
delta h mobile of second part (kJ/kg) 224.5518563
Vs3 (absolute velocity)(m/s) 153.7434145
diameter (m) 0.3
N (round per minute) 3000
VB (velocity of blade) (m/s) 87.4933554
teta2 (degree) 30
tan 2 1.683850052
&2 (rad) 1.034891117
&2 (degree) 59.29489323
Vr3 (relative velocity)(m/s) 89.40579501
52 (degree) 90
Vréd 91.8830773
cos(Y2) 0.952224914
Y2(rad) 0.310355982
Stacipic Y2(degree) 17.78208789
Vsd 28.06087408
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Methods and calculation

Il. Saturatedsteam S —1 Value [
debit (Kg/s) 3.996
= Firststage delta h fixe (KJ/Kg) 100.6
delta h mobile (KJ/Kg) 99
Vs1(absolute velocity)(m/s) 448.5532298
diameter (m) 0.15
N (round per minute) 3000
VB (velocity of blade) (m/s) 28.11725425
tetal (degree) 30
tan 1 0.622400634
&1(rad) 0.556727924
&1 (degree) 31.89816041
Vrl (relative velocity)(m/s) 424.4358699
51 (degree) 90
Vr2 424.6690566
cos(Y1) 0.066209802
Y1(rad) 1.504538054
Steam furbine design T1(degree) 86.20368064
Vs2 423.7372153
Methods and calculafion
Il.  Saturatedsteam
Parameter A Value
= Second stage debit (kg/s) 3.996
delta hfixe (kl/kg) 106.7
delta h mobile (kl/kg) 95.4411
Vs3 (absol ute velocity)(m/s) 461.9523785
diameter (m) 0.15
N (round per minute) 3000
VB (velocity of blade) (m/s) 30.94468764
teta2 (degree) 30
tan 2 0.625751954
2 (rad) 0.559139864
¢2 (degree) 32.03635434
Vr3 (relative velocity)(m/s) 435.4284738
52 (degree) 90
Vrd 435.6476076
cos(12) 0.071031465
T2(rad) 1.499704995
Steamfurbine design Y2(degree) 85.92676673
Vsd 434.5471946
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Methods and calculation

|. Superheatedsteam
(velocity diagram)

= First part of steam turbine = Second part of steam turbine

Methods and calculation

II.  Saturatedsteam

(Velocity diagram)
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Methods and calculation

Condition curve for a two-stage reaction turbine,
drawn on the Mollier (enthalpy-entropy) chart.

Methods and calculation

Calculate the height of the blades

» Second degree’s equation

mD;C

2 mDic; o
ml? + 2], — §,=0 J
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Methods and calculation
Calculate the height of blades

|. Superheatedsteam

» first stage-first part

Parameter B Value L%
v(specific volume)(m3/Kg) 0.2875
Qv (volume flow rate) (m?/s) 0.690575
St(total section)(cm?) 56.83288254
distance per blades (cm) 2.9
e width (cm) 3.2
Diameter (cm) 30
2752 A 2721.789507
height of blade (cm) 1.172088793
height (m) 0.011720888

Steam turbine design

Methods and calculation
Calculate the height of blades

|. Superheatedsteam

» second stage-first part

Parameter B Value >
, v(specificvolume)(m?/Kg) 0.571152

Qv (volume flow rate) (m?/s) 1.371907104
St(total section){(cm?) 114.529426

l.n distance per blades (cm) 2.4879

width (cm) 3.0193

Diameter (cm) 30

A 3252.004625
height of blade (cm) 2.299714521
height in (m) 0.022997145

Steamfurbine design
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Methods and calculation
Calculate the height of blades

|. Superheatedsteam

» First stage-second part

Parameter ~ |Value
v(specificvolume)(m?3/Kg) 2.226115
Qv (volume flow rate) (m3/s) 5.34712823

St(total section)(cm?) 501.4891391
distance per blades (cm) 0.7474
width (cm) 3.2336
Diameter (cm) 30
A 6614.984697
height of blade (cm) 10.12835175
height (m) 0.101283518

Methods and calculation

Calculate the height of blades

|.  Superheatedsteam

= First stage-second part

Parameter Bl Value | ¥
v(specific volume)(m?/Kg) 10.499588

Qv (volume flow rate) (m3/s) 25.22001038

St(total section)(cm?) 2744.793831
distance per blades (cm) 3.9376
width (cm) 3.737

Diameter (cm) 30

A 36830.36273

heightof blade (cm) 22.84776811

height (m) 0.228477681
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II.  Saturatedsteam

» First stage

Methods and calculation

Calculate the height of blades

Parameter Bl Value |~
v(specificvolume)(m?/Kg) 0.379
Qv (volume flow rate) (m3/s) 1.514484
St(total section)(cm?) 35.66268734
distance per blades (cm) 0.2059
width (em) 0.9559
Diameter (cm) 15
A 517.8986253
height of blade (cm) 2.292763033
heightinm 0.02292763
Methods and calculation
Calculate the height of blades
ll.  Saturatedsteam
= second stage
Parameter 2% | Value ¥
v(specificvolume)(m?/Kg) 1.262
Qv (volume flow rate) (m3/s) 5.042952
St(total section)(em?) 115.7575966
distance per blades (cm) 0.2356
width (cm) 0.8905
Diameter (cm) 15
e A 1551.855692
height of blade (cm) 4.700553704
heightin m 0.047005537
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Detailed design

Superheated steam

Spanwise direction

=» Blade design Blade tip

Suction side
Pressure side

Leading ledge.

ke Y

‘:/Trailing edge

Arcwise direction

(suction side) Arcwise direction

(pressure side)
Flow direction
Steamturbine design
Detailed design
I. Superheatedsteam
» Blade design /
blade for first stage- blade for second stage-
first part first part

blade for first stage- blade for second stage-
second part second part

Steam furbine design
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Detailed design

Superheated steam

= Shaft design

Detailed design

Superheated steam

» Shaft design

3160 480
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Detailed design

I. Superheatedsteam

» Stator design

Detailed design

|. Superheatedsteam

» Stator design
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Detailed design

I. Superheatedsteam

=» Rotor design

0 LELEG LR N
== = |

Detailed design

|. Superheatedsteam

= Stator, rotor, shaft
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Detailed design

[I.  Saturatedsteam

= Blade design

Detailed design

II.  Saturatedsteam

= B|ade design
First stage Second stage

22.942
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Detailed design

Saturated steam

= Stator and rotor design

Detailed design

II.  Saturatedsteam

= Design with their cover
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Detailed design

Il.  Saturatedsteam

» Case design

Detailed design

Il.  Saturatedsteam
=» Case with blades and shaft
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Detailed design

Il.  Saturatedsteam

= The entire design

Exhaust
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Control

Governor Steam conftroller

Control

Steam controller designed in Free CAD
| | : &
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Results and discussion

General conclusion

We need more time for manufacturing and it is expansive
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Any questions ?
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sem REQVIEW-NEEDS:ReqView Business Needs
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M Contents * ID = Description
1 Introduction B - |NEEDS-2 .
1 Introduction
1.1 Purpose
1.2 Intended Audience | "FTUT % 1.1 Purpose
and Reading This is a demo document describing business needs for
Suggestions development of ReqView Desktop tool. The document is not
complete.
2 User Roles S . :
i 1.2 Intended Audience and Reading
2.1 Requirements
Architect Suggestions
2.2 Editor The target audience for this document are new ReqView users
evaluating ReqView and learning how to gather and manage
2.3 Reviewer requirements in ReqView.
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(Turbine) ow el 19

FreeCAD aoli s o8 psouci 79. 7

D:\NLAP\NLAP-
FreeCAD_DATABASE\TURBINE\1.5MW_14bar_195C\ turbine_integration
\071216-NLap-1.5 MW Plant_steam turbine.FCStd

19.2 Parts and costs of our 1.5 MW steam turbine

R

071216-NLap-1.5
MW Plant_steam turb

Name 3D design sie asliall uf Material o
How it is
] ..“ manufactured - 1 ..S‘
i ol RESN]
#pieces
FB-FS* | Figure 22 CNC Stainless steel 50%
1 machine

o 2 FB-FS: Fixed blades for the first stage.
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FB-SS* | Figure 23 CNC Stainless steel 50%
2 machine
MB-FS* | Figure 58 CNC Stainless steel 50%
3 machine
MB-SS> | Figure 58 CNC Stainless steel 50%
4 // machine
Outer | Figure 1 CNC
cylinder 5 machine
for FB-
FS
Outer | Figure 1 CNC
cylinder 6 machine
for FB-
SS

e 3 FB-SS: Fixed blades for the second stage.
e ¢+ MB-FS: Moving blades for the first stage.
¢ 5 MB-SS: Moving blades for the second stage.
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CNC
machine

CNC
machine

CNC
machine

Inner | Figure
cylinder 7
for FB-
ES
Inner | Figure
cylinder 8
for FB-
SS
Cylinder | Figure
for MB- 9
FS
Cylinder | Figure
for MB- 10
SS
Bearings | Figure
11

CNC
machine

CNC
machine

165




(Turbine) )

Case Figure 1 CNC
(upside) 12 machine
Case Figure 1 CNC
(down 13 machine

side)
Shaft | Figure 1 CNC
14 machine

Note: that cost is without the material only for the CNC machining.

Figure 17

166



NLAP 1.5 MW Incineration Power Plant, Technical&Business Specification

Figure 18

Figure 19

Figure 20
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Figure 21

Figure 22
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Figure 23

Figure 24
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Figure 25

Figure 26
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Figure 27

Figure 28
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Figure 29

Figure 30

19.3 FreeCAD 2D Drawings of Turbine for manufactoring

19.3.1 Drawing a FreeCAD 3D object to 2D

Follow those step to obtain it:

1 Select in “Start “menu, the part section.
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3

n FreeCAD
File Edit View Tools Macro
Comba View

Model Tasks

Windows Help

- |

I:’ Start

R <none:
3 Arch
'ﬁ' Complete

Create simple copy of the object that was designed, or import an exported file of a

Labels & Attributes

Application
E Unnamed

Part Measure

Free CAD.

h FreeCAD

| File | Edit View Tools Macro
Mew Ctri+M

& Open. Ctrl+O
Close Ctrl+W
Close All

F  Save Ctrl+5

¥, Saveds..
Import... Ctrl+1
Export... Ctrl+E
Merge project...

2 Project information...

b | Print... Ctrl+P
Print preview..,
Export PDF...
Recent files L

Bs Exit Ale+Fa

-

SOMNT T

i Draft
Drawing

ﬁa Fem

&g Image

h Inspection

My Mesh desian

& OpensCAD

Part Design

Plot

B Paoints

il Raytradng

fa Reverse Engineering
[ B .

Windows Help

= |WPrart

Select “Edit” in the toolbar, copy then paste. (After selecting of the object).
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P

File | Edit | View Tools Macre Part  Measure  Windows Help

™ Undo Ctrl+Z - TP . Fa—f -Part
*  Redo Ctrl+Y 'y ‘:. t ﬁ i
i o Cut Ctrl+X B &
Combq | Copy Ctrl+C & %
Mad D Paste Ctrl+V
b Duplicate selection
Appli
4 fe Refresh F5
;“ Box selection Shift+B
B3 SelectAll
== Delete Del
Placement...
Alignment...
% Toggle Edit mode
#  Preferences ...

4 Select in Start menu, the “drawing” section.

P

File Edit View Tools Macre Part Measure Windows Help

[ WEE & FHE &-2- h"ﬂ“ =
<none >
ST 1 W
HEAAQe I B @ N
Complete
Zombo View Draft
Model Tasks
- & Fem
Labels & Attributes & Image
Application R Inspection
4 E Unnamed ~ Mesh design
@ blade 2 &} OpenSCAD
Part
Part Design

_ Plot

EL Points

i@l Raytracing

fa Reverse Engineering
= Robot

‘= ship

@ Sketcher

B2 spreadshest
s Start

T Test framework
Property Value & web

5 Select “A3” then “A3 Landscape”.
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7

h‘ FreeCAD
File Edit View Tools Macro Drawing Windows Help

| - .h .L =t g k| D h ~ & Drawing -
Lsl@o®msme &

Combo 25 A3 Landscape
Model| 24 A4 Landscape

Labels & Attributes

Application

4 E Unnamed
B blade 2

Double click on the folder named “page” in the left, =»data” in dowregP 3
points in left of “Editable Texts” then you can change texts in the option pane. (Then

it is changed in the rectangle down).

h FreeCAD @l
AUTHOR. NAME
CREATIOM DATE
SUPERVISOR. NAME
CHECK DATE
SCALE
WEIGHT
MNUMBER
SHEET
TITLE
SUBTITLE
Select the part and the page in the left together (by CTRL), insert an

orthographic projection of a part in the active drawing.
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m

File Edit View Tools Macro Drawing Windows Help

(B RE % OO 5 22
 s-pEEO=Eme &

Combo View [ Insert an orthographic projection of a part in the active drawing h
Model | Tasks |
Labels & Attributes

Application
4 E Unnamed
W blade 2

[ Page

Choose Z +ve, in view form, and then put the right symbol in two cases.

Model | Tasks
[E7) Orthographic Projection A
Projection Third Angle - - r
v
ekl b
- 3
Secondary Views ‘

oEQ
QoEEO
oo
&
\
\

I

General | Axpnomefric b

Auto scale [ position

:
Topleftx [y 75,0045 95,5993
Spacing dx / dy 89,5945 112.842

Show hidden

>

Show smooth H G

You can insert a new view, then change the placement of the view according to the

placement of the others.

 m{@E®EE e X
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10

Property Value |-
Label View(03

Drawing view
Line Width 035
Hidden Width 0.15

Tolerance 0.05
FO 100 g
¥ 10.00 | M
Scale 1.00
Rotation 0.00

Shape view
[> Direction [0.00 0.00 1.007 i

In the start menu, use the “sketcher” for putting any lines or other, then you can put
it on the drawing sheet by select an icon in the draft section. (After selection the
“page” and the “sketcher” together). And also you can inserts an annotation (after

selection of the objet and page together).

EVIORTR W R0
;I_I[EI,@@BEJ& ;

Combo View [ Inserts an Annotation view in the active drawing l

Model Tazks

Labels & Attributes H

You obtain as this (for example):

1 iy

.......

ALTHOR MAME 1

s

(CREATION DATE TITLE al I

TR B

SRS OR MAME SLETITLE L]

. Pl _

CHE DaTE

e E -
A3 ol .

T WTRF T T T G _

BoME  |WEGHT MUMEER E== i ]

e e T T R T e T T e Al
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19.3.2 2D drawings of our 1.5 MW turbine

Name

2D Drawing

w o | © ‘ @ ‘ <
Fixed blade for first stage (Dimensions in mm)
5[
- 6.27| ™~
]
[ =
~
& 10
I 5.14
o L
BN
9.91
T
FS B
w ol
(Gt oare -
R RBy:
b o [ Geer [
I @ i i | F B T x
| @ | v w | = | B = | <
f
1p.
Filak Zoeti :
9.91 [Fi2-2016 FB Ll —
[Sartr Meurag Second stage L
|EHEcx paTe —
A3 |1 Ry:
e aumoes, secr [{[ |
T ‘ ‘ T e T
| @ | w w a | o | ® | <
11.21 [| |
53.85
5.14
|1D
22 62| o :
(12208 Moving blade ]
15 | P :
[CriEcK DATE -
A3 |
e pur f
- ST =

178




NLAP 1.5 MW Incineration Power Plant, Technical&Business Specification

- | © | w | w | o | o | o | <
Moving blade-second stage
same dimensions as MB-FS but different height of blades
-
159
[Pl Zoeti 1 I
S0t Moving blade e
S Mourad Second stage. o
o e
- A3 |€
H T G I | 3 A
= | o | w | w | a | © | @ <
Dimensions in mm
It is cutted by the same shape of FB_root
o
Outer cylinder
— lﬁ—
Outer cylinder for FB -
Fist soge e
scue fumonr e
- | - r | e R .
= ° w | w | a | o | o <

Outer cylinder
for FB-SS

400

Dimensions in mm (diameter)
It is cutted by the same shape of FB _root

Quter cylinder for FB
secona 00
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Inner cylinder
for FB-FS

Inner cylinder
for FB-SS

Cylinder for MB

| @ | w ‘ a = | @ | <
S
[ d
— A
= G
® Y
=
I
by
2 /
. \\
s E ( I )
<
a
7 L /
Y 100.4 /
& \
14 _—
It is cutted by the upe side of FB shape
2 It is same as the inner cylinder of FB for the first stage but cutted by different number of blades
Z =
- Inner cylinder for FB L
— -~ st g -
iccoare I
FIEE [ C—
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| @ v e o | o <
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&
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Bearings

T

i

Case (upside)

920

851.2

Case (down
side)

—299 mm—

]

N\

920 mm

—— 600mm  ——

il
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19.4 Steam system parameters for a 2MW Turbine (14 bar, 195°C)

Main Steam Turbine Calculator [watchtuforial] [view auide
About Calculates the energy generated or steam outlet conditions for a steam turbine.
Preferences Solve for: WARNING:
Glossary Outlet Properties v - Inlet Steam Contains Condensate
Resources - Steam Condensing in Turbine
) Inlet Steam
Tutoriats . ) Inlet Steam Mass Flow | 5502.0 klbhr
Properties Calculators: Pressure 200 psig
. Pressure 200.0 psig Sp. Enthalpy 356.8 btudbm
Saturated Properties | Temperature v |‘ |333 =
Steam Properties Temperature 3830°F Sp. Entropy 0.545 btudbmiR
Turbine Properties
Equipment Calculators: Phase Liguid Energy Flow 1,963.2 MMBiuhr
Boiler Selected Turbine
Property
eatLoss Isentropic Effici 300 %
; ; * sentropic Efficiency !
Frach Tank Isentropic Efficiency %
. Energy Out 13.6 MMBtuhr
PRV wi Desuperheating Generator Efficiency * %
Generator Efficiency 50.0 %
Header Power Out * 2000 kW
Power Out 2,000.0 kW
Deaerator Outlet Steam
S IUTCLS Pressure* psig
Steam System Modeler Outlet Steam Mass Flow 5,502.0 kib/hr
* Required Enter| [resef
Pressure 30.0 psig Sp. Enthalpy 354 3 btudbm
Examples: Mouwse Over Temperature 2740 °F Sp. Entropy 0.553 btudbmiR
Saturated 012 Energy Flow 1,949 5 MMBtudhr

Calculation Details and Assumptions below

Required steam: about 2500 kg / hour.

19.4.1 Calculation details

Step 1: Determine Inlet Properties . . .
sing the Steam Property Calculator, properties are determined using Inlet Pressure and the selected second parameter (Temperature,
Specific Enthalpy, Specific Entropy, or Quality). The Specific Enthalpy is then multiplied by the Mass Flow to get the Energy Flow:

» Pressure = 200.0 psig
« Temperature = 383.0 °F
» [Steam Property Calculator] == Specific Enthalpy = 356.8 bifu/dbm

« Inlet Energy Flow = Specific Enthalpy * Mass Flow
[ Inlet Energy Flow = 1,963.2 MMBtu/hr = 356.8 bfudbm * 5,502.0 Kb/hr ]

Step 2: Calculate Ideal Outlet Properties (Inlet Entropy equals Outlet Entropy)
= Pressure = 30.0 psig

= Specific Entropy = 0.545 bfulbm/R
s [Steam Property Calculator] == Specific Enthalpy = 348.5 btu/dbm

Step 3: If solve for ‘Isentropic Efficiency’, Determine Qutlet Properties
Using the outlet specific enthalpy, calculate the isentropic efficiency:

* lIsentropic Efficiency = (Inlet Specific Enthalpy - Outlet Specific Enthalpy) / (Inlet Specific Enthalpy - IDEAL Qutlet Specific Enthalpy)
Step 3: If solve for "Outlet Properties’, Determine Qutlet Specific Enthalpy

1. Isentropic Efficiency = (Inlet Specific Enthalpy - Outlet Specific Enthalpy) / (Inlet Specific Enthalpy - IDEAL OQutlet Specific Enthalpy)

2. Isentropic Efficiency * (Inlet Specific Enthalpy - IDEAL Outlet Specific Enthalpy) = (Inlet Specific Enthalpy - Outlet Specific Enthalpy)

3. Qutlet Specific Enthalpy = Inlet Specific Enthalpy - Isentropic Efficiency * (Inlet Specific Enthalpy - IDEAL Outlet Specific Enthalpy}
[Outlet Specific Enthalpy = 354.3 bfu/lbm = 356.8 btu/bm - 30.00 % * (356.8 biuibm - 348.5 btu/bm))]

Using the outlet specific enthalpy, calculate the outlet properties:

s Pressure = 30.0 psig
s Specific Enthalpy = 3543 btw/ibm
« [Steam Property Calculator] == Temperature = 274.0 °F

Step 4: Calculate Steam Turbine Energy Out and Generation (Power Out)

* Energy Out = (Inl&t Specific Enthalpy - Qutlet Specific Enthalp'j} * Mass Flow
[Energy Out = 13.6 MMBtu/hr = (356.8 bfwibm - 354.3 btu/dbm) * 5,502.0 Kb/hr]

* Power Out = Energy Out * Generator Efficiency
[Power Out = 2.000.0 kW =13.6 MMBtuwhr* 50.00 %l
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19.5 Competetors: Backpressure Steam Turbines (500kW, 3 MW, 15 MW): Cost
($/kW) and Performance Characteristics

System

Steam Turbine Parameters® 1 2 3
Nominal Electricity Capacity (kW) | 500 3000 15000
Typical Application Industrial, Industrial, Industrial,

PRV universities,hospitals | universities,

application hospitals
Equipment Cost ($/kW)” 668 $ 401 $ 392 %
Total Installed Cost ($/kW)? 1136 $ 682 $ 666 $
O&M Costs’ 0.010 $ 0.009 $ 0.006 $
Turbine Isentropic Efficiency (%) | 52.5 % 61.2 % 78.0 %
Generator/Gearbox Efficiency (%) | 94 % 96 % 96 %
Steam Flow (lbs/hr) 20050 152600 494464
Inlet Pressure (psig) 500 600 700
Inlet Temperature (° Fahrenheit) 550 575 650
Outlet Pressure (psig) 50 150 150
Outlet Temperature (° Fahrenheit) | 298 373 379.7
CHP System Parameters 1 2 3
Boiler Efficiency (%), HHV 80 % 80 % 80 %
Electric Efficiency (%), HHV" 6.27 % 4.92 % 7.31 %
Fuel Input (MMBtu/hr) 27.2 208.3 700.1
Steam to Process (MMBtu/hr) 19.9 155.7 506.8
Steam to Process (kW) 5844 45624 148484
Total CHP Efficiency (%), HHV2 79.60 % 79.68 % 79.70 %
Power/Heat Ratio!? 0.086 0.066 0.101
Net Heat Rate (Btu/kWh)' 4541 4540 4442

¢Characteristics for “typical” commercially available steam turbine generator systems provided by Elliott
Group.

"Equipment cost includes turbine, gearbox, generator, control system, couplings, oil system (if required),
and packaging; boiler and steam system costs are not included.

SInstalled costs vary greatly based on site-specific conditions; installed costs of a “typical” simple
installation were estimated to be 50-70% of the equipment costs.
“Maintenance assumes normal service intervals over a 5 year period, excludes parts.

10The Isentropic efficiency of a turbine is a comparison of the actual power output compared to the ideal,
or isentropic, output. It is a measure of the effectiveness of extracting work from the expansion process
and is used to determine the outlet conditions of the steam from the turbine.

11 CHP electrical efficiency = Net electricity generated/Total fuel into boiler. A measure of the amount of
boiler fuel converted into electricity.

12Total CHP efficiency = (Net electricity generated + Net steam to process)/Total fuel into boiler.
13Power/Heat Ratio = CHP electrical power output (Btu)/useful heat output (Btu).

“Net Heat Rate = (total fuel input to the boiler - the fuel that would be required to generate the steam to
process assuming the same boiler efficiency)/steam turbine electric output (kW).
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Effective Electrical Efficiency (%), | 75.15 75.18 76.84
HHV
Heat/Fuel Ratio®® 0.733 0.748 0.724

Equipment costs shown include the steam turbine, gearbox, generator, control system, couplings,
oil system (if required), and packaging. Installed costs vary greatly based on site-specific
conditions. Installed costs of a “typical” simple installation were estimated to be 50-70 percent of

the equipment costs. Boiler and steam system costs are not included in these estimates.

19.5.1 Performance Losses

Steam turbines, especially smaller units, may leak steam around blade rows and out the end seals.
When the turbine operates or exhausts at a low pressure, as is the case with condensing steam
turbines, air can also leak into the system. The leakages cause less power to be produced than
expected, and the makeup water has to be treated to avoid boiler and turbine material problems.
Air that has leaked needs to be removed, which is usually done by a steam air ejector or a fan

removing non-condensable gases from the condenser.

Steam turbine applications usually operate continuously for extended periods of time, even
though the steam fed to the unit and the power delivered may vary (slowly) during such periods
of continuous operation. As most steam turbines are selected for applications with high duty
factors, the nature of their application often takes care of the need to have only slow temperature
changes during operation, and long startup times can be tolerated. Steam boilers similarly may

have long startup times, although rapid start-up boilers are available.

19.5.2 Maintenance

Steam turbines are very rugged units, with operational life often exceeding 50 years. Maintenance
is simple, comprised mainly of making sure that all fluids (steam flowing through the turbine and
the oil for the bearing) are always clean and at the proper temperature with low levels of moisture
or high steam quality or superheat. The oil lubrication system must be clean and at the correct
operating temperature and level to maintain proper performance. Other items include inspecting
auxiliaries such as lubricating-oil pumps, coolers and oil strainers and checking safety devices

such as the operation of over speed trips.

In order to obtain reliable service, steam turbines require long warm-up periods so that there are
minimal thermal expansion stress and wear concerns. Steam turbine maintenance costs are
typically below $0.01/kWh. Boilers and any associated solid fuel processing and handling
equipment that is part of the boiler/steam turbine plant require their own types of maintenance
which can add $0.02/kWh for maintenance and $0.015/kWh for operating labor.

1sEffective Electrical Efficiency = (Steam turbine electric power output) / (Total fuel into boiler — (steam to
process/boiler efficiency)). Equivalent to 3,412 Btu/kWh/Net Heat Rate.

* For typical systems available in 2014.
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One maintenance issue with steam turbines is that solids can carry over from the boiler and
deposit on turbine nozzles and other internal parts, degrading turbine efficiency and power
output. Some of these are water soluble but others are not. Three methods are employed to remove
such deposits: 1) manual removal; 2) cracking off deposits by shutting the turbine off and allowing

it to cool; and 3) for water soluble deposits, water washing while the turbine is running.

An often-overlooked component in the steam power system is the steam (safety) stop valve, which
is immediately ahead of the steam turbine and is designed to be able to experience the full
temperature and pressure of the steam supply. This safety valve is necessary because if the
generator electric load were lost (an occasional occurrence), the turbine would rapidly over speed
and destroy itself. Other accidents are also possible, supporting the need for the turbine stop valve,

which may add significant cost to the system. (4)

19.5.3 Steam Turbine Lubricating oil Characteristics

Mostly turbine of steam power plant may have its rotational 3000 rpm to produce required power.
Due to friction the temperature of bearing, rotor may increase which, combined with other factors,
may leads to the failure of bearing hence produce a serious damage to turbine and plant. Plant
stability, production depends on the turbine and turbine stability depends on bearing life as
bearing will always be damage first. This causes the shutdown of power plant and hence gives a
loss of money. Lubricant has vast effect on the life of bearing that's why much care should be
given while selecting it. We are going to be familiar with some of the properties, a lubricant should
have. (5)

19.5.3.1 Background

For the turbine shaft to move freely, it rides upon several lubricant-filled bearings. These bearings
are usually simple bearings into which the lubricating oil is pumped under high pressures. The oil
lubricates the bearing through hydrodynamic lubrication. The bearings and the shaft are separated

by a pressurized film of oil to prevent any metal-to-metal contact.

Figure 3 is a simple illustration of the general components and travel route of turbine oil in a steam

turbine lubrication system.

Along with providing lubrication to the shaft bearings, the lubricant also lubricates the oil pump,
and in some systems is used as a turbine control fluid in the hydraulic governing system. Many
steam turbines have an isolated governing system that contains its own fluid. In order to ensure
that the high-pressure lubricant is properly supplied to the bearings, it is pumped from an oil tank
(reservoir), through an elaborate system of flow control valves, an oil cooler, through the bearing,
and finally back to the oil tank.

The oil is constantly agitated as it circulates through the system. This agitation is important to note,

as it provides both benefits and challenges for the oil during its lifetime in the turbine.
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Turbine

Low-Pressure
Bearing

High-Pressure
Bearing

To Governing System

T — | Qil Cooler 1 l
Relief Valve

Reducing Valve

LS ta—

Oil Pump

M

Oil Tank

Figure 31: Steam turbine lubrication system (6)

19.5.4 Viscosity

The journal and thrust bearings of steam turbines require lubrication. Oils having higher viscosity
provide a greater margin of safety in the bearings. However, its friction losses are high. In high-
speed turbines, the heat generation becomes significant. Most oils used in this service have
International Organization for Standardization (ISO) viscosity grade 32. Higher viscosity is used in
some applications, ISO viscosity grade 46 (41.4 to 50.6 CST at 40°C). (5)

19.6 Turbine bearing

19.6.1 Introduction

Bearings are used to prevent friction between parts during relative movement. In machinery they
fall into two primary categories: anti-friction or rolling element bearings and hydrodynamic
journal bearings. The primary function of a bearing is to carry load between a rotor and the case
with as little wear as possible. This bearing function exists in almost every occurrence of daily life
from the watch on your wrist to the automobile you drive to the disk drive in your computer. In

industry, the use of journal bearings is specialized for rotating machinery both low and high

speed.

The purpose of using the bearing C’ )’:13‘ le oL

Seals: we use it for not moving right or left L,C* ‘)!) NIERY BN &.;5 Lekarios
Journal bearings: Maintain orthogonally 4y elasl] Lfl"’ sl
Thrust bearings: Keeps the pivotal iy, }5;:‘ ‘.SL" sl
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Outer thrust bearing
(inner thrust bearing
removed for clarity)

Qil Circulator

Journal Bearing

Labyrinth End Seal

To know how bearing is manufactured, watch this video in the link:

https://www.voutube.com/watch?v=x-cN2TRmVMk

Figure 32: Min bearings for steam turbine
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Table 3: Material for bearings

Bearing Material I:ardneszs Minimum Shaft Hardness
g/mm Hardness kg/mm? Ratio
Lead-base babbitt 15-20 150 8
Tin-base babbitt 20-30 150 6
Alkali-hardened lead 22-26 200-250 9
Copper-lead 20-23 300 14
Silver (overplated) 25-50 300 8
Cadmium base 30-40 200-250 6
Aluminum alloy 45-50 300 6
Lead bronze 40-80 300 5
Tin bronze 60-80 300-400 o)

Source: Wilcock and Booser, Bearing Design and Application, McGraw-Hill, 1957.

19.7 Materials needs and calculations

The range of alloys used in steam turbines is relatively small, partly because of the need to ensure
a good match of thermal properties, such as expansion and conductivity, and partly because of the
need for high temperature strength at acceptable cost. The commercial alloys used depend on the
maximum temperatures and pressures to which specific components will be exposed, and these
are heavily dependent upon the detailed design of the turbine, which can vary significantly among
the various manufacturers. Since this is the case, the starting point for any overall discussion of
materials issues is to list the main components of interest, and to identify the conditions under
which they will be required to operate. The main components considered here are: the turbine
casing/shell (including the steam chest), cylinders and valve bodies; bolting; turbine rotors or
discs; and vanes and blades.

The inner cylinder and steam chest should be fabricated from the same material as the rotor, to
avoid thermal mismatch.

The alloys most commonly used for steam turbine rotors and/or discs are the CrMoVWNDN steels,
which can vary in chromium content from 1-13% depending on the preference of individual
manufacturers.

These alloys are widely used up to a temperature limit of about 566°C, and the higher-W, lower-
Nb and -C versions are capable of 593°C. (7)

Choose for the shaft AISI 4340 Alloy Steel

And for the casing cast iron.

Its proprieties are shown in the table below:
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Table 4: properties of AISI 4340 Alloy Steel. (8)

Properties Metric Imperial

) 745 108000
Tensile strength )
MPa psi
. 470 i
Yield strength BE200 psi
MPa
) 140
Bulk modulus (typical for steel) _ 20300 ks
GPa
Shear modulus (typical for steel) 80 GPa 11600 ksi
150-
27557-
Elastic maodulus 210
30458 ks
GPa
. . 0.27-
Poisson’s ratio 0.27-0.30
0.30
Elongation at break 22% 22%
Reduction of area S0% 50%
Hardness, Brinell 217 217
Hardness, Knoop (converted from Brinell hardness) 240 240
Hardness, Rockwell B (converted from Brinell hardness) a5 a5
Hardness, Rockwell C {converted from Brinell hardness. Value below - .
normal HRC range, for comparison purposes only)
Hardness, Vickers (converted from Brinell hardness) 228 228
Machinability (annealed and cold drawn. Based on 100 machinability for o

AISI 1212 steal.)

So rigidity equal to 79979185 N/ m? (it is called also shear modulus).

Notice that 1 ksi (Pound force per square inch) = 6894.76 N/m?.
Twisting moment:

P=Mt Xw
M=t = 4774.65 N.m.

60

Shear stress:
71'D Tx100%

Iy= 5 9817477.042mm*.
_ Mtxr_4774.65><10 x50 _ 24.317N/mm?.
Ip 9817477.042

Torsional deflection:
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Figure 33 stress distribution

="t
Ip
3
— 4774.65X10° X700 =4.26X 10—6 rad.
79979185x%x9817477.042
0 =4.26x 1076 rad =4.26x 1076 x 3’2%2.44x 1074,

Stainless steel type 403 is a special high quality steel made for blades and buckets for steam turbine
and jet engine compressors. This grade is eminently suited for very highly stressed parts. This

material is magnetic in all conditions.

19.8 5D CNC machining

19.8.1 What is 5-Axis?

When someone uses the term “5-axis” they are typically referring to the ability of a CNC machine
to move a part or a tool on five different axes at the same time. 3-axis machining centers move a
part in two directions (X and Y), and the tool moves up and down (Z). 5-Axis machining centers
can rotate on two additional rotary axes (A and B) which help the cutting tool approach the part
from all directions.

19.8.2 Basics of axis configuration

To understand machine configurations, it's important to understand the basic terminology of 5-
axis machining centers. If you think in terms of a 3-axis machining center, it has an X-axis, Y-axis,
and Z-axis. With a 5-axis machining center, the additional rotary axes will rotate about two of
those three primary axes.

Z
t The axis that rotates about or under the Z-axis is called the C-axis.
e = Y The axis that rotates about the Y-axis is called the B-axis.
//’ 2 The axis that rotates about the X-axis is called the A-axis. (1)

Figure 76 (Image T

courtesy of Hurco North

America.)

Although there are 6-axis CNC machines, such as Zimmermann’s FZ 100 Portal milling machine,
5-axis configurations are more common, since adding a sixth axis typically offers few additional

benefits.
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